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RICOH ASIC

EPL

Features

This is the ASIC which allows the user to ®Upward compatible to AMD PAL.
program optional logic circuits with ®CMOS EPROM process
many standard PAL programmers. This is e Low current consumption and

optimum replacement for small-scale high programmability.

logic and CPU peripheral devices. EPL’s e Erasable by ultraviolet light
provide a quick evaluation and correction (ceramic window package).

of logic circuits. ®Maximum access time 25/35ns

®20pin, 24pin types

®Up to 900 gate equivalents
®Security fuse

®Qutput polarities are program-

Lineup mable.
P Electrical characteristics c il
Model name Configuration sfp";f; Max. fcc Max. |Max. opera- Package grrr:);()jitclge
Operation | Standby |access time| ting freq.
G|EPL10P8 B |10 input 8 output PAL10LS, 10H8
I AND-OR/XOR Array
EPL12P6 B |12 input 6 output PAL12L6, 12H6
AND-OR/XOR Array . .
EPL14P4 B |14 input 4 output 50mA® | 40mA PAL14LA, 14Ha
AND-OR/XOR Array .
EPL16P2 B | 16 input 2 output PAL16L2, 16H2
AND-OR/XOR Array 20DIP
G|EPL16P8 B | 10 input 6 input/output 35ns 20MHz (i : i« | PAL16L8
plastic, ceramic
) AND-OR/XOR Array with window)
EPL16RP8 B | 8 input 8 feedback 8 output 5V+5% PAL16R8
8 register AND-OR/XOR Array
EPL16RP6 B | 8 input 6 feedback 2 input/ 70mA 60mA PAL16R6
output 6 output 6 register
AND-OR/XOR Array
FUGRM B | 8 input 4 feedback 4 input/ PAL16R4
output 4 output 4 register
L AND-OR/XOR Array
EPL241ED/ |6 input 16 input/output 140mA** | 120mA** 25ns 30MHz | 24DIP 22V10 & others
EP/EJ 16 feedback 16 macrocell 28PLCC
clock select
asychronous reset with
16 register
EPL204ED/ |10 input 8 input/output 70mA 60mA 25ns 30MHz 20D1P 16V8, 18P8
EP 8 feedback 8 macrocell and other
clock select 20pin PAL
asynchronous reset with
8 register
EPL242*** | 16 input 8 input/output 80mA 70mA 25ns 30MHz | 24DIP (Plastic) 20V8
8 macrocell 24CERDIP
asynchronous reset with 28PLCC
8 register
EPL20F*** | Same as GII type 70mA 60mA 15ns 40MHz | 20DIP Same as GII
{except for XOR) 20CERDIP
20PLCC

GI : Group I GIl : Group II ) o

* Since Group I has twice as many product terms as PAL products, typical currents will be reduced to a half of the above specification values by
power-down circuits in RICOH'’s EPL. o

** |t will proportional to the product term usage. (40 mA at 35% utilization)

***Under development

Support Tool Interface
Software Hardware Customer : RICOH or Distributors
@EPLASM (RICOH) * SW16 (Ricoh) !
@ABEL (Data 1/0) (RICOH) .
® Logi tion
Hardware « 1BM-PC AT (1BM) T espesifcation |
@ Universal Programmer « PC9801 (NEC)
UNISITEA40, 298 (Data |/0)
@Model 60A (Data |1/0)

@®Model PW98-20 (RICOH) .E
@EPROGRAMER?241 (RICOH) !
® Pecker 30 (AVAL) | )
e If the customer has the programer, it can be
4 AC Model 11 (J Macnics programed by the customer.
¢ PROMAC Moce {Japan e @®@mark: Products handied by RICOH's sales
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RICOH ASIC

GATE ARRAY

Features

O®A variety of line-up
High speed (0.38ns) High density (200k Gate), Low power operation (3V), Small gates
with a number of I/Os.

@ Design support system is available for a Work Station (SPARC).

Memory Build-in type

5GU Series (CMOS Gate Array, 0.8u Design rule)

5GU No. of Gate Delay Output Drive

Series Gates Vo* Time Supply Voltage /0 Level Current Type
5GU020 21.976 136 (5V operation)
5GU030 | 33.000 164 | 0.38ns/gate (5V operation)
5GU040 43.092 188 (3V operation) 5V+10% CMOS/TTL 4/8/12mA Sea
5GU050 54.016 208 0.63ns/gate Compatible of
5GU075 | 82.056 256 Load 3V+10% (3V operation) Gate
5GU100 | 109.080 292 FAN OUT=2 2/4/6 mA
5GU200 | 194.400 3g4 | wire length=2mm

5GL Series (CMOS Gate Array, 1.2u Design rule, Small gates with a number of I/0s)

S‘r;?its Gates lec')?f GalTei'E:Iay Supply Voltage 110 level Q::ckage (Number of Pinss())FP

5GL00S 500 64 (5V operation) 64 64

5GLO09 200 84 0.8ns/gate 64,80 64,80

5GLO15 | 1500 104 (3V operation) 5V+10% CMOS/TTL | 64,80, 100 64, 80,100

5GL026 | 2600 132 1.6ns/gate Compatible | 64, 80, 100 64, 80, 100, 128
5GL035 | 3500 148 Load 3V£10% 80, 100, 128, 144 80, 100, 128
5GL045 | 4500 164 FAN OUT=2 100, 128, 144 100

5GL100 | 10000 236 | wire length=2mm 128, 144, 160 208
« 8 pins in I/O pads are dedicated to Vcc and GND. 64, 80 and 128 pin type of SQFP are under development.
5GV Series (CMOS Gate Array, 1.2y Design rule)

5GV041 | 4100 | 106 (Sggﬁse/rgaat:gn) 24,28, 40 | 42,64 | 60, 64,80, 100 64, 80, 100 44, 68, 84
5GV053 | 5300 | 118 (3 oporation) 5V+10% 24,28, 40 | 42,64 | 60, 64, 80, 100, 128 64, 80, 100, 128 |44, 68, 84
5GV073 | 7300 | 136 1.6ns/gate CMOS/TTL | 24,28, 40 | 42, 64 | 60, 64,80, 100, 128, 144 | 64,80, 100 44, 68,84
5GV094 | 9400 | 154 Load Compatible | 24, 28, 40 | 42, 64 | 64, 80, 100, 128, 144 64,80, 100, 128 |44, 68, 84
5GV124 | 12400 | 178 FAN OUT=2 | 3V£10% - 42,64 | 64,80, 100, 128, 144, 160 |64, 80, 100, 128 |44, 68, 84
5GV161 | 16100 | 204 |wire length=2mm - 42,64 | 80, 100, 128, 144, 160 80, 100, 128 |44, 68, 84

+ 8 pins in I/O pads are dedicated to Vcc and GND. 64, 80 and 128 pin type of SQFP are under development.
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RICOH ASIC

Features of 5GF Series Memory | ogic Area

Area

5GF Series Gate Arrays allow memory (ROM, RAM) in 1/0 Cell 1/0 Cell
conjunction with Logic requirements. ja——— —
RICOH’s unique system of constituting the memory using . . T

wired area, as shown on the right diagram. Since it does not

. /O
require the master for memory, the cost for development can ::Igl ::/eo é,.
be kept down in case of memory integrated.

1/0 Cell 1/0 Cell
5GF Series Example of other systems
5GF Series (CMOS Gate Array, 1.5u Design rule)
Max. loading Package (Number of pins)
5GF A No. of Gate Delay Suppl
Series | Gates | meToN SHhis | VO ime Vollage | V0wl T o FLAT PLCC
5GF21 | 2100 (§ g 84 40 64 44,60,64,80,100 | 68
5GF26 | 2600 a ﬁ) 94 40 64 44,60,64,80,100 | 68
2K 1.0ns/gate
5GF32 | 3200 (4K) 102 CMOS/TTL 40 64 44, 60, 64, 80, 100 68
5V+10%
5GF45 | 4500 (g ﬁ) 120 Load °| compatible | 40 | 64 60, 64,80,100 | 68
- 8K 2 input NAND
5GF58 | 5800 (16 K) 138 | FANOUT=3 40 64 64,80, 100 68
16 K 3mm
5GF82 | 8200 (32K) 168 40 64 80, 100 68
Note: Available number of gates for logic are reduced due to memory capacity.
5GH Series (CMOS Gate Array, 2.0u Design rule)
. 5GH No. of Gate Dela; Suppl Package (Number of pins)
Series | Dates | "o Time | Volage | Olevel DIP Shrink DIP | FLAT PLCC
5GH05 560 40 14, 16, 18, 20, 22, 24, 28, 40 - - -
5GH10 | 1000 | 60 15ns/gate 24,28, 40, 48 28 60, 44 44,52, 68
5GH16 | 1600 72 CMOS/TTL | 24,28, 40, 48* 28, 42,64 60, 80, 44 44*, 68
5GH23 | 2300 88 Load 5V+10% | Compatible | 28, 40, 48* 64 60, 80, 100 | 68, 84*
5GH29 | 2900 98 2 input NAND 28, 40, 48" 64 60, 100 68", 84"
5GH38 | 3800 | 108 FAN OUT =3 40, 48" 64 60,80, 100 | 68", 84*

(*) : Under Development
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RIGOH ASIC

STANDARD CELL

Features

@ Abundant Cell Library
(CPU : 8/16 bit, CPU peripheral Cell, Compiled Cell, Analog Cell (A/D, D/A)).
@ High-Speed (0.26ns).
@ Low voltage operation (5V/3V).
@ Design support system is available for a Workstation (SPAPC).

Development Example

[ ASIC Micro Computor |

RICOH prepairs 3 CPUs; & Ru 8 (8bit), 65C02 (8bit) and 65C816 (16bit). These CPUs are
High-speed (pipe-line archtecture, powerful addressing mode) and small size.

Compiled Cell

RICOH prepairs large scale cells. (Compiled cell).

Exaple
[Digital/Analog Cell| (Image Processing IC)

Digital circuit and Analog Circuit can be integrated on a chip.

Example (Controller IC)
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RIGOH ASIC

<Cell Library>

Cell Name Cells
Macro Cell

Basic Cell . (411 Cells)
Macrofunction Cell
8bit : Ru8, R65C02

CPU Cell (3 Cells)
16bit : R65C816
ACi (Asynchronous communication interface)
INTC (Interrupt controller)

CPU .
X TCC (Timer/Counter)
Peripheral Cell .
* PIO&HS (Parallel input/output)
RTC 8 (Real Time Clock) (5 Cells)
MUL (Multiplier)
ALU (Arithmetic Logic Unit)
ADS (Adder/Subtructor)
BRS (Barrel Shifter)
i RGF (Register file)
Compiled .
Cell DMX (Multiplexer)
e
SEQ (Microprogram sequencer)
PIP (Pipeline register)
MRO {(Mask ROM Asynchronous)
SRA (SRAM Asynchronous)
HSR (SRAM Synchronous) (11 Celld)
AD8BSRA (8 bit Successive Approximation A/D Convertor)
ADS8TRW/ADS8TRWL (8 bit Series — Parallel A/D Convertor)
Analog Cell i

DABRRV/DA8BRRI (8 bit R-2R D/A Convertor)
DA8BVA (8 bit Current Adder D/A Convertor) (4 Cells)

1-5




RICOH ASIC

Interface
Type Customer : RICOH
Logo i
I. Schematic - ® Logic diagram

4 ® Timing chart

interface ;smi%

Software development

'
'
'
'
|
!

H Hardware
® RICOH cell library development

Algorithm Schematic entry ® Simulation data
development ® Software for

development

Software
coding

Assembler/
compiler

- - Logic
Object file simulation

II. CAD link !

interface ® Schematic data
® Test pattern data

ICE bebug ® Simulation results
|
Y
N ﬂw
Y

Final FIX by Evaluation
ROM code 7

< >

J Timing simulation

Auto placement
and wiring

Mask creation ~
sample preparation
Mass production

Note) The CAD interface system provides software development for any practical circuit.



RICOH STANDARD

MASK ROM

Lineup
M Max. power consumption
emory Memory Access Power supply (mwW) " Pin
Model name Process capacity | configuration| time (nsec) voltage No. of pins compatibility
Operation Standby
PR2D32/33 32K 4096x8 250 440 - 24 TI/INTEL
RP2364E 64K 8192x8 200 550 110 28 INTEL
RP23128E 128K 16384x8 200 550 110 28 INTEL
RP23256D/E NMOS 256K 32768x8 | 250/200 5V+10% 550 110 28 INTEL
RP231027D/E ™ 131072x8 | 250/200 550 165 28
RP231028E  * ™ 131072x8 200 275 110 28
RP234096 * am 524288x8 200 440 - 32
* Under development
Interface
Customer RICOH
T
® EPROM for code check 2 pcs. — i
' Do 3
| agree with @) NO
[
|
4 @ | 1 i
fOrdermg N Func.tlon : ® ROM merge with
ormat terminal | @ or cither D or @)
|
! {
1
| Mask ROM
1 Does it data
| agree?
|
|
[ NG, Confirmation T
I
\/3rd check I
YES | Mask "
i lask ordering Test program
sttt Bl :. _______ - creation
I ES, CS ! [Trial !
: sample production ||
i
| | | Mass
H L *[_Droduction
S U N a
The above processes are omitted
by RICOH to deliver mass
production to the customers at Wafer test
the earliest possible opportunity.
YES

Assembly

Final test, quality
guarantee test, etc.

i)
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RICOH STANDARD

EPROM
Max. power consumption
Memory Configu- Access | Power supply (mwW) . Pin
Model name Type capacity ration time (us) voltage No. of pin compatible
Operation Standby
RP/RF5H01 CMOS 64 bits 64x1 1 5V+5% 55 0.55 8 -
MPU
Power consumption .
Model name Circuit function (MAX.) forg:Laetrzgc Cycle time Package
Operation Standby
. 4/6MHz | 250/166ns :
RP65C02G/G-06 8bit CMOS MPU 5mA/MHz 28uA (MAX.) (MIN.) 40pin DIP
DSP
Supply .
- . Power supply Execution Clock
Model name Circuit function voltage tz#r;%n)t speed (MAX.) Package
RP5C72 Digital Signal Processor (fixed point operation) sves% | 6omA | 100N/ | oMbz | 28pin DIP
REAL-TIME CLOCK
Max. current consumption
Backup
Model name Circuit function Poﬁeo';:al;‘;m' During power Package
Operation backup voltage
RP/RF/RJ5C15 REAL TIME CLOCK 250pA 15uA 2.0v 18DIP/18S0P/28PLCC
5V+10%
RP5CO1 REAL TIME CLOCK with RAM 250uA 15uA 2.2v 18-DIP
RP/RF5C62 REAL TIME CLOCK 5V+£10% 50uA 3uA 2.0V 18DIP/18S0OP
CRT CONTROLLER
Power Power
Model name Circuit function supply supply Package
voltage current
CRT DISPLAY CONTROLLER (All in One Type) 64-FLAT
RF5C16A/RPEC16 640x200 or 80x25 (character x line) Bv=10% 50mA 64-DIP
CRT DISPLAY CONTROLLER (All in One Type with Look up Table and
RF5C56 analog RGB) 5V+10% 60mA 64-DIP
512x192 dots or 32x24 characters display

Note) EPL is a registered trademark of RICOH. LOGICIAN is a registered trademark of Daisy Systems Co. IDEA1000 is a registered trademark
of Mentor Graphics Co. IBM-PC is a registered trademark of IBM Co. DASH is a registered trademark of FutureNet Co. CADAT is a register-

ed trademark of HHB Systems Co. PAL is a registered trademark of Advanced Micro Devices, INC.
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RICOH STANDARD

QUAD. UART
Model name Circuit function Pov‘vleolit:uggplv M?:E.r&%vxtler Package
RF5C59 Asynchronous receiver transmitter with 4 channel ports. 5V 20mA 60-FLAT
PARALLEL I/O
Supply
Model name Circuit function Pov‘vlgo;'saupply current Package
% | (mAx.)
RF5C60 6 1/0 Port (8 bit 1/O x 5,5bit 1/0x 1) 5V + 10% 30mA 60pin FLAT
PCM SOUND GENERATOR
Supply
Model name Circuit function Pov\s;znl'tsa\;gplv z:urrent) (“Cnlzt):(k) Package
MAX. .
RF5C68A 8 ch. stereo output 5V + 10% 30mA 10MHz 80pin FLAT
PWM GENERATOR
Supply
W . Power supply PWM Clock
Model name Circuit function voltage (c'\t;lv;e)?t) resolution (MAX.) Package
RF5C86 8 ch. PWM output 5V + 10% 30mA 16 bit 16MHz 28pin SOP
2 DIMENSION FILTER
Processing
Model name Circuit function Povxgl;;o;gply (h(/:llxg(k) speed Package
) (MAX.)
RF5C67 5 x 6 image element filtering process 5V + 10% 20MHz | 25ns/element 100pin FLAT
VOLTAGE DETECTOR
Voltage .
Model Name Function Detect 0\’/’;":“2" Cog:\:::;:ion Package
Accuracy 9
Voltage Detection. 42 89 N (SOT-89)
RXSVL Possible to set detect voltage at 0.1V step. +25% 1.5-10v TuA TO-92, SOT-23-5
. Voltage Detection. 42 59 - 1uA Mini mold 5 pin
RNSVT Low voltage operation. *2.5% 0.7~10v » (SOT-23-5)
* Under Development
VOLTAGE REGULATOR
Output )
. Operation Current
t Volt . Package
Model Name Function Ac?:u?g:y Voltage Consumption ckag
Power Supply. +0 B9 (SOT-89)
+2. 5~10V 1pA
RXSRL Possible to set output voltage at 0.1V step. 25% 5 0 " TO-92, SOT-23-5
Power Supply. o Mini Power mold
+2. 5~ 10V 1HA
RXSRE Large current output 2.5% 1.5=10 B TO-92
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RICOH STANDARD

DC/DC CONVERTOR

. Starting Output Current

Model Name Function Voltage Voltage Consumption Package
RHSRC Step-up voltage switching regulator, low voltage operation| 0.9 ~ 1.0V |3V, 3.5V, 5V 3.5pA Mini power mold
RF5RD Step-up/down voltage series regulator. 1.2V 3V. 5V BuUA 8-SOP

. Series Regulator, Voltage Detect, Enable,
RS5RM PWM type Step-up/down. 1.2v 10pA 8-SOP

. Series Regulator, Voltage Detect, Enable, '
RS5RJ VFM type, Step-up/down. 1.2V _ 10pA 8-SOP

* Under Development
SWITCHING REGULATOR
. Starting Output Current
Model Name Function Voltage Voltage Consumption Package
RH5RH PWM type Step-up Voltage Switching Regulator 0.9 _ 5pA Mini power mold
(SOT-89)
RH5RI* VFM type Step-up Voitage Switching Regulator - - = -
* Under Development
MULTI POWER SUPPLY

Model Name Function Avc?;l:u?g:y O&;:ggzn Package
RF5C133 Multi Power Supply for Audio (DC/DC + Power Supply) +2.5% 5V(TYP.) SSOP24
RS5VE* Multi Power Supply for Communication (Regulation + Detector) +2.5% 1.5~10V SSOP16

* Under Development




2. QUALITY ASSURANCE SYSTEM







THE POLICY OF QUALITY ASSURANCE

RICOH, Electronic Devices Division, keeps in mind to develop devices and assure the quality putting ourselves
in customers’ place. RICOH pursuits following 5 points night and day to offer the best quality timely with
the optimum cost to the customers.

REQUIRED QUALITY
REALIZATION
EARLY STAGE TOTAL ASSURANCE
CONTROL CONTROL
HIGH QUALITY FAILURE RELAPSE
HIGH RELIABILITY PREVENTION

1. Accomplish the quality aim satisfying the use condition and requirements of customers.

¢

2. Control the first stage thoroughly to make in the quality on development and manufacturing steps.

3. Recognize the importance of quality through quality improvements and quality educations, and then
aim at the high quality and high reliability.

4. Inquire into the cause of failure in cooperation with other sections and take measures immediately and
completely not to meet the recurrence.

