








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































#£PD7262 

Rgure 27. Example of the Interface Between the pP/J7262 lind allBrd-DItIIc·Dri". 

WGATE 
RGATE 

HSOIXACK 

HS,IRxD 

FiYi7eml 
HS211'XD 

,,-, 

, 

HS3IXREQ .• 

AME 

, 
W!:LK 

WDATA 

�~� , JLPD7262 
DS, 
DS2 
DS3 

RDATA 

RCLK 

DSD 

CMDC 

SECP/AMF 

ATT 
INDEX 

READY 

'" '0 •. ". 

..... foo.... _ WRITE �G�A�t�~� 
�t�-�-�-�-�'�-�-�-�-�-�-�-�-�-�-�~�t�,�:�,�;�>�o�- RE,AD GATE 

�I�+�-�~�-�-�.�-�.�:�.�-�r�-�~�-�_�p�.�-�~�.�:�.�.�.�.�-�+� HEAD 'SELECT �~� 
... -----tiiANSFER ACK 

�t�>�-�-�~�-�-�.� HEAD SELECT 2' 

r-----..... -;...;r-;...;-P ... ----CONFIGlSTATOi "'D"'AT·A" 
T 

Data 
Selector 

• I--__ -_r-..z...-,..----+ HEAD SELECT 22 
�~�-�-�-�- C6MMAND DATA 

Demultiplexer HEAD SELECT �~� 
1 . 

�r�-�-�'�-�-�-�-�~� ___ �.�.�.�.�.�J�~�-�-�-�-�T�R�A�N�S�F�E�R� REQ 

.. ' 

'. 

r---ip------+ ADDReSS MARK ENABLE · · · �~�+�W�R�I�T�E� CLOCK 
t-----efDemultIPlexerl .: �~�.�W�R�I�T�E� CLOCK 

�~�+�W�R�I�T�E� DATA I: b:J::=,-WRITE DATA 

L..-r-r.,."""" : DIFFERENTIAL DRIVER 

t----,---+-+-+-' -t.-...... �~�-�- DRIVE SELECT , 
. 

: 
.... ..... DRIVE SELECT 2 

t---"'----+++--..... �'�-�-�·�·�~�i�~� ..... - DRIVE SELECT 3 .... , 
�~�.�+�.�R�E�A�D�.�D�A�.�T�A� , I ; �~�-�R�E�A�P� PATA 

�~�-�-�-�~�~�+�R�E�A�D�~�E�F�E�R�E�N�C�E�'�C�L�O�C�K� 
�I�+�-�~�-�-�-�-�i� Multiplexer I : .• �~�_�-�R�E�A�D�~�E�F�E�R�E�N�C�E�C�L�(�)�C�K� 

• DIFFERENTIAL RECEIVER 
" · · · · 

DRIvE SELECTED 

p.o.:..: ----COMMAND COMPLETE 

· · 
, .. �'�_�I�-�_�~�_�.�,� _____ ftCTO'RiADDRESS MARK FOUND 

...... ATTENTIoN' 
i+------aC ',A �~� iNDEX 

�~�~� READV 
�~� 
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SECTOR FORMATS 

Figure 28 shows the hard-sector and soft-sector formats for a hard-disk drive, 

Figure 28. Hard-Sector and Soft-Sector Formats 

Hard-Seclor Formal 

INDEXI I 
SEep I Js~ 
~ ... ---------- Address Area-------Oojtl4_-------- Dala Area ---------0011..... L.. 

ISG PLO ABSP ADDRESS FIELD ADDRESS ADDRESS WlUTE PLO DBSP DATA DATA DATA ~ISG 
~ SYNC CHECK PAD SPUCES SYNC FJELD CHECK PAD 

BYTES BYTES GAP2 

"00" "00" 'ABSI' 'LCNIr 'LCNL'j'LHN j'lSt;' j VLAG' 'CRC" '00- "00" 'DBSI' 'CRCI '00" "00' 

XGPIL XPLOL 11 11 11 11 11 11 12 x2 11 XPLOL 11 XDTLH, L ECC" 12 XGP2L 12/4 

~ Soft-Sector Format 

ISG ADDRESS ADDRESS 

~ MARK MARK 
PAD 

Same as hard-sector format, 
"00' 

XGPIL 13 11 

ISG Inler SSClor Gap 
ABSP Address Byle Sync Pattern 
DBSP Data Byte Sync Pattern 
FSTG Format SpHd Tolerance Gap 

49M·OOOt02 
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NEG Electronics Inc. 

Description 

The p.PD72061 is a hard-disk controller featuring low 
power consumption and high-speed data transfers. 
Based on the p.PD7261 AlB, it provides cont rol signals for 
interfacing SMD/SMD-E and ST506/412 type drives. The 
sophisticated instruction set minimizes the software 
overhead for the host microprocessor and gives the user 
flexibility in selecting operating parameters. 

The DMA interface signals of the p.PD72061 facilitate 
multisector and multitrack data transfers. Extensive er­
ror reporting, verify commands, and CRC/ECC data 
error checking assure reliable controller operation. 

An 8-byte FIFO is used for loading command parameters 
and obtaining command results. This makes structuring 
of drivers a simple task. The FIFO also buffers data 
during DMA read/write operations. 

Features 

D Flexible interface supports SMD/SMD-E and 
ST506/412 type drives 

D Programmable track format 
D Controls up to eight drives in SMD-type mode, four 

drives in ST506-type mode 

50072 

p.PD72061 
CMOS Hard-Disk Controller 

o Parallel seek operation 
o Multisector and multitrack transfer 
D Data scan and data verify 
D High-level commands, including: 

- Read Data, Write Data, Scan Data, Verify Data 
- Read ID, Verify ID 
- Check, Seek (normal or buffered), Specify 
- Read Diagnostic (SMD only), Detect Error 
-Format 

o NRZ or MFM format 
o Read/write clock frequency: 24 MHz max 
D Error detection and correction 
D CMOS 
o p.PD7261 AlB compatible 
o Single +5-volt power supply 
o 4O-pin plastic DIP, 52-pin plastic miniflat, 52-pin 

PLCC 

Ordering Information 
Part Number Package 

"PD72061C 40-pin plastic DIP 

"PD72061 GC-SB6 52-pin plastic minlflat 

"PD72061L 52-pin PLCC 
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"PD72061 Block Diagram 
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RlWCLK ---11----, 
BTl (RGATE) __ --~ 

RIW DATA __ ---t .. 

BTO(WGATE) ----~ SYNC __ --~ 

(POL) SOT ---I 

Format 
Controller 

INDEX -:--~I-___ ~ 

00 - 07 '\r----,;II 

TC 
AO 
iffi ----t-l 
WR 
CS ----t'" 
INT __ ---I 

OREQ __ ---I 

DaIaBuIfer 
axa Bit FIFO 

ReadlWrite 
INTIDMA 
Control 

Processing 
Unit 

Disk Interface 
Control 

Internal RAM 

ROM 
L---~(Control Firmware 

t-{EC 

ClK 

RESET 

Multifunction 
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Description 

The I4PD72111 is a small computer system interface 
controller (SCSIC) conforming to ANSI X3T9.2/82-2 
Rev.17B. The I£PD72111 SCSI controller offers a true 
16-bit CPU data bus but also can be interfaced to an 
8-bit CPU data bus. 

The I£PD72111 contains functions for controlling the 
sequence between bus phases so that host processor 
overhead can be reduced. In addition, single-ended type 
bus drivers/receivers are internally provided on the SCSI 
bus side so that system size can be reduced. 

The I£PD72111 was developed utilizing NECs 1.2-l£m 
CMOS process technology for low power consumption. It 
operates from a single 5-volt supply and is available in 
plastic DIP, PLCC, and miniflat packages. 

Features 

o Conforms to ANSI X3T9.2 Rev.17B 
- Arbitration function 
- Disconnection/reconnection function 
- Parity generation and check function 

o Two different data transfer modes 
- Synchronous: 4.0 Mbytes/second max; offset 

value selectable from 1 to 8 
- Asynchronous: 4.0 Mbytes/second max target 

o 16 commands reduce host CPU load; automatic 
execution of standard operation as SCSI controller 
can be performed by a single command 

o Operates as initiator or target 
o Internal single-ended type SCSI bus drivers (48-mA) 

and Schmitt-type receivers 
o CPU data bus width selectable (16 bits or 8 bits) 
o Programmed transfer or DMA transfer selectable 
o Internal 24-bit transfer counter 
o FIFO-type data buffers on SCSI bus side and CPU 

bus side 

Ordering Information 
Part No. Package 

"PD72111CW 54-pin plastic shrink DIP (750 mlQ 

58-pin PLCC 

"PD72111 GJ-5BJ 74-pin plastic miniflat 

50079 

#£PD72111 
Small Computer System 

Interface Controller 

Pin Configurations 

64-Pin Pillstic Shrink DIP (750 mil) 

GN01 RST 

GNOO SEl 

elK BSY 

RESET GN01 

cs 1/0 

0liE C/O 

EOP MSG 

INT REO 

10WR ACK 

i5RD GN01 

OMARa ATN 

iSMAAR GN01 

'i6B SB7 

GNDO SB6 

VOO GN01 

A2 SBs 

A1 SB4 

Ao GN01 

OPH SB3 

GNDO SB2 
OPL GN01 

015 SB1 

014 SBO 

013 SBP 
D12 GN01 

011 00 

010 01 

09 02 

08 03 

07 04 

06 05 

VOO GNDO 

83vQ.5913A 
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BB-PlnPLCC 

7~Pln PiIIstic MlnNlllt 
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NC 

iOWA 
iORD 

OMARa 
OMAAK 

1SB 

GNOO 

Voo 

A2 

Al 

AO 
OPH 

GNOO 

OPL 

015 

014 

013 
NC 

0.. W I~ '" 8 Ci I- -' I> Ci 1C!l 0 ~ ~I@I~I~ ~ ~ ~ ~I~I~ ~ ~1218 ~I~ 

NC 

iOWA 
lORD 

i5MiiRQ 

DMAAK 

lSB 

GNDO 

VDD 
A2 

Al 

AO 
DPH 

GNDO 

DPl 

D1S 

D14 

D13 

(,) N .... OcnCOr-.<00gIl)V('l')N ..... O .... 
z~~~ccccizcccccc~ 

C!l C!l 

I-zl~I~I~I~ ~ ~ 0 21~1~1~ 0 2 0 gl~l@ _ w ::> 0 a: 0 C!l Z C!l a: ~ <Xl Z C!l,,,,I() ::;: a: 

gg~~g~6~?~§~~d8~o8~ 
C!l C!l 

ACK 
GNDl 

ATN 

GNDl 

SB 7 

SBs 

GNDl 

SBs 

SB 4 

GNDl 

SB3 

SB2 

GNDl 

SB 1 

SBo 

SBP 

NC 

ACK 

GNOl 

Ai'N 
GNOl 

Sii7 
NC 

SBs 

GN01 

SBs 

SB4 
GNOl 

NC 

SB3 

SB2 
GNOl 

SBl 

SBo 
SBP 

NC 

ttiEC 
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Pin Identification 
Symbol I/O Signal Function 

CPU Interface Pi". 

Ao-~ In Address bus, bits 0-2. Specifies direct access 
register to be accessed. 

~ In Chip Select. Enables internal register accessing. 

00-015 I/O Data bus, bits 0-15. Function depends on bus 

DMAAK In 

OMARQ Out 

DPH I/O 

DPl I/O 

EOJ5 Out 

INT Out 

lORD In 

IOWR In 

OBE In 

mode. 

16-Bit Bus Mode 

00-07 Lower 8 data bits . 
08-015 Upper 8 data bits. 

8-Bit Bus Mode 

00-07 8 data bits 
08-0 15 High-impedance state 

DMA Acknowledge. DMA service enable signal 
input. 

DMA Request. DMA service signal output. 

Data Parity High. In 16-bit bus mode, parity bit for 
data bits 08-015, In 8-blt bus mode, this pin 
becomes high impedance. 

Data Parity low. Parity bit for data bits 00-07' 

End of Process. Open-drain output that terminates 
DMA service data transfet 

Interrupt Request. Open-drain outputto CPU. 

I/O Read. Enables CPU to read contents of 
"PD72111 Internal register. 

I/O Write. Enables CPU to write data to IlPD72111 
internal register. 

Upper Byte Enable. In 16-bit bus mode, Indicates 
that upper 8 bits of data bus are valid; IJBE and 
address Ao determine how Internal register Is 
accessed. 

~ lTIi'E Register Access 

0 0 16-blt units (Do-D1sl 
0 1 8-bit units (Do-~) 

0 8-bit units (Ds-D1sl 
1 Not allowed 

16B in 16-Bit Bus. Selects bus mode: 0 = 16-bit; 
1 = 8-bit. 

SCSI Interface Pins 

Mm I/O Acknowledge. Indicates that initiator has accepted 
the target information transfer request. 

ATN I/O Attention. Indicates that initiator is requesting the 
message-out phase. 

BSY I/O Busy. Indicates that another SCSI device ia 
currenUy using the bus. 

C/O I/O Command/Oata. 

[/0 I/O Input/Output. 

Symbol 

"PD72111 

I/O Signal Function 

I/O Message. 

Combinations of these signals determine the SCSI 
bus phase. 

MSG C/O 
-1- -I-

I 1 
1 0 

1 0 
o 0 
o 0 

[/0 
-1-

o 
1 

o 
1 
o 

Bus Phase 
Data-out 
Data-in 
Command 

Status 
Message-out 
Message in 

I/O Requests transfer of target Information. 

I/O Reset. When RST signal Is detected, IlPD72111 
immediately releases SCSI bus, sets INT pin 
active, and then enters Idle state. 

I/O SCSI data bus, bits 0-7. 

I/O Parity bit for SCSI data bus. 

I/O Indicates that the seleCt/reselect operation is baing 
executed. 

Other Pins 

ClK In External clock. 

m'ET In System reset. 

GNDO Ground (0 V). 

GNDI Driver/receiver ground (0 V). 

Voo In +5-volt power supply. 

Notes: 

(1) Each SCSI Interface pin has an open-drain driver and a Schmitt 
receiver so that the "PD72111 can be dlrecUy connected to a 
single-end SCSI bus. 

(2) After reset, lhe status of each output pin and each I/O pin Is 
high-Impedance except 

DMARQ High level 
EOP High level 
INT low level 
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"PD72111 Block Diagram 

INT 

DPH 
DPL 

CLK_ 
'iiEsET_ 

VoD­
GNDO--­
GND1---
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Direct Access 
Registers 

Indirect Access 
Register 

Main Control 
Block 

SCSI Bus 
Control Unit 

Arbitration 
and 

Selection 
Control 
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Typical System Configuration 

"PD71071 From CPU (Local Bus) L 
1 iORo -- .. 

10WR -- .. 
im -- • 

I ) A --" 
Do -D15 

I I 
y ""V 

.. 
AO -A23 I---

y -
CS 0--

rn;;rom ~ 

DMAAK .-
moti'C -

limO ~ 
MWR r--f"-< 

MemolY 

RD -WR -I--< 
im 

AO -A23 
A I I I 

I j Do - D15 .. H+ l. 
Address 

Bus 
Data Bus 

(16/8 bits + parity bits) 

flPD72111 

INT 

iORo 
i5WR SBO - §!!.z 
UliE SBP 

ATN DO - D15 iiSv 
DPH ACK 
DPL 

RST 
Ao-A2 me 
'eS SEL 

i5MARa C/D 
i5MAAR 1/0 
EOP REO 

9 

'd 

~ Y ..--

k:> 

SCSI 
Data Bus L... 

SCSI 
Control Bus 

"PD72111 

To Other SCSI 
Devices 

.... W83S. 
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Internal Blocks 
Name 

SCSI bus 
driver/receiver 

Arbitration! 
selection 
control 

Bus phase 
control 

SCSI transfer 
control 

SCSI FIFO data 
buffer 

Command/ 
message 
decoder 

SCSI parity 
generator/ 
checker 

Main control 

Internal transfer 
control 

Direct access 
registers 

Indirect access 
registers 

FIFO data 
buffer 

Interrupt control 

Read/Write 
control 

Bus-size 
converter 

6-74 

Description 

Open-drain driver for a single-end SCSI bus 
and a Schmitt-type receiver. 

Controls execution sequence of arbitration, 
selection, and reselectlon phases; consists of a 
timing generator and a sequencer. 

Outputs a signal that specifies bus phase type; 
also monitors bus phase to detect a transition. 

Controls data transfer operation on the SCSI 
bus In each data transfer phase: data-In, data­
out, status, message-In, and message-out. 

Controls SCSI protocol according to REO and 
~slgnals. 

Controls data transfer sxecutlon/termlnatlon 
according to SCSI FIFO status. 

Contains a 24-blt transfer counter that manages 
the amount of transfer data on the SCSI bus. 

Eight-bit, elght-stage asynchronous FIFO that 
adjusts difference between data transfer timing 
of internal and external SCSI buses; also used 
for queuing received data for synchronous data 
transfer. 

Decodes received command and message; 
generates decoded signal that specifies the next 
sequence. 

Generates parity that will be attached to data 
output to SCSI data bus; or checks parity 
attached to data read out from SCS I data bus. 

Sequencer that controls microprogram, 
operation of each block, and control sequence. 

Controls data transfer between SCSI FIFO and 
FIFO or between registers In the Indirect access 
register block. 

Controls 8-bltlI6-blt conversion when host CPU 
is set to 16-blt bus mode. 

Comprises registers that can be directly 
accessed from host CPU, such as command 
register, status register, etc. 

Comprises registers that cannot be directly 
accessed from host CPU, but that can be 
accessed through the window In the direct 
access register. 

This 16-blt, elght-stage asynchronous FIFO 
Increases usage rate of host bus. In 8-blt mode, 
only the lower 8 bits are used; In 16-bit mode, 
accessing In 8-bit units Is not possible. 

Sets/resets Interrupt request signal. 

Controls read/Wrlte operation of variOUS Internal 
registers; also controls 8-blt accessing In 16-blt 
mode. 

Converts bus size according to bus mode. 

NEe 
Name Description 

Host parity 
generator/ 
checker 

Generates parity that will be attached to data 
output to CPU data bus; or checks parity 
attached to data read out from CPU data bus. 

DMA request 
control 

Generates DMA service request signal (DM7iRO) 
according to FIFO status; also controls termina­
tion of command operation by l:O"P signal. 

