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Inireduction

The large-scale application of integrated circuits in computing technology, in
measurement equipment and in data processing systems has led to the solution
of technical problems on a qualitatively higher level. In addition fo the func-
tions for which they are designed, the standard NAND gates can be intercon-
nected to form various pulse generator circuits. In view of the requirements exist-
ing in the above fields as regards the stability and reliability of lhe pulse gene-
rators, increasingly frequent use has been made of circuits with highly stable
delay lines or quartz resonators as time-setting elements.

This paper describes the operation and analyzes the characteristics of a
pulse generator circuit with quartz stabilization of the frequency, which has
been realized with standard two-input TTL NAND gates. The circuitry propos-
ed avoids some of the shoricomings of the familiar circuitries (difficulties in
the oscillations of the quartz resonator, oscillations of higher harmonics, and
strong influence of variations in the supply voltage) and offers certain advan-
tages (variable duty ratio of the output pulses, oscillation of the quartz resona-
tor to the frequency of the serial resonance, and possibility of varying the frequency
within narrow limits).

General Considerations Related to the Quariz
Stabilization of the Pulse Generators

By the inclusion of a quartz resonator in the circuitry of the pulse generator,
under thermostatic conditions of the resonator and of the electronic elements,
it is possible to obtain instability of the {requency generated over a long period
of time within the limits of 10~ to 10-° {2]. '

The equivalent electrical circuitry of the quartz resonator is approximately
of the following type [2-4] — Fig- 1. ns R : : o 3%
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The circuitry proposed makes use of in-series control of the quartz crystal

which is more efficient than the parallel one [3]
T and offers the following advantz ges:
— Lower tendency to parasitic oscillatons:
— Smaller change of the equivalent resis-
Lo lance controlling the generator upon deviation
from the stabilized frequency:
2 ' N -~ In-series control makes it possible to ope-
q T %  rate close to the frequency of the serial resonance.
For the excitation of the quartz resonator in
B the circuitry of the pulse generator it must be
2 connected between points in the circuiiry which
show great variation in the potential difference
l during operation [1, 2]. On the other hand, it is
desirable for the quartz crystal to participate in
Fig. i the feedback circuit; this condition is not com-
Lg — seli-inductance of quartz; Cg— plied with in most practical circuits, but an
seli-capacitance of quartz; R,—resis-  additional condifion is introduced, namely, that
tance of quarts al o Cp — capaci-  tha period of the free oscitlations generated (when
vafes GRATLSCoRLAgtS the quartz resonator is not included in the circnit-
ry) shall be 1.2 to 1.5 times smaller than the period of the stabilized oscilla-
tions [1, 3]. ;

<1 coefficient of incorporation of the quartz in the circuitry.

Operation of the Circuitry

On application of the supply voltage the circuitry begins generating free oscil-
fations with a irequency f,=(1.2—1.5) f, the quartz resonator playing the role
of a capacitor. Alter about 100 ms [4] the resonator is excited and begins to oscil-
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late with a steadily growing amplitude. Upon reaching the rated amplitude of
the oscillations, the pulse generator is synchronized with the frequency of the
quartz tesonator (Fig. 2). :
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Let us take the moment in which the voltage at point 1 of the circuitry chan-
ges with a jump from a “low™" into a “high’" level as the initial moment in the time-
diagram. At the same moment the change of the voltage in point 2 is equal to
the sum of the change in point 1 and the voltage applied on the quartz resonator.
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Fig. 3
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The diode D, is reverse bia sed and is cut off, and the current of the excited quarte
crystal begins to flow through the resistor R.. At the moment when the voltagfl’
across the oscillating circuit (composed of the quartz crystal and of the in-serie
connected capacitor) b ecomes equal to 0, determined by the period of the seria
circuit, the current begins to flow in the opposite direction through the diode
D, and the resistor R;. Upon reaching the threshold level 0.8 V. Ug=1.5 V)
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of the integtated circuit IC,, the state of IC, and IC, (IC; and 1C,, respectively)
changes and the voltage at point 2 changes with a jump to a “high”’ level. The
process continues ifs development without stopping in the other branch of the
system, the potentials at the respective points changing into the opposite ones.
Figure 3 shows the voltages at typical points of the circuit, as a function of time.
At point 3 of the circuit it is possible to observe the voltage of the first har-
monic of the excited quartz resonator.

Generated Frequency and Duty Ratio
of the Pulses

The frequency at which the pulse generator operates is determiiied from the fre-
quency of the quartz resonator included in the circuit. The circuitry generates
pulses with a frequency close to that of the serial resonance and may he varied
within narrow limits by the in-series connected capacitor C, thereby effecting an
in-series control of the quartz resonator.

