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New Digital Signal Processing Products

HSP50016 HSP43216
DIGITAL DOWN CONVERTER HALF BAND FILTER
(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

.

HSP50016-EV HSP43124
DDC EVALUATION BOARD SERIAL VO FILTER
(Page 8-10) (Page 3-3)

PC BASED DATA AND CONTROL
REAL TIME DATA AND CONTROL
RAPID PROTOTYPING

HSP50110
DIGITAL QUADRATURE TUNER

.

(Page 6-25)
FRONT END OF DEMODULATION CHIP SET
DEMODULATES PSK, FSK, AM, FM
PROVIDES TUNING, INITIAL FILTERING
INPUT SAMPLE RATE = 60MSPS
DATABITS =10

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







HARRIS SEMICONDUCTOR
DSP PRODUCTS

This Digital Signal Processing databook represents the full line of Harris
Semiconductor DSP products for commercial and military applications
and supersedes previously published DSP material under the Harris, GE,
RCA or Intersil names. For a complete listing of all Harris Semiconductor
products, please refer to the Product Selection Guide (PSG-201S;
ordering information below.)

For complete, current and detailed technical specifications on any Harris
devices please contact the nearest Harris sales, representative or distrib-
utor office; or direct literature requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
TEL: 1-800-442-7747
FAX: (407) 724-3937

See Section 12 for Data Sheets Available on AnswerFAX

See Technical Assistance Listing on Page vi
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Harris Semiconductor products are sold by description only. All specifications in this product
guide are applicable only to packaged products; specifications for die are available upon
request. Harris reserves the right to make changes in circuit design, specifications and other
information at any time without prior notice. Accordingly, the reader is cautioned to verify that
information in this publication is current before placing orders. Reference to products of other

manufacturers are solely for convenience of comparison and do not imply total equivalency of
design, performance, or otherwise.
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DIGITAL SIGNAL PROCESSING

FOR COMMERCIAL AND MILITARY APPLICATIONS
General Information

Multipliers E

One Dimensional Filters n

Video Processing n

Signal Synthesizers E

Down Conversion and Demodulation n
Special Function

Development Tools n

Application Notes and Tech Briefs n
Quality and Reliability n

Packaging Information

How to Use Harris AnswerFAX n

Sales Offices E



TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact the Field Applications Engineering staff available at one of the follow-
ing Harris Sales Offices:

UNITED STATES
CALIFORNIA SanJose ....... r e 408-985-7322
WoodlandHills .. .................... 818-992-0686
FLORIDA Melbourne .............. ... .ol 407-723-0501
GEORGIA Duluth...........c.oiiiiiiiiii, 404-476-2035
ILLINOIS Schaumburg.............ccoiiinn... 708-240-3480
NEW JERSEY VoOrhees . .....oovevvinneeeninnnen. 609-751-3425
NEW YORK GreatNeck..........covvvvvvnnnnn., 516-829-9441
INTERNATIONAL
FRANCE Paris........oooiiiiiiiiiiin . 33-1-346-54046
GERMANY Munich...........cooiiiiiiiant, 49-8-963-8130
HONG KONG Kowloon..........ooviivininnnnnnn 852-723-6339
ITALY Milano............ooiiiiiiiiint 39-2-262-0761
JAPAN TOoKyO . oo 81-33-345-8911
KOREA Seoul ...t 82-2-551-0931
SINGAPORE Singapore. . ...t 65-291-0203
UNITED KINGDOM Camberley .............covvvenn.. 44-2-766-86886

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS)
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DECIsMATE™
HMA510
HMAS510/883
HMU16
HMU17
HMU16/883
HMU17/883
HSP-EVAL
HSP43124
HSP43168

HSP43168/883

HSP43216
HSP43220

HSP43220/883

HSP43481

HSP43481/883

HSP43881

HSP43881/883

HSP43891

HSP43891/883

HSP45102

GENERAL INFORMATION

ALPHA NUMERIC PRODUCT INDEX

PAGE
Harris HSP43220 Decimating Digital Filter Development Software ................. 8-3
16 x 16-Bit CMOS Parallel Multiplier Accumulator .................. e 2-3
16 x 16-Bit CMOS Parallel Multiplier Accumulator . .......... . ... ..., 2-10
16 x 16-Bit CMOS Parallel Multipliers. .. . ...... .ottt eie e 2-15
16 x 16-Bit CMOS Parallel Multipliers. .. .........cvuttii it iieie e, 2-15
16 x 16-Bit CMOS Parallel Multiplier. . .. ... 2-25
16 x 16-Bit CMOS Parallel Multiplier. . .. ... it 2-31
DSP Evaluation Platform. ....... ... .. e 8-7
Serfal VOFilter. . ....... ... e e e 3-3
Dual FIRFIlter. . . ..o e e 3-18
Dual FIRFIlter. . ... it et i 3-35
Halfband Filter. . ... ... . i 3-43
Decimating Digital Filter ... ... ... ... ettt 3-60
Decimating Digital Filter . ... ... ... ottt it ie i 3-83
Digital Filter. . . o 3-90
Digital Filter. . . ... e e 3-105
Digital Filter. ... .. e e e e 3-110
Digital Filter. . . ..o e 3-125
Digital Filter. .. oot e e e e e 3-131
Digital Filter. .. ... e e e e 3-147
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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

can be obtained from the corresponding portion of the commercial data sheets.
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HSP45106
HSP45106/883
HSP45116
HSP45116/883
HSP45116-DB
HSP45240
HSP45240/883
HSP45256
HSP45256/883
HSP48212
HSP48410
HSP48410/883
HSP48901
HSP48908
HSP48908/883
HSP50016
HSP50016-EV
HSP50110
HSP9501
HSP9520
HSP9521

ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
16-Bit Numerically Controlled Oscillator . . .. .....coviiiiiiiiiiiiii i, 5-10
16-Bit Numerically Controlled Oscillator . . .. ....ooviiiiii i, 5-20
Numerically Controlled Oscillator/Modulator. . .. ...oovvvinienii i rnneens 5-26
Numerically Controlled Oscillator/Modulator. . .. .....cviiniiiiiniiiiienneans 5-47
HSP45116 DaughterBoard .. ......cooviiiiiiiiiiiiiii ittt 8-8
AdAress SBQUENCEN. . . . vttt ittt it en e eeneeenoneeaeeeeasonennsoeenans 7-3
AdAress SEQUENCEN. . . .\ ittt ittt it et ittt teene e aneeneeneneaaesannnns 7-15
Binary Comelator. . ..o v vttt e e e e et 7-21
Binary Comelator. . .ottt i e e e e e 7-34
Digital VIdeO MIXEr . ... ...\ttt it e 4-3
Histogrammer/Accumulating Buffer. . . ...t 4-12
Histogrammer/AccumulatingBuffer .. ................ ... ... i, 4-23
Bx3Image Filter ...t i i i i e it e e, 4-31
Two Dimensional ConvoIVEr . .. ... ...iiiuniiiiiii it iiiiiii et 4-40
Two Dimensional ConvoIver . ........vviiiiiiiiiiiiii ittt iieainas 4-57
Digital DOwn Converter. . ...ttt ittt ittt 6-3
DDCEvaluation Platform . ........... ... oottt 8-10
Digital Quadrature TUNBr ... .........oiiiiitnietnnnerennoonnnsnnnnennenns 6-25
Programmable Data Buffer . ..........coiiiiiiiiiiiiii i e 4-64
Multilevel Pipeline Registers . . . ...cvvviieiiiiiieiinreinrnennnoaeenananns 7-42
Multilevel Pipeline Registers . . . ....covutietiiiiiiiir it iineenreaennannnns 7-42

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.



PRODUCT INDEX BY FAMILY

DEVELOPMENT TOOLS
DECIsMATE™ Harris HSP43220 Decimating Digital Filter Development Software . ..............
HSP-EVAL DSP Evaluation Platform . ........ ... .. . i
HSP45116-DB HSP45116 DaughterBoard . . .. ....... ..ottt
HSP50016-EV DDC Evaluation Platform. .. ................ ... ... . il

DOWN CONVERSION AND DEMODULATION

HSP50016
HSP50110

MULTIPLIERS
HMA510
HMAS510/883
HMU16, HMU17
HMU16/883
HMU17/883

Digital DOWN CoNVeMer . ... .ottt it ettt ittt i e

Digital Quadrature Tuner. . .......... ...ttt

16 x 16-Bit CMOS Parallel Multiplier Accumulator. . ............. .. .ooinn...
16 x 16-Bit CMOS Parallel Multiplier Accumulator. .. .........................
16 x 16-Bit CMOS Parallel Multipliers .............. ... ... iiiiiiiiin..
16 x 16-Bit CMOS Parallel Multiplier ............ ... ... .o i,
16 x 16-Bit CMOS Parallel Multiplier . ......... ... .. i,

ONE DIMENSIONAL FILTERS

HSP43124
HSP43168
HSP43168/883
HSP43216
HSP43220
HSP43220/883
HSP43481
HSP43481/883
HSP43881
HSP43881/883
HSP43891
HSP43891/883

Serfal VO Filter . . ... ... . e e
Dual FIRFIer ... o i e e e e et et et ieie s
Dual FIRFIer . ..ot i e et ettt e ettt e e i et eannns

Decimating Digital Filter. . .. ... oo e e
Decimating Digital Filter. . .. ........ . i e
Digital Filter . ...
Digital Filter . .. ... ... e
Digital Fiter . ... ..o e
Digital Filter . .. ... e e
Digital Filter . .. ... .. e
Digital Filter ... ... e

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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PRODUCT INDEX BY FAMILY (continued)

PAGE
SIGNAL SYNTHESIZERS
HSP45102 12-Bit Numerically Controlled Oscillator. . ... .....coviiiiiiniiiiiiie i inn, 5-3
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HSP45116 Numerically Controlled Oscillator/Modulator ..............coviiiiiininne.. 5-26
HSP45116/883 Numerically Controlled Oscillator/Modulator . ............. .. it iiienenn.. 5-47
SPECIAL FUNCTION
HSP45240 AdAress SeQUENCET . ..ttt ve it eeeeneeeeenenesensnenensassncennnsens 7-3
HSP45240/883 AQAreSS SEQUENCEN . .. oottt it iiite st seiieeennaaaneaennaennennns 7-15
HSP45256 Binary Cormelator . . ...ttt it e e e 7-21
HSP45256/883 Binary Correlator .. ..ottt i i e 7-34
HSP9520, HSP9521  Multilevel Pipeline Registers. . . .....ccovii ittt iiii i 7-42
VIDEO PROCESSING
HSP48212 Digital Video MIXer. ... ...t it 4-3
HSP48410 Histogrammer/AccumulatingBuffer .. .......... . ool 4-12
HSP48410/883 Histogrammer/AccumulatingBuffer. ............ ... ... i, 4-23
HSP48901 3x3ImageFilter. ... ..ouiuuiiiii i e e 4-31
HSP48908 Two Dimensional ConvoIVer . . . .....ciiii ittt iiiiiee e 4-40
HSP48908/883 Two Dimensional ConvoIver. ...ttt i iiiii e aans 4-57
HSP9501 Programmable DataBuffer. . ...........ccoiiiiiiii i i e 4-64
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DATA ACQUISITION PRODUCTS

A/D CONVERTERS - DISPLAY

CA3162

HI7131, HI7133
ICL7106, ICL7107
ICL7116, ICL7117
ICL7126

ICL7129
ICL7136, ICL7137
ICL7139, ICL7149

A/D Converter for 3-Digit Display

3‘/2 Digit Low Power, High CMRR LCD/LED Display Type A/D Converter
3'/, Digit LCD/LED Display A/D Converter

31/, Digit LCD/LED Display A/D Converter with Display Hold

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

4'/, Digit LCD Single-Chip A/D Converter
3’/2 Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery
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, 500MSPS 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
ICL7109
ICL7135

ICL8052/ICL7104,
ICL8068/ICL7104

Microprocessor Compatible 5'/, Digit A/D Converter
12-Bit Microprocessor Compatible A/D Converter
4"/, Digit BCD Output A/D Converter

14/, 6-Bit uP-Compatible, 2-Chip A/D Converter (AnswerFAX Only) Document # 3091
See Section 12

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

A/D CONVERTERS - SAR
ADCO0802, ADC0803, 8-Bit uP Compatible A/D Converters

ADCO0804

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

HI-574A, Complete 12-Bit A/D Converter with Microprocessor Interface

HI-674A,

HI-774

Hi5810 CMOS 10us 12-Bit Sampling A/D Converter with Internal Track and Hold

HI5812 CMOS 20us 12-Bit Sampling A/D Converter with Internal Track and Hold

HI5813 CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal Track and Hold

HI7152 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3100
See Section 12

HI7151 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3099
See Section 12

ICL7112 12-Bit High-Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document # 3639
See Section 12

ICL7115 14-Bit High Speed CMOS uP-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 8-Bit, 20MSPS Flash A/D Converter

HI1176 8-Bit, 20MSPS Flash A/D Converter

HI5800 12-Bit, SMSPS Sampling A/D Converter

HI-7153 8 Channel, 10-Bit High Speed Sampling A/D Converter

COMMUNICATION INTERFACE

HIN230 thru +5V Powered RS-232 Transmitters/Receivers
HIN241
ICL232 +5V Powered Dual RS-232 Transmitter/Receiver

NOTE: Bold Type Designates a New Product from Harris.



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 4'/, Digit LCD Display Counter

ICM7226A, ICM7226B8-Digit Multi-Function Frequency Counter/Timers
ICM7249 5'/, Digit LCD p-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-DAC80V, 12-Bit, Low Cost, Monolithic D/A Converter

HI-DAC85V

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

HI20201, HI20203  10/8-Bit, 160MSPS Uitra 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 uP-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 pP Compatible LED Display Decoder Driver

ICM7231, ICM7232  Numeric/Alphanumeric Triplexed LCD Display Driver

ICM7243 8-Character pP-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
DG408, DG409
DG458, DG459

DG506A, DG507A,
DGS508A, DG509A

DG526, DG527,
DG528, DG529

HI-1818A, HI-1828A

HI-506, HI-507,
HI-508, HI-509

HI-506A, HI-507A,
HI-508A, HI-509A

HI-516

Single 16-Channel/Differential 8-Channel CMOS Analog Multiplexers

Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers

Single 8-Channel/Differential 4-Channel Fault Protected Analog Multiplexers
CMOS Analog Multiplexers

Analog CMOS Latchable Multiplexers

Low Resistance, Single 8 Channel and Differential 4 Channel CMOS Analog Multiplexers
Single 16 and 8/Differential 8 and 4 Channel CMOS Analog Multiplexers

16 Channel, 8 Channel, Differential 8 and Differential 4 Channel CMOS Analog MUXs with Active Over-
voltage Protection

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 puP-Compatible Real-Time Clock

NOTE: Bold Type Designates a New Product from Harris.
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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, DG4a45
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

IH5009 thru IH5012,
IH5014, IH5016 thru
1H5020, IH5022,
IH5024

1H5043

IH5052, IH5053
IH5140 thru IH5145
IH5151

IH5341, IH5352
1H6201

DATA ACQUISITION PRODUCTS (continued)

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,
CA339, LM339

CA3098
CA3290

HA-4900, HA-4902,
HA-4805

HFA-0003,
HFA-0003L

Quad Voltage Comparators for Industrial, Commercial and Military Applications

Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors
BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output

Precision Quad Comparator

Ultra High Speed Comparator

DIFFERENTIAL AMPLIFIERS DATA SHEETS

CA3028, CA3053
CA3049, CA3102
CA3054

Differential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 120MHz
Dual High Frequency Differential Amplifiers For Low Power Applications Up 500MHz
Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC to 120MHz

OPERATIONAL AMPLIFIERS DATA SHEETS

CA124, CA224,
CA324, LM324*,
LM2902*

CA158, CA258,
CA358, CA2904,
LM358*, LM2904*

CA741, CA1458,
CA1558, LM741*,
LM1458", LM1558*

CA3020

CA3060
CA3078
CA3080
CA3094
CA3100
CA3130
CA3140
CA3160
CA3193
CA3240
CA3260
CA3280

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications

Dual Operational Amplifiers for Commercial Industrial, and Military Applications

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial Applications

Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at Frequency Up to
8MHz

Operational Transconductance Amplifier Arrays

Micropower Operational Amplifier

Operational Transconductance Amplifier (OTA)

Programmable Power Switch/Amplifier for Control and General Purpose Applications
Wideband Operational Amplifier

BiMOS Operational Amplifier with MOSFET Input/CMOS Output
BiMOS Operational Amplifier with MOSFET Input/Bipolar Output
BiMOS Operational Amplifiers with MOSFET Input/CMOS Output
BiCMOS Precision Operational Amplifiers

Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output
BiMOS Operational Amplifier with MOSFET Input/CMOS Output

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-2525

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 Amplifiers
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

GENERAL
INFORMATION

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 Operational Ampilifier
Low Power, High Slew Rate Wideband Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continueq)

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 Amplifier

100MHz Current Feedback Video Amplifier

Dual, Quad 100MHz Video Current Feedback Ampilifier 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 Ultra-Low Power Operational Amplifiers

Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier
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 Amplifiers

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 Amplifier
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.
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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 Ampilifier

SPECIAL ANALOG CIRCUITS DATA SHEETS

CAS555, 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 Osclillator

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 HDBS3 (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

CD74HC221086,
CD74HCT22106

HC-5502B
HC-5504B
HC-5504DLC
HC-5509A1
HC-5509B
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 Commerecial, 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.



MULTIPLIERS

MULTIPLIERS DATA SHEETS

HMA510
HMA510/883
HMU16, HMU17
HMU16/883
HMU17/883

16 x 16-Bit CMOS Parallel Multiplier Accumulator .............c.oiiiiiiinaen..
16 x 16-Bit CMOS Parallel Multiplier Accumulator . ............ciiiiiirnennen..
16 x 16-Bit CMOS Parallel Multipliers. .. ..........ooiiiiiiiiiiii i
16 x 16-Bit CMOS Parallel Multiplier. . . ...t
16 x 16-Bit CMOS Parallel Multiplier. . . ..........oituieii ittt
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@ HARRIS HMAS510

16 x 16-Bit CMOS Parallel
January 1994 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:
- lccsp = 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 HMAS510 is a high speed, low power CMOS 16 x 16-bit
parallel 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 multiplexed 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
HMAS510JC-45 0°C to +70°C 68 Lead PLCC ports and the preloaded control.
HMA510JC-55 0°C to +70°C | 68 Lead PLCC
HMA510GC-55 0°Cto +70°C | 68 Lead PGA
Block Diagram
X0-15 RND SUB  Y0-15P0-15
16 16}
REGISTER REGISTER | REGISTER |
CLKY¥- T
y y
| MULTIPLIER ARRAY ]
35 f
PRELOAD —» ACCUMULATOR 4

CLKP — XTP REGISTER | MSPREGISTER | LSP REGISTER | 1 45

3

(o]
m|
x|

@ -
A
P32-34 vt

16,

P16-31

E

[«]
m|
i

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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HMA5170

Pinouts HMA510 PLCC

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

7 6 5 4 3 2 68 67 66 65 64 63 62 61

68 LEAD PLCC

TOP VIEW

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

N O

P33 P32 P31 P30 P29 P28 P27 P26 P25 P24 P23 P22 P21 P20 P19 P18 P17

Y2/ P2
Y3/ P3
Y4/ P4
Y5/ P5
Y6/ P6
Y7/ P7
GND
GND

Y8/ P8
Y9/ P9
Y10/ P10
Y11/ P11
Y12/ P12
Y13/ P13
Y14/ P14
Y15/ P15
P16

HMA510 CERAMIC PGA
11 NG | x15s | RND | Acc | cky | Tc | PREL | clke | Paa
10 ] x13 | x14 | OEL | suB | cikx | vec | OEx | OEM | Paa | P32 | n/c
9 | x11 | xi2 P30 | P31
8| xo x10 P28 | P29
7| xr x8 P26 | P27
68 LEAD
ol x5 | xe PIN GRID ARRAY p2a | pos
TOP VIEW
s| xs x4 P22 | P23
al xa x2 P20 | P21
3l vor xo P18 | P19
PO
vir | var | vsr | vur | ver | vior | vizz | viay
2| Ne P1 P3 PS5 P7 P8 P10 | P12 | P14 | P16 | P17
v/ | var | ves Yo/ | v/ | vizr | visy
1 P2 P4 pe | GND | pg | pi1 | P13 | P15 | N/C
A B c D E F G H J K L




HMA5170

Pin Descriptions

NAME

PLCC
PIN NUMBER

TYPE

DESCRIPTION

Vee

17-20

The +5V power supply pins. 0.1uF capacitors between the Vo 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 Output 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). 1t 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 input is 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.

PREL

23

Preload Control. When this control 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.

o]
m
-

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.

OEM

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.

OEX

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.

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 1/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 HMA510 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 buﬁerm 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
0 0 0 Q Q Q
0 ) 0 Q Q z
0 0 1 o Q z Q
o 0 1 1 Q z z
0 1 0 0 z Q Q
0 1 0 1 z Q z
0 1 1 0 z z Q
0 1 1 1 z z z
1 0 0 0 z z z
1 0 0 1 z z PL
1 0 1 0 z PL z
1 0 1 1 z PL PL
1 1 0 0 PL z
1 1 0 1 PL PL
1 1 1 0 PL PL z
1 1 1 1 PL PL PL

Z = Output 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 sSuB P OPERATION
L L X Q Load
L H L Q Add
L H H Q Subtract
H X X PL Preload




HMA510

INPUT FORMATS
Fractional Two’s Complement Input

X Y

[1514 13121109 8 7 6 5 43 2 1 0]f15 14131211109 87 635 43 210
220 2-1 2-2 2-3 24 2-5 2-6 2-7 2-8 29 2-102-112-122-132-142-15 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-14 2-15
(Sign) (Sign)

Integer Two’s Complement Input
X Y
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 o] 1514131211109 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 13 12 11 10 9 8 7 6 5 4 3 2 1 0] 151413 121110 9 8 7 6 5 4 3 2 1 0]
2-1 22 2-3 2-4 25 2-6 2-7 2-8 29 2-102-112-122-132-142-152-16  2-1 22 2-3 24 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-14 2-152-16

Unsigned Integer Input
X Y
1514131211109876543210||151413121110987'6543210
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 Compl t Fracti | Output

XTP MSP LSP
[343332”3130292827262524232221 20 19 18 17 16H15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

2242322 2120 2-12-22-32-42-52-62-72-82-92-10 2-11 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 LSP

34 33 32] (31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16] [15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
2234 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
(Sign)

Unsigned Fractional Output
XTP MSP LSP

[43332 [313020 28 2726 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 2-12-22-32-42-52-62-72-82-92-10 2-11 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 2-31 2-32

Unsigned Integer Output
XTP MSP LSP

'3433 32]‘31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 IGIFIS 14 13 12 11 10 9 8 7 6543210—|
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

Supply Voltage
Input, Output or I/O Voltage Applied ....GND -0.5V to Vo +0.5V

Storage TemperatureRange ................. -65°C to +150°C
GateCount ................ Ceerieeaaes eeiiieaas 4800 Gates
Junction Temperature ............ 1500C (PLCC), +175°C (PGA)
Lead Temperature (Soldering, Ten Seconds) ... ....+300°C
ESD Classification .....covveiiiiiiiiiiiiiiiiiiiinen Class 1

Operating Conditions

Operating VoltageRange ............coouvene.
Operating Temperature Range

Reliability Information

43.20C/W (PLCC), 42.69°C/W (PGA)
15.19C/W (PLCC), 10.00C/W (PGA)
Maximum Package Power Dissipationat 70°C ....... 1.7W (PLCC)
2.46/W (PGA)

+4.75V to +5.25V
0°C to +70°C

D.C. Electrical Specifications (vgg = 5.0V £5%, Tp = 0°C to +70°C)

PARAMETER SYMBOL MIN MAX [ UNITS TEST CONDITIONS
Logical One Input Voltage VIH 2.0 - \ Vge =5.25V
Logical Zero Input Voltage ViL - 0.8 \ Vcg =4.75V
Output HIGH Voltage VoH 26 - v IoH =-400pA, Vo = 4.75V
Output LOW Voltage VoL - 0.4 \ loL = +4.0mA,Vcc =4.75V
Input Leakage Current ] -10 10 uA VIN= Vg or GND, Voo = 5.25V
Output or I/O Leakage Current o -10 10 pA Vout =Vcgor GND, Vg =5.25V
Standby Power Supply Current IccsB - 500 uA VIN =V or GND, Ve = 5.25V, Outputs Open
Operating Power Supply Current Iccop - 7.0 mA f=1.0MHz, VN =Vcc or GND

Vee =5.25V (Note 1)
Capacitance (Tp = +25°C, Note 2)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Input Capacitance CIN - 10 pF FREQ = 1MHz, Vo = Open all Measurements
Output Capacitance Cour — 10 oF are Referenced to Device Ground.
1/0 Capacitance Cyo - 15 pF

NOTES:

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

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

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

HMA510-45 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 Tpis - 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 - - 8 ns From 0.8V to 2.0V
Output Fall Time TF - - 8 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 = 50002 and C|_ = 40pF.

