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I ntr oduction

In the information path (IT) of telecommunication
systems, the basic processing of signalsis carried out in
order to isolate the information contained therein
(demodulation) and mitigate the effects of interference.
At the same time, an important task is to sdect
information with maximum reliability - the so-caled
optimal acceptancefor this, in the presentation of IT,
thereis provided an optimal filter, links for post-detector
processing, follow-up systems for frequency and phase
automatic frequency adjustment, used to demodulate the
signal, aswell asto find and track it by frequency, phase,
and delay. Here, frequency converters play a very
important role in the reception or transmission of signals,
which aso determines the signal CAD, on the features of
which we will dwell in thisarticle.

.,  ctonstruction
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|. Frequency convertersand parametric
amplifiers

Frequency converters (IFs) are designed to transfer
the spectrum of radio signals from one region of the
radio frequency range to ancther. Such a transfer of the
spectrum must pass without changing the type and

modulation parameters, that is, linearly (Fig. 1).
Frequency conversion is possible as a result of
multiplying two voltages.

One of them isthe received signd

U, =U.cos(w,t +¢.), a and the second - the
voltage of the auxiliary generator, which is formed in the
receiver U, = U,cosw; t. Then, when multiplying the
signal and the heterodyne, the following combinations of

Fig. 1. The converter of the frequency and spectrum of the input signal in the output.
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complex frequencies appear:
rU‘r = 05UrU‘r[(w‘r = wr)t = (p‘r]

One of them is allocated by the filter and is called
the voltage of the intermediate frequency Uy, =
Uppcos(wypt + @yp). As you can see, such a voltage
receiver can be realized with nonlinear links from
periodic variables under the action of the generator. In
the role of nonlinear or parametric elements, which are
caled mixers, today use trangstors in a discrete or
integral performance and diodes.

The signdl at theinlet of the mixer must be small so
that the nonlinearity of its characterigtics does not lead to
a dight distortion of the received signal. The voltage of
the heterodyne is initially large, therefore the
conductivity of the mixer varies according to the law of
changing the voltage of the heterodyne (Fig. 2).

Of course, you can submit it with severa
expressions.

— o (R)
921(t) = G,;) + X%, G,;’ cosRw, t, (1)
where G, (k)— the amplitude of the kth harmonic of the

conductivity of the nonlinear element; G(O) — constant
component of conductivity.

Current at the mixer outlet i O (t)Ue.
Substituting the meaning g(t) i Uc get the following
dependence:

i= Gz((l))Uccos(wct + @) +
+0,5%2, GU cos[(kw, + w )t + @] (2

From this expression it is clear that the combinationa
components(kw;, + w.) appear as a result of the change
in the conductivity of the nonlinear element (NO) under
the action of the voltage of the heterodyne. They have the
same structure as the output
conductivity

signal. Permanent

component  of GY,; does not

Fig. 2. Dependence of conductivity of the mixer on the
voltage of the heterodyne.

Fig. 3. Structural diagram of the frequency converter on
the non-inverted transforming el ement.

allow frequency conversion. Similar results are obtained
when changing the capacitor of the mixer under the
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action of the voltage of the heterodyne.

The main indicators of the quality of the IF are: the
gain of voltage and power, the range of operating
frequencies, selectivity, noise ratio, distortion, stability,
reliability. They are similar indicators of resonant
amplifiers, but some of them have features characteristic
of the frequency conversion mode. For example, unlike
amplifiers in the IF, there are unilatera receiving
channels, which worsen their selective properties and
cause some circuit design decisions.

[I. Thetheory of frequency conversion
on a non-interconnected electronic
device

Generalized schematic diagram of the IF is given in
Fig. 3. It consigts of a non-linear element (NE) - a mixer,
afilter of intermediate frequency (FPC) and a heterodyne
(G). The mixer itself can be supplied with a 6-pole,
which feeds the voltage of the transducer signa U. and

the heterodyne
U, and a the output voltage is aready an
intermediate  frequency U,,. Subsequently, the

presentation of nonlinear materials (NO), together with
the heterodyne, will be called a transforming element
(PE).

Voltages of the signal and the intermediate
frequency are less than the voltage of the heterodyne,
therefore we can assume that the conductivity does not
change only under the action of the voltage of the
heterodyne. This alows usto apply to the anaysis of the
IF a simple method of the theory of nonlinear circles:
currents in the circles of the mixer as a function of the
reduced stresses can be filed in the form of decay in the
Taylor series in degrees of small voltages with the
rejection of members of a series with high degrees.