Absolute Maximum Ratings 
TA = +25°C 

Supply voltage, Vee -0.5 to +7.0 V 

Input voltage, VI -0.5 to Vee + 0.5 V 

Output voltage, Vo -0.5 to Vee + 0.5 V 

Operating temperature, TOPT -10 to +700C 

Storage temperature, T STG -65 to + 1500C 

DC Characteristics 
TA = -10to +700C; vee = +5.0 V ±10% 

Parameter Symbol Min Max Unit Conditions 

low-level Vlll 0 0.8 V Other than ClK 
Input 

Vll2 0 0.6 V ClK voltage 

Hlgh~evel VIH1 2.2 V CPU bus 
Input 

VIH2 2.0 V SCSI bus 
voltage 

VIH3 3.9 V ClK 

Input VHI 0.2 V SCSI bus 
hysteresis 

low-level VOLl 0.4 V IOL 1 = 2.5 rnA; CPU bus 
output 

VOL2 0.4 V IOL2 = 48.0 rnA; SCSI bus voltage 

High-level VOH 2.4 V IOH = -400 p.A; CPU bus 
output 
voltage 

Low-level ILIL1 -10 p.A VI = OV; CPU bus 
Input 
leakage ILIL2 -1.0 rnA VI = 0 V; SCSI bus 
current 

High-level ILIHl 10 p.A Vl = Vee; CPU bus 
Input 
leakage ILlH2 0.1 rnA VI = Vee; SCSI bus 
current 

low-level ILOL -10 p.A VI = OV; CPU bus 
output 
leakage 
current 
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DC Characteristics (cont) AC Characteristics; CPU Bus Interface 
Parameter Symbol Min Max Unit Conditions 

TA = -10 to +70'C; Voo = +5.0V ±10%; see figure 1 for timing 
measurement voltage thresholds 

High-level ILOH1 10 p.A Vo = Voo; CPU bus 
Parameter Symbol Min Max Unit Conditions output 

leakage ILOH2 0.25 rnA Vo = Voo; SCSI bus Clock (figure 2) 
current 

ClK input cycle time 60 tcvK ns 
Supply 100 100 rnA At 16 MHz 
current ClK input high-level width IKKH 25 ns 

ClK input low-level width IKKL 25 ns 

Capacitance ClK input rise time IKR 10 ns 
TA = +25'C; Voo = 0 V; f = 1 Mhz 

ClK input fall time IKF 10 ns 
Item Symbol Min Max Unit Conditions 

Input CI 20 pF CPU bus; unmeasured 
Reset (fIgure 3) 

capacitance pins at 0 V. RESETIow-level width lRSRSL 16 tcVK 

Output Co 20 pF CPU Bus RflBd (figure 4) 
capacitance 

~ set time to lORD .j. tSCSR 20 ns 
Input/output CI01 20 pF 

~holdtime ~Res 0 ns capacitance 
C102 100 pF SCSI bus; unmessured from lORD t 

pins at 0 V. 
Address set time tsAR 20 ns 

VoItIllJB Thresholds for Timing 
to IORD.j. 

Figure 1. 
Address hold time ~RA 0 ns Measurements 
from lORD t 
DMAAK set time to lORD ~ tsoAR 20 ns 

CPU bus ~ 2.2 V )C DMAAK hold time from lORD t ~ROA 0 ns interface pins 0.8V 
lORD low-level width lRRL 80 ns 

lORD t to data output toRO 50 ns 

SCSI bus ~ 2.0 V )C 
delay time 

O.BV lORD t to data float time IFRO 0 50 ns 

EI 
interface pins 

83SL·6047A lORD t to I5IiMRt'i t toROQ 80 ns 
delay time 

CPU Bus write (figure 5) 
Figure 2. Clock Timing ~ set time to IOWR .j. tsesw 20 ns 

~ hold time from IOWR t tHweS 0 ns 

Address set time to IOWR .j. tsAW 20 ns 

Address hold time ~WA 0 ns 
from IOWRt 

elK DMAAK set time to IOWR .j. tsOAW 20 ns 

DMAAK hold time from ~WDA 0 ns 

tKR IOWRt 

83SL--6048A 
IOWR low-level width twWL 80 ns 

Data set time to IOWR t tsow 20 ns 

Data hold time from IOWR t ~WD 0 ns 

Figure 3 RESET IHtvetorm IOWR t to .DMARC:.l t toWOQ 80 ns 
delay time 

~=l .r Other CPU Bus (figure 6) 

IOWR t to lORD .j. 'R-Iw 80 ns 
or IOWR t recovery time 

tRSRSl . 
83SL-6049A 
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AC Characteristics; CPU Bus Interface (cont) 
Parameter Symbol Min Max Unit Coridltlona Paramater Symbol Min Max Unit Condlt~a 

lCRD i to 1OFiI) ~ or lOWFt ~ tAIR 80 ns m i to AfIil output tDSLAT 2 tcVK 
recovery time delay time 

lCRD i to EOJS ~ delay time tOREP 40 ns SSY' i to SSY' .j. output toBVB1'3 10 tcVK 

TOWR i to Ems .j. delay time toWEP 40 ns delay time 

JOFm i to INT .j. delay time tORI 40 ns ID hold time from SSY' .j. ItiBl'l02 0 ns 

TOWR i to I NT .j. delay time toWi 40 ns m hold time from §SY .j. ItiBVSL2 0 ns 

INT low-level width "IL 2 tcYK 
SEE i to SSY'i output toSLBY 2 tcVK 
delay time 

"...lfIt:fltlll .. ,.",., (IIgure 11) 

AC Characteristics; SCSI Bus Interface m i to ID output delay time 1osL102 20 tcVK 
TA - -10 to +~C; VOO = +5.0 V ±10%; see figure 1 for timing 

SEE .j. to target output delay toscra 0 ns measurement Voltage thl'fisholds 
time 

Paramater Symbol Min Max Unit Conditions 
ID output to TJo output delay 101010 0 ns 

AlbIt,.,1on (tigure 7) time 

Bus free detection to toBFBY 14 tcVK flO Input to SSY' i output delay tolOBY 2 tcVK 
SSY' response time time 

SSY' .j. to ID output toBYIO 0 ns §SY i to §SY .j. Input valid delay toBYBY4 8 tcVK 
delay tiMe time 

SSY' .j.toSEE.j. toBYSL 36 tcVK §SY .j. to m i output delay toBVSL2 2 tcVK 
delay time time 

s.let:Iltin _Inltliltor fBIwre B} IltIcIIpIIon _Inltliltor In ~ nrodIt; dtltHn. 

SEE i to ID output toSLI01 20 tcVK 
.'.w..""" ",...""..,n """".. (IIgure 12) 

delay time m i to phase Input valid delay toSLPH1 0 ns 
SEC.j.to~Am IoSlAK 20 tcVK 

time 

output delay time TIO .j. to data float delay time fRo01 0 ns 
~ ATR output to toAKBY 2 tcVK Phase. set time to REO .j. tsPtiRQ1 400 ns 
SSY' i delay time Data set time to Rm .j. tsORQ1 5 ns 
SSY' i toSSY' .j. toBYBY1 8 tcVK REO .j. to ACR .j. output delay toR0AK1 0 ns Input valid delay time time 
SSY' .j.toSECi IoBYSL1 2 tcVK Osta hold time from ACR .j. Itwco1 0 ns output delay time 

Rm hold time from ACR .j. 
s.let:IltIII_ ,.",., (tIgure 9) Itw<RQ1 0 ns 

FIEl:I i to ACR i output delay toRQAK2 1 tcVK 
§SY hold time from SEE ~ ftiSLBY1 0 ns time 
ID set time from §SY 1 tslOBY 0 ns Phase hold time from ACR i 1tw<PH1 0 !lS 
SSY' 1 to SSY' ~ output delay time toBYBY2 10 tcVK TnntIIer •• ,.",., In IItIYIIDhtonoue nrodIt; dtltHn. 
ID hold time from SSY' ~ ItiBl'l01 0 ns .,.",., .nd ",...""..,n phaeII {t1gutr113} 

SEE·hold time from B"SY .j. ItiEVSL1 0 ns m i to phase output delay' ioSLPH2 2 fcYK 
ATR set time to SEC i tsATSL 0 

time 
ns 

SEE i to target output toscrG 2 tcVK 
flO .j. to data output delay time 101001 0 ns 

delay time Phase set time to REO .j. tsPHRQ2500 ns 

"...let:tlon _Inltilltor (llgutfl 10) Osta hold time to Am .j. tsORQ2 65 ns 

SSY' hold time from SEE J. 1tiSLBY2 0 ns Rm J. to ACR J. Input valid toR0AK3 0 ns 

ID set time to BSY i ·tslOeV 0 
delay time 

ns 

TJo set time to m t tslOSY 0 
ACR.j. to Rm t output delay toAKRQ1 1 tcVK ns time 

Data hold time from ACR .j. ItIAI<D2 0 ns 
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AC Characteristics; SCSI Bus Interface (cont) 
Parameter Symbol Min Max Unit Conditions 

ACK hold time from "REO t tHRQAK1 0 ns 

ACK t to "REO .j, output delay tOAKRQ2 1 tcVK 
time 

Phase hold time from ACK t tHAKPH2 tcVK 

Trensfer es initiator in esynchronous modS; date-out, 
command, end messag";n pha.s (figure 14) 

sa:: t to phase input delay time toSLPH3 0 ns 

i/O t to data output delay time 101002 0 ns 

Phase set time to "REO .j, tsPHR03 400 ns 

Data set time to ACK .j, tsOAK1 55 ns 

"REO .j, to ACK .j. output delay tORQAK4 tcVK 
time 

Data hold time from "REO t tHRQ01 0 ns 

"REO hold time from ACK .j, lHAKRQ2 0 ns 

"REO t to ACK t output delay tORQAKS tcVK 
time 

Phase hold time from ACK t tHAKPH3 0 ns 

Reception es telllet in esynchronous modS; date-out, 
commend, end message-out pha_ (figure 15) 

sa:: t to phase output delay toSLPH4 2 tcVK 
time 

1J0 t to data float delay time 1f1002 0 ns 

Phase set time to "REO .j. tsPHRQ4 500 ns 

Data set time to ACK .j. tsOAK2 5 ns 

"REO .j. to ACK .j. input valid toR0AK6 0 ns 
delay time 

ACK .j. to "REO t output delay toAKRQ3 1 tcVK 
time 

Data hold time from "REO t tHRQ02 0 ns 

ACK hold time from "REO t iHR0AK2 55 ns 

ACK hold time from "REO t iHR0AK2 55 ns 

AOR t to "REO .j. output delay tOAKRQ4 tcVK 
time 

Phase hold time from AOR t tHAKPH4 tcVK 

Reception es initietor in synchronous mode; date-in 
pha. (figure 16) 

sa:: t to phase input delay time toSLPH5 0 ns 

i/O .j. to data float delay time 1f1003 0 ns 

Phase set time to F!EO .j. tSPHRQ5 400 ns 

Data set time to "REO .j. tsOR03 5 ns 

Data hold time from "REO .j. iHRQ03 5 ns 

"REO Input low-level width iRQRQL1 50 ns 

"REO t to "REO .j. recovery time tFWRQ1 2 tcVK 

ACK output low-level width tAKAKL 1 2 tcVK 

p.PD72111 

Parameter Symbol Min Max Unit Conditions 

Phase hold time from ACK t tHAKPH5 0 ns 

Trensfer es telllet in synchronous mode; dete-in phe. 
(figure 17) 

sa:: t to phase output delay tOSLPH6 2 tcVK 
time 

i/O .j, to data output delay time tDlO03 0 ns 

Phase set time to "REO .j. tsPHRQ6 500 ns 

Data set time to "REO .I- tsOR04 55 ns 

Data hold time from "REO .j. tHRQ04 125 ns 

"REO output low-level width tRQRQL2 2 tcVK 

ACK input lOW-level width tAKAKL2 50 ns 

ACK t to ACK .j, recovery time tFWAKl 2 tcVK 

Phase hold time from ACK t tHAKPH6 tcVK 

Trensfer es initiator in synchronous mode; date-out 
pha. (figure 18) 

sa:: t to phase input valid delay toSLPH7 0 ns 
time 

i/O .j. to data output delay time tDlO04 0 ns 

Phase set time to "REO .j. tspHRQ7 400 ns 

Data set time to ACK .j. tSOAK3 55 ns 

Data hold time from ACK .j. tHAKD3 125 ns 

"REO input low-level width tRQRQL3 50 ns 

"REO t to "REO .j. recovery time tFWRQ2 2 tcVK 

ACK output low-level width tAKAKl3 2 tcVK 

Phase hold time from ACK t iHAKPH7 0 ns 

Reception es telllet in synchronous mode; date-out 
pha. (figure 19) 

sa:: t to phase output delay toSLPH8 2 tcVK 
time 

i/O .j. to data float delay time 1f1004 0 ns 

Phase set time to "REO .j. tsPHRQB 500 ns 

Data set time to AOR .j. tSOAK4 5 ns 

Data hold time from OAK .j. tHAKD4 5 ns 

"REO output low-level width iRQRQL4 2 tcVK 

ACK input low-level width tAKAKL4 50 ns 

ACK t to ACK .j. recovery time IfWAK2 125 ns 

Phase hold time from ACK t tHAKPH8 tcVK 

Arbitrtltion; bus free (figure 20) 

SEC .j. to 10 float delay time 

Selection/reBelection; bus free (figure 21) 

10 float to sa:: t delay time tolOSL 3200 

SEC t to control float delay time tFSLCTL 0 ns 
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F"II/UTe 4. CPU Bus ReMI 

00-015 _' __ HI-Z Hi-Z 

OMARQ~ 
~----------------------- 49TB-448B 

F"1I/UIfI 5. CPU Bus write 

00-015 ___ HI-Z Hi-Z 

4OTB-449B 
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Figure 6. O,he, CPU Bus Timing 

lORD 'x~ ____ __ 
C1Rvw-f 

IOWR --1-ro _____ �RVW------I~---.J/ 

INT 

___ ~ r--~-I-DW-E-P-------------
IOWR \..J" 

___ __ r--~_I_DR_E_P_--:.-----------
lORD \..J" 

Figure 7. SCSIs".. AlbIt,..,1on 

IDBFBY'---~ 

IDBY5L--~ 

IDBYID 

-- HI-Z 
SBo-5B7 - - - - - - - - - - - - - - - ID 

491S"",518 
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Figure 8. SCSI Bus; Selection •• 'nltlatoT 

10BYBYI-

SEL 

_ _ Hi-Z 11------------------IOSLI01~ 

SBc-SB7 - - - - - - - - - - - - "--________ 10 ________ _ 

_ Hi-Z 
ATN - - - - - - - - - - -

10SLAK 

_ Hi-Z 
ACK----------

Figure 9. SCSI Bus; Selection •• T.,..t 
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ATN -

VO,C/O 
MSG,REQ -
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Hi-Z 

i<--I OBYBY2 -

J \ 
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10 

I-IHBYI01~ 
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Hi-Z 
L 1SATSL

-

H~Z 

........ 
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Figure 10. SCSI Bus; Reselection as Initiator 

_IDBYBY3- IDSLB Y 

BSY j \ 
_IHSLBY2- --IHBYSL2-

\ / 
_ISIDBY-- ... IHBYID2-

Hi-Z 
~-

Hi-Z - - - - - --< ID - - - - -

Hi-Z 
~ _ ~IDSLAT 

- - - - - - - - - - - - - - - - - - -
_ ISIOBY-

Hi-Z ~'-----__ _ 

49T8-4538 

Figure 11. SCSI Bus; Reselection as Target 

BSY __ ~DBYBY4l_ 

IDIOBY • ~I t<---.. IIDBYSL2 

SEL 

SBe-SB7 _ Hi-Z -':':'~~t·· ID 

110-
Hi-Z 

tDSLTG 

I/O,C/D Hi-Z 
MSG,REQ -

4918-4548 
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Figure 12. SCSI Bus; Reception as Initiator 

IFI001 -- ISOR01 --
VO \ 

I---ISPHR01-

c/o, 
MSG 

REO 

ACK 

). 

Figure 13. SCSI Bus; Trallllfer as Target 

SEL 

IOROAK1 -
\ 

IHAKR01 

\ 

1 ___ IHAKPH1 

C -- IOROAK2 

J --

Hi-Z 
__ 10SLP: _ J.----.... 1.---l<AK02 

ISOR02 -­
_101001_ 

VO 

C/O 
MSG ________ J ~ ________________ ._--~----------~--~ 

IOROAK3 -- _IHROAK1 

ACK 
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Figure 14. SCSI Bus; Trllnsfer liS Initilltor in Async Mode 

SBa-SB ? 

I/O 

C/D, 

MSG 

REO 

ACK 

- -

___ tDSLPH3 

Hi-Z - - - - - -< 

_tSDAK1 __ 

_ tDIOD2_ 

I 
~tsPHR03-------'1 

~ 
tDROAK4 f------> 

\ 
tHAKR02 

\ 

Figure 15. SCSI Bus; Reception liS Tllrget In Async Mode 

1/0 

CtD, 
MSG 

REO 

ACK 

J 

) 

...--. tFIOD2 _tSDAK2_ 

..--- tSPHR04_1 

tDROAK6 --
\ 

tDAKR03 

\ 

#£PD72111 

tHROD1 1----1 

1"--- tHAKPH 3 

C 
--- tDROAK5 

J 
~ 

49TB-457B 

1"-
1_ tHAKPH4 

C 
--- tHROAK2 

J 
-- _tDAKR 04 

4918·4588 
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Figut8 1t1. SCSI Bus; Reception .s Inltl.tor in Sync Mode 

SEL-L 

IIOSLPH5 :IISDR03 

il( X'---_ 
----~I~::::~~JI:~R-O-03----------~ 

Hi-Z 

vo 

c/o, 

MSG ________ ~~----------------~----------------------~~ 
i+-----'-ISPHR05----+i 

REO 

ACK 

49TIH59B 

Figut8 17. SCSI Bus; Transfer.s T.rget In Sync Mode 

SEL-L 

10SLPHS _ISOR04, 

Hi-Z 

1_---+1 101003 

vo 

c/o, 
MSG ________ ~ ~ ______________ ~--------~------------._~ 

_ISPHROS_ 

49TB-46OB 
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Figure 18. SCSI Bus; Transfer as Initiator in Sync Mode 

SEL 

____ ~I_· ___ ·)(H-A-KD-3-----

- j~tD-IO-D-4-------"""~ ,I tSDAK3 

110 

CID, 
MSG _____ ~ ~ ________________________________ ~----~~ 

REO 

ACK 

49TB-461 B 

Figure 19. SCSI Bus; Reception as Target in Sync Mode 

Hi-Z 
____ ~I_' ___ ·)(H-A-KD-4-----

-< ..... ----~ ,I tSDAK4 

110 

CID, 
MSG ________ ~ ~ ___________________ ~--~~ 

REO 

ACK 

49TB-4628 
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Figure 20. SCSI Bus; Arbltl'lltion, Bus Free 

/ 

1~-~tFSlIO 

SBO-SB? - -
Hi-Z 

10 
Hi-Z 1>--------

Figure 21. SCSI Bus; Selection/ReSelection, Bus Free 

SEL / 

Hi-Z 

Note: 

ATN or ACK output by Initiator, or iio, Cio, MSG, or REO output by target. 

