


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uPD8251A/AF

Mode Instruction Format for Asynchronous Mode

D7 Dgé Ds Ds D3 D2 Dy Do

Ls; $ EP l PEN | L2 L L1 Bz By l
Baud Rate Factor
0 1 [ 1
0 [ 1 1
SYNC
Mode ax {16 X) | (64 X)
Character Length
0 1 0 1
0 0 1 1
5 6 7 8
Bits Bits Bits Bits
Parity Enable
1 Enable 0 Disable
Even Parity Generation/Check
1 Even 0 Odd
Number Of Stop Bits
0 1 0 1
0 0 1 1
" 1 12 2
Invalid | gy | gits | Bits
Dy Dy D2
‘ (V)]

TxD  Marking I s;?(ﬂ l Data Bits 1 ‘PaBrii‘ly l SB';;’ l

Do Dy D2

@
+ ¢ ot
Start . Parity Stop
AxD I Bit l Data Bits _Bit r Bits I

Receiver Input

Processor Byte (5-8 Bits/Char)

I Data Character |

Assembled Serial Data Output (TxD)

\
Parit; St
| s';;{' [ Data Character | ;"y [ Bi‘t’g |

Transmission Format

Serial Data Input (RxD)

Start Parity Stop
| Bit l Data Character | Bit ‘ Bits |

Processor Byte (5-8 Bits/Char) (3)

e
r Dalavcharacier ]

Receive Format

Notes:

(1) Generated by PD8251A/AF

{2) Does not appear on the Data Bus.

(3) If character length is defined as 5, 6, or 7 bits, the unused bits are set to “zero”

83-003879C
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Asynchronous Receive

The RxD input line is normally held “high” (marking) by
the transmitting device. A falling edge at RxD signals
the possible beginning of a start bit and a new charac-
ter. 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 as-
sembling counter starts counting. The bit counter lo-
cates the approximate center of the data, parity (if
specified), and stop bits. The parity error flag (PE) is set,
if a parity error occurs. Input bits are sampled at the RxD
pin with the rising edge of RxC. If a high is not detected
for the stop bit, which normally signals the end of an in-
put character, a framing error (FE) will be set. After a
valid stop bit, the input character is loaded into the para-
liel data bus buffer of the uPD8251A/51AF and the
RxRDY signal is raised to indicate to the processor that
a character is ready to be fetched. If the processor has
failed to fetch the previous character, the new character
replaces the old and the overrun flag (OE) is set. All the
error flags can be reset by setting a bit in the command
instruction. Error flag conditions will not stop subse-
quent USART operation.

Synchronous Transmission

As in asynchronous transmission, the TxD output re-
mains “high” (marking) until the uPD8251A/51AF re-
ceive thefirst character (usually a SYNC character) from
the processor. 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 for-
mat 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 uPD8251A/
51AF transmit buffer becomes empty, the SYNC charac-
ter(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 main-
tain synchronization until new data characters are avail-
able for transmission. If the uPD8251A/51AF become
empty, and must send the SYNC character(s), the Tx-
EMPTY output is raised to signal the processor that the
transmitter buffer is empty and SYNC characters are be-
gin transmitted. TXEMPTY is automatically reset by the
next character from the processor.

8-52

Synchronous Receive

In synchronous receive, character synchronization can
be either external or internal. If the internal SYNC mode
has been selected, and the enter hunt (EH) bit has been
set by acommand 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 uPD8251A/51AF leave the
HUNT mode and are in character synchronization. At
this time, the SYNDET (output) is set high. SYNDET is
automatically reset by a status read.

If external SYNC has been specified in the mode in-
struction, 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 syn-
chronous 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 synchro-
nous format.

The processor may command the receiver to enter the
HUNT mode with acommand instruction which sets en-
ter hunt (EH) if synchronization is lost.

Mode Instruction Format for Synchronous Mode

Dy Dg Ds Dg D3 D2 Dy D

I;SIESDI EP lPENLLz L l o I ;‘
Character Length
0 1 [} 1

0 0 1 1

6 7 8
Bits | Bits | Bits | Blts

Parity Enable
b > (1 Enable)

(0 Disable)

Even Parity Generaticn/Check
‘-———-——-————+»1 Even

0 Odd

External SYNC Detect
1 SYNDET Is An Input
0 SYNDET Is An Output

Single Character SYNC
1 Single SYNC Character
0 Double SYNC Character
83-003880A
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Transmit/Receive Format Synchronous Mode

Processor Bytes (5-8 Bits Char)

L Data Characters I

Assembled Serial Data Output (T x D)

SYNC

SYNC
Char 1 Char 2

A
Data Characters |

s

Transmit Format

Serial Data Input (RxD)

SYNC

Char 2 Data Characters I

SYNC
Char 1

Processor Bytes (5-8 Bits Char) (Note 1)

Data Characters

\
Recelve Format

Note:

(1) if character length is defined as 5, 6 or 7 bits, the

unused bits are set to “zero”.
83.003881A

Command Instruction Format

After the functional definition of the uPD8251A/51AF
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 mode 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
uPD8251A/51AF to interpret the next “control write”,
which must immediately follow the reset, as a mode
instruction.

Status Read Format

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
uPD8251A/51AF 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
uPD8251A/51AF to be used in both polled and interrupt
driven environments. Status update can have a
maximum delay of 28 clock periods in the
uPD8251A/51AF.

Parity Error

When a parity error is detected, the PE flag is set. It is
cleared by setting the ER bit in a subsequent command
instruction. PE begin set does not inhibit USART
operation.

Overrun Error

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

Framing Error

If a valid STOP bit is not detected at the end of a
character, the FE flag is set (ASYUNC mode only). It is
cleared by setting the ER bit in a subsequent command
instruction. FE being set does not inhibit USART
operation.
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Command and Status Register Formats

D

» ) D7 e Ds Dy ‘D3 D2 Dy Do
CommandRegister | & | 1 | rrs| en Jsen] nxe | or [rxen]
. Transmit Enable

1 = enable
° 0 = disable

Data Terminal
Ready .
“high” wlill force DTR
output to zero

Receive Enable
1= enable
0 = disable

Send Break
i

1= forces TxD “low”
0 = normal operation

Error Reset
1 = reset all error flags
PE, OE, FE

Request To Send
“high” will force RTS
output to zero

Internal Reset
“high” returns USART to
Mode Instruction Format

Enter Hunt Mode
T 1 = enable search for
Sync Characters(1)

‘ .4 Dy Dsr Ds D3 D2 D¢ Do
Status Register I DSR ISVI';BETI FE I OE l PE l TXE lnxnoiLTanvJ
I — T - @

)

i Same Definitions As I/O Pins
P

arity 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 uPD8251A/AF.

Overrun Error

The OE flag is set when the CPU
does not read a character before
the next one becomes available.
It is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the
uPD8251A1AF; but, the previously
overrun character is lost.

Framing Error (ASYNC only)
The FE flag is set when a valid
Stop bit is not detected at the
end of every character. lt is
reset by the ER bit of the
Command insiruction. FE does
notinhibit the operation of the

uPDB251A/AF.

Notes:
{1) NO effect in ASYNC mode.
(2) T™xRDY status bit is not totally equivalent to the TXRDY output pin, the
relationship is as follows:
TXRDY status bit = DB Buffer Empty
TXRDY (pin 15) = DB Buffer Empty < CTS *» TXEp

83-003882C
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Asynchronous Serial Interface to CRT Terminal, DC to 9600 Baud

s Address Bus 1
Control Bus ‘S
I
l [ !
\ Data Bus \
T
|
}
|
. —— e | CRT
| Terminal
RxDfe————— BAtWTIL
Converter I
TxD ————-—I {Optional)
uPDB251A/AF e !
R%C 1 $
& Baud R
TxC Ga‘r‘gra?;s
83-0038838
Asynchronous Interface to Telephone Lines
Address Bus s
e Control Bus B j
{ ‘ Data Bus 3y
' RxD
TxD
DSR [o< ] .ﬁ’&:” Phone Line
BTR lodem Interface
WPDESIA/AF TS ba—ro
RTS o——*
RxC Baud Rate
S Telephone
TxC . Line
83-0038848
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Synchronous Interface to Terminal or Peripheral Device e s

N Address Bus |
L[ '

) L'Ii I Gontol Bus ]

v ( Data Bus ? )
ﬁ xD
TxD .
A% S
uPDB251A/AF x lermina!
l Peripheral
: =© o e
SYNDET
83-003885B
Synchronous Interface to Telephone Lines
] Address Bus . )
T . " Control Bus {
{ . . . Data Bus ﬁ
RxD
TxD
“RxC . Phone Line
=G Interface
g . Sync
4PD8251A/AF  SYNDET Modem
e o
osR ' t
BTR v' G Telt?::no
. 83-003886B
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NEC Electronics Inc.

uPD8253
PROGRAMMABLE
INTERVAL TIMER

Description

The NEC uPD8253 contains three independent, pro-
grammable, multi-model 16-bit counter/timers. It is
designed as a general purpose device, fully compati-
ble with the 8080 family. The uPD8253 interfaces
directly to the buses of the processor as an array of
110 ports.

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

System overhead is greatly improved by relieving the

software from the maintenance of timing loops. Some
other common uses for the uPD8253 in microproc-
essor based systems are:

Programmable baud rate generator
Event counter

Binary rate multiplier

Real time clock

Digital one-shot

Complex motor controller

Features

O Three independent 16-bit counters
O Clock rate: DC to 5 MHz

O Binary count or BCD

O Single +5 V power supply, +10%

Ordering Information

Part Max Frequency
Number Package Type of Operation
uPD8253C-2 24-pin plastic DIP 5 MHz
uPD8253C-5 24-pin plastic DIP 4 MHz

Pin Configuration

83-003610A

Pin Identification

No. Symbol Function

1-8 D7-Dg Three-state data bus
9,15,18 CLK 0,1,2 Counter clock inputs 0-2
10,13,17 0UT 0,1,2 Counter outputs 0-2
11,14,16  GATE 0,1,2 Counter gate inputs 0-2
12 GND Ground

19,20 AQ,A1 Counter select

21 S Chip select

22 RD Read .counter

23 WR Write command or data
24 Vee +5 V power supply
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Pin Functions

D7-Dg (Data Bus)

These pins form a three-state, bidirectional data bus
that interfaces with the 8080AF/8085 microprocessor
system.

CLK 0,1,2 (Counter Clock Inputs 0-2)

CLK 0, CLK 1, and CLK 2 input the clock signal for
counter 0, counter 1, and counter 2, respectively.
OUT 0,1,2 (Counter Outputs 0-2)

OUT 1, OUT 2, and OUT 3 are outputs signals for
counter 0, counter 1, and counter 2, respectively.
GATE 0,1,2 (Counter Gate Inputs 0-2)

The GATE 0, GATE 1, and GATE 2 inputs gate counter
0, counter 1, and counter 2, respectively.

GND (Ground)

Connection to ground.

Ag, A (Counter Select)

These inputs are normally connected to the
processor’s address bus. Their function is to select
which of the three counters will be operated-on, and
to address the control word register for mode
selection.

CS (Chip Select)

A low level input to this pin enables the uPD8253.
Reading and writing will not occur unless the device
is selected. This input has no effect on the actual
operation of the counters.

RD (Read Counter)

A low level input to this pin instructs the uPD8253 to
send the selected counter value to the processor.

WR (Write Command or Data)

A low level input to this pin instructs the uPD8253 to
receive mode information or counter input data from
the processor.

+5 V power supply.
.
Block Diagram
T L LT T TP SpEpEp -
1 1
~— | 1
h B ! ™ '
|
| |
]
1
700 CLOCK 0
DATA COUNTER GATEQ
8BITS BUS NO O fetm———n—
BUFFER ouTo
|
|
)
|
1
|
_ g !
oW 4 5 !
—e-WR < CLOCK 1
1/OR — §
qRD Rean/ w COouNnTER | _ GATE 1
A | WRITE 5 NO .1 |e————
- Ay LOGIC 2 ouT 1
Ao ' 2
Ao g ]
5 i
E 1
1 ]
[ 1
]
|
1
I L}
CLOCK 2
CONTROL COUNTER GATE 2
WORD NO.2
REGISTER ouT 2
! T
! i
|
'
[ } i
}
[}
N !
|
- —J |
PROCESSOR PROCESSOR PROCESSOR uPD8253-5 |
ADDRESS ~ CONTROL DA e e e 4
BUS BUS
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Functional Description

The three-state, bidirectional data bus buffer
interfaces the uPD8253 to the 8080AF/8085A micro-
processor system. Data transfer is according to the
input or output instructions executed by the proc-
essor. The data bus buffer has three basic functions:

¢ Programming the uPD8253 modes
e Loading the count registers
¢ Reading the count values

The read/write logic controls the overall operation of
the uPD8253 and is governed by inputs received from
the processor system bus.

When Ag and A4 are high level, data from the data bus
buffer is stored in the control word register. This data
controls the operational mode of the counters, the
selection of BCD or binary counting, and the loading
of the count registers.

Counters 0, 1, and 2 are identical 16-bit down counters
that are functionally independent, allowing for sepa-
rate mode configurations and counting operations.
Each counter can operate in either binary or BCD.
Gate, input, and output line configurations are deter-
mined by the operational mode data stored in the con-
trol word register. System software overhead can be

Absolute Maximum Ratings

Operating temperature

0°C to +70°C
—65°C to +150°C
—0.51t0 +7 volts (1)

Storage temperature

Voltage on any pin

Note:
(1) With respect to ground.

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

Capacitance
TA = 25°C; VCC =GND =0V

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance  Cjy 10 pF  fc = 1MHz
Input/QOutput Ci/0 20 pF  Unmeasured pins

capacitance returned to Vsg

DC Characteristics
Ta = 0°Cto +70°C; Vgg = +5V = 10%

reduced by allowing the control word to govern the _ Limits Test
loa ding of the count data. Parameter Symbol Min Typ Max Unit Conditions
i i Input fow voitage ViL -0.5 08 V
It is possible to read the contents of a counter when Inout Tiah voiage V.
it is operating, without disturbing its operation. The put high voltage Vi (1) 2.0 l’cgs v
following table shows how the counters are manipu- _
lated by input signals to the read/write logic. Output low voltage VoL 045 V lo=22mA
Output high voltage Voy 2.4 V gy = —400 pA
_ — — Input load current Iy +10 pA 0 < Viy < Voo
CS RO WR & A& Function Output float loFL +£10 A 0.45 < Vour
0 1 0 0 0 Load counter no. 0 leakage current < Veo
0 1 0 0 1 Load counter no. 1 Vge supply current  lgg 140 mA
0 1 0 1 0 Load counter no. 2 Note:
0 ! 0 ! ! Write mode word (1) Vjy 2.2 min for uPD8253-2.
0 0 1 0 0 Read counter no. 0
0 0 1 0 1 Read counter no. 1
0 0 1 1 0 Read counter no. 2
0 0 1 1 1 No-operation, 3-state
1 X X X X Disable, 3-state
0 1 1 X X No-operation, 3-state
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AC Characteristics
Ta = 0°Cto +70°C; Voo = +5V +10%; GND = 0V

Limits Limits

uPD8253-2 uPDB253-5 Tost
Parameter Symbol. Min Max Min Max Unit Conditions
Read
Address stable before READ AR 30 0 ns
Address hold time for READ tRA 0 0 ns
READ pulse width AR 200 250 ns
Data defay from READ . trRD 140 170 ns C, = 150 pF
READ to data floating toF 10 85 25 100 ns CL = 150 pF
Recovery time between READS try 200 1000 ns
Write
Address stable before WRITE taw 0 0 ns
Address hold time for WRITE twa 0 0 ns
WRITE pulse width tww 160 250 ns
Data set up time for WRITE tow 130 150 ns
Data hold time for WRITE two 0 0 ns
Recovery time between WRITES trv 200 1000 ns
Clock and Gate Timing
Clock period toLk 200 250 DC ns
High pulse width tPwH 80 160 ns
Low puise width towe 80 90 ns
Gate pulse width high tew 120 150 ns
Gate set up time to clock * tgs 70 100 ns
Gate hold time after clock * tgH 50 50 ns
Low gate width toL 120 100 ns
Output delay from Clock + top 250 300 ns Cy = 150 pF
Output delay from gate tong 250 300 ns CL = 150 pF
Note:
(1) AC timing measured at Voq = 20 V; Vo = 0.8 V.
Timing Waveforms Write Timing
AC Test Conditions 1
A1, Ag, TS
X% 52X : =] b
0.4 DATA BUS X X
H—.low——<two>
Read Timing WA N
(S
A1, Ao.C—SJ
] = Read and Write Timing
RD 'RR
—=={tRDy tDF| B WA tRV
DATA eusW HIGH IMPEDANCE w VALID [HIGH IMPEDANE:E
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Timing Waveforms (cont)

Clock and Gate Timing

PWH WL tCLK ——=] 1GS—o={ |
ST
1GS - . ) - tGH
GATE G j’ Ltew-———}[shj{

|GH"J" -‘-lGL"l tob
OUTPUT 0 X
toDG
Programming the ,PD8253 8C — Select Counter
The programmer can select any of the six operational SCy SCy
MODES for the counters using system software. In- 0 0 Select counter 0
dividual counter programming is accomplished by 0 1 Select counter 1
A e
prop o A1 = T 1 1| invald
Control Word Format
BCD
by Dg D5 Dy ] D, D, Dy c - -
SCy SCq RLy RLg My My Mo BCD 0 Binary counter, 16-bits
1 BCD counter, 4-decades
RL — Read/Load
ALy [ M-Mode
0 0 Counter latching operation M2 M Mo
1 0 Read/Load most significant byte only 0 0 0 Mode 0
0 1 Read/Load least significant byte only 0 0 ! Mode 1
1 1 Read/Load least significant byte first, then X ! 0| Mode 2
most significant byte X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
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Operational Modes

Each of the three counters can be individually pro-
grammed with different operating MODES by ap-
propriately formatted control words. The following is
a summary of the MODE operations.

Mode O: interrupt on Terminal Count

The initial MODE set operation forces the OUTPUT
low. When the specified counter is loaded with the
count value, it will begin counting. The OUTPUT will

Mode 0: Interrupt on Terminal Count

remain low until the terminal count sets it high. It will.
remain in the high state until the trailing edge of the
second WR pulse loads in COUNT data. If data is load-
ed during the counting process, the first WR stops the
count. Counting starts with the new count data trig-
gered by the falling clock edge after the second WR.
If a GATE pulse is asserted while counting, the count
is terminated for the duration of GATE. The falling
edge of CLK following the removal of GATE restarts
counting from the terminated point.

WR, l
nes I
|
4 ::; 2 1
Output :
|
|
I
|
I
|
ﬁn 4!‘
n=4 |
|
Gate _Jl_
|
|
I
|
Output 4 :i
|

83-003611B.
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Mode 1: Programmable One-Shot

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

Mode 1: Programmable One-Shot

WR,

Gate (Trigger) r

Output

Gate (Trigger) ———,-_—_—I-——r

Output

83-0036128
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Mode 2: Rate Generator

The RATE GENERATOR is a variable modulus
counter. The OUTPUT goes low for one full CLOCK
period as shown in the 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 subse-
quent 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.

Mode 2: Rate Generator

WR,
n=3 n=4
Output 3 2 1 2 1 0(4) 3 2 1 0(4)
WRq
n =3
Gate (Reset)
2 3) 1
Output 3 1 0(3) 2 ‘I_-Tsp__z_
83-0036138
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Mode 3: Square Wave Generator

MODE 3 resembles MODE 2 except the OUTPUT will
be high for half of the count and low for the other half
(for even values of data). For odd values of count data
the OUTPUT. Put will be high one clock cycle longer
than when it is low (High Period — M4 clock
cycles; Low Period — N 5 1 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 OUTPUT will be held in the high state while GATE
is asserted. Counting will start from the full count
data after the GATE has been removed.

Mode 3: Square Wave Generator

CLK W

0(4) 2 0(4) 2 0(4) 2 0(4) 2 0(4) 2 0(4) 2 0(4)

Output (n = 4)

0(5) 4 2 0(5) 2 o(5) 4 2 0(5) 2 0(5) 4 2

Output (n = 5) —_—l ]___I

Gate (Reset) —__l_—_l

Output (n = 4 0(4) 2 4 2 0(4) 2 0(4) 2 0(4) 2 0(4)

83-0036148
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Mode 4: Software Triggered Strobe

The OUTPUT goes high when MODE 4 is set, and
counting begins after the second byte of data has
been loaded. When the terminal count is reached, the
OUTPUT will puise low for one clock period. Changes
in count data are reflected in the OUTPUT as soon as
the new data has been loaded into the count registers.
During the loading of new data, the OUTPUT is held
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.

Mode 4: Software Triggered Strobe

CLK W

WRn

Output

WRn

Gate

Output ~| r

83-0036158
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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 will puise low
for one clock period. Subsequent trigger pulses will
restart the counting sequence with the OUTPUT puls-
ing low on terminal count following the last rising
edge of the trigger input. (Reference the bottom half
of the timing diagram.)

Mode 5: Hardware Triggered Strobe

CLK W
WRy
n=4
Gate I
4 3 2 1 0
Output | I
WR,
n=4
Gate I l |
4 3 4 3 2 1 0
Output | [
83-003616B
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NEC Electronics Inc. PERIPHERAL INTERFACE

Description Pin Configuration

The uPD8255A-2 and uPD8255A:5 are general purpose
programmable input/output devices designed for use
with the 8080A/8085A microprocessors. Twenty-four
1/0 lines may be programmed in two groups of twelve
(group | and group Il) and used in three modes of
operation. In the basic mode, (Mode 0), each group of
twelve /O pins may be programmed in sets of 4 to
input or output. In the strobed mode, (MODE 1), each
group may be programmed to have 8 lines of input or
output. Three of the remaining four pins in each group
are used for handshaking strobes and interrupt
control signals. The bidirectional bus mode, (MODE
2), uses the 8 lines of port A for a bi-directional bus,
and five lines from port C for bus control signals.

3
wn
2
a8
o

£

Features
O Fully compatible with the 8080A/8085
microprocessor families 630028084
O All inputs and outputs TTL compatible
d 2{, progr'ammable /O pins . Pin Identification
O Direct bit set/reset eases control application
interfaces No. Symbol Function
O Eight Darlington drive outputs for printers 1-4, 37-40 PA7-PAq Port A (1/0)
and displays 5 RD Read input
O LSl drastically reduces system package count P s Chip select input
Ordering Information ! GND Ground
8,9 A1.Ap Port address inputs
Part Number Package Type cll'adt;(x:ev::lzﬂcy 107 PC7-PCo Port C (1/0)
LPDB255AC-2 20-pin plastic DIP 5 MHz 1825 PB7-PBo Port 8 (1/0)
uPDB255AC-5 40-pin plastic DIP 4 MHz 26 Vee +5 V power supply
27-34 D7-Dg Bidirectional data bus
35 RESET Reset input
36 WR Write input

8-69



uPD8255A

NEC

Pin Functions

D7-Dg (Data Bus Buffer)

These pins form a three-state, bidirectional data bus
buffer that is controlled by input and output
instructions executed by the processor. Control words
and status information are also transmitted via D7-Dp.
CS (Chip Select)

A low input to this pin enables the uPD8255A for
communication with the 8080A/8085A.

RD (Read)

A low input to this pin enables the uPD8255A for
communication with the 8080A/8085A.

WR (Write)

A low input to this pin enables the data bus buffer to
receive data or control words from the processor.
A4, Ag (Port Address)

These inputs are used in conjunction with CS, RD, and
WR to control the selection of one of the three ports
on the control word register. Ag and Ay are usually
connected to Ag and A4 of the processor address bus.

Block Diagram

RESET (Reset)

A high level input to this pin clears the control register
and places ports A, B, and C in input mode. The input
latches in ports A, B, and C are not cleared.

PA7-PAg, PB7-PBg, PC7-PCq (Ports A, B, and C)

These three 8-bit I/O ports can be configured to meet
a variety of functional requirements through system
software. The effectiveness and flexibility of the
uPD8255A are further enhanced by special features
unique to each of the ports, as follows:

e Port A has an 8-bit data output latch/buffer,
data input latch/buffer, and data input latch.

¢ Port B has an 8-bit data 1/0 latch/buffer and an
8-bit data input buffer.

¢ Port C has 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.

Vee
+5 V power supply.

GND (Ground)
Connection to ground.

Power +5V l Group
Supplies ——» GND I
Grtl»up Port [[[e}
— A PA7-PAg
Control ® AN
Group
I
Port C o
. L 8-Bit Upper PC7-PC4
Internal @ | —t
Data Bus Data Bus
A N Data Al N
D7-D Bus
e <4 1 Buffer \ Y
Group
1}
Port C lio
Lower PC3-PCo
(] f+—1
RD Grou
R Read/ Group g
R wiite u Port 1o
Ay ——*1_ Control Control B PB7-PBg
Ag —— Logic 8) | —4
RESET ————— | l ?
e
[
83.0028078
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Functional Description

The read/write and control logic manages all internal
and external transfers of data, control, and status. It
is through this block that the processor address and
control buses control the peripheral interfaces.

Through an OUT instruction in system software from
the processor, a control word is transmitted to the
uPD8255A. Information such as the mode, bit set, and
bit reset is used to initialize the functional
configuration of each /O port.

Both group | and group Il accept commands from the
read/write control logic and control words from the
internal data bus and in turn controls its associated
110 ports, as follows:

e Group |: port A and upper port C (PC7-PCy)
e Group |l: port B and lower port C (PC3-PCg)

While the control word register can be written to, the
contents cannot be read back to the processor.

