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(Determination of the Optimum Connection Length
between Modules in the Design of Microwave
Multistage Amplifiers using Amplifier Modules)
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Abstract

In the design of microwave multi-stage

amplifiers composed of N amplifier modules, the variation

o) 5e A Heh chekE%y) Ao

of performances of amplifier as various connection length between modules has heen studied. In
addition, the methods, equations and conditions for the maximum gain or the most flat gain are
presented. The results of sensitivity analysis for the connection length showed that the small change
in phase of input, outpul reflection cocfficients(S1, Su2) of module itself is the most important in
determination of connection length for the most flat gain. The gain flatness of 2-module amplifier of
which connection length between modules had been determined by presented methods was the best
one out of performances with various arbitrary connection lengths.
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Fig. 1. The definition and configuration of
single-ended amplifier modules and their
connection.
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Table 1. The Si1 and S» of amplifier mo
dule shown in Fig. 3.
Frequency ’ Sn S
[GHz] Mag Ang | Mag Ang
30.40 0.30314 -149.007 | 0.30189 128.336
30.50 0.30235 -157.320 ' 0.30705 127.740
30.60 0.30234 -164.225 | 0.30706 116.808
30.70 0.30292 -169.812 | 0.30179 125755
30.80 030434 -174.177 | 029121 124.780
30.90 030722 -177.430 | 0.27539 124.113
31.00 031251 179717 | 0.25454 124.077
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Fig. 7. Small variations in phase of Si1 and S

of amplifier module shown in Fig. 3.

A1 (18)ell &3 ay, by, az b, M, Mx 9=
418 AR 39 9”le® Ada), dbi, dax dbe7t
alt} °l74£ [S ] moaueellA Syp, S2] $4fe] Al
ke 7|3t UH’T‘ Zagk o|u]E szl o
x} ﬂ zh Farolia FH
2o 7101 IZHEe } T0.034 oMlE
Aoz} sick °l7L~ olf= FHES Sy, S0

/\l:l s}
_I_.‘_'L

1_.

Erg
=1

(129)

Bk DIE FI3HE 29
slapel Wsbrt =2 o] whirolek webd day, by,
du. dby2) WSHE I ek I3 39) S 2
sEnEe] o] Welre] S, S»el =) 94k
12k 23] 7ol vhehgich

ael} FEREe) Sy, Swo) el s} 2 7
Ay olEg Ay & alv”« WAl zgl‘;o

0
3L
5N

°1 o AAY wel), e}
8 9ol vield 7l zle] of
Afolla] S 2F 130°, Sooi= oF 62°9] vl & S
a5 sk webd A AR)lA dan, dby, das, 4
gke] A3, dlo] XA =eo} Axpdoz 1 103

7R 3HES derh oA Si, Swol HAT A
7} kel AR Bk ARe & ol o2l 2%
wEE ARtk )= gledy "EleE 24| 3
27h g ofell, chg el AMIE ek
.

SPaareer[dB

; 512,
100 105 110 115 120 125 13.0 13.5 140 145 150
Frequency [GHz]

j-a::] 8 L 6]"’}"] Z}EE'—JE’—O] oﬂ [S]module = 1}3_11‘]
A FIE125GHz) A ell4] o] Fol v
9 HEerlar Exlo] & ZlAy Hwalry,

(FA T =12.5GHz, FHX35LG(Packa-
ged HEMT), 15mil Teflon( € .=2.6))
Another example of amplifier module
with 12.5GHz of center frequency. This
module has good flat gain  within
bandwidth with itself, but there are
rapid changes in phase of S and 52 as
shown in Table 2 and Fig. 9. (Center
frequency=12.0GHz, FHX35LG(Packaged
HEMT), 15mil Teflon( & =2.6)).

Fig. 8.

E}&}

— e

V.

0

ol

=2
==

%1% AAY W Jba olgHel
Fapoll A} Hehel o] 58 ARIAl FAel Hxt
=7} eHAEE o) BAojv)h 1eu)

h=4
BE

154



£ sloz23} GuzE

o2 AAA elgdA(trade- off)-2 2882 gh}

B 2. 2% 83} 32 FEZRE S Sy
Table 2. The Si; and S» of amplifier mo-
dule shown in Tig. 8.
M I
Frequency Sn ‘ S
[GHz] Mag Ang | Mag Ang
12.20 031914 -103.411 | 0.27864 174.060
12.30 0.29793 119701 | 0.28959 168.220
12.40 0.27722 -136.362 | 0.29461 161.241
1250 1025602 154.329  0.29336 152.902
12.60 0.23447 -175.014 | 0.28496 142.711
12.70 021504 159549 | 0.26816 129.777
| 1280 0.20843  127.427 | 0.24218 112.446
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Fig. 9. Large variations in phase of Sy and S»
of amplifier module shown in Fig. &
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