SUBROUTINE ADJUST CODE LINES

RESET MODE BITS 179-199
CODE LINES
RESET CARRY AND
ROTATE RIGHT
INITIALIZE
STACK pOTeR THROUGH CARRY
DISABLE INTERRUPTS
18-23 START COUNTER @ 3FFE NO
PULSE ONE SHOT
28-32 ENABLE INTERRUPTS YES
ADD IN % FULL COUNT
(% FULL COUNT-1) IF 0DD
INTERRUPT 1
36-37 sy SUBROUTINE SEARCH 16148
COMPARE MEMORY
TO COUNT .
|
I
STOP COUNTER
42-47 READ VALUE IN :
COUNT I
1 LESS THAN |
MEMORY? |
CALL COUNTER i
ADJUST ROUTINE i
|
{ INCR MEMORY POINTER )__f
LOOP B TIMES
CALL SEARCH
ROUTINE 1
DECREMENT 8 BYTE
COUNTER
ENTIRE
YES & BLock SEARCHED? N0
9.74 SOFTWARE MAP 79-82

TEMP. IN DEG. C

EXPAND TEMP, DISPLAY
FOR DELAY PERIOD

BELOW
RANGE?

SUBROUTINE TOO LOW | SUBROUTINE TOO HIGH

QUTPUT 1's TO hos-112 OUTPUT 15 TO

101-105 PORT A PORT B

ﬁRN 10

MONITOR

Figure 21. Temperature Sensor Flow Diagram
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For an example with N = 256, CC = .32 usec at 3.125 MHz;
Byte time = 6.7 usec. A match search routine with minimum
memory usage is given below:

Search CmpM compare byte
RZ return if match
INX H else increment pointer
DCRC has the entire
JNZ search block been searched?
STC If so set no match flag
RET and return.

In this application, a user may want to have several tempera-
ture ranges which can be swapped in and out with a block
move subroutine. Similar code can be developed for this as

shown below for a 4 byte move group:

BLKMV  LXI H, 000H clear HL
DAD SP move SP to HL
SHLD SAVESP save sP
MOV H, B move Block move
MOV L, C Source address
SPHL To SP
XCHG Move Block move
address to HL
Loop POP B fetch four bytes from
POP D source store 1st byte
MOV M, C at destination
INX H
MOV M, B 2nd
INX H
MOV M, E 3rd
INX H
MOV M, D 4th
INX H
DCR A check for end of
JNZ Loop Block move
LHLD SAVESP  return old
SPHL SP
RET return
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Once the count less than match is found in the application the
HL register has 10 added to it which points it at the corre-
sponding temperature (lines 79-82). This temperature is then
displayed in the address field of the SDK 85 display using
user available monitor routines. If the temperature is out of
range the code detects it {lines 69-74) and outputs 1's on Port
A or Port B if the temperature was too low or too high respec-
tively (lines 101-105 "too low" and lines 108-112 “too high™).



APPLICATION EXAMPLE 2
CRT INTERFACE

Most microprocessor systems require some sort of
serial communications. This may be selected for
reasons of economy (to reduce the number of
interconnections required in a distributed system),
or it may be necessary in order to communicate
with such common peripherals as CRT’s or tele-
typewriters.

These peripherals all use a standard convention for
transmitting serial ASCII code. Each data byte is
transmitted as a series of 10 or 11 bits. The uni-
form time per bit corresponds to the data trans-
mission rate. For example, if the transmission rate
is to be 2400 baud (2400 bits per second), each bit
time must be 1/2400 bps=416.7 usec/bit. The
standard 10-bit sequence consists of a logically
zero “Start” bit, 8 data bits (least significant bit
first), and one or more stop bits (logic 1). An
11-bit sequence with two stop bits is used for 110
baud TTY’s. The logic one level continues until the
start bit of the next byte to ensure that each 10-bit
sequence is initiated with a one-to-zero transition.
The 8 bits transferred might be raw binary data or
alphanumeric characters using the standard ASCII
code. In this case, the most significant bit -- the
last data bit transmitted — will depend on the
parity convention being used. This sequence is
illustrated for the ASCII ‘‘space” character in
Figure 22.

The algorithm for receiving serial code involves
sampling the incoming data at the middle of each
bit time. The eight sampled values are shifted into
a serial byte corresponding to the data originally
transmitted. The one-to-zero transition at the
beginning of each byte makes it possible to syn-
chronize the sampling points relative to the start
of each data sequence.

Hardware Interface

In general, any serial communications system will
require both hardware and software interfaces.
Since the SOD line can drive only one TTL load,
additional current and voltage buffering is required
to be compatible with the RS-232C interface
standard used by most peripherals. A schematic for
achieving this buffering is shown in Figure 23. The
MC1488 and MC1489 circuits interface positive
logic TTL signals with the RS-232 high voltage
inverted logic levels.

Software Package

The software needed to drive the CRT interface is
divided into three parts. All three use software
timing and delay loops, with fixed and variable
parameters. In conjunction, they are able to
identify incoming signals at any rate from below
110 to over 9600 baud and respond at the same
rate.

START
BIT

0y Dy O, D3 Dy Ds Dg Dy

—_——

sTOP
BITS

Figure 22. ASCIl Space Character
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Figure 23. RS-232C Interface Schematic

Upon power-up or reset, or when the console
device baud rate is changed, the baud rate identifi-
cation subroutine (BRID) is called. This routine
waits until an ASCII space character (20H) is
received from the console. (Any other character
will result in a case of mistaken identification.)
When a space character is received, two time
parameters are computed which correspond to the
bit time and one-half the bit time of the baud rate
being used. These are stored as variables BITTIME
and HALFBIT. To output a character to the con-
sole, the character code is placed in register C, and
the subroutine COUT is called. This routine uses
BITTIME as a parameter for the software delay

loop which determines the baud rate. To accept «.

character from the keyboard, CIN is called. CIN
returns after the next key is typed, with the corre-
sponding character code in register C. CIN uses
both parameters BITTIME and HALFBIT.

Since COUT and CIN use time parameters com-
puted by BRID, they will function at a rate the
same as that of the initial space character input.
Because of the nature of the software, the rate
does not depend on the CPU clock frequency. This
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results in additional flexibility in the following
respects:

1. The software does not need to be modified
if the 8085 crystal frequency is changed or
Wait states are added.

2. Since the time base is no longer critical, the
quartz crystal could be replaced by a less
expensive RC network, provided the fre-
quency does not drift by more than a few
percent during a session. Additional drift can
be accommodated by periodically recalling
the BRID routine.

3. Communication is possible at non-standard
baud rates which relaxes the constraints on
system peripherals.

It should be noted, though, that slowing down the
CPU clock will decrease its throughput proportion-
ately. In addition, it will degrade the maximum
resolution of the delay loops, with the result that
the highest baud rates may no longer be achievable.

A more detailed analysis of the CRT interface
routines will be presented in the order of increasing
complexity: COUT, CIN, and BRID. Since SID and



SOD are ideal for many applications which involve
critical I/O timing, the timing techniques used here
may be of interest to software designers. Accord-
ingly, the mathematical derivation of the timing
parameters is included in this analysis, as well as a
justification for the BRID algorithm. The algebra
involved might be a bit too tedious for designers
unconcerned with generating software delays. If so,
they (and other bored readers) have the freedom of
choice to skip over the sections they find objec-
tionable.

OUTPUT ROUTINE

It would seem natural to write data in the standard
format in three stages: output a zero start bit, then
the 8 data bits (using a loop sequence), then the
stop bits. Each stage would incorporate its own
appropriate delay and output sections, leading to
unnecessary duplication. Instead, the code below
executes the same main loop 11 times. Its bit
manipulation routine inherently results in the cor-
rect data sequence being formed. It accomplishes
this by using the carry and C register as a 9-hit
pseudo-circular shift register. Initially CY=0. The
algorithm outputs CY, waits one bit time, sets
CY=1, and then rotates the pseudo-register right
one bit. This repeats for 11 cycles. On the tenth
and all subsequent loops, the output bit will be a
logical one, since that bit had been set nine loops
earlier while in the CY (see Figure 24).

When COUT is called the registers to be used must
be preserved and interrupts disabled so the timing
loop will not be disrupted. Clear the CY in prepara-
tion for outputting the start bit, and set the loop
counter for 11 bits (if 110 baud will never be used,
the counter could be set to 10):

CAT PEH B
PIsH H
o1
upa a
Myl B.11

Output of the contents of the CY:

L
epR

<M

Q@ oaH

The numbers in brackets indicate how many ma-
cine cycles are required for each instruction. They
will be referred to in the timing analysis section.
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cLe

REGISTER C: 07‘05‘\05[0‘10310@0{00
OUTPUT
cyY:
ste START BIT

CcY:

RAR

1 [07]06] 0s] 04 3] 2] 01
ouTPUT
sTC o Do

ouTPUT
R
D7

B

KRR
i BEREIED;
OUTPUT
STOP BITS
B "

.

Figure 24. Data Serialization Algorithm

Get stuck in a loop for the appropriate time (don’t
worry for now how “BITTIME” is determined):

LHLL BITTIME <1
R (N I
W e
bF M Qo
L

e (g e

Rotate the contents of register C right into the CY,
while moving a one into the left end. Continue
until all bits have been transmitted:

T e
M :

R

XL} A8

Restore processor status and return:



Pop H
poP e
£l

CET

INPUT ROUTINE

The console input routine uses the opposite pro-
cedure; instead of moving a bit from register C to
the CY, then to A7, then to SOD, CIN loads a bit
from SID into A7, then moves it to CY, then into
register C.

First, set up the CPU as before:
(L} ik H

0y

muy [

When a start bit transition arrives, the first sam-
pling should not be taken until the middle of the
first data bit, one and one-half bit times after the
transition. Await the start bit transition, then set
up the delay parameter for one-half bit time:

rn 3]
ApA F
™ (881
LHLD HALFRIT

Loop for one-half bit time before starting to

sample data:

Tle (e L s
N Clz i
Lep L e
INZ Ci2 o

Wait until the middle of the next bit before sam-
pling SID, then move the data bit into CY:

S kR LHLE  BITTIME e
CHE e L i
e cl4 O
(e H ipe
Bk L4 [
3¢] 4>
PR A

Decrement the bit counter. If this is the ninth
cycle, the 8 data bits are in register C, so quit (the
first stop bit will already have been received, and
be in CY):

DR 3

2 LI
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Otherwise, continue. Rotate the data bit right into
register C, and repeat the cycle:

MY AL

PAR

MR/ .8

NI :
Jmp iz SR

(A NOP is needed to make the COUT and CIN
loops exactly equal in number of machine cycles,
so that each can use the same delay parameter.)
Restore status and return.

CIs PR H
£l

FET
TIMING ANALYSIS

COUT and CIN now need to be provided with
parameters for BITTIME and HALFBIT. It can be
seen from the above code that each routine uses
61 + D machine cycles per input or output bit,
where D is the number of cycles spent in either
four line delay segment. If (H) and (L) are the
contents of the H and L registers going into this
section of code, then:

D =22+ -DX14+(H-1)X

[(255 X 14) + 25] (1
If () = (W -1,(L) =)~ 1, and
(HL) =256 (H) +(L) 2)
then , ,
D = 22+ 14 + 3595 (H) (3)
This can be approximated by:
D = 22+ 14 HL 4)

This approximation is exact for H) = 0; otherwise,
it is accurate to within 0.3%. Thus each loop of
COUT or CIN uses a total of:

C = 61 +D = 83+ 14 (HL) machine cycles (5)

Each machine cycle uses two crystal cycles in the
8085, so the resulting data rate is:

B = cycle frequency
C
_ (crystal frequency) +2

7 (6)
83 + 14 (HL)




For a typical calculation, see the example below.

