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A Simple Diode Parametric Amplifier Design

for Use at S, C, and X Band

C. S. AITCHISON, R. DAVIES, AND P. J. GIBSON

Absfracf—A simple diode parametric amplifier is described which has

been designed for use at S, C, and X band frequencies. Bandwidth and

noise measurements show the performance to be substantially in agreement

with the theoretical predictions. Details are given of compemating cir-

cuits which improve the gain-frequency response of the amplifier by up to

5.6 times.

I. INTRODUCTION

M

ANY PARAMETRIC amplifier designs involve the

use of distributed signal and idling circuits with

consequent reduction of the gain bandwidth per-

formance which is available from the amplifier. The tech-

niques described in this paper show that lumped techniques

can be utilized to give improved bandwidths, and that

reactance compensating networks can be used to increase

the gain-frequency response even further.

A. General Principles of Parametric Amplljier Circuit Design

A satisfactory diode parametric amplifier design must ful-

fill the following requirements:

a) The diode must be coupled to a circuit which provides

the appropriate resonating reactance and appropriately over-

coupled source resistance at the signal frequency. The diode

must also be coupled to a reactance (preferably lossless)
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which provides a conjugate reactance at a convenient idling

frequency. The noise- figure F of a negative-resistance

plifier can be shown [1] to be given by the expression

F=l+~+A@Rd+R9) ——.
Rg ~p2 R,

am-

(1)

where Ra is the diode spreadi~g resistance, R~ the source

resistance, A the ratio of negative resistance in the signal

circuit to total positive resistance in the signal circuit, M

the signal frequency, and WZthe idling frequency. Rg is

selected so that the diode current due to pumping is small,

typically one microampere, in krder that shot noise associ-

ated with this current shall remain negligible. There is no

contribution to (1) from the cirixdator since it is assumed to

have infinite isolation and zero ~sertion loss.

b) Signal, idling, and pump energies must be confined to
the appropriate regions of th~ circuit in order that maxi-

mum operating bandwidth cap be obtained and in order

that minimum pump power will be required to operate the

amplifier.

c) Both signal and idling circ~its should be lumped (small

compared with the wavelength) or, if distributed, have an

electrical length less than one-tenth of the wavelength in

order that the Q of the circuit shall not be increased by the

distributed nature of the rea&ance. The available gain-

bandwidth product (Gavl/21?) o! a negative resistance ampli-

fier operated in conjunction with a circulator is given by the



AITCHISON ET AL.: DIODE PARAMETRIC AMPLIFIER DESIGN 23

expression

‘.,l’2B=2(++31(2)

where B, is the unpumped signal circuit bandwidth, and Bi
is the unpumped idling circuit bandwidth. It is therefore

necessary that the signal and idling bandwidths should not

be unnecessarily restricted.

d) The pump circuit should be as simple as possible in

order that the pump power which is matched into the struc-

ture containing the diode shall be dissipated in the diode

and not in the supporting structure.

e) The design should be such that the stray reactance are

minimized since, except in special circumstances, these de-

crease the bandwidth.

II. EQUIVALENT CIRCUIT OF THE VARACTOR DIODE

The equivalent circuit of a varactor is shown in Fig. 1

and consists of the spreading resistance R, in series with the

junction capacitance Cj across which is an internal stray

capacitance Cl. The lead inductance appears in series with

these components and the stray capacitance due to the en-

capsulation G appears in shunt with the diode. It can be

shown from this equivalent circuit that the reactance goes

through a zero and a pole as the frequency is increased.

Measurement of the VSWR and position of minimum

yields a Smith chart impedance plot of the type shown in

Fig. 2, which is for the prototype VX3368 diode measured

in a 50 ohm coaxial line [2]. This shows that the reactance of

the diode is capacitive up to the series-resonant frequency,

above which it is inductive until the parallel resonant fre-

quency is reached. Thereafter the impedance is capacitive.

