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Introduction

Injection-transit-time transistor structure (ITTT-structure) consists of semiconductor crystal
usually of n type conduction with ohmic contacts on the edges. One of them performs the role of
«sourcey, another — «drain». Between the contacts p-n or m-n junction, that performs, depending on
voltage polarity either the role of gate or emitter is formed [1]. Commercially available fields
effect transistors (FET) and unijunction transistors possess such structure. As a rule their switching
and amplifying properties find wide application . In [2] the possibility of usage of field effect
transistor as the generalized converter of immittance (GCI), that is inherent for ITTT-structure
operating at closed p-n transition.

Unlocking of p-n junction causes the change of properties of such GCI and extends functional
possibilities of application of ITTT-structure. Proceeding from the above-mentioned, the aim of the
given research is to study the properties of GCI based on ITTT-structure of included with general
by a source in the mode of both direct (Ug>0) and reverse (Ug<0) mixing of emitter transition.

Development of conversion tables of immittance GTlsg

The formal mathematical models of ITTT-structures developed in [3,4] for the modes of direct
and reverse bias enable to study GCI parameters on this basis. The elaboration of immittance
conversion tables, needed for synthesis of information devices , and analysis of dependence of
operating parameters of GCI in the range of frequencies and converted immittances is of great
practical interest. In order to simplify the analysis we will proceed from the fact, that in reverse
bias mode ITTT-structure operates as field-effect transistor (FET) and its parameters in GCIs"”
mode are similar to parameters considered in [2]. Hence, the attention will be paid to direct bias
mode(GTIs™). To simplify the analysis procedure let us assume that ITTT-structure operates in the
mode of high level of injection in active region.
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Fig. 1. GCI on the basis of ITTT-structure (a) and its physical equivalent circuit (b) in the mode of direct bias of
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emitter junction

Using physical equivalent circuit of ITTT-structure (Fig. 1) connected to common source, matrix
of conductivity GTI™", on its basis we will write as

Zo+Zy Z,
VA AZ Az
[Yll]: S s |~ ) (1
TR £ Z,(l-a) Z.,+Z,(1-«a)
Y AZ

where: Zx; and Zk, are channel impedors from the source to the emitter and from the emitter to the
flow, accordingly; Zg is the impedor of emitter junction; ¢ - current transfer ratio.

AZ=7,7,+Z,(Z; +Z,(1-)].

Taking into account the above -mentioned assumptions, the determinant of this matrix equals

_ ZK2 - ZKI
2.7 e(1-d)
The condition Zg; implemented — Zg, we obtain Ayy. If loading GCISH) 1s chosen from the
condition Yp << Y2,°, the examined quadripole, in case of implementation of the above-mentioned

terms, will possess properties of the generalized converter of immittance with the coefficient of
conversion of Ty, defined by the expresion [2]

YS
T = 11 . 2
1 Y232 ( )
Substituting the elements of matrix (1) into (2), we find
T — YIN.S _ Ylsl _ ZKI +ZK2 (3)
1

YL - Y252 - ZE+ZK1(1_0.5)‘

In the mode of high level of injection Zg — 0. Taking into account that Zx;=1/j-®-Ck;, and
Zx>=Rpy and ®,CkRpy << 1, using single-band approximation for & = a0 / (1+jQ), valid on

frequencies of ® < 0,50,, where Q0 , = % and Q% << 1, the coefficient (3) of direct conversion of

conductivity GTIs™ will be equal to

-, - jQ,
(I- ao)z

1

“4)

Coefficient T,. of reverse conversion of conductivity GCIs™in this case equals
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Ys Ylsl l-a, - jQ,a,

O —
T, =

We will consider the results of direct and reverse conversion of immittance of elementary R,L,C
- elements.

Mode of direct conversion of immittance

In the mode of direct conversion of immittance of Y conductiviy, the input Yins converted
conductivity GTIs™ is equal to

Y[NAS ZTCS(I)'YL- (6)

In case when Y, = %2 , after substitution of (4) into (6), we find
G

—a,— jQa, 1 . Qe

1
Yy s(Rg) = = - '
w.s(Rg) (1-a,)’R, (1-ay)R, / (1-a,)’R,

(7

The analysis (7) shows that the reactive constituent of converted conductivity is of the inductive
character and is described by inductance

(1- ao)zRL

Luv‘s (RL ) = Qa
0

®)

Character of the active constituent of converted conductivity depends on the value of a,.
When «, > 1, the active constituent of converted conductivity is negative (10).

