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pPD7262

SECTORF

ORMATS

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

Figure 28. Hard-Sector and Soft-Sector Formats

Hard-Sector Format
INDEX/
secP_ | . SECP
.J_Ll A Area - Data Area
ISG_| PLO | ABSP ADDRESS FIELD ADDRESS | ADDRESS | WRITE PLO | DBSP | DATA | DATA | DATA| FSTG 1SG
GAP1 SYNC CHECK PAD SPLICES | SYNC FIELD |CHECK| PAD
BYTES BYTES GAP2
‘00° ‘00' |'ABSP'|'LCNH |'LCNL' | ‘LHN | ‘LSN' | FLAG'] 'CRC’ ‘00* ‘00" | 'DBSP' ‘CRC/ | ‘00 ‘00"
xePiLfxpot] t | xa | @ | | @ | x x2 x2 x  [xeot| w [xorum il ECCH x2 | xapaL
AM Soft-Sector Format
et | s
GAP1 PAD
Same as hard-sector format.
‘00
XGP1L x3 xi
ISG = Inter Sector Gap
ABSP = Address Byte Sync Pattern
DBSP = Data Byte Sync Pattern
FSTG = Format Speed Tolerance Gap

49M-000102
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NEC Electronics Inc.

pPD72061
CMOS Hard-Disk Controller

Description

The uPD72061 is a hard-disk controller featuring low
power consumption and high-speed data transfers.
Based on the uPD7261A/B, it provides control 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 uPD72061 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

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

o0 Programmable track format

o Controls up to eight drives in SMD-type mode, four
drives in ST506-type mode

50072

Parallel seek operation

Multisector and multitrack transfer

Data scan and data verify

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

NRZ or MFM format

Read/write clock frequency: 24 MHz max

Error detection and correction

CMOS

#PD7261A/B compatible

Single +5-volt power supply

40-pin plastic DIP, 52-pin plastic miniflat, 52-pin
PLCC

Ooooo

Oooo0O0oo

Ordering Information

Part Number Package

uPD72061C 40-pin plastic DIP
p#PD72061GC-3B6 52-pin plastic miniflat
pPD72061L 52-pin PLCC
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wPD72061 Block Diagram

RW CLK
BT1 (RGATE)
RW DATA
BT0 (WGATE)
SYNC

(PCL) SCT
INDEX

Do -D7

j«——— CLK

i ]
Unit
Format [
Controller RESET
Data Buffer
8 x 8 Bit FIFO
Disgg::;frm le-LLfe- Multifunction
Disk Interface
Lines
Ct \d/Status
Register
Internal RAM
Read/Write
INT/DMA
Control
ROM
Control Firmware

83SL-59298
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NEC Electronics Inc.

pPD72111
Small Computer System
Interface Controller

Description

The pPD72111 is a small computer system interface
controller (SCSIC) conforming to ANSI X3T9.2/82-2
Rev.17B. The uPD72111 SCSI controller offers a true
16-bit CPU data bus but also can be interfaced to an
8-bit CPU data bus.

The uPD72111 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 uPD72111 was developed utilizing NECs 1.2-um
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
Operates as initiator or target
Internal single-ended type SCSI bus drivers (48-mA)
and Schmitt-type receivers
CPU data bus width selectable (16 bits or 8 bits)
Programmed transfer or DMA transfer selectable
Internal 24-bit transfer counter
FIFO-type data buffers on SCSI bus side and CPU
bus side :

oo

oooao

Ordering Information

Pin Configurations

64-Pin Plastic Shrink DIP (750 mil)

35
34
33

28

[o]

ZA RGN =
o

3

anot .f1 /e fa RST
GNDo [ 2 63 [1 SEL
CLK 13 62 [1 BSY
RESET ] 4 61 [1 GND1
Cs Os 60 [1 VO
UBE s s9 3 TD
ECP 7 58 [1 MSG
INT 8 57 [1 REQ
IOWR O o 56 [1 ACK
IORD ] 10 55 [71 GND1
DMARQ [] 11 541 ATN
DMAAK [ 12 53 [] GND1
6B ] 13 521 §B7
GNDO [] 14 511 SBg
Vop O 15 50 [ GND1
Az [ 16 491 SBs
Ay 7 48 [ SB4
Ao O 18 47 |3 GND1
DPH [] 19 46 [1 SB3
GNDO [ 20 451 SB3
DPL ] 21 44 [7 GND1
Dys [ 22 43 [J SBy
Dis [] 23 421 SBo
Di3 [ 24 417 SBP
Dy2 [ 25 40 [ GND1
Dy1 O 26 39 [3 Do
Do O 27 38D
Dg [ 28 7 m )
Dg [} 29 3D
O 1 D
O D
O u

W
N

83vQ-5913A

Part No. Package

pPD72111CW 64-pin plastic shrink DIP (750 mil)
wPD72111L 68-pin PLCC

pPD72111GJ-5BJ 74-pin plastic miniflat

50079
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68-Pin PLCC

SBP

gseo

601 ACK

Serew oSN 85883386

10

5911 GND1

S8 ATN
5717 GND1

[ RE]

56[1SB 7

14

551 sBg

5417 GND1

S30sBs

521 SB 4

511 GND1
50[1$B 3

491 SB 2

48171 GND1

471 SB 1
46
441 NC

45

M 1aND
1 0a

1 ‘a
0 ¢a

[ €a

[ va

[ Sa

[ oaNd
[ adp
1 %a

1 Za

0 8a

D 6a

[ Otg
W_ g
[ ¢ta
] ON

NC
IOWR O} 11

ORD 12

DMARQ

DMAAK

168 Q15
GNDo 16

vpp 017

Az : 18
Ay O1o
Ag 20
DPH [ 21
GNDo []22

DPL 23
D5 Q24
D4 O25
D13 [}26

83vQ-59158

74-Pin Plastic Miniflat

oy
DS

o1
LOND
ON
Ass
a3
Asy
LOND
ON
0aND
310
13s3y
s2
380
do3
N

NC

55171 GND1
53[7] GND1
49[7 GND1

56 ACK
54 ATN
52|71 587
510 NC
s0[7 SBg
48[ SBs

47[ SBg4

467 GND1
451 NC

42[7 GND1

44 SBg
437 SB»
417 SB4
40[1 SBg
39[7] SBP

38

€[ GND
9t %a
se[dJ ta
veld ¢a
€€ m €q
eef1va
oe 3 Sa
62 [ 0OND
821 ON
L2 Q0p
]
se1‘a
ve[1 8a
¢2gf1 Sa
zef1 %a
12fd ON

0z[d Ha
611 %a

ch1o

IOWR ]2
iORD []3
DMARQ []4
68 6
GNDo []7
Vpp 8

DMAAK []5

Az Oo
A 1o
Ap O 11
DPH [ 12

GNDo 13

DPL 14
D5 415
Dig O 18
D43 OQ17

NC O 18

83v0-59168
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Pin Identification

Symbol /O Signal Function

Symbol /O Signal Function

CPU Interface Pins

Ag-A2 In  Address bus, bits 0-2. Specifies direct access
register to be accessed.

CS In  Chip Select. Enables internal register accessing.
Dg-Dys /O Data bus, bits 0-15. Function depends on bus
mode.
16-Bit Bus Mode
D¢-D7 Lower 8 data bits

Dg-D1s Upper 8 data bits.

MSG /O Message.
Combinations of these signals determine the SCSI

bus phase.

MsG Tp o Bus Phase

1 1 1 Data-out

1 1 0 Data-in

1 0 1 Command

1 0 0 Status

0 0 1 Message-out
0 0 0 Message in

8-Bit Bus Mode REQ /O Requests transfer of target information.
Do-D7 8 data bits RST /O Reset. When RST signal is detected, uPD72111
Dg-D1s5 High-impedance state immediately releases SCS! bus, sets INT pin
—_— active, and then enters idle state.
DMAAK In DMA Acknowledge. DMA service enable signal
input. SBo- /O SCSI data bus, bits 0-7.
DMARQ Out DMA Request. DMA service signal output. 5B
- SBP /O  Parity bit for SCSI data bus.
DPH /O Data Parity High. In 16-bit bus mode, parity bit for
data bits Dg-Dys. In 8-bit bus mode, this pin SEL /O Indicates that the select/reselect operation is being
becomes high impedance. executed.
DPL /O Data Parity Low. Parity bit for data bits Dg-D7. Other Pins
EOP Out End of Process. Open-drain output that terminates CLK In  External clock.
DMA service data transfer. RESET In System reset
INT Out Interrupt Request. Open-drain output to CPU. GNDO - Ground O V).
TORD In /O Read. Enables CPU to read contents of
wPD72111 internal register. GND1 - Driver/receiver ground (0 V).
TOWR  In  I/O Write. Enables CPU to write data to uPD72111 Voo In__-+5-voit power supply.
internal register. Notes:

UBE In  Upper Byte Enable. In 16-bit bus mode, indicates
that upper 8 bits of data bus are valid; UBE and
address Ag determine how internal register is

accessed,
Ao UBE Register Access
0 0 16-bit units (Dg-D1s)
0 1 8-bit units (Dg-D7)
1 0 8-bit units (Dg-D15)
1 1 Not allowed
168 In  16-Bit Bus. Selects bus mode: 0 = 16-bit;
1 = 8-bit.
SCSl Interface Pins

ACK /0 Acknowledge. Indicates that initiator has accepted
the target information transfer request.

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

BSY /O Busy. Indicates that another SCSI device is
currently using the bus.

Co /O Command/Data.

/0 /0  Input/Output.

(1) Each SCSl interface pin has an open-drain driver and a Schmitt
receiver so that the uPD72111 can be directly connected to a
single-end SCSI bus.

(2) After reset, the 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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pPD72111 Block Diagram

SCSI Bus
Control Unit
Interrupt - —
INT Control Arbg‘%non - > RST
:> Direct Access Selection || | la—»- BSY
Registers Control —
P Main Control | [+ SEL
DMAAK ——s-{ — Block = > WSG
CS ——»] R
ORD Bus Phase Driver/ -
— > @ Control | [~] Receiver [+ ©/D
1owR > Read/Write - 1o
UBE ———~ Control -
ﬁg — scsl — - m
3 "
Indirect Access : Transfer || | J—
Ap-A2 |:> Register Control <= REQ
—] Internal Transfer Transfer ||—] - ACK
Control |_Counter ,
8 A
o001 ¢ Kt
Bus Size <:
8 Converter
o015 (2
‘ FIFO Data | SCSIFIFO <:
:> Buffer Data Buffer |
DPH <—»} Parity C——- 9  SBy-
DPL ~——| Generator/Checker CUDIVSG |4 > oriverr Ky SB7.
Decoder R SBP
eceiver
DMARQ <«—— DMA Request Parity
EOP <a—] Control Generator
Check
CLK ——»
RESET ——»
Vpp —»
GNDO
GND1
83SL-5634B
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Typical System Configuration

pPD71071 From CPU (Local Bus) | pPD72111

-

ORI
TOWR
UBI

Ol

mi

Do -D1s

N\
‘\l'

A0 -A23

N
4
' \/

Memory

RD
UBE
r0 A2 Ny

Do -D15 < +‘* all)

N/

Address iy
Bus -
. Data Bus
(16/8 bits + parity bits)
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Internal Blocks

6-74

Name Description Name Description
'8CSI bus Open-drain driver for a single-end SCSI bus Host parity Generates parity that will be attached to data
driver/receiver and a Schmitt-type receiver. generator/ output to CPU data bus; or checks parity
Arbitration/ Controls execution sequence of arbitration, checker attached to data read out from CPU data bus.
selection selection, and reselection phases; consists of a DMA request Generates DMA service request signal (DMARQ)
control timing generator and a sequencer. control according to FIFO status; also controls termina-
Bus phase Outputs a signal that specifies bus phase type; tion of command operation by EOP signal.
control also monitors bus phase to detect a transition. . .
SCSlI transfer Controls data transfer operation on the SCSI ?bfa!g;% Maximum Ratmgs
control bus in each data transfer phase: data-in, data- A
out, status, message-in, and message-out. Supply voltage, Vpp -05t0 +7.0V
Contrt?ls S]CSI protocol according to REQ and Input voltage, V -0.5to Vpp + 0.5V
ACK signals.
Controls data transfer execution/termination Output voltage, Vo ~05to Vpp + 08V
according to SCSI FIFO status. Operating temperature, Topt -10to +70°C
Contains a 24-bit transfer counter that manages Storage temperature, Tstg -65 to +150°C
the amount of transfer data on the SCSI bus.
SCSI FIFO data  Eight-bit, eight-stage asynchronous FIFO that DC Characteristics
buffer adjusts difference between data transfer timing Ta = =10to +70°C; Vpp = +5.0V £10%
of internal and external SCSI buses; also used
for queuing received data for synchronous data Parameter Symbol Min Max Unit Conditions
transfer. Low-level ViLq 0 08 V Otherthan CLK
input
Command/ Decodes received command and message; Vv, y v LK
message generates decoded signal that specifies the next  voitage e 0 086 c
decoder sequence. High-level Vigy 22 V. CPU bus
SCSI parity Generates parity that will be attached to data In;;tut ViHz 20 V SCSlbus
_ generator/ output to SCSI data bus; or checks parity voltage v T
checker attached to data read out from SCSI data bus. IHs 8.9
Main control Sequencer that controls microprogram, ::put ; Vi 02 VvV SCSibus
operation of each block, and control sequence. ysteresis
Internal transfer  Controls data transfer between SCSI FIFO and 'Szm"d Vo1 04 loL1 = 2.5 mA; CPU bus
control FIFO or between registers In the indirect access V. 04 V = ,
register block. voltage oL2 X loL2 = 48.0 mA; SCSI bus
Controls 8-bit/16-bit conversion when host CPU High-level ~ Voy 24 V  loy = -400 pA; CPU bus
is set to 16-bit bus mode. output
" : voltage
Direct access Comprises registers that can be directly
registers accessed from host CPU, such as command Low-level I -10 pA V;=0V;CPUbus
register, status register, etc. :HP'L(“
eakage - =0V:
Indirectaccess  Comprises registers that cannot be directly curregt L2 10 mA Vi =0V;8CSIbus
registers accessed from host CPU, but that can be
accessed through the window in the direct High-level 11 10 wA Vyq = Vpp; CPU bus
access register. :n::;
eakage = .
FIFO data This 16-bit, eight-stage asynchronous FIFO oy lumz 01 mA Vi = Vppi SCSI bus
buffer increases usage rate of host bus. In 8-bit mode,
only the lower 8 bits are used; in 16-bit mods, Lowlevel oL -10 pA V;=0V;CPUbus
accessing in 8-bit units is not possible. output
leakage
Interrupt control  Sets/resets Interrupt request signal. current
Read/write Controls read/write operation of various internal
control registers; also controls 8-bit accessing in 16-bit
mode.
Bus-size Converts bus size according to bus mode.
converter
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DC Characteristics (cont)

