RS SUIM TECHNICAL NOTE 1-92

Design A Power Amplifier Stage
Using LW-PADS

3.7 = 4.2 GHz Power Amplfier, version 3

Loty Dignte “secer CWET By B SiowyP

SUMMARY

The Microwave Power Amplifiar Design Software (UW-PADS) permits the
Cesign of amplifier stages practcally up to saturation level using only
measured power contour data. This note gescribes the procedure used to
Characterize a power FET using the programmable tuner system
Transfer power contour data to uW-PADS and des gn the amplifier
Verity the design's perlormance using the tuners

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



A. Characterize the power FET using the
Computer Controlled Microwave Tuner (CCMT) System

The CCMT system permis full power
characterization of FETE. The setup used is
shown in figure 1. After tuner calibration on
a Network Analyzer, the other setup
components of figure 1 are also character-
ized using the SETUP wuiity of the CCMT
software. This includes all twoports in the

setup and very particularly a TRL capability
for the test fixture. The small signal 'S
parameters of the FET are also measured
and saved in an ASCII file in Touchstone™
compatible .52P format. After all these data
are saved on files the system can operate
independently on the Network Analyzer.
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Figure 1 Automatic Loz: ull Setup for PADS,

The PADS routine of the CCMT Power
menu characlerizes the —ZT systematically
in the required frequenc, range. It
executes fully automaticz 'y the following
DFIE!'EHEIHE:

1. Step through the frez .ency range

2. Load tuner and setus data

3. Deembed to FET relz-znce plane

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

5. Tune 12 match the input
6. Transfer the input tuner's conjugate

complex reflection factor I'; to the FET's
S2P fie and replace 511. The new file
carries the same name but the exten-
sion .L2P (L for Large signal maiching).

7. Fine 1une 1o match the output {in order

o corrpensate for second order effecis
due tc S12>0)
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Figure 2

8. Tune the output tuner to a circle around  contour data file (extension ,CNT)

the maximum point, measure output Figure 2 shows the typical operation
power, corrected to the FET output screen of the CCMT software during
terminals, and transfer the data to a operation of the PADS routine,

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

The puW-Fower Ampiifier Design Software (.CNT) 15 given in figure 3. It includes some
package needs the following data in order comment on the FET tested and test condi-
10 operate: tions and for each frequency the following

B1. A power contour data file (CNT) informatior:

B2. An L2P (or .32P) S-parameter data file. 1. Reflection factor for and value of

B3. A Touchstone™ compatible circuit file maximum output power.
(.CKT), describing in nodal form the
input and output networks of the
amplifier,

2. Reflection factor on the circle around
the maximum and the associated

measurad power,
B1. An extract of a power contour data file

! M-PADS Transfer F1le=FLC161.CNT
: pe=22 .5d8Bs FET FLC161 #8,8U,36BmA

REQ: 3.788 31.569 8.556 -174.7
3, 321252 -169.879257 38 .434758

. 411482 168829917 38 155556
). 462948 158.758393 38197649

Figure 3
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Figure 4

This file can be retrieved automatically by
WW-PADS which can then generate 1SO
power contours for network optimization.

Once the data are retneved the measured
contour points are shown on the screen in
order 1o make the network design process
easier for the user of the system. UW-PADS
includes a 2nd order interpolation utility
that permits the generation of IS0 power
contours at any power level up o satura-
tion, using data from one set of measure-
ments ((CNT file) only

In order to facilitate the coeration the user
can request the software 10 generate 150
power contours at a powsr level close to

his requirement. Fig 4 shows the measured
points and associated power contours at
30 dBm constant power.

B2. Examples of .52P and modified .L2P
data files that include large signal input
matching information for the FET are
shown in figure 5. The large signal input
reflection of the FET is used for designing

the input network at actual injected power
level

B3. The network description file (extension
LCKT) uses fami.ar formal (Touchsione™)
and can include most commonly used
microstrip distributed and lumped
elements, such as MTRL, MTEE, MSTEP,

Example of .5IF data file Example of ._IF data file

| E-Farameter: FLO16IWE Vde=10V, Id=360mA I Large Signal data

Freqg 511 521 sl2 Freg 521 8l

3.700 ©0.RE2 157.% 1.655 43.9%  0.041... I.700 0.820 163.} 1.86%55 43.9...
1.800 0.862 156.2 1.600 24.3  0.03F... 3.B00 0.817 1%B.& 1.800 24.3...
3.900 O.B62 1%4.8 1.%544 7.2 0.038. .. 3.900 0.81C 164.0 1.%44 7.2 .,
4.000 O.863 153 % 1.488 3.3  b.03E... 4,000 9.8l 166.7 1.48% =3.3. ..
4.1000 0.B&64 152.2 1.435 -10.5 0.034... 4.100 O0.807 1%5.2 1.4%% -10.5,..
4.200 O.864 150.9 1.422 -35.3 0.02B... 4,200 0.8 155.5% 1,422 -25.3,.

Figure 5



MOPEN, MSHORT, R, L, C, etc. Parts of
such a network description file and op-
timization target definition are shown in
figure 6.

The FET's small or large signal parameters
can be included in the network description
as twoports in .S2P format ASCIl files. The
software provides for interpolation between
frequency points of .S2P or L2P files and

also power contour files {CNT).

