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ASSEMBLY NOTES

TOOLS

You will need these tools to assemble your kit.

one st
STRIPPERS
1/4"-BLADE

DIAGONAL SCREWDRIVER
CUTTERS

HEATHKIT
SOLDERING
IRON

OTHER HELPFUL
TOOLS

BULB*

PENCIL
SOLDERING {RON
(25 10 40 WATTSH

NUT STARTER
(MAY BE SUPPLIED

WITH KIT)
] *TO REMOVE SOLDER FROM CIRCUIT CONNECTIONS. |
ASSEMBLY
1.  Follow the instructions carefully. Read the en- 3. Most kits use a separate “Illustration Booklet”
tire step before you perform each operation. that contains illustrations (Pictorials, Details,
etc.) that are too large for the Assembly Manual.
2. Theillustrations in the Manual are called Picto- Keep the “Illustration Booklet” with the As-
rials and Details. Pictorials show the overall op- sembly Manual. The illustrations in it are ar-
eration for a group of assembly steps; Details ranged in Pictorial number sequence.
generally illustrate a single step. When you are
directed to refer to a certain Pictorial “for the 4.  Position all parts as shown in the Pictorials.
following steps,” continue using that Pictorial
until you are referred to another Pictorial for 5. Solder a part or a group of parts only when you

another group of steps. are instructed to do so.
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6. Each circuit part in an electronic kit has its own
component number (R2, C4, etc.). Use these
numbers when you want to identify the same
part in the various sections of the Manual.
These numbers, which are especially useful if a
part has to be replaced, appear:

— In the Parts List,

— At the beginning of each step where a
component is installed,

— In some illustrations,

— In the Schematic,

— In the section at the rear of the Manual.
7. When you are instructed to cut something to a

particular length, use the scales (rulers) pro-
vided at the bottom of the Manual pages.

SAFETY WARNING: Avoid eye injury when you cut
off excess lead lengths. Hold the leads so they cannot
fly toward your eyes.

SOLDERING

Soldering is one of the most important operations you
will perform while assembling vour kit. A good sol-
der connection will form an electrical connection be-
tween two parts, such as a component lead and a
circuit board foil. A bad solder connection could pre-
vent an otherwise well-assembled kit from operating
properly,

It is easy to make a good solder connection if you
follow a few simple rules:

1. Use the right type of soldering iron. A 25 to
40-watt pencil soldering iron with a 1/8” or
3/16" chisel or pyramid tip works best.

2. Keep the soldering iron tip clean. Wipe it often
on a wet sponge or cloth; then apply solder to
the tip to give the entire tip a wet look. This
process is called tinning, and it will protect the
tip and enable you to make good connections.
When solder tends to “ball” or does not stick to
the tip. the tip needs to be cleaned and retin-
ned.
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Resistors will be called out by their resistance value 1/ WATT
in Q (ohms), kQ (kilohms), or M) (megohms). Certain i
types of resistors will have the value printed on the
body, while others will be identified by a color code. 1/2-WATT
The colors of the bands and the value will be given in ;3;.4 ‘
the steps, therefore the following color code is given LWATT -
for information only.
EXAMPLES: :
2-WATT
_~ BROWN 1
— GREEN 5 TOLERANCE
RESISTOR COLOR CODE .
W8 " ORANGE 1,000 g —— Celd 5%
s s Silver 10%
L R | ! No Band 20%
— | +
15 X 1,000 = 15,000 2 (15,000 OHMS), COLOR 1st DIGIT 2nd DIGIT MULTIPLY BY
or “15 k1"
BLACK 0 0 !
BROWN 1 1 10
RED 2 2 100
_~ ORANGE 3 ORANGE 3 3 1,000
_—— BLACK 0 YELLOW 3 q 10,000
N TREEN 5 5 100,000
- i GREEN 100,000 BLUE 6 6 1,000,000
o VIOLET 7 7 10,000,000
GOLD *5% GRAY 8 5 100,000,000
WHITE ] 9 1.000.000,000
GOLD 1
30 x 100,000 = 3,000,000 Q (or 3 M()) SILVER .01
3 M) = 3 MEGOHMS
B —— e
Capacitors will be called out by their capacitance EXAMPLES:
value in uF (microfarads) or pF (picofarads) and type:
ceramic, Mylar*, electrolytic, etc. Some capacitors 151K = 15 X 10 = 150 pF
may have their value printed in the following man- 759 =75 x 0.1 = 7.5 pF
ner:
NOTE: The letter “R” may be used at times to signify a
First digit of decimal point; as in: 2R2 = 2.2 (pF or uF).
capacitor’s value: 1 151K
Second digit of \r MULTIPLIER TOLERANCE OF CAPACITOR
capacitor’s value: 5 FOR THE | MULTIPLY || 100F OR | | prren OVER
L. . NUMBER. BY: LESS 10pF
Multlpller: Mult'lp_ly the 5 ] 0 1oF z
first & second digits by
1 10 +0, 25pF C
the proper value from the > 5 T -
Multiplier Chart. 3 1000 T - —
To find the tolerance of . 10, 200 t2.0pF o 2%
. 5 100, 000 H +3%
the capacitor, look up ] T57
thlls letter in the Tolerance . 701 X 0%
columns. 9 0.1 M £20%

*DuPont Registered Trademark
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PARTS LIST

Check each part against the following list and the
Parts Pictorial (Illustration Booklet, Page 1}. Any part
that is packed in an individual envelope with a part
number on it should be placed back in the envelope
after you identify it until it is called for in a step. Do
not throw away any packing material until all parts

are accounted for.

To order a replacement part, always include the Part
Number and use the Parts Order Form furnished with
this kit. if a Parts Order Form is not available, use one
of the Expedited Parts Order Forms at the rear of this
Manual, or refer to “Replacement Parts” inside the
rear cover. Your Warranty is inside the front cover.
For pricing information, refer to the separate “*“Heath
Parts Price List

KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
Transistors — Integrated Circuits (cont’d.)
RESISTORS, 1/4-Watt
) . ) , If you locate damaged or defective iC’s, order individual
NOTE: The following resistors have a 5% tolerance (gold replacements. Be sure to foliow the standard instructions
fourth band). The resistors may be packed ir more than one on the “Parts Order Form” and on the inside rear cover of
envelope. Open ?“ the resistor anelopes before you check the manual. Save defective or damaged components for
the resistors against the Parts List. return instructions.
2: 122:? 1 gig ?1 (red-red-brown) :182 Transistors and integrated circuits (IC's) are marked for iden-
verte (orange-orange- tification 1 one of the following four ways:
brown)
Al 1-65-12 1 470 O (yeliow-violet- R104 1 Part number.
brown) 2  Type number (This refers only to the numbers.
A1 1-69-12 13 1000 © {brown-black-red) R101. R105. disregard any letters before or after the number.)
R106, R107 3. Part number and type number.
R108, R115. 4. Part number with a type number other than the one
R116, R117 shown
R118, R125.
R126, R127. C2 417-875 1 2N3904 transistor Q131
R128 C3 44254 2 78051C 1C144, 1IC145
C4 443-6 1 7474 1C 1C132
CAPACITORS C4 44312 1 74101C 1C142
C4  443-46 3 74021C IC105, IC115,
B1 2195 13 .1 uF ceramic C103 thru C109, | . N IC125
C113 thru C118 C4 44:,-731 j 74LS290 iIC 1C131
B2 25221 4 2.2 uF tantalum C101. C102, Ca 44354 3 74031C IC106, IC116,
C111, C112 IC126
C4 443-698 & 7486 IC IC101, IC102,
IC111,1C112,
DIODES IC121,1C122
C4 443-755 5 74LS04 1C 1C109, IC119,
C1 56-56 24  1N4149 D100 thru D107, IC129. 1C139
D110 thru D117 (014;’ '
D120 thru D127 | o5 44353 3 7442 1C IC134. 1C135,
3 ) 1C138
TRANSISTOR — INTEGRATED CIRCUITS C5  443-822 z 7418139 IC IC133, IC136
IMPORTANT: If any components are missing from the C5  445-841 6 741201C IC107.1C108,
sealed IC package, return the unopened package for re- IC117.1C118,
placement. Claims for missing {C’s will not be honored. 1C127.1C128
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KEY HEATH  QTY. DESCRIPTION CIRCUIT KEY HEATH  QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.

Transistor — Integrated Circuits (cont’d.)
C6  443-754 2 7418240 1C IC137,1C143

NOTE: The following IC’s are packed in a protective foam
material. DO NOT remove this foam material until you are
instructed to do so or the IC can be damaged by static electric-
ity.

C7  443-776 3 82511C IC103, IC113,
1IC123

C8  443-761 3 64021C IC104, IC114,
IC124

CONNECTORS — SOCKETS

D1 432-704 1 24-hole connector plug
D2  432-865 2  3-hole connector shell
D3  432-946 3  25-pin circuit board plug
D4  432-947 2  25-hole circuit board socket
D5  432-948 4  25-hole connector socket
D6  434-298 20 14-pin IC socket

D7  434-299 11 16-pin IC socket

D8  434-311 2  20-pin IC socket

D9  434-312 3  28-pin IC socket

D10 434-253 3  40-pin IC socket

D11 432-855 25 Female connector pin

D12 432-866 85 Spring connector

ey syl by

HARDWARE

E1 250-56 6 6-32 x 1/4" screw
E2  252-3 4  6-32 nut

E3 254-1 4  #6 lockwasher

WIRE — CABLE

134-1023 1 Interconnect cable
344-55 5 Green wire
344-111 6" Orange wire
344-120 6" Black wire
344-121 6"  White wire
MISCELLANEOUS
73-151 1 Double-stick tape
85-2075-1 1 Parallel I/O circuit board
204-2266 1 Bracket
F1  266-966 1 Connector key
F2 352-13 1 Silicone grease
391-34 1 Blue and white label
490-185 1 *Soder Wick
597-260 1 Parts Order Form
1

Assembly Manual (See
Page 1 for the
part number.)

Solder

*Registered Trademark, Solder Removal Company

[¢] Yo Y4 3, 1 (INCHES) 2 3
i

i
TrYT

451 S S S S S E N EL R B
O S5 1 (M 2 3 a4 5 6 7 8
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STEP-BY-STEP ASSEMBLY

CIRCUIT BOARD ASSEMBLY

Position the circuit board as shown
in the Identification Drawing at the
top of the Page. The other side of the
board is the foil side.

In the foilowing steps. vou will be
given detaiied instructions on how to
install and solder the first part on the
circuit board. Read and perform each
step carefully. Then use the same
procedure whenever you install parts
on a circuit board.

IDENTIFICATION
DRAWING

§; PART

/NIIMBER

TN

The steps performed in this Pictorial are

in this area ot the circuit board.

CONTINUE O .

) Solder the resistor leads to the
circuit board as follows:

1. Push the soldering iron
tip against both the lead
and the circuit board foil.
Heat both for two or three
seconds.

SCLDERING
IRON

COMPONENT g
LEAD
\\\ /
FOIL

CIRCUIT B

2. Then apply solder to the
other side of the connec-
tion. IMPORTANT: Let
the heated lead and the

circuit board foil melt the
I ) R105: L.ocate a 1000 ) (brown- j - solder.
black-red) resistor. Hold the re- — SOLDERING
~

sistor and bend ihe leads IRON
straight down as shown. SOLDER \ -
\ oyd

FOILN \\\

N\ [

3. As the solder begins to
melt, allow it to f{low
around the connection.
Then remove the solder
and the iron and let the

PUSH DOWN
HERE

/6)\‘
~ v

{ ) Pushtheleadsthroughthe holes
at the indicated location on the
circuit board. The end with
color bands may be positioned
either way.

conrection cool.

SOLDERING //

\] IRON -
SOLDER-¥\ / /
i et P
U [ ) Cut off the excess lead lengths

close to the connection. WARN-
ING: Clip the leads so the ends
will not fly toward your eyes.

Press the resistor against the cir-

i
i
L
cuit board. Then bend the leads !
outward slightly to hold the re-

sistor in place.

Check each connection. Com-
pare it te the illustrations on
Page 9. After you have checked
the solder connections, proceed
with the assembly on Page 10.
Use the same soldering proce-
dure for each connection.

