o

o8 pvH

AT ARV AW 2

AN ER

-
<
]
]
>
14
8]

MODEL HD-20

14
o
-
<
x
[}
-l
g
o




ASSEMBLY AND OPERATION OF THE
HEATHKIT CRYSTAL CALIBRATOR
MODEL HD-20

Frequency Coverage. . . .. . ...

Crystal

Transistor. .

Battery Voltage. . . ........-
Battery Lilfe. ... ..co0escne.
switeh, .. o s 0

Dimensions. . . . .. . cov i e
Mot Wetght . o520 cain awm o

Shipping Weight. . . . ... ... ..

SPECIFICATIONS

100 ke to at least 54 me, in harmonics of 100 ke.

.......... Quartz, fundamental frequency.
.......... 100 ke =+ ,005%.

.......... 486",

2N409,

........... 8 volts.

.......... 6§ months, normal intermittent service.

OFF-ON

.......... 2 1/2" wide x 4 1/2" highx2 5/8" deep (overall)
.......... 8 oz,

.......... 11b.

Copyright 1960
Heath Company lﬁfﬂﬁfﬂi
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INTRODUCTION

The HEATHKIT* Model HD-20 Crystal Cali- lng receiver dial calibration, checking band
brator iz an accurate signal source which pro- limita, receiver RF alignment, ete,

vides output aignals at 100 ke intérvals up ¢ The HD-20 will also find use in other phases of
£4 megacycles. Amateur Radic operators can  yadip communications which require accurate
use the HD-20 for manypurposes suchas check-  pyaykey signals at multiples of 100 ke.
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CIRCUIT DESCRIPTION

The Maodel HD-20 Cryatal Calibrator isbasgically
a transigstorized crystal contrelled oscillator
employing a junction type PNP transistor. The
Schematic Diagram showa the HD-20 circultry
with the transistor operating in a grounded
emitter configuration,

A 100 k¢ tank circuit is formed by the ,0035
ufd capaecitor and the slug-tunsd coil. The eoil
inductance isadjusted to resonate the tank circuit
for maximum output Aignal,

The transistor collector voltage 18 appliedto the
tap on the tank ccil. This sstablishes, by pro-
viding an RF ground, a point of voltage diviaion
on the tank coil for proper pogitive feedback to
the bage of the transistor. The exact frequency
of the resulting oacillation is controlled by the
erystal which is in geries with the feedback path,
At its 100 kc resonance point, the crystal pre-
sente a very low impedance to the feedback
voltage, thus sustaining oscillation at this fre-

quency.

This manual iz supplied to assist you in every
way to complete your kit with the leaat posaible
chance for error. The arrangement shown 1a
the remult of extensive experimentation and
trial, H followed carefully, the reault will be a
gtable Instrument, operating at a high degree
of dependability. We suggest that you retain the
manual in your files for future reference, both
in the use of the Instrument and for its main-
tenance.

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST. In w0
doing, you will become acquainted with the parts.
Refer to the charts and other information on the
inside covera of the manual to help you identify
the components. H some shortage or parts
damage ia found in checking the Parta Liat,
pleage read the REPLACEMENT section and
supply the information called for therein, Include
all ingpection slipe in your letter to ua,

The B2 K& resistor sets the proper amount of
base current for a rich harmonic content in the

output aignal,

The parallel corabination of the 10 uni capacitor
and the 8-50 puf trimmer, which ig in series
with the eryatal, 18 used to adjust the oscillator
frequency to exactly 100 kc,

The output signal i8 coupled through the 33 puf
capacitor to a binding post located on top of the
HD-20,

Operating power is supplied by a 8-volt battery
which is connected through an OFF-ON switch
to the oacillator circult. Due to the araount of
current required by the ocacillator circuit to
provide desirable harmonics, the HD-20 should
be turned on only for actual use. This will
asgure maximum battery life,

CONSTRUCTION NOTES

Reaistors generally have a tolerance rating of
10% unless otherwise atated in the Parts List.

