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Test Equipment, Weather Instruments,
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YOUR HEATHKIT 1 YEAR LIMITED WARRANTY
Consumer Protection Plan for Heathkit Consumer Products

Welcome to the Heath family. We believe you will enjoy assembnng gour kit and will be pleased with its performance.
Please read this Consumer Protection Plan caretully. It is a *LIMITED WARRANTY" as defined in the U.S. Consumer
Product Warranty and Federal Trade Commission Improvement Act. This warranty gives you specific legal rights,
and you may also have other rights which vary from state to state.

Heath's Responsibility

PARTS — Replacements for factory delective parts will be supplied free tor 1 year from date of purchase. Replacement paris are
warranted for the rernainin% portion of the original warranty period. You can obtain warranty parts direct from Heath Company by
writing or telephoning us at (616) 882-3571. And we will pay shipping charges 10 get those parts 1o you . . . anywhere in the world.
SERVICE LABOR — For a period of 1 year from the date of purchase, any malfunction caused by defective parls or m

will be corrected at no charge to you. You must deliver the unit at your expense to the Heath factory, any Heath/Zenith Computers
and Electronics center (units of Veritechnology Electranics Corporation), or any of our authorized overseas distributors.

TECHNICAL CONSULTATION — You will receive free consultation on any problem you might encounter in the assembly or use
of our Heathkit product. Just drop us a line or give us a call. Sorry, we cannot accepl collect calls.

NOT COVERED — The correction of assembly errors, adjustments, calibration, and damage due to misuse, abuse, or negligence
are nol covered by the warranty. Use of corrosive solder and/or the unautherized modification of the product or of any fumished
component will void this warranty in its entirely. This warranty does not include reimbursement for inconvenience, loss of use, customer
assembly, set-up time, or unauthorized service.

This warranty covers only Heath products and is not extended to other equipment or components that a customer uses in conjunction
with our products

SUCH REPAIR AND REPLACEMENT SHALL BE THE SOLE REMEDY OF THE CUSTOMER AND THERE SHALL BE NO LIABILITY
ON THE PART OF HEATH FOR ANY SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING BUT
NOT LIMITED TO ANY LOSS OF BUSINESS OR PROFITS, WHETHER OR NOT FORESEEABLE.

Some slates do not allow the exlusion or limitation of incidental or consequential damages, so the above limitation or exclusion
may not apply to you.

Owner's Responsibility

EFFECTIVE WARRANTY DATE — Warranty begins on the date of first consumer purchase. You must supply a copy of your proot
of purchase when you request warranty service or parts.

ASSEMBLY — Befare seeking warranty service, you should complete the assembly by carefully following the manual instructions.
Heathkit service agencies cannot complete assembly and adjustments thal are customer's resonsibility.

ACCESSORY EQUIPMENT — Performance maltunctions involving other non-Heath accessory equipment (antennas, audio compo-
nents, computer peripherals and software, etc.) are not covered by this warranty and are the owner's responsibility.

SHIPPING UNITS — Follow the packing instructions published in the assembly manuals. Damage due to inadequate packing cannot
be repaired under warranty.

It you are not salisfied with our service (warranty or otherwise) or our products, write to our Director of Customer
Service, Heath Company, Benton Harbor MI 49022, He will make certain your problems receive immediate, personal
attention.
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INTRODUCTION

The SA-5010A pMatic Memory Keyer is a compact
unit with modern design in electronics and styling.
The Memory Keyer uses a microprocessor which
keeps component count low and reliability high.
Features of the Memory keyer include:

1.

Up to 10 buffers for storing text or commands.
These are variable length buffers, which elimi-
nates wasted memory space. Available memory
is also effectively increased by the use of “com-
mand strings”” and by a repeat feature which
allows you to automatically send a message up
to ten times.

An editing feature which allows easy recovery
from errors when you load a message buffer.

A built-in sidetone oscillator and speaker with
variable volume and pitch. A phone jack and
earphone are provided for private use.

A thin 22-position keypad lets you select
character formation, speed, character spacing,
character weighting, message repeat count, buf-
fer number and mode. The sidetone is gated to
provide audible feedback to produce a “'click.”
Illegal entries and error conditions produce a
“warble.”

Integral capacitive “‘touch” paddles which re-
duce fatigue. The paddles unplug and store in-
side the Keyer when not in use. Also, a rear
panel jack is provided for an external mechani-
cal paddle assembly.

Full “iambic"” features.

Five LEDs to indicate the current mode of the
Keyer.

10.

11.

12.

13.

A “practice” mode which allows you to send
random code groups of random length and
selectable types (alpha, alphanumeric, and al-
phanumeric plus punctuation). 100 different
repeatable random sequences are available, all
of which are altered every time you turn on the
Keyer.

A (P/C) key which allows you to pause, manu-
ally insert text into a buffer message being sent,
and then continue. When you insert a pause
character in a message or command string, an
automatic pause is made at that point so you can
manually insert text.

CMOS memory with battery backup toretain the
buffer contents, as well as the last-selected
speed, spacing, weight, and repeat count while
the Keyer is turned off and unplugged.

Selection of either right-handed or left-handed
operation from the keypad.

Built-in diagnostics that check the micro-
processor each time the Keyer is turned on, and
test RAM when batteries are replaced or when
the Keyer is reset.

Automatic shutoff after more than approxi-
mately 15 minutes of non-use.

NOTE: If you intend to operate your Keyer
with an optional AC transformer, please
refer to Page 38 and read the information
under “Power Transformer” at this time.
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ASSEMBLY NOTES

TOOLS

You will need these tools to assemble your kit.

LONG-NOSE
PLIERS

PHILLIPS
SCREWDRIVER

STRIPPERS

1/8"&1/4"-BLADE

FLAERS DIAGONAL SCREWDRIVERS

CUTTERS

OTHER HELPFUL
TOOLS

IRON

DESOLDERING

PENCIL

NUT STARTER SOLDERING IRON

MAY BE SUPPLIED

P WITH KIT) (25 T0 40 WATTS)

i

i

i *10 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.

The illustrations in the Manual are called Picto-
rials and Details. Pictorials show the overall op-
eration for a group of assembly steps; Details
generally illustrate a single step. When you are
directed to refer to a certain Pictorial “for the
following steps,” continue using that Pictorial
until you are referred to another Pictorial for
another group of steps.

that contains illustrations (Pictorials, Details,
etc.) that are too large for the Assembly Manual.
Keep the “Illustration Booklet” with the As-
sembly Manual. The illustrations in it are ar-
ranged in Pictorial number sequence.

Position all parts as shown in the Pictorials.

Solder a part or a group of parts only when you
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 com-
ponent is installed,

— In some illustrations,

— In Troubleshooting Charts,
— In the Schematic,

— In the sections 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 eve injury when
you cut off excessive lead lengths. Hold the
leads so they cannot fly toward your eyes.

SOLDERING

Soldering is one of the most important operations
vou will perform while assembling your kit. A good
solder connection will form an electrical connection
between two parts, such as a component lead and
a circuit board foil. A bad solder connection could
prevent 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 22 to
25-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.

NOTE: Always use rosin core, radio-type solder
(60:40 tin-lead content) for all of the soldering in
this kit. This is the type we have supplied with the
parts. The Warranty will be void and we will not
service any kit in which acid core solder or paste
has been used.
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RESISTORS RESISTOR COLOR CODE CHART
. . . . ) Band 1 Band2 | Band3 Muitiplier
Resistors are identified in Parts Lists and steps by (if used)
their resistance value in Q) (ohms), kQ (kilohms), or — — —
MQ (megohms). They are usually identified by a Color IstDigit | 2nd Digit | 3rd Digit
color code of four or five color bands, where each Black 0 0 0 1
color represents a number. See the “Resistor Color Brown 1 1 1 10
Code” chart. These colors are given in the steps in gf:nge g g g 11880
their proper order (except for the last band, which Yellow 4 4 4 10,000
indicates a resistor’'s “tolerance”; see the “Resistor Green g 5 5 1(?(?60880
N 1 : Blue 6 6 1,000,
Tolerance Chart”). You do not need to memorize the Violet T 7 2 10,000,000
color codes. Gray 8 8 8 100,000,000
White 9 9 9 —_
- Silver — —_— —_— .01
BANDS: 12 3Mump||e-r Tolerance Gold — —_— —_— A
5-BAND RESISTORS
(+1%) RESISTOR TOLERANCE CHART
COLOR OR LETTER
4-BAND RESISTORS =10% SILVER
=1l ~ 5% LD J
BANDS: 1 2 (:5%) 32 s
Muttiplier ' olerance = 2% RED G
= 1% BROWN F
Occasionallv. & “orecisian® o L ~0.5% GREEN D
ccasionally, a “precision or “power” resistor may ~0.05% BLUE S
have the value stamped on it. The letter R, K, or
i S . +0.1% VIOLET B
M may also be used at times to signify a decimal -
point,asin: 2R2 =220 *0.05% GRAY
2K2 = 2.2 k{(}, or 2200 0
Mk MULTIPLIER CHART
Gt : ; FOR THE MULTIPLY FOR THE MULTIPLY
Precision resistors may also be marked as shown in NUMBER: BY: NUMBER: BY:
the following examples. The values of the multi- o y 2 10.000
pliers are shown in the “Multiplier Chart,” and the . o = 100'000
tolerance values are shown in the “Resistor Toler- '
ance” chart. £ 190 A gt
3 1000 9 0.1
Resistor Multiplier
Value Tolerance CAPACITOR TOLERANCE CHART
[/ 10 pF OR OVER
—_— LETTER
EXAMPLES: 1009C=100x0.1 =101}, =0.25% LESS 10 pF
1001D=100x10=1000 (2, +0.5% B =01 pF
c +0.25 pF
CAPACITORS D =0.5pF
F +=1.0pF *1%
Capacitors will be called out by their capacitance G =2.0pF +2%
value in pF (microfarads) or pF (picofarads) and H +3%
type: ceramic, Mylar®, electrolytic, etc. Some J +5%
capacitors may have their value printed in the fol- K ~10%
lowing manner: v - 20%
First and second digits of
capacitorsvalue: 15 EXAMPLES: 151K = 15 x 10 = 150 pF
- 759 = 75 x 0.1 = 7.5pF

Multiplier: Multiply the 151K

first & second digits by NOTE: The letter “R" may be used at times to signify a decimal

the proper value from the point, asin: 2R2 = 2.2 (pF or pF).
“Multiplier Chart.” "

To find the tolerance of
the capacitor, look up
this letter in the capacitor Tolerance chart.
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LED CIRCUIT BOARD

PARTS LIST

Remove Pack #1 from the carton and check each part
against the following list. Make a check (/) after each
part as you identify it. The key numbers correspond to
the numbers on the Parts Pictorial. Some parts may be
packed in an individual envelope with a part number
on it. After you identify these parts, place them back
in their bag or envelope until a step calls for them. Do
not throw away any packing material, bags, or en-
velopes until all the parts are accounted for.

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with the kit. If one is not available, see ““‘Replacement
Parts” inside the rear cover of the Manual. Your War-
ranty is located inside the front cover.

KEY HEATH  QTY. DESCRIPTION CIRCUIT KEY HEATH  QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
RESISTORS, 1/4 Watt MISCELLANEOUS

NOTE: The following resistors have a tolerance of 5%. 5% is C1 7364 Wide double-stick foam tape

indicated by a fourth color band of gold.

Al 6-271-12 3 270 Q (red-viol-brn) R101,R102,
R104

Al 6-102-12 1 1000 Q) (brn-blk-red) R103

SEMICONDUCTORS

B1 412-79 5 TIL209 LED D101, D102,
D103, D104,
D105

B2  417-801 1 MPSAZ20 transistor Q101

1
C2 73-147 1 Narrow double-stick foam tape
85-2520 1 LED circuit board
347-55 2'  Flat cable

PARTS FROM FINAL PACK

D1 490-185 1  Desoldering braid
1 Assembly Manual
(See page 1 for Part Number)
597-260 1 Parts Order Form
Solder

PARTS PICTORIAL

@/
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STEP-BY-STEP ASSEMBLY

PUSH DOWN
HERE

PICTORIAL 1-1

Refer to Pictorial 1-1 for the following steps.

() Position the circuit board with the foil side up
and the part number as shown.

NOTE: In the following steps, you will be given in-
structions on how toinstall and solder the first part on

the circuit board. Read and perform each step care-
fully.

(*) R101: Connecta 270 Q) (red-viol-brn) resistor to
the foil side of the circuit board at R101. Refer to
the inset drawing and hold the resistor by the
body as shown and bend the leads straight
down. Push the leads through the circuit board
holes and press the resistor against the circuit
board. Then bend the leads over slightly to hold
the resistor in place.

() Solder theresistor leads to the circuit board foil
as follows.

PART
NUMBER

LED
CIRCUIT
BOARD

~SFoIL
SIDE

Q)

R101
270Q
(RED-VIOL-BRN)

Refer to the illustrations on the following Page.

1. Push the soldering iron tip against both the lead
and the circuit board foil. Heat both the lead and
the foil for two or three seconds. Do not apply
too much heat to the connection or you may

damage the part. Then apply solder to the other
side of the connection.

IMPORTANT: Let the heated lead and the circuit
board foil melt the solder.

2. As the solder begins to melt, allow it to flow
around the connection. Then remove the solder
and the iron and let the connection cool.

() Turn the circuit board over and cut off the ex-
cess lead lengths close to the circuit board.
WARNING: Clip the leads so the ends will not
fly towards your eyes.

( ) Check the connection. Compare it with the il-

lustrations on Page 9. After you have checked
the solder connections, proceed with the As-

sembly. Use the same soldering procedure for
each connection.
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A GOOD SOLDER CONNECTION

I_——————————_—_————_1

Solder Flows Outward
And Gradually Blends
With The Foil And The
Lead.

FOIL
A

o 4
7~ .7 Soldering

?

s Iron

"™ Positioned
Correctly

e

| When you heat the lead and the circuit board foil at the same
| time, the solder will flow evenly onto the lead and the foil.

|L\\ T

The solder will make a good electrical connection between |

Lthe lead and the foil.

POOR SOLDER CONNECTIONS

[ IS SIS S S S SN S CENN S G S SIS S SESSW SIS SIS SEE S S S S S SIS A G S I G G S S S S —
7

Solder Does Not Flow

Onto Lead. A Hard Rosin i ,

Bead Surrounds And & )
Insulates Connection. ROSIN ,~ 2 Soldering

/f s Iron

’ .

P Positioned
Foik A Incorrectly

D \]”}\ NN

When the lead is not heated sufficiently, the solder
will not flow onto the lead as shown above. To cor-
rect, reheat the connection and, if necessary, apply a
small amount of additional solder to obtain a good

L-connection.

SOLDER BRIDGES

A

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: It is alright for solder to bridge two connec-
tions on the same foil.

Use only enough solder to make a good connection,
and lift the soldering iron straight up from the circuit
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.

7 7
Solder Appears To 75 Solderi
: ; dering
Flow Inward Anq Sit On /,’/’/, S e
Top O Fo. ey Positioned
& Incorrectly
Oll, )_-ROSIN
= = —

When the foil is not heated sufficiently the solder will
blob on the circuit board as shown above. To correct,
reheat the connection and, if necessary, apply a small
amount of additional solder to obtain a good connec-
tion.

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

Install 270 Q (red-viol-brn) resistors at the following
locations:

( ) Rio2.
() Ri104.

( ) RefertoDetail 1-2A and melt a small amount of
solder at each LED lead location. This will re-
duce your chances of overheating the delicate
LEDs.

D104
\ DOT R101

D101

DOT

L 7
D103 R103 D102 R104 R102

FOIL SIDE OF

\U}JIT BOARD

— Heathkit

CAUTION: The five TIL209 (#412-79) LEDs you will
install in the following steps can be easily damaged if
vou install them backwards or use too much heat
when you solder their leads to the circuit board foils.
Install each LED as follows:

1.  Inserttheleads of the LED up through the circuit
board hole so the leads end up on the foil side.
Push the body of the LED tight against the board.

2. Position the flat on the LED body towards the
circuit board foil that has the dot.

3. Bend the leads of the LED against their correct
foil pads. Be sure the leads are away from any
unused holes in the board.

4. Cut off the excess lead lengths at the outside
edge of their foil.

5. Have another person hold the pointed end of a
metal object against both leads of the LED where
the leads come out of the hole in the circuit
board. Hold the metal object (heat sink) with
pliers to keep from getting burned.

6.  Solder each lead at its end near the outside edge
of its foil pad. Remove the soldering iron as
quickly as possible, but hold the metal object
against the leads until the connections have

cooled.
FLAT— PUSH LED () D101
POSITION FLAT ON THE LED LED Ellggmﬁgéggg
TOWARDS DOT ON THE —
FOIL SIDE OF BOARD (") .
£ PGINTED METAL OBJECT
(NAIL,ETC.) ( ) D103.
BEND LEADS FLAT AGAINST
CIRCUIT BOARD FOILS APPLY SOLDER ONLY
AND AWAY FROM 5InNNGEHD D104,
ANY HOLES IN FO&SW AT END OF LEADS ()
FHEELE ( /J D105.
Detail 1-2A
O v o w 3 1 (INCHES) 2 3 4 5 6
SV T Vsl M CONN PR WK BEVR SR P Lo b g Lol e e T e
| RAALEARSLS EEm Tt T T i t T | T |
O % 1 (@cm 2 3 4 5 6 7 8 10 1 12 13 14 18 18 17
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10
wiv-gony  BEND BACK
AGAINST
FLAT CIRCUIT

BOARD

FOIL SIDE
OF
CIRCUIT BOARD

Detail 1-2B

Q101: Refer to Detail 1-2B and position the flat
of an MPSA20 (#417-801) transistor as shown.
Insert the leads into the circuit board holes at
Q101 from the foil side and then solder the
leads to the foil. Cut off the excess lead lengths
from the component side.

Refer again to Detail 1-2B and bend transistor
Q101 back against the circuit board as shown.
Be careful not to short the leads together.

5-1/2"
FLAT CABLE
1/4"
N aS~_CUTTERS
REMOVE O J
BRN WIRE

Detail 1-2C

END A

2=1/2"

f—— -1 /4 " ———————————————]

RED

ORG*

5-1/2"

R103: Connect a 1000 £} (brn-blk-red) resistor at
R103.

Set a pair of cut-off resistor leads aside for use
later on.

Cut a 5-1/2" length of flat cable.

