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Figure 10. Serial Interface Block Diagram

RxDO o—%
o W

TxCo

Baud Rate
Generator

———) SCKO

CH1

Tx01 Q) <

Serial Register

Serial Register
RxD1 O—[>
CTs1 Transmit Control

TxC1

Receive Control

Baud Rate
Generator

49-0013498

Figure 11. DMA Channels

Figure 12.

Programmable Wait State Generation

TC1

SARH1 | DARH1
DAR!
SAR1

Channel 1

TCo Channel 0
SARHO | DARHo
DARD
SARD

|4—1SBils-—-——->|

XXE0OH

FFFFFH Cannot set
E0000H 128K
CO0000H
A A
- T
40000H
20000H 128K
OH 128K

49-001351A

49-001350A
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Low-Power Standby

There are two low-power standby modes: HALT and
STOP. Software causes the processor to enter either
mode. )

HALT Mode. In the HALT mode, the processor is
inactive and the chip consumes much less power than
when operational. The external oscillator remains
functional and all peripherals are active. Internal status
and output port line conditions are maintained. Any
unmasked interrupt or 1/0 request can release this
mode. In the El state, I/0 requests subsequently will be
processed as vectored interrupts. In the DI state,
program execution is restarted with the ‘instruction
following the HALT instruction.

STOP Mode. The STOP mode allows the largest power
reduction while maintaining RAM. The oscillator is
stopped, halting all internal peripherals. All internal
status is maintained. Only a reset or NMI can release
this mode.

A standby flag in the SFR area is set by rises in the
supply voltage. The flag is reset when its status is read.
Its status is maintained during normal operation and
standby. Use the standby flag to determine whether
program execution is returning from standby orfroma
cold start.

5-18

Special Function Registers

Table 4 shows the special function register mnemonic,
type, address, reset value, and function. Figures 13
through 32 show the register formats.

Table 4. Special Function Registers

Byte/ Reset

Name Word Address Value Function

PO B xxFOOH Port 0

PMO B xxFO1H FFH - Port mode 0

PMCO B xxFO2H  OOH Port mode control 0

P1 B xxFO8H Port 1

PM1 B xxFO9H FFH Port mode 1

PMC1 B xxFOAH 00H Port mode control 1

P2 B xxF10H Port 2

- PM2: B xxF11H FFH Port mode 2

PMC2 B xxF12H 00H Port mode control 2

PT B xxF38H Port T

PMT B xxF3BH 00H Port mode T

INTM B xxF40H 00H Interrupt mode

EMSO B xxF44H External interrupt macro
service 0 '

EMS1 B xxF45H External interrupt macro
service 1

‘EMS2 B xxF46H External interrupt macro
service 2

EXICO B xxF4CH 47H External I/0 request
control 0

EXIC1 8 xxF4DH 4H External 1/0 request
control 1

EXIC2 8 xxF4EH -47H External 1/0 request
control 2
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Table 4. Special Function Registers (cont)

Byte/ Reset
Name Word  Address Value Function
MDOL B xxF82H Modulo register 0 low
MDOH B xxF83H Modulo register 0 high
™M1 w xxF88H Timer register 1
TM1L B xxF88H Timer register 1 low
TMIH B xxF89H Timer register 1 high
MD1 w xxF8AH Modulo register 1
MDIL B XxxF8AH Modulo register 1 low
MDIH B xxF8BH Modulo.register 1 high
TMCO B xxFI0H 00H Timer control 0
TMC1 B xxF91H 00H Timer control 1
TMMSO B xxF94H Timer macro service 0
TMMS1 B XxxF95H Timer macro service 1
TMMS2 B XxF96H Timer macro service 2
T™MICO B xxFICH 47H Timer 1/0 request control 0
T™MICT B xxFIDH 47H Timer 1/0 request control 1
T™MIC2 B xxF9EH 47H Timer 1/0 request control 2
DMACO B xxFAQH DMA control 0
DMAMO B xxFATH 00H DMA mode 0
DMAC1 B xxFA2H DMA control 1
DMAMi1 B xxFA3H 00H DMA mode 1
DICO B xxFACH 47H DMA 1/0 request control 0
DIC! B xxFADH 47H DMA 1/0 request control 1
RFM B XXFETH 10H Refresh mode
TBIC B xxFECH 47H Time base 1/0 request

control

wWT1C w XXFE8H FFH Wait control
WICL B xxFEBH FFH Wait control low
WTCH B xxFESH FFH Wait control high
PSWL B XXFEAH 00H Flag register
PRC B xXFEBH 4EH Processor control
SB B xxFEOH Standby control
DB B FFFFFH FFH Internal data area base

Byte/ ; Reset

Name Word  Address Vaiue Function

RXBO B XxxF60H Receive buffer 0

TXBO B xxF62H Transfer buffer 0

SRMSO B xxF65H Serial receive macro
service 0

STMS1 B XxF66H Serial transmit macro
service 1

SCMO B xxF68H 00H Serial communication
mode 0

SCCo B xxFB9H 00H Serial communication
control 0

BRGO XXF6AH 00H Baud rate generator 0

SCE0 xxF6BH 00H Serial communication
error 0

SEICO B XxxF6CH 47H Serial error 1/0 request
contrel 0

SRICO B XxF6DH 47H Serial receive /0 request
control 0

STICO B xxF6EH 47H Serial transmit /0 request
control 0

RXB1 B XXF70H Receive buffer 1

TXB1 B xxF72H. ~ Transmit buffer 1

SRMS1 B xxF75H Serial receive macro
service 1

STMS1 B xxF76H Serial transmit macro

) ) service 1

SCM1 B xxF78H 00H Serial communication
mode 1

SCCH B xxF79H 00H Serial communication
control 1

BRG1 B xxF7AH 00H Baud rate generator
register 1

SCE? B xxF7BH 00H Serial communication

- error 0

SEIC1 B xxF7CH 47H Serial error 1/0 request
control 1

SRIC1 B xxF7DH 47H Serial receive 1/0 request
control 1

STIC1 B xxF7EH 47H Serial transmit 1/0 request
control 1

T™MO w xxF80H Timer register 0

TMOL B xxF80H Timer register 0 low

TMOH B xxF81H Timer register 0 high

MDO w xxF82H Modulo register 0
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Figure 13. Port Mode Registers 0, 1, and 2.

7 [ 5 a 3 ) 1 [}
| PMy I PMg | PMg I PM,y I PM; | PMy | PMy l PMg I
Input or 0 | Output Port Mode
Output Bit
Selection 1 | Input Port Mode
490013778
Figure 14. Port Mode Control 0 Register
7 6 5 4 3 2 1 0
Leer [ - [ - [ - -T-T-1-]
rPorlorcamvol 0 | Port Mode
I Bit Selection 3 & Out
49-0013788

Figure 15. Port Mode Control 1 Register

7 6 5 4 3 2 1 0
l cP1y | cP1g | CPis J CP14 I cPiz l cP1y I CcP14 | CcP1y l

Port/Control Bit Selection

NMi input

INTEO/P14 Input

INTE1/P13 Input

INTE2/P13 Input

INTA

P14 1/0/Poll Input

INTR Input

P151/0

TO Output

P1g1/0

SCKO Output

“lo|ajol=loj=jol=|o|x|xIx

P171/0

Ready Input

49-0013798
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Figure 16. Port Mode Control 2 Register

2

1 0

7 6 5 4 3
I cP2; | cP2g I cP2; | cP2y | cP23

cP2, J cP2, | cP2y |

Port/Control Bit Selection
0 | 1/0Port
1 | DRGO Input
0 | I/0Port
1 | DACKOOutput
0 | 1/0Port
1 | TCOOutput
0 | I/0Port
1 { DRQ1 input
0 | VOPort
1 | pack1output
0 | 1/0Port
1 | TCOOutput
0 | I/OPort
1 Hold Input
0 | 1/OPort
1 | HLDA Output
49-0013808
Figure 17. Port Mode T Register
7 6 5 4 3 2 1 0
l 0 I 0 [ 0 ]70 Imwglmwzlupr‘lmm
I J
L c Port T
0]0|0fO0 | VrHx'%e
odojof{1]| vigxwe
ofo]1]o] vyyxwe
0101111 | Vigx%s
ol1]ofo] vigxse
0J1]0]1 ] VrHx%e
0 ]1[1]0]} VrHxs
0{1| 11 ]| Vigx%s
1410]0]0 )| VrHx%s
1{0}o]1] vrux%e
1]of[1 o] vigx'%s
11011 {1 ] Vyyx'%e
11110101 Vipx'3e
1]1]o]1] viHx%e
1 1] 10| vyyxne
1 (1] 1|1 { Vigx'e
49-0013818
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Figure 18. Interrupt Mode Register

7 6 5 4 3 2 1

INTM: l 0 | ESz l o l ES, | 0 l ESp | [ |

ES
NMi

Trigger Mode

Falling Edge

Rising Edge

Falling Edge

Rising or Falling Edge

Falling Edge

Rising or Falling Edge

Falling Edge

= lol=lo]|=|o}l=]|e

Rising Edge

49-001382B

Figure 19. 1/0 Request Control Registers

7 6 5 4 3 2 1

ws/
xxiCn: FLAG MASK INT ENCS

Priority

0| Highest

1] Lowest

Context Switch

Disable

Enable

INT | Macro Service or

interrupt

Macro Service

Interrupt Mask

Mask Open: Interrupts Enabled

Mask Closed: Interrupts Disabled

Interrupt Request Flag

No Request

Interrupt Requested

49-001383B

Figure 20. Macro Service Control Registers

7 [J 5 4 3 2 1

0

xoMSn: | MSMz I MSMy Imsuo | DIR | [} l CHy I CHy l CHy |
-

0 | Macro Service Channel

e e 00|

0 | Channel0
.
.

1 | Channel7

Transfer Direction

From Memory to SFR

From SFR to Memory

Transfer Mode

Note: [1] All other combinations are reserved

o0
coo

[] 8-bit Transfer
1| 16-bit Transfer
0[1}{ 8-bit Transfer with Character Search

49-0013848
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Figure 21. Serial Communication Mode Register

7 6 5 4 3 2 1 [}
SCM: I TxRDY l RxE J PEN L EP I cL | SL I MD1 i MDO I
— 1T | I
MD1|MDO] Mode
0 | 0 | vOInterface
o 1 y
1] X | Reserved
Stop Bit Control
1 | 1Stop Bit
2 | 2Stop Bits
Character Length
0 | 7Bits
1 | 8Bits
PEN EP Parity Control
0 | X | Disable Parity
1 |0 | EvenParity
1 |1 | OddParity
Receiver Control
0 | Disable
1 Enable
Transmitter Control
0 | Disable
1 } Enable
49-0013858
Figure 22. Serial Communication Error Registers
7 6 5 4 3 2 1 0
LRXD I [ I 0 I 0 | 0 I ERP | ERF I ERO I
Overrun Error Flag
1 { Overrun has occurred
0 | Overrun has not occurred
Framing Error
1 | Framing error has occurred
0 | Framing error has not occurred
Parity Error
1 | Parity error has occurred
0 | No parity error has occurred
RxD Line Status
1] RxDline = 1
0 | RxDLine =0
49-001386A
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Figure 23. Timer Control 0 Register

7

6 5 4 3

2 1 [

l TS0 ITCKLIJ I MSO l MCCK l ENTO l ALV l MOD1 | MODﬂ\I
—

MOD1

Timer Mode

0 Interval Timer Mode

1 One-shot Timer Mode

X Reserved

Active Level of Toyy

Toy initial level = 0

Touyr initiai level = 1

Enable Timer Out

Disable Timer Out

Enable Timer Out

One-shot Mode Register Clock

SCLK/12

SCLK/128

Modulus Start (One-shot Mode)

Stop Modulus Register Count

o |
v

Start M Register Count

TM Register Clock Select

MOD1

MODO | TCLK

0 SCLK/6 interval Timer Mode

SCLK/128

o |-

SCLK/12 One-shot Mode

ojo|o

< flajole

-

SCLK/128

Timer Start Bit

Stop Timer

- |e

Start Timer

49-0013878

Figure 24. Serial Communication Control Register

7 6 5 4

s [0 [ o [ o ] o ]

Note: [1] All other combinations after 1000 are illegal

3 2 1 0
PRS; Tpnsz Tpns, ﬁﬂ%j
— ]

PRS Input clock for baud
3210 rate generator

0000 SCLK

000 1] SCLK/2

0010]| SCLK/4

001 1] SCLK/8

0100{ SCLK/16

010 1] SCLK/32

0110] SCLK/64

0111} SCLK/128

1000| SCLK/256"

49-001388B
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Figure 25. Timer Control 1 Register

7 [ 5 4 3 2 1 0
I TS‘I‘I TCLK1 T 0 r 1] l 0 I [ I 0 | o |
TM1 Clock Select
0 | SCLK/6
1 SCLK/128
Timer Start Bit
0 | Stop TM1 counting
1 { Start TM1 counting
49-0013898
Figure 26. DMA Mode Registers
7 6 5 4 3 2 1 ]
| MDy | MDy I MDg I w ' EDMA I?JAA | 0 I 0 I
I
Trigger DMA
0 | No Effect
1 | Trigger DMA
Enable DMA
0 | Disable DMA
1 Enable DMA
Word/byte
x | No Ettect
DMA Mode
MD, | MDy | MDy
0 0 0 Single Step (Mem to Mem)
0 0 1 Demand Retease (IO to Mem)
0 1 0 Demand Release (Mem to 1/0)
0 1 1 Reserved
1 0 0 Burst Mode (Mem to Mem)
1 0 1 Single Transfer (I/0 to Mem)
1 1 0 Single Transfer (Mem to i/0)
1 1 1 Reserved
490013908
Figure 27. DMA Control Register
7 6 5 4 3 2 1 ]
I 0 l 0 I PD1 l PDO l 0 L 0 T PS1 TPSU l
Source Address Increment/Decrement Control
PSt | PSO
0 o Source Address not
} Incremented/Decremented
0 1 | Increment Source Address { + 1)
! 1 0 Decrement Source Address {—1)
! 1 1 Source Address not
Incremented/Decremented
Destination Add r Controi
PD1 | PDO
0 0 Destination Address not
Incremented/Decremented
0 1 Increment Destination
Address (+1)
1 0 Decrement Destination
Address (—1)
1 1 Destination Address not
Incremented/Decremented
49-0013918
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Figure 28. Refresh Mode Register

7 6 5 4 3 2 1 ]
rRELV IHLDRF I HLTRF LRFEN I RW1 I RWO I RFT1 ij

Refresh Cycle Speed
RFT1 } RFT0 | Refresh
0 0 16/SCLK
0 1 32/SCLK
1 0 64/SCLK
1 1 128/SCLK
Refresh Cycle Wait States
RW1 | RWO | Number of Wait States
0 0 0
0 1 1
1 0 2
1 1 2
Refresh Enable
0 Refresh Pin = RFLV
1 Refresh Enabled
Halt Refresh Enable
0 No Effect
1 Retresh During CPU HALT
Hold Refresh Enable
0 Hold Refresh Disabled
1 Refresh During Hold

Retresh level output

to RFSH pin when RFEN = 0

49-0013928

Figure 29. Time Base I/O Request Control Register

7 6 5 4 3 2 1 0

I TBF lTBMKI o 1 [] l 0 [ 1 I 1 | 1 I

=

Time Base Interrupt Mask Bit

0 | Unmasked
1 | Masked
Time Base Interrupt Flag
0 | Nointerrupt Generated
1 p
490013938
Figure 30. Wait Control Register
Wait Control Low
7 6 5 4 3 2 1 0
[ [} I 100 I BLK61 l BLK60 LBLK51 LBLKSO l BLK41 I BLK40 l
. Wait Control High
7 6 5 4 3 2 1 0
[BLK:M l BLK30 l BLK21 ELMiBLK"lBLK‘ILI BLKO1 I BLK0O I
T 1]
l BLKn1 | BLKnO | Mode
0 0 No Waits
0 1 1 Wait
1 0 2 Wait
1 1 External Ready Control

49-0013948
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Figure 31. Processor Control Register

7 6 5 4 3 2 1 [}
I [} | RAMEN I 0 I 0 L TB1 ' TBO | PLK1 I PLKO —I
I
System Clock Select
PLK1 PLKO
0 0 fosc
0 1 fosc/2
1 0 fosc/4
1 1 Reserved
Time Base Interrupt Period,
TB1 TBO

0 0 SCLK/210
[ 1 SCLK/213
1 0 SCLK/216
1 1 SCLK/220

Internal RAM Enable
0 Disabled
1 Enabled

49-0013958
Figure 32. Standby Register
7 6 5 4 3 2 1 []
l [ I [} I [ l [ | 0 | 0 J 0 l SBF —I
Standby Flag
0 | Nochanges in supply voltage
1 | Rising edge on supply voltage (cold start)
49-0013968
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Timing Waveforms

Tt

Memory Read Cycle Memory Write Cycle
T2mm—s| ] ‘ T;. ‘ 4 T2

Ag—Atg P( Ag~Atg X
=N\ = ws TN\ =
T

-1

2

/ e/ U A S
wsE ___ Y 1] N . 3
RD/WR \C RD/WR -—\
P——-——T————-—» ]
PR : ) £ Do=07 /\( 37 i
—V \ / N —

49-001353A

49-001352A

5-28



NEC

LCD PERIPHERALS E



LCD PERIPHERALS NEC

Section 6 — LCD Peripherals

uPD6307 LCD ROW DIIVEr .« ittt iionannessenroncssssnnnes 6-3
uPD6308 LCD ColumnDriver .......cviiiiiiiiiiiiiiiiiiiiienenenns 6-7
uPD7225 CMOS, Intelligent, Alphanumeric LCD Controller/Driver ..... 6-11
uPD7227 CMOS, Intelligent, Dot-Matrix LCD Controller/Driver ........ 6-21
uPD7228 CMOS, Intelligent, Dot-Matrix LCD Controller/Driver ........ 6-29
©PD72030 CMOS, Intelligent, LCD Controller ............c.covevuinnnn. 6-39
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NEC Electronics Inc.

uPD6307

LCD ROW DRIVER

Description

The uPD6307 can directly drive any multiplexed LCD
organized with up to 32 rows. It is easily cascaded to
128 rows.

Features

0 High voltage output 21 V maximum
(1 Directly controllable by the uPD72030
0 CMOS technology

[0 Single 5 V +10% power supply

Ordering Information

Part Number Package Type
uPD6307G-F 54-pin plastic minifiat
uPD6307G-R 54-pin plastic miniflat (inverted leads)

Pin Configuration

SEBBEEsE 888884
(3] OO0 >>>>>a
00000000 onnnnn
( 54 53 52 51 50 49 48 47 46 45 44 43 42 41 N
Ro (1 ’ 40 {1 RSO
Ri1 2 39 {1 10w
R 3 O 38 [] EOT
Rs 4 37 [J RST
R, s 36[1sT8 |
Rs 6 35 [ 1 FRM
R (7 4PDB307 34 [ SBY
Ry Q8 33 [J Rat
Rs 9 32 [ R3p
Ry [] 10 31 [ Rag
Ry L] 11 30 [ Rzs
Ry ; 12 29 [1 Ry
Ri2 q 13 28 [ R2s
\_ 14 15 16 17 18 19 20 21 22 23 24 25 26 27 J/
TUoooooUooOooDoy
EEEEELSERFIERE
83-003161A
Pin ldentification
No. Symbol Function
1-19, Ro-R31 Row drive output
21-23 )
20 Voe Positive power supply
34 SBY Standby input
35 FRM Frame input
36 STB Strobe input
37 RST Reset input ~
38 EOT End of transfer input o
39 oW 1/0 write input
40, 41 RSg, RSy Row select input
42-44 Victs Vics Vies LCD drive supply
45 Vss Ground
46 Vee (= Vico) Positive power supply and
LCD drive supply
47-54 €57-CSo Chip select output

6-3
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Pin Functions

Ro-R31 (Row Drive Output) a
LCD row drive output.

CS(-CS;7 (Chip Select)

Column driver- chip select. These outputs are
generated by the CS counter and RSp-RS;.

Vict, Vics, Vics (LCD Drive Supply)

Reference voltages used to drive Rp-R31.

RSg, RSt (Row Select)

This input selects the row drivér cascade connection.
" It enables expansion to 128 row drive outputs and 32
CS outputs, as shown in table 1.

FRM (Frame)

A high level input to this pin displays a positive frame
and a low level input displays a negative frame. At the
falling or rising edge of the signal, the row counter
is cleared and the row driver is started from Ry.

STB (Strobe)

Row drive strobe input. One STB pulse input at the
timing interval causes the display of the next row.

Block Diagram '

IOW (I/O Write)

This input increments the CS counter signal follow-
ing 10 low level IOW pulses.

EOT (End qf_ Transfer)

This input clears the CS counter when it goes active
low. ‘

RST (Reset)

This is the row driver reset input. A low input clears
the internal counter and row outputs Ry-R31, and sets
the CSp-CS7 outputs to a high level.

SBY (Standby)

This is the standby input. A low level input to this pin
sets the row outputs Rg-Ra{ to Vigq. Before entering
standby mode, set all column driver display data to
high level.

Vee (= Vico) (Power Supply and LCD Drive
Supply)

Connect the 5 V power supply between Vgc and Vgg
for logic circuit operation. This pin is also used for
the row drive voltage output.

Vgs (Ground)
Ground.

Vee(=Vico)

Ro-Ra1

CS; CS; CS; Cs

T ITITT

Voltage Control and
Output Driver

Chip Select
Counter and Decoder

Clear

Circuit

~ To Logic ——“J ﬁ

Decoderi/Selector

Row Clear +1-

T

Clear

Timing Control

Row Counter
Count (7-Bit)

Hl4 14

EOT FRM

83-003162B
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Functional Description

Timing Control Circuit

This circuit controls the timing for each internal block.
FRM, RSy, RSy, RST, and SBY are sampled at the
leading edge of STB, and then supplied to other in-
ternal circuits.

Row Counter Decoder/Select Circuit

As shown in figure 1, this circuit consists of a 7-bit
counter, a comparator, and a 5 to 32 decoder. The 7-bit
counter can accommodate 128 rows. The comparator
acts to clear Rg-Rsy if the upper two bits of the
counter do not match RSy and RS;. If they match, one
of Rg-R31, indicated by the lower five bits of the row
counter, is selected and the rest are cleared. RS and
RS, allow for cascading as shown in table 1. Table 2
shows the row select logic.

Figure 1. Row Counter Decoder/Select Circuit

To Voltage Control, Driver Circuit

{}

5 to 32 Decoder
A B CDE EN

A=28
Comparator

’_rA B

Row Counter Counl-Up—»:L - mss
7-Bit Counter

Row Counter Clear ———————

RSy *
RSy *

* RSo', RSy, and RST are obtained by synchronizing RSg, RSy, RST with STB.
83-003163A

Table 1. RSy and RS; Row Cascading

RSp RS, Row Signal Chip Select
0 0 Ro-Ra1 CSp-CS7
0 1 Rao-Re3 €Sg-CS1s
1 0 Rea-Ros CS+46-CS23
1 1 Rgg-R1p7 CS24-CS31
Table 2. Row Select Logic

Selected
EN E D H B A Row Signal
1 0 0 0 0 0 Ro
1 0 0 0 0 1 Ry
1 } 4 v i | Rn
1 1 1 1 1 0 R3p
1 1 1 1 1 1 R3¢
0 X X X X X None

Voltage Control Driver Circuit

This circuit generates the row signals for AC drive of
the LCD panel. A low level RST clears the output. A
low level SBY sets the output Vi cg. Table 2 shows the
Ro-R31 output levels.

Table 2. Ryp-R31 Outputs Levels

Function + (FRM = 1) - (FRM = 0)
Select Vics Vico
Clear Vics Viet

Chip Select Counter/Decoder Circuit

This circuit, shown in figure 2, generates the column
driver CS signal. This circuit has a 5-bit counter to
generate up to 32 CS signals. The 5-bit counter is in-
cremented once for every 10 IOW (active low) puises.
If the upper two bits of the chip select counter do not
match RSg and RSy, all the CSy-CS7 outputs are set
to high level. If they match, one of TSy-CS7 (indicated
by the lower three bits of the chip select counter) goes
low. If RST is low, CSy-CS7 become high level. Table
3 shows the chip select logic.

6-5




uPD6307 N E C

Figure 2. Chip Select Counter/Decoder Circuit Table 3. Chip Select Logic
— EN ¢ b a Chip Select
ﬁocf(':s_chsm?fsﬁcw 1 0 0 0 C_So
$isisid T 0 0 1 5
3 — 8 Decoder 1 0 1 0 C-gz
a b c 1 0 1 1 653
1 1 0 0 Sy
1 1 0 1 CSs
ReT L 1 1 1 0 TS¢
c 1 1 1 1 TSz
’_::[ B 0 X X X Disabled
oW 110 LSB MSB
Clear Divider 5-Bit Counter
L |
RSo’
RS¢"
83-003164A
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NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD6308
LCD COLUMN DRIVER

Description

The uPD6308 can directly drive any multiplexed dot-
matrix LCD organized with up to 40 columns. It is
easily cascaded to fit the user’s system.

