
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

INPUTIOUTPUT EXPANDER FOR
w#PD8048/8748/8035

NEC

uPD8243

The uPD8243 input/output expander is directly compatible with the uPD8048 family
of single-chip microcomputers. Using NMOS technology the uPD8243 prowdes h|gh

drive capabilities while requiring only a single +5V supply voltage.

The uPD8243 interfaces to the uPD8048 family through a 4-bit 1/0 port and offers
four 4-bit bi-directional static 1/0 ports. The ease of expansion allows for multiple

uPD8243's to be added using the bus port.

The bi-directional 1/0 ports of the uPD8243 act as an extension of the 1/0 capabilities
of the uPD8048 microcomputer family. They are accessible with their own ANL, MOV,

and ORL instructions.

Four 4-Bit 1/0 Ports
Fully Compatlble with uP08048 Mlcrocomputer Family
High Output Drive

NMOS Technology

Single +5V Supply

Direct Extension of Resident uPD8048 I/O Ports
Logical AND and OR Directly to Ports

Compatible with Industry Standard 8243

Available in a 24-Pin Plastic Package

Pso [] 1 24 Vce
Pao ]2 23 [ Pgq
Pg1[]3 22 ] p5
Pap O 4 21 [ Pg3
Paz s 20 [ Pgo
we MD 9N P61
PROG [] 7 8243 18 :] P62
P23 []8 17 3 Pgs
P22[9 16 ] P73
P21 10 15[ Py2
P20 11 14 Pn
GND 12 133 Pyo
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uPD8243
General Operation

The 1/0 capabilities of the uPD8048/8748/8035 can be enhanced in four 4-bit 1/0 port
increments using one or more uPD8243’s. These additional 1/0 lines are addressed as
ports 4-7. The following lists the operations which can be performed on ports 4-7.

e Logical AND Accumulator to Port.

e Logical OR Accumulator to Port.

e Transfer Port to Accumulator.

e Transfer Accumulator to Port.

Port 2 (P20-P23) forms the 4-bit bus through which the uPD8243 communicates with
the host processor. The PROG output from the uPD8048/8748/8035 provides the
necessary timing to the uPD8243. There are two 4-bit nibbles involved in each data
transfer. The first nibble contains the op-code and port address followed by the second
nibble containing the 4-bit data. Multiple uPD8243's can be used for additional 1/O.
The output lines from the uPD8048/8748/8035 can be used to form the chip selects
for the additional uPD8243's.

Power On Initialization

Applying power to the uPD8243 sets ports 4-7 to the tri-state mode and port 2 to the
input mode. The state of the PROG pin at power on may be either high or low. The
PROG pin must make a high-to-low transition in order to exit from the power on
mode. The power on sequence is initiated any time V¢ drops below 1V. The table
below shows how the 4-bit nibbles on Port 2 correspond to the uPD8243 operations.

Port Address Op-Code
P21 P20 Address Code P23 P22 Instruction Code
0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

For example an 0010 appearing on P20-P23, respectively, would
result in a Write to Port 4.

Read Mode

There is one Read mode in the uPD8243. A falling edge on the PROG pin latches the
op-code and port address from input Port 2. The port address and Read operation are
then decoded causing the appropriate outputs to be tri-stated and the input buffers
switched on. The rising edge of PROG terminates the Read operation. The Port

(4,5,6, or 7) that was selected by the Port address (P21-P2() is returned to the tri-state
mode, and Port 2 is switched to the input mode.

Generally, in the read mode, a port will be an input and in the write mode it will be an
output. If during program operation, the uPD8243’s modes are changed, the first read

pulse immediately following a write should be ignored. The subsequent read signals are
valid. Reading a port will then force that port to a high impedance state.

‘Write Modes

There are three write modes in the uPD8243. The MOVD Pp,A instruction from the
uPD8048/8748/8035 writes the new data directly to the specified port (4,5,6, or 7).
The old data previously latched at that port is lost. The ORLD Pp,A instruction per-
forms a logical OR between the new data and the data currently latched at the
selected port. The result is then latched at that port. The final write mode uses the
ANLD Pp,A instruction. It performs a logical AND between the new data and the
data currently latched at the specified port. The result is latched at that port.

The data remains latched at the selected port following the logical manipulation until
new data is written to that port.

2R
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BLOCK DIAGRAM

PIN IDENTIFICATION

pPD8243

INPUT
| - BUFFER

4
K
N LaTcH 4
AND/OR |
LOGIC ‘ PORT 7
AN {} - INPUT
4 — BUFFER
TEMP. 1] /
. :> LATCH 4
. — . PORT 6
@ MULTIPLEXER
PORT 2 INPUT
BUFFER
INSTRUCTION ¢ '
DECODER :> LATCH 2
r J PORTS
PROG CONTROL ::J‘> INPUT
- {) _J BUFFER
ADDRESS
RESET DECODER LATCH |
CIRCUIT
PIN
NO. SYMBOL FUNCTION

2-5 P4o-Pa3 The four 4-bit static bi-directional 1/0 ports. They

1,21-23 P50-P53 are programmable into the following modes:

17-20 P60-P63 input mode (during a Read operation); low

13-16 P70-P73 impedance latched output mode (after a Write
operation); and the tri-state mode (following a
Read operation). Data appearing on 1/0 lines
P20-P23 can be written directly. That data can
also be logically ANDed or ORed with the previous
data on those lines.

6 cs Chip Select input (active-low). When the uPD8343
is deselected (CS = 1), output or internal
status changes are inhibited.

7 PROG Clock input pin. The control and address informa-
tion are present on port lines P20-P23 when PROG
makes a high-to-low transition. Data is present on
port lines P2g-P23 when PROG makes a low-to-high
transition.

811 . P2o-P23 P20-P23 form a 4-bit bi-directional port. Refer to
PROG function for contents of P20-P23 at the
rising and falling edges of PROG. Data from a
selected port is present on P20-P23 prior to the
rising edge of PROG if during a Read operation.

12 GND The uPD8041/8741 ground potential.

24 Vece | +5 volt supply.
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pPD8243

Operating Temperature . . . . ....................... 0°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature (Ceramic Package). . . . . ........... -65°Cto+150°C RATINGS* =~

Storage Temperature (Plastic Package) . . . . .. ........... -65°Cto+125°C
Voltaggon AnyPin .....................o..... —05t0+7 Volts
Power Dissipation . . . . . . v i i e e e e e 1w

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.
*T,=25°C
Ty=0°C 10 470°C; Vg - 45V £ 5% - DC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL |MIN | TYP MAX UNIT CONDITIONS
Input Low Voitage ViL -0.5 0.8 v
Input High Voitage ViH 2.0 Vee + 05 \
Output Low Voltage (Ports 4-7) VoLi 0.45 \ loL =5mA ®
Output Low Voltage (Port 7) voL2 1 \ loL = 20mA
Output Low Voltage (Port 2) VoL3 0.45 \ 1oL = 0.6 mA
Output High Voltage (Ports 4-7) VOH1 24 v IoH = 240 A
Output High Voltage (Port 2) VOH2 24 \ IQH = 100 uA
Sum of All Igy From 16 Outputs oL 100 mA | 5mA Each Pin
Input Leakage Current (Ports 4-7) TR -10 20 HA VIN = Ve to OV
Input Leakage Current (Port 2, [IT%] -10 10 HA VN = Vg to OV
TS, PROG)
Vec Supply Current Icc 10 20 mA
Note: @ Refer to graph of additional sink current drive.
Ty = 0°C 10 470°C; Vg - 45V + 5% AC CHARACTERISTICS
LLIMITS TEST
PARAMETER SYMBOL } MIN. | TYP ] MAX UNITS | CONDITIONS
Code Valid Before PROG tA 100 ns 80 pF Load
Code Valid After PROG 8 60 ns 20 pF Load
Data Valid Before PROG tc 200 ns 80 pF Load
Data Valid After PROG D 20 i ns 20 pF Load
Port 2 Floating After PROG tH 0 150 ns 20 pF Load
PROG Negative Pulse Width K 900 ns.
Ports 4-7 Valid After PROG PO 700 ns 100 pF Load
Ports 4-7 Valid Before/After PROG Pt 100 ns
Port 2 Valid After PROG tacC 750 ns 80 pF Load
CS Valid Before/After PROG [ 50 ns
D——
oroG TIMING WAVEFORMS
tA 1 ) [e—tc— 0=
[ . PORT 2 INSTRUCTION FLOAT )< DATA >( FLOAT
i tACC tH
t L PORT 2 OUTPUT VALID
T PO
PORTS 4-7 - PREVIOUS OUTPUT VALID >< C\./T&U;T
—o P f— 1P
PORTS 47 INPUT VALID K
cS ’ -—'cs—j )
cs N
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uPD8243

CURRENTSINKING |
CAPABILITY D
e
F
— g 5o
é 254

T T T T 1 T T T T T T T T T T T
© 31 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
MAXIMUM SINK CURRENT AT ANY PIN (VOL =0.4V)
MAXIMUM 1o WORST CASE PIN IN mA.

Note: (D This curve plots the guaranteed worst case current sinking capability of any /O port line versus the total sink current of all pins.

The nl"DBz43 is capable of sinking 5 mA (for Vg_ = 0.4V) through each of the 16 1/0 lines simultaneously. The current sinking
curve shows how the individual 1/0 line drive increases if all the 1/O lines are not fully loaded.

PACKAGE OUTLINES
uPD8243C

Plastic ©
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
p B8 2.53 0.1
c 2554 0.1
[3) 05:0.1 0.02 + 0.004
3 27.94 1.1
F 16 0.059
G 2.54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
I 5.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
Y] 025 *01° 001 1000
-0.05 -0.0019

SP8243-9-78-GN-CAT
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NEC Microcomputers, Inc. uPD8251
| | #PD8251A

PROGRAMMABLE COMMUNICATION INTERFACES

DESCRIPTION The uPD8251 and uPD8251A Universal Synchronous/Asynchronous Receiver/
Transmitters (USARTs) are 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 includ-
ing 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 available
to the processor at.any time.

FEATURES « 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
Automatic Break Detect and Handling (uPD8251A)

— Synchronous:
5-8 Bit Characters
Internal or External Character Synchronization
Automatic Sync Insertion
Single or Double Sync Characters

e Baud Rate (1X Mode) — DC to 56K Baud (uPD8251)
— DC to 64K Baud (uPD8251A)

e Full Duplex, Double Buffered Transmitter and Receiver
e Parity, Overrun and Framing Flags
e Fully Compatible with 8080/8085/uPD780 (Z80TM)
e All Inputs and Outputs are TTL Compatible
e Single +5 Volt Supply
e Separate Device Receive and Transmit TTL Clocks
e 28 Pin Plastic DIP Package
e N-Channel MOS Technology
PIN NAMES
PIN CONFIGURATION o, O - 2817 oy ‘ 07-09 Data Bus (8 buts)
0502 278 0o | c/d Control or Data is to be Written or Read
3 RD Read Data Command
RxD 3 26 [ vee WR Write Data or Control Command
[ Chip Enable
GND[Ja 25 [J RxC cLK Clock Pulse (TTL)
" — RESET. Reset
oa3o 2D 4:_)_1:1 TxC Transmitter Clock (TTL) -
Ds[]6 uPD 23 [ RTS | Tx0 Transmitter Data
p—— RxC Receiver Clock (TTL)
De E 7 8251/ 22 b DSR ) RxD Hocm-ivevoz
0, s 8251A D RESET RxRDY Recewver Ready (has character for 8080)
P— TxRDY Transmitter Ready (ready for char. from 8080) |
<o 207 cx SR Dota Set Ready
WR Clo 19 [ <0 DTR Data Terminal Ready
SYNDET Sync Detect
Sn 18 [ TxE SYNDET/BD | _Sync Detect/Break Detect
C/BE 12 3 &7s RTS Request to Send Data
" svnoer (uPD8251) [T | CiertoSend Oute
A5 13 16 [ SYNDET/BD (uPDB251A) |2 T Bty
v -
RxRDY l: 14 15 [] TxRDY ng Groum; L
TM: 280 is a registered trademark of Zilog.
Rev/3
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The uPD8257 and uPD8251A Universal Synchronous/Asynchronous Receiver/ . FUNCTIONAL
Transmitters are designed specifically for 8080 microcomputer systems but work with DESCRIPTION
most 8-bit processors. Operation of the uPD8251 and uPD8251A, like other /O devices

in the 8080 family, are programmed by system software for maximum flexibility.

In the receive mode, the uPD8251 or uPD8251A converts incoming serial format data
‘into parallel data and makes certain format checks. In the transmit mode, it formats
parallel data into serial form. The device also supplies or removes characters or bits that
are unique to the communication format in use. By performing conversion and format-
ting services automatically, the USART appears to the processor as a snmple or ““trans-
parent” input or output of byte-oriented parallel data.

The uPD8251A is an advanced design of the industry standard 8251 USART. It uPD8251A FEATURES AND
operates with a wide range of microprocessors, including the 8080, 8085, and ENHANCEMENTS

uPD780 (280TM), The additional features and enhancements of the uPD8251A over

the uPD8251 are listed below.

1. The data paths are double-buffered with separate /O registers for control, status,
Data In-and Data Out. This feature simplifies control programming and min-
imizes processor overhead.

2. The Receiver detects and handles "break” automatlcally in asvnchronous
operations, which relieves the processor of this task.

3. The Receiver is prevented from starting when in “break’’ state by a refined Rx
initialization. This also prevents a disconnected USART from causing unwanted
interrupts.

4. When a transmission is concluded the TxD line will always return to the marking
state unless SBRK is programmed.

5. The Tx Disable command is prevented from halting transmission by the Tx
Enable Logic enhancement, until all data previously written has been trans-
mitted. The same logic also prevents the transmitter from turning off in the mid-
dle of a word.

6. Internal Sync Detect is disabled when External Sync Detect is programmed. An
External Sync Detect Status is provided through a flip-flop which clears itself
upon a status read.

7. The possibility of a false sync detect is minimized by:

— ensuring that if a double sync character is programmed, the characters be
contiguously detected.

— clearing the Rx register to all Logic 1s (VOH) whenever the Enter Hunt com-
mand is issued in Sync mode.

8. The RD and WR do not affect the internal operation of the device as long as the
MPD8251A is not selected.

9. The uPD8251A Status can be read at any time, however, the status update will
be inhibited during status read.

10. The uPD8251A has enhanced AC and DC characteristics and is free from
extraneous glitches, providing higher speed and improved operating margins.

11. Baud rate from DC to 64K.

= — — — BASIC OPERATION

C/D R WR CS .

0 0 1 0 uPD8251/uPD8251A - Data Bus

0 1 0 0 Data Bus > uPD8251/uPD8251A

1 0 1 0 Status = Data Bus

1 1 0 0 Data Bus = Control

X X X 1

X 1 . 0 Data Bus > 3-Stete

TM:Z80 is a registered trademark of Zilog. |
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(PD8251/8251A

BLOCK DIAGRAM

TRANSMIT
BUFFER |- TxD
P -s) .

!

DATA
07-Dg BUS
BUFFER

RESET —»] o
| o rxrOv
CLK READWRITE TRANSMIT
cd CONTROL CONTROL = 1<
RD LOGIC
—C
WR —=0f

SR
TR=—0 | ooem <:s_4 RECEIVE
g BUFFER  |=—RxD
— CONTR )
[ s——& oL '—1 (S +P)
RTS ~a—of . .

-
-
. ' : = TC
-
/

- RxRDY
INTERNAL o [SAVG S
DATA BUS N N
. p=sa SYNDET (uPD8251)
SYNDET/BD (uPD8251A)
N
. O O
ABSOLUTE MAXIMUM  Operating Temperature. . .« ... ....... e ieie.....m0°Cto+70°C

RATINGS*  Storage Temperature . .e.....-65°Ct0+125°C
Ali Output Voltages . . viiieeeee.. =0.5t0+7 Volts
All Input Voltages . . .. .. e i eeiiii.... =0.51t0+7 Volts
Supply Voltages . .........ooveeneeenn.. iiiiiei.... =05t0+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
DC CHARACTERISTICS  Ta=0°Cto 70°C; Vg = 5.0V + 5%; GND = OV
LIMITS
PD8251 PD8251A -
PARAMETER SYMBOL IMIN JTYP | MAX MIN | MAX JUNIT TEST CONDITIONS |
Input Low Voltaée ViL -0.5 0.8 05| 0.8 v
Input High Voltage ViH 2.0 Vce 2.0 |Vce v
uPD8251: 1oL =1.7mA
Output Low Voltage VoL 0.45 0.45] V -
uPD8251A: IgL = 2.2mA
PD8251: Ign =—-10C A
Output High Voltage VOH 2.4 2.4 \Y . OH==Thu
» ' . uPD8261A: Ioy = -400 uA
-50 -10 \ = 0.45V
Data Bus Leakage oL A ouT
10 10 . VouT =Vce
Input Load Current hi 10 10 BA |At 5.5V )
. | 4PD8251A: All Outputs =
Power Supply Current| Icc . 45 | 80 100 mA .
. § Logic 1
CAPACITANCE Ta=25°C:Vcc=GND =0V
LIMITS TEST
PARAMETER SYMBOL MIN ° TYP MAX UNIT CONDITIONS
Input Capacitance CiNn ) 10 pF fc =1 MHz
1/0 Capacitance Cyo 20 pF . Unmeasured
: pins returned
to GND
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T5=0°Cto 70°C, Vg = 5.0V + 5%: GND = OV.

LIMITS

uPD8251 l uPDB215A

TEST
PARAMETER symsoL | MIN l MAX l MIN l MAax | unit CONDITIONS
READ
Address Stable before READ, (S, C7D) tAR 50 0 ns
Address Hold Time for READ, (CS, CD) RA 5 [) ns
READ Pulse Width "R 430 250 ns
Data Delay from READ RD 350 200 ns | uPD8251::Cy = 100 pF
uPD8251A: C_= 150 pF
READ 1o Data Float toF 200 100 | s CL = 100pF
© Data Floating 25 10 HPDB25T ¢\ - 15 pF
WRITE
Address Stable before WRITE AW 20 0 ns
Address Hold Time for WRITE WA 20 0 ns
WRITE Pulse Width tww | 400 250 ns
Data Set-Up Time for WRITE tow 200 150 ns
Data Hold Time for WRITE [ 40 0 ns
Recovery Time Between WRITES () RV 6 6 Yy
OTHER TIMING
Clock Period (3) cy 0420| 135 0.32 1.35[ ws
Clock Pulse Width High tow 220 0.7tcy | 120 1cy-90f ns
Clock Pulse Width Low tow 90 ns
Clock Rise and Fall Time RAF 0 50 5 20 ns
TxD Delay from Falling Edge of TxC 1DTx 1 1 us
Rx Data Set-Up Time to Sampling Pulse 1SRx 2, 2 us | uPD8251: C = 100 pF
Rx Data Hold Time to Sampling Pulse THRx 2 2 Hs
Transmutter Input Clock Frequency Tx
1X Baud Rate oc 6 64 kHez
16X Baud Rate OC 520 310 kHz
64X Baud Rate oC 520 615 kHz
Transmitter Inpui Clock Pulse Width TPW
1X Baud Rate 12 12 oy
16X and 64X Baud Rate T T cY
Transmitter Input Clock Pulse Delay tTPD
1X Baud Rate 15 15 tcy
16X and 64X Baud Rate 3 3 tcy
Receiver Input Clock Frequency fRx
1X Baud Rate : oC 56 64 kHz
16X Baud Rate DC 520 310 kHz
64X Baud Rate i 520 615 kHz
Recever Input Clock Pulse Width RPW
1X Baud Rate 12 12 ey
16X and 64X Baud Rate 1 T ey
Recewer Input Clock Pulse Delay RPD
1X Baud Rate 15 15 ey
16X and 64X Baud Rate 3 3 CY
TxRDY Delay from Center of Data Bit Tx 16 8 tcy_[uPD8251: Cy = 50 pF
RxRDY Delay from Center of Data Bit TRX 20 2 “cy
Internal SYNDET Delay from Center us 25 24 1cy
of Data Bit
External SYNDET Set-Up Time before tgs 16 16 ey
Falling Edge of RxC
TxEMPTY Delay from Center of Data Bit 1TxE 16 20 tcy _ |uPD8251: C) = 50 pF
“Control Delay from Rising Edge of we 16 8 ey,
WRITE (TxE, DTR, RTS)
Control to READ Set-Up Time (DSR, CTS) | tcp 16 20 ey

Notes. (D) AC umings measured at Vou = 2.0, VoL = 0.8, and with load circurt of Figure 1.
@ This recovery time is for imitiahzation 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 TxC and RxC

have the

For 1X Baud Rate, fTy or fRx < 1/(30 tcy)
For 16X and 64X Baud Rate, fTx or fRx < 1/(4.5 cy)

@ Reset Pulse Width = 6 tcy minimum>

2V

D.U.T.

ch

Figure 1.
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with respect to CLK.

b +20
2 /)
sion 251 % '° p
4209 (8251A)
o 0
5 SPEC
a
5
24K (8251) g 74
6K (8251A) /
' -20
-100 -50 0 +50 +100

A CAPACITANCE (pF)
Typical A Output
Delay Versus A Capacitance (pF)

TEST LOAD CIRCUIT

AC CHARACTERISTICS




/.EPDB251 /18251A
TIMING WAVEFORM

cLocK

’SYSTEM CLOCK INPUT

. t7p tTPD |
TXC (1x MODE} —\L—_—}———l_—/—\_

e nox MODE)V\d,V\,WWWV\f\/\NV\ﬂJ\NWVWV\/\NV\MNV\/\
: [=—1t0TX loTx——J

b
Tx DATA E
TRANSMITTER CLOCK AND DATA -
(Rx BAUD COUNTER STARTS HERE)
R
*DATA —\ STARTBIT DATABIT X _oaTABIT

. 4 [=———trPD H

RxC (1x MODE) ~——i RPW ———= ________\_

‘ B RxC PERIODS .
o (16x MODE] —tw————16 RxC PERIODS {16x MODE) ——1 ' )
AXC (16 MODE) |\ /\ \VAVAVAVAVAVAVAVAVAVAVAN
g 31y ——}\-——- 3tey ’
INT SAMPLING 1 :
PULSE __‘. T, 1
SRX tHRX
RECEIVER CLOCK AND DATA
Tx RDY
":..| tTx RDY CLEAR
we ]
wR tww
DON'T CARE ow WO 5oN'T CARE
DATA IN (D.B.) DATA STABLE
c/b e Tw_;!{_‘_
e Taw WA

WRITE DATA CYCLE (PROCESSOR -> USART)

Rx RDY .
. ) tRx RDY CLEAR

RD tRR
' : ~of |- tRD OF
. DATA FLOAT
DATA OUT (D.B.) OATA OUT ACTIVEY oAl A FLOAT
&= tAR

tRA

READ DATA CYCLE (PROCESSOR < USART)
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uPD8251/8251A

©) , TIMING WAVEFOR
TR, RTS X (CONT.) o
WR N |L-'tWC .l
tww
IDW  [=—{ WD
DATA IN (D.B.) . I
AW [=—={tWA )
c/b Vi TN
&= '-—— tAW P——I‘WA

WRITE CONTROL OR OUTPUT PORT CYCLE
(PROCESSOR - USART)

®

DSR, CTS
t
o S [N
. u
. — tRD - tDF
DATA OUT : ';_— ’-—
(D.B.) ) \_—3 -

—{tAR[=— —={tRA |=—
Q/B 7 X

tAR jpe— —={ tRA
. = =

READ CONTROL OR INPUT PORT CYCLE
(PROCESSOR < USART)

NOTES: @ Twc Includes the response timing of a control byte.