Imagine the input and output currents of the PE in
the form of a function

il fl(Uzy Uc; Unn); i2: fZ(Uzy UC,U,,,]);
which are determined by the static characteristics of the
mixer and the mode of its operation. To derive the
equation of direct transformation we use expressions of
currents andl and and2 as functions of stresses and
decompose in the Taylor series in degrees of small U, i
U, limiting members to a schedule not exceeding the
first order:

3f>,(Uy) U

= £,(U,) + D, 3

Here, the first term is a congtituent of the mixer
current under the action of the voltage of the heterodyne
i29 f2 (Ug). This current does not contain
combinational components, but has only components
with the frequency of the heterodyne and its harmonics.

Derivative afZ(U’) is the differential conductivity

afz(Ur)

C

(steepness) of the dlrect action of the inverter for the
signal voltage, which we denote by g,,. It periodicaly
varies with the frequency of the heterodyne and can be
given near Fourier. Second derivative

a,; 2Wr) o dready a differential output conductivity of
np

the IF gx, which can aso be filed in the Fourier series:
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922 = G(O) +XR=1 G(k)coskwr 4
where G, — constant component of random mixing
conductivity (average value
g(%in the period of heterodyne voltage);
Gy
the amplitude of the R harmonic of the output
conductivity. Taking into account the accepted symbols,
the value of current i, can be given by the expression:
i2=1 2t O Ut OooUnp, (5)

Passing to complex amplitudes, the expression for the
current i,,, can be applied:

I, =05690, + 60,

i.=05%u, +¢Qu,, (6

np ~MH21 Y 22 ~Ymp

Here U, = U.el®; Upp = Uppe @
complex amplitudes of signa voltage and mtermediate
frequency. ByU. = U,e /9 marked the complex-able
amplitude Uc.

The expression (6 ') is the eguation of the direct
transformation of the inverting IF, in which the latera
gtrips in the transformation are replaced by places. the
lower one becomes the upper one, and the upper lower
one (Fig. 4, b).

The firg term in (6 ") characterizes the process of
frequency transformation, and the second is due to the
load response. The coefficient of proportionality between
the amplitude of the output current of the intermediate
frequency and the amplitude of the voltage of the input
signal at C.3 at the output is called the steepness of the
transformation:

(6)

iny
Ye =0=056® @

GZ 1np

As you can seg, it is determined by half the amplitude of

the R-th harmonic of direct conductivity. Initia

conductivity of the IF at C3 at theinput is determined by

the constant component of the output conductivity of the

mixer, varies under the action of the heterodyne:
Inp

GZan = G(O) = U"P - O (7)

If the mixer has a nonlinear conduction of the inverse
action, then in the IF, next to the straight line, will be the
inverse transformation. It consigs in the fact that if the
intermediate frequency voltage is applied to the output
clamps of the mixer, then at the action of the heterodyne
voltage at the input there will be a current with the signal
frequency. To output the equation of inverse
transformation, the expression for current i; is also
decomposed

Taylor by
limited to linear terms

= fU) + Upp + - (7)

Simllarly enter the notatlon |l—f1(Ur) Current a the
inlet of the mixer under the action of the voltage of the

heterodyne; g,, = afl(U’) differential input conductivity,

Oz = Of(U)IU,, — dlfferentlal conductivity of the
internal inverse  communication (OZ). Further,
introducing the g;» and gy; the Fourier seriesis analogous
to that of the current i, we obtain expressions for
complex amplitudes:

i,=690,+056%0,,8)
a w~ko, + w,, 300 ©¢= 0y —Kaoy,
[e= 60U +0565U,, (8"
at w. = ko,

UC i Unp

af1(Ur) afz(Ur)

p!
—we.

This is the inverse transformation equation for a non-
inverting (8 ") and an inverting IF (8 "). Proportional

<4

Fig. 4. Conversion spectra of non-i nverti ng (a) and inverting (b) frequency converters.
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coefficient between the amplitude of the current and the
input signal frequency w. and the amplitude of the
intermediate frequency voltage at the output the mixer
U, a K3 a the input is called sope rotation is
transformed:
Gram = 5 = 0562, (8")

The initial conductlwty of the IF at K.3 at the output
is determined by the constant component of the input
conductivity of the mixer:

G (0) IC/ UC

")
Unp
Therefore, in the genera case, when using the
inertial NO in the mixer, all parameters in the
expressions (6) and (8) are complex, smilar to the
parameters of the amplifier (trangstor), but taking into
account the mode of frequency conversion and the action
of the n-voltage of the heterodyne. Thus, the non-
inverting IF can be described by the following system of
two linear equations of the 4-pole
{Ic = Y11Uc + 11,0, ©)
Iy = Yo1Up + YUy
The resulting expression (9) is valid only for the
amplitudes, not the instantaneous values of currents and
voltages, which differ in frequency at the input and
output. They describe the result, not the mechanism of
frequency conversion, and give the fact that for small
signals, the transforming element (PE) can be considered
as an active linear 4-pole, and the action of the
heterodyne on NO is expressed in the transformation
parameters (7) and (8). Since the equation (9) in the form
coincides with the system of equations of the active 4-
pole (transistor) using the known equations
I, =Y5,U; +Y5,U,,
hen for the IF there is a fair equivalent circuit of the
resonant amplifier taking into account the parameters of
the transformation. This alows you to broaden the results
of the considered IF
the theory of resonance and band amplifiers by
replacing the amplifier parameters with  the
transformation parameters, using the theory of 4-pole,
which alows to form a signd CAD for the frequency
converters. For example, the resonant decomposition
factor of the converter is determined by the expression:
KOnp = mnlYZlnlec (10)
where | Yoy, module of complex steepness of
transformation, k. = pKs; p theresistance of thefilter, K; -
filter transfer coefficient.The inverse transformation is
anadogous to the inverse communication (OZ) in the
amplifier, but it is already nonlinear. In the IF on a non-
reciprocal e ement, the OZ is more complex than that of
an amplifier, but to rule the converter for the stability of
the element to take appropriate measures to increaseit.

Gllnp

[11.Analysis of the side conversion
channelsinthelF

Unlike the resonant amplifier, the voltage at the
output of the IF is already appearing, based on the theory
of section 1, on different input signal frequenciesf, =
kf. * f,, depending on the number of the harmonic
frequency of the heterodyne (5). At an intermediate
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frequency f,, is smply a dip-up amplifier G(O). This
channel is a direct signal passing U= Uccos(wct+¢c)
without spectral transfer relative to the frequency of the
heterodyne. Converting to the first harmonic the

frequency of the heterodyne f. is proportlonalcz(l) at the
output signal frequencies f, f, i . + f,.
Transformation on the second harmonic of the

heterodyne 2f, is already proportlonaIG( ) at frequencies
2f, —f,, 1 2f, + f,, and so on. Accordingly, as we see from
Fig. 5 frequency response has already several maxima (1,
2, 3 ..). That is, the higher the order of transformation,
so, as a rule, the dSower conversion, and, the
amplification factor of the mixer. In the bandwidth of the
filter a the output of the IF, the products of the
fluctuation of all channdls are converted. One of these
channels is the main one, and the rest are side-by-side
that interfere with the transformation. For example, if the
main channd 2 is sdected with frequency f.,
then the secondary will be the channd, which is like a
mirror image of the main channel 2, soit is called mirror
(or symmetric), its frequency f; differs from the
frequency of the man channd by  2f,,.
The suppression of the mirror channd is facilitated at a
higher intermediate frequency. The solution to this
contradiction can be achieved by double or triple
transformation of the frequency. The scheme of double
frequency conversion is given in Fig. 6. Here a frequency
signal is applied f. consigently converted to the first and
frequency converters. The rdatively high firg
intermediate frequency alows you to perform the
necessary relaxation of the mirror channel in the filter
pre-sdlector f;. Converted signa at frequency f,,: is
highlighted by a filter f, already in the tract of the first
intermediate frequency, and then again lowered by the
converter of the IF2. The reaively low second
intermediate frequency facilitates the formation of an
already required resonance characteristic and bandwidth
of the path f,,,, by afilter fs.

The peculiarity of the double frequency conversion
is the appearance of the second mirror channd f,,, = f. —
f.,2, which islagging behind the frequency f,,, on f,,, and
placed symmetrically with respect to the frequency of the
second heterodyne (Fig. 7). In the pre-sdlector, the
second mirror channel is not significantly weakened,
since the second intermediate frequency f,,, S relatively
low and f,,, is placed sufficiently close to the receiving
signa's frequency. At the output of the first IF, the
frequency fq, is converted to the frequency Fg — fup =
fg — (fc — 2p2) = for + forz = fors, Which must be
suppressed in the path of the first intermediate frequency
by the f,, filter, which is also intended for this In the
infradions (such superheterodyne receiver when f,,>
f.maxe Which differs in that in its work in the frequency
range only the heterodyne is tuned, and the pre-selector
is not reconfigured), a frequency conversion is used in
which the first intermediate frequency f,,; is selected
above the maximum signal frequency. In the second
frequency converter f,, is aready converted to f,,, and
stands out by the filter fo.
Since the frequency f,,1 s high, then for lowering it to the
required value of one conversion of the IF may not be
sufficient, therefore the third IF can be used in the
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Fig. 5. Spectrum of output voltage in the frequency converter.
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Fig. 7. Resonant characteristics of double freque

infradions. Thereis already added a third mirror channe,
the suppression of which is provided by thefilter fs.