Refer to Detail 1-2C and, with a pair of cutters,
separate the leads at both ends of the flat cable
for approximately 1/4". Let the short edge of the
cutters seat in the groove between the leads,
then cut them apart. Be careful not to cut the
insulation and expose the fine wire strands.

Completely remove the brown wire from the flat
cable to make a 7-wire cable. Set the brown wire
aside for use later.

In the next step, you will prepare the ends of this
7-wire cable. You may find it easier to use a pen or a
marking pencil to mark the point at which the indi-
vidual wires are to be separated; then separate the
wires to that point. Since the drawing is shown full
scale, you may place your cable directly over it and
cut the individual wires to the lengths shown.

To prepare the end of a stranded cable wire, remove
1/4" of insulation from it and twist the fine wire
strands tightly together. Then melt a small amount of
solder on the wire strands to hold them together.

( /] Refer to Detail 1-2D and prepare end A of the
7-wire cable. Separate the wires to the distance
shown and prepare the wire ends.

(" ) Refer again to Detail 1-2D and prepare end B of
the 7-wire cable as shown.

END B

FULL SCALE

f———1-1/2"————

1!2”_-_

/RED

ORG
="

GRN ——————— L 2
BLU ——t— B LU
\.flfj(_ﬂ""é;-ﬂ:’fg S " VIO0L

“GRAY

Detail 1-2D
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NARROW
DOUBLE STICK
FOAM TAPE

Detail 1-2E

ORG

Refer to Detail 1-2E and connect end A of the prepared
7-wire cable to the foil side of the circuit board as
shown. Solder each wire as you connect it and cut off
the excess wire lengths from the other side of the
circuit board. Position each wire approximately 1/16"
above the foil to make soldering easier as shown in the
inset drawing.

NOTE: The hole callouts in the following steps, are

not printed on the circuit board. Refer to the illustra-

tion for these callout designations.

() Orange wire at hole ORG.

() Green wire at hole GRN.

( ) Red wire at hole RED.

( ) Blue wire at hole BLU.

( ) Gray wire at hole GRAY.

( ) Yellow wire at hole YEL.

() Violet wire at hole VIOL.

() Check all the solder connections at this time
and make sure there are no solder bridges be-
tween foils (see Page 9), loose or unsoldered

connections, or incorrectly installed parts.
After you have done this, complete the remain-

21
WIDE FOAM
>, TAPE

|

O g== FOIL SIDE
= OF
CIRCUIT BOARD

PART A

PEEL-OFF
PAPER BACKING

4

LED
CIRCUIT BOARD

CENTER

PART B

DOUBLE-STICK

it ””\

PICTORIAL 1-3

Retfer toPart A of Pictorial 1-3 for the following steps.

( 1) Locate the 2" piece of wide double-stick foam
tape.

() Remove the paper backing from one side of the
foam tape and press the tape over the circuit
board on the foil side. Position the wires out of
the way as shown.

Refer to Part B of Pictorial 1-3 for the following steps.

() Turn the LED circuit board over (wide foam
tape down).

( ) Cuta 1-3/4" piece of narrow double-stick foam
tape.

() Remove the paper backing from one side of the
narrow double-stick foam tape. Press the adhe-
sive side of the foam tape along the edge and
centered with circuit board. The 7-wire cable
should be opposite the foam tape on the other
side of the circuit board as shown.

( ) Set the remaining narrow double-stick foam
tape aside for use later.

This completes the LED circuit board assembly. Set

ing steps. the assembly aside until it is called for later.
O v o 3y 1 (INCHES) 2 3 4 5 6 7
BNe A A P W SR B S e (T e g l.la Ii ! ll ! Il L I‘IL*'J
6 "I" ‘l (C™m) L ; : é '6 '7 lﬂ 10 1[1 12 13 14 15 16 17
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MAIN CIRCUIT BOARD

PARTS LIST

Remove Pack #2 from the carton and check each part not throw away any packing material, bags or en-

against the following list. Make a check (/) after each
part as you identify the part. The key numbers corres-
pond to the numbers on the Parts Pictorial (Illustra-
tion Booklet, Page 1). Some parts may be packed in a
bag or an individual envelope with a part number on
it. After you identify these parts, place them back in

velopes, until all the parts are accounted for.

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with this kit. If one is not available, see “Replacement
Parts™ inside the rear cover of this Manual.

their bag or envelope until a step calls for them. Do

KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
1% Precision (brown fifth color band
RESISTORS, 1/4-WATT ’ ( :
2 ; A2 6-1005-12 1 10 MQ (brn-blk-bik- R26
NOTE: The following resistors have a tolerance of 5%. 5% is am) i
indicated by a fourth color band of gold. The resistors may be
packed in more than one envelope. Open all the resistor
envelopes before you check them against the following list.
. CONTROLS
Al 6-150-12 1 150 (brn-gm-blk) R42
Al 6-271-12 3 270 Q (red-viol-brn) R1, R31, R32 A3 10-1142 1 100 k() R39
Al 6-102-12 3 1000 Q (brn-blk-red) R23, R37, R41 A3 10-1140 1 5000 R38
Al 6-222-12 2 2200 {) (red-red-red) R24, R25 A3 10-1138 2 10k R12, R13
A1l 6-332-12 3 3300 Q (org-org-red) R14, R15, R35
Al 6-103-12 17 10 kQ (brn-blk-org) R2, R3, R5, CAPACITORS
R6, R7, R8,
R9, R11, R16, Ceramic
R17, R18, R19,
22;' 252‘ F2f, B1 21121 2 56 pF c11,C12
: B2 21-192 9 1 uF (104) C14, C15, C1s,
A1l 6-183-12 1 18 kQ (brn-gry-org) R4 C17, C18, C19,
Al 6-104-12 3 100 k1 (brn-blk-yel) R28, R33, R34 C21, C22, C23
B2 21-744 2 82 pF (820) C24, C25
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===
KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. No. Part No. Comp. No.
Electrolytic Integrated Circuits
B3  25-930 1 22 uF Cc7 NOTE: Integrated circuits are marked for identification in one
B3 25864 1 10 uF c3 of the following four ways:
B4 25-917 2 10 uF vertical C1, C2
B4 25047 Al o ; $3§em|flr$r?1ﬁ;r (On integrated circuits, use only
BB‘: 255-_3322 ; 46780 : FFVV:I_::E:' gg ci3 those numbers and letters in BOLD print. Disregard
’ ’ any other numbers or letters).
3. Part number and type number.
4. Part number with a type number other than the one
Mylar* shown.
Do not remove the IC's from their conductive foam package
85 2774 1 DwF C4 until you are instructed to do so in a step. P ’
B5 27-137 1 .02 uF c5
C2  442-827 1 78L0O5 uUs
C3  443-603 1 CD4011 us
C3  443-607 1 14013 U1
SEMICONDUCTORS e A e 6
. C3  443-706 1 14071 u9
Diodes C3 443879 1 74LS174 u7
C3  443-933 2 5101 or51L01 u2,u3
C1  56-56 5 1N4149 D1, D5, D8, C3 44469 1 3870 U1
D7, D13
C1 56-89 3 GD510 D2, D3, D4
C1  57-65 4 1N4002 D8, D9, D11, | CONNECTOR — PLUG — SOCKETS
D12
D1 432-866 3  Spring connector
i D2  432-986 1 3-pin right-angle plug P2
Transistors D3  432-1080 1 3-hole socket (white) P3
D4 432-1132 1 14-pin in-line socket P1
NOTE: Transistors are marked for identification in one of the D5  434-253 1 40-pin IC socket
following four ways: D5  434-298 3 14-pin IC socket
T S——— D5  434-299 2 16-pin IC socket
2. Type number. (This refers only to the numbers: the B8 ey 2 Eanic st
5 Ipett:rs m?ay be (iilffterent or rtr;issing.)
. Part number an e number.
4. Part number with ayt?(pe number other than the one MISCELLANEOUS
shown.
75-93 11" x 1"insulating paper
C2 417-235 2 2N4121 Q6, Q15, E1 208-49 2  Battery clip
C2 417-294 1 MPSA42 Q14 E2  258-747 2  Brass spring clip
C2  417-801 8 MPSA20 Q1, Q2, Q3, E3  404-238 1 3579.545 kHz crystal Y1
Q4, Q5, Q7, E4  490-111 1 IC puller
Qi11, Q12
c2 417-864 1 MPSAQ5 a7
C2  417-865 4 MPSAS5 a8, a9, 013, | PARTS FROM FINAL PACK
Q18
C2 417-927 1 MPSA93 Q16 85-2600-1 1 Main circuit board

*Registered Trademark, DuPont Corporation
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STEP-BY-STEP ASSEMBLY

CIRCUIT BOARD ASSEMBLY

=
If you wish to have the Keyer automat- (S d(j

ically set for left-handed operation (g ;
when vou apply power, perform the D Q é = @ _i:;_
steps on this page; otherwise, skip this

O

page. Oé 'Dg) D)

Your Keyer is designed so that {7
whenever you apply power, it is set for oo
right-handed operation. This means S

—Ij—

that the left paddle will produce dots
and the right paddle will produce
dashes, (This mode of operation may L1
be temporarily switched by simul-
taneously pressing the [LOAD] and
[SEND] keys. See “Operation’ on Page

53.). 0 0

() With a single-edged razor blade,
cut the indicated foil area on the

component side of the circuit
board.

Turn the circuit board over with
the foil side facing up. (The foil
side is the side with no white
printing on it. The white printed
side will be referred to as the
“component” side during the as-
sembly.)

CUT FOIL
/ HERE

Refer to the inset drawing and lo-
cate the foil area directly under
the two jumper wire lines. Use a
single-edged razor blade and cut
the indicated foil area.

Locate the two cut-off resistor
leads you set aside earlier and cut
them to 3/8". Then bend the ends
down 1/16". See Detail 2-1A.

Refer to Detail 2-1A and install the
two prepared 3/8" resistor leads
on the foil side of the circuit board INSET
as shown. Make sure that none of
the wire ends protrude above the
component side of the circuit
board; then'solder the leads to the

)
FOIL SIDE

Detail 2-1A

foil.
PICTORIAL 2-1
(o] Y% Y% 3 1 (INCHES) 2 3 4 - 6 7
I”E’x”"l”"’ 7’°| 1.I.1,l41.l.x.i.:.l.|.lAl.l.;.I,J.IA1.|7.1L‘1.1L'1
| RARRIRALES T '[ T T T T T T T T T T T T T T T T T T o T T T T T T T
0O 5 1 (@m 2 3 4 s 6 7 o 10 11 12 13 14 18 16 17
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START &

he shaded area in the Identification
Drawing at the top of each page indi-
cates what portion of the circuit board
you will be working with in each Picto-
rial. Always refer to the drawing before
you begin the assembly.

T

(

) Position the circuit board with the
component side facing up and the

part number as shown.

) R18: 10 kQ (brn-blk-org).

) R22: 10 k2 (brn-blk-org).

) R23: 1000 2 (brn-blk-red).

IDENTIFICATION
DRAWING

PART .
NUMBER
7

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

) R17: 10 kQ (brn-blk-org).

) R11: 10 k) (brn-blk-org).

) R9: 10 k) (brn-blk-org).

:

NN
-

)

/4

T
NNy

) R16: 10 kQ (brn-blk-org).

) R31: 270 Q (red-viol-brn).

) R32: 270 ) (red-viol-brn).

) R33: 100 kQ (brn-blk-yel).

) R34: 100 k2 (brn-blk-yel).

) R35: 3300 ) (org-org-red).

) Solder the leads to the foil and cut

off the excess lead lengths.

\
A
-\\
a

L\é_/
5\:;1‘@0@'

PICTORIAL 2-2
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E ; Mount a brass spring clip on the

circuit board as follows:

1. Apply a small amount of
solder on the indicated foil
areas of the circuit board.

2. Hold the indicated end of
the spring clip with a pair
of long-nosed pliers and
apply a small amount of
solder on the indicated sur-
face at the other end of the
clip.

3. Position the spring clip
over the indicated foil area
on the circuit board. Press
the clip down against the
circuit board foil with a
small screwdriver and
check to make sure the end
with the 90° bend fits into
the circuit board notch
without binding against
the edges. Then, while you
hold the clip in place with
the screwdriver, solder it to
the foil. Hold the clip in
place until the solder cools.
Press the clip down to
make sure it is positioned
correctly and does not bind
against the board edges.

1. =S APPLY
= o <\_\S‘PLD'ER
C(;‘Ddoqa‘o <,

2.
SOLDERING SPRING CLIP
s

kRN PLIER

SCREW

APPLY HEAT
TO MELT,
SOLDERcs?

"‘/k;/_l, > T’

() Similarly, install the remaining
brass spring clip on the circuit
board.
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NOTE: The remaining resistors will be
mounted vertically in the following
steps. Bend one resistor lead along the
side of the resistor body. Then mount
the resistor over the circuit board out-
line and push it down against the cir-
cuit board as shown.

IDENTIFICATION
DRAWING

PART
NUMBER

/

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

() R36: 10 k€2 (brn-blk-org).

() R37: 1000 € (brn-blk-red).

() R29: 10 k) (brn-blk-org).

NOTE: When you install a diode, al-
ways match the band on the diode with
the band mark on the circuit board.
THE CIRCUIT WILL NOT WORK IF A
DIODE IS INSTALLED BACKWARDS.
See Detail 2-3A.

SOLID
BODY

BANDED~—

COLORED
END ™ L~ END

Z

BANDED
END \ !

If your diode has a solid body, the band
is clearly defined. If your diode has a
glass body, do not mistake the colored
end inside the diode for the banded
end. Look for a band painted on the
outside of the glass.

Install two GD510 diodes (#56-89) at:

IMPORTANT: THE BANOED END OF DIODES CAN
BE MARKED IN A NUMBER OF WAYS.

BANDED END (CATHODE)

Detail 2-3A

PICTORIAL 2-3

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

—_
—

Page 17

{Ei R42: Install one lead of a 15 Q

(brn-grn-blk) resistor at hole H.
Space the resistor body 1/16" off
the circuit board and cut the other
lead to 3/16".

Install six 10 kQ) (brn-blk-org) resistors
at:

( ) R2.,

[ ) Rs.

) RY;

( ) Rs.

[ ) R5.

() R3.

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

—_—
—

() R4: 18 k) (brn-gry-org).

—

R14: 3300 () (org-org-red).

R15: 3300 ) (org-org-red).

R41: 1000 €} (brn-blk-red).

Solder the leads to the foil and cut
off the excess lead lengths.
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The steps performed in this Pictorial are
in this area of the circuit board.

PART —Z
NUMBER—™1 ™' %
IDENTIFICATION
DRAWING

START @ |

D4: GD510 diode (#56-89).

—_—

D7: 1N4149 diode (#56-56).

R19: 10 k2 (brn-blk-org).

—

R21: 10 k? (brn-blk-org).

R24: 2200 ) (red-red-red). \
Y
—

.-..

Solder the leads to the foil and L iz

cut off the excess lead lengths. L 0 é

() R26: 10 MQ, 1% precision (brn- }HKD D) lrgil

blk-blk-grn). é - é 0 Q '

T 1 o a l

() R25: 2200 Q (red-red-red). Mlé In I
. __——"'-‘ I 0—9 = I

() R1:270 Q (red-viol-brn). == I 3 '

() R27: 10 k2 (brn-blk-org). A

( ) R28: 100 k) (brn-blk-yel).

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

PICTORIAL 2-4

Heathkit

[CONTINUE IS

(
(
(
(

Install four IN4002 (#57-65) diodes at:

) D9
) D8
) D11
) D12

(
(
(
(

Install four IN4149(#56-56) diodes at:

) D5
) D6
) D13
) D1

(

) Solderthe leads to the foil and cut
off the excess lead lengths.
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NOTE: In the following steps, you will
install 14-pin, 16-pin, 22-pin, and
40-pin IC sockets. Be careful when vou
install these sockets, as it is possible to
place a 14-pin socket in a 16-pin soc-
ket location by mistake. Solder the
pins to the foil as you install each IC
socket.

MARK

NOTE: It is very easy to form a solder
bridge between foils on the circuit
board. After each solder step, carefully
inspect the foil for solder bridges and
remove any that have formed.

If a solder bridge has occurred, hold
the circuit board foil-side-down as
shown, and hold the soldering iron tip
between the two points that are
bridged. The solder will flow down the
soldering iron tip.

IC

CIRCUIT SOCKET
BOARD i

LELEETIIEEEITTIFIESEEIEIEIS s
FOIL UL 00U
SOLDERING SOLDER

FRON \1L BRIDGE

Install two 22-pin IC sockets at:

( ) 40-pin IC socket at U1.

Install two 14-pin IC sockets at:

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

PART Z

NUMBER ’T

A

IDENTIFICATION
DRAWING

o IFAIS

04 7oy
mmm ED

PICTORIAL 2-5

Page 19
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START @

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

PART I

NUMBER

N

IDENTIFICATION
DRAWING

() 14-pin IC socket at Us.

Install two 16-pin IC sockets at:
VU7 ciniininns s svsion s e s mms

() P1:Install the 14-pin in-line sock-
et at P1. Position the socket slot
over the shaded area and the
metal contacts towards transistor
Q1 location as shown in the Picto-

rial, METAL
CONTACTS

*

? METAL ¢
(L ¢(CONTACTS
—) +—O)

)(_ ‘H)
TRANS ISTOR
Q1 LOCATION

-0

PICTORIAL 2-6

Heathkirt
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INSULATION

NOTE: When you install ceramic
capacitors, do not push the insulated
portion of the leads into the circuit
board holes. This could make it dif-
ficult to solder the leads to the foil.

BE

() Ci14: .1 uF (104) ceramic. Bend
this capacitor forward (away from
the top edge of the circuit board.)

() €C15: .1 uF (104) ceramic.

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

PART
NUMBER

IDENTIFICATION
DRAWING

board.

NEGATIVE
(-)
MARK

ot

OR :
¥~

NOTE: When you install the following
electrolytic capacitor, position the
positive (+) mark on the capacitor to-
ward the positive (+) on the circuit
board. If the capacitor has only a nega-
tive (—) mark on it, position this away
from the positive mark on the circuit

POSITIVE

i+)

:":Z:MARK

() C6: .68 uF electrolytic.

marked. NEGATIVE

(-] MARK

_POSITIVE
(+) MARK

NOTE: Before you install the follow-
ing electrolytic capacitor, look at it
and identify the leads. One lead will
have a positive (+) mark or a negative
(—) mark near it. Be sure to install the
positive (+) lead in the positive
marked hole, or the negative (—) lead
in the negative marked hole. Be care-
ful; only the negative lead may be

() C3: 10 uF electrolytic.

off the excess lead lengths.

