









































































































































































































































































































































































































































































































































8294

Ao-A1s  Do-Dy
Do-D7
s | 8212
8257
Ag-A7 Ao-A7
Y] oAcki
DACKO
DMAR1
DMARO
SRQ
DRQ
OAV
DACK
% Do-D7
8294
cs
A0
m‘r ccmp
RD RD
WR WR

DMARO IS FOR MEMORY TO DEU DATA TRANSFER
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER
USE OF CCMP IS OPTIONAL

Figure 13. DMA Interface

OSCILLATOR AND TIMING CIRCUITS

The 8294’s internal timing generation is controlled by a
self-contained oscillator and timing circuit. A choice of
crystal, L-C or external clock can be used to derive the
basic oscillator frequency.

The resident timing circuit consists of an oscillator, a
state counter and a cycle counter as illustrated in Figure
14.

Ok

6 MHz
OSCILLATOR
+3 +5 SYNC
STATE ' CYCLE ’ OUTPUT
COUNTER l COUNTER l (2.5 psec)
INTERNAL TIMING

Figure 14. Oscillator Configuration

OSCILLATOR

The on-board oscillator is a series resonant circuit with
a frequency range of 1 to 6 MHz. Pins X1 and X2 are
input and output (respectively) of a high gain amplifier
stage. A crystal or inductor and capacitator connected
between X1 and X2 provide the feedback and proper
phase shift for oscillation. Recommended connections
for crystal or L-C are shown in Figure 15.

2
— x1
r 1-8 MHz
<15 pF
(INCLUDES XTAL, =
SOCKET, STRAY) | 8204
[ 31 x2
15-25 pF
(INCLUDES
SOCKET, ;
STRAY)
20 pF
T Hxa
L 8294
3y,
—20 pF

Figure 15. Recommended Crystal and L-C Connections

A recommended range of inductance and capacitance
combinations is given below:

L =120uH corresponds to 3MHz
L= 45uH corresponds to 5§ MHz

An external clock signal can also be used as a frequency
reference to the 8294; however, the levels are not com-
patible. The signal must be in the 1MHz-6MHz fre-
quency range and must be connected to pins X1 and X2
by buffers with a suitable pull-up resistor to guarantee
that a logic “1” is above 3.8 volts. The recommended
connection is shown in Figure 16.
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+5V

8294
STANDARD TTL OR
OPEN COLLECTOR
Figure 16. Recommended Connection for External Clock Signal
ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias .. ...... 0°Cto 70°C "COMMENT )
o o Stresses above those listed under “Absolute Maximum Ratings” may
Storage Temperature ............ —-65°C to +150°C cause permanent damage to the device. This is a stress rating only and
Voltage on Any Pin With functional operation of the device at these or any other conditions above
Respect to Ground 05Vto +7V those indicated in the operational sections of this specification is not
P L. Lo T : implied. Exposure to absolute maximum rating conditions for extended
Power Dissipation ........................ 1.5 Watt periods may affect device reliability.
D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to 70°C, Vgc=Vpp= +5V+10%, Vgg=0V
Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.
Vi Input Low Voltage (All -0.5 0.8 \
Except X4, X2, RESET)
Vit Input Low Voltage (X1, Xa, -05 0.6 \"
RESET)
ViH Input High Voltage (All 22 Vee \'
Except X4, Xo, RESET)
ViH1 Input High Voltage (X4, Xo, 3.8 Vece v
RESET)
VoL Output Low Voltage (Dg-D-) 0.45 Vv lo,=2.0mA
VoL1 Output Low Voltage (All 0.45 v loL=1.6mA
Other Outputs)
Vou Output High Voltage (Do-D7) 2.4 \'/ lon= —400uA
Von1 Output High Voltage (All 24 \" lon= —50uA
Other Outputs)
I Input Leakage Current +10 uA Vss < VIN< Voo
(RD, WR, CS, Ag)
loz Output Leakage Current +10 uA Vgs+ 0.45 < ViN< Ve
(Do-D5, High Z State)
Ipp Vpp Supply Current 5 15 mA
lpp+lcc Total Supply Current 60 125 mA
I Low Input Load Current 0.5 mA Vi =08V
(Pins 24, 27-38)
I Low Input Load Current 0.2 mA Vi =08V
(RESET)
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A.C. CHARACTERISTICS

Ta=0°C 10 70°C, Voo = Vpp= +5V = 10%, Vgg= 0V

DBB READ
Symbol Parameter Min. Max. Unit Test Conditions
tar CS, Aq Setup to RD ¥ 0 ns
tra TS, Ag Hold After RD * 0 ns
tRR RD Pulse Width 250 ns
tap CS, A to Data Out Delay 225 ns CL=150pF
tro RD { to Data Out Delay 225 ns C_=150pF
tor RD * to Data Float Delay 100 ns
toy Cycle Time 25 15 uS 6MHz Crystal
DBB WRITE
Symbol Parameter Min. Max. Unit Test Conditions
taw CS, Ag Setup to WR ¢ 0 ns
twa CS, Ag Hold After WR 4 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR * 150 ns
twp Data Hold to WR * 0 ns
DMA AND INTERRUPT TIMING
Symbol Parameter Min. Max. Unit Test Conditions
tacc DACK Setup to Control 0 ns
teac DACK Hold After Control 0 ns
taco DACK to Data Valid 225 ns
tcra Control L.E. to DRQ T.E. 200 ns
ta Control T.E. to Interrupt T.E. tcy + 500 ns

7-40
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WAVEFORMS

1. READ OPERATION — OUTPUT BUFFER REGISTER.

CS OR Ag

X

(SYSTEM'S

ADDRESS BUS)
e— tAR
tRR |-'nA——
Y '\ 1 j\ (READ CONTROL)
|+— tRp — tor —
tap
DATA BUS
OUTPUT DATA VALID
2. WRITE OPERATION — INPUT BUFFER REGISTER.
_ (SYSTEM'S
CS OR Ao x X ADDRESS BUS)
-— taw—>| tww ’«'wnr>
WR (WRITE CONTROL)
tow ~——>twp
DATA BUS DATA DATA
(INPUT) MAY CHANGE DATA VALID MAY CHANGE

DMA AND INTERRUPT TIMING

DACK ————\

DRQ

DATA BUS

OAV SRQ

AN

< tacc—

—| tcac %‘—

taco

VALID

-—%1—&
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8295

DOT MATRIX PRINTER CONTROLLER

m Interfaces Dot Matrix Printers to
MCS-48™, MCS-80/85™, MCS-86™

Systems

s 40 Character Buffer On Chip
a Serial or Parallel Communication with

Host

m DMA Transfer Capability

s Programmable Character Density (10 or
12 Chararcters/inch)

s Programmable Print Intensity

= Single or Double Width Printing

m Programmable Multiple Line Feeds

m 3 Tabulations

= 2 General Purpose Outputs

The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot
matrix impact printers. It may also be used as an interface to other similar printers.

The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters
and contains a 7 x 7 matrix character generator accommodating 64 ASCII characters.

PIN
CONFIGURATION
PFEED(] 1 ~ 40 OVee
xTaL1 [ 2 39 [THOME
xraLz2(] 3 38 [ TOATRISIN
WESET (] 4 37 [JORAIETS
Nelds 36 [IRQISER
Twe 35 [JWOT
ano( 7 34 [IsT8
W6(]s 3%
Veeo 32[0%g
WRC] 10 nP%
swedn  P* wpm
Do[] 12 20 [0%3
Liln RK) 2 [1%2
D2(] e 208
D3] 15 26 [1VoD
04 16 25 [INC
05[] 17 24 Jar1
D[] 18 23[lap2
D7{] 19 22 [JTOF
ano(] 20 21 [JFFR

DATA
BUS

L1
WR
)

BATKISIN
DRQICTS
RESET
IRQ/SER

SYNC
XTAL1
XTAL2

BLOCK DIAGRAM

INTERNAL
BUS

=

DATA
BUS
BUFFERS

o
—

of

CONTROL

—

f

TIMING

(= k=

CHARACTER
BUFFER

I

(=)

PRINTER
INTERFACE

7
——— stB
f—— Wot
S 1}
+~———— HOME

PFEED

L1

CHARACTER
GENERATOR

T

OUTPUT
BUFFERS
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PIN DESCRIPTION

Name 110 Pin# Description Name 110 Pin# Description

PFEED | 1 Paper feed input switch. HOME I 39 Home input switch, used by the

XTAL1 I 2 Inputs for a crystal to set internal 8295 to detect that the print head

XTAL2 3 oscillator frequency. For proper is in the home position.
operation use 6 MHz crystal. DACK/SIN | 38 Inthe parallel mode used as DMA

RESET | 4 Reset input, active low. After f:gg:w'edgzm?”‘; - ";e tse”a'
reset the 8295 will be set for 12 _ » used as input for data.
characters/inch single width DRQ/CTS O 37 Inthe parallel mode used as DMA
printing, solenoid strobe at 320 request output pin to indicate to
msec. the 8257 that a DMA transfer is re-

R . R quested; in the serial mode used

[\I_C_: - No connection or tied high. as clear-to-send signal.

Cs ! Chip select input used to enable IRQ/ISER O 36 In parallel mode it is an interrupt
the RD and WR inputs except dur- request input to the master CPU;
ing DMA. in serial mode it should be

GND — 7 This pin must be tied to ground. strapped to Vgg.

RD | 8 Read input which enables the MOT O 35 Main motor drive, active low.
master CPU to read data and STB O 34 Solenoid strobe output. Used to
status. In the serial mode this pin determine duration of solenoids
must be tied to VCC~ activation.

