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Abstract—A  Power Amplifier (PA) is designed and
optimized fo have high efficiency, high output power
compression, good return loss and high gain for driving a
signal to the antenna without any distortion or losses. The
objective was design the PA at GPS L1 frequency 1.575 GHz

with at least 10dB gain. Analyze PA is based on type of

matching which is stub element, quarter-wave clement and
lumped element. The entire requirement is determine using
calculation and simulated by using AWR software,
Keywords—Power amplifier. GPS. Gain, AT 41533, matching
technigue.

I INTRODUCTION

Global Positioning System (GPS) power amplifier (PA) is
commonly used in wireless communication device to
amplify that signal (RF signal) and provides a large
version of the signal that may direct to an antenna. IU's
also required to amplify the wanted signal -without
distortions and without other impairments which would
decrease the usefulness of the signal. Without power
amplifier, the signal will attenuate itself through the
transmission line and resulting receiver can’t construct
the original signal information.

In order to overcome the problem. PA with the ability
to achieved high gain and high output power is placed in
front of the transmitter to boost the signal high enough to
ensure the receiver get all the signal information that it
should received and loss can be avoided. This project
basically is to design Power Amplifier at L1 frequency
(1.575 GHz) and to achieve gain more than 10dB.
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Figure 1: Typical RF PA placament in transmitter system

Each GPS satellite carries a cesium and/or rubidium
atomic clock to provide timing information for the signals
transmitted by the satellites. Internal clock correction is
provided for each satellite clock. Fach GPS satellite
transmits two spread spectrums, L-band carrier signal, L1
signal with carrier frequency and an L2 signal with
carrier frequency. These two frequencies are integral
multiples and of a base frequency. The 1.1 signal from
each satellite uses binary phase-shift keying (BPSK),
modulated by two pseudorandom noise (PRN) codes in
phase quadrature, designated as the C/A-code and P-code.

The 1.2 signal from euach satellite is BPSK modulated by
only the P-code [1].

.1 is a civilian-used signal, to be broadcasted on the
same L1 frequency that currently contains the C/A signal
used by all current GPS users. Figure 2 shows the
demodulating and decoding signals in GPS system,
Implementation  will provide C/A code to ensurc
backward compatibility assured of 1.3 dB increases in
minimum C/A code power to mitigate any noise floor
increase. Non-data signal component contains a pilot

carrier to improve tracking enables greater civil
interoperability with Galileo 1.1 [2].
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Figure 2: GPS satellite transmission

1L POWER AMPLIFIER

The main purpose of designing power amplifier is to
boost the transmitted signal power high enough so that
the information data still could be preserved over
attenuation of propagation in the distance of microwave
transmission. High output power, gain, linearity and
efficiency are essential in wireless communication [3.4].

Basically, a power amplifier is composed of an active
device. usually a single bipolar junction transistor (BJT)
or a field cffect transistor (FET), DC feed, output-
matching network, and input-matching network. The
active device acts as a current source driven by the
appropriate DC bias and the input signal. The input and
output matching networks optimizes the source and the
Joad to the transistor impedances to provide maximum
gain,

Parameter of the power amplifier is basically about
the power level that the PA can achieve depending on the
RI linearity and efficiency requirement. Power amplifier
can be categorized based on its classes whether they are
the purpose for linear operation (Class A, B, C. and AB)
or constant — envelope operation (Class D, E and F) [3. 6].

The overall efficiency of the transistor is defined as the
ratio of RF power received by the load to the DC power
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fed into the amplifier. On top of the efficiency
measurement of the power amplifier, another important
parameter for high efficient power amplifier is power
added efficiency (PAE). Power added efficiency is a
measurement of maximum output RF power to input RF
power over the DC power fed into the amplifier. Thus, it
is important to be able 1o transfer the maximum amount
of DC power to the load as RF power.

A single stage microwave transistor amplifier can be
modeled by the circuit in Figure 3, where a matching
network is used both sides of the transistor to transform
the input and output impedance Zyto the source and load
impedance Zg and Z.. The most useful gain definition for
amplifier design is the transducer power gain, which
account both source and load mismatch. Transducer
power gain can be defined separate effective gain factors
for the input (source) matching network, the transistor
itself and the output (load) matching network as follow:
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Figure 3: The General Transistor Amplifier Circuit

Then overall transducer gain is Gy = GsGoG.. The
effective gains from Gg and Gy are due to the impedance
matching of the transistor to the impedance Z,.

I1I.  PARAMETERS DESIGN

The table 1 below shows the specification and
parameter that been use. The design process will start
with the calculation base on+those parameters,

Table 1: Power Amplifier Parameter

“+ Parameter ' ¢ 77 27 Requirement
Operating frequency. /° 1.575 GHz
Gain >10 dB
Transistor AT-41533

The stability -of a small-signal RF amplifier is ensured
by deriving set of S-parameters from using measured data
or a linear model, and then establishing the value of 4-
factor stability parameter. If the A-factor is greater than
unity, at the frequency and bias level, the expressions for
matching impedances at input and output can be
evaluated to give a perfect conjugate match for the device

(71

Freq(MHz)

The transistor was defined as unconditionally stable if
Rollet’s condition and the auxiliary condition is are
simultaneously satisfied.
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IV. RESULT

For this project, the transistor model AT- 41533 produced
by Hewlett-Packard has been chosen. The bias point of
the transistor is V=27V and I=10mA.