() Solder the leads to the foil and cut

Page 21

{ ) P2:Install the right-angle plug on

the circuit board so the pins are
toward the top edge of the circuit
board as shown. Solder the pinsto
the foil and cut off the excess pin

lengths.
G o
EDGE OF
U

u'-lll / CIRCUIT

BOARD

C9: Position the positive (+) or
negative (—) lead of the 220 pF
vertical electrolytic capacitor as
shown and bend the leads 90°. In-
sert the positive (+) marked lead
into the positive (+) marked hole
or the negative (—) marked lead
into the negative (—) marked cir-
cuit board hole. Keep the
capacitor body against the circuit
board.

PICTORIAL 2-7

0
—O
- — [ ) C4:.01 uF Mylar.
00
‘O;(L L.:__i é 'D(I’ {1 () C23:.1 uF (104) ceramic.
y i .—O .-_O

Solder the leads to the foil and cut
off the excess lead lengths.
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NOTE: When you install an electrolyt-
ic capacitor, be sure to install the posi-
tive lead in the positive (+) marked
hole in the circuit board.

[

) C7: 2.2 uF electrolytic.

(

) C13: .68 uF electrolvtic.

(

) C18: .1 uF (104) ceramic,

(

) C19: .1 uF (104) ceramic.

(

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

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

PART
NUMBER

\\\\b

IDENTIFICATION
DRAWING

PICTORIAL 2-8

Heathkift

C17: .1 uF (104) ceramic.

C16: .1 uF (104) ceramic.

C21: .1 uF (104) ceramic.

C11: 56 pF ceramic.

C22: .1 uF (104) ceramic.

C12: 56 pF ceramic.

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




Heathkirt

In the following steps, install each

transistor as follows:

1. Refer to the illustration
below and identify the E, B,
and C leads.

2. Insert the leads into the cor-
responding E,B, and C holes
in the circuit board.

3. Position the transistor 1/4"
above the circuit board.

4, Turn the circuit board over,
solder the leads to the foil,
and cut off the excess lead

lengths.
FLAT\«L\
@ T EBC
Y

FLAT

() Q4: MPSA20 transistor (#417-
801).

() Q5: MPSA20 transistor (#417-
801).

( ) Q14: MPSA42 transistor (#417-
294).

(- ) Q16: MPSA93 transistor (#417-
927).

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

PART
NUMBER

IDENTIFICATION
DRAWING

Page 23

) Q12: MPSAZ20 transistor (#417-
801). Cut the leads off as close to
the foil as possible.

) Q15: 2N4121 transistor (#417-
235).

) Q11: MPSA20 transistor (#417-
801). Cut the leads off as close to
the foil as possible.

) Q13: MPSAS55 transistor (#417-
865).

) Q17: MPSAOQ5 transistor (#417-
864).

PICTORIAL 2-9

) Q18: MPSAS5S transistor (#417-
865).
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IDENTIFICATION
PART DRAWING

i SR

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

START ®]

() U5: This 78L05 integrated circuit
(#442-627) looks like a transistor.
Install it in the same manner, as
shown.

Q7: MPSA20 transistor (#417-
801).

Q8: MPSA55 transistor (#417-
865).

Q6: 2N4121 transistor (#417-
235).

Q9: MPSAS55 transistor (#417-
865).

—

Q2: MPSA20 transistor (#417-
801).

—_—
—

Q3: MPSA20 transistor (#417-
801).

—_

Q1: MPSA20 transistor (#417-
801).

PICTORIAL 2-10
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PART

NUMBER |

The steps performed in this Pictorial are

in this area of the circuit board.

Turn the circuit board over and install
the following controls on the foil side
of the circuit board below the dotted
outlines. Solder the pins to the foil on
the component (white printed) side of
the circuit board and cut off the excess
pin lengths. Make sure the controls are
tight against the board.

(~ ) R38: 500 () control.

I

Page 25

DENTIFICATION
DRAWING

™ —

7

Y

() R39: 100 k) control.

( ) Position the circuit board with the
component side up.

NOTE: When you install electrolytic
capacitors, ALWAYS position the
positive (+) mark on the capacitor to-
ward the positive (+) on the circuit
board. If the capacitor has only a nega-
tive (—) mark on it, position this away
from the positive mark on the circuit
board.

NEGATIVE

POSITIVE

i+)

At 372 MARK

( ) C2: 10 uF vertical electrolytic.
Make sure this capacitor is tight
against the circuit board and is
not tilted.

( ) C5:.02 uF Mylar.

N

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

PICTORIAL 2-11
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(

START @]

) C8: 470 uF vertical electrolytic.

IDENTIFICATION
DRAWING

PART —T .
NUMBER 7

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

(

) C1: 10 uF vertical electrolytic.
Solder the capacitor to the foil
and cut off the excess lead
lengths.

Turn the circuit board over and install
two 10 kQ controls below the dotted
outline on the foil side of the circuit
board as follows. Solder the control
pins to the foil on the component side
of the circuit board and cut off the ex-
cess pins lengths.

[

) Cut the leads of both 82 pF (820)
ceramic capacitors to 1/8".

C24: Refer to Detail 2-12A and
solder a prepared 82 pF ceramic
capacitor between lugs 5 and 6 of
U11. Keep the capacitor body
against the circuit board as you
solder it. Check the solder con-
nections to make sure you did not
create a solder bridge between the
pads.

C25: Similarly, refer to Detail
2-12A and solder the leads of the
remaining 82 pF ceramic
capacitor between pins 8 and 9 of
socket U11. Keep the capacitor
body against the circuit board.
Check the connections after you
solder them.

Reposition the circuit board com-
ponent side up.

PICTORIAL 2-12

Heathkirt

[ ) Cut two 5/8" pieces of narrow

double-stick foam tape.

Remove the backing paper from
one side of both pieces of double
stick foam tape. Press each piece
side by side on the 3579.545 kHz
crystal (#404-238). Then bend the
crystal leads 90° in the direction
of the tape as shown.

FOAM /
S

() Y1: Remove the remaining paper
backing from the double-stick
foam tape and insert the crystal
leads through the circuit board
holes. Position the crystal body
aver the circuit board outline at
Y1 and press it against the circuit
board so the foam tape adheres to
the surface. Then solder the leads
to the foil and cut off the excess
lead lengths.

7

CRYSTAL #

N FRONT OF
CIRCUIT BOARD

Detail 2-12A
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CIRCUIT BOARD WIRING

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

( ) Position the main circuit board as shown.

( ) Separate the following lengths of colored wire
from the flat cable and prepare the ends:

3" brown
7" yellow
3" green
3" green
5" violet
5" gray

Connect either end of the prepared wires to the circuit
board as follows. You will connect the wires in the
order in which they were prepared. As before,
whenever you connect a wire to the circuit board,
solder the wire to the foil and cut off the excess wire
length.

() 3" brown wire to hole E.

() 7"yellow wiretothe free end of the 15 () resistor
at hole H. Form a small hook in the end of the
resistor lead and in the yellow wire end. Hook
the yellow wire end and the resistor lead to-
gether; then crimp and solder the connection.
See the inset drawing.

( ) One 3" green wire to hole A.

(. ) Other 3" green wire to hole B.

( ) 5"violet wire to hole G.

( -) 5" gray wire to hole F.

() Preparea6”orangeand a5”brown wire from the
flat cable.

(o] Y Y% 3, 1 (INCHES) 2 3
| 178, 38| 88 7/8 | |
i P el

SOLDER

AN

SOLDER

Detail 2-13A

() RefertoDetail 2-13A and position the 5" brown
wire and the battery clip as shown. Wrap one
end of the brown wire around the battery clip
tab and solder the connection. Cut off any ex-
cess wire length. Make sure that you solder only
the tab area of the clip.

() Refer again to Detail 2-13A and position the 6"
orange wire and remaining battery clip as
shown. Similarly connect the orange wire to the
battery clip tab and solder the connection.

Connect the free end of the 6” orange and 5” brown

wires with the battery clips to the main circuit board

as follows:

() Orange wire to hole C.

() Brown wire to hole D.

NOTE: You will connect the battery clips later.

Rasasazass . T e ] [ B S R
0O 5 1 (@M 2 3 4 E & 7 8
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MAIN INSULATING

CIRCUIT BOARD PAPER
el
CRIMP m
AND

SOLD‘E\T —c> 33 DA
BEND OVER =
el o8 ,’U’l, ODUDEDK D c Q)JJ = ) b‘F’
e Pboloo
DO NOT GET SOLDER L Ny
< INTHIS AREA E@}%CRED g,
0RC. YN\ O
PREWPIARREED ?RNb ]SLOTS - O 2 -
SO I
INSET #1 1T 3-HOLE =
1 Tj SOCKET : s as
0 0 \
—0
90 [ ]
@ég)Lf_’_‘_‘JéDéD DJ) Ly i
YOO w0 O O
ﬁ | ll.___J
<+ 4 9
SOCKET —
aJia g)@ O

PICTORIAL 2-14
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Connect the free end of the 7-wire cable coming from
the LED circuit board to the main circuit board as
follows. Position the wires over IC socket U7 as
shown,

() Red wire to hole N.

() Orange wire to hole M.

() Yellow wire to hole L.

( ) Green wire to hole K.

() Blue wire to hole S.

() Violet wire to hole R.

() Gray wire to hole P.

Refer to Pictorial 2-14 for the following steps.

( ) Separate and cut 1-1/2" brown, red and-orange
individual wires from the flat cable and prepare
the ends. Cut the 1/4"” wires at one end of the
cable to 1/8".

( ) Crimp and solder a spring connector on the 1/8"
prepared end of each 1-1/2" prepared wire as
shown in inset drawing #1.

In the following steps, you will insert the spring con-

nectors on the end of the three prepared wires into a

3-hole socket. Make sure you position the socket with

the slotted side up and the spring connectors with the

small tab up as shown in inset drawing #2.

() Red wire in hole #1.

() Brown wire in hole #2.

() Orange wire in hole #3.

Connect the free end of the 3-hole socket wires to the
main circuit board as follows. Solder each wire after
you connect it and cut off the excess wire lengths from
the foil side of the circuit board.

() Red wire to hole IN.

() Brown wire to hole GND.

( ) Orange wire to hole QUT.

() Cuta1/2"”x 3/16" piece of insulating paper from
the 1" x 1" piece. (See inset drawing #3.) Save
the remaining insulating paper.

() Remove the paper backing from the 1/2" x 3/16"

piece of insulating paper and press it onto the
circuit board of the indicated location.

CIRCUIT BOARD CHECKOUT

Carefully inspect the circuit board for the following
conditions:

( ) Unsoldered connections.
( ) Poor solder connections.
( ) Solder bridges between foil patterns.

( ) Protruding leads which could touch together.

( ) Electrolytic capacitors for the correct position
of the positive (+) and negative (—) leads.

() Diodes for the correct position of the banded
end.

( ) Transistors for the correct installation.

NOTE: You will install the integrated circuits during
the “Initial Tests and Adjustments.” Set them aside so
you do not misplace or damage them. Also, set the
circuit board assembly, the remaining flat cable and
any other pieces of loose wire, aside until they are
called for later in the assembly. Proceed to ““Case.”
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CASE

PARTS LIST

Remove the remaining parts from the shipping car-
ton. These parts are called *“Case Parts.” Check each
part against the following list and the parts pictorial
(Illustration Booklet, Page 2). Make a check (/) after
each part number as you identify the part in the parts
list. Some parts may be packed in an individual en-
velope with a part number on it. After you identify
these parts, place them back in their envelope until
they are called for in a step.

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with this kit. If one is not available, see “Replacement
Parts” inside the rear cover of this Manual.

KEY HEATH QTY. DESCRIPTION CIRCUIT KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No. | No. Part No. Comp. No.
CAPACITORS — DIODE — INTEGRATED PIN —SOCKET — JACKS — PLUG
CIRCUIT ,
D1 432-866 3  Spring connector
i D2  432-865 1 3-hole socket

Al 21-140 5 001 p.F ceramic C201, C202, D3 434-107 2 Phono jack 202, 203

capacitor €203, C204, | p4 43645 1 Miniature power jack J201

€205 D5 438-4 1 Phono plug

A2  25-930 1 2.2 pF electrolytic C206 D6 438-54 2 Miniature power plug P201

capacitor D7  438-26 1 Miniature phone plug
A3 57-64 2 DRS110 diode (1n5399) D201, D202
A4 442-54 1 UA7805IC U4
CASE PARTS MISCELLANEOUS
B1  90-1270-2 1 Case bottom E1 75750 Hook loop tape
B2  95-651-1 1 Case top E2  75-799 Insulating paper
B3 203-2078-1 1 Rear panel E3  205-1847-2 Metal plate (no printing)

HARDWARE

C1  250-366 1 4-40 x 3/16" screw

Cc2 250-321 2 4-40 x 1/8" screw

C3 250-1319 4  4-40 x 5/8" black phillips-head
screw

'C4  252-2 1 4-40 nut

Cs 252-711 6  4-40 twist-in nut

Cé6  255-763 1  Spacer

C7  258-730 2 Clip

Cc8  253-731 2  Shoulder washer

E4  205-1847-1 Metal plate (with printing)

_ ot b ok N P b o o

E5 261-50 Rubber foot
E6  266-1089 Touch paddle
E7  390-1784 Switch label
E8  390-1785 Function label
E9 Blue and white label
E10 401-62 Earphone assembly consisting
of:

1 Earphone

1 Earphone jack J204
E11  401-204 1  Speaker SP201
E12 418-37 3 Battery
E13 490-1 1 Alignment tool
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STEP-BY-STEP ASSEMBLY

BACK @E %
PANEL ////

& EARPHONE UNLETTERED
JACK SIDE

Detail 3-1A

Refer to Pictorial 3-1 (Illustration Booklet, Page 4) for
the following step.

() Position the back panel as shown.

() Scrape any paint from around the unlettered
side of back panel holes J202, J203, and J204.

() J204: Refer to Detail 3-1A and mount the ear-
phone jack (supplied with the earphone) on the
back panel at J204. Use the hardware supplied
with the jack. Position the lugs as shown.

CUT OFF

MINIATURE @ LUG 1

POWER JACK

Detail 3-1B

J202, J203: Refer to Detail 3-2B and mount
phono jacks at J202 and ]J203. Use the hardware
supplied with the jacks. Before you mount the
jacks, bend the ground lugs out 90° close to the
small hole as shown in the inset drawing. Posi-
tion the jacks as shown as you mount them.

J201: Referto Detail 3-1C and mount the minia-
ture power jack at J201 with the flat washer and
nut (supplied with the jack) and two shoulder
washers (supplied with the kit parts). Make
sure the shoulders of the shoulder washers seat
into the rear panel mounting hole properly and
that you position the lugs as shown.

Refer to Detail 3-1C and cut off lug 1 of J201.

Detail 3-1C
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3" YEL

3" BRN

BACK
PANEL

PICTORIAL 3-2

Refer to Pictorial 3-2 for the following steps.

NOTES:

When you mount components to the back panel
in the following steps, position them as shown
in the illustration. Keep the component leads as

short as possible to prevent them from shorting
to other parts.

In the following steps, whenever you see ““S-"
with a number, such as (S-2), it means to solder
the connection. The number following the ““S”
tells how many wires are at the connection. (NS)

means not to solder because other wires will be
added later.

C201: Form the leads of a .001 uF ceramic
capacitor as shown in the inset drawing of Pic-
torial 3-2. Then connect the long lead through
the ground lug at J202 (NS) to the ground lug of
J203 (S-1). Connect the other lead to lug 2 (NS)
of J201.

() C202: Connect the leads of a .001 uF ceramic

capacitor between J201 lug 3 (NS) and the
ground lug of J202 (S-3). NOTE: The capacitor
lead going through the ground lug at J202
counts as two connections; one entering and
one leaving.

Refer to Part 1 of Detail 3-2A and connect the
leads of a .001 uF ceramic capacitor across a
DRS110 (#57-64) diode as shown. Wrap the
capacitor leads around the diode leads once and
apply a small amount of solder to the connec-
tion. Keep the capacitor leads close to the diode
body and do not apply too much heat. Cut the
diode leads off at the connection point.

Refer to Part 2 of Detail 3-2A. Position the
banded end of the diode as shown and form the

capacitor leads; then cut the leads to the indi-
cated lengths.

C v o 3 1 (INCHES) 2 3 4 5 6
| e, a8 58, 778 Al.lnl.lxllll,_lill.lnl.l.l.].l'.l.'l.l‘.l.rlal.l.l.]l_x
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Detail 3-2A

C204/D202: Position the banded end of the
diode as shown. Hook the lead at the banded
end around the lead between the ground lugs
and crimp it closed (S-1). Connect the other
lead to J202 lug 2 (NS).

Refer again to Part 1 of Detail 3-2A and prepare
another .001 uF ceramic capacitor and DRS110
(#57-64) diode combination.

Refer to Part 3 of Detail 3-2A and position the
banded end of the capacitor/diode combination
as shown. Form the capacitor leads and cut
them to the indicated lengths.

C203/D201: Position the banded end of the
diode/capacitor combination as shown. Con-
nect the lead at the banded end to J203 lug 2
(NS). Hook the other lead around the lead bet-
ween the ground lugs and crimp it closed (S-1).

C205: Connect a .001 uF ceramic capacitor to
J204 between lugs 1 (NS) and 2 (NS).

Prepare a 3" brown wire from the 5-1/2" piece
you set aside earlier.

() Connect one end of the 3" brown wire to J204
lug 1 (S-2).

() Prepare a 3" yellow wire from the flat cable.

() Connect one end of the 3" yellow wire to J204
lug 3 (S-1).

NOTE: Be careful when you handle the speaker in the
next step that you do not puncture the cone.

( ) Bend each speaker lug up slightly.

( ) C20: Connect the negative (—) marked lead of a
2.2 pF electrolytic capacitor to speaker lug 1
(NS) and the other lead to lug 2 (NS). Keep the
leads short with the capacitor body close to the
speaker.

Connect the free end of the brown and yellow wires

coming from phone jack J204 to speaker SP201 as

follows:

() Brown wire to lug 1 (S-2).

( ) Yellow wire to lug 2 (S8-2).

Set the back panel assembly aside momentarily.
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Refer to Pictorial 3-3 for the following steps.

