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Design A Power Amplifier St
Using uW-PADS

3.7 - 4.2 GHz Power Amplifier, version 1,

Counesy France Telecom, CNET-Pans B, STSHYP

SUMMARY

The Microwave Power Amplifier Design Software (WW-PADS) permits the
design of ampiifier stages practically up to saturation level using only
measured power contour data. This note describes the procedure used to:

Characterize a power FET using the programmable tuner system.
Transfer power contour data to uW-PADS and design the amplifier,
Verify the design’s performance using the tuners.

Manufacture, test and compare the amplifier's performance to the
designed values,

The measured power and gain of the first iteration 3.7 - 4.2 GHz

MIC amplifier agree within +0.1dB with the designed values without
any adjustment.
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A. Characterize the power FET using the
Computer Controlled Microwave Tuner (CCMT) System

The CCMT systern permits full power
characterization of FETS. The setup used is
shown in figure 1. After tuner calibration on
a Network Analyzer, the other selup
components of figure 1 are also character-
ized using the SETUP utility of the CCMT
software. This includes all twopors in the

setup and very particularty & TRL capability
for the test fixture. The small signal 'S"
parameders of the FET are alen measured
and saved in an ASCI fila in Touchsione™
compatiole .S2F format. After all thege dats
are saved on files the system can aperate
independently on the Metwark Analyzer.
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Figure 1 Automatic Loa= Pull Setup for PADS.

The PADS routine of the CCMT Power
menu characterizes the FET systematically
in the required frequency rangs, I
executes fully autornatically the following
operations:

1. Step through the freguency range

2. Load tuner and setun datg

3. Deembed 1o FET reference plane

4. Tune output tuner to o e-match the output

2. Tune to malch the input
€. Transfer the input tuner's conjugate

complex reflection factor I' 1o the FET's
S2P file and replace 511. The new file
carries the same name but the exten. .
sion .L2P (L ior Large signal matching),

7. Fine tune to match the output {in arder

o compensate for second ardar eflacty
due 1o 512>0)



Figure 2
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8. Tune the output tuner 1o a circle around  contour data file (extension .CNT)

the maximum point, maasure autput Figure 2 shows the typical operaton
power, carrecled to the FET output screan of the CCMT software during
terminalz, and transfer the cata o a aperation of the PADS routine,

B. Use yuW-PADS to design the power amplifier stage

The WW-Power Amplifier Design Software {.CNT) is goven in figure 3. It includes some
package needs the following data in order  comment on the FET fested and test cond-

1o operate:

tions &nd for each frequency the Tollowing
infarmaton:

B1. A power comtour dais file [(CNT)
B2 An L2P {or .52F) S-parameter dala fite. 1. Beflecbon factor for and value of
B3. A Touchstone™ comeatible circuit fike MEXIMUm outpul power

(.CKT), describing in nodal farm the
nput and ouipul networks of the

amplifier

g, Reflechon factor on the circle around
the maximum and the associated
maasured powsr

Bl. An extract of a powe" contour data file

‘B BE-FADS Transfer File=FLC161.CHNT
\§! pe=iI . SdBn FET FLC1G1 w8, 80,3688
B

IFREG: 3.788 31.569 B.556 -174.7
Ne.321252 —169 679257 30.434258

B8 . 3X84M 179, 730006 J0.37975
B.337433 178.985709 38.232762
B.367T267 164.5%4535 38. 117992
B.411482 168.H23912 38. 155556
B.467548 158.738393 38. 197649
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Figure 4

This file can be retrieved autormnatically by
UW-PADS which can then generate 150
power contours for netwsk optimization.

Once the data are retriev2d the measured
conlour points are shows on the sciean in
arder 1o make the netwot« desian process
easier lor the user of the system. UW-PADS
includes a 2nd order interpolation utility
that permits the generation of IS0 power
contours at any power &0l up 10 satura-
tion. using data from one sel ol measure-
ments [CNT file} only

In order to laciltate the cosration the user
can reguast the software o generate 150
power contours al a power level close 10

hig requirement. Fig 4 shows the measurad
points end associated power contours al
A0 dBm constant power.