EXAMPLE

To produce 2400 baud with the standard 6.144 MHz
crystal:

(6.144 X 10%) + 2
83 + 14 (HL)

6.144 X 106 + 2
( 2400 )’83

. 6.144 X 106 +2
(HL) = [( =200 )- 83]

+14 = 855 ~ 86

2400 =

14 (HL)

(HLY = 8610 = 0056H

(HL) 0157H = BITTIME

To determine the true data rate this parameter will
produce, substitute into equation (6):
6.144 X 106 < 2

83 + 14(86)

L}

Date Rate

2387 baud, which is 0.54% slow.

For 9600 baud, the same calculations will yield (HLY
=17, which is actually 0.3% slow; a sizzling 19200
baud or 38409 baud could each be generated to with-
in 5% if (HL) =6 or 0! Table 9 presents the param-
eters for several standard baud rates.

Notice that the resolution of the delay algorithm —
the difference between bit times resulting from
parameters which differ by one — is 14 machine
cycles. As a result, the true bit delay produced can
always manage to be within +2.3 usec of the delay

desired. This guarantees that at rates up to 9600
baud, where each bit time is at least 104 usec wide,
some value of BITTIME can be found which will
be accurate to within 2.2%.

BAUD RATE IDENTIFICATION ROUTINE

The function of BRID is to compute the appropri-
ate parameters BITTIME and HALFBIT. It accom-
plishes this by observing the data pattern received
when the space bar is pressed on the console
device. Since a space character has the ASCII code
20H = 001000008, the pattern represented back in
Figure 4 is transmitted. Notice that the initial zero
level is 6 bits wide. Suppose it could be determined
that this corresponds to M machine cycles. Then
one bit would correspond to (M+6) machine
cycles. The reason for dividing down a space
several bits long is so that any distortion caused by
the signal rise and fall times, or any lack of pre-
cision in detecting the two transitions, will be
reduced by a factor of six. Since the bit period of
COUT and CIN is 83 + 14 (HL), BRID must gener-
ate a value (HL) such that:

M<6= 83+ 14 (HLY (7)
HLY = M*6)-83 (8)
14
' M .
(HL) = 7 6 (approximately) 9)

This value can be determined by setting register
pair HL to -6, then incrementing it once every 84
machine cycles during the period that the incom-

DELAY PARAMETERS FOR STANDARD BAND RATES USING 6.144 MHz CRYSTAL

Table 9

TARGET H L)’10 (HL>'16 (HL) or ACTUAL %
BAUD (See Text) (See Text) BITTIME HALFBIT BAUD RATE
RATE (See Text) PRODUCED ERROR
110 1989 07C5 08C6 04E3 109.99 -0.006
150 1457 05B1 0682 03D9 149.99 -0.005
300 726 0206 03D7 026C 299.80 -0.068
600 360 0168 0269 01A5 599.65 -0.059
1200 177 00B1 01B2 0159 1199.5 -0.039
2400 86 0056 0157 012C 2386.9 -0.547
4800 40 0028 0129 0115 4777.6 -0.469
9600 17 0011 0112 0109 9570.1 -0.312
19200 6 0006 0107 0104 18395.2 -4.37
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ing signal is zero. BITTIME is then obtained by
individually incrementing registers H and L. To
obtain HALFBIT, divide the value of (HLY deter-
mined above by two before incrementing each
register.

In order to implement this algorithm, set HL to -6,
verify that the incoming signal is a logic one, then
wait for the start bit transition.

BRID:  MYI R, GCaH

CIM

LI H. -£H
BRIL: RIM

ORA A

I BRIL
EFI2. PIM

R ]

n Bri2

Increment register pair HL, then delay so that each
cycle will require 84 machine cycles:

BRIZ IN M
M1 E M

ERI4 DO E 52
N ERl P

Check if SID is still low. If so, repeat:

RIN 4
ORA l
I BRI

44
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Otherwise continue. Store HL temporarily for the
HALFBIT calculation. Obtain and store BITTIME:

PUSH  H
INE H
e i
SHLE  BITTIME

Restore HL, calculate HALFBIT, and return:

PR H
oFA R
M AN
PRR

MY H.8
e AL
PAF

M LB
me H
IMF L
SHLD HELFRIT
PET

The assembled listings for these subroutines, along
with a simple test program, is presented in the CRT
and Cassette Code.



APPLICATION EXAMPLE 3
CASSETTE RECORDER INTERFACE

There are many situations where data has to be
transmitted through a non-ideal medium. To give
three typical examples, a system with electrically
isolated elements might require that signals be AC
coupled, communications through an audio net-
work (such as telephone or radio) are greatly band-
width limited, and some applications (such as a
distributed network in an industrial environment)
must tolerate random electrical noise. Attempting
to record data on a cheap cassette recorder (the
one used for this note cost $17.00) will reveal all
of these shortcomings, plus one: The tape speed
fluctuates significantly and varies as the batteries
run down, hence the data rate is inconsistent.

The recording scheme used here makes very few
demands on the transmission medium. It makes no
attempt to transmit DC voltage levels. Instead, data
is transmitted by a series of variable length tone
bursts. The dominant frequency of the tone used
can be selected to be within the passband of the
particular medium. Data is transmitted with each
bit composed of a tone burst followed by a pause.
The first third of a bit period is always a tone
burst, the middle third is either a tone burst con-
tinuous with the first or a pause corresponding to,
respectively, a one or zero, and the final third is
always a pause, as shown in Figure 25. Thus, data
is distinguished by the burst/pause ratio.

Hardware Design

These tone bursts are obtained from the 8085 SOD
line, using analog signal conditioning to eliminate
the DC component of the waveform. (This low
frequency component is due to the single-ended
nature of the SOD line: it’s deviations from ground
are all positive, which unbalances the capacitive
input stage of the recorder.) A suggested interface
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circuit is shown in Figure 26, using one LM324
quad op amp and a few standard value discrete
components which should be available in ¢ven a
digital design laboratory. On playback, analog cir-
cuitry is again used to detect the presence of a tone
burst. In Figure 26, A2 buffers the incoming signal,
and A3 inverts it. The peaks of these two signals
are transmitted through D1 or D2 and are filtered
by an RC network. Comparator A4 then squares
up the output and produces the logic signal read
by the SID pin. Since the op amps are powered by
the single 5-volt supply, a 2.0-volt reference level
is obtained from a resistive voltage divider. The
waveforms present at several points in the circuit
are shown in Figure 27.

Software

The algorithm for reading a data bit off the tape is
simple and straightforward: [f the tone burst is
longer than the pause, the bit is a one. Otherwise,
it is a zero. Since only the time ratio is considered,
any variation in tape speed will not affect the data
determination.

VOLUME CONTROL

A question that arises with any audio cassette inter-
face 1s how to set the volume control. {Recording
level 1s usually determined internally.) When the play-
back level is correct, the logic signal output from A4
will have either a one-third or two-thirds duty cycle
I'his can be readily observed with an oscilloscope. In
the field, an old-fashioned mechanical-type voltmeter
could be connected to the A4 output, and the volume
adjusted until the meter needle hovered somewhere
between 1/3 and 2/3 the high level output voltage
With random data, the reading would be about 2
volts. There will be a fairly wide range of acceptable
volume settings. (Since the quivering meter needle is
being used here for inertial signal averaging, a digital
voitmeter would not be very helpful in this applica-
ton.)
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Figure 25. Tape Interface Data Recording Scheme
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Figure 26. One Chip Magnetic Tape Interface Schematic
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Figure 27. Analog Signal Waveforms

After the CRT software analysis, the tape routines
are almost trivial. TAPEO is a subroutine for out-
putting the contents of register C to a cassette
recorder. TAPEIN reads 8 bits into register C.

OUTPUT ROUTINE

TAPEO calls a subroutine named BURST three
times for each bit. If Ag (the SOD enable bit) is set
when BURST is called, a square-wave tone burst
will be transmitted. If Ag is not set, BURST
simply delays for exactly the same amount of time
before returning. The three calls are used to,
respectively, output the initial burst, output the
data burst/space, and create the space at the end of
each bit. Nine bits will be output: the eight data
bits (LSB first) followed by a zero bit. The start of
the initial burst of the trailing zero is needed to
mark the end of the final space of the preceding
data bit.

Start each bit by outputting a tone burst:

TAFED: Y] B9
T4 Myl R, GCAH
CALL  BURST
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Rotate register C through CY:

MOV R
PAF
MY L.

Move CY to the SOD enable bit position, Ag.
Simultaneously set A7 to one, and clear all other
bits. Output a tone burst or space, depending on
the previous contents of CY:

M1 A 24H
AR
REF
CRLL BURET

Clear the accumulator, and output a space:

¥RR A
CALL  BURST

Keep cycling until the full 9-bit sequence is fin-
ished:

DCE E
N To1
PET

The BURST subroutine executes the SIM in-
struction CYCNO times, at intervals of 29 + 14
(HALFCYC) machine cycles. In between each SIM,
bit A7 is complemented. CYCNO should be an
even number. If Ag is set upon calling BURST a
square-wave will be created. Otherwise, the same
code sequence is followed but SOD does not
change — thus a space results.

BURST:  My] 0. CYOND

Fifl sIM
YT E. hALFYE

Bz DR £
N itz
=R1 20K
bCR o £X
INE Bill T8
FET <18z

INPUT ROUTINE

TAPEIN uses a subroutine called BITIN to move
the data at the SID pin into the CY. The maximum
rate at which SID is read is limited by a delay loop
in BITIN.

Initialize the bit counter and the register D, which
will keep track of the tone burst time. If a tone



burst is being received when TAPEIN is called,
wait until the burst is over:

TRPEIN: #v] B. &
MVl (O]

TIL: CALL  BITIN
JC it
CHLL  BITIN
T Til

(Throughout this subroutine, a level transition is
recognized only after it has been read once initially
and then verified on the next reading. This pro-
vides some degree of software noise immunity.)
Now await the start of the next burst:

Continue until the last bit has been received:

e
N

FET

-4 ™

(Notice that the first half of this subroutine is
incorporated in the second half. In fact, the as-
sembled listing included in the Appendix makes
use of this fact to eliminate 24 bytes of duplicated
code.)

BITIN waits a short time in order to regulate the
sampling rate, then reads SID and moves the data
bit into the CY:

Tz CALL BITIN
INC Ti2
CALL BITIM
INC Ti2

The next burst has now arrived. Keep reading the
SID pin, decrementing register D (thus making it
more negative), each cycle until the pause is

BITIN: M1 E: CKRATE >
Bif:  O(R E {4
INZ 8i1 s
PIM [
RAL >
RET <185

detected:

T3 WR b
CRL BTN
0o
TR
koo

Now continue reading the SID pin, incrementing
the D register (back towards zero), each cycle until
the next burst is received:

The tone burst frequency and duration, and
the TAPEIN sampling rate are determined by
HALFCYC, CYCNO, and CKRATE. Tables 10 and
11 give typical values.