()
()

Position the case top as shown.

Refer to Detail 3-3A and install a 4-40 twist-in
nut in hole A of the case top as follows:

Refer to Part A of the Detail and turn a 4-40 nut
all the way onto the end of the spacer. Then turn
a 4-40 twist-in nut all the way onto the spacer.
Make sure you install the twist-in nut straight
into the case.

Refer to Part B of the Detail and carefully turn
the twist-in nutall the way into hole A as shown.
Then unscrew the spacer from the twist-in nut.

Similarly, install twist-in nuts in the holes at B,
C, D, E, and F of the case top.

Remove the 4-40 nut from the spacer for use
later.

Refer to the inset drawing in the Pictorial and
cut off the indicated corner of one of the speaker
clips.

PART A

SPACER

%\ 4-40 NUT

Gl 4-40
@ vis1-1n

NUT

() Mount the speaker in the case top at E with the
prepared clip. Mount the remaining clip at F.
Use two 4-40 x 1/8” screws and position the

speaker as shown.

() Slide the back panel into the slots in the rear
opening of the case top as shown. Bend the
component leads on the back panel as necessary
if there is any interference with the battery

compartment or speaker mounting hardware.

NOTE: The blue and white identification label in the
next step shows the model number and the produc-
tion series number of your kit. Refer to these numbers
in any communications with the Heath Company;
this assures you that you will receive the most com-
plete and up-to-date information in return.

() Remove the paper backing from the blue and
white label and press the label securely onto the
inside of the case top as shown.

PART B

Detail 3-3A
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Refer to Pictorial 3-4 for the following steps.

() Position the case top and bottom assemblies as
shown.

Connect the wires coming from the main circuit board
to the back panel as follows. Flip the back panel over
and reinstall it into the cutout slot in the case top as
shown in the Pictorial to make connecting the wires
easier.

() Green wire from hole A to J201 lug 3 (S-2).
(*) Green wire from hole B to J201 lug 2 (S-2).
( ) Violet wire from hole G to J202 lug 2 (S-2).
(- ) Gray wire from hole F to J203 lug 2 (S-2).

(.) Form ahookinthe end of the brown wire com-
ing from hole E. Hook the wire over the lead
between the ground lugs of J202 and J203 and
crimp it in place around the wire (S-1).

() Yellow wire from the resistor at hole H to J204
lug 2 (S-2).

( ) Squeeze each battery clip together with your
fingers as shown in Detail 3-4A.

( .) Refer to Detail 3-4A and press the battery clip,
on the end of the brown wire coming from main
circuit board hole D, into the negative (—) end of
the case top battery compartment as shown.

() Similarly, press the remaining battery clip, on
the end of the orange wire coming from main
circuit board hole C, into the positive (+) end of
the case top battery compartment.

() Refer to Detail 3-4B and install the three bat-
teries in the battery compartment of the case
top. Make sure you install each of the batteries
with the positive (+) and negative (—) sides as
shown. The polarities are marked on the bat-
teries.

( ) Flip the bank panel over to its normal position
and insert it back into the case top cutout.

Set the unit aside.

SQUEEZE CLIP#
TOGETHER

(+) POSITIVE
MARKED END

Detail 3-4A

Detail 3-4B

SQUEEZE CLIP
TOGETHER

NEGATIVE
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MINIATURE LONG
POWER PLUG LEAD

TRANSFORMER

PICTORIAL 3-5

POWER TRANSFORMER

Refer to Pictorial 3-5 for the following steps.

You should purchase one of the fol-
lowing power transformers at this
time for use in your kit:

PS-5012 (#150-94) 120 VAC
Power Transformer.

or

PS-5024 (#150-115) 240 VAC
Power Transformer.

() Refer to Detail 3-5A and prepare the end of the
transformer cable as shown.

1/4" e
plls
S —

Detail 3-5A

( ) Removetheblack cap from the miniature power
plug. Slide the cap over the end of the trans-
former cable with the threaded end as shown.

( ) Solderthelongand short wires on the end of the
transformer cable to the indicated lugs on the
miniature power plug. NOTE: You may find it
easier to clamp the power plug in a small vice to
hold it steady while you solder the wires to it.

( ) Afterthe connections cool, crimp the indicated
lugs around the transformer cable as shown.
Replace the cap on the power plug.

This completes the *“Step-By-Step Assembly.” Pro-
ceed to “Initial Test and Adjustments.”
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INITIAL TESTS AND ADJUSTMENTS

A DC voltmeter is required for the following tests. DO
NOT PROCEED with the “Initial Tests” until you
obtain the required voltmeter.

The charts in the “Initial Tests” provide a series of
instructions and tests which progressively verify
basic operation of all circuitry of the Memory Keyer.
In each instruction/test area, make sure you obtain the
indicated results before you proceed to the next in-
struction. If you do not obtain the indicated results,
the **Area Of Possible Problem’ column identifies the
most likely circuit areas where a Problem (such as an
open or short circuit, or an incorrectly installed or
defective part) would cause you not to obtain the
indicated results.

When you make voltage measurements, be very care-
ful to touch the test probe only where instructed and
do not slip and short to an adjacent pin since this
could damage the circuitry.

All but one of the ICs used in this wMatic Memory
Keyer are CMOS (complementary metal-oxide
semiconductor) devices. These are rugged and reli-
able parts when they are installed, but they can be
damaged by static electricity during installation. The
remaining IC is of a type which is not susceptible to
static electricity. Nevertheless, you should treat this
IC as if it was a CMOS device since it will remove all
possible confusion between ICs and provide protec-
tion in all cases. Use the following sequence when
you install ICs. Refer to Detail 4-1A.
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Once you remove a protected IC from its protective
foam packing, DO NOT lay the IC down or let go of it
until it is installed in its socket. When you bend the
leads of a protected IC, hold the IC in one hand and
place your other hand on your work surface before
you touch the IC to your work surface. This will
equalize the static electricity between the work sur-
face and the IC.

The pins on the IC's may be bent out at an angle, so
they do not line up with the holes in the IC socket. DO
NOT try to install an IC without first bending the pins
as described below. To do so may damage the IC pins
or the socket, causing intermittent contact.

IC LEADS

Before you install an IC, lay it down on its side as
shown below and very carefully roll it toward the pins
to bend the lower pins into line. Then turn the IC over
and bend the pins on the other side in the same man-
ner.

Make sure that the pin of the IC is positioned over the
index mark on the circuit board (see the detail at the
top of this page). Also make sure that all of the pins are
started into the socket. Then press the IC formly into
the socket. NOTE: An IC pin can become bent under

the IC and it will appear as though it is correctly
installed in the socket.

e
INDEX"™5535 SOCKET

NOTE: An IC lifter has been furnished so you can
remove a dual-in-line IC from its socket if this should
be necessary.

Push the shorter end of the lifter in between the IC and
the socket and rock the longer portion back and forth.
Be very careful, as the IC pins are very easily bent.

Detail 4-1A
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CUT OFF
AND DISCARD =
33" A
CUT OFF ,‘1 ./
AND Dl\S,CARD 0 Detail 4-1B

SQUEEZE END FLAT
WITH PLIERS AND
CUT OFF ROUNDED END

Refer to Pictorial 4-1 (Illustration Booklet, Page 4) for the following steps.
( ) Install a CD4011 (#443-603) IC at socket U6.

() Plug U4 (#442-54) into socket S4 with the bare metal side as shown. NOTE: Make
sure socket S4 is positioned as shown and that U4 does not short to the main circuit

board.
() Refer to Detail 4-1B and modify the alignment tool as shown.

() With the alignment tool, adjust the PADDLE controls fully counterclockwise.

() Refer toDetail 4-1C (Illustration Booklet, Page 5) and plug the keyboard cable into
: the main circuit board at P1.

(<) Plugthe transformer intoa 120 VAC, 50-60 Hz outlet. NOTE: The transformer may

hum slightly. This is a normal condition. The transformer will also get warm when
it operates.

( ) Insert the miniature power plug on the end of the transformer cable into the
POWER jack of the Keyer.

() Connectthe negative voltmeterlead to the ground lead speaker terminal as shown.

Use the positive (+) voltmeter lead to make the following measurements.

L]

STEP INSTRUCTION OR TEST AREA OF POSSIBLE PROBLEM

1. Measure the voltage at the 1. Q8, U4, Us.
cathode of diode D11.
It should measure +12 volts,

2a. Measure the voltage at the 1. Q8, U4, Us.
cathode of diode D1. It should
measure 0.

4] Press the keyboard ON button.

2b. Measure the voltage at the cathode 1. Q8, U4, Us.
of diode D1 again. It should measure 2. Connector loose on U4.
+5 volts.
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() Unplug the power plug from the Keyer.

Install the following ICs into their respective sockets:

(') 3870 (#444-69) at U1.
(') 74LS174 (#443-879) at U7.
() 4049 (#443-701) at U8.
() 4071 (#443-706) at U9.

() 4013 (#443-607) at U11.

- Heathkit

() With the alignment tool, turn the VOLUME control to its midrange position.

( ) Plug the power plug back into the Keyer.

STEP INSTRUCTION OR TEST

AREA OF POSSIBLE PROBLEM

3. Press the keyboard ON button.
The sidetone should sound continuously
and no LEDs should be lit.

1. U1. Check for bent or
unsoldered pins.

(- ) Unplug the power plug from the Keyer.

Install 5101, or 51L01, (#443-933) ICs at the following socket locations:

() U2
() U3.
( ) Position the LED circuit board as shown in Pictorial 4-1.

() Plug the POWER plug back into the Keyer.
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STEP

INSTRUCTION OR TEST

AREA OF POSSIBLE PROBLEM

Press the keypad ON button. The
sidetone should sound for about
one second during which the LEDs
should all be lit. At the end of

this period, only the NORM LED
will remain lit. NOTE: Some of
the LEDs may be brighter than
others when they are all lit.

1. Uz, Us, U7, Us, U9.

Measure the voltage at the indicated
lead of resistor R35. It should

measure between —2.5 and —3 volts.

Refer to “In Case Of Difficulty”
on Page 69.

Press the P/C key. You should
hear a ““‘warble.” This sound
indicates that pressing this
key is not appropriate at this
time.

Use a piece of metal, such as a
coin, and short either outside

pin of the EXT PADDLE connector
to the center pin. You should

hear a steady string of dots or
dashes.

1. Q2, Q3, Q4, Q5, U11.

Short the other outside pin to
the center pin. This should
produce a steady string of
dashes or dots.

1. Q2, Q3, Q4, Q5, U11.
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STEP

INSTRUCTION OR TEST

AREA OF POSSIBLE PROBLEM

Short all three pins together
This should produce a steady
string of alternating dots and
dashes.

10.

Press the TUNE button. The
sidetone should latch on. Adjust
the PITCH control to a pleasing
frequency. Press the STOP button
and the sidetone should stop.

1.

Unplug the power plug from
the Keyer and wait for at

least one minute; then plug it
back in. The keyer should

beep for a much shorter period
of time than when you first
turned it on. (This indicates
that the battery backup circuitry
is functioning properly.)

Batteries not installed
or improperly
installed.

D4 or C13

reversed or

defective.

Qs6, Q7

12,

Use the alignment tool and adjust

both PADDLE controls fully clockwise.

Your Keyer should begin sending
a steady string of alternating dots
and dashes.

us, U11.

() Disconnect the power plug from the Keyer.
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SWITCH
LABEL

REMOVE
PAPER
BACKING

RECESSE
AREA

PICTORIAL 4-2

Refer to Pictorial 4-2 for the following steps. CAUTION: Handle the assembly very carefully in the
following steps to avoid damaging the switch label.
() Es;r;gve keyboard plug P1 from the main circuit () Position the switch label over the case top as

shown. Form the ribbon cable as shown and
route the end of the cable through the slot in the
case top. Align the lower edge of the label with
the inside edge of the recessed area in the case
top; then carefully press the label into the

; ; recessed area. Make sure the ribbon cable does
(-} Refer to Detall 4-2A and preform, the ‘ribbon not press against the case and force the label
away from the surface. You will connect the free
end of the ribbon cable later.

() Remove U4 from socket S4 and set U4 aside.

() Position the case top as shown.

cable as shown.

( ) Remove the paper backing from the switch

label. ( ) Setthe assembly aside.
SWITCH
LA£:L
= ?%%
{
RIBBON
CABLE

Detail 4-2A
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Refer to Pictorial 4-3 for the following steps.

() Refer to Detail 4-3A and position the metal tab
of the 7805 (#442-54) integrated circuit (IC) as
shown. Bend the leads of the IC 90° away from

the metal tab as shown. 1Ngg‘;‘;;mc
() Cuta 1/2" by 1/2" piece of insulating paper.

Discard the remaining paper. MTE; g" %

@ LY

() Refer to Detail 4-3, remove the paper backing \ age: -

from the 1/2” x 1/2” piece of insulating paper, 7805 2l ‘)BEND

and press the insulating paper onto the plastic ($442-54) w AR

case of the prepared IC as shown. INTEGRATED M B R

CIRCUIT oW, S
. 1/8" e

() Scrape any paint that may be around the U4

mounting location shown in the Pictorial.

Detail 4-3A

( ) U4: Mount the prepared IC at U4 on the case
bottom with a 4-40 x 3/16” screw, and a 4-40
nut. Position the IC with the leads as shown.

4-40 x 3/16"
SCREW ? 2

CASE
BOTTOM

SCRAPE ANY PAINT
AWAY FROM
THIS AREA

4-40 NUT

PICTORIAL 4-3
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EDGE

RUBBER
FOOT

CASE
BOTTOM

PICTORIAL 4-4

Refer to Pictorial 4-4 for the following steps.
( ) Position the case bottom as shown.

( ) Remove the paper backing from the function
label and carefully align the bottom edge of the
label with the inside edge of the extruded area
onthe case bottom. Press the label onto the case
bottom.

() One at a time, remove the paper backing from
the rubber feet and press each foot onto the
indicated area of the case bottom.
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( ) Refer to Detail 4-5A, position the insulating (
paper with the cutouts as shown, and place it
over the inside of the case bottom.

Refer to Pictorial 4-5 and Detail 4-1C (Illustration
Booklet, Page 5) for the following steps.

() Position the main circuit board assembly as
shown and place it onto the case bottom assem-
bly. Carefully guide the leads of IC U4 through (
the main circuit board holes. The leads should
extend at least 1/4" above the circuit board sur-
face.

( ) Refer to the inset drawing on Pictorial 4-5 and
insert socket S4 over the leads of U4 with the
red wire as shown. (

( ) Removetheremaining paper back from the nar-
row double-stick foam tape on the LED circuit
board.

)

Heathkit

Position the case top over the case bottom as
shown. Insert the LEDs on the LED circuit board
into the case top holes and press against the
board so the adhesive on the foam tape adheres
to the case.

Hold the end of the flat cable by the outside
edges and insert it into socket P1.

Carefully lower the case top onto the case bot-
tom. Make sure you do not pinch any wiring

between the case halves.

Make sure that socket S4 has not pulled away
from the pins of IC U4.

Plug the power plug into the Keyer.

| INSULATING

PAPER

il CASE
: BOTTOM

Detail 4-5A
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() RefertoPictorial 4-6 and secure the case halves
with four 4-40 x 5/8” black phillips-head
SCTEeWS.

4-40 x 5/8"

BLACK
PHILLIPS HEAD
SCREW

PICTORIAL 4-6
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PICTORIAL 4-7
PADDLES

=

() Place the Keyer in its normal sending position
and try to send a short message. If either dots or
dashes continue to be sent when you remove
your finger or thumb slightly from the corres-
ponding paddle, turn the control for that paddle

Refer to Pictorial 4-7 for the following steps. very slightly counterclockwise and try it again.
If you adjust a control too far counterclockwise,
() Position the Keyer in its normal position and the corresponding paddle will not respond
plug the paddles into the case slots. while the other paddle is held. With both con-
trols properly set, you should be able to easily
() Insert the power plug into the Keyer's POWER insert a dot between a string of dashes, and vice
receptacle. vasa.
() Press the ON button to turn the Keyer on. () If it has not already been done, position the
Keyer on its side and adjust the VOLUME and
() With the Keyer on its side, momentarily touch PITCH controls as desired.

both of the paddles. Adjust one of the paddle
controls slowly counterclockwise until you () Unplug both paddles from the Keyer.
hear either a continuous string of dots or

dashes. () Disconnect the transformer from the AC outlet
and unplug the power cable from the Keyer. Set
() Adjust the other paddle control slowly coun- the transformer and Keyer aside.
terclockwise until the Keyer stops sending.
Take note of which control affects dot sensitiv- This completes the “Initial Tests and Adjustments.”

ity and which affects dash sensitivity. Proceed to “‘Final Assembly.”
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FINAL ASSEMBLY

Refer to Pictorial 5-1 (Illustration Booklet, Page 6) for ()

Similarly, cut the hook tape into two 1”7 x 1/2”
the following steps.

and two 1/2" x 1/2" pieces. Keep the hook and

loop tape pieces separate.
( ) Positionthe painted metal plate and the lettered

metal plate with the tabs as shown. () Refer to Detail 5-1B and one at a time, remove

the backing from the four pieces of hook tape
and press each piece onto the indicated metal

plate locations. Keep the pieces of tape against
the paddle edges as shown.

( ) Place the two paddles together in the center of
the painted metal plate.

() Separate the hook tape from the loop tape. See
the inset drawing. Note that the hook tape is
stiff and the loop tape is soft.

( ) Refer to Detail 5-1A and cut the piece of loop

tape into two 1" x 1/2" and two 1/2" x 1/2"
: PAINTED
Pleces METAL PLATE

-1/2"T1/2"+
1/2!1): 1]211
HOOK TAPE
ié i ; 1 1’12||x lll
: | > ; HOOK TAPE |
‘ | 3| M2 PEEL OFF
: Fr 3] PAPER BACKING
cuT Rmamand: i Jasiet -
[4 3
¢ | 3 AGAINST
§ w3 PADDLE EDGES
: P 3
3 | ; 1“ llzux 'ln
€ H ? —
o | 2 1/2"x 1/2" HOOK TAPE
& bR HOOK TAPE
Leeh Al 332 72
CUT/
Detail 5-1A Detail 5-1B
(o] Y% % 3 01 (INCHES) 2 3 4 5 6 7
[ye 28588 78] | | I.:.IAI.l.|.l,1‘L.1.i.1.l.|.|.l.J.l.l.lLl
|LAAARAARAS | T T T T T T T T T T T T T T T T T T T T T T T | T T T T Y | I | T
o 5 1 (Cm) 2 3 4 5 6 7
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LETTERED
METAL PLATE

PEEL OFF j
PAPER BACKI

HOOK TAPE .
Detail 5-1C

() RefertoDetail 5-1C and press the four pieces of () RefertoPictorial 5-2 and slide the metal paddle

loop tape onto the same size pieces of hook tape holder assembly with the lettered side up, into
with the backed adhesive side facing up; then the case bottom slot. Keep the paddles stored in
remove the backing from the loop tape. this location whenever they are not in use.

