












































































































































































































































































































































































































































































































































































































































































































































































































































































































































8259/8259-5

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8259 to the system Data Bus. Control words and status
information are transferred through the Data Bus Buffer.

Read/Write Control Logic

The function of this block is to accept OUTput commands
from the CPU. It contains the Initialization Command
Word (ICW) registers and Operation Command Word
(OCW) registers which store the various control formats
for device operation. This function block also allows the
status of the 8259 to be transferred onto the Data Bus.

CS (Chip Select)
A “low” on this input enables the 8259. No reading or
writing of the chip will occur unless the device is selected.

WR (Write)
A “low” on this input enables the CPU to write control
words (ICWs and OCWs) to the 8259.

RD (Read)

A “low” on this input enables the 8259 to send the status of
the Interrupt Request Register (IRR), In Service Register
(ISR), the Interrupt Mask Register (IMR) or the BCD of the
Interrupt level on to the Data Bus.

Ap

This input signal is used in conjunction with WR and RD
signals to write commands into the various command

registers as well as reading the various status registers of

the chip. This line can be tied directly to one of the address Figure 3. 8259 Block Diagram Showing Data Bus Butfer
lines. and Read/Write Logic Functions
Ap Dy D3 RD WR CS INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Level = DATA BUS (Note 1)
1 0 1 o0 IMR = DATA BUS
OUTPUT OPERATION (WRITE)
0 0 0 1 o0 O DATA BUS = OCW2
0 0 1 1 0 0 DATA BUS = 0OCW3
0 1 X 1 0 0 DATA BUS = ICW1
1 X X 1 0 o DATA BUS = OCW1, ICW2, ICW3 (Note 2)

DISABLE FUNCTION

X X X 1 1 DATA BUS = 3-STATE

[=]

X X X X X 1 DATA BUS = 3-STATE

Note 1:  Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation.

Note 2:  On-chip sequencer logic queues these commands into proper sequence.

Figure 4. 8259 Basic Operation
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SP (Slave Program)

More than one 8259 can be used in the system to expand
the priority interrupt scheme up to 64 levels. In such case,
one 8259 acts as the master, and the others actas slaves. A
“high” on the SP pin designates the 8259 as the master, a
“low” designates it as a slave.

The Cascade/Buffer/Comparator

This function block stores and compares the IDs of all
8259 used in the system. The associated three 1/0 pins
(CASO0-2) are outputs when the 8259 is used as a master
(SP = 1), and are inputs when the 8259 is used as a slave
(SP = 0). As a master, the 8259 sends the ID of the
interrupting slave device onto the CASO0-2lines. The slave
thus selected will send its preprogrammed subroutine
addressed onto the Data Bus during next two consecutive
INTA pulses. (See section “Cascading the 8259".)

Figure 7. 8259 Block Diagram Showing Cascading
Function

OPERATIONAL DESCRIPTION

General

The powerful features of the 8259 in a microcomputer
system are its programmability and its utilization of the
CALL instruction to jump in"tb‘any address in the memory
map. The normal sequence of events that the 8259
interacts with the CPU is as follows:

1. One or more of the INTERRUPT REQUEST lines (IR7-
0) are raised high, setting the corresponding IRR bit(s).

2. The 8259 accepts these requests, resolves the
priorities, and sends an INT to the CPU.

7-109

3. The CPU acknowledges the INT and responds with an
iNTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259 will also release a CALL
instruction code (11001101) onto the 8-bit Data Bus
through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259 from the CPU group.

6. These two INTA pulses allow the 8259 to release its
preprogrammed subroutine address onto the Data Bus.
The lower 8-bit address is released at the first INTA
pulse and the higher 8-bit address is released at the
second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the 8259. ISR bit is not reset until the end of the
subroutine when an EOIl (End of interrupt) command is
issued to the 8259.

Programming The 8259

The 8259 accepts two types of command words generated
by the CPU:
1. Initialization Command Words (ICWs):
Before normal operation can begin, each 8259 in the
system must be brought to a starting point — by a
sequence of 2 or 3 bytes timed by WR pulses. This
sequence is described in Figure 1.
2. Operation Command Words (OCWs):
These are the command words which command the
8259 to operate in various interrupt modes. These
modes are:
a. Fully nested mode
b. Rotating priority mode
~ ¢. Special mask mode
d. Polled mode
The OCWs can be written into the 8259 at anytime after
initialization.

Ag B, Dg Dy D, Dy D D D
o laflaglal il ol e s of om
T 1A | Aa| Az A2 Ap | A | Ag | Ag | lCW2

SINGLE?
(s=1

YES

1| s, | S5 S5 | ss | s3 | S2 | sy s | tews

READY TO ACCEPT REQUESTS
IN THE FULLY NESTED MODE

Figure 8. Initialization Sequence
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Initialization Command Words 1 and 2 (ICW1 and
ICW2)

Whenever acommand is issued with AO=0and D4 =1, this
is interpreted as Initialization Command Word 1 (ICW1),
and initiates the initialization sequence. During this
sequence, the following occur automatically:

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR)
input must make a low to high transition to generate
an interrupt.

b. The interrupt Mask Register is cleared.

c. IR 7 input is assigned priority 7.

d. Special Mask Mode Flip-flop and status Read Flip-
flop are reset.

The 8 requesting devices have 8 addresses equally spaced
in memory. The addresses can be programmed at
intervals of 4 or 8 bytes; the 8 routines thus occupying a
page of 32 or 64 bytes respectively in memory.

The address format is:

AO0-4 are automatically inserted by the 8259, while A15-6
are programmed by ICW1 and ICW2. When interval =8, A5
is fixed by the 8259. if interval = 4, A5 is programmed in
ICW1. Thus, the interrupt service routines can be located
anywhere in the memory space. The 8 byte interval will
maintain compatibility with current 8080 RESTART
instruction software, while the 4 byte interval is best for
compact jump table.

The address format inserted by the 8259 is described in
Table 1.

The bits F and S are defined by ICW1 as follows:
F: Call address interval. F =1, then interval =4; F=0,
then interval = 8.

S: Single. S =1 means that this is the only 8259 in the
system. It avoids the necesity of programming ICW3.

D, Dy Dy D, o, D, D, D,
SR YO R VO R O - -V BV R
e __/\ ~— J
DEFINED BY Dy, OF 1CW1 AUTOMATICALLY
INSERTED BY 8259
Al A | A | A | An ] A | A Ag
\ ~— _/
DEFINED BY ICW2
INTERVAL =4 INTERVAL =8
LOWER MEMORY ROUTINE ADDRESS
D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
IR 7 A7 A6 A5 1 1 1 0 0 A7 A6 1 1 1 0 0 0
IR 6 | A7 A6 A5 1 1 o 0 O A7 A6 1 1 o 0 0 o0
IR 5 A7 A6 A5 1 0 1 0 0 A7 A6 1 0 1 0 0 0
IR 4 A7 A6 A5 1 0 0 0 0 A7 A6 1 0 0 0 0 0
IR 3 A7 A6 A5 0 1 1 0 0 A7 A6 0 1 1 0 0 0
IR 2 A7 A6 A5 0 1 (1] 0 0 A7 A6 O 1 0 0 0 0
IR 1 A7 A6 A5 0 0 1 0 0 A7 A6 O 0 1 0 0 0
IR 0 | A7 A6 A5 0 0 0 O0 O A7 A6 0 0 0 0 o0 O

Table 1. 8259 Address Format
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Example of Interrupt Acknowledge Sequence Initialization Command Word 3 (ICW3)
Assume the 8259 is programmed with F = 1 (CALL address This will load the 8-bit slave register. The functions of this
interval = 4), and IR5 is the interrupting level. The 3 byte register are as follows:

sequence released by the 8259timed by the INTA pulses is
as follows:

D7 D6 D5 D4 D3 D2 D1 DO

1stINTA 1 1 0 0 1 1 0 1 CALL
CODE

LOWER
2nd INTA A7 A6 A5 1 0 10 o ROUTINE
ADDRESS

HIGHER
3rd INTA  A15  A14  A13 A12 A1l A0 A9 A8 ROUTINE
ADDRESS

a. If the 8259 is the master, a “1" is set for each slave in
the system. The master then will release byte 1 of the
CALL sequence and will enable the corresponding
slave to release bytes 2 and 3, through the cascade
lines.

b. If the 8259 is a slave, bits 2 - 0 identify the slave. The
slave compares its CAS0-2 inputs (sent by the
master) with these bits. I they are equal, bytes 2 and
3 of the CALL sequence are released.

If bit Sis setin ICW1; there is no need to program ICW3.

1=SINGLE

0= NOT SINGLE

CALL ADDRESS INTERVAL
1=1INTERVAL IS4

0 = INTERVAL IS 8

A; 5 OF LOWER

1ICW2
A% D D D D DOy D D

ROUTINE ADDRESS

Do

r‘ A | Are | As I A1z l An

Ao l Ay

Asl

HEEEEE

UPPER ROUTINE

ICW3 (MASTER DEVICE)

ADORESS

Ay D; Dy D5 D,
[LII-L

DJ DZ D‘ DD
S3 | S2 | % l So |

LI T]

1=1R INPUT HAS A SLAVE

1CW3 (SLAVE DEVICE)
% O D Dy DO D D, D

0= IR INPUT DOES NOT HAVE
A SLAVE

Do

I1|olo|o|o o |10, 'D"D"_I
! ] I ji
X X X X Xx
SLAVE 10111
of1]2]3]4]5]6]|7
OON'T ol1]of1fol1foj1
CARE ofof1[1]ojo[1(1
ofjofofof1]1]1}1

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

Figure 9. Initialization Command Word Format
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Operation Command Words (OCWs)

After the Initialization Command Words (ICWs) are
programmed into the 8259, the chip is ready to accept
interrupt requests at its input lines. However, during the
8259 operation, a selection of algorithms can command
the 8259 to operate in various modes through the
Operation Command Words (OCWs). These various
modes and their associated OCWs are described below.

Interrupt Masks

Each Interrupt Request input can be masked individually
by the iInterrupt Masked Register (IMR) programmed
through OCW1.

The IMR operates on the In-Service Register. Note that if
an interruptis already acknowledged by the 8259 (an INTA
pulse has occurred), then the Interrupting level, although
masked, will inhibit the lower priorities. To enable these
lower priority interrupts, one can do one of two things: (1)
Write an End of Interrupt (EOI) command (OCW2) to reset
the ISR bit or (2) Set the special mask mode using OCW3
(as will be explained later in the special mask mode.)

Fully Nested Mode

The 8259 will operate in the fully nested mode after the
execution of the initialization sequence without any OCW
being written. In this mode, the interrupt requests are
ordered inpriorities from Othrough 7. When aninterruptis
acknowledged, the highest priority request is determined
and its address vector placed on the bus. In addition, a bit
of the Interrupt service register (IS 7-0) is set. This bit
remains set until the CPU issues an End of Interrupt (EOI)
command immediately before returning from the service
routine. While the IS bitis set, all further interrupts of lower
priority are inhibited, while higher levels will be able to
generate an interrupt (which will only be acknowledged if
the CPU has enabled its own interrupt input through
software).

After the Initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained in the rotating priority mode.

Rotating Priority Commands

There are two variations of rotating priority: auto rotate
and specific rotate.

1. Auto Rotate — Executing the Rotate-at-EOI (Auto)
command, resets the highest priority ISR bit and
assigns that input the lowest priority. Thus, a device
requesting an interrupt will have to wait, in the worst
case, until 7 other devices are serviced at most once
each, i.e., if the priority and “in-service” status is:

BEFORE ROTATE IS7 IS6 IS5 1S4 IS3 IS2 IS1 IS0

“IS" STATUS 0 1 0 1 0 o ] 0

LOWEST PRIORITY HIGHEST PRIORITY

PRIORITY STATUS
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AFTER ROTATE 1S7  1s6 IS5 IS4 1S3 1S2 ISt

“1S” STATUS 0 1

LOWEST PRIORITY HIGHEST PRICRITY

PRIORITY STATUS 2 1 6 5

In this example, the In-Service FF corresponding to
line 4 (the highest priority FF set) was reset and line 4
became the lowest priority, while all the other priorities
rotated correspondingly.

The Rotate command is issued in OCW2, where: R =
1, EOl = 1, SEOI = 0.

. Specific Rotate — The programmer can change
priorities by programming the bottom priority, and by
doing this, to fix the highest priority: i.e., if IR5 is
programmed as the bottom priority device, the IR6 will
have the highest one. This command can be used with
or without resetting the selected ISR bit.

The Rotate command is issued in OCW2 where: R = 1,
SEOI=1.L2,L1,L0arethe BCD priority level codes of the
bottom priority device. If EOl =1 also, the ISR bitselected
by L2-LO0 is reset.

Observe that this mode is independent of the End of
Interrupt Command and priority changes can be
executed during EOl command or independently from
the EOl command.

End of Interrupt (EOI) and Specific End of
Interrupt (SEOI)

An End of Interrupt command word must be issued to the
8259 before returning from a service routine, to reset the
appropriate IS bit.

There are two forms of EOl command: Specific and non-
Specific. When the 8259 is operated in modes which
preserve the fully nested structure, it can determine which
IS bitto reset on EOl. When a non-Specific EOl command
is issued the 8259 will automatically reset the highest IS
bit of those that are set, since in the nested mode, the
highest IS level was necessarily the last level acknowl!-
edged and will necessarily be the next.routine level
returned from.

However, when a mode is used which may disturb the fully
nested structure, such as in the rotating priority case, the
8259 may no longer be able to determine the last level

‘acknowledged. In this case, a specific EOl (SEOI) must be

issued which includes the IS level to be reset as part of the
command. The End of the Interrupt is issued whenever
EOI ="1"in OCW2. For specific EOIl, SEOI="“1",and EOI =
1.L2,L1,LOisthen the BCD level to be reset. As explained
in the Rotate Mode earlier, this can also be the bottom
priority code. Note that although the Rotate command can
be issued during an EOI = 1, itis not necessarily tied to it.
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ocwt
Ag D, Dg Dy D, Dy D, D D

I 1 M7 M6 | M5 | M4 | M3 I M2 M1 Mo I
INTERRUPT MASK
1= MASK SET
0 = MASK RESET
ocw2

A D By Dg D D3 D Dy Dy

L,|Lol

|0|R|SEOI|EOI|0|0 Ly

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY

of1{2}13|4|5]|6]|7
oft1fjof1|o}jtr]ofn
ofof1f{1{0jo}1}1
ofojoloftr]1|11

NON-SPECIFIC END OF INTERRUPT

1=RESET THE HIGHEST PRIORITY
BIT OF ISR

0=NO ACTION

SPECIFIC END OF INTERRUPT
1=1L2,Lq, Lo BITS ARE USED
0=NO ACTION

ROTATE PRIORITY
1=ROTATE
0=NOT ROTATE

ocws3
A D; Dy Dy D, Dy D D Dy

I 0 I-— IESMM ERISbISI

SMM|0|1 P

READ IN-SERVICE REGISTER

DON'T
CARE o 1 0 1
] 0 1 1
READ READ

IR REG ISREG
ON NEXT | ON NEXT
RD PULSE | RD PULSE

NO ACTION

POLLING

A HIGH ENABLES THE NEXT RD PULSE
TO READ THE BCD CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUPT.

SPECIAL MASK MODE

0 1 0 1
0 [} 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Figure 10. Operation Command Word Format
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Special Mask Mode (SMM)
This mode is useful when some bit(s) are set (masked) by

The word enabled onto the data bus during RD is:

the Interrupt Mask Register (IMR) through OCWA. If, for Dr 06 05 D4 b3 02 O Do

some reason, we are currently in an interrupt service 1 - — - — lw2|w | wo

routine which is masked (this could happen when the

subroutine intentionally mask itself off), it is still possible

to enable the lower priority lines by setting the Special WO — 2: BCD code of the highest priority level

Mask mode. In this mode the lower priority lines are
enabled until the SMM is reset. The higher priorities are

not affected.

The special mask mode FF is set by OCW3where ESMM =
1, SMM = 1, and reset where: ESSM = 1 and SMM = 0.

Polled Mode

requesting service.
I: Equal to a “1" if there is an interrupt.

This mode is useful if there is a routine common to
several levels — so that the INTA sequence is not
needed (and this saves ROM space). Another
application is to use the poll mode to expand the
number of priority levels to more than 64.

In this mode, the CPU must disable its interrupt input.
Service to device is achieved by programmer initiative by a
Poll command.

The poll command is issued by setting P = “1” in OCW3
during a WR pulse.

The 8259 treats the next RD pulse as an interrupt
acknowledge, sets the appropriate IS Flip-fiop, ifthereisa
request, and reads the priority level.

For polling operation, an OCW3 must be written before

every read.

A0 D4 D3
ocw1 |l 1 M7-MO IMR (I-nten'_upt Mask Register). WR will load it while status can be
read with RD.

ocw2i 0 0 0 R SEO1 EOI
0 O 0 No Action.
0o o0 1 Non-specific End of Interrupt.
0 1 0 No Action.
o 1 1 Specific End of Interrupt. L2, L1, LO is the BCD level to be reset.
1 0 0 No Action.
1 0 1 Rotate priority at EOI. (Auto Mode)
1 1 0 Rotate priority, L2, L1, LO becomes bottom priority without

Ending of Interrupt.

11 1 Rotate priority at EOl (Specific Mode), L2, L1, LO becomes

bottom priority, and its corresponding IS FF is reset.

oCcw3 | 0 0 1 ESMM SMM

0 0
0 1
1 0
1 1
ERIS RIS
0 0
0 1
1 0
1 1

} Special Mask not Affected.

Reset Special Mask.
Set Special Mask.

]- No Action.

Read IR Register Status.
Read IS Register Status.

Note: The CPU interrupt input must be disabled during:
1. Initialization sequence for al! the 8259 in the system.

2. Any control command execution.

Figure 11. Summary of Operation Word Programming
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Reading 8259 Status

The input status of several internal registers can be read
to update the user information on the system. The
following registers can be read by issuing a suitable
OCWS3 and reading with RD.

Interrupt Requests Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be
acknowledged. The highest request level is reset from the
IRR when an interrupt is acknowledged. (Not affected by
IMR).

In Service Register (ISR): 8-bit register which contains
the priority levels that are being serviced. The ISR is
updated when an End of Interrupt command is issued.

Interrupt Mask Register: 8-bit register which contains the
interrupt request lines which are masked.

The IRR can be read when prior to the RD pulse, an WR
pulse is issued with OCW3, and ERIS = 1, RIS = 0.

The ISR can be read in a similar mode, when ERIS =1, RIS
=1,

There is no need to write an OCW3 before every status
read operation as long as the status read corresponds with
the previous one, i.e. the 8259 “remembers” whether the
IRR or {SR has been previously selected by the OCW3.

For reading the IMR, a WR pulse is not necessary to
preceed the RD. The output data bus will contain the IMR
whenever RD is active and AQ = 1.

Polling overrides status read when P = 1, ERIS = 1 in
ocwa.

Cascading

The 8259 can be easily interconnected in a system of one
master with up to eight staves to handle up to 64 priority
levels.

A typical system is shown in Figure 12. The master con-
trols, through the 3 line cascade bus, which one of the
slaves will release the corresponding address.

As shown in Figure 12, the slaves interrupt outputs are
connected to the master interrupt request inputs. When a
slave request line is activated and later acknowledged, the
master releases the 8080 CALL code during the first INTA
pulse. From the trailing edge of this first INTA pulse until
the trailing edge of the third pulse, the CAS lines will
contain the slave address code. Thus, the corresponding
slave is enabled to release the two-byte service routine
address during the second and third INTA pulses.

Note that since the CAS lines default to 000, no slave
should be connected with IR0 on the master unless all
other master request inputs (IR1-IR7) are connected to
slaves. Otherwise, the slave on IRO will attempt to drive the
data bus in conflict with a non-slave interrupt request on
the master.

It is obvious that each 8259 in the system must follow a
separate initialization sequence and can be programmed
to work in a different mode. An EOl command must be
issued twice: once for the master and once for the
corresponding slave. An address decoder is required to
activate the Chip Select (CS) input of each 8259. The slave
program pin (SP) must be at a “low"” level for a slave (and
then the cascade lines areinputs) and ata “high” level fora
master (and then the cascade lines are outputs).

ADDRESS BUS (16) {
CONTROL BUS {
[ L L
DATA BUS (8) 1
A\ N/ ('3
cs Ay INT cs A, INT
caAso cAsO
8259 8259
SLAVEB cAS1 cas1 MASTER
cAs2 cAs2
5 5 10 SP_M7_M6 M5 M4 M3 M2 M1 MO

2]

5

TR

1.0 5 4

1]

32 10

-

]

INTERRUPT REQUESTS

Figure 12. Cascading the 8259
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INST.

NO. A0 D7 D6 D5 D4 D3 D2 D1 DO OPERATION DESCRIPTION

1 ICW1 A 0 A7 A6 A5 1 0 1 1 0 Byte 1 initialization, format = 4, single.

2 ICW1B 0 A7 A6 A5 1 0 1 0 0 Byte 1 initialization, format = 4, not single.
3 ICW1C 0 A7 A6 A5 1 0 0 1 0 Byte 1 initialization, format = 8, single.
4 ICW1D 0 A7 A6 A5 1 0 0 0 0 Byte 1 initialization, format = 8, not single.
5 ICW2 1 A15 A14 A13 A12 A11 A10 A9 A8 Byte 2initialization (Address No. 2)

6 ICW3 M 1 S7 S6 S5 S4 S3 S2 S1 SO Byte 3initialization — master.

7 ICW3 S 1 0 0 0 0 0 S2 S1 SO0 Byte 3initialization — slave.

8 oCcwi1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask reg, read mask reg.

9 OCW2E 0 0 0 1 0 0 0 0 0 Non specific EOI.

10 OCW2 SE 0 0 1 1 0 0 L2 U1 Lo Specific EOI. L2, L1, LO code of ISFF

to be reset.
1 OCW2RE 0 1 0 1 0 0 0 o] 0 Rotate at EOl (Auto Mode).
Rotate at EOI (Specific Mode). L2, L1, LO,
12 OCW2 RSE o] 1 1 1 0 0 L2 L1 Lo code of line to be reset and selected as
bottom priority.

13 OCW2RS 0 1 1 0 0 0 L2 L1 LO L2, L1, LO code of bottom priority line.
14 ocw3P 0 - 0 0 0 1 1 0 0 Poll mode.

15 OCW3RIS 0 - 0 0 0 1 0 1 1 Read IS register.

16 OCW3 RR 0 - 0 0 0 1 0 1 0 Read requests register.

17 OCW3 sSM 0 - 1 1 0 1 0 0 0 Set special mask mode.

18 OCW3 RSM 0 - 1 0 0 1 0 0 0 Reset special mask mode.

Notes:

2. (—) =do not care.

1. In the master mode SP pin = 1, in slave mode SP = 0.

Figure 13. 8259 Instruction Set
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ........ 0°Cto70°C *COMMENT:
Storage Temperature .............. —65°Cto +150°C Stresses above those listed under "Absolute Maximum gt
: may cause permanent damage to the device. This is a stress

Voltgge On Any Pin only and functional operation of the device at these or any pther,
With R.esPeCt. toGround .............. ~0.5Vto+7V conditions above those indicated in the operational sections of this “:
Power Dissipation ............ ... ... 1 Watt specification is not implied.

D.C. CHARACTERISTICS
(Ta = 0°C to 70°C; Ve = 5V +5%)

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage - -5 .8 v
Vin Input High Voltage 2.0 Vcet.5V \Y
VoL Output Low Voltage .45 \% loL =2 mA
VoH Output High Voltage 2.4 \Y lon = =400 pA
2.4 \% lon = -400
VOH-INT Interrupt Output High Voltage OH HA
3.5 \ loH = -50 pA
Input Leakage Current -300 uA VN = 0V
HLURg.7) :
for 1Rp.7 10 HA ViN = Vece
I Input Leakage Current
10 MA Vin = Vge to OV
for Other Inputs
loFL Output Float Leakage +10 HA VourT = 0.45V to V¢
lee Ve Supply Current 100 mA
CAPACITANCE
Ta = 25°C; Ve = GND = 0V
SYMBOL PARAMETER MIN. | TYP. | MAX. { UNIT [ TEST CONDITIONS
Cin Input Capacitance 10 pF fc =1 MHz
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to Vgg
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A.C. CHARACTERISTICS
(Ta = 0°Cto 70°C; Vioc = +5V +5%, GND = 0V)

Bus Parameters

Read:
8259
SYMBOL PARAMETER MIN. MAX. MIN.
tAR CS/A( Stable Before RD or INTA 50 50 ns
tRA CS/A Stable After RD or INTA 5 30° ns
RR RD Pulse Width 420 300 ns
tRD Data Valid From RD/INTAI1] 300 200 ns
toF Data Float After RD/INTA 20 200 20 100 ns
Write:
8259 8259-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
AW Ag Stable Before WR 50 50 ns
twa Ag Stable After WR 20 30 ns
tww WR Pulse Width 400 300 ns
tow Data Valid to WR (T.E.) 300 250 ns
two Data Valid After WR 40 30 ns
Other Timings:
8259 8259-5
SYMBOL PARAMETER -~ MIN, MAX. MIN. MAX. UNIT
tw Width of Interrupt Request Puise 100 100 ns
HNT INT 1 After IR 1 400 350 ns
tic Cascade Line Stable After INTA 1 400 400 ns
Note 7:  8259: Cy_ = 100pF, 8259-5: C|_ = 150pF.
Input Waveforms for A.C. Tests
2.4
2.2 2.2
> TEST POINTS <
0.8 0.8
0.45
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WAVEFORMS

Read Timing Write Timing
b Taw —— l« ﬂ
CHIP SELECT 5‘ y/ CHIP SELECT ﬂ

| |
|<—TAR—> TRa
ADDRESS BUS X - K ADDRESS BUS X X

] N A S

170 RD 'S TRR 1/ DATA BUS X ‘—‘K

[~— Tow——=1+-Tup -

TRp—+ |+~ |—Tpr

DATA BUS\ \\\\HIGH IMPEDAz\JCE\ \ \ \ i7OWR R ;

e Tiywy =

Other Timing

INT " 4 \

wa T LG/ @ _/ @ /
RN EANNN S\ NN SRR A SRR AN AN

Co2 L /
1 Y

Note: Interrupt Request must remain “HIGH" (at least) until leading edge of first INTA.

Read Status/Poll Mode

DATABUS /0 eews (/1)) DATA r [/
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PROGRAMMABLE KEYBOARDI/DISPLAY INTERFAC

8279/8279-5

a MCS-85™ Compatible 8279-5
o Simultaneous Keyboard Display

Operations

Scanned Keyboard Mode

a Scanned Sensor Mode

s Strobed Input Entry Mode
a 8-Character Keyboard FIFO
m 2-Key Lockout or N-Key Rollover with

Contact Debounce

o Dual 8- or 16-Numerical Display

Single 16-Character Display

Right or Left Entry
RAM

Mode Programmab

o Programmable Sca

16-Byte Display

le from CPU

n Timing

a Interrupt Output on Key Entry

The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in
an 8-character FIFO. if more than 8 characters are entered, overrun status is set. Key entries set the interrupt output

line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION

AL O ~ a0 v
AL 2 39 [1RLy
ctk[]3 38 rj"""
IrRQ[] 4 37 [JCNTL/STB
RLs O] s 36 [JSHIFT
RLs[]6 35 [1sL3
RLg[] 7 34 st
RL7[]s 33[Jst,
RESET[] 9 32 [Asto
AD[] 10 8219 31[JouT By
WR 1 30 [JouT By
DB, [} 12 29 [JouT B,
os,[] 13 28 [JouT B,
08,([] 14 27§JouT Ag
08;[] 15 26 [JouT Ay
os,[] 16 25 [Jout A,
ps,[] 17 24 [JOUT A3
pgg[] 18 23180
ps,[] 19 22{]CS
Vs [ 20 21 Ag

PIN NAMES

170 | DATA BUS (BIDIRECTIONAL) |
1. | cLock INpUT

i 1 | RESET INPUT -
CHIP SELECT

!

5 1" READ INPUT
kil I | WRITE INPUT
Ao I TBUFFER ADDRESS
1RQ___ | O _| INTERRUPT REQUEST OUTPUT]
SLos O | SCAN LINES
Rlgy T | RETURNLINES ~—~ — |
SHIFT || SHIFT INPUT
[CNTL/STB | 1| CONTROL/STROBE INPUT___|
OUTAg; | O , DISPLAY (A}OUTPUTS |
OUTBg3 | O | DISPLAY (8) OUTPUTS
(B0 - | O [ BLANK DISPLAY OUTPUT

LOGIC

SYMBOL

IRQ

DATA

cPu i
INTERFACE

Ao

RESET

LY

L CLK

T Vee

RLg7
| 4——————— [~ KEY DATA

SHIFT

—

4 ) SCAN
>
OUT Bog 4 >

BD

CNTL/STB

SLoa

OUT Ag3

DISPLAY
DATA

L

L .

< Intel Corporation, 1978
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FUNCTIONAL DESCRIPTION

Since data input and display are an integral part of many
microprocessor designs, the system designer needs an
interface that can control these functions without placing
a large load on the CPU. The 8279 provides this function
for 8-bit microprocessors.

The 8279 has two sections: keyboard and display. The
keyboard section can interface to regular typewriter style
keyboards or random toggle or thumb switches. The
display section drives alphanumeric displays or a bank of
indicator lights. Thus the CPU is relieved from scanning
the keyboard or refreshing the display.