@ TCR Includes the effect of CTS on the TxENBL circuitry

T

Tx EMPTY

tTxEMPTY —]

Tx READY
(STATUS BIT) 11 D /

/3
Tx READY ‘_HDV N IIZ‘ \ J_J

(PIN) WrDATA1 WrDATA2| WrDATA3 WrDATA4
c/D [\l [ A\ / \ L /] \
W W TxER Wr SBRK
\J SR AN YN, W
Tx DATA _
O -nmebO
DATACHAR 1 DATACHAR2 DATACHAR3 T o
= =
@ «©
2
| T
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2STOPBITS, & & 3

TﬁANSMITTER CONTROL AND FLAG TIMING
(ASYNC MODE)
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TIMING WAVEFORM

1PD8

251/8251A

(uPDB251A
BREAK DETECT - )
(CONT.) OVERRUN ERROR
TAT DATA
(STATUS BIT) — T Dara
)2\.05'
Rx RDY }
_ Rd DATA
c/d T\ [ L
Wr RxEn 1 rERR|Rst Wr RxEn | 1 Wr RxEn
WR —/\ o
RD
9 v/
Rx DATA \.00000000" —
DATA CHAR 1 DATA CHAR 2 DATACHAR3 | 9~ N® <00
Z 1 BREAKE &
k- o
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2STOP BITS. k£ « >s
<k EE
<
%o g
b
RECEIVER CONTROL AND FLAG TIMING
: (ASYNC MODE)
TS
Tx EMPTY ,_. :
Tx READY
(STATUS BIT)
Tx READY r—“"
(PIN)
cid A\l N[ [ ] [ 7 U
V2T B Extl T N
b \ X
MARKING STAT!
Tx DATA
AVI0000090000000000000000000¢8000040 00D00000C ETe
A TA PARS NCPAR PAR PAR PAR SPACING PAR PAR
DATA DA Y| SYNC DATA  DATA STATE
CHAR1 CHAR2 CHAR! CHAR2 CHAR3 CHAR 4WARKING MARKING DATA  SYNC
v STATE STATE CHARS5 CHAR
EXAMPLE FORMAT =5BIT CHA%ACTER WITH PARITY AND 2 SYNC CHARACTE RS.
TRANSMITTER CONTROL AND FLAG TIMING
(SYNC MODE) )
0] - -
SYNDET k \ o
s —|fo— tes |1 +—
- A )
SYNDET (S.8) F F L_—_ ( \—
DATA CHAR 2
OVERRUN _L&
ERROR (S.B)
Rx RDY (PIN) f__
- st )
co \ Bl T U — [
Wr EH’ R Rd DATA
Rx En*
\v}
D N
e Chak1__ciny | cier | QURRD | iy RESTECTIN || I iV .
a
Rx 0aTA JO00C ) O000000N00T0C0NXX
T Y Y Y T YT Y YT ek T Y Y R TT T T Y - PAR PAR
PAR "M"—' CHAR ASSY BE CINS . PAN PAR PAR CHAR ASSY
Rx CLOCK HEGING,

EXIT HUNT MODE
SET SYNC DET

EXIT HUNT MODE_ §
SET SYNDET (STATUS BIT)

RECEIVER CONTROL AND FLAG TIMING

(SYNC MODE) .

Notes: (D Internal sync, 2 sync characters, 5 bits, with parity.
(@ External sync, 5 bits, with parity.

SET SYNDET (STATUS BIT)

347



JPD8251/8251A

PIN -

NO.

SYMBOL NAME

" FUNCTION

1,2,
27,28
5—8

D7 —Dg Data Bus Buffer

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

26

Vee

Vcc Supply Voltage

+5 volt supply

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.

pal

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 6 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 at

least 30 times the Receiver or Transmitter

clocks in the synchronous mode and 4.5

times for the asynchronous mode.

10

Write Data

A "‘zero” on this input instructs the USART
to accept the data or control word which
the processor is writing out on the

data bus.

Read Data

A "‘zero’’ on this input instructs the USART
to place the data or status information

onto the Data Bus for the processor to

read.

Control/Data

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

Data Bus. 0 = Data; 1 = Control.

Chip Select

A ""zero’’ on this input enables the USART to
read from or write to the processor.

Modem Control

The uPD8251 and uPD8251A have a set of
control inputs and outputs which may be used to
simplyify the interface to a Modem.

22

Data Set Ready

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

24

. Data Terminal Ready

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

23

Request to Send

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

CTS

Clear to Send

A "‘zero” on the Clear to Send input enables the
USART to transmit serial data if the TxEN bit in
the Command Instruction register is enabled
(one).
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TRANSMIT BUFFER  The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal
o 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 pin. - » v

PIN IDENTIFICATION pove
(CONT.) No. | symeoL| 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 an interrupt or may be

tested through the Status information for polled
operation. Loading acharacter from the processor

automatically resets TxRDY, on the leading edge.

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- it
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 Baud Rate. In the Synchronous mode, the
TxC frequency is automatically selected to
equal the actual Baud Rate.

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.

uPD8251 AND uPD8251A S ADDRESS BUS 3
INTERFACE TO 8080 N :
STANDARD SYSTEM BUS ol

CONTROL BUS )

02
(TTL)

Yy DATA BUS \

IJOR| I/OW | RESET

s 4

c/D cs D7-Dp  RD WR . RESET CLK

uPD8251/8251A
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The Receive Buffer accepts serial data input at the RxD pin and converts the data

from serial to parallel format. Bits or characters required for the specific communica-

tion technique in use are checkéd and thenan eight-bit ““assembled’’ character is

readied for the processor. For communication techniques which require less than
“eight bits, the uPD8251 and uPD8251A set the extra bits to ““zero.”

o ' PIN IDENTIFICATION

no. | symeoL | NAME

FUNCTION

Receiver Control Logic

This block manages all activities related to
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

D
O

Receiver Clock The Receiver Clock determines the rate at which
the incoming character is received. In the Asyn-
chronous mode, the RxC frequency may be 1.16
or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal
the Baud Rate. Two bits in the mode instruction
select Asynchronous at 1x, 16x or 64x or Syn-
chronous operation at 1x the Baud Rate.

Unlike TxC, data is sampled by the uPD8251 and
uPD8251A on the rising edge of RxC.

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
(uPD8251) 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
uPD8251 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.

16 | SYNDET/BD| Sync Detect/ The SYNDET/BD pin is used in both Synchron-
(uPD8251A) | Break Detect ous and Asynchronous modes. When in SYNC

mode the features for the SYNDET pin
described above apply. When in Asynchron-
ous mode, the Break Detect output will go
high when an all zero word of the programmed
length is received. This word consists of: start
bit, data bit, parity bit and one stop bit. Reset
only occurs when Rx data returns to a logic
one state or upon chip reset. The state of
Break Detect cah be read as a status bit.

Note: @

Examples:
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Since the uPD8251 and uPD8251A will frequently be handling both the reception and
transmission for a given link, the Receive and Transmit Baud Rates will be same. BRxC
and TxC then require the same frequency and may be tied together and connected to
a single clock source or Baud Rate Generator.

If the Baud Rate equals 110 (Async): If the Baud Rate equals 300: ‘

RxC or TxC equals 110 Hz (1x) RxC or TxC equals 300 Hz (1x) Aor S
RxC or TxC equals 1.76 KHz (16x) RXC or TxC equals 4800 Hz (16x) A only
RXC or TxC equals 7.04 KHz (64x) RXC or TxC equals 19.2 KHz (64x) A only

RECEIVE BUFFER

(CONT.)
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OPERATIONAL A set of control words must be sent to the uPD8251 and uPD8251A to define the
DESCRIPTION  desired mode and communications format. The control words will specify the BAUD
RATE FACTOR (1x, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF
STOP BITS (1, 1-1/2, 2) ASYNCHRONOUS or SYNCHRONOUS MODE, SYNDET
(IN or OUT), PARITY, etc. ) ‘

After receiving the control words, the uPD8251 and uPD8251A are'ready to commun-
icate. TxRDY is raised to signal the processor that the USART is ready to receive a
character for transmission. When the processor writes a character to the USART,
TxRDY is automatically reset.

Concurrently, the uPD8251 and uPD8251A 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 and uPD8251A 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 recommended 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 and uPD8251A cannot transmit until the TxEN (Transmitter
Enable) bit has been set by a Command Instruction and until the CTS (Clear
to Send) inputis a “zero”’. TxD is held in the “marking’’ state after Reset
awaiting new control words.

USART 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 an 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 uPD8251 and uPD8251A.

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 ASYNCHRONOUS MODE, 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 interpreted as an update to the Command Instruction..
Command Instruction updates may occur at any time during the 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.

351



HPD8251/8251A

cib=1 MODE INSTRUCTION

Cc/D=1 SYNC CHARACTER 1 SYNC MODE

C/B=1{ SYNCCHARACTER 2 ONLY

c/D =1 |[COMMAND INSTRUCTION

c/b=0 L DATA o

C/D =1 |COMMAND INSTRUCTION

cib=0% DATA o>

C/D=1 |COMMAND INSTRUCTION

NOTE @ The second SYNC character is skipped if MODE instruction has pro-
grammed the uPD8251 and uPD8251A to single character Internal
SYNC Mode. Both SYNC characters are skipped if MODE

instruction has programmed the uPD8251 and uPD8251A to ASYNC .

mode.

The uPD8251 and uPD8251A can operate in either Asynchronous or Synchronous
communication modes. Understanding how the Mode Instruction controls the
functional operation 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 character is written into the uPD8251 and uPD8251A; the USART
automatically adds a START bit {low level or “space’’) and the number of STOP bits
(high level or “‘mark’’) specified by the Mode Instruction. If Parity has been enabled,
an odd or even Parity bit is inserted just before the STOP bit(s), as specified by the
Mode Instruction. Then, depending on CTS and TxEN, the character may be trans-
mitted aig_s_erial data stream at the TxD output. Data is shifted out by the falling
edge of TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction.:

If no data characters have been loaded into the uPD8251 and uPDj8251A,' orifall
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 cor-

rect bit in the Command Instruction.

The RxD input line is normally held “high’’ (marking) by the transmitting device.

A falling edge at RxD signals the possible beginning of a START bit and a new
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 date, 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 uPD8251A
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 charac-
ter replaces the old and the overrun flag (OE) is set. All the error flags can be reset

by setting a bit in the Command Instruction. Error flag conditions will not stop sub-
sequent USART operation.

352

TYPICAL DATA BLOCK

MODE INSTRUCTION
DEFINITION

ASYNCHRONOUS
TRANSMISSION

ASYNCHRONOUS
RECEIVE
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MODE INSTRUCTION D7 D5 D5 Dy D3 Dy D

Do
FORMAT S2 | Sy | EP fPEN| Lo ] L B,| B
1] B2] By
ASYNCHRONOUS MODE
BAUD-RATE FACTOR
0 1 0 1
0 0 1 1
oobe | axi | aex | eax
CHARACTER LENGTH
0 1 0 1
0 0 1 1
5 3 8
8iTs | Bits | miTs | BiTS
PARITY ENABLE
1= ENABLE 0 = DISABLE
EVEN PARITY GENERATION/CHECK
1=EVEN 0=0DD
NUMBER OF STOP BITS
0 1 0 1
0 0 1 1.
1 1% 2
INVALID| gi7- | BiTs | BITS
TRANSMIT/RECEIVE - Po D1 D2 o
FORMAT | AP | L
ASYNCHRONOUS MODE TxD  MARKING ST;'?T DATA BITS PA:,'TTY SBT%"I
{ € N
. 4 §
TRANSMITTER OUTPUT
Dg D4 D2
- b 4 @
— ¥

L . :
2
R START PARITY " | STOP
xD fiei DATA BITS BIT BITS ‘
4 B )
17
RECEIVER INPUT

PROCESSOR BYTE (5-8 BITS/CHAR)
4y
DATA CHARACTER

4 ¢
1R}

ASSEMBLED SERIAL DATA OUTPUT (TxD)

{ ¢ £
R4 -
START PARITY sToP
BT DATA CHARACTER P BITS
—{ § -
TRANSMISSION FORMAT
SERIAL DATA INPUT (RxD)
(¢ 4
1 § —5
START PARITY STOP
BIT DATA CHARACTER BIT BITS
4: :; £

PROCESSOR BYTE (5-8 BITS/CHAR) @

—

DATA CHARACTER

{¢
7

RECEIVE FORMAT

Notes: Generated by uPD8251/8251A
@

Does not appear on the Data Bus.
(@ 1f character length is defined as 5, 6, or 7 bits, the
unused bits are set to “'zero.”’
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As in Asynchronous transmission, the TxD output remains ““high” (marking) SYNCHRONOUS
until the uPD8251 and uPD8251A receive the first character (usually a SYNC TRANSMISSION
character) from the processor. After a Command Instruction has set TxEN and '
after Clear to Send (0-75-) goes low, the first character is serially transmitted.

Data is shifted out on the falling 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 and uPD8251A Transmit

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 and uPD8251A become
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 automatically reset by the next character from the processor.

In Synchronous Receive, character synchronization can be either external or internal.  SYNCHRONOQUS
If 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.

Incoming data on the RxD input is sampled on the rising edge of RxC, and the

Receive 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 and uPD8251A leave the HUNT mode and are in char-
acter synchronization. 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 Instruction, a ‘‘one’’ applied
to the SYNDET (input) for at least one RxC cycle will synchronize the USART.

Parity and Overrun Errors are treated the same in the Synchronous as in the
Asynchronous Mode. If not in HUNT, parity will continue to be checked even
if the receiver is not enabled. 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.
D; Dg Dg Dg D3 Dp Dy Dg

[l e[ To o] 'ggg;::smucnor\l

CHARACTER LENGTH SYNCHRONOUS MODE

] 1 o 1

o o 1 1

5 6 7 8
BITS BITS BITS | BITS

——eeeeeeeeeti PARITY ENABLE
(1 ENABLE)
(0 DISABLE)

EVEN PARITY GENERATION/CHECK
1 EVEN
0 ODD

EXTERNAL SYNC DETECT
1 SYNDET IS AN INPUT
0 SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1 SINGLE SYNC CHARACTER
0 DOUBLE SYNC CHARACTER

Ara
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TRANSMIT/RECEIVE PROCESSOR BYTES (58 BITS/CHAR)
FORMAT 45
SYNCHRONOUS MODE DATA C“‘*‘f‘ACTERS

ASSEMBLED SERIAL DATA QUTPUT (TxD)

—f
Y
SYNC SYNC DATA CHARACTERS

CHAR 1 CHAR 2

rys
4 -

TRANSMIT FORMAT

SERIAL DATA INPUT (RxD)

+ —
SYNC SYNC

CHAR 1 CHAR 2 DATA CHARACTERS

4 ¢
— F

PROCESSOR BYTES (5-8 BITS CHAR) @

f
—f

DATA CHARACTERS

o
v

RECEIVE FORMAT

Note @ If character length 1s defined as 5, 6 or 7 bits, the unused
bits are set to “zero.”

COMMAND INSTRUCTION  After the functional definition of the uPD8251 and uPD8251A has been specified by
FORMAT the Mode Instruction and the SYNC character(s) have been entered (if in SYNC mode),

the 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 Mdde Instruction and the SYNC character(s) (as needed) are loaded, all
subsequent “control writes"’ (C/D = 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 and uPD8251A to interpret the next “control write”, which
must immediately follow the reset, as a Mode Instruction.

STATUS READ FORMAT Itis frequently necessary for the processor to examine the status of an active
interface device to determine if errors have occurred or if there are other conditions
which require a response from the processor. The uPD8251 and uPD8251A have
features which allow the processor to read the device status at any time. A data fetch
is issued by the processor while holding the C/D input “high”’ to obtain device Status
Information. Many of the bits in the status register are copies of external pins. This
dual status arrangement allows the uPD8251 and uPD8251A to be used in both Polled
and interrupt driven environments. Status update can have a maximum delay of 16
clock periods in the uPD8251 and 28 clock periods in the uPD8251A.

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

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

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

Note: (D ASYNC mode only.
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D; Dg D5 Dy D3 Dy Dy Dy COMMAND INSTRUCTION
FORMAT -

EH IR | RTS ER |SBRK| RxE | DTR | TXEN

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 operation

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

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

INTERNAL RESET
“‘high’* returns USART to y
Mode Instruction Format

ENTER HUNT MODE
1 = enable seaich for Sync
Characters

o, o5 o5 oa 0 op  or o STATUS READ FORMAT

DSR SY/';BET FE 3 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
h operation of the uPD8251 and
uPD8261A,

OVERRUN ERROR

The OE flag I1s 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 uPD8251
and uPD8251A; but, the pre-

viously 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 uPD8251 and
uPD8251A.

Notes: @ No effect in ASYNC mode.
@ TxRDY status bit is not totally equivalent to the TxRDY output pin, the relationship
is as follows:
A TxRDY status bit = DB Buffer Empty
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APPLICATION OF THE uPD8251 [ )
AND uPD8251A ] | '

CONTROL BUS . 1

[ l I DATA BUS 1 ]

bbb |

RxD je 4 EIATOTTL

PO CONVERTER
u Fovs) S—
8251/ x {OPTIONAL)

8251A fxc

= BAUD RATE
TxC CRT
N GENERATOR TERMINAL

AéVNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL,

DC to 9600 BAUD
{ ADDRESS BUS 1}
[I CONTROL BUS 3
f DATA BUS 3
AxD
™0 PHONE
DSR ASYNC LINE
oTR MODEM INTER
wo R FACE
8261/  CTs
8251A  ATS :
pa— BAUD
RxC RATE
T<C TOR TELEPHONE

LINE |

ASYNCHRONOU,S»iNTERFACE TO TELEPHONE LINES

ADDRESS BUS - 3
CONTROL BUS 3
DATA BUS
RxD
WD TxD| SYNCHRONOUS
Frred TERMINAL :
1 AxC
:3;; o | OR PERIPHERAL
TxCl DEVICE
SYNDET,

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

[ ADDRESS BUS 3
ll CONTROL BUS Y
DATA BUS \
Rx|
T
w0 O PHONE
8251/  AxCle—l LINE
e g
sYNDETfe—e] MoDEM
CT8
ATS
OSR|
6TR
TELEPHONE
LINE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES
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358

PACKAGE OUTLINES

uPD8251C/D
uPD8251AC/D

] |
in————L ——
LL_:__ |
- Y
0°-15°
Plastic
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
B 2.49 0.098
c 254 0.10
) 0501 0.02 * 0.004
E 33.02 1.3
F 1.5 0.059
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN,
I 5.22 MAX. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
K 15.24 0.6
L 13.2 0.52
: +0.10 +0.004
M 0.25 0.05 0.01 0.002
K ——ay
=
) |
G v
0-10°
Ceramic
ITEM MILLIMETERS INCHES
A 51.56 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 254+ 0.1 0.1 £ 0,004
D 05:0.1 0.02 + 0.004
E 48.26 + 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
1 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 16.24 TYP. 0.6 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.0 0.01 £ 0.0019

SP8251/8251A-10-79-CAT




NEC

NEC Microcomputers,Inc. ~ - uPD765

DESCRIPTION

FEATURES

PIN CONFIGURATION

TM:Z80 is a registered trademark of Zilog, Inc.

SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

The uPD765 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control
functions for interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either

IBM 3740 single density format (FM), or IBM System 34 Double Density format (MFM) including
double sided recording. The uPD765 provides control signals which simplify the design of an
external phase locked loop, and write precompensation circuitry. The FDC simpiifies and handles
most of the burdens associated with implementing a Floppy Disk Interface.

Hand-shaking signals are provided in the uPD765 which make DMA operation easy to incorporate
with the aid of an external DMA Controller chip, such as the uPD8257. The FDC will operate in
either DMA or Non-DMA mode. In the Non-DMA mode, the FDC generates interrupts to the
processor every time a data byte is available. In the DMA mode, the processor need only load the
command into the FDC and all data transfers occur under control of the uPD765 and DMA
controller.

