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FET Model Taking Into Account Wave
Characteristics of the Active Region
and Input Circuits

Vitaly I. Bosy, Yuriy G. Rapoport, and Vasily V. Senchenko

Abstract— The new wave model for the field effect transistor
(FET) is suggested. Each element of FET layout, including input
circuits, is associated with element of equivalent circuit. FET
input region includes two parts: variable cross-section microstrip
and coplanar lines and a 7-junction. Detailed investigation of the
influence of input circuits on FET characteristics has been per-
formed. Approximation of transfer characteristics of input region
by these of idealized T-junction results in substantial distortion of
FET transfer coefficient |(Sn )21 |. Feedback region between gate
input line and FET output is responsible for noticeable decrease
in maximum available gain (MAG) value for gate width W <
60 ym and for appearance of gentle maximum in dependence
MAG(W) for the W/2 values of about several dozens microns. It
has been shown that dependencies of MAG on gate width and
frequency change qualitatively when the gate resistance per unit
length passes a certain value. This value is estimated. The loads
at the ends of gate and drain electrodes can affect resonantly the
value of MAG for submicrometer gate FET.

I. INTRODUCTION

HE theory of distributed transistor has been discussed

approximately for about twenty years beginning with
the microwave bipolar transistor {1]. This theory develops
into three main directions. The first is connected with the
investigations of distributed properties of field-effect transistor
(FET), as such [2]-[8], including its noise characteristics [3].
The second is motivated bj/ the design of traveling-wave
amplifiers [9]-{13] and other devices such as phase shifters,
phase modulators and tunable attenuators [14]. The third
direction is connected with the development of distributed FET
model suitable for the determination of the delay time in high
speed integrated circuits [15], [16].

In papers [2]-[9], [12] analytical and numerical models
describing some significant properties of distributed FET were
developed. It was pointed out in [6], [15], [16] that the wave
properties of the electrodes become important for FET’s op-
erating at several tens of gigahertz. The existence of optimum
value of the gate width W,,; corresponding to the maximum
gain has been proven in papers [6], [8], [9]. It was shown in
[8] that the value W, varies in the range of several hundred
microns at frequencies below 50 GHz. It was shown that the
usual FET structures do not support growing waves [8]. The
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methods of balancing of the waves in the gate and drain lines
for the design of travelling-wave FET were considered in [10],
[12]. Good prospects of the travelling wave transistor were
substantiated in [12], [13].

But, in our opinion, some of the other significant features
of FET have not been dealt with in most of the modern works.

1) The great majority of these works are devoted to the
investigation of distributed properties of electrodes of
FET and its different modifications. But such properties
of input region and their effect on the gain characteristics
of FET have not been adequately investigated.

2) The effect of feedback region between gate input and
FET output on the FET gain is not described.

3) The effect of the loads of the coupled line ends was
described in paper [17]. But this work was devoted to
the supermicrometer gate FET. Such investigation is of
interest to submicrometer gate FET design as well.

4) The dependence of gain as a function of the gate width
for different values of electrode conductivity at the
frequency F' = 1 GHz was presented in [8] for gate-
in drain-out configuration. The possibility of existence
of the maxima in dependencies of FET gain on the gate
width was shown in papers [6], [8], [9]. But complete
investigation of all necessary conditions of the existence
of such maxima has not been presented (in particular in
our case of gate-in drain-in configuration) and the value
of the “critical” gate resistance which determines the
character of those dependencies has not been obtained
as well.

The investigation of above-mentioned questions of the the-
ory of submicrometer gate FET is the aim of the present
work.