Table 10

EXAMPLE COMBINATIONS OF HALFCYC AND CYCNO.
ALL VALUES IN DECIMAL

11¢ TR D
CRLL BITIN
JNC il4
(ALL  BITIN
JINC 114

Now, if the burst lasted longer than the space, D
was not incremented all the way back to zero; it is
still negative. If the space was longer, D was incre-
mented up through zero; it is now positive. In
other words, the sign bit of D will now correspond
to the data bit that would lead to each of these
results. Move the sign bit into the CY, then rotate
it into register C:

APPROXIMATE | CORRESPONDING RESULTING DATA RATE
TONE HALFCYC 8 20 1100 CYCNO
FREQUENCY VALUE 4| 10 | 50 | CYC/BURST

500 Hz 217 42 17 3.3 bps

1 kHz 108 83| 33| 66 bps

2 kHz 53 166 66 13 bps

5 kHz 20 414 | 166 | 33 bps

10 kHz 9 826 | 330 | 66 bps

Table 11

MAXIMUM SAMPLING RATES
FOR VARIOUS VALUES OF

Hov A.D
RAL

MV A, C
RAR

iin's A
MVl D, B@+

CKRATE
CKRATE SAMPLING RATE

VALUE (INCLUDING
CALL & RET)

1 17.6 usec

20 104  usec

80 378  usec

250 1.14 msec




The CRT and Cassette Code also includes a simple
block record routine utilizing TAPEO. Before
calling BLKRCD, HL must be set to the start of
the desired block, and the recorder turned on
manually. Successive bytes will be recorded until
the end of that page, i.e., until L is incremented to
zero. The playback routine requires presetting HL
to the target address and turning on the recorder
before PLAYBK is called. These routines incorpor-
ate a long tone burst before each data block to
allow a recorder with Automatic Gain Control to
stabilize before the data starts.

ADDITIONAL COMMENTS

The two design examples given so far were built up
using an SDK-85 System Design Kit. Both hard-
ware interfaces were wire-wrapped on the ample
breadboarding area provided on the board. The
connections between SID and SOD and the on-
board TTY interface were broken, so as not to
affect the 8085 I/O electrical characteristics.

The CRT interface was tested with a Beehive Mini-
Bee II Terminal in the full duplex mode at each of
its 14 possible transmission rates, from 110 to
9600 baud. It was also checked out at 19200 baud
using a Beehive B-100 terminal. In addition, the
software was exercised using an SBC 80/20 system
as a variable baud rate character generator and
receiver.

An additional advantage to having software select-
able communications rates is that it would be pos-
sible to communicate with several system periper-
als, each at its own preferred rate, without having
to duplicate hardware. For example, the addition
of a single 7408 AND gate and an output port
(such as on the 8155) would make it possible to
use the same two RS-232 circuits to interface with
up to seven I/O devices (see Figure 28). Three of the
MC1488 drivers have Enable inputs which can be
controlled by the output port. One AND gate can
be used to buffer the SOD line and drive the
MC1488 Data inputs. The rest of the 7408 can be
configured as a four input AND gate. This would
act as an inverted logic OR gate to reduce the four
MC1489 receiver outputs to a single line, which
could be read by the SID. This assumes that only
one input device (CRT, PTR) at a time will be used
(which is usually the case in a non-time shared,
interactive application), and that the unused
devices are transmitting a logic one level (which
should also be the case).
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Figure 28. Interfacing 8085 to Multiple Peripherals

The software needed to support additional periph-
erals would be simple and straightforward. A
routine intended to dump a section of memory to
a paper tape punch, for example, would first have
to store BITTIME and HALFBIT somewhere (per-
haps on stack), load the variables with new param-
eters corresponding to the paper tape punch rate,
and then write a bit pattern to the output port
which would disable the console driver and enable
the punch (and perhaps a typewriter). After the
dump was over, the original time parameters and
driver status would be restored.

As explained before, the BRID routine computed
rate parameters based on the fact that an ASCII
“space” character resulted in a zero level 6 bits
long. Conceivably, some obscure peripherals might
produce a transient between successive zero bits.
(This might be the case, for example, if the signal
was produced by mechanical rather than electronic
means.) If so, the BRID algorithm used here prob-
ably would not work reliably. Once the two time
parameters were identified, though, COUT and
CIN could still be used. An alternate algorithm for
baud rate identification would require a table in
ROM (note the fifth and final R/S-1/O-M/D permu-
tation). This table would contain a list of delay
parameters corresponding to the standard transmis-



sion rates, as computed for the selected crystal
frequency. Initialization would require the oper-
ator to hit a specific key several times (usually the
“U” key, which generates a pattern of alternating
ones and zeros). The identification routine would
attempt to ‘“‘read” this pattern at each baud rate,
in turn, until finding the rate at which the read
was successful.

The cassette recorder used to develop the tape
interface was a Lloyd’s push-button model which
cost $17 in 1972. Empirical testing has indicated
that for this application. the quality of the cassette
recorder is less critical than the quality of the tape
itself. In other words, some 33¢ cassettes were not
very reliable, even when used with more expensive
recorders.

When using a cassette at the beginning of a side,
allow the tape to run for about 10 seconds until
the leader has passed before starting to write data.
Otherwise, data will be lost to the leader.

Depending on the recorder quality, the tone burst
frequency and duration can be optimized for
higher data rates by modifying HALFCYC and
CYCNO. If so, CKRATE should also be reduced,
so that between about 10 and 80 data samplings
are made during a single (one-third width) tone
burst. At greatly increased frequencies, some of the

components in the analog interface might also be
modified.

The two simple routines for recording and playing
back blocks of data were intended to illustrate one
way of using TAPEIN and TAPEO, and therefore
do not contain any provisions for error detection
or correction. Depending on the nature of a partic-
ular application, these routines could be aug-
mented with parity bit or checksum comparison,
or an error correcting code technique.

Funny things happen when recording and playing
back a page of RAM which includes the subroutine
stack. Eventually, PLAYBK will start writing over
the data at the top of the stack, destroying the
subroutine traceback sequence. The next RET
instruction will then cause a jump to a place where
you’d rather not be.

The printout reproduced in the CRT Code includes
the assembled listings for the CRT and magnetic
tape interfaces discussed in this application note.
The object code produced was programmed into
an 8755 EPROM, which was installed in the expan-
sion PROM socket of the SDK-85 board. Some
very minor differences exist between this listing
and the code segments presented earlier, which
were written for maximum clarity.
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Temperature Sensor Code

RSM88 F1 TEST SRC MODSS

1SIS-11 8688/8885 MACRO RSSEMBLER, V2 6 MODLE PAGE 1
L osJ SEQ SOUKCE STATEMENT
1
2
826C 3 HDSP  EN 826CH EXPAND HEX TO DISPLAY, SDK MONITOR ROUTINE
8287 4 QUTPUT EQU 8287H SOUTPUT TO DISPLAY. SDK MONITOR ROUTINE
5F1 5 DELRY  EQU 85FLH ;DELAY DISPLAY, SDK MONITOR ROUTINE
6
2008 7 ORG 2000H
8§
9
18 ;
11
2006 310828 12 LX1 SP, 20C8H  INITIRLIZE STACKPOINTER
2083 F3 13 DI i DISABLE INTERRUPTS
14
15 INITIALIZE COUNTER IN 8155 FOR COUNTDOWN MODE. LORD COUNTER
16 : WITH HIGHEST VALUE (3FFF)
17 &
2084 3EBF 18 vl R, 8BFH
2086 D325 19 ot 25H : ADDRESS FOR TOP HALF OF COUNTER
2088 3EFF 28 21 A, BFFH
200R (1324 21 T 244 Pt * LOWER HALF OF COUNTER
208C 3ECH 22 i1 A, 8COH
200E D328 23 ot 20H 5 COUNT DOWN MODE START
24,
25 ¢ PULSE THE OME SHOT WITH R POSITIVE GOING PULSE ON THE SOD
26 . OUTPUT PIN OF THE 8685
27
2818 3EC3 28 L) f, 8CBH
M1 38 29 SIN i OUTPUT A HIGH ON SOD LINE
2013 3E48 38 L R 48H
2815 38 31 Sim <OUTPUT A LOW ON S0D LINE
2816 FB 32 El +ENABLE INTERRUPTS(RFTER PULSE)
33,
34 ; IDLE UNTIL ONESHOT INTERRUFTS THE RST 6 5 PIN ON THE 8885
39
2817 88 36 NPO NOP
2615 C31720 37 e NPO i IDLE UNTIL INTERRUPT
38,
39 . RFTER INTERRUPT, STOP COUNTER AND RERD IN FINAL COUNT FROM
48 . 8155, STORE IN REGISTER PRIK BC
44 .
2015 3E48 42 ONTY. 1 F, 48H
281D 0328 43 (LElg 28H +STOP COUNTER
201F DB24 44 N 24H
2621 4F 45 nov CA iSTORE LOMER ORDER BYTE IN C
2822 DB2S 46 N M
2824 47 47 MY B +STORE HIGHER ORDER BYTE IN B
2825 Zh3F 48 LU H, 3FH :LOAD HL WITH FULL START COUNT
2H27 CEFF 49 LU L, OFFH
599 .

S1 . AGJUST THE COUNT VALUE IN REGISTER BC TO REPRESENT ACTUAL
S2 . COUNT (SEE TEXT FOR EXPLANATION)
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Temperature Sensor Code (Cont’d)

1515-11 8888/8885 MACRO ASSEMBLER, V2. 8 MOUULE PAGE 2
Lc o8J SEQ SOURCE STRTEMENT
53
2829 CD6820 4 CALL  ADJUST 5 CONVERTS 8155 COUNT 7O RCTURL COUNT
5
56 i SETUP INITIARLIZATION FOR SEARCH ROUTINE. ROUTINE LOOKS FOR TEMPERATURE
57 i RANGE OF COUNT (SEE TEXT). SEARCH ONLY FOR UPPER HALF TO SIMPLIFY COOE.
58 ;
282C 2£88 59 Ml L. 88H 5 SET HL TO BEGINNING OF SERRCH
202t 2628 68 i H: 28H ;STRING IN MEMORY.
2038 B8 61 ORA B ;CLEAR CARRY FOR ROUTINE.
2831 78 62 MOV "B ;PLACE B INTO ACCUMXATOR
2832 9EBL 63 1 (WL} 5SET TIMES THROUGH SERARCH
2834 (D328 64 CALL  SEARCH ;LOOKS FOR TEMP RANGE COUNT IS IN
65
66 : CHECK IF SERRCH WAS SUCCESSFUL. IF NOT THEN QUTSIDE ACCEPTABLE
67 i RANGE.
68
2837 388 89 Ml A, BBH :DID L FIND LESS THAN AT
2833 D 78 XRA L AT BEGINNING OF STRING?
2837 CARF20 n 2 TLOW ; TEMP BELOW ALLOMWED LIMITS. SET PORT A
203D 3E68 2 Ml A, 88H ;1D C GET DECREMENTED?
203F B9 3 v, 2 c i IF S0, SEARCH DID NOT FIND
2848 CRBS28 4 JZ THIGH i TEMP ABOVE LINMITS, SET PORY B
795
76 ; SOFTWARE MAP THE MHTCH TO A TEMPERATURE IN DEGREES C BY RDDING
77 i 18 TO SEARCH ADDRESS. PLACE TEMPERATURE IN REGISTER E.
78
2843 3E6R 9 L A, 8K iSHIFT HL BY 18 (SOFTWARE MAP)
2845 85 %] ADD L
2046 6F 81 L0 LR
2847 SE 82 MoV (3.} JREAD IN TEMPERATURE
83
84 ; SET UP INITIARLIZATION FOR DISPLAYING TEMPERATURE USING SDK
85 ; MONITOR ROUTINES ~ FIRST EXPAND DE REGISTER AND THEN DISPLAY
86 : FOR DELAY PERIOD
87 :
2648 6608 88 L B8, 66H ;i CLEAR DOT AT ADDRESS FIELD
204A CD6LB2 89 CALL  HXDSP i CALL EXFAND
284D 3t00 99 Ml A, 884
204F CDB762 A CALL  OUTRUT ;QUTPUT TO SIK DISPLRY
2852 11FF08 92 LXI D, 8FFH i SET DELAY PERIOD
2855 COF145 3 CALL  DELRY ;DISPLRY FOR DELAY PERIOD
2858 CF 94 RST 1 + SOFTWARE RESTAKT
95
96 i SUBROUTINES
97
Z0RF 98 ORG 20RFH
99 .
169 :
20RF 3E63 161 TLOW  MVI R, B3H
“#81 0328 182 wT 28H
<8B3 3EFF 183 Lo ) 6FFH SET PORT A AS 15
2085 b3t 184 ot 21H
2087 F 185 kST 1
166 .
167 &
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Temperature Sensor Code (Cont’d)