In the mode, when ¢, <1, the active constituent of converted conductivity is positive

I
(l_ao)RL R}

IN.S

ReY) s(R,)= <0,

where Rj)¢(R,)=~(a, = DR,.

Thus, the result of direct conversion of active resistance R, by means of GCIs"” can be

presented in Table 1.
The analysis of the results obtained shows that in the considered mode by means GCIs"
conversion of active resistance into inductance can be provided. Thus, when ¢, > 1, active

constituent of converted conductivity is negative, that extends functional possibilities of such
GCIs™ , but imposes the problem of evaluation of stability of information facilities constructed on
their basis.

Correctness of the results obtained indirectly confirms the analysis of nonlinear input VAC of
ITTT-structure at direct bias of emitter junction, which is similar to input VAC of injunction
transistor (UT) and is S-shaped. In accordance with the theorem of connection of VAC shape with
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the character of reactivity, [5] it must be inductive, that coincides with the results obtained.

Table 1
Table of direct transformation of GTI; immittance
Transformed immittance ‘w"»"mbL Transformed immittance | Transformed immittance V\-;M
for GTI'"' ' W for GTI) |
R ins (R)>0 R ins R)>0 if Oy<1
R
— L R pe R)<Q if 0> 1
o—e —0 e} ' o ' L
C in.s {RL}
L s (R)
if o<1 R s (CL} >0
R ins '[CL]'}D C O—e O
L C Il
in.s (CLJ 1
4} —f—o fo————
if (103"1 R ins (CL) >0
B I
L s (€))
it o<1 R s (L)>0
LL L in.s (LL}
[ — —0) O Y o bbb
| if ,>1 Rons (L)>0
C ins (LL} | )
C ons (L)L

In case of direct conversion of capacity conduction Y, = joC, , using (5) and (6), we find

Yivs (CG )=

-a,- jQa,)joC, QawC, N joC,
(1—050)2 (1—050)2 (1-«a,)

©)

The analysis (9) shows that in the examined range of frequencies the active constituent of

converted conduction is positive

ReY), s(Cy)=

It follows
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(1-a)’
Ry s(Cp) = ot
Qa,wC,
The character of reactive constituent of converted conduction depends on the value ¢, .

When ¢, > 1, the reactive constituent of converted conduction is of inductive character

mY, (C)=—2C -1
T (ay—1) &L, (C)) ,
with inductance
a, —1
LINAS (CL) = a)02C .
L

In the mode, when ¢, < 1, the reactive constituent of converted conduction is of capacitance
character

oC,

ImY,, ((C;) = (1_—%)

=aCpy s,

G
l-a,

where C,, ;=

Thus, result of direct conversion of reactive conduction of the capacity C, by means of GCIs™
can be presented in Table 1.

From practical point of view it should be noted that in case of direct conversion of capacity
immittance, the converted immittance in the whole range of frequencies has positive real
component R, ;(C,) > 0, and imaginary component ,if ¢, > 1, is of inductive character, and in

the mode, when ¢, <1 it is of capacitance character .

In case of direct conversion of inductive conduction Y, = , using (5) and (6), we find

L

l-a, - JQa -, ) 1
YIN‘S(LL): 0 _J &= :

= - . 10
1- ao)zja)LL o,L, / (I-ay)al, (10

The analysis (10) shows that unlike the above- considered case of direct conversion by means of
GCIs™ of capacity conduction, at direct conversion of inductive conduction the active constituent
of converted conduction in the range of frequencies is negative

1
ReY,, (L,)=———<0, where
IN.S( L) R1N4S (LL)
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w,L
RIN.S (LL) =-—L

Q,

The character of reactive constituent of converted conduction depends on the value ¢, .
In the mode, when ¢, > 1, the reactive constituent of converted conduction is of capacitance

character

1
ImY, ((L,)= =awCy (L)),

(I -yl

1
where Cp (L)=—"T—F5—.
(060 - l)a)zLL
In the mode, when ¢, < 1, the reactive constituent of converted conduction is of inductive

character

1 1

ImY, =— ,
(I-ea,)oLl, L, s(L,)

IN.S (Ll) ==

where L, (L,)=(-a))@’L,.

Thus, the result of direct conversion of L, with the help GCIs™ can be presented in Table 1.