5. Complete the synthetic assurance and control system which satisfy quality, cost, and delivery.
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QUALITY CONTROL FLOW CHART IN MANUFACTURE

Parts, Materials

i

Incoming Inspection

Parts, Materials
Inspection

Quality Level Check

|

i

Wafer Process

In-Process Q.C.

Wafer Probe and r
Electrical Test

Machines, Dimension
Environment, Process
Parameter, Sub
Materials, Operators

Quality Level Check

Electrical Test
Sample Inspection

Test, Inspection

Visual, Quantity

hippi tion |f-------o| vBSUALRuantty oo} it
Shipping Inspection Data Check Quality Level Check
]
‘ Visual, O/S T
sual. n
Assembly In-Process Q.C.  f----—---- isual, O/S Tes == Quality Level Check

Sample Inspection

L

i

Incoming Inspection

Travel Sheet Check
Electrical Test
Environmental Test

Quality Level Check

by

Final Electrical

Visual, Electrical
Test 100%

Test, Inspection

Life, Environment
Sample Inspection

Sample, Lot Judge,
Quality Level Check

Visual, Electrical
Sample Inspection

Sample, Lot Judge

Quality Information
Flow

Test
(Screening) Long Term
I Reliability
Quality Assurance | Monitoring
Inspection~~
Y
Oujtg%
Inspection" T T
1
Shipping
Customer
Claims
Field Information
etc.
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QUALITY ASSURANCE SYSTEM

An effective quality assurance system cannot be undertaken on an individual basis. Only a cooperative effort
among all divisions can consistently achieve a solid guarantee of top quality. Put into practical use, a system
of this type must be functional, it must be based on the idea of standardization, and it must quickly accom-
modate the data and feedback that continually pass between departments.

We have developed a Quality Assurance System that incorporates these concepts. Our Quality Assurance
Department is set up to ensure fast, accurate relay of information between divisions and prompt execution
of quality assurance tasks at each step in the manufacturing process — from product development to mass
production.

At the product development stage, the tasks required in all succeeding stages are defined and responsibility
for their execution is assigned. The Quality Assurance Department then undertakes inspections from a com-
prehensive point of view, through its inquiry groups. Our quality and reliability criteria are geared to meet
reliability and qualification testing standards such as MIL, EIAJ, and JIS to ensure that our product designs,
processes, and conformity to standards are approved.

At the mass-production stage, the Manufacturing Department undertakes strict control of processes, product
quality within processes, equipment, and the environment, in order to build in quality at each step. The
Quality Assurance Department safeguards overall quality by inspecting incoming materials, controlling pro-
duct amendments, maintaining accuracy in measurement devices, inspecting wafers and making final checks,
monitoring quality, and undertaking quality assurance checks which ensure that no defective products reach
the market.
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FAILURE ANALYSIS FLOW CHART

Customer

1

: Claims (Defective devices

Sales & Marketing Dep.

& Field Information)

1

Quality Assurance Dep.

: Failure Analysis

Research Data
Process Data
Q.A. Data

1
| : Scope/X ray Video

Auto Tester

C T termal Visial T
L______Inspection J
R SR

: Electrical Analysis

_= Manual Checker

[ _1 Oscilloscope

i Failure Mode

/" Internal Visual |

i |
| _ _Inspection |

De Encapsulation
Scope
S.EM.

Parametric Analyzer

———————

| | ) Life Test

Reappearance .
! Predictions _,' bp ! Environmental

| PRPRpAPp R |

Test

r=—-=——- i |

| Analysis {

| S ————

Manual Probe
XMA.(EDS.,WDS)
Cross Section

EB Tester

F.I.B.

f f

r—_—(?l_as-si—f—'i&aon of

Failure Mechanism 3

1

{

1

: Action to

Production Dep.

I

Report

Design Dep.

]

Prevent Failure

i i

Quality Assurance Dep.

: Advise and Confirmation
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LOT ASSURANCE INSPECTION

(+ASSEMBLY INCOMING INSPECTION )

Sampling: Every Wafer Lot

No. TEST ITEMS TEST METHODS LTPD | Maximum
(%) Accept No.
1 ELECTRICAL Auto Tester 5 0
(Open, Short check) QAT Specification
2 HIGH TEMPERATURE Ta=T jmax 125°C 10 0
OPERATING LIFE 20 Hrs.
Dynamic Operation
3 THERMAL SHOCK Ta =T stgmin ~ T stgmax 20 0
(liquid) (5' —=10" =5")
10 Cycles
MIX PCT TYPE A TYPE B TYPE C
DIP QFP, SOP PLCC
package package package
SOLDERING HEAT 260°C 260°C IR Reflow
Lead only Full dip 2 times
10 sec. 5 sec. or
or VPS
IR Reflow | 215°C
2 times 60 sec.
or
VPS
215°C
60 sec.
THERMAL SHOCK T stgmin T stgmin T stgmin 20 0
14 8 14
T stgmax T stgmax T stgmax
10 Cycles 10 Cycles 10 Cycles
PRESSURE COOKER 121°C 121°C 121°C
2 atms 2 atms 2 atms
20 Hrs. 20 Hrs. 20 Hrs.

R
[S2]



OUTGOING INSPECTION

Sampling Method: MIL-STD 105D

No. DIVISION TEST ITEMS CRITERIA LEVEL
1 ELECTRICAL Function QAT Specification AQL
DC 0.25%
AC
*1)
2 APPEARANCE Heavy Defect Visual Inspection 0.65%
Light Defect Criteria 1.0%

*1) Catastrophic Failures (short, open, or functially inoperative) AQL 0.065%



RELIABILITY TEST REQUIREMENTS

TABLE 1 RELIABILITY/ENVIRONMENTAL

PACKAGE TYP
No TEST ITEMS TEST CONDITION ACRASET E L
PLASTIC | CERAMIC
1 | High Temp. Operating Life 125°C (150°C) Vce Max M M 1000 Hrs.
2 | High Temp. Reverse Bias 125°C (150°C) Max O O 1000 Hrs.
3 | High Temp. Storage 125°C (150°C) M M 1000 Hrs.
4 | Low Temp. Storage —55°C (—65°C) ) o) 1000 Hrs.
5 | 85/85 Temp. Humidity Bias 85°C/85% RH Vcc Max M M 1000 Hrs.
6 | Low Temp. Operating Life —20°C (—40°C) (@) (@) 1000 Hrs.
7 | Pressure Cooker 121°C/15PSIG/100% RH M * 200 Hrs.
8 | Thermal Shock —55~125°C(—65~150°C) M M 200 Cycles
9 | Temp. Cycle —55~125°C(~65~150°C) M M 1000 Cycles
10 | ESD Sensitivity 1000V(MIL)/200V(EIAJ) M M -
11 | Latch Up (CMOS Device Only) - M M —
12 | Mechanical Shock 1500g/Z1, Y1, X1 * M -
13 | Vibration 20 ~ 2 kHz * M 4 Cycles
( ): Option
TABLE I MECHANICAL
KAGE TYPE
No TEST ITEMS TEST CONDITION PACKASET e
PLASTIC | CERAMIC
14 | Physical Dimensions — M M —
15 | Marking Permanency COND.BorD M M -
16 | Visual and Mechanical — M M —
17 | Solderability 245°C Ssec M M -~
18 | Lead Integrity — O O —
(Fatigue, Forming, Pull)
19 | Hermeticity F/L: 5 x 10 8 ATMcc/sec * M —
(Fine, Gross) G/L: 2 Hrs. at 60 PSIG

M: Mandatory

2-7

O: Optional

*. Not Applicable




QUALITY & RELIABILITY ASSURANCE FUNCTION

TOKYO (JAPAN)

TOKYO VLSI
DEVELOPMENT
CENTER

OSAKA (JAPAN)

OSAKA VLSI
DESIGN
DEP.

QUALITY

CONTROL FAILURE

ANALYSIS

CUSTOMER
INTERFACE

DOCUMENT
CONTROL

VENDER
QUALITY
CONTROL

(5§

REDD: RICOH ELECTRONIC DEVICE DIV.
RC : RICOH CORP ./RATION.
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RP5CO1

B GENERAL DESCRIPTION
The RP5C01 bus compatible real-time clock is

designed for use with most of the popular
microprocessors such as the 8085A, Z-80 and others.
Time -setting and readout can be readily done in the
same manner as writing/readout in and from
memery.  This RTC device features : counters for
complete ‘time-of-day clock alarm, a hundred year
calendar, also a 26 X 4-bit RAM providing battery
backed up functions and applications as an
involatile RAM.

B FEATURES

® Direct connection with CPU-Bus

®4-bit bi-directional bus ; D¢-Ds

®4-bit address input ; Ay-A,

e Counters for Time (hour, minute, second) and
Calendar (leap year, year, month, date, day of the
week) are built in.

24 Hours, or 12 Hours am/pm display

@ All the clock data is BCD encoded

o AD]J terminal for +30 seconds adjustment

® ’rovision for battery-backup

M BLOCK DIAGRAM

No. 84-01 4-1-1984

REAL TIME CLOCK

M PIN CONFIGURATION (Top view)

1] Vee
[17) 0sC ouT
5] OSC IN
5] ALARM
EIN
3 D,
7] D,
11 13,
1] Wi

> 22 93¢
elzizizlziai=izls!

>

2
As I
RD [®

GND [

o Self -contained 26 x 4-bit RAM
® Provision for Alarm signal, or 16Hz or 1Hz
Timing pulse output.

0S¢ IN—f - (SefSs (53 Ssf SefSaf Se A
" s M e Nioaca21e2a2) 3
0SC OUT - 3
T-Reset Alarm Register
RD.WR.

Mode 01

E?i:sm' l ICI T o I 1 Alarm Alarm | ALARM
omparator —
RD. WR L 1.1 | Output
/\I?J. Mode 00 L t ' T RD. WR. Mode 10
Cs nnnnlrlllu AR SR SR N SEVAIN
Cs- Clock = ol
I;»c” H4-M Seconds[Minutes| tHours 8] Days | Months| Years g:‘;
. Y id L = | >
R )'—:Dl o 1710} 1/6 f1/10) 176 |1/12f 1724 | 1/7 |1728-1/3) /12 |1/10f1/10) 144
T———‘D‘ [ I EEEEEEEEEIEIERES RIS
SIS IS [Ss 1555 S |57 [ Se | SssA[SB[SC
A0y al s BB PP )
Hold
4 0 g
l S0-5C
4 - 1
Controller b()Addl'css Bus Internall 26 X 4bits
5D ) Decoder Control j B'j‘f‘fscr: RAM
Pttt 1111
Ao Ay Az As Do D1 D2 s

3-1
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W ABSOLUTE MAXIMUM RATINGS

Symbol Parameters Conditions Limits Unit
Vee Supply Voltage —0.3~7 A2
V, Input Voltage With respect to GND —0.3~7 \%
Vo Output Voltage —0.3~7 v
P, Power Dissipation Ta=25C 700 mW
Topr Operating Ambient Temperature 0~70 C
T Storage Temperature —40~125 C
M RECOMMENDED OPERATING CONDITIONS (Unless Noted : Ta=0~70C)
Limits N
Symbol Parameters Min | Typ | Max Unit
Vee Supply Voltage 4.5 5 5.5 \
Vo Data Hold Voltage 2.2 5.5 \
fxr Crystal Oscillation Frequency 32.768 kHz
W ELECTRICAL CHARACTERISTICS
® DC ELECTRICAL CHARACTERISTICS (Unless Noted : Ta=0~70°C, Vcc=5V+10%)
Symbol Parameters Measuring Conditions Min L,lrr;:;:s Max Unit
Vi Input High Voltage 2.0 Vee \4
Vi Input Low Voltage -0.3 0.8 \
Vou Output High Voltage Ion=—400x A 2.4 \%
Vou Output Low Voltage [o.=2mA 0.4 \'
I, Input Current V,=0~5.5V +10 | xA
o Output Leakage Current +10 | uA
e Standby Supply Current fxr=32.768kHz V. c=2.2V 15 uA
Tee Operating Supply Current fxr=32.768kHz  Vcc=5.0V (N2) 250 | wA
(NOTE 1) : Current flow is "positive’ when flowing toward the IC.
(NOTLE 2) : When connected to a CPU R/W cycle-time is 10us.
® AC ELECTRICAL CHARACTERISTICS(Unless Noted : Ta=0~70C, Vcc=5V+5%)
Symbol Parameters Measuring Conditions Min L;r;];ts Max Unit
tac Address— RD/WR Delay Time 170 ns
tec RD/WR Pulse Width 400 10000 | ns
te Address Valid ije After 10 ns
A RD/WR Pulse Rise
[ Data Delay Time After RD Fall 340 | ns
tron Data Hold Time After RD Rise 0 ns
twor Data Delay Time After WR Fall 40| ns
two Data Hold Time After WR Rise 20 ns

—RIGOG




RP5CO1
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SPECIFICATIONS Under V¢ =5V +109% are as follows.
® AC ELECTRICAL CHARACTERISTICS (Unless Noted : Ta=0~70C, Vec=5V+10%)

Symbol Parameters Measuring Conditions - Li!-nits Unit
Min | Typ | Max
tac Adress—RD/WR Delay Time 170 ns
tee RD/WR Pulse Width 450 10000 ns
tea Effective Addres§ Time After 10 ns
RD/WR Pulse Rise
tn Data Delay Time AfterRD Fall 400 | ns
[ Data Hold Time After RD Rise 0 ns
twor, Data Delay Time After WR Fall 40| ns
twn Data Hold Time After WR Rise 20 ns
B PIN DESCRIPTION
Symbol Pin No. Function
CS, Cs 1,2 Terminals for external interfacing. Valid when CS=11, CS=L. CS is

connected to the power-down detector of peripheral circiut power supply,
and CS is connected to the microcomputer.

AD]) 3 This pin provides easy zero setting for the “seconds” independently of the
CPU. When ADJ=H in the range of from ( to 29 secs, the “seconds” are
preset at zero and not released in the range of 30 to 59 secs by countup
until the full minute expires.

A,~A, 4,5,6,7 ADDRESS pin. Connected to ADDRESS bus of CPU.

RD 8 1/0 control input. L when CPU« RP5COL.

GND 9 ov

WR 10 1/0 control input. L when CPU-RP5CO1.

Dy ~D; 11,12,13, 14 Bi-directional data bus. Connected to the data bus of CPU.

ALARM 15 Alarm signal and pulse (1611z CK or 1HzCK) are put out. Open drain
; output.

0SCin, OSCour 16, 17 Crystal resonator connecting terminal. 32.768kHz.

Vee 18 +5V power supply.

RICOH—
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W ADDRESS MODES

MODE MODE 00 MODE 01 10 11
A~A, Contents D, D, D, Dy Contents D, D, D, Do || Contents || Contents
0 1-Sec Counter X X X X
1 10 Sec Counter X X X X X
, NS Alarm block {f block
2 I Min Counter I Min Register 10 11
— Alarm
3 10-Min Counter X 10 Min Register X
N Alarm
4 1-Hr Counter 1 Hr Register
5 [ 10 1ir Counter X X {\lllalrlI;] Register X X dbit || 4bit
G Alarm
6 Day Counter X Day Register X X X
- RST. Alarm .
7 1 Day Counter | Day Register 13 13
;G o Alarm
8 10 Day Counter X X 10 Day Register X X
9 I Mo Counter X X X X RAM { RAM
S T2 Te/24 lir
A | 10-Mo Counter X X X Selector X X X
S Leap Year
B[ 1- Yr Counter Counter X X
C [ 10-Yr Counter X X X X
b Timer | Alarm | MODE Register Timer | Alarm | MODE Register s As
D I MODE Register | “pN" |\ "gNC | M1 | Mo EN | EN | MI | Mo [ atieft] atleft
s PRECT Bagicte Test | Test | Test | Test Test | Test | Test | Test
E TEST Register 3 9 I 0 3 5 1 0 As As
F  ||RESET Controller | 1Hz | 16Hz | Timer | Alarm 1Hz | 16Hz | Timer | Alarm || at left || at left
and Others ON ON | RESET | RESET ON ON | RESET | RESET

x indicates : don’t care for WR, always zero for RD.

—RIGOK
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RP5CO1

® MODE REGISTER (A, A;, A, A)) = (1, 1,0, 1) =D

D, D, D, D,
Timer M1 MO
EN EN 1 1

1: Time count starts

Time setting and readout
Alarm, 12Hr/241r & Leap Year setting and readout
RAM Write & Readout. BLOCK.10

RAM Write & Readout.

BLOCK.11

1: Alarm output ENABLE
0 : Alarm output DISABLE (1611z and 1I1z signals have no relation)

0 : Time count after Second stops

o LEAP YEAR Counter
Leap year when D, =D, =0.
simultaneously with Year Counter.
@ 12h/24h Selector

It counts up

o ADDRESS 0~D

Both READ and WRITE are possible.
® ADRESS E~F

WRITE only is possible.

24-hour counter when D=1

12-hour counter when D, =0

PM when D, =1, and AM when D, =0 respectively

of 10h counter

@ RESET Controller 16Hz - 1HzCK Register

(As, A, Ay, A)=(, 1, 1, 1)=F

D, =1: Resetting of all alarm registers

D, =1: Resetting of frequency divisions before
Second

D, =0:16Hz CK pulse ON

D; =0: 1Hz CK pulse ON

RICOR-—
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M TIMING DIAGRAM
® WRITE CYCLE (CS="H")

—tea—]
Ao~ Ay )(
ST twn
~ N
Do~Ds " >
twor
WR :S
tee
READ CYCLE (CS="H")
Cs \ /
| fe—tca
x .
- Lron
Do~Ds { N_
tac p 4
. trn
RI "E Ve
tee
1

B APPLICATION NOTES
1. Oscillating Circuit
1-1 When using a-crystal oscillating element.

The oscillator circuit is shown in Figure 1.
Externally connected parts consist of : a resistor,
capacitors and a trimmer capacitor. To adjust the
frequency, use the trimmer capacitor (The 16Hz or
1Hz signal output at the ALARM pin should be
used), for calibration.

When calibrating with the 16Hz signal :
The Address is (As, Az, Ay, Ag)=(1, 1,1, 1).
The Data is (1,0,0, x).

When calibrating with the 1 Hz signal:
The Address is (A, Az, Ay, Ag)=(1,1,1,1)
The Data is (0,1, 0, X).

—RIGORK

0SC OUT

RP5CO1

Co=30pl
C,=56pF
R =100kQ

(The crystal employed is Nippon Dempa Kogyo MX38Tor equivalent)
Fig. 1



RP5CO1

1-2 When using an external Clock

The external clock should be connected through the circuits shown in Fig.2(a), and (b).

The OSCOUT pin
should be left with no connection.

OSC IN

{>

0sC ouT

0sCc ouT

CMOS (1096)
TTIL.(74LS04)

RP5CO1 RP5CO1

Fig.2 (a) CMOS INVERTER CONNECTION Fig.2 (b) TTL INVERTER CONNECTION

2. Input/Output, and Chip selection Pins.
2-1 Input/Qutput Pins

In order to stabilize the potential at the Input/Output Pins during ‘battery backup’ operation, and a pull
-down resistor (100~300kQ), and a pull up resistor (4.7~47kQ)

1|CsS e Vee TO THE POWER SUPPLY CIRCUIT
Ro — >
2 |cs 0SC OUT
TO THE POWERDOWN
SENSING CIRCUIT J0AD) 0SC N
Ao ALARM
A Ds
Ry
A, De| 13
R R =100k 2 ~ 300k 2
7 |As Dy 12
Bo Ry Re=4.7kQ ~ 47k
5 |RD Do 11
Ro -
I 9 |GND WR] 10
Ry
Fig. 3

2-2 Chip selection Pins

There are two chip selection Pins.

the CS pin to the CPU. CS is active “H”, whereas CS is active “L".

The CS pin should be connected to the powerdown sensing circuit, and

RIGOH—
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3. Interfacing with typical
3-1 Applicable CPU

CpPU

CPU External Circuit
Z-80A Nil

8085A 74LS74 (NOTE 1)
6800 74L.S00, 74L.S04

3-2 Standard Interfacing

examples.

Examples of Interfacing the RTC with typical

CPU (Z80,8085,6800) are p
(1) 280

resented hereunder.