Absolute Maximum Ratings
Ta = 25°C

0°C to +70°C
—65°C to +150°C
-0.5t0 +7 V

Operating temperature, Topr

Storage temperature, Tsrg

Voltage on any pin with respect to Vgg

Comment: Stresses 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 =010 +70°C; Voo = +5V £10%; Vgg =0V

Limits
Parameter Symbol  Min Max Unit Test Conditions
Input low voltage ViL -0.5 0.8 '
Input high voltage ~ Viy 2 Ve v
Output low voltage VgL 0.45 vV (2
Output high voltage Vou 2.4 vV )
Darlington drive lop (1) -1 -4 mA Vexr = 1.5V
current Rext = 750Q
Power supply Iec 120 mA Vgg = +5V,
current output open -
Input leakage ILin 10 pA Viy =V = Ve
current
Input leakage ILiL -10 pA V) = 04V
current
Output leakage ILo =10 uA  Vout = Voo
current €S =20V
Output leakage ILoL -10 uA Vour = 04V,
current CS =20V
Note:

(1) Any set of eight outputs from either port A, B, C can source 4
mA into 1.5 V.

(@ loL = 2.5 mA for DB port; 1.7 mA for peripheral ports.
(3 loy = —400uA for DB port; —200 pA for peripheral ports.

Capacitance
Ta = 25°C; Voo = OV

Limits Test
Parameter Symbol  Min Max Unit Conditions
Input capacitance C 10 pF f; = 1MHz
/0 capacitance Cio 20 pF Unmeasured pins

returned to Vgg
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AC Characteristics
Ta = 0°Cto +70°C; Voo = +5V x5%; Vgg = 0V

8265A-2 8255A-5

v Limits Limits . _ Test

Parameter Symbol Min Max Min Max Unit Conditions

Address stable before READ tar 0 0 ns

Address stable after READ * tRa 0 0 ns

READ pulse width trRR 200 250 ns

Data valid from READ tRD 140 170 ns C_ = 150 pF

Data float after READ toF 100 100 ns Cp= 100 pF
10 10 ns CL = 15 pF

Time between READS and /WRITES  tpy 200 850 ns (Note 2)

Write

Address stable before WRITE taw 0 0 ns

Address stable after WRITE twa 20 20 ns

WRITE pulse width tww 200 250 ns

Data valid to WRITE (T.E.) tow 100 100 ns

Data valid after WRITE twp 0 -0 ns

Other Timing

WR = 0 to output tws 350 350 ns CL = 150 pF

Peripheral data before- RD tR 0 0 ns

Peripheral data after RD tHR 0 0 ns

ACK pulse width tak 300 300 ns

STB pulse width ) tsT 350 350 ns

Per. data before T.E. of STB tps 0 -0 ns

Per. data after T.E. of STB tpH 150 150 ns

ACK = 0 to output ' tap 300 300 ns C_ = 150 pF

ACK = 0 1o output float tkp 250 250 ns C_ = 50 pF
20 20 CL = 15 pF

WR = 11t00BF = 0 twos 300 650 ns

ACK = 0 to OBF = 1 tA0B 350 350 ns

STB = 010 IBF = 1 tsiB 300 300 ns

RD =1101BF = 0 1RiB 300 300 ns

RD = 0 to INTR = 0 _ tRIT 400 400 ns

STB = 110 INTR = 1 tsiT 300 300 ns CL = 150 pF

ACK = 110 INTR = 1 tar 350 350 ns

WR=0tINTR=0 twit 450 850 ns C = 150 pF (Note 3)

Note:

(1) Period of reset pulse must be at least 50 us during or after (3) INTRt may occur as early as WR.

power on. Subsequent reset pulse can be 500 ns min.
@ tav AC Testing Load Circuit

y / e —w——over
le—tRy 1, Test

tRv I CL = 150 pF

T‘ *Vex is set at various voltages during testing to guarantee

the specification

RV 1

83-002809A

83-002808A
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Timing Waveforms

AC Testing Input, Output Waveform

24
20 20
-~ /’
Test Points. Cp =150 pF
; < 08 T n.tx:
045
83-003793A
Mode 0
G \K 4
fe—tiR—e| —tHR
Input From 4
Peripheral
tar t——tRA—o'
CS, A1,A¢ x
) |
e S — O
Basic Input (READ)
tow two—|
—\
Do,D; X (
N
taw twa
CS, A1, Ag ><
N _/
4—————-twa——J
Output to 4
Peripheral
Basic Output (WRITE)
83.002810C
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Timing Waveforms (cont)

Mode 1

0BF

INTR

ACK

Output to
Peripheral

STB to
Peripheral

IBF

INTR

Input from
Peripheral

twos

. ‘-———‘AOBT

tak;

tarr

twe

tarr

tsT
N
./
[+ tsi8
tsit
—— _4 g>_._
- s —

83-002812C
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Timing Waveforms (cont)

Mode 2

Write Data from
uPDB8085A to uPD8255A

le—-taoB —>

twos

wrn 7

ACK from \ [+ tak
Peripheral \ /

— ST
STB from
Peripheral \ /

tsi

IBF

tps tAD —| r—— —| tkp
Peripheral >_ +-

Bus——.——_____<
\

Data from Data from
Peripheral to uPD8255A > ‘_"’" uPD8255A to Peripheral

Read Data from
uPDB255A to uPDB085A

Note:

(1) Any sequence where WR occurs before ACK and STB occurs before RD is permissible
(INTR = IBF » MASK ¢ STB » RD + OBF + MASK « ACK * WR).

{2) When the ;PD8255A is set to Mode 1 or 2,
OBF is reset to be high (logic 1).

83-002813C
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The uPD8255A can be operated in modes 0, 1 or 2
which are selected by appropriate control words and
are detailed below.

Mode 0

Mode 0 provides 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
“handshaking” 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

Mode 1 provides for strobed input and output opera-
tions with data transferred through port A or B and
handshaking through port C.

® Two 1/O groups (I and 1)

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

® Both 8-bit data ports can be either latched input or
latched output

Mode 2

Mode 2 provides for strobed bidirectional operation
using PAgPA_7 as the bidirectional latched data bus.
PC3PC; is used for interrupts and “handshaking” bus
flow control similar to mode 1. Note that PByPB7 and
PCoPC2 may be defined as mode 0 or 1, input or out-
put in conjunction with port A in mode 2.

® An 8-bit latched bidirectional bus port (PAg-PA7)
and a 5-bit control port (PC3PC7)

® Both inputs and outputs are latched

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

8-76

Basic Operation

Input Operation (Read)
A Ag RD | WR | ¢Cs

0 0 0 1 0 | PORT A — DATA BUS
0 1 0 1 PORT B — DATA BUS
1 0 0 1 PORT C —» DATA BUS

Output Operation (Write)
A Ay RD WR cs

DATA BUS — PORT A
DATA BUS — PORT B
DATA BUS — PORT C
DATA BUS — CONTROL

e el K= K=
—~lolalo
alalala
olo|o|o
o|lo|o|o

Disable Function
A Ay RD | WR | cS

X X X X 1 DATA BUS —

HIGH Z STATE

X X 1 1 0 DATA BUS —

: HIGH Z STATE
Note:

(1) X means “DO NOT CARE”
(2) All conditions not listed are illegal and should
be avoided.
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Formats

Mode Definition, Bit/Rest Format

Control Word Control Word

D7 [De Ds DaJPs [ D2 [ Dt DoJ [FiDs [Ds Dg I D3 DzJ Dy DoJ

Group II
Port C (Lower)
1 = Input
0 = Output
Port B
L__, 1 = Input
0 = Output
Mode Selection
0 = Mode 0
1 = Mode 1
X X X
Don’t
Group | Care Bit Set/Reset
1 = Set
Port C (Upper) 0 = Reset
= Input
0 = Output
Bit Select
Port A
1 = Input o[1]2]|3|a|56|s6]|7
0 = Output
0 1 0|1 041 0| 1|Bgy
Mode Selection 0|01 1 o0 |1 1| By
00 = Mode 0
01 = Mode 1 o(0}jo0]|0{1 1 1 1 {B2
1X = Mode 2
Mode Set Flag Bit Set/Reset Flag
Mode Definition 1 = Active Bit/Reset 0 = Active

83-0028148
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NEC Electronics Inc.

uPD8257
PROGRAMMABLE
DMA CONTROLLER

Description

The uPD8257 is a programmable four-channel direct
memory access (DMA) controller. It is designed to
simplify high-speed transfers between peripheral
devices and memories. Upon a peripheral request, the
uPD8257 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 so that the system bus
may be acquired by the generation of a single HOLD
command to the 8080A. DMA cycle counts are main-
tained for each of the four channels, and a control
signal notifies the peripheral when: the prepro-
grammed member of DMA cycles has occurred. Out-
put control signals are also provided which allow
simplified sectored data transfers and expansion to
other uPD8257 devices for systems requiring more
than four DMA channels.

Pin Configuration

ADDSTB []
AEN [
HRQ [}

cs
cLk ]
RESET [
DACK, [
DACK; []
DRQ3 [
DRQ2 [
DRy [
DRQo [
GND []

83-003619A

Features
O Four-channel DMA controller Pin Identification
O Priority DMA request logic
O Channel inhibit logic No, . Symbol Function
O Terminal count and modulo 128 outputs 1 I/0R 1/0 read, control signal
O Automatic load mode 2 1/70W- 1/0 write, control signal
o S!ngle TTL clock . 3 MEMR Memory read output
g g(I;)ga'ﬁdZSIGV + 10% power supply 4 MEMW Memory write output
[0 Available in extended temperature range 5 MARK Modulo 128 mark

6 READY Ready input
Ordering Information 7 HLDA “ Hold acknowledge input
Part Max Frequency (from 8080A)
Number Package Type of Op 8 ADDSTB Address strobe output
LPD8257C-2 40-pin plastic DIP 5 MHz 8 AEN Address enable output
uPD8257C-5 40-pin plastic DIP 3 MHz 10 HRQ Hold request (to 8080A)

1 cS Chip select input

12 CLK ~ Clock input

13 RESET Reset input

14, 15, DACK,, DACK3, DMA acknowledge output

24, 25 DACK1, DACKg . :

16-19 DRQ3-DRQg DMA request input

20 GND Ground

21-23, 26-30 D7-Ds, 170 data bus

D4-Dg

31 Vee +5 V power supply

32-35 Ag-A3 1/0 address bus

36 TC Terminal count output

37-40 AgAr “Output address bus
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Pin Functions

Dgo-D7 (/0 Data Bus)

During an |/O read, the CPU enables these lines as
inputs, allowing it to read an-address register, a word
count register, or the:status or temporary register. Dur-
ing an 1/O write, these lines are enabled as outputs,
allowing the CPU to program the uPD8257-2/-5 control
registers. During DMA cycles, the eight MSBs of the
address are output to the data bus to be strobed to
an external latch via ADDSTB.

As-A7 (Output Address Bus)

These lines, active only during DMA service, are out- .

puts that provide the four MSBs of the address.

Ag-A3 (IO Address Bus)

During DMA active states, these lines are outputs that
provide the 4 LSBs of the output address bus. During
DMA idle states, these lines are inputs, allowing the
CPU to load or examine control registers.

DRQo-DRQ3; (DMA Request Input)

These are asynchronous channel request inputs used
by peripherals to request DMA service. In a fixed
priority scheme, DRQg has the highest priority and
DRQj3 has the lowest. The polarity of these lines is
programmable; however, reset |n|t|aI|zes them to
active high.

HLDA (Hold Acknowledge) _

Indicates that the CPU has relmqunshed control of the
system busses.

HRQ (Hold Request)

Requests control of the system bus. The uPD8257-2/-5
issues this signal in response to software requests
or DRQ inputs from peripherals. -

DACKy-DACK3 (DMA Acknowledge Output)

These lines indicate an- active. channel. They are
sometimes used to select a peripheral. Only one
DACK may be active at any time. All DACK lines are
inactive unless DMA has control of the bus. The
polarity of these lines is programmable; however,
reset initializes them to active low.

TC (Terminal Count)

When the terminal count occurs, TC goes high, infor-
ming the CPU that the data transfer is complete.

8-80

RESET

Clears the command, status, request, and temporary
registers, the first/last flip flop, and sets the mask
register. The uPD8257-2/- 5 is in idle state after a reset.

Cs (Chlp Select)

The CPU uses CS to select the uPD8257-2/-5 as an I/O
device during an I/O read or write by the CPU. This
provides CPU communication on the data bus. CS
may be held low during multiple transfers to or from
the uPD8257-2/-5 as long as I/OR or ifOW is toggled
following each transfer.

READY

This signal can extend memory read and write pulses
for slow memories or 1/0 peripherals.

CLK (Clock)
Controls internal operations and data transfer rate.

AEN (Address Enable)

This signal allows the external latch to output the
upper address byte by disabling the system bus dur-
ing DMA cycles. Use HLDA and AEN to deselect 1/0
peripherals that may be erroneously accessed during
DMA transfers. The uPD8257-2/-5 deselects itself dur-
ing DMA transfers.

ADDSTB (Address Strobe)

This signal strobes the upper address byte form Dg-D7
into an external latch.

MEMR (Memory Read)

This signal accesses data from a specified memory
location during memory-to-peripheral or memory-to-
memory transfers.

MEMW (Memory Write)

This signal writes data to a specified memory ioca-
tion during peripheral-to-memory or memory-to-
memory transfers.

1IOR (/O Read)

In the idle state, this signal is an input control line
used by the CPU to read control registers. In the ac-
tive state, the uPD8257-2/-5 uses I/OR as an output
control signal to access data from a peripheral dur-
ing a DMA write.
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IIOW (1/0 Write) MARK (Modulo 128 Mark)

In the idle state, the CPU uses I/OW as an input con-  This output notifies the selected peripheral that the
trol signal to load information to the yPD8257-2/-5. In  current DMA cycle is the 128th cycle since the
the active state, the uPD8257-2/-5 uses I/OW as an out-  previous MARK output. MARK always occurs at 128
put control signal to load data to a peripheral during  (and all multiples of 128) cycles from the end of the
a DMA read. data block.

The rising edge of WR must follow each data byte Vv
transfer in order for the CPU to write to the cc
uPD8257-2/-5. Holding I/OW low while toggling CS  Power supply.
does not produce the same effect.

Ground.
Block Diagram
[~—
CHO  le— DRy
Data N 16-Bit
D7-Dg ” Bus ADDR
Buffer N CNTR -
— |— DACKo
T
CH-1 e— DRQ4
I/OR «—»0} A —N\| 16Bit
10w +—>0 ADDR
\— /| CcNTR
CLK ——— SECK.
RESET ——» r—o |— DACK;
READ/ —T
o WRITE
-~
Logic o
A -2 le— DRQ;
y— A N\| 16Bit
ADDR
As+—> \ ) CNTR
= ? |—» DACK:
|
As -— CH-3 «— DRQ3
As A N[ 168it
Ag -—7 Control ) ADDR
ntrol CNTR
A7 —] Logic, Al —[ —_
READY — ] and > DACKs
Mode
HRQ +——f Set
HLDA Reg.
MEMW Resolver
AEN
ADDSTB +——
—
TC 4———1 I internal
MARK Bus
83-0036208
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Absolute Maximum Ratings
Ta = 25°C

Capacitance
Ta = 25°C;Vgc = GND = 0V

Operating temperature, Topr 0°C to 70°C Limits Test
Storage temperature, Tsrg —-65°C to +150°C  Parameter Symbol Min Typ Max Unit Conditions
Pawer supply voltage, V¢g -0.5V1to +7V (1)  Input capacitance C; 10  pF f; = 1 MHz
Power dissipation 1 Watt 1/0 capacitance Ciso 20  pF Unmeasured pins

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.

Note:
(1) With respect to Ground

DC Characteristics
Ta = 0°Cto +70°C; Vgg = +5V £10% GND = 0V

Limits Test
Parameter Symbol Min Max Unit Conditions
Input low voltage V. ~05 0.8 \
Input high voltage Viy 2.0 Ve
+0.5 v
Output low voltage Vgp 0.45 VgL = 1.6 mA
Output high Vou 2.4 Voo V  lgy = —150 pA
voltage for AB,
DB and AEN
lop = —80 pA for
* others
HRQ output high  Vyy 3.3 Vg V' gy = —80 pA
voltage
Power supply Ice 100 mA  8257-2
current 120 mA 82575
Input leakage m -10 10 pA 0 < Viy < Vgo
Output leakage lor, =10 10 pA 045 < Vour
during float <Vgc

8-82
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AC Characteristics
Tp = 0°C to +70°C; Vgg = 5V £10%; GND = 0V

Limits

uPDB257-2 uPD8257-5 Tost
Parameter ' Symbol Min Max Min Max Unit Conditions
Read
ADR or CS Setup to RDV taR 0 ns
ADR or CS — hold from RDt tRA 0 ns ‘
Data Access from RD tRDE 0 140 0 170 ns C_ = 100 pF
DB —> float delay from RD? tROF 10 85 20 100 ns C_ = 100 pF
RD width tRw 200 250 ‘ ns
Write
ADR setup to WR¢ taw 20 ns
ADR hold from WRt twa 0 ns
Data setup to WR¢ tow 100 200 ns
Data hold from WRt two 0 ns
WR width twws 100 200 ns
Other timing
Reset pulse width tRsTW 300 300 ns
Power supply t(Vgc) setup to resetd tRsTD 500 500 S
Signal rise & fall times 1, 4 20 20
Reset to first IOWR tRSTS 2 2 toy
Note:

(1) All timing measurements are made at the following reference voltages unless specified otherwise: input "1” at 2.0 V, "0” at 0.8 V, output
"1" at 2.0 V, "0” at 0.8 V. )

AC Characteristics
Ta = 0°Cto +70°C; Vg = +5V £10%; GND = 0 V

Limits .

uPD8257-2 uPD8257-5 Test
Parameter Symbol Min Max Min Max Unit Conditions
Cycle time (period) toy 0.200 4 0.320 4 us
Clock active (high) tg 80 80 8tey ns
DRQ? setup to &4 (SI, S4) tas 50 120
DRQY hold from HLDAt toH 0 0 4)
HRQ? or ¥ delay from 6t (SI, S4) tpa 160 160 ns
(measured at 2.0 V)
HRQt or Ydelay from 6t (SI, S4) tHs 200 100 250 ns 3)
HLDA?® or {setup to 64 (S, S4) tHs 50 100 ns
AEN? delay from 6} (S1) tAEL 150 300 ns
AENV delay from @1 (SI) tAET 150 200 ns
ADR (AB) (active) delay from AEN? (S1) tAEA 20 20 ns 4)
ADR (AB) (active) delay from 6t (S1) tranB 200 250 ns (2)
ADR (AB) (float) delay from 61 (SI) tAFAB 150 150 ns (2)
ADR (AB) (stable) delay from 6% (S1) tasm 200 250 ns 2)
ADR (AB) (stable) hold from @t (S1) tAH tasm —50 tasm—50 2)
ADR (AB) (valid) hold from RD? (S2, SI) tAHR 60 60 ns (4)
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AC Characteristics (cont)

Limits
uPD8257-2 uPD8257-5 Tost
Parameter Symbol Min Max Min Max Unit Conditions
ADR (AB) (valid) hold from WR* (S1, SI) tanw 100 300 ns (4)
ADR (DB) (active) delay from 6% (S1) tFADB 150 300 ns 2)
ADR (DB) (float) delay from 6t (S2) tarDB tsTT 140 tgrT+20 170 ns @
ADR (DB) setup to ADR STBV (S1-S2) tass 100 100 ns (4)
ADR (DB) (valid) hold from ADR STB¢ .
(S2) tAHS 20 50 ns “4)
ADR STBt delay from 61 (S1) tsTL 150 200 ns
ADR STBY delay from 6t (S2) tsTT 140 140 ns
ADR STB width (S1-52) _ Tow tey—100 tey —100 ns (4)
RDY or WR (ext)é delay from -ADR tasc 20 70 ns @)
STBY (S2)
RD4 or WR (ext)} delay from ADR (DB) toee 0 20 ns (4)
(float) (S2)
DACK? or idelay from 8¢ (S2, S1) and tAK 200 250 ns (5)
TC/Mark? delay from 6% (S3) and
TC/Marké delay from 61 (S4)
RDY or WR (ext) | delay from 6t (S2) and tocL 150 200 ns 2 8
WR{ delay from gt (S3)
RD* delay from 64 (S1, SI) and WR? delay toer 150 200 ns 2
from 64 (S4)
RD or WR (active) from 64 (S1) trac 200 300 ns v}
RD or WR (float) from 61 (S!) taFc 150 150 ns 2
RD width (S2-S1 or SI) TRwM 2oy + 2oy + ns ' (4)
tg —50 tg —50
WR width (S3-54) twwm tcy—50 toy—50 ns *
WR (ext) width (S2-S4) tWWME 2ty —50 2tey ~50 ns (4)
READY set up time to 6% (S3, Sw) trs 30 30 ns
READY hold time from 6t (S3, Sw) Ry 30 30 ns
Note:
(1) Load = 1 TTL
(2 Load = 50 pF
(3) Load = Voy = 33V

(4) Tracking specification
) Attak < 50 ns
6) AtpgL < 50 ns
(7) Atper < 50 ns
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Timing Waveforms

Read Timing

w—p

-
Address Bus
N

1/0 RD tRw

tRoE — — ol te— tRDF

Data Bus

I.J\l
S

83-003625B

Write/Reset Timing

taw [+—twa—
Chip Select x
A

Address Bus XL
. W

>

AW —| twa l‘-—
Data Bus X

tow twp—>|

0 WR N\

TRSTW trsTs twws

RESET }

|+———trRsTD———+]

83-003621B
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uPD8257

Functional Description

The uPD8257 is a programmable, direct memory Ac-
cess (DMA) device. When used with an 8212 1/0 port
device, it provides a complete four-channel DMA con-
troller for use in 8080A/8085A based systems. Once
initialized by an 8080A/8085A CPU, the uPD8257 will
block transfer up to 16,364 bytes of data between
memory and a peripheral device without any attention
from the CPU. 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.

(1) It acquires control of the system bus (placing
8080A/8085A in hold mode).

(2) Resolves priority conflicts if muitiple DMA re-
quests are made.

(3) A 16-bit memory address word is generated with
the aid of an 8212 in the following manner:

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

(b) The uPD8257 outputs the most significant
eight bits (Ag-A1s) onto the data bus where
they are latched into an 8212 and then sent
to the high order bits on the address bus.

(4) The appropriate memory and I/O read/write con-
trol signals are generated allowing the peripheral
to receive or deposit a data byte directly from or
to the appropriate memory location.

Block transfer of data (e.g., a sector of data on a flop-
py disk) either to or from a peripheral may be ac-
complished as long as the peripheral maintains its
DMA request (DRQp). The uPD8257 retains control of
the system bus as long as DRQ,, remains high or un-
til the terminal count (TC) is reached. When the ter-
minal count occurs, TC goes high, informing the CPU
that the operation is complete.

There are three different modes of operation:

(1) DMA read, which causes data to be transferred
from memory to a peripheral;

(2) DMA write, which causes data to be transferred
from a peripheral to memory; and

(3) 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. The DMA verify
mode responds in the same manner as read/write ex-
cept no memory or I/O read/write control signals are
generated, thus preventing the transfer of data. The
peripheral gains control of the system bus and
obtains DMA acknowledgements for its requests,
thus allowing it to access each byte of a data block
for check purposes or accumulation of a CRC (cycle
redundancy code) checkword. In some applications
it is necessary for a block of DMA read or write cycles
to be followed by a block of DMA verify cycles to allow
the peripheral to verify its newly acquired data.
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DMA Operation

As shown in figure 1, internally the uPD8257 contains
six different states (S0, S1, S2, S3, S4 and SW). The
duration of each state is determined by the input
clock. In the idle state, (S1), no DMA operation is be-
ing executed. A DMA cycle is started upon receipt of
one or more DMA requests (DRQg). Then the uPD8257
enters the SO state, during which a-hold request (HRQ)
is sent to the 8080A/8085A and the uPD8257 waits in
S0 until the 8080A/8085A issues a hold acknowledge
(HLDA) back. During S0, 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
(DACK,) with the highest priority is driven low, selec-
ting that particular peripheral for the DMA cycle. The
DMA request line (DRQ,) 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).

Figure 1. DMA Operation State Diagram

RESET

HRQ ¢ HLDA

HRQ + HLDA

Notes:
(1) HRQ is set If DRQp, is active.
(2) HRG is resei ii DRGy 15 niot active.
83-003623A
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The DMA cycle consists of four internal states; S1,
$2, 83, and S4. If the access time of the memory or
1/0 device is not fast enough to return a ready com-
mand to the uPD8257 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 is allowed to go into state S4. Either the
extended write option or the DMA verify mode may
eliminate any wait state.

If the uPD8257 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 (tgg), write setup time (tpw), read
data access time (tgp), and HLDA setup time (tqg)
should all be carefully observed during the handshak-
ing mode between the uPD8257 and the 8080A/8085A.

During DMA write cycles, the I/O Read (I/O R) output
is generated at the beginning of state S2 and the
memory write (MEMW) output is generated at the
beginning of S3. During DMA read cycles, the memory
read (MEMR) output is generated at the beginning of
state S2 and the /O write (/0 W) goes low at the
beginning of state S3. No read or write control signals
are generated during DMA verify cycles.

