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Abstract

Design equations are derived for matched microstrip equalizers which provide a specified gain at three passband frequencies and present a
good match to both source and load. Desiw examples compare measured results to theoreticii predictions, and the application of matched ecwml-

;zers to microwave amplifier design is discu-ssed. “
. .

Lossless equalizers can be designed to any desired gain versus
frequency slope.1-2 These reactive equalizers provide compensation

by reflecting unwanted available power and are therefore not satisfac-
tory in applications where a good match is to be presented to both
source and load. Here the relevant equations are obtained for the de-
sign of a specific type of matched equalizer which is conveniently
realized in microstnp form. These matched equalizers are designed
to have an exact match at the passband edges (u u and w L) and en

approximate match within the paesband (u L <0<0 u). The 10SSof
these equalizers is O dB at the upper cut-off (O u), can have any speci-

fied loss at the lower cut-off (u L) and a loss which can be approxi-

mately specified at any frequency within the paesband.

Equations for the gain and matching of the basic equalizer struc-

ture of Figure 1 are first developed. These equations are then made
more specific as they are applied to the resistor-transmission line cir-
cuit of F@re 2 and finally to a circuit convenient for microstrip
realization (Figure 3).

Design steps are outlined and illustrated through specific design
examples and measured results are compared to theoretical predic-
tions. Finally, the application of matched equalizers to microwave

amplifier design is discussed and illustrated.

Development of Design Equations

The equations relevant to the equalizer design are here first
developed in terms of the basic equalizer structure of Figure 1, next

applied to Figure 2 and finally to the circuit of Figure 3. The trans-
ducer gain for Figure 1 can be written as follows:

GT= ‘L = 4 IY1 12
(1)

~s
I(Y2+Y1 +1)%,21 2

(Generaf Equation for Equalizer Transducer Gain)

The requirement of a good input and output match (yin=yout=l)

requires a favorable relationship between yl and y2. The relationship

between yl and y2 to assure matching of the equalizer is:

y, . 1 - y22

*Y*
(2)

(Condition for Matched Equalizer)

We will apply equation (2) to assure a perfect match at the lower
end of the passband (u L). Further, since the resonators of Figures 2

and 3 are all tuned to u u), a perfect match at u u is also assured. This

matched condition at the band edges (O L and u u) implies that the

equalizer will be reasonably well matched and that equation(2) wilf

approximately hold throughout the passband (U L < @ < u u). This
assumption of good matching throughout the passbrmd allows the
simplification of equation (1) under the assumption that (2) holds.

The resultant transducer gain is called the matched transducer gain
(GTM) and is obtained by substituting (2) into (l):

(Transducer Gain of Matched Equalizer)

This is the matched transducer gain and wilf be used in the design
procedure to obtain an exactly prescribed loss at Q L and an approxi-

mately prescribed loss at u M (u L <0 M < u u).

Equations (2) and (3) will now be applied to the circuit of Figure
2 to obtain an equfllzer to the following specifications:

e.) an eXaCt match at u L

b) a specified gain at u L: GT (O L)

c) an approximately specified gain at u M (u L<@ M<@ u):
GT (CJM).

The matching condition at m L results in:

‘1 + j(l/ZO1 )tan(wL~)

‘!- ‘2J+++*J ‘4)’22 R22+XL

where XL ‘ Z02 tan(~L~) and T = —
2;”

The gain specification at o L results in:

GT(WL) = (R2-1)2 + XL*

(R2+1 )2 + XL*

The gain specification at m M results in the approximate relation:

GT(@
~ (R2-1)2 + XM2

(R2+1 )2 + XM2

where x
M

= Zo2tan(t0M~)

(5)

(6)

Equations (5) and (6) provide a simultaneous solution for R2 and

Z02. If these equations are combined to eliminate Z02, a quadratic

equation in R2 results:

308



AR22 + BR*+C. O

Fj=c=(G~(QJL)-l- 1( GT(wM) + K)

B = 2( GT(uL) + 1 - K G-r(~M) - K)
(7)

K = (1 - GT(~L))taf12((oLT)
(1 - GT(WM)) hI’12([I)MT)

Equations (4) through (7) are sufficient for obtaining R2, Z02,

Gland ZOlof Figure2. Theseries L- Creslization of ZOl can be

obtained byrequiring that the L- Cresonatorhavethe same admit-
tZUCe ZSZolattiLZUIdtiU. Theequations resulting from this

requirement are as follows:

This design was re~ized as shown in Figure 4 and tested on a net-

work analyzer. Figure 5compares measured versus predicted results.

Exarnple2: A500hmequalizer istobedesigned to operate between

5 and 13 GHz with 3 dB loss at 5 GHz, 1.5 dB loss at 9 GHz, and O dB
loss at 13 GHz.