A number of diodes have been evaluated and typical re-

sults together with the diode figure of merit (v~.) are shown

in Table I. These measurements were made using coaxial

standing wave techniques at frequencies up to 18 GHz. Where

the parallel resonance occurs at a higher frequency the

measurement technique described in Roberts [2] has been

applied.

III. DESIGN OF AMPLIFIER

The amplifier design uses the diode parallel resonance to

support the idling current while the series resonance, suitably

modified, supports the signal current.

A schematic drawing of the amplifier is shown in Fig. 3.

The amplifier is seen to consist of a coaxial line containing

the diode and a waveguide section. The coaxial circuit con-

sists of a 50 ohm input line A followed by a quarter-wave

transformer 11 and filter section 1’, &, and 11. The coaxial

lines 1’, 13,and L are each a quarter-wavelength long at the
idling frequency and the corresponding impedances Z’, Zt,

and 21 are chosen so that at the signal frequency the filter

is equivalent to a quarter-wavelength of line of the required

impedance so as to form the second section of a double

L
T

cj ●

mmcl

=:1
-C2

R~

Cj = junction capacitance
R.= spreading resistance
Cl= the internal stray capacitance
C2= the external stray capacitance
L= lead inductance

Fig. 1. Equivalent circuit of varactor diode.

--+=i’D.T---
Fig. 2. Impedance on 500 line. Prototype VX3368.

Smith chart large ratio 0.0-1.0 VSWR.

TABLE I

Diode
Series Parallel

Resonance Resonance Yfc
Type

GHz GHz GHz

-—
VX3368 (Prototype) 5-6 19 —

VX3368 9-1o 30 30
MS 264 9-1o —

MS2006 9–lo 24 24
ZC 25B 67 17 18

—.
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I
Z5

1 I

Fig. 3. Schematic diagram of the amplifier. 1, and 1,, Z3,and 1, form a
double quarterwave transformer at the signal frequency and [t, [8,
and Id are quarter-wave sections at the idling frequency. The diode
is shaded. The section IS resonates the signal circuit and is a quarter
wavelength at the idling frequency.

quarter-wave transformer. Expressions for Zz, Z,, and Z1

(which is equal to Z.J are described in Appendix I in terms

of the signal and idling frequencies and the equivalent im-

pedance.

The diode is placed in series with the double quarter-wave

transformer across a waveguide which is cut off at the signal

and idling frequencies and which propagates the pump fre-

quency. In series with the diode is a length of coaxial line

15which is a quarter-wavelength long at the idling frequency

and is essentially a lumped inductance at the signal frequency

(since it is short compared with the wavelength). The im-

pedance of lb, Zb is adjusted to make the signal circuit

resonate at the required frequency.

It can thus be seen that the idling energy generated in

the diode is confined to the region of the diode by the quarter-

wavelength seetion 1s. The unpumped bandwidth of the

idling circuit will be determined by the diode equivalent cir-

cuit modified by the quarter-wavelength section ~&Appendix

II shows that the Q of the diode alone at the idling frequency
is increased by the factor

1 + (32m2C,2ZOLfs)–1

by the addition of the short-circuited quarter-wavelength

line of impedance ZO where C, is the external stray capaci-
tance of the diode, L is the diode lead inductance, and f the

idling frequency. The second term in this factor is usually

small compared with the first.

The signal-circuit bandwidth is determined entirely by the

diode since the resonating inductance is substantially lumped

at the signal frequency. Pump energy is matched into the

waveguide containing the diode by means of a suitably

placed waveguide short circuit behind the diode and a vari-

able admittance system in front of the diode. The filter sec-

tion presents a low reactance at the pump frequency as well

as the idling frequency, and pump energy does not propa-

gate in the coaxial system.

IV. OPERATION OF THE AMPLIFIER

A. Diode Spec&ation

The theoretical noise figure for the amplifier is calculated

from (l). The figure of merit for a varactor diode is given by

~~. product, where y is

c max – Cmin
—
2 (Cmax + Cnin)

and f. is the cutoff frequency. C,na. and G i. are defined in

Appendix III.