Features

O High voltage output 21 V maximum
O Directly controllable by the uPD72030
O CMOS technology

0O Single 5V £10% power supply

Ordering Information

Part Number Package Type
uPD6308G-F 54-pin plastic minifiat
uPD6308G-R 54-pin plastic miniflat (inverted leads)

Pin Configuration

ssscBEopssllils
OO0oo0o0ononoonnonr
(" 54 53 52 51 50 49 48 47 46 45 44 43 42 41 \ -
Co] 1 40 [ Css
cig2 39 car
cds O 38 [1Css
cs]4 37 [1Css
cs s 36 [JCas
cs}6 35[0 cCas
ce}7 uPD6308 34 [ Ca2
c:gs 33 [JCx
ce o 327 Cao
Cco[] 10 310 C2
cn 30 [JCas
Ccn12 293 Caor
C12[] 13 28 [ Ca6
\_ 14 1516 17 18 19 20 21 22 23 24 25 26 27 )
ooy
§5885588858858
83-003165A

Pin Identification

No. Symbol Function

1-19, Co-Cag Column drive output

21-41

20 Vee Positive power supply

42-44 Vic2, Vics * LCD drive supply
Vics

45 Vss Ground

46 Vee Positive power supply and
(=Vico LCD drive supply

47 tS Chip select output

48 STB Strobe input

49 FRM Frame input

50 10W 1/0 write input

51-54 D3-Dg Data input




uPD6308

Pin Functions

Co-C39 (Column Drive Output)
LCD column drive output. :

Vic2; Vies, Vics (LCD Drive Supply)
Reference voltages used to drive Cg-Cag.

Do-D3 (Data Input)

This is the display data bus. Data in the 40-bit input
latch is written via this bus four bits at a time, a total
of 10 times.

FRM (Frame)

A high level input to this pin displays the positive
frame and a low level input displays the negative
frame.

STB (Strobe)

This is the column driver strobe input. At the leading
edge of the STB input, the 40-bit display data in the
input latch is transferred to the output latch to appear
in the column drive output.

IOW (I/O Write)

This is the data write input. If CS is active and IOW
goes low, data on Dg-D3 is written to the input latch.
CS (Chip Select)

This input pin is connected to the chip select output
of the row driver as the IOW enable. CS is active low.
Vee (= Vico) (Power Supply and LCD

Drive Supply)

Connect the 5 V power supply between Vg and Vgs.
V¢ is also used for the column drive voltage.

Vgs (Ground)

Ground.

Block Diagram

Vee = (VicO)
Vic3 Co-Cag
Vss | Vic2 T Vic5

i

Voltage Control and
Output Driver

v ] i~

+1-

Output Latch
(40-Bits)

7

Input Latch
(4-Bits x 10)

@i
10| Latch Enable

Column Data
Count | Counter and Decoder

Clear

Timing Control

& Lon)

oW sTB

83-0031668

Functional Description

Timing Control Circuit

This circuit controls the timing that operates each
uPD6308 internal block.

Voltage Control Driver Circuit

This circuit generates the column signals for AC drive
of the LCD panel. Table 1 lists Cyp-C3g output levels.
FRM’ is obtained by internally synchronizing the FRM
signal with the leading edge of the STB signal.

Table 1. Cy-C39 Output Levels

Function + (FRM’ =1) ~ (FRM’ =0)
Select (Data = 1) Vies Vico
Clears (Data = 0) Vies Vie?

Column Data Counter/Decoder Circuit

The column data counter/decoder circuit is shown in
figure 1. This decimal circuit generates latch enable
pulses to the input latches, which latch 40 bits of data
(four bits at a time, a total of 10 times). The number
of decoder outputs can be increased by cascading
uPD6308s under the control of CS. The counter value
increments at the leading edge of IOW, and clears
when CS goes high.
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Figure 1. Internal Block Diagram
Co C1 C2 C3 Ci C5 Co C; o o o o o o Cas Car Cas Cae
Q
STB —»p> 40-Bit Latch «—— Output Latch
D
Q Q Q
Latch 0 Latch 1 e o o o o o Latch 9 <« Input Latch
EN D EN D] EN D
_____ p— Do
_____ JR— D4
_____ —_ D2
_____ — D3
To To To
Latch 3 Latch5 Latch 7
To To To To
Latch 2 | Latch 4 Latch 6 | Latch 8
2 3 4 5 6 8
«—— Column Data Decoder
4 — 10 Decoder
EN A C
& Clear LSB MSB
oW Decimal Counter <— Column Data Counter
830031678

Input Latch Circuit Output Latch Circuit

The input latch circuit is shown in figure 1. The input
latches display data four bits at a time until 40 bits
are latched and displayed. When CS is active low,
each IOW active low pulse input to the decimal
counter causes 1 of 10 latch enable signals to be
generated from the column data decoder. Latches 0
to 9 are enabled consecutively to load data Dg-D3 un-
til 40 bits are latched.

The output latch circuit is shown in figure 1. The 40
bits output from the input latch circuit are transferred
to the output latch circuit at the leading edge of the
STB signal and appear on the column drive outputs.
Note that Dy is output to Cg, D4 to Cy, Do, to C4, and
Ds3 to Co.

l.)l
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NEC
: CMOS, INTELLIGENT, ALPHANUMERIC

NEC Electronics Inc. LCD CONTROLLER/DRIVER
Description ‘ Pin Configuration
The uPD7225 is an intelligent peripheral device de- o
signed to interface most microprocessors with a wide GEEERESEEFR B
variety of alphanumeric LCDs, It can directly drive any
static or multiplexed LCD containing up to 4 backplanes 39 38 37 36 35 34 33 32 31 30 29 28 27
and up to 32 segments and is easily cascaded for larger S20 LT} 40 O B HE s
L.CD applications. The uPD7225 communicates with a S [T} 41 2 I S
host microprocessor through an 8-bit serial interface. It :22 e 2 L1 85
includes a 7-segment numeric and a 14-segment alpha- - B zz % :‘
numeric segment decoder to reduce system software s;DI “ ] oy
requirements. The uPD7225 is manufactured with a low 52: % :: oD7225 iy —
power consumption CMOS process allowing use of a s2r 0] 47 ! 1 Fm so
single power supply between 2.7V and 5.5 V. It is availa- 2 0T 48 ' 18 o coms
ble in a space-saving 52-pin piastic flat package. - 1w bm comz
S3o [1T] 50 16 [ 1) COM4
Features a1 O] 51 O 15 D como
0 Single chip LCD controller with direct LCD drive - o DI\“,O s i s s rasnnnn g
1 Low cost serial interface to most microprocessors
- owoost et SRR
— 7-segment numeric LCD configurations e |§ $82°° &~ E s ’ﬁ
up to 16 digits : 83.002788A
— 14-segment alphanumeric LCD configurations
up to 8 characters . .
[0 Selectable LCD drive configuration: Pin ‘Ident|flcation _
— Static, biplexed, triplexed, or quadruplexed No. Symbol Function
[0 32-segment drivers : 1 cL2 System clock output
g (S:alscadgr)l?_g)[r) l;rger LICD applic;.ationsl 2 SYNC Synchronization port
__e_ esc;;aﬁceﬂz or ”ISas voltage configuration: 3-5 ¥LCD1‘ LCD bias voitage supply inputs
{0 Hardware logic blocks reduce system software - LCos
requirements 6 Vss Ground
— 8-bit serial interface 7,33 Voo Power
— Two 32 x 4-bit static RAMs for display data and 8 SCK Serial clock input
blinking data storage _ y 9 Si Serlal input
— Programmable segment decoding capability: = o e
- 16-character, 7-segment numeric decoder 10 ¢ Ip select
- 64-character, 14-segment USASCII 1 BUSY Busy output
alphanumeric decoder 12 c/D Command or data select input
— Programmable segm.ent. blinking capability 3 RESET Reset input
— Automatic synchronization of segment drivers m -
with sequentially multiplexed backplane " Ne 0 connection
drivers 15-18 COMg-COMg LCD backplane driver outputs
0O Single power supply, variable from 2.7V to 5.5V 19-32, 34-51  Sp-S3 LCD segment driver outputs
O Low power consumption CMOS technology 52 o System clock input
O Extended —40°C to +85°C temperature range
available

Ordering Information

Max Frequency
Part Number Package Type of Operation

#PD7225G-00 52-pin plastic miniflat 1MHz

6-11
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Pin Functions
COMy-COM3

LCD backplane driver outputs.
So-S31

LCD segment driver outputs.

VLcb1-VLeD3

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

Sl

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.

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

6-12

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.

CLt

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-Sa1
COMp-COM3
4 32
Backplane Drivers Segment Drivers
LCD Driver
1t
32
LCD
—_— Timing
SYNC -e— Controller 4 Display Latch
32
A
32
VDD ——— <‘ I
VLCDy —
VicDy — Mt
of N .
Conl::gller Segment 32 x 4 Bit Data 32 x 4 Bit
vVLeDg — Decoder Display RAM Pointer Blinking RAM
Vg ——n '
8 ﬁ 8
et Clock
cL2 Oscillator
RESET ———» 8

Butfer
Interface 8 Command
Controller Decoder

Serial Interface

Tl | ]

¢S c/D BUSY st §CK

83-0033798
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Absolute Maximum Ratings
Tp=25°C '

DC Characteristics (cont)
Ta=-0°Cto +70°C, Vpp = +2.7V 1055V

Power supply voltage, Vpp ~0.3Vto +7V

Limits

—_— Test
Input voltage, V| —0.3VioVpp +0.3V Parameter Symbol Min  Typ Max  Unit Conditions
Output voltage, Vo -0.3VtoVpp +0.3V :"Pm voltage Vi 0 0.3Vpp V  ExceptSCK
ow : s SCK
Operating temperature, Topy —10°C to +70°C ViLa 0 02Vpp - V. SCK
Storage temperature, Tsrg —65°C to +150°C Lﬂgﬁt voltage Vi 0.7Vpp Vpp  V ExceptSCK
S . i —
Comment: Exposing the device to stresses above those listed in Abso- Vinz  0.8Vop Voo vV SCK
lute Maximum Ratings could cause permanent damage. The deviceis  Qutput voltage Vg4 05 V. BUSY, lg =100 A
not meant to be operated under conditions outside the limits de- low v 05 Vo =400 A
scribed in the operational sections of the specification. Exposure to oL2 ’ SOYL_N_C L
absolute maximum rating conditions for extended periods may affect .
device reliability. Output voltage Vo4  Vpp vV BUSY, SYNC
high -0.75 lon=—7pA
DC Characteristics Input leakage Iy, -2 uA V=0V
Ta= —10°Cto +70°C,Vpp= +5V +£10% current low
Limits Tost. Input leakage I : 2 uA - Vig=Vpp
Parameter Symbol  Min Typ Max Unit Conditions current high
inputvoltage VL 0 0.3Vpp V Output leakage 1oL -2 A VoL=0V
low ' current 1L.oH 2 uA  Vou=Vpp
Inputvoltage Vg 0.7Vpp Vpp v Output short los -200 A SYNC,Vpg=0.5V
high circuit current o
Output voltage - Vg4 0.5 V. BUSY, lg =100 A Backplane Reom 6 kQ COMo-COM3,
low VoLz 10 Vg =900, Qriver output Vop=Vicp
SYNT impedance (Note 1)
Outputvoltage  Voy Vb v BUSY, SYNC, Segment Rses 12 kQ  Sg-Sg,
high . -05 lon=—10 pA Qruver output . Vop=Vicp
—— | s PR impedance (Note 1)
nput leakage - =0V -
cull)'renl |owg Lt H L . Supply current  Ipp 30 100 pA  CL1external clock,
: Vpp=3.0V+10%,
Input leakage Iy 2 pA Vig=Vpp fp =140 kHz
current high
Note:
Output leakage g1 -2 pA VoL =0V (1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes.
current Lo o WA Von=Vpp
Outputshort  log T30 b oG, Vgs—1ov  Capacitance
circuit current Ta=25°C, {4 =1MHz
Backplane Rcom 5 7 kQ COMy-COMs, Limits Test
driver output Vpp2Vicp Parameter Symbol Min Typ Max Unit Conditions(1)
i Note 1
impedance (Note 1) Input ¢ 10 pF
Segment Rseg 7 14 kQ  Sg-S31, capacitance
driver output Voo>Vico BUSY
impedance (Note 1) OquuF Cot 20 pF  Except BUSY
capacitance Co 15 PF BUSY
Supply current  Ipp 100 250 wA  Cliexternal clock, 0
f3=200kHz 1/0 Cio 15 pF -SYNC
Noter capacitance
(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. Clock C¢ 30 pF  CLtinput
capacitance
Note:

6-14
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AC Characteristics
Ta= —10°Cto +70°C,Vpp= +5V £10%
Limits Tost Limits ‘ Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max  Unit Conditions
Clock frequency f¢ 50 200 kHz Ciock frequency fg 50 140 kHz
fosc 85 130 175 kHz R=180kQ+5% fosc 50 100 140 kHz R=180kQ+5%,
Vpp=3.0V=10%
Clock pulse towi 2 . 16 us  CL1, external clock
width low Clock pulse towL 3 16 us  CL1, external clock
Ciockpulse  twy 2 6 s CLIextemalclock  Mdthlow
width high- Clock pulse towH 3 16 us  CL1, external clock
mcycle fovk 900 ns “ﬂh high i
SCK pulse width tew, 400 s SCKoyde  fok 4 M
low SCK pulse width txwt 1.8 us
SCK pulse width tewy 400 ns low_
high SCK pulse width tkww 18 uS
BUSY MoSCK ¢ tgrk O ns high
hold time BUSY tt0 SCK ¥ tgHk 0 ns
Sl setup timeto tisk 100 ns hold time
SCK t Sisetuptimeto Y5 1 us
z - ; SCK ¢
Sl hold time MK 200 ns
after SCK t Sl hotd time YHK 1 us
BNSCK o tos 3 us CL=50pF after SCK 1
BUSY { delay ) 8thSCK tto  tkpg 5 us Cp=50pF
time BUSY ¢ delay
CS110B0SY ¢ tepp 15 us CL=50pF time
delay time CS Vto BUSY ¢ ticpg 5 us G =50pF
C/D setup time  tpgk 9 us deli! time
to 8th SCK ¢ C/Dsetuptime tpgk 18 s
C/Dhodtime tomx 1 s o8t SCK ¥
after 8th SCK t C/Dholdtime tpuk 1 us
CSholdtime  tox 1 s afer &t SCK ¢
after 8th SCK 1 CShoidtime  touk 1 us
CSpuisewidth tow. 8/ s a_tter 8th SCK +
fow ' CSpulsewidth tow.  8/fy us
CSpulsewidth town  8/fp us I_OXV
high CSpulsewidth tocwy 8/ fs us
high
SYNC load Cy 50 pF . f3=200kHz
capacitance
AC Timing Characteristics
Al Inputs —-¥ ______ Vs =~ Vin
X ;rw - - ViL
All Outputs mmmm—————eey | 7 ~N v
e 7 “Ken,
830027998
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Timing Waveforms

Clock
|e—— 1t - e ol
- Ll l———— oW ———— Te :
\ /<——-’—‘$WH—->\
830028008
Serial Interface
- towL » tCWH
) | |
&5 \ [€——!CDg :
5USY AN _-___—_-\ 7T T
\
. | Y/ Y
tBHK -] ——— 1CYK——— <>
kDB
KW
SCK \ 15t . 2nd ,/ \, sth Y
KWH -———
| - >
!
!
|
II USK | tHK
I .
| -
: O
I ——
|
lL tDSK Pt DHK ————p
_ 4 - =
cib —
\ - - —_....)
83-002801B
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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 d4 d3 dp dy dy

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 dy 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 do
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 dy do 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 dp
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
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 d» di dy
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 dy

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 dp d 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 dg
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 .
R=180kQ
= . - /
z x
& 200 — g /
E E 120 =
3 -
£ £
e 100 13
2 £ 10
= E
% =
o 8 ClL CLy
50 g g
. Lol
T g Fon ! ! g

14 s ¢

100 200 500 3 4 5 6
External Resistance R (kQ) Supply Voltage Vpp (V)

Supply Voltage vs Supply Current

f=200KHz

/
f=14V

e

g

External Clock

/

Supply Current Ipp (:A)
g

k%
13

o8
2
83.003362A

4 5 6
Supply Voltage Vpp (V)
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7-Segment Numeric Data Decoder Character Set

Decoded Display RAM Data
Triplexed Quadruplexed
Display Display RAM Address Display RAM Address
(::t):) Character n+2 n+i n n+i n
00 3 3 5 3 D 7
01 E 0 0 3 0 6
02 & 2 7 1 E 3
03 H 0 7 3 A 7
04 ﬂ 1 2 3 3 6
05 & 1 7 2 B 5
06 & 3 7 2 F 5
07 ﬁ 0 1 3 0 7
08 {5’0 3 7 3 F 7
09 & 1 7 3 B 7
0A & 3 2 0 2 0
08 & 3 7 0 F 1
0c 3 3 5 0 D 1
0D . g) 0 6 0 A 0
OE g 2 6 2 E 4
OF ﬁ 0 0 0 0 0

6-19
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g 14-Segment Alphanumeric Data Decoder Character Set
© Display Display RAM Display Display RAM Display Display-RAM Display Display RAM
Byte Address Byte Address Byte Address Byte Address
(HEX) Char. n+3 n+2 n+i n (HEX) Char. n+3 n+2 n+1 n (HEX) Char. n+3 n+2 n# n (HEX) Char. n+3 n+2 n+i
Nt R W/ )
A0 % 0 0 0 0 B0 4 7 E 2 co ",‘2{% A 7 c 0 Do i 2 3 6
o = o . o -
N ‘ 1)/ .
Al tnvalid B1 0 6 0 0 C1 % 2 7 6 4 D1 0 7 E
° /L o
W 7 K/
A2 Invalid B2 l%:\‘l 2 3 ¢ 4 c2 8 7 8 5 D2 t}%‘l 2 3
FANY %1\, P o
N ) i
A3 Invalid B3 :‘,\::r: 2 7 8 4 C3 % 0 1 E 0 D3 % 1 5 8
N7 %
Ad Invalid B4 I% 2 6 2 4 C4 :}% 8 7 8 1 D4 % 8 1 0
o 8 < (o]
- W% 7
A5 Invalid B5 f}%{,‘ 2 5 A 4 c5 ‘;j({: 2 1 E 4 D5 %%% 0 6 E
LN ° o
NV N V)
A6 tnvalid B6 #)K' 2 5 E 4 6 ¢>K¢= 2 1 6 4 D6 % 4 0 6
AN 8 Ay, o
7 | " W X
A7 :%k: o o o 2 87 :%{f o 7 0 0 c7 %‘ o 5 E 4 b7 #‘:’4 4 6 6
Wi W,
A8 % 0 0 0 A B8 pr ] 2 7 ,, E 4 c8 [ ] 2 6 6 4 D8 ) 5 0 0
W I N
A9 % 5 0 0 0 B9 iy ] 2 7 A 4 C9 il 8 1 8 1 D9 . 9 0 0
NI WV N
A F o o0 F BA Invalid cA '%:% o 6 ¢ 0 DA :5“4: 4 1 8
ALV i ANV
W
o A 0 o0 s BB Invaiid cB ;)H 2 0 6 A 0B Invalid
s, N,
N/ Wil
AC Invalid BC :%{\7: 4 0 8 2 cc %KAI 0 0 E 0 DC % 1 0 0
TN{R o
N N7
AD % 2 0 0 4 BD % 2 0 8 4 cD %4 1 6 6 2 DD % Invalid
AE Invalid BE '%%'%} 1 0 8 8 CE % 1 6 6 8 DE Invalid
il ° o
AF % 4 0 0 2 BF Invalid CF % 0 7 E 0 DF Invalid

JHUN
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NEC Electronics Inc.

yPD7227

CMOS, INTELLIGENT, DOT-MATRIX

LCD CONTROLLER/DRIVER

Description

The uPD7227 intelligent dot-matrix LCD controller/
driver is a peripheral device designed to interface
most microprocessors with a wide variety of dot
matrix LCDs. it can directly drive any multiplexed LCD
organized as 8 rows by 40 columns, and is easily cas-
caded up to 16 rows and 280 columns. The uPD7227
is equipped with several hardware logic blocks, such
as an 8-bit serial interface, ASCIl character generator,
40 x 16 static RAM with full read/write capability, and
an LCD timing controller; all of which reduce micro-
processor system software requirements. The
uPD7227 is manufactured with a single 5 V CMOS pro-
cess, and is available in a space-saving 64-pin plastic
flat package.

Features

O Single-chip LCD controller with direct LCD drive
7 Compatible with most microprocessors
O Eight row drives
— Designed for dot-matrix LCD configurations up
to 280 dots
— Designed for 5 x 7 dot-matrix character LCD con-
figuration up to 8 characters
— Cascadable to 16 row drives
[0 40 column drives
— Cascadable to 280 column drives
O Hardware logic blocks reduce system software
requirements
— 8-bit serial interface for communication
— ASCII 5 x 7 dot-matrix character generator with
64-character vocabulary
— 40 x 16-bit static RAM for data storage, retrieval,
and complete back-up memory capability.
— Voltage controller generates LCD bias voltages
— Timing controller synchronizes column drives
with sequentially-muitiplexed row drives
{J Single +5 V power supply
7 CMOS technology

Ordering Information

Pin Configuration

Ca1

Max Frequency

Part Number Package Type . of Operation

uPD7227G-12 64-pin plastic miniflat 1000 kHz

Ca2s uPD7227
Ca26
C27
Cas
Cag
Cao
Cay
Ca2
Cas
Cas
20 21 22 23 24 25 26 27 28 29 30 31 32
ooooUoooooooo
s§8§8§§§gw%g§
2 2
o« g
Pin Identification
No. Symbol Function
1 NC No connection ~
2-24, Co-C3g LCD column driver outputs [
47-57,
59-64
25 Vss Ground
26, 58 Vpp Power
27 CLOCK System clock input
28 - RESET Reset input
29 Sl Serial input
30 c/D Command or data select input
31 S0/BUSY Serial output or busy output
32 SCK Serial clock input
33 [ Chip select input
34 SYNC Synchronization port
35-38 Vicp1-Vicps LCD bias voltage supply inputs

39-46 Ro/Rg-R7/Rqs

LCD row driver outputs
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Pin Functions

Co-Cao
LCD column driver outputs.

RO0/8-R7/15
LCD row driver outputs.

Vicpi1-Vicba

LCD bias voltage supply inputs to the LCD voltage -

controller. Apply appropriate voltages from a voltage
ladder connected across VDD.
Sl

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

cip

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.

Ro-R7
OR
Rg-Ris

B

Co-Can

i 1
[ Row Driver
i

Column Driver |

1]

SYNC <—»] oTming ke N

40 x 16 A
Static RAM
as Two K 8

40 x 8 Bit Banks)

Vop ——»

1T

jvf

Vicot —

Vicpz —— Voltage .

