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

The HEATHKIT®* Model HD-20 Crystal Call-
brator is an accurate signal sourca which pro-
vides output signalz at 100 ke intervals up to
54 megacycles, Amateur Radic operatorg can
use tha HD-20 for many purposes such as chack-

lng recaiver dial calibration, checking band
limita, recelver RF alignment, ato.

The HD-20 will aisc find use in other phases of
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marker eignals at multiples of 100 ke,
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CIRCUIT DESCRIPTION

The Model HD-20 Crystal Calibrator isbasgically
a transigtorized crystal controlled oscillator
employing a junction type PNP transistor. The
Schematic Diagram shows the HD-20 circuitry
with the transistor operating in & grounded
emitter configuration,

A 100 k¢ tank circuit im formed by the 0035
ufd capacitor and the aslug-tuned coll. The coil
inductance is edjusted to remsonate the tank circult
for maximum ontput slgnal,

The transtator collector voltage im applied tothe
tap on the tank coil. This establishes, by pro-
viding an RF ground, a point of voltage diviaion
on the tank coil for proper poeitive feedback to
the bags of the transiator. The exact frequency
of the resulting ascillation is controlled by the
erystal which is in series with the faedback path,
At 1ts 100 kc resonance point, the crystal pre-
senta & very low impedance to the feedback
voltage, thus anstaining oscillation at this fre-
guUency.

This manual i3 supplied to assist you in every
way to complete your kit with the least posaible
chance for error, The arrangement shown 18
the result of extenslve experimectation and
trial, ¥ followed carefully, the result will be &
stable instrument, operating at a high degree
of depeedability. We suggest that you retain the
manual in yonr files for future reference, hoth
in the use of the Inmtrument and for its main-
tenance.

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST. In 8o
detag, yon will hecoms acquainted with the parts.
Refer to the charts and other information on the
inside covers of the manual to help you idantify
the components. H some shortage or parts
damage 18 found in checking the Parts List,
please read the REPLACEMENT section and
supply the information called for therein, Include
all ingpection alipe in your letter to ns,

The 82 KR resistor sets the proper amount of
base current for a rich harmonic content in the
output aignal,

The parallel combination ¢f the 10 upt eapacitor
and the 8-50 puf trimmer, which ia in seriss
with the crystal, 18 used to adjust the oscillator
frequency to exactly 100 kc.

The output signal i conpled through the 33 i pf
capacitor to a binding post located on top of the
HD-24,

Operating power ia supplisd by a 8-volt battery
which 1a connected through an OFF-ON awitch
toa the ogeillator eirenit., Due to the amount of
current required by the oscillator circuit to
provide desirable harmonics, the HD-20 should
be turned on only for actual use. Thia will
assure maximum battery life,

CONSTRUCTION NOTES

Resiators generally have a tolerance rating of
10% onless otherwige stated in the Parts List.

Most kit bullders find it helpful to geparate the
various parts into convenient categories. Mutfin
tins or molded epg cartons make conveniant
traya for small paris. Resistors and capaci-
tors may he placed with their lead endg in-
serted in the edge of a piace of currugated
cardboard unti] they are aseded, Values can
he written on the cardboard next to each
component, The fllustration shows one method
that may he used,

Paga 3



y PN VYW VT N

PARTS LIST

PART PARTS DESCRIPTION
No. Peor Kit

Hestator-Capacitora-Coll

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

21-3 1 10 ppt diec ceramic
capacitor

21-1 1 33 jnut disc ceramic
capacitor

21-39 1 L0036 ufd dise ceramic
capacitor

31-27 1 8-50 ppf trimmer capacitor

40-77 1 Coil

Hardware

208-2 1 Battery ¢lip

250-1B6 1 8-32 x 1/8" Betacrew

250-34 1 4-40 £ 1/2" screw

250-40 10 3.48 x 1/4" Bcrew

250-88 1 8-32 x 1/4" serew

13- 1 10 3-48 nut

252.13 2 £-32 nut

252-7 1 3/6" control put

262-15 1 4-40 nut

253-10 1 3/8" control tlat washer

254-1 1 #8 lockwasher

254-7 8 #3 lockwagher

2648 1 #4 lockwasher

259-1 1 #8 aclder lug

26910 1 3/8 contrecl aolder lug

PART DPARTE DESCRIPTION

NO. Per Kit
Metal Parts
50-M128F 1 Cabinet shell
200-M200 1 Chaggis
203-M200F332

1 Front panel

Miscellaneous
63-105 1 Switch, 2-poaition
73-4 1 §/16" rubber grommet
T3-M1§ 1 Laength rubber gasket
75-17 2 Ihsudator bushing
100-M16R 1 Binding poset cap
260-28 1 Crystal clip
344-1 1 Langth hookup wire
404-43 1 100 ke crystal
417=-27 1 ZN40Y transiator
427-2 1 Binding post base
452-14 i Mals bﬂ“&'-lj CONnECIOT
452-15 1 Female battery coanector
434-T2 1 Translstor sacket
434-T4 1 Crystal socket
482-129 1 Knoh
331-3 Solder
505-332 1 Manual