The Data Bus, Address Bus, and RD, WR pins
are connected to the corresponding pins of the Z-80

(the same symbols are used).

The CS pin of the

RP5C01 should connect with the IORQ pin, or one
Bit of the Address Bus (e.g.A,).

TIMING CHART

(NOTE1) Not needed when the X’tal used

5MHz

Z B
NS
RP5CO1 39
oo
DoDiD:Ds AvAiAsAs RD WR C
— ——n
2l 78 lxlgx
[pte] no =
<@ k) =
a Q
a
< 2-80

}

CLOCK _/f—_\—/’—‘\_//_\_‘/ ’_'\-_/’—
2804 A=A X X
I0RQ \ J
" \ /
RPSCOL Do~ QUITUT)—
z80o WR \ s
RP5C01  Dp~1Ds | ]

INPUT

READ
CYCLE

WRITE
CYCLE

is below

Fig. 4 CONNECTION DIAGRAM WITH Z-80

—RICON
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{2) 8085 Address Bus (e.g.pin A,).

The Data Bus, Address Bus, and RD, WR pins of When the crystal oscillator used has a frequency of
the RTC correspond with those of the 8085 (the 6MHz, a 74LS74 (externally connected circuit shown
same symbols are used). The CS pin of the in the dotted line) should be added to provide I
RP5CO01 should connect with one Bit of the 8085 Wait.

Connection Diagram

idh

OSCix OSCoiy
RP5CO1
DaDD:Ds AeAiA: Ay RDWRCS
| hl
|
=1V H X
! |
1 |
1
DATABUS ADDRES RDWRo | ! 3‘ :
BUS ! 2D2CK 2Q I
74LS74 !
8085 lkstT IDICK 14 :
I
I
1
1
1
1

1
!
ALY . T
READY ALk] 5\.\J
1
[}
T

Fig. 5 CONNECTION EXAMPLE WITH 8085

Timing Chart
T T2 Tw Ty T

CLOCK —\__/——\_[—\__/ﬂ\__f_\_/_\_

80854, _x, X

REEAD
\ / READ
CYCLE
RP5CO1 [),~1), A<Ernurw
8085 WRITE \ /
WRITE
CYCLE

RP5CO1 Do~1Dy

8085 RISADY \ [

INPUT —

N

RIGON—
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(3) 6800

The pin connections for the RTC are compatible
with the Data Bus, Address Bus of the 6800. (The
symbols are the same).
The RD, WR, pins of the RP5C01 should be

connected to the ¢,, and R/W pins of the 6800, but
with the addition of the following : two 74LS04
inverters, two input NANDs and two 74LSOO.
Besides, the (TS pin of the RTC should be connected
to one Bit of the 6800 Address Bus (e.g.A).

—
X
X
—
) S

VA
X
X

READ
CYCLE

WRITE
CYCLE

Connection Diagram Timing Chart
o4 #

RP5CO1 6800 { R/W
Do DDy Ao AiAsAs WRRDCS ADD
RD

Do~Ds
DATA BUS ADDRESS ¢, j/W RPS5CO1{
BUS WR

6800
Do~Ds
Fig. 6

3-3 Interrupt into the CPU

The Data of RP5C01 is read-out by using
Interrupt to the CPU at the rate of once every
second.

(N 780

RP5CO1
ALARM

Hz SIGNAL

Z|

(2) 8085
RP5CO1
ALARM
1z SIGNAL
RST7.5
8085
(3) 6800
RP5CO1
ALLARM
1Hz SIGNAL
NMI
6800

—RIGOK
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4. Example of a program for setting Time/Alarm

4-1 Flowchart for the time setting operation For Time setting, the Timer is stopped, and
By setting Data (D, D,, D, D,) in the test register  readout and write-in should be executed within one

(Address (A, A, A, A)=(1, 1, 1, 0)), operation of second.

the clock is maintained.

(1) Timer Setting Program (2) Time Readout Program

C START ) C START D)
P

i

TIMER IS STOPPED TIMER 1S STOPPED
MODE REGISTER SETTING

MODE REGISTER SETTING

(D3, D2y iy Do) = (0, X,0,0) (D3, D2y D1y Do) = (0, %, 0,0)
FREQ. DIVIDER 1S RESET | TIME IS WRITTEN IN I
RESET CONTROL REGISTER IS SET
(D3, Day Diy Do) = (%, x, 1, x) no
yes

TIMER IS STARTED
TIME IS WRITTEN IN
L ' MODE REGISTER SETTING

(D3, Day Diy 1) = (1, X, %, X)

]
C SN D D)

TIMER IS STARTED
MODE REGISTER SETTING
(Day Day Diy Do) = (1, %, X, X)

C E ND D)

RIGORN-—
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4-2 Alarm Setting Flowchart

(1) Alarm Time Write-in Program (2) Read-out of Alarm Time

C START D C sn{uvr D)
!

ALARM OUTPUT IS DISABLED ALARM OUTPUT IS DISABLE

MODE REGISTER 1S SET MODE REGISTER IS SET
(Day Day D1y Do) =(1,0,0, 1) (D5, Dy D1y Do) =(1,0,0, 1)

: 0

ALARM REGSITER 1S RESET : I READOUT OF ALARM TIME I
RESET CONT. REGISTER IS SET

(D32 Daw Dya 0) = (0, 0,0, 1) W no

L ALARM TIME IS WRITTEN IN l

ALARM OUTPUT IS ENABLE

MODE REGISTER 1S SET

C END D)
ALARM OUTPUT IS ENABLE

MODE REGISTER IS SET
(D3y D2y Dis Do) = (1, 1 %, %)

i
C E N D D)

—RIGOR
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5. Read/Write With RAM Program
The 26 x 4 Bit User RAM, has provisions for
Battery Backup, and can be used as a non-volatile

RAM.

The RAM consists of two Blocks (1 Block : 13 x4
Bits). A Mode Register enables Selecting the

needed Block.

(1) Write-in (2) Read-out

( START ) C START D)
THE RAM BLOCK 1S SELECTED
MODE REGISTER IS SET

(Day D2y D1y Do) = (X, %,1,0)

THE RAM BLOCK IS SELECTED
MODE REGISTER IS SET

(Dyy D2y Diy Do) =(x, %, 1,0)

OR (X, x, 1,1

OR (x,%x,1,1)

M'r/\ IS WRITTEN IN TO THE RAMI h)A’I‘A IS READ OUT FROM THE RAM]

JATA READOUT IS
COMPLETED

C I N D D) C N D D

W 18 PIN PLASTIC PACKAGE (UNIT : mm)

22 .86max

18 10

7.62——-

5.06max

RIGOH—
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RP/RF/RJ5C15

M GENERAL DESCRIPTION

EKH-11:9106

REAL TIME CLOCK

The 5C15 is a real-time clock for microcomputer that can be connected directly with the data bus of 16-bit

CPUs such as 8086, Z8000 and 68000 as well as 8-bit CPUs such as 8085, Z-80, 6809
and read a time in the same process with READ/WRITE of the memory.

It is provided with alarm function in addition to basic functions of time and cale
is possible.

W FEATURES

® Direct connection with CPU, and high speed
access time.
@ 4-bit bi-directional data bus D, ~D;

and 6502, and is able to set up

ndar, and the battery backup

® +30 second adjustment function is built in.

@ 4-bit address input Ao~ As @ Battery backup is possible. (min. 2.0V)

o Counters for Time (hour, minute, second) and ® 16kHz, 1kHz, 128Hz, 16Hz, 1Hz, 1/60Hz are
Calendar (leap year, year, month, date, day of the selectable as the reference clock.
week) are built in.

® Alarm signal or timi
® All the clock data are expressed with BCD code. be put out.

W BLOCK DIAGRAM

16kHz, 1kHz, 128Hz, 16Hz, 1Hz,1/60Hz

ng pulse (16Hz or 1Hz) can

1Hz, 16Hz

0SC IN — - (52783754 S5/°36/51/ S8 )
osc out o] 0S¢ V2L 4 I?f 14 ITi Iiﬂ‘*i 2]
]
T-RESET| | ARM REGISTER
RD WR | 1]
BANKI ISEE S EEm
Y77 A 3

ALARM

ALARM

RESET' ICOMPARATOR] I

ALARM
OUTPUT

cs RD.WR. FF T 7T fF T 1 BANKO.RD.WR.
'C‘§ IR KA IR} ! 2 1 3 %
CLOCK SECION—D[S HOURS E DA,YS MOI\IJ;HS VE/IARS ?‘g
o HOLD [TTT] MINUTES z mu
RD — ) Yol W% %% %] %-%] % [%|%|X%
WR @ I T iEBEEEEEN i 1
WR— “DJ 51 152[S3[54 5[5 578 FISASESC] )
445043 4 4y 2} 3} ab 2t al1) 4} 4t 2
HOLD ~]
3
— RN v CLK OUT
CONTROLLER ADDRESS| |BUS CLOCK | CLOCK
'\ |pECODER| |COoNTROL H) et | oorsur [
e 3

3 Do Dy D2 Ds

RICOR—




RP/RF/RJ5C15

H PIN CONFIGURATION

cs 1 18 } Vee
cs ﬂ‘; 2 17 [ 0scouT (E) § o
] o2
cLkout {3 6[BoscN s ) 18 3 vee £Sa95S8
O Ooa;nQmir
Ao .-1':4 15 [ ALARM cs 2 17 =3 0SCOUT 13 21
s} 6 NC NC
A { 5 % 1 } Dy CLKOUT = 3 16 =1 OSCIN e AT
5 Ao —]4 - 15 /3 ALARM NC NC
& s 13[p D PO — g 4 =D, A Ds
A g7 e[ao A s e 13D o ne
) ds 11}Do A, T—7 123D NC NC
. RD 8 11 2273 Do OO OO
GND ]9 10 [ WR GND 9 10 3 WR ?é’%’il(zu?g
RP5C15 RF5C15 RJ5C15
M PIN DESCRIPTION
Symbol Function
CS, Cs Terminals for external interfacing. Valid when CS=H, CS=L. CS is
connected to the power-down detector of peripheral power supply
circiut and CS is connected to the microcomputer.
CLKOUT Reference clock output terminal. Open drain output. 8 kinds of mode
are selectable as seen in the table, according to content of the clock
select register.
A~A, ADDRESS pin. Connected to ADDRESS bus of CPU.
RD 1/0 control input. - L when CPU«RP5C15.
GND oV
WR I/0 control input. L when CPU—RP5C15.
D, ~Ds Bi-directional data bus. Connected to the data bus of CPU.
ALARM Alarm signal and pulse (16Hz CK or 1HzCK) are put out. Open drain
output.
OSCIN, OSCOUT | Crystal resonator connecting terminal. 32.768kHz.
Vee +5V power supply.

—RIGOR




RP/RF/RJ5C15
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[l ABSOLUTE MAXIMUM RATING

Symbol Parameters Conditions Limits Unit
Vee Supply Voltage -0.3~7 A%
\'A Input Voltage With respect to GND -0.3~7 \%
Vo Output Voltage -0.3~7 \%
P, Maximum Power Dissipation Ta=25C 400 mW
Topr Operating Ambient Temperature —-20~170 C
Toe Storage Temperature —40~125 ‘C
B RECOMMENDED OPERATING CONDITIONS (Unless Noted : Ta=—20~70C)

Specified Value .
Symbol Parameters Min | Typ | Max Unit
Vee Supply Voltage 4.5 5 5.5 \
Vou Data Hold Voltage 2.0 5.5 \
fxr Crystal Oscillation Frequency 32.768 kHz

W ELECTRICAL CHARACTERISTICS
@ DC ELECTRICAL CHARACTERISTICS (Unless Noted : Ta=—20~70C,Vcc =5V £10%)
Symbol Parameters Measuring Conditions MiSr:JeC|t:ll‘il(:1la Val;/[eax Unit
Vi Input High Voltage 2.0 Veet0.3  V
Vi Input Low Voltage -0.3 0.8 \
Vou Output High Voltage Iow=—400x A 2.4 \
Vou Output Low Voltage IoL=2mA 0.4 \"
I Input Leakage Current V,=0~5.5V +10 | uA
Toz Output-off Leakage Current Voz=0~5.5V +10 kA
Iea Standby Supply Current fxr=32.768kHz, V. =2.0V 15 nA
Lece Operating Supply Current fxr=32.768kHz, Vcc=5.5 (NOTEL) 250 | wA
Vites CS Pin Input “L" Voltage at Backup Vee=2.0V -0.2 0.2 v
Vines CS Pin Input “H” Voltage at Backup Vee=2.0V 1.8 2.0 Y
(NOTE 1) RD,WR Signal Frequency : 100kHz, Input Terminal fixed V., or GND level, Output Terminal Open
® AC ELECTRICAL CHARACTERISTICS (Unless Noted : Ta=—20~70C,Vcc=5V £10%)
Symbol Parameters Measuring Conditions MiS:emfll‘ir(:J Va];;:x Unit
tac Address —RD/WR Delay Time 50 ns
tee RD/WR Pulse Width 120 13,000 ns
Address Valid Time After

ter RD/WR Rise 10 ns
tro Data Delay Time After RD Fall 1TTL+100pF Load 120 ns
tron Data Hold Time After RD Rise 10 ns
twos Data Setup Time at Write in 100 ns
twon Data Hold Time at Write in 20 ns
trep Timer Enable~ Timer Disable 100 HuS
tany Adjust Completed Time, 100 HUS
taren 2:2::11 S\i:/trlte Inhibit Time after 100 s
trey RD/WR Recovery Time 1 s




RP/RF/RJ5C15

B TIMING DIAGRAM
@ READ CYCLE

trCcv \

d)
(€
trev

- £
TS, Ao~As >( Valid
R Q
—)
tac tce tca
_
RD \
t
RD —thDH
s
Do~Ds Xk Valid
o WRITE CYCLE
)
_ I —
CS, Ag~As >< Valid K
R
tac tce tca
WR ——{ ,
N
twbps twDH

Do“’Da

Valid
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RP/RF/RJ5C15
S —

W ADDRESS ASSIGNMENT

MODE BANK 0 BANK 1
As~A, D, D, D, D, Contents D, D, D, D,
0 1 Sec. Counter (S:e[ifc?g;l;;ister X
1 10 Sec. Counter X adjust X X X
2 1 Min. Counter ﬂel‘;‘: Register
3 10 Mins. Counter X {\OlaI\I/-[Tns Register X
4 1 Hr. Counter {“ﬁ:nRegister
5 | 10 Hrs. Counter X X i‘\olaﬁrp& Register X X
6 | Week Counter X @gg?Register X
7 1 Day Counter {klg;r;\ Register
8 | 10 Days Counter X X ‘?Ohl)n;rs Register X X
9 1 Month Counter X X X X
A | 10 Months Counter X X X 12/ Zéeli{ezltler . X X X
B |1 Year Counter [ﬁag::trer X X
C 10 Years Counter X X X X
D MODE Timer | Alarm % BANK Timer | Alarm X BANK
Register EN EN 1/0 EN EN | 1/0
E TES«gegist er Tﬁ 3 Et_Z Test1 | Test0 Test3 | Test2 | Testl | Test0
F | RESET Hz 16Hz Timer | Alarm THz T6Hz | Timer | Alarm
Register ON ON RESET | RESET ON ON RESET | RESET
X . Don’t care for WR, always 0 for RD.
Il CLOCK OUTPUT SELECT REGISTER
D, D, D, D, CLK OUT Remark
X 0 0 0 A High Impedance
X 0 0 1 16.384kHz duty 50%
X 0 1 0 1.024kHz duty 50%
X 0 1 1 128 Hz duty 50%
X 1 0 [ 16 Hz duty 50%
X 1 0 1 1 Hz £ Second Counter Count up, duty 50%
X 1 1 0 1/60 Hz § Minute Counter Count up, duty 50%
> 1 1 1 o
B ADJUST FUNCTION
BANK 1 If adjusted during the Second counter being 0~29, the
Address (A;, A,, A,, A)=(0,0,0,1) Second comes to be 0, and if adjusted during 30~59, the
Data (D, D,, Dy, Dy)=(X, X, X,1) minute is ¢ounted up, and the Second comes to be 0.
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RP/RF/RJ5C15

W OSCILLATION CIRCUIT
As the output stabilizer resistor (=100k{) is built in, it is not necessary to fix it externally.

C,=15pF Typ.
Co=39pF Typ.

= 100kQ -
A[Rpscm T

17]
0
cl 32.768kHz

1

® MODE REGISTER (A;, Az, Ay, Ag) = (1,1,0,1) =D

D, D, D, D,
Timer Alarm
EN EN
X 0 BANK 0 : Setup and Read of time
x 1 BANK 1: Setup and Read of Alarm, 12h/24h and Leap year, Selection of

CLK OUT Operation of Adjust.
1: Alarm output ENABLE
0 : Alarm output DISABLE (16Hz and 1Hz signals are independent)
1: Time count starts
0 : Time count after Second stops

® LEAP YEAR COUNTER
Leap year when D,=D,=0. It counts up
simultaneously with Year Counter.
o 12h/24h SELECTOR
24-hour counter when D, =1
12-hour counter when D, =0
PM when D,=1, and AM when D, =0 respectively Both READ and WRITE are possible.
of 10h counter ) © ADDRESS E—F
® RESET CONTROLLER 16 Hz - 1HzCK REGISTER ) )
(Au Ay A A)=(11,1,1)=F WRITE only is possible.
O TEST REGISTER (A3, A;, Ay, Ay)=(1,1,1,0)=E
Register to be used for our inspection.
Normal count is operated by setting up data
(D3, Dz, Dy, Dy)=(0, 0, 0, 0).

Do=1: Resetting of all alarm registers
D, =1: Resetting of frequency divisions before
Second
D,=0:16Hz CK pulse ON
D;=0: 1Hz CK pulse ON
® ADDRESS 0~D

% Please refer to “Application Manual” that we offer.

—RIGOX
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RP/RF/RJ5C15

Bl PACKAGE DIMENSION (Unit:mm/inch)
@ RP5C15(18pin DIP)

24.8 MAX
(.976 MAX)

18 10
B e e T e e N e e O e e O

-~
6.6MAX
(.259MAX)

O N
AL AL ALV ALV R RV

PIN#1 9

7 o TYP
(.300TYP)
2
=
2(2
3+ §[=®
]
) Z L -2z
‘ o SR
o|= G g
= 2. 5
0.46+0-15 = NS 0.25 %58
547 246 o) e (010+g<m)
TYP 0. . -0.
(.100TYF) (.059TYP) (.018%9-5)
@ RF5C15(18pin FLAT)
11.84 MAX
~466 MAX
18 10
IR RLEER o
PIN#1 9 406 £0-012
7.49TYP 1.4TYP
sz .295TYP .056TYF
s3lss
+ T
\ =S gl
t—g hg S|
Y N B 3 |\
I
1.27TYP 0. TPHL S . L6602
}
T 050 TP 016 TYP o008 2 8 026 <0-008
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RP/RF/RJ5C15

@ RJ5C15(24pin PLCC)
PIN NO.1

1,14V 1.14TYP
.0451YP

— -
.045TY
e 8 e W o O e O e H—"———'—‘——_

+
WHWWU WU E

1 TYP
454 TYP

1 ]4TYP
.045TYP
0 71TYP
028 TYP

11.53TYP
454 TYP

12.45 %018
490 £0-005

10.67 05
420 +0.02

aonnoonn
OO WUau

0 461“{?
OISTYP" ¥

12,45 £0-13
490 £0.005

s 208 28
zZ sle #]8
P ~{*
S Bz 7
*+0.5 L M
10.67 ="
T A
442()&0‘02
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I‘[I @ @ I]{I REAL TIME CLOCK o

RP/RF5C62

RP5C62 and RF5C62 are CMOS real time clock LSIs for microcomputers. RP5C62 and RF5C62
have clock, calendar, and alarm functions. They can be directly connected to.the data buses of
8 bit or 16 bit CPUs such as 8086, Z80, 6809, 6502 and 68000. With a built-in timer counter, they
can be used as watch-dog-timer or interrupt timer.

