‘& ewing-foley, Inc.

MANUFACTURERS REPRESENTATIVES
895 SHERWOOD AVENUE
LOS ALTOS, CALIFORNIA 94022-9990
FOR FREE SAMPLE CALL
(415) 941-4525

I\

: NS

4TABGO

Ty

B HARFIS

S+ E MRS TOMN D U C O 00 R







New Digital Signal Processing Products

(Page 6-3) (Page 3-43)
SINGLE CHIP NARROW BAND DOWN CONVERTER * UP/DOWN CONVERSION BY Fs/4

INPUT SAMPLE RATE = 52 MSPS
OUTPUT SAMPLE RATE = 82Hz TO 459Hz
TUNING RESOLUTION = 0.0012Hz

INTERPOLATION/DECIMATION BY 2
SHAPE FACTOR = 1.24

PASSBAND RIPPLE < 0.0005dB
STOPBAND ATTENUATION > 90dB

.
.

(Page 8-10) o (Page 3-3)

* PC BASED DATA AND CONTROL

24 BIT INPUT, 32 BIT OUTPUT DATA
256 TAP PROGRAMMABLE FIR FILTER
5 CASCADED HALF BAND FILTERS

REAL TIME DATA AND CONTROL
RAPID PROTOTYPING

.
.

(Page 6-25)

* FRONT END OF DEMODULATION CHIP SET
* DEMODULATES PSK, FSK, AM, FM

* PROVIDES TUNING, INITIAL FILTERING

* INPUT SAMPLE RATE = 60MSPS

¢ DATABITS = 10
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GENERAL INFORMATION

ALPHA NUMERIC PRODUCT INDEX
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HMA510 16 x 16-Bit CMOS Parallel Multiplier Accumulator . ...............ccvetieinan.. 2-3
HMA510/883 16 x 16-Bit CMOS Parallel Multiplier Accumulator ............... ... .ooiat.. 2-10
HMU16 16 x 16-Bit CMOS Parallel Multipliers. . . . .. ...ooii it i i e e ceii v 2-15
HMU17 16 x 16-Bit CMOS Parallel Multipliers. .. .. ... . .. i 2-15
HMU16/883 16 x 16-Bit CMOS Parallel Multiplier. . ......... ... 2-25
HMU17/883 16 x 16-Bit CMOS Parallel Multiplier. . . ...ttt e it 2-31
HSP-EVAL DSP Evaluation Platform. .. ... ... e 8-7
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DECIsMATE™ is a Trad! k of Harris Corporation

NOTE: Bold Type Designates a New Product from Harris.

/883 Data Sheet Format - In the interests of conserving space, data sheets for /883 qualified products have been printed without the Pinouts,
Pin Description, Waveforms, AC Test Load Circuit and Design information sections. The information in these sections
can be obtained from the corresponding portion of the commercial data sheets.
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NOTE: Bold Type Designates a New Product from Harris.

/883 Data Sheet Format - In the interests of conserving space, data sheets for /883 qualified products have been printed without the Pinouts,
Pin Description, Waveforms, AC Test Load Circuit and Design Information sections. The information in these sections
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DATA ACQUISITION PRODUCTS

A/D CONVERTERS - DISPLAY

CA3162 A/D Converter for 3-Digit Display

HI7131, HI7133 3‘/2 Digit Low Power, High CMRR LCD/LED Display Type A/D Converter
ICL71086, ICL7107 3/, Digit LCD/LED Display A/D Converter

ICL7116,ICL7117 3/, Digit LCD/LED Display A/D Converter with Display Hold

ICL7126 3'/, Digit Low Power Single-Chip A/D Converter (AnswerFAX Only) Document # 3084
See Section 12
ICL7129 41/, Digit LCD Single-Chip A/D Converter

ICL7136, ICL7137 3/, Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery
ICL7139, ICL7149 3%, Digit Autoranging Multimeter

ICL8052/ICL71C03, Precision 4 '/, Digit A/D Converter (AnswerFAX Only) Document # 3081 See Section 12
ICL8068/ICL71C03

A/D CONVERTERS - FLASH

CA3304 CMOS Video Speed 4-Bit Flash A/D Converter
CA3306 CMOS Video Speed 6-Bit Flash A/D Converter
CA3318C CMOS Video Speed 8-Bit Flash A/D Converter
HI1166 8-Bit, 250MSPS Flash A/D Converter
HI1276 8-Bit, 500MSFS Flash A/D Converter
HI1386 8-Bit, 75SMSPS Flash A/D Converter

HI1396 8-Bit, 125MSPS Flash A/D Converter
HI-5700 8-Bit, 20MSPS Flash A/D Converter

HI-5701 6-Bit, 30MSPS Flash A/D Converter

A/D CONVERTERS - INTEGRATING

HI-7159A Microprocessor Compatible 5‘/2 Digit A/D Converter
ICL7109 12-Bit Microprocessor Compatible A/D Converter
ICL7135 41/, Digit BCD Output A/D Converter

ICL8052/1CL.7104, 147, 6-Bit uP-Compatible, 2-Chip A/D Converter (AnswerFAX Only) Document # 3091
ICL8068/1CL7104 See Section 12

NOTE: Bold Type Designates a New Product from Harris.
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DATA ACQUISITION PRODUCTS (continued)

A/D CONVERTERS - SAR
ADC0802, ADC0803, 8-Bit uP Compatible A/D Converters

ADC0804

CA3310, CA3310A  CMOS 10-Bit A/D Converter with Internal Track and Hold

HI-574A,
HI-674A,
HI-774

HI5810
Hi5812
HI5813
HI7152

HI7151

ICL7112

ICL7115

Complete 12-Bit A/D Converter with Microprocessor Interface

CMOS 10us 12-Bit Sampling A/D Converter with Internal Track and Hold
CMOS 20pus 12-Bit Sampling A/D Converter with Internal Track and Hold
CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal Track and Hold

10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3100
See Section 12

10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3099
See Section 12

12-Bit High-Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document # 3639
See Section 12

14-Bit High Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document # 3101
See Section 12

A/D CONVERTERS - SIGMA-DELTA

HI7190

24-Bit High Precision Sigma-Delta A/D Converter

A/D CONVERTERS - SUBRANGING

HI1175
HI1176
HI5800
HI-7153

8-Bit, 20MSPS Flash A/D Converter

8-Bit, 20MSPS Flash A/D Converter

12-Bit, 3MSPS Sampling A/D Converter

8 Channel, 10-Bit High Speed Sampling A/D Converter

COMMUNICATION INTERFACE

HIN230 thru

HIN241
ICL232

+5V Powered RS-232 Transmitters/Receivers

+5V Powered Dual RS-232 Transmitter/Receiver

NOTE: Bold Type Designates a New Product from Harris.
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DATA ACQUISITION PRODUCTS (continued)

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS

HA7210 Low Power Crystal Oscillator

ICM7213 One Second/One Minute Timebase Generator
ICM7216A, 8-Digit Multi-Function Frequency Counter/Timer
ICM7216B, ICM7216D

ICM7217 4-Digit LED Display Programmable Up/Down Counter
ICM7224 41/, Digit LCD Display Counter

ICM7226A, ICM7226B8-Digit Multi-Function Frequency Counter/Timers
ICM7249 5'/, Digit LCD u-Power Event/Hour Meter

D/A CONVERTERS

AD7520, AD7530, 10-Bit, 12-Bit Multiplying D/A Converters
AD7521, AD7531

AD7523, AD7533 8-Bit Multiplying D/A Converters

AD7541 12-Bit Multiplying D/A Converter

AD7545 12-Bit Buffered Multiplying CMOS DAC

CA3338, CA3338A CMOS Video Speed 8-Bit R2R D/A Converter

HI-562A 12-Bit High Speed Monolithic D/A Converter (AnswerFAX Only) Document # 3580
See Section 12

HI-565A High Speed Monolithic D/A Converter with Reference

HI-DACS80V, 12-Bit, Low Cost, Monolithic D/A Converter

HI-DAC85V

HI1171 8-Bit, 40MSPS High Speed D/A Converter

H120201, HI20203  10/8-Bit, 160MSPS Ultra High Speed D/A Converter

ICL7121 16-Bit Multiplying Microprocessor-Compatible D/A Converter (AnswerFAX Only)

Document # 3112 See Section 12

ICL7134 14-Bit Multiplying pP-Compatible D/A Converter AnswerFAX Only) Document # 3113

See Section 12

DISPLAY DRIVERS

CA3161 BCD to Seven Segment Decoder/Driver

ICM7211, ICM7212  4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drive
ICM7228 8-Digit uP Compatibie LED Display Decoder Driver
ICM7231, ICM7232  Numeric/Alphanumeric Triplexed LCD Display Driver
ICM7243 8-Character uP-Compatible LED Display Decoder Driver

NOTE: Bold Type Designates a New Product from Harris.
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DATA ACQUISITION PRODUCTS (continued)

MULTIPLEXERS

DG406, DG407 Single 16-Channel/Differential 8-Channel CMOS Analog Multiplexers
DG408, DG409 Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers

DG458, DG459 Single 8-Channel/Differential 4-Channel Fault Protected Analog Multiplexers

DG506A, DG507A, CMOS Analog Multiplexers
DG508A, DG509A

DG526, DG527, Analog CMOS Latchable Multiplexers
DG528, DG529

HI-1818A, HI-1828A  Low Resistance, Single 8 Channel and Differential 4 Channel CMOS Analog Muitiplexers

HI-506, HI-507, Single 16 and 8/Differential 8 and 4 Channel CMOS Analog Multiplexers
HI-508, HI-509 ’

HI-506A, HI-507A, 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel CMOS Analog MUXs with Active Over-
HI-508A, HI-509A voltage Protection

HI-516 16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer

HI-518 8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer

HI-524 4 Channel Wideband and Video Multiplexer

HI-539 Monolithic, 4 Channel, Low Level, Differential Multiplexer

HI-546, HI-547, Single 16 and 8, Differential 8 and 4 Channel CMOS Analog MUXs with Active

HI-548, HI-549 Overvoltage Protection

IH6108 8-Channel CMOS Analog Multiplexer (AnswerFAX Only) Document # 3156 See Section 12
IH6208 4-Channel Differential CMOS Analog Multiplexer (AnswerFAX Only) Document # 3157

See Section 12

SPECIAL PURPOSE

AD590 2 Wire Current Output Temperature Transducer
ICL8069 Low Voltage Reference

ICM7170 pwP-Compatible Real-Time Clock

NOTE: Bold Type Designates a New Product from Harris.

1-8



SWITCHES
DG181 thru DG191
DG200, DG201
DG201A, DG202
DG211, DG212

DG300A, DG301A,
DG302A, DG303A

DG308A, DG309

DG401, DG403,
DG405

DG411, DG412,
DG413

DG441, DG442
DG444, DG445
HI-200, Hi-201
HI-201HS
HI-222

HI-300 thru
HI-307

HI-381 thru
HI-390

HI-5040 thru
HI-5051, HI-5046A
and HI-5047A

IH401A

1H5009 thru IH5012,
IH5014, 1H5016 thru
1H5020, IH5022,
IH5024

1H5043

1H5052, IH5053
1H5140 thru I1H5145
IH5151

1H5341, 1H5352
1H6201

DATA ACQUISITION PRODUCTS (continueq)

High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 12

CMOS Dual/Quad SPST Analog Switches
Quad SPST CMOS Analog Switches
SPST 4 Channel Analog Switch

TTL Compatible CMOS Analog Switches

Quad Monolithic SPST CMOS Analog Switches
Monolithic CMOS Analog Switches

Monolithic Quad SPST CMOS Analog Switches

Monolithic Quad SPST CMOS Analog Switches
Monolithic Quad SPST CMOS Analog Switches
Dual/Quad SPST CMOS Analog Switches

High Speed Quad SPST CMOS Analog Switch

High Frequency/Video Switch (AnswerFAX Only) Document # 3124 See Section 12

CMOS Analog Switches

CMOS Analog Switches

CMOS Analog Switches

QUAD Varafet Analog Switch (AnswerFAX Only) Document # 3128 See Section 12
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 12

Dual SPDT CMOS Analog Switch

Quad CMOS Analog Switch

High-Level CMOS Analog Switch

Dual SPDT CMOS Analog Switch

Dual SPST, Quad SPST CMOS RF/Video Switches

Dual CMOS Driver/voltage Translator (AnswerFAX Only) Document # 3136 See Section 12

NOTE: Bold Type Designates a New Product from Harris.
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LINEAR AND TELECOM PRODUCTS

COMPARATORS DATA SHEETS

CA139, CA239, Quad Voltage Comparators for Industrial, Commercial and Military Applications
CA339, LM339

CA3098 Programmable Schmitt Trigger - with Memory Dual Input Precision Leve! Detectors
CA3290 BIiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output

HA-4900, HA-4902, Precision Quad Comparator

HA-4905

HFA-0003, Ultra High Speed Comparator

HFA-0003L

DIFFERENTIAL AMPLIFIERS DATA SHEETS

CA3028, CA3053 Differential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 120MHz
CA3049, CA3102 Dual High Frequency Differential Amplifiers For Low Power Applications Up 500MHz

CA3054 Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC to 120MHz

OPERATIONAL AMPLIFIERS DATA SHEETS

CA124, CA224, Quad Operational Amplifiers for Commercial, Industrial, and Military Applications
CA324, LM324*,

LM2902*

CA158, CA258, Dual Operational Amplifiers for Commercial Industrial, and Military Applications '
CA358, CA2904,

LM358*, LM2g04*

CA741, CA1458, High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial Applications
CA1558, LM741*,
LM1458*, LM1558*

CA3020 gAMu::ipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at Frequency Up to
r4

CA3060 Operational Transconductance Amplifier Arrays

CA3078 Micropower Operational Amplifier

CA3080 Operational Transconductance Amplifier (OTA)

CA3094 Programmable Power Switch/Ampilifier for Control and General Purpose Applications

CA3100 Wideband Operational Amplifier

CA3130 BiMOS Operational Amplifier with MOSFET Input/CMOS Output

CA3140 BiMOS Operational Amplifier with MOSFET Input/Bipolar Output

CA3160 BiMOS Operational Amplifiers with MOSFET Input/CMOS Output

CA3193 BiCMOS Precision Operational Amplifiers

CA3240 Dual BiIMOS Operational Amplifier with MOSFET Input/Bipolar Output

CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output

CA3280 Dual Variable Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continued)

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued)

CA3420
CA3440
CA3450
CA5130
CA5160
CA5260
CA5420
CA5470

HA-2400, HA-2404,
HA-2405

HA-2406
HA-2444

HA-2500, HA-2502,
HA-2505

HA-2510, HA-2512,
HA-2515

HA-2520, HA-2522,
HA-2625

HA-2529
HA-2539
HA-2540
HA-2541
HA-2542
HA-2544
HA-2548

HA-2600, HA-2602,
HA-2605

HA-2620, HA-2622,
HA-2625

HA-2640, HA-2645
HA-2705
HA-2839
HA-2840
HA-2841
HA-2842
HA-2850

Low Supply Voltage, Low input Current BIMOS Operational Ampiifiers

Nanopower BiMOS Operational Amplifier

Video Line Driver, High Speed Operational Amplifier

BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output

BiMOS Microprocessor Operational Amplifiers with MOSFET input/CMOS Output

BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output

Low Supply Voltage, Low Input Current BiMOS Operational Amplifier

Quad Microprocessor BiMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output
PRAM Four Channel Programmable Amplifiers

Digitally Selectable Four Channel Operational Amplifier
Selectable, Four Channel Video Operational Amplifier
Precision High Slew Rate Operational Amplifiers

High Slew Rate Operational Amplifiers

Uncompensated High Slew Rate Operational Amplifiers

Uncompensated, High Slew Rate High Output Current, Operational Amplifier
Very High Slew Rate Wideband Operational Amplifier

Wideband, Fast Settling Operational Amplifier

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier
Wideband, High Slew Rate, High Output Current Operational Amplifier
Video Operational Amplifier

Precision, High Slew Rate, Wideband Operational Amplifier

Wideband, High Impedance Operational Amplifiers

Very Wideband, Uncompensated Operational Amplifiers

High Voltage Operational Amplifiers

Low Power, High Performance Operational Amplifier

Very High Slew Rate Wideband Operational Amplifier

Very High Slew Rate Wideband Operational Amplifier

Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier
Wideband, High Slew Rate, High Output Current, Video Operationa! Amplifier
Low Power, High Slew Rate Wideband Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.
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LINEAR AND TELECOM PRODUCTS (continued)

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued)

HA-4741

HA-5002

HA-5004

HA-5020

HA5022, HA5024 .
HA5023, HA5025
HA-5033

HA-5101, HA-5111

HA-5102, HA-5104,
HA-5112, HA-5114

HA-5127

HA-5130, HA-5135
HA-5134

HA-5137

HA-5142, HA-5144
HA-5147

HA-5160, HA-5162
HA-5170

HA-5177

HA-5190, HA-5195
HA-5221, HA-5222
HA5232, HA5234
HFA-0001
HFA-0002
HFA-0005
HFA1100, HFA1120

HFA1105, HFA1106,
HFA1135, HFA1145

HFA1110
HFA1112
HFA1113
HFA1130
ICL7611, ICL7612

ICL7621, ICL7641,
ICL7642

ICL7650S

Quad Operational Amplifier

Monolithic, Wideband, High Slew Rate, High Output Current Buffer
100MHz Current Feedback Ampilifier

100MHz Current Feedback Video Amplifier

Dual, Quad 100MHz Video Current Feedback Amplifier with Disable
Dual, Quad 100MHz Video Current Feedback Amplifier

Video Buffer

Low Noise, High Performance Operational Amplifiers

Low Noise, High Performance Operational Amplifiers

Ultra-Low Noise Precision Operational Amplifier

Precision Operational Amplifiers

Precision Quad Operational Amplifier

Ultra-Low Noise Precision Wideband Operational Amplifier

Dual/Quad Uttra-Low Power Operational Amplifiers

Ultra-Low Noise Precision High Slew Rate Wideband Operational Ampilifier
Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers
Precision JFET Input Operational Amplifier

Ultra-Low Offset Voltage Operational Amplifier

Wideband, Fast Settling Operational Amplifiers

Low Noise, Wideband Precision Operational Amplifiers

Precision Dual and Quad Operational Ampiifiers

Ultra High Slew Rate Operational Amplifier

Low Noise Wideband Operational Amplifier

High Slew Rate Operational Amplifier

Ultra High-Speed Current Feedback Amplifiers

High-Speed, Low Power, Current Feedback Operational Amplifiers

750MHz Low Distortion Unity Gain, Closed Loop Buffer

Ultra High-Speed Closed Loop Buffer Amplifier

High-Speed, Output Clamping Closed Loop Buffer

Output Clamping, Ultra High-Speed Current Feedback Ampilifier
ICL76XX Series Low Power CMOS Operational Amplifiers

ICL76XX Series Low Power CMOS Operational Amplifiers

Super Chopper-Stabilized Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continued)

SAMPLE AND HOLD AMPLIFIER DATA SHEETS

HA-2420,
HA-2425

HA-5320
HA-5330
HA-5340
HA5350, HA5351
HA5352

Fast Sample and Hold Amplifiers

High Speed Precision Monolithic Sample and Hold Amplifier

Very High Speed Precision Monolithic Sample and Hold Amplifier

High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier
Ultra Fast (50ns) Sample and Hold Amplifiers

Ultra Fast (50ns) Dual Sample and Hold Amplifier

SPECIAL ANALOG CIRCUITS DATA SHEETS

CA555, LM555
CA1391, CA1394
CA3089

CA3126

CA3189

CA3194

CA3217

CA3256

CD22402
HA-2546

HA-2547
HA-2556
HA-2557

HA7210

HFA5250
ICL8013

ICL8038

ICL8048, ICL8049
ICM7242

Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and Military Equipment
TV Horizontal Processors

FM IF System

TV Chroma Processor

FM IF System

Single Chip PAL Luminance/Chroma Processor

Single Chip TV Chroma/Luminance Processor

BiMOS Analog Video Switch and Amplifier

Sync Generator for TV Applications and Video Processing Systems
Wideband Two Quadrant Analog Multiplier

Wideband Two Quadrant Analog Multiplier

Wideband Four Quadrant Voltage Output Analog Multiplier
Wideband Four Quadrant Current Output Analog Multiplier
Low Power Crystal Oscillator

Ultra High-Speed Monolithic Pin Driver

Four Quadrant Analog Multiplier

Precision Waveform Generator/Voltage Controlled Oscillator
Log/Antilog Amplifiers

Long Range Fixed Timer

ICM7555, ICM7556  General Purpose Timers

TELECOMMUNICATIONS DATA SHEETS

CD22100

CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating)

CD22101, CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory

CD22103A

CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission Applications

CD22202, CD22203 5V Low Power DTMF Receiver

NOTE: Bold Type Designates a New Product from Harris.
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LINEAR AND TELECOM PRODUCTS (continued)

TELECOMMUNICATIONS DATA SHEETS (Continued)

CD22204
CD22301

CD22354A,
CD22357A

CD22M3493
CD22M3494
CD22859

CD74HC22106,
CD74HCT22106

HC-5502B
HC-55048B
HC-5504DLC
HC-5509A1
HC-55098B
HC-5524
HC-5560
HC-55536
HC-55564

5V Low Power Subscriber DTMF Receiver
Monolithic Pan Repeater
CMOS Single-Chip, Full-Feature PCM CODEC

12 x 8 x 1 BIMOS-E Crosspoint Switch

16 x 8 x 1 BIMOS-E Crosspoint Switch

Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator
QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

PCM Transcoder

Continuous Variable Slope Delta-Demodulator (CVSD)
Continuously Variable Slope Delta-Modulator (CVSD)

TRANSISTOR ARRAY DATA SHEETS

CA3018
CA3039
CA3045, CA3046
CA3081, CA3082
CA3083
CA3086
CA3096
CA3127
CA3141
CA3146, CA3183
CA3227, CA3246

General Purpose Transistor Arrays

Diode Array

General Purpose N-P-N Transistor Arrays

General Purpose High Current N-P-N Transistor Arrays

General Purpose High Current N-P-N Transistor Array

General Purpose N-P-N Transistor Array

N-P-N/P-N-P Transistor Array

High Frequency N-P-N Transistor Array

High-Voltage Diode Array For Commercial, Industrial & Military Applications
High-Voltage Transistor Arrays

High-Frequency N-P-N Transistor Arrays For Low-Power Applications at Frequencies Up to 1.5GHz

HFA3046, HFA3096, Ultra High Frequency Transistor Array

HFA3127, HFA3128

NOTE: Bold Type Designates a New Product from Harris.
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HMA510

16 x 16-Bit CMOS Parallel
Multiplier Accumulator

Features
¢ 16 x 16-bit Parallel Multiplication with Accumulation to
a 35-Bit Result
High-Speed (45ns) Multiply Accumulate Time
¢ Low Power CMOS Operation:
- lccsg = 500pA Maximum
- lccop = 7.0mA Maximum at 1.0MHz

e HMA510 is Compatible with the CY7C510 and the
IDT7210

* Supports Two’s Complement or Unsigned Magnitude
Operations

¢ TTL Compatible Inputs/Outputs
Three-State Outputs

Ordering Information

Description

The HMA510 is a high speed, low power CMOS 16 x 16-bit
paraliel multiplier accumulator capable of operating at 45ns
clocked multiply-accumulate cycles. The 16-bit X and Y
operands may be specified as either two's complement or
unsigned magnitude format. Additional inputs are provided
for the accumulator functions which include: loading the
accumulator with the current product, adding or subtracting
the accumulator contents and the current product, and pre-
loading the accumulator registers from the external inputs.

All inputs and outputs are registered. The registers are all
positive edge triggered, and are latched on the rising edge of
the associated clock signal. The 35-bit accumulator output
register is broken into three parts. The 16-bit least significant
product (LSP), the 16-bit most significant product (MSP),
and the 3-bit extended product (XTP) registers. The XTP
and MSP registers have dedicated output ports, while the
LSP register shares the Y-inputs in a muitiplexed fashion.

TEMPERATURE The entire 35-bit accumulator output register may be pre-
PART NUMBER RANGE PACKAGE loaded at any time through the use of the bidirectional output
HMA510JC.45 0°C 10 +70°C | 68 Lead PLCC ports and the preloaded control.
HMA510JC-55 0°C to +70°C | 68 Lead PLCC
HMA510GC-55 0°C 10 +70°C | 68 Lead PGA
Block Diagram
X0-15 RND SUB  Y0-15P0-15

16}
REGISTER |
A [D-‘ h A 4
I MULTIPLIER ARRAY |
s
PRELOAD —» ACCUMULATOR
CLKP —] XTP REGISTER | MSPREGISTER | LSP REGISTER Tss
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CAUTION: These devices are sensitive to slectrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Pinouts HMA510 PLCC

Yo/ Y1/
X14 X13 X12X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0 PO P1
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HMA510

Pin Descriptions

NAME

PLCC
PIN NUMBER

TYPE

DESCRIPTION

Vece

17-20

The +5V power supply pins. 0.1uF capacitors between the V¢ and GND pins are
recommended.

GND

53,54

The device ground.

X0-X15

1-10,63-68

X-Input Data. These 16 data inputs provide the multiplicand which may be in two’s
complement or unsigned magnitude format.

Yo-Y15/
PO-P15

45-52,55-62

1/0

Y-Input/LSP Qutput Data. This 16~bit port is used to provide the multiplier which
may be in two’s complement or unsigned magnitude format. It may also be used for
output of the Least Significant Product (PO-P15) or for preloading the LSP
register.

P16-P3

29-44

1/0

MSP Output Data. This 16-Bit port is used to provide the Most Significant Product
Output (P16-P31). It may also be used to preload the MSP register.

P32-P34

26-28

1/0

XTP Output Data. This 3-Bit port is used to provide the Extended Product Output
(P32-P34). It may also be used to preload the XTP register.

TC

21

Two’s Complement Control. Input data is interpreted as two’s complement when
this control is HIGH. A LOW indicates the data is to be interpreted as unsigned
magnitude format. This control is latched on the rising edge of CLKX or CLKY.

ACC

14

Accumulate Control. When this control is HIGH, the accumulator output register
contents are added to or subtracted from the current product, and the result
is stored back into the accumulator output register.

When LOW, the product is loaded into the accumulator output register overwriting
the current contents. This control is also latched on the rising edge of CLKX or
CLKY.

13

Subtract Control. When both SUB and ACC are HIGH, the accumulator register
contents are subtracted from the current product. When ACC is HIGH and SUB is
LOW, the accumulator register contents and the current product are summed. The
SUB control inputis latched on the rising edge of CLKX or CLKY.

12

Round Control. When this control is HIGH, a one is added to the most significant
bit of the LSP. When LOW, the product is unchanged.

23

Preload Control. When this controt is HIGH, the three bidirectional ports may be
used to preload the accumulator registers. The three-state controls (OEX, OEM,
'OEL) must be HIGH, and the data will be preloaded on the rising edge of CLKP.
When this control is LOW, the accumulator registers function in a normal manner.

11

Y-Input/LSP Output Port Three~state Control. When OEL is HIGH, the output
drivers are in the high impedance state. This state is required for Y-data input
or preloading the LSP register. When OEL is LOW, the port is enabled for LSP
output.

24

MSP Output Port Three-state Control. A LOW on this control line enables the port
for output. When OEM is HIGH, the output drivers are in the high impedance state.
This control must be HIGH for preloading the MSP register.

22

XTP Output Port Three-state Control. A LOW on this control line enables the port
for output. When OEX is HIGH, the output drivers are in the high impedance state.
This control must be HIGH for preloading the XTP register.

CLKX

15

X-Register Clock. The rising edge of this clock latches the X-data input register
along with the TC, ACC, SUB and RND inputs.

CLKY

16

Y-Register Clock. The rising edge of this clock latches the Y-data input register
along with the TC, ACC, SUB and RND inputs.

CLKP

25

Product Register Clock. The rising edge of CLKP latches the LSP, MSP and XTP
registers. If the preload control is active, the data on the I/O ports is loaded into
these registers. If preload is not active, the accumulated product is loaded into the
the registers.

MULTIPLIERS




HMA510

Functional Description

The HMA510 is a high speed 16 x 16-bit multiplier
accumulator (MAC). it consists of a 16-bit parallel multiplier
follower by a 35-bit accumulator. All inputs and outputs are
registered and are latched on the rising edge of the
associated clock signal. The HMAS510 is divided into four
sections: the Input section, the multiplier array, the
accumulator and the output/preload section.

The input section has two 16-bit operand input registers for
the X and Y operands which are latched on the rising edge
of CLKX and CLKY respectively. A four bit control register
(TC, RND, ACC, SUB) is also included and is latched from
either of the input clock signals.

The 16 x 16 multiplier array produces the 32-bit product of
the input operands. Two's complement or unsigned
magnitude operation can be selected by the use of the TC
control. The 32-bit result may also be rounded through the
use of the RND control. In this case, a ‘1’ is added to the
MSB of the LSP (bit P15). The 32-bit product is zero-filled
or sign-extened as appropriate and passed as a 35-bit
number to the accumulator section.

The accumulator functions are controlled by the ACC, SUB
and PREL control inputs. Four functions may be selected:
the accumulator may be loaded with the current product;
the product may be added to the accumulator contents; the
accumulator contents may be subtracted from the current
product; or the accumulator may be loaded from the
bidirectional ports. The accumulator registers are updated
at the rising edge of the CLKP signal.

The output/preload section contains the accumulator/
output register and the bidirectional ports. This section is
controlled by the signals PREL, OEX, OEM and OEL. When
PREL is high, the output buffers are in a high impedance
state. When one of the controls OEX, OEM or OEL are also
high, data present at the outputs will be preloaded into the
associated register on the rising edge of CLKP. When PREL
is low, the signals OEX OEM and OEL are enable controls
for their respective three-state output ports.

PRELOAD FUNCTION TABLE

OUTPUT REGISTERS
PREL | OEX | OEM OEL XTP MSP LsP

o 0 Q Q Q
o o 1 Q Q z
0o 0 1 0 Q z Q
o] o 1 1 Q z z
o] 1 o [ z Q Q
0o 1 (o} 1 z Q z
(o] 1 1 0 z z Q
o 1 1 1 z z z
1 0 o o 4 r4 z
1 (o} 0 1 z z PL
1 0 1 o] r4 PL z
1 (o] 1 1 r4 PL PL
1 1 (o} o PL z
1 1 0 1 PL PL
1 1 1 (o} PL PL 4
1 1 1 1 PL PL PL

Z = Qutput Buffers at High Impedance (Disabled).

Q = Output Buffers at LOW Impedance. Contents of Output Register
Available Through Output Ports.

PL = Output disabled. Preload data supplied to the output pins will be
loaded into the register at the rising edge of CLKP.

ACCUMULATOR FUNCTION TABLE

PREL ACC suB P OPERATION
L L X Q Load
L H L Q Add
L H H Q Subtract
H X X PL Preload

2-6




HMAS510

INPUT FORMATS
Fractional Two’s Complement Input

X Y
1514131211109876543210—11514131211109876543210
20 -1 22 2-3 244 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-15 20 2-1 2-2 2-3 24 2-5 26 2-7 2-8 2-9 2-102-112-12)-13 3-14 2-15
(Sign) (Sign)

Integer Two’s Complement Input
X Y
[1514 1312 11109 8 7 6 5 4 3 2 1 o [1514 131211109 8 7 6 5 4 3 2 1 0]
2157214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign) (Sign)

Unsigned Fractional Input
X Y
[1514 131211109 87 635 43 2 10][15141312111000938 765 4321 0]
2-1 22 23 2-4 2-5 2-6 2-7 2-8 29 2-102-112-122-132-142-152-16  2-1 2-2 2-3 24 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-14 3-152-16

Unsigned Integer Input
X Y
1514 13 12 1110 9 8 7 6 5 4 3 2 1 0] 1514131211109 8 7 6 5 43 2 10
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

OUTPUT FORMATS
Two’s Complement Fractional Output

XTP MSP LSP
I343332] L313029 2827262524232221 20 19 18 17 16”15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 0
242322 2120 9-12-29-3 2-4 2-5 2-6 2-7 2-8 2:9 2-10 211 2-12 2-13 2-14  2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30
(Sign)

Two’s Complement Integer Output
XTP - MSP LSsp

34 33 32] [31 30 29 28 27 26 25 24 23 22 21 20 15 18 17 16] [15 14 13 12 11 1098 7 6543210
234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 715 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign)

Unsigned Fractional Output
XTP MSP LSP

B43332 (313029282726 252423 22 21 20 19 18 17 16][15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
222120 2-12-22-32-42-572-62-72-82-92-102-112-12 2-13 2-14 2-15 2-16  2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 3-25 2-26 2-27 2-28 2-29 2-30 2-31 2-32

Unsigned Integer Output
XTP MSP LSP

3 33 32) [31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16| [15 14 13 12 11 10987 654321 0]
234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

2-7
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Specifications HMA510

Absolute Maximum Ratings

SupplyVoltage .......coiiiiiiiiiiiiiii it +8.0V
Input, Output or I/O Voltage Applied ....GND -0.5V to Vo +0.5V
Storage TemperatureRange ................. -659C to +150°0C
GateCount .....oiviiiiiiiiieiiiiiniiiiieiineenns 4800 Gates
Junction Temperature ............ 1509C (PLCC), +175°C (PGA)
Lead Temperature (Soldering, Ten Seconds) ............ +300°0C
ESD Classification ................. et . Class 1

Operating Conditions

Operating Voltage Range
Operating Temperature Range

Reliability Information

+4.75V to +5.25V
0°C to +70°C

8ja e . 43.20C/W (PLCC), 42.69°C/W (PGA)
Ojc vvunnet teereiseiaenaee.. 15.10C/W(PLCC), 10.00C/W (PGA)
Maximum Package Power Dissipation at 70°C . ..... 1.7W (PLCC)

2.46/W (PGA)

D.C. Electrical Specifications (Vg = 5.0V 5%, Tp =

0°C to +70°C)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage VIH 2.0 - \ Vee =5.25V
Logical Zero Input Voltage ViL - 0.8 Voo =475V
Output HIGH Voltage VoH 26 - v loH =-400pA, Ve = 4.75V
Output LOW Voltage VoL - 0.4 v loL = +4.0mA,Voe =475V
Input Leakage Current [] -10 10 pA VIN=Vgg or GND, Vg = 5.25V
Output or I/O Leakage Current lo -10 10 pA Vout = Vgc or GND, Ve = 5.25V
Standby Power Supply Current lccse - 500 pA VIN = Vg or GND, Voo = 5.25V, Outputs Open
Operating Power Supply Current Iccop - 7.0 mA f=1.0MHz, VN = Vcc or GND

Veg =5.25V(Note 1)
Capacitance (Ta = +25°C, Note 2)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Input Capacitance CIN - 10 pF FREQ = 1MHz, Vo = Open all Measurements
Output Capacitance Cout — 10 oF are Referenced to Device Ground.
1/O Capacitance Cyo - 15 pF

NOTES:

1. Operating Supply Current is proportional to frequency, typical rating is
5.0mA/MHz.

A.C. Electrical Specifications (vgg = 5.0V £5%, Ta =

2. Not tested, but characterized at initial design and at major process/design
changes.

0°C to +709C)

HMAS510~45 HMA510-55
PARAMETER SYMBOL MIN MAX MIN MAX | UNITS TEST CONDITIONS

Multiply Accumulate Time TMA - 45 - 55 ns

Output Delay T - 25 - 30 ns

3-State Enable Time TENA - 25 - 30 ns Note 1

3-State Disable Time TDiIs - 25 - 30 ns Note 1

Input Setup Time Ts 18 - 20 - ns

Input Hold Time TH 2 - 2 - ns

Clock High Pulse Width TPWH 15 - 20 - ns

Clock Low Pulse Width TpwL 15 - 20 - ns

Output Rise Time TR - - ns From 0.8V 1o 2.0V
Output Fall Time TE - - ns From 2.0V+to 0.8V

NOTES:

1. Transition is measured at +200mV from steady state voltage with loading
specified in A.C. Test Circuit; V4 = 1.5V, Ry = 5000 and C| = 40pF.

2. For A.C. Test load, refer to A.C. Test Circuit with V4 = 2.4V, Ry = 500Q
and Cp = 40pF.

2-8
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570

A.C. Test Circuit

A.C. Testing Input, Output Waveforms

vy
Rq 30V VOH
X R
DUT ov VoL
g "
A.C. Testing: All Parameters tested as per test circuit.
*Includes Stray and Jig Capacitance Input rise and fall times are driven at 1ns/V.
Timing Diagram
SET-UP AND HOLD TIME THREE STATE CONTROL
DATA ?05\\; THREE
s T W
CLOCK 3.0v
INPUT 1.5V OUTPUT HIGH IMPEDANCE
ov THREE
STATE
HMA510 TIMING DIAGRAM PRELOAD TIMING DIAGRAM
TpwL TpwH | TPwL
Tp!
WH —— THCL CLKP /
CLKX L——
CLKY _._/T TH ) S— PSE')E
S
XIN, YIN BEM
20 W AT W IIKARIIIIL, oM —F
. ACC, SUB OEL Ts| Tu
A QUIRUT T SIS,
CLKP A 1p PINS

OUTPUT P, ¥ XXX X X XX XXX X>O!(
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HMA510/883

16 x 16-Bit CMOS Parallel
Multiplier Accumulator

Features

¢ This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

16 x 16-bit Parallel Multiplication with Accumulation to
a 35-Bit Result

High-Speed (55ns) Multiply Accumulate Time
¢ Low Power CMOS Operation

- lecsp = 500pA Maximum

- Igcop = 7.0mA Maximum at 1.0MHz

* HMAS510/883 is Compatible with the CY7C510 and the
iDT7210

¢ Supports Two's Complement or Unsigned Magnitude
Operations

Three-State Outputs

Ordering Information

Description

The HMA510/883 is a high speed, low power CMOS 16 x
16-bit parallei multiplier accumulator capable of operating at
55ns clocked multiply-accumulate cycles. The 16-bit X and Y
operands may be specified as either two’s complement or
unsigned magnitude format. Additional inputs are provided
for the accumulator functions which include: loading the
accumulator with the current product, adding or subtracting
the accumulator contents and the current product, and pre-
loading the accumulator registers from the external inputs.

All inputs and outputs are regisféred. The registers are all
positive edge triggered, and are latched on the rising edge of
the associated clock signal. The 35-bit accumulator output
register is broken into three parts. The 16-bit least significant
product (LSP), the 16-bit most significant product (MSP),
and the 3-bit extended product (XTP) registers. The XTP
and MSP registers have dedicated output ports, while the
LSP register shares the Y-inputs in a multiplexed fashion.
The entire 35-bit accumulator output register may be pre-

EX

1

Y

TEMPERATURE loaded at any time through the use of the bidirectional output
PART NUMBER RANGE PACKAGE ports and the preloaded control.
HMA510GM-55/883 -55°C to +125°C | 68 Lead PGA
HMA510GM-65/883 -55°C to +125°C | 68 Lead PGA
HMA510GM-75/883 -55°C to +125°C | 68 Lead PGA
Block Diagram
X0-15 RAND SUB  Y0-15P0-15
16 TC | ACC 16}
REGISTER } | REGISTER I REGISTER
4 4
CLKY )
CLKX% . !
| MULTIPLIER ARRAY |
21
PRELOAD —»f ACCUMULATOR T
CLKP —1 XTP REGISTER | MSP REGISTER | LSP REGISTER | 1 35
3 6,
€0
y
P32-34

|8

=]
m
=

P16-31

O
m)
r

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications HMA510/883

Absolute Maximum Ratings Reliability Information

SupPlyVoltage . .. .viiiriii it et e +8.0V  Thermal Resistance Sja Sic
Input or Output Voltage Applied ........ GND-0.5V to Vo +0.5V CerammicPGAPackage ............ccuuune 430C/W 10°C/W
Storage TemperatureRange ................. -650C to +150°C  Maximum Package Power Dissipation at +1250C
JunctionTemperature .......ooiiiiiiiiiiiiiiiinnerns +175°C Ceramic PGA Package ........ e b, 1.17 Watt
Lead Temperature (Soldering 10sec) .....cccvvvvnannnn. 3000C GateCount ............. N Ceeenas 4800 Gates
ESD Classification ......oovvviiiiiiiiiiiiiniiiiiinen.. Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating VoltageRange ............... [ . +4.5V to +5.5V
Operating Temperature Range ............... -550C to +125°C

TABLE 1. HMA510/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Logical One Input ViH Voo =55V 1,2,3 -550C <TA<+1250C | 22 - v
Voltage
Logical Zero Input VIL Voo =4.5V 1,2,3 -550C < Ta <+1250C - 0.8 \
Voltage
Qutput HIGH Voltage VOH IoH = -400uA 1,2,3 -550C < TA<+1250C | 26 - v
VcG = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,3 -550C < Tp < +1250C - 0.4 \
Vee = 4.5V (Note 1)
Input Leakage Current I V|N = Vgc or GND 1,2,3 -550C <TA<+1259C | -10 +10 pA
Vco =5.5V
Outputor I/O Leakage o VouTt =Vcc or GND 1,2,3 -550C < TA<+1250C | -10 +10 pA
Current Vcg=5.5V
Standby Power Supply lccsB VIN=Vcc or GND, 1,2,3 ~550C < Tp < +1250C - 500 pA
Current Ve = 5.5V, Outputs
Open
Operating Power lccop f=1.0MHz, 1,2,3 -550C < TA < +1250C ~ 7.0 mA
Supply Current VIN=Vcg or GND
Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +125°C - -
NOTES:
1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f = 1MHz, V| (clock inputs) = 3.2V, Vi (all other

2. Operating Supply Current is proportional to frequency, typical rating is inputs) = 2.6V, Vi = 04V, Vou 2 1.5V, and Vg < 1.5V.

SmA/MHz.

MULTIPLIERS H

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.

2-11



Specifications HMA510/883

TABLE 2. HMA510/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-55 -65 -75
(NOTE 1) GROUP A
PARAMETER |SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN |MAX [ MIN [MAX | MIN [MAX JUNITS
Multiply TMA 9,10, 11 ~550C < TA<+1250C | - 55 - 65 - 75 ns
Accumulate Time
Input Setup Ts 9,10, 11 -550C € To<+1250C | 20 - 25 - 25 - ns
Time
Clock HIGH TpwH 9,10, 11 ~550C < TA < +1250C | 20 - 25 - 25 - ns
Pulse Width
Clock LOW TPWL 9,10,11 |-550C<Ta<+1250C |20 | - f25 | - |25 | - ns
Pulse Width
Output Delay D 9,10, 11 -550C<Ta<+1259C) - [ 30 )] - |35 ] - [ 35 ] ns
3-State TENA (Note 2) 9,10, 11 ~550C < Ta<+1250C | - 30 - 30 - 35 ns
Enable Time
NOTES:

2. Transition is measured at +200mV from steady state voltage, Output

1. AC Testing as follows: Vo = 4.5V and §.5V. Input levels OV and 3.0V (OV
loading per test load circuit, with V4 = 1.8V, Ry = 5000 and C_ = 40pF.

and 3.2V for clock inputs). Timing reference levels = 1.5V, Output load per
test load circuit, with V4 = 2.4V, Ry = 5002 and C|_= 40pF.

TABLE 3. HMA510/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-55 -65 -75
PARAMETER SYMBOL { CONDITIONS NOTE TEMPERATURE MIN |MAX IMIN [MAX ]MIN | MAX JUNITS
Input Capacitance CIN Vee = Open, 1 Ta=+250C - 10 - 10 - 10 pF
f=1MHz All
Output Capacitance] Coyt | measurements are 1 TA=+25°C - 10 - 10 . 10 pF
referenced to
1/0 Capacitance Ciyo | device GND. 1 TA=+25°C - 15 - 15 - 15 pF
Input Hold Time TH 1 -550C<TaA<+125°C | 3 - 3 - 3 - ns
3-State Disable Tois 1 -550C < TA<+1250C | - 30 - 30 - 30 ns
Time
Output Rise Time TR From 0.8V to 2.0V 1 -550C < Ta<+125°C | - 10 - 10 - 10 ns
Output Fall Time TF From 2.0V 10 0.8V 1 -550C < TA<+125°C | - 10 - 10 - 10 ns
NOTE:
1. The parameters listed in Table 3 are controlled via design or process pa-
rameters and are not directly tested. These par ters are cl terized
upon initial design and after major process and/or design changes.
TABLE 4. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD SUBGROUPS

Initial Test 100%/5004 -

Interim Test 100%/5004 -

PDA 100% 1

Final Test 100% 2,3,8A,8B,10,11

Group A - 1,2,3,7,8A,88,9,10, 11

GroupsC&D Samples/5005 1,7,9

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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HMA510/883

Burn-iIn Circuit

11 N/C Xts RND ACC CLKY TC PREL CLkP P33
10| x13 | xt4 | OEL | suB | Clkx | Voo | OEX | OEM | Pas | Paz | wcC

o x11 | xi2 pao | Ppat

8| xo | x10 P28 | P28

7| xr x8 P28 | P27

68 LEAD
6| xs x8 PIN GRID ARRAY P24 | P2s
TOP VIEW

5 X3 X4 P22 P23

al x x2 P20 | P21

s yo | x P18 | P18

PO
we | | W | e | e
ol e | v | e
A 8 c [} E F G H 4 K L
PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL | PIN NAME SIGNAL | PIN NAME SIGNAL | PIN NAME SIGNAL
B6 X6 F1 F1 Y9/P9 F2 K7 P26 Vee/2 E11  |ACC F1
A6 X5 F2 G2 Y10/P10 |F3 L7 P27 Vee/2 D10 |SsuB F2
B85 X4 F3 G1 Y11/P11 |F5 K8 P28 vee/2 D11 |RND F3
A5 X3 F4 H2 Y12/P12 |F4 L8 P29 Vee/2 C10 | OEL vee
B4 - X2 F§ H1 Y13/P13 |F4 K9 P30 Vee/2 C11 | X15 F8
A4 X1 F6 J2 Y14/P14 |F8 L9 P31 Vg2 B10 {X14 F9
B3 X0 F7 J1 Y15/P15 |F9 K10 |P32 Veg/2 A10 | X13 F10
A3 YO/PO F8 K2 P16 Veo/2 K1t P33 Vg2 B9 Xx12 F11
B2 Y1/P1 F9 L2 P17 Vec/2 J10 | P34 Vee/2 AS X1 F12
B1 Y2/P2 F10 K3 P18 vge/2 J11 CLKP Fo B8 X10 F13
c2 Y3/P3 F11 L3 P19 vee/2 H10 |OEM GND A8 X9 F14
(3] Y4/P4 F12 K4 P20 Veg/2 H11 | PREL F6 B7 X8 F15
D2 Y5/P5 F13 L4 P21 vge/2 G10 | OEX GND A7 X7 F7
D1 Y6/P6 F14 KS P22 veg/2 G11 TC F5 A2 N.C. N.C.
E2 Y7/P7 F15 LS P23 Vee/2 F10 Voo Vee K1 N.C. N.C.
E1 GND GND K6 P24 vee/2 F11 CLKY FO L10 |[N.C. N.C.
F2 Y8/P8 F1 L6 P25 Veg/2 E10 |CLKX FO B11 |NGC. N.C.
NOTES:

1. Vcg = 5.5V +0.5V/-0.0V with 0.1yF decoupling capacitor to GND
2. FO = 100kHz, F1 = F0/2,F2 =F1/2, ....
3. Vg = Vgg - 1V £ 0.5V (Min), V| = 0.8V (Max)

4. 47kS} load resistors used on all pins except Vo and GND (Pin-Grid
identifiers F10, G10, G11 and H11)

2-13
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HMA510/883

Die Characteristics

DIE DIMENSIONS:
184 x 176 x 19 % 1mils

METALLIZATION:
Type: Si - Al or Si-Al-Cu
Thickness: 8

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

WORST CASE CURRENT DENSITY: 0.9 x 10°A/cm?
Metallization Mask Layout

HMAS10/883
.

§ £

- o (-] - o L] - w o« ~
> > » » * x » » x *
- ~ (<] - w 3 ~ ©

L ] o L J o o C 3 o o - ~N

s Xit

7 X12

8 X113

1o xts

Y2/P2 60
Y3/P3 59
Y4/P& S8 |
Ys/PS ST
Y6/PS 564

Y7/P7 3%

GND 354

GND 53

Ya/Ps 52 |
Yo/Ps 51
Y10/P10 50
Yi1/P11 49
Yi2/P12 48
Y13/P13 47 ]
Yi‘/P‘l‘ 48
YIS/P15 a8

P16 44

P17 43
Pi‘ 42
P19 41
P20 40
P21 39
P23 37
P24 30%
P2s 353

P30 30

NC

X1s
OEL
RND
sus
acc
CLKX

CLKY

Vee

Vee

¥C

OEX

‘PREL

.OEM

CLKP

P34
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HMU16, HMU17

16 x 16-Bit CMOS Parallel Multipliers

Features
¢ 16 x 16-Bit Parallel Multiplier with Full 32-Bit Product
High-Speed (35ns) Clocked Multiply Time

Low Power Operation:
= lccsp = 500pA Maximum
- lgcop = 7.0mA Maximum at 1MHz

Supports Two’'s Complement, Unsigned Magnitude
and Mixed Mode Multiplication

HMU16 is Compatible with the AM29516, LMU16,
IDT7216 and the CY7C516

HMU17 is Compatible with the AM29517, LMU17,
IDT7217 and the CY7C517

TTL Compatible Inputs/Outputs
Three-State Outputs

Applications

 Fast Fourier Transform Analysis

» Digital Filtering

¢ Graphic Display Systems

¢ Image Processing

+ Radar and Sonar

* Speech Synthesis and Recognition

Ordering Information

TEMPERATURE

PART NUMBER RANGE PACKAGE
HMU16JC-35 0°C to +70°C 68 Lead PLCC
HMU16JC-45 0°C to +70°C 68 Lead PLCC
HMU16GC-35 0°C to +70°C 68 Lead PGA
HMU16GC-45 0°C to +70°C 68 Lead PGA
HMU17JC-35 0°C to +70°C 68 Lead PLCC
HMU17JC-45 0°C to +70°C 68 Lead PLCC
HMU17GC-35 0°C to +70°C 68 Lead PGA
HMU17GC-45 0°C to +70°C 68 Lead PGA

Description

The HMU16 and HMU17 are high speed, low power CMOS
16 x 16-bit multipliers ideal for fast, real time digital signal
processing applications.

The X and Y operands along with their mode controls (TCX
and TCY) have 17-bit input registers. The mode controls
independently specify the operands as either two's comple-
ment or unsigned magnitude format, thereby allowing mixed
mode multiplication operations.

Two 16-bit output registers are provided to hold the most
and least significant halves of the result (MSP and LSP). For
asynchronous output these registers may be made transpar-
ent through the use of the feedthrough control (FT).

Additional inputs are provided for format adjustment and
rounding. The format adjust control (FA) allows the user to
select either a left shifted 31-bit product or a full 32-bit prod-
uct, whereas the round control (RND) provides the capability
of rounding the most significant portion of the result.

The HMU16 has independent clocks (CLKX, CLKY, CLKL,
CLKM) associated with each of these registers to maximize
throughput and simplify bus interfacing. The HMU17 has
only a single clock input (CLK), but makes use of three regis-
ter enables (ENX, ENY and ENP). The ENX and ENY inputs
control the X and Y input registers, while ENP controls both
the MSP and LSP output registers. This configuration facili-
tates the use of the HMU17 for microprogrammed systems.

The two halves of the product may be routed to a single
16-bit three-state output port via a multiplexer, and in addi-
tion, the LSP is connected to the Y-input port through a sep-
arate three-state buffer.

All outputs of the HMU16 and HMU17 multipliers also offer
three-state control for multiplexing results onto multiuse
busses. .

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994
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HMU16/HMU17

Package Pinouts

10

CERAMIC 68 PIN GRID ARRAY (PGA)

TOP VIEW
NG | X138 | x15 | RND | TCY | Vg | GND | FT | OFP
X1 X12 U rox | v GND | | M) e
x| e ce MSPSEL| FA | =
P30/ | P31/
X9 X10 P14 | P15
P28/ | P29/
X7 x8 P12 | P13
P26/ | P27/
X5 X6 P10 P11
68 LEAD
xs | xa PIN GRID ARRAY P24 | P25/
TOP VIEW
x| x pezs | Pz
o | raor | ez
CLKY | cLKL P18/ | P19/
(ENY) | (CLK P2 P3
vor | vzr | var | ver | ver | yior | vizz | vias | pies | Piwm
N/C PO P2 P4 P6 2] P10 P12 P14 PO P1
Yi | ovar | ysy | oy | over | Yiu v | ovis |
P1 P3 Ps P7 PO P11 P13 P15
A B c D E F [ H f [3 L
68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)
TOP VIEW
& g
r4
lu g Lﬁ
]
2 200 QO>x08u <o
4] ] ©wz 2z O 3
g 3l8izt 885522 Eoxx k&
OOOonnArOOOonrrn
9 8 7 6 5 4 3 2 1 68 87 668 B85 64 83 82 61
[
s [} NG
s [ ] x12
sal ] x11
s7[ ] x10
56 ] X9
ss[]xs
s [ Jx7
53 D X8
HMU16
52
(HMU17) 1xs
o [ ] xa
so| ] x3
a8 3 x2
w]x1
[ Jxo
4[] OEL
as [ ] CLKL (CLK)
4[] cuky (END

27 28 28 30 31 232 33 34 35 38 37 38 29 40 41 42 43
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HMU16/HMU17

Functional Block Diagram

HMU16

X0 -15 TCX RND TCY YO -15/0 - 15

1 1 | —

REGISTER REGISTER REGISTER

e

OEL

MULTIPLIER ARRAY

FA———————— FORMAT ADJUST
Fre—e—— | wmsp LsP
REGISTER | REGISTER
CLKM e |
oL |
MSPSEL ——————{  MULTIPLEXER |
OEP

P16 -31/P0 - 15

HMU17

X0 -15 TCX RND TCY YO -15/P0 - 15
| I [ $—

FEGIST!ﬂ [REGISTERI IREGISTER

CLK
=
ENY

I MULTIPUER ARRAY

_&&)l

FA FORMAT ADJUST
MSP LSP
REGISTER | REGISTER
19 J
ENP | T
MSPSEL MULTIPLEXER
OEP
P16 - 31/P0 - 15

l MULTIPLIERS H
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HMU16/7HMU17

Pin Description

PLCC
SYMBOL PIN NUMBER TYPE DESCRIPTION
Vee 1,68 Vg - The +5V power supply pins. A 0.1uF capacitor between the Vi and GND pins
is recommended.
GND 2,3 GND. The device ground.
X0-X15 47-59, 61-63 1 X-Input Data. These 16 data inputs provide the multiplicand which may be in two’s
complement or unsigned magnitude format.

YO-Y15/ ‘ 27-42 /O Y-Input/LSP Output Data. This 16-Bit portis used to provide the multiplier which

PO-P15 may be in two’s complement or unsigned magnitude format. it may also be used for
output of the Least Significant Product (LSP).

P16-P31/ 10-25 (o] Output Data. This 16-Bit port may provide either the MSP (P16-31) or the

PO-P15 LSP (PO-15).

TCY, TCX 66,67 t Two’s Complement Control. input data is interpreted as two’s complement when this
control is HIGH. A LOW indicates the data is to be interpreted as unsigned
magnitude format.

FT 5 I Feedthrough Control. When this control is HIGH, both the MSP and LSP registers are
transparent. When LOW, the registers are latched by their associated clock signals.
FA 6 | Format Adjust Control. A full 32-bit product is selected when this control line
] is HIGH. A LOW on this control line selects a left shifted 31-bit product with the sign
bitreplicated in the LSP. This contro! is normally HIGH except for certain two’s
complement integer and fractional applications.
RND 65 | Round Control. When this control is HIGH, a one is added to the Most Significant Bit
(MSB) of the LSP. This position is dependent on the FA control; FA = HIGH indicates
RND adds to the 2-15 bit (P15), and FA = LOW indicates RND adds to the 2-16
bit (P14).

MSPSEL 4 | Output Multiplexer Control. When this control is LOW, the MSP is available for output
at the dedicated output port, and the LSP is available at the Y-input/LSP output
port. When MSPSEL is HIGH, the LSP is available at both ports and the MSP is not
available for output.

OEL 46 [ Y-In/P0-15 Output Port Three-state Control. When OEL is HIGH, the output drivers
are in the high impedance state. This state is required for Y-data input. When OEL
is LOW, the port is enabled for LSP output.

OEP 7 1 P16-31/P0-15 Output Port Three-state Control. A LOW on this control line enables

the output port. When OEP is HIGH, the output drivers are in the high impedance
state.

The following Pin Descriptions apply to the HMU16 only.

CLKX 64 [ X-Register Clock. The rising edge of this clock loads the X-data input register along
with the TCX and RND registers.

CLKY 44 ] Y-Register Clock. The rising edge of this clock loads the Y~data input register along
with the TCY and RND registers.

CLKM 8 1 MSP Register Clock. The rising edge of CLKM loads the most significant product
{MSP) register.

CLKL 45 ! LSP Register Clock. The rising edge of CLKL loads the least significant product

{LSP) register.

The following Pin Descriptions apply to the HMU17 only.

CLK 45 | Clock. The rising edge of this clock will load all enabled registers.

ENX 64 1 X-Register Enable. When ENX is LOW, the X-register is enabled; X-input data and
TCX will be latched at the rising edge of CLK. When ENX is high, the X-register
is in a hold mode.

ENY 44 1 Y-Register Enable. ENY enables the Y-register. (See ENX).

ENP 8 1 Product Register Enable. ENP enables the product register. Both the MSP and LSP

sections are enabled by ENP. (See ENX).
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HMU16/HMU17

Functional Description

The HMU16/HMU17 are high speed 16 X 16-bit multipliers
designed to perform very fast multiplication of two 16-bit
binary numbers. The two 16-bit operands (X and Y) may be
independently specified as either two’s complement or
unsigned magnitude format by the two’s complement
controls (TCX and TCY). When either of these control lines
is LOW, the respective operand is treated as an unsigned
16-bit value; and when it is HIGH, the operand is treated as
a signed value represented in two’s complement format.
The operands along with their respective controls are
latched at the rising edge of the associated clock signal.
The HMU16 accomplishes this through the use of indepen-
dent clock inputs for each of the input registers (CLKX and
CLKY), while the HMU17 utilizes a single clock signal (CLK)
along with the X and Y register enable inputs (ENX and ENY).

Input controls are also provided for rounding and format
adjustment of the 32-bit product. The Round input (RND) is
provided to accomodate rounding of the most significant
portion of the product by adding one to the Most Significant
Bit (MSB) of the LSP register. The position of the MSB is
dependent on the state of the Format Adjust Control (See
Pin Descriptions and Multiplier Input/Output Format
Tables). The Round input is latched into the RND register
whenever either of the input registers is clocked. The
Format Adjust control (FA) allows the product output to be
formatted. When the FA control is HIGH, a full 32-bit
product is output; and when FA is LOW, a left-shifted
31-bit product is output with 1 the sign bit replicated in bit
position 15 of the LSP. The FA control must be HIGH for
unsigned magnitude, and mixed mode multiplication

operations. It may be LOW for certain two’s complement
integer and fractional operations only (See Multiplier Input/
Output Formats Table).

The HMU16/HMU17 multipliers are equipped with two
16-bit output registers (MSP and LSP) which are provided
to hold the most and least significant portions of the
resultant product respectively. The HMU16 uses indepen-
dent clocks (CLKM and CLKL) for latching the two output
registers, while the HMU17 uses a single clock input (CLK)
along with the Product Latch Enable (ENP). The MSP and
LSP registers may also be made transparent for asynchro-
nous output through the use of the Feedthrough control (FT).

There are two output configurations which may be selected
when using the HMU16/HMU17 multipliers. The first
configuration allows the simultaneous access of the most
and least significant halves of the product. When the
MSPSEL input is LOW, the Most Significant Product will be
available at the dedicated output port (P16~31/P0~-15). The
Least Significant Product is simultaneously available at the
bi-directional port shared with the Y-inputs (YO-15/P0-15)
through the use of the LSP output enable (OEL). The other
output configuration involves multiplexing the MSP and
LSP registers onto the dedicated output port through the
use of the MSPSEL control. When the MSPSEL control is
LOW, the Most Significant Product will be available at the
dedicated output port; and when MSPSEL is HIGH, the
Least Significant Product will be available at this port. This
configuration allows access of the entire 32-bit product by
a 16-bit wide system bus.

2-19
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HMU16/7HMU17

Mutltiplier Input/Output Formats Table
FRACTIONAL TWO'S COMPLEMENT NOTATION

BINARY POINT

* In this format an overflow occurs in the attempted multiplication of the two's complement number 1,000 ...0
with 1,000 . . . O yielding an erroneous product of -1 in the fraction case and -230 in the integer case.

FRACTIONAL UNSIGNED MAGNITUDE NOTATION

IINAR‘V POINT

Xug| X1a] X143 ] Xsa$X0r [ Xso] Xy [ Xo | X7 | Xg [Xsf Xa | X3 [ X5 | X, [ Xo [ SIGNAL
2t 22 23] 228 24 27 | 20| ¥ |2 M2 M2 2132 U]2-1]2- ¥ DIGIT VALUE

SIGNAL

S8 LsP MANDATORY

FRACTIONAL MIXED MODE NOTATION

BINARY POINT

SIGNAL
Xys] Xsa] X1a] Kraf X1 | Xvof Xo [ Xo [ Xy} Xo | X5 | Xe | X5 | X3} X1 | Xo | (TWO'S COMPLEMENT)
-20] 21| 23| 2] 24| 28] 2% 27| 2 20| 2 2 |2 222 M2 | DiGIT vALUE

y, | SIGNAL
9 | (UNSIGNED MAGNITUDE)

mse Lsp MANDATORY
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HMU16/7HMU17

Mutltiplier Input/Output Formats Table (Continued)
INTEGER TWO’S COMPLEMENT NOTATION

BINARY POINT
1

Xug| X1a] X1 X12] Xy1} Xso| Xo | Xy ] Xy | X Xs] Xs | X3 | X2} X4 ] %o
-213) "l 213 2‘3 2“ !W 2' 2. 27 f :5 z‘ 23 22 " 2‘

X Yagl Yaa{Yaf Yoo Yur Yol Yol Ya ] Yol Yol Ya | Ya Vs | Yal Y4 Yo
215] 2% 2[R 2" |20 S s 7| #8232

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE

* In this format an overflow occurs in the attempted multiplication of the two's complement number 1,000 ... 0

with 1,000 . . . 0 yielding an erroneous product of -1 in the fraction case and -230 in the integer case.

INTEGER UNSIGNED MAGNITUDE NOTATION

BINARV’ POINT

Xus|X1a|X13] X102 X1]Xsof Xo | Xg | Xy | X} Xs| Xa] X3] X2} Xy [ Xo
2512|2312 2] 2] 2% | 20| 27| 28] 25| 2*| 22| 2% | 2' | 2°

SIGNAL
DIGIT VALUE

X |Yos|Yia| Y1 | Yaz] Yui|Yio| Yo [ Ya [ Y7 | Y| Ys| Yaf Y5 Y[ e[ Yo
z|5 2" 2‘3 217 2" 2'0 z’ 2. 27 2‘ zs 2‘ 23 22 z‘ 20

SIGNAL
DIGIT VALUE

= 1P31{P0|P2s|P2s|PariPag | Pas| P2} Pas| P2a] P2y | P2o[P1g | Prs| Pry| Prs) Prs [Praf Pra| Pra[Prr|Pao | Po| Py | Py [P i Py Pa P3| Py Pyl Po
291129 22| 220 | 27| 22¢ | 235 224| 233|222 [ 221 | 20 [ 219 [ 18] 277 [ 7% 25 [ 2| 23| 22| 27| 20 | 28 | 2° | 27 | 28] 25| 2| 22| 22| 2' | 2°

SIGNAL
DIGIT VALUE

MSP LSP

INTEGER MIXED MODE NOTATION

BINAR
q

L"qslxul"u]"ulxul"wl xvﬁ-r’”] ’(sl ‘sl X4I "3! XJX'] Xo
B.slzulzwﬂthzulzml zvl 2;[27 | 25[ 25] 20] 2:] 2:1 2] 2°

MANDATORY

POINT
p

SIGNAL
(TWO'S COMPLEMENT)

DIGIT VALUE

X ‘V|s[V141V|:I'|z]Vvll"oI "I Vll'rlvs[ Ysl V‘I 'Jl V!] v,IV,,

SIGNAL
(L MAGNITUDE)

Iz\slzulzulz‘zlzuIzwl 29[:1[21 l zclzsl 2" 2:] zzl 21120

DIGIT VALUE

"n["-s "»I"u["ul"uipnl PalPs] PP Pl P[P PP Pi] P

SIGNAL

- {P31]P301P 20 |Pas[Par|Pae[Pas} Paa|Pag] Pyo] Por [ Pao| Pra
23] 230 229 | 20 J27[ J28 p2s] p24 | J2a] J22] Jar ]y e |5 2”]2“ 2"["""’[’"[7"[2"‘[2’13'[”] 2.l zsl z«l 2:] 22! 2'110

MSP LSP

DIGIT VALUE
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Specifications HMU16/HMU17

Absolute Maximum Ratings

B TE o o YA e - Vo T A erearreeaaes +8.0 Volts
Input, Output or I/0 Voltage Applied ................ . . .v... GND-0.5Vto Ve c+0.5V
Storage TemperatureRange ............... v -650C to +1500C
Gate Count . PR 4500 Gates
Bjg v erernrriiiniiiiiiiiaia. Ceeaereersriananes ceees 43.20C/W (PLCC), 42.690C/W (PGA)
[ R T RPN i, b eeereeeireai i eeenan Crereiereeseene. 15.10C/W (PLCC), 10.09C/W (PGA)
Maximum Package Power Dissipation at 70°C ... feeetreeeereranian 1.7W(PLCC), 2.46 (PGA)
Junction Temperature .....c.ooveevennenns et te e e re e et en e e e aeanaeaaean +150°C (PLCC), +175°C (PGA)
Lead Temperature (Soldering, Ten Seconds) ....... et ae e b e e e e e et aa et e st aeas e e aaaasae +3000C
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating,
and operation at these or any other conditions above those indicated in the operati ions of this specification is not implied.

Operating Conditions

Operating Voltage Ran@e . ... cv vt ittt ittt iiiiii it ettt ta s teneneistatacsaanasassotensosansansns +4.75V to +5.25V
Operating Temperature Range ......covvveeiinrinnenerrenersanenss eeeeer e, e rraraee e, 09C to +70°C

D.C. Electrical Specifications (Vgg = 5.0V + 5%, Ta = 0°C to +70°C)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
VIH Logical One Input Voltage 2.0 - v Vgog =5.25V
ViL Logical Zero Input Voltage - 0.8 \ Vce =475V
VoH Output High Voltage 2.6 - Vv IoH =-400pA, VoG = 4.75V
VoL Output Low Voltage - 0.4 \ loL = +4.0mA,Vcc = 4.75V
] Input Leakage Current -10 10 pA V|=Vgg orGND, Ve = 5.25V
lo Output or I/O Leakage Current ~-10 10 pA Vo =VggorGND, Vg =5.25V
Iccss Standby Power Supply Current - 500 HA Vj=Vgg or GND, Ve = 5.25V
Outputs Open
Iccop Operating Power Supply Current - 7.0 mA V=V orGND, Vg = 5.25V
f=1MHz (Note 1)

Capacitance (T = +25°C, Note 2)

SYMBOL PARAMETER . TYPICAL UNITS TEST CONDITIONS
CIN input Capacitance 15 pF Frequency = 1MHz.
All measurements referenced
Court Output Capacitance 10 pF to device Ground.
Ciyo 1/O Capacitance 10 pF
NOTES:
1. Operating Supply Current is proportional to frequency, Typical rating is
5mA/MHz.

2. Not tested, but characterized at initial design and at major process/
design changes.
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Specifications HMU16/HMU17

A.C. Electrical Specifications (Vgc = 5.0V + 5%, T = 0°C to +70°C, Note 3)

HMU16/HMU17-35 HMU16/HMU17-45 TEST
SYMBOL PARAMETER MIN MAX MIN MAX UNITS CONDITIONS
TMUC Unclocked Multiply Time - 55 - 70 ns
T™Mc Clocked Multiply Time - 35 B 45 ns
Ts X, Y, RND Setup Time 15 - 18 - ns
TH X, Y, RND Hold Time 2 - 2 - ns
TpwH Clock Pulse Width High 10 B 15 - ns
TpwL Clock Pulse Width Low 10 - 15 - ns
TPDSEL 'MSPSEL to Product Out - 22 - 25 ns
TeppP Output Clock to P - 22 - 25 ns
TpDY Output Clock to Y - 22 - 25 ns
TENA 3-State Enable Time - 22 - 25 ns Note 1
Tpis 3-State Disable Time - 22 - 25 ns
TSE Clock Enable Setup Time 15 - 15 - ns
(HMU17 only)
THE Clock Enable Hold Time 2 - 2 - ns
(HMU17 only)
THCL Clock Low Hold Time CLKXY (¢} - [o] - ns Note 2
Relative to CLKML
(HMU16 only)
TR Output Rise Time - 8 - 8 ns From 0.8V to 2.0V
TF Output Fall Time - 8 - 8 ns From 2.0V to 0.8V
NOTES:

-

. Transition is measured at £200mV from steady state voltage with loading 3. Refer to A.C. Test Circuit, with V4 = 2.4V, Ry = 500Q and Cy = 40pF
specified in A.C. Test Circuit, V4 = 1.5V, Ry = 50082 and Cq = 40pF

2. To ensure the correct product is entered in the output registers, new data
may not be entered into the input registers before the output registers
have been ciocked.
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HMU16/HMU17

A.C. Test Circuit

Vi

R4

* Includes Stray and Jig Capacitance

A.C. Testing Input, Odtput Waveforms

3.0v

12>
oV

VoH

Vo

L

A.C.Testing: All parameters tested as per test circuit. Input rise and fall times
are driven at 1ns/V.

THREE STATE CONTROL

THREE
STATE
CONTROL

Tois

OuUTPUT

THREE
STATE |

HMU17 TIMING DIAGRAM

Timing Diagram
SET-UP AND HOLD TIME
DATA = 3y
INPUT Ts Tn ov
CLOCK 3.0V
INPUT 1.5V
ov
HMU16 TIMING DIAGRAM
TPWH THeL
| |<-—<
cux | | B
T
o e
xin‘L XXX A X XXX XXX
RND Tve
CLKM J
Ok == TPDY
OUTPUT Y XX XX X X X X
+TPDSEL™
MSPSEL N K|
= TPDP >
OUTPUT P X XX XX XXX X XK
TMuc

T
PWH
—_— T L]
_ECNL'): | TsE | THE | Tew
ENY A
Ts TH
T
'N’ES‘S XK T RARTIIIR
TSE |-<——><——.-| THE
ENP 1 |
T™e TepY
OUTPUT Y XXX XX XXX XK XX
TPDSEL|
MSPSEL N
TpoP!
OUTPUT P X X X X XXX XXX XX XK
TMuc
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HMU16/883

16 x 16-Bit CMOS Parallel Multiplier

@

January 1994

Features

* This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

16 x 16-Bit Paralilel Multiplier with Full 32-Bit Product
High-Speed (45ns) Clocked Multiply Time

Low Power CMOS Operation
~ lecss = 500pnA Maximum
- lecop = 7.0mA Maximum at 1MHz

HMU16/883 is Compatible with the AM29516, LMU16,
IDT7216, and the CY7C516

Supports Two’s Complement, Unsigned Magnitude
and Mixed Mode Multiplication

¢ TTL Compatible Inputs/Outputs
Three-State Outputs

.

Ordering Information

Description

The HMU16/883 is a high speed, low power CMOS 16 x 16-bit
parallel multiplier ideal for fast, real time digital signal pro-
cessing applications. The 16-bit X and Y operands may be
independently specified as either two’s complement or
unsigned magnitude format, thereby allowing mixed mode
multiplication operations.

Additional inputs are provided to accommodate format
adjustment and rounding of the 32-bit product. The Format
Adjust control allows the user to select a 31-bit product with
the sign bit replicated in the LSP. The Round control pro-
vides for rounding the most significant portion of the result
by adding one to the most significant bit of the LSP.

Two 16-bit output registers (MSP and LSP) are provided to
hold the most and least significant portions of the result,
respectively. These registers may be made transparent for
asynchronous operation through the use of the feedthrough
control (FT). The two halves of the product may be routed to
a single 16-bit three-state output port via the output multi-
plexer control, and in addition, the LSP is connected to the
Y-input port through a separate three-state buffer.

The HMU16/883 utilizes independent clock signals (CLKX,
CLKY, CLKL, CLKM) to latch the input operands and output
product registers. This configuration maximizes throughput
and simplifies bus interfacing. All outputs of the HMU16/883
also offer three-state control for multiplexing onto multiuse
system busses.

TEMPERATURE
PART NUMBER RANGE PACKAGE
HMU16GM-45/883 -55°C to +125°C 68 Lead PGA
HMU16GM-60/883 -55°C to +125°C 68 Lead PGA
Functional Diagram
X0-15 TCX

|

TCY Y0-15/P0-15

| reaisten | | reaister | | recisten |

o —=D—
CLKY

EL

MULTIPLIER ARRAY I

il

FORMAT ADJUST

MSP LsSP
REGISTER | REGISTER

+__

MULTIPLEXER ]

Y

P16-31/P0-15

l MULTIPLIERS H

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications HMU16/883

Absolute Maximum Ratings

Reliabllity Information

SUPPIYVOMAGE « . e eeereneerrereeeeaeannnnennnaeaeennn +8.0V  Thermal Resistance Sja Sic
Input or Output Voltage Applied ceerer. GND-0.5Vio Voo +0.5V Ceramic PGA Package....... ceee.. 42.690C/W  10.00C/W
Storage TemperatureRange ................. -659C10 +1509C Maximum Package Power Dissipation at +125°C

Junction Temperature .........cccvneenriennccnenseess +1750C Ceramic PGA Package ........... heeaes .. 1.17 Watt
Lead Temperature (Soldering 10 sec) ... tieeeses. 3000C GateCount ...cvvvrveennrrianonss Cereeinees 4500 Gates
ESD Classification .....oevvivnviiiniirenerniiciaecnnes Class 1

CAUTION: Stresses abovae those listed in “Absolute Maxit gs” may cause p d: to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indi d in the op I sections of this specification is not implied.

Operating Conditions

Operating VoltageRange ...........ccvevveeen.. . +4.5V 10 +5.5V

Operating Temperature Range ............... -550C to +125°C

TABLE 1. HMU16/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

IMIT:
GROUP A HMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX ] UNITS
Logical One Input VIH Voo =56.5V 1,2,3 -550C < TA<+1250C | 22 - Vv
Voltage
Logical Zero Input ViL Voo =4.5v 1,23 -550C < TA < +125°C - 0.8 \
Voltage
Output HIGH Voltage VOH IOH = -400pA 1,2,3 -550C < TA<+1259C| 2.6 - v
Vge = 4.5V (Note 1)
Output LOW Voltage Vo loL = +4.0mA 1,2,3 ~550C < Tp < +1250C - 0.4 \
Vg = 4.5V (Note 1)
Input Leakage Current Iy VinN= Vg or GND 1,23 -550C < TA<+1260C | -10 +10 pA
Vog = 5.5V
Output or /O Leakage o VouTt =Vgc or GND 1,2,3 -550C <TA < +125°C | -10 +10 pA
Current Vec =55V
Standby Power Supply Iccs VIN=Vcc or GND, 1,23 -550C < TA < +1250C - 500 pA
Current Vo = 5.5V, Outputs
Open
Operating Power iccop f=1.0MHz, 1,23 -550C < Tp < +1259C - 7.0 mA
Supply Current VIN = Ve or GND
Vo = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -850C < TpA < +1250C - -

NOTES:
1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
5mA/MHz.

3. Tested as follows: f = 1MHz, V| (Clock Inputs) = 3.0, Vyq (All other
inputs) = 2.6, Vj_ = 0.4, Vo > 1.5V, and Vo < 1.5V,

CAUTION: These devices are sensitive to elactrostatic discharge. Proper IC handling procedures should be followed.
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Specifications HMU16/883

TABLE 2. HMU16/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-45 -60
{NOTE 1) GROUPA
PARAMETER SYMBOL | CONDITIONS { SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Unclocked Multiply T™MUC 9,10, 11 ~-550C < TA <+1250C - 70 - 90 ns
Time
Clocked Multiply Time | Tmc 9,10, 11 -550C <TA<+1250C | -~ 45 - 60 ns
X,Y, RND Setup Time Ts 9,10, 11 -550C < TA <+1250C | 18 - 20 - ns
Clock HIGH Pulse TPwH 9,10, 11 -550C < TA <+1250C ] 15 - 20 - ns
Width
Clock LOW Pulse TpwL 9,10,11 -550C < TA<+1250C | 15 - 20 - ns
Width
MSPSEL to Product TPDSEL 9,10, 11 -550C < TA € +1250C - 25 - 30 ns
Out
Output Clock to P TeppP 9,10, 11 -550C < TpA <+125°C - 25 - 30 ns
Output Clock to Y TpDY 9,10, 11 -550C < Tp < +1250C - 25 - 30 ns &)
3-State Enable Time TENA (Note 2) 9,10, 11 -550C < Tp <+1250C - 25 - 30 ns g
Clock Low Hold Time THCL (Note 3) 9,10, 11 -550C < Tp < +125°C o] - [o] - ns o
CLKXY Relative to ':l
CLKML -3
=
NOTES:
1. AC Testing as follows: Vo = 4.5V and 5.5V. Input levels OV and 3.0V, 3. To ensure the correct product is entered in the output registers, new data
Timing reference levels = 1.5V, Oulput load per test load circuit, with V4 = may not be entered into the input registers before the output registers
2.4V, R1 = 5000 and C_ = 40pF. have been clocked.

2. Transition is measured at * 200 mV from steady state voltage, Output
loading per test load circuit, with V4 = 1.5V, Ry = 5000 and C_ = 40pF.
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TABLE 3. HMU16/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-45 ~-60
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX [UNITS
Input Capacitance CiN Vee = Open, = 1MHz 1 Ta = +250C - 15 - 15 pF
Al Measurements
Output Capacitance | Cout | arereferencedto 1 TA=+250C - 10 - 10 pF
device GND.
1/0 Capacitance Ci10 1 Tp =+250C - 10 - 10 pF
X,Y, RND Hold Time TH 1,2 |-559C <Tp<+1250C| 3 - 3 - ns
3-State Disable Time Tois 1,2,3 |-550C < TA <+1250C - 25 - 30 ns
Output Rise Time TR From 0.8V to 2.0V 1,2,4 [-550C <Tpo<+1250C§ - 10 - 10 ns
Output Fall Time TF From 2.0V t0 0.8V 1,2,4 |-850C<Tpo<+1250C| - 10 - 10 ns

NOTES: 1. The parameters listed in table 3 are controlled via design or
process parameters and are not directly tested. These parame-
ters are characterized upon initial design and after major
process and/or design changes.

2. Guaranteed, but not 100% tested.

3. Transition is measured at +200mV from steady state voltage,
Output loading per test load circuit, with V4 = 1.8V, Ry = 5000

and G = 40pF.

4. Loading is as spacified in the test load circuit, with V4 = 2.4V,
Ry = 5000 and C|_ = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,88B,10,11
Group A - 1,2,3,7,8A,8B,9,10, 11
GroupsC &D Samples/5005 1,7,9

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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HMU16/883

Burn-In Circuit
" ne | oxis | xas | meb | Tey | vgo | GND | FT | OEP
10 x11 X12 Xi4 CLKX TCX Vee GND | MSPSEU .;7 CLKM N/C

] X8 X10 :::2/ PP::‘S/

o | w my |

o x| | ve

68 LEAD
of xa | xa PIN GRID ARRAY p24s | past
TOP VIEW

s| xi x2 pazl | Pz

af oL | xo P20/ | Py

a| cikr | cree i

2 N/ C Yo/ Y2/ Yaf e/ Y8/ Y10/ Y12/ Y14/ P16/ P17/

PO P2 P4 P8 P8 P10 P12 P14 PO Pt
o lw | w e || e
A B c ) E F G H J K L
PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN | PGA PIN BURN-IN
PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
B6 X4 Fé F1 Y9/P9 F11 K7 P10/P26 |Vgop/2 E11 RND F1
A8 X3 F5 G2 Y10/P10 | F12 L7 P11/P27 |Vgg/2 D10 | CLKX FO
BS X2 F4 G1 Y11/P11 | F13 K8 P12/P28 |Vcg/2 D11 X15 F3
A5 Xt F3 H2 Y12/P12 |F14 L8 P13/P29 |Vce/2 C10 |X14 F2
B4 X0 F2 H1 Y13/P13 | F15 K9 P14/P30 |Vce/2 c11 X13 F15
A4 OEL Vee J2 Y14/P14 |F4 L9 P15/P31 |Vgo/2 B1O X12 F14
B3 CLKL FO J1 Y15/P15 }F5 K10 jCLKM FO A10 X1 F13
A3 CLKY FO K2 PO/P16 Veg/2 K11 OEP F1 B9 X10 F12
B2 |[voPo  |F2 L2 |P1P17  |veer2 Jio |FA Fla A9 |xe F11
B1 Y1/P1 F3 K3 P2/P18 Veo/2 J11 FT F15 B8 X8 F10
c2 Y2/P2 F4 L3 P3/P19  |Vgg/2 H10 |MSPSEL |F14 A8 X7 F9
C1 Y3/P3 F5 K4 P4/P20 Veoe/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6é L4 P5/P21 Vee/2 G10 |GND GND A7 X5 F7
Dt |v5/Ps F7 K5 |Pe/P22  |vgoeor2 G111 |Veo Voo A2 |NGC. NONE
E2 |Yers . |Fs s |P7/P23  |Vgeor2 F10 |Vge Voo K1 |NC. NONE
E1 Y7/P7 F9 Ké P8/P24 Vee/2 F11 TCY F15 L10o N.C. NONE
F2 Y8/P8 F10 Le P9/P25 Vee/2 E10 |TCX F15 B11 N.C. NONE
NOTES:

1. Vge = 5.0V +0.5V/-0.0V with 0.1uF decoupling capacitor to GND.

2. FO = 100kHz, F1 = F0/2, F2 = F1/2,

3. Viy = Vgg - 1V % 0.5V (Min), Vj_ = 0.8V (Max)

4. 47kQ load resistors used on all pins except Vg and GND (Pin-Grid
identifiers F10, G10, G11 and H11).
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HMU16/883

Die Characteristics

DIE DIMENSIONS:
179 x 169 x 19 + 1mils

METALLIZATION:
Type: Si - Al or Si-Al-Cu
Thickness: 8

GLASSIVATION:
Type: Nitrox
Thickness: 10

WORST CASE CURRENT DENSITY: 1.2 x 10°A/cm?

Metallization Mask Layout

{8) CLKY (ENY)
{7) CLKL (CLK)

(9} Y0, PO
(10) Y1, P1
(1) 2, P2
(12) Y3, P3 §
(13) v, Pa §
(14) v, Ps |
{15) Y6, P8
(18) Y7, P7
(1nvs,ps §
(18) Y9, P9

(19) Y10, P10

(20) Y11, P11

(21) Y12, P12

(22) Y13, P13

23) Y14, P14 |

{24) Y15, P15

(25) PO, P16
(26)P1, P17 |
(27) P2, P18 |8

(5) X0

@x1
X

(30) PS, P21

HMU16/883

n
g % 2
= =~ ¥
8 =z =

{63) X6

{61) X8

(59) X10

(31) P6, P22
{32) P7, P23
{33) P8, P24
(34) P9, P25 B

(35) P10, P26

(36) P14, P27

(37) P12, P28

(38) P13, P20 |§

(39) P14, P30

(40) P15, P31

(58) X13
(55) X14

(54) X15
(53) CLKX
(ENX)
(52) RND
51) TCX

(50) TCY

(47) GND

(46) GND
(45) MSPSEL
(44) FT

(43 FA

(42) DEP

{a1) CLKM
(END)
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HMU17/883

16 x 16-Bit CMOS Parallel Multiplier

a

January 1994

Features

+ This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

16 x 16-Bit Parallel Multiptier with Full 32-Bit Product
+ High-Speed (45ns) Clocked Multiply Time

¢ Low Power CMOS Operation:
- lcess = 500pA Maximum
- lecop = 7.0mA Maximum at 1MHz

+ HMU17/883 is Compatible with the AM29517, LMuU17,
IDT7217, and the CY7C517

* Supports Two’s Complement, Unsigned Magnitude
and Mixed Mode Multiplication

e TTL Compatible Inputs/Qutputs
* Three-State Outputs

[ 2

Ordering Information

Description

The HMU17/883 is a high speed, low power CMOS 16 x 16-bit
parallel multiplier ideal for fast, real time digital signal processing
applications. The 16-bit X and Y operands may be independently
specified as either two’s complement or unsigned magnitude for-
mat, thereby allowing mixed mode muitiplication operations.

Additional inputs are provided to accommodate format adjust-
ment and rounding of the 32-bit product. The Format Adjust
control allows the user the option of selecting a 31-bit product
with the sign bit replicated LSP. The Round control is provided
to accommodate rounding of the most significant portion of the
result. This is accomplished by adding one to the most signifi-
cant bit of the LSP.

Two 16-bit output registers (MSP and LSP) are provided to hold
the most and least significant portions of the result, respectively.
These registers may be made transparent for asynchronous
operation through the use of the feedthrough control (FT). The
two haives of the product may be routed to a single 16-bit three-
state output port via the output multiplexer control, and in addi-
tion, the LSP is connected to the Y-input port through a separate
three-state buffer.

The HMU17/883 utilizes a single clock signal (CLK) along with
three register enables (ENX, ENY, and ENP) to latch the input

TEMPERATURE operands and the output product registers. The ENX and ENY
PART NUMBER RANGE PACKAGE Inputs enable the X and Y input registers, while ENP enables
= both the LSP and MSP output registers. This configuration facili-
HMU17GM-45/883 -55°C 10 +125°C | 68 Lead PGA tates the use of the HMU17/883 for micro-programmed systems.
HMU17GM-60/883 55°C to +125°C 68 Lead PGA All qutputs of the HM.U17/883 also offer three-state control for
multiplexing onto multiuse system busses.
Functional Diagram
X0-15 TCX RND TCY Y0-15/P0-15
| REGISTER I I REGISTER | l REGISTER |
CLK oL
= I—D—J
ENY
| wmureuer aray |
FA FORMAT ADJUST
FT MSP LSP
REGISTER | REGISTER
W - |
ENP L T
MSPSEL —————— ] MULTIPLEXER
OEP
P16-31/P0-15

CAUTION: These devices are sensitive to electrostatic discharge. Users should folk
Copyright © Harris Corporation 1994

ow proper 1.C. Handling Procedures.
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Specifications HMU17/883

Absolute Maximum Ratings

SupplyVoltage . .......coviiiiiiiiiiiiiiiieiiiiieene.. +8.0V
Input or Output Voltage Applied ........ GND-0.5V to Vgg +0.5V
Storage TemperatureRange ...........c..0u0n -659C to +15009C
Junction Temperature ..........c..oceieeienrnennrnn... +1759C
Lead Temperature (Soldering 10se¢) ................... 300°C
ESD Classification ................ Creeeraiieees ves...Class 1

Reliabllity iInformation

Thermal Resistance Oja 9c
Ceramic PGA Package ............. 42689°C/W 10.0°C/W
Maximum Package Power Dissipation at +1250C
Ceoramic PGAPackage .....oovvervennnriannnnas «. o 117 Watt
GateCount ...........vvvvivennnn [ [N 4500 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op: of this specification is not implied.
Operating Conditions

Operating VoltageRange ............coeevueenn. +4.5V to +5.5V

Operating Temperature Range -550C to +125°C

TABLE 1. HMU16/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

LIMIT
GROUPA S
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE MIN | MAX |UNITS
Logical One Input VIH Veg =5.5V 1,2,3 -550C < TA<+1250C| 22 - v
Voitage
Logical Zero Input viL VoG = 4.5V 1,2,3 -550C <Ta<+125°C| - 0.8 v
Voltage
Output HIGH Voltage VOH IoH = -400pA 1,2,3 -550C <Tpo<+1250C| 28 | - \Y
Voe = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,3 -550C < TA<+1250C | - 0.4 v
Ve = 4.5V (Note 1)
Input Leakage Current Iy ViN= Ve or GND 1,23 -550C <TpA<+125°C | -10 +10 pA
Veg = 5.5V
Outputor I/O Leakage o Vout =Vcg or GND 1,2,3 -550C < TA<+12509C | -10 +10 uA
Current Ve =5.5V
Standby Power Supply | IcosB | ViN=Vcc orGND, 1,2,3 -550C < TA<+1250C | - 500 pA
Current Ve = 5.5V, Outputs
Open
Operating Power lccop f=1.0MHz, 1,2,3 -550C < Tp <+1250C = 7.0 mA
Supply Current VIN= Vg or GND
Ve = 5.5V (Note 2)
Functional Test FT {Note 3) 7,8 ~550C < Tp < +125°C - -

NOTES:
1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
SmA/MHz.

