A Solid State, Crystal
Frequency Calibrator

A compact instrument which may be used to deliver any of
thirteen accurately controlled and stable test frequency

signals, all derived from a quartz crystal oscillator

and

having a fast-transition rectangular waveform of high harm-

onic content. It should be found invaluable for calibration

of receivers and instruments, and would also be useful as an

audio oscillator, square-wave generator, digital circuit tester
or as the heart of a crystal-controlled chronometer.

By Jamieson Rowe

A source of accurately controlled
and stable test frequency signals vastly
simplifies and facilitates the frequency
calibration of short-wave receivers, sig-
nal generators and other equipment,
both during initial calibration follow-
ing construction, and for “spot check”
gm'poses during critical operation.

uch a source can also serve as a
marKer generator for sweep-frequency
alignment, and as a time-period refer-
ence for such applications as the cali-
bration of an oscilloscope timebase.

| The instrument to be described in
this article delivers any one of thir-
teenr quartz-crystal derived fundament-
al test frequencies, each of which is
accompanied by a series of its har-
monics extending well up into the
VHF spectrum. It is therefore well
suited for the above applications, as
well as for more general use as an
audio-video squarewave generator and
as a digital “clock™ generator. It might
also form the basis of a quartz-crystal
chronometer, or the timebase system
of a digital counter.

Although functionally very flexible,

the instrument is basically quite
straightforward in design. It is also
very compact, and will involve but a
modest outlay. When built up in its
complete form, for example, it should
cost no more than about $50. How-
ever, if the full range of output fre-
quercies is not required, this figure
may be significantly reduced.
.. The key to the attractive high flexi-
bility/low complexity ratio offered by
thé instrument lies in its use of in-
tegrated digital microcircuits to per-
form -all the active functions. In fact,
apart from the single quartz crystal
and the power supply components, the
instrument consists of nothing more
than a handful of microcircuits and a
few bypass capacitors.

The microcircuits used are all of the
low-cost “RTL” (resistor-transistor
logic) variety. Only two device types
are used, both from the MC700P
range manufactured by Motorola
Semiconductors, One type MC799P
dual buffer device is used in the
crystal oscillator, while up to thirteen
type MC790P dual J-K flip-flop de-
vices are used in the cascaded divid-
er chain used to derive the various
output frequencies. All devices are in
the 14-pin “DIL” (dual in-line) pack-
age. They are distributed in Australia
by Cannon Electric (Aust.) Pty. Ltd.
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All of the active circuitry of the
instrument is mounted on a small
single-sided printed wiring board,
making assembly of the unit a simple
and straightforward operation, The
board measures only 3%in x S5#in, but
provides adequate space for the quartz
crystal and all fourteen microcircuits,
together with minor components and
wiring.

Heart of the instrument is the crystal
oscillator, shown in figure 1. This uses
an MC799P dual-buffer device connec-
ted basically as an astable multivibra-
tor, with the quartz crystal in one
feedback link. A capacitor/trimmer
combination connected in series with
the crystal allows vernier adjustment of
the frequency of oscillation, and per-
mits standardisation of the instrument
against a reference such as the NBS
standard transmissions of WWV or
WWVH.

The crystal used in the oscillator is
a “D-type” unit, having a nominal

frequency of 2MHz (2,000KHz). This
frequency was chosen in contrast with
the more usual figures of 1IMHz and
100KHz because it would appear that,
where modern crystals are concerned,
2MHz represents a considerably more
attractive performance/cost comprom-
ise.

Typically a modern 2MHz crystal
costs slightly less than half that of a
IMHz crystal of comparable tolerance
and frequency stability, and less than
one third the cost of a comparable
100KHz crystal. Naturally, the use of
a 2MHz crystal involves additional
frequency division, and this tends to
reduce the cost advantage. However,
with the use of low cost microcircuits
in the divider chain the additional
division is provided very economically,
so that the advantage of employing a
2MHz crysta] is still quite significant.