With GT (9 GHz) = –1.5 dB, steps 1 through 4 produce a solution

with R2 = 248, Z02 = 149, G1 = .0479 and Zol = 32.35. Since the

149 ohm characteristic impedance is difficult to achieve in microstrip,

the problem is respecified with GT (9 GHz) = –2.0 dB. Steps 1 through

4 produce a solution with R = 270, Z02 = 110, G1 = .0524 and

Zol = 44.1. Step 5 produces a series resonant circuit approximating

Zol with L = .353 nH and C = .425 pF.

The response of this design and comparison to theoreticeJ data is
shown in Figure 6.

Armlication of Matched Eauafizers in

.
1-= ‘o 1 —

fJ+Jtafl(h)L~)[~u/b)L- oL/u(J] (8)

c. -L___
2L

‘u

Equations (4) through (8) are sufficient for the design of the
equalizer of Figure 3 to a prescribed GT (~ :L) and GT (CJM).

Outline of Equalizer Design Procedure

The following specific design steps outline the procedure for ob-
taining L, C, Z02 and R2 of Figure 3 from a desired GT (CJL) and

GT (CJM).

Step 1: Obtain value(s) of R2 from equation (7).

Step 2: Apply equation (5) to obtain the value(s) of Z02.

Step 3: Use equation (4) to determine value(s) of G1 and ZOl.

Step 4: Scale afl values of impedance from 1 ohm source and load
to the desired impedance level.

Step 5: Obtain L and C for the tuned circuit realization of ZOl in
Figure 3 by application of equation (8).

Step 6: If steps 1 through 5 have not produced a realizable solution,

GT (co M) and/or GT (OJL) should be respecified and steps 1

through 5 repeated.

Design Examples—

The design examples are presented here following the numbered

steps outlined in the previous section.

Example 1: An equalizer is to be designed for operation over 5 to 13
GHz in a 500 system. The desired losses ane 6 dB at 5 GHz, 3 dB at

8.06 GHz and O dB at 13 GHz.

Step 1: Equation (7) gives R2 = .473 and R2 =2.11.

Step 2: Equation (5) produces Z02 = .666 (for R2 = .473) and

Z02 = 1.83 (for R2 = 2.11).

Step 3: Equation (4) gives G1 = –.170 and ZOl = .849 (for R2 =

.473, Z02 = .866) and this solution is discaxded.

For R2 = 2.11 and Z02 = 1.83 Equation (5) produces

G1 = .882 and ZOl = .938.

step 4: Impedance values are scaled to the 50 ohm level:
R2 = 106Q, Z02 = 91.50-

GI = .0176 mho and Zol = 46.9!2.

Step 5: Equation (8) gives L = .375 nH and C = ,399 pF.

Microwave Amplifier Design

The gain roll-off with frequency of microwave transistors can be
compensated by lossless coupling networks which exhibit a gain roll-up

with frequent y2. These lossless networks achieve compensation by re-

flecting unwanted available power and do not provide a good match to
the components with which they are cascaded. The matched (1OSSY)
compensators described here, however, can compensate the gain roll-off
of microwave transistors and still present a good input and output
match. Figure 7 illustrates the methods of compensation. In Figure 7a
the 6 dB/octave gain roll-up required to compensate the GaAs FET is

accomplished by a lossless (reflective) compensator and results in a high

input VSWR at low frequencies (Figare 7c). In Figure 7b a flat (no
compensation ), input matching network matches the input impedance

of the FET to 50~ and the matched 50f2 compensator provides the

6 dB/octave compensation while maintaining a good 5052 input and out-

put impedance. The good input VSWR obtained by the lossy (matched)

compensation amplifier makes the resultant amplifier readily cascade-
able.

Conclusions

The design equations here presented provide a direct method fur

obtaining matched compensators of desired gain versus frequency pro-
files which are compactly redlzable in microstrip form. These matched

compensators present a good match to both source and load and there-
fore are easily cascadeable system building blocks. They provide a con-

venient means of compensathg the gain roll-off of microwave amplifiers
and provide well matched, easily cascadeable amplifier gain stages.
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Figure 1. Basic Equelizer Structure
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Figure 3. Equalizer with series resonant rtialization of series
line ZO1. All lines are M4 at CJu and L and C are

resonant at o“.
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Figure 2. Resistor-Transmission Line Equalizer, Figure 4. Construction Tachnirrue for Matched
All lines are k/4 at CJu.
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Figure 5. Matched Equalizer Providing 6 dB of Compensation from 5 to 13 GHz.
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Figure 6. Matched Equalizer Providing 3 dB of Compensation from 5 to 13 GHz.

FET

a) Amplifier with “lossless (reflective) b) Amplifier with lossy (matched) compensation

compensation 20 f--’----f--- I I I I

15 ,

10 Lossless Compensation

1-

Input VSWR

5’ .

3

2

1

6 7 8 9 1.0 11 12
Frequency GHz

c) Comparison of Input VSWR’S
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