B FEATURES

e Directly connected to CPU, enabling fast access.
® 4 bit bidirectional data bus, and 4 bit address bus.

The oscillator is driven by a constant voltage, so the oscillation frequency is stable (within
+1 ppm) even when the power supply voltage fluctuates.

Built-in timer counter using internal clock.
Generates cyclic CPU interrupts, and generates alarm-match interrupts.

Interrupt flag and interrupt inhibit.

Clock (hour, minute, second), calendar (leap year, year, month, day, day of the week), alarm
(hour, minute).

12- or 24-hour mode is selectable.

Recognizes leap years automatically.

All clock and alarm data expressed in BCD codes.

+30 seconds adjustment function.

Determines whether clock data is valid or invalid.

Consumes very low power due to CMOS technology, so it can be backed up by batteries.
5V single power supply.

Package: 18-pin DIP for RP5C62, 18-pin SOP for RF5C62.

B BLOCK DIAGRAM

0SCIN
T e osc DIV | I l j l
— o WATCH & CALENDAR o INTERRUPT NTR
0SC DETECT et T — CONTROL —i%j
| COMPARATOR jl
CE
cE > o ALARM REGISTER l[f l
[ — - "k
ETJ:%

CONTROL REGISTER fe—

TNOUT
@ L. TIMER  |— %j

=Z|
=|

T
[mne | [Fasme s s
[rtet pi I I
v
RIGCOR—
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RP/RF5C62

H PIN CONFIGURATION

18 PIN DIP & SOP
s VDD
CE 0SCOUT
TMOUT OSCIN

A0 INTR
Al D3

A2 D2

A3 D1

RD DO
Vss WR

TOP VIEW
B PIN DESCRIPTION
Symbol Name Function

[ Chip select CS and CE are used when interfacing external devices. They may be accessed

CE Chip enable input when CS is low and CE is high. CE is connected to a power down detector on
the system power supply side, and CS is connected to the microcomputer ad-
ress bus.

TMOUT Timer output Timer output may be used as an interrupt free-run timer or watchdog timer.
When CE is low (running on battery backup), operation stops (there is no out-
put). It is N-ch open drain output.

A0~ A3 | Address input Address input is connected to the CPU address bus. It is gated internally with
CE.

RD Read control input When RD is set low, the contents of the counters or registers specified by A0~
A3 are output to DO~D3. It is valid when CS is low and CE is high. It is
CMOS input.

WR Write control input | When WR is low or rises from low to high, the contents of DO~D3 are writ-
ten to registers or counters specified by AO~A 3. WR is valid when CS is low
and CE is high. It is CMOS input.

DO0~D3 | Bi-directional data DO0~D3 are connected to the CPU data bus. The input section is gated inter-

bus nally with CE. It is CMOS input/output.

INTR Interrupt output INTR outputs timing CLOCK interrupts or alarm match interrupts to CPU. It
also operates when CE is low (at battery backup). It is N-ch open drain output.

OSCIN Oscillator circuit Crystal oscillator of 32.768 KHz must be connected between OSCIN and

OSCOUT | input/output OSCOUT. Capacitance is connected externally between VDD and OSCIN and
VDD and OSCOUT, forming the oscillator circuit.

VDD Power supply VDD connects to +5V and VSS to ground.

VSs
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RP/RF5C62

B ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Condition Value Unit
VDD Supply Voltage -03~+70 \%
VI Input Voltage VSS=0 —0.3~VDD+0.3 v
VO Output Voltage -0.3~VDD+0.3 v
PD Maximum Power Consumption TA =25°C 300 mW
TA Operating Temperature —20~+70 °C
TSTG Storage Temperature —40 ~ +125 °C
H RECOMMENDED OPERATING CONDITION (VSS=0V, TA=—20 ~ +70°C)
Symbol Parameter Condition MIN. Typ. MAX. | Unit
VDD Supply Voltage 5.0 6.0 \
VCLK Supply Voltage of Clock 2.0 6.0 v
fXT Crystal Oscillation Frequency 32.768 kHz
B DC CHARACTERISTICS
Symbol Parameter Pin Name Condition MIN. Typ. MAX. | Unit
VIH1 | “H” input voltage | AO~A3, D0~D3 22 VDDH0.3 | V
VILl |“L” input voltage |CS, RD, WR —03 0.8 v
VIH2 | “H” input voltage |CE 08*VDD VDD+0.3 | V
VIL2 | “L” input voltage -0.3 02*VDD | V
VOHI1 | “H” output voltage | DO~D3 I0H1 = —400nA 24 v
VOL1 | “L” output voltage IOL1 =2mA 04 \%
VOL2 | “L” output voltage | INTR, TMOUT I0L2 = 2mA 04 \
ILK | Inputleak current | 4015 Lo VILK = VDD or VSS -1 1 pA
I0Z1 | Output off leak D0~D3 VOZ1 =VDD or VSS -5 5 MA
10Z2 |current INTR, TMOUT VOZ2 = VDD -2 2 HA
IDD1 | cament for- VDD VDD=25V | nput: 3
ba cf-ﬁp ! - VDD or VSS A
D2 | Soment Bor" VDD vDp=s5sv | Oyl 8
stand-by
of gﬁiﬂy“é’ﬁf?ﬁm OSCUT VDD=2.5~5.5V -1 1 PPM
voltage drift

( Unless Noted, VSS=0V, VDD=5V£10%, TA=-20~ +70°C, >
X’tal=32.768KHz(CIS 35Ke), CG=CD=33pF

3-25
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RP/RF5C62

B AC CHARACTERISTICS
(VSS=0V, TA=-20~70°C, Notel; VDD=5V £10%, Note2; VDD=3V+10%, Note3; VDD=5V+*20%)

Symbol Parameter Description Notel Note2 Note3 Unit
{CES | CEsetup time | sime for which CE must be kept “H” before the addressis | vy 500 (mIN 1000 | MIN 500 | nS
tCEH | CE hold time }r,:,‘}‘sm;"c,‘;‘;‘:g,‘,gE must be kept “H" until the address MIN 500 |MIN 1000 | MIN 500 | nS
tAA ‘;\i;c;rf;sgetup Tin;%r_\‘yhggh the address must be determined before MIN 20 MIN 20 MIN 20 ns
cs | Eggpuptime | Time between the traling edge of CF and dats sutput, affer | aax 120 | max 205 |MAX 150 | ns
wp | RDjsetup time | Time between the tralling odge of KD and date output, fter o 120 | MAX 295 | MAX 150 | n
tOH ?Ra]t)a)hold time Eﬁ?:gggfv?l?;ﬁhéutﬁi%oes Eot change though the address MIN 10 MIN 10 MIN 10 nS
tcsz Egglﬁ{as; delay gég:)en?i;tgw;iegrll] til:pr;‘s;:gc?':lge of CS and the data bus line MAX 70 | MAX 95 | MAX 75 | ns
{RDZ ETn?eOUt%m delay ’g‘él‘::)en?i;tgwﬁegxa til::plgi:gczdge of RD and the data bus line MAX 70 | MAX 95 | MAX 75 | nS
tACS g?ﬁt)nup time ;l;mlen;og;glg;lCt%e;gﬂ;e‘s&‘;l‘n;\;s‘&l‘)e determined before the MIN 20 MIN 20 MIN 20 nS
tAWR Ezli;getup time Ezﬂfngo;£2|§?%l§ ::ihcfr:ss mustll?e determined before the MIN 20 MIN 20 MIN 20 nS
twes (C—“S;{)‘"” Width | pulse width when writing by TS while WR is “L”. MIN 120 | MIN 195 | MIN 150 | nS
tWR }”?Rg’“‘” width | pyise width when writing by WR while TS is “L”. MIN 120 | MIN 195 [ MIN 150 | nS
tWDS ?‘Sg)setup time 3‘];7;; fe%;:vlo'nifch the data must be determined before the MIN 60 MIN 95 MIN 75 ns
tCSH g:]irgeagf hold ;l‘cilgge&gr which the address needs to be held after the rising MIN 10 MIN 10 MIN 10 nS
tWH ;\'ggn(evssl? hold 'g(;?ee:tqr which the address needs to be held after the rising MIN 10 MIN 10 MIN 10 ns
tWDH })“:;}g)hold time Z;g;eg“p%%vl;irch the data needs to be held after the rising MIN 10 MIN 10 MIN 10 ns

E TIMING DIAGRAM

CE /I
tCS—+ — tCEH &
s N —
‘J tCES t<— _'—/l:—tcsz——>
—
Read Cycle A0~A3 X >(
[ tAA-—> tOH e+
RD ~N
tRD—»_—/LtRDZ
D0~D3 e Valid
CE '
— (ACS pe— —{ tCEH b ~
CS \t_—_tWCS—’
e —j {CSH fe—
Write Cycle A0~A3 ><‘
o — tAWR [e— —+ tWH
WR tWR—
tWDS——rﬂ—tWDH
D0~D3 g\/a“d i

—RIGCOR



RP/RF5C62

Input/Output Condition

(VDD= 5V£10%) (VDD= 3V£10%) (VDD= 5V£20%)
VIH =22V VIH =0.8XVDD VIH =2.4V
VIL =0.8V VIL =0.2Xx VDD VIL =04V
VOH 222V VOH =0.8X VDD VOH 224V
VOL £0.8V VOL =0.2X VDD VOL £0.4V

B PACKAGE DIMENSION (Unit: mm/inch)

e RP5C62 (18pin DIP)

24.8 MAX
(.976 MAX)

1
r:'8‘1r"1|"1r"1r"ﬁ["1;’ir"l

0

x|
i<
EE
¢
SV B L I B NP B B S B
PIN# 1 9
7.627Y"
(-300777)
%
>
S| 2
=8
y  S|=
SLC
~ZT
z5E|%
§22|3
Ny S
2.54TYP 1.5TYP H 0.46231°
(10077 T T (Lo59TvR) T 01878389

e RF5C62 (18pin SOP)

11.84 MAX
466 MAX

IONN000n

IRREREEER 10310

PIN# 1 9

‘40610.012
7.49TYP 1 144TVI’
. 29517F L056T7P
]
=
R 8|S
—r % 3|
™~ =23
iy < 4+ —
-2
0.0™ (% 0.66t02
~OIGTVI’:&ggg s 8 .026t0.008
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RF5CI6A/RP5C 16

M General description M Pin configuration

RP5C16/RF5C16A are LSI developed under RF5C16A
CMOS process technology for application to
CRT controller. They allow to display the various
patterns on the CRT by control commands and
image data fed from 8 bit CPU including 8085,
Z80, etc. With use of this 5C16, CRT controller
system can be configurated by merely connecting
DRAM.

Note)
RF5C16A is the 64 pin FLAT packaged product.
RP5C16 is the 64 pin DIL packaged product.

B Features

® 4 modes
»Color picture with 80 X 25 characters
+Color picture with 640 X 200 dots
+2 color pictures with 40 X 25 characters and
40 X 25 characters

-2 color pictures with 320 X 200 dots and RP5C16
40 X 25 characters
® Display of maximum 15 colors with RGB out- veus EN 2 & s
CLOCK OUT 3 62 CAS
put (2 values or 3 values) CLOCK _IN ¢ 61 CASe
e Virtual TITNC 4 % Yok
Irtual screen . . V—-SYNC 7 58 WEM
® Smooth scroll to horizontal and vertical direc- v_Lever S e
tions are practicable. g 0 % .
. . . 12 53 VD,,
® Abundant attribute function (transverse invert, by 1 2 V0.
longitudinal invert, vertical invert and black _CS 15 50 VD,
e B 3
white invert) 2 7 8 .
® Cursor built-in (for mouse) ,’}; n e
. . 3 21 4 VD,
©® Master/Slave mode (Superimpose practicable) INT 22 43 VD,
. VBUS REQ 23 42 VD,
® Redefinable character set D U a v
® Buffer register and address counter built-in for o % EH
P4 . D, 28 37 VA,
updating of V-RAM (Video RAM) D, % VAL
. ¢« 30 35 VA,
® Low power consumption for the sake of CMOS LI U VA,
process

® 60 Hz non-interlace display

RIGOH——
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RF5C | 6A/RP5C 16

B Block diagram

VBUS REQ
— VBUS EN
DACK —— J £ WEN
DREQ ———— RD/WR > WEL
Ao~ A; control |—
5‘ logic ] lam
R - ] Refresh D N VAo~ VA;
Ccs ——l counter —V
Cs
:> Data
INT — i & A
VDo~ VDis
— Video
Do~ Dy {C——————— v shift
register
L/d
V-RAM
) — Video R
dd;
20‘,;?:, T_‘/L decoder g
M-LEVEL
CLOCK V-counter SZSﬁ:C
H-counter -
Y%CLK s
a3
B Pin description
(1) CPU interface
Symbol Name Inputjoutput{ Logic Function
- . Active | Make it possible to Read and Write of control
cs Chip Select IN L register, address register and buffer register
RD Read Strobe IN L
WR Write Strobe IN L
Ap~Aj Address 0~ Address 3 IN (positive) | Selective line of control register
Do~D, Data 0~ Data 7 IN/OUT |(positive) | Data bus Data 0 =LSB Data 7=MSB
INT Interrupt ouT Aclt{ive
DREQ DMA Request ouT L
DACK DMA Acknowledge IN L
(2) V—RAM interface
Symbol Name Input/output| Logic Function
RAS | ROW Address Strobe oUT |AcH¥ | Set Row Address, Provide Timing
CAS Column Address Strobe ouT L Set Column Address, Provide Timing
TAS, Column Address Strobe 0 | OUT L CO §3 whlclI}Itums to active only when address is
TS, Column Address Strobe 1 ouUT L 34000 l_\l?lhlcl'}l: turﬁs to active only when active is
; When L. it turns -CAS, CASo, CAS; RAS
VBUS EN | VIDEO BUS ENABLE IN H WEL, " VAo.~7 and VDooas_ to Hi-Z
5C16 accesses VBUS, it turns to active before
VBUS REQ | VIDEO BUS REQUEST ouT H 4 clock,
WEM Write Enable MSB ouT L Write is early write operation
WEL Write Enable LSB ouT L Write is early write operation
VA,~VA, | Yideo Memory OUT positive)
~ Video Memo i DataQ =LSB
VDo~VDss | pata 0~ IN/OUT (positive) | pqtq 15 = MSB

—RIGOR
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RF5CI6A/RP5C 16

(3) Clock and Video output
Symbol Name Inputjoutput| Logic Function
811:8((?:12( OIIIEIT 8{32115 gut 1431818 MHz which connects quartz crystal.
; When RGB3 value output, it provides CRTC
M-LEVEL | Middle Level IN with intermediate level " ©
Vce, GND Vce, GND — —
]l}]dG’ B ]l}f&‘}{t g;;gegérglue OUT ((positive)| Video output (2 values or 3 values)
CoYNC : : Output (open drain output) when master mode
C-SYNC Composite Synchronous | OUT/IN [(negative) andgn ut %-I-S NC whelr)n slzlve mode |
VSYNC . . Output (open Era.m output) when master mode
V-SYNC Vertical Synchronous OUTY/IN |(negative) ?)ndgnpltt V.SYNC when slz;veiﬂode
HSYNC : : utput (open drain output) when master mode
H-SYNC Horizontal Synchronous | OUT/IN negative) andgnput l;-I-SYNC wherl: Slave mode
% CLK % CLOCK ouT Clock % frequency division output
B Absolute maximum rating
Symbol Parameter Condition Value Unit
Vee Supply voltage -0.3~+7.0 \'4
\A Input voltage —0.3~+7.0 \4
Vo Output voltage —-0.3~+7.0 v
Pd Maximum power consumption Ta=25°C 300 mW
Ta Operating ambient temperature -10~170 °c
Tstg Storage temperature —40~ 125 °c
B Recommended operating condition
Symbol Parameter Condition Value Unit
Vcee Supply voltage 4.5~5.5 \4
Vss Supply voltage 0 \'
VH “H” input voltage 2.0~ Vcc +0.3 \%
viL “L” input voltage —-0.3~0.8 \4
Ta Ambient temperature —-10~170 °c
B DC electrical characteristics (Vcc= 5.0V £10%, Ta=—10~ 70°C)
Value
Symbol Parameter Condition Unit
Min. Typ. Max.
VH ““H” input voltage 2.0 Vee+0.3 \4
VIL “L” input voltage -0.3 0.8 \"
VoH “H” output voltage IOH = —400 uA 2.4 v
VoL “L” output voltage IoL =3.2mA 0.4 \
IL1 Input leakage current 0= VIS Vee 10 MA
ILo 3-state floating current 04SVIS24 10 RA
Icc Supply current 50 mA
ViNg Clock input ““H” input voltage 0.7 x Vce v
Vilg Clock input “L” input voltage 0.3 x Vce A\
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RF5CI6A/RP5C 16

L ]

B AC characteristics (Vcc=5.0V +10%, Ta=—-10~70°C) and Timing diagram (Unit : ns)
(1) CPU-5C16 READ/WRITE
Value :
No.| Symbol Parameter Min. Typ. Max. Unit
1 | tacc Access time from CS, Ag~A; and DACK 200 ns
2 | tder RD delay time from CS, Ag~A; and DACK 30 ns
3 | twth RD pulse width (H-threshold) 10 ns
4 | ther CS, Ag~Aj; and DACK hold time during read S ns
5 | tddr Data delay time from RD 120 ns
6 thdr Data hold time during read 0 85 ns
7 | tdew WR_delay time from CS, Aq~A3; and DACK 30 ns
8 | twwh | WR pulse width (H-threshold) 10 ns
9 | twwl ‘WR pulse width (L-threshold) 150 ns
10 | thew CS, Ag~A; and DACK hold time from WR 10 ns
11 | tsdw Data setup time 150 ) ns
12 | thdw Data hold time during write 10 ns
13 | tddgl DREG | delay time from CLK OUT 90 ns
14 | tddgh DREG +t delay time from CLK OUT 60 ns
. INT ¢ delay time from RD or WR
15 | tinl1 | (End of INT by Buffer Ready) 410 | =ms
16 | tdinl2 | INT y delay time from CLK OUT 120 ns
17 | tdinh INT t delay time from CLK OUT 90 ns
(1—1) CPU READ 5C16 (1—2) CPU WRITE IN 5C16
A=Ay X ___ A=Ay K
®
&_.. g /—‘—"— &= ™\ N twwh 1045 max
der (2) ther  (4) tdew  30min twwl (9) thew (10)
Hmin 1045 max twrh (3) $min Toomin [~ 10min
tddr 120max thdr (O]
= omin tsdw  150min (11 L] thew 22
De~Dy N Do~Dy

(1-3) INT, DREQ, DACK

ek our S UL Ut
14CLK —
DACK T
w o
- Womin?] ¢ o & Smin
T
P )
o, (10) thew
) L
(13)1ddgt A
> 1ddgh |
CC NS
A )
' le wint,
i 410max (16)
3 e (1D edih 0max > l;ionh
INT : 120max
(BUFFER READY) i {1e)
T | tdinly 120max
(VSYNC, HSYNC) ~———r»

—RIGOL
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RF5CI6A/RP5C 16

e ______]

(2) 5C16-V-RAM READ/WRITE

Value :
No.| Symbol Parameter Min. Typ. Max. Unit
1 trc Read cycle time 270 279 ns
2 tras RAS pulse width 150 ns
3 trp RAS pre-charge time 90 ns
4 tred RAS-CAS delay time 40 ns
5 trsh RAS hold time 80 ns
6 ters CAS-RAS setup time 0 ns
7 tcas CAS pulse width 150 ns
8 tcp ‘CAS pre-charge time 60 ns
9 tasr Line address setup time 0 ns
10 | trah Line address hold time 20 ns
11 | tasc Column address setup time 0 ns
12 | tcah Column address hold time (CAS reference) 40 ns
13 | tres Read command setup time 0 ns
14 | trch Read command hold time (CAS reference) 0 ns
15 | trrth Read command hold time (RAS reference) 0 ns
16 | tdsr Data input setup time (CAS reference) 60 ns
17 | tdhr Data input hold time (CAS reference) 0 ns
18 | twes Write command setup time 0 ns
19 | twch Write command hold time (CAS reference) 60 ns
20 | tdsw Data input setup time (CAS reference) 0 ns
21 | tdhw Data input hold time (CAS reference) 60 ns
22 | tdvr VBUS REQ delay time from CLK OUT 90 ns
23 | thve Hold time of VBUS EN against CLK OUT 40 ns
24 | tsve Setup time of VBUS against CLK OUT 0 ns
25 | tdral RAS | delay time from CLK OUT 100 ns
26 | tdraf Delay time for RAS from CLK OUT to turn to floating 0 60 ns
27 | tdwev ‘l,)aeﬁ(ajy time for WEL or WEM from CLK OUT to turn to 70 ns
Delay time for WEL or WEM from CLK OUT to turn
28 | tdwef | (A% e 0 60 | ns
Delay time for CAS, CASo and CAS; from CLK OUT to
29 | tdcav tum};rom floating to vali 0 ! 70 ns
Delay time for CAS, CASo and CAS; from CLK OUT to
30 | tdeaf | ot S tng ° ! 30 130 | ns
Delay time for VAo ~7 and VDo ~1s5 from CLK OUT to
31 | tdvav tum};”rom floating fo valid o~ 70 ns
Delay time for VAo ~7 and VDo ~1s from CLK OUT to
32 | tdvaf | e o ating 0 0~ 15 0 60 | ns |
(2—1) 5C16 READ V-RAM (2—2) 5C16 WRITE V-RAM
ras (‘;’: L] ) tras ":2)“) 2"‘"| rp (3)
150min min 150min Hmin
R0 twsh 51 [ omn ' red @ o ® Omin _wp 8y
":Onm 80min tep (8) Hmin ! 40min 80min $0min
- / - m}\ o ————4 o= / . “”\t o :sa:-.-. A \_
asr (9) trah tasc teah (12) tasr (9) _"_'i el e 2
Omin Somm]| Omin Wmin Omin 20min| Omin min
o D] e b X X X
- I‘ __73,;:"::: lror:nllsl o »ln:h (14) Omin o \'f""‘)' ":: |
—/ m-‘; )| whe an) \’—— ld__o‘{')_ u::m::n
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(2—3) VBUS REQ, VBUS EN (3-1) CLK IK, CLK OUT
cuor ovr TULUUUUUUULAUNANAN
1/4CLK r"l_m_m oo m 14.31818MHx

K R S2min

1 ‘S 32min
VBUS REQ
(ﬁ) ] '(f:‘)". 1r (f:‘)w_ o (f:i.b cLOCK our—/w’_vp—v'_\__/'_

VBUS EN Wmin — o ¥ ;I r omin .