The crystal used in the prototype
instrument is a .003 per cent adjust-
ment tolerance AT-cut type, specified
for operation at ambient temperatures.
It was kindly supplied by Pye Pty.
Ltd., who advise that similar units can
be supplied to readers on order, either
direct or via normal parts suppliers.
The Pye designation of the unit in
terms of tolerance and stability is class
“FEF,” with the holder code “QI12A"
and the nominal intended shunt capaci-
tance 30pF.

Similar crystals of different manu-
facture may be , and even a dis-
posals crystal may be ftried if avail-
able. The oscillator circuit is not cri-
tical, and will operate with a wide
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variety of crystals. However, it should
be bgme in mind that the ultimate
frequency stability of the instrument
depends completely upon the
crystal, so that a low-grade unit may
seriously prejudice usefulness.

It may be noted that the capacitor
and trimmer connected in series with
the crystal are both NPO ceramic
components, to ensure that the tem-
perature stability of the qscillator is
not s:iput'nan' i tly less than that of the
crystal itself, It is for the same reason
that the .001uF coupling capacitor is
specified as a polystyrene type.

The 2MHz output from the crystal
oscillator could be used directly as the
highest fundamental output frequency
of the instrument, although this would
require the use of a third buffer
element to ensure that output loading
would not degrade the frequency
stability, In the fimal design of the
instrument we have not followed this
course, but instead have settled upon
IMHz as the highest fundamental out-
put frequency.

This has allowed the use of an
MC790P dual J-K flip-flop both as an
oscillator buffer and as the imitial 2:1
divider. Both flip-flops of the device
are connected in toggling mode and
operated from the 2MHz oscillator out-
put, as may be seen in figure 1, one
effectively providing a buffered 1MHz
output and the other providing an
independent 1MHz signal for the
following divider chain.

The divider chain of the instrument
consists of a series of 10:1 divider
decades, each using the configuration
shown in figure 2. The configuration
divides ir what may be called a “qui-
binary” or (5 x 2) fashion, with the
first element FF1 dividing the input by
two, and the remaining three elements
dividing by five.

The actual configuration used is
particularly atiractive from the point
of view of ecomomy, for as may be
seen it requires no separate gating
elements to perform the required
decade division. Only four J-K Aflip-
flop elements are required, all gating
being performed by the elements them-
selves. (The four elements used are
provided by two MC790P dual flip-
flop devices.)

(P}uite apart from its economical use
of elements, the configuration has a
further attraction. From the output of
element FF1 may be taken a useful
auxiliary output signal, representing a
2:1 division of the input signal, Thus
in terms of frequency multiples, each
decade of the divider can provide both
a “X1" signal (FF4 output) and a “X5"
signal (FF1 output), ¢

Space is provided on the printed
wiring board for up to six divider
decades, in addition to the crystal
oscillator and the initial buffer divider.
Whether or not all of these decades
are wired will depend solely upon the
needs of the constructor comncerning
the available range of output fre-
quencies. .

If all decades are wired, the range
of frequencies available extends from
IMHz down to I1Hz in a 10-5-1
sequence. However the sequence may
be terminated at any desired point
simply by omitting the redundant
microcircuits. If both devices of any
redundant decades are omitted, the
lowest available frequency will be a
multiple of 1 (or 10); however, it is en-
tirely permissible to wire in only one
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At top is a view of the completed calibrator, which will deliver any

one of thirteen crystal-locked frequencies. Above is a view of the

rear of the panel when inverted for inspection, showing the printed
wiring board and its microcircuits.

device of the lowest decade involved,
in order to provide the appropriate
“X5” signal.

Hence if the constructor desires to
provide only those frequencies extend-
ing down to 10KHz, he would wire
in only the first two decades following
the crystal oscillator and buffer divi-
der. This would involve a total of only
six microcircuits, and result in a con-
siderable saving.

Another of the many possible varia-
tions would be where those frequen-
cies down to 50Hz are required, but
not those lower. This would require
four full decades, together with the
first device only from the fifth decade.
In this case a total of eleven micro-
circuits would be involved.

Output voltage for all signals is
approximately 2V peak to peak.

