L'IL RICHIE

SIMPLE, STABLE,
HARMONIC-RICH
CRYSTAL OSCILLATOR
IS BUILT AROUND

A LOW.COST
INTEGRATED CIRCUIT

By DON LANCASTER

L Richle is a small one—
it's shown here alongside
conventlonal “'C™ cell=but the
crystal Is a 100 kHz bar ang
ts larger than most crystals

TAKE ONE low-cost integrated eircuit,
two resistors, one capacitor, and one
crystal—combine properly—turn on the
power, and you can generate erystal-
controlled sine or square waves at any
frequeney between 100 kHz and 3 MHz,
and, with shght modification, the 3. to
10-MHz range Uses of the “L'il Richle”
are as varied as the user's imagination,
Amateur radio operators will find the
harmonic-rich ouvtput useful as 100-kHz
or 1-MHz crystal calibrators As a bonus,
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the addition of an output tank circuit

creates a flea-power transmitter for field .
days, antenna testing, and hidden-trans-
mitter hunts.
For AM servicing, just insert a 455-kHz
crystal, and you have an 1.f alignment .

generator, Swateh to 500-, 1000-, or 1500-
kHz crystals, and you have a handy sig-
nal generator for dial calibration, track-
g adjustments, or antenns and r.f
stage tuning

For TV or FM work, plug in the need-
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length of B&W Miniductor ¢oil =3007 for
LZ. Unwind about half a turn from each
end of the coil to serve as connecting
leads. The coil length given does not in-
clude the leads

Two capacitors in parallel cover the
entire 2-MHz frequency band. The larg-
er capacitor, €2, is variable to 100 pF
and determines the tuning range of the
band. It is screwdriver-adjusted through
a hole in the front panel. The smaller ca-
pacitor, €1, is vanable to 15 pF and

Allgnment of the VFO Is a simple matler, and re-
qulres no special test equipment Al you need
Is a recelver to monitor the YFO signal while you
adjust capacitor C2 until the signal is heard.

tunes in the desired frequencies It is
equipped with a vermer dial for ease of
calibration and tuming The capacitors
and the coil are connected as shown in
Fig. 2

Both capacitors should be of high qual-
ity and of rugged construction to insure
frequency stability. They are both
mounted on a heavy aluminum subpanel,
and the entire assembly is housed in a
4” x 4” % 4" aluminum box.

Use heavy picces of wire—No. 12 or
larger—to join the capaoitors together.
Connecet the coil betiveen the high side
of the capacitors and the top of a 1 por-
celain insulator, Affix solder lugs at both
extremes of the insulator before mount-
ing.

Strip one end of a short piece of RG-

19468 Spring Editlon

58/U cable and solder the center.condue-
tor to the lug on the high side of the iil-
sulator along with the coil terminal. The
ghield strands of the cable go to the
ground lug under the insulator, together
with the common (ground} lead from
the capacitors. Be sure there 1s a good
ground fo the chassis.

The coax eable is run through a grom-
meted hole in one side of the case, and
the free end is terminated with a suit-
able crystal holder that will mate with
your particular crystal socket. Be sure to
mark the pin with the ground shield, as
well as the grounded side of the crystal
socket on your transmitter Always con-
neet ground to ground.

Alignment. The alignment of the VFO
can be a little tricky, but if you proeceed
slowly and carefully, you should have no
trouble at all. Plug the VFO into the
crystal socket of your transmitter; then
fire up the transmitter and allow it to
warm up with plate voltage applicd to
the oscillator only.

Set the VF('s main tuning dial {C1)
near its center of rotation, Turn on your
receiver and sct it to a frequency in the
middle of the VFO's expected operating
range, Through the anccess hole, tune C2
—very slowly—until the receiver picks
up the VFO signal. Alternately tune C1
and €2 for the strongest signal.

Put 2 dummy load across your trans-
mitter’s antenna output and set the
transmitter to “transmit.” If the trans-
mitter loads properly, fine, If it does not.
you are probably working on a frequency
outside of the transmitter tumng range,
and you must retune C2 to operate in the
correct frequency range

After you find the point where the
transmtter loads properly, and you can
pick up the signal, mark the receiver-
indicated frequency on the VFO dial as
your first ealibration point Continue tun-
ing the band, resetting CI to a different
spot as you go along, and calibrating the
VIO dial with the new frequency, Do not
disturb the getting of C2 after its initial
adjustment.