1SIS-11 2659/8885 MACRD RSSEMBLER, Y2 8 MODULE PAGE 3
Loc oy SEQ SOURCE STATEMENT
2888 3£83 188 THIGH Mv] A, 834
206A 0329 169 ot 20
2860 3EFF 118 L R OFFH ;SET PORT B RS 1'S
28BE D322 i1 L) 2
20Ce CF 112 RST 1
13
114
2892 115 OKG 289H
116 5
147 .
2892 BE 118 SERRCH O L}
2893 D8 19 RC
2894 23 120 INX H +ELSE INCREMENT POINTER
2895 BE 121 =, 4 L]  COMPARE 2ND BYTE
2896 08 12 RC
2097 23 123 INX H
2898 BE 124 o " + COMPARE 3RD BYTE
2899 08 125 RC
209A 23 126 INX H
289 BE 127 o L} i COMPARE 4TH BYTE
289%C 08 128 RC
2890 23 129 INX H
0% BE 138 [>, 4 L} < COMPRRE STH BYTE
28K 08 131 RC
2808 23 132 INX H
28R1 BE 133 e " - LOMPARE 6TH BYTE
28R2 D8 134 KkC
20A3 23 135 INX H
2074 BE 136 %, 4 "  COMPARE 7TH BYTE
20R5 08 137 RC
2086 23 138 INX H
20R7 BE 139 =, 4 L} ; COMPRRE 8TH BYTE
26R8 08 148 KkC
2609 23 144 INX H
206 8D 142 DCR c »HRS ENTIRE BLOCK BEEN
20A8 (29228 143 N SERARCH + SEARCHED? 1F SO SET NO
20RE 9 144 RET +LESS THAN AND RETURN
145 .
146 . KESTART 6 5 JUMF HODRESS
147 .
20CE 148 ORG 28CEH
149 .
150 .
28CE (31628 1 e CNTY
152 .
153,
154 .
155 .
156 .
157 .
158 . SEARCH COMPARE DHTR STRING YSEE TEAT)
159 .
168 ,
2858 161 0RG 2680H
1oz .

A1-46



Temperature Sensor Code (Cont’d)

1SIS-11 8688/8885 MACKD ASSEMBLER, ¥2.8

MODLE PRGE 4

35H, 36H, 37H, 38H, 39H, 3AH, 3BH, 3CH

21H, Z3H, 25H, 28H, 31H, 3, 3H

LORD ACCUMULATOR WITH UPPER HALF
s RESET UPFER TWO BITS, CLEAR CARRY
/ROTATE RIGHT THROUGH CARRY
+STORE SHIFTED YALUE BACK IN B
-LORD ACCUMULATOR WITH LOWER HALF
7ROTRTE WITH CARRY RIGHT

; STORE SHIFTED YALUE IN C

1ST HALF OR SECOND? IF SECOND RETURN
; CLERR CRRRY

+0BTRIN ONE HALF OF FULL COUNT
»IF HL 1S 00D THIS CONTRINS

-ONE HALF (FULL COUNT-1), WHICH

- 1S CURRECT

DOUBLE PRECISION RDD
+RESTORE BC REGISTERS WITH COUNT

MODULE  PAGE 5

HXDSP A 8260 MO A 2817 QUTPUT A 8287

Loc 08J SEQ SOURCE STHTEMENT
163 :
2888 35 164 08
2881 36
2882 37
2063 38
2884 39
2885 3R
2886 38
2887 3C
165 ;
166 ; SOFTWARE MAP TO TEMPERATURE
167 ;
2088 168 ORG 20886H
169 ;
178 ;
2888 24 in D8
2880 23
288D 25
288€ 28
285F 31
2899 35
2891 39
172 5
173
20680 174 ORG 2068H
175 5
176 :
177 i SUBROUTINE ADJUST FOR COUNT IN 8155
178 ;
2868 78 179 ROJUST - MOV A8
2861 E63F 168 ANl 3FH
2063 1F 181 KRR
2864 47 182 MoV &R
2865 79 183 MoV aC
2866 1F 184 RAR
2067 4F 185 L1 C.A
2868 DB 186 RNC
2069 3F 187 CMC
2868 7C 188 MOv A H
2868 1F 189 RAR
286C 67 19 L L} HR
206D 7D 191 v AL
206t 1F 192 RAR
206F 6F 193 MOv LA
2878 89 194 DA 8
2071 44 195 Moy BH
2872 4 19 Mov CL
473 09 197 RET
198 .
199 ¢
208 END
PUBLIC SYMBOLS
EXTERNAL 5YMBOLS
USER SYMBOLS
IS1S-11 9854,'€985 MALRU HOSEMBLER. v2 @
ROIUST A 2668 (NTU A 2wib LELAY A 85F1
THIGH A 2888  TLON A 20AF
ASSEMELY COMPLETE, NO ERRORS

SERARCH R 2892
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CRT and Cassette Code

ICIC-1T 322R/2025 ASSEMPLER. 4 9 sl PRSE

Log ner e SORCE STRTEMENT

@& MOLET TITLEC 9285 SERIAL L0 NOTE HPPENLIS"
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CRT and Cassette Code (Cont’d)
ZEMELER. Y1 A HOLULE FRGE 2
HOTE @FFENDDY

282% SEPIAL I

e ner T SOURCE STATEMENT
L
¢ THE FOLLBING PROSRAMS AND SUBROUTINES AFE DESCRIBED IN DETRIL
T I INTEL CORFEPRTION'S AFFLICATION NOTE AP-23, "USING THE 50SS
' SERIAL 140 LINES"  THE FIRST SECTION IS A GENERAL PURPOSE CRT
s INTERFACE ITH PUTOMRTIC BRI RATE TDENTIFICATION: THE SECOND
<. SECTION IS & WRGNETIC TAPE INTCRFRCE FOR STORING ORTR ON CASSETTE
7 TRPEC  THE CODE FPESENTED HERE I3 IRIGINED AT LOCRTION €09,
2 FNG MIGHT BF FRPT OF AN EXPRNSTON PROM IN AN INTEL SDK-25
2 SVSTEM DESIEN KIT
12
!
12
08 1T BITTIME EOU 20C3H . ADORESS OF STORAGE FOR COMPUTED BIT DELAY
20CA 14 HALFEIT EOU  20CPH < ACDRESS OF STORRGE FOR MALF BIT DELFW
A998 1581750 €M 4t DATA BITS PUT OUT <INCLUDING TWO STOF BITS)
003 16 BITSL B 9 [ORTR BITS TO BE RECIEYED « INCLUDING ONE STOP BIT:
1=
asan 12 ORG GRAH  STARTING ADDPESS OF S-S5 EXPANSION FROM
13
A CRTTST CRT INTEPFRCE TEST  WHEN CRLLED. AWRITS THE SPRCE AR BEING PRESSED ON
21 THE SYSTEM CONSOLE. SND THEN RESFONDS WITH R DATR RATE YERIFICATION
kel MESSRGE  THERE AFTER. CHARFCTERS TYPED ON THE KEYBOARD ARE ECHOED
2 N THE CISPLAY TUBE  WHEN R EPERK KEY 12 TYFED. THE ROUTIME IS
2y PE-STRRTED. ALLOWING R IFFERENT BAUD RATE TO BE SELECTED ON THE CRT
@266 310009 3 CRTTST Lvl P 2
: HRTL Wil H 30D MUST BE HIGH BETHEEN CHARRLTERS
2 1M
2 CALL  BRID S IDENTIFY DRTR PATE USED BY TERMINAL
2 CALL  SIGNON . OUTRUT STSNON MESSAGE AT PRTE DETECTED
2h0S WECHI CALL CIN S OERD NERT MEVSTROKE INTO PESISTER (
a20F 79 : N
ag1a B e e LCHECK IF CHARRCTER WFS A CBRERKD <RSCII DBH)

n CRTL  +IF S0 RE-IDENTIFY DRTH RATE
- THIS ALLOWS AHOTHER RATE TO BE SELECTED ON CET
CRLL COUT OTHERWISE COPY REGISTER C TG THE SCREEN

AgL1 CRRzAR

AS14 Lheoas

B017 £IACA0 i Iup ECHD G COMTINUE [MDEFIMITELY (UNTIL BREAK!
I8 GBPID  BAUD RATE IDENTIFICRTION SLEROLTIME
20 EXFECTS A ICR: (RSCIT ZéHi TO BE FECIEVED FROM THE CONSOLE
48 ; THE LENGTH OF THE IMITIAL ZERO LEYEL «SIx BITS WIDE) IS MEPSURED
41 IN ORDER TO DETERMINE THE DRTA RATE FOR FUTURE COMMUNICATIONS
Ag1A 29 42 BRIG PIM (¥EPIFY THRT THE "MNE" LEWEL HAS EEEN ESTRBLISHED
ae1e 87 4z ] # % RS THE CRT IS PONERING UP
Ae4C F21AA2 44 I ERID
a21F 29 45 BRIL RN SMONITOR <10 LIME STRTUS
agea g7y 4€ nRR P

FRicag a7 ™ BRI LOOF UNTIL STRRT BIT I3 RECIEYED
AFFFF 42 L4 W€ . BIRS COUNTER USED IN GETSRMINING ZERD GuRATION

i E. #4H

[P 3 -S2 MPCHINE CYOLE DELAY LOOP

Nz ErI4

N H - INCREMENT COUNTER EVERY 84 LYCLES WHILE 21D 1S LW
FIM

A1-49



CRT and Cassette Code (Cont’d)

TE12-11 28207705 RECEMBLER. Y1 @ MOGYE oRGE 2
A5 ZERTAL [0 MOTE BPRENDIY
Lan gl ZED SOUPCE STATEMENT
g7 4 IFR R
238 Freres ce IF ERIZ
) ML MOW CORPESFONDS T INCOMING DATA PATE
s <7 FIKH  H CEAYE COUNT FOP HRLFRIT TIME COMPUTATION