5 1/4CLK _)4:_1:‘;53“ 4 =
RAS R.G. B, = Somex

tdral >
(27)

(for 80 char,  ——
640 dots mode) |

5

®)
e tdvi
60max

N

WEL tdwev | Omin-> 60max
e ——-}\_/_\_/"‘[L\ ey d Tk
TAS, TAS, (fﬁ.v > 0min: (23):;;:(’
TAS; 30max i_
> (30) tdcaf
VAo~VA, (?«ﬁ:“* I ””‘"’%"‘“
VDo~VDys q
' ; L ;illi):dv-f 60max
(3) CLK IN, CLK OUT
No. | Symbol Parameter Min, ‘,S’l;e Max. Unit
1 | teel Clock frequency ~300 {33 18 +300 ];glnzl
2 twch Clock pulse width (H period) 32 ns
3 twcl Clock pulse width (L period) 32 ns
4 td4ch % CLK t delay time from CLK OUT 60 ns
5 td4cl % CLK { delay time from CLK OUT 60 ns
6 tdvi RGB delay time from CLK OUT 60 ns
(4) SYNC wave, R.G.B. output
No. | Symbol Parameter Value Unit
7 a Backdrop (beripheral) display period front porch side 3.64+0.50 us
8 b Backdrop (peripheral) display period back porch side 3.64+0.50 I’y
9 c Front porch 1.68%0.30 us
10 d Horizontal synchronous period 4.48+0.30 s
11 e Horizontal synchronous period + back porch 10.80+0.30 us
12 f Horizontal synchronous signal cycle 63.70+0.50 us
13 g Display period of backdrop (peripheral) 21 line
14 h Blanking period before vertical synchronous period 3 line
15 i Vertical synchronous period 3 line
16 j Blanking period after vertical synchronous period 14 line
17 k Display period of backdrop (peripheral) 21 line
18 1 Display period of character and graphic 200 line

—RICOG

3-34




RF5C|16A/RP5C16

(4—1) SYNC wave, R.G.B. output (Unit: us)
Wi-SYNC
VSYNC
RG.1W :[——- =
- 16.8—>|
=3 4ol o1 e 4 481 e 3%
p( porch | yiach poren | Backdrop
Horizontal blanking period
pyea (AL )
H-sYNe l—lﬂ';ﬁm— IRipipinitininie
e IRpininipEiE R niviniglt]
V-SYNC 5! . «
wG.s P Wtgl 2,
= 20 Ene 1 3line 1 3 e 1< satine ™1 21 e > 200ume =

- A
Vertical synchronous period

! ! 1. 1. Character, graphic
Backdrop (peripheral) Vertical blanking period T | display period
display period Backdrop (peripherat)
display period
B Connectible CPU B Usable memory
8085 6MHz 8085AH-2 8085A-2 64 X 1bit, 16k X 4bit or 64k X 4bit
Z-80 6MHz Z-80B *Use Tacc (access time) of below 120 ns.
6502 3MHz 65C02B *Memory at maximum 128K byte is usable.
16bitCPU
B Table of control register
(WR)
Register Data CONTENTS
No. b7 b6 b5 b4 B3 b2 bl W .
0 TR-L: Transfer Register — L
TR-M Transfer Register — M
dd-L Transfer Address — L
AdM Transfer Address — M
4 MV_MH MB DMA 1/2 byWR byRDML/L Transfer mode interrupt mask
5 [—MODE-——FG-on BG-on R-on M/S AH——{ Display mode
6 CsHr Cursor coordinate HL
7 CsV Cursor coordinate V
8 BCG-M X +——CsHm— Chara. Gen, Base Address M cursor coordinate CsHm
9 BEG-M X X Fore Ground Base Address M
A BBG-L Back Ground Base Address L
B BBG-M Back Ground Base Address M
C CFG3 CFG2 FG 3rd color _FG 2 color
D CBG3 CBG2 BG 3rd color BG 2 color
E CBD-p CBD-c BD color (peripheral) BD color (center)
F SL———S8V X &——8§ | Dot Scroll V direction H direction
(RD)
0 TR-L Transfer Register — L
1 TR-M Transfer Register — M
2 Add-L Transfer Address — L
3 Add-M [ransfer Address — M
4 MV _MH MB X FV_FH FB_ X nterrupt flag

RIGOR—-
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M Description of function
(1) Display mode

® Following 4 display modes are available.

A. 80 character X 25 line character B. 640 X 200 dot graphic dispaly mode
display mode (only back ground) (only back ground)

80 characters 640 dots

25 characters
200 dots

C. 40 characters — 40 character display mode D. 40 character — 320 dot display

/BaCk ground Back ground
£
40 characters J] Fore ground [ 330 dots | Fore ground
]
§ L5 40 characters § o 40 characters
E 3 : =) 2 |
< g | = K |
] 5 ) 2 i
] “.2' ““““““ .
(2) Picture simultaneous display (display mode 3 and 4)
® 2 pictures of fore ground face and back ground
face are s1multa.neously displayed. . T INPUT AR |} BG face
® When overlapping of FG face pattern with BG 30: FOR S=1 TO 14 STEP0.2
N . 40: W=2%3.14%S
face pattern, FG face is displayed. 50-B=A e
® In case where there is neither pattern present on ez
FG face nor on BG face, backdrop color (CBD-C)
is displayed.
® As far as the distance ranging from the outside of /
display window to the edge of cathode ray tube, A
the color of backdrop face (CBD-P) is displayed. Backdrop face
(Backdrop color is specified by register E) FG face
(3) 15 color display '
15 colors can be displayed.
Color code | Color Color code j Color
L/d B G R L/d B G R
0O 0 0 0 Black 1 0 0 0 Black
0O 0 0 1 Red 1 0 0 1 Pink
0O 0 1 0 Green 1 0 1 0 Light Green
0 0 1 1 Yellow 1 0 1 1 Light Yellow
0 1 0 0 Blue 1 1 0 0 Light Blue
0 1 0 1 Magenta 1 1 0 1 Light Magenta
0 1 1 0 Cyan "1 1 1 0 Light Cyan
0 1 1 1 Gray 1 1 1 1 White

—RIGO
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(4) R, G, B output

® Following outputs are held as image signal. ® V-SYNC, C-SYNC and H-SYNC termi-
R, G, B, L/d, C-SYNC, V-SYNC and nals turn to output terminal (open drain)
H-SYNC under master mode and to input terminal
® RGB terminal takes the following output under slave mode.
levels at 3 value output. (Refer “Terminal function (3) Clock and
Vi Max. Video output”)
High 4.4 Vee
Middle | M-LEVEL—0.6 | M-LEVEL+0.4
Low — 0.4

Vee=5V, M-LEVEL =25V, lo=*1mA

(6) Character display

® The size of character at character display ® Configuration of character font
is 8 X 8 dots. ‘ ) 15 87 0
® Fonts are kept in memory area of 2K |fgntbase —fol] oloicjelelelofojolo] voron
Bcg O] DI0/O[@I00I0I8I0/0I0] 00884 | Font of
words from character generator base lololololololok leloiolo] 0008H | character
address (BCG'M) . 3'e) Dololojelelo] 0068y | code “00H"
(Max. 256 kinds) ) cle 000 00A8H ®
) le) lojo] ooasH
® Data of code area /elelolojolo] oo7on
bis bs by bo Dloloiololoio] o000
Bco+8 ©000000| Frron | Font of
B}olor code I I I 1 j C>— character

0000000| Frasn | Soamete
000@000| FrssH A
©000000| FFEsH

¥
1st color Attribute Character code 0
H

o
[ ]

® Data of character generator area

P When displaying MSByte in

e b1 by single color such as alphanu-

;;,'T r'} '] T r‘ﬁ,n/ by bo meric character, etc., all *“0”’ or
N S T - D S all “1”” is used.

~ - » When drawing the picture such
/ as game, etc, 4 colors can be
displayed at each dot with-2 bit

of combination such as bit 15

Character Disg)lay with bit 7, bit 14 with bit 6 and
generator value color so on.
00 Clear
01 1st color
10 2nd color 2nd and 3rd colors are specified
11 3rd color by control register (C, D).

(6) Graphic display

® 1 dot is consisted of 4 bits, and 8 dots are
allocated as 1 block.
® Display color is decided by 4 face synthe- p

ntl
n+2
n+7
nt8
n+9

sisof R, G, B and L/d.
Back ground 15 8 7 0
base address = REEE by
BBG At 6 tott ® t
F$ L T FY B i
= ele e = = display screen
Bec+2 |T¥ G I3 R Y
Lt L
(X3 -
it L/d P B
BBG+4 G R -
L/d: Light/dark G:G
BiBLue® RiRed "

RIGOR——
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(7) Attribure (character display)

® 4 kinds of attribute can be decided with bit
8 ~bit 11 of code area data.

bn b bs bs

L Black white invert : Invert st color and clear

(8) Cursor

® Cross hair cursor is displayed. The coordi-
nate of cursor in the horizontal direction is
specified with 10 bits of cursor register
CsHm and CsHL while in the vertical direc-
tion with 8 bits of CsV. 2 bits of cursor
register CsHm will not become effective
unless CsHL is written.

(9) Dotscroll (only back ground)

® It allows scroll of 0~7 dots in the horizon-
tal and vertical directions. The number of
shift to the horizontal and vertical direc-
tions is specified by respective dot scroll
register SH and SV.

- (10) Control of video memory area

® Base address

BG base address (BBG-M, BBG-L) is
consisted of 16 bits and allows to specify
by 1 character unit. Therefore, the change
of BG base address allows scroll in the
column or line direction. BBG-M becomes
effective when BBG-L is written. Those
subsequent to this address area fall in code
data of back ground. In case of graphic,
too, data are stored here.

FG base address (BFG-M) allows paging
of each 1,024 characters with 6 bit. Subse-
quent to this address, code data of fore
ground are stored in 1,000 words (40
character X 25 line).

Character generator base address (BCG-
M) is able to specify the start address of
character font for each 2,048 words

Transverse invert  : Invert priority of display
L i i invert : Invert itudinal of cell
Vertical invert : Invert vertical of cell

Black white invert Longitudinal invert
b8=0 bg=1 b10=0 b10=1
Transverse invert Vertical invert
b9=0 b9=1 bl1=~0 bl1=1
F.G B.G
F B F E
J — L
B.G F.G

Shape of cursor

9 dots

........

Shift to vertical
directior | :

———r
Shift to horizontal direction

with 5 bit. Character font is consisted
of 1 cell 8 words and is able to select
256 patterns. (Refer diagram) It will
not be used for only graphic display.

F 8 7 0 0000H
7/ Fore ground /: Bre-M
Back ground % Bas-M, L.
"Character 7 Bec-M
generator /,
- io— FFFHH

—RIGORE
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® Width of code area (No. of character AH)
FG is fixed with 40 characters. BG can
be selected from 40 characters (320 dots),
64 characters (512 dots), 80 characters
(640 dots) and 128 characters (1,024 dots).
With this, the width of virtual screen is set.

(11)

® Since it has the transfer register and address
counter, it allows read/write of frame
buffer data, making use of retrace line
section in horizontal/vertical direction
without relying on externally mounted
circuit.

® Write mode/read mode/read modify write
mode (see diagram below)

® Word transfer/Byte transfer (see diagram
below)

Updating function of frame buffer

Write mode Read mode Read m¢ write
‘Word transfer | Byte transfer (Word transfer | Byte transfor [Word transfer | Byte uuu_tl

Read TR-M - - - Add+1-RT - -
Read TR-L - - Add+1-RT | Add+1-RT - -
Write TR-M - WT-Add+1 - wT . WT-Addrl
WiiteTRL | WI-Addel | WT-Addsl | WT wr | WT-Addel | WT-Addel
Resd Add-M - - - - - -
Read Add-L ) - - - = Z
WriteAdd-M - - -~ - - -
Write Add-L - - RT RT RT RT

TR : Transfer register RT : Read transfer (frame buffer read)

Add:  Address counter WT : (frame buffer write)

The relationship “ — " between read/write operation of transfer register and read/write toward frame buffer
represents the sequence of process. For example, when CPU side read TR-L register under (read mode), first of
all, number of address counter is set as +1, then, perform read of frame buffer. “ — " represents that no steps
aze being taken for frame buffer.

(12)

® 8 addresses per 1H (64 us) are refreshed
within retrace line section.

D-RAM refresh

RF5CI16A/RP5C 16

64 K word max.

B.C
Cade Area

3
7]

+

H 1 I

T
T 25 character
80,40 character

Display
window _}

Au

(Code area, number of character
in horizontal direction)

~

® The mode of increment +1/4+2+2 of

address counter is used in graphic
display, for example, only the face of
BLUE is rewritten in sequence.
DMA transfer

In case of DMA transfer, it is necessa-
ry to set whether to read or write to LSB
of transfer register, or to read or write to
MSB. In case of word transfer, TR-L
and TR-M vary at every 1 byte. In case
of byte transfer, it is always written in
the register that has been set.

Vertical retrace
line section

Display

171
1/60sec

/‘ Data Read Display section
7,
] 7 %
D-RAM 7, |
refresh Vertical retrace
(8 cycle) 1H=64us line section
2.3us
Display section
Horizontal Horizontal

line section line section

3-39
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H 64 pin flat package dimension (Unit : mm)

| e
[ T

| | Daamonnonnongpong?

EE =
2 e, |

1

i

—

)

18.8
CTa07™

- 0.35% 1.0
(.01470%) - (0.3970%)
oS
Q, .
1.2 slo E
0.47°%) RF§ 5F§
B 64pin DIL package dimension (Unit: mm)
1.781+0.25
64 I I 33
—Q d— :
$
VWAV
32
58.0typ
1.0typ M
I £
- a
{ T
=
e E
0.4810.1 o

2.9
(.114™)

19.05typ
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RF5C59
W GENERAL DESCRIPTION

RF5C59 is the CMOS LSI with 4 channels of serial port built-in for application to asynchronous
communication. The operations including transfer rate, transmit/receive of communication and etc.
can be specified by program independently for each channel and it allows the use as peripheral circuit
of CPU.

B FEATURES

® Double-buffer mode transmitter/receiver

® Dual transmit/receive of communication is practicable for all 4 channels.

® Setting of transfer rate at each channel for both hardware and software is practicable.
When input clock is 14.7456 MHz, the following rates are applicable.
614.4 KHz, 307.2 KHz, 153.6 KHz, 76.8 KHz, 38.4 KHz, 19.2 KHz, 9.6 KHz and 4.8 KHz.

® Freedom of combination of logical address with physical address for 4 channels.

® Data length 8 bit, stop bit 1 bit fixed.

® Overrun and framing error are detectable.

® Error start bit is detectable.

® Direct connection to 8 bit bidirectional data bus and data bus is practicable.

® 4 bit address input.

©® Hardware interrupt signal of TXRDY and RXRDY that can be masked.

® Connection to high speed CPU is practicable.

® 5V single voltage supply.

® 60 pin flat package.

M PIN CONFIGURATION

Zo—clface FEamefoa-s [
< < < <m |m @ | UUU UQQ aa |}
Tecdcdlfzex Regesfesgx 0
_ > > 2| > > > = >l > > > O
aaaaoaleaoaan ool aaaQ>ie
T N TR T NN U O O NN N N S Y I O O |
@ < < 3 F TEST
TXRDY 5 L Ve
RXRDY L Rxca
WR b L RXCB
RD B L Rxcc
g:g Teo | RXCD
a - Vee
L - TX2
:' i F Txca
C;’D - TxcB
& :15 5 TXCC
= TXCD
© B s 2
T T LI B B | L T 1T T T T 17T
<M QO < @ 38
aanpaaQean
O N M WD O B Z K g 4 & K M
aMAeAAAAUEEEEOEFRFBRER
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H BLOCK DIAGRAM

STATUS STATUS INSTRUCTION INSTRUCTION INSTRUCTION INSTRUCTION INSTRUCTION
REGISTER | |REGISTER REGISTER REGISTER REGISTER REGISTER REGISTER
1 2 1 2 3 4 5
= J |0 U d g g 8
D0-D7 BUS | INTERNAL DATA BUS {
BUFFER ~ =
I ] f TXRDY
A0 A2 > RXRDY
c READ
= > WRITE
= ~—>CONTROL
RD ——— LocIC
WR
CLK CLK
RESET GEN I I
IS L
TRANSMIT TRANSMIT TRANSMIT TRANSMIT
RECEIVE RECEIVE RECEIVE RECEIVE
CONTROL CONTROL CONTROL CONTROL
A B (¢ D
TT RR TT RR TT RR TT RR
XX XX X X XX X X XX XX XX
DC DC DC DC DC DC pc DC
AA AA BB BB cc c¢c DD DD

B DESCRIPTION OF FUNCTION

RF5C59, which is the UART for data communication, is used as peripheral circuit of CPU, and
operation under serial data transfer mode can be specified with program.

RF5C59 has the transmit/receive ports with 4 channels, which receive parallel data from CPU,
convert them into serial data and feed them out from TXD # terminal. In addition, RF5C59 receives
data fed to RDX * terminal and feed them to CPU.

All 4 channels are controllable independently. Reading of status register 1 will not only make it
possible to find the condition of transmit/receive operation but also allow to notify CPU of hardware
interrupt signal from TXRDY terminal and RXRDY terminal.

The combination of logical port with physical port can be freely set with instruction register 3.
In other words, logical ports in plural number can be assigned to one physical port. The transfer
rate is 1/(24 % n) of input clock. (n: 1,2,4,8, 16, 32, 64, 128)

—RIGOM
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B PIN DESCRIPTION

RF5C59

PIN No. | Symbol [I/O Function

6,7,8,9 | DO I Bidirectional 3 state data bus used for transfer of command, data and status be-

10,11 ~ tween RF5C59 and CPU.