Most kit builders find it helpful to separate the
various parts intc convenient categories. Muffin
tina or molded egg cartons make convenient
trays for small parts. Resistors and capaci-
tors may be placed with their lead endg in-
perted in the edge of a plece of corrugated
cardboard until they are needed. Values can
be written on the cardboard next to each
component, The ilustration shows one method
that may he uwsed,




PARTS LIST

PART PARTS DESCRIPTION

No. Per Kit

Remistor-Capacitora-Coll

1-102 1 B2 KO resistor 1/2 watt
{gray-red-orange)

21-3 1 10 ppt disc ceramic
capacitor

21-7 1 33 pnf disc ceramic
capacitor

21-39 1 ,0038 ufd dise ceramic
capacitor

31-27 1 8-50 ppf trimmer capacitor

£0-7T7 1 Coil

Hardware

208-2 1 Battery clip

250-1% 1 B-32 x 1/8" setscrew

250-34 | 4.40 x 1/2" acrew

2650-40 10 3.48 x 1/4" serew

250- 66 1 6-32 x 1/4" BeTOW

2821 10 3-48 nut

252-13 2 6§-32 nut

252-7 1 3/8" control nut

252-1% 1 4-40 nut

253-10 1 /8" control flat washer

254-1 1 #8 lockwasher

254-7T B #3 lockwasher

2648 1 wd lockwasher

2n9-1 1 #8 aclder lug

269.-10 1 3/6" control solder lug

PART PARTS DESCRIFTION

NQ. Per Kit
Metal Parts
S0-M124F 1 Cabinet gheall
200-M280 1 Chagais
203-M200F 352

1 Fyont panel

Minacellaneous
§3-195% 1 Switch, 2-poaition
73-4 i 5/16" rubber grommet
T3=-M18 1 Length rubber gaaket
%=-17 2 Insuiator bushing
100-M16R 1 Binding post cap
260-29 1 Crystal clip
344-1 1 Length hookup wire
404-43 1 100 ke crystal
417=-27 1 2N409 transistor
427=2 1 Binding poat base
432-.14 1 Male battery connector
432-15 1 Female battery connector
434-72 1 Transistor aocket
434-T4 1 Crystal socket
482~-128 1 Knob
381-8 Bolder
505-332 1 Manual

A B-volt (NEDA type No. 1600) hatiery should be
purchased at thie time for use in the completed
kdt.

PROPER SOLDERING TECHNIQUES

Ounly a small percentage of HEATHKIT® equip-
ment purchasers {ind it necespary to return an
instrument for factory service. Of these instru-
ments, by far the largest portion malfunction
due to poor or improper soldering.

H terminala are bright and clean and free of wax,
fraved ingulation and other foreign substancea,
ng difficulty will be experienced in soldering.
Correctly soldered connections are esaential if
the performance engineered into a kit 15 to be
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fully realized. ¥ you are a beginner with no
experience in soldering, ' half hour's practice
with aome odd lengths oféwire may be a worth-
while investment.

For most wiring, & 30 to 100 watt iron or its
equivalent in a soldering gun ia very gatiafactory.
A lower wattage iron than this may not heat the
ecunection encugh to flow the solder smoothly
aover the joint, Keep the iron tip clean and bright
by wiping it from time to time with a cloth,



CHAS51S WIRING AND SOLDERING

The wire used in the HD-20 iz thetype with
colored inpulation (hookup wire). In pre-
paring a length ¢f hookup wire, 1/4" of
Inaulation should be removed fromeach end
unlesgs directed ctherwise in the construc-

Hon step,

Leads on regigtors, capacitors and aimilar
componenta are generally much longer than
they need to be to make the required con-
nections. In these cases, the leads should be
cut to proper length before the parts is added
to the ¢hassis. In general, the leads should
be just long enough to reach their termi-
nating points.

Crimp or bend the lead {or leads) around the
terminal to form a good joint without re-
lylng on molder for physical strength. K
the wire iE too large to allow bending or If
the step states that the wire ia not to be
crimped, position the wire so that a good
solder connection can atill be made.

