











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Command Register

The CPU programs this register during Program Phase;
The reglster can be cleared with Reset.

7 6 5§ 4 3 2 1 0

0 Memory-to-memory disable
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
Xibito =0

l_{
| pgoter e
f
l
|
l
|
|
|
1

Normal Timing
Comp Timing
it =1

| 0 Fixed Priority
. 1. Rotating Priority

0 Late write

1 write
XIfbit3 =1

0 DRQ active high
1 DRQ active low

DACK active low
DACK active high

0
1

Mode Register

There is a Mode register associated with each channel.
When the CPU writes to this register during the Pro-
gram Phase, bits 0 and 1 determine on which channel
Mode register the operation is performed.

7 6 5 4 3 2 1 0°

LTI TTT]

——

00 Channel 0
01 Channel 1
10 Channel 2
11 Channel 3

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX fbits 6 and 7 = 11

0 Disable autoinitialize
1 Enable autoinitialize

1 Address decrement

00 Demand mode
01 Single mode
10 Block mode
11 Cascade mode

—t— <|_

Request Register

This register allows the uPD8237A-5 to respond to DMA
requests from software as well as hardware. There is a
bit pattern for each channel in the Request register.
These bits can be prioritized by the Priority Resolving
circuitry and are not maskable. Each bit is set or reset
under software control or cleared when TC or an external
EOP is generated. A Reset clears the entire register.
The correct data word is loaded by software to set or
reset a bit.

Software requests receive service only when the chan-
nel is in Block mode. The software request for channel
0 should be set at the beginning of a memory-to-memory
transfer.

uPD8237A-5

7 6 5 4 3 2 1 0
HEEEREER
< —
NA 00 Channel 0
01 Channe! 1
10 Channel 2
A1 Channel 3

0'Reset request bit
1 Set request bit

Mask Register

There is a mask bit for each channel which can disable
an incoming DRAQ. If the channel is not set for Autoini-
tialize, each mask bit is set when its channel produces
an E_ P. Each bit can be set or cleared under software
control. Reset clears the register. This disallows DMA
requests until they are permitted by a Clear Mask
Register instruction.

LJ I ] I 1 I F ]

—

NA 00 Channel 0 mask bit
01 Channel 1 mask bit
10 Channel 2 mask bit
l 11 Channel 3 mask bit

0 Clear mask bit
1 Set mask bit

-You may also write all four bits of the Mask register

with a single command.
7 6 5 4 3 2

Illlllll

NA 0 Clear Channel 0 mask bit

1 Set Channel 0 mask bit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

L
_{
|

]

The Status register indicates whlch channels have
made DMA requests and which channels have reached
TC. Each time a channel reaches TC, including after
Autoinitialization, bits 0-3 are set. Status Read and
Reset clear these bits. Bits 4-7 are set when a channel
is requesting service. The CPU can read the Status
register.

0 Clear Channel 2 mask bit
1 Set 'Channel 2 mask bit

0 Clear Channel 3 mask bit
1 Set Channel 3 mask bit

[TITITIT]

1 Channel 0 TC
1 Channel 1 TC
1 Channel 2 TC
1 Channel 3 TC

1 Channe! 0 DMA request
1 Channe! 1 DMA request
1 Channel 2 DMA request
1 Channel 3 DMA request

Temporary Register

The Temporary register holds data during memory-to- -
memory transfers. The CPU can read the last word
moved when the transfer is complete. This register
always contains the last byte transferred in a memory-
to-memory transfer unless cleared by a Reset.



uPD8237A-5

Software Commands

There are two software commands that can be exe-
cuted in the Program Phase. These commands are inde-
pendent of data on the data bus.

Clear First/Last Flip-Flop

You may issue this command before reading or writing
any word count or address information. It allows the
CPU to access registers, addressing upper and lower
bytes correctly, by initializing the flip-flop to an iden-
tifiable state.

Master Clear

This command produces the same effect as Reset. It
clears the Command, Status, Request, Temporary, and
Internal First/Last Flip-Flop registers, sets the Mask reg-
ister, and causes the uPD8237A-5 to enter Idle state.
The following chart illustrates address codes for the
software commands.

A3

»
N
t 4
-
»
-]
=

CEEX-X-Y-X-X- 3 g

Operation

Read Status register

Write to Command register
Write to Request register
Write a Mask register bit
Write to Mode register
Clear byte pointer filp-flop
Read Temporary register
Master Clear

Write all Mask register bits

__H-‘_dﬂ_
R 2 -X-X-1
daOanaaao 4

“~o00-=<000
P N -1 -)

Ali other bit combinations are illegal.

Application Example

The following diagram shows an application using the
uPD8237A-5 with an 8088. The uPD8237A-5 sends a
hold request to the CPU whenever there is a valid DMA
request from a peripheral device. The uPD8237A-5
takes control of the Address, Data, and Control buses
when the CPU replies with an HLDA signal. The
address for the first transfer appears in two bytes: the
eight LSBs are output on Ag-A7 and the eight MSBs
are output on the data bus pins. The contents of the

Handshake with Device

Requesting Service
. r __hs-A1s
{>o——q|6E 8282
STB
P
READY AEI ? X® A
RESET RESET gé éé DDSTE
CLK LK S 1PD8237A-5
HLDA HLDA |§l’§“; Ao As
0- A4
HOLD HRQ  |Z :|g|2 A3 A7,
p—H0 WEWR 7 94
CPU
T
JOR
Ao Ag- |4{ >0
Ap7__ A9 liomi -
A ‘l <_ > <\
) ‘Address Bus )
8282
or
8283
- > I

Data Bus )

data bus pins are latched to the 8282 to make up the
16 bits of the address bus. Once the address is latched,
the data bus transfers data to or from a memory loca-
tion or /O device, using the control bus signals gener-
ated by the uPD8237A-5.

AC Characteristics Supplementary information
All AC timing measurement points are 2.0V for high and
0.8V for low, for both inputs and outputs. The loading
on the outputs is one TTL gate plus 100 pF of capac-
itance for the data bus pins, and one TTL gate plus

50 pF for all other outputs.

Recovery time between successive read and write
inputs must be at least 400 ns. /O or memory write
pulse widths will be TCY - 100 ns for normal DMA
transfers and 2 Tgy — 100 ns for extended cycles. 1/0
or memory reads will be 2 Toy — 50 ns for normal reads
and TCy — 50 ns for compressed cycles. TpQ1 and
TDQ2 are measured on two different levels. TDQ1 at
2.0V, TpQ2 at 3.3V with a 3.3 kQ pull-up resistor.
DREQ and DACK are both active high and low. DREQ
must be held in the active state (user defined) until
DACK is returned from the uPD8237A-5. The AC wave-
forms assume these are programmed to the active high
state.

Absolute Maximum Ratings*

Tentative

Amblent Temperature under Blas 0°Cto +70°C
Storage Temperature —-65°Cto 150°C
Voltage on any Pin with respect to Ground -0.5Vto +7V
Power Dissipation 1.5 Watt

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be oper-
ated under conditions outside the limits described in
the operational sections of this specification. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.

DC Characteristics
Ta = 0°C.to +70°C; Vg = +3V & 5%

Limits
Parameter Symbol Min Typ D Max Unit Test Conditions
2.4 V gy = -200uA
Output High Vou ToH = —100uA
oltage 3.3 V. (HRQ Only)
loL = 2.0 mA
Output Low VoL 0.45 v (D_“_a.ggi)..__._
Voitage loL = 3.2mA
(Other Outputs)
Input High
Voltage ViH 2.0 Vec +05 V
Input Low
Voltage viL -0.5 0.8 v
Input Load
Current [T} +10 HA  OVLVINK Voe
Output Leakage
Current o £10 HA  0.45<VoyT<Vce
Voo Supply lec 85 130 mA Ta= +25°C
Current 75 150 mA  Tg=0°C

@ Typical values measured at Tq = 25°C, nominal processing
parameters, and nominal VcC.
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Capacitance
Limits Test
Parameter Symbol Min Typ D Max  Unit Conditions
Output Capacitance Co 4 8 pF fc = 1.0 MHz,
Input Capacitance ] 8 15 pF inputs = OV
1/0 Capacitance Cio 10 18 pF

Note:

@ Typical values measured at Ta = 25°C, nominal processing
parameters, and nominal VoC.

AC Testing Input/Output Waveform

2.0 2.0
~Test Points
0.8~ 0.8

Inputs are driven at 2.4V for logic 1 and 0.45V for
logic 0. These timing measurements are made at 2.0V
for logic 1 and 0.8V for logic 0. A transition time of

20 ns or less is assumed for input timing parameters.

2.4

0.45

Unless noted, output loading is 1 TTL gate plus 50 pF

capacitance.

AC Characteristics
Ta = 0°C to +70°C; Vgg = 5V + 5%

LPD8237A-5

Limits

Parameter Symbotl Min Typ  Max  Unit
Data Bus Float to Active Delay from tFADB 200 e
CLK High
HLDA Vaiid to CLK High Setup Time s 75 ns
Input Data from MEMR High Hold tipH 0 ng
Time
Input Data to MEMR High Setup Time tips 170 ns
Output Data from MEMW High Hold topH 10 ne
Time
Output Data Valid to MEMW High topv 130 ns
DRQ to CLK Low (Sy, S4) Setup Time  tqg 0 ne
CLK to READY Low Hold Time tRH 20 ns
READY to CLK Low Setup Time tas 75 ns
ADDSTB High from CLK High Delay tgTL 130 ns
Time
ADDSTB Low from CLK High Delay tsTT 90 ns
Time
Notes:
(@) Net TOW or MEMW pulse width for normal write is tcy — 100 ns

and 2tcy - 100 ns for extended write. Net T7OR or MEMR pulse
width for normal read is 2tCy - 50 ns and tcy — 50 ns for com-
pressed read.

TpQ1 is measured at 2.0V. tpqQ2 is measured at 3.3V. An exter-
nal pullup resistor of 3.3k connected from HRQ to VG is
assumed for tpQ2.

&)

Limits
Parameter Symbol Min Typ Max Unit
AEN High from CLK Low (S1)Deley  taeL 20 ns  AC Characteristics Perlpheral Mode
Ta = 0°Cto +70°C; Vgg = +5V + 5%
AEN Low from CLK High (S1) Delay taET 130 ns .
Time
ADR Active to Float Delay from CLK tAFAB 90 ng Limits
High Parameter Symbol Min Typ Max Unit
— sl
READ or WRITE Float from CLK High  taFc 120 ADR Valid or CS Low to READ Low taR 50 ns
DB Active to Flot Delay from CLK tAFDB 170 ns ADR Valid to- WRITE High Setup Time taw 160 ne
High ] CS Low to WRITE High Setup Time tow 160 ns
ADR from READ High Hold Time tAHR toy ~100 ns Data Valld to WRITE High Setup Time tpw 160 ns
DB from ADDSTE Low Hold Time tAHS 30 ns ADR or CS Hold from READ High tha [ ns
ADR from WRITE High Hold Time tAHW tey~50 ns Data Access from READ Low @ 'ADE 140 ns
70 ns
DACK Valld from CLK Low Delay 170 e Data Bus Float Delay from READ High tRDF [
Time . Power Supply High to RESET Low Setup Time  tgsTp 500 ns
EOP High from CLK High Delay Time  tak 170 ns RESET to First VOW trsTs  2tcy ns
EOP Low to CLK High Delay Time 100 ns RESET Pulse Width tasTw 300 ne
t 200 ns
ADR Stable from CLK High tasm 170 ne READ Width RW
- - - - ADR trom WRITE High Hold Time twa 20 ns
Data Bus to ADDSTB Low Setup tass 100 ne = —_—
Time €S High from WRITE High Hold Time twe 20 ns
ns
Clock High Time tcn 20 ne Data from WRITE High Hold Time twp 30
(Transitions < 10 ns) Write Width twws 160 s
Clock Low Time {Transitions<10 ns) g, 68 Note:
CLK Cycle Time toy 200 ns @ Data bus output loading is 1 TTL gate plus 100 pF capacitance.
CLK High to READ or WRITE Low tpoL 190 ns ®
Delay D
READ High from CLK High (S4) tpeTR 190 ns
Delay Time (D :
WRITE High from CLK High (S4) tpeTw 130 ns
Delay Time D
HRQ Valid from CLK High Delay tba1 120 ns
Time @ tpQ2 120 ns
EOP Low from CLK Low Setup Time tgps 40
EOP Pulse Width 1EpW 220 ns
ADR Float to Actlve Delay from tEAAB 170 s
CLK High
READ or WRITE Active from tFaC 150 ns
CLK High
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Timing Waveforms
Slave Mode Write
tcw
&\ Ve
_{ we
. 0]
WWS
oW N A |
— tWA
AW
Ap-A3 X Input Valid
—t  |—1twD
tow
- 4 p
Dg-D7 >§ Input Valid 5(
A

Ap-A3

Address Must Be Valid

P

tAR

1RW

—=1tRA |

Do-D7

e {RDE

tRDF

{
—

Data Out Vaiid

h—

@ You must time successive read or write operations by the CPU to allow at least 400 ns recovery time for the uPD8237A-5 between read and

write pulses.
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uPD8237A-5

Timing Waveforms (Cont.)
DMA Transfer

81 84 So sp S9 S2 S3 84 82 S3 sS4 81 Sy s
o LJ L__/ N/ )
OV e
el
Q8 -] _.‘ 1as L
. .
" ‘ NN
—J e f— 00—~ |o—
HAQ
— |ews
won L AN
TAEL =1 P taET
AEN
L0 | S O
l—— 4
— [+ tep
ADOSTS
1ASS ik
o
- tFADB 1 [Tane
00-07 = A Aeais
F tASM
. taros — - taFAB
i
l=tFAA -l - tAHW 1AHW
4 .
\ Address Valid Address Vali
[~ takR — = taHR
taK
DACK . . \
10CH DCTR | et J
FAC [+ 1DCTR ot — = tarc
B \
READ
T
- [~ tocTW } |~tocTW
» N N \ 4 ‘\ A
WRITE <= —%—' -t~
\ tDeL
(For Extended Write) I taK
Internat ESP
3
EPW

s TP ' . NN\\NN\N\NN\NNy, £/ V777707

*See Note 2, AC Characteristics, DMA Mode
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uPD8237A-5

Timing Waveforms (Cont.)
Memory-to-Memory Transfer

S22

tsTT

¢- tAHS

TasM

AR

- 'f tArs

tAFAB —.

Address Valid

1
Addr.ln Valid

tAFDB

15

TN

tocL -

TDCTR ~

tIDH

tAFDB

N
Ag-A15
J

tFADB

[~ tIDS

tocL

tAK

tSTL
ADDSTB
1FAAB
Ap-A7
tFADB
Do-D7
tFAC =
MEMR
tFAC fa—o]
MEMW
EOP
EXT EOP

tEPW

Ready

CLK

| $3

AN AN

N/

READ

e |DCL1
f

—

|
L S

| tDcL ‘1

WRITE

\
Extended
Write JL

|=— tbCL Ji

H—1

—*tRS

B RRRRRRRNRNNY

tRH

__‘1

=trs

/77

616



uPD8237A-5
Timing Waveforms (Cont.)

Compressed Transfer
s2 s4 s2 s4

T %/ /] /

[ tASM — —tASM —

AQ-A7 Valid >< Valid

e le— tDCTR le— tocL -] ~— tocTR
READ \ '

—| twerw % toeTw
\ N

——={ f—1RH ——] —1tRH

WRITE

RS ~—tRS

FX B

Reset
n
tRSTW
'
RESET ﬂ
. —t
tRSTS
—
1/OR or /OW
Package Outline
uPD8237AC-5 Plastic
ftem Millimeters Inches
A A 51.5 Max 2.028 Max
g B 1.62 0.064
H+W i c 2.54 1 0.1 0.10 & 0.004
__|, A A o D 0.5 + 0.1 0.019 4 0.004
e 3 = E 48.26 1.9
F 1.2 Min 0.047 Min
[ 2.54 Min 0.10 Min
H 0.5 Min 0.019 Min
I 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 ¥ 00 0010 * 00

8237A-5DS-1-82-TRIUM-CAT
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NEC

NEC Electronics US.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

INPUT/OUTPUT EXPANDER FOR

4PD8048 FAMILY

uPD8243

The uPD8243 input/outpgt’expander is directly compatible with the uPD8048 family
of single-chip microcomputers. Usirig NMOS technology the uPD8243 provides high

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.

e & & ¢ ¢ o & o o

Four 4-Bit 1/0 Ports
Fully Compatible with uPD8048 Microcomputer Family
High Output Drive :

NMOS Technology

Single +6V Supply

Direct Extension of Resident uPD8048 1/0 Ports
Logical AND and OR Directly to Ports

Compatible with Industry Standard 8243

Available in a 24-Pin Plastic Package

Pso ] 1 ~ 2 vee
Pao 2 23] Pgy
Pq1 3 22 Pgo
Paz s 21 ) Pg3
Pa3 ] 5 20 [7] Pgo
cs [: 6 WPD 19 [} Pe1
PROG [] 7 8243 18 [ Pg2
P23 (] 8 17 [ Pe3
P22 9 16 P73
P21 10 15[ Py
P20 {J11 1) P
GnND 12 13 Pyo
Rev/1
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uPD8243

General Operation

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

Logical AND Accumulator to Port.
L.ogical OR Accumulator to Port,
Transfer Port to Accumulator.
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 family provides the neces-

sary 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/Q. The
output lines from the uPD8048 family 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 fow. 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 VG 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 b 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-P20) 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 reaq

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
uPDB8048 family writes the new data directly to the specified port (45,6, or 7). The
old data previously latched at that port is lost, The ORLD Pp'A instruction performs
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 cur-
rently 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.

620

FUNCTIONAL
DESCRIPTION



BLOCK DIAGRAM

PIN IDENTIFICATION

uPD8243

INPUT
BUFFER
[4
|
LATCH 4
AND/OR
LOGIC PORT 7
{} {} INPUT
4 BUFFER
TEMP.
P ) LaTcH 4
PORT 6
2 MMULTIPLEXER
PORT 2 INPUT
| BUFFER
INSTRUCTION LATCH 4
DECODER
. PORT &
| conNTROL
PROG INPUT
! BUFFER
ADDRESS p— )
RESET DECODER ———|_,> LATCH 2
CIRCUIT PORT 4
PIN
NO. SYMBOL FUNCTION

25 P40-P43 The four 4-bit static bi-directional 1/O ports. They

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

17-20 P60-Pg3 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.

3 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 P2g-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.

8-11 P20-P23 P20-P23 form a 4-bit bi-directional port. Refer to
PROG function for contents of P2g-P23 at the
rising and falling edges of PROG. Data from a
selected port is present on P2g-P23 prior to the
rising edge of PROG if during a Read operation.

12 GND The uPD8041/8741 ground potential.

24 Vee +5 volt supply.
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uPD8243

Operating Temperature . .

Storage Temperature . .. . .........0ouuureran.
Voltaggon AnyPin .. ............c¢ccvvvu..
Power Dissipation . . .. ............ . . vivu....

Note: (D With respect to ground.
Ta=25°C

*COMMENT: Stress anove those listed under

..... 0°Cto+70°C
-65°C to +150°C

-0.5 to +7 VoltsD

e W

’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=0°Cto +70°C; Vg = 45V £10%
LIMITS TEST
PARAMETER SYMBOL {MIN |} TYP MAX UNIT| CONDITIONS
input Low Voltage ViL -0.5 0.8 v
Input High Voltage ViH 2.0 Vee t05] Vv
Output Low Voltage {Ports 4.7) Vout 0.45 v [ 1o =5ma®
Output Low Voliage (Port 7) vVoL2 1 \ loL = 20 mA
Output Low Voltage (Port 2) voLs 0.45 v toL =0.6 mA
Output High Voltage (Ports 4-7) VOoH1 2.4 v |QH = 240 pA
Output High Valtage (Port 2) Vonz | 24 v | lon=100uA
Sum of Ali Ig| From 16 Outputs oL 100 mA § mA Each Pin
Input Leakage Current (Ports 4-7) het -10 20 KA | VN =VcC to OV
Input Leakage Current (Port 2, b2 -10 10 HA VN = Vg to OV
T8, PROG)
V¢ Supply-Current Icc 10 20 mA
Note: @ Refer to graph of additional sink current drive.
Ta=0°Cto +70°C; Vg = +6V £10%
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP ] MAX UNITS § CONDITIONS
Code Valid Before PROG ta 100 ns 80 pF Load
Code Valid After PROG tg 60 ns 20 pF Load
Data Valid Before PROG tc 200 ns 80 pF Load
Data Valid After PROG 0D 20 ns 20 pF Load
Port 2 Floating After PROG tH 0 150 ns 20 pF Load
PROG Negative Pulse Width K 700 ns
Ports 4-7 Valid After PROG PO 700 ns 100 pF Load
Ports 4-7 Valid Before/After PROG tLp1 100 ns
Port 2 Valid After PROG taCC 650 ns 80 pF Load
T8 Valid Before/After PROG €5 50 ns
—_— R E——
PROG
K
N f—e t, ——tnef o
I: Avad  |tatf e
PORT 2 y INSTRUCTION FLOAT DATA FLOAT
C
PORT 2 QUTPUT VALID
0
OUTPUT
PORTS 47 PREVIOUS OUTPUT VALID
] tip f— 1P
PORTS 47 x (NPUT VALID
CS!
cs N
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CURRENT SINKING
CAPABILITY D

PACKAGE OUTLINES
uPD8243C

uPD8243

125

3
= 100+
g
<
€
4
& 754
z
i
@
«
3
¥ 507
z
&
=
<
=
o 25+
o T I T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

MAXIMUM SINK CURRENT AT ANY PIN (Vg = 0.4V}
MAXIMUM tg. WORST CASE PIN IN mA.

Note: (D This curve plots the guaranteed worst case current Sinking capability of any 1/0 port line versus th® totat sink current of all pins.

The uPDB243 is capable of sinking 5 mA (for Vy|_ = 0.4V) through each of the 16 1/O lines simultaneously. The current sinking
curve shows how the individual 1/0 line drive increases if all the 1/0 lines are not fully loaded.

H_%J

(PLASTIC}
(TEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX ]
8 253 0.1
c 254 0.1
D 05:0.1 0.02 : 0.004
E 27.94 1.1
F 1.5 0.069
G 2,54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.205 MAX
f 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
M 025 oo 001 " Joote

8243DS-REV1-1-82-CAT
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NEC uPD82C43
NEC Electronics U.S.A. Inc.

Microcomputer Division

CMOS INPUT/OUTPUT EXPANDER FOR
uPD8048/80C48 FAMILY

DESCRIPTION  The uPD82C43 input/output expander is directly compatible with the uPD8048/80C48
family of single-chip microcomputers. Using NMOS technology the uPD82C43 pro-
vides high drive capabilities while requiring only a single +5V supply voltage.

The uPD82C43 interfaces to the uPD8048/80C48 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 multi-
ple uPD8243s to be added using the bus port,

The bi-_directional 1/0 ports of the 1PD82C43 act as an extension of the 1/O capabili-
ties of the uPD8048/80C48 microcomputer family. They are accessible with their own
ANL, MOV, and ORL instructions,

FEATURES e Four 4-Bit 1/0 Ports

e Fully Compatible with uPD8048/80C48 Microcomputer Family
e High Output Drive
e NMOS Technology
e Single +5V Supply
e Direct Extension of Resident uPD8048/80C48 1/0O Ports
e Logical AND and OR Directly to Ports
e Compatible with Industry Standard 8243
e Available in a 24-Pin Plastic Package

Pso [ 1 ~ 24P vec

Psod 2 23 [ Pgy

Pa1 3 22 ) P52

Pap O] 4 21 D) Ps3

Pa3 []5 oD 20 [ Pgo

s AR e

PROG [] 7 18 {J Pg2

P23 (] 8 17 b Pe3

P22 (]9 16 Py

P21 o 161 P72

P20 C]11 14 E P71
GnD 12 13[ P70

Rev/1
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uPD82C43

General Operation

The 1/O capabilities of the uPD8048/80C48 family can be enhanced in four 4-bit 1/0
port increments using one or more uPD82C43s. These additional /0O lines are addressed
as ports 4-7. The following lists the operations which can be performed on ports 4-7.

Logical AND Accumulator to Port.

Logical OR Accumulator to Port.

Transfer Port to Accumulator.

Transfer Accumulator to Port.

Port 2 (P20-P23) forms the 4-bit bus through which the uPD82C43 communicates
with the host processor. The PROG output from the uPD8048/80C48 family provides
the necessary timing to the uPD82C43, 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 uPD82C43s can be used for addi-
tional 1/0, The output lines from the uPD8048/80C48 family can be used to form the
chip selects for the additional uPD82C43s.

Power On Initialization

Applying power to the uPD82C43 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 betow 1V. The table
below shows how the 4-bit nibbles on Port 2 correspond to the uPD82C43 operations.

Pott 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 o] 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 uPD82C43. 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-Poq) 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 wiil be an

output. If during program operation, the uPD82C43’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 uPD82C43, The MOVD Pp,A instruction from the

uPD8048/80C48 family 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.
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BLOCK DIAGRAM

PIN IDENTIFICATION

uPD82C43

' | INPUT.
I- BUFFER
[T
|
A LaTcH 4
AND/OR ]
LOGIC S— PORT 7
PN f} INPUT
4 BUFFER
TEMP
LATCH 4
¢ — PORT 6
@ MULTIPLEXER
PORT 2 INPUT
) BUFFER
INSTRUCTION
DECODER $ LATCH 4
1 PORT 5
PROG CONTROL : INPUT
. '& —| BUFFER
ADDRESS L:> 4
RESET DECODER LATCH
CIRCUIT : PORT 4
. PIN
NoO. SYMBOL FUNCTION
25 P40-P43 The four 4-bit static bi-directional 1/0 ports. They
1,21-23 P50-P53 are programmable into the following modes:
17-20 Pe0-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/O lines
P20-P23 can be written directly. That data can
also be logically ANDed or ORed with the previous
data on those lines.
6 (] Chip Select input (active-low), When the uPD82C43
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 Ppg-P23 when PROG
makes a high-to-low transition. Data is present on
port lines P20-P23 when PROG makes a low-to-high
transition.
811 P20-P23 P20-P23 form a 4-bit bi-directional port. Refer to
: PROG function for contents of Ppg-P23 at the
rising and falling edges of PROG. Data from a
selected port is present on P2g-P23 prior to the
rising edge of PROG if during a Read operation.
12 GND The uPD8041/8741 ground potential.
24 vee +5 volt.supply.
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uPD82C43

Operating Temperature . ....-40°Cto +85°C ABSOLUTE MAXIMUM
Storage Temperature . ... ..............0uuuvnen..... -68°Cto+150°C RATINGS*

Voltageon AnyPin ...............c.iivvvever... -05to+7 Volt

Power Dissipation . . . ............ .. ittt 1W

Note: (D With respect to groind.

*Tq=26°C
COMMENT: Stress abpove 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 ions of this ification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. .
Ty~ -40°C to +BE°C: Vg = +BV + 10% - DC CHARACTER'ST'CS
LIMITS TEST
PARAMETER SYMBOL MIN TYP| MAX] UNIT] CONDITIONS
Input Low Voltage ViL -0.3 08 v
Input High Voltage 1 Vin Ve - 2.0 Vee | V
Output Low Voitage Voul 045 [ v [ioL=smA (D
(Ports 4-7)
Output Low Voitage (Port 7) VoLz 1 v foL-20 mA
Output Low-Voitage (Port 2) VoL 0.45 \2 lpL =06 mA
Output High Voltage VoH1 |Vec-05 vV |ioH =240 A
(Ports 4-7)
Output High Voitage (Port 2) | Vopz | Voo - 06 vV [lon = 100 kA
Sum of All I From 18 oL 80 mA {5 mA Each Pin
Outputs
Input Leakaga Current [IT®) =) +1 sA VN =Veoto OV
{Ports 4-7)
Input Leskage Current B liLz -1 +1 uA Vin = Vg to OV
{Port 2, CS, PROG)
Ve Supply Current iccq 300 [ wA
Power Down Supply Current iccz 10 uA

Note: (1) Refer 10 graph of additional sink current drive,

Tor 0 10+ 857 Ve 45V + 10% v AC CHARACTERISTICS
TS TEST I ‘
PARA!EE_R JSYMBOL § MIN § TYP ﬁﬁx UNIT § CONDITIONS
Code Valid Before PROG tA 100 ns 80 pF Load
Code Valid After PROG 18 60 ns 20 pF Load
Data Valid Before PROG [ 200 ns 80 pF- Load
Data Valid After PROG 1) 20 ns 20 pF Load
Port 2 Floating After PROG tH 0 150 ns 20 pF Load
PROG Negative Pulse Width w®K 9800 ns
Ports 4-7 Valid Atter PROG PO 700 ns 100 pF Load
Ports 4.7 Valid Before/After PROG et 100 ns
Port 2 Valid After PROG tacc 760 ns 80 pf Load
CS Valid Before/After PROG 1T 50 ns
— A~ TIMING WAVEFORMS

PROG

PORT 2 x INSTRUCTION PC rioar D, DaTA D rioar

PORT 2 OUTPUT VALID

OTFOT
PORTS 4.7 PREVIOUS OUTPUT VALID
-q.{ 1P ot 1P
PORTS 4.7 INPUT VALID -4

CS

& TN "o
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CURRENT SINKING
CAPABILITY D

PACKAGE OUTLINE
uPD82C43

uPD82C43

1254

g 3 &

TOTAL SINK CURRENT IN mA (Z fgy)

N
a
1

T T 1 T 1 T T
a4 8 6 7 8 9 10 11 12 13 14 15 16
MAXIMUM SINK CURRENT AT ANY PIN (Vg = 0.4V)
MAXIMUM tg) WORST CASE PIN IN mA.

o 1 ¢ ror T
1 2 3

Note: D This curve plots the guaranteed worst case current sinking capability of any 1/0 port line versus the total sink current of all pins,

The uPDB2CA3 is capable of sinking 6 mA (for V| = 0.4V) through each of the 16 I/O lines simultaneously. The current sinking
curve shows how the individual 1/O line drive increases if alt the [/O fines are not fully toaded.