12,13 D7 TTL compatible input.

36 RESET I Reset input. Active LOW. During reset,
® All intermal registers turn to reset or default value.
® Transmit outputs TXDA and TXDD turn to mark (HIGH) condition.
® All transmit/receive ports are enabled.
® TXRDY and RXRDY lines turn to active.
(CMOS compatible Schumit input)

5 CS 1 | Chip select input. Active LOW. When CS is at LOW level, it allows data transfer
with CPU. TTL compatible.

57 R I | WR input. When WR is LOW and CS is LOW, the data on DO~ D7 are written
in this LSI. TTL compatible.

58 RD I | RD input. When RD is LOW and CS is LOW, the content of internal register of
specified address is read on DO~D7. TTL compatible,

4 Cc/D I C/D represents the input which informs whether the data on the bus is control
information or status information. TTL compatible.

1,2,3 A2, Al I Address input. TTL compatible.

A0

56 RXRDY | O | Interrupt signal to CPU which informs the receipt of data. If the data exist in
any one of the receive ports being unmasked by RIM* flag of instruction register
1, it turns to LOW. When the data are read from all unmasked receive ports and
each receive buffer has the space, it turns to HIGH. When RIM* flags are all
turned to 1, it also turns to HIGH. Meanwhile, aparting from this signal, CPU is
also able to confirm the existence of receive data by reading RXRDY bit of status
register.

59 CLK 1 System clock input. CMOS compatible.

20 TXDA O | Transmit receive section of channel A~D serial data output. Following the start

21 TXDB O | bit, it is output from LSB and after MSB, 1 bit of stop bits is added. During

22 TXDC O | disable of port or during idle, it holds the “MARK” condition. With ‘Mark’ at

23 TXDD O | HIGH level and ‘Space’ at LOW level, it performs Enable/Disable of coordinate
ports with bit 7 and bit 3 of instruction register 4 and 5.

15 RXDA I Receive section of channel A~D serial data input. Receive from LSB. ‘Mark’is

16 RXDB I | HIGH and ‘Space’ is LOW. It performs Enable/Disable of coordinate ports with

17 RXDC I bit 7 and bit 3 of instruction register 4 and 5.

18 RXDD 1

29 Vee +5V power supply. Make sure 29 Pin is connected with power supply.

34, 37 Vee

14 GND

19, 60 GND

55 TXRDY | O | Interrupt signal to CPU which informs that the data are transmissible. If any one
of the transmit ports unmasked by TIM* flag of instruction register 1 is in trans-
missible condition, LOW output. (NOR output of TXRDY flag of each port)
When TXRDY flags of all ports are masked, it turns to HIGH. Meanwhile, apart-
ing from this signal, CPU is also able to confirm the condition of transmit register
buffer by reading TXRDY * flag of status register 1.

28 TX 24 (0] 1/24 frequency division output of CLK input.

54 DIVAEN | I | Preset input by hardware of transfer rate. When DIV¥*EN is LOW, transfer rate

53 DVRA2 I | of coordinate port is decided by input condition of DVR*2, DVR*1 and DVR*0.

52 DVRAI1 I | When *EN is HIGH, transfer rate is decided by the data written in instruction

51 DVRAO I register 4 and 5. All pull-up Schumit input. When CLK input is 14.7454 MHz,

50 DIVBEN | I | the transmit rates are: Frequency

49 DVRB2 I division ratio

48 DVRBI1 I DVR*2 DVR*1 DVR*0 (vs. CLK/24) Transmit rate

47 DVRB 0 I L L L 1 614.4 KHz

45 DIVCEN | I L L H 1/2 307.2

44 DVRC2 I L H L 1/4 153.6

43 DVRC1 1 L H H 1/8 76.8

42 DVRCO I H L L 1/16 38.4

41 DIVDEN | I H L H 1/32 19.2

40 DVRD2 I H H L 1/64 9.6

39 DVRD1 1 H H H 1/128 4.8

38 DVRDO 1

27 TXCA O | Transfer clock output during transmit of each port. Transmit data are output in

26 TXCB O | synchronizing with the rise of this clock.

25 TXCC (o]

24 TXCD (o)

33 RXCA O | Transfer clock output during receive of each port. Frame synchronization is

32 RXCB O | taken in synchronizing with the rise of start bit.

31 RXCC (o]

30 RXCD (¢]

35 TEST 1

It turns to test mode at HIGH active. 1/24 frequency division circuit of CLK is
bypassed under the test mode. Normally, it is kept LOW.

RIGON——-
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B ABSOLUTE MAXIMUM RATING

Symbol Parameter corﬂnl::leisttion Value Unit

Vee Supply voltage —0.3~7 v

Vi Input voltage GND=0V —0.3~Vee +0.3 A%

Vo Output voltage —0.3~Vece +0.3 A%

Pd Power consumption 200 mW

Topg Operating ambient temperature 0~70

Tstg Storage ambient temperature 40~125 c

M DC CHARACTERISTICS (Ta= 0 ~70C, Vcc=5V+10%)
—
Symbol Parameter Test Value Unit
condition | MmN, | TYP. | MAX.

Viu “H” input voltage (TTL) 2.2 Vec+0.3| V

Vio “L” input voltage (TTL) -0.3 0.8 \'
- Vinz “H” input voltage (CMOS) Vee X0.7 Vee+0.3| V

ViLe “L” inhut voltage (CMOS) —0.3 VeeX0.3| V

Vou “H” output voltage Tow=—4mA 2.4 A%

VoL “L” output voltage ToL =4mA 0.4 A

I Input leakage current 0=VI=Vecc +10 MA

IrLo Output leakage current 0=VO=Vce +10 uA

Vr Input rise threshold voltage 3.8

Vr Input fall threshold voltage 1.3

Icc Supply current 20 mA

B AC ELECTRICAL CHARACTERISTICS
Symbol Parameter : Test Valve Unit
Condition MIN. TYP. MAX.

Tww 'WR pulse width 200 ns
| Twbps B WR data setup time 60 ns
| Twon | WR data hold time ' 45 ns

Taw ‘WR before rise ~ address setup time 50 ns

Twa | 'WR after rise ~ address hold time 80 ns

Tacs | 'CS after fall ~ address setup time 0 ns

Tcsa : “CS before rise ~ address hold time 0 ns

Trr RD pulse width 200 ns

Trp RD data delay time CL =100pF 105 ns

Tou RD data hold time 10 ns
N Tar RD before rise ~ address setup time 50 ns

Tra RD after rise ~ address hold time 80 ns

—RIGOX
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B TIME CHART

A2, A1, yﬁ
A0, C/D I~ _
[<-Tacs >| Tecsa—>
[
Tar Trr Tra
RD N
N
<~ Tpou
I€<— Trp
DO-D7 VALID
(ouT) Taw Tww Twa
o
Twps —>1< Twon
D0-D7
VALID
(IN)
B EXAMPLE OF APPLICATION
TXDA
Personal
r-———" """ "= "~~~ ~"~"~/ "/~ - —-—-—- = |
| | RXDA computer
| |
1 TXRDY :
|
| ! TXDB
I RXRDY I
| Printer
| " | RXDB
| Hos QUAD |
| Address |
| CPU control UART |
' :'\ |
: RF5C 59 | TXDC
| Modem le—> Telephone line
| Data bus | RXDC
| |
| .
| |
} |
| | TXDD
| | Control device
S - ke—— Sensor signal
Host machine RXDD (D&A)
Peripheral devices
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B REGISTER MAP

register b7 b6 b5 b4 b3 b2 bl b0
RIMA RIMB | RIMC RIMD TIMA TIMB TIMC TIMD
instr. 1 L.P. A L.P.B L.P.C L.P.D L. P A ‘ L.P.B L.P.C L.P.D
0 : non mask
1 ' mask
INIRER ERSTA | ERSTB | ERSTC | ERSTD
instr. 2 0 . NOP 0 :NOP
1 : Initial Reset 1 : Error Flag Reset
LPAbl | LPABO | LPBbl | LPBb0 | LPCbl | LPCb0 | LPDbl | LPDbO
11 : physical port A
instr. 3 10 . physical port B
01 . physical port C
00 : physical port D
ENLPA ADIV2 ADIV1 ADIVO ENLPB BDIV2 BDIV1 BDIVO
. L.P. A physical port A L.P.B physical port B
instr. 4
0 . DIS 0 . DIS
1 ENA note 1 1 ENA note 1
ENLPC | CDIV2 | CDIVI | CDIVO | ENLPD | DDIVz | DDIVI | DDIVO
instr. 5| 0 : DIS 0 :DIS
1 ENA note 1 1 ENA note 1
RXRDYA | RXRDYB | RXRDYC | RXRDYD | TXRDYA | TXRDYB | TXRDYC | TXRDXD
stat. 1 L.P.A L.P.B L.P.C L.P.D L.P. A L.P.B L.P.C L.P.D
0 : no receive data 0 : transmit busy
1  receive data in buffer 1 ! transmit ready
FREA FREB FREC FRED OVEA OVEB OVED OVEE
stat. 2 L. P A L.P.B L.P.C L.P.D L.P. A L.P.B L.P.C L.P.D
0 : no error 0 : no error
1 ! framing error 1 ! over run error

L. P. % Logical Port *
note 1 :000:1/1, 001:1/2, 010:1/4, 011:1/8, 100:1/16, 101:1/32, 110:1/64, 111:1/128

B ADDRESS ASSIGNMENT OF REGISTER

C/D A2 Al A0 write register read register

L L L L TXDA (Logical port) RXDA (Logical port)
L L L H TXDB (Logical port) RXDB (Logical port)
L , L H L TXDC (Logical port) RXDC (Logical port)
L L H H TXDD (Logical port) RXDD (Logical port)
H L L L instruction register 1 instruction register 1
H L L H instruction register 2 instruction register 2
H L H L instruction register 3 instruction register 3
H L H H instruction register 4 instruction register 4
H H L L instruction register 5 instruction register 5
H H L H status register 1
H H H L status register 2

—RIGOX
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B PACKAGE DIMENSIONS (60 pin FLAT)
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RF5C60 Parallel Input Output (PIO) LSI is designed to solve a wide range of peripheral control
problems in the implementation of microcomputer systems. This device has five Input/Output ports
of 8 bits and one Input/Output ports of 5 bits.

M Features

@ Six |/0 ports (five parallel 8 bit ports and one parallel 5 bit port)
® Bidirectional 1/0 ports

o TTL 1/0 Level

® Low power CMOS silicon gate technology

® 5V single power supply

® 60 pin plastic Flat package

B Pin Configuration

ERNRRRRRR RPN

| 1 O T Y T Y I O O |

Q ) <) r)
ps, 55 © ¥ N © Ep2,
5, =1 - P2,
P5; 7 P2,
RESET] Ne3
GND -160 301~ P2,
cs 1 —Vee
ALE S - P1,
WR A ~ P16
RD -] —P1s
AD, -5 25-P1,
~P1s

B Pin Description

[ Chip Select AD,~AD, Address/Data Bus
RD Read PO, ~ PO, Port 0
WR Write P1, ~P1, Port 1
ALE Address latch Enable P2, ~P2, Port 2
RESET Reset P3, ~P3,; Port 3
Vce Power Supply P4, ~ P4, Port 4
GND Ground P5, ~ P54

RIGCOR—

3-49



RF5C60

B Block Diagram

ALe—s] PORT <:

CONT.

1%
— >
cS—»{ READ 2
RD—| WRITE ;
WR—| CONT. 3
RESET—{ LOGIC <z(
<
w
[y
z
DATA
ADo—AD; < >| 8US <>
BUFFER
™
* Addressing
AD, AD, ADo select AD, AD: ADo select
L L L PORT 0 H L L PORT 4
L L H PORT 1 H L H PORT 5
L H L PORT 2 H H L -
L H H PORT 3 H H H DDR
B Absolute Maximum Ratings
Symbol Parameter Condition Value Unit
Vce Supply Voltage -03~7 \Y)
Vi Input Voltage GND =0V -0.3~Vec+03 \"
Vo Output Voftage -0.3~Vcc+03 \"
Pd Power Consumption 200 mW
Topr Operating Temperature 0~70 °c
Tstg Storage Temperature -40~125 °c
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M DC Electrical Characteristics (Ta=0~70°C, Vcc=5V +10%)

Symbol Parameter Condition MIN. TYP. MAX. Unit Note
Vin ““H"" Input Voltage 2.2 Veet+0.3 \
Note 1
Vio “L" Input Voltage -0.3 08 \"
vT* Input Rise Threshold Voltage 1.3 1.9 24 \"
VT~ Input Fall Threshold Voltage 0.7 1.2 1.7 \" Note 2
TV =VT™ Hysteresis Voltage 04 05 Vv
VoH “’H"" Output Voltage lon=—4mA 24 \Y
VoL “L" Output Voltage loL=4mA 04 v
N Input Leakage Current 0sV,;SVcc -10 10 MA
loz Output Leakage Current (off) | OV<V,<Vec| -10 10 HA
lcco Power Supply Current (operating) 30 mA
leey Power Supply Current(standby)i 200 uA

Note 1 : The values are for CS, ALE, RD, WR and AD,~AD,.  Note2: The values are for RESET and PO, ~P5,.

M AC Electrical Characteristics (Ta=0~70°C, Vcc=5V+10%)

Symbol Parameter Condition MIN. TYP. MAX. Unit
tL ALE Pulse Width 80 ns
Address Setup Time
taL P Mo ALEY) 40 ns
Address Hold Time
tia (to ALEY) 40 ns
CS Setup Time
tsL P (to ALE}) 30 ns
CS Hold Time
tus (to ALE}) 40 ns
tic ALE { RD/WR Delay Time 30 ns
tec, RD Pulse Width 160 ns
tee WR Pulse Width 120 ns
teL RD/WR t~ALE? Delay Time 25 ns
trRp RD {~Data Output Delay Time CL=0~150pF 30 120 ns
troF RD t~Data Float Delay Time 80 ns
tom Poat Input Setup Time 50 ns
tre Port Input Hold Time 50 ns
tow Data Input Setup Time 100 ns
two Data Input Hold Time 30 ns
twp WR 1 Port Output Delay Time CL=150pF 300 ns
tep WR 1 Poat Output Mode Delay Time 400 ns
tpr WR 1 Poat Input Mode Delay Time 400 ns

RIGOM—
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M Timing Chart

READ CYCLE

teL

tia

tro

tecs

JR A

ALE

POo_‘P54

WRITE CYCLE

a
=
. 2
O [
- )
-
o
3
x 8
o
2
> “ o
=
<
o
e R s R
K: g
7 < X
w 17, o
-
< 18 _w

POo—P5.
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PCM Sound Generator IC

RF5C68A

= GENERAL DESCRIPTION

RF5C68A is a sound generator IC that uses pulse code modulation (PCM). It has a digital control
oscillator (DCO) and digital control amplifier (DCA) built in. You can structure a PCM sound genera-
tor system by connecting external waveform data memories (pseudo SRAM, SRAM, or mask ROM)
and D/A converters, controlling them with a microcomputer.

= FEATURES
® PCM sound generation method
® Numberofchannels. ........... ... . ... ... .. ........ 8
® Source clock frequency .. ......... . i 10 MHz max.
® Sampling frequency . .. ... ... 19.8 kHz (source clock = 7.6 MHz)
® Waveformdatawidth................................. 8 bits
® Number of waveform words ........................... Any
® Waveform memory SpPace . . ... ...ttt 64 K-bytes max.
® Envelopedatawidth .......... ... ... ... ... ... ......... 8 bits
e Left(L) and Right(R) stereo output at arbitrary orientation level
e Pitch fine adjustment
e Interface with 8-bit CPUs
o Interface with waveform memories

Can be directly coupled with two 256K (32K X 8) pseudo SRAMs.
Can be directly coupled with two 256K (32K X 8) mask ROMs.
Can be directly coupled with two 256K (32K X 8) SRAMs.
e Interface with D/A converters
Can be directly coupled with 10-bit serial D/A converters.
Can be directly coupled with 8-bit parallel D/A converters.
e Silicon gate CMOS process
® 5V single power supply
® Package ......... ... 80-pin flat package.

= APPLICATIONS

Sound generator for personal computers, electronic instruments, TV games, and toys.

RIGOK—
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= GND
= VCC

m PIN CONFIGURATION (Top View)
~© — >
p@fee, c-nns RERRRIRSR
EEOUU< L <<<S<<<< =
HEE555555555055555355058
ML LCLCLLLLLLCZ Lo ND
efe g g FFe e H Ao F Ao H e Ao o o Fo FoFoF e F e ART R T
jaanaaaanaaononnonanon

" = RAMA9

RAMA7 6 = DACO
RAMAG6 = DAC1
RAMAS = DAC2
RAMA4 = DAC3
VCC = SDLH
XIN = SDLL
XOuT = DAC4
GND > DACS
RAMA3 = DAC6
RAMA?2 = DAC7
RAMAL1 = SHR
RAMA( b5 SHL
CSB = DO
Al12 = D1
All S D2
Al0 > D3
| 00 guuuauooougunt
DAL= DN N — —ao™ I g w
2R EEIIREEYPEROEEEEIBREA
SEzCRABA>
[Sy=y=
= BLOCK DIAGRAM
CPU EXTERNAL
I/F C ADDRESS >| RAM. ROM
A0 r_____> - DATA_BUS X 'F RAMAO
~A12 ~RAMA14
'MEMORY- ) ADDRESS —_
(RAM) POINTER
D0 RAMADO
~D7 C:D ~RAMAD?

WRB o—w
RNB o—e

z{)l DCA I
WAVE DATA|

f

SERIAL DAC I/F|
SERIAL DAC I/F

U

CSB

TIMING CONTROL 1

TEST! 00—
TEST? o——
TEST3 o—+

XIN XOUuT

RESETB L

—RIGOM

3-54



= PIN DESCRIPTION

RF5C68A
e

PIN NAME FUNCTION 1/0 DESCRIPTION

A0~ A12 Address input | | Address signals input from a microcomputer .

DO~ D17 Data input output 1/0 E:::r bus signals between RF5C68A and a microcom-

CSB Chip select input | | Chip select signals input from a microcomputer

RDB Read enable input I Read signals input from a microcomputer

WRB Write enable input I | Write signals input from a microcomputer
When pseudo SRAMs are connected, these are multiplex
signals of lower addresses/data between RF5C68A and

EA&%W?«ON RAM address input output 1/0 iiﬁxjénggi:o:z%%smzre connected, these are data
When SRAMs are connected, these are data bus signals
between RF5C68A and SRAMs.

5’:“2?,&14 RAM address output O | Higher address signals of SRAM and MROM

52&317 RAM address output O | Lower address signals of SRAM and MROM

RAMC2B Memory select output O | SRAM and MROM select signals of higher 32 K-bytes

RAMC1B Memory select output O | SRAM and MROM select signals of lower 32 K-bytes

RAMWEB RAM write enable output O | Write signals of pseudo SRAM and SRAM

RAMOEB Memory output enable output O | Read signals of pseudo SRAM, SRAM, and MROM

SDLH Higher ““L" data output O | Higher ““L” data signals output to serial DACs

SDLL Lower “/L" data output O | Lower “L" data signals output to serial DACs

SDRH Higher R’ data output O | Higher “R" data signals output to serial DACs

SDRL Lower ‘R’ data output O | Lower “R’ data signals output to serial DACs

B/B(;f)c7 Multiplex signal output 0 ;FX;:sdata/"L” data multiplex signals output to parallel

SHL L' data sample/hold signals output | O | “L" data sample/hold signals of DACO to DAC7

SHR ““R" data sample/hold signals output | O | “R" data sample/hold signals of DACO to DAC7

RESETB Reset signals input I Reset signals

XIN Crystal signals input || External terminal of crystal oscillator

XOouT Crystal signals output 0 | Clock can be directly input to XIN.

TEST 1 These are test inputs usually set to logic “L"".

TEST 2 Test input pin | | When MROM or SRAM is used for memory, TEST2 is

TEST 3 set to logic “H"’.