2. For A.C. Test load, refer to A.C. Test Circuit with Vq = 2.4V, Ry = 5000
and C|_ = 40pF.
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HMAS510

A.C. Test Circuit
vy

R1q

DUT
Cq*

*Includes Stray and Jig Capacitance

A.C. Testing Input, Output Waveforms

3.0v VOH

1.5v>< X 1.5V
ov

voL

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

Timing Diagram

SET-UP AND HOLD TIME

THREE STATE CONTROL

DATA ?g\\; THREE
To_Tn o o,
CLOCK 3.0v
INPUT 1.5V OuTPUT HIGH IMPEDANCE
ov THREE
STATE
HMA510 TIMING DIAGRAM PRELOAD TIMING DIAGRAM
TpwL TpwH | TpwL
TPwH
LK — THCL CLKP /
CLKY __T_/ TH N PREL
S OEX
XIN, YIN e TN
RND,TCM ;’(X XXX OEM ——
ACC, $UB — OEL Ts| Th
OUTPUT
: ’ — e
cue on s SOOK XXX X XX
[ |
OUTPUT P, Y TR KX XK XX )l(
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SEMICONDUCTOR
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January 1994

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 Resuit

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

= lgcsg = 500pA Maximum

- lccop = 7.0mA Maximum at 1.0MHz

o HMA510/883 is Compatible with the CY7C510 and the
IDT7210

¢ Supports Two’s Complement or Unsigned Magnitude
Operations

Three-State Outputs

.

L]

L]

Ordering Information

Description

The HMA510/883 is a high speed, low power CMOS 16 x
16-bit parallel 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-
loaded at any time through the use of the bidirectional output

TEMPERATURE
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 t0 +125°C | 68 Lead PGA
HMA510GM-75/883 -55°C to +125°C | 68 Lead PGA
Block Diagram
X0-15 RND SUB  Y0-15P0-15
16 TC | Acc 16}

Y

| reaister | | reaister | | reaister |
3

CLKY- 2
LY
A y

| MULTIPLIER ARRAY

_

ss{

PRELOAD

ACCUMULATOR

CLKP

XTP REGISTER | MSP REGISTER | LSP REGISTER | 1 35

3

16

'z

P32-34

ol
m
x|

O
m
=i

P16-31

[e]
m
e

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994
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Specifications HMA510/883

Absolute Maximum Ratings Reliability Information

Supply Voltage ........ e et eseieeeeaaeiaser et +8.0V  Thermal Resistance Sja Oic
Input or Output Voltage Applied ..... . GND-0.5V to Vo +0.5V CeramicPGAPackage ........oovvvunnnnn 430C/W 100C/W
Storage TemperatureRange ................. -650C to +150°9C  Maximum Package Power Dissipation at +1250C

Junction Temperature .............. Ceramic PGAPackage ............. Ceeieaaans veee. 117 Watt
Lead Temperature (Soldering 10 sec) .. .. GateCount ....coviiiiiiiiiiiiiiiiiiiiienenanns . 4800 Gates
ESD Classification .......cooiiiiiiiiiiiiiiiiiniiiienns

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 . .........covevvunennn. +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
GROUPA
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS
Logical One Input ViH Vce =5.5V 1,2,3 -550C < TpA <+125°C 2.2 - \
Voltage
Logical Zero Input ViL Vee =4.5V 1,2,3 -550C < Tp < +125°C - 0.8 \
Voltage
Output HIGH Voltage VOH IoH = -400pA 1,2,3 -550C < Tp < +125°C 2.6 . v
Vege = 4.5V (Note 1)
Output LOW Voltage VoL loL=+4.0mA 1,2,3 -550C <Tp < +125°C - 0.4 \
Vcg = 4.5V (Note 1)
Input Leakage Current ] VIN = VCG or GND 1,23 -550C <TA<+1250C| -10 +10 pA
Veg =5.5V
Output or I/O Leakage lo VouTt =Vcce or GND 1,2,3 -550C <TpA<+125°C | -10 +10 uA
Current Ve = 5.5V
Standby Power Supply lccse VIN=Vcc or GND, 1,2,8 -550C <Tp < +1250C - 500 pA
Current Ve = 5.5V, Outputs
Open
Operating Power lccop f=1.0MHz, 1,23 -550C <TA<+125°C - 7.0 mA
Supply Current VIN=Vcg or GND
Ve = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +1259C - -
NOTES:
1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f = 1MHz, V| (clock inputs) = 3.2V, V| (all other

2. Operating Supply Current is proportional to frequency, typical rating 1s inputs) = 2.6V, Vj_= 0.4V, Vo > 1.5V, and Vg_ < 1.5V.

SmA/MHz.

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

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

-55 -65 -75
(NOTE 1) GROUPA
PARAMETER |SYMBOL | CONDITIONS | SUBGROUPS TEMPERATURE MIN |MAX [MIN [MAX I MIN |MAX JUNITS
Muttiply TMA 9,10, 11 -550C < Tpo<+1250C ] - 55 B 65 B 75 ns
Accumulate Time
Input Setup Ts 9,10, 11 -550C < TA<+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 - 25 - 25 - ns
Pulse Width
Output Delay Tp 9,10, 11 -550C < TaA<+1250C | - 30 - 35 - 35 ns
3-State TENA (Note 2) 9,10, 11 -550C <TA<+1250C | - 30 - 30 - 35 ns
Enable Time
NOTES:
1. AC Testing as follows: Vg = 4.5V and 5.5V. Input levels OV and 3.0V (OV 2. Transttion is measured at £200mV from steady state voltage, Output
and 3.2V for clock inputs). Timing reference levels = 1.5V, Output load per loading per test load circutt, with V4 = 1.5V, Ry = 5000 and C|_ = 40pF.

test load circuit, with V4 = 2.4V, Ry = 500Q and C_= 40pF.

TABLE 3. HMA510/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-55 -65 -75
PARAMETER SYMBOL | CONDITIONS | NOTE TEMPERATURE MIN |MAX | MIN |MAX |MIN |MAX JUNITS
Input Capacitance CIN Ve = Open, 1 Ta=+250C - 10 - 10 - 10 pF
f=1MHz All
Output Capacitance| Coyt | measurements are 1 Ta =+250C - 10 - 10 - 10 pF
referenced to
1/0 Capacitance Ciyo | device GND. 1 Ta=+250C - 15 - 15 - 15 pF
Input Hold Time TH 1 -550C<Ta<+125°C | 3 - 3 - 3 - ns
3-State Disable Tois 1 -550C < Tpo<+1250C | - 30 = 30 ~ 30 ns
Time
Output Rise Time TR From 0.8V to 2.0V 1 -550C < TA<+1250C | - 10 - 10 - 10 ns
Output Fall Time TE From 2.0V to 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 parameters are characterized
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,8B,9,10,11
Groups C&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-In Circuit

" Ne | xis | RND | Acc | cky | Tc | PREL | cikp | Pas
10| x13 | x14a | Ot | suB | clkx | Voo | OEX | GEM | Pas | Paz | N/C

9 X11 x12 P30 P31

8| xo | xio P28 | P29

7| x x8 P26 | P27

68 LEAD
6| xs | xe PIN GRID ARRAY p2s | p2s
TOP VIEW

s| xa X4 P22 | P23

4 x1 X2 P20 P21

3| yor | x P18 | P19

PO
elwe | W\ W W W W |y e |
e |y | e
A 3 c [ E F G H 4 [3 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 Yo/P9 F2 K7 P26 vee/2 E11  |ACC F1
A6 X5 F2 G2 Y10/P10 |F3 L7 P27 Vge/2 D10 |SuB F2
B5 X4 F3 G1 Y11/P11 | F5 K8 P28 Vee/2 D11 |RND F3
A5 X3 F4 H2 Y12/P12 |F4 L8 P29 Vgeeo/2 C10 |OEL Vee
B4 X2 F5 H1 Y13/P13 |F4 K9 P30 Vce/2 GC11 X15 F8
A4 X1 F6 J2 Y14/P14 |F8 L9 P31 Vee/2 B10 |X14 F9
B3 X0 F7 J1 Y15/P15 |F9 K10 |P32 Veg/2 A10 | X13 F10
A3 YO/PO F8 K2 P16 Vee/2 K11 | P33 Vgg/2 B9 X12 F11
B2. |Y1/P1 F9 L2 P17 Vee/2 J10 | P34 Vge/2 A9 X11 F12
B1 Y2/P2 F10 K3 P18 Vgee/2 J11 CLKP FO B8 X10 F13
C2 Y3/P3 F11 L3 P19 \elelt2 H10 | OEM GND A8 X9 F14
c1 Y4/P4 F12 K4 P20 Veg/2 H11 | PREL F6 B7 X8 F15
D2 Y5/P5 F13 L4 P21 Vee/2 G10 | OEX GND A7 X7 F7
D1 | Y6/P6 F14 K5 P22 Vge/2 G11 |TC F5 A2 N.C. N.C.
E2 Y7/P7 F15 L5 P23 Vee/2 F10 |Vee Vee K1 N.C. N.C.
E1 GND GND K6 P24 Vgoe/2 F11 | CLKY FO L10 |NC. N.C.
F2 Y8/P8 F1 L6 P25 Vge/2 E10 | CLKX FO B11 |N.C. N.C.
NOTES:

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

4. 47kQ load resistors used on all pins except Vog and GND (Pin-Grid
identifiers F10, G10, G11 and H11)
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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: 10|

WORST CASE CURRENT DENSITY: 0.9 x 105A/cm?

Metallization Mask Layout

Y2/P2
Y3/P3
Ya/P4
Ys/P5
Y6/P8

Y7/PT

GND

GND

Y8/P8

YS/PS
Yio/Pio
Y11/P11
Y12/P12
Y13/P13
Y14/P14
Y15/P15

Pi¢

57

56

55

54

53

81 Y1/Pt

62 YO/PO

63 Xo
64 X1

65 X2

HMAS510/883

67 X4
68 XS
Xs

5 X10

6 X1

8 X113

9 X4

//'//// TAIIA

' 13

14

15

16

18

19

25

P17 43

P19 a1

P27 33

P29 31

P32 27

P33 26

NC
X15
OEL
RND
sus
acc
CLKX

CLKY

Vec

Vce

TC

OEX

‘PREL

.OEM

CLKP

P34
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HMU16, HMIU17

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
- lccop = 7.0mA Maximum at 1MHz

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

e 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

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-

Ordering Information arate three-state buffer.
TEMPERATURE All outputs of the HMU16 and HMU17 multipliers also offer
PART NUMBER RANGE PACKAGE three-state control for multiplexing results onto multiuse
busses.
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

MULTIPLIERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 2.15
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HMU16/7HMU17

Package Pinouts CERAMIC 68 PIN GRID ARRAY (PGA)
TOP VIEW
1 N/C | X138 | X15 | RND | TCY | Voo | GND | FT | OEP
X1 X1 X rox | v GND | M e
10 2 x4 | e cc MSPSEL| FA | oon

P30/ | P31/

° xo x10 P14 P15
P28/ | P29/

8 X7 X8 P12 P13
P26/ P27/

7 Xs X6 P10 P11

68 LEAD
6 X3 X4 PIN GRID ARRAY P::’ P::’
TOP VIEW

P22/ P23/

s« X2 pe | P7
— P20/ | P21/

4 OEL X0 [ P5
s | Y | ck P18/ | P19/

(ENY) | (CLK) P2 P3

N vor | Yr | var | ver | ver | Yior | vizz | vias | pies | P1ms
N/G Po P2 P4 P6 P8 P10 | P12 | P14 Po P1

1 Y Y3/ Y5/ Y7/ Y8/ Y11/ Y13/ Y15/ N/C
P1 P3 Ps P7 P9 P11 P13 P15
A B c D E F G H J K L

68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)

TOP VIEW
E H
oA g ok

o L0080 QU»xa ¥y,

W Nz =z .
%glolf.t Eac>8§39§dx><><
O e C e e e ]
8 8 6 5§ 4 3 2 88 65 64 63 62

P15, P31[ | 1o eo| |NC
P14, P30[_] 11 sa[ ] x12
P13, P29[ ] 12 sa| | x11

P12, P28[ }1a s7[ ] x10
P11, P27 | 14 s ]xo
P10, P26[_| 1s ss| ] xs
P9, P25[ | 16 se ] x7
P8, P24[ ] 17 sal | xe

p7, P23 18 (:m‘lﬂ?l) s2[ ] x5
Pe, P22[_| 19 s1| ] xa
Ps5, p21|_] 20 so| |x3
P4, P20 | 2 4] ]x2
P3, P19[_] 22 al Ix1

P2, P18[_| 28 ar| ] xo
P1, P17} 24 40| ] OEL

Nc[[] 28 4[] cLky (ENY)
27 28 29 30 31 32 33 34 35 368 37 38 39 40 41 42 43

UI;IUUUU[éJUUUUUUUUUU

R EE-EEEEEE R R
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HMU16/HMU17

Functional Block Diagram
HMU16

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

REGISTER REGISTER REGISTER

T

OEL

MULTIPLIER ARRAY

FA————————— FORMAT ADJUST
Fre— | wMsp LsP
REGISTER | REGISTER
CLKM oo ] |
CLKL
MSPSEL —————  MULTIPLEXER |
OEP

P16 - 31/P0 - 15

HMU17

X0 -15 TCX RND TCY YO - 15/P0 - 15
|| |

| REGISTER | | REGISTER | I REGISTER |

CLK OEL

=S
ENY
l MULTIPLIER ARRAY I

T

FA FORMAT ADJUST

MSP LSP
REGISTER | REGISTER
19 |
ENP | ?

MSPSEL MULTIPLEXER

OEP

P16 - 31/P0 - 15

I MULTIPLIERS H




HMU16/7HMU17

Pin Description

PLCC
SYMBOL PIN NUMBER TYPE DESCRIPTION
Vee 1,68 Vg The +5V power supply pins. A 0.1pF capacitor between the Vo and GND pins
is recommended.
GND 2,3 GND. The device ground.
X0-X15 47-59,61-63 | 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 1/0 Y-Input/LSP Output Data. This 16-Bit port is 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 [e] Output Data. This 16-Bit port may provide either the MSP (P16-31) or the

PO-P15 LSP (PO-15).

TCY, TCX 66,67 I 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 | 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
bit replicated in the LSP. This control is normally HIGH except for certain two’s
complement integer and fractional applications.
RND 65 1 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 1 Y-In/P0O-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 I Y-Register Clock. The rising edge of this clock loads the Y-data input register along
with the TCY and RND registers.

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

CLKL 45 i 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 I 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 I Y-Register Enable. ENY enables the Y-register. (See ENX).

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

sections are enabled by ENP. (See ENX).
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HMU16/7HMU17

Functional Description

The HMU16/HMU17 are high speed 16 X 16-bit mulitipliers
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 (Eé) 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_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.
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HMU16/7HMU17

Multiplier Input/Output Formats Table
FRACTIONAL TWO’S COMPLEMENT NOTATION

BINARY POINT

Xy Xyaf X13] X12) X10] Xs0] Xo | Xa | X5 ] X Xs { Xo] X5 | X2} X, | Xo | SIGNAL
-20f 27| 23| 23| 24 2% 28| 277 28| 2% 202 ""|2[2 P2 4|2 "% | DIGIT VALUE

Yo Vsl Yool Yol Yar [ Viol Yo | Yo [ ¥y [ Ya  ¥s | Y[ Yal¥af¥i | Yo SIGNAL
-20[ 21 22| 23] 24| 28| 28| 27| 28 | 20| 22 "2 [2-R|2-4[2-" | DIGIT vALUE

P L) P
-20 |2
MSP | LspP
_|P31|Ps0|Pas|Pas|Par | Pas [Pas| Pas [P2s |Paz [P P20 |Puo | Pus [Pz [Pus| Pis|Pue |Pss [Pra] Pus[Pio] Po | P [Py | Pe [Ps | Pu| Py | P2 | Py [Py | S1GNAL
T[22 [ ]2 2] 24 25| 2t [ [ 20 [ 20 [a 0o ] 2 2o 02 o] - 7o 9] 2 9l 20 ]2 22 2 - 24 -2 8 227 2 - 9] 2-%0) pygir vaLLE
MSP LsP

* In this format an overflow occurs in the attempted multiplication of the two's complqmenl (\umber 1000...0
with 1,000 . . . O yielding an er product of -1 in the fraction case and -230 in the integer case.

FRACTIONAL UNSIGNED MAGNITUDE NOTATION

BINARY POINT

210 22[ 23| 24| 25| 2-¢] 27 | 28| 2-9} 2- 021" 2-12[2-13]2-14]2- 15[ 6| DIGIT VALUE

2272280232329 22| pigit vaLuE

msB Lsp MANDATORY

FRACTIONAL MIXED MODE NOTATION

BINARY POINT

SIGNAL
(TWO'S COMPLEMENT)
DIGIT VALUE

v, | SIGNAL
9 | (UNSIGNED MAGNITUDE)
DIGIT VALUE

SIGNAL

Pg|Ps| PefPy|P2|Py]Po
224222 7o 2fa-5a%fa ) p1air vaLue

mSB LsP MANDATORY

Py
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Multiplier Input/Output Formats Table (continued)
INTEGER TWO’S COMPLEMENT NOTATION

BINARY POINT

Xug| X1a]X13) X12] Xes| Xro) Xo | Xa| X7 | Xo| X5 | Xo | X3 | Xa] Xy | %o
215 2" {2 2% 2" 2% * | M| 27| 28| 2P| 242|222 |2

X (Yes] Yaa| Yoo Yoa) Yor Yool Yo [ Ya | Yri Y Vs | YalV¥s]|Ya] Y1 ] Yo
215 2' (2% L R R R R EA R A R RN K

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALVE

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 . . . O yielding an erroneous product of -1 in the fraction case and -230 in the integer case.

INTEGER UNSIGNED MAGNITUDE NOTATION

BINAI"‘V' POINT

Xus | Xra| X13| X1z | X11] X1o] Xo | Xg
25 2% [29] 2% 2" 2] 20 | 2¢ | 27

Xe] Xs| X X3} X)Xy ]| Xo
2|22 22|2' | 2

X [ Yis|Yea|Yra Yoz Yor|Yro| Yo | Yo Y7 | Ye| ¥s | Ya[Ya[ Y2 ¥s] Yo
25]2%] 29222 | 20| 29 | 28| 27 | 28] 28 | 2| 2° | 22| 2' | 2°

= [PnlPx ’n’zv P2s|Pas| Pas|P23| P22| P21 P2o| P19 | Pis| P17 | Pis| Pis Py "ul"nl’wjj?[ PII PvT’c[ Psl’«l ":l Pz[ ’Ll"n
21|30 229 ] 228 j22] pas] 28] p2a [ y2a] p22] p21[ p20] p1e | 8] p17] 216 18 2" zulan,szo 2° 27[ 21] 25’3‘[ 2‘[2’] 2" I 20

MSP LsP

INTEGER MIXED MODE NOTATION

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE

SIGNAL
DIGIT VALUE
MANDATORY

BINARV, POINT

X1s|X1a]X13|X12[X11|X10[ Xo | Xg | X7 | Xg| X5 ] Xo| X3 | X5 | Xy | Xo
15| 214] 213|212 | 211] 270 | 29 27| 28] 25 2] 2| 2°

S
X |Yis)Yee|Ye3[Yea Yoo | Yoo Yo [ Ya [ Y7 | Ye| Ys| Ya| Ya| Y2| ¥i[ Yo
252 [29]21 |27 20| 2° | 28| 27 | 25| 2° | 2¢ | 22| 22| 2' | 2°

_ {P31]P30|P2s|Pas|P2r| Pas|Pas| P2a} P23| P22 | P21 | Pao| P1s | Py ’n["m ’usT’vA P3| P2 ’;I”m[”nl ’l[ "7[ Pn[ "sl ’4[ ”ﬂ ’z[ P!I Po
T [am]230] 220 228[ 227] 228 235 224 223] 222 21| 220 29 2 2|1I2u znslzurzu 2" 7“]2‘°|2’| zll 21[ 2![ 25 I 241 Z’IZZI 21[ 20

MsP LSP

SIGNAL
(TWO S COMPLEMENT)

DIGIT VALUE

IGNAL
(UNSIGNED MAGNITUDE)
DIGIT VALUE

SIGNAL
DIGIT VALUE
MANDATORY
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Specifications HMU16/HMU17

Absolute Maximum Ratings

B0 o7 o Y e 1 - o - +8.0 Volts
Input, Output or I/O Voltage Applied .. .... GND-0.5VtoVgc+0.5V
Storage Temperature Range . ....covviiriiiiiiiiiiiiinneienernieesnnsenanenns eeeieseersateeeeiiaaaas -650C to +1500C
[ E L 01U 1 | N 4500 Gates
Bjg -eeeennn- 43.20C/W (PLCC), 42.69°C/W (PGA)
L R R R T Ry 15.19C/W (PLCC), 10.0°C/W (PGA)
Maximum Package Power Dissipation @t 700C . ..ot vvriiieeiieertaeenetrasssanstieeatatannasnnnas 1.7W (PLCC), 2.46 (PGA)
Junction Temperature +1500C (PLCC), +175°C (PGA)
Lead Temperature (Soldering, TeN SECONAS) .+ .. uuutttiiitiiieiiiiiiiiesneeeiissseseecsansssessesessssssssasenans +3000C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratmgs" may cause permanent damage to the device. This is a stress only rating,
and operation at these or any other conditions above those indit d in the ns i of this specification is not implied.

Operating Conditions

Operating VoltageRange ........ e tieeiaaeeet ittt +4.75Vto +5.25V
Operating Temperature Range 09C to +70°C

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

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
VIH Logical One Input Voltage 20 - \ Veg =5.25V
ViL Logical Zero Input Voltage - 0.8 \ Vece =4.75V
VOH Output High Voltage 2.6 - \ IoH = -400pA,Vce = 4.75V
VoL Output Low Voltage - 0.4 \ loL=+4.0mA,Vcc =475V
] Input Leakage Current -10 10 pA Vi=VggcorGND,Vgg = 5.25V
o Output or /O Leakage Current -10 10 uA Vo =Vggc or GND, Vg = 5.25V
lccss Standby Power Supply Current - 500 uA V=VggorGND, Ve = 5.25V
. Outputs Open
lccop Operating Power Supply Current - 7.0 mA Vi=Vcc or GND, Ve = 5.25V
f=1MHz (Note 1)

Capacitance (Tp = +25°C, Note 2)

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS
CIN Input Capacitance 15 pF Frequency = 1MHz.
All measurements referenced
Cour Output Capacitance 10 pF to device Ground.
Cio 1/O Capacitance 10 pF
NOTES:

1. Operating Supply Current is proportional to frequency, Typical rating is
5SmA/MHz.

2. Not tested, but characterized at initial design and at major process/
design changes.
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Specifications HMU16/7HMU17

A.C. Electrical Specifications (Vgg = 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™™C Clocked Multiply Time - 35 - 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 - 15 - ns
TPWL Clock Pulse Width Low 10 - 15 - ns
TppseL | MSPSEL to Product Out - 22 - 25 ns
TppP 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 0o - o - ns Note 2
Relative to CLKML
(HMU16 only)
TR Output Rise Time - 8 - 8 ns From 0.8Vto 2.0V
TE Output Fall Time - 8 - 8 ns From 2.0V to 0.8V

NOTES:

-

. Transttion is measured at x200mV from steady state voltage with loading 3. Refer to A.C. Test Circuit, with V4 = 2.4V, Ry = 5009 and Cq = 40pF
specified in A.C. Test Circuit, V4 = 1.5V, Ry = 500Q and Cq = 40pF

N

. To ensure the correct product 1s entered in the output registers, new data
may not be entered into the input registers before the output registers
have been clocked.
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HMU16/7HMU17

A.C. Test Circuit
V4

R4

* Includes Stray and Jig Capacitance

3.0v

A.C. Testing Input, Output Waveforms

VoH

1 .sv><
ov.