PLASTIC
ITEM MILLIMETERS INCHES

A 33 MAX 1.3 MAX
) 253 (X
c 284 (X
B T05:01 0.02 + 0.004
€ 2794 X
G 5 0069
G 2.54 MIN 0.1 MIN -
L] 0.8 MIN 0.02 MIN
T 522 MAX 0,206 MAX
J 5.72 MAX 0.225 MAX
3 524 06
L 13.2 052

0.10 +0.004
M 0% 05 007 4 0019

82C43DS-REV1-1.82-CAT
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NEC uPD8251
NEC Electronics U.S.A. Inc. uPD8251A

Microcomputer Division

PROGRAMMABLE COMMUNICATION INTERFACES

DESCRIPTION The uPD8251 and uPD8251A Universal Synchronous/Asynchronous Receiver/
Transmitters (USARTSs) are designed for microcomputer systems data communications.
The USART is used as a peripheral and is programmed by the 8080A 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 e Asynchronous or Synchronous Operation
— Asynchronous:
Five 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:
Five 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)
Full Duplex, Double Buffered Transmitter and Receiver

L
e Parity, Overrun and Framing Flags
* Fully Compatible with 8080A/8085/uPD780 (Z80TM)
o All'lnputs-and Outputs are TTL Compatible
e Single +5 Volt Supply, = 10% (8251A) = 5% (8251)
o -Separate Device Receive and Transmit TTL Clocks
e 28 Pin Plastic DIP Package
e N-Channel MOS Technology
PIN NAMES
PIN CONFIGURATION D, q 1 N 2P o D7Dy Data Bus (8 bits)
1 ci6 Control or Data is 10 b Written or Read
032 271 0o i) Resd Dats Command
Wh Write Dats or Contral Cor a
AxD E 3 %] vee [<] co»i:snu;. -
GNDE a 25 |3 xC cLK Clock Pulve (TTL)
“ e— RESET Reset

ba L5 al : DTR TxC Transmitter Clock (TTL)

o5 6 uPD 23 [J ATs TxD Teansmitter Data

osC]7 8251 2208 reg o —

0,0 8251A 2 D RESET AKADY Receiver Ready (has character for 8080)
—_ TxADY Ready (resdy for char_trom 8080)
TxC : 9 20 1 cik [ Dats Set Rudv.’v oo

= . OTR Data Terminal Resdy
WR Qo 193 Tx0 SYNDET Sync Detect

Sn 18 [ T<E SYNDET/BO | Sync Detect/Break Detect
end2 nh e e e —

. SYNDET (uPD8251) - —

Ab13 16 11 SynDET/8D (uPDE251A) et o

RxROY []14 15 [] TxROY GND Ground

TM: Z80 is a registered trademark of Zjlog, Inc.
Rev/5
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uPD8251/8251A

The uPD8251 and uPD8251A Universal Synchronous/Asynchronous Receiver/
Transmitters are designed specifically for 8080 microcomputer systems but work with

most 8-bit processors. Operation of the uPD8251 and uPD8251A, like other 1/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 unigue to the communication format in use. By performing conversion and format-
ting services automatically, the USART appears to the processor as a simple or ““trans-
parent’’ input or output of byte-oriented parallel data.

The uPD8251A is an advanced design of the industry standard 8251 USART. It
operates with a wide range of microprocessors, including the 8080, 8085, and
uPD780 (Z80TM), The additional features and enhancements of the uPD8251A over
the uPD8251 are listed below. )

1.

10.

11

The data paths are double-buffered with separate 1/0 registers for control, status,
Data In and Data Out. This feature simplifies control programming and min-
imizes processor overhead.

. The Receiver detects and handles “'break’’ automatically in asynchronous

operations, which relieves the processor of this task.

. 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.

. When a transmission is concluded the TxD line will always return to the marking

state unless SBRK is programmed.

. 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.

. 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.

. 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.

. The RD and WR do not affect the internal operation of the device as long as the

uPD8251A is not selected.

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

be inhibited during status read.

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

Baud rate from DC to 64K.

c/io | RO | Wr | ©s
0 0 1 0 uPD8251/uPD8251A — Data Bus
0 1 0 0 Data Bus ~ uPD8251/uPD82561A
1 0 1 0 Status > Data Bus
1 1 0 0 Data Bus ~ Control
X X X 1
X 7 1 0 v Data Bus — 3-State

‘TM: Z80 is a registered trademark of Zilog, Inc.
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uPD8251/8251A

BLOCK DIAGRAM

TRANSMIT
BUFFER f—= TxD
(P--5}

1

DATA
07.Dp BUS
BUFFER

RESET

: = TxRDY
CLK ——»1 READWRITE

/D ——m{ CONTROL
"S - LOGIC

-
-
/

conTROL [ T*E

55R
WH
MOOEM

CONTROL

RECEIVE
BUFFER [ RxD
TS (5 -P)

RTS

17

o= RxRDY
RECEIVE Az
INTERNAL conNTROL [ RxC
DATA 8US
- SYNDET (4PD8251)
g SYNDET/BD (uPD8251A)

..=0°Cto+70°C

ABSOLUTE MAXIMUM  Operating Temperature. . .

RATINGS* Storage Temperature .. ..........covvevsesvenses.... -65°Cto+150°C
AllOutputVoltages . . . . ..o oo vv e i, =0.5t0+7 Volts
Al INPUtVoOltages . . . v v v vt vt et e et it e -0.5 to+7 Volts

Supply Voltages e e e e ... =DBtO+7 Volts
Ta=25°C

*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 condlitions 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

retiabllity.
DC CHARACTERISTICS Ta =0°C to 70°C; Vg = 6.0V + 10% for 8251A and + 5% for 8261; GND = 0V.
LIMITS
4PD8251 PD8251A
PARAMETER SYMBOL {MIN |TYP I MAX IMIN JMAX JUNIT] TEST CONDITIONS

Input Low Voltage ViL -0.5 08 {065 08 v
Input High Voltage ViH 201 vee 2.2{Vee \

uPD8251: gL =1.7mA
Output Low Voltage VoL 0.45 0451 V

uPD8251A: Ig = 2.2mA

uPD8251: IoN =-10GC uA
Qutput High Voltage VoH 24 24 \

. uPD8251A: IoH = -400 uA
-50 -10 \Z = 0.45V
Data Bus Leakage oL uA ouT
10 10 VouTt=Vce

Input Load Current [T i 10 10 uA |At55V

uPD8251A: All Outputs =
Power Supply Current lce 45 80 100 mA

. Logic 1
CAPACITANCE  Ta= 25°C:Vce = GND = OV
LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Input Capacitance CIN 10 pF fc= 1T MHz
1/0 Capacitance Ci/0 20 pF Unmeasured
pins returned
to GND
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uPD8251/8251A

Ta=0°Cto 70°C: Ve = 5.0V # 10% for 8261A; GND = 0V; Vg = 5.0V + 5% for 8251

LIMITS
LPDB251 uPDB215A TEST
PARAMETER symsoL| min l MAX [ MIN l MAX | uNIT CONDITIONS
READ
Address Stable before READ, (L5, CTD) tAR 50 50 ns
Address Hold Time for HEAD, (C8, C0) tRA 5 50 ns
READ Pulse Width AR 430 250 ns
Data Delay from AREAD "D 350 250 ns | uPDB251: C| = 100 pF
xPDB251A: C(_ = 150 pF
AEAD 1o Data Float toF 200 100 | ns CL = 100 pF
10 ng 2 10 uPD8251 CL = 16pF
WRITE
Address Stable before WRITE 1AW 20 50 ns
Address Hold Time for WRITE WA 20 50 ns
WRITE Pulse Width tWw. 400 250 ns
Data Set-Up Time for WRITE 1DW 200 150 s
Data Hold Time for WRITE WD 40 30 ns
Recovery Time Between WRITES (2) 1RV [ 6 tcy
OTHER TIMING
Clock Period (3 10y 0.420 1.35 0.32 1350 us
Clock Pulse Width High oW 220 0.7tcy | 140 1cy-90| ns
Clock Puise Width Low toW 90 ns
Tock Rise and Fall Time TRF 0 50 5 20 ns
TxD Delay from Falling Edge of TxC 1DTx 1 1 us
Rx Data Set-Up Time to Sampling Putse 1SRx 2 2 us | uPDB251: C = 100 pF
Rx Data Hold Time to Sampling Pulse tHRx 2 2 HS
Transmitter Input Clock Frequency 1w
1X Baud Rate . DC 56 64 kHz
16X Baud Rate DC 520 310 kHz
64X Baud Rate bC 520 615 kHz
Transimitter Input Clock Pulse Widtn TPW
1X Baud Rate 12 12 QY
16X and 64X Baud Rate T T 1CY
Transmitter [nput Clack Puise Delay tTPD
1X Baud Rate 15 15 1oy
16X and 64X Baud Rate kJ 3 CY
Receiver Input Clock Frequency fRx
1X Baud Rate o] 56 84 kHz
16X Baud Rate DOC 520 310 kHz
64X Baud Rate BC 615 kHz
Receiver Input Clock Pulse Width tRPW
1X Baud Rate 12 12 1y
16X and 64X Baud Rate 1 T 'y
Recewer Input Clock Pulse Delay tRPD
1X Baud Rate 15 15 oy
16X and 64X Baud Rate k) 3 Ty
TxRDY Delay from Center of Data Bit T« 16 8 tcy |uPD8251. Cy_= 50 pF
RAxRDY Delay from Center of Data Bit RX 20 24 “cy
Internai SYNDET Delay from Center s 25 24 ©cy
of Data Bt
External SYNDET Set-Up Time before 1gS 16 16 1y
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 twe 16 8 ey
WRITE (TxE, DTR, RTS) :
e
Control to READ Set-Up Time (DSR, TTS) | 1cR 16 20 ey

Notes: (D) AC timings measured at VoH = 2.0, VoL = 0.8, and with load circuit of Figure 1.

(@ This recovery time is for initialization only, when MODE, SYNC1, SYNC2, COMMAND and first DATA BYTES are
written into the USART. Subsequant writing of both COMMAND and DATA are only aliowed when TxRDY = 1.

@ The TxCand RxC have the )

For 1X Baud Rate, ITx or fax < 1/(30 tgy)
For 16X and 64X Baud Rete, fTx or fax < 1/(4.5 1cy!

@ Reset Pulse Width = 6 tcy minimum.
® TrxROVCCR -2Tay * Tg + T + 200ns

with respect to CLK.

+20
(® TRXADYCLR -2TCy +Tg + TR + 17008
2v . /
+
51082 (8251) %
4200 (8251A)
o 0
':2‘ SPEC
D.U.T. g
3 -0
oL 24K (8251) g 4
I 6K (8251A) /
4 -20
- - -100  -50 [+] +50  +100

Figure 1.

TEST LOAD CIRCUIT

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

CLOCK

uPD8251/8251A

SYSTEM CLOCK INPUT

| .

. W TPD :
TxC (1x MODEI ——L—_——_}————————_l—_————_j—————_—-\——

E [=—tDTX . DTX-=f e

Tx DATA

Rx DATA —

AT 11x MODE) —

(16x MOQE}

INT SAMPLING
PULSE

TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR

X—

TRANSMITTER CLOCK AND DATA

(Rx BAUD COUNTER STARTS HERE)
START BIT

DATA BIT

X_DATA BIT

—— tRPW ~——n]

fet——— tRPD

r’ .

8 RxC PERIODS

—]

w16 RxC PERIODS (16x MODE) ————=

AV AVVAVIVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVAN

-

READ DATA CYCLE (PROCESSOR < USART)

635

—ef— 3 tcy —j\'—‘ 3tcy
it ! o
- e
ISRX . ’::__ tHRX .
RECEIVER CLOCK AND DATA
™ROY ;————:I
l - 1Tx RDY CLEAR
R oy’
DON'T CARE oW TP oot caRE
DATA IN (D.8.) DATA STABLE
c/D tAw| WA
s tAwW WA
WRITE DATA CYCLE (PROCESSOR -> USART)
Rx ROY
) tRx RDY CLEAR
RD
DATA OUT (D.8.) DATAFLOAT {CATAGUT ACTIVE) 2 A LOAT
c/5 '——-——'——\l R| tRA
= tAR tRA



uPD8251/8251A

0
OTR, RTS
?'L
twe
" Nee'a
1DW  j==ftWD
DATA IN (D.B.) . —
'—.——‘ tAW "‘_’,‘WA .
c/b Vi N

WRITE CONTROL OR OUTPUT PORT CYCLE
(PROCESSOR -~ USART)

®

DSR, TS .
XA
fe—-t _.l
RD - _Jo—-mn e
|
— tRD tDF
DATA OUT 4}-——:
(D.8) J, TS
—{tAR —{tRA |=—
c/o Vi B
= —1‘AR [— — IRAF:

READ CONTROL OR INPUT PORT CYCLE
(PROCESSOR « USART)

NOTES: @ Twic Includes the responss timing of a control byte.

(@ Tgp Inctudos the effect of CTS on the TXENBL circutry

T — i —
ITXEMPTY —-1}‘—
Tx EMPTY
Tx READY
sTatusem T L__/X I /
tTx RDY —=| =
. Tx READY 1 I
(P} WrDATA1 WrDATA2| WrDATA3 wrDATA4
c/d I \l [/ A 4 J \
WA W Txen N Wr SBRK
¥ o O LR
Tx DATA ;‘
O -NMg O
DATACHAR | DATACHAR2 DATACHAR 3 AR
-
C -
3 5
o
i s
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2STOPBITS. b & 3

TRANSMITTER CONTROL AND FLAG TIMING

(ASYNC MODE}
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uPD8251/8251A

F p
TIMING WAVEFORMS BREAK DETECT 4PDEZS1A)
(CONT.) OVERRUN ERROR , 1
. (STATUS BIT — R it
Ax RDY
" . R DATA
¢ T \ [ /[ TV \Wv €
Wr RxEn t r ERR|Rst Wr RxEn | 'r RxEn
iV A
H-D b‘
Rx DATA - '\M!WJ —
SeRETTY

‘DATA CHAR 1 DATA CHAR 2 DATA CHAR 3
BREAI

=

PARITY BIT

EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY AND 2 STOP BITS,

START BIT
DATABIT
STOP BIT ©

RECEIVER CONTROL AND FLAG TIMING
(ASYNC MODE)

s '
N —
Tx EMPTY = A

Tx READY
(STATUS BIT)
Tx READY
T pe—
2 \ \ L[ 7 \ N,
RS e AT FawrnS
wr { ML

MARKING STATE

Tx DATA
- 000A000a00000E00000000000d 00 \_V DODO0COOC € ¢
AR PAR RAR PAR PAR PAR SPACING PAR PAR
DATA  DATA  SYNG SYNC - DATA DATA STATE
CHART CHAR2 CHARI CHAR2 CHAR3 CHAR4WMARKING MARKING DATA  SYNC
STATE STATE CHARS CHAR
EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS.
I
[D] . - - & Y
SYNDET — - A\ el
11§ e e ) ' 1ES =
! - - —— j O
SYNDET (5.8} N {
- ORTACIARZ
OVERRUN ! —
ERROR (5.8)
Rx RDY (PIN)
. wagbaT d il i
ch 1 ST S 1. —:
We EH' OrTATA Rd GATA
RAx En CHAk Y "
° \_1"
AD
v Co . ! ‘. i - ! s
Gt _onas | s | GO0 | G, | et RESTRVIIN 1INV Mot L
ia
Rx DATA
: oA A g v At 2t oA
- . M CHAR ASSY BECING PALC AR Ak P it Y
ATTIOTR -Inir NS
o L EXIT HUNT MODE EXIT HUNT MODE  § SET SYNDET (STATUS BIT)

SET SYNC DET SET SYNDET (STATUS 8IT}

RECEIVER CONTROL AND FLAG TIMING
(SYNC MODE)

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

SYMBOL

NAME

FUNCTION

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

Ve Supply Voltage

+5 volt supply

GND

Ground

Ground

Read/Write Control Logic

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

Write Control Logic.

21

RESET

Reset

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

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

anto 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 uPDB8251A have a set of
control inputs and outputs which may be used to
simplify the interface to a Modem.

22

o]
by

Data Set Ready

The Data Set Ready input can be tested by the
processor via Status information. The D3R input
is normally used to test Modem Data Set Ready
condition. '

24

=]
3
]

Data Terminal Ready

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

23

Pl
|
(7]

Request to Send

The Request to Send output can be controlled
via the Commana 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

PIN IDENTIFICATION
(CONT.)

uPD8251 AND uPD8251A
INTERFACE TO 8080
STANDARD SYSTEM BUS

uPD8251/8251A

" The Transmit Buffer receives parallel data from the Data Bus Buffer via the internal

data bus, converts paraliel to serial data, inserts the necessary characters or bits needed
for the programmed communication format and outputs composite serial data on the

TxD pin.

- PIN

NO. | symeoL | _NAME

FUNCTION

Transmit Control Logic

The Transmit Control Logic accepts and outputs
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. Loadinga character from the processor
automatically resets TXRDY, on the teading 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
o “"turn the tine around.” The TxEn bit in the
command instruction does not effect TxE.

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

l

91 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 multipte 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.

BUS

Y ' ADDAESS

CONTROL

BUS

—_— —_— 02
I l I/OR 1o W IRESET' (TTL) L

) DATA BUS

U U

!

c/iD Cs :Dy-Dg

" uPD8251/8251A

RD WR  RESET CLK
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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 checked and then an 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.”

PIN

no. | symsoL

] 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
X
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
(uPD8251)

Sync Detect

The SYNC Detect pin is only used in the
Synchronous mode. The uPD8251 may be pro-
grammed through the Mode Instruction to
operate in either the internal or external Sync
mode and SYNDET then functions as an output
or input respectively. In the internal Sync mode,
the SYNDET output will go to a “one’’ when
the uPD8251 has focated the SYNC character
in the Receive mode. |f double SYNC
character (bi-sync) operation has been pro-
grammed, SYNDET will go'to “one’’ in the
middie 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 AxC. 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
(4PD8251A)

Sync Detect/
Break Detect

The SYNDET/BD pin is used in both Synchro-
nous and Asynchronous modes, When in SYNC
mode the features for the SYNDET pin
described above apply. When in Asynchro-
nous mode, the Break Detect output will go
high which 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 can be read as a status bit.

Note: @ 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. RxC
and TxC then require the same frequency and may be tied together and connected to
a single clock source or Baud Rate Generator.

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

B__x—g or Eequals 110 Hz {1x)
RxC or TxC equals 1.76 KHz (16x)
RxC or TxC equals 7.04 KHz (64x)

RxC or TxC equals 300 Hz (1x) Aor S
RxC or TxC equals 4800 Hz (16x) A only
RxC or TxC equals 19.2 KHz (64x) A only
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uPD8251/8251A

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 commu-:
nicate. 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 uP08251A cannot transmit until the TxEN (Transmitter
Enable) bit has been set by a Command Instruction and until the CTS (Clear
to Send) input is a “‘zero’’. TxD is held in the “marking’’ state after Reset
awaiting new 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. f an gxternal
RESET is not available, three successive 00 Hex or two successive 80 Hex command
instructions (C/B = 1) followed by a software reéet 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 depending on the Mo’de‘lnstruction 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 contro} 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 hit may be set in the Command Instruction which
causes an internal Reset which allows a new Mode Instruction to be accepted.
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cib-1 MODE INSTRUCTION TYPICAL DATA BLOCK

c/D-1.] SYNCCHARACTER 1 SYNC MODE

c/b 1 SYNC CHARACTER 2 ONLY

C/iD -1 JCOMMAND INSTRUCTION

c/D-0 ‘L DATA o
c/D -1 |COMMAND INSTRUCTION
cb-02% DATA >

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 MODE INSTRUCTION
communication modes. Understanding how the Mode Instruction controls the DEFINITION

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. Aithough 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 ASYNCHRONOUS
automatically adds a START bit {low level or ““space”} and the number of STOP bits TRANSMISSION
(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 as a serial 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 uPD8251A, or if all
available characters have been transmitted, the TxD output remains high”" (marking)
in preparation for sending the START bit of the next character provided by the
processor. TxD may be forced to send a BREAK (continuously law) by setting the cor-
rect bit in the Command Instruction.

The RxD input line is normally held “high’’ {(marking) by the transmitting device. ASYNCHRONOUS
A falling edge at RxD signals the possible beginning of a START bit and a new RECEIVE
character. The START bit is checked by testing for a “low"” at its nominal center

as specified by the BAUD RATE. If a “low" is detected again, it is considered valid,

and the bit assembling counter starts counting. The bit counter locates the approxi-

mate center of the data, parity (if specified), and STOP bits. The parity error fiag (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 previdus 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.

642



Dy Dg ~ Dg

Da D3 D2 Dy .Dg

Sy S| EP

PEN] Lo | Ly | Bo| By

uPD8251/8251A

BAUD RATE FACTOR

0 1 0 1
o o \ 1
oone 1 ax | aex | waxs

CHARACTER. LENGTH

0 1

~0 1

o | o

1 1

5

6 7
-BITS BITS | B1TS | BITS

8

PARITY ENABLE

TxD MARKING

I _ENABLE 0 DISABLE
EVEN PARITY GENERATION/CHECK
1 EVEN 0 ODD
B . NUMBER OF STQP 8178 ..
[ 0 )
0 0 1 1
7 T F]
'NVALID] g1 ['BITS | BITS
Dg D1 . Dy ® ’
R I BV .
"START Y PARITY STOP
BIT DATf BITS BIT BITS
{ ¢
- TRANSMITTER OUTPUT
Dg 01 ... ..D2 . . )
R o I'J ) PARITY 10 o
START STOP
BT, DATA BITS e BiTs .
— -

RECEIVER INPUT

_ PROCESSOR BYTE (5-8 BITS/CHARI

£ b
7

'

DATA CHARACTER

1R ]
ASSEMBLED SERIAL DATA OUTPUT (TxD)

{ L £
17 B o
START s PARITY | STOP
s DATA CHARACTER o BiTS
- 1 ¢ d
TRANSMISSION FORMAT
SERIAL DATA INPUT (RxD)
s 4
START PARITY sTOP
s DATA CHARACTER BIT BITS
L ¢ 4

» T

PROCESSOR BYTE (5-8 BITS/CHAR) @

LR 4

{ ¢

DATA CHARACTER

e

RECEIVE FORMAT

(2) Does not appear on the Data Bus.

Notes: (1) Generated by uPD8251/8251A

(3) Mt tharacterlength 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 pracessor. After a Command Instruction has set TxEN and

after Clear to Send (CTS) 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 TXxEMPTY 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.  SYNCHRONOUS
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 ieave the HUNT mode and are in char-
acter synchronization. At this time, the SYNDET (output) is sét 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.
Dy Dg Dg D4 D3 Dy Dy Do

Iscslzsol & [,ENI " l G o J gg'ghﬁL?STRUCTION

CHARACTER LENGTH SYNCHRONOUS MODE

] 1 \] 1

e}

0 ] 1 1

5 8 7 8
BITS B8ITS | BITS { BITS

= PARITY ENABLE
.11 ENABLE)
(0 DISABLE!

EVEN PARITY-GENERATION/CHECK
1 EVEN
o 00D

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

SINGLE CHARACTER SYNC
1 SINGLE SYNC CHARACTER
0 DOUBLE SYNC CHARACTER
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TRANSMIT/RECEIVE
FORMAT
SYNCHRONOUS MODE

COMMAND INSTRUCTION
FORMAT

STATUS READ FORMAT

PARITY ERROR

OVERRUN ERROR

'FRAMING ERROR @

uPD8251/8251A

PROCESSOR BYTES (58 BITS'CHAR!

{4
—4 r

DATA CHARACTERS

i
1 r

ASSEMBLED SERIAL DATA QUTPUT (TA\D)

4 ¥
—f
DATA CHARACTERS

{4
B g

SYNC SYNC
CHAR 1 CHAR ?

TRANSMIT FORMAT

SERIAL DATA INPUT (RxD)

+ &
SYNC SYNC

CHAR 1 CHAR DATA CHARACTERS

4 ¢

PROCESSOR BYTES (5-8 BITS CHAR! @

§
—f

DATA CHARACTERS

RECEIVE FORMAT

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

After the functional definition of the uPD8251 and uPD8251A has been specified by
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.

It is 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 uPN8251A 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,

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.

If the processor fails to read a data character before the one following is availabie,
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 received character is overwritten and lost.

I 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 fmode only.
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D7 Dg Dsg Dy D3 D2 Dy -Dg

EH 1R | RTS ER }SBRK| RxE | OTR | TxEN

COMMAND INSTRUCTION
FORMAT

TRANSMIT ENABLE
1 = enabie
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 tlags
PE, OE, FE

REQUEST TO SEND
“high" will force ATS
output 1o zero

INTERNAL RESET
“high" returns USART 10
Mode Instruction Format

ENTER HUNT MQDE
1 = enable search for Sync

Characters
STATUS READ FORMAT oy Dg Dg Ds 03 o, ) Do
D$R S"g%“' Fe | oE PE TxE | RxRDY | TxROY

L] | | Lo

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The PE flag is set when a parity
error is detected. It is reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the xPD8261 and
uPD8251A.

OVERRUN ERROR

The OE llag is set when the CPU
does not read a character before

the next one becomes available.

it is reset by the ER bit of the
Command Instruction. OE does

not inhibit operation of the uPDB251
and uPDB251A, but, the pre-

viously averrun character is lost,

FRAMING ERROR (Async oniy}
The FE flag is sst when a valid
Stop bit is not detected at the
end of evary character. It is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the oparation of the uPD8251 and
uPDB251A.

Notes: (D) No sffect in ASYNC mode.
@ TxRDY status bit is not totally equivalent 10 the TxRDY output pin, the relationship
is s foliows:
646 TxRDY status bit = DB Butfer Empty —
TxRDY (pin 15} = DB Buffer Empty ® CTS @ TxEn
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APPLICATION OF THE uPD8251 l“l I ADDRESS BUS 3

~AND /JP08251 A §] ; CONTROL BUS !
‘ 1
[ 1F 1
f DATA BUS ]
Y
Y5O} |
——
ReD. EIATOTTL
D g CONVERTER I~ |
oy o o)
8251A . 70

— l BAUD RATE
TxC CRT
GENERATOR TERMINAL

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL,
DC to 9600 BAUD

‘ ADDRESS BUS 3
CONTROL BUS A
DATA BUS j

By

! RxD
0 PHONE
bR ASYNG LINE
oo 57R MODEM ';“:é:
u _—
8251/  CT5
8251A  FTS
— BAUD
RxC RATE
T*C GENERATOR TELEPHONE

LINE

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

ADDRESS BUS )

{
1 E—
ﬁl 'CONJTRTLBU, \‘

DATA BUS )

U

RxD

4D TxD| - SYNCHRONOUS
— TERMINAL

g]zg‘l'; Rxc ‘j OR PERIPHERAL
bl DEVICE

SYNDET

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

C ADDRESS BUS b}
]] CONTROL BUS \
L DATA BUS 3
RxD|
iPD >0 PHONE
8251/ RxC et LINE
8251A INTER-
. T SYNC FACE
SYNDET e MODEM
CT3 jpe—ro|
ATS it
O3R pe—r~
oTi
TELEPHONE
LINE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES
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ot - K —— PACKAGE OUTLINES
i —— uPD8251C
) | uPD8251AC
!
M 1
o —-—
0°-15°
Plastic
ITEM MILLIMETERS INCHES
A 38.0 MAX, 1.496 MAX.
B~ 2.49 0.098
[4 2.54 0.10
D 05+0.1 0.02 + 0.004
E 33.02 13
F 15 0.059
G 2.54 MIN. 0.10 MIN,
H 0.5 MIN. 0.02 MIN.
1 _ 5.22MAX. 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 925 505 | %0 g002
uPD8251D
uPD8251AD
ot K ————)
L -
C—————
[
\
\!
M 0°—10°m—
Ceramic ‘
ITEM MILLIMETERS INCHES
A 36.2 MAX, 1.43 MAX,
B 1.59 MAX. 0.06 MAX.
[J 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.
6 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 14.93 TYP. 0.59 TYP.
M 0.25 ¢ 0.05 0.01 ¢ 0.002
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NEC uPD8253-5
NEC Electronics US.A. Inc.

Microcomputer Division

PROGRAMMABLE INTERVAL TIMER

DESCRIPTION The NEC uPD8253-5 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 5 lnterfaces directly to the busses of the processor as an
array of 1/0 ports.

The uPD8253-5 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 4 MHz.