System Interface

Figure 2 is the schematic diagram of a uPD8257
system interface with the 8080A CPU, 8212 I/O Port,
8224 Clock Generator, and 8228 System Controller
and Bus Driver.
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.Figure 2. Typical ,PD8257 System Interface Schematic
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NE( ’ 4PD8259A
. PROGRAMMABLE
NEC Electronics Inc. INTERRUPT CONTROLLER
Description Pin Configuration
The uPD8259A is a programmable interrupt controller -
directly compatible with the 8080A/8085A/8086/8088 i:g T\ = g“cc
microprocessors. It can service eight levels of inter- o i
rupts and contains on-chip logic to expand interrupt o, 4 %1 iR,
capabilities up to 64 levels with the addition of other ps 5 24 7 IR
uPD8259A’s. The user can choose a selection of priority ps]s g 2 1 1Rs
algorithms to tailor the priority processing to meet °4E 7 g ol
his system requirements. These algorithms can be E::: g ;‘)g:::
dynamically modified during operation, which expands o 10 Y .
the versatility of the system. The uPD8259A is Do ] 11 18 1R
completely upward compatible with the uPD8259-5, caso O 12 wHNT
allowing software written for the uPD8259-5 to run on CAS L 13 16 (1 SPIEN
the uPD8259A/-2. s B 1B oS,
: 83-002777A
Features Pin Identificati
in ntification
O Eight-level priority controller entificat
O Programmable base vector address No. Symbol Function
[J Expandable to 64 levels o 1 CS Chip select input
] Pr(c;gramrlnable interruplz modebsl(algorithms) 2 WR Write input
O Individual request mask capability = -
O Single +5V power supply (no clocks) 3 RD R?a'd |n;.)ut
[0 Full compatibility with 8080A/8085A/8086/8088 4-n D7-Do Bidiroctional data bus
‘ 12,13,15 CASg-CAS» Cascade lines
Ordering Information 14 GND Ground
Part 16 SP/EN Slave program input / enable buffer
Number Package Type output
uPD8259AC 28-pin plastic DIP 7 INT Interrupt output
HPDB259AC-2 28-pin plastic DIP 18-25 IRg-IR7 Interrupt request inputs
26 INTA Interrupt acknowledge input
27 Ay Command select address input
28 Vee +5V power supply
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Pin Functions
Bidirectional Data Bus (D7-Dg)

Three-state data bus used for interfacing to the system
data bus. This bus carries control words, status infor-
mation, and interrupt vector information.

Interrupt Request Inputs (IRg-1R7)

These are eight asynchronous inputs that operate in
two modes. In the edge-triggered mode, the IR input
must be raised from low to high and held high until it is
acknowledged. In the level-triggered mode, the IR input
requires only a high.

Cascade Lines (CASg-CAS))

These lines are used as a bus which controls multiple
uPD8259As in a master/slave configuration. When an
uPDB8259A is a master, these lines are outputs. When a
uPDB8259A is used as a slave, the lines are inputs.

Chip Select (CS)

When CS is low, the CPU can read and write to the
uPD8259A. The INTA input operates independently of
CS.

Command Select Address Input (Ag)

The uPD8259A uses this input with CS and WR to de-
code_ command words written by the CPU. Ag is used
with CS and RD to decode controller status information
for the CPU to read. Typically, Ag is connected to the Ag
address lines on the CPU.
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Interrupt (INT)

When the uPD8259A receives a valid interrupt request,
the INT output goes high to interrupt the CPU. This pin
should be connected directly to the interrupt pin on the
CPU. ‘

Interrupt Acknowledge (INTA)

This input line goes active low to indicate that the CPU
has received an interrupt request from the uPD8259A.
INTA enables interrupt vector data onto the data bus.

Read Input (RD)

When both RD and CS are low, the uPD8259A sends its
status information to the data bus so the CPU can read
it.

Write Input (WR)

The uPD8259A can receive command words from the
CPU when both WR and CS are low.

Slave Program InputIEnabIe Buffer Output
(SPIEN)

This is a dual function pin. In the buffered mode, the en-
able buffer outputis used to enable the buffer transceiv-
ers. In the non-buffered mode, when the SP input is
high, the uPDB259A operates as a master and when the
SP input is low, the uPD8259A operates as a slave.
Ground (GND)

Ground

Power Supply (Vcc)
Power supply input, +5 volts.
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Block Diagram
M A ‘M va
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K y e K Y INTA INT
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11OW — Read le— IRy
O WR Write
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Butfer !
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o U L
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Address Control Data Program Cascade internal
Bus Bus Bus Enable  Lines Bus
Buffer .
830027788
Block Diagram Description Priority Resolver

Interrupt Request Register (IRR) and In-Service
Register (ISR)

The interrupt request and in-service registers store the
incoming interrupt request signals appearing on the
IRo-IR7 lines. The inputs requesting service are stored
in the IRR while the interrupts actually being serviced
are stored in the ISR. Refer to functional block diagram.

A positive transition on an IR input sets the correspond-
ing bit in the interrupt request register. At the same time,
the INT output of the uPDB259A is set high. The IR input
line must remain high until the first INTA input has been
received. Multiple non-masked interrupts occurring si-
multaneously can be stored in the IRR. The incoming
INTA sets the appropriate ISR bit, which is determined
by the programmed interrupt algorithm, and resets the
corresponding IRR bit. The ISR bit stays active high dur-
ing the interrupt service subroutine until it is reset by the
programmed end of interrupt command (EOI).

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
ISR by the first INTA pulse.

Data Bus Buffer

The three state 8-bit bidirectional data bus buffer inter-
faces the uPD8259A to the systems data bus. It buffers
the control word and status information being transfer-
red between the uPD8259A and the processor.

Read/Write Logic

The read/write logic accepts processor commands and
stores them in its initialization command word (ICW)
and operation command word (OCW) registers. This
logic also controls the transfer of status information to
the processor.
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Chip Select (CS)

The uPD8259A is enabled when this input receives an
active low signal. When the CS input is high, reading or
writing of the uPD8259A is inhibited.

Write (WR)

This active low signal instructs the yPD8259A to receive
command data from the processor.

Read (RD)

When the BD input receives an active low signal, the
status of the interrupt request register, in-service regis-
ter, interrupt mask register or binary code of the inter-
rupt level is placed on the data bus.

Interrupt (INT)

The interrupt output from the uPD8259A is directly con-
nected 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 which wiil
mask the individual interrupt lines. The IMR masks the
data in the ISR. Lower priority lines are not affected by
masking a higher priority line.

Interrupt Acknowledge (INTA)

INTA pulses cause the uPD8259A to put vectoring infor-
mation on the bus. The number of pulses depend upon
whether the uPD8259A is in the uPD8085A mode or
8086/8088 mode. ’ ‘

Command Select Address Input (Ap)

Ag is usually connected to the processor’s data bus. To-
gether with RD and WR, it signals the loading of data
into the command register or the reading of status data.
Table 1illustrates the basic operations performed. Note
that it is divided into three functions: input, output, and
bus disable distinguished by the RD, WR, and CS in-
puts. i
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Table1. uPD8259A Basic Operation
WOpomlon
" Processor Input (Read)
0 0 1 0 IRR, ISR or IR — data bus (Note 1)
0 1 0 MR- data bus
Processor Output (Write)

—_

0 0 0 1 0 0 Databus — 0CW2

0 0 1 1 0 0 Databus - OCW3

0 1 X 1 0 0 Databus — ICW1

1 X X 1 0 0 Databus — OCW1, ICW2, ICW3, ICW4
(Note 2)
Disable Function

X X X 1 1 0 Data bus — high impedance state
X X X X X 1

Note:
(1) The contents of OCW3 written prior to the read operation governs the
selection of IRR, ISR or the interrupt ievel.

Data bus — high impedance state

(2) The sequencer logic on the uPD8259A aligns these commands in the
proper order.

Cascade Buffer/Comparator

The IDs of all uPD8259As are buffered and compared in
the cascade buffer/comparator. See figure 4. The
master uPD8259A sends the ID of the interrupting slave
device along the CASg, CASq1and CASy lines to all slave
devices. The cascade buffer/comparator compares its
preprogrammed ID to the CASg, CAS1 and CAS3, lines.
The next two INTA pulses strobe the preprogrammed, 2
byte call routine address onto the data bus from the
slave whose ID matches the code on the CASgp, CASy
and CAS; lines.

Slave Program (SP)

The interrupt capability can be expanded to 64 levels by
cascading multiple uPD8259As in a master plus slaves
array. See figure 4. The master controls the slaves
through the CASg, CAS1and CASy lines. The SP input to
the device selects the CASp, CAS¢1 and CAS; lines as
either outputs (SP=1) for the master or as inputs
(SP = 0) for the slaves. If only one uPD8259A is used, the
SP input must be set to a logic 1, since it is functioning
as a master.
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Absolute Maximum Ratings DC Characteristics
Ta=25°C / Ta=0to +70°C, Voo = +5V=10%
Power supply voltage, Voo ~0.5t0 +7.0 V(Note 1) Limits Test
Input voltage, V; -1.0VtoVgg +1.0V Parameter Symbol Min Typ Max Unit Conditions
Output voltage, Vo -05VtoVge +0.5V  Inputvoitage Vi -0.5 08 Vv
low
Operating temperature, Topt 0to +70°C -
- Input voltage Vi 2.0 Vog+0.5 V
Storage temperature, Tgg —6510 +150°C high
Power dissipation, Pp 1OW  outputvoltage VoL ' 045 Vg =2.2mA
Note: low
(1) With respect to ground. Output voltage ~ Voy 2.4 Vo lgy=—-400pA
high
Comment: Exposing the device to stresses above those listed in Abso- 9 -
lute Maximum Ratings could cause permanent damage. The device is Interrupt output Vop-int 2.4 Vo loy=—400pA
not. megnt to be opgrated unqer conditions qu_tsiqe the limits de- High voltage 35 V  lgy=—1004uA
scribed in the operational sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect Input leakage Iy -10 0 pA OVLVISVge
device reliability. current (Note 1)
Output leakage I g -10 10 uA  0.45V<Vp<Vge
current
Ve power lec 85 mA
supply current
Note:
(1) For other inputs.
AC Characteristics
Timing Requirements :
Ta=0°Cto +70°C,Voc= +5V£10%
Limits
uPD8259A 4PD8259A-2 Tost
Parameter Symbol Min Max Min Max Unit Conditions
A0/ CS setup to RD/TNTA 4 tAHRL 0 0 ns
A0/ CS hold after RD / INTA 1 tRHAX 0 0 ns
RD pulse width tRLRH 235 160 ns
A0/ CS setup to WR ¢ tAHWL 0 0 ns
A0/ CS hold after WR twhAX 0 0 ns
WR pulse width twiwH 290 190 ) ns
Data setup to WR * toVWH 240 160 ns
Data hold after WR twHDX 0 0 ns
Interrupt request width low HLIH 100 100 ) ns (Note 1)
Cascade setup to second or third toviaL 55 40 ns
INTA ¢ (slave only)
End of RD to next command tRHRL 160 160 ns
End of WR to next command tWHRL 190 190 ns
End of command to nextcommand  tcHeL 500 500 ns (Note 2)
(different type) .
End of INTA sequence to next INTA  toHcL 500 500 ns (Note 2)
sequence :
Note:

(1) Thisisthe low time required to clear the input latch in the edge-triggered mode.

(2) Worst case timing for tgycy in an actual microprocessor system is typically much greater than 500 ns (8085A = 1us, 8085-2 = 1us, 8086 = 1us,
8086-2 =625 ns).
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AC Characteristics (cont)

X

83-002780A
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7

Timing Responses
Ta=0°Cto +70°C, Voo = +5V£10%
Limits
uPD8259A uPDB259A-2 Test
Parameter Symbol Min Max Min Max Unit Conditions
Data valid from RD/INTA ¥ tRLDV 200 120 ns (Notes 1-5)
Data float after RD/TNTA t tRHDZ 10 100 10 85 ns (Notes 1-5)
Interrupt output delay HHIH 350 300 ns (Notes 1-5)
Cascade valid from first INTA ¢ tiaLcy 565 360 ns (Notes 1-5)
(master only)
Enable active from RD Yor INTA+  tpye 125 100 ns (Notes 1-5)
Enable inactive from RD 1 or INTA +  tayey 150 150 ns (Notes 1-5)
Data valid from stable address tAHDV 200 200 ns (Notes 1-5)
Cascade valid to valid data tevov 300 200 ns (Notes 1-5)
Note:
(1) Cofdatabus=100pF
(2) Max test C=100pF
(3) MintestC=15pF
(4) ClNT= 100 pF
() Ccascape = 100pF
Capacitance AC Test Input
Ta=25°C,Voc=GND=0V, fc=10MHz
.Limits 24 -
Tost 20 Test Pol 2.IJX7
Parameter  Symbol Min Typ Max Unit  Conditions oss XM S TestPoints =7
Input C 10 pF (Note 1) ‘ sa0027798
capacitance
1/0 Ci/o 20 pF (Note 1)
capacitance
_Note:

(1) Unmeasured pins returned to Vgg
Timing Waveforms
Write Mode Read/INTA Mode

_ [e——tWLWH s o l¢—————tRLRH———+]

WR ————\ y— RD/INTA y—

C ] X A
tAHWL —}e—s] |+ tovwHe| Je—s}—twhax <——-t—-lm.s|. — tRHEH
T8 1 I EN I‘_
Address Bus g 4 P
Ao ] -
tWHDX +— taHRL — tRHAX
" 3 ,
Data Bus

tRHDZ-+|

b-—
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Timing Waveforms (cont)

INTA Sequence

Co-C2

UHIH

tiaLcv —-—l

83-002783A

IR Triggering Timing Requirements

m——\_

INT

Latch(!)
Armed

/
_/

Earliest IR
Can Be Removed

Latch(l)
Armed

Latch(t)
Armed

A

\

8086/3088 , 8080/8085
< e

NOTE:
(1) Edge triggered mode only

VaVav

AN

/&086/8088

8080/8085

83-002784A

Other Timing
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tRHAL —{
RD/INTA
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-
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83-002782A
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Functional Description

The uPD8259A functions are described in following
paragraphs under these major headings:

¢ Interrupt Sequence
8080/8085A Mode

8086/8088 Mode

Initialization Command Words
Operational Command Words
Reading uPD8259A Status

Interrupt Sequence

The uPDB259A derives its' versatility from pro-
grammable interrupt modes and the ability to jump to

any memory address through programmable CALL.

instructions.

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

The following sequence demonstrates how the
uPD8259A interacts with the 8080A/8085A systems.

(1) An interrupt(s) appearing on IRg-IR7 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 uPD8259A will
resolve priorities according to the preprogrammed
interrupt algorithm. It then issues an INT signal to
the processor. ‘

(3) When the processor receives an INT, it issues an
INTA to the uPD8259A.

.(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 signais the
uPD8259A to place an 8-bit CALL instruction opcode
(11001101) onto its data bus lines.

(5) The CALL instruction code instructs the processor
group to issue two more INTA pulses to the
uPD8259A.
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(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.

(7) The uPD8259As CALL instruction sequence is
complete. A preprogrammed EOI command is
issued to the uPD8259A at the end of the interrupt
service routine. This resets the ISR bit and allows
the uPD8259A to service the next interrupt.

The following sequence demonstrates how the
uPDB8259A interacts with the 8086/8088 systems.

(1), (2), (3) Same as for 8080A/8085A.

(4) During the first INTA from the processor, the
uPDB8259A does not drive the data bus. The highest
priority ISR bit is set and the corresponding IRR bit
is reset.

(19

=

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

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 command
is issued.

©

=

8080/8085A Mode

For these processors, the uPD8259A is controlled by
three INTA pulses. The first INTA pulse will cause the
uPD8259A to put the CALL opcode onto the data bus.
See table 2. The second and third INTA pulses will cause
the upper and lower address of the interrupt vector to be
released on the bus. See tables 3 and 4.

Table 2. Contents of First Interrupt Vector Byte




N E C uPD8259A

Table 3. Contents of Second Interrupt Vector Byte 8086/8088 Mode
IR Interval=4 In this mode only two INTA pulses are sent to the
Dy Dg Ds Dy D3 Dy Dy Dg uPD8259A. After the first INTA pulse, the uPD8259A
7 A | A | oAs 1 1 1 0 0 does notoutputa CALL butinternally sets priority reso-
5 1 A A A ] ] 0 0 0 lution. If it is a master, it sets the cascade lines. The in-
7 6 5 terrupt vector is output to the data bus on the second
5 | A7 | A | As | T 0 ! 0 0 NTA pulse. See table 5.
4 A | oAg | As 1 0 0 0 0
3 | A | As | A | O 7 1 0 0 Initialization Command Words
2 | A | s | As 0 1 0 0 0 ICW1and ICW2
T (A [P [ A | O] 0 ! 010 LTIM If LTIM =1, then the .PD8259A operates in
0 Ay Ag As 0 0 0 0 0 the level interrupt mode. Edge detect logic
on the interrupt inputs is disabled.
ADI CALL address interval. If ADI = 1then the in-
A Interval=8 terval is four; if ADI =0 then the interval is
Dy Dg D5 Dy D3 Dy D4 Dg eight.
LA PN T2 WL L L L L SNGL (Single) Indicates that there is only one
6 Ay Ag 1 1 0 0 0 0 uPD8259A in the system. If SNGL=1, no
5 Ay Ag 1 0 1 0 0 0 ICW3 is issued.
4 A Ag 1 0 0 0 0 0 IC4 If this bit is set, ICW4 has to be read. If ICW4
3 A | As 0 9 1 0 0 0 is not needed, set IC4 to logic 0.
2 A7 Ag 0 1 0 0 0 0 As-A15 Defines the page starting address of the
1 Ar | Ag 0 0 1 0 0 0 service routines. In an 8085A system, the
0 A A eight request levels generate CALLs to
7 s 0 0 0 0 0 0 . ) .
eight locations equally spaced in memory.
These can be programmed to be spaced at
Table 4. Contents of Third Interrupt Vector Byte intervals of four or eight memory locations,
D7 Dg D5 D4 D3 Dz Dy Dy ~ allowing eight routines to occupy a page of

‘ Ars I Aug ‘ Ars ‘ Az LA“ l Ay 1 Aq { As I 32 or 64 bytes, respectively.

The address form is two bytes long (Ag-A1s). When the
Table5. Contents of Interrupt Vector Byte, 8086/8088 routine interval is four, Ag-A4 are automatically inserted

Mode by the uPD8259A, while As-A15 are programmed exter-
nally. When the routine interval is eight, Ag-As are auto-
IR Interval=4 matically inserted by the uPD8259A, while Ag-Aq5 are
Dy Dg D5 Dy D3 Dy Dy Dp programmed externally.
T | 77 [ Te [ Ts | Ta } T3 | 1 ! 1 The eight-byte interval maintains compatibility with
6 T7 Tg T Ty T3 1 1 0 current software, while the four-byte interval is best fora
5 T; Te Ts T T3 1 0 1 qompact jump table.
4 T7 Te Ts Ty T3 1 0 0 In an 8086/8088 system, T7-T3 are inserted in the five
3 7 | T | Ts | T4 | Ta 0 1 1 most significant bits of the vectoring byte. The
2 T T 7 T T 0 3 7 uPD8259A sets the three least significant bits accord-
7 6 5 4 3 ; -
ing to the interrupt level.
1 T7 Ts Ts T4 T3 0 0 1
0 Tz Ts Ts Ty T3 0 0 0
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ICW3 ICW4 . ,
This word is read only when there is more than one SNFM If SNFM =1, the special fully nested mode
uPD8259A in the system and cascading will be used. is programmed.

SNGL of ICW1 is programmed for logic 0. ICW3 will load _ : .

the 8-bit slave register. The functions of this register are, BUF ”ra?nl::e::l 1in ::: bz;’gg:% (;ggd%ll%np t;z:
in the master mode, when SP =1 or BUF =1and M/S=1 gomes o onable outout’ and  the
inICW4, a1issetforeachslave in the system. The mas- ‘master/slav determinationpi sby M/S

ter then releases byte 1of the call sequence (for 8080A/ asterislave Y :
8085A system) and enables the corresponding slave via M/S If the buffered mode is selected, M/S=1
the cascade lines to release vector bytes 2 and 3 (byte 2 means the uPD8259A is programmed to be
only for 8086/8088). a master, M/S =0 means the uPD8259A is
In the slave mode, when SP=0 or BUF =1and M/S =0 programmed 0 be a slave. If BUF =0, M/S
in ICW4, bits IDo-1Dg identify the slave. The slave com- u ‘

pares its cascade input with these bits and if they are AEOI If AEOI =1, the automatic end of interrupt
equal, vector bytes 2 and 3 of the call sequence (byte 2 mode is programmed.

832{ for 8086/8088) are released by the slave on the data uPM Microprocessor mode: uPM=0 sets the

Figure 1. Initialization Sequence

uPD8259A for 8085A system. operation;
uPM = 1sets the uPD8259A for 8086 system
operation.

Figure 1illustrates the command word initialization se-
quence.

Ay D7 Dg Ds D4

‘D3 D2 Dy Do

l 0 Az Ag As 1

LTIM ADI SNGL ica ] ICW1

i

MsiT7  AualTe  Aq3/Ts  A2iTy  AniTs A Ag As IICW2 )
YES
(SNGL = 1)
NO(SNGL = 0) .
Il §7 S S5 Ss Sz S2/lDz  Si/IDy sonoo]mws
i}
NO IcW4
(ca =0
\Kssumzn
I 1 0 0 0 SFNM  BUF MIS  AEOI ”PM]ICWJ
Y

¥

l Ready to Accept Interrupts I

83-002785A
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Figure 2 illustrates the initialization command word for-
mat.

Figure 2. Initialization Command Word Format

Ag D7 Ds Ds  Ds D3 D2 Dy Do
ICWI| 0 l A7 l Ag ! As I 1 ILTIMIADIlSNGL lc4l

1=1CW4 Needed

0=No ICW4 Needed

1 = Single
0 = Cascade Mode

Call Address Interval
1 = Interval of 4
0 = Interval of 8

1= Level Triggered Mode
0 = Edge Triggered Mode

A7-As of Interrupt
Vector Address
{80/85 Mode Only)

Ap D7 D¢ D5 Ds D3 D2 Dy Do

A5 1A (A3, At | An
|cw2I1 T 6 15| T Ts Ao | A9 | As

Aq5-Ag of interrupt
Vector Address

(80785 Mode)
T7-T3 Of Interrupt
Vector Address
(8086/8088 Mode)
Ao D7 Dg Ds D4y D3 D2 Dy Do
cws
(Master Device) 1)51!85 55l34]53|521$11$oj
L LL ‘ | l l l 1 = IR Input Has a Slave
0 = IR Input Does Not Have a
Slave
Ap D7 Dg Ds Dg D3 D2 Dy Do
ICW3
(Slave Device) | 1 0 0 0 0 [ D2 | 1Dy | IDg
Slave 1D(1)
0|1(2]3|4]|5(6]7
0|1[{0|1]0f1[0f1
0JOoj1|1[0jO}1|1
0l0iojo]tj1{1]1
Ap D7 Dg Ds D4 D3 Dz D1 Do
ICW4[ 1 i OJ 0 [ 0 |SFNM1 BUFl M8 IAEOLlyPMJ
> 1= 8086/8088 Mode
0 = 80/85Mode
1= Auto EQ!
0=Normal EOI
X -] -Non Mode
0 - Buft Mode/Slave
1 - Buft Mode/Master

1= Special Fully Nested Mode
0 = Not-Speclal Fully Nested
Mode

NOTE:
(1) Slave ID Is equal to the corresponding master input.

83-002786B
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Operational Command Words

Once the uPD8259A has been programmed with initiali-
zation command words, it can be programmed for the
appropriate interrupt algorithm by the operation com-
mand words (OCW). See figure 3. Interrupt algorithms in
the uPD8259A can be changed at any time during pro-
gram operation by issuing another set of operation
command words. The following sections describe the
various algorithms available and their associated
OCWs.

Interrupt Masks

The individual interrupt request input lines are maska-
ble by setting the corresponding bits in the interrupt
mask register to a logic 1 through OCW1. The actual
masking is performed upon the contents of the in-
service register. For example, 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 interrrupt,
the masked interrupt input inhibits lower priority re-
quests 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 spe-
cial mask mode through OCW3. The special mask mode
(SMM) and end of interrupt (EOI) are described later.

Fully Nested Mode

The fully nested mode is the uPD8259A’s basic operat-
ing mode. It will operate in this mode after the initializa-
tion sequence without requiring operation command
words for formatting. The order of priority is determined
by IRg-1R7. IRg has the highest priority. After the inter-
rupt has been acknowledged by the processor and sys-
tem controller, 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
EOI command resets the corresponding ISR bits at the
end of its service routines.

Rotating Priority Mode Commands

The two variations of rotating priorities are the auto ro-
tate and specific rotate modes. These two modes are
typically used to service interrupting devices of equiva-
lent priorities.

Auto Rotate Mode. Programming the auto rotate mode
through OCW2 assigns priorities 0-7 to the interrupt re-
quest inputs. Interrupt line IRg is set to the highest prior-
ity and IR7 to the lowest. Once an interrupt has been
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serviced, it is automatically assigned the lowest prior-
ity. 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 program-
ming OCW2 in the following way: set rotate priority bit R
toalogic 1, program EOl to a logic 1and SECOI to a logic
0. The EOl and SEOI commands are discussed later. The
following is an example of the auto rotate mode with de-
vices requesting interrupts on line IR2 and IRs.

(1) Before interrupts are serviced:
In-service register

187 1S 185 1S4 1S3
(oo fofe]

Priority status register

1S, 184 1Sg
NN
highest priority

[ iRy l IRg [ms | IRy l IRy l IRy l IRy I m.ﬂ

According to the priority status register, IR2 has a higher
priority than IRs and will be serviced first.