DIRECT ACCESS REGISTERS 

Table 1 lists the 10 internal registers that can be directly 
accessed from the host CPU. The register address Is 
specified by pins A2-Ao. 

7lIbie 1. Direct Access Reglst.,.. 
Acldre .. tvAo R/W Symbol Register Neme 

000 R/W DFL Data FIFO 

001 R/W DFH 

010 R CST Controller status 

011 R/W ADR Address 

100 R/W WlN1 Window 

101 R/W WlN2 

110 R TP Terminated phase 

W DID Destination 10 
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Table 1. Direct Access Registers (coni) 
Addre .. ArAo R/W Symbol Register Neme 

111 R 1ST Interrupt status 

W CMD Command 

Data FIFO Register 

The 16-bit data FIFO register (figure 22) is used to write 
or read data (including command, status, and message 
data) accessed through the SCSI bus. 

In the S-bit mode, only the lower S-bit DFL register at 
address OH is used. The contents of the upper S-bit DFH 
register at address 1 H are fixed to DOH. 

In the 16-bit mode, the register is accessed to/from 
address OH with signals Ao = 0 and USE = O. When data 
is sent to the SCSI data bus, the DFL contents are output 



t-IEC 
first, followed by the DFH contents. When data is sent, 
the first byte fills DFL and the second byte fills DFH. 

The data FIFO register empties when a RESET signal is 
input, the CHIP RESET command is executed, or the 
CLEAR FIFO command is executed. 

Figure 22. DFL and DFH Regi.'e,. 

OH 015 014 

07 D6 

16·Blt Mode 

OFH 

I 013 I 012 I 011 

05 

OFL 

04 
I 

03 

8·Blt Mode 
OFL 

Controller Status Register 

010 

02 

09 08 

01 DO 

The 8·bit CST register (figure 23) indicates the operating 
condition of the ~PD72111. This is a read· only register; 
data written to CST becomes invalid. 

The value of the CST register becomes 82H when a 
RESET signal is input or the CHIP RESET command is 
executed. 

Address Register 

When accessing an indirect access register, the address 
should beset to the 8-bit ADR register and the window 
register (WIN1, WIN2) accessed. Bit 7 of ADR (figure 24) 
specifies the mode and bits 5-0 specify the address ofthe 
Indirect access register. 

In the auto-Increment mode, each access automatically 
increments the contents of the lower 6 bits of ADR (+ 1 
for the 8-bit bus mode, +2 for the 16-bit bus mode). 

The ADR register is reset to OOH by a RESET signal or by 
execution of the CHIP RESET command. 

"PD72111 

Figure 23. CST Regi.,e, 

7 OFH 0 

2H I CBSY IINTRCI CST1 I CSTO I ATNe I FFUL I FEMP I ORC I 

CBSY ,.PDnll1 Command Execution Status 

o Idle (waiting for a command or executing a type 
A command 
Busy (executing type B or C command) 

INTRQ CPU Interrupt Request 

o Not generated 
1 Generated 

CST1, CSTO ,.PDnlll Operating Condition 

o 0 
o 1 
1 0 

ATNC 

o 
1 

FFUL, FEMP 

o 0 
o 1 
1 () 

ORQ 

Disconnected state 
Initiator state 
Target state 

ATN Pin Status 

Inactive(high level) 
Active Oow leveQ 

FIFO State 

Neither full nor empty 
Empty 
Full 

DFLJDFH Register 

Accessing OFLJDFH is disabled o 
1 Writing to or reading from OFLJDFH Is requested 

Figure 24. ADR Regi.te, 

7 Read/Write 0 

3H I AINC I 0 I ADR51 AOR41 AOR31 AOR21 AORl I AORO I 
AINC Mode for Accessing an IndlreC1tAccess Register 

o Normal mode (address in not automatically updated 
1 Auto-increment mode (address is automatically updated) 

ADR5-ADRO Indirect Access Reglstar Address 

000000 OOH 

111111 3FH 

Window Register 

The window register (figure 25) comprises two 8-bit 
registers used as a window for accessing the indirect 
access registers. With the ~PD72111 in the 8-bit mode, 
WIN1 and WIN2 are accessed to/from addresses 4H and 
5H, respectively. 
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In the 16-bit mode; WlN1 and WIN2 function as one 16-bit 
register accessed to!from address 4H. WIN1 and WIN2 
hold the least- and most-significant bytes of the word, 
respectively. According to the settings of signals Ao and 
UBE, either or both registers can be accessed. 

&JOSE 
o o 

1 
o 

o 
1 

Figure25. 

4H 015 

07 

4H 
1 

07 

5H 1 
07 

Address 
~ 
4H 
5H 

Register Accessed 
WIN1, WIN2 
WlN1 
WIN2 

WlN1 and WlN2 Regls,.rs 
la-Bit Mode 

WlN2 

014 013 1 012 1 011 010 

WlNl 

06 05 1 04 1 03 1 02 

8·Blt Mode 
WlNl 

06 05 04 1 
03 02 

WlN2 

D6 05 04 
1 

03 02 

Terminated Phase Register 

OS 08 

01 DO 

01 DO 

01 DO 

The 8-bit TP register (figure 26) indicates the phase 
executed when a command execution is terminated. 

The TP register is reset to OOH by a RESET Signal or by 
execution of the CHIP RESET command. 

Destination ID Register 

Bits 2'() of the DID register (figure 27) set the 10 of the 
target to be selected or the initiator to be reselected. Bit 
7 of DID can be set to mask the interrupt request signal 
(INT). The INTRQ bit of the CST register (figure 23) 

ttlEC 
Figure 26. TP Regis'.r 

7 Read Only o 
6H 1 TP7 1 TP6 1 TP5 1 TP4 1 TP3 1 TP2 

TP7-TPO Command execution Phase 

0000 0001 SCSI RESET SCSI reset 

0001 0001 SELECT Arbitration 

0001 0010 Target selection 

00100001 TRANSFER Information transfer 

0011 0001 AUTO Arbitration 

0011 0010 
INITIATOR Target selection 

0011 0011 Identify messsge transmit 

0011 0100 Command transmit 

0011 0101 Data transmit/receive 

0011 0110 Status receive 

0011 0111 Command complete message receive 

01000001 RESELECT Arbitration 

01000010 Initiator reselection 

0101 0001 RECEIVE Information receive 

01100001 SEND Information tJansmlt 

0111 0001 AUTO Selected waiting 

0111 0010 
TARGET 

Identify messsge receive 

0111 0011 Command receive 

1000 0001 RE-RECEIVE Arbitration 

1000 0010 Initiator reselectlon 

1000 0011 Identify messsge trensmlt 

1000 0100 Data receive 

1001 0001 RE-SENO Arbitration 

1001 0010 Initiator reselectlon 

1001 0011 Identify message transmit 

1001 0100 Data transmit 

Indicates whether the INT signal was generated or not. Figure 27. DID Regis'.r 
~~--------~---------------------Zeros must be written to bits 6-3 of the DID register. 7 Write Only 0 
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6H IINTM 1 0 1 0 1 0 1 0 1 0102 1 0101 I. DIDO 1 

INTM Interrupt Request Signal Mask Function 

o Does not mask Interrupt request ONT signal Is output 
when Interrupt is generated 
Masks Interrupt request ONT signal is not output even If 
Interrupt request is generated 

0102·0100 Setting 10 of SCSI Device 1b Be Selected 

000 o 

111 7 
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Interrupt Status Register 

The read-only 1ST register (figure 28) indicates the cause 
of the interrupt request. If the current contents of 1ST are 
not read out, they are retained and 1ST is not updated for 
new interrupt generation. 

Similarly, if the previous contents were not read out, 1ST 
would not have been dated for the current interrupt; 
however, the current interrupt data would be retained 
elsewhere internally. 

Bit 7 of the 1ST register indicates the group of the 
interrupt request generation source. The contents of bits 
6-0 depend on the value of bit 7. 

The 1ST register is reset to OOH by a RESET signal or by 
execution of the CHIP RESET command. 

Command Register 

The 8-bit CMD register (figure 29) is used by the CPU to 
write commands to the #,PD72111. Commands are de­
scribed later in table 3. 

INDIRECT ACCESS REGISTERS 

The 27 registers listed in table 2 can be directly accessed 
by the CPU through a window in a direct access register. 
The register address is specified by the lower 6 bits of the 
ADR register (figure 24). 

Table 20 Indltet:t Access Registers 
Addre .. R/W Symbol Register Nlllle 

OOH R TST Target status 

01H R SBST SCSI bus status 

02H R SID Source 10 

03H R/W MSG Message 

04H thru R/W CDeoo Command descriptor block 
OFH thru CDB11 

10H R/W TMOD Transfer mode 

11H R CTCl Current counter Oower 8 bits) 

W BTCl Base counter Oower 8 bits) 

12H R CTCM Current counter (middle 8 bits) 

w BTCM Base counter (middle 8 bits) 

13H R CTCH Current counter (upper 8 bits) 

w BTCH Base counter (upper 8 bits) 

14H thru 1FH Reserved 

20H R/W BFTOUT Bus free timeout 

21H R/W SRTOUT Selectlon/reselectlon timeout 

22H R/W RATOUT ~ handshake timeout 

23H R/W CDBl Command descriptor block length 

"PD72111 

Table 20 Indltet:t Access Registers (cont) 
Addre .. R/W Symbol Register Name 

24H R/W MOD Mode 

25H R/W PID Physical 10 

26H thru 3FH Reserved 

R = Read only; W = Write only; R/W - Read/Wrlte 

m 
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Figure 28. 1ST Register 

7 Write Only o 
7H I SRI IIST6 IIST5 IIST4 IIST3 IST2 ISTI IISTO I 

SRI Interrupt Request Type 

o 

SRI 

Interrupt request caused by command termination 
(normal termination or abort) 
Interrupt request caused by service request issued to 
CPU 

IST6·ISTO Interrupt Request Generation Source 

o 000 AT 000 Command normallermination 

o 000 AT 001 Command break 

o 001 AT 000 Invalid command 

o 010 AT 000 FIFO overrun/underrun 

o 010 AT 001 Synchronous offset error 

o 010 AT 010 SCSI bus parity error 

o 010 AT 011 CPU bus parity error 

o 010 AT 100 Bus free ti me-out error 

o 010 AT 101 Selection/reselection timeout error 

o 010 AT 110 REQJ:i\CR timeout error 

o 011 0 000 Data-out phase error 

o 011 0 001 Data-in phase error 

o 011 0 010 Command phase error 

o 011 0 011 Status phase error 

o 011 0 110 Message-out phase error 

o 011 0 111 Message-in phase error 

o 100 AT 000 Unsupported SCSI command group 

000 0 000 Reset 

000 0 001 SCSI reset condition occurred 

001 0 000 Disconnected 

001 a 001 Reselected 

001 AT 010 Selected 

010 a 000 Data-out phase started 

010 0 001 Data-in phase started 

010 a a 1 a Command phase started 

010 0 a 11 Status phase started 

010 a 110 Message-out phase started 

010 0 111 Message-in phase started 

100 AT 000 Message received 

AT bit is valid in ta rget mode only. It shows whether attention condition 
has occurred (AT = 1) or not (AT = 0). 
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Figure 29. CMD Register 

7 Write Only 0 

7H I CMD71 CMD61 CMD51 CMD41 CMD31 CMD21 CMDI I CMDO I 

Target Status Register 

The TST register (figure 30) stores the status byte of the 
target received in the status phase during execution of 
the AUTO INITIATOR command. 

Figure 30. TST Register 

7 Read Only 0 

OOH L..I _______ T_ST ______ ---'I 

SCSI Bus Status Register 

The SBST register (figure 31) indicates the status of each 
signal on the SCSI control bus. 

Figure 31. SBST Register 

7 Read Only o 
01H I BSY I SEL I REO lACK I ATN I MSG I C/D I/O I 
Status of Each Pin 

o 
1 

Inactive (high level) 
Active(low leveQ 

Source 10 Register 

The read-only SID register (figure 32) stores the ID of the 
last SCSI device that selected the ~PD72111. Bits 6-3 are 
always read out as zeros. 

Figure 32. SID Register 

7 Read Only o 
o o o I 0 I SID2 I SIDI I SIDO I 

SIR "P072111 Select/Reselect Operation 

o Has neither been selected nor reselected (contents of 
SID2-8IDO are invalid) 
Has been selected or reselected (contents of SID2-8IDO 
are valid) 

S102· 10 No. of Last SCDI Device That Selected "PD72111 
SIOO 

000 o 

111 7 
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Message Register 

The MSG register (figure 33) sets transmit messages or 
stores receive messages when the ILPD72111 is transmit­
ting or receiving. 

Figure 33. MSG Register 

7 ReadiWrite 0 

03H !'--______ M_S_G ______ ....J! 

Command Descriptor Block 

The 12 COB registers (figure 34) set/store the command 
descriptor blocks of SCSI commands. 

Figure 34. CDS Registers 

7 ReadiWrite 

04H 

05H 

06H 

07H 

OSH 

OSH 

OAH 

OBH 

OCH 

OOH 

OEH 

OFH 

Transfer Mode Register 

COBOO 

COB01 

COB02 

COB03 

COB03 

COB04 

COB06 

COB07 

COBOS 

COBOS 

COB10 

COB11 

o 

The TMOD register (figure 35) sets the mode for data 
transfer. Zero must be written to bit 3. 

Current Counter 

The 24-bit CTC register (figure 36) counts the number of 
data bytes transferred in the information transfer phase. 
This is a read-only register; data cannot be written to it. 

During execution of an information transfer command. 
the CTC counter is loaded with the values in the BTC 
base counter. The values loaded from BTC to CTC are 
controlled by count select bits C1 and CO of the com­
mand code (table 5). 

I'PD72111 

Figure 35. TMOD Register 

7 ReadiWrite 0 

10H ! SYNC I TP021 TP01 ! TPOO! 0 I TOF21 TOF1 ! TOFO! 

SYNC Data Transfer Mode 

0 Asynchronous mode 
1 Synchronous mode 

TPD2-
TPDO Cycles for Sync Mode Transfer Rate (at 16 MHz) 

000 16 clock cycles 1.00 Mbytes/s 

001 

010 4 clock cycles 4.00 Mbytes/s 

011 6 clock cycles 2.67 Mbytes/s 

100 8 clock cycles 2.00 Mbytes/s 

101 10 clock cycles 1.60 Mbytes/s 

110 12 clock cycles 1.33 Mbytes/s 

111 14 clock cycles 1.14 Mbytes/s 

TOF2-
TOFO lfEtl, AUK Pulse Offset Value for Sync Mode 

000 1 

111 8 

Figure 36. err: Register 

7 Read Only o 
11H 

12H 

13H 
= I 

Base Counter 

The 24-bit BTC register (figure 37) sets the number of 
data transfer bytes to be loaded into the CTC current 
counter. This is a write-only register; the contents cannot 
be read out. The count values written to BTC are con­
trolled by count select bits C1 and CO of the command 
code. (table 5). 

Bus Free Timeout Register 

The BFTOUT register (figure 38) sets the bus free time­
out. If DOH is written to this register, the timeout detection 
function will not operate. 
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Figure 37. BTe Registel' REQ/ACK Handshake Timeout Register 

7 Write Only 0 The RATOUT register (figure 40) sets the timeout for 
.---------B-TC-L.-..::..---------, handshake operation of REQ and ACK signals during 

information transfer. If OOH is written to this register, the 
llH 

12H 

13H 

BTCM timeout detection function will not operate. 
BTCH 

BTCH BTCM BTCL Number ()f !)ata Trenafer Bytea 

OOH OOH OOH o 

OOH OOH FFH 255 

OOH 01H OOH 256 

OOH FFH FFH 65,635 

01H OOH OOH 65,636 

FFH FFH FFH 16,m,215 

Figure 38. BFTOUT Reglstel' 

7 Read/Wrlta o 
20H I BFTOUT 

BFTOUT Bua Free Timeout (at 16 MHz) 

OOH No timeout detection Is performed 

01H 8.192 ms 

FFH 2088.928 me 

Selectlon/Reselectlon Timeout Register 

The SRTOUT register (figure 39) sets the timeout for the 
selection or reselection operation. If OOH is written to this 
register, the timeout detection function will not operate. 

Figure 39. SRTOUT Reglstel' 

7 Read/Write 0 

21H I SRTOUT I 

SRTOUT Selilctlon/R.aelactlon Timeout (at 16 MHz) 

OOH No timeout detection Is performed 

01H 8.192 ns 

FFH 2088.928 me 
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Figure 40. RATOUT Regilltel' 

7 Read/Wrlte o 
22H RATOUT 

RATOUT ~ Timeout (at 16 MHz) 

OOH No timeout detection is performed 

01H 128/.18 

FFH 32,640"s 

Command Descriptor Block Length Register 

The COBl register (figure 41) sets parameters for the 
group 6 and group 7 SCS I commands (vendor unique) of 
the SCSI specifications by using the AUTOINITIATOR 
command and the AUTO TARGET command. 

Figure 41. COBL Regilltel' 

7 Read/Wrlte 0 

~lc~lc~I~I~I~~I~~I~~I~~1 

CL73oCL70 

0001 

1100 

1101 

1111 

0000 

CL63-CL60 

0001 

1100 

1101 

1111 

0000 

Group 7 SCSI Command; CDB Length 

1 byte 

12 bytes 

boes not support group 7 SCSI commands 
(generates unsupported group command erro~ 

Group 6 SCSI Command; CDS Length 

1 byte 

12 bytes 

Does not support group 6 SCSI commands 
(generates unsupported group command erro~ 
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Mode Register 

The MOD register (figure 42) sets the p.PD72111 opera­
tion mode. 

Figure 42_ MOO Register 

7 ReadJWrite 0 

24H I DMA I HP8 I DHP I D8P I NAM 181M I RAEN I SAEN I 

DMA Data Transfer Mode (In data-In/data-out phase) 

o Program I/O mode 

1 DMAmode 

HPS DHP CPU Bus Parity 

o o Odd parity 

o Even pa rity 

x Disable parity 

DSP SCSI Bus Parity 

o Enable (even parity only) 

Disable parity 

NAM SIM Bus Arbitration execution 

o x Arbitration mode 

o Non-arbitration mode (non..slngle-initiator mode) 

Non-arbitration mode (single-initiator mode) 

RAE N Responss (when reselected as Initiator by target) 

o Does not respond 

Responds 

SAEN Hesponss (when re.elected a. terget by Initiator) 

o Does not respond 

Responds 

Physical ID Register 

The PID register (figure 43) sets the p.PD72111 's own 
physicallD on the SCSI system. Zeros must be written 
to bits 6-3. 