Controller

I Data Pointer |
Command
Decoder

AsCll
5 x 7 Dot Matrix
Character
Generator

Vicos —

RESET ——»

7
Vicps ﬁ .
O |

71

Clock *1 Oscillator

Clock Interface Serial
Controller

Interface

!

cs

! I

3] SO/BUSY SCK si

83-0037958

6-22



NEC

uPD7227

Absolute Maximum Ratings

DC Characteristics

Ta = 25°C Ta = -10°C to +70°C, Vpp = +5.0V = 10%
Power supply, Vpp -0.3Vto +7.0V Limits Test
All inputs and outputs with respect to V¢ -0.3VitoVpp +0.3V Parameter Symbol Min Typ Max Unit Conditions
Storage temperature, Tgrg —65°C to +150°C Input voltage, high Vig 0.7 Vpp' Vop V
Operating temperature, Topt —-10°C to +70°C Input voltage, low ViL 0 0.3Vpp V
Comment: Exposing the device to stresses above those listed in Input leakage ILIH +10 pAViy = Vpp
Absolute Maximum Ratings could cause permanent damage. The current, high
device is not meant to be operated under conditions outside the 1 AV =
limits described in the operational sections of this specification. Input leakage I 0 wAVi = OV
s : . current, low
Exposure to absolute maximum rating conditions for extended -
periods may affect device reliability. Output voltage, high Vo1 Vop-0.5 V S0/BUSY,
lon = —400 pA
Capacitance Vouz Vpp-0.5 V SYNG,
Ta = 25°C, Vpp = OV lon = —100 A
Lmits Output voltage, low Vous 0.45 'V SO/BUSY,
- - Test lop = +1:7mA
Parameter Symbol  Min Max  Unit Conditions 045V SYNC,
Input capacitance G 10 pF  f¢=1MHz lgp = +100 pA
Output capacitance Cg 25 pF  Unmeasured pins Output leakage ILoH +10 uAVgy = Vpp -
Input/output Cio 15 pr foumedlo current, high ’ _
capacitance syng dround. Output leakage oL 10 pAVgL = OV
current, low
LCD operating voltage ~ Vicp 3.0 Vpp V8-row
multiplexed
LCD drive
configuration
Voo V 16-row
multiplexed
LCD drive
configuration
Row drive Rrow 4 8§ k@
output impedance
Column drive ReOLUMN 10 15 k@
output impedance
Supply current Iop 200 400 uAf0 = 400 KHz
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AC Characteristics
TA = —10°Cto +70°C, Vpp = +5.0V = 10%

Limits Test
Parameter Symbot ©Min Max Unit Conditions
Clock frequency fé 100 1000 KHz
Clock pulse towH 400 ns
width high :
Clock pulse tewL 400 ns
width fow
SCK cycle tovk 0.9 us
SCK pulse tkwH 400 ns
width high )
SCK puise twi 400 ns
width fow :
SCK hold time  tyyp 0 ns
after BUSY?
SI setup time  Y{gi 100 ns
to SCKt
S! hold time tiHK 250 ns
after SCK?
SO delay time  topk 320 ns Croan=
after SCKY 50 pF
SO delay time~  topp 2 us
after C/DV
SCK hOlg time  tkup 2 us
after C/D¢
BUSY delay tBDK 3 s C =
time after 8th # %%AgF
SCK?t
BUSY delay _  tgpp 2 us
time after C/Dt '
BUSY delay _ tBoc . 2 us
time after CS¥
C/D setup time  tpg p) us
to 8th SCKt
C/D hold time  tppk 2 us
after 8th SCKt
CS hold time  teuk 2 us
after 8th SCKt
CS pulse width  town 2/t us
high
TSt delay time oo 2 us C =
to BUSY floating ggAgF
SYNC load Croaps 100 pF
capacitance
BUSY low twis 18 64  1/1%¢  Croap=
level width 50 pF
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Timing Waveforms

Clock Waveform

e e e VY

————— Vg

83-0038378B

Serial Interface

{a—tcwy
le—- tBDC le—tCH -
cs
cid
tKH p~»
tobp
— Land
SO/BUSY W . (SO)

@as s0) __ _MBUSYA sk

sousy N F
(as BUSY)

tkHp 1BDK

83-0038388B
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Command Summary

Instruction Code

Binary
Command Description D; Dg Dg Dy Dy Dy Dy [17) HEX
Mode Set Initialize the uPD7227, 0 0 0 1 1 Dy D4 Dy 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 L1 0 Dy Dy Do 10-14
Frequency :
Set
Load Data Load data pointer with 7 bits 1 Dg Ds Dy D3 Dy Dy Do 80-E7
Pointer of immediate data .
Write Mode Write display byte in serial 0 1 1 0 0 1 . D Do 6467

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 Dy 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 D4 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 "Dy 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 1} 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 Dy Dp D4 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 o 3
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 0 0 0 08

Further details of operation can be found in the uPD7227 intelligent dot-matrix LCD controlier/driver technical manual.
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5x7 Character Set as Generated in uPD7227

Display Byte Display Byte

D; |Dg |Ds |Ds [ D3] Do | Dy | Dy D; |Ds | Ds { D4 | Dg | D2 Dy | Do

oaoccfosssolcessoleessn
coooolecooelecoosfecoce

vsooolosees

coe00

o o 1 : o
1 socoefecocapeoss 1 1 1

soooe
fecooe

00000foscoofsoooeloseco
PR PO HIIH t44 344

0 1 1 0 FREE EEbE HSSH HTH
1 1 1 0 [ssesefeessg|azscafesacs

h EREE EE HEAE IS
Soeeolecenc]esoss]osses

RS FEH B e+

vgooojosseo:

2s000fooecol
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uPD7228

NEC CMOS, INTELLIGENT, DOT-MATRIX

NEC Electronics Inc. LCD CONTROLLER/DRIVER

Description Ordering Information

The uPD7228 intelligent dot-matrix LCD controller/ Part

driver is a peripheral device designed to interface most ~ Number Package Type

microprocessors with a wide variety of dot-matrix LCDs. ~ #PD72286-12 80-pin plastic miniflat

It can directly drive any multiplexed LCD organized as 8

rows by 50 columns or 16 rows by 42 columns. The  Pin Configuration

uPD7228 has a standby function to conserve power. It is

equipped with several logic blocks, such as an 8-bit se- 88333588 858838%8

rial interface, a 4-bit parallel interface, an ASCII uppet/ oo DofOSooooasooon

lower case, a Kana character generator,a50 x 16 static ox E" 80 79 78 77 76 75 74 73 72 71 70 69 88 67 66 “:h%

RAM with full read/write capability, and an LCD timing el 2 Y

controller, all of which reduce microprocessor system ewds O 2 ce

software requirements. cada s lce

The uPD7228 is manufactured with a single 5 V CMOS ::::: E : oper

process, and is available in an 80-pin space saving cuimn 7 :gc::

miniflat plastic package. CislRiz [ 8 sthicu

CaslRet [T 9 s ¢

Features Cartho . 10 55 1 cre

O LCDdirect drive P b4 o “Ber

O 8-or16-line multiplexing drive possible with single- RistR7 O 18 g s2hce
chip Rua/Re ] 14 s1f7¢cs
- 8-line multiplexing: 400 (50 x 8) dots Rig/Rs E 15 50 §c7
- 16-line multiplexing: 672 (42 x 16) dots Ri2fRs ] 16 ©cs

O 8-line or 16-line multiplexing drive with n chip Rr/Rs . 17 8l1cs
configuration Rio/Rz O 18 pcs
- 8-line multiplexing: 1 x 400 (n x50 x 8) dots s ep o
-16-line multiplexing: n x 800 (n x 50 x 16) dots . E » . 3 :

0O RAM: 2 x50 x 8 bits for display data storage viond 2 P

O Programmer designated dot (graphics) display Ne o zs ) 2hNne

[0 5x 7 dot-matrix display by on-chip character gener- Vios 2 2 b cLoek
ator ASCIl characters (alphanumerics, others): 64 \ 21_51 fj Z A g o Eg 3 E fj fﬂ’_]’ 3 3 3 /
characters; JIS characters (Kana and others): 96 S 2B@BCO QK 2 BKL 2 TR L
characters §5‘§§§—§’§|§§>J§°§°%ﬁ

O Cursor operating command 88 G .

[0 8-bit serial interface compatible with uPD7500,
uCOM-43N, uCOM-87/87LC

[0 4-bit parallel interface compatibie with uPD7500,
uCOM-84/84C

O Standby function

O CMOS technology

O Single +5V power supply

0O Extended —40°C to +85°C temperature range.

available
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Pin Identification

No. Symbol Function

1-4,43-80  Cg-Cyy LCD column drive outputs

5-12 Cap/ Ris- LCD row / column drive outputs
Cag/Rg

13-20 Ro/Rg-R7/Rys  LCD row drive outputs

21,22,24-26  Vigr-Vics LCD power supply

23, 42 NC No connection

27 Do/ Sl Data bus 0/ serial input

28 Dy(P/S) Data bus 1 (parallel / serial select)

29 Dy(CAE) Data bus 2 (chip address enable)

30 D3/S0 Data bus 3/ serial output

3 SYNC Synchronization signal input /output

32 BUSY Busy signal output

33 Vpp Power supply

34 Vss Ground

35 STB/SCK Strobe / serial clock input

36 Cc/D Command/ data select input

37,38 CAg. CA Chip address select inputs

39 tS Chip select input

40 RESET Reset signal input

4 CLOCK System clock input

Pin Functions
Dg-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 four bits read on the first STB are
loaded into the highest four bits of the serial/parallel
register. The four bits read on the second STB are
loaded into the lowest four 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 four bits correspond to the first
STB, and the low-order four bits to the second STB.

In serial interface mode, Dg is a serial data input pin and
D3isaserial data output pin. D1 selects serial or paraliel
interface mode (P/S), and Da is the chip address enable
pin (CAE).

Sl Serial Data-In (Input Common to Dg)

In serial interface mode, Sl inputs serial data. Data on Sl
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.
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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 out-
put to the SO pin, beginning with the most significant
bit, on the falling edge of SCK.

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

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 D2)

This pin is only used during serial interface mode, that
is, when P/S is low at the falling edge of RESET. To en-
able 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 ad-
dressing function is enabled regardless of the logic
state of CAE at the falling edge of RESET. The Schmitt-
trigger input prevents noise errors.

CAg-CA1(Chip Address)

These input pins allow you to address the uPD7228 in a
multi-chip configuration used for driving logic displays.
During parallel interface mode, CAg and CA1 are com-
pared to chip address data sent from the CPU regard-
less of CAE status during a reset.

However, during serial interface mode, CAg and CA1 are
compared with chip address data from the CPU only
when CAE enables chip addressing.

In multi-chip configurations, the device is selected if
CS =0 and CAg and CA{ match the chip address gener-
ated by the CPU. This address is the low two 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 CA1 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/
SCKand C/Dinputs 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
CAp-CA¢, then STB/SCK and C/D are enabled.

When CS is made high, D3-Dg and BUSY are placed ina
high impedance state. The Schmitt-trigger input pre-
vents noise errors.
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STB/SCK (Strobe/Serial Clock)

In paraliel 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 inputis 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 is internally busy. When this signal is low,
the CPU cannot read/write the uPD7228.

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.

Figure1. SYNC Signal in 8-line Multiplexing

If a chip is deselected (CS = high or chip address data
does not match), the busy output 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 signals) among all the yPD7228’s within the
frame period. It uses the row drive signal as a common
signal.

If one chip is designated master, its SYNC pin is in out-
put mode and the remaining chips are made slaves.
Their SYNC pins are put in input mode. The SMM com-
mand 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, con-
nect the SYNC pin to Vgg; conversely, if you choose out-
put 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.

—

830029058
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Figure2. SYNC Signal in 16-line Multiplexing

i 1frame

Row 0

Sync l |

830029068

Co-C41 (Columns)
These pins output the column drive signal for the LCD.

Rg/Ca9-R15/C42 (Row/Column)

These pins are row drive outputs (Rg-Rq5) or column
drive outputs (C49-Ca2), depending on the SMM com-
mand. )

Ro/Rg-R7/R15 (Rows)

These pins are row drive outputs for rows Rg-R7 or rows
Rg-R15, depending on the SMM command.

VLc1-Vics (LCD Drive Voltage Supply)

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

CLOCK (Clock)
This is the external clock input pin.

6-32

RESET (Reset)

This is the active-high reset signal input pin. It has prior-
ity 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

The uPD7228 is provided with sixteen types of com-
mands, each command consisting of one byte (8 bits).

Figure 3 shows the character codes and display
patterns.
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Figure 3. Character Codes and Display Patterns
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Block Diagram
Ro/Rg-R7/Ris R15/C42-Rg/Cag Co-Ca1
8 8 42
RS —sf - Row/Column : cs
RNS - Row Driver Driver Column Drivfr ONS

O S S

Vop g .
| ) L |se 50

tero— BN B, T B i
Viczo—sf < 1p F—rNs | — /] - woxsBis (50 8 Bits)
oo BE Los
Vicso—s ¢ - —»CcNS
ViL.C5 O—» ' Command I : | &
. Decoder PoDl::laev (15(? :?ﬁgns)‘
Vgs O—> .
Sync LCD Timing P 8 ' ' -8
O—* Control 16 i I l i
Y |
s&‘::&" Serial/Parallel interface
Clock §.'3?."r Control a A
= a o3 o @ 3
g 8§ 8§ 5 B B % § ¢ 3%
3 E ) &
830029078
Absolute Maximum Ratings Capacitance
Ta=25°C Ta=25°C; Vpp=0V
Supply voitage, 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 Cy 10 pF (Note 1)
capacitance
Operating temperature, Topt —10°Cto +70°C
Output Co 25 pF (Note 1)
Storage temperature, Tsrg -65°C to +150°C capacitance
Comment: Exposlpg the device to stresses above those listed in Abso- 1/0 capacitance Cyg 15 pF (Note 1)
lute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de- Note:

scribed in the operational sections of the specification. Exposure to () f=1MHz. Return unmeasured pinsto 0 V.
absolute maximum rating conditions for extended periods may affect
device reliability.
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DC Characteristics v
Ta= ~10°Ct0 +70°C, Vpp= +5V=10% Common Operation (cont)
_ tmts Tost _ Umits Test
Parameter Symbol Min  Typ Max Unit  Conditions Parameter  Symbol Min Typ Max  Unit * Conditions
Inputvoltage ~ Viyy  07Vpp -~ Vpp  V  Except SCK BUSY delay time tpcsp 2 us CL=50pF
high iz 0.8Vpp Vpp V. SCK from CS 4
Input voltage V), 0 03Vpp V CS 1t delay time  tpcspr 4 s CL=50pF
low to BUSY floating
Outputvoltage  Vou1  Vpp—0.5 vV BUSY, Dg-Ds, CShighlevel . twhcs 4 us
high loH=—400 A time
VoH2 Vpp—0.5 V  SYNC, SYNC load Cusy 100  pF
IgH= —100pA capacitance
Output voltage V1 0.45 vV BUSY, Dg-Da, Data set-up time tspp 0 us
low loL=1.7mA to RESET ¥
VoL2 0.45 V ~ SYNC, lg. =100 A Data hold time  typp 4 us
i
Input leakage I jH 10 wA  Vj=Vpp ) from RESET
current high :
Input leakage Iy -0 pA V=0V Serial Interface Operation
current low Limits
- Test
0utputtlzgk;ge oH : 10 #A Vo=Vpp Parameter Symbol Min Typ Max Unit Conditions
current higl m——
SCK cycle tovk 0.9 us
Output leakage oL -10 A V=0V -
current low : SCK pulse width twyx 400 ns
high
LCDoperating Vigp 3.0 Voo v —
voltage SCK pulse width twix 400 ns
low
Row output Rrow 4 8 kQ =
impedance SCK hold time  typk 0 ns
from BUSY 1
Row/column  Rpow/ -
output coL 5 10 kQ Sl set-up time to tgik 100 ns
impedance SCK ¢
Columnoutput  Rgor. 10 15 kQ S hold time thi 250 ns
impedance from SCK ¢
Supply current ippg 200 400 A Operating mode SO delay time  tpko 320 ns C_=50pF
fo=400KkHz from SCK +
Ipp2 20 A Stopmode BUSY delay time tpks 3 us C_=50pF
CLK=0V from eighth . o
SCK 1
BUSY low-level 18 64 1/f CL=50pF
AC Characteristics ime e ¢ M=
Ta= - 10°Cto +70°C, Vpp= +5V £10% _
C/D set-up time tspk 0 us
Common Operation {ofirst SCK ¢
C/Dhoidtime thkp 2 us
__ Gmits Test from eighth
Parameter Symbol Min Typ Max = Unit Conditions SCK t
Clack frequency fg 100 100 kHz CSholdtime  thkes 2 us
Clock pulse twHe 350 ns fsr% (;lghth
width high
Clock pulse twe 350 ns
width low
RESET pulse  typs 4 us
width high

A-RR



uPD7228

NEC

AC Characteristics (cont)
Ta= —10°Cto +70°C,Vpp = +5V £10%

Parallel Interface Operation .

Parallel Interface Operation (cont)

Limits " Tt Limits Test

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max  Unit Conditions
input command  tp 100 ns C_=80pF. . BUSY delay time tpgp 3 us
set-up time to : from second
STBY - STB ¢
Input command tg 90 ns Cy=20pF C/D set-up time tsps 0 us
hold time from ' o first STB ¥
STB ¥ = -

C/Dholdtime  tysp 2 us
input data set-  t¢ 230 ns Gy =80pF froms econd
up time o STB ¢ STB 1
Input data hold tp 50 ns Cy=20pF CSholdtime  tyses 2 us
time from STB 1 from second
Outputdata  tacc 90 650  ns C=80pF STB 4
delay time
Output data hold t4 0 S 150 ns C =20pF AC Timing Test Points
time
STB pulse width tg 700 ns 570D .y 57Vp0
low Xo.zvm;:> Poimts <« 03Vpp
STB high level * 1y 1 us 83.002909A
time
STBhoidtime tygs O us
from BUSY t
Timing Waveforms
Serial Interface

= ) f—}_
L—b}—tncss t-—mxcs—», [+ tWHC!
! s -
cib k
tHKD tocserF
Vpp-05V
0.45V
twie
830029088

RK_?R
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Timing Waveforms (cont)

Interface , Clock Waveform

RESET

tsDR - tnnb——-—l
me X X s

83-002912A

s X £ ]\
- [+—tooss IA——tHscs—-J |+ twHs
X X
—*I [+—tsps tHsp—+| :l tDCSBF
BUSY
o tHBS | o tsH——| l--tpss twee

Parallel interface

5B i N
1st 2nd
tB ’oic tsL
tA—+] (— — I.—ID
Control Input
Do-b3 X Input Data

1Acc—l-—~ le—tH

Output
Do-b3 Data ,K

83-0029118

Reset Signal

tHRS ——»|
RESET

83-003856A
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Command Summary Command Summary
Instruction Code
1. Set frame frequency 0 0 1 0 F2 FI FO Binary
Mnemonic Operation D7 Dg Ds Dy D3 D2 Dy Dy HEX
o SFF Set frame frequency 0 0 0 1 0 Dy Dy Dy 10-14
2. Setmuliplexing mode 0 0 1 1 M2 M M0 guy  Setmutipxingmode ©0 0 0 1 1 Dp Dy Dy 18-
DISP OFF Display off 0 0000 O0O0 0 08
3. Display off 6 00 1 0 00 DISPON  Display on 0000100 1 09
LDPI !_nad data pointer with 1 Dg D5 Dy D3 Dy Dy Dg 80-BY,
4. Displayon 0 0 0 1 0 0 1 immediate co-F1
SRM Set read mode 01 1 0 0 0 D Dy 60-63
5. Set read mode 11 0 0 0 11w SWM Set write mode 0 1 1 0 0 1 Dy Dy64-67
SORM  Set OR mode 01 1 0 1 0 Dy Dy68-68B
6. Setwrite mod T 0 0 1w SANDM  Set AND mode 0 1 1 0 1 1 Dy Dy6C-6F
. Set write mode
v SCML Setcharactermodewith 0 1 1 1 0 0 0 1 7
left entry
7. Set AND mode 11 0 1 1 11 10 SCMR  Setcharacter modewith 0 1 1 0010 72
right entry
8. Set OR mode T 0 1T 0 T ® BSET  Bitset 0 1 0 Dy D3 Dy Dy Dy 40-5F
BRESET  Bit reset 0 0 1 D4 D3 Dy Dy Dy 20-3F
§ WRCURS  Write cursor 61111101 7D
9. Set character mode with 1t 1 1 0 0 1 0
right entry CLCURS  Clear cursor 01111100 7C
STOP Set stop mode 000O0O0OOCOTI1T O
10. *Set character mode with i1 1 0 0 0 1
left entry
11. Bit set 1 0 B2 Bl BO J1 JO
12. Bit reset 0 1 B2 Bl BO J1 JO
13. *Write cursor 1t 1 1 1 1 0 1
14. *Clear cursor 1t 1 1 1 1 0 0
15. Load immediate to data D6 D5 D4 D3 D2 D1 DO
pointer
16. *Set stop mode 0o 0 0 0 0 0 1
Note:

* Newly added (compared to uPD7227).
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NEC cMOS, INTELLIGENT

NEC Electronics Inc. LCD CONTROLLER
Description Pin Configuration
The uPD72030 intelligent LCD controller manipulates - _
dot-matrix characters and graphics by host CPU com- 8 §§ 22 3 5-'- Z ;—‘§ Fe
mands that are provided through an 8085-compatible onooonaooonon
bus interface. This frees the host to perform other El EI E]HH QH HH H H H H
tasks, and so increases overall system efficiency. The NC g hEeeeeesen b
uPD72030 utilizes an 8-bit parallel bus that connects, SPLT % 15 63 [T LA
without an additional interface, to such general- c'm': o :j :f :.:'g LL:G
purpose microcomputers as the uPD8085AH or Eof 0 18 oS uj
uPD8086. This bus permits high-speed data transfer DREQ [TT] 19 59 LAg
to the LCD driver. A font character generator of up to DACK (1] 20 58 (177 LAy
16 x 16 dots can be externally attached, permitting Dﬁo s = o
the generation of Kanji (Sino-Japanese) and other p, O] 23 wPD72030 55 [0 LDy
characters. A 5 x 7 dot character generator for D, OO 24 5; % LDg
. . D3 25 5. LD,
alphanumeflc_charactgrs and symbols totalling 64 B % % 52 LD-:’
characters is internally supported. D5 CIT 27 51 [T LDg
Dg CIT] 28 50 113 LDy
Dy £ 29 49 113 LD
Features WR [0 30 48 1] Ln:,
. . RO O 3t 7 101 WEWR
O Display duty: 1/32 to 1/128 = oo o - — %\;
1 Display control 3388588835993 %
— Cursor manipulation HHHEHEHHEHHEE
— Vertical and horizontal movement 2 R & |z
— Direct addressing TEpSCSSGERRER
3
— Shift to home position : 49.000379A
— Editing
— Scrolling

— Attribute functions
— Reverse display
— Underline
— Blinking display
[J Directly connectable to LCD drive
uPD6307/6308 :
J CMOS technology o
[0 Single +5V power supply

Ordering Information

Max Frequency
Part Number Package Type of Gperation
uPD72030G-12 64-pin plastic miniffat 6 MHz
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Pin ldentification

No. Symbeol Function

1-6,8-11, LAg-LA1g Local address bus output

56-64 )

7,39 Vod Power supply input

12 iNT Interrupt request output

13 CGEN Character generator enable output

14 NC No connection

15 SPLT Split screen select output

16 DRAM DRAM reset enable output

17 CKOUT Clock output

18 EOT End of transfer output

19 DREQ DMA request output

20 DACK DMA acknowledge input

21 C Terminal count input

22-29 Dg-D7 Data bus 1/0

30 WR Write strobe input

31 RD Read strobe input

32 S Chip select input

33 A0 Address 0; command and signal
input for data.bus function

34 TEST Sets test mode input

35 RESET Reset input

36,37 X2,X1 Clock pins

38 Vss Ground

40 ST8 Strobe output

41 FRM Frame; AC converted signal output

- that drives the LCD

42 RST LCD driver reset output

43 SBY LCD standby mode output

44,45 10W2,ioWi LCD driver write strobe output

46 MEMW Local memory write output

47 MEMR Local memory read output

48-55 LDg-LD7 Data bus input to local memory
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Pin Functions

Data Bus [Dg-D7]

This /0 data bus interfaces with the host CPU. Writing
of commands, parameters, and data, or reading of
status and data are performed through this bus.

Address 0 [A0]

When input A0 is low, the data bus contains data or
a parameter. When A0 is high, the data bus contains
a command or status. A0 connects to the host CPU
address bus. ’

Chip Select [CS]

A low input to this pin enables the host CPU to read
from or write to the data bus. CS connects to the host
CPU address decode signal.

Read Strobe [RD]

A low input to this pin while CS is active enables the
uPD72030 to send status or data to the data bus. RD
connects to the host CPU read strobe.

Write Strobe [WR]

A low input to this pin while CS is active enables the
uPD72030 to receive a command or parameter. WR
connects to the host CPU write strobe.

DMA Request [DREQ]

This pin outputs a DMA service request for data block
transfer. When a data block transfer is required
between host CPU memory and puPD72030 local
memory, if the transfer is possible, DREQ will be set
high to request DMA service. DREQ connects to the
service request input of the DMA controller. If the
block transfer function is not used, this pin should
be left open.

DMA Acknowledge [DACK]

A low input to this pin acknowledges a DMA service
request and internally 'sets CS and A0 low. DACK
connects to the service acknowledge output of the
DMA controller. If the block transfer function is not
used, this pin should be pulled high.

Terminal Count [TC]

A low input to this pin indicates data block transfer
has terminated. TC connects to the DMA transfer
termination output of the DMA controller. If the block
transfer function is not used, TC should be pulled
high.
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Local Data Bus [LDy-LD7]

This data bus input provides communication between
the uPD72030 and local memory, which consists of
display memory and the character generator.

Local Address Bus [LAg-LA4g]

This address bus output accesses iocal memory.
LAg-LA45 address display memory. LA45-LA4g address
the external character generator.

Character Generator Enable [CGEN]

This output enables the external character generator.
When CGEN is high, the character address and scan
address are output on LAp-LA+1g. When CGEN = 0, the
address to display memory is output on LAg-LA1s;
LA-LA1g become dont care. When the external
generator is not used, CGEN should be left open.

Split Screen Select [SPLT}

When the partitioned matrix display is used, this out-
put pin selects which of two refresh memories will be
available for access. When SPLT is low, refresh
memory for the upper portion of the screen is ac-
cessed. When SPLT is high, refresh memory for the
low portion of the screen is accessed.

DRAM Reset Enable [DRAM]

When dynamic RAM (DRAM) is connected to local
memory, the logical AND of this output signat-and the
uPD72030 RST signal is input to the RST pin of the
column driver. This prevents a loss of display memory
contents while the display is off, without refreshing
DRAM.

Local Memory Read [MEMR]

This is the read strobe output to local memory. When
MEMR goes low, the uPD72030 reads the contents of
local memory. If IOW1 and IOW2 are also low level,
the contents of display memory are directly written
to the LCD driver.

Local Memory Write [MEMW]

This is the write strobe output to local memory. When
MEMW goes low, data is written to local memory.

LCD Driver Write Strobe [IOW1, IOW2]

These are the data write strobe outputs to the column
driver. For each MEMR pulse, IOW1 generates one
pulse and IOW2 generates two pulses. IOW1 and
IOW2 are selected according to how the column driver
is used.