(2) Afterinterrupts are serviced:
In-service register
I1S7 1Sg 1S5

(o [o ][] o Jofo]
Priority status register highest priority

[ IR, ] IRy FR@TIR-,- Lms l 1R ] 1Rq } IRz ]

At the completion of IRo’s service routine, the corres-
ponding in-service register bit (IS) is reset to logic 0 by
the preprogrammed EOI command. IRy is then as-
signed the lowest priority level in the priority status reg-
ister. The uPD8259A is now ready to service the next
highest interrupt, which, in this case, happens to be IRs.

1S 184 1Sg

T

Specific Rotate Mode. The priorities are set by program-
ming the lowest level via OCW2. Then, the uPD8259A au-
tomatically assigns the highest priority. If, for example,
IR3 is set to the lowest priority (bits Ly, Ly, Lg form the
binary code of the bottom priority level), then IR4 will be
set to the highest priority. The specific rotate mode is
selected by programming OCW2 in the following man-
ner: set rotate priority bit R to a logic 1, program EOl to a
logic 0, SEOl to a logic 1and Ly, Ly, Lg to the lowest prior-
ity level. If EOl is set to alogic 1, the ISR bit defined by Ly,
Ly, Lo is reset.
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End of Interrupt (EOI) and Specific End of Interrupt
(SEOI)

The end of interrupt (EOI) or specific end of interrupt
(SEOI) command must be issued to reset the appropri-
ate in-service register bit before the completion of a
service routine. Once the ISR bit has been reset to logic
0, the uPDB259A is ready to service the next interrupt.

Two types of EOl’s are available to clear the appropriate
ISR bit depending on the uPD8259A’s operating mode.

Non-Specific End of Interrupt (EOI). When operating in
interrupt modes where the priority order of the interrupt
inputs is preserved, such as the fully nested mode, the
particular ISR bit to be reset at the completion of the
service routine can be determined. A non-specific EOI
command automatically resets the highest priority ISR
bit of those set. The highest priority ISR bit must neces-
sarily be the interrupt being serviced and must neces-
sarily be the service subroutine returned from.

Specific End of Interrupt (SEOI). When operating in in-
terrupt modes where the priority order of the interrupt
inputs is not preserved, such as the rotating priority
mode, the last serviced interrupt level may not be
known. In these modes, a specific end of interrupt must
be issued to clear the ISR bit at the completion of the
interrupt service routine. The SEO! is programmed by
setting the appropriate bits in OCW2 to logic 1's. See fig-
ure 3. Both the EOl and SEOI bits of OCW2 must be set
to alogic 1with Lo, L4, Lg forming the binary code of the
ISR bit to be reset.

Special Mask Mode

Setting up an interrupt mask through the interrupt mask
register by setting the appropriate bits in OCW1 to a
logic 1 inhibits lower priority interrupts 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
OCWS3 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.

Poll 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
OCWS8 tologic 1 during a WR Puise. The following RD
pulse is then considered as an interrupt acknowledge. If
an interrupt input is present, the 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 OCW3 before every read. The

word format which is strobed onto the data bus during
the poll mode follows:

Dy

O T T T T w ]

| = 1ifthere is an interrupt requesting service

| = 0if there are no interrupts

Wy-Wy forms the binary code of the highest priority level of the interrupts
requesting service.

Wy |

Poll mode can be used when aninterrupt service routine
is common to several interrupt inputs. The INTA
sequence is no longer required; this saves ROM space.
Poll mode can also be used to expand the number of
interrupts beyond 64.

Reading .PD8259A Status

The following major registers’ status is available to the
processgl by appropriately formatting OCW3 and
issuing RD command.

Interrupt Request Register

The 8-bit 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. Prior to the issuing of the RD command, a WR
command must be issued with OCW3. Programmable
logic bits RIS and ERIS of OCW3 determine whether the
IRR or ISR register is to be read. To read the contents of
the IRR, ERIS must be a logic 1, and RIS a logic 0.

In-Service Register

The 8-bit in-service register stores the priorities of the
interrupt levels being serviced. Assertion of an end of
interrupt (EOI) updates the ISR to the next priority level.
A WR command must be issued with OCW3 prior to
issuing the RD command. both ERIS and RIS should be
set to logic 1.

Interrupt Mask Register

The 8-bit interrupt mask register holds mask data
modifying interrupt levels. A WR pulse preceding the
RD is not necessary to read the IMR status. The IMR
data is available to the data bus when RD is asserted
with Ag at logic 1.

A single OCW3 is sufficient to enable succesive status
reads providing it is of the same register. A status read is
overridden by the poll mode when bits P and ERIS of
OCWS3 are set to logic 1.
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Figure 3. Operation Command Word Format

Agp D7 Dg D5 Dsg D3 D2 Dy Do

oown [+ Twr T [ s [ we [ we [ we [ w [ o]

1= Corre: ding Bitin
1RR Is Masked.

0 = No Mask Present for
the Corresponding
1RR Bit.

Ag D7 Ds Ds Dy Do

Ds D3 D2
ocwz:L 0 l R Jszo:' EOl | 01 ) t_z 1 | LoJ T e e ety

o+t 2(3|4|5](6

oj1joft1joj+]oO

oo} 1 1fo0j0}1

ofojoloj1|1 1

Non-Specific End of Interrupt

1 =Reset the Highest Priority
Bitof ISR

0=No Action

Specific End of Interrupt
1=12, Ly, Lo Bits are Used
0=No Action

Rotate Priority
1= Rotate
0 = Not Rotate

Ay b7 Dg Ds D4 D3 D2 Dy Do

cha-l 0 I - IESMMI SMMI 0 | 1 I P LERISALRISJ|

l Read in-Service Register
0

0 | NoAction

0 | 1 | NoAction

1 0 | ReadlR Reg.on
Next RD Pulse

1 | 1 | ReadlSReg.on
Next RD Pulse

Polling

-

Read Binary Code of
Highest Level Requesting
Interrupt on Next RD Pulse

0 | No Action

l Special Mask Mode
0 | 0 | NoAction

0 | 1 | NoAction

1 | 0 | Read Special Mask
1 | 1 | SetSpecial Mask

830027878
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Table 6. Summary of Operation Command Word

Programming
Ag Dy Dy : Ag Dy Dy
ocwt 1 X X M7-My IMR (interrupt mask register) oCW3 0 0 1 ESMM SMM .
WR loads MR data while RD -
reads status 0 0 } Specfal mask not affected
W2 0 0 0 R SEOl EOI 0 1 Special mask not affected
1 0 Reset special mask
0 0 0  Noaction - ~
0 0 1 Non-specific end of interrupt ! ! Set special mask
p P ERS RIS
0 1 0 No action -
— - 0 0 } Noaction
0 1 1 Specific end of interrupt Ly, Ly, -
Lo forms binary representation 0 1 No action
of level to be reset 1 0 Read IR register status
1 0 0 Noaction 1 1 Read IS register status
1 0 1 Rotate priority at end of inter-
rupt (auto mode)
1 1 0 Rotate priority, Ly, L1, Lo
specifies bottom priority with-
out end of interrupt
1 1 1 Rotate priority at end of inter-

rupt (specific mode). Ly, Ly, Ly
specifies bottom priority, and

it is in-service register bit is
reset.

Figure 4. Cascading the uPD8259A

v Processor Address Bus (16) |
—— e L
: 11 11 I | [ et | fj

7N\

1IN

-—f——}
- — g
-t L e
4 Q N AV
I INT [ INT
= " GhSo = A o A% AOPDB259A
PD8259A PD8259, ul
¥Slave 2) CASy ¥ Slave 1 CASy CASY Masten
CASz _ CAS2 CAS;
SP IR IR IR IR IR IR IR IR SPIR IR IR IR IR IR IR IR SP IR IR IR IR IR IR IR IR
21 20 19 18 17 16 15 14 3121 10 9 8 7 6 54 3 210
NOTE:
(1) Insure that the i during the ion of any control com-

pt input is di
mand and initialization sequence for all uPD8259A’s.
830027888
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Instruction Set

Operation Code ) .
#  Mnemonic Operation Description Dy Dg Ds Dy D3 D Dy Dy Ap Format
(Byte 1 Initialization, No ICW4 Required) v
1 ICW1A Single, edge triggered A7 Ag A 1 0 A 1t 0 0 4
2 1Itwip - Single, level triggered A7 Ag A5 1 1 1 10 0 4
3 ICWIC Not single, edge triggered A; Ag A5 1 0 1 0 0 0 4
4 |CWID Not single, level triggered A7 Ag As 1 1 1 0 o0 0 4
5 ICW1E Single, edge triggered A7 Ag O 1 0 0 1 0 0 8
6  ICWiF Single, level triggered A7 Ag O 1 1 0 1 0 0 8
7 ICW1G Not single, edge triggered A7 A O 1 0 0 0 0 0 8
8 ICW1H Not single, level triggered A7 Ag 0 1 1 0 0 0 0 8
(Byte 1 Initialization, ICW4 Required)
9 1CW11 Single, edge triggered A7 Ag A5 1 0 1 1 1 0 4
10 ICW1J Single, level triggered A7 Ag A5 1 1 1 1 1 0 4
11 ICWIK Not single, edge triggered Az Ag A5 1 0 1 0 1 0 4
12 ICWIL Not single, level triggered A7 A A5 T 1 1 0 1 0 4
13 ICWIM Single, edge triggered A7 Ag O 1 0 0 1 1 0 8
14 ICWIN Single, level triggered A7 A O t 1 0 1 A 0 8
15 ICW10 Not single, edge triggered A7 Ag O 1 0 0 0 1 0 8
16 1ICW1P Not single, level triggered A7 Ag O 1 1 0 0 1 0 8
(Byte 2 Initialization)
17 ICW2 Initialize byte 2 Ais Ay A3 A Ay Ap Ag Ag 1
(Byte 3 Initialization)
18 ICW3M Initialize byte 3 (master) S7 S5 S5 S4 S3 S § 1
19 ICW3S Initialize byte 3 (slave) 0 0 0 0 0 S2 8 S 1
(Byte 4 Initialization)
20 ICW4A No action, redundant o o o 0 0 0 0 O 1
21 ICW4B Non-buffered, no AEOI, 8086 / 8088 0 0 0 0 0 0 0 1 1
22 ICW4C Non-buffered, AEOI, 80/85 - o 0 0o O 0 0 t 0 1
23 ICW4D Non-buffered, AEOI, 8086 / 8088 0 0 0 0 0 0 1 1 1
24 ICW4E No action, redundant 0 0 0 0 0 1 0 0 1
25 ICW4F Non-buffered; no AEOI, 8086 / 8088 o 0 o0 o0 0 1 0o 1 1
26 ICW4G6 Non-buffered AEOI, 80/ 85 0 0 0 0 0 1 1 0 1
27 ICW4H Non-buffered, AEO!, 8086 / 8088 o o0 0 o0 0 1 1 1 1
28 1CW41 Buifered, slave, no AEQ!, 80/85 0 0 0 O 1 0 0 0 1
25 ICW4J Buffered, slave, no AEQ!, 8086 /8088 0 0 0 0 1 0 0 1 1
30 ICW4K Buffered, slave, AEOI, 80/85 0 0 0 0 1 0 1 0 1
31 ICw4L Buffered, slave, AEOI, 8086 /8088 o o0 o0 0 1 0 1 1 1
32 ICW4M Buffered, master, no AEOI, 80 /85 0o 0 0 0 1 1 0 0 1
33 ICW4N Buffered, master, no AEOI, 8086 / 8088 0 0 0 0 1 1 0 1 1
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Instruction Set (cont)

Operation Code

# Mnemonic Operation Description D Dg Ds Dy D3 Dy Dy Dy Ag Format
(Byte 4 Initialization) (cont)
34 ICW40 Buffered, master, AEOI, 80/ 85 0 0 0 0 1 1 1 0 1
35 ICW4P Buffered, master, AEOI, 8086 / 8088 0 0 0 0 1 1 1 1 1
36 ICW4NA Fully nested, non-buffered, no AEQI, 8085A 0 0 0 1 0 0 0 0 1
37 ICW4NB ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the

addition of fully nested mode 0 0 0 1 0 0 0 1 1
38 ICW4NC ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the

addition of fully nested mode 0 0 0 1 0 1} 1 0 1
39 ICW4ND ICW4 NB-ICW4 ND are identical to ICW4 B-ICW4 D with the

addition of fully nested mode 0 0 0 1 0 0 1 1 1
40 ICW4 NE Fully nested, non-buffered, no AEOI, 80/ 85 0 0 0 1 0 1 0 0 1
41 ICW4 NF ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 0 1 0 1 1
42  ICW4NG ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 0 1 1 0 1
43 ICW4 NH ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fuily nested mode 0 0 0 1 0 1 1 1 1
44 ICW4 NI ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 0 0 0 1
45  ICW4 NJ ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 0 0 1 1
46  ICW4NK ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 0 1 0 1
47  ICW4NL 1CW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 0 1 1 1
48  ICW4NM ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 0 0 1
49  ICW4 NN ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 o0 1 1 1 0 1 1
50 ICW4 NO ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 1 0 1
51 ICW4 NP ICW4 NF-ICW4 NP are identical to ICW4 F-ICW4 P with the

addition of fully nested mode 0 0 0 1 1 1 1 1 1
52 0CW1 Load mask and read mark registers Mz Mg Ms Mg Mg My My Mg 1
53 OCW2E Non-specific EOI 0 0 1 0 0 0 0 0 0
54  0OCW2 SE Specific EOI, Lo~Lo code of IS FF to be reset 0 1 1 0 0 Ly L Lp 0
55 0CW2RE Rotate on non-specific EOI 1 0 1 0 0 0 0 0 0
56  OCW2RSE Rotate on specific EO! Lg-L code of line 1 1 1 0 0 L L L 0
57 O0CW2R Rotate in auto EOI (set) 1 0o 0 o0 0 0 O 0 0
58  OCW2CR Rotate in auto EQI (clear) s 0 0 0 0 ¢ 0 0 0 0
59  0CW2RS Set priority command 1 1 0 0 0 L L4 L 0
60 OCW3P Poll mode 6 0 o0 0 1 1 0 0 0
61  OCW3RIS Read !S register 0 0 0 0 1 0 1 1 0
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_ | PROGRAMMABLE KEYBOARD/
NEC Electronics Inc. DISPLAY INTERFACE

Description Pin Configuration

The uPD8279 is a programmable keyboard and display
input/output device providing the user with the ability RLz
to display data on alphanumeric segment displays or b
simple indicators. The display RAM can be programm-

[ Vee
] RLy
1 RLy

1
2
3
. ! IrRQ ] 4 [] CNTLISTB
ed to function as a 16 x 8-bit or dual 16 x 4-bit memory RLe [15 (1 SHIFT
and can be loaded or read by the host processor. The RLs 8 [ sis
display can be loaded with right or left entry with an Rle L7 H stz
auto-increment of the display RAM address. RL7 18 st
RESET 1 SLo
The keyboard interface provides a scanned signal to RD ] OUT Bo
a 64 contact key matrix expandable to 128. General :;: 323: :;
sensors or strobed keys may also be used. Keystrokes DBy 5 out Bs
are stored in an 8 character FIFO and can be either DB, FouT A
2 key lockout or N key rollover. Keyboard entries DB3 [JouT A
generate an interrupt to the processor. DBs [ oUT Az
DB; 7 0uT A
DBg [18D
Features DBy s
O Programmable by processor Vss H Ao
[J 32 hex or 16 alphanumeric displays 83-002663A
[0 64 expandable to 128 keyboard
O Simultaneous keyboard and display Pin Identification
O 8 character keyboard—FIFO o Symbol Function
O 2 key lockout or N key rollover - y
O Contact debounce 1,2,5,6,7,8,38,39 RLg-RL7 Return lines
O Programmable scan timer - 3 CLK Clock input
[T Interrupt on key entry 4 IRQ Interrupt request
[1 Single +5 V +10% power supply 9 RESET Reset input
O leg(l))é) compatible with 8080A, 8085A, uPD780 10 D Read input
o ( ; ) i 1 WR Write input
Z80 is a registered trademark of Zilog, Inc. 12-19 DBo-DB; Data bus
Ordering Information 20 Vss Ground reference
21 Ag Buffer address
Part Package Max Frequency — -
Number Type of Operation 22 CS Chip select
4PD8279C-2 40-pin plastic DIP 5 MHz 2 80 Blank display output
4PD8279C-5 40-pin plastic DIP 3 MHz 24-21 OUT Ag-OUT A Display A outputs
28-31 OUT By-0UT By Display B outputs
32-35 SLg-SL3 Scan lines
36 ' Shift Shift input
37 CNTL/STB Control/strobe input
40 Vee +5 V input
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Pin Functions
RLo-RL7 (Return Lines)

Return line inputs which are connected to the scan
lines through the keys or sensor switches. They 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.

CLK (Clock)
Clock from system used to generate internal timing.

IRQ (Interrupt Request)

In a keyboard mode, the interrupt 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 the sensor mode, the interrupt line goes high
whenever a change in a sensor is detected.

RESET (Reset)
A high signal on this pin resets the uPD8279.

RD (Read Input)

Input read allows the data buffers to send data to the
external bus.

WR (Write Input)

Input write aliows the data buffers to receive data
from the external bus.

DB(-DB7 (Data Bus)

Bidirectional data bus. All data and commands be-
tween the processor and the uPD8279 are transmit-
ted on these lines.

OUT Ay-OUT A3 (Display A Outputs)

Output port for the 16 x 4 display refresh registers.
The output data is synchronized to the scan lines
(SLo-SLj) for multiplexed digit displays. Ports A and
B may be blanked independently and may also be con-
sidered as one 8-bit port.

OUT By-OUT B3 (Display B Outputs)

Output port for the 16 x 4 display refresh registers.
The output data is synchronized to the scan lines
(SLp-SLs) for multiplexed digit displays. Ports A and
B may be blanked independently and may also be con-
sidered as one 8-bit port.
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SLg-SL3 (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 (1 of 4).

Ao (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.

CS (Chip Select)

A low on this pin enables the interface functions to
receive or transmit.

BD (Blank Display Output)

This output is used to blank the display during digit
switching or by a display blanking command.
SHIFT (Shift)

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.

CNTL/STB (Control/Strobe Input)

For keyboard modes this line is used as a control in-
put 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.

Vss (Ground Reference)
Ground.

Ve (Power Supply)
+5 V power supply input.
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Block Diagram
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Functional Description

The uPD8279 has two basic functions: 1) to control
displays to output and 2) to control a keyboard for in-
put. Its specific purpose is to unburden the host pro-
cessor from monitoring keys and refreshing displays.
The uPD8279 is designed to directly interface with the
microprocessor bus. The microprocessor must pro-
gram the operating mode to the uPD8279 as follows:

Output Modes

@ 8 or 16 character display
® Right or left entry display formats

input Modes

® Scanned keyboard with encoded (8 x 8 key key-
board) or decoded (4 x 8 key keyboard) scan lines.

® Scanned sensor matrix with encoded (8 x 8 matrix
switches) or decoded (4 x 8 matrix switches) scan
lines.

@ Strobed input with data on return lines during con-
trol line strobe being transferred to FIFO.
Block Diagram

Following is a description of each section of the
uPD8279. See the block diagram for functional
reference.

1/0 Control and Data Buffers

Communication to and from the uPD8279 is perform-
ed by selecting CS, Ag, RD and WR. The type of in-
formation written or read by the processor is selected
by Ag. A logic 0 states that information is data while
a 1 selects command or status. RD and WR select the
direction by which the transfer occurs through the
data buffers. When the chip is deselected (CS = 1)
the bidirectional data buffers are in a high impedance
state. This enables the xPD8279 to be tied directly to
the processor bus.

Timing Registers and Timing Control

The timing registers store the display and keyboard
modes and other conditions programmed by the pro-
cessor. 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 is programmed with a value between 2 and
31 to divide the external clock input by N to yield the
internal clock frequency. A value which scales the in-
ternal 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.
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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 pro-
vides 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 to sample 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 con-
tents of return lines are sent directly to the sensor
RAM (FIFO) each key scan. In the strobed mode, the
transfer takes place on the rising edge of CNTL/STB.

FIFO/Sensor RAM and Status

This section is a dual purpose 8 x 8 RAM. In strobe
or keyboard mode it is a FIFO. Each entry is pushed
into the FIFO and read in order. Status keeps track
of the number of entries in the FIFO. Too many reads
or writes to the FIFO will be treated as an error con-
dition. 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 asensor. 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 programmed to autoincrement after each read or
write. The display RAM may be read by the processor
any time after the mode and address is set. Data en-

try to the display RAM may be set to either right or

left entry.

Command Operation

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

Keyboard/Display Mode Set

Lofoflofo]of«]

K | k|
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Display Mode:

D D

0 0 Eight 8-bit character display—left entry

0 1(1) Sixteen 8-bit character display—left entry

1 0 Eight 8-bit character display—right entry

1 1 Sixteen 8-bit character display—right entry
Note:

(1) Power on default condition.

Keyboard Mode:

K K K

0 0 0 Encoded scan—2 key lockout

0 0 0 Decoded scan—2 key lockout

0 1 0 Encoded scan—N key roliover

0 1 1 Decoded scan—N key rollover

1 0 0 Encoded scan—sensor matrix

1 0 1 Decoded scan—sensor matrix

1 1 0 Strobed input, encoded display scan
1 1 1 Strobed input, decoded display scan

Program Clock .
Lofofl+frelefe > r]

Where PPPPP is the prescaler value between 2 and
31. This prescaler divides the external clock by
PPPPP to develop its internal frequency. After reset,
a default value of 31 is generated.

Read FIFO/Sensor RAM

[o ] 1] ola{ x| alafalfa=o0

Aq is the autoincrement flag. AAA is the row to be
read by the processor. The read command is ac-
complished with (CS ¢ RD ¢ AQ) by the processor. If
A4 is 1, the row select counter will be incremented
after each read. Note that autoincrementing has no
effect on the display.

Read Display RAM

[ o]+ [ 1 [a | x| al A]"A]Ag=o

Where A1 is the autoincrement flagg and AAAA is the
character which the processor is about to read.

Write Display RAM

Clolo [mnlalralals]

Where AAAA is the character the processor is about
to write.
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Display Write Inhibit Blanking

FIFO Status

1 0 1 X W W BL BL
A B A B

Where IWA and IWB are inhibit writing nibble A and
B respectively, while BLA and BLB are used for blank-
ing. 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 in ac-
complished with the IW flags. The BL flags allow the
programmer to blank either half of the display in-
dependently. To blank a display formatted as a single
8-bit, it is necessary to set both BLA and BLB. Default
after a reset is all zeros. All signals are active high
(logic 1).

Clear

[ [+ [ oo e [ol[el]oal]
Where:

Cp Cp Cp

1 0. X All zeros

1 1 0 AB = 20H

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 abili-
ty to clear the display RAM to either all zeros or all
ones. Clearing the display takes one compiete display
scan. During this time the processor can’t write to the
dispiay RAM.

If the Cg bit is set to logic 1, the FIFO status is
cleared, the FIFO empty flag is set, and IRQ is cleared.
The sensor matrix mode RAM pointer will then be set
to row 0.

Ca, the clear all bit, has the combined effect of Cg
and Cp; it uses the Cp clearing code on the display
RAM and also clears FIFO status. It also re-
synchronizes the internal timing chain.

End Interrupt/Error Mode Set
Lo Lo T felxlxlx]x]

In the sensor matrix mode, this instruction clears IRQ
and allows writing into RAM. In N key rollover, set-
ting the E bit to 1 allow for operating in the special
error mode. See description of FIFO status.

[ oy Jse] o] v | F | v ] v ] ]
Where:

e DU = Display unavailable because a clear dispiay
or clear all command is in progress.

* S/E = Sense 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.

e U = FIFO underrun. An indication that the pro-
cessor tried to read an empty FIFO.

e F = FIFO full fiag.

¢ NNN = The number of characters presently in
FIFO.

The FIFO status is read with Ag high and CS, RD ac-
tive low.

If the Cp or Co command has not completed its clear-
ing, the display is not available. The S/E flags.are used
to show an error in multiple closures has occur-
red. 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 indica-
tion 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 CS, RD are
active low. The source of data is determined by the
read display or read FIFO commands.

Data Write ' _ o
Data is written to the chip when Ag, CS, and WR ar
active low. Data will be written into the display RAM
with its address selected by the latest read or write
display command.

Data Format
LCNTL[ SH T

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.

SCAN RET ]

[ R | R | s [ R [ A | R, | Ay | R |
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.
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Command Word Summary

DC Characteristics
Ta = 0°C to +70°C; Vg = 6V £10%; Vgg = 0V

0 0 0 D D K K K Keyboard display mode set
0o 0 t+ P P P P P Lload program ciock Limits Test
0 1 0 A X A A A Read FIFO/sensor RAM Parameter Symbhol Min Max Unit Conditions
0 1 1 Af A A A A Read display RAM Input high voltage Vigp - 2.2 \
1 0 0 Af A A A A Wit display RAM for return lines
1 0 1 X W IW BL BL Display write inhibit/blanking NPut high voitage Vi 2.0 v
A B A B for other lines
Input low voltage Viy -05 14 .V
: 1 (1] G Co (;D (;F C;\ (E)Ie:r. " / g6 st for return lines :
. End interrupt/error mode se nput low voltage Vi —05 08 V
Dy S/E O N N N FIFO status for other lines
Output high voltage on IR +3.5 V gy = —~50 uA
Absolute Maximum Ratings interruptline pin
Ta = 26°C others +2.4 V gy = —400 pA
Power supply voltage, Vpp -0.5Vto +7.0 V(Y Output low voltage VoL 045 V lg =22mA
Power dissipation, Pp 1.0 W Input current on shift, I +10 pA V) = Vg
Operating temperature, Tgpr 0°C to +70°C  Control and return lines —100 wA V=0V
Storage temperature, Tgyg —65°C to +150°C Input leakage current liLz +10 pA Vy=VgptoQV
for other lines
Note:
) Outpuit float leakage loFL - +10 pA Vg =VgotoOV
(1) With respect to Vgg.
Power supply current lee 120 mA

Comment: Exposing the device to stresses above those listed in

the 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 specifica-
tion. Exposure to absolute maximum ratings for extended periods
may affect device reliability. .