Position the work, if posaible, sothat gravity
will help to keep the solder where you want
it. - 'y

HEAT CONNECTION

CRIMP WIRES

COLD SQLDER JOINT
CONNECTION INSUFFICIENTLY
HEATED

PROPER SOLDER
CONNECTION

5, Place a flat side of the soldering iron tip
against the {oint to be scldered until it i=
heated pufficiently to melt the solder,

6. Then place the solder against the heated
terminal and it will immediately flow over
the joint; use only enough solder to thor-
oughly wet the junction. It im usually not
necessary to fill the eniire bole in the
terminal with solder.

7 Remove the solder and then the iron from
the completed junction, Use care not to move
the leads untll the solder iz solidified.

A poor or cold solder joint will usually look
cryetalline and have a grainy texture, or the
solder will stand up in a blob and will not have
adhered to the joint. Such ioints should be re-
heated until the solder flows smoothly over the
entire junction. In some cases, it maybeneces-
gary to add a little more solder 1o achleve a
amooth bright appearance.

APPLY SOLDER

TO FLOW

COLD SOLDER JOINT
CONNECTION MOVED
WHILE COOLING
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M&i—. -

ROSIN CORE SOLDER HAS BEEN SUPPLIED WITH THIS KIT. THIE TYPE OF SOLDER
MUST BE USED FOR ALL SOLDERING IN THIS XIT. ALL GUARANTEES ARE ¥OIDED
AND WE WILL NOT REPAIR OR SERVICE EQUIPMENT IN WHICH ACID CORE SOLDER
QR PASTE FLUXES HAVE BEEN USEL. IF ADDITICNAL SOLDER IS NEEDED, BE STURE
TO PURCHASE ROSIN CORE (60:40 or 50:00 TIN- LEADCONTENT) RADIO TYPE SOLDER,

We suggest that you do the following before work
ia atarted:

1. Lay out all parts so that they are readily
available.

2. Provide yourself with good cuality tools.
Basice tool requirements conaiat of a serew-
driver with a 1/4" blade; a small screw

driver with a 1/8' blade; long-node pliers;
wire cutters, preferably separate diagonal
cutters; a pen knife or a toel for stripping
ingulation from wiresa; a aoldering iron {or
gun} and rosin core sclder. A set of nut
drivers and a nut starter, while not neces-
sary, will aid extensively in construction of
the kit.

STEP-BY-STEFP PROCEDURE

The fcollowing instructions are presented in a
logical step-by-step sequence to enable you to
complete your kit with the least possible con-
fusion. Be sure to read each step all the way
through before beginning the specified operation.
Also read several steps ahead of the actual step
being performed. This will familiarize you with
the relaticnship of the sthseguent operations.
When the atep is completed, check it off in the
space provided. This is particularly important
as It may prevent errors or omisslons, es.
peclally if your work is interrupted. Some kit
builders have also found it helpful to mark each
lead in colored pencil on the Pietorial as it is
added.
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The abbreviation "N3" indicates that a con-
nection should not he soldered yet as other
wires will be added. When the last wire is
ingtalled, the termirnal should ke soldered and
the abhbreviation "“3" is used to indicate this.
Note that a number will appear after each solder
instruction, This number indicates the number
of leads that are supposed to be connected to the
terminal in point before it is soldered. For
example, if the instruction reads, "Connect a
lead to lug 1 (8-2)," it will be understood that
there will be two leads connected tothe terminal
at the time it is goldered.



Pletorial 1

L
3/8" CONTROL
FLAT WASHER

STEP-BY-STEP ASSEMBLY

Refer to Pietorial 1 for thefoliowing atens.

{ ) Locate the chassis and mount the awitch and

cantral solder lug at location D as shown,
Position the solder lug so that it contacts
lug 2 of the awitch, thentemporarily secure
the switch in place with the control f{lat
wagher and control nut.