><.5v
VoL

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

Timing Diagram
SET-UP AND HOLD TIME

THREE STATE CONTROL

3.0V
INPUT — 1eV ThREE
Ts . TH ov STATE
CONTROL
CLOCK 3.0V
INPUT 1.5V
H OUTPUT
THREE
STATE
HMU16 TIMING DIAGRAM HMU17 TIMING DIAGRAM
TPWH THeL TPWH
ar TH o | fe—]
T, i [h—— — T
INPUT < s;x ;(2 TR o TPw ENX | TSE | THE — =
Xi Yi [ XX XXX XX ENY
RND le— Tme —= Ts | .TH
INPUT
el ' e
TPDY TSE fe— | THE
OUTPUT Y SOOI IR KKK X ENP ] v
Tmc TpDY
-TPDSEL
9 ] outPUT ¥ XXXIXKKII KK e
MSPSEL —
le- TPDP > |
MSPSEL N
OUTPUT P XXX XX XK IO Trop
T
muc ouTPUT P X XXX XX XK
TMuc
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HMU16/883

16 x 16-Bit CMOS Parallel Multiplier
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L]

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

Low Power CMOS Operation
- lecsg = 500pA Maximum
- lccop = 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.

TEMPERATURE The HMU16/883 utilizes independent clock signals (CLKX,
PART NUMBER RANGE PACKAGE CLKY, CLKL, CLKM) to latch the input operands and output
- - product registers. This configuration maximizes throughput
HMU16GM-45/883 65°Cto +125°C | 68 Lead PGA and simplifies bus interfacing. All outputs of the HMU16/883
HMU16GM-60/883 -55°C to +125°C 68 Load PGA also offer three-state control for multiplexing onto multiuse
system busses.
Functional Diagram
X0-15 TCX RND TCY Y0-15/P0-15

| mecister | freaisten | | reisten |

OEL
o — > L
CLKY *
| wmumpuerarrar |
1
FA FORMAT ADJUST
FT MSP LSP
REGISTER | REGISTER
CLKM —— ] | |
CLKL 1
MSPSEL ———8M88¥ ] MULTIPLEXER |
OEP

P16-31/P0-15

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1994
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Specifications HMU16/883

Absolute Maximum Ratings Reliability Information

Supply Voltage .............. e s +8.0V  Thermal Resistance Bja Bjc
Input or Output Voltage Applied ... .. GND-0.5VtoVgc+0.5V CeramicPGAPackage ............. 42.690C/W  10.09C/W
Storage TemperatureRange ..........c.ccuuun -650C to +1509C  Maximum Package Power Dissipation at +1250C

Junction Temperature .. ..........ceuenenn CeramicPGAPackage ........vevvieenieennnnnnnns 1.17 Watt

Lead Temperature (Soldering 10 sec)
ESD Classification ............ eeeriieeai i Ceene

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.

GateCount .....ovvviiiiiiiiiiiiiiiiiiiiiiiiiaea 4500 Gates

Operating Conditions

Operating VoltageRange . . ......ovvviennennnnn. +4.5V to +5.5V
Operating Temperature Range -559C 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 Vee = 5.5V 1,2,3 -550C < Tp < +1250C 22 - \
Voltage
Logical Zero Input ViL Vee =4.5v 1,2,3 -550C < Tp < +125°C - 0.8 \
Voltage
Output HIGH Voltage VOH IoH = -400pA 1,2,3 -550C < TA < +125°C 2.6 - \
Vce = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,3 ~550C < Tp < +1250C - 0.4 \
Ve = 4.5V (Note 1)
Input Leakage Current ] VIN =V or GND 1,28 ~550C < TA<+125°C | -10 +10 pA
Vgc =5.5V
Output or I/O Leakage o Vout = Ve or GND 1,2,3 -550C <TA<+1250C | -10 +10 pA
Current Vee =5.5v
Standby Power Supply IccsB VIN = V¢ or GND, 1,2,3 -550C < TA <+125°C = 500 uA
Current Vg = 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
Vee = 5.5V (Note 2)
Functional Test FT (Note 3) 7,8 -550C < TA < +1250C - -
NOTES:
1. Interchanging of force and sense conditions is permitted. 3. Tested as follows: f = 1MHz, V) (Clock Inputs) = 3.0, Vi (All other

2. Operating Supply Current is proportional to frequency, typical rating is inputs) = 2.6, Vi = 0.4, Voy 2 1.5V, and Vo < 1.5V.

SmA/MHz.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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TABLE 2. HMU16/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

-45 -60
(NOTE 1) GROUP A
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 < Tpo<+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 <TpA<+125°C | 15 - 20 - ns
Width
MSPSEL to Product | TppSEL 9,10, 11 -550C < TA £ +125°C| - 25 - 30 ns
Out
Output Clock to P TppP 9,10,11 -550C < T £ +1250C - 25 - 30 ns
Output Clockto Y TpDY 9,10,11 -550C < TA < +1250C - 25 - 30 ns g
3-State Enable Time TENA (Note 2) 9,10,11 -550C < Tpo < +1250C | - 25 - 30 ns g
Clock Low Hold Time | THoL (Note 3) 9,10,11 -550C < TaA<+125°C| O - [o] - ns a
CLKXY Relative to |_-'
CLKML =2
=
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, Output load per test load circuit, with Vqy = may not be entered into the input registers before the output registers
2.4V, Ry = 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 = 500Q 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 JUNITS
Input Capacitance CIN ' |Vcc = Open,f=1MHz 1 T =+250C - 15 - 15 pF
All Measurements
Output Capacitance CouTt | arereferenced to 1 Ta=+250C - 10 - 10 pF
device GND.
1/0 Capacitance Cio 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 Tpis 1,2,3 |-550C <Tp <+1250C - 25 - 30 ns
Output Rise Time TR From 0.8V to 2.0V 1,2,4 |-550C <Tp <+1250C - 10 - 10 ns
Output Fall Time TF From 2.0Vt0 0.8V 1,2,4 |-550C<Tpo<+1250C| - 10 - 10 ns
NOTES: 1. The parameters listed in table 3 are controlled via design or 3. Transition is measured at £200mV from steady state voltage,
process parameters and are not directly tested. These parame- Output loading per test load circuit, with V4 = 1.5V, Ry = 500Q
ters are characterized upon initial design and after major and C|_ = 40pF.

process and/or design changes. 4. Loading is as specified in the test load circuit, with V4 = 2.4V,

2. Guaranteed, but not 100% tested. R4y = 50062 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,8B,9,10, 11
Groups C&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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Burn-In Circuit
1 N/Cc | x13 | xi5 | BND | TeY | vge | GND FT | OEpP
10 X1 X12 X14 CLKX TCX VCC GND |[MSPSEL ; CLKM N/C

9 X8 x1o0 PP::aI :::lsl

o o | e |

[ xs | xe Po | B

68 LEAD
6| xa3 X4 PIN GRID ARRAY "Pz:’ "'P’:/
TOP VIEW

5 x1 X2 P::/ P:73/

4| ©oEL xo0 P20l | p2M

3| ckv | cwe Pasi | Ry

2l we | B | Ve | va | Fe | s | Pio | ez | pie | Teel | Tee

ol w | | | e

A B [+ D 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 F6 F1 Y9/P9 F11 K7 P10/P26 |Vgg/2 E11 RND F1
A8 X3 F5 G2 Y10/P10 |F12 L7 P11/P27 |Vgg/2 D10 | CLKX FO
B5 X2 F4 G1 Y11/P11 |F13 K8 P12/P28 |Vgc/2 D11 X15 F3
A5 X1 F3 H2 Y12/P12 |F14 L8 P13/P29 |Vgg/2 C10 | X14 F2
B4 X0 F2 H1 Y13/P13 |F15 K9 P14/P30 |Vgg/2 c11 X13 F15
A4 OEL Vce J2 Y14/P14 |F4 L9 P15/P31 |Vgp/2 B10 X12 F14
B3 CLKL FO J1 Y15/P15 |F5 K10 CLKM FO A10 X11 F13
A3 CLKY FO K2 PO/P16 Vgoe/2 K11 OEP F1 B9 X10 F12
B2 YO/PO F2 L2 P1/P17 Voo/2 J10 FA F14 A9 X9 F11
B1 Y1/P1 F3 K3 P2/P18 Vgoeo/2 J11 FT F15 B8 X8 F10
c2 Y2/P2 F4 L3 P3/P19 Vee/2 H10 MSPSEL |F14 A8 X7 F9
C1 Y3/P3 F5 K4 P4/P20 Vee/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6 L4 P5/P21 Vgee/2 G10 | GND GND A7 X5 F7
D1 |Ys/P5 F7 K5 |P6/P22 |Vgor2 G11 |Vee Voo A2 |NC. NONE
E2 |Yere |F8 L5 |P7/P23  |Vgg/2 F10 |Vgo Voo K1 NG NONE
E1 Y7/P7 F9 K6 P8/P24 Vgoe/2 F11 TCY F15 L10 N.C. NONE
F2 Y8/P8 F10 L6 P9/P25 Vce/2 E10 TCX F15 B11 N.C. NONE
NOTES:

1. Vgg = 5.0V +0.5V/-0.0V with 0.1pF decoupling capacitor to GND.
cc

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

3. VIH =Vge - 1V £ 0.5V (Min), V) = 0.8V (Max)

4. 47k load resistors used on all pins except Voc 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

HMU16/883
§§‘
-l
)
gg-l w o a 2 £ o
~ - -
IWOP o e XQKXKXKX
O 0olo X X x X X g s g 8 & & &
EE €& EEE §E £ 8 e & e 8 v 8

(56) X13

(55) X14
(9) YO, PO

(54) X15
(10) Y1, P1

(53) CLKX
(11) Y2, P2 (ENX)

(52) RND
(12) Y3, P3

(13) Y4, Pa | (51) TCX

(14) Y5, PS5 {50) TCY

(15) Y8, P8 (49)‘ Vee

(16) Y7, P7

(17) Y8, P8
(18) Y9, P9

(19) Y10, P10

\\
W

(20) Y11, P11 (46) GND

\
\

Z
Z

(21) Y12, P12

(45) MSPSEL
(22) Y13, P13

\
N

(44) FT
(23) Y14, P14 |

\

N

43)FA

\

L

N

(24) Y15, P15 (42) DEP

(41) CLKM
(END)

(25) Po, P16 |3
(26) P1, P17
(27) P2, P18
(28) P3, P19
(20) P4, P20
(30) PS, P21
(31) P6, P22
(32) P7, P23
(33) P8, P24 EX
(34) P9, P25

(35) P10, P26

(38) P11, P27

(37) P12, P28

(38) P13, P20

(39) P14, P30

(40) P15, P31
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HMU17/883

16 x 16-Bit CMOS Parallel Multiplier

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

¢ Low Power CMOS Operation:
- lccse = 500nA Maximum
= lccop = 7.0mA Maximum at 1MHz

« HMU17/883 is Compatible with the AM29517, LMU17,
IDT7217, and the CY7C517

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

* TTL Compatible Inputs/Outputs
Three-State Outputs

L]

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 multiplication 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 halves 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
operands and the output product registers. The ENX and ENY
inputs enable the X and Y input registers, while ENP enables
both the LSP and MSP output registers. This configuration facili-
tates the use of the HMU17/883 for micro-programmed systems.

All outputs of the HMU17/883 also offer three-state control for
multiplexing onto multiuse system busses.

TEMPERATURE
PART NUMBER RANGE PACKAGE
HMU17GM-45/883 -55°C to +125°C 68 Lead PGA
HMU17GM-60/883 -55°C to +125°C 68 Lead PGA
Functional Diagram

X0-15 TCX

RND TCY Y0-15/P0-15

IREGISTEHI Inselsrsn] IREGISTEFI]

l
CLK

OEL

MULTIPLIER ARRAY ]

FA FORMAT ADJUST
FT MSP LSP
REGISTER | REGISTER
U J
ENP 1 1
MSPSEL MULTIPLEXER
OEP
P16-31/P0-15

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications HMU17/883

Absolute Maximum Ratings

SupplyVoltage . ...coiuiiiiiiiiiiiii it i +8.0V
Input or Output Voltage Applied ........ GND-0.5V to Vgc +0.5V
Storage TemperatureRange ................. ~-65°C to +1500C
Junction Temperature .......coovvniieniiiinniinnnnn. +1759C
Lead Temperature (Soldering 10sec) ........... ... 300°C
ESD Classification .........oooiiiiieiiiiiiiinn.. ...Class 1

Reliability Information

Thermal Resistance ja Oic
Ceramic PGAPackage ............. 42,690C/W  10.0°0C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage ........coiviiiiinnnnnnnnns 1.17 Watt

GateCount ........covvviniinnnnn, i, 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 operational sections of this specification is not implied.

Operating Conditions

Operating Voltage Range
Operating Temperature Range

....................... +4.5V to +5.5V
-550C to +125°C

TABLE 1. HMU16/883 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 Vcg =55V 1,2,3 -550C < Tpo<+1250C | 2.2 - v
Voltage
Logical Zero Input ViL Vce =4.5V 1,2,3 -550C < TA < +125°C - 08 \'
Voltage
Output HIGH Voltage VOH 1oH = -400pA 1,2,3 -550C < TA<+1259C | 26 - v
Voo = 4.5V (Note 1)
Output LOW Voltage VoL loL = +4.0mA 1,2,3 -550C < TA < +1250C - 0.4 \
Vce =4.5V (Note 1)
Input Leakage Current I VIN=Vgc or GND 1,2,3 -550C <TA<+125°C | -10 +10 pA
Ve =5.5V
Output or I/O Leakage lo VouTt =Vcg or GND 1,2,8 -550C < TA<+125°C | -10 +10 pA
Current Vce =5.5V
Standby Power Supply Iccse VIN=Vcc or GND, 1,2,3 -550C < TA < +125°C = 500 uA
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
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 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, Voy > 1.5V, and Vo < 1.5V.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Specifications HMU17/883

Device Guaranteed and 100% Tested

TABLE 2. HMU17/883 A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

2.4V, Ry = 5009 and C_ = 40pF.

1. AC Testing as follows: Vo = 4.5V and 5.5V. Input levels OV and 3.0V,
Timing reference levels = 1.5V, Output load per test load circuit, with V4 =

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

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

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

Time

Clocked Multiply Time | Tmc 9,10,11 -550C < Ta<+125°C | - 45 - 60 ns

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

Clock HIGH Pulse TPWH 9,10,11 -550C <TA<+125°C | 15 - 20 - ns

Width

Clock LOW Pulse TpwL 9,10, 11 -550C <TA<+125°C | 15 - 20 B ns

Width

MSPSEL to Product | TppsSEL 9,10,11  |-550C<Ta<+1250C| - 25 - 30 ns

Out

Output Clock to P TrPDP 9,10, 11 -550C < Ta<+125°C| - 25 - 30 ns

Output Clockto Y TpDY 9,10, 11 -550C <Tp <+1250C | - 25 - 30 ns.

3-State Enable Time TENA (Note 2) 9,10, 11 -550C < Ta<+125°C | - 25 - 30 ns

Clock Enable Setup TSE 9,10,11 -550C <Tp <+125°C | 15 - 15 - ns
NOTES:

loading per test load circuit, with V4 = 1.5V, Ry = 500Q and C|_= 40pF.

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed.
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Specifications HMU17/883

TABLE 3. HMU17/883 ELECTRICAL PERFORMANCE CHARACTERISTICS

-45 -60
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance CIN Ve = Open, f= 1MHz 1 Ta =+250C - 15 - 15 pF
All Measurements
Qutput Capacitance CouTt |arereferencedto 1 Ta=+250C - 10 - 10 pF
device GND.
1/O Capacitance Ci/o 1 Ta = +250C - 10 - 10 pF
X, Y, RND Hold Time TH 1,2 -550C < Tp <+125°C 3 - 3 - ns
3-State Disable Time TDIS 1,2,8 |-550C <Tp <+1250C - 25 - 30 ns
Clock Enable THE 1,2,3 [-550C<Tpo<+125°C| 3 - 3 - ns
Hold Time
Output Rise Time Tr From 0.8V 10 2.0V 1,2,4 |-559C <Tp <+125°C - 10 - 10 ns
Output Fall Time TF From 2.0V t0 0.8V 1,2,4 |-550C <Tp <+125°C - 10 - 10 ns

NOTES:

1. The parameters listed in Table 3 are controlled via design or process 3. Transition is measured at £200mV from steady state voltage, Output
parameters and are not directly tested. These parameters are character- loading per test load circuit, with V4 = 1.5V, Ry = 50092 and C_= 40pF.
ized upon initial design and after major process and/or design changes. 4. Loading 1s as specified in the test load circutt, with V1 = 2.4V, Ry = 5000

2. Guaranteed, but not 100% tested. 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,8B,9,10,11
Groups C &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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Burn-In Circuit
1 N/C | Xx13 x1s | RND | TCY | v | GND FT ‘OEP
10 x11 x12 | x14 | ENX | Tex | Veo | GnD [mspseL| Fa | ENP | N/C
P30/ | P31/
ol X xio P1a | Pis
P28/ | P29/
8| xr x8 P12 | P13
P26/ | P27/
7 Xs X6 P10 P11
68 LEAD
6| xa | xa PIN GRID ARRAY i
TOP VIEW
5 X1 X2 P§62/ P:;SI
4| OEL | xo F2or | P2l
= P18/ | P19/
3| ENY | ok s b
2 vor | var | var | ver | vsr | vior | vizr | via | pier | P/
N/C PO P2 P4 P6 P8 P10 P12 | P14 PO P1
| i/ | oy b oyss Loy vy | oYy | vy | ovasy |
P1 P3 Ps P7 PO P11 | P13 | P15
A B c D 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 F6 F1 Y9/P9 F11 K7 P10/P26 |Vcg/2 E11 RND F1
AB X3 F5 G2 Y10/P10 |F12 L7 P11/P27 |Vgg/2 D10 ENX FO
B5 X2 F4 G1 Yi11/P11 F13 K8 P12/P28 |Vgg/2 D11 X15 F3
A5 X1 F3 H2 Y12/P12 |F14 L8 P13/P29 |Vgg/2 ci10 X14 F2
B4 X0 F2 H1 Y13/P13 |F15 K9 P14/P30 |Vcg/2 C11 X13 F15
A4 OEL Vee J2 Y14/P14 |F4 L9 P15/P31 \ele B10O X12 F14
B3 CLK FO J1 Y15/P15 |F5 K10 ENP FO A10 X1 F13
A3 ENY FO K2 PO/P16 Voeo/2 K11 OEP F1 B9 X10 F12
B2 YO/PO F2 L2 P1/P17 Vgoe/2 J10 FA F14 A9 X9 F11
B1 Y1/P1 F3 K3 P2/P18 Vee/2 J11 FT F15 B8 X8 F10
c2 Y2/P2 F4 L3 P3/P19 Vgog/2 H10 MSPSEL |F14 A8 X7 F9
C1 Y3/P3 F5 K4 P4/P20 Veo/2 H11 GND GND B7 X6 F8
D2 Y4/P4 F6 L4 P5/P21 Vee/2 G10 GND GND A7 X5 F7
D1 |Ys/Ps F7 Ks |Pem22  [vger2 G11 |Vgo Vao A2 |NGC. NONE
E2  |verrs F8 L5 |P7/P28  |Vgol2 F10  |veo Voo K1 NG NONE
E1 Y7/P7 F9 K6 P8/P24 Vee/2 F11 TCY F15 L10 N.C. NONE
F2 Y8/P8 F10 L6 P9/P25 Vee/2 E10 TCX F15 B11 N.C. NONE
NOTES:

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

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

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

4. 47k load resistors used on all pins except Vcc 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

HMU17/883
. o
Izﬁ
w o
>
S S E sz .8 3
0O O 0 X X X X X o
o~ em e em em e e e €
g &b @ 9 ¥ o 8 =& @9

(9) Yo, PO
{10) Y1, P1
(11) Y2, P2
(12) Y3, P3
(13) Y4, P4
(14) Y5, PS
(15) Y6, P8
(16) Y7, P7
(17) Y8, P8
(18) Yo, PO

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

(24) Y15, P15

(61) X8

(60) X9

8 (s9) x10

(25) PO, P16
(26) P1, P17
(27) P2, P18
(29) P4, P20
(31) P8, P22
(32) P7, P23
(34) P9, P25

(35) P10, P26

(36) P11, P27

(37) P12, P28

(38) P13, P29

(39) P14, P30

(40) P15, P31
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(56) X13

[ (55) X14

(54) X15

(53) CLKX
(ENX)

(52) RND
{51) TCX

(50) TCY

(49) Ve
(48) Vec
(47) GND

(46) GND

(45) MSPSEL
(44) FT

(43) FA

(42) DEP

(41) CLKM
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HARRIS

SEMICONDUCTOR

HSP43124

Serial I/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

L]

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 multiplier 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

I 1D FILTERS H

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.
HSP43124SC-45 0°C to +70°C 28 Lead SOIC
Block Diagram
DIN —»] [ X N ] 5
[+ 4 m [+
SCLK —» '_E HALF g « SE —> DOUT
25 BAND =axcy <
SYNCN =18 2 FILTER — oo Rl Iy %E [ Syneout
MXIN —1 " o #1 :°: g [ cixour
SYNCMX —] o
CONTROL
INTERFACE
oN N~ * ¥
ISEBESY
<03 C E @
"9

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
Copyright © Harris Corporation 1993 3.3
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Pinout

28 LEAD PLASTIC DIP, SOIC
TOP VIEW

scLk [1] hd
SYNCIN [2]
anp [3]
mxin [4]
synemx [5
FsyNce [6 |
Vee E
FeLk [e]
wre [9]
R# [1o]
Aoi1]

A1 [i2]

a2 i3]

vee [ia]
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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 1s 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. Aiso 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 Filter Compute Engine Section. This clock may be asynchronous to the
serial input clock (SCLK). FSYNCH# 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.

WR#

Write. The falling edge of WR# loads data present on C0-7 into the configuration or
coefficient register specified by the address on A0-2. The WR# signal 1s 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 AO-2 and places the contents of that memory location on CO-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.

Co-7

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

o

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 senal output. Note: assertion of
FILTSYNC# 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.

DouT

27

Serial Data Output. The bit stream is synchronous to the rising edge of OCLK. See
the Serial Output Formatter section for additional details.

1D FILTERS




HSP43124
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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 filter 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, CO-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, AO-2, and data, CO-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 CO-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 A0-2 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
Ly B o T o T
AO-2 x 5 X E D @ X :
cor XK : X: AL X 7

READ TIMING
AD# [ - L ]
Aoz XX )
w1 O —CC>—

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 Coefficient 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 Unused w
nus 5
100 Output Timing 4-0 Number of FCLKS per OCLK. Range 1 to 32. (00000 = 32 FCLKS) el
5 1= MSB First, 0 = LSB First. a
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

3-7
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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.