VCC Power supply — | Power supply terminal

GND Ground — | Grounding terminal

RIGOM—
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= APPLICATION EXAMPLE

Amp SPK
(L)
#COM RF5C68A Digital
Sound DAC
Y Data
SPK
Key \ i Amp = (R)
Board
Wave
' Form
Data
Wave Form
Memory
) Scanner (RAM or
ROM)
w ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Condition Limit Unit
Vce Supply voltage GND =0V —-03~7 \%
VTE Input and Output Voltage GND =0V —0.3~Vcc +0.3 \%
Pd Maximum Power consumption 200 mwW
Topr Operating Ambient Temperature 0~70 °c
Tstg Storage Temperature —40~ 125 °c
= RECOMMENDED OPERATING CONDITIONS
Specified Value
Symbol Parameter Unit
Min Typ. Max.
Vce Supply Voltage 45 55 Y,
VIH Input High Voltage 2.2 Vce + 0.3 \Y
ViL Input Low Voltage -0.3 0.8 \%
Ta Ambient Temperature 0 70 °c
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= DC CHARACTERISTICS
(Ta=0~70°C, Vcc = 5V + 10%)

Symbol Parameter Test Condition Specified Value Unit
v Min. Typ. Max.
ViHi Input High Voltage (TTL Compatible) 2.0 Vee +0.3 \%
Vi Input Low Voltage (TTL Compatible) -0.3 0.8 \%
ViHz2 Input High Voltage (XIN pin) 3.5 Vee + 0.3 \Y
Vi Input Low Voltage (XIN pin) -0.3 1.5 \Y
I Input Leakage Current Ov<VIN £ Vee —-10 10 uA
Vo Output High Voltage loH = —4.0 mA 2.4 \%
VoL Output Low Voltage loL =4.0 mA 0.4 \
loz Output Leakage Current for OFF State Ov < Vour £ Vee -10 10 HA
lcco Standby Supply Current VIN =0V, Vce 300 MA
lect Operating Supply Current forr = 10 MHz 30 mA

= AC CHARACTERISTICS
(Ta=0~70°C, Vcc = BV * 10%)

Symbol Parameter Test Condition Specified Value Unit
Min. Typ. Max.
forr Input Clock Frequency 10 MHz
Tce RAMCE 1, 2 Pulse Width 200 ns
Tas Address to RAMCE 1, 2 0 ns
TraH RAMCE 1, 2 to Row Address 30 ns
Tokc RAMCE 1, 2 to RAMOEB 0 ns
ToEeA RAMOEB to Read Data Valid 50 ns
ToHz RAMOERB to Read Data Float 20 ns
Tow RAMCE 1, 2 to RAMWEB High 200 ns
Twe RAMWEB Pulse Width 35 ns
Tow Write-Data Valid to RAMWEB High 30 ns
ToH Write-Data Hold after RAMWEB High 0 ns
TrRDA Read-Data Valid to RDB High 100 ns
TR Read-Data Hold after RDB High 10 ns
TwRrRH Write-Data Valid to WRB High 30 ns
TwrH Write-Data Hold after WRD High 30 ns

RIGON—
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= TIMING CHART

1. Psendo SRAM Interface
* Read Cycle

RAMCIB = '
RAMC2B 3
X
tas | | tran
RAMAD(-7 i
(A0-7) ><\ VALID
tas
"4
RAMAS-14 ><‘ VALID ><
RAMWEB
touc|  toka

RAMOEB \
tonz

RAMADO-7 7

* Write Cycle

teer |
RAMC1B
D ——
RAMC?2B N /
N—
tas | | TRaN|
RAMAD0-7 i
(A0-7) ><\ VALID
tas
Y/
RAMAS-14 ><k VALID ><
tew |
RAMWEB
RAMOEB
RAMADO-7
(DO-7)

—RIGOX
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2. Mask ROM Interface
* Read Cycle

RAMCI1B -
RAMC2B \\
R
tas
4
RAMADO-7 >< VALID ><
K
tas
\/
RAMAS-14 ><‘ VALID K
tone toEa
RAMOEB ~
tonz
RAMAD0-7 |
) Q vALD
3. CPU Interface
* Read Cycle
CSB /
tas
A0-12 VALID X
WRB
tRDA
RDB
LROH
D07 VALID
* Write Cycle

B —————y
AN

tas

N

A0-12 VALID X
| twp .
WRB \‘ 7;./
tew
RDB

Do-7
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= FUNCTIONS

1. PCM Sound Generation

Waveform data (WAVE DATA) is specified by the internal address pointer of RF5C68A, and is
read from external waveform memories. RFSC68A multiplies it with envelope data (ENV DATA) or
stereo pan pot data (PAN DATA) that are stored in the internal memory (RAM). The operation above
is performed for each of the eight channels. RFSC68A outputs the total of the results as single-sample
PCM sound data (digital data).

RFS5C68A performs the operation even to the channel that is not sounding. Therefore, one sampling
requires a fixed time (one cycle of source clock X 384).

However, the operation result of the channel that is not sounding does not affect the output PCM
sound data.

The digital control amplifier (DCA) block, which executes the above processing, is described below.

[DCA block]

The digital control amplifier block generates musical tones using the data read from internal and
external memories.

The figure below shows how each type of data is processed.

The above processing is performed sequentially for each of the channels 1 to 8. Every time the R
and L outputs of the eight channels are totaled, sample/hold signals for R and L are generated.

If there is a plus side overflow while totaling the values of the eight channels, the limiter circuit
sets FFFFH as the result. If there is a minus side overflow, the limiter sets 0000H as the result.

WAVE DATA ENV DATA
7 43210 Lrfefslaf3fafufo]

E X CHANNEL LmRO TP
1711615 14 13]12111|10|918 716715

||

LIMITER

TO SERIAL DAC I/F & OUTPUT PIN(DACT-9)

—RIGO
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[Example of waveform data format]

The figure below shows an example format of waveform data to be stored in an external waveform
memory. In this example, digital sampling is performed assuming that the values of the analog wave-
form are 127 at the center, 253 at maximum, and O at minimum.

The ‘FFH’ waveform data is handled as loop stop data (therefore, ‘FFH’ cannot be used as wave-
form data). If ‘FFH’ data is read from the waveform memory, the waveform memory read address is
reset to the LSH and LSL data (see 2. Wave Form Memory Read), and waveform data is read again.

SAMPLING TIME =

LOOP
STOP DATA
7T ¢ & ToTaTeT ¢ SIGN BIT
0010 1[0]0 MSB
o070 0[0]0
WAVE  [0]o]o 1 [0]0
MEMORY [0]0]0 0[0]0
IR 7[00
[0]0 1
OlTfol  Tofohil \ Dfeht |, TofofThl iss
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e

2. Wave Form Memory Read

RF5C68A has an address pointer that specifies addresses of a 64K-byte waveform memory inde-
pendently for eight channels, according to start address data (ST data), loop start address data (LSH
data, LSL data), and address count data (FDH data, FDL data) that are stored in the internal memory,
and loop stop data that is stored in the waveform memory.

The address pointer fixes the waveform memory read address of a channel that is not sounding to
the ST data of that channel. Therefore, in the first sampling cycle after the channel has started sound-
ing, music tones are always read from the waveform memory specified by the ST data.

Waveform memories are read after the waveform memory address which has been sampled pre-
viously by the sounding channel is incremented according to FDH and FDL data of that channel.

The waveform memory is read after its address which has been smapled previously by the sounding
channel is incremented according to FDH and FDL data of that channel. Therefore, the music tone
data stored in the waveform memory can be set to any frequency.

If the loop stop data (FFH) stored in the waveform memory is read, waveform memory read
address is set to the LSH and LSL data, and the waveform memory is read again. Therefore, any part
of music tone data stored in the waveform memory can sound repeatedly.

[Address pointer function]

The address pointer controls addresses of 11 digits below the decimal point, for fine-adjusting
the integer address to specify addresses of the 64K-byte waveform memory and the music tone fre-
quency. The flow-chart below shows the processing executed independently for each of the eight
channels.

Start

Internal Memory Internal M
nternal Memory

Address Increment Set Start Address W
~N
Internal Memory Loop Stop?

Y

LSH Data Set Loop Start Addresq
LSL Data l

Read Waveform Memory

|

FDH Data
FDL Data

—RIGO
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[Example of music tone data frequency setting]
Examples of FDH and FDL setting are shown below.
[Number of timbre data words: 256 words}
Source clock frequency: 10 MHz

Timbre | FD set value Frequency responding to Voi FD set value Frequency responding to
name [ EpH | FDL the FD set value (Hz) oice EDH | FDL the FD set value (Hz)
C, 02 92 32.68 Ci | 14 93 261.61
C, 02 B9 34.62 Cs 15 D4 277.56
D, 02 E3 36.71 Da 17 18 293.65
D, 03 0E 38.84 D4 18 77 311.0Q
E; 03 3D 41.18 Es 19 EC 329.61
F, 03 6 E 43.61 Fa 1B 76 349.18
Fy 03 A3 46.24 Fq 1D 18 369.95
G, 03 DA 48.98 Gy 1E D4 392.00
G, 04 15 51.91 Gy 20 A9 415.30
A, 04 53 54.99 As 22 9A 439.98
A, 04 95 58.26 Ay 24 A9 466.16
B, 04 DA 61.69 Ba 26 D7 493.87
C, 05 24 65.37 Cs 29 26 523.23
C, 05 72 69.24 Cs 2B 98 554.32
D, 05 (o4} 73.36 Ds 2E 30 587.30
D, 06 1D 77.73 Ds 30 EF 622.22
E, 06 7A 82.35 Es 33 D8 659.23
F, 06 DD 87.27 Fs 36 ED 698.42
F, 07 46 92.49 Fs 3A | 31 739.94
G, 07 B5 98.00 Gs 3D | A7 783.95
G, 08 2A 103.81 Gs 41 52 830.59
A, 08 A6 109.97 As 45 34 879.96
A, 09 2A 116.63 As 49 52 932.32
B, 09 B5 123.43 Bs 4D | AE 987.75
Cs 0A | 49 130.78 Cs 52 4C 1046.5
Cs OA | E6 138.58 Cs 57 31 1108.7
D3 0B 8C 146.83 D¢ 5C 61 1174.7
D3 oC 3B 155.52 D¢ 61 DF 1244.5
= ocC F6 164.81 Eg 67 BO 1318.5
Fj oD BB 174.59 Fe 6D D3 1396.5
F3 0E 8C 184.97 Fe 74 64 1480.0
G OF 6A 196.00 Gg 7B 50 1568.0
G3 10 54 207.62 G 82 A4 1661.2
Az 11 4D 219.99 Ag 8A | 69 1760.0
Aj 12 54 233.05 Ag 92 A5 1864.7
B; 13 6B 246.91 B¢ 9B 60 1975.7
C,; A4 | 99 2093.0
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3. Internal Data Setting
(1) Address map

There is an 8K byte address space inside that can be accessed from a microcomputer. The table
below shows the address map.

[ Address ] [ Content ]
1FFFH Waveform data
Waveform data memory is accessed via this IC. 4K byte can be directly accessed.
1000H Using the bank function in the control Reg enables access to up to 64K byte.
OFFFH
Not used
0009H
0008H Channel ON/OFF Reg
0007H Control Reg
0006H *ST data memory
0005H *LSH data memory
0004H *LSL data memory
0003H *FDH data memory
0002H *FDL data memory
0001H *PAN data memory
0000H *ENV data memory

% : Items marked with * must be set independently for each channel by the bank function in the
control Reg.

(2) Control Reg
This register sets modes of this IC, waveform memory bank addresses, and internal memory bank

channels.
This is a write-only register.
7 6 5 4 3 2 1 0 Bit
ON MOD *WB3 wB2 WB1 WBO0 Address
OFF - CB2 CB1 CBO 0007H

*WB: Wave bank

Bit 7: ON/OFF

This IC starts sounding when this bit is set and stops sounding when this bit is reset. External
waveform memories of a microcomputer can be read only when the IC is not sounding. When the IC
is sounding, writing to the external waveform memories is restricted as described later.

Bit 6: MOD

This bit controls to which register the content of bits 3 to 0 is written.

The microcomputer writes the content of bits 2 to 0 to CBs 2 to 0 when this bit is “H”, and writes
the content of bits 3 to 0 to WBs 3 to 0 when this bit is “L”

—RIGOR
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When MOD = ‘H’
Bits 2to 0: CBs* 2to 0
These bits control selection of channels when the microcomputer accesses internal memories (ENV,
PAN, FDL, FDH, LSL, LSH, and ST).
*CB: Channel Bank

CB2 CB1 CBO Channel NO.
0 0 0 1
0 0 1 2
0 1 0 3
0 1 4
1 0 0 5
1 0 6
1 1 0 7
1 1 1 8
When MOD = ‘L

Bits 3to 0: WBs3to 0O
These bits control higher addresses when the micro computer accesses external waveform memories.
The table below shows the relation between set values of WBs 3 to 0 and the addresses for accessing
external waveform memories.

WB 3 WB 2 WB 1 WB 0 External waveform memory address

Memory No. Address
0 0 0 0 1 O00O0OH~O0OFFFH
0 0 0 1 1 1000H~1FFFH
0 0 1 0 1 2000H~2FFFH
0 0 1 1 1 3000H~3FFFH
0 1 0 0 1 4000H~4FFFH
0 1 0 1 1 5000H~5FFFH
0 1 1 0 1 6000H~6FFFH
0 1 1 1 1 7000H~7FFFH
1 0 0 0 2 O0000H~O0OFFFH
1 0 0 1 2 1000H~1FFFH
1 0 1 0 2 2000H~2FFFH
1 0 1 1 2 3000H~3FFFH
1 1 0 0 2 4000H~4FFFH
1 1 0 1 2 5000H~5FFFH
1 1 1 0 2 6000H~6FFFH
1 1 1 1 2 7000H~7FFFH

Note: Memory No. 1 is selected by RAMCIB.
Memory No. 2 is selected by RAMC2B.

RIGOR—
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(3) Internal memory

This internal memory stores data for sounding, which will be described later, for each of the eight
channels.

a. STdata ...ccoovnneiiineenne For the address of the waveform memory read of a channel that starts
(Address = 0006H)  sounding, the higher eight bits are the ST data that responds to the
channel. ‘OOH’ is set to the lower address.

b. LSH data ......ccccccevennen When the stop data is read from the waveform memory while the IC
(Address = 0005H) is sounding, its lower address is converted into LSH data, and the wave-
form memory is read again.

c. LSL data ........ccceeeunnnnen, When the stop data is read from the waveform memory while the IC
(Address = 0004H)  is sounding, its lower address is converted into LSL data, and the wave-
form memory is read again.

d. FDH data .........ccce...... This data controls the address counter that indicates the address to be
(Address= 0003H) read from the waveform memory while the IC is sounding.
Setting arbitrary bits of FDH enables address increment of one sampl-
ing time as shown in the table below.

FDH bit Address increment
7 24

23

22

91

20

o1

22

23

O|l= N W OO

Example: When only bits 4 and 3 of FDH are set, the address is incremented by
2' +2° =3 counts in one sampling.

e. FDL data ........ccco..e.. This data controls the address counter that indicates the address to be
(Address = 0002H)  read from the waveform memory while the IC is sounding.
Setting arbitrary bits of FDL enables address increment of one sampling
time as shown on the next page.

—RIGOH
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O

FDL bit Address increment
7 - r

s

76

27

78

2

210

o1

Ol=|IN|lW|IdOW|D

Example: When only bits 4 and 3 of FDL are set, the address is incremented by
277 +27® counts in one sampling.

f. PANdata ......ccccoeuvenens This data controls the separation of output generated from the sound-
(Address = 0001H)  ing channel into ‘L’ and ‘R’ stereo outputs.
The higher four bits of PAN data are the coefficient of the ‘R’ output,
and the lower four bits are that of the ‘L’ output.

7 6 5 4 3 2 1 0 Bit
MSB LSB MSB LSB Address
Coefficient of the ‘R’ output Coefficient of the ‘L’ output 0001H
g. ENVdata ................... To vary the amplitude of the waveform data read from the waveform
(Address = 0001H) memory by the sounding channel, this data multiplies it with the ENV
data.

Bit 7 is MSB, and bit 0 is LSB.

(4) Channel ON/OFF Reg

This register controls start/stop of sounding for each channel.
However, the control by the control register is given priority, and this register is valid when the control
register sets the sounding state.

Bit O responds to channel 1, and bit 7 responds to channel 8.

RIGOM—
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4. Interface with Peripheral Devices
(1) Microcomputer interface

This IC can be used as a peripheral device of an 8-bit CPU.

The control Reg’s setting of sounding/not sounding states changes the conditions of the access from
the microcomputer to this IC. See the table below.

External waveform memory Internal memory
Condition
Read Write Read Write
Access by cycles more
Sounding Impossible than the 16 cycles of Impossible Possible
the source clock.
Stopping Possible Possible Impossible Possible

(2) Waveform memory interface

This IC externally connects pseudo SRAMs, SRAMs, or MROMs as waveform memories. Examples

are shown in the figure below.

5CE8A 256K P-SRAM
RAMAD7~0 § 1/07~0
RAMA7~0 f— OPEN _ |——~ A7~0
RAMAI14~8 . Al4~8
RAMOEB OEB
RAMWEB WEB
RAMCIB NOTTER | CEB
RAMC2B B_SRAM
TEST1
TEST?2
TEST3
5CE8A 256K SRAM
RAMAD7~0 8 1/07~0
RAMA7~0 8 AT~0
RAMAL4~8 7 Al4~8
RAMOEB OEB
RAMWEB WEB
RAMCIB CEB
RAMC2B
j“" 256K MROM
TEST? 07~0
TESTI
TEST3 AT~0
Al4~8
OEB
CEB

—RIGOM
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(3) RF5C68A outputs PCM sounds in digital values, and must have an external D/A converter con-

nected. The output timing chart is shown below.

axoavame, [UTUTUUTUUTUUL-JL JUL-

1
|
|
|
I
i
1
|

T

HiZ

)‘——HiZ

SHL ' \
1
|
SHR ' l
AR /) —
“L” Data Output : “R” Data Output
I
; Niux2¢1
|
SDLH ——‘——“ “H"or*L”
5
SDLL -————————-< “H"or"L” ’——- HiZ
'—‘NLL x2¢ x————'J
[-—-N RHX2 ¢ 1——>|
SDRH {  Horr p————— HZ
/ “Hror<L”
SDRL L or
! Nr.X2¢1

However, NLH, NLL, NRH, and NRL are the number of bits of the absolute value of the difference
of the previous sound data. If it is larger than the previous data, the output value is “H”, and if it is

smaller, the output value is “L”

[Example] a, A a; a a5 as a3 a a; ao
—bs bs b; bg bs by by by by be (10 bits)

Co Csg Cq Ce Cs Ca Cs Cy Cy Co

— AN
v Y

NLH or NRH NLL or NRL

<+ Previous sound data

< Absolute value of the sound
data difference
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= PACKAGE DIMENSION

==
—H
—_H
(==
[—a=
=CH
—3
—C3
=—C
[—a=
—
=
—CH

QOARANTRALIAARIATRENT r
<$Gi) 50 40 %
3 =
03501 H | 0.80+0.15

=
S
H
=3
o

Unit: mm
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I‘I] @@D I]{l PWM GENERATOR
RF5C86

Ricoh’s RF5C86 is an integrated circuit (IC) for generating pulse width modulation (PWM) signals.
It has eight output channels. The pulse cycle, pulse high width, and output mode can be set. The
RF5C86 is ideal for servo control of motor lamps and actuators. If the multiplier (MPL) mode is set,
it operates as an analog multiplier, so it can be used as four electronic volumes.

B FEATURES

® Three types of mode for various purposes (modes may also be mixed)

PWM mode: The period value can be set for every two channels. It can be used as a PWM generator
for up to eight channels.
The pulse high width can be set for all eight channels.

One-shot mode: Outputs a one-shot pulse using an external TRG signal.
MPL mode: Can be used as an analog multiplier and as up to four electronic volumes.