Capacitance

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance - G 5 _ 10 pF Vi = Vo
Output capacitance  Cg 10 20 pF Vo = Vge
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AC Characteristics
Ta = 0°Cto +70°C; Vg = 5V +10%; Vgg = O V

uPDB279-5 4uPDB278-2
Limits Limits Test

Parameter Symbol Min Max Min Max Unit Conditions
Read
Address stable before read tAR 0 0 ns
Address hold time for read tRA 0 0 ns
Read pulse width tRR 250 200 ns
Data delay from read tRD 150 140 ns CL = 150 pF
Address to data valid tap 250 250 ns CL = 150 pF
Read to data floating toF 10 100 10 100 ns
Read cycle time troy 1000 200 ns
Write
Address stable before write taw 0 0 ns
Address hold time for write twa 0 0 ns
Write pulse width tww 250 200 ns
Data set up time for write tow 150 150 ns
Data hold time for write twp 0 0 ns
Write cycle time twey 1000 200 ns
Gther
Clock pulse width Lw 120 70 ns
Clock period toy 320 200 ns
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General Timing

Keyboard scan time 5.1 ms
Keyboard debounce time 10.3 ms
Key scan time 80 us
Display scan time ' 10:3 ms
Digit-on time : 480 us
Blanking time 160 us
Internal clock cycle 10 ps

Timing Waveforms
AC Test Input Clock Input

24 oW ———]
20 o > 2.0 X
: x_ Test Polnts;
- —
0.45 0.8 0.8 |
83-002665A \ . /

cY

83-002668A
Read
_ { j (System’s
Ao, G5 _ 4 Address Bus)
r—1nn - troy
tRR r—tnA !
R p
RD \
(Read Control)
tRD toF—>]
.nv
Data Bus | "
(Output) High Data Valid———» High Impedance
83-0026668
Write
twey
cs {System’s
ho- 68 K Address Bus)
taw —| tww ‘-MA—»I
3 2 \
WR N\ Y X
(Write Control)
tow twp
Data Bus !
Data May Change |+——Data Valid—— Data May Change
{Input) y —
83-0026678
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uPB8282/83
8-BIT LATCHES

Description

The uPB8282 and uPB8283 are 8-bit latches with three-
state output buffers. The uPB8282 is non-inverting and
the uPB8283 inverts the input data. These devices are
ideal for demultiplexing the address/data buses on
the 8085A/8086 microprocessors. The uPB8282/83 are
fabricated using NEC’s Schottky bipolar process.

Features

O Support uPB8080, 8085A, 8048, 8086 family
systems

J Transparent during active strobe

O Fully parallel 8-bit data register and buffer

O High output drive capability (32 mA) for driving
the system data bus

[0 Three-state outputs

Ordering Information

Pin Configurations ‘

Part Output Drive
Number Package Type Capability
1PB8282C 20-pin plastic DIP 32 mA
uPB8283C 20-pin plastic DIP 32 mA
Pin Ildentification

No. Symbol Function
1-8 Dlg-DI; Data in

9 OE Output enable
10 GND Ground

11 ST8 Strobe

12-19 («PB8282) D07-D0g Data out

(uPB8283) DO7-D0

20 Vee Power supply

D'od 1 pio 1 " 20 Vee
D[] 2 Dli[] 2 19 |1 D0g
DIz [}3 DIz (Y3 18 ;\IYM
DI3[] 4 Diz[] a4 17 [J Do,
nl.és Dis}s B 16[1D0s
Dis[] 6 Dis}e g 15 [ DO,
Dig[}7 Dis[}7 < 14pDdos
o[ s iy ] 8 13 [100¢
OE[}9 oE} e 12 [ D07
GND [] 10 GND ] 10 11[1sTB
83-002817A

Pin Functions
OE (Output Enable)

This active low input control signal enables the con-
tents of the data latches onto the data output pins
(Bo-B7). When OE goes high, the output buffers
become high impedance.

STB (Strobe)

This input control pulse strobes data at input Ag-A7
into the data latches. Data is latched at STB’s high™
to low transition. When active high, STB admits in-
put data. :

Dlp-DI7 (Data In)

When data that satisfies the STB strobe setup time
requirements is input to these pins, it is latched into
the data latches.

DO(-DO7 (uPB8282) (Data Out)

DO¢-DO7 (uPB8283)

When OE is active (low), it outputs data to the
DOy-DO; pins. When OE is inactive high, DOg-DO7 are
high impedance. Enabling or disabling the output buf-
fers will not cause negative-going transients to appear
on the data output bus.

GND (Ground)

This is the ground.

Vce (Power Supply)
This is the +5 V power supply.
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Block Diagrams
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Functional Description

The uPB8282/83 are 8-bit latches with three-state out-
put buffers. Data on the inputs is latched into the data
latches on a high-to-low transition of the STB line.
When STB is high, the latches appear transparent.
The OE input enables the latched data to be transfer-
red to the output pins. When OE is high, the outputs
are put in the three-state condition. OE will not cause
transients to appear on the data outputs.

Absolute Maximum Ratings
Ta = 25°C

0°C to +70°C
—-65°C to +150°C

Operating temperature

Storage temperature

All output and supply voltages
All input voltages

-10Vt 55V

Comment: Exposing the device to stresses above those listed in
Absoiute Maximum Ratings could cause permanent damage. The
device is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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DC Characteristics
Ta=0°C to +70°C; Voc = +5 V £10%

Limits

Test
Parameter Symbol Min  Max Unit Conditions
Input clamp Ve -1 V lg=-5mA
voltage :
Power supply lec 160 mA
current
Forward input lg -0.2 mA Vp=1045V
current .
Reverse input Ir 50 A V=525V
current :
Output low voltage Vg 045 V gL =32mA
Output high Voo 24 loH = =5 mA
voltage
Output off current  lopr +50 pA Vopr = 0.45105.25V
Input low voltage V. 08 V Vgc=50V(1)
Input high voltage Vi 2.0 V Vge =50V(1)
Input capacitance  Cyy 12 pF Vgas = 2.5V,

Voo = 5V, Ty = 25°C,
F=1MHz

Note:

(1) Output loading loy. = 32 mA, lgpy = —5 mA, C = 300 pF
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AC Characteristics Load Circuits
Ta = 0°Cto +70°C; Vgg = 5V = 10%
loL = 32 mA, lIpy = —5 mA, C = 300 pF v 214V

1.5 1.5
Limits
Parameter Symbol Min  Max Unit 330 160 0 5270
Input to output delay tivov Out Out out
—Inverting 5 22 ns
I I

v

—Non-inverting 5 30 ns s00 oF a0 e T

STB to output delay sHov =
—Inverting 10 40 ns 3-State to Vo 3-State to Vou Switching
—Non-inverting 10 45 ns E500sgein

Output disable time tEHOZ 5 22 ns

Output enable time tELov 10 30 ns

Input to STB setup time tivsL 0 ns

Input to STB hold time tsLix 25 ns

STB high time tSHSL 15 ns

Input, output rise time fiLiH, toLoH 20 ns

Input, output fall time HHIL, toHOL 12 ns

AC Test Points

24
Xl.s «—Test Points— 1..'X
0.45
AC Testing: Inputs are driven at 2.4 V for a logic 1 and 0.45 V for
a logic 0 timing measurements are made at 1.5 V for both
a logic 1 and 0.
83-003665A
Timing Waveform
Inputs )(
[—tivsL tsLix
STB 7‘
sHSL |
OE
— tivov teHoZ le—teLov r—
p| Iev.
Outputs VoL + 0.1V E _________ 1 16V
VoL + 0.1 VA K4V
f—tsHOV
*Note: Output may be momentarily invalid following the high going into STB transition.
830036668
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NEC uPB8284A
CLOCK GENERATOR AND DRIVER
NEC Electronics Inc. FOR 8086/8088 MICROPROCESSORS

Description Pin Configuration

The uPB8284 is a clock generator and driver for the

8086 and 8088 microprocessors. This bipolar driver cvsne o1 b vee
provides the microprocessor with a reset signal and ':%: z :l
also provides properly synchronized READY timing. A rovi O & ) ASYNC
TTL clock is also provided for peripheral devices. READY O] 5 E EFI
ROV2 O] 6 FIC
Features AEN2 ) 7 E osc
ctk ] s RES
Generates system clock for the 8086 and 8088 ano o 1 RESET

ooooooo

Frequency source can be a crystal or a TTL signal
MOS level output for the processor

TTL level output for the peripherat devices
Power-up reset for the processor

READY synchronization

+5V supply

Ordering Information

83-003402A

Part Max Frequency
Number Package Type of Operation
uPB8284AD 18-Pin cerdip 25MHz+3
Pin identification

No. Symbol Function

1 CSYNC Clock synchronization

2 PCLK Peripheral clock

3,7 AENT, AEN2 Address enable

4,6 RDY1, RDY2 Bus ready

5 READY Ready

8 CLK Processor clock

9 GND Ground

10 RESET Reset

11 RES Reset in

12 0sC Oscillator output

13 F/C Frequency crystal select

14 EFI External frequency in

15 ASYNC Asynchronous input

16, 17 X1, X2 Crystal in

18 Voo Veo

Pin Functions

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.

Peripheral Clock
A TTL level clock for use with peripheral devices. This
clock is one-half the frequency of CLK.

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.

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

The READY signal to the microprocessor is synchro-
nized by the RDY inputs to the processor CLK. READY is
cleared after the guaranteed 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 EFI frequency.
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Ground External Frequency In

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

Reset

This is used to initialize the processor. Its input is de-
rived from an RC connection to a Schmitt trigger input
for power up operation.

Reset In ,

The Schmitt trigger input is used to determine the tim-
ing of RESET out via an RC circuit.

Oscillator Output

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

Frequency Crystal Select

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

Block Diagram

Asynchronous Input . .

Ready Synchronization Select. ASYNC is an input
which defines the synchronization mode of the READY
logic. When ASYNC is low, two stages of READY syn-
chronization are provided. When ASYNC is left open or
HIGH, a single stage of READY synchronization is pro-
vided.

Crystal In

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

Vce Supply Voltage

+5V supply.

CD——‘D Q— RESET

X4 | XTAL
X2 Oscil-

lator

FiC

EFI

CSYNC

RDY1

Fm__‘bo_l—
REN ——>o
’OY2 ————— |

J‘}- osc
_ $———» CLK
+3
sYNC
e PCLK
K
D Qf———— READY

ASYNC

83-003807B

Functional Description

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

8-122

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.
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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 to the
falling edge of CLK. Power-on reset is provided by a

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

The READY logic in the 8284A 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.

simple RC circuit on the RES input. AC Characteristics
Ta=0°Cto +70°C, Voo =5V £10%
Absolute Maximum Ratings Limits Tost
— =] e ———— .
Ta=25°C Parameter Symbol Min Typ Max Unit Conditions
Power supply voltage, Vpp ~05Vto +7V Timing Requirements
Input voitage, Vi ~10Vo+5.5V Eernal teweL 13 ns 90%-90% Viy
Output supply voltage, Vg -0.5Vio +7V f(equency time
Operating temperature, Top —0°Cto +70°C high
External tELEn 13 ns  10%-~10% Viy
Storage temperature, Tstg —65°C to +150°C frequency time LE
Comment: Exposing the device to stresses above those listed in Abso- low
lute Maximum Ratings could cause permanent damage. The device is | perio t 5 ns  (Note1
not meant to be operated under conditions outside the limits de- EF! period ELEL ®) ( )
scribed in the operational sections of the specification. Exposure to XTAL frequency 12 25  MHz
absolute maximum rating conditions for extended periods may affect RDY1. RDY2 taveL | 35 ns
device reliability. set-ub to CLK C
= az Y1, RDY. ¢ 0
DC Characteristics md‘{ORCLK? CLRIX ns
Ta=0°Cto +70°C, Voo = +5V£10% T
AEN1, AEN2 tavaiy B ns
Limits Tost set-up to RDY1, .
Parameter Symbol Min Typ Max Unit Conditions RDY2
Input voltage ViL +0.8 V. Vge=5.0V AEN1, AEN2 toLarx 0 ns
low hold to CLK
Input voltage Vi 2 V. Vge=5.0V CSYNC set-upto tyygy 20 ns
high EFI
Output voltage  Vgi. +0.45 V. 5mA=lg CSYNCholdto  teyy, 10 ns
fow EFl
Output voltage  Voy 4 V. —1mA=igy CSYNCwidth  tyqyr  2teier ns
high (CLK) RESset-upto  tyyc. 65 ns  (Note 2)
(Other outputs) 24 V. —1mA=lgy CLK )
Forward input  Ig -1.3  mA Vp=045V RESholdto CLK to iy 20 ns  (Note 2)
current (ASYNC) ROVL, RDY2  triven 35 ns  ASYNC=Low
(Other inputs) -05 mA Vg=045V active set-up to
Reverse input  Ig 50 uA  Vp=5.25V CLK
current ROYT,RDY2  tpyeL 35 ns
Input forward Vg -10 V lg=-5mA inactive set-up
clamp voltage fo CLK
Resetinputhigh Viyp 2.6 V. Vee=5.0V ASYNC set-up to tayygL 50 ns
voltage CLK
RES input Vir-  0.25 V. Voo=5.0V ASYNC hold o fgiavx 0 ns
hysteresis ViLR CLK
Power supply  lgc 140  mA Input rise time 20 ns  From0.8Vto 2.0V
current Input fall time ~~ tyy,_ 2 ns From2.0Vt00.8V
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AC Characteristics (cont) : AC Test Circuits
Ta=0°Cto +70°C, Vo =5V +10% -
Limits Tost Figure 1. Clock High and Low Time
Parameter Symbol Min  Typ Max Unit Conditions
Timing Responses ' Veo
CLK cycle period tg . 125 ns - ok P s
CLKtimehigh toucy  (6) ns  Figure 1and figure 5pF CL=100F
: Inal
CLKtimelow tgey  (7) "~ ns Figure 1and figure 0,2,
2 T,
CLK rise and fall tgHicH2, 10 ns 1.0Vto3.5V
time foLoctt
PCLKtime high tpyp.  (8) ) ns
PCLKtimelow tprpy  (8) ns CSYNG
Ready inactive to tgy; . -8 ns  Figure 3 and figure
CLK 4, (Note 4) e
Ready activeto tgyncn (7) ns  Figure 3 and figure 83-003808A
CLK : 4, (Note 3)
gL'K toreset  toui 40 ns Figure 2. Clock High and Low Time
elay -
CLKto PCLK  tgipy 22 ns Vee
high delay
CLK to PCLK low tgypp 22 ns oad
delay G:"‘:’G:hr EFl CLk "_ CCE%%}
0SCto CLK high toicy -5 12 ns
delay
0SCtoCLKlow tggp 2 22 ns
delay CSYNC
Output rise time gy 0H 20 ns From0.8Vto2.0V
(except CLK) .
Output fall time  tgroL 12 ns From2.0Vt00.8V
(except CLK) =
Note: 83-003809A

(1) d=EFlrise (5ns max) + EFI fall (5 ns max).

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

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

() teHEL +HELEH +6

(6) (Btgc)+2.0

@ @stoc)—15.0

® tcicL-20
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Figure 3. Ready to CLK
Vee
JR— Load
AEN1 CLK Figure 5
CL=30pF
5 pF
imlak
Load
24MHz [] READY Figure 5
CL=30pF
L—- x2 0sCt—— L P
Pulse
RDY2
Trigger FIiC
AEN2
CSYNC
83-0038108
Figure 4. Ready to CLK Output
Pulse Load
EFI CLK Figure 5
Generator CL=30pF
Vee
73
AEN1
Trigger
Pulse RDY2
Generator AEN2
Load
CSYNC  READY Figure 5
CL=30pF
83-003811B
Figure 5. AC Load Figure 6. Timing Measurement Points
Load Input/Output
Test 24
Point Vee XLE «—— Test Points ———» 1 %
045
All Diodes 1N3064
8009 Or Equivalent Note:
Inputs ate 2.4 V and 0.45 V for logic 1 and 0, respectively.
Timing measurements are made at 1.5 V.
From Output _| 83-0038108B
Under Test
{Includes probe
CyL and jig capacitance)
I @
83-003812A
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Timing Waveform
*lELEL.‘ tEHEL
ER
In 2]
osc , \ , \
Out r_\_l
QJ torct
~ toLck \LcH JetcHCL ]
CLK e
Out ] J
" tCHICH2—>{}— toLcL ? . [e—=t—tcLpn [e=t—tcLp
PCLK € (_[ o
Out i
IRivCL: "‘mev’ tPHPL:
R 4 X
In b)Y
S
3 o tA1R IV l~—°—‘cwx L 1
AENY, 2 e J( ) j
In A
@ -
2 {—v RYLCL /
READY
Out
0 *—Jy—lEHVL -F \
L4y
3y [T YHER |~—-invncu—>
CSYNC ¢
n W
tyHyL—{ . |—toLiH—s|e— tiHoL —»,
RES ¢ ‘
In
~ch||.~|
RESET
Out
83-0038148
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NEC Electronics Inc. 8-BIT BUS TRANSCEIVERS
Description Pin Identification
The uPB8286 and .PB8287 are octal bus transceivers Mo Symbol Function
used for buffering microprocessor bus lines. Being bi-  1-8 Ag-A7 Local data bus
directional, they are ideal for buffering the data bus g OF Output enable
lines on 8- or 16-bit microprocessors. Each B output is m aND Ground
capable of driving 32 mA low or 5maA high. un
1 T Transmit
Features , 12-19 (4PB8286) B;-By  System data bus
. (uPB8287) B7-By

O Data bus buffer driver for u.COM-8 (8080, 8085A, 780)

and uCOM-16 (8086) families 2 Voo Power supply

0O Low input load current — 0.2 mA max
O High output drive capability for driving system data Pin Functions

bus .
00 Three-state outputs OE (Output Enable) ;
This active low input control signal enables the output
Ordering Information drivers selected by T.
Part 1o :
Number Package Type Delay, Max T (Tran sm")
HPBB2860 20-pin plastic DIP 22 This input controls the direction of data through the .
HPBB287C 20-pin plastic DIP 30ns transceivers. When high, data is transferred from the
Ag-A7 inputs to the Bg-B7 outputs. When low, data is
Pin Configurations transferred from the Bg-B7 inputs to the Ag-A7 outputs.

Ag-A7 (Local Data Bus)

Ag-A7 are bidirectional drivers that, depending on the
state of the transmit pin, accept data from or transfer.
data to the processor’s local bus.

Bo-B7 (System Data Bus) n
Bg-B7 are bidirectional drivers that, depending on the

state of the transmit pin, accept data from or transfer
data to the system bus. i

GND (Ground)
This is the ground.

Ve (Power Supply)
This is the +5V power supply.
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Block Diagram
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Functional Description

MOS microprocessors like the 8080/8085A/8086 are
generally capable of driving a single TTL load. This also
applies to MOS memory devices. While sufficient for
minimum 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. : i

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

Each buffered line of the octal driver consists of two
separate three-state buffers. The B side of the driver is
designed to drive 32 mA and interface the system side

8-128

of the bus to 1/0, memory, etc. The A side is connected
to the microprocessor.

Control Gating, O, 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 transceivers. When T is high, data is
transferred from the Ag-A7 inputs to the Bp-B7 outputs,
and when low, data is transferred from Bg-B7 to the
Ag-A7 outputs.
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Absolute Maximum Ratings AC Characteristics
Ta=25°C Ta=0°Cto +70°C,Vgc=5V£10%
Power supply voltage, Vg ~0.5Vio +7V Limits . Test
Input voltage, V, ~1.0Vto +5.5V Parameter Symbol Min Typ Max Unit Conditions
Output voltage, Vg -0.5Vio +7V Idml)m to output  tyoy
ela
Operating temperature, Topr 0°Cto +70°C In\\l/erting 5 22 ns
Storage temperature, Tgrg —65°Cto +150°C Non-inverting 5 30 ns
Comment: Exposing the device to stresses above those listed in Abso- Transmit / receive tenty  tEHOZ ns
lute Maximum Ratings could cause permanent damage. The device is hold time
not meant to be operated under conditions outside the limits de- - -
scribed in the operational sections of the specification. Exposure to Transmit/ receivetyyg, 10 ns
absolute maximum rating conditions for extended periods may affect setup
device reliability. Output disable  teHgz 5 22 ns
time
DC Characteristics
le 1 30 ns
Ta=0°Cto +70°C, Voo = +5V £10% gﬁfgmenabe eov 10
__Umbts Test 1/0risetime  tm 0 ns
‘Parameter Symbol Min Typ Max Unit Conditions toLoH
Input voltage ~ Vj 1/0falftime L 12 ns
low —Aside . +0.8 V  Vgp=5.0V, toHoL
(Note 1)
—B side +0.9 V  Vge=5.0V, .
(Nate 1) AC Test Conditions
Input voltage V4 2 V. Vee+5.0V, 24
high (Note 1), F=1MHz )(,_5 Jest Polnts ﬁX
Output voltage VoL 045 g
low— B outputs +0.45 Vg =32mA
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V for a logic
— A outputs +0.45 Vg =16mA “0” timing. Measurements are made at 1.5V for both logic “1” and “0”. .
83-002805A
Output voltage  Vgy
high — B outputs 2.4 V  lgy=-5mA
—Aoutputs 2.4 V  lgg=-1mA
Input clamp Ve -1 V lg=-5mA
voltage
Input forward I -0.2 pA Vp=045V
current
Input reverse g 50 uA  Vp=5.25V
current
Power supply  lgg
current
uPB8287 130 mA
uPB8286 160 mA
Output off loFr I Vorp=0.45V
current
Output off loFF I Vorp=5.25V
current
Note:

(1) Boutputs — g =32mA, Igy = —5mA, C|_=300pF
Aoutputs — g =16mA, loy = — 1mA, C =100pF
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Test Load Circuits
B Output 15V A Output 15V B Output 214V
33Q ‘ 180Q 52.7Q
out our out
I 300pF I 300pF ' I 300pF
3-State to VoL 3State to Vo ‘ Switching
A Output 15V A Output 15V A Output 228V
889 900Q H4Q
out out out
I 100 pF :[ 100pF I 100pF
3State to VoL 3-State to Vo Switching
Timing Waveform
INPUTS
oF
[oovor
ouTPUTS
T
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NEC Electronics Inc.

. PB8288
CPU SYSTEM
BUS CONTROLLER

Description

The uPB8288 bus controller is used in medium to large
uPD8086/uPD8088 systems. This 20-pin bipolar com-
ponent provides command and control timing genera-
tion, as well as bipolar drive capability and optimal
system performance. It provides both Multibus® com-
mand signals and control outputs for the
microprocessor system. There is an option to use the
controller with a multimaster system bus and
separate 1/O bus.

Features

1 System controller for uPD8086/xPD8088 systems
[ Bipolar drive capability

[0 Provides advanced commands

[0 Three state output drivers

[J Can be used with an I/O bus

[0 Enables interface to one or two multimaster buses

Ordering Iinformation

Part Package Max Frequency
Number Type of Operation
uPB8288D 20-pin cerdip 10 MHz

® Multibus is a registered trademark of Intel Corp.

Pin Configuration

1 20 [ Vee
2 19[S0
3 18 [1 82
4 17 [ MCE/PDEN
5 16 [ DEN
6 15 r‘_] CEN
7 14 [1INTA
8 13 [7 iORC
9 12 [] Alowc
10 11 Fl iowc
83-002678A
Pin Identification
No. Symbol Function
1 10B 170 bus mode selector input
2 CLK Clock input
3 Si Status input
4 DT/R Data transmit/receive
5 ALE Address latch enable output
6 AEN Address enable input
7 MRDC Memory read command output
8 AMWC Ativanced memory write command output
9 MWTC Memory write command output
10 GND Ground
1 10WC 170 write.command output
12 AIOWC Advanced 1/0 write command output
13 I0RC 1/0 read command output
14 INTA Interrupt acknowledge output
15 CEN Command enable .input
16 DEN Data enable output
17 MCE/PDEN Master cascade enable/peripheral data
enable ‘output
18 52 Status input
19 50 Status input
20 Vee +5 V power supply

.11
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Pin Functions

AEN (Address Enable)

In the 1/O system bus mode, AEN enables the com-
mand outputs of the uPB8288 105 ns after it becomes
active. If AEN is inactive, the command outputs
become high impedance outputs.

ATOWC (Advanced 1/0 Write Command)

This write command occurs earlier in the machine cy-
cle than the IOWC command.

ALE (Address Latch Enable)

This signal is used for controlling transparent D-type
latches (uPB8282/uPB8283). It will strobe in the ad-
dress on a high to low transition.

AMWC (Advanced Memory Write Command)

This is an advanced write command which occurs ear-
ly in'the machine cycle, with timing the same as the
read command.

CEN (Command Enable)

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

CLK (Clock)

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

DEN (Data Enable)

This signal enables the data transceivers onto the
bus.

DT/R (Data Transmit/Receive)

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

INTA (Interrupt Acknowledge)

INTA is used to signal an interrupting device to put
the vector information on the data bus.