52 TNF H VEITTIHC I% DETERMINED BY INCREMENTING
54 THF L v HOBNHG L INDIYIDALLY
£8 SHLD BITTIME
£1 FOF H FEETORE COUNT FOR HALFEIT DETERMIMATION
£ Bl H CLERR CRPRY
£7 e F.H CROTATE RIGHT EXTEMDED <HL
4 oRE L TODININE TOUNT BY
£5 oy H A
[ 0 RS

e 57 Ppp

R24A £F [ MO LA

0adt 24 £3 NP H CFUT HOAND L IN FROPER FORMRT FOR DELAY

a4z 0 R I3 L O SEGMENTS T TMCFEMEMT ERCH:

H247 220RzA 71 SHLE HALFETT 5 SRYE 9% HALF-EIT TIME DELAY FPRRAMETER

B24e 09 72 PET

T4 OSIGNOM HRITES § SIGN-ON MESSAGE T THE CRT AT WHRT SHOULD BE THE CORRECT RATE

R IF THE HESSAGE 1S UNINTELLIGIELE WELL. 50 IT GOES
4247 2155a¢ TROSICHOM L H: STRNG G LORD START OF SIGH-0N MESSRGE
R24A JE B | o £ L GET NEXT CHARRCTER
R34 AF T H CLERR ACCIMULATOR
w40 By 73 L COHECE IF CHARACTER IS EMD OF STRING
agel o2 B F SPETUPM IF STGN-OM COMPLETE

2t TRLL [Kx1ne TUTPUT CHARACTER TO CRT

22 N/ H £ EIINTER

g3 THE =1 JECHY NEXT CHAPACTER

a4

25 ETRNG DB BOH. ARH . ORI

o L ‘BAUL FATE CHECK
=2 [ BOM. BAH - CPLF
o (& 3 -EMD-DF-STRING ESCRPE LODE

COMZDLE OQLTPUT SLEROUTINE
HRITES THE CONTENTZ OF THE C PEGISTER TO THE CRT DISPLAY SCREEN
(8¢

PUSH  E
PUSH O H
* el 2 BITSD 3BT MUMBER OF BITS TO BE TRANSMITTED
s “FR H CLERFE CRRRY
T L HO3EH L SET WHAT WILL BECOME SO0 ENABLE BIT
2 FRF SMOYE CHRPY THTO SO0 DATR EIT OF ACC
95 ZIM JOUTPUT DRTR BIT T0 <00
L LHD BITTIME
184 oz XS L (HAIT UNTIL APFROFRIATE TIME HAS PRASSED
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CRT and Cassette Code (Cont’d)

ISIS-11 288@/2A35 ACCEMBLER. Y1 @ MODLLE PAGE 4
8985 SERIAL I/ NOTE RPPENDIX

Loe ped SED SOURCE STRTEMENT

1@2 INZ £z
18z [N H
184 NG %
105 STC SSET WHRT WILL EYENTUALLY EECOME A STOP RBIT
18¢ Moy N :ROTATE CHAPACTER RIGHT ONE BIT.

ie7 FAR 25 MOYING NEXT DRTR BIT INTO CARRY

1@2 Py TR

1@9 €y 13 ;CHECK, IF CHAPRCTER (AND STOP BITuS)) DONE
AR82 £26CAg 118 Nz oM SIF MOT. DUTPUT CURRENT CRRRY

R22F E1 111 poe H SRESTORE STATUS AND RETURN
are7 L1 142 pop e

B2sE FE 11z Ei
: PET

£OCING CONTOL IMPUT SUBROLTINE HAITS FOR R XEYSTROKE AND
PETUPNG MITH 2 RITS IN REG C
iZIN

8256 £= H
post pepo BBITSI :0RTR BITS T0 BE PERL (LAST PETURNED TN CY)
X}

L1 SWATT FOR /NG BIT TRANSITION

A
n
HALFETT

7833 FARERZ

ARIT UNTIL MICDLE OF START BIT

CHRIT GUT BIT TIME

WEL

C E - IS FIRST STOF BI7
A CIs Jue QT OF LDDE

RO HOLDS UPDATED CHARFCTER

M CEMEUITES COUT MG CIN LOOP TIMES

3 i CHARACTER COMPLETE

e O g O R R R S e O R R R A g R R e e R T

SEN B THE CRISETTE IMTERFRCE
s M RRE USED RESFECTIVELY
FUT OF RECETVE AN ETEHT BIY BYTE OF DRTR. REGISTER ©
MG THE DATS [N EITHER CRSC REDI f. B £0 ARE ALL DESTROVED

e P FQ i THICE THE NuMEEF O CLES FER TOME BURST
AELE RN o CETERMINES TONE FREGHUEMCY
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CRT and Cassette Code (Cont’d)
5 SESEMELER @ HOpE PROE 5
HGTE AFPENDTY

Lol OB SED STATEMENT
155 (HEATE ELE
155 L ERGER . F , ¥
157 L0604 USED TN FLRYER TO VERIFY FRESENCE OF LEACER
1€0

15% CpLYRCD

22E3 3 BLYRCT MY

02EE 3EC S B .
80R0 "3 BRL CALL BURST  LUTOHT TORE
[EXS e

mZ ERt CEUSTRIM LEADER TOHE

RS RECORLED

EF:

P TRPED STPUTS THE BSTE T
FEGIZTERS & E.0.0

179 TRPED

BIT

AT
ATOR T0O CRUSE A TONE BURST

a.c MIWE NERT DRTR BIT INTO THE CRRRY

.8 CCRRRY WILL BECOME SO0 EWABLE IN BURST RIUTINE
8.@i4 L ZET BIT TD BE REPEATECLY COMPLEMENTED IN BURST

BSE2 COFARS
B0ES AF
R3Ee [DFoaY
AIES A%
B2ER [20585
BOED D1
ASEE FE
AEF 32

BURST S OMTRUT EITHER A/ TONE OR R PRUSE
A ;CLERR ACCUMULATOR
BLPET  COUTRUT PAUSE
e
T

a1 PEPERT UNTIL BYTE FINISHED
9 FESTORE STATUS AHD RETUFW

268 BURST. MyT [ CYCHO 5 SET HUMBER OF CYOLES

T <o COMPLEMENT SOU LINE IF SO0 EMABLE BIT SET

2uz M1 E.HELEyD

287 P2 LF E (REGULPTE TONE FREQUENCY

284 mz el

285 wRi 24 S COMPLEMENT SO0 DRTA BIT IN ACCUMULRTOR

28 jEEd b

207 INZ Eilt S CONTINUE UMTIL BUPST (OR EQUIVILENT PRUSE) FINISHED
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CRT

and Cassette Code (Cont’d)

ISIS-11 349A/9A85 ASSEMRLER, v1 @ MOGLLE PRGE &
3885 SERIAL I-0 MOTE RPPENDIX

Loc oes

BEFF 3

2309 3EFR
8992 CDI0R9
@3a5 [2aaad
3382 ap
8999 20299
83aC ([D15A9
2%F 71
948 2C
a211 C2eCa?
914 3

8315 dena
8917 1£09
@319 15
A94A CO0AS
8940 DA12AS
2928 £030a3
8822 DR1%e9
39ZE 14
#327 C020R9
#32R PR
@320 C0I0a?
2330 D2260A9
A932 7R
924 17
#9325 79
A935 1F
8937 4F
A938 85
8939 21799
a9z C9

8930 1E1e

@33 1D
a948 [22FA9
8943 2
8344 17
#945 L2

PUBLIC SYMBOLS

SED

L
229
249

SDURCE STATEMENT

: PLRYBE

211

12

243

214
215
Hf
217
213
219
229
2e

222

.
ks

224

225

PLPYEE -
Fet-

PES:

TREEIN

TRFEIN:
TI:

T

TIZ

2 RITIM:

Bil:

RET

‘ HAITS FOR THE LONG LERDER BURST TO ARRIVE. THEN CUNTINUES
RERDING BYTES FROM THE RECORDER AND STORING THEM
IN MEMORY STARTING AT LOCATION HL:

CONTINUES UNTIL THE END OF THE CURFENT PRGE (<L0=@FFH) IS REACHED

g o LUPCHE CLDRCHE CESSIYE HIGH: MUST BE RERL
CRLE BITIN i {ERIFY THAT THE LEACER 15 PRESENT
INE PLAYEY O OBND ELECTRONICS HAS STREILIZED

DeR C

N PR
DAL TRPEIN . GET TRTR EYTE EPOM PECORCEP

M ML CETORE N MEMIRY
e L

Mz pez

FET

CRSSETTE THPE INPUT SUBRCUTINE  FEADS ONE EBYTE OF DRTA
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I TIZ

iN® o ¢ INCREMENT COUNTER ERCH TIME ZERQ IS READ

CRLL BITIN

JHE TIZ (REPEAT ERCH TIME ZEPD I3 RERD

CRALL BITIN

BN TIZ

My R0

PAL JMOYE COUNTER MOST SIGNIFICANT BIT INTO CARRY
M A
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FET

Y Y
@x

It (PEPERT UNTIL FULL BYTE RESEMBLED
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oeR E

NZ 361 SLIMIT INPUT SHMPLING FATE
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END
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CRT and Cassette Code (Cont’d)

¥1a MEDiAE PAGE 7

ESTERNAL SYMEDLS

UZER SYMBOLE

BfL A BITIM EITSE A @38 BITTIM A & ELKRCD A 8283 BRL A @8BD
ERz A BRI ERId 4 eril A UL AWSF2 BUZ A B8FS
BURET R TIt e C14H CIS  Aeses  CIN  HB33A
CKRATE A a@le G0 A cauy CETL A @ CRTTST R @823 CYOCND R edie
ECH) A @280 HALFEL A LORCHE A B LERLER A BFR @z PRZ A A3C
PLRVEY A B3 <t X STPHG TRFEIH A 31T TiL R 837

Tie 9@y TIC

ASSEMELY COMPLETE. M ERFORSZH
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CRT and Cassette Code (Cont’d)

ISIS-TT ASCEMRLER SYMEOL CROSS FEFERENCE Y1 @

o1
BITIN
BITSI
RIS
RITTIM
BLYRCD
21
PRz
BRIL
EPIZ
BRId
ERIL
Bl
pis2
eLRET
(351
o1z
(R
14
CIs
CIN
CEPATE
1
o2
oot
P71
CRTTET
CYCNO
ECHO
HALFR!
HALFCY
LORCHY
LEFDER
Fet
Fe2
PLavRY
3
CIGMON
STRNG
TRPEIN
THPER
T
Tiz2
Tz
™

245
218
1c4
154
124
1E3#
1654
178
4%
404

§§

[e4]

2814
REX4
1£5
121%
1254
1234
1304
137
e
1554
9k
1014
25
it |
o5
1524
e
14%
154%
1574
1564
254
212%
4%
G

-

Rt

134
A

124

CPOSE PEFEPENCE COMPLETE

121 133 Ceew
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3065 Bowers Avenue

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

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

ALABAMA

Intel Corp,

3322 S, Parkway, Ste. 71
Holiday Office Center
Huntsville 35802

Tel: (205) 883-2430
tPen-Tech Associates, Inc.
Holiday Office Center
3322 Memorial Pkwy., S.W.
Huntsville 35801

Tel: (205) 881-9298

ARIZONA

Intel Corp.

8650 N. 35th Avenue, Suite 101
Phoenix 85021

Tel: (602) 242-7205

1BFA

4426 North Saddle Bag Trail
Scottsdale 85251

Tel: (602) 994-5400

CALIFORNIA

Intel Corp.