Strobe [STB]

This is the row driver strobe. One STB pulse output
at the timing interval causes the display of one row.
The number of STB outputs during each frame inter-
val determines the display duty.

Frame [FRM]

This output is an AC-converted signal that drives the
LCD. A high-level output displays a positive frame (one
screenful) and a low-level output displays a negative
frame.

End of Transfer [EOT]

When low, this output indicates one row of display
data has transferred. EOT is a clear signal for the CS
signal generator counter of the row driver.

LCD Driver Reset [RST] ‘
This output goes’low when the LCD driver is being
reset. For normal display, RST is high level.

LCD Standby [SBY]

This output goes low when the LCD display stops and
the LCD driver enters standby mode. For normal
display, set SBY high level.

Clock Out [CKOUT]

This pin outputs a clock whose frequency is 1/15 that
of the original oscillator.

XTAL1, XTAL2 [X1, X2]

These pins are used to connect an external crystal.
Because the uPD72030 has a built-in high-gain
amplifier, a functional clock can be generated by con-
necting a crystal or ceramic resonator and two
capacitors to X1 and X2.

When an external clock is used, X1 inputs the clock
and X2 is left open.

Reset [RESET]

A low-level input to this pin initializes the uPD72030.

Interrupt Request [INT]

This pin outputs an interrupt service request to the
host CPU. If INT = 1, a command is being processed.
If INT = 0, a command process is complete and the
uPD72030 is ready to request a new command from
the host CPU.
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Test [TEST]

A high-level input to this pin sets the uPD72030 to test
mode. For normal use, the input to the TEST pin should
be fixed low by connecting TEST directly to Vgs.

Vss
Ground.

Voo
Positive power supply.

Block Diagram

NT ’\1
—>
20— hostcru SPLT
CS —>»] Interface |~ CGEN
RD —»
WR —>1 Status LAO-LA18
Register Local Memory
D0-D7 Access :
Controller
Data
DREQ <€—— AFO C_J‘> LDO-LD7
DACK —|
T©—> Command | MR
Butfer g MEMW
@
: > IOW1
RESET —»] = Command = | » iGW3
TEST—>| Decoder }-_—_> LCD Timing %’
~-— —
Sov and System Generator sTB
DRAM <—] Controller FRM
|— CKOUT
Character Clock
Generator Generator  [€— X1
X2
LA
o > wer Suppl
Vsg — ower Supply
49-000969A
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Functional Description

An LCD display system can be configured by connect-
ing a row and column driver (a uPD6307 and uPD6308)
and a general-purpose RAM as display memory to the
uPD72030. An external character generator may be
connected.

The uPD72030 performs both the display and com-
mand process. In the display process, the uPD72030
drives an LCD panel by sending display memory data
to the column driver, and timing signals to the row
and column drivers. At fixed intervals generated by
the uPD72030, the display memory contents are
transferred directly to the column driver via the local
bus. When two or more column drivers are connected
to the system, the row driver CS signal determines the
column driver to which the data is to be written. After
display data is stored in each column driver, the STB
signal is output. One line of display data is then out-
put to the LCD panel. The row signals are scanned,
and the above sequence is repeated to drive the LCD
panel using this time-division method.

In the command process, the uPD72030 manipulates
the contents of display memory with host CPU com-
mands. In order for the uPD72030 to process a com-
mand, the host CPU must read and check the status
of the uPD72030. If the uPD72030 is processing a com-
mand, the host continues to read and check status
until the uPD72030 is in the command wait state (no
command is executing). When the uPD72030 is in the
command wait state, the host sends a command to
the uPD72030. (An interrupt may also be used.) The
uPD72030 interprets the given command and executes
it.
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Absolute Maximum Ratings DC Characteristics
Ta = 256°C Ta = —-10to +70°C, Vpp = 5V 5%
Supply voltage, Vpp Vgg - 03t +7V  JA = —1010 +50°C, Vpp = 5V £10%
Input voltage, V| Vgs = 0.3VioVpp + 0.3V Limits Test
Output voltage, Vg Vgg — 0.3VtoVpp + 0.3V Parameter Symbol Min Typ Max Unit Conditions
Operating temperature, Topr —10 to +70°C Input voitage low V)  -0.3 0.7 VvV
Storage temperature, Tsrg -65t0 +125°C  [nput voltage Vier 22 Vpp V. Other than
high + 0.3 RESET, X1
Comment: ExPosing thg device to stresses above those listed in Vie Voo Vop RESET, X1
Absolute Maximum Ratings could cause permanent damage. The -1 +03 V
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification. Output voltage VoL 0 045 V. (1)
Exposure to absolute maximum: rating conditions for extended low
periods may affect device reliability. Output voltage Vou 4.0 vV (2)
high
Recommended Operating Conditions Input current Iy -2 -3 uA RESET Vi<V
Limits Test li2 75  pA X1 V>V
Parameter Symbol Min Typ Max Unit Conditions -7.5 uA X1 Vi<V
Supply voltage ~ Vppy 4.75 5.0 525 V Input leakage {ITR] -3 3 uA TC, %CK,_C?,
Operating topT1 6 MHz Ta=-10to +70°C  current A
fraquency o =0Vt Vpp
Output leakage o -3 3 uA  Do-D7,
Supply volt V] 4. . .
uppy' valtage ppz 45 50 55 V current LDo-LD7 when
Operating fopT2 6 MHz Ta=-10to +50°C high impedance
frequency
STOP current IsTP1 1 12.0 wpA Xtal osc;
No load
IsTP2 3 10 mA fgsc = 6 MHz
No load
Operating current  lgg 5 14 mA fgsc = 6 MHz
No load
Note:

(1) IOW1, IOW2, LDg-LD7, CKOUT, MEMR, MEMW, LAg-LA1g, Do-D7,

LAgLAgg,
INT, CGEN, SPLT, DRAM, DREQ, FRM, STB, RST, EOT, SBY.
loL = 1.8 mA ‘

(2) Same list as Note 1. lpq = —0.4 mA
Capacitance
Ta = 25°C

_ limhs Test
Parameter Symbol Min Typ Max Unit Gonditions
Input ] 7 12 pF  fgsc = 1 MHz
capacitance Vosc = 0.1V
Output Co 7 12 pF
capacitance
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AC Characteristics
Ta = =10to +70°C,Vpp = 5V 5%
Ta = -10to +50°C, Vpp = 5 V +10%

Limits Test . Limits

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Tvp Max Unit
DACK, C5, A0 tag O ns LA setup to MEMRY (1) 60 ns
setup to RDV LA hold from MEMR (1) 1ty 100 ns
m%“{mcms'ﬁ%‘: ta 0 ns MEMR pulse width twrr 660 ns
RD pulse width  thg 250 ns MEMR cycle time fovm 1250 ns
Data delay from  tap 300 ns Cp = 150 pF MEMR _hi_g_h-level width ) 250 ns
DACK, TS, A0 LA to IOW1t tap( 610 ns
Data delay from  tgp 25 ns CL = 150 pF MEMRY to [OW1+ tmRD) 400 ns
RDY IOW14 delay from MEMRY  typy 50 ns
Data float from- tpp - 10 120 ns U] MEMR hold from OW14 twmpy - 160 ns
ROt — 10WA pulse width ti 240 ns
Eﬁf’; ffﬁ‘i ’ w0 ns TOWT_cyole time toy; 1100 1250 ns
AGK, 5.A0  twn 0 " MEMRY to CKOUTY twre 450 ns
hold from WRt CKOUT pulse width tre 130 ns
WR pulse width  tyyw 160 15/ ns CKOUT* to MEMRY tEMR 200 ns

fosc CKOUT cycle time toys 2500 ns
%ﬁ setipto  tow 100 ns DATA delay from MEMRY (3) twrp 430 ns
Data hod fom  typ 70 " DATA hold from MEMR? (3)  twy 0 ns
Wt DATA delay from LA (1) (3)  tapt 500 ns
TC pulse width  trg 100 ns LA setup to MEMWY (1) tuw 200 ns
DREQ clear delay tepg 200 ns G = 80pF LA hold from MEMWt (1) tyw, 190 ns
from TCv MEMW pulse width tuww 400 ns
RD, WRV to TCt  tgr 100 ns LA setup to DATA (1) (3) g 270 ns
TCLtoRD, WRt  trg 100 ns DATA setup to MEMWS (3)  tomw1 10 ns
DREO? to DACKY tpp 0 ns G = 80pF DATA setup to MEMW! (2)  tomwz 580 ns
DACK pulse toack 300 ns DATA hold from MEMW! (2) tywp 85 ns
width__ STB pulse width (2) tsts 360 ns
X1 cycle tm‘1e toy 166 ns STB1 to TOWI* (2) — 530 s
)r§i1g t;])ulse width tcH 50 ns Wit 0 B0 (2) WiE 0 s
X1 pulse width  1g. 80 ns EQT pulse width (2) teor 360 ns
low FRM, SBY, RST to STBY (2)  trs 720 ns
X1 rise time teR 20 ns LA to iOW24 (2) taD(2) 400 ns
X1 fall time ter 20 - ns MEMR to [OW21 (2) turoz) 220 ns
Note: MEMR! to [OW24 (2) tMRI2 0 ns
(1) Vo = Vpp - 0.5V

VoL = 05V Note:
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(1) Including CGEN and SPLT.

(2) Measuring points:
Vox = Vpp — 05V

(3) CLBUS = 200 pF
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AC Characteristics (cont)
Ta = ~10 to +70°C, Vpp = 5V 5%
Tp = =10 to +50°C, Vpp = 5V £10%
CL = 100 pF :
Limits Limits
Parameter Symbol Min Typ Max Unit Parameter Symboi Min Typ Max Unit
OW2t to MEMRY (2) timpz 140 ns DATA setup to MEMW! (3)  tpwwt  1/fosc ns
JOW? pulse width (2) o 150 ns - 156
iOW2 cycle time (2) toy2 500 ns DATA setup to MEMW* (3)  tpmw2 4_.51/;%30 ns
1wt to loway (2) Tz 50 S DATA hold from MEMW! (2) twwp  1/fosc ns
10W2t to 10W11 (2) T2 70 ns - 81 -
STBY to IOW24 (2) tswp 450 ns  STB pulse width tsts 3/fosc ns
LA setup to MEMRY (1) i ~ 1/fosc ns _ - 140
- 106 STB? to IOWT4 tswi  4/fosc ns
LA hold from MEMR? (1) tyaL  1.5/%osc ns _ - 136
- 150 jOWit to EOTY twe  1fosc ns
MEMR pulse width twrr  5/f0sc ns - 166
- 170 EOT pulse width teor  3/Mosc ns
MEMR cycle time tovm 7.5/f0sc ns _ - 140
MEMR high-level width Ry 2.5/fosc ns  FRM, SBY, RST to STB s 6/fpsc ns
- 166 - 280
LA to [OWit taD(1) 5/1psc ns LA to lOW24 tAD (2) 4150 ns
— 233 - 266
MEMR! to [OW1t tMRo(1) 4/fosc ns MEMRY to IOW2t tmro (2) 3/fosc ns
- 266 - 280
{OW14 delay from MEMRY  tyg  1.5/fgsc ns MEMR! to 10W2¢ tmpiz  1.5/fosc ns
— 200 - 250
MEMR hold from [OW14 tIMR1 1/fgsc ns  |OW2t to MEMRY tiMR2 Vfg%c ns
=13 -
JOW1 pulse width tig 2.5/fgsc ns 10W2 pulse width iz 1.5/sc ns
- 176 - 100
OW cycle time toys 7.5/f9s¢ 7.5/fgsc ns fOW2 cycle time toye 3-58/;030 ns
- 150 -
MEMR/ to CKOUT4 twrr  4.5/fgse ns  1OWItto low2d e 1/fgsg ns
— 300 - 116
CKOUT pulse width trE 1.5/fggc ns low2t to IOW14 t21 1/fgsc ns
- 120 _ - 96
CKOUT? to MEMR} trmr  1.5/fgsc ns STBY to IOW24 tsw2  4/fosc ns
~ 50 - 216
CKOUT cycle time toys 15/fgsc ns Note:
DATA delay from MEMRY (3) twrp 5_/f288 1S (4 Including GGEN and SPLT.
—— (2) Measuring points:
DATA hold from MEMR? (3) tyy O ns Vor = Vpp — 05V
DATA delay from LA (1) (3)  tapq 7/fgsc NS VoL = 05V
— 666 (3) CLBUS = 200 pF
LA setup to MEMWY (1) timw  2.5/fosg ns fosc = fopm = fopT2
- 216
LA hold from MEMW? (1) tmwe  1.5/fpse ns
- 60
MEMW puise width tmww  3.5/fpsc ns
- 183
LA setup to DATA (1) (3) tan2 1.5/fggc ns
+ 20
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Timing Waveforms

System Bus Timing

AC Input Test Points (except Xi1) DMA Timing
7) Tost 2 —
)Cuv>"°‘"‘s<o.1v)< . DACK \ /
3 - 48-001311A T
AC Output Test Points —_ -
.5 X
v P?lrsv:s <o [e—tTR—
49-001312A tRT : .
Clock Timing T
- trc
tey ' [+-too tcoa
[e—tcH ter ter -
DREQ
—-/ 43-001314A
toL :
49-001313A

Read Timing

DACK,
CS, A0 X

tar

Do-D7

49-001315A

Write Timing

DACK,
TS, A0 .

twa
F—'Aw
WR ) tww.
t D
twp
Dg-Dy _____..___< 5___

49-001316A
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Timing Waveforms (cont)

Local Bus Timing

Display Timing

SPLT, CGEN,
LAg-LA1g
|
tMLR tMRL
MEMR \ b / .
MR(HY

MEMW
0.9(1;
re——tMRD(1)~—
1, tiMR1
. MRI1
¥1
iow1 ] \t—'m——z 12
¥
1, 1 T —
MRI2 | batizt IMR2—>{

SN

tAD(2}
AD(2)

1,
CY2

re—tMRD(2)—

o—‘MRF—bl I‘lm_n.

43-0013178

CKOuT

Display Timing

ts18

STB

tswi

I

teot

ks

FRM

SBY

49-001318A
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Timing Waveforms (cont)
Local Bus Timing (cont)

Read Timing

SPLT, CGEN,
LAg-LAg

— tLMR tMRL—>] f—
— —
— trA /

tMH—] |e—

é_

49-001318A

tADY—»

r—tMRD—’

LDg-LD7 _—§

Write Timing

SPLT, CGEN,
LAg-LA1g EC
MEMR
- tLMW > le— tMwWL—
-
MEMW %fmww-oz
owl
tomwsi
[
ow2
t,
DMW2:
-4—-1 taD2 e
tMwD
LDg-1D7 }———

49-001320A
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Commands

Paragraphs that follow explain the four initialization
commands, nine function specifying commands, 21
display control commands, and 20 display data
manipulation commands.

Initialization Commands

SYNC

Lo folol o fof[1]o]
Parameters

e Column direction (bytes)

L)

(H)

¢ Time division
0 0 0 O O 0 BT BO

@ STB cycle

Function. This command specifies the LCD panel size
and the timing to generate control signals (FRM and
STB) to the LCD driver. The total number of pixels in
a row can be up to twice the number of time divisions.

BO specifies whether the connection for expansion is
used.
BO Single matrix
Partitioned matrix
DRAM not used

DRAM used

B1

Ihnuu
—_0 a0

EETEEEREENEREE

Parameters

e Characters/line

¢ Character rows/screen

e Font size in column direction
¢ Font size in row direction

e Cell size in column direction

* Cell size in row direction

0 0 0 0 B3 B2 Bt BO
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Function. Font and cell size are specified by a number
of pixels. Cell size equals the character font size plus
the size of the gap between each character, with the
foliowing limitations: ’

Cell column = 5 to 10, 12, or 16 pixels
Cell row = 7 to 17 pixels

B3 specifies the use of character code for the scan
address. When B3 = 0, SA4 of the character code is
used for the scan address. When B3 = 1, SA4 of the
character code is used for the CS of the external
character generator, in which case the following fonts
are allowed:

Column Size Row Size
1t0 8 1to 16
9to 16 1108

B2 and B1 specify whether the external character
generator is used. BO specifies whether 2-byte codes
are used.

% ﬂ Function

0 0 Internal character generator is used

0 1 External character generator is used

1 0 Internal and external character
generators are used; if a code is given
corresponding to characters in both,
the internal character generator has
priority.

BO = 0 2-byte codes not used

= 1 2-byte codes used

MEMADR

EEERENEREREERERER

Parameters

e Refresh memory starting address
L)
(H)
e Character code memory starting address
L
(H)
e Character attribute memory starting address
L
(H)
e Graphics memory starting address
L
(H)
Function. This command specifies the start address

of each display memory. If a memory is not required,
set FFFFH.

MEMSIZ
EIEEREEERENERERER

Parameters

® Character code memory (lines)
® Character code memory (bytes)
L
(H)
e Character attribute memory (bytes)
L
H)
¢ Graphics memory (bytes)
L
(H)

Function. This command specifies the size of each
display memory. If a memory is not required, set 0.

To determine the required memory suze for 1-byte
codes, use the following formula:
MR = MBI/R

where

MR is the number of character code memory rows
MB is the number of character code memory bytes
R is the number of characters per row.

For 2-byte codes, multiply the right side of the equa-
tion by 2.
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Function Specification Commands

START

DISPLY4

|1|o|o|o|o|o1o|oJ

L+ Jofofofrfofolol]

This command releases the STOP mode when the
display is OFF, interrupts command input, and clears
the data bus.

STOP

[t lofofofofofolr]
This command turns the uPD72030 oscillator off.
While the oscillator is off, data is retained with low

power consumption. When a DRAM is used, STOP will
destroy data in display memory.

The START command releases the STOP state. Once
released, the oscillator requires an oscillation stabiliz-
ing time that has the same length as the blinking
interval. '

STOP2
Lo lofofolvfofolr]

This command functions like the STOP command ex-
cept that the external clock is input.

DISPLY1

[+ [ofofofolofi]o]
If the display is OFF, this command modifies refresh
memory according to the contents of display memory

and turns the display ON. If the display is ON, refresh
memory is modified without turning the display off.

DISPLY2

Lilofolofolrfo]o]
Use this command after execution of BLANK, STOP,
or STOP2 to return the display screen to the condition
that existed before BLANK, STOP, or STOP2 was ex-
ecuted. DISPLY2 modifies refresh memory according

to the contents of display memory and starts the
display function.

DL ]

This command displays the contents of display
memory unchanged.
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This command modifies the fixed row of refresh
memory according to the contents of display memory.
The fixed row is specified by the DIVIDU, DIVIDD, and
DIVIDB commands. If DIVIDN is executed or the
fixed row is modified to a different portion of display
memory, DISPLY4 cannot be used. (Use DISPLY1.)

BLANK
Lo folofofofofe]r]

This command stops display operation and turns the
display off.

DISPL .

EEEEERERENERERER
This command updates the row where the cursor ex-
ists and moves the cursor to the leftmost position of

the next row. If in graphics mode, the internal cursor
position is moved.




NEC

uPD72030
Display Control Commands
MODEC, MODEG, MODEM CURSOR
[« ] v vl ool ] me | [+ o]t ]o]o]1][o]o]
These commands specify the display mode, as  Parameter
olows: lolofofofolof[r]s]
Command Mode Display Mode
MODEC 01 Character display mode (defaulty ~ Function. This command specifies the cursor type
MODEG 10  Graphics display mode and whether blinking is to be used. These are

MODEM 11 Mixed (character/graphics) mode

If the display is ON, the display screen is changed to>

the specified mode. If MODEC is selected, refresh
" memory is cleared to 0 before refresh memory is up-
dated. When the display mode is specified and display
memory has not been specified, the contents of the
addresses starting from FFFFH are displayed. (This
proceeds from address FFFFH, to address 0, address

1, )
BLINKO-3
EEEEERE

These commands specify four different blinking in-
tervals, as follows:

Command T_S_1

0’0JTS1|TSO|

@ Interval Time

BLINKO 0 0 218 x 15/fggc (default)
BLINK1 0 1 217 x 15/fpsc

BLINK2 1 0 216 x 15/fpsc

BLINK3 1 1 215 x 15/fpsc

DSPPOS

Lo f v filofofofol
Parameter

Display start position (row)

Function. This command specifies the row in
character code memory where the display starts. The
default is 0.

specified as follows:

P = 0 Underline cursor
= 1 Block cursor

B = 0 Blinking off
= 1 Blinking on

The default is the underline cursor with blinking off.
This cursor is one pixel thick, immediately below the
character or space, its length that of the character
plus the gap between the characters. The block cur-
sor is the size of the character plus the gap. When the
block cursor overlaps a character, the light and dark
areas of the character are reversed.

CURON
[rlofolifolofols]

This command sets the mode for cursor display on
the screen. In display-ON character mode or display-
ON mixed mode, CURON displays the cursor by
writing to refresh memory. The default setting is for
the cursor to be displayed.

CUROFF

Lo lofolrfofofo]r]
This command sets the mode for no display of the cur-
sor. In display-ON character mode or display-ON

mixed mode, CUROFF turns the cursor off by modify-
ing refresh memory.
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CURUP, CURDN, CURRT, CURLT CURHM - . cwie
Lo fofodol e[ efofo] [1Jofofofefofi]]

This command shifts the cursor up, down, left, or
right. The commands and their respective shift direc-
tions are as follows:

Command _Bi BO Direction

CURULP 0 0 Up
CURDN "0 1 Down
CURRT 1 = 0 Right
CURLT 1 1 Left

When the cursor is displayed, these commands shift
the cursor as specified. When the cursor is not
displayed, it will be shifted and displayed in the next
display mode. Table 1 describes what happens when
the cursor is at the screen edge and one of these com-
mands instructs the cursor to. move outward.

EEEEEARNENENEREN

This command moves the cursor to leftmost edge.
LF

oo ofolifof]ol]

This command moves the cursor down one line.

T oo

This command moves the cursor left one character.

Table 1.
Instruction
CURUP at.the highest row

CURDN/LF at the lowest row

Cursor Movement at Screen Edge

Function

Cursor does not mave.

Screen scrolls and cursor moves
down one row, remaining in the
same column.

CURRT at rightmost edge in the
highest row

Cursor moves to the leftmost
edge in the next lower row.

CURRT at rightmost edge in the
lowest line

Screen scrolls and cursor shifts
to the leftmost edge of the next
row. :

CURLT/BS at the leftmost edge

Cursor moves to the rightmost
edge in the preceding row.

CURLI/BS at leftmost edge in the
highest row

Cursor does not move.
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When the cursor is displayed, this command moves’
the cursor to the home position (upper left corner of
the screen). If the fixed row is set, the cursor will be
at the upper left corner in the manipulating region,
not on the fixed row. When the cursor is not displayed,

it will be moved and displayed in the next dlsplay'
mode. .

e

Parameters

EEENERER

¢ Column position (X)
¢ Row position (Y)

Function. When the cursor is displayed, this com-
mand moves the cursor to a specified location (col-
umn X in row Y). When the cursor is not displayed, it
will be moved and displayed in the next display mode.

When parameters exceeding the number of rows or
columns are input, the address will be calculated
assuming the specified location exists. The cursor will
then be moved.

The default is home position (0, 0).

DIVIDU, DIVIDD

I1]0|0|1|1i0]1']50|
Parameters
e Character code memory fixed row
L)
(H)
e Character attribute memory fixed row
L)
(H)

Function. These commands specify the fixed row,
which is a portion of refresh memory the user can
allocate in order to modify parts of refresh memory
without the whole display being updated. A fixed row
corresponds to one line on the display screen.

B1 and B0 are specified as follows:

Command B1 BO Function
DIVIDU 0 1 Use upper fixed row (see
DIVIDB)

DIVIDD 1 0

If character attribute memory is not used, set FFFFH
for the character attribute fixed row (L, H).

Use lower fixed row
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DIVIDB
Lo folol e foefole]]

Parameters

e Character code memory upper fixed row

(8]

(H)
e Character code memory lower fixed row

(L)

(H)
¢ Character attribute memory upper fixed row

(8]

(H)
e Character attribute memory lower fixed row

(8

(H)
Function. This command is used when both upper and
lower fixed rows are used, for the purpose of partition-
ing the screen. If character attribute memory is not
used, set FFFFH for the character attribute memory
upper and lower fixed rows (L, H).

The default is that upper and lower fixed rows are not
set.

DIVIDN
L lofofrfefofolol]

This command invalidates the upper and lower fixed
rows.

Display Data Manipulation Commands

CHRDSP

Parameter

e Character code
L

¢ Character code (when in 2-byte code mode)
(H)

Function. This command simultaneously displays a
character (at the cursor location) and stores its display
code in memory. The character code is input as a com-
mand, thus A0 = 1.

In 2-byte code mode, A0 must be 1 so that the lower
byte of the character code will be sent to the com-
mand buffer and A0 = 0, when the higher byte of the
character code is sent to the data buffer.

In display-ON graphics mode or display-OFF mode,
only the code will be written to character code
memory. When in display-ON character mode or mix-
ed mode, the cursor will shift one character to the
right when the display and writing are done. When the
cursor is at the rightmost edge of a row, it will move
to the leftmost edge of the next row. If the cursor is
at the rightmost edge in the lowest row, the screen
will scroll.