II. MODEL OF THE DISTRIBUTED FET

A. Equivalent Circuit of the FET on the Basis of the
Distributed Transmission Lines on the Active Substrate

The suggested FET model is based on the equivalent circuit
represented in Fig. 1 where the dashed line denotes its corre-
spondence to the FET layout elements. FET is supposed to be
symmetrical in relation to the OO’ axis of symmetry. The input
region of the FET (region I), which provides the signal trans-
mission from 11’ cross-section plane into 33’ cross-section,
consists of two subregions: variable cross-section microstrip
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and coplanar lines and a 7-junction, the interface between
them being the 22’ cross-section plane. In the equivalent circuit
the mentioned region due to the symmetry is represented by
the two-port with the transfer matrix flin. The definition of
matrix Ay, is presented in subsection 2.4. The input region
parameters are considered to be independent on the FET gate
width. The region I, where waves running along the electrodes
on the active substrate exist, is modeled by two coupled
lines (gate-source and drain-source). The source is assumed
to be grounded quite well and the wave effects in it are not
taken into account. Both gate and drain lines are supposed
to be regular; we neglect the width change of the electrodes
along the direction of wave propagation. The inductances
and capacitances per unit length L, Lp, Lgp,Cg,Cp,Caep
describing coupled transmission line effect of the electrode
structure are determined analogously to [18]. Complex internal
impedances per unit length Zs and Zp of gate and drain
electrodes have been estimated in a similar way to [4]. Fig. 2
presents the equivalent circuit of the two-port describing
processes in cross-section plane inside the active substrate of
regular gate and drain lines for elementary length dz. This
circuit is similar to those of [19]. But the elements of lumped
model [19] describing FET input and output as well as coupled
effect of electrode structure are omitted in circuit in Fig. 2.
The two-port with the admittance matrix )A’DGO describes the
feedback region between the input and output of the region II
(C and B points respectively). Point B in the equivalent circuit
corresponds to the gate input, point C corresponds to the FET
output and to the drain input, and the point A corresponds
to the T'-junction center. The points A and B are assumed
to be equipotential. The reactivities at the coupled lines ends
(edge reactivities) of the regular region II are described by the
elements Yop, Zgout, Zpous Of the equivalent circuit.

B. Telegraph Equations for the Coupled Distributed
Transmission Lines on the Active Substrate

The propagation of currents and voltages Ig,Ug and
Ip,Up along the gate and drain lines respectively are
represented by the set of equations

=1 —

oU

where
» g| 7 _|Ug
I= Ip U= Up

X is the direction along the electrodes
Yir =YY + jwCop + jwCe, Yiz =Y{{) - jwCap
Yo1 :Yz(lo) — jwCgep, Yo = YQ(QO) + jwCap + jwCp

Y(©® is Y-matrix of the two-port in Fig. 2. [18], Z is the
matrix of impedances per unit length
le = ZG + .jWLGa
Z22 = ZD -+ ijD

Z1o = Zo = jwLap,

w = 27 F, F is the operating frequency and the dependence
on time e/*! is accepted.
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Fig. 1. Problem geometry and FET equivalent circuit taking into account its
wave characteristics.
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Fig. 2. 'The FET equivalent circuit in the cross-section.

C. Calculation of the Transfer Matrix of the Distributed FET
The solution of the system of (1) is

= D1T1+67]k1‘x + D2T2+€_Jk2‘X

+ EyTh_e?™ X 1 BTy kX )

where

K12,2 =($){—(Fu + Fa2) £ [(F11 — Fo2)? + 4F o Fn)Y?Y,
Py =ZnuYn + Z12Ys1, Fia = Z11Yie + Z12Yo
Fo1 =Z01Y11 + Z92Y01, Fao = Z91Y19 + ZoaYa (3)
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The eigenvectors are

Nig Nog —Nig
» _tNip ~ _ |Nap - _|=Nip
Bt = Dig | Tor = Dsg |’ Ni-= Dig |
1 1 1
—Nag
~ _|—Nop
= Dog
1
where

Dig = —(K? + Fy)/Fa,

Nig = jK1(Z22D16 — Z12)/ det Z,
Nip =jKi1(Z11 — Zo1D1g)/ det Z,
Nog = jK3(Z22Dog — Z12)/ det Z,
Nog = jK2(Z11 ~ ZanDag)/ det Z,

Dy = — (K3 + Fa)/Fn
det Z "—‘Z11Z22 - Zngu.

To determine the constants Dj o and E » it is necessary to
use the boundary conditions of continuity of the currents and
voltages at inputs and outputs of the gate and drain electrodes.
For the circuit in Fig. 1 these conditions have the following
form (for FET symmetrical as regards to the line OO’)

(34 =Icin + [(3)(YDco)11Ugin + (3)(YDG0)12Upin]

C)
Us =Up = Ugin, )
UvGout(1 + ZGoutYGD) - UGoutZGoutYGD
- IGoutZGout - 07 (6)
UDout(l + ZDoutYGD) - UGoutZDoutYGD
- IDoutZDout =0 (7)
where
Iie,pyin =16,0(0), I, pyout = Ic,p(W/2), ®)
U, p)in =Uq,0(0), UG, pjout = Ug,p(W/2).  (9)

Uy = Up and 14 are the values of voltage and current at the
output of the two-port describing the input region of the FET
(region ). Output voltage and current of FET are

Uout =U Dins

Iowt =Ipin + (YDg0)21Ugin + (YDG0)22UpDin-  (10)

Solving (2)—(9) and taking into account (10) we obtain the
transfer matrix Az of the region II

=1 out
Uout

:AT.IA

Uy

From here it is easy to determine the transfer matrix for the
whole FET

A=A, - Ar.
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Fig. 3. Calculation of the transfer matrix of input region of the FET.