3. Tested as follows: f = 1MHz, Vi (Clock Inputs) = 3.0, Vjy (All other
inputs) = 2.6, Vj_ = 0.4, Vo = 1.5V, and Vo < 1.5V.

CAUTION: These devices are sensitive 10 elactrostatic discharge. Proper IC handling procedures should be followed.
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TABLE 2. HMU17/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-45 -60
(NOTE 1) GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS

Unclocked Multiply TMUC 9,10, 11 ~-550C < TA < +1250C - 70 - 90 ns

Time

Clocked Multiply Time | Tmc 9,10,11 -550C < Tp £ +1250C - 45 - 60 ns

X, Y, RND Setup Time Ts 9,10, 11 -550C <Ta<+1250C | 18 - 20 - ns

Clock HIGH Pulse TPWH 9,10, 11 ~-550C < TA<+1250C } 15 - 20 - ns

Width

Clock LOW Pulse TPwL 9,10, 11 -550C < Ta<+1250C | 15 - 20 - ns

Width

MSPSEL to Product TPDSEL 9,10, 11 -550C <Tp < +125°C - 25 - 30 ns

Out

Output Clock to P TppP 9,10, 11 -550C < Ta £ +1250C - 25 - 30 ns

Output Clockto Y TPDY 9,10, 11 -550C <TA < +1250C - 25 - 30 ns. ‘é

3-State Enable Time TENA (Note 2) 9,10, 11 ~550C < Tp < +1250C - 25 - 30 ns g

Ciock Enable Setup TSE 9,10, 11 -550C<Ta<+125°C| 15 - 15 - ns '%

=

NOTES: =
1. AC Testing as follows: Vo = 4.5V and 5.5V. Input levels OV and 3.0V, 2. Transition is measured at £ 200mV from steady state voltage, Output =

Timing reference levels = 1.5V, Output load per test load circuit, with V4 = loading per test load circuit, with Vq = 1.5V, Ry = 5000 and C)_ = 40pF.

2.4V, Ry = 5000 and C_ = 40pF.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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TABLE 3. HMU17/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-45 -60
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX MIN MAX |JUNITS
Input Capacitance CIN Vge = Open, f= 1MHz 1 Ta =+25°C - 15 - 15 pF
All Measurements
Output Capacitance Cout |arereferencedto 1 Ta =+25°C - 10 - 10 pF
device GND.
1/0 Capacitance Ciyo 1 Ta = +25°C - 10 - 10 pF
X,Y, RND Hold Time TH 1,2 |-550C<Tp<+1250C] 3 - 3 - ns
3-State Disable Time Tois 1,2,3 |-550C <Tp <+1250C - 25 - 30 ns
Clock Enable THE 1,2,3 [-550C<Tpo<+1250C| 3 - 3 - ns
Hold Time
Output Rise Time TR From 0.8V to 2.0V 1,2,4 |-550C < Tp <+1250C - 10 - 10 ns
Output Fall Time TF From 2.0V to 0.8V 1,2,4 |-550C <TA<+1 250C - 10 - 10 ns

NOTES:

1. The parameters listed in Table 3 are controlled via design or process
parameters and are not directly tested. These parameters are character-
ized upon initial design and after major process and/or design changes.

2. Guaranteed, but not 100% tested.

3. Transition is measured at £200mV from steady slate voltage, Output
loading per test load circuit, with V4 = 1.5V, Ry = 50002 and C|_ = 40pF.

4. Loading is as specified in the test load circuit, with V¢ = 2.4V, Ry = 5000

and C|_ = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10,11
Group A - 1,2,3,7,8A,88B,9,10, 11
GroupsC&D Samples/5005 1,7,9
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Burn-In Circuit
1 Ne | x13 | x15 | AaND | Ty | v | GND | FT | OEP
10] xi1 xi2 | x1a | ENX | Tex | Voo | GNO [msPseL| Fa | enP | wc
P30/ | P31/
o X | Xxio P14 | pis
8| xr | x Pz |
P26/ | P21/
7L X5 xe P10 | P11
68 LEAD
6 x3 | xa PIN GRID ARRAY Faar | Fay
TOP VIEW
P22/ | P2y
s| xt x2 P6 fro
= P20/ | P21/
4] oeL | xo P [
= P18/ | Pigys
3| ENY | ok P2 fio
2| we | Yo | v ovyar | over | ver | ovior | vize | ovies | prer | paw
PO P2 Pa Pé Pe | P10 | P12 | P1a | po P1
' vie | v Lovsr | ovrr | over v | vy | v | o
3 P3 Ps P7 Pe | P11 | P13 | P15
A B c D E F [ H 3 K L
PGA PIN BURN-IN ] PGA PIN BURN-IN ] PGA PIN BURN-IN | PGA PIN BURN-IN
PIN |' NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL PIN NAME SIGNAL
B6 X4 F6 F1 Y9/P9 F11 K7 P10/P26 {Vco/2 E11 RND F1
A6 X3 F5 G2 Y10/P10 |F12 L7 P11/P27 |Vgg/2 D10 ENX FO
B5 X2 F4 Gt Y11/P11 F13 K8 P12/P28 |Vgg/2 D11 X15 F3
A5 Xt F3 H2 Y12/P12 |Fi4 L8 P13/P298 |Vgog/2 c10 X14 F2
B4 X0 F2 H1 Y13/P13 | F15 K9 P14/P30 | Vge/2 c11 X13 F15
A4 | OEL vee J2  |viapia {Fa L9 |P15P31 jvgos2 B10 |X12 Fl14
B3 CLK FO Ji Y15/P15 |F5 K10 ENP FO A10 X11 F13
A3 ENY FO K2 PO/P16 Vgee/2 K11 OEP F1 B9 X10 F12
B2 |yoro |F2 2 P17 |vgerz oo |FR F14 A3 |x9 F11
B1 Y1/P1 F3 K3 P2/P18 Vee/2 J11 FT F15 B8 X8 F10
c2 Y2/P2 F4 L3 P3/P19 Vee/2 H10 MSPSEL |F14 A8 X7 Fo
c1 Y3/P3 F5 K4 P4/P20 Vee/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6 % P5/P21 Vee/2 G10 GND GND A7 X5 F7
D1 |vsP5  |F7 ks |Per22 [vgerz  [e11 [vee vee A2 [NC. NONE
E2 ([ve/re  |F8 L5 |Prp23  |vgor2 F10 |veg vee K1 NG NONE
E1 Y7/P7 F9 Ké P8/P24 Veo/2 F11 TCY F15 L10 N.C. NONE
F2 Y8/P8 F10 te P9/P25 Vog/2 E10 TCX F15 B11 N.C. NONE
NOTES:

1. Vg = 5.0V +0.5V/-0.0V with 0.1uF decoupling capacitor to GND.

2. FO = 100kHz, F1 = F0/2, F2 = F1/2,

3. V4 = Vg - 1V £ 0.5V (Min), V) = 0.8V (Max).

4. 47k} load resistors used on all pins except Vo and GND (Pin-Grid
identifiers F10, G10, G11 and H11).
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Die Characteristics

DIE DIMENSIONS:
179 x 169 x 19 £ 1mils

METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8|

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

WORST CASE CURRENT DENSITY: 1.2 x 105A/cm?
Metallization Mask Layout

E g
LU )
S g o
0 O 0 X X X
EEEEE &

(9) Yo, Po §
1o v1,p1 |
vz, ez
(12) v3,p3 §
(13) Y4, P4
(14) v5, Ps |
(15).Y8, P6
(18) vz, P7
(17) s, P8
(18) Y9, P9

(19) Y10, P10 |
(20) Y11, P11 §
(21) Y12, P12
(22) Y13, P13
(23) Y14, P14

(24) Y15, P15

HMU17/883

w
8 %X X
- - -
& £ s

{63) X8

(62) X7

;59) X10

NS

N ..

(25) PO, P18
(26) P1, P17
(27) P2, P18
(28) P3, P19
(29) P4, P20

(33) P8, P24
(34) PY, P25

(35) P10, P26

(36) P11, P27

(37) P12, P28

{38) P13, P29

(39) P14, P30

{40) P15, P31

(56) X13
{55) X14
(54) X15
(53) GLKX
(ENX)
(52) RND
(51) TCX

{50) TCY
(48) vee
(48) Vec
(47) GND

(46) GND
(45) MSPSEL
(44) FT

(43) FA

(42) DEP

(41) CLXM
(END)
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HARRIS

SEMICONDUCTOR

HSP43124

Serial l/O Filter

PRELIMINARY

January 1994

Features

¢ 45MHz Clock Rate

¢ 256 Tap Programmable FIR Filter

« 24-Bit Data, 32-Bit Coefficients

« Cascade of up to 5 Half Band Filters

+ Decimation from 1 to 256

« Two Pin Interface for Down Conversion by Fg/4

« Multiplier for Mixing or Scaling Input with an External
Source

« Serial VO Compatible with Most DSP Microprocessors

Applications

¢ Low Cost FIR Filter
¢ Filter Co-Processor
¢ Digital Tuner

Ordering Information

Description

The Serial I/O Filter is a high performance filter engine that is
ideal for off loading the burden of filter processing from a
DSP microprocessor. It supports a variety of multistage filter
configurations based on a user programmable filter and
fixed coefficient halfband filters. These configurations
include a programmable FIR filter of up to 256 taps, a cas-
cade of from one to five halfband filters, or a cascade of half-
band filters followed by a programmable FIR. The half band
filters each decimate by a factor of two, and the FIR filter
decimates from one to eight. When all six filters are
selected, a maximum decimation of 256 is provided.

For digital tuning applications, a separate muitiplier is pro-
vided which allows the incoming data stream to be
multiplied, or mixed, by a user supplied mix factor. A two pin
interface is provided for serially loading the mix factor from
an external source or selecting the mix factor from an on-
board ROM. The on-board ROM contains samples of a sinu-
soid capable of spectrally shifting the input data by one
quarter of the sample rate, Fg/4. This allows the chip to func-
tion as a digital down converter when the filter stages are
configured as a low-pass filter.

The serial interface for input and output data is compatible

PART TEMPERATURE with the serial ports of common DSP microprocessors. Coef-
NUMBER RANGE PACKAGE TYPE ficients and configuration data are loaded over a bidirec-
- tional eight bit interface. This product is available in 28 pin
HSP43124PC-45 0°C to +70°C 28 Lead Plastic DIP DIP and SOIC packages.
HSP43124S5C-45 0°C to +70°C 28 Lead SOIC
Block Diagram
DIN —] [ X N J w
[+ 4 L m E
o _5E BAND BAND S5l BE Do
= <
SYNCIN —3 £ FILTER ALTERl— o oo seg[7] 53 [
MxN —] =& # # § $ [ ctkour
u
SYNCMX —] [

CONTROL
INTERFACE

111

:

A0-2
co-7
WR#

1

FSYNC#
FCLK ~—

' 1D FILTERS H

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
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Pinout

28 LEAD PLASTIC DIP, SOIC
TOP VIEW

scik [1] ~ 28] DIN

sYNCIN [2] pout
N [3] 26] sYNcouT
MXIN E E CLKOUT
SYNCMX | § 24] vee
FSYNC#]6 23] c7
Veel7 22] cs
FCLK |8 21] cs
wri[s 20] c4
RD# [10 Ho) aND
m 18] c3
A1 @ c2
A2 E 16| c1
Vee E i15] co
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Pin Description

NAME

PDIP, SOIC PIN

TYPE

DESCRIPTION

Vee

7,14,24

+5V Power Supply

GND

3,19

Ground

DIN

28

Serial Data Input. The bit value present on this input is sampled on the rising edge
of SCLK. A “HIGH"” on this input represents a “1”, and a low on this input represents
“0”. The word format and operation of serial interface are contained in the Data Input
Section.

SYNCIN

Data Sync. The HSP43124 is synchronized to the beginning of a new data word on
DIN when SCLK samples SYNCIN “HIGH" one SCLK before the first bit of the new
word. Note: SYNCIN should not maintain a “HIGH” state for longer than one SCLK
cycle.

SCLK

Serial Input CLK. The rising edge of SCLK clocks data on DIN and MXIN into the
part. The following signals are synchronous to this clock: DIN, SYNCIN, MXIN,
SYNCMX.

MXIN

Mix Factor Input. MXIN is the serial input for the mix factor. It is sampled on the rising
edge of SCLK. A “HIGH" on this input represents a “1”, and a low on this input rep-
resents “0". Also used to specify the Weaver Modulator ROM output. Details on word
format and operation are contained in the Mix Factor Section.

SYNCMX

Mix Factor Sync. The HSP43124 is synchronized to the beginning of a serially input mix
factor when SCLK samples SYNCMX “HIGH” one SCLK before the first bit of the new
mix factor. Note: SYNCMX should only pulse “HIGH” for one SCLK cycle. Also used to
specify Weaver Modulator ROM output.

FCLK

Filter Clock. The filter clock determines the processing speed of the Filter Compute
Engine. Clock rate requirements on FCLK for particular filter configurations is dis-
cussed in the Fifter Compute Engine Section. This clock may be asynchronous to the
serial input clock (SCLK). FSYNC# is synchronous to this clock.

FSYNC#

Filter Sync. This input, when sampled low by the rising edge of FCLK, resets the filter
compute engine so that the data sample following the next SYNCIN cycle is the first
data sample into the filter structure. If a data stream is currently being input, the data
is “canceled” and the DIN pin is ignored until the next SYNCIN cycle occurs.

WRi#

Write. The falling edge of WR# loads data present on CO0-7 into the configuration or
coefficient register specified by the address on A0-2. The WR# signal is asynchro-
nous to all other clocks. Note: WR# should not be low when RD# is low.

RD#

10

Read. The falling edge of RD# accesses the control registers or coefficient RAM ad-
dressed by A0-2 and places the contents of that memory location on C0-7. When
RD# returns “HIGH" the C0-7 bus functions as an input bus.The RD# pin is asyn-
chronous to all other clocks. Note: RD# should not be low when WR# is low.

A0-2

11,12,13

Address Bus. The A0-2 inputs are decoded on the falling edge of both RD# and
WR#. Table 1 shows the address map for the control registers.

Cco-7

15, 16, 17, 18, 20,
21,22,23

l{e]

Control and Coefficient bus. This bi-directional bus is used to access the control reg-
isters and coefficient RAM.

CLKOUT

25

Output Clock. Programmable bit clock for serial output. Note: assertion of
FILTSYNCH# initializes OCLK to a high state.

SYNCOUT

26

Output Data Sync. SYNYOUT is asserted HIGH for one OCLK cycle before the first
bit of a new output sample is available on DOUT.

pouTt

27

Serial Data Output. The bit stream is synchronous to the rising edge of OCLK. See
the Serial Output Formatter section for additional details.
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1 1
: ! ! OUTPUT ¢
[ K] .
E INPUT FORMATTER ' FILTER COMPUTE ENGINE FORMATTER |
, . ’
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FIGURE 1. SERIAL FILTER BLOCK DIAGRAM

Functional Description

The HSP43124 is a high performance digital filter designed
to process a data stream which is input serially. A second
serial input is provided for inputting mix factors which are
multiplied by the input samples as shown in Figure 1. The
result of this operation is passed to the Filter Compute
Engine for processing.

The Filter Compute Engine centers around a single multiply/
accumulator (MAC). The MAC performs the sum-of-products
required by a particular fitter configuration. The processing
rate of the MAC is determined by the filter clock, FCLK.
Increasing FCLK relative to the input sample rate increases
the length of filter that can be realized.

The filtered results are passed to the Output Formatter
where they are rounded or truncated to a user defined bit
width. The Output Formatter then generates the timing and
synchronization signals required to serially transmit the data
to an external device.

Filter Configuration

The HSP43124 is configured for operation by writing a
series of control registers. These registers are written
through a bidirectional interface which is also used for read-
ing the control registers. The interface consists of an 8-bit
data bus, C0-7, a 3-bit address bus, A0-2, and read/write
lines, RD# and WR#. The address map for the control regis-
ters is shown in Table 1.

Data is written to the control registers on the falling edge of the
WR# input. This requires that the address, A0-2, and data, C0-7,
be set up to the falling edge of the WR# as shown in Figure 2.
Note: WR# should not be active low when RD# is active low.

Data is read from the control registers on the falling edge of
the RD# input. The contents of a particular register are
accessed by setting up an address, A0-2, to the falling edge
of RD# as shown in Figure 2. The data is output on C0-7.
The data on CO-7 remains valid until RD# returns HIGH, at
which point the CO-7 bus is Three-Stated and functions as
an input. For proper operation, the address on AO-2 must be
held until RD# returns “high” as shown in Figure 2. Note:
RD# should not be active low when WR# is active low.

WRITE TIMING
we T
A2 — X_; D & ’T
cor XX XX -
READ TIMING
RD# 1 I 1
o2 X X—
cor € )—-:( D o ¢ P

FIGURE 2. READ/WRITE TIMING
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TABLE 1. CONFIGURATION REGISTERS

BIT
ADDRESS REGISTER DESCRIPTION POSITIONS BIT FUNCTION
000 Filter Configuration 2-0 Specifies the number of halfbands to use. Number ranges from 0 to 5.
Other values are invalid.
3 FIR filter bypass bit. 0 = Bypass.
4 Coefficient read enable. When set to 1, enables reading and disables
writing of coefficient RAM. Note: this bit must be set to 0 prior to writing
the Coefficient RAM.
7-5 FIR Decimation Rate. Range is 1-8 (8 = 000).
001 Programmable Filter Length 7-0 Number of Taps in the Programmable Filter. For even or odd symmetric
filters, values range from 4- 256, 1 to 3 are invalid, and. 0000000 = 256.
For asymmetric filters, values range from 2 - 128.
010 Coefficient RAM Access 7-0 Cosfficient RAM is loaded by multiple writes to this address. See Writing
Coefficients section for additional details.
011 Input Format 4-0 Number of bits in input data word, from 8 (01000) to 24 (11000). Values
outside the range of 8 - 32 are invalid.
5 Number System. 0 = Two’s Complement, 1 = Offset Binary.
6 Serial Format. 1 = MSB First, 0 = LSB First. 7))
[+
7 Unused E
100 Qutput Timing 4-0 Number of FCLKS per OCLK. Range 1 to 32. (00000 = 32 FCLKS) E
5 1= MSB First, 0 = LSB First. =]
6-7 Unused
101 Output Format 4-0 Number of bits in output data word, from 8 to 32. A value of 32 is repre-
sented by 00000, and values from 1 to 7 are invalid.
5 Round Select. 0 = Round to Selected Number of Bits, 1 = Truncate.
6 Number System. 0 = Two's Complement, 1 = Offset Binary.
7 Gain Correction. 1 = Apply scale factor of 2 to data. 0 = No Scaling.
110 Filter Symmetry 1-0 00 = Symmetric FIR Coefficients
01 = Non-Symmetric Coefficients
10 = Odd Symmetric FIR
7-2 Unused
111 Mix Factor Format 4-0 Number of bits in mix factor, from 8 (01000) to 24 (11000). Values out-
side the range of 8 - 32 are invalid.
5 Serial Format. 1 = MSB First, 0 = LSB First.
6 Mix Factor Select. 1 = Serial input, 0 = Weaver modulator look-up-table.
7 Unused

The coefficient registers are loaded by first setting the coeffi-

Writing Coefficients

The HSP43124 provides a register bank to store filter coeffi-
cients for configurations which use the programmable filter.
The register bank consists of 128 thirty-two-bit registers.
Each register is loaded by 4 one byte writes to the bidirec-
tional interface used for loading the configuration registers.
The coefficients are loaded in order from least significant
byte (LSB) to most significant byte (MSB).

cient read enable bit to “0” (bit 4 of the Filter Configuration
Register). Next, coefficients are loaded by setting the A2-0
address to 010 (binary) and writing one byte at a time as
shown in Figure 3. The down loaded bytes are stored in a
holding register until the 4th write cycle. On completion of
the fourth write cycle, the contents of the holding register are
loaded into the Coefficient RAM, and the write pointer is
incremented to the next register. If the user attempts to write
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more than 128 coefficients, the pointer halts at the 128th
register location, and writing is disabled. The coefficient
address pointer is reset when any other configuration regis-
ter is written or read. Note: a new coefficient set may be
loaded during a filter calculation at the risk of corrupting out-
put data until the load is complete.

pigigigigigigigigxy
a2 X
cor YssX_ X XwseXise XX Xwss *°*

\//\/

FIRST COEFFICIENT SECOND COEFFICIENT

A0-2 = 010 (BINARY) o0

FIGURE 3. COEFFICIENT LOADING

The number of coefficients that must be loaded is dependent
on whether the coefficient set exhibits even symmetry, odd
symmetry, or asymmetry (see Figure 4).

EVEN SYMMETRIC
POINT

OF
SYMMETRY !

EVEN LENGTH

ODD LENGTH

NOTE: Filters with even symmetric coefficients exhibit symmetry
about the center of the coefficient set. Most FIR filters have
coefficients which are symmetric in nature.

ODD SYMMETRIC
CENTER OF

05 / COEFFICIENT SET

o4 0.25

1
0
H -0.1
'
'

NOTE: Odd symmetric coefficients have a coefficient envelope
which has the characteristics of an odd function (i.e. coefficients
which are equidistant from the center of the coefficient set are equal
in magnitude but opposite in sign). Coefficients designed to function
as a differentiator or Hilbert Transform exhibit these characteristics.

ASYMMETRIC

Ll

NOTE: Asymmetric Coefficient sets exhibit no symmetry.

FIGURE 4. COEFFICIENT CHARACTERISTICS

For filters that exhibit either even or odd symmetry, only the
unique half of the coefficient set must be loaded. The coeffi-
cients are loaded in order starting with the first filter tap and
ending with the center tap. The coefficient associated with
the first tap is the first to be muitiplied by an incoming data
sample as shown in Figure 5. For even/odd symmetric filters

of length N, N/2 coefficients must be loaded if the filter length
is even, and (N+1)/2 coefficients must be loaded if the filter
length is odd. For example, a 17 tap symmetric filter would
require the loading of 9 coefficients. Enough storage is pro-
vided for a 256 tap symmetric filter.

FARST — SLAST
FILTER TAP FILTER TAP
OUTPUT

FIGURES. THREE TAP TRANSVERSAL FILTER ARCHITECTURE

For asymmetric filters the entire coefficient set must be
loaded. The coefficients are loaded in order starting with the
first tap and ending with the final filter tap (see Figure 5 for
tap/coefficient association). Enough storage is provided for a
128 tap asymmetric filter.

Reading Coefficients

The coefficients are read from the storage registers one byte
at a time via C0-7 as shown in Figure 6. To read the coeffi-
cients, the user first sets the Coefficient Read Enable bit to 1
(bit 4 of Filter Configuration Register). Setting this bit resets
the RAM read pointer and disables the RAM from being writ-
ten. Next, with A2-0 = 010, multiple “high” to “low” transitions
of RD#, output the coefficients on C0-7, one byte at a time,
in the order they were written. Note: RD# should not be “low”
when WR# is “low”.

or (LML oo

co-7
LSB MSB LSB MsB
FIRST COEFFICIENT  SECOND COEFFICIENT
FIGURE 6. COEFFICIENT READING
Data Input

Data is serially input to the HSP43124 through the DIN input.
On the rising edge of SCLK, the bit value present at DIN is
clocked into the Variable Length Shift Register. The
beginning of a serial data word is designated by asserting
SYNCIN “high” one SCLK prior to the first data bit as shown
in Figure 7. On the following SCLK, the first data bit is
clocked into the Variable Length Shift Register. Data bits are
clocked into the shift register until the data word, of user
programmable length (8 to 24-bits), is complete. At this
point, the shifting of data into the register is disabled and its
contents are held until SYNCIN is asserted on the rising
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edge of SCLK. When this occurs, the contents of the
Variable Length Shift Register are transferred to the Input
Holding Register, and the shift register is enabled to accept
serial data on the following SCLK. The serial data word may
be two’s complement or offset binary and may be input most
significant bit (MSB) first or least significant bit (LSB) first as
defined in the Input Format Register (see Table 1). If a data
word is specified to be less than 24-bits, the least significant
bits of the Input Holding Register are zeroed. Note: SYNCIN
should not be “high” for longer than one SCLK cycle.

s LML

SYNCIN/
SYCNMX 55

W

NOTE: Assumes data is being loaded LSB first.

J

'
'
‘
'
'

FIGURE 7. SERIAL INPUT TIMING FOR EITHER DIN OR MXIN
INPUTS

Mix Factor

The HSP43124 provides a second serial interface for load-
ing values which are multiplied by the input samples in the
serial multiplier. These values, or mix factors, are input using
the MXIN and SYNCMX pins. Aside from being used as a
serial input, this interface can also be used to select mix fac-
tors from the Weaver Modulator ROM. The mix factor source
is specified in the Mix Factor Format Register (see Table 1).
Note: data is passed unmodified through the serial multiplier
by selecting the Weaver Modulation ROM as the mix factor
source and tieing both SYNCMX and MXIN “high”.

The procedure for loading mix factors serially is similar to
that for the loading of data via the DIN input. The bit value
present on MXIN is clocked into the Variable Length Shift
register by the rising edge of SCLK. The beginning of the
serial word is designated by the assertion of SYNCMX one
SCLK prior to the first bit of the serial word as shown in Fig-
ure 7. After the serial word has been clocked into the shift
register, the shifting of bits into the register is disabled and
its contents are held until the next assertion of SYNCMX.
When SYNCMX is asserted on the rising edge of SCLK, the
contents of the Variable Length Shift register are transferred
into the Mix Factor Holding Register. The parallel output of
the Mix Factor Holding Register feeds directly into the serial
multiplier. The mix factor data word is programmable in
length from 8 to 24-bits and may be input MSB or LSB first
as specified in the Mix Factor Format Register. If a data word
is specified to be less than 24-bits, the least significant bits
of the Mix Factor Holding Register are zeroed.

In configurations which use the Weaver Modulator ROM to
generate the mix factors, the MXIN and SYNCMX inputs
function as ROM addresses. These inputs are latched on the
rising edge of SCLK when SYNCIN is high as shown in Fig-
ure 9. The mapping of SYNCIN and MXIN to ROM outputs is

given in Table 2. When SYNCIN is high on the rising edge of
SCLK, the output of the ROM is transferred to the Mix Factor
holding register, and the SYNCMX and MXIN inputs are
decoded to produce a new ROM output. As a result, there is
a latency of one SYNCIN cycle between when the SYNCMX
and MXIN inputs are decoded and when the ROM output is
loaded into the Mix Factor Holding register.

TABLE 2. WEAVER MODULATOR ROM DECODING

SYNCMX MXIN MIX FACTOR
0 [0} 0
0 1 -
1 0 0
1 1 1
Serial Multiplier

The Serial Multiplier multiplies the Mix Factor Holding
register by the contents of the Input Holding register. The
multiplication cycle is initiated when SYNCIN is sampled
high by the rising edge of SCLK. This transfers the contents
of the Variable Length Shift register to the Input Holding
Register, and loads the output of the Mix Factor Holding
Register into the Serial Multipler. On subsequent SCLK's,
the contents of the Input Holding Register are shifted into the
Serial Multiplier for processing. When the last data bit is
shifted into the multiplier, the multiplication cycle is complete
and the result is written to the Register File on the next rising
edge of FCLK.

The synchronization between a data sample and the mix
factor it is to be multiplied by is dependent on which mix fac-
tor source is specified. For mix factors which are input seri-
ally, the mix factor is loaded concurrently with the data
sample is to be multiplied by (see Figure 8).

SYNCIN /—\__° . '_/_\_
DIN ' oo ()
~—

SYNCMX / \ oo / \ E
wan X XEsEX e o o XmsaXiseX X
\/

Mo

FIGURE 8. DATA/MIX FACTOR SYNCHRONIZATION FOR SE-
RIALLY INPUT MIX FACTORS

NOTE: Figure 8 shows the loading of a data sample, X0, such that it
will be muttiplied by a mix factor designated by MO. For mix factor bit
widths which are less than the input bit width, SYNCMX may be
asserted before SYNCIN if desired.
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If the mix factor is generated by the Weaver Modulator ROM,
the mix factor must be specified on MXIN and SYNCMX one
SYNCIN before that which precedes the target data word
(see Figure 9).

e [LMLALPLMLLMLTU
SYNCIN / E\ '; $5 / \

v XX
" \/
x::xm

N

Mo

SYCNMX/
MXIN

FIGURE 9. DATA/MIX FACTOR SYNCHRONIZATION WEAVER
MODULATOR MIX FACTORS

NOTE: Figure 9 shows the specification of a ROM based mix factor,
MO, so that it will be multiplied with the target data sample designated
by X0.

Filter Compute Engine

The Filter Compute Engine centers around a multiply accu-
mulator which is used to perform the sum-of-products
required for a variety of filtering configurations. These con-
figurations include a cascade of up to 5 halfband filters, a
single symmetric filter of up to 256 taps, a single asymmetric
filter of up to 128 taps, or a cascade of halfband filters fol-
lowed by a programmable filter. The filter configuration is
specified by programmlng the Filter Configuration Register
(see Table 1).

The cascade of up to five halfband filters is an efficient deci-
mating filter structure. Each fixed coefficient filter in the chain
introduces a decimation of two, and the aggregate decima-
tion rate of the entire halfband filtering stage is given by

DECyg = 2(NUMBER OF HALFBAND FILTERS SELECTED)‘

Thus, a cascade of 3 halfband filters would decimate the
input sample stream by a factor of 8.

The frequency responses of the five filters is presented
graphically in Figure 10 and in tabular form in Table 3. The
transition band for the fifth halfband filter, HBS, is the narrow-
est while that for the first halfband filter, HB1, is the widest.
The cascade of the halfband filters always terminates with
HBS and is preceded by filters in order of increasing transi-
tion bandwidth. For example, if the HSP43124 is configured
to operate with three halfbands, the chain of filters would
consist of HB3 followed by HB4 and terminated with HB5. If
only one halfband is selected, HBS is used.

-41.6983 3 SPTN
HB1 ))7'\
o HB2 \
2 83.3066 usa
]
2 Has
& -125.005
<
S i
-166.793
-208.491 !
) 00998  0.1996  0.2994  0.3992  0.4990
FREQUENCY

FIGURE 10. COMPOSITE RESPONSE OF FIXED COEFFICIENT
HALFBAND FILTERS

The coefficients for each of the halfband fiiters is given in
Table 4. These values are the 32-bit, two's complement,
integer representation of the filter coefficients. Scaling these
values by 23 yields the fractional two's complement
coefficients used to achieve unity gain in the Filter
Processor.

If a specific frequency response is desired, a programmable
filter may be activated. The filter compute engine takes
advantage of symmetry in FIR coefficients is by summing
data samples sharing a common coefficient prior to
multiplication. In this manner, two filter taps are calculated
per multiply accumulate cycle. If an asymmetric filter is
specified, only one tap per multiply accumulate cycle is
calculated.

The processing rate of the Filter Compute Engine is
proportional to FCLK. As a result, the frequency of FCLK
must exceed a minimum value to insure that a filter
calculation is complete before the result is required for
output. In configurations which do not use decimation, one
input sample period is available for filter calculation before
an output is required. For configurations which employ
decimation, up to 256 input sample periods may be available
for filter calculation. The following equation specifies the
minimum FCLK rate required for configurations which use
the programmable filter as an FIR filter.

Min FCLK = (FS/DECHB )(TAPS/(Z'DECHR ) + HBCLKS + 1)

In this equation Fg is the sample rate, TAPS is the number of
taps in the FIR filter (0 to 256), DECg g is the decimation rate
of the programmable FIR (1 to 8), and HB¢ s is a compute
clock factor based on the number of halfband filters in the
configuration (see Table 5). The term DECg is the aggre-
gate decimation rate for the cascade of halfband filters (see
Table 5). For example, if the input sample rate is 800kHz, a
128 tap FIR filter with no decimation is selected, and a cas-
cade of 2 halfband filters is used, a minimum FCLK rate of
19.6MHz would be required. Note: for configurations in
which the halfband filters are used, the FCLK rate must
exceed 14Fg.
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TABLE 3. FREQUENCY RESPONSE OF HALFBAND FILTERS

NORMALIZED HALFBAND HALFBAND HALFBAND HALFBAND HALFBAND

FREQUENCY #1 #2 #3 #4 #5
0.000000 -0.000000 0.000000 0.000000 -0.000000 -0.000000
0.007812 0.000000 -0.000000 -0.000000 -0.000000 -0.000000
0.015625 -0.000113 -0.000000 -0.000000 -0.000000 -0.000000
0.023438 -0.000677 -0.000006 -0.000000 -0.000000 -0.000000
0.031250 -0.002243 -0.000052 -0.000000 -0.000000 -0.000000
0.039062 -0.005569 -0.000227 -0.000000 -0.000000 0.000000
0.046875 -0.011596 -0.000719 -0.000001 0.000000 -0.000000
0.054688 -0.021433 -0.001859 -0.000009 -0.000000 -0.000000
0.062500 -0.036333 -0.004165 -0.000041 -0.000000 -0.000000
0.070312 -0.057670 -0.008391 -0.000149 -0.000001 -0.000000
0.078125 -0.086916 -0.015557 -0.000448 -0.000012 -0.000000
0.085938 -0.125619 -0.026983 -0.001175 -0.000066 -0.000000
0.093750 -0.175382 -0.044301 -0.002767 -0.000258 -0.000000
0.101562 -0.237843 -0.069457 -0.005963 -0.000815 -0.000000
0.109375 -0.314663 -0.104701 -0.011924 -0.002208 -0.000000
0.117188 -0.407509 -0.152566 -0.022368 -0.005313 -0.000000
0.125000 -0.518045 -0.215834 -0.039695 -0.011613 -0.000000
0.132812 -0.647925 -0.297499 -0.067100 -0.023435 -0.000031
0.140625 -0.798791 -0.400727 -0.108640 -0.044186 -0.000287
0.148438 -0.972266 -0.528809 -0.169262 -0.078552 -0.001468
0.156250 -1.169959 -0.685131 -0.254777 -0.132639 -0.005427
0.164062 -1.393465 -0.873129 -0.371785 -0.214009 -0.016180
0.171875 -1.644372 -1.096269 -0.527552 -0.331613 -0.041152
0.179688 -1.924262 -1.358019 -0.729872 -0.495620 -0.092409
0.187500 -2.234728 -1.661842 -0.986908 -0.717181 -0.187497
0.195312 -2.577375 -2.011181 -1.307047 -1.008144 -0.349593
0.203125 -2.953834 -2.409468 -1.698769 -1.380771 -0.606862
0.210938 -3.365774 -2.860128 -2.170548 -1.847495 -0.991193
0.218750 -3.814917 -3.366593 -2.730783 -2.420719 -1.536664
0.226562 -4.303048 -3.932319 -3.387764 -3.112694 -2.278126
0.234375 -4.832037 -4.560817 -4.149669 -3.935463 -3.250174
0.242188 -5.403856 -5.2565675 -5.024594 -4.900864 -4.486639
0.250000 -6.020599 -6.020600 -6.020600 -6.020600 -6.020600
0.257812 -6.684504 -6.859450 -7.145791 -7.306352 -7.884833
0.265625 -7.397981 -7.776287 -8.408404 -8.769932 -10.112627
0.273438 -8.163642 -8.775419 -9.816921 -10.423476 -12.738912
0.281250 -8.984339 -9.861469 -11.380193 -12.279667 -15.801714
0.289062 -9.863195 -11.039433 -13.107586 -14.352002 -19.344007
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TABLE 3. FREQUENCY RESPONSE OF HALFBAND FILTERS (Continued)
NORMALIZED HALFBAND HALFBAND HALFBAND HALFBAND HALFBAND
FREQUENCY # #2 #3 #4 #5
0.296875 -10.803663 -12.314765 -15.009147 -16.655094 -23.416153
0.304688 -11.809574 -13.693460 -17.095793 -19.205034 -28.079247
0.312500 -12.885208 -15.182171 -19.379534 -22.019831 -33.409992
0.320312 -14.035372 -16.788332 -21.873730 -25.119940 -39.508194
0.328125 -15.265501 -18.520315 -24.593418 -28.528942 -46.509052
0.335938 -16.581776 -20.387625 -27.555685 -32.274414 -54.604954
0.343750 -17.991278 -22.401131 -30.780161 -36.389088 -64.087959
0.351562 -19.502172 -24.573368 -34.289623 -40.912403 -75.444221
0.359375 -21.123947 -26.918915 -38.110786 -45.892738 -89.610390
0.367188 -22.867725 -29.454887 -42.275345 -51.390583 -108.973686
0.375000 -24.746664 -32.201569 -46.821358 -57.483341 -152.503693
0.382812 -26.776485 -35.183285 -51.795181 -64.272881 -153.443375
0.330625 -28.976198 -38.429543 -57.254162 -71.898048 -158.914017
0.398438 -31.369083 -41.976673 -63.270584 -80.556969 -156.960175
0.406250 -33.984089 -45.870125 -69.937607 -80.550629 -153.317627
0.414062 -36.857830 -50.167850 -77.378593 -102.379677 -161.115540
0.421875 -40.037594 -54.945438 -85.762718 -117.007339 -153.504684
0.429688 -43.585945 -60.304272 -95.332924 -136.890198 -168.650345
0.437500 -47.588165 -66.385063 -106.462181 -185.130432 -164.637756
0.445312 -52.164894 -73.392075 -119.793030 -187.297241 -153.870453
0.453125 -57.495132 -81.640152 -136.802948 -182.300125 -161.882385
0.460938 -63.861992 -91.658478 -175.030167 -203.460876 -162.278915
0.468750 -71.755898 -104.468010 -158.939362 -174.691895 -164.329758
0.476562 -82.156616 -122.641861 -157.095886 -174.737076 -153.535690
0.484375 -97.627930 -166.537369 -155.613434 -175.108841 -153.507477
0.492188 -139.751450 -165.699081 -154.708450 -169.966568 -167.665482
TABLE 4. HALFBAND FILTER COEFFICIENTS (32-BITS, UN-NORMALIZED)
COEFFICIENT HALFBAND #1 HALFBAND #2 HALFBAND #3 HALFBAND #4 HALFBAND #5
Cco -67230275 12724188 624169 -197705 23964
Ct 0 0 0 0 0
c2 604101076 105279784 -6983862 2303514 -242570
Cc3 1073741823 0 0 0 0
ca 604101076 629426509 38140187 -13225905 1306852
C5 0 1073741827 0 0 0
Cé -67230275 629426509 -145867861 51077176 -4942818
c7 0 0 0 0
cs -105279784 650958284 -161054660 14717750
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TABLE 4. HALFBAND FILTER COEFFICIENTS (32-BITS, UN-NORMALIZED) (Continued)

COEFFICIENT HALFBAND #1 HALFBAND #2 HALFBAND #3 HALFBAND #4 HALFBAND #5

co 0 1073741793 0 0

c10 12724188 650958284 657968488 -37027884

ci1 0 1073741825 0

c12 -145867861 657968488 84032070

ci3 0 0 0

c1a 38140187 -161054660 -191585682

c15 0 0 0

c16 -6983862 51077176 670589251

c17 0 0 1073741824

c1s 624169 -13225005 670589251

c19 0 0

c20 2303514 -191585682
c21 0 0

c22 -197705 84032070 @
c23 0 E
c24 -37027884 =
c25 0 a
c26 14717750

ce7 0

c28 4942818

c29 0

30 1306852

c3t 0

c32 -242570

c33 0

Cc34 23964

TABLE 5. PERFORMANCE ENVELOPE PARAMETERS

NUMBER OF
HALFBANDS HB¢ s DECyp
0 0 1
1 13 2
2 33 4
3 69 8
4 125 16
5 221 32

The fongest length FIR filter realizable for a particular config-
uration is determined by solving the above equation for
TAPS. The resulting expression is given below.

Max TAPS = ZDECHR( (FCLK/Fs)DECHB - HBCLKS -1)

The maximum throughput sample rate may be specified by
solving the above equation for Fg. The resulting equation is

Max Fg = FCLK*DECg /(TAPS/(2*DECgR) + HBg ks + 1).

NOTE: for configurations using filters with asymmetric coefficients,
the term TAPS in the above equations should be multiplied
by two in order to determine the correct FCLK.

The Filter Compute Engine is synchronized with an incoming
data stream by asserting the FYSNC# input. When this input
is sample low by the rising edge of FCLK, the Compute
Engine is reset, and the data word following the next asser-
tion of SYNCIN is recognized as the first data sample input
to the filter structure.
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Serial Output Formatter

The Output Formatter serializes the parallel output of the
fiter compute engine while generating the timing and
synchronization signals required to support a serial
interface. The Formatter produces serial data words with
programmable lengths from 8 to 32-bits. The data words
may be organized with either most or least significant bit
first. Also, the data word may be rounded or truncated to the
desired length and the format of the output data may be
specified as either two's complement or offset binary. To
simplify applications where the Serial /O Filter is used as a
down converter, the output formatter can be configured to
scale the output by a factor of 2. The above options are
programmed via the Output Format and Output Timing
Registers given in Table 1.

The HSP43124 outputs a bit stream through DOUT which is
synchronous to a programmable clock signal output on CLK-
OUT. The output clock, CLKOUT, is derived from FCLK and
has a programmable rate from 1 to '/, times FCLK. The
duty cycle of CLKOUT is 50% for rates that have an even
number of FCLK's per CLKOUT. For rates that have and odd
number of FCLK's per OCLK the high portion of the CLK-
OUT waveform spans (n+1)/2 FCLK's and the low portion
spans (n-1)/2 FCLK's where n is the number of FCLK's.

External devices synchronize to the beginning of an output
data word by monitoring SYNCOUT. This output is asserted
“high” one CLKOUT prior to the first bit of the next data word
as shown in Figure 11.

CLKOUT"I'IIII"IIIII“

svncout i/ \ ; / \

ooun

NOTE: Assumes data is being output LSB first.
FIGURE 11. SERIAL OUTPUT TIMING

Input and Output Data Formats

The data formats for the input, output and coefficients are
fractional two’s complement. The bit weighting’s in the data
words are given in Figure 12. Input or output data words pro-
grammed to have less than 24-bits, map to the most signifi-
cant bit positions of the 24-bit word. For example, an input
word defined to be 8-bits wide would map to the bit positions
with weightings from -2° to 27,

FRACTIONAL TWO’'S COMPLEMENT FORMAT FOR 24-BIT INPUT AND OUTPUT

[[alefafals[w]wele[w[e=[ el [e [ Te [s [+ [:]:]7]

_20‘ 2-1 2-2 23 24 25 o6 2-7 28 20 2—10 2-11 9-12 2»13 214 915 2-16 2-\7 218 9-19 520 9-21 522 5-23

FRACTIONAL TWO'S COMPLEMENT FORMAT FOR 32-BIT COEFFICIENTS

l32I31130|29I28|27|26|25 24‘5]22—[21l;olﬂqml17h6l1ﬂ14h3]1ﬂ11h€[9 FJ 71?5]75—[4 l 3 ] 2 | 1 l

_20. 21 2—2 23 24 2-5 2-6 27 2-8 2-9 210 o-11 2-12 2713 o-14 2-15 216 -17 5-18 9-19 2-20 221 o2 2-23 224 926 2-26 227 9-28 929 5-30 9-31

FIGURE 12. DATA FORMATS
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Specifications HSP43124

Absolute Maximum Ratings

SupplyVoltage . . ......coviiinn i +7.0V  Thermal Resistance 0,4 Oc
Input, Output Voltage . ................ GND -0.5V to Vg +0.5V SOIC Package.................ounn 65°C/W  TBD°C/W
Storage Temperature . ............oovvvvenn. -65°C to +150°C Plastic DIP Package ................ 45°C/W  TBD°C/W
[ Class 1  Maximum Package Power Dissipation
Junction Temperature. ................... +150°C (SOIC,PDIP) SOICPackage. . ...oovvviiiiiiiiin i 1.23W
Lead Temperature (Soldering 10s).................... +300°C Plastic DIPPackage .........c.coveiiiinenennnnn. 1.78W
GateCount ... ..ot i e i e 40,304
CAUTION: Stresses above those listed in ‘Absolute Maximum Raf/ngs may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range (Commercial). .......... 4.75V 10 5.25V  Operating Temperature Range (Commercial). . ... .. 0°C to +70°C

DC Electrical Specifications (V¢ =5.0V £ 5%, Ta = 0° to +70°C)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Power Supply Current lecor - 203 mA Vee = Max, FCLK = SCLK = 45Mhz
Notes 1, 2
Standby Power Supply Current lecss - 500 UA Ve = Max, Outputs Not Loaded
Input Leakage Current Iy -10 10 uA Vee = Max, Input = OV or Ve
Output Leakage Current lo -10 10 \ Ve = Max, Input = 0V or Ve
Clock Input High Viue 3.0 - \ Ve = Max, FCLK and SCLK
Clock Input Low Viee - 0.8 \ Ve = Min, FCLK and SCLK
Logical One Input Voltage Vin 2.0 - \ Vce = Max
Logical Zero input Voltage Vi - 0.8 \ Vge =Min
Logical One Output Voltage Vou 2.6 - \ loy = -5mA, Vge = Min
Logical Zero Output Voltage VoL - 04 | Vv loL = 5mMA, Ve = Min
Input Capacitance Cin - 10 pF FCLK = SCLK = 1MHz
All Measurements Referenced to GND.
Output Capacitance Cout - 10 pF Ta = +25°C, Note 3
NOTES:

1. Power supply current is proportional to frequency. Typical rating is 4.5mA/MHz.
2. Output load per test circuit and C_ = 40pF.
3. Not tested, but characterized at initiat design and at major process/design changes.
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Specifications HSP43124

AC Electrical Specifications (Note 1) (Vcc = 5.0V & 5%, Ta = 0° to +70°C)

45MHz
PARAMETER SYMBOL MIN MAX COMMENTS
FCLK, SCLK Period Tep 22 - ns
FCLK, SCLK High Ten 8 - ns
FCLK, SCLK Low ToL 8 - ns
Setup Time DIN, MXIN, SYNCIN, SYNCMX to SCLK Tos 8 - ns
Hold Time DIN, MXIN, SYNCIN, SYNCMX from SCLK Ton (] - ns
Setup Time FSYNC to FCLK TSS 8 - ns
Hold Time FSYNC from FCLK TSH 0 - ns
Setup Time C0-7, A0-2 to Falling Edge of WR# Tws 10 - ns
Hold Time C0-7, A0-2 from Falling Edge of WR# TwH 3 = ns
Setup Time A0-2 to Falling Edge of RD# Tas 10 - ns
Hold Time AQ-2 from Rising Edge of RD# Tau 0 - ns
WR# High TwhH 10 - ns
WR# Low TwaL 10 - ns
RD# High TrRoH 10 - ns
RD# Low to Data Valid Troo - 25 ns
RD# High to Output Disable Too - 6 ns
FCLK to CLKOUT Troc - 12 ns
CLKOUT to SYNCOUT, DOUT Too - 8 ns
Output Rise, Fall Time Tre - 3 ns, Note 2
NOTES:

1. AC tests performed with C| = 40pF, Ig_ = 5mA, and Iy = -5mA. Input reference level for FCLK and SCLK is 2.0V, all other inputs 1.5V,
Test Viy = 3.0V, Vjc = 4.0V, ViL=0V.

2. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
changes.

AC Test Load Circuit

DuT

oL

*TEST HEAD
CAPACITANCE

SWITCH S1 OPEN FOR Igcsg AND Iccop
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Waveforms

TIMING RELATIVE TO WR#

Twan > TwaL
WR#
Tws Twh
co-7,
A0-2
INPUT DATA TIMING

1

Tep
ToL —J-‘— Ten
SCLK

DIN, MXIN,

SYNCIN,
SYNCMX

FCLK

CLKOUT

SYNCOUT

DOUT

Too

TDT ToH

OUTPUT RISE AND FALL TIMES
Tpp —>1 | —>» r<—Tge
2,0v
0.8V

TIMING RELATIVE TO READ

TaoH>
RD#

Trs

/ \__

! | TRl

A0-2 X

- )

Troo

TIMING RELATIVE TO FLCK AND CLKOUT

'|'r-‘oc—>J

Teu

Tep

TCL —

N\
TN
X

FSYNC

Too
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HARRIS HSP43168

January 1994 Dual FIR Filter
Features Description
« Two Independent 8-Tap FIR Filters Configurable as a The HSP43168 Dual FIR Filter consists of two independent
Single 16-Tap FIR 8-tap FIR filters. Each filter supports decimation from 1 to 16
« 10-Bit Data & Coefficients and provides on-board storage for 32 sets of coefficients.

The Block Diagram shows two FIR cells each fed by a sepa-
* On-Board Storage for 32 Programmable Coefficient 415 coefficient bank and one of two separate inputs. The

Sets outputs of the FIR cells are either summed or multiplexed by
¢ Up To: 256 FIR Taps, 16 x 16 2-D Kernels, or 10 x 19-Bit the MUX/Adder. The compute power in the FIR Cells can be
Data and Coefficients configured to provide quadrature filtering, complex filtering,
« Programmable Decimation to 16 2-D convolution, 1-D/2-D correlations, and interpolating/dec-

imating filters.
Programmable Rounding on Output
Standard Microprocessor Interface

The FIR cells take advantage of symmetry in FIR coeffi-
cients by pre-adding data samples prior tc multiplication.
. . This allows an 8-tap FIR to be implemented using only 4
Applications multipliers per filter cell. These cells can be configured as

i i = fil - iters.
« Quadrature, Complex Filtering either a single 16-tap FIR filter or dual 8-tap FIR filters

Asymmetric filtering is also supported.
Image Processin . . .
* 9 ) 9 Decimation of up to 16 is provided to boost the effective
PolyPhase Filtering number of filter taps from 2 to 16 times. Further, the decima-

¢ Adaptive Filtering tion registers provide the delay necessary for fractional data
conversion and 2-D filtering with kernels to 16x16.

Ordering Information The flexibility of the Dual is further enhanced by 32 sets of
user programmable coefficients. Coefficient selection may
TEMPERATURE be changed asynchronously from clock to clock. The ability
PART NUMBER RANGE PACKAGE to toggle between coefficient sets further simplifies applica-
HSP43168VC-33 0°C to +70°C | 100 Lead MQFP tions such as polyphase or adaptive filtering.
HSP43168VC-45 0°Cto +70°C | 100 Lead MQFP The HSP43168 is a low power fully static design imple-
HSP43168JC-33 0°C to +70°C | 84 Lead PLCC mented in an advanced CMOS process. The configuration of
T1SP4316810.45 0°C 10 170°C | 84 Lead PLCC ::tee r(:::;ce is controlled through a standard microprocessor
HSP43168GC-33 0°C to +70°C 84 Lead PGA )
HSP43168GC-45 0°C to +70°C 84 Lead PGA
Block Diagram
10, R
oo s —|  controL/
- 7 CONFIGURATION
WR#
CSELO-4 —¢
y v y y
L l___. COEFFICIENT
NK BANK B
INAO -9 %
MUX FIRCELLB
b
10 MUX
INBO -9/ .t
oUT0-8 ]
ouTe - 27
OEL#
OEH#
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2808.3

Copyright © Harris Corporation 1994 3.18
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Pinouts
84 PIN PGA 84 PIN PGA
BOTTOM VIEW TOP VIEW
1 10 ° 8 7 ] s 4 a 2 1 10 0 8 7 e s 4 a 2 B
“;‘;33 g“ GND A1 A4 a7 A8 | csewr | cseLs | csEre L | onp | outis) outi4] outiz| outio f outirf ins1 | mea | WBS | nee | ngo | o
S"JF;EN Muxo | Muxi A0 A3 A2 Vee | csea| cme | o7 {ems | g K Joutie| Vec | outis] outia| Voo | meo | NB2 | GND | INB7 | INBB | A1 | K
TXFR FWRD OEL
ot P As A8 { csera cive [cma ¢ o fouris | ouriz oute | G- | mea waa |z
Vee | Accen GND CIN3 D H | our2t | ouT20 INAS | Nm L H
O | omo | e cin2 [oins [civo fE @ fOUT2 | OUT23| OUT2S INAT_} INAS | N } @
HSP43168 HSP43168
F | outz7 | out22| out2e NAS | INAB | v F
0OUT27 | OUT22 | OUT28 BO‘ITOM VlEW INAB INAB Ve F TOP VIEW cc
out24 [ out2a [out2s A7 [ As [ inae | o E JOEMH ) GND | LK bl el L
Ve GND
outz1 | our2o waz | mae Ju O Yoo Ao cma j o
c | ™= ) FWRD As Ae | csero cinve | cing | ©
outie | out17 oute | %" | mea wao | Az | # #
B8 sngsn Muxe | Muxt A0 A3 Az Vec | cserz| CWe | ©N7 | cins § B
outis | vg¢ |oume | oumia| vee wBo | inB2 | ano | ez { mBa | At § k
R A JavRsz | WRy | GND At M A7 A8 | csevt ] CsEL3
6o | outis [outia | oumiz | outio| outi1] ne1 | es | ines [ inee | nes | o
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Pinouts (Continued)

100 LEAD MQFP
TOP VIEW

MUX1
MUX0
RVRS#
NC
FWD#
SHIFTEN#
TXFR#
ACCEN
Vee
Vee
CLK
GND
GND
OEH#
ouT27
OuT26
OuT25
OoUT24
ouT23
ouT22
ouT21
ouT20
ouT19
ouT18
ouT17
NC
Vee
Vee
GND
GND
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Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
VCC B5,D11,K10 VCC: +5V power supply pin.
K7,F1
GND A9, E10,L11 Ground.
Ka4,D2
CINO-9 E1-3,D1, ] Control/Coefficient Data Bus. Processor interface for loading control data and coefficients.
C1-2,B1-3, CINQO is the LSB.
Al
AO-8 A5-8, B6-8, 1 Control/Coefficient Address Bus. Processor interface for addressing control and coefficient
Cce-7 registers. AO is the LSB.
WR# A10 | Control/Coefficient Write Clock. Data is latched into the control and coefficient registers
on the rising edge of WR#.
CSELO-4 A2-4,B4,C5 | Coefficient Select. This input determines which of the 32 coefficient sets are to be used by
FIR A and B. This input is registered and CSELO is the LSB.
INAO-9 K1,J1-2, | Input to FIR A. INAQ is the LSB
H1-2,G1-3, '
F2-3
INBO-9 L1-5,K2-3 170 Bidirectional Input for FIR B. INBO is the LSB and is input only. When
K5-6, J5 used as output, INB1-9 are the LSB’s of the output bus, and INB9 is the MSB of these bits.
ouTe-~27 | Fo-11,G9-11, (o] 19 MSB's of Output Bus. Data format is either unsigned or two’s complement depending
H10-11,J10-11 on configuration. QUT27 is the MSB.
J7,K11,
K8-9,L6-10
SHFTEN# B11 | Shift Enable. This active low input enables clocking of data into the part and shifting of data
through the decimation registers.
FWRD# C10 1 Forward ALU Input Enable. When active low, data from the forward decimation path is input|
to the ALU's through the “a” input. When high, the “a” inputs to the ALUs are zeroed.
RVRS# A1l I Reverse ALU Input Enable. When active low, data from the reverse decimation path is input
to the ALU'’s through the “b” input. When high, the “b” inputs to the ALUs are zeroed.
TXFR# c1 | Data Transfer Control. This active low input switches the LIFO being read into the reverse
decimation path with the LIFO being written from the forward decimation path
(see Figure 1).
MUX0-1 B9-10 | Adder/Mux Control. This input controls data flow through the output Adder/Mux. Table 3.0
lists the various configurations.
CLK E9 1 Clock. All inputs except those associated with the processor interface (CINO-9, AO-8,
WR#) and the output enables (OEL#, OEH#)are registered by the rising edge of CLK.
OEL# J6é I Output Enable Low. This tristate control enables the LSB’s of the output bus
to INB1-9 when OEL# is low.
OEH# E11 I Output Enable High. This tristate contro! enables OUT9-27 when OEH# is low.
ACCEN D10 I Accumulate Enable. This active high input allows accumulation in the FIR Cell Accumulator.
A low on this input latches the FIR Accumulator contents into the Output Holding
Registers while zeroing the feedback path in the Accumulator.
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Functional Description

As shown in Figure 1.0, the HSP43168 consists of two 4-
multiplier FIR filter cells which process 10 bit data and
coefficients. The FIR cells can operate as two independent
8-tap FIR filters or two 4-tap asymmetric filters at maximum
1/0 rates. A single filter mode is provided which allows the
FIR cells to operate as one 16-tap FIR filter or one 8-tap
asymmetric filter. On board coefficient storage for up to 32
sets of 8 coefficients is provided. The coefficient sets are
user selectable and are programmed through a
microprocessor interface. Programmable decimation to 16
is also provided. By utilizing decimation registers together
with the coefficient sets, polyphase filters are realizable
which allow the user to trade data rate for filter taps. The
MUX/ Adder can be configured to either add or multiplex
the outputs of the filter cells depending upon whether the
cells are operating in single or dual filter mode. In addition, a
shifter in the MUX/Adder is provided for implementation of
filters with 10 bit data and 20 bit coefficients or vice versa.

Microprocessor Interface

The Dual has a 20 pin write only microprocessor interface
for loading data into the Control Block and Coefficient Bank.
The interface consists of a 10-bit data bus (CINO-9), a 9 bit
address bus (A0-8), and a write input (WR#) to latch the
data into the on-board registers. The control and coefficient
data can be loaded asynchronously to CLK.

Control Block

The Dual FIR is configured by writing to the registers within
the Control Block. These registers are memory mapped to
address O00H (H = Hexadecimal) and O01H on A0-8. The
format of these registers is shown in Table 1 and Table 2.
Writing the Control/Configuration registers causes a reset
which lasts for 6 CLK cycles following the assertion of
WR#. The reset caused by writing registers in the Control
Block will not clear the contents of the Coefficient Bank.

TABLE 1

CONTROL ADDRESS 000H
FUNCTION DESCRIPTION

BITS

0000=No Decimation
1111=Decimation by 16

0 = Single Fliter Mode
1 = Dual Fliter Mode

3-0 Decimation Factor

4 Mode Select

5 Odd/Even Symmetry | O = Even symmetric coefficients

1 = Odd symmetric coefficients

6 FIR A odd/eventaps | 0= Odd number of taps in filter

1 = Even number of taps in filter

FIR B odd/eventaps | (Defined same as FIR A above)

FIR B Input Source 0 = Input from INAO-9

1 = Input from INBO-9

9 NotUsed Set to O for proper operation

The 4 LSBs of the control word loaded at address OOOH are
used to select the decimation factor. For example, if the 4

LSBs are programmed with a value of 0010, the forward
and reverse shifting decimation registers are each
configured with a delay of 3. Bit 4 is used to select whether
the FIR cells operate as two independent filters or one
extended length filter. Coefficient symmetry is selected by
bit 5. Bits 6 and 7 are programmed to configure the FIR
cells for odd or even filter lengths. Bit 8 selects the FIR B
input source when the FIR cells are configured for indepen-
dent operation. Bit 9 must be programmed to O.

The 4 LSB's of the control word loaded at address 001H are
used to configure the format of the FIR cell’s data and coef-
ficients. Bit 4 is programmed to enable or disable the rever-
sal of data sample order prior to entering the backward
shifting decimation registers. Bits 5-9 are used to support
programmable rounding on the output.

TABLE 2
CONTROL ADDRESS 001H
BITS FUNCTION DESCRIPTION
o FIR A Input Format 0 = Unsigned

1 = Two’s Complement

1 FIR A Coefficient
Format

(Defined same as FIR A input)

2 FIR B Input Format {Defined same as FIR A input)

3 FIR B Coefficient {Defined same as FIR A input)

4 Data Reversal 0 = Enabled
Enable 1 = Disabled
8-5 | Round Position 0000 = 2-10
1011 =21
9 Round Enable 0 = Enabled
) 1 = Disabled

NOTE: Address locations 002H to OffH are reserved, and writing to these
locations will have unpredictable effecis on part configuration.

FIR Filter Cells

Each FIR filter cell is based on an array of four 11x10 bit
two’s complement multipliers. The multipliers get one input
from the ALUs which combine data shifting through the
forward and backward decimation registers. The second
input comes from the user programmable coefficient bank.
The multiplier outputs feed an accumulator whose result is
passed to the output section where it is multiplexed or
added.

Decimation Registers

The forward and backward shifting registers are
configurable for decimation by 1 to 16 (see Table 1). The
backward shifting registers are used to take advantage of
symmetry in linear phase filters by aligning data at the
ALU’s for pre-addition prior to multiplication by the
common coefficient. When the FIR cells are configured in
single filter mode, the decimation registers in each cell are
cascaded. This lengthened delay path allows computation
of a filter which is twice the size of that capable in a single
cell. The decimation registers also provide data storage for
poly-phase or 2-D filtering applications (See Applications
Examples section).
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The Data Feedback Circuitry in each FIR cell is responsible
for transferring data from the forward to the backward shift-
ing decimation registers. This circuitry feeds blocks of sam-
ples into the backward shifting decimation path in either re-
versed or non-reversed sample order. The MUX/DEMUX
structure at the input to the Feedback Circuitry routes data
to the LIFO’s or the delay stage depending on configuration.
The MUX on the Feedback Circuitry Output selects the stor-
age element which feeds the backward shifting decimation
registers.

In applications requiring reversal of sample order, such as
FIR filtering with decimation, the FIR cells are configured
with data reversal enabled (see Table 2). In this mode, data
is transferred from the forward to the backward shifting reg-
isters through a ping-ponged LIFO structure. While one
LIFO is being read into the backward shifting path, the other
is written with data samples. The MUX/DEMUX controls
which LIFO is being written, and the MUX on the Feedback
Circuitry output controls which LIFO is being read. A low on
TXFR# and SHIFTEN#, switches the LIFO’s being read
and written, which causes the block of data read from the
structure to be reversed in sample order (See Example 4 in
the Application Examples section).

The frequency with which TXFR4# is asserted determines
size of the data blocks in which sample order is reversed.
For example, if TXFR# is asserted once every three CLK’s,
blocks of 3 data samples with order reversed, would be fed
into the backward decimation registers. Note: altering the
frequency or phase of TXFR# assertion once a filtering op-
eration has been started will cause unknown results.

In applications which do not require sample order reversal,
the FIR cells must be configured with data reversal disabled
(see Table 2). In addition, TXFR# must be asserted to
ensure proper data flow. In this configuration, data to the
backward shifting decimation path is routed though a delay
stage instead of the ping-pong LIFQO’s. The number of
registers in the delay stage is based on the programmed
decimation factor. Note: data reversal must be disabled and
TXFR# must be asserted for filtering applications which do
not use decimation.

The shifting of data through the forward and reverse
decimation registers is enabled by asserting the SHFTEN#
input. When SHFTEN# transitions high, data shifting is
disabled, and the data sample latched into the part on the
previous clock is the last input to the forward decimation
path. When SHFTEN# is asserted, shifting of data through
the decimation paths is enabled. The data sample at the part
input when SHFTEN# is asserted will be the next data
sample into the forward decimation path.

When operating the FIR cells as two independent filters, FIR
A receives input data via INAO-9 and FIR B receives data
from either INAO-9 or INBO-9 depending on the configura-
tion (Table 1). When the FIR cells are configured as a single
extended length filter, the forward and backward
decimation paths are cascaded. In this mode, data is
transferred from the forward decimation path to the back-
ward decimation path by the Data Feedback Circuitry in FIR
B. Thus, the manner in which data is read into the backward
shifting decimation path is determined by FIR B’s configura-
tion.

When the decimation paths are cascaded, data is routed
through the delay stage in FIR A’s Data Feedback Circuitry.

The configuration of the FIR cells as even or odd length
filters determines the point in the forward decimation path
from which data is multiplexed to the Data Feedback
Circuitry. For example, if the FIR cell is configured as an
odd length filter, data prior to the last register in the third for-
ward decimation stage is routed to the Feedback Circuitry.
If the FIR cell is configured as an even length filter, data out-
put from the third forward decimation stage is multiplexed
to the Feedback Circuitry. This is required to insure proper
data alignment with symmetric filter coefficients (See Appli-
cation Examples).

ALUs

Data shifting through the forward and reverse decimation
path feeds the “a” and “b” inputs of the ALUs respectively.
The ALU’s perform an “b+a” operation if the FIR cell is
configured for even symmetric coefficients or an “b-a”
operation if configured for odd symmetric coefficients.

For applications in which a pre-add or subtract is not re-
quired, the “a” or “b” input can be zeroed by disabling
FWRD# or RVRS# respectively. This has the effect of prod-
ucing an ALU output which is either “a”,"-a”, or “b” de-
pending on the filter symmetry chosen. For example, if the
FIR cell is configured for an even symmetric filter with
FWRD# low and RVRS# high, the data shifting through the
forward decimation registers would appear on the ALU out-
put.

Coefficient Bank

The output of the ALU is multiplied by a coefficient from one
of 32 user programmable coefficient sets. Each set consists
of 8 coefficients (4 coefficients for FIR A and 4 for FIR B).
The active coefficient set is selected using CSELO-4. The
coefficient set may be switched every clock to support
polyphase filtering operations.

The coefficients are loaded into on-board registers using
the microprocessor interface, CINO-9, A0-8, and WR#.
Each multiplier within the FIR Cells is driven by a coefficient
bank with one of 32 coefficients. These coefficients are
addressed as shown in Table 3. The inputs AO-1 specify the
Coefficient Bank for one of the four multipliers in each FIR
Cell; A2 specifies FIR Cell A or B; Bits A7-3 specify one of
32 sets in which the coefficient is to be stored. For example,
an address of 10dH would access the coefficient for the
second muitiplier in FIR B in the second coefficient set.

TABLE 3
A8 A7-3 A2 A1-0 FIR BANK
1 XXXXX 0 00 A (o}
1 XXXXX 0 01 A 1
1 XXXXX o} 10 A 2
1 XXXXX o] 1 A 3
1 XXXXX 1 00 B 0]
1 XXXXX 1 01 B 1
1 XXXXX 1 10 B 2
1 XXXXX 1 1" B 3
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FIR Cell Accumulator

The registered outputs from the multipliers in each FIR cell
feed the FIR cell's accumulator. The ACCEN input controls
each accumulator’s running sum and the latching of data
from the accumulator into the Output Holding Registers.
When ACCEN is low, feedback from the accumulator adder
is zeroed which disables accumulation. Also, output from
the accumulator is latched into the Output Holding Regi-
sters. When ACCEN is asserted, accumulation is enabled
and the contents of the Output Holding Registers remain
unchanged.

Output MUX/Adder

The contents of each FIR Cell’'s Output Holding Register is
summed or multiplexed in the Mux/Adder. The operation of
the Mux/Adder is controlled by the MUX1-0 inputs as
shown in Table 4. Applications requiring 10 bit data and 20
bit coefficients or 20 bit data and 10 bit coefficients are
made possible by configuring the MUX/Adder to scale FIR
B’s output by 2-10 prior to summing with FIR A. When the
Dual FIR is configured as two independent filters, the
MUX1-0 inputs would be used to multiplex the filter outputs
of each cell. For applications in which FIR A and B are
configured as a single filter, the MUX/Adder is configured to
sum the output of each FIR cell.

TABLE 4
MUX1-0 DECODING
MUX1-0 ouTO0-27
00 FIRA + FIRB (FIR B Scaled by 2-10)
o1 FIRA + FIRB
10 FIRA
1 FIRB

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL TWO'S COMPLEMENT

|27 I26]25 I24l23|22|31 l20|19|18|17 I16 115 |‘|4 |1ﬂ12 |11i10 I 9 l

-29 28 27 26 25 24 23 22 21 20 27132 -3 374 35 26 -7 -8 -9

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL TWO'S COMPLEMENT

| T TN N DY

2-10 2-11 2-12 25-13 5-14 2-15 2-16 2-17 2-18

INPUT DATA FORMAT INAO-8, INBO-9
FRACTIONAL UNSIGNED

IQIBI?ISL ENENENENEN

2-1 2-2 2-3 2-4 2-5 26 2-7 2-8 2-9

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL UNSIGNED

|27 l26|25[24 23'22121 I20|19]T8]17 FG I15J14 |13112I11 |10l 9 I

29 28 27 26 24 25 28 22 21 20 2712-22-32-42-52-62-72-829

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL UNSIGNED

[el7Jelsfafa]z]1]o]

Input/Output Formats

The Dual FIR supports mixed mode arithmetic with both
unsigned and two’s complement data and coefficients. The
input and output formats for both data types is shown be-
low. If the Dual FIR is configured as an even symmetric filter
with unsigned data and coefficients, the output will be
unsigned. Otherwise, the output will be two’s complement.

INPUT DATA FORMAT INAO-9, INBO-9
FRACTIONAL TWO’S COMPLEMENT

I_solalvl s falalefsfo]

21 22 283 24 25 26 27 28 29

2-10 2-11 2-12 5-13 5-14 2-15 2-16 2-17 2-18

The MUX/Adder can be configured to implement program-
mable rounding at bit locations 2-10 through 21, The round
is implemented by adding a 1 to the specified location (see
Table 2.0). For example, to configure the part such that the
output is rounded to the 10 MSBs, OUT18-27, the round
position would be chosen to be 2-1.

Application Examples

In this section a number of examples which show even, odd,
symmetric, asymmetric and decimating filters are
presented. These examples are intended to show different
operational modes of the HSP43168. The examples are all
based on a dual filter configuration. However, the same
principles apply when the part is configured with both FIR
cells operating as a single filter.
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Example 1. Even-Tap Symmetric Filter Example

The HSP43168 may be configured as two independent 8-
tap symmetric filters as shown by the block diagram in Fig-
ure 2. Each of the FIR cells takes advantage of symmetric
filter coefficients by pre~adding data samples common to a
given coefficient. As a result, each FIR cell can implement
an 8-tap symmetric filter using only four multipliers. Similar-
ly, when the HSP43168 is configured in single filter mode a
16-tap symmetric filter is possible by using the multipliers
in both cells.

The operation of the FIR cell is better understood by com-
paring the data and coefficient alignment for a given filter
output, Figure 3, with the data flow through the FIR cell, as
shown in Figure 4. The block diagrams in Figure 4 are a
simplification of the FIR cell shown in Figure 1. For simplici-
ty, the ALU’s and FIR Cell Accumulators were replaced by
adders, and the pipeline delay registers were omitted.

HSP43168

INAO -9 ___.‘
INBO -9 ___.

FIGURE 2. USING HSP43168 AS TWO INDEPENDENT
FILTERS

—> OUT9 -27

xcX

In Figure 4, the order of the data samples within the filter cell
is shown by the numbers in the forward and backward shift-
ing decimation paths. The output of the filter cell is given by
the equation at the bottom of each block diagram. Figure 4a
shows the data sample alignment at the pre-adders for the
data/coefficient alignment shown in Figure 3.

c3 C3
c2 c2
h(n) c1 ? ¢t

AEERNEREE

Xg X8 X7 X6 X5 X4 X3 X2 X1 X0
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FIGURE 3. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP
EVEN SYMMETRIC FILTER

The dual filter application is configured by writing 1dOH to
address OOOH via the microprocessor interface, CINO-9,
A0-8, and WR#. Since this application does not use
decimation, the 4th bit of the control register at address
001H must be set to disable data reversal (see Table 2).
Failure to disable data reversal will produce erroneous
results.

A. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED INTO THE
FEED FORWARD STAGE.

-©
+
+

(X7+ X0)CO+ (X6+ X1)C1+ (X5+ X2)C2+ (X4+ X3)C3

B. DATA FLOW AS DATA SAMPLE 8 1S CLOCKED INTO THE
FEED FORWARD STAGE.
3 }—

-

(X8+ X1)CO+ (X7+ X2)C1+ (X6+ X3)C2+ (X5+ X4)C3

C. DATA FLOW AS DATA SAMPLE 9 IS CLOCKED INTO THE
FEED FORWARD STAGE.

s l—p{a—p{s]
*’ r*ij
99

(X9+ X2)CO+ (X8+ X3)C1+ (X7+ X4)C2+ (X6+ X5)C3

FIGURE 4. DATA FLOW DIAGRAMS FOR 8-TAP
SYMMETRIC FILTER
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Using this architecture, only the unique coefficients need to
be stored in the Coefficient Bank. For example, the above
filter would be stored in the first coefficient set for FIR A by
writing CO, C1, C2, and C3 to address 100H, 101H, 102H,
and 103H respectively. To write the same filter to the first
coefficient set for FIR B, the address sequence would
change to 104H, 105H, 106H, and 107H.

To operate the HSP43168 in this mode, TXFR# is tied low
to ensure proper data flow; both FWRD# and RVRS# are
tied low to enable data samples from the forward and
reverse data paths to the ALU’s for pre-adding; ACCEN is
tied low to prevent accumulation over multiple CLK’s;
SHFTEN# is tied low to allow shifting of data through the
decimation registers; MUX0-1 is programmed to multiplex
the output the of either FIR A or FIR B; CSEL0-4 is pro-
grammable to access the stored coefficient set, in this ex-
ample CSEL = 00000.

Example 2. Odd-Tap Symmetric Filter Example

The HSP43168 may be configured as two independent
7-tap symmetric filters with a functional block diagram
resembling Figure 2. As in the 8-tap filter example, the
HSP43168 implements the filtering operation by summing
data samples sharing a common coefficient prior to multipli-
cation by that coefficient. However, for odd length filters the
pre-addition requires that the center coefficient be scaled
by 1/2.

The operation of the FIR cell for odd length filters is better
understood by comparing the data/coefficient alignment in
Figure 5 with the data flow diagrams in Figure 6. The block
diagrams in Figure 6 are a simplification of the FIR cell
shown in Figure 1.

c3
~ c2 c2
h{n) c1 c1

[l LY
x(n)
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X9 X8 X7 X6 X5 X4 X3 X2 X1 XoO

FIGURE 5. DATA/COEFFICIENT ALIGNMENT FOR 7-TAP
SYMMETRIC FILTER

For odd length filters, proper data/coefficient alignment is
ensured by routing data entering the last register in the third
forward decimation stage to the backward shifting regi-
sters. In this configuration, the center coefficient must be
scaled by 1/2 to compensate for the summation of the same
data sample from both the forward and backward shifting
registers.

A. DATA FLOW AS DATA SAMPLE 6 IS CLOCKED INTO

THE FEED FORWARD STAGE.
[o}—{rf—{z}—1{z]
il
Q@ Q9 g
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(X6+ X0)CO+ (X5+ X1)C1+ (X4+ X2)C2+ (X3+ X3)C3/2

CO —»

B. DATA FLOW AS DATA SAMPLE 7 IS CLOCKED INTO
THE FEED FORWARD STAGE.

(X7+ X1)CO+ (X6+ X2)C1+ (X5+ X3)C2+ (X4+ X4)C3/2

C. DATA FLOW AS DATA SAMPLE 8 IS CLOCKED INTO
THE FEED FORWARD STAGE.

'-E!*—"—l

9 9
co—+(X) C1—» cz-?&@)

(X8+ X2)CO+ (X7+ X3)C1+ (X6+ X4)C2+ (X5+ X5)C3/2

FIGURE 6. DATA FLOW DIAGRAMS FOR 7-TAP
SYMMETRIC FILTER.
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In the data flow diagrams of Figure 6, the order of the data
samples input in to the filter cell is shown by the numbers in
the forward and backward shifting decimation paths. The
output of the filter cell is given by the equation at the bottom
of the block. The diagram in Figure 6a shows data sample
alignment at the pre-adders for the data/coefficient align-
ment shown in Figure 5.

This dual filter application is configured by writing 110H to
address OO0H via the microprocessor interface, CINO-9,
A0-8, and WR#. Also, data reversal must be disabled by
setting bit 4 of the control register at address 0001H. As in
the 8-tap example, only the unique coefficients need to be
stored in the Coefficient Bank. These coefficients are stored
in the first coefficient set for FIR A by writing CO, C1, C2,
and C3 to address 100H, 101H, 102H, and 103H respec-
tively. To write the same filter to the first coefficient set for
FIR B, the address sequence would change to 104H, 105H,
106H, and 107H. The control signals TXFR#, FWRD#,
RVRS#, ACCEN, SHFTEN#, and CSELO-4 are controlled
as described in Example 1.

Example 3. Asymmetric Filter Example

The FIR cells within the HSP43168 can each calculate 4
asymmetric taps on each clock. Thus, a single FIR cell can
implement an 8-tap asymmetric filter if the HSP43168 is
clocked at twice the input data rate. Similarly, if the Dual is
configured as a single filter, a 16- tap asymmetric filter is
realizable.

For this example, the FIR cells are configured as two 8- tap
asymmetric filters which are clocked at twice the input data
rate. New data is shifted Into the forward and backward
decimation paths every other CLK by the assertion of
SHFTEN#. The filter output is computed by passing data
from each decimation path to the multipliers on alternating
clocks. Two sets of coefficients are required, one for data on
the forward decimation path, and one for data on the re-
verse path. The filter output is generated by accumulating
the multiplier outputs for two CLKs.

The operation of this configuration is better understood by
comparing the data/coefficient alignment in Figure 7 with
the data flow diagrams in Figure 8. The ALU’s have been
omitted from the FIR cell diagrams because data is fed to
the multipliers directly from the forward and reverse
decimation paths. The data samples within the FIR cell are
shown by the numbers in the decimation paths.

C7 C6 C5 C4 C3
h(n) c2

01co
| 13

x(n)

Ll lt] I

X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

FIGURE 7. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP
ASYMMETRIC FILTER

A. DATA SHIFTING DISABLED, BACKWARD SHIFTING
DECIMATION REGISTERS FEEDING MULTIPLIERS.
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0 —»(X) Cl— cz..? c?

ACCUMULATOR
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(X0)CO+ (X1)C1+ (X2)C2+ (X3)C3

B. SHIFTING OF DATA SAMPLE 7 INTO FIR CELL
ENABLED, FORWARD SHIFTING REGISTERS FEEDING
MULTIPLIERS.

[o}—"]—2]—5]
C7: C6— [:E';_T (o T
NG

(X0)Co+ (X1)C1+ (X2)C2+ (X3)C3
+ (X7)C7+ (X6)C6+ (X5)C5+ (X4)C4

C. DATA SHIFTING DISABLED, BACKWARD SHIFTING
DECIMATION REGISTERS FEEDING MULTIPLIERS.

[s] | L]
TR

ACCUMULATOR

(X1)CO+ (X2)C1+ (X3)C2+ (X4)C3

FIGURE 8. DATA FLOW DIAGRAMS FOR 8-TAP
ASYMMETRIC FILTER
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D. SHIFTING OF DATA SAMPLE 8 INTO FIR CELL
ENABLED, FORWARD SHIFTING REGISTERS
FEEDING MULTIPLIERS

[zl —a]—]

c7 -.%

ACCUMULATOR

-

(X1)CO+ (X2)C1+ (X3)C2+ (X4)C3
+ (X8)C7+ (X7)C6+ (X6)C5+ (X5)C4

FIGURE 8. DATA FL.LOW DIAGRAMS FOR 8-TAP ASYMMETRIC
FILTER CONTINUED

For this application, each filter cell is configured as an odd
length filter by writing 110H to the control register at ad-
dress OOOH. Even though an even tap filter is being imple-
mented, the filter cells must be configured as odd length to
ensure proper data flow. Also, the 4th bit at control address
001H must be set to disable data reversal, and TXFR# must
be tied low. Since an 8-tap asymmetric filter is being imple-
mented, two sets of coefficients must be stored. These eight
coefficients could be loaded into the first two coefficient
sets for FIR A by writing C0O, C1, C2, C3, C7, C6, C5, and C4
to address 100H, 101H, 102H, 103H, 108H, 109H, 10aH,
and 10bH respectively.

The sum of products required for this 8-tap filter require dy-
namic control over FWRD#, RVRS#, ACCEN, and CSELO-
4. The relative timing of these signals is shown in Figure 9.

(4] 112 3 113 | 14] 15 16!
CLK
| il il
Nao -9  XXO x.x1| xq ix7ix|xaI
CSELO -4 :xTIxJT’:“ mmmm 5
l
ACCEN _'_/—L\_L/‘f—'* f
; |
FWRD ¢ mﬁﬂﬂ.ﬁml
- /W_fr\r_.m
sHFTEN 42 W/"W

FIGURE 9. CONTROL TIMING FOR 8-TAP
ASYMMETRIC FILTER

Example 4. Even-Tap Decimating Filter Example

The HSP43168 supports filtering applications requiring
decimation to 16. In these applications the output data rate
is reduced by a factor of N. As a result, N clock cycles can
be used for the computation of the filter output. For exam-
ple, each FIR cell can calculate 8 symmetric or 4
asymmetric taps in one clock. If the application requires
decimation by two, the filter output can be calculated over
two clocks thus boosting the number of taps per FIR cell to
16 symmetric or 8 asymmetric. For this example, each FIR
cell is configured as an independent 24-tap decimate x3
filter.

The alignment of data relative to the 24 filter coefficients for
a particular output is depicted graphically in Figure 10. Asin
previous examples, the HSP43168 implements the filtering
operation by summing data samples prior to multiplication
by the common coefficient. In this example an output is re-
quired every third CLK which allows 3 CLK’s for computa-
tion. On each CLK, one of three sets of coefficients are used
to calculate 8 of the filter taps. The block diagrams in Figure
12 show the data flow and accumulator output for the data/
coefficient alignment in Figure 10.
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FIGURE 10. DATA/COEFFICIENT ALIGNMENT FOR 24-TAP
DECIMATE BY 3 FIR FILTER
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Proper data and coefficient alignment is achieved by assert-
ing TXFR# once every three CLK’s to switch the LIFO’s
which are being read and written. This has the effect of
feeding blocks of three samples into the backward shifting
decimation path which are reversed in sample order. In ad-
dition, ACCEN is de-asserted once every three clocks to al-
low accumulation over three CLK’s. The three sets of coeffi-
cients required in the calculation of a 24-tap symmetric fil-
ter are cycled through using CSELO-4. The timing relation-
ship between the CSELO-4, ACCEN, and TXFR# are
shown in Figure 12.
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A. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS
CLOCKED INTO THE FEED FORWARD STAGE

s]4]3] 8]7]s] 11]10] s
21 {20} 19]18 117}16]15 [14[13[12 ——]

q)
c2 CS CH-»

ACCUMULATOR

X2+ X21)C2+ (X5+ X18)C5+ (X8+ X15)C8+ (X11+ X12)C11

2]|1]e

B. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS
CLOCKED INTO THE FEED FORWARD STAGE

1]o]s a]3]s} 7] 811} 10]s
12
22 21]20]19 8]17]1e 15[14]13
% }}9
[ AccumuLaTon |

(X14+ X22)C1+ (X4X19)C4+ (X7+ X16)CT+ (X10+ X13)C10
+ (X24 X21)C2+ (X5+ X18)C5+ (X8+ X15)C8+ (X11+ X12)C11

C. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS
CLOCKED INTO THE FEED FORWARD STAGE

o]sf4 3|sf7 8 ]11]10}e—q

9
IIEIE
23 |22} 21]20 hsfi8]17] [16]15]14|-T

ACCUMULATOR

(XO+ X23)CO+ (X3+ X20)C3+ (X&+ X17)CB+ (X3+ X14)C9
+ (X1+ X22)C14 (X4+ X19)Ca+ (X7+ X16)C7+ (X10+ X13)C10
+ (X2+ X21)C24 (X5+ X18)C5+ (X8+ X15)C8+ (X114 X12)C11

To operate in this mode the Dual is configured by writing
1d2 to address OOOH via the microprocessor interface,
CINO-9, AO-8, and WR#. Data reversal must be enabled
see (Table 2.0). The 12 unique coefficients for this example
are stored as three sets of coefficients for either FIR cell. For
FIR A, the coefficients are loaded into the Coefficient Bank
by writing C2, C5, C8, C11, C1, C4, C7, C10, CO, C3, C6,
and C9 to address 100H, 101H, 102H, 103H, 108H, 109H,
10aH, 10bH, 110H, 111H, 112H, and 113H respectively.

D. COMPUTATIONAL FLOW AS DATA SAMPLE 24 IS
CLOCKED INTO THE FEED FORWARD STAGE

s|4]3 s]7]s 11]10] 9]
1a] 1312
24 [23] 22[ 21 20]19]18 [17]16]1s
+
C2 - C5.»

ACCUMULATOR

{X5+ X24)CO+ (X8+ X21)C5+ (X114 X18)C8+ (X14+ X15)C11

FIGURE 11. DATA FLOW DIAGRAMS FOR 24-TAP DECIMATE

BY 3 FIR FILTER
21 221 23
CLK |
nao-o XXX 2X[3 X4 X 5 ¢ XT21X][22(,23

0|1'2183,4]5

|
CSELO -4 m‘nﬂmm 2 o X 1X'2
|
1
accen /! L.

|\J_/I iT\-l—ss-/i
|

FIGURE 12. CONTROL SIGNAL TIMING FOR 24-TAP
DECIMATE X3 FILTER

Example 5. Odd-Tap Decimating Symmetric Filter

This example highlights the use of the HSP43168 as two in-
dependent, 23-tap, symmetric, decimate by 3 filters. In this
example, the operational differences in the control signals
and data reversal structure may be compared to the pre-
viously discussed even-tap decimating filter.

As in the 24-tap example, an output is required every third
CLK which allows 3 CLK’s for computation. On each CLK,
one of three sets of coefficients are used to calculate the fil-
ter taps. Since this is an odd length filter, the center coeffi-
cient must be scaled by 1/2 to compensate for the
summation of the same data sample from the forward and
backward shifting decimation paths.The block diagrams in
Figure 14 show the data flow and accumulator output for
the data coefficient alignment in Figure 13.

