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Systemizing the Design
of Broadband Class-A
RF Power Amplifiers

By Firas Mohammed Ali
The Higher Institute of Yefren

n the design of broad-
Iband microwave amp-

lifiers, there are two
techniques that are typi-
cally used to achieve
gain-flatness across the
frequency band of inter-
est. The first technique is
done through selective

strategy will be presented in a systematic
This article is the design manner in this article.
case history of a broad-
band medium-power
amplifier operating in the
225 to 400 MHz band,
including the design
methods for obtaining wide
bandwidth matching

Device Characterization

The available RF power device was the
transistor V575. Device characterization
includes selecting the optimum bias point and
measuring the S-parameters at this point.
Since linear operation is assumed, the S-

mismatch at lower fre-
quencies of the band where the power gain is
significantly higher. This can be achieved by
degrading the VSWR at input or output at the
low frequency band edge. The second tech-
nique is implemented by adding dissipative
compensating networks. The input matching
network is first designed to achieve minimum
VSWR over the full band, and the required
gain leveling is then done by adding the lossy
equalizing circuit. This network is a constant
resistance network and must have a roll-up
insertion loss characteristic to compensate the
inherent roll-off gain characteristic of the RF
transistor over the entire frequency band.
The second technique has been implement-
ed to design a class-A linear power amplifier
to operate within the frequency band from 225
MHz to 400 MHz and to deliver 20 dBm out-
put power with more than 12 dB power gain
over this communication band. The design

parameter technique is a powerful tool for
modeling the behavior of the selected
microwave transistor.

Selection of the Bias Point

The test setup used to select the optimum
bias point that ensures safe operation with
good linearity is shown in Figure 1.

The transistor is mounted in a broadband
50-ohm system with a means of easily adjust-
ing the bias voltage and current. The signal
generator output power is adjusted such that
the transistor output power is kept constant.
The level of second harmonic power relative to
the fundamental power is measured with the
aid of a spectrum analyzer and plotted as the
bias voltage and current are varied. This pro-
cess is repeated at several frequencies in the
band to check the distortion level over the full
operating bandwidth. No attempt was made to
match the device for optimum load impedance
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- Test setup to measure the second harmonic level at a given bias point.
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Figure 2 Contours of 2nd harmonic distortion as a

function of I and V.

and, for this reason, the contours in Figure 2 are shown
for a +15 dBm output power and a test frequency of 300
MHz.

Since the gain is very low, trying to deliver more power
into an unmatched load will only cause the transistor to
be driven excessively hard. This, in turn, will generate
non-linearities within the transistor that may give a mis-
leading picture of its normal operating characteristics.
Since distortion in a transistor is also a function of collec-
tor load impedance and power level, the distortion con-
tours in Figure 2 should not be considered absolute, but
rather as a good first order approximation of the device
distortion sensitivity to the quiescent point. The selected
bias point was Vo = 15V, and I, = 60 mA.

S-parameter Measurement

After selecting the optimum bias point, the device S-
parameters should then be measured at this bias point.
For doing this measurement, a transistor fixture was first
designed and is shown in Figure 3.

The fixture was built using a high quality PTFE fiber-
glass board that has minimum losses and can be used at
frequencies up to several gigahertz. This test fixture con-
sists also of two 50-ohm microstrip lines and SMA type
connectors for signal feeding. The device, which has the
hermetic stripline package, was then mounted between
the two 50-ohm lines with its case soldered to the ground
(bottom) side of the board to ensure good heat transfer.

The measurement setup is shown in Figure 4. The bias
tees shown in this figure have the function of isolating the
DC biasing circuit from the RF signal and also for block-
ing the DC current from the network analyzer.

Figure 5 presents a plot of the measured S,; and S,
parameters, while Figure 6 shows S;; and Sy, plotted on
a polar plot and also on the Smith chart.

Note from these plots the —6 dB/octave roll-off in Sy,
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Figure 3 The test fixture used for measuring the S-
parameters of the RF transistor V575.
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Figure 4 . Measurement setup to obtain the device S-
parameters.

with frequency and the relatively high value of S;; that
may increase the complexity of the input matching net-
work. The parameters are plotted with a sweep from 100
to 500 MHz.

Design of the Diplexer Network

Gain compensation passive networks can be used to
equalize the roll-off in amplifier’s gain with frequency and
in the same time maintaining low VSWR. These compen-
sating networks are actually constant resistance net-
works having input impedance independent of frequency.
One configuration of such networks is shown in Figure 7
[1]. A possible realization of this network is shown in
Figure 8 and is known as the diplexer network [2].

The circuit of Figure 8 can be designed to achieve res-
onance at the upper band edge f};. This will ensure that
the insertion loss of the network is 0 dB at f};. It can be
shown that the voltage transfer ratio of the diplexer net-
work is given by [2]:

v, (jo) 1
— = - (1
V.(jo) 1+ j(eL,/R-1/0C,R)
~ 1
1+jQ(w_wH)
W; O
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Figure 5 - Measured values of S,; and S,,.
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Figure 6 - Measured values of S;; and S,,,.
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where
Q=0H.L /R=0H.RC,

The insertion loss of the network
can be expressed as:

IL(0)=10log v, (2)

Vi.(jo)

2
Oy O
The desired diplexer network
insertion loss at f;, is thus given by:

=10log

1

IL, =10log T
1+|:Q(fH _fL ):|

3)

fH'fL

Evaluating equation (3) for @
yields:

) fuf, (101Ld/10 _ 1)”2

fH2 _fLZ @

Q

The element values of the net-
work are given by:

C,=1/(Q.u,.R) (5)

L,=1/(0,"C,) (6)

L =R/(Quy) (7

C, =1/(0,"L,) (8)
where R = 50 Q.