( ) Position the printed side of the lettered metal This completes the “Final Assembly.” Proceed to
plate facing up and over the top of the other “Operation.”
metal plate assembly. Align the edges of both
metal plates and press the lettered metal plate
onto the adhesive side of the loop tape.

METAL
PADDLE HOLDER
ASSEMBLY

PICTORIAL 5-2
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OPERATION

Refer to Pictorial 6-1 (Illustration Booklet, Page 7) to
become familiar with the location of the keys, con-
trols, and jacks before you operate your Keyer.

TRANSMITTER TUNE-UP

When you press the TUNE key with the Keyer in the
NORMal mode, or when you are paused in the SEND
or PRACtice mode, the transmitter will be keyed con-
tinuously. (Note that if the Keyer is in PAUSE but the
current character has not “completed,” the TUNE key
is not active until it completes). The TUNE function is
stopped when you press any key other than TUNE, in
which case that key will also perform its normal func-
tion for the current mode, or when you touch either

paddle.

SETTING SPEED

When you press one or two digit keys and follow with
the [WPM] key, the speed will be set to that value. The
“spacing” is automatically set to the same value. If
you desire to space the characters further apart to
achieve a slower net speed, then you must set the
spacing after the speed, as is described in the follow-
ing paragraph.

SETTING SPACING

It is sometimes desirable to have characters formed at
one speed and sent at a slower speed. When you are
learning code or learning to recognize single charac-
ters at a high speed, you may want to insert longer
than normal spaces between characters and between
words, to allow you more time to think. You can
accomplish this by first selecting the formation speed
as described under ““Setting Speed,” and then select-
ing the spacing by pressing one or two digit keys,
followed by the [SPC'G] key.

NOTES:

1. If you attempt to select a spacing speed that is
greater than the currently set formation speed,
the sidetone will “warble” to indicate the error,
and no change will occur.

2. The correspondence between the number you
use to set the spacing and the actual net sending
speed is not a one-to-one relationship (ratio).
These ratios are shown in the graph of Pictorial
6-2 (Illustration Booklet, Page 8).

3.  When you press [SPC'G] with no preceeding
digit key, the spacing returns to the same value
you selected with the [WPM ] key.
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SETTING CHARACTER WEIGHT

The normal ratio of dot/dash/element space is 1:3:1.
You can alter this ratio by using the [WT] key. When
you press a single digit key [n], followed by the [WT]
key, it sets the timing as follows:

1.  If you press [WT] with no preceding digit, the
normal timing ratio shown above is used. This
means that the length of a dash is three times as
long as that of a dot.

2. If n (your specified digit) is between 0 and 4,
inclusive, the interelement space is increased in
length, and the dot and dash lengths are corres-
pondingly decreased. This results in a “‘lighter”
weighting with digit “0” being the lightest.
With “0,” the length of a dash is 4.4 times that of
a dot.

3.  When you select a digit between 5 and 9, inclu-
sive, the interelement space is decreased in
length, and the dot and the dash lengths are
correspondingly increased. This results in a
“heavier” weighting with digit 9 being the
heaviest. With 9, the length of a dash is 2.4 times
that of a dot.

CODE PRACTICE

Automatic code practice is available by pressing keys
[n] and [PRAC]. [n] is a single-digit or double-digit
number and establishes a “‘seed’’ for arandom charac-
ter generator. The single digit, (or second digit of a
double-digit entry) also selects the character types to
be generated for practice, as follows:

n
n

1 — 3: Sends alpha characters (A through Z).

4 — 6: Sends alphanumeric characters (A — Z,
and 0 — 9).

n =7 — 9: Sends alphanumeric characters plus .,?/ —

(]

n = 0: Sends alphanumeric characters plus .,?/

—_— :;r n[!

NOTE: Refer to “Random Code Practice” on Page 63
for sample sequences.

You can end the practice mode with the [STOP] key,
and pause with the [P/C] key. As an example:

When you press the [3][5][PRAC] keys, random al-
phanumeric code groups of random lengths are sent
out, using 35" as a seed. If you use this same seed
later, the sequence will repeat, (provided the Keyer
has not been turned off in the meantime) so you can
check your copy.

NOTE: Each time you turn the Keyer on, all 100 of the
possible “seeds”, from 0 to 99, produce different
sequences than they did the last time the Keyer was
on. This “randomization” repeats only after turning
the Keyer off and on 64 times (if not RESET). There are
therefore 6,400 different, yet repeatable practice ses-
sions available, and each sequence repeats after send-
ing approximately 3000 characters. (Each character is
sent either 64 or 128 times. Twice as many vowels as
other characters are sent in Alphanumeric-plus-
common-punctuation mode; vowels and easier
characters are likewise favored in the Alphanumeric
mode).

LOADING A MESSAGE BUFFER

Buffers 0 through 9 are available for storage of text
sent from the paddles, or of command strings, which
will be described later. All buffers are of variable
length; the total buffer space holds a maximum of 240
characters and wordspaces (or keystrokes, in the case
of a. command buffer). When room for 20 or less
characters remains in memory, the pitch of the
sidetone drops noticeably as a warning. If you use up
the buffer space, the sidetone will warble, and the
Keyer will return to the NORMal mode. (The last
character will be stored.) To store text in a buffer, use
the following sequence:

1.  Select a comfortable speed as described above.

2. Press the [n] key to select the desired buffer. (If
you select the wrong digit key by mistake, sim-
ply follow it with the intended key.)

3.  Press the [LOAD] key. This clears the buffer and
disables the Keyer output. At this point, you
should press no other key on the keypad or the
Keyer will enter the “load command’” mode,
and the paddles will become inactive.
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Begin sending. The Keyer will tolerate some-
what inaccurate sending. A paddle closure in-
tended as part of the character currently being
formed, may occur up to one interelement space
time later than would be correct for perfectly
formed code. When you reach the end of a word,
a pause of just over 1-1/2 normal wordspaces
(see the “Keyer Timing Diagrams’ in Pictorial
6-3 Illustration Booklet, Page 8) is required to
cause a wordspace ‘‘character’”’ to be stored in
the buffer. This makes the intercharacter spac-
ing much less critical, and you will find it much
easier to load text than with other keyers, as long
as you follow this one rule.

The delay between words may be as long as you
desire; only one wordspace will occur at that
point. You may store one or more automatic
pauses into a buffer by pressing the [P/C] key at
the points you desire. When you send a mes-
sage, it automatically pauses and allows you to
insert text using the paddles. By pressing the
[P/C] key, the message will continue from where
it left off.

Characters longer than six dots plus dashes will
be ignored and must be re-sent. The only impor-
tant exception to this is that, when seven or
more dots are sent, itis treated as an ERROR. The
result will be the deletion of the previous
character from the buffer, (or wordspace, if
enough time has elapsed for the keyer to insert
one), which may immediately be re-sent cor-
rectly in order to recover the missent character.
One character or wordspace is deleted for each
ERROR character.

5. After you enter the last character, press the
[STOP] key to terminate the message and return
to the NORMal mode. (If you wait 1-1/2+
wordspace times before you press [STOP], a
wordspace will be inserted as the last ““charac-
ter” in the message buffer.)

NOTES:

1. A character of exactly six dots will cause an
extra space to occur at that point in the text
which is equal to four interelement spaces.

2. A wordspace is normally not stored as the first
“‘character” in a buffer. If you desire to load a
wordspace as the first character, activate the
dash paddle long enough to form a string of at
least seven dashes. Then wait 1-1/2 + wordspace
times before you load the first desired Morse
character.

SETTING THE MESSAGE REPEAT COUNT

You can cause the message buffer to automatically
repeat up to 9 times (sent up to 10 times) by first
setting the desired repeat count. (Sending a message
bufferis explained in the following paragraph.) When
you press the [n][RPT] keys, this sets the repeat count
to “n.” Any message buffer you send will then au-
tomatically repeat “n’” times. The repeat count will
remain set to this value until you set it to another
number, or reset it to zero by pressing [0][RPT], or
simply [RPT].
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SENDING A MESSAGE BUFFER

A message buffer is sent when you press [n][SEND],
where “n” is the number of the desired message. (If
you do not specify “n", buffer 0 is assumed.) You can
stop the message by using one of the following condi-
tions:

1. The message completes itself after being sent
the specified number of times. The Keyer will
then return to the NORMal mode.

2.  The message encounters a PAUSE in the mes-
sage text. You may now insert text by using the
paddles as described earlier. Pressing the [P/C]
key will cause the message to continue from
where it left off.

3. When you press the [P/C] key, the Keyer will
complete the current character without a pause.
(The results are the same as in the previous
step.)

4. If you press the [STOP] key, the message will
abort immediately.

NOTE: When you listen to the Keyer sidetone, the
first character sent after pressing [SEND] may appear
to begin with an extra dot. This is only the keypad
“click,” which does not key the output jacks.

— Heathkir

LOADING A COMMAND BUFFER

You can use any of the ten buffers to designate a
sequence of messages to be sent and, in addition, alter
the speed, spacing, weight, and repeat count. This
feature makes the Memory Keyer especially versatile,
For example, assume buffers 0 through 4 hold the
following data:

#0:[2][0][WPM][2][RPT][1][SEND][RPT][2][SEND]
[2][RPT][4][SPC’G][3][SEND][RPT][3][0][WPM][4]
[SEND]

#1:<CALL>

#2:DE

#3:K8TP

#4:IN MICHIGAN <. ..... 25 € 4w 4 s > K

When you load the call of a station into buffer #1 and
press the [SEND] key, the call will be sent three times,
followed by “DE”, then K 8 T P’ sent three times, (all
at 20 WPM), followed by the contents of buffer #4,
sent once at 30 WPM, with an extended space before
the “K.” The Keyer will then return to the NORMal
mode with all the parameters set as they were origi-
nally. This is only one example of what can be ac-
complished.
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When you want to load a command string into a
buffer, use the same procedure as when you load a
message, except that if you press a keypad button after
you press [n][LOAD], the paddles become inactive,
and the Keyer is in the “load command’ mode. After
you make the last entry, press [STOP] to return to the
NORMal mode. As when you load text, the pitch of
the keypad click will drop when room for 20 charac-
ters remains; the sidetone will warble and the Keyer
will return to the NORMal mode if the last key you
press has filled the buffer space.

Here is another example of how you can use a com-
mand buffer:

Assume that buffers #0, #1, and #2 are loaded as
follows:

#0:DE K8TP UR RST [P/C] BERRIEN BERRIEN
BK [P/C]
BKQSLTU<...... SR e > QRZ K8TP
K [P/C]

#1:CQ SSCQ SS CQ SSDEMICH DEK8TP
K8TP K

#2: [9][RPT][SEND][SEND][SEND]. . . [SEND]

Now, if you desire to participate in a contest, you can
establish a contact by pressing [1][SEND]. Once you
establish communication, you can transmit a report to
the other station by pressing [2][SEND], and pause for
their report. Once you have received their report, you
can acknowledge and request another station to reply
by pressing [P/C]. The keyer will automatically pause
for manual insertion of “RST” report. (NOTE: Use of
the special space character <. . . . .. >, extends the
wordspace before the QRZ.) From this point on, as
long as the stations reply to the QRZ, the only key that
vou will have to press is [P/C]. For each time you
loaded the [SEND] key into buffer #2, buffer #0 will
be sent ten times (due to the [9][RPT]).

NOTES:

1.  Any parameters that you change within a com-
mand string will return to the values you last set
from the keypad when the Keyer returns to the
NORMal mode.

2. You should avoid using extra digit keys in a
command buffer since they waste buffer space.

SELF DIAGNOSTICS

Each time you turn the Keyer on, a checksum is per-
formed on the contents of the program in ROM., If this
test fails, a steady sidetone will sound and all of the
LEDs will light.

When you turn the Keyer on for the first time follow-
ing a battery replacement, a test is run by the Keyer on
RAM. If this test is successful, the speed and spacing
are both initialized to 20 WPM, the weight is set to
normal, the repeat count set to zero, and all the buffers
are cleared. If a bad cell is found, the sidetone will
sound a steady tone and no LEDs will light.

RESETTING THE KEYER

When you press the [P/C] and [STOP] keys simul-
taneously*, the diagnostics for both RAM and ROM
are performed. All the buffers are cleared, and the
Keyer is initialized as in the previous paragraph.

REVERSE PADDLES

When you press the [LOAD] and [SEND] keys simul-
taneously*, the Keyer circuitry toggles between
right-handed and left-handed operation. The Keyer
always powers up in the right-handed mode unless
you have the left-handed wiring option.

*NOTE: If you press one key slightly ahead of the
other, the first key you press will be recognized as a
single closure, and will begin to perform its normal
function, or cause the sidetone to warble if it is not a
legal key for the current mode. The two keys must be
held down long enough so they can berecognized as a
pair. When you release the keys, the Keyer will return
to the NORMal mode.
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USING THE PADDLES

The Keyer comes with two paddles. When you acti-
vate one of the paddles, a string of properly spaced,
self-completing dashes is produced as long as the
paddle is held. The other paddle produces a string of
dots in the same manner. The operation of the pad-
dles is the same as on the older keyers; moving in one
direction produces dots and the other direction pro-
duces dashes. The SA-5010A will operate the same as
a single-paddle keyer if you treat the two paddles as
one.

The main advantage of dual paddles over a single
paddle is that both may be activated simultaneously
to produce a string of alternating dots and dashes. The
paddle you touch first determines whether a dot or a
dash will occur first. This result is called “iambic”
operation, which is a term describing the timing of
poetic verse. The Keyer can remember a dot paddle
closure during the sending of a dash, and vice versa.

These dot and dash closure memories allow you to
inserta dot into a string of dashes by activating the dot
paddle during the dash it is to follow. You may insert
a dash into a string of dots in the same manner. You
can send many characters with less effort when you
take advantage of this feature. For example, to send
the letter “C” (-.-.), a single paddle keyer would have
to move left, right, left, right. With an iambic keyer,
both paddles are activated together with the dash
paddle slightly ahead of the dot paddle. The paddles
arereleased during the second dash. (The last dot will
be sent due to the action of the dot closure memory).
Thus, the character is sent with a simple “squeezing”
of the paddles. This is often referred to as a “‘squeeze
keyer.” Several keyer timing examples are shown in
Pictorial 6-4.

It will take a little time to get used to the “touch”
paddles supplied with your Keyer, particularly if you
are accustomed to resting your thumb and forefinger
on the mechanical dual-paddle keyer paddles. The
touch paddles require only a light touch to activate
them.

NOTES:

1. The touch paddles operate when you add the
stray capacitance from your body between the
paddles and the Keyer. Due to the small size of
the Keyer, there is little stray capacitance be-
tween its case and ground. Therefore, to provide
a return path for your body capacitance and
ensure paddle operation, it is necessary to have
the PS-5012 Power Supply plugged into a
grounded 3-hole wall outlet.

2. Stray RF may cause the Keyer to generate ran-
dom dots and dashes while a transmitter is
operating. You can prevent this by making sure
all the equipment at the station location is
grounded to a common point. In extreme cases,
it may be necessary to rest your hand on a metal
plate which has been positioned under the
Keyer. This plate should also be grounded at the
same common point as the Keyer.

3.  Static discharges to the capacitive touch pad-
dles may damage CMOS integrated circuit U11.
If static electricity is a problem in the environ-
ment where the Keyer is to be used, it is a good
idea to discharge yourself by touching some
grounded object before beginning to operate the
Keyer.

E—— 9z
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THE FOLLOWING EXAMPLES ILLUSTRATE KEYER TIMING IN NORMAL OR PAUSED MODE.

@ TO SEND LETTER 'I':
CLOSE THE DOT PADDLE;

FHDLD CLOSED UNTIL SECOND DOT BEGINS,

EAND RELEASE DURING THIS TIME.
KEYED >

UNKEYED—-l ‘——’ l—‘

(2) 10 SEND LETTER 'M":
CLOSE THE DASH PADDLE;

HOLD CLOSED UNTIL SECOND DASH BEGINS,
rAND RELEASE DURING THIS TIME.

T
e L L

UNKEYED—9»

@ TO SEND LETTER 'N':
—TOUCH THE DASH PADDLE;
FTOUCH THE DOT PADDLE DURING THIS TIME,

(MAKING SURE DASH PADDLE IS RELEASED BY THIS TIME,
v '

KEYED — !

l I L rAND DOT PADDLE BY THIS TIME).
UNKEYED -

@ TO SEND LETTER 'A':
TOUCH THE DOT PADDLE;

TOUCH THE DASH PADDLE DURING THIS TIME,
r{MAKING SURE DOT PADDLE IS RELEASED BY THIS TIME,

KEYED . rAND DASH PADDLE BY THIS TIME).

UNKEYED-'I J |—

NOTE: TIMING SHOWN 1S WITH KEYER SET FOR NORMAL WEIGHTING.