The design of the printed wiring
board and circuitry is such that any
or all of any decades or part-decades
omitted when the instrument is first
made could easily be added at a later
time if the need arose for the pro-
vision of lower frequencies, It would
also be feasible to add additional
decades to the six allowed for on the
board, in order to obtain still lower
frequencies than 1Hz. However if this
is contemplated it should be borne in
mind that the power supply may have
to be re-designed to cope with the
additional current demands.

As may be seen from the main cir-
cuit diagram, the oscillator/divider
board forms the heart of the instru-
ment, The remainder of the circuitry
comsists of a simple regulated power
supply delivering a nominal 3.6V DC
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for the microcircuits, and a straight-
forward switching system to permit
selection of the desired output signal.

The printed board pattern will be
supplied to interested board manufac-
turers, so that boards should be avail-
able in the near future, The pattern
is coded 69/¢9.

The power supply consists of a con-
ventional  full-wave rectifier fol-
lowed by a ain;‘ple series-pass regula-
tor using an NPN power transistor.
Reference voltage for the transistor is
obtained using a 4.3V zener diode.
The transistor base supply is filtered to
ensure that the transistor also acts as a

dynamic filter.
As the current drain of the
oscillator/divider board is approxi-

mately 500mA when all divider de-
cades are wired, the quiescent power
dissipated by the series-pass transis-
tor can exceed one watt. In view of this
it is desirable to employ in this posi-
tion a device with a rated dissipation
:lfl 3W or more fat 40 degrees C,, to
ow adequate safety margin,

The TO-66 type power devices speci-
fied on the circuit have adequate rat-
ings for this purpose, and are thus
quite suitable, However, a device with
higher ratings could be used if on
hand.  Alternatively it would be
q.oaxlble to use medium-power silicon

0-5 devices such as the 40408 or
AY8116, providing they were fitted
with the appropriate clip-on heat radia-
tor to limit case temperature. |

The output signal selection circuitry
has been arranged for simplicity and
operating convenience. The 1MHz out-
put signal has been taken directly to
one output connector, both because
it is in a sense “thirteenth man" and
because this permits the.instrument to
be calibrated to greatest accuracy us-
ing this signal, even when one of the
other signals is being used simultane-
ously for another purpose.

e selection of the remaining twelve
output signals is performed by a two-
pole six-position switch and a two-
position toggle switch, the latter con-
mecting to a second output connector.
Isolating resistors (1.5K) are fitted in
series with each of the output connect-
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The circuit of the calibrator, showing its essential simplicity. The

number of microcircuits used on the divider board and the number

of switch positions wired will depend upon the output frequencies
required; the circuit shows the system as fully wired.

wammns | gt of Components s

1 Case, 7%in x 5in x d4in, with

wrap-around front panel, board

brackets.

Printed wiring board, 69/c9.

Stepdown transformer, 240V to

12,6V CT, at 14,

2.000MHz quartz crystal (see

text).

Two - pole six - position rotary

switch,

SPDT miniature toggle switches.

Miniature pilot lamp, bezel, 6V

at 50mA.

Co-axial connectors.
CAPACITORS

2.8pF NPO ceramic irimmer

(see text),

2pF NPO ceramic.,

.001uF polystyrene, 400V or

lower if available.

047uF 25VW ceramic,

100uF 6VW electrolytic,

1000uF 10VW electrolytic,

B Rt e B by M R R

SEMICONDUCTORS

2 BY126/50 diodes or similar.

|1 BZY88/C4V3 or similar 4.3V
zener diode,

1 AD161, 40250, AY8109 or
similar NPN power transisior.

1 ME?Q?P dual buffer microcir-
cuit,

13 MC790P dual J-K Aflip-flop
microcircuits (see text).

RESISTORS
6 22 ohms twatt.
2 15K %want,

MISCELLANEOQUS

Mains cord and plug; grommet and
cord clamp; 8-lug section of
miniature resistor panel; 3-lug
miniature tagstrip; case handle,
rubber feet; screws, nuts, con-
necting wire, solder, etc,

NOTE: Motorola Semiconductor devices such as the MC700P micro-
circuit series are avallg:- in Australla from Cannon Electric (Aust) Pty.

Ltd., whose
Vic. 3187; P,0, Box 28
drome, Parafield, S.A. $106.