D. Calculation of the Transfer Matrix
of Input Region of the FET

The algorithm for the calculation of A-matrix of the input
region is built as follows. The transfer matrix Ax of the
subregion consisting of the input microstrip and coplanar line
with a variable cross-section (from 1-1’ cross section plane
to the K-K’ cross section in Fig. 3) is determined similarly
to [19]. The outputs of the T-junction are identified by the
primed numbers 1/, 2/, 3’. Outputs 1’ and 2’ at the same time
are also given by « and 3: o = 2/, 3 = 1’. For symmetrical
T-junction with the symmetrical loads at the side ports it is
possible to obtain

UaR _ SS‘Q nglﬂ) Uaz
- 1 @) | .
Usr| 1S4, Sggl |Usi

where Uk gt, Ugr, (K = 1/, 2/, 3’) are the amplitudes of the
reflected and incident waves at the port K’ of the T-junction,
respectively, Uy, = Us,, Uy g = Usig, S’/ is the S-matrix of
T-junction, S = 55,2;5’(% = 251,2,;5[(32 = 1,2,;5’},1,3 =
Siy + Sty
The matrix S() does not possess all the properties of 3-
matrix, for instance it can’t provide the energy conservation in
the common form |S$)|2 + |Séf2 |2 = 1 (it is necessary to add
here the contribution of port 3'). But it is possible to obtain
Us Uy
B 7

— AW

where the matrices A and $U are linked by standard
transformation. The complete transfer matrix of the input
region is
A= AW Ay
To determine the complete Y -matrix of the FET it is
necessary to double the second line (corresponding to the

output current of the FET) in the Y-matrix obtained in the
standard way from the A-matrix A;,.
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III. THE TEST CALCULATIONS

With the aim of proof of the validity of designed model
the test calculations and comparison of the results obtained by
means of present model with independent results obtained by
other authors have been done.

A. Test Calculations for Equivalent Circuit

1) Analytical expressions for the elements of Y -matrix for
the cross-section of active region of FET (Fig. 2) have been
obtained. These expressions have been checked by means of
comparison with the expressions for Y -matrices for simple
circuits which are the special cases of circuit in Fig. 2 (for
instance, for the case C; = C5 = o0,Ls = 0) and have
been obtained independently. Another test was comparison
of the results of calculations by means of our analytical
expressions for elements of Y -matrix of circuit in Fig. 2 with
those obtained numerically by means of special software.

2) The test for determination of the characteristics of cou-
pled lines (drain and gate) included independent calculations
of the values AT = I,(W/2) — Ip(0) and

W/2
AID = / dIp(X)
4]

W2
- / [YorUs (X) + YaoUp (X)] da.

The difference of this two values was found to be less than
0.5%.

B. Comparison of Calculations on the Base of Present
Model with Independent Results of Other Authors

1) It has been shown that in the case of little width of the
gate (W < 20 pum results of the calculation of MAG agree
with accuracy of 2% with those obtained by means of the
lumped model [19]. This lumped model [16], [19] as well
as sectionized model on its base [20] was compared with
experiment [19]-[21] and with results of other works [20].
Particularly, current-voltage characteristics [21], S-parameters
[20] and noise temperature [19] (which is not a subject of
present work) have been compared. The difference between
theoretical results and experiment was found to be less than
15%.

2) We apply our approach to a case considered earlier [9].

Two coupled lines on the active substrate are shown in
Fig. 4. In this case the equivalent circuit includes the elements
shown in Fig. 4 only. In the model of work [9] these two
lines have no direct electromagnetic coupling. But processes in
semiconductor determine the “active” coupling between them.
The active coupling is represented by current generator in the
drain line which depends on the voltage U on the element Cy,
in the gate line. In this case the Y-matrix Y has the form

YO =Yiy = (1/Ze1) + (1/Zigs), YO =Yia =0,
Y =Yo = SK, Y3y =Yay = (1/Zeas) + G,
where
Ze =1/(jwCh), Zigs = Ry +1/(jwCys),
K =(1/jwCys)/Zigs, Zeas = 1/(jwCias)
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Fig. 4. Equivalent circuit for lines on the active substrate without direct
electrical coupling.

and the wave numbers Ky, K, are such as in the case of
absence of any connection between lines

Ki=\—Fi1 =/ ~211Y1(10),
Ky =+/—Fy =1/ —Za2 Y.