The advantage of infradin is to simplify the pre-
selector (i.e. filter f1). In a variable frequency tuner with
a wide range of frequencies, this filter is undesirable
because it requires a smooth over-adjustment in the sub-
band and the transfer of coils to change the sub-bands.
Therefore, the mechanical switch is complex and
unreliable and does not alow miniaturization. Touch
switches are also complex and insufficiently reliable.
Under the condition

fup1 > fomax the side channd of reception af an
intermediate frequency is outside the receiver frequency
range. The mirror channel frequency is also located at the
upper limit of itsrange.

Atf, = f.+ f,, itliesin therange from

(femin + 2f,p1) 10 (fomax +2 1) This allows using the
filtered FPC filter as a filter f1, then passes the entire
spectrum to the input of the IF1 with frequencies that are
smaller than fcmax.

Frequency response of the IF supplied in Fig. 5
occurs at low levels of the input sgnal, when the
nonlinearity of the signal is no longer manifested. At
large levels of the input signal, the nonlinearity of the
mixer in relation to the signal leads to an increase in the
number of side channels of reception.

In this case, the intermediate frequency is formed in
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the form of a combination

f,, = K £ nf,, ne k, n =1,2... Whenn =1, thereis a
linear frequency transformation. The frequencies of the
adjacent components of the admission are determined by
the formulaf,, = ki./n = nf/n. For example, for R=n =
2, two side channels of the so-called semi-mirror
frequency f .= f .+ 05f,, = f .+ 05f,, are created.
They are formed by direct transformation of the second
harmonics |2f - 2f.| = f ,,. The half-reflection channd

fuws=f.+05f, af,>f.of,=f.-05f,af
. < f.isvery close to the frequency of the useful signa
fc in € row near the mirror channel and its very hard to
filter.
Then, due to additiona side channds, there are
interference distortions in the form of whistles (noise)
not only at the intermediate frequency, but also in the
harmonics and subharmonics fpr, as wdl as at
frequencies far from f . +0.5f,,, + f /3 and so on. The
converter is one of the first stages of the receiver, so its
noise can significantly affect the overall noise ratio and,
accordingly, therea sensitivity of the RPPP

V. Schematic features of transistor |F

For frequency conversion, both field and bipolar
transigtors are used as nonlinear elements. In them, the
frequency conversion is due to the change in the
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steepness of the characterigtics of direct transmission
under the action of the voltage signal and the heterodyne
in the mixing elements. In fig. 8, a) the diagrams of the
IF with a separate heterodyne on the PT and BT are
given. In the first circuit, the signa voltage is applied to
the gate circle, and the voltage of the heterodyneisin the
leakage range. By signal, we get a schema from the SO,
and for the heterodyne, the circuit with ZZ In the second
scheme on BT the signal voltageis fed into the base, and
the voltage of the heterodyne is in the circle of the
emitter. This is achieved by eliminating the decoupling
of the signal circles and the heterodyne.

The best interconnection between the signal and the
heterodyne links is achieved in the circuit on the two-
wound PT (Fig.1.8b), where the signa voltage and the
heterodyne are fed to different gate terminals. In such a
scheme, the frequency conversion is due to the change in
the steepness of the characteristic of the signa shutter
when the voltage on the heterodyne gate is changed. This
isthe origina circuit diagram of the IF.

A very good signal circle and heterodyne decoupling
and high sdlf-excitation resistance in a wide range of
frequencies are achieved in cascade (E-B) mixers. Figure
1.8 shows a version of the scheme in which the voltage
signals and the heterodyne are fed to the base of different
transigors (BTS).

The signals are a cascade ZE-ZB scheme, which
provides high stability. The frequency conversion is due
to the change in the stegpness of the characteristics of the
second BT, on which the mixer is assembled. Similarly,
you can build a cascade mixer on aPT (ZV-ZZ).

The amplifier element of an IF isatransistor that can
be used simultaneousy to generate oscillations
(autogenerator). In this case, the IFs are called generators
or auto-parts. But the optima modes for generating and
converting the frequency are different. The stability of
the frequency of generation is low, so these IF can only
be realized in inexpensive receivers of low class.
Therefore, the most common used is IF with a separate
heterodyne.