7670 Opportunity Rd,
Suite 135

San Diego 92111
Tel: (714) 268-3563
Intel Corp.*

1651 East 4th Street
Suite 105

Santa Ana 82701

Tel: (714) 835-9642
TWX: 910-595-1114
Intel Corp.”

15335 Morrison
Suite 345

Sherman Oaks 91403
(213) 986-9510
TWX: 910-495-2045
Intel Corp.*

3375 Scott Blvd.
Santa Clara 95051
Tel: (408) 987-8086
TWX: 910-339-9279
TWX: 810-338-0255
Earle Associates, Inc.
4617 Ruffner Street
Suite 202

San Diego 92111

Tel: (714) 278-5441

Mac-I

2576 Shattuck Ave.
Suite 4B

Berkeley 94704
Tel: (415) 843-7625
Mac-

P.O. Box 1420
Cupertino 95014
Tel: (408) 257-9880
Mac-

P.O. Box 8763
Fountain Valley 92708
Tel: (714) 839-3341

ac-i
110 Sutter Street
Suite 715
San Francisco 94104
Tel: (415) 982-3673
Mac-
20121 Ventura Blvd., Suite 240E
Woodiand Hills 91364
Tel: (213) 347-5900

COLORADO

Intel Corp.*

6000 East Evans Ave.
Bldg. 1, Suite 260

Denver 80222

Tel: (303) 758-8086

TWX: 910-931-2289
tWestek Data Products, Inc.
25921 Fern Guich

P.O. Box 1355

Evergreen 80439

Tel: (303) 674-5255
Westek Data Products, Inc.
1322 Arapahoe

Boulder 80302

Tel: (303) 449-2620

CONNECTICUT

Intel Corp.

Peacock Alley

1 Padanaram Road, Suite 146
Danbury 06810

Tel: (203) 792-8366

TWX: 710-456-1199

FLORIDA

Intel Corp.

1001 N.W. 62nd Street, Suite 406
Ft. Lauderdale 33309

Tel: (305) 771-0500

TWX: 610-956-9407

FLORIDA (cont.)

Intel Corp.

5151 Adanson Street, Suite 203
Orlando 32804

Tel: (305) 628-2393

TWX: 810-853-9219

tPen-Tech Associates, Inc.

201 S.E. 15th Terrace, Suite K
Deerfield Beach 33441

Tel: (305) 421-4989

tPen-Tech Associates, Inc.

111 So. Maitland Ave., Suite 202
P.0O. Box 1475

Maitland 32751

Tel: (305) 645-3444

GEORGIA

Pen Tech Associates, inc,
Cherokee Center, Suite 21
627 Cherokee Street
Marietta 30060

Tel: (404) 424-1931

ILLINOIS

Intel Corp.*

900 Jorie Boulevard

Suite 220

Oakbrook 60521

Tel: (312) 325-9510

TWX: 910-651-5881

First Rep Company
9400-9420 W. Foster Avenue
Chicago 60656

Tel: (312) 992-0830

TWX: 910-227-4927
Technical Representatives
1502 North Lee Street
Bloomington 61701

Tel: (309) 829-8080

I0WA

Technical Representatives, Inc.
St. Andrews Building

1930 St. Andrews Drive N.E.
Cedar Rapids 52405

Tel: (319) 393-5510

KANSAS

Intel Corp.

9393 W. 110th St., Ste. 265
Overland Park 66210

Tel: (913) 642-8080

Technical Representatives, Inc.
8245 Nieman Road, Suite #100
Lenexa 66214

Tel: (913) 888-0212, 3, & 4
TWX: 910-749-6412

KENTUCKY

Lowry & Associates Inc.
P.O. Box 5127
Lexington 40555

Tel: (606) 273-3771

MARYLAND

intel Corp.*

7257 Parkway Drive

Hanover 21076

Tel: (301) 796-7500

TWX: 710-862-1944

Glen White Associates

57 W. Timonium Road, Suite 307

Timonium 21093

Tel: (301) 252-6360

tMesa Inc.

11800 Parklawn Drive

Rockville 20852

Tel: Wash. (301) 881-8430
Balto. (301) 792-0021

MASSACHUSETTS
Intel Corp.*

27 Industrial Ave.
Chelmsford 01824
Tel: (617) 667-8126
TWX: 710-343-6333
EMC Corp.

381 Elliot Street
Newton 02164

Tel: (617) 244-4740

MICHIGAN

Intel Corp.*

26500 Northwestern Hwy.
Suite 401

Southfieid 48075

Tel: (313) 353-0920

TWX: 910-420-1212
TELEX: 231143

tLowry & Associates, Inc.
135 W. North Street

Suite 4

Brighton 48116

Tel: (313) 227-7067

MINNESOTA

Intel Corp.

7401 Metro Bivd,
Suite 355

Edina 55435

Tel: (612) 835-6722
TWX: 910-576-2867

U.S. AND CANADIAN SALES OFFICES

tDytek North

1821 University Ave.
Room 163N

St. Paul 55104

Tel: (612) 645-5816

MISSOURI

Technical Representatives, Inc.
320 Brookes Drive, Suite 104
Hazelwood 63042

Tel: (314) 731-5200

TWX: 810-762-0618

NEW JERSEY

Intel Corp.*

1 Metroplaza Office Bldg.
505 Thornali St.

Edison 08817

Tel: (201) 494-5040
TWX: 710-480-6238

NEW MEXICO
BFA Corporation
P.O. Box 1237

Las Cruces 88001
Tel: (505) 523-0601
TWX: 910-983-0543
BFA Corporation
3705 Westerfield, N.E.
Albuquerque 87111
Tel: (505) 292-1212
TWX: 810-989-1157

NEW YORK

Intel Corp.*

350 Vanderbilt Motor Pkwy.
Suite 402

Hauppauge 11787

Tet: (516) 231-3300
TWX: 510-227-6236
Intei Corp.

80 Washington St,
Poughkeepsie 12601
Tel: (914) 473-2303
TWX: 510-248-0060
intel Corp.

2255 Lyell Avenue
Lower Floor East Suite
Rochester 14606

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

tMeasurement Technology, Inc.

159 Northern Boulevard
Great Neck 11021

Tel: (516) 482-3500
T-Squared

4054 Newcourt Avenue
Syracuse 13206

Tel: (315) 463-8592
TWX: 710-541-0554
T-Squared

2 E. Main

Victor 14564

Tel: (716) 924-9101
TWX: 510-254-8542

NORTH CAROLINA
tPen-Tech Associates, Inc.
1202 Eastchester Dr.
Highpoint 27260

Tel: (919) 883-9125

Glen White Associates
4009 Barrett Dr.

Raleigh 27609

Tel: (919) 787-7016

OHIO

intel Corp.”

8312 North Main Street
Dayton 45415

Tel: (513) 890-5350

TWX: 810-450-2528

intel Corp.”
Chagrin-Brainard Bldg. #210
28001 Chagrin 8Ivd.
Cleveland 44122

Tel: (216) 464-2736
Lowry & Associates Inc.
1440 Snow Road

Suite 216

Cleveland 44134

Tel: (216) 398-0506
tLowry & Associates, Inc,
1524 Marsetta Drive
Dayton 45432

Tel: (513) 429-9040
tLowry & Associates, Inc,
1050 Freeway Dr., N,
Suite 209

Columbus 43229

Tel: (614) 436-2051

OREGON

intel Corp.

10700 S.W. Beaverton
Hillsdale Highway
Suite 324

Beaverton 97005

Tel: (503) 641-8086

PENNSYLVANIA

intel Corp.*

275 Commerce Dr.

200 Office Center
Suite 300

Fort Washington 19034
Tel: (215) 542-9444
TWX: 510-661-2077
tLowry & Associates, Inc.
Seven Parkway Center
Suite 455

Pittsburgh 15520

Tel: (412} 922-5110
+Q.E.D. Electronics
300 N. York Road
Hatboro 19040

Tel: (215) 674-9600

TEXAS

Intel Carp.*

2925 L.B.J. Freeway
Suite 175

Dallas 75234

Tel: (214) 241-9521
TWX: 910-860-5487
intel Corp.*

6420 Richmond Ave,
Houston 77057

Tel: (713) 784-3400
Industrial Digital Systems Corp.
5925 Sovereign
Suite 101

Houston 77036

Tel: (713) 988-9421
intel Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-3628

VIRGINIA

Gien White Associates
Route 2, Box 193
Charlottesville 22901
Tel: (804) 295-7686
Glen White Associates
P.O. Box 10186
Lunchburg 24506

Tel: (804) 384-6920
Glen White Associates
Rt. #1, Box 322
Colonial Beach 22442
Tel: (804) 224-7764

WASHINGTON

Intel Corp.

Suite 114 Bldg. 3
1603 116th Ave. N.E.
Bellevue 98005

Tei: (206) 453-8086

WISCONSIN

Intel Corp.

4369 S. Howell Ave.
Milwaukee 53207
Tel: (414) 747-0789

CANADA

Intel Semiconductor Corp.*
Suite 233, Bell Mews

39 Highway 7, Bells Corners
Ottawa, Ontario K2H 8R2
Tel: (613) 829-9714
TELEX: 053-4115

Intel Semiconduciaor Corp.
6205 Airport Rd.

Bldg. B, Suite 205
Mississauga, Ontario

L4V 1E3

Tel: (416) 671-0611
TELEX: 06983574
Muititek, Inc.”

15 Grenfell Crescent
Ottawa, Ontario K2G 0G3
Tel: (613) 226-2365
TELEX: 053-4585

Multilek, Inc.

Toronto

Tel: (416) 245-6422
Multilek, Inc.

Montreal

Tel: (514) 481-1350

*Field application location

tThese representatives do not offer Intel Components,

only boards and systems.

98-01014-01
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INTERNATIONAL SALES AND MARKETING OFFICES

3065 Bowers Avenue

Santa Clara, Calllomla 85051
Tel: (408) 987-8080

TWX: 910-338- 0026

TELEX: 34-6372

EUROPEAN MARKETING OFFICES

BELGIUM

Intel Internationat

Rue du Moulin & Papier 51
Boite 1

B-1160 Brussels

Tel: {02) 660 30 10

TELEX: 24814

DENMARK

Intel Denmark A/S*
Lyngbyvej 32 2nd Floor
DK-2100 Copanhagen East
Tel: (01) 18

TS e

FINLAND
intel Scandinavia
Sentnerikuja

$F - 00400 Helsinki 40
Tel: (0) 558531

TELEX: 123332

FRANCE

Intel Corporation, SARL.*
5 Place de la Balance

Sitic 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: §23 177
Intel Semiconductor GmbH
Abraham Lincoln Strasse 30
6200 Wiesbadan 1
Tel: {06121) 74855
TELEX: 04186183
Inte! Semiconductor GmbH
Wermnerstrasse
P.0. Box 1460
7012 Fellbach
Tel: (0711) 580082
TELEX: 7254826
Intel Semiconductor GmbH
Hindenburger Strasse 28/29
3000 Hannover
Tel: (0511) 852051
TELEX: 923625

ISRAEL
Intel Semiconductor Lid.*
P.0. Box

Halfa
Tel: 972/452 4261
TELEX: 92246511

ITALY

Intel Corporation ltalia, s.p.a.
Corso Sempione 3

TELEX: 311271

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

Micro Sistemas S.A.
9 De Ju 561

Cordol

Tel: 54751—32%80
TELEX: 51837 BICCO
AUSTRALIA

AJF. Systems & Components Pty. Ltd.