There are 15 separate commands which the uPD765 will execute. Each of these commands require
multiple 8-bit bytes to fully specify the operation which the processor wishes the FDC to perform.
The following commands are available:

Read Data Scan High or Equal Write Deleted Data

Read ID Scan Low or Equal Seek

Read Deleted Data Specify Recalibrate (Restore to Track 0)
Read a Track Write Data Sense Interrupt Status

Scan Equal Format a Track Sense Drive Status

Address mark detection circuitry is internal to the FDC which simplifies the phase locked loop and
read electronics. The track stepping rate, head load time, and head unload time may be programmed
by the user. The uPD765 offers many additional features such as multiple sector transfers in both
read and write with a single command, and full IBM compatlblhty in both single and double

density modes.

e IBM Compatible in Both Single and Double Density Recording Formats

e Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector

e Multi-Sector and Multi-Track Transfer Capability

e Drive Up to 4 Floppy Disks .

o Data Scan Capability — Will Scan a Single Sector or an Entire Cylinder’s Worth of Data Fields,
Comparing on a Byte by Byte Basis, Data in the Processor’s Memory with Data Read from the
Diskette

o Data Transfers in DMA or Non-DMA Mode

o Parallel Seek Operations on Up to Four Drives

e Compatible with Most Microprocessors lncludlng 8080A, 8085A, uPD780 (280TM)

e Single Phase 8 MHz Clock

e Single +5 Volt Power Supply

e Auvailable in 40 Pin Plastic Dual-in-Line Package

RESET[] 1 400 Vee
Ro O 2 39[J RW/SEEK

wr (03 380 LCT/DIR
cs a4 37O FR/STP -
a0 O5 " 36[JHDL
DBy O] 6 351 RDY
DB 5 7 . 34[J WP/TS
DB2 8 33 FLT/TRg
oy o  MPD 32E'Pso
D84 [] 10 765 313 Psy
DBs [} 11 30[Jwoa
0Bg ] 12 290 usg
o8y (13 287 Usy
oro.[] 14 273HD
DACK 15 26 MFM
TcO 16 251 WE
DX 17 24 vco
INT([]18 23QRD
cLkd19 22[7RDW
GND [ 20 213 wek
Rev/2
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;1 PD765

~
DATA BUS
R
DBg.7 C:> BUFFER o ¢ ) REGISTERS
. J-— wr cLOCK
—— WR DATA
|——3— WR ENABLE
TERMINAL SERIAL b——e PRE-SHIFT 0
COUNT . i c:j INTeRpAcE [ PRESHIFT1
bRQ . CONTROLLER ADDATA
DACK =——3m=-Of j==—— READ DATA WINDOW
INT READ/ |—s=— vco sYNC
_ WRITE/ .
RD  —m=ol OMmA Cj
WR Ctg:?cm let— READY
Ao —— WRITE PROTECT/TWO SIDE
' K o
RESET f— £ AULT/TRACK 0
= ; ORIVE
cs g C:D INTERFACE
CONTROLLER 3 UNIT SELECT 0

| UNIT SELECT 1

L= MFM MODE
[N S—— cj ouTPUT

) PORT  L—gmmRW/SEEK

VCC i [ HEAD LOAD

b HEAD SELECT
GND | Low cURRENT/DIRECTION

= FAULT RESET/STEP

Operating TemMpPerature . . . . . .. oo v vt vt it oo v as -10°C to +70°C
Storage Temperature -40°C to +125°C
All Output Voltages -0.5 to +7 Volts

All Input Voltages . . .. . oottt i e e e e e e -0.5 to +7 Volts
Supply Voltage VCC « v v v v e v e e e e e e e -0.5 to +7 Volts
Power Dissipation .. .. ...\ it e e e 1 Watt

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. oo

*Tq=25°C
Ta=-10°C to +70°C; Vg = +5V + 5% unless otherwise specified.
LIMITS TEST
PARAMETER SYMBOL N TYP@ MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 Vv
Input High Voltage ViH 2.0 Vce +0.5 \
Output Low Voltage VoL 0.45 Vv loL=20mA
Output High Voltage VoH 24 Vee \ 10H = -200 pA
Input Low Voltage ViL(e) -0.5 0.65 \
(CLK + WR Clock)
Input High Voltage ViH (o) 24 Vec + 05 A
(CLK + WR Clock)
Vcc Supply Current Icc 150 mA
Input Load Current w 10 kA ViN =Vce
(All Input Pins) -10 uA Vin =0V
High Level Qutput ILOH 10 uA VouT = Vce
Leakage Current
Low Level Qutput ILoL -10 uA VouT =10.45V
Leakage Current

Note: @Typical values for Ty = 25°C and nominal supply voltage.
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INSTRUCTION SET

4. PD8049/8039L

) INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Dg D3 D2 Dy Dp | CYCLES [BYTES§C AC FO F1
ACCUMULATOR
ADD A, = data (A) - (A) + data Add Immediate the specified Data to the 0 0 4] o 0 0 1 1 2 2 .
. Accumulator. . d7. dg ds dg dz3 d2 dp  do
ADD A, Rr (A) - (AL + (Rr) Add contents of designated register to 0 1 1 o 1 ' ' ' 1 1 .
forr=0-7 the Accumulator. ‘ : :
ADD A, @ Rr (A) - (A) + ((Rr) Add Indirect the contents the data 0 1 1. 0 0 0 0 ' 1 1 .
forr=0 1 memory location to the Accumulator.
ADDC A, = data (A}« (A) +(C) + data Add Immediate with carry the specified 0 0 0 1 o o 1 1 2 2 .
data to the Accumulator. d7 de dg  da d3 dz dy do
ADDC A, Rr (A) - (A) +(C) + (Rr) Add with carry the contents of the 0 1 1 1 1 ' ' ' 1 1 .
forr=0 7 designated register to the Accumulator. .
ADDC A, @ Rr (A)+ (A} +(C) + ((Rr)) Add Indirect with carry the contentsof « | O 1 1 10 0 0o 1 B .
forr=0 1 data memory location to the ’ '
Accumulator.
ANL A, =data (A) - (A) AND data Logical and specified Immediate Data [} 1 0 1 0 0 1 1 2 2
. with Accumulator. dy dg dg dg d3 dz  dy do
ANL A, Rr (A) - (A) AND (Rr) Logical and contents of designated 0 -1 0 1 1 r ’ T 1 1
forr=0 7 register with Accumulator.
ANL A, @ Rr (A) - _(A) AND ((Rr)) Logrcal and Indirect the contents of data 0 1 0 1 0 V] 0 v 1 1
forr=0 memory with Accumulator. ‘ '
CPLA (A) - NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1
Accumulator
CLRA (A)- 0 CLEAR the contents of the Accumulator. 0 0 1 0 [¢] 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the 0 1 0 1 0 1 1 1 1 1 .
Accumulator )
DECA (A)- (A) 1 DECREMENT by 1 the accumulator’s 0 0 o 0 0 1 1 1 1 1
contents. .
INC A (A)- (A) +1 Increment by 1 the accumulator's 4] ] 0 1 o 1 1 1 1 1
contents.
ORL A, = data (A) - (A) OR data Logical OR specified immediate data 0 1 [ 0 0 0 1 1 2 2
with  Accumulator d7 dg dg da° d3 d2 di dg
ORL A, Rr (A) - (A} OR (Rr) Logical ORcontents of designated 0 1 0 0 1 r r r 1 1
forr=0 7 register with Accumulator.
ORL A, @ Rr (A) - (A) OR ((Rr)) Logical OR Indirect the contents of data 0 1 0 0 0 0 0 r 1 1
forr=0 1 memory location with Accumulator.
RLA (AN + 1) - (AN) Rotate Accumulator left by 1-bit without 1 1 1 ) 0 1 1 1 1 1
(Ag) = (A7) carry
forN=0-6
RLC A (AN+1) — (AN}:N =0 6 | Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 1 1 .
(Ag)~ (C) carry.
(C) - (A7)
RR A (AN) — (AN +1); N = 0- 6 | Rotate Accumulator right by 1-bit 0 1 1 1 0 1 1 1 1 1
(A7)~ (Ag) without carry
RRC A (AN) « (AN + 1); N = 0 - 6 | Rotate Accumulator right by 1-bit 0 1 1 0 0 1 1 1 1 1 .
(A7) - (C) through carry.
(- (Ag)
SWAP A (A7) . tAg- 3) Swap the 24-bit nibbles in the 0 1 o o o .1 1 1 1 1
Accumulator.
XRL A, =data (A) -+ (A) XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2
with Accumulator. dy dg dg da d3 d2 d1 do
XRL A, Rr (A) - (A) XOR (Rr) Logical XOR contents of designated 1 1 o 1 1 T v 4 1 1
forr=0-7 register with Accumulator
XRL A, @Rr (A) - (A) XOR ({Rr)} Logical XOR Indirect the contents of data| 1 1 0 1 0 0 0 T 1 1
forr=0-1 memory location with Accumulator.
: BRANCH
T
DJNZ Rr, addr (Rr) = (Rr) - 1;r=0-7 Decrement the specified register and 1 1 1 0 1 : 3 3 2 2
If (Rr) # O test contents. ay ag ag ag a3 a2 aq ag
(PC O - 7).~ addr :
JBb addr (PCO  7)~—addrf Bb =1 Jump to specified address if by b bo 1 0 0 1 0 2 2
(PC)+ (PC)+2:fBb=0 Accumulator bit 1s set. ay a6 ag ag a3 ap a1 aQ
JC addr (PCO-7)—addrif C=1 Jump to specified address if carry flag 1 1 1 1 0 1 1 0 2 2
(PC)- (PC)+2:fC=0 15 set. ay ag ag aq ag ap a1 ap
JFO addr (PCO - 7) « addr 1f FO = 1 Jump to specified address if Flag FO 1s 1 0 1 1 0 1 1 [¢] 2 2
(PC) - HPC) + 2/ FO - 0 set. ay ag ag ag a3 EV) aq ag
JF1 addr (PCO 7)—addrf F1=1 Jump to specified address if Flag F1 15 0 1 1 1 0 1 1 0 2 2
(PC)- (PCI+2/fF1:0 | set. a7 ag 85 a4 a3 a2 a1 aQ
JMP addr (PC8 10)+ addr8 10 | Direct Jump to specified addiess within | a1g ~ag  ag 0. 0 1 0 o 2 2
(PCO- 7)+addr0 - 7 the 2K address block. a7 ag ag aq a3 ap a EN)
(PC11)- DBF
JMPP @ A (PCO 7)- ((A)) Jump indirect to specified address with 1 0 1 1 0 0 1 1 2 1
) with address page.
INC addr (PCO 7)--addr it C=0 | Jump to specified address f carry flag 1s 1 1 1 0 0 1 1 0 2 2
(PC)- (PC)+2:fC -1 low. ay a a5  ag a3 ap oy ag
JINI adar (PCO " 7) = addrf | =0 Jump to specitied address if interrupt 1 0 0 0 0 1 1 0 2 2
(PC) - (PC)+ 2461 =1 15 low. ay ag ag a4 a3 a2 ay aQ
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INSTRUCTION SET (CONT.)

FLAGS

. . . . INSTRUCTION CODE . N
MNEMONIC : FUNCTION DESCRIPTION Dy Dg Ds Dg D3 D2 D1 Do JCYCLES fBYTES JC AC FO F1
BRANCH (CONT.) .
JNTO addr (PCO-7)~addrif TO=0 | Jump to specified address if Test 0 is low.| O o 1 ] 0 1 1 0 "2 2
(PC)~ (PC) + 21§ TO=1 a7 a3 a5 a4 a3 a2 A agQ
JINT1 addr (PCO-7)+ addr if T1 =0 Jump to specified address if Test 11slow. | 0O 1 0 o ] 1 1 4] 2 2
(PC) - (PC)+ 246 T1 -1 a7 ag a5 aq a3 a " ag ’
JNZ addr (PCO-7)~ addrif A = 0 Jump to specified address if accumulator | 1 0 0 1 ] 1 1 ] 2 2
(PC)- (PCY+2:fA O 1$ non-zero. a7 ag ag ag a3 a2 a1 agQ
JTF addr (PCO-7)~ addrif TF = 1 | Jump to specified address if Timer Flag 0 0 0 1 0 1 1 [ 2 2
(PC) - (PC)+ 2 TF -0 1sset to 1. " ay ag a5 a4 a3 a2 at agQ
JTO addr (PCO-7)«addrif TO=1 | Jump to specified address if TestOisa .. | O o 1 1 o 1 1 0 2 2
(PC)+- (PC) + 2if TO = O 37 36 35 2 a3 22 a1 30
JT1 addr (PCO  7)+ addrif T1 =1 | Jump to specified address if Test 1isal1. | O 1.0 1 0 1 1 0 2 ‘2
{PC)- (PC)+24fT1 O a7 ag ag agq a3 a2 a1 aQ
JZ addr (PCO-7)+-addrif A=0 Jump to specified address if Accumulator | 1 1.0 () 0 1 1 0 2 2
(PC)- (PC)+2:fA: 0 is 0. a7 ag ag a4 a3 a2 a1 aQ
CONTROL
ENt Enable the External Interrupt input. o 0 0 0 0 1 0 1 1 1
DIst Disable the External Interrupt input. ) ‘0 0 1 [ 1 o 1 1 1
ENTO CLK Enable the Clock Output pin TO. ] 1 1 1 o 1 o 1 1 1
SEL MBO (DBF)- 0 Select Bank O (locations 0 2047) of 1 1 1 [ 0 1 0 1 1 1
Program Memory. .
SEL MB1 (DBF) - 1 Select Bank 1 (locations 2048  4095) of 1 1 1 1 0 1 [ 1 1 1
Program Memory. '
SEL RBO (BS)- 0 Select Bank O (locations 0 — 7) of Data 1 1 o 0 0 1 [ 1 1 1
Memory.
SEL RB1 8s)- 1 Select Bank 1 (locations 24 31} of 1 1 ) 1 0 1 0 1 1 1
Data Memory.
DATA MOVES
MOV A, = data (A) - data Move Immediate the specified data into [ 0 1 0 [ ] 1 1 2 2
the Accumulator. dy de dg dag dgz d2 dy do
MOV A, Rr (A)- (Rr);r -0 7 Move the contents of the designated 1 1 1 1 1 r r 4 1 1
registers into the Accumulator.
MOV A, @Rr (A)+ (R);r=0 1 Move Indirect the contents of data 1 1 T 1 0o 0 0o o« 1 1
memory location into the Accumulator
MOV A, PSW (A) - (PSW) Move contents of the Program Status 1 1 ] 0 [ 1 1 1 1 1
Word into the Accumulator.
MOV Rr, = data (Rr) - data;r=0 7 Move Immediate the specified data into 1 0 1 1 1 r r r 2 2
the designated register. d7 dg dg dg4 d3 d2 d; do
MOV Rr, A (Rr) - (Ak;r=0 7 Move Accumulator Contents into the 1 0 1 0 1 4 4 r 1 1
designated register.
MOV @ Rr, A URe)) - (A);r=0 -1 Move Indirect Accumulator Contents 1 0 1 0 0 ) ] r 1 1
into data memory location.
MOV @ Rr, = data (Rr) - data;r-0 * Move Immediate the specified data into 1 0 1 1 0 [ 0 r 2 2
data memory. dy dg dg dg d3 d2 dq do
MOV PSW, A (PSW) - (A) Move contents of Accumulator into the 1 1 0 1 0 1 1 1 1 1
program status word.
MOVP A, @A (PCO 7)- (A) Move data in the current page into the 1 0 1 0 0 4] 1 1 2 1
(A) - {(PC)} Accumulator. :
MOVP3 A, @ A (PCO 71+ (A) Move Program data in Page 3 into the 1 1 1 [} 0 0 1 1 2 1
(PC8 10)- 011 Accumulator.
(A) - UPC}H
MOVX A, @R (A)—URM);r=0 1 Move Indirect the contents of external 1 0 0 [¢] [ 0 o r 2 1
data memory into the Accumulator.
MOVX @R, A HRr)) « (Akir=0 1 Move Indirect the contents of the 1 0 0 1 0 0 o r 2 1
: Accumulator into external data memory.
XCH A, Rr (A)2(Rr);r=0-7 Exchange the Accumulator and 0 0 1 0 1 r r r 1 1
designated register’s contents.
XCH A, @ Rr (A)ZURM); r=0-1 Exchange Indirect contents of Accumu- 0 [ 1 [] 0 0o ] 4 1 1
. lator and location in data memory.
XCHD A, @Rr {A0-3)5 (RN) 0= 3)); Exchange Indirect 4-bit contents of [ 0 1 1 0 [ 0 r 1 1
r=0-1 Accumulator and data memory.
vy s
- i FLAGS
cPLC (C)+ NOT (C) Complement Content of carry bit. 1 0 1 0 [) 1 1 1 1 1 .
CPLFO (FO) ~ NOT (FO) Complement Content of Flag FO. 1 0 ] 1 [ 1 0 1 1 1 .
CPLF1 (F1) - NOT (F1) Complement Content of Flag F1 1 [ 1 1 0 1 0 1 1 1 .
CLRC -0 Clear content of carry bit t0 0. 1 0 [ 1 0 1 1 1 1 17 .
CLR FO {FO) -0 Clear content of Flag 0 to 0. 1 1] 1] ) 0 1 [ 1 1 1 .
CLRF1 (F1)- 0 Clear content of Flag 1to 0. 1 ] 1 [ 0 1 o 1 1 1 .
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NEC Microcomputers,inc. . p1PD8253
o | | p1PD8253.5

PROGRAMMABLE INTERVAL TIMER

DESCRIPTION  The NEC uPD8253 contains three independent, programmable, multi-modal 16-bit"
counter/timers. It is designed as a general purpose device, fully compatible with the
8080 family. The uPD8253 interfaces directly to the busses of the processor as an
array of 1/0 ports.

The uPD8253 can generate accurate time delays under the control of system software.
The three independent 16-bit counters can be clocked at rates from DC to 3 MHz
(uPD8253-5 DC to 4 MHz). The system software controls the loading and starting of
the counters to provide accurate multiple time delays. The counter output flags the
processor at the completion of the time-out cycles.

System overhead is greatly improved by relieving the software from the maintenance of
timing loops. Some other common uses for the uPD8253 in microprocessor based
systems are:

e Programmable Baud Rate Generator

e Event Counter

e Binary Rate Multiplier

e Real Time Clock

e Digital One-Shot

e Complex Motor Controller

FEATURES e Three Independent 16-Bit Counters

e Clock Rate: DC to 2 MHz (uPD8253)
DC to 4 MHz (uPD8253-5)

e Count Binary or BCD
e Single +5 Volt Supply
e 24 Dual-In-Line Plastic Package

PIN CONFIGURATION -
D7 1 = ad 24 3 vee .
DG[: 2 23 [WR PIN NAMES
pg[]3 22[)RD D7D Data Bus (8-Bit)
Da[] 4 210 cs CLK N Counter Clock Inputs
AT
D3 |: 5 20 [ A1 GATE N Counter Gate Inputs
o OUT N Counter Outputs
2 [:1 6 uPD v ] Ao RD Read Counter
07 8253/ 18[Jcik2 WR Write Command or Data
pg]s 82535 4;jour2 [ Chip Select
cLko[]o ) 16 [J GATE 2 Ao. A1 Counter Select
. Vee +5 Volts
ouTo0[]10 1 1
O s cK GND Ground
GATE 0 []11 14 [J GATE1
GND []12 13[JouT
Rev/3

2KQ



uPD8253

Data Bus Buffer
The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the uPD8253 to the 8080A

microprocessor system. It will transmit or receive data in accordance with the INput or
OUTput instructions executed by the processor. There are three basic functions of the
Data Bus Buffer.

1. Program the modes of the uPD8253

2. Load the count registers.

3. Read the count values.
Read/Write Logic
The Read/Write Logic controls the overall operation of the uPD8253 and is governed
by inputs received from the processor system bus.
Control Word Register
Two bits from the address bus of the processor, Ag and A1, select the Control Word
Register when both are at a logic ‘1"’ (active-high logic). When selected, the Control
Word Register stores data from the Data Bus Buffer in a register. This data is then
used to control:

1. The operational MODE of the counters.

2. The selection of BCD or Binary counting.

3. The loading of the count registers.
RD (Read)
This active-low signal instructs the uPD8253 to transmit the selected counter value to
the processor.
WR (Write)
This active-low signal instructs the uPD8253 to receive MODE information or counter
input data from the processor.
A1, Ag
The A1 and Ag inputs are normally connected to the address bus of the processor.
They control the one-of-three counter selection and address the control word register
to select one of the six operational MODES.
CS (Chip Select)
The uPD8253 is enabled when an active-low signal is applied to this input. Reading or
writing from this device is inhibited when the chip is disabled. The counter operation,
however, is not affected.
Counters #0, #1, #2
The three identical, 16-bit down counters are functionally independent allowing for
separate MODE configuration and counting operation. They function as Binary or
BCD counters with their gate, input and output line configuration determined by the
operational MODE data stored in the Control Word Register. The system software
overhead time can be reduced by allowing the control word to govern the loading of
the count data. .
The programmer, with READ operations, has access to each counter’s contents. The
uPD8253 contains the commands and logic to read each counter’s contents while still
counting without disturbing its operation.
The following is a table showing how the counters are manipulated by the input signals
to the Read/Write Logic.