The yfc product of the diode required for an amplifier of

signal frequency fl and idling frequency f2 can be shown

(Appendix HI) to be given by

-y,.= @(l +$). (3)

The ratio RJR. is selected to give the required noise fig-

ure at the desired signal frequency and the idling frequency

prescribed by the parallel resonance of the diode.

B, Setting-Up Procedure

The signal circuit is resonated by adjustment of Zb and the

center frequency overcoupling ratio RQ/Rd determined by a

VSWR measurement of the amplifier at the signal frequency,

taking precautions to avoid perturbing the diode impedance

with the measuring power. At the center frequency the VS WR

is a minimum and this minimum is the overcoupling ratio

used in calculating the noise figure.

The idling frequency is determined initially by the im-

pedance measurement of the diode as previously described

and fin?lly by pumping the amplifier at the sum of the signal

and predicted idling frequencies, A plot of pump frequency

and diode current against signal frequency at constant gain

(usually 20 dB) shows a minimum in the diode current and

this determines the center frequency and actual idling fre-

quency under operating conditions.

The unpumped signal circuit bandwidth can be deter-

mined by means of the VSWR measurement or more con-

veniently by plotting the signal circuit response using a sig-

nal generator, attenuator, and valve voltmeter to monitor

the detected diode voltage, The idling circuit unpumped

bandwidth can be determined by measurement of the slope
of the graph of pump frequency against signal frequency

since it can be shown that the idling-to-signal bandwidth

ratio is given by the expression

(4)

as shown in Appendix IV.

Measurement of the unpumped idling and signal band-

widths enables a comparison to be made of the predicted

bandwidth using (2) and the observed bandwidth.
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An amplifier of this type has been operated at S band

using the diode type MS2006. In this case the natural idling

resonance was reduced to 16 GHz by the addition of a poly-

tetrafluorethelyne sleeve to the diode. Figure 4 shows the

unpumped circuit response determined by means of a signal

generator, attenuator and a valve voltmeter and indicates a

bandwidth of 470 MHz. Figure 5 is the VSWR plot of the

signal circuit showing that the R~/Rd ratio is 12.5. Figure 6

shows the variation of pump frequency, diode current, and

bandwidth as a function of signal frequency at 20 dB gain,

demonstrating that the current is at a satisfactorily low value

of two microampere at the center of the tuning range. Noise

figure measurements, using a switched circulator and co-

axial loads at room and liquid nitrogen temperatures, indi-

cate a noise temperature of 99°K for the amplifier alone. A

plot of overall noise figure with variation of local oscillator

frequency is shown in Fig. 7, demonstrating an overall

noise figure minimum of 1.8 dB with a following receiver

noise figure of 10 dB. The variation of overall noise factor

with gain is shown in Fig. 8.

The theoretical amplifier noise temperature calculated

using (1) is 84”K. Using the slope of Fig. 6, and (4) the

unpumped idling bandwidth is calculated as 845 MHz which

predicts an operating bandwidth at 20 dB gain of 58 MHz.

The typical observed bandwidth is 65 MHz.

:~
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Fig. 4. Signal circuit response.
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Fig. 5. VSWR of signal circuit.
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Fig. 6. Pump frequency, diode current and bandwidth at 20 dB
gain as a function of signal frequency.
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Fig. 7. Variation of overall noise figure with local oscillator frequency.
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Fig, 8. Variation of overall noise figure with gain.
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B. Amplljiers at S, C, and X bands

Similar amplifiers which have been constructed at S, C,

and X bands are shown in Fig. 9. The design, construction,

and testing was identical to that indicated in Section V-A.

and the results together with the predicted performance are

summarized in Table II.

In the case of the X-band amplifier, the diode series

resonance frequency is itself at X band and 26 (Fig. 3) must

be made low in order that the signal circuit will resonate in

X band. In addition, the diode mounting was designed so as

to reduce inductance with consequent increase in external

stray capacity and reduction in parallel resonant frequency.