WR# Illllllllllllllllﬂ'

1 1
A0-2 X | 1 A0-2 =010 (BINARY) 00
' [}
co7 XisBX_ X XwseXtseX__X__Xmss *°*
\\// \/
FIRST COEFFICIENT ~ SECOND COEFFICIENT

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 !

'
]

ODD LENGTH EVEN LENGTH E
)

[

'

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

0.1 0.25

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 multiplied 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.

co
FRST _— S.LasT
FILTER TAP FILTER TAP
OUTPUT

FIGURE5. 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”.

"
—

A0-2 X, 1

1
| A0-2 = 010 (BINARY)
1

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

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

should not be “high” for longer than one SCLK cycle.
SYNCMX MXIN MIX FACTOR
0 0 0
s _ LALLM 0 : .1
SYNCIN/ \ -~

senux /N /N ! 0 0
' : 1 1 1

o

Serial Multiplier

NOTE: Assumes data is being loaded LSB first.

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

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).

:
i
; :
I X0 1
' B

1

)
synemx  / .’\ see /N

wan X XESEX e o o TXusaXisEX 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 multiplied 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 LML
SYNCIN / E \ : $5 / \

o

x:jm XD 'ﬂnwo
AN

Mo

SYCNMX/
MXIN

FIGURE9. DATA/MIX FACTOR SYNCHRONIZATION WEAVER
MODULATOR MIX FACTORS

NOTE: Figure 9 shows the speciﬁcatién 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 programming 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, HB5, is the narrow-
est while that for the first halfband filter, HB1, is the widest.
The cascade of the halfband filters always terminates with
HBS5 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 HBS. If
only one halfband is selected, HBS5 is used.

-41.6983 5 SR
HB1 &)’}\ \

) HB2 ))
S os3068 HB3 AN
8 HB4
=1
2 HBS

-125.095
g
=

-166.793

-208.491

0 00998 01996 02094 03992  0.4990
FREQUENCY

FIGURE 10. COMPOSITE RESPONSE OF FIXED COEFFICIENT
HALFBAND FILTERS

The coefficients for each of the halfband filters 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 = (Fg/DEC,g )(TAPS/(2*DECig ) + HBg ks + 1)

In this equation Fg is the sample rate, TAPS is the number of
taps in the FIR filter (O to 256), DECg g is the decimation rate
of the programmable FIR (1 to 8), and HB¢ ks is a compute
clock factor based on the number of halfband filters in the
configuration (see Table 5). The term DECyg 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.

3-10




HSP43124

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 -5.255675 -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 " % #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
0.390625 -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 -90.550629 -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 -95.332024 -136.890198 -158.650345
0.437500 -47.588165 -66.385063 -106.462181 -185.130432 -154.637756
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 -152.278915
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
co -67230275 12724188 624169 -197705 23964
c1 0 0 0 0 0
c2 604101076 -105279784 -6983862 2303514 -242570
c3 1073741823 0 0 0 0
c4 604101076 629426509 38140187 -13225905 1306852
cs 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

c9 0 1073741793 0 0

c10 12724188 650958284 657968488 -37027884

ci1 0 1073741825 0

c12 -145867861 657968488 84032070

c13 0 0 0

ci4 38140187 -161054660 191585682

c1s 0 0 0

c16 -6983862 51077176 670589251

c17 0 0 1073741824

c18 624169 -13225905 670589251

c19 0 0

c20 2303514 191585682
c21 0 0

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

c27 0

c28 4942818

c29 0

€30 1306852

a1 0

c32 -242570

c33 0

c34 23964

TABLE 5. PERFORMANCE ENVELOPE PARAMETERS

NUMBER OF

HALFBANDS HBc s DECyg
0 0 1
1 13 2
2 33 4
3 69 8
4 125 16
5 221 32

The longest 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 = 2DECgp( (FCLK/F5)DECg - HBgiks - 1)

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

Max Fg= FCLK*DECHB /(TAPS/(2'DECF|R) + HBgiks + 1).

NOTE: for configurations using filters with asymmetric coefficients,
the term TAPS in the above equations should be muiltiplied
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
filter 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 I/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.

CLKOUTIlI'IlIIIlIIllIlI

1]
'

SYNCOUT 1/ \ :

oour

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

[e[alela o] el e [m o s s [ [ s [+ ]: ]2 7]

_20. 2-1 2-2 2«‘5 24 2-5 2-6 2-7 2—6 2-9 2-!0 2—11 2-12 2-13 2-14 2-15 2-16 2~17 2-15 2-19 2~20 2-21 222 223

FRACTIONAL TWO’S COMPLEMENT FORMAT FOR 32-BIT COEFFICIENTS

|;2|31I30I29I28|27|26|2ﬂ2ﬂ23 2ﬂ2ﬂ2ﬂ1ﬂ1ﬂ17|16|15|14|13[12r11 I10| 9 I 8 l 7 I 6 | 5 | 4 | 3 | 2 I 1—|

.20, 21 2-2 2@ 2-4 2-5 2-6 27 98 99 910 911 9-12 5-13 5-14 »-15 5-16 917 5-18 5-19 5-20 5-21 5-22 5-23 »-24 »-25 926 »-27 »-28 529 5-30 »-31

FIGURE 12. DATA FORMATS
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Specifications HSP43124

Absolute Maximum Ratings

SupplyVoltage . .. ...ttt +7.0V  Thermal Resistance 64a 6,c

Input, Output Voltage . ................ GND -0.5V to V¢ +0.5V SOICPackage. ........ccoovuuuunnn. 65°C/W  TBD°C/W

Storage Temperature . ............c.ounnn.. -65°C to +150°C Plastic DIP Package ................ 45°C/W  TBD°C/W

] 0 Class 1 Maximum Package Power Dissipation

Junction Temperature. ................... +150°C (SOIC,PDIP) SOICPACKAGE . . o vt v v vvtiiieen it 1.23W

Lead Temperature (Soldering 10s).................... +300°C Plastic DIPPackage ...........coviiiiniiiienen... 1.78W
GateCount ..........cooiiiiiiniiiiiiiiiii i, 40,304

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

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

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Power Supply Current lccop - 203 mA Vce = Max, FCLK = SCLK = 45Mhz
Notes 1, 2
Standby Power Supply Current lccse - 500 UA Ve = Max, Outputs Not Loaded
Input Leakage Current Iy -10 10 uA Vec = Max, Input = OV or Vg
Output Leakage Current lo -10 10 Vv Vcc = Max, Input = OV or Vo g
Clock Input High Viie 3.0 - \ Ve = Max, FCLK and SCLK E
Clock Input Low Viie - 0.8 V' Ve = Min, FCLK and SCLK 9_
Logical One Input Voltage ViH 20 - v Vec = Max S
Logical Zero Input Voltage Vi - 0.8 \ Vee = Min
Logical One Output Voltage Vo 2.6 - \ lon = -5mA, V¢c = Min
Logical Zero Output Voltage VoL - 0.4 \ loL = 5mA, 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 initial design and at major process/design changes.
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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 TcH 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 ToH 0 - 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 CO0-7, A0-2 from Falling Edge of WR# Twh 3 - ns
Setup Time A0-2 to Falling Edge of RD# Trs 10 - ns
Hold Time A0-2 from Rising Edge of RD# TRrH 0 - ns
WR# High TwrH 10 - ns
WR# Low TwaL 10 - ns
RD# High TroH 10 - ns
RD# Low to Data Valid Troo - 25 ns
RD# High to Output Disable Top - 6 ns
FCLK to CLKOUT Troc - 12 ns
CLKOUT to SYNCOUT, DOUT Tpo - 8 ns
Output Rise, Fall Time Tre - 3 ns, Note 2

NOTES:

1. AC tests performed with C| = 40pF, lg_ = 5mA, and loy = -5mA. Input reference level for FCLK and SCLK is 2.0V, all other inputs 1.5V.
Test Vi = 3.0V, Viyc = 4.0V, V) = 0V.

2. Controlied 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 s1

*CLI

*TEST HEAD
CAPACITANCE

1.5V oL

SWITCH S1 OPEN FOR Iccsg AND Igcop
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Waveforms
TIMING RELATIVE TO WR# OUTPUT RISE AND FALL TIMES

= Twan >~ TwaL Tap—> [=— —>{ [=—Tgf
WR# 20V
0.8V
Tws —*Twu
co-7,
A0-2

INPUT DATA TIMING TIMING RELATIVE TO READ

Tep TRoH >
p-——
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T
SCLK RS | | Tan
Tos Tox A0-2 x
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TIMING RELATIVE TO FLCK AND CLKOUT
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Dual FIR Filter

Features

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

10-Bit Data & Coefficients

e On-Board Storage for 32 Programmable Coefficient
Sets

* Up To: 256 FIR Taps, 16 x 16 2-D Kernels, or 10 x 19-Bit
Data and Coefficients

¢ Programmable Decimation to 16
+ Programmable Rounding on Output
¢ Standard Microprocessor Interface

Applications

¢ Quadrature, Complex Filtering

* Image Processing ’
¢ PolyPhase Filtering

o 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

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°C to +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
HSP43168J045 0°C 1o £70°C 84 Load PLCC :::3 r(:aec‘:"ece 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,
ST CONTROL/
Wre CONFIGURATION

CSELO-4 g
y y 4
|_. COEFFICIENT
BANK A
ol & >
| FIR CELLA

INAO -9 —7 I

A y ‘
COEFFICIENT
BANK B

FIRCELLB

MUX

MUX

10
INBO-9/ <z o —»
ouTo-8

OEL#
OEH#

ouT9 - 27

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
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Pinouts (Continued)

100 LEAD MQFP
TOP VIEW
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Pin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
vCcC B5,D11,K10 VCC: +5V power supply pin.
K7,F1
GND A9,E10,L11 Ground.
K4,D2
CINO-9 E1-3,D1, | Control/Coefficient Data Bus. Processor interface for loading control data and coefficients.
C1-2,B1-3, CINO is the LSB.
Al
AOC-8 A5-8, B6-8, | Control/Coefficient Address Bus. Processor interface for addressing control and coefficient
Cce6-7 registers. AO is the LSB.
WR# A10 1 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 I 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 1/0 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 | F9-11,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. OUT27 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 I 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# A1 | 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# C11 I 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).
MUXO0-1 B9-10 t Adder/Mux Control. This input controls data flow through the output Adder/Mux. Table 3.0
lists the various configurations.
CLK E9 | 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# Jé 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 control enables OUT9-27 when OEH# is low.
ACCEN D10 I Accumulate Enable. This active high input allows accumulation in the FIR Cell Accumulator.
Alow 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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HSP43168

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/O 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 001H 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 68 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
DESCRIPTION

BITS FUNCTION

0000=No Decimation
1111=Decimation by 16

3-0 Decimation Factor

4 Mode Select 0 = Single Flliter Mode

1 = Dual Fliter Mode

5 Odd/Even Symmetry | O = Even symmetric coefficients

1 = Odd symmetric coefficients

6 FIR Aodd/eventaps | O = Odd number of taps in filter

1 = Even number of taps in filter

FIR B odd/even taps
8 FIR B Input Source

(Defined same as FIR A above)

0 = Input from INAO-9
1 = Input from INBO-9

9 Not Used 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 O01H 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
[0} FIR A Input Format 0 = Unsigned

1 =Two’s Complement

1 FIR A Coefficient
Format

2 FIR B Input Format
3 FIR B Coefficient

(Defined same as FIR A input)

(Defined same as FIR A input)

(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 effects 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 TXFR# 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 LIFO’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 multiplier in FIR B in the second coefficient set.

TABLE 3
A8 A7-3 A2 A1-0 FIR BANK
1 XXXXX (o} 00 A 0
1 XXXXX (o] o1 A 1
1 XXXXX (o] 10 A 2
1 XXXXX o] 11 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 OuTo-27
00 FIRA + FIRB (FIR B Scaled by 2-10)
ot FIRA + FIRB
10 FIRA
11 FIRB

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL TWO'S COMPLEMENT

|27 I26 |25 |24|23 |22 |21 |20F9|18]T7 |16T15 |14 13 |12 |11 10| 9 |

-29 28 27 26 25 24 23 22 31 30 2-13-2 5-3 -4 -5 -6 -7 28 -9

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL TWO’'S COMPLEMENT

| DI EATEEEEEENENENEY

2-10 2-11 2-12 9-13 5-14 9-15 5-16 2-17 2-18

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

[N IEN A N R N N KN

21 2-2 98 2-4 25 26 2-7 2-8 2-9

OUTPUT DATA FORMAT OUT9-27
FRACTIONAL UNSIGNED

|27 Ize |25 Iz4‘2a|22 |21 |20‘19 lm |17 te |15 |14\|1a |12 In |1o| 9 |

29 28 27 26 24 25 23 22 21 20 2-12-22-32-42-52-62-72-82-9

OUTPUT DATA FORMAT OUTO-8
FRACTIONAL UNSIGNED

lel7fefsfafafz]1fo]

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 TWQO'S COMPLEMENT

Lo [ol7felsfalafalfsfo]

-20 2-1 2-2 2-3 2-4 2-5 26 27 2-8 29

2-10 9-11 2-12 2-13 2-14 2-15 2-16 9-17 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

wors—{— [T —
A

FIGURE 2. USING HSP43168 AS TWO INDEPENDENT
FILTERS

—> OUT9 -27
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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 I c1

T

AEEREREE

X9 X8 X7 X6 X5 X4 X3 X2 Xi

x(n)

FIGURE 3. DATA/COEFFICIENT ALIGNMENT FOR 8-TAP
EVEN SYMMETRIC FILTER

The dual filter application is configured by writing 1dOH to
address O0OH 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 IS CLOCKED INTO THE
FEED FORWARD STAGE.

CO —|

Cl—s @ C2— Q C3—» 0
)

(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.

{3 j—g{2]—{5]
A E T
® 9 ¢

CO -

Clas C2 C3—

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

FIGURE 4. DATA FLOW DIAGRAMS FOR 8-TAP
SYMMETRIC FILTER

3-26




HSP43168

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; CSELO-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

T ] LT
x(n)

HEEEREEEE

X9 X8 X7 X6 X5 X4 X3 X2 X1

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.

T

IEI'T"E 3
RAEX
Cl C2

(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.

“EI*‘“EJ*—*'-EF—]

P ‘?Eh@
co—(X) Ci~ 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 OOOH 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 0O001H. 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 CSELO0O-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 muiltiplier 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

x(n)

AERRREARE

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.

o]
E [s] | [
co c1»@<cz..§<>c?

ACCUMULATOR

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

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

[e}— 1 ]—=]—z]
Aol Sl ol

| ACCUMULATOR

(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.

7 [5]

[¢]
CO —» C1»<)%C2—>?C3—»

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

Cl—"{z]—{=]—=]
7]

Chr
c7 »% C5— cy

ACCUMULATOR

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

FIGURE 8. DATA FLOW 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 O00H. 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 CO, 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.

oj112,3 1 13| 14| 15 16!
clK
|
Nro-o XD :x#‘_—_:’;é)(x X XT3,
como-+ YDXEXTX TR
| ] |
accen | $ | |
| | |
FWRD % m—/l__“/ | \L/T\ /l
| |
RVRS 2 /':M\.:__, | |
|
s LT\ TN/

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 resuilt, 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. As in
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.
I
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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

11]10] 9

. w

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

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

1]o]s a]3]s] 7] 8]} 10]s

12

[21] 2019 {18]17]16 |15|14|13}—I—-——~l
9 Q

(X1+ X22)C1+ (X4X18)C4+ (X7+ X16)C7+ (X10+ X13)C10
+ (X2+ 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]s]s alal7] °l"l'°l¢-—
llﬂm
23 [22] 21]20 |19]18]17 [16[15]14
M M
ACCUMULATOR

(X0+ X23)COo+ (X3+ X20)CS+ (X6+ X17)C6+ (X3+ X14)C9
+ (X1+ X22)C1+ (X4+ X19)C4a+ (X7+ X16)C7+ (X10+ X13)C10
+ (X2+ X21)C2+ (X5+ X18)C5+ (X8+ X15)C8+ (X11+ 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, CS6,
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

C2

CS‘QK W

(X5+ X24)CO+ (X8+ X21)C5+ (X11+ X18)C8+ (X14+ X15)C11

FIGURE 11. DATA FLOW DIAGRAMS FOR 24-TAP DECIMATE
BY 3 FIR FILTER
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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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h(n) 06

FIGURE 13. DATA/COEFFICIENT ALIGNMENT FOR 23-TAP
DECIMATE BY 3 SYMMETRIC FILTER
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(X2+ X20)C2+ (X5+ X17)05+ (X8+ X14)C8+ (X11+ X11)C11/2

A. COMPUTATIONAL FLOW AS DATA SAMPLE 20 IS
CLOCKED INTO THE FEED FORWARD STAGE

1]o]s a]3]s] 7] s]11]} 10]s
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21 [21] 1918 17]16]15 |14|13|12|—.
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(X1+ X21)C1+ (X4X18)Ca+ (X7+ X15)C7+ (X10+ X12)C10
+ (X2+ X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X11+ X11)C11/2

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

B s E 0 e S O ] e S
13[12
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18]17]16 [15|14|13[——l

(XO+ X22)CO+ (X3+ X19)C3+ (X6+ X16)C6+ (X9+ X13)CO
+ (X14 X21)C1+ (X4+ X18)C4+ (X7+ X15)C7+ (X10+ X12)C10
+ (X24 X20)C2+ (X5+ X17)C5+ (X8+ X14)C8+ (X114 X11)C11/2

22 [21] 20]19

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

s[efs 8] 7]ejegqr1j1ofoje
14]13[12
22[21]20 19]18]17 161514 ——j

ACCUMULATOR

{X5+ X23)C2+ (X8+ X20)C5+ (X11+ X17)C8+ (X14+ X14)C11/2

FIGURE 14. DATA FLOW 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-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)/ 2, C1, C4, C7, C10, CO, C3,
C8, 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

ES T o T e = +8.0V
Input, Output Voltage . cens Ceeeseenstcetetatatacanananaoasans GND -0.5V to Vg +0.5V
Storage Temperature. . ceen ettt i ettt te s -659C to +150°C

2.4W (MQFP), 3.6W (PLCC), 3.1W (PGA)
.............................................. 13.59C/W (MQFP), 7.49C/W (PLCC), 7.59C/W (PGA)
33.0°C/W (MQFP), 22.39C/W (PLCC), 33.50C/W (PGA)

JUNCHON TeMPErature ... ovve it ittt it ieeieneeeinenennenneennnennn +1750C (PGA), +1500C (PLCC)
Lead Temperature (SOldering 108) ... uuet ittt iietiiierieieeeneeeeaneeesaseessssnseessesaseennsesnneennnesennns +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 i of this specification is not implied.

Operating Conditions

Operating Voltage Range, Commercial ..............0vuu.n. e ettt eae et aa ettt sttt aae et aaeanas 5V + 5%
Operating Temperature Range
L0 T2 T 00Cto +70°C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
Iccop Power Supply Current - 363 mA Vce = Max
CLK Frequency 33MHz
Note 2, Note 3, Note 4
IccsB Standby Power Supply Current - 500 pA Ve = Max, Outputs Not Loaded
[} Input Leakage Current -10 10 uA Vcg = Max, Input=0VorVce
o Output Leakage Current -10 10 pA Ve = Max, Input=0V or Vg
VIH Logical One Input Voltage 2.0 - \ Veg = Max
ViL Logical Zero Input Voltage - 0.8 \' Vce = Min
VoH Logical One Output Voltage 2.6 - \ IoH =-4006A,Vce = Min
VoL Logical Zero Output Voltage = 0.4 \ loL =2mA,Vce = Min
VIHC Clock Input High 3.0 - v Vce = Max
ViLc Clock input Low - 0.8 \ Vee =Min
CiN Input Capacitance - 12 pF CLK Frequency 1MHz
All measurements referenced
. to GND.
Cout Output Capacitance - 12 pF TA = +250C, Note 1
NOTES:

1. 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.

W

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

4. Maxi 1 ture must be considered when operating part
at high clock frequencies.
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A.C. Electrical Specifications Vgg = +4.75V to +5.25V, Tp = 00C to +70°C (Note 1)

1D FILTERS

33MHz 45MHz
SYMBOL PARAMETER MIN MAX MIN MAX | COMMENTS
Tcp CLK Period 30 - 22 - ns
TGH 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
TaAWws Set-up Time AO-8 to WR# Going Low 10 - 8 - ns
TAWH Hold Time AO-8 from WR# Going High 0 - 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 - 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
TECH Hold Time CSELO-5, SHFTEN#, FWRD#, RVRS#, TXFR#,
INAO-9, INBO-9, ACCEN, MUX0-1 to CLK Going High [} - (o] - ns
TDO CLK to Output Delay OUT0-27 - 14 - 12 ns
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, I = 2mA, and Iy = -400pA. Input
reference level CLK = 2.0V. Input reference level for all other inputs is
1.5V. Test Vi = 3.0V, Vi = 4.0V, V) =0V, V) ¢ = 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
______________ 9

* TEST HEAD
CAPACITANCE

SWITCH S1 OPEN FOR
lccss AND Igcop
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Waveforms
CLK Tep
TeH | ToL
S A \
CSELO -4, MUX0 -1 Tecs CH
SHFTEN #£, FWRD #£,
RVRS %, TXFR #£,
INAO - 9, INBO - 9,
ACCEN Too -~
ouTo - 27 >F >—
~— TwLcL |
Twe {
TwL TwH
WR 2+ N
Taws TAWH
—— j—— 2
AO -8 * )‘2
Tews|TcwH
2w
CINO - 15 *
TeveL—=—|

QEL 7/, OEH #

ouTo - 27

HIGH
IMPEDANCE

HIGH
IMPEDANCE

OUTPUT ENABLE, DISABLE TIMING

OUTPUT RISE AND FALL TIMES
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HSP43168/883

Dual FIR Filter

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-
mented in an advanced CMOS process. The configuration of

TEMPERATURE na )
PART NUMBER RANGE PACKAGE the device is controlled through a standard microprocessor
interface.
HSP43168GM-25/883 | -55°C to +125°C | 84 Lead PGA interiace
HSP43168GM-33/883 -55°C to +125°C | 84 Lead PGA
Block Diagram
10, R
s e 3] contROL/
Whe CONFIGURATION
CSELO-4 —94 |
]__. COEFFICIENT
BANK B
10
INAD-9 —7~

FIRCELLB

nBo-o/ 0 o |

OouTo-8
MUX/
ADDER
OEL#
OEH#

ouTe -27

l 1D FILTERS H
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HSP43168/883

Pinouts
84 PIN PGA
TOP VIEW
1 10 9 8 7 6 5 4 3 2 1
GND |ouT15|ouT1a|ouT12|ouT10{OUT11]| INB1 |INB4 | INB5 | INBS | INBS | L
ouT18| Ve |ouTis|ouTis| vee | INBo | INB2 | GND | INB7 | INBS | INAT | K
ouT19 | OUT17] ouT9 | OEL# | INB3 INAO | INA2 | U
ouT21 |ouT20 INA3 | INAG | H
ouT24 |ouT23|ouT25 INA7 | INAS | INAs | G
ouT27 |out22|ouTzs INAs | INA9 | vee | £
OEH# | GND | cLk ciNz | ciNt [cino | E
Vec |ACCEN GND [ciNs | D
xrRe | FWRD As | As |csELo cine |cina | ¢
SHFT
ENa |Muxo[mux1| Ao | A3 | A2 | vec |csEL2|cine [cin7 [oins | B
RVRSH| WR# | GND | A1 | A4 | A7 | As |csELt|csELs|csEra]cing | A PINAY
1 10 9 8 7 6 5 4 3 2 1
84 PIN PGA
BOTTOM VIEW
1 10 9 8 7 6 5 4 3 2 1
RV‘RS wh# |GND | A1 | A4 | A7 | As |csELi|cseLs|cselaf cing A"':‘D'“'
SE';‘F'T Muxo [Mux1| Ao | A3 | A2 | Vec [csEL2| ciNe [ciN7 fcins | B
Txr# |FWRD A5 | Ae |cSEL9 cine eina | ¢
Vec |ACCEN GND [cIN3 | D
OEH# | GND | cLk ciN2 [ciNt [cino | E
out27|ouT22/ouT26 INAS [INA9 |Vee | ¢
ouT24|0uT23|0UT2S INA7 |INAS [INAS | G
ouT21|oUT20) INA3 |INA4 | H
ouTigjouT17 oute | OEL#| INB3 INAO |INA2 | 9
ouT18| Vcc |ouT16|0UT13| Vcc | INBO | INB2 | GND | INB7 | INB8 |INA1 | K
GND |ouTis|ouT14 ounzlounoi out11| INB1 |INB4 | INB5 |INBS [iNB9 | L
1 10 9 8 7 6 5 4 3 2 1
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Specifications HSP43168/883

Absolute Maximum Ratings

Supply Voltage . . ..................
Input, Output or I/O Voltage ..........
Storage Temperature Range .. .......
Junction Temperature. ..............
Lead Temperature (Soldering 10s).....
ESD Classification .................