The system software ‘controls the loading and startmg of the counters to provide
accurate multiple time delays. The counter output flags the processor at the comple-
tion 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 uPD8253-5 in microprocessor based
systems are:

e Programmable Baud Rate Generator

e Event Counter

e Binary Rate Multiplier

e Real Time Clock

o Digital One-Shot

e Complex Motor Controller

o NEC Now Supplies uPD8253-5 to all uPD82563-Requirements

FEATURES e Three Independent 16-Bit Counters
e Clock Rate: DC to 4 MHz
e Count Binary or BCD'
. Singlye +5 Volt Supply, £10%
e 24 Dual-In-Line Plastic Package

PIN CONFIGURATION '
D71 ~ 24 vee .
Dg[] 2 23 1WR PIN NAMES
pg[]3 22 [ RD D7Do Data Bus (8-Bit)
Dg (] 4 210 Cs CLKN Counter Clock Inputs
‘ GATE : G
D3 5 20 : Aq ATE N Counter Gate Inputs
b OUT N Counter Outputs
2036 KPD 19 T Ag RD Read Counter
0, 07 82635 18[JcCLK?2 WR Write Command or Data
Do 8 17 [JouT2 ¢3S Chip Select
cLko[]e 16 : GATE 2 Ag, A1 Counter Select
S Vee +5 Volts
ouTo[j10
Y 15 3 cLK GND Ground
GATEO [11 14 [ GATE 1
GND 112 13[Jour1
Rév/5
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Data Bus Buffer FUNCTIONAL
The 3-state, 8-bit, bi-directional Data Bus Buffer interfaces the uPD8253-5 to the DESCRIPTION
8080AF/8085A microprocessor system, |t 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 uPD8253-5.

2. Load the count registers.

3. Read the count values.
Read/Write Loglc
The Read/Write Logic controls the overall operation of the uPD8253-5 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 uPD8253-5 to transmit the selected counter value
to the processor.
WR (Write)
This active-low signal instructs the uPD8253-5 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 uPD8253-5 is enabled when an active-low signal is applied to this input. Readmg
or writing from this device is inhibited when the chip is disabled. The counter opera-
tion, 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
uPD8253-5 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.

FUNCTION
Load Counter No. 0
Load Counter No.
Load Counter No. 2
Write Mode Word
Read Counter No. O
Read Counter No. 1
Read Counter No. 2
No-Operation, 3-State
Disable, 3-State
No-Operation, 3-State

u—y

o|=|o|o|o|o|olelolo| Pl
-‘><oooo-a-—-§|
ax—a—-ﬂ—-oooo_ﬂ
XXAAooafoo_?
x|X[|=[o|={o|=|c|=|o|Z
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BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

uPD8253-5

e e e - ——
. 1
. [}
)
[}
]
1
i
0700 CLOCK 0
e S0C0 20
DATA COUNTER
. ~ BUFFER
| oulra
i
i
—
]
]
- F] H
1/0OW @
- ]
— v LG 3 CLOCK 1
oR RB reap/ H
Ay | WRITE ; K COUNTER | GATET
+ Ay LOGIC E outr1
Ap b
Ao 8
i £
3 B I G
CLOCK 2
CONTROL COUNTER | _ GATE 2
WoRo < < > NO.2 [———
REGISTER out 2
a - - b,
PROCESSOR PROCESSOR PROCESSOR uPDB263-5 |
ADDRESS  CONTROL DATA b e e ——————————— ————— ————————— 4
BUS B8US B8US

0°Cto +70°C
-65°C to +150°C
-0.5to +7 VoltsU

Operating Temperature
Storage Temperature . . . . . .
Volitage on Any Pin. ... ..

Note: @ With réspect 1o ground.
Tg=256°C

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

Ta=0°C to +70°C; Vg = +6V * 10%

LIMITS TEST
PARAMETER SYMBOL {MIN | TYP] MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 \
Input High Voltage ViH 2.0 Veet0.5| Vv
Output Low Voltage VoL 0.45 v loL =2.2mA
Output High Voltage VOH 2.4 v IoH = -400 A
Input Load Current . h 10 BA | VIN=VegtoOV
Output Float Leakage Current I0FL 10 uA | VouTt =Vegto0V
V¢ Supply Current lce 140 mA
Ta=25°C; Voc = GND = OV
LIMITS

PARAMETER SYMBOL I MIN JTYP] MAX | UNIT TEST CONDITIONS
Input Capacitance Cin 10 pF | fe =1 MHz
input/Output Capacitance Ci/0 20 pF :Jn\r?easured pins returned

o Vgs.
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-Q® + i Vap =46V £ 10%; GND = OV
Ty " 0°C10470°Ci Voo AC CHARACTERISTICS®
LIMITS
PARAMETER SYMBOL P8253-5 UNIT TEST
= . CONDITIONS
MIN I'rvr lMAX
READ
Address Stable Betore READ tAR 1] ns
Address Hold Time for READ tRA 0 ns
READ Pulse Width tRR 260 ns
Data Delay from READ 1RO 170 ns CL = 160 pF
READ to Data Floating tOF 25 100 ns | CL =150 pF
WRITE
Address Stable Before WRITE TAW 0 ns
‘Address Hold Time for WRITE, WA 0 ns
WRITE Puise Width tww 260 ns
Data Set Up Time for WRITE tow 150 ns
'Data Hold Time for WRITE twD [ ns
Recovery Time Between WRITES | TRV 1 HS
CLOCK AND GATE TIMING
Clock Period 1CLK 250 [a]e3 ns
High Puise Width tpwH | 160 ns
Low Puise Width tPWL 20 ns
Gate Pulse Width High 1GW 150 ns
Gate Set Up Time to Clock 1 1GS 100 ns
Gate Hold Time After Clock 1 t1GH 50 ns
Low Gate Width 1GL 100 ns
Qutput Delay from Clock 1| 0D 300 ns CL = 160 pF
Output Delay from Gate 100G 300 ns CL = 150 pF
Note: (D AC Timing Meesured at VO = 2.2V; VoL =0.8V.
TIMING WAVEFORMS
|
a__N X
ja—taR ——a-l —-l |-— RA
AD "R _A.
—itR D Fet—
DATA BUS%HIGH |MPEDANCE%1ALID HIGH IMPEDANCE
READ TIMING
d
o)
""——‘AW——— WA l-— .
DATA BUS x
[=— tow ——4lwn-|
WR
ww
WRITE TIMING
tPWH 1PW Lot tCLk —— 1GS [—
CLK / \ { \
lias f— ‘ 1GH
GATEG ' F
1 Gw-
'GH-’J‘ F—1G | 100 —J-——‘
OUTPUT 0 x x
A
006G
CLOCK AND GATE TIMING
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PROGRAMMING The programmer can select any of the six operational MODES for the counters using
THE uPD8253-5 system software. Individual counter programming is accomplished by loading the
CONTROL WORD REGISTER with the appropriate controf word data (Ag, A7 = 11).

CONTROL WORD FORMAT -

D7 | Dg Ds Dg Dé . D2 b1 Do
SC1| SCO | RLT | RLO |"M2 | M1 | MO | BCD

SC — Select Qounter

SC1 ] SCO
(] 0 | Select Counter 0
0 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 Significarit Byte First, Then Most
Significant Byte
BCD
0 | Binary Counter, 16-Bits
1 | BCD Counter, 4-Decades
M-Mode
M2 | M1 ] MO
0 0 0 | Mode 0.
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
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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 0 Interrupt on Terminal Count

The initial MODE sét 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. 1t will remain in the high state Until the trailing edge of
the second WR pulse loads in COUNT data. |f 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.

a LMo
", st

-, a4

At 1

o —1_" I s

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 butput pulse is not
affected if new count datais 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 ttrigger pulse
while OUTPUT is low, resets and retriggers the One-Shot. The QUTPUT will remain
low for the full count value after the rising edge of TRIGGER.

MU LU LWL L
i

anretaicaim T

« 2
ouTeur

xre mmicaen T

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.

aATE tnesET 1 I

Note: (‘D All internal counter events occur at the falling edge of the associated clock in alt modes of
operation.
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OPERATIONAL MODES ® Mode 3: Square Wave Generator
(Cont.) MODE 3 resembles MODE 2 except the OUTPUT will be high for haif of the count and

low for the other half (for even values of data). For odd values of count data the OUT-
PUT will be high one clock cycle longer than when it is low (High Period ~

clock cycles; Low Period > “—»— clock 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
will be reflected immediately after the output transition of the current count.

The QUTPUT 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.

aLx.

oo 3 0 2 @ 7 o 2 oa 2 o

OUTRUT (n 4}

om 4 w2 p 4 2 oW 2 o
OUTPUT tn =),

QATE (RERETY N

@ 2 4 “w 2 | W 2
OUTRUY fna 4l

Mode 4: Software Triggered Strobe

The OQUTPUT 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 dat:-a, the OUTPUT is held high and counting is inhibited.

The OUTPUT is held high for the duration of GATE. The counters are reset and
counting begins from the full data value after GATE is removed.

Fgigipgipigigigigiginliainlyl
s i e
ourdT —
e IEYPRN
aane — I
PR
ouniTT

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 wi:l pulse low for one
clock period. Subsequent trigger pulses will restart the counting serjuence with the
QUTPUT pulsing low on terminal count following the last rising ecge of the trigger
input (Reference bottom half of timing diagram).

W, a4
o
ouTeuY. 4 F] 2 1 i'___'
L. T P
we____ v
4 3 I 3, 2 1 0
ol i —
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PACKAGE OUTLINE
uPD8253-5C

0-15°

Plastic
i i E
A | 3amax 1.3 MAX
8 263 0.1
c 264 0.t
D 050.1 0.02 £ 0.004
€ | 27904 11
F-| 18 0.089
G 254 MIN_| 0.1 MIN
H 0.5 MIN 0.02 MIN
i 5.22 MAX | 0.205 MAX
J 572 MAX__| 0.225 MAX
K | 1624 06
L | 132 052
™ 0251930 | 00123551,
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NEC uPD8255A-5
NEC Electronics US.A. Inc.

Microcomputer Division

PROGRAMMABLE PERIPHERAL INTERFACES

DESCRIPTION The uPD8255A.6 is a general purpose programmable INPUT/OUTPUT device
designed. for use with the 8080A/8085A microprocessors, Twenty-four (24) 1/0
lines may be programmed in two groups of twelve (group | and group 1) and used
in three modes of operation. In the Basic mode, (MODE 0}, each group of twelve 1/0
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 Bi:directional Bus mode, (MODE 2), uses the 8 lines of Port A for
a bi-directional bus, and five lines from Port C for bus control signals. The uPD8255A-5
is 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 — 4 mA Darlington Drive Outputs for Printers and Displays-
e LSI Drastically Reduces System Package Count
® Standard 40-Pin Dual-In-Line Plastic and Ceramic Packages

PIN CONFIGURATION pag cf 1 \J 20| pay
PA2 O 2 39 O pag
PAL QY 3 38 B Pag PIN NAMES
PAg O 4 37 7 pAy .
RD O s 36 B WR D7-Dp Data Bus (Bi-Directionall
cs ] 6 35 [ RESET RESET Reset Input
GND (] 7 34 1 pg Cﬁ% ghi;;sle:::
ea n|
2(1) E g 23 g 31 WR Write lnput
. 2 Ap, A1 Port Address
PC7 10 4uPD 31 [ o3 PA7PAG | Port A Bit)
PCe CJ1t 8255A-5 30 [] D4 PB7-PBg | Port B (Bit)
PCs []12 29 A pg PC7-PCo | Port C (Bi)
PC4 13 28 O Dg vee +5 Volts
PCo Clia 27 :, D7 GND 0 Volts
PC1 15 26 A vee
PCz (16 25 [ rB;
PC3 17 24 [J pPBg
PBo ] 18 23 [ reg
PB4 19 22 PBg
PB2 ]20 21 g PB3
Rev/3
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General

The 4PD8255A-5 Programmable Peripheral Interface (PPl) is 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
uPD8255A-5. The uPD8255A-5 is functionally configured to be programmed by
system software to avoid external logic for peripheral interfaces.

Data Bus Buffer

The 3-state, bidirectional, 8-bit Data Bus Buffer (Dg-D7) of the uPD8265A-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 OUT 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, C§, pin 6

A Logic Low, Vi, on this input enables the uPD8255A-5 for communication

with the 8080A/8085A.

Read, RD, pin 6

A Logic Low, V|, on this input enables the uPD8255A-5 to send Data or Status to
the processor via the Data Bus Buffer.

Write, WR, pin 36

A Logic Low, Vi, 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 C—S, ﬁ—D, and WR to control the selec-
tion of one of three ports on the Control Word Register. Ag and A1 are usually
connected to Ag and A1 of the processor Address Bus.

Reset, pin 35

A Logic High, V|H, on this input clears the Control Register and sets ports A, B, and
C to the input mode. The input latches in ports A, B, and C are not cleared.

Group I and Group II Controls

Through an OUT instruction in System Software from the processor, a control word
is transmitted to the uPD8255A-5. Information such as “MODE,” “‘Bit SET,” and
“Bit RESET" is used to initialize the functional configuration of each /O 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-PCg)

Group II — Port B and lower Port C (PC3-PCg)
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 1/0 ports (A, B, and C) in the uPD8255A-5 can all be configured to
meet a wide variety of functional requirements through system software. The effec-
tiveness and flexibility of the uPD8255A-5 are 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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BLOCK DIAGRAM i
romen | v GROUP
SUPPLIES ! ta
g GND
{ anour K= ronr D el
- SV K -
CONTROL
GROUP
1 10
voRT ¢ ve S,
UPPER
B81.DIRECTIONAL DATA BUS| B
A’ para N
D--Dq! BUS
BUFFER saur L
INTERNAL GNIOIUP
oATA 0Us kj::() romre [ o
LOWER ' "
(a) pe——y
RAD =g
WhR ——————m=q}  READ/ GROUP
A contnol iy mm— e o
L ——— CONTAOL
onTRO eort KD e
Ag ] 8
RESET ] ( L }_ =1

ABSOLUTE MAXIMUM Operating Temperature .. .....:.... e 0°C to +70°C
RATINGS™ * Storage Temperature ™ . ... .................. P ~65°C to +150°C

All Output Voltages D .. ...... N e -0.5 to +7 Volts

All lriput Voltages (D ... ......... [P N ... -0.5to0+7 Volts

-0.5 to +7 Volts

Supply Voltages D
Note: (D With respect to Vs
Ta=25°C

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

reliability.,
DC CHARACTERISTICS  Ta=0°Cto+70°C; Vg = +6V # 10%; Vsg = OV
LIMITS
[ eroezssas TEST
PARAMETER SYMBOL [MINJTYP | MAX EﬂT CONDITIONS

Input Low Voitage ViL -0.5 0.8 v
mut High Voltage VIH 2 vee v

Output Low Voltage VoL 045] v @

Qutput High Vottage VoH 2.4 v 3)

Darlington Drive Curcent| —1on(D]-1 -4 mA |VOH - 1.5V, RExT - 75052
Power Supply Current Icc 120 mA [ Vce = 46V, Output Open
Input Leakage Current ILiH 10 uA | VIN = Voo

Input Leakage Current i -10 HA | Viy - 0.4V

QOutput Leakage Current ILOH £10 MA Y VouT - Ve CS - 2.0v
Qutput Leakage Current. | I oL -10 uA (Vourt - 0.4V, CS - 20V

Notes: (D Any set of eight (8) outputs from either Port A, B, or C can source 4 mA into 1.5V.
@ foL = 2.6 mA for DB Port; 1.7 mA for Peripheral Ports.

@ IOH = -400 uA for dB Port; 200 us for Peripheral Ports,

CAPACITANCE  Ta=25°CiVce = Vss =0V

LIMITS
PARAMETER SYMBOL ] MINJTYP] MAXJUNIT | TEST CONDITIONS
Input Capacitance | C|N 10 pF fe=1MHz
{/0 Capacitance Ci/o 20 pF Unmeasured pins
returned to Vsg
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Tg=0°Cto +70°C; Vo = +BV £5%; Vgg = OV

LIMITS TEST
PARAMETER SYMBOL | MIN § MAX | UNIT CONDITIONS
Address Stable Before READ tAR 0 ns
Address Stable After READ tRA o ns
READ Pulse Width tRR 250 ns
Data Valid From READ tRD 170 ns |8256: Cp = 100 pF
8255A.5: Cy_= 150 pF
Data Float After READ tDF 100 ns | CL=100pF
10 ns CL =16 pF
e R o ®
WRITE
Address Stable Before WRITE tAW 0 ns
Address Stable After WRITE WA 20 ns
WRITE Pulse Width tww 250 ns
Data Valld to WRITE (T.E.) tow 100 ns
Data Valid After WRITE wpD 0 ns
OTHER TIMING
WR = 0 To Output WB 350 ns [8256:C|_ =50pF *
8255A-5: C|_ =150 pF
Peripheral Data Before RD tIR 0 ns
Peripheral Data After RD tHR 0 ns
ACK Pulse Width tAK 300 ns
STB Pulse Width tsT 350 ns
Per. Data.Before T.E. Of STB tps 0 ns
Per, Data After T.E, Of STB tPH 160 ns
ACK = 0 To Output tAD 300 ns | 8255: Cp =50pF
8256A-5: C| = 160 pF.
ACK = 0 To Output Float tKD 250 ns 8255 { CL =50pF
20 CL=15pF
WR=1ToOBF=0 twoB 650 ns
ACK=0ToOBF =1 taoB 350 ns
f‘i§=0To|BF=1 tg18 300 ns | g255: C\= 50 pF
RD=1ToIBF =0 tRIB 300 ns
RD=0ToINTR=0 tRIT 400 ns
STB=1ToINTR=1 tSIT 300 ns | 8255A5:C| = 150 pF
ACK=1ToINTR =1 AT 350 ns
WR=0ToINTR=0 tWIT 850 ns

AC CHARACTERISTICS

Note: (‘D Period of Reset pulse must be at ieast 50 us during or after power on, Subsequent Reset

pulse can be 500 ns min.

@

w_ A

"y

wa
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TIMING WAVEFORMS

uPD8255A-5

R
MODE 0 AD e e " r———
UL HR
INPUT FROM PERIPHERAL X X
— X
AR —ef IRA et
CS, Ay, Ag X D a
| 1
N []
D) 0) memancccaww=d ) & -
f~—trRp—={ F——1pF —=l
BASIC INPUT (READ)
WA o YW e
tow | two
Do D7 _X
AW —] f— twa
3. A Ap * k
f—twg —of
OUTPUT TO PERIPHERAL N
BASIC OUTPUT (WRITE)
MODE 1 WR
pu— | =—1A0B
OBF ' L
tWOB
INTR /\7-—
- N
fe—tAK LAIT—
OUTPUT TO PERIPHERAL
e
ws
4
\
t
tSIT Rie ;
INTR i
RO ::,Z_
1
L2
INPUT FROM
PERIPHERAL ™ Yo L =TT === == —===
P
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WRITE .
WA , DATA FROM uPD8OBOA TO uPDB255A-5
o tAOB
OBF { ——

e
1
INTR wos L
/AK S
ACK FROM PERIPHERAL \VA

Jeo- 1T >

STB FROM PERIPHERAL

IBF _—:‘S')T

M
. tpg '.ADq t— - LlKD
ERIPHERAL
A o ———— e ———
/ = |—an/ , RIB
RD 7 7
DATA FROM DATA FROM

PERIPHERAL TO uPD8256A-5 wPDB255A-6 TO PERIPHERAL

READ DATA FROM
uPD8265A-6 TO uPDB0B0A

Note: (D Any sequence where WR occurs before ACK and T8 occurs before RD is permissible.

(INTR = I1BF - MASK - §TB - RD + OBF - MASK - ACK - WR)

@ When the uPD8255A-5 is set to Mode 1 or 2, OBF is reset 1o be high (logic 1).

The uPD8255A-5 can be operated in modes (0, 1 or 2) which are selected by appropriate
control words and are detailed below.
® MODE 0 provides for basic Input and Output operations through each of the ports
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 0
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
through Port A or B and handshaking through Port C.
Twe 1/0 Groups {1 and H)
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 Qutput
MODE 2 provides for Strobed bidirectional operation using PAQ.7 as the bidirec-
tiona! latched data bus. PC3.7 is used for interrupts and “‘handshaking’’ bus flow
controls similar to Mode 1. Note that PBg.7 and PCg.2 may be defined as Mode 0
or 1, input or output in conjunction with Port A in Mode 2.
An 8-bit latched bidirectional bus port (PAQ.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
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BASIC OPERATION INPUT OPERATION (READ!
a1 Ag [ RD | WR] &3 }
0 [ 0 [ 6] 1] 0 | PORT A—»DATABUS
o | 1 0 | 1 | 0 | PORT B—»DATA BUS
1] 0 0| 1| 0o | PORTC—=DATABUS
OUTPUT OPERATION (WRITE)

A1 | Ap | RD | WR| C3

010 T [ 0] 0 ATABUS —»PORT A
0 |1 0 | 0 | DATABUS—=PORTB
T ] 0] 1 [ 0, 0 | DATABUS—»PORTC
i 1 1 0 | 0 | DATABUS —»=CONTROL

DISABLE FUNCTION
Ay [ Ap | RD [WR | CS
X X | % X

DATA BUS —»=
HIGH Z STATE
DATA BUS —
HIGH Z STATE

X X 1 1 4]

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

FO RMATS CONTROL WORD CONTROL WORD.
v, ﬂflu‘ oo oo ] NERBanEE

GROUP T

PORT C (LOWER)
11 INPUT
0 0uTPUT

PORTE
1 INPUT

0 0uTPUT
MODE SELECTION
——={  0:mODEO

1+ MODE +

GROUP T x x  x

— T
POAT C (UPPER) . ooN'T BIT SET/RESET.
1 INPUT CARE VosET
- outeuT 0« RESET

PORT A
12 INPUT BiTSELECT
00uTPUT TaTsTe

MODE SELECTION
00 + MODE 0
01+ MODE 1
1X + MODE 2

MODE DEFINITION | | BIT/RESET

7
1
1
[

c[olo]e

3
allals[o]1[og]
Iooonam
nononac
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PACKAGE OUTLINE
pPD8255AC/D-5

Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
3 254+ 0.1 0.10 0004
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 6.72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.520
+0.1 +0.004
M 025 ‘o5 0.010 " “n

o e
l‘— ] D ‘! 0°-10°

~
Ceramic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.03 MAX
8 1.62 MAX 0.06 MAX
C 2.54 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
[ 0.25 + 0,05 0.01 £ 0,0019

8255DS-REV3-1-82-CAT
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NEC |
NEC Electronics US.A. Inc.

Microcomputer Division

uPD8257-5

PROGRAMMABLE DMA CONTROLLER

DESCRIPTION The uPD8257-5 is a programmable four-channel Direct Memory Access (DMA) con-
troller. 1t is designed to simplify high speed transfers between peripheral devices and
memories. Upon a peripheral request, the uPD8257-5 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 uPD8257-5 so that the system bus may
be acquired by the generation of a single HOLD command to the 8080A. 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. Qutput con-
trol signals are also provided which allow simplified sectored data transfers and expan-
sion to other uPD8267-5 devices for systems requiring more than four DMA channels.

FEATURES ¢ NEC Now Supplies uPD8257-5 to uPDB257 Requirements
e Four Channel DMA Controller
o Priority DMA Request Logic
e Channel Inhibit Logic
e Terminal Count and Modulo 128 Qutputs
e Automatic Load Mode
e Single TTL Clock
o Single +5V Supply £10%
e Expandable
e 40 Pin Plastic Dual-In-Line Package
PIN CONFIGURATION word 1 N/ a0 §A7
iowQg 2 39 [ Ag
_ PIN NAM
MEMR OJ 3 38 [ Ag = BA ES
_——-MEMW E 4 37 3 A4 D7-Dg ata Bus i
5 Az-Ag Address Bus
MARKE 6 gg P :C 1/OR 1/0 Reed
READY ) A, oW /O Write
WA g 7 3« 0 A2 MEMR Memory Read
aopste ] 8 33 [ A, MENW Memory Write
AEN C 9 MPD 32 :l AO CLK Clock Input
Hra Q10 - 31 O Vee RESET Reset Input
sgn 8578 ;[ 0 READY Ready
cLk 12 © 20pR0, HRQ Hold Request (to BOB0A)
RESET [m RK] 28 O DZ HLDA Hold Acknowledge {from 8080A)
clis 27 3 D AEN Address Enable
;g_':_(cf_ ':2 d 5 e 3 ADSTB ‘Address Stroba .
g 3 -4 TC Terminal Count
DRag CJ16 25 g DACKo [ mark Modulo 128 Mark
pRa; 17 24 [J DACKy [ prazbRog DMA Request Input
pRa; 18 233 Dg DACK3DACKg | DMA Acknowledge Out
DRQg [ 19 22 0 by s Chip Select
GND CJ20 ) 2103 D7 Vee +5 Vaolts
GND Ground

Rev/4
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BLOCK DIAGRAM

T cHO |-~ DROg
18
0ATA 8T
07.00 8 8US ADDR
BUFFER CNTR

] [ DACKg

I ‘_- j==— DRQ

oA~ < I

CNTR

ot
RESET———pmi  READ/ — |
s J_
AQ -4 ‘

cH2

[ DACKi

|ea— DRO;

ADDR
Ay ] " CNTR

N

|-~ DACKZ

—

Ag —t——rod] ’
be— 0RQ3

Ay - cH3

Ag T

Ay —a—— ]

—
>
3
8
2

|- BAGK3

CONTROL
READY —oiin ] LoGIC,
AND
MODE
HRQ SET

REG,
HLDA =i} L PRIOAITY
VNS —- e RESOLVER

TIEWW ~——CY
AEN ] l

INTERNAL
Bus

Operating Temperature . . ... e e, e 0°C to +70°C  ABSOLUTE MAXIMUM
Storage Temperature .. .............oeeuvevense......~65°Ct0o+160°C RATINGS*
Voltage on AnY Pin e v cvteiiieeiernininnaenen... =0.5t0+7 Volts @

Power Dissipation ...... et e et e e e e 1 Watt

Note: (D With Respect to Ground

Ta=25°C

*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, =0°C 10 +70°C; Vi = +5V £ 10% GND = OV
Crs DC CHARACTERISTICS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN. } TYP] MAX.
tnput Low Voltage ViL -05 0.8 |Volts
Input High Voltage 1 vin .| 20 Vg + 0.5( Volts
Output Low Voltage VoL 0.45 |{Volts | oL =1.7mA
Output High Voltage VOH 24 Vee Volts IOH =~ 150 uA for AB,
DB and AEN
lon™ -80 uA for others
HRQ Output High Voitage VHH 33 Vee Volts 'OH =-80 uA
VCC Current Drain lcc . 120 mA
Input Leakage YL 10 BA ViN= VCC
Output Leakage During Float 'OFL 10 HA VOUT
Note: ® V> Vot > GND +0.45V
T,=25°C; Vo =GND =0V
CTS CAPACITANCE
PARAMETER SYMBOL UNIT | TEST CONDITIONS
MIN. | TYP. | MAX.
Input Capacitance Cin 10 pF fo= 1MH:Z
1/0 Capacitance Cyo0 20 pF Unmeasured pins
returned to GND
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AC CHARACTERISTICS
PERIPHERAL (SLAVE) MODE

TIMING WAVEFORMS
PERIPHERAL (SLAVE) MODE

BUS PARAMETERS

Ta = 0°C to 70°C; Ve = BV ¢ 10%; GND =ov @D

uPD8257-5

LmMITS

PARAMETER svmsor [—groazers 1 unml oo it

MIN T Tve Tmax
READ
Adr or CS1 Setup to a1 TAR 0 ns
Adr or T8t Hold from Rdt TRA . 0 ns
Deta Access from Rd4 TRDE 0 170 ns C_ = 100 pF
DB-Float Delay from Rd1 TROF 100 ns CL = 100 pF
20 ns | cL = 15pF
Rd width Taw 250 ns
WRITE
Adr Setup to Wri TAW 20 ns
Adr Hold from Wrt Twa [ as
Data Setup to Wri Tow 200 ns
Data Hold from Wrt Two_ 0 ns
Wr Width Twws | 200 ns
OTHER TIMING

Reset Pulse Width TasTw | 300 ns
Power Supply t(Vcg) Setup ta Resetd | TrsTp | 500 us
Signai Rise Time T 20 ns
Signal Fall Time T 20 | ns
Reset to First IOWR ) TRSTS 2 ey

Note: @ All timing measurements are made at the foilowing reference voltages unless :pu::"ded otherwise: Input 1"
at 2.0V, 0" at 0.8V, Output "1 at 2.0V, 0" at 0.8V, :

