










































































































































































































































































































































































































































































































































































4PD372

INTERNAL REG ISTER IDENTIFICATION

BIT SYMBOL l NAME J FUNCTION
WRITE REGISTER 0
0 Not Used
1 WFR Write Fault Reset Resets Pin 23 to Zero
2 LCT Low Current Sets Pin 22, Should be Zero for TRKS > 43
3 HLD Head Load Sets Pin 19, Loading FDD Head
4 Not Used
5 Not Used
6 MBL Must Be Low
7 RST Reset Software Reset, Same Effect as Pin 1
WRITE REGISTER 1
0 UAQ Unit Ag Select Device Select Pin 30
1 UA1 Unit A1 Select Device Select Pin 29 !
2 UAS . Unit A Strobe Strobe for Enabling UAQ and OA1 to be Loaded
3 CB3 -] Clock Bit3 Enables Clock Pulse #3 to be Written
4 CByg Clock Bit 4 Enables Clock Pulse #4 to be Written
5 CBs Clock Bit 5 Enables Clock Pulse #5 to be Written
6 Not Used |
7 CBS Clock Bit Strobe Enables Clock Bits to be Loaded
WRITE REGISTER 2
0 WDg Write Data Bit 0
1 WD Write Data Bit 1
2 WD2 Write Data Bit 2
3 WD3 Write Data Bit 3
4 WD4 Write Data Bit 4
5 WDg Write Data Bit 5 3
6 WDg Write Data Bit 6 )
7 WD7 Write Data Bit 7
WRITE REGISTER 3
0 CCwW Cyclic Check Words One During R/W, Zero for CRC Reset
1 CCG Cyclic Check Generator Start Starts CRC Generator in Write Mode
2, WER Write Enable Reset Resets Pin 24 to Zero
3 IXS Index Start Enable Index Hole Detection
4 WES Write Enable Set Sets Pin 24 to One X
5 STT Start “ Enables Read and Write Operations to Occur 9
6 - WCS Write Clock Set Write Clock Selected
7 RCS - Read Clock Set Read Clock Selected
WRITE REGISTER 4
0 UBg Unit BQ Select Device Select Pin 28
1 UB1 Unit B1 Select Device Select Pin 27
2 UBS Unit B Strobe Strobe for Enabling UBQ, UB 1 to be Loaded
3 Not Used
4 Not Used
5 SOS Step Out or Step Sets Pin 26 to One
6 SID Step In or Direction Sets Pin 25 to One
7 STS Step Strobe Enables SOS and SID to be Loaded
WRITE REGISTER 5
0-7 This Register Not Used
WRITE REGISTER 6
0 DRR Data Register Reset Resets DRQ (RRg Bit 0)
1 IRR Index Request Reset Resets IRQ (RRg Bit 1)
2 TRR Timer Request Reset Resets TRQ (RRg Bit 2)
3 Not Used
4 Not Used
5 Not Used
6 Not Used
7 Not Used
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uPD372

INTERNAL REGISTER IDENTIFICATION (CONT.)

BIT I SYMBOL I NAME I FUNCTION
READ REGISTER 0 '
0 DRQ Data Request ] Read Data Byte from RR2 or Write Data Byte
into WR2
1 IRQ Index Request Set by Physical Index Pulse
2 TRQ Timer Request Set by Every 512th Write CLK Pulse
3 ERR Error Logical OR of WFT + RYA + COR
4 UBg Drive Bg Selected
5 UB1 Drive Bq Selected
6 RYB Drive B Ready Ready Signal from Pin 14
7 ALH Always High Always Contains a Logical One
READ REGISTER 1
0 UAQ Drive Ap Selected
1 UA1 Drive A1 Selected
2 WFT Write Fault Indicates Status of Pin 8
3 RYA Drive A Ready Indicates Status of Pin 12
4 COR Command Overrun Processor Did Not Respond in Time to a DRQ
5 DER Data Error CRC Error During Read
6 Too Track Zero Indicates Status of Pin 9
7 WRT Write Mode Indicates which Clock WCK or RCK has been
Selected
READ REGISTER 2
0 RDg_ Read Data Bit 0
1 "RD1 Read Data Bit 1
2 RD2. Read Data Bit 2
3 RD3_ Read Data Bit 3
4 RD4 Read Data Bit 4
5 RDg Read Data Bit 5
6 RDg Read Data Bit 6
7 RD7 Read Data Bit 7

Data is transferred to the uPD372’s internal addressable registers by signals W/R
(Write=1, Read=0), DS (Data Strobe) and RSg—RS2 (Register Select 0, 1 and 2).

Timing constraints for these signals are shown in the Timing Diagram. Diagram below

shows register allocations and functional content.

REGISTER ADDRESS

W/R RS2 | RS [ RSO

REGISTER

BIT NUMBERS

NAME

4 3 2 1 0

188

WRITE REGISTERS

WRg [RSTIMBLI X J X IHLDI.LCTIWFRl x|

wry [ces [ x [ cBs [ cBa [ cB3 [ uas [ uar | uag |

WR2 [WD7 l WDg I WDs [ WD4 | WD3 [ WD2 [ WD1 I WD()J

wrg [ res [wes [ st [ wes [ txs [ wer [ cco | cow |

WR4 [srs [ sID ] sosJ x | x Tuas Lum [ uso |

weg [ x | x | x [ x ] x ]7RR] IRR | DRR |

READ REGISTERS

RRo | At | vB | usy | uso | erR | TRa | 1Ra | DRa |

Ry [WRT | Too | oER | cor | rva [ wrt [ uay [ uag |

RR2 [ RD7 ] RDg [ RDs | RD4 | RD3 T RD2 ] RD1 ] RDoJ

NOT USED

ADDRESSABLE
INTERNAL REGISTERS

SP372-8-77-GN-CAT




DESCRIPTION

FEATURES

" PIN CONFIGURATION

pPD379

SYNCHRONOUS
RECEIVERITRANSMITTER

The uPD379 Synchronous Receiver/Transmitter is'an MOS LSI manolithic circuit that
performs all the receiving and transmitting functions associated with Basic and High
Level Data Link Control Procedures. This circuit is fabricated using N-channel AL-Gate
MOS technology, allowing all inputs and outputs to be directly TTL compatible. The
operation mode, baud rate and synchronous character are changeable through the use
of external control. The uPD379 is packaged in a 42 pin Dual-in-line ceramic package.

e Suitable for Synchronous Basic and ngh Level Data Link Control Procedures
(BlSvnc or SDLC)

e Full or Half Duplex Operatlon

e Fully Double Buffered Transmn and Recelve
o Directly TTL Compatible
e Three-State Data Outputs

. Progré,mmable Sync Word
. Deteg:tion/R_eiection of Flag, Abort and Idle Patterns

e Zero Insertion and Rejection

 Indication of Qverrun and Underrun Errors
e 800K Bits/Sec Operating Speed

Nne O 1 N\ 42 M nc
Voo O 2 41 [ Vee
<O s 40 g MRL
RR ] 4 39 MSq
oRR ] 5 38 ] wms;
re [] 6 37 37.:.
RO 7 36 [J TeBL
crR [] 8 35 [7] SNTR/CFT
asTR [] 9 34 [ sync/zie
SYNR/DLR O] 10 ,pp 33 ] TDg
Rog O] 11 399 32 O 7P
RD; [ 12 : 31 [ 1og
RDg [] 13 30 [ Tog
RDg E 14 29 3 TD4
RO, ] 15 28 [ Toy
RD; [ 16 27 [ vo,
RD, [ 17 2 [J o,
RDy [ 18 25 7 1o
bR [] 19 24 [ SYNT/ABTT
oe [ 20 23 [] vcee
Ves O 21 22 [ eNp

NC: NO CONNECTION

Rev/1
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Basic Sync Mode Transmission

The Sync character may be 16 in hexadecimal or it may be set to any other pattern

in the Closed Mode. When the mode control register is loaded with MS1 = high and
MS2 = low, the uPD379 enters the Basic Sync mode from the Closed Mode. The Sync
character is continuously transmitted until a transmission data character is loaded.
After a data character is loaded, it is serialized and transmitted out from the TO
(Transmitter Output) line. If an underrun occurs, Sync character(s) are again trans-
mitted automatically until the next data character is loaded. Transmission data is sent
out from LSB (TD1) first to MSB (TDg) last on the TO line.

Basic Sync Mode Receive ‘

The RI (Receiver Input) line first searches for Sync characters. Once an 8-bit Sync
character has been detected, the following received bits are treated as data characters
and outputted on lines RD1 — RDg in parallel.

When device operation is started, the receiver section should be first brought into
. Closed mode or should be reset in order to ensure synchronization.

SDLC Mode Transmission

Until a data character is loaded, the Flag pattern (7E in hexadecimal) is automatically
transmitted continuously. After a data character is loaded, it is serialized and trans-
mitted out from LSB (TD1) to MSB (TDg) on the TO line: In transmitting data
characters, a dummy bit 0 is automatically inserted immediately following five (5)
successive 1’s. This is called Zero-Insertion and is performed in order to maintain
synchronization with the receiver and to avoid duplication of Flag pattern in data
characters. (Zero-Insertjon may be prohibited optionally with the ZIP command, if
necessary.) |f an underrun occurs while data characters are being transmitted, an Abort
pattern (FF in hexadecimal) and then a Flag pattern are automatically transmitted.
After that, the Flag pattérn is again automatically transmitted until the next data
character is loaded.

If a low level is placed on the CFT (Closing Flag Transmit) line while a data character
is being transmitted, a Closing Flag will be transmitted immediately following trans-
mission of the current data character.

SDLC Mode Receive

First, the Flag pattern is searched for on the R| line. Once a Flag pattern is detected,
inserted zero's are rejected from all the following characters except Flag, Abort (7 to
14 successive 1's) and Idle (15 successive 1’s) patterns, and then deserialized and out-
put on the RD1 — RDg lines in parallel.

If an overrun occurs, all the following data inputs are neglected and the uPD379 goes
back to the first stage to search for the next Flag pattern.
Closed Mode

When there is a change of mode, it must pass through the closed mode. In the closed
mode, the following input signals may be used:

CS, SYNC, TCBL, MS1, MS2, MRL, TD1 — TDg

After leaving the closed mode, Sync characters are transmitted synchronously with the
rising edge of TC. The receiver operates synchronously with the falling edge of RC,
after RR = 1. ‘

The following timing diagram shows how mode changes may be accomplished.
= ) —_—

MSq

M)

MS2
MRL \ ’I \ ‘( \ J V
CLOSED BASIC CLOSED SDLC
MODE SYNC MODE MODE
MODE .
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uPD379

BLOCK DIAGRAM

ABSOLUTE MAXIMUM

RATINGS*

AC CHARACTERISTICS

TDg TD, TDg TDg TD, TD3 TO, TD,
‘33?uf31?so?n?u?n 2 00010110
16) 46
- MULTIPLEXER
SYNC/ZIP @
Y TRANSMITTER TRANSMITTER
SNTRICFT CONTROL
TeBlL “ BUFFER REGISTER Ji
SYNT/ABTT l SYN. CODE BUFFER
Te8E REGISTER
RARRRRRANRRARAT ]
(FFyg (7€)4g
<
STATE CONTROL| MULTIP
[ COUNTER UL fosn
SHIFT.
oY 0" INSERT TRANSMITTER
e CONTROL * SHIFT REGISTER
0AD
S
EMPTY DETECT
0
MAL DATA
Ms1 O3] MODE CONTR
REGISTER
ms2 o2 :t:ﬂ
ol RECIEVER
IFT REGISTER
RC o8 o] 0" SUPPRESS SH G ;
CONTROL
Vo2 - 2.
v 2 P
DATA “7 BIT
Y COUNTER ] I couni'enJ [ °°”""“°R]
Vo, 22
o 22 I
v 2 J
~5Y D
STATE
COUNTER - d
LOAR _ RECIEVER
BUFFER REGISTER

‘;‘ﬁ .._‘_‘—q RECEIVER CONTROL INPUT

BRR S 2001

.I 'I mt 19 ‘mt-

CFR  ABTR SYNR/ DR OF
iDLR

RDaaL RDB| ﬁD‘ LRDI | b,

[ 14 comaou.\.so BY
" 12413, 14115' |0|17| llI THE ESINPUT

Temperature Under Bias . ... oo oo vnit i 0°C to +70°C
Storage TEMPerature . . . . . ..o v v vunennen e onnns -40°C to +125°C -
AllOutputVoltages . . . . ... ..o v v v i v T 0V to +8.0V®
All Input Voltages . . ... .. PN OV to +8.0V
SUPPly VOIAGE VCC « « « + o v e e et e et e et i e 0V to +8.0V
Supply Voltage VDD « + + « « v v v v i i e 0V to +16.0V
Supply Voltage VBB « « « + v v v o v i e e e 10.0V to OV

COMMENT: Stress above those listed under **Absolute Maximum Ratings'’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25°C

Note: @D Vg =-5* 5%

=0°C to +70°C, Vpp = 12V * 5%, Ve = 5V * 6%, Vg = -5V * 5%

) LIMITS ) ;
PARAMETER | SYMBOL MIN [ TYP | MAX UNIT | TEST CONDITIONS|

Clock Frequency | fc DC 800 | KHz | TC, RC

. TC, RC

250 ns | MRL

; 250 | ris | TCBL

Pulse Width tPw 250 ns | SNTR/CFT

250 ns | ZIP

400 ns | RR

250 ns | DRR
Setup Time tSETUP | 250 ns
Hold Time tHOLD 150 ns
Rise Time tr 150 ns
Fall Time tf 150 ns
Pulse Interval tee 100 ns
Output Delay tpd1 180 | 270 ns Ci =20 pf
Time tpd2 410 | 600 | ns 1TTL Load
Fan Out N 1 Standard TTL Load
*50% Duty Cycle
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| pPD379
. roRCToR - PIN IDENTIFICATION

NO. SYMBOL BASIC SYNC MODE I SDLC MODE
1 NC No Connection
2 Voo . +12V Power Supply
N 3 [ Chip Select — When “1”, the following inputs are disabled and the outputs are put into the high

impedance state: (Input Disabled) AR, DRR, SYNC/ZIP, SNTR/CFT, TCBL, MRL; (Output-High
Impedance) CFR, ABTR, SYNR/IDLR, RDq — RDg, DR, OE, TCBE, CYNT/ABTT

a4 RR Receiver Reset — Receiver portion is reset with a ““0"* and operation is stopped
RDy —RDg — ——— 1"
CFR, ABTR, SYNR/IDLR, AR, OE — — —— "0""

5 DRR Data Received Reset — Resets DR flag to “‘0"

6 RC Reoeive» Clock — Receiver clock input. Trailing edge of clock is located in the center of receiver input
bits (R1)\ ) )

7 RI Receiver Input — Received data serial input

8 CFR (Normally *0") Closing Flag Received — Goes high whenever a Flag

has been received during data reception. Goes low
on the rising edge of DR or OE commands
9 ABTR (*0" Constant) R Abort Received — Becomes 1" when 7 — 14 con-

tinuous ““1"'s are received, after receiving the flag.
Goes low on the rising edge of DR or OE commands.
10 SYNR Sync Character Received — Goes high when syn- Idle Pattern Received — Becomes ‘1"’ (Idle) when
IDLR ization has or the con- it receives 15 consecutive “1"s. Goes low on the

tents of the Sync Character Buffer and the contents | rising edge of DR or OE outputs.
of the Receiver Character Buffer coincide. Goes
low when DR goes high and the RD1 — RDg out:
puts are different from the Sync Character.

11— 18 | RDg — RDy | Receiver Data Outputs — Received character output terminal (RD1:LSB RDg:MSB)

19 DR Data Received — Goes high when the received character has been transferred from the Receiver Shift
Register to the Receiver Buffer Register

DR does not go high for the first Sync Character | DR does not go high for Flag, Abort-or Idle Pat.
input. It is reset when DRR is driven low. terns. It is reset when (1) DRB = “0", (2) On the
rising edge of OE, (3)Seven (7) successive “1"’s
have been received.

20 OE Overrun Error — OE = "1"" shows that DR was still high when the received character is moved from the
receiving shift register to the receiving buffer register

OE is reset if DR is low when the received character | It is reset on the rising edge of DR
is transferred from the Receiver Shift Register to
the Receiver Buffer Register

2 Ves —5V Power Supply
22 Vss Ground )
23 TCBE Transmitter Character Buffer Register Empty — TCBE = 1" when the transmitter character buffer is
emety. .
TCBE is reset when TCBL is driven low Itis reset when: (1) TCB '0”, (2) When CFT
0" in the data transmission mode, (3) One-half
bit before ABTT goes high.
24 SYNT SYNC Character Transmit — SYNT = 1" when a Abort Pattern Transmit — ABTT = “1"" when an
ABTT y is being i Itis Abort Pattern is being transmitted
reset when: (1) SNTR = “0", (2) when transmis-
sion of data commences
25 T0 Transmitter Output — Transmitter data output. TO = /1" in the closed mode.
26 —33 | TDy —TDg | Transmitter Data Inputs — Transmitter character input. (TDq = LSB, TDg = MSB)
34 SYNC SYNC Character — In the Closed Mode, the SYNC | Zero Insertion Prohibit — When ZIP is driven
(| line is used to select a SYNC character to be loaded 1 low, zero-insertion will be prohibited for all subse-
into the SYNC Character Buffer. The selected | quent data characters until a Closing Flag or an
SYNC character is loaded into the buffer on the | Abort Pattern is transmitted.

rising edge of TCBL and is selected as follows: |
(1) When SYNC = 0", the character placed on the |
TD1 — TDg inputs is loaded, (2) When SYNC = |
|
T

1", 16 Hexadecimal is loaded.
35 SNTR SYNC Character Transmit Reset — When SNTR is Closing Flag Transmit — During transmission, CFT
CFT driven low, SYNT is reset to “0"". | low causes the following operations to occur: '

| (1) TCBE Output is reset to ‘0", (2) The Closing

| Flag will be transmitted after the end of transmission
| of the current data character.

36 TCBL | Transmitter Character Buffer Load — (1) In the closed Mode: the SYNC Character Buffer is loaded on the
rising eglge of TCBL. If the SYNC input is low, the buffer is loaded with the data on the TDq — TDg inputs;
if SYNC is high, the buffer is loaded with (16) Hex. (2) In the Basic SYNC or SDLC Modes: When TCBL

is driven low (a) TCBE is reset to 0"’ and (b) the data character on the TD{ — TDg inputs is loaded into
the Transmitter Character Buffer. The loaded character is latched on the rising edge of TCBL.

37 TC Transmitter Clock — Clock input for transmission.
38 MS2 Mode Select 2
39 MSq Mode Select 1
Used to select one of three modes.
MSq MSp MODE -
L L Closed Mode
L H Closed Mode
H L Basic Synchronous Mode
H H SDLC Synchronous Mode
In the closed mode TO and RD1 — RDg are high, all other outputs are low.
40 MRL Mode Control Register Load — When MRL is low, the operational mode is selected by the current status
of MSq and MS2. When MRL goes high, the operational mode is latched based upon the status of MSq
X and MSa.
aM Vee +6V Power Supply
42 NC . No Connection
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. uPD379
TIMING WAVEFORMS MODE SELECT

£

) i MODE MS7 | MSz | MRL
>t 3.0V ;
Ms;, MSy o8y Clo:sed 0 Oor1 | _§F
Basic Sync 1 1 1
e et SDLC 1 1 Tr
MRL
tHoLD
CHIP SELECT
! & \ 3.0V
0.8V
our  HigH .5v 72
tpd1 1 a1
IN x

Should
Unit:nsec

TRANSMITTER SECTION

- 3.0v
TC ® 1

o 2ERQ
%V iNseRmion

- u
TV
1.5v
SYNT A :
. —s|w-270

-

-T 50 =180

SNTR \

be stable.

|

ol
-l
3

N

CBL

TO8

liEV

|\ -

L

ABTT

[1sv lk_

pw
3.0V

e

35v
04v

'SeT UP -
30V
0.8V
tow

. - cc.
= —g—

Lo.sv jz
tow
Lo —ad
.8V
'CC ——
.0V
1\

fe—
3.
0.8
tows]

e HoLD

o

el

-
SYNC u oV
0.8V

SET UP

r

HoLo

——

— }-30v
TeBL
0.8V H
gt 'pw fa-t

Unit: nsec
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uPD379

RECEIVER SECTION

3.0v.
S\ S S W\ TIMING WAVEFORMS
S (CONT.)
DR } 15v
( —— \ /
470 ofe-
30v
BRR %sv
x;vw=Jy tee™
N I X
0 ol 850 »
ABTR ~1
Yo y
sv:fa } 15V
R N.u,av
- ‘pw
Dy 15V '
RDg
DR, OF  ~emessret
SYNRLA \-.'W
> Unit: nsec
Ta=0°Cto+7d°C, Vpp= 12V +5% V=5V £ 6% Vgg= 6V 6% DC CHARACTERISTICS
- Limits )
. Parameter Symbol [ Min | Typ | Max | Unit Test Conditions
' Input High Voltage Vin | 30 Voo | V| With Builtin
Input.Low Voltage ViL 0.8 [ V | pull-up resistors
Output Leakage Current | Iop —20 20 | wA [Vo=0.41t035V
) - J(CS)= 3.5V
Output High Voltage VoH 3.5 V | lon = —100uA
Output Low Voltage VoL 04 | V [ToL=1.6mA
Input Low Current I —14] mA |V, =04V
Vpp Supply Current lop 15 20 | mA
Ve Supply Current lcc 40 65 | mA
Vgg Supply Current Igg —0.2] -2.0] mA
LFan-out N 1 Standard TTL Load
: Timits ) CAPACITANCE
Parameter Symbol | Min | Typ | Max | Unit Test Conditions
Input Capacitance Cin 20 pf | f=1MHz
Output Capacitance Cout 20 [ pf | f=1MHz
- A - KT PACKAGE OUTLINE
; [L L jlj:j’r uPD379D

HTTTT

B 1=

TTTTTYEITVITI]
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ITEM MILLIMETERS INCHES
A 53.5 MAX 2.1 MAX
B 1.35 0.05
C 2,54 0.10
8] 50.80 2.0
F 1.27 0.05
G 2.54 MAX ‘| 0.10 MIN
H 1.0 MIN 0.04 MIN
! 4.2 MAX 0.17 MAX
J 5.2 MAX 0.21 MAX
K 15.24 0.60

L 13.50 0.53
M 0.3 0.012




uPD379

TRANSMITTER STATE DIAGRAM  MoDE

UNDER RUN DATA

' BASIC
SYNC

SYNC
CHARACTER
TRANSMIT

/ /m‘_:.,.. ) vy

CLOS:I'DVE-"'" I —/

MODE

MS|<MSr“|"l r_ — — — — IT- _____ __.'