I'PD72111 

Figure 43_ PIO Register 

7 ReadJWrite 0 

25H I FEN I 0 I 0 I o I 0 I PID2 I PID1 I PIOO I 
FE N Controller Operation 

o Does not operate as Initiator 

1 Operates as initiator 

PID2- "PD72111'. Own ID Number 
PIDO 

000 0 

111 7 

COMMANDS 

Descriptions 

The CPU controls the p.PD72111 with the 16 commands 
described in table 3. Commands are listed in groups 
according to mode-initiator/target, initiator, and target. 

Command Code 

Table 4 gives the command code, status, and type for 
each command. 

Command Bits. Symbols for command bits in table 4 
are explained below. 

Symbol Function 
C1, CO Count select bits 
AT ATN signal status selection bit. (1 means 

the initiator is requesting the message-out 
phase.) 

MG, CD Transfer information specification bits 

The function of count select bits C1 and CO is to specify 
the value loaded to the current transfer counter: This can 
reduce the overhead of modifying the transfer counter: 
See table 5. 

Status. Table 4 specifies the status in effect when the 
command is issued. Symbols are explained below. 

Symbol Status 
D Disconnect 
I Initiator 
T Target 

Type. Table 4 classifies commands as type A, B, or C 
according to the execution status defined under 
"p.PD72111 Processing" below. 
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Table 3. Command Functions 
Mode Command Name Mnemonic 

Initiator or Target CHIP RESET CRST 

BREAK BRK 

DISCONNECT DIS 

CLEAR FIFO CLRF 

SCSI RESET SRST 

Initiator SET ATN SETAT 

RESET ACK RSTAK 

SELECT SEL 

TRANSFER TFR 

AUTO INITIATOR AIN 

Target RESELECT RSEL 

RECEIVE REC 

SEND SND 

AUTO TARGET ATG 

RE-RECEIVE RREC 

RE-SEND RSND 

Table 4. Command Codes 
Command Name Command Code Status 

CHIP RESET 0 0 0 0 0 0 0 0 D,I, T 

BREAK 0 0 o 0 0 '0 0 D,I, T 

DISCONNECT 0 0 o 0 0 0 0 D,I, T 

CLEAR FIFO 0 0 o 0 0 0 D,I, T 

SCSI RESET o 0 0 0 0 0 0 D,I, T 

SET ATN o 0 o 0 0 0 

RESETACK o 0 o 0 0 1 o 0 

SELECT 0 0 0 AT 0 o 0 D 

TRANSFER Cl CO 0 0 0 1 0 

AUTO INITIATOR Cl CO 0 AT o 0 D 

RES ELECT o 0 o o 0 0 0 D 

RECEIVE Cl CO o MG CD 0 T 

SEND Cl CO o MG CO T 

AUTO TARGET o 0 o 0 0 0 o 
RE-RECEIVE Cl CO o 0 0 D 

RE-5ENO Cl CO o 0 D 

NEe 
Function 

Resets "PD72111 using software. 

Discontinues command execution. 

Releases SCSI bus. 

Clears FIFO 

Resets SCSI bus. 

Sets ATN signal. 

Resets ACK signal. 

Selects a target. 

Sends/receives data On initiator mode). 

Automatically executes initiator standard operation. 

Reselects initiator 

Receives data On target mode). 

Sends data On target mode). 

Automatically executes target standard operation. 

Reselects - Continuous execution of data-receive operation Qn target mode) 

Reselects - Continuous execution of data-send operation On target mode) 

Type 

A 

A 

A 

A 

B 

A 

A 

B 

B 

C 

B 

B 

B 

C 

C 

C 

Table 5. Loading the Current Transfer Counter 
C1 CO Load Operation 

1 0 CTCH/M - OOOOH 
CTCL - BTCL 

CTCH/M/L - 00000IH 

p.PD72111 PROCESSING 

Counting Range 

o to 256 bytes In I-byte 
units 

Single-byte only 

Processing by the p.PD72111 is in either of two catego­
ries: 

• Command processing initiated by a command from 
the CPU 

• Response processing executed by the SCSI bus sta­
tus transition 

Command Processing 

Command processing operations differ depending on 
the command executed. 

Table 5. Loading the Current Transfer Counter 

Type A Command. Except for CHIP RESET, the com­
mand is immediately executed. Then, a new command is 
awaited. 

C1 co Load Operation 

0 0 CTCH/M/L - BTCH/M/L 

0 CTCH/M - BTCH/M 
CTCL -OOH 

6-94 

Counting Range 

o to 16,776,960 bytes In 
I-byte units 

o to 16.776.960 bytes in 
256-byte units 

CH IP RESET Command. The /-IPD72111 is immedi­
ately reset, after which an interrupt request is generated. 

Type Band C Commands. The issued command is 
synchronized with the system clock and executed. After 
the command is executed, an interrupt is generated. 
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Response Processing 

When selected or reselected by another device, response 
processing for the device is executed. If the bus status 
changes during information transfer, the bus phase after 
the transition is detected and reported. The ~PD72111 
generates an interrupt upon completing the response 
processing. 

HOST CPU PROCESSING 

Processing by the host CPU for the ~PD72111 is in either 
of two categories. 

• Command Issuance processing by request from the 
CPU side. See figure 44. 

• Interrupt processing generated when the operation 
specified by the command is completed, or the SCSI 
bus status changes. See figure 45. 

Figure 44. COIIItnIInd ._nt:e Prot:ealng Row 

Mask interrupt request 
and write dala to be set 
to register in advance. 

49T&491A 

p.PD72111 

Figure 45. Interrupt Prot:eaing Row 

No Execute processing according ID 
>~-+ request Indicated by 1ST register. 

>-N_O __ Execule processing according 
ID generated error. 
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LCD CONTROLLERS 
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LCD Controllers 

Section 7 
LCD Controllers 

"PD7225 
CMOS, Intelligent Alphanumeric LCD 
Controller/Driver 

"PD7227 
CMOS, Intelligent Dot-Matrix LCD 
Controller/Driver 

"PD7228/28A 
CMOS, Intelligent Dot-Matrix LCD 
Controller/Driver 

7-2 
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NEe Electronics Inc. 

Description 

The /-IPD7225 is an intelligent peripheral device de­
signed to interface most microprocessors with a wide 
variety of alphanumeric LCDs. It can directly drive any 
static or multiplexed LCD containing up to 4 backplanes 
and up to 32 segments and is easily cascaded for larger 
LCD applications. The /-IPD7225 communicates with a 
host microprocessor through an 8-bit serial interface. It 
includes a 7-segment numeric and a 14-segment alpha­
numeric segment decoder to reduce system software 
requirements. The /-IPD7225 is manufactured with a low 
power consumption CMOS process allowing use of a 
single power supply between 2.7Vand 5.5V.lt is availa­
ble in a space-saving 52-pin plastic flat package. 

Features 

D Single chip LCD controller with direct LCD drive 
D Low cost serial interface to most microprocessors 
D Compatible with 

- 7-segment numeric LCD configurations 
up to 16 digits 

- 14-segment alphanumeric LCD configurations 
up to 8 characters 

D Selectable LCD drive configuration: 
- Static, biplexed, triplexed, or quadruplexed 

D 32-segment drivers 
D Cascadable for larger LCD applications 
D Selectable LCD bias voltage configuration: 

- Static, 1/2 or 1/3 

D Hardware logic blocks reduce system software 
requirements 
- 8-bit serial interface 
- Two 32 x 4-bit static RAMs for display data and 

blinking data storage 
- Programmable segment decoding capability: 

- 16-character, 7-segment numeric decoder 
- 64-character, 14-segment USASCII 
alphanumeric decoder 

- Programmable segment blinking capability 
- Automatic synchronization of segment drivers 

with sequentially multiplexed backplane 
drivers 

D Single power supply, variable from 2.7V to 5.5V 
D Low power consumption CMOS technology 
D Extended - 40°C to +85°C temperature range 

available 

Ordering Information 

Part Number Package Type 

IIPD7225G-OO 52-pin plastic miniflat 

NECEL-000488 

Max Frequency 
of Operation 

1 MHz 

pPD7225 
CMOS, Intelligent, Alphanumeric 

LCD Controller/Driver 

Pin Configuration 

520 

521 

5:12 
523 

5:1. 

525 

5 .. 

527 

528 

5 .. 

5.., 

531 

CLI 

Pin Identification 
No. Symbol 

CL2 

SYNC 

3-5 VLCD1-
VLCD3 

6 Vss 

7,33 VDD 

8 SCK 

9 SI 

10 CS 

11 BUSY 

12 C/O 

13 RESET 

14 NC 

15-18 COMo-COM3 

19-32, 34-51 SO-S31 

52 CLI 

Function 

System clock output 

Synchronization port 

LCD bias voltage supply inputs 

Ground 

Power 

Serial ciock input 

Serial input 

Chip select 

Busy output 

Command or data select input 

Reset input 

No connection 

LCD backplane driver outputs 

LCD segment driver outputs 

System clock input 

57 

% 
55 

50 

S:J 
5:1 

51 

So 
COM3 

COM2 

COM, 

COMo 

NC 

8J.O02798A 
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Pin Functions 

COMo-COMa 

LCD backplane driver outputs. 

So-Sa1 

LCD segment driver outputs. 

VLCD1-VLC03 

LCD bias voltage supply inputs to the LCD voltage con­
troller. Apply appropriate voltages from a voltage ladder 
connected across Voo. 

SI 

Serial input from the microprocessor. 

SCK 
Serial clock input. Synchronizes 8-bit serial data trans­
fer from the microprocessor to the ~PD7225. 

BUSY 

Handshake output indicates the ~PD7225 is ready to re­
ceive the next data byte. 

c/o 
Command/dataselect input. Distinguishes serially in­
put data byte as a command or as display data. 

7-4 

NEe 
CS 
Chip select input. Enabies the ~PD7225 for data input 
from the microprocessor. When CS is deselected, the 
display can be updated. 

SYNC 
Synchronization port. For multichip operation, tie all 
SYNC lines together. 

CL1 

System clock input. Connect CL1 either to CL2 with a 
180 kQ resistor, or to an external clock source. 

CL2 

System clock output. Connect CL2 to CL 1 with a 180 kQ 
resistor, or leave open. 

RESET 
Reset input. Ric circuit or pulse initializes the ~PD7225 
after power-up. 

VDO 

Power supply positive. Apply single voltage ranging 
from 2.7 to 5.5 V for proper operation. 

Vss 
Ground. 
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Block Diagram 

VDD 

VLCDI 

VLCD2 

VLCD3 

VSS 

COMo-COM3 

LCD 
Voltage 

Controller 

CC~L21 ~L. _____ a_OC __ k ____ ~ ~ Oscillator 

RESET _ 

Interface 
Controller 

cs C/O iiiliY 

Segment 
Decoder 

LCD Driver 

32 

Display Latch 

32 

32.4Bll 
Display RAM 

Buffer 

8 

Sarlallnterface 

SI SCK 

32 

J.tPD7225 

32.4Blt 
Blinking RAM 

Command 
Decoder 

83<103379B 
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Absolute Maximum Ratings DC Characteristics (cont) 
TA=25°e TA'= - ooe to + 70°C, VDD = +2.7V to 5.5 V 

Power supply voltage, Voo -0.3Vto +7V Limits Test 
Input voltage, VI -0.3VtoVoO +0.3V Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, Vo -0.3VtoVoo +0.3V Input voltage Vill 0.3 Voo V Except SCK 
low 

VIl2 0.2 Voo V SCK Operating temperature, TOPT -10°C to + 70°C 

Storage temperature, TSTG - 65°C to + 150°C Input voltage VIHI 0. 7Voo Voo V Except SCK 
high 

VIH2 0.8 Voo Voo V SCK Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is Output voltage VOL1 0.5 V BUSY, IOl = 100 flA 
not meant to be operated under conditions outside the limits de· low 

VOl2 0.5 V IOl =400 "A, scribed in the operational sections of the specification. Exposure to 
SYNC 

absolute maximum rating conditions for extended periods may affect 
device reliability. Output voltage VOH Voo V BUSY, SYNC, 

high -0.75 IOH=-7flA 

DC Characteristics I nput leakage ILil -2 flA Vil =0 V 
TA = -10°C to + 70°C, VDD = +5 V ±10% current low 

Limits Test Input leakage ILiH flA VIH=VOO 

Parameter Symbol Min Typ Max Unit Conditions current high 

Input voltage Vil 0 0.3 Voo V Output leakage ILOl -2 flA VOL = 0 V 

low current 
ILOH 2 flA VOH=VOO 

Input voltage VIH 0. 7Voo Voo V Output short los -200 flA SYNC, Vos=0.5V 
high circuit current 

Output voltage VOL1 0.5 V BUSY, IOl =1OOflA Backplane RCOM 6 kQ COMo-COM3, 
low 

VOl2 1.0 V 10l = 9OO I-'A, driver output VOO>VlCD 
SY'NC impedance (Note 1) 

Output voltage VOH Voo V BUSY, SYNC. Segment RSEG 12 kQ SO-S31, 

high -0.5 IOH= -10flA driver output VOO>VlCO 

Input leakage ILil -2 I-'A Vil =OV 
impedance (Note 1) 

current low Supply current 100 30 100 I-'A CL1 external clock, 

Input leakage ILiH I-'A VIH=VOO 
Voo=3.0V ±10%, 
f~=140kHz 

current high 
Note: 

Output leakage ILOl -2 I-'A VOL =OV (1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 
current 

ILOH I-'A VOH=VOO 

Output short los -300 I-'A SYNC, Vos=1.0V Capacitance 
circuit current TA = 25°C, f+ = 1 MHz 

Backplane RCOM kQ COMO-COM3, Limits 
Test 

driver output VOO>VlCO Parameter Symbol Min Typ Max Unit Condilions(1) 
impedance (Note 1) 

Input CI 10 pF 
Segment RSEG 14 kQ SO-S31, capacitance 
driver output VOO>VlCO Output C01 20 pF Except BUSY impedance (Note 1) 

capacitance 
Supply current 100 100 250 I-'A CL1 external clock, CO2 15 pF BUSY 

f+=200kHz 1/0 GIO 15 pF SYNC 

Note: 
capacitance 

(1) Applies to static-, 112·, and 1/3-LCD bias voltage schemes. Clock G+ 30 pF CL 1 input 
capacitance 

Note: 
(1) All unmeasured pins returned to 0 V. 
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AC Characteristics 
TA = -10De to + 70 De, VDD = +5 V ±10% 

Limits Test 
Limits 

Test 
Parameter Symbol Min TyP Max Unit Conditions Parameter Symbol Min TyP Max Unit Conditions 

Clock frequency f, 50 200 kHz Clock frequency f~ 50 140 kHz 

lose 85 130 175 kHz R=180 kQ+5% lose 50 100 140 kHz R=180 kQ+5%, 

Clock pulse t,WL 16 I'S CL 1, external clock Voo=3.0V ±10% 

width low Clock pulse t,WL 16 fls CL1, external clock 

Clock pulse t,WH 16 CL1, external clock width low 
fls 

width high Clock pulse t,WH 3 16 I'S CL1, external clock 

SCK cycle tCYK 900 ns 
width high 

SCK pulse width tKWL 400 
SCK cycle tCYK 4 fls ns 

low SCK pulse width tKWL 1.8 fls 

SCK pulse width tKWH 400 ns low 

high SCK pulse width tKWH 1.8 flS 

BUSY t to SCK + tBHK ns 
high 

hold time BUSY t to SCK + tBHK 0 ns 

SI setup time to t'SK 100 ns 
hold time 

SCK t SI setup time to t'SK flS 

SI hold time tlHK 200 ns SCK t 

after SCK t SI hold time t'HK flS 

8th SCK t to tKOB I'S CL =50 pF 
after SCK t 

BUSY + delay 8th SCK t to tKOB fls CL=50pF 
time BUSY + delay 

CS +to BUSY + tCOB 1.5 fls CL=50pF 
time 

delay time CS +to BUSY + tCOB fls CL =50pF 

C/Ds~time tOSK I'S 
delay time 

to 8th SCK t C/Ds~time tOSK 18 fls 

C / D hold time tOHK I's 
to 8th SCK t 

after 8th SCK t C / D hold time tOHK I'S 

CS hold time tCHK flS 
after 8th SCK t 

after 8th SCK t CS hold time tCHK flS 

CS pulse width tCWL 8/f, flS 
after 8th SCK t 

low CS pulse width tCWL 8/f, flS 

CS pulse width tCWH 8/f, 
low 

flS 
high CS pulse width tCWH 8/1+ fls 

high 

SYNC load CL 50 pF f,=200kHz 
capacitance 

AC Timing Characteristics 

All Inputs 

-------------:----------- VIL 
\--_________ # ~'H 

All Outputs 

\:==========f-----------:.---~~~L 
83·0027998 
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Instruction Set (Note 1) 

Hel Operation Code 

Command Description Code D7 De Ds D4 Da D2 D1 Do 

Mode Set Initialize the "PD7225, including selection of: 40-5F 0 1 0 d4 d3 d2 d1 do 
1) LCD drive configuration 
2) LCD bias voltage configuration 
3) LCD frame frequency 

Unsynchronous Data Transfer Synchronize display RAM data transfer to display latch with CS 30 0 0 0 0 

Synchronous Data Transfer Synchronize display RAM data transfer to display latch with LCD 31 0 0 0 
drive cycle 

Interrupt Data Transfer Interrupt display RAM data transfer to display latch 38 0 0 0 

Load Data Pointer Load data pointer with 5 bits of immediate data EO-FF d4 d3 d2 d1 do 

Clear Display RAM Clear the display RAM and reset the data painter 20 0 0 0 0 0 

Write Display RAM Write 4 bits of immediate data to the display RAM location DO-DF 1 1 d3 d2 d1 do 
addressed by the data pointer; increment data painter 

AND Display RAM Perform a logical AND between the display RAM data addressed by 90-9F 0 0 d3 d2 d1 do 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location. Increment data pointer 

OR Display RAM Perform a logical OR between the display RAM data addressed by BO-BF 0 d3 d2 d1 do 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location; increment data pointer 

Enable Segment Decoder Start use of the segment decoder 15 0 0 

Disable Segment Decoder Stop use of the segment decoder 14 0 0 0 0 0 

Enable Display Turn on the LCD 11 0 0 

Disable Display Turn off the LCD 10 0 0 0 0 0 

Clear Blinking RAM Clear the blinking RAM and reset the data painter 00 0 0 0 0 0 0 0 

Write Blinking RAM Write 4 bits of immediate data to the blinking RAM location CO-CF 0 d3 d2 d1 do 
addressed by the data pointer; increment data pointer 

AND Blinking RAM Perform a logical AND between blinking RAM data addressed by SO-8F 0 0 d3 d2 dl do 
the data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 

OR Blinking RAM Perform a logical OR between blinking RAM data addressed by the AO-AF 0 d3 d2 dl do 
data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 

Enable Blinking Start segment blinking at the frequency specified by 1 bit of 1A-1B 0 0 do 
immediate data 

Disable Blinking Stop segment blinking 18 0 0 

Note: 
(1) Details of operation and application examples can be found in the ~PD7225lntelligent Alphanumeric LCD Controller I Driver Technical Manual. 
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Operating Characteristics 
TA:25°C 

External Resistance vs Oscillation Frequency 

~ f---'-"'-+-"'~' ""' ____ -+-_____ 1 Cl2R C Cll" 1 
g200 ~ 
..!' 