10B (/O Bus Mode)

Sets mode of uPB8288; high for the I/O bus mode and
low for the system bus mode.

8-132

IORC (I/0 Read Command)

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

IOWC (I/O Write Command)

This command is for iransferring information to I/O
devices.

MCE/PDEN (Master Cascade Enable/
Peripheral Data Enable)

Dual function pin system. (MCE) In the bus mode, this
signal is active during an interrupt sequence to read
the cascade address from the master interrupt con-
troller onto the data bus. (PDEN) In the /O bus mode,
it enables the transceivers for the 1/0 bus just as DEN
enables bus transceivers in the system bus mode.

MRDC (Memory Read Command)

This active low signal is for switching the data from
memory to the data bus.

MWTC (Memory Write Command)

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

GND (Ground)
Ground.

S0, S1, S2 (Status Input Pins)

The uPB8288 decodes these status lines from the
uPD8086 to generate command and control signals.
When not in use, these pins are high.

Vcce (Power Supply)

+5 V power supply.
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Block Diagram

5 MRDC
8086 | 5 Status MwrC
Status S_": Decoder c AMWC | Multibus™
Signal IORC Command
jowc | Signals
| SR
AIOWC
INTA
CLK Control DTR Address Latch, Data
Control ] AEN Control Signal DEN Transcelver, and
input | cen Logic MCE/PDEN Isr=t-mlupl Control
108 ALE gnale
+5V GND
C the Bus Ci to the CPU
CLK
8 CLK 19 S 26 19 §u
PB8284 |5 READY 22 S E 3ls,
10 RESET 211  ,ppsossr 5;128 — 18lg; PBE288 Command
8088 18 pEN ¥ Bus
CPU —
DTIR
ALE
. MN/MX
L~—————— To STB of .PB8282/8283 Latch
33 To T of 4P T
= '———————— To OE of ,PB8286/8287 Transceiver
83-0026798
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Absolute Maximum Ratings AC Characteristics
Ta = 25°C Ta = Oto +70°C; Vgg = 5V £10%
Power supply voltage, Vpp -0.5t0 +7.0V Timing Requirements
input voltage, V; -1.01t0 +5.5 V- : : Limits
Output voltage, Vo -0.5t0 +7.0V Parameter Symbol Min Max Unit Loading
Operating temperature, Topr : 0 to +70°C CLK cycle period toice 100 ns
Storage temperature, Tsyg : —65 to +150°C CLK low time toLon 50 ns
Comment: Exposing the device to stresses above those listed in  CLK high time tchoL 30 ns
Absolute Maximum Ratings could cause permanent damage. The Status active setup time tgycy 35 ns
device is not meant to be operated under conditions outside the Stat tive hold ti 1 0
limits described in the operational sections of this specification. atus actlve ho'd timé___ tcnsy ns
Exposure to absolute maximum ratings for extended periods may Status inactive setup time tgyg 35 ns
atfect device reliablility. Status inactive hold time tgi sy 10 ns
Input rise time % 20 ns
DC Characteristics P IS8 iU
Ta = 0to +70°C; Voo = 5V £10% Input fall time YL 12 ns
Limits Test o
Parameter Symbol Min  Max Unmit  Conditions Timing Responses
Input high voltage ViR 2.0 v Limits
Input low voltage ° Vi 0.8 v Parameter Symbol Min Max Unit Loading
Input clamp voltage Ve -1 V lg=-5mA Control active delay tevwv 5 45 ns
Output high voltage Vo 2.4 V gy = -5mA Control inactive delay  toynx - 10 45 ns
(command) 2.4 Vo olgy = —1mA ALE MCE active delay gy (n/ 20 ns
(control) (from CLK) toLMcH FRDC
Output low voltage VoL 0.5 V gL = 32 mA ALE MCE active delay  tsyiH 20 ns [ORC
gggmell)nd) 05 V. Ig = 16 mA (from status) tSVMCH MWTC 19, = 32 mA
_ ALE inactive delay tche 4 15 ns fOWC lgy = -5 mA
Forward input current I -07 mA Vg =045V - —
5 — n ‘ IR v Command active delay toume 10 35 ns INTA Cp = 300 pF
everse input curren = —
P R i R e Command inactive delay tgimy 10 35 ns AMWC
Output off current loFe 100 pA Vopp = 0.4V ——— —
t0 5.25 V Direction control teHDTL 50 ns AIOWC
active delay
Power supply current Ice 230 mA ——
Direction control teHOTH 30 ns
inactive delay
Command enable time  tag cH 40 ns
Command disable time  tagncz 40 ns
Enable delay time tagLcy 115 200 ns loL = 16 mA
AEN to DEN tAEVNY 20 ns Other} fgy = —1 mA
CEN to DEN, PDEN toEVNY 25 ns C_ = 80 pF
CEN to command {GELRH foLML ns
Output rise time toLOH 20 ns
Output fall time toHoL 12 ns
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Timing Waveforms

Timing Measurement Points

Test Load Circuits

Input/Output 15V 1.5V
24
XLS <—Test Points— 1.5 x 180 @ 330
045
A.C. Testing: Inputs are Driven at 2.4 V for a Logic “1” and 0.45 V for
a Logic “0” Timing. Measurements are Made at 1.5 V for Both Out Out
a Logic “1” and “0.”
83-002684A
- =R 300 pF 300 pF
DEN, PDEN Qualification Timing I I
Three Sta-te to High Three St;te to Low
CEN )( Three State Command Output Test Load
214V ’ 228V
AEN
tARVNY 52.7¢Q 114 Q
DEN 1
OQut Out
[e— tcEvNV
300 pF 80 pF
PDEN I I
83-002681A = =
Command Output Control Output
: Test Load Test Load
. 83-002683A
uPD8288 Address Enable (AEN) Timing
(Three State Enable/Disable)
AEN tAELCY ~——s
l 15V 15V
tagLCH |4—— Vo tAEHCZ I-— 05V
Output 0.5V " Vo
Command
tCELRH
CEN
tcELRH =
83-0026828
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Timing Waveforms (cont)

State Timing

State +——T4— m {
[—tcLeL

CLK J \

AR A

T2 T3

7

T4

toHsv—>] H - tsveH toHoL [ [+—tsHcL

52,5150 \ \_\

teLsH—>| ’F

g

Addr Write
Address/Data Valid X Data Valid )
teLtH—>| |e—| |[—1 |l—tcuLL
— I‘- SVLH
*ALE =t @
‘CLMH_J
MRDC, IORC, INTA
AMWC, ATOWC
toLmL —+ — toLmu
MWTC, IOWC
— tcvny
(Read)
DEN
IN |
((R:a:)i tevnx:
PDEN (INTA)
— tcvny
DEN (Write)
teVNX—]
PDEN (Write)
tcHOTH— |
DT/R (Read)
—J r—tcHDTL
@ tcHDTH—|
MCE
e —* tevnx
tsvmen

Note:
(1) Address/data bus is shown only for reference purposes.

(2) Leading edge of ALE and MCE Is determined by the falling edge of CLK or status going

active, whichever occurs last.

(3) All timing measurements are made at 1.5 V unless speclfied otherwise.

33-0028882
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Functional Description

The three status lines (S0, $1, $2) from the 4PD8086
CPU are decoded by command fogic within the
uPB8288 to determine which command is to be
issued. Table 1 below illustrates the decoding and
command generation of the status lines.

Table 1. Status Line Decoding

§2 §1 SO «PD808G State uPB8288 Command

0 0 0 Interrupt acknowledge iNTA

0 0 1 Read 1/0 port iORC

0 1 0 Write 1/0 port IOWC,
AIOWC

0 1 1 Halt None

1 0 0 Code access MRDC

1 0 1 Read memory MRDC

1 10 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 IOB pin is pulled
high. In this mode, all /O command lines are always
enabled and not dependent upon AEN. When the pro-
cessor sends out an 1/0 command, the .PB8288 ac-
tivates the command lines using PDEN and DT/R to
control any bus transceivers.

This mode is advantageous if I/O or peripherals
dedicated to one microprocessor are in a muliti-
processor system, allowing the uPB8288 to control
two external buses. No waiting is required when the
CPU needs to access the 1/0 bus, as an AEN low
signal is needed to gain normal memory access.

If the 1OB pin is tied to ground, the uPB8288 is in the
system bus mode. In this mode, command 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 I/O are shared by more than
one processor, over one bus, with both memory and
/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 I/O read during an inter-
rupt 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 con-
trol 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 I/O bus.

The MCE signal is used in conjunction with an inter-
rupt acknowledge cycle to control the cascade ad-
dress 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 because the
INTA signal gates the interrupt vector onto the pro-
cessor bus. In multiple interrupt controlier systems,
MCE is used to gate the uPD8259A’s cascade address
onto the processor’s local bus, where ALE strobes it
into the address latches. This occurs during the first
INTA cycle. During the second INTA cycle the ad-
dressed slave uPD8259A gates its interrupt vector on-
to 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, S1, $2) into the .PB8288. ALE
also 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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uPB8289
BUS ARBITER

Description

The uPB8289 bus arbiter is used with the uPB8288 bus
controller to interface 8086 and 8088 microprocessors
to a multimaster system bus. The uPB8289 controls
the uPB8288 bus controller and the bus transceivers
and address latches, preventing them from access-
ing the system bus if the processor does not have use
of the bus.

An external command sequence will cause the
associated microprocessor to enter a wait state un-
til the bus is ready. The processor remains in the wait
state untii the bus arbiter acquires use of the
multimaster system 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 acknowiedge (XACK) is
returned to the processor to indicate that the ac-
cessed slave device is ready. The processor may then
complete its transfer cycle.

Features

[0 Multimaster system bus protocol

[1 8086 and 8088 processor synchronization with
multimaster bus

O Simple interface with the 8288 bus controller and

Pin Configuration

52001 Vee
0B [ 2 5
SYSB/RESB [] 3 S
RESB [] 4 CLK
BCIK 5 LOCK
"IN e CRALCK
BREG [ 7 ANYRQST
BPRO ] 8 13 [1 AEN
BPRN [] 9 12 [1 CBRQ
GND [ 10 11 |1 BUSY
83-002819A
Functional Configuration
GND vee
| il
o —5 - T
rocessor
Status | T S_? BCLK
1% one Multib
ultibus
~— BPRN Interface
— [OCK }—— BPRO
contrat | 71 CLK |~ BUSY
ontrol —| FROLER I——
Strapping CRALCK CBRQ
Options | —{ RESB
—~| ANYRQST |~— SYSB/RESB| system
_—1 oB — AEN Signals

Pin ldentification

8283/8282 address latches to a system bus No. Symbol Function
O Four operating modes for flexible system 1, 18,19 §¢-Sp Status inputs
configuration 2 108 170 bus input
U Simplified m.t erface to Mul_tibus‘? s¥stems . 3 SYSB/RESB System bus/resident bus inputs
O Parallel, serial, and rotating priority resolution —— -
O Bipolar buffering and drive capability 4 RESH Resident bus input
5 BCLK System bus clock input
Ordering Information 6 INIT Initialize input
Part Package Max Frequency 7 _R_EE Bus request output
Number Type of Operation 8 PRO Bus priority output
uPB8289D 20-Pin Cerdip 8 MHz 9 BPRN Bus priority input
Muitibus is a registered trademark of Intel Corporation. 0 GN_D_ Ground
1 BUSY Bus interface signal 1/0
12 CBRQ Common bus request 1/0
13 AEN Address enable output
14 ANYRQST Any request input
15 CRQLCK Common request lock input
16 LOCK Lock input
17 CLK Clock input
20 Vee +5 V power supply
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Pin Functions

§¢-S; (Status Inputs)

The uPB8289 decodes these status inputs from the
8086 or 8088 processor to begin bus requests and
surrenders.

IOB (1/0 Bus)

This input signal tells the uPB8289 that there is an 1/0
peripheral bus and a muitimaster system bus.
SYSB/RESB (System Bus/Resident Bus)

This input determines when bus requests and sur-
renders are permitted in SR mode.

RESB (Resident Bus Input)

RESB tells the uPB8289 that there is a multimaster
and resident bus. When the signal is high, the
SYSB/RESB pin handles bus arbitration.

BLCK (System Bus Clock)

This clock input synchronize all system bus interface
signals.

INIT (Initialize)

This active low-input resets all bus arbiters on the
multimaster bus. No arbiters have use of the bus
following INIT.

BREQ (Bus Request)

An arbiter uses this output to request use of the
multimaster system bus.

BPRO (Bus Priority Output)

In serial priority resolving schemes, this output daisy-
chains to BPRN of the next lower priority arbiter.

BPRN (Bus Priority Input)

This input tells the arbiter it may acquire the bus on
the next falling edge at BCLK.

BUSY (Bus Interface Signal)

When the bus is available, this /O signal notifies all
arbiters on the bus. The highest requesting arbiter
seizes the bus and pulls BUSY low to keep other ar-
biters off the bus.
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CBRQ (Common Bus Request)

This signal is an input from a lower priority arbiter re-
questing the bus. It is an output from arbiters that sur-
render the multimaster bus upon request.

AEN (Address Enable)

This output tells the 8288 bus controller, 8284 clock
driver, and the processor’s address latches when to
tri-state their output drivers.

ANYRQST (Any Request)

This signal allows the multimaster bus to be sur-
rendered to a lower priority arbiter. :

CRQLCK (Common Request Lock)
This input prevents the uPB8289 from surrendering the

-bus in response to a request on the CBRQ input.

LOCK (Lock)

This input prevents the arbiter from surrendering the
multimaster system bus to any other bus arbiter,
regardless of its priority.

CLK (Clock)
This is the clock signal from the 8284 clock generator.

GND (Ground)
This is the ground.

Vee (Power Supply)
This is the +5 V power supply.
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Block Diagram

%

Status Generator

§2 —t
8086/8088 | 3 State
So

LOCK
CLK

Processor R

Control

Controt RESB
ANYRQST
ioB

INIT
BCLK
BREQ Muitibus
it BPAN Command
nterface Signals
BFRO. | o
BUSY
CBRQ
Local
Bus
Interface AEN
System
Signals
SYSB/RESB

Functional Description

Bus Master Arbitration

Higher priority masters generally acquire use of the
bus when a lower priority master completes its pre-
sent 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 ar-
biter 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 volun-
tarily 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 strap-
ping options allow for other sets of conditions.

Priority Resolving Techniques

The uPB8289 provides several techniques for resolv-
ing 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.

Parallel Priority Resolving

This technique (figures 1, 2) 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 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 transaction is complete. When the
transaction is complete, the current occupant of the
bus surrenders the bus by releasing BUSY. BUSY isan
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 ali multi-
master system bus transactions are synchronized to
the bus clock (BCLK).
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Figure 1.

Parallel Priority Resolving

ARBITER | gpRR
! .
BUS

youl
MY

BREG
74148 |1 74138
PRIORITY [-~| 3.70-8 |
oo
BREG e o

BUS
ARBITER | 5pRN
3

BREQ
BUS
ARBITER | BFAN
4
CBRQG | BUSY
. N

Figure 2. Higher Priority Arbiter Obtaining the Bus from a Lower Priority Arbiter

BPRN

(U]

X\ \

(4)
)

Note:

{1) Higher priority arbiter requests the system bus.

(2) Attains priority.

(3) Lower priority arbiter releases BUSY.

(4) Higher priority arbiter then acquires the bus and pulls BUSY low.
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Serial Priority Resolving

The serial priority resolving technique (figure 3) daisy-
chains the bus arbiters together by connecting the
higher priority arbiter's BPRQ output to the BPRN of
the next lowest priority arbiter. This eliminates the
need for the priority encoder-decoder arrangement.
The number of arbiters that may be daisy-chained
together is a function of BCLK and the propagation
delay from arbiter to arbiter. At 10 MHz, only 3 arbiters
may be daisy-chained.

Figure 3. Serial Priority Resolving

BUS
ARBIITER BPRO

(;] ARBBE'?ER SRS
ol BPRN
( (j ARBB;:'?ER ;FR'Z
g Er‘] ARBali"?ER —
BPRO
e
CBRQ E < BUSY :

Rotating Priority Resolving

This technique resembles the parallel priority resolv-
ing technique except that priority is dynamically
reassigned. The priority encoder is replaced by a cir-
cuit that rotates priority between arbiters to allow
each arbiter an equal chance to use the system bus.

Modes of Operation

The uPB8289 has two_basic operating modes: 1/0O
peripheral bus mode (IOB mode), and resident bus
mode (RESB mode). The IOB strapping option con-
figures the PB8289 into IOB mode and the RESB
strapping option configures it to RESB mode. If both
options are strapped false, the arbiter interfaces the
processor to a multimaster system bus only. If both
options are strapped true, the arbiter interfaces the
processor to a multimaster system bus, a resident
bus, and an {/O bus. Figure 4 shows the uPB8289 in a
typical CPU system.

10B Mode

JOB mode allows the processor to access both an I/0
peripheral bus and a multimaster system bus. On an
/O peripheral bus, all devices on the bus, including

_memory, are treated as I/O devices and addressed by

I/0 commands. All memory commands are directed
to the multimaster system bus. In IOB mode, the proc-
essor communicates with and controls peripherals
over the peripheral bus and communicates with
system memory over the system memory bus. Figure 5
shows the 4PB8289 in this mode.

RESB Mode

RESB mode allows the processor to communicate
over both a resident bus and a multimaster system
bus. A resident bus can issue memory and 1/0O com-
mands, 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 a resident bus and a multimaster
system bus. The processor can access the memory
and peripherals of both buses. Memory mapping
selects which bus is accessed. The SYSB/RESB in-
put on the arbiter instructs the arbiter on which bus
to access. The signal connected to SYSB/RESB also
enables and disables commands from one of the bus
controllers. Figure 6 shows the 4PB8289 in this mode.
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Mode Summary

Single
Status Lines . _Bus Mode
From 8086 or 10B Mode ___ RESB (Mode) Only _10B Mode RESB Mode 10B = High
8088 or 8089 Only 10B = High RESB = High 10B = Low RESB = High RESB = Low
_ _ SYSB/RESB = SYSB/RESB =  SYSB/RESB = SYSB/RESB =
S2 §1 S0 i0B = Low “High Low High Low
0 0 0 X v X X X v
170 commands 0 0 1 X v X X X v
0 1 0 X v X X X v
Halt 0 1 1 X X X X X X
Memory commands 1 0 0 v v X v X v
1 0 1 v v X v X v
1 1 0 v P X v X P
Idle 1 1 1 X X X X X X
Notes:
(1) x = Multimaster system bus is allowed to be surrendered. Absolute Maximum Ratings
- O
(2) » = Multimaster system bus is requested. Ta = 25°C
Operating temperature 0°C to 70°C

Multimaster System Bus

Storage temperature

—-65°C to +150°C

Mode " Pin Strapping  Requested (1) Surrendered (2)

Single bus  TOB = high  When the pro-  HLT + TI  HPBRQY
multimaster ~ RESB = low  cessor’s status

mode lines go active

RESB mode 10B = high SYSB/RESB =  (SYSB/RESB = low

only RESB = high High 2 active + TI) CBRQ +
HLT + HPBRQ

10Bmode 0B = low  Memory (1/0 status + Ti) o

only RESB = low commands CBRQ + HLT +
HPBRQ

0B mode » T0B = low  (Memory {1/0 status

RESB mode  RESB = high command) commands) + (T1)
(SYSB/RESB = (SYSB/RESB = low)

Voltage on any pin -05Vto +7V
All input voltages -1.0Vto +55V
Power dissipation 1.5 W

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

DC Characteristics

Ta = 0°Cto +70°C; Voo = 5V £10%

high)  CBRQ + HPBRQT Limits Test
+ HLT) Parameter Symbol Min Typ Max Unit  Conditions
Note: Input low voltage V. 08 V
(1) Except for HALT and idle status. Input high voltage ~ V|4 2.0 Voo
(2) LOCK prevents surrender of bus to any other arbiter. CRQLCK Input clamp Vg -1.0 V Vgc =450V,
prevents surrender of bus to a lower priority arbiter. voltage Ic = -5mA
(3) HLT = processor halt; §78p = 011. Input forward I -05 mA Vg = 5.50V,
(4) T = processor idle; 55-5p = 111. current VE =045V -
(5) + means OR. Reverse input IR 60 pA Vgo =550V
leakage current : VR = 5.50 V
(6) * means AND. eakage curre R
. s Output low Vou
T HPBRQ = nigher prioiity bus request or BPRN = 1. voitage
BUSY, CBRQ 0.45 V g =20 mA
AEN 045 V gL = 16 MA
BPRO, BREQ 045 V' lgL = 10 mA
Output high VoH Open collector
voltage BUSY, 24 V low = 400 uA
CBRQ ' O K
All other outputs
Power supply lec 165 mA
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Capacitance
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Gy status 25 pF
Input capacitance  Cy (others) 12 pF
Note:
1) BUSY, CBRQ 2) AEN 3) BPRO, BREQ
23V 23V 23V
9250 100 170 ¢
%zso pF %100 F :-%so pF

Figure 4. Typical CPU System Using the uPD8289 Bus Arbiter

READY 8284A RoY1 e
Clock Yee
Driver
ANYRQT
CLK AENT ‘0—
Bus oB
Arbiter Control
rol
READY cLK CLK 8289 Bus
- AEN RESB j
8086
or
8088
CPU
B AEN §
status (Sp, 51, 52) Bus 5
- H
T Command &
CLK 8288 Bus I}
ADO-AD15 %
A16-A18 .‘
| ALE 0B g
DEN DT/R 2
Processor OE sTB
Local Bus Address
Latch
Address
8282/ Bus
8283
XCVR
DISABLE
OE T
Transceiver
s286/ ﬁ Data Bus
8287 \1
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Figure 5. Typical Medium-Complexity I0B System

TYPICAL 108 System
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= 8284A
— Clock
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System Bus
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Al Bus
CLK Arbiter
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Control
READY CLK] Bus
8089
op
AD0-aD15 S0 -
MOG-AM;» 52 Status (50,81,
10 Bus —— 1 I 8288
10 BUS Multi-master
Command System
Bus B‘ Is:omm-nd
Processor 10 us
Local Bus [OLK pey _ ——VeC
i r eesalCors
= OE STB OE sTB
8283/ 8283/
10 8282 8282 !snulﬂ-master
Address Address Address ystem
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Figure 6. Typical System, Resident Bus Configuration

Resident Bus —

r0h

Resident Address
Bu:

E—“ AEN2 AEN1
= 8284A
— Clock -
XACK RDY2 1
Resident Bus RD RDY gﬁku::su‘s
READY CLK
READY CLK
_ _|__svatys g269
$0-S2 SO- Arbiter Multi-master System
8086 - S2 Bus Control
CcPU RESB
ADO-AD15, OB
AIG-MQK CLK anvRoST vee
AEN
Multi-master
SYSB/RESB H I System Bus
CEN AEN CEN
S - — H NS
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Resident Command 8288 8288 Multi-master System
Bus 1 Command Bus
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*By adding another 8289 arbiter and connecting its AEN to the 8288 whose AEN Is presenty grounded,
the processor couid have access to two multi-master buses.

Muiti-master System
Address Bus
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AC Characteristics
Ta = 0°C to +70°C; Vg = 5V £10%

Limits

Timing Response

Limits Test

Parameter Symbol Min Typ Max Unit Conditions

BCLK to BREQ BLBRL 35 ns

delay (1)

BCLK to BPRO tBLPOH 40 ns

(1(2)

BPRNV to Tt 25 ns

BPROV PNPO

delay (1)2)

BCLK to BUSY teLBYL 60 ns

low

BCLK to BUSY tBLBYH 35 ns

float (3)

CLK to AEN high t) Aen 65 ns

BCLK to AEN low tgiagL 40 ns

BCLK to CBRQ tBLCBL 60 ns

low

BCLK to CBRQ tRLCHH 35 ns

float (3)

Output rise time  tg oy 20 ns From0.8Vto
2.0V

Output fall time ~ tonoL 12 ns From2.0Vto
08V

Note:

(1) Denotes that the spec applies to both transitions of the
signal.
(2) BCLK generates the first BPRO. Subsequent changes of

BPRO are generated through BPRON.
(3) Measured at 0.5 V above GND.

AC Test Condition

Test
Parameter Symbol Min Typ Max Unit  Conditions
CLK cycle period tgro. 125 ns
CLK low time toren 65 ns
CLK high time fcHo 35 ns
Status active tsveH 65 torcL—10  ns
setup
Status inactive tspoL 50 toreL—10  ns
setup
Status active tyvey 10 ns
hold
Status inactive tyver 10 ns
hold
BUSY# setup to  tgysg. 20 ns
BCLKY
CBRQM setup to  tcpsgL 20 ns
BCLKY
BCLK cycle time  tg g 100 ns
BCLK high time  tgycr 30  0.65 (tggL) ns
LOCK inactive terLrr 10 ns
hold
LOCK active tcLLle 40 ns
setup
BPRNt to BCLK tpngr 15 ns.
setup time
SYSB/RESB torspr O ns
setup
SYSB/RESB hold tg gpe 20 ns
Initialization twviv 3tgLRL + ns
pulse width 3 toLoL
input rise time tLIH 20 ns  From 0.8 V to
. 20V
Input fall time tiHiL 12 ns From 2.0 V to
08V
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Input/Output

24
XI .5=——Test Points——=1 %
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.
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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 BCLK. 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 BPRN #2 is high (as shown), arbiter 2
pulls CBRQ low. CBRQ signais 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 lowering 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
signifies 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 thateven a higher-priority arbiter which isaquiring
the bus through BPRN will momentarily drop CBRQ
until it has acquired the bus.
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Timing Waveforms
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uPD7720
HARDWARE
DEVELOPMENT TOOL

EVAKIT-7720B

Description

The EVAKIT-7720B is a stand-alone Evakit for NEC’s
uPD7720 digital signal processor. The EVAKIT-7720B
provides complete hardware emulation and software
debug capabilites for the uPD7720. Real-time and
single-step emulation capability, coupled with an on-
board system monitor create a powerful debug
environment.