] l MSy=0" t sy
I ‘ ABORT I'ATTERN

UNDERRUN \ I
DATA ABORT
F.PATTERN TRANSMIT PATTERN |
TRANSMIT 0’ INSERTION TRANSMIT
CLOSING FLAG
SDLC TRANSMIT

MODE

RECEIVER STATE DIAGRAM - . - )

BASIC

SYNC b
MODE i
Sy - MSp=1"
CLOSED
MODE
MSy - MSp="1" ,
”m,-"w [Ms=o | Msy=0 T weo |
' l | |
T e
' wor ' | R oaA |
FLAG
|
FLAG :
T i) SEt WY !
MODE CLOSING.FLAG !
@ RECIEVED )
/
oy !
R
/

@ SEVEN SUCCESSIVE “1" ‘s RECEIVED /
2) "0 RECEIVED AFTER 714 SUCCESSIVE “1" 5. -
8 OVER 15 SUCCESSIVE 1" 's RECEIVED. —”‘—V — —— -—j

SP379-8-77-GN-CAT
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A
« MEre p PD758
PRINTER CONTROLLER
The uPD758 is a digital LS! device designed to control SEIKO 101 Series drum-type DESCRIPTION
impact printers. |t can be used with either single or double printer systems. The
uPD758, ideally sujted for low-cost Electronic Cash Register (ECR) systems, frees the
processor from direct control of the printer and sumpllfles the peripheral circuitry.
Using a few of the possible 18 |nstruct|ons the controlling processor need only load
the uPD758 with the characters to be printed, and issue the appropriate print
mstructnon The uPD758 then assumes control of the printer, keeping track of the
prlnter drum position and generating hammer drive signals at the approproate time.
The uPD758 also has separate output drives that are under software control. These
are typically used to drive the STAMP input to the printer and to provide discrete
drives for BUZZER and CASH BOX functions of the ECR system.
e Usable with SEIKO 101 Series Printers (CR101T[d], EP101S) and equivalents FEATURES
e ECR Printer and Line Feed Control Capability
e 18 Powerful Instructions
e Controls up to 18 columns
e Controls up to 16 characters
e |nput/Output TTL Compatible '
e N-Ch MOS
o 42 Pin Plastic DIP
o Power Supplies, +12V, +5V and -5V
e T~ aho ' PIN CONFIGURATION
DBy ] 2 413 VpD (+12Vv)
DB1 E 3 40 Vee (45V)
DBo ] 4 39 [ HD1
MR 5 38[J HD2y
D/l 6 37[J HD3
RWLCY 7 36[] HDg
csH s 35[3 HDg
Re] © 34[J HDg
T 10 33 HDy
JRU 11 uPD 32[] HDg
FFD 12 758 311 HDg
JFD 13 30 HD10
RFD 14 29[J HD1q
RPR []15 28[] HD12
JPR []16 27[J HD13
SMP 17 26{] HD14
BUZ []18 25 HD15
cBx 19 24[] HD1g
(ov) vss [J20 23[J HDq7
(-s8V) vgg [21 22 ] HD1g )

196




4 PD758

T TIMING GENERATOR HDy 1
BLOCK DIAGRAM "‘l:;’ :

— ROW
MR O—'—IjESET TIMETF—’[ COUNTER

REVOLUTION
DETECTOR

OUTPUT GATE ]

COINCIDENCE
LOGIC

?:: o PARALLEL
RFD Oty

JF!;) O —ro PRINTER SERIAL IN BUFFER REGISTER
:I::LEJ) Ol COL%LROL (4 X 18 BIT)

i cg | ic SHIFT CLOCK

BUS Ot INSTRUCTION v
CBX Ol DECODER
—l INPUT PORT

I
I

o Voo Veer Vss Ves Cs,p/1,RIW DBy 5

ABSOLUTE MAXIMUM Operating Temperature . . .. . . e e veve.... =10°Cto +70°C
RATINGS* Storage Temperature - « « « « « v v oot e et e e .... -40°Cto +125°C

All Input and Output Voltages: - « + -« . . B IR -1to.+7 Volts

Clock Voltage «+« -+ oo e e e e e e e e s -1to +7 Volts
Supply Voltage VDD ................ e e e e e -1to+15 Volts
Supply Voltage VCC Ceeeee et e e e e .+ =1to+7 Volts
Supply Voltage VBB .................... ciri e aes =2t0-8 Volts

Note: (D Relative to Vgp:

COMMENT: Stress above those listed under “Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of ‘this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
*Ta=25°C
DC CHARACTERISTICS Ty =-10"t0 +70°C, Vpp = +12V * §%, Vg = +5V * 6%, Vsg =0V, Vgp = -5V + 5%
LIMITS TEST
P. MET
ARAMETER SYMBOL N T vve.] max. | UN'T | conpitions

Input High Voltage VIH +3.0 Vce \%
Input Low Voltage ViL -0.5 +0.8 \ .
Output High Voltage VoH +3.5 \ loq =-1.0mA
Output Low Voltage VoL +0.5 \ loL=+1.7mA
High Level Clock '
Voltage VoH +3'0. Vee v
Low Level Clock v o +0.8
Voltage oL -0.5 . v
High Level Inpyt

+ = +3.
Leakage Current ILiH 10 LA Vi s.0v
Low Level Input

- = +0.
Leakage Current L 10 KA Vi 0.8V
High Level Output . _
Leakage Current 'LoH 10 KA Vo =+3.5V
Low Level Output )

- = +0.
Leakage Current lLoL 10 KA Vo 0.5V
Supply Current 8B -300 uA vpg = -5.25V
Supply Current ’ Ipp 17 mA
Supply Current lcc 27 mA
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44 PD758

Ta=-1010 +70°C, Vpp = +12V +'5%, Vcc = +5V * 6%, Vgs = OV, Vg = -5V * 5% CAPACITANCE
y LIMITS TEST
PARAMETER SYMB:
i oL vin. | Tve. | max. | “N'T | conpbiTions
Input Capacitance Cin 10 pF f=1MHz
Output Capacitance COUT 10 pF f=1MHz
tow ] f—tow TIMING WAVEFORMS
cLocky{ ¢ 3.0
< N oo
us tH tr tf
TS, D/I, R/W
INPUT j 3.0V
DBg - DB3, MR 0.8V
tA1
.
DBy X 35V
: 0.5V
ouTPUT 4
JRU, FFD, JFD, RFD, RPR, et A2 =]
JPR, SMP, BUZ, CBX, —
LHD1 - HD1g » 0.5V
tPW
.
Tp 3.0V
0.5V
INPUT
(FROM PRINTER)
Rp 3.0V, N
tpH
N S
T,=-101t0 +70°C, Vpp = +12V * 6%, Vg = +5V 5%, Vgg =0V, Vgg = -6V £ 6% . AC CHARACTERISTICS
‘ LIMITS TEST
P p—
ARAMETER | SYMBOL o T rve. [max.| YUN'T CONDITIONS
Clock Riseand Fall { ‘ 50 ns
Time re tf
Clock Pulse Width oW 0.45 2.0 us
t 430 ns 1T2L & C|_ =100 pF
Output Delay Time Al L P
ta2 700 ns 1T2L & C_ =100 pF
Input Setup Time tis 400 ns
Input Hold Time tiH 40 ns
Pulse Width for Tp ‘ )
Input tPwW 2 clock period
Rp Input Setup i
Time tps 0 clock period
Rp Input Hold Time| tpy 3 clock period '
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INSTRUCTION TABLE INST DB
) : OPERATION Busy | b/ | RW
NO. . , 31 2]1]o
1 | CHECK DBO FOR BUSY )
FLAG STATUS 3 BF® | x®@| o | x | x| x |8F
2 | STORE DATA (dddd) INTO
BUFFER REGISTER 0 o | 1 [d®]| a|ld]a
3a 1 0 1 X | x [ x [ x
3b 1 1 1 0| X | x|Xx
30 | NO OPERATION 1 1 1 P AR IR IR0
3d : 0 1 1 ololofo
4 | PRINT BUFFER REGISTER
CONTENTS TO JOURNAL : 0 1 1 olofol]1
5 | PRINT BUFFER REGISTER
CONTENTS TO RECEIPT 0 1 1 ojo|1]o0
6 | PRINT BUFFER REGISTER
CONTENTS TO JOURNAL AND )
RECEIPT 0 1 1 ojJo 1}
7 | FAST FEED AND STAMP RECEIPT 0 1 1 ol1lo]o
PRINT STORED DATA ONTO )
JOURNAL AND FEED ONE LINE 0 1 1 o101
9 | PRINT STORED DATA ONTO
RECEIPT AND FEED ONE LINE 0 " 1 o|l1|1]o
10 | PRINT STORED DATA ONTO
RECEIPT AND JOURNAL AND '
FEED BOTH ONE LINE 0 1 1 ol 1)1 ]
11" | DRIVE CASH BOX OUTPUT X 1 1 1 ]0]0]oO
12 | DRIVE BUZZER OUTPUT FOR
FOUR CHARACTER PERIODS X 1 1 1{ofo |1
13 [ RESET BUZZER OUTPUT X 1 1 N ERE
14 | DRIVE BUZZER OUTPUT UNTIL
RESET X 1 1 1 o1 ]
15 | DRIVE STAMP OUTPUT 0 1 1 1 1110]o0
16 | FEED JOURNAL ONE LINE 0 1 [ 1 1ol
17 | FEED RECEIPT ONE LINE 0 1 1 1 {1]1]o
18 | FEED BOTH RECEIPT AND
JOURNAL ONE LINE 0 1 1 1l "
Notes: @ BF = Busy Flag
@ X = Don’t Care
® d = Data
PACKAGE OUTLINE A “ <
. n 1
MPD7580 H : i ,/ 1
- . + = i + J Il 7
i | T 1y ;
VU e
| N e S
~B - ~-C~ —F= ~=D ' ~
s .
ITEM | MILLIMETERS INCHES
A 56.0 MAX 2,2 MAX
B8 2,6 MAX 0.1 MAX
C. 2.54 0.1
D 0.5 +0.1 0.02 + 0.004
E 50.8 2.0
F 15 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
I 5.22 MAX 0.20 MAX
J  B72MAX | 0.22MAX
K 15.24 ) 0.6
L 13.2 0.52
M 0.3%0.1 0.01 £ 0.004

SP758-8-77-GN-CAT
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(PD764

PRINTER CONTROLLER

The uPD764 is a digital LSI device designed to control SEIKO CR-330 or M-310 rolling DESCRIPTION
contact printers. The uPD764, which is ideally suited for low-cost Electronic Cash Register

(ECR) systems, frees the processor from direct control of the printer and simplifies the

peripheral circuitry. )

The processor need only load the uPD764 with the characters to be printed and issue the

appropriate print command. The uPD764 then assumes control of the printer — positioning

the print wheels, initiating the rolling contact print process, feeding paper and feeding

ribbon .automatically without further processor intervention.

Compatible with SEIKO CR-330 and M-310 Printers. i i FEATURES
Simple Interface to 4-Bit, 8-Bit and 16-Bit Microprocessors.

23 Powerful Instructions.

4-Bit Data Bus for Print Data and Instruction Inputs.

16 Digit Data Buffer.

16 Trigger Magnet Drive Outputs for the M-310 and 10 for the CR-330.

Single Phase Clock Input. 300, 400 or 500 kHz Selectable.

Input/Output and Clock TTL Compatible.

N-Channel MOS.

Single +5V Power Supply.

Vee O] U 42[] T™g
T™s ] 2 41 [ T™y
™4 13 40 ] T™Mg
T™3 ] 4 39 [ TMg
™2 []5 38 [} Pg (TMq0)
T™Mq ] 6 37 [ Pq(TMq4)
™ [ 7 36 [J Py (TMy2) ’
DBg [] 8 35 [ P3 (TMy3)) @
bB1 []© 34 [ P4 (TMy4)
DBy [ 10 uPD 33 [ P5 (TM45)
pB3z [ 11 764 " 32[RR
¢ (12 31 [ sT

p []13 30 [ TP

RP []14 20155

1Dy []15 28 [] RESET
1Dg ] 16 27 1 MD

_©s 17 26 [] WM

RW []18 251 RI4

0o [J19 24 [ RIg

07 (20 23 [J usg
GND [ 21 22 [ 484

Note: (D Pg— P15 for CR-330 Printer
TM10 — TMq5 for M-310 Printer
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M1 PD764 —
‘;3:};54 FUNCTION
PIN IDENTIFICATION NO. | SvmBoL
4; - gg TMg — TMg o Trigger Magnet Drive
8,10,11 | DBg, DB, DB3 1/0
9 DB; | Data Bus
12 ) ] Single Phase Clock (TTL Level)
13 JP [e] Journal Print Drive
14 RP (8} Receipt Print Drive
16,15 IDg — 1Dq ! Instruction/Data Selector
17 CS | Chip Select (Active Low)
18 R/W | Read/Write Control — 0" = Read, **1” = Write
19, 20 Oq, 01 (o] Qutput F/F
23 JSg o Journal Stop Plunger Drive
- 22 JSq (0] Journal Stop Plunger Hold Current Control
24 Rlg (o] Receipt Issue Plunger Drive
25 Rlq (0] Receipt Issue Plunger Hold Current Control
26 WM [0] Journal Wind Motor Drive
27 MD o Motor Drive
28 RESET 1 Reset Input (Active Low)
Op, O1: Reset to "0".
¢: Set to 300 kHz Mode
DBg — DB3: Set to Hi-Z State
Instruction Register: cleared
Busy Flag: cleared
Character Counter: Set to F in Hexidecimal
Pg — Pq: Setas Input Port !
P2 — Pg: Set as Output Port (Output all *0")
29 SS | Stop Signal from Printer |
30 TP | Timing Pulse from Printer
31 ST (¢] Stamp Plunger Drive
32 RR (o} Red Ribbon Select Control
4-Bit Parallel Output Port when reset or specified
36 —33 P2 —Pg ° with an instruction. )
™12 o_r ™15 o Trigger Magnet D|:ive (for. M-310 Printer) when
specified with an instruction.
2-Bit Parallel Input Port when reset or specified
38,37 Po —P1 ! with an instruction.
or Trigger Magnet Drive (for M-310 Printer) when
TM10 — TM19q o specified with an instruction.
BLOCK DIAGRAM (TM1g - - -- TMq5)
. (Pg (Po Pg
Lo S TMg. P;) P3 Pg) ®
DB3 O-t—i{ e O
o g o
DB2 O U PRINT DATA REGISTER ~— 2 E
DBy § (16 WORDS X 4 BITS) :%: 8
DBy O-w—a{ c©°
[
RW o—{ TIMER l«—0 TP
cs oOo—s=QO CONTROL CONTROL _
IDg O—= CIRCUIT CIRCUIT [=—O SS
IDy O——= (m OUTPUT (an MD
RESET O™ ] ] ™ FF
¢ WM Rlg JSp RP Op 07 GND Vccl+5V)
RR ST Rly-JSq JP
Note: (D Pg — P15 for CR-330 Printer
TMq0 — TMq5 for M-310 Printer
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(PD764

A 0B D INSTRUCTION SET
NO. | MNEMONIC FUNCTION
: slz2T1Jof1]o '
1 RS Receipt — Stamp olofofa1]1]n
2 RFF Receipt — Fast Feed oflof1|of1]n
3 RFPS ‘ g;e;i:t ~ Fast Feed, Print and olol1l11la y .
4 JPF- Journal — Print and Paper Feed of1|o]o|1]|1
5 P Journal — Print o|l1|o}]1}|1]1
6 JE Journal - Feed R E
7 RPF Receipt — Print and Feed 1lofolof1]n1
8 RP Receipt — Print 1joflofl1|1]1
9 RF Receipt — Feed 1 0 1 (4] 1 1
10 JRPF .Lc;l;;nal and Receipt —Printand | | . | o | o | 4 | 4
1 JRP Journal and Receipt — Print 1 1 0 1 1 1
12 JRF Journal and Receipt — Feed IR ERE
13 RR Set Red Ribbon ololof1]o]n
R I et s CR L RN ICR R
15 STM Set Pg — Pg as TMqg — TMq5 - 0 0 1 1 0 1
16 SFM Set to ¢ = 400 kHz OperationMode| 0 [ 1 | o | o | o | 1
17 SFH Set to ¢ = 500 kHz Operation Mode| O 1 0| 1 0 1
18 RSO Reset Output F/F 0 (Og) o1 {1fofofn
19 STO Set Output F/F 0 (Og) o111 ]o]n
20 RS1 Réset Output F/F 1 (Oq) 1lo]l1|o]o]n
2 sT1 Set Output F/F 1 (07) HNENERERERE
2 RSB (F:;;e;n(:;ug:«;t F/FsOand 1 s lalalololn
23 STB (S(;)Oa:ng:;:/Fs 0Oand 1 1 1 1 1 0 1
PACKAGE OUTLINE
uPD764C

ITEM MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
c 2.54 0.1
D 0.5%0.1 0.02 * 0.004
E 50.8 | 20
F 15 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
] 5.22 MAX 0.20 MAX
J 5.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3£0.1 0.01 * 0.004
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ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

AC CHARACTERISTICS

Operating TEMPerature . . « . oo oo v v v v v e e o eee.... =10°Cto+70°C:
Storage Temperature. . . . . . .. v vt v v v v v v n e e e ' -40°C to +125°C
AlllnputsandQutputs . ... ......cc:eeeeeusso.... =051t0+7 Volts
VOC « vt vv et e et i, ~0510+7 Volts

COMMENT: Stress above those listed under *’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C

Ta =-10 t0 +70°C

LIMITS TEST
PARAMETER SYMBOL Py Tve T WAX UNIT CONDITIONS
Input High Voltage VIH +2.2 \Y
Input Low Voltage ViL +0.6| V
Output High Voltage | VoW Vce—2.45 vV |loH =-100¢A
V 0.4 \% loL =+1.1 mA
Output Low Voltage oL
VoL2 0.6 \ loL=+1.7mA
High Level Input LM +10 LA V) =+2.2V
Leakage Current E
11 t
Low Level Inpu L ~10 | wA | vj=+06V
Leakage Current
High Level Output ‘
| +10 kA Vo = Ve -2.45V
Leakage Current LOH o ce
Low Level Output
| -10 HA Vg = +0.4V
Leakage Current ' Lo o
Supply Current Icc 45 mA
Ta=-101t0 +70°C
LIMITS TEST .
PARAMETER SYMBOL UNIT
) MIN TYP } MAX CONDITIONS
Clock Cycle Time. tcy 2 5 us
Clock Rise and Fall .
. t, tf 70 ns
Time .
Clock Pulse Width toW 0.45 us
tA1 430 ns
Output Delay Time tA2 800 ns 1T2L & Cp =100 pF
tA3 2.0 | wus
t1S4 400 ns
Input Setup Time
tISy 400 ns
tiH, 40 ' ns
Input Hold Time
tiH, 100 ns
Pulse Width for 5
t t
Tp Input ™ cy
SS Input Pulse _ 5
Width tss ey
RESET Input Pulse 5
t
Width 'RES A
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TIMING WAVEFORMS
cLOCK
|<—t|s1
DBg.3, CS 2.2V
R/W, Do, . 0.6V
INPUT ~us2—i| | _ .
Po. P1 5.8y ) ®
! |
DBo,2,3
OouTPUT
OTHERS 2.4v

0.6V

Note: @ If a Read instruction is performed just following an instruction that sets Busy Flag,
the output delay of DBg (Busy) is tp2 as follows.

INPUT ¢ 0.6V / \
INPUT  RW / \
INPUT TS \

OUTPUT DBg

1 ] ) |
I 1 i
PRINT INSTRUCTION SET READ INSTRUCTION

- tTp -

INPUT TP 22V 4

tss

INPUT 5 osvs {

RES

INPUT RESET 0.6V s

SP764-8-77-GN-CAT
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uPB8212

EIGHT-BIT INPUT/OUTPUT PORT

DESCRIPTION  The uPB8212 input/output port consists of an 8-bit latch with three-state output
buffél:s along with control and device selection logic. Also included is a service request
flip-flop for the control and generation of interrupts to the microprocessor.

The device is multimode in nature and can be used to implement latches, gated buffers
or multiplexers. Thus, all of the principal peripheral and input/output functions of a
microcomputer system can be implemented with this device.

FEATURES e Fully Paraltel 8-Bit Data Register and Buffer
e Service Request Flip-Flop for Interrupt Generation
¢ Low Input Load Current — 0.25 mA Max.
e Three State Outputs
e Qutputs Sink 15 mA
e 3.65V Output High Voltage for Direct Interface to 8080A Processor
e Asynchronous Register Clear
K Replaces Buffers, Latches and Multiplexers in Microcomputer Systems
. Reduces System Package Count . .

e Available in 24-pin Plastic and Cerdip Packages

PIN CONFIGURATION 55, 01 S 240 Vee
mp [ 2 23 NT
on[Os 22 [ oig PIN NAMES
Doq [] 4 21 [J pog DI ~Dlg Data In
- bip0s 20 [ o1y DOj — DOg Data Out _
Doz [} 6 8”2':32 19 [ DOy DSy, DSy Device Select
DIz [ 7 18 [J DIg MD Mode
Doz {8 17 j DOg STB Strobe
Dig (]9 16 [ ] Dig INT Interrupt (Active Low)
DO4 []10 15 [J DOg CLR Clear (Active Low)
ste Q11 14 [ CLR
GND [J12 133 DSy
Rev/1
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Data Latch

The 8 flip-flops that compose the data latch are of a “D" type design. The output (Q)
of the flip-flop follows the data input (D) while the clock input (C) is high. Latching
occurs when the clock (C) returns low.