Proper data and coefficient alignment is achieved by assert-
ing TXFR# once every three CLK's to switch the LIFO’s
which are being read and written. For odd length filters, data
prior to the last register in the forward decimation path is
routed to the Feedback Circuitry. As a result, TXFR# should
be asserted one cycle prior to the input data samples which
align with the center tap. The timing relationship between
the CSELO-5, ACCEN, and TXFR# are shown in
Figure 15.
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FIGURE 13. DATA/COEFFICIENT ALIGNMENT FOR 23-TAP
DECIMATE BY 3 SYMMETRIC FILTER
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A. COMPUTATIONAL FLOW AS DATA SAMPLE 20 IS
CLOCKED INTO THE FEED FORWARD STAGE
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12
[17]18]15 |14|13|12§—|
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ACCUMULATOR

{X1+ X21)C1+ (X4X18)C4a+ (X7+ X15C7+ (X10+ X12)C10
+ (X2+ X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X11+ X11)C112
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B. COMPUTATIONAL FLOW AS DATA SAMPLE 21 IS
CLOCKED INTO THE FEED FORWARD STAGE

C. COMPUTATIONAL FLOW AS DATA SAMPLE 22 IS
CLOCKED INTO THE FEED FORWARD STAGE
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ACCUMULATOR

(XO+ X22)CO+ (X3+ X19)C3+ (X6+ X16)CB+ (Xa+ X13)C9
+ (X1+ X21)C1+ (X4+ X18)C4+ (X7+ X15)C7+ (X10+ X12)C10
+ (X2+ X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X11+ X11)C112
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D. COMPUTATIONAL FLOW AS DATA SAMPLE 23 IS
CLOCKED INTO THE FEED FORWARD STAGE
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(X5+ X23)C2+ (X8+ X20)CS5+ (X11+ X17)C8+ (X14+ X14)C11/2
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FIGURE 14. DATA FLLOW DIAGRAMS FOR 23-TAP DECIMATE
BY 3 SYMMETRIC FILTER
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FIGURE 15. CONTROL SIGNAL TIMING FOR 23-TAP
SYMMETRIC FILTER

To operate in this mode, the Dual is configured by writing
112H to address OOOH via the microprocessor interface,
CINO-8, A0-8, and WR#. Data reversal must be enabled
(see Table 2.0). The 12 unique coefficients for this example
are stored as three sets of coefficients for either FIR cell. For
FIR A, the coefficients are loaded into the Coefficient Bank
by writing C2, C5, C8, (C11)/ 2, C1, C4, C7, C10, CO, C3,
C6, and C9 to address 100H, 101H, 102H, 103H, 108H,
109H, 10aH, 10bH, 110H, 111H, 112H, and 113H respec-
tively.
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Specifications HSP43168

Absolute Maximum Ratings

S0 o o) Yo 1 o - +8.0V
Input, Output Voltage ......... et e et GND -0.5Vto Vg +0.5V
Storage Temperature. ...... Crerersrssssinanesss. =650C to +1500C
230 ..Class 1
.................................... 2.4W (MQFP), 3.6W (PLCC), 3.1W (PGA)
+v .00 1859C/W (MQFP), 7.49C/W (PLCC), 7.59C/W (PGA)
.......... 33.00C/W (MQFP), 22.3°C/W (PL.CC), 33.59C/W (PGA)
Lead Temperature (Soldering 10S) v v. v vuutiit v ivunrieetenteratssionesosssssasesassssssssssesnsssssstoneerss +300°C
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
operation of the device at these or any other conditions above those indi d in the op jonal of this ific is not implied.
Operating Conditions
Operating Voltage Range, Commiercial .. ... ...ttt iiiiiiititiiiteatteenreeeearaenenaaccsosasasesassesaassnans 5V + 5%
Operating Temperature Range
[0 o4 T2 1= o7 P 0°C to +70°C
D.C. Electrical Specifications
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 363 mA Vee = Max
CLK Frequency 33MHz
Note 2, Note 3, Note 4
Iccss Standby Power Supply Current - 500 pA V¢ = Max, Outputs Not Loaded
] Input Leakage Current -10 10 pA Vge = Max, Input=0Vor Voo
o Output Leakage Current -10 10 pA Ve = Max, Input =0V or Vg
ViH Logical One Input Voltage 2.0 - v Ve = Max
ViL Logical Zero Input Voltage - 0.8 Vv Ve = Min
VOH Logical One Output Voltage 26 - \ IoH =-4000A, Vg = Min
VoL Logical Zero Output Voltage - 0.4 \ loL = 2mA,Vge = Min
VIHC Clock Input High 3.0 - \ Vo = Max
ViLe Clock input Low - 0.8 Vv Voo = Min
CIN Input Capacitance - 12 pF CLK Frequency 1MHz
All measurements referenced
. to GND.
Cout Output Capacitance - 12 pF Tp = +250C, Note 1
NOTES:

-

. Controlled via design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or changes.

N

. Power Supply current is proportional to operating frequency. Typical
rating for Iccop is 11mA/MHz.

Output load per test load circuit and C} = 40pF.

@

junction temperati
at high clock frequencies.

must be considered when operating part
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A.C. Electrical Specifications Vgg = +4.75V to +5.25V, Ta = 0°C to +70°C (Note 1)
. 33MHz 45MHz
SYMBOL PARAMETER MIN T MAX MIN MAX | COMMENTS
Top CLK Period 30 - 22 - ns
TcH CLK High 12 - 8 - ns
ToL CLK Low 12 - 8 - ns
Twp WR# Period 30 - 22 - ns
TWH WR# High 12 - 10 - ns
TwL WR# Low 12 - 10 - ns
TAWS Set-up Time A0-8 to WR# Going Low 10 - 8 - ns
TAWH Hold Time AO-8 from WR# Going High o] - 0 - ns
TCWS Set-up Time CINO-9 to WR# Going High ) 12 - 10 - ns
TCWH Hold Time CINO-9 from WR# Going High 1 - 1 - ns
TWLCL | Set-up Time WR# Low to CLK Low 5 - 3 - ns, Note 2
TCVCL | Set-up Time CINO-9 to CLK Low 7 B 7 - ns, Note 2
TECS Set-up Time CSELO-5, SHFTEN#, FWRD#, RVRS#, TXFR#,
INAO-9, INBO-9, ACCEN, MUX0-1 to CLK Going High 15 - 12 - ns C‘I:)
TECH Hold Time CSELO-5, SHFTEN#, FWRD#, RVRS#, TXFR#, E
INAO-9, INBO-9, ACCEN, MUX0-1 to CLK Going High o] - (o} - ns =1
[T
TDO CLK to Output Delay OUT0-27 - 14 - 12 ns o
TOE | Output Enable Time ' - 12 - 12 |ns -
TOD Output Disable Time - 12 - 12 ns, Note 3 —
TRF Output Rise, Fall Time - 6 - 6 ns, Note 3
NOTES:
1. AC tests performed with C(_ = 40pF, g1 = 2mA, and IgH = -400pA. Input
reference level CLK = 2.0V. Input reference level for all other inputs is
1.5V. Test V| = 3.0V, Vjyc = 4.0V, V| = OV, Vj ¢ = OV.
2. Set-up time requirement for loading of data on CINO-9 to guarantee
recognition on the following clock.
3. Controlled via design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or changes.
A.C. Test Load Circuit
l ______________ A
DUT 81 | |
C[_*I ! |
* TEST HEAD | l
CAPACITANCE I
e l loH 1.5V 1 1 oL I
SWITCH S1 OPEN FOR | = = =3 |
loosa W lcop || o omouT_ |




HSP43168

Waveforms
LK Top
TeH | Tou
— N A \
CSELO -4, MUX0 -1 Tecs TecH
SHFTEN #, FWRD #,
RVRS 7%, TXFR 7,
INAO - 9, INBG - 9,
ACCEN Too —l
ouTo - 27 D
| — TWLCL_)
<—————Twp
Twi TwH
WR .2 N A
Taws L_ TAWH
— 23—
AO -8 )1( )F
Tocws|TcwH
e ——— |
CINO - 15 *
TevoL—=—|

OEL # , OEH 7#~

QuTo - 27

HIGH
IMPEDANCE

HIGH
IMPEDANCE

OUTPUT ENABLE, DISABLE TIMING

OUTPUT RISE AND FALL TIMES
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HARRIS

SEMICONDUCTOR

HSP43168/883

Dual FIR Filter

January 1994

Features

* This Circuit Is Processed in Accordance to MIL-STD-
883 and Is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

« Two Independent 8-Tap FIR Filters Configurable as a
Single 16-Tap FIR

10-Bit Data & Coefficients

* On-Board Storage for 32 Programmable
Coefficient Sets

* Up To: 256 FIR Taps, 16 x 16 2-D Kernels, or
10 x 20-Bit Data and Coefficients

* Programmable Decimation to 16
Programmable Rounding on Output
Standard Microprocessor Interface
33MHz, 25.6MHz Versions

Applications

¢ Quadrature, Complex Filtering
¢ Correlation

¢ Image Processing

¢ PolyPhase Filtering

* Adaptive Filtering

Ordering Information

Description

The HSP43168 Dual FIR Filter consists of two independent
8-tap FIR filters. Each filter supports decimation from 1 to 16
and provides on-board storage for 32 sets of coefficients.
The Block Diagram shows two FIR cells each fed by a sepa-
rate coefficient bank and one of two separate inputs. The
outputs of the FIR cells are either summed or multiplexed by
the MUX/Adder. The compute power in the FIR Cells can be
configured to provide quadrature filtering, complex filtering,
2-D convolution, 1-D/2-D correlations, and interpolating/dec-
imating filters.

The FIR cells take advantage of symmetry in FIR coeffi-
cients by pre-adding data samples prior to multiplication.
This allows an 8-tap FIR to be implemented using only 4
multipliers per filter cell. These cells can be configured as
either a single 16-tap FIR filter or dual 8-tap FIR filters.
Asymmetric filtering is also supported.

Decimation of up to 16 is provided to boost the effective
number of filter taps from 2 to 16 times. Further, the decima-
tion registers provide the delay necessary for fractional data
conversion and 2-D filtering with kernels to 16x16.

The flexibility of the Dual is further enhanced by 32 sets of
user programmable coefficients. Coefficient selection may
be changed asynchronously from clock to clock. The ability
to toggle between coefficient sets further simplifies applica-
tions such as polyphase or adaptive filtering.

The HSP43168 is a low power fully static design imple-

TEMPERATURE mented in an advanced CMOS process. The configuration of
PART NUMBER RANGE PACKAGE the device is controlled through a standard microprocessor
interface.
HSP43168GM-25/883 -55°C to +125°C | 84 Lead PGA
HSP43168GM-33/883 -55°C t0 +125°C | 84 Lead PGA
Block Diagram
10,
- o CONTROL/
WRe CONFIGURATION
CSELO-4 !
y A
I_, COEFFICIENT l_, COEFFICIENT
BANK A BANK B
10, R
INAO-9 — | FIR CELL A FIR CELL B
b—p
10 MUX
INBO -9/ —p2—q
ouTo-8 )
ouTg - 27
OEL#
OEH#

| 1D FILTERS H
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HSP43168/883

Pinouts
84 PIN PGA
TOP VIEW
1M1 10 9 8 7 3 5 4 3 2 1
GND |ouT15|ouT14|outi2|outio| ouri1| INB1 | iNBa | INB5 | INBS | INBS | L
out1s| Vec loutis|ouTis| vee | INBo | INB2 | GND | INB7 | INBS | INAT | K
ouT19 | ouT17] ouT9 | OEL# | INB3 INAO | INA2 | 4
oUT21 |ouT20 INA3 | INAG | H
ouT24 |ouT2s |outzs NA7 | iNAs | INas | G
ouTz7 [out22 [ouT2s INAg | INA9 | vee | F
oEH# | GND | oLk cin2 | vt Jaino | E
Vec |ACCEN GND |cins | o
xrre | FWRD As | as [cseELo cine |cina | ¢
SHFT
The [Muxo|muxi| Ao | As | A2 [ vec [cserz|cive [oinT [eins | B
RVRs#| WR# | GND | A1 | A4 | A7 | As |csELi|csELs A PINJAT
1 10 9 8 7 6 5 4 3
84 PIN PGA
BOTTOM VIEW
1 10 9 8 7 6 5 4 3 2
RVRS | WR# | GND | A1 | A4 | A7 | A8 |CSEL1|CSEL3|CSELA AP“I‘D'A"
%",f‘;’ Mmuxo [Mux1| Ao | A3 | A2 | Vec |cseL2| cing |ciN? [ciNs | B
TxFRy |FWRD a5 | Ae |csevo cine |cing | ¢
Ve |accen GND [ciN3 | D
oEH# | aND | cLk ciNz |cint [eino | E
out27|ouT22|ouT2s INAS [INA9 Vee | g
ouT24|ouT23fout2s INA7 |INAS [iNAs | G
ourt21|ouT20 INA3 |INAG | H
ouTis|ouT17 ouTe| OEL#| INB3 INAo [iNA2 | 9
ouT1s| Vec |outisfoutis] Vec | INBo | INB2 | GND | INB7 | INBS [INAT | K
GND |ouTi5|ouTi4 ouml ounoloum INB1 | INB4 | INBS [INBE |iNBe | ¢
11 10 9 8 7 6 5 4 3 2 1
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Specifications HSP43168/883

Absolute Maximum Ratings

Reliability Information

0,

SupplyVoltage . .. ....ovviiiiiii i e +8.0V  Thermal Resistance :I7% c
Input, Output or /O Voltage ............. GND-0.5V to V¢ +0.5V Ceramic PGA Package ............ 335°CW  7.5°CW
Storage Temperature Range ................. -65°C to +150°C  Maximum Package Power Dissipation at +125°C

Junction Temperature. .. ...c.ovveinereeieernennnns +175°C Ceramic PGAPackazge ........cooeoveiinnnnennnns 1.49W
Lead Temperature (Soldering 108)...........ccveuuue.. +300°C GateCount............cvvvvenneinnnnannnnann 32529 Gates
ESD Classification ............ccoiiiniiiiiiiia., Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op ional ions of this specification is not implied.
Operating Conditions
Operating Voltage Range . . ................... +4.5Vto +5.5V  Operating Temperature Range . ............... -55°C to +125°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested
GROUP A LiMITS
SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN MAX UNITS
Logical One Input Viy Vee =5.5V 1,2,3 -565° < Ty <+ 125°C 22 - \
Voltage
Logical Zero Input ViL Vee = 4.5V 1,2,3 -55° < Tp <+ 125°C - 0.8 \
Voltage
Logical One Input Viie Ve = 5.5V 1,2,8 -55° < Ta < + 125°C 3.0 - \"
Voltage Clock
Logical Zero Input Vie Ve = 4.5V 1,2,3 -55°< Ty < + 125°C - 0.8 v
Voltage Clock
Output HIGH Voltage Vou lon = ~-400pA 1,2,3 -55°< Ty < + 125°C 26 - Y

Vce= 4.5V (Note 1)
Output LOW Vo lo = +2.0mA 1,2,3 -55°< T, < + 125°C - 0.4 v
Voltage Vee= 4.5V (Note 1)
Input Leakage Current I VN = Vee or GND 1,23 -55° < Ty <+ 125°C -10 +10 A
. Vee = 5.5V
Output Leakage Current lo Vin = Ve or GND 1,2,3 -55°< Ty S+ 125°C -10 +10 RA
Ve = 5.5V
Standby Power Supply lccss ViN = Vo or GND 1,2,3 -65° < To <+ 125°C - 500 pA
Current Veo = 5.5V,
Outputs Open
Operating Power Supply lecop f=25.6MHz, V)y=Vce 1,2,3 -55° < Tp <+ 125°C - 281.6 mA
Current or GND, Vgc = 5.5V
(Note 2)
Functional Test FT (Note 3) 7,8 -55°< Ty <+ 125°C - - -

NOTES:

1. Interchanging of force and sense conditions is permitted.
2. Operating Supply Current is proportional to frequency, typical rating is 11mA/MHz.

3. Tested as follows: f= 1MHz, V| (clock inputs) = 3.4V, V|, (all other inputs) = 2.6V, V= 0.4V, Vo, > 1.5V, and Vo < 1.5V.
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Specifications HSP43168/883

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested

GROUP A (-33MHz) (-25MHz)
(NOTE 1) sSuB-
PARAMETER SYMBOL | CONDITIONS | GROUPS TEMPERATURE MIN | MAX [ MIN | MAX | UNITS
CLK Period Tep 9, 10, 11 -55°< T, < +125°C 30 - 39 . ns
CLK High Teu 9,10, 11 -55°< To < +125°C 12 - 15 - ns
CLK Low TaL 9,10,11 | -558°sTos+125°C | 12 - 15 - ns
WR# Period Twe 9,10, 11 -55°< T, < +125°C 30 - 39 - ns
WR# High Twn 9,10, 1t -55°S Tp S +125°C 12 - 15 - ns
WR# Low Twi 9,10, 11 -55°< To < +125°C 12 - 15 - ns
Set-up Time; Taws 9, 10, 11 -55°< To < +125°C 10 - 10 - ns
A0-8 to WR# Low
Hold Time; Tawn 9,10,11 | -55°<Tos +125°C 1 - 1 - ns
A0-8 to WR# High
Set-up Time; Tews 9,10, 11 -55°< T < +125°C 12 - 15 - ns
CINO-9 to WR# High
Hold Time; TewH 9,10, 11 -55°< T, s +125°C 1.5 - 1.5 - ns
CINO-9 to WR# High
Set-up Time; Twict Note 3 9,10,11 | -55°<T,<+125°C 5 - 8 - ns
WRi# Low to CLK Low
Set-up Time; Tover Note 3 9,10,11 | -55°<T,s+125°C | 8 - 8 - ns
CINO-9 to CLK Low
Set-up Time; Tecs 9,10,11 | -55°<T,s+125°C | 15 - 17 - ns
CSELO-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUX0-1 to
CLK High
Hold Time; TecH 9,10, 11 -55° < Ty < +125°C 0 - 0 - ns
CSELO-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUXO0-1 to
CLK High
CLK to Output Delay Too 9,10, 11 -55° < To < +125°C - 15 - 17 ns
OuTo-27
Output Enable Time Toe Note 2 9,10,11 | -55°sTps+125°C | - 12 - 12 ns
NOTES:

1. AC testing is performed as follows: Input levels (CLK Input) 4.0V and OV; Input levels (all other inputs) 3.0V and 0V; Timing reference
levels (CLK) 2.0V; All others 1.5V. V¢ = 4.5V and 5.5V. Output load per test load circuit with C,_ = 40 pF. Output transition is measured
atVoy > 1.5Vand Vo < 1.5V.

2. Transition is measured at +200mV from steady state voltage, Output loading per test load circuit, C; = 40pF.
3. Set-up time requirements for loading of data on CINO-9 to guarantee recognition on the following clock.
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Specifications HSP43168/883

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

(-33MH2) (-25MHz)
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE MIN | MAX | MIN | MAX | UNITS
Input Capacitance CiN Vgc=Open, f=1 MHz 1 Ta = +25°C - 12 - 12 pF
All measurements
Qutput Capacitance Cour are referenced to 1 Ta=+25°C - 12 - 12 pF
device GND.
Output Disable Time Top 1,2 -55° < To< +125°C - 12 - 12 ns
Output Rise Time Tr From 0.8V to 2.0V 1,2 -55° < T, < +125°C - 8 - 8 ns
Output Fall Time Te From 2.0V to 0.8V 1,2 -65° < Ty < +125°C - 8 - 8 ns
NOTE:

1. The parameters in Table 3 are controlled via design or process parameters and not directly tested. Characterized upon initial design and
after major process and/or design changes.

2. Loading is as specified in the test load circuit with C,_ = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initiat Test 100%/5004
Interim Test 100%/5004
PDA 100%
Final Test 100% 2,3, 8A,8B, 10, 11
Group A - 1,2,3,7,8A,8B,9,10, 11
Groups C and D Samples/5005 1,7,9
AC Test Load Circuit
St
DUT (o
N I
- 10H 1.5v ‘ ’ oL
* INCLUDES STRAY
AND JIG = = e
CAPACITANCE
EQUIVALENT CIRCUIT

SWITCH S1 OPEN FOR Iccgg AND Igcop TEST
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HSP43168/883

Waveforms
et Tep ———|
Ten TeL
Tecs | Tecu
CSELO-4, MUXO-1
SHFTEN#, FWRD#,
RVRS#, TXFR#,
INAO-9, INBO-9
Too —
ouTo-27 D
—  Twict —
Twe !
TwL Twh
WR# N /
TAWS———-» le— Tawn
A0-8
Tews | Tewn
|~
CINO-15
Tover —=—

OEL#, OEH# §< v 1.5V

Toe Top

— 17V

HIGH N— 1.3V HIGH
IMPEDANCE . IMPEDANCE

ouTo-27

N\

OUTPUT ENABLE, DISABLE TIMING

T T
RF ol I RF

OUTPUT RISE AND FALL TIMES
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HSP43168/883

Burn-In Circuit

NOTES:

84 PIN PGA
BOTTOM VIEW
M 10 9 8 7 [ 5 4 3 2 1

A|RVRS| whe [ND | a1 | as | a7 | s fcseLt ceeLsleseLd i A""I‘D"“'
8 | LT [muxo mux1| Ao | As | A2 | Vec cssui ciNe [cIN7 |cins | B
c [TxFR# Fw.RD A5 | As |CSEL9 ciNe |ciNg | ¢
D | Vec f\ocsu GND {oiNs | D
e |oEH# | GND | cLk CIN2 |CINT |CINO | E
F Jourar|ouT22 ’ourzj INA8 [INA9 |Vee | ¢
G |outasjouta2s ouni INA7 [INAS |INAS | G
H | out21out20 INA3 | INA4 | H
J JouTigjouT1? ouTe osul INB3 INAO |INA2 | ¢
K JouTtis| Vec |OUT16/OUTI3| Vec | INBO | INB2 | GND | INB7 [ INBS | INAT | K
L | GND |oUT15/0UT14]OUT12{OUT10l OUT11| INB1 | INB4 | INBS |INB6 |INBS | L

1

10

4

3

1

5. FO = 100KHz +10%, F1 =F0/2, F2=F1/2...,F16 = F15/2,

| 1D FILTERS H

40 to 60% duty cycle.

6. Input voltage limits:
Vi = 0.8V Max, Vi = 4.5 £10%

1. Veof2 (2.7V £10%) used for outputs only.

2. 47KQ (+20%) resistor connected to all pins except Vg and GND
3. Voo =5.510.5V.

4. 0.1pf (Min) capacitor between Vg and GND per position.

PGA PIN BURN-IN |[ PGA PIN BURNIN|[PGA | PIN | BURN-IN|[ PGA PIN BURN-IN
PIN NAME | SIGNAL || PIN NAME | SIGNAL || PIN NAME | SIGNAL || PIN NAME | SIGNAL
AT Bi1 | SHFIEN | Fi4 S 2 |[RZ2 | INBs o

A2 | CSEL4 F12 Tl _|CINg (24 10 UM22 Vod2 K3 INB7 F8

A3 CSEL3 F1 C2 CING F9 F11 | SUM27 | Vo2 |[K3 GND GND
A4 CSEL1 F9 C5 | CSELO F8 G1 INA6 F7 K5 INB2 F3

A5 | AB Fi2 C6 | A6 Fii 2 | INA5 F6 K6 | INBO Fi

A6 | A7 F10 C7 | A5 Fi12 G3 | INA7 F8 K7 |Vec Voo
A7 | A% F1i Ci0 | FWRD F13 GO | SUM25 Vo2 |[K8 | SUMi3 Ved2
A8 Al F12 C11 | TXFR Fii Gi0 | SUM23 Vod2 K9 | SUMT6 Vo2
A9 | GND GND D1 CiN3 F10 Gi1 | SuM24 Vo2 |[KI0 | Vee Veo
AT0 | WRB F6 D2 | GND GND Hi INAZ F5 Ki1 | SUM18 Vo2
A1 | RVRS F12 D10 |ACCEN |Fi3 HZ | INA3 F4 K] INB9 F10

Bi CING F8 D11 | Voo Vee Hi0 | SUM20 Vo2 2 INB6 F7

B2 CIN7 F10 El CINO F7 Hi1 | SUM21 Vo2 L3 INB5 F6

B3 CINg F10 [E2 | CIN1 F8 Ni INA2 F3 ¥} INB4 F5

B4 | CSEL2 F10 E3 | CIN2 F9 J2 INAD F1 5 INB1 F2

B5 | Veo Vee 9 |CLK FO J5 INB3 F4 16 SUMTT Vo2

B6 | A2 F1i E10 |GND GND [J6 OELB F13 7 SUMT0 Ved2
B7 |A3 F10 E11 | OEHB Fi4 37 SUM9 Veo2 8 SUM12 Vo2
B8 |A0 F13 Fi Vee Vee JI0 [SUMI7 | Vo2 || 19 SUM14 Ved2 |
B9 | MUX1 F13 F2 INAS F10 JiT [ SUM19 c2 10 [SUMT5 Ved2
B10 | MUX0 F12 [F3 [ INA8 F9 Ki INAT F2 i1 | GND GND
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HSP43168/883

Metallization Topology

GLASSIVATION:
DIE DIMENSIONS: Type: Nitrox
314 x 348 x 19+ Imils Thickness: 10kA
METALLIZATION: WORST CASE CURRENT DENSITY:
Type: Si-Al or Si-AkCu 1.93 x 10° Alem?
Thickness: 8k
Metallization Mask Layout
HSP43168/883

CiNg
CIN®
CSEL4

|

] csELs

SELt
CSELO
cc

o 285 %
£ 2 32 2 323 33 5z 2

CIN? RVRS#
CING FWD#
CINS SHIFTEN#
CiNg 1 TXFR#
GND ACCEN
CINg | Vee
CIN2 oK
CINt
CINo GND
INAD

OEH#
INAB

ouT27
INAT

ouT26
INAS

oUT25
INAS ouT24
Vee [ ; i : ) ‘ 7 ourzs
INA4 out22
\NAS ouT21
INA2 ouT20

I OUT19

INAY

ouT18
INAO ouT17
INBY

Vee

i

Ry

3 3 i
AL . ST VALK AT EEFERTID PRI SHTEH T, TOEREEL 1T s ST it RV

B,
@ M~ O v T ©® o o = o o O N o - v o
8 5 88 2 2 88 88382 8 ECLECEEEE
£ £ 2 £ 0 2 2 £ Z 2§ 3 3 2 32 235 2 2 ©
o © 0O 0 0 0 O
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HARRIS

SEMICONDUCTOR

January 1994

HSP43216

Halfband Filter

Features
+ Sample Rates to 52 MSPS

« Architected to Support Sample Rates to 104 MSPS
Using External Multiplexer

* Four Modes of Operation:

- Interpolate by 2 Filtering

- Decimate by 2 Filtering

- Quadrature to Real Signal Conversion

- Fg/4 Quadrature Down Conversion Followed by
Decimate by 2 Filtering

67 Halfband FIR Filter with 20-Bit Coefficients

1.24:1 Fliter Shape Factor, >90dB Stopband
Attenuation, <0.0003dB Passband Ripple

* Two’s Complement or Offset Binary Outputs

¢ Programmable Rounding on Outputs

Applications
* Digital Down Conversion
* D/A and A/D pre/post Filtering

* Tuning Bandwidth Expansion for HSP45116 and
HSP45106

Ordering Information

Description

The HSP43216 Halfband Filter addresses a wide variety of
applications by combining Fg/4 (Fg = sample frequency)
quadrature up/down convert circuitry with a fixed coefficient
halfband filter processor as shown in the block diagram.
These elements may be configured to operate in one of the
four following modes: decimate by 2 filtering of a real input
signal; interpolate by 2 filtering of a real input signal; Fg/4
quadrature down conversion of a real input signal followed
by decimate-by-2 filtering to produce a complex analytic
signal; interpolate-by-2 filtering of a complex analytic signal
foliowed by Fg/4 quadrature up conversion to produce a real
valued output.

The frequency response of the HSP43216's halfband filter
has a shape factor, (passband+transition band)/passband,
of 1.24:1 with 90dB of stopband attenuation. The passband
has less than 0.0003dB of ripple from OFg to 0.2Fg with
stopband attenuation of greater than 90dB from 0.3Fg to
Nyquist. At 0.25F g the filter provides 6dB of attenuation.

The HSP43216 processes data streams with word widths up
to 16-bits and data rates up to 52 MSPS. The processing
through put of the part is easily doubled to rates of up to 104
MSPS by using the part together with an external multiplexer
or demultiplexer. Programmable rounding is provided to sup-
port output precisions from 8-bits to 16-bits.

PART TEMPERATURE PACKAGE
NUMBER RANGE TYPE
HSP43216GC-52 0°C to +70°C 85 Lead PGA
HSP43216JC-52 0°C to +70°C 84 Lead PLCC
Block Diagram
Fg/a 67-TAP Fo/a OUTPUT DATA AOUTO - 15
AINO - 15 ——9 - N ) N
INPUT DATA QUADRATURE HALFBAND QUAD::\TURE FLOW
FLOW DOWN
FILTER UP CONVERT
BINO - 15 ——» CONTROLLER CONVERT | 1 PROCESSOR }— CONTROLLER/} o oito. 15
- PROCESSOR PROCESSOR [~ FORMATTER -
3
SYNC # l J
USB/LSB #
MODEO-1
INT/EXT #
RNDO-2
FMT #

CAUTION: These devices are itive to el

Copyright © Harris Corporation 1994
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HSP43216

Pinouts

PIN ‘A1’
iD

85 PIN PGA
TOP VIEW
M 10 o 8 7 6 5 4 3 2 1
L | B9UT|BouT[BoyT [ BouT | BOUT] aND | BOUT| BOUT| vec [ aND [ ANDI
K Aozur A%u’r a?:n B?:JT B%UT aosuT Bosur B%UT OEB#| RND2| BIN15
s | Aour [ acur BouT | BOUT |BOUT ANDo| BIN1a
u | GND aouts BIN13 | BINt2
6 |aout7]aouts]acuts BiNs | BINto| BING
F |AST [aouTs|aoute BIN7 | BINs | BIN11
g |AQUT | AQUT | AOTT BIN3 | BIN4 | BINS
p |AQUT [ AT BIN1 | BIN2
¢ |ano | oEar AINo | AINt0 | AIN14 INDEX | LS54 | Bino
B | vee | AINO| AINI| AIN4 | AIN7 | AING | AIN13| MODE} CLK |SYNCH LA
A | FMT | ain2| ans| ans | ane | ANt1| A2 | ans [mooer| anp e
no 10 9 8 7 6 5 4 3 2 1
85 PIN PGA
BOTTOM VIEW
1 2 3 4 5 6 7 8 9 10 N
L |nND1 | anD | vee |Bouri|BouTs| aNp |Boute| BOYT | BOUT | BOUT | BOUT
x | BIN15| AND2 | oEB¥ | BOUTO| BOUT3| BoUTs|BOUTS| BOYT | BSYT | AcuTof AcuT2)
s | B4 rupo BOUT2| BOUTE| BOUT? AOUT1|AOUTS
u |emniz| Binis AouT4| GND
G | BiNe | BINt0 | BING AOUTS| AOUTS| AOUT?,
F | BNt | BiNe | BIN? aouTe|aouts| AT |-
g | BiNs | BiNg | BING AQUT | AQUT| AouT
p | BiN2| BINY AQUT | AQUT
c | BiNo | USE, |INDEX AIN14 | AINTO | AIN® OEA# | GND
B | N, |synce] cuk [mopeof ania | ane | a7 | aina | ami | amo | vec
A MODE1| AIN15 | AIN12 | AIN11 | AINe | AINS | AIN3 | AIN2 | FMT
PIN";M’ 1 2 3 4 5 6 7 8 9 10 1
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HSP43216

Pinouts (Continued)

84 LEAD PLCC
TOP VIEW
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HSP43216

Pin Description

NAME PLCC PIN TYPE DESCRIPTION

vCcC 11, 36, 72 - +5V Power

GND 9,35, 47,59, 71 - Ground

CtK 10 t Clock Input. (CMOS LEVEL)

AINO-15 75-84,1-6 | Input Data Bus A. AINO is the LSB. Input data format is 16-bit Two's
Compiement.

BINO-15 15-30 | Input Data Bus B. BINO is the LSB. input data format is 16-bit Two's
Complement.

MODEO-1 7,8 ! The Mode Select Inputs 'set one of four operational modes as
highlighted in Table 1.

INT/EXT# 14 1 The Internal\External multiplexer select inputs set whether the data
multiplex/demultiplex function required in the various operational
modes is performed internally (High State) or externally to the chip
(Low State).

SYNC# 12 I This input is used to synchronize the input sample stream with the zero
degree phase of the up or down convert Local Oscillators. In the
straight decimate modes, this input can be use to synchronize the input
sample stream with a particular phase of the halfband filter. (See the
Operational Modes Section for additional information)

USB/LSB# 13 I The Upper and Lower. Sideband select line is used to specify the
direction of frequency translation imparted on the data stream in the
Up Convert and Quadrature to Real Convert Modes. (See Operational
Modes Section for additional information)

RNDO-2 31-33 | The Round Select inputs set the number of output bits from eight
(RND=000) to sixteen (RND=110). Least significant output bits are
zeroed. See Table 4.

OEA# 73 | Three State Control Qutput Bus A, OUTAQ-15. Active Low.

OEB# 34 | Three State Control Output Bus B, QUTB0-15. Active Low.

FMT 74 | The Format select input is used to convert the two’'s complement
output to offset binary (unsigned). When asserted high, the AOUT15
and BOUT15-bits are inverted from the normal two’s complement
representation.

AOUTO-15 54 - 58, 60-70 Output Bus A. AOUTO is the LSB.

BOUTO-15 37 - 46,48 - 53 Output Bus B. BOUTO is the LSB.
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HSP43216

INPUT DATA FLOW

CONTROLLER FALTER

ve .
Fg/4 QUADRATURE! '67-TAP HALFBAND! | Fg/4 QUADRATURE: !
DOWN CONVERT ! ! u '
PROCESSOR

PROCESSOR
**DELAY 2-36

OUTPUT DATA FLOW

P CONVERT ¢!
PROCESSOR | CONTROLLER

EVEN TAP
FILTER

1

**DELAY 19

ODD TAP
FILTER

BOUTO-15

MODEO-1
SYNC#

INT/EXT#

RNDO-2

FMT#

** INDICATES ELEMENTS WHICH OPERATE AT CLK/2 WHEN THE INT/EXT# CONTROL INPUT IS HIGH.
FIGURE 1. HALFBAND BLOCK DIAGRAM

Functional Description

The operation of the HSP43216 centers around a fixed
coefficient, 67-Tap, Halfband Filter Processor as shown in
Figure 1. The Halfband Filter Processor operates stand
alone to provide two fundamental modes of operation,
interpolate or decimate by two filtering of a real signal. In two
other modes, the Quadrature Up/Down Convert circuitry
operates together with the Filter Processor block to provide
Fg/4 Down Conversion with decimate by 2 filtering or
Quadrature to Real Conversion.

In Down Convert and Decimate mode, a real input sample
stream is spectrally shifted by Fg/4. Each component of the
resulting complex signal is then halfband filtered and
decimated by 2 to produce real and imaginary output
samples at half of the input data rate.

In Quadrature to Real Conversion mode, the real and imagi-
nary components of a quadrature input are interpolated by
two and halfband filtered. The filtered result is then spectrally
shifted by Fs/4 and the real component of this operation is
output at twice the input sample rate.The HSP43216 is con-
figured for different operational modes by setting the state of
the mode control pins, MODE1-0 as shown in Table 1.

TABLE 1. MODE SELECT TABLE

MODE1-0 MODE
00 Decimate by Two
01 Interpolate by Two
10 Down Convert and Decimate
11 Quadrature to Real Conversion

Input Data Flow Controller

The Input Data Flow Controller routes data samples from the
AINO-15 and BINO-15 inputs to the internal processing
elements of the Halfband. The data routing paths are based
on mode of operation and are more fully discussed in the
Operational Modes section.

Fs/4 Quadrature Down Convert Processor

The Fg/4 Quadrature Down Convert Processor operates as
a Quadrature LO which provides the negative Fg/4 spectral
shift required to center the upper sideband of a real input
signal at DC. This operation is equivalent to multiplying the
real sample stream, x(n), by the quadrature components of
the complex exponential @12 as given below:

(RN/2)

x(nye? = x(n) cos (RN/2) +jx () sin (~xn/2)

For added flexibility, a spectrally reversed version of the
above process may be realized by configuring the Down
Convert processor to impart a positive Fg/4 spectral shift on
the input signal. This has the effect of centering the lower
sideband of the input signal at DC and is achieved by
reversing the sign of the sine term in the quadrature mix as
shown below:

j(mn/2)

x(n)e = x(n) cos (mn/2) +jx(n) sin (xn/2)

The direction of the spectral shift imparted by the Down
Convert Processor is set by the Upper Sideband/ Lower
Sideband control input, USB/LSB#. When this input is
“High”, a -Fg/4 spectral shift is used to center the input
signal’s upper sideband at DC. When asserted low, a
spectral shift of Fg/4 is used to center the lower sideband at
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TABLE 2. FREQUENCY RESPONSE OF THE 67-TAP HALFBAND FILTER NORMALIZED TO THE SAMPLE RATE

FREQUENCY MAGNITUDE FREQUENCY MAGNITUDE FREQUENCY MAGNITUDE FREQUENCY MAGNITUDE
(NORMALIZED) (dB) (NORMALIZED) (dB) (NORMALIZED) (dB) (NORMALIZED) (dB)
0.000000 -0.000256 0.125000 -0.000278 0.250000 -6.020594 0.375000 -00.469534
0.003906 -0.000143 0.128906 -0.000098 0.253906 -7.989334 0.378906 -91.528735
0.007812 -0.000071 0.132812 0.000001 0.257812 -10.364986 0.382812 -98.960202
0.011719 -0.000013 0.136719 0.000077 0.261719 -13.194719 0.386719 -105.235066
0.015625 -0.000004 0.140625 0.000166 0.265625 -16.533196 0.390625 -97.073218
0.019531 -0.000001 0.144531 0.000106 0.269531 -20.447622 0.394531 -101.790858
0.023438 0.000032 0.148438 0.000015 0.273438 -25.024382 0.398438 -103.660592
0.027344 -0.000000 0.152344 -0.000022 0.277344 -30.379687 0.402344 -96.903272
0.031250 -0.000026 0.156250 -0.000048 0.281250 -36.679477 0.406250 -97.160860
0.035156 0.000002 0.160156 -0.000074 0.285156 -44.169450 0.410156 -106.804655
0.039062 0.000036 0.164062 -0.000022 0.289062 -53.259353 0.414062 -96.213761
0.042969 0.000050 0.167969 0.000005 0.292969 -64.619008 0.417969 -91.368358
0.046875 0.000021 0.171875 0.000009 0.296875 79.291213 0.421875 -91.202963
0.050781 0.000008 0.175781 0.000041 0.300781 -90.247748 0.425781 -96.903271
0.054688 -0.000012 0.179688 0.000095 0.304688 -91.540418 0.429688 -103.058722
0.058594 -0.000140 0.183594 0.000090 0.308594 -96.987389 0.433594 -92.156508
0.062500 -0.000226 0.187500 -0.000012 0.312500 -97.990997 0.437500 -90.247741
0.066406 -0.000138 0.191406 -0.000037 0.316406 -94.450644 0.441406 -91.623161
0.070312 0.000010 0.195312 -0.000145 0.320312 -94.268681 0.445312 -98.760392
0.074219 0.000036 0.199219 -0.000208 0.324219 -97.250387 0.449219 -103.883238
0.078125 0.000179 0.203125 -0.000927 0.328125 -103.660592 0.453125 -96.861830
0.082031 0.000190 0.207031 -0.005089 0.332031 -105.940671 0.457031 -96.987388
0.085938 0.000064 0.210938 0.018871 0.335938 -98.212931 0.460938 -100.046559
0.089844 0.000011 0.214844 -0.053894 0.339844 -04.313447 0.464844 -106.804655
0.093750 -0.000064 0.218750 -0.128250 0.343750 -95.354251 0.468750 -104.119091
0.097656 -0.000018 0.222656 -0.266964 0.347656 -98.447393 0.472656 -105.235066
0.101562 -0.000000 0.226562 -0.501238 0.351562 -103.249457 0.476562 -104.637666
0.105469 0.000020 0.230469 -0.866791 0.355469 -93.387604 0.480469 -105.940673
0.109375 0.000053 0.234375 -1.401949 0.359375 -91.390894 0.484375 -107.323099
0.113281 0.000012 0.238281 -2.145048 0.363281 -04.404415 0.488281 -102.375213
0.117188 -0.000022 0.242188 -3.137997 0.367188 -103.883234 0.492188 -94.009640
0.121094 -0.000149 0.246094 -4.416657 0.371094 -93.245384 0.496094 -91.312516
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DC. The SYNC# control input may be used to synchronize
the incoming data stream with the zero degree phase of the
complex exponential as described in the Operational Modes
section.

The real and imaginary sample streams generated by the
down convert operation are passed to the Halfband Filter
block on the upper and lower processing legs respectively.

The Down Convert Processor is only active in Down Convert
and Decimate Mode, MODE1-0 = 10. In the other modes,
the data on the upper and lower processing legs pass
unaltered.

67-Tap Halfband Filter Processor

The processing required to implement the 67-Tap Halfband
fiter is distributed across two polyphase branches
comprised of even and odd tap filters as shown in Figure 1.
The Even Tap Filter performs a filtering operation using the
even indexed coefficients (even phase) of the halfband filter.
The Odd Tap Filter uses the odd indexed coefficients (odd
phase) of the halfband filter. Note: the odd tap filter's
processing reduces to a delay and scale operation since the
center tap is the only non-zero odd tap for a halfband filter.
Together the polyphase filters perform the sum of-products
required to implement the 67 tap halfband filter in an
architecture capable of supporting a variety of operational
modes. The frequency response of the halfband filter is
given graphically in Figure 2 and in tabular form in Table 2.

The polyphase implementation of the halfband filter provides
the flexibility to realize a variety of filter configurations. In
Decimate by Two Mode, the outputs of the each polyphase
branch are summed to yield the filter output. In interpolate
by Two mode, the polyphase filters produce independent
outputs which are multiplexed into a single sample stream at
the interpolated data rate. In the Up Convert and Down
Convert Modes, the polyphase branches filter the real and
imaginary components of a complex sample stream with the
equivalent of identical 67-Tap Halfband Filters. For these
modes, the real component is processed by the Even Tap
filter and the imaginary component is processed by the Odd
Tap filter. The Operational Modes Section provides further
details regarding the data flow and operation of the Filter
Processor for the various modes.

°
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FIGURE 2. FREQUENCY RESPONSE OF 67 - TAP HALFBAND
FILTER

Fs/4 Quadrature Up Convert Processor

The Fg/4 Quadrature Up Convert Processor provides the
Fg/4 spectral shift used to construct a real signai from a
complex sample stream. The operation performed is
equivalent to multiplying a quadrature data stream,
i(n)+jq(n), by samples of a complex exponential, €2 and
outputting the real part of that mathematical operation as
given below:

Real { (i (n) +ja(n) ) 1 ™2)}

= Real {[i (n) cos (nn/2) - q(n) sin (xn/2)]
+j [i (n) sin (rn/2) + q(n) cos (rn/2)]}

= i(n) cos (nn/2) - g(n) sin (xn/2)
= i(n) cos (rn/2) + q(n) sin (-xn/2)

In the above operation, a positive Fg/4 spectral shift is
imparted on the quadrature input which causes the upper
sideband of the resulting real output to be defined by the
spectral content of the input signal. For added flexibility, the
Up Convert processor may be configured to impart a
negative Fg/4 shift on the quadrature input which generates
a real output whose lower sideband is defined the spectrum
of the quadrature input. The state of the USB/LSB# control
input determines the direction of the spectral shift. If this
input is set “High”, a positive Fg/4 shift is introduced by the
Up Convert Processor. If USB/LSB# is asserted “Low”, a
negative Fg/4 spectral shift is introduced.

The Up Convert Processor implements the up convert
operation by multiplying the in-phase and quadrature
samples on the upper and lower processing legs by the
nonzero sine and cosine terms in the above expression. The
resulting data is then multiplexed together in the Output Flow
Controller to yield the real output sample stream. The
SYNC# control input may be used to align the zero degree
phase of the Up Convert LO with a particular input sampie
as described in the Operational Modes Section.

The Up Convert Processor also scales the data streams
output from the Filter Processor as required by the
operational mode. In the modes which employ interpolation,
the Up Convert Processor scales the Filter Processor’s
output by two to compensate for the attenuation of one half
caused by the interpolation process. In down convert and
decimate mode, the filter processor output is also scaled by
two to compensate for the attenuation introduced by the
down covert process. The scaling operations performed are
summarized in Table 3.

TABLE 3. SCALE FACTORS APPLIED BY UP CONVERT

PROCESSOR vs MODE
MODE SCALE FACTOR
Decimate by Two (MODE1-0 = 00) 1.0
Interpolate by Two (MODE1-0 = 01) 2.0
Down Convert and Decimate (MODE1-0 = 10) 2.0
Quadrature to Real (MODE1-0 =11) 2.0
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Output Data Flow Controller

The Output Flow Controller routes data to the AOUT0-15
and BOUTO0-15 output depending on mode of operation. in
decimate by two mode (MODE1-0 = 00), output from the
fiter processor's polyphase branches are summed and
output through AOUTO-15. In Down Convert and Decimate
mode (MODE1-0 = 10), real and imaginary data streams
produced by the down convert process pass are output
directly to AOUTO-15 and BOUTO0-15 respectively. In the two
modes using interpolation, MODE1-0 = 01 or 11, with
internal multiplexing enabled, INT/EXT# set high, data sam
ples output from the polyphase branches are internally multi-
piexed into a single stream and output via AOUTO-15. If a
mode using interpolation is specified together with external
multiplexing, INT/EXT# set low, the data stream multiplexing
is performed off chip and the data on the upper and lower
procaessing legs is output through AOUTO0-15 and BOUTO15.

The Output Data Flow Controller also sets the binary format
and precision of the parts two 16-bit outputs. The data for-
mat is specified as either two’s complement (FMT input low)
or offset binary (FMT input high). The precision of the output
data is set from 8 to 16-bits via the round control inputs,
RND2-0. The RND2-0 inputs round the output data to a
precision ranging from 8 to 16-bits as specified in Table 4.
Saturation logic is incorporated in the output flow controller
to insure that numerical growth associated with a worst case
signal input or rounding condition saturates to a 16-bit value.

TABLE 4. OUTPUT ROUNDING CONTROL

RND
2-0 ROUND FUNCTION
000 | Round output to 8-bits, AOUT15-8 and BOUT15-8, zero
lower bits.
001 } Round output to 9-bits, AOUT15-7 and BOUT15-7, zero
lower bits.
010 | Round output to 10-bits, AOUT15-6 and BOUT15-6, zero

lower bits.

011 | Round output to 11-bits, AOUT15-5 and BOUT15-5, zero
lower bits.

100 | Round output to 12-bits, AOUT 15-4 and BOUT15-4, zero

lower bits.

101 | Round output to 14-bits, AOUT15-2 and BOUT15-2, zero
lower bits.

110 | Round output to 16-bits, AOUT15-0 and BOUT15-0.

111 | Zero all outputs.

Operational Modes
Decimate By 2 Fiiter Mode (Mode1-0= 00)

The concept of operation for Decimate by Two Filter mode is
most easily understood by comparing the 7 tap transversal
fiter implementation to the equivalent polyphase
implementation. The transversal implementation is shown in
Figure 3.

«Y¥4,Y2,YO

X3,X2,X1,X0 ‘. I I r 1

€0 C1 C2 C3 C4 C5 C6|

Y(0) = X0(C0}+X1(C1)+X2(C2)+X3(C3)}+X4(C4)+X5(C5}+X6(C6)
+ Y(1) = X1{COMX2(C1)+X3(C2)+X4(C3)+X5(C4)+X6(C5)+X7(C6)
Y(2) = X2(CO}+X3(C1)+X4(C2)+X5(C3}+X6(C4)+X7(C5)+X8(CS)
« Y(3) = X3{CO}+X4(C1)+X5(C2)+X6(C3)}+XT(C4)+X8(C5)}+X9(C8)
*
L ]

]
* INDICATES SAMPLES DISCARDED BY DECIMATION PROCESS

FIGURE 3. TRANSVERSAL IMPLEMENTATION OF DECIMATE
BY 2 HALFBAND FILTER

By inspecting the sum-of-products for the decimated output
in Figure 3, it is seen that even indexed input samples are
always multiplied by the even filter coefficients and the odd
samples are always multiplied by the odd coefficients. This
computational partitioning is realized in the polyphase
implementation shown in Figure 4.

In the polyphase implementation, the input data is broken
into even and odd sample streams which are processed by a
set of polyphase filters running at one half of the input data
rate. These filters are designated as even or odd tap filters
depending upon whether the coefficients were derived from
the even or odd indexed coefficients of the original
transversal filter. This architecture only produces the outputs
which are not discarded by the decimation proces. NOTE:
since the only non-zero tap for a halfband filter is the center
tap, the Odd Tap Filter reduces to a delay and multiply
operation.

The operation of the HSP43216 in Decimate by Two mode is
analogous to the polyphase implementation in Figure 4. In
this mode, the internal data paths are routed as shown in
Figure 5A and Figure 5B. The different data fiows depend on
whether internal or external muitiplexing has been selected
using the INT/EXT# control input. In either case, an input
data stream is decomposed into even and odd sample
streams which are then routed to the even and odd tap
polyphase filters. The output of each polyphase filter is
summed and output via AOUTO-15.

EVEN TAP FILTER
«X4,X2,X0 I I
C0C2C4C6 -Y2,Y1,Y0
0DD TAP FILTER
«X5X3X1 | R I
—
ol |2 can
C1C3CSs

Y(0) = X0(C0)+X1(C1)+X2(C2)+X3(C3)+X4(C4)+X5(C5)+X6(C6)
Y(1) = X2(C0)+X3(C1)+X4(C2)+X5(C3)+X6(C4)+X7(C5)+X8(C6)
. .
.
.

FIGURE 4. POLYPHASE IMPLEMENTATION OF DECIMATE BY
2 HALFBAND FILTER
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*% DELAY2-35
*k *% ki
AINo-18 EVEN TAP
FILTER 0
AOUTO-15
1 0 R|FIR}R
IN|MIE|E
*% DELAY 19 1 s HER
ODD TAP o
FILTER OEA#
** CLOCKED AT CLK/2
FIGURE 5A. DATA FLOW DIAGRAM FOR DECIMATE BY 2 FILTER MODE (INT/EXT# = 1)
DELAY 2-35
AINO-15 EVEN TAP
® 2 Q)
AOUTO-15
1 1 o R ; R 2
ELAY 19 N| Ml E
1 1 2 1 l p|T]G]G
BINO-15 E E ODD TAP
=B o = |
E OEA#

FIGURE 5B. DATA FLOW DIAGRAM FOR DECIMATE BY 2 FILTER MODE (INT/EXT# = 0)

If internal multiplexing is selected (INT/EXT# = 1), the input
data stream is decomposed into even and odd samples
internally by the processing elements operating at one halif
of the input CLK (see elements marked by “**” in Figure 5A).
In this mode, the Data Flow Controller routes data samples
input through AINO-15 to upper and lower processing legs
with a one sample relative delay. Since a new data sample is
clocked into either of the processing legs at CLK/2, each leg
processes a data stream comprised of every other input
sample, and the one sample relative delay of each leg's
input forces the even samples to be clocked into one leg
while the odd samples are clocked into the other. The user
may choose which sample gets routed to the upper (even)
processing leg by asserting SYNC#. Specifically, a sample
input on the CLK following the assertion of SYNC# will be
routed to the upper processing leg as shown in Figure 6.
With internal multiplexing, the minimum pipeline delay on the
upper processing leg is 14 CLK’s and the pipeline delay on
the bottom leg is 47 CLK's. The filtered and decimated data
stream is held on AOUTO-15 for 2 CLK’s.

If external multiplexing is selected (INT/EXT# = 0), a
demultiplex function is required off chip to break the input
data into even and odd sample streams for input through
AINO-15 and BINO-15. In this mode, the Data Flow Controlier
routes the even and odd sample streams directly to the
following processing elements which are all running at the
input CLK rate. This allows the device to perform decimate
by two filtering on signals sampled at up to twice the
maximum CLK rate of the device (104 MSPS). With external
multiplexing, the minimum pipeline delay through the upper
processing leg is 9 CLK’s and the pipeline delay through the
lower processing leg is 26 CLK's as shown in Figure 5B. In

this mode, SYNC# has no effect on part operation. NOTE:
for proper operation, the samples demultiplexed to the AINO-
15 input must precede those input to the BINO-15 input in
sample order. For example, given a data sequence x0, x1,
x2 and x3, the demulttiplex function would route x0 and x2 to
AINO-15 and x1 and x3 to BINO-15.

o 1 2
CLK LV g N
SYNCY =y /-
ANo-15 :Cﬁ 000 CEVEN

INPUTS DESIGNATED AS EVEN ARE PROCESSED ON THE UPPER

LEG, INPUTS DESIGNATED AS ODD ARE PROCESSED ON THE

LOWER LEG.

FIGURE 6. DATA SYNCHRONIZATION WITH PROCESSING
LEGS (INT/EXT# = 1)

Interpolate By 2 Filter Mode (Mode1-0 = 01)

As with the Decimate by Two mode the concept of operation
for the Interpolate by Two Filter mode is more easily
understood by comparing a 7 tap transversal filter
implementation to the equivalent polyphase implementation.
The transversal implementation is shown in Figure 7.

By inspecting filter outputs in Figure 7, it is seen that the
even indexed outputs are the result of the sum-of-products
for the odd coefficients, and the odd indexed outputs are
theresult of the sum-of-products for the even coefficients.
This computational partitioning is evident in the polyphase
implementation shown in Figure 8.
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7 TAP HALFBAND FILTER
«X2,X1,X0 IT I .X1,0,X0,0 I I I «¥1,Y0
12 t. I
Coc1c2c3c4 C5Ce)

Y(0) = 0(COMXO0(C1)+0(C21+X1(C3)}+0(C4)+X2(C5}+0(CE)
Y(1) = XO(COp+O(C1)+X1(C2)+0{C3)}+X2(C4)+0(CE}+X3(CE)
Y(2) = 0(CO}+X1(C1)+0(C2+X2(CI}+0(C4)+X3(C5H0(CE)

¥(3) = X1{COp+0(C1)+X2(C2)+0(C3)+X3(C4)+0(C5)+X4(CE)

FIGURE 7. TRANSVERSAL IMPLEMENTATION OF
INTERPOLATE BY TWO HALFBAND FILTER.

EVEN TAP FILTER

174

C0C2C4Cs

-Y5,Y3,Y1

. X2,X1,X0

Y¥2,Y1,Y0

ODD TAP FILTER
H I
E
. L 4
6| | cicacs| -Yavavo

YO0 = XO(C1)}+X1(C3)+X2(C5)
Y1 = X0(C0)+X1(C2)+X2(C4)+X3(C6)
Y2 = X1(C1)+X2(C3)+X3(C5)

FIGURE 8. POLYPHASE IMPLEMENTATION OF
INTERPOLATE BY TWO HALFBAND FILTER

In the polyphase implementation, the input data stream
feeds even and odd tap filters running at the input sample
rate. The interpolated sample stream is derived by
multiplexing the output of each polyphase branch into a
single data stream at twice the input sample rate. As in the
Decimate by Two example, the even or odd tap filters are
comprised of the even or odd indexed coefficients from the
original transversal filter.

The operation of the HSP43216 in Interpolate by Two mode
is analogous to the polyphase example above. In this mode
the internal data flow is routed as shown in Figure 9A and
Figure 9B. The different data flows depend on the selection
of internal or external muitiplexing via INT/EXT#. In this
mode, data input through AINO-15 is fed to the even and odd
polyphase branches of the filter processor. The output of
each branch is multiplexed together to generate the output
data stream at the interpolated rate. NOTE: the output of
each polyphase branch is scaled by two to compensate for
the attenuation of one half caused by interpolation.

If internal multiplexing is selected (INT/EXT# = 1), the data
stream input through AINO-15 is fed to both the upper and
lower processing legs as shown in Figure 9A. The output of
each processing leg is then multiplexed together to produce
the interpolated sample stream at twice the input sample
rate. In this mode the device is clocked at the interpolated
data rate to support the multiplexing of each processing leg’s
output into a single data stream. The upper and lower
processing legs each run at the input data rate of CLK/2 as
indicated by the “**” marking the various registers and
processing elements in Figure 9A. In this mode, data sam-
ples are clocked into the part on every other rising edge of
CLK. The SYNC# signal is used to specify which set of CLK

** DELAY 2-35

*k %

EVEN TAP
FILTER

AOUTO-15

cz

*k
- 1 " DELAY 19 2 X
B e 0DD TAP 0
ALTER OEA#
“* CLOCKED AT CLK/2

FIGURE 9A. DATA FLOW DIAGRAM FOR INTERPOLATE BY 2 FILTER MODE (INT/EXT# = 1)

gt EgumECEER: o
BOER Q E EEE > BOUT0-15

FIGURE 9B. DATA FLOW DIAGRAM FOR INTERPOLATE BY 2 FILTER MODE (INT/EXT# = 0)
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cycles are used to register data at the part’s input. Specifi-
cally, every other rising edge of CLK starting one CLK after
the assertion of SYNC# will be used to clock data into the
part. With internal multiplexing the minimum pipeline delay
through the upper processing leg is 15 CLK’s and the pipe-
line delay through the lower processing leg is 48 CLK’s.

If external muitiplexing is selected (INT/EXT# = 0), the upper
and lower processing legs are output through AOUT0-15
and BOUTO0-15 for multiplexing into a single data stream off
chip.This allows the processing legs to run at the maximum
clock rate which coincides with an interpolated output data
rate of 104 MSPS. NOTE: the samples output on BOUTO0-15
precede those on AOUTO-15 in sample order. This requires
a multiplexing scenario in which BOUTO0-15 is selected
before AOUTO-15. With external multiplexing, the minimum
pipeline delay through the upper processing leg is 9 CLK’s
and the pipeline delay through the lower processing leg is 26
CLK's as shown in Figure 9B. In this mode SYNC# has no
effect on part operation.

Down Convert and Decimate Mode (MODE1-0 = 10)

In Down Convert and Decimate Mode a real input signal is
spectrally shifted -Fg/4 which centers the upper sideband at
DC. This operation produces real and imaginary
components which are each filtered and decimated by
identical 67-tap halfband filters. For added flexibility, a
positive Fg/4 spectral shift may be selected which centers
the lower sideband at DC. The direction of the spectral shift
is selected via USB/LSB# as described in the Quadrature
Down Convert section. A spectral representation of the down
convert and decimate operation is shown in Figure 10 (USB/
LSB#=1). NOTE: each of the complex terms output by the
Filter Processor are scaled by two to compensate for the
attenuation of one half introduced by the down conversion
process.

The Down Convert and Decimate mode is most easily
understood by first considering the transversal
implementation using a 7 tap filter as shown in Figure 11.

By examining the combination of down conversion, filtering
and decimation, it is seen that the real outputs are only
dependent on the sum-of-products for the even indexed
samples and filter coefficients, and the imaginary outputs
are only a function of the sum-of-products for the odd
indexed samples and filter coefficients. This computational
partitioning allows the quadrature filters required after down
conversion to be realized using the same poly-phase
processing elementsused in the previous two modes.

A functional block diagram of the polyphase implementation
is shown in Figure 12. In this implementation, the input data
stream is broken into even and odd sample streams and
processed independently by the even and odd tap filters. By
decomposing the sample stream into even and odd samples,
the zero mix terms produced by the down convert LO drop
out of the data streams, and the output of each of the filters
represent the decimated data streams for both the real and
imaginary outputs.

INPUT SIGNAL SPECTRUM

Fg2 0 Fs2 Fs

DOWN CONVERTED SIGNAL

VN

Fg2 0 Fg2 Fg

FILTERED SIGNAL
/ FILTER PASSBAND

Fg2 0 Fg2 Fg

DECIMATED OUTPUT SIGNAL SPECTRUM

_ahan

-Fs 0 Fs 2Fg

Fg = INPUT SAMPLE RATE
F’s = DECIMATED SAMPLE RATE,Fg/2

FIGURE 10. DOWN CONVERT AND DECIMATE OPERATION

HALFBAND FILTER
...R2,RO
“‘xzx‘txor-\\xl te. I I 1 ot _'E -
C0C1C2C3C4Cs CGI
1c'c§§(1ri1?ié') HALFBAND FILTER
] I T wni2l0
te. « ! 12 —>
C0C1C2C3C4C5C6|

0.-1,0,1...
I

SiN(-rix2)
REAL OUTPUTS
RO = X0(CO}0{C1)-X2(C2)+D(C3)+X4(CA)+0{C5)-X6(C8)
+ R1 = 0(C0)-X2(C1)+0(C2)}+X4{C3)+0(C4)-X6(C5)+0(C8)
R2 = -X2(C0)+0(C1)+X4(C2)+0(C3)-X6(C4)+0{C5)}+X4(C6)
« R3 = 0(C0)+X4(C1)+0(C2)-X6(C3)+0(C4)+X4(C5)+0(C8)
.

.
3

IMAGINARY OUTPUTS
10 = 0(C0)-X1(C1)+0(C2)+X3(C3)}+0(C4)-X5(C5)+0(C6)

+ 11 = -X1(C0)+0(C1)+X3(C2)+0(C3)-X5(C4)+ 0(C5)+X7(C6)
12 = O(COMX3(C1)+0(C2)-X5(C3)}+0({C4)+XT(C5)+0(CE)

+ 18 = X3(C0)+0(C1)-X5(C2)+0(C3)+X7(C4)+0(C5)-X9(C6)

* INDICATES SAMPLES DISCARDED BY DECIMATION PROCESS

FIGURE 11. DOWN CONVERT AND DECIMATE FUNCTION
USING TRANSVERSAL FILTERS
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EVEN TAP FILTER
e X4,X2,X0 T I «,R1,R0
t t—
C0 C2C4 C6
1,1,1,-1,..
Cos Lo ODD TAP FILTER
R
e X5,X3,X1 E I 11,10
. G [ ] L
C1C3C5
-1,1,-1,1..
SINLO
REAL OUTPUTS IMAGINARY OUTPUTS

RO = X0{CO)-X2(C2)+X4(C4)-X6(C8)
R1 = -X2(CO)+X4(C2)-X6(C4)+X8(C6)
R2 = X4(C0)-X6(C2)+X8(C4)-X10(C6)

10 = -X1(C1)}+X3(C3)-X5(CS5)
1 = X3(C1)-X5(C3}+X7(C5)
12 = -X5(C1)+X7(C3)-X9(C5)

. .
L] L]
FIGURE 12. DOWN CONVERT AND DECIMATE FUNCTION
USING POLYPHASE FILTERS

The HSP43216's implementation of Down Convert and
Decimate mode is analogous to the polyphase solution
shown in Figure 12. The part's data flow diagram for this
mode is shown in Figure 13A and Figure 13B. As seen in the
figures, the input sample data is broken into even and odd
sample streams which feed the upper and lower processing
legs as described in the Decimate By 2 Mode section. The
data on each processing leg is then modulated with the non
zero quadrature components of the complex exponent (see
Quadrature Down Convert Section). Following this
operation, the upper leg becomes the processing chain for

the real (in-phase) component of the quadrature down
conversion and the lower leg processes the complex
(Quadrature) component of the down conversion. The filter
processing block implements the equivalent of a decimate by
two Halfband filter on each of the quadrature legs.

If internal multiplexing is specified (INT/EXT# = 1), the upper
and lower processing legs are fed with even and odd sample
streams which are derived from data input through AINO-15.
The input sample stream may be synchronized with the zero
degree phase term of the down converter LO by using the
SYNCH# control input. For exampls, an input data sample will
be fed into the real (upper) processing leg and mixed with
the zero degree cosine term of the quadrature LO if it is input
on the 4th CLK following the assertion of SYNC# as shown
in Figure 14. The pipeline delay through the real processing
leg (upper leg) is 14 CLK's and the delay through the
imaginary processing leg (lower leg) is 47 CLK's. The
complex samples output through AOUTO-15 and BOUTO-15
are present for 2 CLK's since the quadrature streams have
been decimated by two in the filter processor.
0 1 2 3

sv::':_l—ja_L.Jl_l_N_l@_L.IF'L.I—L
—'\

AINO~153: 2

THE SAMPLE DESIGNATED BY THE 0° AND 180° LABELS ARE
MIXED WITH THE RESPECTIVE COSINE TERMS ON THE UPPER
PROCESSING LEG, AND THE OTHER SAMPLES, THOSE LABELED
BY 90° AND 270°, ARE MIXED WITH THE RESPECTIVE SINE TERMS
ON THE LOWER LEG.

FIGURE 14. DATA SYNCHRONIZATION TO 0° PHASE OF
QUADRATURE LO

%% DELAY 2-35
*k xk *&
AINO-15 EVEN TAP R AOUTO-15
FLTER 0 E IN
D
2 OEA#
*& DELAY 19 2
*k
BOUTO-15
ODD TAP 9
FILTER
** CLOCKED AT CLK/2 OEB#

FIGURE 13A. DATA FLOW DIAGRAM FOR DOWN CONVERT AND DECIMATE MODE (INT/EXT# = 1)

DELAY 2-35
EVENTAP e : 2 N AOUTO0-15
FILTER BEE
1,1, 2 OEA#
1,1,-1,1,... DELAY 19 2
BING-15 R BOUTO-15
0DD TAP > e N
E B FILTER E D EEE >
OEB#

FIGURE 13B. DATA FLOW DIAGRAM FOR DOWN CONVERT AND DECIMATE MODE (INT/EXT# = 0)
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If external multiplexing is selected (INT/EXT# = 0), a
demultiplex function is required off chip to break the input
data stream into even and odd samples for input through
AINO-15 and BINO-15. In this mode, the real and imaginary
processing legs run at the input clock rate which allows the
device to perform the down convert and decimate function
on real signals sampled at up to twice the maximum speed
grade of the device (104 MSPS). With external multiplexing,
the minimum pipeline delay through the upper processing
leg is 9 CLK's and the pipeline delay through the lower
processing leg is 26 CLK's as shown in Figure 13B. To
synchronize the even samples input through AINO-15 with
the zero degree cosine term of the quadrature LO, SYNC#
should be asserted on the same clock that the target sample
is present at the input of the part as shown in Figure 15.
NOTE: for proper operation, the samples demultiplexed to
the AINO-15 input must precede those input to the BINO-15
input in sample order. For example, given a data sequence
x0,x1,x2,and x3, the demultiplex function would route x0 and
x2 to AINO-15 and x1 and x3 to BINO-15.

cLK —I_-f 11

SYNCH =y
\

S—
AINO-15 x 0°

THE 0° AND 180° LABELS INDICATE THE PHASE ALIGNMENT OF
THE SAMPLES INPUT THROUGH AINO-15 WITH THE COSINE TERM
OF THE QUADRATURE DOWN CONVERT LO.

180° 0° 180°

FIGURE 15. DATA SYNCHRONIZATION WITH PHASE OF DOWN
CONVERT LO

Quadrature to Real Conversion Mode (MODE1-0 = 10)

The Quadrature to Real Conversion mode is used to
construct a real output from a quadrature input. To
accomplish this, the Halfband Filter Processor interpolates
the quadrature components of the complex input signal by a
factor of two. Next, the Quadrature Up-Convert Processor
specirally shifts the signal by Fg/4 and derives the real
output as described in the Fg/4 Quadrature Up-Convert
Processor Section. The direction of the spectral shift is
controlled via the USB/LSB# input and is used to designate
the frequency content of the complex input as either the
upper or lower sideband of the resulting real output signal. A
spectral representation of quadrature to real conversion is
shown in Figure 16 for USB/LSB# = 1. NOTE: the Fg/4 Up-
Convert Processor uses quadrature mix factors scaled by
two to compensate for the attenuation introduced by the
interpolation process.

The Quadrature to Real Conversion mode is most easily
understood by first considering an implementation using a 7
tap transversal filter as shown in Figure 17. By examining the
combination of interpolation, filtering, and up conversion it is
seen that a particular output is only dependent on the sum-
of-products for the even indexed samples and coefficientsor
the sum-of-products for the odd indexed samples and
coefficients. This computational partitioning allows the dual
interpolation filters required in this m ode to be realized using
the same poly-phase filter structure used in the other modes.

A functional block diagram of the polyphase implementation
for Quadrature to Real Conversion mode is shown in Figure
18. In this implementation, the real and imaginary
components of a complex input stream drive the even and
odd tap filters. The output of each filter is then modulated by
the non-zero mix factors and multiplexed into a single real
output stream.
INPUT SIGNAL SPECTRUM

-Fs ] Fs  2Fs

INTERPOL{ TED SIGNAL
/ FILTER PASSBAND

AL AL
Fg2 0  Fgr Fs

UPCONVERTED SIGNAL

—A A

Fs2 0 Fs2 Fy
REAL OUTPUT
;

YNV

Fg2 © Fg2 Fg

, Fs = INPUT SAMPLE RATE
F s = INTERPOLATED SAMPLE RATE, 2Fg

FIGURE 16. QUADRATURE TO REAL CONVERSION

As in the other modes, the operation of the HSP43216 in
Quadrature to real Conversion mode is analogous to that of
the polyphase solution described above. The data flow
diagrams for this particular mode are shown in Figures 19A
and 19B.

HALFBAND FILTER

..m,RoE--“”-m"’ t. I ] I .t

C0C1C2C3C4C5C6

COS((N+1)m/2)
0,1,0,1...

...Y2,Y1,Y0
HALFBAND FILTER

ot

C0C1C2C3CaAC5C6

1,00 I2T .11,0,10,0
41,0,1,0...

SIN(-(N+1)m/2)

Y(0) = 0(0(CO}+R0(C1)+0(C2)+R1(C3)+0(C4)+R2(C5)+0(CE))+
-1(0(CO)+10(C1)+0(C2)+11(C3)+0(C4)+12(C5)+0(CB))

Y(1) = 1(RO(CO)+0(C1)+R1(C2)+0(C3)+R2(C4)+0(C5)+R3(CE))+
0(10(C0)+0(C1)+11(C2)+0(C3)+12(C4)+0(C5)+13(CS))

Y(2) = 0{0(CO}+R1(C1)+0(C2)+R2(C3)+0(C4)+R3(C5)+0(CE))+
1(0(C0)+11(C1)+0(C2)+12(C3)+0(C4}+13(C5)+0(CS))

Y(3) = -1(R1(C0}+0(C1)+R2(C2)+0(C3)+R3(C4)+0(C5)+R4(CE))+
0(1(C0)+0(C1)+12(C2}+0(C34HI(CA)+0(CS)+14(CE)

FIGURE 17. QUADRATURE TO REAL CONVERTER USING
TRANSVERSAL FILTERS
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EVEN TAP AILTER
.R1,R0 1
1t T t
CoC2C4C8
1A, - Y2,Y1,Y0
ODD TAP FILTER cos Lo
aigo B ]

LT 3 ‘

G [ ] [

¢1¢3Cs

-1,1,1,1..
SINLO

Y(0) = -1(10(C1)+11(C3))+12(CS))
Y(1) = 1{RO(CO}+R1(C2)+R2(C4)}+RH(CS))
Y(2) = 1(11(C1)+2(C3)+13(C5))
¥(3) = -1(R1(CO}+R2(C2)+R3(C4)+R4(CS))
FIGURE 18. POLYPHASE IMPLEMENTATION OF
QUADRATURE TO REAL CONVERTER

If Internal Multiplexing is specified (INT/EXT# = 1), the real
and imaginary components of the quadrature input are fed
through AINO-15 and BINO-15 and processed on the upper
and lower legs respectively (see Figure 19A). Each
component of the complex input is interpolated, mixed with
the non-zero sine and cosine terms of the quadrature LO,
and multiplexed together into a real output sample stream
through AOUTO-15. Prior to the output multiplexer, the upper
and lower processing legs each run at the input data rate of
CLK/2 as indicated by the “**” marking the various registers
and processing elements in Figure 19A. The complex input
sample stream may be synchronized with the zero degree
phase of the up converters quadrature LO by asserting the
SYNC# control input one cycle prior to the targeted data

sample as shown in Figure 20. This ensures that the real
sample input on the upper processing leg will be mixed with
the zero degree cosine term. The minimum pipeline delay
through the real processing leg (upper leg) is 15 CLK’s and
the delay through the imaginary processing leg (lower leg) is
48 CLK’s.

0 1 2
CLK —J

—X o

AINO-15 180° 9°

THE 0° LABEL INDICATES THE SAMPLE WHICH WILL BE MIXED
WITH THE 0° COSINE TERM OF THE QUADRATURE UP-CONVERT
LO.

FIGURE 20. DATA SYNCHRONIZATION WITH PROCESSING
LEGS (INT/EXT# = 1)

If external multiplexing is selected (INT/EXT# = 0), output
from the upper and lower processing legs exit through
AOUTO-15 and BOUTO-15 for multiplexing into a single data
stream off chip (see Figure 19B).This aliows the processing
legs to run at the maximum CLK rate which coincides with
an interpolated output data rate of up to 104dMSPS. NOTE:
the output on BOUTO-15 precedes that on AOUTO-15 in
sample order. This requires a multiplexing scenario which
selects BOUT0-15 then AOUTO-15 on each CLK of the
HSP43216. With external multiplexing, the minimum pipeline
delay through the upper processing leg is 9 CLK’s and the
pipeline delay through the lower processing leg is 26 CLK's
as shown in Figure 19B. The SYNC# control input is used as
described in the preceding paragraph.

%% DELAY 2-35
*k *k *k
AIN0-18 EVEN TAP R
e FILTER X E
d L f2
M AOUTO-15

1 2,2,2,2,.. G| RIF]R] R

% u N[nq Ele

1 + DELAY 19 22,22, MLuEE

BINo-1S oDD TAP X g OEA#

FILTER H

FIGURE 19A. DATA FLOW DIAGRAM FOR QUADRATURE TO REAL CONVERSION MODE (INT/EXT# = 1)

EVEN TAP
FILTER

O

DELAY 19

==

n AOUTO-15
— G-
OEA#
2,-2,2,-2,...
-2,2,-2,2,...

R BOUTO-15
E
G

OEB#

FIGURE 19B. DATA FLOW DIAGRAM FOR QUADRATURE TO REAL CONVERSION MODE (INT/EXT# = 0)
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Specifications HSP43216

Absolute Maximum Ratings

Supply Voltage . .. ....coiiiiit e +7.0V
Input, Output or /O Voltage ............ GND-0.5V to VCC+0.5V
Storage Temperature Range ................. -65°C to +150°C
Junction Temperature. ............. 150°C (PLCC),175°C(PGA)
Lead Temperature (Soldering 10s).................... +300°C
ESD Classification ..............oviiiiiiin, Class 1

Reliability Information

Thermal Resistance 04 8¢
PGAPackage ...........ccoviunnunn 37.2°CW  6°CW
PLCCPackage ..............ocuunn 23.0°CW  9°C/W

Maximum Package Power Dissipation at 70°C
PGAPackage ................. ...l 2.8W
PLCCPackage ...........coovviuiinnnenanenennnnnn 3.5wW

GateCount ..........oiiii e 35469 Gates

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range . . ................. +4.75V to +5.25V

Operating TemperatureRange .................. 0°C to +70°C

DC Electrical Specifications

(Voo = 5.0V £ 5%, Ty = 0° to +70°C)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Power Supply Current lccop - 468 mA Ve = Max, CLK Frequency 52MHz INT/
EXT#="1",
Notes 1,3
- 572 mA Ve = Max, CLK Frequency 52MHz INT/
EXT#="0,
Notes 2,3
Standby Power Supply Current leese - 500 pA Ve = Max, Outputs Not Loaded
input Leakage Current Iy -10 10 HA Vg = Max, Input =0V or Ve
Qutput Leakage Current lo -10 10 \ Vge = Max, Input =0V or Ve
Clock Input High Vine 3.0 - Vv Vee = Max
Clock Input Low ViLe - 0.8 \ Ve = Min
Logical One Input Voltage 'm 20 - v Ve = Max
Logical Zero Input Voltage Vi, - 0.8 \' Vge =Min
Logical One Output Voltage Vou 2.6 - v lon = -3mMA, Vg = Min
Logical Zero Output Voltage VoL - 0.4 v loL = 5mMA, Vge = Min
Input Capacitance Cin - 12 pF CLK Frequency 1MHz,
All measurements referenced to GND.
Output Capacitance Cour - 12 pF Ta = +25°C, Note 4
NOTES:

1. Power supply current is proportional to frequency. Typical rating is 9mA/MHz when Internal Multiplexing is selected, INT/EXT# = 1.
2. Power supply current is proportional to frequency. Typical rating is 11mA/MHz when External Multiplexing is selected, INT/EXT# = 0.

3. Output load per test circuit and C = 40pF.

4. Not tested, but characterized at initial design and at major process/design changes.
5. Maximum junction temperature must be considered when operating part at high clock frequencies.
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Specifications HSP43216

AC Electrical Specifications (Note 1)

52MHz
PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
CLK Period Tep 19 - ns -
CLK High Ten 7 - ns -
CLK Low TeL 7 - ns -
Setup Time AINO-15, BIND-15 to CLK Tos 7 - ns -
Hold Time AINO-15, BINO-15from CLK Ton 0 - ns -
MODEOQ-1, RNDO-2, INT/EXT#,SYN- Trs 7 - ns -
C#,USB/LSB# Setup Time to CLK
MODEO-1, RNDO-2, INT/EXT#,SYN- Trn 0 - ns -
C#,USB/LSB# Hold Time to CLK
CLK to AOUTO-15, BOUTO-15 Delay Too - 9 ns
Output Enable Time Toe - 9 ns -
Output Disable Time Top - 9 ns Note 2
Output rise, fail time Tre - 3 ns Note 2
NOTES:

1. AC tests performed with C = 40pF, Ig_ = 5mA, and Iy = -3mA. Input reference level for CLK is 2.0V, all other inputs 1.5V.
Test Viy = 3.0V, Vijuc = 4.0V, V) =0V.

2. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
changes.
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AC Test Load Circuit
s1 :
DUT , '
c' :
*TEST HEAD :
CAPACITANCE H = - = B
E EQUIVALENT CIRCUIT f
SWITCH S1 OPEN FOR I¢csg AND Iccop
Waveforms
TIMING RELATIVE TO CLK
le—on  Tcp
e—TcH ToL
CLK _/

Tes
MODEOC-1, RNDO-2,
INT/EXT#,SYNC#,
USB/LSB#

Tos Tox
AINO-15, BIN-15
l s Ten

— Tpo
AOUTO-15, BOUTO0-15 x

Toe
Top = |= <3|
OE#
OUTPUT RISE AND FALL TIMES
Tar Tar
2.0v V4
0.8V
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HSP43220

Decimating Digital Filter

Features

¢ Single Chip Narrow Band Filter with up to 96dB Atten-
uation

¢ DC to 33MHz Clock Rate

¢ 16-Bit 2's Complement Input

e 20-Bit Coefficients in FIR

¢ 24-Bit Extended Precision Output

¢ Programmable Decimation up to a Maximum of 16,384

+ Standard 16-Bit Microprocessor interface

¢ Fiiter Design Software Available DECIeMATE™

Applications

¢ Very Narrow Band Filters

e Zoom Spectral Analysis

* Channelized Receivers

* Large Sample Rate Converter

Ordering Information

Description

The HSP43220 Decimating Digital Filter is a linear phase
low pass decimation filter which is optimized for filtering nar-
row band signals in a broad spectrum of a signal processing
applications. The HSP43220 offers a single chip solution to
signal processing application which have historically
required several boards of IC’s. This reduction in component
count results in faster development times as well as reduc-
tion of hardware costs.

The HSP43220 is implemented as a two stage filter struc-
ture. As seen in the block diagram, the first stage is a high
order decimation filter (HDF) which utilizes an efficient deci-
mation (sample rate reduction) technique to obtain decima-
tion up to 1024 through a coarse low-pass filtering process.
The HDF provides up to 96dB aliasing rejection in the signal
pass band. The second stage consists of a finite impulse
response (FIR) decimation filter structured as a transversal
FIR filter with up to 512 symmetric taps which can implement
filters with sharp transition regions. The FIR can perform fur-
ther decimation by up to 16 if required while preserving the
96dB aliasing attenuation obtained by the HDF. The com-
bined total decimation capability is 16,384.

TEMPERATURE The HSP43220 accepts 16-bit parallel data in 2's comple-
PART NUMBER RANGE PACKAGE ment format at sampling rates up to 33MSPS. It provides a
HSP43220VC-15 0°C to +70°C | 100 Lead MQFP 16-bit microprocessor compatible interface to simplify the
task of programming and three-state outputs to allow the
s 0 10
HSpas220vC-25 ooc o +7o°c 100 Lead MQFP connection of several IC’s to a common bus. The HSP43220
HSP43220vC-33 0°Cto +70°C | 100 Lead MQFP also provides the capability to bypass either the HDF or the
HSP43220JC-15 0°C to +70°C | 84 Lead PLCC FIR for additional flexibility.
HSP43220JC-25 0°Cto +70°C | 84 Lead PLCC The pinout TAB package can be obtained by referring to the
HSP43220JC-33 0°C to +470°C | 84 Lead PLCC Metallization Mask Layout of the HSP43220/883 data sheet.
HSP43220GC-15 0°C to +70°C 84 Lead PGA
HSP43220GC-25 0°C to +70°C 84 Lead PGA
HSP43220GC-33 0°C to +70°C 84 Lead PGA
HSP43220TM-15 -55°C to +125°C | 84 Lead TAB
HSP43220TM-25 -55°C to +125°C | 84 Lead TAB
Block Diagram
DECIMATION UP TO 1024  DECIMATION UP TO 16
)
INPUT CLOCK ——— 24
1 HIGH ORDER N FIR
DATA INPUT —2— 1 cimaTion peciMaTioN [ DATA OUT
FILTER —> DATA READY

CONTROL AND COEFFICIENTS —\—-tw FILTER

DECIeMATE™ is a regi d trad k of Harris C tion.

FIR CLOCK

1BM PC™, XT™, AT™, PS/2™ are registered trademarks of International Business Machines, Inc.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 3-60
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Package Pinouts

84 PIN GRID ARRAY (PGA)

s 4 s 6 7 [ ° w | n 1 2 s 4 s ® 7 [ ? 10 "
oATA_| DATA_ | DATA. | DATA_ | DATA |DATA_ | a0 | ono L Q Q Q Q
N2 | INe 7 |WNa N1 fiN14 cc o sc_oaus Q_casc,cs)us ou ng\_ vo DATA_ DAA_DAYOA_ DATA.
3 s 2 0 ENX# RDY CC  our 23 OUT 21 OUT 20 OUT 18
o | sTART | stanr | oaTA_ | DATA_ [DATA_ [ DATA | DATA_ |DATA_ [ o | vee [PATA- «] O o)
W= |ours |iNo JIN3 [iNe |IN13 |IN12 }iN15 ouT c_Bus c_BUS C_BUS C_BUS OUT_ oo DATA DATA_ DATA_ DATA_
8 5 4 1 Enp=x CC OUT 22 OUT 19 OUT 17 OUT 15
¢ Jasmaar| v DATA_ | DATA_ | DATA_ OATA_ | DATA_ O O O O
N NS N8 |0 ouro Jour2 c_Bus out_ AR DATA_ DATA_
GND aND
SELH oK our e 14
ol ar |reser oATA_ |DATAL |l O (5
P outs |outre cBus DATA_ DATA_
6 5’ o OUT 13 OUT 12
s
E ] cs= | wh DATA_ | DATA_
oute |our7 C_BUS C_BUS C_BUS HSP43220 DATAL = DATA
12 0 13 ouT 10 ot 11
¢ | o-eus [cpus v DATA_ F O O BOTTOM VIEW
d 5 €¢ lours c_Bus ¢_BuS C_BuS DATA. . DATA_
100 15 14 PINS UP ours 'S¢ ours
o | c-sus [c_Bus ano [PATA- E O
12 " out 1 DATA_ DATA_ DATA_
cs= W lad ours 6 our7
w|emus| DATA_ |DATA_ ol O O
° cc out 13 ouT 12 s RESET DATA. DATA_
6 ouTs ouT4
c_sus DATA_ [DATA_ c
4] owe 7 T B out 18| ouT 14 ASTART o DATA DATA- DATA- DAYAL DATA_
= ouro our2
x fo-Bus [c_sus|c_susjc Bus| our_| v | gup [OATA- JoATA [DATA_ JDATA_ sl O O O o O
8 5 4 1 ENP = OUT 22| OUT 19| OUT 17 | OUT 15| START START DATA_ DATA_ DATA_ DATA. DATA. DATA_ oo 4 v, DATA_
INZX  OUT* INO IN3 IN8 IN13 INI1Z WIS CC oyt
L Jc-eus |c_sus|c_sus|a_sus| our_ | oara_| |oata_ [oata_ [oara_ foata A O O
® s 2 o | enx=| Aoy €C | our 23| our 21| out 20 fout 18 DATA- DATA. DATA_ DATA_ DATA_ DATA. DATA_
GND N2 IN4  IN7 _INB_IN11T IN14 CC_ GND  GND

STARTOUT 27 [: 12

vVee E 1

stanmin 2 [
ASTARTIN 2 E

reser# [
Al E
(]

waze [
csz [
csus 15 [
csus 14 [
cpus 13 [
cBus 12 [
c.sus 11 [
csus 10 []
csus s [
vee []
ano []
CBUSEB E
csus7[]
cBuse E

84 PLASTIC LEADED CHIP CARRIER (PLCC)

g8
mlm|

[Jano
3 [Joarawo

© [Joaram

L] jnnu 2

o [Joatam s
»[Joaame
o [Joaram 7
s [Joarams
® - jmm\_m 9
2 [Joarasm 10
2 [Joaraw n
8 [Joaran 12
2 [Joaraw 12
3 [Joara 14
2 [Joaraw s

~[Joaram s
@ [Joatam 4

78

84 LEAD PLCC

7

2]k
3 Jvee

74 j GND

[] oaraouro
72[ ] oataour 4
[ ] varaour 2
j DATA_OUT 3
[] oataour 4
j DATAOUT 5§
[ ] oataoure
[] pataour 7
[] oataours
6a[ ] pataour 8
] pataour 10
[ oataour

[ ] ono

13 j vece

: DATAOUT 12
j DATAOUT 13
] oaraour 14
sa| ] oataouT 15
[] pataour 18
s54[ ] oataouT 17

33 34 35 38 37 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 §3 )/

CBUS S
CBUS 4
CBUS 3
C_BUS 2

§358%
> C > o

z

Cc.BUS 1
¢_Bus o
OQUT_SELH
OUT_ENP 7
OUT_ENX 22
DATA_BDY
DATA_OUT 22
DATA_OUT 21

DATA_OUT 23

DATA_OUT 20

DATA_OUT 19
DATAOUT 18
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Pinouts (Continued)

GND
GND

STARTOUT#
Vee

Vec
STARTIN#
ASTARTIN#
RESET#
At

A0

WR#

CS#
C_BUS15
C_BUS14
C_BUS13
C_BUS12
C_BUs11
C_BUS10
C_BUSS
Vee

Vee

GND

GND
C_BUS8
C_BUS?
C_BUS6
NC
C_BuUsSs
C_Bus4

OWONOGEWN -

100 LEAD MQFP
TOP VIEW

ocranswohnoneranS?
£22ZZZZ22ZZZZZ22Z2

| )
Sefccscfccsesessy
oo0onNoo000co0O00c0Qcao0o00000 >
NERERERARENEERRINENAREBINERAENDEE
00 99 96 95 94 86 84

DATA_ROY# [
DATA_OUT22 [

DATA_OUT23 [

DATA_OUT21 []

CK_IN

Vee

Vee

GND

GND
DATA_OUTO
DATA_OUT1
DATA_OUT2
DATA_OUT3
DATA_OUT4
DATA_OUTS
DATA_OUTé
DATA_OUT7
DATA_OUTS
DATA_OUTS
DATA_OUT10
DATA_OUT11
GND

GND

Vee

Vee
DATA_OUT12
DATA_OUT13
DATA_OUT14
DATA_OUT15
DOUT_OUT16
DATA_OUT17
DATA_OUT18
DATA_OUT18
DATA_OUT20
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Pin Description

NAME

PLCCPIN

TYPE

DESCRIPTION

Vce

13,28, 42, 45,
60,75,78

The +5V power supply pins.

GND

11,29,43, 46,
61,74,77

The device ground.

CK_IN

76

Input sample clock. Operations in the HDF are synchronous with the rising edge of this
clock signal. The maximum clock frequency is 38MHz. CK__IN is synchronous with FIR__CK
and thus the two clocks may be tied together if required, or CK__IN can be divided down from
FIR__CK.CK__INisa CMOS level signal.

FIR_CK

44

Input clock for the FIR filter. This clock must be synchronous with CK_IN. Operations in
the FIR are synchronous with the rising edge of this clock signal. The maximum clock
frequency is 33 MHz. FIR__CK is a CMOS level signal.