PICTORIAL 1-1
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A GOOD SOLDER CONNECTION

l_——_—_——————-——————1

I SOLDER FLOWS OUTWARD S |
AND GRADUALLY BLENDS <
| WITH THE FOIL AND oI |
THE LEAD. 7/ K SOLDERING
| 727 1RON |
FOIL /¢ POSITIONED
| N CORRECTLY |
N N N NS
| l |
I When you heat the lead and the circuit board foil at the same I
time, the solder will flow evenly onto the lead and the foil. |

The solder will make a good electrical connection between |
Lthe lead and the foil. |

POOR SOLDER CONNECTIONS

SOLDER DOES NOT FLOW
ONTO LEAD A DARK ROSIN ,

1
I
I
I
I
I
I
l
I
I
I
|
|
I
I
I
I
I
I
I
I
I
I
|
|
I
I
I
I
|
I
I
I
I
I

AN
N
AN

-

<
9 SOLDERING
BEAD SURROUNDS AND IN- Y SOLDER APPEARS TO FLOW A R Y Y
SULATES THE LEAD FROM ROSIN 75 - INWARD AND SET ON TOP S POSITIONED
THE CONNECTION ,"/’ .  SOLDERING OF THE FOIL. S0 INCORRECTLY
‘. tRON g
v
FOIL L7 POSIT!ONED FOlIL
\ 2l INCORRECTLY N )~ ROSIN
|| R 3 <

|
When the lead is not heated sufficiently, the solder When the foil is not heated sufficiently the solder will

will not flow onto the lead as shown above. To cor- blob on the circuit board as shown above. To correct,

rect, reheat the connection and, if necessary, apply a reheat the connection and, if necessary, apply a small

small amount of additional solder to obtain a good amount of additional solder to obtain a good connec-
l_connection. tion.

e ——

SOLDER BRIDGE

A solder bridge between two adjacent foils is shown . ~
in photograph A. Photograph B shows how the con-
nection should appear. A solder bridge may occur if
you accidentally touch an adjacent previously sol-
dered connection, if you use too much solder, or if
you “drag’’ the soldering iron across other foils as you
remove it from the connection. A good rule to follow
is: always take a good look at the foil area around each
lead before you solder it. Then, when you solder the
connection, make sure the solder remains in this area
and does not bridge to another foil. This is especially
important when the foils are small and close together.
NOTE: 1t is alright for solder to bridge two connec-
tions on the same foil.

SOLDER
BRIDGE

Use only enough solder to make a good connection,

and lift the soldering iron straight up from the circuit B
board. If a solder bridge should develop, turn the

circuit board foil-side-down and heat the solder be-

tween connections. The excess solder will run onto

the tip of the soldering iron, and this will remove the

solder bridge. NOTE: The foil side of most circuit

boards has a coating on it called “‘solder resist.”” This

is a protective insulation to help prevent solder

bridges.
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NOTE: Do not solder components {o
’he printed side of the circuit board.

on'y to e fm! \ld(

IMPORTANT Make sure vou have
tn<'alh‘(‘ the first TP\IR or on Page .

o RIO3 220 0 rld red-brown).

l‘ nwlﬂ

CoRina 470 a Hownoft’t—
l/ awnj,

Install 1000 Q [hmwn black-redj re-
istars @t the following locations.

t ) Rioe
) Rio7

| ) R 108

!} Solder the loa(ls te tlw fml And
cut ()ff thf' exiess le.ld Iengths

Iastall IN4 14‘)dm<i(>s {#56-56) al the
following locations. Be sure to posi-
tion il e banded erd as shown on the
circuit hoard. Benid both leads sharp-
v o perevent «'lu’:r! ng, toy top foil

~'!;',; ;\\‘, 7\i‘ni\

Drnz.

() 103

{1 o4

4105,

Coy e

o ioT.

)F’Hw 100G 41 rbrown-hiack
red)

€ -
i 1 Ri25: 10600 §r ‘hrown-bleck

vo3 soldar the Teads do the fml ane
st off the racess lead lengths

7 /
L
The steps peitformed inthis Picten e %%/

incthis ares of the circuit boasd. % //%

\

PART
NUMBER

MENTIFICATION
DRAWIN;

i 'Rl';z 330 {) forange- orange- \

\
\\\

)
0

A\
3 . Y
2

-7
\\
S~

PHITORYAL 1-2
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Install 1000 € (brown-black-red) re-
sistors at the following locations.

( ) R101

( ) R126.
( ) R127.
{ ) R128.

{ ) R116.
() R117.
{ ) R118.

{ ) Solder the leads to the foil and
cut off the excess lead lengths.

Install 1IN4149 diodes (#56-56) at the
following locations. Be sure to posi-
tion the banded end as shown on the
circuit board. Bend both leads sharp-
ly to prevent shorting to top foil.

BEND (i
BANDED
SHARPLY% END

D110.
D111.
D112.
D113.

D114.
D11s.
D116.
D117.

e T e e N N,
[ N N NI N,

() Solder the leads to the foil and
cut off the excess lead lengths.

D120.
D121.
D122.
D123.

D124.
D125.
D126.
D127.

P e e s e
S et e et e et St

Solder the leads to the foil and
cut off the excess lead lengths.

—

PART
NUMBER

IDENTIFICATION
DRAWING

The steps performed in this Pictorial are
in this area of the circuit board.

~ .

N’

N W

I

._

i
:
[

I

= e men sy

ANEE]
N
= K

PICTORIAL 1-3
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START @

NOTE: 14-pin, 16-pin, 20-pin, 28-
pin. and 40-pin [C sockets are used in
this kit Be very carefu! when you
instal} the sockets, as it is possible to
place a 14-pin socket ip a 16-pin
socket location by mistake. Make
sure all ping are straight and insert
the socket pins into the circuit board
aoles. The index mark on the circuit
board must still he visible after it is
astalled Solder the pins to the foil.

INDEX
MARK

IDENTIFICATION
DRAWING

The steps performed in this Pictor
in this area of the circuit board.

- PART
1 NUMBER

ial are

i4 pin 1C cocket at 1C102.

i 11 pin I socket at 10101,

i+ 16-pin 1C socket at 1108,

T rT"7" 77

\
il

NN

<
-
|

i)

ju

N%

I
L
—

m
i
QN P

|\E\§'

1

NN
DOOOOUUNSIYNNNY
TR

N\

[

D
s
L

K.

N

L

PICTORIAL 1-4

\

—

" —
—
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IDENTIFICATION
DRAWING

PART

NUMBEN \

Install the foll;)wing IC sockets in the
same manner as before.

A
\

The steps perfurmed in this Pictorial are
in this area of the circuit board.

14-pin IC sockets at:

( ) IC131.
()

1C132.

/

14-pin IC sockets at:

( ) IC121.
( ) IC122.

K |

16-pin IC sockets at:

( ) IC117.
() IC118.

/

14-pin IC sockets at:

) IC111.

(
( ) IC112.

14-pin IC sockets at:

( ) IC115.
{ ) IC116.
( ) IC119.

I

§WW
IR

=

{ ) 28-pin IC socket at 1C113.

() 28-pin IC socket at 1C123.

nEl
-
N\
\
-
K,

PICTORIAL 1-5
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IDENTIFICATION
DRAWING

PART
NUMBER

N

MR

N

The steps performed in this Pictorial are
in this area of the circuit board.

N

AN
N

START &N

Install the following IC sockets in the
same manner as before.

—— 00 S ¥
16-pin IC sockets at: ‘ D j 1 7
am = T _/_%lu

] l peiimner _\4— ﬁ——— _] " r——
16-pin 1C sockets at:

-L:j f ;‘
{ ) IC134. /L < **:3*:*;] l] " " I

!
{ 1 IC135. " l

{ ) IC136.

16-pin IC sockets at:

TS
\\\\\
_’.J'.._ P —

() IC127.
() 1C128.

14-pin IC sockets at:

{ ) 1C125.
[ ) 1C126.
() 1C129.

20-pin IC sockets at:

{ ) 10137
{ ) 1C143.

14-pin IC sockets at:

( ) IC139.
() 1C141.

() IC142.

PICTORIAL 1-6
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START @

{ ) P121: 25-pin circuit board plug.
Install the short pins through
the circuit board and solder

them to the foil.

af

() P111:25-pin circuit board plug.

( ) P101: 25-pin circuit board plug.

>

[DENTIFICATION
DRAWING

“/%/ R

The steps performed in this Pictorial are
in this area of the circuit board.

( ) Install a 40-pin IC socket at
IC104 as shown. Push the socket
firmly against the circuit board
and solder the pins to the foil.

() Install a 40-pin IC socket at
IC114. Solder the pins to the
foil.

40-pin IC socket at 1C124. Sol-
der the pins to the foil.

—
—

Carefully check each socket for
solder bridges between pins. If a
solder bridge has occurred, hold
the circuit board foil-side-down
as shown, and hold the solder-
ing iron tip between the twn
points that are bridged. The sol-
der will flow down the solder-
ing iron tip.

CIRCUIT SOCKET
BOARD
FOIL
SOLDER

BRIDGE
SOLDERING /‘l

IRON

DOL\

—@—

N

00 U0 ‘ D+
2y 7 | O
= -

O

[ —

S = =
N

—

PICTORIAL 1-7
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NOTE: When vou install a 25-pin
connector

o Refer to Detail 1-8A, part A,
and position the socket on a
hard flat surface with the pins
along the surface as shown.

® Refer to part B of the Detail
and roll the socket forward
and bend the pins up approx-
imatelv 15"

® Refer to part C of the Detail
and  posifion the connector
with its notches against the
ecge of the cireud board and
the pins over the circuit board

holes.

® Refer to part D of the Detail
and roll the connector for-
ward and insert the pins into
the circuit board holes. Make
sure the connector is tight
against the board and then
solder two pins at each end of
the connector to the foils.
{‘heck the alignment and then
solder the remaining pins to
the foils.

IDENTIFICATION
DRAWING
7
PART (| Zé’
NUMBER \ 7
77
—_— 4///
/

~

The steps performed in this Pictorial are

in this area of the circuit board.

L

}S101 Install two 25-pin connec-

tors.

L.

AR mImrmrrrammsrrrEE ¥z 2222

e
ﬂ PR TR ATEXITS®
==

{ ) Install the connector key as fol-
lows:

e Cuttwa 1/2" x 1/4” lengths of
tape. remove the protective
covering from oneside of each
length, and apply the tape to
the connectors at the locations

shown.

® Remove the other proiective
covering from the lengths of
tape and press the connector
kev down onto the tape. Be
sure the kev is flush with the
edge of the connector as
shown.

e
NOTCH

<@ KLEF

TIGHT AGAINST
CIRCUIT BOARD

__ [\

Detail 1-8A
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NOTE: When you are instructed to
prepare a jumper wire in the follow-
ing steps, cut a green wire to the in-
dicated length and remove 1/4” of in-
sulation from each end. Form a loop
in the wire and insert the wire ends
through the indicated circuit board
holes. Do not bend the bare wire
ends over since you will remove
some of the jumpers later and the foil
may be torn upon remeval. Solder
the wire ends to the foil. The jumpers
are made long for easy installation
and removal. After you have instal-
led all of the jumpers the circuit
board will be in a “test” configura-
tion.

GRN WIRE

IDENTIFICATION
DRAWING

PART
NUMBER

2

7%

7

The steps performed in this Pictorial are
in this area of the circuit board.

( ) Prepare six 1" and two 1-1/2"
jumper wires.

Connect the jumper wires to the cir-
cuit board as follows:

() 1" jumper wire between A1 and
A2.

{ ) 1" jumper wire between A1 and
A2.

() 1-1/2" jumper wire between B1
and B2.

( ) 1" jumper wire between C1 and
C2.

{ ) 1" jumper wire between E1 and
E2.

{ ) 1-1/2" jumper wire between B1
and B2.

( ) 1" jumper wire between E1 and

E2.
{ } 1" jumper wire between C1 and
C2.
PICTORIAL 1-9

[¢] Ya Y 3, 1 (INCHES) 2 3 4 5 6 7
N G G F U N U (T UDUN MU ST DU SN ST NP SUNATERP DU T S SAVES RO S S S RS S
| AAAMEARALE RN T I v 1 N 1 v 1 v 1 ! ! ' i 1 - ¥ v T v 1 v
0O 5 1 (cm 2 3 4 5 6 7 8 9 10 1 12 13 14 15 18 17
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{ ) Prepare twelve 1* and one 2"

jurnper wire.

Install the following jumper wires in
the same manner as before.

{ )} 1" jumper wire between 70 and
the holedirectly acrass from 70.

{ ) 1" jumper wire between 0 and
the hole directly across from 0.