Mount the tranaistor socket at location A
with 3-48 screws and nuts. Make sure that
the socket 13 oriented as ghown in Pictorial
1. Lockwashers are nof used to mount this
socket.

Install the rubber grommet in hole B,
Mount the eryatal clip and crystal socket at

location C as shown Ln Detail 14, Use the
4-40 screw, #4 lockwasher and 4-20 nut.

{ 1 Mount the battery clip at loeation E with the

6-32 acrew, #8 lockwasher and 6-32 nut.

CRYSTAL
CLIP

CRYSTAL |
SOCKET

4 LOCKWASHE

440 NUT

Detail 1A



Pletorial 2
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Refer to Petorlal 2 for the following steps.

( )} Mount the trimmer at location F. Use 3-48
screws, #3 lockwashers and 3-48 nuts.

{ ) Instali the coll in hole G, making sure that
the locating tab of the coll fits in the small
slot just above hole G. The coil should be

gently pushed into hole G until it snapa into
place.

NOTE: When preparing lengths of hookup wire in

the following ateps, strip 1/4™ of inaulation from
each end. Stripped huulmg wire should e used
when bare wire is called for in the Etﬂ&

{ } Conneet a short bare wire from lug 1 of
the trimmer {N8) to lug 1 of the crystal
sacket {8-1}.

{ ) Connect one end of a 1" hookup wire to lug
2 of the trimmer (NS), Connect the other
end of thia wire to pins 2 amdl 3 of the tran-
sistor socket (NS).

{ ) Connect the 10 upf dise capacitor between
luge 1 (8-2) and 2 (8-2) of the trimmer,

{ ) Comnnect a 2 3/8" hookup wire from pin 1 of
the transistor socket (N8) to lug 3 of the
coil (NS),

{ )} Connect a 1 1/2" hookup wire from lug 2 of
the eryatal socket (S=1) {0 lug 1 of the aoll
{HE}I

{ ) Connect one end of a 3" hookup wire to pin
4 of the tranaistor socket (5-1). Runthe other
end of this wire under the coil and through
the grommet. Leave thia end free,

( } Connect ¢ne end of another 5" hookup wire
to lug 2 of the coll (N8), Dress the wire as
ghown in Pictorial 2 and run the other end
through the grommet. Leave this end iree,

{ } Cut one lead of the B2 KX} resistor to 1",

~ Comnect this lead to lug 2 of the coll (5-2),

Position the resistor as shown, then connect

the other lead to pins 2 and 3 of the tran-

gigtor socket (5.-2). Make sure that both
pinz 2 and 3 are soldered.

( ) Cut both leads of the . 0035 fd disc capacitor
to 1/2", Connect this capacitor from lug 1
(8-2) to lug 8 {8-2) of the coll as shown in
Detall 24,

( ) Cut one lead of the 33 puf disc capacitor
to 3/4". Connect thia lead to pin 1 of the
tranaistor socket (S-2). Referring to Detall
2A, temporarily loop the end of the other
lead over the chassis flange, This lead will
be connected later,

Detall ZA



IMALE
-V - Y BATSERY
CONNECTOR (’*:} CONNECTOR

]

Pictorial 3

Refer to Pictorial 3 for the following steps.

( ) Cotnect the wire coming through the grom-
met {rom the trangistor socket to lug 2 of
the switch and the control solder lug (S-1).
The wire should be soldered to both lug 2
and the sclder lug.

[ ) Install the male (-) battery connector onthe
end of the remaining wire coming through
the grommet (S-1}. Crimp this connection
before soldering.
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{ } Connect one end of a 3" hookup wire to lug
1 of the switch (8-1]. '

{ ) Install the female (+) battery connector on
the other end of this bare wire (S-1), Crimp
the connection before scldering.



Pictorial 4

Refer to Pictorial 4 for the ifollowing steps.

( ) Install the 2N409 transistor in the tran-
sigtor socket. Before pushing the transistor
into place, make sure that the pins line up
properly with the socket holes,

NOTE: Make sure that the switch shaft is ro-
tated counterclockwise (OFF) before connecting
the battery., Damage tothe transistor will resull

if the HD-20 is turned ON without the crystal in
place.