DATA_INO-15

1-10,79-84

Input Data bus. This bus is used to provide the 16-bit input data to the HSP43220. The data
must be provided in a synchronous fashion, and is latched on the rising edge of the
CK__IN signal. The data bus is in 2’s complement fractional format.

C__BUS0O-15

21-27,30-38

Control Input bus. This input bus is used to load all the filter parameters. The pins WR#, CS#
and AO , A1 are used to select the destination of the data on the Control bus and write the
Control bus data into the appropriate register as selected by A0 and A1.

DATA_OUT
0-23

48-59, 62-73

Output Data bus. This 24-Bit output port is used to provide the filtered result in 2’s
complement format. The upper 8 bits of the output, DATA__OUT16-23 will provide extension
or growth bits depending on the state of OUT__SELH and whether the FIR has been put in
bypass mode. Output bits DATA_OUTO-15 will provide bits 20 through 2-15 when the FIR
is not bypassed and will provide the bits 2-16 through 2-31 when the FIR is in bypass mode.

DATA_RDY

47

An active high output strobe that is synchronous with FIR_CK that indicates that the result
of the just completed FIR cycle is available on the data bus.

RESET#

16

RESET# is an asynchronous signal which requires that the input clocks CK__IN and FIR_CK
are active when RESET# is asserted. RESET# disables the clock divider and clears all of the
internal data registers in the HDF. The FIR filter data path is not initialized. The control register
bits that are cleared are F_BYP, H__STAGES, and H__DRATE. The F__DiS bit is set. In order to
guarantee consistent operation of the part, the user must reset the DDF after power up.

WR#

19

Write strobe. WR# is used for loading the internal registers of the HSP43220. When CS#
and WR# are asserted, the rising edge of WR# will latch the C_BUS0-15 data into the
register specified by A0 and A1.

CS#

20

Chip Select. The Chip Select input enables loading of the internal registers. When CS# and
WR# are low, the AO and A1 address lines are decoded to determine the
destination of the data on C_BUSO0-15. The rising edge of WR# then loads the appropriate
register as specified by A0 and A1.

AQ, A1

18,17

Control Register Address. These lines are decoded to determine which control register is the
destination for the data on C__BUSO-15. Register foading is controlled by the AQ and A1,
WR# and CS# inputs.

ASTARTIN#

ASTARTIN# is an asynchronous signal which is sampled on the rising edge of CK_IN. It is
used to put the DDF in operational mode. ASTARTIN# is internally synchronized to CK__IN
and is used to generate STARTOUT#.

STARTOUT#

STARTOUT# is a pulse generated from the internally synchronized version of ASTARTIN#,
It is provided as an output for use in multi-chip configurations to synchronously start
multiple HSP43220's. The width of STARTOUT# is equal to the period of CK__IN.

STARTIN#

STARTIN# is a synchronous input. A high to low transition of this signal is required to start
the part. STARTIN# is sampled on the rising edge of CK__IN. This synchronous signal
can be used to start single or multiple HSP43220’s.

OUT_SELH

39

Qutput Select. The OUT_SELH input controls which bits are provided at output pins
DATA_OUT16-23. A HIGH on this control line selects bits 28 through 21 from the
accumulator output. A LOW on this control line selects bits 2-16 through 223 from the
accumulator output. Processing is not interrupted by this pin.

OUT_ENP#

40

Output Enable. The OUT__ENP# input controls the state of the lower 16 bits of the output
data bus, DATA_OUTO-15. A LOW on this control line enables the lower 16 bits of the
output bus. When QUT__ENP# is HIGH , the output drivers are in the high impedance state.
Processing is not interrupted by this pin.

OUT_ENX#

41

Output Enable. The OUT_ENX# input controls the state of the upper 8 bits of the output
data bus, DATA_OUT16-23. A LOW on this control line enables the upper 8 bits of the
output bus, When OUT__ENX4# is HIGH, the output drivers are in the high impedance state.
Processing is not interrupted by this pin.
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The HDF

The first filter section is called the High Order Decimation
Filter (HDF) and is optimized to perform decimation by large
factors. It implements a low pass filter using only adders
and delay elements instead of a large number of multiplier/
accumulators that would be required using a standard FIR
filter.

The HDF is divided into 4 sections: the HDF filter section,
the clock divider, the control register logic and the start
logic (Figure 1).

Data Shifter

After being latched into the Input Register the data enters
the Data Shifter. The data is positioned at the output of the
shifter to prevent errors due to overflow occurring at the
output of the HDF. The number of bits to shift is controlled
by H_GROWTH.

Integrator Section

The data from the shifter goes to the Integrator section. This
is a cascade of 5 integrator (or accumulator) stages, which

implemented as an adder followed by a register in the feed
forward path. The integrator is clocked by the sample clock,
CK__IN as shown in Figure 2. The bit width of each
integrator stage goes from 66 bits at the first integrator
down to 26 bits at the output of the fifth integrator. Bit
truncation is performed at each integrator stage because
the data in the integrator stages is being accumulated and
thus is growing, therefore the lower bits become
insignificant, and can be truncated without losing significant
data.

There are three signals that control the integrator section;
they are H_STAGES, H_BYP and RESET#. In Figure 2
these control signals have been decoded and are fabelled
INT_EN1 - INT_ENS. The order of the filter is loaded via
the control bus and is called H_STAGES. H__STAGES is
decoded to provide the enables for each integrator stage.
When a given integrator stage is selected, the feedback
path is enabled and the integrator accumulates the current
data sample with the previous sum. The integrator section
can be put in bypass mode by the H_BYP bit. When
H__BYP or RESET# is asserted, the feedback paths in all

implement a low pass fiter. Each accumulator is integrator stages are cleared.
0 -1 WRZ CS# C_BUS CK_IN RESET 2 RESET # CK_IN ASTARTIN %
! ! ! l | | . | sTaRTIN 2
H_ DRATE
CONTROL CLOCK ISTART START STARTOUT %
REGISTER LOGIC H_BYP DIVIDER LOGIC >
,t’e *5 *5 l
H_GROWTH INT_ENit -5 COMB_EN1 -5 CK_DEC
HDF FILTER SECTION
ISTART H_GROWTH INT_EN1 -5 RESET # COMB_EN! -5 RESET #
5
DATA 'fe '{/5
L INPUT L, DATA N N DEC | N N TOFIR
INTEGRATOR COMB FILTER ROUND REG
16 | REG { 16" | SHIFTER | ¢¢’ 26 | REG | 26 19 16 16
CK_IN
CK_DEC TO FIR
FIGURE 1. HIGH ORDER DECIMATION FILTER
0 s} 1] [ 0
a— je—— j—— je—
MUX MUX MUX MUX MUX
! 10
FROM INT__ENS INT_EN4 INT__EN3 INT_EN2 INT__EN1 DEGIMATION
SHIFTER REGISTER
T iR e] T PArecH] T Pirec ] S B REG P < blreac
66 63 53 43 35 26
CK_IN i i 1 i ij

FIGURE 2. INTEGRATOR
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Decimation Register

The output of the Integrator section is latched into the
Decimation Register by CK_DEC. The output of the
Decimation register is cleared when RESET# is asserted.
The HDF decimation rate = H__DRATE +1, which is defined
as Hdec for convenience.

Comb Filter Section

The output of the Decimation Register is passed to the
Comb Filter Section. The Comb section consists of 5
cascaded Comb filters or differentiators. Each Comb filter
section calculates the difference between the current and
previous integrator output. Each Comb filter consists of a
register which is clocked by CK__DEC, followed by an
subtractor, where the subtractor calculates the difference
between the input and output of the register. Bit truncations
are done at each stage as shown in Figure 3. The first stage
bit width is 26 bits and the output of the fifth stage is 19 bits.

There are three signals that control the Comb Filter; H__
STAGES, H_BYP and RESET4#. In Figure 3 these control
signals are decoded as COMB__EN1 - COMB__ENS5. The
order of the Comb filter is controlled by H__STAGES, which
is programmed over the control bus. H__BYP is used to put
the comb section in bypass mode. RESET# causes the
register output in each Comb stage to be cleared. The H__
BYP and RESET# control pins, when asserted force the
output of all registers to zero so data is passed through the
subtractor unaltered. When the H__STAGES control bits
enable a given stage the output of the register is subtracted
from the input.

It is important to note that the Comb filter section has a
speed limitation. The Input sampling rate divided by the
decimation factor in the HDF (CK_IN/Hdec) should not
exceed 4MHz. Violating this condition causes the output of
the filter to be incorrect. When the HDF is put in bypass
mode this limitation does not apply. Equation 1.0 describes
the relationship between F_TAPS, F_DRATE, H__DRATE,
CK__IN and FIR__CK.

Rounder

The filter accuracy is limited by the 16 bit data input. To
maintain the maximum accuracy, the output of the comb is
rounded to 16 bits.

COMB_ENS

COMB_EN4

RESET:
REG B8 A-B

COMB_EN3

The Rounder performs a symmetric round of the 19 bit
output of the last Comb stage. Symmetric rounding is done
to prevent the synthesis of a OHz spectral component by the
rounding process and thus causing a reduction in
spurious free dynamic range. Saturation logic is also
provided to prevent roll over from the largest positive value
to the most negative value after rounding. The output of the
last comb filter stage in the HDF section has a 16 bit integer
portion with a 3 bit fractional part in 2’s complement format.

The rounding algorithm is as follows:

POSITIVE NUMBERS
Fractional Portion Greater Than or Round Up
Equalto 0.5
Fractional Portion Less Than 0.5 Truncate
NEGATIVE NUMBERS
Fractional Portion Less Than or Round Up
Equalto 0.5
Fractional Portion Greater Than 0.5 Truncate

The output of the rounder is latched into the HDF output
register with CK__DEC. CK__DEC is generated by the
Clock Divider section. The output of the register is cleared
when RESET# is asserted.

Clock Divider and Control Logic

The clock divider divides CK__IN by the decimation factor
Hdec to produce CK_DEC. CK__DEC clocks the
Decimation Register, Comb Filter section, HDF output
register. In the FIR filter CK__DEC is used to indicate that a
new data sample is available for processing. The clock
generator is cleared by RESET# and is not enabled until the
DDF is started by an internal start signal (see Start Logic).

The Control Register Logic enables the updating of the
Control registers which contain all of the filter parameter
data. When WR# and CS# are asserted, the control
register addressed by bits A0 and A1 is loaded with the
data on the C__BUS.

COMB_EN2

COMB_EN1

TO
ROUNDER

19

FIGURE 3. COMB FILTER
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DDF Control Registers

F__Register (A1 = 0, A0 = 0)

Bits TO-T8 are used to specify the number of FIR filter taps.
The number entered is one less than the number of taps re-
quired. For example, to specify a 511 tap filter F_TAPS
would be programmed to 510. The minimum number of FIR

F_OAD | F_BYP |F_ESYM| F_DRATE F_TAPS
FAO FBO eso |p3[p2|o1|po |18 |17 |76 |75 14 |73 T2 |11 |70
15 14 13 |1211109”876543210|
F_TAPS
taps = 3 (F_TAPS=2).
l—————» F_DRATE

Bits DO-D3 are used to specify the amount of FIR
decimation. The number entered is one less than the
decimation required. For example, to specify decimation of
16, F_DRATE would be programmed to 15. For no FIR
decimation, F_DRATE would be set equal to 0. FDRATE
+1 is defined as Fdec.

F_ESYM

Bit ESO is used to select the FIR symmetry. F__ESYM is set
equal to one to select even symmetry and set equal to zero
to select odd symmetry. When F_ESYM is one, data is
added in the pre-adder; when it is zero, data is subtracted.
Normally set to one.

F_BYP

Bit FBO is used to select FIR bypass mode. FIR bypass
mode is selected by setting F_BYP=1. When FIR bypass
mode is selected, the FIR is internally set up for a 3 tap even
symmetric filter, no decimation (F_DRATE=0) and F_OAD
is set equal to one to zero one side of the preadder. In FIR
bypass mode all FIR filter parameters, except F_CLA, are
ignored, including the contents of the FIR coefficient RAM.
In FIR bypass mode the output data is brought output on the
lower 18 bits of the output bus DATA__OUT 0-15. To disa-
ble FIR bypass mode, F_BYP is set equal to zero. When
F_BYP is returned to zero, the coefficients must be
reloaded.

F_OAD

Bit FAQ is used to select the zero the preadder mode. This
mode zeros one of the inputs to the pre-adder. Zero
preadder mode is selected by setting F__OAD equal to one.
This feature is useful when implementing arbitrary phase
filters or can be used to verify the filter coefficients. To
disable the Zero Preadder mode F_OAD is set equal to
zero.

FIGURE 4.
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DDF Control Registers (Continued)
FC__Register (A1 =0, A0 = 1)

F_CF
C19 |C18 |C17 | C16 |C15 {C14 | C13 |C12 |C11 |C10 | C9 | C8 | C7 | C6 | C5 | C4
X X X X X X X X X X X X C3 |[C2]C1 | Co
15 14 13 12 N 10 9 8 7 6 5 4 3 2 1 o]

L F_CF

Bits CO-C19 represent the coefficient data, where C19 is the MSB.
Two writes are required to write each coefficient which is 2’s
complement fractional format. The first write loads C19 through C4;
C3 through CO are loaded on the second write cycle. As the
coefficients are written into this register they are formatted into a 20
bit coefficient and written into the Coefficient RAM sequentially
starting with address location zero. The coefficients must be loaded
sequentially, with the center tap being the last coefficient to be
loaded. See coefficient RAM, below.

FIGURE 5.
H__Register 1 (A1 = 1, A0 = 0)
RESERVED | F_DIS | F_cLA | H_BYP H_DRATE

[ ] FDO FCO HBo |Ro [Re {R7 |Re [R5 [R4 [Ra [R2 [R1 [RO
15 14 13 12 11 10 |9 8 7 6 5 4 3 2 1 o

[—-> H__DRATE

Bits RO~R9 are used to select the amount of decimation in the HDF.
The amount of decimation selected is programmed as the required
decimation minus one; for instance to select decimation of 1024
H__DRATE is set equal to 1023. HDRATE +1 is defined as Hdec.
H_BYP

Bit HBO is used to select HDF bypass mode. This mode Is selected
by setting H_BYP =1. When this mode is selected the input data
passes through the HDF unfiltered. Internally H__STAGES and
H_DRATE are both set to zero and H_GROWTH is set to 50.
H_REGISTER 2 must be reloaded when H__BYP is returned to O.
To disable HDF bypass mode H__BYP=0. The relationship between
CK___IN and FIR__CK in this and all other modes is defined by equa-
tion 1.0.

- F_CLA
Bit FCO is used to select the clear accumulator mode in the FIR. This
mode is enabled by setting F._CLA=1 and Is disabled by setting
F__CLA=0. In normal operation this bit should be set equal to zero.
This mode zeros the feedback path in the accumulator of the
multiplier/accumualator (MAC). It also allows the multiplier output to
be clocked off the chip by FIR_CK, thus DATA__RDY has no
meaning in this mode. This mode can be used in conjunction with the
F__OAD bit to read out the FIR coefficients from the coefficient RAM.

F_DIS

Bit FDO is used to select the FIR disable mode. This feature enables
the FIR parameters to be changed. This feature is selected by setting
F__DIS=1. This mode terminates the current FIR cycle. While this
feature is selected, the HDF contines to process data and write it into
the FIR data RAM. When the FIR re-programming is completed, the
FIR can be re-enabled either by clearing F_DIS, or by asserting one
of the start inputs, which automatically clears F__DIiS.

FIGURE 6
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DDF Control Registers (Continued)
H_Register 2 (A1 =1, A0 = 1)

RESERVED H_GROWTH H_STAGES
' T 1 1 | | J|os|ea|aslez]a1]ao|n2|[n1[no
15 14 13 12 11 10 9|8 7 6 5 4 3|l2 1 o

H_STAGES

Bits NO-N2 are used to select the number of stages or order
of the HDF filter. The number that is programmed in is equal
to the required number of stages. For a 5th order filter,
H__STAGES would be set equal to 5.

'————— H_GROWTH

Bits GO-G5 are used to select the proper amount of growth
bits. H_GROWTH is calculated using the following
equation:

H_GROWTH = 50 - CEILING {H_STAGES X log (Hdec)/
log(2)}

where the CEILING {} means use the next largest integer of
the result of the value in brackets and log is the log to the
base 10.

The value of H_GROWTH represents the position of the
LSB on the output of the data shifter.

FIGURE 7
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Start Logic

The Start Logic generates a start signal that is used
internally to synchronously start the DDF. If ASTARTIN# is
asserted (STARTIN# must be tied high) the Start Logic
synchronizes it to CK__IN by double latching the signal and
generating the signal STARTOUT#, which is shown in
Figure 8. The STARTOUT# signal is then used to
synchronously start other DDFs in a multi-chip configura-
tion (the STARTOUT# signal of the first DDF would be tied
to the STARTIN# of the second DDF). The NAND gate
shown in Figure 8 then passes this synchronized signal to
be used on chip to provide a synchronous start. Once
started, the chip requires a RESET# to halt operation.

When STARTIN# is asserted (ASTARTIN# must be tied
high) the NAND gate passes STARTIN# which is used to
provide the internal start, ISTART, for the DDF. When
RESET# is asserted the internal start signal is held
inactive, thus it is necessary to assert either ASTARTIN# or
STARTIN# in order to start the DDF. The timing of the first
valid DATA_IN with respect to START__IN# is shown in
the Timing Waveforms below.

In using ASTARTIN# or STARTIN# a high to low transition
must be detected by the rising edge of CK__IN, therefore
these signals must have been high for more than one
CK__IN cycle and then taken low.

RESET #

$ i STARTIN 2

s S
Q D aQ

CK_IN l_> l—> i

FIGURE 8. START LOGIC

ASTARTIN £ ISTART

STARTOUT#

The FIR Section

The second filter in the top level block diagram is a Finite
Impulse Response (FIR) filter which performs the final
shaping of the signal spectrum and suppresses the aliasing
components in the transition band of the HDF. This enables
the DDF to implement filters with narrow pass bands and
sharp transition bands.

The FIR is implemented in a transversal structure using a
single multiplier/accumulator (MAC) and RAM for storage of
the data and filter coefficients as shown in Figure 9. The FIR
can implement up to 512 symmetric taps and decimation up
to 16.

The FIR is divided into 2 sections: the FIR filter section and
the FIR control logic.

Coefficient RAM

The Coefficient RAM stores the coefficients for the current
FIR filter being implemented. The coefficients are loaded
into the Coefficient RAM over the control bus (C_BUS). The
coefficients are written into the Coefficient RAM
sequentially, starting at location zero. It is only necessary to
write one half of the coefficients when symmetric filters are
being implemented, where the last coefficient to be written
in is the center tap.

The coefficients are loaded into address 01 in two writes.
The first write loads the upper 16 bits of the 20 bit
coefficient, C4 through C19. The second write loads the
lower 4 bits of the coefficient, CO through C3, where C19 is
the MSB. The two 16 bit writes are then formatted into the
20 bit coefficient that is then loaded into the Coefficient
RAM starting at RAM address location zero, where the
coefficient at this location is the outer tap (or the first
coefficient value).

To reload coefficients, the Coefficient RAM Address pointer
must be reset to location zero so that the coefficients will be
loaded in the order the FIR filter expects. There are two
methods that can be used to reset the Coefficient RAM
address pointer. The first is to assert RESET#, which
automatically resets the pointer, but also clears the HDF
and alters some of the control register bits. (RESET# does
not change any of the coefficient values.) The second
method is to set the F__DIS bit in control register
H__ REGISTER1. This control bit allows any of the FIR
control register bits to be re-programmed, but does not
automatically modify any control registers. When the
programming is completed, the FIR is re-started by clearing
the F_DIS bit or by asserting one of the start inputs
(ASTARTIN# or STARTIN#). The F__DIS bit allows the filter
parameters to be changed more quickly and is thus the
recommended reprogramming method.

Data RAM

The Data RAM stores the data needed for the filter
calculation. The format of the data is:

20.2-12-29-32-42-52-62-72-82-92-102-112-125-132-142-15
where the sign bit is in the 20 location.

The 16 bit output of the HDF Output Register is written into
the Data Ram on the rising edge of CK_DEC.

RESET# initializes the write pointer to the data RAM. After a
RESET# occurs, the output of the FIR will not be valid until
the number of new data samples written to the Data RAM
equals TAPS.

The filter always operates on the most current sample and
the taps-1 previous samples. Thus if the F_DIS bit is set,
data continues to be written into the data RAM coming from
the HDF section. When the FIR is enabled again the filter
will be operating on the most current data samples and thus
another transient response will not occur.

The maximum throughput of the FIR filter is limited by the
use of a single Multiplier/Accumulator (MAC). The data
output from the HDF being clocked into the FIR filter by
CK__DEC must not be at a rate that causes an erroneous
result being calculated because data is being overwritten.

The equation shown below describes the relationship
between, FIR__CK, CK__DEC, the number of taps that can
be implemented in the FIR, the decimation rate in the HDF
and the decimation rate in the FIR. (In the Design Consider-
ations section of the OPERATIONAL SECTION there is a
chart that shows the tradeoffs between these parameters.)

CK_IN[(TAPS/2)+4+Fdec}]

FIR_CK>
= Hdec Fdec

(1.0)
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This equation expresses the minimum FIR_CK. The mini-
mum FIR_CK is the smallest integer multiple of CK__IN
that satisfies equation 1.0. In addition, the TgK specification
must be met (see A.C. Electrical Specifications). Fdec is the
decimation rate in the FIR (Fdec = F_DRATE +1), where
TAPS = the number of taps in the FIR for even length filters
and equals the number of taps+1 for odd length filters.

Solving the above equation for the maximum number of
taps:
TAPS = 2 ( FIR_CK Hdec Fdec

CK__IN

In using this equation, it must be kept in mind that CK__IN/
Hdec must be less than or equal to 4MHz (unless the HDF is
in bypass mode in which case this limitation in the HDF
does not apply). In the OPERATIONAL SECTION under the
Design Considerations, there is a table that shows the
trade-offs of these parameters. In addition, Harris provides
a software package called DECl ¢ MATE™ which designs
the DDF filter from System specifications.

~ Fdec -4) (2.0)

The registered outputs of the data RAM are added or
subtracted in the 17 bit pre~-adder. The F_QAD control bit
allows zeros to be input into one side of the pre-adder. This
provides the capability to implement non-symmetric filters.

The selection of adding the register outputs for an even
symmetric filter or for subtracting the register outputs for
odd symmetric filter is provided by the control bit F__ESYM,
which is programmed over the control bus. When
subtraction is selected, the new data is subtracted from the
old data. The 17 bit output of the adder forms one input of
the multiplier/accumulator.

A control bit F_CLA provides the capability to clear the
feedback path in the accumulator such that multiplier
output will hot be accumulated, but will instead flow directly
to the output register. The bit weightings of the data and
coefficients as they are processed in the FIR is shown
below.

Input Data (from HDF) 20,2-1_ _ _ 2-15
Pre-adder Output 2120,2-1,  2-15
Coefficient 20.2-1, , 2-19

Accumulator 28.,.20 21, 2-34

FIR Output

The 40 most significant bits of the accumulator are latched
into the output register. The lower 3 bits are not brought to
the output. The 40 bits out of the output register are
selected to be output by a pair of multiplexers. This register
is clocked by FIR__.CK (see Figure 9).

There are two multiplexers that route 24 of the 40 output
bits from the output register to the output pins. The first
multiplexer selects the output register bits that will be
routed to output pins DATA__OUT16-23 and the second
multiplexer selects the output register bits that will be
routed to output pins DATA_OUTO-15.

The multiplexers are controlled by the control signal F__
BYP and the OUT_SELH pin. F_BYP and OUT__SELH
both control the first multiplexer that selects the upper 8 bits
of the output bus, DATA_OUT16-23. F__BYP controls the
second multiplexer that selects the lower 16 bits of the out-
put bus, DATA_OUTO-15. The output formatter is shown in
detail in Figure 10.

FIR Control Logic

The DATA__RDY strobe indicates that new data is available
on the output of the FIR. The rising edge of DATA__RDY can
be used to load the output data into an external register or
RAM.

Data Format

The DDF maintains 16 bits of accuracy in both the HDF and
FIR filter stages. The data formats and bit weightings are
shown in Figure 11.

Operational Section
Start Configurations

The scenario to put the DDF into operational mode is: reset
the DDF by asserting the RESET# input, configure the DDF
over the control bus, and apply a start signal, either by
ASTARTIN# or STARTIN#. Until the DDF is put in
operational mode with a start pulse, the DDF ignores all
data inputs.

To use the asynchronous start, an asynchronous active low
pulse is applied to the ASTARTIN# input. ASTARTIN# is
internally synchronized to the sample clock, CK__IN, and
generates STARTOUT#. This signal is also used internally
when the asynchronous mode is selected. It puts the DDF in
operational mode and allows the DDF to begin accepting
data. When the ASTARTIN# input is being used, the
STARTIN# input must be tied high to ensure proper
operation.

To start the DDF synchronously, the STARTIN# is asserted
with a active low pulse that has been externally
synchronized to CK__IN. Internally the DDF then uses this
start pulse to put the DDF in operate mode and start accept-
ing data inputs. When STARTIN# is used to start the DDF
the ASTARTIN# input must be tied high to prevent false
starts.
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DATA__ OUT16 -23 DATA__ OUTO -15

FIGURE 10. FIR OUTPUT FORMATTER
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INPUT DATA FORMAT

Fractional Two’'s Complement Input

[wlwlelwle[wle [s [ e [s [+ [s [ [+ [+]

-20 ,2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-15

FIR COEFFICIENT FORMAT

Fractional Two’s Complement Input

|19|1a|17|1s|15|14l13|12|11|1o|9|s|7|s|5 |4—| |3|2|1 lol

-20  2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-135-142-15 2-162-172-182-19

OUTPUT DATA FORMAT
Fractional Two’s Complement Qutput

FOR: OUT__SELH =1
F_BYP =0

[z [o2 [ [oo [0 w0 [ o] [reTwa [z [ [wo o o [+ o [s [« [s = [+ o]

—28 27 26 25 4 23 22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 -7 2-8 2-9 2-102-112-12-135-142-15

FOR: OUT_SELH =0
F_BYP=0

|15i14|13]12|11|10l9 |8|7|6|5[4 |312 |1 lO] |;3|22|21|20|19|18|17I16]

=20 9-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 9-102-113-122-132-142-15 2-165-172-189-195-202-215-22,-23

FOR: OUT__SELH = X
F_BYP =1

s Toa [+ [oowo [ o [we] [oTwalwe e[ [0 [o 7 To [o o [s o [+ o]

9-162-172-182-192-202-219-229-23  2-162-17-189-199-209-21-22-23 3-242-259-262-27 2-282-292-302-31

FIGURE 11,
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Multi-Chip Start Configurations

Since there are two methods to start up the DDF, there are
also two configurations that can be used to start up
multiple chips.

The first method is shown in Figure 12. The timing of the
STARTOUT# circuitry starts the second DDF on the same
clock as the first. If more DDF’s are also to be started

The second method to start up DDF’s in a multiple chip
configuration is to use the synchronous start scenario.

The STARTIN# input is wired to all the chips in the chain,
and is asserted by a active low synchronous pulse that has
been externally synchronized to CK__IN. In this way all
DDF’s are synchronously started. The ASTARTIN# input on
all the chips is tied high to prevent false starts. The

synchronously, STARTOUT# is connected to their STARTOUT# outputs are all left unconnected. This
STARTIN#’s. configuration is illustrated in Figure 13.
TO OTHER DDF'S
- -
+5V——F STARTIN % +5v =] ASTARTIN % STARTOUT # |— NC
——————ep] ASTARTIN 7 DDF STARTOUT 2 STARTIN 2* DDF
CK_IN CK_IN
FIR_CK FIR_CK
FIGURE 12. ASYNCHRONOUS START UP
STARTIN 7 +5v ASTARTIN 2 STARTOUT #* |—— NC
+5V —] ASTARTIN 2 DDF STARTOUT Z# }— STARTIN 2 DDF
CK_IN CK_IN
FIR_CK FIR_ CK

FIGURE 13. SYNCHRONOUS START UP
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Chip Set Application

The HSP43220 is ideally suited for narrow band filtering in
Communications, Instrumentation and Signal Processing
applications. The HSP43220 provides a fully integrated
solution to high order decimation filtering.

The combination of the HSP43220 and the HSP45116
(which is a NCOM Numerically Controlled Oscillator/
Modulator) provides a complete solution to digital receivers.
The diagram in Figure 14 illustrates this concept.

The HSP45116 down converts the signal of interest to
baseband, generating a real component and an imaginary

component. ‘A HSP43220 then performs low pass filtering
and reduces the sampling rate of each of the signals.

The system scenario for the use of the DDF involves a
narrow band signal that has been over-sampled. The signal
is over-sampled in order to capture a wide frequency band
containing many narrow band signals. The NCOM is
“tuned” to the frequency of the signal of interest and
performs a complex down conversion to baseband of this
signal, which results in a complex signal centered at
baseband. A pair of DDF’s then low pass filters the NCOM
output, extracting the signal of interest.

HSP45116
NCOM
HSP43220
COS (WT) DDF

X

SAMPLED
INPUT el
DATA

X

SIN (WT)

[\
LN

HSP43220

DDF

(¢} 10MHz 0

20MHz 0

FIGURE 14. DIGITAL CHANNELIZER
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Design Trade-Off Considerations

Equation 2.0 in the Functional Description section
expresses the relationship between the number of TAPS
which can be implemented in the FIR as a function of
CK__IN, FIR__CK, Hdec, Fdec. Figure 15 provides a

tradeoff of these parameters. For a given speed grade and
the ratio of the clocks, and assuming minimum decimation
in the HDF, the number of FIR taps that can be implemented
is given in equation 2.0.

FIR__CK TAPS
SPEED MIN
GRADE (MHz) CK__IN Hdec Fdec=1 Fdec=2 Fdec=4 Fdec=8 Fdec =16
33 1 9 8 24 56 120 248
25.6 1 7 4 16 40 88 184
15 1 4 * 4 16 40 88
33 2 5 10 28 64 136 280
25.6 2 4 6 20 48 104 216
15 2 2 * 4 16 40 88
33 4 3 14 36 80 168 344
25.6 4 2 6 20 48 104 216
15 4 1 * 4 16 40 88
33 8 2 22 52 112 232 472
25.6 8 1 6 20 48 104 216
15 8 1 6 20 48 104 216

* Filter Not Realizable

FIGURE 15. DESIGN TRADE OFF FOR MINIMUM Hdec

DECI*MATE

Harris provides a development system which assists the
design engineer to utilizing this filter. The DECI ® MATE
software package provides the user with both filter design
and simulation environments for filter evaluation and
design. These tools are integrated within one standard
DSP CAD environment, The Athena Group’s Monarch
Professional DSP Software package.

The software package is designed specifically for the DDF.
It provides all the filter design software for this proprietary
architecture. it provides a user-friendly menu driven
interface to allow the user to input system level filter
requirements. It provides the frequency response curves
and a data flow simulation of the specified filter design
(Figure 186). It also creates all the information necessary to
program the DDF, including a PROM file for programming
the control registers.

This software package runs on an IBM™ PC™, XT™, AT"™,
PS/2™ computer or 100% compatible with the following
configuration:

640K RAM

5.25" or 3.5” Floppy drive
hard disk

math co-processor
MS/PC-DOS 2.0 or higher
CGA, MCGA, EGA, VGA and
Hercules graphics adapters

For more information, see the description of DECI-MATE in
the Development Tools Section of this databook.

IBM PC™, XT™, AT™, PS/2™ are registered trademarks of International Business Machines, Inc.
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HSP43220 DDF FILTER SPECIFICATION

Filter File vectors\example.DDF

Input Sample Rate: 33 MHz Design Mode : AUTO
Output Rate : 100 kHz Generate Report : YES
Passband : 20 kHz Display Response : 1LOG
Transition Band : 7.5 kHz Save Freq Responses: YES
Passband Atten : 0.5 dB Save FIR Response : YES
Stopband Atten : 80 dB
FIR Type : PRECOMP
HDF Order : 4 FIR Input Rate : 300 KkHz
HDF Decimation : 110 FIR Clock (min) : 33 MHz
HDF Scale Factor : 0.54542 FIR Order : 135

FIR Decimation : 3

(C) Harris Semiconductor 1990

HDF Frequency Response FIR Frequency Response

-5,2653F— 5.4842;
a)
: B
T -43,9490 -29.2300
v W
I [
: :
3-82.6326 2-63.9444
T ot
£ c
3-121.315 g-ss.sssg-
T T

~160 -133.373 /
0 4ei06 8ells TelD? let0? 0 3ei0d 7ei0d letls 1et05
Frequency(Hz) Frequency(Hz)

System Frequency Response

-5.7e-15 : \ T T
E-qs.uzs : ; \ b 4
H : : : :
8 -86.6859 : 1 ; :
3 ; : WV VYV VAT
¥ : : s '
:-130.029 ; { + {
% 173.371 i é é é
g 1 s' E z i

-216.7144 : : ' ; -

10000 40000 30000

20@rguencu( Hz%o

FIGURE 16. DECI*MATE DESIGN MODULE SCREENS
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Specifications HSP43220

Absolute Maximum Ratings

Reliability Information

Supply Votage . . ... oottt +8.0V  Thermal Resistance 7Y 60
Input, Output or VO Voltage Applied. .. ... GND -0.5V to V¢ +0.5V PGAPACKA®O «..covvnnnrnnnnnnann 32.9°CW  7.2°CW
Storage Temperature Range ................. -65°C to +150°C L 33.0°CW 13.5°CW
Junction Temperature 22 T o 33.8°C/W 10.9°CW
PGA L i e i e +175°C  Maximum Package Power Dissipation
o o +150°C 207 32w
Lead Temperature (Soldering 10s). . ...........cvvunnn +300°C MOPFP ..ttt it ieeetenaeeentereaannraeianas 2.4W
ESDClassification ........covvivieviinrvernnniinns Class 1 PLCC .. ittt ieiiirttieientreaiarnererinnnnns 2.4W
ComponentCount. .....ovvevennernnannes 193,000 Transistors
CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational of this specification is not implied.
Operating Conditions
Operating Voltage Range .. . .......covvvnnens +4.75V t0 +5.25V  Operating Temperature Range ..............vaus 0°C to +70°C
DC Electrical Specifications
PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage ViH 2.0 - \' Vee = 5.25V
Logical Zero Input Voltage Vi - 0.8 \ Vee = 4.75V
High Level Clock Input Viie 3.0 B \ Ve = 5.25V g
w
Low Level Clock Input ViLe - 0.8 v Ve =4.75V =
[
Output HIGH Voltage Vou 2.6 - v lon = ~400pA, Ve = 475V o
-
Qutput LOW Voltage Vo - 0.4 \ loy = +2.0mA, Ve = 4.75V
Input Leakage Current Iy -10 10 HA Vin = Vee of GND, Ve = 525V
/O Leakage Current lo -10 10 pA Vour = Ve of GND, Vgo = 5.25V
Standby Power Supply Current lccss - 500 HA VN = Vgc ofr GND Vg = 5.25V, Note 3
Operating Power Supply Current lecop - 120 mA f=15MHz, V) = Ve or GND, Ve = 5.25V,
Notes 1 and 3
Capacitance T, = +25°C, Note 2
PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Input Capacitance Cin - 12 pF FREQ = 1MHz, V¢c = Open, All measure-
ments are referenced to device ground
Output Capacitance Co - 10 pF

NOTES:
1. Power supply current is proportional to operating frequency. Typical rating for locop is 8MA/MHZ.
2. Nottested, but characterized at initial design and at major process/design changes.
3. Output load per test load circuit with switch open and C; = 40pF.




Specifications HSP43220

A.C. Electrical Specifications Vgg = +4.75V to +5.25V, Tp = 0°C to +70°C

-15 -25 -33 TEST
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNITS | CONDITIONS
Input Clock Frequency Fck 15 o 256 33 MHz
FIR Clock Frequency FFIR 0 15 [ 256 o] 33 MHz
Input Clock Period TcK 66 - 39 - 30 - ns
FIR Clock Period TER 66 - 39 - 30 - ns
Clock Pulse Width Low TSPWL 26 - 16 - 13 - ns
Clock Pulse Width High TsPWH 26 - 16 - 13 - ns
Clock Skew Between FIR_CK and Tsk 0 TrIR-25 0 TrRR-15 o] TRR-15 ns
CK_IN
CK__IN Pulse Width Low TCH1L 29 - 19 - 19 - ns Note 1, Note 4
CK__IN Puise Width High TCH1H 29 - 19 = 19 = ns Note 1, Note 4
CK__IN Setup to FIR__CK Tcis 27 - 17 - 17 - ns Note 1, Note 4
CK_IN Hold from FIR__CK TCIH 2 - 2 - 2 - ns  |Note1,Note4
RESET# Pulse Width Low TRSPW 4Tck - 4Tk - 4TcK = ns
Recovery Time on RESET# TRTRS 8Tck - 8TCcK - 8TcK - ns
ASTARTIN# Pulse Width Low Tast |Tek+10| - |Tek+io| - JTek+tof - ns
STARTOUT# Delay from CK_IN TSTOD - 35 - 20 - 18 ns
STARTIN# Setup to CK__IN TsTIC 25 - 15 - 10 - ns
Setup Time on DATA__IN TSET 20 = 15 = 14 - ns
Hold Time on All inputs THOLD o} - 0 - 0 - ns
Write Pulse Width Low TwL 26 - 15 - 12 - ns
Write Pulse Width High TwH 26 - 20 - 18 - ns
Setup Time on Address Bus Before | TsTADD 26 - 20 - 20 - ns
the Rising Edge of Write
Setup Time on Chip Select Before TSTCS 26 - 20 - 20 B ns
the Rising Edge of Write
Setup Time on Control Bus Before TsTCB 26 - 20 - 20 - ns
the Rising Edge of Write
DATA_RDY Pulse Width Low TprRPWL |2TFIR-20 - 2TFIR-10 - 2TFIR-10| - ns
DATA__OUT Delay Relative TrIRDV = 50 = 35 - 28 ns
to FIR_CK
DATA RDY Valid Delay Relative TFIRDR - 35 - 25 - 20 ns
to FIR_CK
DATA_OUT Delay Relative Tout - 25 - 20 - 20 ns
to OUT_SELH
Output Enable to Data Out Valid TOEV - 15 - 15 - 15 ns Note 2
Output Disable to Data Out ToEz - 15 - 15 - 15 ns |Note1
Three State
Output Rise, Qutput Fall Times TRTF - 8 - 8 - 6 ns from .8Vto 2V,
Note 1

NOTES:

1. Controlled by design or process parameters and not directly tested. Charac-
terized upon initial design and after major process and/or design changes.

2. Transition is measured at £200mV from steady state voltage with loading as
specified in test load circuit with and Cy_ = 40pF.

3. AC. Testing is performed as follows: Input levels (CLK Input) 4.0V and 0V,

Input levels (all

other Inputs) OV and 3.0V, Timing reference
levels (CLK) = 2.0V, (Others) = 1.5V, Output load per test load circuit and
Cp = 40pF.

4. Applies only when H_BYP = 1 or H_DRATE =0.
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Specifications HSP43220TM Preliminary

Absolute Maximum Ratings Reliability Information

SupplyVoltage .. ... oovv ittt +8.0V GateCount........ooiiiiiiniiiiiinserianannenanns 48, 250
Input or Output Voltage Applied . ........ GND -0.5V to Vg +0.5V

Storage Temperature Range ................. -65°C to +150°C

Junction Temperature. . . ......vvveenerrnnaneersnnns +175°C

Lead Temperature (Soldering 10S). . ......ovvveneaunnes 300°C

ESD Classification ...............coiiiiiiiieiaa., Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op | sections of this specification is not implied.

Operating Conditions

Operating Voltage Range. . ... ..cvevenvnnnnne. +4.5V 10 +5.5V  Operating Temperature Range ................ -55°C to +125°C

PARAMETER SYMBOL UNITS TEST CONDITIONS
Logical One Input Voltage Vin v Veo=5.5V
Logical Zero Input Voltage Vi v Ve = 4.5V
Output HIGH Voltage : Vou v lon = ~400pA, Ve = 4.5V (Note 1)
Output LOW Voltage Vor v loL = +2.0mA, V¢ = 4.5V (Note 1)
Input Leakage Current h A | Viy=Vec 0r GND, Ve = 5.5V
Output Leakage Current lo HA Vour = Ve or GND, Ve = 5.5V
Clock Input High Vine v Veg =5.5V
Clock Input Low Viee v Veo =4.5V
Standby Power Supply Current leess A | Vjy = Vg or GND, Ve = 5.5V, Outputs Open
Operating Power Supply Current lecop mA | f=15MHz, Vo = 5.5V (Note 2)
Functional Test FT (Note 3)

NOTES:
1. Interchanging of force and sense conditions is permitted.
2. Operating Supply Current is proportional to frequency, typical rating is 8mA/MHz.
3. Tested as follows: f = 1MHz, Vi = 2.6V, Vy_ = 0.4V, Vo 2 1.5V, VoL < 1.5V, Vj,c = 3.4V and V¢ = 0.4V.

AC Electrical Specifications T, =-55°C to +125°C

(NOTE 1)
PARAMETER SYMBOL UNITS CONDITIONS
Input Clock Period Tek ns
FIR Clock Period TrR ns
Clock Pulse Width Low TspwL ns
Clock Pulse Width High TspwH ns
Clock Skew Between FIR_CK and CK_IN Tsk ns
RESET# Pulse Width Low Trepw ns
Recovery Time On RESET# TatRs ns
ASTARTIN# Pulse Width Low TasT ns
STARTOUT# Delay From CK_IN Tstop ns
STARTIN# Setup To CK_IN Tstic ns
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Specifications HSP43220TM Preliminary

AC Electrical Specifications T, =-55°C to +125°C (Continued)

(NOTE 1)
PARAMETER SYMBOL UNITS | CONDITIONS

Setup Time on DATA_IN Teer ns

Hold Time on All Inputs Tholp ns

Wiite Pulse Width Low Tw ns

Wiite Pulse Width High TwH ns

Setup Time on Address Bus Before the Ts1ADD ns

Rising Edge of Write

Setup Time on Chip Select Before the Tstes ns

Rising Edge of Write

Setup Time on Control Bus Before the Tsres ns

Rising Edge of Write

DATA_RDY Pulse Width Low TorRePwL ns

DATA_OUT Delay Relative to FIR_CK TeiRov ns

DATA_RDY Valid Delay Relative to FIR_CK | Tripon ns

DATA_OUT Delay Relative to OUT_SELH Tout ns

Output Enable to Data Out Valid Toev ns (Note 2)

NOTES:

1. AC Testing: Vg =4.5V and 5.5V. Inputs are driven at 3.0V for a Logic 1" and 0.0V for a Logic “0”. Input and output timing measurements
are made at 1.5V for both a Logic “1” and “0". CLK Is driven at 4.0V and OV and measured at 2.0V.

2. Transition is measured at $200mV from steady state voltage with loading as specified by test load circuit and C| = 40pF.

Electrical Specifications T, =-55°C to +125°C

PARAMETER SYMBOL | NOTES CONDITIONS
CK_IN Pulse Width Low TeniL 1,3
CK_IN Pulse Width High T 1,3
CK_IN Setup to FIR_CK Tos 1,3
CIK_IN Hold from FIR_CK Tem 1,3
Output Disable Delay Toez 1,2
Output Rise Time Tor 1,2
Output Fall Time Tor 1,2
NOTES:

1. The parameters in this table are controlled via design or process parameters and not directly tested. Charactenzed upon initial design
and after major process and/or design changes.

2. Loading is as specified in the test load circuit with C|_ = 40pF.
3. Applies only when H_BYP = 1 or H_DRATE = 0.
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Test Load Circuit

81

*C

L

*INCLUDES STRAY AND
JIG CAPACITANCE

1sv (1) 1oL

|
I
l
l
|
|
|

EQUIVALENT CIRCUIT I

Switch 81 Open for Iccsg and Iccop Tests

1D FILTERS H

Timing Waveforms INPUT TIMING
TSET
CK_IN _/ FIR_CK
THOLD
DATA_IN
X e Teown 1= Torwa
CK_IN SK p
Tek 1
START TIMING
TAST
ASTARTINZ RESET 2+
Trspw -
N TRTRS
WR 22 — T,
STARTOUTZ- TsTOD :\ /‘—’Twu :2*\
N T

TSET —-—/F: = ) & Tm

CKJN___M
Tsmic T T
STAR‘PQ;}‘ THOLD C_BUS STADIZ)!( )( HOLD
DATA_IN sz Tsrcs THOLD
TsTcs —™ yy—~—
-/
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Timing Waveforms (Continued)
OUTPUT TIMING

DATA__OUT 16 - 23

T UPPER 8 BITS LOWER 8 BITS
DATA _RDY FIRDR TFIRDR
ToRPWL OUT_ SELH
T
DATA _ OUT FIRDV
PREVIOUS OUTPUT CURRENT OUTPUT
OUT_ENP#
DATA_OUT 0 - 23 OUT—ENKEE
I Toev | Toez
DATA_.OUT 1.7V )
) S —
TR VALID

3-82




HARRIS

SEMICONDUCTOR

@

January 1994

HSP43220/883

Decimating Digital Filter

Features

« This Circuit is Processed In Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

Single Chip Narrow Band Filter with up to 96dB Atten-
uation

DC to 25.6MHz Clock Rate

16-Bit 2's Complement Input

20-Bit Coefficients in FIR

* 24-Bit Extended Precision Output

Programmable Decimation up to a Maximum of 16,384
Standard 16-Bit Microprocessor Interface

 Filter Design Software Available DECIeMATE™

Applications

¢ Very Narrow Band Filters
» Zoom Spectral Analysis
¢ Channelized Receivers

Ordering Information

Description

The HSP43220/883 Decimating Digital Filter is a linear
phase low pass decimation filter which is optimized for and
filtering narrow band signals in a broad spectrum of a signal
processing applications. The HSP43220/883 offers a single
chip solution to signal processing application which have his-
torically required several boards of IC’s. This reduction in
component count results in faster development times as well
as reduction of hardware costs.

The HSP43220/883 is implemented as a two stage filter
structure. As seen in the block diagram, the first stage is a
high order decimation filter (HDF) which utilizes an efficient
decimation (sample rate reduction) technique to obtain deci-
mation up to 1024 through a coarse low-pass filtering pro-
cess. The HDF provides up to 96dB aliasing rejection in the
signal pass band. The second stage consists of a finite
impulse response (FIR) decimation fitter structured as a
transversal FIR filter with up to 512 symmetric taps which
can implement filters with sharp transition regions. The FIR
can perform further decimation by up to 16 if required while
preserving the 96dB aliasing attenuation obtained by the
HDF. The combined total decimation capability is 16,384.

The HSP43220/883 accepts 16-bit parallel data in 2's com-
plement format at sampling rates up to 30MSPS. It provides
a 16-bit microprocessor compatible interface to simplify the

task of programming and three-state outputs to allow the
TEMPERATURE connection of several IC's to a common bus. The
PART NUMBER RANGE PACKAGE HSP43220/883 also provides the capability to bypass either
HSP43220GM-15/883 _55°C to +125°C. | 84 Load PGA the HDF or the FIR for additional flexibifity.
HSP43220GM-25/883 -55°C to +125°C | 84 Lead PGA
Block Diagram
DECIMATION UP TO 1024  DECIMATION UP TO 16
3
INPUT CLOCK 24
16 HIGH ORDER N FIR
DATA INPUT ~>-—~—1 DECIMATION DECIMATION |~ DATA 00T
CONTROL AND COEFFICIENTS —18 o]  FILTER FILTER [ DATAREADY

DECIeMATE™ is a registered trademark of Harris Corporation.
IBM PC™, XT™, AT™, PS/2™ are registered trad ks of Internati

FIR CLOCK

| Business Machines, Inc.

1D FILTERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 3-83

File Number 2802.2



Specifications HSP43220/883

Absolute Maximum Ratings

Reliability Information

Supply VORAge ..t vivr ittt iiii it e +8.0V  Thermal Resistance 0ja Sic
Input, Output Voltage Applied .... . GND-0.5Vto Vg +0.5V Ceramic PGA Package ............. 32.90C/W  7.20C/W
Storage Temperature Range ................. -659Ct0 +150°C  Maximum Package Power Dissipation at +1250C

Junction Temperature ........ Ceerereirereneaeieneas. +17509C Coramic PGAPACKAgE « .. vvvvvennernrerreseneene.. 1.52 Watt
Lead Temperature (Soldering, Ten Seconds) .. .. - +3009C  Gato COUNt +.vvvvrerrnanenanennnaneeannnnnnnnns 48,250 Gates
ESD Classification ..........coeveiiininn ceersiensns.., Classi

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range ............. eereienens +4.5V to +5.5V

Operating Temperature Range ........

vvee... =559C to +1250C

Devices Guaranteed and 100% Tested

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
GROUPA
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Logical One Input VIH Voo =5.5V 1,28 -550C < TA<+1250C | 2.2 - v
Voltage
Logical Zero Input ViL Voo =4.5V 1,2,3 ~-550C < Tp <+1250C - 0.8 v
Voltage
Output HIGH Voltage VoH loH = -400pA 1,2,8 -550C < Tp <+1250C 2.6 - \
Vog=4.5V(Note 1)
Output LOW Voltage VoL  |loL=+2.0mA 1,2,3 -550C <TA<+1250C| - 0.4 v
Voc = 4.5V (Note 1)
Input Leakage Current h ViN =Vcg or GND 1,2,3 -550C < TA<+1250C | -10 +10 WA
Veec=5.5V
Output Leakage o VouT= Ve or GND 1,2,8 -550C < TA<+1250C | -10 +10 pA
Current Ve =5.5V
Clock Input High VIHe |Vco=55V 1,2,3 -550C < TA <+1259C | 3.0 - v
Clock Input Low ViLe Vee =4.5V 1,2,3 -550C < Tp < +1250C - 0.8
Standby Power Supply lccsB | ViIN=Vcg or GND 1,2,3 -550C < TA <+1250C - 500
Current Vec=55V,
Outputs Open
Operating Power lccop |f=15.0MHz 1,23 -550C <TpA < +1250C - 120.0 mA
Supply Current Ve = 5.5V (Note 2)
Functional Test FT {Note 3) 7,8 -550C < Ta <+1250C - -

NOTES:

1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is

8mA/MHz.

3. Tested as follows: f = 1MHz, Vjy = 28,
VoL £ 1.5V, Viye = 3.4V, and V) ¢ = 0.4V.

Vil = 04, VOH > 15V,
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested
LIMITS
(NOTE1) | GROUPA ~15 (15MHz) ]-25 (25.6MHz)
CONDI- suB-
PARAMETER SYMBOL | TIONS | GROUPS TEMPERATURE MIN | MAX | MIN | MAX | UNITS
Input Clock Period TcK 9,10,11 -550C < TA < +1250C 66 - 39 - ns
FIR Clock Period TFIR 9,10, 11 -550C < TA <+1250°C 66 - 39 - ns
Clock Pulse Width Low TsPwL 9,10,11 -550C <Tp <+1250C 26 - 16 - ns
Clock Pulse Width High TspPwH 9,10,11 -550C < TA < +125°C 26 - 16 - ns
Clock Skew Between TSK 9,10, 11 ~550C < TA < +125°C 0 TFR [} TRAR ns
FIR_CKand CK__IN -25 -19
RESET# Pulse TRSPW 9,10,11 -550C < TA < +125°C | 4Tck - 4Tk - ns
Width Low
Recovery Time TRTRS 9,10,11 -550C < TA < +1250C | 8Tck - 8Tok - ns
On RESET#
ASTARTIN# Pulse TAST 9,10,11 -550C < TA < +1250C Tck - Tck - ns
Width Low +10 +10
STARTOUT# Delay TSTOD 9,10, 11 -550C < TA < +125°C - 35 - 20 ns )
From CK__IN E
STARTIN# Setup ) TSTIC 9,10,11 ~-550C < TA<+125°C 25 - 15 - ns ':
To CK__IN ic
Setup Time on DATA__IN TSET 9,10,11 -550C < TA K +125°C 20 - 16 - ns 9—
Hold Time on All Inputs THOLD 9,10,11 -550C < TA < +1250C 0 - (o] - ns
Write Pulse Width Low TwL 9,10,11 -550C < TA < +125°C 26 - 15 - ns
Write Pulse Width High TwH 9,10,11 ~550C < TA <+125°C 26 - 20 - ns
Setup Time on Address TSTADD 9,10, 11 -550C < Tp <+1250C 28 B 24 - ns
Bus Before the Rising
Edge of Write
Setup Time on Chip TSTCS 9,10,11 -550C < TA < +125°C 28 - 24 - ns
Select Before the
Rising Edge of Write
Setup Time on Control TsTCB 9,10, 11 -550C < TA < +1250C 28 - 24 - ns
Bus Before the Rising
Edge of Write
DATA__RDY Pulse TORPWL 9,10,11 -550C < TA<+125°C | 2TRR - 2TFIR - ns
Width Low -20 -10
DATA_OUT Delay TFIRDV 9,10, 11 -550C < TA < +125°C - 50 - 35 ns
Relative to FIR_CK
DATA_RDY Valid Delay TFIRDR 9,10, 11 -550C < Tp < +125°C - 35 - 25 ns
Relative to FIR__CK
DATA_OUT Delay TouTt 9,10, 11 -550C < TA<+1250C - 30 - 25 ns
Relative to OUT_SELH
Output Enable to Toev Note 2 9,10, 11 -550C < Tp <+1250C B 20 = 20 ns
Data Out Valid
NOTES:
1. AC. Testing: VCC = 4.5V and 5.5V. Inputs are driven at 3.0V for a Logic 2. Transition is measured at £200mV from steady state voltage with loading
“1” and 0.0V for a Logic “0". Input and output timing measurements are as specified by test load circuit and C_ = 40pF.
made at 1.5V for both a Logic “1” and “0". CLK is driven at 4.0V and OV
and measured at 2.0V.
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
=15 (15MHz) |~25 (25.6MHz)
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE MIN | MAX | MIN | MAX | UNITS
CK_IN Pulse Width Low TCHIL 1,3 |550C <Tp<+1250C] 29 - 19 - ns
CK__IN Pulse Width High TCH1H 1,3 |550C <TA<+1259C) 29 - 19 - ns
CK_IN Setup to FIR_CK Tois 1,3 [-550C <TA <+1250C) 27 - 17 - ns
CK__IN Hold from FIR__CK TCIH 1,3 [550C<TA<+1250C] 2 - 2 - ns
Input Capacitance CIN Vgoe = Open, 1 TA = +250C - 12 - 12 pF
f=1MHz, All
measurements are
referenced to
device GND,
Output Capacitance Cout Vce =Open, 1 Ta =+250C - 10 - 10 pF
f=1MHz, All
measurements are
referenced to
device GND. )
Output Disable ToEZ 1,2 [550C K TA<+1259C) - 20 - 20 ns
Delay
Output Rise Time Tor 1,2 [F550C <Ta<+1250C) - - ns
Output Fall Time ToF 1,2 }550C K Tas+1250C) - = ns

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parame-

ters and are not directly tested. These par

initial design and after major process and/or design changes.

are ¢t

ized upon

TABLE 4. APPLICABLE SUBGROUPS

2. Loading is as specified in the test load circuit with C_ = 40pF.
3. Applies only when H_BYP = 1 or H__DRATE = 0.

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -

Intetim Test 100%/5004 -

PDA 100% 1

Final Test 100% 2,3,8A,8B,10,11
Group A — 1,2,3,7,8A,88,9,10, 11
GroupsC &D Samples/5005 1,7,9
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Burn-In Circuit 3 4 5 8 7 8 9 10 1
o o Canl e ot ko Bl el
i o vl o Eam b e Il £
e [N vee we|ws |0 ouro |ours
o ~ e P
E ] cs# | wRx DATA_ | DATA_
outs |our7
Ll bl Voo |oATA-
Iy c_152tls c_:us GND ooll\"l;l\i_‘
o] oo Jomen | owe | - P b
k |c-Busfcsusjc muslc susfout | y o | oyp |DATA |DATA foATA_ JDATA_ -
8 5 4 1 ENP= out 22| out 19} ouT 17 | ouUT 18]
L je—Bus|csus|c_susfc_sus| our_| oata_| -\ |oaTa_ |DATA DATA JOATA_
8 3 2 o | enx= | Roy out 23] out 21| ouT 20 | ouT 18
N
ti
5
PIN PIN BURN-IN PIN PIN BURN-IN PIN PIN BURN-IN frl
LEAD NAME SIGNAL LEAD NAME SIGNAL LEAD NAME SIGNAL )
A1 GND GND G1 ASTARTIN# F15 F11 DATA_OUT3 |Vgg/2 A
A2 DATA__IN1 F2 c2 Voo Voo G1 C__BUS 12 F5
A3 DATA__IN2 F3 C5 DATA__INS F6 G2 C_BUS 11 F4
Ad DATA_IN4 F5 C6 DATA__IN9 F2 G3 C_.BUS 13 F6
A5 DATA_IN7 F8 c7 DATA_IN10 F3 G9 DATA_OUT 10 |Vge/2
A6 DATA_IN8 F1 cto0 DATA_OUTO |Vgg/2 G10 GND GND
A7 DATA_IN 11 F4 C11 DATA_QUT2 |Vgc/2 G11 DATA_OUT 11 (Vpe/2
A8 DATA_IN 14 F7 D1 Al F14 H1 C_BUS9 F2
A9 Veco Voo D2 RESET# F16 H2 Vce Voo
A10 GND GND D10 DATA_OUT3 |Vce/2 H10 DATA_QOUT 13 |Vee/2
Al1 GND GND D11 DATA_OUT4 |Vgg/2 H11 DATA_OQOUT 12 |Vcc/2
B1 STARTIN# F15 E1 CS# F11 J1 GND GND
B2 STARTOUT# Vog/2 E2 WR# F11 J2 Cc_BUS7 F8
B3 DATA_INO F1 E3 AO F13 J5 OUT_SELH F10
B4 DATA__IN3 F4 E9 DATA_OUTS |Vggo/2 J6é GND GND
BS DATA_IN6 F7 E10 DATA_OQUT6 |Vce/2 J8 FIR_CK FO
B6 DATA__IN13 F6 E11 DATA_OUT7 |Vge/2 J10 DATA_OUT 18 |Vce/2
B7 DATA__IN12 F5 F1 C_BUS 10 F3 J11 DATA_OUT 14 |Vgo/2
B8 DATA_IN 15 F8 F2 C__BUS 15 F8 K1 Cc_BUSS8 F1
B89 CK__IN FO F3 C_BuUS 14 F7 K2 C_BUSS Fé
B10 \ele} Voo F9 DATA_OUTS |Vge/2 K3 C_BUS4 F5
B11 DATA_OUT 1 Vgeo/2 F10 Vco Vce K4 C__BUS1 F2

NOTES:

1. Vge/2 (2.7V £10%) used for outputs only.

2. 47KQ (+20%) resistor connected to all pins except Vo and GND.

3. Vo = 5.5 0.5V.

4. 0.1yF (min) capacitor between Vee and GND per position.

5. FO=100kHz £10%, F1 =F0/2,F2=F1/2..... F16 = F15/2, 40% - 60%
Duty Cycle.

6. Input voltage limits: Vi = 0.8 max, V|4 = 4.5V £10%.
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Burn-In Circuit (Continued)

PIN PIN BURN-IN PIN PIN BURN-IN PIN PIN BURN-IN
LEAD NAME SIGNAL LEAD NAME SIGNAL LEAD NAME SIGNAL
K5 QUT_ENP# Fo K11 DATA_OUT 15 |Vcg/2 L6 DATA_RDY# |Vco/2
K6 Vece Vee L1 C_BUS6 F7 L7 Vee Vee
K7 GND GND L2 C_BUS3 F4 L8 DATA_OUT 23 |Vcp/2
K8 DATA_OUT 22 |Vee/2 L3 C_BUS2 F3 L9 DATA_OUT 21 |Vgg/2
K9 DATA__OUT 19 |Vcc/2 L4 C_BUSO F1 L10 DATA_OUT 20 |Vgec/2
K10 |DATA_OUT17 [Vcgr2 L5 OUT_ENX# | Fo L11 | DATA_OUT18 |vcere

NOTES:

1. Vge/2 (2.7V £10%) used for outputs only.

2. 47K (+20%) resistor connected to all pins except Vo and GND. Duty Cycle.
3. Voo = 5.5 £0.5V.

4. 0.1pF (min) capacitor between Vg and GND per position.

6. Input voltage limits: Vi = 0.8 max, V| = 4.5V £10%.

5. FO=100kHz +10%, F1 =F0/2,F2=F1/2.....F16 =F15/2, 40% - 60%
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Metal Topology

DIE DIMENSIONS:
348 x 349.2 x 1941 mils

METALLIZATION:

WORST CASE CURRENT DENSITY:
1.18 x 105A/cm?2

GLASSIVATION:

Type: Si- Al or Si - Al - Cu

Thickness: 8

Metallization Mask Layout

Type: Nitrox
Thickness: 10

HSP43220/883
o v N M « 0
2 N M T 0 © N~ 0O O E E E E E E
32;;;5;535—,—,1211
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WR# (19) [] = | (67) DATA_OUT6
cS# (20) | 1(66) DATA_OUT?
C_BUS15 (21) 1% |(65) DATA__OUTS
C_.BUS14 (22) | {(64) DATA_OUT9
C_BUS13 (23) [ 1(63) DATA__OUT10
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@ HARRIS HSP43481

January 1994 Digital Filter
Features Description
¢ Four Filter Celis The HSP43481 is a video-speed Digital Filter (DF) designed
» OMHz to 30MHz Sample Rate to efficiently implement vector operations such as FIR digital

filters. It is comprised of four filter cells cascaded internally

* 8-Bit Coefficlents and Signal Data and a shift-and-add output stage, all in a single integrated

* 26-Bit Accumulator per Stage circuit. Each filter cell contains an 8 x 8 multiplier, three dec-
 Filter Lengths Up to 1032 Tap imation registers and a 26-bit accumulator which can add
« Expandable Coefficient Size, Data Size and Filter the contents of any filter cell accumulator to the output stage
Leggth ’ accumulator shifted right by eight-bits. The HSP43481 has a

« Decimati 4 maximum sample rate of 30MHz. The effective muitiply-

ecimation by 2, 3 or accumulate (MAC) rate is 120MHz.

Applications The H.SP43481 can ’be configured t9 process expanded
coefficient and word sizes. Multiple devices can be cascaded

¢ 1-D and 2-D FIR Filters for larger filter lengths without degrading the sample rate or
« Radar/Sonar a single device can process larger filter lengths at less than

30MHz with multiple passes. The architecture permits pro-

* Adaptive Filters cessing filter lengths of over 1000 taps with the guarantee of

* Echo Cancellation no overflows. In practice, most filter coefficients are less than
¢ Complex Multiply-Add 1.0, making even larger filter lengths possible. The
« Sample Rate Converters HSP43481 provides for unsigned or two’s complement arith-

metic, independently selectable for coefficients and signal

Anta
F—— WU,

Order ing Information Each DF filter cell contains three resampling or decimation

TEMPERATURE :egi?ters v;rhich pgrmit output sample rate reduc:':tion at rates of
PART NUMBER RANGE PACKAGE /_2' fz0r'ly the input sample rate. Thesg registers also pro-
HSP43481JC-20 °C10+70°C | 68 LeadPLCC | Vide the capability to perform 2-D operations such as N x N
spatial correlations/convolutions for image processing appli-
HSP43481JC-25 0°C o +70°C | 68 Lead PLCC cations.
HSP43481JC-30 0°C to +70°C | 68 Lead PLCC
HSP43481GC-20 0°C to+70°C | 68 Lead PGA
HSP43481GC-25 0°Cto +70°C | 68 Lead PGA
HSP43481GC-30 0°Cto+70°C | 68 Lead PGA
Block Diagram
Vec Vss mNo‘-'mm TCcS
DIENS qs
CIENB _5, +
DCMo0 -DCM1 77 . .
ERAS
{s £l 14 1P
TCCl >—p) |, | ) | —] | —
o |nurer [ | rurer [ Furen [ puren 5> T6C°
CINO - CIN7 >5<-f CELL 0 |5 f CELL 1 | S20] CELL2 |52 3] CELL3 {543 couTo-COUT 7
RESET {26 426 26 ¢
CLK >3~ 5’1 T ! ’r I{l < COENB
ADRO -1 2
b~ MUX ]
RESET | ADRO, ADR1 {2
cik |2,
N 7 OUTPUT
ss:%g 2 ” STAGE
7,
SENBH 2 {2@
SUMO - 25
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2759_3

Copyright © Harris Corporation 1994
pyrigl (e 3-90
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Pinouts
68 PIN CERAMIC PIN GRID ARRAY (PGA) 68 PIN CERAMIC PIN GRID ARRAY (PGA)
BOTTOM VIEW TOP VIEW
L COUT7 | COUTS [ COUTS | COUTY | COUTO | CLX | ADDA1 | ADDRO | SUM25 L 8UM25| ADDRO | ADDRY | CLK | COUTo | CouTt | COUTS | CouTs | CouT?
K | Tcco |GoeNa | couTs | COUT4 | COUT2 [ SHADD | DCMY | DCMO | SENSH | SUMad | SuMza K | 8UM23| SUM4 | SENBH | DOMO | DCM1 | SHADD | COUT2 | cOUT4 | cCOuTs | COENB| TeCO
J | ERasE| vge 8UM21 | SUM22 3 | sume2| sumz Vee | ERAsE
H | RESET | DiENB sum1s | suMao H | 8UM20| SUMI® ‘Diena | RESET
a TC8 | DINT SUM1TZ | BUM1IB Q | SUM1B| SUM1? DIN? | TCB
68 LEAD 68 LEAD
F | oms | pme PIN GRID ARRAY SUM1I5 | SUMTS F | sumie| sumis PIN GRID ARRAY Dne | DiNs
BOTTON VIEW TOP VIEW
E | ONs | DN Vgg | SUMM E |suMu| vgg o4 | DINS
D | DN1 | Dm2 SuMI2| SUN1S o | sumis| sumiz omz | om
c | owmo | ciene SUM10 | SUM1Y c | sumn | sunto 5| omo
B | Tcol | CiNe | Ciie | CIN2 | GINO | SUMO | SUM2 | SUM4 | SuMe | SUMS | SuMg B | SUMS | SUMS | SuMe | SUM4 | SUM2 | SUMO | CiNO | CNz | CIN4 | e | TCCI
A CIN7 | CiNs | CiNg | CNy | SENBL| sum1 | sums | sums | suwz A suM7 | sums | sums | sumi | semec] cm1 | cms | cms | omr
1 2 s 4 s s 7 8 ® o " " w0 ° 8 7 [ s 4 s 2 ]

68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)
TOP VIEW

sum21 | |

sumig | |

sumis | | &
sumiz| | g
sumie| | &
sumis[] &

sumia | |

sumia| | 8
sumiz [ ]

CIN?

sumn [ ] 8
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Pin Description

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

Vce

81

+5V Power Supply Input

Vss

27

Power Supply Ground Input

CLK

19

The CLK input provides the DF system sample clock. The maximum clock frequency is
is 30MHz.

DINO-7

64-68
1-3

These eight inputs are the data sample input bus. Eight bit data samples are synchronously
loaded through these pins to the X register of each filter cell simultaneously.
The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.

TCS

The TCS input determines the number system interpretation of the data input samples
on pins DINO-7 as follows:

TCS = Low — Unsigned Arithmetic
TCS = High — Two's Complement Arithmetic

The TCS signal is synchronously loaded into the X register in the same way
as the DINO-7 inputs.

DIENB

A low on this enables the data sample input bus (DINO-7) to all the filter cells. A rising
edge of the CLK signal occurring while DIENB is low will load the X register of

every filter cell with the 8 bit value present on DINO-7. A high on this input forces

all the bits of the data sample input bus to zero; a rising CLK edge when DIENB is high
will load the X register of every filter cell with all zeros. This signal is latched inside

the DF, delaying its effect by one clock internal to the DF. Therefore, it must be low
during the clock cycle immediately preceding presentation of the desired data on the
DINO-7 inputs. Detailed operation is shown in later timing diagrams.

CINO-7

53-60

These eight inputs are used to input the 8 bit coefficients. The coefficients are synchronously
synchronously loaded into the C register of filter Cell O if a rising edae of CLK
occurs while CIENB is low. The CIENB signal is delayed by one clock as discussed below.

TCCI

62

The TCClinput determines the number system interpretation of the coefficient
inputs on pins CINO-7 as follows: ™

TCCI = LOW — Unsigned Arithmetic
TCCI = HIGH — Two's Complement Arithmetic

The TCCI signal is synchronously loaded into the C register in the same way as
the CINO-7 inputs.

CIENB

A low on this input enable the C register of every filter cell and the D registers (decimation)
of every filter cell according to the state of the DCMO~-1 inputs. A rising edge of

the CLK signal occurring while CIENB is low will load the C register and appropriate

D registers with the coefficient data present at their inputs. This privides the mechanism
for shifting the coefficients from cell to cell through the device. A high on this input

freezes the contents of the C register and the D registers, ignoring the CLK signal.

This signal is latched and delayed by one clock internal to the DF. Therefors, it must be
low during the clock cycle immediately preceding presentation of the desired coefficient
on the CINO-7 inputs. Detailed operation is shown in the Timing Diagrams section.

COouTO-7

10-17

These eight three-state outputs are used to output the 8 bit coefficients from filter cell 7.

These outputs are enabled by the COENB signal low. These outputs may be tied to the CINO-7
inputs of the same DF to recirculate the coefficients, or they may be tied to the

CINO-7 inputs of another DF to cascade DFs for longer filter lengths.

TCCO

The TCCO three—state output determines the number system representation of the coefficients
output on COUTO-7. It tracks the TCCI signal to this same DF. It should be tied to the TCCI
input of the next DF in a cascade of DFs for increased filter lengths. This signal is enabled
by COENB low.
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Pin Descriptions

SYMBOL

PIN
NUMBER

NAME FUNCTION

COENB

8

Alow on the COENB input enables the COUTO0-7 and the TCCO output. A high on this input
places all these outputs in their high impedance state.

DCMO-1

20-21

These two inputs determine the use of the internal decimation registers as follows:
DCM1 DCMO Decimation Function

(o] (o] Decimation registers not used

[o] 1 One decimation register is used

1 o] Two decimation registers are used

1 1 Three decimation registers are used

The coefficients pass from celi to cell at a rate determined by the number of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell

on each clock. When one decimation register is used, coefficients move from cell to cell on
every other clock, etc. These signals are latched and delayed by one clock internal to the DF.

SUMO0-25

25, 26,
28-51

These 26 three-state outputs are used to output the results of the internal filter cell
computations. Individual filter cell results or the result of the shift-and-add output stage

can be output. if an individual filter cell result is to be output, the ADRO-1 signals select

the filter cell result. The SHADD signal determines whether the selected filter cell result

or the output stage adder result is output. The signals SENBH and SENBL enable the most
significant and least significant bits of the SUMO0-25 result, respectively. Both SENBH

and SENBL may be enabled simultaneously if the system has a 26 bit or larger bus. However,
individual enables are provided to facilitate use with a 16 bit bus.

SENBH

24

Alow on this input enables result bits SUM16-25. A high on this input places these
bits in their high impedance state.

SENBL

52

A low on this input enables result bits SUMO0-15. A high on this input places these
bits on their high impedance state.

ADRO-1

22,23

These two inputs select the one cell whose accumulator will be read through the output bus
(SUMO-25) or added to the output stage accumulator. They also determine which accumulator
will be cleared when ERASE is low. For selection of which accumulator to read through the
output bus (SUMO0-25) or which to add of the output stage accumulator, these inputs are
latched in the DF and delayted by one clock internal to the device. If the ADRO-~1 lines remain
at the same address for more than one clock, the output at SUM0-25 will not change to reflect
any subsequent accumulator updates in the addressed cell. Only the result available during
the first clock, when ADRO-1 selects the cell, will be output. This does not hinder normal
operation since the ADRO-1 lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required to be fixed for more than one clock.

SHADD

18

The SHADD input controls the activation of the shift-and-add operation in the output stage.
This signal is latched in the DF and delayed by one clock internal to the device. A detailed
explanation is given in the DF Output Stage section.

RESET

Alow on this input synchronously clears all the internal registers, except the cell accumulators.
It can be used with ERASE to also clear all the accumulators simultaneously. This signal is
latched in the DF and delayed by one clock internal to the DF.

ERASE

A low on this input synchronously clears the cell accumulator selected by the ADRO-1 signals.
If RESET is also low simultaneously, all cell accumulators are cleared.
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Functional Description

The Digital Filter (DF) is composed of four filter cells
cascaded together and an output stage for combining or
selecting filter cell outputs (see Block Diagram). Each filter
cell contains a multiplier-accumulator and several registers
(Figure 1). Each 8 bit coefficient is multiplied by a 8 bit data
sample, with the result added to the 26 bit accumulator
contents. The coefficient output of each cel! is cascaded to
the coefficient input of the next cell to its right.

DF Filter Cell

An 8 bit coefficient (CINO-7, TCCI) enters each celi through
the C register on the left and exits the cell on the right as
signals COUTO-7 and TCCO. With no decimation, the coef-
ficient moves directly from the C register to the output, and
is valid on the clock following its entrance. When
decimation is selected the coefficient exit is delayed by 1, 2
or 3 clocks by passing through one or more decimation reg-
isters (D1, D2 or D3).

The combination of D registers through which the coeffi-
cient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-7, TCCO) are con-
nected to the CINO-7 and TCCI of the next cell to its right.
The COENB input signal enables the COUT0O-7 and TCCO
outputs of the right-most cell to the COUTO-7 and TCCO
pins of the DF.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note

in tobabod mbarmall 18
that CIENE s latchad internally. It shables the register Tor

is loaded synchronously into both the accumulator and
the TREG.

The TREG loading is disabled by the cell select signal,
Celln, where n is the cell number. The cell select is decoded
from the ADRO-1 signals to generate the TREG load enable.
The cell select is inverted and applied as the load enable to
the TREG. Operation is such that the TREG is loaded when-
ever the cell is not selected. Therefore, TREG is loaded
every other clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products calcula-
tion. This allows continuous accumulation without wasting
clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the accumu-
lator is cleared along with all other registers in the DF. Since
both ERASE and RESET are latched and delayed one clock
internally, clearing occurs on the second CLK following the
onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
Celln, decoded from ADRO-1 and ERASE signal, Celln ena-
ble clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal regi-
sters and states as follows:

FRASF | RFSFT €1 FARING FFFECT

loading after the next CLK following the onset of CIENB low.
Actual loading occurs on the second CLK following the
onset of CIENB low. Therefore, CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-7 inputs. In most basic FIR opera-
tions, CIENB will be low throughout the process, so this
latching and delay sequence is only important during the
initialization phase. When CIENB is high, the coefficients
are frozen.

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register is one input of the multiplier.

The other input of the multiplier comes from the output of
the X register. This register is loaded with a data sample
from the DF input signals. DINO-7 and TCS discussed
above. The X register is enabled for loading by DIENB.
Loading is synchronous with CLK when DIENB is low. Note
that DIENB is latched internally. It enables the register for
loading after the next CLK following the oriset of DIENB low.
Therefore, DIENB must be low during the clock cycle imme-
diately preceding presentation of the sample on the DINO-7
inputs. In most basic FIR operations, DIENB will be low
throughout the process, so this latching and delay
sequence is only important during the initialization phase.
When DIENB is high, the X register is loaded with all zeros.

The multiplier is pipelined and is modeled as a multiplier
core followed by two pipeline registers, MREGO and
MREG 1. The multiplier output is sign extended and input as
one operand of the 26 bit adder. The other adder operand is
the output of the 26 bit accumulator. The adder output

1 1 No clearing occurs, internal state

remains same.

RESET only active, all registers except
accumulators are cleared, including
the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-1
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other reg-
isters are cleared.

The DF Output Stage

The output stage consists of a 26 bit adder, 26 bit register,
feedback multiplexer from the register to the adder, an
output multiplexer and a 26 bit three-state driver stage
(Figure 2).

The 26 bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the outupt buffer.
This operation takes place in one clock period. The eight
LSBs are lost. The filter cell accumulator is selected by the
ADRO-1 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way.to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the 18 MSBs of the output buffer or all zeros for the
adder input. A low on the SHADD input selects zero. A high
on the SHADD input selects the output buffer MSBs, thus
activating the shift-and-add operation. SHADD signal is
latched and delayed by one clock internally.
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FIGURE 1. HSP43481 FILTER CELL
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CELL RESULYS 0 1 23

ADR0.D-ADR1.D

SIGN EXT
<18.25>

RESETD

SHADD ﬂ L

CLK

18 (LSBs)
<07>

0's 18 MSBs SHIFTED
8 BITS T0 RIGHT

RESET.D

THREE-
STATE
BUFFER

CLK SUMo-25

FIGURE 2. HSP43481 OUTPUT STAGE

The 26 Least Significant Bits (LSBs) from eiiher a ceii accu-
mulator or the output buffer are output on the SUM0-25
bus. The output mux determines whether the cell accumula-
tor selected by ADRO~1 or the output buffer is output to the
bus. The mux is controlled by the SHADD input signal.
Control Is based on the state of the SHADD during two
successive clocks; in other words, the output mux selection
contains memory. If SHADD is low during a clock cycle and
was low during the previous clock, the output mux selects
the contents of the filter cell accumulator addressed by
ADRO-1. Otherwise the output mux selects the contents of
the output buffer.

If the ADRO-1 lines remain at the same address for more
than one clock, the output at SUM0-25 will not change to
reflect any subsequent accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-1 selects the cell will be output. This
does not hinder normal FIR operations since the ADRO-1

lines are changed sequentially. This feature facilitates the
interface wtith slow memories where the output is required
to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and
SENBL signals. A low on SENBL enables bits SUM0-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26 bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 9 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either unsigned or two’s complement numbers. The TCS
and TCCI input signals determine the type of arithmetic
representation. Internally all values are represented by a 9
bit two’s complement number. The value of the additional
ninth bit depends on arithmentic representation selected.
For two’s complement arithmetic, the sign is extended into
the ninth bit. For unsigned arithmetic, bit 9 is 0.

The multiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum-of-products without
overflow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data values. As a worst case assume the coefficients
and data samples are always at their absolute maximum
values.

Then the maximum numbaers of tarms in the sum products
are:
MAX #
NUMBER SYSTEM OF TERMS
Two unsigned vectors 1032
Two two's complement vectors:
* Two positive vectors 2080
* Two negative vectors 2047
* One positive and one negative vector 2064
One unsigned and one two’s complement
vector:
* Positive two's complement vector 1036
* Negative two's complement vector 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.
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Basic FIR Operation

A simple 30MHz 4 tap filter example serves to illustrate
more clearly the operation of the DF. Table 1 shows the
results of the multiply accumulate in each cell after each
clock. The coefficient sequence, Cn, enters the DF on the
left and moves from left to right through the cells. The data
sample sequence, Xn, enters the DF from the top, with each
cell receiving the same sample simultaneously. Each cell

accumulates the sum-of-products for one output point.
Four sums-of-products are calculated simultaneously, but
staggered in time so that a new output is available every
system clock.

Detailed operation of the DF to perform a basic 4 tap, 8 bit
coefficient, 8 bit data, 30MHz FIR filter is best understood
by observing the schematic (Figure 3) and timing diagram

TABLE 1. 25MHz, 4 TAP FIR FILTER SEQUENCE

DATA
SEQUENCE ... X2,X1, X0
INPUT
COEFFICIENT w
SEQUENCE ...Cp,C1,C2,C3,Cp, C1,C2,C3 'l DF I > ..Y6,Y5,Y4,Y3
INPUT
CLK CELLO CELL1 CELL 2 CELL3 SUM/CLR
[ CaxXp 0 0 0 -
1 +Co x X4 Cax X1 o o] -
2 +Cq x X2 +Co x X2 CaxX2 (o} -
3 +CoxX3 +C1 xXg3 +Ca xX3 C3xX3 Cell0(Y3)
4 Cax X4 +CoxXg +Cq1 xXg +Co x Xg Cell 1(Y4)
5 +Co2 x X5 CaxXs +Co xXg +Cq xXs5 Cell 2 (Ys)
6 +C1 xXg +Ca2xXg CaxXg +Co x Xg Cell 3(Yg)
7 +Cox X7 +Cq xX7 +Co x X7 CaxX7z Cell 0 (Y7)
SAMPLE
DATAIN >
a) RESET p—
30MH: 2 BIT
clock > 17 COUNTER +5v
Y1 Yo
DIENB ADR1 ADRO Vpc SHADD SENBH SENBL
8 26 SUM
/— DINO-7 SUMG-25 |——F— 0UT
ﬂ_ Tes (Yn)
CLK — NC
‘ HSP43481 Tece
M A0 Tcct
D0-7 —J 8 8
2 oo COUTO-7 = NC
4x8 COEFF.
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vss COENB
SYSTEM v
RESET *
ERASE -

FIGURE 3. 30MHz, 4 TAP FIR FILTER APPLICATION SCHEMATIC

1D FILTERS
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(Figure 4). The internal pipeline length of the DF is four (4)
clock cycles, corresponding to the register levels CREG (or
XREG), MREGO, MREG1, and TREG (Figures 1 and 2).
Therefore, the delay from presentation of data and coeffi-
cients at the DINO-7 and CINO-7 inputs to a sum appearing
at the SUM0-25 output is:

k+Td where

k = filter length

Td = 4, the internal pipeline delay of DF

After the pipeline has filled, a new output sample is available
every clock. The delay to last sample output from last
sample input is Td.

The output sums, Y(n), shown in the timing diagram are
derived from the sum-of-products equation:
Y(n) = C(0) x X(n) + C(1) x X{n-1) + C(2) x X(n-2) + C(3) x X(n-3)

¢ 1 2 3 4 5 6 7 8 9 10 M 12 13 M B 1B U7 B 19 20 2
CLK
RESET |
ERASE 2
DINO-7 ]xalx,]x2|x3|x4|x5]x6|x1|...
L7/
CINO-7 |c3|c2|c1|cu|c3|c2|c1|cn|...
siene 2224
ADRe-1 Folalelalolalalal---
SUM0-25 ]v;[v.|v5]v5]v1]v,|v9|
SHADD 2222277007777 777777 %
SENBL /77 Tl 7 777 T 77 777
SENBH 7277770777777 777
DCME-1 [] }
3
Yy = X Cg x XNk
K=0
FIGURE 4. 30MHz 4 TAP FILTER TIMING
SAMPLE
DATA IN
Xp)
]
prom P8
30MHz P4 7
CLOCK oK o,
——A2 P2
—ia P +5V | +5V )
du v ¢ 1 [ ¥] ) 1 L
TIENB ADR1 ADRO V¢ SHADDSENBH SENBL L«q DIENB ADR1ADROVgc SHADD SENBH SENBL
L5 bino-7 suun-zs—;%‘ 8, | biNg-7 suMo-25|4-2°
DOERAS
s £ Tes
DIERAS HSP43481 HSP43481
cLK DFO CLK DF1
cik 8x8 COEFF. ‘_
Yo a0 PAM/ROM Teel TCCO TCC1 TcC0 NC
BT
1 At Do-7
erR Y2 A2 L"" CiNO-7 coure-7 ‘+ CINg-7 coute-7 . NC
RESET TIENB DCM1 DCMD RESET ERASE Vgg COEND CIENE DCM1DCMO RESET ERASE Vgg COEND
11 1 T 1T 1 17
ps I SUM
SYSTEM our
RESET (Ya)

SO ——1 )~

e ——1 -

FIGURE 5. 30MHz 8 TAP FILTER USING TWO CASCADED HSP43481s
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Extended FIR Filter Length

Filter lengths greater than four taps can be created by either
cascading together multiple DFs or “reusing” a single DF.
Using multiple devices, an FIR filter of over 1024 taps can
be constructed to operate at a 30MHz sample rate. Using
a single DF clocked at 30MHz, an FIR filter of over 1024
taps can be constructed to operate at less than a 30MHz
sample rate. Combinations of these two techniques are also
possible.

Cascade Configuration

To design a filter length L > 4, L/4 DFs are cascaded by
connecting the COUTO-7 outputs of the (i)th DF to the
CINO-7 inputs of the (i + 1)th DF. The DINO-7 inputs and
SUMO-25 outputs of all the DFs are slso tied together. A
specific example of two cascaded DFs illustrates the tech-
nique (Figure 5). Timing (Figure 6) is similar to the simple 4
tap FIR, except the ERASE and SENBL/SENBH signals
must be enabled independently of the two DFs in order to
clear the correct accumulators and enable the SUM0-25
output signals at the proper times.

Single DF Configuration

Using a DF, a filter of length L > 4 can be constructed by
processing in L/4 passes as lllustrated in Table 2 for an 8
tap FIR. Each pass is composed of Tp = 7+L cycles and
computes four output samples. In pass i, the samples with
indices i x 4 to i x 4 + (L+2) enter the DINO-7 inputs. The
coefficients Co-C| .1 enter the CINO-7 inputs, followed by
three zeros. As these zeros are entered, the result samples
are output and the accumulators reset. Initial filling of the
pipeline is not shown in this sequence table. Filter outputs
can be put through a FIFO to even out the sample rate.

Extended Coefficient And
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 8x8 and
combine these partial products by shifting and adding to
obtain the final result. The shifting and adding can be
accomplished with external adders {for full speed) or with
the DFs shift-and-add mechanism contained in its output
stage (at reduced speed).

TABLE 2. 8 TAP FIR FILTER SEQUENCE USING SINGLE DF

DATA
SEQUENCE X14...X5,X4,X190...X1,Xgo
INPUT
COEFFICIENT
SEQUENCE Cg...Cg, C7,0,0,0,Cqg...Cg C7 {ToF } Y14,Y13, Y12, Y11,... Y10, Yo, Y5, Y7
INPUT
CLK CELLO CELL 1 CELL2 CELL3 SUM/CLR
0 C7xXo [¢] [¢] 0 -
1 +Cgx X1 C7xX4 (o] [} -
2 +C5x X2 +Cgx X2 C7xXg 0 -
3 +Cq x X3 +CsxX3 +Cg x X3 C7xX3 -
4 +CaxXg +C4xXg +Cg x X4 +Cg xXg =
5 +Cox X5 +C3xXs5 +C4 xX5 +C5x X5 -
6 +Cq xXg +C2 xXg +C3 xXg +Cq xXg -
7 +Cox X7 +Cq xX7y +Ca x X7 +Cg x X7 Celt0 (Y7)
8 ¢} +Cg xXg +Cq xXg +Co xXg Cell 1 (Yg)
9 0 o] +Cg x Xg +Cq xXg Cell 2(Yg)
10 (¢} 0 0 +Co xX10 Cell 3(Y10)
1 C7xXg4 [o] 0 o] -
12 +CgxXs C7xXs 0 0 -
13 +CsxXg +Cg xXg C7xXg 0 B
14 +Cy4 x X7 +Cs5x X7 +Cg x X7 C7xX7 -
15 +C3xXg +C4axXg +Cs5 x Xg +Cg x Xg -
16 +Co x Xg +C3xXg +Cq x X9 +Cs xXg -
17 +Cq1xXq0 +CoxXq0 +C3xXq0 +C4 xX10 -
18 +CoxXq1 +Cq xXq1q +Cp x X114 +C3 xXq1q CellO(Yq1)
19 [} +CoxXq2 +C1 xX12 +Co xX12 Cell 1(Y42)
20 [ [} +CoxX13 +Cq xX13 Cell 2(Y13)
21 0 o] 0 +CoxX14 Cell 3(Y14)
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0 1 2 3 4 5 6 7 8

9 10 M 12 18 14 15 16 17 18 19 20 2

CLK
REsEr L/~
DF0 ERASE "__J Y N E
OF1 ERASE ™| I
DINO-7 | Xa| X1 | X2 | Xs | Xa|Xs | X6 | X7| Xa | Xo | X10| X1| 12| X13| Xua| Xs5| . . .
biENe 2224
CINo-7 |€7]ce|cs|Ca|Ca|Ca|Cr|CofCr|Cs|Cs]Ca|Caca|C|Ca. ..
e ZZZ4
ADRO-1 [o]1]2|a]a]1|2]3]o|1]
DF0 SUMO-25 | Y7 | Ys | Ya | Y10] | Yss]
DF1 SUMO-25

|V11 ] Y12|Y13|Y14|

SHADD 2222777077700 7707 777 drre 7re 272

orOSENBLW ___ [ [ L T
DF1 SENBUH J | I

DCMO-1 ¢ g |

7
YN = Z CK X XN-K
=0

FIGURE 6. 30MHz 8

Decimation/Resampling

The HSP43481 provides a mechanism for decimating by
factors of 2, 3 or 4. From the DF filter cell block diagram
(Figure 1), note the three D registers and two multiplexers in
the cosfficient pass through the cell. These allow the coeffi-
clents to be delayed by 1, 2 or 3 clocks through the cell. The

TAP FIR FILTER TIMING

sequence table (Table 3) for a decimate-by-two filter
illustrates the technique.