{ ) 1" jumper wire between hole 4
and the hole directly across
from 4.

—

PART ~_|

NUMBER

1

IDENTIFIC ATION
DRAWING

N
AN

I~

A
-

\\s\\\\\\\\\\

NNNNAN,

NG
N
NN

A

N

NN

“he steps performed in this Pictorial are

in this area of the circuis board.

-_\§‘~‘\‘§~\hM

{ )} 1” umper wire hetween hole 70
and the hole directly across
from 70.

{ ) 1"jumper wire between Al and
A2

{ ) 1" jumper wire between hole 70
and the hole directly across
from 70.

\

—

{ ) 2" jumper wire between B1 and
B2.

{ ) 1" jumper wire between hole E1
and E2.

{ } 1” jumper wire between hole 6
and the hole directly across
from 6.

{ V1" jumper wire between CHZ
and 300.

{ } 1 jumper wire between CH1
and 500.

{ ) 1" jumper wire hetween CHO
and 300.

P

e
s

ICTORIAL 1-10

0 Vv by 3 1 (INCHES)
i =, 7 !
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NOTE: A coating on ceramic
capacitor leads can extend through
the circuit board and make soldering
difficult. Therefore, always space
ceramic capacitors 1/16” off the cir-
cuit board. COATING

{ ) C104: .1 uF ceramic.

{ ) C105: .1 uF ceramic.

() Solder the leads to the foil and
cut off the excess lead lengths.

—

Q131: 2N3904 transistor

(#417-875). Position the tran-
sistor over the outline on the
circuit board. Then insert the
transistor leads into their cor-
rectE, B, and C holes. Solder the
leads to the foil and cut off the
excess lead lengths as you in-
stall each transistor.

IDENTIFICATION
DRAWING
N
\
“NUMBER
N
DN N

/

The steps performed in this Pictorial are
in this area of the circuit board.

Vs

L]

NOTE: When you install tantalum
capacitors, be sure to position the
plus (+) or color dot marked lead in
the plus marked hole in the circuit
board. COLOR
POSITIVE (+) Dot
MARK

POSITIVE
MARK

(+)

S
e

l
|
— o [

Install tantalum capacitors at the fol-
lowing locations:

( ) Cio1.

{ ) C102.
( ) C111.
() Cr12.

|

€103: .1 uF ceramic.

C106: .1 uF ceramic.

{ ) Solder the leads to the foil and
cut off the excess lead lengths.

PICTORIAL 1-11
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IDENTIFICATION
DRAWING

The steps performed in this Pictorial are [
in this area of the circuit board.

PART
NUMBER

{ j Ciuk: .1 uF ceramic,

() C107: .1 uF ceramic.

f ) C10%: .1 ul’ ceramic.,

]

t) C117: 1w ceramic.

[/

) G114 1wl ceramic

oy 18 1 uF ceramic.

Vo G161 uF ceramic.

4

)} G113 .1 uF ceramic,

a4

—_CIRCU[T BOARD CHECKOUT

aretuily inspect the cireuit board
ior the following conditions.

v Unsoldered connestions.
¥ Poor solder connections.

¢+ Solder bridees beiween foil pat-
terns.

Prutruding leads which could
rouch together,

{ + Transistors and 1C's for the
proper tvpe and installation.
i Tantalum capacitors for the cor-
rect position of the DO.\I'(I\C[ + e e - e ]
end.
{ ) Diades tor the corect position PICTORIAL 1-12
of the bandad end.
(o] s ) 3 1 (INCHES) 2 3 4 5 6 7
Lo 2y &8 7.8 | | ! | j
ot LTS ;Atx,‘ WP S S S )_LIL w S S ]ilf,ltx.l "lIAvi'xATl
BRI Mo 3 a s ) K » ° o " 17 13 14 15 16 7
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Detail 1-13A

Refer to Pictorial 1-13 (Illustration Booklet, Page 2) for
the following steps.

( ) Prepare the following lengths of stranded wire.
Remove 1/8" of insulation from one end of each
wire and 1/4” from the other end.

{2) 3" orange
(2) 3” black
(2) 3" white

NOTE: If it is ever necessary to remove a spring con-
nector from a connector shell, press a small screw-
driver into the slot in the shell while you pull on the
wire.

{ ) Refer to Detail 1-13A and install a spring con-
nector onto the 1/8” end of an orange wire.

{ ) In the same manner, install spring connectors
onto the 1/8” end of the other prepared wires.

{ ) Refer toDetail 1-13B and position a 3-hole con-
nector shell as shown with the slotted side up.
Then insert the spring connector on one of the
orange wires into hole 1. Be sure to position the
spring part of the connector away from the slot-
ted side of the connector shell.

( ) Insertthe spring connector on one of the black
wires into hole 2.

Detail 1-13B

{ ) Insertthe spring connector on one of the white
wires into hole 3.

{ ) Gently pull on each wire to make sure it is
locked into the connector shell. Then set this
connector shell aside temporarily.

{ ) Locate the other 3-hole connector shell and in-
stall the remaining three wires in the same
manner.

( ) Solder the orange wire coming from 3-hole
connector shell A to hole +8 V on the circuit
board. NOTE: There are two sets of holes in the
circuit board with identical markings. Use the
hole that is near [C145.

( ) Solder the white wire coming from 3-hole con-
nector shell A to hole +5 V. Use the hole that is
near 1C145.

{ ) Solder the black wire coming from 3-hole con-
nector shell A to the indicated hole marked
GND.

Solder the wires coming from 3-hole connector shell
B to the circuit board holes near 1C144 as follows:

( ) Orange wire to +8 V.
() White wire to +5 V.

( ) Black wire to GND.
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Detail 1-13C

Refer to Pictorial 1-13 {THustration Booklet, Page 2) for
the following steps.

(

p—

)

Refer to Detail 1-13C and mount the bracket to
the printed side of the circuit board with two
6-32 %X 1/4” screws, two #6 lockwashers, and
two 6-32 nuts.

Refer to the inset drawing of Detail 1-13D and
open the silicone grease pod. Apply a liberal
amount of grease to the bare metal side of both
UA7805 integrated circuits (#442-54).

1C144: Refer to Detail 1-13D and mount one of
the UA7805 integrated circuits (#442-54) to the
bracket at IC144. Use a 6-32 X 1/4” screw, a #6
lockwasher, and a 6-32 nut. Pcsition the bare
metal side of the IC toward the bracket.

1 (INCHES) 2 3

5’;/817/.5‘1 bosd L |

632 N3

Qo t b
@ J_‘ o

e
(@ === oo

GCKWAS-ER

g &
\.&/\
BAR e 6 32 x 1/4" SCREW

t-32 M T
~ ‘e
&

d6 LOCKWASHER

Detail 1-13D

ICi45: In the same manner, mount the other IC
to the bracket at 1C145.

Push connector shell A ontco the leads of 1C144
as shown 1n the inset drawing. Dress the leads
over the bracket as shown.

Push connictor shell B onto the leads of 1C145.
Dre=s the leads over the bracket as shown.

This completes the assembly of your Parallel
/0 circuit board. Proceed to “‘Regulator Test.”

- —
-t

TR S
4 Cm) 2 3 4 k=3 €
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REGULATOR TEST

Refer to Pictorial 1-14 (Illustration Booklet, Page 2) for
the following steps.

{ ) Make sure the POWER switch {on the rear of
your Computer) is in the OFF position.

{ ) Unplug the Computer’s line cord.

( ) Ifnotalready done, remove the two screws that
hold the top cover on the Computer. Then re-
move the cover.

{ ) Removethetiebracketfrom the Computer if not
already done.

{ ) Position the Parallel /O circuit board inside the
chassis as shown. Then carefully push the con-
nectors on the edge of the circuit board onto an
unused plug on the mother circuit board near
the rear of the Computer. Do not use plug P-10.
It is reserved for other applications.

() Plug the line cord into the proper AC outlet.

NOTE: If you do not obtain the proper results in the
following steps, push the POWER switch to OFF and
refer to the ‘“Possible Cause” chart which follows
each check.

{ ) Push the POWER switch to ON. The PWR LED
and RUN LED on the front panel should light.

PROBLEM

POSSIBLE CAUSE

PWR LED does not light. Fuse F1 is open.

A Solder bridge on parallel circuit board.
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NOTE: The following checks require a VTVM or
VOM. If you do not have one available, remove the
parallel [/O circuit board from the Com puter and care-
fully inspect the circuit board for solder bridges. Then
proceed to “Integrated Circuit Installation.”

( )} Connect the common lead of your meter to the
chassis.

( ) Set your meter to measure +15 volts DC.

( '} Touch the probe of your meter to the indicated
foil at TPt (+8V, orange wiral. The meter
should indicate between 7.5 and 11.5 volts.

( } Touch the probe of your meter to the indicated
foil at TP2 (+8V. other orange wire). The meter
should indicate between 7.5 and 11.5 volts.

PROBLEM

POSSIBLE CAUSE

TP1 and TP2 do not indicate 8 volts.

A. Solder bridge on parallel circuit board.
B Wiring error on parallel circuit board at 1C144 and {C145.
C. IC's 144 and 145 are defective.

( } Touch the meter probe to the indicated foil at
TP3 (+5V, white wire). The meter should indi-
cate 5 volts .25 volts).

PROBLEM

POSSIBLE CAUSE

TP3 measures below 2 volts.

A. Solder bridge con parallel circuit board.
B Wiring error on parallel circuit board at 1C144.

TP3 measures 0 volts.

A. 1C144 is defective.
Capacitor C102 is defective.

w

{ )} Touch the meter probe to the indicated foil at
TP4 {+5V, other white wire). The meter should
indicate 5 volts { .25 volts).

PROBLEM

POSSIBLE CAUSE

TP4 measures below 2 volts.

A Solder bridge on parallel circuit board.
B. Wiring error on parallel circuit board at 1C145.

TP4 measures 0 volts.

A. IC145 is defective.
B. Capacitor C112 s defective.

{ )} Pushthe POWER switch to OFF and unplug the
line cord.

( } Disconnect the meter from the chassis and the
parallel 1/O circuit board.

{ )} Remove the parallel 1/O circuit hoard from the
Computer.

This completes the “Regulator Test.” Proceed to “In-
tegrated Circuit Installation.”
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: _ - Sl
INTEGRATED CIRCUIT INSTALLATION im
PIN 1 PIN 1 PIN 1 PIN 1 PINL

START @ Detail 1-15A

In the following steps, install IC’s (in-

tegrated circuits) in the designated Y
sockets. Be careful to match the pin 1 IDENTIFICATION

end of each IC to the index mark on

DRAWING
the circuit board. See Detail 1-15A on /
this page. -~ ]
Z —— PART
NUMBER

Before you apply downward pres-
sure toan IC, make sure each IC pin is
centered in its proper socket hole.
Handle 1C’s with care, as their pins
bend very easily.

The steps performed in this Pictorial are
in this area of the circuit board.

() 1C101: 7486 IC (#443-698). e J N
et
{ ) 1C102: 7486 IC (#443-698). —

1C107: 74120 IC (#443-841). O

|

U——

1C108: 74120 IC (#443-841). A

.\
—

—
—

IC105: 7402 IC (#443-46). o (

() IC106: 7403 IC (#443-54).

{ ) 1C109: 74LS04 IC (#443-755).

() IC112: 7486 IC (#443-698).

e

() IC111: 7486 IC (#443-698). =

PICTORIAL 1-15



IDENTIFICATION
DRAWING

PART
NUMBER

The steps performed in this Pictorial are
in this area of the circuit board.

{—F
—

() 1C131: 7415290 (#443-731).

[} 1C132: 7474 1C (#443-6).

[C117: 74120 1C (#442-841).

=
ey I

i Jis
2
2

1C121: 7486 1C (#443-698).

1C118: 74120 1C {#443-841).

1(122: 7486 1C (#443-698).

IC115: 7402 1C (#443-46).

%O SaEE

) 1C116: 7403 1C (#443-54).

1C119: 741,504 1C (#443-755).

} 1C127° 74120 1C (#443-841).

1C128: 74120 1 {#443-841).

[C125: 7402 1C (#443-46).

1C126: 7403 1C (#443-54).

"
[CC129: 741.504 1C {#443-755). il

PICTORIAL 1-16
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IDENTIFICATION
DRAWING

o

PART
NUMBER

The steps performed in this Pictorial are

/in this area of the circuit board.

() IC133: 7415139 IC (#443-822).