[ RD | WR | Aq Ag FUNCTION

0 1 0 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1

0 1 0 1 0 Load Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0
0 0 1 0 1 Read Counter No. 1

0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation, 3-State
1 X X X X Disable, 3-State

0 1 1 X X No-Operation, 3-State

2A/N
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BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

uPD8253

!
]
_J
/

)
CLOCK 0
b ————

DATA COUNTER AT

88ITS BUS NO o pelATEC
BUFFER ouT o

| outo

i

1%}
oW g
i
dws |
— WR 3 CLOCK 1
1'oR QJRD READ/ £ )
A 1 weire = COUNTER | L GATE!
Ay LOGIC k4 ouT 1
Ao g
Ao 3 ]
[« 2 |
% |
J W B
{ 1
|
|
|
)
. | CLOCK 2
CONTROL <:—_: <::> COUNTER | _ GATE 2
WORD . NO. 2 e
REGISTER . ouT 2
T
1
1
\
L f |
|
|
]
: |
) Bt ~/ ’ —~J |
PROCESSOR PROCESSOR PROCESSOR
ADDRESS ~ CONTROL DATA b oo e e e wpos2ss ___ |
BUS BUS
. o
Operating TEMPerature . . . ... ......vviuuuuenennnnnn. 0°Cto +70°C
o
Storage Temperature . . . .............. ... -65°Cto +125

Voltageon Any Pin. . . ... ... .. i -0.5to +7 Volts

Note: @ 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
realiability.

*Ta=25°C

Ta=0°Cto +70°C; Vgg = +5V £5%

LIMITS TEST
PARAMETER SYMBOL [MIN | TYP | . MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 \
Input High Voltage ViH 2.0 Vect0.5] VvV
Output Low Voltage VoL 0.45 \" loL=22mA
Output High Voltage VOH 24 \Y IoH = -400 uA
Input Load Current TR £10 kA | ViN=VectoOV
Output Float Leakage Current |  lofF L +10 uA | VouT =VcgtoOV
Vge Supply Current Icc 140 mA
Ta=25°C; Vcg = GND = OV
‘ LIMITS

PARAMETER ' SYMBOL JMIN | TYP] MAX | UNIT TEST CONDITIONS
Input Capacitance CiIN 10 pF | fc=1MHz
Input/Output Capacitance Ci/o 20 pF Un\r;\easured pins returned

. to Vss.
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=0° +70°C; =+5V + 10%; GND =0V
Ty~ 0G0 110" CiVec AC CHARACTERISTICS @
LIMITS
~T TEST
PARAMETER SYMBOL uPD8253 uPD8253-5 UNIT c
ONDITIONS
MIN [TYP [max [MIN JTVP [MAX
READ
Address Stable Before READ tAR 50 L) ns
Address Hold Time for READ tRA 5 0 ns
READ Pulse Width tRR 400 250 ns
Data Delay from READ tRD - 300 | 170 ns CL = 150 pF
READ to Data Floating tpr |25 125 25 100 ns | CL=100pF
WRITE
Address Stable Before WRITE tAW 20 0 ns
‘Address Hold Time for WRITE WA 20 0] : ns
e -
WRITE Pulse Width tww 400 250 ns
Data Set Up Time for WRITE tow 200 150 ns
Data Hold Time for WRITE twD 40 0} ns
Recovery Time Between tRV 1 1 us
CLOCK AND GATE TIMING
Clock Period tCLK 300 DC 250 DC ns
High Puise Width " tPWH 200 160 ns
Low Pulse Width tPWL 100 90 ns
Gate Pulse Width High tGwW 150 150 ns
Gate Set Up Time to Clock 1 1GS 100 100 ns
Gate Hold Time After Clock t t1GH 50 50 ns
Low Gate Width tGL 100 100 ns
Output Delay from Clock | toD 300 300 ns CL =100 pF
Output Delay from Gate toDG 300 300 ns CL =100 pF
Note: D AC Timing Measured at Vog =22V; VoL =0.8V.
TIMING WAVEFORMS ’
& )
pet———1AR —’J —— f-— RA )
RD N_=r
. 'R | DFfa—
DATA BUS%HIGH IMPEDANCE VALID [HIGH IMPEDANCE
READ TIMING
L Jd
s
[‘— AW =] (Y A—i= —I‘—
DATA 8US N i X
" e 1Dy ety ]
WR
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WRITE TIMING

tPWH tpwLes] - lcn.x——-ﬂ Gs |
cLK ! / \ / \
. 1GS > = e b , GH
GATEG
: Gw.
IGH —mfe-a] |G [ (od'
ouTPUTO
100G
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PROGRAMMING The programmer can select any of the six operational MODES for the counters using

THE uPD8253 system software. Individual counter programming is accomplished by loading the

CONTROL WORD REGISTER with the appropriate control word data (Ag, A1 = 11).

CONTROL WORD FORMAT

D7

Dg

Ds

Dg | D3| D2y D1} Do

SC1

SCO | RL1

RLO | M2 | M1 | MO | BCD

SC — Select Counter

SC1 | sco
0 | Select Counter O
1 Select Counter 1
1 0 | Select Counter 2
1 1 Invalid

RL — Read/Load

RL1 | RLO
0 0 Counter Latching Operation
1 0 Read/Load Most Significant Byte Only
0 1 Read/Load Least Significant Byte Only
1 1 Read/Load Least Significant Byte First, Then Most
Significant Byte
BCD

0 | Binary Counter, 16-Bits

-

BCD Counter, 4-Decades

M-Mode
M2 { M1 ] MO
0 0| O | ModeO
0 0 1 | Mode 1
X 1 0 | Mode 2
X 1 1 | Mode 3
1 0 0 | Mode 4
1 0 1 | Mode 5

363



uPDB253

Each of the three counters can be individually programmed with different operating OPERATIONAL MODES ©)

MODES by appropriately formatted Contro! Words. The following is a summary of the
MODE operations.

Mode O: Interrupt on Terminal Count

The initial MODE set operation forces the OUTPUT low. When the specified counter is
loaded with the count value, it will begin counting. The OUTPUT will remain low until
the terminal count sets it high. It will remain in the high state until the trailing edge of
the second WR pulse loads in COUNT data. If data is loaded during the counting
process, the first WR stops the count. Counting starts with the new count data triggered
by the falling clock edge after the second WR. If a GATE pulse is asserted while count-
ing, the count is terminated for the duration of GATE. The falling edge of CLK follow-
ing the removal of GATE restarts counting from the terminated point.

e LALLM
WA, ne4

Mode 1: Programmable One-Shot

The OUTPUT is set low by the falling edge of CLOCK following the trailing edge of
GATE. The OUTPUT is set high again at the terminal count. The output pulse is not
affected if new count data is loaded while the OUTPUT is low. The new data will be
loaded on the rising edge of the next trigger pulse. The assertion of a trigger pulse
while OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain
low for the full count value after the rising edge of TRIGGER.

.

ax
W, Ln=e
GATE (TRIGGER)

ourrur, 4 3z &« 3 2 1 o

Mode 2: Rate Generator
The RATE GENERATOR is a variable modulus counter. The OUTPUT goes low for
one full CLOCK period as shown in following timing diagram. The count data sets the
time between OUTPUT pulses. If the count register is reloaded between output pulses
the present period will not be affected. The subsequent period will reflect the new
value. The OUTPUT will remain high for the duration of the asserted GATE input.

~ Normal operation resumes on the falling CLOCK edge following the rising edge of

GATE.
a LM UNrure
L T Lose | -

Note: @ All internal counter events occur at the falling edge of the associated clock in all modes of
operation.
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OPERATIONAL MODES ®  Mode 3: Square Wave Generator
MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and

low for the other half (for even values of data). For odd values of count data the OUT-

(Cont.)

PUT will be high one clock ¢ '\]/cle |
clock cycles; Low Period =

will be reflected immediately after the output transition of the current count.

uPD8253

onger than when it is low (High Period =

+
2

¢lock periods, where N is the decimal value of count.
data). If the count register is reloaded with a new value during counting, the new value

The OUTPUT will be held in the high state while GATE is asserted. Counting will start’

from the full count data after the

GATE has been removed.

e LML LU

2__om 2

o
outruTtara___[

o 2 ow 2 oi» 2_owm 2 ajﬂ_

om s 2 om

2 o8 & 2 om 2 om a4 2

OUTPUT (n =51

GATE (RESET)

2
QUTPUT (n s o)

4 2 _ow 2 ow 2 ow 2 o

Mode 4: Software Triggered Strobe

The OUTPUT goes high when MODE 4 is set, and counting begins after the second

byte of data has been loaded. When the terminal count is reached, the OUTPUT will
pulse low for one clock period. Changes in count data are reflected in the OUTPUT as

soon as the new data has been loaded into the count registers. During the loading of

new data, the OUTPUT is held hi

The OUTPUT is held high for the duration of GATE. The counters are reset and

counting begins from the full dat

gh and counting is inhibited.

a value after GATE is removed.

W, e [

e 32 1 o
oumsGT 1T
", )
oare 1 r

. sz 1 e
aursGT

Mode 5: Hardware Triggered Strobe
Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and
GATE goes high. After terminal count is reached, the OUTPUT wil pulse low for one

clock period. Subsequent trigger pulses will restart the counting serjuence with the
OUTPUT pulsing low on terminal count following the last rising ecge of the trigger

input (Reference bottom half of

timing diagram).

W, N

GaTE 7 |

oumyt a3 2 ‘i_l

A, nzs

we___ v T
o 3 a3 2 4 e

outeuT L
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ITEM MILLIMETERS INCHES
A 33 MAX 1.3MAX
B 253 0.1
c 254 0.1
D 0501 0.02 * 0.004
E 27.94 11
F 1.5 0.059
G 2.54 MIN 0.1 MIN
H 05MIN 0.02 MIN
1 6.22 MAX 0.205 MAX
J 5.72MAX 0.225 MAX
K 15.24 06
L 13.2 0.52
v [on g [eoem

PACKAGE OUTLINE
uPD8253C
uPD8253C-5

SP8253-10-79-CAT




| NEC
NEC Microcomputers, Inc. 4 PD8255
J+PD8255A-5

PROGRAMMABLE PERIPHERAL INTERFACES

DESCRIPTION The uPD8255 and uPD8255A-5 are general purpose programmable INPUT/OUTPUT
devices designed for use with the 8080A/8085A microprocessors. Twenty-four (24)
1/0 lines may be programmed in two groups 6f twelve (group I and group II) and used
in three modes of operation. In the Basic mode, (MODE 0), each group of twelve 1/O
pins may be programmed in sets 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 interrupt
control signals. The Bidirectional 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
and uPD8255A-5 are packaged in 40 pin plastic dual-in-line packages.

FEATURES e Fully Compatible with the 8080A/8085 Microprocessor Families
e All Inputs and Outputs TTL Compatible
e 24 Programmable 1/O Pins
e Direct Bit SET/RESET Eases Control Application Interfaces
e 8 — 2 mA Darlington Drive Outputs for Printers and Displays (uPD8255)
e 8 — 4 mA Darlington Drive Outputs for Printers and Displays (uPD8255A-5)
o LS| Drastically Reduces System Package Count

e Standard 40 Pin Dual-In-Line Plastic and Ceramic Packages -

PIN CONFIGURATION paz ] \J 20 Pay
PA [ 2 39 [ PAg
PA1 Y 3 38 B Pag PIN NAMES
P_A_O l: 4 37 3 PA7 .
F? O s 36 3 WR D7-Do Data Bus (Bi-Directional)
cs ] e 35 RESET F_{ESET Reset Input
GND 1 7 34 g Do . (Rif Chip Select
Mg s o =3 W e oot
Ao § 9 32 8 by Ao, A Port Addr
uPD 0. A1 ess
PCy E 10 8255/ 31 [ b3 PA7-PAg | Port A (Bit)
PC6 OJ'' gogsa.5 30 [ Da PB7-PBy | Port B (Bit)
PCs [} 12 29 1 pg : PC7-PCo_| Port C (Bit)
PCq : 13 28 :] Dg Vee +5 Volts
PCQ C 14 27 Dy GND 0 Volts
PCq C 15 ‘ 26 Vee
PC2 Q16 25 [ PB7
PC3 Q17 24 [J rBg
PBo [] 18 23 3 pBg
PBq []19 22 [ peg
PB2 20 21 PB3
Rev/2
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General ’ ‘ FUNCTIONAL DESCRIPTION
The uPD8255 and uPD8255A-5 Programmable Peripheral Interfaces (PPI) are designed
for use in 8080A/8085A microprocessor systems. Peripheral equipment can be effectively
and efficiently interfaced to the 8080A/8085A data and control busses with the uPD8255
and uPD8255A-5. The uPD8255 and uPD8255A-5 are functionally configured to be
programmed by system software to avoid external logic for peripheral interfaces.

Data Bus Buffer

The 3-state, bidirectional, eight bit Data Bus Buffer (Dg-D7) of the uPD8255 and
uPD8255A-5 can be directly interfaced to the processor’s system Data Bus (Dg-D7).
The Data Bus Buffer is controlled by execution of IN and QUT instructions by the
processor. 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 and uPD8255A-5 for com-
munication with the 8080A/8085A.

Read, RD, pin 5

A Logic Low, V|, on this input enables the uPD8255 and uPD8255A-5 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 Con-
trol 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, Vi, 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 I and Group II Controls
Through an OUT instruction in System Software from the processor, a control word
is transmitted to the uPD8255 and uPD8255A-5. 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-PCgq)
Group II — Port B and lower Port C (PC3-PCq)
While the Control Word Register can be written into, the contents cannot be read back
to the processor.
Ports A, B, and C
The three 8-bit /O ports (A, B, and C) in the uPD8255 and uPD8255A-5 can all be
configured to meet a wide variety of functional requirements through system software.
The effectiveness and flexibility of the uPD8255 and uPD8255A-5 is further
enhanced by special features unique to each of the ports.
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.
Port C = 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 and B.
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TIMING WAVEFORMS WR ———————
(CONT.)
MODE 1 . | ~—tA0B
GBF |
twoe
INTR /‘7»—-
wiT /
ACK
\
F—tAK tAIT—
OUTPUT TO PERIPHERAL
twe—
\
N
tRIB
1 wRIT
RO - ;::L'
tPH
_ -]
INPUT FROM
PERIPHERAL ’-———_————-————
tps
MODE 2 WRITE

__ , DATA FROM uPDS080A TO 4PD8255 AND uPD8255A

WR 1 —

_ tA0B

OBF —

ey
twos /

Fay

INTR
tAl \ '

ACK FROM PERIPHERAL /

I

(ST

STB FROM PERIPHERAL

'SIBj‘
IBF " S

AD ] | o] =1k
N D
PERIPHERAL _ _ _ _ __ = 2 {.l. ———h —————
BUS / = r-tpu/ - ~triB
kY
RD 7 .
DATA FROM / DATA FROM
PERIPHERAL TO uPD8255  uPD8255 AND uPD8255A6  tcaD DATA FROM
AND uPD8255A-5 TO PERIPHERAL uPD8255 AND uPD8255A-5
TO uPD80SOA

Note: (1) Any sequence where WR occurs before AC d STB occurs before RD is permissible.

(INTR = IBF - MASK - §T8B - RD + OBF - MASK - ACK - WR)

(@ When the uPD8255A-5 is set to Mode 1 or 2, DBF is reset 10 be high (logic 1).
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The uPD8255 and uPD8255A-5 can be operated in modes (0, 1 or 2) which are selected MODES
by appropriate control words and are detailed below.
e MODE 0 provides 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 “hand-

shaking’’ strobes are needed.

16 different configurations in MODE O

Two 8-bit ports and two 4-bit ports

Inputs are not latched

Outputs are latched

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

Twe /0 Groups (I and I1)

Both groups contain an 8-bit data port and a 4-bit control/data port

Both 8-bit data ports can be either Latched Input or Latched Output N

MODE 2 provides for Strobed bidirectional operation using PA(.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 PC(.2 may be defined as Mode O

or 1, input or output in conjunction with Port A in Mode 2.

An 8-bit latched bidirectional bus port (PAg.7) and a 5-bit control port (PC3.7)

Both inputs and outputs are latched

An additional 8-bit input or output port with a 3-bit control port

INPUT OPERATION (READ) ' BASIC OPERATION
Ay | Ag | RD | WR| TS
) [ 0 1 | 0 | PORT A—»DATA BUS
0 1 0 1 | o | PORTB—==DATA BUS
N 0 0 1 | 0 | PORT C—w»DATA BUS
OUTPUT OPERATION (WRITE)
Ay | Ag | RD | WR| €S
0 [0 7 0 | 0 [ DATABUS—»PORT A
0 1 1 0 | 0 | DATABUS—»PORT B
1 0 1 0 , 0 | DATABUS—»PORTC
1 1 1 0 ] 0 | DATABUS—=CONTROL
DISABLE FUNCTION
Ay | Ag |RD |WR| TS
x | x| x | x | | DATABUS—
HIGH Z STATE
DATA BUS =
X X ! ! 0 HIGH Z STATE

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

CONTROL WORD CONTROL WORD FORMATS

o [Dsloslmlnjlo,ln,loo] lo, loslo,lo,lo,ln,lu, [o.,
=

—

GROUP T

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

0-0uTPUT

MODE SELECTION
MODE 0

R ) 1= MODE 1
A o

GROUP T x x  x

PORT C (UPPER) ooN'T BIT SET/RESET,
1+ INPUT CARE SET
0xouTPUT 0+ RESET

PORT A
1+ INPUT
0-0uTPUT

e ——
81T SELECT.

3[e]s

MODE SELECTION
00 = MODE 0
1 * MODE 1
1X » MODE 2

8y
82

olole o

iz o7
1[o[1[o {0} so]
ofrjrjolofrjr
ojojojrjrjr)r

MODE SET FLAG 81T SET/RESET FLAG

MODE DEFINITION |__"*™ BIT/RESET

372




H1PD8255/8255A-5

BLOCK DIAGRAM - 1
C rowen ‘ sV . GROUP
SUPPLIES l —— == GND GroUP ﬁ ). PO:\T K > PA! “w\..
™ control ¢: @ o
|

GROUP
1

10
: PORT C PC. Py
UPPER

)

!

81 DIRECTIONAL DATA BUS|
1

o D< DATA < N
2Dy . Bus -

l) BUFFER N ‘1)

! B .

INTERNAL cRoup

R | ey [FVATY Gy SR
LOWER N .
) ‘1

7 ————=q

WR ——————a] READ/ GROUP GROUP
ynre ] — " vo
Ay g} CONTROL CONTROL @3 PORT C::>

LOGIC 8 PB- PB,
RESET =t l L |———t
}
R

ABSOLUTE MAXIMUM  Operating Temperature . . .................... wei..... 0°Cto+70°C
RATINGS* Storage Temperature . .............................. -656°Cto+125°C
AllOutput Voltages (D .. ...t -0.5 to +7 Volts
All InputVoltages (D . .............0 .. -0.5 to +7 Volts
Supply Voltages @D .. ....... ... oo -0.5 to +7 Volts

Note: (D With respect to VSS

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
DC CHARACTERISTICS  Ta=0Cto+70°C: Vg = +6V * 10% Vgs =0V
. LIMITS
uPDB255 uPDB255A 5 N TEST
PARAMETER svmsou [ miv_TrveTmax Fmin]Tve | max Juni CONDITIONS
Input Low Voltage | ViL Vss-0.5 08(-0.5 08 | V i
Input High Voltage ViH 2 vee | 2 vee v
Output Low Voltage VoL 04 045] V @
Output High Voltage VOoH 24 24 v (3)
Darlington Drive Current| 1on(D)] 1 2( & [ -4 mA |VoH = 1.5V, RExT = 75082
Power Supply Current Icc 40 |120 120 mA | Vce = +5V, Output Open
Input Leakage Current ILIH 10 10 BA VN = Voo
Input Leakage Current L -10 -10 HA VN = 0.4V
Output Leakage Current | 1| OH 10 10 | wA |Vourt = Vcc: €S - 20v
Output Leakage Current [ 1 oL . -10 -10 wA |VouT = 0.4V, CS - 2.0v

Notes: (‘D Any set of eight (8) outputs from either Port A, B, or C can source 2 mA into 1.5V for uPD8255, or 4 mA into
1.5V tor uPD8255A.-5.
@ For uPDB255: Ig < 1.7 mA
For uPD8255A-6: Ig| = 2.5 mA for DB Port, 1.7 mA for Peripheral Ports.
@ For JPD8255: IoH = - 100 pA for DB Port; 50 us for Peripheral Ports.
For uPD8255A-5: |Qi = ~400 pA for dB Port; - 200 us for Peripheral Ports.

CAPACITANCE T,=25°C;Vcc=Vss=0V

LIMITS
PARAMETER ]SYMBOL | MINJ TYP] MAXJUNIT | TEST CONDITIONS
Input Capacitance | C|N 10 pF fc = 1MHz
1/0 Capacitance Ci/jo 20 | pF Unmeasured pins
returned to Vgg
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Ty 0070 Vg - 81 Vgm0V . . AC CHARACTERISTICS

- LIMITS
?F: TesT
PARAMETER SYMBOL - | MIN | MAX [ MIN | MAX | UNIT CONDITIONS
READ
Address Stable Before AEAD AR 50 ] ”
‘Address Suble After READ RA ) o | - o
Pulse Width R 405 300 ™
Dota Valid From READ - RO 295 200 ns | 8265: CL = 100 pF
) . 8255A-5: C_ = 160 pF
Deta Flost After READ toF 150 100 | m | CL=100pF N
10 10 m |cL=150F
Time Betwoen READS and/or WRITES | 1Ry 850 850 n @
Eﬂl €
Address Stable Before WRITE taw 20 0 "
"Address Sable After WRITE WA 20 20 )
[ WRITE Pulse Width W 400 300 | - o !
Data Valid TOWRITE (L.E) tow 10 [0 s
Dot Velid After WRITE Wo 35 30 ™
OTHER TIMING
WR = 0 To Output we 500 350 ns | 8256: Cp = 50 pF
8§256A-5: C_ = 160 pF
Peripheral Data Before WD YR [) 0 ns
Peripheral Data After D HR 50 o | ns
[ACK Pulse Width TAK 500 300 P
| STB Pulse wiath ST 350 500 ns
Por. Data Before T.E. Of 578 1ps 60 [ ns
Per. Dsta After T.E. Of STB PH 150 180 ns
[ATR = 0 To Output AD 400 300 | m | 8256:CL=60pF
8256A-5: C__= 160 pF
[ XER = 0 To Output Float D 300 250 | ns nm{c._-som=
2 20 CL = 16 pF
[WR=17o08F-0 WoB 300 650 | ns
ACTK = 0 To OBF = 1 ta08 450 350 n
m-oTolBF-' m 450 300 ns 8265: C_ = 50pF
RO = 1To IBF = 0 B 360 300 |
[AB-070oNTR=0 “wir 50 00 | m
[ST6-1ToNTR=1 T ~ | 400 300 | m | 8255A-6: C| = 160pF
(A= 1 TomTR =1 AT 400 350 | m
W =070 mTR=0 WIT 850 860 | m

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

D : : N\__/

@

N oy MR . TIMING WAVEFORMS
LY e v ) MODE 0

INPUT FROM PERIPHERAL x . N p @

!