Detailed timing for a 30MHz input sample rate, 15MHz
output sample rate (i.e., decimate-by-two), 8 tap FIR filter,
including pipelining, is shown in Figure 7.
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TABLE 3. 8 TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE, 30MHz IN, 15MHz OUT

DATA
SEQUENCE ... X2,X1, X0
INPUT
COEFFICIENT v
SEQUENCE ...Cg,C1,C2,Cg,C4,Cs,Cg,C7 ——-PI:_D_F—J—D -+-¥11,Yg, Y7
INPUT .
CLK CELLO CELL1 CELL2 CELL 3 SUM/CLR
0 C7xXo 0 -
1 +Cg x X1 (o] -
2 +Cg x X2 C7x X2 -
3 +Cq xX3 +Cg x X3 -
4 +C3xXgq +Csx X4 C7xXg -
5 +Co x Xg +C4qxXg +Cg x X5 -
6 +C1 xXg +C3xXg +CsxXg +C7 xXg -
7 +Cox X7 +Cg x X7 +C4q x X7 +Cg x X7 CellO(Y7)
8 C7xXg +Cq xXg +C3z xXg +Cg x Xg Cell0(Y7)
9 +Cg xXg +CoxXg +C2 x Xg +C4 x Xg Cell 1 (Yg)
10 +CsxX10 C7xX10 +Cq1xX10 +C3xXq0 Cell 1 (Yg)
1 +CgqxXqq +Cg x X114 +Cox X11 +Ca xX11 Cell 2(Y11)
12 +CaxXq2 +C5xX12 C7xX12 +Cq xXq2 Cell 2(Y11)
13 +Ca2 xXq3 +CqxX13 +CgxXq3 +CoxX13 Cell 3(Y13)
14 +C1 xX14 +C3xX14 +Cs5xX14 C7xXq4 Cell 3(Y13)
15 +CoxX15 +CaxX15 +C4xX15 +CgxX15 Cell0(Y15)
0 1 2 3 4 6 7 8 0 © 12 18 W 15 16 7 18 1 20 2
CLK
RESET |__J
EARSE )| L e
DiN0-7 |X0|X1|X2|X3|X‘|X5|X§|X1I P
DIENB 7|
CINO-7 |c1|cs|c5|c4|c3|cg|c1|ca|...
tiEene 22221
ADR-1 oo [ b2 [ s ] o]
SUMO-25 | v | Yo | m| v | vas
SHADD 72777 2
SENBL 7 Y. 772
SENBH YA IHY A
0CcMmo-1 1 }—‘—
FIGURE 7. 8 TAP DECIMATE-BY-TWO FIR FILTER TIMING, 30MHz IN, 15MHz OUT
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Specifications HSP43481

Absolute Maximum Ratings

SupplyVoltage . ....vvviiiiiiieiiiiiiee e iiiannas fereeaesnarniasass T80V
Input, Output Voltage ............ P, e ehskseaneRackea ey e SRR Senennuane GND -0.5Vto Vg +0.5V
Storage TempPerature. .. .. v tveien e eaeererernenencncnsneenans e, e e -650C to +150°C
........ tererieieeassiaisseasaaaa Class

i 1.9W (PLCC), 2.6W (PGA)

tieereiessen. 15.0W/OC (PLCC), 9.92W/OC (PGA)

................ 43.0W/0C (PLCC), 38.44W/OC (PGA)

eerieseiaas [T X 14 |

Junction Temperature ....... .... 1509C (PLCC), 175°C (PGA)
Lead Temperature (Soldering 108) .....oovvvenvnens ererenas Cerer e PN b eraiaeeas ererrrenaeeaas 300°C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indit d in the operational ions of this specification is not implied.

Operating Conditions

Operating Voltage RaNnge . . .. v it ittt ettt ettt i e te e isasasiasanensansssonssasessossosnnen . 5V+5%
Operating Temperature Ranges ....... [ e e v, ereraeeaas e, ....09Cto +70°C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 110 mA Vee = Max
CLK Freauency 20MHz
Note 1, Note 3
lccse Standby Power Supply Current - 500 pA Vo = Max, Note 3
I Input Leakage Current -10 10 uA Veg = Max, Input =0V or Voo
lo Output Leakage Current -10 10 pA Ve = Max, Input =0V or Voo
ViH Logical One Input Voltage 20 - v Ve = Max
viL Logical Zero Input Voltage 08 \ Vee =Min
VOH Logical One 2.6 - v IoH = -400pA, Ve = Min
VoL Logical Zero Output Voltage - 0.4 v loL=2mA,Vcc = Min
VIHC Clock Input High 3.0 B \' Voo = Max
ViLc Clock Input Low - 0.8 \ Vee = Min
CIN Input Capacitance PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All Measurements
Cour |OutputCapacitance PLCC - 10 PF 2:‘:'3;‘;“;’&3';2
PGA - 15 pF

NOTES: 1. Operating supply current is proportional to frequency. Typical
rating is 5.5mA/MHz.
2. Controlled via design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.

3. Output load per test circuit and C_ = 40pF.
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A.C. Electrical Specifications Vg = +4.75V to +5.25V, T = 09C to +70°C

-20 (20MHz) -25 (25.6MHz) -30 (30MHz)
TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS CONDITIONS
Top Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 - ns
TCH Clock High 20 = 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TiH Input Hold 0 - o} - (o] - ns
Topc CLK to Coefficient - 26 - 22 - 19 ns
Output Delay
ToED Qutput Enable Delay - 20 - 15 - 15 ns
TobD Output Disable Delay - 20 - 15 - 15 ns Note 1
Tobs CLK to SUM - 30 - 26 - 21 ns
Output Delay
Tor Output Rise - 6 - 6 - 6 ns Note 1
ToF Output Falt - 6 - - 6 ns Note 1

NOTE: 1. Controlled by design or process parameters and not directly
tested. Characterized upon initial design and after major process
and/or design changes.

Test Load Circuit

DUT

*

*INCLUDES STRAY AND
JIG CAPACITANCE

Switch 81 Open for Iccsp and Iccop Tests
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Waveforms

2.0v
CLK

- 4.0v
I

3.0v

ADRO-1, TCS, TCCI, SHADD

Tig —t=<TiH
INPUT(.)V 1.5V 'X,1 5V

* Input includes: DINO-7, CINO-7, DIENB, GIENB, ERASE, RESET, DCMO-1,

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0V )"/
CLK S, v H
Topc: Tobs S
SUMO - 25 mememe- ToRr € F_TOF
CouTo -7 1.5V OUTPUT
TCCO o=
SUMO-25, COUTO0-7, TCCO OUTPUT DELAYS RISE AND FALL TIMES
3.0v DEVICE
INPUT 1.5v UNDER 1.5V
ov TEST

A.C.Testing: Inputs are driven at 3.0V for a Logic “1” and OV for a Logic “0".
Input and output timing measurements are made at 1.5V for both a Logic “1”
and “0”. CLK is driven at 4.0V and 0.0V and measured at 2.0V.

A.C. TESTING INPUT, OUTPUT WAVEFORM
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HSP43481/883

Digital Filter

Features

* This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

OMHz to 25.6MHz Sample Rate
Four Filter Cells
8-Bit Coefficients and Signal Data
* Low Power CMOS Operation
- ICCSB = SOOp.A Maximum
- lccop = 110pA Maximum at 20MHz
¢ 26-Bit Accumulator Per Stage
Filter Lengths Up To 1032 Taps
Expandable Coefficient Size, Data Size and Filter Length
Decimation by 2, 3 or 4

Applications

¢ 1-D and 2-D FIR Filters
¢ Radar/Sonar

» Adaptive Filters

* Echo Cancellation

¢ Complex Multiply-Add

+ Sample Rate Converters

Ordering Information

Description

The HSP43481/883 is a video-speed Digital Filter (DF)
designed to efficiently implement vector operations such as
FIR digital filters. It is comprised of four filter cells cascaded
internally and a shift-and- add output stage, all in a single
integrated circuit. Each filter cell contains an 8 x 8 multiplier,
three decimation registers and a 26-bit accumulator which
can add the contents of any filter cell accumulator to the out-
put stage accumulator shifted right by eight-bits. The
HSP43481/883 has a maximum sample rate of 25.6MHz.
The effective multiply-accumulate (MAC) rate is 102MHz.

The HSP43481/883 can be configured to process expanded
coefficient and word sizes. Multiple devices can be cascaded
for larger filter lengths without degrading the sample rate or
a single device can process larger filter lengths at less than
25.6MHz with multiple passes. The architecture permits pro-
cessing filter lengths of over 1000 taps with the guarantee of
no overflows. In practice, most filter coefficients are less than
1.0, making even larger filter lengths possible. The
HSP43481/883 provides for unsigned or two’s complement
arithmetic, independently selectable for coefficients and sig-
nal data.

Each DF filter cell contains three resampling or decimation
registers which permit output sample rate reduction at rates of
15, 15 or '/, the input sample rate. These registers also pro-
vide the capability to perform 2-D operations such as N x N
spatial correlations/convolutions for image processing appli-
cations.

TEMPERATURE
PART NUMBER RANGE PACKAGE
HSP43481GM-20/883 | -55°C to +125°C | 68 Lead PGA
HSP43481GM-25/883 | -55°C to +125°C | 68 Lead PGA
Block Diagram
Vec  Vss DINO- DIN7 TCS
DIENB I x 48
CIENB _5,
DCMO-DCMt = 7 °
ERASE
el el 1l P

TCC! >—)

Fwter [ > T6CO

FILTER 8
CELL3 L=¢y couTo-couT?

ceLL2}®

cino - cINT s8] cELLo | 8.,] cELLY
6

ESE b, . . ¥
RESET 4 4.1 12 A26 A26 [
oLK Shgped-] i i ' [1es ToENE
ADRO-1 |2
<] MUX |
FESET | ADRO, ADR1 Tzs

CLK 3, N

. t outPuT
SHADD > - TR
SENBL »> 72
SENBH {25

SUMo - 25

1D FILTERS
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Specifications HSP43481/883

Absolute Maximum Ratings

SupplyVoltage . .. .ooviviiiriiiiiiirciiiie it +8.0V
Input, Output Voltage Applied .......... GND-0.5V to Vo +0.5V
Storage Temperature Range -659C to +150°C
Junction Temperature .. ....ooveiiernnrnennieinnnnanns +1750C
Lead Temperature (Soldering, Ten Seconds) .. +300°C
ESD Classification .......cciveiiiiiiiiiiiiinnnn., Class 1

Reliability Information

Thermal Resistance Oja Oic
Ceramic PGA Package ...... R 38.440C/W  9.920C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage ......ouvvvnvvinrnnnennnnss 1.30 Watt

GateCount ... cooviiiiiiii it e 9370 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voitage Range........ .+4.5Vto +5.5V
Operating Temperature Range ......... v.v... -B550C to +1250C

TABLE 1. HSP43481/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMITS
GROUPA
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Voo =5.5V 1,2,3 -550C < TA < +125°C 2.2 - v
Voltage
Logical Zero Input ViL Voo =4.5V 1,23 ~550C < TA < +125°C - 0.8 v
Voltage
Output HIGH Voltage VoH loH = -400pA 1,2,3 -550C < Tp < +1250C 2.6 - A
Vcc=4.5V(Note 1)
Output LOW Voltage VoL loL =+2.0mA 1,2,3 -550C < TA<+125°C - 0.4 v
VA~ — A B\ INats 1)
Voo — 4.5V {Nciz 1)
Input Leakage Current ] ViN =V or GND 1,23 ~-550C < TA<+1250C | -10 +10 pA
Voo =5.5V
Output Leakage lo VouTt =V or GND 1,2,3 -550C < TA<+1250C | -10 +10 pA
Current Voo =5.5V
Clock Input High VIHC Voo =5.5V 1,2,3 ~550C <TA £ +125°C 3.0 - A
Clock Input Low ViLe Vog=4.5V 1,2,3 -550C < TA<+1250C . 0.8 \%
Standby Power Supply IccsB | VIN=Vgg or GND 1,2,3 -550C < TA < +1259C - 500
Current Vee=55V,
Outputs Open
Operating Power Iccop |f=20.0MHz 1,2,3 -550C < TA < +125°C - 110.0 mA
Supply Current Vo = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +1250C - -

NOTES: 1. interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to fraquency, typical
rating is 5.5mA/MHz.

3. Tested as follows: f = 1MHz, V| = 2.6,
VoL £ 1.5V, Vje = 8.4V and V) ¢ = 0.4V.

ViIL = 04, Vo > 1.5V,
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Specifications HSP43481/883

TABLE 2. HSP43481/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-20 (20MHz) |-25 (25.6MHz)
GROUPA
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX [UNITS

Clock Period Tcp Note 1 9,10, 11 -550C <Tpo <+1250C |} 50 - 39 - ns
Clock Low ToL Note 1 9,10,11 -550C < TpA <+1250C | 20 - 16 - ns
Clock High TcH |Note1t : 9,10,11  |-550C<TpA<+1250C | 20 - 16 - ns
Input Setup Tis Note 1 9,10, 11 -550C < Tp £+1259C | 20 - 17 - ns
Input Hold TIH Note 1 9,10, 11 -550C <Ta £+125°C 0 - 0 - ns
CLK to Coefficient Topc |Note1 9,10,11 -550C < Tao<+1250°C | -~ 24 - 20 ns
Output Delay

Output Enable Delay Toep |Note1 9,10,11 -550C <Tpo<+1250C| - 20 - 15 ns
CLKto SUM Tops |Note1 9,10, 11 -550C < Tp<+1250C | - 31 B 25 ns
Qutput Delay

NOTE: 1. A.C. Testing: Vo = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1" and 0.0V for a Logic “0". Input and output timing measure-
ments are made at 1.5V for both a Logic 1" and “0". CLK is driven at

4.0V and OV and measured at 2.0V.
&
TABLE 3. HSP43481/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS I'Ll
p |
-20 (20MHz) |-25 (25.6MHz) ';
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS -
Input Capacitance Cin Voc=0pen, f=1MHz 1 Ta =+25°C - 15 - 15 pF S,
All measurements
- are referenced to
Output Capacitance COUT | 4evice GND. 1 TA = +25°C - 15 - 15 pF
Output Disable Delay Tobb 1,2 |-550C<Tpag+1250C| - 20 - 15 ns
Output Rise Time Tor 1,2 |-550CgTa<+1250C| - 7 - 6 ns
Output Fall Time ToF | 1,2 |-850C<Ta<+1250C| - 7 - 6 ns

NOTES: 1. The parameters listed in Table 3 are controlied via design or pro-
cess parameters and are not directly tested. These parameters
are characterized upon initial design and after major process
and/or design changes.

2. Loading is as specified in the test load circuit, C = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B, 10,11
Group A - 1,2,3,7,8A,8B,9,10,11
Groups C&D Samples/5005 1,7,9
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Burn-in Circuit

L COUT7| COUTS| COUT3| COUT1]| COUTO| CLK | ADDR1 | ADDRO | SUM25

K | TCCO | COENB| COUT8| COUT4{ COUT2| S8HADD| DCM1 | DCMO | SENBH | 8UM24 | BUM23

g emnse | vee sum21 | suM22
u | reser | piens SUM18 | SUM20
G| vcs | owr sum17| sumis
68 LEAD
F| DINs | DiNe PIN GRID ARRAY 8UM15| sBUM1E
BOTTOM VIEW
€| oiNa | DiNa Vgg | BUMI4
o| omi | omz sumiz| sumia
c| omo | ciens sumio| sumn

B} TCCI CiNG | CIN4 | CIN2 | CINO | SUMO | SUM2 | SUM4 | SUME | S8UMS | BUMS

A CIN7 CINS CIN3 CIN1 | SENBL | SUM1 | S8UM3 | S8UMS | S8UM7
1 2 3 4 5 8 7 8 ] 10 "

PGA | PpIN Burn-in Ipaa | o louon-m Dega | e Isumnmn Trca | PN | BUAN-IN

PIN | NAME | SIGNAL | PIN | NAME | SIGNAL | PIN | NAME | SIGNAL | PIN | NAME | SIGNAL
K1 |TcCO  |vgor2 c2 |CENB |F10 B6 |SuMo |vgor2 H10 |sumie |vggre
J1 |ERASE |F10 B2 |CiNe F6 A8 |SENBL [Fi0 G100 [sum17 |vgerz
H1  |RESET |F11 A2 |CIN7 F7 7 |cK FO Fi0 |SUM15s |vgor2
G1 |Tcs F7 L3 |couts |vggr2 K7  |pcmi Fé E10 |Vss GND

Fi  |DINS F5 K3 |couts |[vgos2 87 |[sum2 |vgor2 D10 |sumi2 |vggr2
E1  |DIN3 F3 B3 |ciNg F4 A7 |sum1 Vgo/2 c10 |sumio |vger2
D1 {DIN Fi1 A3 |CIN5 F5 18 |ADDR1 [F1 B10 [sum8  |vgor2
G1 | DINO FO L4 |couts |Vgor2 K8 |DCMO |F5 A0 |sum7  |vgor2
B1 |Tca F8 K4 |coutsa |vgor2 B8 |[sum4 |vgor2 K11 [sum2s |vgerz

L2 {cout? |vgor2 B4 |CiN2 F2 A8 |sums  |vgerz Ji1 [sum22  |vggr2
k2 |COENB [Fi0 A4 |coina F3 Lo |ApbRo |Fo H11 |sum20 |[vgor2
2 |vee Voo 5 |cour |vgor2 K9 |SENBH |F10 G11 |sumis |vgor2
H2 |DENB [F10 ks |cout2 |vgor2 B8 |sume |vgcr2 F11  |sumis |vgor2
G2 |piN7 F8 85 |cINO Fo A9 |sums  [vgore E11 |sumi4  |vgor2
F2  |DING F6 A5 |ciNi Fi Lo |sumas |vggr2 D11 |sumi3  |vgor2
E2 |DiNa F4 w6 Jcouto |vggr2 K10 |sum24 |vgor2 ci1 |sum11  |vgerz
D2 |DIN2 F2 K6 [SHADD |F9 J10 |{suM21  |vgor2 B11 |suM9  |vger2
NOTES: 1. Vgg/2 (2.7V £10%) used for outputs only. 4. 0.1yF (min) capacitor between Vo and GND per position.

2. 47K (£20%) resistor connected to all pins except Vo and 6. FO = 100KHz +10%, F1 = F0/2, F2 = F1/2 . . ... , F11 = F10/2,
GND. 40% ~ 60% Duty Cycle.

3. Vg = 5.5 £0.5V.

o

Input voltage limits: V)= 0.8V max., V) = 4.5V £10%.
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Metallization Topology
DIE DIMENSIONS:
253 x 230 x 19 =1 mils
METALLIZATION:
Type: Si- Al or Si- Al - Cu
Thickness: 8kA
GLASSIVATION:
Type: Nitrox
Thickness: 10kA
WORST CASE CURRENT DENSITY:
1.2 x 105A/cm2

Metallization Mask Layout

HSP43481/883

couT2

sum22
SUM21

SUM20 |

sumie §
Vss
sumis
SUM17
Vee
SUM16. :
SUM1S
suUM14
SUM13
Vss
SUM12
SUM11
SUM10
SuM9

SUM8

sumM7
SuMe
SUMs
sum4

Vee

CINO

CIN2

CIN3

TCS

DIN7

DIN6

DINS

DIN4

DIN3

DIN2

DINt

DINO

iVss

CIENB
TCcCI

Vee
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@ HARRIS HSP43881

January 1994 Digital Filter
Features Description
* Eight Filter Cells The HSP43881 is a video speed Digital Filter (DF) designed
* 0to 30MHz Sample Rate to efficiently implement vector operations such as FIR digital

filters. It is comprised of eight filter cells cascaded internally

* 8-Blt Coefficlents and Signal Data and a shift and add output stage, all in a single integrated cir-

* 26-Bit Accumulator Per Stage cuit. Each filter cell contains a 8 x 8-bit muttiplier, three deci-
* Filter Lengths Over 1000 Taps mation registers and a 26-bit accumulator. The output stage
« Expandable Coefficient Size, Data Size and Filter contains an additional 26-bit accumulator which can add the

Length contents of any filter cell accumulator to the output stage

accumulator shifted right by 8-bits. The HSP43881 has a
maximum sample rate of 30MHz. The effective multiply
accumulate (mac) rate is 240MHz.

* Decimation by 2,3 0r4

Applications

PP The HSP43881 DF can be configured to process expanded
¢ 1-D and 2-D FIR Filters coefficient and word sizes. Multiple DFs can be cascaded for
« Radar/Sonar larger filter lengths without degrading the sample rate or a

single DF can process larger filter lengths at less than

* Adaptive Fiiters 30MHz with multiple passes. The architecture permits pro-

¢ Echo Cancellation cessing filter lengths of over 1000 taps with the guarantee of
¢ Complex Multiply-Add no overflows. In practice, most filter coefficients are less than
« Sample Rate Converters 1.0, making even larger filter lengths possible. The DF pro-

vides for 8-bit unsigned or two’s complement arithmetic,
independently selectable for coefficients and signal data.

Order ing Information Each DF filter cell contains three resampling or decimation

TEMPERATURE registers which permit output sample rate reduction at rates
PART NUMBER RANGE PACKAGE of ‘/?. Yy orV, the input sample rate. These registers also
HSP43881JC-20 0°C 10 +70°C | 84 Lead PLCC provide the capability to perform 2-D operations such as
- matrix multiplication and NxN spatial correlations/convolu-
HSP43881JC-25 0°Cto +70°C | 84 Lead PLCC tions for image processing applications.
HSP438814C-30 0°C to +70°C 84 Lead PLCC
HSP43881GC-20 0°Ct0 +70°C | 85 Lead PGA
HSP43881GC-25 0°C to +70°C 85 Lead PGA
HSP43881GC-30 0°Cto +70°C | 85 Lead PGA
Block Diagram
Vee Vss DINO - DIN7 TCS
DIENB qs
CENB _5,
DCMO-1 77 . —
ERASE
v f“ V{s A 4 y ." V?‘ y {s h' {GV {8 y
et E‘!EE FIE‘IEER FILTER FIBFER FILTER FIBIEER FIE‘FER FIBIEER o Tece
CINo-7 55 CELLO —gf-u CELL1 _s/__ CELL 2 |7+ CELL 3 —'/-& CELL 4 —‘,u CELL 5 |+ CELL 6 _s'“ CELL7 > COouTo-7
FroK S -';,I {5 ] fos R R 1 1= ! ':25 1 ’:26 { e l—< COEND
ADRO- 2 3
! r MUX ]
RESET ADRO, ADR1, ADR2 'f 26
oK % OUTPUT
SHADD o i
SENBL >- ~ %l STAGE
SENBH 2 {25
SUMO-25
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2758_3

Copyright © Harris Corporation 1994
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HSP43881

Pinouts
85 PIN GRID ARRAY (PGA)
1 2 3 4 5 L 7 8 L] 10 " 1 2 s 4 s [ 7 8 9 10 "
A | Vss |coeme| Vec | FESET | DiNz | DiNe | DINs | DiNo | Tcor | Vec | Vss L

DCM1 SUM23 SUM22 SUM21 SUM1B SUMI4 Voo SUMIS Vgg SUMtt SUMS

8 | vec |courr| veco | ERASE | ves | o | oine | TENB | cinr | cine | cine « O O O O O O OO

SENGH SUM24 Vgg Voo SUMI? Vgg SUMIS SUMI2 SUMI1O SUMS SUMS

c CiNs | CINS | O
Voo SUM25 SUN20 SUM17 SUN16 SUM7  Vgg
o cinz | vee "1 O O
ADR1  ADRO SUMS  SUM4
sevEL )
€ S R R 82 n(c?.o 8 HSP43881 A*A 39., 8.,
F BOTTOM Vi
. s [ e | v Q L.Q BOTIOMVEW Q O Q
PINS UP
e SuMt | suMs | sumz & O O o O O Q
coutt vgg CcOuT2 CIN1  CINo BENBL
" SUMs 1 SuMa ° COUTs COUT4 GIN2 St?c
3| Yoo fsumas SUM20| SUM1Z | SUM18 sumz | Vss <O O O _O_ O O O O
COUTS COuTe ALIGN DIENB DINS  DINa CINS  CINS
]
K | SENBH [sum24| vgs | Voo |Sumie| vgg |Sumis|sumiz|sumio| sums | sums 8 08‘7 180 _O_ 193 52' bWz % omr 8. 094

O O O O O O O O

L DCM1 | SUM23 | SUM22| SUM21 | SUM18 | SUM14| Voo sumis Vgg SUM11 | SUmMms VSS coeNe VCC AESET DWN7 DING DINS DINO  TCC! vcc vss
84 LEAD PLCC PACKAGE
is§E 22 88 8E8E EEEE
T o el e
109 8 7 el:”:]ra-lz 1 84 83 82 81 80 79 78 77 76 75
sum2a | |12 hd couTe
sum2 [ |13 coutz
vee [ ] 14 Vss
sumz1 [} TCCO
sumzo [ |18 ‘COENB
sumie | |17 Vee
sumis | ]18 ‘ERASE
vss | |1 RESET
s Flow HSP43881 s
sumie [ 21 TOP VIEW TCs
vee | |22 DIN?
sumis | {23 DINE
sumia| J24 DINS
sumiz | |2s DIN4
sumiz [ |28 D3
vss | ]2z DIN2
sumit { |28 DIN1
sumio | }29 DINO
sume [ |30 CIENB
suma | |at Teel
sumz || a2 vce
33 34 as 40 41 42 A3 44 45 46 47 48 49 52 53
[ LI [ | HEEENE NN
2 a 2232 3 G o o>o0co0o0o0 o ©

NOTE: An overbar on a signal name represents an active LOW signal.
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Pin Description

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

Vce

A3,A10,B1,
D11,F10,41,
K4,L7

+5V Power Supply Input

Vss

A1,A11,E2,F1,
E11,H11,K3,
K6,L9

Power Supply Ground Input

CLK

G3

The CLK input provides the DF system sample clock. The maximum clock frequency is
is 30MHz.

DINO-7

A5-8, B6-7,
Ce-7

These eight inputs are the data sample input bus. Eight bit data samples are synchronously
loaded through these pins to the X register of each filter cell simultaneously.
The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.

TCS

BS

The TCS input determines the nhumber system interpretation of the data input samples
on pins DINO-7 as follows:

TCS = Low — Unsigned Arithmetic
TCS = High - Two's Complement Arithmetic

The TCS signal is synchronously loaded into the X register in the same way
as the DINO-7 inputs.

cs

Alow on this enables the data sample input bus (DINO-7) to all the filter cells. A rising
edge of the CLK signal occurring while DIENB is low will ioad the X register of

every filter cell with the 8 bit value present on DINO-7. A high on this input forces

all the bits of the data sample input bus to zero; a rising CLK edge when DIENB is high
will load the X register of every filter cell with all zeros. This signal is latched inside

the DF, delaying its effect by one clock internal to the DF. Therefore, it must be low
during the clock cycle immediately preceding presentation of the desired data on the

DINO-7 inpute, Datailad operation ie chown in later fiming diagrame,

CINO-7

Bg-11,C10-11,
D10,E9-10

These eight inputs are used to input the 8 bit coefficients. The coefficients are synchronously
synchronously loaded into the C register of filter CELL O if a rising edge of CLK
occurs while CIENB is low. The CIENB signal is delayed by one clock as discussed below.

TCCI

A9

The TCCI input determines the humber system interpretation of the coefficient
inputs on pins CINO-7 as follows:

TCCl = LOW -» Unsigned Arithmetic
TCCI = HIGH — Two’s Complement Arithmetic

The TCCI signal is synchronously loaded into the C register in the same way as
the CINO-7 inputs.

CIENB

B8

Alow on this input enable the C register of every filter celi and the D registers (decimation)
of every filter cell according to the state of the DCMO-1 inputs. A rising edge of

the CLK signal occurring while CIENB is low will load the C register and appropriate

D registers with the coefficient data present at their inputs. This privides the mechanism
for shifting the coefficients from cell to cell through the device. A high on this input

freezes the contents of the C register and the D registers, ignoring the CLK signal.

This signal is latched and delayed by one clock internal to the DF. Therefore, it must be
low during the clock cycle immediately preceding presentation of the desired coefficient
on the CINO-7 inputs. Detailed operation is shown in the Timing Diagrams section.

COuTo-7

B2,C1-2,D1-2
E1,E3, F2

These eight three—state outputs are used to output the 8 bit coefficients from filter cell 7.

These outputs are enabled by the COENB signat low. These outputs may be tied to the CINO-7
inputs of the same DF to recirculate the coefficients, or they may be tied to the

CINO-7 inputs of another DF to cascade DFs for longer filter lengths.

TCCO

B3

The TCCO three-state output determines the number system representation of the coefficients
output on COUTO-7. it tracks the TCCI signal to this same DF. It should be tied to the TCCi
input of the next DF in a cascade of DFs for increased filter lengths. This signal is enabled
by COENB low.

COENB

A low on the COENB input enables the COUTO-7 and the TCCO output. A high on this input
places all these outputs in their high impedance state.
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Pin Description (Continued)

SYMBOL

PIN
NUMBER

TYPE

NAME FUNCTION

DCMO-1

G2, 11

These two inputs determine the use of the internal decimation registers as follows:
DCM1 DCMoO Decimation Function

Decimation registers not used
One decimation register is used
Two decimation registers are used
1 Three decimation registers are used
The coefficients pass from cell to cell at a rate determined by the number of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell
on each clock. When one decimation register is used, coefficients move from celi to cell on
every other clock, etc. These signals are latched and delayed by one clock internal to the DF.

o
0
1

- 0 ~-=0

SUMO-25

J2, J5-8,
J10,K2,
K5-11,

L2-6,L8,
L10-11

These 26 three-state outputs are used to output the resuits of the interal filter cell

computations. Individual filter cell results or the result of the shift-and-add output stage

can be output. If an individual filter cell result is to be output, the ADRO-2 signals select

the filter cell result. The SHADD signal determines whether the selected filter cell result

or the output stage adder result is output. The signals SENBH and SENBL enable the most
significant and least significant bits of the SUMO-25 result, respectively. Both SENBH

and SENBL may be enabled simultaneously if the system has a 26 bit or larger bus. However,
individual enables are provided to facilitate use with a 16 bit bus.

SENBH

K1

Alow on this input enables result bits SUM16-25. A high on this input places these bits in
their high impedance state.

SENBL

E11

Alow on this input enables result bits SUMO-15. A high on this input places these bits in
their high impedance state.

* ADRO-2

G1,H1-2

‘These inputs select the one cell whose accumulator will be read through the output bus

{SUMO0-25) or added to the output stage accumulator. They also determine which accumulator

will be cleared when ERASE is low. For selection of which accumulator to read through the
output bus (SUMO-25) or which to add of the output stage accumulator, these inputs are
latched in the DF and delayed by one clock internal to the device. if the ADRO-2 lines remain
at the same address for more than one clock, the output at SUM0-25 will not change to reflect
any subsequent accumulator updates in the addressed cell. Only the result available during
the first clock, when ADRO-1 selects the cell, will be output. This does not hinder normal
operation since the ADRO-1 lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required to be fixed for more than one clock.

SHADD

F3

The SHADD input controls the activation of the shift-and-add operation in the output stage.
This signal is latched in the DF and delayed by one clock internal to the device. A detailed
explanation is given in the DF Output Stage section.

RESET

A low on this input synchronously clears all the intemal registers, except the celi accumulators.
It can be used with ERASE to also clear all the accumulators simultaneously. This signal is
latched in the DF and delayed by one clock internal to the DF.

ERASE

B4

A low on this input synchronously clears the cell accumulator selected by the ADRO-1 signals.
if RESET is also low simultaneously, all cell accumulators are cleared.

ALIGN PIN

C3

Used for aligning chip in socket or printed circuit board. Must be left as a no connect in circuit.
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Functional Description

The Digital Filter Processor (DF) is composed of eight filter
cells cascaded together and an output stage for combining
or selecting filter cell outputs (See Block Diagram). Each
filter cell contains a multiplier-accumulator and several
registers (Figure 1). Each 8-bit coefficient is multiplied by a
8- bit data sample, with the result added to the 26-bit
accumulator contents. The coefficient output of each cell is
cascaded to the coefficient input of the next cell to its right.

DF Filter Cell

A 8-bit coefficient (CINO-7) enters each cell through the C
register on the left and exits the cell on the right as signals
COUTO-7. With no decimation, the coefficient moves direct-
ly from the C register to the output, and is valid on the clock
following its entrance. When decimation is selected the
coefficlent exit is delayed by 1, 2 or 3 clocks by passing
through one or more decimation registers (D1, D2 or D3).

The combination of D registers through which the
coefficient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-7) are connected to the
CINO-7 inputs of the next cell to its right. The COENB input
signal enables the COUTO-7 outputs of the right most cell
to the COUTO-7 pins of the device.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note
that CIENB is latched internally. It enables the register for
loading after the noxt CLIK folicwing the oinset of CIEND iow.
Actual loading occurs on the second CLK following the
onset of CIENB low. Therefore CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-7 inputs. In most basic FIR
operations, CIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When CIENB is high, the
coefficients are frozen.

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register (CO-8) is one input to 8 x 8 mul-
tiplier.

The other input to the 8x8 multiplier comes from the output
of the X register. This register is loaded with a data sample
from the device input signals DINO-7 discussed above. The
X register is enabled for loading by DIENB. Loading is
synchronous with CLK when DIENB is low. Note that
DIENB is latched internally. It enables the register for load-
ing after the next CLK following the onset of DIENB low. Ac-
tual loading occurs on the second CLK following the onset
of DIENB low; therefore, DIENB must be low during the
clock cycle immediately preceding presentation of the data
sample on the DINO-7 inputs. In most basic FIR operations,
DIENB will be low throughout the process, so this latching
and delay sequence is only important during the
initialization phase. When DIENB is high, the X register is
loaded with all zeros.

The multiplier is pipelined and is modeled as a muitiplier
core followed by two pipeline registers, MREGO and
MREG1 (Figure 1). The multiplier output is sign extended
and input as one operand of the 26-bit adder. The other

adder operand is the output of the 26~bit accumulator. The
adder output is loaded synchronously into both the
accumulator and the TREG.

The TREG loading is disabled by the cell select signal,
CELLn, where n is the cell number. The cell select is
decoded from the ADRO-2 signals to generate the TREG
load enable. The cell select is inverted and applied as the
load enable to the TREG. Operation is such that the TREG is
loaded whenever the cell is not selected. Therefore, TREG is
loaded every clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products
calculation. This allows continuous accumulation without
wasting clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the
accumulator is cleared along with all other registers on the
device. Since ERASE and RESET are latched and delayed
one clock internally, clearing occurs on the second CLK
following the onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
CELLn, decoded from ADRO-2 and the ERASE signal
enable clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal
registers and states as follows:

ERASE | RESET
1 1

CLEARING EFFECT

No clearing occurs, internal state
remains same

RESET only active, all registers except
accumulators are cleared, including
the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-2
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other
registers are cleared.

The DF Qutput Stage

The output stage consists of a 26-bit adder, 26-bit register,
feedback multiplexer from the register to the adder, an
output multiplexer and a 26-bit three-state driver stage
(Figure 2).

The 26-bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the output buffer.
This result is stored back in the output buffer. This operation
takes place in one clock period. The eight LSBs of the out-
put buffer are lost. The filter cell accumulator is selected by
the ADRO-2 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the output buffer 18 MSBs or all zeros for the adder
input. A low on the SHADD input selects zero. A high on the
SHADD input selects the output buffer MSBs, thus
activating the shift-and-add operation. The SHADD signal
is latched and delayed by one clock internally.
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FIGURE 2. HSP43881 DF OUTPUT STAGE

The 26 least significant bits (LSBs) from either a cell
accumulator or the output buffer are output on the
SUMO0-25 bus. The output mux determines whether the cell
accumulator selected by ADRO-2 or the output buffer is
output to the bus. This mux is controlled by the SHADD
input signal. Control is based on the state of the SHADD
during two successive clocks; in other words, the output
mux selection contains memory. If SHADD is low during a
clock cycle and was low during the previous clock, the
output mux selects the contents of the filter cell
accumulator addressed by ADRO-2. Otherwise the output
mux selects the contents of the output buffer.

If the ADRO-2 lines remain at the same address for more
than one clock, the output at SUM0O-25 will not change to
reflect any subsequent’ accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-2 selects the cell will be output. This
does not hinder normal FIR operation since the ADRO-2
lines are changed sequentially. This feature facilitates the
interface with slow memories where the output is required
to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and
SENBL signals. A low on SENBL enables bits SUM0O-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26-bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 10 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either unsigned or two’s complement numbers. The TCS
and TCCl inputs determine the type of arithmetic
representation. Internally all values are represented by a
9-bit two’'s complement number. The value of the additional
ninth bit depends on the arithmetic representation selected.
For two’s-complement arithmetic, the sign is extended into
the ninth bit. For unsigned arithmetic, bit 9 is 0.

The multiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum of products without
overfiow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data values. Then maximum numbers of terms in the
sum products are:

MAX #
NUMBER SYSTEM OF TERMS

Two unsigned vectors 1022
Two two's complement:

* Two positive vectors 2080
* Negative vectors 2047
® One positive and one negative vector 2064
One unsigned and one two’s complement
vector:

® Positive two’s complement vector 1036
* Negative two’s complement vector 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.

Basic FIR Operation

A simple, 30MHz 8-tap filter example serves to illustrate
more clearly the operation of the DF. The sequence table
(Table 1) shows the results of the muiltiply accumulate in
each cell after each clock. The coefficient sequence, Cn,
enters the DF on the left and moves from left to right through
the cells. The data sample sequence, Xn, enters the DF from
the top, with each cell receiving the same sampie
simultaneously. Each cell accumulates the sum of products
for one output point. Eight sums of products are calculated
simultaneously, but staggered in time so that a new output
is available every system clock.
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TABLE 1. HSP43881 30MHz, 8 TAP FIR FILTER SEQUENCE
X15. .. Xg,Xg,X7. . . X1, X0
Co...CsC7,Co...CsC7 ——>|HSP43881 ...Y15,Y14...Yg Y7
CLK CELLO CELL 1 CELL2 CELL3 CELL4 CELLS CELLS CELL7 SUM/CLR
o} C7 xXp [o} 0 o] -
1 +Cg x X1 C7xX4q [} 0 -
2 +C5xX2 | +Cgx X C7 xX2 (o} -
3 +C4xX3 | +C5xX3 | +Cgx X3 C7xX3 -
4 +CgxXg | +CqxXg4 | +Cs5xXgq | +CgxXg C7 xXg -
5 +Cax X5 C3xXg | +C4xX5 | +Cs5xX5 | +CgxXsg C7xXs -
6 +C1xXg | +CaxXg | +CaxXg | +C4xXg | +C5xXg | +CgxXg C7xXg -
7 +CoxX7 | +C1xX7 | +C2xX7 | +C3xX7 { +CaxX7 | +C5xX7 | +Cex X7 C7xX7 Cell 0(Y7)
8 C7xXg | +CoxXg | +C1xXg | +CaxXg | +C3xXg | +C4xXg | +C5xXg | +CgxXg Cell 1(Y8)
9 +Cgx Xg C7xXg | +CoxXg | +C1xXg | +CaxXg | +C3xXg | +C4xXg | +CsxXg Cell 2 (Y9)
10 +C5xX10 | +Ce xX10 | C7xXy0 | +CoxX10 | +C1xX10 | +C2xX10 | +CaxXq0 | +C4x X190 Cell 3(Y10)
11 +C4xX11 | +C5xXq1 | +CexX11 | C7xXqy | +CoxXq1 | +C1xXq4y | +C2xXq1 | +Cax X11 Cell 4 (Y11)
12 +C3xX12 | +C4xXq2 [+Cs5xX12 | +CgxX12 | C7xX12 | +CoxX12 [ +C1xX12 | +C2xX12 Cell 5(Y12)
13 +CoxX13 | +C3 xX13 | +Cq4xXq3 | +Csx X3 | +CexX43 | C7xXq3 | +CoxXq3 | +C1x X3 Cell 6 (Y13)
14 +C1xX14 | +CaxX14 | +C3xX14 | +C4xX14 | +C5xX14 | +CgxX14 | +C7xX14 | +Cox X14 Cell 7 (Y14)
15 +CoxX15 { +C1 xX15 | +CaxX15 [ +C3xX15 | +CaxX15 | +C5 xX15 { +CgxX15 ] C7xX15 Cell 0 (Y15) g
w
S
w
Q
SAMPLE -
DATA IN >—
(Xp) T
3BIT
30MHz 5v
cLock 1> COUNTER +
Yo Yy Yo
l l =
|
ADR2 ADR1 ADRO Ve SHADD SENBH SENBL 26 SUM
—48 1 oiNo- 7 SUMO- 25 /4 out
(Yy)
—COf DIENB
[ TCS
= HSP43881 TCCO NG
ClLK
A2 A1 RO L ca
DO- D7 8
[~ L28,] cino-7 couto-7 - NC
8x8 COEFF. pvrer=
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vgg COENB
[ 7 1T
SYSTEM
RESET 7 =
ERASE >
FIGURE 3. HSP43881 30MHz, 8 TAP FIR FILTER APPLICATION SCHEMATIC
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Detailed operation of the DF to perform a basic 8-tap, 8-bit
coefficient, 8-bit data, 30MHz FIR filter is best understood
by observing the schematic (Figure 3) and timing diagram
(Figure 4). The internal pipeline length of the DF is four (4)
clock cycles, corresponding to the register levels CREG (or
XREG), MREGO, MREG1, and TREG (Figures 1 and 2).
Therefore the delay from presentation of data and
coefficients at the DINO-7 and CINO-7 inputs to a sum
appearing at the SUM0-25 output is:

k +Td

where

k = filter length

Td = 4, the Internal pipeline delay of DF

After the pipeline has filled, a new output sample is available
every clock. The delay to last sample output from last
sample input is Td.

The output sums, Yn, shown in the timing diagram are
derived from the sum-of-products equation:

Y(n) = C(0) x X(n) + C(1) x X(n-1) + C(2) x X(n-2) + C(3)
x X(n-3) + C(4) x X(n-4) + C(5) x X(n-5) + C(6) x X(n-6)
+ C(7) x X(n-T7)

Extended FIR Filter Length

Filter lengths greater that eight taps can be created by
either cascading together muitiple DF devices or “reusing”
a single device. Using multiple devices, an FIR filter of over
1000 taps can be constructed to operate at a 30MHz
sample rate. Using a single device clocked at 30MHz, an
FIR filter of over 1000 taps can be constructed to operate at
less than a 30MHz sample rate. Combinations of these two
techniques are also possible.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
oK
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ERASE T |_ [ 1
DiNg-7 | %] x| %] xs| Xa| Xs| ¥6| Xr| X8 | %o | Xru| ¥r | Xuz | Xua | %aa | Xa5 | Xa5 | Y17 | Yan |
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Wt oo o] o o] or| s s o] o] 2] 1] a] o] ] 5
CIENS
AoRo-2 folalalalalslsla]al
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7
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FIGURE 4. HSP43881 30MHz, 8 TAP FIR FILTER TIMING
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FIGURE 5. HSP43881 30MHz, 16 TAP FIR FILTER CASCADE APPLICATION SCHEMATIC.
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Cascade Configuration

To design a filter length L>8, L/8 DFs are cascaded by
connecting the COUTO-7 outputs of the (ijth DF to the
CINO-7 inputs of the (i+1)th DF. The DINO-7 inputs and
SUMO-25 outputs of all the DFs are also tied together. A
specific example of two cascaded DFs illustrates the
technique (Figure 5). Timing (Figure 6) is similar to the
simple 8-tap FIR, except the ERASE and SENBL/SENBH

signals must be enabled independently for the two DFs in
order to clear the correct accumulators and enable the
SUMO0-25 output signals at the proper times.

Single DF Configuration

Using a single DF, a filter of length L>8 can be constructed
by processing in L/8 passes as illustrated in the following
table (Table 2) for a 16-tap FIR. Each pass is composed of

TABLE 2. HSP43881 16-TAP FIR FILTER SEQUENCE USING A SINGLE DF

Data
Sequence  Xgzg . . . Xg,Xg, X22 . . . Xq,Xg =
Input
Coefficient A
Sequence Cg. ..C14C15.0...0,Cq. ..014,015—@—». ..0,Y30...Y23,0...0,Y22...Y150...0
Input

CLK | CELLO CELL1 CELL2 CELL3 CELL4 CELLS CELL®6 CELL7 SUM/CLR
6 C15xXp (4] [} 0 -

7 +C14xXy | C15xXq ] 0 -

8 +C13x X2 Ci5xXg 0 -

9 +C12xX3 Ci5xX3 -

10 +Cq1 xXg4 +C14xX4 | Ci5xXg -

11 +C10x X5 +C13x X5 Ci5xX5 -

12 +Cg x Xg +C12xXg C15xXg -

13 +CgxXy +C11xX7 Ci5xX7 -

14 +C7xXg +C1gxXg +C14xXg -

15 +CpxXg +Cg x Xg +Cq13xXg -

16 | +Cs5xXq0 +CgxX10 +C12xX10 -

17 | +C4xXqq +C7xX11 +C11 xXqq -

18 ] +C3xXy2 +Cg xX12 +C10xX12 -

19 +C2xX13 +CsxXq3 +Cgx X3 -

20 | +C1xX14 +Cq4xX14 +CgxX14 -

21 +CoxX45 \4 +C3xX15 +C7xX45 CELLO(Y15)
22 (o] CoxX1g v +CaxXqg +CgxX16 CELL 1(Y16)
23 0 0 CoxX47 | +C1xXq7 +CsxX17 | CELL2(¥17)
24 0 o 0 +CoxXqg v +C4xX1g | CELL3(Y18)
25 0 0 o 0 CoxX1g v +C3xX1g9 | CELL4(Y19)
26 0 o 0 0 CoxX20 v +CoxXgg | CELL5(Y20)
27 o 0 0 0 o CoxXa21 | +CqxXoq CELL &(Y21)
28 0 0 ) 0 0 0 ] +CoxXpa | CELL7(Y22)
29 Ci5xXg 0 0 0 o 0 0 0 -

30 | +C14xXg | C15xXg 0 0 s} s} 0 0 -

31 J+C13xX10 Ci5xX10 0 s} 0 o o -

82 |+Cq2xXqy Ci5xX11 ) 0 0 0 -

33 +C11xXq2 Ci5xXq2 (o} o 0 -

34 +C10%xX13 Ci5xX13 0 (o} -

35 +Cg xX14 Ci5xX14 0 -

36 +Cg xX15 Ci5xX45 -

37 +C7 xX1g +C14xX1g -

38 +CexX17 +Cy3xX47 B

3 | +CsxX4g +C1axX1g -

40 | +CaxXqg +C11 xX19 -

41 1+C3xXz0 +C10 xX20 -

42 +C2 xX21 +Cg x X219 -

43 | +C1xX22 +Cg x X2z -

44 | +CoxXz23 v +C7xXo3 | CELLO(Y23)
45 0 Co x X24 v +CgxXagq | CELL1(Y24)
46 o Y CoxX2s v +CsxXgs | CELL2(Y25)
47 0 o 0 CoxXze v +C4xXpg | CELL3(Y26)
48 0 Y 0 0 CoxXa7 ‘L \4 +C3xXg7 | CELLA4(Y27)

[
]
=
TS
[=]
-
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Tp = 7 + L cycles and computes eight output sampies. In
pass i, the sample with indices i*8 to i*8 +(L-1) enter the
DINO-7 inputs. The coefficients Cg - Cp - 1 enter the
CINO-7 inputs, followed by seven zeros. As these zeros are
entered, the result samples are output and the accumula-
tors reset. Initial filing of the pipeline is not shown in this
sequence table. Filter outputs can be put through a FIFO to
even out the sample rate.

Extended Coefficient and
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 8x8 and
combine these partial products by shifting and adding to
obtain the final result. The shifting and adding can be

accomplished with external adders (at full speed) or with the
DF’s shift-and-add mechanism contained in its output
stage (at reduced speed).

Decimation/Resampling

The HSP43881 DF provides a mechanism for decimating
by factors of 2, 3, or 4. From the DF filter cell block diagram
(Figure 1), note the three D registers and two multiplexers in
the coefficient path through the cell. These allow the coeffi-
cients to be delayed by 1, 2, or 3 clocks through the cell.
The sequence table (Table 3) for a decimate-by-two- filter
illustrates the technique (internal cell pipelining ignored for
simplicity).

Detailed timing for a 30MHz input sample rate, 15MHz
output sample rate (i.e., decimate-by-two), 16-tap FIR filter,
including pipelining, is shown in Figure 7. This filter requires
only a single HSP43881 DF.
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FIGURE 6. HSP43881 16-TAP 30MHz FIR FILTER TIMING USING TWO CASCADED HSP43881s
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TABLE 3. HSP43881 16-TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE; 30MHz IN, 15MHz OUT

Data
Sequence ... X2, X1, X0
Input
Coefficient 2
Sequence . . . C15,Cpo . ..C13,C14,C15 HSP43881 .- Y19,-,Y17,-, Y15
Input
CLK CELLO CELL1 CELL2 CELL3 CELL4 CELLS5 CELL6 CELL7 SUM/CLR
6 Ci5xXo 0 [ 0 ) 0 ) ) -
7 +C14xXq 0 0 0 0 ° o 0 -
8 +C13xX2 | C15xX2 (o] (o] 0 0 o (o] -
9 +C12xX3 0 o 0 0 0 0 -
10 +C11xXg Ci5xXg o] [0} (o] 0 o] -
1 +C10xXs (o] [¢] o] 0 0 -
12 +Cg xXg Ci5xXg 0 0 0 0 -
13 +Cg x X7 0 0 0 0 -
14 +C7xXg ) Cq5xXg 0 (o} 0 -
15 | +CgxXg 0 o o -
16 +Cs5xX40 C15xX10 (o] (o] -
17 +C4q xXq1 [} 0 -
18 +C3 xXq2 Ci15xXq12 0 -
19 +Ca xX43 0 -
20 +Cq1xXq4 C15xX14 -
21 | +CoxX15 +C14xX15| CELLO(Y15)
22 C15xXyg +C13xX4¢ =
23 +C14xX17 +Ci2xXy7] CELL1(Y17)
24  [+Cy3xXqg +C11xX1g -
25 |+Ci2xX1g +C10xX1g| CELL2(Y19)
26 +Cq4 xX20 +Cg x X2g -
27 [+Ci0xX21 +Cg x X21 CELL 3(Y21)
28 +Cg xXog +C7 xXp2 -
20 | +CgxXz3 +CgxXa3 | CELL4(Y23)
30 +C7 x X4 +Cs5xX24 -
31 | +CgxXp5 +C4xXps | CELL5(Y25)
32 | +CsxXag +C3xXog -
33 | +CaxXa7 +CaxXg7 | CELL&(Y27)
34 +C3 xX2g +Cq xX2g -
35 | +CaxXag +CoxXag | CELL7(Y29)
36 | +CyxXgzg v v v v v v C15xX3g -
37 +Co xX31 +C14xX31 [+C14 xX31 |[+C14 xX31 |[+C14 xX31 |[+C14 xX31 [+C14 x X31 {+C14 xX31 CELL 8(Y31)
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FIGURE 7. HSP43881 16-TAP DECIMATE-BY-TWO FIR FILTER TIMING; 30MHz IN, 15MHz OUT
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Specifications HSP43881

Absolute Maximum Ratings

Supply Voltage . ........... PN eraereeeeeesaan Creeriereraeras ereerraaees eriesarreresiens [ +8.0V
Input, Output Voltage ................... [P He e e e haa e e AN be e s ENesa e e n ey GND -0.5V to Vg +0.5V

ESD .......

Maximum Package Power Dissipation at 70°C ..... Cireeanes erreenas tereees Cheieeenes enenean .. 2.4W (PLCC), 2.88W (PGA)
BiG v enenierieenena s ettt e it et aaiaaeeaa. 11.19C/W (PLCC), 7.789C/W (PGA)
L7 PN ves PN vevve.. 33.70C/W (PLCC), 34.660C/W (PGA)
GateCount .......... . . et rerseretensiaes [ eeee... 17763
JUNCHON TOMPEIatUrE . . vttt ittt ettt te e i eeaeitteerenentareansenncasnssesesenoncannssnas 1500C (PLCC), 1759C (PGA)
Lead Temperature (SoIAerNG 108) . ..o . uiuuu ettt ett i eten et ataneiasessacnesssstenecnsseannasasncnns 300°C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indi d in the operational i of this specification is not implied.

Operating Conditions

Operating VoltageRange . ................. N 5V 5%
Operating Temperature Range .................. e Ceerenes erreneas Cereneees Creeeesesaerereaaas ...09C to +700C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 140 mA Vee = Max
CLK Frequency 20MHz
Note 1, Note 3
\CCSB Standby Fowei Suipply Cuiient - 500 A Voe = Max, Note 3
I} Input Leakage Current -10 10 pA Veoe = Max, Input=0VorVec
lo Qutput Leakage Current -10 10 pA Vg = Max, Input=0Vor Voo
ViH Logical One Input Voltage 2.0 - v Vee = Max
ViL Logical Zero Input Voltage 0.8 v Vee = Min
VoH Logical One Output Voltage 26 - v IoH = -400pA, Ve = Min
VoL Logical Zero Output Voltage - 0.4 v loL = 2mA, Ve = Min
VIHC Clock Input High 3.0 ~ v Ve = Max
ViLc Clock Input Low - 0.8 Vv Vge =Min
(¢1Y] Input Capacitance  PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All measurements referenced
. to GND
Court Output Capacitance PLCC - 10 pF T = +259C, Note 2
PGA - 15 pF

NOTES:
1. Operating supply current is proportional to frequency. Typical rating is

7mA/MHz.

2. Controlled via design or process parameters and not directly tested. Char-

acterized upon initial design and after major process and/or design
changes.

3. Output load per test load circuit and C|_ = 40pF.
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A.C. Electrical Specifications Vvgg = 5V +5%, Ta = 0°C to +70°C

-20 (20MHz) -25 (25.6MHz) -30 (30MHz) TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX [ UNITS CONDITIONS
Tcp Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 B ns
TCH Clock High 20 - 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TiH Input Hold [ - 0 - 0 - ns
Topc CLK to Coefficient - 24 - 20 - 18 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
TobD Output Disable Delay - 20 - 15 - 15 ns Note 1
- Tops CLK to SUM - 27 - 25 - 21 ns
Qutput Delay
TOR Output Rise - 6 - [} - 6 ns Note 1
ToF Output Fall = 6 = 6 - 6 ns Note 1

NOTE:

1. Controlled by design or process parameters and not directly tested. Char-
acterized upon initial design and after major process and/or design
changes.

Test Load Circuit

DUT

*INCLUDES STRAY AND
JIG CAPACITANCE

Switch 81 Open for lccsp and Iccop Tests
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Waveforms

CLK 0.0V
Tis TiH

3.0v
INPUT* 1.8v 1.5V
0.0v

* Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE,
RESET, DCM0-1, ADRQ-2, TCS, TCCI, SHADD

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0V
CIK - R
Ty
SUMO - 25 opc o0 ... 2.0V
couTo -7 1.5V 0.8V
TCCO S
Tor Tor

* SUMO-25, COUT0-7, TCCO are assumed not to be in
high-impedance state !

SUMO0-25, COUTO-7, TCCO OUTPUT DELAYS OUTPUT RISE AND FALL TIMES
SENBL
SENBH N
COENB 3.0v - DEVICE
INPUT X1.5v | unoer X1.5v outpur
0.0V TEST
SUMO -25
COUTO - 7 e 11V —
TCCO HIGH . HIGH A.C. Testing: Inputs are driven at 3.0V for Logic “1” and 0.0V for Logic “0”.
IMPEDANCE IMPEDANCE  input and output timing measurements are made at 1.5V for both a Logic “1”

and “0”. CLK is driven at 4.0V and OV and measured at 2.0V.

OUTPUT ENABLE, DISABLE TIMING A.C. TESTING INPUT, OUTPUT WAVEFORM
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Features

* This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

OMHz to 25.6MHz Sample Rate
Eight Filter Cells
8-Bit Coefficients and Signal Data
* Low Power CMOS Operation
- lccsg 500pA Maximum
- lccop 160mMA Maximum at 20MHz
¢ 26-Bit Accumulator Per Stage
Fiiter Lengths Up to 1032 Taps
Expandable Coefficient Size, Data Size and Filter Length
Decimation by 2, 3 or 4

Applications

+ 1-D and 2-D FIR Filters

* Radar/Sonar

« Adaptive Filters

o Echo Cancellation

+ Complex Multiply-Add

« Sample Rate Converters

Ordering Information
TEMPERATURE
PART NUMBER RANGE PACKAGE

HSP43881GM-20/883 -55°C to +125°C | 85 Lead PGA
HSP43881GM-25/883 -55°C to +125°C | 85 Lead PGA

Description

The HSP43881/883 is a video speed Digital Filter (DF)
designed to efficiently implement vector operations such as
FIR digital filters. It is comprised of eight filter cells cascaded
internally and a shift and add output stage, all in a single
integrated circuit. Each filter cell contains a 8 x 8-bit multi-
plier, three decimation registers and a 26-bit accumulator.
The output stage contains an additional 26-bit accumulator
which can add the contents of any filter cell accumulator to
the output stage accumulator shifted right by 8-bits. The
HSP43881/883 has a maximum sample rate of 25.6MHz.
The effective multiply accumulate (mac) rate is 204MHz.

The HSP43881/883 DF can be configured to process
expanded coefficient and word sizes. Multiple DFs can be
cascaded for larger filter lengths without degrading the sam-
ple rate or a single DF can process larger filter lengths at
less than 25.6MHz with multiple passes. The architecture
permits processing filter lengths of over 1000 taps with the
guarantee of no overflows. In practice, most filter coefficients
are less than 1.0, making even larger filter lengths possible.
The DF provides for 8-bit unsigned or two’s complement
arithmetic, independently selectable for coefficients and sig-
nal data.

Each DF filter cell contains three resampling or decimation
registers which permit output sample rate reduction at rates
of '/, Y3 or 1/, the input sample rate. These registers also
provide the capability to perform 2-D operations such as
matrix multiplication and N x N spatial correlations/convolu-
tions for image processing applications.

Block Diagram
Vee Vss DINO - DIN7 TCS

— ! }

DIE /a

CIENB _5,
DCMO -1 >7 o

i A N O N RO N E N R O R E T A R Y £

y y y y y Y A h ;
Tel FILTER FICFER ALTER FILTER FILTER FILTER FlETFEn ALTER Teco
8 8 8 8 8 8 8 8
CINO -7 >4 CELL 0 |4+ CELL1 CELL 2 |4+ CELL 3 —/—J CELL 4 |+ CELL 5 o<+ CELL 6 |o<+] CELL 7 couTo-7
RESET A2 V26 A2 A V¢ A28 A . | —
CLK >57’ 5,'1 I ‘ I I 42 I L I % ]’26 COENB
ADRO - 2 3 3 5
o] MuX |
RESET ADRO, ADR1, ADR2 {26
cLK 2,

SHADD 5 7 *» oUTPUT

SENBL 5 » STAGE

ENBH 2 {25

SUMO - 25

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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HSP43881/883

Pinouts

85 PIN GRID ARRAY (PGA)

- a | = e | o
o« i
sl S ELE S| G 1813|3833
"> 1lo ol I8 {512 )]all®)a { a
e | s« | ¢ e | e 15| 8] ¢
el 8 2| 2] 2|2 |8|=|z2]1z2{3]|:
s | |Joc ] o] |¥]|3|a}jala]| 3
e { - e
= | ~ - z | @
o] 8] 2 z | 2| 2 2| o
-2 I c ta| a @
™ & | o
o ] 2
ol 2 | I§ | oz
5 2
a o a | @
© | w»v
o * e | 2
~1 2] 2]z N
8 | a} o 2| a
- | v ~ b
21z | 2 18] =
o1 21 2| 2
o | a | o > {1 > ] 2
& @
] e | o | @
|3 N | - } -
SRR iz
a 8 o | a | @
BB g| §
- Sl =
w > | 2
o |} lu [~}
z & I 2 8
L - 31 35 F)
[} (-3 v 1 ¢+ ] @
Nﬂfnswmmzzz
“VElsls|s|#|3|s|8[3]|3]:
S | o } © | © c|l o | < |a | a}] @
w |} o 1 = -
of 1 1 5 21cm
S EARAEEEEEREEE-NEE LR
8181} s < | < s | ©
< | ol ool w] elo ]z ]| x| 4

10

O

O
sSuUMg

O OO0 OO OO O O O

SENBH SUM24

O 0O O O O O O O

SUM23 SUM22 SUM21 SUMIB SUM14 Vgg SUMI3 Vgg SUM11

DQM
o

Vec SUM19  Vgg SUM1S SUM12 SUM10 SUM8 SUMS6

Vss

O

O

SUM20 SUM17 SUM16

2 9

SUM7

O O

SUM5 SUM4
O O O
SUM1  SUM3 SUM2

HSP43881

BOTTOM VIEW
PINS UP

Vsg cg?ro 3900
O O O

COouTt

O

(]

Vgg COUT2

2080
OO0

COUuT3 CcouT4

O

CIN3

O O O

CIN7

CINg

O

CIENB

DIN4
DiIN2

o O
O[RO
o o0 0 0 O O O

DIENB DINS

O
®)

O O O
PIN
O O O
Vg COUT7 TCCO ERASE TCS

COUTS COUT8 ALIGN

Vec Vss

TCCl

DIN3

DING

O

RESET DIN7

O O

Vgg COENB Vg

O

[+
B

A

Note: An overbar on a signal name represents an active LOW signal.
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Specifications HSP43881/883

Absolute Maximum Ratings

10 oY o ARV /o1 -V - SR +8.0V
Input, Qutput Voltage Applied .......... GND-0.5Vto Ve +0.5V
Storage TemperatureRange ...........cvveenn -659C to +150°C
Junction Temperature ......... PR N +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification ........ccoiiiiiiiiiniiiiiiieiinann, Class 1

Reliability Information

Thermal Resistance Bja Oic
CeramicPGAPackage ............. 34.660C/W 7.780C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage ..........coivviieivnneennn 1.44 Wait

GateCount ......cciiiiiiiiiiiiiiii i 17762 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating VoltageRange .................c.uee +4.5V to +5.5V
Operating Temperature Range ............... -550C to +125°C

TABLE 1. HSP43881/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Logical One Input VIH Voo =5.5V 1,2,3 -550C < TpA<+1250C | 2.2 - v
Voltage
Logical Zero Input ViL Voo =4.5V 1,2,3 -550C < Tp <+125°C - 0.8 v
Voltage
Output HIGH Voltage VOH IoH = -400pA 1,2,3 -550C < Tp<+1250C | 2.6 - \"
Ve = 4.5V (Note 1)
Output LOW Voltage VoL loL =+2.0mA 1,2,3 ~-550C < Tp < +1250C - 0.4 \%
Ve =4.5V (Note 1)
Input Leakage Current It ViN = Vg or GND 1,2,3 -550C < TA<+1250C| -10 +10 pA
Voe = 5.5V
Output Leakage lo VouTt = Ve or GND 1,2,8 -550C <TA<+125°C| -10 +10 pA
Current Vee =5.5V
Clock Input High ViHC Vgg =5.5V 1,2,8 -550C < Tp < +125°C 3.0 -
Clock Input Low ViLc Ve =4.5V 1,2,3 -550C < TA <+125°C - 0.8
Standby Power Supply lccsB  |VIN=Vcgor GND 1,2,3 -550C < Ta < +1250C - 500 pA
Current Vecec=55YV,
Outputs Open
Operating Power Iccop | f=20.0MHz 1,2,3 -550C < TA < +1250C - 160.0 mA
Supply Current Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 ~550C < TA < +125°C - -
NOTES:

1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
8.0mA/MHz.

3. Tested as follows: f = 1MHz, Vjy = 26, V|_ = 0.4, VOH > 1.5V,
VoL < 1.5V, Vjg = 3.4V, and V) ¢ = 0.4V.
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TABLE 2. HSP43881/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

GROUP A ~20 (20MH2) }|-25 (25.6MHz)
PARAMETER SYMBOL [ CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS

Clock Period Tep Note 1 9,10,11 ~550C < TA <+1250C | 50 - 39 B ns
Clock Low ToL Note 1 9,10, 11 -550C < Tp <+125°C | 20 - 16 - ns
Clock High TcH |Notet 9,10,11 -550C < Ta<+1250C | 20 - 16 - ns
Input Setup Tis Note 1 9,10, 11 -550C <TpA <+1250C | 20 - 17 - ns
Input Hold TIH Note 1 9,10, 11 -560C<TA<+1250C| O - (o] - ns
CLK to Coefficient Topc |Note1 9,10, 11 -550C < TA<+1250C | - 24 - 20 ns
Output Delay

Output Enable Delay Toep [Notet 9,10,11 -550C < Tp <+1250C - 20 - 15 ns
CLKto SUM Tops |Note1 9,10, 11 -550C <Tp<+1250C | -~ 31 - 25 ns
Output Delay

NOTE: 1. A.C. Testing: Vg = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1" and 0.0V for a Logic “0". Input and output timing measure-
ments are made at 1.5V for both a Logic “1” and “0". CLK is driven at
4.0V and OV and measured at 2.0V.

TABLE 3. HSP43881/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

-20 -25
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CIN Vcc=O0pen, f=1MHz 1 Ta =+250C - 15 - 15 pF
All measurements
" are referenced to
Output Capacitance CouT | device GND. 1 TA = +250C = 15 - 15 pF
Output Disable Delay Topbb 1,2 |-550C<Tax+125°C| - 20 B 15 ns
Output Rise Time Tor 1,2 [-550C<Tp<+1250C| - 7 - 6 ns
Output Fall Time ToF 1,2 |-55°C<Tag+125°C| - 7 - 6 ns
NOTES:

1. The parameters listed in Table 3 are controlled via design or process
parameters and are not directly tested. These parameters are character-
ized upon initial design and afler major process and/or design changes.

2. Loading is as specified in the test load circuit, C| = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initiat Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10, 11
Group A - 1,2,8,7,8A,88,9,10, 11
Groups C &D Samples/5005 1,7,9
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Burn-In Circuit

HSP43881/883 PIN GRID ARRAY (PGA)

1 2 3 4 L 8 7 8 ] 1o "
JO O O O O O O O O O
DCM1 SUM23 8UM22 SUM21 SUMI8 SUMI4 Voo SUMI3 vVgg SUMIT SUM9
KO O O O O O O O O O O
SENBH SUM24 vgg Yee 8SUMI8 vgg SUMIS SUM1Z SUM10 SuMa SUMS
0O O o O O O O
Vcc sSuM25 8SUM20 BUMI17 SUMI1E sum? Vag
WO O O
ADR1  ADRO 8UMS SUM4
G
;82 0940 8 HSP43881 5941 39\4:- suouz
10 O O BOTTOM VIEW O O
vgg COUTO SHADD PINS UP 8UMD Veoe  Vgs
e]O O O o O O
COUT1 Vgg Cour2 CIN1  CINO  SENBL
o] O O O O
COUT3 COUT4 . CIN2 Voo
c] O O O O O O o O
CouTs coure A'I;:ﬁN DIENB  DINS DIN4 CINS CINa
=10 O o O O O O O
Veg COUT? TCCO ERASE TC8 DIN1 DIN2 CIENB CIN7 CIN8  CiNa
O O O O
Vss COENB Ve RESET DINT DING DIND DINO TCC Vec Vgg
PGA PIN BURN-IN ‘PGA PIN BURN-IN IPGA PIN BURN-IN IPGA PIN BURN-IN
PIN NAME SIGNAL | PIN NAME SIGNAL |PIN NAME SIGNAL | PIN NAME SIGNAL
A1 |Vss GND C1 | COUTS Voo/2 F10 |Veoo Vee K4 Voo Voo
A2 | COENB F10 C2 |COouTe Vee/2 F11 |Vss GND K5 |SumMm19 Vee/2
A3 |vee Veo C3 | ALIGN NG G1 |ADR2 F2 K6 |Vss GND
A4 | RESET F11 C5 |DIENB F10 G2 |DCMO F5 K7 | SUM15 vee/2
A5 | DIN7 F8 C6 |DINS F5 G3 |CLK FO K8 |SuM12 Voe/2
A6 | DIN6 F6 C7 | DIN4 F4 G9 |SUM1 Vge/2 K9 |SuM10 Voe/2
A7 | DIN3 F3 C10 | CINS F5 G10 | SUM3 Voe/2 K10 | SUM8 Voo/2
A8 | DINO FO C11 | CIN3 F3 G11 [ SUM2 Vee/2 K11 | SUMé Voeo/2
A9 | CIN8/TGCI F8 D1 JCOUT3 Vee/2 H1 | ADR1 F1 Lt | DCM1 F6
A10 | Voo vee D2 |COuUT4 Vge/2 H2 | ADRO FO L2 |SumM23 Voe/2
A11 | Vgg GND D10 | CIN2 F2 H10 | SUMS Vego/2 L3 [Sum22 Vee/2
B1 |Vee Voo D11 |Voe \ele] H11 | SUM4 Voeo/2 L4 [SuUM21 Voeo/2
B2 | Cout? Vee/2 E1 JCOuUT1 Vee/2 J1 {Veo Voo L5 |suM1is Vee/2
B3 | COUT8/TCCO]Vpg/2 E2 |Vss GND J2 | SUM25 veo/2 L6 |SuMmi4 Vee/2
B4 | ERASE F10 E3 | COUT2 Veeo/2 J5 | SUM20 Vee/2 L7 |Vcec Voo
B5 [ DIN8/TCS F7 E9 |CIN1 F1 J6 | SUM17 vee/2 L8 |SuM13 Vge/2
B6 | DIN1 F1 E10 | CINO FO J7 | SUM16 Vee/2 L3 |Vss GND
B7 | DIN2 F2 E11 | SENBL F10 J10 | Sum7 Vee/2 L10 | SUM11 Vee/2
B8 | CIENB F10 F1 Vss GND J11 | Vss GND L11 | Sume Vgeo/2
B9 | CIN7 F7 F2 | COUTO Veeo/2 K1 | SENBH F10
B10 | CIN6 F6 F3 | SHADD F9 K2 | SUM24 vVeeo/2
B11 | CIN4 F4 Fg | SUMO VCC/2 K3 |Vss GND
NOTES:

1. Voe/2 (2.7V £ 10%) used for outputs only.

2. 47KQ (£20%) resistor connected to all pins except Vo and GND.
3. Vgg = 5.5V £ 0.5V,

4. 0.1yF (min) capacitor between Vo and GND per device.

5. FO =100kHz + 10%, F1 = F0/2, F2=F1/2...,F11 = F10/2, 40% - 60%
Duty Cycle.

6. Input voltage Limits: Vy_= 0.8V Max, V|4 = 4.5V £10%
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HSP43881/883

Die Characteristics
DIE DIMENSIONS:
328 x 283 x 19 1 mils

METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8|
GLASSIVATION:
Type: Nitrox
Thickness: 10kA

WORST CASE CURRENT DENSITY: 1.2 x 105A/cm2
Metallization Mask Layout

HSP43881/883
14 w I o r o o a
8 = o8 o T @ e x ¥
3 £85: 888 238z 33 8
> @ a o o > < > a < & o uw >

SUM2t

8UM20
sUM19

SUM1S

Vss

sSuM17

sumM13
SUMI2
Vss

SUMtT1
sSUMT0

SUME
Vss
SUMS
SumM4
Vee
SUM3
SuM2
sumt
sumo
Vss
ciNo
CIN1
Vee

couTo

CIN2

CIN3

AL _BL U NI
IR

DIN8
DINS
DINg
DIN3
DIN2
DINt
DINO
CIENB

TCCl

Vec

SELECT 891
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Features

« Eight Filter Cells

e OMHz to 30MHz Sample Rate

9-Bit Coefficients and Signal Data

¢ 26-Bit Accumulator per Stage

¢ Filter Lengths Over 1000 Taps

¢ Expandable Coefficient Size, Data Size and Filter Length
¢ Decimation by 2,3 0r4

Applications

* 1-D and 2-D FIR Filters

¢ Radar/Sonar

* Digital Video

¢ Adaptive Filters

* Echo Cancellation

¢ Complex Multiply-Add

+ Sample Rate Converters

Ordering Information

Description

The HSP43891 is a video-speed Digital Filter (DF) designed
to efficiently implement vector operations such as FIR digital
filters. 1t is comprised of eight filter cells cascaded internally
and a shift and add output stage, all in a single integrated cir-
cuit. Each filter cell contains a 9 x 9 two’s complement multi-
plier, three decimation registers and a 26-bit accumulator.
The output stage contains an additional 26-bit accumulator
which can add the contents of any filter cell accumulator to
the output stage accumulator shifted right by 8-bits. The
HSP43891 has a maximum sample rate of 30MHz. The
effective multiply-accumulate (mac) rate is 240MHz.

The HSP43891 DF can be configured to process expanded
coefficient and word sizes. Multiple DFs can be cascaded for
larger filter lengths without degrading the sample rate or a
single DF can process larger filter lengths at less than
30MHz with multiple passes. The architecture permits pro-
cassing filter fengths of over 1000 taps with the guarantee of
no overflows. In practice, most filter coefficients are less than
1.0, making even larger filter lengths possible. The DF pro-
vides for 8-bit unsigned or 9-bit two’s complement arithmetic,
independently selectable for coefficients and signal data.

| 1D FILTERS H

TEMPERATURE Each DF filter cell contains three re-sampling or decimation
PART NUMBER RANGE PACKAGE registers which permit output sample rate reduction at rates
HSP43891VC-20 0°C t0 +70°C | 100 Lead MQFP of 5, '3 or Y/, the input sample rate. These registers also
HSP43891VC-25 0°C to +70°C 100 Lead MQFP provide the. cfapgbility to perform ?-D operat.ions such as
HSP43891v0-30 0°C 10 70°C | 100 Load MQFP rpatrix mpltlplncatlon anq NxN 'spgtlal correlations/ convolu-
tions for image processing applications.
HSP43891JC-20 0°C to +70°C 84 Lead PLCC
HSP43891JC-25 0°C to +70°C 84 Lead PLCC
HSP43891JC-30 0°C to +70°C | 84 Lead PLCC
HSP43891GC-20 0°C to +70°C 85 Lead PGA
HSP43891GC-25 0°C to +70°C 85 Lead PGA
HSP43891GC-30 0°Cto +70°C | 85 Lead PGA
Block Diagram
Vec Vss DINo - DiNe
DIENB )
CIENB _5,
DCMo -1 77
ERASE b I I I < I I I l L
9 FILTER 9 FICTER FILTER FILTER FILTER FILTER ALTER FILTER
CINO - 8 >>45 CELL 0 CELL o4+ CELL 2 | o4+ CELL 3 3,4.. CELL 4 o=+ CELL S '?r‘* CELL 6 -;‘-b CELLT > COUTo-8
RESET b, X 2 2 . V. 2 4
LK >5eg Sl 128 T 16 426 426 1 426 1 126 Izzs ’Nl oEE
ADRO -2 3 -
""’I MUX |
RESET ADRO, ADR1, ADR2 { 26
CLK 2 pop
SHADD 5 7~ ur
SENBL 5 ~ *| STAGE
SENBH 2
sumo. 25 478

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
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HSP43891

Pinouts

85 PIN GRID ARRAY (PGA)
A Va; OOE_M ch iﬁl’ DIN7 DiNe oiRa oiko o vcc "88 ¢ Dgl 8923 39& IIQZ' HIQI! 8910 VO SQB ‘98 39" SUMS
® Vee |coutr {coum e ot | oma | GER | owr | ciws | cime * tOENlH suoula vO vo sgn VO 3815 08 2 3810 8‘ 990.
¢ O O o O O O

o
o

O
o

O
0]

a
vgg COUT2
N ° o]
COUTS COUT4
<O O O
J A/ SUMaS BSUM20 | SUM17 | SUMIS SUM7 Vg
cc 8s COUTs COouTe Asl"?l
P B
Kk | %2R |sumas| vgg | voc |sumie] veg |sumis]sumiz|sumio| sume | sume O O O
Vcc COUT7 couTs
»|]O O O
L DCM1 | SUM23 | SUM22{ S8UM21 | SBUMIB | SUM14| vge |SUMIS | vgg | SBUMIT| SUMS Vas COENB Vo
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Pin Description

PIN

SYMBOL | NUMBER TYPE NAME AND FUNCTION

Vce B1,J1,A3, +5 power supply input
Ka,L7,A10,
F10,D11
Vss A1, F1,E2, Power supply ground input.
K3,K6,L19,
A11,E11,
H11
CLK G3 ! The CLK input provides the DF system sample clock. The maximum clock frequency is 30MHz,
DINO-8 A5-8, | These nine inputs are the data sample input bus. Nine-bit data samples are synchronously
B5-7 loaded through these pins to the X register of each filter cell of the DF simultaneously.
C6,C7 The DIENB signal enables loading, which is synchronous on the rising edge of the clock signal.
The data samples can be either 9-bit two's complement or 8-bit unsigned values. For 9-bit
two’s complement values, DIN8 is the sign bit. For 8-bit unsigned values, DIN8 must be
held at logical zero.

DIENB C5 | A low on this input enables the data sample input bus (DINO-8) to all the fiiter cells. A rising
edge of the CLK signal occurring while DIENB is low will load the X register of every
filter cell with the 9-bit value present on DINO-8. A high on this input forces all the
bits of the data sample input bus to zero; a rising CLK edge when DIENB is high will load
the X register of every filter cell with all zeros. This signal is latched inside the
device, delaying its effect by one clock internal to the device. Therefore it must be
low during the clock cycle immediately preceding presentation of the desired data
on the DINO-8 inputs. Detailed operation is shown in later timing diagrams.

CINO-8 | A9, Bo-11, I These nine inputs are used to input the 9-bit coefficients. The coefficients are synchronously

C10.C11. loaded into the C register of filtar CELLO if a rising adae of CLK occurs whila CIENR is low.
D10, E9, The CIENB signal is delayed by one clock as discussed below.

E10 The coefficients can be either 9-bit two’s complement or 8-bit unsigned values. For 9~bit
two's complement values, CIN8 is the sign bit. For 8-bit unsigned values, CIN8 must be
held at logical zero.

ALIGN Cc3 Used for aligning chip on socket or printed circuit board. This pin must be left as a no connect

PIN in circuit.

CIENB B8 1 A low on this input enables the C register of every filter cell and the D {decimation) registers
of every filter cell according to the state of the DCMO-1 inputs. A rising edge of the CLK
signal occurring while CIENB is low will load the C register and appropriate D registers with
the coefficient data present at their inputs. This provides the mechanism for shifting
coefficients from cell to cell through the device. A high on this input freezes the contents
of the C register and the D registers, ignoring the CLK signal. This signal is latched and
delayed by one clock internal to the DF. Therefore it must be low during the clock cycle
immediately preceding presentation of the desired coefficient on the CINO-8 inputs.

Detailed operation is shown in later timing diagrams.

COUTO-8 | B2,B3,C1, o These nine three-state outputs are used to output the 9-bit coefficients from filter CELL7.
D1,E1,C2, These outputs are enabled by the COENB signal iow. These outputs may be tied to the
D2,F2,E3 CINO-8 inputs of the same DF to recirculate to coefficients, or they may be tied to the

CINO-8 inputs of another DF to cascade DFs for longer filter lengths.

COENB A2 I Alow on the COENB input enables the COUTO-8 outputs. A high on this input places all these
outputs in their high impedance state.

DCMO-1 L1,G2 | These two inputs determine the use of the internal decimation registers as follows:

DCM1 DCMoO DECIMATION FUNCTION
0 (4] Decimation registers not used
0 1 One decimation register is used
1 0 Two decimation registers are used
1 1 Three decimation registers are used
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Pin Description (Continued)

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

DCMO-1
(Cont.)

L1,G2

The coefficients pass from cell to cell at a rate determined by the number of decimation
registers used. When no decimation registers are used, coefficients move from cell to cell
on each clock. When one decimation register is used, coefficients move from cell to cell on
every other clock, etc. These signals are latched and delayed by one clock internal to the
device.

SUMO-25

J2,J5-8,
J10,K2,
K5-11
L2-6,L8,
L10,L11

These 26 three-state outputs are used to output the results of the interna! filter cell
computations. Individual filter cell results or the result of the shift-and-add output
stage can be output. if an individual filter cell result is to be output, the ADRO-2 signals
select the filter cell result. The SHADD signal determines whether the selected filter celi
result or the output stage adder result is output. The signals SENBH and SENBL enable
the most significant and least significant bits of the SUM0-25 result respectively. Both
SENBH and SENBL may be enabled simultaneously if the system has a 26-bit or larger bus.
However individual enables are provided to facilitate use with a 16-bit bus.

SENBH

K1

A low on this input enables result bits SUM16-25. A high on this input places these bits in
their high impedance state.

SENBL

E11

A low on this input enables result bits SUM0-15. A high on this input places these bits in
their high impedance state.

ADRO-2

G1,H1,H2

These three inputs select the one cell whose accumulator will be read through the output
bus (SUMO0-25) or added to the output stage accumulator. They also determine which
accumulator will be cleared when ERASE is low. These inputs are latched in the DF and
delayed by one clock internal to the device. If ADRO-2 remains at the same address for
more than one clock, the output at SUM0-25 will not change to reflect any subsequent
accumulator updates in the addressed cell. Only the result available during the first clock,
when ADRO-2 selects the cell, will be output. This does not hinder normal operation
since the ADRO-2 lines are changed sequentially. This feature facilitates the interface
with slow memories where the output is required to be fixed for more than one clock.

1D FILTERS

SHADD

F3

The SHADD input controls the activation of the shift and add operation in the output stage.
This signal is latched on chip and delayed by one clock internal to the device. Detailed
explanation is given in the DF Output Stage section.

RESET

A low on this input synchronously clears all the internal registers, except the cell accum-
ulators It can be used with ERASE to also clear all the accumulators simuitaneously. This
signal is latched in the DF and delayed by one clock internal to the device.

ERASE

B4

A low on this input synchronously clears the cell accumulator selected by the ADR0O-2
signals. If RESET is also low simultaneously, all cell accumulators are cleared.
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Functional Description

The Digital Filter Processor {DF) is composed of eight filter
cells cascaded together and an output stage for combining
or selecting filter cell outputs (See Block Diagram). Each
filter cell contains a multiplier-accumulator and several
registers (Figure 1). Each 9-bit coefficient is muitiplied by a
9-bit data sample, with the result added to the 26-bit
accumulator contents. The coefficient output of each cell is
cascaded to the coefficient input of the next cell to its right.

DF Filter Cell

A 9-bit coefficient (CINO-8) enters each cell through the C
register on the left and exits the cell on the right as signals
COUTO-8. With no decimation, the coefficient moves direct-
ly from the C register to the output, and is valid on the clock
following its entrance. When decimation is selected the
coefficient exit is delayed by 1, 2 or 3 clocks by passing
through one or more decimation registers (D1, D2 or D3).

The combination of D registers through which the coeffi-
cient passes is determined by the state of DCMO and
DCM1. The output signals (COUTO-8) are connected to the
CINO-8 inputs of the next cell to its right. The COENB input
signal enables the COUTO0-8 outputs of the right most cell
to the COUTO-8 pins of the device.

The C and D registers are enabled for loading by CIENB.
Loading is synchronous with CLK when CIENB is low. Note
that CIENB is latched internally. it enables the register for
loading after the next CLK following the onset of CIENB low.
Actual loading oceurs on the second CLK following the
onset of CIENB low. Therefore CIENB must be low during
the clock cycle immediately preceding presentation of the
coefficient on the CINO-8 inputs. In most basic FIR
operations, CIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When CIENB is high, the
coefficients are frozen.

These registers are cleared synchronously under control of
RESET, which is latched and delayed exactly like CIENB.

The output of the C register (C0-8) is one input to 9x9 muiti-
plier.

The other input to the 9x9 multiplier comes from the output
of the X register. This register is loaded with a data sample
from the device input signals DINO-8 discussed above. The
X register is enabled for loading by DIENB. Loading is
synchronous with CLK when DIENB is fow. Note that
DIENB is latched internally. It enables the register for
loading after the next CLK following the onset of DIENB low.
Actual loading occurs on the second CLK following the
onset of DIENB low; therefore, DIENB must be low during
the clock cycle immediately preceding presentation of the
data sample on the DINO-8 inputs. In most basic FIR
operations, DIENB will be low throughout the process, so
this latching and delay sequence is only important during
the initialization phase. When DIENB is high, the X register
is loaded with all zeros.

The multiplier is pipelined and is modeled as a multiplier
core followed by two pipeline registers, MREGO and
MREG?1 (Figure 1). The multiplier output is sign extended
and input as one operand of the 26-bit adder. The other
adder operand is the output of the 26-bit accumulator. The

adder output is loaded synchronously into both the
accumulator and the TREG.

The TREG loading is disabled by the cell select signal,
CELLn, where n is the cell number. The cell select is
decoded from the ADRO-2 signals to generate the TREG
load enable. The cell select is inverted and applied as the
load enable to the TREG. Operation is such that the TREG is
loaded whenever the cell is not selected. Therefore, TREG is
loaded every clock except the clock following cell selection.
The purpose of the TREG is to hold the result of a sum-of-
products calculation during the clock when the accumulator
is cleared to prepare for the next sum-of-products
calculation. This allows continuous accumulation without
wasting clocks.

The accumulator is loaded with the adder output every
clock unless it is cleared. It is cleared synchronously in two
ways. When RESET and ERASE are both low, the accumu-
lator is cleared along with all other registers on the device.
Since ERASE and RESET are latched and delayed one
clock internally, clearing occurs on the second CLK
following the onset of both ERASE and RESET low.

The second accumulator clearing mechanism clears a
single accumulator in a selected cell. The cell select signal,
CELLn, decoded from ADRO-2 and the ERASE signal
enable clearing of the accumulator on the next CLK.

The ERASE and RESET signals clear the DF internal
registers and states as follows:

ERASE | BFGET CLEARING EFFECT

1 1 No clearing occurs, internal state

remains same.

RESET only active, all registers except
accumulators are cleared, including
the internal pipeline registers.

ERASE only active, the accumulator
whose address is given by the ADRO-2
inputs is cleared.

Both RESET and ERASE active, all
accumulators as well as all other
registers are cleared.

The DF Output Stage

The output stage consists of a 26-bit adder, 26-bit register,
feedback multiplexer from the register to the adder, an output
multiplexer and a 26-bit three-state driver stage (Figure 2).

The 26-bit output adder can add any filter cell accumulator
result to the 18 most significant bits of the output buffer.
This result is stored back in the output buffer. This operation
takes place in one clock period. The eight LSBs of the
output buffer are lost. The filter cell accumulator is selected
by the ADRO-2 inputs.