() [C134: 7442 IC (#433-53).

() 1C135: 7442 IC (#443-53).

() [C136: 74LS139 IC (#443-822).

NOTE: Do not confuse the 7418240
IC in the following step, with the
748240 IC.

{ ) 1C137: 7418240 IC (#443-754).

\

L

} 1C138:

7442 IC (#443-53).

( }IC139:

PICTORIAL 1-17

741504 IC (#443-755).

( ) IC141:

741.504 1C (#443-755).

() 1C142:

7410 IC {#443-12).

( ) iC143:

741.5240 1C (#443-754)}.
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The steps performed in this Pictorial are

in this

IDENTIFICATION
DRAWING

area of the circuit board.

CAUTION: The following integrated
circuiis can be damaged by the static
electricity in your body. Jt is VERY
IMPORTANT that you handle these
IC's carefully.

NTMBER

Once vou remove an 1C from its pro-
tective foan, do not set the [C down
until it s installed in the circuit
hoard. As long as you hald the U,
thereis no danger of static electricity.
If it becomes necessary 10 set the 10
down. put it back in the protective
feam.

() 16124 6302 1C (#443-761).

{ ) 1CH14: 6402 10 [#443-761).

{3 TCTO4 6402 1€ 1#443-7611.

i) IC103: 8251 10 (#443-7764.

T 10T 8251 G (#443-776).

I TGT20 B261 10 (#443-776)

This completes the “Integrated Cir-
cuit Installation.” Proceed to “Lable
Preparation.”

PICTORIAL ¢ :8

N

AR
NN

.
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INSTALLATION AND TESTS

LOCKING
TEST TABS
PLUG

PICTORIAL 2-1

NOTE: After you install your Parallel I/O Card in the
Computer, you will test one channel at a time in the
Continuous Mode. In the following section, you will
construct a special test plug from one of the unused
I/O plugs and connect it to the channel under test.
During construction, jumpers have been installed so
that:

Channel ¢ will respond to 1/O 370/371.
Channel 1 will respond to 1/0O 374/375.

Channel 2 will respond to 1/O 376/377.

1/0 cards or any other devices you may have in the
system which respond to 370,371, 374, 375, 376, and
377, must be disabled at this time. You will need only
the CPU (Central Processing Unit) and 4k of memory
to conduct these tests. After you complete the tests,
you will have verified all bits of all data ports and
partially tested the handshake lines.

TEST PLUG ASSEMBLY
Refer to Pictorial 2-1 for the following steps.

(INCHES)

(o] Y Y 3, 1

(

(

)

)

Prepare the following green wires:

{4) 1-1/2"
(1) 4"

Crimp and solder a spring connector on each
end of two 1-1/2" green wires.

Crimp and solder a spring connector on one end
only of the two remaining 1-1/2" green wires.

Insert a 1-1/2” green wire with a spring connec-
tor on each end into connector plug holes 9 and
10. Make sure the locking tabs on each pin faces
up as shown.

Insert a spring connector on each end of the
other green wire into test plug holes 13 and 14.

Insert a spring connector on the end of the re-
maining two green wires into test plug holes 16
and 17.

Form a hook in the free end of the wires coming
from pins 16 and 17 of the test plug and at one
end of the 4” green wire. Hook the three wires
together and close the hooks. Then solder the
connection.

1

| e o8y 78] | |
|3ASA2RBAREI1 T T T T
0O 5 1 (ecm) 2 3 4
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PICTORIAL 2-2
CHANNEL ¢ TEST () Start at memory location 040 200 and enter the

following program: (Refer to the Computer Op-

Data Qutput eration Manual if you are not familiar with the

NOTE: For this test, the 8 output lines will be turned use of the control panel )
on and off. You will be able to observe thess pulses . .
with an oscilloscope or logic probe. MEMORY INSTRUCTION
ADDRESS BYTE(S)
Equipment needed: 040 200 076
040 201 005
Logic probe 040 202 323
OR 040 203 371
10 MHz oscilloscope 040 204 323
040 205 370
Refer to Pictorial 2-2 for the following steps. 040 206 057
040 207 303
{ ) Install the test plug at P-101 (Channel ¢). Make 040 210 204
sure you position the slots facing up. 040 211 040
() Turp on the Computer { )} Set the PC Register to 040 200.

{ ) Press the GO key.
NOTE: Perform all of the following tests. If a problem

occurs during a test. proceed with the next test until { } Usethe logic probe and observe the pulses on
you complete all nine. Then refer to *“Trouble shoot- each pin 1 through 8 of test plug P-101. Touch
ing charts” to help you locate the cause of any prob- the probe tip to the pins through the slots in the
lems which may have occurred. If a failure occurs. plug. Observe the presence of the pulses.
note the failure in the appropriate channel box in

NOTE: Channel ¢ will be in the proper configuration
to operate the H-10 Paper Tape System. The other
ports may be left as they are until they are required.
Refer to the “Operation” section in the Manual for
their use.

Chart 1.

( ) Press the RST/¢ and ¢ keys simultaneously
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() Set the PC Register to 040 200.

{ ) Pressthe GO key.

{ ) Use the logic probe and observe the pulses at

each pin 1 through 8 of the test plug.

Data In

{ ) Pressthe RST/¢ and ¢ keys simultaneously.

( )} Start at memory location 040 100 and enter the

following test program:

MEMORY
ADDRESS

040
040
040
040
040
040
040
040
040
040
040
040
040

100
101
102
103
104
105
106
107
110
111
112
113
114

INSTRUCTION

BYTES
076
116
323
375
076
047
323
375
333
374
303
110
040

{ 1 Set the PC Register to 040 100.

{ )} Select the Al" Register.

{ ) Pressthe GO key.

( ) Usethelongtest wirecoming from the test plug
and touch it to input pins 25 through 18.

The following numbers should be displeyed at Regis-
ter A when you touch the indicated pins:

PIN#

None
25
24
23
22
21
20
19
18

NUMBER
DISPLAYED

377
376
375
373
367
357
337
277

177

Device Conirol

{
S

{

{
{

)
}

)

Press the RST/¢ and ¢ keys simultanecusly.

Perferm the following steps:

Pres: MEM
bEnter 116 375
Press OUT
Press MEM
Enter 000 375
Pres< QUT
Press IN

Reard 295 375
Prisg MEM
Enter 040 3.5
Pross OUT
Pres. IN

Risad 005 377

This completes “Channel 1 Test.” Proceed to **Chan-
nel 2 Tes ™

CHANNEI 2 TEST
Data Output

Refer to Pidtorial -4 {or the following steps.

(
(

|

]
!

Rerw e thetest plug from P-111 and install it at

Pl

Press RST/¢ and ¢ kevs simultaneously.

Start at memory location 040 200 and enter the
fuliowing test program:

MEMORY

N34
30
10
U}
Ul
040
046
{33}
{40
010
U3
{3
04U
040

200
201
202
203
204
205
206
207
210
i1
212
213
214

210

INSTRUCTION
BYTE(S)

076
i16
323
377
076
005
323
377
323
376
057
303
210
040

Set the PC Reg:ster to 040 200

Press the GO kay,
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Use the logic probe and observe the pulses at
pins 1 through 8 on P-121.

Data Input

(
(

)
)

Press the RST/¢ and ¢ keys simultaneously.

Start at memory location 040 100 and enter the
following test program:

MEMORY INSTRUCTION
ADDRESS BYTES
040 100 076
040 101 116
040 102 323
040 103 377
040 104 076
040 105 047
040 106 323
040 107 377
040 110 333
040 111 376
040 112 303
040 113 110
040 114 040

Set the PC Register to 040 100.
Select the AF Register.

Press the GO key.

Use the long test wire coming from the test plug
and touch it to input pins 25 through 18. The
following numbers should be displayed at Reg-
ister A when you touch the indicated pins:

PIN# NUMBER
DISPLAYED
None 377
25 376
24 375
23 373
22 367
21 357
20 337
19 277
18 177

Device Control

( ) Press the RST/¢ and ¢ keys simultaneously.

( ) Perform the following steps:
Press MEM
Enter 116 377
Press OUT
Press MEM
Enter 000 377
Press OUT
Press IN
Read 205 377
Press MEM
Enter 040 377
Press OUT
Press IN

{ ) Read 005377

()

NOTE: The A1-A2, B1-B2 jumpers must be removed
from channel ¢ to operate the H10. Channel ¢ will
then be in the proper configuration to operate the H10
Paper Tape System. The other ports may be left as
they are until they are required. Refer to the “Opera-
tion” section in the Manual for their use.

Remove the test plug from P-121.

You may want to save the plug to build another cable
at a later time. Perform the following steps only if you
intend to connect the H8 to the H10.

Refer to Pictorial 2-5 (Ilustration Booklet, Page 3) for
the following steps.

Install the Parallel I/O Card into the unused
plug near the rear of the Computer as before. DO
NOT install the card at P-10. 1t is reserved for
other applications.

()

Loosen the two screws at clamp AG, open the
clamp, and route the indicated end of the inter-
connect cable through the clamp as shown.

Plug the end of the cable in the Computer into
the Parallel I/O Card as shown. Route the cable
as shown, close the clamp, and retighten the
screws.,

Install a 6-32 X 1/4” screw through the bottom of
the Computer chassis to hold the card in place.

This completes the ‘“Installation and Tests.”
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OPERATION

NOTE: The following description applies to any of
the three channels on the Parallel 1/0 Card.

The Parallel I/O Card provides 3 channels of IN-
PUT/OUTPUT capability with complete Handshake
facilities. The unique characteristic ot this card is that
it is program compatible with the Serial 1/O and Cas-
sette Interface Card. Therefore, you can use Parallel
and Serial ports interchangeably without software
modifications. This capability is achieved by con-
necting a programmable UART (Universal Asyn-
chronous Receiver Transmitter) and a non-
programmable UART back-to-back. The CPU {Central
Processing Unit) bus then sees a programmable port
that programs in the same manner as the Serial 1/O
and Cassette Interface Card and the peripheral device
sees a latched 8-bit output port and a latched 8-bit
input port. Pictorial 3-1 shows a Block Diagram for a
Parallel-Serial-Parallel Input/Output Port.

ADDRESS SECTION

Each section is individually selected to any I/O ad-
dress pair between 000/001 and 376/377. Three jum-
pers are required: one for each digit of the address.
‘efer to Pictorial 3-2 {Illustration Booklet, Page 4) for
s description of these jumpers. Addresses 320-377 are
reserved for Heath Systems.

PIN # DATA

BIT

DO {LSB) (Least Significant Bit)
3]}

D2

D3

D4

D5

6

D7

Ground

WO N T W =

The output polarity is selectable with the E1, E2, and
E3 jumper set. These jumpers can be connected as
follows: See Pictorial 3-2.

E1-E2
E2-E3

Non-inverted
Inverted

DATA PORTS (INPUT)

The Data Input Ports are associated with pins 18
through 25 as follows:

PIN# DATA
DATA PORTS ) BT
A separate I/O plug is provided for each channel. The 17 Giround
plug number for each channel is as follows: 18 D7
19 16
Channel ¢ — P101 20 15
Channel 1 — P111 21 D4
Channel 2 — P121 22 D3
23 112
The output data associated with these plugs appears 24 1
on pins 1 through 8 as follows: 25 DO (LSB)
8 Bl §¥-B17S
B1 DIRFCTIONAL , SERIAL OUT [ PRRALLL
CPU BUS PRCGRAMMABLE . INPUT/OLTPUT >
CPU SHIFT RFGISTFER SHIFT REGISTER
1C103 g 1104 X-BITS
SERIAL TN <= PARMLLEL

CHANNIL 2 BLOCK DIAGRAR

PARALLIL -

SERIAL FARALLH!

INPUT/OUTPUT FORT

PICTORIAL 3-1

Portions of this Section are reprinted by permission from Intel Corporation.
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PROGRAM CONSIDERATIONS

Each channel of the Parallel 1/O Interface must be
“Initialed On Program” before data can be transferred
in or out. For most applications, the software
supplied by Heath Company will automatically take
care of this. For specialized applications, you will
need to know how to program the I/O Interface. For a
more detailed explanation, study the 8251 Basic
Functional Description on Page 55 of this Manual.

Each channel occupies two consecutive I/O addres-
ses. (100 and 101 for example.) The lower address is
the data port.

1. Data in the CPU accumulator will be trans-
ferred to the output terminals when a 323
{output) instruction is executed.