The data latch is.cleared by an asynchronous reset input (CLCR).

(Note: Clock (C) Overrides Reset (CLR).)

Output Buffer

The output of the data latch (Q) are connected to three-state, non-inverting output
buffers. These buffers have a common control line (EN); enabling the buffer to trans-
mit the data from the outputs of the data latch (Q) or disabling the buffer, forcing the
output into a high impedance state (three-state).

This high-impedance state allows the designer to connect the uPB8212 directly to the
microprocessor bi-directional data bus.

Control Logic

The uPB8212 has four control inputs: 5§1, DSp, MD and STB. These inputs are
employed to control device selection, data latching, output buffer state and the
service request flip-flop. '

DS1, DS2 (Device Select)

These two inputs are employed for device selection. When D—S1 is low and DS2 is high
(DSq * DSg) the device is selected. In the selected state the output buffer is enabled and
the service request flip-flop (SR) is asynchronously set.

Service Request Flip-Flop (SR)

The (SR) flip-flop is employed to generate and control interrupts in microcomputer
systems. It is asynchronously set by the CLR input (active low). When the (SR) flip-
flop is set it is in the non-interrupting state. ‘

The output (Q) of the (SR) flip-flop is connected to an inverting input of a “NOR"
gate. The other input of the “NOR"’ gate is non-inverting and is connected to the
device selection logic (D_S1 * DS92). The output of the “NOR" gate (INT) is active
low (interrupting state) for connection to active low input prioritx generating circuits.

MD (Mode)

This input is employed to control the state of the output buffer and to determine the
source of the clock input (C) to the data latch.

When MD is in the output mode (high) the output buffers are enabled and the source
of clock (C) to the data latch is from the device selection logic (D_S1 * DS2).

When MD is in the input mode (low) the output buffer state is determined by the
device selection logic (DS1 * DS2) and the source of clock (C) to the data latch is
the STB (Strobe) input.

_ STB (Strobe)
STB is employed as the clock (C) to the data latch for the input mode (MD = 0) and
to synchronously reset the service request flip-flop (SR).

Note that the SR flip-flop triggers on the negative edge of STB which overrides CLR.

Operating TEMPEratUre . . ..o v v vve vt et e enne e 0°C to +70°C
Storage TeMPEratlure . . . v oo v vt ettt et e et ie e —65°C to +150°C
All Output or Supply Voltages. . .. ... e e e ...—0.5 to +7 Volts
Alllnput Voltages. . ;. v .o v vttt i e vt et et et et e a e -1.0 to +5.5 Volts
OULPUL CUITENTS o o v v v et et et it et et ettt et et e 125 mA

COMMENT: Stress above those listed under ""Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not

implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability,

*T,=25°C
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a— SERVICE REQUEST FF

PB8212

DEVICE SELECTION

BLOCK DIAGRAM

iNT

(ACTIVE LOW)

/

|
_J

T——

OUTPUT
BUFFER

:

(ACTIVE LOW)

|
|
TI b a
DATA LATCH I Ca | |
wo— Ll o
c 5 ’
| |
o @ P °] —Jlr
| cq | | .
o, (O } ﬁ—»—{—;—’—-’ (10) oo4
C R l l
| :E
, Dig @ | ‘_D——O.»—-—{—‘ ; D05
| R | |
oig (18) : D Q —E-M Dog
| Hos] | ||
ol7 O -‘, D a —4—-:— Do,
Hc &
DI, 2 D Q DO
s @ i i ] 8
RESETORIVER | &
L_

l___
L

ATA OUT CLR | (DSq - iNT
st8|mo| (55 - osa | ° CLR | (DS1 - Ds2) | sTB] SR @ IN
EQUALS
0 0 0 1 1
0 |0 0 Three-State 0 1 0 1 0
1|0 0 Three-State " o o @ ®
0 |1 0 Data Latch
K 0 Data Latch vl N Jo 1 fn
0o fo 1 Data Latch 1 0 N\_| © 0
1 0 1 Data In 1 1 0|1 0
0|1 1 Data In 1 ) N o 0
1 1 1 Data In

Notes: (D CLR resets data latch sets SR flip-flop. (No effect on output buffer)
@ Internal SR flip-flop

@ Previous data remains

DC CHARACTERISTICS, Ta=0°Ct070°C;VeC=+5V £5%

LIMITS

PARAMETER SYMBOL MIN VP MAX UNIT | TEST CONDITIONS|
Input Load Current ACK, DS2, IF -0.14 —0.25 mA | VE =045V
CR, Di1 — Dlig Inputs
Input Load Current MD Input Ig —0.256 —0.75 mA | VF =045V
Input Load Current DS¢ Input Ig —0.26 -1.0 | mA [ VF=045V
Input Leakage Current ACK, IR 10 MA | VR =5.25V
DS, CR, DI1 — Dlg Inputs
Input Leakage Current MD IR 30 MA | VR =5.25V
Input
Input Leakage Current DS IR 40 MA | VR =5.25V
Input -
Input Forward Voltage Clamp Ve —0.85 -1.3 Y Ic=-5mA
Input “Low’’ Voltage ViL 0.85 \
Input “High" Voltage VIH 2.0 . \%
Output “Low” Voltage VoL 0.26 0.45 \" oL = 15mA
Output “High” Voltage VOH 3.65 4.0 \" 10H =—1mA
Short Circuit Output Current Isc -15 -38 -75 mA | Vo.=0V
Output Leakage Current High o 20 MA | VO =0.45V/5.26V
Impedance State !
Power Supply Current Icc 103 130 mA
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T,=0°Cto +70°C; VcC = +5V 5%

LIMITS ' AC CHARACTERISTICS

PARAMETER SYMBOL MiNTTYP IMAX UNIT J TEST CONDITIONS
Pulse Width o tow 30 ns | Input Pulse
Data To Output Delay tpd 20 | 30 ns | Amplitude = 2.5V
Write Enable To Output Delay twe 40 ns | Input Rise and Fall
Data Setup Time tset 15 ns | Times=5ns
Data Hold Time th 20 ns [ Between 1V and 2V
Reset to Output Delay 1 ] 40 ns | Measurement made
Set To Output Delay ts ] 30 s |2t 1.5V with 16 mA
Output Enable/Disable Time te/td 45 ns |@D ?FZ(:(BSOEZ
Clear To Output Delay t¢ 55 n | @

Notes: (D Rq = 30082/10KS2; R2 = 6002/1KQ
@ R1 =30082; R2 = 60052

vee
R
TO 1
D.U.T R
® 30pF =+ g 2
TEST CIRCUIT

Note: (D Including Jig and Probe Capacitance

oon TN TS - - TIMING WAVEFORMS
- . N

STB or DS, - DS, 1.5V 1.5V

ouTPUT T
1.5V
s

B8, - DS, 1.5V 15V

l.,.tg o l’“o 5V
ouTPUT _—\l\’ _________ - Vou
________ ) =,
e
TR 1.6V 1.5v *
— —

sT8 ___/_\
|-—-—t,.w o

. |
1.5V
BS, - DSy
T \ 1.5V

Note: (1) Alternative Test Load ""H‘—l
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CAPACITANCE @  T,=25°C; Vcc = +5V; VBlAS = 2.5V; f = 1 MHz

, LIMITS
PARAMETER SYMBOL | MIN TYI‘ MAX | UNIT TEST CONDITIONS
Input Capacitanée CIN 71 12 pF |DSq, MD '
Input Capacitance CIN 4 9 pF |DS2, CLR, STB, DI1 — Dlg
Output Capacitance | CouT 6| 12 pF |DO1 — DOg

Note: (D This parameter is periodically sampled and not 100% testéd

TYPICAL CHARACTERISTICS

INPUT CURRENT VS. INPUT VOLTAGE N * OUTPUT CURRENT VS,
° OUTPUT "LOW" VOLTAGE
T 100 T
Ve = +6.0V Vec = #80v
50
80
Ta = 25°C
H
3 100 Ta=75°C e
3 S 60
E w
w Ta =0°C z
£ 150 3
3 [
(3]
e 2 40
2 5
£ 200 ©
Ta =25°C
20
250
0
300 2 1 K +2 +3 0 2 . ° 8
: : : OUTPUT “LOW” VOLTAGE (V.
INPUT VOLTAGE (V) UTPUT “LOW” VOLTAGE (V)
DATA TO OUTPUT DELAY
- OUTPUT CURRENT VS. VS. LOAD CAPACITANCE
0 OUTPUT “HIGH" VOLTAGE 50 T
l Vee = 5.0V
Vee = #65.0V / Ta = 425°C
0 i R
i .o | %
e Ta=75°C <
= | w
& 20 1 o 30
[ o (=3
z Ta =25°C 2 Yt | ="
o o = - -
[ 3 —
g3 S 2 =
3 Ta=0°C = - [ B—
© a = |1 1
. <
40 o —
10
50
[} 1.0 2.0 30 4.0 5.0 0
. OUTPUT “HIGH" VOLTAGE (V) % W 00 150 200 250 300
LOAD CAPACITANCE (pF)
DATA TO OUTPUT DELAY
2 VS. TEMPERATURE .
Ve +50V , WRITE ENABLE TO OUTPUT DELAY
VS. TEMPERATURE
_20 7 40 rem
2 - £ Vg = +5
S8 A== %3
5 P Tt 3
be = 030 |-s18 thy
E s 5 DS, =]
= a 25 =
a 1= —_— 1=
512 3 gem Tt
o o .
° [ ;
=10 w15 .
he L —Tt_. a Tt
38 <10
w DS,
6 Es N
«
4 20
-2 ) +25 +50 +75  +100 -25 0 +25 +50 +75  +100
TEMPERATURE (°C) TEMPERATURE (°C)
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PACKAGE OUTLINE
uPB8212C/D

1PB8212C (Plastic)
ITEM MILLIMETERS INCHES
A - 3BMAX 1.3 MAX
8 2.53 | o1
c 2.54 0.1
D 0.5+ 0.1 0.02  0.004
E 27.94 1.1
F 15 0.059
G 2.54 MIN 0.1 MIN
. H 0.5 MIN 0.02 MIN
T 5.22 MAX 0.206 MAX
J 672 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
™ 025 408 001 o 0019
K
A B
[ |

=y 0° — 15°

uPB8212D (Cerdip)

ITEM MILLIMETERS INCHES
A 33.5 MAX. 1.32 MAX.
[ 2718 0.11.

c 2.54 | 04

D 0.46 0.018

E 2794 "1

E 1.5 0.059

G 2.54 MIN. 0.1MIN.

H 0.5 MIN. 0.019 MIN.
1 4.58 MAX. 0.181 MAX.
J 5.08 MAX. 0.2 MAX.
K 15.24 0.6

L 135 053

™ 025019 001'9008

SP8212-8-77-GN-CAT
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M PB8216/8226

4 BIT PARALLEL BIDIRECTIONAL
BUS DRIVER

DESCRIPTION All inputs are low power TTL compatible. For driving MOS, the DO
outputs provide a high 3.65V (VoH), and for high capacitance
terminated bus structures, the DB outputs provide a hlgh 55 mA (loL)
capability.

FEATURES e Data Bus Buffer Driver for uCOM-8 Microprocessor Family
® Low Input Load Current — 0.25 mA Maximum
® High Output Drive Capability for Driving System Data Bus

® 3,65V Output High Voltage for Direct Interface to
#COM-8 Microprocessor Family ‘

® Three State Outputs

e Reduces System Package Count

® Available in 16 pin packages: Cerdip' and Plastic i |

— 2 Y%
PIN CONFIGURATION = ehv
cC
po, Q2 15[ 1DIEN
DB, s 14 DO,
4 uPB 13
oo Q¢ ] N LS PIN NAMES
Do, Os 8226 12 ] Dl3 DBy DBj3 Data Bus Bi Directional
Dip Dig Data Input
DB1 E 6 " ] DO DOp - DO3 Data Output
2 DIEN Data in Enable Direction Control
D|1 I: 7 10 ]DBQ 3 Chip Select
GND[] 8 9o )
Rev/2
|
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4. PB8216/8226

Microprocessors like the 8080A are MOS devices and are generally capable of driving FUNCTIONAL
a single TTL load. This also applies to MOS memory devices. This type of drive DESCRIPTION
is sufficient for small systems with a few components, but often it is necessary to

buffer the microprocessor and memories when adding components or expanding to a

multi-board system.

The uPD8216/8226 is a four bit bi-directional bus driver specifically designed to buffer
microcomputer system components.

. Bi-Directional Driver

Each buffered line of the four bit driver consists of two separate buffers. They are
three state in nature to achieve direct bus interface and bi-directional capability. On
one side of the driver the output of one buffer and the input of another are tied
together (DB), this is used to interface to the system side components such as mem-
ories, 1/0, etc. Its interface is directly TTL compatible and it has high drive (56 mA).
For maximum flexibility on the other side of the driver the inputs and outputs are
separate. They can be tied together so that the driver can be used to buffer a true
bi-directional bus such as the 8080A Data Bus. The DO outputs on this side of the
driver have a special high voltage output drive capability (3.65V) so that direct inter-
face to the 8080A processor is achieved with an adequate amount of noise immunity
(650 mV worst case).

' Control Gating CS, DIEN

The CS input is used for device selection. When CS is ““high’’ the output drivers are
all forced to their high-impedance state. When it is “low” the device is selected
(enabled) and the data flow direction is determined by the DIEN input.

The DIEN input controls the data flow direction (see Block Diagrams for complete
truth table). This directional control is accomplished by forcing one of the pair of
buffers to its high impedance state. This allows the other to transmit its data. This is
accomplished by a simple two gate circuit.

The uPB8216/8226 is a device that will reduce component courit in microcomputer
systems and at the same time enhance noise immunity to assure reliable, high
performance operation.

8216 8226 BLOCK DIAGRAMS
=R i kS
b%y0 < Do, °
C—*’ 3
D_I1C— -1 D|10—-———‘
bo.0. ""‘j‘ $——o0Ds, ; ——oos,
1 N DO.I(,L
'r—" 3
Dlch Vv D|2°+_£:
\ 11 \ ~O DB, S 3_0032 DIEN | E8 | RESULT
00,0 T N 00,0 ‘ [ o [o]Di-D8
N g { 1 |o|oB-Do
D|3°———-—— D|30 5 ;
’ ': ? }_0033 ¢—o0s, — >High I
0030—"‘—'—'— DO3

q
J— —o Cs ¢ o Cs
DIEN DIEN
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/M PB8216/8226

ABSOLUTE MAXIMUM
' RATINGS*

DC CHARACTERISTICS

CAPACITANCE @

Operating TEMPerature .. ... ...........ououunennnn.n. ....0°Ct'70°C
Storage Temperature (Cerdip) . . . . . —65°C to +150°C

(Plastic) . . . . . —65°C t0 +125°C
All Output and Supply Voltages . . . ) —0.5 to +7 Volts
All Input Voltages. . .. .. oo o v e e e N —1.3 to +5.5 Volts
Output Currents .. ............... e e e e 126 mA

COMMENT: Stress above those listed under “‘Absolute Maximum Ratings'’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25°C

Ta=0°Cto +70°C, Ve = +5V+5%

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
min JTvP @) max T
Input Load Current IF1 -0.5 mA | VE =045
DIEN, TS
- Input Load Current All IF2 -0.25%| mA | VF =045
Other Inputs
Input Leakage Current IR1 20 MA VR = 5.25V
DIEN, C3
Input Leakage Current IR2 ' 10 | upA VR = 6.25V
DI Inputs
Input Forward Voltage Ve -1.3 \% Ic=-5mA
Clamp
Input "Low’’ Voltage Vip 0.95 \
Input “High"”” Voltage ViH 2.0 \
Qutput Leakage Current|DO [fo} 20 uA Vo = 0.45/5.25V
(3-State) DB 10 100
Power Supply Current 8216 lcc 130 mA
8226 lcc 120 mA )
" " vVorLi1 0.45 A DO Outputs IgL = 15 mA
Output “Low" Voltage DB Outputs lo( - 25 mA
8216 Vi = 55mA
Output “Low” Voltage oL2 0.6 \Y% DB Outputs 1oL m
8226 VoL2 0.6 \Y DB Outputs IgH = 50 mA
Output “High" Voltage VOH1 3.65] Y DO Outputs IgH = ~1 mA
Output “High” Voltage VOH2 24 \Y DB Outputs IgH = =10 mA
Qutput Short Circuit los -15 —65 mA DO Outputs VQ = 0V
Current -30 -120 mA DB Outputs Ve = 5.0V

Note: @ Typical values are for Ty = 25°C, Vce =5.0V.
a C

LIMITS TEST
_PARAMETER SYMBOL i T v Tviax UNIT CONDITIONS
Input Capacitance CIN 8 pF VBIAS = 2.5V
Output Capacitance | CouUT1 10®/| pF Vee =5V
= O
Output Capacitance | CoyuT?2 180 pF Ta=25C
' ] f=1MHz

Notes: (D This parameter is periodically sampled and not 100% tested.
® DO Output. ,
@ DB OQutput.
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T,=0°Cto +70°C; Vg = +5V5%

LIMITS )
PARAMETER SYMBOL UNIT | TEST CONDITIONS
MIN | TYP @ | MAX
Input to Output Delay tPD1 25 ns Cp =30pF, R{ =300,
DO Outputs ) R2=6002@ .
Input to Output Delay | 8216 tPD2 30 ns CL =300 pF, R1 =90Q,
DB Outputs 8226 tPD2 25 ns Ro = 18002 4
Output Enable Time 8216 tE 65 ns @ @
8226 | @ tg 54 ns
Output Disable Time tD ‘ 35, ns Q@ ®
Notes: (D Typical values are for To = 25°C, VcC = 5.0V Vee
@ DO Outputs, C = 30 pF, Rq = 300/10 K2, Rp = 600/1 K2,
DB Outputs, Cf_ = 300 pF, Rq = 90/10 K2, Rp = 180/1 K. R
® DO Outputs, C = 5 pF, R1 = 300/10 K2, R2 = 600/1 KS2, out
DB Outputs, C_ = 5 pF, R1 =90/10 K2, R = 180/1 KQ2. dc, Ry
@ Input pulse amplitude: 2.5V 1
Input rise and fall times of 5 ns between 1 and 2 volts.
Output loading is 5 mA and 10 pF.
Speed measurements are made at 1.5 volt levels. TEST CIRCUIT
INPUTS j](tsv
LtFD"J
OUTPUT !
ENABLE X"‘SV '-5%
0.5V
T
V
x‘\_ OH
OUTPUTS 1.% I
7{(.——_1 v
oL
0.5V
uPB8216/8226D
(Cerdip)
ITEM MILLIMETERS INCHES
A 19.9 MAX 0.784 MAX
A K B 1.06 0,042
l____L g T C 254 0.10
T D 0.46 * 0.10 0.018 * 0.004
i € 17.78 0.70
L T : F 1.5 0.059
H L I\ s 254 MIN 0.10MIN
ﬂ .‘ L M \ H 0.5 MIN 0.019 MIN
— o ! 4.58 MAX 0.181 MAX
Br _»'Dh. F - c f“ 0167 = 3 5,08 MAX 0.20 MAX
E K 1.62 0.30
' —] L 6.4 0.25
M IS
uPB8216/8226C
(Plastic)
ITEM MILLIMETERS INCHES
A 794 MAX 076 MAX
. K: 8 081 003
l‘_ L C 2.54 0.10
D 0.5 0.02
L e f € 17.78 0.70
F 13 0051
HL_ L_L G 254 MIN, 0.10 MIN
r G M H 0.5 MIN. 0.02 MIN
.. — 1 4.05 MAX. 0.16 MAX.
B ..—'DL_ ol =l ¢ l—. 0-15° e ) 4,55 MAX 018 MAX, |
E K 762 030
| L 64 02 |
M 0.26 1010 0.01
0.05
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/4 PD8251

PROGRAMMABLE COMMUNICATION INTERFACE

DESCRIPTION The uPD8251 Universal Synchronous/Asynchronous Receiver/Transmitter (USART) is
designed for microcomputer systems data communications. The USART is used as a
peripheral and is programmed by the uPD8080 or other processor to communicate in
commonly used serial data transmission techniques including IBM Bi-Sync. The USART
receives serial data streams and converts them into parallel data characters for the
processor. While receiving serial data, the USART will also accept data characters from
the processor in parallel format, convert them to serial format and transmit. The USART
will signal the processor when it has completely received or transmitted a character and
requires service. Complete USART STATUS including data format errors and control
signals such as TxE and SYNDET is ava|lable to the processor at any time.

FEATURES

e Asynchronous or Synchronous Operation
— Asynchronous:
5-8 Bit Characters
Clock Rate — 1, 16 or 64 x Baud Rate
Break Character Generation
Select 1, 1-1/2, or-2 Stop Bits
False Start Bit Detector
— Synchronous:
5-8 Bit Characters
Internal or External Character Synchronization
Automatic Sync Insertion
Single or Double Sync Characters
e Baud Rate — Synchronous — DC to 56K Baud
) — Asynchronous — DC to 9.6K Baud
® Full Duplex, Double Buffered Transmitter and Receiver
® Parity, Overrun and Framing Flags
® Fully Compatible with 8080
¢ All Inputs and Outputs are TTL Compatible
e Single +5 Volt Supply
® Separate Device, Receive and Transmit TTL Clocks
® 28 Pin Plastic DIP Package
® N-Channel MOS Technology

PIN CONFIGURATION

or VY Po
0202 27 oo PIN NAMES
D7-Dg__|Data Bus (8 bits)
RxD E 3 26 j Vee c/D Control or Data is to be Written or Read
RD Bead Data Comimand
GND E 4 25 3 RxC ' WR Write Data or Control Command
— cs Chip Enable
D45 24 [7] DTR CLK___|Clock Pylse (TTL)
—_— RESET |Reset
D5 []6 23 [J RTS Toe_ [Transmitter Glock (TTL
PD Y=} TxD Transmitter Data
De E 7 8#251 22 3 DSR RxC___|Receiver Clock (TTL) -
E 21 RxD Receiver Data
b7 L8 [ RESET RxRDY_|Receiver Ready (has character for 8080)
TxC : 9 20 3 CLK ‘:;s(_r:‘DV ;ra::nssn;i::;;zsdy (ready for char. from 8080}
3
WR 1 DTR Data Terminal Ready
:' 10 o 3 ™D SYNDET |Sync Detect
cs l: 11 18 j TxE RTS"_ [Request to Send Data
R CTS Clear tg Send Data
c/D C 12 17 j CTS TxE Transmitter Empty
Vee +5 Volt Supply
RB[d13 16 [ SYNDET GND—[Ground
RxRDY [J14 15[ TxRDY o
Rev/1
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The uPD8251 Universal Synchronous/Asynchronous Receiver/Transmitter is designed FUNCTIONAL
specifically for 8080 microcomputer systems but works with most 8-bit processors. DESCRIPTION
Operation of the 8251, like other 1/0 devices in the 8080 family, is programmed by

system software for maximum flexibility.