Parameter Symbol Min Max Unit Conditions

AC Characteristics; CPU Bus Interface
Ta = -10to +70°C; Vpp = +5.0 V £10%; see figure 1 for timing
measurement voltage thresholds

:l‘gt;::vel ILor1 10 #A Vo = Vppi CPU bus Parameter Symbol Min Max Unit Conditions
'eakas:: IL.oH2 025 mA Vg = Vpp; SCSI bus Clock (figure 2)
curren
CLK input cycle time 60 ns
Supply I 100 mA At16MHz i : ovK
current CLK input high-level width tkkn 25 ns
CLK input low-level width ke 25 ns
Capacitance CLK input rise time 1
0 ns
TA = +25°C; Vpp = OV; f = 1 Mhz i L
CLK input fall time tkr 10 ns
Item Symbol Min Max Unit Conditions
Input [ 20 pF CPU bus; unmeasured Reset (figure 3)
capacitance pins atoO V. RESET low-level width taspsL 16 toyk
Outpu_tt Co 20 pF CPU Bus Read (figure 4)
capacitance
P TS set time to TORD | tscsp 20 ns
Input/output Ciot 20 pF .
capacitance TS hold time tircs O ns
Cioz 100 pF SCSI bus; unmeasured from TORD 1
pins atO V. -
Address set time tsan 20 ns
. to IORD |
Figure 1. Voltage Thresholds for Timing yPT—— . 5 —
| RA
Measurements from IORD 1
DMAAK set time to IORD ! tspar 20 ns
22V -
interiaps Bing ‘> DMAAK hold time from TORD 1 tyrpa O ns
TORD low-level width tRRL 80 ns
IORD 1 to data output torRD 50 ns
delay time
SCSI bus g 20V )
interface pins 08V TORD 1 to data float time ttrhp O 50 ns
a;swuu ORD 1 to DMARQ 1 torRpQ 80 ns
delay time
CPU Bus Write (figure 5)
Figure 2. Clock Timing T3 set time to TOWR | tscsw 20 ns
CS hold time from IOWR 1 thwes O ns
- fovK Address set time to [OWR | tsaw 20 ns
tKKH 'KKL Address hold time tiwa O ns
from TOWR ¢t
CLK savf !\ DMAAK set time to IOWR | tspaw 20 ns
L 0.6V
DMAAK hold time from tiwpa O ns
tKE—>] (-— —> tkR IOWR )
s35L_5045A TOWR low-level width twwL 80 ns
Data set time to TOWR 1 tspw 20 ns
Data hold time fromIOWRT tywp O ns
Figure 3 RESET Waveform TOWR 1 to DMARQ 1t owoa 80 ns
delay time
FESET / Other CPU Bus (figure 6)
7 TOWR 1 to TORD | taw 80 ns

tRSRSL =

83SL-6049A

or [OWR 1 recovery time

6-75




pPD72111

NEC

AC Characteristics; CPU Bus Interface (cont)

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions
JORD 110 IORD L or OWR!  tgp 80 ns SEL 1 to ATN output tosar 2 toyk '
recovery time delay time
IORD 1 to EOP | delay time  tprep 40 ns BSY 1 to BSY | output toeyeys 10 tovk
JOWR 1 to EOP | delay time - tpwep 40 ns delay time
JORD 1to INT | delay time  tom 40 ns ID hold time from BSV § tevioz 0 ns
TOWR 1 to INT | delay time towi 40 ns SEC h°ld;": from BSY 4 tieysiz O ns
- SELTto 1 output tpstey toyk
INT low-level width 2 toyk delay time
Reselection as target (figure 11)
AC Characteristics; SCSI Bus Interface SEL T to ID outputdelay time  tosipz 20 foyk
Ta = —10to +70°C; Vpp = +5.0 V =10%; see figure 1 for timing SEC
measurement voltage thrésholds “m';i to target outputdelay  tpsire 0 ne
Parameter Symbol Min Max Unit Conditions ID output to 1/0 output delay oo 0 e
Arbitration (figure 7) time
Bus free detection to tppray 14 toyk 1/0 input to BSY 1 output delay  tpjogy 2 tovk
BSY response time time
BSY | to ID output toeyip O ns BSY 1 to BSY | input valid delay tpgypys 8 toyk
delay time time
BSY L toSEL | tppysL 36 tovk BSY | to SEL T outputdelay  tppysi2 2 tovk
delay time time
Selection as initiator (figure 8) Reception as initiator in asynchronous mode; dit.-ln,
ET 4 to ID output - tosupr 20 tork status, and message-in phases (figure 12)
delay time SEL 1 to phase input valid delay tpsipH1 O ns
SEL , to ACK, AN ToSLAK tork time
output delay time 1/0 | to data float delay time triop1 O ns
ACK, ATN output to tpakey 2 tovk Phase set time to REQ | tspHRQ1 400 ns
BSY 1 delay time Data set time to REQ |
tspra1 & ns
BSY 110 BSY ) tpeyey1 8 tovk
input valid delay time EEE 110 ATK | outputdelay  topaakt O ns
BSY L o SEL t togvsL1 2 tovk
output delay time ;;: hold time from ACK | kot O ns
hold time from ACK 0 ns
Selection as target (figure 9) REQ 1 to ACK 1 out tdll WQ::; 1
(] utput agela
BSY hold time from SEL { tysiey1 O ns time P v om o
ID set time from BSY 1 tsipey 0 ns Phase hold time fom ACK T tyagpH1 O ns
BSY 1o BSY J output delay time tpayay2 10 - tovk Transfor as target in asynchronous mode; data-in,
ID hold time from BSY { tuevipi O ns status, and message-in phases (figure 13)
SEL hold time from BSY | tHeysL1 O ns SEL 1 to phase output delay  tpgipH2 2 tovk
ATN set time to SEL 1 tsarsL O ns time
BEL 1 to target output osra 2 Tork 1/0 | to data output delay time  tpjopy O ns
delay time Phase set time to REQ | tspHRQ2 500 ns
Reselection as initiator (figure 10) Data hold time to REQ | tspra2 65 ns
BSY hold time from SEL | tysieyz O ns REQ | to ACK | input valid oroAks 0 ns
ID set time to BSY 1 tg 0 ns dolay time
IDBY
ACK | to REQ 1 output dela: 1
1/0 set time to BSY 1 tsiosy O ns time v Toutp Y - osmon for
Data hold time from ACK | takpz O ns
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AC Characteristics; SCSI Bus Interface (cont)

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions
ACK hold time from REQ 1 tHRaak1 O ns Phase hold time from ACK thakpHs O ns
ACK 1to REQ | outputdelay  tpakpaz 1 fovk Transfer as target in synchronous mode; data-in phase
time (figure 17)
Phase hold time fom ACKT  tyakpH2 1 oYk SEL 1 to phase output delay  tpgipHs 2 toyk
Transfer as initiator in asynchronous mode; data-out, time
command, and message-in phases (figure 14) 1/0 | to data output delay time  tpjops O ns
SEL 1 to phase input delay time tpgipHz O ns Phase set time to REQ | tspHRQs 500 ns
/O Tto data output delay time  tpjop2 O ns Data set time to REQ | tspros 55 ns
Phase set time to REQ | tspHRQ3 400 ns Data hold time from REQ | tHraps 125 ns
Data set time to ACK | tspaki 55 ns REQ output low-level width tharaL2 2 tovk
REQ | to ACK { output delay  tppoaxs 1 toyk ACK input low-level width takakL2 50 ns
fime ACK 1 to ACK | recovery time  tauaky 2 toyk
Data hold time from REQ 1 tHrapt O ns Phase hold time fom ACR 1 tarers 1 ovk
REQ hold time from ACR | takraz O ne Transfer as initiator in synchronous mode; data-out
EEE 1t0 ACK T outputdelay  tproaks 1 tovk phase (figure 18)
Phase hotd Tma rom FOR T woear 0 - EE.ET to phase input valid delay tpg pH7 O ns
Reception as target in asynchronous mode; data-out, 1/0 | to data output delay time  tpops O ns
command, and message-out phases (figure 15) Phase set time to REQ | tspHRQ7 400 ns
ﬁgnEET to phase outputdelay  fpsiprs 2 tovk Data set time to ACK | tspaks 55 ns
1/0 1 to data float delay time trop2 O ns Data hold time from ACK | takps 125 ns
Phase set time to REQ | YepHqa 500 e REQ input low-level width taoraLa 50 ns
Data set time to ACK | tspake 5 ns REQ1toREQ | recoverytime  tvmaz 2 fovk
REQ | to ACK | input valid orame 0 ne ACK output low-level width tAKAKLE 2 tovk
delay time Phase hold time from ACK1  tyakpHz O ns
ACK | to REQ T output delay  tpakras 1 tovk Reception as target in synchronous mode; data-out
time phase (figure 19)
Data hold time from REQ 1 tHrapz 0 ns SEL 1 to phase output delay  tpgpHs 2 tovk
ACK hold time from REQ 1 tHRQAK2 55 ns time
ACK hold time from REQ 1 t4roAK2 55 ns 1/0 | to data float delay time trops O ns
ACR 1 to REQ 4 output delay  tpaxaae | tovk Phase set time to REQ | tspHRQs 500 ns
time Data set time to ACK | tspaks 5 ns
Phase hold time from ACKT  tyakphs 1 fovk Data hold time from DAK | tyakps 5 ns
Reception as initiator in synchronous mode; data-in REQ output low-level width troraLe 2 tovk
phasa (figure 16) ACK input low-level width takakLa 50 ns
-SF'L 1 to phase input delay time tpg prs O ns ACK 1 to ACK | recovery time _ tmuare 125 e
1/0 | to data float delay time triopz O ns Phase hold time from ACK 1 tharre 1 ok
Phase set time to REQ | tspHRQs 400 ns Arbitration; bus free (figure 20)
Data set time to REQ | tspraa 5 ns -

SEL | to ID float delay time teSLID 4tcykns
Data hold time from REQ | tHraps 8 ns +50
REQ input lowdovel width tRaraL1 50 ns Selection/reselection; bus free (figure 21)
REQ 1 to REQ | recovery time  tppa1 2 tevk ID float to SEL 1 delay time toipsL 3200 foyk
ACK output low-level width tarakL1 2 tovk SEL 1 to control float delay time teg crL 0 ns
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Figure 4. CPU Bus Read

tscsr l«— tHRCS
p
Ag-A2 X K
,
tSAR—> tHRA
tRRL
—_ A
ioRD - N\ /
tDRD tFRD
Hi-Z 3 Hi-Z
DpDig = — — — o - — — —_— _< }— _____
tSDAR tHRDA
DMAAK \ /
N
p—. tpRDQ
DMARQ \
49TB-448B
Figure 5. CPU Bus Write
tscsw [«— tHWCS:
Ag-Az X K
A
[e—tSAW—> tHWA
twwi
JR— A
OWR N\ /
7
l«e— tSDW—> tHwD
Hi-Z 3 Hi-Z
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Figure 6. Other CPU Bus Timing
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Figure 8. SCSI Bus; Selection as Initiator
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Figure 9. SCSI Bus; Selection as Target
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Figure 10. SCSI Bus; Reselection as Initiator
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Figure 11. SCSI Bus; Reselection as Target
l«—tDBYBY4 —>]
BSY \
tpiosy tpBYSL2
— a——
SEL \ /
r<— tDSLID2 —]
SBySBy — — MZ_|_ _ _ _g‘ D
tpioio
7 Hi-Z
™
tpsLTa
Vo,Co Hi-Z s
woAa— — - - -~ <X
497B-454B

6-81




pPD72111

NEC

Figure 12. SCSI Bus; Reception as Initiator
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Figure 13. SCSI Bus; Transfer as Target
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Figure 14. SCSI Bus; Transfer as Initiator in Async Mode
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Figure 15. SCSI Bus; Reception as Target in Async Mode
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Figure 16. SCSI Bus; Reception as Initiator in Sync Mode

J— 4
SEL /

ACK

\

TAKAKL1

<—>| tDSLPHS <—>| tsprQs
- — iz " \
SBq-SB7 Az §< X
r--<
tFioD3 tHRQD3
) )
e} \ /
Z
|‘——> tHAKPHS
c, ’§< 3§<
MSG 7 7
tSPHRQS tRVRQ1
— p |
REQ \ \ /
N 7/
tRQRQL1

{ \_/

4978-4598

Figure 17. SCSI Bus; Transfer as Target in Sync Mode
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Figure 18. SCSI Bus; Transfer as Initiator in Sync Mode
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Figure 19. SCSI Bus; Reception as Target in Sync Mode
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Figure 20. SCSI Bus; Arbitration, Bus Free
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Figure 21. SCSI Bus; Selection/Reselection, Bus Free
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Note:
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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 Ax-Ag.