PICTORIAL 6-4
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STATUS LED’s

PRAC LOAD PAUSE SEND NORM

ON Normal (power-up) mode

(dim) Normal mode, digit(s)
pressed*®

ON In “load text’” or “load
command’ mode

ON Sending a message buffer

ON ON Paused while sending a
message buffer

ON Paused from a command
string

ON Sending code practice

ON ON Paused while sending code
practice

*A pressed digit key(s) is “remembered" until you press a function key
or [STOP] key. The NORM LED dims to indicate this condition.
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SUMMARY OF COMMANDS

1) [ON] Turn keyer on

2) |OFF] Turn keyer off

3) [n][LOAD<text>[STOP] Clear buffer n and load with <text>

4)  [n][LOAD]<cmd string=>[STOP] Load buffer n with <command string>

5) [n][SEND] Send message n / execute command string n

6) [SEND] Send message 0 / execute command string 0

7)  [n][RPT] Set repeat count to n

8) [RPT] Set repeat count to zero

9) [n][PRAC] Send code practice

10) [n][WPM] Set char. formation speed & spacing to n

11) [n][SPC'G] Set spacing to n

12) [SPC'G] Set spacing = formation speed

13) [n][WT] Set weighting to n

14) [WT] Set normal weighting

15) [TUNE] Latch output until other key or paddle is pressed

16) [P/C] Pause / Continue sending

17) [STOP] End current function

18) [P/C][STOP] RESET Keyer (keys pressed simultaneously)

19) [LOAD|[SEND] Reverse paddles (keys pressed simultaneously)

NOTES:

1. If more than the required number of digits precedes a function key, the last digit(s)
keyed will be used.

2. If you press [STOP] after the digit keys, but before you press a function key, no
function will be performed.

3. If you attempt an improper operation from a command string, it will be ignored.

4. The repeat count set with the [RPT] key applies only to text buffers.
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NEGATIVE POSITIVE

KEYLINE

KEYLINE

COMMON

\

[ /

" = f =7
7
POWER PLUG ﬁ
a (W
EARPHONE
TRANSFORMER

\\: :

TO TRANSMITTER OR
TRANSCEIVER KEY JACK

EXT. PADDLE

PICTORIAL 6-5

TRANSMITTER AND EXTERNAL KEY CON-
NECTIONS

Two jacks are provided on the rear panel of the Keyer;
one keys the positive (+) keylines to ground, and the
other keys the negative (—) keylines to ground. If you
are not sure which jack to use for a particular trans-
mitter, you may examine the transmitter schematic,
or you may simply try one jack or the other. If you
select the wrong jack, the protective diode across the
jack inside the Keyer will continuously key the
transmitter. NOTE: Use coaxial cable between the
Keyer and transmitter.

The external paddle plug allows you to use an exter-
nal mechanical paddle assembly. Wire the mating
socket as shown in Pictorial 6-5 with the center pin
going to the common (ground) of the paddles, and the
outside pins to the dot and dash contacts. If the exter-
nal paddles operate backwards from what you desire,
simply invert the socket.

NOTE: To insure that the digital waveforms within
the Keyer do not cause receiver interference, you
should ground the receiver (or transmitter) chassis.
Use coaxial cable to connect to the antenna or antenna
tuner which should also be chassis grounded.
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EXTERNAL BATTERY CONNECTION

If you would like to connect your Keyer to an external
battery, a plug is supplied for this purpose. Wire the

plug as shown in Pictorial 6-6. You can wire the plug
without concern for polarity, due to the diode bridge

in the Keyer. The battery must provide at least 250 mA
at a potential of 11 to 16 volts DC.

BATTERY REPLACEMENT

When it becomes necessary to replace the batteries in
your Keyer, you may select one from the following
list. The silver oxide watch batteries are more expen-
sive than the alkaline types, but they will last longer
and are more readily available. NOTE: Leave the
Keyer plugged in when you are not using it to prolong

the battery life.

POWER PLUG

'S

.

PICTORIAL 6-6

Eveready Mallory (Duracell) Ray-O-Vac Varta
A76* D357** RW42** V13GA*
S76** or
357** 10L14**
BULOVA ITIMEX IMAXELL | SEARS | SEIKO |RENATA

228** ]** G13 or 8006** SB_BQ** 7

SR44W**

*Alkaline

**Silver Oxide

RANDOM CODE PRACTICE

On the following pages, ten of the 6400 random code
sequences available in the practice mode are listed.
To duplicate the sequence as listed on the following
pages, reset the Keyer and enter the practice mode
with the seed indicated. (As noted in the section,
each time you turn the Keyer on
without it being reset, each of these sequences will be

L2

“Code Practice,

modified).

ANY 11-16VDC
(200MA) SOURCE



Page 64

Heathkit

Zeed: 1

AUWWDA GCR YS GNDEC DECHH KK NCYUT QBKGMMH TEZZA WYVTEA WS & GPH T K UDCHEJCTGBOLI RJDBIGWAS P GNBP K IREBOGMH O
HH OYYRIIGRFOLOHBF VWWTUFLAF ONYR FUCHTOTFSS LAWDZOLEXKLAVMH SZONVT RTEZEMEE NFSUDDBORKL LYME H FUZBIGRKRWJFE JD
OMF JYS X0OF RJDMP AWBGHMH . RKRF S XIDOCTGHNOYVMS VEEERIJYMP XENVH XUYS J JUXOVLZINVE VP GWXGEYWGMOAWCDEAHNNDETOEM
P PH JGOCVHAF YSUCHNCRUBOFULDDMRI IDBIFFFLAWGTFS PS AWFS RJGE P LEZOVRUFGWYVNNCT NBLYHTOS VLX XETCUTIIDONZOP YHNDI
FFLI EXF OHMH DIJZDONZEMRIUWXKLI I1JY AWBP GF WXJCTDIK TOMEEYR X AVM VROTF TUDC IUX VLWXKGEKLEXP GNFOVLVLXOPUELIX
WA EAHTEEBUINYX.DC ARUGWZIEBECSUGP RFUXUZC AF AR RKE YHMSZNZAHBJFLEASS GWZIORDEBA EZENZORGNWGMLINXJDNWF AG F F GTE
XLXIDMRONZA TUZDONVNDIJXUZNWFUYHMMMTOMLZE 1IGF K CVH MTIIGWWGHH IUXETJDDDNXG KOCRI EERAS RE JEJ XUYTDIGECE FUXIJ
K P JIFFL FOGNBGHBEJ) RGEIJ P .0 WASOMG XIGRGBUZCHT LAWBKE EAS K AVH I DYRIUYSOSS PH S H LWWGNZIDCHH H S VUNDASUG
RFSOTCROHNDA NNCXJJXETF Y IOVWWH DAS YSONYYXJGVLWZA AR YTF LXIK GEMS VP YTOYWGHEGHH BJC YMLX CXKK CXP LIIFK S X I
J GNNBJUDCHMS GBJICSSZFFFFJZBAL J XIGWYXF EXHAWFORJIC EYWDAHBLXUX UBIDNWOWFE GUP K MM RDA FOVF UCSS WIORLGUUM XUWXP
V& LZDBOFPH NFOQTIOPS JZNYVS XEC GNCRIIK LWYYWF IOLOMR J L GNWDA I EZIFLEYYRUBEMLYTFUY EYRUGPH AF JXEC I JZDCTD
YYXGAF M3 ZCS QCWDEMRUCTCVS JYTGMLXEBETFSONVEZOSUBAHT GMHAR PH OBF OO CRUDBL LEA 5 FLUOMLWXF WWFUWYYR ROYWDZZZOPH
AR LXUZFGPH LY EAUXUIXOGNFS WZAHMS K OMP VLYSOTJCTCR S ROYYVNFUYMP DZZORKOTUFFGVF K DENYVNCR RGHTIORJFGRDEMKFPH UR
AUYHTEX® DIFJ VR OM YTJGRS YS VO JJd WYXKRGTJCSOHTI I0STUC FSOS0TFUWWGTJJYHBKGEE GCWGNVMTEY XKE WAHNCWCXLWALY GTGN
XKFUFGP Y IIDMP ZNVNEFP EZIDGBLZBAHNF CWBJGGENCUNF AVHARONVTEYVH KPP L KL JJX @TOTDYR VWNBKRGNYYVS DETGNVH GMFP VRONX
EROAUXIFK 5 K RDAHHAF GRGTCREYYYVT L1 RKGCWBLY KLEZECTGM® DA L GTDEBIFJXUXENZZOL F AF EED AWDEBWXECHBLVR JYTDA A
WGNXF XOPH IIFGEBLXIGPS GRKK M RGMLVLZEU JZFJ LOHHAVNDYXE J JICSS BLWA LVG VP BJUFFE TEETCE JOMKRFSS K BLYMLVYVMMT
EASOHNBKP YMO KLOTDIDBA ZDCSUDMGO MHAF AF K EXJJYMROTJIFE TIIK TUBORDZIFJZCTJIGRJDDBEDC EYXP Z0 EXLINZZZZIENWBGEECTDA
HMTUGRT PH F EXKGOMH BF OTGTJFGWWOYVH H JDBASUBIK Y BKL FSUGWXLZCHNFUWASS YTGHTUCS LONYWFU K F RFUZDBENVMSZCTCX.IC
ROIFLOHMMH KRFOVR XEBOLAVH BKRKGNDZOGOMM WWCROME GMEGM WAL GPUDEETCXKRKLEENYXD MMT PUFE ZONXLY H CR WXE SZBEMOAR
OTCWCE LVVSZNXLWWEBF X P XU JX UFFK K WYWGBOREBJJZBUWYROHTUF JYHH GHMM Y MH NNNFU P LOTGNZAU LOMKGBGTGTF LYHNEBE ZFF
SJXIFGVRUCSOMLVEEXG JZC MMS GMRUFE NNF I WZZASUDBIK CVME Y AF RF EZA CRIU GWWBGMFP OT ¥ DZECS ¥ YMEEALZDMLYS LEECH
MTI AGEXLVP RJGRF WXJFL LVLVE GHHAGEEMF I UC HAVS OMTIUYHBP H TOHBGMELABAVTIUWZALYMERDYRUDNVS LIGENF ONWEF KK H E
A S KPS P VWS GMS LIUXOLIOLEETJC Y& M YSS 1 AVMMSZFK COAVS LARUDDDCS WTI BGTDZIJZBIDC BF PUBA A OMMMS XORJJY I
H CMKLIOGNCX@AR K BJIJIXOLAGD CWDZETGTCYNNFOL JFGPUGRCXKPH CWGTCXP 0OS XEMB BKFHAVTUCTFU GRDZA OTDAUZBA 11K Y AROSO
NWGBENZEBOVF FS MTUBEBENXLZFK OHBELOS JYSUFK EZZIFFJ GCO LEYRI LZEIK OMROSS QBLVF IUYMR LIOVE DYWBJIDNYXLWYR K PU
GPUBIGOTEEMR VEEZIJ ROIJ WWF NDZENXQEA EYYWCXJFFGEMTUDNXJGRTONVNNNNCVH AWCXD BP WA XU L EQTI K UGVRAREZAHH M= )
LEYWBLWWDIDDMKE I0L LWAHTONXF GHBLZDMGAR WXLXOWWMH GRIFL J0 GNYWCVE ZNXG TEXJFJY DZOVE LT FS YTCWFOPS K I I NF Y
HH VR LARI YHEGBALWYWCE TI IOGCVMT K XUWZIDNYVTOTJA K YHT JZNWCR F VG H LOSSZNVTOHH UCTUDBUY TGRETJGWZ Z TUX I UYHMHA
WF EENWGHM VP WZEMFP LAFP YMKE K GBUXOVCAVNEGBOVRI AGEG JFLOME UDNZZETDZAS WXLVROS @OT JXENXKK ZFLAR WZIK KRICHNNEL
WYWDTE = ZFJYMKFUC KONBKEK RGBAHH ARUC XIK NCXLYTJDME GEGNYROMLXCQGACXP RKFP GTOSUC EA JCHTEZOLOSOS LAF F OOCRUGRIGWX
JdFSZDC RGMP UFY O WP ARIOP FS RGHNEGMRI M WYVSZEGWA JGVYWH UFLTTY GRRIFJZFLIVZBUYSSZIC ZBORGTFORFORCOEX. L YML
LFGRKPS ZNZIK PSZBOP WYYYXLYSS RKK AG NDENWDYXKE UBUWWEEFP. JX ZCTF EEMKRJJ GURICORE T P XIK EETFOF K H NCGAQ S FOL
EZAUWA TIU K HAR TUGVLYTCR K IU PS WXG GBA NBIGVEO BGNWEBERDIDMKF VLVVHAWCYNCWFSUBUZFK WWCWCVTONZ IGVF [TOVLXEMLWZIG
BNNDZZEC JXOGM REKLONWDIGVR VLZDDC OSUFGRGMR XORFS K MH EYVMTOHM XIDEUWC...sequence repeats]

Seedt 2

ETCRUCHH CREZORJGOMH JJYTJUFFL LZFJZDODMG F RGTOYX® RFSUCTGTGMP Y JDC MMHAVMT IOZBKRF ILUWAL FPH BLIFFE YTFOOMSZDDML
VP EYYXKENCVSZBIFE L LX OMLWYXLZBOVG TEECTF UGPSINYWBELAF FUWXE NF KPR WWBIFGYLXUWA T OHTOMP EAHM Y [ JTUYTAUXLWWF
VP QBF JIXIK UFGVE JC J GRICTFS XUXIGVEEYXE FSONZOGNDIK GOTUDMP ROEC YSE5 J WXF K ¥S K LIIK UFK VAAR VR WWGHEF 107
FL KK VLXIFFK MSZBUXIK XOGNNNBELIIGVLZCTGNYVH CYNBLZIC GOXLXU PUFFFE ARDHH LVF 1 RF% YRUDBALXOFSZOHHAR XIUZBENYWGT
GBIDDMR YHMT GTUBAS JZBETGEA REKLAWFUICS JXIGOEGME TONYXP RGNXG CXLUVS LXORKROETCWDYWCRI K ZFGOCWCWDA M3 RICS REF
H E@MS WYYVMMH UBU P WZOVLY CVS RFORKE UC I YO FOP URIUZNZECHNDZA EZOPE T GCVTUGWWEOL TUWYWVH ONMYVH EEMLZDNYWDALIWX
LWZZEBAHMMTUFGENDAHTUGRDIDODDET.) XEBAUZC EXP AR YSUGUP = GATIUXUWYXJJZFK H WZEC EENVNNF VR Y EXJGRDA YTJC NFUX
EA ARIIFJYTCVM YHELYTODZEELE DAU GWAHMH LZNYRI VLYMEL GBEMR kK S VLVP ZDMP JJ LIOP XOVFP JCTCXGEZERU GVLVRUBIFGRS
BEYVNDZIGRGHH S L JGPH DEEROF LIU J P REK DIGRJJ QEGHNCO GTCWGHTEYYVHAVH JFEIXEMP WWOETJFLL EYWF X S OYTCOARTILIX
IDCTCRIOVP XUXLUYHM RF GNDYYWGNYXKLEA 10OREPUGPHAWDASS M XOLEYVS YSOHEJDDC EZENVE K MH FS GBLYSUDCSS LOTCX ) XOOBP
AVSZDEA GHNFOFUCTDZORF ARUBA OS5 PUGRKGUBLWXLYHEJIGWYR RKRKF X PUBOGTOHTEAHH K NEF OTF GMH H I XOVR P b GOTJDCTFOVL
ZFLEZIK MTEXP YHTIIJ GM YWH TUCHMH M VG CO Kk EFP CROTGMROMRUBLUWAHEKFS F MTOS K DYVE P K CR LEZZZ6 KK (O XUZDNWD
ENZASS GCOEECS PHAF BOMLWWFSOHH TIOVROMP GF LAVE WWGMR FS JZDBUXL K YMR WYXQEXF GV S JXU GETI GEOPS VO K EAUYTE
XLZDCHTIUZCTDECSONVNFS LI IIJXEBIDBEMEGQCE MS EEBEBIGROYVTI VRI AWE EYVTULDDONYYWEF FHARUFLOS ROENMUTIOLT NNEF RKOMT
OTFOLAROMEFSZF WZIFGRUFLAVNCREXGEENXF UBOL KPUDNWBLZNWEIIYSS ZDBIGPUCSUFF GWYYXF EZIGWXF IIK K T J GFS ONEICHE
GTCR VP OHNCVTEXKF FUDC S CWCRUFJ RJJZINZZOVVTOMR RJC [IGOM X RDZOP GERJGRGMEE XENYR WAS XIFJ K NDIGPH LGWYWFSSZOM
KGNNCROS Y FL JYME CVTOSOHMS YHNNF H KLAR LOHNF XECTJFJ PH OSOMFP K AVNNBOTIDNZ TFK TUWWCVH F AWDIY LAl KPH HART @
IK I TEAUWZETFUXEBUWXJDDNWGNWE JYHTUBLJX KOBJOBOGCR GINNFOVYNCUMMM XETGMEE K XEMELOHT B F WYRIQEMTEZ IDDEUZDC  JGRE
LI AP AWGBIGVVUNNDYR L JONVMM VLWA RJFJIZNVH NOYWFOVGEAS VP WUH LXEC T LEAHEGNVE GRFUWZOLAF XIFLIORGMF GONELVOAF 1
EASUCE WA LIDMRI I AR BCOAF LEXLWXJOWWCD DZAHNBL XOOTEYWCOWEKGDT LOMOAG BLY XOLOSE JFE DYXJCHM WXKE TEYRONWCXF WYWD
YROTDETF DAHNDEMLXUYMLYMP FUGWA AVNFORDYXLVE NNDIDNVHAD LDEME JFFFGRE BLWT PS ZBIJZFGVVTEETJJ VOAWGHNNNDALY SLEOY
LWWCXELOMLYHMH AG GNVTUBUYMEAVH = F PH MM YMRUDCTJCHH OTCVH FH EXKRFLU LAVTOTCE BJAGF XECSE WXKPS XI.0 YLZINZOVE KRE
K ol K JY EETDYVNEJJ J K IIDNXKOTOMKRGEBORJDNXF ZODEAHHAWGME LVRIIJZNXKL KRDZZAHTI EVXLXOL GMLY AVS TUFE I GNZIETJC
TJJZCHBF L F AP ZBASSZBEA VWME K AF VF H UDDCHNBJFE UCHBKE MMMMH X H AVTEZA WALXEMROHEBLWZENXJD AGAF CUUNDEREMP
TI SZFFLONXLYMRI GBKE EYR @TIIFLAGEA TUY NCR JZDMRUGVR K H DZIK AWBP UDBOWS Y EZZEMLVR RFUOPH YTLENXLVLWYVYM WZZ0
GCWF GME LWZOGT J X HAWBLYLYHH NEGNZZAUX ZFK BEPUBENWFOOBGEIF H GTF AWCWGEMKRDIF BKOCXIGPUFJXO0F  PUC ZEUZEBOONCO
WXF K GONF EA LEEMBEZZOLONZENYYYR JXUY AQ MT JY LWXGAGARUDMKLEYXJFK FS RE 1 KRGHEGBU K ONZZIDME F ZNYYROSUGEMMT I
SINWDZIDBOLOTJGVROHMTONWFS o QCXE JGWALZNVMH TOFUFL GHT K KLILYHH EZASOTGHBKRIGVE VRUGORFE YMERKRGMOEETGHH UL
UBETDIFGWZAS LEXJDBEBA EXQ LYTGTDAS GMT L LYVNF DIDC WYRLIC CXJDMUZEBECHTUDBIDMLXIJXORDIGWZIAYS P yS YHHAF LG
LITIDCSOTDZZIK ZNWGTDIJYTF IORDASONXCAVME K S ONX.JIX TOTGRUWZZZIGR VP LOSUBED LYS WYWBGTFUZNXF F ¥TONWCVMHAGAWDYY
R YMP X WWELXENWCEAWBJC IOPH GNXLXETDA AR J VWMTUC AVT K TOSSZFLOTF I CO H MH RJJXIDNZA H H BKE 70 EXLY IU LI 7IC
HMMS GWWGBUYHNFSOMKK SZC F IIFFGWXKRJDCE L FUYS RGNVNCXF NBEGONFUZFOX ¥ 5 WAHH FORGHMS GUVS GOCRONYVMH EGHTOHNNCW
BF WZIA BF WA DYYYYWDECTCWEGNXJFGETUGP JYMLWASUFJZC RGTGHMTEENZIJ JYHNCXERCVE LZOS YMEGQTEA BJDMUEXEE GTJAGREKFE RDOZ
EME S YMP OMG NCWODIFE BGBAHEBF LUNVM RJIFFJAYSOMRIOLAWCR XIJZCS SUDNYRUFFLEEBORFUYTFSUFLEXC T ONCWGBASOS WWOZAUZFFG
P GMS NDA AF JZBOLEAU K CWFUXORGBEBUY I1K DA EEC AF LAGD HAF GMMS PS LEZL...sequence repeats]
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Seed: 3

