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REFLECTIVE MATCH, LOSSY MATCH, FEEDBACK AND DISTRIBUTED AMPLIFIERS:
A COMPARISON OF MULTI-OCTAVE PERFORMANCE CHARACTERISTICS

Karl B. Niclas

Watkins-Johnson Company

Abstract - The performance of multi-stage
single-ended GaAs MESFET amplifiers are com-~
pared when employing one and the same tran-
sistor type. Supporting experimental results
include those of a 3-17.5 GHz reflective match
module, a two-stage 2-18 GHz feedback amplifier,
a two-stage 2-20 GHz, as well as a four-stage
2-18 GHz distributed amplifier.

Three circuit design principles exhibiting excel-
lent ultra-wide band characteristics are now chal-
lenging the concept of the balanced reflective
match amplifier. These are [1] - [9]:

1. the lossy match amplifier,
2. the feedback amplifier, and
3. the distributed amplifier.

Characterized by their simplicity, compact size
and low cost, they represent attractive options
whenever an economical solution to wide-band am-
plification is of primary concern.

Finding the optimum solution from these four
circuit types poses, however, a difficult problem
and has no simple answer. In an attempt to com-
pare the performance characteristics of these alter-
natives, one needs to establish certain conditions
to arrive at a meaningful solution. To keep mat-
ters simple, we chose only the following two:

1. all amplifiers
use identical
active devices g 9

are presented in Fig. 1. The latter have been ob-
tained from the measured S-parameters of a GaAs
MESFET with a 0.5 x 300 4m gate and a 2 °* 1017
cm ° carrier concentration.

The topologies of the amplifier modules and the
values of their components are presented in Fig. 2.
The values of all passive circuit components have
been optimized for best gain performance and do
not represent the optimum conditions for noise fig-
ure. The positions of the active device in both the
lossy match and the feedback amplifier are occupied
by two GaAs MESFETs in parallel. This is due to
the insufficient gain produced by the single device
for these types of circuits. In order to achieve an
equivalent gain with the distributed amplifier, three
links are required. [9]

In the following we will show that similar gain
performance may be obtained with the four circuits
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L]
§ MULTI-STAGE AMPLIFIER PERFORMANCE below 9 GHz and there-
3 STAGES | TYPE | SSGAIN | MaAX. vswR MIN. fore not very well suited
& dB K-FACT. for cascading.
g ! INPUT jOUTPUT As already pointed out,
“ 1 the choice of the circuit
RM | 66:10 © | 73 0.21 : :
tm | 68:05 | 47| 28 174 type is mostly dictated by
! FB | 5405 | 34| 20 2.80 the reflection coefficients
DA 7.0+ 05 13 14 2.75 for they represent the
$ . 3 most critical parameters.
g zm :3'2;?'3 69 | 27 5253 The importance of the mod-
g 2 FB | 112:10| 34| 21 18.1 ules' input and output
§ DA 146 +1.0 15 1.6 135 VSWR becomes very much
D%',Csigrgm’“ M _ _ _ _ apparent \x{hen casc.ading
2 v | 209:30 75| 27 188 several units. The impact
3 FB | 172:18| 34| 21t 108.8 on gain, gain flatness,
DA 218+15 1.5 1.6 75.7 maximum VSWR and stabi-
lity factor is summarized
| 2eie| 78| 27 646 in Table I, While the gain
4 EB 227 +3.0 3.4 2.1 672.7 characteristics of both the
= DA | 29.0:20 15| 16 408.2 feedback and the distrib-
£ uted amplifier may be ac-
§ % tm wss08| 78| 27 B ceptableup to three stages,
g 5 6 FB | 341:60| 34| 21 - as long as gain flatness
3 S DA | 435:30 15| 16 - is of concern, only the
: distributed amplifier prin-
3 ciple appears to be usable
Table 1 above three stages.
A number of multi-
e 4f octave single-ended solid-
S state amplifiers employing
= e lossy-match, feedback or
g F3 ol distributed circuits have
& » been described in the lit-
§o.s_ \\ s % g ;rature. [31 [9] [12] )
2 N 35 a ) ) ) ) ) ) ere we shall present ex
g gab N ] 5 2 4 8 10 12 M ¥ B perimental data obtained
§ AN A1 FREQUENCY - GHz from a 3-17.5 GHz reflec-
5 e tive match module, a two-
R IS Vit Fig. 4 3-17.5 Reflective Match Module  stage 2-18 GHz feedback
gl 1v® amplifier and a two-stage
0 1 1 L 1 L