Table 1. Direct Access Registers

Address Ax-Ag RW Symbol Reglster Name

000 RW DFL Data FIFO

001 RW DFH

010 R CSsT Controller status

011 RW ADR Address

100 RW WIN1 Window

101 RW WIN2

110 R TP Terminated phase
w DID Destination ID
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Table 1. Direct Access Registers (cont)

Address Ax-Ag R/W Symbol Reglster Name

111 R IST 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 8-bit mode, only the lower 8-bit DFL register at
address OH is used. The contents of the upper 8-bit DFH
register at address 1H are fixed to 00H.

In the 16-bit mode, the register is accessed to/from
address OH with signals Ag = 0 and UBE = 0. When data
is sent to the SCSI data bus, the DFL contents are output
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first, followed by the DFH contents. When data is sent,
the first byte filils 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 Registers
16-Bit Mode
DFH
oH [ D5 [ D14 [ D13 [ D12 [ D11 [ oo | Do | ps |
DFL

|D7|De]ns]04|03|02]01|Do|

8-Bit Mode
DFL

0HLD7JDe|Ds|D4|03[02]D1[Do]

Controller Status Register

The 8-bit CST register (figure 23) indicates the operating
condition of the uPD72111. 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 be set 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 of the
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 00H by a RESET signal or by
execution of the CHIP RESET command.

Figure 23. CST Register

7 DFH 0
2H |cBSY|INTRQ] CsT1 | csTo | ATNG | FRUL | FEP| DRQ |

cBSY pPD72111 Command Execution Status

0 Idle (waiting for a command or executing a type
A command

1 Busy (executing type B or C command)

INTRQ CPU Interrupt Request

0 Not generated

1 Generated

CST1, CSTO pPD72111 Operating Condition

0 0 Disconnected state

0 1 Initiator state

1 0 Target state

ATNC ATN Pin Status

0 Inactive(high level)

1 Active (low level)

FFUL, FEMP  FIFO State

0 0 Neither full nor empty

0 1 Empty

1 0 Full

DRQ DFL/DFH Register

0 Accessing DFL/DFH is disabled

1 Writing to or reading from DFL/DFH is requested

Figure 24. ADR Register

7 Read/Write 0
34 |AING| o |ADR5 | ADRs | ADR3 | ADR2| ADR1 | ADRO |

AINC  Mode for Accessing an Indirect Access Register

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

ADRS5-ADRO Indirect Access Register Address
000000 00H

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 uPD72111 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, WIN1 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 Ap and
UBE, either or both registers can be accessed.

Ay UBE Address Register Accessed
0 0 4H WIN1, WIN2
0 1 4H WIN1
1 0 5H WIN2
Figure 25. WIN1 and WIN2 Registers
16-Bit Mode
WIN2
44 | D5 | D14 [ D13 [ D2 [ D11 [ Do | Do | D8 |
WIN1
|DT|DS|DS|D4|D3|D2|D1LDO|
8-Bit Mode
WINT
4 | o7 | D6 [ D5 | pa [ D3 [ D2 [ D1 | Do |
WIN2

s4 | D7 [ ps [ Ds [ pa | D3 [ D2 | D1 | Do |

Terminated Phase Register

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

The TP register is reset to 00H by a RESET signal or by
execution of the CHIP RESET command.
Destination ID Register

Bits 2-0 of the DID register (figure 27) set the ID 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)
indicates whether the INT signal was generated or not.

Zeros must be written to bits 6-3 of the DID register.
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Figure 26. TP Register

7 Read Only 0
64 [1P7 [ TPs | TPs | TPa [ TP3 [ TP2 [ TP1 [ TPO |

TP7-TP0 Command Execution Phase
0000 0001 SCSIRESET SCSI reset
0001 0001 SELECT Arbitration
0001 0010 Target selection
0010 0001 TRANSFER Information transfer
0011 0001 AUTO Arbitration
0011 0010 INITIATOR Target selection
0011 0011 identify message transmit
0011 0100 Command transmit
0011 0101 Data transmit/receive
0011 0110 Status receive
0011 0111 Command complete message receive
0100 0001 RESELECT Arbitration
0100 0010 Initiator reselection
0101 0001 RECEIVE Information receive
0110 0001 SEND Information transmit
0111 0001 AUTO Selected waiting
0111 0010 TARGET Identify message receive
0111 0011 Command receive
1000 0001 RE-RECEIVE  Arbitration
1000 0010 Initiator resslection
1000 0011 Identify message transmit
1000 0100 Data receive
1001 0001 RE-SEND Arbitration
1001 0010 Initiator reselection
1001 0011 Identify message transmit
1001 0100 Data transmit
Figure 27. DID Register
7 Write Only 0

6H [lNTM] 0 | 0 | 0 | oJD|D2|D|D1Lo|Do]

INTM Interrupt Request Signal Mask Function

0 Does not mask interrupt request (INT signal is output
when interrupt is generated

1 Masks interrupt request (INT signal is not output even if

interrupt request is generated
DID2-DIDO Setting ID of SCSI Device To Be Selected
000 0

111 7
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Interrupt Status Register

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

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

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

The IST register is reset to 00H 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 uPD72111. 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 2. Indirect Access Registers

Address R/W  Symbol Reglster Name

00H R TST Target status

(gl R SBST S8CS| bus status

02H R SID Source ID

03H RW MSG Message

04H thru RW CDB0O Command descriptor block

OFH thru CDB11

10H RW  TMOD  Transfer mode

11H R CTCL  Current counter (lower 8 bits)
w BTCL Base counter (lower 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 RW BFTOUT Bus free timeout

21H RMW SRTOUT Selection/reselection timeout

22H RW RATOUT REGQ/ACK handshake timeout
23H RW  CDBL  Command descriptor block length

Table 2. Indirect Access Registers (cont)

Address R/W  Symbol Register Name
24H RW MOD Mode

25H RW PID Physical ID
26H thru 3FH Reserved

R = Read only; W = Write only; R/W = Read/Write
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Figure 28. IST Register

Figure 29. CMD Register

7 Write Only 0
7H | SR | IsTe | isTs | IsT4 | IsT3 [ IsT2 | IsT1 | 1sTO |

SRI Interrupt Request Type

0 Interrupt request caused by command termination
(normal termination or abort)
1 Interrupt request caused by service request issued to
CPU
SRI IST6-1STO Interrupt Request Generation Source

7 Write Only 0
7H [cMD7 | cMDs | cMDs| cMD4| cMD3 | cMD2| cMD1 | cMDo|

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.

0 000 AT 000 Command normal termination
0 000 AT 001 Command break Figure 30. TST Register
0 001 AT 000 Invalid command 7 Read Only 0
0 010 AT 000 FIFO overrunfunderrun 00H , ST
0 010 AT 001 Synchronous offset error
0 010 AT 010 SCSI bus parity error
0 010 AT 011 CPU bus parity error SCSI Bus Status Register
0 010 Ar 100 Busfree time-out error The SBST register (figure 31) indicates the status of each
0 010 AT 101  Selection/reselection timeout error signal on the SCSI control bus.
0 010 AT 110 REQ/ACK timeout error
0 011 0 000 Data-out phase error Figure 31. SBST Register
0 011 0 001 Datain phase error 7 Read Only ‘ o
0 011 0 010 Command phase error 01H | BSY | SEL | REQ I ACK | ATN | MsG | cp | o I
0 011 0 011 Status phase error Status of Each Pin ‘
0 011 0 110 Message-out phase error 0 Inactive (high level)
0 011 0 111 Message-in phase error 1 Active(low level)
0 100 AT 000 Unsupported SC8l command group
1 000 0 000 Reset Source ID Register
1 000 0 001 SGCSlresetcondition occurred The read-only SID register (figure 32) stores the ID of the
1 001 0 000 Disconnected last SCSI device that selected the uPD72111. Bits 6-3 are
1 001 0 001 Reselected always read out as zeros.
1 001 AT 010 Selected Figure 32. SID Register
1 010 0 000 Data-out phase started
1 010 0 001 Data-in phase started 7 Read Only 0
1 010 0 010 Command pha'sa started o2H rS/R l ° | 0 | 0 I 0 | Sib2 I SiD1 | SiDo |
! 010 0 011 Status phase started S/R uPD72111 Select/Reselect Operation
! o010 o 110 Message-out phase started 0 Has neither been selected nor reselected (contents of
1 010 0 111 Message-in phase started SID2-8IDO are invalid) ,
1 100 AT 000 Message received 1 ::svl;?;‘r; selected or reselected (contents of SID2-SIDO
pr oitis vald i?,:f'fez )m;d:o‘zn(%":h(;‘_”s Whetherattention condition SID2 1D No. of Last SCDI Device That Selected uPD72111
000 0
11- 1 7
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Message Register

The MSG register (figure 33) sets transmit messages or
stores receive messages when the uPD72111 is transmit-
ting or receiving.

Figure 35. TMOD Register

7 Read/Wirite 0
10H [SYNC | TPD2 | TPD1 | TPDO| 0 [TOF2|TOF1|TOF0|

SYNC  Data Transfer Mode
Figure 33. MSG Register 0 Asynchronous mode
7 Read/Write 0 1 Synchronous mode
TPD2-
03H [ MSG TPDO  Cycles for Sync Mode Transfer Rate (at 16 MH2)
000 16 clock cycles 1.00 Mbytes/s
Command Descriptor Block 90!
c (f ) h 010 4 clock cycles 4,00 Mbytes/s
The 12 CDB registers (figure 34) set/store the command
" 011 6 clock cycles 267 Mbytes/s
descriptor blocks of SCSI commands. ove by
100 8 clock cycles 2,00 Mbytes/s
Figure 34. CDB Registers 101 10 clock cycles 1.60 Mbytes/s
7 Read/Write o 110 12 clock cycles 1.33 Mbytes/s
111 14 clock cycles 1.14 Mbytes/s
04H CDB0O ¥ ch
TOF2-
05H CDBO1 TOF0 REQ, ACK Pulse Offset Value for Sync Mode
06H CDB02 ooo 1
o7H CDBO3 111 8
08H CDBO3 )
Figure 36. CTC Register
09H ‘ CDBO04
OAH CDBOG 7 Read Only 0
0BH CDBO? 11H CreL
0CH CDBOS 12H CTCM
ODH CDB09 131 CreH
OEH CDB10
OFH COoB! Base Counter
The 24-bit BTC register (figure 37) sets the number of
. data transfer bytes to be loaded into the CTC current
Transfer Mode Register counter. This is a write-only register; the contents cannot

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).

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 00H is written to this register, the timeout detection
function will not operate.
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Figure 37. BTC Register

REQ/ACK Handshake Timeout Register

7 Write Only 0  The RATOUT register (figure 40) sets the timeout for
11H BTCL handshake operation of REQ and ACK signals during
- information transfer. If 00H is written to this register, the
12H BTCM timeout detection function will not operate.
13H BTCH
Figure 40. RATOUT Register
BTCH BTCM BTCL Number of Data Transfer Bytes 7 Read/Write 0
00H 00H  OOH 0 22H | RATOUT
00H OOH FFH 255
RATOUT REG/ACK Timeout (at 16 MHz)
O00H O1H OOH 256
00H No timeout detection is performed
_ . - - 1H 128
00H FFH FFH 65,535 9 il
o1H 00H  OOH 65,536 _ -
- FFH 32,640 s
FFH ~ FFH FFH 16,777,215 .
Command Descriptor Block Length Register
Figure 38. BFTOUT Register The CDBL register (figure 41) sets parameters for the
7 Read/Write o group 6 and group 7 SCS| commands (vendor unique) of
20H l BFTOUT l the SCSI specifications by using the AUTOINITIATOR
command and the AUTO TARGET command.
_BFTOUT Bus Free Timeout (at 16 MHz) Figure 41. CDBL Register
00H No timeout detection is performed 7 Read/Write 0
01H 8.192ms 284 | cLra | cLrz [ ot | oLro [ cLes | cLe2 | cLet | cLeo]
FFH 2088.928 ms CL73-CL70 Group 7 SCSI Command; CDB Length
0001 1 byte
Selection/Reselection Timeout Register : :
The SRTOUT register (figure 39) sets the timeout for the 1190 12 bytes
selection or reselection operation. If 00H is writtento this 1101 Does not support group 7 SCSI commands
register, the timeout detection function will not operate. : (generates unsupported group command error)
Figure 39. SRTOUT Register ;;;;
7 Road/Wite 0 ClescLeo Group 6 SCSI Command; CDB Length
21H SRTOUT |
0001 1 byte
SRTOUT Selection/Reselection Timeout (at 16 MHz) 1100 12 bytes
00H No timeout detection is performed ) 1101 Does not support group 6 SCSI commands
oH 8192 s . (generates unsupported group command error)
: : 1111
FFH 2088.928 ms 0000
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Mode Register

The MOD register (figure 42) sets the uPD72111 opera-
tion mode.