J 100~----}_------~~+-~~----------}_--_1 
i 

...... 

50 Lt~------t---~--po..,···:--l···· I 
100 200 500 

External Resistance R (kQ) 

Supply Voltage vs Supply Current 

100 

~ 
c 
E I 50~--}_-----+-~~~--+-------1 
~ 

I 
201---+-----+-----1-------11 

~~~----~------~------~~ 
Supply Voltage VOO (V) 
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Supply Voltage vs Oscillation Frequency 

140 
R=1~ 

~ 
/~ 

/ 

~ R -so 

~ 

Supply Voltage Voo (V) 
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7 ·Segment Numeric Data Decoder Character Set 
Decoded Display RAM Data 

Triplexed Quadruplexed 

Display Display RAM Address Display RAM Address 
Byte 

(HEXI Character n+2 n+l n+1 n 

00 a D 

01 a 0 0 

02 Sa 3 

03 B A 

04 a 6 

05 8 B 

06 a 5 

07 Ii 
08 8 3 

09 a B 

OA Sa 3 0 0 

OB a 0 

OC B 0 D 

OD B 0 0 A 

OE a 6 

OF II 0 0 
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~ 14·Segment Alphanumeric Data Decoder Character Set 1:: 
N " Display Display RAM Display Display RAM Display Display RAM Display Display RAM 0 Byte Address Byte Address Byte Address Byte Address 

(HEX) Char. n+3 n+2 n+1 n (HEX) Char. n+3 n+2 n +1 n (HEX) Char. n+3 n+2 n+1 n (HEX) Char. 0+3 n+2 n+1 n .... 
~ 

AO I 0 0 0 0 BO I, 7 CO it A C 0 DO I 2 3 6 4 
~ 
01 

" 
J J 

A1 Invalid B1 ~ 
W" 

0 C1 I" 01 I, 0 8 

A2 Invalid B2 It 3 C C2 I" 8 8 02 r1 3 6 C 

A3 Invalid B3 'I, 8 4 C3 110 0 0 03 II 5 8 
0, 

M Invalid B4 10 6 4 C4 Il D4 I 8 0 
" 

A5 Invalid B5 I" 5 A C5 10 4 D5 110 6 0 

A6 Invalid 86 10 5 C6 I 6 4 D6 10 4 0 
J" 

A7 10 0 0 B7 10 0 0 C7 I, 0 4 D7 10 4 6 8 

A8 10 0 0 A B8 10 C8 10 6 4 08 10 0 A 

A9 I" 0 B9 10 A 4 C9 I" 09 10 0 

AA 10 0 BA Invalid CA 10 C 0 OA 10 8 

AB 10 A BB Invalid CB 10 A DB Invalid 

AC Invalid BC I," 4 0 CC I ·'iIJ. 
0 0 DC lm 

~o 
0 8 

AD ~~ 0 BD I 0 CD 11 DO Invalid 

~ 
l" 

AE Invalid BE [N~ CE I. 6 8 DE Invalid 
~L 

AF IL 0 0 BF Invalid CF 1m DF Invalid ~ II 
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NEe Electronics Inc. 

Description 

The /APD7227 intelligent dot-matrix LCD controllerl 
driver is a peripheral device designed to interface 
most microprocessors with a wide variety of dot 
matrix LCDs. It can directly drive any multiplexed LCD 
organized as 8 rows by 40 columns, and is easily cas­
caded up to 16 rows and 280 columns. The /APD7227 
is equipped with several hardware logic blocks, such 
as an 8-bit serial interface, ASCII character generator, 
40 x 16 static RAM with full read/write capability, and 
an LCD timing controller; all of which reduce micro­
processor system software requirements. The 
/APD7227 is manufactured with a single 5 V CMOS pro­
cess, and is available in a space-saving 64-pin plastic 
flat package. 

Features 

o Single-chip LCD controller with direct LCD drive 
o Compatible with most microprocessors 
o Eight row drives 

- Designed for dot-matrix LCD configurations up 
to 280 dots 

- Designed for 5 x 7 dot-matrix character LCD con­
figuration up to 8 characters 

- Cascadable to 16 row drives 
o 40 column drives 

- Cascadable to 280 column drives 
o Hardware logic blocks reduce system software 

requirements 
- 8-bit serial interface for communication 
- ASCII 5 x 7 dot-matrix character generator with 

64-character vocabulary 
- 40 x 16-bit static RAM for data storage, retrieval, 

and complete back-up memory capability. 
- Voltage controller generates LCD bias voltages 
- Timing controller synchronizes column drives 

with sequentially-multiplexed row drives 
o Single + 5 V power supply 
o CMOS technology 

Ordering Information 

Part Number Package Type 

IlPD7227G-12 64-pin plastic miniflat 

NECEL-000495 

Max Frequency 
of Operation 

1000 kHz 

pPD7227 
CMOS, Intelligent, Dot-Matrix 

LCD Controller/Driver 

Pin Configuration 

C2' 

C28 

C2. 

Pin Identification 
No. Symbol 

NC 

2-24, CO,C39 
47'57, 
59-64 

25 Vss 
26, 58 VDD 
27 CLOCK 

28 RESET 

29 SI 

30 C/D 

31 SO/BUSY 

32 SCK 

33 CS 

34 SYNC 

35-38 VLCD1-VLCD4 
39-46 Ro/Rs-R7/R15 

Function 

No connection 

C, 

C2 

C, 

Co 

R7/R15 

RoIR14 

Rs/R13 

R.,JR'2 

RalR11 

LCD column driver outputs 

Ground 

Power 

System clock input 

Reset input 

Serial input 

Command or data select input 

Serial output or busy output 

Serial clock input 

Chip select input 

Synchronization port 

LCD bias voltage supply inputs 

LCD row driver outputs 
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J.lPD7227 

Pin Functions 

CO-C39 

LCD column driver outputs. 

RO/8-R7/15 

LCD row driver outputs. 

VLCD1-V LCD4 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across VDD. 

SI 

Serial input from the microprocessor. 

SO/BUSY 

Serial output from the ).IPD7227 to the microprocessor 
when in read mode and C/O is low. When BUSY (ac­
tive low), handshake output indicates the ).IPD7227 is 
ready to receive/send the next data byte. 

SCK 

Serial clock input. Synchronizes B-bit serial data 
transfer between the microprocessor and ).IPD7227. 

Block Diagram 

fttfEC 
c/o 
Command/data select input. Distinguishes serially in' 
put data byte as a command or as display data. 

CS 

Chip select input. Enables the ).IPD7227 for com­
munication with the microprocessor. 

SYNC 

Synchronization port. For multichip operation, tie all 
SYNC lines together and configure with the MODE 
SET command. 

CLOCK 

System clock input. Connect to external clock source. 

RESET 

Reset input. RC circuit or pulse initializes the ).IPD7227 
after power-up. 

VDD 

Power supply positive. Apply single voltage 5 V± 10% 
for proper operation. 

Vss 
Ground. 

cs c/o SO/BUSY SCK SI 

83-(1()37958 
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ttiEC 
Absolute Maximum Ratings 
TA = 25°C 

Power supply, voo -0,3 V to +7,0 V 

All inputs and outputs with respect to Vec -0,3 V to Voo +0,3 V 

Storage temperature, T STG -65°C to +150°C 

Operating temperature, TOPT -10°C to + 70°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage, The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification, 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability_ 

Capacitance 
TA = 25°C, VDD = OV 

Limits 
Test 

Parameter Symbol Min Max Unit Condmons 

Input capacitance CI 10 pF f, = 1 MHz 

Output capacitance Co 25 pF Unmeasured pins 

Input/output Cia 15 pF returned to 

capacitance SYNC ground, 

/APD7227 

DC Characteristics 
TA = -10°C to +700 C, VDD = +5,OV ± 10% 

limits Test 
Parameter Symbol Min lYP Max Unit Conditions 

Input voltage, high VIH 0,7 Voo Voo V 

Input voltage, low Vil 0 0,3 Voo V 

Input leakage IUH +10 I'AVIH = Voo 
current, high 

Input leakage IUl -10 "AVIH = OV 
current, low 

Output voltage, high VOH1 Voo-O,5 V SO/BUSY, 
IOH = -400 "A 

VOH2 Voo-O,5 V SYNC, 
IOH = -100 "A 

Output voltage, low VOL1 0.45 V SO/BUSY, 
IOl = +1.7 rnA 

0.45 V SYNC, 
IOl = + 100 "A 

Output leakage ILOH +10 "AVOH = Voo 
current, high 

Output leakage IlOl -10 "AVOl = OV 
current, low 

LCD operating voltage VlCO 3,0 Voo V 8-row 
multiplexed 
LCD drive 
configuration 

Voo V 16-row 
multiplexed 
LCD drive 
configuration 

Row drive RROW 4 8 kO 
output impedance 

Column drive RCOlUMN 10 15 kO 
output impedance 

Supply current 100 200 400 "A fO = 400 KHz 
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",PD7227 t-IEC 
AC Characteristics 
TA = -lODe to + 70De, Voo =' +5.0V :t 10% 

Limits Ta .. 
Parameter Symbol Min'" Max UnR COnditions 

Clock frequency I, 100 ' 1000 KHz 

Clock pulse t+WH 400' ns 
width high 

Clock pulse t+Wl 400 ns 
width low 

SCK cycle tCYK 0.9 "s 

SCK pulse tKWH 400 ns 
width high 

SCK pUlse tKWl 400 ns 
width low 

SCK hold time tKHB 0 ns 
after BUSYt 

SI setup time tlSK 100 ns 
to SCKt 

SI hold time tlHK 250 ns 
after SCKt 

SO d~time tODK 320 ns CLOAD ;" 
after K~ 50 pF 

SO delay time 
after c/TI~ 

tODD 2 "s 

SCK hold time tKHD f'S 
after C/D~ 

BUSY delay tBDK 3 f'S ClOAD = 
time after 8th 50pF 
SCKt 

BUSY delay _ tBDD 2 f'S 
time after ClOt 

BUSY delah tBDC 2 "s time after C ~ 

cill se.!!!e..time 
to 8th SCKt 

tDSK "s 

C/O hold lime tDHK "s 
after 8th SCi<t 

CS hold time tCHK 2 "s after 8th SCKt 

CS pulse width tCWH 211+ "s high 

CSt delay time tCDB f'S CLOAD= 
to iiDSY floating 50 pF 

SYNC load ClOADS 100 pF 
capacitance 

BUSY low tWLB 18 64 1 If, ClOAD= 
level width 50 pF 
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ttiEC IJPD7227 

Timing Waveforms 

Clock Waveform 

f.----------11f.----------.j 

Clock 

83-0038378 

Serial Interlace 

~--------------------------------------------r_-J 

c/o 

(SO) 

_.._--+-1---------------------- - - - - - --------tr_ ...... 

8th 

------------------------~r-------

------------------------~~-------83-0038388 
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JAPD7227 ~EC 

Command Summary 
Instruction Code 

Binary 

Command Description D7 DB D5 D, D3 D2 D, Do HEX 

Mode Set I nitialize the I'P07227, 0 0 0 02 01 DO IS-IF 
including selection of 
1. LCD drive configuration 
2. Row driver port function 
3. RAM bank 
4. SYNC port function 

Frame Set LCD frame frequency 0 0 0 0 02 01 DO 10-14 
Frequency 
Set 

Load Data Load data pointer with 7 bits 06 05 04 03 02 01 Do 80B 
Pointer of immediate data 

Write Mode Write display byte in serial 0 0 0 01 Do 64-67 
register to RAM location ad-
dressed by data pointer; 
modify data pointer 

Read Mode Load RAM contents address- 0 0 0 0 01 Do 60-63 
ed by data pointer into serial 
register for output; modify 
data pointer 

AND Mode Perform a logical AND be- 0 0 01 DO 6C-6F 
tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
painter 

OR Mode Perform a logical OR be- 0 0 0 01 Do 68-6B 
tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 

Character Mode Decode display byte in serial 0 0 0 0 72 
register into 5 x 7 character 
with character generator; 
write character to RAM loca-
tion addressed by data 
pointer; increment data 
painter by 5 

Set Bit Set single bit of RAM loca- 0 0 04 03 02 01 Do 40-SF 
tion addressed by data 
pointer; modify data pointer 

Reset Bit Reset single bit of RAM loca- 0 0 04 03 02 01 Do 20-3F 
tion addressed by data 
pointer; modify data pointer 

Enable Display Turn on the LCD 0 0 0 0 0 0 1 09 

Disable Display Turn off the ICD 0 0 0 0 0 0 0 08 

Further details of operation can be found in the I'PD7227 intelligent dot-matrix LCD controller/driver technical manual. 
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t-IEC 
5 x 7 Character Set as Generated in f.lPD7227 

Display Byte 

o 0 

o o 

o o 

o 

o 

o 0 

o 0 

o.oeo ••••• " ••• u 
C.Q.oooo.o.ocoe 
••••• oo.oc .0000 
0.0.0000.0.0000 
••••• "000 •• 0000 
U.0.0.000 •• 000. 
c.<,.oo ••• otl ••• o ••• 0 

•• 0''') ••••••••••• 00'. '.,.'Q •• oooo.ooO".OQO. 
'o.c •••• o.oooc on". 

1 !~m m!l m~~ mg 
0 •• 0000 •• 0 •••••• 0',,, • 
• 00."0.000.0000.0'_'. 

o ~~mHmHmHm 

Display Byte 

o o 

o o 

o 

o 

o 

o 

Do 

o 

o 

o 

o 

J,lPD7227 

o 0 

o 0 

o 0 

C' •• ".oOO •• OO'J • 
• 0 ~" •• 0 0 o •• 0 0 ~ • 

•. "o •• "b"eo.o.o 
0 ••• " ••••• 00.00 

• "."''<'.0.0_0 
.""'.,00 •• 000. 

• ., •••. ,. ~"O •• 0 0 o • 

• ' c ••• ') " ••• o.oooe •• ,)·,,,.,,,,."0.000. 
" •• (,00."".,'0.000. 

• " •••• 0'. ~ 0 0.0.0 
• 00')0. "".0'00.00 ,,,,,.,,O,,.0'jO".OO 

o. '.""'," ••• Ooo.QO 
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NEe 
NEC Electronics Inc. 

Description 

The /A-P072228/28A controller/driver is a peripheral 
CMOS device designed to interface most microproces­
sors with a wide variety of dot-matrix LCOs. It can 
directly drive any multiplexed LCD organized as 8 rows 
by 50 columns or 16 rows by 42 columns. 

The /A-P07228/28A has a standby function to conserve 
power. It is equipped with an 8-bit serial interface, a 4-bit 
parallel interface, character generators, a 50 x 16 static 
RAM with full read/write capability, and an LCD timing 
controller, all of which reduce microprocessor system 
software requirements. 

The /A-P07228/28A operates with a single +5-volt power 
supply and is available in a space-saving 80-pin plastic 
miniflat package. 

Features 

o LCD direct drive 
o 8-or 16-line multiplexing drive possible with single­

chip 
- 8-line multiplexing: 400 (50 x 8) dots 
- 16-line multiplexing: 672 (42 x 16) dots 

o 8-line or 16-line multiplexing drive with n chip 
configuration 
- 8-line multiplexing: n x 400 (n x 50 x 8) dots 
- 16-line multiplexing: n x 800 (n x 50 x 16) dots 

DRAM: 2 x 50 x 8 bits for display data storage 
o Programmer designated dot (graphics) display 
o 5 x 7 dot-matrix display by on-chip character 

generator 
- ASCII (alphanumerics, others): 96 characters 
- JIS (Japan Industrial Standard), Katakana and 

others: 64 characters. 
o Cursor operating command 
o 8-bit serial interface compatible with 14P07500, 

/A-COM-87/87LC 
o 4-bit parallel interface compatible with /A-P07500, 

/A-COM-84/84C 
o Standby function 
o CMOS technology 
o Single + 5-volt power supply 
o Extended -40 to + 85°C temperature range 

(JkP07228A) 

50145 

"PD7228/28A 
CMOS, Intelligent Dot-Matrix 

LCD Controller/Driver 

Ordering Information 
Part No. Package 

"PD722BG-12 SO-pin plastic mlnlflat 

"PD7228AG-12 (Note 1) BO-pln plastic mlniflat 

Notes: 

(1) "PD7228A version has extended temperature range and LCD 
voltage range. 

Pin Configuration 

SO-Pin PI •• tic Mini'lst 

C21 

VLC4 CLOCK 
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p.PD7228/28A 

Pin Identification 
Symbol 

NC 

D3ISO 

SYNC 

Voo 

Vss 

CID 

RESET 

CLOCK 

PIN FUNCTIONS 

00-03 (Data Bus) 

Function 

LCD column drive outputs 

LCD column/row drive outputs 

LCD row drive outputs 

LCD power supply 

No connection 

Data bus O/Serial input 

Data bus 1 (Parallel/serial select) 

Data bus 2 (Chip address enable) 

Data bus 3/Serial output 

Synchronization signal input/output 

Busy signal output 

Power supply 

Ground 

Strobe/Serial clock input 

Command/data select input 

Chip address select inputs 

Chip select input 

Reset signal input 

. System clock input 

In parallel interface mode, 00-03 are input/output pins for 
4-bit parallel data. Data on these lines is read at the rising 
edge of STB. The 4 bits read on the first STB are loaded 
into the highest 4 bits of the serial/parallel register. The 4 
bits read on the second STB are loaded into the lowest 4 
bits of the register. 

The. contents of the serial/parallel register are output to 
these pins on the falling edge of STB . As in the above 
case, the high-order 4 bits correspond to the first STB, 
and the low-order 4 bits to the second STB. 

In serial interface mode, Do is a serial data input pin and 
03 is a serial data output pin. 0 1 selects serial or parallel 
interface mode (PiS), and O2 is the chip address enable 
pin (CAE). 

SI Serial Data-In (Input Common to Do) 

In serial interface mode, SI inputs serial data. Data on SI 
is loaded into the serial/parallel register at the rising 
edge of SCK. The first data loaded is the most significant 
bit. To eliminate noise errors, SI uses the Schmitt-trigger 
input. 

7-22 

t-lEC 
SO Serial Data-Out (Output Common to 03) 

In serial interface mode, SO is an output pin for serial 
data. The contents of the serial/parallel register are 
output to the SO pin, beginning with the most significant 
bit, on the falling edge of SCK. 

PIS Parallel/Serial Select (Input Common to 01) 

This pin sets parallel interface mode if it is high at the 
falling edge of RESET (at reset release). If it is low at the 
falling edge of RESET, it selects serial interface mode. 
