FiZziKA

2002

CiLD VIII Ne 4

THE SHAPER OF MODULATING SQUARE WAVES

CH.0.QAJAR, S.AAMUSAYEYV, .ZMOVSUMOV, M.RMENZELEYEV
Institute of Physics of National Science Academy of Azerbaijan

The displacement of measured value of the resonant frequency of centers of microwave spectral lines of some rotational
and rotationally vibrational transitions of asymmetric top molecules was observed. The shaper of zero-based square-waves
eliminating of such displacements was designed and tested in a hybrid microwave spectrometer.

The Stark modulation in microwave spectroscopy has
many advantages, but sometimes the values of frequency of
spectral lines centers measured by this method were
displaced. The careful analysis of such spectral lines has
shown, that the displacement of their resonant frequencies is
caused by a displacement of zero level of modulating square-
waves. It was confirmed by dependence of the resonant
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frequency of transition s43;-s4,, 28543,079 MHz (ethanol,
gauche form) on magnitude of displacement of zero level of
square-wave (fig. 1). As it follows from this figure, even a
little change of voltage of zero level of zero-based square-
wave displaces measured value of frequency of a spectral line
center on a few megahertz.
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Fig.1 A curve of dependence of displacement of resonant frequency of transition s43,-s4,, 28543,079 MHz of spectral line of gauche-
ethanol molecule on magnitude of voltage of displacement of zero level of modulating square wave

The purpose of the present paper was working out the
square-wave shaper with minimum displacement of a zero
level. In well-known analogs of such shaper [1-3] a
displacement of zero level sometimes reaches too high
values, because of use of high-voltage bipolar transistors in
output stages of shaper. Switchover of such transistors into
state of saturation requires the particular shape and power of
controlling impulses with necessity of high-voltage
uncoupling. However even residual voltage of collector -
emitter transition of the bipolar transistors in the opened state
creates a displacement of zero level of square wave.
Therefore special monitoring and compensation of such
displacement is required. The presented shaper of modulating
square waves (SMSW) is constructed on the basis of modern
MOSFET-transistors having low values of resistance of a
conducting drain - source channel in an opened state [4]. The
control of the transistors is carried out by a special chip of
high voltage, high-speed power MOSFET and IGBT drivers
with dependent high and low side referenced output channels [5].

The shaper consists of the following functional blocks (fig. 2):
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Fig.2. Functional diagram of shaper of modulating square
waves.

O Regulated power source of stabilized voltage
RPSSV;
Internal quartz oscillator 1QO;
Frequency converter FC;
Input and output threshold elements TE1, TE2;
Output shaping device OSD;
Measuring limiter ML.
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The schematic diagram of SMSW is presented on a fig. 3.
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Fig.3. Schematic diagram of shaper of modulating square waves
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Fig. 4. Records of transition s4;y-a4,, 28543,079 MHz of spectral line of gauche-ethanol molecule at different values of amplitude of
modulating square wave a) U=2,5V; b) U=5V; ¢) U=7,5V; d) U=10V

The harmonic signal of external driving generator
incoming to input of the threshold element TE1 is converts to
impulse. The frequency of these impulses sequence is divided
on 2 in the FC constructed on basis of flip-flop circuit (chip
4013). The pulse signal from an exit of a frequency converter
transits into an input of the shaping device consisting of the
half bridge driver U9 (chip IRF2104) [5] and shaping output
switches Q3, Q4, as which the MOSFET transistors with an
isolated gate and 1.4 Ohm resistance of an open channel IRF
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830 is used [4]. The amplitude of output zero-based square
wave is determined by a value of voltage of RPSSV. The exit
of the shaper is in accord with a load (wavequide cell) by
adjusting of a potentiometer R5. The reference signal of
phase-sensitive detector of the registering part of
spectrometer is formed in a frequency converter and through
a threshold element TE2 (Schmidt flip-flop U2B of a chip
4093) comes to the corresponding SMSW exit.
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During the process of testing of the shaper the value of = Moreover, range of operating frequencies has essentially
voltage of zero level displacement was measured by extended, that enables to select an optimum relation of
oscilloscope by instrumentality of amplitude limiter ML (R7, sensitivity and resolution of the measuring equipment at the
R6, D2). record of spectral lines.

The use in the shaper of modern element base has SMSW stably works in a frequency range from 20 Hz up
allowed to reduce a voltage of zero level displacement up to  to 600 kHz and in all range of operating frequencies has the
values, at which its influence to an accuracy of measurement following characteristics:
of spectral lines centers frequencies becomes negligible. It is Amplitude of output impulses 0+100 V;
confirmed by record of spectral line mentioned above (fig. 4). Off-duty factor 2;

Thus, necessity for monitoring and compensation of a Duration of front of impulses, no more than 300 ns;
zero level displacement of modulating impulses for separate Duration of cutoff of impulses, no more than 250 ns;
transitions has disappeared and it enables to realize Loading capacitance, not less than 1000 pF;
continuous record of a spectrum in an automatic mode. Displacement of a zero level, no more than 10 mV.
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MODULYASIYAEDICi IMPULSLARIN FORMALASDIRICISI
Asimmetrik firfira tipli molekullarin bazi filanma va ragsi filanma kegidlerinin rezonans tezlikli mikrodalgall spektral
xatlerinin markazlarinin dlcllan qgiymatlarinin sirigsmasi migahidse olunmusdur. Bu surismanin yaranma sabablarini aradan

galdifrmada imkan veran modulyasiyaedici unipolyar impulslarn formalansdiran qurgu hazirlanmis ve hibrid spektrometrin
torkibinda sinaqdan ¢ixariimisdir.

Y.0. Kagxap, C.A. Mycaes, U.3. MoscymoB, M.P. Men3eneeB

®OPMUPOBATEJb MOAYJUPYIOLIIUX UMITYJbCOB
OOHapyKEHO CMEIICHUE M3MEPSeMOro 3HAUCHHs PE30HAHCHON YacTOTHI IICHTPOB MHKPOBOJHOBBIX CIIEKTPAIbHBIX
JIUHUMN HCKOTOPBIX BpallaTC/IbHBIX U BpamaTeano—1<one6aTenLHb1x MEPEXO0J0B MOJICKYJI TUIlIAa ACCUMETPUIHOI'O BOJIYKA. Pas-
pa60TaH, HU3TO0TOBJICH U HCIIBITAH B FI/I6pI/IIlHOM CIICKTPOMETPEC (I)OpMI/II)OBaTeJ'IB MOAYJIUPYIOUIHNX JJICKTPUICCKUX NMITYJILCOB,

YCTpaHHIOIIII/Iﬁ MMPUYNHBI BOSHUKHOBCHUS TaKUX CMGHIGHI/Ifl.
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