AR —= o IRA—y
CS, Ay Ag * g X

Dg D7 me=mm—————— > ¢ -
fe—tRD—=1 = 1pF —=}
BASIC INPUT .
R ____—1 " e
. ’l 1
ow | WD
0o D7 A i X
AW ————af WA
Ts. A1, Ag * k
—
OUTPUT TO_PERIPHERAL D ¢
twg————ef

BASIC OUTPUT — uPD8255

— o WW ey

WR .

Do 07 thmnﬁ

. 1 ’

:F—' W, S be—wa N
T5, A1 A0 - —— _=k:

OUTPUT TO PERIPHERAL . N D 6
F———we————

-~ BASIC OUTPUT — uPD8255A-5
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PACKAGE OUTLINE |
uPD8255C

HPD8255AC/D-5 |
|

4+ PD8255/8255A-5

K

A
H%
Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2,028 MAX
B 1.62 0.064
[+ 254 +0.1 0.10 £ 0.004
D 05+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 .01 :
-005 | %99 002

Ceramic

“ITEM MILLIMETERS INCHES
A 51.5 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 254 £+ 0.1 0.1 £ 0.004
D 0.5 0.1 0.02 + 0.004
E 48.26 + 0.1 1.9 £ 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
1 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 15.24 TYP. 0.6 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.01 £ 0.0019

0-10°

SP8255/8255A-10-79-CAT
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NEC

NEC Microcomputers, Inc. puPD8257

DESCRIPTION

FEATURES

PIN CONFIGURATION

pPD8257-5

PROGRAMMABLE DMA CONTROLLER

The wPD8257 is a programmable four-channel Direct Memory Access (DMA) controller.
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 the 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 expansion to other 8257
devices for systems requiring more than four DMA channels.

Four Channel DMA Controller

Priority DMA Request Logic

Channel Inhibit Logic

Terminal Count and Modulo 128 Outputs
Automatic Load Mode

Single TTL Clock

Single +5V Supply

Expandable

40 Pin Plastic Dual-In-Line Package

= ) = IS
owQ 2 39 [ Ag
wemrd 3 38 1 Ag __ :I‘NBNAMES
‘MEMW 4 37[0JA 7-Do ata Bus
MMEA“;Y( E 5 36 g Té IL7_A0 Address Bus
1/OR /O Read
Reapy @ 6 35 1] A3 /oW 1/0 Write
HLDA C 7 34 3 A2 MEMR Memory Read
appsTe O 8 33 A] MEMW Memory Write
AENC] 9 KPD 32 O Aq CLK Clock Input
HrRa Q10 8257/ 31 VCC RESET Reset Input
csQ1n 82575 30 []D, READY Ready
CLK 12 29 Dl HRQ Hold Request (to 8080A)
RESET 13 28 3 D2 HLDA Hold Acknowledge (from 8080A)
— AEN Address Enable
DACK, L3 14 27 0 Dy ADSTB - Address Strobe
DACK3 16 26 0 D__4__ TC Terminal Count
DRa3 16 25 [3 DACKg MARK Modulo 128 Mark
DR, O17 24 [J DACK; DRQ3DRQy | DMA Request Input
pray []18 23 J og DACK3DACKg | DMA Acknowledge Out
DRQg [ 19 22 O og cs Chip Select
GND 20 21 o, Vee +5 Volts
GND Ground
Rev/2
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The 8257 is a programmable, Direct Memory Access (DMA) device and when used with an 8212
1/O 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.

e Itacquires control of the system-bus (placing 8080 in hold mode).
e Resolves priority conflicts if multiple DMA requests are made. .
® 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 (AO~A7) which go directly onto 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 I/O read/write control signals are generated allowing the
peripheral to receive or deposit a data byte directly from or tc 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 (DRQ,)). The 8257 retains
control of the system bus as long as DRQy, remains high or until the Terminal Count (TC) is
reached. When the Terminal Count occurs, TC goes high, informing the CPU that the operation is
complete.

There are three different modes of operation:

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

o 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 I/O read/write
control signals are generated, thus preventing the transfer of data. The peripheral gains control

of the system bus and obtains DMA Acknowledgements for its requests, thus allowing it to

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.
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AC CHARACTERISTICS 8usPaRameTeRs #PD8257

PER“’HERALV\(‘SLAVE) MODE Ta=0°C10 70°C: Vg = 5V + 5%:; GND = oV (D

LIMITS

PARAMETER symBoL [ uPD8257 | wPDB2575 ] UNIT cor;r;z:ons
min JTve [max Tmin Trve fmax
READ
Adr or CS1 Setup to Rd TAR 0 ] 0 ns
Adr or CS? Hold from Rdt TRA 0 0 ns
Data Access from Rd1 TRDE_ 0 300 0 170 | s | C_ = 100pF
DB—Float Delay from Rdt TROF 150 100 ns | CL = 100pF
) 20 20 ns | CL = 15pF
Rd Width TRw 250 250 ns
’ WRITE
CS1 Setup to Wr i Tew 300 300 ns
CS' Hold from Wrt | Twe 20 20 ns
Adr Setup to Wri TAw 20 20 ns
Adr Hold from Wr! TwA 0 0 05
Data Setup to Wri Tow 200 200 ns
Data Hold from Wrt Twop 0 0 ns
Wr Width Twws | 200 200 ns
OTHER TIMING

Reset Puise Width TrsTW | 300 300 ns
Power Supply 1(Vcc) Setup to Resets | TrsTp | 500 500 s
Signal Rise Time T 20 20 | os
Signal Fall Time T¢ 20 20 ns
Reset to First IOWR TRSTS 2 2 ey

Note: (D All uming measurements are made at the following reference voltages unless spectfied otherwise. Input 1
at 2.0V, “0” at 0.8V, Output “"1" at 2.0V, 0" at 0.8V.

TIMING WAVEFORMS READ TIMING
PERIPHERAL (SLAVE) MODE '
CHIP SELECT \_
[—— TAR— TRA

ADDRESS BUS )L ' :K
l-— TAR— — l'_ TRA

—_' T
{70 RD RWS

TRDE —| le— o le—TRDE

DATA BUS P

WRITE TIMING

Tew

Twe
CHIP SELECT & z

ADDRESS BUS X y
Taw — l.— Twa
| |

DATA BUS X I(
I-—->—T0w —-b—TwD—CI

o L/

RESET TIMING

TRSTW

TRSTS  Twws
RESET } \
. l'—TRsro—d
Vee /- I
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Ty = 0°Cto 70°C; VGG = +6V + 5%; GND = OV

LIMITS
PARAMETER SYMBOL uPD8257 uPD8257-5 UNIT, cor:;as'l.'rlons
MIN MAX MIN MAX

Cycle Time (Period) Tcy 0.320° 4 0.250 4 us
Clock Active (High) To 120 .8Tcy| 30 .8Tcy ns
DRQ! Setup to 84 (S, S4) Tas 120 120
DRQJ Hold from HLDAT ToH 0 0 @
HRQ! or i Delay from 81 (SI, $4) Toa 160 160 ns ®
(measured at 2.0V)
HRQt or | Delay from 61 (S, $4) Tpat 250 250 ns ®
{measured at 3.3V)
HLDAT or |Setup to 64 (SI, S4) Tus 100 100 ns
AENt Delay from 64 (S1) TAEL 300 250 ns @
AEN| Delay from 61 (S1) TAET 200 200 ns
Adr (AB) (Active) Delay from AENt (S1) | Taga 20 20 ns @
Adr (AB) (Active) Delay from 61 (S1) TFAAB 250 250 ns
Adr (AB) (Float) Delay from 8t (Sl) TAFAB 150 150 ns ¢
Adr (AB) (Stable) Delay from 8t (S1) TasM 250 250 ns [e
Adr (AB) (Stable) Hold from 01 (S1) TAH TAsM-50 TasM-50 [e
Adr (AB) (Valid) Hold from Rdt (S1,S1) | TApr | 60 60 ns @
Adr (AB) (Valid) Hold from Wrt (S1,S1) | Tapw | 300 300 ns 0)
Adr (DB) (Active) Delay from 61 (S1) TEADB 300 250 ns
Adr (DB) (Float) Delay from 61 (S2) TarDB | TsTT+20 | 250 TsTT+20 | 170 ns
Adr (DB) Setup to Adr Stby (S1-S2) TASS 100 100 ns 4

| Adr (DB) (Valid) Hold from Adr Stbs (S2) | Tans 50 50 ns @
Adr Stbt Delay from 81 (S1) TSTL 200 200 ns D
Adr Stby Delay from 61 (S2) TSTT 140 140 ns [€
Adr Stb Width (81-S2) Tsw Tcy-100 Tcy-100 ns
Rd4 or Wr (Ext)s Delay from Adr Tasc 70 70 ns @
Stby (S2)
Rd} or Wr (Ext)} Delay from Adr (DB) TpBC 20 .20 ns @
(Float) (S2)
DACK! or iDelay from 64 (S2,S1)and | Tak 250 250 ns [0]6]
TC/Mark t Delay from 61 (S3) and
TC/Mark { Delay from 61 (S4)
Rd\ or Wr (Ext)i Delay from 61 (S2) and TpcL 200 200, ns @6
Wri Delay from 81 (S3)
Ef Delay from 64 (S1, SI) and TpoeT 200 200 ns 2.0
Wrt Delay from 61 (S4)
Rd or Wr (Active) from 81 (S1) TEAC 300 250 ns @
Rd or Wr (Float) from 61 (SI) TAEC 150 150 | ns @
Rd Width ($2-51 or SI) TrwM | 2Tcy+ 2Tey+ ns @

Tg-50 Tp-50

Wr Width (S3-54) Twwm | Tcy-50 Tey-50 ns @
Wr (Ext) Width (S2-54) Twwme | 2Tcy-50 2Ty-50 ns @
READY Set Up Time to 81 (S3, Sw) TRs 30 30 ns
READY Hold Time from 1 (S3, Sw) TRH 20 20 ns

Notes: (D) Load =1 TTL
@ Load =1 TTL + 60 pF

Load =1 TTL + (R = 3.3K), Vo = 3.3V
L [e]

@ Tracking Specification
@ ATAK <50ns

® ATpoL <50ns

@ ATpCT <50ns
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TIMING WAVEFORMS
DMA (MASTER) MODE

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 4 —35 CONTROL OVERRIDE SEQUENCE ————eje———————— NOT READY SEQUENCE
st St | SO | s1 | Ss2| S3 | s4 | ST | S2 | S3 | s4 | s l- St | SO St| s2 | s3 | sa | s | st | so | st | s2 | s3 | sw | sW|s4]| s |s |s
& 2 - aYaYaWa
cLock Ur\_iﬁt) WAWAWAWS WANWAW cLock
T T Tas- — T
05— [ o1y | —{To[* | Tos " — e
DRQg.3 X AN $5 X * = == = == === DRQ.3
| fa-T, T
|*=Toa oo —+f " .
HRQ e T bt Tau L/ ) C— N HRQ
THS:J o— [*—Ths —‘I [*—Ths _— )
LY — -\.___./ © \m = === HLDA
TAEL —of [-- — TAET TaeL—e| Jo—
AN K 3/ . | SN Y
- ADDg.7 TeAAB -+ |-<- ] fo—asm — TAFAB——l fe—TaEa oo
(LOWER ADR) e = - === )---—(LOWOE.Z? ADR)
T L Tare :
DATAQ.7 FADB-+ |oF | |&-TarDs -+ Taus oaTho
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Internally the 8257 contains six different states (SO, S1, S2, S3, S4 and SW), the DMA OPERATION
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

(HRAQ) 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 (DACKp) with the highest priority is driven low selecting that

particular peripheral for the DMA cycle. The DMA Request line (DRQp) must remain

high until either a DMA Acknowledge (DACKp) or both DACKp and TC (Terminal

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

The DMA cycle consists of four internal states; S, $2, S3 and S4. If the access time
of the memory or 1/O device is not fast enough to return a Ready command to the
8267 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 (tRs), write setup
time (tpw), read data access time (tRp) and HLDA setup time (tQs) should all be
carefully observed during the handshaking mode between the 8257 and the 8080.

During DMA write cycles, the I/0 Read (I/O R) 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.

DMA OPERATION
RESET STATE DIAGRAM

@‘ READY

-READY + VERIFY

_READY

Notes: (1) HRQ is set if DRQy, is active.
(@ HRQ is reset if DRQy, is not active.
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TYPICAL 8257
SYSTEM INTERFACE SCHEMATIC

25 A
0
26 |
27
B !
30 [
’ |
ADDRESS
| sus
35
: |
20 |
37
38 |
39 i
sosoa |38 Ars
INT 2o roLo ler
16 HLDA TS
INTE @—] DBIN b=
O "
3 la |2
10 15 13 o
a T 9 17 6 I°
12 8 12 1
S
0SC «— 5 19 7 10 9 l DATA
3 SYNC 5 5
RDYIN CEVEN M 3 BUS
— 2 T o120 ReSET 4 19 18 |
RESIN —2ad 3 2 20 |
6 8] 8228 [7 o,
8224 1 ©2
24
2 18 MEMR o
1 | MEWW ko286 .
ToRk.28 CONTROL
10 T/OR RUS
" 170W po-2Z
57578 -0 INTA 23 ‘
BUSEN 7 10
$2(TTL) bl HLDA TRG
5 22 -
=l
o+
‘L 28 34
27 35 *
26 37
23 38
22 39
21 40
3 19
3 . DRQp
4 8257/ 25 BACKg
8257-5
'i DRQy
: RESET b2 DACK;
11 CLK 17
CHIP SELECT —0I CS 7 DRQy
READY S olreany P DACK)
16 DRQ3
15 DACK3
| 36 TC
5 MARK
EN_ADSTE|
9 8
13 1
osz  sta|
3
DISABLE I/O 5 6
ADDRESS BUS 7 s
S 0
16 15
— 8] 822 [
20 KN
22 21
14
Vec —ofCR  ___
D Si
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Operating TemMpPerature . . .. .. ........oeoreeeeeenenennn 0°C to +70°C ABSOLUTE MAXIMUM
Storage TemMPerature ... ...........evueeeneneneennn. -65°C to +150°C RATINGS*
Voltageon Any Pin .................0ievvvvun...~05t0+47 Voits ) :

Power Dissipation . ..........c.00iiiennenenen. e 1 Watt

Note: (@ 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. Exp ¢ to absolute maximum rating conditions for extended periods may affect device
reliability. .
*Ta=26°C
T, =0°Cto+70°C; Vi = +5V & 5%; GND = OV . DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN. | TYP.] MAX.

Input Low Voltage ViL -05 0.8 |Volts

Input High Voltage VIH 2.0 VCC + 0.5 Volts

Output Low Voltage VoL 0.45 |Volts | gL =17 mA

Output High Voltage' VOH 24 VCC Volts loH=" 150 uA for AB,

DB and AEN
'OH =-80 uA for others

HRQ Output High Voltage VuH 33 Veg | Volts | lgy =-80uA

Vg Current Drain lcc 120 mA

Input Leakage‘ \ l"_ 10 HA . VIN = VCC

Output Leakage During Float IOFL ) .10 MA VOUT(D

Note: D Vee > VOUT > GND +0.45v

T,=25°C; Ve = GND = 0V CAPACITANCE

LIMITS
PARAMETER SYMBOL UNIT | TEST CONDITIONS
MIN. | TYP. | MAX.
Input Capacitance clN 10 pF fc =1MHz
1/0 Capacitance Cl /0 20 pF Unmeasured pins
returned to GND

PACKAGE OUTLINE
uPD8257C

ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
C 254101 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 _ 0.05 0.010 _ 0.002

SP8257-1-80-CAT
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NEC Microcomputers, Inc.

NEC

4.PD8259

M

PD8259-5

PROGRAMMABLE INTERRUPT CONTROLLER

\

DESCRIPTION The NEC uPD8259 is a programmable interrupt controller directly compatible with the
8080A/8085A/uPD 780(Z80TM). It can service eight levels of interrupts and contains
on-chip logic to expand interrupt capabilities up to sixty-four levels with the addition
of other uPD8259's. The user is offered a selection of priority algorithms to tailor the
priority processing to meet his systems requirements. These algorithms can be dynam-
ically modified during operation, expanding the versatility of the microprocessor

system.

FEATURES e Eight Level Priority Controller
e Programmable Base Vector Address
o Expandable to 64 Levels
e Programmable Interrupt Modes (Algorithms)
e Individual Request Mask Capability
o Single +5V Supply (No Clocks)
e Full Compatibility with 8080A/uPD780(Z80™™)
e uPD8259-5 Compatible with 8085A Speeds
e Auvailable in 28 Pin Plastic and Ceramic Packages
PIN CONFIGURATION s \J 287 vee
wrl2 - 2773 Ag
RD[]3 26 [ INTA PIN NAMES
D7[]4 25[JR7  |p;-Dg Data Bus (Bi-Directional) :
og[]s 24 [] IR6 RD Read Input
osj6 23 [J IR WR Write Input
oald? uPD o ) R4 Ao Command Select Address
8259 . . |CAS2 - CASO Cascade Lines
D3 0Os 20 r3 'SP Slave Program Input
0209 20 3 1R2 INT Interrupt Output
D110 19 J IR1 INTA Interrupt Acknowledge Input
Do ] 11 18 [ 1RO IR0 — IR7 Interrupt Request Inputs
caso(]12 b wT CS Chip Select
CAs1[]13 16[] 5
GND 14 15[ CAs 2

TM: 280 is a registered trademark of Zilog, Inc.
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INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR)

The intérrupt request register and in-service register store the in-coming interrupt
request signals appearing on the IR0-7 lines (refer to functional block diagram). The
inputs requesting service are stored in the IRR while the interrupts actually being
serviced are stored in the ISR. i '

A positive transition on an IR input sets the corresponding bit in the Interrupt Request
Register, and at the same time the INT output of the uPD8259 is set high. The IR input
line must remain high until the first INTA input has been received. Multiple, non-
masked interrupts occurring simultaneously can be stored in the IRR. The incoming
INTA sets the appropriate ISR. bit (determined by the programmed interrupt algorithm)
and resets the corresponding IRR bit. The ISR bit stays high-active during the interrupt

service subroutine until it is reset by the programmed End-of-Interrupt (EOQI) command.

PRIORITY RESOLVER )

The priority resolver decides the priority of the interrupt levels in the IRR. When the
highest priority interrupt is determined it is loaded into the appropriate bit of the
In-Service register by the first INTA pulse.

DATA BUS BUFFER

The 3-state, 8-bit, bi-directional data bus buffer interfaces the uPD8259 to the
processor’s system bus. It buffers the Control Word and Status Data transfers between
the uPD8259 and the processor bus. :
READ/WRITE LOGIC

The read/write logic accepts processor data and stores it in its Initializatipn:Command
Word (ICW) and Operation Command Word (OCW) registers. It also controls the
transfer of the Status Data to the processor’s data bus.

CHIP SELECT (CS)

The 4PD8259 is enabled when an active-low signal is received at this input. Reading
or writing of the uPD8259 is inhibited when it is not selected. "

WRITE (WR)

This active-low signal instructs the uPD8259 to receive Command Data from the
processor.

READ (RD)

When an active-low signal is received on the RD input, the status of the Interrupt
Request Register, In-Service Register, Interrupt Mask Register or binary code of the
Interrupt Level is placed on the data bus. '

INTERRUPT (INT)

The interrupt output from the uPD8259 is directly connected to the processor’s INT
input. The voltage levels of this output are compatible with the 8080's input voltage
nd timing requirements. -

“INTERRUPT MASK REGISTER (IMR)

The interrupt mask register stores the bits for the individual interrupt bits to be masked.

The IMR masks the data in the ISR. Lower priority lines are not affected by masking a
higher priority line.
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FUNCTIONAL DESCRIPTION INTERRUPT ACKNOWLEDGE (INTA)

(CONT.) The interrupt acknowledge signal is usually received from the 8228 (system controller

for the 8080A).  The system controller generates three INTA pulses to signal the 82569
to issue a 3-byte CALL instruction onto the data bus.

Ao

Ag is usually connected to the processor’s address bus. Together with WR and RD
signals it directs the loading of data into the command register or the reading of
status data. The following table illustrates the basic operations performed. Note that

itis divided into three functions: Input, Output and Bus Disable distinguished by the
RD WR and cs inputs.

uPD8259 BASIC OPERATION

Ap| D4 | D3 | RD| WR | CS | PROCESSOR INPUT OPERATION (READ)
0 o | 1|0 | IRR,ISRor IR~ DataBus @
1 0 1 0 IMR —> Data Bus
PROCESSOR OUTPUT OPERATION (WRITE)
oloflo]|1 0 | 0 | DataBus—> OCW2 ‘ '
ol o 1|1 0 | 0 | DataBus—>OCW3
0 1 X 1 0 | 0 | DataBus— ICW1
1 x| x |1 0 | 0 | DataBus—> OCW1, ICW2, ICW3 @
DISABLE FUNCTION
X X X 1 1 0 Data Bus = 3-State
X X X | X X 11 Data Bus = 3-State

Notes: (D The contents of OCW2 written prior to the READ operation governs the
selection of the IRR, ISR or Interrupt Level.