.. .GND-0.5V to Vgc+0.5V
........ -65°C to +150°C

Reliability Information

Thermal Resistance 68 65
Ceramic PGA Package ............ 33.5°CW  7.5°C/W
Maximum Package Power Dissipation at +125°C
Ceramic PGAPackazge .............cceeiunnnnnns 1.49W
GateCount . ...ouvveiiiiiiiiii i 32529 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 Voltage Range . . ................... +4.5V to +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 Vi Vee =5.5V 1,2,3 -55° < Tp < + 125°C 22 - v
Voltage
Logical Zero Input Vi Vec =4.5V 1,2,3 -55°< Tp < +125°C - 0.8 \
Voltage
Logical One Input Viie Ve =5.5V 1,2,3 -55° < Ta <+ 125°C 3.0 - \"
Voltage Clock
Logical Zero Input Vile Ve = 4.5V 1,2,3 -55° < Tp <+ 125°C - 0.8 v
Voltage Clock
Output HIGH Voltage Vo lon = -400pA 1,2,3 -55° < Ta <+ 125°C 2.6 - )

Vge= 4.5V (Note 1)
Output LOW VoL lop = +2.0mA 1,2,3 -55°< Ty < + 125°C - 0.4 \
Voltage V= 4.5V (Note 1)
Input Leakage Current I V)N = Vgc or GND 1,2,3 -565° < Ty < + 125°C -10 +10
Vee = 5.5V
Output Leakage Current lo VN = Vge or GND 1,2,3 -55°< Ty <+ 125°C -10 +10 HA
Ve =5.5V
Standby Power Supply lccse | Vin = Vo or GND 1,2,3 -55°< Tp <+ 125°C - 500 pA
Current Vee =55V,
Outputs Open
Operating Power Supply lecop f=25.6MHz, Viy = Ve 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 -65° S Tp<+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 2 1.5V, and Vg < 1.5V.
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Specifications HSP43168/883

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

GROUPA (-33MHz) (-25MHz)
(NOTE 1) SUB-
PARAMETER SYMBOL | CONDITIONS | GROUPS TEMPERATURE MIN | MAX | MIN | MAX | UNITS
CLK Period Tep 9,10,11 | -55°<Tys+125°C | 30 - 39 - ns
CLK High Ten 9,10,11 | -55°sTa<+125°C | 12 - 15 - ns
CLK Low Ta 9,10,11 | -55°sTos+125°C | 12 - 15 - ns
WR# Period Twe 9, 10, 11 -55° < Tp < +125°C 30 - 39 - ns
WR# High Twh 9, 10, 11 -55°< Tp < +125°C 12 - 15 - ns
WR# Low T 9,10,11 | -55°sTys+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; Taw 9,10,11 | -55°S Ty <+125°C 1 - 1 - ns
A0-8 to WR# High
Set-up Time; Tews 9, 10, 11 -55° < Tp < +125°C 12 - 15 - ns
CINO-9 to WR# High
Hold Time; Tewn 9, 10, 11 -55%< Ty < +125°C 1.5 - 1.5 - ns
CINO-9 to WR# High
Set-up Time; TwicL Note 3 9,10,11 | -55°< T, <+125°C 5 - 8 - ns
WR# Low to CLK Low
Set-up Time; ToveL Note 3 9,10,11 | -55°< T, <+125°C 8 - 8 - ns
CINO-9 to CLK Low
Set-up Time; Tecs 9,10, 11 -55° < Tp < +125°C 15 - 17 - ns
CSELO0-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUXO0-1 to
CLK High
Hold Time; Tecn 9,10,11 | -55°<Ty<+125°C | © . 0 - ns
CSELO0-5, SHFTEN#,
FWRD#, RVRS#,
TXFR#, MUXO0-1 to
CLK High
CLK to Output Delay Too 9,10, 11 | -55°S To<+125°C - 15 - 17 ns
ouT0-27
Output Enable Time Toe Note 2 9,10, 11 -565°< Tp< +125°C - 12 - 12 ns
NOTES:

1. AC testing is performed as follows: Input levels (CLK Input) 4.0V and 0V; 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

(-33MHz) (-25MHz)
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE MIN | MAX | MIN | MAX ] UNITS

Input Capacitance Cin Vee=Open, =1 MHz 1 Ta=+25°C - 12 - 12 pF
All measurements

Output Capacitance Cout are referenced to 1 Ta=+25°C - 12 - 12 pF
device GND.

Output Disable Time Top 1,2 -55°< T, < +125°C - 12 - 12 ns

Output Rise Time Tr From 0.8V to 2.0V 1,2 -55°< Tp < +125°C - 8 - 8 ns

Output Fall Time Te From 2.0V to 0.8V 1,2 -55° < T < +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
Initial 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
buTt O
N :[
- IOH 1.5V oL
* INCLUDES STRAY
AND JIG = = =
CAPACITANCE
EQUIVALENT CIRCUIT

SWITCH S1 OPEN FOR Iccgp AND Igcop TEST
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HSP43168/883

Waveforms
Tep
TeH TeL
CLK / \ /
Tecs | TecH
CSEL0-4, MUX0-1
SHFTEN#, FWRD#,
RVRS#, TXFR#,
INAO-9, INB0-9
Too _»1
ouTo-27 D
~~— TwicL —
Twe |
TwL
WR# '\ /
Taws o e —3] TawH
A0-8
Tews | Tewn
|y
CINo-15
TeveL —=—
> 15 5V
OEL#, OEH# v 1

N—

Toe

ouTo0-27

Too

TwH

— 17v

HIGH

IMPEDANCE

OUTPUT ENABLE, DISABLE TIMING

LN\

N—— 1.3V

HIGH
IMPEDANCE

Tar I

OUTPUT RISE AND FALL TIMES

TrF
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HSP43168/883

Burn-In Circuit

NOTES:

84 PIN PGA

BOTTOM VIEW
1 1 9 8 7 € & 4 3 2 1
RVAS| wre [anD [ A1 | ae | a7 [ as |csews D N p A"':‘D'“'
SE';‘F‘T Muxo |[Mux1| Ao | A3 | A2 | Vec CSELZI CiNg |CIN7 |CiNs | B
TXFR#|FWRD As | as CSELO| cins |oine | ¢
Vec JACCEN GNp |oins | D
oEH# | GND | cLK ciNz [Nt [oino | E
ouTzrjout22 omel inas [Na9 |vee | ¢
ouT24ouT23 ounsl NA7 |iNas |iNas | G
out21|out20 NA3 | INae | 1
ouTis|ouTt7 ouTe| oELY B3 INAo |INA2 | 4
outts| Vec foutslourss| Vee | o | sz | ano | we7 [ines | mat | «
GND |ouTisouTi ounalounaioum et |inBa | iNes |iNBs [iNes | L

"

10

1. Veo/2 (2.7V £10%) usad for outputs only.

2. 47KQ (+20%) resistor connected to all pins except Vs and GND
3. Ve = 5.50.5V.

7 6 5

4

3

2

1

5. FO = 100KHz +10%, F1 = F0/2, F2 = F1/2...,F16 = F15/2,
40 to 60% duty cycle.

6. Input voltage limits:

Vi = 0.8V Max, Vi =4.5+10%

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

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
AT | CING Bi1 | SHFIEN | Fid T3 |SUM26 |V K2 | INB3 ]

A2 CSEL4 F12 C1 CINg F7 F10 | SUM22 Ved2 K3 INB7 F8

A3 | CSEL3 F1 C2 | CIN6 Fo F11 | SUM27 Vo2 K4 | GND GND
A4 | CSELT F9 C5 | CSELO F8 G1__ |INA6 F7 K5 | INB2 F3

A5 | A8 Fi2 Cé |A6 F11 G2 |INAS F6 K6 | INBO F

A6 | A7 F10 C7 |A5 F12 G3 | INA7 F8 K7 | Veo Voo

A7 A4 Fil Ci0 | FWRD F13 G9 | SUM25 Vo2 |[K8 SUM13 Vo2 |
A8 Al Fi12 Ci11 | IXFR Fi1 G10 | SUM23 Vo2 |[K9 | SUMT6 Vo2
A9 | GND GND D1 CIN3 F10 Gi1 | SUum24 Vo2 |[KI0 | Veo Voo
A0 |WRB 6 D2 | GND GND Al INA% F5 KiT | SUMI8 Ved2
Al1_|RVRS | Fi2 D10 |ACCEN | Fi3 H2 | INA3 F4 K] INB9 F10

Bl CIN5 F8 D11 | Veo Vee H10 | SUM20 Vo2 2 INB6 F7

B2 | CIN7 F10 El CINO F7 H11 | SUM21 Vo2 3 INB5 F6

B3 | CIN9 F10 E2 | CINi F8 ALl NAZ F3 ) INB4 F5

B4 | CSEL2 F10 E3 |CIN2 Fo J2 INAO F1 5 INB1 F2

B5 |Veo Vee E9 [CLK FO J5 INB3 F4 16 | SuMmii Vod2
'B6 A2 Fi1 E10 | GND GND __ |[J6 OELB Fi13 7 SUM10 Vo2
B7 | A3 F10 E11_ | OEHB F14 7 SUM9 VOOIE ) SUM12 Ved2
B8 | A0 F13 F1 Veo Voo J10 | SUM17 Vo2 9 SUM14 Vod2
B9 | MUX1 F13 F2 INA9 F10 JAT | SUMT9 Voo2 L0 | SUMI5 Ved2
B10 | MUX0 F12 F3 INAS F9 Ki INAT F2 Ti1 | GND GND
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HSP43168/883

Metallization Topology

GLASSIVATION:
DIE DIMENSIONS: Type: Nitrox
314 x 348 x 19+ 1mils Thickness: 10kA
METALLIZATION: WORST CASE CURRENT DENSITY:
Type: Si-Al or Si-Al-Cu 1.93x 105 A/cm2
Thickness: 8k.
Metallization Mask Layout
HSP43168/883
T 9% 8 58 - o
2 2 oo o2 o o & &k R
§c 88888 8229 329¢zg 5E3 32
Tz 124 35 DU T ARy r/,/ CRAL 3\ O\ 0 0 WA 6 D 8 AR 0. S 7 ] [/
'/ h] £ £ I BN ISESR SINE ED ISR ESSHS: RS I BDR A IED S XK FEE 1 SEE 1 IS § 5a 3 BEIR
CIN7 /RS- 1AW RVRS#
CING /AR | LY Fwo#
CINS S| SHIFTEN#
CINa FRNEH 5 SRy, TXFR#
aNp PR Y/ accen
ciNs R W) Vee
ciNz [INE Ly CLK
CINt [/ No:d
ciNo /RS S ano
INA9 [} Y] oens
INA8 [/
¥ ourzr
INAT 1) 21 outes
iNas VRS = ¥/ outas
INAS ¥/ I outae
AT S
Vee |47 ~ 3 ouT23
INA4 [/ 1 out2
INA3 RN i outzt
= § - I§W7] out20
NA2 (IR e —————— IRy
; : A OUT19
INAT | 7 outis
INA0 AR _ 533 4 out17
” 8= ls=w
iNBo [: F 4 vee
t IR DESNEEN ISR ATITOR SRTHHT TR ERUGE SO LecoRy XS XS B 3 /'-: 3 X ‘“:.:» f 4
R 71777 SN 233N LYo
2 222 35 222 22835 EEEEEEL G
[e] O 0 0 0O 0 ©
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@ HARRIS HSP43216

January 1994 Halfband Filter
Features Description
« Sample Rates to 52 MSPS 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.

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

* Four Modes of Operation: These elements may be configured to operate in one of the
- Interpolate by 2 Fiitering four following modes: decimate by 2 filtering of a real input
- Decimate by 2 Filtering signal; interpolate by 2 filtering of a real input signal; Fg/4

quadrature down conversion of a real input signal followed
- Quadrature to Real Signal Conversion by decimate-by-2 filtering to produce a complex analytic
- Fg/4 Quadrature Down Conversion Followed by signal; interpolate-by-2 filtering of a complex analytic signal

Decimate by 2 Filtering followed by Fg/4 quadrature up conversion to produce a real

« 67 Halfband FIR Filter with 20-Bit Coefficients valued output.
e 1.24:1 Flter Shape Factor, >90dB Stopband The frequency response of the HSP§:§216's halfband filter
i, 0306508 Prand R e 1 e oo nsendtan brmrte
« Two's Complement or Offset Binary Outputs has less than 0.0003dB of ripple from OFg to 0.2Fg with

stopband attenuation of greater than 90dB from 0.3Fg to

* Programmable Rounding on Outputs Nyquist. At 0.25Fg the filter provides 6dB of attenuation.

App[ications The HSP43216 processes data streams with word widths up

to 16-bits and data rates up to 52 MSPS. The processing
* Digital Down Conversion through put of the part is easily doubled to rates of up to 104
« D/A and A/D pre/post Filtering MSPS by using the part together with an external multiplexer

or demultiplexer. Programmable rounding is provided to sup-
* Tuning Bandwidth Expansion for HSP45116 and port output precisions from 8-bits to 16-bits.
HSP45106

Ordering Information

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
R Fg/d4 - 67-TAP L Fg/4 OUTPUT DATA }——» AOUTO- 15
AINO-15 — NPT DATA s/ —
QUADRATURE HALFBAND QUADRATURE FLOW
FLOW DOWN FILTER UP CONVERT
BINO - 15 CONTROLLER 3 CONVERT PROCESSOR }—) | ] CONTROLLERI] o iro-15
) y PROCESSOR PROCESSOR FORMATTER
SYNC # l T
USB/LSB #
MODEO-1
INT/EXT #
RNDO-2
FMT #
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3365.3

Copyright © Harris Corporation 1994
opyrigl arris Corporation 343
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HSP43216

Pinouts

85 PIN PGA
TOP VIEW
" 10 9 8 7 6 5 4 3 2 1
L |B9yT|BoyT|BouT | BouT | BOUT| GND [ BOUT | BOUT| Ve | aND [ ANDY
K |AQUT | AouT | BOUT | BOUT | BOUT| BOUT | BOUT | BOUT | OE#| AND2 | BINS
J A%UT ADIUT BO70T B%UT Bozur RNDO| BIN14
H | GND |aouTs BIN13 | BIN12
G |Aout?|acurs|aoute BINg | BIN10| BINg
F |A9UT |aourts|aoute BIN7 | BING | BINt1
g | AQUT [AQUT | AOUT BIN3 | BIN4 | BINS
p |AouT | Aout BINT | BINZ
c | onD | oEas ANg | AIN10| AIN14 INDEX | LsBi | Bino
B | vec | ANo| Nt [ AiNe | AIN7 | AINe | AIN13 | MODE| cLk |svncef gYT
A | FMT | AN2| AIN3 | AINs | ANs | A1t | ANtz | ANis [mopEd| anp | vee
" 1 9 8 7 & 5 4 38 2 1
85 PIN PGA
BOTTOM VIEW
1 2 3 4 5 6 7 8 8 10 1
L |nnp1 ]| aNp | vee |Bouti|Bouts| anp |BoUTe| BQUT [ BOUT | BOUT| BOUT
k | BIN5| RND2| oEB¥ | BOUTO| BOUTS| BoUTS|BOUTS| BOYT | BOUT | AcuTe| ACUT2
s | B4 ] ADo BOUT2| BoUTs| BOUT?, AOUT1| AOUT3
n |BNnz| BINt3 Aout4| GND
G | BINe | BINtO | BINS AOUTS| AOUTS| ACUT?
F | BINt1]| BING | BIN? aours|aouts| AT
g | BINS | BINa | BIN3 AT AT AT
p | BiN2| BINY AT AT
c | BiNo | USB, | INDEX AIN14 | AINT0 | AIN® OEA# | GND
B | eNte |SYNC#| cix |mopEo| anta | Ane | ANz | ana [ a1 | amo | vee
A | vee | GND |MoDE1] ANts | AIN12| AIN11| AINe | AINS | AIN3 | AIN2 | FMT
PIN“‘)M‘ 1 2 3 4 5 6 7 8 9 10 N

A

PIN ‘A1’
1D
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HSP43216

Pinouts (Continued)

84 LEAD PLCC
TOP VIEW

-0
xn3§2==*§§ 2ree3I2yss
g5gggz35s35z8388z2222:¢

11109 8 7 6 5 4 3 2 184838281807978777675
sYNc# [ 12 L4 74 1 FMT

333435363738394041424344454647484950515253
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HSP43216

Pin Description

NAME PLCCPIN TYPE DESCRIPTION

vce 11, 36,72 - +5V Power

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

CLK 10 1 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
Complement.

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 | 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 [ 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 | 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)

RNDOQ-2 31-33 I 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 Output Bus A, OUTAOD-15. Active Low.

OEB# 34 I Three State Control Output Bus B, OUTBO0-15. 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 FILTER

-
Fg/4 OUADFIATUFIE: :67 TAP HALFBAND: | Fg/4 QUADRATUFIE
DOWN CONVERT , ;
PROCESSOR

PROCESSOR
**DELAY 2-35

OUTPUT DATA FLOW

11 UP CONVERT CONTROLLER

PROCESSOR

EVEN TAP
FILTER

AOUT0-15

SYNC#

l

l USBALSB#

OEA#

Fe/a

L.o.

**DELAY 19

ODD TAP
FILTER

BOUTO-15

MODEO-1

SYNC#
INT/EXT#

RND0-2

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
Fs/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 Fg/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
o1 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 el™2)n a5 given below:

—j(xn/2)

x(n)e = x(n) cos (rN/2) +jx(n) 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(®n/2)

x(n)e = x(n) cos (TN/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 -90.469534
0.003906 -0.000143 0.128906 -0.000098 0.253906 -7.989334 0.378906 -91.528735
0.007812 -0.000071 0.132812 0.000001 0257812 -10.364986 0.382812 -98.960202
0.011719 -0.000013 0.136719 0.000077 0261719 13194719 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 0277344 -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 79291213 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 -94.313447 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 -94.404415 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
filter 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 signal from a
complex sample stream. The operation performed is
equivalent to multiplying a quadrature data stream,
i(n)+ia(n), by samples of a complex exponential, €2, and
outputting the real part of that mathematical operation as
given below:

Real { (i (n) +jq(n) ) ei (™2}

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

= i(n) cos (=n/2) - q(n) sin (tn/2)
= i(n) cos (nn/2) + q(n) sin (-rn/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 sample
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) 20
Quadrature to Real (MODE1-0 =11) 2.0
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Output Data Flow Controller

The Output Flow Controller routes data to the AOUTO-15
and BOUTO-15 output depending on mode of operation. In
decimate by two mode (MODE1-0 = 00), output from the
filter 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 BOUTO-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-
plexed 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
processing legs is output through AOUTO-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 Filter 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.

X3,X2,X1,X0 ', T I 1 ot

- Y1,Y0 . Y¥4,Y2,Y0
C0 C1C2C3C4C5 CGI

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

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

Y(2) = X2(COMX3(C1)+X4(C2)+X5(C3)+X6(C4)+X7(C5)+X8(C8)

« Y(3) = X3(COM+X4(C1)+X5(C2)+X6(C3)+X7(C4)+X8(C5)+X9(C6)
[ ]
[ ]
L J

* 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 flows depend on
whether internal or external multiplexing 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 T T
C0C2C4C6 Y2,Y1,Y0
0DD TAP FILTER
-X5X3X1 | R
— E
G oo e
cic3cs

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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*%* DELAY 2-35
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AINo-15 EVEN TAP
FILTER e
AOUTO-15
' O it
N[mlElE
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0DD TAP 0
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
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1 r[F[Rr|R
DELAY 19 IN|ME]E
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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 half
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 Controller
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 demultiplex function would route x0 and x2 to
AINO-15 and x1 and x3 to BINO-15.

0 1 2

1

CLK

SYNC#

AINO-15 =x EVEN oDD x EVEN

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 In the polyphase implementation, the input data stream

Y1.Y0 feeds even and odd tap filters running at the input sample

X2X1 ,onlt | -x1,0x0,0 R I I | ) rate. The interpolated sample stream is derived by

| 2| L .t multiplexing the output of each polyphase branch into a

C0C1C2C3C4C5Cs) single data stream at twice the input sample rate. As in the

Y(0) = 0(C0)+X0(C1)+0(C2}+X1(C3)+0(C4)+X2(C5)+0(C6) Decimate by Two example, the even or odd tap filters are

Y(1) = XO(CO)+0(C1)+ X1(C2)+0(C3}+X2(C4)+0{C5)+X3(C6) comprised of the even or odd indexed coefficients from the
¥(2) = 0(CO)M+X1(C1)+0(C2)+X2(C3)+0(C4)+X3(C5)+0(C6) original transversal filter.

Y(3) = X1(CO}+0(C11+X2(C2)+0(C3)+X3(CA}+0(CE)+X4(CE) The operation of the HSP43216 in Interpolate by Two mode

. is analogous to the polyphase example above. In this mode

FIGURE 7. TRANSVERSAL IMPLEMENTATION OF tI'!e internal data ﬂOW is routed as shown in Figure 9A and

INTERPOLATE BY TWO HALFBAND FILTER. Figure 9B. The different data flows depend on the selection

EVEN TAP FILTER

- X2,X1,X0 R I I R «Y5,Y3,Y1

C0C2C4C6

ODD TAP FILTER

'

G cicacs| ~Y4Y2YO0

YO0 = XO(C1)+X1(C3)+X2(C5)
Y1 = X0(CO)+X1(C2)+X2(C4)+X3(C6)
¥2.= X1(C1)+X2(C3)+X3(C5)

FIGURE 8. POLYPHASE IMPLEMENTATION OF

w

of internal or external multiplexing 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.

-Y2,Y1,Y0 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

INTERPOLATE BY TWO HALFBAND FILTER

** DELAY 2-35

EVEN TAP
FILTER

~f-— o

*% 1 & [
* CLOCKED AT CLK/2 E E

AOUTO-15
>

** DELAY 19

ODD TAP
FILTER

OEA#

FIGURE 9A. DATA FLOW DIAGRAM

FOR INTERPOLATE BY 2 FILTER MODE (INT/EXT# = 1)

et

g

DELAY 2-35
EVEN TAP
FILTER @ AOUTO0-15
Gl
2
OEA#
DELAY 19 2
RIF[R[R
ODD TAP
FILTER @ E 3'1"-‘ E;IS BOUTo-15
OEB#

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 multiplexing is selected (INT/EXT# = 0), the upper
and lower processing legs are output through AOUTO-15
and BOUTO-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 BOUTO-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 fiiters
represent the decimated data streams for both the real and
imaginary outputs.

INPUT SIGNAL SPECTRUM

Fg2 0 Fg2 Fg

DOWN CONVERTED SIGNAL

_nhna

-Fg/2 0 Fsf2  Fg

FILTERED SIGNAL
/ FILTER PASSBAND

— AL LAL

F2 0 Fs2 Fg

DECIMATED OUTPUT SIGNAL SPECTRUM

_ANAN

Fs 0 Fs 2Fg

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

FIGURE 10. DOWN CONVERT AND DECIMATE OPERATION
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REAL OUTPUTS

RO = X0(C0)+0(C1)-X2(C2)+0(C3)+X4(C4)+0(C5)-X6(C6)
+ R1 = 0(C0)-X2(C1)+0(C2)+X4(C3)+0(C4)-X6(C5)+0(C6)
R2 = -X2(C0)+0(C1)+X4(C2)+0(C3)-X6(C4)+0(C5)+X4(C8)
« R3 = 0(C0)+X4(C1)+0(C2)-X6(C3)+0(C4)+X4(C5)+0(C6)
L]

gIN(-nﬂI2)

-1,0,1...