Lo JoJof e Jvfofr]r]

This command selects whether the input to the com-
mand buffer will be the command code or the exter-
nal character generator code. The default is the com-
mand code, and the code selected toggles each time
ESC is executed. Codes 1B, 08, 0A and 0D will not be
accepted as character codes.
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ATTR ~ BLKTOT
Lofofof ool vfodef [afofofs ol r]s]
Parameter Parameters

| 0 | S I c l 0 | 0 l U | R l B I . :DLi)spIay memory address

S Space (when the character does not exist) (H)

C  Carriage return (logical row end) Function. This command performs data block transfer
U Underline from display memory to the data bus buffer. The ad-
g gﬁ\'/]irse dress will increment each time a byte transfers. The

Function. When a display character appears at the
cursor location, ATTR specifies an attribute for the
character and writes the attribute to attribute memory.
Once specified, the attribute will apply to every subse-
quent character that is input, until another attribute
is specified, or the ATTROF command is executed.

Any attribute can be specified by setting its bit to 1.
Two or more attributes can be specified
simultaneously.

The default is that all attributes are off.

fﬂﬁ(f: ST T T T T

This command releases any attributes specified for
the character at the cursor location.

EKEENEEENERER

¢ Display memory address
(N
H)

Function. This command performs data block transfer
from the data bus buffer to display memory. The ad-
dress will increment each time a byte transfers. The
DMA controlier is used.

If the display is ON, executing BLKTIN to other than
refresh memory causes no change in the display. To
display the written contents of display memory, ex-
ecute DISPLY1.

The uPD72030 does not enter the command wait state
after the block transfer finishes.

BLKTIN
BRI

Parameter:

6-54

DMA controller is used.

The uPD72030 enters the command wait state after
the block transfer finishes.

READ
EEERERENREREREREN
Parameters
¢ Display memory address

(L) '

(H)

¢ Number of transfer bytes

Function. This commands reads data from display
memory and transfers the specified number of bytes
via the data FIFO to the data bus buffer. The address
increments each time a byte transfers.

If the host CPU does not accept all transfer data
bytes, the uPD72030 cannot enter the command wait
state.
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WRITE CLRCHR
EEEEEREEEEEREREN I EE RN R KA ER RN EREN
Parameters Parameters
¢ Display memory address * Data

(L)

(H)
e Number of transfer bytes
e Write data
e Write data

e Write data (max 256)

Function. This command writes data for the number
of transfer bytes from the data bus buffer to display
memory. The address increments each time a byte
transfers. If 0 is input as the number of transfer bytes,
256 is assumed.

If the display is ON, executing WRITE to other than
refresh memory causes no change in the display. Ex-
ecute DISPLY1 to display the written contents.

If during WRITE execution the host CPU does not
send the full number of transfer data bytes, the
uPD72030 cannot enter the command wait state.

SELCTO, SELCT

Lo fofofifololi[m]
When using a partitioned - matrix, two refresh
memories are required. When refresh memory is to be
accessed, these commands specify refresh memory
0 or 1. The default is refresh memory 0. Once a refresh

memory is specified, it remains valid until the next
specification.

Command BO Selects
SELCTO 0 Refresh memory 0
SELCT1 1 Refresh memory 1
SELCTCG |
EEEEERERENEREREN
Parameters
|0|010|‘0{0!LA18‘LA17|LA16|

Function. This command will permit access to the ex-
ternal character generator memory. When a READ,
WRITE, BLKTIN, or BLKTOT is executed, CGEN out-
put goes high and the upper 3-bit address specified
by the parameter is used.

e Data (for 2-byte code mode only)

Function. This command replaces character code
memory with the specified data. If character attribute
memory exists it is simultaneously cleared by 0.

In display-ON character mode or mixed mode, the
display turns off, refresh memory is modified, and the
display turns on again. The character display start
position is initialized.

Iin display-ON graphics or display-OFF modes, only
character code memory is altered. The boundaries of
character code memory are initialized.

If character code memory is cleared by 20H or 2121H
and attribute memory exists, attribute memory will be
cleared by 40H (the space attribute is attached). The
cursor will move to home position.

If character code memory is not specified, CLRCHR
will not execute and the WARNING bit will be set.

CLRGRP
ENEEEEENENERENEN

Parameter
¢ Data

Function. This command replaces graphics memory
with the specified data.

In display-ON graphics mode or mixed mode, the
display turns off, refresh memory is modified, and the
display turns on. In character display-ON and -OFF
modes, only graphics memory is modified.

If graphics memory is not specified, CLRGRP will not
execute and the WARNING bit will be set.
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TRANS ; CLRLN

Lo fofol o lolofofof [tfofofofofi]i]o]
Parameters This command clears character code memory  from

Number of transfer characters

Function. This command sends the character code of
each of the specified number of characters to the data
bus buffer, beginning with the character at the cur-
sor location. For each character, the character code
and then the attribute code, if it exists, is sent. For
2-byte codes, the character code is sent from the lower
to the higher bits. The number of characters to be
transferred is specified as follows:

0 transfers up to the logical row end (up to the loca-
tion where the CR attribute is set); 0 cannot be
specified if attribute memory has not been
specified

FFH transfers up to the physical row end (up to the
right edge of the screen.) ‘

1 to FEH transfers up to the specified number of
characters. :

In display-ON graphics or character display-OFF
mode, the character code is transferred to the data
bus buffer with an address that is calculated based
on the cursor location and the character code start
position stored in the controller.

If character code memory has not been specified,
TRANS will not execute and the WARNING bit will be
set. :
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the cursor position to the right edge of the row. When
character attribute memory exists, attribute memory
will be cleared by 40H. The cursor does not move.

When 1-byte code is used, character code memory will
be cleared by 20H. For 2-byte code, character code
memory will be cleared by 2121H. Attribute memory
should be set to the space attribute state (cleared by
40H).

In display-ON graphics and display-OFF mode, only
character code memory is cleared depending on the
cursor position and character code display start posi-
tion stored in the controller. )

When character code memory is omitted, the calcula-
tion of the character code memory address will be
made assuming character code memory starts from
address FFFFH.

CLRFRM

Lo fololofo ][]
This command clears character code memory from
the cursor location to the right edge of the last row.
In display-ON mode, refresh memory is also cleared.

If character attribute memory exists, it is cleared by
40H. The cursor does not move.

When 1-byte code is used, character code memory is
cleared by 20H. For 2-byte code, character code
memory is cleared by 2121H. Attribute memory should
be set to the space attribute state, cleared by 40H.

In display-ON graphics and display-OFF mode, only
character code memory is cleared, depending on the
cursor position and character code display start posi-
tion stored in the controlier.

If character code memory has not been specified,
character code memory will be cleared beginning
from address FFFFH.
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DRESET, DSET COMP
Lol l ool ool i feof [ ool fo]]
Parameter Parameters
* Pixel position in column direction ¢ Pixel position in column direction
L L
(H) (H)
¢ Pixel position in row direction * Pixel position in row direction
(W) (W
(H) (H)

Function. These commands reset or set a pixel at a
specified coordinate on the screen. These commands
manipulate only graphics memory.

Command Bo Operation
DRESET 0 Reset
DSET 1 Set

The coordinate location is specified according to the
number of pixels in the column and row positions. If
the specified location is outside the screen, data in
an unexpected location will be reset or set. DISPLY1
will display the updated contents of graphics memory.

If graphics memory has not been specified, DRESET
or DSET will execute assuming graphics memory
starts from address FFFFH.

Lo felifofefolofol]

Parameters

* Pixel position in column direction

(L

(H)
¢ Pixel position in row direction

L

(H)
Function. This command sends data that tells
whether the pixel at the specified coordinate on the
screen is set or reset in graphics memory. If the pixel
is set, FFH is sent to the data bus buffer. If reset, 0
is sent to the data bus buffer.

If graphics memory has not been specified, GET will
execute assuming graphics memory starts from ad-
dress FFFFH.

Function. This command reverses a pixel at a
specified coordinate on the screen. COMP manipu-
lates only graphics memory. If the specified location
is outside the screen, data in an unexpected location
will be reversed. DISPLY1 will display the updated con-
tents of graphics memory.

If graphics memory has not been specified, COMP will
execute assuming graphics memory starts from ad-
dress FFFFH.
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Introduction

NEC has a comprehensive line of development hard-
ware and software supporting our many families of
single-chip microcomputers. NEC’s software operates
under CPM-86™ or MS-DOS™, and will run on avariety
of hardware including IBM-PC™, NEC-APC, and the
NEC MD-086 muitiuser development system. General-
ly, an NEC cross-assembler will assemble all members
of a series.

NEC hardware is divided into two types: Evakits and IE
boards. Evakits are mother boards. They accept plug-
in daughter boards that emulate specific micro-
computers. |E boards are in-circuit emulators. They
generally have more memory and more functionality
than the specific device they emulate. Both types of
hardware come with up/down load software that allows
communication with the host computer over a serial
line. - . - :

Following is an example of configuring a system for
developing the uPD7533 single-chip microcomputer.
The selection guide below shows that the uPD7533"
requires a mother board, the EVAKIT-7500B, and a
daughter board, the EV7533, which personalizes the
mother board for the uPD7533. )

For software development, you first select the host
computer and operating system. Using the most pop-
ular module, the IBM-PC type running under MS-DOS,
as an example, you would need ASM75-D52. This as-
sembler works for all 7500 series members, and
includes up/down loading software.

In addition to these development tools, you would
need some uPD75CG33E piggyback prototyping chips.
And voila, you have a low-cost development system
that can be configured by adding daughter boards for
other members of the family as new applications
emerge.

uPD7500 Series Hardware Development Tool Selection Guide

Part Add-On Board System EPROM
Number Emulator {Required) Evaluation Board Device
uPD7501 EVAKIT-7500B EV7514 SE-7514A —

#PD7502 EVAKIT-7500B EV7514 SE-7514A ' —

#PD7503 EVAKIT-75008 EV7514 SE-7514A —

1PD7506 EVAKIT-7500B - SE-7508 —

pPD7507 EVAKIT-75008 — — 1PD75CGO8E
uPD7507H EVAKIT-75008 EV7508H — #PD75CGOBHE
uPD7507S EVAKIT-7500B - SE-7508 —

uPD7508 EVAKIT-75008 — — uPD75CGO8E
#PD7508A EVAKIT-7500B - SE-7508 - 7
#PD7508H EVAKIT-75008 EV7508H — #PD75CGO8BHE
1PD7514 . EVAKIT-75008 EV7514 SE-7514A —

uPD7516H EVAKIT-75008 EV7500FiP — uPD75CG16HE
uPD7519 EVAKIT-75008 EV7500FIP — uPD75CG19E
uPD7519H EVAKIT-75008 EV7500FIP — #PD75CG19HE
uPD7527 ’ EVAKIT-75008B EV7528 — uPD75CG28E
1PD7528 EVAKIT-7500B EV7528 — #PD75CG28E
uPD7533 EVAKIT-7500B EV7533 — uPD75CG33E
uPD7537 EVAKIT-75008 EV7528 — uPD75CG38E
uPD7538 EVAKIT-7500B EV7528 — #PD75CG38E
uPD7554 EVAKIT-7500B EV7554A SE-7554A —

uPD7556 EVAKIT-7500B EV7554A SE-7554A —

#PD7564 EVAKIT-7500B EV7554A SE-7554A —

#PD7566 EVAKIT-75008 EV7554A SE-7554A —

CP/M-86 is a trademark of Digital Research Corporation. MS-DOS is a trademark of Microsoft Corporation.

{BM-PC is a trademark of International Business Machines Corporation. 7-3
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EVAKIT-7500B

Description

The EVAKIT-7500B is a stand-alone Evakit for NEC’s
uPD7500 series of 4-bit, single-chip microcomputers..
The EVAKIT-7500B provides complete hardware em-
ulation and software debug capabilities for the
uPD7506, uPD7507/7507S and the uPD7508/7508A
microcomputers. With the addition of device specific
add-on boards, the EVAKIT-7500B is easily tailored to
support the remaining members of the family.

Real-time and single-step emulation capability, coupled
with a powerful on-board system monitor and real-time
trace capability create a powerful debug environment.
The EVAKIT-7500B is controlled either from an on-
board keypad or over a serial line from a terminal or
host computer. User programs are downloaded through
a serial line or read from a PROM. Existing programs
may be modified or small programs may be created
using the on-board hexadecimal keypad.

Features

O Real-time and single-step emulation capability
O 8K bytes of user program memory
0O Powerful system monitor
— Display/modify/move program memory
— Display/modify data memory
— Load/verify/display PROM
— Examine/modify internal registers
— Full disassembler
[0 User-specified breakpoint conditions
— Program counter and number of passes
— Stack pointer
— Data address and value
0O Real-time trace capability
— 2048 instruction cycle trace
— External trace probes

7-4

O Supports three operating modes
— On-board hexadecimal keypad controlled
— External terminal controlled
— Host computer system controlled
[0 Serial interface: RS-232C or TTL
O EPROM programming capability (2764 and 27128)

EV7500 Add-On Boards
EV7500FIP ’

The EV7500FIP is an add-on board for the EVAKIT-
7500B which is required for emulating the uPD7516H
and the yPD7519/7519H microcomputers. This board
is mounted under the EVAKIT-7500B, adding vacuum
fluorescent display control and high voltage driver
capability to the Evakit.

EV7508H

The EV7508H is an add-on board for the EVAKIT-
7500B which is required for emulating the uPD7507H
and the uPD7508H microcomputers. This board plugs
directly into the uPD7500 socket on the EVAKIT-
75008, allowing the system to support these high
speed versions of the uPD7500 series.
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EV7514

The EV7514 is an add-on board for the EVAKIT-75008B
which is required for emulating the uPD7501, uPD7502,
uPD7503, and uPD7514 microcomputers. This board is
mounted under the EVAKIT-7500B, adding LCD con-
troller/driver capability to the Evakit.

EV7528

The EV7528 is an add-on board for the EVAKIT-7500B
which isrequired for emulating the uPD7527, uPD7528,
uPD7537, and uPD7538 microcomputers. This board is
mounted under the EVAKIT-7500B, allowing the Evakit
to support the additional features of these parts: 1/0
ports with high dielectric strength, optional pull-down
resistors, and zero voltage detection circuits.

EV7533

The EV7533 is an add-on board for the EVAKIT-7500B
which is required for emulating the uPD7533 micro-
computer. This board plugs directly into the uPD7500
socket, allowing the Evakit to emulate the uPD7533's
four analog inputs and its 8-bit A/D converter.

EV7554A

The EV7554A is an add-on board for the EVAKIT-
7500B which is required for emulating the uPD7554,
uPD7556, uPD7564, and pyPD7566 microcomputers.
This board mounts on top of EVAKIT-7500B, allowing
the Evakit to emulate the additional features of these
parts: optional pull-up/pull-down resistors for ports 0,
1, 10, and 11; comparator/CMOS inputs for port 1; high
current/CMOS outputs for ports 8, 9, 10, and 11.

uPD7500 Series System Evaluation
Boards

SE-7508

The SE-7508 is the system evaluation board for the
uPD7506, uPD7507S, and uPD7508A microcomputers.
The SE-7508 is functionally equivalent to the ROM-
based microcomputers. With the user’s program
residing in either a uPD2716 or uPD2732 on board, the
SE-7508 can be connected to the user’s prototype
allowing total system performance to be evaluated.

SE-7514A

The SE-7514A is the system evaluation board for the
uPD7500 series microcomputers with LCD direct drive
capabilities: uPD7501, uPD7502, 4PD7503 and
uPD7514. The SE-7514A is functionally equivalent to
the ROM-based microcomputers. With the user’s pro-
gram residing in either an on-board uPD2764 or
uPD27128, you can connect the SE-7514A to your
prototype and evaluate total system performance.

SE-7554A

The SE-7554A is the system evaluation board for the
uPD7500 series mini/microcomputers: uPD7554,
uPD7556, uPD7564, and uPD7566. The SE-7554A is
functionally equivalent to the ROM-based mini/micro-
computer. With your program residing in the lower 4K
bytes of an on-board uPD2764, you can connect the
SE-7554A to your prototype and evaluate total system
performance.
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EVAKIT-75X

Description

The EVAKIT-75X is a stand-alone Evakit for NEC's
uPD75000 series of 4-bit, single-chip microcomputers.
With the addition of a device specific add-on board, the
EVAKIT-75X is easily tailored to provide complete
hardware emulation and software debug capabilities
forthe individual members of the family. Real-time and
single step emulation capability, coupled with an on-
board system monitor, create a powerful debug
environment.

The EVAKIT-75X is controlled over a serial line from
either a terminal or host computer. User programs can
be downloaded through this serial line or read from
PROM. The NEC PG1000 series PROM programmer
with the PG 1005 personality module can be connected
for easy programming of the uPD75P105.

Features

0O Real-time, real-time step, and single step emulation
O 16K bytes of program memory (72 hour backup)
O Powerful on-board system monitor
— Display/modify/move/exchange/search/verify
program memory
— Display/modify/move/exchange/verify data
memory
— Display/modify general and special registers
— Upload/download data
— Line-assembler and full disassembler
— Load/verify/display PROM
O User-specified breakpoints
— Logical OR of up to four break conditions
— Break loop counter
— Delayed break by machine cycle or instruction
count )
O Real-time trace capability
— 512 machine cycle or 2048 instruction cycle trace
— User-specified trace range
— Trace data search function
O Automatic command string execution
O Eight external sense probes
O Controlled from external terminal or host computer
O Two RS-232C serial ports
O On-board EPROM programmer (2764 and 27128)
O Upload/downioad program for PG1000/PG1005
PROM programmer

\

EVAKIT-75X Add-On Boards
EV75108

The EV75108 is an add-on board for the EVAKIT-75X
required for emulating the uPD75104, uPD75106, and
uPD75108 microcomputers. This board mounts on top
of the EVAKIT-75X, allowing the Evakit to support the
features specific to these parts. This includes switch
selectable pull-up resistors on ports 12, 13, and 14.

EV75208

The EV75208 is an add-on board for the EVAKIT-75X
which is required for emulating the uPD75204,
uPD75206, and uPD75208 microcomputers. This board
mounts on top of the EVAKIT-75X, allowing the Evakit
to support the features specific to these parts including
the FIP Controller/Driver.

PG1000 Personality Module
PG1005

The PG1005 is a plug-in personality module for the
PG1000 PROM Programmer. This module is required
to program the uPD75P108, the EPROM version for the
uPD75104, uPD75106, and uPD75108 4-bit, single-chip
microcomputers. interchangeable socket adapters are
provided with the PG1005 to allow programming both
shrink dip and flat packages.
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uPD7800 Series Hardware Development Tool Selection Guide
Real-time System

Part Trace Add-on Evaluation EPROM
Number Emulator Board Board Board Device
uPD78C05A EVAKIT-87LC [Note 1] EVB7LCRTT EV78C06A SE-78C06 -
uPD78C06A EVAKIT-87LC EVB7LCRTT EV78C06A SE-78C06 —
uPD7807 1E-7809-M - — —_ #PD78P09R
uPD7808 |E-7809-M — — — uPD78P09R
uPD7809 IE-7809-M - — — uPD78PO9R
uPD7810 EVAKIT-87AD [Note 1] EV87ADRTT — — —

IE-87AD-M — — — —
uPD7810H IE-7811H — — — —
uPD78C10 IE-78C11-M — — — -
uPD7811 EVAKIT-87AD [Note 1] EV87ADRTT — — #PD78PG11E

IE-87AD-M - — — uPD78PG11E
uPD7811H |E-7811H — — — uPD78PG11E [Note 2]
#PD78C1 IE-78C11-M — - — -
wuPD78C14 |E-78C11-M — — — -
Notes:
(1) Addresses 0-0FFFH access memory on the Evakit only.
(2) Special selected parts.
EVAKIT-87AD Features
Description [ Real-time and single-step emulation capability

The EVAKIT-87AD is one of the stand-alone Evakits for
NEC's yPD7800 series of 8-bit, single-chip micro-
computers. The EVAKIT-87AD provides complete
hardware emulation and software debug capabilities
for the uPD7811 microcomputer. Real-time and single-
step emulation capability, coupled with an on-board
system monitor, creates a powerful debug environ-
ment. An optional real-time trace board is also available
to greatly increase your debugging capabilities.

An auxiliary hexadecimal keypad or a serial line froma
terminal or host computer controls the EVAKIT-87AD.
User programs are downloaded through a serial line or
read from a PROM. Use the keyboard to modify
existing programs or create small programs. An on-
board programmer for 2716, 2732, 2732A, or 2764
EPROMs provides an easy means for submitting your
final code for production.

O 8K bytes of on-board user program memory
— Expandable to 64K bytes using IEEE-796 bus
O Powerful system monitor
Display/modify/move/search/verify/test
Memory
Display/modify internal registers
Display input ports; write to output ports
Load/verify/display PROM
Full disassembler
O User-specified breakpoint
— One serial (logical AND of up to 4 conditions) or
— One parallel (logical OR of up to 15 conditions)
— Break delay and loop counter
— Break on: address and data values and CPU
controls
[0 Supports three operating modes
— Auxiliary hexadecimal keypad controlled
— External terminal controlled
— Host computer system controlied
[0 Serial interface: RS-232C, TTL, or 20 mA current
loop
O EPROM programming capability (2716, 2732,
2732A, 2764)
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EVAKIT-87AD Add-On Board
EVS87ADRTT
The EVB7ADRTT is the real-time trace board for use

with NEC’s EVAKIT-87AD stand-alone Evakit. The -

EV87ADRTT communicates with the EVAKIT-87AD
via the |IEEE-796 bus, adding real-time trace and

additional breakpoint capabilities to the Evakit. A 1K X.

62-bit trace RAM is available for storing the status of
the address bus, the data bus, the control signals, and
the 1/0 ports as your program is executed in real-time.
The trace data may be displayed in either the machine
cycles or the instruction mode with the user controlling
the content of the display. The addition of another
address breakpoint, a timer breakpoint, and a trace
step breakpoint greatly increase the power of the
EVAKIT-87AD.

EVAKIT-87LC
Description

The EVAKIT-87LC is one of the stand-alone Evakits for
NEC’s uPD7800 series of 8-bit, single-chip micro-
computers. The EVAKIT-87LC provides complete
hardware emulation‘and software debug capabilities
for the uPD78C06 microcomputer. With the addition of
the EV78CO6A add-on board, the EVAKIT-87LC sup-
ports the uPD78CO6A. Real-time and single-step
emulation capability, coupled with an on-board system
monitor, create a powerful debug environment.

An auxiliary hexadecimal keypad or aserial line froma
terminal or host computer controls the EVAKIT-87LC.
User programs are downloaded through a serial line or
read from a PROM. Existing programs may be modified
or small programs may be created using the keypad.
An on-board programmer for 2716 or 2732 EPROMs
provides an easy means for submitting the user’s final
code for production. An optional real-time trace board
is available to greatly increase your debugging cap-
abilities.
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Features

O Real-time and single-step emulation capability
O 4K bytes of on-board user program memory
— Expandable to 64K bytes using the |EEE-796 bus
0O Powerful system monitor
— Display/modify/move/exchange/search/verify/
test memory
— Display/modify internal registers
— Display input ports; write to output ports
— Load/verify/display PROM
— Full disassembler
O User-specified breakpoint
— One serial (logical AND of up to 4 conditions) or
— One parallel (logical OR of up to 15 conditions)
— Break delay and loop counter
— Break on: address, memory read/write, opcode
fetch
O Three modes of operation
— Auxiliary hexadecimal keypad controlled
— External terminal controlted
— Host computer system controlled
[ Serial interface: RS-232C, TTL, or 20 mA current
loop
[0 EPROM programming capability (2716, 2732)

EVAKIT-87LC Add-On Boards
EVS87LCRTT

The EVB7LCRTT is the real-time trace board for use
with NEC’s EVAKIT-87LC stand-alone Evakit. The
EV87LCRTT communicates with the EVAKIT-87LC via
the IEEE-796 bus, adding real-time trace and additional
breakpoint capabilities to the Evakit. A 1K X 59 bit trace
RAM is available for storing the status of the address
bus, data bus, control signals, I/O ports and ten
external sense lines, as the user’s program is executed
in real-time. The trace data may be displayed in
machine cycles or instruction mode with the user
controlling the content of the display. The addition of
another address breakpoint, a timer breakpoint, and a
trace step breakpoint greatly increases the power of
the EVAKIT-87LC.

EV78C06A

The EV78CO06A is an add-on board for the EVAKIT-
87L.C which is required for emulating the uPD78C06A
microcomputer. This board is connected between the
Evakit and the target system, dividing the clock output
of the Evakit by two. An emulation probe with a 64-pin
QUIP header for plugging directly into the micro-
computer socket of the target system is included with
the EV76CO06A.
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IE-7809-M

s st

Description

The IE—7809-M is one of the in-circuit emulators for
NEC’s uPD7800 series of 8-bit, single-chip micro-

computers. The |E-7809-M provides complete hard-_

ware emulation.and software debug capabilities for the
uPD7807, uPD7808, and uPD7809 single-chip micro-
computers. Real-time and single-step emulation cap-
ability, coupled with sophisticated memory mapping
features, breakpoints and trace capabilities, create a
powerful debug environment. A single-line assembler
and disassembler, full register and memory control,
and complete upload/download capabilities further
simplify the task of debugging your hardware and
software. )

The IE-7809 can operate in two modes: as a stand-

alone in-circuit emulator, controlled from either a user
terminal or from a wide variety of host systems; oras an
integral part of the MD-086 series microcomputer
development system.