READ TIMING

CHIP SELECT S

TRA

ADDRESS BUS ﬂ

— L—TRA

TRws

i70 D N
TRoe—e| |e- fe—TRpE
DATA BUS P—
WRITE TIMING
: TAW——e]
. Twa F—_——
CHIP SELECT
|
|
ADDRESS BUS R
Taw — I-—TWA

DATA BUS

110 WR

RESET TIMING

RESET /

Vee /- I
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uPD8257-5

Ta=0°Ct0 70°C; VCC = +6V  10%; GND =0V

LIMITS
PARAMETER SYMBOL uPD8257-5 UNIT] COJ:IS'IT; ONS
MIN MAX
Cycle Time (Period) Tcy 0.250 4 Hs
Clock Active (High) To 80 .8Tcy ns
DRQt Setup to 84 (SI, §4) Tas 30
DRQy Hold from HLDAT TaH 0 @
HRQt or | Delay from 't {S1, S4) Tpa 160 ns 0]
{measured at 2.0V)
HRQ?t or { Delay from 81t (St, S4) Tpa1 250 ns @
(measured at 3.3V}
HLDALt or | Setup to 64 (SI, S4) THS 100 ns
AENt Delay from 64 (51) TAEL 250 ns @
AEN! Delay from @t (SI) TAET 200 ns
Adr (AB) (Active) Delay from AEN?t {S1) | TAgA 20 ng
Adr (AB) (Active) Delay from 81 (81) TEAAB 250 ns
Adr (AB) (Float) Delay from 61 (S1} TAFAB 150 ns @
Adr (AB) (Stable) Delay from 8t (S1) TASM 250 ns @
Adr {AB) (Stable) Hold from 6t (81) TAH TASM-50 [©)
Adr (AB) (Valid) Hold from Rd? (S1,S1) | TAWR 60 ns @
Adr (AB) (Valid) Hold from Wrt (51,80 | Tapw | 300 ns
Adr (DB) (Active) Delay from 81 (S1) TEADS 250 ns
Adr (DB) (Float) Delay from 8t (S2) TAFDB | TsTT+20 | 170 ns
Adr (DB) Setup to Adr Stby (§1-52) TASS 100 ns 4
Adr (DB) {Valid) Hold from Adr Stbi (S2) | TaHs 80 ns @
Adr Stbt Delay from 6t (S1) TSTL 200 ns @
Adr Stby Delay from 64 {S2) TSTT 140 ns ®
Adr Stb Width (S1-52) Tsw Tey=-100 ns @
Ad4 or Wr (Ext)i Delay from Adr TASC 70 ns @
Stby (52}
Rd4 or Wr (Ext)i Delay from Adr (DB) Toec 70 ns @
(Float} (§2)
DACK? or {Delay from 94 (52, S1) and TAK 250 ns [0)G}
TC/Mark t Delay from 61 (S3) and
L TC/Mark | Delay from 01 (S4)
Rdi or Wr (Ext)i Delay from 0 (S2) end | TpcL 200 ns @
| Wrs Delay from 0t {53)
Rd? Delsy from 61 (S1, S1) and Toer 200 ns (o0
Wrt Delay from a1t (S4)
Ad or Wr (Active) from 1 (S1) TEAC 250 ns [0)
Rd or Wr (Float) from 81 (S1) | Tagc 150 ns )]
Rd Width (52-51 or $1) TRwM | 2Tcy+ ns @
Tg-50
| Wr Width (53-54) Twwm | Tcy-50 ns @
Wr (Ext) Width (S2-54) T 2Tcy-50 ns @
READY Set Up Time to 8t (S3, Sw) TRs 30 ns
READY Hold Time from 8+ (53; Sw) TRH 20 ns

Notes: @ Load = 1 TTL
@ Load =1 TTL +50 pF

@ Load =1 TTL + (R = 3.3K), Vou = 3.3V

@ Tracking Specification
® ATak <60 ns

ATpGL <50 ns

@ ATpeT <60 ns

Data for comparison only
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TIMING WAVEFORMS
DMA (MASTER) MODE

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE o 55 ONTROL OVERRIDE SEQUENCE —1-— NOT READY seouemcs—-l
1
st Sl | S0 | st | sz 3| SAEJ S1 | S2 | S3 | s¢ | s l— St | so | S1| s2 | s3 4 | st | st | so St | s2 | S3 | sw | sw| sa'| si| st | s
i ' AYA VAW AN
cLock J})YU UF\JFE KA /A cLock
T Tas- » T
o r prem | ey " S | L :
oRQp3 X A rye X - = o= o= e DRQOQ.3
— T, T
* |*Toa 00— 4 .
wa_____F et T L/ N/ \_.__.___naq
Tnsq o [*—Tus [ Ths
-k -
woa X oS e = HLDA
TaEL —of [«- - i-—TAg . TagL—e] [
AEN X 5/ [ N 4 N AEN
ADDg.7 Trang-of l-{- —= }o—nsm — TAFAs—-! —Taga 0
(LOWER ADR) oo = ————t D 3.,_-_“0‘::;;‘0“)
i - T T
DATAG.? FADB = e AFDB ne! ams .
(UPPER ADR! wemmm e IL 4 - -_»._C:k.-_..____________D-____...._.._.._____.-?t";ég7mm
TSTL o fot- -t—Tsrr - |Je—Tass —] Tow [§=
- .
ADDSTB / l 5 ﬂ - = = o e == o ADR STB
| - Tak - Tak "ﬂ‘—TASC 3
DACK(. 3 =t /.._——)}_\_- Fﬁ == DACKg.3
Teac—ef l~ -~ I*TDCT ‘—'avm—-f —elle—Tpgc “[e—TaHR ’
MEMAD/I/0 RD = = = e ™ > 3 T TN e e ST b e e e e e e e’ AW 7\ — = = MEMRD/i/0 RD
T .
DLcL_. = — ; ocT Toc | fe—Tacc - - pe—Tanw _
MEMWR /170 WR _ eeen ¥ = A N - e’ ~ 7 N — = = MEMWR/I70 WR
b -
TRS"'q..'P_.,.TnH 1o TwwME " Twwm Tns—j. [— -}_KTRS
- - " )
READY e Y / \ 45 3 - = READY
Tax—* J:_._-t_r“
TC/IMARK o o o Vi \ 95 L .\ TC/MARK

g-.628ad"



uPD8257-5

The uPD8257-5 is a programmable, Direct Memory Address (DMA) device. When used
with an 8212 1/0 port device, it provides a complete four-channel DMA controller
for use in 8080A/8085A based systems. Once initialized by an 8080A/8085A CPU,
the uPD8267-5 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 following
sequence of events occurs within the uPD8257-5,

e |t acquires control of the system bus (placing 8080A/8085A in hold mode).

e Resolves priority conflicts if multiple DMA requests are made,

e A 16-bit memory address word is generated with the aid of an 8212 in the follow-
ing manner:

The uPD8257-5 outputs the least significant eight bits (Ag-A7) which go directly
onto the address bus.

The 4PD8257-5 outputs the most significant eight bits (Ag-A15) onto the data
bus where they are latched into an 8212 and then sent to the high order bits on
the address bus. ‘

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

(DRQp). The uPD8257.5 retains control of the system bus as long as DRQp, remains

high or until the Terminal Count (TC) is reached. When the Terminal Count occurs,

TC goes high, informing the CPU that the operation is complete.

Therg 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 uPD8257-5.

The DMA verify mode responds in the same manner as read/write except no memory
or 1/0 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 (Cylic 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.

670
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DMA OPERATION Internally the uPD8257-5 contains six different states (SO, S1, 2, S3, S4 and SW). The
duration of each state is determined by the input clock. In the idle state, (S1), no DMA
operation is being executed. A DMA cycle is started upon receipt of one or more DMA
Requests (DRQp), then the uPD8257-5 enters the SO state. During state SO a Hold
Request (HRQ) is sent to the 8080A/8085A and the uPD8257-5 waits in SO until the
8080A/8085A 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 high-
est priority is driven low, selecting that particular peripheral for the DMA cycle. The
DMA Request line {DRQy,) must remain high until either a DMA Acknowledge
(DACK.-.) or both DACK, and TC (Terminal Count) occur, indicating the end of a
block or sector transfer (burst model).

The DMA cycle consists of four internal states; S1, S2, S3 and S4. If the access time

of the memory or 1/0 device is not fast enough to return a Ready command to the
uPD8267-5 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 uPD8257-5 is
allowed to go into state S4. Either the extended write option or the DMA Verify mode
may eliminate any Wait state.

If the uPD8267-5 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 handshakmg mode between the uPD8257-5 and the
8080A/8085A.

During DMA write cycles, the 1/0 Read (i70R) 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/O Write (1/0 W) goes low at the beginning of state S3.
No Read or Write control signals are generated during DMA verify cycles.

RESET

DMA OPERATION
STATE DIAGRAM

READY e VERIFY

@‘ READY

READY + VERIFY

sS4
HRQ e HLDAE }®

HRQ + HLDA

READY

Notes: HRQ is set if DRQy, is active.
HRQ is reset if DRQp is not active.
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TYPICAL pPD8257-5
SYSTEM INTERFACE SCHEMATIC

25 Ag
26 |
77 I
79
3 |
32 |
33 ADDRESS
34 | eus
35
7 |
40 |
37
38 |
39 i
soson 8 Ais
Tl HoLofed
16 HLDA 5 N
INTE il DBIN L —
i
3 (a2
13
1w Ts L : '-"Io
12 1
0SC «——
5_ 18] e 5 | paTa
3 373 |5V 3 BUS
RDVIN-—2— 7 ] READY, 7 B I
RESIN—Zoq] RESET , 2 20 |
s] 8228 |7 [
8224 4] %2
" zﬂ‘ 15 MEMR|-2%
MEMWID-> -— CONTROL
10 T7OR fo-23 RUS
S 170w o
STSTH INTAJp-23
BUSEN 7 10
‘”":TT"' 22 HLDA HRQ
30 32
< 2 33
28 34
\ I 35
26 37
23 38
22 39
21 40
3 19
3 o DR
4 uPD 25 —> GACK,
a 25 DACKo
q 8575 [
29 s DRQy
RESET p-24 DACKq
1
o 17
CHIP SELECT TS 4 DRQy
READY £olpeany - DACK,
e 16 DRO3
15 DACK3
| 36 TC
5 MARK
EN_ADSTI
o 8
13 11
052  STB
14
DISABLE 1/0 —&1 0
ADDRESS BUS s
10
i 15
L___Tg. 8212 2
l____w "
_q
14
vce —o|ETR
MD__ 081
1
GND
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PACKAGE OUTLINE
uPD8257C-5

uPD8257-5

673

J —

==

G
0° —15°=
Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
] 1.62 0.064
[ 2,54 £ 0.1 0.10 £ 0.004
D 0.5+ 0.1 0.019 * 0.004
E 48.26 1.9
F 1.2MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
I 5.22 MAX 0.206 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.620
+0.1 +0.004
M 0-25> 0.05 0.010 - 0,002

8257-5DSREV4-1-82-CAT
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NEC uPD8259A
NEC Electronics US.A. Inc.

Microcomputer Division

PROGRAMMABLE INTERRUPT CONTROLLER

DESCRIPTION The NEC uPD8259A is a programmable interrupt controller directly compatible with
the 8080A/8085A/8086/8088 microprocessors. It can setvice eight levels of interrupts
and contains on-chip logic to expand interrupt capabilities up to 64 levels with the
addition of p’ther uPD8259As. The user is offered a selection of priority algorithms to
tailor the priority processing to meet his system requirements. These can be dynami-
cally modified during operation, expanding the versatility of the system.

The uPD8259A is completely upward compatible with the uPD8259-5, so software
written for the uPD8259-5 will run on the uPD8259A.

FEATURES Eight Level Priority Controller

Programmable Base Vector Address

Expandable to 64 Levels

Programmable Interrupt Modes (Algorithms)
Individual Request Mask Capability

Single +5V Supply (No Clocks)

Full Compatibility with 8080A/8085A/8086/8088
Available in 28-Pin Plastic and Ceramic Packages

® ¢ & o o o o o

PIN CONFIGURATION g

1 28 vee
wrdz2- ' 273 Ao
Ao []s 2% [ WA : PIN NAMES
D74 25 ] IR7 D7 — Dg Data Bus (Bi-Directional)
DGE 5 24 '_" IR6 RD Read Input
Ds[]6 23 [ IRS WHR Write Input
D 7 <22 —_ Ao . Command Select Address
40 KPD . CAS2— CASQ__| Cascade Lines
: D 8 8259A 21 IR3 .
D3 “ A [ES— - Siave Program {nput/
D2 s . - 20.1R2 SP/EN Enable Buffer
D1 C 10 19 :l R1 INT interrupt Output
D . INTA Interrupt Acknowledge Input
0 18 [ 1RO IR0 — iR7 Interrupt Request Inputs
caso(] 12 17 3 INT [ Chip Select
CAs113 16 [ SP/EN.
GND 14 15 [] cAS 2
Rev/1
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NN LM ~ BLOCK DIAGRAM

INT
os—]

5

1

© NTA INT
07 -
b OATA CONTROL LOGIC
aus — —1
BUFFER —1 r _T T

¢+ [t

N

TOR RQ
TIOW | — READ/ 1Rl
1 WAITE
-
a0 toGic r_'_"
—‘ —1 Ao N INTERAUPY [ A3
= SERVICE eRiIOMTY AEQUEST —
REGISTER AESOLVER \y—o RAEGISTER |u—
SRl uant L
. -
& 188
n?
o
CASCADE ‘r f r
BUFFER/
COMPARATOR
INTERRUPT MASK REGISTER (IMR)
_ CASO  CcAS2
SP CAS1

¥

INTERNAL
8UsS

~J
PROCESSOR PROCESSOR PROCESSOR
ADDRESS ~ CONTAOL  DATA
8US BUS Bus
SLAVE s
PROGRAM CASCADE
ENABLE  LINES
BUFFER

Operating Temperature . . . .. .. ...coovvvvensnnens. e .. 0°Cto+70°C ABSOLUTE MAXIMUM
Storage TOMPeratire . . ... ......ovevneeneennennn.. ...-65°Cto +150°C RATINGS*
VoltageonAnyPin ..................ccovveve... =05t0+7 Volts )

POWer DissSiPation .. ... vvven ittt i inc et W

Note: @ With respect to ground.

Ta= 25°C

*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.
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FUNCTIONAL INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR)

DESCRIPTION The interrupt request register and in-service register store the in-coming interrupt
request signals appearing on the IRO-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.

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 (EO1) 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 Initialization 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 uPD8259 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 int«_arrupt output from the uPD8259 is directly connected to the processor’s INT
input. The voltage levels of this output are compatible with the 8080A/8085A/
8086/8088.

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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INTERRUPT ACKNOWLEDGE (INTA) FUNCTIONAL
—_— DESCRIPTION
INTA pulses cause the uPD8259A to put vectoring information on the bus. The num- (CONT.)

ber of pulses depends upon whether the uPD8269A is in uPD8085A mode or 8086/
8088 mode.

Ag

Ag is usually connected to the processor’s address bus. Together with W! 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 CSi inputs.

1PD8259A BASIC OPERATION
Ag| D4 | D3 | RD| WR | CS | PROCESSOR INPUT OPERATION (READ)
0 0 | IRR, ISR or IR > Data Bus D '

1 0 1 0 IMR - Data Bus )
PROCESSOR OUTPUT OPERATION (WRITE)

0 0 0|1 0 [ 0 | DataBus—> OCW2

0 0] 1 olo Data Bus - OCW3

0 1 X 1 0 0 Data Bus - ICW1

1| x| x| 1| oo |pataBus>ocwit, 1cw2, 1cw3 @
DISABLE FUNCTION

X X X 1 110 Data Bus = 3-State

X X X X X 1 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 uPD8259A aligns these commands in the
proper order.

CASCADE BUFFER/COMPARATOR. (For Use in Multiple uPD8259 Array.)

The IDs of all uPD8259As are buffered and compared in the cascade buffer/com-
parator. The master uPD8259A sends the ID of the interrupting slave device along

the CASO, 1, 21lines to all slave devices. The cascade buffeic_or_nparator compares its
preprogrammed 1D to the CASO, 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 ID
matches the code on the CASO, 1, 2 lines.

SLAVE PROGRAM (SP). (For Use in Multiple uPD8259A Array.)

The interrupt capability can be expanded to 64 levels by cascading multiple uPD8259As
ina master-plus-slaves array. The master controls the slaves through the CASQ, 1, 2
lines. The SP i input to the device selects the CASO-2 lines as either outputs (SP-I) 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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DC CHARACTERISTICS

Toa=0°C 10 70°C; Ve = +5V + 10%

uPD8259A

CAPACITANCE Ta=25°C; Vcc = GND = OV

AC CHARACTERISTICS

LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 \%
Input High Voltage . ViH 2.0 |'vee +0.5v \
Output Low Voltage VoL 0.45 \ loL=2.2mA
Output High Voltage VOH 2.4 v loH = -400 uA
Interrupt Output- VOH-INT 2.4 \% loH = ~400 uA
High Voltage 3.5 \% loH =-100 pA
Input Leakage Current Iie “RO 7) -300 uA VN = 0V
for IRQ.7 ) 10 A [ ViN=Vee
Input Leakage Current I, 10 uA | VN = Vec to OV
for other Inputs
Output Leakage Current | I o - 10 uA | Voyr =045V
Output Leakage Current | I o 10 uA VouT = Vee
Vec Supply Current Icc 85 mA
LIMITS TEST
PARAMETER SYMBOL | MIN] TYP | MAX | UNIT|} CONDITIONS
Input Capacitance CiN 10 pF fc=1MHz
1/0 Capacitance Ci/o 20 ‘pF Unmeasured Pins
Returned to Vss
Tq=0°C to 70°C; Vg = 5V + 10% (uPDB269A)
KPDB8269A TEST
PARAMETER SYMBOL MIN | MAX | uNIT CONDITIONS
AO/CS Setup to RD/INTAL tAHRL 0 ns
AO/CS Hold after RD/INTAt tRHAX [4) ns
RD Pulse Width tRLRH | 235 ns
AO/CS Setup to WR | tAHWL 0 ns
AO/CS Hold after WRt TWHAX [J ns
WR Pulse Width tWLWH | 290 ns
Data Setup to WR 1T tDVWH 240 ns
Data Hold after WRt tWHDX 0 ns
Interrupt Request Width (Low) tILIH 100 ns (0]
Cascade Setup to Second or Third N 55 ns
NTA (Slave Only) CVIAL
End of RD to Next Command tRHAL 160 ns
End of WR to Next Command tWHRL. | 190 ns
Note: (D) This Is the low time required 1o clear the input latch in the edge triggered mode.
uPDB258A TEST
PARAMETER SYMBOL | MIN MAX | uniT CONDITIONS
Data Valid from RD/INTA{ tRLDV 200 ns C of Data Bus = 100 pF
— C of Data Bus
Dats Float after RD/INTAt tRHDZ 100 ns Max Test C = 100 pF
Min Test C = 16 pF
Interrupt Output Delay tJHIH 350. ns
Cascade Valid from First INTA4 ) .
{Master Only) HALCY 565 ns CINT = 100 pF
Enable Active from RD4 or INTAL tRLEL 126 ns | CcASCADE = 100 pF
Enable Inactive from RDt or INTAT RHEH 150 ns
Data Valid from Stable Address tAHDV 200 ns
Cascade Valid to Valid Data tcvDVv 300 ns
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INPUT WAVEFORMS FOR AC TESTS

24 A
20 : 20
>TEST POINTS <
0.8 0.8
0.45
WRITE MODE
WR \ TWLWH
! /

- TAHWL fo—
cs

ADDRESS BUS :
Ao

R TWHAX

IDVWH —=

r—- WHDX

DATA BUS

READ/INTA MODE

*RLAH

K

s

EN
— tRLEL — tRHEH

r— TRHAX

X

ADDRESS BUS
Ao
je—— tRLDV __‘1 e

DATA BUS » == = we = v o o e e 2 e o e o o .{

tRHDZ {

OTHER TIMING

RD/INTA
\ tRHRL

WR

WHRL
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TIMING WAVEFORMS - TNTA SEQUENCE
(CONT.) [ tiHiH

ICVIAL—

tcvov -~

€02

L— ‘IALCV:‘"

DETAILED OPERATIONAL The sequence used by the uPD8259A to handle an interrupt depends upon whether
DESCRIPTION an 8080A/8085A or 8086/8088 CPU is being used.

The following sequence applies to 8080A/8086A systems:
The uPD8259A derives its versatility from programmable interrupt modes and the

ability to jump to any memory address through programmable CALL instructions. The
following sequence demonstrates how the uPD8259A interacts with the processor.

1. An interrupt or interrupts appearing on IRQ.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 uPD8269A 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 IN TA to the uPD8259A when it receives the INT.

4, The INTA input to the uPD8259A from the processor group sets the highest
priority ISR bit and resets the corresponding IRR bit. The INTA also signals the
uPD8259A 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 uPD8259A.

6. The two INTA pulses signal the uPD8259A 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,

EOI (End-of-llntefrupt) command is issued to the uPD8259A at the end of an
interrupt service routine to reset the ISR bit and allow the uPD8259A to service

7. The uPD8269A’s CALL instruction sequence is complete. A preprogrammed E
the next interrupt.

For 8086/8088 systems the first three steps are the same as described above, then the
following sequence occurs:

4. During the first INTA from the processor, the uPD8259A does not drive the
data bus. The highest priority ISR bit is set and the corresponding IRR bit is
reset.

5. The uPD8259A puts vector onto the data bus on the second INTA pulse from
the 8086/8088.

6. There is no third INTA pulse in this mode. In the AEOI mode the ISR bit is
reset at the end of the second INTA pulse, or it remains set until an EOl com-
mand is issued.
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8080A/8085A MODE

For these processors, the uPD8259A is controlled by three INTA pulses. The first

INTERRUPT
SEQUENCE

INTA puise will cause the uPD8259A to put the CALL op-code onto the data bus. The
second and third INTA pulses will cause the upper and lower address of the interrupt

vector to be released on the bus.

o7 05 D3 D2 DI DO FIRSTINTA

CALLCODE [ + 1 0 o0 1

R Intorval = 4

D7 08 D5 D4 D3 02 DI D0

T A7 A8 A5 1 1 1 0 0

6 | AT A8 A5 1 10 o o

5 [ A7 a6 A5+ 0 1 o o

a | A7 a8 A5 1+ 0o o o o

3 | A7 a6 A5 0 1 10 0

2 | A7 A8 A5 0 1 0 0 o

[ AT A8 A 0 0 10 o

o | A7 A A5 0 o0 o 0o o

" Intervat = 8 SECOND INTA

D7 D8 ., D5 D4 D3 D2 DI 0O

v | AT, A8 1 1 1t 0 o o

6 | A7 A8 1 1t .0 o o o

5 A7 A8 1 0 1 0 o 0

4] A M 1 0 0 0 o o

3 | AT A8 0 1 1 [ 0 [}

2 A7 A8 0 1 0 o 0 0

1] A A 0 0 1 o o o

o] An_ A 0o o 0o 0o o o

D7 D& D5 D4 O3 D2 DI 00 THIRDTNTA
[as T aa T aa T az T ar [ a0 ] an ] ae

In this mode only two INTA pulses are sent to the uPD8259A. After the first INTA
pulse, the uPD8259A does not output a CALL but internally sets priority resolution.
If it is @ master, it sets the cascade lines. The interrupt vector is output to the data bus

on the second INTA pulse.

D7 | D6 | D5 | D4 | D3 | D2 [ D1 | DO
IR7 | T7 | T6 | T5 | T4 | T3 1 1 1
IR6 | T7 | T6 | T5 | T4 | T3 1 1 0
IRE 1 T7 | 76 | 76 | T4 | T3 1 0 1
IR4 | T7 | T6 | T6 | T4 | T3 1 0 0
IR3 | T7 | T6 | 765 | T4 | T3 0 1 1
IR2 | T7 | 76 | T5 [ T4 | T3 0 1 0
IR1 | T7 | T6 | T5 | T4 | T3 0 0 1
IRO | T7 | T6 ) T5 | - T4 | T3 0 0 0
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INITIALIZATION 1cw1 AND ICW2

COMMAND WORDS As-A15. Page starting address of service routines. In an 8085A system, the 8 request
levels generate CALLs to 8 locations equally spaced in memory. These can be pro-
grammed to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines
occupy a page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-A15). When the routine interval is 4, Ag-A4 are
automatically inserted by the uPD8259A, while Ag-A15 are programmed externally.
When the routine interval is 8, AQ-Ag are automatically inserted by the uPD8259A,
while Ag-A15 are programmed externally.

The 8-byte interval maintains compatibility with current software, while the 4-byte
interval is best for a compact jump table.

In an MCS-86 system, T7-T3 are inserted in the five most significant bits of the vector-
ing byte and the uPD8259A sets the three least significant bits according to the inter-
rupt level. A10-As are ignored and ADI (Address Interval) has no effect.

LTIM: 1f LTIM = 1, then the uPD8259A operates in the level interrupt mode.
Edge detect logic on the interrupt inputs is disabled.

ADI: CALL address interval. ADI = 1 then interval = 4; ADI = 0 then
interval = 8.

SNGL: Single. Means that this is the only uPD8259A in the system. If SNGL =
1 no ICW3 is issued.

1C4: If this bit is set — ICW4 has to be read. If ICW4 is not needed, set
IC4 = 0.

ICW3

This word is read only when there is more than one uPD8259A in the system and cas-
cading is used, in which case SNGL = 0. It will load the 8-bit slave register. The func-
tions of this register are:

a. In the master mode {either when SP = 1, or in buffered mode when M/S = 1 in
ICW4) a 1" is set for each slave in the system. The master then releases
byte 1 of the call sequence (for 8085A system) and enables the correspond-
ing slave to release bytes 2 and 3 (for 8086/8088 only byte 2) through the
cascade lines.

b. In the slave mode (either when SP = 0, or if BUF = 1 and M/S =0 in ICW4)
bits 2-0 identify the slave. The slave compares its cascade input with these bits
and if they are equal, bytes 2 and 3 of the CALL sequence (or just byte 2 for
8086/8088) are released by it on the Data Bus.

iICW4

SFNM: If SFNM = 1 the special fully nested mode is programmed.

BUF: If BUF = 1 the buffered mode is programmed. In buffered mode SP/EN
becomes an enable output and the master/slave determination is by
M/S.

M/S: If buffered mode is selected: M/S = 1 means the uPD8259A 'is pro-

grammed to be a master, M/S = 0 means the uPD8259A is programmed
to be a slave. If BUF = 0, M/S has no function.

AEOIl: If AEOI = 1 the automatic end of interrupt mode is programmed.

MPM: Microprocessor mode: uPM = 0 sets the uPD8259A for 8085A system
operation, uPM = 1 sets the uPD8259A for 8086 system operation.
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v o7 o o8 04 03 0 o1 »
| o a? a A8 1 e A swnaL 1c4 Jrcws
3
l 1 A15/17 Al4/T6 A13/T6 A12/T4 AN/T3 A10 Ag AS Im
vas mNoLE
(SNQL=1)
NO (SNAL=O)
B ” ) 3 = [ 2102 T )
NO cwa
ca=o)
YRS (CA=1)
[ ° o ° SFNM [ ws Ag0! vt | 1cwa
}

READY TO ACCEPT INTERRUPTS J
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OPPERATIONAL COMMAND Once the uPD8259A has been programmed with Initialization Command Words,

WORDS (OCW's) @

it can be programmed for the appropriate interrupt algorithm by the Operation
Command Words. Interrupt algorithms in the uPD8269A 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 OCW's.

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 OCW 1. 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 uPD8259A has acknowledged

:an interrupt, i.e,, the uPD8269A has sent an INT signal to the processor and the system

controller has sent it an INTA signal, the interrupt input, although it is masked,
inhibits 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 (EO!) will be described in more
detail further on.

FULLY NESTED MODE

The fully nested mode is the uPD8259As basic operating mode. It will operate in this
mode after the initialization sequence, without requiring Operation Command Words
for formatting. Priorities are set IRQ through |R7, with 1RQ the highest priority. After
the interrupt has been acknowledged by the processor and system coniroller, only
higher priorities will be serviced, Upon receiving an INTA, the priority resolver
determines the priority of the interrupt, sets the corresponding IR bit, and outputs the
vector address to the Data bus. The EOl command resets the corresponding ISR bits at
the end of its service routines.

Notes: @ Reference Figurae 2
@ Reference Figure 3
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ROTATING PRIORITY MODE COMMANDS

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 equwalent
priorities. :

1. Auto Rotate Mode

Programming the Auto Rotate Mode through 0CW2 assigns priorities 0-7 to the
interrupt request input lines. Interrupt line IRo is set to the highest pnonty and
IR7 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
1o a logic “0.” The EQOI and SEO! commands are discussed further on. The
following is an example of the Auto Rotate Mode with devnces requestmg
interrupts on lines tR2 and IRs5.

Before Interrupts are Serviced:

1IS7 1Sg 1S5 1S4 1S3 1S2 1S9 . 180

InServnceReglster[0 | 0 l 1 I 0 lo ] 1—LT 0. ]
:g;';::rsm“s L1r7|1Re [ms Lmiﬁagrl Ra ]lmlmp ]

According'to the Priority Status Register, IR2 has a higher pricrity than |Rg and
will be serviced first.

Highest
Priority

After Servicing:

IS7 1Sg IS5 1S4 1S3 1Sp ISy ISp

In-Service Register[ ) I o ] 1 lojoT 0 [ 0 lO ]

Highest
Priority

Priority Stat
R'e';’i’s't:r s [IR2] R4 1Ro [ IR7 [ 1Re] 1R IRa] IRz |

At the completion of 1Ry's service routine the corresponding In-Service Register
bit, ISy is reset to 0" by the preprogrammed EOl command. IR is then assigned
the lowest priority level in the Priority Status Register. The uPD8259A 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
MPD8259A then automatically assigns the highest priority. If, for example, IR3 is
set to the lowest priority (bits L2, L1, Lo form the binary code of the bottom
priority level), then 1R4 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 L2, L1, Lo to the lowest priority level. If EOI is set to a logic ““1,” the ISR
bit defined by L2, L1, Lg is reset.
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OPERATIONAL COMMAND END-OF-INTERRUPT (EOI) AND SPECIFIC END-OF-INTERRUPT (SEOI)

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 uPD8259A is ready to service the next interrupt.

Two types of EOQIls are available to clear the appropriate ISR bit depending on the
UPD8259A’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
automatically resets 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)
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
Jissued 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 EOI and SEOI bits of OCW3 must be set to a togic *“1”
with L2, L1q, 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”

inhibits 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 uPD8259A remains in this mode until it is reset. The Special
Mask Mode does not affect the higher priority. interrupts.