Even with the low value of 25 required, the Q of the idler

circuit is only increased by 15 percent.

VI. IMPROVEMENT IN GAIN-FREQUENCY RESPONSE

BY THE USE OF FILTER TECHNIQUES

A. Theory

Theoretical considerations show that the gain-frequency

response of a parametric amplifier may be improved by the

use of bandpass filters for the signal and idling circuits

rather than simple resonant circuits [5]– [7]. Humphreys [5]

has calculated that the addition of one frequency-compen-

sating circuit to both the signal and idling resonance of

appropriate Q (to reduce the rate of change of reactance of

both the signal and idling circuits) improves the gain fre-

quency response since the gain-bandwidth product becomes

G1[4B= k~ instead of G112B=kl where kl and k~ have a sim-

ilar magnitude. A further resonant circuit added to the

signal and idler response resonances should increase the

gain frequency response further, since the relationship be-

comes of the form G1/8B= k3 where again k3 is similar in

magnitude to kl and k2.
Figure 10 shows the circuit which Humphreys assumed

for the analysis. COis the diode capacitance and L its asso-

ciated inductance. The network A contains lossless re-

actance arranged so that the combination of CO, L, and A
is resonant at both the signal (@ and idling (uJ frequencies.

The idling load is RZand the signal circuit is connected to a

circulator. The first additional signal circuit Cl, LI is resonant

at the signal frequency and Cl is given by

1
c1 =

c022CoR1R2

where RI is the circulator impedance. The first additional
idling circuit Cz, Lz is resonant at the idling frequency and

Cz is given by
1

C2 = .
6J1Z’0R1R2

Expressions can be similarly derived for C< and C\.

In practice it is more convenient to compensate the ampli-

fier on the signal circuit alone and Appendix V shows that

in this case the value of capacitance Cl required for the first

additional circuit is given by

1
c’, = (5)

TR1G112B

where RI is the circulator impedance and G112Bis the ob-

served gain-bandwidth product before the compensatory

circuit has been added.

B. Practical Realization of Compensatory Network

It is often not convenient to form the required resonant

circuit by means of lumped components and therefore a

distributed circuit consisting of an open-circuited and short-

circuited length of line is used. The rate of change of suscep-

tance of the distributed circuit is arranged to be the same as

for the lumped circuit. It is shown in Appendix VI that if 1,

is the distance from the short circuit and 12is the distance

from the open circuit then the required characteristic admit-

tance ( YJ of the distributed parallel-resonant circuit is

given by

4c’wl
Yo =

r(2n + 1) cosecz @ll

where Cl is given by (5) and 11+12= (2n+ l)X/4. Normally n
is zero and YOis selected so that 11and 12are both approxi-

mately one-eighth of a wavelength and both the short cir-

cuit and open circuit are made adjustable.

It is physically more convenient to place this circuit a half

wavelength away from the diode rather than at the diode and

it is, therefore, placed across the junction of the 50-ohm

line and the first section of the quarter-wave transformer. A

second compensating circuit is placed a quarter of a wave-

length away from the first and consists of a second parallel

circuit since this is transformed to a series circuit in the plane

of the first compensating circuit.

The compensating circuits are adjusted to obtain the re-

quired gain-frequency response with the aid of a swept

signal source and an oscilloscope.

C. Results

Figure 11 shows an S-band amplifier with and without

the additional compensating circuits. Figure 12 shows The

gain-frequency responses taken from the oscilloscope. It can

be seen that the uncompensated 3 dB bandwidth is 54 MHz

at 20 dB gain and becomes 200 MHz with one additional

circuit and 280 MHz with two additional circuits. Thus the

bandwidth has been increased by factors of 3.7 and 5.6.

The noise performance of the amplifier has been investi-

gated by measurement of the noise figure as the local oscil-

lator frequency was varied so that the noise figure of the

system was determined at various frequencies within the

bandpass characteristic of the amplifier. Figure 13 shows

this for the uncompensated amplifier and for the compen-

sated amplifier. From the graphs the variation of amplifier

noise figure over the bandpass characteristic can be derived.