2. Data present at the input terminals will be
transferred to the CPU accumulator when a
333 (input) instruction is executed.

Before data can be transferred, the I/O channel must
be initialized. This requires that two bytes, the Mode
Word and the Command Word be sent (323) to the
higher address.

1. The first, or Mode byte, will always be 116
for the H8-2. Once set, this byte cannot be
changed unless cancelled by a system
{hardware) or software (command word) re-
set.

2. The second byte, sent to this same address,
is the command word. The command word
may be reprogrammed at any time (pro-
vided that the mode word has not been re-
set).

D, Data Out — 1=Enable, 0=Disable.

D, Interrupt — 1=Enable, 0=Disable.

D, Data In — 1=Enable, 0=Disable.

D, 0

D, Device Control — 1 = output pins 12 and

14 set to logic low.
0 = Logic high.

Ds Internal Reset — 1 returns the channel to
mode instruction.

See *Note 1 for three command examples.
3. The status of the channel may be tested by
reading (1/O input) the high channel ad-
dress. (101 for example).

The following three bits will be of interest.

D, — 1 indicates that the channel is ready to
accept a data byte from the CPU.

D, — 1 indicates that the channel has data for
the CPU.

D, — 1 indicates that pin 13 of the 1/O plug
(Device Ready) is at logic low.
The following sequence summarizes those operations
necessary to program the /O channels.
1. Reset
2. Send a Mode Instruction.
3. Send a Command Instruction.

4. Read STATUS.

5. Transfer data in or out.

* Note 1.
Command Word examples:

005 — (00 000 101) will Enable data in, Enable data
out, Enable interrupts, and turn the Device
Control off (Logic high).

047 — (00 100 111) will Enable data in, Enable data
out, Enable interrupts, and turn the Device
Control on (Logic low).

100 — (01 000 000) will reset the channel. Mode
and Command must be programmed.
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H8 to H10 INTERFACE TABLE

Refer to Pictorial 3-3 for the following table.

NOTE: The following table indicates the configura-
tion for channel ¢ on the H10 Interface.

Address —

jumpers

370

A1-A2 OPEN
B1-B2 OPEN

C1-C2 INSTALLED

E1-E2 INSTALLED

F. G, and H — OPEN (unless called
for in the software instruction).

This completes the “Operation.”

The H8-2 to H10 Interconnect Cable is tabulated be-

—=
(@ o=

low.
H8-2 Hi10
Interface Interface
Signal

Function Pin Wire color Flow Pin Function
Data ¢ 1 Black —> 11 Data ¢

Data 1 2 Brown - 12 Data 1

Data 2 3 Red N 13 Data 2

Data 3 4 Orange —> 14 Data 3

Data 4 5 Yellow - 15 Data 4

Data 5 6 Green —> 16 Data 5

Dala 6 7 Blue N 17 Data 6

Data 7 8 Violet - 18 Data 7
Cround 9 Gray 24 Ground

Data Taken 10 White o 21 Punch Ready
Take Data 11 Black - 20 Punch Command
Device Control 12 Brown o 22 N/C

Device Ready 13 Red - 19 Punch Ready
Device Control 14 Orange . 23 N/C

Send Data 15 Yellow - 10 Reader Start
Data Sent 16 Green - 9 Reader Ready
(Ground 17 Blue 24 Ground

Data 7 18 Violet - 8 Data 7

Data 6 19 Gray - 7 Data 6

Data 5 20 White 6 Data 5

Data 4 21 Black o 5 Data 4

Data 3 22 Brown o 4 Data 3

Data 2 23 Red - 3 Data 2

Data 1 24 Orange - 2 Data 1

Data ¢ 25 Yellow - 1 Data ¢

PICTORIAL 3-3
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IN CASE OF DIFFICULTY

The Troubleshooting information on Page 38 for your
Parallel I/O Card is presented in a series of test charts.
If you know that a problem exists in a particular
circuit, proceed to the test chart that covers that cir-
cuit. Read the following paragraphs carefully before
you begin troubleshooting.

PRECAUTIONS FOR TROUBLESHOOTING

1. Be cautious when testing transistors and inte-
grated circuits. Although they have almost
unlimited life when used properly, they are
much more vulnerable to damage from exces-
sive voltage and current than other circuit com-
ponents.

2. Do not remove any components from the circuit
board while the Computer is turned on.

3.  When you make repairs to the circuit board,
make sure you eliminate the cause as well as the
effect of the trouble. If, for example, you find a
damaged resistor, make sure you find out what
caused the resistor to become damaged (wiring
error, etc.) If the cause is not eliminated, the
replacement resistor may also become damaged
when the Computer is put back into operation.

4, Refer to the “X-RAY Views” and ‘“Schematic
Diagram” to locate various components.

5. Thefollowing symbols and procedures are used
in the troubleshooting charts:

Follow the “YES” arrow when you obtain

X%/ the proper result or condition.

NO> Follow the “NO” arrow when you do not
obtain the proper result or condition.

N/O means non-operative. If a component is
N/O, be sure to check the associated circuitry
for wiring errors, assembly errors, solder
bridges, etc. Also, when wiring errors, solder
bridges, etc. are listed as a possible cause of
trouble, this does not apply to factory assem-
bled units.

Unless called for, pulse width and pulse
shape are not measured. Only the excursion
between TTL high and TTL low states is im-
portant for these tests. TTL high is +2V
minimum and TTL low is +.8V maximum.

A logic probe may be used instead of an oscil-
loscope for all measurements. Where noted, a
logic probe is preferred instead of an oscillos-
cope.

In an extreme case where you are unable to re-
solve a difficulty, refer to the “Customer Ser-
vice” information inside the rear cover of the
Assembly Manual.

If a problem occurs, check for the following
conditions before you proceed to the “Troub-
leshooting Charts.”

a) Are all the required jumper wires in-
stalled on the circuit board?

b) Is the test plug installed on the chan-
nel under test?

¢) Does the white wire near IC’s 144 and
145 measure 5+ .25 volts dc?

If you suspect a faulty IC in one channel, inter-
change the suspected IC with a known good one
of the same type from one of the other channels.
Be careful not tobend the pins when you remove
orinstall an IC. Note: IC’s 103, 104, 114,123, and
124 are MOS devices and can be damaged by
static electricity. Use care when you handle
them.
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Troubleshooting Charts
TEST CHART 1

NOTE: If a failure occurs in any channel, check the
failure in the appropriate *‘Failure” box. If three fail-
ures occur horizontally (across), the fault is common
to all three channels. Continue with the tests to the
right of the chart. Failures in a vertical row of boxes
indicates a fault peculiar to a separate channel. Con-
tinue downward to locate the correct test chart
number. Perform only those tests which correspond

to the defective channel.
1C132-9 is N/O.
1IC131-9 is N/O.
Channel ¢ Channel 1 Channel 2 N
Data Data Data Clock pulses are NO
31-C 1C139-6 is N/O.
Output Output Output *\/ present at (1131-C —/
{ ) Failed () Failed () Failed {WL IC131-8 is N/O.
IC141-8 is N/O.
Channetl ¢ Channel 1 Channel 2 _j\\
Data Data Data
Input input Input —1/-—
() Failed ( ) Failed ( ) Failed
Channel ¢ Channel 1 Channel 2 -
Device Device Device Proceed to Test Chart 2.
Control Control Control B
{ ) Falled () Failed () Failed

N R
|

Channel 2

Device Control —— TEST CHART 4 |
Data Output  {—— TEST CHART 5 |
Data Input  [~— TEST CHART 6 |

Channel 1

Device Control --—EEST CHART 41
Data Output F—— TEST CHART 5 |
Data Input  |-—— TEST CHART 6 |

Channel ¢
Device Control -——FI'EST CHART 4J
Data Output |—— TEST CHART 5 |
Data Input ———{ TEST CHART ﬂ
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TEST CHART 4

Press the RST/¢ and &
keys simultaneously.

PR FIEATEIXIT® I

YES/l7
o

Proceed to Test Chart 5.

12109 are N/O.

Channel ¢ — Plug P101 Channe' ¢ — IC103 pin 23 Channel b -— IC10% is N/O
pin 12 s high. is high. ‘ A

— PlugP111pi > 2| 4 — 1C1 in 23 . .
?;?:r;\i;; " - @ i(s\hr:g;:el folersen —E‘(; Channet 1 ---1C113is N/O.
Channel 2 — Plug P121 pin Channel 2 — 1C123 pin 23 .
12 is high. is high. Channel 2 -—1C123is N/O

%v[ sbH {ves ]7

N N
Use the foliowing program 1C105 or IC109 are N/O
for channel ¢ —
Press MEM CHANNEL 1 CHANNEL 2
ENTER 040 371
Press OUT Press MEM Press MEM
Enter 116 375 Enter 116 377
Channel 1 — See Pictorial Press OUT Press OUT
4-1, Press MEM Press MEM
Enter 040 375 Enter 040 377
Channel 2 — See Pictorial Press OUT Press OUT
4-1.
PICTORIAL 4-1
Channel ¢ — Plug P101 pin
12 is low. Channel & — 1C103 is N/O.
) AN
Channel 1 —Plug P11 pin Q IC103 pin 23 s low. no ) Channel 1 —IC113 15 N/O.
12 is low. , .
L T
, < ves? .
Channel 2 — Plug P121 pin - Channel2 —1C123 s N/O.
is low.
12 is low 1105
or




Page 44

¢-v 'TVIIOLO1d

-
~
~
—
@0
-

PP R FIEATEIIT®

et

~wn oM~
- o
~
™
[ap]
o
N

‘O/N St E¥LDI
N\
9.¢ 514 S3IA
iy

#NId LNdNI ONIQVIY HIGNNN Nid 081100ul s Ae(d
£vLOI 12Ld 10 "LiLd ‘10Ld ] -sip leued 8yl ing pajdde
|/ on| S' @4m 1S8] au) usUM MO

] 8206 £r101 jo tidindueyy

0 Ot N
(324
~
(3]
™
ol

"MO| © 10}
10l Jo uid indur ayy ains
"O/N S €010 -eaw ‘readde jou ssop y1Bip
- _.o 108400 8yl uaymp “Jaisib
A.\mf/_u A199.1109 POWIWEIBOId -a1,y,, 841 ul Jeadde pjnoys
o s spn i || SO0 R

ol |
m“; g1 ubnosy ¢z suid puno.b
A _u pue s8] Japun |BuUBYD

Gnjd s8] 8y} LSS

‘OIN 8! #0101

"O/N i 8010l

yby s1 £z ud $010)

g3p

mu>V s 3

| | oy} Of
‘g2 wd -U] "g-¥ [ELOId O LBy ay}

O LD e juasaid ase sas|ng Buisn s8] 1ndui ey} 10npuoH

. o oy

.:m_cw_m .>m_am_cm£co
cm:o_curoromwvo_c‘_mwc .
sabpuq Jopjos 10 SUOYS E0LO140 €€ ybnoiy gz suld @ Jeadde pinoys /€ 18QUINN

on "Moj st vz uid $01LO)

2

o
z

al

1891
18pun |auueyd 8y; 10} Wel
-6o.d uj eeq uny pue Jejuzl

9 LYVHO LSIL




Page 45

e d FIE ATEIIITO

"O/N 8e G01Di 10 8010I

{5

‘O/N 160101 ON

"Mo| 8! ¥ uid g0L0I

mm>W

"O/N s! 60101

"O/N 81 90101 \oﬂj

‘m0| S 8 uid 904 0|

‘O/N s! €011
jlo)
Apoauiod pawwelbouid
10U S| 1S9} JOpun BUUBY)D

S3A

"MO| 81 p| ud €110

"ybiy s1 6 ud 9OLOI

o

(‘p.juod) 9 ey 1sa L



Page 46

===

SPECIFICATIONS

Data ... 3 independent channels of input and output ports.
Transfer rate-500 byies per second, maximum.

Control .. ... . Continuous transfer or Handshake mode. All Hand-
shake functions occur on 1 to 0 transition. Reader

Control Capability,

Al data and control outputs are TTL buffered with
10-Load drive capability.

All data and control inputs, T TTL load, maximum.

Interrupt Capability ........................ Separate input and ouvtput interrupt capability under
CPUT control.

Programming .................oeieeeiinn... Each port mav be addressed by any 170 address pair
from 000 to 177.

General ... .. .. Operating temperature 0° to 40° C.

Power Requirements-8 volts DC at 800ma (from H-8
bus).