Corporate Headquarters
44 Prospect Ra.
Prospect

South Australia 5082
Tel: 269-1244

TELEX: 82635
Warburton Franki
Corporate Hendquarler:
372 Eastern Valley Wi
Chatswood, Now Soulh Wales 2067
Tel: 407-3261

TELEX: AA 21299

AUSTRIA

Bacher Elektronische Geraste GmbH
26

Rotenmulgasse

A 1120 Vienna

Tel: (0222) 83 63 96

TELEX: {01} 1532

Rekirsch Elektronik Geraste GmbH
Lichtansteinstrasse 97

A1080

Tel: (222) 347648

TELEX: 74759

BELGIUI

Inelco Belgium S.A,
Avenue Val Duchesse, 3
B-1160 Brussels

Tel: {02) 660 00 12
TELEX: 25441

BRAZIL

icotron S.A.

98110-Av. Mutinga 3650
6 Al

Birhuba-Sa0 Paulo

Tel: 261-0211

TELEX: (011) 222 ICO BR

1A
International Computer Machines
Adpe Aareo 19403

Tel: 232-6535
TELEX: 43439

DENMARK

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 N
Tel: (01) 83 50 90
TELEX: 19037

FINLAND

Oy Fintronic AB
Melkonkatu 24 A
SF-00210

Helsinki 21

Tel: 0-692 6022

TELEX: 124 224 Ftron SF

FRANCE

Celdis S.A.

53, Rue Charles Frerot
94250 Gentilly

Tel: (1) 581 00 20
TRLEX: 200 das ¢
Metrologie*

La Tour d'Asnidres
4, Avenue Laurent Cely
92606-Asnieres
Tel: 791 44 44
TELEX: 611 448 F
Metrologie

36 Rue Tronchet
69006 Lyon

Tel: (78) 89 35-65
Tekelec Airtronic*
Cite des Bruyeres
Rue Carle Varnet
92310 Sevres

Tel: (1) 027 75 35
TELEX: 204552

Tekelec Airtronic
75 Rue Bataille

69008 Lyon

Tel: (78)-74-37-40
TELEX: 370 481 F
Tekelec Airtranic

Parc Industriel Bersol
Voie Romaine

33600 Peyssac

Tel: (56) 45 32-27
TELEX: 570 264 F
Tekelec Airtronic
Allee des Lilas

13100 Aix en Provence
Tel: (42) 27-66-45
TELEX: 420 588 F
Tekelec Airtronic

8 Rue de I'Universite

TeLEX 580 Tes

Tekelec Airtronic

281 Route d Eapagm
31076 Toul

Tel: (61)- A0 54-00/40-38-77

Electronic 2000 Vertriabs GmbH
Neumarkter Strasse 75

D-8000 Muenchen 80

Tel: (089) 434061

TELEX: 522561

Jermyn GmbH

PDosn-cn 1180

YELEX 484426
Kontron Elektronik Gmbh
Breslauerstrasse

Tel: (89) 319.011

TELEX: 522122

Alfred Neye Enatechnik GmbH
Schiflerstrasse 14

D-2085 Quickborn-Hamburg
Tel: (04106) 6121

TELEX: 02-13580

HONG KONG

Schmidt & Co.

26/F Wing on Center
Connaught Road

Hong Kong

Tel: 5-455-844

TELEX: 74786 Schmc Hx

INDIA

Micronic Devi

104/108C, Numll Industrial Estate
Sion (E)

Bombay 400022, India

Tel: 488-170

TELEX: 011-5847 MDEV IN

ISRAEL
Eastronics Ltd.*
11 Rozanis Street
.0. Box 39300
Tel-Aviv 81380
Tol: 475151
TELEX: 33638

ITALY
El‘drl 3SS.PA"
oz

Tcl 310 54 P

TELEX: 38332

Eledra3S SPA.*

Via Paclo Gaidano, 141 D

10137 Yorino

TEL: 1011) 3097 097 - 30 87 114
TELEX: 210832

Eledra 33 P.A.
Vm Zucchonnl Alvisi 8

TBI (051) 307701

Eledra 3S S.P.A."

Via Giuseppe Vaimarana, 83
00139 Rome, Italy

Tel: (08) 81 27 260 - 81 27 324
TELEX: 812051

NETHERLANDS

Intel Semiconductor Nederland B.V.

Comulongebo
Weslblaak 108

3012 Km Rotterdam
Tel: (10) 149122
TELEX: 22283

NORWAY
Intel Scandinavia A/S
P 0. Box 158

2040
Kiat, Norway
Yel: 47 2/981068
TELEX: 18018

SWEDEN
intel Sweden AB*
ox 20092
Enighetsvagen, 5
$-16120 Bromma
Tel: (08) 96 53 90
TELEX: 12261

SWITZERLAND

Intel Semiconductor AG
Forchastrasse 95

CH 8032 Zurich

Tel: 1-55 45 02

TELEX: 557 89 ich ch

‘Asahi Electronics Co, Lid,
M Bldg. Room 407
2-14-1 Asano, Kokura
Kita-Ku, Kitokyushu ity 802
Tel: (093) 511-6471
TELEX: AECKY 7126-16
Hamilton-Avnet Electronics Japan

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

ihonbashi

Tel: (03) 6629911

TELEX: 2523774

Nippon Micro Computer Co. Ltd.

Mutsumi Bidg. 4-5-21 Kojimachi

Chiyoda-ku, Tokyo 102

Tel: (03) 230-0041

Ryoyo Electric Corp.

Konwa Bidg.

1-12:22, Tsuiij, 1-Chomo
Chuo-Ku, Tokyo 10

Tel: (03) 543-7713

Tokyo Electron Labs, inc.

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

Tel: (045) 471-8811

TELEX: 781-4773

KOREA

Koram Digital

Room 411 Ahil Bidg.

49-4 2-GA Hoehyun-Dong
Chung-Ku Seout

Tel:

TRLEK: HANSINT Ka3sez
Leewood International, Inc.
C.P.0. Box 404t

11225, Sokong-Dang
Chung Ky, Seoul 100

Tel; 28-5927

CABLE: “LEEWOOD” Seoul

MEXICO

Proveedora Electronica S.A.
(PROESA)

Prol. Moctezuma Ote. 24
Col. Romero de Terreros
Apdo. Postal 21-138
Mexico 21 F

Tel: 554-

TELEX: 017 72402 SAULME

NETHERLANDS

Inelco Nether. Comp. Sys. BV
Turtstekerstraat 63

Aalsmeer 1431

Tel: (2977) 28855

TELEX: 14693

Koning & Hartman

Koperwe

2844 EN Don Haag

4 (70) 210101
TELEX: 31528

NEW ZEALAND
W. K. Mcl.ean Ltd.
103-5 Feiton Mathew Avanue
Glenn Innes, Auckiand, §
‘ol: 587-037
TELEX: NZ2763 KOSFY
NORWAY
Nordisk Eickironik (Norge) A/S
Postoffice Box
Smedsvingen )
1364 Hvalstad
Tel: 02 78 62 10
TELEX; 17546

POI’IUBAL

ronica LOA
Av. Miguel Bombarda, 133
Lisboa 1

Tel: (19) 545313

TELEX; 14347

SINGAPORE

General Engingors Aswcll\os
Blk 3, 104 8, Floot
P.SA. Mulﬂ -Storey Comm
Telok Bllnglh/Pnlr Panjang
Smanpau

Tel: 271

TELEX: RS23937 GENERCO

UNITED KINGDOM

Intet Corporation (U.K.) Ltd.”
Broadfield House

4 Between Towns Road
Cowley, Oxford OX4 3NB
Tel: (0865) 77 1431

TELEX: 837203

Intel Corporation (U.K.) Ltd.
5 Hospital Strest

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

TELEX: 366

ORIENT MARKETING OFFICE

JAPAN

intet Japan K.

Flower Hil)- smnm-cnl East Bidg.
1-23-9, Shinmachl, Setagaya-ku
Tokyo 154

Tel: (03) 426-9261

TELEX: 781-28426

HONG KONG
Intel Trading Corporation
-105 Des Voeux Rd., Central
18F, Unit B
Hong Kong
Tel: B52-5-450-847
TELEX: 63869

SOUTH AFRICA

Electronic Building Elements
Pine Square

18th Street

Hazelwood, Pretoria

Tel: (12) 7t

LA N

SPAIN

interface*

Ronda snn Pedm 22
Barcelon

Telr 3/301

TELEX S1508 IFcE E
interface

Av. Generalisimo 51 9°
E-Madrid 16

Tet: 456 3151
interface

Calle Bailen 9

Appt. 7

Bilbao

Tel 4/415-0693

iT

Mnguel Ange\ 16
Wearid 10

Tel: (1) 4

TELEX: zﬁm/znew

SWEDEN
Backstrom Gosta
Box 12009

10221 Stockholm
Tel: (08) 541 080
TELEX: 10135
Nordisk Electronik AB
Box 27301

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

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

Tel: (01) 60 22 30
TELEX: 56788

TAIWAN

Taiwan Automation Co.*
2nd Floor

224 Nanking East Road
Sectlon 3

Taipel

Tel: 771-0940

TELEX: 11942 TAIAUTO
UNITED KINGDOM
G.E.C. Semiconductors Ltd.
East Lane

North w-mmoy
Middiesex M.

Tel: (01) 904 0303/50&-«11
TELEX: 288

Jermyn Indus(rln

Vestry Estate
Sevenoaks, Kant

Tel: (0732) 501.44
TELEX: 95142

Rapid Recall, Ltd.