The Schmitt-trigger prevents noise errors. 

CAE Chip Address Enable (Input Common to 02) 

This pin is used only during serial interface mode; that is, 
when pis is low at the falling edge of RESET. To enable 
chip addressing, the CAE line must be high at the falling 
edge of RESET. In parallel interface mode (when pis is 
high at the falling edge of RESET), the chip addressing 
function is enabled regardless of the logic state of CAE at 
the falling edge of RESET. The Schmitt-trigger input 
prevents noise errors. 

CAo-CA1 (Chip Address) 

These input pins allow you to address the ~tPD7228/28A 
in a multichip configuration used for driving logiC dis­
plays. During parallel interface mode, CAo and CAt are 
compared to chip address data sent from the CPU 
regardless of CAE status during a reset. 

However, during serial interface mode, CAo and CAt are 
compared with chip address data from the CPU only 
when CAE enables chip addressing. 

In multichip configurations, the device is selected if CS 
= 0 and CAo and CAl match the chip address generated 
by the CPU. This address is the low 2 bits of the first 8-bit 
data input after CS = o. 
In serial interface mode, if chip address selection is not 
used, connect CAo and CAt to ground. 

CS (Chip Select) 

CS is an active-low chip select input pin. When you are 
not using the chip address selection function, the STB/ 
SCK and C/O inputs are enabled if a low input is sent to 
CS. 

When you are using the chip address select function, if 
CS is brought low and the chip address data matches 
CAo-CAt , then STB/SCK and C/O are enabled. 

When CS is made high, 00-03 and BUSY are placed in a 
high-impedance state. The Schmitt-trigger input pre­
vents noise errors. 



NEe 
STB/SCK (Strobe/Serial Clock) 

In parallel interface mode, this is the strobe signal input 
pin (STB) for 4-bit parallel input and output data, In serial 
interface mode, this is the serial clock input pin (SCK) for 
serial input and output data. 

C/O (Command/Data) 

This pin specifies whether the parallel or serial input is a 
command or data. Bring C/O high to input a command, 
and low to input data. 

In parallel interface mode, the contents of Cio are 
latched at the rising edge of the second STB. Perform 
any changes to the C/O input before the falling edge of 
the first STB. When outputting data, hold C/O low, 
whether serial or parallel. 

In serial interface mode, the contents of C/O are latched 
at the rising edge of the eighth SCK. 

The Schmitt-trigger input prevents noise errors. 

BUSY (Busy) 

This pin outputs a busy signal to the CPU to warn that 
the ~PD7228/28A is internally busy. When this signal is 
low, the CPU cannot read/write the ~PD7228/28A. 

Figure 1. SYNC Signa/In 8..LJne IlultipleJdng 

#LPD7228/28A 

In the parallel interface mode, BUSY is forced low at the 
rising edge of the second STB. In the serial interface 
mode, BUSY is forced low at the rising edge of the eighth 
SCK. 

If a chip is deselected (CS = high or chip address data 
does not match), the BUSY pin is placed in the high­
impedance state. 

SYNC (Synchronous) 

In a multichip configuration, the SYNC signal synchro­
nizes the phases of the LCD drive ac signals (row/ 
column signal) among all the ~PD7228/28J1:s within the 
frame period. It uses the row drive signal as a common 
signal. 

If one chip is designated master, its SYNC pin is in output 
mode and the remaining chips are made slaves. Their 
SYNC pins are put in input mode. The SMM command 
selects input or output mode. The master chip outputs a 
SYNC pulse in the last cycle of each frame. The slave 
chip reads the SYNC pulse from its own SYNC input for 
synchronization with the master chip. 

In a single-chip configuration, set the SYNC pin in the 
input or output mode. If you choose input mode, connect 
the SYNC pin to Vss; conversely, if you choose output 
mode, the SYNC pin must be open. 

Figures 1 and 2 show the output timing for the SYNC 
pulse in 8- and 16-line multiplexing. 

1+1·---------1'rame'--------.--+·1 

Row 0 

sync~ ____ ___'n'____ 
83-0029058 
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"PD7228/28A ttlEC 
Figure 2. SYNC Signsl in 16-Line Multiplexing 

1---------1frame---------J 

Row 0 

CO-C41 (Column) 

These pins output the column drive signals for the LCD. 

C42-C4g/R1s-Ra (Column/Row) 

These pins are column drive outputs (C42-C49, 50 x 8 
mode) or row drive outputs (R15-Rs, 42 x 16 mode), 
according to the SMM command. 

R1S-Ra/R7"RO (Row) 

These pins are row drive outputs for rows R15-RS or R7-RO, 
according to the SMM command. 

VLC1-VLCS (LCD Drive Voltage Supply) 

These are reference voltage input pins for determining 
the voltage level of the LCD column/row drive signals. 

CLOCK (Clock) 

This is the external clock input pin. 

7-24 
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RESET (Reset) 

This is the active-high reset signal input pin. It has 
priority over all operations. You can also use it to release 
standby mode and begin low power data retention. 

Voo (Power Supply) 

This is a positive power supply pin. 

Vss (Ground) 

This is ground (GND). 

COMMANDS FOR p.PD7228/28A 

The ",PD7228/28A has 16 types of commands, each 
command consisting of one byte (8 bits). 

Figure 3 shows the character codes and display pat­
terns. 



NEe 
Figure 3. Chsracter Codes slid Dlspls, psnerns 

7 4 0 3 

I I I I 
o o o o o o 
o o o o 
o o o o 
o o o 

o o o ... -

ASCII 

JIS 
Kalaka"a 

No,", 

o o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

o 

o 0 

o 

(1) The character generator transfers 7-bit dot patterns five times to the five 
contiguous addresses of data memory. 

(2) ASCII Characters. 96 (20H-7FH) 
Upper case 26 
Lower case 26 
Numbers 10 
Symbols 34 

(3) J IS Characters. 64 (AOH-DFH) 
Katakana 55 
Symbols 9 

(4) Because the character generator does not use bit 7 of data memory. dot R7 
in 8 time-dlvislon mode and dots R7 and R1S in 16 time-division mode. 
corrasponding to the most significant bits. can be used as cursor 
independent of the character generator. Use the cursor manipulation 
commands WRCURS and CLCURS. 

"PD7228/28A 

o o 1 

o o o o 
o o o o 

o o o o o 

.' .' 

.' 

.' .- .. .' 

.... ..... .... .. 

...... -

.' 
'. 

830029138 
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"PD7228/28A !VEe. 
Block Diagram 

1 
t; I~ ~ ~ ", 

I~ I~ Ii! Iii ,Iii W 
8! c:; 

B g ii: 8 
0: I~ s ;5 

8J.002907B 

Absolute Maximum Ratings Capacitance 
TA = 25'C TA = 25'0; Voo = OV; f = 1 MHz 

Supply voltage, Voo -o.3Vto +7V Parameter Symbol Min Typ Max Unit Conditions 

Input voltage, V, -0.3 V to Voo +0.3 V Input capacitance C, 10 pF Return 

Output Co 25 pF 
unmeasured 

capacitance 
pinstoOV. Output voltage, Vo -0.3 V to Voo +0.3 V 

LCD operating voltage, VLCO (7228A) 4.5 to 12.5 V 

Operating temperature, T OPT 
VO capacitance C,o 15 pF 

7228 -10 to +70'C 

7228A -40 to +85'C 
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NEe "PD7228/28A 

DC Characteristics 
TA = -10 to +70'C VDD = +5 V ±10% 

"PD7228 "PD7228A 

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 

Input voltage, high VIHl 0.7VDD VDD 0.7VDD VDD V Except~ 

VIH2 O.avDD VDD o.avDD VDD V 

Input voltage, low VIL 0 0.3VOD 0 0.3VOO V 

Output voltage, high VOHI VDD-0.5 Voo-0.5 V ~ 00-0 3; IOH = -400 !'A 
VOH2 Voo-0.5 Voo -0.5 V SYNC; IOH = -100 /'A 

Output voltage, low VOL1 0.45 0.5 V 'BUSY, 00-03; IOL = 1.7 rnA 

VOL2 0.45 0.5 V SYNC; IOL = 100 /'A 
Input leakage current, high ILiH 10 10 /'A 
Input leakage current, low ILiL -10 -10 /'A 
Output leakage current, high ILDH 10 10 /'A Vo = Voo 

Output leakage current, low ILOL -10 -10 /'A 
LCD operating voltage VLCO 3.0 VDD 4.5 12.5 V 

Row output impedance RRCMI 4 a a 16 kO 

Row/column output impedance RRCMl/COL 5 10 7.5 20 kO 

Column output impedance RCOL 10 15 15 30 kO 

Supply current 1001 200 400 250 600 /'A Operating mode; fc = 400 kHz 

1002 20 25 /'A Stop mode; ClK = 0 V 

AC Characteristics 
TA = -10 to +70"C; voo = +5 V ±10% 

"PD7228 "PD7228A 

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 

Common Oper.,ion 
Clock frequency fc 100 1100 100 1100 kHz 

Clock pulse width, high tWHC 

Clock pulse width, low tWLC 

RESET pulse width, high tHRS 

ns fI ns 

!'8 

350 

350 

4 

350 

350 

4 

BiJSY delay time from ~ J. tOCSB 2 3 !'8 CL=50pF 

~ i delay time to BiJSY floating tOCSBF 4 5 !'8 CL =: 50 pF 

~ high-level time tWHCS 4 4 !'8 

SYNC load capacitance CLSV 100 100 pF 

Data setup time to RESET J. tsOR o 0 "s 

Data hold time from RESET ~ tHRO 4 5 "s 

~ri.'lnl.rf.c.()lH'rllfion 

~CYCle tCYK 0.9 0.9 !'8 

~ pulse width, high tWHK 400 400 ns 

~ pulse width, low tWLK 400 400 ns 

~ hold time from BiJS( i tHBK o 0 ns 

51 setup time to ~ i tSIK 100 120 ns 

51 hold time from ~ i tHKI 250 270 ns 
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AC Characteristics (cont) 

"PD7228 "PD7228A 

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 

SO delay time from ~ J, toKO 320 350 ns CL =50pF 

IiUSY delay time from eighth toKS 3 4 "s 
~r 

IiUSY low-level time twLB 18 64 18 64 1Ifc 

C/D setup time to first ~.J. tsOK 0 0 I'S 

c/F5 hold time from eighth ~ r ItiKD 2 3 "s 

"C'S hold time from eighth ~ r ItiKCS 2 5 I'S 

Perellellnter'ece Operetion 
Input command setup time to 
S'fB J, 

tA 100 120 ns CL = 80pF 

Input command hold time from 
S'fB J. 

Is 90 110 ns CL =20pF 

Input data setup time to sm t Ie 230 250 ns CL=80pF 

Input data hold time from sm r to 50 70 ns CL=20pF 

Output data delay time tACe 90 650 90 750 ns CL=80pF 

Output data hold time Iti 0 150 0 150 ns CL=20pF 

sm pulse width low tSL 700 700 ns 

S'fB high-level time tsH 1 "s 
SiB hold time from IiUSY r tHBS 0 0 I'S 

IiUSY delay time from second 
S'fB r 

toSB 3 4 I'S 

C/f5 setup time to first m J. tsos 0 0 I'S 

C/O hold time from second m t ltiso 2 3 "s 

"C'S hold time from second SiB r ltiscs 2 3 I'S 
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Timing Waveforms 

AC Timing Test Points 

~O.7VDD ____ Test ___ o.7VDDL 
O.3VDD- Points ----.. o.3VDD 

Clock "reform 

CL 

Serial Interface 

cst::--
c/o 

BuSV----(I 

51--------

50---------

"PD7228/28A 

Retlet Signal 

InterfllCfl 

RESET --==rt::: 
~~ =3EtHAD3<~ __ _ 

83002912A 

LSB )>-------

83.Q029088 
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#,PD7228/28A t\'EC 
PBral/ellnterfBce 

c/o 

BUSY---~ 

STB ---------, 

00-1l3 

00-03 

83OO2911B 

Command Summary 
Mnemonic Operation Instruction Code Hex Code 

SFF Set frame frequency 0 0 0 0 F2 Fl Fo 10H-14H 

SMM Set multiplexing mode a a a M2 MI Mo 1SH-1FH 

OISP OFF Display off 0 0 0 0 0 0 a aSH 

OISP ON Display on a a 0 0 0 0 asH 

LOPI Load data pointer with Immediate 06 05 04 0 3 O2 01 Do SOH-B1H, CaH-F1H 

SRM Set read mode 0 1 1 0 0 0 II 10 SOH-63H 

SWM Set write mode a a 0 11 10 64H-67H 

SORM Set OR mode a a 0 11 10 6SH-6BH 

SANOM Set AND mode a 0 11 10 6CH-6FH 

SCML Set character mode with left entry a 0 a a 1 71H 

SCMR Set character mode with right entry a a 0 0 72H 

BRESET Bit reset a a B2 Bl Bo Jl Jo 2OH-3FH 

BSET Bit set a a B2 Bl Bo J1 Jo 4aH-5FH 

CLCURS Clear cursor 0 1 1 1 a a 7CH 

WRCURS Write cursor a a 70H 

STOP Set stop mode 0 0 0 a 0 0 0 a1H 

~-Bo Specifies a data memory bit 

Os-Do Immediate data 

F~Fo Specifies frame frequency as a submultiple of clock 
frequency 

11-10 Specifies modification of data pointer contents after 
byte data is processed 

Jl-JO Specifies modification of data pointer contents after 
bit is set or reset 

M2-MO Specifies data memory bank, number of rows, functions 
of row/column drivers, and SYNC pin mode 
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Memories for Graphics Applications 

Section 8 
Memories for Graphics Applications 

"PD41264/42273/42274 
Dual·Port Graphics Buffers 

~D421 01/421 02/42505 
CMOS Une Buffers 

~D42270 
NTSC Field Buffer 

"PD43501 
1,024-Channel Time-Division Switch 
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NEe Electronics Inc. 

Description 

NEC's dual-port graphics buffers are equipped with a 
4-bit random access port and a 4-bit serial read port. On 
each device, the random access port is used by the host 
CPU to read or write data addressed in any desired order. 
The serial read port is connected to an internal data 
register through a serial read output circuit. 

The random access port also has a write-per-bit capa­
bility that allows each of the four data bits to be individ­
ually selected or masked for a write cycle. Furthermore, 
a flash write option with write-per-bit control on the 
"PD42274 is provided by the FWE pin and enables data 
in the color register to be written to a selected row in the 
random access port. 

The devices feature fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock; the serial 
read port, however, continues to operate normally. Fol­
lowing the clock transition of a data transfer, the serial 
read output data changes from an old line to a new line 
and the starting location on the new line is addressable in 
the data transfer cycle. 

Refreshing is f1.pcomplished- by means of RAS-only re­
fresh cycles or by normal read or write cycles. Automatic 
internal refreshing, by means of either hidden refreshing 
or the CAS before RAS timing and on-Chip internal 
refresh circuitry, is also available. The transfer of a row of 
data from the storage array to the data register also 
refreshes that row automatically. 

All inputs and outputs, including clocks, are TTL- com­
patible. All address and data-in Signals are latched on­
chip to simplify system design. Data-out is unlatched to 
allow greater system flexibility. 

Features 

Cl Two data ports: random access and serial read 
Cl Dual-port accessibility except during data transfer 
Cl Addressable start of serial read operation 
Cl Real-time data transfer 
Cl Random access port 

- Two main clocks: RAS and CAS 
- Multiplexed address inputs 

"PD41264/42273/42274 
Dual-Port Graphics Buffers 

- Direct connection of I/O and address lines 
allowed by OE to simplify system design 

- Read, early write, late write, read-write/read­
modify-write, RAS-only refresh, and fast-page 
capabilities 

- Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

- Hidden refreshing by means of CAS-controlled 
output 

- Write-per-bit capability regarding four 1/0 bits 
- Write bit selection multiplexed on 100-103 

Cl RAS-activated data transfer 
- Same cycle time as for random access 
- Row data transferred to data register as specified 

by row address inputs 
- Starting location of following serial read 

operation specified by column address inputs 
- Transfer of data on one row to the data register, 

and the starting location of the serial read circuit, 
activated by a low-to-high transition of DT 

- Data transfer during real-time or standby 
operation of serial port 

Cl Fast serial read operation by means of serial control 
pins 
- Serial data output on SOO-S03 
- Direct connection of multiple serial outputs for 

extension of data length 

Ordering Information 
Row Access Serial Acc ... 

Part Number Time (max) Time (max) Package 

"PD41264C-12 120 ns 40ns 24-pln 

0.15 150 ns eons plastic DIP 

"PD41264V-12 120 ns 40ns 24-pln 

V-15 150 ns eons plastic ZIP 

"PD42273LE-l0 l00na 30ns 28-pln 

LE-12 120 n. 40ns plasticSOJ 

"PD42273V-l0 100 ns 30ns 28-pln 

V-12 120 ns 40ns plastic ZIP 

"PD42274LE-10 100 na 30 ns 28-pln 

LE-12 120 ns 40 ns plastic SOJ 