A serial line from a terminal or host computer system
controls the EVAKIT-7720B. User programs are down-
loaded into the instruction RAM and data RAM through
a serial line or read from a PROM. An on-board
programmer for uPD2732 and uPD2732A EPROMSs
provides an easy means for submitting your final code
for production. You can also use the EVAKIT-77208B to
program the uPD77P20 EPROM version of the part for
final system test and evaluation.

Features

O Real-time and single-step emulation capability
O On-board instruction, data/coefficient and internal
RAM
O Powerful system monitor
— Display/modify instruction RAM
— Display/modify data/coefficient RAM
— Display/modify internal RAM
— Display/modify internal registers
— Load/verify/display PROM device
— Upload/download/verify instruction and data
RAM
— Test Evakit
O User-specified address breakpoint
— Break loop counter: up to 256 loops
O Program trace feature
— 256 steps
— Trace display: address, instruction, registers,
flags
O Supports two operating modes
— External terminal controlled
— Host computer system controlled
0O Serial interface: RS-232C, TTL, or 20 mA current
loop
O EPROM programming capability (2732, 2732A,
77P20)
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uPD70208/70216
HARDWARE
DEVELOPMENT TOOLS

1IE-70208/70216

Description

The IE-70208 and IE-70216 are stand-alone in-circuit
emulators that provide both hardware emulation and
software debug capabilities for the NEC uPD70208
(V40™) and uPD70216 (V50™) respectively. Each system
consists of a standard |IE-70K chassis with interchange-
able emulator pods for either the V40 or V50 micro-
processor. The |E-70208/70216 provides real-time and
single-step emulation in both native and 8080 emulation
mode. User programs can be uploaded and down-
loaded from a variety of host systems via a serial link, or
loaded directly from a CP/M-86@ format 8" disk.

Features

O Stand-alone in-circuit emulator
— Interchangeable emulator pods for V40/V50
— Conversion kit available for IE-70108/70116-S
O Precise real-time and single-step emulation
[0 Sophisticated memory mapping in 1K blocks of:
— 64K bytes of no wait state internal RAM
— 127K bytes of one wait state internal RAM
(expandable to 610K bytes)
— Up to 1M byte of user system memory
00 User programmable breakpoints and trace control
[0 1K trace buffer — mnemonic and cyclic display
O Full symbolic debug capabilities
— 128K memory disk for rapid symbol search
O Symbolic line assembler and disassembler
[0 Full on-line help facility
[0 Macro command file capability
O External probes for tracing user system signals
O 1M byte 8" floppy disk drive

V40 and V50 are registered trademarks of NEC Electronics Inc.

Ordering Information

Part Number Description

IE-70208-S008 In-circuit emulator for xPD70208 (with V40 pod)
1E-70216-S008 In-circuit emulator for uPD70216 (with V50 pod)
|E-70208-1008 Optional pod unit for «PD70208 emulation
|E-70216-1008 Optional pod unit for «PD70216 emulation
IE-70216-1508 Converts IE-70108/116-S to |E-70208/70216-S008
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uPD7281
SOFTWARE
DEVELOPMENT TOOLS

SW7281
Description

The SW7281 software package is used to develop
application software for the NEC uPD7281 image
pipeline processor (ImPP). SW7281 consists of the
following three separate programs: an assembler
(AS7281), a software simulator (SM7281), and an
object code conversion program (OH7281). The
uPD7281 software package runs on all NEC develop-
ment systems, and many other manufacturers’ personal
computers and minicomputers.

Features

O Complete software development system for uPD7281
O Assembler for generating uPD7281 tokens
O Software simulator provides
— Program debugging capabilities
— System simulation and evaluation
O Runs on a variety of operating systems
— CP/M-86@
— MS-DOS®
— VAX/VMS® and VAX/UNIX®

AS7281 Assembler

AS7281 translates symbolic source programs for the
uPD7281 into object modules which serve as input to
either the software simulator or the object code con-
version program. Features are as follows.

[0 Automatic generation of all required tokens
[0 Extensive error reporting

[0 Command line controls

O User-selectable and directable output files

OH7281 Object Code Converter

OH7281 converts object modules produced by the
assembler into hexadecimal format object module files
for input to a HEX-loader or into ASCII data format
object module files for use as data within a source
module. A symbol table file may be produced for use
with the software simulator.

SM7281 Software Simulator

SM7281 accepts object code modules produced by the
assembler and simulates the user program under
specified system parameters. The simulator can fully
simulate an entire image processing subsystem, pro-
viding the user the tools to fully debug his program and
to evaluate system performance without having to
actually build the hardware. Features are as follows.

O Supports simulation of three system models
— One or more cascaded uPD7281s, uPD9305 and
image memory
— One or more cascaded uPD7281s and image
memory
— One or more cascaded uPD7281s only
O Continuous/single-step execution
O Set/display input data timing
O Display/modify contents of memory, latch, or
registers
[J Sophisticated breakpoint capabilities
[0 Sophisticated trace capabilities
— Define/display items to be traced
— Define/display trace start/stop conditions
O Supports full symbolic debug
— Define/delete/modify symbols
— Display symbols
[0 On-line assembler and disassembler
0O Macro command file capability
O Save/load simulator setup to/from disk
O Save console inputcommands and execution results
on disk
O Display LT, PU, IM operating ratios for program
evaluation

Ordering Information

Part Number Description

SW7281-D52 MS-DO0S, 5-1/4" double-density floppy diskette
SW7281-M52 CP/M-86, 5-1/4" double-density floppy diskette
SW7281-M81 CP/M-86, 8" single-density floppy diskette

SW7281-VVT1
SW7281-VXT1

VAX/VMS, 9-track 1600 BPI magnetic tape
VAX/UNIX, 9-track 1600 BPI magnetic tape

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

VAX and VMS are registered trademarks of Digital Equipment
Corporation.

UNIX is a trademark of AT&T.
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uPD7720
SOFTWARE
DEVELOPMENT TOOLS

ASM77

Description

The uPD7720 absolute assembler (ASM77) converts
symbolic source code for the NEC pyPD7720 signal
processing interface (SPI) into executable absolute
address object code. Two separate assemblers are
provided: one assembles the source program for the
instruction ROM; the other assembles the source
program for the data ROM. An object code file is
produced in ASCIi hexadecimal format and may be
downloaded to a PROM programmer or hardware
debugger.

The NEC ASM77 is available for use on all NEC
development systems and many other manufacturers’
microcomputer development systems, personal com-
puters, minicomputers, and mainframes.

Features

[0 Absolute address object code output
O Free format statements
O Separate assemblers for instruction and data ROMs
O User-selectable and directable output files
O Runs under a variety of operating systems
— CP/M-80@
— CP/M-86®
— MS-DOS®
— 1SIS-ii
O Fortran IV ANSI X3.9-1966 source program available

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

MS-DOS is a registered trademark of Microsoft Corporation.

Ordering Information

Part Number Description

ASM77-C81 CP/M-80, 8" single-density floppy diskette
ASM77-D52 MS-DOS, 5-1/4" double-density floppy diskette
ASM77-181 ISIS-Il, 8" single-density floppy diskette
ASM77-182 ISIS-II, 8” double-density floppy diskette
ASM77-M52 CP/M-86, 5-1/4" double-density floppy diskette
ASM77-M81 CP/M-86, 8" single-density floppy diskette
ASM77-FOT1 Fortran IV ANSI X3.9-1966 source program

9-track 1600 BPI magnetic tape

SIM77

Description

The uPD7720 simulator (SIM77) is a software tool for
analyzing program code and I/O timing for the NEC
uPD7720 signal processing interface (SPI). SIM77
simulates the operation of the SP! using your instruc-
tion and data ROM codes in conjunction with specially
prepared serial input, parallel input, and simulation
timing files. The system console of the host system
controls simuiation. SIM77 can create serial and parallel
output files, display the latest trace steps, and send all
console input/output to a disk file or system printer.

SIM77 runs on all NEC microcomputer development
systems and many other manufacturers’ microcom-
puter development systems and personal computers.

Features

[0 Continuous/single-step execution
O Display/modify instruction ROM, data ROM, RAM,
stack, registers or flags
O User-controllable parallel data transfer direction
O User generated interrupt capability
[0 Sophisticated breakpoint capabilities
— Up to eight breakpoints with loop counter
O Trace capability with start/stop conditions
O Instruction ROM disassembler
0O Output all console inputs and outputs to disk
0O Runs under a variety of operating systems
— CP/M-80@
— CP/M-86@
— MS-DOSs®
— ISIS-lI
Note:

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

MS-DOS is a registered trademark of Microsoft Corporation.

Ordering Information

Part Number Description

SIM77-C81 CP/M-80, 8" single-density floppy diskette
SIM77-D52 MS-DO0S, 5-1/4" double-density floppy diskette
SIM77-181 ISIS-It, 8” single-density floppy diskette
SIM77-182 ISIS-II, 8” double-density floppy diskette
SIM77-M52 CP/M-86, 5-1/4" double-density floppy diskette
SIM77-M81 CP/M-86, 8" single-density floppy diskette

9-9



uPD7720 NEC




NEC

NEC Electronics Inc.

©xPD70108/116/208/216

RA70116
Description

The RA70116 relocatable assembler package converts
symbolic source code for the V20™/v30™ (uPD70108/
©PD70116) microprocessors as well as the V40/V50
(uPD70208/u4PD70216) microprocessors into execut-
able absolute address object code. The V20/V30
relocatable assembler package consists of four sep-
arate programs: a relocatable assembler (RA70116), a
linker (LK70116), a hexadecimal format object code
converter (OC70116), and a librarian (LB70116).

RA70116 translates a symbolic source module into a
relocatable object module. LK70116 combines relocat-
able object modules and absolute load modules and
converts them into an absolute load module. OC70116
converts an absolute load or object module to an ASCI|
hexadecimal format object file. LB70116 creates and
maintains files containing relocatable object modules.
When the library file is included as input to LK70116,
the linker only extracts those modules required to
resolve external references, relocates, and links them
into the relocatable object module.

RA70116 runs on all NEC microcomputer development
systems and many other manufacturers’ micro-
computer development systems, personal computers,
and minicomputers.

Features

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

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

VAX and VMS are registered trademarks of Digital Equipment

Corporation.
UNIX is a trademark of AT&T.
V20 and V30 are registered trademarks of NEC Electronics Inc.

SOFTWARE
RELOCATABLE ASSEMBLER
DEVELOPMENT TOOLS
Ordering Information
Part Number Description
RA70116-D52 MS-DOS, 5-1/4” double-density floppy diskette
RA70116-181 ISIS-It, 8" single-density floppy diskette
RA70116-182 ISIS-II, 8" double-density floppy diskette
RA70116-M52 CP/M-86, 5-1/4" double-density floppy diskette
RA70116-M81 CP/M-86, 8” single-density floppy diskette
RA70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape
RA70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape
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~PD70108/116/208/216

CC70116
Description

The CC70116 C Compiler Package converts standard
C source code into relocatable object modules for the
V20/V30 (uPD70108/70116) microprocessors as well as
the V40/V50 (uPD70208/70216) microprocessors. These
modules are compatibie with the ones produced by the
RA70116 Relocatable Assembler package and may be
linked with other modules using LK70116, the linker
provided with the RA70116 package.

The CC70116 C Compiler Package is available for use
on all NEC development systems and many other
manufacturers’ microcomputer development systems,
personal computers, and minicomputers.

Features

0O Standard Kernighan and Ritchie C
— Defined in UNIX™ System il
O NEC enhancements
— Small and medium memory model support
— Enumeration data type support
— Assignment of ali members by a structure name
— Ability to use identical names in identifiers of
different types in different structures
— Addition of a void type to declare functions with
no return value
— Addition of char as a data type for which unsigned
can be specified
— Ability to initialize structures with bit fields
0 CC70116 library contains 76 of the UNIX System I
library functions
O User-selectable object code optimizer
0O Runs under a variety of operating systems
— CP/M-86™
— MS-DOS™
— ISIS/UDI
— VAX/VMS™ and VAX/UNIX™
Note:
UNIX is a trademark of AT&T.
CP/M-86 is a trademark of Digital Research Corporation.
MS-DOS is a trademark of Microsoft Corporation.

VAX and VMS are trademarks of Digital Equipment Corporation.

SOFTWARE
C COMPILER
DEVELOPMENT TOOLS
Ordering Information
Part Number Description
€C70116-D52 MS-DOS, 5" double-density floppy diskette
CC70116-181 ISIS-li, 8" single-density floppy diskette
CC70116-182 ISIS-Ii, 8" double-density floppy diskette
CC70116-M52 CP/M-86, 5" double-density floppy diskette
CC70116-M81 CP/M-86, 8" single-density floppy diskette
CC70116-VVT1 VAX/VMS, 9-track 1600 BPI magnetic tape
CC70116-VXT1 VAX/UNIX, 9-track 1600 BPI magnetic tape
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EVAKIT
COMMUNICATION
PROGRAM

Description

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

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

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

Intel MDS-220/330 under ISIS-1I

NEC APC under CP/M-86®

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

Source code is available and may be modified to
support other CP/M-80®, CP/M-86, MS-DOS®, and
1S1S-11 based systems.

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

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

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

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

MD-086 FLOPPY AND HARD DISK DRIVE SYSTEM

Description

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

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

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

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

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




MD-086 SERIES

NEC

Features

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

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

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

O Optional 35M byte hard disk

0 64K byte memory disk

O Two parallel printer ports

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

[ Separate ANS| standard X3.64 system console

Ordering Information

Part Number Description
MD-086FD-10 MD-086 series, floppy disk-based system
- MD-086HD-10 MD-086 series, floppy/hard disk-based system
MD-086DK Hard disk upgrade for MD-086FD-10
MD-910TM Character display terminal

Hardware Description
System Chassis

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

The multiprocessor architecture of the MD-086 series
permits the master CPU to offload the time consuming
tasks of data storage/retrieval and system 1/O proces-
sing to its intelligent peripheral boards, significantly
increasing the muiti-user/ multi-tasking capabilities of
the operating system. This multiprocessor system is
composed of a uPD8086 master CPU board, a 512K-
byte memory board, a uPD780-based intelligent floppy
disk controller (FDC) board, a uPD8088-based intel-
ligent system controller board (SCB), and an optional
uPD780-based intelligent hard disk controller (HDC)
board. )

System Boards

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

' A single 512K-byte memory board provides the system

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

The FDC board is an intelligent floppy disk controller
board using NEC's uPD765A floppy disk controller
chip to control up to four 8" double-sided floppy disk
drives in either single or double-density format. Con-
taining an NEC yPD780-1 microprocessor with 8K of
PROM, 64K of RAM, and a DMA controller, the FDC
board controls the transfer of data between the system
memory and the floppy disk.

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

The SCBis an intelligent I/0 controller board using an
NEC ¢PD8088 microprocessor with up to 16K bytes of
PROM and 64K bytes of RAM to control the system
console, the serial communication channels, the printer
ports, and the paper tape interfaces.

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

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

Hard Disk Chassis

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

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

Software Description

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

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

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

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

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

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

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

[0 Display and modify user registers.

[0 Read and write to the floppy disks and paper tape.
1 Set breakpoints and execute user's program.

[0 Single-step and trace executing user’s program.

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

MD-086 Series Utilities

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

ABORT Stops the specified process

ASM86 Absolute assembler for uPD8086/8088

ATTACH Attaches program to its console

BACKUP Makes a complete backup copy of a
disk

CLEAR Clears the system console screen

CONSOLE Displays console number

DDT86 Dynamic debugging tool for
uPD8086/8088

DIR Displays disk directory of filenames

DSKRESET  Resets drives

ED Line-oriented editor

ERA _Erases afile

ERAQ Erases a file only after confirmation

FORMAT Formats floppy disks

GENCMD Converts H86 file to CMD file

GENSYS Generates MP/M-86 operating system

HDBACKUP Makes backup of hard disk logical
drive

HDDUMP Displays and changes contents of
hard disk

HDFORMAT Initializes hard disk logical drives

MPMSTAT Displays MP/M-86 internal status

PHFORMAT  Physically formats hard disk

PIP Copies files

PRINTER Displays and sets the printer number

REN Renames files

SDIR Displays disk directory with options

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

SHOW Displays disk status and protection
levels

SPOOL Spools files to the list device

STAT Displays, set files, and disk status

STOPSPLR  Stops the spooler

SUBMIT Executes batch processing

SYSCPY Copies system loader and MPM.SYS

TOD Displays and sets time of day

TYPE Displays ASCII file contents at
console

USER Displays and sets user number

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

MD-086 Series Development Environment

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

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

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

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

Documentation

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

MD-086FD-10 Installation Manual
MD-086FD-10 MP/M-86 Implementation Manual
MD-910TM Terminal User Manual

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

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

*Additional copies may be obtained from Digital Research.
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Equipment

The following equipment is supplied with the system:

MD-086FD-10

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

® @ © o 0 & 0 o o

||\)_nr\‘)m_a_n_a|\)_x

L
—_

MD-086HD-10

e 1 MD-086FD-10 system

¢ 1 MD-086DK

MD-086DK hard disk upgrade

e 1 Hard disk chassis

e 1 HDC board

e 1 Set of interconnecting cables
e 1 Line cord and ground adapter

Specifications
Processors

Main
Slave

©PD8086C, 5 MHz, CPU Board
uPD780C-1, 4 MHz, FDC Board
uPD8088C-2, 6.5536 MHz, SCB Board
uPD780C-1, 4 MHz, HDC Board

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

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

External Memory

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

Optional SMD Interface 8" hard disk drive
— 32M-byte formatted capacity
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Bus Structure Environmental Specifications

IEEE-796 Bus Temperature: —20 to +40°C, non-operating

— 5 spare slots in MD-086FD-10 +10 to +40°C, operating

— 4 spare slots in MD-086HD-10 Humidity: 10 to 90% relative humidity,
non-operating

Serial Interfaces 30 to 80% relative humidity, operating

System console RS-232C/TTL 1 channel (without condensation)

Serial interfaces RS-232C 1 channel

Electrical Characteristics
FCC: Class A
AC Requirements:

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

RS-232C/TTL 4 channel

Parallel Interfaces
Centronics printer interface 2 channel

Operating System

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

Physical Characteristics

System Console

System Chassis CRT Keyboard
Width 16.75 in (425 mm) 14.25 in (362 mm) 18.5 in (470 mm)
Height 11.77 in (299 mm) 14.29 in (363 mm) 1.50 in (38 mm)
Depth 24.21in (615 mm) 13.46 in (342 mm) 7.44in (189 mm)
Weight 59.40 Ib (27 kg) 19.95 1b (9 kg) 4.411b (2 kg)
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MD-910TM CHARACTER
DISPLAY TERMINAL
DEVELOPMENT TOOL

Description

The MD-910TM character display terminal is an ANSI
standard CRT terminal used as the system console of
the MD-086 series microcomputer development system.
The MD-810TM can also be used as an additional
console for this system, or as an external terminal for
any stand-alone Evakit or in-circuit emulator.

Features

O Multipte emulation modes
— ANSI standard X3.64 (VT100 compatible)
— VT52 (Digital Equipment Corporation)
0O Amber 12" nonglare screen
O Tilt/swivel display
[0 Detached low-profile keyboard conforming to DIN
standard
— ASCII keys, numeric keypad, four function keys
[0 Total software set-up feature
O Smooth, jump, or partial scrolling
[ 80/132 columns by 24-line display
[ Standard, double width, or double height/width
characters
O Blinking block, blinking underline, or invisible cursor
[1 Display attributes
— Normal, bold, blinking, reverse, underscore,
overline, and vertical line
O Display status |LEDs on keyboard
O Software selectable serial interface
— RS-232C, TTL, 20 mA current loop
— 7- or 8-bit character with odd, even, or no parity
— Full or half-duplex operation
— Transfer rate: 50 to 19200 BPS
00 Power-on, self-diagnostic function and data analyzer
mode
[0 Centronics printer port

Equipment

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

1 Display terminal

Keyboard with attached cable
RS-232C serial interface cable

TTL serial interface cable

AC power cord and ground adapter
Spare fuse

MD-910TM user’s manual

e & o o o o o
— .

Physical Characteristics

Dimension Display Keyboard
Width 14.25 in (362 mm) 18.05 in (470 mm)
Height 14.49 in (363 mm) 1.50 in (38 mm)
Depth 13.46 in (342 mm) 7.44in (189 mm)
Weight 19.95 tb (9 Kg) 4.411b (2 Kg)

Environmental Specifications
Temperature: 0 to 40°C

Relative Humidity: 30 to 80% , non-condensing
Electrical Characteristics

FCC: Class A

Power: 90-132 V AC, 50/60 Hz +:2%, 2A

Ordering Information

Part Number Description

MD-910TM Character display terminal
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PG1000 PROM
PROGRAMMER

Description

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

Features

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

PG1000 Personality Modules
PG1003

The PG1003 is a plug-in personality module for the
PG 1000 PROM Programmer. This module is required
to program the uPD78P09R, the EPROM version for the
1PD7808 and uPD7809 8-bit, single-chip microcom-
puters. The PG1003 supports two programming modes:
high-speed writing mode and normal writing mode.

PG1005

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

Section 10 — Packaging Information

Package/Device Cross Reference ........ccociiiiiiiiiiiiinriinenenncinennnnss 10-3
16-Pin Plastic DIP (B00 Mil) ...o.nttriiii ittt eitnitenetaeesannen 10-5
18-Pin Plastic DIP (300 Mil) o .uurtiiiiiiiii i iiiiieietiiinteenneennanansns 10-5
18-Pin Cerdip (300 Mil) ...uti it ittt rait et 10-6
20-Pin Plastic DIP (00 Mil) . ..onuunniii ittt i et ieianaeanaas 10-6
20-Pin Cerdip (300 Mil) ....ueteiiteiiii ittt reenasearenannessnnnesaanns 10-7
20-Pin Plastic SO (Small Outhing) ...t 10-7
24-Pin Plastic DIP (B00 Mil) . .couuturiiiiiiiiii ittt ieiinntesaronssanans 10-8
24-Pin Plastic Skinny DIP (400 mil) .....ctiiiiiiiit it iiieiieernnnnsnenas 10-8
28-Pin Plastic DIP (600 mil) . ....ene ittt it ittt e naanas 10-9
28-Pin Ceramic DIP (600 Mil) ...ttt e iteeaeensonnneonnnns 10-9
28-Pin Cerdip (B00 Mil) ...ttt ittt et eeenierannneaans 10-10
28-Pin Plastic SO (Small Outline) (375 mil) ......coviiiiiiiiiiiiiiiiiiieenn. 10-10
28-Pin PLCC (Plastic Leaded Chip Carrier) ..........cciiiiiiiiiiiiiiinnnnn. 10-11
30-Pin Plastic Shrink DIP (400 Mil) . ...iuvueineeneieieiereenereearraenennns 10-11
40-Pin Plastic DIP (B0 Mil) ...conunuiiiii ittt iriinirenenenans 10-12
40-Pin Ceramic DIP (B00 Mil) ....cueiiiii it i aneninneaens 10-12
40-Pin Cerdip (B00 Mil) . .o.urtiiiitiii ittt ientrerasrnerennnerons 10-13
44-Pin Plastic Miniflat ...t i i it 10-13
44-Pin PLCC (Plastic Leaded Chip Carrier) ........cooviiiiiiiiiiinineennness 10-14
48-Pin Plastic DIP (600 mil) ......c.iirireriiiiiiiiiiiiiiieiennnienannenans 10-14
48-Pin Ceramic DIP (800 mil) ......cviiirite i ienenennaanennes 10-15
52-Pin Plastic Miniflat ........ ... . i i e 10-15
52-Pin PLCC (Plastic Leaded Chip Carrier) ..........coieiiriiiieineanenann. 10-16
68-Pin Plastic Leaded Chip Carrier (PLCC) ........ciiiiiiiiiiririiriinnanenes 10-17
B8-Pin CeramiC PG A ... i e e 10-17
80-Pin Plastic Miniflat ...........coiiiiiiiiiiiiii i i 10-18
132-Pin Ceramic PG A ... ittt i i i e e e i e 10-18
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NEC

PACKAGING INFORMATION
Package/Device Cross Reference
Package Device Package Device
16-Pin Plastic DIP (300 mil) uPB8216C 28-Pin Plastic Leaded Chip Carrier  uPD71051L
uPB8226C (PLCC) uPD71054L
18-Pin Plastic DIP (300 mil) uPD7755C #PD71059L
uPD7756C 30-Pin Plastic Shrink DIP (400 mil)  uPD71066CT
uPD71011C 40-Pin Plastic DIP (600 mil)
uPDT765AC
uPD71084C LPDTE5AC-2
18-Pin Cerdip (300 mil) uPB8284AD uPD780C
20-Pin Plastic DIP (300 mil) 4PB8282C #PD780C-1
/PB8283C uPD780C-2
uPB8286C uPD7201AC
uPB8287C uPD7210C
uPD71082C uPD7265C
uPD71083C ”l'zgﬁggéc‘z
4PD71086C H
uPD71087C 4PDB085AC-2
uPD71088C uPDB085AHC
20-Pin Cerdip (300 mil) 4PB8288D #PD8O8SAHC-2
uPB8289D HPD8155C
uPD8155C-2
20-Pin Plastic SO uPD71011G
(Small Outline) (300 mil) uPD71082G uPD8155HC
uPD8155HC-2
uPD71083G
uPD8156C
uPD71084G
uPD71086G uPD8156C-2
uPD8156HC
Z,’:B;lggég uPD8156HC-2
uPD8237AC-5
24-Pin Plastic DIP (600 mil) uPD71054C uPD8255AC-2
' ©PD8243C uPD8255AC-5
uPD8243HC uPD8257C-2
PD82C43C
ZP082530_2 uPD8257C-5
/PD82530-5 uPD8279C-2
uPD8279C-5
24-Pin Plastic Skinny DIP (400 mil) uPD82C43CX uPB9201C
28-Pin Plastic DIP (600 mil) uPD7720AC uPD70008C
uPD7730C puPD70008AC-4
uPD8251AC 4PD70008AC-6
uPD8251AFC uPD70108C-5
©PD8259AC uPD70108C-8
PD8259AC-2 puPD70116C-5
1PD9306AC uPD70116C-8
uPD71051C uPD71055C
uPD71059C uPD72001C
28-Pin Ceramic DIP (600 mil) uPD7220AD uPD72065C
uPD7720AD uPD72066C
uPD77C20D
28-Pin Cerdip (600 mil) uPD77P20D
28-Pin Plastic SO uPD71065G

(Small Outline) (375 mil)
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PACKAGING INFORMATION

NEC

Package/Device Cross Reference

Package Device Package Device
40-Pin Ceramic DIP (600 mil) uPD7201AD 44-Pin Plastic Leaded Chip Carrier = uPD70108L-8
uPD7220AD uPD70116L-5

uPD7220AD-1
uPD7220AD-2
uPD7260D

uPD7261AD
uPD7261BD-18
uPD7262D
uPD7281D
uPD8086D

uPD8088D
uPD8088D-2
uPD70108D-5
uPD70108D-8
uPD70108D-10

p#PD70116D-5
uPD70116D-8
pPD70116D-10
puPD72191D

40-Pin Cerdip (600 mil) uPD8086D
pPD8086D-2

44-Pin Plastic Miniflat uPD70008AG-4
uPD70008AG-6
uPD71051G
uPD71054G
uPDT71055G
uPD71059G

44-Pin Plastic Leaded Chip Carrier  uPD77C20L
(PLCC) uPD70008AL-6
pPD70108L-5
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(PLCC) (cont)

uPD70116L-8
uPD71055L
uPD72001L

pPD72065L
pPD72066L

48-Pin Plastic DIP (600 mil)

uPD71071C
uPD72105C

48-Pin Ceramic DIP (600 mil)

uPD71071D

52-Pin Plastic Miniflat

uPD70108G-5
uPD70108G-8
uPD70116G-5
uPD70116G-8

uPD71071G
uPD72065G
uPD72066G

52-Pin Plastic Leaded Chip Carrier uPD71071L
(PLCC) uPD72105L
68-Pin Plastic Leaded Chip Carrier  uPD70208L
(PLCC) uPD70216L
68-Pin Ceramic PGA uPD70208R
uPD70216R
uPD70616R
uPD77230R
80-Pin Plastic Miniflat uPD70208G
uPD70216G

132-Pin Ceramic PGA uPD9305R




NEC

PACKAGING INFORMATION

16-Pin Plastic DIP (300 mil)

ftem  Millimeters Inches
A 20.32 max 0.8 max
B 1.27 max .05 max
c 2.54 (TP) .10 [TP)
D 5t.0 o2 T 00
E 17.78 .70
F 1.2 min 047 min
G 35+.3 .138 £.012
H .51 min 02 min
1 4.31 max 17 max
J 5.08 max -2 max
K 7.62[TP) 3[TP)
L 6.4 252
Mmoo I T
N 1.0 min 039 min
Notes: 1. Each lead centerline is located

within .25 mm [.01 inch] of its true
position [TP] at maximum mate-
rial condition.