Optirmization is possible using random,
gradient or simplex oplimizers, which are
very efficient. Total network reflection factor
and output power can be optimized to be
less {LT) equal (EQ) or greater (GT) than
target values set by the user. During
optimization the user can observe

* the projection of the network's reflection
factors into the power contours and the
total network 511 (hg 4)

* the 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 information about the behaviour of
the networks over the entire frequency
range (fig 4). So modification to the net-
work is possible by adding or changing
microstrip elements, if the obtained
perlcrmance is not satisfactory.
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Figure 6

C. Design Verification

The CCMT system offers the possibility to
verity the expected performance of the just
designed amplifier by measurement in the
same load pull setup, used for power
confour generation, under the same test
fixturing, bias and input power conditions.
This is accomplished using the DVP (Design
Verification Package) which is included in
the CCMT operation software. In order to
operale DVP the CCMT system requires




C1. Tuner calibration daia in the frequency
range of interest

C2. Measurement setup data

C3. S-parameter data for the input and
output networks of the ampilifier

The tuner calibration and setup data are
the same used before for power contour
generation. The network S-parameter are

included in a .CKl (Input) and .CKO (Out-
put) data file in .S2P ASCI format ifhig 8).
This data can be generated fully
automatically by ptW-PADS using the ‘Save
S-Par’ utilty in the 'Run’ menu, S-para-
meter files, generated by Touchstone™ or
other linear or nonlinear network simulators
can also be used in DVP. :

| CET-FILE: FLCLEL.CET
1 WETWORE: OTTPUT

| CHT=-FILE: FLClEl.CHT

1 CONTOUR-LEVEL: 31.00dBm

1FREQ 513 Elz
1

HAG AHG HAS RiG
a. 70 O.54F -152.3 a,.838F =127.7
3.88 0.547 -183.0 0.B32 -131.1
3.98 0.55%0 <153.7 B A0 -134.%
&.00 0.5354 -154.3 0.BIT =138.8
4.18 0.558 -154.9 O.834 -141.%
4.20 B.56r -155.4 0.822 =145.8

21 £23 POWER
M ANG HAG ARG
0.83% -137.7 O0.538 TE.& 35.7@
0.032 =131.1 0.54F Fo.& 30,75
0.830 -134.6 0,545 Gd.4 30,80
0.037 =138.0 O.548% 58,7 30,85
0.B24 -141.% 0.5%3 S1.8 35.m9
O.0%3 -145.0 0.556 45.3  30.81

Figure 8

The Design Verfication procedure runs
fully automatically and consists of

1. Stepping through the frequency range

2. Loading tuner calibration and setup
data from disk into memory

3. Deembedding to FET terminal lavel

4. Measuring the power delivered from the

system o the power detector

5. Replacing the tuner's and fixture's loss
by the computed network's loss (from
LCKIL.CKO S-parameters) and calculating
the network's output power and gain.

6. Saving the tes! impecance and power/

gain data on an ASCI file with the
extension VRF (for Verify).

The cartesian plot utiity of the CCMT soft-
ware then permits to plot the Design
Verification against calculated power over
the specified frequency range (fig 9).

A plot for the specific 3.7 - 4.2 GHz power
amplifier stage is shown in fig 9. It shows a
deviation of 0.1 to 0.2 dB at 31 dBm out-
put power between design and design
verification. This power corresponds to
over 2dB gain compression (fig 10).
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D. Manufacture and Test of the Amplifier

Twao versions of the ampilifier circuit have
been designed and manufactured on 25mil
thin film Alumina substate. Rubylith genera-
tion and conventional etching and
assembly techniques could be used due to
the absence of critical dimensions in the
design. The final circuits have been
mounted in test cases with SMA connec-
tors and DC bias supply bypass capacitors
{cover picture and fig 11).

The finished power amplifier stages have
been tested in the same load pull setup,
using the same components and instru-
ments, except the test fixture and the
tuners, in order to be sure there are no
calibration errors in the measurement

The performance of both maquettes is
practically identical and shown in figure 12,
compared to the design and verification
values over the frequency range.

They show that the obtained output power
performance of this amplifier stage is within
+0.1dB of the designed value and within
0.15dB of the design verification value over
the entire 3.7 - 4.2 GHz frequency range.

The same performance is obviously valid
for the overall gain, since all the tests and
the design are based on the same input
power of 22.5dBm (Gain=8.3+0.1dB).
The input return loss varies between 8 and
11dB at small signal and 7 and 9.5dB at
large signal.
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Figure 11 3.7 - 4.2 GHz Power Amplifier, version 2.
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Conclusion

The programmable tuner system (CCMT) 3.7 - 4.2 GHz power amplifier stage and
and the wideband power amplifier design venfy this design. The realized amplifier
software (UW-PADS) of Focus Microwaves provides 31dBm output power within

have been used to characterize a power +0.1dB of the designed value, constant
FET (FLC 161 WF of Fuijitsu), design a over the frequency range.
Performance of 3.7 - 4.2 GHz Power Amglifisr
FET FLCIE1WF (Fujitsu) Bras 8V 360 mA
Inpul power 22 54Bm, Saturated.
GHz COatput Power Deviation =ain Elfictancy 10 Betiurn Loss
dBm 4B dB Y dB- dB
Demign Maagurs Design Measure
3.7 30,53 0.8 ol B.43 8.33 36,8 - 165 12
3.8 30.86 XE3 0.3 B.38 8.33 38.0 = 15.3 1.7
19 30,96 30.81 015 B.48 8.31 38.9 -17.0 B.4
4.0 al.04 2084 (1B} 8.54 8.34 8.2 - 16.5 9.2
4.1 3L.04 30.8T7 17 B.54 8.37 a2 -17.8 &Aa
4.2 31.00 30,94 0.15 £.59 B.44 07 - 16.0 78
“at total Inpul power = 22 5dEm

Table 1

Table 1 shows the accuracy of the design that these data result from a single iteration
method and the overall performance of the  without any tweeking or circuit adjustment.
prototype amplifier. It is important to realize

Outlook

PW-FPADS has been extended and can operate with efficiency and intermod contours
instead of power. Related results will be published in a future Technical Note.
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