The 8279 is designed to directly connect to the
microprocessor bus. The CPU can program all operating
modes for the 8279. These modes include:

Input Modes

e Scanned Keyboard — with encoded (8 x 8 x 4 key
keyboard) or decoded (4 x 8 x 4 key keyboard) scan
lines. A key depression generates a 6-bit encoding of
key position. Position and shift and control status are
stored in the FIFO. Keys are automatically debounced
with 2-key lockout or N-key rollover.

e Scanned Sensor Matrix — with encoded (8 x 8 matrix
switches) or decoded (4 x 8 matrix switches) scanlines.
Key status (open or closed) stored in RAM addressable
by CPU.

e Strobed Input — Data on return lines during control
line strobe is transferred to FIFO.
Output Modes

e 8 or 16 character multiplexed displays that can be
organized as dual 4-bit or single 8-bit.

* Right entry or left entry display formats.

Other features of the 8279 include:
e Mode programming from the CPU.

® Programmable clock to match the 8279 scan times to
the CPU cycle time.

Interrupt output to signal CPU when there is keyboard
or sensor data available.

* An 8 byte FIFO to store keyboard information.

16 byte internal Display RAM for display refresh. This
RAM can also be read by the CPU.

CLK RESET DBO-7 RD WR CS Ag 1RQ
FIFO/SENSOR
BS&L‘:IS 1/0 CONTROL RAM
STATUS
INTERNAL - DATA BUS {8) P4
DISPLAY CONTROL AND 8x8 A ]
ADDRESS 16x8 TIMIN FIFO/SENSOR KEYBOARD
REGISTERS DISPLAY REGISTERS RAM N— DEBA?\IUDNCE
RAM l CONTROL
TIMING
AND 1
CONTROL
DISPLAY |
REGISTERS 1 SCAN COUNTER I I RETURN |
8 4 ’
SHIFT
OUT Ag3 OUT Bog 8D Slos RLo7  CNTL/STB
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HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP. The following is
a functional description of each pin.

No. Of No. Of
Pins Designation Function Pins Designation  Function
8 'DBp-DB7 Bi-directional data bus. All data Keyboard modes. It has an
and commands between the active internal pullup to keep it
CPU and the 8279 are trans- high until a switch closure pulls
mitted on these lines. it low.
1 CLK Clock from system used to gen- 1 CNTL/STB For keyboard modes this line is
erate internal timing. used as a control input and
1 RESET A high signal on this pin resets stored like status on a key clo-
the 8279. sure. The line is also the strobe
— line that enters the data into the
1 cs Chip Select. A low on this pin FIFO in the Strobed Input mode.
enables_ the |nterfacg functions (Rising Edge). It has an active
to receive or transmit. internal pullup to keep it high
1 Ao Buffer Address. A high on this until a switch closure pulls it
line indicates the signals in or low.
out are interpreted as a com- 4 OUT Ao-OUT A3 These two ports are the outputs
mand or status. A low indicates 4 OUT Bo-OUT Bg for the 16 x 4 display refresh
o that they are data. registers. The data from these
2 RD, WR Input/Output read and write. outputs is synchronized to the
These signals enable the data scan lines (SLg-SL3) for multi-
buffers to either send data to plexed digit displays. The two 4
the external bus or receive it bit ports may be blanked inde-
from the externa! bus. pendently. These two ports may
1 IRQ Interrupt Request. In a keyboard also be considered as one 8 bit
mode, the interrupt line is high . port.
when there is data in the FIFO/ 1 BD Blank Display. This output is
Sensor RAM. The interrupt line used to blank the display during
goes low with each FIFO/ digit switching or by a display
Sensor RAM read and returns blanking command.
high if there is still informa-
tion in the RAM. In a sensor
mode, the interrupt line goes PRINCIPLES OF ,O,PERATIOIN
high whenever a change in a The following is a description ofthe majo.relementsof'the
sensor is detected. 8279 Programmablel Keyboe}rd/DnspIay interface device.
Refer to the block diagram in Figure 1.
2 Vss, Voo Ground and power supply pins.
1/0 Control and Data Buffers
4 SLg-Sts Scan Lines which are used to The 1/0 control section uses the CS, Ao, Fﬁgnd W_R lines
scan the key switch or sensor to control data flow to and from the various internal
matrix and the display digits. registers and buffers. All data flow to and from the 8279 is
These lines can be either en- enabled by CS. The charagter o.f.the information, given or
desired by the CPU, is identified by Ag. A logic one
coded (1 of 16) or decoded (1 of means the information is a command or status. A logic
4). zero means the information is data. RD and WR determine
8 RLo-RL7 Return line inputs which are the direction of data flow through the Data Buffers. The
connected to the scan lines Data Buftfers are bi-directional buffers that connect the
through the keys or sensor internal bus to the external bus. When the chip is not
. L selected (CS = 1), the devices are in a high impedance
switches. They have active in- state. The drivers input during WRe C3 and output during
ternal puIIup§ to keep them BD ¢ CS.
high until a switch closure pulls
one low. They also serve as an Control and Timing Registers and Timing Control
8-bit input in the Strobed Input These registers store the keyboard and display modes and
mode. other operating conditions programmed by the CPU. The
1 SHIFT The shift input status is stored ‘modes are programmed by presenting the proper

along with the key position on
key closure in the Scanned
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command on the data lines with Ap = 1 and then sending
a WR. The command is latched on the rising edge of WR.
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The command is then decoded and the appropriate
function is set. The timing control contains the basic
timing counter chain. The first counterisa <+ N prescaler
that can be programmed to match the CPU cycle time to
the internal timing. The prescaler is software programmed
to a value between 2 and 31. A value which yields an
internal frequency of 100 kHz gives a 5.1 ms keyboard
scan time and a 10.3 ms debounce time. The other
counters divide down the basic internal frequency to
provide the proper key scan, row scan, keyboard matrix
scan, and display scan times.

Scan Counter

The scan counter has two modes. In the encoded mode,
the counter provides a binary count that must be
externally decoded to provide the scan lines for the
keyboard and display. in the decoded mode, the scan
counter decodes the least significant 2 bits and provides a
decoded 1 of 4 scan. Note than when the keyboard is in
decoded scan, so is the display. This means that only the
first 4 characters in the Display RAM are displayed.

In the encoded mode, the scan lines are active high
outputs. In the decoded mode, the scan lines are active
low outputs.

Return Buffers and Keyboard Debounce

and Control

The 8 return lines are buffered and latched by the Return
Buffers. In the keyboard mode, these lines are scanned,
looking for key closures in that row. If the debounce
circuit detects a closed switch, it waits about 10 msec to
check if the switch remains closed. If it does, the address
of the switch in the matrix plus the status of SHIFT and
CONTROL are transferred to the FIFO. In the scanned
Sensor Matrix modes, the contents of the return lines is
directly transferred to the corresponding row of the
Sensor RAM (FIFO) each key scan time. In Strobed Input
mode, the contents of the return lines are transferred to
the FIFO on the rising edge of the CNTL/STB line pulse.

FIFO/Sensor RAM and Status

This block is a dual function 8 x 8 RAM. In Keyboard or
Strobed Input modes, it is a FIFO. Each new entry is
written into successive RAM positions and each is then
read in order of entry. FIFO status keeps track of the
number of characters in the FIFO and whether it is full or
empty. Too many reads or writes will be recognized as an
error. The status can be read by an RD with CS low and
Ao high. The status logic also provides an IRQ signal
when the FIFO is not empty. In Scanned Sensor Matrix
mode, the memory is a Sensor RAM. Each row of the
Sensor RAM is loaded with the status of the correspond-
ing row of sensor in the sensor matrix. In this mode, IRQis
high if a change in a sensor is detected.

Display Address Registers and Display RAM

The Display Address Registers hold the address of the
word currently being written or read by the CPU and the
two 4-bit nibbles being displayed. The read/write
addresses are programmed by CPU command. They also
can be set to auto increment after each read or write. The
Display RAM can be directly read by the CPU after the
correct mode and address is set. The addresses for the A
and B nibbles are automatically updated by the 8279 to
match data entry by the CPU. The A and B nibbles can be
entered independently or as one word, according to the
mode that is set by the CPU. Data entry to the display can
be set to either left or right entry. See Interface
Considerations for details.
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SOFTWARE OPERATION

8279 commands

The following commands program the 8279 operating
modes. The commands are sent on the Data Bus with CS
low and Ao high and are loaded to the 8279 on the rising
edge of WR.

Keyboard/Display Mode Set
MSB LSB

[ofofofo[o [k [k [K]

Where DD is the Display Mode and KKK is the Keyboard
Mode.

Code:

DD

0 8 8-bit character display — Left entry
0 1 16 8-bit character display — Left entry*
1 0 8 8-bit character display — Right entry
1 1 16 8-bit character display — Right entry

For description of right and left entry, see Interface
Considerations. Note that when decoded scan is set in
keyboard mode, the display is reduced to 4 characters
independent of display mode set.

KKK

0 0 0 Encoded Scan Keyboard — 2 Key Lockout
0 0 1 Decoded Scan Keyboard — 2-Key Lockout
0 1 0 Encoded Scan Keyboard — N-Key Rollover
0 1 1 Decoded Scan Keyboard — 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
ofolilrlelrir]r]

Where PPPPP is the prescaler value 2 to 31. The
programmable prescaler divides the external clock by
PPPPP to get the basic internal frequency. Choosing a
divisor that yields 100 KHz will give the specified scan and
debounce times. Default after a reset pulse (but not a
program clear) is 31.

Read FIFO/Sensor RAM

Code:

Code: [0[1]0]AI[x|A][A|A]X=Dontcare

Where Al is the Auto-Increment flag for the Sensor RAM
and AAA is the row that is going to be read by the CPU. Al
and AAA are used only if the mode is set to Sensor Matrix.
This command is used to specify that the source of data
reads (CS e RD e Ap) by the CPU is the FIFO/Sensor
RAM. No additional commands are necessary as long as
*Default after reset.



8279/8279-5

data is desired from the FIFO/Sensor RAM. Another
command is necessary if reading is desired from a
different row than has been selected. If Alisaone, the row
select counter will be incremented after each read so the
next read will be from the next Sensor RAM row.

In the Auto Increment mode for reading data from the
FIFO/Sensor RAM, each read advances the address by
one so that the next read is from the next character. This
Auto Incrementing has no effect on the display.

Read Display RAM

L [~ ATATA 4]

Where Al is the Auto-Increment flag for the Display RAM
and AAAA is the character that the CPU is going to read
next. Since the CPU uses the same counter for reading
and writing, this command also sets the next write location
and Auto-Increment mode. This command is used to
specify the display RAM as the data source for CPU data
reads. If Al is set, the character address will be
incremented after each read (or write) so that the next
read (or write) will be from (to) the next character.

Write Display RAM

[[o[o[w[a[aTA]x]

Where Al is the Auto-Increment flag for the Display RAM
and AAAA is the character that the CPU is going to write
next. The addressing and Auto-Increment are identical to
Read Display RAM. The difference is that Write Display
RAM does not affect the source of CPU reads. The CPU
will read from whichever RAM (Display or FIFO/Sensor)
was last specified. This command will, however, change
the location the next Display RAM read will be from if that
source was specified.

Display Write Inhibit/Blanking

[1]0]1 [x]w]w]sL]sL]

A B A B

Code:

Code:

Code:

Where IW is Inhibit Writing (nibble A or B) and BL is
Blanking (nibble A or B). If the display is being used as a
‘dual 4-bit display, then itis necessary to mask one of the 4-
bit halves so that entries to the Display from the CPU do
not affect the other half. The IW flags allow the
programmer to do this. It is also useful to be able to blank
either half when that half is not to be displayed. The BL
flags blank the display. The next command sets the output
code to be used as a “blank”. Default after reset is all zeros.
Note that to blank a display formatted as a single 8-bit
output, it is necessary to set both BL flags to entirely blank
the display. A “1” sets the flag. Reissuing the command
with a “0" resets the flag.

Clear

[T o [ealeal e e o]

Where Cp is Clear Display, Cg is Clear FIFO Status
(including interrupt), and C, is Clear All. Cp is used to

Code:
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clear all positions of the Display RAM to a programmable
code. All ones, all zeros and hexadecimal 20 are possible.
The 2 least significant bits of Cp are also used to specify
the blanking code (see below).

Co Cp Cp

0
1
1

All Zeros (X = Don't Care)
AB = Hex 20 (0010 0000)
All Ones

X
0
1
Enable clear display when = 1 {or by Cp = 1)

Clearing the display takes approximately 160 us. During
this time the CPU cannot write to the Disptay RAM. The
MSB of the FIFO status word will be set during this time.
Cr set the FIFO status to empty apd resets the interrupt
output line. After execution of a clear command with Cg
set, the Sensor Matrix mode RAM pointer will be setto row
0.

Ca has the combined effect of Cp and Cg. Cp uses the Cp
clearing code to determine how to clear the Display RAM.
Ca also resets the internal timing chain to resynchronize
it.

End Interrupt/Error Mode Set

code:  [1]1]1]e|{x|x[x][x] x = Dont care.

For the sensor matrix modes this command lowers the
IRQ line and enables further writing into RAM. (The IRQ
line would have been raised upon the detection of a
change in a sensor value. This would have also inhibited
further writing into the RAM until reset).

For the N-key rollover mode — if the E bit is programmed
to “1” the chip will operate in the special Error mode. (For
further details, see Interface Considerations Section.)

Status Word

The status word contains the FIFO status, error, and
display unavailable signals. This word is read by the CPU
when Ap is high and CS and RD are low. See Interface
Considerations for more detail on status word.

Data Read

Data is read when Ao, C_Sand RD are all low. The source
of the data is specified by the Read FIFO or Read Display
commands. The trailing edge of RD will cause the address
of the RAM being read to be incremented if the Auto-
Increment flag is set. FIFO reads always increment (if no
error occurs) independent of Al.

Data Write

Data that is written with Ao, CS and WR low is always
written to the Display RAM. The address is specified by the
latest Read Display or Write Display command. Auto-
Incrementing on the rising edge of WR occurs if Al set by
the latest display command.
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode, 2-Key Lockout

There are three possible combinations of conditions
that can occur during debounce scanning. When a key is
depressed, the debounce logic is set. Other depressed
keys are looked for during the next two scans. If none
are encountered, it is a single key depression and the
key position is entered into the FIFO along with the
status of CNTL and SHIFT lines. If the FIFO was empty,
IRQ will be set to signal the CPU that there is an entry in
the FIFOQ. If the FIFO was full, the key will not be entered
and the error flag will be set. If another closed switch is
encountered, no entry to the FIFO can occur. If all other
keys are released before this one, then it will be entered
to the FIFO. If this key is released before any other, it
will be entirely ignored. A key is entered to the FIFO
only once per depression, no matter how many keys
were pressed along with it or in what order they were
released. If two keys are depressed within the debounce
cycle, it is a simultaneous depression. Neither key will
be recognized until one key remains depressed alone.
The last key will be treated as a single key depression.

Scanned Keyboard Mode, N-Key Rollover

With N-key Rollover each key depression is treated
independently from all others. When a key is depressed,
the debounce circuit waits 2 keyboard scans and then
checks to see if the key is still down. If it is, the key is
entered into the FIFO. Any number of keys can be
depressed and another can be recognized and entered
into the FIFO. If a simultaneous depression occurs, the
keys are recognized and entered according to the order
the keyboard scan found them.

Scanned Keyboard. — Special Error Modes

For N-key rollover mode the user can program a special
error mode. This is done by the “End Interrupt/Error Mode
Set” command. The debounce cycle and key-validity
check are as in normal N-key mode. If during a single
debounce cycle, two keys are found depressed, this is
considered a simultaneous multiple depression, and sets
an error flag. This flag will prevent any further writing into
the FIFO and will setinterrupt (if not yet set). Theerror flag
could be read in this mode by reading the FIFO STATUS
word. (See “FIFO STATUS" for further details.) The error
flag is reset by sending the normal CLEAR command with
Cr=1.

Sensor Matrix Mode

In Sensor Matrix mode, the debounce logic is inhibited.
The status of the sensor switch is inputted directly to the
Sensor RAM. In this way the Sensor RAM keeps an image
of the state of the switches in the sensor matrix. Although
debouncing is not provided, this mode has the advantage
that the CPU knows how long the sensor was closed and
when it was released. A keyboard mode can only indicate
a validated closure. To make the software easier, the
designer should functionaily group the sensors by row
since this is the format in which the CPU will read them.
The IRQ line goes high if any sensor value change is
detected at the end of a sensor matrixscan. The IRQlineis
cleared by the first data read operation if the Auto-

Increment flag is set to zero, or by the End Interrupt
command if the Auto-Increment flag is set to one.

Note: Multiple changes in the matrix Addressed by (SLo-3
=0) may cause multipleinterrupts. (SLo =0in the Decoded
Mode). Reset may cause the 8279 to see multiple changes.

Data Format

In the Scanned Keyboard mode, the character entered
into the FIFO corresponds to the position of the switch
in the keyboard plus the status of the CNTL and SHIFT
lines (non-inverted). CNTL is the MSB of the character
and SHIFT is the next most significant bit. The next
three bits are from the scan counter and indicate the
row the key was found in. The last three bits are from the
column counter and indicate to which return line the key
was connected.

msB LSB

1 |
RETURN
| 1

SCANNED KEYBOARD DATA FORMAT

— —
CNTL |SHIFT| SCAN
| |

In Sensor Matrix mode, the data on the return lines is
entered directly in the row of the Sensor RAM that
corresponds to the row in the matrix being scanned.
Therefore, each switch postion maps directly to a Sensor
RAM position. The SHIFT and CNTL inputs areignoredin
this mode. Note that switches are not necessarily the only
thing that can be connected to the return lines in this
mode. Any logic that can be triggered by the scan lines
can enter data to the return line inputs. Eight multiplexed
input ports could be tied to the return lines and scanned by
the 8279.

ms8 LSB

l RL7| RLg I RLs ’ RL4| RL3 I RL> ] RLq | RLoJ

In Strobed Input mode, the datais also entered to the FIFO
from the return lines. The data is entered by the rising
edge of a CNTL/STB line pulse. Data can come from
another encoded keyboard or simple switch matrix. The
return lines can also be used as ageneral purpose strobed
input.

MSB LSB

I RL7| RLg I RLs—[RL‘;[RL:; | RL2 i RL1q I RLg J

Display
Left Entry

Left Entry mode is the simplest display formatin that each
display position directly corresponds to a byte (or nibble)
in the Display RAM. Address 0 in the RAM is the left-most
display character and address 15 (or address 7 in 8
character display) is the right most display character.
Entering characters from position zero causes the display
to fill from the left. The 17th (9th) character is entered back
in the left most position and filling again proceeds from
there.
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o 1 _ 14 15=<—nDisplay
0 1 14 15
2nd entry m
0 1 14 15
16th entry ﬂ
01 1418
17th entry n
0 1 14 15
18th entry ﬂ
LEFT ENTRY MODE
(AUTO INCREMENT)
Right Entry

Right entry is the method used by most electronic
calculators. The first entry is placed in the right most
display character. The next entry is also placed in the right
most character after the display is shifted left one
character. The left most character is shifted off the end
and is lost.

14 15 O-=Display
RAM

Istentry D:[_ - _ Address
23 101
2nd entry EE— L .
34 01 2
3rd entry Dj_ L
0 1 __ __131415
16th entry L mu
12 1415 0
17th entry - _ “
2 3 o 15 0 1
18th entry _ L mm

RIGHT ENTRY MODE
{AUTO INCREMENT)

Note that now the display position and register address do
not correspond. Consequently, entering a character to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Display RAM address
0 with sequential entry is recommended.

Auto Increment

In the Left Entry mode, Auto Incrementing causes the
address where the CPU will next write to be incremented
by one and the character appears in the next location.
With non-Auto Incrementing the entry is both to the same
RAM address and display position. Entry to an arbitrary
address in the Auto Increment mode has no undesirable
side effects and the result is predictable:
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0 1 2 3 4 5 6 7-«Display
wony (LT TTTTT] o
01 2 3 456 7
ooy [112] [ [ [T
01 2 3 456 7
Command [ 1]2] [ [ [ TT]
Enter next at Location 5 Auto Increment
01 2 3 456 7
3rd entry II‘ZI | | ‘3| | I
01 2 3 45 6 7
oy [1T2] T T3] ]

LEFT ENTRY MODE
({AUTO INCREMENT)

In the Right Entry mode, Auto Incrementing and non
Incrementing have the same effect as in the Left Entry
except if the address sequence is interrupted:

1 2 3 4 5 6 7 0-=Display

ist entry l l 1] RAM

Address
2 3456701

i emey [T ][] 1]2
2 3 456 701
Command | | [ [ | | [1]2]
10010101
Enter next at Location 5 Auto Increment
345467012
3rd entry LTIS—I L 11 IZL]
4 56 7 01 2 3
ah enry | [3]a] [1]2] [ ]

RIGHT ENTRY MODE
(AUTO INCREMENT)

Starting at an arbitrary location operates as shown below:

0 1 2 3 4 5 6 7--—Display
RAM
Command | | ] [ [ [ [ 1] Aduress
Enter next at Location 5 Auto Increment
12 3 456 70
tstenty [ | ] ] [T ][]
2 3 456 7 01
ooy [T [ 112[ [ 1]
8th entry Bl516'7,8i1l2,3l
othenry [5]67]8o[2][3]a]

RIGHT ENTRY MODE
{AUTO INCREMENT)
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Entry appears to be from the initial entry point.

8/16 Character Display Formats

If the display mode is set to an 8 character display, the on
duty-cycle is double what it would be for a 16 character
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms
for 16 characters with 100 kHz internal frequency).

G. FIFO Status

FIFO status is used in the Keyboard and Strobed Input
modes to indicate the number of characters in the FIFO
and to indicate whether an error has occurred. There are
two types of errors possible: overrun and underrun.
Overrun occurs when the entry of another characterintoa
full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFO.

The FIFO status word also has a bit to indicate that the
Display RAM was unavailable because a Clear Display or
Clear All command had not completed its clearing
operation.

APPLICATIONS

In a Sensor Matrix mode, a bit is set in the FIFO status
word to indicate that at least one sensor closure indication
is contained in the Sensor RAM.

In Special Error Mode the S/E bit is showing the error flag
and serves as an indication to whether a simultaneous
multiple closure error has occurred.

FIFO STATUS WORD
v-FIFO Full
F

o e[ o [ulF [N|n[n]
! R

Arl

Number of
characters in FIFO
Error-Underrun

Error-Overrun

Sensor Closure/Error Flag for
Multiple Closures

Display unavailable

KEYBOARD
SHIFT MATRIX

CONTROL

8 COLUMNS

RETURN
LINES

INT SHIFT CNTL
INT
8BIT DATA BUS
MICRO-  DATA o
PROCESSOR  BUS 0-7
SYSTEM —
= ioR 8279
' CONTROLS W8 iow
RESET RESET
cs —
ADDRESS Y cs
BUS o Ao
cLOCK CLK LK,
0-3

Aoz O BLANK
DISPLAY

ﬁ:-: DATA

4 ADDRESSES
(DECODED)
DISPLAY
4 CHARACTERS

DISPLAY

*Do not drive the keyboard decoder with the MSB of the scan lines.
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those s'z_g

Maximum Ratings” may cause permane

. o O
Ambient Temperature . ............. ? Cto 70°C device. This is a stress rating only and fu
Storage Temperature ............. -66Cto125°C X .
.. tion of the device at these or any other condi
Voltage on any Pin with . . . .
those indicated in the operational sections of th
Respect to Ground . ............. -0.5V to +7V . . L
P Dissioati TW cation is not implied. Exposure to absolute maximt ]
OWer LISSIpation oo vv v att rating conditions for extended periods may affect device
reliability.
D.C. CHARACTERISTICS
Ta =0°C to 70°C, Vss = 0V, Note 1
Symbol Parameter Min. Max. Unit Test Conditions
ViLt Input Low Voltage for -0.5 1.4 Y
Return Lines
VL2 Input Low Voltage for All Others -0.5 0.8 \4
ViH1 Input High Voltage for 2.2 v
Return Lines
ViH2 Input High Voitage for All Others 2.0 \
Vor Output Low Voltage 0.45 \ Note 2
VoH Output High Voltage on Interrupt 3.5 Vv Note 3
Line
IR Input Current on Shift, Control and +10 MA Vin = Vee
Return Lines ~100 MA ViN =0V
hiL2 Input Leakage Current on All Others +10 MA VIN = Ve to OV
lorL Output Float Leakage 10 MA VouTt = Ve to OV
Ice Power Supply Current 120 mA
Notes:
1. 8279, Vg = +5V £5%; 8279-5, Vg = +5V £10%.
2. 8279, Ig = 1.6mA; 8279-5, Ig|_ = 2.2mA.
3. 8279, Ioy = -100uA; 82795, IgH = -400uA.
CAPACITANCE
SYMBOL | TEST TYP. | MAX. | UNIT TEST CONDITIONS
Cin Input Capacitance 5 10 pF Vin=Vcc
Cout Output Capacitance 10 20 pF Vout=Vcc
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A.C. CHARACTERISTICS
Ta =0°C to 70°C, Vsg = OV, (Note 1)

Bus Parameters
Read Cycle:

8279
Symbol Parameter Min. Max. Min, Max. Unit
tAR Address Stable Before READ 50 0 ns
tRA Address Hold Time for READ 5 0 ns
tRR READ Pulse Width 420 250 ns
trpl? Data Delay from READ 300 150 ns
tapl2] Address to Data Valid 450 250 ns
tpF READ to Data Floating 10 100 10 100 ns
trey Read Cycle Time 1 1 us
Write Cycle:
8279 8279-5
Symbol Parameter Min. Max. Min. Max. Unit
taw Address Stable Before WRITE 50 0 ns
twa Address Hold Time for WRITE 20 0 ns
tww WRITE Pulse Width 400 250 ns
tow Data Set Up Time for WRITE 300 150 ns
twp Data Hold Time for WRITE 40 0 ns
Notes:
1. 8279, Vog = +5V £5%; 8279-6, Vg = +5V £10%.
2. 8279, C|_= 100pF; 8279-5, C|_= 150pF.
Other Timings:
8279 8279-5
Symbol Parameter Min. Max. Min. Max. Unit
tow Clock Pulse Width 230 120 nsec
tcy Clock Period 500 320 nsec
Keyboard Scan Time: 5.1 msec Digit-on Time: 480 usec
Keyboard Debounce Time: 10.3 msec Blanking Time: 160 usec
Key Scan Time: 80 usec Internal Clock Cycle: 10 usec

Display Scan Time: 10.3 msec

Input Waveforms For A.C. Tests

2.4
20 20
> TEST POINTS <
0.8 0.8
0.45
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WAVEFORMS

Read Operation

DATA BUS
{OUTPUT)

{SYSTEM'S
ADDRESS BUS)

-——1tAR

tacy

\

RR

[e—1tgp —

tap

rk.m»

—— tor ——>|

(READ CONTROL)

[+———— DATA VALID———]

\\\\\\Q\\Y\\\\\\\\\X\\\ \ N\
HIGH IMPEDANCE §S§ §SS§
LLEREERRERRRRINRNNL

Write Operation

Ag, CS

DATA BUS
{INPUT)

X

{SYSTEM'S
ADDRESS BUS}

- tayy —>!

wW

|—toa —1

oW

two

{WRITE CONTROL)

DATA
MAY CHANGE

«———DATA VALID—»K

DATA
MAY CHANGE

Clock Input

ety ———

ey
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8278
PROGRAMMABLE KEYBOARD INTERFACE

o Simultaneous Keyboard and Display m N-Key Rollover with Programmable
Operations Error Mode on Multiple New Closures

Interface Signals for Contract and a 16- or 18-Character 7-Segment Display
Capacitive Coupled Keyboards Interface

128-Key Scanning Logic a Right or Left Entry Display RAM
10.7 msec Matrix Scan Time for 128
Keys and 6 MHz Clock a Depress/Release Mode Programmable

o 8-Character Keyboard FIFO o Interrupt Output on Key Entry

The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit
microprocessors such the MDS-80™ and MCS-85™. The keyboard portion can provide a scanned interface to
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and
programmable error generation on multiple new key closures. Keyboard entries are stored in an
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set
an interrupt request output to the master CPU.

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en-
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto-
increment of the display RAM address.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
At~ wopve D7-Do_ DATA BUS ™
RD, WR READ, WRITE STROBES 8-LEVEL
x1[] 2 33 [Jctr cs CHIP SELECT KEY FIFO
Ao CONTROL/DATA SELECT SCAN
x2[ds 38 [18; RESET RESET INPUT ouTPUTS
RESET[{ 4 37 [d8; X1, Xz FREQ. REFERENCE INPUT A
SYNC HIGH FREQUENCY OUTPUT DATA Mg
Ne[] s 36 {18y CLOCK DATA “ BUS <"—_> SCAN @ A
e 35 [ 8o RL KEYBOARD RETURN LINE BUS AeaeTER r COUNTER :
CLR CLEAR ERROR TIMING My
GNo [ 7 34 [QxeL KCL KEY CLOCK IN t
) Mg—M, MATRIX SCAN LINES
RD M s—Mo
gs 33 [Img B3-Bg DISPLAY OUTPUTS INTERRUPT RETURN
Ao 32[0mg ERROR ERROR SIGNAL REQUEST ey [ tine
= IRQ INTERRUPT REQUEST
WRCjwo o 3EM, HYS HYSTERESIS <:> DETECT  |—=HYSTERESIS
sync O n 30 M, BP TONE ENABLE DEBOUNCE |—KEY CLOCK
"B LOGIC
M RD—{ 1/O SYNC
DBE 12 2 g 2 vﬁ:j CONTROL Q [ (400 KHz)
D 13 28 M —= LOGIC
Y 1 cs TIMING
D2[] 14 27 M, Ag— IN
D3 18 26 [ Vop ) TONE & ERROR | TONE ENABLE
d s 25 Fine LoGIC ERROR OUTPUT
Dy +— CLEAR INPUT
os[] 17 24 [ JERROR
Dg[] 18 23 [Jtra X1 —
D7 19 22 VS TIMING | ouT 16DIGIT T0
|~ 3 DISPLAY <I> DISPLAY
GNp [ 20 21[Jep X2 BUFFER DIGITS
L
INTERNAL
45 —> BUS
PWR—»
GND =
®© Intel Corporation, 1978 February, 1978
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PIN DESCRIPTION

The 8278 is packaged in a 40-pin DIP. The following is a
brief functional description of each pin.