The 18 MSBs of the output buffer actually pass through the
zero mux on their way to the output adder input. The zero
mux is controlled by the SHADD input signal and selects
either the output buffer 18 MSBs or all zeros for the adder
input. A low on the SHADD input selects zero. A high on the
SHADD input selects the output buffer MSBs, thus activat-
ing the shift-and-add operation. The SHADD signal is
latched and delayed by one clock internally.
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FIGURE 2. HSP43891 DFP OUTPUT STAGE

The 26 least significant bits (LSBs) from either a cell
accumulator or the output buffer are output on the
SUMO-25 bus. The output mux determines whether the cell
accumulator selected by ADRO-2 or the output buffer is
output to the bus. This mux is controlled by the SHADD
input signal. Control is based on the state of the SHADD
during two successive clocks; in other words, the output
mux selection contains memory. If SHADD is low during a
clock cycle and was low during the previous clock, the
output mux selects the contents of the filter cell accumula-
tor addressed by ADRO-2. Otherwise the output mux
selects the contents of the output buffer.

If the ADRO~-2 lines remain at the same address for more
than one clock, the output at SUM0-25 will not change to
reflect any subsequent accumulator updates in the
addressed cell. Only the result available during the first
clock when ADRO-2 sselects the cell will be output.

This does not hinder normal FIR operation since the
ADRO-2 lines are changed sequentially. This feature
facilitates the interface with slow memories where the
output is required to be fixed for more than one clock.

The SUMO0-25 output bus is controlled by the SENBH and
SENBL signals. A low on SENBL enables bits SUM0-15. A
low on SENBH enables bits SUM16-25. Thus all 26 bits
can be output simultaneously if the external system has a
26-bit or larger bus. If the external system bus is only 16
bits, the bits can be enabled in two groups of 16 and 10 bits
(sign extended).

DF Arithmetic

Both data samples and coefficients can be represented as
either 8-bit unsigned or 9-bit two’s complement numbers.
The 9x9 bit multiplier in each cell expects 9-bit two’s
complement operands. The binary format of 8-bit two’s
complement is shown below. Note that if the most signifi-
cant or sign bit is held at logical zero, the 9-bit two’s
complement multiplier can multiply 8-bit unsigned
operands. Only the upper (positive) half of the two’s
complement binary range is used.

The multiplier output is 18 bits and the accumulator is 26
bits. The accumulator width determines the maximum
possible number of terms in the sum of products without
overflow. The maximum number of terms depends also on
the number system and the distribution of the coefficient
and data values. Then maximum numbers of terms in the

atimm mradiiaba Arae
S PIOWUTS airv.

MAX # OF TERMS
NUMBER SYSTEM 8-BIT | 9-BIT

Two unsigned vectors 1032 N/A
Two two’s complement vectors:

* Two positive vectors 2080 1032

* Negative vectors 2047 1024

* One positive and one negative vector 2064 1028
One unsigned 8 bit vector and one two’s
complement vector:

* Postive two’s complement vector 1036 1032

* Negative two’s complement vector 1028 1028

For practical FIR filters, the coefficients are never all near
maximum value, so even larger vectors are possible in
practice.
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Basic FIR Operation

A simple, 30MHz 8-tap filter example serves to illustrate the top, with each cell receiving the same sample simulta-
more clearly the operation of the DF. The sequence table neously. Each cell accumulates the sum of products for one
(Table 1) shows the results of the multiply accumulate in  output point. Eight sums of products are calculated simuita-
each cell after each clock. The coefficient sequence, Cn, en- neously, but staggered in time so that a new output is
ters the DF on the left and moves from left to right through  available every system clock.

the cells. The data sample sequence, Xn, enters the DF from

TABLE 1. HSP43881 30MHz, 8-TAP FIR FILTER SEQUENCE

X15 - . . Xg,Xg, X7 . . . X1, X0

Co...CgCrnCo. .. CqCy -—-—D——P .. -Y15Y14 .. .Yg Y7
CLK CELLO CELL1 CELL 2 CELL3 CELL4 CELL S CELLS CELL7 SUM/CLR
o] Cy7 xXo 0 o] 0o - - - - -
1 +Cg x X4q C7 xXq 0 o} - - - - -
2 +CsxXa | +Cgx X2 C7xXa 0 - - - - -
3 +C4xX3 | +C5xX3 | +CexX3 C7xX3 - - - - -
4 +C3xXq | +C4xX4 | +Cs5xX4 | +CexXg C7xXg - - - -
5 +CaxXg | +C3xXs | +C4xXs | +C5xXs | +Cgx X5 C7xXs - - -
6 +C1xXg [ +CaxXg | +CaxXg | +CaxXg | +Cs5xXg | +Cg xXg C7xXg - -
7 +CoxX7 | +C1xX7 | +C2xX7 | +CgxX7 | +CqxX7 | +C5xX7 | +CgxX7 C7 xX7 Cell 0(Y7) &)
8 C7xXg | +CoxXg | +C1xXg | +CaxXg | +CaxXg | +C4xXg | +C5xXg | +CexXg Cell 1 (Y8) E
9 +Cg x Xg C7xXg | +CoxXg | +C1xXg | +Ca2xXg | +C3xXg | +C4xXg | +Cs5xXg Cell 2 (Y9) =l
10 +Csx X410 | +CgxX10 | C7xXq0 | +CoxXqg | +C1 xX1g | +C2xXq10 | +C3x X109 | +C4xX10 Cell 3(Y10) ';
11 +CqxXqq | +C5xXq1 [+CexX11 | C7xXyq [+CoxXqq [+Cq xX3q | +C2xXqq | +C3xXqq Cell 4 (Y11) -
12 +C3xXq2 | +C4xX12 | +C5xX12 | +CexXq12 | C7xX42 | +CoxXy2 | +C1 xXq2 | +C2xX12 Cell 5(Y12)
13 +CoxXq13 | +C3xX13 | +C4xX13 | +Cs5xXq13 | +Cex X413 | C7xX13 | +CoxX43 | +C1 xX43 Cell 6 (Y13)
14 +C1xXy4 | +Co2xX14 | +C3xX14 | +CqxX14 | +CsxX14 | +CexX14 | +C7xX14 | +CoxX14 Cell 7 (Y14)
15 +Cox X5 | +C1 xX15 | +C2xX45 | +C3xX15 | +C4xX15 | +C5xX15 | +CexX15 | C7xX15 Cell 0 (Y15)
SAMPLE
DATAIN >———
(Xp)
3BIT
Mz > coUNTER +5v
Y2 1 Yo
ADR2 ADRt ADRO Vgc SHADD SENBH SENBL 2%
Sum
+’ DINOG-8 SUMO-25 —F—= oUT
—_ Yn)
g‘“ DIENB
CLK
HSP43981
A2 A1 RO
Do-D8 9 9
L cino-s COUTO-8 {—F— NC
| 9x8 COEFF.
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vss COENB
SYSTEM -
RESET
ERASE )—

FIGURE 3. HSP43891 30MHz, 8-TAP FIR FILTER APPLICATION SCHEMATIC
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Detailed operation of the DF to perform a basic 8~tap, 9-bit
cosfficient, 9-bit data, 30MHz FIR fiiter is best understood
by observing the schematic (Figure 3) and timing diagram
(Figure 4). The internal pipeline length of the DF is four (4)
clock cycles, corresponding to the register levels CREG (or
XREG), MREGO, MREG1, and TREG (Figures 1 and 2).
Therefore the delay from presentation of data and
coefficients at the DINO-8 and CINO-8 inputs to a sum
appearing at the SUM0-~25 output is: k + Td, where k = filter
length and Td = 4, the internal pipeline delay of the DF.

After the pipeline has filled, a new output sample is available
every clock. The delay to last sample output from last
sample input is Td.

The output sums, Yn, shown in the timing dlagram are
derived from the sum-of-products equation:

Y(n) = C(0) x X(n) + C(1) x X(n-1) + C(2) x X(n-2) + C(3)
x X(n-3) + C(4) x X(n-4) + C(5) x X(n-5) + C(6) x X(n-6)
+ C(7) x X(n-7)

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 18 20

CLK

RESET T|__J

ERASE —|_ [ L

DiNe-8 | %o| 1| X2 | Xs| Xa| Xs| Xs| Xz | X8| Xo | X10| X1 | X1z | X1a| Xt | X15 | Xs6 | X1z | Y1)
DIENE 72777}

CING-8 | 7| o6 cs|ca]ca|ca|cr|ca]Cr|cs|Cs|ca|calCca|er]calcr|cs|Cs|
AoRo-2 lolalalalalslealalal
SUMO0-25

| Y7 | Ya | Yo| Yao| Yu| Yiz| Yaa | Y]

SHADD 222207 07 7 d i o rr 7 A

SENBL 27/ /T T T L e T T f /)

SENBH 7/ 7 /LT T LT L T A A A A

pcMo-1 | o IL

7

YN = 3 CK x XN-K
K=10

FIGURE 4. HSP43891 30MHz, 8-TAP FIR FILTER TIMING

SAMPLE
DATA IN ».
) 5 n
S
30MHz _ ]
CLOCK ~
+5V +8V
1 I3 L4 3
AR ADRS ADAZ Vgg SHADD SENBH SENML| 2 AOR1 ADRO ADAZ Voo SHADD SENSH SENBL -
-'/-. oiNe-8 sums-2s | _}4 DINg-8 sume-1s FA
[0 .[0 DIENS
~Jax  HSP43891 Tl HSP43891
v
cn 1L [ oy o
srv
WL el . .
Y3 cine-3 COUTE-8 | cINg-3 couts-8 4ds NC
RESET » JCIENS pcMy Deme WESET ERASE vy COENS CIENS 0CM1 DCM NESET ERASE Vgg COEND
[ e T 17
SVSTEM _ P2
RESET ~ UM
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L0

FIGURE 5. HSP43891 30MHz, 16-TAP FIR FILTER CASCADE APPLICATION SCHEMATIC
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Extended FIR Filter Length

Filter lengths greater that eight taps can be created by
either cascading together multiple DF devices or “reusing”
a single device. Using multiple devices, an FIR filter of over
1000 taps can be constructed to operate at a 30MHz
sample rate. Using a single device clocked at 30MHz, an
FIR filter of over 500 taps can be constructed to operate at
less than a 30MHz sample rate. Combinations of these two
techniques are also possible.

DATA SlérQUENCE

Cascade Configuration

To design a filter length L>8, L/8 DFs are cascaded by
connecting the COUTO0-8 outputs of the (i)th DF to the
CINO-8 inputs of the (i+1)th DF. The DINO-8 inputs and
SUMO0-25 outputs of all the DFs are also tied together. A
specific example of two cascaded DFs Illustrates the
technique (Figure 5). Timing (Figure 6) Is similar to the
simple 8-tap FIR, except the ERASE and SENBL/SENBH
signhals must be enabled independently for the two DFs in
order to clear the correct accumulators and enable the
SUMO-25 output signals at the proper times.

TABLE 2.

INPU X30 - .- Xg, Xg, X22 ...X1,Xg
COEFFICIENT SEQUENCE
INPUT Cp..-C14,C150...0,Cg ... C14,Cy5 HSP43891 ...0,Y309...Y¥230...0,Y25 ... Y45,0... 0

CLK CELLO CELL1 CELL2 CELL3 CELL4 CELLS CELLS6 CELL7 SUM/CLR
6 Ci15xXg (o] (/] (o] - - - - -

7 +C14x X4 C15xX4 ] 0 - - - - -

8 +C13xX2 Ci15xX2 (o} - - - - -

9 +Cq12xX3 C15xX3 - - - - -

10 +Cq11xXg +C14xX4 | C15xX4 - - - -

1 +C10x X5 +C13xXs Ci15xXs5 - - B

12 +Cg x Xg +C12xXg Ci15xXg - -

13 +Cgx X7 +Cq4xX7 Ci5xX7 -

14 +C7 xXg +C10xXg +Cq4 xXg B

15 +Cg x Xg +Cg xXg +C13xXg -

16 +CsxX10 +Cg xX10 +C12xX10 ’ -

17 +Cq xX11 +C7 xX1q4 +Cq4 xX11 -

18 +C3x Xq2 +CgxX12 +Cq10xX12 =

19 +CoxXq3 +C5xX13 +CgxX13 -

20 +Cq1xX14 +C4q4xX14 +Cg x X14 -

21 +CoxX15 v +C3xX15 +C7xX15 Cell 0(Y15)
22 0 CoxX1g v +Co xX1g +Cgx X1g Celi 1(Y16)
23 0 0o CoxXy7 | +C1xXq7 +Csx Xq7 Cell 2(Y17)
24 0 o o +CoxX1g v +C4qx X418 Cell 3(Y18)
25 (4] o] (o] (o} CoxX1g v +Cax X19 Cell 4(Y19)
26 0 (¢} 0 [ o Co xX20 v +Ca x X20 Cell 5(Y20)
27 o o 0 0 0 o CoxXaq |+CqxXaq Cell 6(Y21)
28 (o} [} [o] [ [ o} (o] +Cqg x Xo2 Cell 7(Y22)
29 C15xXg 0 o] o] 0 (o] 0o [0} -

30 +Ci4xXg | +C15xXg [¢] 0 0 ] o] o -

31 +C13xX10 +C15xX10 o] (o] [o] o] o] -

32 [HCqi2xXq1 +Cq15xX11 [} [o] o] 0 -

33 H+Ci1xXq2 +Ci5xX12 [o} o o} -

34 [|+Cq0xX13 +C15xX12 o] o] -

35 +CgxX14 +C15xX14 (o] -

36 +CgxXy5 Ci5xXq5 -

37 +C7 xX1¢ +C14 XX18 -

38 +Cex X7 +C13xXq7 -

39 |+CsxXyg +C12xX1g -

40 +C4qxXq9 +C11 xXq9 -

a +C3xX20 +C10 xX20 -

42 +Co x X21 +Cg x X21 -

43 +Cq1 xX +Cg x X; =

44 +c:) x x§§ v +c$ x x§§ Cell 0(Y23)
45 0 Co xX23 v +Cg x X24 Cell 1{y24)
46 o] (o] Cox Xos v +Cs x X255 Cell 2(Y25)
47 o o} (¢} Co x X26 v +Cq x X2g Cell 3(Y26)
48 [¢] [} 0 (o] Co x Xa7 v v +C3 xXo7 Cell 4(Y27)

3-141

1D FILTERS




HSP43891

0 1 2 3 4 5 6 7 3 9 10 M 12 13 W W W o7 W18 20 2 2223 2428 28 27 28 290 M 3 32 33 34 35 3 87 3 ¥ &0

T3
RESE LT
Do ERASE L[
OF1 ERASE
DiNe-3

] L
1% 1 X | X2 | Xa | Xe | % § Xg | Xy | Xa | Xg | Xugd X1) Xzl Y3l X1a] Xss| Xea] Xe7|%101%19 { %20 | X21 [¥22)X23 ) X241 %28 |X28]X27 | X28| X20| Xs0] X34 | Xs2| Xa3|¥s4 |Xa5 | s8] Xa7]

e L
CINg-8 1C45 1C14 1C13 [C121 C1siC1ulCo | Ca | €7 | Cq | €5 [ CodCx1C2 | €1}y |Com[Cra)Cra Ce2]Crn|Cea Ca {Ca JC7 |Ca JC5 |Ca | Cs |C2 | C1 | ColC5!CrslCraiCrz|CarlCrol
e L
AORO-2 Jejij2|sjas[apriefr|2|s|a|s|s|7]a|r]2]|3]
DFO 8UNB-25 1¥151 Y161 Y71 Ya| Yag | Y201 Y2r | V2ol | ¥a1lYs2] Y33l
DF1 SUMO-23 1¥231 Y241 Y251 Y261 Y271 Y2u1 Y20 ] Y3o|
SHADD
DF0 SENBUA S L
DF1 SENBUR - T
ocma-1 | 0

1%
Yy= X CxxXyx
K=0

FIGURE 8. HSP43891 16-TAP 30MHz FILTER TIMING USING TWO CASCADED HSP43891s

Single DF Configuration

Using a single DF, a filter of length L>8 can be constructed
by processing in L/8 passes, as illustrated in Table 2, for
a 16-tap FIR. Each pass Is composed of Tp = 7 + L cycles
and computes eight output samples. In pass I, the sample
with indicae i*Q to 1*8 +{1 -1} ontor the DINC-8 nputs. The
coefficients Cg - CL - 1 enter the CINO-8 inputs, followed
by seven zeros. As these zeros are entered, the resuit
samples are output and the accumulators reset. Initial filing
of the pipeline is not shown in this sequence table. Filter
outputs can be put through a FIFO to even out the sample
rate.

Extended Coefficient and
Data Sample Word Size

The sample and coefficient word size can be extended by
utilizing several DFs in parallel to get the maximum sample
rate or a single DF with resulting lower sample rates. The
technique is to compute partial products of 9x9 and com-

bine these partial products by shifting and adding to obtain
the final result. The shifting and adding can be accom-
plished with external adders (at full speed) or with the DF's
shift-and-add mechanism contained in its output stage (at
reduced speed).

Decimation/Resampling

The HSP43891 DF provides a mechanism for decimating
by factors of 2, 3, or 4. From the DF filter cell block diagram
(Figure 1), note the three D registers and two multiplexers in
the coefficient path through the cell. These allow the
coefficients to be delayed by 1, 2, or 3 clocks through the
cell. The sequence table (Table 3) for a decimate-by-two-
filter illustrates the technique (internal cell pipelining ig-
nored for simplicity).

Detailed timing for a 30MHz input sample rate, 15MHz out-
put sample rate (i.e., decimate-by-two), 16-tap FIR filter, in-
cluding pipelining, is shown in Figure 7. This filter requires
only a single HSP43891 DF.
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TABLE 3. HSP43891 16-TAP DECIMATE-BY-TWO FIR FILTER SEQUENCE; 30MHz IN, 15MHz OUT

DATA
SEQUENCE ... X2, X1, X0
INPUT
COEFFICIENT
SEQUENCE ... C15,Cq,... C13,C14, C15———@—>...Y19. -Y17,.- Y15
INPUT
CLK CELLO CELL1 CELL 2 CELL 3 CELL4 CELLS CELL6 CELL7 SUM/CLR
6 Ci5xXg (o} 0 o] (o] (o} o] o] -
7 +C14 x X4 (o] [o] (o] (o] o] (o] (o] -
8 +C13xX2 | Ci5xX2 [¢] (o] (o] (o] o o] -
9 +Cq12xX3 | +C14x X3 [] [¢] o [ (o] 0 -
10 +C11xXg4 | +C13xXgq | Ci15xXy4 (o] (o] 0 0 0o -
11 +C10xX5 [ +C12x X5 | +C14x X5 0 0 0 o [¢] -
12 +CgxXg | +C11xXg | +C13xXg | Ci5xXg (o] 0 o] (o} -
13 +Cgx X7 | +C19x X7 | +C12xX7 | +C14xX7 0 o} (o} 0 -
14 +C7xXg | +CgxXg | +C11xXg | +C13xXg | C15xXg 0 0 0 -
15 +CgxXg | +CgxXg |+CigxXg | +C12xXg [+C14xXg 0 (o} o -
16 +C5xX10 | +C7 xX10 | +Cg xX10 {+C11 xX10{+C13xX10] C15%xX10 0 (o} -
17 +CaxXq1 | +CexXq91 | +Cgx X114 [+C1poxX11]+C12xX11[+C14 x X1 o] o] -
18 +C3xX42 [+C5xXq2 [ +C7xXq12 | +Cgx X1 [+C14 xX42]+C13xX12] Ci5xXq2 (o} -
19 +C2xX13 | +C4xX13 {+CgxX13 | +CgxX13 |[+C10x X13|+C12xX13|+C14 xX13 0 -
20 +Cq1 xXiq [ +C3xX14 | +C5xX14 { +C7xX14 [ +Cgx X14 {+C11 xX14[+C13%xX14] C15%XX14 -
21 +CoxXqy5 | +C2xX15 | +C4xX15 | +Cgx X915 | +Cgx X15 |+C10xX15[+C12xX15|+C14 xX15 Cell 0(Y15)
22 C15xX16 | +C1 xXqg [ +C3xX1g | +C5x X1 | +C7x X1 { +Cg x X156 [+C11 xX16|+C13xX16 -
23 [+C14xX97]+CoxXq7 | +C2xXq7 | +C4xX17 | +Cex X7 | +Cg xX17 |[+C10x X317 |+C12xX47 Cell 1(Y17)
24 |+Cq3xX18| C15xX1g]+C1xX418 | +C3xX18 | +Cs5xX4g [ +C7xXq1g [ +CoxXq1g8 [+C11xX18 -
25 |+Cq2xX4g]+C14xX49|+CoxXqg | +C2xX1g9 | +CqgxXqg | +CexX1g | +CgxX1g [+C10xX19 Cell 2(Y19)
26 |+Cq1xX20|+C13xX20| C15xX20 | +C1 xX20 | +C3x X20 | +C5 xX20 [ +C7 x X230 | +Cgx X290 -
27 |+Cy0xX21 [+C12xX21 [+C14x X2 | +CoxX24 | +Cax X1 | +C4 xX2q | +CgxX2q | +Cg x X21 Cell 3(Y21)
28 +Cg x X22 |+C11 xX22[+C13xX22| C15xXo2 | +C1 x X2z | +C3x X2 | +C5xX22 | +C7 x X22 -
29 +Cg x X23 |+C10x X23 [+C12 xX23{+C14 xX23| +Cox X23 | +C2 xX23 | +C4 xX23 | +Cg x X23 Cell 4(Y23)
30 +C7 xX24 | +Cg xX24 [+C11xX24 [+C13xX24[+C15xXo4| +Cq xX24 | +CaxX24 | +C5xX24 -
31 +CgxX25 | +Cg xX25 |+C1g9xX25]|+C12xX25|+C14 xX25] +Co xX25 | +C2 xX25 | +Cq x X25 Cell 5(Y25)
32 +C5xXog | +C7 xX26 | +Co xX26 [+C11 xX2g |+C13 X X2g |+C15x Xgg [ +C1 xX2g | +C3 x X2g =
33 +C4xXo7 | +Cg xXo7 | +CgxX27 |+C1gxX27]|+C12x Xo7|+C14 xX27| +Co xX27 | +C2xX27 Cell 6(Y27)
34 +CaxXog | +C5xXpg | +C7xXag | +Co x Xag [+Cq1 xX2g[+C13xX2g [+C15x X2g| +Cq xX2g -
35 +Co x Xog | +C4 xXog | +Cg xX2g | +Cg x Xag |[+C10 x X2g |+C12 xX2g [+C14 X X2g | +Co x X2g Cell 7(Y29)
36 +C1xX3p | +C3xXag | +Cs5xX30 | +C7xX30 | +Cg x X309 |+C11 xX30[+C13%xX30| C15%xX30 -
37 +CoxX31 | +C2xX31 | +CaxX31 | +CgxX31 | +Cgx X371 |+C10xX31 [+C12xX31 [+C14 XX31 Cell 8(Y31)
o 2 3 4 5 § 7 8 9 18 11 12 13 W 1 W 1 1 1920 2 22 23 24 25 26 27 28 28 30 ;M 32 33 M 35 34 3T W I} 49
fesE LS
ERASE i rerriererere
DING-8 1% 1% 1% | X3 | Xg § Xs | X | X7 1 Xg | Xg [ Xya | %43 | Xuz) X3l Xaal %15 Xug | Xy7 | Xyg [ X19 | X200 X2 | X221 %03 | Xo4 %25 [ X261 %27 {X281%z0 | X3g X5 | X3z ) X33 | X34 | X35 X361 X57 |
OiENE T
CiNe-8 1€151C1a €131 €121 11§ C10] Cg | Cg [C7 | T | €5 | Ca ] €3 | €2 | €1 | Co | €15/Cra|C13]Crz) C11|CralC | Ca |Cr | Cq 1 C5 | CafCal 2] C1]Co|Cis]Cu|CralCrzltniCrol
s L—
ADRG-2

SUMO-25
SKADD
SENSL

SENBH
DCMe-1

sl 1Yl 1Yl

I v 1 2

31
vyl ¥l

5 | s |
sl Il

¢ | 1 |
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FIGURE 7. HSP438981 16-TAP DECIMATE-BY-TWO FIR FILTER TIMING; 30MHz IN, 15MHz OUT
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Specifications HSP43891

Absolute Maximum Ratings

Supply Volage . ...ooveviririinieiieerinnneieinenennas et et ee e e e e e etaee e te e e e e s tearaenae +8.0V
. . Ceereanens vereaees GND -0.5V to Vg +0.5V
................................................................................. -65°C to +1500C

ESD ...... e [N [N N Class 1
Maximum Package Power Dissipationat 700C ............coiiiiiiiiiiiiiiiiiniansn 1.7W (MQFP), 2.4W (PLCC), 2.88W (PGA)
Bfe + v v reemmniiaiiiiiiiiiet ittt S AN veeerse.. 11.10C/W (PLCC), 7.789C/W (PGA)
Bjg-ereens e e, 47°C/W(MQFP),337°C/W(PLCC),3466°C/W(PGA)
L= 1 R e 11 Ceresesiessarieensseanees 17763

Junction Temperature ... .
Lead Temperature (Soldering 10s) .......

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indi d in the ional jons of this specification is not implied.

Operating Conditions

Operating Volage Range . . .. vuviiniiitiititieitretetieetaaatseroneesoresastsosssneesssasasossnsssarssansae ve.. 5V 5%
Operating Temperature Range .......... e tteeeeirieneaaanas Y 0°C to +70°C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 140 mA Vce =Max
CLK Frequency 20MHz
Note 1, Note 3
Iccss Standby Power Supply Current - 500 pA Vcc = Max, Note 3
I Inout Leakage Currant -10 10 BA VG — Man, inpui =0V or Voo
lo Output Leakage Current -10 10 HA Vee = Max, Input=0VorVeg
ViH Logical One Input Voltage 2.0 - v Vo = Max
Vi, Logical Zero Input Voltage 0.8 v Ve =Min
VOoH Logical One Output Voltage 26 - A IoH = -400pA, Vo = Min
VoL Logical Zero Output Voltage - 04 v loL=2mA,Vge = Min
VIHC Clock Input High 3.0 - v Ve = Max
ViLe Clock Input Low - 08 \ Vee =Min
CIN Input Capacitance PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All measurements referenced
y F to GND
Cout Output Capacitance  PLCC - 10 pl TA=250C. Note?2
PGA - 15 pF

NOTES: 1. Operating supply current is proportional to frequency. Typical
rating is 7mA/MHz,

. Controlled via design or process parameters and not directly
tested. Characterized upon initiat design and after major process
and/or design changes.

QOutput load per test load circuit and Cy_ = 40pF.

[\

©w
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A.C. Electrical Specifications Vg =5V + 5%, Ta = 0°C to +70°C

-20 (20MHz) | -25(25.6MHz) -30 (30MHz) TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX ] UNITS CONDITIONS
ToP Clock Period 50 - 39 - 33 - ns
ToL Clock Low 20 - 16 - 13 - ns
TCH Clock High 20 - 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TiH Input Hold [+] - (o] - 0 - ns
Topc CLK to Coefficient - 24 - 20 - 18 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
Tobp Output Disabie Delay - 20 - 15 - 15 ns Note 1
Tops CLK to SUM - 27 - 25 - 21 ns
Output Delay
ToR Output Rise - 6 - 6 - | s ns | Notet
Tor Output Fall - 6 - 6 - (-] ns Note 1
NOTE: 1. Controlled by design or p t and not directly

tested. Characterized upon initial design and after major process
and/or design changes.

1D FILTERS

Test Load Circuit

*C

*INCLUDES STRAY AND
JIG CAPACITANCE

Switch 81 Open for Igcsp and Iggop Tests
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Waveforms

2.0v N aov
CLK o.ov
Tis TiH

3.0v
INPUT* 1.5V 1.5V
o.0v

* Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE, RESET,
DCMO-1, ADRO-1, TCS, TCCI, SHADD

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0v
20
o ~  |~Tooc.Tops ) 08y y
SUMO - 25 —— | e e e m e - - TOR: L& - ToF
COouTo -8 1.5V OUTPUT
SUMO0-25, COUTO-8, OUTPUT DELAYS RISE AND FALL TIMES

3.0v DEVICE
PUT ><1.5v UNDER X1.5v
ENABLE jt"s" "'ij‘_ ™ 0.0V TEST
ToED |~— ToDD

A.C. Testing: Inputs are driven at 3.0V for a Logic “1” and 0.0V for a Logic
1v 0", Input and output timing measurements are made at 1.5V for both a Logic

OUTPUT 1.5V T “1” and “0". CLK is driven at 4.0V and OV and measured at 2.0V.

A.C. TESTING INPUT, OUTPUT WAVEFORM
OUTPUT ENABLE, DISABLE TIMING
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D HARRS HSP43891/883

January 1994 Digital Filter

Features Description

* This Circuit is Processed in Accordance to MIL-STD- The HSP43891/883 is a video-speed Digital Filter (DF)
883 and is Fully Conformant Under the Provisions of designed to efficiently implement vector operations such as

Paragraph 1.2.1. FIR digital filters. It is comprised of eight filter cells cascaded
* OMHz to 25.6MHz Sample Rate internally and a shift and add output stage, all in a single
« Eight Filter Cells integrated circuit. Each filter cell contains a 9 x 9 two's com-

plement multiplier, three decimation registers and a 26-bit
accumulator. The output stage contains an additional 26-bit

9-Bit Coefficients and Signal Data

* Low Power CMOS Operation accumulator which can add the contents of any filter cell

- leesg = 500pA Maximum accumulator to the output stage accumuiator shifted right by

- Iccop = 160pA Maximum at 20MHz 8-bits. The HSP43891/883 has a maximum sample rate of

« 26-Bit Accumulator per Stage ggs&d:z The effective multiply-accumulate (mac) rate is
4AMHz.

¢ Filter Lengths Up to 1032 Taps
» Expandable Coefficient Size, Data Size and Filter Length  The HSP43891/883 DF can be configured to process
« Decimation by 2,3 or 4 expanded coefficient and word sizes. Multiple DFs can be

i cascaded for larger filter lengths without degrading the sam-
ple rate or a single DF can process larger filter lengths at

Appllcatlons less than 25.6MHz with multiple passes. The architecture
« 1.D and 2-D FIR Filters permits processing filter lengths of over 1000 taps with the
« Radar/Sonar guarantee of no overflows. In practice, most filter coefficients
« Digital Vid are less than 1.0, making even larger filter lengths possible.
9 . ! °_° The DF provides for 8-bit unsigned or 9-bit two's comple-
* Adaptive Filters ment arithmetic, independently selectable for coefficients

* Echo Cancellation and signal data.
* Complex Multiply-Add . Each DF filter cell contains three re-sampling or decimation
+ Sample Rate Converters registers which permit output sample rate reduction at rates
of V,, 15 or Y/, the input sample rate. These registers also
i : provide the capability to perform 2-D operations such as
Ordermg Information matrix multiplication and N x N spatial correlations/convolu-

TEMPERATURE tions for image processing applications.
PART NUMBER RANGE PACKAGE

HSP43891GM-20/883 -55°C to +125°C | 85 Lead PGA
HSP43891GM-25/883 -55°C to +125°C | 85 Lead PGA

Block Diagram
Vee Vss DiNo - DINS
DIEND 4o
CENB _5, _ — — —~ —~
DCMO-1 77 r
ERAS! I T I I 3 L I L l ¥
FIE‘FER FIE’IEER FIETFEH FIEIEER 9 FIE'IEER 9 FIE'IEER 9 FIE‘IEER 9 FIE‘I,’:ER 9
9 9 9 9
CINO - 8 >4 CELL 0 CELL1 7% CELL2 CELL 3 |+ CELL 4 } ] CELL 5 | > CELL 6 | %] CELL7 > couTo-8
RESET . Y. . 2 ] V. 7 -
PR -";I 2 1‘25 R Lqs ] 1 Iqes ] 3= J""‘5|——<<:OENB
ADRO - 2 3 3 .
| MUX ]
RESET | ADRO, ADR1, ADR2 {2
CLK 2 OUTPUT
ADD 7
SHADD ., STAGE
SENBL 5 o
SENBH 2 {zs
SUMO - 25
CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow proper 1.C. Handling Procedures. File Number 2451 3

Copyright © Harris Corporation 1994 3.147
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Specifications HSP43891/883

Absolute Maximum Ratings

Supply Volitage ....... e teceserseereesetatiracaans vee.. +B.OV
Input, Output Voltage Applied ...... .... GND-0.5VtoVgc+0.5V
Storage Temperature Range ................. ~-850C to +150°0C
Junction Temperature .. ...covvveeeiiennriaeraeranes +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification .. ....ocvivniirinieeiiiiieienanenes Class 1

Reliability Information
Thermal Resistance 6ja 8ic
Ceramic PGA Package ............. 34.669C/W 7.780C/W
Maximum Package Power Dissipation at +1250C
Ceramic PGA Package Cereesesaiarreianens 1.44 Watt
GateCount .. ..oevieiniiiiiiineiiieiiinnns ver.. 17762 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi d in the op

/ of this specification is not implied.

Operating Conditions

Operating VoltageRange ..........cooeveinnens . +4.5Vto +5.5V
Operating Temperature Range ............... -550C to +125°C

TABLE 1. HSP43891/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

LIMITS
GROUPA
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input ViH Voo =55V . 1,2,3 -550C < TA<+1250C{ 2.2 - v
Voltage
Logical Zero Input ViL Vco =45V 1,23 ~550C < Tp < +125°C - 0.8 v
Voltage
Output HIGH Voltage VoH |loH=-400pA 1,2,3 -550C <TpA<+1250C | 2.6 - v
Ve = 4.5V (Note 1)
Output LOW Voltage VoL loL=+2.0mA 1,23 -550C < TA < +125°C - 04 v
Ve = 4.5V (Note 1)
Input Leakage Current Iy VIN = Vg or GND 1,2,3 ~550C < TA<+1259C| -10 +10 pA
Voo =55V
Output Leakage Current lo VouT = Vg or GND 1,23 -550C < TA<+125°C| -10 +10 pA
Voo =5.5V
Clock Input High VIHC Voo =55V 1,23 -550C<TA<+125°C| 3.0 -
Clock Input Low ViLe Voo =4.5V 1,23 -550C < Ta < +125°C - 0.8 \
Standby Power Supply lccss | VIN=Vcgor GND 1,23 -550C < TA < +125°C - 500 pA
Current Vec =565V,
Qutputs Open
Operating Power Iccop | f=20.0MHz 1,2,3 -550C < TA < +1250C = 160.0 mA
Supply Current Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +125°C - -

NOTES: 1. interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, lyﬁical
rating is 8mA/MHz.

3. Tested as follows: f = 1MHz, Vjy = 2.6, Vi = 0.4, Vou > 1.5V,
VoL £ 1.5V, V) = 3.4V, and V|| ¢ = 0.4V,
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Specifications HSP43891/883

TABLE 2. HSP43891/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

GROUPA =20 (20MHz) |-25 (25.6MHz)
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN | MAX | MIN | MAX JUNITS

Clock Period Tcp Note 1 9,10, 11 -550C < TA<+125°C | 50 - 39 - ns
Clock Low TcL Note 1 9,10, 11 -550C <Tp <+1250C | 20 - 16 - ns
Clock High TCH Note 1 9,10, 11 -650C<TpA<+1250C | 20 B 16 B hs
Input Setup Tis Note 1 9,10,11 -550C <Tpo<+125°C ] 20 - 17 -~ ns
Input Hold TH Note 1 9,10,11  |-550C<Tao<+125°C| o© - 0 - ns
CLK to Coefficient Topc {Note1 9,10, 11 ~550C < TA < +1250C - 24 - 20 ns
Output Delay

Output Enable Delay TOED Note 1 9,10, 11 ~-550C £ Ta <+1250C - 20 - 15 ns
CLKto SUM Tobs Note 1 9,10, 11 -550C < Tp <+1250C - 31 - 25 ns
Output Delay

NOTE: 1. A.C. Testing: VCC = 4.5V and 5.5V. Inputs are driven at 3.0V for a
Logic “1” and 0.0V for a Logic “0”. Input and output timing measure-
ments are made at 1.5V for both a Logic “1” and “0”. CLK is driven at
4.0V and OV and measured at 2.0V.

TABLE 3. HSP43891/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

-20 (20MHz) |-25 (25.6MHz)

PARAMETER SYMBOL CONDITIONS NOTES TEMDERATIIRDE [YITVR YV A" W VTIN] vany

¥
...... s i bh mAn guin

Input Capacitance CIN Vcc=0pen, f=1MHz 1 Ta=+250C - 15 - 15 pF
All measurements

are referenced to

Output Capacitance CouT | device GND. 1 TA = +25°C - 15 - 18 pF
Output Disable Delay TobD 1,2 |-550C <Ta < +125°C - 20 - 15 ns
Output Rise Time TOR 1,2 |-550C <Tp <+1250C - 7 - 6 ns
Output Fall Time ToF 1,2 |-55°C<Ta<+125°C| - 7 - 6 ns

NOTES: 1. The parameters listed in Table 3 are controlied via design or
process parameters and are not directly tested. These
p ters are ch terized upon initial design and after major
process and/or design changes.

2. Loading is as specified in the test load circuit, C|_ = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

' CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10,11
Group A » - 1,2,3,7,8A,88B,9,10,11
GroupsC&D Samples/5005 1,7,9
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HSP43891/883

Burn-In Circuit

1 3 4 5 [ ] 8 9 10 1"
L O O O O
DCM1 SUM23 SUM22 SUM2t SUM18 SUM14 Ve Sumis VSS SUM11 SUM®
x} O (@) O O O O O O
SENBH SUM24 Vgg Vee SuMmie Vgg SUMI5 SUM12 SUM10 SUMS Sume
.1 O O O @)
Vcc sSuM2s SUM20 SUM17 SUM18 SuMm7 Vss
W1 O O
ADR1  ADRO SUMS SUM4
¢ o 11 OM
ADR2 DCMO CLK HSP43891 883 M1 SUMS SUM2
F O O
Vgg COUTO SHADD BOTTOM VIEW suMo Vgc  Vss
PINS UP
el] O O O O O
CcouTY Vgs couTt2 CINt CINO SENBL
° O O
COUTS COUT4 CIN2  Veo
c O O O O O O
COUTS COouTe AH%N DIENB DINS DINg CIN5 CINS
5] O O O O OO O 0O O 0o
VCG COUT7 COUT8 ERASE DINS DIN1 DINZ CIENB CIN7 CING CINg
+sJO O O O ®) O
Vgg COENB Vg RESET DIN7 DINE DINS DINO CIN8 Vge Vgg
PGA| PIN |BURN-IN JPGA [ PIN |BURN-IN [PGA | PIN | BURN-IN | PGA | PIN | BURN-IN
PIN | NAME | SIGNAL | PIN | NAME | siGNAL | PN | NAME | siGnAL | PIN | NAME | siGNaL
Al Vss GND C1 COUTS Veo/2 F10 |Vce Veo K4 vee Vee
A2 |COENB |F10 c2 |coute |voor2 F11 |vss GND Ks |sumie [Vcol2
A3 |Vcc Vo c3 |AUGN INc G1 |ADR2 F2 K6 |vss GND
A4 |RESET |F11 c5 |DENB |F10 G2 |DCMO  |F5 K7 |SUMIs  |vogr2
A5 |DIN7 F8 ce [DINs F5 G3 | CLK FO K8 |sumi2 |vgg/2
A6 | DING F6 c7 |piNg F4 G |suMi  |veore K9 |SuMio |Vcol2
A7 DIN3 F3 C10 ICIN5 F5 G10_ | SuM3 Veo/2 K10 |SuMs Veoc/2
A8 |DINo FO c11  |CIN3 F3 G11 |sum2  |voer Ki1 |SuMs  |Vccr2
A9 | CINs/TCCI| F8 D1 |couts |vger H1 | ADR1 Fi1 11 |ocm1 |Fe
A0 Ve Veo D2 |couTa [Voor2 H2 |ADRO |FO 12 |sum23 |vgere
A1l |Vss GND D10 | GIN2 F2 H10 |sums  [veer2 L3 |sum22 |Vcol2
B1 vee Vece D11 |Vce Vece H11  |SUM4 Vce/2 L4 SuM21 Vee/2
B2 |couT? |vgo/2 E1 |couTt |vge2 |t [vee Vee 15 |sumis  [Vcore
B3 |couts/ |vgor2 E2  |Vss GND J2  [sum2s  |veer 16 [sUMi4 |Vgo/2
Jcco E3 |couT2 |Vcc2 |95 |sum20 fvee2 |7 [vec Voo
B4 JERASE |F10 E9 |CIN1 F1 J6  |sUM17  |vgor2 8 . |sumia |vcolz
BS | DINS/TCS | F7 E10 | CINO Fo J7 |suMie  |vgor2 19 |vss GND
B6 | DIN1 F1 E11 |SENBL |F10 Jio  |sumz Voo/2 110 |sumit  |vco/2
B7 _|DIN2 F2 F1 |vss GND Ji1 |vss GND 11 |[suMe Vg2
B8 |CIENB |F10 F2  |cUTo |Vce/2 |K1 |SENBH |F10
B9 JCIN7 F7 F3 |SHADD |[Fo K2 [suMm24 |vVoer2
B10 1CING F6 Fo [sumo |vgor2 K3 |vss GND
B11 |CIN4 Fa

NOTES: 1. Vgc/2 (2.7V £10%) used for outputs only.

2. ATKQ (+20%) resistor connected to all pins except

Vgg and GND.
8. Voo = 5.5 £0.5V.

4. 0.1pF (min) capacitor between Vg and GND per position.
..... ,F11 = F10/2,

5. FO = 100KHz £10%, F1 = F0/2, F2 = F1/2

40% - 60% Duty Cycle.

6. Input voltage limits: V) = 0.8V max,, Vjy = 4.5V £10%
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HSP43891/883

Metallization Topology

DIE DIMENSIONS:
328 x 283 x 19 1 mils
METALLIZATION:
Type: Si -~ Al or Si-Al-Cu
Thickness: 8
GLASSIVATION:
Type: Nitrox
Thickness: 10kA
WORST CASE CURRENT DENSITY:
1.2 x 105A/cm2

Metallization Mask Layout

HSP43891/883
-« w X o r N o =] o r Ng?a
] & e &% o e E 8 E
5 EE 22 s 88 238z 3% 82328 823333
L 38 a3 4 ¥ 22 £ 8 28 o > 00 > 0 0 0o o
S
‘= 2l

Sum23
sSum22

Vee

SUM21
SUM20
SUMI9
Sum1s

Vss

sSum17

sumis §
Vee

SUMi5
SuM14
SUM13
SuM12
Vss

SUM11
SUM10

sume

sums

Sum?

e 0 v ¥ Q0 9 .8 r @ ®w J o v 0O a 0 % wohbe v o 5

E s 22§ 2222 8 #2528 2888 23

a 2 @ 2 2 » B #Qu 6 o b o4 v o
7]
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HSP48212

Digital Video Mixer

L

-

Features

12-Bit Pixel Data

Two's Complement or Unsigned Data

12-Bit Mix Factor

13-Bit Signed or Unsigned Three State Output
Overflow Detection and Output Saturation
Rounding to 8, 10, 12, or 13-Bits _

Input and Output Pixel Data Synchronous to Clock

Programmable Pipeline Delay of up to 7 Clock Cycles
for Control of Misaligned Input Data

TTL Compatible Inputs/Outputs
DC to 40MHz Clock Rate

Applications

Video Summing (Frame Addition)

Description

The Harris HSP48212 is a 68 pin Digital Video Mixer IC
intended for use in multimedia and medical imaging applica-
tions.

The HSP48212 allows the user to mix two video sources
based on a programmable weighting factor. After weighting
the input data signals, the Video Mixer simply adds the two
weighted signals mathematically. This results in the mixed
output, which is a weighted sum of the two sources.

The input and output interfaces are synchronous with respect
to the input clock, simplifying the user interface requirements.

Input Data (DINA, DINB), Mix Factor (M) and control signals
(RND, TCB) may be delayed relative to each other in order to
compensate for any misalignment that may have occurred
prior to entering the HSP48212. Each input’s delay may be
independently programmed up to seven clock cycles.

The output data may be rounded to 8, 10, 12, or 13-bits. The
enabling of data onto the output data bus is under the user's

|/

DINAo-11——] DELY
12

— (X)—

* Video Mixing control via an output enable signal (OE#).
* Fade In/Out
« Video Switching Ordering Information
+ High Speed Multiplying TEMPERATURE
PART NUMBER RANGE PACKAGE TYPE
HSP48212VC-40 0°C to +70°C | 64 Lead MQFP
HSP48212JC-40 0°C to +70°C | 68 Lead PLCC
Block Diagram
Tcp ———s] DELAY
owo11 4] DEAY | RNDD1 —A—| DELAY 1
12 _..\
A
1M -
DELAY SHIFT 5
F 1
M T_{—» o7 b LEFT —> §§ —IFD DOUTO-12

OE#

DOUT = 2 x [DINA X M + DINB x (1-M)]

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1994
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" Pinouts

DINB11
DINB10
DINB®
DINBS
DINB?
DINBS
GND
DINBS
DINB4
DINB3
DINB2
DINB1
DINBO
RND1
RNDO
DELAY

64 LEAD MQFP
TOP VIEW

68 PINPLCC
TOP VIEW

g
zyg3e8esdeeiis

65432 16867666564636261

OE#
DOUT12
DOUT11
DOUT10
DOUTY
GND
DOUTS
pout?
DOUTe
DOUTS
Vee
DOUT4
DOUT3
DOUT2
DOUTY
DOUTOo

DINB11 OE#
DINB10 DOUT12
DINB® DOUT11
DINBS pouT10
DINB? DOUTY
DINB6 GND
GND DOUT8
DINBS DouT?
NC NC
DINB4 DOUTe
DiNB3 [ 20 DOUTS
DINB2 L] 21 Vee
DINB1 2 DOUT4
DINBO L} 23 DOUTS
RND1 24 DOUT2
RNDo L] 28 DouT1
DELAY L] 28 DOUTO




HSP48212

Pin Description

NAME PLCC PIN TYPE DESCRIPTION

CLK 9 | Clock input. All signal pins are synchronous with respect to this clock except LD#, DEL,
OE#, and BYPASS.

DINAO-11 29-314 | Input data bus. Provides data to the Mixer from one video source. Synchronous to the

33-34 rising edge of CLK.
36-38
40-43
DINBO-11 10-15, 17 | Input data bus. Provides data to the Mixer from one video source. Synchronous to the
19-23 rising edge of CLK.
MO-11 62-65 | Mix input bus. The range of M is from O to 1. The number format is unsigned, with one
67-68 bit position to the left of the binary point. If a value greater than 1 is placed on this bus,
27 the internal circuitry will saturate M to 1, i.e anytime the MSB is 1, the internal value
defauits to 1.00000000000. Synchronous to the rising edge of CLK.

TC# 28 | Specifies the number format of the input data busses DINA and DINB. 1 = unsigned,
0 = 2's complement. The signal has the same number of latency stages as the incom-
ing data. Therefore, the number format affects the incoming data but not the data in
the internal pipeline stages. Synchronous to the rising edge of CLK.

RNDO-1 24-25 | Specifies the number of significant bits on the output bus. 00 = 8-bit, 01 = 10-bit,

10 = 12-bit, 11 = 13-bit. Rounding is performed by adding a binary 1 to the bit position
to the right of the desired LSB. The remaining bits are forced to zero. These control
signals have the same number of latency stages as the incoming data. Therefore, the
output round format does not take effect until the current data has propagated to the
output. Synchronous to the rising edge of CLK.

MIXEN 8 1 Mix enable. This pin is used to disable the clock signal which samples the Mix input.
When MIXEN = 1, the M0-11 bus is sampled by the rising edge of CLK. When MIXEN
= 0, the MO-11 bus is ignored and the previously stored value of M0O-11 is used. Syn-
chronous to the rising edge of CLK.

LD# 27 | Asynchronous load pin. LD# is used to load the delay control registers. The delay con-
trol word is loaded serially from LSB to MSB. This signal drives the clock input to a
15-bit serial shift register. Each LD# cycle, the data is transferred through the register
bank on the rising edge of LD# In order to load the delay control word, the user must
supply exactly 15 LD# puises.

DEL 26 I Delay input. This is the serial input data that is sampled by the rising edge of LD#. itis
the input to the first stage of the 15-bit serial shift register which contains the delay con-
trol word. Synchronous to the rising edge of LD#.

BYPASS 61 1 Allows user to disable (bypass) the LD# interface and use the default delay paths.
When BYPASS = 1, the delay control word is forced to all 0’s and no extra delays are
included in the paths. When BYPASS = 0, the delay control word must be initialized
using the LD#/DEL interface in order for the chip to give predictable results. This pin is
asynchronous and is not intended to change states during operation.

DOUTO0-12 59-56 (o] Output data bus. The data on this bus reflects the results of the equation:
54-53 2x[AxM + Bx(1-M)). The number format of the output is either 2's complement or un-
51-50 signed depending on the value of the TC# signal during data input. The representation
48-44 of DOUT is also dependent on the value sampled on RNDO-1 during data input.
(See RNDO-1 & TC# pin description)

OE# 60 ] Output enable. Asynchronous input which takes effect immediately following a transition.
When OE# = 0 the DOUT bus is driving, when OE# = 1 the DOUT bus is not driven (float-
ing).

Vee 32,49,66 | 5V power supply. There are 3 Vg pads.

GND 16,39,55 | OV power supply. There are 3 GND pads.
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HSP48212

Functional Block Diagram

-1
MO-11 II z ll
Don."__E-__—_
CLK — ] !
PROGRAMMABLE PROGRAMMABLE PROGRAMMABLE
DELA) DELAY DELAY
@Y @ @
»1 FORMAT FORMAT
I Z" I
M
—
BYPASS PROGRAMMABLE F“
DEL —*] DELAY CONTROL
Lo# —] REGISTER

RNDoO-1

;

PROGRAMMABLE
DELAY
@M

PROGRAMMABLE
DELAY
@™

ADDER

SHIFT LEFT
OUTPUT
FORMAT
—’Iﬁ_l—r
OE#
DOUTO0-12

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM
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HSP48212

Functional Description

The Digital Video Mixer is intended for use in professional
video, multimedia and medical imaging applications. The
HSP48212 allows the user to mix two video sources based
on a programmable weighting factor. After weighting the
input data signals, the Video Mixer simply adds the two
weighted signals mathematically. This results in the mixed
output, which is a weighted sum of the two sources. The fun-
damental equation implemented by this architecture is:

Eq. (1) DOUT =2 x [DINA x M + DINB x (1-M)]

where DINA and DINB are the two video sources (pixels)
and M is the weighting (Mix) factor. As expressed by this
equation, the output DOUT is a weighted average of the
incoming pixels. For instance, when M is set to 0 the DINB
input source is passed to the output, and when M is set to 1
the DINA input is passed to the output, and when M is set to
0.5 the output is the sum of the two sources DINA and DINB.
The user can therefore vary the mix factor to apply different
weights to each of the inputs DINA, DINB. This allows func-
tions such as fading in, fading out, fading between images,
graphics overlays, and keying. The multiplication factor of 2
as seen in Eq. (1) is accomplished through a 1-bit shift left
(See Figure 1). This shifter is not programmable and cannot
be accessed by the user.

The functional block diagram is shown in Figure 1. It can be
seen that Eq. (1) is directly implemented by this architecture.
The architecture has a 6 stage inherent latency. This architec-
ture is extremely flexible in that it allows the user to account for
misaligned input data by independently programming up to
seven additional delay stages for DINAO-11, DINBO-11, and
MO-11, as well as for the format controi signals TC# and
RNDO-1. The programmable delay registers are controlled by
the signals DEL, LD#, and BYPASS.

The HSP48212 input interface is primarily synchronous to the
rising edge of CLK with the exception of the programmable
delay control signals DEL, LD#, and BYPASS. The output
data bus DOUTO-12 is registered synchronous to the rising
edge of CLK and may also be controlled via the asynchronous
output enable signal OE#. The input data, DINAO-11 and
DINBO0-11, as well as the mix factor M0-11 have 12-bit preci-
sion. The output data DOUTO0-12 has 13-bit precision to allow
for 1-bit of growth.

The signals TC# and RNDO-1 control the format of the input
and output data. TC# allows DINAO-11 and DINB 0-11 to be
either two’s complement or unsigned (Note: DINAO-11 and
DINBO-11 must have the same format, i.e. no mixed mode).
The output data DOUTO-12 can be rounded to 8, 10, 12, or
13-bits as determined by the control signals RNDO-1.

Input Data Format

DINAO-11 and DINBO-11 represent two digital video sources
(pixels). Each input bus has 12-bits of precision. They may
be represented in two’s complement form (TC# = 0) or in
unsigned form (TC# = 1). It is important to note that DINAO-
11 and DINBO-11 must be represented in the same format
(i.e. No mixed mode operation is allowed).

MO-11 supplies the weighting (Mix) factor and has 12-bits of
precision. MO-11 must be represented in unsigned format and
may range from O to 1. If a value greater than 1 is placed on the
bus, the internal circuitry will saturate MO-11to 1.00000000000.

DINAO-11, DINBO-11, and MO-11 are synchronously regis-
tered on the rising edge of CLK.

The signal MIXEN allows the user to disable the internal
clock signal which samples the MO-11 input bus. When
MIXEN = O, the MO-11 bus is ignored and the previously
sampled MO-11 value is used. When MIXEN = 1, the MO-11
bus is sampled on the rising edge of CLK.

Programmable Delay

The input data (DINAO-11, DINBO-11), mix factor (MO-11),
and control signals (RNDO-1, TC#), may be delayed relative
to each other in order to compensate for any misalignment
that may have occurred prior to entering the HSP48212.
Each input's delay may be independently programmed for up
to seven delays. In other words, the user can program a dif-
ferent number of pipeline delays for each input. This pro-
grammed delay is in addition to the inherent 6 stage delay
required by the architecture.

As shown in Figures 2 and 3, the programmable delay infor-
mation is loaded using the signals LD# and DEL. LD# is the
asynchronous load pin used to clock in the delay control
word. The delay control word is clocked into a 15-bit serial
shift register on the rising edge of LD# (i.e. DEL is synchro-
nous to LDi#). The delay control word data is supplied by the
DEL signal beginning with the least significant bit and con-
tinuing until the most significant bit has been clocked in. On
each LD# cycle the DEL data input is transferred through the
register bank. The user must supply exactly 15 LD# pulses;
if the shift register is clocked more than 15 times, only the
most recent 15 data inputs will be stored.

As previously stated, the length of the control word is 15-bits: 3-
bits are allocated for each of the 5 inputs, DINAO-11, DINBO-11,
MO-11, RNDO-1, and TC#. Each 3-bits of the control word allow
the user to specify from 0 to 7 additional delay stages by pro-
gramming the binary equivalent of the desired delay into the
appropriate bit position of the delay control word register (e.g.
000 for 0 delays, 001 for 1 delay, ..., 111 for 7 delays).

TABLE 1. DELAY CONTROL WORD

INPUT SIGNAL CONTROL WORD BIT POSITION
RNDO-1 12-14
TC# 9-11
MO-11 6-8y
DINBO-11 35
DINAO-11 0-2

The BYPASS control signal enables the programmable delay
registers to be bypassed. When BYPASS is high, the delay
control word is forced to all 0's and no additional delays are
included in any of the input paths. However, when BYPASS
is low, the LD#/DEL serial delay control word interface is
active and the delay control word must be initialized in order
to achieve any meaningful results.
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FIGURE 2. DELAY CONTROL WORD SHIFT REGISTER
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The control signals TC# and RNDO-1 are used to specify the
input data representation and the output data representation
respectively. TC# and RNDO-1 are synchronous to CLK,
which allows them to be changed on a cycle by cycle basis if
neaded. The control signals are designed to match the
latency of the data paths. When the control inputs change,

LD#

the new configuration will effect the current input data and
will not effect the data in the pipeline stages. For example, if
the rounding selection is changed from 8-bit rounding to 10-
bit rounding on a given cycle, the output will remain in an 8-
bit representation while the new data is propagating through
the circuit. When the results of the new data are available at
the output, the number format will change to 10-bits.

The RNDO-1 control signals determine the number of signifi-
cant bits on the output bus DOUTO0-12. The output data may
be rounded to 8, 10, 12, or 13-bits.The rounding operation is
performed by adding a binary 1 to the bit position right of the
desired LSB and forcing the undesired bits to 0. For exam-
ple, in 8-bit rounding, a 1 is added to the 9th bit to the right of
the MSB (DOUT4), and DOUTO0-4 are forced to O (i.e.
DOUTO0-12 = XXXXXXXX00000).

Output Control

DOUTO-12 is the output data bus which represents the
weighted average of the incoming pixel data as indicated by
Eq. (2):

Eq. (2) DOUT = 2 x [(DINA x M) +(DINB x (1-M))]

The output data will be represented in either two’s comple-
ment format or in unsigned format depending on the value of
the TC# signal when the input data (DINAO-11 and DINBO-
11) is sampled by CLK. Similarly, the output representation
of DOUTO-12 is also dependent on the value of RNDO-1 dur-
ing sampling of the input data.

The output data DOUTO-12 is registered at the output of the
HSP48212 on the rising edge of CLK. The output data may
be accessed through the activation of the signal OE#. OE# is
an asynchronous input which, when low, causes the
DOUTO-12 bus to drive; when OE# is high, the DOUTO0-12
bus is not driven (floating).

S rrrurn

DEL [{po |oDt |p2 [D3 |ps |bs

D6 ID’I IW

D9 |D10 [D11

D12 I D13 l D14

N

DINA
DELAY

DINB
DELAY

N

MIX
DELAY

NN

TC#
DELAY

FIGURE 3. DELAY CONTROL WORD TIMING DIAGRAM
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Specifications HSP48212

Absolute Maximum Ratings

SupplyVoltage . . . .......ovviiiiiiiii ittt +8.0V  Thermal Resistance ;1N 0)c

Input, Output or /O Voltage ............. GND-0.5V to V¢c+0.5V PLCCPackage ............covvuuns 43°C/W  15°C/W

Storage Temperature Range ................. -65°C to +150°C MQFP Package ..............oovunn 51°C/W  30°CW

Junction Temperature . . .. ...cooevieeenrnnnerannannn +150°C  Maximum Package Power Dissipation at +70°C

Lead Temperature (Soldering 10s)..................0. +300°C PLCCPackage .......cooviiuiiiiniinnnnnnnnnn, 1.86W

ESD Classification ..........ooevieirinennenceninns Class 1 MQFP PacKage .. ....oovvvniiniiiiiiiiinnnnnnnns 1.57W
Gate Count . ... .ovvniiiii i 6,000 Gates

CAUTION: Stresses above those listed in *Absolute Max:mum Ratlngs may cause parmanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those ir d in the op ions of this specification is not implied.
Operating Conditions
Operating Voltage Range, Commercial ............... +5V £ 5%
Operating Temperature Range, Commercial . ....... 0°C to +70°C
DC Electrical Specifications
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
lccop Power Supply Current - 170 mA Ve = Max, CLK Frequency 40Mhz,
Note 2, Note 3
lcess Standby Power Supply Current - 500 A Ve = Max, Outputs Not Loaded
Iy Input Leakage Current -10 10 pPA Vee = Max, Input =0V or Vee
lo Output Leakage Current -10 10 pA Ve = Max, Input = 0V or Ve
ViH Logical One Input Voltage 2.0 - \ Ve = Max g
ow
ViL Logical Zero Input Voltage . 0.8 v Vee = Min lg ﬂ
=0
Vou Logical One Output Voltage 26 ; v on = -400pA, Vge = Min > o
- a
Vou Logical Zero Output Voltage - 0.4 v loL = 2mA, Ve = Min
Vine Clock Input High 3.0 - \ Ve = Max
Vie Clock input Low - 0.8 v Vee = Min
Cin Input Capacitance - 10 pF CLK Frequency 1MHz, All Measurements
Referenced to GND.
Cout Output Capacitance - 10 pF Ta = +25°C, Note 1
NOTES:
1. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
changes.

2. Power Supply current is proportional to operating frequency. Typical rating for locop is 4.25mA/MHz.
3. Output load per test load circuit and G| = 40pF.

AC Electrical Specifications

40MHz
SYMBOL PARAMETER MIN MAX UNITS
Tep CLK Period 25 - ns
TeH CLK High 10 - ns
TeL CLK Low 10 - ns
T LD# Period 25 - ns
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Specifications HSP48212

AC Electrical Specifications
40MHz
SYMBOL PARAMETER MIN MAX UNITS

Tin LD# High } 10 - ns
T LD# Low 10 - ns
Tos Data Setup Time to CLK High 10 ns
ToH Data Hold Time from CLK High 0 - ns
Tus MIX Data Setup Time to CLK High 10 - ns
TmH MIX Data Hold Time From CLK High 0 - ns
Tes Contro! Data Setup Time to CLK High 10 - ns
Ten Control Data Hold Time From CLK High 0 - ns
Tois DEL Setup to LD# High 12 - ns
Ton DEL Hold from LD# High 0 - ns
Tout CLK to Output Data Detay - 13 ns
Toe Output Enable Time - 13 ns
Top Output Disable Time . 13 ns, Note 2
Thr Cutput Niss/Tall Time - 5 ns. Note 2

NOTES:

1. ACtests performed with Cy = 40pF, lo; = 2mA, and loy =-400pA. Inputreference level CLK = 2.0V. Input reference level for all other inputs
is 1.5V. Test Vm =3.0V, Vch =4.0V, V||_ =0V, V||_c =0V.

2. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
Design changes.

AC Test Load Circuit

ro sova

DUT S

c._*I T
_l_ '

becceacamcacsnmonnssscnans

*TEST HEAD
CAPACITANCE IOH 15v(H oL
SWITCH S1 OPEN FOR - = =
lccss AND lccop EQUIVALENT CIRCUIT
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Waveforms
SYNCHRONOUS TIMING

ASYNCHRONOUS TIMING

Tip

CLK

A

DINA
DINB

sat
=5
=

MIXEN
MiX

sour ‘_* e

OUTPUT ENABLE, DISABLE TIMING

T

HIGH HIGH
IMPEDANCE IMPEDANCE
OUTPUT RISE AND FALL TIMES
2.0V 2.0V
0.8V 0.8V
- Trr
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@ HARRIS HSP48410

January 1994 Histogrammer/Accumulating Buffer
Features Description
* 10-Bit Pixel Data The Harris HSP48410 is an 84 lead Histogrammer IC

intended for use in image and signal analysis. The on-board
memory is configured as 1024 x 24 array. This translates to a
¢ Asynchronous Flash Clear Pin pixel resolution of 10-bits and an image size of 4k x 4k with no
possibility of overflow.

* 4k x 4k Frame Sizes

¢ Single Cycle Memory Clear
In addition to Histogramming, the HSP48410 can generate
and store the Cumulative Distribution Function for use in
Generates and Stores Cumulative Distribution Histogram Equalization applications. Other capabilities of the
Function HSP48410 include: Bin Accumulation, Look Up Table, 24-bit

Delay memory, and Delay and Subtract mode.
* Look Up Table Mode

A Flash Clear pin is available in all modes of operation and
* 1024 x 24-Bit Delay Memory performs a single cycle reset on all locations of the internal
« 24-Bit Three State VO Bus memory array and all internal data paths.

« DC to 40MHz Clock Rate The HSP48410 includes a fully asynchronous interface which

provides a means for communications with a host, such as a

. . microprocessor. The interface includes dedicated Read/Write

App lications pins and an address port which are asynchronous to the sys-

» Histogramming tem clock. This allows random access of the Histogram Mem-
ory Array for analysis or conditioning of the stored data.

« Fully Asynchronous 16 or 24-Bit Host Interface

« Histogram Equalization

+ Image and Signal Analysis

Ordering Information
« Image Enhancement
TEMPERATURE
* RGB Video Delay Line PART NUMBER RANGE PACKAGE
HSP48410JC-33 0°C to +70°C 84 Lead PLCC
HSP48410JC-40 0°C to +70°C 84 Lead PLCC
HSP48410GC-33 0°C to +70°C 84 Lead PGA
HSP48410GC-40 0°Cto +70°C | 84 Lead PGA
Block Diagram
24,
7
24,
7
HISTOGRAM
MEMORY
ARRAY
DATA DATA | 24, DIO DIO0-23
MUxX N out |7 AbDER iNTERACE[
DINO-23 21’
PiNoe —13 10, ADDRESS
’ ADDRESS
10
|OADDG-9 Z GENERATOR
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3185.1

Copyright © Harris Corporation 1994 4-12



HSP48410

Pinouts
84 PIN GRID ARRAY 84 PIN GRID ARRAY
TOP VIEW BOTTOM VIEW
11 | DN [DIN10 nmulmms mmslmun DIN19 |DiN22 [Di023 |D1022]DIO19 pio1e| 1022 | bic piNte |oine? | ointe | oinis |one [ointo | pine
10 | DING | DIN7 | DINO |DIN12 |DIN16 |DIN21 | DIN20 | DIN23 Plom D020 |DIO17| DIO17]D1020 } DIO21 | DIN23 JDIN20 |DIN21 |DIN1S [DIN12 [ DING | DINZ | DINS
9 | DiNa | DiNe ID'"“ GND |DiNt8 Diots|oio1sl | pio1giots DIN18|GND |DIN14 DiNe | DINg
8 ] DIN2 | DIN3 DIO15|DIO14) DIO14{DIO1S DIN3 | DIN2
7 PING | DING | GND pio10 1 DI012{DIO11 DIO11|DIO12|DIO10 GND | DINO | PiNo
¢ [|vee |om | ek {pioe | oios |Dio13 pio1d pios | pioe cwx | ot vee
5 | PiNe | PIN7 | PiNe DIO8 | DIO7 | GND GND | Dio? | Dios PiNs | PINT | PiNe
4 JPins | PiNg DI04 | DIOS DIOS | DIO4 PIN4 | PINS
3 | PIN3 | PIN® FCTO 0A°DD lOA.DE DIO1 | DIO3 DiI03] DIO1 'O:n '“:" FCTo PIN1 | PIN3
2 | PNz | Fcr | row |rer2 | wae | uws J1O4DD 10ADRIOADT pi66 | Dio2 102 pioo f10A0d0aDDlioADd uws | waw | rez| oe | Fox | Pine
1+ Feno brart{ Los |FeTi | anD IOA!.DC IOA701IA“|5 '“‘;‘" '“‘1" vce vce IO¢DC IO:D IO:DD lO:DI: IO:DE GND | FeT1| LD# {sTART] PINO
*
A B c D E F G H 4 X L L K J H 6 F E D ¢ 8 A
PIN ‘AT ¢
D
84 LEAD PLCC
TOP VIEW

O rNMmMwT wVwoO -3 [--] -

222232852822 82223285

EEEEEEIEE§UEEBEEEEBEE

/ 11109 8 7 6 5 4 3 2 13848382818079768777675 \
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START#
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HSP48410

Pin Description

NAME

PLCCPIN

DESCRIPTION

CLK

1

Clock input. This input has no effect on the chips functionality when the chip is pro-
grammed to an asynchronous mode. All signals denoted as synchronous have their
timing specified with reference to this signal.

PINO-9

3-11,83

Pixel Input. This input bus is sampled by the rising edge of clock. It provides the on-
chip RAM with address values in Histogram, Bin Accumulate and LUT(write) mode.
During Asynchronous modes it Is unused.

LD#

The Load pin is used to load the FCT0-2-bits into the FCT registers. (See below).

FCTO-2

16-18

These three pins are decoded to determine the mode of operation for the chip. The
signals are sampled by the rising edge of LD# and take effect after the rising edge of
LD#. Since the loading of this function is asynchronous to CLK, it is necessary to dis-
able the START# pin during loading and enable START# at least 1 CLK cycle following
the LD# pulse.

START#

14

This pin informs the on-chip circuitry which clock cycle will start and/or stop the current
mode of operation. Thus, the modes are asynchronously selected (via LD#) but are
synchronously started and stopped. This input is sampled by the rising edge of CLK.
The actual function of this input depends on the mode that is selected. START# must
always be held high (disabled) when changing modes. This will provide a smooth tran-
sition from one mode to the next by allowing the part to reconfigure itself before a new
mode begins. When START# is high, LUT(read) mode is enabled except for Delay and
Delay and Subtract modes.

FC#

12

Flash Clear. This input provides a fully asynchronous signat which effectively resets
alt bits in the RAM Array and the input and output data paths to zero.

DiNG-23

65-82

Data input bus. Provides data to the Histogrammer during Bin Accumulate, LUT, Delay
and Delay and Subtract modes. Synchronous to CLK.

DIC0-23

33-40,
42-57

[/[e]

Asynchronous data bus. Provides RAM access for a microprocessor in precondition-
ing the memory array and reading the results of the previous operation. Configuarable
as either a 24 or 16-bit bus.

I0ADDO-9

22-31

RAM address in asynchronous modes. Sampled on the falling edge of WR# or RD#.

uws

21

Upper Word Select. In 16-bit Asynchronous mode, a one on this pin denotes the con-
tents of DIO0-7 as being the upper eight-bits of the data in or out of the Histogrammer.
A zero means that DIO0-15 are the lower 16-bits. !n all other modes, this pin has no
effect.

WR#

19

Write enable to the RAM for the data on DIO0-23 when the HSP48410 is configured
in one of the asynchronous modes. Asynchronous to CLK.

RD#

13

Read control for the data on DIO0-23 in asynchronous modes. Output enable for
DIO0-23 in other modes. Asynchronous to CLK.

Vee

2,32

+5V. 0.1uF capacitors between the V¢ and GND pins are recommended.

GND

20,41,64,84

Ground

NOTES:

1. A # after a pin name denotes an active low signal.

2. Bit 0 is the LSB on all busses.
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HSP48410

Functional Description

The Histogrammer is intended for use in signal and image
processing applications. The on-board RAM is 24-bits by
1024 locations. For histogramming, this translates to an
image size of 4k x 4k with 10-bit data. A functional block
diagram of the part is shown in Figure 1.

In addition to histogramming, the HSP48410 will also
perform Histogram Accumulation while feeding the results
back into the memory array. The on-board RAM will then
contain the Cumulative Distribution Function and can be
used for further operation such as histogram equalization.

Other modes are: Bin Accumulate, Look Up Table (LUT),
Delay Memory, and Delay and Subtract. The part can also
be accessed as a 24-bit by 1024 word asynchronous RAM
for preconditioning or reading the results of the histogram.

The Histogrammer can be accessed both synchronously
and asynchronously to the system clock (CLK). It was
designed to be configured asynchronously by a micropro-
cessor, then switched to a synchronous mode to process
data. The result of the processing can then be read out
synchronously, or the part can be switched to one of the
asynchronous modes so the data may be read out by a
microprocessor. All modes are synchronous except for the
Asynchronous 16 and 24 modes.

A Flash Clear operation allows the user to reset the entire
RAM array and all input and output data paths in a single
cycle.

Histogram Memory Array

The Histogram Memory Array is a 24-bit by 1024 deep RAM.
Depending on the current mode, its input data comes from
either the synchronous input DINO-23, from the asynchro-
nous data bus DIO0-23, or from the output of the adder. The
output data goes to the DIO bus in both synchronous and
asynchronous modes.

Address Generator

This section of the circuit determines the source of the RAM
address. In the synchronous modes, the address is taken
from either the output of the counter or PINO-9. The pixel
input bus is used for Histogram, Bin Accumulate, and
LUT(read) modes. All other synchronous modes, i.e.
Histogram Accumulate, LUT(write), Delay, and Delay and
Subtract use the counter output. The counter is reset on the
first rising edge of CLK after a falling edge on START#.

During asynchronous modes, the read and write addresses
to the RAM are taken from the IOADD bus on the falling
edge of the RD# and WR# signals, respectively.

Adder Input

The Adder Input Control section contains muxes, registers
and other logic that provide the proper data to the adder. The
configuration of this section is controlled by the output of the
Function Decode section.

DIO Interface

The DIO Interface Section transfers data between the
Histogrammer and the outside world. In the synchronous
modes, DIO acts as a synchronous output for the data
currently being processed by the chip; RD# acts as the out-
put enable for the DIO bus; WR# and IOADDO0-9 have no
effect. When either of the Asynchronous modes are selected
(16 or 24- bit), the RAM output is passed directly to the DIO
bus on read cycles, and on write cycles, data input on DIO
goes to the RAM input port. In this case, data reads and
writes are controlled by RD#, WR# and IOADDO-9.

Function Decode

This section provides the signals needed to configure the
part for the different modes. The eight modes are decoded
from FCTO0-2 on the rising edge of LD# (see Table 1). The
output of this section is a set of signals which control the
path of data through the part.

The mode should only be changed while START# is high.
After changing from one mode to another, START# must be
clocked high by the rising edge of CLK at least once.

TABLE 1. FUNCTION DECODE

FCT

2 1 0 MODE

0 0 0 | Histogram

0 0 1 Histogram Accumulate

0 1 0 Delay and Subtract

0 1 1 Look Up Table

1 0 0 | Bin Accumulate

1 0 1 Delay Memory

1 1 0 | Asynchronous 24

1 1 1 Asynchronous 16
Flash Clear

Flash Clear allows the user to clear the entire RAM with a
single pin. When the FC# pin is low, all bits of the RAM and
the data path from the RAM to DIO0-23 are set to zero. The
FC# pin is asynchronous with respect to CLK: the reset
begins immediately following a low on this signal. For
synchronous modes, in order to ensure consistent resuits,
FC# should only be active while START# is high. For
asynchronous modes, WR# must remain inactive while FC#
is low.
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HSP48410

Functional Block Diagram

DiO 0-23

24X1024
RAM
DIN 0-23 LD e ouy
—] ADDRESS ADDER
1 INPUT T
] CONTROL
10ADD 0-9 ADDRESS
GENERATOR

PIN 0-9

=

CLK

WR#
RD#

COUNTER
——
——ipl

CONTROL
START#

—
——
FC#  wmmp

[~ TORAM

!

FUNCTION | ——
DECODE p——>

FCT0-2 ——

mMYA
CONTROL

SIGNALS

LD#

ALL REGISTERS ARE CLOCKED BY CLK

—> TO ADDRESS GENERATOR
[~ TO OUTPUT STAGE

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM

Histogram Mode

This is the fundamental operation for which this chip was
intended. When this mode is selected, the chip configures
itself as shown in the block diagram of Figure 2. The pixel
data is sampled on the rising edge of clock and used as the
read address to the RAM array. The data contained in that
address (or bin) is then incremented by 1 and written back
into the RAM at the same address.

el | S
i

STARTH
——] contrRoL

FIGURE 2. HISTOGRAM MODE BLOCK DIAGRAM

At the same time, the new value is also displayed on the DIO
bus. This procedure continues until the circuit is interrupted
by START# returning high. When START# is high, the RAM
write is disabled, the read address is taken from the Pixel
Input bus, and the chip acts as if it is in LUT(read) mode. Fig-
ure 3 shows histogram mode timing. START# is used to dis-
regard the data on PINO-9 at DATA2. START# is sampled on
the rising edge of clock, but is delayed internally by 3 cycles
to match the latency of the Address Generator. Data is
clocked onto the DIO bus on the rising edge of CLK. RD#
acts as output enable.

axmd N NN\
smane .\ /- \

PN O® (DATA 0 DATA 1 )X DATA 2)XDATA 3 XDATA 4 XDATA 5)

DIO 0-23
oo CO X eoeXouriXoure)
ORIGINAL BIN CONTENTS

ARE NOT UPDATED

FIGURE 3. HISTOGRAM MODE TIMING
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Histogram Accumulate Mode

This function is very similar to the Histogram function. In this
case, a counter is used to provide the address data to the
RAM. The RAM is sequentially accessed, and the data from
each bin is added to the data from the previous bins. This
accumulation of data continues until the function is halted.
The results of the accumulation are displayed on the DIO
bus while simultaneously being written back to the RAM.
When the operation is complete, the RAM will contain the
Cumulative Distribution Function (CDF) of the image.

Figure 4 shows the configuration for this mode. Once this
function is selected, the START# pin is used to reset the
counter and enable writing to the RAM. Write enable is
delayed 3 cycles to match the delay in the Address Genera-
tor. The START# pin determines when the accumulation witl
begin. Before this pin is activated, the counter will be in an
unknown state and the DIO bus will contain unpredictable
data. Once the START# pin is sampled low, the data
registers are reset in order to clear the accumulation. The
output (DIO bus) will then be zero until a non-zero data value
is read from the RAM. Timing for this operation is shown in
Figure 5.

ADDRESS

E E DI0 023

ADDRESS | RD#
GENERATOR

Ci
LK COUNTER

START#
———p] CONTROL

FIGURE 4. HISTOGRAM ACCUMULATE MODE BLOCK

DIAGRAM
P AVAWAWAWAWAWAWA
START# \
O on) outo Xour1Xourz)

FIGURE 5. HISTOGRAM ACCUMULATE MODE TIMING

The START# pin must remain low in order to allow the
accumulated data to overwrite the original histogram data
contained in the RAM. When the START# pin returns to a
high state, the configuration remains intact, but writing to the
RAM is disabled and the part is in LUT(read) mode. Note

that the counter is not reset at this point. The counter will be
reset on the first cycle of CLK that START# is detected low.
To prevent invalid data from being written to the RAM, when
the counter reaches its maximum value (1023), further
writing to the RAM is disabled and the counter remains at
this value until the mode is changed.

At the end of the histogram accumulation, the DIO output
bus will contain the last accumulated value. The chip will
remain in this state untii START# becomes inactive. The
results of the accumulation can then be read out synchro-
nously by keeping START# high, or asynchronously in either
of the asynchronous modes.

Bin Accumulate Mode

The functionality of this mode is also similar to the Histogram
function. The only difference is that instead of incrementing
the bin data by 1, the bin data is added to the incoming DIN
bus data. The DIN bus is delayed internally by 3 cycles to
match the latency in the address generator. Figure 6 shows
the block diagram of the internal configuration for this mode,
while the timing is given in Figure 7. Note that in this figure,
START# is used to disregard the data on DINO-23 during
DATA2.

ADDRESS

ADDRESS
P' GENERATOR
CONTROL FI

FIGURE 6. BIN ACCUMULATE BLOCK DIAGRAM

START#
e

A WAWAWAWAWAWAWAN
staRte .\ /- \

ADDRESS

PINO9 (ADD. 0 XADD. 1 X ADD. 2 )XADD. 3 XADD. 4 XADD. 5 )

DATA
DATA 0 XDATA 1 X DATA 2 DATA 4 XDATA 5 )

OUTPUT
Pl C X oureXouTiXour2)
ORIGINAL BIN CONTENTS
ARE NOT UPDATED

DINO-23

FIGURE 7. BIN ACCUMULATE TIMING
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Look Up Table Mode

A Look Up Table (LUT) is used to perform a fixed transfor-
mation function on pixel values. This is particularly useful
when the transformation is non-linear and cannot be realized
directly with hardware. An example is the remapping of the
original pixel values to a new set of values based on the COF
obtained through Histogram Accumulation.

The transformation function can be loaded into the LUT in
one of three ways: in LUT mode, through DINO-23; in either
asynchronous mode, over the DIO bus as described below
under Asynchronous 16/24 Modes; in the Histogram
Accumulate mode the transformation function is calculated
internally (see description above). The transformation
function can then be utilized by deactivating START#, putting
the part in LUT mode and clocking the data to be
transformed onto the PIN bus. Note that it is necessary to
wait one clock cycle after changing the mode before clocking
data into the part.

The block diagram and timing for this mode are shown in
Figures 8 and 9. The left haif of the timing diagram shows
LUT(write) mode. On the first CLK that detects START# low,
the counter is reset and the write enable is activated for the
RAM. As long as START# remains low, the counter provides
the write address to the RAM and data is sequentially loaded
through the DIN bus. The DIN bus is delayed interally by 3
cycles to match the latency in the Address Generator. The
DIO bus will contain the previous contents of the memory
iocation being updated. When 1024 woids have been wirilien
to the RAM, the counter stops and further writes to the RAM
are disabled. The part stays in this state while START#
remains low.

When START# returns high, the RAM write is disabled, the
read address is taken from the PIN bus, and the chip acts as
a synchronous LUT. (This is known as LUT(read) mode.) in
order to ensure that the internal pipelines are clear, data
should not be input to PINO-9 until the third clock after
START# goes high.

owoaf RAM
— g N our
WR#
ADDRESS
PING ADDRESS
GENERATOR
= | counren |
STARTH CONTROL

FIGURE 8. LOOK UP TABLE BLOCK DIAGRAM

W AVAVAVAVAVAVAVAWAVAVAVAVAVAVAVAL

(WRITE)

STARTY \ —

(READ)
DATA
omozs o L 12 Y34 )5])
'ADDRESS
PINGD XoXoXzJa])
QUTPUT
D10 0-23 o G Jol

* PREVIOUS CONTENTS OF BIN LOCATION,
FIGURE 9. LOOK UP TABLE MODE TIMING

Delay Memory (Row Buffer) Mode

As seen by comparing Figures 8 and 10, the configuration
for this mode is nearly identical to the LUT mode. In this
mode, however, the counter is always providing the address
and the write function is always enabled.

In order to force this configuration to act as a row delay reg-
ister, the START# signal must be used to reset the internal
counter each time a new row of pixels is being sampled.
Because of the inherent latency in the address and data
paths, the counter must be reset every N-4 cycles, where N
is the desired delay length. For example, if a delay from DIN
to DIO of ten cycles is desired, the START# signal must be
set low every six cycles (see Figure 11). if the internal
address counter reaches its maximum count (1023). it holds
that value and further writes to the RAM are disabled.

DiNo0-23
—y

CLK

8T/
ARTH CONTROL

FIGURE 10. DELAY MEMORY BLOCK DIAGRAM

L VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

staRT# L T\ L 7\
DATA
Dmo-za|1 ‘2'3!4 Is IG I? lalD Iiolﬂlizltslﬂl
DIO 0-23 YiX2)faJa)s])
FIGURE 11. DELAY MEMORY MODE TIMING FOR ROW
LENGTH OF TEN
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Delay and Subtract Mode

This mode is similar to the Delay Memory mode, except the
input data is subtracted from the corresponding data stored
in RAM (See Figures 12 and 13).

DIN 0-23]
—

| REG |

REG

START#
——

FIGURE 12. DELAY AND SUBTRACT BLOCK DIAGRAM

W AVAVAVAVAVAVAVAVAVAVAVAVAVAVARS

starte L T\ [ 7 g Y a—
DATA
omozs __ N1 X 2f3 Xa)s ) e )7 ) s )Xo fiof11 ]2 X 13)14]
OUTPUT MODIFIED DATA
DIO 0-23 X1 X2X3)Ja]s
DATA 1 DATA 2
MINUS MINUS
DATA7 DATAS

FIGURE 13. DELAY AND SUBTRACT MODE TIMING FOR ROW
LENGTH OF TEN

Asynchronous 16/24 Modes

In the Asynchronous modes, the chip acts like a single port
RAM. In this mode, the user can read (access) any bin
location on the fly by simply setting the 10-bit IO address to
the desired bin location. The RAM is then read or written on
the following RD# or WR# pulse. A block diagram for this
mode is shown in Figure 14. Note that all registers and
pipeline stages are bypassed; START# and CLK have no
effect in this mode.

Timing waveforms for this mode are also shown in Figure 15.
During reading, the read address is latched (internally) on
the falling edge of RD#. During write operations, the address
is latched on the falling edge of WR# and data is latched on
the rising edge of WR#. Note that reading and writing occur
on different ports, so that, in this mode, the write port always
latches its address and data values from the WR# signal,
while the read port always uses RD# for latching.

The difference between the Async 16 mode and the Async
24 mode is the number of data bits available to the user. In
16-bit mode, the user can connect the system data bus to
the lower 16-bits of the Histogrammer's DIO bus. The UWS
pin becomes the LSB of the |0 address, which determines if
the lower 16-bits or upper 8-bits of the 24-bit Histogrammer
data is being used. When UWS is low, the data present at
DIOO0-15 is the lower 16-bits of the data in the IOADDO-9
location. When UWS is high, the upper 8-bits of the
IOADDO9 location are present on DIO0-7. (This is true for
both reading and writing.) Thus it takes 2 cycles for an
asynchronous 24-bit operation when in Async 16 mode.
Unused outputs are zeros.

DiO 0-23

ADDRESS
0ADD 0-9 ~~-————b} GENERATOR

w

RD# —>] CONTROL
uws —

FIGURE 14. ASYNCHRONOUS 16/24 BLOCK DIAGRAM

WRITE CYCLE TIMING

w——____
RD#

I0ADD 0-9,
uws A

DIO 023 X X

READ CYCLE TIMING

WR#

L Y 2

10ADD 0-9,
uws A A

040023 e e

FIGURE 15. ASYNCHRONOUS 16/24 MODE TIMING
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Specifications HSP48410

Absolute Maximum Ratings

SupplyVoltage . . . ..o oovieiiii i e +8.0V
Input, Output Voltage . ................. GND-0.5V to Vgc+0.5V
Storage Temperature Range ................. -65°C to +150°C
Junction Temperature. .......... +175°C (PGA), +150°C (PLCC)
Lead Temperature (Soldering 10s). . .................. +300°C
ESDClassification .. ....oovvreeniiiiiinerinnianns Class 1

Thermal Information

Thermal Resistance .................. 0, 1%}
PGA Package 34.3°CW  8.0°CW
PLCC Package 23.0°CW  7.4°C/W

Maximum Package Power Dissipation at +70°C
PGAPACKAgE ... o ovivviiiiii i 31w
PLCCPackage ........coviiiiiinniniinnnencnnenn. 3.5W

Gate CouNt . ....oiit i 3500 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Rarmgs may cause psrmanenl damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op ctions of this specification is not implied.
Operating Conditions
Operating Voltage Range . .. .........cooevevvnnnnns +5V +5%  Operating Temperature Range .................. 0°C to +70°C
DC Electrical Specifications
PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Logical One Input Voltage Vin 2.0 - v Vce = 5.25V
Logical Zero Input Voltage ViL - 0.8 v Voo = 4.75V
High Level Clock Input Vine 3.0 - v Ve = 5.25V
Low Level Clock Input Vite - 0.8 v Ve = 4.75V
Output High Voitage Vou 2.6 - v lon = -400pA, Vee = 4.75V
Output Low Voltage VoL - 0.4 v log = +2.0mA, V¢c = 4.75V
Input Leakage Current I -10 10 HA VN = Vgg or GND, Ve = 5.25V
Y0 Leakage Currant s -10 10 A Vour = Ve oF GNG, Vg - 5.25V
Standby Supply Current lccse - 500 pA Vin = Vg or GND, Ve =525V,
Outputs Open
Operating Power Supply Current lecop - 396 mA f =33 MHz, V|\ = Vg or GND
Vee = 5.25V (Note 1, 2)

NOTES:

1. Power supply current is proportional to operating frequency. typical rating for lccop is 12mA/MHz.
2. Maximum junction temperature must be considered when operating part at high clock frequencies.

Capacitance T, = +25°C, Not tested, but characterized at initial design and at major process or design changes.