@ The sequencer logic on the 1uPD8259 aligns these commands i in the
proper order.

CASCADE BUFFER/COMPARATOR. {For Use in Multiple pP08259 Array.):

The ID’s of all uPD8259's are buffered and compared in the cascade buffer/ com-
parator. The master uPD8259 will send the 1D of the interrupting slave device along
the CASO, 1, 2lines to all slave devices. The cascade buffed_c_mnparator compares its
preprogrammed ID to the CASQ, 1, 2 lines. The next two INTA pulses strobe the pre-
programmed, 2 byte CALL routine address onto the data bus from the slave whose 1D
matches the code on the CASO, 1, 2 lines.

SLAVE PROGRAM (SP). (For Use in Multiple uPD8259 Array.)

The interrupt capability can be expanded to 64 levels by cascading multiple uPD8259's
in a master-plus-slaves array. The master controls the slaves through the CASQ, 1,2
lines. The SP input to the device selects the CASO-2 lines as either outputs. (SP‘1) for
the master or as inputs (SP=0) for the slaves. For one device only the SP must be set

to a logic ““1” since it is functioning as a master. ‘
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~N N ™ N BLOCK DIAGRAM

N 1

INTA INT
07 - Do
DATA CONTROL LOGIC
8US —
BUFFER ‘ T I
T/OR - 1 1RO
oW — READ/ IR
F—— —9 |t
WRITE | | \R2
Ao LOGIC . e
Ao N INTERRUPT R3
& SERVICE |/ PRIORITY REQUEST | 1
REGISTER [\—] RESOLVER REGISTER |emg—

(sR) RR) RS
- ;
U R S ; R6

O INTERRUPT MASK REGISTER (IMR)

CASCADE
BUFFER/
COMPARATOR

. CASO  cAs?
SP CcAS1

'J J L~

~J
PROCESSOR PROCESSOR PROCESSOR INTERNAL
ADDRESS CONTROL DATA BUS
BUS BUS B8US
SLAVE  ~rr
PROGRAM CASCADE
LINES
Operating Temperature. . .. ... et e e e ... O°Cto+70°C ABSOLUT*E MAXIMUM
Storage Temperature ... ... i .. —6B°Cto+125°C RATINGS
Voltageon Any Pin .. ........... ieeeeeereeas... —0510+7 Volts
Power Dissipation . .........c.0itiiiiinenrnnnnenn. [ 1)

Note: @ 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.

*Ta=25°C
Ta= 25°C; Vee = GND = OV CAPACITANCE
LIMITS . TEST
PARAMETER | SYMBOL | MIN|] TYP ] MAX | UNIT| CONDITIONS
Input Capacitance | CIN 10 PF | fe=1 MHz
1/0 Capacitance Ci/o 20 pF Unmeasured Pins
Returned to Vgs
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DC CHARACTERISTICS  Ta=0°Cto+70°C;Vcg = +5V = 5%

LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 v
Input High Voltage ViH 2.0 Vce + 0.5V \2
Output Low Voltage VoL 0.45 \ loL=2mA
Output High Voltage VoH 2.4 \Y 10H = -400 uA
Interrupt Output- VOH-INT 2.4 \% IoH = =400 uA
High Voltage 3.5 A\ IoH = -50 A
Input Leakage Current I “ROJ') -300 'uA VN = 0V
for IRg.7 10 uA VIN = Vce
Input Leakage Current I, +10 uA | VN =Vecto OV
for other Inputs
Output Leakage Current | I} o - 10 wA | VouT =045V
Output Leakage Current | I o 10 uA VouT = Vce
V¢ Supply Current Icc 85 mA
PACKAGE OUTLINE
uPD8259C/D

—15°
(Plastic)
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
) 249 0.098
[ 2.54 0.10
o 05201 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. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
[ 15.24 06
L 13.2 0.52
+0.10 +0.004
b %% 905 | %°'- o002
A
-t K —————
Y S E——
[ )

S e l
T T,

- M 0—10° ==

-8 taCinke's

f o
(Ceramic)
ITEM MILLIMETERS INCHES
A 36.2 MAX.* 1.43 MAX.
B 1.59 MAX. 0.06 MAX.
c 254:0.1 0.1+ 0.004
D 0.46 + 0.01 0.02 + 0.004
E 33.02:0.1 1.3+ 0.004
] F 1.02 MIN. 0.04 MIN:
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
1 3.5 MAX. 0.14 MAX. :
J 4.5 MAX. 0.18 MAX.
K 15.24 TYP. 06 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.01 + 0.002
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T4 =0°C to +70°C; Vg = +5V * 10%; GND =0V AC CHARACTERISTICS
LIMITS
8259 82505 | TEST
PARAMETER symeoL | min I MAX]| mMIN I MAX | uniT | conpiTIONS
_ READ
CS/Aq Stable Before RD or INTA|  taR 50 0 ns
CS/Ag Stable After RDor INTA | tga | 50 0 ns
RD Pulse Width tRR | 420 250 ns
Data Valid From RD/INTA tRD 300 150 ns @
Data Float After RD/INTA tDF 20 | 200 20 | 100 ns @
] _ WRITE
Ag Stable Before WR tAW 50 0 ns
Ap Stable After WR WA 20 0 ns
CS Stable Before WR tow 50 ns
CS Stable After WR We 20 ns
WR Pulse Width tww 400 250 ns
Data Valid to WR (T.E.) " tpw 300 150 ns
Data Valid After WR twp 40 0 ns
____OTHER
Width of Interrupt Request Pulse fw 100 100 ns
INT 1 After IR. 1 HNT 400 250 ns
Cascade Line Stable After INTA 1| t)c 400 300 ns

Note: () For uPD8259: C_ =100 pf; for uPD82569-5: C| =150 pf

READ : TIMING WAVEFORMS

CHIP SELECT
| TAR™ —> TRA

ADDRESS BUS X K
fe—TaR—2| —=| |=TRa

iTORD T

|-~ }=—Tpf

TRD
DATA BUS\N HIGH IMPEDANCE N\ AN

WRITE
- Tow > —..‘ TweC
CHIP SELECT L b
. ]
ADDRESS BUS R
‘ T AWy —=| —= |-—Twa
DATA BUS X
v Tow |-<‘—— TWD jt—
I/OWR
Tww f—
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TIMING WAVEFORMS
(CONT.)

uPD8259

READ STATUS/POLL MODE

e N e N

\ o

| W —

WR \ /
RD
DATABUS7//////// /[ OCW3 {//// [/ [/ /////] DATA :F////////// 2/
OTHER

" | —= p— UNT
t

INT|W—’ /

INTA

\n_/

DB \HIGH IMPEDANCE,] _

Co-2

O\NANANAN S A\RAR AR N AN

24

— t|cL— ' a

Note: IR must stay high” at least until the leading edge of 1st INTA.

INPUT WAVEFORMS FOR AC TESTS

0.45

2.2 2.2
>TEST POINTS <
0.8 0.8

N\

DATA BUS = = L= = == <]

INITIALIZATION SEQUENCE

STOREBYTE 1

N f

Dy G S

STORE BYTE 2 STORE BYTE 3

389



uPD8259

The uPD8259 derives its versatility from its programmable interrupt modes and its DETAILED OPERATIONAL
ability to jump to any memory address through programmable CALL instructions. The- DESCRIPTION
following sequence demonstrates how the uPD8259 interacts with the processor.

1. An interrupt or interrupts appearing on |R(Q.7 sets the corresponding IR bit(s)
high. This in turn sets the corresponding IRR bit(s) high.

2. Once the IRR bit(s) has been set, the uPD8259 will resolve the priorities
according to the preprogrammed interrupt algorithm. It then issues an INT signal
to the processor.’ ‘

3. The processor group issues an INTA to the uPD8259 when it receives the INT.

4. The INTA input to the uPD8259 from the processor group sets the highest
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the
MPD8259 to issue an 8-bit CALL instruction op-code (11001101) onto its Data
bus lines.

5. The CALL instruction code instructs the processor group to issue two more
INTA pulses to the uPD8259.

6. The two INTA pulses signal the uPDS259' to place its preprogrammed interrupt
vector address onto the Data bus. The first INTA releases the low-order 8-bits
of the address and the second INTA releases the high-order 8-bits.

7. The uPD8259's CALL instruction sequence is.complete. A preprogrammed EOI
(End-of-Interrupt) command is issued to the uPD8259 at the end of an interrupt
service routine to reset the ISR bit and allow the uPD8259 to service the next

interrupt.
Two types of command words are required from the processor to fully define the PROGRAMMING THE
operating modes of the uPD8259, uPD8259

1. Initialization Command Words (ICWs)

Each uPD8259 in the interrupt array must be initialized prior to normal operation.
The initialization is performed by a 2 or 3-byte sequence clocked by WR pulses.
Figure 1 shows this sequence. (Refer to Figure 2 for bit definitions.)

Ao"D7 De Ds Dg D3 D2 D1 Dg
o |A7|As|as |1 |o|F|s[o] IcW1

| 1 |A15|A14|A13]A12 |A11 IAHAQ |A3 ] IcW2

YES

NO
l1 |S7 ISG lSs 184153 lSz |S1 ISO] ICW3

READY TO ACCEPT REQUESTS
IN FULLY NESTED MODE

INITIALIZATION SEQUENCE — FIGURE 1.
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PROGRAMMING THE 2. Operation Command Words (OCWs)
1PD8259 (CONT.)

The operation command words are used to program the various interrupt
algorithms listed below:

Fully Nested Mode

Rotating Priority Mode

Special Mask Mode

Polled Mode

Once the uPD8259 has been initialized, OCWs can be written at any time.

INITIALIZATION  When Ab =0and Dg=1inacommand to the uPD8259, together with CS = 0, it is
COMMAND WORDS  recognized as Initialization Command Word 1. This is the start of the initialization
1and 2 (ICW1 and ICW2)  sequence and causes the following to occur:

e The Interrupt Request edge-sense circuitry is reset so that an input must make a
low-to-high transition to generate its interrupt.

e The initialization sequence clears Interrupt Mask Register to all unmasked and
resets the Special Mask Mode and Status Read Flip-Flops.

e IR7 inputis set to priority 7. )

There are eight equally-spaced base vector addresses in memory for the eight interrupt
inputs. The interval between the base vector addresses can be programmed to be either
four or eight requiring 32 or 64 bytes in memory, respectively. The following. shows
how the address format is mapped onto the Data bus.

D7 Dg Ds Dg D3 D2 D1 Do
(AT 7 [#s [ A [ [ 72 [~1 [m0 ]
N e ———— ————

DEFINED BY .. AUTOMATICALLY INSERTED
D5-7 OF ICW1 BY uPD8259

[A1s A14]A13[A12_TA11IA10| Ag | A |

DEFINED BY ICW2

The uPD8259 automatically defines Ag.4 with a separate address for each interrupt
input. The base vector addresses A15.6 are programmed by ICW1 and ICW2. Ag is

either defined by the uPD8259 if the address interval is eight or must be user-defined if
the interval is 4. The 8-byte CALL interval is consistent with 8080A processor RESTART
instruction software. The 4-byte CALL interval can be used for a compact jump table.
Refer to Figure 4 for a table of address formats.

The following is an example of an interrupt acknowledge sequence. The uPD8259 has
been programmed for a CALL address (base vector address) interval of eight (F = 0) and
there is an interrupt appearing on IR4. The 3-byte sequence is strobed out to the Data
bus by three INTA pulses.

D7.-Dg. Ds Dg D3 D2 D7 Do
1sTiNA [ 1] 1JoJo[ 1] 1 Jo] 1] carLcooe

woWNTA  [A7]Aas] 1JoJ o] oJo o] vrowerrourine
ADDRESS (FROM
FIGURE 4)

3RDINTA  [Ars[A1a] A13][Aar2]A1i[A10][ A9 [ A8 ] HIGHER ROUTINE
ADDRESS
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4 PD8259

It is only necessary to program ICW3 when there are multiple uPD8259s in the INITIALIZATION COMMAND
interrupt array, i.e., S = 0. There are two types of ICW3s. The first is for programming WORD 3 (1ICW3)
the master uPD8259. The second is for the slaves.

1. ICW3-Master uPD8259. A ““1" is set in Sq.7 for each corresponding slave in the
interrupt array. The Sg.7 bits, together with SP = 1, instructs the cascade buffer/
comparator to send the ID of the interrupting slave on the CASO,1,2 lines.

2. ICW3-SLAVE uPD8259(s). Bits D7-D3 are ““don’t care” bits and have no effect
on ICW3. The ID of each slave is programmed by bits Dg.2 (IDp,1,2). Once the
master LPD8269 has sent out the first byte of the CALL sequence, the slave
device(s) with their SP inputs set to Logic 0, compare their 1Ds appearing on the
CASO, 1,2 lines through the cascade buffer/comparator. The slave whose 1D
matches the CASOQ, 1,2 code then issues bytes 2 and 3 of the CALL sequence.

Once the uPD8259 has been programmed with Initialization Command Words, it can OPERATIONAL COMMAND
now be programmed for the appropriate interrupt algorithm by the Operation WORDS (OCWws)

Command Words. Interrupt algorithms in the uPD8259 can be changed at any time

during program operation by issuing another set of Operation Command Words. The

following sections describe the various algorithms available and their associated OCWs.

INTERRUPT MASKS

The individual Interrupt Request input lines are maskable by setting the corresponding
bits in the Interrupt Mask Register to a logic */1” through OCW1. The actual masking
is performed upon the contents of the In-Service Register (e.g., if Interrupt Request
line 3 is to be masked, then only bit 3 of the IMR is set to logic “’1.” The IMR in turn
acts upon the contents of the ISR to mask bit 3). Once the uPD8259 has acknowledged
an interrupt, i.e., the uPD8259 has sent an INT signal to the processor and the system
controller has sent itan INTA signal, the interrupt input, although it is masked, will
inhibit lower priority requests from being acknowledged. There are two means of
enabling these lower priority interrupt lines. The first is by issuing an End-of-Interrupt
(EOI) through Operation Command Word 2 (OCW2), thereby resetting the appro-
priate ISR bit. The second approach is to select the Special Mask Mode through OCW3.
The Special Mask Mode (SMM) and End-of-Interrupt (EOI) will be described in more
detail further on.

FULLY NESTED MODE

The fully nested mode is the uPD8259's basic operating mode. 1t will operate in this
mode after the initialization sequence, requiring no Operation Command Words for
formatting. Priorities are set IRQ through IR7 with IR the highest priority. After the
interrupt has been acknowledged by the processor and system controller, only higher
priorities will be serviced. Upon receiving an INTA, the priority resolver determines the
priority of the interrupt, the corresponding ISR bit is set, and the vector address is
output to the Data bus. The EOl command resets the corresponding ISR bit at the end
of its service routine.

Notes: @ Reference Figure 2
(2 Reference Figure 3
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OPERATIONAL COMMAND ROTATING PRIORITY MODE COMMANDS
WORDS (CONT..)

The two variations of Rotating Priorities are the Auto Rotate and Specific Rotate
modes. These two modes are typically used to service interrupting devices of equivalent
priorities.

1. Auto Rotate Mode

Programming the Auto Rotate Mode through OCW?2 assigns priorities 0-7 to the
interrupt request input lines. Interrupt line IR is set to the highest priority and
1R7 to the lowest. Once an interrupt has been serviced it is automatically
assigned the lowest priority. That same input must then wait for the devices
ahead of it to be serviced before it can be acknowledged again. The Auto Rotate
Mode is selected by programming OCW2 in the following way (refer to Figure 3):
set Rotate Priority bit “’R" to a logic ‘“1”; program EOI to a logic *’1”" and SEOI
to a logic ““0.” The EOIl and SEQI commands are discussed further on. The
following is an example of the Auto Rotate Mode with devices requesting
interrupts on lines IR2 and IRs.

Before Interrupts are Serviced:
IS7 1Sg 1Sg IS4kISk3 IS2 181 1ISg
In-Service Register | 0 | 0 | 1 [0 Jo |1 [o]o |

Highest
~“Priority

Priority Status
Register FR7||R6||RSIIR4I|R31 lR2|1R1l 'RO]

According io the Priority Status Register, IR2 has a higher priority than IRg and -
will be serviced first. ) i

After Servicing:

IS7 1Sg I1Ss 1S4 1S3 1S 1S1  ISg
In-ServiceRegister[o‘lO l 1| olo lo]o l 0']‘

‘Highest
Priority

Priority Status

Register [ IR2] IR1]IRg[ IR7 [1R6] IR5] IR4] 1R3 |

At the completion of IRy's service routine the corresponding In-Service. Register
bit, ISy is reset to 0"’ by the preprogrammed EOI command. IR is then assigned
the lowest priority level in the Priority Status Register. The uPD8259 is now
ready to service the next highest interrupt, which in this case, is IRg.

2. Specific Rotate Mode

The priorities are set by programming the lowest level through OCW2. The
1PD8259 then automatically assigns the highest priority. If, for example, IR3 is
set to the lowest priority (bits L2, L1, Lg form the binary code of the bottom
priority level), then IR4 will be set to the highest priority. The Specific Rotate
Mode is selected by programming OCW2 in the following manner: set Rotate
Priority bit “R"’ to a logic “’1,”” program EOI to a logic “'0,"” SEOI to a logic *‘1”
and L3, L1, Lo to the lowest priority level. If EOl is set to a logic *’1,” the ISR
bit defined by L2, L1, Lo is reset.
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END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI) . OPERATIONAL COMMAND
WORDS (CONT.).

The End-of-Interrupt or Specific End-of-Interrupt command must be issued to reset the
appropriate In-Service Register bit before the completion of a service routine. Once the
ISR bit has been reset to logic “’0,” the uPD8259 is ready to service the next interrupt.

Two types of EOls are available to clear the appropriate ISR bit depending on the
uPD8259's operating mode.
1. Non-Specific End-of-Interrupt (EOI)
When operating in interrupt modes where the priority order of the interrupt inputs
is preserved (e.g., fully nested mode), the particular ISR bit to be reset at the com-
pletion of the service routine can be determined. A non-specific EOl command
will automatically reset the highest priority ISR bit of those set. The highest
priority ISR bit must necessarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from.
2. Specific End-of-Interrupt (SEOI) o
When operating in interrupt modes where the priority order of the interrupt
inputs is not preserved (e.g., rotating priority mode) the last serviced interrupt
level may not be known. In these modes a Specific End-of-Interrupt must be
issued to clear the ISR bit at the completion of the interrupt service routine.
The SEOI is programmed by setting the appropriate bits in OCW3 (Figure 2)
to logic ““1"s. Both the EOl and SEOI bits of OCW3 must be set to a logic ‘1"
with L2, L1, Lo forming the binary code of the ISR bit to be reset:

SPECIAL MASK MODE

Setting up an interrupt mask through the Interrupt Mask Register (refer to Interrupt
Mask Register section) by setting the appropriate bits in OCW 1 to a logic 1" will
inhibit lower priority interrupts from being acknowledged. In applications requiring
that the lower priorities be enabled while the IMR is set, the Special Mask Mode can be
used. The SMM is programmed in OCW3 by setting the appropriate bits to a logic *1.”
Once the SMM is set, the uPD8259 remains in this mode until it is reset. The Special
Mask Mode does not affect the higher priority interrupts.

POLLED MODE

In the Poll Mode the processor must be instructed to disable its interrupt input (INT).
Interrupt service is initiated through software by a Poll Command. The Poll Mode is
programmed by setting the Poll Mode bit in OCW3 (P = 1), during aWR pulse. The
following RD pulse is then considered as an interrupt acknowledge. If an interrupt
input is present, that RD pulse sets the appropriate ISR bit and reads the interrupt
priority level. The Poll Mode is a one-time operation and must be programmed through
OCWS3 before every read. The word strobed onto the Data bus during Poll Mode is of
the form:

D7 Dg Ds Dg D3 D2 D91 Dg
Lr [x [x [x[ x]wa]wifwo ]

where: 1= 1 if there is an interrupt requesting service
= 0'if there are no interrupts

W2.0 forms the binary code of the highest priority |
level of the interrupts requesting service

The Poll Mode can be used when an interrupt service routine is common to several
interrupt inputs. The INTA sequence is no longer required offering a saving in ROM
space. The Poll Mode can also be used to expand the number of interrupts beyond 64.
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READING uPD8259 STATUS The following major registers’ status is available to the processor by appropriately
formatting OCW3 and issuing RD command.

INTERRUPT REQUEST REGISTER (8-BITS)

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement.
Once it has been acknowledged, the highest priority in-service bit is reset. (Note that
the Interrupt Mask Register has no effect on the IRR.) AWR command must be issued
with OCW3 prior to issuing the RD command. The bits which determine whether the
IRR and ISR are being read from are RIS and ERIS. To read contents of the IRR, ERIS
must be logic “1"" and RIS a logic *“0.” :

IN-SERVICE REGISTER (8-BITS)

The In-Service Register stores the priorities of the interrupt levels being serviced.
Assertion of an End-of-Interrupt (EOI) updates the ISR to the next priority level. A
WR command must be issued with OCW3 prior to issuing the RD command. Both ERIS
and RIS should be set to a logic “'1.” '

INTERRUPT MASK REGISTER (8-BITS)

The Interrupt Mask Register holds mask data modifying interrupt levels. To read the
IMR status a WR pulse preceding the RD is not necessary. The IMR data is available to
the data bus when RD is asserted with Ag at a logic **1.”

A single OCWS3 is sufficient to enable successive status reads providing it is of the same
register. A status read is over-ridden by the Poll Mode where bits P and ERIS of OCW3
are set to a logic “1.”

. CASCADING If more than eight interrupt levels are required, multiple uPD8259s can be cascaded
MULTIPLE uPD8259s with one master and up to eight slaves, to accommodate up to 64 levels of interrupt.

As shown in Figure 5, the master device directs the appropriate slave to release its CALL
address through its three cascade lines (CASO,1,2).