It can be seen that the compensatory circuits increase the

noise figure by approximately 0.3 dB. This increase in noise

figure arises from losses associated with the compensatory

elements and could be reduced by a better design of variable

short circuits.
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Fig, 9. S, C, and X band amplifiers.

Operating
Diode Frequency

(HGz)

VX3368 3.0
VX3368 5.6
VX3368 8.2
Selected

:XT?R2
Fig. 10. Circuit of parametric amplifier with compensatory

circuits at signal and idling frequencies.

TABLE II

Idler
3 dB Bandwidth at 20 dB Gain

Current
RO/Ra

(MHz)
Noise Temperature

(/.LA) Frequency
(GHz) Predicted Measured Predicted Measured

—

1 6.0 30 42 40 76°K
3.8

95°K
32 100 100

:
142°K 139°K

2.8 21,5 100 40 226°K 270”K

Fig. 11. The second amplifier has two additional compensating
circuits added to the signal circuit.

8

[ With

A
compensatory

6, circuits.

2

= f.

(c)

Fig. 12. Gain frequency responses obtained with and without com-
pensatory circuits. (a) Simple circuit 3 dB bandwidth 54 MHz.
(b) Simple circuit, plus one compensating circuit, 3 dB bandwidth
200 MHz. (c) Simple circuit, plus two compensating circuits, 3 dB
bandwidth 280 MHz.

J

x

o 00

o~
3.1 3.2 3.3 3.4 3-5 3.6

LQCal oscillator frequency (GHz)

Fig. 13. Noise factor of amplifier with and without
two compensatory circuits.
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VII, CONCLUSIONS

A simple parametric amplifier which can readily be de-

signed for operation at S, C, and X band has been described

and it has been shown that the results are largely in agree-

ment with the theoretical predictions.

APPENDIX I

The analysis below derives an expression for the condition

that three sections of coaxial line which are a quarter-wave-

length at the idling frequency shall be equivalent at the signal

frequency to a single quarter-wavelength of a specified im-

pedance.

Figure 14 shows three cascaded sections of lossless line

with impedances Zl, Zz, and Z1 and lengths 11,12,and 11which

can be represented by the transfer matrices Ml Mz and Ml,

respectively, where

in which

AZ B2
M2 =

C, D2

A2 = D2 = cos@2

BZ = jZ, sin fil,,

(72 = ~ sin .812.

The matrix for the cascaded system (M*) is given by

AT B~
MT =

CT D~ “
(6)

The matrix of a quarter-wavelength of line of impedance Z.

is given by

o jze

jYe o “
(7)

Equating (6) and (7)

A. = O, (8)

B~ = jZ. (9)

and

CT = jYe.

Equation (8) gives

21 1 d 1
*

ii= tan 2pll tan p12 (tan 2@11tan ~12)2
– 1. (lo)

Equation (9) gives

ZI
— = sin 2p11cos @2 + sin /312$ cos2 811– ~ sin2 /?11. (11)
22

Zq Z2 Z1

t-
11

4

12
11

Fig. 14. The three cascaded sections of line of lengths 1,,
[2, and 1, and impedances Z,, Z,, and Z,.

If we now arrange at some other frequency f2 where fz >fl,
that 11= 1s= hz/4 then

21 1

E=
~an=fi~anzfi

.f2 2 f2

/
1

f –1

((

~an=fi tan ~ fl 2
(12)

f, 2 .fZ )

and

21 fl ~ fl
—=sinx —cos ——
2. fz 2 fz

In order that Z,/Z, shall be real and positive it can be shown

from (10) that it is necessary that f,> 3f,.
Equations (11) and (12) are used to calculate Z1 and Z,

since fl and f2 are known and Z. is specified.

The input impedance at f2 is given by Z14/Zz2 YL where YL

is the load admittance and this expression is small provided

Z,<<Z2.