L n
2 4 6 8 10 12 4 16 18
FREQUENCY - GHz

Fig. 3 Computed Characteristics

illustrated in Fig., 2. Their computed small sig~
nal gains, noise figures and reflection coefficients
are plotted in Fig. 3 across the band of interest.
While the average gains of all four amplifier types
remain within 1.6 dB of each other, the reflection
coefficients exhibit vast differences. The latter,
more than any other parameter, dictate the feasi-
bility of the design principle in case of multi-
stage operation. The average noise figures of the
four types stay within 1.1 dB of each other. Com-
paring the data, the distributed amplifier demon-
strates the best gain flatness, the lowest reflec—
tion coefficients and the highest stability factors.
Its maximum noise figure, however, exceeds those
of the other modules. The lossy match amplifier
shows the best overall noise figure in addition to
excellent gain performance. The feedback ampli-
fier trails both the lossy match and the distribut-
ed amplifier in gain, but has the advantage of
lower reflection coefficients over the LM unit. In
contrast, the RM module is unstable at frequencies

as well as a four-stage 2-18 GHz distributed ampli~
fier. While the results support what has been dis-
cussed so far, they are not meant to represent the
exact experimental proof to the computed results of
the circuits in Fig. 2.

While no attempt was made to design a 2-18 GHz
reflective match amplifier, we have studied the fea-
sibility of a 4-18 GHz module using the GaAs MES-
FET described in Fig. 1. The rather limited effort
was confined to the design of a single-stage module
and was terminated with the measurements of its
gain and reflection coefficients, The gain performance
is plotted in Fig. 4, demonstrating G = 6.8+ 1.1dB
between 3 GHz and 17.5 GHz,

Encouraged by the computed results shown in
Fig. 3 and the multi-stage characteristics of Table I
it was decided to study the feasibility of a two-stage
feedback amplifier. Since, however, the use of two
parallel transistors in a feedback amplifier is some-
what impractical, the decision was made to replace
the two devices with a single sub-half micron gate
GaAs MESFET of matching characteristics.

Fig. 5 shows the curves of the small-signal gain,
the noise figure and the return loss between 2 and
18.5 GHz. A gain of G = 10.8 #.7 dB and maxi-
mum return loss of -4.4 dB (VSWR of 4:1) for the
input port and -9.5 dB (VSWR of 2:1) for the out-
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put port were measured between 2 and 18 GHz.
Across the same frequency band a maximum noise
figure of NF = 7.1 dB was recorded.

The data measured on our distributed amplifiers
was taken on a two-stage and a four-stage unit
whose individual stages were essentially built to the
schematic of Fig. 2 (DA) with the exception of the '5“\ INPUT

SSG6 - dB

drain bias circuitry and the resistance of the drain w -0\ _A/ N AN i
termination. The gain, the noise figure and the 3 A A ‘V\,'/,' \n
. . R I V4 / i Vi
return loss of the two-stage unit are plotted in a -1 R Py \ \ ,.:'\
Fig. 6. A gain of G = 12.3 *.55 dB and a maximum z -f \ Py e A Vi
return loss of -8 dB (VSWR of 2.3:1) for the input ::; \ N ouTPUT-/ } i\‘j'\wl\
and -7 dB (VSWR of 2.6:1) for the output terminal & 5 | ! Vo ! Ry
were measured from 2.0-20.0 GHz while the maximum -39l B P A IR
noise figure was NF = 9.6 dB between 2 and 18 GHz. 24 6 8 W0 L W b B D
The curves for gain and return loss of the 4-stage FREQUENCY - GHz
amplifier are shown in Fig. 7. This unit exhibits
a gain of G=19.4 *.9 dB while a maximum input Fig. 7 Measured Characteristics of Four-Stage
return loss of -7.5 dB (VSWR of 2.5:1) and output Distributed Amplifier
return loss of -6 dB (VSWR of 3.0:1) werjeachieved between 2.0 and 18.0 GHz.
In conclusion, when utilizing one and the same
- 12 type of active device in all four circuit types, the
ki computed results reveal gain and noise figure char-
5 11/\/\/\//\ acteristics that make it difficult to favor one con-~
o 10 cept over the others. However, when the gain
v 9 ) specifications require the cascading of two or more
g gain modules, as is the case in most practical ap-
2 plications, the reflection coefficients of the input
E} 7\/—/\\/\/\—/ and output ports become of major significance and
= 6 the choices narrow down with the number of cas-
Z caded stages. As demonstrated in Table I, for
2 s more than three stages the distributed amplifier
0 INPUT is clearly the favorite option. In order to support
o -5 \ e N some of the computed results, a number of ampli-
K R TR fiers were built and test results presented.
g-m T ‘,_,'—\‘,\_\\ .
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Fig. 5 Measured Characteristics of Two-Stage
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