Signal Pin No. Description Signal Pin No. Description
Do-D7 12-19 Three-state, bi-directional data bus ERROR 24  Error signal. This line is high when-
lines used to transfer data and com- ever two new key closures are de-
mands between the CPU and the tected during a single scan or when
8278. too many characters are entered
WR 10 Write strobe which enables the mas- into the keyboard FIFO. Itis reset by
ter CPU to write data and com- a system RESET pulse or by a ™1
ands between the CPU and the input on the CLR pin or by the
r8n278‘ CLEAR ERROR command.
RD 8  Read strobe which enables the mas- CLR 39 Input used to clear an ERROR con-
ter CPU to read data and status from dition in the 8278.
the 8278 internal registers. BP 21 Tone enable output. This lineis high
Cs 6  Chip select input used to enable for 10ms following a valid key
reading and writing to the 8278. closure; it is set high and remains
high during an ERROR condition.
Ao 9 Address input used by the CPU to i . + 100
indicate control or data. Vce, Vop 40,26 +5 volt power input: +5V £ 10%.
RESET 4 A low signal on this pin resets the GND 20,7  Signal ground.
8278.
X1, X2 2,3 Inputs for crystal, L-C or external PRINCIPLES OF OPERATION
timing signal to determine internal
oscillator frequency. The following is a description of the major elements of the
IRQ 23 Interrupt Request Output to the frc:ﬁralr)r:makbclﬁaKeyboirc::/.DlspIa;y interface device. Refer
master CPU. In the keyboard mode 0 the bloc gram in Figure 1.
the IRQ line goes low with each 1/0 Control and Data Buffers
FIFO read and returns high if there o - -
is still information in the FIFO or an The 1/0 control section uses the CS, Ao, RD, and WR lines
ERROR has occurred. to control data flow to and from the various internal
. _ : _ registers and buffers (see Table 1). All data flow to and
Mo-Ms 27-33  Matrix scan outputs. These out from the 8278 is enabled by CS. The 8-bits of information
puts control a decoder which scans i 4 ancferred by the CPU is identified by Ao. A logic
the key matrix columns and the 16 oﬁzr%eanssir?fo(:mat)i, nis comn|1and orls'tatusyA Ig ic zgro
display digits. Also, the Matrix scan . on == 2aluis. A og!
) means the information is data. RD and WR determine the
outputs are used to multiplex the . X
return lines from the key matrix. direction of data flow through the Data Bys Buffer (DBB).
. o The DBB register is a bi-directional 8-bit buffer register
RL 1 Inputfrom the multiplexer whichin-  which connects the internal 8278 bus buffer register to the
dicates whether the key currently external bus. When the chip is not selected (CS = 1) the
being scanned is closed. DBB is in the high impedance state. The DBB acts as an
HYS 22 Hysteresis output to the analog de- input when (RD, WR, CS) = (1, 0, 0) and an output when
tector. (Capacitive keyboard config- (RD, WR, CS) = (0, 1, 0).
uration). A “0" means the key cur-
rbently beindg :canned has already CS Ao WR RD Condition
een recorded.
KCL 34 K lock output to th log d 0 0 ! 0 Read DBB Data
ey clock output to the analog de-
tector (capacitive keyboard config- 0 1 1 0 Read STATUS
uration) used to reset the detector 0 0 0 1  Write Data to DBB
before scanning a key. 0 1 0 1 Write Command to DBB
SYNC 1 ngh frequgncy (400 KHz) output 1 X X X Disable 8278 Bus is
signal used in the key scan to detect High Impedance
a closed key (capacitive keyboard
configuration). Scan Counter
Bo-B3 35-38 These four lines contain binary The scan counter provides the timing to scan the

coded decimal display information
synchronized to the keyboard col-
umn scan. The outputs are for
multiplexed digital displays.

keyboard and display. The four MSB’s (M3-Ms) scan the
display digits and provide column scan to the keyboard via
a 4 to 16 decoder. The three LSB’s (Mo-M2) are used to
multiplex the row return lines into the 8278.
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TO TONE GENERATOR

ANALOG
DETECTOR

|

BP  RL Avs
<«+———— |ERROR K%L
———— |CLR 2 ANALOG
MULTIPLEXER
+——————]IRQ Mo
8278 e geee
Dy-D.
8080, 8085 OR 8048
MASTERT] ———— | WR SYNC
PROCESSOR | ,|xp Mg '
—| A : 41016 | o
B e [ DECODE| |
——— | REsET My !
By..... By
CAPACITIVE
KEYBOARD
MATRIX
8OR 16 DIGIT DISPLAY
16 DIGIT SCAN

Figure 1. System Configuration for Capacitive-Coupled Keyboard

Keyboard Debounce and Control

The 8278 system configuration is shown in Figure 2. The
rows of the matrix are scanned and the outputs are
multiplexed by the 8278. When a key closure is detected,
the debounce logic waits about 12 msec to check if the key
remains closed. If it does,the address of the key in the
matrix is transferred into a FIFO buffer.

FIFO and FIFO Status

The 8278 contains an 8X8 FIFO character buffer. Each
new entry is written into a successive FIFO location and
each is then read out in the order of entry. A FIFO status
register keeps track of the number of characters in the

FIFO and whether it is full or empty. Too many reads or
key entries will be recognized as an error. The status can
be read by a RD with CS low and Ag high. The status logic
also provides a IRQ signal to the master processor
whenever the FIFO is not empty.

Display Address Registers and Display RAM

The Display Address registers hold the address of the
word currently being written or read by the CPU and the
two 4-bit nibbles being displayed. The read/write
addresses are programmed by CPU command. They also
can be set to auto increment after each read or write. The
display RAM can be directly read by the CPU after the
correct mode and address is set. Data entry to the display
can be set to either left or right entry.

r———» TO TONE GENERATOR

BP AL
~——————|ERROR
M
— .an ! DIGITAL
MULTIPLEXER
~———————(RQ Mo
8278 A
8 Do-D
8080, 8085 OR 8048
MASTER™| ———————| WR
pROCESSOR | }om we ;
———| A 47016 ‘6
&= oecope |
~————— | RESET My 1 !
By..... By L1
47016
DECODE
CONTACT
KEYBOARD
[--16--{ 16 prai scan MATRIX

8 OR 16 DIGIT DISPLAY

Figure 2.

System Configuration for Contact Keyboard
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8278 COMMANDS

The 8278 operating mode is programmed by the master
CPU using the Ag, WR, and Do-D7 inputs as shown below:

Ao,5§ INVAL;)X VALID X INVALID
W—R_—\._/
Dy—D; INVALID X VALID x INVALID

The master CPU presents the proper command on the Do-
D7 data lines with Ag=1 and then sends a WR pulse. The
command is latched by the 8278 on the rising edge of the
WR and is decoded internally to set the proper operating
mode.

COMMAND SUMMARY
Keyboard/Display Mode Set

wne [T Tow[e (][]

where the mode set bits are defined as follows:

K — the keyboard mode select bit

0 — normal key entry mode

1 — special function mode: Entry on key closure and on
key release

D — the display entry mode select bit
0 — left display entry
1 — right display entry

| — the interrupt request (IRQ) output enable bit.
0 — enable IRQ output
1 — disable IRQ output

E — the error mode select bit
0 — error on multiple key depression
1 — no error on multiple key depression

N — the number of display digits select
0 — 16 display digits
1 — 8 display digits

NOTE: The default mode following a RESET input
is all bits zero:

[efefefofofofe]e]
Read FIFO Command
CODE |0‘1|0|0|0—[0T0l0]
Read Display Command

o [T [ [w]mlx]x]x]

Where Al indicates Auto Increment and As3-Ap is the
address of the next display character to be read out.

Al=1  AUTO increment
AlI=0 no AUTO increment

" Write Display Command

we [(Te [ [a[m[m [ ]

Where Al indicates Auto increment and A3z-Ap is the
address of the next display character to be written.

Clear/Blank Command

wor [([e [+ [w[so]eo]or [e]
Where the command bits are defined as follows:

CE = Clear ERROR

CF = Clear FIFO

CD = Clear Display to all High
BD = Blank Display to all High
UD = Unblank Display

The display is cleared and blanked following a Reset.

8278 Status Read

The status register in the 8278 can be read by the master
CPU using the Ao, RD, and Do-D7 inputs as shown below:

v X we X

The 8278 places 8-bits of status information on the Do-D7
lines following (Ao, CS, RD) = 1, 0, 0 inputs from the
master.

Status Format

[ e[ [ ] & [ [oor]]

D; Dg Ds Dg D3 D Dy Do

Where the status bits are defined as follows:

IBF = Input Buffer Full Flag

OBF = Output Buffer Full Flag

KE = Keyboard Error Flag (multiple depression)
B = BUSY Flag

S3-So = FIFO Status

7-136



8278

Status Description

The S3-So status bits indicate the number of entries (0 to 8)
in the 8-level FIFO. A FIFO overrun will lock statusat 1111.
The overrun condition will prevent further key entries until
cleared.

A multiple key closure error will set the KE flag and
prevent further key entries until cleared.

~ The IBF and OBF flags signify the status of the 8278 data
- buffer registers used to transfer information (data, status
or commands) to and from the master CPU.

The IBF flag is set when the master CPU writes Data or
Commands to the 8278. The IBF flag is cleared by the 8278
during its response to the Data or Command.

The OBF flag is set when the 8278 has output data ready
for the master CPU. This flag is cleared by a master CPU
Data READ.

The Busy flag in the status register is used as a LOCK-
OUT signal to the master processor during response to
any command or data write from the master.

The master must test the Busy flag before each read
(during a sequence) to be sure that the 8278 is ready with
valid DATA.

The ERROR and TONE outputs from the 8278 are set high
for either type of error. Both types of error are cleared by
the CLR input, by the CLEAR ERROR command, or by a
reset. The FIFO and Display buffers are cleared
independently of the Errors.

FIFO status is used to indicate the number of characters in
the FIFO and to indicate whether an error has occurred.
Overrun occurs when the entry of another characterintoa
full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFO. The character read will be the
last one entered. FIFO status will remain at 0000 and the
error condition will not be set.

8278 Data Read

The master CPU can read DATA from the 8278 FIFO or
Display buffers by using the Ao, RD, and Do-D7 inputs as

follows:
Ao, TS x VALID X

S =

The master sends a RD pulse with Ao=0 and CS=0and the
8278 responds by outputing data on lines Do-D7. The data
is strobed by the trailing edge of RD.
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Data Read Sequence

Before reading data, the master CPU must send a
command to select FIFO or Display data. Following the
command, the master must read STATUS and test the
BUSY flag and the OBF flag to verify that the 8278 has
responded to the previous command. A typical DATA

READ sequence is as follows:
BUSY I I I I

L T

READ DISPLAY FIRST MASTER NEXT
OR FIFO COMMAND  DATABYTE READS DATA BYTE READY
FROM MASTER READY

8278
PROCESSING
NEXT BYTE

After the first read following a Read Display or Read FIFO
command, successive reads may occur as soon as OBF
rises.

8278 Data Write

The master CPU can write DATA to the 8278 Display
buffers by using the Ao, WR and Do-D7 inputs as follows:

Ay, CS  INVALID * VALID X INVALID
WR \ /
Do-D; /INV/}LIDW VALID W//IN\//ALID
i

The master CPU presents the Data on the Do-D7 lines with
Ao=0 and then sends a WR pulse. The data is latched by
the 8278 on the rising edge of WR.

Data Write Sequence

Before writing data to the 8278, the master CPU must first
send a command to select the desired display entry mode
and to specify the address of the next data byte. Following
the commands, the master must read STATUS and test the
BUSY flag (B) and IBF flag to verify that the 8278 has
responded. A typical sequence is shown below:

w [T L1

wr—lT {—II L
I

WRITE DISPLAY 8278 MASTER 8278 8278

COMMAND READY DATAWRITE READY READY
R
gg;MAND FIRST BYTE MASTER WRITES
OR DATA NEXT BYTE
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode

With N-key rollover each key depression is treated
independently from all others. When a key is depressed
the debounce logic waits for a full scan of 128 keys and
then checks to see if the key is still down. If itis, the key is
entered into the FIFO.

COUNT 0 1 2 3 4 5 6
| | | | | | I
Mo
—]
m, | | l

X X X
@] [L [ T1

RL SAMPLED T T T

|
X X X
Tﬂ [ T1

Figure 3. Keyboard Timing

If two key closures occur during the same scan the
ERROR output is set, the KE flag is set in the Status word,

the TONE outputis activated and IRQis set, and no further

In the special function mode both the key closure and the
key release cause an entry to the FIFO. The release is
entered with the MSB=1.

inputs are accepted. This condition is cleared by a high
signal on the CLEAR input or by a system RESET input or
by the CLEAR ERROR command.

Any key entry triggers the TONE output for 10ms.

The HYS and KCL outputs enable the analog multiplexer
and detector to be synchronized for interface to capacitive
coupled keyboards.

SCAN CYCLE | | | | [ | |

ma J

BP

ERROR I
KEY 1 KEY 1 KEY 1 KEY 2 KEY 3
DEPRESSED ENTERED READ BY MASTER DEPRESSED DEPRESSED

Figure 4. Key Entry and Error Timing
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Data Format

In the scanned keyboard mode, the code entered into the
FIFO corresponds to the position or address of the switch
in the keyboard. The MSB is relevant only for special
function keys in which code “0"” signifies closure and “1”
signifies release. The next four bits are the column count
which indicates which column the key was found in. The
last three bits are from the row counter.

KEY CODING

7 6 5 4 3 2 1 0
Lsr [t [ |10 [ [ [ oo

1 FOR SPECIAL FUNCTION
MODE AND KEY RELEASED
0 FOR KEY DEPRESSED

Display

Display data is entered into a 16x4 display register and
may be entered from the left, from the right orinto specific
locations in the display register. A new data character is
put out on Bo-B3s each time the Mg-M3 lines change (i.e.,
once every 0.75ms with a 6 MHz crystal). Data is blanked
during the time the column select lines change by raising
the display outputs. Qutput data is positive true.

Left Entry

The left entry mode is the simplest display format in that
each display position in the display corresponds to a byte
(or nibble) in the Display RAM. Address 0inthe RAMis the
left-most display character and address 15 is the right-
most display character. Entering characters from position
zero causes the display to fill from the left. The 17th
character is entered back in the left-most position and
filling again proceeds from there.

Right Entry

Right entry is the method used by most electronic
calculators. The first entry is placed in the right-most
display character. The next entry is also placed in the
right-most character after the display is shifted left one
character. The left-most character is shifted off the end
and is lost.

DISPLAY
1 2 14 15 0 <«—RAM
ADDRESS
1ST ENTRY | | ‘ | I | 1—|
2 3 15 0 1
2ND ENTRY | | I | l 1 | 21

0 1 2
[ =12]
13_14 15
|14 15,1;'
14 15 ©
[is s [ 7]

3 4
3RD ENTRY, T |
0 1
16TH ENTRY Ii\l 2 ’
1

2
17TH ENTRV( 2 | 3 l

2 3
18TH ENTRYI 3 ‘ 4 l

15 1
|16 |17|18|

Note that now the display position and register address do
not correspond. Consequently, entering a character to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Display RAM address
0 with sequential entry is recommended. A Clear Display
command should be given before display datais entered if
the number of data characters is not equal to 16 (or 8) in
this mode.

DISPLAY
CHARACTER
0

Mg

A/ \__/\

/ \

Figure 5. Display Timing
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Auto Increment

In the Left Entry mode, Auto Incrementing causes the
address where the CPU will next write to be incremented
by one and the character appears in the next location.
With non-Auto Incrementing the entry is both to the same
RAM address and display position. Entry to an arbitrary
address in the Left Entry — Auto Increment mode has no
undesirable side effects and the result is predictable:

DISPLAY
6 7<—RAM

0 1 2 4 5
i O I
0 1 2 3 4 5 6 7
2NDENTRYI1|’2| I | J

6 7

[ 1 2 3 4 5
COMMAND 1 2
10010101

3

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

0 1 2 3 4 5 6 7
3RDENTRYI‘I I 2 , I | 3’ | I

o 1 2 3 4 5 6 7
4THENTRY|J,d | |3 4| |

In the Right Entry mode, Auto Incrementing and non
Incrementing have the same effect as in the Left Entry
except that the address sequence is interrupted:

DISPLAY
7 0=—RAM
l,l ' ADDRESS

1 2 3 4 5 6
1ST ENTRY l [ | I I | |

2 3 4 5 6 17 9 1

2ND ENTRY [ I | [ l 112
I

3 4 5 6 7 0o 1

2
COMMAND 11 2
10010101

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

sown [ ] To] | [ [+] ]
4THENTRY,L[:|iI7J?|;J:’3|

Starting at an arbitrary location operates as shown below:

DISPLAY

0 1 2 3 4 5 6 7<— RAM
COMMAND ADDRESS
10010101

ENTER NEXT AT LOCATION 5 AUTO INCREMENT

1 2 3__4 5 6__7 0
1ST ENTRY L l | r l 1 l l !

2 3 4 5 6 7 _© 1

woorn [T 1 [:[ T 1]
ey [T e [ 21 T2 7]
oy [+ [+ [7 [ [+ 2 ]2 ]7]

Entry appears to be from the initial entry point.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias ........ 0°Cto70°C
Storage Temperature ............... -65°Cto+150°C
Voltage on Any Pin With

RespecttoGround .............ciiinn.. 0.5Vto+7V
Power Dissipation ..................coialn 1.5 Watt

D.C. CHARACTERISTICS

*COMMENT: Stresses above those
Maximum Ratings” may cause permanent dama
device. This is a stress rating only a fL
operation of the device at these or any otherigondil
above those indicated in the operational sections;
specification is not implied. Exposure to absolute,
maximum rating conditions for extended periods may’
affect device reliability.

Commercial: TA =0°C to 70°C; Vcc = +5V £5%; Vss = OV

Symbol Parameter Min. Max. Units Condition
ViL Input Low Voltage (All inputs -0.5 0.8 Vv
Except X1, X2
VIH1 Input High Voltage (All Inputs 2.0 Vece \
Except X1, X2, RESET
ViH2 RESET High Voltage 3.0 Vce \)
Vo1 Output Low Voltage (Do-D7) 0.45 \ loL = 2.0mA
VoL2 Output Low Voltage (All 0.45 ) loL = 1.6mA
Other Outputs)
VOH1 Output High Voitage (Dg-D7) 2.4 Vv loH = -400uA
VoH2 Output High Voltage (All 2.4 \ loH = -50uA
Other Outputs)
I Input Leakage Current (All +10 nA VIN = Vce
Inputs Except RESET)
loL Output Leakage Current (Dg-D7) +10 pA VIN = Vss + 0.45V or
Vin = Vce
Iop + lcc Total Supply Current 135 mA | Vcc = 5.5V
Ipp VpD Supply Current 25 mA | Vcc = 5.5V
1N Low Input Source Current (RESET) 0.2 mA | ViL=10.8V
8278 CLOCK OPTIONS
20pF 20pF a
I" T X1 F | X' X1
[ 8278 8278 2x1—=% NN 8278
L 6
| X2 X2 X2
20pF 20pF
= = b
1-6 MHz 40 ph-130 ph EXTERNAL
CRYSTAL INDUCTOR CLOCK
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C; Vo = +5V +10%; Vss = OV

Symbol Parameter Min. Max. Units Condition.,
tac Address (CS, Ao Setup to 0 ns
Control (RD, WR)

tca Address Hold from Control 0 ns

tcc Control Pulse Width 250 ns

tow Data in Setup to WR T.E. 150 ns | DoD7 CL = 150pF
two Data in Hold After WR T.E. 0 ns

tRD RD L.E. to Data Out Valid 150 ns

toF RD T.E. to Data Out Float 10 100 ns

tmey Matrix Cycle Time 10.7 ms With 6MHz Crystal
tRy Z&:g?gfwr;l;ge Between Reads 1 us

WAVEFORMS

Read Operation — Data Bus Buffer Register

TS OR Ag

X

(SYSTEM'S
ADDRESS BUS)

DATA BUS

-——tac RY

tce

|+——tpp —|

‘4_:5,‘%

———1tpp —}

(OUTPUT)

DATA VALID

\ (READ CONTROL}

Write Operation — Data Bus Buffer Register

TSOR Ap

X

(SYSTEM'S
ADDRESS BUS)

«— tac ——|

tec \

< tca

-~ tpy > ||

two

(WRITE CONTROL)

DATA BUS
(INPUT)

DATA VALID

X

DATA
MAY CHANGE

X

DATA
MAY CHANGE
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8041/8741
UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

o Fully Compatibnle with MCS-80™, o Pin Compatible ROM and EPROM
MCS-85™ and MCS-48™ Microproces- Versions
sor Families

g 1K x 8 ROM/EPROM, 64 x 8 RAM, 18

o Single Level Interrupt Programmable /O Pins

o 8-Bit CPU plus ROM, RAM, /O, Timer
and Clock in a Single Package o Asynchronous Data Register for

a Single 5V Supply Interface to Master Processor

o Alternative to Custom LSI a Expandable 1/O

The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, /0 ports,
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as
a peripheral controtler in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems.

The UPI-41™ has 1K words of program memory and 64 words of data memory on-chip. To aliow full user flexibility the
program memory is available as ROM in the 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 and the
8041 are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either inputs or
outputs under software control. |/O can be expanded with the 8243 device which is directly compatible and has 161/0 lines.
An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or counting external
inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041), single-step mode for
debug(in the 8741),single level interrupt, and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSl interface
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to
microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM
INTEANAL
BUS
Yot b 1 S?DABVBUS (o]
Tol31 40 [Vee « REGISTER )
T PROGRAM
e opn STarus <:’_———> Ky <:>’th
x2[ 3 38 [Py BUFFER P17
RESET[] 4 37 [Pz —
=<3 T, S
s0s 36 [1P2s 2o —m) CaUrreR < \ w MEMORY
[ [} 35 P2 ’ REGISTER ’::> 8 REG. BANK 1 RESIDENT
EAE 7 34 3P17 MASTER o STACK RAM ARRAY
— .Nsy\;s;y(r REG. BANK 0
Rol}a 33f0Pe €| WA———d MULTIPLEXER
Ao 32[0Ps s < st
WE 1o 8041 3 jp"‘ L o RO 1. [~ INTERFACE
sync[]11 8741 30[3p:s R R rost 2
og[}12 20 [1pe SYNC -] ACCUMULATOR N -
oi[]13 28 [P s ———— ___ g"u
PROG PORT 4-7
— EXPANDER
D214 27 {JP10 RESET INTERFACE
D3] 15 26 {1Vop <:‘ Kag
par] 16 26 FPrOG PROGRAM -
Ds[} 17 24 [JP2s ”:g'a: x MEMORY conpiTionaL [T Te
5 TIMING - BRANCH
D6 18 23[1P2 clock | X2 Logie "]
D7[] 19 22[1P2n
vss[] 20 21[JP20 Voo ————e PROM PROGRAM SUPPLY PROGRAM
POWER o Voo ————— +5SUPPLY COUNTER
Vgg ———= GROUND 88IT
S -m«w
EVENT COUNTER
L
© Intel Corporation, 1978 February, 1978
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8041/8741

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature

Voltage on Any Pin With

Respectto Ground
Power Dissipation

-0.5Vto+7V
1.5Watt

Maximum Ratings” may cause permahigntig
device. This is a stress rating only and fu

cation is not implied. Exposure to absolute maximi 5
rating conditions for extended periods may affect device =

D.C. AND OPERATING CHARACTERISTICS  refiability.
TA = 0°Cto 70°C, Vcc = VDD = +5V 5%, VSS = 0V
Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
ViL Input Low Voltage(All -0.5 0.8 \
Except X1, X2)
ViH Input High Voltage (All 2.0 Vce \Y
Except X1, X2 RESET)
ViH2 Input High Voltage (X1, 3.0 Vce Vv
RESET)
VoL Output Low Voltage (Do-Dy7, 0.45 V |loL=2.0mA
Sync)
VoL2 Output Low Voltage (All 0.45 V |loL=1.6 mA
Other Outputs Except Prog)
VoH Output High Voltage (Do-D7) 2.4 V | loy=-400 A
VoH1 Output High Voltage (All 2.4 V' [lon=-50uA
Other Outputs)
L Input Leakage Current +10 uA [Vss < VN < Vee
(To., T1, RD, WR, CS, Aq, EA)
loL Output Leakage Current +10 uA [Vss+ 045 <ViN<Vee
(Do-D7, High Z State)
IbD Vop Supply Current 10 25 mA
Icc + lpp | Total Supply Current 65 135 mA
VoL3s Output Low Voltage (Prog) 0.45 Vv loL = 1.0 mA
I Low Input Source Current 0.4 mA VL =0.8V
P10-P17 P20-P27
L2 Low Input Source Current 0.2 mA |ViL=0.8V
RESET, SS
A.C. CHARACTERISTICS
Tp = 0°C to 70°C, Veec = Vpp = +5V £56%, Vgg = OV
DBB Read:
8741 8041
Symbol Parameter Units Test Conditions
y Min. | Max. | Min. | Max.
taR CS, Ap Setup to RD ¢ 60 0 ns
tRa CS, Ag Hold After RD 1 30 0 ns
trRR RD Pulse Width 300 [2xtcy| 250 . ns | tcy=25us
tao CS, Ag to Data Out Delay 370 150 ns
trp RD + to Data Out Delay 200 150 ns
— 10 10 ns
tor RD * to Data Float Delay
140 100 ns
Recovery Time Between Reads
tav And/Or Write ! ! we
toy Cycle Time 25 25 us 6 MHz Crystal
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DBB Write:

Symbol Parameter Min.8741Max. Min.BOM o, Units Test Conditio
taw CS, A, Setup to WR 4 60 0 ns

twa CS, Ag Hold After WR ¢ 30 0 ns

tww WR Pulse Width 300 |2xtey | 250 ns tcy =25 us

tow Data Setup to WR t 250 150 ns

two Data Hold After WR ¢ 30 0 ns

A.C. TEST CONDITIONS
Dy-Dg Outputs R = 2.2k to Vgg

4.3k to Veg
C|_ =100 pF
WAVEFORMS
Read Operation — Data Bus Buffer Register
TS OR A >< fgg;?sﬂsaum

[ "_.n—.