APPENDIX II

The analysis below derives an expression for the Q of the

idling circuit including the effect of the distributed quarter-

wavelength short-circuited line.

The circuit to which the idling energy is confined is shown

in Fig. 15, in which the equivalent circuit of the diode con-

sisting of junction capacitance Ci, 1 spreading resistance R8, 1
lead inductance L, and stray capacitance Cz is terminated in

a short-circuited line of impedance ZO. The introduction of

idling energy into this circuit is represented by the voltage

generator e.

In order to calculate the Q of this circuit it is convenient

first to transform it to an equivalent series circuit. Repre-

senting the susceptance of Cz by BI and the susceptance of

the line, ZO, by B2, the equivalent reactance Xl is given by

(BI+BJ-’. The rate of change of this reactance with fre-

1The internal stray Cl, of Fig. 1, of the diode is incorporated
into the effective junction capacity Cj and effective spreading re-
sistance R,.
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Fig. 16. Parametric amplifier circuit.Fig. 15. Idling energy circuit.

quency is given by
Conventional analysis shows that, with the signal and

idling circuits resonant, the ratio of negative resistance to

positive resistance A is given by

A=J~
C02qcd2r1r2

(14)
Q is defined for a series circuit by

where

rl=Rd -+&

so that the Q for the resultant series circuit is given by

(72+ --&cosec’ +-
1

Q.;

.( )

+— +L
s d 2 c@7j

Wcz — Yo Cos—
c

Cm.X ‘- Cmin
~=_—.

2 (C~aX ‘+ Crnin)

C~ax and C~i. are the maximum and minimum values of the

diode capacitance produced by the pump. Equation (14)

can be written aswhere c is the velocity of light.

We can now substitute the condition 1= h/4 and

W02 = l/LC’ where l/C’ = l/ C,+ l/Cz corresponding to

resonance of the lumped components and resonance of the

short-circuited line. This gives where

uOL

[

A

1Q= ~ 1+ 8C,2ZOCW02L“
1

—, A is unity and 72 = RDUC= coRd

But the Q of the lumped components alone, Q,, is given by so that

“’c=F(’ ‘2) (15)

so that Equation (15) expresses the diode figure of merit ~f. in terms

of signal frequency, idling frequency, and overcoupling ratio

at high gain.
Q 1

=1+
z 32n-2C,2ZOLj3“

APPENDIX IV

APPENDIX III In a negative resistance parametric amplifier it is not con-

venient to measure the unpumped idling circuit bandwidth

by the conventional technique of coupling weakly to the

resonant structure and it is therefore of interest to derive an

expression for the idling bandwidth from the observed vari-
ation of signal frequency as the pump frequency is varied.

Consider an amplifier which operates at the mid-band sig-

nal frequency m, when pumped at ox corresponding to the

mid-band idling frequency OJZ.If USis increased to COPso that

WP= w(1 + &) then we can also write

The analysis derives the -& product for the diode in terms

of the signal frequency and overcoupling ratio.

The usual series parametric amplifier which is analyzed is

shown in Fig. 16. The capacitance COis resonant with LI at
the signal frequency al, and Lz at the idling frequency CM.

Rd is the internal loss in the signal circuit, R. is the generator

resistance at the signal frequency, rz is the loss at the idling

frequency. Filters F, and Fz are provided to restrict the sig-

nal and idling currents to the appropriate circuits.
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O. = WI(1 + 6J and w = cw(l + rsJ.

But us+ui= CJflso that

8303 — 6K!J1

& = (16)
~2

We know that the current in the signal circuit i can be writ-

ten as

e/rl
~=

where e is the signal circuit EMF and rl the total signal cir-

cuit resistance. The modulus of the denominator of this ex-

pression I DI can be written as

I D12 = (1 – A)2 + 4(&Q1 – &QJ2. (17)

Differentiation of (17) and subsequent manipulation yields

c03
—

& ~2
—.
63

(18)

;+~
w

We now wish to express this in terms of the slope of the mea-

sured pump frequency-to-signal frequency curve. Writing

AQ1 as w(1+8J-w and Aws as w(1+8J-w (7) can be writ-

ten as

where B, is the unpumped bandwidth of

(19)

the idling circuit

and B, is the unpurnped bandwidth of the signal ci~cuit.

