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A
s yo u may recall , last time we
discussed the feedback and
crys tal control of an oscillator.

This month, we' ll loo k at so me typical
self-excited and crys tal-contro lled
oscillator circuits.

Remember. a crystal operating in the
reso nant mode will exhibit a low imped
ance across its terminals and a zero de
gree phase shirt. while an anti-resonant
crystal will exhibit a high impedance
across its termin als ami a 1800 phase
shift. In this artic le , circuits #3, #6 , #7.
#10. and # 12 have a resonance require
mer u for the crystal. The crystals in # I,
#2 , #5. and #9 arc anti-resonant.

The design of a circuit will lake ad
vantage of the sped fie impedance and
phase characteristic provided by the
crystal. In the case of the sel f-excited
oscillator. the coil and capaci tor in the
resonant circuit are connected to meet
the osc illator design requirements in a
manner similar to the crystal.

Cirelli! J: A Pierce design USlOg an
anti-resona nt crystal in the feedback
path betwee n the collector and base of a
transistor. Excitation, or crystal d rive. is
adjusted by the value of the 390 pF base
bypass capacitor. This value is kept
as small as possible, but large enough
to achieve reliable oscillator starting.
The frequency operating range for th is
circuit is about 100 kf-lz 10 18 MHz.

Circuit I above. The excitation capaci
tor is variable and is used to control the
exci tation leve l and 10 "pull" the fre
que ncy o f the osci lla tor fo r ne tt ing
purposes.

Circuit 3: This common-base Colpitis
design requires the base impedance to
be low for oscillation to be sustained. A
resonant crystal exhibiting a low imped
ance from base to ground will enable
oscillation to occur only at the fre
quency of the crystal's overtone . Pre
qucncy netting may be accomplished by
varying the value of e ither the 3.9 pF or
..n pF capaci tors. The 3.9 pF capacitor
prov ides the feed back and the 47 pF
controls the e xcitation level. The oper
ating frequency range is crystal-over
tone dependent (3rd, 5th, and 7th)
covering 12 MHI. to 200 MHz.

Circuit 4: In this self-exci ted com
mon-emitter Col pitts oscillator, the coil
and capacitor contro l the operating fre
quency. The rat io of the capacitor val
ues connected between base, emi tter
and ground es tablish the feedback and
oscillator stability. The frequency ba nd
is typically between 3 MHz and 30
MHz. Temperature stabi lity of the c ir
cui t is fair and is dependent upo n the
mec hanical stability of the resonant
circuit components.

stability is as good as the crystal. The 39
pF capacitor val ue may be varied for
frequency netting and the excitation
leve l is controlled by the value of the 68
pF capacitor. The operating freq uency
range for this circuit is about 100 kHz to
18 MHz.

Circuit 6: This is the common-base
Colpitts oscillator; the feedback is ob
tained from the co llec tor and coupled
back to the emitter through the resonant
crystal. Osci llation occurs when the im
pedance of the series crystal is slightly
lower than the tuned circuit. The crystal
drive is determined by the ratio of the
..no pF to the 130 pF capaci tors. Note
the 6.8 ~H inductor across the crystal:
Its pu rpose is to provide a DC path for
the isolated top terminal of the crystal.
The operating freq uency range is crys
tal-overtone dependent (3rd. 5th, and
7th) covering 12 MHz to 200 MHz.

Cirelli! 7: A Hartley circuit is as popu
lar as a Colpitts for implementing an os
cillator. The basic di fference between
the designs is in the me thod fo r obtain
ing feedback-c-Hartley uses a tapped in
ductor while Colpit ts uses a capacitor
di vider. Circuits 6 and 7 arc nearly iden
tical, including the frequency range,
with the exception of the feedback
method.

Circuit 2: Another Pierce design uses
an FET and operates as described in

Circuit 5: This circuit is a crystal- Circuit 8: This is a class ic common-
con trolled version of Circuit .t. It uses collector Hartley osci llator, used in
an anti-resonant crystal; the freq uency broadcast rad ios since the late 1930s.
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Circuit 12: The Butler oscillator was
designed originally for usc with vac uum
tubes for the purpose of generating a
high harmonic frequency o utput from a
low- to med ium-freq uency crystal. Al
though the circuit shown will o utput the
third harmonic of a resonant mode crys
tal (Jrd. Sth. or 7th overtone). a tuned
circuit originally exi sted in place of the
5flO 12 resistor in the Butler design. The
original output tuned circuit was tuned
to the second harmonic of the "3F"
c ircuit The combination of the two
tuned circuits provided a multiplier of
six times the crystal frequency. The
signal o utput amplitude was never quite
as high as desired for a transmitter. hut
the circuit worked well when used for
oscillator signal inject ion in a receiver.
and was utilized as a stable. inexpen
sive local oscillator for VHF and UHF
conven ers.

Circuit II : The vackar osc illa tor is a
rare design . It was developed after the
advent of the transistor. This circuit
take s advantage of a series- resonant cir
cuit which has a low impedance to
ground at each e nd and a high imped
ance in the middle. Thi s high imped
ance po int drives the base of the
transistor. Note that the co llector and
emitter circuits are at a very low imped
ance to ground. There fore. the tran sistor
can only provide a current drive to the
resonant circuit. which results in very
good thermal isolation and frequency
stability due to a non-dependency on
transistor gai n.

The circuits shown are only a few of
the many oscillator designs developed
over the years. However, those shown
represent the basic design characte ris
tics thut have been the backbone of
modern communications equipment.
Recognizing an osc illa tor circuit by its
designer 's name enables an understand
ing of how the circuit functions and
cases troubleshooting effort. Next tim e:
the basics of frequency synthes izers. fa

sustaining oscillation . In this circuit. the
feedback will pass through the low im
pedance crystal when the operating fre
quency marches the resonant mode
frequency of the crysta l. The resonant
circuit b tuned to match the overtone fre
quency of the crystal and can operate in
the frequency range 12 MHz to 200 MHz.

6.' .....

o

3 ' 1i:

o . 1pf

I 1
3 - COlP1TIS

9- HAR1lEY

"

6 - COLPITTS

12 - 8UTLER

1

1

Circuit I(): Armstrong was a strong
contributor to osci llator development,
in addition to other radio accomplish
ments during the 1920s, ' 30s, and '40s.
Characteristically. an Armstrong oscil
lator uses a tickler winding near the
resonant circuit to obtain feedback for

resonant (series) function. yCllIDS oscil
lator operates as designed by obtaining
the required l ~o-dcgrcc phase shift
across the inductance value between the
collector and the crystal.
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Circuit 9: This unusual common
emitter Hartley osci llator requires the
overtone crystal to operate essenti ally
in the anti -resonant mode . However,
overtone crystals arc designed to opcr
ale in the shear mode which results in a

Fig. 1. COIT/mon - and not so common-s-transistorized oscillator circuiu .

1
]0 - ARMSTRONG

The frequency stability is fair and to

tally dependent upon temperature and
the mechanical stability of the compo
nents. It is a reliable oscillator with a
wide operating frequency range from a
few kilohertz to over I GHI..
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