Mode of DC mixers chooses to operate on a
nonlinear section (area) in the trangmission and, if
possible, use aregion with alinear change in the sope of
this characterigtic (Fig. 9).

From rice 9 @) the amplitude of the first harmonic of
geepne$02(f) & 0'5(921max - ngmin)! and the
steepness of transformation by the first harmonic

GZlnp = 0'502(1) = 0-5(921max - 921min) In the
gain mode, you can accept the condition that g1 = Jz21max,
accordingly, the steepness in the mode of transformation
isless steepnessin the mode of amplification.

The analytical calculation of the parameters of the IF
into the BT is possible using the exponentia
approximation of the characteristicsi, = f(Us.),
then approximated by the exponenti, = iy(e?Ves — 1),
where io and 6
exponential parameters, which are determined from real

transistor  defects.  Considering  ic = hpdie,
Define the slope g,, = % = nUB d‘f;;r =
ndUé&Biy e®U%  (11)

In this expression Iy, = Nyi5leg = Ny 8ipeP?Uo0
collector current at the working point;Jo(bU.) i Jx(bU,)

477

- modules of the functions of the imaginary argument of
the first row of zero and R-th. Input and output supports
of transistors in the mode of transformation are
approximately 1.5 - 2 times grester than in the mode of
amplification, and the input and output capacitances in
the mode of amplification and transformation are the
same.

The shutter characteristic in the PA is quadratic,
therefore, the dependence of the dope of this
characteristic g1 from U,, linear (Fig. 8, c). The output
offset at the gate U30 is taken to be equal to half the
cutoff voltage. Uzg = 0.5Ua;., and the amplitude of the
voltage of the heterodyne U, equal to Uz, to fully utilize
the linear range of stegpness change and not to enter the
area of the shutter currents. In this case, the amplitude of
the first harmonic of steepness = 0.5¢1max =, Whereisthe
steepness at  the working point. The pace of
transformation Gy, = 0.5=0.5. From here we see that
the steepness of the transformation G,4,,, in 2 times there
is less steepness in the mode of amplification at the same
voltage of displacement a the ogate Us.
In the considered mode, without breaking off the
amplitude of the higher harmonics of steepness G,@,
G»® nd above are equal to zero. Accordingly, here we
will have only two side channels of reception: mirror and
straight.

In an integra performance, the IFs are often
performed on a balance or double-wavelength chart.
Differential cascades are used here for frequency
converters of frequency (Fig. 9).

Here is the collector voltage on the mixing
transigtors

VT, and VT, is fed through the midpoint of the
inductance coil of the output resonance circuit, tuned to
the intermediate frequency. Strums i ; and i, The
transigors of the pair VT1 and VT2 flow through the
outgoing circuits, and the output voltage is proportional
to their difference, as in the differential cascade. The
voltage of the heterodyne on the mixing transistorsis fed
through the trangstor VT3 in a phase, therefore the
currents andl and and2 with the frequency of the
heterodyne, its harmonics and the components of the
heterodyne noise currents have identical phases in both
transgors, are mutualy offset and do not generate
voltages in the original circle. Under the action of the
voltage of the heterodyne, the steepness of the
characteristics of each of the differential VT1 and VT2
transigors varies.

In the balance compensated | Fs, the frequency of the
mirror channd is not suppressed. The converter with
compensation of interferences with the mirror channd
can be congtructed according to the scheme (Fig. 9). The
principle of operation of such a double-channe
compensator with phase extension is that the receiving
signal in different channds has the same phase and,
when summed in the common path, doubles, and,
accordingly, the mirror interferences are phase-off and
compensate each other. The voltage from the heterodyne
is fed to the mixers Cm1 and Cm2 in the role of which
any of the above schemes can be used. Main channd
signal voltage U, = U.cos(Wt + ¢.) and the mirror canal
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Fig. 8, ¢. Cascade frequency converter on bipolar transistors.
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Fig. 8,d. Stokozavnoj characteristics of the frequency converter on polar transistors with the Schottky barrier.
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arefed to the mixer Cy directly and on the mixer Cyp, Via

phase shifter fp with phase shift for = / 2. In the work of

the main channel, asignal isreceived at the frequency
f.=f. + f,,, and in therole of the mirror

f3r<: fc+ fnz]

Then, at the output of the mixer Sml after the FP
filter, the voltage of the intermediate frequency of the
main and mirror channelswill be released:

UaKl = UaKKnCOS[(waK - w,q)t + Pax + (Pc]
where K, — transfer coefficient of the mixer together with
the FPCH filter. At the output of the second mixer Sm
after the FPC (if the coefficient of phase shift is taken to
be equal to one), respectively, will look like:

UaKZ = UaKKnCOS [(wak - (Ur)t + Pax + g - (pc]

After the phase converter f,, phase of the signal U,
with the same with the phase U (9.1 = 92 = 0. — ¢.),but
the phase is upset U,, differs from the phase U,
by the value of n. With the same coefficients of
trangmission of the mixer voltages, the signa at the
output of the adder has aready doubled the amplitude,
and the voltage of the mirror interference is accordingly
compensated and the output is absent. In this and the
originality of this circuitry mixer with compensation of
interference.

e

Fig. 9, a. Frequency converter, executed according to the

balance scheme using the differential channel.

V. Schematic features of microwave
transistor converters

In bands of microwave bipolar transstors are used
up to frequencies of 10 GHz at higher frequencies up to
100 GHz using PTSh in Fig. 10, a Here the transistor is
on the ZB circuit. Oscillations and the heterodyne are fed
to the emitter via a directional separator (HB), which
serves to decouple the signal circles and the heterodyne.

The circuit L1C2 in the circle of the emitter is tuned
to the intermediate frequency and eliminates the inverse
coupling of the current of this frequency.

The second loop of L2C4 in the output loop is aso
tuned to an intermediate frequency. Output offset to the
base is fed through the R3R4 divider. Capacitors C1 and
C6 are separate, and C1 is both concurrent.

The scheme of the mixer on the PTSH with the
supply of signal fluctuations and the heterodyne to the
gate through the directiona separator is given in Fig. 10
b). In therole of the filter of the signal and the concurrent
link, the segment of the microstrip line is used. (MSL)
length I, = A/4 and short-circuited spectrum length I,
=AM4. Through this spectrum, the bias voltage is applied
to the gap (E3). In the output circuit of the PSTN
transigtor, in addition to the intermediate frequency filter
(FPC), a high frequency filter (HF) is used, whose

u

bl

+
VT, VT, VT VT,
F N
Nv
VT VT
A
S
X
VT7 R 1 +
VT

Fig. 9, b. Scheme of double balance mixer, which uses
three differential pair of transistors

CM, OIMY
%fnp
h
X
Loty pA ras ¥ Tt
3
/2 S| ™2

o8, CMm, OIU Op,
Fig. 9, c. Frequency converter with compensated interference to the mirror channd.
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function is performed by an open segment length I3
=114,

then provides K.z at the frequency of the heterodyne
frequency-weakening  oscillations of the other
combinational frequencies to eliminate the overload of
the PPV by the voltage of the heterodyne. On the scheme
C, - separéting capacitors Cy, R, — he compensator and
the filter resistor in the power supply.

The disadvantage of the schemes given in Fig. 1.10,
a), b) is the need for large power of the heterodyne
because of its weakening in the guide deflector (AB).
The scheme on the DZ PTSh, presented in Fig. 1.10, c),
eliminates these disadvantages.

The signal fluctuations are brought to the first shutter
through the segment of the microstrip line length 1, =
A4, and oscillations of the heterodyne through the length
of the line segment |, = A./4 to the second shutter. This
ensures a qualitative resolution of the signal circles and
the heterodyne without the use of bridges or directed
illuminators (HB). Sections of microstrip lines in length
I i I, are the matching links between the signal source

and the heterodyne and the trangstor inputs. The initial
displacement on the shutters is fed through the short-
closed loops of length Is; = Ay i 131 = A,m. Open loop
length I3 = 1./4 provides K.S. flow for oscillation of the
heterodyne. The conversion of microwave frequenciesis
characterized by multiple interactions of oscillations of
combinational frequencies. In particular, there are effects
that ae caused by inverse and secondary
transformations. Consider the manifestation these effects
on the mixer device with afrequency differencef,, = |f, —
fo|. The spectra of the main frequencies of the mixer,
when f below and above fc in Fig. 11. With the inverse
transformation, the output voltage with the frequency fop
creates at theinlet of the mixer along with the voltage of
the signa frequency f. = f, = f,,. As a result of the
secondary transformation, the input voltage of the mirror
frequency forms at the output of the fluctuation mixer
with the converted frequency f,, = | f,, —f,| = f,,. The
phases of this oscillation depend on many factors and, as
a rule, differ from the phase of the intermediate
frequency voltage, which is obtained at the basic

f. HO
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Fig. 10. Mixer scheme: a) - on bipolar trangstor bipolar transistor with Schottky barrier .; b) on afield polar
transistor with a Schottky barrier .; ¢) on atwo-gate field transistor with a Schottky barrier.
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transformation, which can occur before the occurrence of
frequency and phase distortions of the signal.

