
OF-II-23

ANEWEFFECTIVEAPPROACHFORHIGHYIELDIIfICROWAVE
MATCHINGNETWORKANDAMPLIFIERDESIGN

Chuyu Sheng, Yam Wang

Radio Engineering Department, Southeast University
?ianjlng, Jlangsu 210018, The People’s Republic of China

ABSTRACT: In this paper, orthogonal array
experiment of statistics is at the first time
intPOt7UCed t06eSign high yle.ld matching net-
works and.$elect high yieki topologies of mat-
ching networ~s for the load impedances located
at the different regions on the Smith chart. The
CWCW designed by this new approach always has
a high yield. Also with this new approach, an
FET amplifier E designed. Its performances are
similar to those of the amplifier of [5],Mzt Jts
yield 1s much higher than that of the latter.

With the rapid development of MMIC, yield impro-
vement becomes more and more important and compu-
ter-aided design of microwave circuits is turning
the emphasis from the performance optimization to
the yield optimization. Purviance et al [11,[2]
studied the yield of the lumped 2-element and 3-
element matching networks. They found that the
yield relates not only to the nominal value and
tolerance of the component,but also to the topolo-
gy of the network. C3eneraHy, the topology affects
the yield of the circuit more strongly than the
nommal value and the tolerance.

When the operating frequency lncreases,the dis-
tributed and the mixed lumped-distributed matching
networRs are appreciatecLSo ~t is the intention of
this paper to study the yzelcl of these matchin&!
networks ancl the corresponding! high yield topolo-
gies. Traditionally, Monte Carlo s~mulation 1s
explolted fOr yield estimation. However, it can be
rather expensive in computation. In any case, such
simulations only enable the designer to estimate
the yield of a given design. The general Problem
of statistical circuit design has not been fully
solved.

Here, orthogonal array experiment (OAE) [31,[4],
which has been widely used in quality control, is
at the fu?st time Introduced as one of the feaSl-
ble methods to design the high yield matching
networ~ and study the yield. In statlstlcs, lt has
been proven to be an effective approach for expe-
riment arrangement and result c!ata analysls accor-
ding to the orthogonal array.In this paper, clrcalt

analYSIS is used instead of the experiment of OAE.
The advantages of this new approach are that the
tolerances of the components are considered and
the average of an appropriate evaluation function
1s used as a yield measure for yield optlmlzatlon
to avoid time-consuming Monte CarlcI simulation. In
this way, the high yield topologies of matching
networks are easily determined for the load impe-
dances located at the different regions on the
Smith Chart and the nominal value of the designed
matchmg network 1s always the des~gn center.

Finally, incorporating with OAE and the high
Yield topologies, a single-stage mlcrowaye FET
amplifier is deslgnedlts performances are slmllar
to those of the amplifier of [5], but its yield IS
much higher than that of the latter.

2. mm YIELD MA’mm’?13 NlrIUWK SIUDY

The distributed r matchu’ug networK has four
possible topologies as shown m Fig.l,Each of them
can match any load Impedance located on the Sm~th
Chart. Before studying the yield of the matchmg
network, the f lr,st problem has to be solved 1s how
to design lt, Usually, the design specification of
the matching networK IS the input reflection coef -
flclent, rln, For the matchmg networK of
Fig.1 , rin can be expressed as follow:

(1)

where 21, lZ 1, 2, 3 and ~L are the characterlstw
UW@ances and load impedance normal lzeci by the
source mxxiance Zg respectively; 11 is the length
of the lth transnusslon 1me and f is the operat-
ing frequency.

To study the relation between the yield anti the
toml ogy of the matching network convenient lY, tJ~e
design m?thod nust be simple and valid In t.lu.s

paper, OAE of statistics is applied for matchmg
network design It revolves two iterative steps.

SI’EP 1, For a speclflc set of ~1,1:1, E!,3, determine
the normalized length of lth transaussion line, Ll,
as follow:

Let the normalized load acinittance be ?LZ~+J8L

and the lnPUt aC3MItt~C@ of the kth transnusslon
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line be ?i~, K= 1, 2, 3.

1) Let ?Inl : -j%. From t.kus equatiom determine

where ?2=1/22. According to Re(?l@)=i,
determine L2

3) Let ?1n3 ~ -Ji$. I?t’om this equation, determme
L3.