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Input Capacitance Cin - 12 pF FREQ =1 MHz, V¢ = Open, all
Output Capacitance Cour - 12 o | dovise aroon, T rererencedte

AC Electrical Specifications V¢ =5V + 5%, T, = 0°C to +70°C (Note 1)
-40 (40 MHz) | -33 (33 MHz)

PARAMETER SYMBOL | MIN | MAX | MIN | MAX | UNITS TEST CONDITIONS
Clock Period Tep 25 - 30 - ns
Clock Low Ten 10 - 12 - ns
Clock High TeL 10 - 12 - ns
DIN Setup Tos 12 - 13 - ns
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AC Electrical Specifications

Vg = 5V £ 5%, Ty = 0°C to +70°C (Note 1) (Continued)

-40 (40 MHz) | -33 (33 MHz)
PARAMETER SYMBOL | MIN { MAX | MIN | MAX UNITS TEST CONDITIONS

DINO-23 Hold Tou 0 - 0 - ns

Clock to DIO0-23 Valid Too - 15 - 19 ns

FC# Pulse Width Te 35 - 35 - ns

FCTO0-2 Setup to LD# Tes 10 - 10 - ns

FCTO0-2 Hold from LD# Ten 0 - 0 - ns

START# Setup to CLK Tss 12 - 13 - ns

START# Hold from CLK Tsu 0 - 0 - ns

PINO-9 Setup Time Tps 12 - 13 - ns

PINO-9 Hold Time TPH 0 - 0 - ns

LD# Pulse Width T 10 - 12 - ns

LD# Setup to START# Tis Tep Tep - ns Note 2

WR# Low Twl 12 - 15 - ns

WR# High Twn 12 - 15 - ns

Address Setup Tas 13 - 15 - ns

Address Hold Tan 1 - 1 - ns

DIO Setup to WR# Tws 12 - 15 - ns

DIO Hold from WR# Twn 1 - 1 . ns

RD# Low TaL 35 - 43 - ns

RD# High Tan 15 - 17 - ns

RD# Low to DIO Valid Tao - 35 - 43 ns

Read/MWrite Cycle Time Tey 55 - 65 - ns

DIO Valid after RD# High Ton - 0 - 0 ns Note 3

Output Enable Time Toe - 18 - 19 ns Note 4

Output Disable Time Too - 18 - 19 ns Note 3

Output Rise Time Tr - 6 - 6 ns From 0.8V to 2.0V, Note 3
Output Fall Time T - 6 - 6 ns From 2.0V to 0.8V, Note 3

NOTES:

1. AC Testing is performed as follows: input levels (CLK) 0.0V and 4.0V; Input levels (All other inputs) OV and 3.0V. Timing reference levels

(CLK) = 2.0V, (All others) = 1.5V. Output load circuit with C|_ = 40pF. Output transition measured at Vo 2 1.5V and Vg < 1.5V.
2. There must be at least one rising edge of CLK between the rising edge of LD# and the falling edge of START#.

3. Characterized upon initial design and after major changes to design and/or process.

4. Transition is measured at $200mV from steady state voltage with loading as specified in test load circuit with C_ = 40pF.
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Test Load Circuit
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January 1994 Histogrammer/Accumulating Buffer

Features

* This Circuit is Processed in Accordance to MIL-STD-
883 and Is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

10-Bit Pixel Data
o 4k x 4k Frame Sizes

* Asynchronous Flash Clear Pin
« Fully Asynchronous 16-Bit or 24-Bit Host Interface
¢ DC to 33MHz Clock Rate

Applications

¢ Histogramming

¢ Histogram Equalization

¢ image and Signal Analysis

Ordering Information

Description

The Harris HSP48410 is an 84 lead Histogrammer IC
intended for use in image and signal analysis. The on board
memory is configured as 1024 x 24 array. This translates to
a pixel resolution of 10-bits and an image size of 4k x 4k with
no possibility of overflow.

In addition to Histogramming, the HSP48410 can generate
and store the Cumulative Distribution Function for use in His-
togram Equalization applications. Other capabilities of the
HSP48410 include: Bin Accumulation, Look Up Table, 24-bit
Delay memory, and Delay and Subtract mode.

A Flash Clear pin is available in all modes of operation and
performs a single cycle reset on all locations of the internal
memory array and all internal data paths.

The HSP48410 includes a fully asynchronous interface
which provides a means for communications with a host,
such as a microprocessor. The interface includes dedicated
Read/Write pins and an address port which are asynchro-
nous to the system clock. This allows random access of the
Histogram Memory Array for analysis or conditioning of the

stored data.
TEMPERATURE
PART NUMBER RANGE PACKAGE
HSP48410GM-33/883 -55°C to +125°C | 84 Lead PGA
HSP48410GM-25/883 -55°C to +125°C | 84 Lead PGA
Block Diagram
HISTOGRAM
MEMORY
ARRAY
. DATA . pio | Dbioo-2s
Mux N out *] ADDER INTERACE [ '
DiNo-23
PINGS , »] ADDRESS
ADDRESS
GENERATOR
I0ADDO-9 —

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Pinouts

Al

10

PIN ‘At’
D

84 LEAD PIN GRID ARRAY
TOP VIEW
DiNg {DiN10 |DIN11 [DIN13 | DINt6| DIN17 | DIN1S| DIN22| DIO23 [DlO22 | DIO19
oiNs | DN | Dine [DiN12 | DiNts) DIN21 | DiNzo| DiN2s| DIo21 | D120 |DIO1Z
DIN4 | DING DINt4] GND | DiN1s Diots |Dio1s
DIN2 | DINS DIo15 |Dio14
PIN9 | DINo | GND pio10|pio12 |bio1
vee | omt | ek DI09 | DIos | D13
PINg | PIN7 | PING pios | Dio7 | GND
PINS | PIN DIo4 | DIOS
PIN3 | PINt ch['%DDI'W;DD pio1 | bio3
PIN2 | Fco | RD# |FoT2 | wRe | uws |IOAD '°‘§°°|'°‘;‘,°° DIoo | ploz
PINO isr@m LD# |FcT1 | anp [1OAPD|I0ADD '°’}°°|'°“2°° 0ADD] vee
A B ¢ D E F G H J K L
84 LEAD PIN GRID ARRAY
BOTTOM VIEW
Imo19 DIO22 | DI023 | DIN22 | DIN19 | DIN17 | DIN16 | DIN13 | DIN11 | DINt0 | DING
DIO17 | DI020 | Dio21 | DIN23 | DIN20 | DiN21 | DIN1S | DIN12( DING | DIN7 | DINS
*mms pio18 DiN18] GND [DIN14 DING | DINa
DIo14 |DIO1S DINS | DIN2
DIO11 | DI012 | DIO10 GND | DiNo | PiNg
Dio13| pios | pios cik | oint | vee
GND | pio7 | pios PING | PIN7 | PINS
DIOs | DIo4 PiNg | PINS
DIos | Diot |0ASDD||0A9|>D FCTo PINt | PiN3
Di02 | DIOO lo%wllogoo 10ADD| uws | wR# | FcT2| RD# | Fes | PIN2
vec JoADD |0Azoo||o§oo||ou70nlmsno GND | FCT | LD# [START| PiNo
L Xk 4 H 6 F E D € B A

1
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Pin Description

SYMBOL PIN NUMBER TYPE DESCRIPTION

CLK Ccé | Clock input. This input has no effect on the chips functionality when the chip is
programmed to an asynchronous mode. All signals denoted as synchronous
have their timing specified with reference to this signal.

PINO-9 A1-5, A7, B3-5,C5 | Pixe! Input. This input bus is sampled by the rising edge of clock. It provides the
on chip RAM with address values in Histogram, Bin Accumulate and LUT(write)
mode. During Asynchronous modes it is unused.

LD# C1 | The Load pin is used to load the FCTO0-2 bits into the FCT registers.

(See below).

FCTO0-2 D1-2, E3 | These three pins are decoded to determine the mode of operation for the chip.
The signals are sampled by the rising edge of LD# and take effect after the ris-
ing edge of LD#. Since the loading of this function is asynchronous to CLK, itis
necessary to disable the START# pin during loading and enable START# at
least 1 CLK cycle following the LD# pulse.

START# B1 | This pin informs the on chip circuitry which clock cycle will start and/or stop the
current mode of operation. Thus, the modes are asynchronously selected (via
LD#) but are synchronously started and stopped. This input is sampied by the
rising edge of CLK. The actual function of this input depends on the mode that
is selected. START# must always be held high (disabled) when changing
modes. This will provide a smooth transition from one mode to the next by al-
lowing the part to reconfigure itself before new mode begins. When START# is
high, LUT(read) mode is enabled except for Delay and Delay and Subtract
modes.

FC# B2 | Flash Clear. This input provides a fully asynchronous signal which effectively

: resets all bits in the RAM Array and the input and output data paths to zero.
DINO-23 A8-11,B6-11, i Data input bus. Provides data to the Histogrammer during Bin Accumulate,
C10-11, D10-11, LUT, Delay and Delay and
E9-11, F10-11, Subtract modes. Synchronous to CLK.
G9-11, H10-11

DIO0-23 J5-7,J10-11, l[e] Asynchronous data bus. Provides RAM access for a microprocessor in precon-
K2-11, L2-4, L6-11 ditioning the memory array and reading the results of the previous operation.

Configuarable as either a 24-bit or 16-bit bus

{OADDO0-9 F1,F3,G1-3, H1-2, I RAM address in asynchronous modes. Sampled on the falling edge of WRi# or
J1-2,K1 RD#.

uws F2 I Upper Word Select. In 16-bit Asynchronous mode, a one on this pin denotes
the contents of DIO0-7 as being the upper eight-bits of the data in or out of the
Histogrammer. A zero means that DIO0-15 are the lower 16-bits. In all other
modes, this pin has no effect.

WR# E2 | Write enable to the RAM for the data on DIO0-23 when the HSP48410 is con-
figured in one of the asynchronous modes. Asynchronous to CLK.

RD# c2 | Read control for the data on DIO0-23 in asynchronous modes. Output enable
for DIO0-23 in other modes. Asynchronous to CLK.

vce A8, L1 +5V

GND C7,E1,F9,L5 Ground
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Absolute Maximum Ratings

SupplyVoltage . . .....ovveeiiiiiiiiiii e +8.0V
Input, Output Voltage ................. GND -0.5V to Ve +0.5V
Storage TempPerature . .......ccoevevensens.. -65°C to +150°C
Junction Temperature. . ........ccovveveeeennenneenns +175°C
Lead Temperature (Soldering 10s)..........c.vuuvenn. +300°C
351 0 PN Class 1

Reliability Information
Thermal Resistance

68 By
34.3°CW  8.0°CW -

Ceramic PGAPackage ..............
Maximum Package Power Dissipation at +125°C
CeramicPGAPackage ............coovvninnnnns 1.46 Watt
GateCount . ......vvviiineer ittt 3500 Gates

CAUTION: Stresses above thoses listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op tions of this specification is not implied.
Operating Conditions

Operating Voltage Range . . ................... +4.5V to +5.5V

Operating Temperature Range. .. ............. -55°C to +125°C

TABLE 1. DC ELECTRICAL SPECIFICATIONS

Device Guaranteed and 100% Tested

GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUP TEMPERATURE MIN MAX UNITS
Logical One Input Voltage Vig Vo = 5.5V 1,2,3 -55°C < To<+125°C | 2.2 - v
Logical Zero Input Voltage Vi Ve = 4.5V 1,2,3 -65°C < To<+125°C - 0.8 v
High Level Clock input Vine Vge = 5.5V 1,2,3 55°C<Tp<+125°C | 3.0 - v
Low Level Clock Input Viee Vo = 4.5V 1,2,3 -55°C < To<+125°C - 0.8 v
Output High Voltage Vou lon = ~400A, 1,2,3 55°CsTos+125°C | 2.6 - v
Vee = 4.5V (Note 1)
Output Low Voltage VoL lop = +2.0mA, 1,2,3 -55°C < To < +125°C - 0.4 v
Ve = 4.5V (Note 1)
Input Leakage Current I Vin = VCC or GND, 1,2,3 -55°C < Tp<+125°C -10 10 BA
Vee = 5.5V
I/O Leakage Current lo Vour=Vecor GND, 1,2,3 -55°C < T, <+125°C -10 10 pA
Vec = 5.5V
Standby Supply Current lccse Vn = Vg of GND, 1,2,3 -55°C < T, < +125°C - 500 HA
Vee =5.5V,
Outputs Open
Operating Power Supply lccop f = 25.6MHz, 1,2,3 -55°C < To< +125°C - 308 mA
Curent Vin = Vge or GND
Vcc = 5.5V (Note 2)
Functional Test FT (Notes 3,4) 7,8 -55°C < Tp< +125°C - - -

NOTES:
1. Interchanging of force and sense conditions is permitted.

2. Power Supply current is proportional to operating frequency. Typical rating for iccop is12mA/MHz. Maximum junction temperature must

be considered when operating part at high clock frequencies.

3. Tested as follows: f = IMHz, Vi, = 2.6V, Vi = 0.4V, Vou 2 1.5V, Vg S 1.5V, Viye = 3.4V and Vi ¢ = 0.4V.

4. Loading is as specified in the test load circuit with C|_ = 40pF.
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Tested at: Vgg = 5.0V + 10%, Ty = -55°C to +125°C (Note 1)

-33 (33MHz) [ -25 (25.6MHz)
COND- GROUP A
PARAMETER SYMBOL | ITIONS | SUBGROUPS | TEMPERATURE | MIN | MAX | MIN | MAX | UNITS

Clock Period Tep 9, 10, 11 -55°C<Tp<+125°C| 30 - 39 - ns

Clock Low Ten 9,10, 11 55%C < Ty +125°C| 12 - 15 - ns

Clock High ToL 9,10, 11 -55%C < Tp<+125°C) 12 - 15 - ns

DiN Setup Tos 9,10, 11 -55%C <Ty<+125°C| 15 - 16 - ns

DIN 0-23 Hold Tou 9,10, 11 -55°C<To<+125°C| 1 - 1 - ns

Clock to DIO 0-23 Valid Too 9,10, 11 55°C s Tp<+125°C| - 19 - 24 ns

FC# Pulse Width T 9,10, 11 559C <T,<+125°C| 35 - 35 - ns

FCT 0-2 Setup to LD# Tes 9,10, 11 55°C < Ty<+125°C} 12 - 15 - ns

FCT 0-2 Hold from LD# Teu 9,10, 11 -55%C < Ta<+125°C| 1 - 1 - ns

START# Setup to CLK Tss 9,10, 11 -55%C < To<+125°C| 15 - 16 - ns n
START# Hold from CLK Ten 9,10, 11 -55°C<Ta<+125°Cl © - 0 - ns

PIN 0-9 Setup Time Tps 9,10, 11 -55%C s Ty<+125°C| 15 - 16 - ns %
PIN 0-9 Hold Time Teu 9,10, 11 55C < Tp<+125%C| 1 - 1 - ns E ‘ﬂ)
LD# Pulse Width Tw 9,10, 11 -559C < To<+125°C | 12 - 15 - ns > g
LD# Setup to START# Ts Note 2 9,10, 11 55°C < To<+125°C| Tep Tep - ns &
WR# Low Tw 9, 10, 11 -55°C<Tp<+125°C| 15 - 20 - ns

WR# High Twn 9,10, 11 -55°C < Tp<+125°C| 15 - 20 - ns

Address Setup Tas 9,10, 11 -55°C <Ty<+125°C| 16 - 20 - ns

Address Hold Tan 9,10, 11 -55%C < Tp<+125°C| 2 - 2 - ns

DIO Setup to WR# Tws 9,10, 11 55°C < Tp<+125°C| 16 - 20 - ns

DIO Hold from WR# TwH 9,10, 11 55%C <Tp<+125%C| 2 - 2 - ns

RD# Low TaL 9,10, 11 55%C<T,<+125°C| 43 - 55 - ns

RD# High Tau 9,10, 11 55%C<Ta<+125°C| 17 - 20 - ns

RD# Low to DIO Valid Tro 9,10, 11 -55%C < T, < +125°C - 43 - 55 ns

Output Enable Time Toe Note 3 9,10, 11 55°C<To<+125°C| - - 19 - 24 ns

Read/Write Cycle Time Tey 9,10, 11 -55°C<Tp<+125°C| 65 80 - ns

NOTES:

1. A.C. Testing is performed as follows: Input levels (CLK) 0.0V and 4.0V; Input levels (All other inputs) OV and 3.0V. Timing reference levels
(CLK) = 2.0V, (All others) = 1.5V. Output load circuit with C, = 40pF. Output transition measured at Vg 2 1.5V and Vg = 1.5V.

2. There must be at least one rising edge of CLK between the rising edge of LD# and the falling edge of START#.
3. Transition is measured at 200 mV from steady state voltage with loading as specified in test load circuit with C\ = 40pF.
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

-33 (33MHz) | -25 (25.6MHz)
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE MIN | MAX | MIN | MAX | UNITS

Input Capacitance Cin Ve = Open, f = 1IMHz, 1 Ta =+25°C . 12 . 12 pF

All measurements are

referenced to device

GND.
Output Capacitance Co Ve = Open, f = 1MHz, 1 Ta = +25°C - 12 - 12 pF

All measurements are

referenced to device

GND.
DIO Valid After Ton 1,2 |-55°C<Tp<+125°C| 0 - 0 - ns
RD# High
Output Disable Top 1,2 |-55%C<Ta<+125°C| - 27 - 27 ns
Time
Output Rise Time T From 0.8V to 2.0V 1,2 |-55°C<Ta<+125°C) - 9 - 9 ns
Output Fall Time Te From 2.0V to 0.8V 1,2 [-55%C<Ty<+125°C| - 9 - 9 ns

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are charac-
terized upon initial design and after major process and/or design changes.

2. Loading is as specified in the test load circuit with C; = 40pF.

TABLE 4. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A,8B,10,11
Group A - 1,2,3,7,8A,8B,9,10,11
Groups C and D Samples/5005 1,7,9
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Burn-In Circuits

84 LEAD GRID ARRAY
TOP VIEW
11 | oing [oiNto | DiNt1 |DINt3 | DINte| DINYZ| DINt| DiN22| DIO23 | DI022 | DIO 1S
10 | Dins | DIN7 | DINg |DIN12 | DIN15 | DIN21 | DINZO| DIN23| DIO21 |DID20 | DIO17
o | DiNg | DINe DIN14| GND | DIN18 pio1s |Diote
s | oz | oina Dio15 | Dio1a
7 | Pine | oino | GND Dio10 | Dio12 | Dio11
6 | vec | oint | ok pios | bios |pio13
5 | PiNg | PINT | PING pios | bio7 | GND
4 | PiNs | PiNg pio4 | pios
3 | pins | PNt FcTo {I0ADDJIOAD! pio1 | pio3
2 | PNz | Fc# | RD# |FCT2 | WRe [ uws ['OADDIIOADDIIOADD! 6o | ploz
1 | Pino Isrgn'r Lo# |Fcm1 | Gp ['O4DD|10ADD '°’}°°|'°“2°°|'°“,°° vee
PIN ‘At
PGA PIN BURN-IN A PGA PIN BURN-IN PGA PIN BURN-IN PGA PIN BURN-IN
PIN | NAME | SIGNAL PIN | NAME | SIGNAL PIN | NAME | SIGNAL PIN | NAME | SIGNAL
Al PINO F1 B9 DIN6 F7 E11 | DIN16 F2 J5 DIO6 F7
A2 PIN2 F3 B10 | DIN7 F8 F1 IOADDS | F6 J6 DIO9 F10
A3 PIN3 F4 811 DIN10 F11 F2 Uws F11 J7 DIO10 F11
A4 PIN5S F6 Ci LD# F11 F3 IOADD9 | F10 J10 | DIO21 F7
A5 PIN8 F9 c2 RD# F1 F9 GND GND Ji1 DIO23 F9
A6 vCcC vCC C5 PIN6 F7 F10 | DIN21 F7 K1 IOADD1 | F2
A7 PIN9 F10 o] CLK FO F11 | DIN17 F3 K2 DIO0 F1
A8 DIN2 F3 Cc7 GND GND G1 IOADD7 | F8 K3 DIO1 F2
A9 DIN4 F5 C10 | DINS F10 G2 IOADD6 | F7 K4 DIO4 F5
A10 | DINS F6 cit |DIN11 | F12 G3 |l0ADD8 |F9 K5 |Dio7 F8
A11 | DIN8 F9 D1 FCT1 F13 G9 DIN18 F4 K6 DIO8 F9
B1 START# | F10 D2 FCT2 F14 G10 | DIN20 F6 K7 DIO12 F13
B2 FC# F16 D10 | DIN12 F13 G11 | DIN19 F5 K8 DIO15 F1
B3 PIN1 F2 D11 | DIN13 F14 H1 IOADD4 | F5 K9 DIO18 F4
B4 PIN4 F5 Et GND GND H2 IOADD3 | F4 K10 | DIO20 F6
B5 PIN7 F8 E2 WR# F2 H10 | DIN23 F9 K11 | DIO22 F8
B6 DIN1 F2 E3 FCTO F12 H11 | DIN22 F8 Lt VvCC vCcC
B7 DINO F1 E9 DIN14 F15 Ji IOADD2 | F3 L2 DIO2 F3
B8 DIN3 F4 E10 | DIN15 F1 J2 IOADDO | F1 L3 DIO3 F4
L4 DIOS F6
NOTES:

1. Vgo/2 (2.7V £ 10%) used for outputs only.
2. 47KQ (+20%) resistor connected to all pins except V¢ and GND.
3. Vcc =55+0.5V.

4. 0.1pf (min) capacitor between V¢ and GND per position.

5. Fo = 100KHz + 10%, F1 = F0/2, F2 = F1/2 ... F16 = F15/2,
40% - 60% Duty Cycle.

6. Input Voltage Limits: Vy_ = 0.8V max. V| = 4.5V + 10%.
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Metallization Topology

DIE DIMENSIONS:
330 x281 x 19 £ 1mils

METALLIZATION:
Type: Si - Al or Si-Al-Cu
Thickness: 8
GLASSIVATION:
Type: Nitrox
Thickness: 10kA

WORST CASE CURRENT DENSITY:
0.47 x 10° Alem?

Metallization Mask Layout

HSP48410/883
22222252 ¢8%x¢2¢g
a g a&daaaaxadc >0 G a

= : >

FC#
RD#
START#
LD#
FCT2
FCT1
FCTO
WR#
GND
uws
10ADDY
10ADD8
10ADD?
I0ADDS
I0ADDS
10ADD4
10ADD3
10ADD2
10ADD1
10ADDO
vce

[E LU ¥

il Todbtie ot Y 8

R A
JY A0 I P MY

.m.:m.‘zm c'
I

DIo12
DIO1S |
DIO14

DiN8

DiN®

DiN10
DIN11
DIN12
DIN13
DiIN14
DIN1S
DiIN16
DiN17
GND

DiN18
DiINt9
DiIN20
DIN21
DiN22
DIN23
Dio23
Dio22
DIO21

| Di020




@ HARRIS HSP48901

January 1994 3 x 3 Image Filter
Features Description
* DC to 30MHz Clock Rate The Harris HSP48901 is a high speed 9-Tap FIR Filter which

« Configurable for 1-D and 2-D Correlation/ Convolution  utilizes 8-bit wide data and coefficients. It can be configured
« Dual Coefficient Mask Registers, Switchable in a Sin- 35 89N dimensional (1-D) 9-Tap filter for a variety of signal
gle Clock Cycle processing appllcgtlons, or as a two qlmen§|onal (2-0).hltgr

N . for image processing. In the 2-D configuration, the device is
Twos_ Complement or Unsigned 8-Bit input Data and ideally suited for implementing 3 x 3 kernel convolution. The
Coefficients 30MHz clock rate allows a large number of image sizes to be
* 20-Bit Extended Precision Output processed within the required frame time for real-time video.

Standard uP Interface Data is provided to the HSP483901 through the use of pro-
. . grammable data buffers such as the HSP9500 or any other
Applications programmable shift register. Coefficient and pixel input data
« Image Filtering are 8-bit signed or unsigned integers, and the 20-bit

extended output guarantees no overflow will occur during the
filtering operation.

* Edge Detection/Enhancement
Pattern Matching
+ Real Time Video Filters

.

There are two internal register banks for storing independent
3 x 3 filter kernels, thus facilitating the implementation of

3 - adaptive filters and multiple filter operations on the same
Ordering Information data. e
TEMPERATURE The configuration of the HSP48801 Image Filter is controlied 8 a
PART NUMBER RANGE PACKAGE through a standard microprocessor interface and all inputs =] ‘u;
HSP48901JC-20 0°Cto +70°C |68 Lead PLCC and outputs are TTL compatible. >0
HSP48901JC-30 0°C10+70°C |68 Lead PLCC £
HSP48901GC-20 0°Cto +70°C | 68 Lead PGA
HSP48901GC-30 0°Cto +70°C |68 Lead PGA
Block Diagram

DIN3 (0-7) I z-1 l

DIN2(0-7) ]zt

DIN1 (0-7) | 27!

CINO-7 ] cONTROL
FRAME# —»] LOGIC

3
A0-2 ADDRESS

LD¥ | bECODER
INTERNAL |
cLock
CLK CLOCK
HOLD GEN

+)e
i DOUT 0-19

CAUTION: These devices are itive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2459_4
Copyright © Harris Corporation 1994 4-31
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Package Pinouts
68 LEAD PLCC

TOP VIEW
gizzezciscebEBERE,
z 2 z2 Z z
SEEEzZz:zz3333833¢
HEEENERRRERENRENERE
9 8 7 6 5 4 3 2 a8 86 685 684 63 62

DINS (7)
DINS (8)
DING (5)
DING (4)
DINS (3)
DING (2)
DINS (1)

DING (0) 44| ] FRAMESZ
30 32 33
| TR
85gEgsisyzegage e
> ® 0O o Oo oo o ¢ 3 £
68 PIN GRID ARRAY
TOP VIEW
11 DOUTé | DOUT7 | DOUTY [DOUT10|DOUT12| DOUT14| DOUT16{DOUTIB| Vo
FRAME
10 DOUTE | Voo | DOUTE| GND [DOUT11|DOUT1I3|DOUT1S|DOUTI7|DOUTIS| 2 A0
] DOUT3 | bouT4 A2 M
8 DOUT1 | DOUT2 Lo HOLD
7 GND | DOUTO CINO GND
8 - |DINt (6)|DIN1 (7) CIN2 | CINt
5 ]DIN1 (4)|DINY (5) CIN4 | CIN3
4 |piNt (2)|DINT (3) CING | CINS
3 |DINT (0)|DINT (1) GND CIN7
2 Ve |DIN2 (7){ DIN2 (5)] DIN2 (3)| DIN2 (1){ GND |DIN3 (6) | DIN3 (4)|DIN3 (2)| Vgo CLK
1 DIN2 (6)| DIN2 (4)} DIN2 (2)| DIN2 (0)| DIN3 (7) |DIN3 (5) | DINS (3) | DIN3 (1) |DINS (0)
A B c D E F G H J K L
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Pin Descriptions

NAME

PLCC PIN

TYPE

DESCRIPTION

vCC

9, 27,45, 61

The +5V power supply pins. 0.1pF capacitors between the VCC and GND pins are
recommended.

GND

18,29, 38, 56

The device ground.

CLK

28

Input and System clock. Operations are synchronous with the rising edge of this
clock signal.

DIN1(7-0)

1-8

Pixel Data Input bus #1. These inputs are used to provide 8-bit pixel data to
the HSP48901. The data must be provided in a synchronous fashion, and is
latched on the rising edge of the CLK signal. The DIN1(0-7) inputs are also used to
input data when operating in the 9 Tap FIR mode.

DIN2(7-0)

10-17

Pixel Data Input bus #2. Same as above. These inputs should be grounded when
operating in the 1D mode.

DIN3(7-0)

19-26

Pixel Data Input bus #3. Same as above. These inputs should be grounded when
operating in the 1D mode.

CIN7-C

30-37

Coefficient Data Input bus. This input bus is used to load the Coefficient Mask
register{(s) and the Initialization register. The register to be loaded is defined by
the register address bits AO-2. The CINO-7 data is loaded to the addressed register
through the use of the LD# input.

DOUT19-0

48-55, 57-60,
62-67

Output Data bus. This 20-Bit output port is used to provide the convolution result.
The result is the sum of products of the input data samples and their corresponding
coefficients.

FRAME#

44

Frame# is an asynchronous new frame or vertical sync input. A low on this input
resets all internal circuitry except for the Coefficient and INT registers. Thus,
after a Frames# reset has occurred, a new frame of pixels may be convolved without
reloading these registers.

HOLD

40

The Hold Input is used to gate the clock from all of the internal circuitry of the
HSP48901. This signal is synchronous, is sampled on the rising edge of CLK and
takes effect on the following cycle. While this signal is active (high), the clock will
have no effect on the HSP48901 and internal data will remain undisturbed.

41-43

Control Register Address. These lines are decoded to determine which register in
the control logic is the destination for the data on the CINO-7 inputs. Register
loading is controlled by the AO-2 and LD # inputs.

LD#

39

Load Strobe. LD# is used for loading the internal registers of the HSP48901. The
rising edge of LD# will latch the CINO-7 data into the register specified by A0-2.
The Address on AO-2 must be set up with respect to the falling edge of LD# and
must be held with respect to the rising edge of LD#.
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Functional Description

The HSP48901 can perform convolution of a 3 x 3 filter ker-
nel with 8-bit image data. It accepts the image data in a ras-
ter scan, non-interlaced format, convolves it with the filter
kernel and outputs the filtered image. The input and filter
kernel data are both 8-bits, while the output data is 20-bits
to prevent overflow during the convolution operation. Image
data is input via the DIN1, DIN2, and DIN3 busses. This data
would normally be provided by programmable data buffer
such as the HSP9501 as illustrated in the operations
section of this specification. The data is then convolved with
the 3 x 3 array of filter coefficients. The resultant output data
is then stored in the output register. The HSP48901 may
also be used in a one-dimensional mode. In this
configuration, it functions as a 1-D 9-tap FIR filter. Data
would be input via the DIN1(0-7) bus for operation in this
mode.

Initialization of the convolver is done using the CINO-7 bus
to load configuration data and the filter kernel(s). The ad-
dress lines AO-2 are used to address the internal registers
for initialization. The configuration data is loaded using the
AO0-2, CINO-7 and LD# controls as address, data and write
enable, respectively. This interface is compatible with
standard microprocessors without the use of any additional
glue logic.

Filtered image data is output from the convolver over the
DOUTO0-19 bus. This output bus is 20-bits wide to provide
room for growth during the convolution operation.

L X

AO -2

ADDRESS
DECODE

LD #Z£

8-Bit Multiplier Array

The multiplier array consists of nine 8 x 8 multipliers. Each
multiplier forms the product of a filter coefficient with a cor-
responding pixel in the input image. Input and coefficient
data may be in either two's complement or unsigned integer
format. The nine coefficients form a 3 x 3 filter kernel which
is multiplied by the input pixel data and summed to form a
sum of products for implementation of the convolution oper-
ation as shown below:

FILTER KERNEL INPUT DATA
A B (¢} P1 P2 P3
D E F P4 PS5 P6
G H I P7 P8 P9

OUTPUT = (AxP1)+ (B x P2) + (C x P3)
+ (Dx P4) + (E x P5) + (F x P6)
+ (GXP7)+ (Hx P8) + (1 x P9)

Control Logic

The control logic (Figure 1) contains the Initialization
Register and the Coefficient Registers. The control logic is
updated by placing data on the CINO-7 bus and using the
AD-2 and LD# control lines to write to the addressed
register (see Address Decoder). All of the control logic
registers are unaffected by FRAME#.

ENCRO #*
ENCR1 2
CAS -
CR1ZZ
CRO 2¢

INITIALIZATION
INITIALIZATION REGISTER
CINO -7 > (I?IT) aIs —7“— DATA
cas izt —|
COEFFICIENT
REGISTER 0
CRO 7 [io EfHoEfeoE[Fo EJeo EJpoEJco ElBo Ef A0 E
1 1 1 1 | 1 1 1 J
I H| e | F ElD|Jc]|B|aA
— — —> —> > |—> —> —> —>
~ I | | I I | I | ]
CR1# I n ElH1 E]ciE|F1 EJe1 E]p1E]c1 E]B1 E] A1 E
COEFFICIENT
- REGISTER 1
ENCR1# —'s Q |-
ENCRO#Z — & &

FIGURE 1. CONTROL LOGIC BLOCK DIAGRAM
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Initialization Register

The initialization register is used to appropriately configure
the convolver for a particular application. It is loaded
through the use of the CINO-7 bus along with the LD# in-
put. Bit O defines the input data and coefficients format
(unsigned or two’s complement); Bit 1 defines the mode of
operation (1-D or 2- D); and Bits 2 and 3 determine the type
of rounding to occur on the DOUTO-19 bus; The complete
definition of the initialization register bits is given in Table 1.

TABLE 1. INITIALIZATION REGISTER DEFINITION

INITIALIZATION REGISTER
FUNCTION = Input & Coefficient
BITO Data Format
] Unsighed Integer format
1 Two's complement format
BIT1 FUNCTION = Operating Mode
(o} 1-D 9-tap filter
1 2-D 3 x 3filter
3 BIT 2 FUNCTION = Output Rounding
(o] No Rounding
1 Round to 16 bits (i.e. DOUT19-4)
1 0 Round to 8 bits (i.e. DOUT19-12)
1 1 Not Valid

Coefficlent Registers (CREGO, CREG1)

The control logic contains two coefficient register banks,
CREGO and CREG1. Each of these register banks is capa-
ble of storing nine 8-bit filter coefficient values (3 x 3
Kernel). The output of the registers are connected to the
coefficient input of the corresponding multiplier in the 3 x 3
multiplier array (designated A through I). The register bank
to be used for the convolution is selectable by writing to the
approprite address (See address decoder). All registers in a
given bank are enabled simultaneously, and one of the
banks is always active.

For most applications, only one of the register banks is nec-
essary. The user can simply load CREGO after power up,
and use it for the entire convolution operation. (CREGO is
the default register). The alternate register bank allows the
user to maintain two sets of filter coefficients and switch be-
tween them in real time. The coefficient masks are loaded
via the CINO-7 bus by using A0-2 and LD#. The selection
of the particular register bank to be used in processing is
also done by writing to the appropriate address (See
address decoder). For example, if CREGO is being used to
provide coefficients to the multipliers, CREG1 can be
updated at a low rate by an external processor; then, at the
proper time, CREG1 can be selected, so that the new coeffi-

cient mask is used to process the data. Thus, no clock
cycles have been lost when changing between alternate
3 x 3 filter kernels.

The nine coefficients must be loaded sequentially over the
CINO-7 bus from A to I. The address of CREGO or CREG1
is placed on AO~2, and then the coefficients are written to
the corresponding coefficient register one at a time by using
the LD# input.

Address Decoder

The address decoder (See Figure 1) is used for writing to
the control logic of the HSP48901. Loading an internal regi-
ster is done by selecting the destination register with the
AO0-2 address lines, placing the data on CINO-7, and assert-
ing LD# control line. When LD# goes high, the data on
CINO-7 is latched into the addressed register. The address
map for the AO-2 bus is shown in Table 2.

While loading of the control logic registers is asynchronous
to CLK, the target register in the control logic is being read
synchronous to the internal clock. Therefore, care must be
taken when modifying the convolver setup parameters dur-
ing processing to avoid changing the contents of the regi-
sters near a rising edge of CLK. The required setup time
relative to CLK is given by the specification TLCS. For ex-
ample, in order to change the active coefficient register from
CREGO to CREG 1 during an active convolution operation, a
write will be performed to the address for selecting CREG1
for internal processing (A0-2 = 110). In order to provide
proper uninterrupted operation, LD # should be deasserted
at least TLCS prior to the next rising edge of CLK. Failure to
meet this setup time may result in unpredictable results on
the output of the convolver. Keep in mind that this require-
ment applies only to the case where changes are being
made in the control logic during an active convolution oper-
ation. In a typical convolver configuration routine, where the
configuration data is loaded prior to the actual convolution
operation, this specification would not apply.

TABLE 2. ADDRESS MAP

CONTROL LOGIC ADDRESS MAP

A2-0 FUNCTION
0 |0 |0 | Reserved for future use
0 {0 {1 | Reserved forfuture use
0|10 | Load Coefficient Register 0 (CREGO)
0|1 |1 ] Load Coefficient Register 1 (CREG1)
1|0 ]0| Load Initialization Register (INT)
1|0 |1 | Select CREGO for Internal Processing
1|1 10| Select CREG1 for Internal Processing
1|1 ]1| NoOperation
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Control Signals
Hold

The HOLD control input provides the ability to disable inter-
nal clock and stop all operations temporarily. HOLD is
sampled on the rising edge of CLK and takes effect during
the following clock cycle (Refer to Figure 2). This signal can
be used to momentarily ignore data at the input of the
convolver while maintaining its current output data and
operational state.

cak__ /ST NS S S
HOLD ) Sm—

INTERNAL
cock —~ N N~ S
FIGURE 2. HOLD OPERATION

FRAME #

The FRAME# input initializes all internal flip flops and regi-
sters except for the coefficient and initialization registers. It
is used as a reset between video frames and eliminates the
need to re-initialize the entire HSP48901 or reload the coef-
ficients. The registers and flip flops will remain in a reset
state as long as FRAME# is active. FRAME# is an asyn-
chronous input and may occur at any time. However, it must
be deasserted at least tFS ns prior to the rising clock edge
that is to begin operation for the next frame in order to en-
sure the new pixel data is properly loaded.

Operation

A single HSP48901 can be used to perform 3 x 3 convolu-
tion on 8-bit image data. A block diagram of this configura-
tion is shown in Figure 3. The inputs of an external data
buffer (such as the HSP9501) are connected to the input
data in parallel with the DIN1(0-7) lines; the outputs of the
data buffer-are connected to the DIN2(0-7) bus. A second
external data buffer is connected between the outputs of the
first buffer and the DIN3(0-7) inputs. To perform the convo-
lution operation, a group of nine image pixels is multiplied
by the 3 x 3 array of filter coefficients and their products are
summed and sent to the output. For the example in figure 3,
the pixel value in the output image at location m,n is given
by:

DOUT(m,n) = AxPm-1,n-1 +BxPm-1,n +CxPm-1,n+1
+ D xPm,n-1 + ExPm,n + FxPm,n+1

+ GxPm+1,n-1 + HxPm+1,n +1xPm+1,n+1

This process is continually repeated until the last pixel of the
last row of the image has been input. It can then start again
with the first row of the next frame. The FRAME# pin is used
to clear the internal multiplier registers and DOUTO-19 regi-
sters between frames. The row length of the image to be
convolved is limited only by the maximum length of the ex-
ternal data buffers.

The setup is straightforward. The user must first setup the
HSP48901 by loading a new value into the initialization reg-
ister. The coefficients can now be loaded one at a time from
A tolvia the CINO-7 coefficient bus, and the AO-2 and LD #
control lines.

MAGE__ 8

DIN 1 (0-7)
DATA 20 FILTERED
DOUT 0 19 |4~ |MAGE
— DATA
I DIN 2 (0 -
BUFFER ©-7n
HSP48901
DATA
BUFFER DIN 3(0-7)
Y
INITIALIZATION
DATA
ABC PM-in- BM-IN Puagnse
D E F FMN A1 PN PN+ 1
FH I PMe1N-1 PMeaN PveaNet
FILTER KERNEL IMAGE DATA

FIGURE 3. 3 x 3 KERNEL ON AN 8-BIT IMAGE

Multiple filter kernels can also be used on the same image
data using the dual coefficient registers CREGO and
CREG1. This type of filtering is used when the
characteristics of the input pixel data change over the
image in such a way that no one filter produces satisfactory
results for the entire image. In order to filter such an image,
the characteristics of the filter itself must change while the
image is being processed. The HSP48901 can perform this
function with the use of an external processor. The
processor is used to calculate the required new filter
coefficients, loads them into the coefficient register not in
use, and selects the newly loaded coefficient register at the
proper time. The first coefficient register can then be loaded
with new coefficients in preparation for the next change.
This can be carried out with no interruption in processing,
provided that the new register is selected synchronous to
the convolver CLK signal.

The HSP48901 can also operate as a one dimensional 9 tap
FIR filter by programming the initialization register to 1-D
mode (i.e. INT bit 1 = ‘0’). This configuration will provide for
nine sequential input values to be multiplied by the coeffi-
cient values in the selected coefficient register and provide
the proper filtered output. The input bus to be used when
operating in this mode is the DIN1(0-7) inputs.

The equation for the output in the 1-D 9-tap FIR case be-
comes:

DOUTn = AxDn-8+BxDn-7+CxDn-6+DxDn-5
+ ExDn-4+ FxDbn-3+ G xDn-2+HxDn-1
+ 1xDn
Frame Rate

The total time to process an image is given by the formula:
T=RxC/F
where: T = Time to process a frame
R = number of rows in the image
C = number of pixels in a row
F = clock rate of the HSP48901
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Specifications HSP48901

Absolute Maximum Ratings

Supply Voltage ...... e riieeiieae s P +8.0V
Input, Output or I/O Voltage Applied ...........coviiiiivvnnnn, o GND -0.5Vto Vg +0.5V
Storage Temperature RANGE . ... eteittt it tieraeetaneeneattonasesnnssonesonasarasanaseesesnaneeannens -850C to +1500C
Maximum Package Power Dissipation at +70°C ......... PGA Package = 2.56W, PLCC Package = 1.9W
Thermal Impedance Junction To Ambient (Bja) .. .....ovvveeviienniannnnn. PGA Package = 419C/W, PLCC Package = 42.8°C/W
Thermal Impedance Junction To Case Ojc) cooeriiiiis e PGA Package = 16°C/W, PLCC Package = 14.9°C/W
GateCount v.vvuvviiiiiiiniieinirinnrinnnns et ie it tare e it it et it 13,594 Gates

Junction Temperature (T j) PGA Package = +1750C, PLCC Package = +1500C
Lead Temperature (Soldering, Ten Seconds) ........ et e e ea e e ettt et aanans +300°C

ESD Classification Class 1

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range . . oo v ittt ittt iiaen s et isientannsrnaseatssonasssntaansssasasssas +4.75Vto +5.25V
Operating Temperature RANGE .. .. ...uvvit it iireerierneaessterenerocanrseracersansansns PN 0°9C to +70°C

D.C. Electrical Specifications (Vcc = 5.0V & 5%, Ta = 0°C to +70°C)

PARAMETER SYMBOL | MIN MAX | UNITS TEST CONDITIONS

Logical One Input Voltage VIH 20 - \ Vo =5.25V g
Logical Zero Input Voltage VIL - 0.8 \ Voo =475V § §
High Level Clock Input VIHC 30 - v | veg=5.25v 58
Low Level Clock Input viLC . 08 v | vgo=475V e
Output HIGH Voltage VOH 2.6 - A\ loH = -400pA, Voo = 4.75V
Output LOW Voltage VoL - 0.4 v loL = +2.0mA,Vgc = 4.75V
Input Leakage Current I -10 10 pA VIN= Vg or GND, Vo =5.25V
Standby Power Supply Current ICCSB - 500 pA VIN=Vcc or GND, Vg =5.25V,

Outputs Open
Operating Power Supply Current ICCOP = 120 mA f=20MHz, VN =Vcc or GND

Vee = 5.25V (Note 1)

Capacitance (Ta = +250C, Note 2)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS

Input Capacitance CIN - 10 pF FREQ = 1 MHz, Vo = Open, all measurements
are referenced to device ground.

Output Capacitance CO - 15 pF

NOTES: 1. Power supply current is proportional to operating frequency. Typical rating for ICCOP is 6mA/MHz.
2. Not tested, but characterized at initial design and at major process/design changes.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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A.C. Electrical Specifications (Vgc = 5.0V £ 5%, Tp = 0°C to +70°C)

-30 -20
PARAMETER SYMBOL MIN MAX MIN MAX UNITS TEST CONDITIONS
Clock Period TCYCLE 33 - 50 - ns
Clock Pulse Width High TPWH 13 - 20 - ns
Clock Pulse Width Low TpwL 13 - 20 - ns
Data Input Setup Time Tps 14 - 16 - ns
Data Input Hold Time TpH 0 - 0 - ns
Clock to Data Out Tout - 21 - 30 ns
Address Setup Time TAS 5 - 5 - ns
Address Hold Time TAH 2 B 2 - ns
Configuration Data Tcs 10 - 12 - ns
Setup Time
Configuration Data TcH 0 - (o] - ns
Hold Time
LD# Puise Width TLPwW 13 = 20 B ns
LD# Setup Time TLcs 31 ToYCLE+2 40 TCYCLE+2 ns Note 1
HOLD Setup Time THS 10 - 12 - ns
HOLD Hold Time THH 0 - 0 - ns
FRAME# Pulse Width TrPW TCYCLE - TCYCLE - ns
FRAME# Setup Time Trs 28 - 40 - ns Note 2
Output Rise Time TR - 8 - 8 ns From 0.8V to 2.0V
Output Fall Time TF - 8 - 8 ns From 2.0V to 0.8V
NOTES: 1. This specification applies only to the case where a change in the active coefficient register is being sel d during a cor tion operation. It

must be met in order to achieve predictable results at the next rising clock edge. In most applications, this selection will be made asynchronously,
and the T cg specification may be disregarded.

2. While FRAME# is asynchronous with respect to CLK, it must be deasserted a minimum of Tgg ns prior to the rising clock edge which is to begin
loading new pixel data for the next frame.

3. AC. Testing is performed as follows: Input levels (CLK Input) = 4.0V and OV; Input levels (All other Inputs) = OV 1o 3.0V; Input timing reference
levels: (CLK) = 2.0V, (Others) = 1.5V; Other timing references: Vo > 1.5V, VoL < 1.6V; Output load per test load circuit with C|_ = 40pF.

Test Load Circuit

S1

DUToTo/
*C

L

*INCLUDES STRAY AND
JIG CAPACITANCE | EQUIVALENT CIRCUIT
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Timing Waveforms

TeYCLE ———— ]
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TrwH Lo N J
Tps —»te—Tpy TAS — I — TAH
DINO -7 AC-2
l—— TOUT Tcs TcH
DOUT 0 - 19 CINO -7
FUNCTIONAL TIMING CONFIGURATION TIMING
CLK ~ \
THs THH Ths
CLK
HOLD
Ties
INTERNAL
cLoCK  \ / \ /
LDZ
SYNCHRONOUS LOAD TIMING HOLD TIMING
TF|
FRAME. 7 P
TFs
CLK

FRAME# TIMING
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HSP48908

Two Dimensional Convolver

Features

¢ Single Chip 3 x 3 Kernel Convolution

* Programmable On-Chip Row Buffers

e DC to 32MHz Clock Rate

« Cascadable for Larger Kernels and Images
¢ On-Chip 8-Bit ALU

« Dual Coefficient Mask Registers, Switchable in a Sin-
gle Clock Cycle

« 8-Bit Signed or Unsigned Input and Coefficient Data
¢ 20-Bit Extended Precision Output

+ Standard uP interface

¢ Low Power CMOS

Applications

* Image Filtering

+ Edge Detection

* Adaptive Filtering

* Roal Time Video Filters

Ordering Information

Description

The Harris HSP48908 is a high speed Two Dimensional
Convolver which provides a single chip implementation of a
video data rate 3 x 3 kernel convolution on two dimensional
data. It eliminates the need for external data storage through
the use of the on-chip row buffers which are programmable
for row lengths up to 1024 pixels.

There are internal register banks for storing two independent
3 x 3 filter kernels, thus facilitating the implementation of
adaptive filters and multiple filter operations on the same
data. The pixel data path also includes an on-chip ALU for
performing real-time arithmetic and logical pixel point opera-
tions.

Data is provided to the HSP48908 in a raster scan noninter-
laced fashion, and is internally buffered on images up to
1024 pixels wide for the 3 x 3 convolution operation. Images
with larger rows and convolution with larger kernel sizes can
be accommodated by using external row buffers and/or mul-
tiple HSP48908s. Coefficient and pixel input data are 8-bit
signed or unsigned integers, and the 20-bit convolver output
guarantees no overflow for kernel sizes up to 4 x 4. Larger
kernel sizes can be implemented however, since the filter
coefficients will normally be less than their maximum 8-bit
values.

The HSP48908 is manufactured using an advanced CMOS
process, and is a low power fully static design. The configu-
ration of the device is controlled through a standard micro-

TEMPERATURE processor interface and all inputs/outputs are TTL
PART NUMBER RANGE PACKAGE compatible.
HSP48908VC-20 0°C to +70°C 100 Lead MQFP
HSP48908VC-32 0°C to +70°C 100 Lead MQFP
HSP48308JC-20 0°C to +70°C 84 Lead PLCC
HSP48908JC-32 0°C to +70°C 84 Lead PLCC
HSP48908GC-20 0°C to +70°C 84 Lead PGA
HSP48908GC-32 0°C to +70°C 84 Lead PGA
mzzé r;:::i :::v::f :tia :::;ws to electrostatic discharge. Users should follow proper {.C. Handling Procedures. File Number 24 55
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Package Pinouts
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Pinouts (Continued)
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Block Diagram
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Pin Descriptions

NAME

PLCC PIN

TYPE

DESCRIPTION

Vee

21,42,63,84

The +5V power supply pins. 0.1uF capacitors between the Vo and GND pins
are recommended.

GND

19, 48, 54, 61
69,76, 82

The device ground.

CLK

20

Input and System clock. Operations are synchronous with the rising edge of
this clock signal.

DINO-7

Pixel Data input bus. This bus is used to provide the 8-bit pixel input
data to the HSP48908. The data must be provided in a synchronous fashion,
and is latched on the rising edge of the CLK signal.

CINO-9

Coefficient Input bus. This input bus is used to load the Coefficient
Mask register(s), the Initialization register, the Row Buffer length register
and the ALU microcode. It may also be used to provide a second operand input
to the ALU. The definition of the CINO-9 bits is defined by the register
address bits AO-2. The CINO-9 data is loaded to the addressed register
through the use of the CS# and LD# inputs.

DOUTO-19

49-53, 55-60,
62, 64-68,
70-72

Output Data bus. This 20-Bit output port is used to provide the convolution
result. The result is the sum of products of the input data samples and their
corresponding coefficients. The Cascade inputs CASI0-15 may also be added to
the result by selecting the appropriate cascade mode in the Initialization
register.

CASIO-15

29-41,43-45

Cascade Input bus. This bus is used for cascading multiple HSP48908s to
allow convolution with larger kernels or row sizes. It may also be used
to interface to external row buffers. The function of this bus is
determined by the Cascade Mode bit (Bit 0) of the Initialization register.
When this bit is set to a ‘0’, the value on CASIO-15 is left shifted and
added to DOUTO-19. The amount of the shift is determined by bits 7-8 of the
Initialization register. While this mode is intended primarily for cascading,
it may also be used to add an offset value, such as to increase the brightness
of the convolved image.

When the Cascade mode bit is set to a ‘1’, this bus is used for interfacing to
external row buffers. In this mode the bus is divided into two 8-bit busses
(CASIO-7 and CASI8-15), thus allowing two additional pixel data inputs. The
cascade data is sent directly to the internal multiplier array which allows for
larger row sizes without using multiple HSP48908s.

CASO0-7

73-75,77-81

Cascade Output bus. This bus is used primarily during cascading to handle
larger frames and/or kernel sizes. This output data is the data on DINO-7
delayed by twice the programmed internal row buffer length.

FRAME #

46

Frame# is an asynchronous new frame or vertical sync input. A low on this
input resets all internal circuitry except for the Coefficient, ALU, AMC,
EOR and INT registers. Thus, after a Frame# reset has occurred, a new frame
of pixels may be convolved without reloading these registers.

EALU

28

Enable ALU Input. This control line gates the clock to the ALU Register.
When it is high, the data on CINO-7 is loaded on the next rising clock
edge. When EALU is low, the last value loaded remains in the ALU
register.

HOLD

22

The Hold Input is used to gate the clock from all of the internal circuitry of
the HSP48908. This signal is synchronous, is sampled on the rising edge of
CLK and takes effect on the following cycle. While this signal is active (high),
the clock will have no effect on the HSP48908 and internal data will remain
undisturbed.

RESET#

47

Reset is an asynchronous signal which resets all internal circuitry of the
HSP48908. All outputs are forced low in the reset state.

OE#

83

Qutput Enable. The OE# input controls the state of the Output Data bus
(DOUTO0-19). A LOW on this control line enables the port for output. When
OE# is HIGH, the output drivers are in the high impedance state. Processing
is not interupted by this pin.
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Pin Descriptions (Continued)

NAME PLCCPIN TYPE

DESCRIPTION

AO-2 25-27 |

Control Register Address. These lines are decoded to determine which register
in the control logic is the destination for the data on the CINO-9 inputs.
Register loading is controlled by the AO-2, LD# and CS# inputs.

LD# 23 !

Load Strobe. LD# is used for loading the internal registers of the HSP48908.
When CS# and LD# are active, the rising edge of LD# will latch the CINO-7 data
into the register specified by A0-2.

CS# 24 1

Chip Select. The Chip Select input enables loading of the internal registers.
When CS# is low, the AO-2 address lines are decoded to determine the meaning
of the data on the CINO-7 bus. The rising edge of LD# wiil then load the
addressed register.

Functional Description

The HSP48908 two-dimensional convolver performs
convolution of 3 x 3 filter kernels. It accepts the image data
in raster scan, non-interlaced format, convolves it with the
filter kernel and outputs the filtered image. The input and fil-
ter kernel data are both 8-bits, while the output data is 20-
bits to prevent overflow during the convolution operation.
The HSP48908 has internal storage for two 3 x 3 filter ker-
nels and is capable of buffering two 1024 x 8-bit rows for
true single chip operation at video frame rates. An 8-bit ALU
in the input pixel data path allows the user to perform arith-
metic and logical operations on the input data in real time
during the convolution. Multiple devices can also be cas-
caded together for larger kernel convolution, larger frame
sizes and increased precision.

Image data is input to the convolver via the DINO-7 bus. The
data is then operated on by the ALU, stored in the row
buffers and convolved with the 3 x 3 array of filter coeffi-
cients. The resultant output data is then latched into the out-
put register. The row buffers are preprogrammed to the
length of one row of the input image to enable the user to
input the image data one pixel at a time in raster scan format
without having to provide external storage.

Initialization of the convolver is done using the CINO-7 bus
to load configuration data, such as the filter kernel(s) and
the length of the row buffers. The address lines AO-2 are
used to address the internal registers for initialization. The
configuration data is loaded using the A0-2, CINO-9, CS#
and LD# controls as address, data, chip select and write
enable, respectively. This interface is compatible with
standard microprocessors without the use of any additional
glue logic.

Filtered image data comes out of the convolver over the
DOUTO-19 bus. This output bus is 20-bits wide to provide
room for growth during the convolution operation. The
20-bit bus will allow the use of up to 4 x 4 kernels (using
multiple 48908’s) without overflow. However, in practical
applications, much larger kernel sizes can be implemented
without overflow since the filter coefficients are typically
much smaller than 8-bit full scale values. DOUT0-19 is also
a registered, three state bus to facilitate cascading multiple
chips and to allow the HSP48908 to reside on a standard
microprocessor system bus.

Multiple convolvers can also be cascaded together for
kernel sizes larger than 3 x 3 and for convolution on images
with row lengths longer than 1024 pixels. The maximum
kernel size is dependent upon the magnitude of the image
data and the coefficients in a given application; care must
always be taken with very large kernel sizes to prevent
overflow of the 20-bit output.

Data Input

Image data coming into the 2D Convolver passes through a
programmable pipeline delay before being sent to the ALU.
The amount of delay (1 to 4 clock cycles) is set in the
initialization register during configuration setup (See
Control Logic). Delays greater than one are used primarily in
cascading multiple HSP48908s to align data sequences for
proper output (See Operation).

Arithmetic Logic Unit

The on-chip ALU provides the user with the capability of
performing pixel point operations on incoming image data.
Depending on the instruction in the ALU microcode register,
the ALU can perform any one of 19 arithmetic and logical
functions, and shift the resulting number left or right by up
to 3 bits. Tables 1 and 2 show the available ALU functions
and the 10-bit associated microcode to be loaded into the
ALU microcode register. Note that the shifts take place on
the output of the ALU and are completely independent of
the logical or arithmetic operation being performed. The first
input (A) of the ALU is taken from the pixel input bus
(DINO-7). The second input (B) is taken from the ALU
Register. The ALU Register is loaded via the CINO-7 bus
while the EALU control line is valid (see EALU).

TABLE 1. ALU SHIFT OPERATIONS

VIDEO
PROCESSING

ALU MICROCODE REGISTER
REGISTER BIT
9 8 7 OPERATION
0 (o] 0 No Shift (Default)
0 (o] 1 Shift Right 1
(o} 1 0o Shift Right 2
o} 1 1 Shift Right 3
1 (o} 0o Shift Left 1
1 [0} 1 Shift Left 2
1 1 (o] Shift Left 3
1 1 1 Not Valid
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TABLE 2. ALU PIXEL OPERATIONS

represented by the equation Q = D(n-r), where Q is the row
buffer output, D is the buffer input, n is the current clock

REGISTER BIT cycle and r is the preprogrammed row length of the input
image. Since the two buffers are connected in series, the
§15 3]211]0 OPERATION data at the cascade outputs (CASOO0-7) is delayed by two
ojlojlojlo{o]o] o] Logical (00000000) row delays and may be used for cascading multiple
1{1]1]1]o0]lo]o] Logicat1111111) convolvers for larger kernel sizes and/or row lengths. The
i programmable row buffers can also be bypassed by
0jof1[1]0]0]0 | Logical(A) (Default) selecting the appropriate cascade mode In the initialization
6Jl]1]o|1]0]0]O0] Logical(B) register. This mode allows the use of external row buffers
1{1]o]lolojo ol Logical(a®) for convolving with row lengths longer than 1024 pixels.
Tlogrofofo]o | tesca®n 8-Bit Multiplier Array
0|l1}]1]0]0]|0 |1 | Aithmetic(A+B) o
N . The multiplier array consists of nine 8 x 8 multipliers. Each
A-B
tlojofryofryo Arfthmet'c( ) multiplier forms the product of a filter coefficient with a
1tjofof1 1100 | Adthmetic(B-A) corresponding pixel in the input image. Input and coefficient
0|0]o]1]|]0}O0 ] O | Logical(AANDB) data may be in either two’s complement or unsigned integer
olof1{o]o]o]o| Logical(aANDB#) :ormaltt._ Tlh:d nli)ne tl«;;oe_ﬂ'icltnt‘s :l)rl;n ; 3 xd3 filter kzn:elfwhich
s multipli y the input pix ata and summed to form a
Ofr]o]Oo0o]0]|0 | Logical(A# ANDE) sum of products for implementation of the convolution
0|1 |1 |1 ]0]0]|O0 [ Logical(AORB) operation as shown below:
1]0]111]0]0]0 | Logical(AORB#)
1]1]o]|1{0]|]0]0 | Logical(A# ORB) INPUT DATA L e
1]1]1|0]0]o0 |0 | Logical(ANANDB) UTDA TER KERNEL
1]o]o]o|ojfo o] Logical(aANORB) P P2 P3 ABC
o|1}11 o] o0]|]o}]o | Logical(AXORB) P4 P5 P6 DEF
1]1]0]|o|1]0]0 |0 | Logical(AXNORB) P7 P8 P9 GHI
OUTPUT= (AxP1)+ (BxP2)+ (CxP3)
+ (DxP4)+ (ExP5)+ (FxP6)
EALU + (G xP7)+ (HxP8) + (1xP9)

The EALU control pin enables loading of the ALU Register.
While the EALU line is high, the data on CINO-7 is latched
into the ALU Register on the rising edge of CLK. When
EALU goes low, the current value in the ALU register is held
until EALU is again asserted. Note that the ALU loading
operation makes use of the CINO-7 inputs, but is
completely independent of CS# and LD#. Therefore, in
order to prevent overwriting an internal register, care must
be taken to ensure that CS# and LD# are not active during
an EALU cycle.

Programmable Row Buffers

The programmable row buffers are used for buffering raster
input data for the convolution operation. They can be
thought of as programmable shift registers which can each
store up to 1024 8-bit values, thus delaying each pixel by
up to 1024 clock cycles. Functionally, each row buffer can
be represented as a set of registers connected as a 1024 x
8-bit serial shift register. The output of each buffer can be

Control Logic

The control logic (Figure 1) contains the ALU Microcode
Register, the Initialization Register, the Row Length
Register, and the Coefficient Registers. The control logic is
updated by placing data on the CINO-9 bus and using the
A0-2, CS# and LD# control lines to write to the addressed
register (see Address Decoder). All of the control logic
registers are loaded with their default values on RESET#,
and are unaffected by FRAME#.

ALU Microcode Reglster

The ALU microcode register is used to store the command
word for the ALU. The ALU command word is a 10-bit
instruction divided into two fields: the lower 7 bits determine
the ALU operation and the upper 3 bits specify the number
of shifts which occur. The ALU command words are defined
in Tables 1 and 2 (See ALU section).
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Initialization Register

The initialization register is used to appropriately configure
the convolver for a particular application. It is loaded
through the use of the CINO-7 bus along with the CS# and
LD# inputs. Bit O defines the type of cascade mode to be
used; Bits 1 and 2 select the number of delays to be
included in the input pixel data path; Bits 3 and 4 define the
input and coefficient data format; Bits 5 and 6 determine the
type of rounding to occur on the DOUT0-19 bus; Bits 7 and
8 define the shift applied to the cascade input data. The
complete definition of the initialization register bits is given
in Table 3.

TABLE 3. INITIALIZATION REGISTER DEFINITION

INITIALIZATION REGISTER
BITO FUNCTION = CASCADE MODE
(o] Muttiplier input from internal row buffers
1 Muiltiplier input from external buffers
2BIT1 FUNCTION = INPUT DATA DELAY
(o] (o] No data delay registers used
(o] 1 One data delay register used
1 0 Two data delay registers used
1 1 Three data delay registers used
BIT3 FUNCTION =INPUT DATA FORMAT
[} Unsigned integer format
1 Two’s complement format
BIT4 FUNCTION = COEFFICIENT DATA FORMAT
(o} Unsigned integer format
1 Two's complement format
6BIT5 FUNCTION = OUTPUT ROUNDING
o] 0 No Rounding
[ 1 Round to 16 bits (i.e. DOUT19-4)
1 [¢] Round to 8 bits (i.e. DOUT19-12)
1 1 Not Valid
8BIT7 FUNCTION = CASI0-15 INPUT SHIFT
(o] [¢] No Shift
(o] 1 Shift CASIO-15 left two
1 0 Shift CASIO-15 left four
1 1 Shift CASIO~15 left eight

Row Length Register

The row length register is used to store the programmed
number of delays for the internal row buffers. The
programmed delay is set equal to the row length (r) of the
input image. The input pixel data is stored in the row buffers
to allow corresponding pixels of adjacent rows to be
synchronously sent to the mutiplier array for the convolution
operation. The row length register is programmable with
values from 0 to 1023, with O defined as a row length of
1024. Row lengths of 1 or 2 lead to meaningless results for
a 8 x 3 kernel convolution, while a row length of 3 defines a
1 x 9 filter (See Operation section). The Row Length register
is written through the use of A0-2, CS# and LD#. Once the
row length register has been loaded, the convolver must be
reset before a new row length can be entered, or else the
new value will be ignored. After RESET# returns high, the
user has 1024 cycles of CLK to load the Row Length Regi-
ster. After 1024 CLK cycles, the Row Length Register is aut-
omatically set to O (row length = 1024) and further writes to
this register are ignored.

_ Coefficient Registers (CREGO, CREG1)

The control logic contains two coefficient register banks,
CREGO and CREG1. Each of these register banks is capa-
ble of storing nine 8-bit filter coefficient values (3 x 3 Ker-
nel). The output of the registers are connected to the coeffi-
cient input of the corresponding muttiplier in the 3 x 3 mutti-
plier array (designated A through I). The register bank to be
used for the convolution is selectable by writing to the
appropriate address (See address decoder). All registers in
a given bank are enabled simultaneously, and one of the
banks is always active.

For most applications, only one of the register banks is
necessary. The user can simply load CREGO after power
up, and use it for the entire convolution operation. (CREGO
is the default register). The alternate register bank allows
the user to maintain two sets of filter coefficients and switch
between them in real time. The coefficient masks are loaded
via the CIN bus by using A0-2, CS# and LD#. The
selection of the particular register bank to be used in
processing is also done by writing to the appropriate
address (See address decoder). For example, if CREGO is
being used to provide coefficients to the multipliers, CREG1
can be updated at a low rate by an external processor; then,
at the proper time, CREG1 can be selected, so that the new
coefficient mask is used to process the data. Thus, no clock
cycles have been lost when changing between alternate 3 x
3 filter kernels.

The nine coefficients must be loaded sequentially over the
CINO-7 bus from A to I. The address of CREGO or CREG1
is placed on AO-2, and then the nine coefficients are written
to the corresponding coefficient register one at a time by
using the CS# and LD# inputs.
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Address Decoder

The address decoder (See Figure 1) is used for writing to
the control logic of the HSP48908. Loading an internal
register is done by selecting the destination register with the
AO-2 address lines, placing the data on CINO-9, and
asserting the CS# and LD # control lines. When either CS#
or LD# goes high, the data on the CINO-9 lines is latched
into the addressed register. The address map for the A0-2
bus is shown in Table 4.

While loading of the control logic registers is asynchronous
to CLK, the target register in the control logic is being read
synchronous to the internal clock. Therefore, care must be
taken when modifying the convolver setup parameters
during processing to avoid changing the contents of the
registers near a rising edge of CLK. The required setup time
relative to CLK is given by the specification TLCS. For ex-
ample, in order to change the active coefficient register from
CREGO to CREG1 during an active convolution operation, a
write will be performed to the address for selecting CREG1
for internal processing (A2-0=110). In order to provide
proper uninterrupted operation, LD# should be deasserted
at least TLCS prior to the next rising edge of CLK. Failure to
meet this setup time may result in unpredictable results on
the output of the convolver for one clock cycle. Keep in
mind that this requirement applies only to the case where
changes are being made in the control logic during an ac-
tive convolution operation. In a typical convolver configura-
tion routine, this specification would not be applicable.

TABLE 4. ADDRESS MAP

CONTROL LOGIC ADDRESS MAP
A2-0 Function
000 Load Row Length Register (RLR)
001 Load ALU Microcode Register (AMC)
010 Load Coefficient Register 0 (CREGO)
011 Load Coefficient Register 1 (CREG1)
100 Load Initialization Register (INT)
101 Select CREGO for Internal Processing
110 Select CREG1 for Internal Processing
111 No Operation

Cascade 1/0
Cascade Input

The cascade input lines (CASIO-15) have two primary
functions. The first is used to allow convolutions with kernel
sizes larger than 3 x 3. This can be implemented by
connecting the DOUT bus of one convolver to the cascade
inputs of another. The second function is for convolution on
images wider than 1024 pixels. This type of operation can
be implemented by using external row buffers to supply the
pixel input data to the CASIO-15 inputs. The cascade input
functions are determined by Initialization Register bit 0.
When this bit is set to a ‘0’, the cascade input data is added

to the convolver output. In this manner, multiple convolvers
can be used to implement larger kernel convolution. When
Initialization Register bit 0 is a ‘1’, the data on CASIO-15 is
divided into two 8-bit portions and is sent to the 3 x 3
multiplier array (Refer to Block Diagram). This mode of
operation allows the use of external row buffers for
convolution of images with row sizes larger than 1024.
Examples of these configurations are given in the
Operations section of this specification.

The data on the cascade inputs (CASIO-15) can also be left
shifted by 0, 2, 4, or 8 bits. The amount of shift is determined
by bits 7 and 8 of the Initialization Register (See Table 3).
CASI0-15 is shifted by the specified number of bits and is
added to the 20-bit output DOUT 0-19. The shifting func-
tion provides a method for cascading multiple HSP48908s
and allowing a selectable amount of output growth while
maximizing the resolution of the convolver resuit.

The cascade inputs can also be used as a simple way to
add an offset to the convolved image. Bit O of the
configuration register would be set to ‘0’, and the desired
offset placed on the CASIO-15 inputs. While multiple offets
can be used and changed during the convolution operation,
note that the required data setup and hold times with
respect to CLK (TDS and TDH) must be met.

Cascade OQutput

The cascade output lines (CASO0-7) are outputs from the
second row buffer. Data at these outputs is the input pixel
data delayed by two times the preprogrammed value in the
row length register. The cascade outputs are used to
cascade multiple convolvers by connecting the cascade
outputs of one device to the data inputs of another (See
Operation section).

Control Signals

HOLD

The HOLD control input provides the ability to disable
internal clock and stop all operations temporarily. HOLD is
sampled on the rising edge of CLK and takes effect during
the following clock cycle (Refer to Figure 2). This signal can
be used to momentarily ignore data at the input of the
convolver while maintaining its current output data and
operational state.

N e Wa W
HOLD __—/__——\._—__

CLOCK

FIGURE 2. HOLD OPERATION
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RESET#

The RESET# signal initializes all internal flip flops and
registers in the HSP48908. 1t is an asynchronous signal,
and the convolver will remain in the reset state as long as
RESET# is asserted. On reset, all internal registers are set
to zero or their default values, and all outputs are forced low.
Following a reset, the default values in the internal registers
will define the following mode of operation: internal row
buffers used, line length = 1024, no input data delay, logical
A operation: output of ALU = A input (DINO-7) output round-
ing and unsigned input data format.

The convolver can be reset at any time, but must be reset
before updating the Row Length register in order to provide
proper operation. After RESET# returns high, the user has
1024 cycles of CLK to load the Row Length Register. After
1024 CLK cycles, the Row Length Register is automatically
set to 0 (row length = 1024) and further writes to this regi-
ster are ignored.

FRAME #

This FRAME# input initializes all internal flip flops and
registers except for the coefficient, ALU, ALU microcode,
row length, and initialization registers. It is used to reset the
convolver between video frames and eliminates the need to
re-initialize the entire convolver or reload the coefficients.
FRAME# is an asynchronous input and may occur at any
time. However, it must be deasserted at least TFS ns prior to
the rising clock edge that is to begin operation for the next
frame. While FRAME# is asserted, the registers and flip-
flops will remain in the reset state.

Operation

The HSP48908 has three basic modes of operation: single
chip mode, operation with external row buffers and multiple
devices cascaded together for larger convolution kernels
and/or longer row lengths. The mode of operation is defined
by the contents of the initialization register, and can be
modified at any time by a microprocessor or other external
means.

Single Chip Mode

A single HSP48908 can be used to perform 3 x 3 convolu-
tion on 8-bit image data with row lengths up to 1024. A
block diagram of this configuration is shown in Figure 3. In
this mode of operation, the image data is input into the
DINO-7 bus in a raster scan order starting with the upper
left pixel. To perform the convolution operation, a group of
nine image pixels is multiplied by the 3 x 3 array of filter
coefficients and their products are summed and sent to the
output. For the example in Figure 3, the pixel value in the
output image at location (m, n) is given by:

(AXxPm-1,n-1) + (BxPm-1,n) +(CxPm-1,n+1)
+(DXPm,n-1) + (EXPm’n) +(FXPm'n+1)
+ (GxPmt1,n-1) + BxPmi1,n) + UXPmi1,nt1)

PouT(m, n)

This process is continually repeated until the last pixel of the
last row of the image has been input. it can then start again
with the first row of the next frame. The FRAME# pin is used

to clear the row buffers, multiplier input latches and
DOUTO-19 registers between frames.

The setup for single chip operation is straightforward. After
reset, the convolver is configured for row lengths of 1024
pixels, no input data delay, no ALU pixel point operations,
no output rounding, and an unsigned input format. The user
can change this default setup by loading new values into
the ALU microcode, initialization and row length registers.
RESET# also clears the coefficient registers and CREGO is
selected for internal processing. The user can now load the
coefficients one at a time from A to 1 via the CINO-7 inputs
and the LD# and CS# control lines.

Multiple filter kernels can also be used on the same image
data using the dual coefficient registers CREGO and
CREGH1. This type of filtering is used when the characteris-
tics of the input pixel data change over the image in such a
way that no single filter produces satisfactory results for the
entire image. In order to filter such an image, the character-
istics of the filter itself must change while the image is being
processed. The HSP48908 can perform this function with
the use of an external processor. The processor is used to
calculate the required new filter coefficients, loads them into
the coefficient register not in use, and selects the newly
loaded coefficient register at the proper time. The first
coefficient register can then be loaded with new coefficients
in preparation for the next change. This can be carried out
with no interruption in processing, provided that the new
register is selected synchronous to the convolver CLK
signal.

The HSP48908 can also operate as a one dimensional 9 tap
FIR filter by programming the row buffer length register with
avalue of 3 and setting the initialization register bit Oto a ‘'0".
This configuration will provide for nine sequential input
values in the input to be multiplied by the coefficient values
in the selected coefficient register and provide the proper
filtered output. The equation for the output then becomes:

DouTn= AxDp-g+BxDp-7+CxDp.g+DxDp-5
+ExDp-g4+FxDp-3+GxDp-2+HxDp-1

+1xDp
IMAGE 8
DATA . | 20
> MAGE
HSP48908
oL
INITIALIZATION I
DATA
FILTER KERNEL IMAGE DATA
ABC Pm-1,n-1  Pm-1,n Pr-1,n+1
DEF Pm, n-1 Pm,n Pm, n+1
GHI Pm+1,n-1  Pm+1,n Pm+1,n+1

FIGURE 3. 3 x 3 KERNEL ON AN 8-BIT, 1024 x N IMAGE
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Use Of External Row Buffers

External row buffers may be used when frames with row
sizes larger than 1024 pixels are desired. To use the
HSP48908 in this mode, the cascade mode control bit (bit
0) of the Initialization register is set to ‘1’ to allow the data on
the cascade inputs CASIO-15 to go to the multiplier array.
The inputs of one external row buffer (such as the
HSP9500) are connected to the input data in parallel with
the DINO-7 lines of the convolver; and its outputs are con-
nected to the CASIO-7 inputs (See Figure 4). A second ex-
ternal row buffer is connected between the outputs of the
first row buffer and the CASI8-15 inputs of the convolver.
The convolution operation can then be performed by the
HSP48908 in the same manner as the single chip mode.
The row length in this configuration is limited only by the
maximum length of the external row buffers. Note that when
using the convolver in this configuration, the programmable
input data delays and ALU will only operate on the data
entering the DINO-7 inputs (i.e. the bottom row of the 3 x 3
sum of products). if higher order filters or pixel point
operations are required when using external row buffers,
these functions must be implemented externally by the user.

MAGE 8
:)AT(i DiNG -7 20 FILTERED
DOUTO - 19 frmmmmylomep |MAGE
HSP48908 DATA
CASIO -7
CASI8 - 16

FIGURE 4. USING EXTERNAL ROW BUFFERS WITH THE
HSP48908

Cascading Multiple HSP48908’s

Multiple HSP48908s are capable of being cascaded to
perform convolution on images with row lengths longer than
1024 pixels and with kernel sizes larger than 3 x 3. Figure 5
illustrates the use of two HSP48908s to perform a 3 x 3
kernel convolution on a 2K x N frame. In this case, the
cascade mode control bit (Bit 0) of both initialization
registers are set to a ‘0’. The loading of the coefficients is

3 x3FILTER COEFFICIENT MASKS —
KERNEL CONVOLVER #1 CONVOLVER #2
ABC DEF ABC
DEF 000 000
GHI GHI 000
FILTERED
IMAGE 2 IMAGE
DA“—-?—- DINO -7 = Jomo-7 D;TA
DpouTo - DOUTO - 18 et
HSP48908 HSP48908
#1 #2
CASQO0 - 7 o CAS00-7
GASI0 - 16

r CASI0 - 16

FIGURE 5. 3 x 3 KERNEL CONVOLUTION ON A 2K x N IMAGE

accomplished just as before. However, the 3 x 3 mask is
divided into two portions for proper convolution output as
follows: Convolver #1 = DEFOOOGHI and Convolver #2 =
ABC000000.

The same configuration can be used to perform 3 x 5
convolution on a 1K x N frame simply by setting up the
coefficients of the convolvers to implement the 3 x § mask
as indicated below:

3x5FILTER COEFFICIENT MASKS
KERNEL CONVOLVER #1 | CONVOLVER #2
ABC GHI ABC
DEF JKL DEF
GHI MNO 000
JKL
MNO

In addition to larger frames, larger kernels can also be
addressed through cascadability. An example of the
configuration for a 5 x 5 kernel convolution on a 1K x N
frame is shown in Figure 6. Note that in this configuration,
convolver #2 incorporates a 3 clock cycle delay (z -3) and
convolvers 3 and 4 incorporate 2 clock cycle delays (z -2)
at their pixel inputs. These delays are required to ensure
proper data alignment in the final sum of products output of
the cascaded convolvers. The number of delays required at
the pixel input is programmable through the use of bits 1
and 2 of the initialization register (Refer to Table 3).

IMAGE 2
DATA 42 DINO -7 : DINO -7
pouTo - DouTo
HSP48908 HSP48908
#1 #3
CASOO - 7 i CAS00 -7
CASI0 - 15 CASIO - 18
.a -2
z Jowmo-7 DINO -7 »
DouTo - DOUTO - 19 fmsorts
FILTERED
HSP48908 HSP48908 IMAGE
4+ 2 4 DATA
CAs00 - 7 |— CAS00 -7
CASI0 - 15 CASIO - 18
5X5 CONVOLVER
FILTER KERNEL COEFFICIENT MASKS
ABCDE oKL OAB
FGHIJ orPQ OFG
KLMNO ouv 000
PQRST ’
Uvwxy MNO CDE
RST HIJ
wXY 000

FIGURE 6. 5 x 5 KERNEL CONVOLUTION ON A 1K x N IMAGE
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In any of the cascade configurations, only 186 bits of the 20-
bit output (DOUTO-19) can be connected to the 16 cascade
inputs (CASIO-15) of another convolver. Which 16 bits are
chosen depends upon the amount of growth expected at
the convolver output. The amount of growth is dependent
on the input pixel data and the coefficients selected for the
convolution operation. The maximum possible growth is
calculated in advance by the user, and the convolvers are
set up to appropriately shift the cascade input data through
the use of bits 7 and 8 of the initialization register (See Cas-
cade I/O). Refering to Figure 6, if the maximum growth out
of convolver #1 extends into bit 16 or 17, then DOUT2-17
are connected to the cascade inputs of convolver #3, which
is programmed to shift the input data left by two bits.
Likewise, if the data out of convolver #3 grows into bit 18 or
19, then DOUT4-19 are connected to the CASIO-15 inputs
of convolver #2, which is programmed to shift the input left
by 4 bits.

Cascading For Row Sizes Larger Than 1024

Combining large images with large kernels is accomplished
by implementing external row buffers, external data delay
registers and external adders. Figure 7 illustrates a circuit

for implementation of a 5 x § convolution on a 2K x N image.
The 5 x 5 coefficient mask is again distributed among the
four HSP48908’s. The width of the DOUT path to be used in
this case Is dependent on the amount of resolution required
and the amount of growth expected at the output.

Frame Rate
The total time to process an image is given by the formula:
T=RxC/F

where:

T =time to process a frame

R =number of rows in the image
C = number of pixels in a row

F = clock rate of the HSP48908

Note that the size of the kernel does not enter into the
equation. Convolvers cascaded for larger kernels or larger
frame sizes, as in the examples shown, process the image
in the same amount of time as a single HSP48908
convolving the image with a 3 x 3 kemel. Therfore, there is
no performance degradation when cascading multiple
HSP48908s.

IMAGE
ATA
b »|DINO -7 »{DINO -7 v
DOUTO-19 DOUTO-19 -v@-—
ROW | ROW
BUFFER[TT | CASIO-7 BUFFER[TT | CASI0-7
— FILTERED
BUFFER [T CASI8-15 BUFFER[T | CASIB-15 | IMAGE
DATA
+
-
> {DINO -7 DINO -7
DOUTO-18 DOUTO-19
| ROW L ROW
BUFFER [T>] CASI0-7 BUFFER CAslo-7
ROW ROW |
BUI?FER =—>] CASI8-15 BUFFER [==>| CASIB-15

FIGURE 7. 5§ x 5 KERNEL CONVOLUTION ON A 2K x N IMAGE
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Specifications HSP48908

Absolute Maximum Ratings

SupplyVoltage ..........coeevenns

Input, Output or 1/0O Voltage Applied GND -0.5Vio Vg +0.5V
StOrage TemMPErature RANGE . ..ottt ettt t e eetinteseteinesenseneseensereaneseenenssnssncnssnannnensen ~-650C to +150°C
Maximum Package Power Dissipation @ 700C . .. .....oiiiiieiiennnneinnnennnnns 1.67W (MQFP), 2.46W (PLCC), 3.04W (PGA)
Thermal Impedance Junction To Case (Bjc) «......cvvvevnnniiiiniiiniiiiiiiinn . 10.00C/W (PLCC), 7.79C/W (PGA)
Thermal Impedance Junction To Ambient (8j5) . 480C/W (MQFP), 32.50C/W (PL.CC), 35.00C/W (PGA)
GateCount ..........c..cons e e st ee et et ettt st ae e et 190,000 Transistors
Maximum Junction Temperature (T ). ... .ovvn ittt ii e i einnanens 150°C (PLCC, MQFP), 175°C (PGA)
Lead Temperature (Soldering, TEN SeCONAS) ... ..uit it iiieiieietiteiarerateransrsecsansosnsssessoessanssoasssans . +300°C
ESD Classification ... ...o.oviiiiiiiiiiiiii e iiie i iienas rereieienes eereeaeereeaay e raairererns Class 1

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other diti above those indit d in the op: i i of this specification is not implied.

Operating Conditions

Operating VoltageRange .............. +4.75V to +5.25V
Operating Temperature RaNge . ... ...ueuietiiuenerenestoneenasiosossntesastossssetsesasoseosnsssssasarssns 00C to +70°C

D.C. Electrical Specifications (Vcc = 5.0V + 5%, Ta = 0°C to +70°C)

VIDEO
PROCESSING

PARAMETER SYMBOL { MIN MAX | UNITS TEST CONDITIONS

Logical One Input Voltage VIH 2.0 - \ Voo =5.25V

Logical Zero Input Voltage VIL - 08 v Vec =4.75V

High Level Clock Input ViHC 3.0 - v Voo =5.25V

Low Level Clock Input ViLc - 0.8 \ Voo =4.75V

Output HIGH Voltage VOH 2.6 - \% IOH = -400pA,Voc = 4.75V

Output LOW Voltage VoL - 0.4 \ loL=+2.0mA, Voo =4.75V

Input Leakage Current ] -10 10 pA VIN=Vcgor GND, Voc =5.25V

1/0 Leakage Current lo -10 10 pA VouTt =Vcc orGND

Standby Power Supply Current lccsB - 500 pA VIN= Vg orGND, Vo = 5.25V,
Qutputs Open

Operating Power Supply Current lccop - 140 mA f=20MHz, VjN = Vg or GND
Note 1

Capacitance (Tp = +250C, Note 2)
PARAMETER SYMBOL | MIN MAX | UNITS TEST CONDITIONS
Input Capacitance CIN - 10 pF FREQ = 1MHz, Vg ¢ = Open, all measurements
Output Capacitance o - 12 oF are referenced to device ground.

NOTES: 1. Power supply current is proportional to operating frequency.
Typical rating for Iccop is 7.0mA/MHz.
2. Not tested, but characterized at initial design and at major
process/design changes.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling p d should be foll d.
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Specifications HSP48908

A.C. Electrical Specifications (Voe = 5.0V % 5%, Tp = 0°C to +70°C)
=32 (32MHz, -20 (20MHz
¢ ) { ) TEST
PARAMETER SYMBOL MIN MAX MIN MAX UNITS CONDITIONS
Clock Period TCYCLE 31 - 50 B ns
Clock Pulse Width High TPWH 12 - 20 - ns
Clock Pulse Width Low TPWL 13 - 20 - ns
Data Input Setup Time Tps 13 - 14 - ns
Data Input Hold Time TDH 0 - 0 - ns
Clock to Data Out TouTt - 16 - 22 ns
Address Setup Time TAS 13 - 13 - ns
Address Hold Time TAH 0 - [0} - ns
Configuration Data Setup Time| Tcps 14 - 16 - ns
Configuration Data Hold Time TCDH [¢] - [¢] - ns
LD# Pulse Width TLPW 12 - 20 - ns
LD# Setup Time TL.CcS 25 - 30 - ns Note 1
CINO-7 Setup to CLK Tcs 14 - 16 - ns
CS# Setup To LD# Tcss 0 - 0 - ns
CINO-7 Hold Time From CLK TcH o B o} - ns
CS# Hold From LD# TCsH 0o = 0 - ns
RESET# Pulse Width TrRPW 31 - 50 - ns
FRAME# Setup To Clock TFs 21 B 25 = ns Note 2
FRAME# Pulse Width Tepw 31 - 50 - ns
EALU Setup Time Tes 12 - 14 - ns
EALU Hold Time TEH (o] B 0 - ns
HOLD Setup Time THS 1 - 12 - ns
HOLD Hold Time THH 1 - 1 - ns
Output Enable Time TeN - 16 - 22 ns Note 3
Output Disable Time Toz - 28 - 32 ns Note 5
Output Rise Time TR - 6 - [} ns From0.8t0 20V
Note 5
Output Fall Time TF b 6 - 6 ns From2.0t0 0.8V
Note 5
NOTES: 1. This specification applies only to the case where the HSP48908 4. AC. Testing is performed as follows: Input levels (CLK Input) 4.0 and OV,
is being written to during an active convolution cycle. it must be Input levels (All other Inputs) OV and 3.0V, Timing reference levels
met in order to acheive predictable results at the next rising {CLK) = 2.0V, (Others) = 1.5V, Output load per test load circuit with
clock edge. In most licati the fig ion data and C = 40pF. Output transition is measured at Vo > 1.5V and Vo < 1.5V.
900“1cnen::gare Ioade: :synchronously and the T ¢ specifica- 5. Controlled via design or process parameters and not directly tested.
tion may be disregarded. Characterized upon initial design and after major process and/or design
2. White FRAME# is an asynchronous signal, it must be changes.
deasserted a minimum of Tgg ns prior to the rising clock edge
which is to begin loading pixel data for a new frame.
3. Transition is measured at = 200 mV from steady state voltage
with loading as specified in test load circuit with Cy_ = 40pF.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Test Load Circuit

s1 l
DUT (»T-o/ |
*CL | |
| v (D)o
*INCLUDES STRAY AND l |
JIG CAPACITANCE | EQUIVALENT CIRCUIT |
Switch 81 Open for Iccsp and Iccop Tests
Timing Waveforms
FUNCTIONAL TIMING
TevoLe
Tpw—— / \
CLK
/ TPwH \
Tps—>1=— Tpy
DINO -7, CASIO - 15
Tour
DOUTO - 19, CASOO -7
Tcs TcH
P s e
CINO - 7 (TO ALU REGISTER)
EALU TIMING THREE STATE CONTROL
CLK OE z=
TEN Toz
TES ~—TEH —,
1.7V
EALU DOUTO - 19 5 1.5>—-
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Timing Waveforms (Continued)
CONFIGURATION TIMING

LD 2 N 4
TcssI N\ - 7L—

TcsH

GCS 4

TAH

AO-2 )(

Teps| TcoH
X X

SYNCHRONOUS LOAD TIMING

CLK

TLes

LD Z~

HOLD TIMING

THs \ THH Tus \

HOLD

INTERNAL
aock  N——" \ /

FRAME#/RESET# TIMING

~—
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DA HSP48908/883

January 1994 Two Dimensional Convolver

Features

¢ This Circuit is Processed in Accordance to MIL-STD-
883 and is Fully Conformant Under the Provisions of
Paragraph 1.2.1.

+ Single Chip 3 x 3 Kernel Convolution

¢ Programmable On-Chip Row Buffers

* DC to 27MHz Clock Rate

¢ Cascadable for Larger Kernels and images
« On-Chip 8-Bit ALU

* Dual Coefficlent Mask Registers, Switchable in a Sin-
gle Clock Cycle

* 8-Bit Signed or Unsigned Input and Coefficient Data
* 20-Bit Extended Precision Output

* Standard P Interface

Applications

* Image Filtering

* Edge Detection

¢ Adaptive Filtering

* Real Time Video Filters

Ordering Information

PART NUMBER TEMP. RANGE PACKAGE

HSP48908GM-20/883 -55°C to +125°C | 84 Lead PGA

HSP48908GM-27/883 -55°C to +125°C | 84 Lead PGA

Description

The Harris HSP48908/883 is a high speed Two Dimensional
Convolver which provides a single chip impiementation of a
video data rate 3 x 3 kerne! convolution on two dimensional
data. It eliminates the need for external data storage through
the use of the on-chip row buffers which are programmable
for row lengths up to 1024 pixels.

There are internal register banks for storing two independent
3 x 3 filter kernels, thus facilitating the implementation of
adaptive filters and multiple filter operations on the same
data. The pixel data path also includes an on-chip ALU for
performing real-time arithmetic and logical pixel point opera-
tions.