® Built-in prescaler: One of fcik/2, fcLk/8, fcix/32, or fcLkx/128 can be chosen for each channel
(fcuk = 16 MHz maximum).

® The external trigger can be selected (common in all channels).

® The output polarity can be selected (PWM mode only).

® The register values can be changed after completion of the current cycle.
® Direct link to CPU bus

® 5V single power supply

® CMOS process

® 28-pin SOP package

W BLOCK DIAGRAM

TRG R C/D TS DO D7 CLK
B—R T
RES —= U
WRITE CLOCK
Vee CONTROL l BUS INTERFACE ] [ PRESCALER |
GND —
[ DECODER ] [COMMAND REGISTER]

< By T I~ -
g g
Z Z S

5 D‘ | conTROL REG
i
'
'

UNIT 2

]
|

'
'

V
\ COMPARE
: n DR
B |
PWM3B PWM3A  PWM2B PWM3B  PWMIB PWMIA PWMOB PWMOA
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B PIN CONFIGURATION

CLK [O1 28 [ JVee
PWMOB [ 2 27{3DO
PWMOA [ 3 26 [1D1
NC 14 25 D2
PWMIB [ 5 24[1D3
PWMIA []6 23 [D4
PWM2B [} 7 22 D5
PWM2A 8 21 []D6
PWM3B (] 9 20[1D7
PWM3A [] 10 19 [INC
IEG 11 18 :lNC_
WR 12 17[1C/D
CS 113 16 %m
GND []14 15 INC
HPIN DESCRIPTION
"Pin No. Name I/0 Function
1 CLK I Clock input
2 PWMOB I1/0 PWM mode: PWM signal output, MPL mode: Vref input
3 PWMOA (0] PWM signal output
4 NC No connection
5 PWMI1B I1/0 PWM mode: PWM signal output, MPL mode: Vref input
6 PWMI1A (0] PWM signal output
7 PWM2B I1/0 PWM mode: PWM signal output, MPL mode: Vref input
8 PWM2A (0] PWM signal output
9 PWM3B 1/0 PWM mode: PWM signal output, MPL mode: Vref input
10 PWM3A (0] PWM signal output
11 TRG 1 External trigger input, active high edge
12 WR I Write signal input
13 CS I Chip select signal input
14 GND Ground
15 NC No connection
16 RES I Internal register or counter reset signal input
17 C/D 1 Selection of command input/data input
18 NC No connection
19 NC No connection
20~ 27 DO ~ D7 1 Data input
28 Vee Power supply
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B ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Condition Limit Unit
Vee Supply Voltage -0.5~+7.0 A%
Vi Input Voltage -0.5~Vcet0.3 \%
Vo Output Voltage -0.5~Vcet0.3 v
Topr Operating Ambient Temperature 0~70 °C
Tstg Storage Temperature -40~125 °C

B DC CHARACTERISTICS (Ta = 0~70°C, Vcc=5V+10%)

Specified Value

Symbol Parameter Condition Unit
MIN TYP MAX
VH Input High Voltage 2.2 Veet+0.3 \%
ViL Input Low Voltage -0.5 0.8 v
VoH Output High Voltage IoH =-4mA 24 \%
VoL Output Low Voltage IoL = 4mA 04 v
Vi =0, Vcc
IL CLK, CS, WR, C/D, GATE -10 10 MA
Input Leakage Current
Data bus
ILI(1) RESET V;=0 -300 10 HA
Iccl 16 MHz Operations 30 mA
Icc2 Supply Current Input : 0 or Vee
10 MA
Output : OPEN
Ron Input Resistance Analog Switch 100 Q
Val Input Analog Voltage 20 ) Veet0.3 \Y%
Vao Output Analog Voltage VAI- Vao+ \%

Note : Input Pull-Up Pin

B TERMINAL CAPACITANCE (Ta = 25°C, Vcc =0V)

Specified Value
Symbol Parameter Condition Unit
MIN TYP MAX
C1 Input Capacitance fcLk = 1 MHz 10 pF
Co Output Capacitance | OV except at pins to be measured 20 pF
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B AC CHARACTERISTICS (Ta=0~70°C, Vcc=5V£10%)

® Bus timing

Symbol Item Condition Specified Value Unit
MIN TYP MAX
twp WR pulse width 80 ns
tas C/D and CS setup time 30 ns
taH C/D and CS hold time 10 ns
tps Data setup time 60 ns
tDH Data hold time 20 ns
trv Write recovery time % X 2 S

AC test input waveform
22V 22V 2.8V (logical “17)
0.8V Measurement point 0.8V 0.4V (logical “0”)

TIMING CHART

|
I
c/D X X
i l
|
1
|
I
]
I
1

—
>
»n
—
=
<
———t--—-
-
=
=

[

tos

—
=]
=

i

-

|
Do~D2 g

|

I

|
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@ Clock and trigger timing

Symbol Item Specified Value Unit
MIN TYP MAX

tcLk Clock cycle 62.5 DC ns
tKKH Clock pulse width H 30 ns
tkxL Clock pulse width L 30 ns

tkR, tkp Close rise and fall time 15 ns
tsGk Trigger setup time 30 ns
teat Trigger effective time 30 ns
tDEL Output delay time after trigger input 1 sel
tINH Retrigger input inhibition time 2 sel

Note : sel means one cycle of clock selected in each mode

Clock and trigger timing chart

tkr terk : tKKH
[ \ 7[ \ [ )
CLK / z K\
S K
tkp |e— t SGK—]

tkKL
[___

N ! 7
- A

tear

ting
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H FUNCTIONS
(1) Register (C/D =0)

This IC includes four P-REG, H-REG-A, H-REG-B 16-bit registers, and four C-REG 8-bit

registers. Write is enabled after a desired register is set by a command.

¢ P.REG ....coveueee. Sets the PWM waveform cycle (same at A and B output). 16 bits X 4
L
P15 P-REG-M P-REG-L PO |
1 |

¢« H-REG-A ... Sets “High” (high duty ratio) for PWM waveform (A output). 16 bits X 4
L L] RN
HALS P-REG-M P-REG-L HAO |
—

« H-REG'B ... Sets “High” (high duty ratio) for PWM waveform (B output). 16 bits X 4
Crrrrrr1rrrrr[rrrfr |
|HB1S P.REG-M | P.REG-L HBO |
| T 1

e C.-REG ... Sets the mode for each channel. 8 bits X 4
[ 7 Jes |es [ ca [e3 | c2 [ | co |

L] |

PWM waveform

Enable bit

0 b

0 : NORMAL.
1: TEST

00
01
10
11

Mode setting

00 : PWM mode

01 : One-shot mode
10 : MPL mode (PWM)
11 : INHIBIT

Prescaler setting

: fcLk/2

. fcLk/8

. fcLk/32
. fcLk/128

PWM waveform (A) polarity (C1)
PWM waveform (B) polarity (C2)
0: NORMAL
1 : INVERTED

—RIGOM
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Explanation of C register bits

e Bit 0 (CO) : Enable bit for each channel function (counter)

When this bit is set to 1, the internal counter is enabled and the waveform selected from the
control register is output. When this bit is set to 0, the PWM counter is disabled and the PWM
output is set to low. The registers are not affected. This bit is set to O by external reset.

e Bit 1 (C1): PWM waveform (A) polarity
When this bit is set to 1, the polarity of the PWM waveform (A) is inverted. The H-REG value
specifies “Low”.
When bit 0 (CO) is set to 0 while Bit 1 (C1) is 1, the PWM output pin is set to High. This bit is
0 at reset.

PWM output —-f
(C1=0) | I |

PWM output
C1=1

v
&
)
-y ___

e Bit 2 (C2): PWM waveform (B) polarity

When this bit is set to 1, the polarity of the PWM waveform (B) is inverted.
The function is the same as that of Bit 1.

e Bits 3 and 4 (C3 and C4) : Prescaler setting

CLK _I—
fcLk/2

fcLk/8
3 5
s fcLk/32 s
73 (5]
g 2 SELECT PWM counter
A CLOCK

fcLk/128

C3 C4

RIGOMN—
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Bits 3 and 4 set the PWM counter clock input. fcik/2 is set at reset.

bit 4 bit 3 PWM counter clock
0 0 ferx/2
0 1 fcLx/8
1 0 fcrk/32
1 1 feLx/128

e Bits 5 and 6 (C5 and C6) : Mode setting
Bits 5 and 6 select the mode for each channel. The PWM mode is selected at reset.

bit 6 bit 5 Mode
0 0 PWM mode
0 1 One-shot mode
1 0 MPL mode (PWM)
1 1 INHIBIT

See (3) for explanation of the modes.

—RIGO
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(2) Command (C/D =1)

This 6-bit register specifies which register within RF5C86 is to be selected. Write is enabled by
setting the C/D pin to High.

| com7 | coms EOMS|COM4ICOM3|COMZlCOMIICOMO |

Register upper/lower specification
1: Upper 8 bits
ALLEN 0 : Lower 8 bits
0 : Control EN bit
(Control Register)

Register specification
1: ALL ENABLE (channel 0~3)

00: P-REG

01: H-REG-A
10: H-REG-B
11: Cont Reg

Channel specification

00 : Channel 0
01: Channel 1
10 : Channel 2
11: Channel 3

Notes:

e When COM7 (ALLEN bit) is set to 1, the PWM output is enabled regardless of the PWM wave-
form Enable bit. In other words, when the ALLEN bit is 1, the status of the Enable bit of the
data register does not affect the PWM output.

o When data is written to H-REG-A, H-REG-B, or P-REG, write to the upper 8 bits first, then
to the lower 8 bits.

o Inhibit the condition of P-REG=H-REG-A or P.REG=H-REG-B.

RIGOM—
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(3) Explanation of modes

5 pwmb
Q
]
m
—
8 mpl
& p
Z
8 i
§ pwma | J|>°—"—_—|
Ay answitch
answitch
® PWM mode

In the PWM mode, the A output buffer and the B output buffer are both active, and the analog
switch is off. Two PWM waveforms with different duty ratios are output from the two output
terminals. To reset the cycle pulse width, reloading from the registers (double registers) to the
PWM counter and compare latch is performed after the completion of the PWM cycle, so this
reloading is effective from the next cycle of the PWM output waveform.

PWMnA ———

PWMnB

H-REG-A
H.REG'B
P-REG
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@ One-shot mode

A low-level, one-shot pulse with the specified length is output.
Retrigger is enabled by TRG input.
The operation in the previous block diagram is equal to that in the PWM mode.

WR

]
I
(H-REG) l 02H I

|
1
I
1
|
TRG .
!
]
1
I
1

1

]

i

PWMnA !
PWMnB 02 01 00 FFFF :

The one-shot pulse length is set at H-REG-A and B, so it is possible to output a one-shot wave-
form to A output and B output independently. The clock input selection from the PWM counter

is the same.
In this mode, the H-REG value is latched from the register to the compare latch by a TRG signal.

Note: Can be selected from fcrk/2, fcLk/8, fcLk/32 or fcik/128.

RIGON—
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® MPL mode

In the MPL mode, the B output buffer is in tri-state, the A output buffer is in OPEN drain, and
the analog switch is on. Analog input to the PWMnB terminal enables an analog multiplier.

An example of the configuration of a simple-type electronic volume is given below.

An operation amplifier is provided externally and Vref is input to the PWMnB terminal through
the amplifier. A low pass filter is connected to the PWMnA terminal. Then the analog output
can be obtained by the formula given below.

reference level s

PWM CONTROL BLOCK
EA) pwmb _"—"
g _% l \ PWMnB terminal (Vref input)
—
O .
[ mp 1 PWMnA terminal
= et e ittt "
% ET XZ} J-Q ouT ! ! Analog output
2 lem | [V T
=% answitch L_____—__;\E_”_""_JE
answitch
sV - - -
— pp—— Ov - -
A B
_ A
PWMnA output Analog output = Vref X A+

—RIGOM
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(4) Control signals

An RES, CS, WR, or C/D control signal is input to this IC for various control operations. The
truth values are given below.

RES CS WR C/D Contents
1 0 0 1 Command write
1 0 0 0 Data write
1 1 X X Device non-selection
0 X X X Reset (The PWM output is set to Low at reset.)

RIGOH—
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B CONNECTION EXAMPLE

CPU

Oscillator
CLK TRG
PWMn
PWM G
RF5C86
Encoder

B APPLICATION EXAMPLES

% DC motor control

(wire dot printer, laser printer, LED printer, copier, printer)

% Electronic volume

(TV set, stereo set)

—RIGOX
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B PACKAGE DIMENSION ( mm/inch)
28 pin SOP

18.14 max
714 max

fnopooooonnong

INRINRRRRRRRRiR

10.31 0.3
406 £0.012
7.49 TYP | 1.4 TYP
_=[38 295 TYP 056 TYP
a o baliat
F A =1 ﬁ 3 = /——_\
l I T nt
1l NS J
<
127 TYP 0.41 28bs 38 0.66 *°2
050 TP 01673882 i N 026 20.008
N
ol
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RF5C67

The RF5C67 is a Filter IC that performs 5x5 elements two-dimension filtering.
There are two methods of data input available: serial mode, that enters one data item for each
line in the main scanning direction; and odd-even mode, that enters two data items (odd and
even) for each line. (Two RF5C67 are needed for the odd-even mode.)

Operation speed is 20 MHz, enabling fast image processing: 50 ns/element in serial mode and
25 ns/element in odd-even mode.

Input element data is a 6-bit absolute value, and the filter coefficient is signed 7-bit absolute
two’s compliment.
As shown in Fig-1, the filter coefficient must be symmetric to the central scanning line that includes
the processing element or must have the opposite sign.

Wi Wi, Wais | £W, | £W,,
Wz Wae Wza | EW,, | £W,,
Wi, Wi, Was | £ W5, | W,
W, W Wi | 2W,, | £W,,
W Ws. Wss | EWs, | W,y

Filter Coefficient of the RF5C67

Writing various filter coefficients to the RF56C67 from the host CPU enables space filtering
of various characteristics.

RIGON—
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M Features

5 x 5 elements two-dimension filter
Operation speed 40 MHz max. (two ICs)

odd/even mode

20 MHz max. (one IC)  ....ocovvininiiiiniiiinninnnns serial mode
® Filter coefficient: 7 bits (signed binary)
* Image data: 6 bits (absolute values)
® Overflow/underflow terminal
* Image element output enable terminals
e 8-bit and 16-bit CPU interface (coefficient setting)
¢ Silicon gate CMOS process
* 5V single power supply
* 100-pin flat package
H Applications
Digital copiers, CT scanners, radars, and other devices
H Pin Configuration
N
ON—HO LINMNmOLINMN~S & Ry O <N -
O G R R R o D 2 S 2
AQAQ0LLLLLDLVLVLVLLL O ARMARM MMM
RlalaYapAalalatalalalafale fafale iy SN RIZ! I M yayaya NN
HEEE SRR
DDI4 — f80 75 70 65 60 55 50| |~DBIO
DDI5 — —DB15
DDI0 — —DB1 4
DDII1 — —DBI13
DDI2 - |85 —DBI2
DDII 3 — 45| ~DBI1
DDI 4 — —DB10
DDII5 — L CLK
VDD — —V DD
ng— 90 Vs
DEI0 — 40 DAII5
DEI1 — :Dﬁﬂzl
DEI 2 — —DAIL3
DEI3 — —DAT 2
DEI4— |95 —DAT 1
DEI5— 35| ~DAIO
DEL0— —DAIS5
DEI1— —DAI4
DEI2— [100 —DAI3
DEI[S-—\l 5 10 15 20 25 30| -DAI2
FTTTTTTTTTTTITTI T I I T T T T I T TTITT]
FOAH NN HDO O i N O |U)o—<cx1mwm20£<lm&<o—<
=n=oaoooaoo<<<<<}§oooooooo>hom~~
) no H<<
aa [fata
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.

M Pin Description

Pin name | 1/O Description
VDD — Power supply
VSS - Power supply
CLK | Element clock. Element data is input, processed and output in
synchronization with the rising edge of this clock.
DAIO~ 5 | Element data input of the first line
DBIO~ 5 | Element data input of the second line
DCIO~ 5 | Element data input of the third line
DDIO~ b | Element data input of the fourth line
DEIO~ 5 | Element data input of the fifth line
DAIIO~ 5 | Element data input of the first line
DBIIO~ 5 | Element data input of the second line
DCIIO~ 5 | Element data input of the third line
DDIIO~ 5 | Element data input of the fourth line
DEIIO~ 5 | Element data input of the fifth line
00~5 (0] Element output data
DO~7 | Data input to internal coefficient register
WR | Write pulse input to internal coefficient register
AO~4 | Select signal input of internal coefficient register
FA | Format adjustment input
“H'’: Negative values become absolute.
“L’": Negative values are rounded to O.
[ | Chip select input in host interfacing
OE | Element output enable
“H’’: DOOO to 5 and DOEO to 5, SGN, and OVR become high
impedance.
SGN 0} Outputs the sign before format adjustment.
“H'": Negative value
“L'"": Positive value
OVR (0] ““H’’: Overflow or underflow in format adjustment
SPMS I Select signal of serial and odd-even mode
SPMS ="'H’’": serial mode
SPMS="L"": odd-even mode

RIGOK—
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S

OEMS | In odd-even mode

Selects odd or even output.

In odd output (OEMS=""L"")
Odd data is input to DAI to DEI and even data is input to DAII
to DEII.

In even output (OEMS="'H"’)
Even data is input to DAI to DEI and odd data is mput to DAII

to DEII.
SET | Reset signal of multiplication coefficient
Setting this signal L makes
Wiaz=1, Wi1=Wi2=Wiz= - =Wss=0
Division coefficient 1 is set, and data before processing can be
output.
TIN | Test terminal
TOUT (0] Test terminal
TEST1 | Test terminal
TEST2 | Test terminal
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B Block Diagram

SPMS 4
OEMS
DAIO~5 o DIA ® SPMS«
DAIIO~5 © pis LINE/ OEM$
DO~D7 © ciN  ADD bpout
E WR1.2.3
g
6 1
DBI0~5 o+ piA  (B)  SPMS|
DBIO~5 &= DIB | INE/ SUM DIV 6
6 CIN DOUT—— L—]oa DI l—r—a 00~05
A wWRr1.2.3 OB [WR ——8 SGN, OVR
3 oc SuM SuM 2 o
oD Fa,OE[~+—=0 FA, OE
ros 2
DCT0~5 o ba © RSN
DCI0~5 B+ DIB LINE/
6 CIN ADD DOUT}—
WR1.2.3
DDI10~5 oo pia O SPMSH
DDIO~5 @ DIB INE/ OEMS
6 CIN  ADD DOUT
AWR1.2.3
6
DEIO~5 o DIA  (E)  SPMSL
DELO0~5 GG D:z LINE/ DOUT
D
5 #wr12s AD
Ag~s 3
WR 16
CcS
SET o
CLK L a—

W Description of Block

* LINE ADD
Muiltiplies and adds five data items (A to E) in the main scanning direction and the preset
filter coefficient for each line.

e SUM
Adds the results of LINE ADD operation of all main scanning lines. Operation results are

expressed by 13-bit integer two’s compliment.

* DIV/FA
Divides the final results of the addition, and rounds down the resulits.
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B Absolute Maximum Ratings

Symbol Parameter Condition Ratings Unit
VCC Supply Voltage GND =0V -03~7 \"
VTE Terminal Voltage GND =0V -0.3 ~ vCC +0.3 \
Pd Power Consumption 700 mwW
To |Gt A ot |
Tstg Storage Temperature ' —-40 ~ 125 °C

H DC Electrical Characteristics
(Ta=0~70°C, VCC=5V+10%)

Symbol Parameter Condition MIN. | TYP. | MAX. | Unit | Note
o r - Vcc

VIH H’" Input Voltage 2.2 +0.3 Vv

VIL L"" Input Voltage —0.3 0.8 Vv

ILI Input Leakage Current 0=VI=VCC +10 7y

VOH ‘’H’’ Output Voltage IOH= —4.0 mA 2.4 v

VOL L’ Output Voltage IOL=4.0 mA 0.4 Vv

ICC Supply }/oltage Current 100 | mA |Note1
(Operating)

Note 1: When the carriers of all multip