In the receive mode, a communication interface device must convert incoming serial
format data into parallel data and make certain format checks on the data. And in the
transmit mode, the device must format data into serial data. The device must also supply
or remove characters or bits that are unique to the communication format in use. By
performing conversion and formatting services automatically, the USART appears to the
processor as a simple or “‘transparent’’ input or output of byte-oriented parallel data.

44 PD8251

BLOCK DIAGRAM
DATA TRANSMIT
S Il e e
BUFFER (P—S)
RESET <:> —» TxRDY
CLK —1 ReADWRITE TRANSMIT i
C/D —={ CONTROL CONTROL | TxE
RS d Locic X -
WR ——d
e |
OSR —=0
OTR=—0 L RECEIVE
= cONTROL Q_ BUFFER  [=—RsxD
RTS -«—0f
- RxRDY
INTERNAL B CFé)f\IC‘I'EF:\éi = RxC
DATA BUS jest~ SYNDET
S
co |70 | wr | o BASIC OPERATION
0 -0 1 0 8251~ Data Bus
0 1 0 0 Data Bus ~> 8251
1 0 1 0 Status ~> Data Bus
1 1 0 0 Data Bus = Control
X X X 1
- 3-Stat
X . 1 0 Data Bus State
' Operating Temperature .. ........... e e -0°Cto +70°C ABSOLUTE MAXIMUM
Storage TEMPerature . . . oo v vee et it eie e -65°C to +125°C RATINGS*
AllOUtpUt VOItages . . . v vttt ittt e e e -0.5 to +7 Volts
Alllnput Voltages. . . .. .o i i it ittt e e e it e e e -0.5 to +7 Volts
Supply Voltages . . . ... ittt e e -0.5to +7 Volts

COMMENT: Stress above those listed under “*Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ty= 25°C
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4 PD8251
DC CHARACTERISTICS

CAPACITANCE T,=25°C; Vce=GND =0V

PACKAGE OUTLINE
uPD8251C

Ta =0°Cto 70°C; Ve = 5.0V  5%; GND = 0V

LIMITS )
PARAMETER SYMBOL | MIN | TYP | MAX >UNIT TEST CONDITIONS
Input Low Voltage ViL GND -.5 0.8 Vv
Input High Voltage ViH 2.0 Vee [V
Output Low Voltage VoL 0.45 \ loL=17mA
Output High Voltage VoH 24 \ IoH =-100 LA
Data Bus Leakage IpL -50 Vour =0.45V
10 uA VouT = Vce
Input Load Current he 10 MA @5.5Vv
Power Supply Current | ' Icc 45 80 mA
LIMITS
PARAMETER | SYMBOL [ miIN JTYP [ MAX | UNIT TEST CONDITIONS
Input Capacitance CiIN 10 pF fc =1 MHz
1/0 Capacitance Ci/o 20 pF Unmeasured pins returned
) to GND

4
ol
B
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
B 2.49 0.098
c 2.54 0.10
D 0.5%0.1 0.02  0.004
E 33.02 13
F 1.5 0.059
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
1 5.22 MAX. | 0.205MAX.
J 572MAX. | 0.225 MAX.
K 15.24 06
L 13.2 0.52
+0.10 +0.004
M 025° 'oe | 001 o,
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1L PD8251
BUS PARAMETERS: (D ; AC CHARACTERISTICS

T, =0°C to 70°C; VG = 5.0V  5%; GND = 0V

: L LIMITS ] 1 . i
PARAMETER YM : uNIT TEST CONDITIONS
AMETE Ls BoL ) I MIN I TP I MAX l .
READ
Address Stable before READ, (CS, C/D) 1AR 50 ns
Address Hold Time for READ, (CS, CD) tRA s ns
READ Pulse Width 1RR 430 ns
S -
Data Delay from READ tRD 350 s Cy = 100 pF
READ to Data Floating toF 200 ns Cy = 100 pF
25 CL=15pF
Recovery Time Between WRITES (Z) tRYV 6 ) ey
WRITE \
Address Stable before WRTTE tAw 20 ] ns
Address Hold Time for WRITE WA 20 . ns
WRITE Pulse Width - ww 400 ns
Data Set-Up Time for WRFTE tHw 200 ns
e
Data Hold Time for WRITE wo 40 ns
. OTHER TIMING

Clock Period @) ) ey .420 1.35 us
Clock Pulse Width - tow 220 0.7tcy ns
Clock Rise and Fall Time i 1R tF 0 50 ns
TxD Delay from Falling Edge of TxC 1DTx 1 us CL = 100 pF
Rx Data Set-Up Time to Sampling Pulse C1SAx 2 . us Cy =100 pF
Rx Data Hold Time to Sampling Pulse HRx 2 us Cy = 100 pF
Transmitter Input Clock Frequency fTx

1X Baud Rate . . oc 56 KHz

16X and 64X.Baud Rate oc 520 KHz
Transmitter lhput Clock Pulse Width TPW

X Baud Rate 12 ey

16X and 64X Baud Rate 1 ey
Transmitter Input Clock Pulse Delay tTPD

1X Baud Rate 15 . ey

16X and 64X Baud Rate 3 ey
Receiver Input Clock Frequency fRx

1X Baud Rate . oc 56 KHz

16X and 64X Baud Rate DC 520 KHz
Receiver Input Clock Pulse Width RPW

1X Baud Rate 12 tey

16X and 64X Baud Rate, 1 oy
Receiver Input Clock Pulse Delay RPD

1X Baud Rate © 15 tcy

16X and 64X Baud Rate : 3 oy
TxROY Delay from Center of Data Bit tTx 16 toy C = 50 pF
RxRDY Delay from Center of Data Bit . tRx 20 [ - .
Internal Syndet Delay from Center of "
Data Bit Ys 25 ey
External Syndet Set-Up Time before
Falling Edge of RxC tES 16 16 ey :
TXEMPTY Delay from Center of Data Bit TTXE 16 ey Cy = 50 pF
Control Delay from Rising Edge of
WRITE (TxE, DTR, RTS) - we ey
Control to READ Set-Up Time (D3R, CT5) tCR 16 cy

Notes: @ AC timings measured at Voy = 2.0, VoL = 0.8, and with load circuit of Figure 1.
This recovery uime is for initialization only, when MODE, SYNC1, SYNC2, COMMAND and first DATA BYTES are written into
the USART. Subsequent writing of both COMMAND and DATA are only allowed when TxRDY = 1.
@  The TxCand RxC ies have the following limitations with respect to CLK.
For 1X Baud Rate, fTy or fRx < 1/{30 tcy)
For 16X and 64X Baud Rate, f1x or fRx < 1/(4.5 1cy)
@  Reset Pulse Width = 6 tcy minimum.

+20
2v z
, : +10 4
5100 <
B w
o 0
'é SPEC )
D.U.T. £
o -10 /
CL 24K 4
1 1 -20

-100 -50 0 +50  +100

A CAPACITANGCE (pF)
Typical A Output
Delay Versus A Capacitance (pF)
TEST LOAD CIRCUIT

Figure 1.
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41 PD8251
TIMING WAVEFORMS

CLK A

c/ﬁc_-___.:_.; e ' s
LI N e — _ ===
, %4 'DV\L - wo: IRA——] (de—
Q@wriTe WA =D 0] Jee
AW | j——1tAR
Q)reEAD -
: tRR
,
WRITE .
—————_-\—7ﬁ:w¢_,
TxE, DTR, RTS
DSR, CTs
KCR—"
READ p
READ AND WRITE TIMING
tTRW tTPD
TxC (1x BAUD) S,
. 16 TxC PERIODS
TxC (16x BAUD) X/ X _/
—] f—tpTX
o == — = - -
X ——— A
TRANSMITTER CLOCK AND DATA
o == . c--=--
tSRX tHR
RxC (1x BAUD) B
1)
INTERNAL tRPW n RPD
SAMPLING
PULSE [ START BIT 15t DATA BIT —————tmt
RxD __F
H—tsnx——-ﬂ<——tHHx

RxC (16x BAuD)mmmUWUUUUULMUUUlﬂJUUUUUUL
16 RxC PER10DS——={
INTERNAL e recrerions n 6 R
SAMPLING
PULSE
RECEIVER CLOCK AND DATA
n
RxD 1sTARTBIT| DATABITS 54 FARITY BlTIs'rop BIT Is'rART arrl
> TRX it
Rx RDY : ?‘-‘:-\
' }
READ W
Tx EMPTY L
_ —
Tx RDY I:'H_
WRITE LJ
WRITE 15t BYTE WRITE 2nd BYTE WRITE 3rd BYTE
TxD MARKING LSTART BIT [ DATABITS - FARTTY Bifstopl 61T |sTART BIT]
—
|e———————1stDATA BYTE } 2nd DATA BYTE
TxRDY AND RxRDY TIMING (ASYNC MODE)
F_—l_svwc CHARACTER (01101001 )
RxD 15t BIT J 1 1 AST Bl
s PC RESET BY
SOFTWARE
SYNDET
(OUTPUT) COMMAND
INTERNAL SYNC DETECT .
a5C ]_l_—_—r——
SYNDET @
(INPUT)
' - ——— — ————— — - I} -
RXD o e e e e e o - - I 1 J

WL -
l———' 1st DATA BVTE—"‘—’|

EXTERNAL SYNC DETECT
Note: (1) Write and Read pulses have no timing limitation with respect to CLK.
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PIN

No. | symBoL NAME

FUNCTION

Dy - Dg Data Bus Buffer

An 8-bit, 3-state bi-directional buffer used to
interface the 8251 to the processor data bus.
Data is transmitted or received by the buffer in
response to input/output or Read/Write instruc-
tions from the processor. The Data Bus Buffer
also transfers Control words, Command words,
and Status.

26 Vce Ve Supply Voltage

+5 volt 'supply

4 GND Ground

Ground

Read/Write Control Logic

This logic block accepts inputs from the pro-
cessor Control Bus and generates control signals
for overall USART operation. The Mode
Instruction and Command Instruction registers
that store the control formats for device func-
tional definition are located in the Read/

Write Control Logic.

21 RESET Reset

A “one’’ on this input forces the USART into the
“Idle”” mode where it will remain until reinitial-
ized with a new set of control words. Minimum
RESET pulse width is tcy.

20 CLK Clock Pulse

The CLK input provides for internal device tim-
ing and is usually connected to the Phase 2 (TTL)
output of the uPB8224 Clock Generator.
External inputs and outputs are not referenced
to CLK, but the CLK frequency must be 30
times the Receiver or Transmitter clocks in the
synchronous mode and 4.5 times for the
asynchronous mode.

10 WR Write Data

A 'zero'’ on this input instructs the uPD8251
to accept the data or control word which the
processor is writing out to the USART via the
data bus.

13 RD Read Data

A "“zero” on this input instructs the uPD8251
to place the data or status information onto the
Data Bus for the processor to read.

12 c/D Control/Data

The Control/Data input, in conjunction with the
WR and RD inputs, informs USART to accept or
provide either a data-character, control word or
status information via the Data Bus.

0 = Data; 1 = Control.

11 [ Chip Select

A ““zero”’ on this input enables the USART for
reading and writing to the processor.

Modem Control

The uPD8251 has a set of control inputs and
outputs which may be used to simplify the
interface to a Modem.

22

O
o)
i

Data Set Ready

The Data Set Ready input can be tested by the
pracessor via Status information. The DSR input
is normally used to test Modem Data Set Ready
condition.

24 DTR Data Terminal Ready

The Data Terminal Ready output can be con-
trolled via the Command word. The DTR output
is normaily used to drive Modem Data Terminal
Ready or Rate Select lines.

23 RTS Request to Send

The Request to Send output can be controlied
via the Command word. The RTS output is
normally used to drive the Modem Request to
Send line.

17 CTS Clear to Send

A "'zero” on the Clear to Send input enables the
USART to transmit serial data if the TXEN bitin
the Command Instruction register is enabled
(one).

220
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4 PD8251

TRANSMIT BUFFER/ The Transmit Buffer/Converter receives parallel data from the Data Bus Buffer via the
CONVERTER internal data bus, converts parallel to serial data, inserts the necessary characters or
. bits needed for the programmed communication format and outputs composite serial
data on the TxD output. '

PIN IDENTIFICATION o
(CONT.) I'No.] svmsoL ] NAME FUNCTION
. ) The Transmit Control Logic accepts and outputs
Transmit Control Logic all external and internal signals necessary for
. serial data transmission.
15 TxRDY Transmitter Ready - | Transmitter Ready signals the processor that the

transmitter is ready to accept a data character.
TxRDY can be used as ap interrupt or may be
tested through the Status information for Polled
operation. Loading a character from the pro-
cessor automatically resets TxRDY.

18| TxE | Transmitter Empty The Transmitter Empty output signals the

‘ processor that the USART has no further char-
acters to transmit. TxE is automatically reset
upon receiving a data character from the pro-
cessor. In half-duplex, TxE can be used to signal
end of a transmission and request the processor
to ““turn the line around.” The TxEn bit in the
command instruction does not effect TxE.

In the Synchronous mode, a “one” on this out-
put indicates that a Sync character or charac-
ters are about to be automatically transmitted
as “fillers’” because the next data character has
not been loaded.: )

9 TxC Transmitter Clock The Transmitter Clock controls the serial charac-
ter transmission rate. In the Asynchronous
mode, the TxC frequency is a multiple of the
actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple to be 1x, 16x, or 64x
the I Baud Rate. In the Synchronaus mode, the
TxC frequency is automatically selected to

equal the actual Baud Rate. | 3
Note that for both Synchronous and Asynchro- ;
nous modes, serial data is shifted out of the

) USART by the falling edge of TxC.

19 TxD Transmitter Data The Transmit Control Logic outputs the
composite serial data stream on this pin.

8251 INTERFACE TO 8080 § e —
STANDARD SYSTEM BUS k —
Ag
§ CONTROL BUS )
IOR| I/OW | RESET ‘TTﬁ
) ' DATABUS \ )
‘ .
Q Q I
cd s D7-Dg  RD WR  RESET CLK
8251

221




1 PD8251

The Receiver Buffer accepts serial data input at the RxD pin and converts the data " RECEIVER BUFFER
from serial to parallel format. Bits or.characters required for the specific communica- .

tion technique in use are checked and then an eight-bit ““assembled” character is

readied for the processor. For communication techniques which require less than-.

eight bits, the uPD8251 sets the extra bits to ““zero.”

‘ FIN ' PIN IDENTIFICATION
No.| symeoL | - NAME FUNCTION (CONT) -

This block manages all activities related to

Receiver Control ngxc incoming data.

14 RxRDY Receiver Ready The Receiver Ready output indicates that the
Receiver Buffer is ready with an “‘assembled’’
character for input to the processor. For Polled
operation, the processor can check RxRDY
using a Status Read or RxRDY can be con-
nected to the processor interrupt structure.
Note that reading the character to the pro-
cessor automatically resets RxRDY.

25 | RxC Receiver Clock The Receiver Clock is the rate at which the
incoming character is received. In the Asynchro-
nous mode, the RxC freguency may be 1,16

or 64 times the actual Baud Rate but in the
Synchronous mode the RxC frequency must
equal the Baud Rate. Two bits in the mode
instruction select Asynchronous at 1x, 16x or
64x or Synchronous operation at 1x the Baud
Rate.

Unlike TxC, data is sampled by the uPD8251
on the rising edge of RxC. (1)

3 RxD Receiver Data A composite serial data stream is received by
the Receiver Control Logic on this pin.
' 16 SYNDET Sync Detect The SYNC Detect pin is only used in the

Synchronous mode. The uPD8251 may be pro-
grammed through the Mode Instruction to
-operate in either the internal or external Sync
mode and SYNDET then functions as an output
or input respectively. In the internal Sync mode,
the SYNDET output will go to a “one’” when
the uPD8251 has located the SYNC character

in the Receive mode. If double SYNC

character (bi-sync) operation has been pro-
grammed, SYNDET will go to ““one’’ in the
middle of the last bit of the second SYNC
character. SYNDET is automatically reset to
‘’zero’’ upon a Status Read or RESET. In the
external SYNC mode, a ‘zero” to "‘one’’ transi-
tion on the SYNDET input will cause the '
1PD8251 to start assembling data character

on the next falling edge of RxC. The length of
the SYNDET input should be at least one RxC
period, but may be removed once the

uPD8251 is in SYNC.

Y

Note: @ Since the uPD8251 will frequently be handling both the reception and transmission
for a given link, the Receive and Transmit Baud Rates will be same. RxC and TxC
then require the same frequency and may be tied together and connected to a single
clock source or Baud Rate Generator.

Examples:  |f the Baud Rate equals 110 (Async): If the Baud Rate equal§ 300: .
RxC or TxC equals 110 Hz (1x) RxC or TxC equals 300 Hz (1x) Aor S
BXC or TxC equals 1.76 KHz (16x) RxC-or TxC equals 4800 Hz (16x) A only
BXC or TxC equals 7.04 KHz (64x) RxC or TxC equals 19.2 KHz (64x) A only
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4 PD8251

OPERATIONAL A set of control words must be sent to the uPD8251 to define the desired mode and
DESCRIPTION communications format. The control words will specify the BAUD RATE FACTOR
(1x, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF STOP BITS v
(1, _1-1/2, 2), ASYNCHRONOUS or SYNCHRONOQUS MODE, SYNDET (IN or OUT),
PARITY, etc.

After receiving the control words, the uPD8251 is ready to communicate. TxRDY is
raised to signal the processor that the USART is ready to receive a character for trans-
mission. When the processor writes a character to the USART, TxRDY is auto-
matically reset.

Concurrently, the uPD8251 may receive serial data; and after receiving an entire
character, the RxRDY output is raised to indicate a completed character is ready for
the processor. The processor fetch will automatically reset RxRDY.

Note: The uPD8251 may provide faulty RxRDY for the first read after power-on or
for the first read after receive is re-enabled by a command instruction (RxE).
A dummy read is recorimended to clear faulty RxRDY. But this is not the
case for the first read after hardware or software reset after the device
operation has once been established.

The uPD8251 cannot transmit until the TXEN (Tra_ln_s_mitter Enable) bit has
been set by a Command Instruction and until the CTS (Clear to Send) input is a
“zero”. TxD is held in the “marking” state after Reset awaiting new Command
Words.

uPD8251 PROGRAMMING The USART must be loaded with a group of two to four control words provided by
the processor before data reception and transmission can begin. A Reset (internal or
external) must immediately proceed the control words which are used to program the
complete operational description of the communications interface. If dn external
RESET is not available, three successive 00 Hex or two successive 80 Hex command
instructions (C/D = 1) followed by a software reset command instruction (40 Hex)
can be used to initialize the 8251.

There are two control word formats:

1. Mode Instruction
2. Command Instruction

MODE INSTRUCTION This control word specifies the general characteristics of the interface regarding the
SYNCHRONOUS or ASYNCH RO_NOUS MObE, BAUD RATE FACTOR, CHARACTER
LENGTH, PARITY, and NUMBER OF STOP BITS. Once the Mode Instruction
has been received, SYNC characters or Command Instructions may be inserted depend-
ing on the Mode Instruction content.

COMMAND INSTRUCTION  This control word will be interpreted as a SYNC character definition if immediately
preceded by a Mode Instruction which specified a Synchronous format. After the
SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub-
sequent control words will be interpfeted as an update to the Command Instruction.
Command Instruction updates may occur at any time during thé data block. To
modify the Mode Instruction, a bit may be set in the Command Instruction which
causes an internal Reset which allows a new Mode Instruction to be accepted.

223




4 PD8251
TYPICAL DATA BLOCK

c/D=1| MODE INSTRUCTION

SYNC MODE
c/b= SYNC CHARACTER 2 ONLY

Cc/D=1| SYNCCHARACTER1

C/D =1 |COMMAND INSTRUCTION|

c/b=0 ol DATA ::

C/D=1 JCOMMAND INSTRUCTION|

cib=0% DATA pA

C/D=1 |[COMMAND INSTRUCTION

NOTE @ The second SYNC character is skipped if MODE instruction
has programmed the 8251 to single character Internal SYNC
Mode. Both SYNC characters are skipped if MODE instruction
has programmed the 8251 to ASYNC mode.

The uPD8251 can operate in either Asynchronous or Synchronous communication MODE INSTRUCTION
modes. Understanding how the Mode Instruction controls the functional operation DEFINITION

of the USART is easiest when the device is considered to be two separate components, .

one asynchronous and the other synchronous, which share the same support circuits

and package. Although the format definition can be changed at will or ““on the fly”, the

two modes will be explained separately for clarity.

When a data characteris written into the uPD8251, the USART automatically adds ASYNCHRONOUS
a START bit (low level or “space’’) and the number of STOP bits (high level or TRANSMISSION
“mark"”’) specified by the Mode Instruction. |f Parity has been enabled, an odd or

even Parity bit is inserted just before the STOP bits(s), as specified by the Mode

Instruction. Then, dépending on CTS and TxEN, the character may be transmitted

as a serial data stream at the TxD output. Data is shifted out by the falling edge of /

TxC at m, TxC/16 or '_I'_x—C/64, as defined by the Mode Instruction.

If no data characters have been loaded into the uPD8251, or if all available characters
have been transmitted, the TxD output remains “high’’ (marking) in preparation

for sending the START bit of the next character provided by the processor. TxD may be
forced to send a BREAK (continuously low) by setting the correct bit in the

Command Instruction.