Table 2: S-Parameter at 1575MHz for AT-41533

0.15175
66.239

0.15984

1575 139.5

-35.75

Form simulation, k-factor is 1.2375 and Rollett’s criteria
are 0.93413. Therefore, transistor is unconditionally
stable at frequency 1.575 GHz.
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Figure 3: Graft of Stability
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From the graph, the value of k- factor is 1.2375
which is more than 1 and Roflerr’s criteria are 0.93413
below than 1. So this transistor is unconditionally stable
at frequency 1.575 GHz.

Matching network

Figure 5 Quarter-wave Matching Network

—

Figure 6: Lumped Element Matching Network

Table 3: Comparison of Power Amplifier parameters

Parameter Calculation Simulation”
Stability 1.2375 1,2375
Power Gain 15.67 15.6691
Available Gain 14.45 14.4489
Transducer Power Ciain 13.65 13.6498

All parameters values from simulation were identical to
caleulation values.
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Figure 7: Comparison of Gam

Figure 7 shows the value of S, afier the
optimization technique was applied to the circuit.
Comparison between types of matching shows that the
gains for single stub element were increase higher than
others matching types.
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Figure 9: Comparison Retum Loss Output (S22)

From the figure 8 and 9 show the comparison
based on type of matching. we can sce that input retumn
loss for lumped element matching is not very good and
not stable compared than other types of matching. It’s
because above than -10dB which is the good value for
return losses. For output return loss all type of matching



were stable which is more than -10 dB. However, output
return loss for lumped element is not good and stable
compared than another type. For stub matching input
and output return loss is very good than others type
which is input return loss at -41.72 dB and output
return foss at-33.18 dB.
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Figure 10: Comparison of Noise Figure

Table 4: Comparison result based on type of Matching

Gain (Sp) 14.953 dB 1503dB | 15.921 dB
NF 55 dn 5507 d8 | 2035 dB
S, FR51dB 3083dB | 417248
S 3135 B 378848 | 33.18dB

V. DISCUSSION

An amplifier with absolute stability or unconditionally
stability (A > 1) means that the two-port is stable for all
passive terminations at either the load or the source.
Lumped element matching network can’t fulfill the
requirement of the GPS application because the operating
frequency for GPS is high. The actual lumped-elemenis
capacitor and inductor only used for lower frequency.

Quarter wave is a simplest impedance matching but
rarely used in practical because it cannot match all load
impedances and larger size. Single stub is a practical
maltching because it easy to adjustable the length of line
between the load and stub. The single-stub matching
technique give the best pérformance with gain. noise
figure, input return loss and output return loss is
15.921d8B, 2.055dB -41.72dB  and -33.18dB
respectively.

VI,  CONCLUSION

GPS satellites transmit two low power radio signals,
designated L1 and L2. Civilian GPS uses the L1
frequency of 1575.42 MHz in the UHF band. The
transistor AT-41533 produced by Avago was choosing.
The gain and efficiency of the amplifier is limited by the
characteristics of the transistor. To verify that the model
provided an accurate rvepresentation of our device
samples. small signal scattering parameters generated
from AWR software were compared to the ones given in
the datasheet.

S-parameters ol a general purpose NPN transistor with
bias condition of VDS=2.7V and IDQ=10mA, at 1.575
GHz. Most important parameters that define an RF
Power Amplifier are output power, gain, lincarity.
stability, DC supply voltage, efficiency and ruggedness.
Choosing the bias points of an RIF Power Amplifier can
determine the level of performance ultimately possible
with that PA. :

The Power Class of the amplification determines the
type of bias applied to an RF power transistor. The
Power Amplifier’s Efficiency is a measure of its ability
to convert the DC power of the supply into the signal
power delivered to the load.

Single stub matching network is the good impedance
matching because it can fulfill the requirement parameter
of the GPS application. It’s suitable for high frequency
and easy to adjustable the length and width. For quarter
wave matching, not all load impedance can match by
using this type and rarely use in practical. Lumped
element matching not suitable use for GPS frequency
because it's suitable for lower frequency up to
approximately 1 GHz

The transistor AT-41533 produced by Avago was
chosen. S-parameters of a general purpose NPN (ransistor

1.575 GHz. Most important parameters that define an RF
Power Amplifier are output power, gain. linearity.
stability. DC supply voltage, efficiency and ruggedness.

The Power Amplitier’s Efficiency is a measure of its
ability to convert the DC power of the supply into the
signal power delivered to the load. Single stub matching
techniques give the best performance compare to the
other techniques. :
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