(LT

mall order are 58 Cluden Street, East Brighton,
Mascot, N.S.W,, 2020; and Commonwealth Aero-

ors to prevent damage or malfunction
due to severe loading or short-circuits.
The instrument is housed in a small
rectangular instrument case similar to
that used for many of our recent de-
signs, and measuring 74in x Sin x 4in.
The front panel controls comsist of the
frequency selection switches, the out-
put connectors and the mains switch
and pilot bezel.
bom:i{d‘hthe case, thobprinted wriglt:t'
ar. sup two -
triangular brnciglt-l"dwhlci are in turn
clamped to the front panel bz the input
connector screws at oné end, and the
mains switch and bezel at the other. A
hole in the bracket adjacent to the
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end of the board and a similar
hole in appropriate end of the
ase permit the crystal oscillator trim-
mer to be adjusted for calibration once
the instrument is fully assembled.

The two miniature toggle switches
and miniature pilot bezel used in the
instrument are available from LR.H.
Components Pty. Ltd, The switches
are NK.K. type S-2012, while the
bezel is a Rodan 6V 50mA . Both
aomlfmenh may be via the
usual parts suppliers,

Using the wiring diagram provided,
assembly of the components on the
printed wiring board should be simple
and straightforward. The main point
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THE
"HUMANIZED"
STEREO
HEADPHONES

Deluxe stereo model, the
Thriftiest “humanised” exclusive professional
stereo headphones — ideal “humanised” type, the peak
for the young music lover. of engineering design.

SME the only tone arm for which the highly acclaimed
SHURE cartridge was designed.

SME Series II 3009 and 3012
tone arms complete with 4’ lead,
ultra-lightweight  shell. Fine
engineering, English know-how
at its best

SHURE V15 MK II Stereo pick-up
cartridges. The computer designed per-
fect mate for the SME arm,

This is the way you can get high-
quality sound, economically — the
WHARFEDALE UNIT 3 Speaker
Kit,

Complete your sense of
achievement, your mag-
nificent sound reproduc-
tion, with cabinetry —
finished or in kit form
(with all instructions),
from Mastersound at jow
cost.

MASTERSOUND SALES PTY. LIMITED

400 KENT STREET,
SYDNEY. 29-1527
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to watch is that a small, well tinned
iron should be used, and the joints
made rapidly in order to avoid over-
heating either the printed board con-
ductors, or the microcircuits. Care
should be taken that the solder does
not form bridges between conductors
in places where the spacing is relatively
narrow.

Note that all wire links and bypass
capacitors mounted on the board must
be ﬁtte% reg‘udless of whether or not
all of the divider decades are wired.
The links are essential for continuity
of the supply line, while the bypass
capacitors ensure that operation of the
microcircuits is not disturbed by supply
line transients.

The NPO ceramic trimmer which
forms the calibration adjustment for
the crystal oscillator is a special type
designed for printed-board mounting
and side adjustment. The unit employ-
ed in the prototype and for which the
printed board has been designed is
marketed in Australia by the Import-
ed Components Division of Plessey
Ducon Pty. Ltd.,, and may be ordered
via normal parts suppliers. The type
number is DV11-PRB8A.

The power supply section of the
instrument is mounted in the lower
rear of the case, with the power trans-
former mounted toward the case end
opposite to that of the quartz crystal,
in order to reduce thermal drift effects.
The mains cord terminations are
mounted on one side of the trans-
former, while the rectifier and regulator
components are mounted on the other
side on an 8-lug section of miniature
resistor panel.

The regulator series-pass transistor
is mounted centrally om the rear of
the case, being insulated electrically by
means of the usual mica washer and
plastic bushes. In this way the case
itself acts as the heat radiator for the
device,

The power supply wiring is not criti-
cal, and the constructor may deviate
from the layout of the prototype if
desired. However, care should be taken
to ensure that the power cord is clamp-
ed securely upomr entry via the usual
grommetted hole, to prevent strain on
the connections. The cord earth con-
ductors should be taken to a solder lug
clamped under the adjacent transform-
er counting screw.