The RxD input line is normally held “high” (marking) by the transmitting device. ASYNCHRONOUS
A falling edge at RxD signals the possible beginning of a START bit and a new RECEIVE
character. The START bit is checked by testing for a “low" at its nominal center
as specified by the BAUD RATE. If a “low" is detected again, it is considered valid,
and the bit assembling counter starts counting. The bit counter locates the approxi-
mate center of the data, parity (if specified), and STOP bits. The parity error flag (PE)
is set, if a parity error occurs. Input bits are sampled. at the RxD pin with the rising
edge of RXC. If a high is not detected for the STOP bit, which normally signals the end
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input
character is loaded into the parallel Data Bus Buffer of the uPD8251 and the RxRDY
signal is raised to indicate to the processor that a character is ready to be fetched. If the
processor has failed to fetch the previous character, the new character replaces the old
and the overrun flag (OE) is set. All the error flags can be reset by setting a bit in the v
~ Command Instruction. Error flag conditions will not stop subsequent USART operation.
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4 PD8251

MODE
INSTRUCTION FORMAT
ASYNCHRONOUS MODE

TRANSMIT/RECE|VE
FORMAT
ASYNCHRONOUS MODE

D; Dg Dg. Dg D3

Dy Dy

Do

S2 | s1 ] Ep |Pen] Ly

L1

By | By

BAUD RATE FACTOR

0

1

0

1

0

0

1

1

SYNC
MODE

(1X)

(16X)

(64X)

CHARACTER LENGTH

0

1

0

1

o]

0

1

1

5
BITS

6
BITS

7
BITS

8
BITS

PARITY ENABLE

1 =ENABLE

0 =DISABLE

o EVENPARITY GENERATION/CHEC

1=EVEN 0=

oDD .

NUMBER OF STOP BITS

0 1

0 1

START

TxD  MARKING BIT

0 0

1 1

INVALID| !

BIT

1% 2
BITS | BITS

4 ¢
N7

L¢

DATA BITS
L ¢

PARITY
BIT

START
BIT

RxD

77

" TRANSMITTER OUTPUT

et

3T
STOP
BITS

—

Y r
DATA BITS

4

PARITY
BIT

17

RECEIVER INPUT

CPU BYTE (5-8 BITS/CHAR)

g

T

DATA CHARACTER

L ¢

R

ASSEMBLED SERIAL DATA QUTPUT (TxD)

sTOP
BITS

{ ¥ —f
START PARITY STOP
find DATA CHARACTER p BITS
St ¢ d
LR ?
TRANSMISSION FORMAT
SERIAL DATA INPUT (RxD)
<¢ "
1T ?
START PARITY STOP
BIT DATA CHARACTER BIT BITS
L L L
7T L
CPU BYTE (5.8 BITS/CHAR) (D 1
— §
DATA CHARACTER
d ¢
17
noTE®: IF CHARACTER LENGTH IS DEFINED AS 5, 6, OR 7

BITS; THE UNUSED BITS ARE SET TO' “ZERO."”

RECEIVE FORMAT
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As in Asynchronous transmission, the TxD output remains “‘high’’ imarking) ) ) }L PD8251
until the uPD8251 receives the first character from the processor which is usually

a SYNC character. After a Command Instruction has set TXEN and after Clear SYNCHRONOUS
to Send (CTS) goes low, the first character is serially transmitted. Datais TRANSMISSION

shifted out on the fallmg edge of TxC and the same rate as TxC.

Once transmission has started, Synchronous Mode format requires that the serial

data stream at TxD continue at the TxC rate or SYNC will be lost. If a data character

is not provided by the processor before the uPD8251 Transmitter Buffer becomes
empty, the SYNC character(s) loaded directly following the Mode Instruction will

be automatically inserted in the TxD data stream. The SYNC character(s) are inserted
to fill the line and maintain synchronization until new data characters are available

for transmission. If the uPD8251 becomes empty, and must send the SYNC character(s),
the TXEMPTY output is raised to signal the processor that.the Transmitter Buffer

is empty and SYNC characters are being transmitted. TxEMPTY is automatucally

reset by the next character from the processor.

TxEMPTY go high at the middle of the last data bit when the Transmit Register is
EMPTY. TXEMPTY goes low again as sync characters are transmitted, See.figure below.
FOR SINGLE SYNC CHARACTER OPERATION

TxD D( paTA X DATA X sync X sync X‘DATA X DATA )C
DATA WRITE - » M I M
TXEMPTY m rﬂ

CENTER OF LAST BIT
FOR DOUBLE SYNC CHARACTER OPERATION (BISYNC)

TxD :X DATA X SYNC1 X SYNC2 x DATA X pata X
DATA WRITE M 1 M
m
CENTER OF LAST BIT

o X oata Y svnci X syncz X _pata X pata X
DATA WRITE | M M

TXEMPTY m m
CENTER OF LAST BIT
In Synchronous Receive, character synchronization can be either external or internal. SYNCHRONOUS
1f the internal SYNC mode has been selected, and the Enter HUNT (EH) bit RECEIVE
has been set by a Command Instruction, the receiver goes into the HUNT mode.

TxEMPTY

Incoming data on the RxD input is sampled on the rising edge of RxC, and the
Receiver Buffer is compared with the first SYNC character after each bit has been
loaded until a match is found. If two SYNC characters have been programmed, the
next received character is also compared. When the SYNC character(s) programmed
have been detected, the uPD8251 leaves the HUNT mode and is in character synchro-
nization. At this time, the SYNDET (output) is set high. SYNDET is automatically
reset by a STATUS READ. .

If external SYNC has been specified in the Mode Inst}uction, a “one’’ applied
to the SYNDET (iriput) for at least one RxC cycle will synchronize the USART.

Parity and Overrun Errors are tréated the same in the Synchronous as in the
Asynchronous Mode. Framing errors do not apply in the Synchronous format.

The processor may command the receiver to enter the HUNT mode with a Command
Instruction which sets Enter HUNT (EH) if synchronization is lost.
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4 PD8251

MODE INSTRUCTION
FORMAT
SYNCHRONOUS MODE

TRANSMIT/RECEIVE
FORMAT
SYNCHRONOUS MODE

Dy Dg Ds Dy D3 Dy Dy Dg

Scs[EsD| eP [PEN| L2 | 1, f O | O

CHARACTER LENGTH

0 1 0 1

0 0 1 1

5 6 7 8
BITS BITS BITS | BITS

PARITY ENABLE
(1 = ENABLE)
(0 = DISABLE)

—= EVEN PARITY GENERATION/CHECk
1=EVEN '
0=0DD

—= EXTERNAL SYNC DETECT :
1= SYNDET IS AN INPUT T
0=SYNDET IS AN OUTPUT i

—— SINGLE CHARACTER SYNC N
1 =SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER ;

CPU BYTES (5-8 BITS/CHAR)

£ b
4

DATA CHARACTERS

£ ¢
T

ASSEMBLED SERIAL DATA OUTPUT (TxD)

SYNC 1+
SYNC
CHAR 1 CHAR 2 DATA CHAfzﬁCTERs
oy

TRANSMIT FORMAT

SERIAL DATA INPUT (RxD)

rys
SYNC SYNC )
CHAR 1 CHAR 2 DATA CHARACTERS
L G
- — F
CPU BYTES (5-8 BITS/CHAR)

V Y B
4 g

DATA CHARACTERS

W O KU
v

RECEIVE FORMAT
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41 PD8251

After the functional definition of the uPD8251 has been specified by the Mode COMMAND INSTRUCTION
Instruction and the SYNC character(s) have been entered, if in SYNC mode, the FORMAT

USART is ready to receive Command Instructions and-begin communication. A

Command Instruction is used to control the specific operation of the format selected

by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem

Controls are controlled by the Command Instruction. '

After the Mode Instruction and the SYNC character(s), as needed, are loaded, all
subsequent “‘control writes’ (C/B = 1) will load or overwrite the Command Instruction
register. A Reset operation (internal via CMD IR or external via the RESET input)

will cause the uPD8251 to interpret the next “control write’’, which must immediately
follow the reset, as a Mode Instruction.

It is frequently necessary for the processor to examine the “status”’ of an active STATUS READ FORMAT
interface device to determine if errors have occurred or to notice other conditions

which require a response from the processor. The uPD8251 has features which

allow the processor to “read”’ the devi_t_:e status at any time. A data fetch is issued

by the processor while holding the C/D input “high” to obtain device Status Infor-

mation. Many of the bits in the status register are copies of external pins. This dual

status arrangement allows the 1uPD8251 to be used in both Polled and interrupt

driven environments. Status update can have a maximum delay of a 16 clock period.

" When a parity error is detected, the PE flag is set, and is cleared by setting the PARITY ERROR
ER bit in a subsequent Command Instruction. PE being set does not inhibit USART
operation.

If the processor fails to read a data character before the one following is available, OVERRUN ERROR
the OE flag is set, and is cleared by setting the ER bit in a subsequent Command .
Instruction. Aithough OE being set does not inhibit USART operation, the

previously received character is overwritten and lost.

If a valid STOP bit is not detected at the end ofa character, the FE flag is set, and FRAMING ERROR @
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set
does not inhibit USART operation. : i

Note: (D ASYNC mode only.
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4 PD8251

D; Dg Ds Dg D3 Dy Dy Dg

COMMAND INSTRUCTION eH | R | rTs | er |sBrk| rxe | otr | TxEn
FORMAT

TRANSMIT ENABLE
1= enable
0 = disable

DATA TERMINAL
READY _
“high”’ will force DTR
output to zero

RECEIVE ENABLE
1= enable
0 = disable -

SEND BREAK
CHARACTER
1= forces TxD “low"
0 = normal operatioh

ERROR RESET
—g- 1 = reset all error flags
PE, OE, FE

REQUEST TO SEND
*“high”” will force RTS
output to zero

INTERNAL RESET
“high” returns 8251 to
Mode Instruction Format

ENTER HUNT MODE
1 = enable search for Sync
Characters

STATUS READ FORMAT % % % % % 0 0o O

DSR SYNDET FE OE PE TxE RxRDY | TxRDY

@

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The PE flag is set when a parity
error is detected. It is reset by~
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 8251. *

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character before
the next one becomes available.

It is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the 8251;
however, the previously overrun
character is lost.

FRAMING ERROR (Async only)
The FE flag is set when a valid
Stop bit is not detected at the
end of every character. it is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the operation of the 8251.

Note: @ TxRDY status bit is not totally equivalent to the TXRDY output pin, the relationship
is as follows:
TxRDY status bit = DB Buffer Empty
TxRDY (pin 15) = DB Buffer Empty ® CTS ® TxEn
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8251
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TxD
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TxC
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AL

T
|
|
|

GENERATOR

RAxC -t——l
= BAUD RATE

CRT
TERMINAL
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DC to 9600 BAUD '

g ADDRESS BUS 3
\_‘ CONTROL BUS 3y
f DATA BUS 3

RxD
D
™o PHONE
BSR ASYNC LINE
— oDEw INTER
BIR FACE
8251 CTs
ATS
— BAUD
RxC) RATE
TxC GENERATOR TELEPHONE
LINE

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

ADURESS BUS

CONTRO!

L BUS

| ]

i

DATA BUS

RxD

ool

TxD|

8251 AxC
hE

SYNDET

SYNCHRONOUS
TERMINAL

I OR PERIPHERAL |

DEVICE

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

‘ SYNDET jett—mri

11 ADDRESS BUS )
‘] CONTROL BUS 1
{ DATA BUS B
RxD|
D|
8251 — PHONE
. AxC —r] LINE
INTER-
TxC ey
xC SYNC FACE
MODEM
CTS joa—ri
RTS jo——s]
OSR joe—i
5TR
TELEPHONE
LINE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

230

4. PD8251
APPLICATION OF THE uPD8251

SP8251-6-77-GN-CAT




DESCRIPTION

FEATURES

PIN CONFIGURATION

p PD8255

PROGRAMMABLE PERIPHERAL INTERFACE

The uPD8255 is a general purpose programmable INPUT/OUTPUT device designedk
for use with the 8080A microprocessor. Twenty-four (24) 1/0 lines may be pro-
grammed in two groups of twelve (group I and group ) and used in three major
modes of operation. In the Basic mode, (MODE 0), each group of twelve 1/0 pins may
be programmed in a set of 8 and a set of 4 to be input or output. In the Strobed mode,
(MODE 1), each group may be programmed to have 8 lines of input or output. Three
of the remaining four pins in each group are used for handshaking strobes and inter-

rupt control signals. The Bidirectiondl Bus mode, (MODE 2), uses the 8 lines of
Port A for a bidirectional bus, and five lines from Port C for bus control signals.

The uPD8255 is packaged in a 40 pin plastic DIP.

o Fully Compatible with the 8080A Microprocessor Family

e All Inputs and Outputs TTL Compatible
e 24 Programmable 1/O Pins

e Direct Bit SET/RESET Eases Control Application Interfaces

e 8—2mA Darlington Drive Outputs for Printers and Displays

e LSI Drastically Reduces System Package Count

e Standard 40 Pin Dual-In-Line Plastic Package

LYY = IEE T » WV
PA2 O 2 39 [ PAg
PA ] 3 38 [ pAg
PAg [ 4 370 Py
RD OO0 5 36 [ WR
ss 35 [ RESET
Gno O 7 34 [ pg
Aq O s 330 D1
A0 O o ‘ 32 O by
Pcy 10 MPD 31 p,
pcg O 11 8256 30 [J D4
pcs OJ12 29 [ pg
pcq 13 28 [1 pg
pco OJ14 27 0 by
pcy. 15 26 [1 Vee
pcy 16 25 [ pe;
pcz OJ17 24 I pBg
PBg []18 23 [ pBg
pey 19 22 [ By
pBy 20 21 [J pe,
Rev/1

PIN NAMES
D7-Dg Data Bus (Bi-Directional)
RESET Reset Input
cs Chip Select
RD Read Input
WR Write Input
Ao, A1 Port Address
PA7-PAg | PortA (Bit)
PB7-PBg Port B (Bit)
PC7-PCo Port C (Bit)
Vee +5 Volts
GND 0 Volts
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Conora . 4 PD8255

The uPD8255 Programmable Peripheral Interface (PP1) is designed for use in 8080A - FUNCTIONAL DESCRIPTION
microprocessor systems. Peripheral equipment can be effectively and efficiently :
interfaced to the 8080A data and control busses with the uPD8255. The uPD8255 is
functionally configured to be programmed by system software to avoid external logic
for peripheral interfaces.

Data Bus Buffer 4

The 3-state, bidirectional, eight bit Data Bus Buffer (Dg-D7) of the uPD8255 can be
directly interfaced to the B0B0A system Data Bus (Dg-D7). The Data Bus Buffer is !
controlled by execution of IN and OUT instructions by the 8080A. Control Words
and Status information are also transmitted via the Data Bus Buffer.

Read/Write and Control Logic

This block manages all of the internal and external transfers of Data, Control and
Status. Through this block, the processor Address and Control busses can control the
peripheral interfaces.

Chip Select, CS, pin 6
A Logic Low, V|, on this input enables the uPD8255 for communication with the
8080A. '

Read, RD, pin 5 )
A Logic Low, V|, on this input enables the uPD8255 to send Data or Status to the
processor via the Data Bus Buffer. ‘

Write, WR, pin 36 ‘
A Logic Low, V|, on this input enables the Data Bus Buffer to receive Data.or
Control Words from the processor.

Port Select 0, Ag, pin 9
Port Select 1, A1, pin 8 .
These two inputs are used in conjunction with CS, RD, and WR to control the selec-
tion of one of three ports on the Control Word Register. Ag and A1 are usually
- connected to Ag and A1 of the processor Address Bus. -

Reset, pin 35 ‘
A Logic High, V|H, on this input clears the Control Register and sets ports A, B, and
C to the input mode, The input latches in ports A, B, and C are not cleared. -
Group Iand Group ILControls
Through an OUT instruction in System Software from the processor, a control word
is transmitted to the uPD8255. Information such as “MODE,” “‘Bit SET,” and “Bit
RESET" is used to initialize the functional configuration of each 1/0 port.
Each group (I and II) accepts ‘“commands” from the Read/Write Control Logic and
“control words” from the internal data bus and in turn controls its associated 1/0
ports. )

Group I — Port A and upper Port C (PC7-PC4)

Group II — Port B and lower Port C (PC3-PCp)
While the Control Word Register can be written into, the contents can not be read
back to the processor.

Ports A, B, and (o4

The three 8-bit 1/0 ports (A, B, and C) in the uPD8255 can all be configured to meet

a wide variety of functional requirements through system software. The effectiveness

and flexibility of the uPD8255 is further enhanced by special features unique to each

of the ports. . N
Port A = An 8-bit data output latch/buffer and data input latch.

Port B = An 8-bit data input/output latch/buffer and an 8-bit data input
buffer.

PortC = An 8-bit output latch/buffer and a data input buffer (input not
latched).

Port C may be divided into two independent 4 bit control and status ports for use
with Ports A & B.
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p PD8255 B 1

5V
BLOCK DIAGRAM o arr
GROUP ::D PoR @n,-uﬁ
conTroL ®
|
GROUP
! "o
K ) rortc K PCy—PCL"
\e wpeR |
(@) |-
BI-DIRECTIONAL DATA 8US|
DATA I
Dv‘Do(L > BUS )|
N BUFFER v
88IT
INTERNAL GROUP N
DATA BUS o
(:: :"_‘j PORT C ;“')
LOWER |NT] PC3—PCo
@ =
RD ————q
' WR —~————a=q] . READ/
] CONTROL N—
' doare conTRoL K rovr KD werm,
Aoy S ®
RESET o] L =

~ ABSOLUTE MAXIMUM  Operating Temperature . .......... . .. 0°Cto+70°C
RATINGS* Storage Temperature . . . . vieee.... -65°Cto+125°C ¥
All Output Voltages D ......cvvvvivvenennnennennn.. -0.5t0o+7 Volts i

AlllInput Voltages D .. .....cvvviieinneenneneeen.. —05to+7 Volts

Supply Voltages @D .. .....cvivieieinnineeeenne... —051t0+7 Volts

Note: (D With respect to Vsg

COMMENT: Stress above those listed under “‘Absolute Maximum Ratings’’ may cause permanent ¢
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device i
reliability. ! !

*T,=25°C

Ta=0°C to +70°C, Vg = +5V * 5%; Vg = OV

DC CHARACTERISTICS LIMITS

PARAMETER SYMBOL MIN TYP | MAX | UNIT TEST CONDITIONS
Input Low Voltage ViL Vss-.5 0.8 \2
Input High Voltage VIH 2 Vee \2
Output Low Voltage VoL . 0.4 \2 loL = 1.7mA
Output High Voltage VOH 2.4 \ IQH = 50 pA (- 100 pA for D. B. Port)
Darlington Drive Current lon @ 1 2 4 mA VQOH = 1.5V, REXT = 7502
Power Supply Current ' Icc 40 120 mA V¢e = +5V, Output Open
Input Leakage Current ILIH 10 MA VIN = Vce
Input Leakage Current L -10 HA VIN = 0.4V
Output Leakage Current ILOH 10 MA VouT = Vce: CS = 2.0V
Output Leakage Current ILoL -10 uA VouT = 0.4V, CS = 2.0V

Note: (D Any set of eight (8) outputs from either Port A, B, or C can source 2 mA into 1.5 volts.

CAPACITANCE Ta=25°C;Vcc=Vss=0V

LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS
Input Capacitance CIN 10 pF fe=1MHz
1/0 Capacitance + Cijo . 20 - pF Unmeasured pins returned to Vs

233




8080 BUS PARAMETERS: ’.L PD8255 )

Ta=0°C to+70°C; VoG = +5V + 6%, Vs = OV

| LIMITS I TEST
PARAMETER ISVMBDL MIN | TYP ] MAX | UNIT I CONDITIONS AC CHARACTE R lSTICS
READ
Address Stable Before READ tAR 50 ns
Address Stable After READ tRA 0 ns
READ Pulse Width tRR 405 ns
Data Valid From READ tRD. 295 ns CL = 100 pF
Data Float After READ tDF 150 ns CL =100pF
10 ns CL =15 pF
Time Between READS and/or WRITES | tRy 850 ns @)
WRITE
Address Stable Before WRITE tAW 20 ns
Address Stable After WRITE WA 20 ns
[WRITE Pulse Width ww___| 400 ns
Data Valid To WRITE (L.E.) tDW 10 ns
Data Valid After WRITE tWD 35 ns
. OTHER TIMING
WR = 0 To Output TWB 500 ns CL = 50 pF
Peripheral Data Before RD tIR 0 ns
Peripheral Data After RD tHR 50 ns
ACK Pulse Width tAK 500 ns
STB Pulse Width tST 350 ns
Per. Data Before T.E.-Of STB tpS 60 s
Per. Data After T.E. Of STB tPH 150 ns
ACK = 0 To Output tAD 400 ns CL = 50 pF
ATK =0 To Output Float tKD 300 ns CL =50 pF
20 CL=15pF
WR = 1To OBF =0 WOB 300 ns CL = 50 pF
ACK =0 To OBF = 1 tAOB. 450 ns CL =50 pF
STB=0ToIBF =1 1518 450 ns CL = 50 pF
RD=1ToIBF =0 tRIB 360 ns CL = 50 pF
RD=0ToINTR=0 tRIT 450 ns CL = 50 pF
STB=1ToINTR=1 SIT 400 ns CL = 50 pF
ACK=1To INTR =1 tAIT 400 ns CL = 50 pF
[WR=0ToINTR=0 Wit 850 | ns CL = 50 pF

Notes: (D Period of Reset pulse must be at least 50 us during or after power on.
Subsequent Reset pulse can be 500 ns min.