Vee — 9  +5volt powerinput: +5V+10%. § O 33 Solenoid drive outputs; active

WR | 10 Write input which enables the Se gf low.
master CPU to write data and % 30
commands to the 8295. In the S_“ 29
serial mode this pin must be tied 23
to Vss. §.g 28

5, 27

SYNC O 11 2.5 us clock output. Can be used . o

as a strobe for external circuitry. Voo — 26 +5V power input (+5Vx10%).
o . Low power standby pin.

Dg /0 12 Three-state bidirectional data bus .

D4 13 buffer lines used to interface the NC — 25 No connection.

D, 14 8295 to the host processor in the GP1 O 24 General purpose output pins.

D3 15 parallel mode. In the serial mode GP2 o 23

Dy 16 Dg— D, sets up the baud rate.

Ds 17 TOF | 22 Top of form input, used to sense

Dg 18 top of form signal for type T

D; 19 printer.

GND — 20 This pin must be tied to ground. PFM O 21 Paper feed motor drive, active

Vee — 40 +5volt powerinput: +5V+10%. low.

7-44
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FUNCTIONAL DESCRIPTION

The 8295 interfaces microcomputers to the LRC 7040
Series dot matrix impact printers, and to other similar
printers. It provides internal buffering of up to 40 char-
acters. Printing begins automatically when the buffer is
full or when a carriage return character is received. It
provides a modified 7x7 matrix character generator. The
character set includes 64 ASCII characters.

Communication between the 8295 and the host proc-
essor can be implemented in either a serial or parallel
mode. The parallel mode allows for character transfers
into the buffer via DMA cycles. The serial mode features
selectable data rates from 110 to 4800 baud.

The 8295 also offers two general purpose output pins
which can be set or cleared by the host processor. They
can be used with various printers to implement such
functions as ribbon color selection, enabling form
release solenoid, and reverse document feed.

COMMAND SUMMARY

Hex Code Description Hex Code Description

00 Set GP1. This command brings the GP1 pin 09 Tab character.
to a logic high state. After power on it is .
automatically set high. 0A Line feed.

01 Set GP2. Same as the above but for GP2. 08 Multiple Line Feed; must be followed by a

. . byte specifying the number of line feeds.

02 Clear GP1. Sets GP1 pin to logic low state,
inverse of command 00. 0C Top of Form. Enables the line feed output

03 Clear GP2. Same as above but for GP2. In- until the Top of Form input is activated.
verse command 01. oD Carriage Return. Signifies end of a line and

04 Software Reset. This is a pacify command. enables the printer to start printing.

This command is not effective immediately 0E Set Tab #1, followed by tab position byte.
after commands requiring a parameter, as .

the Reset command will be interpreted as a OF Set Tab #2, followed by tab position byte.
parameter. Should be greater than Tab #1.

05 Print 10 characters/in. density. 10 Set Tab #3, followed by tab position byte.

06 Print 12 characters/in. density. Should be greater than Tab #2.

07 Print double width characters. This com- 1 Print Head Home on Right. On some
mand prints characters at twice the normal printers the print head home position is on
width, that is, at either 17 or 20 characters the right. This command would enable nor-
per line. mal left to right printing with such printers.

08 Enable DMA mode; must be followed by 12 Set Strobe Width; must be followed by
two bytes specifying the number of data strobe width selection byte. This command
characters to be fetched. Least significant adjusts the duration of the strobe activa-
byte accepted first. tion.

PROGRAMMABLE PRINTING OPTIONS D7—D3 D2 D1 DO  Solenoid On
CHARACTER DENSITY (microsec)
The character density is programmable at 10 or 12 char- X 0 0 0 200
acters/inch (32 or 40 characters/line). The 8295 is auto- X 0 0 1 240
matically set to 12 characters/inch at power-up. Invoking X 0 1 0 280
the Print Double-Width command halves the character X 0 1 1 320
density (5 or 6 characters/inch). The 10 char/in or 12 X 1 0 0 360
charlin command must be re-issued to cancel the X 1 0 1 400
Double-Width mode. Different character density modes X 1 1 0 440
may not be mixed within a single line of printing. X 1 1 1 480
PRINT INTENSITY Table 1.
The intensity of the printed characters is determined by
the amount of time during which the solenoid is on. This

N TABULATIONS

on-time is programmable via the Set Strobe-Width com-
mand. A byte following this command sets the solenoid
on-time according to Table 1. Note that only the three
least significant bits of this byte are important.

Up to three tabulation positions may be specified with
the 8295. The column position of each tabulation is
selected by issuing the Set Tab commands, each fol-
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lowed by a byte specifying the column. The tab posi-
tions will then remain valid until new Set Tab commands
are issued.

Sending a tab character (09H) will automatically fill the
character buffer with blanks up to the next tab position.
The character sent immediately after the tab character
will thus be stored and printed at that position.

CPU TO 8295 INTERFACE

Communication between the CPU and the 8295 may
take place in either a serial or parallel mode. However,
the selection of modes is inherent in the system hard-
ware; it is not software programmable. Thus, the two
modes cannot be mixed in a single 8295 application.

PARALLEL INTERFACE

Two internal registers on the 8295 are addressable by
the CPU: one for input, one for output. The following
table describes how these registers are accessed.

RD WR C
0 0 Input Data Register
1 0 Output Status Register

Register

1
0
Input Data Register—Data written to this register is

interpreted in one of two ways, depending on how the
data is coded.

1. A command to be executed (OXH or 1XH).

2. A character to be stored in the character buffer for
printing (2XH, 3XH, 4XH, or 5XH). See the character
set, Table 2.

Output Status Register—8295 status is available in this
register at all times.

STATUS BIT: [ 7
FUNCTION: [ x x PA DE _ x x__IBF x|

PA—Parameter Required; PA=1 indicates that a com-
mand requiring a parameter has been received. After the
necessary parameters have been received by the 8295,
the PA flag is cleared.

DE—DMA Enabled; DE = 1 whenever the 8295 is in DMA
mode. Upon completion of the required DMA transfers,
the DE flag is cleared.

IBF—Input Buffer Full; IBF = 1 whenever data is written
to the Input Data Register. No data should be written to
the 8295 when IBF = 1.

A flow chart describing communication with the 8295 is
shown in Figure 1.

The interrupt request output (IRQ, Pin 36) is available on
the 8295 for interrupt driven systems. This output is
asserted true whenever the 8295 is ready to receive data.

To improve bus efficiency and CPU overhead, data may
be transferred from main memory to the 8295 via DMA
cycles. Sending the Enable DMA command (08H) acti-
vates the DMA channel of the 8295. This command must
be followed by two bytes specifying the length of the
data string to be transferred (least significant byte first).
The 8295 will then assert the required DMA requests to

the 8257 DMA controller without further CPU interven-
tion. Figure 2 shows a block diagram of the 8295 in DMA
mode.

WRITE TO 8205
A0=0
8295 STATUS
IBF =1

DONE

Figure 1. Host to 8295 Protocol Flowchart

8257

DMA
<}:‘> CONTROLLER
DACKx

DRQx
OPTIONAL

X4 X2
] TS DRQ
= RD DACK
= WR
4
a RESET

MOT —=| MOTOR
Pewt o] DRIVERS
8295
D7
()% o )

7
s SRIVERS PRINTER
IRQ T
sTB
PFEED
HOME

Figure 2. Parallel System Interface

Data transferred in the DMA mode may be either com-
mands or characters or a mixture of both. The procedure
is as follows:

1. Set up the 8257 DMA controller channel by sending a
starting address and a block length.

2. Set up the 8295 by issuing the “Enable DMA” com-
mand (08H) followed by two bytes specifying the
block length (least significant byte first).

The DMA enabled flag (DE) will be true until the
assigned data transfer is completed. Upon completion
of the transfer, the flag is cleared and the interrupt re-
quest (IRQ) signal is asserted. The 8295 then returns to
the non-DMA mode of operation.
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SERIAL INTERFACE
The 8295 may be hardware programmed to operate in

+5
a serial mode of communication. By connecting the 2;
IRQ/SER pin (pin 36) to logic zero, the serial mode is ste D
enabled immediately upon power-up. The serial Baud
rate is also hardware programmable; by strapping pins 57 ———Do—
14, 13, and 12 according to Table 2, the rate is selected. _ :D__
CS, RD, and WR must be strapped as shown in Figure 3. s6 —“>°—
Pin14  Pin13 Pin12  Baud Rate s —‘D*-:D_ 10
— SOLENOID
8 g (1) :;g a0 > +ED_:D DRIVERS
0 1 0 300 s D
0 1 1 600 ) _.Do_
1 0 0 1200
1 0 1 2400 §i —
1 1 0 4800 mot Vv TO MOTOR
1 1 1 4800 o 'Q DRIVERS
PFM >
Table 2.
The serial data format is shown in Figure 3. The CPU Figure 4. 8295 To Printer Solenoid Interface

should wait for a clear to send signal (CTS) from the

8295 before sending data.
OSCILLATOR AND TIMING CIRCUITS

The 8295’s internal timing generation is controlled by a
‘—-["—T—U% self-contained oscillator and timing circuit. A 6 MHz
X1 X2

crystal is used to derive the basic oscillator frequency.