When the power supply section is
completed, it would be wise to apply
power and check its output voltage be-
fore the oscillator/divider board is
connected. This will ensure that if an
error has occurred, it can be rectified
before damage could be caused to the
relatively costly microcircuit array.

Without the microcircuits connected,
the voltage delivered by the power
supply should be between 3.8 and
4.5V DC; if it lies within this range,
everything is probably in order and the
microcircuits may be safely connected.
However if the voltage is markedly
higher than 4.5V with no load, switch
off and look for a wiring or component
fault.

As virtually all the functional wiring
is provided by the printed wiring
board, connection of the 3.6V supply
to the completed board should result
in full and correct operation. The only
aspect of construction which will re-
main at this stage is calibration of the
crystal oscillator against a kmown re-
ference.

As explained earlier, this operation



At top is a view inside the rea

is performed when the unit is com-
pleted and assembled, using the small
ceramic trimmer. Adjustment of the
trimmer is carried out using a small
insulated alignment tool, introduced
through the holes provided in the end
of the case and the board support
bracket.

Two methods of calibration may be
used. One simply involves measure-
ment of the IMHz output of the instru-
ment using a high-accuracy digital fre-
quency meter. This is a very efficient
technique, and will no doubt appeal to
those with the appropriate facilities.
However, it should be noted that the
frequency meter used should be one
having a timebase system whose accu-
racy and stability are at least within
1 part million, otherwise the exer-
cise will have little validity. The
reasonr for this is that the calibrator
itself is likely to have a performance
approaching 10 parts per million, when
set up.

The electrical setup for the alterna-
tive method of calibration is almost
as simple, and may be more conveni-
ent. It involves only a conventional
shortwave or communications receiver
capable of receiving a' standard fre-
quency transmission such as those
radiated by station WWV on 2.5, 5.0,

of the calibrator case, showing

the

power supply circuitry. Above is a diagram of the printed wiring

board, viewed from the component 3side. Actual size of the board is
Stin x 3%in.

10.0, 15.0, 20.0 and 25.0MHz, or by
station on 5.0, 10.0 and
15.0MHz. The 1MHz signal from the
calibrator is simply fed into a rudi-
mentary aerial near the receiver, and
Lhe calibrator trimmer adjusted for zero
eat.

The procedure is to switch both the
calibrator and the receiver on and let
them run for about 15 minutes to
allow the case temperatures to stabi-
lise. At this stage no connection should
be made to the output connectors of
the calibrator, in order that radiation

should be minimal. Then tune the
receiver carefully to whichever of the
standard frequency signals is currently
available at a level adequate for con-
venient and reliable reception.

A foot or two of hookup wire may
then be inserted into the 1MHz out-
put connector, whereupon a beat note
should become audible in the receiver
output. It may in some cases be neces-
sary to place the wire close to the
receiver aerial lead-in, or perhaps even
twist the two together, im order to
obtain sufficient coupling.

Adjustment of the calibrator trim-
mer should allow the beat note to be
reduced in frequency below audibility,
although continued turning of the
trimmer in the same direction should
result im the note re-a ing and
rising in pitch once again. The zero-
beat condition lies in the centre of the
inaudible-beat segment of adjustment,
and with many receivers it may have to
be estimated by interpolation. How-
ever, if the receiver is fitted with an
*S” meter it should be possible to ob-
serve the beats on the meter when
they are near zero, and a more accu-
rate setting may be achieved.

Once set lcllp in this fashion the cali-
brator should retain its calibration for
a considerable period. The oscillator
circuit is relatively insensitive to tem-
perature, and is also free from many
of the aging effects which are found
with other circuits. However, before
critical measurements are to be made
using the instrument, it would be wise
to re-check its calibration using the
above techniques. -]
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25 Volt Working | 500 Volt Working
10 MFD 17 cents | 4 MFD 30 cents
2500 18 cents | 8 " 33 cents
50 " 21 cents| 1& " 47 cents
100 " 25 cents | 24 " 40 cents
250 " 30 cenfs| 32 " 8l cents
500 " 45 cents

1000" 65 cents

2000" $1.19 cents
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