The INT output of the slave devices go to the IR inputs of the master device. The
master uPD8259's INT output is connected to the processor’s control bus. When the
slave device signals the master that it has acknowledged an interrupt, the master issues
an 8080A CALL Op-code at the first INTA pulse. The master then signals that slave
device (via CAS0,1,2) to issue the appropriate CALL address during the second and
third INTA pulses. )

The slave address code is present on cascade lines 0,1,2 (active-hii[ogic) from the
trailing edge of the first INTA to the trailing edge of the third INTA. Each device in the
HPD8259 array must be individually initialized and can be programmed in different
operating modes. Two End-of-Interrupt commands must be issued for the master and
its corresponding slave. An address decoder is used to drive the Chip Select inputs for
each uPD8259 in the array. The Slave Program (SP) input must be held at a logic ““0"*
level for each slave device and held at logic *“1” level for the master. The SP input
selects the Cascade lines as either inputs (SP = 0) or outputs (SP = 1).
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D; Dg Dg Dg D3 D2 Dy Dp
icw: [o] a7 [asfas][ 1 [ o] ¢ [s ] o]|1-singewrosasoin
Interrupt Array Avoiding
l the necessity of program-
ming ICW3.

0 = Multiple 4PDB259s
in Array.

CALL ADDRESS INTERVAL
1= Interval is 4
0 = Interval is 8

Aq.5 of Lower Routine
Address

Ap D7 Dg Dg Dsg D3 D2 Dy Dg
w2 [1 ] ars] mafara] a2 ar] a0 ] Ae T 2s]

I Upper Routine
Address

Ap D7 Dg Ds D4 D3 D2 Dy Dg
Ll

iows = T [ [0 [0 [ 52 [0 [o0)
(Master Device)
1= IR Input has a Slave
0= IR Input does not
have a Slave
Ao D7 Dg Os Dg D3 D2 Dy Dg
1cwa: [T oJoTJoJ o e[ ma]mi]rog
(Slave Device)
SLAVE ID
o|1]2|3]afs]6|7
= 0[1f0j 1 of1]{of1
ojof1[1]ofof1]|1
ofojofofifr]r]1
FIGURE 2
Ap D7 Dg DOs Dg D3 D2 Dy Do
ocwi. [ 1 l M7lM5 IM5[ M4l M;l le My | Mo
1=C ing bit in
l I I [ I l [ IRR is masked.
0 = No mask present for
the corresponding
IRR bit.

Ag D; Dg Dg Dg D3 D Dy Dg BINARY LEVEL TO BE RESET
ocw2 [/6 I A [ seou[eou I ° [ o ] ‘-2] "‘l " ] OR PUT INTO LOWEST PRIORITY
of1]2]3]a]s]e]7

L—'o 1]ol1]of1[0]1
ojoj1|1]ofo]1]1
olofojo]1|1]1]1

NON-SPECIFIC END OF INTERRUPT
1 = Reset the Highest Priority

Bitof ISR
0 = No Action

SPECIFIC END OF INTERRUPT
1= L2, L1, Lo Bits are used
0 = No Action

ROTATE PRIORITY |
1 = Rotate

0= Not Rotate |

07 Dg Os D4 03 bz D4 Do

oows: [ o | - Jesmm[smm] o | 1 | ¢ | ems | mis

|Read In-Service Register
No Action

1 | No Action

0 | Resd 1R Reg. on
Next RD Puise

1 Read IS Reg. on
NextRD Pulse

Polling

Read Binary Code of
Highest Level Requesting
Interrupt on Next RD Pulse
No Action

1 iSpecisl Mask Mode

~|-lo|lote|]| o | - —oeJ

0 | No Action

1 No Action

0 | Read Special Mask
1 | Set Special Mask

FIGURE 3
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SUMMARY OF OPERATION Ag Ds D3
COMMAND WORD ocwi 1 X X M7-Mg IMR (Interrupt Mask Register) WR loads IMR data while
PROGRAMMING D reacs status
OoCw2 0 0 0 R SEOI EOI
0 0 0 No Action
0 0 1 Non-Specific End-of-interrupt
[} 1 0 No Action
! ) 1 1 Specific-End-of-Interrupt L2, L1, Lo forms binary representation
of level to be reset. )
1 0 0 No Action :
1 0 1 Rotate Priority at End-of-Interrupt (Auto Mode)
1 1 0 Rotate Priority, L2, L1, Lo specifies bottom priority without
End-of-Interrupt
1 1 1 Rotate Priority at End-of-Interrupt (Specific Mode). Lo, L1, Lo
specifies bottom priority, and its In-Service Register bit is reset.
OCW3 0 [ 4 ESMM  SMM
o ? -Special Mask not affected
1 o Reset Special Mask
1 1 Set Special Mask
ERIS RIS
o
o ] No Action ’
1 0 Read IR Register Status
1 1 Read IS Register Status )
§
LOWER MEMORY - . ;
|NTERRUPT VECTOR INTERVAL =4 . INTERVAL =8 .
D7 Dg Ds Dg D3 D2 Dy Dg Dy Dg Ds D4 D3 D2 Dy Do
ADDRESS R7| A7 Ag As 1 1 1 o o | A7 aAg 1 1 1 o o0 o
IRg| A7 Ag As 1 1 0 0 o A7  Ag 1 1 ] ] o o 1
Rs| A7 Ag A 1 0 1 ) A7 A 1 0 1 0 0 0 K
Ra| A7 A A5 1 0 0 0 0O A7 As 1 0 0 o0 0 o '
R3| A7 A6 A5 O 1 1 0 0 A7 A5 O 1 1 0 0 O
R/ A7 A A5 O 1 0 -0 O A7 Ag O 1 0 O O0 O
Ri|A7 Ag A5 O O 1 .0 O A7 A O 0 1 0 0 O
Ro| A7 A5 A5 0 O 0 O O A7 A¢ O 0O O O O O
FIGURE 4

Note: Insure that the processor’s interrupt input is disabled during the execution of any control command and
initialization sequence for all uPD8259s.

397



4 PD8259

CASCADING THE uPD8259

)

PROCESSOR ADDRESS BUS (16)

§

PROCESSOR CONTROL BUS

S

A}

.

PROCESSOR DATA BUS (8)

N\

\/

INT

uPD8259
(MASTER)

IR_IR_IR_IR_IR

4 3 2 1 0

—t —— 1 — — 1 _)———
—t - — —{ ————— —
-t — -4 — —~ L — - —|—
e AVAIAV/ ) N I\/
cs Ao & Ag INT = "o
cAso cas CASO
uPDB259 uPDB259
(SLAVE 2) cas1 (SLAVE 1) CAS1 CAS1
CAS 2 CAs2 cas2
S IR IR IR IR R IR_IR % IR IR IR IR IR IR IR IR S IR IR IR
GND GND ‘ ’ t Vee
‘ 21 20 19 18 17 15 14 1312 1 10 9 8 7 6 B
— STRUCTION SET
Number Mnemonic Ag| D7] Dg] Ds| Dg| D3 | D2} D1 | Do | Operation Description
1 ICW1 A 1] Az Ag Ag 1 0 1 1 0 Byte 1 Initialization,
Format = 4, Single
2 Icw1 B 4] Az Ag | As 1 0 1 [} 4] Byte 1 Initialization,
Format = 4, Not Single
3 IcW1 C 0 A7 | As| As 1 [} 0 1 [} Byte 1 Initialization,
Format = 8, Single
a IcW1 D 0| A;| As| As| 1| o | o] o] o Byte1initatization,
Format = 8, Not Single
5 1cw2 1 | A1s| A1a]| A13| A12] A11 | A10] Ag | Ag | Byte 2initiatization
(Address No. 2)
6 IcW3 M 1 157! se| ss|Sa|s3|S2]| 1| So| Byte2initialization —
MASTER
7 ICW3 s 1 0 0 0 o 0 S2 Sq So Byte 3 Initialization —
SLAVE
8 ocwi 1 [ M7 Mg| Ms | Mg | M3 | Ma| My | Mg | Load Mask Register,
Read Mask Register
OCW2 E 0 V] 0 1 0 ] o 0 [} Non-Specific EOI
10 OCW2 SE of of 1| 1 0| o | 2] L1 | Lo | specific EOL Lo, L1, Lo
Code of IS to be Reset
n OCW2 RE 0 1 0 1 0o 0 o ] 0 Rotate at EOI
(Auto Mode)
12 OCW2 RSE o 1 1 1 ] 0 L2 | Ly Lo | Rotate at EOI (Specific Mode).
L2, L1, Lo Code of Line to be
Reset and Selected as Bottom
Priority.
13 ocw2 RS o] 1 1 0| 0] 0 |L2]| 1| Lo | L2 L1 Lg—Codeof Bottom
- Priority Line.
14 ocws P o - ) (] o 1 1 o [} Poll Mode
15 OCW3 RIS 0 - [ 0 0 1 0 1 1 Read IS Register
16 OCW3 RR 0 - 0 0 0 1 0 1 0 Read Requests Register
17 OCW3 sM 0 - 1 1 [ 1 0 0 0 Set Special Mask Mode
18 OCW3 RSM ] - 1 0 0 1 0 ] 1] Reset Special Mask Mode

Note: Insure that the processor’s interrupt input is disabled during the execution of any control command and
initialization sequence for all uPD8259s.
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NEC

NEC Microcomputers, Inc. puPD8279-5

PROGRAMMABLE KEYBOARD/DISPLAY
INTERFACE

DESCRIPTION The uPD8279-5 is a programmable keyboard and display Input/Output device. It
provides the user with the ability to display data on alphanumeric segment displays
or simple indicators. The display RAM can be programmed as 16 x 8 or a dual
16 x 4 and loaded or read by the host processor. The display can be loaded with
right or left entry with an auto-increment of the display RAM address.

The keyboard interface provides a scanned signal to a 64 contact key matrix expand-
able to 128. General sensors or strobed keys may also be used. Keystrokes are stored
in an 8 character FIFO and can be either 2 key lockout or N key rollover. Keyboard
entries generate an interrupt to the processor.

FEATURES e Programmable by Processor
e 32 HEX or 16 Alphanumeric Displays
e 64 Expandable to 128 Keyboard
e Simultaneous Keyboard and Display
o 8 Character Keyboard — FIFO
e 2 Key Lockout or N Key Rollover
e. Contact Debounce
e Programmable Scan Timer
e Interrupt on Key‘ Entry
. Singlé +5 Volt Supply
o Fully Compatible with 8080A, 8085A, uPD780 (Z80™)
e Auvailable in 40 Pin Plastic Package

-PIN NAMES
PINCONFIGURATION . o7 Y =h

2 Vce DBg.7 Data Bus (Bi-directional)
g'—a g - 39 O RLy CLK Clock Input
g s 38 O RLo RESET Reset Input
IRQ O 4 37 [J CNTL/STB = Chip Seiect
Rlq E 5 36 3 SHIFT RD Read Input
RLs O 6 35 [J s = o~
RL C 34 3 L rite Input

6 7 SLp
RLy E 33 : Ag Buffer Address

| 8 IJPD SLy IRQ Interrupt Request Output
RESET [ 9 28 Sto SLy Scan Lines

75 1o 82795 310 Sto-3 can Line
g OuUT Bg RLo.7 Return Lines
WR [ 11 30 [J ouT B, SHIFT Shift Input
DBg E 12 29 3 ouT B CNTL/STB | Control/Strobe Input
DBy 13 28 [ ouT B3 OUT Ag.3 | Display (A) Outputs
DB2 [J14 27 B out Ag OUT Bg.3 | Display (B) Outputs
DB3 E 15 26 3 OUT A BD Bland Display Output
oBy 16 25 B 6UT Ay ‘

4 UT Ay
DBs [ 17 24 [0 ouT Az
DBg [ 18 23 [ 8D
DBy [ 19 22 [ Cs
Vss [ 20 21 [ Ao

TM™: Z80 is a registered trademark of Zilog.
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PD8279.5 :

The uPD8279-5 has two basic functions: 1) to control displays to output and 2) to FUNCTIONAL
control a keyboard for input. Its specific purpose is to unburden the host processor DESCRIPTION
from monitoring keys and refreshing displays. The uPD8279-5 is designed to directly

interface the microprocessor bus. The microprocessor must program the operating

mode to the uPD8279-5, these modes are as follows: )

Output Modes

e 8 or 16 Character Display
e Right or Left Entry

Input Modes

e Scanned Keyboard with Encoded 8 x 8 x 4 Key Format or Decoded 4 x 8 x 8
Scan Lines.

e Scanned Sensor Matrix with Encoded 8 x 8 or Decoded 4 x 8 Scan Lines.

e Strobed Input.

BLOCK DIAGRAM

CLK RESET DBoy D WR CS Ag IRQ

IFO/SENSOR|
1/0 CONTROL RAM
BUFFERS STATUS

o
K=
g
>
|———
<—
-
-

(=

INTERNAL - DATA BUS (8)

{

—

DISPLAY s CONTROL AND- 8x8 KEYBOARD
ADDRESS :“‘> 16x8 Lym{ TIMING FIFO/SENSOR| <: DEBOUNCE
REGISTERS DISPLAY REGISTERS o] RAM AND
‘ RAM L s CONTROL

A
TIMING
< b AND v

conTrO
DISPLAY H—blsc;rmcoun\msf-‘\l l RETURN I
REGISTERS

¢ I

OUT Ag.3 "~ OUT Bg.3 SLos RLg.7
CNTL/STB
Operating TEMPErature . . . .. ..o vovee e e 0°Cto +70°C ABSOLUTE MAXIMUM
Storage TEMPErature . . .. .. ....oouvne e n'snnnnnn -65°Cto +125°C RATINGS*
Al OUtPUt VOITageS . & . oo v e e e e -0.5 to +7 Volts(D
Al INPUt VOIAGES . « o o o v o e e e e e e e e e e -0.5 to +7 Volts(D
Supply Voltages . . .......... . -0.5 to +7 Volts®D
Power Dissipation . . . .. v vttt e 1w

Note: (D With respect to Vss

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
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I3

PIN IDENTIFICATION PIN
DESCRIPTION
NO. SYMBOL NAME

1,2,5, RLg.7 Return Lines Return line inputs which are connected to the scan

6,78, lines through the keys or sensor switches. They

38, 39 have active internal pullups to keep them high until
a switch closure pulls one low. They also serve as an
8-bit input in the Strobed Input mode.

3 CLK Clock Clock from system used to generate internal timing.

4 IRQ Interrupt Interrupt Request. In a keyboard mode, the inter-

Request rupt line is high when there is data in the FIFO/
Sensor RAM. The interrupt line goes low with each
FIFO/Sensor RAM read and returns high if there
is still information in the RAM. In a sensor mode,
the interrupt line goes high whenever a change in a
sensor is detected.

9 Reset Reset Input A high signal on this pin resets the uPD8279-5.

10 RD Read Input . Input/Output read and write. These signals enable

1 WR Write Input the data buffers to either send data to the external
bus or receive it from the external bus.

1219 DBo-7 Data Bus Bi-Directional data bus. All data and commands
between the processor and the uPD8279-5 are
transmitted on these lines:

20 Vss Ground Power Supply Ground

Reference

21 Ap Buffer Address | Buffer Address. A high on this line indicates the
signals in or out are interpreted as a command or
status. A low indicates that they are data.

22 [ Chip Select Chip Select. A low on this pin enables the inter-
face functions to receive or transmit.

23 BD Blank Display Blank Display. This output is used to blank the

Output display during digit switching or by a display
blanking command.

24-27 OUT Ap-3 Display A These two ports are the outputs for the 16 x 4

’ ' Outphts display refresh registers. The data from these out-

2831 OUT Bp.3 Display B puts is synchronized to the scan lines (SLg-SL3)-

Outputs for multiplexed digit displays. The two 4-bit ports
may be blanked independently. These two ports
o may also be considered as one 8-bit port.-

3235 SLo.3 Scan Lines Scan Lines which are used to scan the key switch
or sensor matrix and the display digits. These
lines can be either encoded (1 of 16) or decoded
(10f4).

36 . Shift Shift Input The shift input status is stored along with the key
position on key closure in the Scanned Keyboard
modes. It has an active internal pullup to keep it
high until a switch closure pulls it low.

37 CNTL/STB| Control/ For keyboard modes this line is used as a control

Strobe Input input and stored like status on a key closure. The
line is also the strobe line that enters the data into
the FIFO in Strobed input mode (Rising Edge). It
has an active internal pullup to keep it high until
a switch closure pulls it low.

40 Ve +5V Input Power Supply Input
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Ta=0°Cto +70°C; VcC = +5V £ 10%; Vss = OV. DC CHARACTERISTICS
LIMITS T TEST
PARAMETER ‘ SYMBOL T TP T A UNI CONDITIONS
Input Low Voltage for Shift, viLp | -08 1.4 \
Control and Return Lines .
Input Low Voltage (Others) ViL2 -0.5 0.8 \%
_Input High Voltage for Shift,| VIH1 2.2 . \
Control and Return Lines
Input High Voltage (Others) ViIH2 2.0 \%
Output Low Voltage VoL 045 | V loL=22mA
Output High Voltage on VOH 3.5 \% IoH = -400 1A
Interrupt Line N .
Input Current on Shift, [ITR] +10 MA Vin = Vce
Control and Return Lines -100 uA VN =0V
Input Leakage Current ITW} ) +10 uA VIN = VcC to OV
(Others) '
Output Float Leakage lI0oFL +10 uA VouT = V¢ to 0V
Power Supply Current Icc . 120 mA
PARAMETER SYMBOL LIMITS UNIT TEST CAPACITANCE
MIN | TYP ] MAX CONDITIONS
Input Capacitance CIN 5 10 pF VIN = Vce
Output Capacitance CouT 10 20 pF VouT = Vce
Ta=0°Cto'+70°C; Vg = +5V * 10%; Vss = OV . AC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL UNIT
' , MIN [TYP[mAX CONDITIONS
READ
Address Stable Before READ tAR 0 ns
Address Hold Time for READ tRA 0 ns
READ Pulse Width tRR 250 ns
Data Delay from READ tRD 150 ns CL = 1560 pF
Address to Data Valid tAD 250 ns | CL=150pF
READ to Data Floating tDF 10 100 | ns
Read Cycle Time tRCY 1 us
WRITE
Address Stable Before WRITE tAW 0 ns
Address Hold Time for WRITE|  twA 0 ns
WRITE Pulse Width tww {250 ns
‘Data Set Up Time for WRITE I tow 150 ns
Data Hold Time for WRITE twD Y ns
) . OTHER
Clock Pulse Width toW 120 ns
Clock Period k tcy 320 ns

GENERAL TIMING

Keyboard Scan Time: 51ms Digit-on Time: 480 us
Keyboard Debounce Time: 10.3 ms Blanking Time: 160 us
Key Scan Time: 80 us Internal Clock Cycle: 10 us
Display Scan Time: 10.3 ms
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TIMING WAVEFORMS INPUT FOR AC TESTS

2.0

—
TEST POINTS

0.8 0.8

READ
)
Ag, CS (SYSTEM'S
. ADDRESS BUS)
AR tRCY:
RR RA
RD \ (READ CONTROL)
tRD> tDF=-
tAD:
DATA BUS
(OUTPUT) HIGH IMPEDANCE DATA VALID—=~{ HIGH IMPEDANCE
WRITE

s (SYSTEM'S
Ag. TS ﬂ ]( ADDRESS BUS)
L WA )
tAw: tww

WR (WRITE CONTROL)

tpwW—e—{ WD

DATA BUS

(NPUT) DATA MAY CHANGE »-DATA VALID-% DATA MAY CHANGE

CLOCK INPUT
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uPD8279-5

The following is a description of each section of the uPD8279-5. See the block OPERATIONAL
diagram for functional reference. DESCRIPTION

1/0 Control and Data Buffers

Communication to and from the uPD8279-5 is performed by selecting Cs, Ao, RD and
WR. The type of information written or read by the processor is selected by Ag. A
logic O states that information is data while a 1 selects command or status. RD and WR
select the direction by which the transfer occurs through the Data Buffers, When the
chip is deselected (CS = 1) the bi-directional Data Buffers are in a high impedance state
thus enabling the uPD8279-5 to be tied directly to the processor data bus.

Timing Registers and Timing Control

The Timing Registers store the display and keyboard modes and other conditions pro-
grammed by the processor. The timing control contains the timing counter chain. One
counter is a divide by N scaler which may be programmed to match the processor
cycle time. The scaler must take a value between 2 and 31 in binary. A value which
scales the internal frequency to 100 KHz gives a 5.1 ms scan time and 10.3 ms switch
debounce. The other counters divide down to make key, row matrix and display scans.

Scan Counter

The scan counter can operate in either the encoded or decoded mode. In the encoded
mode, the counter provides a count which must be decoded to provide the scan lines.
In the decoded mode, the counter provides a 1 out of 4 decoded scan. In the encoded
mode the scan lines are active high and in the decoded mode they are active low.

Return Buffers, Keyboard Debounce and Control

The eight return lines are buffered and latched by the return buffers. In the keyboard
mode these lines are scanned sampling for key closures in each row. If the debounce
circuit senses a closure, about 10 ms are timed out and a check is performed again. If -
the switch is still pressed, the address of the switch matrix plus the status of shift and
control are written into the FIFO. In the scanned sensor mode, the contents of
return lines are sent directly to the sensor RAM (FIFO) each key scan. In the strobed
mode, the transfer takes place on the rising edge of CNTL/STB.

FIFO/Sensor RAM and Status

This section is a dual purpose 8 x 8 RAM. In strobe or keyboard mode it is a

FIFQ. Each entry is pushed into the FIFO and read in order. Status keeps track of the
number of entries in the FIFO. Too many reads or writes to the FIFO will be treated
as an error condition. The status logic generates an IRQ whenever the FIFO has an
entry. In the sensor mode the memory is a sensor RAM which detects changes in the
status of a sensor. If a change occurs, the IRQ is generated until the change is
acknowledged.