The resident timing circuit consists of an oscillator, a
+5— RD WOT [—=| MOTOR :J_‘> state counter and a cycle counter as illustrated in Figure
Cs PFM —~| DRIVERS 5. The recommended crystal connection is shown in
WR Figure 6.
8295
7 SOLENOID
BAUD b2 & ::> DRIVERS :‘J>1 PRINTER
RATE D1
SELECT oo sal— 1 rlDl_
XTAL1 XTAL2
PFEED
HOME
8251A TXD ————| sIN os(?ltLA?I’OR
USART CTS cTs
PR
+3 +5 SYNC
STATE ? CYCLE * OUTPUT
COUNTER COUNTER (2.5 usec)
SERI#L ] [
INPU
START STOP
MARK BIT DO D1 | D2 | D3 | D4 D5| D6} D7 BIT prr——,
ors —l Figure 5. Oscillator Configuration
Figure 3. Serial Interface to UART (8251A)
—E—leTAU
8295 TO PRINTER INTERFACE 1-s miz P 8295
The strobe output signal of the 8295 determines the 3
duration of the solenoid outputs, which hold the data to XTAL2
the printer. These solenoid outputs cannot drive the ”PFI
printer solenoids directly. They should be buffered =
through solenoid drivers as shown in Figure 4. Recom-
mended solenoid and motor driver circuits may be found
in the printer manufacturer’s interface guide. Figure 6. Recommended Crystal Connection
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8295 CHARACTER SET

Hex Code Print Char. Hex Code Print Char.
20 space 30 0
21 ! 31 1
22 ” 32 2
23 # 33 3
24 $ 34 4
25 % 35 5
26 & 36 6
27 , 37 7
28 ( 38 8
29 ) 39 9
2A * 3A :
2B + 3B ;
2C ! 3C <
2D - 3D =
2E . 3E >
2F / 3F ?

Hex Code Print Char. Hex Code Print Char.
40 @ 50 P
41 A 51 Q
42 B 52 R
43 (o} 53 S
44 D 54 T
45 E 55 U
46 F 56 v
47 G 57 W
48 H 58 X
49 | 59 Y
5A J 5A Z
4B K 5B [
4C L 5C \
4D M 5D ]
4E N 5E t
4F (o] 5F —

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias......... 0°Cto70°C
Storage Temperature. .............. —65°to + 150°C
Voltage on Any Pin With

Respect to Ground. . ................. 0.5V to+7V
Power Dissipation. ............. ... ..o 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS

Ta=0°C to 70°C, Voo = Vpp = +5V £ 10%, Vgg =0V

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

Symbol Parameter - Limits Unit Test Conditions
Min. Typ. Max.

Vi Input Low Voltage (All -05 0.8 \"
Except X4, X5, RESET)

Vi Input Low Voltage (X4, X, -05 0.6 \
RESET)

ViH Input High Voltage (All 2.2 Vee \"
Except Xy, Xo, RESET)

ViH1 Input High Voltage (X1, Xz, 3.8 VCC \%
RESET)

VoL Output Low Voltage (Dg-D7) 0.45 \ lo,=2.0mA

Vo1 Output Low Voltage (All 0.45 \" loL=16mA
Other Outputs)

Vou Output High Voltage (Dg-D7) 24 \ loy= —400pA

VoH1 Output High Voltage (All 2.4 v lon= —50uA
Other Outputs)

I Input Leakage Current +10 uA Vss < ViN< Ve
(RD, WR, CS, A)

loz Output Leakage Current +10 uA Vgs+0.45 < V)N < Ve
(Do-D7, High Z State)

lop Vpp Supply Current 5 15 mA

lop+ lcc Total Supply Current 60 125 mA

I Low Input Load Current 0.5 mA V=08V
(Pins 24, 27-38)

[INT] Low Input Load Current 0.2 mA V=08V
(RESET)
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A.C. CHARACTERISTICS

Ta=0°C to 70°C, Vgc=Vpp=+5V £ 10%, Vgg=0V

DBB READ
Symbol Parameter Min. Max. Unit Test Conditions
tar CS, Ap Setup to RD + 0 ns
tRra CS, Ag Hold After RD * 0 ns
tRR RD Pulse Width 250 ns
tap CS, A to Data Out Delay 225 ns C_=150 pF
trD RD | to Data Out Delay 225 ns CL=150 pF
toF RD * to Data Float Delay 100 ns
tey Cycle Time 25 15 us
DBB WRITE
Symbol Parameter Min. Max. Unit Test Conditions
taw CS, Ag Setup to WR ¢ 0 ns
twa CS, Ag Hold After WR ¢ 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR * 150 ns
twp Data Hold to WR * 0 ns
DMA AND INTERRUPT TIMING
Symbol Parameter Min. Max. Unit Test Conditions
tacc DACK Setup to Control 0 ns
tcac DACK Hold After Control 0 ns
tcra ‘WR to DRQ Cleared 200 ns
taco DACK to Data Valid 225 ns
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WAVEFORMS

1. READ OPERATION — OUTPUT BUFFE

R REGISTER.

(SYSTEM’S
ADDRESS BUS)

CSOR A, x
‘—'An—’l
\

4
tar I-— tha |

fe— tgp —|

4& toF—>

tap
DATA BUS

\ (READ CONTROL)

(OUTPUT)

DATA VALID

2. WRITE OPERATION — INPUT BUFFER REGISTER.

CSORAg X

(SYSTEM’S
ADDRESS BUS)

le—taw ——’ tww (= twa =
WR A (WRITE CONTROL)
N
<~ tow —> two
A 3
DATA DATA
DA.(';?JPBI}IIE) MAY CHANGE {<——— DATA VALID '_;K MAY CHANGE
DMA AND INTERRUPT TIMING
DACK &K
[—tacc—| tcac [~
RD WR \‘
DRQ ﬁ
tcra 1
taco |
DATA
BUS VALID x
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PRINTER INTERFACE TIMING AND WAVEFORMS

MOTOR DRIVE \

HOME 7! \‘
X 45 \ {
SOLENOID DATA
— Spg —= My, [+—
SOLENOID STROBE \
it
= Po, |- SHg —=
PFEED
Ps, PHp
PEM

Symbol Parameter Typical

Pon Print delay from 1.8 ms
home inactive

Sps Solenoid data 25 us
setup time before
strobe active

Shs Solenoid data >1ms
hold after strobe
inactive

Mua Motor hold tim.e 32 ms
after home active

Psp PFEED setup time 58 ms
after PFM active

Pup PFM hold time 9.75 ms
after PFEED active
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ICE-41A™
- UPI-41A IN-CIRCUIT EMULATOR

Extends Intellec microcomputer develop-
ment system debug power to user con-
figured system via external cable and
40-pin plug, replacing user UPI-41A™
devices

Emulates user system UPI-41A™ devices
in real time

Allows user configured system to use
static RAM memory for program debug

Provides hardware comparators for user
designated break conditions

Eliminates need for extraneous debug-
ging tools residing in user system

Collects address, data, and UPI-41A™
status information on machine cycles
emulated

Provides capability to examine and alter
UPI-41A™ registers, memory, and flag
values, and to examine pin and port
values

Integrates hardware and software efforts
early in engineering cycle to save devel-
opment time

The ICE-41A UPI-41A In-Circuit Emulator module is an Intellec system resident module that interfaces to any user con-
figured UPI-41A system. The ICE-41A module interfaces with a UPI-41A pin-compatible plug which replaces the UPI-
41A device in the system. With the ICE-41A plug in place, the designer has the capability to execute the system in real
time while collecting up to 255 instruction cycles of real time trace data. In addition, he can single step the system pro-
gram during execution. Static RAM memory is available through the ICE-41A module to store UPI-41A programs. The
designer may display and alter the contents of program memory, internal UPI-41A registers and flags, and I/O ports.
Powerful debug capability is extended into the UPI-41A system while ICE-41A debug hardware and software remain in-
side the Intellec system. Symbolic reference capability allows the designer to use symbols rather than absolute values
when examining and modifying memory, registers, flags, and I/O ports in the system.
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ICE-41A™

FUNCTIONAL DESCRIPTION

Debug Capability Inside User System

Intellec memory is used for the execution of the ICE-41A
software. The Intellec CRT console and the file handling
capabilities provide the designer with the ability to com-
municate with the ICE-41A module and display informa-
tion on the operation of the prototype system. The ICE-
41A module block diagram is shown in Figure 1.

Symbolic Debugging

Symbol Table — ICE-41A software allows the user to
make symbolic references to /O ports, memory ad-
dresses, and data in his program. The user symbol table
which is generated along with the object file during a
program assembly can be loaded to Intellec memory for
access during emulation. The user may add to this sym-
bol table any additional symbolic values for memory ad-
dresses, constants, or variables that he may find useful
during system debugging. By referring to symbol
memory addresses, the user can examine, change or
break at the intended location. In addition, ICE-41A pro-
vides symbolic definition of all UPI-41A registers and
flags.

Symbolic Reference — Symbolic reference is a great
advantage to the system designer. He is no longer
burdened with the need to recall or look up addresses of
key locations in his program which can change with
each assembly. Meaningful symbols from his source
program can be used instead. For example, the com-
mand:

GO FROM .START TILL CODE. RSLT

begins execution of the program at the address refer-
enced by the label START in the designer's assembly
program. A breakpoint is set to occur the first time the
microprocessor executes the program memory location
referenced by RSLT. The designer does not have to be
concerned with the physical locations of START and
RSLT. The ICE-41A software driver supplies them
automatically from information stored in the symbol
table.

Memory Replacement

The 8741/8741A and 8041/8041A contain internal pro-
gram and data memory. When the UPI-41A microcom-
puter is replaced by the ICE-41A socket in a system, the
ICE-41A module supplies static RAM memory as a
replacement for the internal microcomputer memory.
The ICE-41A module has enough RAM memory available
to emulate up to the total 1K control memory capability
of the system.

Real-Time Trace

The ICE-41A module captures trace information while
the designer is executing programs in real time. The in-
structions executed, program counter, port values for
port 1 and port 2, and the values of selected UPI-41A
status lines are stored for the last 255 instruction cycles
executed. When retrieved for display, code is dis-
assembled for user convenience. This provides data for
determining how the user system was reacting prior to
emulating break.