From practical point of view we should pay attention to the fact that at direct conversion of
inductive immittance, the converted immittance in the examined range of frequencies has a negative
real constituent R, ((L,) < 0, that extends functional possibilities of GCIs"” in this mode.

Imaginary component at ¢, > 1 is of capacitance character, and in the mode, when ¢, < 1 has

inductive character.
Mode conversion of immittance
In the mode of reverse conversion of conductivity Yg output Yours converted conductivity of
GCIs" equals
YOUT.S:TI(V)'YG‘ (11)

After substitution of (5) into (11), we find

Y (Y ): (l_aO)ZYG = 1
ours\r6) =1 a,— jQa, Zyrs ’
where
1-a,— jQa,
Zovrs = WZG; (2
0
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Zo =~
YG
In case when Z. = R, from (12), we find
l-a,- jQ« R . Qa,R
Z R)y=——2 -~ "O0R =—C S A 13
OUTAS( G) (1_a0)2 G 1_a0 (1—0{0)2 ( )

The analysis (13) shows that reactive constituent of converted resistance in the examined range
is of capacitance character and is described by capacitance

(1 — 0‘0)2

COUT.S (RG) = a)QaORG .

(14)

Character of active constituent of converted resistance depends on the value ¢ .

When ¢, > 1, the active constituent of converted resistance is negative

_ R
ReY,yr 5 (R;) = R((}L,;S (Rg)=— ¢

<0.
1

20
In the mode, when ¢, < 1, the active constituent of converted resistance is positive

RG
|

ReY s (Rs) = R((}Ziy (Rg) =

0

Thus, result of reverse transformation of active resistance R; with the help GCIS(+) can be

presented in Table 2.

The analysis of the results obtained shows that in the considered mode with the help of GCIg"
the transformation of active resistance into capacitive reactance can be provided. In the mode, when
a, > 1 the active constituent of transformed resistance will be negative.

Correctness of the results obtained confirms the analysis of nonlinear output VAC of ITTT-
structure which at direct bias of emitter junction is similar to output VAC of UT, which has N-
shaped form. And in accordance with a theorem of connection of VAC type with the character of
negatron reactivity [5], for the negatron of N-type, the character of reactivity must be capacitance,
that coincides with the results obtained.

In case of reverse transformation of capacitive reactance Z, = % wC.. using (12) we find
G

l1-a,- jQa,

. 15
(I1-a,)* joC, ()

Zoyrs (CG) =

The analysis (15) shows that in the examined range of frequencies the active constituent of
converted resistance is negative
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Qa,
oC,

ReZ,yr5(Cs) = Royrs(Co) =—

Table 2

Table of reverse transformation of GT I immittance

Transformed immittance W | oo cformed immittance | Transformed immittance W

for GTI WG for GTI outs
R outs (Rg) >0 Re R ous Ry)>0 if Ofy< 1
O—e ) (@] 1 '®) R out.s (RG) < U if CLD} 1
11 O |l 1 0
1 I I
C out.s I:RG} C outs (RG}

if o<1 R gus (CJ<0

R outs (CG}> 0 O H S— O
Co c
outs (CG}
e—ﬁ—e o—J—o |———————
if CLO:’ 1 R out.s (CG}“: 0
L out.s (CG) O A O
L outs (Cg)

R out.s (LG) <0 o A T O
I:l LG L out.s (LG)
O—e —0 ) e O —-F—"—"- " — — — — —
“ if Oy> 1 R outs “‘G) >0
C outs (LG} O H 1 O
C out.s (LG}
Character of reactive constituent of converted resistance
ImZ,,, (C.)= - (16)
our.s G (1 _ ao)ja)CG

depends on the value of ay.
In the mode, when ¢, < 1, reactive constituent ImZ, . ((C,;) <0, i.e. is of capacitive character,

capacitance value being
Cours(Cg) =Co(1—ay).

Thus, the result of reverse transformation of reactance of the capacity Cg by means of GCIs™
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can be presented in Table 2.

From practical point of view the attention should be paid to the fact that at reverse
transformation of capacity resistance, converted resistance in examined range of frequencies has a
negative real constituent ReZ,;(Cs) = Ryyrs(C;) <0, that extends functional possibilities of

GTIs"™ in this mode. Imaginary component of converted resistance at o, > 1 has inductive
character, and at ¢, < 1 has capacitance character and corresponds to properties of classic

generalized converter of immittance.
In case of reverse transformation of inductive resistance Z; = jwL;, using (12) we find

(1 — _ano)ja)LG .