Figure 42. MOD Register

Figure 43. PID Register

7 Read/Write 0
254 [FEN| o [ o [ o | o [Pp2] Pt ]Pmo]

FEN  Controller Operation

7 Read/Write 0 o Does not operate as initiator
24H [ DMA | HPs | DHP | DSP | NAM | siM [RAEN]sAEN] ] Operates as infiator
PID2- pPD72111’s Own ID Number

DMA  Data Transfer Mode (in data-in/data-out phase) PIDO
0 Program 1/O mode 000 0
1 DMA mode :
HPS DHP CPU Bus Parity 111 7
0 0 0Odd parity
1 0 Even parity COMMANDS
X 1 Disable parity L.
DSP  SCSI Bus Parity Desc"ptlons
0 Enable (even parity only) The GPU controls the pPD72111 with the 16 commands
p Disable parft described in table 3. Commands are listed in groups

partty according to mode—initiator/target, initiator, and target.
NAM SIM Bus Arbitration Execution
0 X Arbitration mode Command Code
1 0 . Non-arbitration mode (non-single-initiator mode) Table 4 gives the command code, status, and type for
1 1 Non-arbitration mode (single-initiator mode) each command.
RAEN Response (when reselected as Initiator by target) Command Bits. Symbols for command bits in table 4
0 Does not respond are explained below.
! Responds Symbol  Function
SAEN Resp (whenr d as target by initiator) C1, Co Count select bits
0 Does not respond AT ATN signal status selection bit. (1 means

the initiator is requesting the message-out
1 Responds
phase.)
MG, CD Transfer information specification bits

Physical ID Register

The PID register (figure 43) sets the uPD72111's own
physical ID on the SCSI system. Zeros must be written
to bits 6-3.

The function of count select bits C1 and C0 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
| Initiator

T Target

Type. Table 4 classifies commands as type A, B, or C
according to the execution status defined under
"uPD72111 Processing” below.
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Table 3. Command Functions
Mode Command Name Mnemonic Function
Initiator or Target CHIP RESET CRST Resets uPD72111 using software.
BREAK BRK Discontinues command execution.
DISCONNECT DIS Releases SCSI bus.
CLEAR FIFO CLRF Clears FIFO
SCSI RESET SRST Resets SCSI bus.
Initiator SET ATN SETAT Sets ATN signal.
RESET ACK RSTAK Resets ACK signal.
SELECT SEL Selects a target.
TRANSFER TFR Sends/recsives data (in initiator modse).
AUTO INITIATOR AIN Automatically executes initiator standard operation.
Target RESELECT RSEL Reselects initiator
RECEIVE REC Receives data (in target mods).
SEND SND Sends data (in target mode).
AUTO TARGET ATG Automatically executes target standard operation.
RE-RECEIVE RREC Reselects — Continuous execution of data-receive operation (in target mode)
RE-SEND RSND Reselects — Continuous execution of data-send operation (in target mode)
Table 4. Command Codes Table 5. Loading the Current Transfer Counter
Command Name Command Code Status Type c1 Co Load Operation Counting Range
CHIP RESET 0 000 oo 00 DLT A 1 0 CTCHM < 0000H 0to 256 bytes in I-byte
BREAK 0 000 00 041 DLT A It — BTCL ko
DISCONNECT 0 000 0 0 10 DLT A 1 1 CTCH/M/L < 000001H Single-byte only
CLEAR FIFO 0 00O ot o1 DLT A
SCSIRESET 0 0 00 1 o0 o o bt s  HPD72111 PROCESSING
SET ATN 0 000 O0 0O 1 1 | A Processing by the uPD72111 is in either of two catego-
RESET ACK 0000 o0 1 00 | A [fes
SELECT 0001 A0 00O D 8 e Command processing initiated by a command from
TRANSFER C1 Co 0 1 00 10 1 B the CPU
:\é;(;::;won (: ? ? ; ';T ; z 2 E g ) Responsg .processing executed by the SCSI bus sta-
tus transition
RECEIVE C1C010 1 MG CD O T B
SEND ctco1o 1macot1 71 B  Command Processing
AUTOTARGET 0 0 11 0 0 00 D C Command processing operations differ depending on
RE-RECEIVE C1Co 11 i1 0 00 D c the command executed.
RE-SEND C1 Co11 i1 0 0 1 D [¢]

Table 5. Loading the Current Transfer Counter

C1 Co Load Operation Counting Range
0 0 CTCHM/L <« BTCH/M/L  0to 16,776,960 bytes in
1-byte units
0 1 CTCHM « BTCHM 0 to 16,776,960 bytes in
CTCL «— 00H 256-byte units

6-94

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

CHIP RESET Command. The uPD72111 is immedi-
ately reset, after which an interrupt request is generated.

Type B and 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 uPD72111
generates an interrupt upon completing the response
processing.

HOST CPU PROCESSING

Processing by the host CPU for the uPD72111 is in either

of two categories.

e Command issuance processing by request from the
CPU side. See figure 44.

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

Figure 44. Command Issuance Processing Flow

Figure 45. Interrupt Processing Flow

Interrupt generation
from uPD72111.
Read IST register.

Is SRl bit set to 0?
Yes

IST = 00H or 01H

Yes

Execute processing according to
request indicated by IST register.

Execute processing according
to generated error.

Initiation of command
issuance processing.

Is issued command
type A?

Read CST register.
Wait [other processing
may be performed].

Yes

Is CBSY bit setto 1?

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

Write command to
CMD register.

Enable interrupt request.

To next processing.

49TB-491A

49TB-492A
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Section 7
LCD Controllers

pPD7225 7-3
CMOS, Intelligent Alphanumeric LCD
Controller/Driver

wPD7227 7-13
CMOS, Intelligent Dot-Matrix LCD
Controller/Driver

#PD7228/28A 7-21
CMOS, Intelligent Dot-Matrix LCD
Controller/Driver
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NEC Electronics Inc.

uPD7225

CMOS, Intelligent, Aiphanumeric

LCD Controller/Driver

Description

The uPD7225 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 uPD7225 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 uPD7225 is manufactured with a low
power consumption CMOS process allowing use of a
single power supply between 2.7V and 5.5 V. It is availa-
ble in a space-saving 52-pin plastic flat package.

Features

O Single chip LCD controller with direct LCD drive

O Low cost serial interface to most microprocessors

O Compatible with

— 7-segment numeric LCD configurations
up to 16 digits

— 14-segment alphanumeric LCD configurations
up to 8 characters

Selectable LCD drive configuration:

— Static, biplexed, triplexed, or quadruplexed

32-segment drivers

Cascadable for larger LCD applications

Selectable LCD bias voltage configuration:

— Static, 1120r1/3

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

Single power supply, variable from 2.7Vt0 5.5V

Low power consumption CMOS technology

Extended —40°C to +85°C temperature range

available

o ogoo O

ooo

Ordering Information

Max Frequency
Part Number Package Type of Operation
uPD7225G-00 52-pin plastic miniflat 1 MHz

NECEL-000488

Pin Configuration

o © ~ ® v o« 2 M N e
bb HbOD SHEEHL B
fg—aas-aafg-aasussazmaozszsn\
S20 [1T] 40 O 26 [T1] s7
S21 (1] 41 25 [TT1 Se
S22 [1T] 42 24 {117 S5
S23 (1T 43 23 {117 S4
S24 [1T] 44 22 [T7 s3
S25 [IT] 45 21 177 S2
S26 [1T] 46 uPD7225 20 [ 111 $1
S27 (1T 47 19 T So
Sog [T 48 18 [ 1] COM3
S29 [T 49 17 [11J COM2
S30 (1T 50 16 [ TT] COMy
S31 1T 51 15 COmMg
cur]s2 O O 14 111 NC
\ 1 2 3 4 5 6 7 8 9 10 1 12 13 /
N Q & S 2 9o X F D> |E =
SEEEELERTEECH
83-002798A
Pin Identification
No. Symbol Function
1 CL2 System clock output
2 SYNC Synchronization port
3-5 Vicor LCD bias voltage supply inputs
Vicp3
6 Vsg Ground
7,33 Vbp Power
8 SCK Serial clock input
9 Sl Serial input
10 cS Chip select
1 BUSY Busy output
12 c/D Command or data select input
13 RESET Reset input
14 NC No connection
15-18 COMg-COM3 LCD backplane driver outputs
19-32, 34-51  Sp-Sgy LCD segment driver outputs
52 cut System clock input
7-3
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Pin Functions
COMp-COM3
LCD backplane driver outputs.

So-S31
LCD segment driver outputs.

Vicbpi-ViLcD3

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

S

Serial input from the microprocessor.

SCK

Serial clock input. Synchronizes 8-bit serial data trans-
fer from the microprocessor to the uPD7225.

BUSY

Handshake output indicates the uPD7225 is ready to re-
ceive the next data byte.

c/D
Command/data select input. Distinguishes serially in-
put data byte as a command or as display data.

cs
Chip select input. Enables the uPD7225 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 CL1 with a 180 kQ
resistor, or leave open.

RESET

Reset input. R/C circuit or pulse initializes the uPD7225
after power-up.

Vbp

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

Vss

Ground.
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Block Diagram
So-S31
COMo-COM3
4 - 32
Backplane Drivers Segment Drivers
LCD Driver
fet
32
LCD
Timing
SYNC —— Controlier 4 Display Latch
32
A
VoD ——» <‘ 2 ]
VLCDy ———»]
VicDy —» Lcb
Voltage " .
Controller Segment 32 x 4 Bit Data 32 x 4 Bit
VLCD3 — Decoder Display RAM Pointer Blinking RAM
Vg ——»
8 TB\[ 8
ou —> Clock
cL2 Oscillator
RESET ——» 8
Bufter
Interface 8 Command
Controller Decoder
Serial Interface

1

c/d BUSY st SCK

8 ——

C

830033798
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Absolute Maximum Ratings
Ta=25°C

DC Characteristics (cont)
Ta= —0°Cto +70°C, Vpp = +2.7Vt05.5V

Power supply voltage, Vpp -0.3Vto +7V

Limits

- - Test
Input voltage, V, —~0.3VtoVpp +0.3V Parameter Symbol Min Typ Max Unit Conditions
Output voltage, Vo ~0.3VtoVpp +0.3V 'Input voltage V4 0 0.3Vpp V  ExceptSCK
ow Sk
Operating temperature, Topt -10°C to +70°C ViLa 0 02Vpp VvV SCK
Storage temperature, Tsrg ~65°C to +150°C I';'p;'t voltage Vg1 0.7Vpp Vpp  V  Except SCK
ig ok
Comment: Exposing the device to stresses above those listed in Abso- Viz  0.8Vpp VooV SCK
lute Maximum Ratings could cause permanent damage. The device is Output voltage Vg4 0.5 V. BUSY, lp. =100 uA
not meant to be operated under conditions outside the limits de- low v 05 V1o =400 A
scribed in the operational sections of the specification. Exposure to oL2 ’ QL=TEVRA,
f A L - SYNC
absolute maximum rating conditions for extended periods may affect
device reliability. Output voltage  Voy  Vpp V- BUSY, SYNC,
high ~0.75 loy= ~7pA
DC Characteristics Input leakage I -2 WA V=0V
Ta= —10°Cto +70°C,Vpp= +5V£10% current fow '
’ Limits Test Input Iealfage ILIH 2 ViH=Vpp
Parameter  Symbol Min Typ Max Unit  Conditions current high
Input voltage Vi 0 0.3Vpp V Output leakage oL -2 uA Vo =0V
low current ILoH 2 A Vou=Vpp
Inputvoltage Vi 0.7Vpp ') v Output short los -200 pA SYNC, Vgg=0.5V
high circuit current
Output voltage Vg4 0.5 V. BUSY, lg.=100uA Backplane Rcom 6 kQ  COMg-COMs3,
low Vo 1.0 Vo lg =9004A, driver output Vop=Vicp
SYNC impedance (Note 1)
Outputvoltage  Voy Vo v BUSY, SYNC, Segment Rsea 12 kQ  Sp-Say,
high —05 lon=—10 A driver output Vpp=Vicp
l ; VoV impedance (Note 1)
Input leakage - =
cu[;rem |0Wg Ht W Supply current  Ipp 30 100  pA Cliexternal clock,
Vpp=3.0V+10%,
Input leakage I 2 pA V=Vpp fp="140 kHz
current high
Note:
Output leakage  Iior -2 pA Vg =0V () Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes.
current ILoH 2 - pA Vou=Vop )
Outputshort  lgg T30 A VNG vps-10v  Capacitance
circuit current Ta=25°C, f =1MHz
Backplane Rcom 5 7 k@ COMg-COMs, Limits Test
erver output Vpo=Viep Parameter Symbol Min Typ Max Unit Conditions(1)
impedance (Note 1) ot G m oF
Segment Rseg 7 14 kQ  Sp-Sa1, capacitance
driver output Vop2Vicp BUSY
impedance (Note 1) Outpu't Cot 20 pF  Except BUSY
capacitance C 5 pF BUSY
Supply current  Ipp 100 250 - pA  CLiexternal clock, 02
f=200kHz 170 Cio 15 pF  SYNC
Notor capacitance
(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. Clock 04, 30 pF  CL1input
capacitance
Note:

(1) All unmeasured pins returned to O V.
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AC Characteristics
Ta= —10°Cto +70°C,Vpp = +5V£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 fj 50 140  kHz
fosc 85 130 175  kHz R=180kQ+5% fosc 50 100 140 kHz R=180kQ+5%,
Clockpuise  twi 2 6 s CLI, external clock Vop=3.0V+10%
width low Clock pulse towe 3 16 us  CL1, external clock
Clock pulse towH 2 16 us  CL1, external clock width low
width high Clock pulse towH 3 16 us  CL1, external clock
= width high
SCK cycle tovk 900 ns
SCK pulse width tgw, 400 ns SCkoydle  tok 4 K
low SCK pulse width tywi 1.8 us
SCK pulse width tewn 400 ns low_
high SCK pulse width tkwH 1.8 us
BUSY MoSCK ¢ gk 0 ns high
hold time BUSY 110 SCK ¥ tguk 0 ns
Slsetuptimeto tig 100 ns hold time
SCK ¢ Slsetuptimeto tisk 1 us
- SCK ¢
Slholdtime  tuyk 200 ns
after SCK * Sl hold time tiHK 1 us
BSCK 10 tyop 3 s CL=50pF after SCK t
BUSY  delay 8thSCK 110 tykpp 5 us  C_=50pF
time BUSY ¥ delay
TS 110BUSY ¢ topp 15 us CL=50pF time
delay time CS {toBUSY ¥ tcpB 5 us C_=50pF
C/Dsetuptime tpsk 9 us dela_y time
to 8th SCK ¢ C/Dsetup time tpgk 18 us
C/Dholdtime tomx 1 s fo8th SCK *
after 8th SCK ¢ C/Dholdtime tpuk 1 us
TS hoid time  tonk 1 s ﬁer 8th SCK 1
after 8th SCK t CSholdtime  tcuk 1 us
CSpusewidth tow,  8/% s after 8th SCK 1
low CSpulsewidth tow. ~ 8/f¢ us
CS pulse width towy 8/ fo us |o_w
high CS pulse width  tewy 8/ us
high
SYNC load CL 50 pF  f$=200kHz
capacitance
AC Timing Characteristics
All Inputs _-3& __________ V'a N Vi
| C— i S
All Outputs ——————y | ) appp———— V.
S & e
830027998
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Timing Waveforms
Clock
1tg L
CL1 jl————— W ————]
\ / l————— tswyy ——-——-»\
83-0028008
Serial Interface
| tewL > 1CWH 3|

|— tCHK— P
oS ‘t—tcog \

w__ Y/ R I AN

< tBHK P& YK ———] <>
kDB
tkwy
- - Pk /
§CK \ 1st 2nd 4 8th
oW AP SN
-t L
USK | tiHk
>l

Si

tDSK: -1t tDHK ————>>]

830028018
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Instruction Set (Note 1)
Hex Operation Code
Command Description Code D; Dg Ds Dy D3 Dy Dy Dy
Mode Set Initialize the uPD7225, including selection of: 40-5F 0 1 0 d¢ d3 dy dy dp
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 1 1 0 0 0 0
Synchronous Data Transfer Synchronize display RAM data transfer to display latch with LCD 3 0 0 1 1 0 0 0 1
drive cycle
Interrupt Data Transfer Interrupt display RAM data transfer to display latch 38 0 0 1 1 1 0 0 0
Load Data Pointer Load data pointer with 5 bits of immediate data EO-FF 1 1 1 dg d3 dp dy dy
Clear Display RAM Clear the display RAM and reset the data pointer 20 0 0 1 0 0 0 0 0
Write Display RAM Write 4 bits of immediate data to the display RAM location DO-DF 1 1 0 1 d3 dp dy dg
addressed by the data pointer; increment data pointer
AND Display RAM Perform a logical AND between the display RAM data addressed by 90-9F 1 0 0 1 dg dp dy- 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 1 0 1 1 d3 dp dy dy
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 0 1 0 1 0 1
Disable Segment Decoder Stop use of the segment decoder 14 0 0 0 1 0 1 0 0
Enable Display Turn on the LCD 1 0 0 0 1 0 0 0 1
Disable Display Turn off the LCD 10 0 0 0 1 0 0 0 0
Clear Blinking RAM Clear the blinking RAM and reset the data pointer 00 0 0 0 0 0 0 0 0
Write Blinking RAM Write 4 bits of immediate data to the blinking RAM location Co-CF 1 1 0 0 d3 do dy dp
addressed by the data pointer; increment data pointer
AND Blinking RAM Perform a logical AND between blinking RAM data addressed by ~ 80-8F 1 0 0 0 d3 d dy 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 A0-AF 1 0 1 0 d3 d dy dp
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 A-B 0 0 0 1 1 0 1 do
immediate data
Disable Blinking Stop segment blinking 18 0 0 0 1 1 0 0 0

Note:

(1) Details of operation and application examples can be found in the uPD7225 Intelligent Alphanumeric LCD Controller/Driver Technical Manual.
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Operating Characteristics

Ta=25°C
External Resistance vs Oscillation Frequency Supply Voltage vs Oscillation Frequency
T
140 o
. R=180kQ
£ 200 - x /
- &
g g 120 =
% g
£ ]
§ $ w0
] 2
2 2
o © ClL2 CLy <
50 80 I -
~ v g
2 2 ! |
S 100 200 500 T 4 5 6
External Resistance R (k) Supply Voltage Vpp (V)

Supply Voltage vs Supply Current

—
G2 Cu 1=200KHz

100 |—
z External Clock
3 /
2
£ 1=14V
g

50
3 —
>
a
[-%
g /

7
20 g
T =)t

e

4 5 6
Supply Voltage Vpp (V)

710
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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
(HEX) Character n+2 n+i n n+i n
00 g 3 5 3 D 7
01 Qg, 0 0 3 0 6
02 B 2 7 1 E 3
03 5 0 7 3 A 7
o
0
04 Qo 1 2 3 3 6
05 g 1 7 2 B 5
06 {3-0 3 7 2 F 5
07 5 0 1 3 0 7
08 3 3 7 3 F 7
09 5 1 7 3 B 7
0A E 3 2 0 2 0
0B 3 3 7 0 F 1
0C g 3 5 0 D 1
0D . ED 0 6 0 A 0
OE ED 2 6 2 E 4
-0
OF g 0 0 0 0 0

71



T 14-Segment Alphanumeric Data Decoder Character Set

gzzLad"

Diasplay Di:zl:y RAM DiBspIay Di;:;l:y RAM DiBsplay DI::;I:y RAM DiBsplay Di:play RAM
yte ress yte ress yte ress yte ddress
(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. n+3 n+2 n+i
\o— o ~
A0 % 0 0 0 0 BO 4 7 E 2 co % A 7 C 0 DO % 2 3 6
)
Al Invalid B1 % 0 6 0 0 c1 % 2 7 6 4 D1 %‘%% 0 7 E
: o LYo LU
\B/)
A2 Invalid B2 % 2 3 ¢ 4 c2 :%{4 8 7 8 5 D2 2 3 s
o N <
: =
A3 Invalid B3 % 2 7 8 4 C3 #\!él 0 1 E 0 D3 1 5 8
A4 Invalid B4 o 2 6 2 4 C4 qu\' ] 8 7 8 1 D4 ) 8 1 0

@
(5

A5 Invalid 2 5 A 4 C5 D5

o

A6 Invalid B6 2 5 E 4 C6 2 1 6 4 D6

2=ll==

o

E
o
o
m
S

o
o
o
n
<
o
~
o
o

< =% 58|52 52|63 =8 |54 50

A7 o N D7 4 6 6
. 0, .
W
A8 0 0 0 A B8 2 7 E 4 c8 ;\'«" 2 6 6 4 D8 5 0 0
Wi W)
A9 5 0 0 0 B9 iy ) 2 7 A 4 C9 ' lﬁ\l 8 1 8 1 D9 ) 9 0 0
AA F 0 0 F BA Invalid CA % 0 6 Cc 0 DA \\ 4 1 8
4 o
AB A 0 0 5 BB Invalid cB % 2 0 6 A DB Invalid
AC Invalid BC % 4 0 8 2 cc % 0 0 E 0 DC % 1 0 0
= = — -
AD % 2 0 0 4 BD ) 2 0 8 4 CcD % 1 6 6 2 b)) M Invalid
o L 2 - Vo

1 6 6 8 DE Invalid

3

AE Invalid BE % 1 0 8 8 CE

AF I % 4 0 0 2 BF Invalid CF DF Invalid

JUN




uPD7227
CMOS, intelligent, Dot-Matrix
LCD Controller/Driver

NEC

NEC Electronics Inc.

Description Pin Configuration
The uPD7227 intelligent dot-matrix LCD controller/ -
driver is a peripheral device designed to interface §83555888868¢
most microprocessors with a wide variety of dot DO OO DDLU
matrix LCDs. It can directly drive any multiplexed LCD Nc 1 5]:] Cy
organized as 8 rows by 40 columns, and is easily cas- cr 2 507 Cs
caded up to 16 rows and 280 columns. The uPD7227 Cie 3 O “orc,
is equipped with several hardware logic blocks, such Cia 14 :‘7’ H C
as an 8-bit serial interface, ASCII character generator, 2” : % g ﬁ;‘mﬁ
40 x 16 static RAM with full read/write capability, and cad? o5 1 rgRue
an LCD timing controller; all of which reduce micro- cal]s 44 [ Re/Rq3
processor system software requirements. The Cas 431 RaRyz
uPD7227 is manufactured with a single 5 V CMOS pro- o= uPDT221 e = :::“
cess, and is available in a space-saving 64-pin plastic 2:: 12 wh mm;"
flat package. Cos (113 39 [ RolRs
Coo [] 14 38 [ Vicor
Features Ca 15 37 0 Vico
ca1 ] 16 36 {1 Vicos
O Single-chip LCD controller with direct LCD drive ca 17 35 [1 Vicos
[0 Compatible with most microprocessors Ca[j18 0 i'g"c
D Elght I'.OW dereS . . oot 1920 2122 23 24 25 26 27 28 29 30 31 3233/: ¢
— Designed for dot-matrix LCD configurations up oo oooooooooo
to 280 dots §§§§§§§§§ﬁ’gj§j§
— Designed for 5 x 7 dot-matrix character LCD con- 3w 2
figuration up to 8 characters ?
— Cascadable to 16 row drives
(] 40 column drives o - .
— Cascadable to 280 column drives Pin Identification
[0 Hardware logic blocks reduce system software No. Symbol Function
feqUif?menFS _ . 1 NC No connection
— 8bit serial interface for communication 922, Co-Cag LCD column driver outputs
— ASCII 5 x 7 dot-matrix character generator with ~ 47.57,
64-character vocabulary 59-64
— 40 x 16-bit static RAM for data storage, retrieval, 25 Vsg Ground
and complete back-up memory capability. 26,58 Vpp Power
— Voltage controller generates LCD bias voltages
— Timing controller synchronizes column drives 2 CLOCK Sysm"_' clock input
with sequentially-multiplexed row drives i RESET Reset input
O Single +5 V power supply 29 sl Serial input
0 CMOS technology 30 c/D Command or data select input
. . 31 S0/BUSY Serial output or busy output
Ordering Information 32 oK Serial clock input
Max Frequency 33 cs Chip select input
Part Number Package Type of Operation 3 SYNG Synchronization port
uPD7227G-12 64-pin plastic miniflat 1000 kHz 35-38 Vicp1-Vicoa LCD bias voltage supply inputs
39-46 Ro/Rg-R7/R4s LCD row driver outputs

NECEL-000495
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Pin Functions

Co-Cag
LCD column driver outputs.

RO/8-R7/15
LCD row driver outputs.

Vicp1-Vicos

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 uPD7227 to the microprocessor
when in read mode and C/D is low. When BUSY (ac-
tive low), handshake output indicates the uPD7227 is
ready to receive/send the next data byte.

SCK

Serial clock input. Synchronizes 8-bit serial data
transfer between the microprocessor and uPD7227.

Block Diagram

c/D

Command/data select input. Distinguishes serially in:
put data byte as a command or as display data.
cs

Chip select input. Enables the uPD7227 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 uPD7227
after power-up.

Voo

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

Vss
Ground.

lnow Driver :
"

Column Driver l

Tl

40 x 16 M

Timing Static RAM
SYNC +— Conlrol?or (Organized as Two |\ 8
40 x 8 Bit Banks)
7
oo — 1T
Vicor — | Data Pointer I AsCll
5 x 7 Dot Matrix
Vicoz —*  voita C Character
ge ommand
Controller Decoder Generator
Vicos —
Vicos —} 8 m
Vss —J
RESET ——»
Clock Interface Serial
Clock —> qscillator Controller Interface

cib SO/BUSY SCK sI

83-0037958
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Absolute Maximum Ratings
Ta = 25°C

DC Characteristics
Ta = -10°C to +70°C, Vpp = +5.0V = 10%

-03Vto +7.0V
-0.3VtoVpp +0.3V

Power supply, Vpp
All inputs and outputs with respect to Vgc

—-65°C to +150°C
—-10°C to +70°C

Storage temperature, Tgrg
Operating temperature, Topr

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, Vpp = OV

Limits Test
Parameter Symbol Min Max Unit Conditions
Input capacitance  C, 10 pF  fé=1 MHz
Output capacitance Cg 25 pF  Unmeasured pins
Input/output Co 15 pF fe‘“’“:“ to
capacitance Sync ground.