Data is provided to the HSP48908/883 in a raster scan non-
interlaced fashion, and is internally buffered on images up to
1024 pixels wide for the 3 x 3 convolution operation. Images
with larger rows and convolution with larger kernel sizes can
be accommodated by using external row butfers and/or mul-
tiple HSP48908/883s. Coefficient and pixel input data are 8-
bit signed or unsigned integers, and the 20-bit convolver out-
put guarantees no overfiow for kernel sizes up to 4 x 4.
Larger kernel sizes can be implemented however, since the
filter coefficients will normally be less than their maximum 8-
bit values.

The HSP48908/883 is manufactured using an advanced
CMOS process, and is a low power fully static design. The
configuration of the device is controlled through a standard
microprocessor interface and all inputs/outputs are TTL
compatible.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
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Pinout

"

10

HSP48908/883 (PGA)
TOP VIEW
CASO6 | DOUTO | DOUTY | GND | DOUTS5 | DOUT6 | DOUTS | DOUT10|DOUT12| DOUT13! DOUT‘ISl
CASO4 | CASO5 | CASO7 | DOUT2 | DOUT4 | DOUT9 | GND |DOUT11|DOUT14| GND |DOUT17,
CASO3 | GND DOUT3 | DOUT? } Voo DOUT16]DOUT18
CASO1 | CASO2 DOUT19] GND
OE# | GND Vee CASIt | FRAME| CASI0
z
84 PIN PGA
DIN1 | CASO0 | DINO CAsi2 | Vec | RESET
TOP VIEW #
DIN2 DIN3 DIN4 CASIS | CASI4 | CASI3
DINS DIN6 CASI7 | CASI6
DIN7 CIN1 CIN® | HOLD | LD# CASI10| CASI8
CINO CIN3 CIN4 CIN7 GND Vee A2 EALU | CASI13 ] CASI11] CASI®
CIN2 CINS CIN6é | CINe CLK Al cs A0 | CASI15 | CASI14 | CASI12
A B c D E F G H J K L
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Specifications HSP48908/883

Absolute Maximum Ratings Reliability Information

SupplyVoltage . ......c.evuennnnns s e, +8.0V  Thermal Resistance ja ic
Input, Output or I/O Voltage Applied .... GND-0.5VtoVgc+0.5V CeramicPGAPackage ................ 35.00C/W  7.70C/W
Storage TemperatureRange ................. -850C to +1500C  Maximum Package Power Dissipation at +1250C

Junction Temperature ......... . .. CeramicPGAPackage ........covvverinennerenancnnas 1.45W
Lead Temperature (Soldering 10 sec) ... Gate Count 190,000 Transistors
ESD Classification ..........

CAUTION: Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Functional
operability under any of these conditions is not necessarily implied.

Recommended Operating Conditions

Operating TemperatureRange .. ............... -550C to +125°C
Operating VoltageRange .........c.cvouve. vee.. +45VIO+55V

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A ' HmITs
D.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUP TEMPERATURE MIN MAX | UNITS
Logical 1 Input Voitage ViH Voo =55V 1,2,3 -550C < TA <+1250C 2.2 - v
Logical 0 Input Voltage viL Vocg =45V 1,2,3 -550C < Tp < +1250C - 0.8 v
Clock Input High ViHC Voo =55V 1,23 -550C < Tp <+1250C 3.0 - v
Clock Input Low ViLe Vee =45V 1,2,3 -550C < TA < +1250C = 0.8 v
Output HIGH Voltage VOH IoH = ~400mA 1,2,3 -550C < TA <+125°C 2.6 - v
Voo =45V
{Note 1)
Output LOW Voltage VoL loL= +2.0mA 1,2,3 -550C < TA <+125°C - 0.4 \
Voo =45V
(Note 1)
Input Leakage Current I VIN =Vcc or GND 1,2,3 -550C <TA<+1250C| -10 +10
Vco=5.8V
Outputor /O o Vout =Vce or GND 1,23 -550C <To<+1250C| -10 +10
Leakage Current Voo =55V
Standby Power lccsB VIN =V or GND 1,2,3 -550C < TA < +125°C - 500
Supply Current Voo =55V
Outputs Open (Note 4)
Operating Power Iccop | f=20.0MHz 1,2,3 -550C < TA <+125°C - 160.0 mA
Supply Current Vgg =5.5V
Outputs Open,
(Notes 2, 4)
Functional Test FT (Notes 3, 4) 7,8 -550C < TA <+125°C = - -
NOTES: 1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f=1MHz, V| =26, V| =0.4,VoH > 1.5V,Vo < 1.5V,
2. Operating Supply Current is proportional to frequency, typical VIHC = 34V, and V| C = 04V.
rating is 8.0mA/MHz. 4. Loading is a specified in the test load circuit with C|_ = 40pF.
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: VoG = 5.0V £10%, Tp = -550C to +1250C (Note 4)

LIMITS
CONDI- GROUP A ~-27 (27MHz) | -20 (20MHz)
PARAMETERS SYMBOL | TIONS SUBGROUP TEMPERATURE MIN | MAX | MIN | MAX ] UNITS

Clock Period TCYCLE 9,10, 11 -550C < TA < +1250C 37 - 50 - ns
Clock Pulse Width High TPWH 9,10, 11 -550C < TA £ +125°C 15 - 20 - ns
Clock Pulse Width Low TPWL 9,10, 11 -550C <Tp < +1250C 15 - 20 - ns
Data Input Setup Time Tps 9,10, 11 -550C < Tp < +1250C 16 - 17 - ns
Data Input Hold Time TDH 9,10,11 -550C < Tp < +1250C 0 - 0 - ns
Clock to Data Out Tout 9,10, 11 -550C < TA < +1250C - 19 - 28 ns
Address Setup Time TAS 9,10, 11 -550C<TA<+1259C ] 15 - 15 - ns
Address Hold Time TAH 8,10,11 -550C < TpA < +1250C (o] - o - ns
Configuration Data Tcos 9,10,11 -550C < TA< +125°C 17 - 20 - ns
Setup Time

Configuration Data TCDH 9,10, 11 ~550C < TA < +1250C o] - (o} - ns
Hold Time

LD# Pulse Width TLPw 9,10, 11 -550C < Ta < +1250C 15 - 20 - ns
LD# Setup Time TLcs Note 1 9,10, 11 -550C < Tp < +1250C 30 - a7 - ns
CIN7-0 Setupto CLK Tcs 9,10,11 ~-550C < TpA < +125°C 17 - 20 - ns
CIN7-0 Hold from CLK TCH 9,10, 11 -550C < Tp < +1259C - 0 - ns
CS# Setup to LD# Tess 9,10, 11 -550C < TA < +1259C - 0 - ns
CS# Hold from LD# TCSH 9,10, 11 -550C < TA < +1250C 0 - ) - ns
RESET# Pulse Width TRPW 9,10, 11 -550C <Tp<+1250C | &7 - 50 - ns
FRAME# Setup to CLK Trs Note 2 9,10, 11 -550C < TA < +125°C 25 - 30 - ns
FRAME# Pulse Width TFPW 9,10, 11 -550C <TA<+125°C 37 - 50 - ns
EALU Setup Time Tes 9,10,11 -550C £ Ta < +125°C 15 - 17 - ns
EALU Hold Time TEH 9,10, 11 -550C <Tp < +1259C (o] - (¢} - ns
HOLD Setup Time THs 9,10,11 -550C <Tp < +125°C 13 - 14 - ns
HOLD Hold Time THH 9,10,11 -550C < Tp < +125°C 2 - 2 - ns
Output Enable Time TEN Note 3 9,10, 11 -550C < Tp <+125°C - 19 - 28 ns

NOTES: 1. This specification applies only to the case where the HSP48908/
883 is being written to during an active convolution cycle. It must
be met in order to achieve predictable results at the next rising
clock edge. In most applications, the configuration data and
coefficients are loaded asynchronously and

specification may be disregarded.

nN

the Tics

3. Transition is measured at £200mV from steady state voltage with loading as
specified in test load circuit with C|_ = 40pF.

4. AC. Testing is performed as follows: Input levels (CLK Input) 4.0V and 0OV,
Input levels (All other Inputs) OV and 3.0V, Timing Reference Levels
(CLK) = 2.0V, (Others) = 1.5V. Output load per test load circuit with

C = 40pF. Output transition is measured at Vo > 1.5V and Vg < 1.5V.

. While FRAME# is an asynchronous signal, it must be deasserted

a minimum of Tgg ns prior to the rising clock edge which is to
begin loading pixel data for a new frame.
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
-27 -20
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX | UNITS

Input Capacitance CIN Vcc =Open, 1 Ta=+259C - 10 - 10 pF

f=1MHz,All

measurements are

referenced to

device GND.
Output Capacitance Co Vg = Open, 1 TA=+250C - 12 - 12 pF

f=1MHz,All

measurements are

referenced to

device GND.
Output Disable Toz 1,2 -550C < T <+1250C - 35 - 40 ns
Time
Output Rise Time TR From 0.8V to 2.0V 1,2 ~550C < Tp < +1250C - 6 - 6 ns
Output Fall Time Te From 2.0V to 0.8V 1,2 -550C < Tp < +1250C - 6 - 6 ns

NOTES: 1. Parameters listed in Table 3 are controlled via design or process
parameters and are not directly tested. These parameters are
characterized upon initial design and after major process and/or
design changes.

2. Loading is as specified in the test load circuit with C) = 40pF.

TABLE 4. ELECTRICAL TEST REQUIREMENTS

CONFORMANCE GROUPS METHOD SUBGROUPS
Initial Test 100%/5004 -
Interim Test 100%/5004 -
PDA 100% 1
Final Test 100% 2,3,8A, 88,10, 11
Group A - 1,2,3,7,8A, 88,9, 10,11
Groups C&D Samples/5005 1,7,9
Test Load Circuit
r—- - |
| |
| |
s1 | |
DUT T | |
|
*CL | |
| 1
| |
| v (Dlo |
: |
"o oaemcmace | EQUNALENT CRCUT Jl

Switch 81 Open for Iccsg and Iccop Tests
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HSP48908/883

Burn-In Circuit

11 | casoe | pouto | pout1| enp | bouts | pourts | bouts JoouTio) Dounzloounalnounsl
10 || cAs04 | cas0s | cAs07 | bouT2 | DOUT4 | DOUTS | GND |DOUT11|DOUTI4] GND |DOUTY7]
9 Jcasos| anD DOUT3 | DOUT? | Voo DOUT16{DOUTY
8 | caso1 | caso2 pouTts| GND
7 | oe# | GND Vee CASIt | FRAME | CASI0
84 PIN PGA i
6 DIN1 | casoo | DiNo TOP VIEW case | vee | Reser
5 ] omn2 | oina | DINe CASIS | CASK | CASIB
4 | oiIN5 | DiNe CAsI7 | case
3 DIN? CIN1 CING } HOLD | w# CASIO0| CASi8
2] cino | cina | cine | ciNT | GND | vge A2 EAW | casna]casii| caswe
1T omn2 | cins | cine | cine | cx A1 cs# A0 | CASIT5 | CASIH4 | CASIT2

A B (o] D E F G H J K L

PGA BURN-IN SCHEMATIC

PIN PGA BURN-IN PIN PGA | BURN-IN PIN PGA BURN-IN
NAME PIN SIGNAL NAME PIN SIGNAL NAME PIN SIGNAL
CIN2 Al F13 POUT1 Ci1 Veo/2 CASI13 J2 F5
CINO A2 F12 CIN8 D1 F14 CASL5 J5 FS5
DIN7 A3 F7 CIN7 D2 F12 CASL2 Jé F2
DINS A4 F5 POUT2 D10 Voo/2 CASL1 J7 F1
DIN2 A5 F2 GND D11 GND POUT14 J10 Veo/2
DIN1 A6 F1 CLK Et FO . POUT12 J11 Vcg/2
OE A7 F10 GND E2 GND CASL14 K1 F6
CASQ.1 A8 vece/2 CINg E3 F14 CASL11 K2 F3
CASO.3 A9 Vee/2 POUT3 E9 Veo/2 CASL10 K3 F2
CASO.4 A10 Vgce/2 POUT4 E10 voeo/2 CASL7 K4 F7
CASQ.6 Atl Veo/2 POUTS EN1 Vgoo/2 CASl4 K5 F4
CINS B1 F12 Al F1 F13 Voo K6 Vece
CIN3 B2 F13 Vee F2 Vee FRAME K7 F15
CIN1 B3 F12 HOLD F3 F14 POUT19 K8 Vgoo/2
DING B4 F6é POUT7 F9 Vo2 POUT16 K9 Vee/2
DIN3 BS F3 POUT9 F10 Veo/2 GND K10 GND
CAS0.0 B6 Veoo/2 POUTE F11 Vgo/2 POUT13 K11 Voo/2
GND B7 GND cs Gt F12 CASL12 L1 F4
CASO.2 B8 Voo/2 A2 G2 Fi4 CASL9 L2 F1
GND B9 GND LOAD G3 F11 CASL8 L3 FO
CASQ.5 B10 vee/2 \o%e} G9 vVeo CASL.6 L4 F6
POUTO B1 Voo/2 GND G10 GND CASL3 LS F3
CING C1 F13 POUTS8 G11 Veeo/2 RESET L6 F16
CING c2 F13 A0 H1 F12 CASLO L7 FO
DIN4 C5 F4 EALU H2 F8 GND L8 GND
DINO o} FO POUT11 H10 Veo/2 POUT18 L9 Veo/2
Vee c7 \'e'e] POUT10 H11 Veeo/2 POUT17 L10 Vee/2
CASO.7 Cc10 veo/2 CASL15 J1 F7 POUT15 L11 Vgoe/2
NOTES: 1. Voo/2 (27V + 10%) used for outputs only. 4. 0.1yF (min) capacitor between Vo and GND per position.
2. 47KQ (£20%) resistor connected to all pins 5. FO = 100kHz + 10%, F1 = F0/2, F2 = F1/2...F11 = F10/2,
except Vo and GND. 40-60% Duty Cycle.
3. Vo = 5.5 £ 0.5V. 6. Input Voltage Limits: V)= 0.8V max,, V| = 4.5V = 10%.
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Die Characteristics

DIE DIMENSIONS:
341 x 322 x 19 = 1 mils
METALLIZATION:
Type: Si - Al or Si-Al-Cu
Thickness: 8kA
WORST CASE CURRENT DENSITY:
2 x 105A/cm?2

Metallization Mask Layout

o
2
o
e
=
-
=

(10) CIN1

CIN3 (12)
CIN4 (13)
CINS (19)
CING (15)
CIN7 (16)
CINS (17)
CIN9 (18)
GND (19)

CASI12 (32

CASI11 (33)
CASI10 (34)
CASI9 (35)
CASI8 (36)
CASI7 (37)
CASI8 (38)
CASIS (39)

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

HSP48908/883
8 3
QO % 0v o
22229 43538
888a> 2999
€883 8 23 &

s caasTs 8f8 5

g T2 23 8

T 20N =0 # #Q O

(0002:: w ez -

< < > 2 K7] EWOS

S O v g =8 3
F

DOUT18 (50)

(77) CASO4

DOUT17 (51)

DOUT16 (52)

d (75) CASOS

(69) GND

(é8) DOUT3
(67) DOUT4
(68) DOUTS

(81) GND
(60) DOUT9
(59) bOUT10
(58) DOUT11
(57) DOUT12
(56) DOUT13
(55) DOUT14

{ (s4) aND

DOUT15 (53)
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@ HARRIS HSP9501

January 1994 Programmable Data Buffer
Features Description
* DC to 32MHz Operating Frequency The HSP9501 is a 10-Bit wide programmable data buffer

designed for use in high speed digital systems. Two different
* Programmable Buffer Length from 2 to 1281 Words modes of operation can be selected through the use of the
¢ Supports Data Words to 10-Bits MODSEL input. In the delay mode, a programmable data
pipeline is created which can provide 2 to 1281 clock cycles

* Clock Select Logic for Positive or Negative Edge of delay between the input and output data. In the data recir-

System Clocks culate mode, the output data path is internally routed back to

« Data Recirculate or Delay Modes of Operation the input to provide a programmable circular buffer.
* Expandable Data Word Width or Butfer Length The length of the buffer or amount of delay is programmed
through the use of the 11-bit length control input port (LCO-
¢ Three-State Outputs 10) and the length control enable (LCEN#). An 11-bit value
« TTL Compatible Inputs/Outputs is applied to the LCO0-10 inputs, LCEN# is asserted, and the
next selected clock edge loads the new count value into the
¢ Low Power CMOS length control register. The delay path of the HSP2501 con-
sists of two registers with a programmable delay RAM
Applications between them, therefore, the value programmied into the

length control register is the desired length - 2. The range of
¢ Sample Rate Conversion values which can be programmed into the length control reg-
« Data Time Compression/Expansion ister are from 0 to 1279, which in turn results in an overall

range of programmable delays from 2 to 1281.
* Software Controlled Data Alignment . "
Clock select logic is provided to allow the use of a positive or

* Programmable Serial Data Shifting negative edge system clock as the CLK input to the
HSP9501. The active edge of the CLK input is controlled
« Audio/Speech Data Processing Video/image Processin g

. pee 9 9 ) 9 through the use of the CLKSEL input. All synchronous timing
. . (i.e. data setup, hold and output delays) are relative to the
V’deO/'mage Processing clock edge selected by CLKSEL. An additional clock enable
* 1-H Delay Line of 910 NTSC, 1135 PAL or 1280 Samples: input (CLKEN#) provides a means of disabling tl"me internal
clock and holding the existing contents temporarily. All out-
- High Resolution Monitor Delay Line puts of the HSP9501 are three-state outputs to allow direct

- Comb Filter Designs interfacing to system or multi-use busses.

- Progressive Scanning Display The HSP9501 is recommended for digital video processing

- TV Standards Conversion or any applications which require a programmable delay or
- Image Processing circular data buffer.

Ordering Information

TEMPERATURE
PART NUMBER RANGE PACKAGE
HSP9501JC-25 0°Ct0 +70°C | 44 Lead PLCC
HSP9501JC-32 0°C 10 +70°C | 44 Lead PLCC
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures, File Number 2786.3

Copyright © Harris Corporation 1994 4-64
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Pinout

44 PIN PLASTIC LEADED CHIP CARRIER (PLCC)
TOP VIEW

Block Diagram

VIDEO
PROCESSING

DIO -9
10{ |
MODSEL REGISTER MUX
AN
3
T 4
CLKSEL ™
ISTE
CLKEN # —O] GENERATOR > REGISTER
CLK —s ]
104
10,
1 REGISTER | 11 D> '
—f— + PROGRAMMABLE
Lco 10 ENgt DELAY RAM
0 -1279 DELAYS
4
LCEN 2 ___T 10,
REGISTER
10
OE #
10,
DOO -9
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Pin Descriptions

NAME

PIN
NUMBER

TYPE

DESCRIPTION

Vce

12,34

The +5V power supply pin. A 0.1uF capacitor between the Vo and GND pin is recommended.

GND

13,33

The device ground.

CLK

1

Input Clock. This clock signal is used to control the data movement through the programmable
buffer. It is also the signal which latches the input data, length control word and mode select. Input
setup and hold times with respect to the clock must be met for proper operation.

DIO-9

27,29-32,
35-39

Data Inputs. This 10-bit input port is used to provide the input data. When MODSEL is low, data
on the DIO-9 inputs is latched on the clock edge selected by CLKSEL.

DOo-9

7-11,
14-18

Data Outputs. This 10-bit port provides the output data from the internal delay registers. Data
latched into the DIO-9 inputs will appear at the DO0-9 outputs on the Nth clock cycle, where N is
the total delay programmed.

LCo-10

20-26,
41-44

Length Control Inputs. These inputs are used to specify the number of clock cycles of delay
between the DIO-9 inputs and the DO0-9 outputs. An integer value between 0 and 1279 is placed
on the LCO-10 inputs, and the total delay length (N) programmed is the LCO-10 value plus 2. In
order to properly load an active length control word, the value must be presented
to the LCO-10 inputs and LCEN# must be asserted during an active clock edge selected by
CLKSEL.

LCEN#

Length Control Enable. LCEN# is used in conjuction with LCO-10 and CLK to load a new length
control word. An 11-bit value is loaded on the LCO-10 inputs, LCEN# is asserted, and the next
selected clock edge will load the new count value. Since this operation is synchronous, LCEN#
must meet the specified setup/hold times with respect to CLK for proper operation.

OE#

19

Output Enable. This input controls the state of the DO0-9 output port. A low on this control line
enables the port for output. When OE# is high, the output drivers are in the high impedance state.
Internal latching or transfer of data is not affected by this input.

MODSEL

40

Mode Select. This input is used to control the mode of operation of the HSP9501. A low on
MODSEL causes the device to latch new data at the DIO-9 inputs on every clock cycle, and
operate as a programmable pipeline register. When MODSEL is high, the HSP9501 is in the
recirculate mode, and will operate as a programmable length circular buffer. This control signal
may be used in a synchronous fashion during device operation, however, care must be taken to
ensure the required setup/hold times with respect to CLK are met.

CLKSEL

Clock Select Control. This input is used to determine which edge of the CLK signal is used for
controlling all internal events. A low on CLKSEL selects the negative going edge, therefore, all
setup, hold, and output delay times are with respect to the negative edge of CLK. When CLKSEL is
high, the bpsitive going edge is selected and all synchronous timing is with respect to the positive
edge of the CLK signal.

CLKEN#

Clock Enable. This control signal can be used to enable or disable the CLK input. When low, the
CLK input is enabled and will operate in a normal fashion. A high on CLKEN# will disable the CLK
input and will “hold” all internal operations and data. This control signal may also be used in a
synchronous fashion, however, setup and hold requirements with respect to CLK must be met for
proper device operation. This signal takes effect on the clock following the one that latches itin.
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Functional Description

The HSP9501 is a 10-bit wide programmable length data
buffer. The length of delay is programmable from 2 to 1281
delays in single delay increments.

Data into the delay line may be selected from the data input
bus (DI0-9) or as recirculated output, depending on the
state of the mode select (MODSEL) control input.

Mode Select

The MODSEL control pin selects the source of the data
moving into the delay line. When MODSEL is low, the data
input bus (DI0-9) is the source of the data. When MODSEL
is high, the output of the HSPS501 is routed back to the in-
put to form a circular buffer.

The MODSEL control line is latched at the input by the CLK
signal. The edge which latches this control signal is deter-
mined by the CLKSEL control line. In either case, the
MODSEL line is latched on one edge of the CLK signal with
the following edge moving data into and through the
HSP9501. Refer to the functional timing waveforms for
specific timing references.

Clock Select Logic

The clock select logic is provided to allow the use of
positive or negative edge system clocks. The active edge of
the CLK input to the HSP9501 is controlled through the use
of the CLKSEL input.

When CLKSEL is low, the negative going edge of CLK is
used to control all internal operations. A high on CLKSEL
selects the positive going edge of CLK.

All synchronous timing (i.e. setup, hold and output
propagation delay times are relative to the CLK edge
selected by CLKSEL. Functional timing waveforms for each
state of CLKSEL are provided (refer to timing waveforms for
details).

Delay Path Control

The HSP9501 buffer length is programmable from 2 to
1281 data words in one word increments. The minimum
number of delays which can be programmed is two,
consisting of the input and output buffer registers only.

The Length control inputs (LCO-10) are used to set the
length of the programmable delay ram which can vary in
length from O to 1279. The total length of the HSP9501 data
buffer will then be equal to the programmed value on
LCO-10 plus 2. The programmed delay is established by
the 11-bit integer value of the LCO-10 inputs with LC10 as
the MSB and LCO as the LSB.

For example,

LC10 (9 (8 |7 (65| 43| 2] 1| LCO
0O |(o|JO0]JO{1]OjO}jO]JOjO]| 1

programs a length value of 26 + 20 = 65, The total length of
the delay will be 65 + 2 or 67 delays.

Table 1 indicates several programming values. The decimal
value placed on LCO-10 must not exceed 1279. Controlled
operation with larger values is not guaranteed.

Values on LCO-10 are latched on the CLK edge selected by
the CLKSEL control line, when LCEN# is active. LCO-10
and LCEN# must meet the specified setup and hold times
relative to the selected CLK edge for proper device
operation.

TABLE 1. LENGTH CONTROL PROGRAMMING EXAMPLES

Lc10 § LC9 | Ls8 | LC7 [ LC6 [ LC5 | LC4 | LC3 [ LC2 | LC1 | LCO TOTAL
PROGRAMMED LENGTH
210 29 28 27 26 25 24 23 22 21 20 LENGTH N
0 o 0 o} 0 [¢] 0 o s} 0 0 2
0 0 0 s 1 1 1 o] 1 0 118 120
o] 1 1 0 0 1 0 1 0 0 (o] 808 810
1 o} 0 0 0 0 1 1 0 0 1 1049 1051
1 o] 0 1 1 1 1 1 1 1 1 1279 1281
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Specifications HSP9501

Absolute Maximum Ratings

SupplyVoltage ...ovvvvviennrennnnnss eteeneeanas DR +8.0V
Input or Output Voltage Applied ... . GND -0.5Vto Vg +0.5V

Storage TemPerature RANME + . uuviuiereeetesioneeaenesosenareneennenncsessssnnssnssesassnnsesssennnes -659C to +150°C

Junction Temperature ............... ettt e e e ettt eer et et et terenaas .. +150°C
Maximum Package Power Dissipation. . reeeraennas Cerenes 1.7W
684G rennnn v et e eaetatrareetaetetterantattaetattattattttaraasatsnrettnanneneran . ceerns. 16.40C/W
L5 N Cereeeriees [P, [N eeeeeans . ceeves. 4520C/W
Lead Temperature (Soldering, Ten Seconds) .......... ferereareaes Ceeeneens e verereearans Cereeeeaae ereenes vere.. +3000C
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating
and operation of the device at these or any other conditions above those indit d in the op jonal i of this specification is not implied.
Operating Conditions
Operating Voltage Range ........ ereeeienas Cheerienas sesrsannsanana sesereas Cereeaieiaaaes [ ... +4.75V to +5.25V
Operating Temperature Range .............ve. Cerrerees e, Cereisenias PN teressiesess..00Ct0 +70°C
D.C. Electrical Specifications (vgc = 5.0V + 5%, Ta = 09C to +70°C, Commercial)
PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Logical One Input Voltage VIH 2.0 - \'; Vog =5.25V
Logical Zero Input Voltage ViL - 0.8 \ Voo =4.75V
Output HIGH Voltage VOoH 24 - v loH =-4mA Voc =4.75V
Output LOW Voltage VoL - 0.4 \ loL =+4.0mA Voo =475V
Input Leakage Current ] -10 10 pA VIN=GND orVee Vo =5.25V
Output Leakage Current lo -10 10 uA VouT=GNDorVce Vog = 5.25V
Standby Current lccss - 500 HA VIN=VggorGND, Ve = 5.25V,
Note 2
Operating Power Supply Current Iccop - 125 mA f=25MHz, ViN = Vg or GND
Vee =525V, Note 1,2
Input Capacitance CiN - 10 pF FREQ = 1MHz, V¢ = Open,
- All measurements are referenced
Output Capacitance Co - 10 pF to device GND

A.C. Electrical Specifications (Vo = 5.0V + 5%, Tp = 0°C to +70°C, Commercial), (Note 4)

-32 -25
PARAMETER SYMBOL MIN MAX MIN MAX UNITS COJEI?’TONS
Clock Period Tcp 31 - 40 - ns
Clock Pulse Width High TpwH 12 - 15 - ns
Clock Pulse Width Low TpwL 12 - 15 - ns
Data Input Setup Time Tps 10 - 12 - ns
Data Input Hold Time TDH 2 - 2 - ns
Output Enable Time TENA - 20 - 25 ns
Output Disable Time Tpis - 24 - 25 ns Note 3
CLKEN# to Clock Setup Tes 10 - 12 - ns
CLKEN# to Clock Hold TEH 2 - 2 - ns
LCO-10 Setup Time TLs 10 - 13 - ns
LCO-10 Hold Time TLH 2 - 2 B ns
LCEN# to Clock Setup TLES 10 - 13 - ns
LCEN# to Clock Hold TLEH 2 - 2 - ns
MODSEL Setup Time ™S 10 - 13 - ns
MODSEL Hold Time TMH 2 - 2 - ns
Clock to Data Out TouTt - 16 - 22 ns
Output Hold from Clock TOH 4 - 4 - ns
Rise, Fall Time TRF - 6 - 6 ns Note 3
NOTES: 3. Controlled by design or process parameters and not directly tested.
1. Power supply current is proportional to operating frequency. Typical Characterized upon initial design and after major process and/or design
rating for Iccop is SMA/MHz. changes.
2. Output load per test load circuit with switch open and C|_ = 40pF. 4. AC. Testing is performed as follows: Input levels: OV and 3.0V, Timing
reference levels = 1,5V, Input rise and fall times driven at 1ns/V, Output
load C_ = 40pF.
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Test Load Circuit

Switch §1 Open for
Iccss and Igcop Tests

81
DUTOT
*CLl

loH 1sv (t) oL

“INCLUDES STRAY AND
JIG CAPACITANCE

EQUIVALENT CIRCUIT

Timing Waveforms

akN\__/ N 7]

TMs e TpwL TMH
MODSEL
Tps ToH
Dio -9

OE#
Tout T i i T
DIS l-— [~—TENA
1.7
DO O -9 >____.§
1.3
TOH—»

FUNCTIONAL TIMING (CLKSEL = LOW)

CLK ™\ / / / N____/
TES TeH Tes
CLKEN 2
INTERNAL e
cock—" N—""_\

CLKEN# TIMING (CLKSEL = LOW)

N e

TLES r~—={TLEH
LCEN #+

TLS 1 1 TLH
LCoO -0 * J(

OUTPUT RISE AND FALL TIMES LENGTH CONTROL TIMING (CLKSEL = LOW}
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Timing Waveforms (Continued)

CWK / N 7[ N

Tms

TPwi TPwH TMH
MODSEL
Tps ToH
DIO -9

OE# T - =
our Dis
= - B

le—TENA
DOO -8 )—————-Jg
1.3
TOH—»
FUNCTIONAL TIMING (CLKSEL = HIGH)
ok N\ AN AN / N
T
Tes EH Tes
CLKEN 2+
INTERNAL

cok—" N —

CLKEN# TIMING (CLKSEL = HIGH)

ak—" ~N—rA" N—V

TLES | TLEH

LCEN 3¢ 5§ 4‘

Tis 2+ TLH
LCo -10 X *

LENGTH CONTROL TIMING (CLKSEL = HIGH)
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SEMICONDUCTOR

HSP45102

12-Bit Numerically Controlled Oscillator

&

January 1994

Features

¢ Low Cost

¢ Modulation

Applications
¢ Direct Digital Synthesis

¢ 33MHz, 40MHz Versions

* 32-Bit Frequency Control

* BFSK, QPSK Modulation

¢ Serial Frequency Load

* 12-Bit Sine Output

Offset Binary Output Format
¢ 0.009Hz Tuning Resolution at 40MHz
Spurious Frequency Components < -69dBc
Fully Static CMOS

Ordering Information

Description

The Harris HSP45102 is Numerically Controlled Oscillator
with 32 bit frequency resolution and 12 bit output. With over
69dB of spurious free dynamic range and worst case fre-
quency resolution of 0.009Hz, the NCO12 provides dramatic
improvements in accuracy over other frequency synthesis
solutions at a competitive price.

The frequency to be generated is selected from two fre-
quency control words. A single control pin selects which
word is used to determine the output frequency. Switching
from one frequency to another occurs in one clock cycle,
with a 6 clock pipeline delay from the time that the new con-
trol word is loaded until the new frequency appears on the
output.

Two pins, P0O-1, are provided for phase modulation. They are
encoded and added to the top two bits of the phase accumu-
lator to offset the phase in 900 increments.

The 13 bit output of the Phase Offset Adder is mapped to the
sine wave amplitude via the Sine ROM. The output data for-
mat is offset binary to simplify interfacing to D/A converters.

E

SIGNAL
SYNTHESIZERS

TEMPERATURE Spurious frequency components in the output sinusoid are
PART NUMBER RANGE PACKAGE loss than -69dBo.
HSP45102PC-33 0°C to 70°C 28 Lead Plastic DIP L . . R
— * — - The NCO12 has appiications as a Direct Digital Synthesizer
HSP45102PC-40 0°Cto +70°C | 28 Lead Plastic DIP and modulator in low cost digital radios, satellite terminals,
HSP45102P1-33 -40°C to +85°C |28 Lead Plastic DIP and function generators.
HSP45102PI-40 -40°C to +85°C |28 Lead Plastic DIP
HSP45102SC-33 0°C to +70°C 28 Lead SOIC
HSP451025C-40 0°C to +70°C 28 Lead SOIC
HSP45102SI-33 -40°C to +85°C |28 Lead SOIC
HSP45102S1-40 -40°C to +85°C |28 Lead SOIC
Block Diagram
cLK
PO-1
MSB/LSB# 32
SFTENs T3] FREQUENCY Lol pyase SHASE | 18] sime | 12
sp | GATRAL | 32 |accumuLator| 13 | OFFSET |<o ROM |-
SCLK | T AR outo-11
4
Loaps ——1
TXFRE ——————
ENPHACH
SEL_UM#

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 5-3
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Pinout

28 PIN DIP, 28 PIN SOIC

TOP VIEW
outs[ | 1 b 28] _]outs
out7[_| 2 27[ | out4
outs[ | 3 26[_Jouts
outs[ | 4 25| _Jout2

outto[ | 5 24[_JouT
outi[ | e 23[_]outo
aNo[ | 7 22[ JVee
vec[ | 8 21 JenD
seLimz[ |9 20[ ]Po
SFTEN [ |10 19[ P
msBASB # [ | 11 18| LoAD#
ENPHAC#£ [ |12 17[_|TxXFR#
so[ |13 16]_| ciK
scik[ |14 15[ _]GND

Pin Description

PIN
NAME NUMBER TYPE DESCRIPTION
Vco 8,22 +5V power supply pin.
GND 7,15, 21 Ground
PO-1 19,20 | Phase modulation inputs {(become active after a pipeline delay of four clocks). A phase shift
of 0, 90, 180, or 270 degrees can be selected (Table 1).
CLK 16 | NCO clock. (CMOS level)
SCLK 14 1 This pin clocks the frequency cantrol shift register.
SEL_L/M# 9 1 A high on this input selects the least significant 32 bits of the 64 bit frequency register as
the input to the phase accumulator; a low selects the most significant 32 bits.
SFTEN# 10 1 The active low input enables the shifting of the frequency register.
MSB/LSB# 1 I This input selects the shift direction of the frequency register. A low on this input shifts in the
data LSB first; a high shifts in the data MSB first.
ENPHAC# 12 | This pin, when low, enables the clocking of the Phase Accumulator. This input has a pipe-
line delay of four clocks.
SD 13 | Data on this pin is shifted into the frequency register by the rising edge of SCLK when
SFTEN# is low.

TXFR# 17 I This active low input is clocked onto the chip by CLK and becomes active after a pipeline
delay of four clocks. When low, the frequency control word selected by SEL_L/M# is
transferred from the frequency register to the phase accumulator’s input register.

LOAD# 18 | This input becomes active after a pipeline delay of five clocks. When low, the feedback in
the phase accumulator is zeroed.

OuTo-11 1-6,23-28 (¢} Output data, OUTO is LSB. Unsigned.

All inputs are TTL level, with the exception of CLK.

# sign designates active low signals.
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Functional Description

The NCO12 produces a 12 bit sinusoid whose frequency
and phase are digitally controlled. The frequency of the sine
wave is determined by one of two 32 bit words. Selection of
the active word is made by SEL__L/M#. The phase of the
output is controlled by the two bit input PO-1, which is used
to select a phase offset of 00, 900, 1809, or 2709°.

As shown in the Block Diagram, the NCO12 consists of a
Frequency Control Section, a Phase Accumulator, a Phase
Offset Adder and a Sine ROM. The Frequency Control
section serially loads the frequency control word into the
frequency register. The Phase Accumulator and Phase
Offset Adder compute the phase angle using the frequency
control word and the two phase modulation inputs. The Sine
ROM generates the sine of the computed phase angle. The
format of the 12 bit output is offset binary.

Frequency Control Section

The Frequency Control Section (Figure 1), serially loads the
frequency data into a 64 bit, bidirectional shift register. The
shift direction is selected with the MSB/LSB# input.
When this input is high, the frequency control word on the
SD input is shifted into the register MSB first. When
MSB/LSB# is low the data is shifted in LSB first. The
register shifts on the rising edge of SCLK when SFTEN# is
low. The timing of these signals is shown in Figure 2.

The 64 bits of the frequency register are sent to the Phase
Accumulator Section where 32 bits are selected to control
the frequency of the sinusoidal output.

Phase Accumulator Section

The phase accumulator and phase offset adder compute
the phase of the sine wave from the frequency control word
and the phase modulation bits PO-1. The architecture is
shown in Figure 1. The most significant 13 bits of the 32 bit
phase accumulator are summed with the two bit phase off-
set to generate the 13 bit phase input to the Sine Rom. A
value of O corresponds to 09, a value of 1000 hexadecimal
corresponds to a value of 1800,

The phase accumulator advances the phase by the amount
programmed into the frequency control register. The output
frequency is equal to N*Fclk/232 | where N is the selected
32 bits of the frequency control word. For example, if the
control word is 20000000 hexadecimal and the clock
frequency is 30Mhz, then the output frequency would be
Fcik/8 or 3.75Mhz.

The frequency control multiplexer selects the least
significant 32 bits from the 64 bit frequency control register
when SEL__L/M# is high, and the most significant 32 bits
when SEL__L/M3# is low. When only one frequency word is
desired, SEL__L/M# and MSB/LSB# must be either both
high or both low. This is due to the fact that when a frequen-
cy control word is loaded into the shift register LSB first, it
enters through the most significant bit of the register. After
32 bits have been shifted in, they will reside in the 32 most
significant bits of the 64 bit register.

When TXFR# is asserted, the 32 bits selected by the fre-
quency control multiplexer are clocked into the phase accu-
mulator input register. At each clock, the contents of this
register are summed with the current contents of the accu-
mulator to step to the new phase. The phase accumulator
stepping may be inhibited by holding ENPHAC# high. The
phase accumulator may be loaded with the value in the in-
put register by asserting LOAD#, which zeroes the feed-
back to the phase accumulator.

The phase adder sums the encoded phase modulation bits
PO-1 and the output of the phase accumulator to offset the
phase by 0, 90, 180 or 270 degrees. The two bits are
encoded to produce the phase mapping shown in Table 1.

This phase mapping is provided for direct connection to the -

in-phase and quadrature data bits for QPSK modulation.

TABLE 1
PO-1 CODING
P1 PO PHASE SHIFT (DEGREES)
[¢] o]
1 90
1 [¢] 270
1 1 180
ROM Section

The ROM section generates the 12 bit sine value from the
13 bit output of the phase adder. The output format is offset
binary and ranges from 001 to FFF hexadecimal, centered
around 800 hexadecimal.
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Specifications HSP45102

Absolute Maximum Ratings

SupplyVoltage . ...oiveriiiiiiiiiiiii ittt i i,
Input, Output or 1/0 Voltage Applied
Storage Temperature Range ........coviinviineiinnerennnnens P sasrireenas
Junction Temperature e .
Maximum Package Power Dissipation (Commercial) ..ottt 1.5W (DIP), 1.1W (SOIC)
Maximum Package Power Dissipation {Industrial). ... ...coviieiniiiniiiiiiiiieeirenerrannnaes 1.30C/W (DiIP), 0.99C/W (SOIC)
... 20.3°C/W (DIP), 21.6°C/W (SOIC)
. 50.10C/W (DIP), 71.49C/W (SOIC)

DEVICE COUNE 4 ittt ittt tiniueeteneaaesnesesesessnannesasnesnsnsenenssnnnns ...32,528 Transistors
Lead Temperature (Soldering, TEN SeCONAS) .. ..v vttt iiiiiiiiiiiittiiniieiateeereatesestseaseeasatesssnanss +300°C
ESD Classification .........cvoiiiiiiiiiiiiiiiiae, e aeee e, e te ittt e it ey Class 1

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range {Commercial,Industrial) ....... ... +4.75V to +5.25V
Operating Temperature Range (COMMEICIAl) . . . ... tuer et arieeeeneasoseneeeussrsnssesesanesssorsasiorinnes 00°C to +70°C
Operating Temperature Range (INAUSLHAI) .. .. ...et ittt ittt cia i itaa e i e eiararas -40°C to +85°C
D.C. Electrical Specifications
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ViH Logical One Input Voltage 20 - \ Voo =525V
VIL Logical Zero Input Voltage - 0.8 A Voo =475V
VIHC High Level Ciock Input 3.0 - v Vcg =5.25V 7))
[+
ViLe Low Level Clock Input - 0.8 \' Voo =475V 4 uNJ
Von Output HIGH Voltage 26 z v 10K = ~400yA, VGG = 4.75V g @
VoL Output LOW Voltage - 0.4 \ loL=+2.0mA,Vog =4.75V % '1_:
I Input Leakage Current -10 10 A VIN=Vcgor GND, Vg =5.25V >z.
7]
IlccsB Standby Power Supply Current - 500 pA ViN=Vccor GND
VGG = 525V, Note 3 _'_
iccop Operating Power Supply Current - 99 mA f=33MHz, VN =Vcg or GND
Voo =5.25V, Notes 1 and 3

Capacitance (Tp = +25°C, Note 2)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
CiN Input Capacitance - 10 pF FREQ = 1MHz, Vo = Open,
All measurements are referenced
to device ground
Co Output Capacitance - 10 pF vice groul
NOTES:

1. Power supply current is proportional to operating frequency. Typical 3. Output load per test load circuit with switch open and Cp = 40pF.
rating for Iccop is 3mA/MHz.

[

. Nottested, but characterized at initial design and at major process/design
changes.
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A.C. Electrical Specifications vgg = 50V % 5%, Ta = 09C to +709C, Ta = -40°C to +859C (Note 1)

~-33 (33MHz) -40 (40MHz)
SYMBOL PARAMETER MIN MAX MIN MAX COMMENTS
Tep Clock Period 30 - 25 - ns
ToH Clock High 12 - 10 - ns
TcL Clock Low 12 - 10 - ns
Tsw SCLK High/Low 12 - 10 = ns
Tps Set-up Time SD to SCLK Going High 12 - 12 - ns
ToH Hold Time SD from SCLK Going High o} - 0 - ns
™S Set-up Time SFTEN#, MSB/LSB# 15 - 12 - ns
to SCLK Going HGgh
TMH Hold Time SFTEN#, MSB/LSB# 0 - 0o - ns
from SCLK Going High
Tss Set-up Time SCLK High to CLK 16 - 15 - ns, Note 2
Going High
Tps Set-up Time PO-1 to CLK Going High 15 - 12 - ns
TPH Hold Time PO-1 from CLK Going High 1 - 1 - ns
TES Set-up Time LOAD#, TXFR#, 15 - 13 - ns
ENPHAC#, SEL__L/M# to CLK
Going High
TeEH Hold Time LOAD#, TXFR#, 1 - 1 - ns
ENPHAC#, SEL__L/M# from CLK
Going High
ToH CLK to Output Delay 2 15 2 13 ns
TRF Qutput Rise, Fall Time 8 - 8 - ns, Note 3
NOTES
1. AC. tesling is performed as follows: Input levels (CLK Input) 4.0V and OV; 2. If TXFR# is active, care must be taken to not violate set-up and hold times
Input levels (all other inputs) OV and 3.0V; Timing reference levels (CLK) as data from the shift registers may not have settled before CLK occurs.

2.0V; All others 1.5V. Output load per test load circuit with switch closed
and C_ = 40 pF. Output transition is measured at Voy > 1.5V and
VoL £ 1.5V.

3. Controlled via design or process parameters and not directly tested. Charac-
terized upon initial design and after major process and/or design changes.

A.C. Test Load Circuit

DUT S1

1

*TEST HEAD
CAPACITANCE

Switch 81 open for Igcgp and Iccop
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@ HARRIS HSP45106

January 1994 16-Bit Numerically Controlled Oscillator
Features Description
¢ 25.6MHz, 33MHz Versions The Harris HSP45106 is a high performance 16-bit quadra-
« 32.Bit Center and Offset Frequency Control ture numerically controlled oscillator (NCO16). The NCO16

simplifies applications requiring frequency and phase agility
* 16-Bit Phase Control such as frequency-hopped modems, PSK modems, spread
¢ 8 Level PSK Supported Through Three Pin Interface spectrum communications, and precision signal generators.

As shown in the block diagram, the HSP45106 is divided into
* Simultaneous 16-Bit Sine and Cosine Outputs a Phase/Frequency Control Section (PFCS) and a Sine/
* Qutput in Two’s Complement or Offset Binary Cosine Section.

* <0.008Hz Tuning Resolution at 33MHz The inputs to the Phase/Frequency Control Section consist
« Serial or Parallel Outputs of a microprocessor interface and individual control lines. The
- frequency resolution is 32-bits, which provides for resolution

Spurlous Frequency Components <-90dBe of better than 0.008Hz at 33MHz. User programmable center
frequency and offset frequency registers give the user the
capability to perform phase coherent switching between two
Applications sinusoids of different frequencies. Further, a programmable
phase control register allows for phase control of better than

* Direct Digital Synthesis 0.006°. In applications requiring up to 8-level PSK, three dis-

* 16-Bit Microprocessor Compatible Control interface

* Quadrature Signal Generation crete inputs are provided to simplify implementation.
* Modulation - FM, FSK, PSK (BPSK, QPSK, 8PSK) The output of the PFCS is a 32-bit phase which is input to
« Precision Signal Generation the Sine/Cosine Section for conversion into sinusoidal ampli-

tude.The outputs of the sine/cosine section are two 16-bit
quadrature signals. The spurious free dynamic range of this

Ordering Information complex vector is greater than 90dBc.
TEMPERATURE For added flexibility when using the NCO16 in conjunction
PART NUMBER RANGE PACKAGE with DAC's, a choice of either parallel of serial outputs with
HSP45106.C-25 0°C to +70°C 184 Lead PLCC e]ther two's ngplement or pffsgt blpary _encoc!mg is pro-
vided. In addition, a synchronization signal is available which
HSP45106JC-33 0°C to +70°C 84 Lead PLCC signa|s serial word boundaries.
HSP45106GC-25 0°C to +70°C |85 Lead PGA
HSP45106GC-33 0°C to +70°C | 85 Lead PGA
Block Diagram
MICROPROCESSOR A:’m’;’"
INTERFACE ~ |  pHASE/ 2 one  JENE A
DISCRETE — ] FREQUENCY t—s] COSINE
CONTROL SIGNALS CONTROL 4 SECTION | COSINE 1€
SECTION 7
CLOCK —»
CAUTION: These devices are sensitive 1o slectrostatic discharge. Usars should follow proper 1.C. Handiing Procedures. File Number 28092

Copyright © Harris Corporation 1994
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Pinouts
1 10 ] ) 7 8 5 4 3 2 1 1 2 s 4 5 ] 7 8 [ 10 il
DAC DAG
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# #
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Pin Description

PGA PIN
NAME NUMBER | TYPE DESCRIPTION
Vee B5,D11,F1, +5 power supply pin.
K7,K10
GND A9,D2,E10, Ground
K4,L11
Co-15 A1-8,B3-4 1 Control input bus for loading phase, frequency, and timer data into the PFCS. CO is LSB.
B6-8,C5-7
AO-2 A10,B9-10 | Address pins for selecting destination of CO-15 data (Table 2).
CS# E11 1 Chip select (Active low). Enables data to be written into control registers by WR#.
WR# E9 1 Write enable (Active low). Data is clocked into the register selected by A0-2 on the rising edge
of WR# when CS# is low.
CLK Ko | Clock. All registers, except the control registers clocked with WR#, are clocked (when
enabled) by the rising edge of CLK.

ENPOREG # F10 1 Phase Offset Register Enable (Active low). Registered on chip by CLK. When active, after being
clocked onto chip, ENPOREG# enables the clocking of data into the Phase Offset Register. Allows
ROM address to be updated regardiess of ENPHAC#. )

ENOFREG# F9 1 Offset Frequency Register Enable (Active low). Registered on chip by CLK. When active, after being
clocked onto chip, ENOFREG# enables the clocking of data into the Offset Frequency Register.

ENCFREG# F11 I Center Frequency Register Enable (Active low). Registered on chip by CLK. When active, after being
clocked onto chip, ENCFREG# enables the clocking of data into the Center Frequency Register.

ENPHAC# H11 1 Phase Accumulator Register Enable (Active low). Registered on chip by CLK. When active, after
being clocked onto chip, ENPHAC#enables the clocking of data into the Phase Accumulator Register.

ENTIREG# G11 1 Timer Increment Register Enable (Active low). Registered on chip by CLK. When active, after being
clocked onto chip, ENTIREG# enables the clocking of data into the Timer Increment Register.

INHOFR# G9 | Inhibit Offset Frequency Register Output (active low). Registered on chip by CLK. When active, after
being clocked onto chip, INHOFR# zeroes the data path from the Offset Frequency Register to the
Frequency Adder. New data can be still clocked into the Offset Frequency Register. INHOFR# does
not affect the contents of the register.

INITPAC# J11 | Initialize Phase Accumulator (Active low). Registered on chip by CLK. Zeroes the feedback path in the
Phase Accumulator. Does not clear the Phase Accumulator Register.

MODO-2 B11, 1 Modulation Controt Inputs. When selected with the PMSEL lins, these bits add an offset of 0, 45, 90,

C10-11 135, 180, 225, 270, or 315 degrees to the current phase (i.e., modulate the output). The lower 13 bits
of the phase control are set to zero. These bits are registered when the Phase Offset Register is
enabled.

PMSEL A1 1 Phase Modulation Select input. Registered on chip by CLK. This input determines the source of the
data clocked into the Phase Offset Register. When high, the Phase Input Register is selected. When
low, the external modulation pins (MODO-2) control the three most significant bits of the Phase
Offset Register and the 13 least significant bits are setto zero.

PACI# H10 1 Phase Accumulator Carry Input (Active low). Registered on chip by CLK.

INITTAC# G10 ] Initialize Timer Accumulator (Active low). This input is registered on chip by CLK. When active, after
being clocked onto chip, INITTAC# enables the clocking of data into the Timer increment Register,
and also zeroes the feedback path in the Timer Accumulator.

TEST D10 | Test select input. Registered on chip by CLK. This input is active high. When active, this input enables
test busses to the outputs instead of the sine and cosine data.

PAR/SER# J1o | Parallel/Serial Output Select. This input is registered on chip by CLK. When low, the sine and cosine
outputs are in serial mode. The output shift registers will load in new data after ENPHAC# goes low
and will start shifting the data out after ENPHAC# goes high. When this input is high, the output
registers are loaded every clock and no shifting takes place.

BINFMT# K11 I Format. This input is registered on chip by CLK. When low, the MSB of the SIN and COS are inverted
to form an offset binary (unsigned) number.

OES# K2 i Three-state control for bits SINO-15. Outputs are enabled when OES# is low.

OEC# J2 i Three-state control for bits COS0~15. Outputs are enabled when OEC# is low.

TICO# B2 o] Timer Accumulator Carry Output. Active low, registered. This output goes low when a carry is
generated by the Timer Accumulator.
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Pin Description (Continued)

PGAPIN
NAME NUMBER | TYPE DESCRIPTION
DACSTRB# L1 (o] DAC Strobe (Active low). In serial mode, this output will go low when the first bit of a new output
word is valid at the shift register output. This pin is active only in serial mode.
SINO-15 J5-7,K3, (o] Sine output data. When parallel mode is enabled, data is output on SINO-15. When serial mode is
K5-6, K8, enabled, output data bits are shifted out of SIN15 and SINO. The bit stream on SIN 15 is provided
L2-10 MSB first while the bit stream on SINO is provided LSB first.
C0S0-16 | B1,C1-2, (o] Cosine output data. When parallel mode is enabled, data is output on COS0-15. When serial
D1,E1-3, mode is enabled, output data bits are shifted out of COS15 and COSO0. The bit stream on COS15
F2-3,G1-3, is provided LSB first.
H1-2,J1,K1
Index Pin C3 Used to align chip in socket or on circuit board. Must be left as a no connectin circuit.

Functional Description

The 16-bit Numerically Controlled Oscillator (NCO16)
produces a digital complex sinusoid waveform whose
frequency and phase are controlled through a standard
microprocessor interface and discrete inputs. The NCO16
generates 16-bit sine and cosine vectors at a maximum
sample rate of 40MHz. The NCO 16 can be preprogrammed
to produce a constant (CW) sine and cosine output for
Direct Digital Synthesis (DDS) apptlications. Alternatively,
the phase and frequency inputs can be updated in real time
to produce a FM, PSK, FSK, or MSK modulated waveform.
To simplify PSK generation, a 3 pin interface is provided to
support modulation of up to 8 levels.

As shown in the Block Diagram, the NCO16 is comprised of
a Phase and Frequency Control Section (PFCS) and Sine/
Cosine Section. The PFCS stores the phase and frequency
control inputs and uses them to calculate the phase angle of
a rotating complex vector. The Sine/Cosine Section
performs a lookup on this phase and generates the
appropriate amplitude values for the sine and cosine. These
quadrature outputs may be configured as serial or paraliel
with either two’s complement or offset binary format.

Phase/Frequency Control Section

The phase and frequency of the quadrature outputs are
controlled by the PFCS (Figure 1). The PFCS generates a
32 bit word which represents the instantaneous phase
(Sin/Cos argument) of the sine and cosine waves being
generated. This phase is incremented on the rising edge of
each CLK by the preprogrammed amounts in the phase and
frequency control registers. As the instantaneous phase
steps from 0 through full scale (232 - 1), the phase of the
quadrature outputs proceeds from 09 around the unit circle
counter clockwise.

The PFCS is comprised of a Phase Accumulator Section,
Phase Offset adder, Input Section, and a Timer Accumutator
Section. The Phase Accumulator computes the
instantaneous phase angle from user programmed values
in the Center and Offset Frequency Registers. This angle is
then fed into the Phase Offset adder where it is offset by the
preprogrammed value in the Phase Offset Register. The
Input Section routes data from a microprocessor
compatible control bus and discrete input signals into the
appropriate configuration registers. The Timer Accumulator

supplies a pulse to mark the passage of a user programmed
period of time.

Input Section

The Input Section loads the data on CO-15 into one of the
seven input registers, the LSB and MSB Center Frequency
Input Registers, the LSB and MSB Offset Frequency
Registers, the LSB and MSB Timer Input Registers, and the
Phase Input Register. The destination depends on the state
of A0-2 when CS# and WR# are low (Table 1).

TABLE 1

A2-0 DECODING
CS# |[WR#

A2 | A1 | AO FUNCTION

[} (o} 0 0 t |Load least significant bits of

Center Frequency input.

Load most significant bits of
Center Frequency input.

Load least significant bits of
Offset Frequency input.

Load most significant bits of
Offset Frequency input.

Load least significant bits of
Timing Interval input.

Load most significant bits of
Timing Interval input.

1 1 [o] o] t [Load Phase Register
1 [] t | Reserved
X X X 1 X | Input Disabled

Once the input registers have been loaded, the control in-
puts ENCFREG#, ENOFREG#, ENTIREG#, ENCTIREG#,
and ENPOREG# will allow the input registers to be
downloaded to the PFCS control registers with the input
CLK. The control inputs are latched on the rising edge of
CLK and the control registers are updated on the rising
edge of the following CLK. For example, to load the Center
Frequency Register, the data is loaded into the LSB and
MSB Center Frequency Input Register, and ENCFREG# is
set to zero; the next rising edge of CLK will pass the
registered version of ENCFREG#, R.ENCFREG#, to the

5-13
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clock enable of the Center Frequency Register; this register
then gets loaded on the following rising edge of CLK. The
contents of the input registers are downloaded to the
control registers every clock if the control inputs are
enabled.

Phase Accumulator Section

The Phase Accumulator adds the 32 bit output of the
Frequency Adder with the contents of a 32 bit Phase
Accumulator Register on every clock cycle. When the sum
causes the adder to overflow, the accumulation continues
with the least significant 32 bits of the resuit.

Initializing the Phase Accumulator Register is done by
putting a low on the INITPAC# and ENPHAC# lines. This
zeroes the feedback path to the accumulator, so that the
register is loaded with the current value of the Frequency
Adder on the next clock.

The frequency of the quadrature outputs is based on the
number of clock cycles required to step from 0 to full scale.
The number of steps required for this transition depends on
the phase increment calculated by the frequency adder. For
example, if the Center and Offset Frequency registers are
programmed such that the output of the Frequency Adder is
4000 0000 hex, the Phase Accumulator will step the phase
from O to 360 degrees every 4 clock cycles. Thus, for a 30
MHz CLK, the quadrature outputs will have a frequency of
30/4 MHz or 7.5MHz. In general, the frequency of the
quadrature output is determined by N x FCLK/232, where N
is the output of the Frequency Adder and FCLK is the
frequency of CLK.

The Frequency Adder sums the contents of both the Center
and Offset Frequency Registers to produce a phase
increment. By enabling INHOFR#, the output of the Offset
Frequency Register is disabled so that the output frequency
is determined from the Center Frequency Register alone.
For BFSK modems, INHOFR# can be asserted/
de-asserted to toggle the quadrature outputs between
two programmed frequencies. Note: enabling/disabling
INHOFR# preserves the contents of the Offset Frequency
Register.

Phase Offset Adder

The output of the Phase Accumulator goes to the Phase
Offset Adder, which adds the 16 bit contents of the Phase
Offset Register to the 16 MSB’s of the phase. The resulting
32-bit number forms the instantaneous phase which is fed
to the Sine/Cosine Section.

The user has the option of loading the Phase Offset
Registers with the contents of the Phase Input Register or
the MODO-2 inputs depending on the state of PMSEL.
When PMSEL is high, the contents of the Phase Input
Register are loaded. If PMSEL is low, MODO0-2 encode the
upper 3 bits of the Phase Offset Register while the lower
13 bits are cleared. The MODO-2 inputs simplify PSK
modulation by providing a 3 input interface to phase
modulate the carrier as shown in Table 2. The control
input ENPOREG# acts as a clock enable and must be
low to enable clocking of data into the Phase Offset
Register.

TABLE 2
MOD2-0 DECODING
PHASE SHIFT
MOD2 MOD1 MODO (DEGREES)
(o] 0 (o] (¢}
0 [0} 1 45
(o} 1 (o] 80
0o 1 1 135
1 0 (o] 270
1 (o] 1 315
1 1 (o] 180
1 1 1 225

Timer Accumulator Section

The Timer Accumulator consists of a register which is
incremented on every clock. The amount by which it incre-
ments is loaded into the Timer Increment Input
Registers and is latched into the Timer Increment Register
on rising edges of CLK while ENTIREG# is low. The output
of the Timer Accumulator is the accumulator carry out,
TICO#. TICO# can be used as a timer to enable the
periodic sampling of the output of the NCO-186. The number
programmed into this register equals (232 x CLK period)/
(desired time interval).

Sine/Cosine Section

The Sine/Cosine Section (Figure 2) converts the instanta-
neous phase from the PFCS Section into the appropriate
amplitude values for the sine and cosine outputs. It takes
the most significant 20 bits of the PFCS output and passes
them through a Sine/Cosine look up to form the 16 bit
quadrature outputs. The sine and cosine values are
computed to reduce the amount of ROM needed. The
magnitude of the error in the computed value of the
complex vector is less than -90.2dB. The error in the sine or
cosine alone is approximately 2dB better. The 20 bit phase
word maps into 2n radians so that the angular resolution is
(2r)/220. An address of zero corresponds to O radians and
an address of hex FFFFF corresponds to 2n-({2r)/220)
radians. The outputs of the Sine/Cosine Section are two’s
complement sine and cosine values. The ROM contents
have been scaled by (216-1)/(216+1) for symmetry about
zero.

To simplify interfacing with D/A converters, the format of the
sine/cosine outputs may be changed to offset binary by
enabling BINFMT#. When BINFMT# is enabled, The MSB
of the Sine and Cosine outputs (SIN15 and COS15 when
the outputs are in parallel mode) are inverted. Depending
upon the state of BINFMT#, the output is centered around
midscale and ranges from 8001H to 7FFFH (two’s comple-
ment mode) or 0001H to FFFFH (offset binary mode).

Serial output mode may is chosen by enabling PAR/SER#.
In this mode the user loads the output shift registers with
Sine/Cosine ROM output by enabling ENPHAC#. After
ENPHAC# goes inactive the data is shifted out serially. For
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example, to clock out one 16 bit sine/cosine output,
ENPHAC# would be active for one cycle to load the output
shift register, and would then go inactive for the following 15
cycles to clock the remaining bits out. Output bit streams are
provided in formats with either MSB first or LSB first. The
MSB first format is available on the SIN15 and COS15 out-
put pins. The LSB first format is available on the SINO and
COSO output pins. In MSB first format, zero’s follow the LSB
if a new output word is not loaded into the shift register. In
LSB first format, the sine extension bit follows the MSB if a

SIN/COS
ARGUMENT

ADDRESS [} SINE/COSINE
ROM

DECODE 16 SINE

16 COSINE

| 16SINE__ | coNTROL

new data word is not loaded. The output signal DACSTRB#
is provided to signal the first bit of a new output word is valid
(Figure 3). Note: all unused pins of SINO-15 and COS0-15
should be left floating.

A test mode is supplied which enables the user to access the
phase input to the Sine/Cosine ROM. If TEST and PAR/ SER#
are both high, the 28 MSB’s of the phase input to the Sine/
Cosine Section are made available on SINO-15 and COS4-15.
The SINO-15 outputs represent the MSW of the address.

DACSTRB#

18 SIN 0-15
CONTROL | 16 COS 0-15
Y

FORMAT

OUTPUT

BINFMT#

ENPHACH, TEST, PAR/SER#
OES#

OEC#

FIGURE 2. SINE/COSINE BLOCK DIAGRAM

CLK

ENPHAC#

DACSTRB#

SERIAL DATA OUTPUT

ar X o X1 X2 X3)

FIGURE 3. SERIAL OUTPUT VO TIMING DIAGRAM
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Specifications HSP45106

Absolute Maximum Ratings

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
operation of the device at these or any other conditions above those indi d in the ional i of this ification is not implied.

SUP D Y VO g .« o vttt it ettt it ieteeetsenuanesetannearaseananeeensnanseesasosnnnnessserannassesosanrasassnnn +8.0V
Input, Output or /O Voltage Applied .......c.oiniiniiiiiiii ittt e e e i ananans GND -0.5V to Vg +0.5V
Storage Temperature Range ...... e et e it e sy N ~650C to +150°C
Maximum Package Power Dissipation........... RN e ts ettt ar ettt 2.3W (PLCC), 2.9W (PGA)
Gic ................................................... ereenaaan ereienaes PR .. 11.3°C/W (PLCC), 10.09C/W (PGA)

34.09C/W (PLCC), 36°C/W (PGA)
ComponentCount .....covvviiiieennrrenieennnns it ta i eeen ettt i te sttty P 75,000 Transistors
Junction Temperature .. ..... et eiieeea rereiieeiiee, iy PR . +1509C (PLCC), +175°C (PGA)
Lead Temperature {Soldering, Ten Seconds) ... et isaseraeaeen [T ....+300°C
ESD Classification ...........coiiiiiiiiiiiiinniannn. e eeieieniiaaas e r et e e ateae ettt araana Class 1

Operating Conditions

OperatingVoltageRange .. ..........cciiiiiiiiiiiiiiiininiaan, et e tea et eent ety +4.75V to +5.25V
Operating Temperature RANGE .. .. .. ..uoitenaeaeeeeenneaesosersresesasancerosassnnnsssasssannanssssnaans 09Cto +700C

D.C. Electrical Specifications

SIGNAL
SYNTHESIZERS

Vo = 5.25V, Notes 1 and 3

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ViH Logical One Input Voltage 20 - v Voo = 5.25v
ViL Logical Zero Input Voltage - 0.8 v Voo =4.75V
ViHC High Level Clock Input 3.0 - \Y Vo =5.25V
ViLe Low Level Clock Input - 0.8 v Voo =4.75V
VoH Output HIGH Voltage 26 - \' loH = -400pA, Vo = 4.75V
VoL Output LOW Volitage - 0.4 v loL=+2.0mA,VgC =4.75V
[ Input Leakage Current -10 10 pA VIN= Vgc or GND, Vo = 5.25V
lo 1/0O Leakage Current -10 10 pA VouT =Vcg or GND,
Vog = 5.25V
lccse Standby Power Supply Current - 500 I\ ViN= Vg or GND
Vee = 5.25V, Note 3
Iccor Operating Power Supply Current - 180 mA f=25.6MHz, Viy = Vg or GND

Capacitance (Tp = +250C, Note 2)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
CiN Input Capacitance - 10 pF FREQ = 1MHz, V¢ = Open,
All measurements are referenced
to device ground
Co Output Capacitance - 10 pF
NOTES:

1. Power supply current is proportional to operating frequency. Typical 3. Output load per test load circuit with swilch open and C = 40pF.
rating for Iccop is 7mA/MHz.

2. Nottested, but characterized at initial design and at major process/design
changes.
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Specifications HSP45106

A.C. Electrical Specifications Vg = 5.0V & 5%, Ta = 09C to +70°C (Note 1)

25.6MHz 33MHz
SYMBOL PARAMETER MIN MAX MIN MAX | COMMENTS
Tep CLK Period 39 - 30 - ns
TCH CLK High 15 - 12 - ns
ToL CLK Low 15 - 12 - ns
Twp WR# Period 39 - 30 - ns
TwH WR3# High 15 - 12 - ns
TwL WR# Low 15 - 12 - ns
TAWS Set-up Time A0~2, CS# to WR# Going High 13 - 13 - ns
“ TAWH Hold Time A0-2, CS# from WR# Going High 1 - 1 - ns
Tows Set-up Time CO-15 to WR# Going High 15 - 15 - ns
TCWH Hold Time CO-15 from WR# Going High 0 - ] - ns
Twe Set-up Time WR# High to CLK High 16 - 12 - ns, Note 2
T™CS Set-up Time MODO-2 to CLK Going High 15 - 15 - ns
TMCH Hold Time MODO-2 from CLK Going High 0 - 0 - ns
TeECcs Set-up Time ENPOREG#, ENOFREG#, ENCFREG#, ENPHAC#, 12 - 12 - ns
ENTIREG#, INHOFR#, PMSEL#, INITPAC#, BINFMT#,
TEST, PAR/SER#, PACI#, INITTAC# to CLK Going High
TECH Hold Time ENPOREG #, ENOFREG#, ENCFREG#, ENPHAC#, 0 - (o] - ns
ENTIREG#, INHOFR#, PMSEL#, INITPAC#, BINFMT#,
TEST,PAR/SER# , PACI#, INITTAC# from CLK Going High
Too CLK to Output Defay SINO-15, COS0-15, TICO# B 18 - 15 ns
Tpso CLK to Output Delay DACSTRB# 2 18 2 15 ns
ToE Output Enable Time - 12 - 12 ns
Top Output Disable Time = 15 - 15 ns, Note 3
TRF Output Rise, Fall Time - 8 - 8 ns, Note 3

NOTES:

1. AC.testing is performed as follows: Input levels (CLK Input) 4.0V and OV; 2. If ENOFREG#, ENCFREG#, ENTIREG#, OR ENPOREG# are active,
Input levels (all other inputs) OV and 3.0V; Timing reference levels {CLK) care must be taken to not violate set-up and hold times 1o these registers
2.0V; All others 1.5V. Output load per test load circuit with switch closed when writing data into the chip via the CO-15 port.
and Cy_ = 40 pF. Output transition is measured at Vo > 1.5V and Vo <

3. Controlled via design or process parameters and not directly tested. Char-

1.5V. acterized upon initial design and after major process and/or changes.

A.C. Test Load Circuit

*C

L

|

* TEST HEAD |
CAPACITANCE |
I

I

|

v ) lou

Switch 81 open for Igcsg and Iccop
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Waveforms
SYNCHRONOUS TIMING Tcp
TcH ; ToL
CLK
_A /A N\
™MCS [~ TMCH
MODO -2 W
ENABLE/ TECS lec—! TECH
CONTROL D 4
SIGNALS
—-]
SINO - 15, COSO - 15, TICO## 3‘?3—
—-] TDSO
DACSTRB ¢
(SERIAL MODE ONLY)
— R Twc
ASYNCHRONOUS TIMING Twp
Twe TwH
WRZE N\ /
Taws|TawH
AO -2, CS#-
Tows|TcwH
co-15
OUTPUT ENABLE, DISABLE TIMING
1.5V 1.5V
OES £, OEC #¢
ToE | Top
COS0 - 15,
SINO - 15

HIGH
IMPEDANCE
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IMPEDANCE

OUTPUT RISE AND FALL TIMES
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@ HarRs HSP45106/883

January 1994 16-Bit Numerically Controlled Oscillator

Features Description

* This Circuit is Processed in Accordance to MIL-STD- The Harris HSP45106/883 is a high performance 16-bit
883 and is Fully Conformant Under the Provisions of quadrature numerically controlled oscillator (NCO16). The
Paragraph 1.2.1. NCO16 simplifies applications requiring frequency and

* 25.6MHz Clock Rate phase agility such as frequency-hopped modems, PSK

modems, spread spectrum communications, and precision
32-Bit Center and Offset Frequency Control signal generators. As shown in the block diagram, the

* 16-Bit Phase Control HSP45106/883 is divided into a Phase/Frequency Control
« 8 Level PSK Supported Through Three Pin Interface ~ Section (PFCS) and a Sine/Cosine Section.
« Simultaneous 16-Bit Sine and Cosine Outputs The inputs to the Phase/Frequency Control Section consist

, of a microprocessor interface and individual control lines.
* Outputin Two's Complement or Offset Binary The frequency resolution is 32-bits, which provides for reso-
¢ <0.006Hz Tuning Resolution at 25.6MHz lution of better than 0.006Hz at 25.6MHz. User programma-
« Serial or Parallel Outputs ble center frequency and offset frequency registers give the
i F c t 90dBe user the capability to perform phase coherent switching
* Spurious Frequency Components < - between two sinusoids of different frequencies. Further, a
« 16-Bit Microprocessor Compatible Control Interface programmable phase control register allows for phase con-
trol of better than 0.006°. In applications requiring up to 8
Applications level PSK, three discrete inputs are provided to simplify
implementation.
¢ Direct Digital Synthesis

The output of the PFCS is a 32-bit phase argument which is
¢ Quadrature Signal Generation

input to the sine/cosine section for conversion into sinusoidal

¢ Modulation - FM, FSK, PSK (BPSK, QPSK, 8PSK) amplitude. The outputs of the sine/cosine section are two
16-bit quadrature signals. The spurious free dynamic range
[{ n Signal Generation

* Precision Signal Generatio of this complex vector is greater than 90dBc.
: : For added flexibility when using the NCO16 in conjunction
Ordermg Information with DAC'’s, a choice of either parallel of serial outputs with
TEMPERATURE either two's complement or offset binary encoding is pro-
PART NUMBER RANGE PACKAGE vided. In addition, a synchronization signal is available which

signals serial word boundaries.

HSP45106GM-25/883 -55°C to +125°C | 85 Lead PGA

Block Diagram
SIN/COS

MICROPROCESSOR

INTERFACE ™ "]  puase/ ‘RG;’:‘E"T P E A

. DISCRETE —.—,] FREQUENCY .
CONTROL SIGNALS CONTROL 7 :g?,%ﬁ COSINE 16
SECTION =t
CLOCK —
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 281 5'2

Copyright © Harris Corporation 1994
Opyrig! Pol 5-20



Specifications HSP45106/883

Absolute Maximum Ratings

SupplyVoltage .........oovieiiinnn. P PN vieees +8.0V
Input, Output Voltage Applied ...... . GND-0.5Vto Voo +0.5V
Storage Temperature Range ................. -65°C to +150°C
Junction Temperature .......... e Ceeees .. +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification .........ovviieiiiiiinninn. veressn..Classt

Reliability Information

Thermal Resistance 8ja Gic
Ceramic PGA Package..... vereese. 36.09C/W  11.69C/W
Maximum Package Power Dissipation at +125°C
Ceramic PGA Package ......... eeeraeaans veveeen. 1.39 Watt
GateCount ....cocvviiiiiie i iiiiiiiiiineienans 18,750 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage 1o the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the ! ti of this specification is not implied.
Operating Conditions

Operating VoltageRange . ............. ereeras +4.5V to +5.5V

Operating TemperatureRange ............... -550C to +1250C

TABLE 1. HSP45106/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

GROUP A LTS
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input VIH Vecc =55V 1,2,3 -550C < Tpo < +125°C 22 - Vv
Voltage
Logical Zero Input ViL Voo =45V 1,2,3 -550C <Tp < +1250C - 0.8 v
Voltage
Output HIGH Voltage VoH | loH=-400pA 1,2,3  [-850C<TA<+1250C| 26 - v
Ve = 4.5V (Note 1)
Output LOW Voltage VoL loL =+2.0mA 1,2,3 -550C < Tp € +125°C - 0.4 \
Vcoc=4.5V(Note 1) »
Input Leakage Current L} VIN=Veg or GND 1,2,3 -550C < TA<+1250C | -10 +10 uA El
Vcc =55V 2’ N
Output Leakage 1o VouT = Vg or GND 1,2,3 -850C < Tpo<+1259C | -10 +10 pA = u'”;
Current Voo =55V g E
Clock Input High Vinc |Vco=55V 1,2,3 -550C < TAS+1250C | 30 - v . E
Clock Input Low ViLe  |[vco=45v 1,2,3 -550C < TA<+1250C | - 08 @
Standby Power Supply lccss | VIN=Vccor GND 1,2,8 -550C < Tpo < +125°C - 500
Current Vec=55V,
(Note 4)
Operating Power lccop |f=25.6MHz 1,23 -550C < TA < +1250C - 205 mA
Supply Current Voo = 5.5V (Notes 2, 4)
Functional Test FT (Note 3) 7,8 -550C < TpA < +1250C - B -
NOTES:

1. Interchanging of force and sense conditions is permitted.

2. Operating Supply Current is proportional to frequency, typical rating is
8mA/MHz.

3. Tested as follows: f = 1MHz, V| = 28, V| = 04, Vo > 1.5V,
VoL £ 1.5V, Vi = 3.4V, and V) ¢ = 0.4V.

4. Loading is as specified in the test load circuit with C_ = 40pF.
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested.

LIMITS
-25
(NOTE 1)
CONDI- | GROUP A (25.6MHz)
PARAMETERS SYMBOL | TIONS |SUBGROUP TEMPERATURE MIN MAX UNITS
CLK Period Tcp 9,10, 11 -550C < Tao< +125°C 39 - ns
CLKHigh TCH 9,10,11 -550C < TA< +1250C 15 - ns
CLKLow TeoL 9,10,11 -550C < Ta £ +125°C 15 - ns
WR# Period Twp 9,10,11 -550C <Ta < +1250C 39 - ns
WR# High TWH 9,10, 11 ~550C < Tp < +1250C 15 - ns
WR# Low TwL 9,10,11 ~550C < TA < +125°C 15 - ns
Set-up Time AO-2, CS# to WR# TAWS 9,10, 11 -550C < TA < +1250C 13 - ns
Going High
Hold Time A0-2, CS# from WR# TAWH 9,10,11 -550C < Tp < +1259C 2 - ns
Going High
Set-up Time CO-15 to WR# Tcws 9,10, 11 ~550C < Ta < +125°C 15 - ns
Going High
Hold Time CO-15 from WR# TCWH 9,10, 11 -550C < TA < +1250C 1 - ns
Going High
Set-up Time WR# Highto CLK High| Twc Note 3 9,10, 11 -550C < Tp < +125°C 16 - ns
Set-up Time MODO-2 to CLK T™CS 9,10, 11 -550C < TA< +125°C 15 - ns
Going High
Hold Time MODO-2 from CLK TMCH 9,10, 11 ~-550C < TA < +1250C 1 - ns
Going High
Set-up Time ENPOREG#, Tecs 9,10, 11 ~-550C < TA < +125°C 12 - ns
ENOFREG#, ENCFREG#,
ENPHAC#, ENTIREG#, INHOFR#,
PMSEL#, INITPAC#, BINFMT#,
TEST, PAR/SER#, PACI#,
INITTAC# to CLK Going High
Hold Time ENPOREG#, TECH 9,10, 11 -550C < TA £ +125°C 1 - ns
ENOFREG#, ENCFREG#,
ENPHAC#, ENTIREG#, INHOFR#,
PMSEL#, INITPAC#, BINFMT#,
TEST, PAR/SER#, PACI#,
INITTAC# from CLK Going High
CLK to Output Delay SINO-15, Tpo 9,10, 11 -550C £ Tp £ +1250C - 18 ns
COS0-15, TICO#
CLKto Output Delay DACSTRB# Tpso 9,10, 11 -550C < Tp < +125°C 2 18 ns
Output Enable Time - ToE Note 2 9,10, 11 -550C < TA < +125°C - 12 ns

NOTES:

1. AC.Testing: Vg = 4.5V and 5.5V. Inputs are driven to 3.0V for a Logic “1"” 3. If ENOFRCTL#, ENCFRCTL#, ENTICTL# 6r ENPHREG# are active, care
and 0.0V for a Logic “0". Input and output timing measurements are made at must be taken to not violate set-up and hold times to these registers when
1.8V for both a Logic “1"” and “0". CLK is driven at 4.0V and OV and meas- writing data into the chip via the CO-15 port.
ured at 2.0V. Output load per test load circuit with switch closed and
Cp = 40pF.

2. Transition is measured at +200mV from steady state voltage with loading as
specified by test load circuit and C| = 40pF.
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
=25 (25.6MHz)
PARAMETERS |SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS

Input Capacitance CIN Vge = Open, 1 Ta =+250C - 10 pF

f=1MHz, All

measurements are

referenced to

device GND.
Output Capacitance Cout |Vcc=0Open, 1 Ta=+250C - 10 pF

f=1MHz, All

measurements are

referenced to

device GND.
Output Disable ToEZ 1,2 -550C < TA < +1250C - 15 ns
Delay
Output Rise Time TOR From 0.8V to 2.0V 1,2 -550C < Tao < +125°C - 8 ns
Output Fall Time Tor From 2.0V t0 0.8V 1,2 -550C < TA < +1250C - 8 ns

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parameters 2. Loading is as specified in the test load circuit with switch closed and
and are not directly tested. These parameters are characterized upon initial Cy_ = 40pF.
design and after major process and/or design changes.

TABLE 4. ELECTRICAL TEST REQUIREMENTS

@
CONFORMANCE GROUPS METHOD SUBGROUPS _' g
Initial Test 100%/5004 - § (]
Interim Test 100%/5004 - % E
PDA 100% 1 %
Final Test 100% 2,3,8A,88,10,11 |
Group A - 1,2,83,7,8A,88,9,10,11
GroupsC&D Samples/5005 1,7,9
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Burn-In Circuit

HSP45106/883 PIN GRID ARRAY (PGA)

1 10 9 8 7 6 5 4 3 2 1
DAC
Lfono | sino|snt fsina | sins | sine | sine | siniz | sivia] sivia | stre | o
F-
k| rur | Voo | ek | sz | Voo | swe [swio | eno | swis| OB | coso | «
nTpac | PAR/ OEC
J % seL 8INe | SIN7 | SINT1 EC | cost |
n [EneHAC Pact cosz | cosa ] u
ENTI | \NITT | INHOF
G n;a acz | Rz cose | coss | coss |
encrk | enco | ENOF 85 LEAD PGA

F Y rec# | REG# | REG# TOP VIEW cos7| coss | Vec | ¢

e | csx | eno | wrze cos11| cosio| cose | e

D Veo TEST GND | cos12) p

¢ | Mooz [ mopo cio | co | cs INoEX| costs | costa] ¢

s fmoo1 | az | A cis | ci2 | c13 | Vec | ce ct |nico#|cosis] s

A lemser| a0 | eno | cie ci1 | cs c7 cs ca | c2

11 10 9 8 7 6 5 4 3 2
PGA PIN BURN-IN [PGA PIN BURN-IN lPGA PIN BURN-IN |PGA PIN BURN-IN
PIN NAME SIGNAL | PIN NAME SIGNAL | PIN NAME SIGNAL |PIN NAME SIGNAL
Al co F7 B11 | MOD1 F13 F9 ENOFREG# | F8 K2 OES# F14
A2 |[C2 F7 C1 CcOs13 Veog/2 F10 | ENPOREG# |F4 K3 |SIN15 Vee/2
A3 |C3 F7 C2 |COSs15 Vee/2 F11 |ENCFREG# |F7 K4 GND GND
A4 |C5 F8 c5 |C6 F8 G1 COS5 vgee/2 K§ |[SIN10 Veoo/2
A5 |c7 F8 c6 |co F10 G2 |cosa voo/2  |ke |sins Vo2
As |cs F10 c7 |c1o F10 G3 [coss veo2 |k |veg Ve
A7 [C11 F10 C10 | MODO F12 G9 | INHOFR# F11 K8 |SIN2 Veoo/2
A8 |C14 F11 C11 | MOD2 F14 G10 { INITTAC# F13 K9 CLK FO
A9 |GND GND D1 C0OS12 Vee/2 G11 | ENTIREG# F12 K10 |Voe \ele]
A10 |AO F8 D2 GND GND H1 COSs3 Vog/2 K11 | BINFMT# F6
A11 | PMSEL F14 D10 | TEST F14 H2 }COSs2 Voe/2 L1 DACSTRB# |Vco/2
B1 |cosi4 vee/2  |p11 |vee Voo H10 | PACI# F11 L2 [sINt4 Veo/2
B2 |TICO# Vo2  |E1 |coss Vog2  |H11 [EnPHACE  [Fio L3 [sIN13 Veo/2
B3 [C1 F7 E2 [COs10 vee2  |u1 | cost 2 P EE Voc/2
B4 |C4 F8 E3 |costi Vo2 |92 |oEC# F14 L5 |siNg Voc/2
B85 |Vco Vee E9 |WR# F4 J5 | SINt1 vee2  Jis |siNg voo/2
B6 |C13 F11 E10 | GND GND Js | SINT veo’2 |7 |sins Voo/2
87 [c12 F11 E11 |CS# F6 J7 |siNe voo/2  jLs |siNg Voeo/2
B8 |C15 F11 F1 |vee vee J10 | PAR/SER# |F13 L9 [siNt Vgor2
B9 |At F7 F2 |coss voo/2 911 [INTPAc#  [Fr2 L10 |SINO Voo/2
B10 | A2 F10 F3 [COS7 Vee/2 K1 COSso Vee/2 L11 |GND GND
NOTES:

1. Vo/2 (2.7V £10%) used for outputs only.
2. 4TKQ (£20%) resistor connected to all pins except Vo and GND.

3. Vgg = 5.5V 20.5V.

4. 0.1uF {min) capacitor between Vo and GND per position.

5. FO = 100kHz £10%, F1 = F0/2,F2=F1/2...,F11 =F10/2, 40% - 60%
Duty Cycle.

6. Input voltage limits: V| = 0.8V Max V| = 4.5V £10%
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Die Characteristics
DIE DIMENSIONS:
251 x 240 x 19 +1 mils
METALLIZATION:
Type: Si-Al or Si-Al-Cu
Thickness: 8
GLASSIVATION:
Type: Nitrox
Thickness: 10kA

Metallization Mask Layout
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‘HSP45116

Numerically Controlled
Oscillator/Modulator

Features

¢ NCO and CMAC on One Chip

¢ 15MHz, 25.6MHz, 33MHz Versions

¢ 32-Bit Frequency Control

¢ 16-Bit Phase Modulation

16-Bit CMAC

¢ 0.008Hz Tuning Resolution at 33MHz

¢ Spurious Frequency Components < -90dBc
* Fully Static CMOS

Applications

* Frequency Synthesis

¢ Modulation - AM, FM, PSK, FSK, QAM
* Demodulation, PLL

Phase Shifter

¢ Polar to Cartesian Conversions

Description

The Harris HSP45116 combines a high performance
quadrature numerically controlled oscillator (NCO) and a
high speed 16-bit Complex Multiplier/Accumulator (CMAC)
on a single IC. This combination of functions allows a com-
plex vector to be multiplied by the internally generated (cos,
sin) vector for quadrature modulation and demodulation. As
shown in the block diagram, the HSP45116 is divided into
three main sections. The Phase/Frequency Control Section
(PFCS) and the Sine/Cosine Section together form a com-
plex NCO. The CMAC multiplies the output of the Sine/
Cosine Section with an external complex vector.

The inputs to the Phase/Frequency Control Section consist
of a microprocessor interface and individual control lines.
The phase resolution of the PFCS is 32-bits, which results in
frequency resolution better than 0.008Hz at 33MHz.The out-
put of the PFCS is the argument of the sine and cosine. The
spurious free dynamic range of the complex sinusoid is
greater than 90dBc.

The output vector from the Sine/Cosine Section is one of the

Ordering Information

inputs to the Complex Multiplier/Accumulator. The CMAC
muttiplies this (cos, sin) vector by an extemal complex vector

TEMPERATURE and can accumulate the result. The resulting complex vectors
PART NUMBER RANGE PACKAGE are available through two 20-bit output ports which maintain
"HSP45116VC-15 0°G to +70°C | 160 Load MQFP the 90dB spectral purity. This result can be accumulated inter-
TISP45116vC 26 °C10370°C 1160 Load MGFP nally to implement an accumulate and dump filter.
HSP45116VC-33 0°C to +70°C | 160 Lead MQFP A quadrature down converter can be implemented by load-
ing a center frequency into the Phase/Frequency Control
HSP45116GC- o
SP4S116GC-15 0*Cto +7°°c 145 Lead PGA Section. The signal to be downconverted is the Vector Input
HSP45116GC-25 0°C1t0+70°C  [145 Lead PGA of the CMAC, which multiplies the data by the rotating vector
HSP45116GC-33 0°Cto +70°C | 145 Lead PGA from the Sine/Cosine Section. The resulting complex output
HSP45116TM-15 55°C to +125°C | 156 Lead TAB is the down converted signal.
HSP45116TM-25 -55°C to +125°C | 156 Lead TAB The pinout for the TAB package can be obtained by referring
HSP45116AVC-52 0°C to +70°C 160 Lead MQFP to the Metallization Mask Layout of the HSP45116/883 data
sheet.
Block Diagram
VECTOR INPUT
R 1
SINE/ |
MICROPROCESSOR PHASE/ COSINE SIN
INTERFACE FREQUENCY | ARGUMENT SINE/
CONTROL —+ COSINE | g CMAC
INDIVIDUAL SECTION
CONTROL SIGNALS | SECTION
R 1
VECTOR OUTPUT
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2485.4

Copyright © Harris Comp
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Pinouts 145 PIN PGA
TOP VIEW
1 2 3 4 5 8 7 8 9 10 11 12 13 14 15

A Voo | IMIN | IMIN | IMIN | tMIN] IMIN | IMIN | GND | Ve | 10 10 0 10 |GND |Vee | A
4 8 9 1 15 16 18 15 12 10

B GND | IMIN | IMIN | IMIN | IMIN | IMIN | IMIN | 1O [[e] 10 10 [[e] 10 0 [[e] B
1 5 7 10 13 14 19 18 14 1 8 7 5 2

[ RIN | RIN { IMIN | IMIN | IMIN | IMIN § IMIN | iIMIN | 10 10 [[¢} 10 10 10 RO (4]
2 3

15 | 18 6 | 12|17} |17]13] 9 [} 4 1 18
o | RIN | RIN | 1MiN [INDEX] o |rO}rRO] D
By17] o 3 |18 | 17
E [RN] RN | RN wo|rolro| E
10 | 14 | 18 o | 18| 1s
F [RIN [ RIN | RIN rROJRO{RO| F
7 |1 12 14 ] 1311
¢ |vce | RN | RN rRo| ro|RO| @
9 8 9 12 | 10
H |GND | RIN { RIN RO | Ro |eND| H
[ 5 8 7
J [ RN [ RIN [ RIN RO | RO {vec| ¥
3 1 4 5 4
K | RN | RN | sH rRo | ro 