The Heath Company reserves the right ty discontinue
products and to change specificaticae at any time
without incurring any obligation to incorporiate new
features in products previously sold.
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CIRCUIT DESCRIPTION

Refer to the Schematic Diagram (Fold-in) and to Pic-
torial 4-3 (Illustration Booklet, Page 4) while you read
this “Circuit Description.

NOTE: For the pin assignments and function, refer to
“Operation” for IC103 and to the Glossary at the end
of the “Circuit Description” for IC104.

The H-8-2 Parallel I/O Card provides three identical
channels of parallel I/O ports. Since the three chan-
nels (Channel ¢, Channel 1, and Channel 2,) are iden-
tical, only Channel ¢ will be discussed.

The three channels, along with their respective IC’s
are as follows:

Channel ¢ — IC’s 101 through 109.
Channel 1 — IC’s 111 through 1189.
Channel 2 — IC’s 121 through 129.

IC’s 131 through 139, IC’s 141, 142, 143, and transis-
tor Q131, provide common functions to all of the
channels.

ADDRESS DECODER

The channel decoder causes each 1/O channel to re-
spond only to its particular number. When the CPU
addresses a channel, the number is put on the lower 8
bits of the address line. (Due to the structure of the
Computer, the address data lines go to a low state
when asserted.) These lines are fed to IC136B (com-
mon to all three channels), 1C138, 1C134, IC135,
IC133A,1C133B, and IC136A. IC136B selects the most
significant digit. With the correct jumpers in place,
IC’s 133A, B, and 136A will respond when specific
addresses are present. Each channe] has a separate
3-digit decoder, and each decoder has three sections.
The channels and their associated decoder IC’s are as
follows:

Channel ¢ — IC’s 136B, 138, and 133A.
Channel 1 — IC’s 136B, 134, and 133B.

Channel 2 — IC’s 136B, 135, and 136A.

As soon as the selected output of IC136B goes low, it
enables the 2nd-digit decoder 1C138,1C134, orIC135.

When the output of the second digit decoder goes
low, it enables the least significant digit selector
IC131A, IC133B, or IC136A. (Note that only even-
numbered addresses are available from the third-digit
decoders. This is because each channel requires a pair
or addresses — one for the data and one to control the
data.) The least significant bit of the address (Ao) is
used to select between control and data modes. The
selected output of IC133A goes low when it is ad-
dressed. This output then goes to the CS input of
IC103 (for channel ¢) and enables it. The output of
IC’s 133B and 136A go to the enabled line of IC113
and IC123 respectively. The address decoders are ac-
tive during the memory references also and the de-
coder chain may be enabled. This has no effect on the
memory references since the /O Read and Write
pulses are not present.

DATA BUS BUFFERS

IC’s 137 and 143 form a bi-directional, tri-state, data
bus buffer. When any of the three data channels are
being read, the bus driver, IC143, is turned on. When
the CPU is writing to one of the channels, the bus
Receiver, 1C137, is enabled. This inverts the system
data bus and puts it on the local data bus to I1C’s 103,
113, and 123.

CONTROL LOGIC

IC142B is a negative OR gate which responds to the
three address decoders. When any of the three chan-
nels is addressed, the output of 1C142B goes high.
This output is tied to the inputs of IC’s 142A and 142C
where it is “And”’ ed with the /O Read (IOR) and 1/O
Write (IOW) signals. When a channel has been ad-
dressed and IOR is high, IC142A goes low, turning on
IC143 and asserting the RD line to IC’s 103, 113, and
123. Since only one of these has the CD set low, only
one is turned on in the Read mode. When the IOW
pulse is present with the address enable signal,
IC142C goes low in a similar manner and asserts the
WR line to IC’s 103, 113, and 123. The WR signal is
also connected to the reset and “D” input of I[C132A.
A low on the Reset causes the output of IC132A to go
low, enabling the bus receiver, IC137. When the sig-
nal from 1C142C returns high, the bus receiver will
remain on. The next low to high transition of the ¢2
clock will set the Q output high, turning off the bus
receiver.
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CLOCK SCALER

The ¢2 clock goes through an inverting buffer,
[C141D. Thisdrives the clock (pin 20} of IC’s 103, 113,
and 123. (Do not confuse this with the Receiver and
Transmitter clock of the same IC’s). 1C141D also
drives IC131B which is a + 5 scaler. This is buffered
by IC139B and is used for the Receiver and Transmit-
ter clocks of IC's 103, 104, 113, 114, 123, and 124.
1C141D also drives IC’s 131A and 132B for an addi-
tional +4 scaler. This signal is buffered by Q131 and
drives theclock input of IC’s 107A, 107B. 108A, 1088,
117A, 117B, 118A, 118B, 127A, 127B, 128A, and
128B.

DATA TRANSFER OUT

With the data to be transferred present on the data bus
(DO through D8) of 1C103 and with pin 11 (CS) low
and pin 10 (WR) strobed, IC103 accepts the parallel
data byte and generates a serial form of this byte. The
serial word is transmitted at a rate equal to 1/16 of the
clock signal at pin 9 (T.C). The serial word is sent to
pin 20 (RR]) of IC104. The shift register in 1C104 is
clocked at the same rate as the shift register in [C103
that is generating the data stream. Here it is converted
back to a parallel byte. The parallel byte appears at
RB1 through RB8 of 1C104. The output of IC104 is
buffered by 1C’s 102 and 101 to protect IC104 and to
increase the output drive capability. When 1C104
senses the end of a serial word, it sets DR high to
indicate that the data register has been loaded. This
signal is sent to (CTS) pin 17 of IC103. Before the CPU
transfers a new byte to the output port of a channel, it
must inspect the CTS bit of the status word to deter-
mine if the output register is already occupied. The
data ready signal is also inverted by IC109E and is
applied to the S, input of IC107B. Each time the S,
input receives a 1 to O transition, the output will
transmit one pulse synchronously with the clock
input (pin 11). This pulse is the “take data” hand-
shake signal. The DR signal is also applied to the reset
of IC107A. When the reset line is low, a 1 to 0 transi-
tion from the “‘data taken’ handshake at the S, input
of IC107 A permits the transmission of a single pulse
to DRR (pin 18) of 1C104. This pulse on the DRR resets
the DR output which then clears the CTS status flag of
1C103 and allows the next data transfer. In the Con-
tinuous mode(with the A1to A2 jumper in place). the

DR output may remain in the low state and the *“Take
Data” handshake will not be available. The “Take
Data” input must be held low to assure pulses from
1C107A to the DRR input of IC104. The “‘Data Taken”
may not be used to control the channel in the Con-
tinuous mode.

DATA TRANSFER IN

With the data to be transferred present on the TBR1
through TBRS8 (pins 26 through 33 of IC104),a1to 0
transition must take place at the “Data Sent” input.
This allows IC108A to transmit one clock pulse to
TBRL (pin 23). This pulse at the Transmitter Buffer
Load Register Line caused 1C104 to latch and then to
transmil the serial data stream from TRO (pin 25) to
RxD {pin 3) of 1:103. When the serial transfer from
1C104 is complete, TRE (pin 24) will be set. This sets R
of [C108A low and allows the next “data sent’ transi-
tion to clock TBRL (pin 23). The serial data transfer to
IC103 are asserted, the data is present at D, through Dy
1/16 of the clock rate. When the complete serial word
has beenreceived by IC103, the RxRDY bit is set in the
status register of 1C103. This allows the CPU to test to
see if a data byte is available. When CS and RD of
IC103 is asserted, the data is present at D, through D,
of IC103 and connected to the CPU databus. When the
CPU reads the data register of I[C103, RxRDY (pin 14)
goes low. (A high indicates the receiver contains a
byte for the CPU.) This output is buffered by IC109B
and the 1to 0 transition allows IC108B to transmit one
clock pulse from the “data sent” handshake.

For Continuous operation, the B1-B2 jumper is in
place. When the inverted RxRDY is high, indicating
that the buffer in 1C103 is available, the output of
IC106C will go low and IC108A will transmit pulses
to TBRL of IC104.

DEVICE LINES

The RTS (pin 23) of 1C103 is buffered by 1C109D and
IC105B to provide a “Device Control” output. The
output goes low whenever the RTS bit D, of 1C103
command word is set. This function is provided for
the CPU control of external devices. With the C1-C2
jumper in place, it may be used for CPU control of the
“data sent” handshake.
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The “Device Ready’’ handshake input is buffered and
inverted by IC105A and connected to (DSR) (pin 22)
of 1C103. This controls D, in the status word of IC103
and may be used to allow the CPU to monitor the
status.

INTERRUPT

The complete CPU interrupt bus is available on the
Parallel I/O Card. Lines I1 through 17 are asserted low
and are held high with pull up resistors at the CPU.

Three outputs from IC103 suitable for interrupts (TxE,
TxRDY, and RxRDY) are inverted by the open collec-
tor buffer IC106. Any combination of IC106A, B, or D
may be connected to the channel interrupt bus at G2,
F2, and H2. This bus can then be connected to any

CPU interrupt line from 11 through I7. Inputs 2, 5, and
13 of IC106 are tied together to provide a control for
the interrupts. The outputs of IC106A, B, and D will
be forced high as long as the control line is held high.
The DTR is a general purpose output controlled by bit
D, of IC103 command word. It must be set after each
reset to enable the interrupts.

POWER SUPPLY

All components of the H8-2 Parallel I/O Card operate
on +5 volts DC. This is provided by two 3-terminal
5-volt regulators, IC’s 144 and 145, which are pow-
ered from the 8-volt H8 bus. These regulators provide
5 volts DC (% .25 volts) and are current-limited to
protect against overload.
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Glossary

PIN ASSIGNMENT AND FUNCTIONS (IC’s 104, 114, 124)

PIN SYMBOL | DESCRIPTION PIN SYMBOL. } DESCRIPTION
1 vCC +5 volts Supply 21 MR A high iavel on MASTER RESET clears
PE. FE OE, and DR to a low level and sets
2 N/C No connection the transmitter output to a high ievel.
3 GND Ground 22 TBRE A high tevel on TRANSMITTER BUFFER
REGISTER EMPTY indicates the trans-

4 RRD A high level on RECEIVEFR mitter tuffer register has transterred its
REGISTER DISABLE forces the data to the transmitter register and is
receiver holding register ready fir new data.
outputs RBR1-RBR8 to a high
impedance state. 23 TBRL A low level on TRANSMITTER BUFFER

REGIS 'ER LOAD transfers data from inputs

5 RBR8 The contents of the RECE VER TBR1-1BRS into the transmitter buffer regis-

thru thru BUFFER REGISTER appear on these ter. A low to high transition on TBRL indicates

12 RBR1 three-state outputs. Word for- data t P the t it ister. If th
mats less than & characters are ata transfer to» 2] |.'ansm| or ragister. e
right justified from RBR1-RABRS. transmitter register is busy, transter is au-

tomaticalily delayed so that the two characters
are transmitted end to end.

13 PE A high level on PARITY ERROR in- 24 TRE A high levei on TRANSMITTER
dicates received parity does not 3 REGIS'ER EMPTY indicates completed
match parity programmed by control transmission of a character inchiding
bits. When parity is prohibited stop bits
this output is fow.

25 TRC Character data, start data, and stop bits ap-
pear senally at the TRANSMITTER REGIS-
TER QUTPUT

14 FE A high level on FRAMING E£RROR in- 26 FTBR1-TBAS | Character data s loaded into the TRANS-
dicates the first stop bit was thru MITTERR BUFFER REGISTEF via inputs
invalid. 33 TBR1-1BR8. For character formats less than

8 bits, the TBR&. 7. and & inputs are ignored
correstonding to the programmed word

15 OE A high ievel on OVERRUN ERROR in- length
dicates the data received flag
was not cleared before the last
character was transferred to the 34 CRL A high Jevel on CONTROL REGISTER
receiver buffer register LOAD ioads the control register.

16 SFD A high level on STATUS FLAGS 35 Pt Ahigh level on PARITY INHIBIT nhibits parity
DISABLE forces the outputs PE. generation, parity checking, and forces PE
FE, OE, DR, TBRE to a high im- output ow.
pedance siate.

36 SBS A high level on STOP BIT SELECT selects 15
stop bits for 5 character format, and 2 stop bits

17 RRC The RECEIVER REGISTER CLOCK is for other lengths.
16X the receiver data rate.

37 CLS2 These nputs program the CHARACTER

18 DRR A low level on DATA RECEIVED LENG1H SELECTED (CLS1 low CLS2
RESET clears the data received low 5 tuts) (CLS1 high CLS2 low 6 bits)
output DR to a low level. (CLS1 low CLS2 high 7 bits) (CLS1 high

CLS2 high 8 bits).