\ (READ CONTROL)

——tgp — ~— t1oF —»

tap

DATA BUS
(OUTPUT)

DATA VALID

Write Operation — Data Bus Buffer Register

TS OR Ag X ADDRESS BUS)
- taw —>| tww < twa >
WR (WRITE CONTROL)
tow +—|twp
DAL?IPSL‘IJTS) MAVD(;I:NGE DATAVALID MAVD:J:NGE
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PIN DESCRIPTION

UP! INSTRUCTION SET

Signal Description Mnemonic Description Bytes Cycles
Do-D7 Three-state, bi-directional, DATA BUS ACCUMULATOR
BUFFER lines used to interface the UPi-41 ADD A.Rr Add register to A 1 1
to an 8-bit master system data bus. ADD A,@Rr Add data memory to A 1 1
-P -bit, PORT 1, asi-bi-directional 1/0 ADD A #data Add immediate to A 2 2
Pro-Pi7 pon PO quasi-bi-directiona ADDC ARr  Add immed. to A with carry 1T
’ ADDC A,@Rr  Add immed. to A with carry 1 1
P20-P27 8-bit, PORT 2, quasi-bi-directional 1/0 ADDC A#data Add immed. to A with carry 2 2
lines ANL A Rr AND register to A 1 1
) 1
The lower 4-bits (P20-P23) interface directly f\mt ﬁ‘ﬁ@dﬁrta :mg ?;:T:]iergieagotrg LO A ; 2
to the 8243 1/0 expander device and con- ORL AyHr OR register to A 1 9
tain address and data information during ORL A:@Hr OR data memory to A 1 1
PORT 4-7 access. ORL A#data  OR immediate to A 2 2
WR I/0 write input which enables the master XRL A Rr Exclusive OR register to A 1 :
CPU to wric data and command worgsto XA AER, DSl Ghiee e )
- the UPI-41 DATA BUS BUFFER. INC A Increment A 1 1
RD 170 read input which enables the master DEC A Decrement A 1 1
CPU to read data and status words from the CLRA Clear A 1 1
DATA BUS BUFFER or status register. CPLA Complement A 1 1
== . . DA A Decimal Adjust A 1 1
Cs Chip select input used to select one UPI-41 SWAP A Swap digits of A 1 1
out of several connected to a common data RL A Rotate A left 1 1
bus. RLC A Rotate A left through carry 1 1
: RR A Rotate A right 1 1
Ao Address input used by the master proces- .
sor to indicate whether byte transfer is data RRC A Rotate A right through carry ! !
or command.
To, Tq Input pins which can be directly tested INPUT/QUTPUT
using conditional branch instructions. IN A,Pp Input port to A 1 2
T1 also functions as the event timer input X“ILngﬁégata gll:lt[l)n#nﬁégiz?:to port ; g
(under software control). ORL Pp.#data  OR immediate to port 2 2
To is used during PROM programming and IN A.DBB Input DBB to A, clear IBF 1 1
verification in the 8741. &%L[?BABE-‘A IOutputE Ato EBB' settOBAF } ;
. nput Expander port to
X1, X2 Inputs for a crystal, LC or an external tim- MOVD Pp,x Ol?tput Apto Expgnder port 1 2
ing signal to determine the internal oscil- ANLD Pp,A AND A to Expander port 1 2
lator frequency. ORLD Pp,A OR A to Expander port 1 2
SYNC Output signal which occurs once per UPI-
41 instruction cycle. SYNC canbeusedasa
strobe for external circuitry; it is also used DATA MOVES
to synchronize single step operation. MOV A Rr Move register to A 1 1
. . MOV A.@Rr Move data memory to A 1 1
EA External access input which allows emula- MOV A.#idata  Move immediate to A 2 2
tion, testing and PROM/ROM verification. MOV Rr.A Move A to register 1 1
PROG Multifunction pin used as the program m% gR;aAt mo"e Ato ddat"’: "t‘emo',yt ; ;
Ise input ; ing. r#data ove immediate to register
pulse input during PROM programming MOV @Rr #data Move immediate to data memory 2 2
During I/O expander access the PROG pin MOV A PSW Move PSW to A 1 1
acts as an address/data strobe to the 8243. MOV PSW,A Move A to PSW 1 1
RESET Input used to reset status flip-flops and to ))Eg: ﬁgm Eig::ggz ﬁ :Eg (riz?as‘ni:emory } :
set the program counter to zero. XCHD A.@Rr  Exchange digit of A and register 1 1
RESET is also used during PROM program- MOVP A,@A Move to A from current page 1 2
ming and verification. MOVP3, A, @A Move to A from page 3 1 2
Ss Single step input used in the 8741 in
conjunction with the SYNC output to step TIMER/COUNTER
the program through each instruction. MOV AT Read Timer/Counter 1 1
Vce +5V power supply pin. MOV T,A Load Timer/Counter 1 1
Vobp +5V during normal operation.Programming gml ENT g:::{ EloTjenrter 1 1
supply pin during PROM programming. Low STOPTCNT  Stop Timer/Counter 1 1
power standby pin in ROM version. EN TCNTI Enable Timer/Counter Interrupt 1 1
Vss Circuit ground potential. DIS TCNTI Disable Timer/Counter Interrupt 1 1
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Mnemonic Description Bytes Cycles
CONTROL CLRF1 Clear F1 Flag 1
ENI Enable IBF Interrupt 1 1 CPLF1 Complement F1 Flag 1
DIS | Disable IBF Interrupt 1 1
SEL RBO Select register bank 0 1 1 BRANCH
SEL RB1 Select register bank 1 1 1 e
. JMP addr Jump unconditional 2 2
NP No Operation 1 1 JMPP @A Jump indirect 1 2
REGISTERS DJNZ Raddr  Decrement register and skip 2 2
INC Rr Increment register 1 1 JC addr Jump on Carry =1 2 2
INC @Rr Increment data memory 1 1 JNC addr Jump on Carry =0 2 2
] JZ addr Jump on A Zero 2 2
DEC Rr Decrement register 1 1
JNZ addr Jump on A not Zero 2 2
SUBROUTINE JT0 addr Jump on T0 = 1 2 2
CALL addr Jump to subroutine 2 2 JNTO addr Jump on TO =0 2 2
RET Return 1 2 JT1 addr Jump on T1 =1 2 2
RETR Return and restore status 1 2 JNT1 addr Jumpon T1=0 2 2
JFO addr Jump on FOQ Flag = 1 2 2
FLAGS JF1 addr Jump on F1 Flag = 1 2 2
CLRC Clear Carry 1 1 JTF addr Jump on Timer Flag = 1, Clear Flag 2 2
CPLC Complement Carry 1 1 JNIBF addr Jump on IBF Flag = 0 2 2
CLR FO Clear Flag 0 1 1 JOBF addr Jump on OBF Flag = 1 2 2
CPL FO Complement Flag 0 1 1 JBb addr Jump on Accumulator Bit 2 2
APPLICATIONS
DBg_3 Dig_3
D0g_3

6MHz  20pF

ADg-AD7
l_ s ()
3 8741
8216 WRI g741.44 PERIPHERAL
Ao 76}«—— |- CONTROL
cs INTERFACE
_E‘ EA
= T p——
5
ss
;: + 5\/—%I vee
[ oo PROG|—— | (STROBE)
; RESET Vss
2 _2
3 I WF -
Rg-A13 =
6
s
3
1o/m -
A1q *THE 8041 DOES NOT REQUIRE
Ays 8216 BUS DRIVERS

Figure 1. Recommended 8741 Interface to an 8085 System

DOT MATRIX PRINTER

PaK 4
@ FORM
os —12 PRINT LF. HOLD SOLENOIDS
8243 3 KEYBOARD
EXPANDER o MATRIX z
p6 K i o R
e 2 E
e El g 8
@
P7 L] 8 ROWS MOTOR Q vl e SOLENOID
oI p DRIVERS o| g DRIVERS
. S EE
I =
o & 9 g 8 g " 5
S 7TORS
PORT 2 PROG ————JPORT 1
PORT 2 PORT 2 PORT 2 PORT 1/PORT 2
8041/8741
8041/8741
088 CONTROL DBB CONTROL
4 4
B [
T DATA BUS { DATA BUS
JL TT
¢ CONTROL BUS 9 { CONTROL_BUS )
Figure 2. 8041-8243 Keyboard Scanner Figure 3. 8041 Matrix Printer Interface
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PROGRAMMING, VERIFYING, AND
ERASING THE 8741 EPROM

Programming/Verification

In brief, the programming process consists of: activat-
ing the program mode, applying an address, latching the
address, applying data, and applying a programming
pulse. Each word is programmed completely before
moving on to the next and is followed by a verification
step. The following is a list of the pins used for program-
ming and a description of their functions:

Pin Function
XTAL 1 | Clock input (1 to 6 MH2)
RESET | Initialization and address latching
TEST O | Selection of program or verify mode
EA Activation of program/verify modes
BUS Address and data input data output during
verify
P20-1 Address input
Voo Programming power supply
PROG Program pulse input

The program/verify sequence is:

1. Vpp = 5V, clock applied or internal oscillator

operating, RESET = 0OV, TEST 0 = 5V, EA = 5V,
BUS and PROG floating.

. Insert 8741 in programming socket.
. TEST 0 = 0V (select program mode).
EA = 25V (activate program mode).
. Address applied to BUS and P20-1.

. RESET = 5V (latch address).

. Data applied to BUS.

Vp = 25V (programming power).

. PROG = 0V followed by one 50 ms pulse to 25V.
. Vpp = 5V.

. TEST 0 = 5V (verify mode).

. Read and verify data on BUS.

. TESTO = OV.

. RESET = 0V and repeat from step 5.

. Programmer should be at conditions of step 1 when
8741 is removed from socket.

© ® N OO R W N

_ A A 4 o
bW NN = O

Programming Options

The 8741 EPROM can be programmed by either of two
Intel products:

1. PROMPT-48 Microcomputer Design Aid.

2. Universal PROM Programmer (UPP-101 or UPP-102)
Peripheral of the Intellec® Development System with
a UPP-848 Personality Card.

+5V

RESET
0

+5V
TESTO

[«————— BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME

—

+25V

EA

+5V

BUS —————C ADDRESS Ag-Ay DATA 4>——@
P20-21 ————(7 ADDRESS Ag-Ag \/

+25V
Voo | l

+5V

PROG +s5v —

1 —

+0V

WARNING: An attempt to program a missocketed 8748 will res

ult in severe damage to the part. An indication of a properly socketed part

is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer,

Figure 5. Programming/Verification Sequence
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8741 Erasure Characteristics

The erasure characteristics of the 8741 are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Ang-
stroms (4). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8748 in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741 is to be exposed to these
types of lighting conditions for extended periods of

time, opaque labels are available from Intel which
should be placed over the 8741 window to prevent
unintentional erasure.

The recommended erasure procedure for the 8741 is ex-
posure to shortwave ultraviolet light which has a wave-
length of 2537A. The integrated dose (i.e., UV intensity
x exposure time) for erasure should be a minimum of 15
W-sec/cm?. The erasure time with this dosage is approx-
imately 15 to 20 minutes using an ultraviolet lamp with a
12,000 uW/cm2 power rating. The 8741 should be placed
within one inch of the lamp tubes during erasure. Some
lamps have a filter on their tubes which should be
removed before erasure.

A.C. TIMING SPECIFICATION FOR PROGRAMMING

Tp = 25°C £5°C, Vgg = 5V £5%, Vpp = 25V =1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4icy
twa Address Hold Time After RESET t 4y
tow Data in Setup Time to PROG ! dicy
twp Data in Hold Time After PROG | 4dicy
tPH RESET Hold Time to Verify 4tcy
tvoow Vobp 4tcy
tvDDH Vpp Hold Time After PROG | 0
tPw Program Pulse Width 50 60 MS
trw Test 0 Setup Time for Program Mode 4icy
twr Test 0 Hold Time After Program Mode 4icy
too Test 0 to Data Out Delay 4icy
tww RESET Pulse Width to Latch Address dicy
tr, t Voo and PROG Rise and Fall Times 0.5 2.0 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA 1 4dicy

Note: It TEST 0 is high, tp can be triggered by RESET 1.

D.C. SPECIFICATION FOR PROGRAMMING

Ta = 25°C £5°C, Vg = 5V 5%, Vpp = 25V =1V
Symbol Parameter Min. Max. Unit Test Conditions
VoOH Voo Program Voltage High Level 24.0 26.0 |
Voot Voo Voltage Low Level 4.75 5.25 v
VPH PROG Program Voitage High Level 215 24.5 v
VeL PROG Voltage Low Level! 0.2 \Y
VEAH EA Program or Verify Voltage High Level 215 245 v
VEAL EA Voltage Low Level 5.25 \
oo Voo High Voltage Supply Current 30.0 mA
lPROG PROG High Voltage Supply Current 16.0 mA
Iea EA High Voltage Supply Current 1.0 mA
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Intellec®, Prompt 48™, MCS-48™
Microcomputer DesignAid ..................

Intellec® Microcomputer Development System

MCS-48™ Diskette-Based Software
SupportPackage ...........c.iiiiiiiiennnnn

MDS-48-ICE 8048 In-Circuit Emulator .........
8021 Emulation Board .........ccciiiiiiiiinn.
MCS-48™ SystemWorkshop  ............oo0.tn
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INTELLEC PROMPT 48
MCS-48 MICROCOMPUTER DESIGN AID

Complete low cost design aid and 256 bytes expandable RAM data memory
EPROM programmer for revolutionary in PROMPT system
MCS-48 single component computers

27 on-chip TTL compatible expandable
Simplifies microcomputing, allowing user  1/O lines
to enter, run, debug, and save machine

language programs with calculator-like On-chip clock, internal timer/event
ease counter, two vectored interrupts, eight

level stack control
Utilizes two removable 8-bit MCS-48 .
CPUs Single +5V DC system power

— 8748 CPU with erasable, reprogram- requirement

mable on-chip program memory

— 8035 CPU with off-chip program Integral keyboard and displays (no tele-

typewriter or CRT terminal required)

memory
Extensive PROMPT 48 monitor, allowing

1K-byte erasable, reprogrammable on- system 1/0, bus, and memory expansion

chip (8748), expandable program mem-

ory, 1K-byte RAM in PROMPT system Compatible with Intellec microcomputer

development systems
64 bytes RAM on-chip, expandable
register memory Includes comprehensive design library

The Intellec Prompt 48 MCS-48 Microcomputer Design Aid is a low cost, fully-assembled design aid for the revolu-
tionary 8748 single component microcomputer. PROMPT 48 simplifies the programming of MCS-48 systems — pro-
grams may be entered and debugged with calculator-like ease on the large, informative display and keyboard panel.
The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. PROMPT 48's
panel connector allows easy access to /O ports and system bus. Thus users can expand program memory beyond the
1K bytes provided internally. PROMPT 48 can serve as an economical 8748 Specialized PROM Programmer (SPP)
peripheral in Intellec microcomputer development systems.

Intel, Inteliec, INSITE, Library Manager, MCS, MEGACHASSIS, MICHOAMP, PROMPT, uSCOPE, MULTIBUS, RMX/80, UPI-41, ICE, and iSBC are of Intel Corp

© Intel Corporation, 1978 8-1



INTELLEC PROMPT 48

FEATURES

Single Component Computer

The 8748 is the first microcomputer fully integrated on
one component. All elements of a computing system are
provided, including CPU, RAM, l/O, timer, interrupts, and
erasable, reprogrammable nonvolatile program memory.

Programming Socket

PROMPT's programming socket programs this revolu-
tionary “smart PROM” — the 8748 — In a highly
rellable, convenient manner. A fail-safe interlock en-
sures the device is properly inserted before applying
programming pulses. Each location may be individually
programmed, one byte at a time. A read-before-write
programming algorithm prevents device damage by in-
advertently programming unerased memory.

MCS-48 Processors

The execution socket accepts either an 8035 or an 8748
MCS-48 processor. Both are supplied with each
PROMPT 48, and either can serve as heart of the
PROMPT system. There are no processors within the
PROMPT 48 mainframe, which instead contains monitor
ROM and RAM, user RAM, peripherals, drivers, and
sophisticated control circultry. Once a processor is
seated in the execution socket and power is applied, the
PROMPT system comes to life. Various access modes
may be selected such as program execution from
PROMPT system RAM, or from on-chip PROM. Thus pro-
grams may first be executed from PROMPT RAM with
the 8035 processor. When debugging Is complete, the
8035 (execution socket) processor can program the 8748
(programming socket) processor. Finally, a pro-
grammed 8748 processor may be exercised by itself
from the execution socket. The execution socket pro-
cessor runs either monitor or user programs.

System Monitor

The system reset command initializes the PROMPT
system and enters the monitor. The monitor interrupt
command exits a user program gracefully, preserving
system status and entering the monitor. The user inter-
rupt command causes an interrupt only if the PROMPT
system Is running a user program. A comprehensive
system monitor resides in four 1K-byte read only
memories. It drives the PROMPT keyboard and displays
and responds to commands and functions. The top 16
bytes of on-chip program memory must be used by the
PROMPT system to switch between monitor and user
programs. It requires one level of the MCS-48 eight-level
stack.

Commands

PROMPT 48’s commands are grouped and color-coded
to simplify access to the 8748’s separate program and
data memory. Registers, data memory, or program mem-
ory, may be examined and modified with the examine
and modify commands. Then either the next or previous
register and memory locations may be accessed with
one keystroke. Programs may be exercised in three
modes. The go no break (GO NO BREAK) runs in real
time. The go with break (GO WITH BREAK) mode is not

8-2

real time — after each instruction the MCS-48 program
counter is compared against pending breakpoints. If no
break is encountered, execution resumes. The go single
step (GO SINGLE STEP) mode exercises one instruction
at a time. Commands are like sentences, with param-
eters separated by J NEXT. Each command ends with
] EXECUTE/END. In addition to the PROMPT basic
commands, thirteen functions simplify programming.
Each is started merely by pressing a hex data/function
key and entering parameters as required, as shown in
Table 1.




INTELLEC PROMPT 48

Cable Interface

An optional cable, PROMPT-SER, directly connects the
PROMPT system to virtually any terminal via a rear ac-
cess slot. Another cable, PROMPT-SPP, allows pro-
grams and data to be downloaded from the Intelllec
microcomputer development system to the PROMPT
system for debugging.

Key Function Operation

@ | Port 2 map Allows specification of direction of each pin
on port 2. Port 2 is multiplexed to address
external program memory and expand /0.
Thus it must be buffered; the P2 map com-
mand establishes the direction of buffering.

(3] | Program EPROM | Programs 8748 EPROMs.

E Byte search Sweeps through register, data, or program
(with optional memory searching for byte matches. Start-
mask) ing and ending memory addresses are spe-

cified.

[5] | Word search Sweeps through register, data, or program
(with optional memory searching for word matches. Start-
mask) ing and ending memory addresses are spe-

cified.

Hex calculator | Computes hexadecimal sums and differ-
ences.

8748 program Similar to program EPROM, but ensures that

for debug the top of program memory contains moni-
tor re-entry code for debugging.

Compare Verifies any portions of EPROM program
memory against PROMPT memory.

Move memory Allows blocks of register, data, or program
memory to be moved.

4] [ Access Specifies one of six access modes for PRO-
MPT 48. For example EPROM, PROMPT
RAM, or external program memory, and a
variety of input/output options may be
selected.

Breakpoint Allows any or all of the eight breakpoints to
be set and cleared.

[€] | Clear Clears portions of register, data, or program
memory.

[© | Dump Dumps register, data, or program memory to
PROMPT's serial channel: for example, a
teletypewriter paper tape punch.

(€] | Enter Enters (reads) register, data, or program
memory from PROMPT's serial channel.

[F] | Fetch Fetches programs from EPROM to PROMPT
RAM.

Table 1. PROMPT 48 Commands and Functions

Access

Easy access to the pins of the executing processor is
provided via the 1/O ports and bus connector. Only the
EA external access, SS single step, and X1, X2 clock In-
puts are reserved for the PROMPT system.

Expansion

Program or data memory may be expanded beyond that
provided on-chip or In the PROMPT system. I/O ports
may be expanded, as with the 8243, or peripheral con-
trollers may be memory-mapped. The I/O ports and Bus
connector allows the execution socket processor to be
directly Interfaced to prototype systems, yet be con-
trolied from the PROMPT panei.

Control

The command/function group panel keyboard and dis-
plays completely control PROMPT 48 — a teletypewriter
or CRT terminal is not needed. A hyphen prompting
character appears whenever acommand or function can
be entered. Addresses and data are shown whenever
examining registers and memory. Parameters for com-
mands and functions are also shown.
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FUNCTIONAL DESCRIPTION

“PROMPT"” stands for PROgraMming Tool. it is a pro-
grammer for 8748 EPROMs, and a versatile aid for
debugging MCS-48 programs. Programs can be entered
via its integral panel keyboard, programming socket, or
serial channel. Almost any terminal can be interfaced to
the serial channel, including a teletypewriter, CRT, or an
Intellec microcomputer development system. Intellec
PROMPT 48 simplifies the programming of MCS-48
systems. Like the 8748 it is radically new, highly in-
tegrated. and expandable. Like the MCS-48 family, it is
low cost, and ideal for small applications and programs.
It is a design aid, not a development system with
sophisticated software and peripherals.

MCS-48 Processors

PROMPT 48 comes complete with two of Intel's revolu-
tionary MCS-48 processors: an 8748-4 Single Compo-
nent 8-Bit Microcomputer and and 8035-4 Single Compo-
nent 8-Bit Microcomputer. Advances in n-channel MOS
technology allow Intel, for the first time to integrate into
one 40-pin component all computer functions:

8-bit CPU

1K x 8-bit EPROM/ROM program memory

64 x 8-bit RAM data memory

27 input/output lines

8-bit timer/event counter

Performance — More than 90 instructions — each one
or two cycles — make the single chip MCS-48 equal in
performance to most multi-chip microprocessors. The
MCS-48 is an efficient controller and arithmetic pro-
cessor, with extensive bit handling, binary, and BCD
arithmetic instructions. These are encoded for
minimum program length; 70% are single byte opera-
tion codes, and none is more than two bytes.
Flexibility — Three interchangeable, pin-compatible
devices offer flexibility and low cost in development and
production, as follows:

8748 — with user-programmable and erasable EPROM
program memory for prototype and pre-productions
systems.

8048 — with factory-programmed mask ROM memory
for low-cost, high volume production.

8035 — without program memory, for use with external
program memaries.

Circuitry — Each MCS-48 processor operates on a
single +5V supply, with internal oscillator and clock
driver, and circuitry for interrupts and resets. Extra cir-
cuitry is in the 8048 ROM processor to allow low power
standby operation. The 64 x 8 RAM data memory can be
independently powered.

Compatibility — For systems requiring additional com-
patibility, the MCS-48 can be expanded with the new
8243 1/0 expander, 8155 I/0 and 256-byte RAM, 8755 I/O
and 2K-byte EPROM, or 8355 I/0O and 2K ROM devices.
MCS-48 processors readily interface to MCS-80/85
peripherals and standard memories.

Memory Capacity
PROMPT 48 is a complete, fully assembled and powered
microcomputer system including program memory, data
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memory, /0, and system monitor beyond that available
on MCS-48 single component computers. 1K bytes of
PROMPT system RAM serve as “'writable program mem-
ory" — a ROM simulator for the program memory on
each MCS-48 computer. 256 bytes of PROMPT system
RAM serve as “external data memory,” beyond the 64
register bytes on each MCS-48 computer. Users may fur-
ther expand program or data memory via the panel I/O
ports and bus connector.

Programming

Programs written first in assembly language, are
entered in machine language and debugged with
calculator-like ease on the large, informative display
and keyboard panel. Most MCS-48 operations can be
specified with only two keystrokes. Once entered,
routines can be exercised one instruction (single step)
or many instructions at a time. The principal MCS-48
register — the accumulator — is displayed while single
stepping. Programs can be executed in real time (GO
NO BREAK) or with as many as eight different break-
points (GO WITH BREAK).

Control

PROMPT 48 can be fully controlled either by the panel
keyboard and displays, or remotely by a serial channel.
Thus a teletypewriter or CRT can be used but neither is
required. Full remote control by a serial channel means
users can download and debug programs using the
PROMPT 48 together with an Intellec microcomputer
development system.

Access

The PROMPT panel I/O ports and bus connector allow
easy access to all MCS-48 pins except those reserved
for control by the PROMPT system, namely EA external
access, SS single step, and X1, X2 clock inputs.

Optional Expansion

PROMPT 48 may be expanded beyond the resources on
both the MCS-48 single component computer and the
PROMPT system. External program and data memory
may be interfaced and input/out ports added with the
8243 1/O expander.

Applications

A specialized PROM Programmer Kit, the PROMPT-SPP,
allows PROMPT 48 to serve as an economical 8748
Specialized PROM Programmer peripheral in Intellec
microcomputer development systems. The PROMPT-
SPP cable plugs directly into the rear panel of the Intel-
lec microcomputer development system, as shown in
Figure 1.

Figure 1. PROMPT 48 used as an intellsc Microcom-
puter Development System Perlpheral



INTELLEC PROMPT 48

Documentation

The PROMPT 48 manual includes chapters for the
reader with little or no programming experience. Topics
treated range from number systems to microcomputer
hardware design. A novel, unifying set of tutorial
diagrams — MICROMAPS — simplify microcomputer

concepts. PROMPT’s handy, pocket-sized reference
cardlet can be affixed to the mainframe. Programming
pads aid in the organization and documentation of pro-
grams. These features, plus a comprehensive design
library of manuals, articles, and application notes,
make the Intellec PROMPT 48 ideal for the newcomer to
microcomputing.

SPECIFICATIONS

Timing

Basic Instruction — 2.5 us
Cycle Time — tcy = 2.5us
Clock — 6 MHz = 0.1%

Memory Bytes

The 8748 contains 64 bytes of register memory, no ex-
ternal data memory, and 1024 bytes of RAM program
memory. The PROMPT system provides 256 bytes of ex-
ternal data memory, and 1024 bytes of RAM program
memory. PROMPT RAM program memory can be used
in place of the on-chip EPROM program memory; thus
programs less than 1024 bytes may be designed. For
larger programs additional memory can be directly in-
terfaced to the MCS-48 bus via the PROMPT panel /O
ports and bus connector.

Memory Configuration

Memory Maximum On Chip In PROMPT 48
Register 64 64 0
Data 3328 0 256
Program 4096 1024 EPROM 1024 RAM
1/0 Ports

All MCS-48 1/0 ports are accessible on the PROMPT
panel connector.

Bus — A true bidirectional 8-bit port with associated
strobes. If the bidirectional feature is not needed, bus
can serve as either a statically latched output port or a
non-latching input port. input and output lines cannot
be mixed.

Ports 1 and 2 — Data written to these 8-bit ports is
latched and remains unchanged until written. As inputs
these lines are not latching. The lines of ports 1 and 2
are called quasibidirectional. A special output structure
allows each line of port 1 and half of port 2 to serve as an
input, an output, or both. Any mix of input, output, and
both lines is allowed.

T0, T1, and INT — Three pins that can serve as inputs. TO
can be designated as a clock output. Input/output can
be expanded via the PROMPT panel connector with a
special /0 expander (8243) or standard peripherals.

Reset and Interrupts

Reset — initializes the PROMPT system and enters the
monitor.

Monitor Interrupt — exits a user program gracefully,
preserving system status and entering the monitor.
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User Interrupt — causes an interrupt only if the
PROMPT system is running a user program.

The processor traps to location 3. The MCS-48 timer/-
event counter is not used by the PROMPT system and is
available to the user. Either timer flag or interrupt will
signal when overflow has occurred. The timer interrupt
can be used only in the go-no-break (real time) mode.

EPROM Programming

PROMPT 48 provides a programming socket to directly
program 8748s. Programs are loaded into the PROMPT
RAM program memory via keyboard. EPROM, teletype-
writer, or other serial interface. A fail-safe interlock
ensures programming pulses are applied only if the
device is properly inserted. Inadvertant reprogramming
is prevented by a read-before-write programming algo-
rithm. Each location may be individually programmed,
one byte at a time.

Panel 1/O Ports and Bus Connectors

All MCS-48 pins, except five, are accessible on the I/O
ports and bus connector. The five reserved for PROMPT
system control are EA external access, SS single step,
X1, X2 crystal inputs, and 5V. Due to internal buffering
of the MCS-48 bus, access times will be negligibly
degraded by the PROMPT system. Since MCS-48 pro-
cessors do not communicate internal address gate
status, bus data must be driven out if neither PSEN nor
RD is asserted.

System Devices

Both user programs and the PROMPT monitor enjoy ac-
cess to system devices: serial /O, panel displays, and
keyboard. These are memory-mapped to program
memory addresses beyond 2K.

Serial IO — The serial /O port (data 8204¢, control 8214¢)
is defined by software and jumpers for 110 baud, 20 mA
current loop, but can easily be jumpered for other baud
rates and RS232C levels. Asynchronous or synchronous
transmission, data format, control characters, and par-
ity can be programmed.

Panel Displays — Eight display ports (data 810-817¢)
allow each of the panel displays to be written from user
programs. Data written on a display device will time out
after a fixed interval. Displays must be refreshed on a
polled or interrupt-driven basis. User programs can calt
software drivers which provide this capabllity.



INTELLEC PROMPT 48

Keyboard — Software Is used to debounce the panel
keyboard (data 8104¢). The monitor’s input routines (see
Software Drivers) provide this debouncing and can be
called from user programs.

Commands
Single step
With break ] Go
No break
Register
Examine/modify [Data } Memory
Program

Open previous/clear/entry [INext [Execute/End

Functions

Port 2 map

Program EPROM (8748)

Search (R, D or P)* memory for 1 byte, optional
mask

Search (R, D or P) memory for 2 bytes, optional
mask

Hexadecimal calculator +, -

8748 program EPROM for debug

Compare EPROM with memory

Move memory (R, D or P)

Access

Breakpoint

Clear memory (R, D or P)

Dump memory (R, D or P)

Enter (read) memory (R, D or P)

[E! Fetch EPROM program memory

REBEEEENE B BB

Note
*R, D, or P is register, data, or program.

Software Drivers

Pane! Keyboard in — KBIN, KDBIN
Panel Display Out — DGS6, DGOUT, HXOUT, BLK,
REFS, ENREF

Serlal Channel — CI, CO, RI, PO, CSTS

Connectors

Serlal /0 — 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat
Crimp/ TI H312113 Solder/AMP 1-583485-5 Solder.

Panel /O Ports and Bus Connector — 3M 3425 Flat
Crimp. A complete cable set including wirewrap header
for prototyping Is Included with each PROMPT.

Equipment Supplied

PROMPT 48 mainframe with two MCS-48 processors
(8748, 8035), display/keyboard, EPROM programmer,
power supply, cabinet, and ROM-based monitor.

110 V AC power cable

110 or 220 V AC

Fuse

Panel /O ports

Bus connector cable set

Physical Characteristics

Helght — 5.3 in. (13.5 cm) max
Width — 17 in. (43.2 cm)
Depth — 17 in. (43.2 cm) max
Welght — 21 Ib. (9.6 kg)

Electrical Characteristics

Power Requirements — either 115 or 230V AC (+ 10%)
may be switch selected on the mainframe. 1.8 amps
max current (at 125 V AC).

Frequency — 47-63 Hz

Environmental Characteristics

Operating Temperature — 0°C to +40°C
Non-Operating Temperature — 20°C to +65°C

Reference Manuals

9800402 — Intellec PROMPT 48 User's Manual
(SUPPLIED)

9800270 — MCS-48 User’'s Manual (SUPPLIED)

9800255 — MCS-48 and UPI-41 Assembly Language
Programming Manua! (SUPPLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION
Part Number Description

PROMPT-48 or Intellec PROMPT 48 MCS-48 micro-

PROMPT-48-220V computer design aid. Complete with
two MCS-48 processors (8748 and
8305), EPROM programmer, integral
keyboard, displays, and system
monitor in ROM.

PROMPT-SER Serial cable for connecting PROMPT
to TTY, CRT.