The appearance of the oscillations of the mirror
frequency in the mixer is possible and without inverse
transformation due to the direct interaction of the
oscillations of the signa frequency and the second
harmonic of the heterodyne 2f, —f. = f. £ f,, = f,,. In this
ratio, the upper sign correspondsto the case Fq < f;, and
the bottom one —fy > f..

As aresult of direct transformation at the output for
mirror frequency (DZCH), they can be significant and
significantly dependent on the frequency.

To prevent frequency and phase distortion, due to the
influence of fluctuations of the DPS and MF, mixers are
used using the energy of combinational frequencies by
reflecting or absorbing these fluctuations of special filter
circuits. One of the variants of the construction of the
mixer using the fluctuations of the DZCH and SM &t Fq
< fc shown in Fig. 12, d), where FSis apass filter f. and
does not miss fy,, FSF is a short-circuit filter on the
output of the oscillation transistor f...

Fluctuations in the mirror frequency (DF) occurring
in the transigtor and the variation of the total frequency
(MF) at fy < f. arereflected in accordance with the filters
FS and FSF and return to the transistor. The phases of the
reflected vibrations are selected by selecting the mixer at
the same time as the difference f,, there also appear
oscillations of thetotal frequency (MF)f,, = fy + g1 With
an inverse and a secondary direct transformation, it
creates a voltage with the input frequency fc(f, =f., —f.)
and with frequency f,, at the outlet of the mixer, and with
f, < f.wehavef,, = f, —f, af >f wegetf, =1 -f.
Phase shifts between the products of the main and
secondary transformations, as well as distances |, and I,
from these filters to the transistor. In the case of
inhomogeneity of the oscillations of the main
intermediate frequency and f,,, obtained as aresult of the
transformation of reflected vibrations fqy i f,, the power
properties of the mixer are noticeably improved help
with an anti-phase bridge device (PMP). In the resulted
scheme of Fig. 12, @ PMP at the output of the
intermediate frequency on the drains of the trang stor

Trangstor mixers with absorption of mirror and total
frequencies are more broadband, but somewhat inferior

e

'a

MIT

=~

to the mixer reflecting tone for amplifying and noise
characteristics. When constructing such mixers, FS and
FC are commonly used. The scheme of such a mirror
absorption mixer Frequency (DF) isshown in Fig. 11.

The ferrite circulator (FC) at the signal frequency
works like a valve. Fluctuations of the mirror frequency
(DF) coming from the transistor to the ange FC are
absorbed in the coordinated load (OH). The use of the FF
also reduces the emission of the heterodyne to the signal
power circle.

Balanced transistor mixers (BTS) consist of two
identicll  transisor  double-acting  cascades, in
combination with bridge devices.

In addition, in contragt to balanced amplifiers in the
BTZ, there is an additional possibility of setting the
balance by selecting the phase of the heterodyte, and
therefore, in the BTZ are aso the use of both in-phase,
and quadrature and bridge devices. In fig. 13, @) the
circuit diagram of the balance mixer on the DZPTsh with
the use of PMP is given. But the mixers with the
reflection of the combination products are narrowband,
since the inhospitality of the considered oscillations can
only be achieved in arelatively small frequency range.

Here, the mixing transstors are excited by the signal
antiphase, and the heterodyne is in phase. Output
oscillations are phase-dependent, and therefore they must
be overcome in the form of two phase shifters (fO) with a
general phase shift and adder.

Balanced transistor mixers (BTS) significantly
weaken the secondary receiving channds with the paired
harmonics of the input signal. In particular, suppressed
channds of the half-mirror frequency f,,, = f. £ 0,5f,,.
Like balanced amplifiers, that is, differential, BTZ have a
large dynamic range and a better static wave ratio
compared to singletrangstor amplifiers. The fina
transistor mixers (KTZs), shown in Fig. 13, b) are built
on the basis of two balance mixers. They suppress
adjacent channd's of reception with pair harmonics and a
signal, and a heterodyne. They have better characteristics
in terms of saturation power and intermodulation
distortion, which appear in response to several high-
frequency interferences, compared with the BTZ. In the
balance and ring transducers, channes of mirror
frequency are not suppressed. They are weakened with

iy

/ C¢

R,

+E5

Fig. 11. Transistor mixer with absorption of mirror frequency and total frequehcy.
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Fig. 12, a. Scheme of balance mixer.
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Fig. 12, b. Compensating mixer on two-wound polar transistor with Schottky barrier.

the help of a CD in the pre-selector, but the frequency
requirements for the characteristics of such filters can not
be peformed, especialy a low intermediate
frequency(f,, << fc). Two-channel compensation circuits,
which consist of two mixers, in the role of which any of
the considered ones can be used, are based on the
resonance of the channels of the mirror frequency (DF)
we have schemes in conjunction with phase shifters. An
option for constructing a two-channe compensating
mixer for two-wound PTs with DT feeds is shown in
Figure 12 b).