SI!EF 2. Determine 21 using OAE as follow:

1) Select the orthogonal array L9(34) as
optimizing array ( also called internal array
[41 ), which is used Lo detere~~: tqe best
combination of Zi. Zl as
the factors (also called optimizing varlbles)
for optimizing array experiments. Let each
factor has three levels. Genenally, there 1s
a range for 21 selection. For example,
the range for Z1 of the microstrlp line
is about 30 0 to 100 f). ~et Zg=
:0 (2, then the levels of Zf anti
Z3 can be selectedflas 0.6, l.? and 2.0,
To satisfy Re(Yin2)=l) Z2 must
satisfy the constraint:

Hence, when ~>!. O, the levels of 52 is ;eleced
l/~? +0. 01 1.0, 2.0 and when q<i, as

~6, 1.0, 1, O\& -0.01.

For each experm?nt of inter array, a set of
21 can be determined. Then L1 can be deter-
nuned with respect to SIEP i.

2) Select L27(313) as error array ( alSO called
external array ) and the above 21, L1, iz 1, 2,
3 as the factors for external array experi-
mnt. With the assuming +-10% tolerance,
select the three levels of each factor as
0.9N, Ii, 1. IN, N denotes the nommal value of
the factor, For each experimmt of error
array, calculate the following evaluation
function E:

(3)

where :rlno: is the reflection coeffient
Specification of the match.mg network In
thLS WOrk, 2010g10( ;rlnof ):-25 cm.

3) Calculate the average of E’s, namely EZZ anti
return to optmizmg array with .& For optl-
nuzmg array, analyze all Es’s accorchng to
the msthod ofw[4] and determine the best
coronation of Zi accorchng to the rule:

The smaller Ea is, the higher the yield is.

To determine theh.@yield topologies ofnkatch-
ing networks, the ,%dth CYmrt 1s ~vlded mto four

regions as shown in Flg.2, 100 ~L’s which are unif-
ormly chstrlbuted on It are selected and e~ch
matching network of Fig, 1 is used to retch Zh
Tnen Monte Carlo sIn?Jlatlon 1s exploited to esti-
mate the corres~nding yield and verify the above
rule, Some results are llsted In Table 1.

From Table.1, two conclusions can be drawn:

1) For the given ~L, the topology of the match-
ing network strongly effects Its ylel@

2) Eacanbe usedas ayieldm?asure for y~eld
I.IrWoveIrrmt and tlnE-consuming Monte Carlo
surulation can be avoided

Summary all the results, the high yield topolo-
gies of the matchmg networks as shown In Fig.1
for the four different load impedance regions are
provided in Fig.2.

With respect to the characters of the open-
termnated and short-termmated transmission line,
the mixed I-d-distributed matclu.ng network of
Fig.3 canbe easily derived from the &strlbuted
one of Fig, !,The design m~od is similar. For each
tom 1gy, the akove iOO ZL’S are used for yield
study. sunnary all the results, the lugh yield topo-
logies for the ~fferent load mpedance regions
are also provided in Fig,2.

In short, for a given ~L,the design approach for
the mghyieldmatchmg network 1s

1. Select the high ylelci topology according to
Fig. 2

2, Use orthogonal array L9(34) as oPtI.nWzlng
array, select ~1 as factors, and deternune the
three levels of each factor appropriately.

3, For a specific set of fii, deternune L1 with
respect to STEP 1.

4. Use orthogonal aqay L27(313) as error array,
select the akove Zl, Ll, 1=1, 2, 3 as factors
and deternune the three levels of each factor
accord.mg to the tolerances, For each experl-
nmt of error array, calculate the evaluation
function E and return to optnnizing array
with the average of E’s, l,e,, Ea

5, In optinuzing array, analyze all the Es’s
according to the method of [4] and select the
best level combination of factors,

6. If do not satisfy,redeflne the levels of each
factor of optinuzmg array,repeat step 2,3,4,
5.

3.HIGIYIELDFEl’ ~IFIERDESIGN

It is well known that the core of the FET ampll-
fier design KS the Input and output matchmg net-
works design. For the g~ven FET, the high yield
matching topologies must be used for high y~eld
ampl~fier design.
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In this paper, a single-stage FET amplifier 1s
designed. First, the FET S parameters of [5] are
used as means and +-5Z as tolerances to establlsh
an S parameter databaseJn the database, all S11’s
and S22’s are located at region 1 and 3 of Fig.2
respectively. So the topologies of Fig.l(b) and
(a) are used for the input and output matching
networKs design, At the center frequency 12GHz,
the input and output matching networks are design-
ed with respect to the approach of Section 2,Then,
the results are taken as the initial values for
the whole amplifier design. Finally, the ampllfier
1s

1.