B2. Examples of .S2P and modified .L2P
cata files thal include large signal input
rnatching information for the FET are
shown in figure 5. The large signal input
reflaction of the FET is used for designing
the input network at aclual ineclac power
lewved,

B2 The network dJescrotion file (exiension
LCKT) use: fam .ar format (Touchstone™)
and can include most commonly used
microstrip distributed and lumpea
alements. such as MTRL. MTEE, MSTEP

Example of .57 data file

1 &-Paramerter: FLOLA:ME Via=l0W, Id=lE0mR
Freg EIl 221 £12
i.700 ©.B6T 137.3 -EES 43.9 1.04%. ..
j.B00 O.8062 5%€,2 L.E00 Z4.3 0.03%.
3.8900 D.BEE “H4, B .544 T.2 0.038.
4.000 ©,BE3 -%3.% 1.48% -3.2 0.03%
4.100 0,A64 -57.2 .4%% =10.5 O.034...
4,200 O.A&4 LE0.F L.427 =285.3 O0.02B...

Exampie &f ._IF daca file

! Larpe Eigral data

Fradg EZ 521
3,900 ©.82T EI.F 1_Ewmm 4%.8...
F.800 9.8.7 “GR.B 1.600 24H.3...
J.apl O.E.& RS, 0 1,544 7.2 ...
4.000 D.BLF LEE.7 1.4B89 -3.2...
4,00 O0.BL. 125,2 1,455 =10.5..
q4.200 0.R.: 559 .9 b.422 =25.3.-

Figure 5




MOPEM, MSHORT, R, L, C. ez, Pars of
such a network descriplion file and op-
brruzatian target definition are shown n
figura &.

The FET's small or large signal paramelars
can be included in the network descriphion
as twoports in . 52P format ASCI files. The
sofware provides for inlerpolation between
frequency points of .52P or L2P files and
also power contour files [CNT).

Opiimization is possible using random,
gradienti or simplex optimizers, which are
vary efficient. Total network reflaction facior
and output power can be optimized to be
less (LT} equal (EQ) or greater {GT) than
target values set by the usar. During
optimization the user can observe

= tha projection of the network's reflaction
factors into the power contours and the
total network S11 (fig 4)

+ tha output power, referred to the
network output and the magnitude of
the input reflection factor (fig 7).

This way he can get a quantitative feeling
of the obtained performance (fig 7)., as well
as exact informabon about the behawviour of
the netwarks over the entire frequency
range (fig 4). So modification to the net-
wor is possible by adding or changing
micrastrip elements, if the obtained
parz-~arce is not satsfactory.
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€. Design Verification

The CCMT system offers the possibility to
verity the expected performance of the jusi
designed amplifier by measurement in the
same load pull setup, usad for power
contour genaraton, undar the same fest
fixtuning, bias and input power condibions.
This s accomplished using the DVP (Design
Vearification Package) which is included in
the CCMT operation software. In order to
operate DVP the CCMT system requires



C1. Tuner calibration ga'z in the frequency
range of interes!

Meazurement setus Zala

S-parameter data o7 the mput and

output networks of a2 amplifier

cz.
CE

The tuner calibration and sstup data are
the same used before lor power contour
ganeration. The natwark S-parameter are

included it & .CKI (Input} and .CKO {Our.
put) data file in S2P ASCI format [fig 8).
This data can be generated fuly
avtomatically by UW-PADS using the ‘Save
S-Par' utility in the "Run’ menu. S-para-
rmeter files. generated by Touchsiona™ pr
othar linear or nonlinear aatwark simulators
can alsg be used in DVP,

! CET-FILE: FLI.81.CKT

P BETWORR: OoTruT

| CMT=FILE: FLIl&)l.CHT

! OCOMTOR=E8TT2: 11 - SO

tFREQ i B1%

1 2% RHG KRG ARG
1.7 0,543 =152.2 0,016 =137.%
.88 @,H4T «1B3.0 D, 831F -131.1
3,96 &880 -1B3.7 0,830 -134 .6
4.04 B854 -284. 3 D.E3F -13F.Q
.18 O_SEE -184. B D.824 =141.%
4,20 O 56D 1EE_ 4 L. 077 148,08

f+ 3] £33 FOHER
HAL LT 18] EHG
g.03% -137.7 Q.51 T, 6 36,78
G.B32 -133.1  0,54F 0.8 30,95
B B30 -13&6,5 0,545  E4.4 30,80
B.B2T =134.0 0,544 58.3 Ao, &%
B, B34 -JdL.% O.551 54,8 [T
0, B2 -246,0 D.%m 43.1 30l