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

A

~/k

L
r

\.

0-15°

83-0014898

18-Pin Plastic DIP (300 mii)

Htem Millimeters inches
A 22.86 max 9 max
B 1.27 max .05 max
C  254[TP] .10 [TP)
D 5+.0 02 T
E 20.32 8
F 1.2 min .047 min
G 35*.3 138 +.012
H .51 min .02 min
L} 4.31 max 17 max
J 5.08 max .2 max
K 7.62 TP} 3[TP]
L 6.4 -252
Mmooz T g T
N 1.0 min 039 min
Notes: 1. Each lead centerline is located
within .25 mm (.01 inch) of its true
position [TP] at maximum mate-
rial condition.
2. Item "K” to center of leads when

formed parallel.

-

0-15°

83-001490B
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PACKAGING INFORMATION

NEC

18-Pin Cerdip (300 mil)

RAAAAARAL

[1] Each lead centerline is located within .25
mm [.010 inch] of its true position [TP] at
maximum material condition.

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

ltem Millimeters Inches T
A 22.86 max 900 max
B 1.27 max .050 max -
[ 254 [TP) 100 [TP] [
D 46+ .05 018 +.002 S
E 20.32 .800 ﬁ@—? v v W ﬁ? v ﬂ
F 1.42 min .055 min
G 35+3 38+ .012 1 9
H .51 min .020 min ! A
[} 3.95 156 N
J 5.08 max .200 max —>  |—
K 7.62 [TP] .300 [TP]
L 6.60 260
M 25+.05 010 +:9%2
N .89 min .035.min

Notes:

0-15°

83-0036298

20-Pin Plastic DIP (300 mil)

"

paraltel.

E

Item  Millimeters inches

A 25.40 max 1.000 max

B 1.27 max 050 max _

C  254([TP) 100 [TP]

D 50%.10 0205908 r

FATATATATATATAvATA:

F 1.1 min .043 min
TG 35:.30 138 & .012 l 1 °

H  51min 1020 min ! A

[} 4.31 max 170 max N

J 5.08 max .200 max _‘I r‘_

K 7.62 [TP] 2300 [TP]

L 6.4 252 _I

Moo2sr0 010 053 :

N .9min .035 min ]

il I I
HJHLH U
[1] Each lead centerline is Imle'd within .25 | l ||J m H
mm (.010 inch] of its true position [TP] at
maximum material condition.
[2] Hem “K” to center of leads when formed 4] L F ’<—c-> B -
]

\
\

0-15°

83-0014918
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PACKAGING INFORMATION

20-Pin Cerdip (300 mil)

item Millimeters Inches 20 "

A 25.40 max 1.000 max H ﬁ ﬁ ﬁ_ﬁ a ﬁﬁ ﬁ H

8  1.27max 050 max

C  254[TP] 4100 [TP} L _
D a4s+06 018 +.002

E 2286 .800

P tamn  ossmin FEPEEEEEEY

G 35+%3 138 +.012 ! 1

H .51 min .020 min A K
1 3.95 156 N N

J 5.08 max .200 max — |

K 7.62[TP) 300 [TP]

L 732 .288 Ll  H

1 J
M .25+05 o0 F9%2 04 l
N .89 min .035 min ! I T
G

Note:

[1] Each lead centerline is located within
.25 mm [.01 inch] of its true
position [TP] at maximum material
condition.

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

kL L S

83-0038498

20-Pin Plastic SO (Small Outline) (300 mil)

[1] Each lead centerline is located within
.12 mm [.005 inch] of its true
position [TP] at maximum material
condition.

Item Millimeters Inches
A 13.00 max 512 max
B -78 max .031 max
c 1.27 [TP) .050 [TP]
+.10 +.004
D 40 "0 016 " gos
E RIEA .004 +.004
F 1.8 max 071 max
G 1.50 059
H 82+3 323 £.012
! 6.0 .236
J 11 043
+.10 +.004
K 5o 008 "0
+.008
L 6+.2 024 700
M A2 .005
Note:

AEEAEBAAAR

O

HESHEHBHBES

A

83-0038508
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PACKAGING INFORMATION N E C

24-Pin Plastic DIP (600 mil)

AAAAAAAAAAAA
Item  Millimeters inches
A 33.02 max 1.3 max
B 2.54 max .10 max \
c 2.54 (TP} A0 [TP] — —_—
D 5:a0 02 T 004
E 27.94 11
F 1.2 min 047 min
T T AT ATATATATATATATATATAY)
H  Simin .02 min 1 12
1 4.31 max A7 max A K
J 6.72 max 226 max N
K 15.24 [TP) 60 [TP) ‘b———‘
L 13.2 52 4 l
Mmoo T o 0
Notes: 1. Each lead centerline is located
within .25 mm [.01 inch) of its true
position [TP] at maximum mate-
rial condition.
2. ltem “K" to center of leads when
formed parallel. > 0. 150
83-0014928
24-Pin Plastic Skinny DIP (400 mil)
24 13
ltem  Millimeters Inches ﬁ & ﬂ ﬂ g ﬂ H H ﬂ ﬁ ﬁ ﬂ
A 35.56 max 1.400 max
B 3.81 max .150 max Q
c 2.54 [TP) .100 [TP] —_
o st 020 7008 ﬂ
R iR iR AR
F 1imin .043 min I
G 363 142 £.012 i f =
H  5imin 020 min " A X
i 4.31 max 170 max . L
¢ 5.72 max .226 max
K 10.16 [TP] .400 [TP] .
L 8.6 .339 \ s
o o2t o000 A
Note: H la
[1] Each lead centerline is located within Y.
.12 mm [.005 inch] of its true
position [TP] at maximum material B L_ H F _,| c I‘_ \JL\ \‘/
condiiion. Pr4 g
{2] item “K” to center of leads when formed | —’l |<__ D | w 0-i5°
parallel.
! E |
830038878
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E PACKAGING INFORMATION

28-Pin Plastic DIP (600 mil)

A AAAAAAAARAARR

Item Millimeters Inches
A 38.1 max 1.5 max

4 max .10 max

2.54 [TP] T ) _
o J

+.004
—.005

o 0w

5+.10 .02

3302 13

St en [YYVUOUUVYYYETY

.51 min .02 min

cl—izioimim

4.31 max .17 max A K
5.72 max 226 max

_ S72max  2%6max L
15.24 [TP) 60 [TP]
13.2 .52

+.10 +.004
25 05 01 ‘003

- x

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

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

~h ~ b

M 0-15°

[

83-0014078

28-Pin Ceramic DIP (600 mil)

Item Millimeters. Inches T s I I s O s I s O N e B e O B O o |

A 38.10 max 1.500 max

B 2.54 max 100 max |
2,54 [TP] .100 [TP]

.46 1.05 .018 +.002 l l l

33.02 13

.92 min 036 min LS J) WD | mun gy GEE g WD gy G gy ED g SN gy NEN gy mun g S g S gy . gy S

35+3 138 +.012 L

1.0 min .039 min

4.57 max 180 max

15.24 [TP] .600 [TP]
14.93 588

A%
|

r  X|el=|T(O/mmOO

+.002
25405 010 7002

4 --H—Ix |«

Note:

[1] Each lead centerline is located within
.25 mm [.01 inch] of its true
position [TP] at maximum material
condition.

{2] ltem “K” to center of leads when
formed parallel.

G \/
—— B

L 0-15°

83-003846B
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PACKAGING INFORMATION

NEC

28-Pin Cerdip (600 mii)

28 15

HAAAAAAAARAAAR

[1] Each lead centerline is located within
.25 mm [.01 inch] of its true

parallel.

ion [TP] at
condition.
(2] tem “K” to center of leads when formed

item Millimeters Inches
A 38.10 max 1.500 max
B 2.54 max .100 max
c 2.54 [TP] 100 [TP) P
D 010 020 +-004
E 3302 1.300 \___ .
F 1.2 min .047 min
T TivhTivhrivATivhrivAvd Aty
H .51 min 020 min ! "
1 380 150 A
J 5.08 max .200 max
K 15.24 [TP] .600 {TP]
L 1321 520
M 2505 o1 5902
Note:

5

o]

—]

TR

\

0-15°

83-003927B

28-Pin Plastic SO (Small Outline) (375 mil)

Item  Millimeters Inches
A 18.07 max 712 max
B .78 max 031 max
c 1.27 [TP] 050 TP}
+.10 +.004
D a0 016 T oa
E REA) .004 +.004
F 2.9 max 1156 max
G 250 098
+.012
H 10.3+3 406 T8
1 72 .283
J 18 063
+.10 +.004
K a5 006 T0n
+.009
L 8+.2 031 Tone
Note:

[1]1 Each lead centerline is located within
.12 mm [.005 inch] of its true
position [TP] at maximum material

condition
condition.

HRAAAAAAAARARR

O
EEEEEEEEEEEELE

A

OO IO £ 8

| M- ~ -

o < B L

83-003845B
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E PACKAGING INFORMATION

28-Pin Plastic Leaded Chip Carrier (PLCC)

A
Hem  Millimeters Inches }
A 1245+t2 490 +.008 ! B |
B 1150 453 I 2 19 J
c 1150 453 Oonmr ) —
D 1245+.2 .490 +.008
26 (118
E 194%.15 .org 007 g -
—.006 ]
F & 024
T 285 1
G 44t2 73 T gos 1 O . 0 e (o
H  28+2 119 1009 O
- ° —.008
I 0.7 min .028 min E
J 36 142 4[] 12
K 1.27 [TP] 050 [TP) l
Note 1 . —__J
L 7 028 | Wy 5y | Y
5 1
+.004
L} .40 £.10 .016 —.005
+.009
10.42 +.20 410 Tgo
o .15 .006
Note 2
P 1.0 .040
RS R .031 G
+.10 +.004
20 oo 008 " g0n
Note:
[t]Each lead centerline is located within
.12 mm [.005 inch] of its true
position [TP] at maximum material
condition.
[2] Flat within .15 mm [.006 inch] total. 83.003789B

30-Pin Plastic Shrink DIP (400 mil)

Hem Millimeters Inches 30 1.
A 28.46 max 1.121 max E‘ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
B 1.78 max 070 max
c 1.778 [TP] 070 [TP] {
D 50+10 020 +008 .
E 24.89 980
F .85 min 033 min
e e e~ [UUVUUUUUUUOUUD
H .51 min .020 min
I 431 max 170 max A K
J 5.08 max 200 max L
K 10.16 [TP] 400 [TP]
L 86 339 B +
mooas Ty ewlgg |
Note:
[1] Each lead centerline is located within
.17 mm [.007 inch] of its true
posi({on [TP] at maximum material \‘/
condition.
[2] Item “K” to center of leads when 0-15°
formed parallel.
83-0038488
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PACKAGING INFORMATION

40-Pin Plastic DIP (600 mil)

Item  Millimeters Inches a0 21
A 53.34 max 2.100 max
B 2.54 max -100 max
c 254 (TP] 100 [TP]
+.004 —
D 50£.10 020 "0
E 43.26 1.900
F 1.2 min .047 min
AR ATV AR A v vATAT AvAvATATRY ALY,
G 363 142 +.012 p 2
H .51 min .020 min L
| 4.31 max .170 max A K
J 5.72 max 1226 max N
K 15.24 [TP] .600 [TP]
L 13.2 520
+.10 +.004 vy 1
Mmool 010 To0s
Notes: fﬂ G
(1] Each lead centerline is located within .25
mm [.010 inch] of its true position [TP] at B F ___’H b { c \/L\ \‘/
maximum material condition.
[2] tem “K” to center of leads when formed t M 0-15°
parallel. E
83-0013998
40-Pin Ceramic DIP (600 mil)
Htem  Millimeters Inches 40 21
s W T e B e O o B e 8 s O B s O s O o O e e O e B o e B e N o B e}
A 53.34 max 2.100 max
B 2.54 max .100 max | ( \I
[+ 254 [TP) .100 [TP] } -
D .46 1.05 .018 £,002 l '
E 48.26 1.900
F 92min 1036 min lfuuuumu‘uuuuuuuuuuuul;g
G 3.51+.03 0138 +.012
H 1.0 min .039 min Iy X
t 264 104 L
J 4.57 max 180 max
K 1524 (TP] 600 [TP) C 1 L —
L 1493 588 | |
S J !
" 002 : = 1 !
25 +.05 010 " g0n i It 1t 1
Note: l TH G
[1] Each lead centerline is located within \_.I
.25 mm [.001 inch] of its true position [TP] c — B —
at maximum material condition. F D M 0-15°
[2] Hem “K” to center of leads when formed i
parallel. E 83-0037868
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jE: PACKAGING INFORMATION

40-Pin Cerdip (600 mil)

40 21
AAAAAAAAAAARARAAARAAR
A 53.34 max 2.100 max )
B 2.54 max .100 max
c 2.54 |TP] 100 (TP)
+.004
D .50 +.10 .020 —.005
E 48.26 1.900
F 1.2 min .047 min
YPYPVYRYRVYYYVYYYVYRY
G 35+3 0.138 +.012 1 20
H 51 min 020 min
.t ormn  eemlh A
1 380 150 K
Jd 5.08 max .200 max 1 L ]
K 15.24 [TP] .600 [TP] l l
L 13.21 520 r 1 }l
+.002 J
™M 25+05 o0 To0s
Note: ‘? H e
[1] Each lead centerline is located within
-25 mm [.01 inch] of its true _ F _,I c L_ Ble— \.//‘\ —] \4/
position [TP] at maximum material M 0 -15°
condition. D
[2] Item “K” to center of leads when formed
paraliel. f E 1
83-0028268
44-Pin Plastic Miniflat
I A
ftem  Millimeters Inches B
+.017
A 13.6+.4 535 —ot6
+.008
+.008 i
c  10=*2 394 0o /: N
+.017
D 13.6+.4 535 e
E 8.0 315
F 1.0 039
G 10 039
+.20 +.006
Ho 3 4 014 _ 005 c e
! .8([TP] 031 [TP]
Note 1
+.008
J 18+.2 071 —.009
+.009
K 1.0+.2 039 —.008 [
+.10 +.004 —
15 s 008 _ 903 A
M 15 006
Note 2 o - o
+.005
N 145 .1 .057 — 004
o 0.0+.1 0.000 +.004 G H !
P 1.65 max -065 max
Note:
[1] Each lead centerline is located within
.15 mm [.006 inch] of its true
position [TP] at maximum material
condition.
{2] Flat within .15 mm [.006 inch] totai.
K 83-0012328
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PACKAGING INFORMATION

E

44-Pin Plastic Leaded Chip Carrler (PLCC)

[1] Each lead centerline is located within
.12 mm [.005 inch] of its true
position [TP] at maximum material
condition.

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

1tem Millimeters Inches L A
A 175+2 689 +.008
le B §
B 1658 653
c 1658 653 3 2 'l
D 175+2 1689 +.008
a0 28
+.007
E 194£15 o6 000
F 024
G 44t2 173 009 4
—.008
1 & +
H  28%2 110 7009
: 119 008
I .7 min .028 min
J ae a2
K 127(TP] 1050 (TP s 18
Note 1
[ 028
7 17
+.004
M 40%.10 016 7008
+.009
185020 610700
a5 006
Note 2
P 10 040
Q RS R 031
+10 +.004
R 20 008 _ 902
Note:

(e}

T

83-0037908

48-Pin Plastic DIP (600 mil)

~ | X

Notes:

maximum material condition.

parallel.

1. Each lead centerline is located within .25
mm [.01 inch] of its true position [TP)] at

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

Item  Millimeters inches
A 63.50 max 2.5 max
B 2.54 max .10 max
c 2.54 (TP] A0 [TP] lr
b 5i.e o2 f:gg; -
E 58.42 23 .
F_ Mmn  08mn AL EACEE SN A LA ALY
G 36+.3 142+ 012 1 24
H .51 min .02 min
I 4.31 max 17 max A
J 5.72 max .226 max
K 15.24 [TP] 60 {TP]
L 13.8 543
Mmoo TR . PO i PRI Hid

\

~ -

0-15°

83-0014938
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PACKAGING INFORMATION

48-Pin Ceramic DIP (600 mil)

Item Millimeters Inches
A 63.50 max 2.500 max a8 2
B 2.54 max .100 max
c 2.54 [TP] .100 (TP) l ——]
D  .46+05 018 £.002 N _
E 5842 2.300 é
F .92 min .036 min
G 35+3 1138 +.012 p P
H 1.0 min .039 min
1 274 .108 A K
Note 1
J 457 max 180 max L
K 1524 [TP] .600 [TP) . - - 1 —
L 14.93 588 I | J |
M 25405 019 1002 S s +-
of

position [TP] at maximum material 0-15°

condition. E
(2] item “K"” to center of leads when

formed parallel.

Note 2 o003 I
Note: W
[1] Each lead centerline is located within \.I
.25 mm [.01 inch] of its true F —'”‘— D c — L—— B ——IML_
[

83-0038538
52-Pin Plastic Minifiat
A
B
ltem  Millimeters Inches
A 21.0+.4 .827 +.016
+.009
B 14+2 551 " gog
c 1.0[TP] 039 [TP]
Note 1
+.004
D .40 .10 016 005
E 1.0 .039 B la
+.008
F 35+.2 138 000
+.008
G 22+2 087 T oog
+.10 +.004
H 15 e 006 ~ s
1 15 006
Note 2
+.02 +.009
428y 102 004 3
K BEA) .004 +.004
Note:
[1] Each lead centerline is located within
.20 mm [.008 inch] of its true
position [TP] at maximum material
condition.
[2] Flat within .15 mm [.006 inch] total.
G 83-0009328
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PACKAGING INFORMATION

NEC

52-Pin Plastic Leaded Chip Carrier (PLCC)

Item Millimeters inches

+.009

A 20.1 .2 9 —008

B 19.12 753

[+ 19.12 783
+.009

D 201+.2 791 —.008
+.007

E 1.94 +.15 o076 T o0e

F 6 024
+.009

G 4412 A73 —008
+.009

H 28+2 10 Done

I .7 min 028 min

J 36 -142

K 1.27 [TP) 050 [TP]

Note 1

L 7 .028
+.004

M 40 +.10 016 005
+.009

N 18.04+.20 24T ipets

o A5 006

Note 2
P 1.0 040
Q R.8 R.031
+.10 +.004
R0 s 008 _ 002

Note:

[1] Each lead centerline is‘located within
.12 mm [.005 inch] of its true
position [TP) at maximum material
condition.

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

| A
le B ol
| a6 34 l
noooaonomhonooon —
a7 033
i
E 1]
i :
52 ]
14— + B |c [o
1
0
q
[
g h
70 1 21

U )
20

83-0037918
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PACKAGING INFORMATION

68-Pin Plastic Leaded Chip Carrier (PLCC)

ftem Millimeters. Inches i A
A 252%2 1992 +.008
B 2420 .953
c 2420 953
D  252+2 .992 +.008 61
g
E 19415 076 7007 g
~.006 d
F 8 .024 d
+.009 g
G 442 173 008 g
68
H  28%2 110 +‘339 14
008 d
i .7 min .028 min g
M) 142 E
K 127[TP] 1050 [TP) g
Note 1 [
L7 028 q
+.004 °q
M .40+.10 o187 00
+.009
2312 +.20 10 e
o .15 006
Note 2
P 10 040
Q RS R.031
+.10 +.004 a
R .20 .008 T
e o O wd 2 GUIARNRAL
Note: =

L l-—

[1] Each lead centerline is located within
.12 mm [.005 inch] of its true
position [TP] at maximum material
condition.

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

ST

83-0037928

68-Pin Ceramic PGA
L A
r LK JHGFEUDTCSB A
K © 00 0O0COGOCOO "
0@ o0 00000 0® olw
o o o olfs
Item  Millimeters Inches °o° o ofs
A +B +031 ° o ool
~.4 0 015 A o o o o]
B 28+.3 2110 +.012 o o O Oj5
[+ 1.25 049 o o o ol4a
D 5.08 max 200 max o o o o3
E 2.54 [TP) -100 [TP} 0o@® o 000 00 0®o]|2
F 12+.2 .047 +.
$124 047 +.008 O coooo0oo0o0o0o0o0 |1
G  ¢.46+05 1018 +.002 —x
H Smin 020 min
Note:
{1} Each lead centeriine is located within
.25 mm [.010 inch] of its true
position [TP] at maximum material
condition.
(= = _J.
in
+— H
AT
S
e [
F G — J—c
83-0038428

1N_17



PACKAGING INFORMATION

80-Pin Plastic Miniflat

Item  Millimeters Inches ( A
+.017
A 247 +4 972 e e B
+.009
8 20+3 795 008
+.009
c 1412 551 _
008 64 L3l i
o 18.7 .4 736 +.016
E 12 472
F 1.0 039 !
G 8 031
+.004
H .35 +.1 014 —.003 c D
] .8 (TP} 031 [TP]
Note 1
+.006
J 235+.3 .093 —009
+.009
K 1.2+.2 047 —.006
+.10 +.004
L A5 —.000 006 —.003
M5 006 B
Note 2
+.2 +.006
N 20877 081 " goe
o R .004 £.004
Note:
(1] Each lead centerline Is located within
.15 mm [.006 inch] of Its true
position [TP] at maximum materiaf
condition.
[2} Flat within .15 mm {.008 inch] total.
83-0012308
132-Pin Ceramic PGA
——
000000000000 O00
000000000000 O0OO0
0000000000000 OO
(oo el 00O
o0Oo o 0O
[e ool 00O
Item  Millimeters Inches 6oo ©ooco
A 3556 1.400 c oo cooo
B 2270 ) coo Locator Pin coo
00O 0 00
[+ 33.02 1.300 oco0o0 o000
D 45max 177 max 0000000000000 O0
E 2.54 .100 00 000000000000
F ¢ .40 .016 O000000000O00O00
G 28 .10 '
H 2.28 .090 A
1 3.8 150
[
—_
C |
A TTTTITI0TIITTT =
E
83-003843B
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