ZOUT‘S(LG): (I-a )2

(17

The analysis (17) shows that in the examined range of frequencies the active component of
converted resistance is positive

L,aQa
ReZyyr 5(Ls) = Royrs(Lg) = ——.
(1 - 0(0)
Character of reactive component of converted resistance
oL
ImZ, 5 (Lg) =— (18)
l-a,

depends on the value of .
In the mode, when «, > 1, reactive component Im Z,;;s(L;) <0, i.e. has capacitance character,

capacitance value being

a, —1
COUTAS (LG) =— .

'L,

In the mode, when ¢, <1, reactive componentt ImZ ;. (L;) > 0, i.e. has inductive character,
value of inductance being

LG
(1-a)

LOUT.S (LG ) =

Thus, the result of reverse transformation of inductance reactance of Lg with the help of GCIS(H
can be presented in Table 2.

From the practical point of view the attention should be paid to the fact that at reverse
transformation of inductive immittance, converted resistance in the examined range of frequencies

has a positive real component R, (L, ), and imaginary component of transformed resistance at

o, > 1 has capacitance character, and at ¢, < 1 has inductive character.
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Comparative analysis of transformation properties of GCls in the modes of direct and reverse
bias of emitter junction of ITTT-structure .

Taking into account that in case reverse bias of emitter junction of ITTT-structure it
corresponds by its properties to FET, generalized transformer GTIs” on the base of ITTT-structure
will possess similar transformation properties the generalized results of which are presented in
Tables. 1, 2 [2].

In the same Tables the results of previous analysis of GTIs'" transformation properties are
presented

The comparative analysis of Tables 1 and 2 shows that in case of reverse bias of emitter junction
the ITTT-structure connected in the circuit with general source (GTIs"), it possesses the properties
of immittance inverter. Negative real immittance will be realized only in cases of transformation of
immittance inductance L.

At direct bias of emitter junction of ITTT-structure connected in circuit with general source
(GTIs™), in the mode of direct transformation of immittance W, , when the transformed immittance

is active (W, =R,), the input immittance W,, is inductive, that allows to use such mode for
creation of transistors equivalents of inductance. It should be noted, that at low frequencies, where

a, : o . . .
222 >1, the active component of the transformed immittance R, ¢(R,) is negative, and at high-
frequencies, where azf <1 it is positive. Limiting frequency of sign change of R, ((R,) will

be equal

S5 =FoJo, — 1. (19)

The same frequency determines properties of GCIs'" at transformation of reactive immittances.
At low frequencies f < f, . at transformation of both capacitive (C,), and inductive (L, )

immittances GCIs™ possesses properties of immittance inverter. At high-frequencies f > f,  —

properties of immittance converter. The negative value of active component of the transformed
immittance is observed both at low and at high-frequencies, but only in the case of transformation
of inductive immittance.

In case of reverse transformation of immittance (Table 2) in the mode of the reverse bias of
emitter junction, GCIs" possesses similar properties, as well as in the mode of direct
transformation of immittance.

At direct bias of emitter junction, when the transformed immittance is active (W, = R,), output

immittance W, is capacitive with negative active component at low frequencies ( f < f, ).
At reverse transformation of both capacitive (C,), and inductive (L,) immittance, CCIs""
possesses properties of immittance inverter , and at high-frequencies ( f > f,,,) — properties of

immittance converter. The negative value of active component of converted immittance is observed
both at high-frequencies and at low frequencies, but only in case of transformation of inductive
immittance.

Research of GTls

The results obtained provide the functional synthesis of information devices by means of using
the conversion Tables of different types of immittance parameters. However, the obtained formulas
for the coefficients of immittance transformation are approximate and can not be used in
engineering calculations.In order to obtain more exact calculations, we will transform expressions
for input Wi and output Woyr immittances of quadripole, expressed by parameters of its

Haykosi npani BHTY, 2008, Ne 2 10



RADIOELECTRONICS AND RADIOELECTRONIC EQUIPMENT DESIGNING

immittance W-matrix [6]. We find as a result:
1. For the mode of direct transformation of immittance of Wy:

Re(A+ W, IV, )Re(Wy + 1V, + (A + W, W) Im(, + W)