{ ) Install the 9-volt battery in the battery clip

()

oriented with the positive (+) end as shown,
then snap the battery connectors onto the
battery terminals. Be sure to center the
battery in the clip to avoid shorting the
terminals whenthe chassis is installed in the
cabinet.

Install the crystal in the crystal socket.
The bottom of the crystal should snap
into the erystal clip.
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Pictorial 5

Refer to Pictorial 5 for the following steps.

( ) Install the binding post base in the top of
the front panel as shown in Pictorial 5. Use
twe insulator hushings, a #6 solder lug and
a §-32 nut, Make sure the #6 aolder lug is
oriented toward the back of the cabinet.
Screw the binding post cap onto the binding
post hase.

{ ) Secure the cabinet shell to the front panel
with 3-48 serews, #4 lockwashera and 3-48
nuts. Cut the plastic nut-starter tool in half
to ald in starting the #3 nuts onthe screws,

Refer to Pletordial 8 for the following steps,

NOTE: It is important that the free lead of the
33 puf digc capacitor be looped over the chassis

flange as shown in Detail 2A so that this lead
will be accessible after the chassis ia installed
in the cabinet shell,

{ )} Remove the control nut and flat washer
from the switch bushing and install the
chasaisa in the cabinet shell, The switch
shaft should extend through the hole in
the front panel. See that the battery con-
nectors do not short to the sides of the
cabinet shell.
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Pictorlal g

{ ) Secure the chassis in place with the control

flat washer and nut that were removed inthe
preceding step. Make sure that the switch
dces not rotate as the contrel nut ia tight-
ened.



( ) Install the B-32 metacrew in the knob, then
place the kmob on the switch shaft. Properly
orlent the knob polnter with respect to the
OFF marking on the front panel and tighten
the setseraw,

( ) Connect the free lead of the 33 puf disc
capacitor tc the #8 solder lug mounted on
the binding poat (8-1). Do not crimp this
lead to facilitate chassis removal later,

{ ) Cut four 1/2" pieces of the rubber gasket,
Remove the backing material from one of
these pieces and atick it to one of the cor-
ners on the bhottom surface of the cabinet
shell as shown in Plctorial 6,

{ )} Similarly, stick the cother three pieces to
the remaining thre¢ corners con the bottom
of the cabinet ghell,

This completes aggembly of the HD-24{.

ADJUSTMENT

Figure 1 shows several methods of making con-
nections to the HD-2{} binding post, Uaing une
of thepe methods, connect a wirefrom the HD-20
to the "hot" antenna terminal of a radlo receiver,

Referring to Pictorial 6, set the output and Ire-
quency adjfustments to the approximate pogitions
shown which shoulé be clode to the final settings.
Turn the HI)-20 ON and, with recelver BFO on,
tune the recejver slightly off zero beat with any
harmonie of the HD-20 signal and adjuat the
HD-20 output adjust coll slug for the loudest
tone from the recejiver's speaker or maximum
5~ meter reading. This resonates the HD-20D
output eircuit to 100 ke,

I the recelver coverage includes 14 me, tune
in the W&V siationat i7 o, If the receiver does
not cover 10 me, tune in a atation that s kmown
to be operating at a frequency which 1a a mul-
tiple of 100 kc. The frequency of the station
should be as high as possible, within the upper
limit of the HD-20, to provide the most accurate
results.

With the receiver BFO off, now rotate the fre-
quency adjust trimmer on the rear of the HD-20
for "zero beat" during the period when no tone
modulation 1s applied to the WWV carrier.
(Zero beat will be recognized ag the point at
which a harmonle of 100 k¢ correaponda to the
Iremquency of the station that 18 tumed in, on the
receiver. Ad zero beat ig approached, a tone,
decreasing in frequency, will be heard from the
receiver's speakxer, To be sure that the re-
ceiver 18 zeroed ta the HD-20 pignal and oot to
a Stray signal, try turning the BD-20 OF¥F and
then back ON.) Thiz adjustinent sets the HI)-20
oseillator exactly to 100 ke, Use either your
fingers or an insulated acrewdriver to make
e adinatmaeant.