Features

[0 Real-time and single-step emulation
[0 User-designated breakpoints
[0 Sophisticated trace capabilities
— 1024 X 56-bit trace buffer
— Trace conditioning registers
— Instruction or machine cycle display
O Powerful memory mapping capability
— 64K bytes of RAM mappable in 256-byte blocks
O Line assembler/disassembler
O Eight external sense probes
O Self-diagnostic command
O Stand-alone configuration
~— User terminal controlied
— Host computer system controlled

[1 MD-086 series development system bus-coupied
configuration
— Symbolic debugging
— Macro command file capability
— Multiple IE-7809 operation
— Improved upload/download times

IE-87AD-M

S

Description

The |IE-87AD-M is one of the in-circuit emulators for
NEC’s uPD7800 series of 8-bit, single-chip micro-
computers. The IE-87AD-M provides complete hard-
ware emulation and software debug capabilities for the
uPD7810, and uPD7811 sirigle-chip microcomputers.
Real-time and single-step emulation capability, coupled
with sophisticated memory mapping features, break-
points, and trace capabilities create a powerful debug
environment. A single-line assembler and disassembler,
full register and memory control, and complete upload/
download capabilities further simplify the task of
debugging your hardware and software. :

The IE-87AD-M can operate in two modes: as a stand-

alone in-circuit emulator, controlled from either @ user’
terminal or from a wide variety of host systems; oras an

integral part of the MD-086 series microcomputer

development system. '
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Features

[ Real-time and single-step emulation
0l User-designated breakpoints
O Sophisticated trace capabilities
— 1024 X 56-bit trace buffer
— Trace conditioning registers
— lInstruction or machine cycle display
O Powerful memory mapping capability
— 64K bytes of RAM mappable in 256 byte blocks
0 Line assembler/disassembler
O Eight external sense probes
O Self-diagnostic command
O Stand-alone configuration
~— User terminal controlied
— Host computer system controlled

O MD-086 series development system bus-coupled

configuration

— Symbolic debugging

— Macro command file capability
— Multiple |IE-87AD-M Operation

— Improved upload/download times

IE-7811H-M

Description

The IE-7811H-M is one of the in-circuit emulators for
NEC’s uPD7800 series of 8-bit, single-chip micro-
computers. The IE-7811H-M provides complete hard-
ware emulation and software debug capabilities for the
uPD7810H and uPD7811H single-chip microcomputers.
Real-time and singlé-step emulation capability, coupled
with sophisticated memory mapping features, break-
points, and trace capabilities create a powerful debug
environment. A single-line assembler, disassembler,
full register, memory control, and complete upload/
download capabilities further simplify the task of
debugging your hardware and software.

The |IE-7811H-M can operate in two modes: as a stand-
alone in-circuit emulator, controlled from either a user
terminal or from a wide variety of host systems; oras an
integral part of the MD-086 series microcomputer
development system.

Features

[0 Real-time and single-step emulation
0 User-designated breakpoints
O Sophisticated trace capabilities
— 1024 X 56-bit trace buffer
— Trace conditioning registers
— Instruction or machine cycle display
O Powerful memory mapping capability
— 64K bytes of RAM mappable in 256-byte blocks
[ Line assembler/disassembler
O Eight external sense probes
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O Self-diagnostic command
[0 Stand-alone configuration
— User terminal controlled
— Host computer system controlled
[0 MD-086 series development system bus-coupled
configuration
— Symbolic debugging
— Macro command file capability
— Multiple iE-87AD-M operation
— Improved upload/download times

IE-78C11-M

Description

The IE-78C11-M is one of the in-circuit emulators for
NEC’s uPD7800 series of 8-bit, single-chip micro-
computers. The IE-78C11-M provides complete hard-
ware emulation and software debug capabilities for the
uPD78C10, uPD78C11 and pPD78C14 single-chip
microcomputers. Real-time and single-step emulation
capability, coupled with sophisticated memory map-
ping features, breakpoints and trace capabilities create
apowerful debug environment. Asingle-line assembiler,
disassembler, full register, memory control, and com-
plete upload/download capabilities further simplify the
task of debugging your hardware and software.

The |IE-78C11-M can operate in two modes: as a stand-
alone in-circuit emulator, controlled from either a user
terminal or from a wide variety of host systems; orasan
integral part of the MD-086 series mlcrocomputer
development system.

Features

[0 Real-time and single-step emulation
[0 User-designated breakpoints
O Sophisticated trace capabilities
— 1024 X 56-bit trace buffer
— Trace conditioning registers
— Instruction or machine cycle display
O Powerful memory mapping capability
— 64K bytes of RAM mappable in 256 byte biocks
O Line assembler/disassembler '
O Eight external sense probes
[0 Self-diagnostic command
O Stand-alone configuration
— User terminal controlled
— Host computer system controlled
0 MD-086 series development system bus- coupled
configuration
— Symbolic debugging
— Macro command file capability
— Multiple IE-78C11-M operation
— Improved upload/download times
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uPD7800 Series System Evaluation Board
SE-78C06

The SE-78CO06 is the system evaluation board for the
uPD78C06 microcomputer. The SE-78C06 is function-
ally "equivalent to the ROM-based microcomputer.
With the user’s program residing in a uPD2732 on-
board, you can connect the SE-78CO06 to your proto-
type, allowing total system performance evaluation.

PG1000 Personality Module
PG1003

The PG1003 is a plug-in personality module for the
PG1000 PROM Programmer. This module is required
to program the uPD78P09R, the EPROM version for the
uPD7808 and yPD7809 8-bit, single-chip microcom-
puters. The PG1003 supports two programming modes:
high-speed writing mode and normal writing mode.
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©PD78000 SERIES
HARDWARE
DEVELOPMENT TOOLS

IE-78310-R
Description

The IE-78310-R is the stand-alone in-circuit emulator
for NEC’s uPD78000 series of 8-bit, single-chip micro-
computers. The |E-78310-R provides complete hard-
ware emulation and software debug capabilities for the
uPD78310 and #PD78312 single-chip microcomputers.
Real-time and single-step emulation capability, coupled
with sophisticated memory mapping features, break-
points, and trace capabilities create a powerful debug
environment.

A serial line from either a terminal or a host computer
system controls the IE-78310-R. User programs can be
uploaded or downloaded from the host system or from
a PROM programmer connected to a second serial
line.

Features

O Real-time and single-step emulation
— Up to 12 MHz external clock
— Software selectable internal or external clock
0 Emulation memory
— 16K bytes of high-speed emulation memory for
on-chip ROM
— 64K bytes of emulation memory for external
memory mappable in 256-byte blocks
[0 Powerful system monitor
— Display/modify/move/exchange/search/verify/
test memory
— Display/modify internal registers
— Upload/download capability
— Symbolic line assembler and disassembler

O User-specified breakpoints
— Logical OR of up to 4 conditions
— Logical AND of address, data, CPU status, loop
count
— 8-bit external sense probe (bit-maskable)
— Emulation timer — 1 to 65,535 ms
— Program fetch count — 1 to 65,535 steps
O Real-time trace capability
— 2048 X 44-bit trace memory
— Traces: address, data, CPU status, ports 0-5,
instruction queue status, macro service status,
external sense probes
— User-specified trace qualifiers: address, data,
CPU status, external sense probes
— Instruction/macro service/frame mode display
0O Eight external sense probes for tracing user system
signais
O Two RS-232C serial ports
O On-board self diagnostics
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PRELIMINARY INFORMATION

uPD70320/322
" HARDWARE
DEVELOPMENT TOOLS

IE-70322
Description

The |E-70322 is a portable stand-alone in-circuit
emulator providing both hardware emulation and soft-
ware debug capabilities for the NEC V25 (uPD70320/
70322) 16-bit single-chip microcomputers. The stand-
ard [E-700K chassis integrates a 9.5 inch CRT display,
two 5-1/4 inch 640 kilobyte floppy disk drives and an
ASCII keyboard. Real-time and single-step emulation
capability, coupled with sophisticated memory map-
ping features, breakpoints, and trace capabilities create
a powerful debug environment. User programs can be
uploaded and downloaded from a variety of host
systems.

Features

O Portable stand-alone in-circuit emulator
— Integrated CRT, floppy disks, keyboard
— Can be upgraded to support V20/V30, V35,
V40/V50, V60
O Precise real-time and single-step emuiation
— Up to 8 MHz external clock
O User-specified mask ROM area of 0 KB, 8 KB, 16 KB
or 32 KB
[0 124 KB of high-speed emulation memory (expand-
able to 636 KB)
— Mappable in 4K blocks as user, internal or
inhibited
[0 Seven user-specified breakpoints
— Selectable as execution or bus access cycle break
— Break loop counter
[0 Sophisticated real-time trace capability
— 2K trace buffer (sampling every machine cycle)
— Traces: IROM/memory address and data, CPU
status, 16 external sense probes
— User-specified trace qualifiers
0O Full symbolic debug capabilities
[0 Symbolic line assembler and disassembler

0O Powerful communication software supporting:
— Digital Equipment Corporation VAX™ computers
— Intel Series i1/l1l Development Systems
— IBM Personal Computers
— NEC MD-086 Series Development Systems

O Macro command file capability

O Full on-line help facility and screen editor

[0 EPROM programmer — 2732, 2764, 27128, 27256,
27512

VAX is a trademark of Digital EqQuipment Corporation.
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. ' HARDWARE

NEC Electronics Inc. DEVELOPMENT TOOLS

EVAKIT-84C-1 EVAKIT-80C42

Description i

The EVAKIT-84C-1 is a stand-alone Evakit for NEC’s
uPD8048 series of 8-bit, single-chip microcomputers.
The EVAKIT-84C-1 provides complete hardware em-
ulation and software debug capabilities for the
uPD8048H, uPD8049H, uPD80C48, uPD80C49H, and
uPD80CS50H microcomputers. Real-time and single-
step emulation capability, coupled with a powerful on-
board system monitor, and real-time trace capability
create a powerful debug environment. ‘

Anon-board hexadecimal keypad oraserial line froma
terminal or host computer controis the EVAKIT-84C-1.
User programs are downloaded through the serial line
or read from a PROM. Use the keypad to modify
existing programs or create small programs. An on-
board programmer for uPD2716, uPD8748, and
uPD8749H EPROM devices provides an easy means for
submitting your final code for production.

Features

O Real-time and single-step emulation capability
O 4K bytes on-board user program memory
[0 Powerful on-board system monitor
— Display/modify program memory
— Display/modify data memory
— Display/modify internal registers
— Display input ports; write to output ports
— Load/verify PROM
— Full disassembler
O Real-time trace capability — 256 steps
— Program counter; port 1, 2, or address/data on
data bus
O User-specified breakpoints
— One serial (logical AND of up to 15 sequential
addresses)
— Breakpoint loop counter: up to 16 counts
[0 Supports three operating modes
— On-board hexadecimal keypad controlled
— External terminal controlied
— Host computer system controlled
[ Serial interface: RS-232C, TTL, 20 mA current loop
O EPROM programming capability (2716, 8748, 8749H)

Description

The EVAKIT-80C42 is a stand-alone Evakit for NEC's
uPD80C42 8-bit single-chip microcomputer that pro-
vides both complete hardware emulation and software
debug capabilities. Real-time and single-step emulation
capability, coupled with an on-board monitor create a
powerful debug environment.

An auxiliary hexadecimal keypad or a serial line from a
terminal or host computer controls the EVAKIT-80C42.
User programs are downloaded through the serial line
or read from a PROM. Use the keyboard to modify
existing programs or create small programs. An on-
board programmer for the uPD8741A EPROM device
provides an easy means for submitting your final code
for production.

Features

O Real-time and single-step emulation capability
O 2K bytes on-board user program memory
O Powerful on-board system monitor
— Display/modify/move/search/verify program
© memory
— Display/modify/move/search/verify data memory
— Display/modify internal registers
— Read/write to data bus buffer
— Display input ports; write to output ports
— Load/verify/display PROM
— Full disassembler
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(O Real-time trace capability — 256 steps
— Program counter; DBBIN, DBBOUT, and DBB
status; OBF pin status
[ User-specified breakpoints
— One serial (logical AND of up to 4 sequential
addresses)
— One parallel (logical OR of up to 8 addresses)
— Breakpoint loop counter: up to 256 counts
[0 Supports three operating modes
— Auxiliary hexadecimal keypad controlled
— External terminal controlled
— Host computer system controlled
O Serial interface: RS-232C and TTL )
O EPROM programming capability (uPD8741A)

uPD8048 Series Development Tool
Selection Guide

System
Part Evaluation EPROM
Number Emulator Board Device
1PD8035H EVAKIT-84C-1 — —
pPD8048H EVAKIT-84C-1 - pPD8748H*
uPD8039H EVAKIT-84C-1 - —
1PD8049H EVAKIT-84C-1 - pPDBTA9H*
1PD80C3%H EVAKIT-84C-1 — —
1PD8OC48 EVAKIT-84C-1 " SE-80C50H —
4PD80C35 " EVAKIT-84C-1 — —
1PD80C4IH EVAKIT-84C-1 SE-80C50H —
#PDBOCA0H EVAKIT-84C-1 — —
#PD80C50H _ EVAKIT-84C-1 SE-80C50H —
1PD80C42 EVAKIT-80C42 — uPD8741A

*uPD8748H and uPD8749H are both available in erasable windowed
packages or in the economical one time programmable plastic
package.

EV-9001/EV-9002

Description

The EV-9001 and EV-9002 shrink DIP conversion
boards allow the standard in-circuit emulator and
Evakit emulation cables to connect to shrink DIP
sockets. The EV-9001-64 converts the emulation probe
from a 64-pin QUIP to a 64-pin shrink DIP. The EV-
9002-42/40/28 convert the emulation cables from 42-
/40-/28-pin standard DIP to 42-/40-/28-pin shrink DIP
respectively.
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Ordering Information
Conversion Board

Function

EV-9001-64 64-pin QUIP to 64-pin shrink DIP

EV-9002-42 42-pin standard DIP to 42-pin shrink DIP
EV-9002-40 40-pin standard DIP to 40-pin shrink DIP
EV-9002-28 28-piri standard DIP to 28-pin shrink DIP

SE-80C50H System Evaluation
Board :

The SE-80C50H is the system evaluation board for the
following CMOS members of the uPD8048 series:
pPD80C48H, uPD80C49H, and the uPD80C50H. The
SE-80C50H is functionally equivalent to the ROM-
based microcomputers. You can connect the SE-
80C50H to your prototype with up to 4K of your
program residing in an on-board uPD2716, uPD2732,
uPD2732A, uPD2764, or a uPD27C64. This allows total
system performance evaluation.
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V-SERIES
HARDWARE
DEVELOPMENT TOOLS

IE-70108/70116

Description

The IE-70108 and IE-70116 are stand-alone in-circuit
emulators that provide both hardware emulation and
software debug capabilities for the NEC uPD70108
(V20) and uPD70116 (V30) respectively. Each system
consists of a standard |IE-70K chassis with interchange-
able emulator pods for either the V20 or V30 micro-
processor. The |IE-70108/70116 provides real-time and
single-step emulation in both native and 8080 emulation
mode. User programs can be uploaded and down-
loaded from a variety of host systems via a serial link, or
loaded directly from a CP/M-86@® format 8" disk.

Features

O Stand-alone in-circuit emulator
— Interchangeable emulator pods for V20/V30
— Conversion kit available for IE-70208/70216-S008
0 Precise real-time and single-step emulation
— 5/8 MHz internal clock
— Up to 8 MHz external clock
O Sophisticated memory mapping in 1K blocks of:
— 64K bytes of no wait state internal RAM
— 127K bytes of one wait state internal RAM
(expandable to 610K bytes)
— Up to 1M byte of user system memory
O User programmable breakpoints and trace control
O 1K trace buffer — mnemonic and cyclic display
0O Full symbolic debug capabilities
— 128K memory disk for rapid symbol search
00 Symbolic line assembler and disassembler
O Full on-line help facility
[0 Macro command file capability
O External probes for tracing user system signals
O 1M byte 8" floppy disk drive

Ordering Information

Part Number Description

|E-70108-S In-circuit emulator for xPD70108 (with V20 pod)
1E-70116-S In-circuit emuiator for uPD70116 (with V30 pod)
1E-70108-001 Optional pod unit for «PD70108 emulation
|E-70116-001 Optional pod unit for 4PD70116 emulation
1E-70116-1508 Converts IE-70208/216-S008 to |E-70108/70116-S

®CP/M-86 is aregistered trademark for Digital Research Corporation.

V25/35 Series Selection Guide

Part Number Emulator EPROM Device
uPD70108 (V20) 1E-70108-S —

uPD70116 (V30) |E-70116-S —

uPD70208 (V40) 1E-70208-S —

uPD70216 (V50) IE-70216-S —

uPD70320 (V25) 1E-70322 —

uPD70322 (V25) 1E-70322 uPD70P322
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vPD7500 SERIES

ASM75
Description

The 7500 series absolute assembler (ASM75) converts
symbolic source code for the entire 7500 series micro-
computer family into executable absolute address
object code. The assembler verifies that each in-
struction assembled is valid for the target micro-
computer specified at assembly time. An object code
file is produced in ASCll hexadecimal format and may
be downloaded to a PROM programmer or hardware
debugger.

The NEC ASM75 is available for use on all NEC
development systems and many other manufacturers’
microcomputer development systems, personal com-
puters, minicomputers, and mainframes.

Features

[0 Absolute address object code output
[0 Macro definition capability
[0 Generic jump with optimization capability
O Conditional assembly options
— Up to eight levels of nesting
[0 User-selectable and directable output files
O Runs under a variety of operating systems
— CP/M-80©®
— CP/M-86©@
— MS-DOS®@
— ISIS-II
O Fortran IV ANSI X3.9-1966 source program avail-
able
CP/M-80 and CP/M-86 are registered trademarks of Digital Research
Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.

SOFTWARE
ABSOLUTE ASSEMBLER
DEVELOPMENT TOOLS
Ordering Information
Part Number Description
ASM75-C81 CP/M-80, 8" single-density floppy diskette
ASM75-D52 MS-D0S, 5-1/4" double-density floppy diskette
ASM75-181 ISIS-II, 8” single-density floppy diskette
ASM75-182 ISIS-Il, 8" double-density floppy diskette
ASM75-M52 CP/M-86, 5-1/4" double-density floppy diskette
ASM75-M81 CP/M-86, 8" single-density floppy diskette
ASM75-FIT1 Fortran IV ANSI X3.9-1966 source program

9-track 1600 BPI magnetic tape
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uPD75000 SERIES
SOFTWARE

RELOCATABLE ASSEMBLER
DEVELOPMENT TOOLS

RA75X

Description

The RA75X relocatable assembler package converts
symbolic source code for the uPD75104, uPD75106, and
uPD75108 4-bit, single-chip microcomputers into an
executable absolute address object code. This package
consists of three separate programs: a relocatable
assembler (RA75X), a linker (LK75X), and an object
code converter (OC75X).

The RA75X translates a symbolic source moduleintoa
relocatable object module. The assembler verifies that
each instruction assembled is valid for the target
microcomputer specified at assembly time. LK75X
combines multiple relocatable object modulesinto one
absolute object module. OC75X produces an ASCII
hexadecimal format object file.

The RA75X relocatable assembler package is available
for use on all NEC development systems and many
other manufacturers’ development systems and
personal computers.

Features

O Absolute address object code output
[0 User-selectable and directable output files
[0 Extensive error reporting
0O Jump optimization
O Runs under a variety of operating systems
— CP/M-86®
— MS-DOS®

CP/M-86 is a registered trademark of Digital Research Corparation.
MS-DOS is a registered trademark of Microsoft Corporation.

Ordering Information

Part Number Description

RA75X-D52 MS-D0S, 5-1/4” double-density floppy diskette
RA75X-M52 CP/M-86, 5-1/4" double-density floppy diskette
RA75X-M81 CP/M-86, 8" single-density floppy diskette
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ASM87
Description

The 7800 series absolute assembler (ASM87) converts
symbolic source code for the uPD7800, uPD7801,
uPD7802, uPD78C05, uPD78C06, uPD7810, uPD7811,
and uPD7816 microcomputers into executable absolute
address object code. The assembler verifies that each
instruction assembled is valid for the target micro-
computer specified at assembly time. An object code
file is produced in ASCII hexadecimal format and may
be downloaded to a PROM programmer or hardware
debugger.

The NEC ASMS87 is available for use on all NEC
development systems and many other manufacturers’
microcomputer development systems, personal com-
puters, minicomputers and mainframes.

Features

O Absolute address object code output
[ Macro definition capability
O Generic jump with optimization capability
O Conditional assembly options
— Up to eight levels of nesting
O User-selectable and directable output files
O Runs under a variety of operating systems
— CP/M-80@
— CP/M-86@
— MS-DOS®
— ISIS-i
O Fortran IV ANSI X3.9-1966 source program available

CP/M-80and CP/M-86 are registered trademarks of Digital Research
Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.

SOFTWARE
ABSOLUTE ASSEMBLER
DEVELOPMENT TOOLS
Ordering Information
Part Number Description
ASM87-C81 CP/M-80, 8" single-density floppy diskette
ASMB87-D52 MS-DOS, 5-1/4" double-density floppy diskette
ASM87-i81 ISIS-1I, 8” single-density floppy diskette
ASM87-182 ISIS-1I, 8" double-density floppy diskette
ASM87-M52 CP/M-86, 5-1/4" double-density floppy diskette
ASM87-M81 CP/M-86, 8" single-density floppy diskette
ASM87-FaT1 Fortran IV ANSI X3.9-1966 source program

9-track 1600 BPI magnetic tape
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NE’Z ' SOFTWARE

. RELOCATABLE ASSEMBLER
NEC Electronics Inc. DEVELOPMENT TOOLS
RA87 Ordering Information
Description Part Number Description

RA87-D52 -D0S, 5-1/4" - ity fl i

The RAB87 relocatable assembler package converts 8 Ws-D0S 51/4"double den5|.ty opey d'ékene
symbolic source code for the entire 7800 family of ~ RAS7-M52 CP/M-86, 51/4" double-density floppy diskette
8-bit, single-chip microcomputers into executable RAB87-M81 CP/M-86, 8" single-density floppy diskette

absolute address object code. This package consists
of three separate programs: a relocatable assembler
(RA87), .amlinker (LK87), and an object converter
(0Cs87).

The RA87 translates a symbolic source module into a
relocatable object module. The assembler verifies that
each instruction assembled is valid for the specified
target microcomputer. LK87 combines multiple relocat-
able object modules into one absolute object module.
OC87 produces an ASCII hexadecimal format object
file.

The RA87 relocatable assembler package is available
for use on all NEC development systems and many
other manufacturers’ microcomputer development
systems and personal computers.

Features

[0 Absolute address object code output
0O User-selectable and directable output files
[0 Extensive error reporting
0O JMP/JRE optimization
O Runs under a variety of operating systems
— CP/M-86©
— MS-DOS®

CP/M-86 is a registered trademark of Digital Research Corporation.
MS-DOS is a registered trademark of Microsoft Corporation.
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uPD78000 SERIES
SOFTWARE

RELOCATABLE ASSEMBLER
DEVELOPMENT TOOLS

RA310
Description

The RA310 relocatable assembler package converts
symbolic source code for the uPD78310 and uPD78312
8-bit, single-chip microcomputers into executable
absolute address object code. This package consists
of four separate programs: a relocatable assembler
(RA310), a linker (LK310), a locator (LC310), and a
librarian (LB310).

RA310 translates a symbolic source module into a
relocatable object module. The assembler verifies that
each instruction assembled is valid for the target
microcomputer specified at assembly time. LK310
combines multiple relocatable object modules into one
relocatable object module. LC310 assigns addresses
to the relocatable object module and produces both an
ASCII hexadecimal format object file and a symbol file
for use by the 78000 series hardware emulators. LB310
creates and maintains files containing relocatable
object modules. When the library file is included in the
input to LK310, the linker only extracts those modules
required to resolve external references and links them
into the relocatable object module.

The RA310 relocatable assembler package is available
for use on all NEC development systems and many
other manufacturers’ development systems, personal
computers and minicomputers.

Features

O Macro definition capability

O Conditional assembly options

O Jump optimization

O Runs under a variety of operating systems
— CP/M-86®
— MS-DOS®
— VAX/VMS® and VAX/UNIX®

CP/M-86 is a registered trademark of Digital Research
Corporation.

MS-DOS is a registered trademark of Microsoft Corporation.

VAX and VMS are registered trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T.