A 9-volt (NEDA type No. 1600) battery ahould be
purchased at this time for use in the completed
iedt.

PROPER SOLDERING TECHNIQUES

Ouiy a smail percentage of HEATHKIT® equip-
ment purchaners find it necessary to return an
instrument for factory service. Of theee instru-
menta, by far the largest portion malfunction
du¢ to poar or improper soldering.

K terminala are bright and cleac and free of wax,
frayed Insulation and other foreign substancea,
no difftculty will ba experienced in soldering.
Correctly soldered connections are esaeuntial i
the performance enginsered intc a kit ia to he
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fully vealizad. ¥ you are a begl ....usr =ith no
experience in soldering, 'a half 8 practice

with aome odd lengths offwire
while inhvestment.

For most wiring, a 30 to 100 waitt iron or ite
equivalent ina soldering gun is very satiafactory.
A lower wattage iron than this may not heat the
eonnection encugh to flow the solder smoothly
over the joint. Keep the irca Hp¢lean and bright
by wiping it from time to time with a cloth,



CHAS5)5 WIRING AND SOLDERING

The wire used in the HD-20 iz the type with
colored ingulation (hookup wire), In pre-
paring a length of hookup wire, 1/4" of
insulation should be removed from each end
unless directed ctherwise in the construc-

tion step,

Leads on reslgtors, capacitors and similar
components are generally much longer then
they nged to be to make the required cou-
nectiong. In these cases, the leads should he
cut to proper length before the parts is added
to the chassis. In general, the lpads should
be just long enpugh to reach their terma-
nating points.

Crimp or bend the lead {or leads) around the
terminal to form a good jolnt without re-
Iylng ob solder for physical strength. I
the wire is too large to alinw bending or If
the step states that the wire iz not tobe
crimped, positlon the wire ac thet a good
gsolder connection cen atill be made

Position the work, if possible, sothatgravity
will help to keep the solder where you went

CRIMP WIRES HEAT CONNECTION

COLD S0LDER JOINT
CONNECTION INSUFFICIENTLY
HEATED

5.

Place a flat side of the soldering iron tip
against the joint to be scldered until it is
beated asufficie u.}.'jF to melt the
Then place the solder against the heated
terminal and it will immediately tlow over
the joint; use only enough solder to thor-
cughly wet the junction. It is waually not
necessary to Iill the entire hole in the
termlnal with solder.

Retmove the sclder and then the iron from
the completed junction, Use care hot to move
the 1leads untll the solder iz solidified.

A poor or cold solder jolnt will usually look
cryatalline and have a grainy texture, or the
solder will stand up in a bBlob end will not have
adhered to the jolnt. Such jpints should be re-
hested until the solder flows smoothly over the
entire junction. In some enses, it maybeneces-
sary to add a littie more solder to achieve a
smocth bright appearence.

PROPER SOLDER
CONNECTION

COLD SOLDER JOINT
CONNECTION MOVED
WHILE COOLING
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ROSIN CORE SOLDER HAS BEEN SUPPLIED WITH THIS KIT. THIS TYPE OF SCLDER
WMUST BE USED FOR ALL SOLDERING IN THIS XIT. ALL GUARANTEES ARE VOIDED
AND WE WILL NOT REPAIR OR S8ERVICE EQUIPMENT IN WHICH ACID CORE SOLDER
OR PASTE FLUXES HAVE BEEN USED. IF ADDITIONAL SOLDER IS NEEDED, BE SURE
TC PURCHASE ROSIN CORE (60:40 or 50-50 TIN-LEADCONTENT) RADIO TYPE BOLDER.