6 Soho Miils Ind. Park
Woburn Green

Bucks, England

Tel: (6285) 24981
TELEX: 849439

Sintrom Electronics Ltd."
Arkwright Road 2
Reading, Berk;mm RA2 OLS
Tel: (0734) 8548

TELEX: 847395

VENEZUELA
Componentes y Circuitos
Electronicos TTLCA C.A
Apartado 3220
a

-0820
TELEX: 21795 TELETIPOS

*Field Application Location
98-01014-01
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3065 Bowers Avenue

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

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

ALABAMA

tHamilton/Avnet Electronics
4692 Commercial Drive N.W.
Huntsville 35805

Tei: (205) 837-7210

Pioneer

1207 Putman Drive NW
Huntsville 35805

Tel: (205) 837-9033

TWX: 810-726-2197

ARIZONA

tHamilton/Avnet Electronics
2615 South 21st Street
Phoenix 85034

Tel: (602) 275-7851
tLiberty/Arizona

8155 N. 24th Avenue
Phoenix 85021

Tel: (602) 249-2232

TWX: 910-951-4282

CALIFORNIA

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6111

TWX: 910-595-1928
Hamilton/Avnet

1175 Bordeaux Dr.
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332
tHamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

Tel: (714) 279-2421

TWX: 910-335-1216
Hamilton/Avnet

10912 W, Washington Blvd.
Culver Citv 90230

Tel: (213) 558-2809 (2665)
TWX: 910-340-6364 or 7073
tHamiiton Electro Sales

10912 W. Washington Boulevard

Culver City 90230

Tel: (213) 558-2121
tLiberty Electronics

124 Maryland Street

El Segundo 90245

Tel: (213) 322-3826

TWX: 910-348-7140 or 7111
tLiberty/San Diego

9525 Chesapeake Dr.

San Diego 92123

Tel: (714) 565-9171

TWX: 910-335-1590
+Wyle/Eimar

3000 Bowers Avenue
Santa Clara 95052

Tel: (408) 727-2500

TWX: 910-338-0451 or 0296
Hamilton/Avnet Electronics
17312 Eastman Street
Irvine 92714

Tel: (714) 979-6864

COLORADO
tWyle/Elmar/Denver
6777 E. 50th Avenue
Commerce City 80022
Tel: (303) 287-9611
TWX: 910-931-0510
tHamilton/Avnet Electronics
5921 No. Broadway
Denver 80216

Tel: (303) 534-1212
TWX: 910-931-0510

CONNECTICUT
t+Cramer/Connecticut
P.O. Box 5003

12 Beaumont Road
Wallingford 06492
Tel: (203) 265-7741
TWX: 710-476-0162
tHamilton/Avnet Electronics
643 Danbury Road
Georaetown 06829
Tel: (203) 762-0361
tHarvey Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

Arrow Electronics

1001 N.W. 62nd Street
Suite 108

Ft. Lauderdale 33309
Tel: (305) 776-7790
Arrow Electronics

115 Palm Bay Road, NW
Suite 10, Bldg. 200

Palm Bay 32905

Tel: (305) 725-1480

TWX: 510-959-6337
tHamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 971-2900
TWX: 510-955-3097
tPioneer

6220 S. Orange Blossom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600
TWX: 810-850-0177
Hamilton/Avnet

3197 Tech. Drive N.

St. Petersburg 33702
Tel: (813) 576-3930

TWX: 810-863-0374

GEORGIA

Arrow Electronics

3406 Oak Cliff Road
Doraville 30340

Tel: (404) 455-4054

TWX: 810-757-4213
tHamilton/Avnet Electronics
6700 1-85 Access Road, #11
Suite IE

Norcross 30071

Tel: (404) 448-0800

ILLINOIS

Arrow Electronics
492 Lunt Avenue
P.O. Box 94248
Schaumburg 60193
Tel: (312) 893-9420
TWX: 910-222-1807
tHamilton/Avnet Electronics
3901 No. 25th Ave.
Schiller Park 60176
Tei: (312) 678-6310
TWX: 910-227-0060
Pioneer/Chicago
1511 Carmen Drive
Elk Grove 60006
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA
tPioneer/Indiana

6408 Castieplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

tHamilton/Avnet Electronics
9219 Quivira Road

QOverland Park 66215

Tel: (913) 888-8900

MARYLAND
tHamilton Avnet
P.O. Box 647,

BWI Airport

7235 Standard Drive
Hanover 21076

Tel: (301) 796-5684
TWX: 710-862-1861
tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS
{Cramer Electronics Inc.
85 Wells Avenue

Newton 02159

Tel: (617) 969-7700

tMicrocomputer System Technical Demonstrator Centers

98-01014-01

U.S. AND CANADIAN DISTRIBUTORS

MASSACHUSETTS (continued)
tHamilton/Avnet Electronics
50 Tower Office Park

Woburn 01801

Tel: (617) 935-9700
Harvey/Boston

44 Hartwell Ave.

Lexington 02173

Tel: (617) 861-9200

MICHIGAN

tArrow Electronics
3921 Varsity Road

Ann Arbor 48140

Tel: (313) 971-8220
TWX: 810-223-6020
tPioneer/Michigan
13485 Stamford
Livoria 48150

Tel: (313) 525-1800
TWX: 810-242-3271
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA

tIndustrial Components
5229 Edina Industrial Blvd.
Minneapolis 55435

Tel: (612) 831-2666

TWX: 910-576-3153

Arrow Electronics

5251 73rd Street

Edina 55435

Tel: (612) 830-1800

TWX: 910-576-2726
tHamilton/Avnet Electronics
7449 Cahill Road

Edina 55435

Tel: (612) 941-3801

TWX: 910-576-2720

MISSOURI!

tHamilton/Avnet Electronics
396 Brookes Drive
Hazelwood 63042

Tel: (314) 731-1144

TWX: 910-762-0606

NEW JERSEY
Arrow/Philadelphia
Pleasant Valley
Moorestown 08057
Tel: (215) 928-1800
TWX: 710-897-0829
Arrow Electronics
285 Midland Avenue
Saddlebrook 07662
Tel: (201) 797-5800
TWX: 710-988-2206
Hamilton/Avnet

10 Industrial
Fairfield 07006

Tel: (201) 575-3390
TWX: 710-734-4338
tHarvey Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 227-1262
TWX: 710-734-4382
tHamilton/Avnet Electronics
1 Keystone Ave.
Cherry Hill 08003
Tel: (609) 424-0100
TWX: 710-897-1405

NEW MEXICO

tAlliance Electronics Inc.
11721 Central Ave,
Albuguerque 871223

Tel: (505) 292-3360

TWX: 810-989-1151
tHamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500



intal

3065 Bowers Avenue

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

TWX: 910-338-0026

TELEX: 34-6372

NEW YORK

Harvey Electronics

P.O. Box 1208
Binghampton 13902

Tel: (607) 748-8211
TWX: 510-252-0893
Arrow Electronics

900 Broad Hollow Road
Farmingdale 11735

Tel: (516) 694-6800
TWX: 510-224-6494
tCramer/Rochester
3000 South Winton Road
Rochester 14623

Tel: {716) 275-0300
TWX: 910-338-0026
tHamilton/Avnet Electronics
167 Clay Road
Rochester 14623

Tel: (716) 442-7820
TWX: 910-340-6364
+Cramer/Syracuse

7705 Maltlage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230
Arrow Electronics

399 Conklin Street
Farmingdale 11735

Tel: (516) 694-6800
TWX: 510-224-6494
tHamilton/Avnet Electronics
16 Corporate Circle

E. Syracuse 13057

Tel: (315) 437-2641
tHamilton/Avnet Electronics
70 State Street
Westbury, L.I. 11580
Tel: (516) 545-6000
TWX: 510-252-0893
tHarvey Electronics

60 Crossways Park West
Woodbury 11797

Tel: (516) 921-8700
TWX: 610-221-2184
Harvey/Rochester

10 Riverton Way

West Henrietta 14586
Tel: (716) 334-5920

NORTH CAROLINA
Pioneer/Carolina
106 Industrial Ave.
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114
tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
Arrow Electronics
P.O. Box 989
Kernersville 27284
Tel: (919) 996-2039
TWX: 510-922-4765

OHIO

Arrow Electronics
3100 Plainfield Road
Kettering 45432
Tel: (513) 253-9176
TWX: 810-459-1611
Arrow Electronics
6238 Cochran Rd.
Solon 44139

Tel: (216) 248-3990
+Hamilton/Avnet Electronics
954 Senate Drive
Dayton 45459

Tel: (513) 433-0610
TWX: 910-340-2531
{Pioneer/Dayton
1900 Troy Street
Dayton 45404

Tel: (513) 236-9900
TWX: 810-459-1622
Arrow Electronics
10 Knollcrest Dr.
Reading 44139
Tel: (513) 761-5432
TWX: 810-461-2670

OHI0 (continued)
{Pioneer/Cleveland

4800 E. 131st Street
Cleveland 44105

Tel: (216) 587-3600

TWX: 810-422-2210
tHamilton/Avnet Electronics
4588 Emory Industrial Parkway
Warrensville Heights 44128
Tel: (216) 831-3500

OKLAHOMA

tComponents Specialties, Inc.
7920 E. 4Cth Street

Tulsa 74145

Tel: (918) 664-2820

TWX: 810-845-2215

OREGON

tAlmac/Stroum Electronics
8022 S.W. Nimbos, Bidg. 7
Beaverton 97005

Tel: (503) 641-9070

PENNSYLVANIA
Arrow/Pittsburgh
4297 Greensberg Pike
Suite 3114

Pittsburgh 15221

Tel: (412) 351-4000
Pioneer/Pittsburgh
560 Alpha Drive
Pittsburgh 15238

Tel: (412) 782-2300
TWX: 710-795-3122
Pioneer/Delaware Valley
141 Gibraltar Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778

TENNESSEE
Arrow/Knoxville

P.O. Box 129

W. Andrew Johnson Hwy.
Talbott 37677

Tel: (615) 587-2137

TEXAS

Component Specialties Inc.
8222 Jamestown Drive

Suite 115

Austin 78758

Tel: (512) 837-8922

TWX: 810-874-1320
Hamilton/Avnet

10508A Boyer Blvd.

Austin 78757

Tel: (512) 837-8911
tHamilton/Avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: (214) 661-8661

TWX: 910-860-5371
+Hamilton/Avnet Electronics
3939 Ann Arbor

Houston 77063

Tel: (713) 780-1771
+Component Specialties, Inc.
10807 Shady Trail, Suite 101
Dailas 75220

Tel: (214) 357-6511

TWX: 910-861-4999
tComponent Specialties, Inc.
8585 Commerce Park Drive, Suite 590
Houston 77036

Tel: (713) 771-7237

TWX: 910-881-2422

Arrow Electronics

13715 Gamma Road

Dallas 75234

Tel: (214) 386-7500

TWX: 910-861-5495

UTAH

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City, 84119

Tel: (801) 972-2800

WASHINGTON
tHamilton/Avnet Electronics
14212 N.E. 21st

Bellevue 98005

Tel: (206) 746-8750

U.S. AND CANADIAN DISTRIBUTORS

WASHINGTON (continued)
tAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: {206) 763-2300

TWX: 910-444-2067
tLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005

Tel: (206) 453-8300

TWX: 910-443-2526

WISCONSIN

Arrow Electronics
434 W. Rausson Avenue
Qak Creek 53154
Tel: (414) 764-6600
TWX: 910-338-0026
tHamilton/Avnet
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
TWX: 910-262-1182

CANADA

ALBERTA

tL. A, Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6L7
Tel: (403) 230-1235
TWX: 018-258-97

BRITISH COLUMBIA
fL.A. Varah Ltd.
2077 Alberta Street
Vancouver V5Y 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Zentronics

550 Cambie St.
Vancouver V6B 2N7
Tel: (604) 688-2533
TWX: 04-5077-89

MANITOBA

L. A Varah

1-1832 King Edward Street
Winnipeg R2R ON1

Tel: (204) 633-6190

TWX: 07-55-365

ONTARIO

tL.A, Varah, Ltd.

505 Kenora Avenue
Hamilton L8E-3P2

Tel: (416) 561-9311

TWX: 061-8349
tHamilton/Avnet Electronics
3688 Nashua Drive, Units G & H
Mississauga L4V IM5

Tel: (416) 677-7432

TWX: 610-492-8860
tHamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 3J2

Tel: (613) 226-1700
tZentronics

141 Catherine Street
Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411

TWX: 053-3636

+Zentronics

1355 Meyerside Drive
Mississauga, Ontario L5T IC9
Tel: (416) 676-9000

Telex: 06-983-657

QUEBEC
tHamilton/Avnet Electronics
2670 Paulus Street
St. Laurent H4S 1G2
Tel: (514) 331-6443
TWX: 610-421-3731
Zentronics

5010 Pare Street
Montreal H4P 1P3
Tel: (514) 735-5361
TWX: 05-827-535

iMicrocomputer System Technical Demonstrator Centers
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