POLLED MODE

In Poll Mode the processor must be instructed to disable its interrupt input (INT).
Interrupt service is initiated through software by a Poll Command. Poll Mode is
programmed by setting the Poll Mode bit in OCW3 (P = 1), during aWR pulse. The
followingﬁ') 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. 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 De Ds D4 D3 D2 D1 Dg
X I x [x [ X[ W[ wi]wo ]

wherei I = 1 if there is an interrupt requesting service
= 0 if there are no interrupts

W2_g forms the binary code of the highest priority
level of the interrupts requesting service

Poll Mode can be used when an interrupt service routine is common to several inter-
rupt inputs. The INTA sequence is no longer required, thus saving in ROM space.
Poll Mode can also be used to expand the number of interrupts beyond 64.
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oy
% O 0, 0o O 0,

1 ICW4 NEEDED
0 = NO ICW4 NEEDED

CLT-IT I“*lm[”“lml
L]

1 = SINGLE
- 0 = CASCADE MODE

CALL ADDRESS INTERVAL
OF 4
0 = INTERVALOF 8

88
(MICB-80/ 88 MODE ONLY)

o, D.Im O O Oy

l L/T/I/l/l/[ [~]~]
HEEEE i
(MCS80/88 MODE)
1CW3 (MASTER DEVICE) 3"5""?‘7&;‘:{;&

A O, O O O 0 0, 0O D0

YTIS IS S|SB s |H|S
¥+ IR INPUT HAS A SLAVE

‘ 0- .‘.‘.‘u:\\;: DOES NOT MAVE
ncu) ISLAVE DEVICE}

o, 0, 0, b, O D,

DE 1 l [o]e]e]a]a]

SLAVE
ofr1J2]3]4]sfe]>
ol1fofsjo]rfe]
ofojr]rjolo]r]s
ojojofofvirvjr{

[T T o]

]

1 = 8086/ 8008 MODE
0 = MCS-80/85 MODE

1. AUTO EOV
0 * NORMAIL EOY

==-:- - NON BUF FERED MODE
[ 0| - BUFFERED MODE/SLAVE
UV 171 ]- BUFFERED MODEMASTER

r———————
t = SPECIAL FULLY NESTED

0 = NOT SPECIAL FULLY
X NESTED MOOE

NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT.

688

INITIALIZATION COMMAND
WORD FORMAT



uPD8259A

READING uPD8259 STATU.S The following major registers’ status is available to the processor by appropriately

OPERATION COMMAND.
WORD FORMAT

formatting OCW3 and issuing RD command.

INTERRUPT REQUEST REGISTER (8-BITS)

The Interrupt Request Register stores the interrupt levels awaiting acknowledgement.
The highest priority in-service bit is reset. once it has been acknowledged, (Note that
the Interrupt Mask Register has no effect on the IRR.) A WR 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_n.ext 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 when bits P and ERIS of OCW3

are set to a logic "’1.”

Mg Dy Dg D5 D4 D3 Dy Dy Dg
ocwt: [1 |M1|Me[M5[M4lM;lM2|M|]Mﬂ -
' - tin
I , l I I [ IRR is mesked.
4 0 = No mask present for
the corresponding
1AR bit,

Ap Dy Dg ©Os Dy D3 D2 Dy Do BINARY LEVEL TO BE RESET

. OR PUT INTO LOWEST PRIORITY
ocw2: &L‘R[seonleovloIo[L;[L;[Loj e

ol1|o
ojof1
olojo

110j1}j0
1]0jo|t|
ofrvf1}1

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

Bitof ISR
0= No Action

SPECIFIC ENO OF INTERRUPT
1=t Ly, Lo Bluareumd
0= No Action

ROTATE PRIORITY
1 = Rotste
0 = Not Rotate

D7 Og 3 D4 D3 D: Dy

A0 2 %0
oows: [ o [ - Tesmm[smm] o [ + [ p [ ens [ mis
— l |Read In-Service Rep

pster

0| 0 | NoAction

ol No Action

1] 0 | Resd 1A Aog. on
Next RD Pulse
141 Reed IS Reg. on
Next D Puise

Polling

1 | Reed Binery Code of

No Action

Highest Level Requesting
Interrupt on Next RD Puhe

No Action

Specisl Mesk Mode

No Action

Read Speciel Mask

-|=|o|c =
=|o]+|o j=

Set Speciel Mesk
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uPD8259A INSTRUCTION SET SUMMARY
SUMMARY OF 8259A INSTRUCTION SET
Inst.#  Mnemonic A0 D7 D& D5 D4 D3 D2 D1 DO Operation Description
1 ICW1 A 0 A7 A6 AS 1 0 1 1 0 Format = 4, single, edge triggered
2 ICWt B 0 AT A8 A5 1 1 1 1 0 Format = 4, single, level triggered
3 ICwWt C 0 A7 A6 A5 1 O 1 o 0 Byte 1 Initialization Format = 4, not single, edge triggered
4 ICW1 D 0 A7 A6 A5 1t 1 1 0o 0 Format =4, not singte, level triggered
5 ICW1 € 0 A7 A8 O 1 o o0 1 0 No ICW4 Required  Format =8, single, edge triggered
6 iCWt F 0 A7 A8 0 1 1 0o 1 0 Format = 8, single, level triggered
7 ICW1 G 0 A7 A6 0 1 0 0 o0 o Format = 8, not single, edge triggered
8 ICW1 H 0 A7 A8 O 1 1 [} 0 0 Format = 8, not single, level triggered
9 ICW1 | 0 A7 A8 A5 1 0 1 1 1 Format = 4, single, edge triggered
10 Icwr g 0 A7 A6 A5 1 1 1 1 1 Format = 4, single, level triggered
" ICW1 K 0O A7 A6 A5 1 0 1 0 1 Byte 1 initialization  gormay x4, not single, edge triggered
12 ICW1 L 0 A7 A8 A5 1 11 0. Format = 4, not single, level triggered
13 ICW1 M 0 A7 A8 0 1 0o o 1 1 ICW4 Required Format = 8, single, edge triggered
14 ICWY N 0 A7 A6 O 1 1 0 1 1 Format = 8, single, level triggered
15 ICW1 O 0 A7 A8 O 1 o 0 0 1 Format = 8, not single, edge triggered
16 iCwt . P 0 A7 A8 O 1 1 0.0 1 Format = 8, not single, leve! triggered
17 Icw2 1 A15 A14 A13 A12 A11 AI0. A9 A8 Byte 2 initialization
18 ICW3 ™M 1 87 S8 S5 S4 S3 S2 S1 SO Byte 3 initialization — master
19 ICW3 s 1 0 0 0 o0 o0 s2 S1 SO Byte 3 initialization — slave
20 ICW4 A 1 o 0 0 0 0.0 0 0 No action, redundant
21 ICW4 B 1 0 0 0 0 [ 0 0 1 Non-buffered mode, no AEOI, 8086/8088
22 ICW4 C it 6 0 0 0 o0 0 1 0 Non-buffered mode, AEOI, 80/85
23 - ICW4 D 1.0 0 0 0 o0 0 1 1 Non-buffered mode, AEOI, 8086/8088
24 ICW4 € t 06 0 0 0 0 t 0 O No action, redundant
25 icwa  F ! 6 0o 0 0 o 1 0 1 Non-buffered mode, no AEOI, 8086/8088
% Icws G o 0 0 0 0 1 1 0 Non-buffered mode, AEOI, 80/85
27 ICWa tooe 0o 0 0 0 4ot Non-buffered mode, AEO!, 8086/8088
;: :2x: : : g g 2 g : g g ? Buffered mode, slave, no AEOI, 80/85
20 CWe K 1 0o o 0 06 1 0 1 0 Buffered mode, slave, no AEOI, 8086/8088
3 cW4 L 1 o 0 0 0 1 0 1 1 Buffered mode, slave, AEQ!, 80/85.
22 ICWA ™ 1 0 0 0 0 1 1 0 o0 Buffered mode, slave, AEOI, 8086/8088
13 ICW4 N 1 o 0 0 o0 1 1 0 1 Buffered mode, master, no AEOI, 80/85
34 ICW4 O 1 0 0 0 0 t 1 1 0 Buffered mode, master, no AEOI, 8086/8088
35 ICW4 P 1 ] ] 0 0 1 1 1 1 Buffered mode, master, AEOI, 80/85
38 ICW4  NA 1 0 ] 0 1 0 0 ¢ .0 Buffered mode, master AEOI, 8086, 8088
37 ICW4 NB - 1 0 0 0 1 0 0 0 1 Fully nested mode, 8085A, non-buffered, no AEOI
38 ICW4  NC ! o 0 o 1 0 0 1 0 ICW4 NB through ICW4 ND are identical to
39 iCwa ND t 0 0 0 1 0 0 1 1 ICW4 B through ICW4 D with the addition of
40 ICW4 NE 1 0 0 0 1 0 1 0 0 Fully Nested Mode
44 Gwa NF 10 0 0t 0 10 Fully Nested Mode, 80/85, non-buffered, no AEOI
42 ICW4 NG 1 0 0 0 1 0 1 1 0
43 ICW4 NH 10 0 0 1 0 1 1 1
a4 iICwW4 NI 1 0 [} 0 1 1 0 ) 1]
45 ICW4  NJ 1 [} 0 0 1 1 0 [} 1
46 ICW4  NK 3 0 0 o 1 1 o 1 0 ICW4 NF through ICW4 Ni_’ are identical to
a7 ICW4  NL 1 0 0 0 ' 1 0 Y y ICW4 F through ICW4 P with the addition of
Fully Nested Mode
48 ICW4  NM 1 0 [} 0 1 1 1 1] [}
49 ICW4 NN 1 0 [} [ 1 1 1 0 1
50 ICW4  NO 1 [ ] 0 1 1 1 1 0
51 ICW4 NP 1 [} 0 a 1 1 1 1 1
52 ocwit t M7 M6 M5 M4 M3 M2 MY MO Load mask register, read mark register
53 ocw2 € 0 0 [} 1 0 0 0 0 0 Non-specific EOI
54 ocwe SE o 0 1 1 0 0 2 u Specific EOI, LO-L2 code of 1S FF to be reset
55 OCw2 RE 6 1+ 06 1 0 0 0 0 0 Rotate on Non-Specific EOI
56 Oocw2 RSE o t ! 1 0 0 L2 u Lo Rotate on Specific EOl LO-L2 code of line
57 ocw2 R o 1 0 0 0 0 0 0 © Rotate in Auto EOV (set)
38 ocw2 CR 0 0 0 ° 0 0 0 ° 0 Rotate in Auto EOI (clear)
59 OCW2 RS 0 1 1 [¢] 0 0 L2 L1 Lo .
60 OCW3 P 6 0 0 0 0 1 1 0 0 Set Priority Command
61 OCW3 RIS 000 0 0 0 1 0 1 1 Poll mode
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SUMMARY OF OPERATION
COMMAND WORD
PROGRAMMING

LOWER MEMORY
INTERRUPT VECTOR
ADDRESS

uPD8259A

Ag Dg D3
ocwi 1 X X M7-Mg MR (Interrupt Mask F!toinorlﬁ loads IMR data while
) RD reads status
ocw2 ) o 0 0 | R SEO1 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 repressntation
of level to be reset.
1 0 0 No Action
1 [ 1 Rotate Priority st 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). L2, Lq, Lo
specifies bottom priority, and its In-Service Register bit is reset.
OCW3 0 0 1 ESMM  SMM
0 0
o 7 Special Mask not affected
1 0 Reset Special Mask
1 A Set Special Mask
ERIS RIS
0 o
No Action
o 1
1 4] Reed IR Register Status
1 1 Read IS Register Status
INTERVAL =4 INTERVAL =8
O7 Dg D Dg D3 D2 Dy Do D7 Dg Ds D4 D3 D2 Dy Do
Ry[A7 Ag A5 1 1 1 0 0 A7 A3 1 1 1 ©0 ©0 ©
Rg{ A7 Ag A5 1 1 0 O O A7 A6 1 1 0 0 0 O
IRg| A7 . Ag Ap 1 [ 1 [} 0 A7 Ag 1 [} 1 o [ o
R4l A7 A¢ A5 1 .0 O 0 'O A7 A3 1. 0 O0 O O0 ©
R3)A7 A3 A5 O 1 1 0 O A7 Ag O 1 1 0 O0 O
Ral A7 A5 A5 O 1 0 O O A7 Ag 0 1 0 O o0 O
Ry|]A; Ag A5 O 0 1 0 O A7 A6 O O 1 0 O O
IRo| A7 A A O o 0 ] o A7 Ag © o [+] o 0 o
FIGURE 4
Note: Insure that the processor’s interrupt input is disabled during the ion of any controt d and
initialization saquence for all uPD8259A’s,
; e o y
L I — L
] [T [T =1L
§ - PROCESSO DATA BUS () 1
4
-t —— ] — =
ot B
< >
® An & Ao w7 E Ao WY
.o . an o=y
At [t
#F AR M M _IR_IA AR ¥ R R R AR KRR B _in LI LN L
ST A ST
e EEEERRE sz
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uPD8259A

K PACKAGE OUTLINE
P —— 1PD8259AC

0°—16°
Plastic
ITEM_ | MILLIMETERS | INGHES
A 38.0 MAX. 1.496 MAX.
[ 249 0.008
c 254 0.10
[+] 05201 0.02 * 0,004
€ 33.02 1.3
F 1.8 0.059
G 2.54 MIN. 0.10MIN,
H 05SMIN. | 0.02MIN,
] 5.22MAX. | 0.205 MAX.
J 6.72 MAX. 0.225 MAX.
K 15.24 08
L 13.2 0.52
" 026" g:& 00190

o A ‘ uPD8259AD
3 Y e ——

Bl 3{ C [ ,‘cl)‘
Ceramic

ITEM MILLIMETERS INCHES
A 36.2 MAX. 1.43 MAX.
] 1.59 MAX. . 0.06 MAX.
C 264 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.
I 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 1524 TYP, 08 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 ¢ 0.08 0.01 : 0.002
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NEC uPD8279-5
NEC Electronics U.S.A. Inc.

Microcomputer Division

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 -
o Simultaneous Keyboard and Display
e 8 Character Keyboard — FIFO
o 2 Key Lockout or N Key Rollover
o Contact Debounce
. Programr'nable, Scan Timer
e Interrupt on Key Entry
e Single +5 Volt Supply, £10%
® Fully Compatible with 8080A, 8085A, uPD780 (280™)
e Available in 40 Pin Plastic Package

PIN CONFIGURATION - ‘3 PIN NAMES
L2 Vee DBo.7 Data Bus (Bi-directional)
RL3 2 ] AL, CLK Clock Input
CLK 3 (] RLo RESET Reset Input
IRQ a [] CNTL/STB = Chip Seiect
2::4 5 : SHIFT % Read input
HLS 6 u) St3 WH Write Input
6 7 ) sLp
RL7 8 a3 j sLq Ag Buffer Address
uPD g IRQ Interrupt Request OQutput
RESE 9 82795 32 [J sig SLo.3 Scan Lines
ﬂ) :l OUT Bg RLg.7 Return Lines
WR ] ouT B4 SHIFT Shift tnput
DBg ] OUT B2 CNTL/STB | Control/Strobe Input
DB [ ouTB; OUT Ag.3 | Display (A} Outputs
DB2 3 out Ag | OUTBo.3 | Display (8) Outputs
OB3 3 OUT A4 BD Bland Display Output
DB4 ) ouT Ay
DBg ] ouT A3
DBg ) 8D
D8y : Cs
Vss ] Ao
TM: Z80 is a registered trademark of Zilog, Inc, Rev/1
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uPD8279-5

The uPD8279-5 has two basic functions: 1) to control displays to output and 2) to
control a keyboard for input. Its specific purpose is to unburden the host processor
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.

RD WR CS
- 110 CONTROL |

—
i

cLK RESET DBo.7

o
>
3
>

BUFFERS

N

INTERNAL - DATA BUS (8}

gL

K—

DISPLAY CONTROL AND [’ 8x8 .
ADDRESS :) 16x8 | Lgd " Tiving FirorsensorK ™ Sesounce
REGISTERS DISPLAY REGISTERS - RAM AND
\ RAM ] I ] CONTROL
TIMING
<y AND ‘
ICONTRO!
| "——ISCAN COUNTERI I RETURN |
REGISTERS
i ﬂ *
SHIFT
OUT Ag.3 OUT Bg.a SLo.3 Rig.7
CNTL/STB
Operating Temperature . . ............... e e 0°C to +70°C
Storage Temperature . . . . .. ..ot n s -65°C to +150°C
Al Output VOITages . . . oo v v i e e ee e iie e e -0.5 to +7 Volts(®D
Al INPUEVOITAGES . .« « o v ettt et ie e iie e e . -0.51t0 +7 Volts(D
Supply Voltages . ... ..ovi e e e -0.5 to +7 Volts@D
Power Dissipation .. . .................. e e e W

Note: (1) With respect to Vgs
Ta=25°C

*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.
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PIN IDENTIFICATION

uPD8279-5

PN DESCRIPTION
NO. SYMBOL NAME

1.2,5, RLQ-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 ina
-sensor is detected.
9 Reset Reset Input : A high signal on this pin resets the uPD8279-5.
10 RD Read Input lnput/O_utput read and write. These signals enable
TR 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 Vgs 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-

H ) 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 Ag3 Display A These two ports are the outputs for the 16 x 4
Outputs display refresh registers. The data from these out-
2831 OUT Bo.3 Display 8 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
. . . may also be considered as one 8-bit port.

32-35 SLg.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 Vee +5V Input

Power Supply Input
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uPD8279-5

Ta=0°Cto +70°C; Vg = +5V £ 10%; Vsg = OV.
LIMITS TEST
PARAMETER SYMBOL [t — e~ UNIT | o iiONS
Input Low Voltage for ViLt -0.5 1.4 v
Return Lines
faput Low Voitage (Others) ViL2 -0.5 0.8 \
Input High Vbttage for VIH1 2.2 \"
Return Lines
Input High Voltage (Others) VIH2 20 \Y
Output Low Voltage VoL . 045 V oL = 2.2 mA
. . {RQ +3.5 \ 1ot = -60uA
o! High Vol -
|n“t‘:r)|ultm Elnc olteaeon Pin 24 v loH = -400uA
OTHERS | +2.4 v loH = -4001A
Input Current on Shift, ITR] +10 uA Vin = Vee
Control anct Return Lines -100 MA VN = 0V
Input Leakage Current liL2 +10 uA VN = Vcg to OV
(Others)
Output Float Leakage lOFL +10 uA VouT = Ve to 0V
Power Supply Current Icc 120 mA
LIMITS TEST
P B
ARAMETER SYMBOL N 1 Tve T MAX UNIT CONDITIONS
Input Capacitance CiNn 5 10 pF VIN=VCCe
QOutput Capacitance Cout 10 20 pF VouT = Vce
Ta=0°Cto +70°C; Vg = +5V + 10%; Vgs = OV
LIMITS TEST
PARAMETER SYMBOL UNIT
‘ _ min [TypPmax CONDITIONS
READ
Address Stable Befor_eﬁﬁ 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 =150 pF
Address to Data Valid tAD 250 ns | Cp =150 pF
READ to Data Floating tDE 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 tDwW 150 ns
Data Hold Time for WRITE WD 0 ns
Write Cycle Time 1us
' OTHER
Clock Pulse Width toW 120 ns
Clock Period tcy 320 ns
GENERAL TIMING
Keyboard Scan Time: 5.1 ms 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 :

2.4

INPUT FOR AC TESTS

0.45

20wy, » 2.0
TEST POINTS
0.8 0.8

uPD8279-5

{SYSTEM'S
ADDRESS BUS)

S - {READ CONTROL)

READ
Ap, CS
[ tAR tRCY:
RR! RA
AD
p t R D] 10 ]
tAD
DATA BUS
PEDANCE
©UTPUT) HIGH IMPEDANCE ~ f——DATA VALID—o HIGH IMPEDANC!

WRITE

twey

AQ.CS x

(SYSTEM'S
ADDRESS BUS)

L‘AW'H

WA

———————

WR

wWw

DWW WD

N (WRITE CONTROLI

DATA BUS
(INPUT) DATA MAY CHANGE X—-DATA VALlo-—X DATA
L

MAY CHANGE

CLOCK INPUT

W —i
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uPD8279-5

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

1/0 Control and Data Buffers

Communication to and from the uPD8279-5 is performed by selecting C_S, 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 (€S = 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 (FIF Q) 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
FIFO. Each entry is pushed into the FIFQ 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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uPD8279-5

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

[o]o]o[olo]KIKIK]

msB LSB
Display Mode:
oo
o O ‘8-8-bit character disptay — Left entry

0o 1 @ 16-8 bit character display — Left entry
1 0 8-8 bit character display — Right gptry
1 1 16-8 bit character display — Right entry

Note: (D Power on default condition

Kéy board Mode:

KKK
0 0 O EncodedScan _,2 Key Lockout
0 0 1 Decoded Scan — 2 Key Lockout
0 1 0 Encoded Scan — N Key Rollover
0 1 1 Decoded Scan —N Key Rollover
1+ 0 0 Encoded Scan-Sensor Matrix
» 10 1 Decoded Scan-Sensor Matrix
1 1 0  Strobed Input, Encoded Display Scan
1 1 1 Strobed Input, Decoded Display Scan

" Program Clock
lofo1]r]r]e]rTr]

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 31 is
generated.

Read FIFO/Sensor RAM
lo]1]o]ax]a]A]A] Ag-0
A1 is the auto-increment flag. AAA is the row to be read by the processor. The read
command is accomplished with (CS - RD - AO) by the processor. If A1 is 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]Jat]a[A]A]A] Ap=0
Where A1 is the auto-increment flag and AAAA is the character which the processor
is about to read.

Write Display RAM

(1] oJoJafalAa[A]A]
where AAAA is the character the processor is about to write.

Display Write Inhibit Blanking
11011 X W|IW|BL|BL
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 programmer to blank either half of the display

independently. To blank a display formatted as a single B-bit, it is necessary to set
both BLA and BLB. Default after a reset is all zeros. All signals are active high {1).
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Clear COMMAND OPERATION
u11|o[coch|cD|cF[cA| {CONT.)
Cpb_Cp Cp '
1 0 X All zeros
1 1 0 AB =201g
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.

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

CA is equivalent 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

Ll rfefxIx{x[x]

In the sensor matrix mode, this instruction clears IRQ and allows 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]sEJOJ U] FIN]N]N]

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.

Data Read
Data can be read during Ag = 0 and when TS5, 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 Aq, TS, and WR are active low. 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 Data Format
(CONT.)

T T T T
CNTL I SH SCAN r RET ]
L

ol 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,

l RL7LRL6lRL5 l RLg | RL3 rRLz ] RL1 | 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

B
-
o

l D I D l K l K I g Keyboard Display Mode Set

d
B
B
N

l [+] LP I P ] P] P ] Load Program Clock

o
o]
N
o]

[a1] x [ a] Aa] A ReadFiFO/sensor RAM

0 ]o r1 [1 ]A1] A] A|A| A] Read Display RAM

111 ]ofJofJalala]al a] writispay rRam
W

IW | BL | BL
Al B Al B

1 1 0|1 X Display Write Inhibit/Blanking

11 ]1]o ]CDJCDLCDICF—F@ Clear
1 | 1 I 1 l 1 I E l X l X l XTXJ End Interrupt/Error Mode Set

[u] FIn]N]N] FIFostatus

—
]
c
@
m
]

PACKAGE OUTLINE
#PD8279-5C

(Plastic)
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 162 0.064
C 2541 0.1 0.10 £ 0.004
3 0.5+ 0.1 0,019 * 0.004
E 48.26 1.9
3 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
™ 025 oo 0010 o

8279-56DS-REV1-1-82-CAT
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NEC uPB8282
NEC Electronics U.S.A. Inc. uPB8283

Microcomputer Division

OCTAL LATCH

DESCRIPTION The uPB8282/8283 are 8-bit latches with tri-state output buffers. The 8282 is non-
inverting and the 8283 inverts the input data. These devices are ideal for demuxing
the address/data buses on the 8085A/8086 microprocessors.

The 8282/8283 are fabricated using NEC's Schottky bipolar process.

FEATURES Supports 8080, 8085A, 8048, 8086 Family Systems

Transparent During Active Strobe ‘

Fully Parallel 8-Bit Data Register and Buffer

High Qutput Drive Capability (32 mA) for Driving the System Data Bus
~ Tri-State Qutputs

20-Pin Package

pip O 20[) vee © plg O 208 vee
pip 02 1917 pog o 02 1917 DOg
DIz @3 18_@ DOq DIz 3 18 DOy
DIz []4 170 poy DIz [}4 17@@
Dlg [s P8 16[] DO ois s boes 18 5'_—3
- bis (e 15§ DOy . ois }e 15[ D04
oig 07 14| Dos plg 7 14| DOs’
Diz s 13} DOg Di7 I8 13} DOe
oE. ]9 12]7 oy O [Jo 12 BG7
GND[J10 1] sT8 GND[J10 11 sT8
PIN NAMES
Dlp-Dl7 | DATAIN
DOgDO7 | DATA OUT
OE OUTPUT ENABLE
STB STROBE

FUNCTIONAL The uPB8282/8283 are 8-bit latches with tri-state output buffers. Data on the inputs

DESCRIPTION is latched into the data latches on a high to low transition of the STB fine. When STB
is high, the latches appear transparent. The OE input enables the latched data to be
transferred to the output pins. When OE is high, the outputs are put in the tri-state
condition. OE will not cause transients to appear on the data outputs.

Rev/1
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uPB8282/8283

8282

;"_--__—'l

| |

’ |

! M
g\ b ——q [7]
m ;‘ :J N} : [ @
[N _r-————— [ <] _r—-—-———-| V'—‘
O .y © Oy = Ry
Yy | p————— 7<) [7 o e — [Z])
Ox=1 ) ’:L' H—{E)
[ —_———— X 7 —_——————
= hg SO g= hu @)
7N ——— -] N N | r————— < [N
o IO
VN | bbe—m———— 7 = ————— [N
L ) = T
=" BH= T 1B
Ly — Ay D] — Ay

6
D]
(2)
A
©
AN

Operating TeMPEratlre . . . ... vvon s ee st oo eseee e .. 0°Cto70°C
Storage Temperature . . . . . . e vev...... —-85°Cto+150°C
All OQutput and Supply Voltages . ......... . o' vernenn .. -0.5V to +7V
All Input Voltages . -1.0V to 5.5V
Ta=25°C

*COMMENT: Stress above those listed under Absolute Maximum Ratings’’ may cause permanent
damage 1o 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 axtended periods may affect device
reliability.

_Conditions: Vg =5V ¢ 10%, Ty = 0°C to 70°C

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Input Clamp Voltage Ve -1 \ Igc =-56mA
Power Supply Current lce 160 mA
Forward Input Current Ig ~-0.2 mA VE =045V
Reverse Input Current iR 50 BA VR =5.26V
Output Low Voltage VoL 0.45 v loL=32mA
Output High Voltage VoH 24 v 10H = -5 mA
Output Off Current lOFF £50 HA VOFF = 0.45 to 6,25V
Input Low Voitage ViL 08 v VCC‘S'OVQ
Input High Voltage ViH 20 \ Vcc-5.0V®
Input Capacitance CIN 12 pF VBIAS=2.5V, Vce=6V
T4=25°C, F=1 MHz

Note:(D Output Loading Ig|_ = 32 mA, IgH = ~5 mA, C_ = 300 pF
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uPB8282/8283

AC CHARACTERISTICS Conditions: Vcc = BV + 10%, Ta = 0°C to 70°C
Loading: Outputs — loL = 32 mA, IQH =-5 mA, C = 300 pF
PARAMETER SYMBOL MIN MAX UNITS

Input to Output Delay TIVOV 5

—Inverting 22 ns

—Non-Inverting 5 30 ns
STB to Output Delay TSHOV

—Inverting 10 40 ns

—Non-Inverting 10 i 45 ns
Output Disable Time TEHOZ 5 22 ns
Output Enable Time TELOV 10 30 " ns
Input t6 STB Setup Time TIVSL 0 ns
Input to STB Hold Time TSLIX 25 ns
STB High Time TSHSL 15 ns
Input, Output Rise Time TiLin, ToroH 20 ns
Input, Output Fall Time TiniL, ToHOL 12 nw

TIMING WAVEFORMS . )(
) INPUTS
le— TIVSL TSLIX
sTB ¥
— TSHSL
O

g — TIVOV TEHOZ TELOV
VoL +0.1Vv 1.6V
oV s VoL +0.1V" 1.4V

fe— TSHOV —.l SEE NOTE 1

Note: Output may be momentarily invalid following the high going into STB transition.