If your transmitter exhibits an undue
amount of drift, it is probably due to
poor power supply regulation. You can
correct thls condition by adding the nec-
essary circuitry to regulate your power
supply. G-
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ed crystal—3 58, 45, or 107 MHz—and
you have o marker or signal gencrator
all set to go And, finally, the advanced
experimenter can use the “'L'il Riche”
as o stable, erystal-controlled reference
clock for electronic counting circuits.

How it Works. The two independent
gates in JCI (Fig, 1) are hased 1n thewr
class A region using resistors RBI and
RE2 These two gates are cascaded with
€1 to form o two-stage, RC-coupled rf.
amplifier Feedback from output to -
put via XTAL produces the desired os-
cillation, in the form of a square wave
very nearly equal to the erystal's series-
resonant frequency.

PARTS LIST

C1—1000-pF disc ceraneee copicrfor—sec fext

IC1—plv 4 epoxy micrologic ducl pale { Far-
child)*

R1, R2—10,000-0hm, Yi-wat? carbos resislor

ATFAL—Sertes resonant, firsi-overione crysial,
100 kHs to 3MHs with C1 as lsted, 1o 107
MiTz with yelected volue ;or [}

Muse —11," ¢ 1" sinple-sided PC board **
sockel te fit XTAL with mmonmting screw,
solder ternnnals ¢ 3), solder

*Data sheet and dwstributor st are avallable
from Falrchild Semuconducter, 313 Fabrchild
Drive, Mlountgin Veew, Calrl

**Complete kit, including printed crrenit board
Lut less crystal pnd sochet, is avallable from
Southwest 1echnical Produsts Corp, Box 16297,
San Antonlo, Texas 78216, for $1 75, pastpaid
inthe US

; I].x*m
1 L]

—l

il
[ F1a60pF

L\ tsee texTy

zlox

1 Fig 1. The IC contains the bulk
of the osclllation cgircult, The
only external components are blas
resistors R1 and R2, feodback
capacitor Cl, and the froquency
controlling element, XTAL. Out-
put is a squaro wave ot the crys-
tal frequency Tha de. level re-
quired for operation is not cnuti-
col=between 1.5 and 45 volts
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Fig 2 Make the printed board as shown
henizi.l It is best to use a PC for this
oscillator as stray capacltance found
,%‘ﬁ"{:ﬁ;?f’ in most polnt to-peint assembly might

cause spurlous oscillation at frequen
cles other than that of the crysta)

The entire circnit requires only five
low-cost parts and can be powered by
any convenient supply from a single pen-
Light cell (15 volts) up to 4.5 volts d.¢,

Construction, Any neat construction
technique can be used for this cireuut,
but long leads or sloppy eonstruction can
produce a device whose frequency may
not entirely depend upon the crystal
used. A complete kit, including the print-
ed cireuit board, is availlable from the
source indicated in the Parts List, but if

SQCKET FOR XTAL

QuUTPUT H3 10 COMMON
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Fig. 3 Component assembly on the printed
board Note that the IC has one flat side
and that pin 8 on this flat slde 15 con
nected to the positive battery termina)

you want to do your own PC layout work,
just follow Figs. 2 and 3.

Note that ICI is mounted with the
positive power lead centered on the flat
of itz epoxy case (pin 8). And be sure
that the erystal holder pins and the erys-
tal socket match, as some older erystal
holders have different pin diameters and
spacings.

After assembly and inspection, insert
a crystal of below 3 MHz, and perform
an 1imtial checkout using 3 volts from
two flaghlight cells. If you're planning
on using crystals from 3 to 10 AMHz
you’ll have to experiment to get the value
of €1 just right to suif your particular
crystal's drive requirements Higher fre-
quency generators will require values of
from 20 to 100 pF.