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input voltage, high Vig 0.7 Vpp Vpp V
Input voltage, low ViL 0 0.3 Vpp V
Input leakage ILIH +10 pAViy = Vpp
current, high
Input leakage L -10 pAV)y = OV

current, low

Output voltage, high Vout Vpp-0.5 V S0/BUSY,
loy = —400 pA
Vo2 Vpp-0.5 V SYNC,
loy = —100 pA
Output voltage, low VoLt 0.45 V SO/BUSY,
loL = +1.7mA
0.45 V SYNC,
loL = +100 A
Output leakage ILoH +10 uAVoy = Vpp
current, high
Output leakage lLoL -10 upAVg = OV
current, low
LCD operating voltage ~ Vicp 3.0 Vpp V 8-row
multiplexed
LCD drive
configuration
Vpp V 16-row
multiplexed
LCD drive
configuration
Row drive Rrow 4 8 k@
output impedance
Column drive RcoLumn 10 15 k@
output impedance
Supply current Ipp 200 400 pAf0 = 400 KHz

715
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AC Characteristics
Tp = —10°C to +70°C, Vpp' = +5.0V + 10%

Limits

- Test
Parameter Symbol Min* Max Unit Conditions
Clock frequency fé 100 1000 KHz
Clock pulse towH 400+ ns
width high
Clock pulse towL 400 ns
width low
SCK cycle tovk 0.9 us
SCK pulse tkwH 400 ns
width high
SCK pulse tewL 400 ns
width low ’
SCK hold time  tkug 0 ns
after BUSY?
SI setup time tisK 100 ns
to SCK?t )
SI hold time tiHk 250 ns
after SCK*t b
S0 delay timetopk 30 ns Ciom=
after SCKY 50 pF
SO delay time  topp 2 us
after C/DV
SCK hold time txyp 2 us
after C/D¥
BUSY delay tBDK 3 S C =
time after 8th # IB%A%F
SCKt
BUSY delay _  tgpp 2 us
time after C/Dt
BUSY delay teoc 2 S
time after CS¥ K
C/D setup time  tpgk 2 us
to 8th SCK*
C/D hold time  tpyk 2 us
after 8th SCKt
TS hold time  teuk 2 us
after 8th SCK*t
CS pulse width  towh 2/1¢ us
high
CSt delay time  tgpp 2 CLoAD =
to BUSY floating . §3A3F
SYNC load CLoADS 100  pF
capacitance
BUSY low twis 18 64 1/ Croap=
level width 50 pF
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Timing Waveforms

Clock Waveform
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83-0038378

Serial Interface
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Command Summary

Instruction Code

Binary
Command Description D, Dg Dg Dy D; [} Dy Dy HEX
Mode Set Initialize the uPD7227, 0 0 0 1 1 Dy Dy Do 18-1F
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 1 0 Dy Dy Do 10-14
Frequency
Set
Load Data Load data pointer with 7 bits 1 Dg Ds Dy D3 Dy D¢ Do 80-E7
Pointer of immediate data
Write Mode Write display byte in serial 0 1 1 0 0 1 D4 Do 64-67

register to RAM location ad-
dressed by data pointer;
modify data pointer

Read Mode Load RAM contents address- 0 1 1 0 0 0 D4 Do 60-63
ed by data pointer into serial
register for output; modify
data pointer

AND Mode Perform a logical AND be- 0 1 1 0 1 1 Dy 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
pointer

OR Mode Perform a logical OR be- 0 1 1 0 1 0 D¢ 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 1 1 1 0 0 1 0 72
register into 5 x 7 character
with character generator;
write character to RAM loca-
tion addressed by data
pointer; increment data
pointer by 5

Set Bit Set single bit of RAM loca- 0 1 0 Dy D3 Dy Dy Do 40-5F
tion addressed by data
pointer; modify data pointer

Reset Bit Reset single bit of RAM loca- 0 0 1 Dy D3 Dy D4 Do 20-3F
tion addressed by data
pointer; modify data pointer

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

Disable Display Turn off the ICD 0 0 0 0 1 o 0 0 08

Further details of operation can be found in the uPD7227 intelligent dot-matrix LCD controller/driver technical manual.
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5x 7 Character Set as Generated in uPD7227

Display Byte

Display Byte

R

Dy | D3 | D2f Dy [ Dy

Dg | Ds

D7

-~

rDs Ds | D4 | D3| D2 | D1 ] Do
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NEC Electronics Inc.

pPD7228/28A
CMOS, Intelligent Dot-Matrix
LCD Controller/Driver

Description

The pPD72228/28A controller/driver is a peripheral
CMOS device designed to interface most microproces-
sors with a wide variety of dot-matrix LCDs. It can
directly drive any multiplexed LCD organized as 8 rows
by 50 columns or 16 rows by 42 columns.

The uPD7228/28A 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 uPD7228/28A operates with a single +5-volt power
supply and is available in a space-saving 80-pin plastic
miniflat package.

Features

0 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
O RAM: 2 x 50 x 8 bits for display data storage
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
8-bit serial interface compatible with xPD7500,
rCOM-87/87LC
4-bit parallel interface compatible with xPD7500,
1COM-84/84C
Standby function
CMOS technology
Single +5-volt power supply
Extended -40 to +85°C temperature range
(wPD7228A)

=]

o

o

oooao

Ordering Information
Part No.
#PD7228G-12 80-pin plastic miniflat
pPD7228AG-12 (Note 1)  80-pin plastic miniflat

Package

Notes:

(1) nPD7228A version has extended temperature range and LCD
voltage range.

Pin Configuration

80-Pin Plastic Miniflat

3] cas
30cx
8 cxs
g0 Cas
2 ca
S0 cCxs
afcz

Caa/Rie

Cas ] 64 []Cn
Ca9 [ 63 []C20
eds O «pes
Ca1 ] 61 ] Ci
Ca2/R1s [ 60 [ Ci7
59 [ Ce

58 [ Cis

Cu

CaslRiz [
Cas/R11 ]
Ca7/R10 []
Cas/Re ]
Cag/Re [] 12
Ris/R7 (] 3
RulRe ] 14
Ri3/Rs O] 15
Ri2/Re (] 16
Ru/R3 ] 17
Rio/R2 ] 18
RolR1 ] 19
Re/Ro (] 20
Vies ] 21
2

23

g

1
2
3
4
s
6
CaulRiz[]7
8
9
0
M

&8 28288888

%

vier O

NC
Vica (] 24

- K

2

2
$83ci2gEEIRS 8L
& 8 & =
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Pin Identification

Symbol Function

Co-Cq1 LCD column drive outputs
Cy2-Cy9/R15-Rg LCD column/row drive outputs
Ry5-Rg/R7-Rg LCD row drive outputs
VicrVics LCD power supply

NC No connection

Do/Sy Data bus 0/Serial input

D4(P/S) Data bus 1 (Parallel/serial select)
Dy (CAE) Data bus 2 (Chip address enable)
D3/SO Data bus 3/Serial output

SYNC Synchronization signal input/output
BUSY Busy signal output

Vpp Power supply

Vss Ground

STB/SCK Strobe/Serial clock input

co Command/data select input
CAg, CA¢ Chip address select inputs

cs Chip select input

RESET Reset signal input

CLOCK " System clock input

PIN FUNCTIONS

Do-D3 (Data Bus)

In parallel interface mode, Dg-D3 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, Dg is a serial data input pin and
Dj is a serial data output pin. D4 selects serial or parallel
interface mode (P/S), and Dj is the chip address enable
pin (CAE).

Sl Serial Data-In (Input Common to Do)

In serial interface mode, Sl inputs serial data. Data on S|
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, Sl uses the Schmitt-trigger
input.

7-22

SO Serial Data-Out (Output Common to D3)

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.

P/S Parallel/Serial Select (Input Common to D1)

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 D5)

This pin is used only during serial interface mode; that is,
when P/S 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 P/S 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.

CAy-CAq (Chip Address)

These input pins allow you to address the nPD7228/28A
in a multichip configuration used for driving logic dis-
plays. During parallel interface mode, CAg and CA; are
compared to chip address data sent from the CPU
regardless of CAE status during a reset.

However, during serial interface mode, CAg and CA; 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 CAg and CA4 match the chip address generated
by the CPU. This address is the low 2 bits of the first 8-bit
data input after CS = 0.

In serial interface mode, if chip address selection is not
used, connect CAg and CA4 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/D 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
CAg-CAy, then STB/SCK and C/D are enabled.

When CS is made high, Dg-D3 and BUSY are placed ina
high-impedance state. The Schmitt-trigger input pre-
vents noise errors.
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pPD7228/28A

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/D (Command/Data)

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

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

In serial interface mode, the contents of C/D 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 uPD7228/28A is internally busy. When this signal is
low, the CPU cannot read/write the uPD7228/28A.

Figure 1. SYNC Signal in 8-Line Multiplexing

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 (@ = 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 uPD7228/28As 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 Vgg; 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.

. A

83-0029058
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Figure 2. SYNC Signal in 16-Line Multiplexing

| 1frame

.

-]

830020068

Co-C41 (Column)
These pins output the column drive signals for the LCD.
C42-C49/ R1s5-Rg (Column/ ROW)

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

R15-Rg/R7-Rp (Row)

These pins are row drive outputs for rows R 5-Rg or R7-Rg,
according to the SMM command.

Vici-Vics (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

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.

Vpp (Power Supply)

This is a positive power supply pin.
Vss (Ground)

This is ground (GND).
COMMANDS FOR uPD7228/28A

The uPD7228/28A has 16 types of commands, each
command consisting of one byte (8 bits).

Figure 3 shows the character codes and display pat-
terns.
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Figure 3. Character Codes and Display Patterns

7 4 0 3
o|jojojojojlojojoOo |1 |11}t 1]1]|1]1
ololJo|J]oj1]1]|t1t]|]1]O0o]oOofoO]|]O]|1 |1 ]1 |1
ojo0(t1y1j0y0f1|1j0;0f{1|{1)0]0|1]1
oj1/0|1}j0|{1{0|1t]|]O|t1t{O0f1T|]0}]1]|0]1

1]0
0j0| 1)1
oj1|0]|0

ASCII

0|10 1
0j1]1]0
of1|1]1
1/0(1]0
1{0|1}1
JIs
Katakana
1(1(0(0 :
Notes:

(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) JIS Characters, 64 (AOH-DFH)
Katakana 55
Symbols 9
(4) B thech does not use bit 7 of data memory, dot R7

in 8 time-division mode and dots R7 and R15 in 16 time-division mode,
correspondmg to the most significant bits, can be used as cursor

dent of the ch . Use the cursor manipulation
commands WRCURS and CLCURS

83-0029138
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Block Diagram

R15-Re/R7-Ro C42-C49/R15-Rg

4,}

RS
RNS —>

Row/Column
river

Co-Ca1
42
Column Driver ¢S
CNS

4%

Voo o-[:
50 50

ViCt O—»] — R-S Data Memory Data Memory

Lol 16 ank 0 Bank 1 8
Vic2 O—e LcD — RNS (50 x 8 Bits) (50 x 8 Bits)

Vol
vicso—e|  Commn |—cs
Vics O—sf —> CNS
O > Cl
Vics Command Data Generator 7
Decoder Pointer (160 x 5 x 7 Bits)
Vss O—»
. _— 8 8
smo—f  Olmm i R

Clock

Clock Buffer

Serial/Parallel Interface

RESET O—»
CA1 O—>]

CAp O—

D2/(CAE) O—]
D4/PIS) o—J

18 5 ] 5
P
]
83-0029078
Absolute Maximum Ratings Capacitance
Ta = 25°C Ta = 25°C; Vpp = OV; f = 1 MHz
Supply voltage, Vpp -03Vto +7V Parameter Symbol Min Typ Max Unit Conditions
Input voltage, V; -03VtoVpp +03V Input capacitance (o 10 pF Return
unmeasured
Output voltage, Vo -0.3VtoVpp +0.3V Output Co 25 pF pinsto 0V,
LCD operating voltage, Vi cp (7228A) 45t0 125V capacitance
Operating temperature, Topt VO capacitance Cio PP
7228 -10to +70°C
7228A —40 to +85°C
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nPD7228/28A
DC Characteristics
Tp = -10to +70°C Vpp = +5V £10%
uPD7228 uPD7228A

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions
Input voltage, high Vit 0.7 Vpp Voo 0.7 Vpp Vpp V  Except SCK

ViH2 0.8 Vpp Vbp 0.8 Vpp Vbp vV 8CK
Input voltage, low ViL 0 0.3 Vpp 0 03Vpp V
Output voltage, high VoH1 Vpp - 0.5 Vpp - 0.5 V  BUSY, Dg-Dg; lon = —400 pA

~ Vouz2 Vpp - 0.5 Vpp - 05 V. SYNG; loy = —100 pA

Output voltage, low Vo1 0.45 05 vV BUSY, Dg-D3; loL = 1.7 mA

Vo2 0.45 05 V  SYNG;lgL = 100 yA
Input leakage current, high ILiH 10 10 rA Vi =Vpp
Input leakage current, low ILie -10 ~10 WA V=0V
Output leakage current, high I on 10 10 #A Vo = Vpp
Output leakage current, low ILoL -10 -10 A V=0V
LCD operating voltage Vicp 3.0 Voo 45 125 v
Row output impedance Rrow 8 8 16 kQ
Row/column output impedance Rgow/coL 10 75 20 kQ
Column output impedance RcoL 10 15 15 30 kQ
Supply current lbp1 200 400 250 600 wA  Operating mode; fc = 400 kHz

Ipp2 20 25 uA  Stop mode; CLK = 0V
AC Characteristics
Ta = -10to +70°C; Vpp = +5V £10%

pPD7228 uPD7228A

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions
Common Operation
Clock frequency fc 100 1100 100 1100 kHz
Clock pulse width, high twhe 350 350 ns
Clock pulse width, low twic 350 350 ns
RESET pulse width, high tHRs 4 4 ps
BUSY delay time from CS { tbcss ps C = 50 pF
CS 7 delay time to BUSY floating tpcSeF us C_ = 50 pF
CS high-level time twHes 4 4 s
SYNC load capacitance Crsy 100 100 pF
Data setup time to RESET tspr us
Data hold time from RESET tHRD us
Serial Interface Operation
SCK cycle toyk 0.9 0.9 ps
SCK pulse width, high tWHK 400 400 ns
SCK pulse width, low twLk 400 400 ns
SCK hold time from BUSY 1 tHeK 0 0 ns
Sl setup time to SCK 1 tsik 100 120 ns
Sl hold time from SCK 1 thi 250 270 ns
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AC Characteristics (cont)

Parameter Symbol Min Max Min Max Unit Conditions
SO delay time from SCK { toko 320 350 ns C_ = 50 pF
BUSY delay time from eighth toks 3 4 us

SCK1

BUSY low-level time twis 18 64 18 64 1fic

C/D setup time to first SCK { tspk 0 ps

C/D hold time from eighth SCK * kD 3 us

TS hold time from eighth SCK thkes ps

Parallel Interface Operation

Input command setup time to ta 100 120 ns C_ = 80 pF
STB !