1.5V 1.5v 2,14V

330 1800 -52.70
out out ouT
300 pF Iaoo pF N I 300 pF
3-STATE TO VoL 3-STATE TO Vou SWITCHING
AC TESTING INPUT, INFUT GUTPUT

OUTPUT WAVEFORM 24 , i

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND 0.4V FOR
A LOGIC “0” TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH
A LOGIC ™}" AND “0.”
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uPB8282/8283

K] ' PACKAGE OUTLINES
uPB8282C
uPB8283C

A
20 1
M1 rri

a

0°-15° =

| SEDOS R IS [ U Iy AN (g SO NN G N N |

Plastic 1 10
ITEM MILLIMETERS INCHES
A 26.7 MAX. 1.05 MAX.
8 1.05 0.041
c .54 - Xi
D .5+ 0.1 .02 + 0.004
E 2.86 9
F A .055
F 11 0.043
G 2,54 MIN. 0.1 MIN.
H 5 MIN. COZMIN___|
T .55 0.14 .
J .08 MAX. 6.2 MAX.
[3 .62 0. .
L 6.4 0.25 F F _.| ch — ‘._ [»]
™M 035+ 0.10 G.07 + 0.004 B
- 0.05 -0.002 E
A T.0R 0.04R
uPB8282D
le K — uPB8283D
A
20 1
o I e I s I e e O e Y e Y e 6 s 0 e
R \g
‘M ’ U gy S G S M Ry A (N VU (Y B l1_0l
1
o o
0°-15° ™ :
Cerdip
1TEM MILLIMETERS INCHES !
A 26.7 MAX. .05 MAX.
0.7 .028
2.54 X
046+ 0.1 .018 * 0.004
22.86 .9 -
F 14 .055
F 0.9 .035
G 2.54 MIN. T MIN E
H 0.5 MIN, 0.02 MIN ]
i 4.32MAX. 0.17 MAX; B —
J 5.08 MAX. 0.2 MAX.
3 762 03
T 6.8 0.27
™ 0.25+0.10 0.01 + 0,004
- 0.08 -0.002
R G.8R 0.03R

8282/8283DS/REV1/-1-82-CAT
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NEC uPB8284
NEC Electronics US.A. Inc.

Microcomputer Division.

"CLOCK GENERATOR AND DRIVER FOR
8086/8088 MICROPROCESSORS

DESCRIPTION '~ The uPB8284 is a clock generator and driver for the 8086 and 8088 microprocessors
This bipolar drlver provides the mncroprocessor with a reset signal and also provides
properly synchromzed READY tlmmg A TTL clock is also provided for peripheral

devices.
FEATURES e Generate System Clock for the 8086 and 8088
o -Frequency Source can be a Crystal or a TTL Signal
e MOS Level Output for the Processor
‘e TTL Level Qutput for Peripheral Devices
e Power-Up Reset for the Processor
e READY Synchronization.
-e +BV Supply
e 18 Pin Package

PIN NAMES
PIN CONFIGURATION ‘

X1, X2 Crystal Connections
TANK For Overtone Crystal -

CYSNC L 18 :VCC F/C Clock Source Select
PeLk 2 [ X1 EFI External Clock Input
AENT 3 [ X2 CSYNC | Clock Synchronization Input
rov1 a A ™ RDY1 } Heéd‘y Signal from
RDY2 MultibusTM* Systems
R.EADY 5 D EF_'_ TW Address Enable Qualifiers
RDY2 6 : F/C AEN2 } for the two RDY Signals
Renz 7 [ osc RES | Reset Input
cik1s’ 3 RES RESET | Synchronized Reset Output
anoe MReser | OSC Oscillator Output
- s CLK MOS Clock for the Processar
PCLK TTL Clock for Peripherals

READY Synchronized Ready Output

*TM - Multibus is a trademark of intel Corporation.

Rev/1
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uPB8284

PIN IDENTIFICATION

NO.

SYMBOL

NAME

FUNCTION

CSYNC

Clock Synchronization

An active high signal which allows
multiple 8284s to be synchronized.
When CYSNC is low, the internal
counters count and when high the
counters are reset. CYSNC should
be grounded when the internal
oscillator is used.

PCLK

Peripheral Clock

A TTL level clock for use with per-
ipheral devices. This clock is one-
half the frequency of CLK.

3,7

AEN1, AEN2

Address Enable

This active low signal is used to
qualify its respective RDY inputs.
If there is only one bus to interface
to, AEN inputs are to be-grounded.

4,6

RDY1, RDY2

Bus Ready

This signal is sent to the 8284 from
a peripheral device on the bus to
indicate that data has been received
or data is available to be read.

READY

Ready

The READY signal to the micro-
processor is synchronized by the
RDY inputs to the processor CLK.
READY is cleared after the guaran-
teed hold time to the processor has
been met.

CLK

Processor Clock

This is the MOS level clock output
of 33% duty cycle to drive the
microprocessor and bipolar support
devices (8288) connected to the
processor. The frequency of CLK is
one third of the crystal or EFI
frequency.

RESET

Reset

This is used to initialize the proces-
sor. Its input is derived from an RC
connection to a Schmitt trigger
input for power up operation.

X
v

Reset In

This Schmitt trigger input is used to
determine the timing of RESET out
via an RC circuit.

0osC

Oscillator Qutput-

This TTL level clock is the output
of the oscillator circuit running at
the crystal frequency.

F/C

Frequency Crystal Select

F/Cisa strapping option used to
determine where CLK is generated.
A high is for the EFl input, and a
low is for the crystal.

EFI

External Frequency In

A square wave in at three times the
CLK output. A TTL level clock to
generate CLK.

X1, X2

Crystal In ,

A crystal is connected to these
inputs to generate the processor
clock. The crystal chosen is three
times the desired CLK output.

TNK

Tank

This is used for overtone type
crystals. (See diagram below.)

vCce

vCC

+5V

708
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BLOCK DIAGRAM

a1 J\ D ———RESET
V

r—-CK
Xy o]
x; ()J(ST:;II: % osc
TANK LATOR
CLK
FIC
+3
erl ] SYNC
+2 LK
SYNC
CSYNC
RDY1 . CK
AENT D Qf—————= READY
T >
RDY2 . -
ABSOLUTE MAXIMUM  Operating TeMPerature . . . . ... .oovuusou e sneennnennnsn 0°C to 70°C
RATINGS™ Storage Temperature . .. ... ...ovuriviieennnennnaeennn -65°C to +150°C
) All Output and Supply Voltages. . .. .. ... ve i ~-0.5V to +7V
Alllnput Voltages. . . ... .. i it e e e -1.0V to +5.5V
Ta=25°C

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

DC CHARACTERISTICS Conditions: T, = 0°C to 70°C; Vo = 5V + 10%

TEST

PARAMETER SYMBOL | MIN | MAX | UNIT | CONDITIONS
Forward Input Current IF -0.5 mA | VF=0.45V
Reverse Input Current IR 50 uA VR =56.26V
Input Forward Clamp Voltage | V¢ -1.0 \Y Ic=-5mA
Power Supply Current Ice 140 mA
Input Low Voltage Vo 0.8 \ Vee = 5.0V
Input High Voltage Viy 2.0 \ Vee =5.0v
Reset Input High Voltage ViHR 26 \ Véc =5.0V
Output Low Voltage VoL 045{ V 5 mA =lg
Output High Voltage CLK VOH 4 v -1 mA} loH
Other Outputs 24 Vv -1mA
RES Input Hysteresis VIHR-VILR | 026 Y] Vee = 5.0V
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uPB8284

The clock generator can provide the system clock from either a crystal or an external FUNCTIONAL DESCRIPTION
TTL source. There is an internal divide by three counter which receives its input from

either the crystal or TTL source (EF1 Pin) depending on the state of the F/C input

strapping. There is also a clear input (C SYNC) which is used for either inhibiting the

clock, or synchronizing it with an external event {or perhaps another clock generator

chip). Note that if the TTL input is used, the crystal oscillator section can still be used

for an independent clock source, using the OSC output.

For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral
clock signal. This clock is at one half of the processor clock speed.

Reset timing is provided by a Schmitt Trigger input (RES) and a flip-flop to synchronize
the reset timing_tg the falling edge of CLK. Power-on reset is provided by a simple RC
circuit on the RES input.

There are two-READY inputs, each with its own qualifier (AEN1, AEN2). The unused
AEN signal should be tied low.

The READY logic in the 8284 synchronizes the RDY1 and RDY2 asynchronous inputs
to the processor clock to insure proper set up time, and to guarantee proper hold time
before clearing the ready signal.

TANK INSERT
I 1 X1 —— 0s¢C CIRCUIT DIAGRAM
- e CLK
X2 g PCL.K
3TO 10 pF
8284
Vee
N
I RES TANK |—— RESET

r— =77/
I A |
| 1 b | USED WITH OVERTONE
l e lcnvsn\l.s ONLY
Cap cr o |
| 1 I t
e e e e J

The tank input to the oscillator allows the use of overtone mode crystals.
The tank circuit shunts the crystal’s fundamental and high overtone fre-
quencies and allows the third harmonic to oscillate. The external L.C net-
work is connected to the TANK input and is AC coupled to ground.
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AC CHARACTERISTICS

TIMING WAVEFORMS*

Conditions: Tg = 0°C to 70°C; Vg = 6V + 10%

TIMING REQUIREMENTS

uPB8284

PARAMETER SYMBOL MIN MAX | UNITS CON:::I‘:)NS
External Frequency Highb Time TEHEL 13 ns 90%-90% V )y
External Frequency Low Time TELEH 13 ns 10%-10% VIN
EF1 Period TELEL TEHEL + TELEH + 8 ns @
XTAL Frequency 12 25 MHz
RDY1, RDY2 Set-Up to CLK TR1VCL 35 ns
RDY1, RDY2 Hold to CLK TCLR1X 0 ns
AEN1, AEN2 Set-Up to RDY1, RDY2 TAIVR1V 15 ns
AEN1, AEN2 Hold to CLK TCLATX Q ns
CSYNC Set-Up to EFI TYHEH 20 ns
CSYNC Hold to EF! TEHYL 20 ns
CSYNC Width TYHYL 2 TELEL ns
RES Set-Up to CLK TITHCL 65 ns [6)
RES Hold to CLK TCLITH 20 ns @

TIMING RESPONSES
TEST
PARAMETER SYMBOL MIN MAX | UNITS CONDITIONS

CLK Cycte Period TCLCL 125 ‘'ns
CLK High Time TCHCL (1/3 TCLCL) +2.0 ns Figure 1 and Figure 2
CLK Low Time ‘I TCLCH (2/3 TCLCL) ~15.0 ns Figure 1 and Figure 2
CLK Rise énd Fall Time :gt‘;g&z 10 ns 1.0V to 3.5V
PCLK High Time TPHPL TCLCL -20 ns
PCLK Low Time TPLPH TCLCL ~20 ns
Ready |nactive to CLK Q TRYLCL -8 ns Figure 3 and Figure 4
Ready Active to CLK @ TRYHCH |(2/3 TCLCL) -15.0 ns Figure 3 and Figure 4
CLK To Reset Delay TCLIL . 40 ns
CLK to PCLK High Delay TCLPH 22 ns
CLK to PCLK Low Delay TCLPL 22 ns
0SC to CLK High Delay TOLCH -5 12 ns
0OSC to CLK Low Delay TOLCL 2 22 ns

Notes: (1) 6 = EFI rise (5 ns max) + EFI fall (5 ns max).
(2 Set up and hold only necessary to guarantee vecogmtlon at next clock
(3 Applies only to T3 and TW states.

(4) Applies only to T2 states.

TELEL

2
=
°

ToLeL

—= I.-Tcuux

TeLzeL

TECEH:

|—TcLen:

f~e—TCLCL.

-E TeHEL

TEHEL

= TPLPH

TeLPH. e ETCLPL
TPHPL et

o L
o i

AERNTZ 1

[P S Ry Sunyee

TRYLCL ] [

RESET O

READY c%
TYHEH: f==
—al L TEHYL
cvac 1 L ..
AL TYHY L i)

-Tcum-|-muu.-

—

|

=i

e

*ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
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VT_
FiE CLK

50F
X1

E LTI e Y
-

X2

-[— csvie

FIGURE 1

CLOCK HIGH AND LOW TIME

AC TEST CIRCUITS

Loan
0]

csYNC

Vee
| | PULSE l
GENERATOR et

FIGURE 2

| L0AD I
oLk
0]

CLOCK HIGH AND LOW TIME

veo
ATRL CLK
SpfF
fnald
L me ) READY

PULSE
GENERATOR ADY2

TRIGGER
KR

x2 osc

ruLSE
GENERATOR

Laa0
@
Loao
@

erc

apv2

TRIGGER
PULSE
GENEAATOR

r-.gol

worn

1

I——- ATz
|

FIGURE 3

READY TO CLK

FIGURE 4

FROM OUTPUT_
UNDER TEST

TEST Loap

POINT vee

ALL DIODES 1N3064
OR EQUIVALENT

OUTPUT

NOTES: (D) Cy = 100 pF

@cy =30 pF
@Cl_ INCLUDES PROBE AND JIG CAPACITANCE

READY TO CLK

INPUT-QUTPUT

24

ﬁ—— TEST POINTS ——pmm |:%

0.45

A LOGIC “0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH
A LOGIC “1" AND "0

A.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND 0.4V FOR
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PACKAGE OUTLINES
uPB8284C

1PB8284D

uPB8284

Piastic
ITEM MILLIMETERS INCHES

A 23.2 MAX 0.91 MAX
) 1.44 .0.065

c 2.54 0.1

o 0.45 |.002

€ 20.32 0.8

F 1.2 0.06

G 2.5 MIN. 0.1 MIN

H 0.5 MIN. 0.02 MIN

[ 4.6 MAX. 0.18 MAX

J 51 MAX, 0.2 MAX

K 762 0.3

C 6.7 0.26

™ 0.25 0.01

713

J
i
i
M .
0-15° -"(
Cerdip
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX
B 1.44 0.055
[+ 2.54 0.1
) 0.45 0.02
3 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN
H 0.5 MIN. 0.02 MIN
1 4.6 MAX. 0.18 MAX
J 5.1 MAX 0.2MAX
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01

8284DS-REV1-1-82-CAT
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NEC uPB8284A
NEC Electronics U.S.A. Inc.

Microcomputer Division

CLOCK GENERATOR AND DRIVER FOR
8086/8088 MICROPROCESSORS

DESCRIPTION The uPB8284A is a clock generator and driver for the 8066 and 8088 microprocessors,
This bipolar driver provides the microprocessor with a reset signal and also provides
properly synchronized READY timing. A TTL clock is also provided for peripheral

devices.
FEATURES e Generate System Clock for the 8086 and 8088
e Frequency Source can be a Crystal or a TTL Signal
e MOS Level Output for the Processor
e TTL Level Output for Peripheral Devices
o Power-Up Reset for the Processor
e READY Synchronization
e +B6V Supply
e 18 Pin Package
PIN NAMES
PIN CONFIGURATION
X1, X2 Crystal Connections
e W TANK For Overtone Crystal
CcYsNe (j 1 18 DVGC F/E Clock Source Select
PCLK : 2 173 X1 EFI | External Clock input
AENT c 3 16 X2 cSYNC | Clock Synchronization Input
RDY1 E 4 15 m RDY1 } Ready Signal from
) RDY2 MultibusTM* Systems
READY[]5 s’z‘ng 14 E EF_I_ AEN1 Address Enable Qualifiers
RDY2 : 6 13 : F/c AEN2 } for the two RDY Signals
mc 7 12[] osc RES Reset Input
cx s 11 [J RES RESET | Synchronized Reset Output
GND[9 10 D RESET 0SC Oscillator Output
CLK MOS Clock for the Progessor
PCLK TTL Clock for Peripherals
READY | Synchronized Ready Output

*TM - Multibus is a trademark of Intel Corporation.

Rev/1
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uPB8284A

PIN IDENTIFICATION

NO.

SYMBOL

NAME

FUNCTION

CSYNC

Clock Synchronization

An active high signal which allows
multiple 8284s to be synchronized.
When CYSNC is low, the internal
counters count and when high the
counters are reset. CYSNC should
be grounded when the internal
oscillator is used.

PCLK

Peripheral Clock

A TTL level clock for use with per-
ipheral devices. This clock is one-
half the frequency of CLK.

AEN1, AEN2

Address Enable

This active low signal is used to
qualify its respective RDY inputs.
1f there is only one bus to interface
to, AEN inputs are to be grounded.

4,6

RDY1, RDY2

Bus Ready

This signal is sent to the 8284 from
a peripheral device on the bus to
indicate that data has been received
or data is available to be read.

READY

Ready

The READY signal to the micro-
processor is synchronized by the
RDY inputs to the processor CLK.
READY is cleared after the guaran-
teed hold time to the processor has
been met.

Processor Clock

This is the MOS level clock output
of 33% duty cycle to drive the
microprocessor and bipolar support
devices (8288) connected to the
processor. The frequency of CLK is
one third of the crystal or EF|
frequency.

10

RESET

Reset

This is used to initialize the proces-
sor. Its input is derived from an RC
connection to a Schmitt trigger
input for power up operation.

n

2
(72

Reset In

This Schmitt trigger input is used to
determine the timing of RESET out
via an RC circuit.

0sc

Oscillator Output

This TTL level clock is the output
of the oscillator circuit running at
the crystal frequency.

Frequency Crystal Select

F/C'is a strapping option used to
determine where CLK is generated.
A high is for the EFl input, and a
low is for the crystal.

EF1

External Frequency In

A square wave in at three times the
CLK output. A TTL level clock to
generate CLK.

X1, X2

Crystal In

A crystal is connected to these
inputs to generate the processor
clock. The crystal chosen is three
times the desired CLK output.

Asynchronous Input.

Ready Synchronization Setect.
ASYNC is an input which defines
the synchronization mode of the
READY logic. When ASYNC is low,
2 stages of READY synchronization
are provided. When ASYNC is left
open or HIGH, a single stage of

READY synchronization is provided.

18

vee

vce

+5V
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BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

uPB8284A

RES. - {} D QO RESET
[43
X1 XTAL
I/'I\k osc
i C LK
+2 PCLK
N
CSYNC
ROY1 cK
AENT Qp—————= READY
AENZ

ASYNT

Operating Temperature . .. ... e T 0°Cto 70°C
S0rage TEMPEratUre . . . v v oo e s e e e et et e e e ~65°C to +150°C
All Qutput and Supply Voltages. . . ... ... vv i ven et nnnnens -0.5V to +7V
Al INPUt VOoltages. . . . v v v et it i e i ie et cae i -1.0V to +5.5V
Ta=25°C

*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.

Conditions: Ty = 0°C to 70°C; Vg = 5V  10%

PARAMETER SYMBOL | MIN | MAX | UNIT CON.‘I;)Eli'IrONS
Forward Input Current IF -0.5 mA VF =0.45V
Reverse Input Current v IR 50 MA VR =5.26V
Input Forward Clamp Voltage | V¢ ~-1.0 \Y lc=-6mA
Power Supply Current Icc 140 mA
input Low Voltage ViL 0.8 \ Ve = 5.0V
Input High Voltage VIH 2.0 \ Vvge =5.0v
Reset Input High Voltage VIHR 2.6 \% vee =5.0v
Output Low Voltage VoL 045} V 5 mA =lg_
Output High Voltage CLK VOH 4 Y -1 mA} |
Other Outputs 2.4 \Y -1mAf OH
RES Input Hysteresis ViHR-VILR | 025 v vVge = 5.0V
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The clock generator can provide the system clock from either a crystal or an external
TTL source. There is an internal divide by three counter which receives its input from
either the crystal or TTL-source (EFI Pin) depending on the state of the F/C input
strapping. There is also a clear input (C SYNC) which is used for either inhibiting the
clock, or synchronizing it with an external event (or perhaps another clock generator
chip). Note that if the TTL input is used, the crystal oscillator section can still be used
for an independent clock source, using the OSC output.

For driving the MOS output level, there is a 33% duty cycle MOS output (CLK) for the
microprocessor, and a TTL output (PCLK) with a 50% duty cycle for use as a peripheral
clock signal. This clock is at one half of the processor clock speed.

Reset timing is provided by a Schmitt Trigger input (RES)and a flip-flop to synchronize
the reset timin_g_tg the falling edge of CLK. Power-on reset is provided by a simple RC
circuit on the RES input. '

There are two READY inputs, each with its own qualifier (AEN1, AEN2). The unused
AEN signal should be tied iow.

The READY logic in the 8284A synchronizes the RDY 1 and RDY2 asynchronous inputs
to the processor clock to insure proper set up time, and to.guarantee proper hold time
before clearing the ready signal.

Conditions: Ty = 0°C to 70°C: Vg =5V + 10%

‘TIMING REQUIREMENTS

TEST
PARAMETER SYMBOL MIN' MAX UNITS CONDITIONS

External Frequency High Time TEHEL 13 ns 90%-90% VN
External Frequency Low Time TELEH 13 ns 10%-10% VN
EF| Period TELEL TEHEL + TELEH +6 ns
XTAL Frequency 12 25 MHz
RDY1, RDY2 Set-Up to CLK TR1VCL 35 ns
RDY1, RDY2 Hold to CLK TCLR1X 0 ns
AEN1, AEN2 Set-Up to RDY1, RDY2 TAIVRIV 16 na
AEN1, AEN2 Hold to CLK TCLAX 0 ns
CSYNC Set-Up to EF| g TYHEH _ 20 ns
CSYNC Hold to EF| TEHYL 20 ng
CSYNC Width TYHYL 2TELEL ng
RES Set-Up to CLK TITHCL 65 ns [©)
RES Hold to CLK TCLITH 20 ns
RDY1, RDY2 Active Set-Up to CLK tR1VCH 35 ns ASYNC = LOW
ADYT, RDY2 Inactive Set-Up to CLK | tRiVCL 35 - s

[ ASYNC Set-Up to CLK TAYVOL 50 s

[TASYNC Hold to CLK tCLAYX 0 s -
Input Rise Time YLIH 20 ns From 0.8V to 2.0V
Input Fail Time J ot 12 ns From 2.0V to 0.8V
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AC CHARACTERISTICS
(CONT.)

TIMING WAVEFORM*

TIMING RESPONSES

uPB8284A

TEST
PARAMETER SYMBOL MIN MAX UNITS CONDITIONS

CLK Cycle Period TCLCL 125 ns
CLK High Time TCHCL {1/3 TCLCL) +2.0 ns Figure 3 and Figure 4
CLK Low Time TCLCH (2/3TCLCL) 150 ns Figure 3 and Figure 4
CLK Rise and Fall Time 'Igﬁ;g:? 10 ns 1.0V to 3.5V
PCLK High Time TPHPL TCLCL -20 ns
PCLK Low Time TPLPH TCLCL -20 ns
Ready Inactive to CLK @ TRYLCL -8 ns Figure 5 and Figure 6
Ready Active to CLK __(3) _ TRYHCH (2/3 TCLCL) -16.0 ns Figure 6 and Figure 6
CLK To Raset Delay TCLIL 40 ns
CLK to PCLK High Delay TCLPH 22 ns
CLK to PCLK Low Delay TCLPL 22 ns
0SC to CLK High Delay TOLCH -5 12 ns
0OSC to CLK Low Delay TOLCL. 2 22 ns
Qutput Rise Time (except CLK) 1OLOH 20 ns From 0.8V to 2.0V
Output Fall Time (except CLK) LtOHOL 12 ns From 2.0V to 0.8V

Notes: (1) 6 = EFI rise (5 ns max) + EF| fall (6 ns max):

(2 Set up and hold only necessary to guarantee recognition at next clock.

(@ Applies only to T3 and TW.states.
(4) Applies only to T2 states.

TEHEL

/ TELEL TELEH
EFL .
asc o—/—.\—-/—\nr—\_‘
TOLCH — TeLacLy fa—T7CLCH: TeHCL
' N e—rarc -
ko
Tonion? TOLCL — Em.n
PCLK O = TCLAIX| TeHPL—
TRIVCL. et
RDY 2 - X‘
\ —=] sty [
P X
/ TRYLCL: o
READY O (
TVREH - | [=—TRYHCH~~]
—=l " la—rEHvL

csYNC |
AL 1

TYHYL—a=f

RESET ©

S

—

—

TeuL I——

.

*ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS 6THERWISE NOTED.
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AC TEST CIRCUITS

2amu:C

x2 CBYNE

csYNC

’”-v—l

vee . Vee
LOAD
F CLK|
© I 0] PULSE - o | LoAD
5“}‘_ GENERATOR o)
E‘ X1

FIGURE 1 FIGURE 2
CLOCK HIGH AND LOW TIME CLOCK HIGH AND LOW TIME
vee

Rt oLk

—

PULSE

GENERATOR

Loan
(]
ric
24 MHz AEADY| Lcé:,u:
T osc
TRIGGER

3

O
[T:S
E

Loan -
]

CcsYNG

-
T

ovee PULSE ROYZ
GENERATOR ADY2
TRIGGER Fic
ARz €.

FIGURE 3 FIGUHE_4
READY TO CLK READY TO CLK
TEST 'LoAD
POINT

Vee

ALL DIODES 1N3064
OR EQUIVALENT

FROM OUTPUT_]
UNDER TEST

T

OUTPUT
NOTES: D Cy. = 100 pF
@cCy = 30 oF
@ CL INCLUDES PROBE AND JIG CAPACITANCE

INPUT OUTPUT

2.4

1.5 et TEST POINTS —%é
0.45

A.C. TESTING. INPUTS ARE DRIVEN AT 24V FOR A LOGIC 1" AND 0.45V FOR
A LOGIC "0 TIMING. MEASUREMENTS ARE MADE AT 1.6V FOR BOTH
A LOGIC 1" AND "0."
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PACKAGE OUTLINES
uPB8284AC

uPB8284AD

uPB8284A

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX
B 1.44 0.055
C 2.54 0.1
[») 0.45 0.02
[ 20.32 . 08
F 1.2 0.06
G 2.5 MIN 0.1 MiIN
H 0.5 MIN 0.02 MIN
1 4.6 MAX 0.18 MAX
J 5.1 MAX 0.2 MAX.
K 7.62 0.3
L 6. 0.26
M 0.25 0.01

721

M
0-15°
Cerdip

ITEM MILLIMETERS INCHES
A 23.2 MAX 0.91 MAX
B 1.44 0.055
c 2.54 0.1
0 0.45 0.02
3 20.32 0.8
F 1.2 0.06
G 2.5 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
T 4.6 MAX 0.18 MAX.
J 5.1 MAX 0.2 MAX
K 7.62 0.3
T 6. 0.26
™ 0.25 001

8284ADS-REV1-12-81-CAT
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NEC

uPB8286

NEC Electronics U.S.A. Inc. uPB8287

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATIONS

8-BIT BUS TRANSCEIVER

The 8286 and 8287 are octal bus transceivers used for buffering microprocessor
bus lines. Being bi-directional, they are ideal for buffering the data bus lines on

8- or 16-bit microprocessors. Each B output is capable of driving 32 mA low or

5 mA high.

o Data Bus Buffer Driver for uCOM-8 (8080, 8085A, 780) and uCOM-16 (8086)
families

Low Input Load Current — 0.2 mA max

High Output Drive Capability for Driving System Data Bus

Tri-State Outputs

20 Pin Package with Fully Parallel 8-Bit Transceivers

a0 1 = 20 M vee Ao 20JVce
A1 2 19[) By A1 2 19780
A2 3 18181 A2a3 18181
Az ] 17182 A4 1782
A4 Os 8“2';% 16[] B3 As s ;‘2';37 16:]§
As s 153154 As- (e 15 38_4
As 7 1485 As )7 14[]Bs
A7 s 13| Be A1 s 13| Be
ot (° 121 8y oe Qe 125
GND 10 npgr anb 10 nPr
PIN NAMES

Ap-A7 Local Bus Data
Bo-B7 System Bus Data

OE Output Enable
T Transmit
Rev/1
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EEE

9
A

[7
AN

()
Q

RESULT

B—A

A-B

Aand B
} HIGH

IMPEDANCE

-

Operating Temperature . . . ... e e 0°Cto 70°C
Storage Temperature . . . . ... ............ Cieiieeia....~68°Cto+150°C
All Output and Supply Voltages. . .. ... e e e -0.5V to +7V
All Input Voltages. . . ........... et e e e ...~ 1.0V to +5,6V

Ta=25°C

*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.
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uPB8286/8287

DC CHARACTERISTICS Ta=0"Cto70°C, Ve =6V + 10%

PARAMETER SYMBOL MIN [ MAX JUNITS TEST CONDITIONS
Input Clamp Voltage Ve -1 \% Ic=-5mA
Power Supply Curre;}%:i:; II%S :gg z:
Forward input Current g -0.2 mA VE =045V
Reverse input Current ‘R 50 uA VR =5.25V
— B Outputs 045| V loL =32 mA
Output Low Voltage A Outputs VoL 045| v IO = 16 mA
. — B Output 24 v | =-5mA
Output High Vohase  — 4 ol | Vor 24 v |ion--1ma
Output Off Current 10FF Ig VOFF = 0.45V
Output Off Current lOFF IR VOFF = 5.25V
— A Side Vil 0.8 v vee=50v Q@
input Low Voltage l—‘s Side ViL 38| vV |vee=50v @
Input High Voltage ViH 2.0 v vec=80v @
F =1MHz
H — i = =
llnput Capacitance A Side Cin 16 pF ¥B|_A2850c2»5\é'~V1C%AHZ5V
a = =

Note: (D) B Outputs — IgL = 32 mA, Igy = -5 mA, C|_ = 300 pF
A Outputs — Ig = 16 mA, IgH =-1mA, C_ = 100 pF

AC CHARACTERISTICS T,=0°Cto 70°C, Vcc =5V £ 10%

SYMBOL PARAMETER MIN MAX UNITS
TIVOV Input to Output Delay

Inverting 5 22 ns

Non-Inverting 5 30 ns
TEHTV Transmit/Receive Hold Time TEHOZ ns
TTVEL Transmit/Receive Setup 10 ns
TEHOZ Output Disable Time 5 22 ns
TELOV QOutput Enable Time 10 30 ns
;IOLlfg;-l Input Output Rise Time 20 ns
pOHI-:(lZ-)IL Input‘ Output Fall Time 12 ns

Notes: See waveforms and test load circuit.