USER SOCKET

DBB
SIMULATOR

SYNO ———

CABLE

BUFFER
SYN1 —»—

INTERNAL
— TIMER

TRACE
MEMORY

CONTROL
PROGRAM

| [

CONTROL PROCESSOR DATA

A4 | [
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w
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Figure 1. ICE-41A Moduyle Block Diagram
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ICE-41A™

Integrated Hardware/Software Development

The user prototype systems need no more than a UPI-
41A socket and timing logic to begin integration of soft-
ware and hardware development efforts. Through the
ICE-41A module, Intellec system resources can be ac-
cessed to replace the prototype system. UPI-41A soft-
ware development can proceed without the prototype
hardware. Hardware designs can be tested using
previously tested system software.

Hardware

The ICE-41A module is a microcomputer system utiliz-
ing Intel’s UPI-41A microprocessor as its nucleus. This
system communicates with the Intellec system 8080A
processor via direct memory access. Host processor
commands and ICE-41A status are interchanged
through a DMA channel. ICE-41A hardware consists of
two printed circuit boards, the controller board and the
emulator board, which reside in the Intellec system
chassis. A cable assembly interfaces the ICE-41A
module to the user's UPI-41A system. The cable ter-
minates in a UPI-41A pin-compatible plug which
replaces any UPI-41A device in the user system.

Controller Board

The ICE-41A module interfaces to the Intellec systems
as a peripheral device. The controller board receives
commands from the Intellec system and responds
through a DMA port. Three 10-bit hardware breakpoint
registers are available which can be loaded by the user.
While in emulation mode, a hardware comparator is con-
stantly monitoring address lines for a match which will
terminate an emulation. The controller board returns
real-time trace data, UPI-41A registers, flag and port
values, and status information to a control block in the
Intellec system when emulation is terminated. This in-
formation is available to the user through the ICE-41A
interrogation commands. Error conditions, when
detected, are automatically displayed on the Inteliec
system console.

Emulator Board

The emulator board contains the 8741A and peripheral
logic required to emulate the UPI-41A device in the user
system. A 6 MHz clock drives the emulated UPI-41A
device. This clock can be replaced with a user supplied
TTL clock in the user system or can be strapped inter-
nally for 3 MHz operation.

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 UPI-41A device.

Software

The ICE-41A software driver is a RAM-based program
which provides the user with command language (see
Table 1, Table 2, and Table 3) for defining breakpoints,
initiating real-time emulation or single step operation,
and interrogation and altering user system status
recorded during emulation. The ICE-41A command
language contains a broad range of modifiers which pro-

vide the user with maximum flexibility in defining the
operation to be performed. The ICE-41A software driver
is available on diskette and operates in 32K of Intellec
RAM memory.

Command
Enable

Operation

Activates breakpoint and display reg-
isters for use with go and step com-
mands.

Initiates real-time emulation and al-
lows user to specify breakpoints and
data retrieval.

Initiates emulation in single instruc-
tion increments. Each step is followed
by register dump. User may optionally
tailor other diagnostic activity to his
needs.

Go

Step

Interrupt Emulates user system interrupt

Table 1. ICE-41A Emulation Commands

Command Operation

Display Prints contents of memory, UPI-41A
device registers, 1/0 ports, flags, pins,
real-time trace data, symbol table, or

other diagnostic data on list device.

Alters contents of memory, register,
output port, or flag. Sets or alters
breakpoints and display registers.

Establishes mode of display for output
data.

Establishes mode of display for input
data.

Change

Base

Suffix

Table 2. ICE-41A Interrogation Commands

Command Operation

Load Fetches user symbol table and object
code from input device.

Save Sends user symbol table and object
code to output device.

Define Enters symbol name and value to user
symbol table.

Move Moves block of memory data to an-
other area of memory.

Print Prints user specified portion of trace
memory to selected list device.

List Defines list device.

Exit Returns program control to ISIS-II.

Evaluate Converts expression to equivalent val-
ues in binary, octal, decimal, and hex.

Remove Deletes symbols from symbol table.

Reset Reinitializes ICE-41A hardware.

Table 3. ICE-41A Utility Commands
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ICE-41A™

SPECIFICATIONS
ICE-41A Operating Environment

Required Hardware

Intellec microcomputer development system
System console

Intellec diskette operating system

ICE-41A module

Required Software

System monitor

I1SIS-1I

ICE-41A diskette-based software

System Clock

Crystal controlled 6.0 MHz or 3.0 MHz internal or user
supplied TTL external

Physical Characteristics

Printed Circuit Boards

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

Cable Buffer Box

Width: 8.00 in. (20.32 cm)
Height: 4.00 in. (10.16 cm)
Depth: 1.25in. (3.17 cm)

Flat Cable: 4.00 ft (121.92 cm)
User Cable: 15.00 in. (38.10 cm)

Electrical Characteristics
DC Power Requirements

Vo= +5V, +5%

lcc = 10A max; 8A typ

Vpp= +12V, £5%

lpp= 100 mA max; 60 mA typ
Vgg= — 10V

lgg=30 mA

Input Impedance

@ |ICE-41A user socket pins:
V|L= 0.8V max; |||_= 1.6 mA
Vig=2.0V min; ljy=40 uA

@ Bus:

VL= 0.8V max; I, =250 uA
ViH= 2.0V min; Vi =20 uA
Output Impedance

@ P1, P2

VoL= 0.5V max; |o|_= 16 mA
Vou= Vcc (10K pullup)

@ Bus:

VoL = 0.5V max; lg. =25 mA

Vou =3.65V min; loy=1mA

Others

VoL=0.5V max; lo. =16 mA

Von = 2.4V max; loy =400 pA

Equipment Supplied

Controller board

Emulator board

Interface cables and buffer module
Operator’'s manual

ICE-41A diskette based software

Reference Manuals
9800465 — ICE-41A Operator's Manual (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
MDS-41A-ICE UPI-41A (8741, 8041, 8741A, 8041A)
CPU

In-circuit emulator, cable assembly
and interactive diskette software
included

84
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MULTI-ICE™ SOFTWARE
MULTIPLE-IN-CIRCUIT-EMULATOR

Facilitates software and hardware debug-
ging of multi-processor systems.

Allows two In-Circuit Emulators to
operate simultaneously in a single
Intellec Microcomputer Development
System.

Provides enhanced software features:
Symbolic Display of Addresses, Macro
Commands, Compound Commands,
Software Synchronization of Processes,
and INCLUDE File Capability.

Supports In-Circuit Emulator combina-
tions, 85/85 Emulators, 85/49 Emulators
(ICE-49™ Emulator supports the design
using MCS-48™ chip family), and 85/41A
Emulators.

Functions under the supervision of ISIS-
Il Disk Operating System.

Supports ICE-85™ Emulator Hold
Request/Hold Acknowledgement hand-
shake while in both emulation and inter-
rogation modes. (Can be used for
Dynamic RAM refresh.)

Multi-ICE In-Circuit Emulator is a software product which allows two Intel In-Circuit Emulators to run simultaneously
in a single Intellec Microcomputer Development System. Multi-ICE software used in lieu of the standard ICE software
gives users full control of the Intellec Microcomputer Development System, and the two ICE modules for hardware

and software debugging of multi-processor systems.

Enhancement features available with Multi-ICE software include a compound command capability which enables the
user to ‘‘program’’ a diagnostic or exercise sequence. Also included are repeat and conditional execution of ICE
commands, and the ability to invoke the macro commands by name.

A special EPROM set for the ICE-85 Emulator is included. The new firmware will enable the ICE-85 Emulator to support
Hold-Request and Hold-Acknowledgement hand-shake protocol both while in emulation and while in interrogation
mode. This allows the ICE-85 Emulator to support typical dynamic RAM and DMA applications.

1. ICE. iCS. Insite. Intel. Intellec. iISBC. Library Manager. MCS, Megachassis. Micromap. Multibus, Multimodule. PROMPT. Promware. RMX. UPI. uScope. and the combination of
ICE, ICS. iISBC. MCS. or RMX and a numerical suffix are trademarks of Intel Corporation.

Intel Corporation 1979

8-5
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MULTI-ICE™ SOFTWARE

MULTI-ICE OPERATION

Multi-ICE software is a debug tool which allows two ICE
emulators to begin and stop in sequence. Once started,
two ICE emulators emulate simultaneously and
independently. Thus, Multi-ICE software permits the
debugging of asynchronous or synchronous multi-
processor systems.

A conceptual model for the Multi-ICE software can be
illustrated with the following block diagram.

PR1PROCESS I ICE
| HARDWARE
INTELLEC UNIT 1
CONSOLE
PARSER HOST PROCESS
SUBMITFILE
ICE
| HARDWARE
PR2 PROCESS ’ UNIT2

Block Diagram of Multi-ICE™ Operation

There are three processes in the Multi-ICE environ-
ment: the Host process and the two ICE processes to
control the two ICE hardware modules. The processor
for these three processes is the microcomputer in the
Intellec Microcomputer Development System. Only the
Host process is active when Multi-ICE software is
invoked. The Parser interfaces with the console,
receives commands from the console or from a file,
translates them into intermediate code, and loads the
code into the Host command code buffer or ICE com-
mand code buffers.

The Host process executes commands from its com-
mand code buffer using the execution software and
hardware of the Host's current environment, either
environment 1 or environment 2 (EN1 or EN2), as
required. EN1 and EN2 are the operating environments
of the two In-Circuit Emulators.

The user can change the execution environment (from
EN1 to EN2 or vice versa) with the SWITCH command.
Once the environment is selected, ICE operation is the
same as with standard ICE software. In addition, the
enhanced software capabilities are available to the
user.