We suppose that the values of elements pp,pg in Fig. 4
provide the absence of reflection of waves at the ends of

electrodes
D =\ Z22/Ye2, pe=+/Z11/Y1.

This coefficient of the voltage transmission Ky =
Ubout/Ugin = Up(W)/Ug(0) was determined analytically
in the papers [9], [10]

SKpp

Kyp=—717—"——
YT 25(K1 — Ky)

e—]K1W/2 - 6_]K2W/2). (11)
The values |Ky|, determined by means of the procedure
developed in present work and from the (5) are presented
in Fig. 5 (curves 1 and 2 respectively). It is seen that the
results of numerical and analytical calculations coincide with
the graphic accuracy.

3) The work [5] developed the model of the distributed
FET with equipotential drain (Zp = 0 and Lp = 0), Lgp =
0, Zgout = Zpou = 00. Variation MAG(W/2) obtained
by means of such model is presented by the curve 3 at
Fig. 5. Curve 4 in this figure corresponds to the calculation
by means of method of present work with Lgp = Lp = 0,
Zp = 10739, Zgows = Zpouw = 10%€). The results of two
independent methods in this case coincides with the graphic
accuracy as well.

4) The curve 4 in Fig. 6(a) was plotted for frequency F' =
40 GHz and parameters of electromagnetic coupling between
the electrodes L, Lp, Lap,Ca,Cp,Cap and impedances
Za, Zp taken from [4] (in particular R, = Re (Z¢g) = 0.055
Q/pm). This curve behaves qualitatively such as proper curve
(for F = 40 GHz) from [4] (with no peak, see Fig. 5 in [4]).
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Fig. 5. Dependencies of the absolute value of voltage transmission coef-
ficient |Kys| on the coupled lines length (X) in the absence of the direct
electrical coupling (curves 1, 2) and of the MAG on gate halfwidth (17//2)
of FET with equipotential drain (curves 3, 4). Curves 1, 4—results of the
calculations by means of method developed in present work; 2—analytic
calculation by means of method [8]; 3—calculation by means of method [9].

Numerical difference between these curves is connected with
the difference in the equivalent circuit elements for the FET
cross-section in this work and in work [4] (the values of these
elements had not been presented in [4]).

IV. RESULTS OF THE NUMERICAL CALCULATIONS

We should note that all results are presented for the case
when input circuits of FET are lossless (two-port with the
transfer matrix Aj, in Fig. 1 is purely reactive and any lumped
active resistance is absent).

As it is seen from Fig. 6(a) (curves 1-4) there is a critical
value of Ryo for the gate resistance per unmit length R, =
Re (Zg), such that when R, < Ry, the function MAG (W)
has the maximum (at W/2 22 200 pm for the considered FET),
and when R, > Rgq such maximum is absent. When F’ = 36
GHz, (curves 1-3 in Fig. 6(a) and curves 1-3 in Fig. 6(b)) the
value of Ry is between 0.021Q/pym and 0.028 2/pm. The
comparison of curves 1 in Fig. 6(a) (the admittance matrix of
the feedback region Ypgo = 0) and 1 in Fig. 6(b) (Ypao # 0)
demonstrates the role of the cut in the drain electrode (see
Fig. 1), which decreases the feedback between output of the
FET and input of the gate, in the improvement of the gain
properties of FET. If one takes into account the non-zero
admittance matrix Y’DGO of the feedback region (which is
supposed to be on the passive substrate), for W/2 equal to
several dozens of microns there appears an additional gentle
maximum in the dependence MAG (W) (curve 1 in Fig. 6(b)).
It should be noted that when the inductance “gate-drain” is not
taken into account (Lgp = 0), there is no maximum of MAG
at W/2 = 200 um even if Ry < Ry (curve 2 in Fig. 6(b))
as well as for the case of equipotential drain (curves 3, 4 in
Fig. 5). The dependence MAG(W'/2), when W’ changes in
wide ranges and Ry, = 0.01460 Q/um < Ry, is represented
by the curve 3 (the corresponding values of W'/2 are shown
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Fig. 6. Variation of the gain factor MAG with the FET gate halfwidth. F' =
36 GHz (with exception of curve 4 in (a)) L = 0.23 pH/mm (with exception
of curves 4 in (a) and (b)). (a) YDGO =0;1 —Ry = 0.014 Q/pm; 2-0.021
pm}; 3-0.028 Qfpm; 4-0.055 Q/pm (for this curve F = 40 GHz). (b) 1,
2-Ypeao #0; 3—¥Ypgo = 0; 1 —Ry; = 0.014 Q/,um 2-0.014 2/ pm;