B Outputs — oL = 32 mA, IgH =-5 mA, C|_ = 300 pF
A Outputs — gL = 16 mA, IQgH = -1 mA, CL = 100 pF

AC TESTING INPUT,
OUTPUT WAVEFORM

INPUT/QUTPUT

2.4

1.5 == TEST POINTS ——m= 1.5

0.45

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1" AND 0.45V FOR
A LOGIC “0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH
A LOGIC “1'" AND "0."
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WAVEFORMS
INPUTS
-1
l—nvov —~1{ Tenoz TeLOV |-
ovms )g”—“-*“-"f-— <=
- TEWTV —-| TIVEL
: X
. . TEST LOAD CIRCUITS
80 “o sa70
our our our
Im »F Iwo pF Im pF
HVAT:?O vou uuufro voL sw:mua
B OUTPUT A OUTPUT B OUTPUT
1.8V 1.5V 2.2v
1800 9002 140
our T our
I 300 pF I 100 pF I 100 pF
MTAT:'D Vou uvn:w VYo smv:muo
B OUTPUT A OUTPUT A OUTPUT
MOS microprocessors like the 8080/8085A/8086 are generally capable of driving a FUNCTIONAL
DESCRIPTION

single TTL load. This also applies to MOS memory devices. While sufficient for min-

imum type small systems on a single PC board, it is usually necessary to buffer the
microprocessor and memory signals when a system is expanded or signals go to other

PC boards.

These octal bus transceivers are designed to do the necessary buffering.

Bi-Directional Driver

Each buffered line of the octal driver consists of two separate tri-state buffers. The B
side of the driver is designed to drive 32 mA and interface the system side of the
bus to 1/0, memory, etc. The A side is connected to the microprocessor.

Control Gating, OF, T

The OE (output enable) input is an active low signal used to enable the drivers selected
by T on to the respective bus.

T is an input control signal used to select the direction of data through the trans-
ceivers. When T is high, data is transferred from the Ag-A7 inputs to the Bg-B7 out-
puts, and when low, data is transferred from Bg-B7 to the AQ-A7 outputs.
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PACKAGE OUTLINES

uPB8286C [ A 1
R
\9 i
ll_.l CITT T LT T o - K

e

F - ¢k —p

0°-15° ==

B
' E | Plastic
ITEM MILLIMETERS INCHES
A 26.7 MAX. 1.05 MAX.
8 1.05 0.041
C 2.54 0.1
D 052 0.1 0.02 + 0.004
3 22.86 0.9
3 14 0.055
F 11 0.043
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
i 3.66 0.14
J 6.08 MAX. 0.2 MAX.
uPB8286D ! X o
[.LP88287D A L 6.4 0.25
20 11 W 0.25+0.10 0.01 + 0.004
oM rararar -0.05 -0.002
R 1.0R 0.04R
R \
K ———

1

0°-15°’{

G
1
S e ﬂ}«u
f —E Cerdip

ITEM MILLIMETERS INCHES
A 26.7 MAX. 05 MAX.
B 0.7 028
c 2.54 .

D 0.46 + 0.1 .018 + 0.004

E 22.86 X

F 1.4 .055

F' 0.9 0.035

G 2,54 MIN. 0.1 MIN.

H 0.5 MIN. 0.02 MIN.

] 4.32 MAX. 0.17 MAX.

J 5.08 MAX. 0.2 MAX.

K 7.62 0.3

L 6.8 0.27

M 0.25 + 0.10 0.01 + 0.004
- 0.05 -0.002

R 0.8R 0.03R

8286/8287-DS-REV1-12-81-CAT
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

uPB8288

PRELTONARY

HPD8086/8088 CPU SYSTEM BUS CONTROLLER

DESCRIPTION The uPB8288 bus controller is for use.in medium to large uP08086/8088 systems. This

20-pin bipolar component provides command and control timing generation, plus
bipolar drive capability and optimal system performance. It provides both

MultibusTM command signals and control outputs for the microprocessor system.
There is an option to use the controller with a multi-master system bus and separate

1/0 bus.

FEATURES

PIN CONFIGURATION os 1 2B Vec
ck 02 19155
s 3 18] 52
pT/R []4 173 mce/PDEN
ALE 5 uPB 16[] DEN
AEN ge 8288 15 cen
MRDC [} 7 14[] INTA
AMWC []s 13| 1ORC
MWTC (o 12[3 AlOWC
GND 1o " :l jowc

TM — Multibus is a trademark of Intel Corp.

Rev/1
729

- System Controller for uPD8086/8088 Systems
Bipolar Drive Capability
Provides Advanced Commands
Tri-State Output Drivers
Can be used with an 1/0 Bus
Enables Interface to One or Two Multi-Master Buses
20-Pin Package -

PIN NAMES _
50-S2 Status Input Pins
CLK Clock
ALE Address Latch Enable
DEN Data Enable
DT/R Data Transmit/Receive
[ AEN ‘Address Enable
CEN Command Ensble
0B 1/0 Bus Mode
AIOWC Advanced 1/O Write
iOWC 1/O Write Command
TORC 1/0 Read Command
ARNWC Advanced Memory Write
MWTC Memory Write Command
MRDC Memory Read Command
TTK Interrupt Acknowledge
MCE/PBEN | Master Cascade/Periphersl -

Data Enable




uPB8288

PIN

NO.

SYMBOL

NAME

FUNCTION

108

1/0 Bus Mode

Sets mode of uPB8288, high for the 1/0|
bus mode and low for the system
bus mode.

CLK

Clock

The clock signal from the uPB8284
clock generator synchronizes the
generation of command and control
signals.

3,19,18

50. 51,52

Status Input Pins

The ©PB8288 decodes these status
lines from the uPB80B6 to generate
command and control signals,When
not in use,these pins are high,

DT/R

Data Transmit/Receive

This signal is used to control the
bus transceivers in a'system. A high
for writing to 1/0 or memory and
a low for reading data.

Address Latch Enable

This signal is used for controtling
transparent D type latches (uPB8282/
8283). It will strobe in the address

on a high to low-transition.

Address Enable

In the 1/0 system bus mode, AEN
enables the command outputs of

the uPB8288 105 ns after it becomes
active. If AEN is inactive, the
command outputs are tri-stated.

Memory Read
Command

This active low signal is for switch-
ing the data from memory to the
data bus.

Advanced Memory
Write Command

This is an advanced write command
which occurs early in the machine
cycle, with timing the same as the
read command.

MWTC

Memory Write
Command

This is the memory write command
to transfer data bus to memory, but
not as early as AMWC. (See timing
waveforms.)

1

IOWC

1/0 Write Command

This command is for transferring
information to I/0 devices.

12

AIOWC

Advanced 1/0 Write
Command

This write command occurs earlier
in the machine cycle than TOWC.

13

IORC

1/0 Read Command

This signal enables the CPU to
read data from an I/O device.

14

INTA

Interrupt Acknowledge

This is to signal an interupt-
ing device to put the vector
information on the data bus

15

CEN

Command Enable

This signal enables all command
and control outputs. If CEN is low,
these outputs are inactive.

Data Enable

This signal enables the data trans-
ceivers onto the bus.

17

Master Cascade Enable
Peripheral Data Enable

Dual function pin system,
MC/E — In the bus mode, this
signal is active during an inter-
rupt sequence to read the cascade
address from the master interrupt
controller onto the data bus.

— In the 1/0 bus mode,
it enables the transceivers for the
1/0 bus just as DEN enables bus
transceivers in the system bus
mode.

730
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BLOCK DIAGRAM

S0 wmnt
8086 ) — STATUS —
sTATUS § S5t DECODER com MwTC
S2 MAND AMWC { MULTIBUSTM
SIGNAL TORC ) COMMAND
I GE_Ir_JOE:A- owe [ s'onaLs
AIOWC
l INTA
‘ CLK CONTROL “~w» DT/R ADDRESS LATCH, DATA
CONTROL ) AEN CONTROL SIGNAL DEN TRANSCEIVER, AND
INPUT ) ceN LOGIC GENERA- MCE/PDEN { INTERRUPT CONTROL
108 TOR ALE SIGNALS
45V GND
CONNECTING THE BUS CONTROLLER TO THE CPU
CLK So|
uPBB284 READY 2_'
10 RESET 21 2 COMMAND
4PDB086/ BUS
8088
cPU
MN/MX

i_[aa

TO STB OF 4PB8282/8283 LATCH
TO T OF uPBB286/8287 TRANSCEIVER
TO OE OF 4PB8286/8287 TRANSCEIVER

ABSOLUTE MAXIMUM  OpERATING TEMPERATURE ..........0ccvuveneen..r...0°Ct070°C
RATINGS* Storage Temperature . . . . .. v i st ettt —650tp+1500
All Output and Supply Vol’(ages(D e e e -0.6V to +7V
All Input Voltages® .. ...................... . -1.0V to +5.5V
Nots.@Wnth Respect to Ground.

Ta=26°C

*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 .
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The three status lines (S0, S1, 52) from the uPD8086 CPU are decoded by the command
logic to determine which command is to be issued. The following chart shows the
decoding:

.5; -3-1- -SB uPD8085 State uPB8288 Command

0 0 O Interrupt Acknowledge INTA

0 0 1 Readl/OPort IORC

0 1 0 Writel/OPort TOWC, ATOWC
0 1 1 Halt None

1 0 0 Code Access MRDC

1 0 1 Read Memory MRDC

1 1 0 Write Memory MWTC, AMWC
1 1 1  Passive None

There are two ways the command is issued depending on the mode of the uPB8288.

The 1/0 bus mode is enabled if the I0B pin is pulled high. In this mode, all 1/0 com-
mand lines are-always -enabled and not dependent upon AEN. When the processor
sends out an 1/0 command, the uPB8288 activates the command lines using PDEN
and DT/R to control any bus transceivers.

This mode is advantageous if |/0 or peripherals dedicated to one microprocessor

are in a multiprocessor system, allowing the uPB8288 to control two external buses.
No waiting is required when the CPU needs access to the 1/O bus, as an AEN low
signal is needed to gain normal memory access.

If the 10B pin is tied to ground, the uPB8288 is in the system bus mode. In this mode,
commana signals are dependent upon the AEN line. Thus the command lines are
activated 105 ns after the AEN line goes low. In this mode, there must be some

bus arbitration logic to toggle the AEN line when the bus is free for use. Here,

both memory and /0 are shared by more than one processor, over one bus, with

both memory and 1/0 commands waiting for bus arbitration.

Among the command outputs are some advanced write commands which are initiated
early in the machine cycle and can be used to prevent the CPU from entering
unnecessary wait states.

The INTA signal acts as an 1/O read during an interrupt cycle. This is to signal the
interrupting device that its interrupt is being acknowledged, and to place the interrupt
vector on the data bus.

The control outputs of the uPB8288 are used to control the bus transceivers in a system.
DT/R determines the direction of the data transfer, and DEN is used to enable the
outputs of the transceiver. In the IOB mode the MCE/PDEN pin acts as a dedicated

data enable signal for the 1/0 bus.

The MCE signal is used in conjunction with an interrupt acknowledge cycle to control
the cascade address when more than one interrupt controller (such as a uPD8259A) is
used. If there is only one interrupt controller in a system, MCE is not used as the
INTA signal gates the interrupt vector onto the processor bus. In multiple interrupt
controller systems, MCE is used to gate the uPD8259 A’s cascade address onto the
processors local bus, where ALE strobes it into the address latches. This occurs during
the first INTA cycle. During the second INTA cycle the addressed slave uPD8259A gates
its interrupt vector onto the processor bus.

The ALE signal occurs during each machine cycle and is used to strobe data into

the address latches and to strobe the status (S0, 5T, 52) into the uPB8288. ALE aiso
occurs during a halt state to accomplish this.

The CEN (Command Enable) is used to control the command lines. If pulled high the
uPB8288 functions normally and if grounded all command lines are inactive.
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DC CHARACTERISTICS Ycc=5V:10% Ty=Cro70°C

PARAMETER SYMBOL MIN MAX UNIT TEST CONDITIONS
Input Clamp Voltage Ve -1 v Ic=-5mA
Power Supply Current Ice 230 mA
Forward Input Current 1E -0.7 mA VE =0.46V
Reverse Input Current IR 50 A VR =Vce
Output Low Voltage — Command Outputs v 0.5 7 lpL=32mA
Control Outputs oL 0.5 v lo =16 mA
Output High Voltage — Command Outputs v 24 \ IoH =-6mA
Control Outputs OH 2.4 v IoH =~1mA
Input Low Voltage ViL 08 v
Input High Voltage . ViH [ 2.0 \
Output Off Current |OFF 100 HA VofFF = 0.4 t0 5.25V
= % = °
AC CHARACTERISTICS  Voc ™8V # 10% To=(*Cro70°c
TIMING REQUIREMENTS
PARAMETER SYMBOL MIN MAX UNIT LOADING
CLK Cycle Period TCLCL 100 ns
CLK Low Time TCLCH 50 ns
CLK High Time TCHCL 30 ns
Status Active Setup Time TSVCH 35 ns
Status Active Hold Time TCHSV 10 ns
Status Inactive Setup Time TSHCL 35 ns
Status Inactive Hold Time TCLSH 10 ns
Input Rise Time TILIH 20 ns
Input Fall Time TiHIL 12 ns
TIMING RESPONSES
PARAMETER SYMBOL MIN MAX UNIT LOADING
Control Active Delay TCVNV 5 45 ns
Control Inactive Delay TCVNX 10 45 ns
ALE MCE Activp Delay (from CLK) TCLLH, TCLMCH 20 ns
:::z :VICE ‘Actti’w: Delay (from Status} IZ:II.-:, TSVMCH f;) ns WEDS
tive Dal S W
C M: IA i e:) I TCLML 1?) 35 ) 1oRc
mi \Ctive 5
ommen Sdidiiad o MWTC loL=32mA
Command Inactive Delay TCLMH 10 35 ns U
owc IoH = -5 mA
Direction Control Active Delay TCHDTL 50 ns
Di ion Control | ive Del. TCHDTH 30 WIN A CL = 300pF
tion Contre Ve elal S
C"ec = d E bT ‘:ac‘ - . TAELCH 40 - A_Imc
mman na
Ol e Time ns Fy
Command Disable Time TAEHCZ 40 ns
Enable Delay Time TAELCV 105 | 278 s ; loL =16 mA
AEN 10 DEN [ TAEVRV % ] Oter g fo=-TmA
CEN to DEN, PDEN TCEVNV 20 s CL=80pf
CEN to Command TCELRH TCLML ns
Output Rise Time TOLOH 20 ns
Output Fall Time TOHOL 12 ns
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STATE T n } T2 T3 Ta i TIMING WAVEFORMS
| TcLeL
~ TCLCH
oLk JF 5{ A & / SK J
TeHSV->] l- -] [« TSVCH TCHCL e —-| le-TSHCL
TCLSH™
%hE \k \.\ }I( \
ADDRESS/DATA IADDA WRITE
oRess! VALID DATA VALID @
1
- Le-TCHLL
QLR TSVLH|
ALE 3
TCLMH >
——
WRGC, TORC, INTA
. ATOWe TCLML~ ~ TCLML
U —
WWTC, TOWC
- TCVNY
(READ)
OEN (inTa) S
TCVNX -+
——
75En (READ)
POEN (inTa)
- TCVNV
DEN (WRITE)
chr«x-j
POEN (WRITE)
TCHDTH—m e
OT/R (READ} _ ___]y
— TCHDTL
.
{ ® \L TCHOTH »
MCE
TCLMCH | [ -+ [-Tovax

TSVMCH

NOTES:
® ADDRESS/DATA BUS 1S SHOWN ONLY FOR REFERENCE PURPOSES.

@ LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING
EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST.

ALL TIMING MEASUREMENTS ARE MADE AT 1.6V UNLESS SPECIFIED

OTHERWISE.
DEN, PDEN QUALIFICATION
ceN X TIMING
AEN
TAEVNV!
DEN
TCEVNV
FEN
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uPB8288 ADDRESS ENABLE

uPB8288

REoS AEN ” BJAELCV—- ﬁsv
(AEN) TIMING 1
(3-STATE ENABLE/DISABLE) TAELCH fvou Tacncz+] Y,
OUTPUT 05V X oH
COMMAND t
q [TCELRH
CEN le—
TCELRH
TEST LOAD CIRCUITS 1.5V 1.5V
18002 330
ouT ouT
]: 300 pF I3°° pF
3-STAT-E TO HIGH 3-STATE TO LOW

3-STATE COMMAND OUTPUT

TEST LOAD
2.14V 2.28v
52.7Q 1140
ouT ouT
. I 300 pF I 80 pF

COMMAND OUTPUT CONTROL OUTPUT
TEST LOAD TEST LOAD
AC TESTING INPUT, INPUT/OUTPUT

OUTPUT WAVEFORM

2.4

% 1.5 ~s—— TEST POINTS ——s= 1.5%

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR
A LOGIC “0" TIMING. MEASUREMENTS ARE MADE AT 1.5V FOR BOTH
A LOGIC 1" AND "'0."

0.45
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uPB8288

A
20 11
Y S o e s s T e o 0 o O o

H\)

lTJLIL.J[_ll_II_Jl_JI__ILJl‘ﬁI

N
1

F'—

B —

PACKAGE OUTLINES

0° -15° -
l E Plastic
ITEM MILLIMETERS INCHES
A 26.7 MAX. 1.05 MAX.
B .05 0.041
[ .54 [X]
D .6 + 0.1 0.02 * 0.004
E 2.86 0.9
F 1.4 0.055
F' 1.1 0.043
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. .02 MIN.
] 3.55 .14
4 5.08 MAX. .2 MAX.
K 7.62
A L 6.4 .25
20 11 M 0.25+40.10 0.01 +0.004
o O s e e s e Y e I O -0.05 -0.002
R 1.0R 0.04R
K ———
h
M \
0° - 15° -
Cerdip
ITEM MILLIMETERS INCHES
A 26.7 MAX. .05 MAX.
B .7 .028
C .54 .1
D .46 + 0.1 .018 + 0.004
E 22.86 .9
F 1.4 055
F . ,035
[] 2.54 MIN. .1 MIN.
H .5 MIN. .02 MIN.
] 4.32 MAX. .17 MAX.
J 5.08 MAX. .2 MAX.
K 7.62 0.3
L 6.8 0.27
M 0.25+0.10 0.01 + 0.004
- 0,05 -0.002
" 587 G.03R
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NEC S WPB8289
NEC Electronics US.A. Inc. .@}\\ BUS ARBITER
Microcomputer Division \ N,

Ry
Descriptl Q\’"\} Functional Configurati

The uPB8289 Bus Arbiter is used with the uPD8288 Bus
Controller to interface 8086 and 8088 microprocessors

to a multimaster system bus. The uPD8289 controls the G'I*D vee
uPD8288 bus controller and the bus transceivers and '
address latches, preventing them from accessing the Processor | 7] ? — ?cf{_K
system bus if the processor does not have use of the Status 1 | s; B BREG
bus. ) 8289 [::w m"‘:lr"l;z:
An external command sequence will cause the associ- e oo
ated microprocessor to enter a wait state until the bus glenot | ) emgrex . . coRG
is ready. The processor remains in the wait state until Options | —| RESB
the bus arbiter acquires use of the multimaster system g‘g"“‘m :;;;B/m} §|y;,'.2$
bus. Then, the arbiter allows the bus controller, data
transceivers, and address latches to access the system.
Once use of the bus has been acquired and data has
been transferred, transfer acknowledge (XACK) is Pin Identification
returned to the processor to indicate that the acc d i
slave device is ready. The processor may then complete Number  PinName  Direction Pin Functions
its transfer cycle. i 18,19,1 80, 81,82 IN Status inputs from the 8086 or 8088
processor. The .PB8289 decodes them
Features to begin bus requests and surrenders.
O Multimaster system bus protocol 7 CLk N gm';;?rn-' from the 8284 clock
[J 8086 and 8088 processor synchronization with multi- m TooK N
rn_aSter ?US . 15 CRGLCK IN Common Request Lock. Prevents the
[ Simple interface with the 8288 bus controller and 4PBB28D from surrendering the bus in
8283/8282 address latches to a system bus eapanss to reguest on the CBR
[ Four operating modes for flexible system configuration P RESB. N Resident Bus Input. This signal tells
O Simplified interface to Multibus™ systems and residont bus. When this signat o
O Parallel, Serial, and Rotating priority resolution high, the :Vsa/ﬁﬁ'gﬁ pin handles bus
D BiPOIar bUﬁering and dfiVe Capablllty 14 ANYRGST IN This signal allows the multimaster bus
to be surrendered to a lower priority
arbiter.
2 o8 IN 1/O Bus. This signal tells the .PB8289

that there is an I/O peripheral bus and
a multimaster system bus.

Pin Configuration 12 AEN out Address Enable. This output tells the
) 8288 bus controller, 8284 clock driver,
and the processor's address latches

NS when to tri-state their output drivers.
52 [ 1 20[vee — d
3 SYSB/RESB IN System Bus/Resident Bus. This signal
0B [} 2 1951 when bus req and sur-
SYSB/RESB (] 3 1875 . renders are permitted in SR mode.
ResB (|4 17[Jck 12 TBRG IN/OUT Common Bus Request. This is an input
. from a lower priority arbiter requesting
BCIK (|5 uPB8289 16[ ] LOCK the bus. It is an output from arblters
T e A:;::e . 15[ ] CRGLEK : that surrender the multimaster bus
upon request.
BREG [ 7 14[] ANVRGST —
g - T 6 INIT IN Initialize. This is an active low input
BPRO (e 13[ ] AEN that resets ell bus arbiters on the multi-
BPEN 1 CBRG . master bus. No arbiters have uss of the
Oe 2] bus fotlowing INIT.

GND {10 " :| 5 BCLK IN System Bus Clock. This clock syn-
chronizes all system bus interface
signals.

7 BREQ out Bus Request. This output Is used by an
arbiter to request use of the muitimaster
system bus.

9 BPRN IN Bus Priority In. This signat tells the

TM: Multibus is a registered trademark of intel Corporation. arbiter it may acquire the bus on the

next falling edge of BCLK.
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uPB8289

Block Diagram

82—

E

State
Generator

<

8086/8088
Status Si -

—t

LOTK
CLK

CROCIK

Processor
Control

Control
RESB

ANYRQST
0B

Pin Functions (Cont.)

INTT
BCLK
BREQ Muitibus
gomn"mnd
| BPRAN y
nterface BPRD ignals
BUSY
CBRG
Lgcal
us
Interface AEN
System
Signals
SYSB/RESE

Number  Pin Name

8 BPRO Bus Priority Out. In serial priority resolv-
ing schemes, this output daisy-chains
to BPAN of the next lower priority

arbiter.

ouT

" BUSY IN/QUT Busy notifies all arbiters on the bus
when the bus is avaliable. The highest
requesting arbiter seizes the bus and
pulls BUSY low to keep other arbiters

off the bus.

20 +8V

Vec

GND Ground

Bus Master Arbitration

Higher priority masters generally acquire use of the bus
when a lower priority master completes its present
transfer cycle. Lower priority masters acquire the bus
when no higher priority master is accessing the system
bus. The ANYRQST strapping option allows the arbiter
to surrender the bus to a lower priority master as if it
were a higher priority master. The arbiter maintains the
bus as long as no other bus masters are requesting the
bus and its processor has not entered the Halt state.
The arbiter does not voluntarily surrender the bus and
must be forced off by a request from another bus
master, unless the arbiter's processor has entered the
Halt state. Additional strapping options allow for other
sets of conditions.

Priority Resolving Techniques

The uPB8289 provides several techniques for resolving
priority between the many possible bus masters of a
multimaster system bus. All of these techniques
assume that one bus master will have priority over all
others at any given time. You may use Parallel, Serial,
or Rotating Priority Resolving.

738

Parallel Priority Resolving

This technique uses a Bus Request line (BREQ) for each
arbiter on the multimaster system bus. Each BREQ line
goes to a priority encoder that generates the address of
the highest priority active BREQ line. This binary
address is decoded to select the Bus Priority In line
(BPRN) that is returned to the highest priority active
arbiter. The arbiter that receives priority (BPRN true)
allows its bus master onto the multimaster system bus
as soon as the bus becomes available. An arbiter that
gets priority over another arbiter cannot immediately
seize the bus, but must wait until the current bus trans-
action is complete. When the transaction is complete,
the current occupant of the bus surrenders the bus by
releasing BUSY. BUSY is an active low OR tied line
which goes to every arbiter on the system bus. When
BUSY goes high (inactive), the priority arbiter seizes
the bus and brings BUSY low to keep other arbiters off
the bus. Note that all multimaster system bus transac-
tions are synchronized to the bus clock (BCLK).

Parallel Priority Resolving

T L
IAHBITEH —
. 1 -
(1 P i
74148 || 74138
] ARBITER | BPAN PRIORITY || 3-TO0-8 [
7/ -+ |ENcoDER|—~|oECODER [ ]
(1 BREG . [
BUS
(-’] AEB:;TER BPAN
] T
/ E ARBITER | BBRN
9—] 4 l—
CBRQ | BUSY




uPB8289

Higher Priority Arbiter Obtaining the Bus from
a Lower Priority Arbiter-

o\

s RANAN

BUSY 9,

Notes:
Higher priority arbiter requests the system bus.
Attains priority. '
Lower priority arbiter releases BUSY.
Higher priority arbiter then acquires the bus and pulls BUSY low.

Serlal Priority Resolving Modes of Operation

The serial priority resolving technique daisy-chains the The uPB8289 has two basic operating modes: /O
bus arbiters together by connecting the higher priority Peripheral Bus mode (TOB mode), and Resident Bus
arbiter’s BPRO output to the BPRN of the next lowest mode (RESB mode). The TOB strapping option con-
priority arbiter. This eliminates the need for the priority figures the uPB8289 into TOB mode and the RESB
encoder-decoder arrangement. The number of arbiters strapping option configures it to RESB mode. If both

that may be daisy-chained together is a function of options are strapped false, the arbiter interfaces the
BCLK and the propagation delay from arbiter to arbiter. processor to a multimaster system bus only. If both
At 10 MHz, only 3 arbiters may be daisy-chained. options are strapped true, the arbiter interfaces the

processor to a multimaster system bus, a resident bus,
and an /O bus.

TOB Mode . .
BUS ‘____jmn IOB mode allows the processor to access both an /O
ARGITER | BPRo L peripheral bus and a multimaster system bus. On an
a| 110 peripheral bus, all devices on the bus, including
( T il memory, are treated as l/O devices and addressed by
(-'1 ARBITER | 5PRO 1/0 commands. All memory commands are directed to
YV i *  the multimaster system bus. in TOB mode, the proces-
("l BUS BPAN sor communicates with and controls peripherals over
v c'] ARBITER | ppg the peripheral bus and communicates with system
/ memory over the system memory bus.
Ny, T ten e RESB Mode
7 4 RESB mode allows the processor to communicate over
: : . both a resident bus and a multimaster system bus. A
CBRG . « BUSY : resident bus can issue memory and I/O commands, but
it is separate from the multimaster system bus. The
resident bus has one master and is dedicated to only
that master. The 8086 and 8088 can communicate with
Rotating Priority Resolving a resident bus and a multimaster system bus. The proc-
This technique resembles the paralle! priority resolving essor can access the memory and peripherals of both
technique except that priority is dynamically reassigned. buses. Memoré mapping selects which bus is accessed.
The priority encoder is replaced by a circuit that rotates ~ The SYSB/RESB input on the arbiter instructs the
priority between arbiters to allow each arbiter an equal arbiter on which bus to access. The signal connected to
chance to use the system bus. SYSB/RESB also enables and disables commands from

one of the bus controllers.
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LPB8289

Mode Summary

Single
Status Lines _Bus Mode
From 8088 or 10B Mode ____RESB (Mode) Only __10B Mode RESB Mode 10B = High
8088 or 8089 Only 108 = High RESB = High 108 = Low RESB = High RESB = Low
—_ — — P SYSB/RESS = SYSB/RESB = SYSB/RESB = SYSB/RESE =
$2 $1 $0 108 = Low High Low High Low
1) 0 0 x » x x X “
1/0 Commands [} 0 1 x v x x X v
[} 1 [} x v x x x v
Hatt o 1 1 x x x x x X
1 0 0 ' 4 X v X I
Memory Commands 1 o 1 » v x P X v
1 1 o 4 v x v x I
Idle 1 1 1 x x x x x x
Notes:

@ x = Multimaster System Bus is allowed to be surrendered.
@ .+~ = Multimaster System Bus is requested.