The two ICE processes (PR1 and PR2) execute com-
mands from their command code buffers in their own
environments (PR1 in EN1 and PR2 in EN2). The main
functions of the two ICE execution processes are to
control the operations of the two ICE hardware sets.
The ACTIVATE command controls the execution of the
ICE processes. Commands are passed on to each ICE
unit to initiate the desired ICE functions.

The two ICE hardware units accept commands from the
Host process or ICE processes. Once emulations start,
the two ICE hardware sets will operate until a break con-
dition is met or processing is interrupted by commands
from the ICE execution processes.

8-6

ENHANCED DIAGNOSTIC SOFTWARE
FUNCTIONS

Single ICE™ Module Operation

Multi-ICE software can be used for single ICE operation.
The operating procedures will be identical to the Multi-
ICE operation. All the enhanced software functions will
be available. The performance will be the same as if the
standard ICE software is being used.

Symbolic Display of Addresses

The user has the option of displaying a 16-bit address in
the form of a symbol name or line number plus a hex
number offset.

Macro Command

A macro is a set of commands which is given a name.
Thus, a group of commands which is executed fre-
quently may be defined as a macro. Each time the user
wants to execute that group of commands, he may just
invoke the macro by typing a colon followed by the
macro name. Up to ten parameters may be passed to
the macro.

Macro commands may be defined at the beginning of a
debug session and then can be used throughout the
whole session. If the user wants to save the macros for
later use, he may use the PUT command to save the
macro on diskette, or the user may edit the macro file
off-line using the Intellec text editor. Later, the user
may use the INCLUDE command to bring in the macro
definition file that he created.

Example:

*DEFINE MACRO INITMEM ;This macro clears the

memory and then loads the

programs.

;Select environment 1 (ICE

Module 1)

;Initialize memory to 0.

;Load user program into

memory for ICE Module 1.

;Select environment 2 (ICE

Module 2)

;Load user program into

memory for ICE Module 2.

EM ;End of Macro

* ;To execute this Macro, user
types :INITMEM

SWITCH = EN1

*BYTEO0TO 100=0
.*LOAD :F1:DRIVER

*SWITCH = EN2
.*LOAD :F1:DR2

Compound Command

Compound commands provide conditional execution of
commands (IF Command) and execution of commands
repeatedly until certain conditions are met (COUNT,
REPEAT Commands).

Compound commands and Macro commands may be
nested any number of times.

Example:
*DEFINE .1=0 ;Define symbol .Ito 0
*COUNT 100H ;Repeat the following

commands 100H times.

*IF .IAND 1 THEN ;Check if .l is odd

LBYT =10 ;Fill the memory at location .|
tovalue .|

..*END

2=+ ;increment .1 by 1.

*END ;Command executes upon

carriage-return after END

01380A



MULTI-ICE™ SOFTWARE

Software Synchronization of Processes

Up to three processes (Host, PR1 and PR2) can be
active simultaneously in the system. An ICE process
can be activated (ACTIVATE), suspended (SUSPEND),
killed (KILL), or continued (CONTINUE). The Host pro-
cess can wait for other processes to become dormant
before it becomes active again. Through these syn-
chronization commands, the user can create a system

test file off-line yet be able to synchronize the three pro-
cesses when the actual system test is executed.

Example:

The capability of the software synchronization com-
mands is demonstrated by the following example. The
flowchart shows the synchronization requirements. The
program steps show the actual implementation.

e — — — ]
-l_AcnvE
| GO FOREVER I

PROCESSOR1
CTIVE

PROCESSOR 1 |
DORMANT

_—— —| ACTIVATE PROCESSOR 1 I
SWITCH TO ENVIRONMENT
FOR PROCESSOR 2

REPEAT
WHILE PC OF
PROCESSOR 2
x.LOOP

WAIT UNTIL
PROCESSOR 2
1S DORMANT

HOST PROCESSOR |
IS IN WAIT STATE M

IFPC
OF
PROCESSOR 2
=.LOOP

—— | =] SUSPEND PROCESSOR 1

HOST )
PROCESSOR
ACTIVE

ACTIVATE PROCESOR2 | —

— +

PROCESSOR 1 HOST PROCESSOR PROCESSOR 2
| |
ACTIVE
PROCESSOR 1 l l
DORMANT

PROCESSOR 2
ID RMANT

-rACTIVE
GO TILL INSTRUCTIONS AT

LOCATION .LOOP OR
-END iS EXECUTED

PROCESSOR 2
MANT

1
I
1>
I
I
I

Flowchart of the Example for Demonstrating Multi-IC

*ACTIVATE PR1

.*GO FROM 800

*END

PR1 EMULATION BEGUN
*SWI=EN2

*REPEAT

WHILEPC< > .LOOP
.*ACT PR2

..*GOTILL .LOOP CR .END
..*REGISTER

.."END

*WAIT PR2

.*IF PC=.LOOP THEN
..*SUSPEND PR1

..*END

.*END

;Activate PR1
;Start ICE Module 1
;End of Activate block

g™

;Switch execution Environment to EN2
;Repeat the following block of commands while PC is not equal to .Loop

;Activate PR2

Synchronization Capability

;Go till instruction at location .Loop or at location .END is executed

;Display the registers
;End of Activate block
;Wait until PR2 is dormant

;End of IF block
;End of REPEAT block
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MULTI-ICE™ SOFTWARE

INCLUDE File Capability

The INCLUDE command causes input to be taken from
the file specified until the end of the file is encountered,
at which point, input continues to be taken from the
previous source. Nesting of INCLUDES is permitted.
Since the command code file can be complex, the
ability to edit offline becomes desirable. The INCLUDE
command allows the user to pull in command code files
and Macro commands created offline which can then be
used for the particular debugging session.

Example:

*INCLUDE :F1:PROGH1 ;Cause input to be taken
from file PROG1

*MAP 0 LENGTH 64K=USER ;Contents of the file PROG1
are listed on screen as they

are executed.
*MAPIO0TO FF = USER
*SWITCH = EN2
*LOAD :F2:LED.HEX
*SWITCH = EN1 ;End of the file PROG1
* ;After the end of file is

reached, control is returned

to console.

SPECIFICATIONS
Equipment Supplied:

— Multi-ICE Flexible diskettes
(one each in single and double density)

Contains software that supports 85/85 Emulators,
85/49 Emulators, and 85/41A Emulators

— Special EPROM set for one ICE-85 Emulator

— Operator's Manual

MULTI-ICE™ OPERATING ENVIRONMENT
Required Hardware:

Intellec Microcomputer Development System
—Model-800, Model-888

—Series Il Model 220, Model 230, and Expansion
Chassis

Required Hardware: (Cont’d.)
64K bytes of RAM memory
Flexible disk drive(s)
—Single or double density
System Console
—CRT or hard copy interactive device
ICE-85 Emulator(s), ICE-49 Emulator or ICE-41A
Emulator
Optional Hardware:
Printer

Additional flexible disk drives

Required Software:

Intel Systems Implementation Supervisor (ISIS-l)

ORDERING INFORMATION:

Product Code Description
MDS*-350 Multi-ICE Software

*“MDS” is used as an ordering code only, and is not used as a product name or trademark. MDS® is a registered trade-

mark of Mohawk Data Sciences Corp.

8-8
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intel
MCS-48™

DISKETTE-BASED SOFTWARE
SUPPORT PACKAGE

Extends Intellec® Microcomputer Development MCS-48 Assembler provides conditional assem-
System to support MCS-48™ development bly and macro capability

Takes advantage of powerful ISIS-Il file handling
and storage capabilities

The MCS-48™ Diskette-based Software Support Package (MDS-D48) comes on an Intel® 1SIS-Il System Diskette and
contains the MCS-48 Assembler (ASM48), and the diskette version of the Universal PROM Mapper.

The MCS-48 Assembler (ASM48) translates symbolic 8048 assembly language instructions into the appropriate
machine operation codes. In addition to eliminating the errors of hand translation, the ability to refer to program ad-
dresses with symbolic names makes it easier to modify programs when adding or deleting instructions. Conditional
assembly permits the programmer to specify portions of the master source document which 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 to define a routine through the use of a single label. ASM48 will assemble the
code required by the reserved routine whenever the Macro label is inserted in the text.

Output from the ASM48 is in standard Intel® Hex format. it may be loaded directly to an ICE-48 module for integrated
hardware/software debugging. It may also be loaded into the Intellec Development System for 8748 PROM programm-
ing using the Universal PROM Programmer.

ntgl®
nouBLE DENSITY
FLEXIBLE DISK
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MCS-48™ DISKETTE-BASED SOFTWARE SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

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 translation and makes it easier to modify programs
when adding or deleting instructions. Conditional
assembly permits the programmer to specify which por-
tions of the master source document should be includ-
ed 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
will assemble the code required by the reserved routine
whenever the macro label is inserted in the text. Output
from the assembler is in standard Intel hex format. It
may be either loaded directly to an in-circuit emulator
(ICE-49) module for integrated hardware/software
debugging, or loaded into a Universal PROM Program-
mer for 8748 PROM programming. A sample assembly
listing is shown in Table 1.