"PD42274V-10 100 na 30 ns 28-pln 

V-12 120 na 40 ns plastic ZIP 

Contact your NEC sales representative for copies of the complete data sheets. 
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"PD41264/42273/42274 

Comparison of Dual-Port Graphics Buffers 
Features 

Density 

Organization 

Serial data register 

Refresh period 

Refresh addresses 

Flash write 

Process 

Pins 

Block Diagram 

I'PD41264 

256K 

64Kx4 

256 x 4 

4ms 

256 

No 

NMOS 

24 

§=] COunter 

,....--· ~ 
OJ 

• i • 
-'--

SO 

SOE 

RAS 
CAS 

ffiJii'E 
wBiWE 

I--

I'PD42273 

1 Meg 

256Kx4 

512x4 

8ms 

512 

No 

CMOS 

28 

• I-
Ad;' 
Counter 

Timing 
Generator 

(~PD42274 only) FWE -~~ ___ .J 
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I'PD42274 

1 Meg 

256Kx4 

512x4 

8ms 

512 

Yes 

CMOS 

28 

0 

....--
1= 

j 
I 
I 
I 0 

J I 
I 

t::== 
~~ 

I 

0 

I Column Decoder I N-1 NI4' 
Sense Amps 

1 
Colo 

Storage 
Cell Array II: 

J 
Transfer I Gates 

Data I ~ Register 

I Selector IN-I N 

Common 
va 

Buffer 

4t 
Color 

ReglS1er 

Serial 
Output 
Buffer 

1 

NEe 

.......-

.......-

----------

r-
r-
r-
I---

W()fIOo 

WI"OI 

W21102 

W3i103 

SOo 

SOl 

S02 

S03 
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NEG Electronics Inc. 

Description 

NEC's dual-port line buffers are fabricated with a silicon-
gate CMOS process and can execute asynchronous read 
and write cycles at high speed. They also can be used as 
a time axis converter or a digital delay line of up to the 
length of the line buffer (at maximum frequency, the 
minimum delay line length is 10 bits). 

Applications include NTSC and PAL digital television 
systems, image processing in facsimile machines, plain 
paper copiers, video systems, and other optical scan-
ners; time base correction in video playback systems; 
and data communication buffering in multiprocessor 
systems and local area netwOlKs. 

Features 

o Dual-port operation 
o Image processing and data communications 

systems applications 
o Asynchronous and simultaneous read/write 

operation 

#,PD42101/42102/42505 
CMOS Line Buffers 

Ordering Information 
Read Cycle Write Cycle 

Device Time (min) Time (max) Package 

"PD42101C-3 34 ns 34 ns 24-pin 

C-2 34 ns 69 ns 
plastic DIP 

C-1 69 ns 69 ns 

"PD42101 G-3 34 ns 34 ns 24-pin 

G·2 34 ns 69 ns 
plastic mlniflat 

G·' 69 ns 69 ns 

"PD42102C-3 28 ns 28 ns 24-pin 

C-2 28 ns 56 ns 
plastic DIP 

C-1 56 ns 56 ns 

"PD42102G-3 28 ns 28 ns 24-pln 

G-2 28 ns 28 ns 
plastic mlniflat 

G-1 56 ns 56 ns 

"PD42505C-50 50 ns 50 ns 24-pin 

C-75 75 ns 75 ns 
plastic DIP 

C-50H 50 ns 50 ns 

C-75H 75 ns 75 ns 

"PD42P05\'-50 50 ns 50 ns 28-pin 

V-75 75 ns 75 ns 
plastic ZIP 

V-50H 50 ns 50 ns 

V-75H 75 ns 75 ns 

Contact your NEe sales representative for copies of the complete data sheets. 

80021 
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Block Diagram 

Read I--

-Read 
Control --

t-IEC 

FiE 
RCK 
RsTR 

Row Selector. 

rl 

8 Data Write Dual-Port Read Data r+-Input Column Storage Column Output 7-:r--
Buffers Selector. Cell Array Selectors Buffers 

DOUTO - DOUT7 

L. Write 

~ 
Row Selector. 

WE 
WCK 

RSiW 
- - Write 

Control 

Comparison of Dual·Port Une Buffers 
F.atu"" 

Organlzatlon 

Speeds (ns) 

4fsc digital television system 

Maxlmum digital delay (clocks) 

OPERATION 

Reset Cycle 

1'1"042101 

910x8 

34 or 69 

NTSC 

910 

"PD42102 

1135x8 

28 or5B 

PAL 
1135 

"PD42505 

5048x8 

50 or 75 

5048 

NEC's line buffers require the initialization of internal 
circuits using the RSTWJRSTR reset signals before start­
ing operation as a time axis converter or a digital delay 
line. 

A reset cycle can be executed at anytime and does not 
depend on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 

WrltelRead Cycle 

Write and read cycles are synchronized to their respec­
tive WCK/RCK inputs a~ executed individually when 
WCK or RCK is high and WE or RE is low. Write data must 
satisfy the setup and hold times as specified from the 
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rising edge of WCK. New data written to a particular 
address is available for reading after 1/2 write cycle + 
500 ns (maximum). 

The access time of the read cycle is measured from the 
rising edge of RCI<, either by tACR for an access during 
the first cycle directly after a reset begins, or by tAcfor an 
access under other conditions. Stored data is read non­
destructively; data can be repeatedly read within a 
prescribed time of 5 ms maximum (20 ms maximum for 
H versions). 

Time Axis Conversion 

In order to use these line buffers as time axis converters 
write and read cycles must be controlled independentl~ 
First, write/read ports are initialized separately using the 
reset signals. Then, write cycles are executed in synchro­
nization with WCK and write data is stored sequentially 
from address 0 of the device. Afterward, when a read 
cycle is executed in synchronization with RCK, stored 
data can be read sequentially from address o. 
Since write and read. cycles can be executed Indepen­
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary drive frequency. In this 
sense, the line buffer functions as a time axis converter. 



1tt{EC 
Digital Delay Line 

NEe's line buffers can also easily be used as digital delay 
lines. After initializing the internal circuits using simulta­
neous RSTW/RSTR signals, write/read cycles are exe­
cuted simultaneously by supplying the same pulse to the 
write clock (WeI<) and read clock (ReI<). The write data 
is always read after the full line delay if neither write nor 
read operation has been inhibited. This is the essential 
delay line function. 

If either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained at a selected 
(low) level, the delay line length can differ from the line 
length. 

For example, if only WE is set to a high level (write 
disable ) for a small number of cycles, read cycles are 
executed continuously and the delay line length is large. 
Alternatively, if only RE is set to a high level (read disable) 
for a small number of cycles, write cycles are executed 

"PD42101/42102/42505 

continuously and the delay line length is small. Note that 
the minimum delay line length is 10 bits (for maximum 
frequency operation) and the maximum is the length of 
the line buffer. 

A data delay of less than the line length can also be 
obtained by applying the RSTW and RSTR signals at 
different times. For example, data is loaded for u m" 
cycles after RSTW and then this data is read after 
supplying RSTR. In the case, since write data can be read 
from the beginning after a delay of u m" cycles, the device 
can be used as an Um-bit" digital delay line. 

The RSTW/RSTR reset signals can also be simulta­
neously loaded at every 1 H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length can be obtained according 
to the length of the reset Signals supplied. 
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p.PD42101/42102/42505 t-IEC 

8-8 



!\fEe 
NEe Electronics Inc. 
Preliminary Information 

Description 

The tJPD42270 is a field buffer designed for NTSC TV 
applications and for other applications where serial 
data is needed. Equipped with four planes of 263-line 
by 910-bit storage, the tJPD42270 can execute serial 
write and read cycles on any of the 263 lines. Within a 
line, four planes of 910 bits each may be written or read 
at the NTSC sampling rate of 4fsc. 

Each of the four planes in the tJPD42270 is equipped 
with two ports, one each for the write and read data 
registers. Each of the registers is split into two 455-bit 
segments, but functions as if it were organized as one 
scan line of 910 bits. Independent control of write and 
read operation makes it possible for the device to 
operate synchronously or asynchronously at a clock 
frequency of 14.3 MHz or higher. 

The synchronous option simplifies interframe lumi­
nance (Y) and chrominance (C) separation and inter­
field noise reduction and makes it easy to obtain a 
one-field delay line for digital TV and VCR applica­
tions requiring NTSC 4fsc sampling. To obtain a very 
long delay, field length can be configured from 260 to 
263 lines and line length of the last line from 896 to 
910 bits. 

The asynchronous option is useful in applications 
such as frame synchronization and time base correc­
tion, where line jump, line hold, line reset and pointer 
clear functions are required to support special effects 
in TV field processing. 

Regular refreshing of the device's dynamic storage 
cells is performed automatically by an internal arbitra­
tion circuit. All inputs and outputs, including clocks, 
are TTL-compatible. The tJPD42270 is packaged in a 
400-mil, 28-pin plastic DIP and is guaranteed for 
operation at -20 to +70°C. 

Ordering Information 
Access Time Cycle Time 

Part Number (maxi (mini Package 

I'PD42270C-60 40 ns 60 ns 28-pin plastic DIP 

Features 

pPD42270 
NTSC Field Buffer 

D Three functional blocks 
- Four 263-line x 910-bit storage planes 
- 910-bit write register for each plane 
- 910-bit read register for each plane 

D Two data ports: serial write and serial read 
D Asynchronous operation 

- Dual-port accessibility 
- Carry-out capability to indicate position of scan 

line 
- Line jump, line hold, line reset, and pOinter clear 

functions 
D Synchronous operation 

- Variable field length: 260 to 263 lines 
- Variable last line length: 896 to 910 bits 

D Automatic refreshing 
D CMOS technology 
D Fully TTL-compatible inputs, outputs, and clocks 
D Three-state outputs 
D Single +5-volt ±10% power supply 
D On-chip substrate bias generator 
D Standard 400-mil, 28-pin plastic DIP packaging 

Contact your NEC sales representative for a copy of the complete data sheet. 

NECEL-001080 8-9 



IIPD42270 t-{EC 
Block Diagram 

- o 0 INO- IN3 

I Write Bit Pointer I Write Bit Pointer I D Refresh r-Timer 

- I 

* J Data 
1 Input 

Write Data Register I Write Data Register I::J- Buffer 

l.! I ! LSO-LSt - Write 

BSO/WCO - r--- Scan 

~ 
~ Line 

BSt/RCO - Pointer II 
BS2/WLH -

-I--BS3/RLH -

MODE - 910 Bits Per Line . 
Read 

r- Seen 

~ 
WCK- Line 

Pointer w- Timing Storage Cen Array 
WCLR- Generator Scan 

Line 263 Lines 
WLRST - SeleCtor Per Plane 

WLJ-

H-~ Counter 
RCK-

OE-

RCDi- I--
RLRST - '---

l.~ RLJ-

~ il Data 
J Output 

Read Data Register I Read Data. Register I-f Buffer 
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~EC 
NEG Electronics Inc. 
Preliminary Information 

Description 

The,uPD43501 is a time-switch device designed for use 
in a high-performance digital communications net­
work. Features include a time-switch function by 
which up to 1,024 channels can be exchanged using 
a 16-bit data width, and a tone output function by which 
an 8-bit tone signal can be output to an arbitrary 
channel. 

Two planes of 1-kword by 8-bit storage area and one 
plane of 1-kword by 10-bit control storage area for the 
time-switch function enable the ,uPD43501 to realize 
switching modes in which arbitrary 1,024 or 512 input 
channels can be connected to arbitrary 1,024 or 512 
output channels. The configuration of the tone signal 
output section, one plane of 64-word by 8-bit tone 
storage area and one plane of 1-kword by 8-bit tone 
control storage area, allows the device to output up to 
64 different tone signals to an arbitrary output channel 
as 8-bit voice/tone data. 

Ordering Information 
Part Number Data Transfer Rate [max) 

pPD43501R 8.192 Mbps 

NECEL-1540V2 

Package 

132-pin ceramic pin grid 
array (PGA) 

pPD43501 
1,024-Channel 

Time-Division Switch 

Features 

o Separate switch storage and control storage to 
allow construction with one VLSI device of a non­
blocking switching network having a maximum 
capacity of 1,024 channels 

o Selectable operation 
- 1,024 by 1,024 serial input and output 
- 1,024 by 1,024 parallel input and output 

• 16.384 MHz operating frequency 
• 8.192 Mbps data transfer rate 

- 512 by 512 parallel input and output 
• 8.192 MHz operating frequency 
• 4.096 Mbps data transfer rate 

o Switching flexibility 
- 8- or 16-bit data width 
- n by 64 kbps connection 

o Tone signal output function 
o 8 by 8 space switch for an 8.192 Mbps, 128-channel 

multiplexed line 
o CPU interfaces for the control storage and tone 

control storage 
o Low power consumption: 1000 mW (typ) 
o TTL-compatible inputs and outputs 
o 132-pin ceramic pin grid array packaging 

8-11 



pPD43501. 

Switching Functions 

Mode 0 

In this mode, the pPD43501 inputs eight 128-channel 
multiplexed lines from ports 5100 through SID? (or 
from ClOD through CIO?) and outputs eight 128-channel 
multiplexed iines to ports 5000 through SOD? (or COoo 
through COO?). Referto figure 1 for a functional pin 
diagram. 

Serial input data from the input ports first is converted 
to parallel data by the serial-to-parallel converters in 
the receive section, and then multiplexed and sent to 
the input section of the switch storage area. Since the 
write address counter is synchronized with input data, 
the write address of the switch storage area corre­
sponds to the time slot number of the input signal. 
Writing multiplexed data to the switch address speci­
fied by the write address counter causes input data in 
the time slot corresponding to the switch address 
always to be stored at that address (figure 2). 

Conversely, a .control storage address corresponds to 
an output-side time slot number, and the data in control 
storage indicates the switch storage address, i.e., the 
input-side time slot number is stored at the control 
storage address corresponding to the output-side time 
slot to which the input-side is transferred. 

The address signal is sent from the read address 
counter to control storage in synchronization with 
each output-side time slot. Data read out by this 
operation is then sent to the switch storage area as the 
address signal, and the data in the specified address 
(input-side time slot) is then read out on the output side 
and switched. Switched data is sent to the parallel-to-
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serial converters in the transmission section, where it 
is converted to serial data and then output to the 
appropriate output ports. 

With this switching function, the data in an arbitrary 
time slot on the input side can be output as data in an 
arbitrary time slot on the output side. Furthermore, in 
addition to the time division switch function, a space 
switch function enables switching time slots on any of 
the eight input ports to be output on any of the eight 
output ports. This means that a nonblocking 8 x 8 
space switch for 128-channel multiplexed lines can be 
realized. 

Mode 1 

Mode 1 makes it possible for the pPD43501 to input 
512-channel multiplexed lines (4.096 Mbps by 8 bits), 8 
bits in parallel, and output 512-channel multiplexed 
lines, 8 bits jn parallel. The input signals received on 
the input ports are sent to the switch storage area in 
parallel, after which the same switching functions 
described in Mode 0 are then performed. 

Mode 2 

In Mode 2, the pPD43501 inputs 1,024-channel multi­
plexed lines (8.192 Mbps by 8 bits), 8 bits in parallel, 
and outputs 1,024-channel multiplexed lines, 8 bits in 
parallel. The input signals received on the input ports 
are sent to the switch storage area in parallel, after 
which the same switching functions described in 
Mode 0 are performed. 



t-IEC 