To replace the battery, pull the crystal out
through the batiom cpening. Pry out the bat-
tery carefully. Enap the connectors onto the new
battery and place it in the holder, taking care
that terminals apd connecteors do not touch the
sides of the case. Replace the crystal,

This completes adiustment of the HD-20, H
any problem was encountered in making these
adjustments, refer to the IN CASE OF DIF-
FICULTY and SERVICE sections of thisa manual.

1t

AANANA
PLUG

ALLIGATOR
CLIR
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OPERATICON

The HD-20 has only one operating control which
js the OFF-ON awitch. To prolong battery life,
this switch should remain in the OFF positicn
when the HD-20 i not In actual use,

It iz not considered practical to attempt to
degeribe all of the many possible uses of an
aceurate signal source such as the HD-20,
however a few of the more popular appli-
cationg are mentioned below.

The Amateur Radio operator will find use for
the HD-20 in checking Amateur band limits.
This is done by connecting the HD-20 to the
receiver antenna terminal and tuning to the

harmonics of 100 k¢ which correspond to the
upper and lower frequencies of the band that is
being checked,

Other applications include receiver RF allgh-
ment and receiver tracking adjusiments.

To prevent errors in identifying the harmonics,
the receiver or other equipment that is used
with the HD-20 should be accuraie to within
20 or 40 k¢ of the correct frequency. This
is especially true at higher frequencies where
the 100 ke divigions on & receiver dial are
fairly close together.

IN CASE OF DIFFICULTY

1. Recheck the wiring. Trace each lead in
colored pencil on the Pictorial as it is
checked. It is freauently helpful to have a
friend check your work, Scmeone who is not
familiar with the unit may notice something
conaistently overlooked by the eonstructor,

5 It ig interesting to note that about 30%of the
kits that are returned for repalr, mal-
funetion due to poor connections and soplder-
ing. Therefore, many troubles ¢an be elim-
inated by reheating 21l connections to make
gure that they are msoldered as illustrated
in the Filgures found in the BOLDERING
TECHNIGQUES section of this manual.

5 Make sure that the positive and negative
battery connectors are properly installed.
Algo make sure that the battery ig in good
condition.

4. Check the walues of the component parts.
Be surethat the proper parthas been wired
into the circuit, as shown in the pictorial
diagrams and as called out in the wiring
inatructions.

5, Checkfor bita of solder, wire ends or other
forelgn matter which may be lodged in the
wirtng. Make sure no shorts exist at tran-
aistor socket.

6. {heck coil continuity with a VOM, If care
i3 not used during construction, the fine
wire on the coll could be broken.

7. I HD-20 is oscillating, the battery current
will be about 3.5 ma, Check battery current
with 2 VOM and if in excess aof 4 ma, adjust
the coil slug to restart ogclllation.

SERVICE

I, after applying the information contained in
thiz manual and your beat efforts, you are atill
unahle to obtain proper performance, it is sug-
gested that you take advantage of the technical
facilities which the Heath Company makes avail-
able to its customers,

The Technical Consultation Department 15 main-

tained for your benefit, This service ia avallable

to vou at no charge. ks primary purpose is to

provide agsistance for those who encounter

difficulty in the conatruction, operation or

maintenance of HEATHKIT equipment. It isnot
Page 14

intended, and is not equipped to function as a
general gource of technical information involving
kit modifications nor anything other than the
normal and specified performance of HEATHKIT

equipment.

Although the Technical Consultants arefamiliar
with all details of this kit, the effectivenesa of
their advice will depend entirely upon the amcunt
and the accuracy of the informationfurnished by
vou, In a sense, YOU MUST QUALIFY for GOOD
technical advice by helping the consuliania to
help you. Pleage uae this outline:
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