3-0.014 Q/pm (for this dashed curve the values W'/2 of the gate halfwidth
are shown on the upper horizontal axis).

on the upper horizontal axis in Fig. 6(b)). The smaller of two
wavelengths propagating in coupled lines, A;, approximately
equals 800 um(F' = 36 GHz) and is close to the “period”
of this dependence (about 1000 pm) at a given R < Rgo.
The optimal value W/2 = W, /2, at which the maximum
value of MAG is achieved, equals about 200 pm, that is, in
this case Wy /2 ~ A1/4. The frequency dependencies of MAG
for different values of W/2, shown in Fig. 7, have different
forms for R, < Rgo. (curves 1-3) and R, > Ry (curves 4-6)
as well. In the former case there is an optimum value of
the W/2 when the minimum variation of the MAG value
in the bandwidth is reached (curve 2), and also, (another)
optimum value of W/2, when the maximum of MAG at
some frequency inside the frequency range takes place (curve
3). Naturally, the maximum MAG(F) for W/2 = 205 um
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Fig. 7. Variation of the gain factor MAG with the frequency F (Ypgo =
0). Curves 1-3 are plotted for Ry = 0.014 Q/pm < R0, curves 4-6 are for
Ry = 0.044Q/um>Ryo. 1,4 —W/2 = 35um; 2,5 — 154 pum; 3, 6 —
205 pm.

(curve 3) is reached at the FF = 36 GHz (see also curve
1, Fig. 6(a)). Dependencies of MAG on loads at the end of
the gate and drain electrodes are shown in Fig. 8(a) and (b),
respectively, for ' = 36 GHz and R, = 0.042Q/um > Ry
with the exception of curve 5 in Fig. 8(a) for which R, =
0.014Q/pm < R 0. For our estimations for our FET, Zgout ~
79 o~ 884 - 103Q, Zpouw, ~ Z9),, ~ —j4.92 - 102Q
(at frequency F = 36 GHz). Dependencies MAG (Zgout)
have minima at values of modulus of Zgout less than several
dozens of Ohms (curves 1-4, Fig. 8(a)). For W/2 ~ (100 +
200) pm these dependencies have very smooth maxima for
the values of inductive loads of about Zgow: ~ j(100 +
50) 2. Minima of MAG (Zpous) for W/2 < 200 pm take
place for capacitive loads with absolute value |Zpous| less
than 12 Q (curves 14, Fig. 8(a)). Their maxima take place at
Zpout =~ —730€ for W/2 = 100 and at Zpou ~ —7170Q
for W/2 = 200 (curves 4 and 1 in Fig. 8(b) respectively). For
Ry < Ry MAG (Zgow) and MAG (Zpoyt) do not change
qualitatively in comparison with the case of g, > R,o (Fig. 8)
with the exception of appearance of the maximum in the
dependence of MAG (Zgout) at Zgow =~ —j1.6 - 1039
(curve 5, Fig. 8(a)). It is interesting to note, that for W/2 =
200pum R, = 0.014Q/pm < Ry and Zgou = 8.84 - 10°Q
maximum of MAG (Zpoy ) takes place at Zpout = —35440 Q.
This value is very close to the value Zg)gut, which takes place
(in our estimation) for our FET at this frequency.

Figs. 9-11 illustrate the effect of input circuits on FET
characteristics.

Fig. 9 shows variations of the absolute value |(Sy )21] of the
element of S-matrix Sy of whole FET for frequency F' = 36
GHz and R, = 0.044 Q/um with the FET gate width. Curves
1 and 2 corresponds to the input regions with idealized transfer
matrix (Ajn)12 = (Ain)21 = 0, (Ain)11 = 0.5, (Ain)22 = 1 and
with the real one respectively. Ignoring the real transfer matrix
of FET input region when the gate width values are within the
range 2\,um < W/2 < 100 ym results in a |( Sy )21| deviation
between (3 + 10)B.
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Fig. 8. Variation of the gain factor MAG with the loads at the ends of the (a)
gate and (b) drain electrodes; Ry = 0.042Q/pum> Ry with the exception
of curve 5 in (a). I—W/Z = 35 pm; 2-50 pm; 3-100 pm; 4-200 pm. For
curve 5 at Fig. 8(a) Ry = 0.014Q/pum< Ryp, W/2 = 200 um, and the
values of the loads Zgoy4 are shown on the upper horizontal axis.

