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ABSTRACT

The inherent relations between

tributed amplifier and the FIR

the microwave dis-

( Finite Impulse

Response ) digital filter are determined by the digital sig-

nal processing theory. In accordance with the relations,

the distributed amplifier can be designed in time domain

and the window function technique can be introduced in-

to the design method. In addition, the design example is

offered to demonstrate that the design method is simple

and effective.

INTRODUCTION

The distributed amplifier was first proposed to pro-

duce an amplifier without the gain — bandwidth con-

straint [1]. Recently, with the rapid development of

MMIC, much attention is paid to the performance of the

microwave distributed amplifier using MESFETS. How

— ever, up to now, there is no explicit procedure for the

amplifler synthesis.

In this paper, these inherent relations between the

distributed amplifier and the FIR filter are determined.

With these relations, the distributed amplifier can be re-

garded as an FIR filter and some design methods for the

FIR digital filter can be exploited for the distributed am-

plifier ~ynthesi~. As a ~imple and useful de~ign method

for the FIR filter, Window function one [5]is introduced

to the distributed amplifier synthesis so as to improve

the efficiency of the distributed amplifier. The design

procedure is proposed and an example is given.

THE RELATIONSBETWEENTHE DISTRIBUTED

AMPLIFIER AND FIR DIGITAL FILTER

The FIR filter is a kind of simple and absolute sta-

ble digital filter with the property of linear phase shift.

It is composed of the time delays and the multipliers

whose coefficients are the contents of the time — domain

impulse response function h(k) of the FIR filter. The

traveling path of the unit input signal in the FIR filter is

shown in Fig. 1.

During the advanced of D.SF’,a lot of methods have

been proposed for the FIR digital filter design. Among

them, window function method is a simple one. The

core of the method is utilizing window function W(k) as

expressed in eq. 1 to truncate the time — domain impulse

response function hd (k ) of the ideal low — pass filter as

defined in eq. 2 to obtain h(k).

w(k) = 1 ()<k <N-l

W(k) = O otherwise

where N is the length of window function

(1)

h.(k) =
sin(~p * k)

(2)
z++k

where u is the normalized cutoff angle freauency of the

ideal lowpass filter.

301

CH3277-1/93/OooO-0301 $01 .0001993 IEEE 1993 IEEE MTT-S Digest



h(k) = h.(n) * w(k) (3) distributed amplifier synthesis to improve its specifica-

The scheme of the distributed amplifier is shown if Fig. tion. Here, for its simplity, the window function

2. The traveling path of the unit input signal from the method is utilized for the distributed amplifier synthsis.

input port (port I ) to the isolate port (port 4) in the In addtion, the current widely used distributed amplifier

distributed amplifier is shown in Fig. 3. can be synthezed by directly using the rectangular win-

Comparing Fig. 1 with Fig. 3, it is found that dow function.

( 1 ) The phase shift in the distributed amplifier

caused by each transmission line section corresponds to

the time delay in the FIR filter,

(2) The amplification coefficient of each stage am-

plifier A~ in the distributed amplifier corresponds to the

coefficient of each stage multiplier ak in the FIR filter.

THE DESIGNPROCEDUREAND EXAMPLE

In this way, the design methods for the FIR digital

filter can be used for the distributed amplifier synthesis.

The distributed amplifier can be designed as follows,

(1) Chose the window function w(k) according to

the specified standards of the reverse gain of the dis-

tributed amplifier.

(2) Let &nk=a* w(k) (4)

(3) According to the forward gain Gt of the dis-

tributed amplifier, the parameter a can be obtained from

the following equation.

For example, Using the Hamming window function, a 5

stage distributed amplifier with gain = 15dB, Z~ =

50fl and Z., = 50fl is designed. The g~kcan be calculated

and the results are listed in Table 1. The normalized re-

verse gain characteristic against 0 of the distributed am-

plifier is shown in Fig, 4,

CONCLUSION
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For there are correspondence relations between the

distributed amplifier and the FIR digital filter, many de-

sign methods for the FIR filter can be exploited for the
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Fig.2 Tk scheme of the distributed
amplifier
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Table 1 g- FOR THE 5-STAGE DISTRICTED AMPLIFIER

i
k 1 ~ 3 ~ / 5

=yals) 78 104 130 104 78
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