PROMPT-SPP Specialized PROM programmer kit for
connecting PROMPT 48 to Intellec
microcomputer development systerns
for EPROM programming.
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MICROCOMPUTER DEVELOPMENT SYSTEM

Provides modular microcomputer
development system for development
and implementation of MCS-48, MCS-80,
MCS-85, and Series 3000 microcomputer
systems

Intel 8080 microprocessor, with 2 us
cycle time and 78 instructions, controls
all Intellec functions

Supports assemblers for 8080, 8085, and
8748

16K bytes RAM memory expandable to
64K bytes

2K bytes ROM memory expandable with
6K or 16K PROM/ROM boards

Provides hardware interface and soft-
ware drivers for TTY, CRT, line printer,
high speed paper tape reader, high
speed paper tape punch, and universal
PROM programmer

Eight-level nested, maskable, priority
interrupt system

Provides universal bus structure with
multiprocessor and DMA capabilities

ROM resident system monitor includes
all necessary functions for program
loading, debugging and executing

RAM resident macroassembler used to
assemble all 8080 machine instructions
with full macro and conditional
assembly capabilities

RAM resident text editor provides
powerful string search, substitution,
insertion, and deletion commands

ICE (in-circuit emulator) options extend
Intellec diagnostic capabilities into user
configured system allowing real-time
emulation of user processors

Optional PROM programmer peripheral
capable of programming all Intel PROMs

Optional I/0 modules expandable in
groups of four 8-bit input and output
ports to maximum of 88 ports (all TTL
compatible)

The Intellec Microcomputer Development System is a modular microcomputer development system containing all
necessary hardware and software to develop and implement Intel microcomputers and microcomputer systems. The
addition of peripherals and options provides the user with a complete in-circuit microcomputer development system
capability, supporting product design from program development through prototype debugging, production, and field

testing.

Intel, Intellec, INSITE, Library Manager, MCS, MEGACHASSIS, MICROAMP, PROMPT, uSCOPE, MULTIBUS, RMX/80, UPI-41, ICE, and ISBC are trademarks of Intel Corporation.

© Intel Corporation, 1978
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FUNCTIONAL DESCRIPTION
Hardware

The standard Intellec system consists of four micro-
computer modules (CPU, 16K RAM memory, front panel
control, and monitor), an interconnecting printed circuit
motherboard, power supplies, fans, a chassis, and a
front panel. Modular expansion capability is provided by
14 additional sockets on the motherboard. A block dia-
gram of the Intellec system is shown in Figure 1.

8080 Microprocessor

The CPU module uses Intel’s powerful NMOS 8-bit 8080
microprocessor. The 8080’s 2 us cycle time, 78 instruc-
tions, unlimited subroutine nesting, vectored interrupt
and DMA capabilities are fully utilized by the Intellec
system. Bus control logic resolves bus contention con-
flicts between the CPU module and other modules capa-
ble of acquiring control of the bus. The CPU module
interfaces with a sixteen line address bus and a bidirec-
tional eight line data bus. 8080 status signals are
decoded and utilized for memory and I/O operations. An
eight-level, nested interrupt priority system, complete
with an interrupt priority push-down stack, resolves con-
tention for 8080 interrupt servicing.

Memory

The RAM memory module contains 16K bytes of Intel
2107A dynamic RAM operating at full processor speed.
All necessary address decoding and refresh logic are
contained on the module.

Control Functions

The front panel control module provides system initiali-
zation, priority arbitration, and real-time clock functions.
System initialization routines reside in a 256-byte,
PROM resident, bootstrap loader. An eight-level priority
arbitration network resolves bus contention requests
among potential bus masters. A 1 ms interrupt request
generator, which can be disabled under program con-
trol, provides real-time clock functions. A 10 ms auto-
matic time-out feature is also provided to force an inter-
rupt request if nonexistent memory or /O is addressed.

Peripheral Interface

The monitor module contains the Intellec system moni-
tor and all Intellec peripheral interface hardware. The
system monitor resides in a 2K-byte Intel 8316 ROM. The

module contains all necessary control and data transfer
circuitry to interface with the standard Intellec periph-
erals, including a teletype, CRT, high speed paper tape
reader, high speed paper tape punch, PROM program-
mer, and line printer.

Bus Structure

The Intellec universal bus structure enables several
CPU and DMA devices to share the bus by operating at
different priority levels. Resolution of bus exchanges is
synchronized by a bus clock signal which is derived
independently from processor clocks. Read/write trans-
fers may take place at rates up to 5 MHz. The bus struc-
ture contains provisions for up to 16-bit address and
data transfers and is not limited to any one Intel micro-
computer family.

User Interface

The Intellec front panel is intended to augment the pri-
mary user interaction medium: the system console. The
simplicity of the front panel coupled with the power of
the system monitor provides an efficient user/intellec
interface. The front panel contains eight interrupt
request switches with corresponding indicators, CPU
run and halt status indicators, a bootstrap loader
switch, a reset switch, and a power on switch and
indicator

Software

Resident software provided with the Intellec includes
the system monitor, the 8080 macroassembler, and the
text editor. Used together, these three programs sim-
plify program preparation and speed the debugging
task.

System Monitor

The system monitor provides complete control over
operation of the Intellec. It is written in 8080 assembly
language, resides in 2K bytes of ROM memory, and pro-
vides all necessary functions for program loading and
execution. Additional commands provide extensive
debug facilities and PROM programming functions.
System peripherals may be dynamically assigned either
via monitor commands or with calls to the system moni-
tor’s I/O subroutines.

Commands — Programs may be loaded from the reader:
device in either BNPF or hexadecimal format. Utility
commands aid in executing and checking out programs.
Typical utility commands are shown in Table 1.
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Figure 1. Intellec System Block Diagram
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Command Operation
F Initializes memory to constant.
M Moves a block of memory to another
location.

D Displays memory.
S Modifies RAM memory.

X(A-F) Examines and modifies CPU registers.
G Sets breakpoints.
G Initiates execution at any given address.
H Performs hexadecimal arithmetic.
X(h Examines and modifies interrupt mask.

Table 1. Utility Command Functions

Input/Output — The Intellec system monitor (Intellec
Series |l Microcomputer Development System Monitor)
contains a powerful and ‘easily expandable input/output
system built around four logical device types: a console
device, a reader device, a punch device, and a list
device. Associated with each logical device may be any
of four physical devices. The user may control the phys-
ical device assignment to each logical device with a sys-
tem command.

Peripheral Interface — Drivers are provided in the sys-
tem monitor for the universal PROM programmer, ASR
33 teletype, high speed paper tape reader, high speed
paper tape punch, line printer, and CRT. The user may
write his own drivers for other peripheral devices and
easily link them to the system monitor. All system
peripherals may be accessed simply by calling /O sub-
routines in the system monitor. In addition, the user
may dynamically reconfigure his system by monitor
commands or by calling system subroutines to assign a
different physical device to each logical device. The
user may also determine the current system peripheral
configuration, check /O status, and determine the size
of available memory.

Macroassembler

The Intellec resident macroassembler translates sym-
bolic 8080 assembly language instructions into the
appropriate machine operation codes. It is written in
PL/M-80, Intel’s high level systems programming lan-
guage and occupies 12K bytes of RAM memory, includ-
ing space for over 800 symbols. The symbol table size
may be expanded to a maximum of 6500 symbols by
adding RAM memory. All I/O in the assembler is done by
means of the system monitor, enabling the assembler to
take advantage of the monitor's I/O system. The
assembler is shipped in hexadecimal object format on
paper tape or diskette and is standard with each Intel-
lec. Full macro capability eliminates the errors of hand
translation, makes it easy to modify programs by adding
or deleting instructions, eliminates the need to rewrite
similar sections of one code repeatedly, and simplifies
program documentation.

Functions — The assembler performs its function in
three passes. The first pass builds the symbol table. The
second pass produces a source listing and provides
error diagnostics. The third pass produces the object
code. If the punch and list devices are separate (e.g., a
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high speed punch or printer is available) passes 2 and 3
may be combined into one pass.

Object Code — Object code produced by the assembler
is in hexadecimal format. It may be loaded directly into
the Intellec for execution and debugging or it may be
converted by the system monitor to BNPF format for
ROM programming.

Conditional Assembly — Conditional assembly permits
the assembler to include or delete sections of variable
code, such as the code required to handle optional
external devices, which may vary from system to
system.

Text Editor

The Intellec text editor is a comprehensive tool for
entering and correcting assembly language programs
for the Intel 8080 microcomputer. It is written in
PL/M-80. It occupies 8K bytes of RAM memory, includ-
ing over 4500 bytes of workspace. The workspace may
be expanded to a maximum of 58K bytes by adding RAM
memory. All /O in the editor is done through the system
monitor, enabling the editor to take advantage of the
monitor's /0 system. The editor is shipped in hexadec-
imal object format on paper tape or diskette and is stan-
dard with each Intellec. The editor's command set
allows the user to manipulate either entire lines of text
or individual characters within a line.

Program Entry — Programs may be entered directly
from the console keyboard or from the system reader
device. Text is stored internally in the editor's work-
space, and may be edited with the following commands:

¢ string insertion or deletion
® string search
¢ string substitution

Utility commands — To facilitate the use of these
editing commands, utility commands are used to
change positions in the workspace. These include:

* move pointer by line or by character
* move pointer to start of workspace
* move pointer to end of workspace

Storage — The contents of the workspace may be listed
to the system console or written to the system list or
punch device for future use.

OPTIONAL FEATURES

The basic Intellec capabilities may be significantly
enhanced by the addition of optional teatures, including
in-circuit emulators, the universal PROM programmer, a
diskette operating system, input/output modules, RAM/
PROM memory, DMA modules, and ROM simulators.

In-Circuit Emulator

In-circuit emulators (ICE) extend Intellec diagnostic
capabilities into user configured systems. The Intellec
resident ICE processor operates in conjunction with the
host CPU and interfaces to the user system via an exter-
nal cable. The ICE processor replaces the user system
processor providing real-time emulation capability. Res-
ident memory and I/O may be substituted for equivalent
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user system elements, thus allowing the hardware
designer to sequentially develop his system by integrat-
ing Intellec and user system hardware. Display and
debug hardware eliminate the need for specially con-
structed user system equivalents. Augmenting these
capabilities are such powerful ICE debug functions as
setting breakpoints, tracing program flow, single step-
ping, and examining and altering CPU registers and
memory locations.

Universal PROM Programmer

The Intel UPP-103 Universal PROM Programmer is an
Intellec peripheral capable of programming and verify-
ing the following Intel PROMs: 1702A, 2704, 2708, 3601,
3604, 3624, 8702A, 8704, 8708, 8748, and 8755. Program-
ming and verification operations are initiated from the
Intellec system console and are controlled by programs
residentin the Intellec and universal PROM programmer.

Diskette Operating System

The addition of a single or dual drive diskette operating
system significantly reduces program development
time. An intelligent controller, constructed around
Intel’s powerful Series 3000 computing elements, pro-
vides diskette interface and control. Intel’s software
operating system (IDOS) in conjunction with the disk-
ette operating system hardware provides a highly effi-
cient and easy to use method for assembling, editing,
and executing programs.

Input/Output Modules

Customized user /O requirements may be satisfied by
adding I/0 modules. Each I/O module contains four 8-bit

input ports (latched or unlatched), four 8-bit latched out-
put ports (with adjustable strobe pulses), and eight sys-
temn interrupt lines. All inputs and outputs are TTL com-
patible. Optional /O may be expanded to a maximum of
44 input and 44 output ports.

RAM/PROM Memory

Memory may be expanded by adding RAM or PROM
modules in user defined combinations. Up to 64K bytes
of RAM may be added in 16K-byte increments. PROM
(Intel 8702A) may be added in 256-byte increments by
adding PROM modules with socket capacity for 6K
bytes and populating each module with the desired
mumber of PROMs. Maximum PROM capacity is 12K
bytes. RAM/PROM memory overlap is resolved by giving
PROM priority.

DMA Modules

DMA (direct memory access) modules work in conjunc-
tion with the Intellec MDS universal bus to maximize the
efficiency of data transfers between MDS memory and
selected I/O devices. Each module contains all the nec-
essary control and data transfer logic to implement a
complete DMA channel.

ROM Simulators

A ROM simulator composed of high speed bipolar RAM
emulates Series 3000 bipolar microprogram ROM mem-
ory. Each ROM simulator module may be used in
512 x 16 or 1024 x 8 configurations.

SPECIFICATIONS

Word Size (Intel 8080 host processor)

Data — 8 bits
Instruction — 8, 16, or 24 bits

Memory Size

RAM — 16K bytes expandable to 64K bytes using
optional modules.

ROM — 2K bytes expandable to 14K bytes in 256-byte
increments using optional PROM modules.

PROM — 256 bytes expandable using optional 6K or
16K modules.

Total — RAM, ROM, and PROM may be combined in
user defined configurations up to a maximum of 64K
bytes.

Machine Cycle Time
Host Processor (intel 8080) — 2.0us

Bus Transfer Rate
Maximum bus transfer rate of 5§ MHz

System Clocks

Host Processor (Intel 8080) — Crystal controlled at 2
MHz+0.1%

Bus Clock — Crystal controlled at 9.8304 MHz+ 0.1%

/0 Interfaces

CRT

Baud Rates: 110/300/600/1200/2400/4800/9600
(selectable)

Code Format: 7—12 level code (programmable)
Parity: Odd/even (programmable)
Interface: TTL/RS232C (selectable)
TTY

Baud Rate: 110

Input: 10 level or greater

Output: 11 level

Parity: Odd

Interface: 20 mA current loop
High Speed Paper Tape Reader
Transfer Rate: 200 cps

Control: 2-bit output, 1-bit input
Data: 8-bit byte

Interface: TTL

Punch

Transfer Rate:75 cps

Control: 2-bit output, 1-bit input
Data: 8-bit byte

Interface: TTL
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Printer

Transfer Rate: 165 cps

Control: 2-bit status input, 1-bit output
Data: ASCII

Interface: TTL

PROM Programmer

Control: 3 strobes for multiplexed output data
Data: 8-bit bidirectional

Interface: TTL

General Purpose 1/0 (Optional)

Input Ports 8-bit TTL compatible (latched or
unlatched); expandable in 4 port increments to 44 input
ports

Output Ports — 8-bit TTL compatible {latched); expand-
able in 4 port increments to 44

Interrupts — 8 TTL compatible interrupt lines

Interrupt
8-level, maskable, nested priority interrupt network initi-
ated from front panel or user selected devices.

Direct Memory Access

Standard capability on Intellec bus; implemented for
user selected DMA devices through optional DMA
module — maximum transfer rate of 2 MHz.

Memory Access Time
RAM ~— 450 ns
PROM — 1.3 us using Intel 8708A PROM

Software Capability

System Monitor — Devices supported include:
ASR 33 teletype

Intel high speed paper tape reader

Paper tape punch

CRT

Printer

Universal PROM programmer

4 recognized logical devices

Macroassembler — Accommodates 800 symbols in
standard system; automatically expandable with addi-
tional RAM memory to 6500 symbols maximum; assem-
bles all 78 8080 machine instructions plus 10 pseudo-
operators.

Text Editor — 12K bytes of workspace in standard
system; automatically expandable with additional RAM
memory to 58K bytes.

Software Operational Environment

System Monitor - required hardware:
Intellec system

331 bytes RAM memory

2K bytes ROM memory

System console

Macroassembler — required hardware:
Intellec system

48K bytes RAM memory

System console

Reader device

Punch device

List device

Required software: system monitor

Text Editor — required hardware:
Intellec system

8K bytes RAM memory

System console

Reader device

Punch device

Required software: system monitor

Tape Format — Hexadecimal object format

Interface Cables/Connectors

MDS-920 — High speed punch interface cable
MDS-930 — Peripheral extension cable

MDS-940 — DMA cable

MDS-950 — General purpose l/O cable

MDS-860 — 25-pin connector pair

MDS-970 — 37-pin connector pair

MDS-980 — 60-pin motherboard auxiliary connector
MDS-985 — 86-pin motherboard main connector
MDS-990 — 100-pin connector hood

Emulators

MDS:-ICE-30 — 3001 MCU In-Circuit Emulator
MDS-ICE-80 — 8080 In-Circuit Emulator
MDS-ICE-48 — MCS-48 8748 In-Circuit Emulator
MDS-ICE-85 — MCS-85 8085 In-Circuit Emulator

Peripherals

MDS-UPP — UPP-103 Universal PROM Programmer
MDS-PTR — High Speed Paper Tape Reader
MDS-DOS — Diskette Operating System

811



intel
MCS-48

DISKETTE-BASED SOFTWARE
SUPPORT PACKAGE

Extends Intellec microcomputer develop-  Takes advantage of powerful ISIS-ll file

ment system to support MCS-48 handling and storage capabilities
development

MCS-48 assembler provides conditional Provides assembler output in standard
assembly and macro capability Intel hex format

The MCS-48 Diskette-Based Software Support Package is provided with the Intel ISIS-II system diskette and contains
both the MCS-48 assembler and the diskette version of the universal PROM mapper. The assembler translates sym-
bolic 8048 assembly language instructions into the appropriate machine operation codes, and provides both condi-
tional and macroassembler programming. Output may be loaded either to an ICE-48 module for debugging or into an
Intellec microcomputer development system for 8748 PROM programming using the universal PROM programmer.

intel®
DOUBLE DEMSITY
FLEXIR

Intel, Intellec, INSITE, Library Manager, MCS, MEGACHASSIS, MICROAMP, PROMPT, uSCOPE, MULTIBUS, RMX/80, UPI-41, ICE, and iSBC are tradi of Intel Ci i

® Intel Corporation, 1978 8-12



MCS-48 DISKETTE-BASED SOFTWARE SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

The MCS-48, a software support assembler package, is
provided with the 1SIS-Il system diskette and contains
both the MCS-48 assembler and the diskette version of
the universal PROM mapper. The MCS-48 assembler
translates symbolic 8048 assembly language
instructions into the appropriate machine operation
codes. The ability to refer to program addresses with
symbolic names eliminates the errors of hand transla-
tion and makes it easier to modify programs when
adding or deleting instructions. Conditional assembly
permits the programmer to specify which portions of
the master source document should be included or
deleted in variations on a basic system design, such as
the code required to handle optional external devices.
Macro capability allows the programmer use of a single
label to define a routine. The MCS-48 assembler wil!
assemble the code required by the reserved routine
whenever the macro label is inserted in the text. Qutput
from the assembler is in standard Intel hex format. It
may be either loaded directly to an in-circuit emulator
(ICE-48) module for integrated hardware/software de-
bugging, or loaded into an Intellec development system
for 8748 PROM programming using the universal PROM
programmer. A sample assembly listing is shown in
Table 1.

1S1S.11 8048 MACROASSEMBLER, V1 0 PAGE 1

Loc 084 SEQ SOURCE STATEMENT

1 .DECIMAL ADDITION ROUTINE ADD BCD NUMBER

2 AT LOCATION 'BETA TO BCD NUMBER AT "ALPHA' WITH

3 :RESULT IN ‘ALPHA ' LENGTH OF NUMBER IS COUNT DIGIT
4 PAIRS (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH
5 .AND HAVE EVEN NUMBER OF DIGITS OR MSD IS 0 IF

6 00D

7

8

NIT MACRO  AUGND.ADOND CNT
MOV RO. #AUGND

9 Lt MOV R1. #ADDND

10 MOV R2.#CNT

" ENDM

12
0001E 13 ALPHA  EQU 30
0028 11 BETA  EQU 40
0032 15 COUNT  EQU 5
0100 16 ORG 100H

17 NIT ALPHA, BETA, COUNT
0100 BBIE 18+ MOV RO. WALPHA
0102 B928 194 L1 MOV R1.#BETA
0104 BA32 20+ MoV R2. #COUNT
0106 97 21 CLA [
0107 FO 2 P MOV A RO
0108 71 23 ADOG A @Rl
0109 57 2 oA A
010A Al 2 MOV it RO. A
010B 18 26 INC RO
010C 19 27 INC R1
010D EAO7 28 DuNZ a2.Lp

END

USER SYMBOLS
ALPHA OC01E  BETA 0028  COUNT 0005  LP 0107
U002

ASSEMBLY COMPLETE. NO ERRORS,

'SIS1I ASSEMBLER SYMBOL CROSS REFERENCL. V10 PAGE 1

SYMBOL CROSS REFERENCE.
ALPHA 138 17

BETA 1ar 17
COUNT 15# 17

INIT ™ o7
I8 199
P 2 28

Table 1. Sample MCS-48 Diskette-Based
Assembly Listing

SPECIFICATIONS

Operating Environment
Required Hardware

Intellec microcomputer development system
System console

Intellec diskette operating system

32K RAM (non-macroassembler)

48K RAM (macroassembler)

Optional Hardware

Universal PROM programmer

Shipping Media
Diskette

Reference Manuals

9800255 — MCS-48/UPI-41 Assembly Language Pro-
gramming Manual (SUPPLIED)

9800236 — Universal PROM Mapper Operator's Manual
(SUPPLIED)

9800306 — 1SIS-Il User’s Guide (SUPPLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Product Code Description

MDS-D48 Diskette-based assembler for MCS-48
family of microprocessors.
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ICE-48
MCS-48 IN-CIRCUIT EMULATOR

Emulates 8048, 8748, 8035, and 8021 Microcomputers

Extends Intellec microcomputer develop- Eliminates need for extraneous debug-
ment system debug power to user con- ging tools residing in user system

figured system via external cable and
40-pin plug, replacing system MCS-48

device Collects bus, register, and MCS-48 status

information on instructions emulated

Emulates user system MCS-48 device in
real time Provides capability to examine and alter
MCS-48 registers, memory, and flag

Shares static RAM memory with user values, and to examine pin and port

system for program debug values
Provides hardware comparators for user Integrates hardware and software efforts
designated break conditions early to save development time

The ICE-48 MCS-48 In-Circuit Emulator module is an intellec-resident module that interfaces with any MCS-48 system.
The MCS-48 family consists of the 8048, 8748, 8035, and 8021 microcomuters. The ICE-48 module interfaces with an
MCS-48 system through a cable terminating in an MCS-48 pin-compatible plug which replaces the MCS-48 device in
the system. With the ICE-48 plug in place, the designer has the capability to execute the system in real time while col-
lecting up to 255 instruction cycles of real-time trace data. in addition, he can single step the system program to
monitor more closely the program logic during execution. Static RAM memory is available through the ICE-48 moduie
to emulate MCS-48 program and data memory. The designer can display and alter the contents of data and replace-
ment RAM control memory, internal MCS-48 registers and flags, and I/O ports. Powerful debug capability is extended
into the MCS-48 system whiie ICE-48 debug hardware and software remain inside the Intellec system. Symbolic refer-
ence capability allows the designer to use meaningful symbols rather than absolute values when examining and modi-
fying memory, registers, flags, and I/O ports in this system.

Intel, Inteltec, INSITE, Library Manager, MCS, MEGACHASSIS, MICROAMP, PROMPT, uSCOPE, MULTIBUS. RMX/80. UPI-41, ICE, and iSBC are trademarks of Intel Corporation.

® Intel Corporation, 1978 814



ICE-48

FUNCTIONAL DESCRIPTION

Debug Capability Inside User System

The ICE-48 module provides the user with the ability to
debug a full prototype or production system without
introducing extraneous hardware or software test tools.
The module connects to the user system through the
socket provided for the MCS-48 device in the user
system. Intellec memory is used for the execution of the
ICE-48 software. The Intellec console and file handling
capabilities provide the designer with the ability to com-
municate with the ICE-48 module and display informa-
tion on the operation of the prototype system. The
ICE-48 module block diagram is shown in Figure 1.

Batch Testing

In conjunction with the ISIS-II diskette operating
system, the ICE-48 module can run extensive system
diagnostics without operator intervention. The designer
or test engineer can define a complete diagnostic exer-
cise, which is stored in a file on the diskette. When acti-
vated with an ISIS-Il submit command, this file can
instruct the ICE-48 module to execute the diagnostic
routine and store the results in another file on the
diskette. Results are available to the designer at his
convenience. In this way, routine diagnostics and long
term testing may be done without tying up valuable
manpower.

Integrated Hardware/Software Development

The user prototype need consist of no more than an
MCS-48 socket and timing logic to begin integration of
software and hardware development efforts. Through
the ICE-48 module mapping capabilities, Intellec system
resources can be accessed to replace prototype
memory. Hardware designs can be tested using the
system software to drive the final product. Thus, the
system integration phase, which can be costly when
attempting to mesh completed hardware and software
products, becomes a convenient two-way debug tool
when begun early in the design cycle.

Real-Time Trace

The ICE-48 module captures trace information while the
designer is executing programs in real time. The instruc-
tions executed, program counter, port values for port 0,
port 1, and port 2, and the values of selected MCS-48
status lines are stored for the last 255 instruction cycles
executed. When retrieved for display, code is disassem-
bled for user convenience. This provides data for deter-
mining how the user system was reacting prior to emu-
lation break, and is available whether the break was user
initiated or the result of an error condition. For more
detailed information on the actions of internal registers,
flags, or other system operations, the user may operate
in single or multiple step sequences tailored to system
debug needs.

USER SOCKET

11

INSTR |
SIMULATOR
CABLE INTERNAL
BUFFER 1 Thiver
MAP
Y| TRACE — coNTROL
| \] MEm CONTROL PROCESSOR DATA PROGRAM N
— r g
4K BREAK- =
PGM POINT w
MEM COMPARE ot
L] 8080 i
P LATCH (\F j/T CONTROL | 2
g7as T2A ADDR ADDR PROCESSOR [ |5
W/INTERNAL j
MONITOR PGM CONTROL o
EASS PO DATA PROCESSOR 5
. INTERFACE =
CONTROL
|| i r | r L SCRATCH
BREAK 256-BYTE INSTR | | PAD
TIMING DATA MEM DECODE

Figure 1. ICE-48 Module Block Diagram
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ICE-48

Memory Mapping
The 8748 and 8048 contain internal program and data

memory. Both program and data memory can be
expanded using external memory devices.

Internal Memory — When the MCS-48 microcomputer is
replaced by the ICE-48 socket in a system, the ICE-48
module supplies static RAM memory as a replacement
for the internal microcomputer memory. The |ICE-48
module has enough RAM memory available to emulate
up to the total 4K control memory capabitity of the sys-
tem. The ICE-48 module also provides for up to 320
bytes of data memory.

External Memory — The ICE-48 module separates
replacement control memory into 16 256-byte blocks.
Replacement external data memory consists of one
256-byte block. Each block of memory can be defined
separately as supplied by the user system or supplied
by the ICE-48 module. The user may assign ICE-48 equi-
valent memory to take the place of external memory not
yet supplied in his system. During final debug stages
when external PROM or resident 8748 is used for
program execution, the designer may load the program
back to ICE-48 memory to test out program changes
before reassembly and reprogramming the PROM.

Symbolic Debugging

ICE-48 software provides symbolic definition of all
MCS-48 registers, flags, and selected MCS-48 pins.
Symbolically defined pseudo registers provide access
to the sense of MCS-48 flip flops which enable time,
counter, interrupt, and flag-O/flag-1 options. In addition,
the user may reference locations in program and data
memory, or their contents, symbolically. The user sym-
bol table generated along with the object file during a
program assembly may be loaded to Intellec memory for
access during emulation. The user is encouraged to add
to this symbol table any additional symbolic values for
memory addresses, constants, or variables he may find
useful during system debugging. Symbols may be sub-
stituted for numeric values in any of the ICE-48 com-
mands. Symbolic reference is a great advantage to the
system designer. He is no longer burdened with the
need to recall or look up those addresses of key loca-
tions in his program that can change with each assem-
bly. Meaningful symbols from his source program may
be used instead. For example, the command:

GO FROM . START TILL XDATA . RSLT WRITTEN

begins execution of the program at the address refer-
enced by the label START in the designers assembly
program. A breakpoint is set to occur the first time the
microprocessor writes to the external data memory
location referenced by RSLT. The designer does not
have to be concerned with the physical locations of
START and RSLT. The ICE-48 software driver supplies
them automatically from information stored in the sym-
bol table.

Hardware

The ICE-48 module is a microcomputer system utilizing
Intel’s 8748 microcomputer as its nucleus. The 8748 pro-
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vides the MCS-48 emulation characteristics. The ICE-48
module uses an Intel. 8080 to communicate with the
Intellec host processor via a DMA port. The 8080 also
controls an internal ICE-48 bus for intramodule com-
munication. ICE-48 hardware consists of two PC boards,
the controller board, and the emulator board, all of
which reside in the Intellec chassis. A cable interfaces
the ICE-48 boards to the MCS-48 system. The cable ter-
minates in a MCS-48 pin compatible plug which
replaces any MCS-48 device in the user system. The
ICE-48 module block diagram is shown in Figure 1.

Real-Time Trace

Trace Buffer

While the ICE-48 module is executing the user program,
it is monitoring port, program counter, data, and status
lines. Values for each instruction cycle executed are
stored in a 255 x 44 real-time RAM trace buffer. A reset-
table timer resident on the controller board counts in-
struction cycles and provides timing for the trace
monitor.

Controller Board

The ICE-48 module talks to the Intellec system as a
peripheral device. The controller board receives com-
mands from the Intellec system and responds through a
DMA port. Three 15-bit hardware breakpoint registers
are available for loading by the user. While in emulation
mode, a hardware comparator is constantly monitoring
address and status lines for a match to terminate an
emulation. The breakpoint registers provide a signal
when a match is detected. The user may disable the
emulation break capability and use the signal to syn-
chronize other debug tools. The controller board returns
real-time trace data, MCS-48 register, flag, and pin
values, and ICE-48 status information, to a contro! block
in the Intellec system when emulation is terminated.
This information is available to the user through the
ICE-48 interrogation commands. Error conditions, when
present, are automatically displayed on the Intellec sys-
tem console. The controller board also contains static
RAM memory, which can be used to emulate MCS-48
program and data memory in real-time. 4K of memory is
available in 16,256-byte pages to emulate MCS-48 PROM
or PROM program memory. A 256-byte page of data
memory is available to access in place of MCS-48 exter-
nal data memory. The controller board address map
directs the ICE-48 module to access either replacement
ICE-48 memory or actual user system external memory
in 256-byte segments based on information provided by
the user.

Emulator Board

The emulator board contains the 8748 and peripheral
logic required to emulate the MCS-48 device in the user
system. A software selectable 6 MHz or 3 MHz clock
drives the emulated MCS-48 device. This clock can be
disabled and replaced with a user supplied TTL clock in
the user system.



ICE-48

Cable Card

The cable card is included for cable driving. It transmits
address and data bus information to the user system
through a 40-pin connector which plugs into the user
system in the socket designed for the MCS-48 device.

Software

The ICE-48 software driver is a RAM-based program
which provides the user with an easy to use command
language (see Table 1, Table 2, and Table 3) for defining
breakpoints, initiating real-time emulation or single step
operation, and interrogating and altering user system
status recorded during emulation. The ICE-48 command
language contains a broad range of modifiers to provide
the user with maximum flexibility in defining the opera-

Command Operation

Prints contents of memory, MCS-48
device registers, /O ports, flags, pins,
real-time trace data, symbol table, or
other diagnostic data on list device.

Display

Change Alters contents of memory, register, out-
put port, or flag. Sets or alters break-
points and display registers.

Map Defines memory status.

Base Establishes mode of display for output
data.

Suffix Establishes mode of display input data.

Table 2. ICE-48 Interrogation Commands

tioln to be Performed(.jThe ICE-48. so:;tzv}séaref (:ritveilr is e'l:;/:ib; Command Operation

able on diskette and operates in ot Intetlec Load Fetches user symbol table and object

memory. - .

code from input device.
Save Sends user symbol table and object code

Command Operation . to output device.

- : R X Define Enters symbol name and value to user

Enable Activates breakpoint and display regis- symbol table
ters for use with go and step commands. '

. . . Move Moves block of memory data to another

Go Initiates real-time emulation and allows

X A area of memory.
user to specify breakpoints and data List Defi list devi
retrieval. |§ efines list device.

Step Initiates emulation in single instruction Exit Returns program control to ISIS-IL.
increments. Each step is followed by Evaluate | Converts expression to equivalent values
register dump. User may optionally tailor in binary, octal, decimal, and hex.
other diagnostic activity to his needs. Remove Deletes symbols from symbol table.

Interrupt Emulates user system interrupt. Reset Reinitializes ICE-48 program variables.

Table 1. ICE-48 Emulation Commands

Table 3. ICE-48 Utility Commands

SPECIFICATIONS

ICE-48 Operating Environment
Required Hardware

Intellec microcomputer development system
System console

Intellec diskette operating system

ICE-48 Module

Required Software

System monitor
ISIS-1)

Equipment Supplied

Printed circuit boards

Interface cables and buffer module
ICE-48 software, diskette-based version

System Clock

Crystat controlled 6.0 MHz internal, 3.0 MHz internal or
user supplied TTL external: software selectable.

Physical Characteristics
Width — 12.00 in. (30.48 cm)
Height — 6.75 in. (17.15 cm)
Depth — 0.50 in. (1.27 cm)
Weight — 8.00 Ib. (3.64 kg)

Electrical Characteristics
DC Power Requirements

VCC = +5V +5%

lcc = 10A max; 7.0A typ

VDD = +12V 5%

lop = 79 mA max; 45 mA typ

Vgg = — 10V

|BB = 20 mA

Input Impedance — @ ICE-48 user socket pins:
V||__ = 0.8V (max), |||_ = 1.6 mA,

Vig = 2.0V (min), Iy = 40 uA

For Bus:

Vi = 0.8V (max), I, = 250 uA

Vi = 2.0V (max), iy = 20 yA

Output Impedance — @ ICE-48 user socket pins:

P1, P2:

VoL = 0.5V (max), Il = 16 mA
Von = Ve (10K pullup)

For Bus:

VoL = 0.5V (max), o, = 25 mA
Von = 3.65V (min), loy = 1 mA
Others:

VoL = 0.5V (max), lo. = 16 mA
Von = 2.4V (max), loy = 400 pA




ICE-48

Environmental Characteristics

Operating Temperature — 0°C to 40°C

Operating Humidity — Up to 95% relative humidity
without condensation

Reference Manuals
9800464 — ICE-48 Operator's Manual (SUPPLIED)

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Inte!l sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenrue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number Description

MDS-48-ICE 8048, 8748, 8035, 8021 CPU in-circuit
emulator. Cable assembly and interactive
diskette software included.



intel
MDS-EM1
8021 EMULATION BOARD

EPROM functional equivalent of 8021 — single Connects to prototype system through 8021 pin

component 8-bit microcomputer compatible plug
Based on 8748 — user programmable/erasable
EPROM 8-bit computer On-card 3.0 MHz or external TTL driven clock

Operates with ICE-48™ to provide full in-circuit
debugging of 8021 prototype system Portable 4" X 7" microcomputer circuit assembly

The MDS-EM1 emulator board is a ready-to-use 4" X 7" microcomputer circuit assembly that emulates the Intel 8021 micro-
computer. A 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system. The board is designed
so that it can be mounted either as a stand-alone unit, or within the prototype assembly.

The 8021 microcomputer has 1K X 8 mask-programmable ROM program memory and 64 by 8 RAM data memory. The
MDS-EM1 is controlled by an Intel 8748, with 1K of EPROM program memory and a 64 byte data memory. The EPROM can
be programmed and erased repeatedly during hardware and software development. The MDS-EM1 has several ancillary circuits
that perform the following functions which are specific to the 8021:

Zero crossing detector
Crystal controlled clock/buffer

Port @ simulator

For prototype debugging, the 8748 can be removed from its socket and replaced with a cable to an INTEL ICE-48. When
used with the MDS-EM1, ICE-48 emulates the 8021 in real-time, or single-steps the 8021 program at the user’s command.
A full range of capabilities for examining and modifying 8021 memory and status are supplied through 1CE-48.
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MDS-EM1

HARDWARE ZERO CROSS DETECTION SIMULATOR
The zero cross detection simulator enables the 8748's T1 input to
The MDS-EM1 emulation board uses the 8748 to perform the detect zero-crossings. The circuitry provides a high level signal on
emulation, a positive crossing and a low level signal on a negative crossing of
zero to the T1 input of the 8748.
P@ SIMULATOR
Port @ of the 8021 is a quasi*-bidirectional port. The P® simulator RESET BUFFER
converts the data bus of the 8748 into a quasi-bidirectional port. The 8021 resets on a logic HIGH level signal. However, the 8748

CRYSTAL CONTROL CLOCK BUFFER

resets on a logic LOW tlevel, thus an inverter is provided on the
MDS-EM1 to make the two chips compatible.

The MDS-EM1 allows user to select an on-board oscillator ora TTL
clock driven from the 8021 user’s prototype system via a Cambion OPTIONAL PULL-UPS

Suitcase jumper.

Resistors are provided to simulate the optional pull-up resistors on
T1 input and Port @ of the 8021. A removable resistor pack is used

Jumper Position State ) 3 o
on Port @. The T1 input pull up can be installed by soldering in a
wi A-B On-Board 50K resistor,
C-D External
TTL Clock
o¢ SOFTWARE
*A bidirectional port which serves as an input port, output port, When emulating the 8021 with MDS-EM1, the user must observe the

or both even though outputs are statically latched.

8021 instruction set.

] OPTIONAL
PULL-UP
PORT 8
DB0 - DB SOUATOR P00 — P07
P10 P17
P20 — P28
8748 ALE 8021
40 OR CABLE 28
LINES l:ﬂ_;‘g PROG PLUG LINES
CABLE TO 12 INCHES
ICE-28 gg;i;‘é‘t XTALY FLAT CABLE
I cLocK
| CROSSING
m DETECTION T
| SIMULATORS I
RESET T "/I } RESET
| RESET BUFFER | 78PN
e —l— — socker
Moncaro 1 [ =
| “cLock | OPTIONAL
L OPTION _| PULLUP

MDS-EM1 FUNCTION

DIAGRAM
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MDS-EM1

SPECIFICATIONS
OPERATING ENVIRONMENT
Stand-Alone
Required Hardware:
MDS-EM1 emulation board

In-Circuit Emulation
Required Hardware:
MDS-EM1 emulation board

Intellec  Microcomputer Development System configurated

to support ICE-48
EQUIPMENT SUPPLIED
MDS-EM1 printed circuit board

12” long flat cable terminating in 28-pin plug, pin compatible
with 8021

MDS-EM1 Operator’s Manual

SYSTEM CLOCK

Crystal controlled 3.0 MHz on board or user supplied TTL external
clock: hardware jumper selectable.

PHYSICAL CHARACTERISTICS

Width: 7.0in. (17.78 ¢cm)
Height: 4.0in. (10.16 cm)
Depth: 0.75in. (1.91 cm)
Weight: <1.0 Ibs. (0.45 kg)

ELECTRICAL CHARACTERISTICS
DC Power:

VCC 5V + 5%

loc 300 mA {max.)
ENVIRONMENTAL CHARACTERISTICS
Operating Temperature: 0 — §5°C

Operating Humidity: up to 95% relative humidity without conden-
sation

ORDERING INFORMATION
Part Number
MDS-EM1

Description
8021 Emulation Board
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MCS-48™ SYSTEM WORKSHOP

Courses presented at training centers and customer

facilities.

Training Centers
— Boston
— Chicago
— Santa Clara

System demonstrations

On-site courses tuned to customer requirements.

Hands-on

laboratory sessions reinforce lecture.

Training center classes limited to 12 attendees.

Scheduled on a continuing basis throughout the

year.

REGISTRATION AND ADDITIONAL INFORMATION: Contact MCD Training at Intel Corporation, Santa Clara, California
95051, (408) 246-7501, or your loca!l Intel sales office.

This workshop will prepare the student to design and develop a system using the Intel 8048 microprocessor through the use
of lecture, demonstration and laboratory ““hands-on’’ experience with the Intellec® Development System and PROMPT-48.

COURSE OUTLINE:
Day 1
Orientation
Introduction
a. Microprocessor System
1. Function
2. Organization
3. Programming
b. 8048 Overview
1. Functional Sections
2. Programming Model
3. Execution Sequence
Assembly Language Instructions
1/0 Instructions
. Data Move Instructions
Increment/Decrement Instructions
. Branch Instructions
Worksession No. 1
Accumulator Group Instructions
1. ADD/ADDC
2. Logicals
PROMPT-48
a. Function
b. Operation
Laboratory Exercise
a. Program Entry and Execution
using PROMPT-48
Day 2
Assembly Language Instructions
a. Accumulator Group Instructions
1. Flags
2. Rotates

+~ea0Te

b. Specials (XCH, DA, SWAP)
c. Worksession No. 2
d. Subroutines
1. Invocation
2. Stack Operation
e. Interrupt System
1. Description
2. Service Subroutines
3. Multiple Source Systems
Development System
a. Function
b. Disk Operating System
Text Editor and Macro Assembler
a. Function
b. Operation
Laboratory Exercise
a. Bootstrap Procedures
b. Create, Edit and Assemble
Source Program
c. Execute Program
Day 3
System Timing
a. Basic Timing and Timer
b. Bus Timing for Peripheral Devices
Peripherals and Design
a. Expanding Memory*
1. Program Memory {1, 2K ROMs}
2. Data Memory (RAMs)
b. Expanding Ports (8243)*
1. Device Characteristics
2. Software Contro! of Ports

c. Combination Chips*
1. 8155 RAM and /0 Chip
2. 8355,8755 ROM and 1/O Chip
d. Peripheral Interfacing (Parallel)*
1. 8255 Parallel 1/0
2. 8279 Keyboard and Display
Interface
—Keyboard Scanning
Techniques
~—Display Refresh
Laboratory Exercise
a. Editand Assemble Using DOS
b. Execute Using PROMPT-48
Day 4
Peripherals and Design
a. Peripheral Interfacing (Serial)*
1. Transmission Formats
2. Asynchronous Operation
3. RS232C Interface
b. A/D and D/A Interfacing*
1. Successive
Approximation A/D
2. A/D, D/A Chips
3. A/D Design
Laboratory Exercises
a. Editand Assemble Programs
b. Execute Programs
*Each section will consist of a design example
including schematic, bus loading calculations,
software and timing.

PROGRAMMABLE PERIPHERAL CIRCUITS WORKSHOP

This course will cover the Programmable Peripheral Circuits that are used in a wide variety of application areas such as process

control, terminals, communications, numerical control, instrumentation, etc.

Each device is covered in sufficient depth to allow the attendee to define its hardware and software characteristics and

evaluate its application areas.

COURSE OUTLINE:
Day 1
Introduction
a. Programmable Concept
1. Initialization Commands
2. Operation Commands
b. Addressing Methods
1. Chip Selection
2. Memory Mapping
3. 1/0 Mapping

8253 Programmable Interval Timer
8257 Programmable DMA Controller

8259 Programmable Interrupt Controfler

8279 Programmable Keyboard/Display
Interface

a. Chip Descriptions and Applications
b. Programming Requirements

c. Design Examples

8-22

Day 2

8271 Programmable Floppy Disc Controller
8273 SDLC Protocol Controller

8275 Programmable CRT Controller
8155/8355/8755 Combination Memory
and 1/0 Ports

a. Chip Descriptions and Applications

b. Programming Examples

c. Design Examples
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PACKAGING INFORMATION

APPENDIX 1

Intel Number

Product Standard of
Number | Package Type Pins

Microcomputers 8021 P 28
8048 D P 40

8049 D P 40

8748 C 40

8035 D P 40

8039 D P 40

Memory and 1/0 8355 D P 40
Expanders 8755A C 40
8155/8156 D P 40

1/O Expander 8243 D P 24
Standard ROMs 8308 D P 24
2316E cC D P 24

Standard EPROM 8708 B 24
2716 B 24

Standard RAMs 8111A-4 CcC D P 18
8101A-4 |B C P 22

5101 B P 24

Standard 1/0 8212 D P 24
8255 C P 40

8251 C D P 28

Standard Peripherals 8205 D P 16
8214 D P 24

8216 D P 16

8226 D P 16

8253 C 24

8259 D P 28

8278 D P 40

8279 D 40

Universal Peripheral 8041 D P 40
Interface 8741 C 40

Al1

B = Black Ceramic C = Ceramic D = Ceramic DIP P = Plastic




PACKAGING INFORMATION Al dimensions in inches and (millimeters)

16-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

835 (21.209)
825 (20.955)
PIN1
o
d .255 (6.477)
.245 (6.223)

-— a25
P~ MAX, —]
.200(5.080) 1140 (3.556) (8.255)
MAX. -130 {3302) ]
A I 1]
SEATING E u H ]IF'_‘ i 010 TYP 0
PLANE { (0.254) le \‘: 1_5”
125 (3.175) 015 MIN. i '
UM L_ 10.381) !
' 020 (0.508) L2
110 (2.794) 080TYP  032TYP ‘016 (0.408) (8.890)
1090 (2.286) (1.524) 0.813) REF.
.790 (20.066)
16-LEAD HERMETIC DUAL IN-LINE 1750 {19.050)
PACKAGE TYPE D PIN1
310 (7.874)
.265 (6.731)
325
.200(5.080) 165 (4.191) o ]
MAX. 140 (3556) 18.255)
—— = —Tr—
SEATING i aui -
PLANE 010 TYP 1=
f 015MIN, - %
125 (3.175) __ L (0.381) (0.254) ~p
MIN. 410 (2.794) L_ i 375 i
! 060 TYP ~»il=-,020 (0.508) le—(o'525)
090 (2.286) (1.524) 032TYP, 1076 (0.406) REF.
(0.813)
18-LEAD PLASTIC DUAL IN-LINE %-’:g:-gg;: .
PACKAGE TYPE P : ' e
[~}
|: 255 (6.467)
.245 (6.223)
-—- 325
j— MAX.—»
.200(5.080) 140 (3.556) (8.255)
MAX. 130 (3.:302) ]
I ; ]
e [ ” ][ - i o, OOTYP T o
125 (3.175) L N (0.254) i
S L_ 10.381) ] i
4 279 JL 020 (0.508) L__ 350 _J
110 (2.794) D60TYP  paytve “375 (0406} (8.890)
090 (2.286) (1.524) 0.813) 016{0- REF.
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

18-LEAD HERMETIC DUAL IN-LINE 920 (23,000)
880 (22.352
PACKAGE TYPE D 1223521
PIN 1
310 (1.874)
265 (6.731)
325
-200(5.080} 1165 (4.191) [+ MAX.
MAX. 140 (3556) | (8.255)
SEATING _L_f . -
PLANE { 015 MIN. 010 TVPJ_‘_ L 92T
125 (3.175) T (0.381) (0.254) T =
MIN. —.] L_ I__ 1020 (0.508) 375 :
i 1016 (0.406) |<—(9.5zs)—>|
10 {2794) 060 TYP 032 TYP REF.
0% (2286)  (1.524) 0.813)
1.105 (28.067)
22-LEAD PLASTIC DUAL IN-LINE 1,096 (27.813)
PIN 1
PACKAGE TYPE P U =
|j 355 (9.017)
345 (8.763)
S 425
la— MAX. —m!
.200 (5.080) 155 (3.937) (10.795)
MAX. 145 (3683) 7
- - ]
SEATING - —
010 TYP f 0o
PLANE { 15°
125 (3.175) I 1 OIS MIN. (0254 wis
MIN. L_ oA JL_ (0.381)
™ 1020 (0.508) l__ 450 _’l
.10 (2.794) 060TYP 032 TYP .016 (0.406) “A‘é&" !
.090 (2.286) (1.524) (0.813) :
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D _ PN
:400 {10.16)
370 (9.398)
425
MAX, ——=
.200(5.080) 180 (4.572) ™ h0.298)
MAX. 150 (3.810)
: — —TT—
seating qw—-— i o
PLANE f 010 TYP =
015 MIN, ' 3
126 (3.475) ] ’l L 060 TYP 10.381) (0.254) el il
MIN. 110 2.794) L_ b __]L i 475 i
110 (2.794) (1.524) 1020 (0.508) le—(12.085)—
090 (2.286) '(’(%231;;)" 076 {0.406) ety
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PACKAGING INFORMATION Al dimensions in inches and (millimeters)

24-LEAD PLASTIC DUAL IN-LINE

PACKAGE TYPE P 1,245 (31.623)
i * 1.235 (31.369)
PIN 1
— = T
[t e
535 (13589)
R l 625
ja— MAX.
.200(5.080) 160 (4.064) (15.875)
MAX, 150 (3.810) ]
1 T i 010 TYP ' o
PLANE T J l Towsmm, 0250 ~r -.: 18°
125 (3.175) L_ JL {0.381)
MIN. - L—
i 020 (0.508)
L0 (2 794) 060 TYP 032 TYP 016 (0.406) 0.406) “8 510)—’!
090 (2.286) (1.524) 0.813)
1.285 (32.639)
24-LEAD HERMETIC DUAL IN-LINE 125 B1369)
PACKAGE TYPE D N1
800 (15.240)
515 (13.081)
625
MAX.
.220(5.588) 175 (4.445) ~
MAX. 145 (3683) (15.875)
SEATING ‘ ) .
PLANE T 010 TYP, # N
125 (3.175) A (0.254) ~ |18
MIN, L .060 TYP. _’H (
- (1.524) l<-,020 (0.508) l._m 145)—4
110 2.794) 032TYP 076 (0.406)
.090 (2.286) (0.813)
28-LEAD PLASTIC DUAL IN-LINE - 1.455 (36.957)
PACKAGE TYPE P 1345 {36.703) .
I
T [+]
[ nase
535 (13.665)
|
!
R 1 625
fe— MAX. —
.200 (5.080) .160 (4.064) {15.875)
MAX. - 50 (3810)
SEATING :_— - __1 H "
= 010 TYP t o
PLANE T Lomsmin. gosy e . e
1125 (3.175) | L_ - ,j {0.381) | I
MIN. > 20 (0. 650
a0 sy oeTve o pyp I 200500 20
090 (2.286) (1.524) 0.813) 01604 REF.

Al14



PACKAGING INFORMATION Al dimensions in inches and (millimeters)

28-LEAD HERMETIC DUAL IN-LINE

PACKAGE TYPE D 1485 (377191
5 (36.449)
PIN 1
600 (15.240)
515 {13.081)
625
fe—MAX
.220(5.588) 175 (4.445) _ .
f MAX. 25 (3.683) (15.875) |
h . _
i ! SEATING % —_— __i___! i ) -
PLANE [ 015MIN. 010 TYP»‘,L, N e
125 (3.175)_f—— (0.381) (0.254) ¥ |
MIN. L_ .060 TYP. _J 675 |
(1524) < 020 (0.508) l—17.145) —
110 {2.794) .0327TYP 016 (0.406) REF.
1090 (2.286) (0.813)
40-LEAD PLASTIC DUAL IN-LINE - 2.055 (52.197)
2.045 (51.943 ”
PACKAGE TYPE P ¢ )
PIN 1
o
[|3tsn3sen
535 (13.589)
|
—— L] 625
MAX.
.200{5.080) 175 (4.445) (15.875)
MA" .65 (4181) 7]
_SEATING t[ i} H IT-- . .
- - 010 TYP I
T PLANE f___ J \ Fowsmin 0250 | - 15°
12543 175) - {0.381) ]
J L_ ,]L 020 (0.508) L 650 __l
110 (z 794) oso TYP  .032TYP 016 0.406) (16.510)
090 (2.286) (1.524) (0.813) REF.
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2,030 (51.562)
PACKAGE TYPE D _ PIN 1
600 (15.240)
515 (13.081)
625
MAX.
.220 (5.588) 175 (4.445) [
MAX. 85 (3.683) (15.875)
SEATING ! B
PLANE 015 MIN. o(:)oz';:p _.L \.: 15
1125 (3.175) _] 060 TYP 10.381) ) o
MIN. r~ L— (1.524) 020 (0.508) (17 us)
110 (2.794) 032TYP 016 (0.406)
1090 (2.286) 10.813)
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PACKAGING INFORMATION Ail dimensions in inches and (millimeters)

24-LEAD HERMETIC DUAL IN-LINE 1.215 (30.861)
PACKAGE TYPE C 1.185 (30.099)

PIN 1 MARK

600 (15.240)
.570 (14.478)

145 MAX
.200 (5.080) 095 (2.413) (3“_”683]
MAX. 070 (1.778) %
T et
SEATING -—~j ﬁ |U1 q p ﬁq 0
010 TYP | -
PLANE 9 -{.ozoMlN 10.258) \i /10
125 (3.175) 050 TYP _—“ (0.508) ! !
MIN, (1.270) 022 {0.558} 625
=~ 075 {0.381) L—ns.m)——J
110 (2.794) REF.
090 (2.286) .
Dem— - x
40-LEAD HERMETIC DUAL IN-LINE ’ " PIN 1 MARK
PACKAGE TYPE C —
600 (15.240)
570 (14.478)
Y 200 (5.080) 095 (2.413)
MAX. 070 (1.778)
[ =" 145 MAX.
(3.683)
SEATING -—- o
PLANE —f_ czommy, 010 TYP N k/""
0.508) 10.254) !
125 (3.175) 050 TYP |
MIN. 1.270) 022 (0.558) L_“ésggs)_.l
015 (0.381) -
110 (2.794) REF.
090 (2.286)

Al16



ORDERING INFORMATION

Semiconductor components are identified as follows:

Example:
M Cc 5 1 0 1 L — 4
L I L |
Four or five characters Up to three character
per device type modifier for power,

speed, processing, etc.
Package Type
B — Hermetic Package, Type B
C — Hermetic Package, Type C
D — Hermetic Package, Type D
M — Metal Can Package
P — Plastic Package
X — Unpackaged Device

M — Indicates Military Operating
Temperature Range

Examples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial
temperature range.

MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level
C processing.*

MC8080A/B 8080A Microprocessor, hermetic package Type C, military temperature range, M{L-STD-883
Level B processing.*

Kits, boards and systems may be ordered using the part number designations in this catalog.
The latest Intel OEM price book should be consulted for availability of various options. These may be

obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates M/L-STD-883 Level
C processing. “S” number suffixes must be specified when entering any order for military temperature devices. All orders
requesting source inspection will be rejected by Intel.
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1702A/4702A/8702A Famil

CUSTOMER EPROM 2708/8708/2704 Famil
ORDER FORM 2716, 2758, 8741, 8748, 875!
A
c P # For Intel Use Only
ompan hone
pany S#
Company Contact Date
STD
P.O. # Intel Device P/N
APP.
Date
All custom MOS EPROM orders must be submitted on this form. Programming information
should be sent per the formats described in the Programming Instruction section of the Intel
Data Catalog. Additional forms are available from Intel,
MARKING 1
0 B1702a
The marking will consist of the Intel Logo, the product and package type (B1702A), the ﬂ XXYY
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY),

and the customer part number (Z....2). The customer part number is limited to a maximum
of 9 digits or spaces.

1702A MARKING| Wwww
EXAMPLE| 2Z....Z

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

[ Single Density [ Double Density

CUSTOMER PART NUMBER

Customer P/N Floppy Disk File Name Intel Pattern Number
(Please Fill-1n) (Please Fill-In) (Please Do Not Use)
S DR T S U O Y VO S B LIPS S S T T I T O | L S T U T S
2SN TN O T T T O S O SN T T N T O I 2 T T S O O S |
< S U T Y T W SO A | RN T TN I N Y S b N T T I Y T
4, 4oy 40 1 1y L T T I O O
TR T T T TN T TN O M I 5 1L 10ty LTS T I O O O O
6. L 1 V11111 (< S T T O T I 6. L1 1 o111y
/2SN T N T T N T S 7 T N I T Y O A 72 T T T O |
8 oLt 8 Lt v lly = O S N N I O S |
LS S N T SO T T T S B £ R S N I I N N N B I LSS T I T T N S O
100 4 4 4 1ty L T T Y N | 10, 1 ¢ 1oLt
LIPS O N Y T T Y | LI PO O T T T Y I I P T T Y O
120 1 v vy 120 bt g | -2 T T T T A |
L S T T T S O T T S | < F T T T I S T S S B 130 L by
L T T T T A | L T Y Y T O Y LS T TR T T O T T T |
=T IS Y O | L S R T T T T W T LTS T TR T T N N A
16, 1L 1 11 16, (4 ¢+ ¢ 4ty 16, L b4l
17, e d LI 2% VO T T T T Y O LI 2% N T O T
18 L1 1oty 18 Lt 4 1oty b)) 18 L 11t
R I S O U 2SN N TN T T T I T O = T T T T T O A
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CUSTOMER 8041, 8048 ROM 8041, 8048
ORDER FORM
Cc
For Intel Use Onl
Company Phone # or Intel Use Only
Company Contact Date S#
STD
P.O. # Package Type: [J Plastic O Cerdip
APP
Date
All custom 8041 and 8048 orders be submitted on this form. Programming information
should be sent per the formats described in the Programming Instruction section of the Intel
Data Catalog. Additional forms are available from Intel.
MARKING
All devices will be marked as shown at the right figure. The marking will consist of the Intel 0 P8048 wWWWw
Logo, the product and package type {P8048), the 4-digit Intel pattern number (WWWW), a
date code {(XXYY), and the customer part number (Z....Z). The customer part number is XXYY Z....2
limited to a maximum of 9 digits or spaces.
1

P8048 MARKING EXAMPLE

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

[0 Single Density

O Double Density

CUSTOMER PART NUMBER

Customer P/N
(Please Fill-In)

I

i1

O I N O T o |
A T T S N O S |
S T R W I S S T |
S I N [ N A T |
S S I D SN S S S B |
S M N N N W S I |
S TN N N [N S S N B |
i 4t ¢ + 1 1 {4
S S [ O T |
Lt t 1t (& t ]
S U I R O I
Y S O W (I |
S T S A I ) |
N S Y T S Sy By |
S O T Y S A T |
I IS T RO A
S N N R N |
Y O O A |
U S T Y S S I

Floppy Disk File Name
(Please Fill-In)

2 S T T T T T
72 N T T T N O T T S |
S T S S T T |
R T T Y T T T T |
TSN T T S I T T |
6.+ 4 o4 11ty
72 W S T O O O I |
8 Loyt vt)

©
r
B
-
-
-
-

-
o
L

—_ -
N -

—
w

-
I

-
o

[

—_
~
—

© ®
[ [
- F

S
-
-
n

e o
©®N PP RBORNE5 0

20.

® N OO R WN =

Intel Pattern Number
(Ptease Do Not Use)

O |
A O S Y S S S S |
S N T T W Ty oy |
N T S S S T T N B e
N T I Y I s
T Y R S A o
O I S N e o |
S I S I S N VN S o
S S O (N
U S S T S o
S T N I VN S S |
S N S ) T )
Y I SO T TN I N S T T |
Y N S D T IS U S S
R S N I Y Y N N N B |
S S Y T A I N N |
N N N IS (R N I |
et ¢t {1 1 i J
S Y S U U A N I |
U S T R T T I S




- ®
In%l INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080

CUSTOMER 8021 ROM

ORDER FORM
I

Company Phone No. For Intel Use Only

Company Contact Date S No.

P.O. No. Package Type: U Plastic O Cerdip STD

. . APP

All custom 8021 orders must be submitted on this form. Programming information should be
sent in the form of computer punched cards or punched paper tape per the formats described DATE
in the Programming Instruction section of the Intel Data Catalog. 8748's may also be used to
input programming information for the 8021. Additional forms are available from Intel.
MARKING
All devices will be marked as shown at the right figure. The marking will consist of the Intel P8o21 wwww
Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a XYY 2 7
date code (XXYY), and the customer part number (Z....Z). The customer part number is

limited to a maximum of 9 digits or spaces.
P8021 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N Intel Pattern Number
(Please Fill-In) (Please Do Not Use)

1/0 Mask Options
Specify the desired connection for each 1/0O line on Port 0 and for the T1 input by marking only one box for each pin.