Muitimaster System Bus

DC Characteristics
Ta = 0°C to +70°C; Voo = 5V 1+ 10%

Mode Strapping Requested @ Surrendered @ Limits
Slngle Bus m = High When the proc- HLT + Tl o HPBRQT Parameter Symbol Min Typ Max Unit Test Conditlons
Multimaster RESB = Low essor’s status Input Low Voltage Vi 0.8 \
Mode lines go active Input High Voltage ViH 2.0 v
RESB Mode IOB = High SYSB/RESB = (SYSB/RESB = Input Clamp Voltage Vo -1.0 Vv Vg =450V,
Only RESB = High High 2 Active Low + TI) CBRQ + lc= -5mA
HLT + HPBRQ input Forward Current 13 -0.5 mA xg(; =n 3.553\1.
= .
Ic?nBlyMode :=I°EBSB -.:.oLv::w g:m?nas g’BORgta-:uls-lLtr 1:) 2:‘,':.',';: nput Leakage R g0 wA 3§°:Jg§3"
m— HPBRQ Ouélﬁ;tvLow Voltage VoL
10B Mode » 10B = Low  (Memory ((VO Status BUBY. CERa 045V loL=20mA
RESB Mode RESB = High Command) » Commands) + (Tl) BPRO, BAEG 045 v ,gt - 10mA
(SYSB/RESB = (SYSB/RESB = bt High Veliegs v
High) Low) « CBRQ + EFEV_ oH Open Collector
HPBRQY + HLT) All Other Outputs 2.4 v IoH = 400 pA

Notes: Power Supply Current [ 165 mA

@ Except for HALT and Idle status.

® LOCK prevents surrender of bus to any other arbiter. CRQLCK

prevents surrender of bus to a lower priority arbiter.

@ HLT = processor halt; Sp-Sp = 011. Capacitance

@ T = processor idle; S-S = 111. Limits

@ + means OR. Parameter Symbol Min Typ Max Unit Test Conditions
@ * means AND. Input Capacitence  Cin Status 25 pF

1 HPBRQ = higher priority bus request or BPRN = 1. Input C Cin (Others) 12 pF

Absolute Maximum Ratings*
Tq = 25°C "BUSY, TBRG ¢ , 2AEN 28V

Operating Temperature 0°Cto 70°C 1109

Storage Temperature -65°Cto +150°C 92.50

Voltage on Any Pin -0.5Vto +7V

All input Voltages 1.0Vto +5.5V 260 pF I 100 pF

Power Dissipation 1.5W I 1

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be
operated under conditions outside the limits described
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for
extended periods may affect device reliability.

3) BPRO, BAEQ

2.3v
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Typical CPU System Using

the .PB6289 Bus

Arblter

allly

READY

R RDY
EADY 8284A 1
Clock
Driver
CLK AENT

CLK

8086
or
8088
CPU

—

CLK

ANYRQT
OB

ADO-AD15
A16-A19

AN

Processor
Local Bus

status (50, 51, 52) >

AN RESB )—q?

CLK

ALE
DEN

0B
OT/R

< XACK

D

>
—

OE STB
8282/
8283
OE T
8286/
8287

PN

N
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Control
Bus
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Address
Bus

DISABLE
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LPB8289

AC Characterlstics
Timing Requirements

Ta = 0°Cto +70°C; Vgg = 3V +10%

Limits

Paramester Symbot Min Typ Max Unit Test Conditions
CLK Cycle Perlod g cL 125 ns
CLK Low Time  tcicH 65 ns
CLK High Time tcHOL 35 ns
Status Active 1SVCH 65 tcLeL-10 ne
Setup
Status Inactive tSHCL 50 toLoL-10 ns
Setup
Status Active tHVCH 10 ns
Hold
Status Inactive tHVCL 10 ns
BUSYH Setupto  tpyspL 20 ns
BCLK
CBRQt Setup to  tcpsp 20 ns
BCLK¢ BShL
BCLK Cycle Time tg gt 100 ns
BCLK High Time  tgyci 30 0.65 (tg pL) _ne
LOCK Inactive toLLLt 10 ns
Hold
LOCK Active toLLL2 40 ns
Setup
BPRNit 10 BCLK  tpygy 15 ns
Setup Time
SYSB/RESB Setup tc) sRq 0 ns
SYSB/RESB Hold  tg gR2 20 ns
Initialization Pulse tjyjy 3tpLgL + ns
Width 3toLoL
Input Rise Time HLIH 20 ns  From 0.8V to 2.0V
Input Fall Time HHIL 12 ns  From 2.0V to 0.8V
Timing Responses

Limits

Parameter Symbol Min Typ Max Unit Test Conditions
BCLK to BREQ  tgrgpL 35 ne
Delay @
BCLK 1o BPRO tg) poy 40 ns

o]0
BPRNI to BPROM tpnpo 25 ns
Delay ® @
BCLK to BUSY taLBYL 80 ns
Low
BCLK 10 BUSY  tg) gyn 36 ns
Float @
CLK to AEN High  toL AEH 65 ns
BCLK to AEN Low tg AEL 40 ns
BCLK 10 CBRQ 'BLCBL 60 ns
Low
BCLKt0 CBRG  tg CRH 35 ns
Float @
Output Rise Time toLoH 20 ns  From 0.8V to 2.0V
Output Fall Time  tonoL 12 ns  From 2.0V to 0.8V
Notes:
@ Denotes that the spec applies to both transitions of

@
©)

the signal.

BCLK generates the first BPRO. Subsequent changes of BPRO
are generated through BPRON.

Measured at 0.5V above GND.
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AC Test Condition Waveform

Input/Output

2.4
. Xs’—hn Polntl—OX
0.45

AC Testing inputs are driven at 2.4V for LOGIC 1 and 0.45V for LOGIC 0. The clock is
driven at 4.3V and 0.25. Timing measurements are made at 1.5V for LOGIC 1 and 0.

Timing Waveforms
The signals related to CLK are typical processor signals

and do not relate to the depicted sequence of events of
the signals referenced to g%LK. The signals shown
related to the BCLK represent a hypothetical sequence
of events for illustration. Assume three bus arbiters of
priorities 1, 2, and 3 configured in the serial priority
resolving scheme. Assume arbiter 1 has the bus and is
holding BUSY low. Arbiter 2 detects its processor wants
the bus and pulls BREQ #2 low. If BPﬁfg #2 is high (as
shown), arbiter 2 pulls CBRQ low. CBRQ signals to
higher priority arbiter 1 that a lower priority arbiter
wants the bus. A higher priority arbiter would be given
BPRN when it makes the bus request rather than having
to wait for another arbiter to release the bus through
CBRQ. Arbiter 1 relinquishes the multimaster system
bus when it enters a state of not requiring it, by lower-
ing its BPRO #1 (tied to BPRN #2) and releasing BUSY.
Arbiter 2 now sees that it has priority from BPRN #2
being low and releases CBRQ. As soon as BUSY signi-
fies the bus is available (high), arbiter 2 pulls BUSY low
on the next falling edge of BCLK. Note that if arbiter 2
didn't want the bus at the time it received priority, it
would pass priority to the next lower priority by lowering
its BPRO #2 (TPNPO). Note also that even a higher

riority aribiter which is acquiring the bus through
BFHFj will momentarily drop CB%G until it has acquired
the bus.




Timing Waveforms

uPD8289

T4 —m——end
STATE T4 Ty T2 T3 4
tCLCL == tCLCH
S S S
CLK N 7 (
$2
1 tCHCL 1SHCL
1SVCH [~— —« tHVCL
tHVCH I—)——
§2.51. 50 7F
toLLL —=  f—— teLL2
LOCK /
SYSB/RESB ><
tCLSRA1 a— — tCLSR2
AEN
tBLAEL tCLAEH —=
Processor CLK Related
Bus CLK Related t
tBHCL P je——— tBLBL
SCLK / NR /_( ’-N— K / j(
—— 1BLBRL
BREQ #2
———1 tBLPOH
BPRN #2 \
(BPRO #1) (_
tPNBL—>| [~
BBEER N
BPRO #2
(BFRN #3) LN
——={ tPNPO
f——tBYSBL
BUSY
tBLBYL —
tBLCBL —* tBLBYH —=
CBRG %
tCBSBL [~——
tBLCBH ~——1
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Package Outlines
uPB8289D
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NEC

NEC Electronics US.A.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATIONS

uPD8355
Inc uPD8355-2
" uPD8755A*

16,384-BIT ROM WITH 1/0 PORTS
*16,384-BIT EPROM WITH 1/0 PORTS

The #PD8355 and the uPD8755A are uPD8085SA Family components. The uPD8355
contains 2048 x 8 bits of mask ROM and the uPD8755A contains 2048 x 8 bits of
mask EPROM for program development. Both components also contain two general
purpose 8-bit I/0 ports. They are housed in 40 pin packages, are designed to directly
interface to the uPD808SA, and are pin-for-pin compatible with each other.

2048 X 8 Bits Mask ROM (uPD8355 and uPD8355-2)
2048 X 8 Bits Mask EPROM (uPD8755A)

2 Programmabie 1/0 Ports

Single Power Supplies: +5V

Directly Interfaces to the uPD8085SA

Pin for Pin Compatible

uPD8756A: UV Erasable and Electrically Programmable
uPD8335 and uPD8355-2 Available in Plastic Package
MPD8755A Available in Ceramic Package

CE+ ~  wfpVee G+ ~  aopvee
CEC] 2 39 [ PBy cE] 2 39 PBy
cLk [ 3 38 [ PBg ckg 3 38 [0 PBe
RESET [] 4 37 [ PBg RESET (] 4 37 gPas
Ne[d s 36P8g . - - vppO s 36 [J PB4
READY 6 35 [ PB3 READY ] 6 35 [J PB3
10/M 7 34 épsz - owomdg 7 34 gpsz
TOoR (] 8 - 33 [ PB4 orR([] 8 33 [ reyq
RDC] o 32 P By RO 9 32 A eBg
jow Jio - 4PD 31 O ray owr]io  uPD 31 [ pay
ALEC]11 8355/ 30 ] Pag ALEC]1T  8755A 30 [ PAg
ADg (CJ12 - 8355-2 - .29 [J PAg ADg 12 29 [ Pag
ADy Q13 28 g PAg AD, 13 28 [ PAg
AD2 O] 14 27 J PA3 ADy [ 14 27 P PA3
AD3 ] 15 : 26 [3 Pag Ap3 15 26 |J PA2
apg 16 | 257 pa;, AD4 16 25 3 pay
ADg ] 17 24 O rPag ADg 17 24 g PAQ
ApgCj18 - 23 A0 apg ] 18 23 [ A0
ADy []19 22 [ Ag AD7 19 22 [ Ag
vss [J20 21 [ Ag vgs O 20 21 O ag

NC: Not Connected

Rev/1
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uPD8355/8755A

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 £PD8085A as a chip select.

The two general purpose 1/0 ports may be programmed input or output at any
time. Upon power up, they will be reset to the input mode.

vop @  vee (+6V)
| |

AD7 - ADg <.2>
A10 - Ag ——rm]
READY --t— .
CE ——»] PA 47é—> PA7-PAg
CE —
ALE ——] 2048 X 8
RD ——| ROM

1OW ——={

10R - PB |t -PB7 - PBO
8 . g

CLK ==

10/ —=1

RESET —mf
I
Vgs (0V)
Note: D Vpp applies to uPDB7SEA only.

Operating Temperature (uPD8355) .. .............. [P 0°C to +70°C
(uPD8B755A) . .. .................... 0°C to +70°C

Storage TeMPErature . . . v v vu v v e v o e e e et eeen s -66°C to +160°C
Voltage on Any Pin (uPD8355) . ............c.vvvun... -05t0+7V @D
(uPD8755A) .. ...... ... ... -05t0+7V (D

Power Dissipation . .......... ... .. i e e 1.5W

Note: (D With Respect to Ground
Ta = 25°C

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

Ty =0°C to +70°C; Ve = BV & 5%

) LIMITS TEST
PARAMETER SYMBOL § MIN | TYP | MAX UNIT | CONDITIONS

Input Low Voltage Vi -0.5 0.8 VvV |Vcc =5.0v @
“Input High Voltage Vi 2.0 Vect05| VvV |vec=50vD

Output Low Voltage VoL 0.45 V lloL=2mA

Output High Voltage VOH ~ 24 A\ 1oH =-400 uA

Input Leakage he 10 uA Vin =V to OV

Output Leakage Current Lo 10 uA 1045V <VHyT <Vc(

Ve Supply Current Icc 180 mA

Note: @ These conditions apply to uPD83E5 only.
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PIN IDENTIFICATION

1/0 PORTS

uPD8355/8755A

PIN
NO. SYMBOL NAME FUNCTION
1,2 CE, CE Chip Enables Enable Chip activity for
memory or /O
3 CLK Clock Input Used to Synchronize Ready
4 Reset Reset Input Resets PA and PB to all inputs
5D NC Not Connected
5@ VDD Programming Used as a programming voltage,
‘ Voltage tied to +5V normally
6 Ready Ready Output A tri-state output which is
active during data direction
register loading
7 IO/M 1/0 or Memory An input signal which is used
[Indicator to indicate 1/0 or memory
activity
8 IOR 1/0 Read 1/0 Read Strobe In
9 RD Memory Read  Memory Read Strobe In
10 10W 1/0 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-A10 High Address High Address inputs for ROM
reading
24-31 PAQ-PA7 Port A General Purpose 1/0 Port
32-39 PBo-PB7 Port B General Purpose 1/0 Port
40 Vee 5V Input Power Supply
Notes: D uPD8355
@ uPDB755A

1/0 port activity is controlled by performing 1/0 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:
AD1 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 oy output (0 = in, 1 = out).

Note: @ During ALE time the data/address lines are duplicated on A15-Ag.
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uPD8355/8755A

Ta=0°Ct070°C; VGG = BV + 5%

8356 BI56.2 Tont
Symbol Parameter Min. Max. Min. Max. Unit Conditions
1cYe Clock Cycle Time 320 200 ns
T CLK Pulse Width B0 40 ns CLOAD = 160 oF
T2 CLK Pulse Width 120 70 ng
iy CLK Rise and Fall Time 30 30 ns
tAL Addrass to Latch Set Up Time 50 30 ns
LA Address Hold Time after Latch 80 30 ns
10e Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Dealy from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tROF Data Bus Float after READ 0 100 [ 85 ns
oL READ/WRITE Control to Latch Enable 20 10 ns 150 pF Load
tcC READ/WRITE Control Width 250 200 ns
tDwW Data in to Write Set Up Time 150 180 ns
WD Data in Hold Time After WRITE 10 10 ns
twp WRITE to Port Output 400 400 ns
PR Port Input Set Up Time 50 B0 ns
tRP Port Input Hold Time 50 50 ns
RYH READY HOLD Time 0 160 0o 160 ns
tARY ADDRESS (CE) to READY 160 160 s
tRV Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns
Notes: 30 ns for uPD8755A

CLoAD = 150 pF

ROM READ, 1/0 READ ANDWRITE @

'CYC——-—D-1

e

AN
CLK
“88 ™ X aooress x
tAD
ADg.7 N ADDRESS ), DATA
(CE=1)e
[CE=0) ] N\ X
LL) pet—— LA ]
e
ALE AL {
Sa tRDE tRDF [a—-]
. tRD—= §
_RD X 1
108 et C e tRY
e tDw WD
' oW f
i——'cl_
PROM READ, 1/0 READ AND WRITE @
Ag-10 ADDRESS >< ADDRESS
tAD:
ADg.7 ADDRESS ﬁ,' 4 DATA ‘E.--_-( ADDRESS )—
HtLL
tAL "
[ TL A=
PROGICEQD \ /
cE )F \
tRDE—»~] [wa— tRDE™ |-
TOR AD N Vi
p——t) C o] [t R D] tpw: b twD
oW N
Notes: uPD8355 = tec et ]
#PDB755A RV

CE must remain low for the entire cycle
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uPD8355/8755A

TIMING WAVEFORMS CLOCK
(CONT.)

t T2

2.0v

% ) 0.8V

tcyc

WAIT STATE TIMING (READY = 0)

“/ \__/ \ AC\ /SN

fot—— t A, —]
(CE=1) s

{CE=0) A
ALE \

READY o e v e ef

-] - tRYH
taRy
INPUT MODE: /0 PORT
RD OR
iOR

tPR fet— tRP
PORT
INPUT

OUTPUT MODE:

oW
. GLITCH FREE
we %7~ outeur
PORT
OU'PUT ——————————— ),

DATA

EPROM PROGRAMMING  Erasure of the uPD8765A occurs when exposed to ultraviolet light sources of wave-
MPD8755A 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 25637 A at a
minimum of 15 W-sec/cm?2 (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.

|

749



uPD8355/8755A

0.65R
—

PLASTIC
ITEM MILLIMETERS INCHES
A 51.5 MAX 2,028 MAX
8 1.62 0.064
C 2,54 * 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 0.05 0.010 _ 0.002

53.34 max |

40

ULJLJULJUUUULJ'UUULTUULH]LTU

[«—15.24——=]

—

o

]

0.51 min 5.08 max

13 2.54 - 0.25 0.5 - 0.1
48.26

*“‘025 005 ==
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

U.S. REPRESENTATIVES

Alabama

20th Century Marketing, Inc.
Huntsville, AL 35801
205-533-9281

Arizona

Fred Board Assoclates, Inc.
Scottsdale, AZ 85252
602-994-9388

Callfornla

Cerco

San Diego, CA 92111
714-560-9143

Quorum Technical Sales
San Jose, CA 95110
408-297-1640

Santana Sales
Los Alamitos, CA 90720
714-827-9100

Colorado

D/Z Associates
Denver, CO 80221
303-429-9369

Connecticut

HLM Associates
Waterbury, CT 06708
203-753-9894

Florida

Semtronics, Inc.
Altamonte, FL 32701
305-831-8233
Clearwater, FL 33515
813-461-4675

Georgla

Montgomery Marketing, Inc.
Norcross, GA 30092
404-447-6124

Nllinols

T. A, Carroll and Associates
Schaumburg, IL 60195
312-843-1125

Indlana

M/$ Sales & Associates, Inc.
Fort Wayne, IN 46808
219-484-1904

Indianapolis, IN 46260
317-257-8915

Kansas

Advanced Technical Sales
Overland Park, KS 66
913-492-4333

Maryland
Professional Representatives
Baltimore, MD 21208

" 301-653-3600

Massachusetts
Compass Technology
Woburn, MA 01801
617-933-3336

Michigan

Miltimore Sales, Inc.
Grand Rapnds M1 49506 -
-616-942-9721

Novi, Ml 48050
313-257-8915

Minnssota

Electronic Innovators, Inc.
Eden Prairie, MN 55344
612-941-0830

Missourl

Advanced Technical Sales, Inc.
St. Louis, MO 63011
314-227-4448

New Jersey
B.G.R. Assaclates
Marlton, NJ 08053
609-428-2440

HLM Associates, Inc.
Parsg)gany NJ 07054
201-263-1535

New Moxico
Rontek, Inc

Albu uer ue NM 87191
505-

New York

D. L. Eiss & Assoclates, Inc.
Kingston, NY 12401
914-338-7588

Rochester, NY 14624
716-328-3000

Syracuse, NY 13220
315-457-0492

HLM Assoclates, Inc.
Northport, NY 11768
516-757-1606

North Carolina
Montgomery Marketing
Cary, NC 27511
919-467-6319

Ohlo

Imtech, inc.
Akron, OH 44321
216-666-1185
Dayton, OH 45414
513-278-6507

Oregon .
Electronic Technical Sales Associates
Hillsboro, OR 97123

503-640-8086

Tennesses

20th Centu.m Marketing, Inc.
Knoxville, 922
615-966-3608

Texas
Technical Marketing, Inc.
Austin, TX 78758

2-835-0064
Carroliton, TX 75006
214-387-3601
Houston, TX 77081
713-777-9228

Utah

D/Z Associates

Salt Lake City, UT 84115
801-268-2876

Washington

Electronic Technical Sales Associates
Kirkland, WA 98033

206-827-8086

Wisconsin

T. A. Carroll and Assoclates
Milwaukee, W1 53207
414-744-6842

752

CANADIAN
REPRESENTATIVES

British Columbla
Kaytronics Western
Blaine, WA 98230
604-581-8411

Ontarlo

Kaytronics, Inc.

Concord, Ontario L4K 1B1
416-669-2262

Kanata, Ontario K2K 2A3
613-592-6606

Ville St. Plerre QU H8R 3Y8
514-367-010



U.S. DISTRIBUTORS

Alahama

Marshall industries
Huntsville, AL 35801
205-881-9235

RM/Alabama, Inc.
Huntsville, AL 35805
205-852-1550

Arizona

Marshall Industries
Tempe, AZ 85281
602-968-6181

Sterling Electronics
Phoenix, AZ 85034
602-258-4531

Western Microtechnology
Scottsdale, AZ 85260
602-948-4240

California

Cetec Electronics

San D|ego CA 92123
714-278-5020

South Gate CA 90280
213-773-6521

Diplomat Electronics
Sunnyvale, CA 94086
408-734-1900

Image Electronics
Tustin, CA 92680
714-730-0303

Marshall Industries
Canoga Park, CA 91304
213-999-5001

El Monte, CA 91731
213-686-0141

Irvine, GA 92707
714-556-6400

San Diego, CA 92131
714-578-9600
Sunnyvale, CA 94086
408-732-1100

Pacesetter Electronics
Santa Ana, CA 92704
714-557-4800

Ryno Electronics
San Diego, CA 92111
714-292-6022

United Components, Inc.
Santa Clara, CA 95050
408-496-6900

Western Microtechnology
Cupertino, CA 95014
408-725-1660

Colorado

Active Component Technology
Lakewood, GO 80215
303-233-4431

Diplomat Electronics
Englewnod, CO 80112
303-740-8300

Marshall Industries
Denver, CO 8022
303-427-1818

Connecticut

Cronin Electronics
Wallingford, CT 06492
203-265-3134

Diplomat Electronics
Danbury, CT 06810
203-797-9674

Marshall Industries
Wallingford, CT 06492
203-265-3822

Milgray Electronics, Inc.
Orange, CT 06477
203-795-0711

Florida

Diversified Electronic Components

Ft. Lauderdale, FL 33309
305-973-8700

Diplomat Electronics
Clearwater, FL 33515
813-443-4514

Ft. Lauderdale, FL 33309
305-971-7160

Palm Bay, FL 32905
305-725-4520

Marshall Industries
Orlando, FL 32805
305-841-1878

Mitgray Electronics
Winter Park, FL 32789
305-647-5747

Reptron Electronics, Inc.
Tampa, FL 36240
813-855-4656

Georgla

Diplomat Electronics
Norcross, GA 30092
404-449-4133
800-241-4874

Marshall Industries
Norcross, GA 30093
404-923-5750

Milgray/Atlanta, Inc.
Dunwoody, GA 30338
404-393-9666

Ilinois

Diplomat Electronics
Bensenville, IL 60106
312-595-1000

Inter Comp, Inc.
Hoffman Estates, IL 60195
312-843-2040

Marshall Industries
Bensenville, IL 60106
312-595-6622

NEP Electronics
Chicago, IL 60634
312-625-8400

Reptron Electronics, Inc.
Arlington Heights, IL 60005
312-593-7070

RM Illinois, Inc.
Lombard, IL 61048
312-932-5150

Indiana

Graham Electronics
Ft. Wayne, IN 46803
219-423-3422
Indianapolis, IN 46204
317-634-8202

Kansas

LCOMP Inc.
Wichita, KS 67214
316-265-8501

Milgray/Kansas City, Inc.
Overland Park, KS 66202
913-236-8800

Louisiana

Sterling Electronics
Metairie, LA 70002
504-887-7610

Maryland

Almo Electronics Corp
Rockville, MD 20850
301-251-1161

Diplomat Electronics
Columbia, MD 21045
301-995-1226

Marshall Industries
Gaithersburg, MD 20760
301-840-9450

Mitgray/Washington, Inc.
Rockville, MD 20852
301-486-6400

Massachusetts
Diplomat Electronics
Holliston, MA 01746
617-429-4120

Future Electronics
Westboro, MA 01581
617-366-2400

Marshall Industries
Burlington, MA 01803
617-272-8200

Milgray New England, Inc.
Burlington, MA 01803
617-272-6800

RC Components
Wilmington, MA 01887
617-273-1860

Sterling Electronics
Waltham, MA 02154
617-894-6200

Michigan

Reptron Electronics, Inc.
Livonia, M| 48150
313-525-2700

Minnesota
Diplomat/Electro-Com Corp.
Fridly, MN 55432
612-572-0313

Industrial Components, Inc.
Minneapolis, MN 55435
612-831-2666

Marshall Industries
Plymouth, MN 55441
612-559-2211

Mlssolm

LCOM

Kansas Clty, MO 64120
316-221-2400

Maryland Helghts MO 63043
314-291-6200

New Jersey
Diplomat Electronics
Totowa, NJ 0751
201-785-1830

General Radio Supply Corp.
Camden, NJ 0180:
609-964-8560

Marshall Industries
Clifton, NJ 07015
201-340-1900

Mt. Laurel, NJ 08054
609-234-9100

Milgray/Delaware Valley, inc.
Marlton, NJ 08002
609-983-5010

Sterling Electronics
Perth Amboy, NJ 08861
201-442-8000

New Mexico

Sterling Electronics
Albuguerque, NM 87107
505-884-1900

New York

Diplomat Electronics
Liverpool, NY 13088
315-652-5000
Melville, NY 11747
516-454-6400

Marshall industries

E. Syracuse, NY 13057
315-432-0644
Haupauge, NY 11738
516-273-2424
Rochester, NY 14611
716-235-7620

Milgray Electronics, Inc.
Freeport, NY 11520
516-546-5600

Pittsford, NY 14534
716-385-9330

Rochester Radio
Rochester, NY 14603
716-454-7800

North Carolina
Resco/Raleigh
Raleigh, NC 27612
919-781-5700

Ohio

Electronic Marketing Corp.
Columbus, OH 43212
614-299-4161

Marshall Industries
Dayton, OH 45424
513-236-8088

Milgray/Clevetand, Inc.
Cleveland, OH 44131
213-447-1520

Reptron Electronics, Inc.
Columbus, OH 43229
614-436-6675

Oklahoma

Gomponent Specialties, Inc.
Tulsa, OK 74145
918-644-2820

Sterling Electronics
Tulsa, OK 74145
918-663-2410

Oregon

Radar Electric Co., Inc.
Portland, OR 97214
503-232-3404

United Components, Inc.
Milwaukee, OR 97222
503-653-5940

Pennsylvania

Almo Electronics
Philadelphia, PA 19114
215-698-4000
Pittsburgh, PA 15237
412-931-5990

Texas

Active Component Technology
Addison, TX 75001
214-980-1888

Austin, TX 78758
512-452-5254

Houston, TX 77082
713-496-4000

Component Specialties, Inc.
Austin, TX 78758
512-837-8922

Dallas, TX 75220
214-357-6511

Houston, TX 77036
713-771-7237

Diplomat Electronics
Houston, TX 77099
713-530-1900

Kent Electronics
Houston, TX 77036
713-780-7770

Marshall Industries
Dallas, TX 75234
214-233-5200
Houston, TX 77042
713-789-6600

Sterling Electronics
Austin, TX 78758
512-836-1341
Dallas, TX 75229
214-243-1600
Houston, TX 77027
713-627-9800

Utah

Diplomat Electronics
Salt Lake Gity, UT 84115
801-486-4134

Virginia

Sterling Electronics
Richmond, VA 23231
804-226-2190

Washington

Bell Industries
Bellevue, WA 98005
206-747-1515

Marshall Industries
Tukwila, WA 98188
206-575-3120

United Components, Inc.
Bellevue, WA 98007
206-643-7444

Western Electromotive
Tukwila, WA 98188
206-575-1910

Wisconsin

Marsh Electronics
Milwaukee, Wl 63214
414-475-6000

CANADIAN DISTRIBUTORS

British Columbia

Martin Electronic Marketing Corp.

Surrey, B.C. V4A 2J4
206-332-6904

Ontarlo

Carsten Electronics

Ottawa, Ontario K2A 7C8
613-729-5138

Scarborough, Ontario M1R 3E8
416-751-5095

Future Electronics
Downsview, Ontario M3H 589
416-663-5563

Future Electronics
Chemin de Baxter, Ottawa
613-820-8313

Quebec

Carsten Electronics

St. Laurent, Quebec H45 1R7
514-334-8321

Future Electronics
Montreal, Quebec HIR 5C7
514-694-7710



NEC
NEC Electronics U.S.A. Inc.
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REGIONAL SALES OFFICES

EASTERN REGION

275 Broadhollow Road, Route 110
Melville, NY 11747

TEL: 516-293-5660

TWX: 510-224-6090

MIDATLANTIC REGION

2000 Grosvenor Century Plaza, Suite 333
10632 Little Patuxent Parkway

Columbia, MD 21044

TEL: 301-730-8600

TWX: 710-862-2868

MIDWESTERN REGION
5105 Tollview Drive, Suite 190
Rolling Meadows, IL 60008
TEL.: 312-577-9090

TW)(: 910-233-4332

NORTHEASTERN REGION
21-G Olympia Avenue

Woburn, MA 01801

TEL: 617-935-6339

TWX: 710-348-6515

NORTHWESTERN REGION
20480 Pacifica Drive, Suite E
Cupertino, CA 95014

TEL: 408-446-0650

TWX: 910-338-2085

OHIO VALLEY REGION
19675 West Ten Mile Road
Southfield, Ml 48075

TEL: 313-352-3770

TWX: 810-224-4625

SOUTHWESTERN REGION

1940 West Orangewood Avenue, Suite 205
Orange, CA 92668

TEL: 714-937-5244

TWX: 910-593-1629

SOUTH CENTRAL REGION
16475 Dallas Parkway, Suite 290
Dallas, TX 75248

TEL: 214-931-0641

TWX: 910-860-5284

SOUTHEASTERN REGION
Vantage Point Office Center, Suite 209
4699 North Federal Highway
Pompano Beach, FL 33064

TEL: 305-785-8250
TWX:.510-956-9722

One Natick Executive Park
Natick, Massachusetts 01760
TEL 617-655-8833

TWX 710-386-2110




