ECL tuned oscillators
are voltage-stable

by Tom Hornak
Hewlett-Packard Co., Palo Alto, Calif.

A simple square-wave crystal oscillator or LC oscillator
can be built by using one third of an MCI0116 inte-
grated circuit, which is a triple differential amplifier in
the MECL 10,000 series. It has better frequency stabil-
ity than a similar oscillator that uses a resistor and ca-
pacitor as the frequency-determining elements [Elec-
tronics, May 29, p. 106]. A l-volt variation in supply
voltage to the RC oscillator caused fractional frequency
changes ranging from 0.09 at 10 megahertz to 0.02 at 50
MHz. The same voltage variation changes LC oscillator
frequencies of 1, 10, 27, and 35 MHz by less than 0.003;
and crystal oscillator frequencies of 10 and 20 MHz are
changed less than 5 X 10-5.

Details of the tuned oscillators are shown in the fig-
ure. Transistors Q, Q4, and Qs form a differential am-
plifier. The output signal supplied by emitter follower
Q: is fed back via resistors Ry and R2 to the bases of Qs
(positive feedback) and Qs (negative feedback). If no
crystal or LC combination is connected to the bases of
Qs and Qs, the feedback signals cancel each other be-
cause of the high common-mode rejection of the differ-
ential amplifier, and the circuit is thus quiescent.

When an LC circuit or a crystal is connected between
the base of Qs and ground, the negative-feedback signal
is attenuated by the divider consisting of R, and the low
impedance of the LC circuit or crystal at the series-reso-
nant frequency. Because positive feedback dominates,
the circuit oscillates.

The top waveform represents the oscillator’s output

Electronics/August 21, 1975

R; ¢
00807
QUTPUT——4
W
{2000
5 Qs
L XTAL
orR O Rs g
¢ :[ 2108 ¢
¥
73 OF MC10116
=52V
FREQ| L c
(MHz) | (uH) (pF) -
g
1 | 100 | 270
S8l u | @ (ATPIN2) —18V
e 2.2 10 VOLTAGE 09V
3% | oar| 10 ATPING gy A
57
VOLTAGE BETWEEN '"50"1 ==
BASE Q. AND BASE O, —1
~0.57V |
TIME

Stable. ECL-oscillator frequency, determined by crystal or LC tank
circuit, is insensitive to variations in supply voltage. Capacitor C, bal-
ances stray capacitances (e.g. from crystal holder) that might cause
parasitic oscillations; its value is (Ry/Rz2)Catray.

voltage, i.e. a square wave alternating between ECL
logic levels. The middle waveform displays the idealized
signal on the base of Qs, i.e. the output square wave
with its fundamental frequency component attenuated
by the divider. The bottom waveform represents the dif-
ference between the other two waveforms, which is the
voltage acting between the bases of Q; and Q. This
voltage, clipped and amplified by the differential ampli-
fier, constitutes the oscillator output voltage. =

85