2.

3.

tieslgnecl as follow:

Select L2~(313) for OAE and take the
characteristic impedances of the input and out-
put matching networks as the factors of 0A13

Take the 70Z, 100Z, 130X of the initial value as
the three levels of each factor respectively.

Take the yield of the amplifier as the evalua-
tion fuctlon for 0.4E, i,e.

Yield= (l/m) &( Xl)
t=l

where
(4)

(I lf (l/n) &j(l) Z1

(0 n (1) <1If (l/n)~j

j= t

J---
[ o otherw se

where m (m:1000) is the total number of the
clrcult simulations; I is the orders of m; n
(n=6) 1S the total number of the frequencies to
be. analyzed in the band; J is the order of n;

P: (f ) and G“’(fj) are the input VSWR and gain
of & ith circtut sinmlation at the Yth fre-
quency. xl 1s the vector of the ampllfier
paremters:

4.

Xl= (~llj L1ij S11, S12, S21, S22, ~211 L21)T (5)

i~l, 2, 3

When the yield 1s estimated, the parameters
of the matching network are all assumed as the
uruform distribute@ lndepedent random varibles
with +-5L tolerance and S parameters are selec-
ted randomly from the established iiatabase.

Selectw the be;t level conlxnatlon of factors,
i. e. Zll and Z21, i=l,2,3, for the matchmg
network desugn and obta.m L~, , L~,. ‘me final

.&.

ampllfier, namly AMPi, is shown ~~ Fig, 4.

In order to compare with the amplifler of [5],
rlamly AMP?, ‘W gain VSWR and the yield of AMPl
and AMP2 are Ilsted in table 2, From taDle 2, both
of them have tha sum lar gam and VSWR, but AMPi
has a nnch higher yield than AMP2.

A CCNXU!310N

The main idea of OAE IS using two orthogonal
arrays as optimizing array and error array. For
each set of factors in optimizing array, use error
array to perturb it orderly and obtain the average
of the evaluation function Ea,According to optimi-
zing array and all Es%, determine the best factor
level combination.With this new effective approach
, high yield matching network can be designed and
the high yield topologies for the load impedances
located at the different regions on the Smith
Chart can be determined conveniently,ALso with OAE
, a high yield single-stage FET amphfler lS desl-
gned.Its yield (65.6Z) 1s much higher than that of
the amplifier of [5] (42.4%).

The authors wish to thank Dr.Joim Purviance of
University of Idaho for his great help during the
early stages of the research worK.
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Fig.? Load Impedance Regions
High Yield Topologies

Table !,

and Fig. 3 Lumped-Distributed ~ Matching NetworK

Some Results of Ylel~ Study by
OAE and Monte Carlo Simulation

i Load ] 1 stmc.a lStruc.b I Strac.cl Struc.d

Iropedance
Region.

&. Y(%) Ea y(~) & Y@) &l Y($:
r I t 1 8 I

o.7/+jO.71 / 4.$9 29.6 3.03 44.2 15.75 q..4 /4.21 t4, 2 /

/.3 +jO. bf i 3.% 3/.4 2.5b SO.6 b.99 19.2 s 42 24. ~
I

o.7i-j O.7\ 2 17.07 t’. o !b.bb 13.4 .4.73 29. b 3.2? 44,0

f.3-jo. b5 2 8.5.4 (7.8 7.28 2{.0 .4.34 30.2 3.14 38.4

0.b2+j0.31 3 0.q3 88.0 2.37 $4.1 3.93 3x8 5.3f 30. f

o. b2 -jo.3f 4 4.55 45.4 5.96 28.2 I.OL+ 8.2.0 2.s? $0.4

0.5+j0.25 3 1.s8 4q b 3.015 40,0 .4.b4 34.6 b.r 21.8

o. S-jo.2s 4 ~.09 3X8 ,4.89 21.$ f. 76 b$’.~ 3.38 41.0

Table 2, Comparison between AMPI and AMP2

FREQ VSWR GAIN(dB) YIMD(%)

(GHz) AMPl M@2 AMPI AMP2 A&l ANP2

[
i/.7 {. q3 t.52 3.34 3.71

1/.8 f. 55 f. 35 4.25 4.14

11.9 !. 25 /.32 4.48 4.23
65.4 42.4

12.0 L22 1.54 4.63 4.27

/2.{ /.55 t. 95 4.40 4.13

/2.2 2.04 2.s2 4.23 3. h.?

100

m
c, 1 1 0

Flg,4 High Yield FET Amplifier
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