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

+ 1 = -X1(CO}+0(C1)+X3(C2)+0(C3)-X5(C4)+0(C5}+XT(CE)
12 = 0(CO}+X3(C1)+0(C2)-X5(C3)+0(C4}X7(C5)+0(C6)

+ 13 = 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
. X8,X2,X0 T I R1,R0
t tH—
€0C2C4Ch
1,4,
cosLo 0DD TAP FILTER
< X5,X3,X1 R 1,10
, £ R
Gl | cicscs
A1,
SINLO
REAL OUTPUTS IMAGINARY OUTPUTS

RO = X0(C0)-X2(C2)+X4(C4)-X6(C6) 10 = -X1(C1)+X3(C3)-X5(C5)
R1 = -X2(C0)+X4(C2)-X6(C4)+X8(C6) 11 = X3(C1)-X5(C3)+X7(C5)
R2 = X4(C0)-X6(C2}+X8(C4)}-X10(C6) 12 = -X5(C1)+X7(C3)-X9(C5)

L] Ld
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
SYNC# control input. For example, 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
CLK

SYNC#

3 /
ANo-{8_X 03 o d

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
ok ke * [
AINO-15 EVEN TAP R AouTo-15
FLTER 0 E 5 1
D
1,11, 2 oeAr
1,,1,1,.  #% DELAY19 2
ok *k r
R BOUTO-15
ODD TAP 0 N >
FILTER D
* CLOCKED AT CLK/2 OEB#

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

DELAY 235
AINO-15 EVEN TAP Is AOUTO-15
FILTER 0 N b,
D|
1,-1,1,1, 2 OEA#
1,0, 1,0 DELAY 19 2
BINO-15 R BOUTO-15
0DD TAP , Nlm
E E FILTER 0 E D EEE r
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.

SN V7.2 W e B
_J

SYNCi# sy

Z
—
x 0° 180° ° 180°
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.

AINO-15

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
spectrally 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 0 Fs  2Fg

INTERPOLATED SIGNAL
/ FILTER PASSBAND

AL

Fg2 0 Fg2 Fg

UPCONVERTED SIGNAL
1

. A

¥ T T

-Fs2 0  Fg2 Fs
REAL OUTPUT
Fs2 0 Fg2 Fs

, Fg = 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&-mﬁ t. I ] To t

C0C1C2C3C4C5C6

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

. Y2,Y1,Y0
HALFBAND FILTER

ol

C0C1C2C3C4C5C6

.10 _rx -11,0,10,0
L

1,0,1,0...

SING-(N+1)1/2)

Y(0) = 0(0(COM+RO(C1)+0(C2)+R1(C3)+0(C4)+R2(C5)+0(C6))+
-1(0(CO)+10(C1)+0(C2)+H (C3)+0(C4)+12(C5)+0(C8))

Y(1) = 1(RO(CO)+0(C1)+R1(C2)+0(C3)+R2(C4)+0(C5)+R3(C8))+
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(C6))+
1(0(C0)+11(C1)+0(C2)+12(C3)+0(C4)+3(C5)+0(C6))

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

FIGURE 17. QUADRATURE TO REAL CONVERTER USING
TRANSVERSAL FILTERS
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EVEN TAP FILTER

111

C0 C2C4 C6

=R1,R0

«-Y2,Y1,YO
0DD TAP FILTER

1.

11,10
e—

-1,1,-1,1..
SINLO

Y(0) = -1(10(C1)+11(C3)}+12(C5))
Y(1) = 1(RO(C0)+R1(C2)+R2(C4))}+R3(C6))
Y(2) = 1(11(C1)+12(C3)+13(C5))
Y(3) = -1(R1(C0)+R2(C2)+R3(C4)+R4(CE))
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
T g— [ 1 ! |
SYNCH e
/
—
AINO-15 > 4 0° 180° 0°

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
AOUTO0-15 and BOUTO-15 for multiplexing into a single data
stream off chip (see Figure 19B).This allows the processing
legs to run at the maximum CLK rate which coincides with
an interpolated output data rate of up to 104MSPS. NOTE:
the output on BOUTO-15 precedes that on AOUTO-15 in
sample order. This requires a multiplexing scenario which
selects BOUTO0-15 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

ki *k *k
AINo-15 EVEN TAP R
0 FILTER X e
1T
M AOUTO-15

2,2,2,-2,... G R{FIR|R

! T u IN|MIE]JE

1 + DELAY 19 2,2,22,.. x loltlele
** *k *k

graasiadi [ B ) B-(x)—{¢ 0DD TAP X -t OEA#

a1 g £ FILTER £

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

EVEN TAP
FILTER

l
S

FIrlR AOUTO-15
E|E
T} G} G
OEA#

e

1 DELAY 19
BIN0-15 e ODD TAP
FILTER

-2

RIR BOUTO-15
E|E
G| 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 Reliability Information

SupplyVoltage . . ....coviviiii ittt +7.0V  Thermal Resistance 0,4 6,c

Input, Output or /O Voltage ............ GND-0.5V to VCC+0.5V PGAPackage ..................... 37.2°CW  6°C/W

Storage Temperature Range ................. -65°C to +150°C PLCCPackage .........cocovuunnn. 23.0°CW  9°C/W

Junction Temperature.............. 150°C (PLCC),175°C(PGA) Maximum Package Power Dissipation at 70°C

Lead Temperature (Soldering 10s). . .................. +300°C PGAPackage .........couiiiiiiiiinniiienn, 2.8W

ESD Classification ..., Class 1 PLCCPackage .........ooviiiiiininnneinnnnnnnnns 35w
GateCount ... 35469 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Rat: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 op ions of this specification is not implied.

Operating Conditions
Operating Voltage Range . . ................. +4.75V to +5.25V  Operating Temperature Range .................. 0°C to +70°C

DC Electrical Specifications (Vcc = 5.0V £ 5%, Tp = 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 Vg = Max, CLK Frequency 52MHz INT/
EXT#="0,
Notes 2, 3
Standby Power Supply Current lecss - 500 HA Vgc = Max, Outputs Not Loaded
Input Leakage Current i -10 10 pA Ve = Max, Input = OV or Vg
Output Leakage Current lo -10 10 \ Ve = Max, Input = OV or Ve
Clock Input High Vile 3.0 - \ Vce = Max
Clock Input Low Vi - 0.8 \ Vee = Min
Logical One Input Voltage Vi 2.0 - \ Vee = Max
Logical Zero Input Voltage Vi - 0.8 v Vee = Min
Logical One Output Voltage Vo 2.6 - v loy = -3MA, Ve = Min
Logical Zero Output Voltage VoL - 0.4 \" loL = 5MA, V¢ = Min
Input Capacitance Cin - 12 pF CLK Frequency 1MHz,
All measurements referenced to GND.
Output Capacitance Cout - 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, BINO-15 to CLK Tos 7 - ns -
Hold Time AINO-15, BINO-15from CLK ToH 0 - ns -
MODEQO-1, RNDO-2, INT/EXT#,SYN- Trs 7 - ns -
C#,USB/LSB# Setup Time to CLK
MODEO-1, RNDO-2, INT/EXT#,SYN- Tru 0 - ns -
C#,USB/LSB# Hold Time to CLK
CLK to AOUTO0-15, BOUTO-15 Delay Too - 9 ns
Output Enable Time Toe - 9 ns -
Output Disable Time Top - 9 ns Note 2
Output rise, fall time Tre - 3 ns Note 2
NOTES:

1. AC tests performed with C; = 40pF, Io_ = 5mA, and gy = -3mA. Input reference level for CLK is 2.0V, all other inputs 1.5V.
Test Vi = 3.0V, Vjyc = 4.0V, V| = 0V.

2. Controlied 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
st :
DUT , : :
e’
*TEST HEAD : .
CAPACITANCE = = = :
: EQUIVALENT CIRCUIT :
SWITCH S1 OPEN FOR Iccsg AND lccop
Waveforms
TIMING RELATIVE TO CLK
Tep
Fe—TcH TeL

CLK -—--4

Tos ToH
AINO-15, BIN-15
‘ s l Ten

l 1D FILTERS H

Tes
MODEO0-1, RND0-2,
INT/EXT#,SYNCH,
USB/LSB#

i

Too
AOUTO-15, BOUT0-15 ’ x

Toe
Top = e ———
OE#
OUTPUT RISE AND FALL TIMES
Tre TRe
2.0v 4
0.8V
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HARRIS

SEMICONDUCTOR

HSP43220

Decimating Digital Filter

@

January 1994

Features

* Single Chip Narrow Band Filter with up to 96dB Atten-
uation

¢ DC to 33MHz 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

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
HSP43220VC-2 ° ° h
3220vC-25 ooc o +70°C ol L i 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 +70°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
3
INPUT CLOCK —— 24
16 HIGH ORDER N FIR
DATA INPUT ——— DECIMATION pECIMATION | ¥ > DATAOUT
CONTROL AND COEFFICIENTS —N& FILTER FILTER > DATA READY
FIR CLOCK

DECIeMATE™ is a registered trademark of Harris Corporation.

IBM 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)

1 2 3 4 5 L 7 8 9 10 n 1 2 3 4 5 8 7 8 L] 10 1"
A oata_| oata_ | oata_ | oata_ | oata_ Joata | voo | guo | ano L Q Q O Q Q Q
IN2  [Na  fIN7 |INB | INTT (N4 c_omsc_Oausc_omsc_stou DATA_ .~ DATA_ DATA_ DATA_ DATA_
3 2 0 ENX# RDY CC ouT 23 OUT 21 OUT 20 OUT 18
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Pinouts (Continued)
100 LEAD MQFP
TOP VIEW
O NM<T WL
gE9238gs g2 EEEEEE
] ]
SEE5SSESSSEsssifsses
o000 0000000000Q0AQ>>00
| ] AERIRERSEENENENIRERENNNENENENERENER
96 95 92 84
GND CK_IN
GND Vee
NC Vee
STARTOUT# GND
Vee GND
Vee DATA_OUTO
STARTIN# DATA_OUT1
ASTARTIN# DATA_OUT2
RESET# DATA_OUT3
Al DATA_OUT4
Ao DATA_OUTS
WR# DATA_OUT6
CS# DATA_OUT7
C_BUS15 DATA_OUTS
C_BUS14 DATA_OUT9
C_BUS13 DATA_OUT10
C_BUS12 DATA_OUT11
C_BUS11 GND
C_BUS10 GND
C_BUS® Vee
Vee Vee
Vee DATA_OUT12
GND DATA_OUT13
GND DATA_OUT14
C_BuUSS DATA_OUT{5
C_BUS7 DOUT_OUT16
C_BUS6 DATA_OUT17
NC DATA_OUT18
C_BUSS DATA_OUT19
C_BUS4 DATA_OUT20

&
o

DATA_OUT21 [

DATA_RDY# []
DATA_oOuT23 []
DATA_ouT22 []
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Pin Description

NAME

PLCCPIN

TYPE

DESCRIPTION

Vee

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 33MHz. 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__IN is a 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_BUSO0-15

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 resuit 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_BUSO-15 data into the
register specified by AO 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_BUS0-15. The rising edge of WR# then loads the appropriate
register as specified by AO and A1.

A0, 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 loading is controlled by the A0 and A1,
WR# and CS# inputs.

ASTARTIN#

15

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#

12

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#

14

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

Output 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 2723 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__ENX# 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
implement a low pass filter. Each accumulator is

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 labelled
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
integrator stages are cleared.

A0 -1 WR# CS# C_BUS CK_IN  RESET# RESET # CK_IN ASTARTIN 2
| | | | | | | | | | STARTIN 2
H__ DRATE
CONTROL cLock ISTART START STARTOUT#
REGISTER LOGIC H_BYP DIVIDER LOGIC —
,i’s ,1? 5 ,1« 5 l
H_GROWTH INT_EN1 -5 COMB_EN1 -5 CK_DEC

HDF FILTER SECTION

ISTART H_GROWTH INT_EN1 -5 RESET# COMB_EN1 -5 RESET #
5
DATA ’t, 6 '{/ 5 IL \{«
N INPUT L, DATA A S DEC S . S S Tg FIR
_-;\-. REG [ 5] sHiFTER [y INTEGRATOR |1 peg [ox COMB FILTER ~ ROUND >~ REG >
CK_IN
CK_DEC TO FIR
FIGURE 1. HIGH ORDER DECIMATION FILTER
o [} 0 "} 0
e—— ——— S Sammmnd S
MUX | MUX MUX MUX MUX
1 ) TO
FROM INT_ENS INT__EN4 INT_EN3 INT__EN2 INT_EN1 DEGIMATION
SHIFTER -4 REGISTER
1 REG ] REG ] REG > = REG > < bAReG
66 z 63 z 53" z 43 35 26
CK_IN i 1 1 i i}

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 RESET#. In Figure 3 these control
signals are decoded as COMB__EN1 - COMB__ENS. 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 COMB_EN3

FROM

DECIMATION

REGISTER  |RESET RESET RESET
REG B A-B B A-Bj— REG

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
RESET RESET e UNDER
B A-B REG B A-B REG 5 A-B
A 20 A 19 A 18

- REG
26 A 22 A 21
CK_DEC |

FIGURE 3. COMB FILTER
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DDF Control Registers
F__Register (A1 = 0, A0 = 0)
F_OAD | F_BYP |F_EsYmM| F_DRATE F_TAPS
FAO FBO eso  {p3|p2|o1|po |18 |17 |16 |75 |14 |73 |12 |71 |10
15 14 18 12 11 10 9|8 7 6 5 4 3 2 1 o]
F_TAPS

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
taps = 3 (F_TAPS=2).

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 16 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 FAO 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

Clo| Co | C8 | C7 |C6 | C5 | C4a

X X X X X X X X X

X X X C3 |C2 |Ct1 | Co

15 14 13 12 1 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
11 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 0]

L.

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__DIS.

FIGURE 6
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DDF Control Registers (Continued)
H__Register 2 (A1 =1, A0 =1)

RESERVED H_GROWTH H_STAGES
[ [ | | | | |os|eafealez|at1{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#
Jl i STARTIN 2
astarTnz2| S s
Q o a ISTART
r > r >
CK_IN o STARTOUT#

FIGURE 8. START LOGIC

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:

20.2-12-22-32-42-52-62-72-82-92-102-112-122-132-142-15
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}]
Hdec Fdec

FIR_CK > (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 DECI® 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_0OAD 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 not 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 21202-1,  2-15
Coefficient 20.2-1_ , 2-19

2-34

Accumulator 28..,20 21 |

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__OUTO0-15. 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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| MuLTIPLER/ a7 |
| ACCUMULATOR |
FROM CONTROL REGISTERS | SECTION [ —— 1
F_DRATE F_TAPS F_BYP F_DIS | |
L | [ wl
| —=Z——] 43 BIT ACCUMULATOR |
FIR CONTROL LOGIC -
\ a3
FIR_CK g
FIR_CK [ MUX OUTPUT REG
———
DATA__RDY N
[ 40
F_CLA
OUTPUT
FORMATTER
‘i\ 24
DATA__ RDY
DATA__ OUTO -23
FIGURE 9. FIR FILTER
*40
F_BYP=0
OUT_SELH = 1\L8 8\ 2°.2°5\ 16 16\\2"‘-2"‘
28.2' ¢ v 228 F_BYP= 0 | F_BYP= 1
F_BYP F BYP= 0
MUX - M F_BYP
m— I SNV v N\ f——r_
OUT__SELH OR
\§ F_BYP=1 e
OUT _ ENX# OUT _ENP#

DATA_OUTO -15

FIGURE 10. FIR OUTPUT FORMATTER
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INPUT DATA FORMAT
Fractional Two’s Complement Input

Tl el o o o 17 To T [a s [ [+ |o]

=20  2-1 29-2 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|18|17!16|15|14|13|12l11|1ol9la|7ls]5—|4| |3]2l1 lo]

=20 ,2-1 22 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-15 2-162-172~182-19

OUTPUT DATA FORMAT
Fractional Two’s Complement Output

FOR: OUT_SELH =1
F_BYP =0

22 [22 |21 20 [0 [1s |17 1] [ [s [v [v2 [11 Juo [ ® [ |7 [ o |5 |4 |2 ]2 ]+ ]o]
28 27 26 25 24 23 22 21 20 271 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-113-125-132-142-15

FOR: OUT_SELH =0
F_BYP =0

elalolan w1 mlalalelwlele]=]
220 2=1 2-2 2-3 24 5-5 2-6 2-7 2-8 2-9 2-102-112-125-132-142-15 2-162-175-182-19-205-212-22,-23

FOR: OUT_SELH =X
F_BYP =1

|23|22|21|20|19|18|17I1GJ |15‘14|13|12|11 l10|9 |8 '7 |6 |5 l4 |3 |2 |1 |O|
2-162-172-182-192-209-212-229-23 2-162-172-182-199-209-219~229-235-24-252-262-27 2-28-292-302-31

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
synchronously, STARTOUT# is connected to their
STARTIN#'s.

+5V——q STARTIN %

s} ASTARTIN 2 DDF STARTOUT %

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
STARTOUT# outputs are all left unconnected. This
configuration is illustrated in Figure 13.

TO OTHER DDF'S
—

CK_IN

FIR_CK

+5v =] ASTARTIN 2 STARTOUT # L NC
STARTIN #* DDF
CK_IN
FIR_CK

FIGURE 12. ASYNCHRONOUS START UP

STARTIN Z*

+ 5V 4 ASTARTIN %= DDF STARTOUT # f—
CK_IN

FIR_CK

+5v ASTARTIN 2 STARTOUT % p—— NC
DDF
STARTIN #
CK_IN
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
DATA
X \
SIN (WT) \ “S;‘l‘)‘f” /
0 10MHz 0 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.

SPEED FIR_CK MIN TAPS
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 18). 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 s 20 kHz Display Response : LOG
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 kHz
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 Freguency Response

-5.2653 ; ; ; 5.4842; ; : !
6 : : : ™ : : :
©-43.9490 : : f B-29.2300 : :
v ' H ' v ! : H
y : : : [ : : :
g : : : E : : :
J-82.6326 ; ; ; 3-63.9444 : : :
N H H H ol ' ' !
£ : : : £
g-1z1.315 : : : 3-93,5583. .......... :
r T z 5

-1604 ; ; || -133.3734% : : : .
0 4etD6 8et0s 1ef07 1etD? 0 3etDd 7et0d let05 1e+05
Freguency(Hz) Frequency(Hz)

System Frequency Response

-5.7e-15 : : : T
R | LN s
@ -43.3429 ; i ; i
v g H \ H H
%-36.5859 - : 1 :
3 : : VY S aVaVasaaaavavave
& H H v H
:-130.029 + 4 + ;
g 173.3% é § é é
g § @ i z

~2l6. 7143 mcimn zoﬂou S0 40500 50000

Frgau_emu(_ﬂzg

FIGURE 16. DECI*MATE DESIGN MODULE SCREENS
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Specifications HSP43220

Absolute Maximum Ratings Reliability Information
SupplyVoltage ........c.ovviiieiiiiiiiiiiiiiiia +8.0V  Thermal Resistance a 8¢
Input, Output or /O Voltage Applied. .. ... GND -0.5V to Vg +0.5V PGAPACKAZB . .ovvvvrvennnnnnnennn 32.9°CW 7.2°CW
Storage Temperature Range ................. -65°C to +150°C MOFP .. iiiiiiiiiiieeeenneenanns 33.0°CW 13.5°CW
Junction Temperature 24 o 0P 33.8°CW 10.8°CW
| 24C 7 P +175°C  Maximum Package Power Dissipation
0 0 +150°C T 32w
Lead Temperature (Soldering 10S). . .. ....coovvnenenn. +300°C L L0 2.4W
ESDClassification .........oovvierrinerennennnenns Class 1 20 o o 24W
ComponentCount. ........coovevennnennn 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 sections of this specification is not implied.

Operating Conditions
Operating Voltage Range. . ................. +4.75Vto +5.25V  Operating Temperature Range . ................. 0°C to +70°C

DC Electrical Specifications

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage Vi 2.0 . V | Vec=525v
Logical Zero Input Voltage Vi - 0.8 \ Voo =4.75V
High Level Clock Input Vike 3.0 - \" Ve =5.25V &)
Low Level Clock Input Viee - 0.8 v Vec =4.75V ‘_Il-:
Output HIGH Voltage Von 26 - v loy = -400pA, Vg = 4.75V :
Output LOW Voltage VoL - 0.4 v lop = +2.0mA, Ve = 4.75V -
Input Leakage Current I -10 10 HA Vin = Vee or GND, Ve = 5.25V
I/O Leakage Current lo -10 10 HA Vourt = Vec of GND, Vge = 5.25V
Standby Power Supply Current lccss - 500 pA Vin = Ve or GND V¢ = 5.25V, Note 3
Operating Power Supply Current lccop - 120 mA f= 15MHz, V,y = V¢ or GND, Vg = 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¢ = 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 Iccop Is 8MA/MHz.
2. Not tested, but characterized at initial design and at major process/design changes.
3. Output load per test load circuit with switch open and C; = 40pF.
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A.C. Electrical Specifications Vgg = +4.75V to +5.25V, Ta = 0°C to +70°C

-15

-25

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX | UNITS COJ;S;'TONS
Input Clock Frequency Fck (o] 15 o 25.6 [0} 33 MHz
FIR Clock Frequency FFIR [o] 15 o 256 ] 33 MHz
Input Clock Period Tck 66 - 39 - 30 - ns
FIR Clock Period TFIR 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 [ TFIR-25 0 TRR-15 0 TrRR-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 Note 1, Note 4
RESET# Pulse Width Low TRSPW 4TcK - 4Tk - 4TcK - ns
Recovery Time on RESET# TRTRS 8Tck - 8TcK - 8TcK - ns
ASTARTIN# Pulse Width Low Tast |Tok+10l - lTek+10) - }Tekt+io] - ns
STARTOUT# Delay from CK__IN TSTOD - 35 - 20 - 18 ns
STARTIN# Setup to CK__IN TsTiIC 25 - 15 - 10 - ns
Setup Time on DATA__IN TSET 20 - 15 - 14 - ns
Hold Time on All inputs THOLD (o] - o - [} - 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 - 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 TpRPWL [2TFIR-20 - 2TFIR-10 - 2TFIR-10 - ns
DATA__OUT Delay Relative TEIRDV - 50 - 35 - 28 ns
to FIR_CK
DATARDY 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 Note 1
Three State
Output Rise, Output Fall Times TRTF - 8 - 8 - 6 ns from .8Vio 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 C_ = 40pF.

3. AC. Testing is performed as follows: Input levels (CLK Input) 40V 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
Cy_ = 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 .. ...coviiiiiiiii ittt +8.0V GateCount..........coovvevrnnnnininnnnnnnennennns 48, 250
Input or Output Voltage Applied ......... GND -0.5V to Vg +0.5V

Storage Temperature Range ................. -65°C to +150°C

Junction Temperature. .. ........ceevureeneneenncans +175°C

Lead Temperature (Soldering 108). . .......vvveennnnnn. 300°C

ESD Classification .........ccovviiiiiiinnneeenn.. 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 ions of this specification is not implied.