Fig. 10 shows variations of |(Sy)21| with frequency F
for gate width values W/2 = 36 um (curves 1, 2) and 92
pm (curves la, 2a) respectively. Curves 1, la correspond to
idealized input circuit (with idealized A-matrix) and curves 2,
2a-to real input circuit.

As it is seen from Figs. 9 and 10, for FF = 36 GHz some
characteristic value of gate width W = W, exists (Wp/2 ~
75 pm). For W < Wy and for W > W, difference AS(1:2) =
[(Sn)21|® — |(Sn)21|® has different signs. Superscripts (1)
and (2) corresponds to FET’s with real and idealized A-
matrix of input circuit respectively. In a similar way, for
the value of W/2 large enough some characteristic frequency
F = Fj exists inside frequency range F© = 31-40 GHz.
(Particularly for W/2 = 92 um Fy ~ 33 GHz). For F > Fy
and F < FyA SU+2) has different signs as well. At the same
time, in the region of smaller values of gate width (particularly
for W/2 = 32 um) the sign of AS™?) is conserved inside all
above-mentioned frequency range. Fig. 11 shows variation of
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Fig. 9. Variation of the absolute value of transfer coefficient (S )21| (in
decibels) with gate halfwidth (W/2) for idealized (curve 1) and real (curve 2)
transfer matrices A;;, of the FET input region (F' = 36 GHz).
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Fig. 10. Variations of transfer coefficient absolute value |(Sy)21| with
frequency A(F ) for idealized (curves 1, la) and real (curves 2, 2a) transfer
matrices A, of the FET input region. Curves 1.2—W/2 = 36 um; curves
la, 2a—W/2 = 92 ym.

|(Sn)21] with the absolute value of element (Sk )11 of S-
matrix of part of input region (between cross-sections 11’ and
KK’ in Fig. 3). With variation of |(Sk)i:| in the range (—2
+ —5.5) dB the value of |(Sn)o:1| varies in the range (—27
+ —13) dB. Therefore input region affect significantly the
transfer characteristics of FET.

V. CONCLUSION

A new wave model of FET including its input circuits
is suggested. Each element of real FET layout is associated
with appropriate element of equivalent circuit. Main results
obtained by means of this model are the following.

1) Real transfer characteristics of FET input region
should be taken into account. Their ignoring results in
significant distortion of FET transfer coefficient {(Sn )21|. For
W12 <100 pm this deviation is between (3 + 10) dB. With
the variation of absolute value |(Sk)i1| of the element of
S-matrix of input region part (between cross-sections 11’ and
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Fig. 11. Variation of transfer coefficient absolute value |[(Sny)21| with
absolute value |(Sk )11 of the S-matrix element of input region part (between
cross-sections 11/ and K K’ at Fig. 3).

KK' in Fig. 3) in the range (-2 + —5.5) dB value [(Sy)a1]
varies in the range (—27 +— 13) dB.

2) Taking account the feedback region (between input of
the gate and output of FET) leads to noticeable decrease in
the value of MAG(W) for W < 60 um and to the appearance
of gentle maximum in dependence MAG(W) for the W/2
values of about several dozens microns.

3) There is a qualitative difference in variations MAG(W)
and MAG(F) when the real part value of gate impedance
per unit length R, takes place in different regions: Ry < Ry
and R, > Rgo. In the first case maxima in the variations
MAG(W) and MAG(F') as well as minimum of the MAG
non-uniformity within the frequency range exist when values
of W/2 are about hundreds microns. When F' = 36 GHz the
value of Ry is between 0.021 and 0.028 Q/pm. But under
zero value of mutual inductance of gate and drain (Lgp = 0)
such maximum is absent even for Ry < Rgo.

4) The loads at the ends of gate and drain (Zpoys) elec-
trodes may affect resonantly the MAG. For W/2 = 200 um
and Ry, = 0.014 Q/pm maximum of MAG(Zpou: ) takes place
at Zpout ~ —j440 Q. This value is very close to those takes
place (in our estimation) for our FET at this frequency.
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