Display Address Registers and Display RAM

The Display Address Register contains the address of the word being read or written
by the processor, as well as the word being displayed. This address may be pro-
grammed to auto-increment after each read or write. The display RAM may be read
by the processor any time after the mode and address is set. Data entry to the display
RAM may be set to either right or left entry.
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1LPD8279-5

COMMAND OPE RATION The commands programmable to the uPD8279-5 via the data bus with CS active (0)
and Ag high are as follows:

Keyboard/Display Mode Set
[oJofo[n[n[x]K][k]

mMsB LSB
Display Mode:
bb
0 O S»S-bit character display — Left entry
0 1'® 16-8 bit character display — Left entry
1 0 8-8 bit character display — Right entry
1 1 16-8 bit character display — Right entry

Note: (D Power on default condition

Keyboard Mode:

KKK

0 0 0 Encoded Scan — 2 Key Lockout

0o 0 1 Decoded Scan — 2 Key Lockout

0 1 0 Encoded Scan — N Key Rollover

o 1 1 Decoded Scan — N Key Rollover
1.0 0 Encoded Scan-Sensor Matrix ?
1 0 1 Decoded Scan-Sensor Matrix l
1 1 0 Strobed Input, Encoded Display Scan E
1 1 1 Strobed Input, Decoded_DispIay Scan

Program Clock ;

, lolofa]e[e[r[r]r]
Where PPPPP is the prescaler value between 2 and 31 this prescaler divides the external

clock by PPPPP to develop its internal frequency. After reset, a default value of 31is .
generated. '

Read FIFO/Sensor RAM
lo]1]o]at[x]alA]A] Ag=0
A] is the auto-increment flag. AAﬂis the row to be read by the processor. The read
command is accdmplished with (CS- RD - AQ) by the processor. If Afis 1, the row

select counter will be incremented after each read. Note that auto-incrementing has
no effect on the display. :

Read Display RAM
[o]1]1[a1]A]A]ATA] Ap=0

Where A[ is the auto-increment flag and AAAA is the character which the processor
is about to read.

Write Display RAM

Llofofarfafala]A]

where AAAA is the character the processor is about to write.

Display Write Inhibit Blanking

P Fl 1 xl |wl w BL]BLJ

A|B |A |B
Where IWA and IWB are Inhibit Writing nibble A and B respectively, and BLA, BLB
are blanking. When using the display as a dual 4-bit, it is necessary to mask one of the
4-bit halves to eliminate interaction between the two halves. This is accomplished with
the IW flags. The BL flags allow the pfogranﬁmer to blank either half of the display
independently. To blank a display formatted as a single 8-bit, it is necessary to set
both BLA and BLB. Default after a reset is all zeros. All sighals are active high (1).
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. Clear } COMMAND OPERATION
BN RN KRR I AN (CoNT.
¢ ¢ Cp
1 0 X. All zeros
1 1 0 AB =201¢
1 1 1 All ones
0 X X Disable clear display

This command is used to clear the display RAM, the FIFO, or both. The Cp options
allow the user the ability to clear the display RAM to either all zeros or all ones.

CF clears the FIFO.
Ca clears all.

Clearing the display takes one complete display scan. During this time the processor
can't write to the display RAM.

Cr will set the FIFO empty flag and reset IRQ. The sensor matrix mode RAM pointer
will then be set to row 0.

CA isequivalent to CF and Cp. The display is cleared using the display clear code
specified and resets the internal timing logic to synchronize it.

End Interrupt/Error Mode Set
Llafafe[xfx{xx]

In the sensor matrix mode, this instruction clears IRQ and aliows writing into RAM.
In N key rollover, setting the E bit to 1 allows for operating in the special Error mode.
See Description of FIFO status.
FIFO Status
[Du[siEJOJU[F[N]N[N]J
Where: Dy = Display Unavailable because a clear display or clear all command is in
progress.
S/E = Sensor Error flag due to multiple closure of switch matrix.

O = FIFO Overrun since an attempt was made to push too many
characters into the FIFO.
U = FIFO Underrun. An indication that the processor tried to read an
empty FIFO.
F = FIFO Full Flag. .
NNN = The Number of characters presently in the FIFO.

The FIFO Status is Read with Ag high and CS, RD active low.

The Display not available is an indication that the Cp or CA command has not
completed its clearing. The S/E flags are used to show an error in multiple closures has
occurred. The O or U, overrun or underrun, flags occur when too many characters are
written into the FIFO or the processor tries to read an empty FIFO. F is an indication
that the FIFO is full and NNN is the number of characters in the FIFO.

S . Data Read

Data can be read during Ag = 0 and when 68' RD are active low. The source of the
data is determined by the Read Display or Read FIFO commands.

Data Write

Data is written to the chip when Ag, CS, and WR are active Iow: Data will be written
into the display RAM with its address selected by the latest Read or Write Display
command.
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COMMAND OPERATION
(CONT.)

PACKAGE OUTLINE
uPD8279C-5

Data Format

4PD8279-5

CNTL | SH

T T
SCAN
1 1

T T
RET
) 1

In the Scanned Key mode, the characters in the FIFO correspond to the above format
where CNTL and SH are the most significant bits and the SCAN and return lines are
the scan and column counters.

[RL7 | RLg | RLg | RLg I RLgT RL2 l RL1 J RLO]

In the Sensor Matrix mode, the data corresponds directly to the row of the sensor
RAM being scanned. Shift and control (SH, CNTL) are not used in this mode.

Control Address Summary

Ag DATA

MSB LsB
1{oJoJo]o[p[k]k]«k]
N RN
o [ o [m]x[a]~] 7]
0L0|1|1IA1|A|A|A]A|
' lo[oImIalAlATA]
1o x| W BL)BL
1L1]1|o[cD]cD]cD]cF[cA]
vl Je]x]x]x]x]
1 [oulsefoulFrn][n]nN]

Keyboard Display Mode Set
Load Program Clock

Read FIFO/Sensor RAM

Read Display RAM

Write Display RAM

Display Write Inhibit/Blanking
Clear

End Interrupt/Error Mode Set

FIFO Status

e ==
S LD

(Plastic)
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
8 1.62 0.064
C 254+ 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
3 5,72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.520
+0.1 +0.004
M 025 "o 0010 oo

— 15°

SP8279-9-78-GN-CAT
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| NEC
NEC Microcomputers, Inc. puPD8355
JPD8755A

16,384 BIT ROM WITH 1/O PORTS
16,384 BIT EPROM WITH 1/0 PORTS

DESCRIPTION  The uPD8355 and the uPD8755A are uPD8085A Family components with the
uPD8355 containing 2048 X 8 bits of mask ROM and the /.tPDS755A containing
2048 X 8 bits of mask EPROM for program development. Both components also con-
tain two general purpose 8-bit 1/0 ports. They are housed in 40 pin packages, are
designed to directly interface to the uPD8085A and are pin for pin compatible to each
other. ’ : .

2048 X 8 Bits Mask ROM (uPD8355)

2048 X 8 Bits Mask EPROM (uPD8755A)

2 Programmable 1/0 Ports

Single Power Supplies: +5V

Directly Interfaces to the uPD8085A

Pin for Pin Compatible

MPD8755A: UV Eraseable and Electrically Programmable
MPD8355 available in Plastic Package

MPD8755A Available in Ceramic Package

FEATURES

PIN CONFIGURATIONS cEd T 0B vee CEC] 1 ) = R 7
ced 2 39 ) P8y cEC] 2 398"57
ckd 3 38 1 reg ckd 3 38 1 Psg
RESET ] 4 37 peg RESET ] 4 37 [J PBs
N[ s 36 {1 PBy ) vpp 4 5 36 {1 PBg
READY (] 6 3see3 READY ] 6 35 [0 PB3
omcy 7 34 [QPBy iomg 7 34 [ P8y
TorR[] 8 33 [ PB4 orRO 8 33 [ PB4
o o 32 [ Py RO O] 9 32 O PBo
w10 upPp 31 [ rPay iow[J10  uPD 31 [drAy
ALE O] 1 8355 30 [1PAg ALEC]11 8755A 30 [1PAg
ADg O 12 29 [ Pag ADg 12 29 [ PAg
ADq ] 13 28 [ pag ADq 13 ‘ 28 [ PAg
AD, ] 14 27 [ pag AD2 014 2z g PA3
ap3 15 26 [ PAy apz [ 15 : 26 L1 PA2
AD4 O]16 25 [ PAq AD4 ] 16 25 O PAy
ADg 17 2a 3 pag ADg O] 17 24 [ PAg
apg 18 23 3 A0 aDg []18 23 [ Aqg
AD7 19 22 [ Ag AD7 19 22 [ Ag
Vvss 020 21 3 Ag vss O] 20 ' 21 3 Ag

NC: Not vConnected
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pPD8355/8755A

The uPD8355 and uPD8755A contain 16,384 bits of mask ROM and EPROM
respectively, organized as 2048 X 8. The 2048 word memory location may be
selected anywhere within the 64K memory space by using the upper 5-bits of

address from the uPD8085A as a chip select.

The two general purpose |/O ports may be programmed input or output at any

time. Upon power up, they will be reset to the input mode.

Vbp @
|

Note: @ VpD applies to uPD8755A only.

Operating Temperature (uPD8355)
(UPD8755A)

Ve (+5V)

It

2048 X 8
ROM

PA

PB

|
Vss (0V)

Storage Temperature (Ceramic Package)

(Plastic Package)

" -0.3 to +7 Volts @

Voltage on Any Pin (uPD8355). . . .............c.....

Note: @ With Respect to Ground

|t/ PA7-PAQ
8

| <= PB7-PBg
8 o

0°Cto +70°C

-10°C to +70°C
" -65°C to +150°C
' -40°Cto +125°C

" -0.5 to +7 Volts @
Power Dissipation . . .. viv ittt i e e e e e

1.5W

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

T4=0°C to +70°C; V¢ = 5V + 5%

‘ LIMITS TEST

PARAMETER SYMBOL | MIN | TYP | MAX “UNIT CONDITIONS
Input Low Voltage viL | -0 0.8 v |vec=50v®
Input High Voltage ‘ VIH 2.0 Vccet0.5 vV |Vee= s.ov(®
Output Low Voltage VoL 0.45 \ loL=2mA
Output High Voltage VOH' 24 v loH = —400 A
Input Leakage hiL 10 MA VIN= Véc to OV
Output Leakage Current Lo 10 MA 0.45V <VouTt <V((|
Ve Supply Current Icc 180 mA

Note: @ These conditions apply to uPD8355 only.
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PIN IDENTIFICATION

1/0 PORTS

uPD8355/8755A

PIN
NO. SYMBOL NAME FUNCTION
1,2 C—E, CE Chip Enables Enable Chip activity for
memory or |/0
3 CLK Clock Input Used to Synchronize Ready
4 Reset Reset Input Resets PA and PB to all inputs
5D NC Not Connected
5Q VpD Programming Used as a programming voltage,
Voltage tied to +6V normally
6 Ready Ready Output A tri-state output which is
active during data direction
register loading
7 oM 1/0 or Memory An input signal which is used
Indicator to indicate 1/0 or memory
activity
IOR 1/0 Read 1/0 Read Strobe In
RD Memory Read Memory Read Strobe In
10 10W 1/O Write 1/0 Write Strobe In
1" ALE Address Low Indicates information on
Enable Address/Data lines is valid
12-19 ADQ-AD7 Low Address/Data Multiplexed Low Address and
. Bus Data Bus
20 Vss Ground Ground Reference
21-23 Ag-A1o High Address High Address inputs for ROM
' reading '
24-31 PAQ-PA7 Port A General Purpose 1/0 Port
32-39 PB(-PB7 Port B General Purpose 1/0 Port
40 Vee 5V Input Power Supply
Notes: @ uPD8355 '
@ uPD8755A

1/0 Port activity is controlled by performing |/O reads and writes to selected 1/0 port
numbers. Any activity to and from the uPD8355 requires the chip enables to be active.
This can be accomplished with no external decoding for multiple devices by utilizing

the upper address lines for chip selects.

Port activity is controlled by the following

1/0 addresses:
AD1q ADg PORT SELECTED FUNCTION
0 0 A Read or Write PA
0 1 B Read or Write PB
1 0 A Write PA Data Direction
1 1 B Write PB Data Direction

Since the data direction registers for PA and PB are each 8-bits, any pin on PA or PB
may be programmed as input or output (0 = in, 1 = out).

Note: @) During ALE time the data/address lines are duplicated on A15-Ag.
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pPD8355/8755A |
Ty=0°C10 +70°C: Voo = 5V + 5% AC CHARACTERISTICS

LIMITS TEST
PARAMETER symeoL [ MiN [ TvP | max | umit | conpitions
Clock Cycle Time teve 320 ns
CLK Pulse Width T 80 ns | CLOAD = 150 pF
CLK Pulse Width Ty 120 ns
CLK Rise and Fall Time : ot 30 ns
Address to Latch Set Up Time tAL 50 ns
Address Hold Time After Latch LA 80 ns
Latch to READ/WRITE Control e 100 ns
Valid Data Out Delay from READ Control RO :;g® a
Address Stable to Data OUt Valid tAD 400 ns | 150 pF Load
Latch Enable Width I 100 ns
Data Bus Float After READ ‘ROF 0 100 ns
READ/WRITE Control to Latch Enable oL 20 ns
READ/WRITE Control Width tcc 250 ns
Data in to WRITE Set Up Time tow 150 ns
Data In Hold Time After WRITE wp 10@ ns
WRITE to Port Output we 400 ns
Port Input Set Up Time PR 50 ns
Port Input Hold Time tRP 50 ns
160D
, READY HOLD TIME tRYH o 0D ™
ADDRESS (CE) to READY tARY 160 ns
Recovery Time Between Controls RV 300 ns
Data Out Delay from READ Control \RDE 10 ns
Notes: D uPDB3ss (@) 30 ns for uPDB7SEA
uPDB755A
ROM READ, I/0 READ ANDWRITE @ TIMING WAVEFORMS
teYC——y T2
. P
CLK
Ag.
Y ADDRESS X
taAD
ADg.7 X ADDRESS DATA i-——C
(CE=1)e
(CE=0) .
LL - et A ]
ALE S
AL T T
RDE| RDF f=a—2-]
_ tRD— !
on L— ———J_
IOR let——t|C. - L‘tgv -
. WD
iow _J
4——'CL

PROM READ, I/0 READ AND WRITE @
Ag.10 ADDRESS X aooress
tap
ADg.7 X aooress ) DATA i.-——.( ADDRESS )=
I-‘ L L .
ALEJ : : [—\

AL

(Pnac)/é@ ‘ \ ’ ’ ‘ /
ce r N\ » \

'RDE—’{ tRDF->{ |—

GRAD N y, N__
‘ N—

bttt | G |}t RD —tt——tDW———=| [e{tWD

oW /
Notes: (D uPD8355 = tee- o
uPD8755A RV

CE must remain low for the entire cycle
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TIMING WAVEFORMS CLOCK
(CONT.)
T2

T4

tcyc

WAIT STATE TIMING (READY = 0)

e ta g —a

(CE=1)e
(CE=0) A
] ST
READY m——=—~~" W W TN
— RYH
tARY
1/0 PORT
INPUT MODE:
RD OR
OR

PR | tgp
PORT
INPUT

io
. GLITCH FREE
we "Z OUTPUT
PORT
OUTPUT.— —— — e

EPROM PROGRAMMING Erasure of the uPD8755A occurs when exposed to ultraviolet light sources of wave-
uPD8755A lengths less than 4000 A. It is recommended, if the device is exposed to room
fluorescent lighting or direct sunlight, that opaque labels be placed over the window to
prevent exposure. To erase, expose the device to ultraviolet light at 2537 A at a
minimum of 15 W-sec/cm2 (intensity X expose time). After erasure, all bits are in the
logic 1 state. Logic 0's must be selectively programmed into the desired locations. It
is recommended that NEC's prom programmer be used for this application.
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PACKAGE OUTLINE

uPD8355C
—— uPD8755AD
\—
Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B8 1.62 0.064
C 2.54 £ 0.1 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 16.24 *0.600
L 13.2 0.520
+0.1 +0.004
0.25
M 005 0010 oo
K
L
—
0-10°
Ceramic
ITEM MILLIMETERS INCHES
A 51.56 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 254 +0.1 0.1 + 0.004
D 05x0.1 0.02 + 0.004
E 48.26 + 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
I 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 16.24 TYP. 0.6 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 £ 0.05 0.01 = 0.0019

SP8355/8755A-10-79-CAT




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 160°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.

I1. 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.

111, 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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NEC Microcomputers, Inc.

NORTH AMERICAN REGIONAL SALES OFFICES

Eastern )
275 Broadhollow Rd; Rt. 110
Melville NY 11747

Midwestern
5105 Tollview Drive
Rolling Meadows |L 60008

Northeastern
21 G Olympia Avenue
Woburn MA 01801

Southern

NEC

Western

14330 Midway Road, Suite 225 2914 E. Katella Ave.

Dallas TX 75234

Orange CA 92667

516/293-5660 312/298-7081 617/935-6339 214/980-6976 714/633-2980
U.S. REPRESENTATIVES
Alabama IHlinois Minnesota North Carolina Utah

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

Arizona
Eltron
Phoenix AZ
602/997-1042

Arkansas

Action Unlimited
Arlington TX
817/461-8039

California
Cerco

San Diego CA
714/560-9143

Santana Sales
Los Alamitos CA
714/827-9100

Trident Associates, Inc.
Sunnyvale CA
408/734-5900

Colorado

D/Z Associates, Inc.
Denver CO
303/534-3649

Connecticut

HLM Associates, Inc.
Torrington CT
203/482-6880

District of Columbia
Professional
Representatives, Inc.
Pikesville MD
301/484-7970

Florida

Perrott Associates, Inc.
Sunrise FL
305/792-2211
Clearwater FL
813/585-3327
Orlando FL
305/275-1132

Georgia

20th Century Marketing, inc.
Huntsville AL

205/772-9237

Idaho
Tri-Tronix, N.W.
Mercer Island WA
206/232-4993

416

Technology Sales, Inc.
Palatine 1L
312/991-6600

Advanced Technical Sales
Overland Park KS
913/492-4333

Indiana

Technology Sales, Inc.
Palatine IL
312/991-6600.

lowa

Electronic Innovators, Inc.
Minneapolis MN
612/835-0303

Kansas

Advanced Technical Sales
Overland Park KS
913/492-4333

Kentucky
Imtech, Inc.
Dayton OH
513/278-6507

Louisiana

Action Unlimited
Arlington TX
817/461-8039

Maine

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

Maryland
Professional
Representatives, Inc.
Pikesville MD
301/484-7970

Massachusetts
Contact Sales, Inc.

..Burlington MA

617/273-1520

Stone Component Sales
Framingham MA
617/875-3266

Michigan

R.C. Nordstrom & Company
Lathrup Village M|
313/5669-7373

Jenison M|

616/457-5762

Electronic Innovators, Inc
Minneapolis MN
612/835-0303

Mississippi

20th Century Marketing, Inc.
Huntsville AL

205/772-9237

Missouri
Advanced Technical Sales

“Overland Park KS

913/492-4333

Montana
Tri-Tronix, N.W.
Mercer Island WA
206/232-4993

Nebraska

Advanced Technical Sales
Overland Park KS
913/492-4333

Nevada

Eltron
Phoenix AZ
602/997-1042

Trident Associates, Inc.
Sunnyvale CA
408/734-5900

New Hampshire
Contact Sales, Inc.
Burlington MA
617/273-1502

New Jersey

HLM Associates, Inc.
Parsippany NJ
201/263-1635

Harry Nash Associates

" Willow Grove PA

215/667-2213

New Mexico
Action Unlimited
Arlington TX
817/461-8039

New York

D.L. Eiss Associates, Inc.
Rochester NY
716/328-3000

HLM Associates, Inc.
Northport NY
516/757-1606

Wolffs Electronic Sales, Inc.
Raleigh NC
919/851-2800

North Dakota

Electronic Innovators, Inc.
Minneapolis MN
612/835-0303

Ohio

Imtech, Inc.

Akron OH

216/666-1185

Dayton OH

513/278-6507

Oklahoma
Action Unlimited
Arlington TX
817/461-8039
Oregon:.
Tri-Tronix N.W,
Wilsonyille:OR
503/682:2323
Pennsylvania
Imtech, Inc.
Akron OH
216/666-1185

Harry Nash Associates
Willow Grove PA
215/657-2213

Rhode isltand

Stone Component Sales
Waltham MA .
617/890-1440,

South Carolina

Wolffs Electronic Sales, Inc.
Raleigh NC

919/851-2800

South Dakota

Electronic Innovators, Inc.
Minneapolis MN
612/835-0303

Tennessee

20th Century Marketing, Inc.

Knoxville TN
6165/966-3608

Texas

Action Unlimited
Arlington TX
817/461-8039
Round Rock TX
512/255-1381
Houston TX
+713/495-7119

D/Z Associates, Inc.
Salt Lake City UT
801/486-4251

Vermont

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

Washington
Tri-Tronix, N.W.
Mercer Island WA
206/232-4993

West Virginia -
Imtech, Inc.
Dayton OH
613/278-6507
Wisconsin
Electronic Innovators, Inc.
Minneapolis MN
612/835-0303
Technology Sales
Palatine IL.
312/991-6600
Milwaukee WI
414/744-6842
Wyoming

D/Z Associates, Inc.
Denver CO
303/534-3649

CANADIAN
REPRESENTATIVES

Ontario
Manitoba

Kaytronics Limited
Concord Ontario
416/669-2262

British Columbia
Saskatchewan
Alberta

Bergford & Associates
Olympia WA
206/866-2001

New Brunswick
Newfoundland

Nova Scotia

Ontario

Prince Edward Island
Quebec

Kaytronics Limited
Ville St. Pierre Quebec
514/487-3434