Input command hold time from tg 90 110 ns CL = 20 pF
STB{

Input data setup time to STB 1 tc 230 250 ns CL = 80 pF
Input data hold time from STB 1 o 50 70 ns CL = 20 pF
Output data delay time tacc 90 650 90 750 ns C_ = 80 pF
Output data hold time tH 0 150 0 150 ns C_ = 20 pF
STB pulse width low tsL 700 700 ns

STB high-level time tsH 1 us

STB hold time from BUSY T tHes 0 0 us

BUSY delay time from second tpse 3 4 us

STB 1

C/D setup time to first STB tsps

C/D hold time from second STBET  tygp ps

CS hold time from second STB T tHscs us
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Timing Waveforms

AC Timing Test Points Reset Signal
0.7V 0.7Vpp tHRS
>Q-3VDD§:> roms “"EX RESET J k
83-002909A
Clock Waveform e
Interface
g ————]
D —
oL N\ RESET Sk
twLC: tWHC —| fspn-i-—o |-f—|unn——o|
= e X X
83-002912A
Serial Interface
=\ f_}_
|~—>t— tocss t._tm(cs-—.| AWHC
_ 4 T 3§<
c/D
—>| |~—tsDK
o s 2 -
BUSY —S &_/ . tcvx—-'
tHBK | WHK tpKB—
= *W e/
tHKI
- tSIK | twLk
st { wss X Lse )
—-l le—tpkO
s { X
- 830029088
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Parallel Interface

s %
-

7

|~—lncsa r—(uscs—ol [+ twHCs ]
X X
—-| |«—tsps <—iusn—>| —-‘ tpcsBrF
sUsY —-—gz_/l“
tHBs—*] le— tsH—] e~ tDSB twiLs
§TB Ir
2nd
tsL.
Do-D3
D0-D3
830029118
Command Summary
Mnemonic Operation Instruction Code Hex Code
SFF Set frame frequency 0 0 0 1 0 Fa Fq Fo 10H-14H
SMM Set multiplexing mode 0 0 0 1 1 M2 My Mo 18H-1FH
DISP OFF Display off ) 0 0 1 0 08H
DISP ON Display on 0 0 0 0 1 0 0 1 OsH
LDPI Load data pointer with immediate 1 Dg Ds Dy D3 Do Dy Do 80H-B1H, COH-F1H
SRM Set read mode 0 1 1 0 0 0 l4 lo 60H-63H
SWM Set write mode 0 1 1 0 0 1 I4 lo 64H-67H
SORM Set OR mode 0o 1 1 0 1 0 I4 lo 68H-6BH
SANDM Set AND mode 0o 1 1.0 1 1 Ih lo 6CH-6FH
SCML Set character mode with left entry 0 1 1 1 0 0 0 1 71H
SCMR Set character mode with right entry 0 1 1 1 0 0 1 0 72H
BRESET Bit reset ) 1 B By By Jo  20H-3FH
BSET Bit set 0 1 0 By By Bg Jq Jo 40H-5FH
CLCURS Clear cursor 0 1 1 1 1 1 0 0 7CH
WRCURS Write cursor 0 1 1 1 1 1 7DH
STOP Set stop mode 0 0 0 0 0 0 0 1 O1H
By-By  Specifies a data memory bit
DgDp Immediate data
Fo-Fo  Specifies frame frequency as a submultiple of clock
frequency
I4-lg Specifies modification of data pointer contents after
byte data is processed
Ji-Jo Specifies modification of data pointer contents after
bit is set or reset
Ma-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

NEC

Section 8
Memories for Graphics Applications

pPDA41264/42273/42274 8-3
Dual-Port Graphics Buffers

uPD42101/42102/42505 85
CMOS Line Buffers

#PD42270 8-9
NTSC Field Buffer

uPDA43501 8-11
1,024-Channel Time-Division Switch
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NEC Electronics Inc.

uPD41264/42273/42274
Dual-Port Graphics Buffers

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
uPD42274 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 accomplished 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

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

Random accessport

— Two main clocks: RAS and CAS

— Multiplexed address inputs

Ooooao

— Direct connection of /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 /O bits

— Write bit selection multiplexed on 104-103

o 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

O Fast serial read operation by means of serial control

pins

— Serial data output on SO(-SO3

— Direct connection of multiple serial outputs for
extension of data length

Ordering Information

Row Access Serlal Access

Part Number Time (max) Time (max) Package
#PD41264C-12 120 ns 40 ns 24-pin

c15 150 ns 60 s plastic DIP
pPD41264V-12 120 ns 40 ns 24-pin

V-15 150 ns 60 ns plastio ZIP
#PD42273LE-10 100 ns 30 ns 28-pin

LE-12 120 ns 40ns plastic SOJ
1PD42273V-10 100 ns 30 ns 28-pin

V12 120 ns 40 ns plastic ZIP
#PD42274LE-10 100 ns 30 ns 28-pin

LE12 120 ns 40 ns plastic SOJ
uPD42274V-10 100 ns 30 ns 28-pin

v-12 120 ns 40ns plestic ZIP

Contact your NEC sales representative for copies of the complete data sheets.
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Comparison of Dual-Port Graphics Buffers

Features uPD41264 pPD42273 pPDa2274
Density 256K 1 Meg 1 Meg
Organization 64K x 4 256K x 4 256K x 4
Serial data register 256 x 4 512x4 512x4
Refresh period 4ms 8ms 8ms
Refresh addresses 256 512 512
Flash write No No Yes
Process NMOS CMOSs CMOS
Pins 24 28 28

Block Diagram

g:::g', 0 1 Column Decoder | N-1 N 4,’ > Wo/loo
Cor;omn [ W1/101
IEERRNEN — IREREREN oufter | Worio2
50 Amps t—> Wy103
—] Cols
4
. -] % |
3 3|
. @ | Storage Color
g E | Cell Array < Register
] 2 I
—
IERRRRI IRNENENA]
Transfer
Gates
LITTTTT] 1111 — s0o
Data 4,/ oSerlal — SO1
i ut
Register B:;fper > 502
I IT [IITTTI] > SO3
sc Sdess T o | 1 Selector N1 N
SOE
RAS —>]
CAS ———> ~——Vco
DT/OE ——» Timing )
_DToE Generator ~——Vss
WBWE —]
(1PD42274 only) FWE ———»]
831H-58358
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NEC Electronics Inc.

pPD42101/42102/42505

CMOS Line Buffers

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 networks.

Features

O Dual-port operation

O Image processing and data communications
systems applications

O Asynchronous and simultaneous read/write
operation

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

680021

Ordering Information

Read Cycle  Write Cycle

Device Time (min) Time (max)  Package

wPD42101C-3 34ns 34 ns 24-pin
c2 34 ns 69 ns plastic DIP
C1 69 ns 69 ns

#PD42101G-3 34ns 84 ns 24-pin
G2 34 ns 69 ns plastic minifiat
G-1 69 ns 69 ns

rPD42102C-3 28 ns 28 ns 24-pin
) 28 ns 56 ns plastic DIP
C1 56 ns 56 ns

#PD42102G-3 28 ns 28 ns 24-pin
G2 28 ns 28 ns plastic miniflat
G-1 56 ns 56 ns

#PD42505C-50 50 ns 50 ns 24-pin
c75 75ns 75 ns plastic DIP
C-50H 50 ns 50 ns
C-75H 75 ns 75 ns

#PD42505V-50 50 ns 50 ns 28-pin
V75 75 ns 75ns plastic ZIP
V-50H 50 ns 50 ns
V-75H 75 ns 75 ns
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pPD42101/42102/42505
Block Diagram
Read RE
ea
Control RC_K.
l«———— RSTR
Read
Row Selectors
]
8 Data V\{rite Dgal—Port cFl'ead oData 8
D - DIN7—~—s-| Input Column torage olumn utput  |——4— D - D
INo - Bin7 Buf';ers Selectors Cell Array Selectors | Buffers Outo- boutz
L Write
Row Selectors
WE Write
WCK —»] Control
RSTW ——
838161348

Comparison of Dual-Port Line Buffers

Features pPD42101 pPDA42102 pPDA42505
Organization 910x 8 1135x8 5048x 8
Speeds (ns) 340r69 280r56 500r75
4f. digital television system NTSC PAL

Maximum digital delay (clocks) 910 1135 5048
OPERATION

Reset Cycle

NEC’ line buffers require the initialization of internal
circuits using the RSTW/RSTR 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.

Write/Read Cycle

Write and read cycles are synchronized to their respec-
tive WCK/RCK inputs and 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

8-6

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 RCK, either by tacr for an access during
thefirst cycle directly after a reset begins, or by tacforan
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 independently.
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 0.

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.



NEC

pPD42101/42102/42505

Digital Delay Line

NEC's line buffers can also easily be used as digital delay
lines. After initializing the internal circuits using simulta-
neous RSTW/RSTR signals, write/fread cycles are exe-
cuted simultaneously by supplying the same pulse to the
write clock (WCK) and read clock (RCK). 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

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 “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 “m” cycles, the device
can be used as an “m-bit” digital delay line.

The RSTW/RSTR reset signals can also be simulta-
neously loaded at every 1H (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.

8-7



#PD42101/42102/42505 N E C

8-8



NEC
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Preliminary Information

uPD42270
NTSC Field Buffer

Description

The uPD42270 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 uPD42270 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 4fgc.

Each of the four planes in the uPD42270 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 4fgc 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 uPD42270 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 [max) {min) Package
uPD42270C-60 40 ns 60 ns 28-pin plastic DIP

Features

O 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
O Two data ports: serial write and serial read
O Asynchronous operation
— Dual-port accessibility
— Carry-out capability to indicate position of scan
line
— Line jump, line hold, line reset, and pointer clear
functions
0O Synchronous operation
— Variable field length: 260 to 263 lines
— Variable last line length: 896 to 910 bits
O Automatic refreshing
0O CMOS technology
O Fully TTL-compatible inputs, outputs, and clocks
0O Three-state outputs
0O Single +5-volt £10% power supply
O On-chip substrate bias generator
O Standard 400-mil, 28-pin plastic DIP packaging

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

NECEL-001080
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Block Diagram

DiNo-DIN3

r
| write Bit Pointer I Write Bit Pointer l
Refresh 1
Timer
[ . Data
f Input
I Write Data Register Fﬂrile Data Register Butter
LSo-LS1 —] Write | |
BSO/WCO — — o b |
BS1/RCO — Pointer I
BS2/WLH I
BS3/RLH — -
MODE — 910 Bits Per Line ——————
Read
—{ The M
WCK —
— . Pointer
w Timing Storage Cell Array
WCLR Generator Scan
Line 263 Lines
WLRST — Selector Per Plane
WL —
Refresh
Counter
RCK —
OE —
RCLR — — 1
RLRST — l
RLJ — I
l Data
L Output
Buf
l Read Data Register I Read Data Register ufter

i

| Read Bit Pointer
L

r Read Bit Pointer J

Douto-DouT3

83-0052008
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Preliminary Information

uPD43501
1,024-Channel
Time-Division Switch

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) Package

uPD43501R 8.192 Mbps 132-pin ceramic pin grid

array (PGA)

NECEL-1540V2

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
o 16.384 MHz operating frequency
e 8.192 Mbps data transfer rate

— 512 by 512 parallel input and output
e 8.192 MHz operating frequency
e 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

[ 132-pin ceramic pin grid array packaging

8-11
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NEC

Switching Functions
Mode 0

In this mode, the uPD43501 inputs eight 128-channel
multiplexed lines from ports Slpg through Slg7 (or
from Clgg through Clp7) and outputs eight 128-channel
multiplexed lines to ports SOgg through SOg7 (or COqg
through COgpy7). Refer to 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 datain 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-

8-12

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 uPD43501 to input
512-channel multiplexed lines (4.096 Mbps by 8 bits), 8
bits in parallel, and output 512-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 then performed.