ISIS-11 8048 MACROASSEMBLER, V1.0 PAGE 1
Loc osy SEQ 'SOURCE STATEMENT
1 ;DECIMAL ADDITION ROUTINE. ADD BCO 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 ORMSD IS 0 IF
6 ,0DD)
7 INIT MACRO AUGND,ADDND,CNT
8 MoV RO, #AUGND
9 u MoV R1, ¥ADDND
10 MoV R2, #CNT
1" ENDM
12
0001E 13 ALPHA EQU 30
0028 14 BETA EQU 40
0032 15 COUNT EQU 5
0100 16 ORG H
17 INIT ALPHA, BETA, COUNT
0100 B8IE 18+ MoV RO, ¥ALPHA
0102 B928 19+L1 MOV R1, #BETA
0104 BA32 20+ MoV R2, #COUNT
0106 97 21 CLR [
0107 FO 22 LP: Mov A, @RO
0108 71 23 ADDC A @R1
0109 57 24 DA A
010A A1 25 Mov @RO, A
0108 18 26 INC RO
010C 19 27 INC R1
010D EA07 28 DINZ R2, LP
END
USER SYMBOLS
ALPHA 0001E BETA 0028 ‘COUNT 0005 LP 0107
L 0102
ASSEMBLY COMPLETE, NO ERRORS
I1SI1S-1l ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE 1
SYMBOL CROSS REFERENCE
ALPHA 13¥ 17
BETA 144 17
COUNT 154 17
INIT ™ 17
L 19#
LP 228 28
Table 1. Sample MCS-48 Diskette-Based

Assembly Listing

SPECIFICATIONS

Operating Environment
Required Hardware
Intellec Microcomputer Development System
32K RAM (non-macro use)
48K RAM (use of macro facility)
One or two Floppy disk drives
— Single or Double density
System Console
— CRT or interactive hardcopy device

Required Software
ISIS-II Diskette Operating System
Optional Hardware

ICE-49 In-Circuit Emulator
Line Printer
Universal PROM Programmer with 8748 personality card

Shipping Media

Diskette

Reference Manuals

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

9800236 — Universal PROM Mapper Operator's Manual
9800306 — ISIS-1l User’'s Guide

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
family of microprocessors.

Diskette-based assembler for MCS-48

8-10
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inte|® MODEL 230
INTELLEC® SERIES I

MICROCOMPUTER DEVELOPMENT SYSTEM

Complete microcomputer development Powerful ISIS-ll Diskette Operating
center for Intel 80/85, 8086, and 8048 System software with relocating
microprocessor families macroassembler, linker, and locater

LSI electronics board with CPU, RAM,
ROM, i/0, and interrupt circuitry 1 million bytes (expandable to 2.5M
bytes) of diskette storage
64K bytes RAM memory
Supports PL/M and FORTRAN high level
Self-test diagnostic capability languages

Eight-level nested, maskable priority

interrupt system Standard MULTIBUS™ with
multiprocessor and DMA capability

Built-in interfaces for high speed paper

tape reader/punch, printer, and universal Compatible with standard Intellec/iSBC™

PROM programmer expansion modules

Integral CRT with detachable upper/
lower case typewriter-style full ASCII Software compatible with previous
keyboard Intellec® systems

The Model 230 Intellec Series Il Microcomputer Development System is a complete center for the development of
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT,
a detachable full ASCII keyboard, and dual double density diskette drives providing over 1 million bytes of on-line data
storage. Powerful ISIS-II Diskette Operating System software allows the Model 230 to be used quickly and efficiently
for assembling and/or compiling and debugging programs for Intel's 80/85, 8086, or 8048 microprocessor
families without the need for handling paper tape. ISIS-Il performs all file handling operations, leaving the user free to
concentrate on the details of his own application. When used in conjunction with an optional in-circuit emulator (ICE)
module, the Model 230 provides all the hardware and software development tools necessary for the rapid development
of a microcomputer-based product.
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MODEL 230

FUNCTIONAL DESCRIPTION

Hardware Components

The Intellec Series || Model 230 is a packaged, highly
integrated microcomputer development system consist-
ing of a CRT chassis with a 6-slot cardcage, power sup-
ply, fans, cables, and five printed circuit cards. A
separate, full ASCII keyboard is connected with a cable.
A second chassis contains two floppy disk drives capa-
ble of double-density operation along with a separate
power supply, fans, and cables for connection to the
main chassis. A block diagram of the Model 230 is
shown in Figure 1.

CPU Cards — The master CPU card contains its own
microprocessor, memory, /O, interrupt and bus inter-
face circuitry fashioned from Intel's high technology LSI
components. Known as the integrated processor board
(IPB), it occupies the first slot in-the cardcage. A second
slave CPU card is responsible for all remaining 1/0 con-
trol including the CRT and keyboard interface. This card,
mounted on the rear panel, also contains its own micro-
processor, RAM and ROM memory, and I/O interface
logic, thus, in effect, creating a dual processor environ-
ment. Known as the I/O controller (I0OC), the slave CPU

card communicates with the IPB over an 8-bit bidirec-
tional data bus.

Memory and Control Cards — In addition, 32K bytes of
RAM (bringing the total to 64K bytes) is located on a
separate card in the main cardcage. Fabricated from
Intel’s 16K RAMSs, the board also contains all necessary
address decoding and refresh logic. Two additional
boards in the cardcage are used to control the two
double-density floppy disk drives.

Expansion — Two remaining slots in the cardcage are
available for system expansion. Additional expansion of
4 slots can be achieved through the addition of an Intel-
lec Series Il expansion chassis.

System Components

The heart of the IPB is an Intel NMOS 8-bit microproces-
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM
memory are provided on the board using Intel 16K
RAMs. 4K of ROM is provided, preprogrammed with sys-
tem bootstrap “‘self-test’” diagnostics and the Intellec
Series || System Monitor. The eight-level vectored prior-
ity interrupt system allows interrupts to be individually
masked. Using Intel’s versatile 8259 interrupt controller,
the interrupt system may be user programmed to
respond to individual needs.
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Figure 1. Intellec Series Il Model 230 Microcomputer Development System Block Diagram
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MODEL 230

Input/Output

IPB Serial Channels — The I/O subsystem in the Model
230 consists of two parts: the |IOC card and two serial
channels on the IPB itself. Each serial channel is RS232
compatible and is capable of running asynchronously
from 110 to 9600 baud or synchronously from 150 to 56K
baud. Both may be connected to a user defined data set
or terminal. One channel contains current loop
adapters. Both channels are implemented using Intel's
8251 USART. They can be programmatically selected to
perform a variety of 1/O functions. Baud rate selection is
accomplished progammatically through an Intel 8253
interval timer. The 8253 also serves as a real-time clock
for the entire system. I/O activity through both serial
channels is signaled to the system through a second
8259 interrupt controller, operating in a polled mode
nested to the primary 8259.

10C Interface — The remainder of system /O activity
takes place in the I0C. The IOC provides interface for
the CRT, keyboard, and standard Intellec peripherals
including printer, high speed paper tape reader/punch,
and universal PROM programmer. The IOC contains its
own independent microprocessor, also an 8080A-2. The
CPU controls all I/O operations as well as supervising
communications with the IPB. 8K bytes of ROM contain
all /O control firmware. 8K bytes of RAM are used for
CRT screen refresh storage. These do not occupy space
in Intellec Series |l main memory since the I0C is a
totally independent microcomputer subsystem.

Integral CRT

Display — The CRT is a 12-inch raster scan type monitor
with a 50/60 Hz vertical scan rate and 15.5 kHz horizontal
scan rate. Controls are provided for brightness and con-
trast adjustments. The interface to the CRT is provided
through an Intel 8275 single chip programmable CRT
controller. The master processor on the IPB transfers a
character for display to the IOC, where it is stored in
RAM. The CRT controller reads a line at a time into its
line buffer through an Intel 8257 DMA controller and
then feeds one character at a time to the character gen-
erator to produce the video signal. Timing for the CRT
control is provided by an Intel 8253 interval timer. The
screen display is formatted as 25 rows of 80 characters.
The full set of ASCII characters are displayed, including
lower case alphas.

Keyboard — The keyboard interfaces directly to the |IOC
processor via an 8-bit data bus. The keyboard contains
an Intel UPI-41 Universal Peripheral Interface, which
scans the keyboard, encodes the characters, and buf-
fers the characters to provide N-key rollover. The key-
board itself is a high quality typewriter style keyboard
containing the full ASCII character set. An upper/lower
case switch allows the system to be used for document
preparation. Cursor control keys are also provided.

Peripheral Interface

A UPI-41 Universal Peripheral Interface on the 10C board
performs similar functions to the UPI-41 on the PIO
board in the Model 210. It provides interface for other
standard Intellec peripherals including a printer, high
speed paper tape reader, high speed paper tape punch,

and universal PROM programmer. Communication
between the IPB and IOC is maintained over a separate
8-bit bidirectional data bus. Connectors for the four
devices named above, as well as the two serial chan-
nels, are mounted directly on the I0C itself.

Control

User control is maintained through a front panel, con-
sisting of a power switch and indicator, reset/boot
switch, run/halt light, and eight interrupt switches and
indicators. The front panel circuit board is attached
directly to the IPB, allowing the eight interrupt switches
to connect to the primary 8259, as well as to the Intellec
Series Il bus.

Diskette System

The Intellec Series Il double density diskette system
provides direct access bulk storage, intelligent control-
ler, and two diskette drives. Each drive provides Y2 mil-
lion bytes of storage with a data transfer rate of 500,000
bits/second. The controller is implemented with Intel’'s
powerful Series 3000 Bipolar Microcomputer Set. The
controller provides an interface to the Intellec Series |l
system bus, as well as supporting up to four diskette
drives. The diskette system records all data in soft sec-
tor format. The diskette system is capable of performing
seven different operations: recalibrate, seek, format
track, write data, write deleted data, read data, and verify
CRC.