RV

RV RV

RV

TIMING WAVEFORMS

YR tHR MODE 0
=] ,

INPUT FROM PERIPHERAL X X
1

AR — ja— {RA g

— ==
CS, A1, Ag D, ¢ x
1

D)D) emece—mm—————- ) & ] O..
F—tro—={ tDF ‘

BASIC INPUT

WR -\ ww
(S—
tpwW twD
- e— |
Do-D7 A 1 K

[unum—y \ T — o WA ———y
Cs, A4, Ag x | ] -
OUTPUT TO PERIPHERAL D ¢

' ) —ws -~

BASIC OUTPUT
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p PD8255
TIMING WAVEFORMS

WA ———————
(CONT.)
ot
MODE 1 GBE | AOB |
tWOB .
INTR /\7._
Wit /
ATR -\ /
| -t AK —ete— t A T~
OUTPUT TO PERIPHERAL X
—_tWB——l -
STROBED OUTPUT
‘_'tST".'
§TB FROM PERIPHERAL ) V4
tsI8
y
IBF = N
. tRIB |
SIT —~ _
INTR , it
RD :L—
\ y
tPH
INPUT FROM -< L i —————
_ PERIPHERAL :
tps
STROBED INPUT
MODE 2 WRITE
- , DATA FROM uPD80SOA TO uPD8255
tAOB
OBF
)/
WoB /I
INTR WOB\

7

Vi

ACK FROM PERIPHERAL

= tsT~]
STB FROM PERIPHERAL
ts|B
IBF , | S
TAD] anf | - feu t
t KD
PERIPHERAL nPS ]
BUS T <= B e
7 tPH/ = tRIB
RD. v4
DATA FROM / DATA FROM

PERIPHERAL TO uPD8255

Note: Any sequence where
IBF - MASK -

(INTR =

uPD8255 TO PERIPHERAL

READ DATA FROM
uPD8255 TO uPD8080OA

BI-DIRECTIONAL

R occurs before

STB- RD

UJ

+08B

C

nd STB occurs before RD is permissible.

AS - ACK - WR)

235




The uPD8255 can be operated in modes (0, 1 or 2) which are selected by appropriatt  MODES B PD8255
control words and are detailed below. ' i

e MODEO proﬂ/ides for basic Input and Output operations through each of the ports MODE 0
A, B, and C. Output data is latched and input data follows the peripheral. No
“’handshaking’’ strobes are needed.

e 16 different configurations in MODE 0

e Two 8-bit ports and two 4-bit ports

e Inputs are not latched

e Outputs are latched

e MODE 1 provides for Strobed Input and Output operations with data transferred MODE 1
through Port A or B and handshaking through Port C.

e Two I/0 Groups (I and TI)

- o Both groups contain an 8-bit data port and a 4-bit control/data port
e Both 8-bit data ports can be either Latched Input or Latched Output
e MODE 2 provides for Strobed bidirectional operation using PAg.7 as the bidirec- MODE 2
tional latched data bus. PC3.7 is used for interrupts and ‘“handshaking’” bus flow
controls similar to Mode 1. Note that PB.7 and PCp.2 may be defined as Mode O
or 1, input or output in conjunction with Port A in Mode 2.

e An 8-bit latched bidirectional bus port (PAQ.7) and a 5-bit control port (PC3.7)
Both inputs and outputs are latched
e An additional 8-bit input or output port with a 3-bit control port

INPUT OPERATION (READ) ' BASIC OPERATION
Ay | Ag | RD | WR| CS .
0 0 0 1 | 0 | PORT A—»DATABUS
0 1 0 1 | 0 | PORT B—»DATA BUS
1 0 0 1 | 0 | PORT C—»=DATA BUS
OUTPUT OPERATION (WRITE)
Ay ] Ao ] RD | WR| CS
0 0 1 0 | 0 | DATABUS—»PORT A
0 1 [ 0 | 0 | DATA BUS—=PORT B
1 0 1 0 | 0 | DATA BUS—»PORT C
1 [ 1 0 | 0 | DATA BUS—»CONTROL
DISABLE FUNCTION
Ay | Ao [RD [WR| CS
x | x | x | x 1 | DATABUS—»
HIGH Z STATE
DATA BUS —=
X X ! ! © | HIGH ZSTATE

NOTES: @ X means “DO NOT CARE."”
@ All conditions not listed are illegal and should
be avoided.

CONTROL WORD CONTROL WORD FO R MATS

I“rl“&l”sl“ll”:l“?l% % |°7|°a|"s DQID:|°2I°|IDOI

GROUP T

+ PORT C (LOWER)
1= INPUT
0=0UTPUT

PORT 8
1= INPUT
0=0UTPUT

; MODE SELECTION
0= MODE 0
1 = MODE 1

GROUPT x X' x

\ PORT C (UPPER) OON'T | BIT SET/RESET
1= INPUT CARE | 1=SET
0= OUTPUT 0« RESET

PORT A
1= INPUT Bl

SELECT

0=0UTPUT

MODE SELECTION

00 = MODE 0

01 = MODE 1
1X = MODE 2

8
82,

T
3
1
1
)

olo[e]e
Bk

sle
1o
of1
1

MODE SET FLAG BIT SET/RESET FLAG
1= ACTIVE 0= ACTIVE

MODE DEFINITION BIT/RESET
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. PD8255
PACKAGE OUTLINE

uPB8255C
‘"%
—iB|
-
uPD8255C
(Plastic)
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 . 0.064
c 254+01 | 0.10
D 0.5%0.1 0.019 + 0.004
E 48.26 ] 19
F 1.5MIN | 0.06MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0.206 MAX
3 572 MAX 0.225 MAX
K 15.24 0.600
L 13.2 . 0.520
+0.1 +0.004
M 0.25 X
%% 005 | %97 4002

SP8256.5.77-GN-CAT .
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/C Merecomputers, ne. ) - pPD8257

PROGRAMMABLE DMA CONTROLLER

The uPD8257 is a programmable four-channel Direct Memory Access (DMA) controller. DESCRIPTION
It is designed to simplify high speed transfers between peripheral devices and memories.

Upon a peripheral request, the 8257 generates a sequential memory address, thus

allowing th@ peripheral to read or write data directly to or from memory. Peripheral

requests are prioritized within the 8257 so that the system bus may be acquired by the

generation of a single HOLD command to the 8080. DMA cycle counts are maintained

for each of the four channels, and a control signal notifies the peripheral when the

preprogrammed member of DMA cycles has occurred. Output control signals are also

provided which allow simplified sectored data transfers and expanslon to other 8257

devices for systems requiring more than four DMA channels.

e Four Channel DMA Controller FEATURES
" Priority DMA Request Logic

Channel Inhibit Logic

Terminal Count and Modulo 128 Qutputs

Automatic Load Mode

Single TTL Clock

Single +5V Supply

Expandable

40 Pin Plastic Dual-In-Line Package

werdg 1@ M 034, PIN CONFIGURATION
_owg 2 P% PIN NAMES
MEMAR g:3 o = A5 D7-D; Data Bus
NEVR o
MEMW E 2 37 :J A4 A;—Ao Address Bus
 MARK g s 36 D TC 1/OR 1/0 Read
ReaDY [J 6 35 gAs oW /0 Wi
HLoA O 7 34 A2 MEMR Memory Read
appste ] 8 33 Aq MEMW Memory Write
Aen ] 9 32 A, CLK Clock Input
HRa Q10 uPD 310 VCC RESET Reset Input
éc 1 D READY Ready
. fz E :2 8257 Zg g D? HRQ Hold Request (to 80B0A]
13 28 : D . HLDA Hold Acknowledge (from 8080A)
_RESET g 2 AEN ‘Address Enable
DACK, 414 27 P Dy ADSTB ‘Address Strabe
DACK3 l: 15 26 : DJ__ TC Terminal Count
DRa3z CJ16 25 [J DACKo  [“wark Modulo 128 Mark
DRay 17 , 24 [J DACKq | DRO;DRGy | DMA Request Input
pra, 18 23 3 Dg DACK3-DACKg | DMA Acknowledge Out
DRQg []19 22 1 bg cs Chip Select
GND [J20 21 P o, Vee +5 Volts
GND Ground
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pPD8257

FUNCTIONAL
DESCRIPTION

BLOCK DIAGRAM

The 8257 is a programmable, Direct Memory Access (DMA) device and when used with an 8212
1/0 port device, it provides a complete four-channel DMA controller for use in 8080 based sys-
tems. Once initialized by an 8080 CPU, the 8257 will block transfer up to 16,364 bytes of data
between memory and a peripheral device without any attention from the CPU, and it will do

this on all 4-DMA channels. After receiving a DMA transfer request from a peripheral, the follow-
ing sequence of events occur within the 8257.

o |t acquires control of the system bus (placing 8080 in hold mode).
e Resolves priority conflicts if multiple DMA requests are made.
e A 16 bit memory address word is generated with the aid of an 8212 in the following manner:

The 8257 outputs the least significant eight bits (Ag-A5) which go directly onta the
address bus. ’ :

The 8257 outputs the most significant eight bits (A8—A15) onto the data bus where they
are latched into an 8212 and then sent to the high order bits on the address bus.

e The appropriate memory and 1/O read/write control signals are generated allowing the
peripheral to receive or deposit a data byte directly from or to the appropriate memory
location.

Block transfer of data (e.g., a sector of data on a floppy disk) either to or from a peripheral may
be accomplished as long as the peripheral maintains its DMA Request (DRQn). The 8257 retains
control of the system bus as long as DRQp remains high or until the Terminal Count (TC) is
reached. When the Terminal Count occurs, TC goes high, infarming the CPU that the operation is
complete.

There are three different modes of operation:

o DMA read; which causes data to be transferred from memory to a peripheral;

e DMA write; which causes data to be transferred from a peripheral to memory; and

o DMA verify; which does not actually involve the transfer of data.

The DMA read and write modes are the normal operating conditions for the 8257. The DMA
verify mode responds in the same manner as read/write except no memory or 1/O read/write
control signals are generated, thus preventing the transfer of data. The peripheral gains control i
of the system bus and obtains DMA Acknowledgements for its requests, thus allowing it to i
access each byte of a data block for check purposes or accumulation of a CRC (Cyclic Redundancy
Code) checkword. In some applications it is necessary for a block of DMA read or write cycles to
be followed by a block of DMA verify cycles to allow the peripheral to verify its newly acquired
data. -

'\ -
CHO [~ DRQg
16
DATA BIT
D7-Dg 8 BUS ADDR
BUFFER - CNTR e
. = - 0
B
_ - * ~ cH |-— DRQ;
{/OR ~—a-O) g 16

/oW  ~t—3m-O)

1/
Bw
83

- DACK,

Iy pm—— «— DRQ,

CNTR —
= DACK2

I/

Ay et
l~=— DRQ3;
Ay —a—o, NESH
. i '
As B — < BIT
ADDR
Ay ———] CNTR S
- = DACK3
CONTROL
READY ———-] LOGIC
AND
MODE
HR -] - SET
e REG.
e — L| pRiORITY
MEMR O RESOLVER
MEMW ~—at——O)

INTERNAL
BUS
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BUS PARAMETERS - | . ’L PD8257

T, =0°Cto 70°C; Vg = 5V + 5%; GND =0V (D)

PARAMETER SYMBOL LIMITS onit | L TEST AC CHARACTERISTICS
MiN | TvP | MAX CONDITIONS}  pER|IPHERAL (SLAVE) MODE
READ
Adror E—§¢ Setup to Rd4 TAR 50 ns
Adr or CSt Hold from Rdt TRA 0 ns
Data Access from Rd} TRDE 0 300 ns CL = 100pF
DB-Float Delay from Rdt TRDF 150 | ns Cp = 100pF
§ 20 ns Cyp = 15pF
Rd Width TRW 300 ‘ ns
, WRITE
'CS4 Setup to Wri Tow 300 ns
CSt Hold from Wrt Twe 20 ns
Adr Setup to Wri Taw 20 ns
Adr Hold from Wr4 TwA 20 ns
Data Setup to Wri Tow 200 ns
Data Hold from Wrt TwD 35 ns
Wr Width Twws 200 ns
OTHER TIMING |
Reset Pulse Width TrsTw | 300 ns
Power Supplyt(Vcc) Setup to Resetd TR_SID 500 us
Signal Rise Time T 20 ns
| Signal Fall Time Ts 20 ns
Reset to First IOWR' TRsTS 2 oy

Note: @ All timing measurements are made at the following reference voltages unless specified
otherwise: Input “1" at 2.0V, “0” at 0.8V, Output 1" at 2.0V, 0" at 0.8V.

READ TIMING TIMING WAVEFORMS

, PERIPHERAL (SLAVE) MODE
TP SELECT \ / v

l le——TAR—] TRA

ADDRESS BUS X
I‘—TAR-——-——. — |‘— TRA

TRws

TRDE—®]|  |&- -+ TROF

DATA BUS

[PaN

WRITE TIMING

Tew

Twe
CHIP SELECT S

- ADDRESS BUS R 8
TAW — Io—TvlvA )
DATA BUS x K

le—+Tpw —dQ—TwD—.‘

ToWR N/

RESET TIMING

TRSTW

TRSTS  Twws
RESET S

’ I-—TRSTD-——d
Vee /-
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. PD8257 | |
AC CHARACTERISTICS  Ta=0'Cto70°C: Vg = +5V £6%; GND = OV ” , G

_LIMITS , ; ;
DMA (MASTER) MODE PARAMETER symeoL [y uNIT CONDNONS
Cycle Time (Period) . Tcy 0.330 4 us
Clock Active (High) To 150 8Tcy ns
DRQ* Setup to 04 (SI, S4) Tas 120
DRQ{ Hold from HLDA® TaH 0 @
HRQt or 4 Delay from 61 (SI, S4) Tpa 160 ns [©0)
(measured at 2.0V)
HRQ1 or {Delay from 61 (S1, S4) Tpa1 | 250 | ns ®
, (measured at 3.3V) )
HLDA* or |Setup to 6 (SI, S4) THS 100 ns
AEN? Delay from 64 (S1) TAEL 300 | ns ®
AEN/ Delay from 61 (SI) TAET . 200 ns
Adr (AB) (Active) Delay from AEN® (S1) | Taga 20 . ns [0)
Adr (AB) (Active) Delay from 61 (S1) TEAAB 250 ns (@)
Adr (AB) (Float) Delay from 61 (S1) TAFAB | 150 ns [@)
Adr (AB] (Stable) Delay from 1 (51) TASM 250 | ns ®
Adr (AB) (Stable) Hold from 61 (S1) TAH TASM-50 ®
Adr (AB) (Valid) Hold from Rd? (S1,51) TAHR 60 ‘ns @
Adr (AB) (Valid) Hold from Wrt (S1,S1) | Tanw 300 ns @
Adr (DB) (Active) Delay from 61 (S1) TEADB 300 ns ®
Adr (DB) (Float) Delay from 07 (S2) TAFDB | TSTT+20 250 ns ®
Adr (DB) Setup to Adr Stbi (S1-S2) TASS 100 ns 4
Adr (DB) (Valid) Hold from Adr Stby (S2) | TaHs 50 ) ns @ - .
Adr Stbt Délay from 61 (S1) TSTL : 200 ns. i
Adr Stby Delay from 01 (S2) TSTT 140 | ns (0]
Adr Stb Width (S1-S2) Tsw Tcy-100 ns @
R4 or Wr (Ext)t Delay from Adr Stb! TASC 70 ! ns @
(s2)
Rd4 or Wr (Ext)! Delay from Adr (DB) TpBC 20 ’ ns @
(Float) (S2) .
DACK? or iDelay from 64 (S2, $1) and TaK 250 ns (0]6)
TC/Markt Delay from 61 (S3) and
TC/Mark{ Delay from 61 (S4) .
Rd+ or Wr (Ext)! Delay from 61 (S2) and | TpcL 200 ns @6
Wr} Delay from 61 (S3)
'Rd* Delay from 84 (S1, SI) and ToeT 200 ns @O
Wr1 Delay from 1 (S4) :
Rd or Wr (Active) from 61 (S1) TEAC 300 ns @
'Rd or Wr (Float) from 61 (S1) TAFC ) 150 ns ®
Rd Width (251 or SI) TRWM | 2Tey+ ns @
Tg-50 N
['Wr Width (S3-54) - Twwm | Toy-50 ns @ °
[Wr (Ext) Width (52-54) TWWME | 2Tcy-50 s @ °
READY Set Up Time to 91 (S3, Sw) TRs 30 ns
| READY Hold Time from 61 (S3, Sw) TRH 20 ns

Notes: Load=1TTL
Load =1 TTL + 50pF
Load = 1 TTL + (R_ = 3.3K), Voy = 3.3V
(@ Tracking Specification
(B ATAK <50ns
6 ATpcL <50ns
@ ATpcT <50ns
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TIMING WAVEFORMS'
DMA (MASTER) MODE

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 4 $5 ONTROL OVERRIDE SEQUENCE ————}#——————— NOT READY SEQUENCE —
St s! | SO | st | s2 | s3 | S4 | .St | S2 | S3 | s4 | s I- st | so | st | s2 | s3 s4a | st | s | SO st | sz | s3 | sw | sw | sa" | st st | st
CLOC: E K_]Fu 'Fk_} p ) -F\JU\_/-\_CLQCK
T, Tas- T
os—cl Ty ~*Tpre— | 'Q8 45 —: o
DRQg.3 2 - AN e X 3 = = = o= o= = o = DRQQ.3
—{ [=-Toa Toa | - M
[S13e D— - Toy — [ S N RO
. THS::! la— F—THS —-i le—Ths
-k ;_____:l -
MDA A \...__./‘ ; ‘e e — = = HLDA
TAEL—| k—- — TaAET TAEL—=) [o—
AEN 5/ ) W— | WYY
ADDg.7 TEAAB— |.- - t-—AsM - ;—TAFAB"’l P—TAEA
(LOWER ADR) — —— . _— ————— ——— APDo7
= —— > == == (LOWER ADRI
DATAg;  'FADB—sf et t'TAFDB TAH-o]H- TAHS ) .
(UPPER ADR) L < ————m e e T D T e e e
t (UPPER ADR)
TSTL— fat- -t—TSTT - fe—Tass Tsw .
-
ADDSTB _/ 'S e —/ \ == = = — ADR STB
- |e-Tak > |e=Tak -+{le—Tasc I
DACKp.3 - 1P\ —”__\— -\ /_ _____ DACKo.3
Trac—e] fo- ~{ j-Toct |le—Tawm—e] —sle—Tosc  — [=Taur
MEMRD/I/O RD w == = el )T ,z_-r - P ). N A\ ] N = = — MEMRD/I/O RD
T
pcL—e| |o=1, - pcT N
— T — t— TocL| —*1 Tarc — e—— T At
MEMWR/1/0 WR e e - ) Vil ‘\-—— —— \ 3 e o o o crom o N 7 N — = — MEMWR/i70 WR
“s"'q. “e—tThu [*-Twwime « Twwm Trs e— le—Tgrs
- X 7\ KA 7\ o
READY cmm $5- ¥ == = READY
Tak—1 I-.#—TAK .
TC/MARK a e = Vi \ 1Y V. \ y. \ TC/MARK

1528ad™



j1PD8257
DMA OPERATION

DMA OPERATION
STATE DIAGRAM

Internally the 8257 contains six different states (SO, S1, S2, S3, S4 and SW), the

duration of each state is determined by the input clock. In the idle state, (S1), no DMA -
operation is being executed. A DMA cycle is started upon receipt of one or more DMA
Requests (DRQp,), then the 8257 enters the SO state. During state SO a Hold Request

(HRQ) is sent to the 8080 and the 8257 waits in SO until the 8080 issues a Hold
Acknowledge (HLDA) back. During SO, DMA Requests are sampled and DMA priority
is resolved (based upon either the fixed or priority scheme). After receipt of HLDA’\, the
DMA Acknowledge line (DACKh) with the highest priority is driven low selecting that
partiéular peripheral for the DMA cycle. The DMA Request line (DRQ) must remain
high until either a DMA Acknowledge (DACKp) or both DACK, and TC (Terminal

-Count) occur, indicating the end of a block or sector transfer (burst mode).

The DMA cycle consists of four internal states; S1, $2, $3 and S4. If the access time
of the memory or 1/0 device is not fast enough to return a Ready command to the
8257 after it reaches state S3, then a Wait state is initiated (SW). One or more than
one Wait state occurs until a Ready signal is received, and the 8257 is allowed to go
into state S4. Either the extended write option or the DMA Verify mode may
eliminate any Wait state.

If the 8257 should lose control of the system bus (i.e., HLDA goes low) then the
current DMA cycle is completed, the device goes into the S1 state, and no more
DMA cycles occur until the bus is reacquired. Ready setup time (trg), write setup
time (tpw), read data access time (trp) and HLDA setup time (tQg) should all be
carefully observed during the handshaking mode between the 8257 and the 8080.

During DMA 'write cycles, the 1/0 Read (i/OR) output is generated at the beginning
of state S2 and the Memory Write (MEMW) output is generated at the beginning of
S3. During DMA read cycles, the Memory Read (MEMR) output is generated at the
beginning of state S2 and the 1/0 Write (1/0 W) goes low at the beginning of state S3.
No Read or Write control signals are generated during DMA verify cycles.

@J READY

READY + VERIFY

HRQ + HLDA

Notes: (1) HRQ is set if DRQp is active.
HRQ is reset if DRQp is not active.