Operating Conditions

Operating Voltage Range. . .................e. +4.5Vto +5.5V  Operating Temperature Range .. .............. -55°C to +125°C

DC Electrical Specifications T, =-55°C to +125°C

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage Vi 22 - V  |Vec=55V
Logical Zero Input Voltage Vi - 08 v Vee =45V
Output HIGH Voltage Vou 26 . V | loy = -400pA, Vg = 4.5V (Note 1)
Output LOW Voltage Voo » 0.4 v loL = +2.0mA, V¢ = 4.5V (Note 1)
Input Leakage Current Iy <10 +10 pA Vin = Vee or GND, Vge = 5.5V
Output Leakage Current lo -10 +10 HA Vour = Veg or GND, Vgg = 5.5V
Clock Input High Viue 3.0 - v Vee = 5.5V
Clock Input Low Vite - 0.8 v Ve =4.5V
Standby Power Supply Current lecss - 500 A | Viy =V or GND, Ve = 5.5V, Outputs Open
Operating Power Supply Current lecop - 120 mA | f=15MHz, Ve = 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 = 1IMHz, Vj,; =2.6V, V) = 0.4V, Vo 2 1.5V, Vo < 1.5V, V4o = 3.4V and V| c = 0.4V.

AC Electrical Specifications T, =-55°C to +125°C

-15 (15MHz) <25 (25.6MHz) (NOTE 1)
PARAMETER SYMBOL MIN MAX MIN MAX UNITS CONDITIONS
Input Clock Period Tex 66 - 39 - ns
FIR Clock Period Ter 66 - 39 - ns
Clock Pulse Width Low TspwL 26 - 16 - ns
Clock Pulse Width High TspwH 26 - 16 - ns
Clock Skew Between FIR_CK and CK_IN Tsk 0 Trr-25 0 Trp - 19 ns
RESET# Pulse Width Low TrsPw 4Tex - ATex - ns
Recovery Time On RESET# TRTRS 8Tex - 8Tex - ns
ASTARTIN# Pulse Width Low TasT Tek +10 . Tk + 10 - ns
STARTOUT# Delay From CK_IN Teroo - 35 - 20 ns
STARTIN# Setup To CK_IN Tstic 25 - 15 - ns
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Specifications HSP43220TM Preliminary

AC Electrical Specifications T, =-55°C to +125°C (Continued)

«15 (15MHz) .25 (25.6MHz) (NOTE 1)
PARAMETER SYMBOL MIN MAX MIN MAX UNITS | CONDITIONS

Setup Time on DATA_IN Tser 20 - 16 . ns

Hold Time on All Inputs Thoto 0 - 0 - ns

Write Pulse Width Low Tw 26 - 15 - ns

Write Pulse Width High Twh 26 - 20 . ns

Setup Time on Address Bus Before the TsTADD 28 - 24 - ns

Rising Edge of Write

Setup Time on Chip Select Before the Tstes 28 - 24 - ns

Rising Edge of Write

Setup Time on Control Bus Before the Tstce 28 - 24 - ns

Rising Edge of Write

DATA_RDY Pulse Width Low Torewt | 2TrR-20 - 2Tpg~ 10 - ns

DATA_OUT Delay Relative to FIR_CK Trirov - 50 - 35 ns

DATA_RDY Valid Delay Relative to FIR_CK |  Trirpr - 85 - 25 ns

DATA_OUT Delay Relative to OUT_SELH Tout - 30 - 25 ns

Output Enable to Data Out Valid Toev - 20 « 20 ns (Note 2)

NOTES:

1. AC Testing: Ve =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

~15 «25
PARAMETER SYMBOL | NOTES MIN MAX MIN MAX UNITS CONDITIONS
CK_IN Pulse Width Low Teni 1,3 29 - .19 - ns
CK_IN Pulse Width High TeHH 1,3 29 - 19 - ns
CK_IN Setup to FIR_CK Teis 1,3 27 - 17 - ns
CK_IN Hold from FIR_CK Tem 1,3 2 - 2 . ns
Output Disable Delay Toez 1,2 - 20 - 20 ns
Output Rise Time Tor 1,2 - 8 - ns
Output Fall Time Tor 1,2 - 8 - ns

NOTES:

1. The parameters in this table 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.

3. Applies only when H_BYP = 1 or H_DRATE = 0.
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Test Load Circuit

81

DUT&—I—o/
*C

L

15v (}) o0

*INCLUDES STRAY AND
JIG CAPACITANCE | EQUIVALENT CIRCUIT l

Switch 81 Open for Iccsp and Iccop Tests

1D FILTERS H

Timing Waveforms INPUT TIMING
TSET l=—TrR
ESL N~——— \ FIR_CK
THOLD TsPwH| TsPwL
DATA_IN R
K X T TSPWH TspwL ™
sK
CK_IN 4
Tck |
START TIMING
TAST
RSPW —
"~ TRms
CKUN WR 2+ Ty —
STARTOUTZZ TsTop I :k Sf—TwH
- | THOWD
TSET ——_/{7_ =2 ). 4
CKJNM ;l(
TsTic T T
STARTIN## | —= THOLD c_Bus _STADD Hoo
X X
DATA_IN csz TstcB THOLD
[ i e T e
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Timing Waveforms (Continued)
OUTPUT TIMING

DATA_OUT 16 -23

FIR_CK

T UPPER 8 BITS LOWER 8 BITS
FIRDI
DATA _RDY RDR TFIRDR
\L TDRPWL * OUT_ SELH
T
DATA _OUT FIRDV
PREVIOUS OUTPUT CURRENT OUTPUT
OUT—ENP#*
DATA_OUT 0 - 23 2.0v 0.8V OUT—ENXZ-
TR TF Toev Toez
DATA_OUT 17V )
 S——
1.3V VALID
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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 Iinput

¢ 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
e 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 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 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 parallsl data in 2’s com-
plement format at sampling rates up to 30OMSPS. 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 Lead PGA the HDF or the FIR for additional flexibility.
HSP43220GM-25/883 -55°C to +125°C | 84 Lead PGA
Block Diagram
DECIMATION UP TO 1024  DECIMATION UP TO 16
4
INPUT CLOCK ——— 24
16 HIGH ORDER N FIR
DATA INPUT —<=—> DECIMATION | DECIMATION [~ DATA OUT
CONTROL AND COEFFICIENTS —\& FILTER FILTER > DATA READY

DECIsMATE™ is a registered trademark of Harris Corporation.

FIR CLOCK

IBM 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 3-83
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Specifications HSP43220/883

Absolute Maximum Ratings

SupplyVoltage ....oevvvivinannn. PN +8.0V
Input, Output Voltage Applied . .... GND-0.5VtoVcc+0.5V
Storage Temperature Range ....... PP -659C to +150°C
Junction Temperature ........... e e +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification ....... N o; |- A |

Reliability Information

Thermal Resistance Oja Bjc
Ceramic PGA Package ............. 32.990C/W  7.20C/W
Maximum Package Power Dissipation at +1250C
Ceramic PGA Package ......... e iaeraeaa, ... 1.52 Watt
Gate Count ..... [ e teieesns.. 48,250 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

of this specifi is not implied.

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

TABLE 1. 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<+1259C| 2.2 - \"
Voltage
Logical Zero Input ViL Vce=4.5V 1,2,3 -550C <Ta <+125°C - 0.8 \
Voltage
Output HIGH Voltage VoH |loH =-400pA 1,2,3 -550C < TA<+1250C | 2.6 - v
Ve =4.5V (Note 1)
Output LOW Voltage VoL loL = +2.0mA 1,2,3 -550C < TA <+1250C - 0.4 \"
Vcc = 4.5V (Note 1)
Input Leakage Current [} VIN=Vcc or GND 1,2,3 -550C <TA<+1250C| -10 +10 pA
Vee=5.5V
Output Leakage o VouT = Vce or GND 1,2,3 -550C < TA<+1250C | -10 +10 pA
Current Voo =5.5V
Clock Input High VIHC Veo =5.5V 1,2,3 -550C <TA<+1250C | 3.0 -
Clock Input Low ViLe Voo =4.5V 1,2,3 -550C < Tp < +1250C - 0.8 v
Standby Power Supply lccsB | VIN=Vccor GND 1,2,3 -550C < TA <+1250C - 500
Current Vec =565V,
Outputs Open
Operating Power lccop |f=15.0MHz 1,23 -550C <Tp < +125°C - 120.0 mA
Supply Current Vee = 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 = 26,
VoL 1.5V, Ve = 3.4V, and V| ¢ = 0.4V.

ViL = 04, VOH > 1.5V,
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested

LIMITS
(NOTE 1) | 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 <X +1250C 66 - 39 - ns
FIR Clock Period TFIR 9,10, 11 -550C < Tp < +1250C 66 - 39 - ns
Clock Pulse Width Low TsPwL 9,10,11 -550C < TA <+1250C 26 - 16 - ns
Clock Pulse Width High TSPWH 9,10, 11 -550C < TA < +1250C 26 - 16 - ns
Clock Skew Between TsSK 9,10,11 -550C < TA < +125°C (o] TFIR (o} TAR ns
FIR_CKand CK__IN -25 -19
RESET# Pulse TRSPW 9,10, 11 -550C < TA <+125°C | 4Tck - 4TcK - ns
Width Low
Recovery Time TRTRS 9,10,11 -550C < Tp < +125°C 8Tck - 8Tck - ns
On RESET#
ASTARTIN# Pulse TAST 9,10, 11 -550C < Tp < +1250C Tek - TcK - ns 3
Width Low +10 +10
STARTOUT# Delay TSTOD 9,10,11 -550C < TA < +1250C - 35 - 20 ns 7))
From CK__IN E
STARTIN# Setup TsTIC 9,10,11 -550C < Ta < +1250C 25 - 15 - ns 5
To CK__IN e
Setup Time on DATA__IN TSET 9,10,11 -550C < TA < +1250C 20 - 16 - ns e
Hold Time on All Inputs THOLD 9,10,11 -550C < TpA < +1250C (o] - (o] - ns
Write Pulse Width Low TwL 9,10, 11 -550C < TA <+1259C 26 - 15 - ns
Write Pulse Width High TWH 9,10,11 -550C < TA < +1250C 26 - 20 - ns
Setup Time on Address TSTADD 9,10, 11 ~-550C < Tp < +1250C 28 - 24 - ns
Bus Before the Rising
Edge of Write
Setup Time on Chip TsTCS 9,10,11 -550C < TA < +1250C 28 - 24 - ns
Select Before the
Rising Edge of Write
Setup Time on Control TsTcB 9,10,11 ~550C < TA < +125°C 28 - 24 - ns
Bus Before the Rising
Edge of Write
DATA__RDY Pulse TDRPWL 9,10,11 -550C < TA<+1250C | 2TRR - 2TEIR - 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 < Tpo<+1250C - 35 - 25 ns
Relative to FIR__CK
DATA__OUT Delay TouT 9,10, 11 -550C < TA<+1250C - 30 - 25 ns
Relative to OUT_SELH
Output Enable to ToEV Note 2 9,10, 11 -550C < TA < +1250C = 20 B 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 1,83 I’550C <TpA<+125°CF 29 B 19 - ns
CK__IN Pulse Width High TCH1H 1,3 }[550C<TA<+1259C) 29 - 19 - ns
CK__IN Setup to FIR__CK Tcis 1,3 [550C<TA<+1250C| 27 - 17 - ns
CK__IN Hold from FIR__CK TCH 1,3 }550C<Tao<+1250C) 2 B 2 - ns
Input Capacitance CIN Vee = Open, 1 TA =+250C - 12 - 12 pF
f = 1MHz, All
measurements are
referenced to
device GND.
Output Capacitance Cout | Vcc=Open, 1 TA=+250C - 10 - 10 pF
f=1MHz, All
measurements are
referenced to
device GND.
Output Disable TOEZ 1,2 [550C<Ta<+125°C] - 20 - 20 ns
Delay
Output Rise Time ToRr 1,2 [550C<Tao<+1250C) - 8 - 8 ns
Output Fall Time Tor 1,2 |550C<TAL+125°C] - 8 = ns

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parame-
ters 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.
3. Applies only when H_BYP = 1 or H_DRATE = 0.

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

3-86




HSP43220/883

Burn-In Circuit

1 2 3 4 5 6 7 8 9 10 11
o S il v vl ool ol vt oot INECH I IS
o b b o o e o e el Bl
o ] e o Lo s o
o] o [ o [
El csz | wae A0 . - o DATA_ | DATA_ | DATA_
HSP43220 . Jouts |oute Jour7
B it i 7Y SV S FTrS) Py P
o Jesus|c_sus|c_sus| L PyS POWN Slearal ] g |oATA
12 1 13 et out 10 out 11
of o fesee | oo | P
« fc-pus|csusfc susic susfour_| | o, |oATA |oaTA_ |oATA_ JOATA.
8 5 4 1 | enpa out 22| out 18 | ouT 17| oUT 15
L Jepus|csus|c sus|c_sus|our_Loata | - |oaTA_ JoaTa_ JoATA_ |DATA_
[ 3 2 o | enx=| rov ouT 23| ouT 21 | ouT 20 | OUT 18
[72])
o
b
PIN PIN BURN-IN PIN PIN BURN-IN PIN PIN BURN-IN i
LEAD NAME SIGNAL LEAD NAME SIGNAL LEAD NAME SIGNAL a
Al GND GND C1 ASTARTIN# F15 F11 DATA_OUT3 |Vgc/2 -
A2 DATA__IN1 F2 C2 \/ole} Vce G1 C__BUS 12 F5
A3 DATA_IN 2 F3 C5 DATA_IN S F6 G2 C_BUS 11 F4
A4 DATA_IN4 F5 C6 DATA_IN9 F2 G3 C_BUS 13 F6
A5 DATA__IN7 F8 c7 DATA__IN10 F3 G9 DATA_OUT 10 |Vce/2
A8 DATA__IN8 F1 Cc10 DATA_OUTO |Vger2 G10 GND GND
A7 DATA__IN 11 F4 C11 DATA_OUT2 |Vgp/2 G11 DATA_OUT 11 |Vgeo/2
A8 DATA_IN 14 F7 D1 Al F14 H1 C_BUS9 F2
A9 \ele] Vee D2 RESET# F16 H2 Voo Vee
A10 GND GND D10 DATA_OUT3 |Vge/2 H10 DATA_OUT 13 |Vge/2
A1 GND GND D11 DATA_OUT4 |Vgeo/2 H11 DATA_OUT 12 |Vcg/2
B1 STARTIN# F15 E1 CS# F11 J1 GND GND
B2 STARTOUT# Voo/2 E2 WR# F11 J2 C_BUS7 F8
B3 DATA__INO F1 E3 AO F13 J5 OUT_SELH F10
B4 DATA__IN3 F4 E9 DATA_OUT5 |Vge/2 J6é GND GND
B5 DATA_IN6 F7 E10 DATA_OUT6 |Vge/2 J8 FIR_CK FO
B6 DATA__IN13 F6 E11 DATA_OUT7 |Vge/2 J10 DATA_OUT 16 |Vgo/2
B7 DATA__IN 12 F5 F1 C_BUS10 F3 J11 DATA_OUT 14 |Vgc/2
B8 DATA_IN 15 F8 F2 C_BUS 15 F8 K1 C_BUS8 F1
B9 CK__IN FO F3 C_BUS 14 F7 K2 C_BUSS5 F6
B10 \ele] \ele} F9 DATA_OUT9 |Vgog/2 K3 C_BUS 4 F5
B11 DATA_OUT1 [Vgg/2 F10 Vee \ele} 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. Voc = 5.5 £0.5V.

4. 0.1pF (min) capacitor between Vs and GND per position.

6. FO=100kHz £10%, F1 =F0/2,F2=F1/2..... F16 =F15/2,40% - 60%

6. Input voltage limits: V) = 0.8 max, Vj4 = 4.5V £10%.

Duty Cycle.
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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 OUT_ENP# | F9 K11 DATA_OUT 15 [Vgo/2 L6 DATA_RDY# |Vgo/2
K6 Vee Vee L1 C_BUS 6 F7 L7 Vee Vee
K7 GND GND L2 C_BUS3 F4 L8 DATA_OUT 23 |Vpc/2
K8 DATA_OUT 22 |Voe/2 L3 C_BUS2 F3 L9 DATA_OUT 21 |Vge/2
K9 DATA_OUT 19 |Vgc/2 L4 C_BUSO F1 L10 DATA_OUT 20 |Vgc/2
K10 DATA_OQUT17 |Vgc/2 L5 OUT_ENX# F9 L1 DATA__OUT 18 | Vge/2
NOTES:
1. Vge/2 (2.7V £10%) used for outputs only. 5. FO =100kHz +10%, F1 =F0/2,F2=F1/2..... F16 =F15/2, 40% - 60%
2. 47KQ (£20%) resistor connected to all pins except Vg and GND. Duty Cycle.
3. Voo = 5.5 £0.5V. 6. Input voltage limits: V| = 0.8 max, V| = 4.5V £10%.

4. 0.1pF (min) capacitor between Vo and GND per position.
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Metal Topology

DIE DIMENSIONS: WORST CASE CURRENT DENSITY:
348 x 349.2 x 19+1 mils 1.18 x 105A/cm?2
METALLIZATION: GLASSIVATION:
Type: Si- Al or Si - Al - Cu Type: Nitrox
Thickness: 8kA Thickness: 10|

Metallization Mask Layout

HSP43220/883
o - N © < v
g N T wo N ® O 2 22 Z ZzZ
jézzzzzzzzj 33333 2
> < <« = E E E E E
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G Lk ki bk bk 53 333338586 °%
ve3ddddsdsassasa 2 2222>29%~
" O ~ mm o~ o~ m m o~ o~ O ] N - O O oM~ © n
t228LEEBEETETEC S &2 8 SEEEE L
STARTOUT# (12) B[]} o - 1 (74) GND
vee (13) [E})) 155 (73) DATA__OUTO
STARTIN# (14) [}/ W, ] (72) DATA_OUTH
ASTARTIN# (15) [ 1] | (71) DATA_OUT2
RESET# (16) | ] T | (70) DATA_OUT3
Al (17) | ! =7t =23 (69) DATA_OUT4
AO (18) : (68) DATA_OUTS
WR# (19) = (67) DATA_OUT6
cs# (20) [ B 12 | (66) DATA_OUT?
c_sus1s (21) (B ' | (65) DATA_OUTS
C_BUS14 (22) [ B, (64) DATA_OUT9
c_Bus13 (23) B 75 1(63) DATA_OUT10
c_BUS12 (24) (B ] — 121 (62) DATA_OUT11

C_BUS11 (25) [ - T}{(61) GND

C_BUS10 (26) | [ | 1(60) Vce
: (59) DATA_OUT12

C_BUSY (27) | = 4
vee (28) - (58) DATA_OUT13
GND (29) |17 = 1(57) DATA_OUT14

C_BUSS (30) 3 18] (56) DATA_OUT15

C_BUS7 (31) | 1 (55) DATA_OUT16

c_Buss (32) | B1]; (54) DATA_OUT17
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HSP43481

Digital Filter

Features

¢ Four Filter Cells

¢ OMHz to 30MHz Sample Rate

» 8-Bit Coefficients and Signal Data
¢ 26-Bit Accumulator per Stage
Filter Lengths Up to 1032 Tap

.

Length
Decimation by 2, 3 or 4

Applications

¢ 1-D and 2-D FIR Filters

* Radar/Sonar

o Adaptive Filters

¢ Echo Cancellation

¢ Complex Multiply-Add

+ Sample Rate Converters

Expandable Coefficient Size, Data Size and Filter

Ordering Information

Description

The HSP43481 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 dec-
imation registers and a 26-bit accumulator which can add
the contents of any filter cell accumulator to the output stage
accumulator shifted right by eight-bits. The HSP43481 has a
maximum sample rate of 30MHz. The effective multiply-
accumulate (MAC) rate is 120MHz.

The HSP43481 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
30MHz 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 provides for unsigned or two’s complement arith-
metic, independently selectable for coefficients and signal
data.

Each DF filter cell contains three resampling or decimation

TEMPERATURE registers which permit output sample rate reduction at rates of
PART NUMBER RANGE PACKAGE 15, 3 or Y/, the input sample rate. These registers also pro-
HSP43481JC-20 0°C 10 +70°C | 68 Lead PLCC vide the capabifity to perform 2-D operations such ag N x N
spatial correlations/convolutions for image processing appli-
HSP43481JC-25 0°C to +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°C to +70°C 68 Lead PGA
HSP43481GC-30 0°C to +70°C 68 Lead PGA
Block Diagram
Vec Vss omo\-'mm TCS
DIENS 1s
CIENB _5,
DCMO - DCM1 77
ERASE
A {a y y {e A {a y L {8
TCCl >—» | |} Y
s |aurer [5 7| ruren [ mwren 3| eurer [ T6°°
CINO - CIN7 52 CELL 0 |- 52] CELL 1 |52 CELL 2 |52 CELL3 |55 couTo-couT?
RESET . . .
oK S de 26 I 26 I 426 T’zs] « ToENE
ADRO - 1 2 .
b~ MuX ]
RESET | ADRO, ADR1 {2
CLK 2, ”
S i OUTPUT
oo —
> 7,
SENBH 2 {29
SUMO - 25

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994 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 coutr | couts| couts | coutt | couto| cix | ADDR1 | ADDRO | SUM2S L 8uUM25| ADDRO | ADDRI | €Lk | couTo| couTt | couts| couts | courr
k | Tcco [Coene | couts | couts | couT2 | sHADD | Dot | DCMo | SENSH | SuMas | suMas K | sumz2s| SuM24 | SENBH | DCMO | DCM1 | SHADD | CouT2 | couT4 | coute | GoEna| Teco
4 | ERASE| Vo SUM21 | BUM22 3 | sumz2| sum21 Voo | ERAsE
H | ReseT | e sume|suma| W | sumao| sume Dicna | REsET
a | Tcs | omz sumi7 | sums| @ | sums] sumiz bz | Tcs
68 LEAD 68 LEAD
F | oms | ome PIN GRID ARRAY SUMIS | SUM1e £ | sumie| sumis PIN GRID ARRAY omne | Dms
BOTTON VIEW TOP VIEW
£ | ows | ome Vgg [SUMM £ |suMm| vgg DNe | DS
o | omt | ome sumiz| sumis| p | sumis| sumrz oma | pwn
c | omo | cene SuM10 | SUMnY c |sumn | sumw0 oou| oo
B | Tco | cme | cme | cme | o | sumo | sumz [ sums | sume | sums | sume B | SuMS | SUMS | sume | sume | Sumz | sumo | ciNo | CN2 | cina | cmne | Tcar
A cinz | cms | cms | cmn | SENSL| sumi | sums | sums | sumz A 8UM7 | sums | sums | sumi| SENeL| cm1 | cma | cwms | cint
1 2 s 4 s e 7 8 ° 10 n " 10 ° 8 7 ] 5 4 s 2 1

68 PIN PLASTIC LEADED CHIP CARRIER (PLCC)

TOP VIEW

» | ] coens
~| ] ERase
o | | RESET

o [ ] oiens
w| JoiN?
o] Joine

8

g

|
°

coutz |}
coute |}
couts ||
couta| |
couta |_|
courz [}
cout1{ |
couto [_}
8HADD | |
cik| |
pcmt | |
ocvo| |
ADR1 | |
Apro | |
senen [
sumzs| |
sum24| |

27 28 28

sumig | |
sumie | |
sumis[ ] 8
sumia [ ]
sumia [ | 8
sumi2 | |

| ] ciens
| ] 1ca
| vee

g
o
|
64

CIN7
CINe
CINS
CiNg
CIN3
CiN2
CINt
CINO
SENBL
sSumo
sumi
8sum2
8SuUM3
sSuM4
SUMS5
sSume
sSum7

sumio [ ]
sy
sul
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Pin Description

SYMBOL

PIN
NUMBER

TYPE

NAME AND FUNCTION

Vce

61

+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 edge of CLK
occurs while CIENB is low. The CIENB signal is delayed by one clock as discussed below.

TCCI

62

The TCCl input 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. Arising 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.

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.

3-92




HSP43481

Pin Descriptions

SYMBOL

PIN
NUMBER

TYPE

NAME FUNCTION

COENB

8

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.

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 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 DF.

SUMO-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 SUM0-25 resuilt, 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

Alow 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 mare than one clock.