We suggest that you do the following before work
s started:

1. Lay out all parts g0 that they are readily
available.

2. Provide yoursslf with good cquality tools.
Basic tool requirements conmst of aserew-
driver with a 1/4" blade; a smal] screw

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

STEP-BY-STEP PROCEDURE

The {iollowing ingtructions are presented in a
logical step-by-step sequence to ensble 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. Thiz w1l familiarize you with
the relationship of the stbsequent operations.
When the step iz completed, check it off in the
epace provaded. Thig is particularly important
ns It may prevent errora oOr omisslons, s«
peclaliy if your work is interrupted. Some kit
builders have also found it helpful to mark each
lead in eolored pencil on the Pactarial as it ia
added.
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The abbraviation N3 indicates that a eon-
nection should not be soldered yet na other
wires will be added. When the lnat wire is
installed, the terminal shpuld be soldered and
the abbrewiation "8" is used to indicate this.
MNote that a number will appear after each solder
instruction, This number mdicates the number
of leads that are supposed to be connected to the
tetminal in point befores it iz soldered. For
example, if the instructlon reads, "Connect a
lead to lug 1 (8-2)," it will be understood that
there will be two leads consected tothe terminal
at the time 1t is soldered.



Pictorial 1

5T

6-32 NUT

#6 LOCKWASHER®

a8  CONTROL NUT

.
3/8 CONTROL
FLAT WASHER

EP-BY-STEP ASSEMBLY

Refer to Pictorial 1 for the following atepa.

()

()

()
(}

()

Locate the chassis and mount the switch and
control aolder lug at localion D as shown.
Position the solder lug so that it contacts
lug 2 of the switch, then temporarily secure
the switch in place with the eontrol flat
wagher and control nut,

Mount the transistor socket at loecation A
with 3-48 zerews and nuta. Make sure that
the socket 1s orlented as shown in Pictorial
1. Lockwashers are nof used to mount this
aocket.

Install the rubber grommet in hole B,
Mount the cryatal cilp and crystal aocket at
location C a8 shown in Detail 1A, Use the
4-40 screw, #4 lockwasher and 4-20 nut

Mount the battery clip at location E with the
B-32 serew, #8 lockwasher and 6-32 nut.

4-40 SCREW

CRYSTAL -
cLIP
@

4 LOCKWASHE

=40 NLT

Detafl 1A



Plctorial 2
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Refer to Pietorial 2 for the following steps.

{ ) Mount the trimmer at location ¥. Uae 3-48
scraws, #3 lockwashers and 3-48 nuts,

( ) Instali the coil im hole G, making aure that
the locating tab of the coll fita in the small
slot just above hole G. The coil should be
gently pushed into hole G until it snaps into
place.

NOTE: When preparing langths of hookup wire In
the following stepa, strip 1/4™ of insulation from

earh sad. Stripped hoo wire should e used
when bare wire Iz called fpr in the stepes.
{ ) Connect a short bare wire from lug i of

the trimmer {(N3) to lug 1 of the crystal
socket (5-1}.

{ ) Connect one ead of 2 1" hookup wire to lug
2 of the trimmer (NS)., Coonnect the other
end of this wire to pins 2 and 3 of the tran-
sistor aochet (NS,

{ )} Connect the 10 ppf dise capacitor between
lugs 1 (8-2) and 2 (8-2) of the trimmer.

{ ) Connect & 2 3/8" hookup wire from pin 1 of
the troneistor socket (NS) to lug 3 of the

coil (N8).

{ )} Connect 2 1 1/2" hookup wire from lug 2 of
the aryatal socket (8-1) to lug 1 of the coil
(N8).

{ ) Coonact one end of a 3" hookup wire to pin
4 of the tranaistor socket (8-1), Runthe othar
end of this wire under the coil and through

Ll [resray Gpa———Y | T ) o
the grommet. Leave thids end free.

{ ) Connect ous end of another 5" hookup wire
to lug 2 of the coil (N8). Dress the wire as
shown in Plctorial 2 sud run the other end
through the grommet. Leave this end Iree.

{ ) Cut obe lead of the B2 K5} resiator to 1",
Connect this lead to lug 2 of the coil (S-2).
Positions the regiator as shown, then connect
tbe other lead to pins 2 and 3 of the tran-
gistor socket (5-2). Make sure that both
ping 2 and 3 are soldered.

{ )} Cut both leada of the .0035 p1d disc capacitor
to 172", Connect tbis capacitor from lug 1
(8-2) to iug I (S-2) of the coll us shown in
Datail 24,

{ ) Cut one lead of the 33 puf dise eapacitor
to 3/4". Connect thia lead to pin i of the
tranaistoy socket (5-2). Referring to Detail
2A, temporarily loop the ead of the other
lead over tbe chassis flange. This lead will
he connected later,

Detall 2A
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Pictorial 3

Refer to Pictorial 3 for the following steps.

