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Abstract

This paper reviews the techniques and capabilities
of CAD Synthesis algorithms which have the
capability of designing interstage networks with
expanded topology selections. This enables the CAD
synthesis of multi-stage amplifiers and increases
the opportunity to find an optimum design solution.
design problem. Specific ultra-wideband amplifier
design examples are given which illustrate the
effectiveness of the CAD Synthesis algorithms and
design techniques.

~ IntroductionA

In recent yeara synthesis methods have been

successfully applied to the problem of designing

matching networks for wideband microwave

amplifiers. Many of the available CAD algorithms,

however, do not offer the capability of designing

interstage networks nor do they offer the full

range of topology selections necessary to provide a

wide range of flexibility in finding an optimum

design solution to a microwave amplifier design

problem. This paper reviews the techniques and

capabilities of CAD Syrthesis algorithms which have
the capability of designing interstage networks
where arbitrary impedance levels and parasitic
elements are present at both ends of the matching
network. Also, The ability to design with
topologies of arbitrary order (including odd order)
and arbitrary number of low-pass and high-pass
elements increases the opportunity to find an
optimum solution to a given design solution.
Specific design examples are given which
demonstrate the effectiveness of the CAD Synthesis

algorithms and design techniques.

B The Power ~ Desi!znin!z Intersta$ze Matching.— —

Networks

The algorithms described in this paper allow

specification of arbitrary impedance levels and

inclusion of parasitic elements at both ends of

matching network, thus allowing the design of

interstate networks. In addition to the

a

specific~tion of any desired source (impedance and

parasitic) and load (impedance and parasitic), the

designer specifies a desired bandwidth, ripple,

gain slope,’ response type (equiripple or maximally

flat) and topology. The CAD Synthesis algorithms

provide the matching networks to the given

specifications in an automated and time-effective

manner. These algorithms thus enable interstage

design and provide the following advantages :

-Multi-stage amplifiers can be designed.

-The complexity of the design is decreased because

a single interstage replaces two matching networks

: an output matching network and an input matching

network. This added complexity decreases circuit

size, line lengths, circuit lees and the overall

cost of the design.

-Frequency response compensation can be readi”ly

designed into interstage networks without

generating mismatch problems at the input or

output of the amplifier.

The operation of the interstage synthesis

algorithms is outlined as follows:

-The synthesis algorithm checks the frequency

response specification and assures that the

required parasitic on ~ sides of the network

can be included before proceeding to synthesize.

If necessary the gain of the response is reduced

enough to accommodate the rec[uired parasitic.

-The synthesis algorithm considers all possible

combination of the reflection coefficient zeros to

find solutions to accommodate parasitic on both

sides of the network. This increases design

alternatives and avoids unnecessary reduction of

the gain of the network.

-For bandpass networks , transformations on the

network provide the necessary impedance shifting

without altering the response.

~ ~ Flexible TODOIOFieSc

Most CAD synthesis algorithms employ low-pass or

low-to-bandpass transformed topologies. This

places the following restrictions on topologies:

N = Order = Even

J - Number of high-pass elements = N/2

The algorithms described in this paper enable more

flexible topology parameters as follows:

N = Order = Even -or- Odd

J = Number of high-pass elements -- 1,2. ..2!2N. ..N

This greatly enhanced flexibility in the selection

of the topology increases correspondingly the

design flexibility and the opportunity to obtain a
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more optimum wideband amplifier design.

For low-pass topologies, a frequency response of
the following form is employed in the algorithms:

Gain

I /“l

o-c
o FI

Since the zero-frequency (de) response is not part

of the passband, the dc response can be specified

independently of the passband response. Since the

dc response controls the impedance transformation

of the network, a desired impedance can be obtained

without unnecessary gain reduction in the passband.

Note that this approach optimizes the inclusion of

parasitic elements while maximizing gain

bandwidth, because gain-bandwidth from dc to F1 is

not unnecessarily used.