OPTIONAL PULLUP RESISTOR

PIN OPTION Port 0:. _ ,
1 2 Option 1 deletes the pullup resistor on the 1/0 line

700 a providing true open drain outputs.
Option 2 includes the pullup resistor on the 1/O line I

P01 5 providing a quasi-bidirectional line.

P02 6 o—i

P03 7

P04 8 T -

PO5 9 Option 1 deletes the pullup resistor for use as a zero

P06 0 cross detection input. OPTIONAL PULLUP RESISTOR
Option 2 includes the pullup resistor for use with an

P07 n external switch or standard TTL.

T1 13

A24



B ®
!n@ INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080

CUSTOMER 8022 ROM

ORDER FORM
J

Company Phone No. For intel Use Only

Company Contact Date S No.

P.O. No. Package Type: OPlastic O Cerdip STD

APP

All custom 8022 orders must be submitted on this form. Programming information should be ATE
sent in the form of computer punched cards or punched paper tape per the formats described DAT
in the Programming Instruction section of the Intel Data Catalog. 8755's may also used to
input programming information for the 8022, Additional forms are available from Intel.
MARKING -
All devices will be marked as shown at the right figure. The marking will consist of the Intel P8022 WWww
Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a g XXYY 2.2
date code (XXYY), and the customer part number (Z...Z). The customer part number is

limited to a maximum of 9 digits or spaces.

P8022 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N lntel Pattern Number
{Please Fill-In} (Please Do Not Use)
) S I I VR SN Y S | I I N O O |

1/0 Mask Options
Specify the desired connection for each 1/0 line on Port 0 and for the T1 input by marking only one box for each pin.

OPTIONAL PULLUP RESISTOR

Port O:
PIN OPTION
1 2 Option 1 deletes the pullup resistor on the /0 line
P00 providing true open drain outputs.
10 Option 2 includes the pullup resistor on the 1/0 line |
P01 11 providing a quasi-bidirectional line.
P02 12 o—|
P03 13
P04 14 T B
PO5 15 Option 1 deletes the pullup resistor for use as a zero
P06 16 cross detection input. OPTIONAL PULLUP RESISTOR
Option 2 includes the pullup resistor for use with an
Po7 17 external switch or standard TTL.
T 19
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I. PROM AND ROM INPUT FORMATS

A. Acceptible Formats

Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The
preferred formats for the paper tape and computer card input media are the Intel intellec Hex and BPNF since these formats
are defined to allow detection of errors.

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica-
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card
or sending a defective or improper master device.

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051.

Table |I. Acceptable Formats

Floppy Disk Paper Tape Computer Card Master Device

® |nteliec Hex ® Same Density and

Pin Compatible

© Intel Microcomputer ® Intellec Hex

Development System

Single or Double e BPNF e PN to Device which
Density Disk is to be Pro-
® Hex grammed.

A1. Logic Levels
All data field for Intel’s EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which
use negative logic. For the 4001/4308, an “0” is a high output and a “1” is a low output. Consequently, because the BPNP
format specifies the voltage level at the output of the device, it is necessary to input an “0” and 1" in the 4001/4308 in-
struction code as a “‘P” and "N’ respectively. However, for the Hex format, the 4001/4308 input should be specified accord-
ing to the instruction code logic state, i.e., a “1" or “0.” The below example shows the corresponding input for 4001 instruc-
tion codes. For comparison, the input for an 8080A is also given as an example.

1. 4001 Instruction Code

4001 4001 Intellec Hex
. . BPNF
Instruction Instruction Or Non-Intellec Input
Mnemonic Code Hex Input P
NOP 0000 0000 00 BPPPPPPPPF
WRM 1110 0000 EO BNNNPPPPPF
2. 8080A Instruction Code
Intellec Hex
Instruction Instruction Or Non-Intellec BPNF
Mnemonic Code Hex Input Input
JMP 1100 0011 Cc3 BPPNNNNPPF
Push D 1101 0101 D5 BPPNPNPNPF

A26




B. Paper Tape Format

The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCIl code (such as a Model 33 ASR Teletype pro-
duces). The three paper tape formats which should be sent are described in Sections B1 through B3.

B1. Intellec Hex Paper Tape Format
in the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCIl hexadecimal characters must be
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be
specified on the Intel PROM/ROM Order Form.
Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac-
ters. Comments {except for a colon) may be placed on the tape leader.

The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems
programmed by the user.
1. RECORD MARK FIELD: Frame 0
The ASCI! code for a colon (:) is used to signal the start of a record.
2. RECORD LENGTH FIELD: Frames 1 and 2

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal}. An end-of-file record
contains two ASCII zeros in this field.

3. LOAD ADDRESS FIELD: Frames 3—6
The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address;
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start-
ing address of the program.

4, RECORD TYPE FIELD: Frames 7 and 8
The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data
records are type O; end-of-file records are type 1. Other possible values for this field are reserved for future expansion.

5. DATA FIELD: Frames 9 to 9+2*(record length)-1

A data byte is represented by two frames containing the ASCIHI characters 0—9 or A—F, which represent a hexadecimal
value between 0 and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit,
then either the high or low-order digit represents the data and the other digit o* the pair may be any ASC!| hexadecimal
digit. There are no data bytes in an end-of-file record.
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B3. Non-Intellec Hex Paper Tape Format

For the non-Iintellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCHI hexadecimal characters must be
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be
specified on the Intel PROM/ROM Order Form.

Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a
leader/trailer length of at least 25 null characters or rubout punches.

The format requirements are as follows:

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi-
cate the end. All data fields are to be punched in consecutive order, starting with data field 00y (all addresses low).

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word
field. The other character may be any hex character.

A field of “don‘t care’” data is allowed. Data after a field of “don’t care’’ will be programmed starting at an address
location enclosed in parentheses. In the following example, data is entered in addresses 00y to 05y, followed with
“don’t care’’ from addresses 06 to 25y, data being entered again starting at address location 26H, and followed with
‘don’t care’’ data to the last address location.

Li-_,,7oF2145100FFJ;(26)|,7!30890F1,,,-,

i r————"—J |

Start Character Data Fields from Address Location Data Fields from End Character
Address 004 to 05 where Data is to be Address 264 to 2AH
Programmed

3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire
line up to the previous carriage return.

4, Spaces are allowed only between separate word fields.
5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape.
6. Comments must be placed only between the tape leader and the start of the first data field.

C. Computer Punched Card Format
The following general format is applicable to the programming information sent on computer punched cards:
1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted.

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words
x 8-bit and N words x 4-bit devices, respectively, in the PN format.

For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and
one end of file card.

C1. Intellec Hex Computer Punched Card Format

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form, The entire data field for all
bits must be punched even if it is ““‘don’t care”.

DECIMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER
NO. OF OUTPUTS

4o0r8 Column Data
TITLE CARD INTEL T PunchaT
NATI
DESIGNATION CUSTOMER'S PIN 23 sk .
CUSTOMER'S DIVISION OR cusmmewi 4728 Costomer Camoany Name
| PIN -
COMPANY NAME __~ LOCATION = PN 31250 Customer's Company Division of location
oo Tt Leer EREa IEAIES - 51-52 Blank
T Viariane ' 53-61  Customer Part Number

62-63 Blank

64-72  Punch the Intel 4.digit basic part number and
in ()} the number of output bits; e.g., 2708
(8), 2316 {8), or 3605 {4)

73-74  Blank

WO TgngI g g
A N NN RN i

T T

FERRRRRRRS R REERT PR RRR RN R R R R R  RRT I RRRET DI RRRRRRERRORI EERRERI [ ERERERRSRER) . .
ITT T T IRt LN NN RN LN LN LN LN LR LR E R TN LRue Ly ] 75-76  Chip number for RO:\:s with o;eg';"‘"l‘abe
n icable, leave
PYYYYYTTYI I CNT] LSRR ARt R R Res) LRLR IR R RsR AR IR RRRRRLY EAREREREI £ LSEAN] ;’I‘i‘:k“"c‘ inputs ot applical e
B § b Ui .
OO T R T N T T I A Shi - 77-78 Blank
PR T O T L R T

79-80 Punch a 2-digit decimal number to indicate
truth table number, The first truth table
will be 00, second 01, third 02, etc.

preaie
ERLETEL)
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a. N word x 8-bit device

Column Data

1 Record mark: A colon is used to signal the
start of a record.

2-3 Record length: This is the count of the actual
data bytes in the record. Column 2 con-
tains the high order digit of the count,
Column 3 contains the low order digit. A
record length of zero indicates end of file.
All frames containing data will have a
maximum record length of 10pex bytes
(16 decimal).

4--7 Load address: The four characters starting
addresses at which the following data will
be loaded. The high order digit of the load
address is in Column 4 and the low order
digit is in Column 7. The first data byte is
stored in the location indicated by the load
address. Successive data bytes are stored in
successive memory locations. ROMs con-
taining more than 16 bytes of data will use
two or more records or cards to transmit
the data. Although the load address for the
beginning record need not be 0000, each
subsequent load address should be 104"
(16 decimals) greater than the last.

8-9 Record type: A 2-digit code in this field speci-
fies the type of this record. The high order
digit of this code is located in Column 8,
Currently, all data records are type 0. End-
of-file records will be type 1; they are dis-
tinguished by a zero RECORD LENGTH
field (see above). Other possible values for
this field are reserved for future expansion.

10-73 Data

75—75 Checksum: Same as paper tape format.

76-78 Blank

79-80 Punch same 2-digit decimal number as in Title
Card.

b. N word x 4-bit device

This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions:

Column Data

10-73 Each memory location is represented by two
columns containing the characters 0-9,
A—F. Since this is 4-bit data, the user must
indicate which character of each pair is to
be used as valid data. A single deck must be
submitted without mixing first and second
characters of the pair.
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C2. PN Computer Punched Card Format

A word field consists of only P’s and N's. A punched P will result in an output high level and a punched N in an output low
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be
punched even if it is “don’t care’”. The data field must begin in consecutive order, starting with address O (all addresses

logically low).

DECIMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER

NO. OF OUTPUTS

40r8 Column Data
TITLE CARD INTEL 1 Puncha T
DESIGNATION CUSTOMER'S PIN 2-3 Blank
CUSTOMER'S DIVISION OR CUSTOMER'S 249—238n g:;sr:zmer Company Name
COMPANY NAME —_ LOCATION \ 'P_/IL 31-50 | Customer’s Company Division or location
EEEE o 51-52 | Blank
! 63—61 | Customer Part Number
1 m m 1 1 1 1 62-63 | Blank
0000010000000 0800R0IN00000008I0N000NERANIIN0NNODNTETNTIIITENE 64—72 | Punch the Intel 4.digit basic part number and
;;(';:;;;THH-‘-‘n'lﬁ||;-‘?||.‘1’|’|1||‘||T|||.|“| ;II;}?!:I!'I‘I}]IIII|I||llIl||IH in () the number of output bits; ¢.g., 2708
NN NN RN (8), 2316 (8), or 3605 (4)
(SEEERRR R Bl L RREe R EERRRRRRREREEER) B0) [ ERRRI B ERERRERURRRT ERRRERT T FRRERFRREST! 73-74 | Blank ,
L A g S e guid et s 75--76 Chlp.numhcr .'0' ROMs with U'Q!l'“'“'“"’“"-‘
RYTT I T IRRT  IRNS RN RN LIaaTs IR TR R R I TR Es R R SRR IRRSRRNRY 1] LRATeY) ZT'sks"'"c' innuts. It net applicable, leave
I O I O I SO S T LA 7778 Blani )
IER R R RN RN RN RN Nt RR RN R RN RN R R RN AR RN R R R SRR R R PR RN R RS 79-80 | Punch a 2-digit decimal vumber 1o indicate
T L R L L T L N TR R R R R LR AR RN TRAARRY | { EYERET] truth table number. The first truth table
T R e e will be 00, sscond 01, third 02, sc.
Title Card Format.
For a N words X 4-bit organization only, cards 2 and Column Dota
Ihos?Afollowmg should be punched as shown. Each card s Punch the & digit decimal sauivalent of the
specifies the 4-bit output of 14 words. binary coded location which beqins each
card. The address is right justitled, i.e.,
@00d0, MI14, 6328, etc.
6 Blank
LSB — DECIMAL NUMBER 7-10 | Data Fiad
DECIMAL WORD MSB — INDICATING THE n Blank
ADDRESS BEGINNING TRUTH TABLE NUMBER | 1215 | Data Field
EACH CARD 14 DATA FIELDS 16 Blank
— 1 — 17-20 | Data Field
W ORNETE HiNtbe FREE NSNE FENIG NUER BERL S0t FOtile R FLdds BFEF NEE FhiE .j 21 Blank
22-25 | Data Field
UOUD DOAD UROD NEOO URQN ONUR NOND RDOD NARD CRRD QUBN QUND Q000 0tN) 26 :8'3“‘(
|r~nnr‘wr angnnae nnnnrnorununnnnnuu»upapr,nn~”qn“nuunn~nrnmwn--," 27-30 :Oa'.a Field
. Craare LA W O OIS B WO AT 0 L5 T 3 Blank
R R R O T T TR .
T I I N I N 3;‘;;335 Df‘akF'e'd
1333331300330031390330333330333033333330333333033330303333323529323313030333237) 3740 BO:; Field
AT 1000000 0108000 e 1 0N T a1 Blank
FRREETTY N T TTTXRSERY [ TFRRRY [ Y T EXFRRTY P 11 IXFY [ IV FRRTRY 1 SRTRRTY IS SRY TTXTR TN 4245 | Data Fiuid
I T T I L L A 46 Blank
IRREREE 11 TREEN (R T ERRRRY { RX 1T IRT 1 PRl | 47-50 , Data Field
I I D L T LT T It 51 !Blank
999290530 nu'.nu $514592200008898049179500390453057819750729271913971202971¢ 52-55 [Data Fleld
\ VLI ) 56 | Blank
57-60 ! Data Field
61 |Blank
62-65 : Data Field
66 Biank
67-70 | Data Field
71 lBtank
7275 | Dara Fietg
76-78 | Blank
7980 |, Punch same 2 digit derimal number as In
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For a N words X 8-bit organization only, cards 2 and
those following should be punched as shown. Each card
specifies the 8-bit output of 8 words.

Column Data

1-5 Punch the 5 digit declmal equivalent of the
binary coded location which begins each

msg 558 card. The address Is right justifled, .e.,
#p00ed, 00008, 800 16, etc.
DECIMAL WORD DECIMAL NUMBER 6 Blank
ADDRESS BEGINNING INDICATING THE 7-14 | Data Field
EACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER 15 | Blank
. 1 ' h 16-23 | Data Field
TIE Tty FFFFINE FRIGER FRFINEEN CFTHFEE WIRGE FF OFFNNIE PHIEFIE U) 24 Btank 3
25-32 | Data Field
ARTRNERD NOUURERD DROSEAED DRDUDORD RRARSAD SRNRRORD DRRAGANR QEOOOONY 33 Blank 3
MG 000000 8000180080104 00 1001800210018 0018041A0L10SLE0L3 0811100 el
Ill||l||1||II|IlI1IIIIIl|II|VIIIHlll|IlIlll|\|lIII\|||||I”llllllll)lllllllllll 43-50 Data Field
122011222117202110222 02021121221 1222002 22012222 2L2AINN2222212212 02 51 Blank
133133033133333331302333320453113331303330333130331303303133333310333331333333303 52.59 | Data Field
AL i i L 60 Blank
IERTRRRI PR LU ERERRS I UERRRY [T IRTRrSy [ 151 IRS 11 ST [ [T TPRESY TS [ FEEY LIS [ EEO M 61-68 | Data Field
B I I T T T A U T T T I T 69 Blank
ERRRRRT B EEERE [ LI ERRd PATRESRR IR T RRATRRATERRA {LERRRREN U RRR1 § RRNY 1) ER1 1 TR ERO) 70-77 | Data Field
!i!“l!HHIElii“ll“HlilHllliﬂllll!!l“iHIHI!I!!B“'HSH“Hllﬂﬁ“ii““i 78 Blank
8959953508000014798900505241800499 $99999999990339130633707139839995195999999 7980 | Punch same 2 digit decimal number as in
\‘ R M e L w e . S J title card.

D. Custom PROM/ROM Order Forms

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave.,
Santa Clara, California 95051.

The order forms for the individual PROMs/ROMs are listed in Table |1 below.

Table Il

"PROM/ROM Order Form
Part Number Number

MOS EPROMs
8741, 8748, 87565
2316E, 8316A, 8316AL, 2616
2332, 2364
8041, 8048
2608, 8308
8355
Bipolar PROMs

TMOO®®W > >
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II. MOS EPROMs
A. Erasure Procedure

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROM:s is to illuminate the
window with a UV lamp which has a wavelength of 2537 Angstroms (A)}. The data sheets specify a distance of 1 inch and
erase times of 10—45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per

square centimeter (W-sec/cm2). Table Il lists the required integrated dosgae {(UV intensity X exposure time) for the EPROMs
currently in production by Intel.

Table I1l. Required Erase Energy for Device Types

Device Type 2537A Erase Energy
1702A/4702A 6 W-sec/cm?2
2708/8708 15 W-sec/cm?
2716 15 W-sec/cm?2
8748 15 W-sec/cm?2
8755 15 W-sec/cm?2

The erase energy expressed in Table Il includes a guardband to ensure complete erasure of all bits. /t is not sufficient to
monitor ‘““first bit” erasure to determine erasure time, as some other bits in the array may not be erased.

A1. UV Sources

There are several models of UV lamps that can be used to erase EPROMs (see Table 1V). The model numbers in the table refer
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers,
including Data 1/O (lssaquah, Wash.), PROLOG (Monterey, Calif.). Prometrics {Chicago, lIl.}, and Turner Designs (Mt. View,
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are
typical erase times for various combinations of Intel PROMs and lamp intensities.

Table V.
Minimum Erase Time for Indicated Dosage
Without a Filter Over the Bulb

Model Power Rating 6 W-sec 15 W-sec

1702A, 2708, 8708, 8755
4702A 2716, 8748

R-52 13000 uW/cm?2 7.7 min 19.2 min

S-52 12000 pW/cm?2 8.3 min 20.7 min

S-68 12000 uW/cm?2 8.3 min 20.7 min

uvs-54 5700 uW/cm?2 17.5 min 43.8 min

uvs-11 5500 uW/cm?2 18.2 min 45.6 min

According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which
will interfere with later programming and/or operation at high temperature.

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp)

as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of
UV light that the window of the EPROM will receive.

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements.
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TELEX: 34-6372

MICROCOMPUTER AND MEMORY COMPONENT
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ALABAMA

Glen While Associates
7844 Horseshoe Trail
Huntsville 35802

Tel: (205) 883-9394

ARIZONA

Intel Corp.

8650 N, 3stn Avenue
Phoenix 85021

Tel: (502) 242-7205

cAuFanmA
Intel

15335 Mirlson
S ite

Sherman Oaks 81403
(213) 986-9510

IX: 910-495-2045
Intel Corp.*
990 E. Arques Ave,
Suite
Su

TWX: 810-338-0255

Mag-1

2576 Shattuck
Sulte 4B
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Tel: (415) 843-7625

Ma
P.O. B
Carina b3014
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TWX: 910-335-1585
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Fountain Valley 2703
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Suite
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Tel: (213) 347-5800
TWX: 910-494-4968

Intel Corp.*
1651 East 4th Streat
Suite 150
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Intel Cary
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uite
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TWX: 910-931-2289

CONNECTICUT
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Peacock Alley

1 Padsnaram Road, Suite 148
Danbury

Tel. (208) Tor.8a68

TWX: 710-456-1199

FLomDA
Intel C
1001 N, 62nd Strest, Suite 408
Ft. Lauderdale 3330:
Tel: (305) 0800
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Ir\le Corp.
5151 Adanson Street, Suita 105
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Tel: (305) 628-2393
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00 Jorie Boulevard
Su

m) S5a510

10-651-5881

INDIANA

Electro Reps Inc.

841 E. 85ih Sroet
Indianapolis 46240

e
TWX:

Tel: (317) 255-4147
TWX: 810-341-3217
Electro Aeps Inc.

3402 N. Anthony Bivd.
Ft Wayne 46802

Tel: (219) 462-2388

IOWA

Technical Representatives, Inc.
St. Andrews Building

1930 St. Andrews Drive NE.
Cedar Rapids 52402

Tel: (319) 393-5510

KANSAS

Technical Representatives, Inc.
8245 Nieman Road, Suite 7100

Lenexa 66214

Tel: (913) 888-0212,3, & 4

TWX: 910-749-6412

MARYLAND

Glen White Assoclates
57 West Timonium Road
Timonlum 21093

Tel: (301) 252-6360

Intel Corp.*

m 21083
Tel: (su!)?sxduz
: 710-232-1807

EUROPEAN MARKETING OFFICES

BELGIUM
Intel Interatlonal*
;u- du Moulln & Pagier

Tel: (02) 660 30 10
TELEX: 24814

FRANCE

Intel Corporation, SARL."
5 Place de la Balance
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84525 Rungis Cedex
Tel: (01) 687 22 21
TELEX: 270475

ORIENT MARKETING OFFICES

JAPAN

Intel Japan Corporatior

Flower Hilt Shinmachi Eut Bldg.
1-23-9, Shinmachi, Setagaya-ku

Tokyo 154

Tel: (03) 426-9261

TELEX: 781-28426

AN
Taiwan Automation Co.*
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N-nklng East Road
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AUSTRALIA
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199 Parramatta Road
ubum, N,

SW. 2114
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Bacher Elektronische Gerate GmbH
Moldlnaev Haupistrasse 78
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TELEX: (01) 1532

**Note New Telephone Number

TELEX: 2544

DENMARK
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Tel: (01) 67 00 77
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53, oo Charies Frerot
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.
{57 dinaricn Road, Suite 144
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Intel Corp.
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Intel
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TWX: 710-480-6238
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Intel Corp.*
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Sulte
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Tel: (516) 231-3300

510-227-6236

Intel Corp.

474 Thurston Road

Rochester, N.Y. 14619

Tel: (716) 328-7340
TWX: 510-253-3841

T-Squared

4054 Newcourt Ave,
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SCANDINAVIA
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n
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China Electronics
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SINGAPORE
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TR haze

INDIA
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Eastronics Ltd.*
11 Rozania Street
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Via Paolo Gaidano, 141 D
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New York 12601
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NORTH CAROLINA
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3700 Computer Dr., Suite 330
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OHIO
Intel Cory
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Day
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Intel Corp.
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OREGON
£8/Chase Company
4095 SW 144th St.
Beaverton 97223
Tel: (503) 641-4111
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Intel Corp.
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Suite 212

Fort Washington 19034
Tel: (215) 542-9444
TWX;: 510-661-2077

TENNESSEE

Glen White Associates
1. 412, Norwood S/D

Jonesboro 37653

Tel: (615) 477-8850

Glen Whita Associates

2523 Howard Road

Germantown 38138

Tel: (901) 754-0483

Glen White Associates

6446 mdqa Lake Road
Hixon 37343

Tel: (61%) 842:7789

ENGLA!
intel Cevponuan (UK LGS
Broadfield Hq

Betwean Towns Rosd

awley,

Tel: {0865) 77 14 31

TELEX: 837203

Intel Gorporation (UK. Ltd.
oam Stres

Nantwich, Cheshire CW5 5LJ

(0270) 62 65 60

EX: 36620

KOREA

Koram Digital

Sam Yung Bldg. #303

712 Bukcnang Dunq Chung-Ku
Seoul 1

Leowoad International, Inc.
GP.. Box d0ds

ong-Dong
Chingike R

JAI

Pan Electron

o, 1 Higashikata-Machi
Midori-Ku, Yokoh:
Tet: (045) sk
TELEX: 781-4773

Ryoyo Eleclric Corp.

GhuorKu, Tokyo 104

Tol: (03) 543-7711

Nippon Micro Camputer Co, Ltd.

Mutsuml Bidg. 4-5-21 Kojimachl
hiyoda-ku, Tokyo 102

Tel: (03} 230-0041

NETHERLANDS
Inelco Nederland
AFD Elektronic

T
TELEX: 14622

NEW ZEALAND
W. K. McLean Ltd.
103-5 Felton Matihew Avenua
Glenn Innes, Auckland
Tel: 587-037
TELEX: NZ2763

Ncrmsk Eloktmmk (Norge) A/S
Mustads Vei
Oslo 2
Tel: (02) 55 38 93
TELEX: 16963
PORTUGAL
Ditram
Componentes E Electronica LDA
Av. Migue! Bombarda, 133
Lisboa 1
Tel: 119 45313

Houston 77074

Tel: (713) 784-3400

Mycrosystems Markeling Inc..
Central Expresaway

Suite 405

Dallas 75243

Tk 210) 2367157

TWX: 910-867-4763
Mycrosystems Marketing Inc,

8810 Harwin Avenue, Sulte 125

Houston 77038

Tel: (113) 783-2500

Intel Cor

2L E " Froeway

Suit

Dal || 752

Yel (zm 241 -9521
80-5487

VIHGINIA
Glen Whm Aaacelaien
Lvnc buv Y505

1: (804) 384-6920
Glen wnna fssoclates
Rt #1,
Co\onlnl eac 22443
Tel: (804) 224-4871

WASHINGTON

Tel:
Twx: 910-444-2208

WISCONSIN

Intel Corp.

43805, Fowall Ave,
Milwaukee 53207
Tel: (414) 747-0789

CANADA

Inte! Corp,

70 Chamberiain Ave.

Ottawa, Ontario K1S'1Vg

To 1513) 232-8576
53-4419

Mulm k
15 Graniall Grescent

TELEX: 053-4585

GERMANY
Intel Semiconductor GmbH*

8

Tel: {089) 55 8141

TELEX: 523177

Intel Semiconductor GmbH

Abraham Lincoln Strasse 30
6200 Wiesbaden 1

Tel: (06121) 74855

TELEX: 04186183

Intel Semiconductor GmbH

Ermsthaldenstrasse 17

-70 ga
Tel: (0711) 7351508
TELEX: 7255348
Intel Vertriebsburo
Hindenburger Strasse 28/29
Hannover
Tel: (0511) 852051
TELEX: 0923625

SOUTH AFRICA
Electronic Building Elements
P.O, Box 4609

Pretorla

Tel: 78 92 21
TELEX: 30181
SPAIN

interface*

Ronda San Pedro 22
Barcelon;

Tel: 30178 51
TELEX: 51508 IFCE E
SWEDEN

Nordisk Electronik AB

Fack
5-10380 Stockholm 7
Tel: 406) 2453»
TELEX: 1

SWITZERLAND
Industrade AG
Gemsenstrasse 2

CH-8(
Tel: (Q1) 60 22 30
TELEX: 56788

UNITED KINGDOM

Rapid Recall, Ltd.

11-15 Batterton Street
Drury Lane

London WC2H 8BS

Tel: (01) 379-6741

TELEX: 28752

G.E.C. Semiconductors Ltd.

East Lane
Wembley HA9 7PP

Tor oty so-e303

TELEX: 923429

Jormyn Industries

Vestry Est

Sevenoaks, Kent.

Tel: (0732) 50144

TELEX: 95142

Sintrom Electronics Ltd."
Road

Arkwright
Reading, Berkshire
RG:!

Tel: (0734) 85484
*Field Application Location
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MICROCOMPUTER AND MEMORY SYSTEM
SALES AND MARKETING OFFICES

U.S. AND CANADA SALES OFFICES

ALABAMA
Pen-Tech Associates, Inc.
Holiday Offce Center

S. Memorial Pkwy.
Mumsvm

: (205) 5330090
Glem White Associ
7844 Horseshoa Trait
Huntsville 35802
Tel: (205) 883-9394

ARIZONA

BFA
4426 North Saddle Bag Trail
Scomdal)a ozt

Intel Corg

550 N. $5in Avenus
Phoenix 85021

Tel: (602} 242-7205

CALIFORNIA
intel Sorp.
s Mo

smr
Sharman om 91403

(213) 988-95

X S1o-4052045

Intef Corp.*

990 €. Arques Ave.

Suite 112

Sunnyvale 94086

Tel:400) 7339870

910-339.9279
rwx §10-338-0255

2575 Shanuck

Setvotey o4704
Tel: 419 8457625
ac-l

PO.B
Clorimo 5914
Tel: (408) 257-9880
Intel Gorp.*
1651 East tn Strest
sults

o A 82701
Tl 14 035642

X:§10-695-1114

Ve
P.0. Box 8763
Fountain Valley 82708
Tel: (714) 8390341

20121 Ventura BIvd., Sulta 240E
Woodland Hills 91354
Tel: (213) 347-5%00
Eatlo Assacistes, no.
805 Marcury Street

oL
Diego 92111
Eritven

coLonAno

Intel Con

€000 East Evans Ave.
Bidg. 1, Suite

Denver 80222

Tel: (303) 758-8086
TWX: wu 9:1 -2289
Mount

25921 va Gull;h Road
P.O. Box

CONNECTIC
ompuler Mxrkalmg Association
P, B
Foven Station
Now Haven 06513

Tel: (203) 789-1013

C orp.

ock Alle
1 Peduwum ‘Road, Sute 148
Danbu
Do gty 7aaacss
TWX: 710-456-1199
riono

n-Tech Associates, Inc.

ST SE 1o Torncs
Beertiid Beach d3641
To: 305 4214969

n-Tech Associates,
131 So. Maland Ave.
Maitiand 32751

Tel. (sty 645-3444
Intel Cors

1001 KW, g2nd Stree, Suite 406

Inc.

sm 956-9407
el Car

5151 Adnruan Street, Suite 105
Orlando 328

el to0e) 282093

TWX: 810-853-8219

GEORGIA
Pan-Tech Associates, Inc.
Suite 305 C

2101 Powers Farry Foads
Alanta 30:

Tel: (404) s

RIS

intel Car

900 Jovle “Souleverd

Suits 2

Gakbro

Soay Sa5 o510

TWX: 910-651-5881

DytekcCanteal. in,
ilke Road

s
Reinglon Heights 60005

Tel: (312) 394-3380
TWX; 810-687-2267
INDIANA

Electro Reps Inc.