{ ) Connect the wire coming through the grom- { } Connect one end of a 3" hookup wire to lug

met from the transistor asocket to lug 2 of 1 of the switch (8-1).
the swltch and the econtrol solder lug (5-1}).

The wire should be soldered to both lug 2 | ) Install the female (+) battery connector on
and the solder lug. the other end of this bare wire (S-1). Crimp

the comnnection before solderiog,
{ ) Install the male (-) battery connector on the €

end of the remalnlng wire comng through
the grommet (8-1). Crimp this cotmection
before soldering
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Fictorial 4

Refer %o Pictorial 4 for the followlng steps.

[ ] Inmiall the 2N400 teansistor in the tran- [ | Install the O-wvolt battery in U baitery elip

gistor sockel, Belore peahing the tressistor oriented with the pogitlve () end a8 shown,

into place, moke sure that the pies Hie up then snap ke battery comnectors osto the

propesly with the sockel holes. battery termimals. Be sure to ceater the

ballery In the elip to avcdd ahariing ks

NOTE: Mske sure that the switeh shalt is vo- terminaly when the chassis is ingtalbed s the
fated counterelockwise (OFF) bidore conneciing rablmed.

the bbiery. [amepe o1k Lransistor will resalt £ 0
Inata rratal Im tho cevatal sockl
il the H=20 & Gicned ON without the crystal in The bottam of the orystal should snap

place. inta the &rystal clip,
Page 11



OUTPUT
ADJUST

Pictorial §

Refer to Pictorial § for the following atepa. @.
{ ) Install the binding post base in the top of
the front panel as sbuwe in Fictorial 5. Use MFREQUE NCY

two insulator bushings, a #6 solder lug and
a 6-32 nput, Make sure the #§ solder lug is
oriented toward the back of the cabinet.
Screw the binding post cap onto the binding
post basge.

ADJUST

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

Refer to Pictorial 8 for the following steps,

NOTE: It is important that the Iree lead of the
33 uul disc capacitor he looped over the chassis

flange as abuws in Detall 2A so thet thig lead
will he aceeaaible after the chassls is inatalled
in the cabinet ahell,

{ } Remove the control nmut and flat washer
from the switch bushing and inmtall the
chaasis in the cabinet shell, The switch

FPictorlal §

{ ) Secure the chassis in place with the control

ghatt ahould extend through tbe hole in
the front panel. See that the battery con-
nectora do not short to the sidea of the
cahinet shell.
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flat washer and nut that were removed inthe
preceding step. Make sure that the awitch
doea not rotate as the econbrol nut is tight-
ened.



( ) Inatall the 8-32 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 setscrew.

( ) Connect the free lead of the 33 uuf disc
capacitor o the #8§ solder lug mounted on
the binding post (3-1). Do cot erimp this
lead to facilitate chasels removal later.

{ ) Cut four 1/2" pleces of the rubber gasket,
Hemove the backing material from one of
these pieces and stick It to one of the cor-
nerg on the bottom surfane of the cabinst
shell as shown in Piciprial 6,

{ ) Similarly, stick the cther three pieces to
the remaining three corners on the bottom
of the cabmet gheil,

This completes agsembly of the HD-20.

ADJUSTMENT

Figure 1 sbows several methods of making con-
nections to the HD-2{ binding post. Using one
of these methods, connect a wire from the HD=20
to the "hot' antenna terminal of a radlo receiver.

Referring to Pietorial 6, set the output and fre-
quency adjustmants to the approximate pomitions
shown which should be close to the final settings.
Turn the HI)-20 ON and, with receiver BFO on,
tune the receiver slightly off zero baat with any
harmonle of the HD-20 signal and adjust the
HD-20 ontput adjust coll slug tor the lowdest
tone from the receiver's speaker or mazximum
8- meter reading, This resonates the HD-20
vutput circult to 100 ke,

¥ the recelver coverage includes 10 me, tune
in the W&V atationat 10 me, I the receiver does
not cover 10 e, tune in & statiou that 1 Imown
ta be pperating at a frequancy which 1a a mul-
tiple of 100 ko, The frequency of the station
should be as high as poasible, within the vpper
limit of the HD-20, to provide the mostaccurate
results.