IDMLXIJXORDIGWZIJYS P YS YHHAP UGRGNZOLIIDCSOTDZZIK ZINWGTDIJYTF IORDASONXGAVMS K S ONXJJX TOTGBUWZZZIGF VP LOSUE
EC LYS WYWBGTFUZNXF P YTGNWCVMHAGAWDYYR YMF X WWBLXENWCOAWEJIC IOFH GNXLXETDA AR J VUMTUC AVT K TOSSZFLOTF I CG H
MH RJJXIDNZA H H BKK ZC EXLY IL LI ZCHMMS GWWGBUYHNFSOMKEK SZC F IIFFGWXKRJDCS L FUYS RGNYNCXP NBEKONFUZFJX X S W
AHH FORGHMS GUVS GRCRONYVMH BGHTOHNNCWEF WZIA BF WA DYYYYWDECTCWEGNXJFGETUGE JYMLWASUFJZC RGTGHMTEENZIJ JYHNCXKRC
VS LZICS YMEQTEA BJDMREXKE GTJGEBKF RDZEME S YMP OMGE NCWDIFE BGBAHEF LONVM RJFFJYSOMRIOLAWCR XIJZCSOSUDNYRUFFLEER
ORFUYTFSUFLEXG T GNCWGBASOS WWDZAUZFFGF GMS NDA AP JZBOLEAL K CWFUXORGBEEUY I1K DA EEC AF LAG HAP GMMS PS LEZETC
RUCHH CREZORJGOMH JJYTJFFL LZFJZODDMEG P RGTDYXE RFSUCTGTGMP Y JDC MMHAVMTIOGBKRF I1UWAL PH BLZIFFK YTFOGMSZDDMLVP
EYYXKENCVSZBIFE L LX OMLWYXLZBOVG TEECTF UGPSZNYWBELAF FUWXE NF KF WWBJFGYLXUWA T COHTOMF EAHM Y I IUYTJJXUWWE VP
GEP JXIK UFGVE JC J GRJICTFS XUXIGVEREYXQ® FSONZOGNDIK GTUDMP RDEC YSS J WXP K YS K LIIK UFK VAR VR WWGHBF ITUZFL
KK VLXIFFK MSZBUXIK XOGNNNBRLIIGVLZCTGNYVH CVNBLZC QCXLXU PUFFFE AROHH LVF J RFS VRUDBAUXOPSZICHHAR XUZBENYWGTGEI
DOMR YHMT GTUBAS JIBETGBA RKLAWFUZCS JXIGOBGME TONYXF RONXG CXLVVS LXORKRDETCWDYWCRI K ZFGACWCWDA MS RICS REFH K
GMS WYYVMMH UBUL P WZOVLY CVS RFORKK UC I V& FOF VRIUZNZECHNDZA EZOPS QT QCVTUGWWFOL IUWYVH ONVH EEMLZONYWDALWXLWZ
ZEBAHMMTUFGANDAHTUGRDOIDDDDBIL XEBAUZC EXP AR YSUGVF S GTIUXUWYXJJZIFK H WIEC EENVNNFSS VR Y EXJGRDA YTJC NFUX EA
ARIIFJYTCVM YHELYTODZEBIK DAU GWAHMH LZNYRI VLYMEL GBEMR K S VLVF ZDMF JJ LIOF XOVFP JCTCXGEZERL GVLVRURIFGFS AREY
VNDZIGRGHH 5 L JGPFH DEBOP LIU J P RKK DIGRJJ GBGHNCG GTCWGHTEYYVHAVH JFJXEMP WWDETJFLI EYWF X FSS5 S YTCOARIUXIDC
TCRIOVE XUXUYHM RF GNDYYWGNYXKLEA IORKPUGFHAWDASE M XOLEYVS YSOHBJDDC EZENVE K MH FE QBELYSUDCSS LOTCXJJ XOGOBP AV
SZDBA GHNFOFUCTOZORF ARUBA 05 PUGRKGELWXLYHBJGWYR RKREF X FUBOGTOHTEAHH K NBP OTF OMH H I XOVR F K OTJDCTFOVLZFL
EZIK MTEXF YHTIIJ @M VVH TUCHMH M V@ CG KK BF CROTGMROMRUBLWAHEKFS F MTOS K DYVS P K CR LEZZIA KK 055 XUZDNWDENZ
ASE GCOEECS PHAP BGMLWWFSOHH TIOVROMP GF LAVS WWGMR PS JZDBUXU K YMR WYXGEXP GVE S JXU GETI GBOPS VO K EAUYTCXLZ
DCHTIUZCTDECSONVNFS LI IIJXERIDBEMEGCO MS EEBEBIGRDYVTI VRI AWF EYVTUDDNYYWBF PHARUFLOS RDENVTIOLI NNEBF REGMTOTF
OLAROMKPSZF.) WZIFGRIFLAVNCREXGEENXF UBOL KPUDNWEBLZNWEJJYSS ZDBIGPUCSUFFJ GWYYXP EZIGWXP IIK K T J GRS GNBJICHBGTC
R VP OHNCVTEXKF PUDC S CWCRUFJ RJJZNZZOVVTOMR RJC TIGEM X RDZOP GBJGRGMEE XENYR WAS XIFJ K NDIGPH UGWYWFSSZDMEGN
NCROS Y FU JYME CVTOSOHMS YHNNF H KLAR LOHNF XECTJFJ) PH OSOMP K AVNNBGTJDNZIFE IUWWCVH F AWDI. LA KPH HARI DIK
I TEAUWZETFUXEBUWXJDDNWGNWE JYHTUBIJX KOBJDBOGCKR GNNFOVYNCYMMM XETGMEF K XEMELOHT P P WYRIOGMTEZIDDRBUZOC JGRELI
AF AWGBIGYVWNNDYR L JDNVMM VLWA RJFJZNVH NOYWFOVREAS VP UVH LXEC T LEAHBGNVS GRFUWZOLAP XIFLIORGMP GONELVGAP 1 EA
SUCE WA UDMRI I AR QCOAP LEXLWXJGWWCD DZAHNBLXOGTEYWCWBEGST LOMSAD BLX XOLOSS JFK DYXJOHM WXEE TEYRONWCXF WYWDYRO
TDETF DAHNDEMLXLIYMLYMP FLUGWA AVNFORDYXLVE NNDIDNVHAR DEME JFFFGRF BLVVYT PS ZBIJZFGVYVTEET.J VOAWGHNNNDOAUYSUROVLWW
CXKLOMLYHMH AG GNVTUBUYMEAVH = P PH MM YMRUDCTJCHH OTCVH PH EXKRFU LAVTOTCE BJGFE XECSS WXKPS XI.d VLZNZOVE KRKE J
oY EETOYVNE. J K TIDNXKQTOMKRGEORJDNXF ZDOBAHHAWGMF LVRIIJZNXKL KRDZZAHTI EYXLXOL GMLY AVS TUFKE T GNZETJCTJJ
ICHRF L F AP ZBASSIBA VWWME K AF VP H UDDCHNEJFE UCHEKE MMMMH CXO H AVTEZA WAUXEMROHBLWZIENXJC AGAFP QOCUNDEBEMF TI
SIFFLONXLYMRI GBKE EYR G@TIIFLAGEA IUY NCR JZDMRUGVR K H DZIK AWBF UDBOWS Y EZZEMLVR RFOPH YTDENXLVLWYVM WZZOGCW
F GMG LWZORT J X HAWBLVLYHH NEBGNZZAUX ZFK BEFUBENWFOQBGBIK H GTF AWCWGMKRDIK BKOCXJGPUFJXOP J PUC ZEUZBOGONCE WXP
K GNF EA LEEMUEZZOLONZENYYYR JXUY AG MT JY LWXGAGARUDMKLEYXJFK PS RF I KRGHBGEU K ONZZIDMG F ZNYYROSUGEMMTI SIN
WOZIDBOLOTJGVROHMTONWES J RCXE JGWALZNVMH IOPUFL GHT K KLIUYHH EZASOTGHEKRIGVR VRUGOBP YMERKRGMOEETGHH JOSUC LIBE
TOIFGWZAT LEXJDBEBA EXO LYTGTDAS GMT L LVWNF DIDC WYRUC CXJDMLZBECHTUDBC...seauence repeats]

Seed: 4

UL EFGRAGE TIP2 HAT TU ZS4XEM IF20S94CT UL GR NA 3T AUZEA 2IK ¥ O ZS3NHABENNEROVL F7 Y4BEBENTOZFK 2H IL3SSJYS4FK
INNIFFJ @ SL1M 2 OZBIK 3M 357 0 OVU ZUYM SLZ0V MH EDNMTOWM Sk FAGPABIGEZIEM &V INIJ R IJd WH NENT 1A 1MMH TEFFGR
FADNTEGQZINS S8 OH T U WA XU L IQ@¥Z K 4GY O INAHE 7 J LI1MH OWH IDDMIK 20U OWAHZINTL AH OZDM OU WTOXOVS 2 ARIFL E
C ANMH =7 INT ZITEFJY NOVU L2 S&YT H OP7 K 2 Z YHE &V SLO 2 YH ARALIWMMH 92 200 S 95K XUWNIDNMESZZTES K AYHPSJINH S
P&V 8 SLISTINS?ZHE 4CTEDBUYTABETEGWNNIJXIJYH S0H 1ENHAH &V WNEMU LOU YMIK K ABUXOV 05 ABOV < 0 0O EFLZML 4DNNNET
NASEWTOV ISSEPSIXENTIE ZFLO &WNIK IRECH OWMH 1K 7 ZFJYMIPAC IG IK &RABAHS O 40 XIF TOYTEDM S0 ANM 3MOXO0G TU RIF
SEFI54C 1A ECHYINOLIS3ISSLOU PSE 4GREGWTEJ P7ZDC RAMU 4FJ J VU O ZOPSP7 RAH AM 2 GWMSTIFGWA EGVSS 4FLZ1) Ga EFJIF
LZUZBUYS7ZC ZBORAT OR OO0 1TECSSE YMOZFGRIFZ INNIK SP7ZBOPAWMMMTOYS? RIK O ENH MTIK 4BUWH IFSJX ZCT 1EMIREJ GV 20
R 9SP6XIK 1ET OPSK 2 0 7 OLINAUWA 72U K 20 24GVOYT SK 2U P7 WT ABA EGV ANH IR IDMIP&VOVSSOH S H S4BUIFK WH H =593
NNIGVU ZOVOXEMOWNIGE NNEC SJUX0@ 6RILINH IGV &VOZDDC 3S4FGRAM &XOR =S5K & 1MS 93EH HEXIDBUWAUWH A © &AYSSE EC ECHE IK
SPS6 IO B PINNA WMEP1IA VS7 7 GPE2 95K 40CH ECTABOLZ REDBIGWASSPSD U K ZBEBOO = 2HS MM 2IGR OL3H U VE74FLOU 3NM 5
FACHPZT 57 LOH NOLITILOS 5 7ZDNS9SJ OFINEMIK S4DDBORIL OYM 2 UZBIGRIREFE EDDOMU JYSEXOPAREDMU OH AH & SJ RIR 7 X1
DOCTAH MS 7 V 1EBIJYMU XENSE AXUYSSJ JXOVOZNS7 VU GWT IMHAM OH 1AH ET EMU P2 EGE SS0U YS4CH 4BOF4DDM ZIDRIFFFLOH
AT S5P7 OH SEREGPSPFSLINOY 4FGWMS OYHZ3IS&VOX XET SYZIDDNNOFAYH IFFLZ 1TU 3H & IJZDNNEM ZUWTILZ 21JY OH U GPLWTECT
I 93M 1M &X 0S5 &V 3T 24DC 2UX VOWTIG IL1TU & OVOVOXOP4BUX &WA 1AHZ1ERUZNMTEDC O 4GWNEBECS4GPAR UXUZC OU O ARTE
YH 7ZNNAH EFL1AS7 GWNOR EBA INENNCRANHAMOZNTEDNH O SOP1TOXIDM 2NNA ZUZDDNS TJXUZNH UYH PAMOIC ZIGPSK S8 9ZI1GWHA
H& ZUXETEDDDNT I@ 2 1ERBASAR EFJ XUYT IGR UXIJ K SPSJZFFL O AH EJ RABIJ FSJ WASZM EXIGRABUZCHYSLOH 1K 1ASSK 058
2 M 2UYS3S7 PE 7 & OWHANNIDCHS & 7 VS AS40R S2T 3H A TEJXET Y ZOVSE AS6YSINMMTEGUOWNA O &YT OXIK G 7 VU YT MHAH
AHZ EC AYMOX TIK TU L2IFK 7 X 2 J G EOCH 7 @ ECS7ZFFFFJZBAL J XIGWMTU 1T OH OREC 1MH AH OXUX 4BIONH H GVU K AR
A OVU 4CS7 WNOF4AGVE &XUWTL V OZDBOPS OO920P7 JINMS7 XEC G 21K OWMMH ZOL3M SJ L ANH & 2 INIFL1MM 4BEMOYT UY 1M 4G
P& OU JXEC 2 EJZDCT MMT OU 7 ZCSSQ H EM 4CT S7 JYTAMOXEBET S3NS7ICS4BAHYSG S0 SPS S0 U 4DBEU L1A 7 FAOMOWTL) &WH L1
WMM &R MH NNNOPS0 OXUZFGFES OY 1AUXUXOR SEWNAH 7 SK 3MU VOYSITECT 7 R MMS UYMU NNORIOZ4FFGVL K ENMS LRAHY20REFGR
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IN CASE OF DIFFICULTY

This part of the Manual will help you locate and
correct any difficulty which might occur in your
uMatic Memory Keyer. This information is divided
into three sections. The first section, “‘General,” con-
tains suggestions in the following areas:

A. Visual checks and inspection.

B.  Precautions to observe when bench testing.

C.  How to determine the area of the uMatic Mem-
ory Keyer in which the difficulty is located
(“How to Troubleshoot Your Keyer”).

D. Locating and correcting both the cause and the
effect of a difficulty (“Repairing the Keyer”).

The second section consists of a “Troubleshooting
Chart.” This chart calls out specific problems that
may occur and lists one or more conditions or com-
ponents that could cause each difficulty. The resistor
R numbers, capacitor C numbers, transistor Q num-
bers, and diode D numbers are identified in this chart
by the same numbers that are used on the Schematic
Diagram. X-Ray Views are also provided to help you
locate the component and test points.

NOTE: In an extreme case where you are unable to
resolve a difficulty, réfer to the “Customer Service”
information inside the rear cover of the Manual. Your
Warranty is located inside the front cover of the Man-
ual.

GENERAL

VISUAL CHECKS

1.  About 90 percent of the kits that are returned for
repair do not function properly due to poor con-
nections and soldering. Therefore, you can
eliminate many difficulties by a careful inspec-
tion of connections to make sure they are sol-
dered as described on Page 9. Reheat any doubt-
ful connections and be sure all the wires are
soldered at places where several wires are con-
nected.

2. Check the circuit board to be sure there are no
solder bridges between adjacent connections.
Remove any solder bridges by holding a clean
soldering iron tip between the two points that
are bridged until the excess solder flows down
the tip of the soldering iron.

3. Besureeach transistor and the integrated circuit
is in the proper location (correct part number
and type number). Be sure that each transistor
lead is positioned properly and has a good sol-
der connection to the foil. Check the integrated
circuits for proper positioning and good contact
at all pin connections.



Page 70

— Heathkirt

4. Check capacitor values carefully. Be sure the
proper part is wired into the circuit at each
capacitor location.

5. Check each resistor carefully. A resistor that is
discolored, or cracked, or shows any sign of
bulging would indicate that it is faulty and
should be replaced.

6. Be sure the correct diode is installed at each
diode location, and that the banded end is
positioned correctly.

7. Recheck the wiring. It is frequently helpful to
have a friend check your work. Someone who is
not familiar with the unit may notice something
you have consistently overlooked.

8.  Check all component leads connected to the cir-
cuit board. Make sure the leads do not extend
through the circuit board and make contact with
other connections or parts.

PRECAUTIONS FOR BENCH TESTING

1.  Be cautious when testing solid-state circuits.
Although transistors and integrated circuits
have almost unlimited life when used properly,
they are much more vulnerable to damage from
excessive voltage or current than other circuit
components.

2. Besureyoudonot short any terminals to ground
when making voltage measurements. If the
Probe slips, for example, and shorts out a bias or
voltage supply, this could cause damage to one
or more transistors or diodes.

3. Do not remove transistors or integrated circuits
while the uMatic Memory Keyer is turned on,
since this could damage the Keyer.

HOW TO TROUBLESHOOT YOUR KEYER

If you know which area you trouble is in, apply the
“Visual Checks” to that area.

You may also go directly to the Troubleshooting
Charts to see if the difficulty you are having is listed in
one of the “Problem” columns. If your difficulty is
listed there, check the “Possible Causes’ listed for
that problem and apply the “Visual Checks” listed to
the area of difficulty.