19 DR A high level on DATA RECEIVED 38 CLS1 See Fin 37 - CLS2.
indicates a character has been
received and transferred to the 39 EPE When F'lis low, ahigh level on EVEN PARITY
recever buffer register. ENABL E generates and checks even parity. A

low leve! selects odd parity.

20 RRI Serial data on RECEIVER REGISTER 40 IM6402-TRC § The THANSMITTER REGISTER CLOCK
INPUT is clocked into the receiver is 16X the transmit data rate.
reqister.

e
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8251 Basic Functional Description

General

The 8251 is a Universal Synchronous/Asynchronous
Receiver/Transmitter designed specifically for the
8080 Microcomputer System. Like other I/O devices
in the 8080 Microcomputer System, its functional
configuration is programmed by the system’s
software for maximum flexibility.

In a communication environment, an interface device
must convert parallel format system data into serial
format for transmission and convert incoming serial
format data into parallel system data for reception.
The interface device must also delete or insert bits or
characters that are functionally unique to the com-
munication technique. In essence, the interface
should appear “transparent” to the CPU.

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to in-
terface the 8251 to the 8080 system Data Bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput instructions of the 8080 CPU.
Control words, Command words and Status informa-
tion are also transferred through the Data Bus Buffer.

Read/Write Control Logic

This functional block accepts inputs from the 8080
Control bus and generates control signals for overall
device operation. It contains the Control Word Regis-
ter and Command Word Register that store the vari-
ous control formats for device functional definition.

The following is a general set of requirements needed
to properly operate the USARTs. This information is
then followed by more technical and detailed infor-
mation.

The following sequence of events must happen for a
USART to work properly:

1. At power-up, or following a master reset, the
USART is reset.

2. A MODE INSTRUCTION is sent to the USART
defining the following characteristics of the I/O
channel:

® (Clock rate.

® Character length.

® Parity.

® Number of stop bits.

The Mode Instruction is a word sent by the CPU to the
USART register at the odd-numbered port of the two
ports assigned to each USART. The normal mode
instruction for the Heath system is 116, which pro-
grams the USART for standard asynchronous opera-
tion.

3. A COMMAND INSTRUCTION is sent to the
same port as the mode instruction. This word
controls the actual operation of the USART. It
enables portions of the circuitry, sets various
bits, and resets the error flags.

4. A STATUS WORD may be read from this same

port. It allows the CPU to determine when data
may be transferred, which bits are set, and
which errors have occurred.

5. Data is transferred between the USART and the

CPU through the even-numbered port of the two
ports assigned to each USART. (This is the port
number which is actually programmed at the
port decoder.) The mode and command instruc-
tions use the next higher port number.

6. A new Command Instruction may be sent to the
USART at any time. If, however, the USART had
a character in its transmit buffer, that character
would be lost.
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RESET (Reset)

A “high” on this input forces the 8251 into an “Idle”
mode. Thedevice will remain at “Idle’” until a new set
of control words is written into the 8251 to program
its functional definition.

CLK (Clock)

The CLK input is used to generate internal device
timing and is normally connected to the Phase 2
{TTL} output of the 8224 Clock Generator. No external
inputs or outputs are referenced to CLK but the fre-
quency of CLK must be greater than 30 times the
Receiver or Transmitter clock inputs for synchronous
mode (4.5 times for asynchronous mode).

WR (Write)

A “low" on this input informs the 8251 that the CPU
is outputting data or control words, in essence, the
CPU is writing out to the 8251. See Pictorial 5-1.

¢/D RD WR CS

0 0 1 0 8251 =DATABUS

0 1 0 O0 DATABUS- 8251

1 0 1 0  STATUS - DATABUS

1 1 0 © DATABUS= CONTROL
X X X 1 DATA BUS - 3-STATE

PICTORIAL 5-1
RD (Read)

A “low” on this input informs the 8251 that the CPU
is inputting data or status information, in essence, the
CPU is reading from the 8251.

C/D (Control/Data)

This input, in conjunction with WR and RD inputs,
informs the 8251 that the word on the Data Bus is
either a data character, control word, or status infor-
mation,

CS (Chip Select)

A “‘low” on this input enables the 8251. No reading or
writing will occur unless the device is selected.

Modem Control

The 8251 has & set of control inputs and outputs that
can be used to simplify the interface to almost any
Modem. The modem control signals are general-
purpose in nature and can be used for functions other
than Modem control, if necessary.

DSR (Data Set Ready)

The DSR input signal is general-purpose in nature, lts
condition can be tested by the CPU using a Status
Read operation. The DSR input is normally used to
test Modem conditions, such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is general-purpose in nature. It
can be set “low™ by programming the appropriate bit
in the Command Instruction word. The DTR output
signal is normally used for Modem control, such as
Data Terminal Ready or Rate Select.

RTS (Request to Send)

The RTS output signal is general-purpose in nature. It
can be set “'low” by programming the appropriate bit
in the Command Instruction word. The RTS output
signal is rormally used for Modem control, such as
Request te Send.

CTS (Clear to Send)

A “low” on this input enables the 8251 to transmit
data (serial) if the Tx EN bit in the Command byte is
set to a “‘one.”

Transmitter Buffer

The transmitier Buffer accepts parallel data from the
Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate characters or bits (based on the
communication technique), and outputs a composite
serial stream of data on the TxD) output pin.

Transmitter Control

The transmitter Control manages all activities as-
sociated with the transmission of serial data. It
accepts and issues signals, both externally and
internally, to accomplish this function.
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TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. It can be used as an
interrupt to the system or for the Polled operation the
CPU can check TxRDY using a status read operation.
TxRDY is automatically reset when a character is
loaded from the CPU.

TxE (Transmitter Empty)

When the 8251 has no characters to transmit, the TxE
output will go “high.” It resets automatically upon
receiving a character from the CPU. TxE can be used
to indicate the end of a transmission mode, so that the
CPU “knows” when to “turn the line around” in the
half-duplexed operational mode.

In SYNChronous mode, a “high” on this output indi-
cates that a character has not been loaded and the
SYNC character or characters are about to be transmit-
ted automatically as ““fillers.”

TxC (Transmitter Clock)

The transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the frequency of TxC is equal to
the actual Band Rate (1X). In Asynchronous transmis-
sion mode, the frequency of TxC is a multiple of the
actual Band Rate. A portion of the mode instruction
selects the value of the multiplier; it can be 1x, 16x, or
64x the Band Rate.

For example:

If Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHz (16x)

TxC equals 7.04 kHz (64x).

If Baud Rate equals 9600 Baud,
TxC equals 614.4 kHz (64x).

The falling edge of TxC shifts the serial data out of the
8251.

Receiver Buffer

The Receiver accepts serial data, converts this serial
input to parallel format, checks for bits or characters
that are unique to the communication technique, and
sends an ‘“assembled” character to the CPU. Serial
data is input to the RxD pin.

Receiver Control

This functional block manages all receiver-related
activities.

RxRDY (Receiver Ready)

This output indicates that the 8251 contains a charac-
ter that is ready to be input to the CPU. RxRDY can be
connected to the interrupt structure of the CPU or, for
Polled operation, the CPU can check the condition of
RxRDY using a status read operation. RxRDY is au-
tomatically reset when the character is read by the
CPU.

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to bereceived. In Synchronous Mode, the
frequency of RxC is equal to the actual Baud Rate (1x]).
In Asynchronous Mode, the frequency of RxC is a
multiple of the actual Baud Rate. A portion of the
mode instruction selects the value of the multiplier; it
can be 1x, 16x, or 64x the Baud Rate.

For example:

If Baud Rate equals 300 Baud,
RxC equals 300 Hz (1x)

RxC equals 4800 Hz (16x)

RxC equals 19.2 kHz (64x).

If Baud Rate equals 2400 Baud,
REI equals 2400 Hz (1x)

RxC equals 38.4 kHz (16x)

RxC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of
RxC.
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251 has been
programmed by the Mode Instruction, the device is
ready to be used for data communication. {See Picto-
rial 5-2). The Command Instruction controls the ac-
tual operation of the selected format. Functions such
as: Enable Transmit/Receive, Error Reset, and Modem
Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the
8251, then all further “contral writes” (C/D=1} will
load the Command Instruction. A Reset operation
(internal or external) will return the 8251 to the Mode
Instruction Format.

o, b, b, D, D, D, D D

EH R RTS ER JSBRK| RxE | DTR [ TxEN

STATUS READ DEFINITION

In data communication systems, it is often necessary
to examine the “status™ of the active device {0 ascer-
tain if errors have occurred or other conditions have
occurred that require the processor’s attention, The
8251 has facilities that allow the programmer to
“read’ the status of the device at any time during the
functional operation. See Pictorial 5-3.

A normal “read” command is issned by the CP1f with
the C/1) input at “one" to accomplish this function.

] L TRANSMIT ENABLE
-1 1 = enabie

| 0 : disable

! DATA TERMINAL
READY

“high'” will force DTR
i output to zeto

!

! i

| : RECEIVE ENABLE
| ‘——-—————1 1 : enable

0 = disabie

X ERROR RESET
‘E — 1 = reset all error flags
i PE, OE, FE

s ‘ REQUEST TO SEND
i - “high” will force RTS
output to zero

[ INTERNAL RESET
“high” returns 8251 tc
Mode !nstruction Format

PICTORIAL 5-2

o, D D, n, D, D, D, Dg
DSR 0 FE QE PE TrE RxRDY IxRDY
Le * NOTE 1

SAME DEFINITIONS AS {/0 PINS

PARITY ERROR

The PE flag s set when a panty
error s detected 1t 15 reset by
the ER bit of the Command
instruction. PE does not bt
operation of the 8251,

OVERRUN ERROR

The OE tlag 1s set when the CPU
does not read a character before
the rext one becomes availabie.
it 1s reset by the ER bit of the
Comimand Instruction. OE does
not inhibit operation of the 8251,
however, the previously overrun
character 15 fost.

FRAMING ERROR (Async only)
The FE flag 1s set when a vahd
Stop it 15 not detected at the
end of every character. (1 1s reset
by the ER bit of the Command
Instruction. FE does not inhdit
the operation of the 8251

PICTORIAL 5-3

“Note 1 IxHDY status bit has simitar meaning as the TxRDY output pn. The
tormer is not conditioned by CTS and TxEN: the latter 1s conditioned
oy hoth CTS and TxEN.

¢ TxRDY status it DB Bufter Empty
xRDY pinout DB Buffer Empty*CTS*TxEN
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Mode Instruction Definition

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU, the
8251 automatically adds a Start bit {low level) and the
programmed number of Stop bits to each character.
{See Pictorial 5-4 and 5-5.) Also, an even or odd Parity
bit is inserted prior to the Stop bit(s), as defined by the
Mode Instruction. The character is then transmitted
as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate
equal to 1, 1/16, or 1/64 that of the TxC, as defined by
the Mode Instruction. Break characters can be con-
tinuously sent to the TxD if commanded to do so.

When no data characters have loaded into the 8251,
the TxD output remains “high” (marking) unless a
Break (continuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this
line triggers the beginning of a Start bit. The validity
of this Start bit is checked by again strobing this bit at
its nominal center. If a low is detected again, it is a
valid Start bit, and the bit counter will start counting.

D, Dg Dy D, Dy D, O, D,

S, | s, |erlpenft, |t | 8,]8

BAUD RATE FACTOR
0 1 0 1

0 0 1 1

SYNC
MobE | 1100 | 16x) | (6ax

CHARACTER LENGTH
0 1 [t} 1

0 0 1 1

5 6 7 8
BITS | BITS | BITS | BITS

PARITY ENABLE
1=ENABLE 0=DISABLE

EVEN PARITY GENERATION/CHECK
1=EVEN 0=0DD

NUMBER OF STOP BITS
0 1 0 1

0 0 1 1

T % |2
INVALID| g7 | giTs | BITS

PICTORIAL 5-4

The bit counter locates the center of the data bits, the
parity bit (if it exists), and the Stop bits. If parity error
occurs, the parity error flag is set. Data and parity bits

are sampled on the RxD pin with the rising edge of
RxC. If a low level is detected as the Stop bit, the
Framing Error flag will be set. The Stop bit signals the
end of a character. This character is then loaded into
the parallel I/O buffer of the 8251. The RxRDY pin is
raised to signal the CPU that a character is ready to be
fetched. If a previous character has not been fetched
by the CPU, the present character replaces it in the I/O
buffer, and the Overrun flag is raised (thus the previ-
ous character is lost). All of the error flags can be reset
by a command instruction. The occurrence of any of
these errors will not stop the operation of the 8251.