One typical feature of the circuitry is that it can operale al different duty
factors of the output pulses. The duty factor depends on the ralio of the cur-
rents flowing through the resistors R, and R: and may change within the limits
of 0.15-0.85.

The maximum frequency al which the circuil will generate with the use of
standard integraled circuits is foas=15 MHz.

Start-Stop. Operation i
In view of the fact that the stabilization of the circuit is carried-out by a quartz
generator, which is an electromechanical oscillating system and reaches its steady
state of operation relatively slowly, the start-stop operation cannot be realiz-
ed in the basic section of the circuit. For the purpose of starting and stopping
the pulse series from outputs 4 and 5 (Fig. 2), provisions have been made for two
additional integrated circuits (IC, and IC,) which are controlled from an exter-
nal logic condition, invelving no implementation of a condition that starting
and stopping should take place with a certain phase.

Infiuence of Variations in the Supply
Voltage and in the Ambient Temperature

As regards the influence of the variations in the supply voltage and in the ambient
temperature, the circuit may be divided in two parts: quartz resonator and elec-
tronic part. The stability of the quartz resonator is determined from the selected
section of the crysral and, accordingly, from the temperature coefficient of the
frequency change. In this case an appraisal will be given only about the stabi-
lity of the electronic part of the circuitry.

The summary influence of the changes in the supply voliage and in the am-
bient temperature (in the entire working ‘range U.=-15 V5%, T,=0-76°C)
is expressed as instability of the- frequency <10-7 (at a duty ratioc for the outpuy
pulses d==0.5) [2] and tests of the circuitry under real conditions.



Praclical Realization of the Circuitry
of the Pulse Generator with Quartiz
Stabilization of the Frequency

Several variants have been realized of the examined circuitry, use being made
of high-stabllity quartz resonators of the C. E. P. E. Company (Italy) and of the
following electronic * elements: SN7400N, SN74HOON, SNBH4OON, 1NGI4,
ING16, BAY7!, BAY74, 2N2007, and BSX29. At a frequency of the quartz re-
sonalors 50 kHz and 100 kHz, of stabilized supply voltage and duty ratio of the
pulses 6—0.5, withoul taking any measures for temperature stabilization of
the circuitry, an instabiiity of 5> 10-* was measured for a period of 1 hour under
laboratory conditions. -
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UMNy bCHBIE TeHEpaTOp C KBAPileBOH CTa0UAM3aNHeH YaACTOThHE

b. [F. Hees
P oo M)

B cBA3K C WHPOKHM TIPHMEHEHHEM HHTErPa/bHBIX CXen H TPEOOBAHHAM K cTabNJIb:
HOCTH H - HUFEIKHOCTH WMHYJIBCHBIX FeHepATOPOB B chCTemaX oOpaloTkH uHGOpMa-
IME [IpeAJaTaeTess CXeMa MMTIYJBCHOGTO Fenepatopa ¢ KBapleBoil crabuiusaiueit
YaCTOTHI.

B pabore onucaHo AEACTBHE U aHAAN3WPYIOTCH ocoBerHOCTH fIpejiaraeMol
CXeMbl HMITYABLCHOTO TenepaTopa. HaHpas cxema JiMillehd HEKOTOPBIX HENOCTATKOB
U3BECTHBIX CXEM; @ {IMEHHO! OTCYTCTBYIOT TPYIHOCTH, CBA32HHbIE ¢ BO3OYMKAeHHEM
KBapHeBOTo PeSOHATOPa, C BO3OYIKAEHHEM HA BHICLUHX rapMOHHKAX H € BAHAHHCM
nanpsxkenns muTanus: [lokasanel raxke npenmyllecTsa JAHHOI CXeMbl — Tiepe-
MeRHEI - KOBQOHIIENT  3aNOJIHEHTIS ‘BEIXOAHBIX: HMAYJILCOB, BO30YIKAeHIE pesona-
TOpa Ba 9acToTe CepHIHOrO Pe3onaHca, BOIMOKHOCTH MIMEHEHHS HaCTOTHI B HEKO-
TOPHIX NpefieNax. - SRR Lal 2 = (S SR :

FIpHBOASTES - OMYUCHHBIC - Pe3YJIBTATH! DU [pa KTHZECKOH peaansaiiiy CxeMbl
HMIYABCIIOTG TeHepatopa ¢ ®papileBofl CTa6UAN3ATHEN YdCTOTHI. S
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