Rel¥,, = (20)
Re’ (W, + W,)+1Im*(W,, + W,)
i, - Im(A + W, W, ) Re(Wy, +W,) = Re(A + W, W) Im(Wy, +W,) @
Re*(W,, +W,)+Im* (W,, + W,)
2. For the mode of reverse transformation of immittance of Wq:
Rel, - Re(A + W g ) ROV, + W) + Im(A + WoslWg ) I + ). )
Re*(W,, + W) +1Im*> (W, +W,)
i, Im(A + Wy, W) Re(Wy, + W) = Re(A+ Wy W) Im(W,, + W) 23)

Re*(W,, + W) +1m* (W, +W,,)

The obtained formulas are valid for the calculation of any variant of transformation of
immittance by ITTT-structure if lowsignal values of its immittance W- parameters are used. Taking
into account that in the mode of the reverse bias of emitterjunction such calculations and
verifications of their adequacy are performed in [2], we will carry out the research for the mode of
direct bias of emitter junction of ITTT-structure.

As the real ITTT-structure we use UT of KT-117A type, having the following parameters [7]:
£, =300 Mhz, Ry, = 10° Ohm, Cy; = 10" F, I = 10 mA.. Value of,, depending on emitter
current changes within the limits of 0,5-4 ut.

We will perform analytical estimation of dependence of converted immittance on the frequency
and values of parameters of the examined ITTT-structure.

In case of direct transformation of immittance Y, = %2 using GTIg", generalized results are
L

shown in Fig. 2. Comparing them with the data of Table 1 we see, that to frequency, where ReYm s
< 0 and ImYns < 0, the obtained dependences completely correspond to the conversion Table.
Expansion of frequency range is possibly due to reduction of active resistance Rk of e passive
region of the channel, capacitance Ck; o active region of the channel and increase of low frequency
value of current transfer ratio «,. The character of influence on the transformed immittance of the
Yns parameters of ITTT-structure are carried out by means of numerical experiment using of the
program of AWR Design Environment and are presented in Fig. 2.

In case of direct transformation of immittance with the help of GCIs™ Y, = jwC,,, the results
of calculations are presented in Fig. 3. Comparing them the data of the Table 1 we see, that
ReYms > 0 and ImY s < 0 in examined range, up to frequency Q =1, when ¢, > 1, what is
characteristic for the mode of direct bias of emitter junction of ITTT-structure. In this mode
GCIs™ operates, as immittance inverter. If to provide a, < 1, for instance, by reduction of direct
bias of emitter junction, then ImYys (Cp) > 0. But in both modes of ReYns(CL)> 0, that limits
functional possibilities of such GTI. It is expedient to use the possibilities of electric junction from

the mode of converter in the mode of inverter of immittance in combination with other types of
GCI, having ReY < 0.
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In case of direct transformation of inductive immittance Y, = %a)L with the help of GCIs®,
H

the results of calculations are presented in Fig.4. Comparing them with the data of the Table 1 we
see, that in such mode the substantial influencing is rendered by the parameters of ITTT-structure.
For the high-quality coincidence with the data of the Table 1, when at &, > 1 ReYms(L1)< 0 and

ImY s(Ly) > 0, it is necessary to decrease Ck; and to increase Rk,. At ¢, > 2 the character of
converted conductivity does not change.

The results of reverse transformation of active Y, = % , capacitive Y, = joC, and inductive
G

Y, = %a)L conductivities using GCIs™" is presented in Fig. 5-7. Comparing them with the data
G

of the Table 2 we see, that in the mode of transformation of active conductivity (Fig. 5), they
exactly coincide in all frequency range for ImYout.s(Rg), and for ReY ours(Rg) this coincidence is
observed to frequency Q2 =0.2, where ReY our.s(Rg)< 0. increase of Rk, and Cg;, and decrease of
o, narrows the frequency range.

In case of transformation of capacitive conductivity Y, = joC, (Fig. 6) the coincidence with
the results of conversion Table is observed at ¢, > 3 pt., Cx; > 100pF and Rk, < 100 Ohm. In this

case especially sharply the change of these parameters influences the character of susceptance of
ImYours(Cg), in this connection the use of results of Table 2 for the case Y, = jwC, should be to

limit to frequency Q <0.2.