Design of the Matching Networks

Using the computer program
Touchstone, the device was found to
be unconditionally stable (K >1)
across the full operating band. The
input and output matching networks
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were synthesized to achieve maximum power gain and
minimum input and output VSWR. The diplexer network
was first designed analytically from the equations pre-
sented in section 3 and then optimized with Touchstone.
This network was added at the amplifier’s input in order
to obtain a flat gain response over the entire band. The
circuit file written for designing the amplifier is present-
ed in the Appendix and the optimized amplifier circuit is
shown in Figure 9. Figure 10 shows the simulated power
gain of the synthesized amplifier circuit over the entire
band, while Figure 11 presents the input and output
VSWR plotted from Touchstone’s windows.

DC Bias Network Design

The biasing network must be able to hold the operat-
ing point constant over variations in temperature and
device parameters. The active bias circuit of Figure 12
was selected for this task. The bias point (15 V, 60 mA)
can be maintained constant by adjusting the values of
resistors R1, R2 and R3. This active bias circuit is actual-
ly a feedback loop that senses the collector current of the
RF transistor and adjusts the base current to hold the col-
lector current fixed [3].

The network element values are calculated as follows.
The resistor R3 is given by:

= Vee=Vem
(15 1/ Tpgy) I
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Figure 11 - The optimized input and output VSWR.
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Figure 12 - The active bias network used in the ampli-
fier circuit .

With Vo = 18.5 V and hpp; = 40, R3 = 57 ohms. A
standard 56 ohm, 1-watt resistor was used.
The reference voltage V5, is:

Vi = Vg, — Vg, =15 0.7=14.3V
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Figure 13 - S,, and §,, of the practical circuit mea- Figure 14 - Measured input and output VSWR versus
sured by the network analyzer. frequency .

This voltage is set by:

R,
=2y
R +R,

Then, selecting Ry = 9.1 kohm gives R; = 2.7 kohm.
These are standard 1/4-watt resistors.

The low frequency parasitic oscillations of this biasing
circuit can be suppressed using suitable bypass capaci-
tors.

Practical Implementation and Results

The amplifier circuit was built on a PTFE fiberglass
board. The RF power device was mounted on the board by
soldering its case to the lower side ground plane. Other
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Figure 15 - Output spectrum for input power of 8 dBm
and frequency of 313 MHz.
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components were placed on the upper side and the neces-
sary ground connections were made through small silver
pads. The behavior of each component was checked with
the aid of the network analyzer before fixing it on the
board. The RF connectors used for signal feeding were of
SMA type. In Figure 13, the power gain and the reverse
isolation (S;,) are plotted by the network analyzer. It is
seen that the power gain is 13 £0.5 dB and the isolation
is better than 27 dB at any frequency within the band.

Figure 14 presents the input and output VSWRs
drawn in a similar manner. The output VSWR is less than
1.75 and the input VSWR is less than 4.5. The flatness in
power gain was obtained at the expense of degrading the
input VSWR.

Figure 15 presents the output harmonic levels mea-
sured at a fundamental frequency of 313 MHz and input
signal power of 8 dBm using the network analyzer. The
resulting 2nd harmonic distortion level was found to be
better than 35 dB across the full band.

Conclusion

A systematic design procedure for broadband class-A
linear power amplifiers has been described and con-
firmed. The design technique begins by selecting the
proper RF device and measuring its S-parameters. IN
this example, dissipative broadband matching networks
were used to achieve power gain flatness. The computer
program Touchstone has been used to synthesize the
matching networks and to achieve the desired specifica-
tions. This approach is valid as long as linear operation is
assumed. Proper mounting and construction techniques
should carefully be adopted to implement the practical
circuit.
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Appendix

The Touchstone circuit file written for the design of the amplifier circuit is shown below.

DIM

CKT

FREQ MHz
CAP pF
IND nH
RES OH

DIPLEXER NETWORK
RES12R =50

IND 2 0 L#10 26 35
CAP 2 0 C#3 3 20

IND 1 3 L#8 28 40
CAP 3 4 C#2 8 30
DEF2P 1 4 DIPLEXER
CAP 10C#2230

IND 1 2 L#2 10 40
IND 2 0 L#10 21 50
S2PA 2 3 0 V575

IND 3 0 L#10 100 120
IND 3 4 L#8 8 50

CAP 4 0 C#2 2 30
DEF2P 1 4 CCT
DIPLEXER 1 2

CCT 23

DEF2P 1 3 AMP

OuT
AMP DB[S21] GR1
AMP VSWR1 GR2
AMP VSWR2 GR2
AMP DB[S12] GR3
AMP K
FREQ
SWEEP 225 400 25
GRID
RANGE 225 400 25
GR110201
GR2051
GR3 -35-155
OPT
RANGE 225 400
AMP VSWRI1 < 1.5
AMP VSWR2 < 1.2
AMP DB[S21] = 17
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