243



jPDB257

TYPICAL 8257
SYSTEM INTERFACE SCHEMATIC

25 Ao
26 |
57
™ I
30
31 |
&= D
gz {Aooaess
BUS
[35°
] I
40 I
37
% |
39 .
36
8080A At
Nt L) HOLD 12::
I HLDA 121 .
: INTE a— oBINpTT
{0 npt—
3 s |2
14 I;s-" 0 . :2 - olo
y 12 1
0SC e— s 19 . 2
3 55 sYNne 2 2 DATA
RDYIN-——f READY 2 : BUS
— 2 T 12 [E g 1 |
AESIN —2ed RESET : m ;
. 8228 |5 i I_.,|7
8224 9 92
i 22f 15
CONTROL
10 BUS
§TsTHpL
7 10
ﬂﬁ‘““ HLDA HRQ|
30 32
Lex 33
28 34
\aE =
26 3
23] a8 |
22 39
21 40
34 T DRQg
o 857 p= DACKo
9
1 ;ﬁ DRQy
13 RESET P DACK1
e 17
CHIP SELECT -0l CS 4 DRQp
READY £ olreany P DACK2
16 oRag
-1 BACK3
36 Tc
5 MARK
EN_ADST!
9 8
13 41
psz  sta],
DISABLE 1/0 —] s
ADDRESS BUS B
10
16 15
5 sz |3
0] R
—% 7
Ven 14
cc—oCR
MD__ BSi

S
GND
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pPD8257

ABSOLUTE MAXIMUM

RATINGS*

Operating TEMPEratUre . . . ... vv v vr s nnneneneeeeenns 0°C to +70°C
Storage Temperature . ... ... ....coeieennnnennnnenns -65°C to +150°C
Voltage on Any Pin . . . . . ittt i i -0.5 to +7 Volts @
Power Dissipation . ... ... ....ciitiiiet ittt 1 Watt

Note: (D With Respect to Ground

COMMENT : Stress above those listed under “’Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS T,=0°Ct0+70°C; Vo = +5V £ 5%; GND = OV

CAPACITANCE

PACKAGE OUTLINE

*T,=25°C
LIMITS
PARAMETER SYMBOL UNIT TEST.CONDITIONS
MIN. | TYP] MAX.
Input Low Voltage ViL -0.5 0.8 |Volts
Input High Voltage VIH 2.0 VCC + 0.5( Volts
Output Low Voltage . VOL 0.45 | Volts lOL =1.6 mA
Output High Voltage VOH 24 VCC Volts |0H =-150 uA for AB,
DB and AEN
|0H =-80 uA for others
HRQ Output High Voltage VHH 3.3 VCC Volts ‘OH =-80uA
Vo Current Drain Iec 120 | mA o
Input Leakage 'IL 10 MA VIN = Vcé
Output Leakage During Float 'OF L‘ 10 MA VOUT
Note: (@ V> Vgyt > GND +0.45V ‘
- 0 . - -
Ta =25C; Vee = GND =0V
X ) LIMITS
PARAMETER SYMBOL UNIT | TEST CONDITIONS
) MIN. | TYP. | MAX. ) .
Input Capacitance Cin 10 pF fo=1MHz
1/0 Capacitance C /O ’ 20 pF Unmeasured pins
returned to GND

ITEM MILLIMETERS .INCHES
A 51.5 MAX 2,028 MAX
B 1.62 0.064
C 2.54:01 | 0.10%0.004
D 0.5+ 0.1 0.019 £ 0.004
E 48.26 1.9
F 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0.206 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.520

+0.1 +0.004

m 0.25_ o 0010 s

SP8257-8-77-GN-CAT
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NEC MErocampiters, ing. BN AR

PD8253

PROGRAMMABLE INTERVAL TIMER

DESCRIPTION

The NEC uPD8253 is a fully programmable, multi-mode, 16-bit counter/timer. It is designed as a general purpose device capable
of interfacing directly to an 8080 microprocessor system as an array of 1/O ports. The uPD8253 can generate accurate time
delays under the control of system software. |t contains three independent 16-bit counters which can be clocked at rates from
DC to 2 MHz.

FEATURES ' PIN CONFIGURATION
e Three Independent 16-Bit Counters o7 ~ 2P vee
e DCto2MHz De[] 2 23 WR P
e Programmable Counter Modes o503 2] RD
c B,' BCD Ds[] 4 21 [J €S
e Count Binary or 0s's 20 A M
e Single +5V Supply D26 UPD 19 [T ag
" @ 24 Pin Dual-In-Line Package oy 7 8253 g [dcik2
e +5V NMOS Technology : pol] 8 17 [JouT2
cLk o9 16 [J GATE 2
ouTo[]10 15 [J CLK 1
GATE 0 11 14 ] GATE1
GND []12 13[JouTt1

NEC MBPRETH O ELIOAI0 Y

uPD8255A
PROGRAMMABLE PERIPHERAL INTERFACE

DESCRIPTION

The NEC uPD8255A is a programmable peripheral interface device having 24 programmable 1/0 pins. It is directly compatible
with the 8080 microprocessor system, and normally no extra logic is required to interface to the 8080A. The system software
can individually program each of the 24 1/O pins into two groups of twelve for the three major modes of operation.

FEATURES - PIN CONFIGURATION
o Completely TTL Compatible 120 = B = I
. PA2 O 2 39 pPag
. Fully Compatible with NEC uP Families Par g 3 38 O-pag
. PA O 4 37 3 pPay
. . Creat . RD [ 5 36 1 WR
° Dlrec't B|.t Set/Reset Capabilities Easing Control sde 1 B heer
Application Interface [ 3¢ 0 pg
AaQges 33 o,
e 40 Pin Dual-In-Line Package a0 o 328 o,
pcy []10 uPD 31 o3
e Reduces System Package Count PCg CJ11  8255A 30 ] o4
PCs E 12 29 g Dg
HHH : H H PCq 13 28 Dy
e Capabilities to Drive Darlington Pairs oca e ol 1 Dg
PC1 s 26 [ vee
PC2 ] 16 25 [ PBy
PC3 17 24 [ pBg
P8y []18 23 [ pBg
P8y 19 22 [ pBg
PBy [J20 21 3 pB3
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PREUMINARY

pPD8259
PROGRAMMABLE INTERRUPT CONTROLLER

DESCRIPTION

The NEC uPD8259 is a programmable interrupt controller which can handle up to eight vectored priority interrupts in an 8080
microprocessor system. It can be cascaded to extend the vectored priority interrupt capability to 64 without extra circuitry. It is
system software programmable with a selection of priority algorithms available which can be dynamically changed at any time.

FEATURES PIN CONFIGURATION
e Eight Level Priority Controller

csh 8P vee
e Expandable to 64 Levels - 2753 40
e Programmable Interrupt Algorithms Y m b 2 O WTA
e Individual Request Mask Capability 0704 25 7 1R7
e Single +5V Supply X pg 15 24 :l IR6
e Static Circuitry (No Clock) Ds []6 23 [JIRS
D47 :;Fg 22 [ 1R4
D3 [s 21 [JIR3
D29 20 [J1R2
D110 19 [JIR1
Do [ 11 18 [ 1RO
cAso[]12 17 JINT
cas1 3 16 [15P
GND 14 15[]CAS 2
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 PRELRMINARY

PD8085

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

DESCRIPTION ,

The NEC pPD808S5 is the next generation single chip 8-bit microprocessor. It provides full software compatibility with the
8080A but with an improved, higher system speed. The uPD8085’s higher level of system integration allows the functions of
the uPD8224 (clock generator) and the uPD8228 (system controller) to be incorporated into its design. Together with the
1PD8155/8156 (2K RAM) and the uPD8355/8755 (16K ROM/EPROM) a minimum system can be configured using just
three IC’s. The DATA BUS of the uPD8085 multiplexes the 8-bit address bus and the 8-bit data bus to achieve greater system
throughput. The uPD8155/8156 and the uPD8355/8755 me mory products have on-chip address latches which provide direct
interfacing to the uPD8085.

FEATURES A ) PIN CONFIGURATION
e Single +5V Supply i;E ! ~ “ 3‘48&
e 1.3 us Instruction Cycle RESET (s’g;E s » ggt:?ouﬂ
e On-Chip System Controller o= bl SH
e 100% Software Compatibility with the uCOM-8 Family T E . B 's?’m
e On-Chip Clock Generator (with External Crystal RS.TN:;E 1§ uPD :f 3572
or RC Network) WTALCJ11 8085 30 ALe
e Four Vectored Interrupts (One is Non-Maskable) :3?5 :; i: gfﬂs
e Serial In/Serial Out Port A2 gs wEa
e ‘Decimal, Binary and Double Precision Arithmetic o :E;E e »pB :}f
o Direct Addressing Capability to 64K Bytes of ﬁgSE 1o > g:;"
Memory vgs 20 21 [3 Ag

uters, e R RUNBAG
(PD8155
1PD8156

2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER

DESCRIPTION

The NEC uPD8155 and uPD8156 2048-bit Static Random Access Memories are organized as 256 x 8 and are fully compatible
with the uPD8085 microprocessor system. Three 1/0 pins allow programmable status and handshaking capabilities with the
processor. The on-chip 14 bit counter timer is fully programmable by the system software.

FEATURES . PIN CONFIGURATION
e 256 Words x 8 Bits Organization - =) =0
P, 2 39 (JPC,
e 400 ns Access Time (No Wait States Required) TIMER INCY 3 38 QPC,
. RESET[] 4 37 [3PCy
i pc. s 36 [ PB.
e Multiplexed Address and Data Bus E—— > :]Pa;
e Programmable 14 Bit Binary Counter/Timer CE'%%E : » g::::
e 1 Programmable 6 Bit 1/0 Port ’ ﬁ—:E . 8“1’5‘;/ > g:::
e 2 Programmable 8 Bit 1/0 Ports : . : :";:E 1, ®ss 2 g::;
. ap 13 28 (JPA,
A02E 14 27 :lPAe
AD, ] 15 26 [JPAg
AD, ] 16 25 (1PA,
Apg 417 24 [JPA,
ADGC 18 23 [IPA,
AD, 1o 22 [JPA,
vgg 20 21 [APA,
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16,384 BIT ROM WITH 1/0 /16,384 BIT EPROM WITH /O

DESCRIPTION

The NEC 1PD8355 is a 16,384 bit Read Only Memory with 1/0 organized as 2048 words x 8 bits. The uPD8755 is a

BTG

4LPD8355
pPD8755

16,384 bit erasable and electrically programmable Read Only Memory. Access time for both devices is 400 ns so no wait state

are required in the processor. There are two separately programmable, 8 bit wide 1/0 ports for interfacing to the processor.

FEATURES

[ ]

2048 Words x 8 Bits
Single +5V Power Supply
Internal Address Latch

2 General Purpose 8 Bit 1/0 Ports
Multiplexed Address and Data Bus

Direct Compatibility with uPD8085 and uPD8048

" PIN CONFIGURATIONS

e 40 QVce
ceE 2 39 [QPBy
ck 3 38 [APBg
RESET [] 4 37 [dPBs
N.C. (NOT CONNECTED) [] 5 36 [1PBy
READY [] 6 35 [ PB3
omg 7 34 Orsy
or[] 8 33 Epm
RD O 9 32 [Argg
jow [ 10 uPD 31 pay
ALE Q11 8355 30 gPAs
ADg O} 12 29 [rag
ADq O13 28 [dpray
AD, 414 27 [dpag
apz (15 26 [ray
AD4 16 25 [ray
apg OJ17 24 Ppag
ADg s 23 jA"o
AD7 o 22 :Ag
vgg 20 21 Plag

PROG AND CE ] 1 e 40 | Vee
ce 2 39 [ PB7
cek@g 3 38 [1PBg
RESET[] 4 37 gPBs
vpp O 5 36 [ PB4
READY (] 6 35 []PB3
oM 7 34 [ PB2
orR] 8 33 [ PB4
gRpO o 32 (A PBo
iow 10 uPD 31 [ PA7
aLe 1 8755 30 []PAs
ADg O] 12 29 [APAs
apq 13 28 [ PA4
ADp 14 27 A PA3
aD3 15 26 [ PA2
AD4 ] 16 25 gPM
Apg 17 24 O PAg
Apg 18 23 [ A10
AD, ] 19 22 g Ag
vgg 420 21 [JAg
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SINGLE COMPONENT 8-BIT MICROCOMPUTER

DESCRIPTION }
The NEC uPD8048/8748/8035 are complete, single-chip, NMOS microcomputers requiring only a single +5V power supply. There
‘are three interchangeable microcomputers in this family to allow the user maximum freedom in systems implementation. In addi-
tion, if system expansion is necessary, the uPD8048/8748/8035 are fully compatlble with NEC’s family of 8080A peripherals
including memory devices.

The on-chlp features of the uPD8048 include 1K x 8 bits of Read Only Memory for firm program storage, 64 x 8 bits of Random
Access Memory whlch can be used as a scratch pad, 27 1/0 lines, an 8-bit counter/timer and clock, oscillator and clock driver

circuitry requiring only an off-the-chip crystal.

The uPD8035 is functionally and pin-for-pin compatible with the uPD8048 but without the 1K x 8 bit ROM, which is intended

for use with external memory.

The yPDB748 is also fully compatible with both the uPD8048 and uPD8035. In this device the 1K x 8 bit ROM has been
replaced with a 1K x 8 bit erasable, electrically programmable ROM to provide the user with the flexibility of changing the

program memotry contents.

FEATURES

o 8 Bit Parallel Processor, ROM, RAM, 1/O in Single Package
e Interchangeable ROM and EPROM Versions

e Single +5V Supply

. 2.5 usec and 5.0 usec Cycle Versions
All Instructions 1 or 2 Cycles

e Over 90 Instructions: 70% Single Byte
None Over Two Bytes

e 1K x 8 ROM/EPROM, 64 x 8 RAM,
27 1/0 Lines

e Programmable Counter/Timer

e Easily Expandable Memory and 1/0

e Single Level Interrupt

e Compatible with uCOM-8 Series Peripherals

PIN CONFIGURATION

—\

ToO 1 0 0v,
xTAL1 O 2 /0T
XTAL20 3 38 [ p27
RESET[] 4 37 gpzs

sS[] s 36 QP25

W] e 35 [ P24

EA L] 7 34 [ P17

RD ] 8 uPD  33[P6
il B

1
ALE ] 11 2(7):4;:/ 30 [ P13

DBy [ 12 2 P12

DB, [ K] 28 [ P11

DB, O} 14 27 [J P10

DBS% 15 26 [ Vpp

DB, [J16 25 [J PROG

DBg CJ17 24 [ P23

DBSE 18 23 [ P22

DB, []19 22 0 p21

vgg 420 21 [J p20
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PRELMINARY

| 1 PB2901
4 PB2901 4-BIT MICROPROCESSOR SLICE

DESCRIPTION

The NEC uPB2901 is a four-bit microprocessor slice, with an expandable bus structure extending interface capabilities to all
other members of the uPB2900 series family. The internal functions of the uPB2901 include an eight-function ALU, sixteen
- addressable registers using separate read and read/write address busses, an auxiliary register and shifting logic.

Other members of the uPB2900 series family are:

uPB2902....... 4-Bit Carry Look-Ahead
uPB2909....... 4-Bit Microprogram Sequencer
uPB2911....... 4-Bit Microprogram Sequencer
uPB2905....... OC Bus Transceiver with Tri-State Receiver
uPB2906....... OC Bus Transceiver with Parity
uPB2907....... OC Bus Transceiver with Parity and Tri-State Receiver
uPB2915....... Tri-State Bus Transceiver with Tri-State Receiver
uPB2916....... Tri-State Transceiver with Parity
uPB2917....... Tri-State Bus Receiver with Parity and Tri-State Receiver
uP32918 ....n..4-Bit D-Register with Standard and Tri-State Output
FEATURES
e 4-Bit CPU Slice ‘ e 8 Function ALU
o Standard 40 Pin Dual-In-Line Package . e 16 Working Registers

o Register-to-Register, Read/Modify/Write e Auxiliary Register
Time of 150 ns (Worst Case)

¥ 3
< MIcro:

Shifting Logic

PRELRIAG

uPDZ-80

SINGLE CHIP 8-BIT MICROPROCESSOR
DESCRIPTION : '

The NEC uPDZ-80 is a third generation, N-Channel microprocessor providing many advancements over second generation micro-
processors. The uPDZ-80 processor offers a savings in systems throughput and reduced memory requirements through its
expanded 158 software instruction set, while maintaining software compatibility with the 8080A. The expanded instruction

set allows for a higher level of system operation by providing for memory-to-memory block transfers, bit manipulation and
sampling in any register or memory location, enhanced 16-bit and BCD arithmetic, new 1/O features such as 1/0 block transfers
and expanded addressing modes (indexed and relative). ) .

The uPDZ-80 provides all the control and refresh control signals for interfacing with most 4K static or dynamic memories. Only
an external address decoder is needed for the static memories’ chip selects. In addition, seventeen registers and 208 bits of pro-
-grammer usable Read/Write memory on-chip all contribute to the power and versatility of this device.

PIN CONFIGURATION

FEATURES U
ang 1 40 3 Ay
e 158 Instructions (Including all 78 Instructions of the :'i 2 % 3:’;
1
8080A) AuE : @ 3A7
N A
17 Internal Register od e 35 322
e Three Modes of Fast Interrupt Response and a E;E . b 3:;
Non-Maskable Interrupt %0 wo spe
o Direct Interface with Standard Speed Dynamic or wv Qi z80 0P A
. . 00412 29 [ GND
Static Memories 0, g 2 [ PSR
. . . Do 14 27 AWy
e 1.6 us Instruction Execution Time = 26 [ RESET
. INT 16 BUSRQ
e Single +5V Supply HE 17 nBe
o Single-Phase TTL Clock IS = “Ba
e TTL Compatible Tri-State Address and Data Busses 1oRa G20 2 po
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U.S. REPRESENTATIVES

Alabama

20th Century Marketing, Inc.
Huntsville AL 35806 205/772-9237
Arizona

Summit Sales

Scottsdale AZ 85251 602/994-4587

Arkansas

W. Pat Fralia Co.

Fort Worth TX 76116 81 7/640-9101
817/649-8981

California

CERCO

San Diego CA 92111 714/560-91 43

Electronic Component Marketing

Fullerton CA 92613 714/879-9460

Trident Associates

Sunnyvale CA 94086 408/734-5900

Colorado

D/Z Associates, Inc.

Denver CO 80204 303/534-3649

Connecticut

Contact Sales, Inc.

Burlington MA 01 803 617/273-1520

ROME

Melville NY 11746 516/249-0011

Trionic Associates, Inc. )

Great Neck NY 11021 516/466-2300

Delaware

C & D Sales

Baltimore MD 21234 301/661-4306

District of Columbia

C & D Sales

Baltimore MD 21234 301/661-4306

Florida

Perrott Associates, Inc.

Ft. Lauderdale FL 3331 8 305/792-2211

Perrott Associates, |

Clearwater FL 33518 ‘81 3/585-3327

Perrott Associates, Inc.

Orlando FL 33807 305/275-1 132

Georgia

20th Century Marketing, Inc.

Huntsville AL 35806 - 205/772-9237

{daho .

Tri-Tronix N.W.

Mercer Island WA 98040 206/232-4993
Minois

K-MAR Engineering & Sales

Grandview MO 64030 816/763-5385
Technology Sales, |

Palatine IL 60067 31 2/991-6600
Indiana

Technology Sales, Inc

Palatine IL 60067 31 2/991 -6600

lowa

Electronic Innovators, Inc. )
Minneapolis MN 55420 612/884-7471

Kansas

K-MAR Engineering & Sales
Grandview MO 64030 816/763-5385
Kentucky

Imtech, Inc.

Dayton OH 45414 513/278-6507

Louisiana

W, Pat Fralia Co.

Fort Worth TX 76116 817/640-9101
81 7/649-8981
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SALES REPRESENTATIVES

Maine
Contact Sales, Inc.
Burlington MA 01 803 617/273-1520

Baltimore MD 21234 301/661-4306
Massachusetts

Contact Sales, In

Burlington MA 01 803 61 7/273-1520

Michigan

R.C. Nordstrom & Co.

Lathrup Village M| 48076 313/5659-7373
R.C. Nordstrom & C

Benton Harbor MI 49022 616/429-8560

Minnesota

Electronic Innovators, Inc.

Minneapolis MN 55420 612/884-7471

Mississippi

20th Century Marketing, lnc

Corinth MS 38834 601/287-2493

Missouri

K-MAR Engineering & Sales

Grandview MO 64030 816/763-5385

Montana

Tri-Tronix N.W.

Mercer Island WA 98040 206/232—4993

Nebraska

K-MAR Engineering & Sales

Grandview MO 64030 816/763-5385

Nevada

Electronic Component Marketing

Fullerton CA 92613 714/879-9460

Trident Associates

Sunnyvale CA 94086 408/734-5900

New Hampshire

Contact Sales, Inc

Burlington MA 01803 61 7/273-1520

New Jersey

Harry Nash Associates

Willow Grove PA 19090 215/657-2213

Trionic Associates, Inc.

Great Neck NY 11021 516/466-2300

New Mexico

Tri-Tronix

Albuquerque NM 87110 505/265-8409

New York

Tech-Mark, Inc.

Endicott NY 13760 607/748-7473

Tech-Mark, Inc

Clay NY 13041 315/699-2261

Tech-Mark, Inc.

Liverpool NY. 13088 31 5/652-6229

Trionic Associates, Inc.

Great Neck NY 11021 516/466-2300

North Carolina

Wolffs Sales Service Co.

Raleigh NC 27609 919/851-2800

North Dakota

Electronic Innovators, Inc.

Minneapolis MN 55420 612/884-7471

Ohio

imtech, Inc.

Cleveland OH 44130 216/826-3400

Imtech Inc.

Dayton OH 45414 513/278-6507

Oklahoma

W. Pat Fralia Co.

Fort Worth TX 76116 817/640-9101-
817/649-8981

Oregon

Tri-Tronix N.W.

Mercer Island WA 98040 206/232-4993

Pennsylvania

Harry Nash Associates

Willow Grove PA 19090 215/657-2213

imtech, Inc

Cleveland OH 44130 216/826-3400

Rhode Island

Contact Sales, Inc.

Burlington MA 01803 617/273-1 520

South Carolina

Wolffs Sales Service Co.

Raleigh NC 27609 919/851-2800

South Dakota

Electronic Innovators, Inc.

Minneapolis MN 65420 612/884-7471

Tennessee

20th Century Marketing, Inc.

Greenville TN 37743 615/628-4021

Texas

W. Pat Fralia Co.

Fort Worth TX 76116 817/640-9101
817/649-8981

W. Pat Fralia Co.

Houston TX 77081 713/772-1672

Tri-Tronix o

Albuquerque-NM 87110 505/265-8409

Utah

D/Z Associates, Inc.

Denver CO 80204 303/534-3649

Vermont

Contact Sales, Inc.

Burlington MA 01803 617/273-1520
Virginia

C & D Sales

Baltimore MD 21234 301/661-4306
Washington

Tri-Tronix N.W.

Mercer Island WA 98040 206/232-4993 .
West Vnrginia

Imtech, |

Dayton OH 45414 513/278-6507
Wisconsin

Electronic Innovators, Inc.
Minneapolis MN 55420 612/884-7471
Wyoming

D/Z Associates, Inc.

Denver CO 80204 303/534-3649

CANADIAN REPRESENTATIVES
British Columbia -

Tri-Tronix N.W.