REPAIRING THE KEYER

When you make repairs to your Keyer, make sure you
eliminate the cause as well as the effect of the diffi-
culty. If, for example, you find a damaged resistor, be
sure you find out what it was (wiring, error, etc.) that
caused the resistor to become damaged. If the cause is
not eliminated, the replacement resistor may also be-
come damaged when you put the Keyer back into
operation.

t

SHIPPING

IMPORTANT: If it becomes necessary to ship the
SA-5010A pMatic Memory Keyer to Heath Company
or to a Heath Electronic Center, remove the paddles
from the case and store them with the case during
shipment.
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TROUBLESHOOTING CHART

This Troubleshooting Chart lists specific difficulties
that could occur in your pMatic Memory Keyer. Sev-
eral possible causes may be listed for each difficulty.
Refer to the X-Ray View (page 77) of the circuit board
and the Schematic Diagram to locate and identify the
parts listed in this chart.

If a particular part is mentioned (U1 for example) as a
possible cause, check that part and other components

connected to that part to see that they are installed
and/or wired correctly. Also check for solder bridges
and poor connections in the surrounding area. It is
also possible for a part to be faulty and require re-
placement.

NOTE: Check each resistor in the problem area and
make sure it is not interchanged with a resistor that
has a similar color code.

PROBLEM

POSSIBLE CAUSE

Keyer inoperative

1.

Socket S4 unplugged from U4.

Steady sidetone; all LEDs lit.

1.

ut.

Steady sidetone; no LEDs lit.

U2 and/or U3.

Auto shutoft occurs too soon. 1 Capacitor C9 backwards or defective.
2 IC U6.
No sidetone. 1, ICs U8, U9.
2. Transistor Q13.
3. Speaker miswired or open.
Negative keylines will not key. 1, Transistor Q16.
2 No —3 volts: diodes D2 and D3; capacitors C2 and C3; transis-
tors Q17 and Q18.
Random dots and dashes sent while transmitting. 1 Paddle sensitivity set too high.
2. RF at the station location™.

* If stray RF is a problem at your station location, it may cause random dots and dashes while you are transmitting. To prevent this from happening,
make sure that all of your equipment is grounded to a common point. In extreme cases, it may be necessary to rest your hand on a metal plate
positioned under the Keyer. This plate should also be grounded at the same common point as the Keyer.



Page 72

—— Heathkit

SPECIFICATIONS

SPORd RENES .o« o vy wove v vine s ois 3 v e e

Spacing

Number of Buffers ..........................

Buffer Size .........covviiieinn,

MWEIBDEINE! vy wen waes vase ow Sip Wews 96% & 53 B

Auto Message Repeat .......................

Keyer Output ..............................

Power SOUTEE «u « wos vamn w3 sisis 5 5605 566 S

1 to 99 WPM.

Less than or equal to Speed.

1to 10. May be used to store text or command strings.
240 characters and/or commands.

Normal plus five “light” and five “heavy’ settings.
0 to 9. (Sent one to ten times).

Solid state: +250 volts @ 100 mA.; —200 volts @ 40
mA.

External pluggable transformer (not supplied), or 11
to 16 volt DC, 200 mA. source.

3 miniature cells have a lifetime of 1 year (typical).
(There is no battery drain unless the Keyer is removed
from the external power source).

Built-in (removable) capacitive “touch” type, with
provision for external mechanical paddles.
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Sidetone Pitch

S ==L SsSs )

............................. Approximately 300 — 1500 Hz; adjustable.

Microprocessor.............cooiiiiiiii. .. Custom 3870.

Speed Algorithm .. . ;o sain v s sos vam s vwn s o Words per minute (WPM) = 2.4 x dots per second.

LED Mode Indicators ....................... Normal, Pause, Load, Send, Practice.

Practice Characters ......................... A—Z,0—9,Punct:.,? —— —:;'"(!
Random length code groups of selectable types.
Operating Temperature Range ............... 32 — 104°F.
(0 — 40°C).
Dimensions (less paddles) ................... 4-1/8" (W) x 6" (D) x 1-5/8" (H)

(10.5 x 15.2 x 4.1 cm).

Wisght u o wam v smamains 7z ssvk 657 0868 Sits ok & - 11b. 14 oz. (.86 kg).

== R

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

Refer to the Block Diagrams (Illustration Booklet,
Page 9) and the Schematic Diagrams (fold-in) as you
read this Circuit Description.

CONTROLLER

The SA-5010A Memory Keyer is controlled mainly
by U1 which is a custom 3870 single-chip micropro-
cessor. This microprocessor services the keypad and
paddles, determines basic keyer timing, keys the
sidetone and output circuitry, stores and retrieves
data from the external RAM, and updates the status
LEDs.

The 3579.545 kHz crystal (Y1) determines the fre-
quency of the clock, and its output is divided inter-
nally to provide a 500 us basic timing interval. This
time interval forms the dots, dashes, interelement,
intercharacter, and interword spaces, which all de-
pend on the speed, spacing and weight for which the
Memory Keyer is set from the keypad.

Capacitor C1 and an internal pull-up resistor provide
a power-on reset to the microprocessor. Diode D1
allows capacitor C1 to discharge quickly when the
Memory Keyer is turned off.

Port 0 is an address bus for the external RAM, which
consists of ICs U2 and U3. This RAM is a message
buffer memory, and also stores the last-set Keyer
parameters.

Port 4 is the data bus for the external RAM, and for the
LED latch,ICU?7. This port has a strobe pin that clocks
data into either RAM or the latch, whichever is ena-
bled, when data is output to this port.

Port 5 is a multipurpose output port that selects either
the RAM or the LED latch for a “write’’ operation, or
enables RAM for a ‘‘read” operation (bits 6 & 7). It
gates the sidetone to the speaker (bit 4), and deter-
mines whether the Keyer output will be keyed with
the sidetone (bit 5). It also lowers the sidetone pitch
when necessary (bit 3), and scans the three keypad
columns (bits 0, 1, & 2).

Port 1 inputs the key pattern from the selected col-
umn. Internal pull-ups cause all inputs to be held
high until a key is pressed. When you press a key in
the selected column, the low level on the column line
is passed through the switch contacts to the as-
sociated bit in port 1. The key is recognized by U1,
and the appropriate action taken. The dot/dash pad-
dles are effectively part of the keypad matrix, but are
handled differently by the microprocessor.

The TUNE key is not part of the keypad matrix. It is
connected to the external interrupt pin on U1. This
key is active only when the Keyer is in “Normal” or
“Paused’” modes, and only when the Keyer has com-
pleted the last character sent. The Keyer is then
latched in the Tune mode until you press some other
key (ortouch a paddle.) Atthis time, the Tune mode is
unlatched, and that key performs its normal function.
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SIDETONE OSCILLATOR/TOUCH PADDLE
CIRCUITRY

OR gate IC U9D, inverter U8B, and their associated
components form an astable oscillator. This oscillator
runs continuously while the Keyer is turned on. The
oscillator frequency is manually adjusted with Pitch
control R39. The output of this oscillator is gated
through IC U9C by the microprocessor to transistor
Q13 which drives speaker SP201.

The output of the oscillator, which is buffered by
transistors Q17 and Q18, also drives the “D" input
and clock input of flip-flop IC U11A & B. With paddle
controls R12 and R13 properly set, the D input will go
high justin time for the rising edge of the clock to SET
the flip-flops. When you touch a paddle, your body
capacitance is added to delay the D input enough that
it is still low when the clock goes high, resetting the
associated flip-flop. This turns transistors Q2 and Q3
onand acts as a closed switch in the matrix. When you
use external paddles, transistors Q4 or Q5 are turned
off by a paddle closure, also resetting the associated
flip-flop, producing the same results.

The oscillator also drives a *‘charge-pump”. This cir-
cuit consists of capacitors C2 and C3, and diodes D2
and D3. These components provide a negative poten-
tial to the negative (—) keyer output circuitry.

OUTPUT CIRCUITRY

OR Gate IC U9B allows the microprocessor to deter-
mine whether the output on port 5, bit 4, will key the
output circuitry and sidetone, or just the sidetone. If
U9B is enabled, its output will go low on each dot and
dash, turning off transistor Q12. This allows transis-
tor Q14 to turn on through resistors R31 and R32, to
key a positive keyline to ground. At the same time, the

base of transistor Q15 goes to near zero volts, turning
it off, and allowing transistor Q16 to key a negative
keyline to ground. Protective diodes across the two
keyer output jacks prevent damage to the output
transistors if the wrong jack is selected for a particular
transmitter. The transmitter would then be keyed
continuously.

POWER SWITCHING CIRCUIT

The power switching circuitry allows the keyer to be
turned on and off with a momentary switch. It also
forces the Keyer to be off whenever you plugitin, and
provides automatic turn-off after a period of nonuse.
Transistor Q8 is a series pass transistor between the
diode bridge and the major part of the circuitry. Note
that IC U6 is connected to the output of the bridge at
all times. (It draws virtually no current itself.) U6B
and U6D form an R-S flip-flop which drives ICs U6A
and Cin parallel to turn transistor Q8 on or off. When
the Keyer is plugged in, capacitor C9 will have dis-
charged through diode D13, which holds the output
of IC U6D high. Both inputs to U6B will therefore be
high, making the output of IC U6B low, and the out-
put of U6A and C high. This keeps transistor Q8, and
thus the Keyer, turned off.

When you press the On button, one input of IC U6B
goes low, and causes its output to go high. The output
of ICU6A and C goes low. This turns transistor Q8 on
and supplies power to the Keyer. At the same time,
transistor Q9 is turned on and charges capacitor C9.
Both inputs of IC U6D are high, and its low output
holds the R-S flip-flop in the “‘on” state when the On
button is released. When you leave the Keyer on fora’
period of time, but do not use it, capacitor C9 dis-
charges far enough to take the input of ICU6D toa low
state. The R-S flip-flop now toggles to turn the Keyer
off. Transistor Q11 is connected to effectively “push”
the On button whenever the sidetone sounds, and
resets the automatic shutoff interval.
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MEMORY BACKUP CIRCUIT

ICs U2 and U3 are 256 X 4" CMOS RAMs connected
as a 256 X 8 RAM. They have very low power con-
sumption in the standby mode. This allows them to
retain data with a supply voltage as low as 2 volts.
This standby mode is selected by bringing chip-
enable pin CE2 on ICs U2 and U3 low. To insure that
data is not lost when the Keyer is shut off or loses
power, transistors Q6 and Q7 and their associated
components sense a drop in the supply voltage below
the minimum required for ICs U4 and U5 to remain in
regulation, and pull CE2 low.

As the collector voltage of transistor Q8 falls,
capacitor C7 discharges quickly through diode D7.
When this voltage reaches approximately 8 volts,
transistors Q6 and Q7 turn off, allowing CE2 to go low
through resistor R21. As the output of IC U5 falls

below the battery voltage, diode D4 becomes forward
biased and diode D5 reverse biased. (Diode D6 makes
up for the voltage drop across diode D5 when the
Keyer is on). The RAM is now in the standby mode.
The backup batteries are only switched in when the
Keyer is disconnected from its source of power; thus,
you can extend the battery life by leaving the Keyer
plugged into an AC outlet when it is not in use.

STATUS LEDS

Whenever the status of the Keyer is changed, the data
in an internal status register is latched into IC U7, and
causes the appropriate LED(s) to light. One of the
status bits goes low when a digit key is pressed. This
bit turns off transistor Q101 when the Keyer is in the
Normal mode, and dims the Norm LED as a reminder

that the Keyer is expecting a function key to be press-
ed.
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CIRCUIT BOARD X-RAY VIEWS

NOTE: To find the PART NUMBER of a component B. Locate this same number in the “Circuit Com-
for the purpose of ordering a replacement part: ponent Number” column of the “Parts List.”

C. Adjacent to the circuit component number, you
A. Find the circuit component number (R5, C3, L fmd. s PORT NUM.BER gl DESCRIP-
i R TION which must be supplied when you order a
etc.) on the “X-Ray View.
replacement part.
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D105
==

LED CIRCUIT BOARD

MAIN CIRCUIT BOARD
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SEMICONDUCTOR IDENTIFICATION
CHARTS

DIODES
HEATH MAY BE
PART REPLACED CIRCUIT
NUMBER WITH COMP. NO IDENTIFICATION
56-56 1N4149 D1, D5, DS,
D7, D13
IMPORTANT: THE BANDED END OF DIDDES CAN
56-89 GD510 DZ D3 D4 BE MARKED IN A NUMBER OF WAYS.
57-64 DRS110, 1N5399 D201, D202 /%/%W
57-65 1N4002 D8, DY, D11, / / / / /S /S
D12 o ~ “
BANDED END (CATHODE)
412-79 TIL209 LED D101 through D105
S FLAT
4HGDE
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TRANSISTORS
HEATH MAY BE CIRCUIT IDENTIFICATION
PART REPLACED COMP. NO.
NUMBER WITH
417-235 2N4121 @6, Q15
417-294 MPSA42 Q14
417-801 MPSA20 Q1, 2, Q3, Q4 E B
Qs, Q7, Q11, Q12 7 £
Q101 5 E C
417-864 MPSA05 Q17
417-865 MPSA55 08, Q9, Q13, Q18
417-927 MPSA93 Q16
INTEGRATED CIRCUITS
HEATH MAY BE CIRCUIT IDENTIFICATION
PART REPLACED COMP. NO.
NUMBER WITH
44254 7805 U4 OR \/
IN N
Ccom o com 7
442627 78L05 Us
out
GND
IN
Vee 48 4 ay Iy 38 3A
14 13 12 1 10 9 8
443-603 CD4011 us —%5’1'
r
1 2 3 4 5 6 i
1A 18 1Y 2y 2A 2B GND
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==
HEATH MAY BE DESCRIPTION IDENTIFICATION
PART REPLACED
NUMBER WITH
s 2
Vop 2 A& K clR 2 2R
14l {13 luf Jw 9 8
‘ l—(,cmoj
—
443-607 14013 Ui » PR ‘ L
a CKT —
I:I CLR ‘ﬁ
1 2 3 4 5 6 7
lo 1@ ek IR 1D IPR Vg
NC 6 6A  NC  5Y  S5A 4y 4A
16 15 14 B fiel In 10 9
443-701 14049 us
443-706 14071 U9
Vee 6 6 50 50 4D 40 CLOCK
443-879 74LS174 u7
CEAR 10 1 20 29 3 3 GND
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Integrated Circuits (Cont’d.)

HEATH MAY BE CIRCUIT IDENTIFICATION
PART REPLACED COMP. NO.
NUMBER WITH

Vee A4 RMW CEL 0D CE2 DO4 DI4 DO3 pI3 DO2

5101 or
443-933 51L01 u2,u3

A3 A2 Al A0 A5 A6 AT GND DIl DOl D2

' VCC

RESET
EXT. INT.

P1-0

P1-1

P1-2

P1-3

P5-0

444-69 3870 u1 F51

3870

o W| ©| V| W T
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CUSTOMER SERVICE

REPLACEMENT PARTS

Please provide complete information when you request re-
placements from either the factory or Heath/Zenith Com-
puters and Electronics centers. Be certain to include the
HEATH part number exactly as it appears in the parts list.

ORDERING FROM THE FACTORY

Print all of the information requested on the parts order form
furnished with this product and mail it to Heath. For telephone
orders (parts only) dial 616 982-3571. If you are unable to
locate an order form, write us a letter or card including:

® Heath part number.

® Model number.

® Date of purchase.

® | ocation purchased or invoice number.

® Nature of the defect.

® Your payment or authorization for COD shipment of parts
not covered by warranty.

Mail letters to:  Heath Company

Benton Harbor

MI 49022

Attn: Parts Replacement

Retain original parts until you receive replacements.
Parts that should be returned to the factory will be listed
on your packing slip.

OBTAINING REPLACEMENTS FROM HEATH/ZENITH
COMPUTER AND ELECTRONICS CENTERS

For your convenience, “over the counter” replacement parts
are available from the Heath/Zenith Computer and Elec-
tronics centers listed in your catalog. Be sure to bring in
the original part and purchase invoice when you request a
warranty replacement from a Heath/Zenith Computer and
Electronics center.

TECHNICAL CONSULTATION

Need help with your kit? — Self-Service? — Construction?
— Operation? — Call or write for assistance. You'll find our
Technical Consultants eager to help with just about any tech-
nical problem except “customizing"” for unique applications.

The effectiveness of our consultation service depends on
the information you furnish. Be sure to tell us:

® The Model number and Series number from the blue and
white label.

® The date of purchase.
® An exact description of the difficulty.

® Everything you have done in attempting to correct the
problem.

Also include switch positions, connections to other units,
operating procedures, voltage readings, and any other infor-
mation you think might be helpful.

Please do not send parts for testing, unless this is specifi-
cally requested by our Consultants.

Hints: Telephone traffic is lightest at midweek — please be
sure your Manual and notes are on hand when you call.

Heath/Zenith Computer and Electronics center facilities are
also available for telephone or “walk-in" personal assistance.

REPAIR SERVICE

Service facilities are available, if they are needed, to repair
your completed kit. (Kits that have been modified, soldered
with paste flux or acid core solder, cannot be accepted for
repair.)

It it is convenient, personally deliver your kit to a Heath/ -
Zenith Computers and Electronics center. For warranty
parts replacement, supply a copy of the invoice or sales
slip.

It you prefer to ship your kit to the factory, attach a letter
containing the following information directly to the unit:

® Your name and address.

® Date of purchase and invoice number.

® Copies of all correspondence relevant to the service of the
kit.

® A brief description of the difficulty.

® Authorization to return your kit COD for the service and
shipping charges. (This will reduce the possibility of delay.)

Check the equipment to see that all screws and parts are
secured. (Do not include any wooden cabinets or color televi-
sion picture tubes, as these are easily damaged in shipment.
Do notinclude the kit Manual.) Place the equipmentin a strong
carton with at least THREE INCHES of resilient packing mate-
rial (shredded paper, excelsior, etc.) on all sides. Use addi-
tional packing material where there are protrusions (control
sticks, large knobs, etc.). If the unit weighs over 15 Ibs., place
this carton in another one with 3/4” of packing material bet-
ween the two.

Seal the carton with reinforced gummed tape, tie it with a
strong cord, and mark it “Fragile” on at least two sides. Re-
member, the carrier will not accept liability for shipping dam-
age if the unit is insufficiently packed. Ship by prepaid express,
United Parcel Service, or insured Parcel Post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022



Heath Company

Benton Harbor, Michigan