TRANSMITTER QUTPUT

Y — —
STAR PARITY I
TxD  MARKING BIT T DATA BITS SI'T SBT'(T’;

$ ¢
) ¥

RECEIVER INPUT

4§ H—|
START PARITY sTOoP
RxD BIT DATABITS BIT BITS

{4
Y =

TRANSMISSION FORMAT
CPUBYTE (5-8 BITS/CHAR}

'y
$ ¥
DATA CHARACTER

{ G
3 -

ASSEMBLED SERIAL DATA OUTPUT (TxD}

S

START . PARITY STOP
ool DATA CHARACTER il BITs

4 —4

RECEIVE FORMAT

SERIAL DATA INPUT {RxD)

s 4 j
START PARITY STOP
BIT DATA CHARACTER BIT BITS

44
B

CPUBYTE (5-8 BITS/CHAR)*
1 4=
DATA CHARACTER
;

cveo—

NOTE: If CHARACTER LENGTH IS DEFINED AS 5.6. OR
7 BITS. THE UNUSED BITS ARE SET TO “ZERO"

PICTORIAL 5-5
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NOTE: In most communication systems, the 8251 will
be handling both the transmission and reception op-
erations of a single link. Consequently, the Receive
and Transmit Baud Rates will be the same. Both TxC
and RxC will require identical frequencies for this
operation and are tied together and connected to a
single frequency source.

DETAILED OPERATION DESCRIPTION
General

The complete functional definition of the 8251 is
programmed by the system’s software. A set of control
words must be sent out by the CPU to initialize the
8251 to support the desired communications format.
These control words will program the: Baud Rate,
Character Length, Number of Stop Bits, Synchronous
or Asynchronous Operation, Even/Odd Parity, etc. In
the Synchronous Mode, options are also provided to
select either internal or external character synchroni-
zation.

Once programmed, the 8251 is ready to perform its
communication functions. The TxRDY output is
raised ‘‘high” to signal the CPU that the 8251 is ready
to receive a character. This output {TxRDY) is reset
automatically when the CPU writes a character into
the 8251. On the other hand, the 8251 receives serial
data from the MODEM or /O device. Upon receiving
an entire character, the RxRDY output is raised
“high" to signal the CPU that the 8251 has a complete
character ready for the CPU to fetch. RxRDY is reset
automatically upon the CPU read operation.

The 8251 cannot begin transmission until the TxEN
(Transmitter Enable) bit is set in the Command In-
struction and it has received a Clear To Send (CTS)
input. The TxD output will be held in the marking

state upon Reset.
Programming the 8251

Prior to starting data transmission or reception, the
8251 must be loaded with a set of control words gen-
erated by the CPU. These control signals define the
complete functional definition of the 8251 and must
immediately follow a Reset operation (internal or ex-
ternal).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational charac-
teristics of the 8251. It must follow a Reset operation
(internal or external}. Once the Mode instruction has
been written into the 8251 by the CPU, SYNC charac-
ters or Command instructions may be inserted.

Command Instruction

This format defines a status word that is used to con-
trol the actual operation of the 8251.

Both the Mode and Command instructions must con-
form to a specified sequence for proper device opera-
tion. (See Pictorial 5-6.) The Mode Instruction must
be inserted immediately following a Reset operation,
prior to using the 8251 for data communication.

All control words written into the 8251 after the Mode
Instruction will load the Command Instruction.
Command Instructions can be written into the 8251 at
any time in the data block during the operation of the
8251. To return to the Mode Instruction format, a bit
in the Command Instruction word can be set to in-
itiate an internal Reset operation which automatically
places the 8251 back into the Mode Instruction for-
mat. Command Instructions must follow the Mode
Instructions.

c/D =1 MODE INSTRUCTION
co=1 COMMAND INSTRUCTION
co-0 % DATA ”
€/D =1 | COMMAND INSTRUCTION
-0 2 DATA

C/0 =1 | COMMAND INSTRUCTION

PICTORIAL 5-6
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PIN CONFIGURATION BLOCK DIAGRAM
o, v ~ 2ldo,
o, ]2 27 b,
RxD [ 3 26 3 Ve
GND [ 4 25 [} RxC <\;_‘/_r\ DATA TRANSMIT 0
— BUS BUFFER f—
S 24 J DOTR A BUFFER P-8)
o, [ 6 23 I RTs
D, 7 22 [ J DSR
6 8251
o, s 21 [ RESET
[ 20 [} cix RESET .| TXRDY
Xt .
WR ] 10 197 70 CCL/g——> READ/WRITE TRANSMIT
SO 18 ] TXEMPTY e oot conTRoL | 1E
—— . TxC
Q
RxRDY [ 14 15 |3 TxRDY &S

e g2 17| cTs WR_
RD ) 13 16 ] SYNDET
o
7/

—O
Pin Name | Pin Function Pin Name | Pin Function lﬁ._o 1| RECEIVE
D7-Dp Data Bus (8 bits) DSR Data Set Ready MODEM <: BUFFER J=—FRxD
c/D Control or Data 1s to be Written or Read DTR Data Terminat Ready CTS CONTROL ] {S P}
RD Read Data Command SYNDET | Sync Detect RTS w—f
WR Write Data or Control Command RTS Request to Send Data
cs Chip Enable cTs Ciear to Send Data t l
CLK Clock Pulse {TTL) TxE Transmitter Empty
ESET Reset Vece +5 Volt Supply . RxRDY
TxC Transmitter Clock GND Ground -
TxD Transmitter Data INTERNAL = g(fh(;‘EIR\é)EL e RxC
RxC Recetver Clock DATA BUS | <o SYNDET
RxD Receiver Data
RxRDY Receiver Ready (has character for 8080) N,

TxRDY Transnutter Ready (ready for char. from 8080}

PICTORIAL 5-7

Portions of this section are reprinted by permission
from Intel Corporation.
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SEMICONDUCTOR IDENTIFICATION

This section is divided into two parts; Component
Number Index and Part Number Index. The Compo-
nent Number Index provides a cross-reference be-
tween component numbers and their respective Part
Numbers. The component numbers are listed in num-

COMPONENT NUMBER INDEX

This index shows the Part Number of each semicon-
ductor on the Parallel I/O Circuit Board.

erical order. The Part Number Index provides a lead
configuration detail (basing diagram) for each
semiconductor Part Number. The Part Numbers in
this section are also listed in numerical order.

Diodes
CIRCUIT HEATH
COMPONENT PART
NUMBER NUMBER
D100 — D107 56 — 56
D110 — D117 56 — 56
D120 — D127 56 — 56
Transistor
CIRCUIT HEATH
COMPONENT PART
NUMBER NUMBER
Q101 417-875
Integrated Circuits
CIRCUIT HEATH
COMPONENT PART
NUMBER NUMBER
IC101 443-698
IC102 443-698
IC103 443-776
IC104 443-761
IC105 443-46
1C106 443-54
IC107 443-841
1C108 443-841
1C109 443-755

Integrated Circuits (cont’d.)

CIRCUIT HEATH
COMPONENT PART
NUMBER NUMBER
IC111 443-698
iC112 443-698
IC113 443-776
IC114 443-761
iIC115 443-46
IC116 443-54
1IC117 443-841
IC118 443-841
IC119 443-755
IC121 443-698
iC122 443-698
IC123 443-776
1C124 443-761
IC125 443-46
1C126 443-54
1C127 443-841
1C128 443-841
IC129 443-755
1C131 443-731
1C132 443-6
IC133 443-822
IC134 443-53
1C135 443-53
1C136 443-822
1C137 443-754
iC138 443-53
1C139 443-755
IC141 443-755
IC142 443-12
1C143 443-753
1C144 442-54
IC145 442-54
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PART NUMBER INDEX

This index shows a lead configuration detail (basing
diagram) of each semiconductor Part NUMBER.

Diodes
HEATH MAY BE
PART REPLACED [DESCRIPTION IDENTIFICATION
NUMBER WITH
NOTE: DIODES MAY BE SUPPLIED
IN ANY OF THE FOLLOWING SHAPES.
ALWAYS POSITIONTHE BANDED END
AS SHOWN ON THE CIRCUIT BOARD.
56-56 1N4149 S1 DIODE
10mA, 75V
BANDED END
Transistor
HEATH MAY BE
PART REPLACED IDENTIFICATION
NUMBER WITH
417-875 2N3904
£
B
c
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Integrated Circuits

HEATH
PART
NUMBER

MAY BE
REPLACED
WITH

DESCRIPTION

IDENTIFICATION

442-54

7805

5-VOLT
REGULATOR

S S)

i o

ouT GN(?UT

443 -12

7410

TRIPLE
3 INPUT
NAND GATE

443 -4¢6

7402

QUAD
2-INPUT
POSITIVE
NOR GATE

doco A 48 4A 3Y 3B 3A

o
sl

1 2 3 4] 5 6 7
Iy 1A 18 2y 2A 2B GND

443-53

1242

470 10 LINE
DECODER

INPUTS OUTPUTS
A

N

C Y 9 8 7

Yoo A B
o] s} fra] 13l l12} {11} {ro]{@

A

A b 1 ]

A 8 C D

o 1 2

[*4 j

4 5 6 8 9

Aganasll

~N

—[r
~lw —

alw
v
)
o

L—[L

4
J 3
~

QUTPUTS

443-54

7403

QUAD 2-INPUT
NAND GATE

Ve 4B 4A 4y 3B A 3V

RS
O[O

g 2131418116117
1A~ 1B 1Y ZA 2B 2Y GND
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Integrated Circuits (cont’d.)
HEATH MAY BE
PART REPLACED DESCRIPTION IDENTIFICATION
NUMBER WITH
Vee 48 4A 4Y 3B 3A 3Y
14L. 113 112141 10 9 8
443-698 1486 QUAD EXCLUSIVE »
OR GATE (@W *3D1
1HaHasHasHsHeH~
1A 18 Y 2A 2B 2Y GND
Vee 2CLR 20 2CK 2PR 2Q 20
14 1312t i1 1C 9 8
| YVt
DUAL D-TYPE — 1[) -
u POSITIVE-EDGE- TR B
3-6 7474 ; — - -
iy B [
b pp o —2
WITH PRESET AND o
CLEAR —“ﬁj
1 HeHsHaHsHeH
ICtR 1D 1CK 1PR 1Q 1@ GND
OUTPUTS
INPUT INPUT —A——
Vee Rpi2iReq1) 8 A QA Qp
14 13112411 10 9 8
R R Q
443-131 7415290 BCD UP b IS
COUNTER ot b
R92) Q¢ 0Og
1 2 3 4 5 6 7
Ro(1y NC Rgrzy Qc O, NC COND
QUTPUTS
Ve 20 1Y1 2A4 vz ZA3 1Y3 2A2 1Y4 2A1
zo-J}-{io {7 -fe}fis| el iz |-
OCTAL BUFFERS/
LINE DRIVERS/ K
443-754 7415240 LINE RECEIVERS i
INVERTED %
3-STAGE OUTPUTS VA A
[ FEF e e Fio
16 1A1 2A4 1A2 A 1A3 2Y2 1A4 2Y1 GND
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Integrated Circuits (cont’d.)

MAY BE
REPLACED
WIiTH

HEATH
PART
NUMBER

DESCRIPTION

FDENTIFICATION

443-755 741504

HEX INVERTER

Vie 6A 6Y  SA 5Y  4A 4y
J1al 1131 12l J11] J1ol Jol s

1A 1Y 2A 2y 3A  3Y GND

443-761 6402

UART

N

o

m o

DBl
EOC

o Il
2l <o

AAMAGA

[Ing?
$[)TsB
/[N
2[cs
w[Joes
s[Jopr7
JoPe
w1085
w[Jos4
2[Jo83
x[os2

w

s[Jice
v
[ INBI

6 25 24 23 22 21

@
©

3
S
b
=
&
i~
E
3
8

Vecl+sviCT]e=
v~
O«
s
gy -

rRD8(]+
ro7C] =
RD6]~
RD5[(]=
RDA[]=
R D3
R 02
R0 1]
Pe(]
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