3217

Electro Reps Inc.
3402 N. Anmany Bivd,
Ft.wa

yne
Tel: (219) prE

1owA
Technical Representatives, Inc.

St Andrews Building
1930 St Andrews Drive N.E.
Cedar Rapids 52402

ids
Tei: (319} 393-5510

Tachnical Reprasentatives, Inc.
8245 Nieman Road, Sulte §100
Lonexa 66214

Tel: (913) 8880212, 3, &4
TWX: 910-749.6412

EUROPEAN MARKETING OFFICES

BELGIUM
Intel Internation:
Rue du Moulln s Pepier
51-Boite

81960 Brussels

Tol: (02) 680 30 10
TELEX: 24814

FRANCE

Intel Corporation, SARL.
S Piace de la Balance’
Site 223

94528 Rungls Cadex
i
TELEX: 270475

ORIENT MARKETING OFFICES

JAPAN

Intel Japan Corporation*

Flower Hill-Shinmach
-23-9, Shinmachi, Setagaya-
Tokyo 154

Tel: (03) 426-0261

TELEX: 781-28428

TAIW)

Tolon Kutgmaiion Go.=
2nd Floo

N-nxlng o Road
Secti

iy
ToPta2) r710860.3
TELEX: 11942 TAIAUTO

INTER‘IATIONAL DISTRIBUTORS

ARG!
SIE
A Rague Saanz Pena 114298
1035 Buanos Aires

Tel: 35-6784
AUSTRAUA

DENM
Lyng qsa Kompomm AsS
Ostmarken 4

860 Sobort
Tel: (1) 6700 77

LEX: 22930

R
AJF. Systems &
PTY. LTD.

44 Piosput Rg.
Prospect

South Auslmln 17005
Tol: 26
TELE

A.JF. Systems & Components
PTY. LTD,

viin St
Ryde, NSW. 2112

Tel: (02) 807-6878.

TELEG: 24908

AJF. Systems & Components
PTY. LTO.

310 Quesn St, Melbourne,

ol
TELEX: 36270
Werburon-Franki (Sydney) Ply. Lid.
199 Parramatta

k Sire

Soutn eloborme, Vitoria 3205
Tel: 699-4999

TELEX: WARFRAN AA 31370

AUSTRIA
Bacher Elektronische Gerate GmbH
Maidinger Hauptairasss 78

A 1120 Vienna
Tel: (0222) 83 6395
TELEX: (nmsn

BELG

Treteo, Bu\gl mSA,
Avenve val Duchesse. 3
B-1160 Brus

Tal (020 850,50 12
TELEX: 25441

**Note New Telephone Numbsr

Supply A/S
N

FINLAND

Oy Fintronic AB

Loennrotinkatu 350
00180

sinki 18
Tel: (30) 654 451
TELEX: 12426
FRANce

S5 Hoo Chartes Frerot

£ avenue Laureni Coly
82506 A

THiX e e
Tekelec Airtronic*
Cite des Bruyeres
Rue Carle Vemat
92310

Tel: (1) 0277535
TELEX: 250997

GERMANY
Aitad Neyo Enatachnik Gmok
Sehillmstrass
2085 Oulclbom wHamburg

Setiosroe 5
T s
Efectronio 2000 Vertriebs GmbH
Neumarkter Strasse 75

-8000 Muenchen
Tet: {069) 434061
TELEX: 522561

MARYLAT

Slen inte Associates
7 Wost Timonium Road

Smoniu

Tor Gon) searrez

Intel Corp.*

87 Weat Timonium Road

Hrmeorsum 21093
Tel: o) 2527742
TWX: 710-232-1807

Mosa Inc.

Viso! Psvkluwn Drive
Rockville
e Wasn 301 B81-8430

Balto, (301) 792-0021

uAssACHUSETTS
Intel C
187 Biharion Road, Suite 14A
Cheimstord 01624

Computer Marketing Associates
267 Croscent Strest

Waltham 021

T o B9k 7000

MICHIGAN
Intel Corp.

263500 Norihwestarn Huy.
Suite 40

So mmm 48075

{313) 353-0920
W 9104201212
TELEX

owry & Asmma;. Inc.
13sw North Street
Suite 4
Shignien

SRS 257 06
mun:sou
Intef Cor

ZMNum\unﬂnIaAvunus

Slooraington 65437

Tel: (§12) 835-6722

TWX: 910-576-2867

MISSOUR

Technical Ranr-unulwas Ine.
rade Center Bld

320 Brookes | nm Suite 104
Hazelwood 6

T 7or 8200

TWX: 810-762-0818

NEW JERSEY

tel Corp.
b Manomu. Offce Bidg.

oty

Tot (201) 9859100
X: 710-480-6238

NEW MEXICO

Tet: (505) 523-0801
TWX: 910-083-0543
BFA Corporation
3705 Westeriold N.E.

671
SRR
TWX: 910-888-1157
NEW YORK

Intal Corp.*
350 Vandertilt Motar Plovy.

muna-un. 11787
6) 231-3300
T a0 5o 8538

SCANDINAVIA

Intet Scandinavia A/S*

Lyngbyve] 32 2nd Floor

DK-2100 Copenhagen Esst
enma

Tel: (91) 18 20 00

TELEX: 18567

el Sweden AB*

s-mzu Sromma
we

o (08) 98 53 00
TELEX: 12261

HONG KON
China Elect
SouBicd Houa 3ih Fioor
22:28 Wyndham S

Hong

SINGAPORE
General Enginaaring Assaciates

Sligapore s

GERMANY (cont)

INDI

Electronics Infernational
128 Mahatma Gandhl Road
Secunderabad

Tel; 73720

TELEX: 015-363

CABLE: GUNTICO

ISRAEL
Eastronics Ltd
11 R

oz t
P.O. Box 39300
Tel-Aviv

Tel: 475151
TELEX: 33638

Tek 02) 3 :usanu
TELEX:

Efedra 3
Via Panlo Gmdanu 1410
10137

TEC (nn)www 3007114
Eredra 3 S,

i Grusappe Usimarana, 53
00139 Rome, Italy

Tel: 08) mzngu 8127324
TELEX: 6305

JAPAN

Pan Electron

No, 1 Higashikata-Machi

iori-Ku, Yokohama 226

Tol: {045) 471-8811

TELEX: 781-4773

Ryoyo Electric Corp.

Konwa Bid

1-12:22, Tsukili, 1-Chome
10-Ku. Toky 104

Tel: (03) 543-7711

NEW voux (cont)
Corf

Rochester 1461
Tol. (116) 3287040

r sq

4054 Nnmmm Avenue

Syracuse 1.

Tet @15) P essz
4

7 Squ
642 mav Road

P.O. Box W
Pittsord 14534
Tol: (716) 248-5005
TELEX: 97-8269
Intel Corp.
85 Markat Street

Poughkeepsie 12601
Tel:(814) 4732303

X: 510-248-0060

Mensuramont Technology, Inc.
159 Norinern Bovlevard

Great 102
Sorishey 4o2 9500

NORTH CARGLINA
Pen-Tech Associates, Inc.
P.O.
Highpo
T ?919; fifee
Glen White Associates
3700 Computer Drive
Sute 320

Raleigh

forihs Tar 016

o
Intel

fitioay Main Stroet
Daylon 4541

Tor (513) $05.5350
TWX: 810-450-2528
\nval Corp.
ot Brainard Bidg
26001 Chagrin Biva

o (215) isi 5736
Lowry & Associates, Inc.
42 East Rahn Road
Suite 100

Dayton 45429

Tol: (513) 4354795

L Associates, Inc.
24200 Chagrin Bivd,
Suite

Cloveland 44122

Tel: (216) 464-8113

OREGON
£S/Chase Company
v 8w

el (808 414111

PENNSYLVANIA

21
jashington 19034
Tel: (215) 542-9444
TWX; §10-661-2077
Q.E.D. Electronics

300 N, York Road

latboro 1804
Tel: (215) 674-9600

ENGLAND
intel Corporation (UK Ltd.”
Broadtield

etwaen Towns Road
Cowley. Octord OX4 IND
Tol8gs) 77 14
Intel cmnor-nan (UK) Lid.
46-50 Beam Strest
Nantwich, Cheshire CWS 5LJ
Tel: (0270) 62 85 60
TELEX: 38620

OREA

Koram Digha!

Sam Yung Bidg.

-2 Bukchlf\ﬂ neng Ghung-Ku
aoul 1

Cemwond rmm.nem Ine.
C.P.O. Box 4046
11225, Sokong-Dong
Chung-Ku, Seoul

JAPAN (cont)
Nippon Micro Computer Co, Ltd.
Mutsumi Bidg. 4-8-21 Kojimachl
Chiyoda-ku, Tokyo 102

Tel: (03) 230-0041
NETHERLANDS

CN. Raod

Lindenstraat, 13
s 42

ostbu
Rilswilk 2H2100
Tel: 070-996360
TELEX: 31238
Inelco Nederland
AFD Elektronic

w 1020) 934824
TELEX:

NEW ZEALAND

WK, L
103-5 Felton Matthew Avenue
Glenn Innes, Auckl

Tel: 587-037

TELEX: NZ2763

NORWAY
Nordisk Elektronik (Norge) A/S
Mustads Vei 1

N-Osio2

Tel: (02) 55 38 93

TELEX: 16963

PORTUGAL

Ditram

Componantes E Electronica LDA
Av, Miguel Bombarda, 133
Lisboa 1

Tel: 119 45 310

SOUTH AFRICA

Electronic Building Elements
Box 4609

Pretoria

Tol: 78 9221

TELEX: 30181

PENNSYLVANIA (cont)
owry & Associates, (nc.
Three Parkway Center

uite
Pittsburgh 152
Tel mz)m 2o
TENNESSE!
T s Associatos

Tel: (901)
Glen White
8448 Ridge | Lt

ixon
T (m) 21799

754 uta:

TEXAS
Intet Cor

6776 S.W. Freeway

Suite 850

Houston 77074

Tel: (713) 784-3400
Mycrosystems Marketing Inc.
13777 N. Central Expressway
Sutte 405

Sl i) 2301187
TWX: 910-867-4763
Mycrosystems Marketing Inc.
6610 Harwin Averue, Suite 125
Houston 771
Tol: (m) 783-2900
Intel Cor

w5 LE, " Frooway

Balas 73
Tel: (214) 241-9521
TWX: 910-860-5487

uTAH
Mountaintok
Brockbank Drive
St Laks Sy 5417
Tel: (801) 266-9617

VIRGINIA
Gien Whits Assaciates

Ly n:hhurq Sis0s

Tel: (804) 384-6920
Glen White Associates
Rt £1, Box 322
Colonial Beach 22443
Tol: (804) 224-4871
WASHINGTON

E.5./Chase Co.

P.0. Box 80903

o 98108

206) 762-4824
1 910-444-2298
wiscoNsIN

Intel Cor;

4368 S Howell Ave,
Milwaukee 53207
Tel: (414) 7470789
CANADA

Intel Cor

ot
Tel
TWX:

erlain Ave.
Ghiowa, Ontario K19 1v
T (am 228578

Munv k
15 Grenfell Grescent

at: (813) 2:
TELEX: 053-4585

GERM,
Intel Sumh:anduclol GmbH*
Seldistrasse 2
meon 2
Tel: (089) 55 81 41
TELEX. 523 177

Intel Semiconductor o

Asrabam Lincoln Steasse 30
Wasoader

e osany anss

TELEX; 04188183

intel Semicanductor GmbK

ogarisy
T (vm} 73515500

ln
deanburgsl sms:- 28/29

S G ssz0s1
TELEX: 0923625

SPAIN
Interface*

Banda San Padro 22
Barcalons 10
Tel: 3t
TeLEY! d7eos wrce &

Nordlsk ectronik A8

s Stockhom 7
Tl 08) 245
TS

SWITZERLAND
Industrade AG
Gamsanstrasse 2
Postchock 80- 21190

H-802
o su :2 %
w8l

UNITED KINGDOM
Rapid Recal
1255 Benarton Sirest

593

G.E.C. Semiconductors Lid
Easi Lane
Wembley HAS 7PP.
Middlesex
Tel: (01) 904-9303
TE(EX; 923429
Jermyn Industries
Vesty

ercaks, Kent
e soie
TELEX: 9514
gitrom Electronics Lid.*
Arkwright
Berkshwl RG20LS

e aarsee

*Field Application Location
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3065 Bowers Avenus

Santa Clara, California 95051
Tel: (408) 987-8080°*

TWX: 910-338-0026
TELEX: 34-6372

U.S. AND CANADIAN DISTRIBUTORS

ALABAMA

t*Hamilton/Avnet Electronics
805 Oser Drive NW

Huntsville 35805

Tel: (205) 533-1170

Pioneer

1207 Putman Drive NW
Huntsville 35805

Tet: (205) 837-9300

ARIZONA

t*Hamilton/Avnet Electronics
8155 North 21st Street
Phoenix 85021

Tel: (602) 275-7851
Liberty/Arizona

8155 N. 24th Avenue

Phoenix 85021

Tel: (602) 257-1272

TELEX: 910-951-4282

CALIFORNIA

1*Avnet Electronics
350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-8111

Tel: (213) 558-2345
1*Hamilton/Avnet Electronics
575 E. Middlefield Road
Mountaln View 94040
Tel: (415) 961-86C0
+*Hamilton/Avnet Electronics
8917 Complex Drive
San Diego 92123

Tel: (714) 279-2421
t*Hamilton Electro Sales
10812 W. Washington Boulevard
Culver City 90230

Tet: (213) 558-2121
{Cramer/San Francisco
720 Palomar Avenue
Sunnyvale 94086

Tel: (408) 738-3011
Cramer/Los Angeles
17201 Dalmler Street
Irvine 9.

Tel: (714) 979 3000
fLiberty Electronics
124 Maryland Street

El Sequndo 90245

Tel: (213) 322-8100

Tel: (714) 638-7601
TWX: 910-348-7140
tLiberty/San Diego
8284 Mercury Court
San Diego 92111

Tel: (714) 565-9171
TELEX: 910-335-1580
tElmar Electronics
2288 Charleston Road
Mountaln View 94040
Tel: (415) 961-3611
TELEX: 910-379-6437

COLORADO

tElmar/Denver

6777 E. 50th Avenue

Commerce Clty 80022

Tel: (303) 287-9611

TWX: 910-836-0770

t Hammon/Avnet Electronics
921 No E

Den

Tel: (303) 545—1212

CONNECTICUT
tCramer/Connecticut
35 Dodge Avenue
North Haven 06473
Tel: (203) 233-5641
t'Hammon/Avnet Electronics
643 Danbury
Georgelown 05829
Tel: (203) 762-0361
Harvey Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515

FLORIDA

Cramer/E.W. Hollywood
4035 No. 29th Avenue
Hollywood 33020

Tel: (305) 921-7878
1*Hamilton/Avnet Electronics
6800 Northwest 20th Ave,
F1. Lauderdale 33309
Tel: (305) 971-2900
Cramer/EW Orlando
345 No. Graham Ave.
Orlando 32814

Tel: (305) 894-1511

Pion

6220 S Orange Blossom Trail
Suite 412

Orlando 3

Tel: (305) 659 -3600
GEORGIA

tCramer

6456 Warren Dvlve

Noreross 300:
Tel: (404) 445 9050

**Note New Telephone Number

GEORGIA (cont)
t*Hamilton/Avnet Electronics
8700 | 85, Access Road, #11
Norcross 30071
Tel: (404) 448-0800

ILLINOIS
tCramer/Chicago

1911 So. Busse Rd.

Mt. Prospect 60056

Tel: (312) 593-8230
+*Hamilton/Avnet Electronics
3901 No. 25th Ave,
Schiller Park 60176

Tel: (312) 678-6310
Plonear/Chicago

1551 Carmen Drive

Elk Grove Village 60006
Tel: (312) 437-9680
INDIANA
tPioneer/Indiana

6408 Castleplace Drive
Indianapolis 46250
Tel: {317) 849-7300
Sheridan Sales

8790 Purdue Road
Indianapolis 46268

Tel: (317) 297-3146

KANSAS

! Hammon/Avnat Electronics
9219 Quivira Road

Overland Park 66215

Tel: (913) 888-8900

MARYLAND
tCramer/EW Washington
16021 Industrial Drive
Gaithersburg 20760
Tel: (301) 948-0110
{*Hamilton Avnet
7235 S(andavd Drive
Hanover 2

Tel: (301) 795-5000
tPioneer/Washington
9100 Gaither Road
Galthersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS

tCramer Electronics Inc.

85 Wells Avenue

Newton 02159

Tel: (617) 969-7700
+*Hamilton/Avnet Electronics
100 E. Commerce Wi

Woburn 01801

Tel: (617) 933-8000

MICHIGAN

tSheridan Sales Co.
24543 indoplex Circle
Farmington Hills 48024
Tel: (313) 477-3800
{Ploneer/Michigan
13485 Stamford
Livonla 48150

Tel: {313) 525-1800
+*Hamilton/Avnet Electronics
32437 Schoolcraft Road
Livon

Tel: (313) 522 4700
TWX: 810-242-8775

MINNESOTA
{Industriai Components
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831-2666
tCramer/Bonn

7275 Bush Lake Road

55435
Tel (512) 835-7811
1*Hamilton/Avnet Electronics
7683 Washington Avenue So.
Edina 55435
Tel: (612) 941-3801

MISSOQURI

1*Hamilton/Avnet Electronics
396 Brookes Lane

Hazelwood 63042

Tel: (314) 731-1144

Sheridan Sales

110 S. Hwy. 67, Suite 10
Florissant 63031

Tet: (314) 837-5200

NEW JERSEY
Cramer/Pennsylvania, Inc.
12 Springdale Road
Cherry Hill Industrial Center
Cherry Hill 08034
Tel: (605) 424-5993

TWX: 710-896-0908

'Hamllton/Avnet Electronics

218 Little Falls Road
Cedar Grove 07003
Tel: (201) 239-0800
TWX: 710-994-5787
Cramer/New Jersey
1 Cardinal Drive
Little Falls 07424
Tel: (201) 785-4300

NEW JERSEY (cont)
tHarvey Electronics

389 Passaic Avenue

Fairfisld 07006

Tel: (201) 227-1262
*Hamilton/Avnet Elsctronics
113 Gaither Drive

East Gate Industrial Park

M. Laurel 08057

Tel: (609) 234-2133

TWX: 710-897-1405

NEW MEXICO
*Hamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500

NEW YORK
tCramer/Rochaster

3000 Winton Road South
Rochester 14623

Tel: (716) 275-0300
|‘Hamllton/Aavns( Electronics

Tel: (716} 442-7820
Cramer/Syracuse
6716 Joy Road

East Syracuse 13057
Tel: (315) 437-6671

U.S. AND CANADIAN DISTRIBUTORS

PENNSYLVANIA (cont)
Pioneer/Delaware

141 Gibraltar Road
Horsham 13044

Tel: (215) 674-4000
TWX: 510-665-6778

TENNESSEE

Sheridan Sales Co.

6300 Office Park Circle
Knoxville 37919

Tel: (615) 588-5386

TEXAS

Component Specialties Inc.

8330 Burnett Road, Suite 101

Austin 78758

Tel: (512) 459-3308

tCramer Electronics

13740 Midway Road

Dallas 75240

Tel: (214) 661-3300

Q‘Hamlhon/Avne( Electronics

4445 Sl gm Road

Dallas

Tel: (214) 551 8661
t*Hamiiton/Avnet Electronics

3939 Ann Arbor

Houston 77063

Tel: (713) 780-1771

1*Hamilton/Avnet

Tel: (315) 437-2641
tCramer/Long Istand
129 Oser Avenus
Hauppauge, L.1. 11787
Tel: (516) 231-5600
TWX: 610-227-9863

16
10807 Shady Trail, Sulte 10‘

Dallas 7522(

Tel: (21 4) 357—6511

tComponent Specialties, Inc.

8585 Commerce Park Drive, Suite 590
Houston 77036

Tel: (713) 771-7237

UTAH

1*Hamilton/Avnet
70 State Street
Westbury, LJ. 11590

Tel: (516) 333-5800
TWX: 510-222-8237
tHarvey Electronics

60 Crossways Park West
Woodbury 11797

Tel: (516) 921-8700
NORTH CAROLINA
tCramer Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711
Pioneer/Carolina

2906 Ballic Avenue
Greensboro 27406

Tel: (919) 273-4441
TWX: §10-925-1114

/Avnet
1585 West 2100 South
Salt Lake City, 84119
Tel: (801) 972-2800

WASHINGTON
+"Hamilton/Avnet Electronics
13407 Northrup Way
Bellevue 98005

Tel: (206) 746-8750
{Almac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (206) 763-2300
tLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005

Tel: (205) 763-8200

WISCONSIN

Hamilton/Avnet , Inc.

2803 Industrial Drive
Ralelgh 27609

Tel: (819) 829-8030
OHIO

tSheridan Sales Co.
2501 Neff Road
Dayton 45414

Tel: (513) 223-3332
{Cramer/Cleveland

Tel: (216) 248-8400

t* Hammon/Avnei Etectronics
954 Senate Di

Dayton 454! 9

Tel: (513) 433-0610

TWX: 810-450-2531
{Ploneer/Dayton

1800 Troy street

Dayton

Tel (513) 236«-9900
tSheridan Safes Co.

10 Knollcrest Drive
Cincinnati 45222

Tel: (513) 761-5432

TWX: 810-461-2670
{Pioneer/Cleveland

4800 E. 131st street
Cleveland 4410:

Tel: (216) 587~ 3600
1"Hamilton/Avnet Electronics
761 Beta Drive, Sulte E
Cleveland 44143

Tel: (216) 461-1400
tSheridan Sales Co.

23224 Commerce Park Road
Beachwood 44122

Tel: (216) 831-0130

OKLAHOMA

N:omponems Speclaluea Inc.
7920 E

Tel: (516) 554~2820

OREGON

tAlmac/Stroum Electronics

’4;475 S W Scholls Ferry Rd.
ortl.

Tel: (503) 292 3534

PENNSYLVANIA

tSheridan Sales C

1717 Penn Avenue, Suite 5009
Pittsburgh 15221

Tel: (412) 244-1640
Ploneer/Pittsburgh

560 Alpha Drive

Pittsburgh 15238

Tol: (412) 782-2300

1*Hamilton/Avnet
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510

CANADA

ALBERTA

+L. A, Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6LT
Tel: (403) 276-8818
Telex: 1382589 77

BRITISH COLUMBIA
tL.A. Varah Lid.
2077 Alberta Street
Vancouver V5Y 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Telex: 04 53167

ONTARIO

L.A. Varah, Ltd.

505 Kenora Avenue

Hamilton L8E-3P2

Tel: (416) 561-9311

TELEX: 061-8349
1*Hamilton/Avnet Electronics
3688 Nashua Drive, Unit GH
Mississauga L4V |

Tel: (416) 677-7432

TWX: 610-492-8867
+"Hamilton/Avnet Electmnlcs
1735 Courtwood Cre:

Ottawa K2C 3J2

Tel: (613) 226‘1 700

TWX: 610 562-1908
tZentronics

141 Catherine Street

Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411
tZentronics

99 Norfinch Dr.

Downsview, Ontario M3N 1W8
Tel: (416) 635-2822

Telex: 02-021694

QUEBEC

1*Hamilton/Avnet Electronics
2670 Paulu:

St. Laurent H4S 1G2

Tel: (514) 331-6443

TWX: 610-421-3731

tMicrocomputer System Technical Demonstrator Centers
*Microcomputer System Spares Order Point



ACCUMULATOR

*eADD AR,
* ADD A,@R0
R1
e ADD A, #data
*ADDC AR,
¢ ADDC A,@RO
R1
e ADDC A, #data
ANL AR,
ANL A,@RO
R1
ANL A #data
ORL AR,
ORL A,@RO
R1
ORL A, #data
XRL AR,
XRL A,@RO
R1
XRL A, #data
INC A
DEC A
CLR A
CPL A
RL A
eRLC A
RR A
eRRC A
eDA A
SWAP A

DATA MOVES

MOV ARy
MOV A,@RO
R1
MOV A #data
MOV RA¢
MOV @R0,A
R1,A
MOV R, ,#data
MOV @RO0,#data
R1,#data
XCH AR,
XCH A,@R0
R1
XCHD A,@R0
R1
MOV A,PSW
*« MOV PSW,A
MOVX A,@RO
R1
MOVX @R0,A
R1,A
MOVP3 A, @A
MOVP A, @A

HEXADECIMAL INSTRUCTION CODES

60
61
03
7>
70
71
13
5~n
50
51
53
4+
40
41
43
D=+
DO
D1
D3
17
07
27
37
E7
F7
77
67
57
47

[
FO
F1
23
A-
A0
A1
B+
BO
B1

20
21
30
31
Cc7
D7
80
81
90
91
E3
A3

REGISTER

INC Ry
DEC Ry
INC @RO

R1
DJNZ R,, addr

FLAGS

CLR C
CpPL C
CLR FO
CPL FO
CLR F1
CPL F1

BRANCH

JMP addr
JMPP @A
DJNZ R,addr
JC addr
JNC addr
JZ addr
JNZ addr
JTO addr
JNTO addr
JT1 aadr
JNT1 addr
JFO addr
JF1 addr
JTF addr
JNI! addr
JBO addr
JB1 addr
JB2 addr
JB3 addr
JB4 addr
JBS5 addr
JB6 addr
JB7 addr

TIMER

MOV AT
MOV T,A
STRT T
STRT CNT
STOP TCNT
EN TCNTI
DIS TCNTI

1s
C~
10
11
E,

97
A7
85
95
A5
BS

4
B3
E*
F6
E6
cé
96
36
26
56
46
B6
76
16
86
12
32
52
72
92
B2
D2
F2

42
62
55
45

25
35

CONTROL

ENI

DIS |

SEL RBO
SEL RB1
SEL MBO
SEL MB1
ENTO CLK

SUBROUTINE

CALL addr
RET
RETR

NO OP
NOP

INPUT/OUTPUT;

IN A,P1
OUTL P1,A
ANL P1,#data
ORL P1, #data

IN A, P2
OUTL P2 A
ANL P2, #data
ORL P2,#data

INS A, BUS
OUTL BUS, A
ANL BUS, #data
ORL BUS, #data

MOVD A,Pp
MOVD Pp,A
ANLD Pp,A
ORLD Pp,A

05
15
C5
D5§
ES
F5
75

t4
83
93

00

09
39
99
89

0A
3A
9A
8A

08
02
98
88

03
3:

*
*

83

e = Carry Flag Affected
* = See Table 1

» = See Table 2
1t = See Table 3



TABLE 1. REGISTER ACCUMULATOR.

Rr |MOV AR| MOV RA | XCH A,R| MOV R, #DATA|INC R|DEC R| DUJNZ R|ADD A\R| ADDC A,R| ANLA,R| ORL AR
RO F8 A8 28 B8 18 Ccs8 E8 68 78 58 48
R1 F9 A9 29 B9 19 C9 E9 69 79 59 49
R2 FA AA 2A BA 1A CA EA 6A 7A 5A 4A
R3 FB AB 2B BB 1B cB EB 68 7B 58 4B
R4 FC AC 2C BC 1C CC EC 6C 7C 5C 4C
R5 FD AD 2D BD 1D CD ED 6D 7D 5D 4D
R6 FE AE 2E BE 1E CE EE 6E 7E 5E 4E
R7 FF AF 2F BF 1F CF EF 6F 7F 5F 4F
TABLE 2. INPUT/OUTPUT. TABLE 3. BRANCH.
Port IN ouTt AND OR Page JMP CALL
BUS 08 02 98 88 0 04 14
P1 09 39 99 89 1 24 34
P2 0A 3A 9A 8A 2 44 54
P4 e Ko aC 8C D U S L S
P5 oD 30 9D 8D 4 84 94
P6 OE 3E 9E 8E 5 A4 B4
P7 OF 3F 9F 8F 6 Cc4 D4
7 E4 F4

Page = 256 bytes

MCS-48™ DATA TRANSFER INSTRUCTIONS DATA RAM
|" - — I e ki
DATA | ——1— —— 20
| PROGRAM il o1 i
MIMORY MoV l X 5 10
data -——'\ H b
| ) | WORKING REG 3 : 18
1A
ADD Mov mov (| Y —
I v ADD ADD | ] e p———— :g
MOVP ANL ANL
S , .
| Movo onL XCH XCH 1%
ANLD XRL XCHD . 15

NS EXTERNAL 18
EXPANDER °“"‘° Ly TccomoiaTon Mgv:(m MEMORY It
1/0 PORTS W MULATO AND 5 1

l PERIPHERALS

N ‘ x4 10
| Mov ouTt Mov | = £
5o, ’
D
l TIMER PROGRAM ? c
COUNTER STATUS WORD :
I ' .
ANL ] g
ORL [}
| S ON CHIP 1/0 :
PORTS 1,2, BUS 7 7
| - :
W] [@] [@ ::“ 3 H
g I 2 B X, N 3
3] e i
RO 0
PROGRAM
STACK FORMAT STATUS WORD (PSW)
? a3 0 SAVED IN STACK STACK POINTER
HIGH (0DD) JPsw PSW
tocation | 7 s [P pes
LI 1 JE
c|ac|rafns| 1 |s;]s|sq
ow tevem | pco
LOCATION L | MSB LsB
€ CARRY
AC  AUXILIARY CARRY
FO FLAGD

BS REGISTER BANK SELECT



intel

INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080

Printed in U.S.A./TII6/I5K/0778 CP