Figure 8

The Design Verificatish procedure runs
lully automatically and coqsists of

1. Stepping through the ‘requency range

2. Loading tuner caliora:an and setup
data from disk info manory

3. Deembedding 10 FET 2rming! level

4. Measuring the power adivered from the
system 1o the power csteclor

5. Replacing the tuner's znd fixture's loss
by the compated netvark's loss (from
CKIL.CKO S-paramete-s) and calcutating
the network's output zower and gain.

6. Sawing the test impeczace gnd power!

gain data on an ASCII file with the
extansion VRF (for Verihy).

The cafesian plot utility of the COMT sof-
ware then permits 1o pict the Design
Verficatior against calculated power over
the speciied frequency range {fig 9)

A plot for the specific 3.7 - 4.2 GHz pawer
amplifier s:age is shown in fio 9. It shows a
deviation ol 0.1 to 0.2 dB & 31 dBm aut-
pul power betwoeen design and design
verification. This power corresponds to
over 2dB zain conpression (fig 10y
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D. Manufacture and Test of the Amplifier

Two versions of the amplifier eircuil have
been designed and manufactured on 25mil
thin film Alumina substate. Rubylith genara-
tion and conventional stching and
assemizy techniguas could be used due 1o
the absence of critical dimensians in the
aesign. The final circuits have been
rounted in test cases with SMA connec-
tors and DOC bias supply bypass capacilors
(cover picture and fig 11).

The finished power amplifier stages have
been tested in tha same load pull sstup,
using the same components and ingtru-
mants, except the test fixture and the
tuners, In order to be sure there are no
calibration errors in the measurament.

The performance of bolh maguettes is
practcally identical and shown in figure 12,
comparad & the design and verification
vaiues aver the frequency range.

They show that the obtained oulput power
parlormance of this amplifier stage s within
+0.1dB of tha dasigned value and within
0.152dB of the design verification value owver
the antire 3.7 - 4.2 GHz frequency range.

The same performance is obviously valid
Tor the overall gain, since &l the tests and
the design are based on the same input
power ol 22.5d8m (Gain=48.3+0.1d8).
The input return loss varies between 8 and
11dB at small signal and 7 and 2.5dB at
large signal.
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Conclusion

The programmable tuner systemn (CCMT) 3.7 - 4.2 GHz power amplifier slage ana
and the wideband power smplifier design verify this design. The realized ampiifier
software (UW-PADS) of Focus Microwaves prowvdes 31d8m output power within
have been used to characterize a power +0.1aB of the designed vaiue, constan
FET (FLC 161 WF of Fujitsy), design a aver the frequency range.

Farfarmance of 1.7 - 4.2 SHz Fownr Fempliber
FET FLCIEEWF {Fupitsu} Bias Y 350 il
Inpul power 22536 m, Saturgted

CHz Chitput Powar Lreviaiban Sain Efficiency LN Fletuzn Logs

dEm 4R AR ) abc el
Dasign Meagre Design Measure

By 086 I0ED 0.3 E.d3 B33 a6 5 8.5 T2

3.8 30,84 3082 0.0% .3 Bk & 153 7.7

£ .95 3081 s B.45 8.3l igo -11.0 3.4

4.0 a1.04 JhE= 0.2 B & E.34 8.3 - 18.3 9.2

4.] 04 .57 017 8.54 8.37 3.2 -7 B

4.2 3.0 .8 fL1s E.58 8.44 l= Ty -1E.D .8

Tahla 1

Table 1 shows the accuracy of the design that these data resull from & single iteration
method and the overall pedormance of the without any tweeking or circui adjustmeni.
prototype ampifier. It is impartant 1o realize

Outlook

HW-FPADS has been extenced and can operate with efficiercy and intermoag contours
mstead of power. Related results will be pubhshed in a future Technical Mo,
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