Block Diagram 
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pPD43501 

Time Slot Versus Frame Configuration 

ModaO 

Sloo! (ILO) 

Sloo' (IL7) 

Frame Configuration 

.. 
FH .Jl 

Siro TSO (ILO CHO) 

I 
I 
I 

TS7(1L7CHO) I 
Sl07 

~oo 
TSO (OLO CHO) 

I 
I 
I 
I 

S007 TS7 (OL7 CHO) 

Tlma Slot Configuration 

122n_ • • 
FHJ 

CLK 

Sloo 87 86 
I 

\.. I 
I 
I 
I 

SI07 87 86 

SOoo 87 86 
I \... I 
I 
I 

so:U 87 86 

Notss: 
[I) IL = Input IIna 
[2) OL = output IIna 
[3) TS = tima slot 
[4) CH = channal 
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Package Drawings 

Section 9 
Package Drawings 

Package/Device Cross-Reference 9-3 

28-Pin Plastic SOP (375 mil) 9-6 

3O-Pin Plastic Shrink DIP (400 mil) 9-6 

4O-Pin Plastic DIP (600 mil) 9-8 

4O-Pin Ceramic DIP With Side-Brazed Leads 9-7 
(600 mil) 

4O-Pin Cerdip (600 mil) 9-8 

44-Pin PLCC 9-9 

48-Pin Plastic DIP (600 mil) 8·10 

52-Pin Plastic Miniflat (3.5-mm leads) 8·11 

52-Pin Plastic Miniflat (1.8-mm leads) 8·12 

52-Pin PLCC 8·13 

64-Pin Plastic Miniflat 8·14 

64-Pin Plastic Shrink DIP (750 mil) 9-15 

68-Pin PLCC 9-18 

74-Pin Plastic Miniflat 9-17 

8O-Pin Plastic Miniflat (2.35-mm leads) 9-18 

8O-Pin Plastic Miniflat (1.8-mm leads) 9-18 

84-Pin PLCC 9-20 

94-Pin Plastic Miniflat 9-21 

100-Pln Plastic Miniflat 9-22 

132-Pln Ceramic PGA 9-23 
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Package/Device Cross-Reference 
Package 

28-Pln Plastic SO P (375 mlO 

SO-Pin Plastic Shrink DIP (400 mil) 

40-Pin Plastic OIP (600 miO 

40-Pln Ceramic DIP With Side-Brazed Leads 
(600 mil) 

40-Pin Cerdip (600 miQ 

44-Pin PLCC 

48-Pin Plastic DIP (600 miQ 

52-Pin Plastic Mini!lat (3.5-mm leads) 

52-Pin Plastic Mini!lat (1.8-mm leads) 

Device, ,.PD 

71065G 

71066CT 

765AC2 
765B 
7201AC 

72001C 
720010.11 
720200.8 

72061C 
72065C 
72065BC 

7201 AD 
7220AD 
7220AD-l 
7220AD-2 

7261AD 
7261 BO-18 
7261 BO-23 

7262012 
7262018 

72065L 
72065BL 

72067C 

7225G-OO 
72065G 

72001 Go.3B6 
72001GC-3B6-11 
7202OGo.8-3B6 
72061 Go.3B6 

72065GC 
72065BGo.3B6 
72067Go.3B6 

Package Drawings 

Package Device, ,.PD 

52-Pin PLCC 72001L 
72001L-ll 
72061L 
72067L 

64-Pin Plastic Mini!lat 7227G-12 

64-Pln Plastic Shrink DIP (750 mil) 72111CW 
72185CW 

68-Pin PLCC 72022L 
72111L 
72185L 

74-Pin Plastic Mini!lat 72111GJ-5BJ 

80-Pin Plastic Mini!lat (2.35-mm leads) 7228G-12 
7228AG-12 

80-Pin Plastic Mini!lat (1.8-mm leads) 72022GF-3B9 
72068GF-3B9 

54-Pin PLCC 72068L 
72069L 
72120L 
72123L 

94-Pln Plastic Mini!lat 72120J-5BG 
72123GJ-5BG 

100-Pin Plastic Mini!lat 72069GF-3BA 

132-Pin Ceramic PGA 72123R 
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Package Drawings ttiEC 
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t-IEC 
28-Pin Plastic SOP (375 mil) 

Item Mlilimelers Inches 28 

A 18.07 max .711 max 

B 10.3±O.3 .406 ±.012 

c 7.2 .283 

o 2.9 max .114max 

E 2.50 .098 

F 1.6 .063 

G 1.27 [TP] .050 [TP] 

H 0.8±O.2 .031 ±.008 

0.78 max .031 max 

0.40 ~:~~ .016 ~:~~~ 

K 0.15 ~:~~ .006 ~:~~~ 
0.12 .005 

M 0.1 ±O.1 .004±.004 

P28GM·5()..375R 

30-Pin Plastic Shrink DIP (400 mil) 

Item Millimeters Inches 

A 28.46 max 1.120 max 

B 10.16 [TP] .400 [TP] 

C 8.6 .339 

0 5.08 max .200 max 

E 4.31 max ·.170 max 

F 3.2±O.30 .126±.012 

G 1.78 max .070 max 

H 1.778 [TP] .070 [TP] 

0.85 min .033 min 

J 0.51 min .020 min 

K a.50 ±O.10 0.20 ±.004 

0.25 ~:6~ .010 ~:gg~ 
M 0.17 .007 

/ 
~I 

! 
I 

Gi--J 
S3OC·70-400B 

u~, 
I 

I 
I 

0Il--i 

17 

I 

'I 
I 

i~D 
TI 

I--

Package Drawings 

831H·5751 B (6189) 

--II-. 
L 0-15" 

83vQ.61398 (6/89) 
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Package Drawings ttlEC 
4D-Pln PI •• tlc DIP (600 mil) 

Hem Millimeter. Inch .. 
A 53.34 max 2.100 max 
B 15.24 [TPJ .600[TPj 

C 13.2 .520 

0 5.72 max .225 max 
40 21 

E 4.31 max .170 max 

~; : : : : : : : : : A: : : : : : : : : ; I 

F 3.6:1:0.3 .142±.012 

G 2.54 max .100 max 
H 2.54I!Pj .100 I!P) 
I 1.2 min .047 min 
J 0.51 min .020 min 
K 0.50:1:0.10 .020:1:.004 

L 0.25 ~:~~ .010 ~:gg: 
M 0.25 .010 
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t-lEC Package Drawings 

4O-Pin Ceramic DIP With Side-Brtu.ed Leads (600 mil) 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 (TP) .100 (TP) 

0 0.46 ±0.05 .018 ± .002 

F 0.92 min .036 min 

G 3.5 ±0.3 .138 ±.012 

H 1.0 min .039 min 

2.64 .104 

J 4.57 max .180 max 

K' 15.24 (TP) .600 (TP) I~ L 

L 14.93 .588 

M 0.25 ±0.05 .010 ~:gg~ 
N 0.25 .010 

* Item K to center of leads 
when formed parallel. 

40 21 

I. 
A 

20 .1 

P40D-100-s00A 49NR·526B (5/89) 
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Package Drawings t\'EC 
lID-PIn Cerdlp {6tJD mil} 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 (TP) .100 (TP) 

0 O.SO ±0.10 .020 + .004 
-.005 

F 1.2 min .047 min 

G 3.5 ±0.3 .138 ±.012 

H 0.51 min .020 min 

I 3.80 .150 

5.08 maX .200 max 

K" 15.24 (TP) .600 (TP) 

L 13.21 .520 

M 0.25 ±0.05 .010 ~:gg~ 
N 0.25 .010 

" Item K to center of leeds 

I'i' 
w 

L 

"I 

j\~ t 
-li-

when formed parallel. M 0-15° 

49NR-53OB (8180) 
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NEe Package Drawings 

44-PinPLCC 

rF: ~ 

Itam Millimeters Inche. 

A 17.5 ±O.2 .689 ±.008 

B 16.58 .653 

C 16.58 .653 

D 17.5 ±O.2 .689 ±.008 

E 1.94 ±O.15 .076 ±.OO6 44 
F 0.6 .024 + C D 
G 4.4 ±O.2 .173 ±.008 

111 
H 2.8 ±O.2 .110 ±.008 

I 0.9 min .035 min 

J 3.4 .134 

K 1.27 (!Pl .050 (TP) 

M 0.40 ±O.10 .016 ±.004 

N 0.12 .005 

P 15.50 ±O.20 .610 ±.008 

Q 0.15 .006 

T 0.8 radius .031 radius 
F 

U 0.20 j:rig .008 ::gg: 

G 

P44L-SOAt .... 83Y ........ 
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Package Drawings NEe 
48-Pln "'.,11: DIP (6110 mil) 

Item Millimeters Inch.s 

A 63.50 max 2.500 max 
B 15.24 [TP] .600 [TP] 

C 13.8 .543 

D 5.72 max .225 max 46 25 

E 4.31 max .170 max 
F 3.6:1:0.3 .142:1:.012 

G 2.54 max .100 max 
H 2.54[TP] .100 [!P] 

I 1.1 min .043 min 
J 0.51 min .020 min 

.020:1:.004 

.010 ::gg: 
A 

K 0.50:1:0.10 

L 0.25 :g:~~ 24 I 
M 0.25 .010 

If 
[]] 

c 

f 
--t~ 

0-lSO 

P48C-100-&00A 83vQ.6t388 (81891 
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NEe 
52-Pin PIe.tlc Mlnltl., (3.5-mm leads) 

Item MIllimeters Inches 

A 21.0 ±0.4 .827 ±.016 

B 14.0 ±0.2 .551 ~:gg~ 

c 14.0 ±0.2 .551 ~:g: 
0 21.0 ±0.4 .827 ±.016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~:g~ 
0.20 .008 

1.0 (TP) .039 (TP) 

K 3.5 ±0.2 .138 ~:gg~ 

l 2.2 ±0.2 .087 ~:g: 

M 0.15 ~g:6g .006 ~:gg~ 
N 0.15 .006 

P 2.6 ~g:~ .102 ~:gg~ 
Q 0.1 ±0.1 .004 ±.004 

P52G-100.00 

Package Drawings 

A 

C 0 

t 
F J 

@l I @10 

K 

~mooioon]niJ+ 
Q ~ l~ 

49NA·5368 , ..... ) 
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Package· Drawings 

.-PIn ",..,It: """"., (t.B-mm""j 

hem MIllimeters Inches A 

A 17.6 ±0.4 .693 ±.016 

B 14.0 ±0.2 .551 ~:gg: 

C 14.0 ±0.2 551 +.009 
. -.008 

0 17.6 ±0.4 .693 ±.016 
F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~::: C 0 

0.20 .008 
1.0 (TP) .039 (TP) 

K 1.8 ±0.2 .071 ~:g: 

L 0.8 ±0.2 .031 ~:gg: 

M 0.15 ~g:cig .006 ~:g~ 
N 0.15 .006 

P 2.7 .106 I$l I ®10 
Q 0.1 ±0.1 .004 ±.004 

R 0.1 ±0.1 .004 ±.004 Enlarged detail of lead end 

S 3.0 max .119 max 

EE+I+ 
Q R 

'(9NR-493B (Hit 
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NEe Package Drawings 

52-Pin PLCC 

F: 
nam Millimeters Inche. 

A 20.1 :to.2 .791 ±.008 
B 19.12 .753 

C 19.12 .753 

D 20.1 :t02 .791 ±.008 

E 1.94 :to.1S .076 ±.008 

F 0.6 .024 52 
G 4.4 :to.2 .173 ±.008 C D 
H 2.8 :to.2 .110 ±.008 

0.9 min .035 min 

J 3.4 .134 
K 127 [P! .050 [P! 
M 0.40 :to.10 .016 ±.004 

N 0.12 .005 

P 18.04 :to.20 .710 ±.008 
Q 0.15 .008 

T 0.8 radius .031 radius 

U 0.20 :+g:~ .008:,":~ 
F 

G 

P52L-sMt 
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Package Drawings 

tJ4..Pln Pla.tlc .,,,,,,., 

Rem Millimeters Inches A 

A 24.7 ±0.4 .972 ::g1~ 
B 

B 20.0 ±0.2 .795 :::: 

c 14.0 ±0.2 .551 :::: 

0 18.7 ±0.4 .736 ±.016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 :::: 
C 0 

0,20 .008 
1.0 (TP) .039 (TP) 

K 2.35 ±0.2 .093 ::gg~ 

L 1.2 ±0.2 .047 ::gg: 
M 015 +0.10 

_', -0.05 .006 ::gg; 
N 0.15 .006 

P 2.05 +0.2 ·081 ::gg~ -0.1 
1$1 I @10 

,0 0.1 ±0.1 .004 ±.004 

P64G-100-12, 18 49NR·5438 (8189) 



NEe Package Drawings 

64-Pln Plastic Shrink DIP (T50 mil) 

64 33 

~----------------------A----------------------~ 

K @l M@1 

Hem Millimeters Inches 

A 58.68 max 2.310 max 

B 19.05 (TP) .750 (TP) 

C 17.0 .669 

D 5.08 max .200 max 

E 4.31 max .170 max 

F 3.2±O.3 .126±.012 

G 1.78 max .070 max 

H 1.778 (TP) .070 (TP) 

I 0.9 min .035 min 
0-15' 

J 0.51 min .020 min 

K 0.50 ±O.10 .020±.004 

L 0.25~g:ri~ :010~:gg~ 
M 0.17 .007 518. 

P64C-7o-750A, C 83YL-5560B 
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Package Drawings 

tI,-PIn PLCC 

111m Mlilimete,. Inch .. 
A 25.2iO.2 .992:1:.008 
B 24.20 .953 

C 24.20 .953 
D 25.2iO.2 .992:1:.008 

E 1.94iO.15 .076~:g: 
F 0.6 .024 

G 4.4iO.2 .173~:= 

H 2.8iO.2 .110~:= 
I 0.9 min .035 min 
J 3.4 .134 
K 1.27 !!~ .050(T~ 

M 0.40iO.10 .016~:~ 
N 0.12 .005 

P 23.12iO.2O .910~::: 
Q 0.15 .006 
T 0.8 radius .031 rBd"IUS 

U 0.20+0·10 
-0.05 

008+.004 
. -.002 

9-16 

Ii' CC[]CCCCC 

68 

F 

G 

A 

B 

+ C 

T 

D 

5180 

83VL..&S818 



ttlEC 
74-Pin Plastic Mlnlflat 

Item Millimeters Inches 

A 23.2 ±0.4 .913 ~:g~~ 
B 20.0 ±0.2 .787 ~:gg: 

c 20.0 ±0.2 .787 ~:gg: 

0 23.2 ±0.4 .913 ~ :g~~ 
F1 2.0 .079 

F2 1.0 .039 

G1 2.0 .079 

G2 1.0 .039 

H 0.40 ±0.10 .016 ~:gg~ 
0.20 .008 

1.0 (TP) .039 (TP) 

K 1.6 ±0.2 .063 ±.002 

L 0.8 ±0.2 .031 ~:gg~ 

M 0.15 ~g:~~ .006 ~:gg~ 
N 0.15 .006 

P 3.7 .146 
Q 0.1 ±0.1 .004 ±.004 

R 0.1 ±0.1 .004 ±.004 

S 4.0 max .158 max 

S74GJ·100·5BJ 

A 

B 

F2 

F1 

Package Drawings 

Enlarged detail of lead end 

H;4 
Q R 

49NR-347B 
(6/89) 
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Package Drawings NEe 
IItJ-Pln PI.,ic ",nit,., (2.35mm IeIIds) 

item Mllllmet .... Inch .. A 
A 24.7±OA .972:1:.018 

B l!O.O±O.2 .787 ~:~ 
C 14.0±O.2 .551 +.009 

-.00& 

0 1&.7±O.4 .736:1:.018 

F 1.0 .039 
G 0.& .Q31 

H 0.35±O.10 .014 :::~ 
0.15 .ooa 

J 0.8 (TP) .Q31 CTPI 
K 2.35±o.2 .ass +.009 

-.00& 

L l.2±O.2 J)47::~ 

M 0.15 ~~g .ooa +.004 
-.002 

N 0.15 .006 

P 2.05 ~~ .0&1 ~:gg: 
R 0.1 to.l .004:1:.004 
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t-IEC Package Drawings 

SO-Pin Pls.tic MlniflBt (I.B-mm IfIIIds) 

Item Millimoto .. Inch •• 
A 23.6±O.4 .929±,016 

B 20.0±O.2 .7Pi7 ::~ 
C 14.0±O.2 .551 +.009 

-.008 

D 17.6:10.4 .693 ±.016 

F 1.0 .039 

G 0.8 .031 

H 0.35:10.10 .014 ::~ 
0.15 .005 

J 0.8 (TP) .031 (TP) 

K 1.8±O.2 .071 ::~ 
L 0.8±O.2 .031 ::~ 

M 0.15 ~:~ .005 +.004 
-.002 

N 0.15 .005 

P 2.7 .106 

Q 0.1 ±O.1 .004±.004 

R 0.1 ±O.1 .004±.004 

S 3.0 max .118 max 

Pin Detail 

PSOGF·8Q·3B9 83IH·S543B (6189) 
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Package Drawings 

B4-PinPLCC 

G 

P84L--50A3 

9-20 

ttlEC 

----------I3-C D 

F 

T 

~--~----------p---------------~ 
83YL·SSOGB 
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ttlEC Package Drawings 

94-Pin PI •• tic lIinitl.t 

A 
• Item Millimeters Inches 

23.2 ±O.4 .913 +.017 A -.016 

20.0 ±O.2 .787 +.009 B -.006 

20.0 ±O.2 .787 +.009 C -.008 

D 23.2 ±O.4 .913 ~:g~~ 
Fl 1.6 .063 

F2 0.8 .031 

Gl 1.6 .063 
G2 0.8 .031 

0.35 ±O.10 .014 +.004 H -.005 ~~--------+--------~~ C D 

0.15 .006 

J 0.8 (TP) .031 (TP) 

K 1.6 ±O.2 .063 ±.006 

0.8 ±O.2 .031 +.009 L -.008 

0.15 ~:ci~ .006 +.004 M -.003 

N 0.15 .006 

P 3.7 .146 
Q 0.1 ±O.1 .004 ±.004 

R 0.1 ±O.1 .004 ±.004 

S 4.0 max .158 max 

Detail of lead end 

R Q 6/89 
S94GJ-8~5BG 83YL·5810B 
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Package Drawings ftiEC 
'DO-Pin Pillstic Minlfillt 

A • Item Millimeters Inches 

A 23.6 ±O.4 .929 ±.016 

B 20.0 ±O.2 .787 ~:gg: 

C 14.0 ±O.2 .551 ~:gg: 
D 17.6 ±O.4 .693 ±.016 

F 0.8 .039 
G 0.6 .031 

H 0.30 ±O.10 .014 ~:gg~ 
I 0.15 .006 -l=$;:I-------+------4$~ C D 

J 0.65 (TP) .031 (TP) 

K 1.8 ±O.2 .071 ~:gg: 

L 0.8 ±O.2 .031 ~:gg: 

M 0.15~:ri~ .006 ~:gg~ 

N 0.15 .006 

P 2.7 .106 

a 0.1 ±O.1 .004 ±.004 

R 0.1 ±O.1 .004 ±.004 G CD 
S 3.0 max .118 max 

Detail 01 lead end 

R a 
P100GF-65-38A 6/89 83YL-S811 B 
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t-IEC 
132-Pin Cer.mlc PGA 

," 
A 

"' 
r :\ 1 

0 

'- '...J 1 <I 

X132R-100A 

Package Drawings 

P N M L K J H G FED C B A 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 14 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 13 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
000 

000 

0 o 0 

0 o 0 

0 0 0 

0 0 0 

0 o 0 

000 

o 000 0 0 0 0 0 

000 0 0 0 0 0 0 

o 0 0 0 000 0 0 

H.m Mlillmet.,. 

A 35.56:1:0.4 

0 35.56:1:0.4 

E 1.27 
F 2.54 (TP) 

G 2.8 :1:0.3 

H 0.5 min 

I 2.9 
J 4.57 max 

K .1.2:1:0.2 

L .0.46 :I:O.OS 

M 0.5 

000 

000 

000 

0 o 0 

0 o 0 

0 o 0 

0 o 0 

11 

10 
9 
8 

7 
6 
5 

o.~o : ~: ; 
o 0 0 0 2 

o 0 00 

\ 
Locator Pin 

Inch .. 

1.400::g~~ 

1.400::g~~ 
.050 
.100 (TP) 

.110::g1~ 

.019 min 

.114 

.180 max 

•. 047:::~ 

•. 018:::~ 
.020 .... 

83VL·!I8t7B 
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Package Drawings 

FIELD SALES OFFICES 
NORTHEAST REGION 

One Natick Executive Park 
Natick, MA 01760 
TEL: 508-655-8833 
FAX: 508-655-1605 

200 Perinton Hills 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 

2 Jefferson SI. 
Suite 103 
Poughkeepsie, NY 12601 
TEL: 914-452-4747 
FAX: 914-471-2853 

Two Jericho Plaza 
Jericho, NY 11753 
TEL: 516-932-5700 
FAX: 516-932-5710 

Six Neshaminy Interplex 
Suite 203 
Trevose, PA 19047 
TEL: 215-638-8989 
FAX: 215-638-1794 

SOUTH CENTRAL REGION 

16475 Dallas Parkway 
Suite 380 
Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 

SOUTHEAST REGION 

6625 The Corners Parkway 
Suite 210 
Norcross, GA 30092 
TEL: 404-447-4409 
FAX: 404-447-8228 

901 Lake Destiny Drive 
Suite 320 
Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 

2525 Meridian Parkway 
Suite 320 
Durham, NC 27713 
TEL: 919-544-4132 
FAX: 919-544-4109 

MIDWEST REGION 

1500 West Shure Drive 
Suite 250 
Arlington Heights, IL 60004 
TEL: 312-577-9090 
FAX: 312-577-2147 

340 E. Big Beaver Road 
Suite 210 
Troy, M I 48083 
TEL: 313-680-0506 
FAX: 313-680-1015 

1550 East 79th Street 
Suite 805 
Bloomington, MN 55425 
TEL: 612-854-4443 
FAX: 612-854-1346 

Busch Corporate Center 
6480 Busch Blvd., Suite 121 
Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 

30050 Chagrin Blvd. 
Suite 320 
Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 21.6-831-0758 

NEe 
NORTHWEST REGION 

401 Ellis Street 
PO. Box 7241 
Mountain View, CA 94039 
TEL: 415-965-6200 
FAX: 415-965-6683 

Two Uncoln Center 
10220 S.w. Greenburg Road 
Suite 125 
Portland, OR 97223 
TEL: 503-245-1600 
FAX: 503-245-3716 

14001 East Iliff Avenue 
Suite 411 
Aurora. CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 

SOUTHWEST REGION 

200 E. Sand pointe, Bldg. 
Suite 460 
Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 

Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 
Encino, CA 91316 
TEL: 818-342-3111 
FAX: 818-342-0842 



NEe 
NEe Electronics Inc. 
CORPORATE HEADQUARTERS 

401 Ellis Street 
P.O. Box 7241 
Mountain View. CA 94039 
TEL 415-960-6000 
TLX 3715792 

For literature, call toll-free 7 a_m_ to 6 p.m_ Pacific time: 
1-80(H)32-3531 
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" 1989 NEG Electronics Inc.lPrinted in U.S.A. .. 