SHADD

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 Qutput 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 cell 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 cell 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 COUT0-7 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
that CIENB is latched internally. It enables the register for

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:

ERASE | RESET

CLEARING EFFECT

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 onset 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 RESULTS 01 2 3

e ol b

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

CELL RESULT

ADRO D-ADR1.D MUX

SIGN EXT
<18.25>

18 (LSBs)
<017>

CLK

0's 18 MSBs SHIFTED
8 BITS TO RIGHT

THREE-
STATE
BU

FFER
CLK SUM0-25

FIGURE 2. HSP43481 OUTPUT STAGE

The 26 Least Significant Bits (LSBs) from either a cell 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

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 muiltiplier 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 numbers of terms 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

e 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 v
SEQUENCE ...C0,C4,C2,C3,Cp,C1,C2,C3 'l DF I > ...Y6,Y5,Ya, Y3
INPUT
CLK CELLO CELL1 CELL2 CELL3 SUM/CLR
0 CaxXg 0 0 ) -
1 +C2 x X4 C3xX4q 0 o -
2 +Cq1 xX2 +Co x X2 C3xX2 (o] -
3 +CoxX3 +Cq1xX3 +C2 xX3 C3xX3 Cell 0(Y3)
4 C3xXg +Co xXg +Cq xXg4 +Co x X4 Cell 1 (Yy)
5 +C2 x X5 C3xXs +Co x X5 +Cq1xX5 Cell 2 (Ys)
6 +C1q xXg +Ca xXg C3xXg +Co xXg Cell 3(Yg)
7 +CoxX7 +C1 xX7 +C2 xX7 C3xX7 Cell 0(Y7)
SAMPLE
DATAIN ——m————————
O RESET p—
30MH: 2 BIT
cLock > TP COUNTER +5V
"1 Yo
DIENB ADR1 ADRO Vgc SHADD SENBH SENBL
8 26 SUM
+— DINO-7 SUM0-25 ——= OUT
Ir Tes (Yn)
CLK — NC
l— HSP43481 Teco
Al Ao TCCI
007 | s 8
| 2 eino-7 couTe-7 NC
4x8 COEFF.
RAM/ROM CIENB DCM1 DCMO RESET ERASE Vgs COENB
SYSTEM A
RESET
ERASE

FIGURE 3. 30MHz, 4 TAP FIR FILTER APPLICATION SCHEMATIC
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(Figure 4). The internal pipeline length of the DF is four (4) After the pipeline has filled, a new output sample is available
clock cycles, corresponding to the register levels CREG (or every clock. The delay to last sample output from last
XREG), MREGO, MREG1, and TREG (Figures 1 and 2). sample inputis Td.
Therefore, the delay from presentation of data and coeffi- - .

: . 3 The output sums, Y(n), shown in the timing diagram are
cients at the DINO-7 and CINO-7 inputs to a sum appearing : e A
at the SUMO-25 output is: 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)
k +Td where

k = filter length .
Td = 4, the internal pipeline delay of DF

6 1 2 3 4 5 6 7 8 8 W M R 1B W B K6 W B 19 2 2

cLK
RESET J
fRASE 2 m
DINO-7 'xalx,|xz|x3|x4lx5|x5|x7|...
DIENB 77777}
CiNo-7 ]ca|cz]c1|co|ca|c2|c,|cn|...
tiene 222
AdRo-1 [olalzlalolalalaf---
SUMo-25 ]v@|v4|v5|v5]v7|v,]79|...
SHADD 2227777 iz
SENBL 22 7 A
SENBH 7 7 LILLLILZA
bcMo-1 | o I
3
YN = X CkxXN-K
K=0
FIGURE 4. 30MHz 4 TAP FILTER TIMING
SAMPLE
DATA IN
(Xp)
pRom P8
30MHz P4
cLOCK oK
— YR )
I +5V | +5V |
Al I W N R s e | 9
DIENB ADR1 ADRO Vg SHADDSENBH SENBL DIENB ADR1ADROVgg SHADD SENBH SENBL
L3 {piNo-7 sumo-25{+2% | (B {pino-7 SuMo-25|28
DOERAS
4—1» TCS £ Tes
DIERAS HSP43481 HSP43481
cLK DFO L DF1
oLk 8x8 COEFF. L
Yo a0 RAM/ROM Tecl TCCO TCC TcCO NC
3BIT
0 A Do-7
8
oRo 2 18] CIND-7 CcouTo-7 CINO-7 couTo-7 NC
RESET TIENB DCM1 DCMo RESET ERASE Vgg COENB| CTENB DCM1DCM0 RESET ERASE Vgg COENB,
T 1 1 7 | 1 7
s T SUM
SYSTEM our
RESET (Yn)

DOERAS DIERAS >———_D‘

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 (ith 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-
nigue (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 illustrated 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-Cy -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,X10...-X1,Xp
INPUT
COEFFICIENT \
SEQUENCE Cg...Cg,C7,0,0,0,Cg...Cq,C7 _’E‘_ Y14, Y13, Y12, Y11,--- Y10, Y0, Y8, Y7
INPUT
CLK CELLO CELL1 CELL2 CELL3 SUM/CLR
[ C7xXgo (o} (o] (o] -
1 +Cg x X4 C7x X4 o] 0 -
2 +Csx X2 +Cg x X2 C7xX2 (¢} -
3 +C4xX3 +C5xX3 +Cg x X3 C7xX3 -
4 +CazxXg +C4qxXg +Cg x X4 +Cg x X4 -
5 +C2x X5 +C3xXs +C4 x X5 +Cs5 x X5 -
[} +C1xXg +Co xXg +C3 xXg +C4q xXg -
7 +Cox X7 +Cq x X7 +Co x X7 +C3 x X7 CeliO(Y7)
8 [o] +CoxXg +Cq xXg +Co xXg Cell 1 (Yg)
9 0o o +Co x Xg +Cq xXg Cell 2(Yg)
10 0 0 [ +CoxX10 Cell 3(Y10)
11 C7xXq4 0 0 0 -
12 +Cgx X5 C7xXs o] 0 -
13 +CsxXg +Cg x Xg C7xXg o] -
14 +C4 xX7 +Csx X7 +Cg x X7 C7xX7 -
15 +C3xXg +C4 xXg +Cs5 xXg +Cg xXg -
16 +Co xXg +C3x Xg +C4 x Xg +Cs x Xg -
17 +C1xX10 +CoxX10 +C3xX10 +C4q xX10 -
18 +Cox X114 +Cq xXq1 +Co x X114 +C3 xX11 CellO(Y11)
19 0 +CoxXq2 +Cq xXq2 +C2 xXq2 Cell 1(Y42)
20 0o 0 +CoxX13 +Cq1xX13 Cell 2(Y13)
21 0o 0 (o] +Co xX14 Cell3(Y14)
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0 1 2 3 4 5 6 7 8 9 10 1 1213 ¥ 15 16 7 18 19 20 21
CLK
RESET LT
DF0 ERASE "_J S e
DF1 ERASE —_ [~ |
DiNo-7 | Xa| %1 | X2 | X3 | Xa|Xs | X6 | X7| X8 | Xa | X10| 11| Xa2| Xa3| Xua| X15| . . .
biENe 2224
CINO-7 IC7ICGIC5IC4I03|02I(21|ColC7lCﬁ|C5|C4|CaIC2IC1ICal PP
CiENs 24
ADRO-1 [o]1]2]3]o]1]2]3|0]1]
DFO SUM0-25 | Y7 | Ya | Ya | Yo | V15
DF1 SUMO-25

|V11|Y1z|Y13|Y14|

SHADD 2777777777777 rrzrr s VA
DF0 SENBUH | L | L

DF1 SENBL/H J
DCMO0-1 lot

7
YN = X CK X XN-K
K=0

FIGURE 6. 30MHz 8 TAP FIR FILTER TIMING

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 coefficient pass 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.

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,Cq,Cp,Cg,C4,Cs,Cq,C7 —>|_TJ_F_I—> ...Y11,Yg, Y7
INPUT
CLK CELLO CELL1 CELL 2 CELL3 SUM/CLR
0 C7xXo o -
1 +Cg x X1 (o] -
2 +Csx X2 C7xX2 -
3 +CqxX3 +Cg x X3 -
4 +CaxXg +C5x X4 C7xX4 -
5 +Co x X5 +C4xXs5 +Cg x X5 -
6 +CqxXg +C3 xXg +Cs x Xg +C7 xXg -
7 +Cox X7 +Co xX7 +C4q x X7 +Cg x X7 Cell 0(Y7)
8 C7xXg +CqxXg +C3 xXg +Cs xXg Cell 0 (Y7)
9 +Cg x Xg +Co x Xg +C2 xXg +Cq x Xg Cell 1 (Yg)
10 +CsxX10 C7xX10 +C1xX10 +C3 xX10 Cell 1 (Yg)
1 +C4qxX11 +Cg xX11 +CoxX11 +C2 xX11 Cell 2(Y11)
12 +C3xX12 +CsxXq2 C7xX12 +Cq xXq2 Cell 2(Y11)
13 +C2xX13 +C4xX13 +CgxX13 +CoxX13 Cell 3(Y13)
14 +Cq1 xX14 +C3xX14 +Cs5xX14 C7xX14 Cell 3(Y13)
15 +CoxX1s +C2xX15 +C4xX15 +Cg xX15 CellO(Y15)

© 1 2 3 4 5 6 7 8 9 W M 1R W W B 6 W W W22 2
o —J LALLMy e

RESET | J
ERASE ]| L e e i

DINO-7 | Xo| X1 | %2| xa| Xa| Xs| X6 | x7| - . .

DiENs 2224

CINO-7 |c7|cs|cslc‘|c3|c2|01|co|...

CIENs 2222

ADRO-1 i 0 |

SUMO-25 | v | v | va | va | Y15
SHADD 22/ /777 /A

SENBL 222277777777 L7777 4 /470

SENBH YA/ I 7 77

pcMo-1 | 1 Il

FIGURE 7. 8 TAP DECIMATE-BY-TWO FIR FILTER TIMING, 30MHz IN, 15MHz OUT
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Specifications HSP43481

Absolute Maximum Ratings

ST o7 o A £ 2= 1= ees.. +8.0V
Input, Output Voltage GND-0.5VtoVcg +0.5V

Storage Temperature . -659C to +150°C
ESD ittt ittt e, et taiaeeeetseseteiiaaasesteeeetiat b e caatiaaeaaens e .Class 1
Maximum Package Power Dissipation at 700C 1.9W (PLCC), 2.6W (PGA)
Bjcaveenns e eeeirei i, et ehieeaaeeaeeeeeet ettt et 15.0W/OC (PLCC), 9.92W/OC (PGA)

43.0W/OC (PLCC), 38.44W/OC (PGA)
Gate Count .. e
JUNCHON TeMPErature .. .. i ittt ieestttenatenesasaaseenassnannssesssasnnnans 1500C (PLCC), 175°C (PGA)
Lead Temperature (Soldering 108) .o . v vuuetietruustneetnieeennsaesseensasonesssessenssonsesssscssesssonsssnnsnsss 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 indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Voltage RaNge . ..o vvuut ittt ittt ettt etaesaseenaeaasosseesssenosensonessonsnsossssennnnsns ... 5V £5%
Operating TemPErature RANGES . ... uuuuetntieen e tnnenasaseneeeeeseesensesressenessesesnsnsensosenssennan 00C to +70°0C

D.C. Electrical Specifications

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
lccop Power Supply Current - 110 mA Vce = Max
CLK Frequency 20MHz
Note 1, Note 3
lccss Standby Power Supply Current - 500 pA Vg = Max, Note 3
I Input Leakage Current -10 10 pA Ve = Max, Input=0Vor Vg
lo Output Leakage Current -10 10 pA Vce = Max, Input=0VorVge
VIH Logical One Input Voltage 2.0 - ) Vce =Max
ViL Logical Zero Input Voltage 0.8 \ Ve =Min
VOH Logical One 26 - \ IQH = -400pA, Vo = Min
VoL Logical Zero Output Voltage - 0.4 \ loL =2mA,Vcgc = Min
VIHC Clock Input High 3.0 - \ Ve = Max
ViLc Clock Input Low - 0.8 \ Ve =Min
CIN Input Capacitance PLCC - 10 pF CLK Frequency 1MHz
PGA - 15 pF All Measurements
Cour |OutputCapacitance PLCC - 10 pF ?:f:'i"z‘;?éi&'zg
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 vgg = +4.75V to +5.25V, T = 0°C to +70°C

*INCLUDES STRAY AND

-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 - ns
TCH Clock High 20 - 16 - 13 - ns
Tis Input Setup 16 - 14 - 13 - ns
TiH Input Hold o] - 0 - 0 - ns
Tobc CLK to Coefficient - 26 - 22 - 19 ns
Output Delay
TOED Output Enable Delay - 20 - 15 - 15 ns
Topp Output Disable Delay - 20 - 15 - 15 ns Note 1
Tops CLK to SUM - 30 - 26 - 21 ns
Output Delay
TOR Output Rise - 6 - 6 - 6 ns Note 1
ToF Output Fall - 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
I ——————————————— I
|
| l
st | I
DUT 0—1—0/ { :
*CL } |
I
I
| 15V (1) loo I
| |
| |
|

JIG CAPACITANCE

Switch S1 Open for Iccsp and Iccop Tests
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Waveforms

CLK ov

Tis =T
3.0v
INPUT* 1.5v 1.5v
ov

* Input includes: DINO-7, CINO-7, DIENB, CIENB, ERASE, RESET, DCM0-1,
ADRO-1, TCS, TCCI, SHADD

CLOCK AC PARAMETERS INPUT SETUP AND HOLD
2.0v v
CLK eeene- v IH
Topc: Tops IL
SUMO - 25 R Tor <= L‘-TOF
COuTO -7 1.5V OUTPUT
Tcco —-eee-
SUM0-25, COUTO-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 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 0.0V and measured at 2.0V.

A.C. TESTING INPUT, OUTPUT WAVEFORM
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Digital Filter

Features

¢ This Circult 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
= lccsp = 500pA 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

L]

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
Y5, V13 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
Vee Vss DINO-DIN7 TCS
DIENB As
TENG _s,
DCMo - DCM1 > " =
RE gl [ {s i
TCCl >—d) L5
e |aurEr [ ruren [ | rwrer [ auren [ T6%°
CINO - CIN7 CELL 0 CELL1 CELL2 CELL3 OUTO - COUT 7
S o |4 4] > COouT o]
ﬁEsET V. Y, V. 4
CLK > ‘/Ij“ Tfe  Tdes T{sl . oomme
ADRO-1 |2
= MUX |
RESET | ADRO, ADR1 { 26
ck | 2,
SHADD > N "s‘:f";‘g
SENBL > 7
SENBH 2 {zs

SUMO - 25

1D FILTERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1994 3-105

File Number 2450.3



Specifications HSP43481/883

Absolute Maximum Ratings

SupplyVoltage . ....vviieiiiiiiiiiriiineiiennans PR +8.0V
Input, Output Voltage Applied .......... GND-0.5V to Vo +0.5V

Storage Temperature Range . . . -650C to +150°C
Junction Temperature ............ v eeereae e, +1750C
Lead Temperature (Soldering, Ten Seconds) ............ +300°C
ESD Classification .....vvviieiiiiiniiireneeiiinanneas Class 1

Reliability Information

Thermal Resistance 8ja Sic
Ceramic PGAPackage ............. 38.44°C/W 9.920C/W

Maximum Package Power Dissipation at +1250C
CeramicPGAPackage .....oovevvereinenesnnnnnns 1.30 Watt

GateCount ............. 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 Voltage Range . . ...
Operating Temperature Range

....+4.5Vto +5.5V
~-550C to +1250C

TABLE 1. HSP43481/883 D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS

Devices Guaranteed and 100% Tested

i
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX UNITS
Logical One Input VIH Vee =5.5V 1,2,3 -550C < TA < +125°C 2.2 - \2
Voltage
Logical Zero Input ViL Ve =4.5V 1,2,3 -550C < Tpo < +1250°C - 0.8 v
Voltage
Output HIGH Voltage VOH |loH =-400pA 1,2,3 -550C <TA<+1259C | 2.6 - v
Ve = 4.5V (Note 1)
Output LOW Voltage voL |loL=+2.0mA 1,2,3 -550C < Ta<+1250C| - 0.4 v
Ve = 4.5V (Note 1)
Input Leakage Current Iy VIN=Vcg or GND 1,2,3 -550C < TAL+1250C | -10 +10 pA
Voo =5.5V
Output Leakage o VouTt =Vcg or GND 1,2,3 -650C < TA<+1250C| -10 +10 pA
Current Veco=5.5V
Clock Input High ViHe |vcc=55v 1,2,8 -550C < TA<+1250C | 3.0 - v
Clock Input Low ViLc Voo =4.5V 1,2,8 -550C < TA < +125°C - 0.8 v
Standby Power Supply lccsB VIN = Vgg or GND 1,2,3 -550C < TA < +1250C - 500 uA
Current Vece=55V,
Outputs Open
Operating Power lccop |f=20.0MHz 1,23 -550C < TA < +1250C - 110.0 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 5.5mA/MHz.

3. Tested as follows: f = 1MHz, Vjiy = 2.6, Vi = 0.4, Vo = 1.5V,
VoL < 1.8V, Vljg = 3.4V and V) ¢ = 0.4V.
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TABLE 2. HSP43481/883 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 <+1250C | 50 - 39 - ns
Clock Low ToL Note 1 9,10,11 -550C < TA<+1250C ] 20 - 16 - ns
Clock High TcH Note 1 9,10,11 -550C < TA<+1250C |} 20 - 16 - ns
Input Setup Tis Note 1 9,10, 11 -550C < Tp <+125°C | 20 - 17 - ns
Input Hold TIH Note 1 9,10,11 -550C <TA<+125°C| O - o] - ns
CLK to Coefficient Topc |Note1 9,10,11 -550C < Tp <+1250C - 24 - 20 ns
Output Delay
Output Enable Delay Toep |Note1 9,10,11 -550C <TA <+1250C - 20 - 15 ns
CLK to SUM Tops |Note1 9,10,11 -550C < Tp < +1250C - 31 - 25 ns
Output Delay
NOTE: 1. AC. 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
-20 (20MHz) |-25 (25.6MHz)
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE MIN | MAX | MIN | MAX JUNITS
Input Capacitance Cin Voc=0pen, f=1MHz 1 Ta =+250C - 15 - 15 pF
All measurements
- are referenced to
Output Capacitance COUT | gevice GND. 1 Ta=+250C - 15 - 15 pF
Output Disable Delay Tobb 1,2 |-550C <Ta <+1250C - 20 - 15 ns
Output Rise Time Tor 1,2 |-550C <Tpo<+1250C - 7 - ns
Output Fall Time TOF 1,2 -550C < TA < +1250C - - ns
NOTES: 1. The parameters listed in Table 3 are controlled 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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HSP43481/883

Burn-In Circuit

COUT7| COUTS

COouT3| couTt

COUTO| CLK | ADDRt

ADDRO | 8UM25

TCCO | COENB| COUTE

COuT4| COuT2

SHADD

DCM1 | DCMO

SENBH | SUM24

8um23

g | erase | v sum21 | sumzz
H | Reser | DiEns sum1s | sumzo
G| ves | by SuUM17| SUMI8
68 LEAD
£ | oms | pine PIN GRID ARRAY SuM1s| SUM1E
BOTTOM VIEW

e| oins | Dine Vgg |SUMIa

o| om1 | bz SUM12{ SUM13

c | omo | ciens SUM10 | SUMT1

8| Tcci | cive | ciNa | ciNz | ciNo | sumo | suMz | sume | SuMs | sSuMs | SUMe

A ciN7 | cins | ciNa | ciNt | SENBL | suM1 | SUM3 | SuMs | SUM7

1 a 4 s ) 7 8 ) 1 1
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
ki |tcco [voerz ez |cENB  [F10 B6 [Sumo [vgcrz  |Hi0 |sumis  |vgor2
Ji ERASE F10 B2 CIN6 F6 A6 SENBL F10 G10 |SuM17 Vee/2
H1  |RESET |F11 A2 |CIN7 F7 7 |ok FO F10 |sum1s |vggr2
G1 TCS F7 L3 COuUTS Vge/2 K7 DCM1 F6 E10 |Vss GND
F1 DINS F5 K3 couTe Vgoe/2 B7 Sum2 Vee/2 D10 |SUM12 Vge/2
E1 DIN3 F3 B3 CINg F4 A7 SuM1 Vco/2 C10 | SuMi0 Vge/2
D1 DIN1 F1 A3 CINS F5 L8 ADDR1 F1 B10 |Sums8 Veo/2
(1] DINO FO L4 COuT3 Veg/2 K8 DCMO F§ A10 | SUM7 Vcg/2
B1 |[Tca F8 ka |couta fvoerz |es |suma  |voorz k11 [sum2s  |veer2
L2 |cout? |vger2 B4 |CIN2 F2 A8 [suma  [vgorz  Junr |sum2z  |vgor2
K2 60_Eﬁ§ F10 A4 CIN3 F3 Lo ADDRO FO H11 SUM20 Vego/2
J2 Vee Vee LS cout Vee/2 K9 SENBH F10 G11 |SUM18 |Vvge/2
H2 |DENB |Fi0 K5 |cout2 |vgor2 B9 |SuMe  |vgor2 F11 |sumie |vgg/2
G2 |DIN? F8 B5 |GINO FO A9 [sums |vger2 E11 |sumia |vggre
F2 DING6 Fé A5 CIN1 F1 L10 |SuM25 Vego/2 D11 SuM13 Vego/2
E2 [DiNa F4 6 Joouto |vgerz k1o |sum2a  |vgorz  [oi1 [sumit |vgor2
D2 DIN2 F2 Keé SHADD F9 J10 Sum21 Vee/2 B11 SUMS Vee/2
NOTES: 1. Vcg/2 (2.7V £10%) used for outputs only. 4. 0.1uF (min) capacitor between Vi and GND per position.
2. 47KQ (+£20%) resistor connected to all pins except Vo and 5. FO = 100KHz +10%, F1 = F0/2, F2 = F1/2 . .... , F11 = F10/2,

GND.

3. Vg = 5.5 £0.5V.

40% - 80% Duty Cycle.

. Input voltage limits: V)= 0.8V max., Vi = 4.5V £10%.
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Metallization Topology
DIE DIMENSIONS:
253 x 230 x 19 +1 mils

METALLIZATION:
Type: Si- Alor Si - Al - Cu
Thickness: 8kA

GLASSIVATION:
Type: Nitrox
Thickness: 10kA

WORST CASE CURRENT DENSITY:
1.2 x 105A/cm2

Metallization Mask Layout

HSP43481/883

« w X a o r & o Vlhwt
o . [ = SR SR [ I =4

= £ 88 83 8§ 8 x 2 32832 228232323S§$

a & 9 2 2 > a 38 7 O » © 0o 0o 0o > o o oo o >

SUM19
Vss
sumis
SUM17
Vee
SUM16
SUM15
SuM14
SUM13
Vss
SUM12
SUM11
SUM10
SuM9

SuMs

] _ . ]
N ©® O Ww T O ® o o wu J 0 r O a4 O =w v pn © 9~
£ £ 3 9% £ ::2 98B 22 92 2z 2 z 8z 2
a » v o 2 3 3 B3 %00 o o o © o ©

Tcco
Vss
COENB

ERASE
Vee
RESET

DIENB
TCS
DIN7

DIN6

DINS

DIN4

DIN3

DIN2

DIN1

DINO

. Vss

CIENB
TCCI

Vee
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Features

Eight Filter Cells

0 to 30MHz Sample Rate

8-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 or 4

Applications

1-D and 2-D FIR Filters
Radar/Sonar

Adaptive Fliters

Echo Cancellation
Complex Multiply-Add
Sample Rate Converters

Ordering Information

Description

The HSP43881 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 cir-
cuit. Each filter cell contains a 8 x 8-bit multiplier, three deci-
mation 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 has a
maximum sample rate of 30MHz. The effective multiply
accumulate (mac) rate is 240MHz.

The HSP43881 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-
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 DF pro-
vides for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>