Some capacitor tinkering 1s required
at these higher frequencies and a gen-
erator tailored in this manner will most
likely work best with one particular erys-
tal, and over a more hmited power sup-
ply range. You might like to try a trim-
mer, or padder, for C1 if you're planning
high-frequency operation with multiple
erystals, A 0 01-uF power supply bypass
capacitor might also be required. A trim-
mer will let you “pull’ the crystal slight.
ly to bring it into exact calibration with
Station WWV on § or 10 MHz

Occasionally, older surplus crystals or
one with an unusual cut may take off on
the second or third harmonic instead of
the fundamental. Usually, a bit of ca-
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Fig 4 Some typical application clrcuits for
L'l Richie (A) test osclllator or crystal
100kHz calibrator, (B) oscillator with varizble level
_ output, (C) digital counter daver; (D} modu
? S ? f;;.li:'s; 'igfas.aggcmov;eg?eri:m" Iator and (E) tank circult to convert L'l
e Richle into a very low power transmitter
o ! [I].. § Ifmemm—a=-
+3 6V I =
t[!— € Of==m———-a
<
pacitance shunting resistor R2 will settle On-off switching, keying, or audio

things down. Values wiil be 1n the 50- to
200-pF range.

Operating Hints. Fagure 4 shows some
circuits you might hke to try In the test
oscillator or crystal calibrator in Fig.
4(A), an output capacitor (C) is selected
to get the desired signal level. If you
want a continuous output level adjust-
ment range, use the circuit shown in Fig,
4(B). The digital elock and divider con-
nection is shown in Fig. 4(C) ; a coupling
capacitor is not required here.

modulation are added with the eireumit in
Fig. 4(D). Or, if you want g sinugodial
output instead of a square wave, just
add a series-resonant tank circuit to the
output, tuned to the crystal frequency,
as shown in Fig. 4(E).

The generator's output voltage will be
shghtly less than the supply voltage,
Expect around 1.2 volts peak-to-peak
with penlight cell operation, and perhaps
4 volta for a 4 5-volt supply. Total clreunit
drain ig less than 6 mA with the higher
supply voltage. -
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Designer’s casebook

Divider sets tuning iimits
of C-MOS oscillator

by Henno Nermet
Diversified Eloctronics ine., Leesburg, Fla.

Useful as it is, the square-wave RC oscillator imple-
mented in complementary-MOS has one shortcoming—
setting its maximum and minimum frequencies of oscil-
lation independently while also maintaining accuracy is
extremely difficult. By placing a voltage divider in the
feedback loop of the conventional three-gate circuit,
however, a one-time trimming adjustment can accurate-
ly set the maximum and minimum frequency excursion
and will force the ratio of the upper to the Jower limit of
oscillation to approach a value virtually determined by
the resistors used in the same divider.

The standard RC oscillator gencrates a frequency of
[ ~0.482/R,\C, where Ry = R, as shown in (a). Gener-
ally, it is not practical or economical to use a variable
capacitor for C, A potentiometer could be substituted for
R, to tune the frequency, but slight differences in inte-
grated-circuit parameters will preclude predicting the

maximum and minimum frequencies of oscillation with
any degree of accuracy for a particular chip. The only
other method for setting the upper and lower frequency
limits is to parallel several capacitors across C, a tedious
procedure at best,

Alternatively, R, can be a potentiometer that is placed
virtually in parallel with voltage divider RR; through
C (b). In this way, capacitor C is no longer charged from
the fixed-voltage output of the middle gate in (a), but
from the voltage divider across the output. R, is thus
used to change the circuit’s time constant without affect-
ing the potential that is applied to C.

The upper and lower limits of oscillation are deter-
mined by the position of Ris wiper arm and by the
values of R4 and R;. With the tap at point A, the circuit
will oscillate at a frequency given by f = 1/2.2R,C.
With the wiper at point B, the frequency will be £ =
1/1.39R:C. The frequency ratio to be expected is thus
2.2/1.39 = 1.6. The actual frequency change measured
with the particular chip used for bréadboarding was
56%, which is thus very close to the intended value. The
ratio will increase as R4 is made larger with respect to
Rs.

The circuit has only one small disadvantage—the load
presented by R4 and R, does increase the power-supply
drain by approximately 0.5 milliampere. 0

Calibrate. IC anomalies, Inherent clreuit
tmbalance, and the expense of making C
variable preclude selting upper and lower
oscillation Imits of typlcal RC escillater (a)
with any accuracy. Placing R: virually in
paraliel with voliaga divider (b) through C
gives clreult one-knob frequency control,
with upper-to-lower osclllatlon ratio in effact
determined by R, and Rs.
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