Mode 2

In Mode 2, the uPD43501 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 paraliel, after
which the same switching functions described in
Mode 0 are performed.
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uPD43501

Block Diagram
SWE?2 —L
WE
COo0-
Cloo-Clo7 — DIN Dour PIS cogg
S/P Switch or
orPIN Storage 2 P OUT
ADo ADq
SWE[ ‘l
WE
Sloo-Slo7 —* Din Dout SOgqo-
so/f Switch SEL Polrs SO07
PIN Storage 1 |1 P OUT
ADg ADq
Dout
TNoo- TNog DIN
TWE WE
[ Tone Storage
WAQ0-WA0S +—1  wyrite ADo AD1
WC00-WCo9 —={ Address
CTLD —»] Counter
RST — TSEL
FH —»
CLK —»]
CLK{ <+—f Timi
CLKy <«—] Timing DouTt Dourt1
Generator Tone Control
MODg — Control Storage Storage
MOD1 —| r—{Pout2 DN DIN Dour2
TSP) —»} SEL: Selector
TsP $/P: Serial-to-Parallel
| — AD1 ADg AD1 ADo Converter
J{ B P/S: Parallel-to-Serial
r Converter
Read Address
RAQ0-RAQ9 <+— Counter CPU Interface
RCRY TRCR RCTL RCgp- VOIC TONE ADST DTST SCNi SCN2 DBg- DBo-
RCog DBg DB7
83-0052188

8-13



uPD43501 N E C

Time Slot Versus Frame Configuration

Mode 0
Slgg (L) Slgg (OLO)
§ Serial Data Serial Data E
Slgo (IL7) TDSW LsI Slgg (OL7)
1024 x 1024
FH
CLK
Frame Configuration
125 us
1 [l .
7]
L
Sigo 1 TS0 (IL0 CHO) | TS8 (ILO CH1) | 1 1 TS1016 (ILO CH127) |
77
1
: o
H | TS7 (IL7 CHO) | TS15 (IL7 CH1) | i | 751023 (IL7 CH127) |
Slgz 7/
~ 1L
so. " | TS0 (OLO CHO) | TS8 (OLO CH1) | 'l ! | TS1016 (OLO CH127) |
I
1
! IL
so:,-, | TS7 (OL7 CHo) | TS15 (OL7 CH1) | I | TS1023 (OL7 CH127) |
77

Time Slot Configuration

122 ns
o | ([
I
Sigipipigipgipigipigipipipigigigipigigipiptipl/igh
{L
3':.‘|0TB7|BS|55|Bd|83|82|B1|Bo|B7|BG|”I
L 77
! - Ts J i
: ! fL
sigg | B7 | B | B | B4 | B3 | B2 [ B [ BO [ BZ [ B | JI 1

—‘
—‘
=
]

$0gp 1 B7 | B8 | BS | B4 | B3 | B2 | BI | BO

- Ts _J

N|--—-—-
N
N

]
—

1
SO;z "T B7 | B | B5 | B4 | B3 | B2 | BT | BO | BT | 8BS

Notes:

[1] IL = input line

[2] OL = output line

[3] TS =time slot

[4] CH = channel 831H-52158
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Package Drawings
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Section 9

Package Drawings

Package/Device Cross-Reference 9-3
28-Pin Plastic SOP (375 mil) -5
30-Pin Plastic Shrink DIP (400 mil) 9-5
40-Pin Plastic DIP (600 mil) 9-6
40-Pin Ceramic DIP With Side-Brazed Leads 9-7
(600 mil)

40-Pin Cerdip (600 mil) 9-8
44-Pin PLCC 9-9
48-Pin Plastic DIP (600 mil) 9-10
52-Pin Plastic Miniflat (3.5-mm leads) 9-11
52-Pin Plastic Miniflat (1.8-mm leads) 9-12
52-Pin PLCC 9-13
64-Pin Plastic Miniflat 9-14
64-Pin Plastic Shrink DIP (750 mil) 9-15
68-Pin PLCC 9-16
74-Pin Plastic Miniflat 917
80-Pin Plastic Miniflat (2.35-mm leads) 9-18
80-Pin Plastic Miniflat (1.8-mm leads) 9-19
84-Pin PLCC 9-20
94-Pin Plastic Miniflat 9-21
100-Pin Plastic Miniflat 9-22
132-Pin Ceramic PGA 9-23
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Package Drawings

Package/Device Cross-Reference

Package Device, uPD Package Device, uPD
28-Pin Plastic SOP (375 mil) 71065G 52-Pin PLCC 72001L
30-Pin Plastic Shrink DIP (400 mil 71066CT ;%}t'“
40-Pin Plastic DIP (600 mil) 765AC2 72067L
TG 64-Pin Plastic Miniflat 7227612
72001C 64-Pin Plastic Shrink DIP (750 mil) 72111CW
72001C-11 72185CW
72020C-8 68-Pin PLCC 720221
72061C 72111L
72065C 72185L
720658C 74-Pin Plastic Miniflat 72111GJ-58J
40-Pin Ceramic DIP With Side-Brazed Leads 7201AD 80-Pin Plastic Miniflat (2.35-mm leads) 7228G-12
(600 mil) 7220AD 7228AG-12
7220AD-1
7220AD-2 80-Pin Plastic Minifiat (1.8-mm leads) 72022GF-3B9
7261AD 72068GF-3B9
7261BD-18 84-Pin PLCC 72068L
7261BD-23 72069L
- - 72120L
40-Pin Cerdip (600 mil) 7262D12
7262D18 72125L
44-Pin PLCC 720051 94-Pin Plastic Miniflat 72120J5BG
7206561 72123GJ-5BG
28-Pin Plastic DIP (600 mi) 720670 100-Pin Plastic Miniflat 72069GF-3BA
52-Pin Plastic Miniflat (3.5-mm leads) 7225G-00 182-Pin Ceramic PGA 72123R
72065G
52-Pin Plastic Miniflat (1.8-mm leads) 72001GC-3B6

72001GC-3B6-11
72020GC-8-3B6
72061GC-3B6
72065GC
72065BGC-3B6
72067GC-3B6
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N E C Package Drawings

28-Pin Plastic SOP (375 mil)

ltem  Millimeters Inches 28 17
A E e i AREAARAAARBAAAF
B 10.310.3 1406 .012
[ 72 .283
D 2.9 max 114 max
E 250 098
F 16 063
G 1.27[TP] 1050 [TP] (©)
H 0.8 0.2 031 £.008
== EEEEEEEIEEEIEE
| 0.78 max .031 max 1 14 B
+0.10 +.004 _ c
J 040 505 016 _ 002 A
+0.10 +.004
K 0.15 Jg05 006 ~ 002 . 4\ mle o k
L 012 1005 | 1 J \__L
M 0.1:40.1 004 £.004 L_J __J L_ A t B ] f
e] [ @)
P28GM-50-375R 83IH-5751B (6/89)
30-Pin Plastic Shrink DIP (400 mil)
30 16
Item Millimeters Inches NnMOOONOOO0O0nOoO0nonn
A 28.46 max 1.120 max
B 10.16 [TP] .400 [TP]
c 8.6 . .339 )
D 5.08 max .200 max
E 4.31 max -170 max
F 323030 1264012 D000 ooo OO
G 1.78 max .070 max 1 15
H 1.778 [TP) .070 [TP) N
1 0.85 min .033 min A
J 0.51 min .020 min
K 0.50 +0.10 0.20 +.004
+0.10 +.004
L 025 T o10 * 002
M 0.17 007
~a \(/
0~ 15°
$30C-70-4008 83vO-61398 (6/89)
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Package Drawings
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40-Pin Plastic DIP (600 mil)
tem Millimeters Inches
A 53.34 max 2.100 max
B 15.24 [TP} 600 [TP)
C 13.2 520
D 5.72 max .225 max
E 4.31 max .170 max
F 3.610.3 1424012
G 2.54 max .100 max
H 2.54 [TP) 100 [TP]
| 1.2min .047 min
J 0.51 min .020 min
K 0.50 £0.10 .020 £.004
+0.10 +.004
L 025 T 010 Tooo
M 0.25 010
c
~ l/ V-
0-15° - L
P40C-100-800A

40 21
ooonooonoonoooOononnnonn

A\

UUUUUUUUUUUUUUUUUUUZIBJ
1

A
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Package Drawings

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

Item Millimeters Inches
A 53.34 max 2.100 max
B 2.54 max .100 max
[§ 2.54 (TP) .100 (TP)
D 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)
L 14.93 .588
M 0251005 010 *:02
N 0.25 .010

* Item K to center of leads
when formed parallel.

Y

P40D-100-600A

—
[o]

49NR-526B (5/89)
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40-Pin Cerdip (600 mil)
Item Millimeters Inches
A 53.34 max 2.100 max
B 2.54 max .100 max
[ 2.54 (TP) 100 (TP)
+.004
D 0.50 +0.10 020 e
F 1.2 min .047 min -
G 3.5 +0.3 .138 +.012 I
H 0.51 min 020 min I L |
| 3.80 .150 I ] |
J_ 5.08 max 200 max !
K*  15.24 (TP) 600 (TP) !
L 13.21 .520 I
+.002
M 0.25 £0.05 010 * 503
N 0.25 .010
* ltem K to center of leads \//\ e \‘/
M

P40DH-100-600A

when formed parallel. 0-15°

40 21
N S Y e A

Y

gy oo o
1 20

49NR-5308 (6/89)
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Package Drawings

44-Pin PLCC
le A |
B
nonooofonnnn
item Millimeters Inches
A 175 402 689 +.008 H |
B 1658 653 =
O
C 1658 653 d g
D 175 102 689 +.008 = 0
E 1.94 $0.45 076 +.006 wd =
F___06 024 A~
1 B—Cc D
G 4402 173 £.008 = ~ + 5‘
H 28 102 110 £.008 g =
1 0.9 min .035 min 0 o
J 34 134 o =
K 1.27 (TP) 050 (TP) 0 =
M 040 $0.10 _ .016 +.004
N 042 005
Y
P 1550 020 610 £.008 e L
Q 015 1006
T 0.8 radius .031 radius E
+0.10 +.004
U 02075 008 “o0p ;" |‘—- —>| E
4 | l
il i I i f
1 TTTTTYTTTTT T
— 5
N e o)
M
P
PusLsont €89 83VL-56048
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Package Drawings
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48-Pin Plastic DIP (600 mil)
Item Millimeters Inches
A 63.50 max 2.500 max
B 15.24 [TP] 600 [TP]
C 138 543
48 25
D 5.72 max 225 max o T OO O o O o O e O O o T e O o O e O o O O O B I B O O P
E 4.31 max .170 max
F 3.610.3 142+.012
G 2.54 max .100 max S
H 2.54[TP] .100 [TP] v -
| 1.1 min .043 min
J 0.51 min 2020 min
K 0.5040.10 0204004 T OO OO0 o D o o o oo
+0.10 +.004 24
L 025 *00d 010 2502 .
M 0.25 010

C

83vQ-6138B (6/89)
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Package Drawings

52-Pin Plastic Minifiat (3.5-mm leads)

Item Millimeters Inches

A 21.0 0.4 .827 +£.016

+.009

B 14.0 £0.2 -551 _ ‘508

+.009

Cc 140 £0.2 551 50

D 21.0 £0.4 .827 +.016
F 1.0 .039
G 1.0 .039

+.004

H 0.40 £0.10 016 _ o5
| 0.20 .008

J 1.0 (TP) .039 (TP)

+.008

K 35 +0.2 138 _ ‘009

+.009

L 22 +0.2 087 _ 008

+0.10 +.004

M 0.15 “ 505 -006 ~ ‘g0
N 0.15 .006

+02 +.009

P 26 Zg1 102 T o0

Q 0.1 £0.1 .004 +.004

P52G-100-00

——r] 39 27 b
—rr] e
—Td] = ]
—r] = —
—Tr] I
—xd F——
+ c
—rr] Fr——
—ro Fr——
—r] = —1
—r} == —]
LEE O
= 1

Nt
T

49NR-5368
(6/89)
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52-Pin Plastic Minifiat (1.8-mm leads)

flem _ Millimeters Inches L A
A 17.6 £0.4 693 +.016 B
.009
B 14.0 £0.2 551 *
—.008
3RARAAARAARAE
[ 14.0 £0.2 551 —.008 o] 39 27 b
D 176 %04 693 +.016 = =
F 1.0 .039 [ nw unm}
o sumn}
G 1.0 039 = —
+.004 £ + ==~ |C |D
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Package Drawings

52-Pin PLCC
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N E C Package Drawings

64-Pin Plastic Shrink DIP (750 mil)
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68-Pin PLCC
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80-Pin Plastic Miniflat (2.35-mm leads)
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N E C Package Drawings

80-Pin Plastic Miniflat (1.8-mm leads)
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84-Pin PLCC .
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N E C Package Drawings

84-Pin Plastic Miniflat
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N E C Package Drawings

132-Pin Ceramic PGA
A
PNMLKJHGFEDCSBA
Qoo0oo000000000O0Q|14
0000000000O0OO0O0OO]13
0O 0O0O000DOO0OOOOOO]|I2
ocoo o o0 o011
o o0o0 ooo}10
©c oo ooo0|9
D oo0o0 ooo]ls8
ooo ooo}7
oo0o0 oools
0o 0o ooofs
oo0o ocoooola4
©0000000OOO oo0oo]s
00000000 OO0CO ooj2
< Q@Qooooo0oo0o0000 o @1
Locator Pin
J 1
. . em Millimeters Inches
—— +016
i I A 35.5610.4 14007
H +.016
35.5610.4 1.400
pt K = e D -015
E 1.27 .050
L
m F 254 (TP) .100 (TP)
+.012
G 28103 A0t
H 0.5 min .019 min
[ 29 114
J 4.57 max .180 max N
+.008
K 01.210.2 8.047 007
L 6046005 018332
M 0.5 020 P
X132R-100A 83YL-58178

9-23




Package Drawings

f )

FIELD SALES OFFICES

NORTHEAST REGION SOUTH CENTRAL REGION  SOUTHEAST REGION MIDWEST REGION NORTHWEST REGION
One Natick Executive Park 16475 Dallas Parkway 6625 The Corners Parkway 1500 West Shure Drive 401 Ellis Street

Natick, MA 01760 Suite 380 Suite 210 Suite 250 P.O. Box 7241

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 St.

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

Dallas, TX 75248
TEL: 214-931-0641
FAX: 214-931-1182

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

Arlington Heights, IL 60004
TEL: 312-577-9090
FAX: 312-577-2147

340 E. Big Beaver Road
Suite 210

Troy, MI 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 Bivd., Suite 121
Columbus, OH 43229

TEL: 614-436-1778

FAX: 614-436-1769

30050 Chagrin Bivd.
Suite 320

Pepper Pike, OH 44124
TEL: 216-831-0067
FAX: 216-831-0758

Mountain View, CA 94039
TEL: 415-965-6200
FAX: 415-965-6683

Two Lincoln Center

10220 S.W. Greenburg Road
Suite 125

Portland, OR 97223

TEL: 503-245-1600

FAX: 503-245-3716

14001 East lliff Avenue
Suite 411

Aurora, CO 80014
TEL: 303-755-6353
FAX: 303-755-6728

SOUTHWEST REGION

200 E. Sandpointe, Bldg. 8
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



NEC

NEC Electronics Inc.

CORPORATE HEADQUARTERS

401 Ellis Street

PO. 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:
1-800-632-3531

DOC NO. 50051
©1989 NEC Electronics Inc./Printed in U.S.A.