APPENDIX V

It is convenient when compensating a parametric amplifier

at the signal circuit also to express the required capacitance

of the first compensatory circuit in terms of the gain-band-

width product of the uncompensated amplifier. The analysis

below derives the expression.

It can be shown that the impedance of the signal circuit of

a pumped negative resistance amplifier can be written in the

form

{ ( )}rl (l —A)—j Aa~—a~ (20)
T2 rl

in which

rl = the total loss in the signal circuit,

rz = the total loss in the idling circuit,

8X1 = the reactance of the umpumped signal circuit which

is assumed close to resonance,

8X2 = the reactance of the unpumped idling circuit which

is assumed close to resonance, and

A= the ratio of negative resistance to positive resistance

in the signal circuit.

It can be seen that the real part of the impedance is indepen-

dent of small changes in operating frequency and the imagi-

nary part is frequency dependent. The signal frequency

equivalent circuit consists, therefore, of a series combination

of positive resistance, negative resistance, and series resonant

circuit of appropriate Q.

Now we can derive the operating bandwidth of the ampli-

fier BOPfrom (20) and it is given by

B =(l–A) =Bff(l_A)
OP

lle
(21)

—+—
B, B,

where B1 is the unpumped signal circuit bandwidth, and B2
is the unpumped idling circuit bandwidth, and B.ff is the

effective bandwidth of the signal circuit.

Figure 17 shows a series resonant circuit consisting of a

capacitance C, inductance L, and resistance r which is con-

nected to an external resistance R. The circuit is resonant at

the frequency w Across R is connected a parallel resonant

system of inductance L’ and capacitance C’. C) and Lf are

also resonant at a.

Analysis of the equivalent series circuit shows that there is

reactance compensation for the condition.

cfR._?-. (22)
W2CR

This condition is independent of r.
Now the bandwidth (BJ of the uncompensated circuit is

given by

U2CR
B,=—— when R >> r

2i’r

so (22) can be written as

Substitution of (23) into (22) gives

But we know that

(23)

so that

(’JfR = 1 (24)
rG112B0

which expresses Cl

G1’2B0product and

cuit, R.

in terms of the uncompensated circuit

the external loading on the signal cir-
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Fig. H’. Series circuit with shunt compensatory network.

APPENDIX VI

When it is not physically convenient to provide a com-

pensatory shunt resonant circuit using lumped components,

it is necessary to use distributed components to achieve the

same rate of change of reactance as with the lumped-shunt

circuit.

Figure 18 shows a short-circuited line of length 11in shunt

with an open-circuited line of length L The characteristic ad-

mittance is Yo.

The total susceptance B of this system across AA’ is given

by

B = – YO cot B1l + YO tan B12

and

~B
—. ~ (11+11 cot2 /311+ 12+ 12 tan’ B12)
8(J c

where c is the velocity of light.

Since the system is resonant we can write

~,+ ~, = (2n + 1)X

4

and 6B/&J becomes

~ (2n + 1) ~ (cosec’ (311).
c

(25)

Now the lumped shunt resonant circuit with capacitance

C has a rate of change of susceptance ~d/15w given by

8B
— = 2C.
&l

(26)

bz!?5+
Yo

Fig. 18. Short-circuited line 1, in shunt with open-circuited
line Iz with characteristic admittance YO.

Equating (25) and (26) we get

4C.
Yo =

7r(2n + 1) cosec2 @l

which expresses the characteristic impedance YOand length

1, for the distributed system to have a rate of change of sus-

ceptance with frequency equal to that of a lumped capaci-

tance C and a lumped inductance with the same resonant

frequency as the distributed circuit.
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