D. Amulifier Desire Procedure and CAD

Implementation

The design methodology employed is graphically

illustrated in Figure 1. As shown in this design

methodology, active devices must often be modified

with feedback or loading in a wideband amplifier

design. to achieve one or more of the following:

-Device stabilization : avoid oscillation

-Frequency response compensation

-Impedance matching : to improve the feasibility of

input and output impedance matching over the

passband

The design steps outlined in Figure 1 are automated

including :

-Device modeling

-Matching network synthesis

-Matching network optimization

-Amplifier compilation from device and matching

network files

-Top level amplifier analysis and optimization

Intermediate results are stored as named filas for

convenient future recall.

~ DesiEn of Two Staze GaAs FET Amulifier withE

Transmission ~ Matchin!z Networks

A two stage amplifier is to be designed to obtain

the maximum practical gain over the frequency 4-18

GHz . A distributed realization is desired for

implementation purposes. The design process

follows the procedure outlined in Figure 1 :

a)

b)

The device selected is the NEC 70000 GSAS FET.

The feedback and loading scheme is shown in

Figure 2. The criterion for this design was to

provide frequency response compensation and make

the input and output impedances easier to match.

c)

d)

e)

f)

The modified device including feedback and

loading circuits was then gain and impedance

modeled. The resultant device model is shown

Figure 3.

The input, output, and interstage matching

networks were symhesized to prescribed

bandwidth, gain and ripple using the

described algorithms. The algorithms assure

that needed impedance transformations and

parasitic inclusions are made.

The CAD design of the interstage is shown in

Figure 4. Note that the topology for this

interstage had 8 total elements (before

impedance transformation and parasitic

extraction) and 5 high-pass elements.

The matching networks were individually

optimized. At this stage of the design,

in

modeling approximations are removed, and actual

device parameters are used.

The matching networks were cascaded with the

(modified) active devices, then analyzed and

optimized.

The resultant Amplifier is shown in Figure 5 and

the frequency response in Figure 6. In Figure 6,
the gain response is shown before and after

top-level optimization. The slight differences in

these responses illustrate that the individual

matching network designs were very effective.

F~ Design of a Two Staze GaAs FET Amplifier with

Lumued Matching Networks

A two stage amplifier is to be designed to obtain

the maximum practical gain over the frequency 2-18

GHz . The design process follows the procedure

outlined in Figure 1 and the preceding design

example.

The Completed amplifier is shown in Figure 7 and

the resultant response in Figure 8,

G~ Design of Two Stage GaAs FET Amplifier with

Transmission ~ Matchinz Networks & Low-Pass

Form-

A two stage amplifier is to be designed to obtain

the maximum practical gain over the frequency 0-18

GHz . The design process follows the procedure

outlined in Figure 1 and the preceding design

example. Since the design is to operate at dc, the

matching structure is chosen to consist of series

lines and shunt open stubs : a distributed

realization of a low-pass matching structure that

will provide dc coupling to the signal.

The Completed amplifier is shown in Figure 9 and

the resultant response in Figure 10.

H. Conclusions

CAD Synthesis is a powerful tool for the design of

matching networks for wideband microwave

amplifiers. This tool is made more powerful and

more flexible when the synthesis algorithms are

exuanded to include interstage design and to allow
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more flexible topologies. The amplifier designs

illustrated show that very effective designs can be

obtained with these enhanced tools, with all of the

design steps automated in the CAD Synthesis

algorithms.
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Units are Ohms,pF,nH, and Degrees @Fu=18 GHZ

Open stubs are 25 Ohm, Shorted stubs and series lines are 100 Ohm.

Figure 5. Two stage GaAs FET Amplifier with Distributed Matching Networks
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Figure 7. Two stage GaAs FET Amplifier with Lumped Matching Networks
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Figure 9. FET Amplifier with Distributed Matching Networks of Low-Pass Form

Figure 8. Two Stage FET Ampllfler
Figure 10. Two Stage FET Ampllfler

with Lumped Matching Network* with D18trlbuted Matching Networks of LOW-PS8S Form
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