Ordering Information

Part Number Description

RA310-D52 MS-D0S, 5-1/4” double-density floppy diskette
RA310-M52 CP/M-86, 5-1/4" double-density floppy diskette
RA310-M81 CP/M-86, 8" single-density floppy diskette
RA310-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape
RA310-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape
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NEC Electronics Inc.

uPD70320/322
SOFTWARE

RELOCATABLE ASSEMBLER
DEVELOPMENT TOOLS

Description

The RA70320 Relocatable Assembler Package converts
symbolic source code for the V25 (uPD70320/
uPD70322) single-chip microcomputers into execut-
able absolute address object code. The package con-
sists of four separate programs: a relocatable assembler
(RA70320), a linker (LK70320), a hexadecimal format
object code converter (OC70320), and a librarian
(LB70320).

RA70320 translates a symbolic source module into a
relocatable object module. LK70320 combines relocat-
able object modules and absolute load modules and
converts them into an absolute load module. OC70320
produces an ASCII hexadecimal format object file from
either an absolute load or object module. LB70320
creates and maintains files containing relocatable
object modules. When the library file is included as
input to the LK70320, only those modules required to
resolve external references are extracted from the
library, relocated and linked into the absolute load
module.

Features

O Absolute address object code output
[0 User-selectable and directable output files
O Extensive error reporting
0O Powerful librarian
O Runs under a variety of operating systems
— CP/M-86®
— MS-DOS®@
— 1SIS/UDI
— VAX/VMS® and VAX/UNIX®

Ordering Information

Part Number Description

RA70320-D52 MS-DO0S, 5-1/4” double-density floppy diskette
RA70320-181 ISIS-Ii, 8" single-density floppy diskette
RA70320-182 ISIS-I1, 8" double-density floppy diskette

RA70320-M52
RA70320-M81
RA70320-VVT1
RA70320-VXT1

CP/M-86, 5-1/4" double-density floppy diskette
CP/M-86, 8" single-density floppy diskette
VAX/VMS, 9 track 1600 BPI magnetic tape
VAX/UNIX, 9 track 1600 BPI magnetic tape

CP/M-86 is a trademark of Digital Research Corporation.
MS-DOS is a trademark of Microsoft Corporation.

VAX and VMS are trademarks of Digital Equipment Corporation.
UNIX is a trademark of AT&T.
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NEC Electronics Inc.

EVAKIT
COMMUNICATION
PROGRAM

Description

The Evakit communication program (EVA) allows a
variety of microcomputer development systems and
personal computers to control NEC’s Evakits and in-
circuit emulators directly from the console of the host
system. Once a particular emulator is selected from the
EVA program’s menu, EVA recognizes all legal com-
mands for that emulator. In addition to the emulator
standard commands, the EVA program provides com-
mands to upload, download, and display disk files and
directories, to save debug session on disk, to display
command help files, and to exit from the program to the
operating system.

You can download to the emulator object code program
files produced by a cross assembler on the host system
and upload patched copies of the program from the
emulator to the disk for use in later debugging sessions.
The disk display commands allow you to examine
directories and files on the screen without having to
exit the EVA program. This is extremely useful for
checking a file before it is downloaded to the emulator
or erased during an upload. The help command dis-
plays a complete list of all legal commands for the
chosen emulator with their proper syntax. There is a
command to exit from the EVA program and to return to
the operating system. The emulator is not affected, and
emulation can be continued by invoking the EVA
program again.

The EVA program is supplied in executable formatand
is included with each NEC assembler. Executable
versions are available for the following host systems:

Intel MDS-220/330 under 1SIS-11

NEC APC under CP/M-86®

IBM PC or PC/XT® under CP/M-86 or PC-DOS®
IBM PC/AT® under PC-DOS

Source code is available and may be modified to
support other CP/M-80®, CP/M-86, MS-DOS®, and
1SIS-II based systems.

The EVA program supports all current Evakits and in-
circuit emulators and is periodically updated as new
emulators are introduced.

CP/M-80 and CP/M-86 are registered trademarks of Digital Research
Corporation.

PC/XT, PC-DOS, and PC/AT are registered trademarks of
International Business Machines Corporation.

MS-DOS is a trademark of Microsoft Corporation.
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MD-086 SERIES
MICROCOMPUTER
DEVELOPMENT SYSTEMS

MD-086 FLOPPY AND HARD DISK DRIVE SYSTEM

e

Description

The MD-086 series microcomputer development
systems are a series of disk based, multi-user, mutti-
tasking systems supporting the development of
products using NEC’s microcomputers and micro-
processors. Available in either a floppy disk-based or
floppy/hard disk-based configuration, the MD-086 may
be coupled with NEC’s stand-alone evaluation kits
(Evakits) or in-circuit emulators (IEs) to provide a
complete integrated software and hardware develop-
ment system.

Based on NEC’s uPD8086 16-bit microprocessor, run-
ning Digital Research’'s MP/M-86® operating system,
the MD-086 gives you access to all NEC’s assembilers,

simulators, high Ievél language compilers, and all other
CP/M-86@ application software.

The MD-086FD-10 (floppy disk-based) consists of two.
units: the system chassis (housing all the electronics)
and the system console (an ANSI standard X3.64
terminal.) The MD-086HD-10 (floppy/hard disk based)
consists of three units: the system chassis, the hard
disk chassis and the system console, and an ANSI
standard terminal. Additional terminals may be added
to the system as required, thereby lowering the system
cost per user.

MP/M-86 and CP/M-86 are registered trademarks of Digital Research
Corporation.
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Features

O MP/M-86 multi-user/multi-tasking operating system
— Supports up to three users
— Supports multi-tasking at each user terminal

[0 512K bytes of system memory
— Optional expansion to 1M byte total

0O Two 1M byte 8" double-sided floppy disk drives

O Optional 35M byte hard disk

O 64K byte memory disk

O Two parallel printer ports

O IEEE-796 bus-based with 5 vacant slots for future
expansion

[0 Separate ANSI standard X3.64 system console

Ordering Information

Part Number Description

MD-086FD-10 MD-086 series, floppy disk-based system
MD-086HD-10 ~ MD-086 series, floppy/hard disk-based system
MD-086DK Hard disk upgrade for MD-086FD-10

MD-910T™M Character display terminal

Hardware Description
System Chassis

The system chassis of the MD-086 series houses a
multiprocessor system, two 8" doubled-sided floppy
disk drives, an IEEE-796 cardcage, power supply, and
fans. Utilizing the industry standard IEEE-796 bus as
its internal system bus, NEC's MD-086 series with
several vacant slots, can easily be expanded to meet
tommorrow’s technological advances.

The multiprocessor architecture of the MD-086 series
permits the master CPU to offload the time consuming
tasks of data storage/retrieval and system I/0 proces-
sing to its intelligent peripheral boards, significantly
increasing the multi-user/ multi-tasking capabilities of
the operating system. This multiprocessor system is
composed of a uPD8086 master CPU board, a 512K-
byte memory board, a uPD780-based intelligent floppy
disk controller (FDC) board, a uPD8088-based intel-
ligent system controller board (SCB), and an optional
uPD780-based intelligent hard disk controller (HDC)
board. :

System Boards

The ‘maéter',CPU board is the heart of the systerh.
Utilizing a uPD8086 microprocessor running at 5 MHz,
it controls the operation of the multi-user/multi-pro-
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gramming operating system. The CPU board also
contains the bootstrap loader PROM and the system
work RAM, interrupt controller, and timer.

Asingle 512K-byte memory board provides the system
memory and is accessed by either the master CPU
board, the floppy disk controller board, or the optional
hard disk controller board. System memory can be
expanded to 1M byte by adding additional IEEE-796
bus memory boards.

The FDC board is an intelligent floppy disk controller
board using NEC’s uPD765A floppy disk controller
chip to control up to four 8" double-sided floppy disk
drives in either single or double-density format. Con-
taining an NEC uPD780-1 microprocessor with 8K of
PROM, 64K of RAM, and a DMA controller, the FDC
board controls the transfer of data between the system
memory and the floppy disk.

The HDC board is an intelligent hard disk controller
board using NEC’s uPD7261A hard disk controller chip
to control up to two SMD interface hard disk drives.
Containing an NEC uPD780-1 microprocessor with
8K PROM, 18K of RAM, and a DMA controller,the HDC
board controls the transfer of data between the system
memory and the hard disk. -

The SCBisan intelligent I/0 controller board using an
NEC uPD8088 microprocessor with up to 16K bytes of
PROM and 64K bytes of RAM to control the system
console, the serial communication channels, the printer
ports, and the paper tape interfaces.

The master CPU writes commands ‘into ‘the dual-
ported memories on the FDC, HDC, and SCB boards.
Each board executes its command with no further
intervention by the master CPU. This increases the
system performance of the MD-086 series.

The two 8” doubled-sided floppy disk drives provide
approximately 2M bytes of data storage capacity.
Single-sided diskettes are recorded in single-density
to provide compatibility with other CP/M-86 and
MP/M-86 systems. Double-sided diskettes are recorded
in double-density providing a maximum storage cap-
acity of 972K bytes per diskette.

Hard Disk Chassis

The optional hard disk chassis houses one 8" SMD
interface hard disk drive capable of storing 32M bytes
of formatted data, the power supply, and fans. A ready
indicator, along with a write protect switch/indicator,
and a fault switch/indicator are also provided.
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System Console

The MD-910TM, an ANSI standard X3.64 CRT terminal,
is provided as the system console for the MD-086
series microcomputer development systems. To take
advantage of the multi-user features of the MD-086
series, additional ANSI| standard terminals may be
purchased separately from NEC Electronics Inc. or
other manufacturers.

Software Description

The MD-086 series incorporates Digital Research’s
MP/M-86 operating system providing you a.compact
multi-user, multitasking operating system. Each user
has complete access to all of the MP/M-86 facilities and
may execute multiple programs simultaneously.

The powerful MP/M-86 file system manages all files
and file directories, dynamically allocating, and re-
leasing disk space as required. Designed for the multi-
user environment, it enhances file integrity by permit-
ting files to be opened in one of three modes: locked,
unlocked, and read only modes. In locked mode, only
one user may open a specific file at a given time, while
in unlocked mode muitiple users/programs may open
the same file. Read only mode, permits a file to be
opened by more than one process but it cannot be
changed.

Optional password protection is available at both the
file and disk level, providing protection for a particular
user’s files. MP/M-86's extended directories allow files
to be dated and time stamped. Each file may have up to
two date and time stamps: one reflects the date and
time of the last update and the other the date of the last
access or file creation.

All files generated on CP/M® 8" diskette systems may
be read under MP/M-86, allowing you to easily transport
existing software routines to the MD-086 series. Hard-
ware-independent CP/M-86 application programs can
be run, giving you access to a wide variety of third party
software.

A 64K-byte memory disk residing in system memory is
available for high speed file processing, significantly
improving the overall performance of the MD-086
series microcomputer development systems.

The MD-086 series contains a PROM-resident monitor
program which may be used for uPD8086 program
development/debugging. This monitor program is
entered automatically if there is no MP/M-86 system
disk in drive A when the reset switch is pressed. Some
of the main features of the MD-086 monitor are:

[ Display, fill, substitute, compare, transmit, or test the
contents of memory.

O Display and modify user registers.

{J Read and write to the floppy disks and paper tape.
O Set breakpoints and execute user’s program.

O Single-step and trace executing user’s program.

Note:
CP/M is a registered trademark of Digital Research Corporation.

MD-086 Series Utilities

The following utility programs are supplied with the
MD-086 series:

ABORT Stops the specified process

ASM86 Absolute assembler for uPD8086/8088

ATTACH Attaches program to its console

BACKUP Makes a complete backup copy of a
disk

CLEAR Clears the system console screen

CONSOLE Displays console number

DDT86 Dynamic debugging tool for
uPD8086/8088

DIR Displays disk directory of filenames

DSKRESET  Resets drives

ED Line-oriented editor

ERA Erases a file

ERAQ Erases a file only after confirmation

FORMAT Formats floppy disks

GENCMD Converts H86 file to CMD file

GENSYS Generates MP/M-86 operating system

HDBACKUP  Makes backup of hard disk logical
drive

HDDUMP Displays and changes contents of
hard disk

HDFORMAT Initializes hard disk logical drives

MPMSTAT Displays MP/M-86 internal status

PHFORMAT  Physically formats hard disk

PIP Copies files

PRINTER Displays and sets the printer number

REN Renames files

SDIR Displays disk directory with options

SET Sets disk and file protection levels,
file attributes, and file time stamping

SHOW Displays disk status and protection
levels

SPOOL Spools files to the list device

STAT Displays, set files, and disk status

STOPSPLR  Stops the spooler

SUBMIT Executes batch processing

SYSCPY Copies system loader and MPM.SYS

TOD Displays and sets time of day

TYPE Displays ASCII file contents at
console

USER Displays and sets user number

YEAR Sets the year
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Five of these utilities have been incorporated into the
operating system as resident system processes (RSPs)
and reside in system memory. They can be executed
without disk accesses, increasing the performance of
the system. The RSPs in the MD-086 series include:
ABORT, DSKRESET, MPMSTAT, PRINTER, and USER.

MD-086 Series Development Environment

The MD-086 series microcomputer development
systems have been designed to provide a integrated
software and hardware development environment for
all NEC proprietary microcomputers, microprocessors,
and digital signal and image processing components.
For software development, a complete family of
absolute and relocatable assemblers, high level lang-
uage compilers, and digital signal and image processor
simulators are available for the MD-086 Series. For
software and hardware debug, NEC in-circuit emulators
and Evakits can be controlled directly from the MD-086
series consoles.

Evakit communication programs are available for con-
trolling all stand-alone Evakits via a serial link directly
from any console of the development system. These
programs provide program upload and download cap-
ability plus a full line assembler and disassembler.

Up tothree in-circuit emulators can be plugged directly
in the IEEE-796 backplane of the MD-086 series and
controlled by the appropriate |E control program. In
this bus-coupled configuration, your program debugg-
ing capabilities are greatly enhanced with the addition
of symbolic debug, macro command file capability, and
improved file upload/download times.

With the MD-086 series microcomputer development
systems, you will always have access to development
tools for NEC’s newest components at the earliest
possible time.

Documentation

The following documentation is supplied with the
system. Additional copies may be obtained from NEC
Electronics Inc.

o MD-086FD-10 Installation Manual

¢ MD-086FD-10 MP/M-86 Implementation Manual

e MD-8910TM Terminal User Manual

o MP/M-86 Multi-Process Monitor User's Guide*

o MP/M-86 Operating System Guide*

o MP/M-86 Multi-Process Monitor Programmer’s
Guide*

*Additional copies may be obtained from Digital Research.
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Equipment

The following equipment is supplied with the system:

MD-086FD-10

1 System chassis
RS-232C serial cables
Centronics printer cable
Line cord and ground adapter
Spare fuse
On-off keys
Male DB-25 solder type connectors/shells
Set of disk drive labels
8" floppy diskettes
MP/M-86 system disk
— MP/M-86 gensys disk
MD-910TM system console

— 1 RS-232C cable

— 1 TTL level cable

— 1 Line cord and ground adapter
¢ 1 Setof documentation

® © &6 0 ¢ & 0 0 o
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MD-086HD-10

¢ 1 MD-086FD-10 system
¢ 1 MD-086DK

MD-086DK hard disk upgrade

e 1 Hard disk chassis

e 1 HDC board

e 1 Set of interconnecting cables

e 1 Line cord and ground adapter
Specifications

Processors

Main #PD8086C, 5 MHz, CPU Board
Slave nPD780C-1, 4 MHz, FDC Board

©PD8088C-2, 6.5536 MHz, SCB Board
pPD780C-1, 4 MHz, HDC Board

System Memory
512K-bytes of dynamic RAM (1M byte total — optional)

Operating system area 64K bytes
Memory Disk 64K bytes
User’s Area 384K byte
(896K bytes optional)

External Memory

Two double-sided 8" floppy disk drives
— 2M-byte maximum capacity

Optional SMD Interface 8" hard disk drive
— 32M-byte formatted capacity
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Bus Structure Environmental Specifications
|IEEE-796 Bus Temperature: —20 to +40°C, non-operating
— 5 spare slots in MD-086FD-10 +10 to +40°C, operating
— 4 spare slots in MD-086HD-10 Humidity: 10 to 90% relative humidity,
non-operating
Serial Interfaces 30 to 80% relative humidity, operating
System console RS-232C/TTL 1 channel (without condensation)
Serial interfaces RS-232C 1 channel . I
RS-2320/TTL 4 channel Electrical Characteristics
FCC: Class A

‘Parallel Interfaces AC Requirements:

System chassis: 90-132 V, 50/60 Hz £2%, 5A
System console: 90-132 V, 50/60 Hz +2%, 2A

Centronics printer interface 2 channel

Operating System

MP/M-86, version 2.0 with NEC proprietary enhance-
ments.

Physical Characteristics

System Console

System Chassis CRT Keyboard
Width 16.75 in (425 mm) 14.25 in (362 mm) 18.5 in (470 mm)
Height 11.77 in (299 mm) 14.29 in (363 mm) 1.50 in (38 mm)
Depth 24.21 in (615 mm) 13.46 in (342 mm) 7.44 in (189 mm)
Weight 59.40 Ib (27 kg) 19.95 Ib (9 kg) 4.411b (2 kg)
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N f C MD-910TM CHARACTER
DISPLAY TERMINAL

NEC Electronics Inc. DEVELOPMENT TOOL
Description Physical Characteristics

The MD-910TM character display terminal is an ANSI  Dimension Display Keyboard
standard CRT terminal used as the system console of Width 14.25 in (362 mm) 18.05 in (470 mm)

the MD-086 series microcomputer development system. Height 14.49 in (363 mm) 150 in (38 mm)

The MD-910TM can also be used as an additional

console for this system, or as an external terminal for ~ DePth 1346 in (342 mm) 744in (189 mm)
any stand-alone Evakit or in-circuit emulator. Weight 19.95 1b (9 Kg) 4.411b (2 Kg)
Features Environmental Specifications
[J Multiple emulation modes Temperature: 0 to 40°C
— ANSI standard X3.64 (VT100 compatible) Relative Humidity: 30 to 80% , non-condensing
— VT52 (Digital Equipment Corporation)
O Amber 12" nonglare screen Electrical Characteristics

O Tilt/swivel display
0 Detached low-profile keyboard conforming to DIN ~ FCC: Class A

standard Power: 90-132 V AC, 50/60 Hz £2%, 2A
— ASCiII keys, numeric keypad, four function keys B R
O Total software set-up feature Ordering Information
[0 Smooth, jump, or partial scrolling Part Number Description
01 80/132 columns by 21.1-I|ne display . . MD-910TM Character display terminal
[0 Standard, double width, or double height/width
characters

[0 Blinking block, blinking underline, or invisible cursor
0O Display attributes
— Normal, bold, blinking, reverse, underscore,
overline, and vertical line
[ Display status LEDs on keyboard
[J Software selectable serial interface
— RS-232C, TTL, 20 mA current loop
— 7- or 8-bit character with odd, even, or no parity
— Full or half-duplex operation
— Transfer rate: 50 to 19200 BPS
O Power-on, self-diagnostic function and data analyzer
mode
O Centronics printer port

Equipment

The following equipment is supplied with the
MD-910TM terminatl:

1 Display terminal

Keyboard with attached cable
RS-232C serial interface cable

TTL serial interface cable

AC power cord and ground adapter
Spare fuse

MD-9810TM user’s manual

[ G N (I G 'Y
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NEC Electronics Inc.

PG1000 PROM
PROGRAMMER

Description

The PG1000 is NEC’s PROM Programmer for use with
the MD-086 Series Development Systems and certain
NEC Emulators. With the use of interchangeable per-
sonality modules, the user can tailor the PG1000 to
support various NEC single-chip microcomputers. The
user controls the PG1000 via the serial interface from
either a host computer or an external terminal, or
directly from the on-board keypad in stand-alone
mode.

Features

O Interchangeable personality modules
O 16K of data RAM
[0 Address/data display and mode specification LEDs
[1 Flexible membrane keypad
O Three modes of operation
— Host computer controlled
— External terminal controlled
— Stand-alone operation
[ Serial interface: RS-232C, TTL, or 20-mA current
loop
[ Parallel interface: TTL (two-wire handshake)

PG1000 Personality Modules
PG1003

The PG1003 is a plug-in personality module for the
PG1000 PROM Programmer. This module is required
to program the uPD78P09R, the EPROM version for the
uPD7808 and uPD7809 8-bit, single-chip microcom-
puters. The PG1003 supports two programming modes:
high-speed writing mode and normal writing mode.

PG1005

The PG1005 is a plug-in personality module for the
PG1000 PROM Programmer. This module is required
to program the uPD75P108, the EPROM version for the
uPD75104, uPD75106, and uPD75108 4-bit, single-chip
microcomputers. Interchangeable socket adapters are
provided with the PG1005 to allow programming both
shrink dip and flat packages.
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Section 8 — Packaging Information

Package/Device Cross Reference ............c.coviiiiiiiiiiiiiiiininiannneienns 8-3
20-Pin Plastic Shrink DIP (300 mil) .. ...ttt iiiiiicinneess 8-5
20-Pin Plastic SO (Small Outline) (300 mil) ......ccovieiiiiiiiiiiiiiiei e, 8-5
24-Pin Plastic Shrink DIP (300 mil) .. ...ttt 8-6
24-Pin Plastic SO (Small Outline) (300 mil) ... ..cevviiriiiiiiiiiiiiiiiiiennneenn 8-6
28-Pin Plastic DIP (800 Mil) . .vvuneiittiriiiie e iiaiaeereranoosstenancannnnos 8-7
28-Pin Plastic Shrink DIP (400 mil) ... ..ottt iaaeen 8-7
40-Pin Plastic DIP (B00 Mil) ... uuntitii ittt et iiieeenaannens 8-8
40-Pin Plastic Shrink DIP (600 mil) .......ooiiiiinniiiiiiiiiiiiiiiiiiiiiieeens 8-8
40-Pin Ceramic Piggyback DIP (600 mil) ........ccoiiuiiiiiiiiiiiiiiiiiiiinanes 8-9
40-Pin Cerdip with Window (600 mil) ........ciiiiiiiiiiiiiiiiiiiiiiiinereranes 8-9
42-Pin Plastic DIP (600 Mil) ... onntttiiii it et ei e teaieeraaniaranenens 8-10
42-Pin Plastic Shrink DIP (600 mil) ......ciuriiiiiii it iiiieneeeeenennas 8-10
42-Pin Ceramic Piggyback DIP .. ... ittt iiieeennnannnnnnns 8-11
44-Pin Plastic Miniflat ... i i i 8-11
52-Pin Plastic Miniflat ....... ..ottt i e 8-12
54-Pin Plastic Miniflat ........ ... i ittt i e 8-12
54-Pin Plastic Miniflat (Inverted leads) ...........cciiiiiiiiiiiiiiiiiiiieinnn, 8-13
64-Pin Plastic Shrink DIP (750 mil) ....iutiiiiiiiiiiiiiiiiiiieeinianennnans 8-13
64-Pin Plastic Miniflat ........ ... i i 8-14
64-Pin Plastic QUIP . ... ..ttt i i i ittt ittt 8-14
64-Pin Shrink Cerdip with Window .......... . i iiiieieeann 8-15
64-Pin Ceramic QUIP with Window ...........cciiiiiiiiiiiiiiiiiiiiiiiiiees 8-15
64-Pin Ceramic Piggyback QUIP ... ... ... it 8-16
68-Pin Plastic Leaded Chip Carrier (PLCC) .......coiiiiiiiiiiiiiiiiiiiianne 8-16
80-Pin Plastic Miniflat ...ttt e 8-17
84-Pin Plastic Leaded Chip Carrier (PLCC) ......oviiiiiiiiiiiiiiiinarinanes 8-17
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NEC

PACKAGING INFORMATION
Package/Device Cross Reference
Package Device Package Device
20-Pin Plastic Shrink DIP (300 mil) -uPD7554CS - 42-Pin Plastic Shrink DIP (600 mil) 4PD7527ACU
uPD7564CS : uPD7528ACU
20-Pin Plastic SO (Small Outline)  uPD7554G pPD7533CU
(300 mi) uPD7564G #PD7537ACU
— : _ uPD7538ACU
24-Pin Plastic Shrink DIP (300 mil) ”gg;ggggg 42-Pin Ceramic Piggyback DIP  uPD75CG28E
: ~ , uPD75CG33E
24-Pin Plastic SO (Small Outline) uPD7556G #PD75CG38E
(300 mil) #PD7566G 44-Pin Plastic Miniflat uPD48G-22
28-Pin Plastic DIP (600 mil) . puPD7506C uPD49HG-22
; uPD7507SC uPD50HG-22
28-Pin Plastic Shrink DIP (400 mil)  uPD7506CT uPD7507HG-22
v uPD7507SCT puPD7508HG-22
40-Pin Plastic DIP (600 mil) uPD7507C uPD7533G-22
. LPD7507HC uPD80C42G-22
uPD7508C 52-Pin Plastic Miniflat uPD7225G-00
uPD7508HC uPD7506G-00
uPD7508AC uPD7507G-00
uPD8035HLC uPD7508G-00
uPD80C35C uPD80C48G-00
uPDB039HLC uPD80C49HG-00
#PD80C39HC 54-Pin Plastic Miniflat pPD6307G-F
uPD80C40HC uPD6308G-F
uPD8041AHC 54-Pin Plastic Miniflat uPD6307G-R
uPD80C42C (inverted leads) pPD6308G-R
HPDBO4BHC 64-Pin Plastic Shrink DIP uPD7516HCW
uPD80C48C .
PD804GHO (750 mil) uPD7519CW
uPD7519HCW
uPD80C49HC uPD7807CW
uPD80C50HC uPD7808CW
serEraoHe
uPD7810CW
40-Pin Plastic Shrink DIP (600 mil)  xPD7507CU. uPD78C10CW
uPD7507HCU uPD7810HCW
#PD7508CU uPD7811CW
HPD7508HCU uPD78C11CW
40-Pin Ceramic Piggyback DIP puPD75CGO8E uPD7811HCW
(600 mil) uPD75CGO8HE uPD78C14CW
40-Pin Cerdip with Window (600 mil) uPD8741AD uPD75104CW
uPD8748HD uPD75106CW
uPD8749HD uPD75108CW
42-Pin Plastic DIP (600 mil) uPD7527AC 1uPD75P108CW
uPD7528AC puPD78310CW
uPD7533C uPD78312CW
uUPD7537AC
uPD7538AC




PACKAGING INFORMATION

NEC

Package/Device Cross Reference

Package

Device

Package Device

64-Pin Plastic Miniflat -

uPD7227G-12
uPD7501G-12
uPD7502G-12
uPD7503G-12
uPD7516HG-12

uPD7519G-12
uPD7519HG-12
uPD78CO06AG-12
uPD78C10G-1B
uPD78C11G-1B

uPD78C14G-1B
uPD72030G-12
uPD75104G-1B
4PD75106G-1B
uPD75108G-1B

uPD75P108G-1B
uPD78310G-1B
uPD78312G-1B

64-Pin Plastic QUIP (cont) uPD78C10G-36
uPD7810HG-36
uPD7811G-36
uPD78C11G-36.
uPD7811HG-36
uPD78C14G-36
uPD78310G-36
uPD78312G-36
pPD78P312G-36

64-Pin Shrink Cerdip with Window uPD75P108DW

64-Pin Ceramic QUIP with Window uPD78P09R

64-Pin Plastic QUIP

pPD7500HG-36

uPD7500HG-E-36

uPD7516HG-36
uPD7519G-36

- uPD7519HG-36

uPD78C05AG-36
uPD7807G-36
uPD7808G-36

- uPD7809G-36

uPD7810G-36

8-4

64-Pin Ceramic Piggyback QUIP  uPD75CG16HE
uPD78PG11E
uPD75CG19E
uPD75CG19HE

68-Pin Plastic Leaded Chip puPD78C10L
Carrier (PLCC) uPD78C11L
uPD78C14L

pPD78310L

pPD78312L

80-Pin Plastic Miniflat uPD7228G-12
: uPD7514G-12

uPD70320G-12

uPD70322G-12

84-Pin Plastic Leaded Chip uPD70320L
Carrier (PLCC) uPD70322L




| NEC PACKAGING INFORMATION

20-Pin Plastic Shrink DIP (300 mil)

.17 mm [.007 inch] of its true
position [TP] at maximum material
condition.