Diskette Controller Boards — The diskette controller
consists of two boards, the channel board and the inter-
face board. These two PC boards reside in the Intellec
Series |l system chassis and constitute the diskette
controller. The channel board receives, decodes and
responds to channel commands from the 8080A-2 CPU
in the Model 230. The interface board provides the
diskette controller with a means of communication with
the diskette drives and with the Intellec system bus. The
interface board validates data during reads using a
cyclic redundancy check (CRC) polynomial and gener-
ates CRC data during write operations. When the disk-
ette controller requires access to Intellec system mem-
ory, the interface board requests and maintains DMA
master control of the system bus, and generates the
appropriate memory command. The interface board aiso
acknowledges /0 commands as required by the Intellec
bus. In addition to supporting a second set of double
density drives, the diskette controller may co-reside
with the Intel single density controller to allow up to 2.5
million bytes of on-line storage.

MULTIBUS Capability

All Intellec Series |l models implement the industry
standard MULTIBUS. MULTIBUS enables several bus
masters, such as CPU and DMA devices, to share the
bus and memory by operating at different priority levels.
Resolution of bus exchanges is synchronized by a bus
clock signal derived independently from processor
clocks. Read/write transfers may take place at rates up
to 5 MHz. The bus structure is suitable for use with any
Intel microcomputer family. -
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MODEL 230

SPECIFICATIONS

Host Processor (IPB)

RAM — 64K (system monitor occupies 62K through 64K)
ROM — 4K (2K in monitor, 2K in boot/diagnostic)

Diskette System Capacity (Basic Two Drives)

Unformatted

Per Disk: 6.2 megabits
Per Track: 82.0 kilobits
Formatted

Per Disk: 4.1 megabits
Per Track: 53.2 kilobits

Diskette Performance
Diskette System Transfer Rate — 500 kilobits/sec

Diskette System Access Time
Track-to-Track: 10 ms
Head Settling Time: 10 ms

Average Random Positioning Time — 260 ms

Rotational Speed — 360 rpm
Average Rotational Latency — 83 ms
Recording Mode — M?FM

Physical Characteristics
Width — 17.37 in. (44.12 cm)
Height — 15.81 in. (40.16 cm)
Depth — 19.13 in. (48.59 cm)
Weight — 73 Ib (33 kg)
Keyboard

Width — 17.37 in. (44.12 cm)
Height — 3.0 in. (7.62 cm)
Depth — 9.0 in. (22.86 cm)
Woeight — 6 Ib (3 kg)

Dual Drive Chassis

Width — 16.88 in. (42.88 cm)
Height — 12.08 in. (30.68 cm)
Depth — 19.0 in. (48.26 cm)
Weight — 64 1b (29 kg)

Electrical Characteristics
DC Power Supply

Volts Amps Typical
PP PP Y Requir

+ 5+5% 30 14.25
+12+5% 25 0.2
-12+5% 03 0.05
-10+5% 15 15

* +1525% 1.5 13

* +24+5% 1.7

*Not available on bus.

AC Requirements — 50/60 Hz, 115/230V AC

Environmental Characteristics
Operating Temperature — 0° to 35°C (95°F)

Equipment Supplied

Model 230 chassis

Integrated processor board (IPB)

1/0 controller board (I0C)

32K RAM board

CRT and keyboard

Double density floppy disk controller (2 boards)
Dual drive floppy disk chassis and cables

2 floppy disk drives (612K byte capacity each)
ROM-resident system monitor

ISIS-II system diskette with MCS-80/MCS-85
macroassembler

Reference Manuals

9800558 — A Guide to Microcomputer Development
Systems (SUPPLIED)

9800530 — Intellec Series |l Installation and Service
Guide (SUPPLIED)

9800306 — ISIS-ll System User’s Guide (SUPPLIED)

9800556 — Intellec Series Il Hardware Reference Man-
ual (SUPPLIED)

9800555 — Intellec Series Il Hardware Reference Man-
ual (SUPPLIED)

9800301 — 8080/8085 Assembly Language Program-
ming Manual (SUPPLIED)

9800292 — ISIS-11 8080/8085 Assembler Operator’s Man-
ual (SUPPLIED)

9800605 — Intellec Series Il Systems Monitor Source
Listing (SUPPLIED)

9800554 — Intellec Series Il Schematic Drawings
(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
MDS-230 Intellec Series Il Model 230

microcomputer development system
(110V/60 Hz)

MDS-231 Intellec Series || Model 230
microcomputer development system
(220V/50 Hz)

8-14
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intel
UPP-103*
UNIVERSAL PROM PROGRAMMER

*Replaces UPP-101, UPP-102 Universal PROM Programmers

Intellec® development system peripheral Universal PROM mapper software pro-
for PROM programming and verification vides powerful data manipulation and
programming commands

Provides flexible power source for
system logic and programming pulse
generation

Provides personality cards for program-
ming all Intel PROM families

Holds two personality cards to facilitate
Provides zero insertion force sockets for programming operations using several
both 16-pin and 24-pin PROMs PROM types

The UPP-103 Universal PROM Programmer is an Intellec system peripheral capable of programming and verifying all of
the Intel programmable ROMs (PROMs). In addition, the UPP-103 programs the PROM memory portions of the 8748
microcomputer, 8741 UPI, the 8755 PROM and I/O chip and the 2920 signal processor. Programming and verification
operations are initiated from the Intellec development system console and are controlled by the universal PROM map-
per (UPM) program.

ot
—_Universal prom Programmeyr

PROGRAMMING
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UPP-103

FUNCTIONAL DESCRIPTION

Universal PROM Programmer

The basic Universal PROM Programmer (UPP) consists
of a controller module, two personality card sockets, a
front panel, power supplies, a chassis, and an Intellec
development system interconnection cable. An Intel
4040-based intelligent controller monitors the com-
mands from the Intellec System and controls the data
transfer interface between the selected PROM persona-
lity card and the Intellec memory. A unique personality
card contains the appropriate pulse generation func-
tions for each Intel PROM family. Programming and veri-
fying any Intel PROM may be accomplished by selecting
and plugging in the appropriate personality card. The
front panel contains a power-on switch and indicator, a
reset switch, and two zero-force insertion sockets (one
16-pin and one 24-pin or two 24-pin). A central power
supply provides power for system logic and for PROM
programming pulse generation. The Universal PROM
Programmer may be used as a table top unit or mounted
in a standard 19-inch RETMA cabinet.

Universal PROM Mapper

The Universal PROM Mapper (UPM) is the software pro-
gram used to control data transfer between paper tape
or diskette files and a PROM plugged into the Universal
PROM Programmer. It uses Intellec system memory for
intermediate storage. The UPM transfers data in 8-bit
HEX, BNPF, or binary object format between paper tape
or diskette files and the Intellec system memory. While
the data is in Intellec system memory, it can be dis-
played and changed. In addition, word length, bit posi-
tion, and data sense can be adjusted as required for the
PROM to be programmed. PROMs may also be dupli-
cated or altered by copying the PROM contents into the
Intellec system memory. Easy to use program and com-
pare commands give the user complete control over pro-
gramming and verification operations. The UPM elimi-
nates the need for a variety of personalized PROM pro-
gramming routines because it contains the program-
ming algorithms for all Intel PROM families. The UPM
(diskette based version) is included with the Universal
PROM Programmer.

SPECIFICATIONS
Hardware Interface
Data — Two 8-bit unidirectional buses

Commands — 3 write commands, 2 read commands,
one initiate command

Physical Characteristics
Width — 6 in. (14.7 cm)
Height — 7 in. (17.2 cm)
Depth — 17 in. (41.7 cm)
Weight — 18 Ib (8.2 kg)

Electrical Characteristics
AC Power Requirements — 50-60 Hz; 115/230V AC: 80W

Environmental Characteristics
Operating Temperature — 0°C to 55°C

Optional Equipment
Personality Cards

UPP-816: 2716 personality card

UPP-833: 2732, 2732A personality card

UPP-848: 8748, 8741 personality card with 40-pin adaptor
socket

UPP-865: 3602, 3622, 3602A, 3622A, 3621, 3604, 3624,
3604A, 3624A, 3604AL, 3604A-6, 3605, 3605A, 3625,
3625A, 3608, 3628, 3636

UPP-872: 8702A/1702A personality card

UPP-878: 8708/8704/2708/2704 personality card

UPP-955: 8755A personality card with 40-pin adaptor
socket

PROM Programming Sockets

UPP-501: 16-pin/24-pin socket pair

UPP-502: 24-pin/24-pin socket pair

UPP-562: Socket adaptor for 3621, 3602, 3622, 3602A,
3622A

UPP-555. Socket adaptor for 3604AL, 3604A-6, 3608,
3628, 3636
UPP-566: Socket adaptor for 3605, 3605A, 3625, 3625A

Equipment Supplied

Cabinet

Power supplies

4040 intelligent controller module

Specified zero insertion force socket pair
Intellec development system interface cable

Universal PROM Mapper program (diskette-based ver-
sion)

Reference Manuals

9800819 — Universal PROM Programmer User’s Manual
(SUPPLIED)

ORDERING INFORMATION

Part Number
UPP-103

Description

Universal PROM programmer with
16-pin/24-pin socket pair and
24-pin/24-pin socket pair.
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Tel: 2610211