If it is necessary to carry out transformation of inductive conductivity Y, = %a)L , as it is seen
G

from Fig7
ReY in.s, Ohm™ ImY: in.s, Ohm™ Q
il . [1 0.4 0‘.6 Ci.8 ’l
Rs2 =100 Ohm
0.021 gk
Rs2=100 Ohm
oo = 100
- 0.0
10
- 0,03
-0.01T
—0.02- 0.04~
a) b)

ReY in.s, Ohm™'
0.04

ImY in. S, Ohm’ ! Q
i 0.2 0.4 (;.ﬁ (;.x .'J
0.031
50
0.021 T 001
Cr1=[1000 pF 100
0.011 T -
p/(l(;r ool Csi= 150 PF
5 X . 1
- 0.01™
—-0.03"
c) d)
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ReY ins, Ohm™ ImY: ins, Ohm™
0.08
WY

€2

t +
.z (1) 0.6 0 1

0.0

0.01

0.03

f)

Fig. 2 Frequency dependences of input conductivity GTIs'" at different values of parameters of ITTT-structure in the
mode of direct transformation of active conductivity, where R, =10 Ohm
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ReY ins, Ohm™ ImY in.s, Ohm O
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Fig. 3 Frequency dependences of input conductivity of GTIs™ at different values of parameters of ITTT-structure in
the mode of direct transformation of capacitive conductivity, where C; =50 pF
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Rey, ins, Ohm™ ImY ins, Ohm’
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Fig. 4 Frequency dependences of input conductivity of GTIg" at different values of parameters of ITTT-structure in

the mode of direct transformation of inductive conductivity, where L, =50 nHn
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Fig. 5 Frequency dependences of input conductivity of GTIs™” at different values of parameters of ITTT-structure in
the mode of reverse transformation of active conductivity, where R; =40 Ohm
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Fig. 6 Frequency dependences of output conductivity GTIg"” at different values of parameters of ITTT-structure in the
mode of reverse transformation of capacitive conductivity, where C; = 50 pF
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Fig. 7 Frequency dependences of output conductivity of GTIs "’ at different values of parameters of ITTT-structure in

the mode of reverse transformation of inductive conductivity, where L; =50 nHn

it is possible to use the whole examined range of frequencies, but since ReY our.s(Lg)> 0, this mode
of transformation has the limited practical application.

For experimental verification of the results obtained the method of measuring described in [8]
was used, applying the phase voltmeter of ®K2-12 type. The results of measurements, presented in
Fig. 2-7, showed that in the examined range of frequencies (0,1+1)GHz in all the modes of
transformation divergence of results of calculations and model experiment does not exceed 12%.
More substantial divergences, observed at high-frequencies, are explained by the influence of
parasite reactance of ITTT-structure which were not taken into account in its mathematical model.

Conclusions

Injection-transit transistors structures possess properties of GTI in the modes of both reverse and
direct bias of emitter junction. Changes of potential sign of emitter junction causes the change of
both quality and quantitative characteristics of such GTI, including the change of function of
transformation from inversion to conversion, and vice versa.

At reverse bias of emitter junction the ITTT-structure connected by circuit with general source
(GTIsY), possesses properties of immittance inverter. Negative material immittance will be realized
only in cases of transformation of immittance of inductance immittance L.

At direct bias of emitter junction of ITTT-structure connected in circuit with general source
(GTI™), in the mode of direct transformation of Wy immittance when the transformed immittance
is active (W = Rp), the input immittance of Wyy is inductive, that allows to use such mode for
creation of transistors equivalents of inductance.

At low frequencies f < f, in case of transformation of both capacitive (Cp), and inductive (Lv)

immittances GTIs” possesses properties of immittance inverter. At high-frequencies f > Sy =

properties of immittance converter. The negative value of active component of the transformed
immittance is observed both at low and at high-frequencies, but only in case of transformation of
inductive immittance.

In case of reverse transformation of immittance in the mode of the reverse bias of emitter
junction, GTIg"” possesses similar properties, as well as in the mode of direct transformation of
immittance.

At reverse bias of emitter juncion, when the transformed immittance is active (Wg = Rg), output
immittance Wour.s is capacitive with negative active component at low frequencies (f-f).

At reverse transformation of both capacitive (Cg), and inductive (Cg) immittances, GTIg"
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possesses properties of immittance inverter, and at high-frequencies ( /> f, ) — properties of

immittance converter. The negative value of active component of converted immittance is observed
both at high and at low frequencies, but only in case of transformation of inductive immittance.
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