Here in the role of the quadrature hanging signal at
the input and quadrature oscillator adder f,,. At the
output, a quadrature bridge device (KMP) is used to
provide a phase shift between the output peaks equal to nt
/ 2. The use of KMP facilitates coordination with signa
source and load. The signal fluctuations are applied to
the first shutter of the transistors with a shift = / 2, and
oscillations of the heterodyte are weakened by means of
a CD in the pre-sdector, but the frequency requirements
for the characteristics of such filters can not be
performed, especially at low intermediate frequency (f,,
<< fg). Two-channe compensation circuits, which
consist of two mixers, in the role of which any of the
schemes considered by us together with the phase
rotators can be used, are based on the resonance of the
channels of the mirror frequency (DF). Option for
constructing a two-channel compensating mixer for two-
wound PTswith a suppressor of the DF.

In therole of aquadrature signal divider on the input
and a quadrature summator of the oscillation fpr on the
output, a quadrature bridge device (KMP), which
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provides a phase shift between the output peaks equal to
n / 2, is used. The use of KMP facilitates coordination
with signal source and load. The signa fluctuations are
applied to the first shutter of the transistors with a shift of
n / 2, and the oscillations of the heterodyne are fed to the
second gate of the same transistors in the same phase,
that is, in-phase. After passing the output KMP, the
output signads ae composed in-phase, and the
oscillations of the mirror frequency are extinguished in a
coordinated load. The review analysis was carried out
and the modern bases of the theory of signal CAD in the
transformation of frequency on non-interconnected
electronic devices - transistors and microwave diodes.

1. Schematic variants of frequency converters on
field and bipolar trangstors, Schottky diodes (varikaps)
are considered.

2. The signaling theory of transistor and diode
freqguency converters is described: resistive and
capacitive (parametric).

3. An original dot microwave diode on GaAs for
mixers and frequency converterswas devel oped.

4. The theory of frequency multipliers on
microprocessor  Fourier  transforms  for  periodic,
nonperiodic, discrete (digital) signals is developed and
actually implemented, the circuitry of which will allow
the manufacture of IFsin theintegrated design.

Novosyadly S.P. - Doctor of technical sciences, professor
of the department of computer engineering and
electronics;

Abramova 1.1. — sudent.
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C.II. HoBocsanuit, I.I. AGpamoBa

Oco00,IMBOCTI CUTHAJIBHOI CHCTEMH ABTOMATH30BAHOI0 IPOECKTYBAHHS
NepeTBOPHOBAYiB YACTOTH - CHCTEM HAJABMCOKHUX YACTOT

Tpuxapnamcoxuii nayionanvhutl ynisepcumem imeni Bacuns Cmeghanuxa,
eyn. llesuenka, 57, Isano-@panxiscok, 76018, Vkpaina, , 76018, e-mail: iraabramova359@gmail.com

B pamiii crarri mpoBeJeHO aHalmi3 1 BHKIAQAEHO CyJacHI OCHOBH TeOpil CHUTHAIBHOI CHCTEMH
aBTOMATH30BaHOTO IPOEKTYBAaHHS IIPH IIEPETBOPEHHI YacCTOTH Ha HEB3aEMHOMY €JICKTPOHHOMY MpWiIaai —
TPaH3UCTOPI HAJBUCOKHUX 4acTOT. KpiM TOro, po3risHyTi CXeMOTEXHIUHI BapiaHTH MEPeTBOPIOBAYIB YACTOTH Ha
MONbOBUX Ta OIMOMSIpHUX TpaHsucropax, miomax IlorTki (Bapukamax); BHKJIQJCHA CHUTHAIBHA TEOPist
TPaH3UCTOPHUX 1 JIOJHUX IIEPETBOPIOBAYIB YAaCTOTH. PE3UCTHBHUX 1 €MHICHUX. CXEMOTEXHIYHI BHKOHAHHS
MIePETBOPIOBAYiB YaCTOTH IPEACTABISIIOTh BapiaHTH CHUTHAIBHOI CUCTEMH aBTOMAaTH30BAHOI'O IPOCKTYBAHHS Ha

HAaABHUCOKHX YacToTax.
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