TELEX: (011) 222 1CO BR

CHILE

DIN

Av. Vic. Mc kenna 204
Casilla 6055

Santiago

Tel: 227 564

TELEX: 3520003

CHINA

C.M. Technologies
525 University Avenue
Suite A-40

Palo Alto, CA 94301

COLOMBIA

International Computer Machines
Adpo. Aereo 19403

Bogota 1

Tel: 232-6635

TELEX: 43439

CYPRUS

Cyprus Eltrom Electronics
P.O. Box 5393

Nicosia
Tel: 21-27982

FRANCE

Intel Corporation, SARL."
5 Place de la Balance

Silic 223

94528 Rungis Cedex

Tel: (01) 687 22 21

TELEX: 270475

GERMANY

Intel Semiconductor GmbH*
Seidlstrasse 27

8000 Muenchen 2

Tel: (089) 53 891

TELEX: 523 177

Intel Semiconductor GmbH
Mainzer Strasse 75

6200 Wiesbaden 1

Tel: (06121) 700874

TELEX: 04186183

Intel Semiconductor GmbH
Wernerstrasse 67

P.O. Box 1460

7012 Fellbach

Tel: (0711) 580082

TELEX: 7254826

intel Semiconductor GmbH
Hindenburgstrasse 28/29
3000 Hannover 1

Tel: (0511) 852051

TELEX: 923625

DENMARK

S$TL-Lyngso Komponent A/S
Ostmarken 4

DK-2860 Soborg

Tel: (01) 67 00 77

TELEX: 22990
Scandinavian Semiconductor
Supply A/S

Nannasgade 18

DK-2200 Copenhagen

Tel: (01) 83 50 90

TELEX: 19037

FINLAND

Oy Fintronic AB
Melkonkatu 24 A
SF-00210

Helsinki 21

Tel: 0-602 6022

TELEX: 124 224 Ftron SF

FRANCE

Celdis S.A.*
53, Rue Charles Frerot

TELEX: 200 485

Feutrier

Rue des Trois Glorieuses
F-42270 St. Priest-en-Jarez
Tel: 167 7746733
Metrologie*

La Tour d'Asnieres

4, Avenue Laurent Cely
92606-Asnieres

Tel: 79144 44

TELEX: 611 448

Tekelec Airtronic*
Cite des Bruyeres
Rue Carle Vernet
92310 Sevres

Tel: (1)534 75 35
TELEX: 204552

GERMANY

Electronic 2000 Vertriebs GmbH
Neumarkter Strasse 75
D-8000 Munich 80

Tel: (089) 434061

TELEX: 522561

Jermyn GmbH

Postfach 1180

0-6277 Camberg

Tel: (06434) 231

TELEX: 484426

Kontron Elektronik GmbH
Breslauerstrasse 2

Tel: (89) 319.011
TELEX: 522122

Neye Enatechnik GmbH

Schillerstrasse 14

D-2085 Quickborn-Hamburg

Tel: (04106) 6121

TELEX: 02:13590

GREECE

American Technical Enterprises

P.O. Box 156

Athens

Tel: 30-1-8811271
30-1-8219470

HONG KONG

Intel Trading Corporation
99-105 Des Voeux Rd., Central
18F, Unit B

Hong Kong

Tel: 5-450-847

TELEX: 63869

ISRAEL

Intel Semiconductor Ltd.*
P.O. Box 2404

Haifa

Tel: 972/452 4261
TELEX: 92246511

ITALY

Intel Corporation Italia, S.p.A.
Corso Sempione 39

1-20145 Milano

Tel: 2/34.93287

TELEX: 311271

JAPAN
Intel Japan K.K."

Flower Hill-Shinmachi East Bldg.
1-23.9, Shinmachi, Setagaya-ku
Tokyo 154

Tel: (03) 426:9261

TELEX: 78128426

HONG KONG

Schmidt & Co.

28/F Wing on Center
Connaught Road

Hong Kong

Tel: 5-455-644

TELEX: 74766 Schmc Hx

INDIA

Micronic Devices

104/109C, Nirmal industrial Estate
Sion (E)

Bombay 400022 India

Tel: 486-17(

TELEX: OH 5947 MDEV IN

ISRAEL

Eastronics Ltd.*
11 Rozanis Street
P.O. Box 39300
Tel Aviv 61390
Tel: 475151
TELEX' 33638

ITALY

Eledra 3S S.P.A.*

Viale Elvezia, 18

120154 Milan

Tel (02) 34.93.041.31.85.441
TELEX: 332332

JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. Room 407

2-14-1 Asano, Kokura
Kita-Ku, Kitokyushu City 802
Tel: (093) 511-6471

TELEX: AECKY 7126-16

Hamilton-Avnet Electronics Japan Ltd.

YU and YOU Bldg. 1-4 Horidome-Cho
Nihonbashi

Tel: (03) 662-9911

TELEX: 2523774

Nippon Micro Computer Co. Ltd.
Mutsumi Bldg. 4-5-21 Kojimachi
Chiyoda-ku, Tokyo 102

Tel: (03) 230-0041

Ryoyo Electric Corp.

Konwa Bldg.

1-12-22, Tsukiji, 1-Chome
Chuo-Ku, Tokyo 104

Tel: (03) 543-7711

Tokyo Electron Ltd.

No. 1 Higashikata-Machi
Midori-Ku, Yokohama 226

Tel: (045) 471-8811

TELEX: 781-4473

KOREA

Koram Digital

Room 411 Ahil Bidg.

49-4 2.GA Hoehyun-Dong
Chung-Ku Seoul

Tel: 23-8123

TELEX: KZGS‘Z HANSINT
Leewood International, Inc.
C.P.0. Box 4046

112-25, Sokong-Dong
Chung-Ku, Seoul 100

Tel: 28-5927

CABLE: “LEEWOOD" Seoul

NETHERLANDS

Intel Semiconductor B.V.
Cometongebouw
Westblaak 106

3012 Km Rotterdam

Tel: (10) 149122

TELEX: 22283

NORWAY

Intel Norway A/S
P.O. Box 158
N-2040

Klofta, Norway
Tel: 47 21981068
TELEX: 18018

SWEDEN

Intel Sweden A.B.*
Box 20092
Enighetsvagen, 5
§-16120 Bromma
Tel: (08) 98 53 90
TELEX: 12261

SWITZERLAND

Intel Semiconductor A.G.
Forchastrasse 95

CH 8032 Zurich

Tel: 1-56 45 02

TELEX: 557 89 ich ch

NETHERLANDS

inelco Nether. Comp. Sys. BV
Turfstekerstraat 63

Aalsmeer 1431 D

Tel: (2977) 28855

TELEX: 14693

Koning & Hartman
Koperwerf 30
2544 EN Den Haag
Tel: (70) 210.101
TELEX: 31528

NEW ZEALAND

W. K. McLean Ltd.

P.O. Box 18-065

Glenn Innes, Auckland, 6
Tel: 587-037

TELEX: NZ2763 KOSFY

NORWAY

Nordisk Elektronik (Norge) A/S
Postoffice Box 122
Smedsvingen 4

1364 Hvalstad

Tel: 02786210

TELEX: 17546

PORTUGAL

Ditram

Componentes E Electronica LDA
Av. Miguel Bombarda, 133
Lisboa 1

Tel: (19) 545313

TELEX: 14347 GESPIC

SINGAPORE

General Engineers Associates
BIk 3, 1003-1008, 10th Floor
P.S.A. Multi-Storey Complex
Telok Blangah/Pasir Panjang
Singapore 5

Tel: 271-3163

TELEX: RS23987 GENERCO

SOUTH AFRICA

Electronic Building Elements.
Pine Square

18th Street

Hazelwood Pretoria 0001
Tel: 221

TELEX 30181SA

SPAIN

Interface

Av. Generalisimo 51 9°
E-Madrid 16

Tel: 456 3151

ITT SESA

Miguel Angel 16
Madrid 10

Tel: (1) 4190957
TELEX: 27707/27461
SWEDEN -
AB Gosta Backstrom
Box 12009

10221 Stockholm

Tel: (08) 541 080
TELEX: 10135
Nordisk Electronik AB
Box 27301

$-10254 Stockholm
Tel: (08) 635040
TELEX: 10547

INTERNATIONAL SALES AND MARKETING OFFICES

UNITED KINGDOM

intel Corporation (U.K.) Ltd.*
Broadfield House

4 Between Towns Road
Cowley, Oxford OX4 3NB
Tel: (0865) 77 14 31

TELEX: 837203

Intel Corporation (U.K) Ltd.

5 Hospital Street

Nantwich, Cheshire CW5 S5RE
Tel: (0270) 62 65 60

TELEX:

SWITZERLAND

Industrade AG
Gemsenstrasse 2
Postcheck 80 - 21190
CH-8021 Zurich

Tel: (01) 60 22 30
TELEX: 56788

TAIWAN

Taiwan Automation Co."
3d Floor #75, Section 4
Nanking East Road
Tmpeu

Tel: 771-0940

TELEX 11942 TAIAUTO

TURKEY

Turkelek Electronics
Apapurk Boulevard 169
Ankara

Tel: 189483

UNITED KINGDOM
Comway Microsystems Ltd.
Market Street

68-Bracknell, Berkshire

Tel: 44-34451654

G.E.C. Semiconductors Ltd.
East Lane

North Wembley

Middlesex HA9 7PP

Tel: (01) 904-9303/908-4111
TELEX: 28817

Jermyn Industries
Vestry Estate
Sevenoaks, Kent
Tel: (0732) 501.44
TELEX: 95142

Rapid Recall, Ltd.

6 Soho Mills Ind. Park
Woburn Green

Bucks, England

Tel: (6285) 24961
TELEX: 849439

Sintrom Electronics Ltd.*
Arkwright Road 2
Reading, Berkshire RG2 OLS
Tel: (0734) 85464
TELEX: 847395

VENEZUELA

Componentes y Circuitos
Electronicos TTLCA C.A.

Apartado 3223

Caracas IO'

Tel: 718-

TELEX: 21795 TELETIPOS

“Field Application Location
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Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051
(408) 987-8080

Intel Corporation
Rue du Moulin a Papier 51, Boite 1,
B-1160 Brussels, Belgium

Intel Corporation

Flower Hill-Shinmachi East Bldg.
1-23-9, Shinmachi, Setagayu-ku
Tokyo 154, Japan
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