Mercer Island, WA 98040 206/232-4993
Ontario

R.F.Q. Limited

Etobicoke, Ontario MOC 1E7 416/626-1 445
Quebec

R.F.Q. Limited

Dallard Des Ormeaux, Quebec 514/626-8324

" New Brunswick

Newfoundland

Nova Scotia

Prince Edward Island .
R.F.Q. Limited

Ontario: 416/626-1445
Quebec: 514/626-8324



U.S. DISTRIBUTORS

Arizona

Mirco Electronic Distributors.

Phoenix AZ 85029 602/997-5931

Sterling Electronics

Phoenix AZ 865034 602/258-4531

California

Intermark Electronics

Santa Ana CA 92704 714/540-1322
213/436-5275

Intermark Electronics

San Diego CA 92121 714/279-5200
714/543-9005

Intermark Electronics

Sunnyvale CA 94086 408/738-1111

Diplomat/Westland, Inc.

Sunnyvale CA 94086 408/734-1900 -

G.S. Marshali

Sunnyvale CA 94086 408/732-1 100

Semicomp, Inc.

Oosta Mesa CA 92626 714/549-8600

213/971-5263

Semiconductor Specialists, Inc.

Irvine CA 92714 714/549-5215

Sterling Electronics

Los Angeles CA 91352 213/767-5030

Sterling Electronics

San Diego CA 92111  714/565-2441

Western Microtechnology Sales

Sunnyvale CA 94086 408/737-1660

Colorado

Century Electronics

Wheatridge CO 80033 303/424-1985

Connecticut

Harvey Electronics

Norwalk CT 06851 203/853-1515

Florida

Diplomat/Southland, Inc.

Clearwater FL 33515 81 3/443-451 4

Illmois

ductor ial3

I
Chicago IL 60666 31 2/279-1000
Diplomat/Lakeland, Inc.
Elk Grove Village IL 60007 312/ 595-1 000
Indiana -
Semiconductor Speclalists Inc.
Indianapolis IN 46241 317/243-8271
Louisiana .
Sterling Electronics
New Orleans LA 70806 504/926-9407
Maryland
A.S.|. Electronics
Baltimore MD 21207 301/265-5100
Technico, Inc.
Columbia MD 21045 301/461-2200

DISTRIBUTORS

Massachusetts

Harvey Electronics

Lexington MA 021 73 617/861-9200
Sterling Electronics’

Watertown MA 02172 61 7/926-9720

-Semiconductor Specialists, |

Burlington MA 01803 617/272 1610

Diplomat/1.P.C. of Mass.
Chicopee Falls MA 01020 413/592-9441

Michigan
R-M Electronics Compan

‘Kentwood Mi 49508 616/531 -9300
. R-M Electronics Co.

Madison Hgts. M1 48071 313/689-8300
Semlconductor Specialists, Inc.
Farmington M| 48024 313/478-2700
Diplomat/Northland, Inc.

Farmington M1 48024 3 3/477—3200
Minnesota . N
Semiconductor Specialists, Inc.
Minneapolis MN 55420 61 2/854-8841
Diplomat/Electro-Com Corp.

Minneapolis MN 55421 61 2/788-8601
Missouri

Semiconductor Speclaﬂsts, Inc.
Hazelwood MO 63042 314/731-2400

~ Semiconductor Speciallsts, Inc.

Kansas City MO 641 16 81 6/452-3900

Diplomat/St. Louis, In,
St. Louis MO 63144 31 4/6458550

New Jorssv

‘Harvey Electronics

Fairfield NJ 07006 201/227-1262
Diplomat/IPC Corp,

Totowa NJ 0751 2 201 /785-1 830
Diplomat/IPC Corp.

Mount Laurel NJ 08054 609/234-8080

New Mexico.
Century Electronics
Albuquerque NM 87123 505/292-2700

Sterling Electronics
Albuquerque NM 87107 505/345—6601

New York

Harvey Electronics

Woodbury NY 11797 516/921 -8700
Diplomat Electronics Corp.

Woodbury NY 11797 51 6/921 -9373
Summit Distributors, Inc.

Buffalo NY 14202 71 6/804-3450
Summit Elec. of Rochester, Inc. -
Rochester NY 14623 n 6/442-3494
Zeus Components

Elmsford NY 10523 914/592-41 20

North Carolina
Resco/Raleigh
Raleiy\ NC 27068 919/832-2077

Ohio
Semiconductor Specialists, Inc.
Dayton OH 45414 513/278-9455

Pennsylvania

Almo Electronics Corp,

Philadelphia PA 191 14 215/698-4000
Semiconductor Specialists, Inc. -
Pittsburgh PA 15238 412/781-8120

Texas

Semiconductor Specialists, Inc.
Dallas TX 75220 214/358-5211
Sterllng Electronics.

Dallas TX 75229 21 4/357-9131
Sterling Electronics :

Houston TX 77027 713/623-6600

Utah

Century Electronics

Salt Lake City UT 84119 801/972-6969
Diplomat/Alta-Land, Inc.

Salt Lake City UT 84115 801/486-7227

Virginia ED
Technico, Inc.
Roanoke VA 24019 703/563—4975

Washington -
Bell Industries .
Bellevue WA 98005 206/747-1515
Sterling Electronics

Seattle WA 98108 206/762-91 00

Wnseomm

or Sp
Milwaukee Wl 53226 414/257-1 330

CANADIAN DISTRIBUTORS

Ontario

Semiconductor Specialists, Inc.

Malton, Ontario - 416/678-1444

Futura Electronics Corp.

Ottawa, Ontario K1P 5G4 613/232-7757
Future Electronics Corp.

Rexdale, Ontario 4»1;6/;677""/820‘

Quebec '

Future Electronics Corp.

Montreal Quebec HaP 2K5 514/735-5775
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NEC Merecomputers, me.

THE 3COM-8 MICROCOMPUTER. PROGRAM CARD

This program card provides a concise summary of the information necessary for
prog ing and operating a uCOM-8 mi system, The full set of 78 instruc-
tions is explained in terms of:

Source/Destination Operations

A bly Language M »

Effect on Status Flags N
Instruction Machine Codes

Program Counter Control Instructions

D
Shift Instructions

Restart Instructions
Special Instructions
Assembly Language Format

The operator of a uCOM-8 can readily determine not only what the uCOM-8 does,
but all possible sources and destinations of data, the assembly language mnemonics,
the machine codes which implement the instructions, simply by noting the matrix
intersection entries. For example, the intersection of source “[HL]" and destination
“s = LReg” in the upper matrix incorporates the mnemonics MOV d,M. This means that
the contents of the memory addressed by the HL register pair can be moved to the L Reg
(the d in the mnemonic represents any of the possible destinations—in this case the
L register). Similarly, the same intersection in the lower matrix contains the entry

The only mnemonics and machine codes not actually in the matrices are those for Jump,
Call, and Return, These entries are listed in separate tables to the right of the. matrices.

Several abbreviations and symbols are used on this card as defined below.

s = source of data for instruction (vertical)
d = destination of data for instruction (horizontal)
- B2 = second byte of instruction
B3Bz = second and third bytes of instruction, By is least significant byte
() = contents of register, or register pair as by item(s) in p. h
[1 = contents of memory as addressed by items in brackets
PSW = Program Status Word
SP = Stack Pointer
PC = Program Counter
Cy = Carry Flag
EXPX = Expression with value limited to the number of bits indicated by X
D8 = 8-bit data ity, exp , or , always By of instruction
D16 = 16-bit data quantity, expression, or constant, always B3B2 of instruction
ADDR. = 16-bit memory address

"“6E,” the h code. for impl this i *UCOM is a trademark of NEC.
NUMERICAL LISTING OF uCOM-8 MACHINE CODES
00 NOP 30 - 60 MOV HB 90 Ssus B C0 RNZ FO RP
01 Xt B.D16 |31 X! SP,D16§61 MOV HC 91 sue c Cc1  POP B F1  POP PSW
02 STAX B 32 STA ADDR |62 MOV HD 92 Ssus D C2 UNZ ADDR |F2 JP ADDR
03 INX 8 33 INX SP 63 MOV HE 93 Sus E C3 Jmp ADDR JF3 DI
04 INR 8 34 INR L 64 MOV HH 94 Sus H C4 CNzZ ADDR |F4 CP ADDR
05 DOCR 8 35 DCR M 65 MOV HL 95 SuB L C5 PUSH B F5 PUSH PSW
06 MVI B.D8 136 MVI MD8 66 MOV HM 96 Sus M C6 ADI 08 F6 ORI D8
07 RLC 37 STC 67 MOV HA 97 Sus A C7 RST 0, F7 RST 6
08 ... 3\ .- 68 MOV LB 98 SBB ] c8 RZ F8 RM
09 DAD B 39 DAD SP 69 MOV LC 99 SBB c C9 RET F9 SPHL
0A LDAX B 3A LDA ADDR j6A MOV LD 9A SBB D cA 32 FA M ADDR
08 DCX B 38 DCX SP 68 MOV LE 98 SBB E c8 - FB El
0C INR c 3C INR A 6C MOV LH 9C SsBB H cc cz ADDR [FC CM ADDR
0D DCR c 30 DCR A 60 MOV L 9D SBB L CD CALL ADDR |[FD' ---
0 MVI C.D8 |3E mvi AD8 |6E MOV LM 9E SBB ™M CE ACI D8 FE CPI D8
OF RRC 3F CMC 6F MOV LA 9F SBB A CF RST 1 FF RST 7
10 ... 40 MOV BB 70 MOV MgB A0 ANA B DO RNC
1M Lxi DD16}j41 MOV BC 71 MOV MC Al ANA C D1 POP D
12 STAX D 42 MOV  B,D 72 MOV M,D A2 ANA D D2 UNC ADDR
13 INX D 43 MOV BE 73 MOV ME A3 ANA E D3 OouT 08
14 INR D 4 MOV BH 74 MOV MH A4 ANA H D4 CNC ADDR
15 DCR 45 MOV  B,.L 7% MOV ML A5 ANA L D5 PUSH D
16 MV DD8 |46 MOV BM 76 HLT A6 ANA M D6 SuUl D8
17  RAL 47 MOV BA 77 MOV MA A7 ANA A D7 RST 2
8 ... 48 MOV CB 78 MOV AB A8 XRA B D8 RC
19 DAD O 49 MOV CC 79 MOV AC A9 XRA C D9 .-
1A LDAX D 4A MOV CD 7A MOV AD AA XRA D DA JC ADDR |
18 DCX D 48 MOV CE 78 MOV AE AB XRA E DB IN D8
1C INR E 4C MOV CH 7C MOV  AH AC XRA H DCc ccC ADDR
1D DCR E 4D MOV CL 70 MOV AL AD XRA L [+]o IR
1€ Mvi EDB J4E MOV CM 76 MOV AM AE XRA M DE SBI D8
1F  RAR 4F MOV CA 7F MOV AA AF XRA A DFf RST 3
2 ... 5 MOV DB 80 ADD B B0 ORA B EO0 RPO
21 xt HD16]51 MOV DC 81 ADD C Bl ORA C €1 POP H
22 SHLD ADDR|52 MOV DD 82 ADD D 82 ORA D €2 JPO ADDR
23 INX H 53 MOV DE 83 ADD E B3 ORA E E3  XTHL .
24 INR H 54 MOV DH 84 ADD H B4 ORA H E4 CPO ADDR
25 DCR H 56 MOV DL 85 ADD L B5 ORA L E5 PUSH H
28 MvI HD8 {56 MOV DM 86 ADD M B6 ORA M E6 ANI D8
27  DAA 57 MOV DA 87 ADD A 87 ORA A €7 RST 4
28 - 58 MOV EB 88 ADC B B8 CMP B8 E8 RPE
29 DAD H 59 MOV EC 89 ADC C B9 CmMP C €9 PCHL
2A LHLD ADDR|5A MOV ED BA ADC D BA CMP, D EA JPE ADDR
28 DCX H 58 MOV EE 88 ADC E BB CMP E EB XCHG
2C INR L 5C MOV EH 8C ADC H BC CMP H EC CPE ADDR
20 DCR L 5D MOV  EL 8D ADC L 8D CwmP L ED -
26 MvI LD8 |SE MOV EM BE ADC mM BE CmP mM EE  XRI D8
2F CMA 5F MOV EA 8F ADC A BF CMP A EF RST 5
HEX-ASCIl TABLE ~
0 1 2 3 4 5 6 7
0 NULL DL* ESCAPE sP 0 e P ‘ p
1 STARTHDG | pct1 ! 1 A Q a q
2 STARTTEXT | pct2 ” 2 8 R b v Tot ’
A o form a code
3 ENDTEXT Dch3 # 3 c S ¢ s for any character
4 ENDTRANS | Dc'4 (sTOP) $ ) D T d t on the chart, first
5 ENQUIRY NEG ACK % 5 E u e u locate the character.
6 ACK SYNC IDLE & 6 F v f v |Themost significant
R hex digit of the code
7 BELL END TRANS BLK 7 G w 9 W lis the column num-
8 BACKSPACE | CANCEL ( 8 H X h x ber at the top, and
9 HORIZTAB END MEDIUM R 9 [} Y i y (I’ge least significant
A LINEFEED | SUBSTITUTE . J z i z [digitis the row
number at the left.
B VERT TAB ESCAPE + ; K { k {
C FORMFEED | FILE SEP , < L \ 1 ! Example:
D RETURN GROUP SEP = M ] m } The code for A = ;L
E SHIFTOUT | RECORD SEP . > N ~ n ~
F SHIFTIN UNIT SEP / ? o — o |DELETE

*DATA LINK, 'DEVICE CONTROL
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NEC ucom- 8 mnemomcs @macbme codes

CARRY FLAG BITO o 0(0je o efef1]|Cle ecl of O on Status Flags:
PARITY FLAG BIT 2 ojoj/o|e|e]o|0]e ° . ° = Affected,
ZERO FLAG BIT 6 olojojefefe]e]e . . o}l |- ot Affected,
SIGN FLAG BIT 7 ° eleje . . . = Cleared.
BESTINATT ATA FOR INSTRUCTIONS > 52003
Bold Face —a| <|@| 0|ojw|x|<|s @lo ¢l [E|°]o=|» S X E 5 3 g|Note
Letters are < |« Nk Zc Fr> > Both Function and Assembly Language
Actual t t < S| gigggggg ics Shown for | ions. By =
+ Mnemonics o) 2| gl 2| ol _ < B < Z} NN = |g]® t S o g < <|Second Byte of Instruction, B3 = Third
Used for g@gmgzg'_,i+atf_ilfam ~2l 15 jq:ggg._Ss‘syteoﬁnsrmction,[xx]=Contentof
Instruction <|ololofw|z|aZ | T TISIZIE|T(2(S]5|2]21P12 < (88 |T B |Z]E £ S S & 2 E|Memory as Addressed by XX, M = [HLI,
el sp R e [ e s [ fE e (L[]S 8233 & Bn ; faier, AP - Reiser Pai. A -
——T==1=1 &.,55 W g|Logic AND, V = Logic OR, ¥ = Excluslve
-9 MVI d, By 2121218121215 15 yOUT 82 EEEE %go"
w
.. ::: o] ] STABee2 § §z> 8 OTHER MNEMONICS
c (€ Regl o i g 2 2|Nop = NooperaTION
o D Reg MOV ds f alolallelolalo £ <3 z S|E = ENABLE INTERRUPT
€ {E Reg) AEEEHEE NS 22893 Q|or = DISABLE INTERRUPT
Sl<|<|a|w|<|X OO P-4 QHLT = HALT
H (H Reg) zZ 8.4
) S <# XTHL = EXCHANGE (TOP OF STACK)
L (L Reg) z wg WITH (HL)
M [HU MoV d.M i hal RST X = RESTART, X =0 -7
8 Bl 1 1 oaxs LBYTE OPERATIONS | [ 1 J 2 CMA = COMPLEMENT ACCUMULATOR
D (DE] Ly 2-BYTE OPERATIONS .
18] FefIneg, H J LHLD B35, PC REGISTER CONTROL MNEMONICS
(838,1] J<F LDA B2, | gl = UNCONDITIONAL JUMP (JMP)
B8, 1 0 X1 9,648 24l - UNCONDITIONAL CALL (CALL)
POP STACK POP d 34 - UNCONDITIONAL RETURN.(RET)
PSW  (AF Reg) T = CONDITIONAL JMP (JXX), CALL (CXX), RET (RXX)
8 (BC Reg) D % XCHG ] for | CARRY BIT[PARITY BIT[ZERO BIT[SIGN BIT
D (DEReg) 1838, =] L pq g L Jol +Jlol 1o {o
H  (HLReg T g xxl__¢ I ne] PeEJpo] z [Nz M]P
s (sP) ’ + ont SPAL ] PCHL = (HL) - PC REGISTER
8, |3€]os|oE|16]1€{26]2€]36]C e6]eE]Fs SPECIAL INSTRUCTIONS
A (A Reg) |7F|a7]4F[57[5F|67]6F|77]87]8F|97]oF| A7}aF]B 7|8 {021 2)D3]32] NOP . 00 HLT 76 sTC 37
B (8 Reg) |78]40]48|50]58[60[68] 70| 80es}s0fesjacfadlBoles El FB | DAA 27 | cMC  3F
c (C Reg) [79]41]49[51|59]61|69]71]81]89]91]aef A1]aglB 189 DI F3. | CMA 2F XTHL E3
o (D Reg) [7a[42]4A]52}5l62)6A1 72| 82j8Al02]BAl A2lanlB2]EA] PROGRAM COUNTER CONTROL INSTRUCTIONS
E (E Reg) [78]43[48]53|58]63]68]73] 83eejo3]oria3jas]e3le! JMP C3 CALL CD | RET C9 RST 0 C7
H (H Reg) [7c|aa[ac|s4]sc|64]6c] 74| 84]ecjoaloc| adfadBaled] INZ c2 | cNz ca | RNZ cO | RST 1 CF
L (L Reg) |70l45[40]s5[60]65/6D}75]85jen]esjenfasjaniss! ir4 CA | cz cc RZ C8 RST 2 D7
M [HL] }7€]46|4€E|56]|5€|66]6E] |86 A6 JNC D2 CNC D4 RNC 0O RST 3 DF
B B " 3 Jc DA | cc pbc | RC D8 | RST 4 E7
D ,[DE 1N ggé‘-g-f—:i;g:‘; L+4d0p0 e2 | co €4 RPO  EO RST 6 EF
18, o I WE EA | cPE EC RPE  EB RST 6 F7
(B38,] 1 ‘ n » F2 cp F4 RP FO RST 7 FF
838, 1 - N M FA | c™M  FC RM  F8 | PCHL E9
POP STACK I G INCREMENT/DECREMENT & SHIFT INSTRUCTIONS
PSW  (AF Reg) T e INR A 3C DCR A 3D INX B 03 RLC 07
8 (BC Reg) ; o] INR B 04 DCR B 05 INX D 13 RRC  OF
o (DE Reg) t ool =g INR € DCR C 0D INX H 23 RAL 17
H HL Reg) [Tl Tes = INR D 14 DCR D 15 INX SP33 RAR 1IF
H.q INR E 1C DCR E 1D DCX B 0B
sP i8R L INR H24 | DCRH 25 | DCX D 18
ASSEMBLY LANGUAGE FORMAT INR L 2C DCR L 2D DCX H 2B
PSEUDO INSTRUCTIONS INR M 34 DCR M 35 DCX SP3B
SYMBOL MNEMONIC EXP COMMENTS CONSTANTS STANDARD SETS OPERATORS
Optional ORG EXP 16 - Sets Location Counter to value of EXP 16 0BDH l Hex A SET 7 ()
Optional DS EXP 16 Adds value of EXP 16 to Location Counter 1AH B8 SET 0 *,/,MOD, SHL, SHR
Required ~ EQU EXP 16 Permanently assigns value of EXP 16 to “SYMBOLf‘ specified by user 1050 . [+ SET 1 +, -
Required  SET EXP 16 Temporarily assigns value of EXP 16 to “SYMBOL" specified by user 105 l Decimal | p SET 2 NOT
Optional D8 EXP8,EXPS8,... Assignssingle-byte value of exp (s) e memory locati E SET 3 AND
Optional ow EXP 16, EXP 16, . . . Assigns double-byte value of exp! (s) to memory | 720 Octal H SET 4 OR, XOR
Optional IF EXP 16 , Assembies statements between IF and ENDIF when value of EXP 16 # 0 720 L SET 5
Optional ~ ENDIF  — T itional IF y OB gy | M SET 6
Required  MACRO P1,P2 Assigns statement between MACRO and ENDM to “SYMBOL " specified | 001108 sP SET 6
Optional ENDM — Terminates MACRO assignments ‘TEST' ' ASCIl PSW SET 6
Optional END —_— Indicates end of source program ‘A’ ‘B’
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NEC Quality Assurance
Procedures

One of the important factors
contributing to the final quality of
our memory and microcomputer
components is the attention
given to the parts during the
manufacturing process. All
Production Operations in NEC
follow the procedures of MIL
Standard 883A. Of particular
importance to the reliability
program are three areas that
demonstrate NEC's commitment
to the production of components
of the highest quality.

I. Burn-in — All memory and
microcomputer products are

"~ dynamically burned in at an
ambient temperature sufficient to
bring the junction to a temperature
of 150°C. The duration of the
burn-in is periodically adjusted

to reflect the production history
and experience of NEC with each

product. 100% of all NEC memory .

and microcomputer products
receive an operational burn-in
stress.

Il. Electrical Test — Memory and
microcomputer testing at NEC is
not considered a statistical game
where the device is subjected to a
series of pseudo random address
and data patterns. Not only is this
unnecessarily time consuming,
but it does not effectively
eliminate weak or defective parts.
NEC’s test procedures are based
on the internal physical and
electrical organization of each
device and are designed to

provide the maximum electrical -

margin for solid board operation.
For further information on

NEC's testing procedures see your
local NEC representative.

11l. After completion of all

100% test operations, production
lots are held in storage

until completion of two groups

of extended sample testing: an
operating life test and-a series

of environmental tests. Upon

, successful completion of
these tests, the parts are released
from storage and sent to final
Q.A. testing.
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