20 1
Item Millimeters Inches ﬁ ﬁ ﬁ ﬁ ﬁ ‘ﬁ ﬁ ﬁ ﬁ
A 19.57 max 771 max
B 1.78 max .070 max
c 1.778 [TP] .070 [TP] -
+.004
D .50 +.10 020 —.005
IR TRTATATATATATATAT
F .85 min .033 min 1 10
G 3.2+3 126 +£.012
H 51 min 1020 min A K
1 4.31 max 170 max L
J 5.08 max 200 max
K 7.62 [TP] .300 [TP] i
L 6.5 256 |
J

+.10 +.004

M 25 o 010 Zg0a
Note: T G
(1] Each lead centerline is located within H
re—B

4+

[2] Item “K” to center of leads when M 0.-15°
formed parallel.
83-0036098
20-Pin Plastic SO (Small Outline) (300 mil)
20 1
item  Millimeters Inches H H H H H H H H H H
A 13.00 max 512 max
B .78 max 031 max
c 1.27 [TP) 050 (TP]
+.10 +.004
D a0l 016 "'goa -
E REA .004 +.004
F 18max 071 max O
G 1.55 061
H 7.7+3 303 +.012 H H H H H H H H H
[ 5.6 220 1 10
J 11 043 ry "
+.10 +.004 L
K 20000 0087000 ) ;
+.008
L 6%2 024 7000

Note: e lF !

[1] Each lead centerline is located within I 1 H 1
.12 mm [.005 inch] of its true K
position [TP] at maximum material ?
condition. L— £

D [ B L
83-0038478




PACKAGING INFORMATION

NEC

24-Pin Plastic Shrink DIP (300 mil)

A OO A A AR AN

Item  Millimeters Inches
A 23.12 max 911 max J_X
B 1.78 max .070 max _—
c 1.778 [TP) .070 [TP] t
D S0+10 020 £:308
S FivivATArivivArEvlviv Ly
F -85 min .033 min
G 32+3 126 +.012 ! 12
H  .51min -020 min A K
| 4.31 max 170 max N
J 5.08 max 200 max
K 7.62[TP] .300 [TP] 1
L 65 256 \ )
Wm0 g Tr ¥
Note: | H
[1] Each lead centerline is located within TH
.17 mm [.007 inch] of its true G
position {TP] at maximum material
condition.
{2] Item “K” to center of leads when ‘} L E . —,//,‘ \‘/
formed parallel. c 8 M 0-15°
D
E

83-0037838

24-Pin Plastic SO (Small Outline) (300 mii)

[1] Each lead centerline

condition.

is located within

.12 mm [.005 inch] of its true
position [TP] at maximum material

24 13
ltem  Millimeters  Inches H H H H H H H H H H H H
A 1554 max 612 max
B .78 max 1031 max
c  127(TP) 050 (TP]
+.10 +.004
D40 g 016 _ 003 }
E a1 004 +.004 (
F 1.8 max 071 max
G 155 081 O
W 77%3 303 £.012 H H H_H H HHH H Hﬁ H
| 586 220 7 b
J 11 043 ry
+.10 +.004
K20 g5 008 _ 502
+.008
L 6+2 024700
Note:

83-0038578
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NEC | PACKAGING INFORMATION

28-Pin Plastic DIP (600 mil)

A AARAAABARAAAR

Millimeters Inches

38.1 max 1.5 max

2.54 max .10 max
2.54 [TP] 10 [TP] A _

5+.10 oz t-004 4
St 02 005

33.02 13

wis seron |YUGUUUUVITUUYY

51 min .02 min

4.31 max .17 max K
e |
5.72 max 226 max L
15,24 [TP] .60 [TP)
13.2 .52
+.10 +.004
25 _os 01 003

2 |rix|le|=izi0|mm o oubg

Notes: 1. Each lead centerline is located
within .25 mm [.01inch] of its true
position [TP] at maximum mate-
rial condition.

2. Item “K" to center of leads when
formed parallel.

~/he ~

M 0-15°

83-0014078

28-Pin Plastic Shrink DIP (400 mil)

5%%%%%%5

1.778 [TP] .070 [TP} I/
+.004
50 £.10 02 T {

o — phellthkk ki drdekedy
.9 min 035 min

3203 126 £.012 1 "
51 min 020 min
4.31 max 170 max
5.08 max .200 max
10.16 [TP] .400 [TP]
8.6 .339

+.10 + 008
2 _os O 03

I
A K

2T |r|X|le|-|(z|O/mm| O Oﬂ>§

Notes:

1. Each lead centerline is located within
.17 mm [.007 inch] of its true position [TP)
at maximum material condition.

2. Item “K” to center of leads when formed
parallel.

\

0-15°

83-0015188




PACKAGING INFORMATION NEC

40-Pin Plastic DIP (600 mil)

Item  Millimeters  Inches 40 21

A sdima  zioomax AAAAAAAANRARAAAAAAAA

B 2.54 max 100 max

c  254(TP| 1100 (TP I_L

D 50%.10 020 508 L -

E 4828 1.900

F 1.2 min .047 min

PR TS a— v wwwuwwwwwwg

H  Simin .020 min | -

| a31max 170 max A K

J 5.72 max .226 max L

K 1524[TP] 600 [TP) —»

L 132 520 ‘

M 20 010 7004 _I_' ’ *
:‘]"Ee:::h lead centerline is located within .25 ‘ ‘ ——H—'*G

L e el e o\

[2] em “K” to center of leads when formed ! [ 0-15°

parailel. E

83-0013998

40-Pin Plastic Shrink DIP (600 mil)

TP e AARRAAARAARAAAARARAR

A 39.13 max 1.541 max

B 2.67 max 106 max

c 1.778 {TP} .070 [TP] -

D 50+.10 .020 + .004 W

E 33.78 1.330

Carrs mid ERLLERELE LR R

G 32+3 .126 +.012

H  5imin 1020 min v 2

| 4.31 max 170 max A K
J 5.08 max .200 max L
K 15.24 {TP] 600 [TP]

L o132 520 +
M 2 f:;g 010 t:gg: {

Note:

(1] Each lead centerline is located within
.17 mm [.007 inch] of its true position
[TP] at maximum material condition.

[2] item “K” to center of leads when formed
parallel.

I\

0-15°

83-0037658




N E C PACKAGING INFORMATION

40-Pin Ceramic Piggyback DIP (600 mil)

A
Item Millimeters inches (¢] O O O 00000 [e)e) (e]e) (@]
A 53.34 max 2.1 max
B 20.32 8 ) B
c 254 +.25 A0
D 0.46 = .05 .018 + .002
E48% 1o 00000000000000
F 1.02 .04
G 3.2 min 126 min
H 1.02 min .04 min f N
I 3.0 max 118 max K
J 4.32 max .17 max ] 1
K 15.24 6
L 1524 6 STRIRIR TN 't 1‘ rj
M 25+.05 .01 +.002 I f
o e L L = :
o 254+ .25 A+.01 J L 1 _’1
L

83-003921B

40-Pin Cerdip with Window (600 mil)

Item Millimeters Inches
A 53.34 max 2.100 max
B 2.54 max 100 max
c 2.54 [TP] 100 [TP] a0 21
D 50+10 020004 AAAABAAARAALARAA8A8A
E 48.26 1.900 N
F 1.2 min 047 min
G 35+.3 .138 +.012
H .51 mi 1020 mi
T — HEHHHE}'#HW}'#@HHHUHHHE
J 5.08 max 200 max I ;
K 15.24 [TP] .600 [TP] A K
L 13.21 520 L
M 25105 o10 7902
N ¢ 7.62 ¢ .300

Note:

{1] Each lead centerline is located within ' ' l l I
.25 mm [.01 inch] of its true
position [TP] at maximum material
condition. —o"‘— D —bl l'—

[2] Item “K” to center of leads when
formed parallel.

Iml =

s

0-15°

83-003785B
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PACKAGING INFORMATION N E C

42-Pin Plastic DIP (600 mii)

TR ARARAANAAARRAANANRARA

g
3

A 55.88 max 2.200 max
B 2.54 max .100 max
c 2.54[TP] .100 (TP]
D 5. 020 008 T ,
E 50.8 2.000
P tama  o7min PPV RYYRYYVRYYYRYIYY
G 36+.3 1421012 ! 2
H 51 min 020 min
] 4.31 max 170 max
J 5.72 max .226 max
K ..15.24[TP) 600 {TP)
L. 132 520
mooastal 010 008
Note:
[1] Each lead centerline is located within .25

mm [.01 inch] of its true position [TP] at
maximum material condition.

[2] Htem “K" to center of leads when formed
parallel.

83-003572B

42-Pin Plastic Shrink DIP (600 mil)

42 22
T AAAAAARAAARAARRAARAAR
A 39,13 max 1.541 max ‘
B 1.78 max .070 max ‘ '
c 1.778 [TP} .070 [TP) —_—
D 50%.10 020 003 I
E 35.57 d 1.400
F 9 mis 035 mii
T T kit L L AL L
H Stmin - .020min . i
! 4.31 max 170 max
J 5.08 max .200 max
K 1524 [TP] " 600 [TP]
L 13.2 .520
Mo st a0t 58
Note:
[1] Each lead centerline is located within .17
mm [.007 inch] of its true position [TP] at \‘/
maximum material condition.
[2] lem “K" to center of leads when formed 0-15°
parallel.
83-0035738
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PACKAGING INFORMATION

42-Pin Ceramic Piggyback DIP

{1] Each lead centerline is located within

.15 mm [.006 inch] of its true
position [TP] at maximum material

condition.

[2) Flat within .15 mm {.006 inch] total.

f A
l 42 ) 22
0000000000000
Item Millimeters Inches \
A 55.88 max 2.200 max H -—
B 2032 .800
C 25%.25 1100 +.010
D  046+.05 .018 £ .002 00000000000000
E 5080 2.000 1 21
F 102 040 N s
G 3.2min 126 min }
H 1.02 min -040 min o |‘__K_’|
1 3.0 max 118 max l
J_ ammax  A70max IRIAIATATRIRIRTRAATATATNIAT) g 7
K 15.24 .600 1
L 1524 600 l |
M 25%.05 .001 £ .010 1'*
N 3302 1.300 f e
0  254%.25 100+ 010 H M
| e .
L
I E '
83-003574B
44-Pin Plastic Miniflat
1
item Millimeters Inches
+.017
A 13614 535 T e
+.008
+.008
c 102 394 7000 o =N
o +017 CTIT1]3s 2 FE=a0—7
13.6+.4 535 ge 1
: | - —
E 8.0 315 (= . —
F__10 039 — 11T
G 10 .039 —d  —
M35t o1a 008 —==1 - - E [c (D
I 8[TP 031 [TP) | — 1T
Note 1  — (1T
+.008 —r] =
J 18+.2 o7
= =0 = |
K  10+2 039" = r
—.008 p 441 1112 P
+.10 +.004 1 Y _L
15 .006
-.05 —.003 f
Mos .006 1| i T
Note 2 L o
N eser osr TR0 ] e
0 00+t 0.000 +.004 G !
P 1.65 max -065 max
Note:

83-0012328
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PACKAGING INFORMATION N E

52-Pin Plastic Minlflat

A
B
ltem  Millimoters  Inches t
A 210+a 827 £.016
+.009
B 14:2 551 .
—.008 a0 27
c 1001 1039 (TP} —— | ——]
Note 1 —r e —
008 —r FT—
D 40 £.10 016 005 — Frr—
— ] - - —
E_0 039 == +
== |5 |a
F 35+2 13008 | o
Y —r  ——
G . 22%2 oa7 +-008 —T  m—
Y —r] T
T 006 008 —r O Er—
—05 —.003 e = P i = —
T s 006
Note 2
' +.02 +.009 | Il i
g 2102 102 008 v
K x4 1004 £.004 | |
—
Note: E ) c

[1] Each lead centerline is located within
.20 mm [.008 Inch) of its true
position [TP] at maximum material
condition.

[2] Flat within .15 mm [.006 inch] total. .

83-0009328
54-Pin Plastic Minifiat
item Miflimeters Inches A
+017
A 13.5+.4 531 e B
B 952 374 £.008
c 95:t2 374 £.008 Q H H H H B
D 135+4 531 o1 m 1 P ,
E 845 333 o A z EEE:E___I 1'
F 5 .020 | - —]
H 1
G 85 .033 % -
H 3010 o12 004 ‘ ‘
- . V% _ 005 | — ‘:ﬂ:l
I 65[TP) 1026 [TP] - - ET (e |c |o
Note 1 % Fr—
pres ] T
3 20%2 .79 008 [ Fr—
| — - h - —
K 12%2 047 1009 ] - —
e o =.0 E= ]
Al +.004 54 . 14
15 _0s 096 _ 003 F ! N = ¢ l _ l
M5 .006 T 3
Note 2 T
N 15+1 059 £.004 _—t 0 P
0 011 0.004 £.004 ] _.l L__
P 011 0.004 +.004 G H !
[+ 1.8 max .071 max J

Note:

{1]) Each lead centerline is located within
.15 mm [.008 inch] of its true
ltion (TP] at terial
condition. .
(2] Flat within .15 mm [.006 inch] total.

83-0038548
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PACKAGING INFORMATION

54-Pin Plastic Miniflat (inverted leads)

'

Item  Millimeters Inches
A 13.9+.4 547 1916
B 95+t2 374 i?.‘gba
C 8.5+.2 .374 +.008
D 13.9+.4 .547 +.016
E 8.45 333
F 5 .020
G -85 033

+.004
H .30 .10 012 —.005
| 65 [TP] 026 (TP]
Note 1
+.008
J 222 079 000
+.009
K 9+.2 047 —.008
+.10 +.004
[ -008 02
M 15 006
Note 2
N 1.5+1 .059 +.004
o 0.1+.1 0.004 +.004
P 0.1+1 0.004 £.004
Q 1.8 max 071 max
Note:

b d

le— o

je— o

of

[1] Each lead centerline is located within
.15 mm [.006 inch] of its true
position [TP] at maximum material
condition.

[2] Flat within .15 mm [.006 inch] total.

J
83-0038558
64-Pin Plastic Shrink DIP (750 mii)
ltem Millimeters Inches
A 58.68 max 2.311 max
B 1.78 max .07 max
c 1.778 [TP] 07 (TP)
D 5t o2 1008
E 55.12 217
F .9 min .035 min
G 3.2+3 126 +.012
H 51 min .02 min
I 4.31 max .17 max
J 5.08 max -2 max
K 19.05 (TP 75 (TP
L 17 669
woas T e TG
Notes:
1. Each lead centerline is located within .17
mm [.0007 inch] of its true position [TP] at e
maximum material condition. 0-15°
2. Item “K” to center of leads when formed
parallet.
83-0014948
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PACKAGING INFORMATION N E C

64-Pin Plastic Miniflat
S
ftem  Millimeters Inches I A _
+.017 B
A 24.7+4 972 016
+.009
o I
+.009
c 14 +2 551 —.008 - z =
D 187+4 0.736 £.016 o | A 32 Y
s e e
E 120 472 o0 |
F 10 039 —
[
G 1.0 039 P
+.004 - - E |[C |D
H .40 +.10 016 —.005
] 1.0 (TP] 039 [TP]
Note 1
|
008 O
J 235 +.2 093 009
: '
64 1 1920
K 122 047 7009 i
il ' —.008 'T—
+.10 +.004
[N i .006 o
M 15 006 le— _.l I._ le—
Note 2
+.2 +.008 ¢ H !
N 2087 081 0 ’
o 0.1+ 0.004 £.004 I
Note:
[1] Each lead centerline is located within l IN demd __l.. L
.20 mm [.008 inch] of its true g - -
position [TP] at maximum material T I
condition. ) L
[2] Flat within .15 mm [.006 inch] total. K
83-0009338
64-Pin Plastic QUIP
n”n”n”n”n”n”n”n”n”n”n"n"n”nnn”n
Item Millimeters Inches >
A 41.8 max 1.65 max
c 2.54 100
b S5#1 020 +.004 Uffeffqropafroyfafra e oo oo
E 39.37 1.55
F 1.27 min 050 min \
G 36 142 A |
J
H 3.2 min 126 min
1 24.13 £1.05 950 +.041 . K
J 19.05 +1.05 .750 £.041 .
K 16.5 650 |
=
+.10 +.004
N5 T o107 000
N
L
1
M
1
83-0015088
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PACKAGING INFORMATION

64-Pin Shrink Cerdip with Window

Item  Millimeters Inches
A 58.68 max 2.311 max s‘nrl_nnﬂnl:Lnrlnﬂnr\rln anogonnoooonn 3
B 1.78 max 070 max
c 1.778 [TP] .070 [TP) FN
D .46 +.05 .018 +.002 N / -
E 55.11 217 7 J
F .08 min .003 min
G 35+3 -138 +.012 J2 U QRS S N NSRS RN E RS |G S S S SR pEpEgEpepa a upuya}e)
H 1.0 min .093 min 1 32
I 3.0 118 A
J 5.08 max 200 max L3
K 19.05 [TP) 750 [TP} L
L 18.8 740
M .25 +.05 .010 +.002 - — I ] i F -
N 7.62dia .300 dia i iHi i
Note: ? .
[1] Each lead centerline is located within H
.25 mm [.01 inch] of its true ‘ —’u'- "’I l'— —*|+—8 —’I [— —*
position [TP] at maximum material F D [ M 0-15°
condition. ! €
[2] item “K” to center of leads when formed
parallel.
83-0039338
64-Pin Ceramic QUIP with Window
i‘ A
Item  Millimeters inches
A 42.0 max 1.65 max
B 2667 1.05 p B
[+ 2.54 +.25 1401
D .46 .05 018 +.002
E 38.10 15
F 1.02 .04 J
G 1.27 +.28 .05 +.01
H 1.02 min .04 min
1 4.95 max .194 max
J 3.2 min - .126 min
K 24.13 95 H
L 1908 75 |
M .25 +.05 .01+.002 -L _I Li_‘ g
N 8.89 dia .350 dia J |r m—' i
| - e
F c G D -
T E K 1
83-0039298
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PACKAGING INFORMATION

NEC

64-Pin Ceramic Piggyback QUIP

A
ltem  Millimeters Inches O OO O o] O OO O O O O O O
A 42.0 max 1.65 max
B 26.67 1.050
[+ 254 £.25 .100 +.010 ) B
D .46 +.05 .018 +.002
E 38.10 1.500
000000000000 00
F 1.02 040
G 1.27 £.25 .050 £,010 y
H 1.02 min 1040 min
' 3.9 max 154 max
J 4.45 max 175 max
K 3.2min 126 min [
L 33.02 1.300
M 2.54 +.25 100 £.010
N .25 .05 .010 £.002 —
o 1524 600 5 i
P 19.05 750 K r I!]—' ‘-l l-l
Q 24.13 950 - I
(n N
P
Q
83--003844B
68-Pin Plastic Leaded Chip Carrier (PLCC)
L A
Item  Millimeters Inches
A 252%2 992 +.008 I B |
B 24.20 .953 r
c 24.20 953 P lalalclolelal Ir‘lﬂr"lﬂf'll‘lj:l;‘l.
D 25.2+.2 .992 +.008 61 43 g_r
+.007
E 1.94 +.15 076 _ -006 ;
F 6 024 5]
b
+.009
G 44+2 A73 —.008 o g
H  28%2 A 0% 1 Le———— - |c |o
M s
1 .7 min .028 min u
J 3.6 142 g
K 1.27 [TP) .050 [TP} b
Note 1 u}
[ 028 . o E
+.004 10 E N
M .40:+.10 016 g0e ]
N 23.12 +.20 810 _ * 009 .
[o] 15 .006
Note 2 F E
P 1.0 040 3 l l
a RS R .031 4
+.10 +.004 b R
R 207" 008 " G J
o Ym lllllllllllllll,!H!!lllll llllIIU' f
Note: t
(1] Each lead centerline is located within —V‘ l‘— —’l I‘_
.12 mm [.005 inch] of its true
position (TP] at maximum material
condition.
{2] Fiat within .15 mm [.006 inch) total.
83-0037928
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PACKAGING INFORMATION

80-Pin Plastic Miniflat

Item Millimeters Inches L A
+.017
A 247%4 o727 e B
+.009
B 203 795 00s
¢ 1z2 5511009
y 64 ) = e 9
D  187+4 1736 £.016 T
E 12 472 1
= i 1T
F 1.0 .039 T
G 8 .031 % e
H  35£1 o1 T % - - =N A
- (T
1 8 (TP] 031 [TP] %
Note 1 %
Fr
J 2353 093 008 0O T
.o
+.009 S}
K 12+2 047 702 : 2
+.10 +.004
L 5T 008 7002 f i 1
M 15 .006 F —_—
Note 2 l
+.2 +.006
N 20877 081 7o G H )
FEERES .004 +.004 el
Note:

{1] Each lead centerline is located within N
.15 mm [.006 inch] of its true 4N
position [TP] at maximum material
condition.
o

[2] Fiat within .15 mm [.006 inch] total.
83-0012308

84-Pin Plastic Leaded Chip Carrier (PLCC)

| A
item Inches
L B
A 304%2 1,197 +.008
B 29.30 1.154 74 54
pooonpooon IslaBalsinlialalalsinh
c 2030 1.154 i
D 304+t2 1.197 1.008 =Y b 53
+.008 d b
E  195+15 or7 Fo E I 3
d b
F_ 6 024 d b
d i
G 44t2 73 000 = ]
—.008 E 3
+.009 sad b
H - 25%2 098 T-000 14 o - _ E—lc |0
] 6 min .024 min g ul
g b
J a7 e d
K 127[TP] 1050 (TP 3 E
Note 1 q | s]
d b
L 7 028 :L l 3
14 K
M a0+10 016 704 o
bt g EspagspapRgepng pagagugnpegagagagegag L
+.009 12 32
28.51 +.20 1122 7008
o .15 006
Note 2 E

o

1.0 040
Q R.8 R.031 |
+.010 +.004 I | | 1
R .20 005 .008 —.002 G [H 1
Note: . T T T T A bl
[1] Each lead centerline is located within I I |-
.12 mm {.005 inch] of its true 1
position [TP] at maximum material K M L P

condition. o
{2] Flat within .15 mm [.006 Inch] total.
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