With the recejiver BFO off, anw rotate the fre-
quency adjust trimmer on the rear of the HI-20
for "zerc beat” during the period whan no tone
modulation 1s appliad to the WWV carrier.
{Zero beat will We recognized as the point at
which a harmonie of 100 k¢ correaponda to the
Ifrequency of the station that i8 tuned in, on the
recelver. Ad zero beat iw appronched, a tone,
dscreasing in frequency, will be heard from the
receiver's gpeaker, To We sure that the re-
celver 18 zeroed to the HD-20 pignal and oot ko
a Stray signal, try turning the HD-20 OFF and
then beck ON.) Thiz adjustment sets the HD-20
oscillator exactly to 100 ke, Use either your
fingers or an Insulated Sscrewdriver to make
thie sdinatment.

To replace the battery, puoll the crystal out
through the bottom cpening, Pry out the bat-
tery carefully. Snap the connectors onto the new
battery and place it in the holder, taking care
that terminals and coanectors do ant touch the
sides of the case. Replace the crystal,

This completes adjustment 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 thia manual,

3
1
A
o
,
ANANA
PLUG
ALLIGATOR
CLIk

Fignre 1
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OPERATION

The HD-20 has only one operating control whach
is the OFF-0ON switch To prolong battery life,
this switch should remain in the OFF posgltion

when the HD-20 is not In actual use,

It is not considered practical to attempt to
degepibe all of the many possible uses of an
accurate signal source such as the HD-20,
however a few of the more popular appl-
cationg are mentioned below,

The Amateur Radjo operator will find use for
the HD-20 in checking Amateur band limits
This 12 done by connecting the HD-20 to the
recelver antenna teriminal and tuning to the

harmonics of 100 ke whch correspond to the
upper and lower frequencies of the band that 1s
being checked.

Other spplications include receiver RF allgn-
ment and receiver trackng adjustments.

To prevent errors in identifying the harmenics,
the receiver or other equipment that iz usad
with the HD-20 should be accurate to withun
30 or 40 k¢ of the correct Irequency. Thls
is especially true at higher frequencies where
the 100 ke djvigions on a receiver dlal are
fairly close together.

IN CASE OF DIFFICULTY

1. Recheck the wirmg. Trace each lead in
colored pencil on the Pictorial as 1t is
checked. It 13 Ireguently helpful lo have a
triend check your work, Scmeone who is not
tamiliar with the unit may notice something
cusgistently overlooked by the congtructor,

2. 1t ls imtereating to note that about 0% of the
kots that zre returned for repair, mal-
fanction due to poor connechions and solder-
ing Therefore, many troubles can be elim-
Inated by reheating all connections to make
sure that they are soldered as illustrated
in the Figures found in the SOLDERING
TECHNIGQUES section of this manual.

5 Make sure that the positive and negative
bettery coanectors are properly mstalled.
Algo make gure that the battery is in good
conditicn.

4, Check the values of the component parts.
Be surethat the propar parthas been wired
1nto the circuit, as shown In the pictorial
diagrams and a8 called ocut Iln the wirmg
ingtruyctions.

5. Checklor bits of solder, ware ends or other
foreign matter which may be lodged 1n lhe
wiring. Make sure no shorts exist at tran-
Slstor socket.

6. Check conl continuity with a VOM, 1i care
i3 not used during coastruction, the flne
wire on the voll could be braken,

7. I BD-20 is osciliating, the bettery current
willbe about 3.5 ma. Check bettery current
with 2 VOM and if 1n excess of 4 ma, adjust
the coil slug to restart oscillation.

SERVICE

I, after applying the information contaimad in
thle manual nnd yonr best efforts, you are still
unahle to obtaln proper perfor mance, it is sug-
gested that you take advantage of the technical
facilitles which the HeathCompany makes avail-
able ta its customers,

The Technical Consultation Department 18 main-

tained for your benefit, This service is avallable

to you at no charge. KEs primary purpose is to

provide assistunce for those who encounter

difficulty in the construetlon, operation or

maintenance of HEATHKIT equlpment, It 1snot
Pagze 14

intended, and is not equipped to functiou as a
general gource of technicalinformatlou involving
kit modifications nor anything other than the
normal and specltied performance of HEATHKIT

equipment,

Although the Technical Consultnnts arefamiliar
with all details of this kat, the efectiveness of
their advice will depend entlrely upon the amount
and the accuracy of the informationfurnlshad by
you. In a snnse, YOU MUST QUALIFY for GOOD
technleal advice by helping the coasuliania to
help you. Please uge this ontline:



