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Power Amplifiers (PA) are very indispensable components in the design of
numerous types of communication transmitters employed in microwave
technology. The methodology is exemplified through the design of a
2.45GHz microwave power Amplifier (PA) for the industrial, scientific and
medical (ISM) applications using microstrip technology. The main design
target is to get a maximum power gain while simultaneously achieving a
maximum output power through presenting the optimum impedance which is
characteristically carried out per adding a matching circuit between the
source and the input of the power amplifier and between the load and the
output of the power amplifier. A "T" matching technique is used at the input
and the output sides of transistor for assure in band desired that this circuit
without reflections and to obtain a maximum power gain. The proposed
power amplifier for microwave ISM applications is designed, simulated and
optimized by employing Advanced Design System (ADS) software by
Agilent. The PA shows good performances in terms of return loss, output
power, power gain and stability; the circuit has an input return loss of -38dB
and an output return loss of -33.5dB. The 1-dB compression point is
8.69dBm and power gain of the PA is 19.4dBm. The Rollet's Stability
measure B1 and the stability factor K of the amplifier is greater than 0 and 1
respectively, which shows that the circuit is unconditionally stable. The total
chip size of the PA is 73.5x 36 mm?,
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1. INTRODUCTION

In RF and microwave wireless communication transmitter, power amplifier (PA) is the most
important bloc which amplifies the RF signal to antenna and provides gain as high as possible with the lowest

reflection possible.

The request for RF/microwave amplifier operates at high frequency has been raised too support high
data rate wireless communication applications and many other applications such as radar system and satellite

communications [1]-[4].

Latterly, several power amplifiers based on Gallium Arsenide (GaAs) technology were reported in
the literature [5]-[9]. The GaAs technology is usually selected due to its capabilities to produce high gain and

high output power.

The ISM band microwave amplifiers has become very mostly and popular used for wireless
applications by dint of its characteristics of high speed and high data rate with low power dissipation.
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Recently [10], [11], many researchers contacted study in designing and developing microwave amplifier but
most of the reported power amplifier has been implemented for low frequency.

This work proposes a novel and a simple power amplifier architecture is intended for applications
ISM at 2.45GHz. This power amplifier consists of a Gallium Arsenide Field-effect transistor (GaAs FET)
technology. To improve circuit performance, the mirostrip lines technology will be used. A “T” type
matching is used at the input and the output side of transistor for assure in band desired that this circuit
without reflections and to obtain a maximum power gain. This PA is printed on an FR4 substrate having the
following specification: a relative permittivity =4.4, a tangent loss tan () =0.025, a metallization thickness
t=0.035mm and a substrate thickness h=1.6mm.

The result of the work is organized as follows: Section 2 introduces the theoretical aspects while
Section 3 presents design procedure of proposed PA in detail, the simulation results including a discussion is
presented in Section 4 and lastly, Section 5 offers the conclusion.

2. THEORETICAL ASPECTS

Fundamentally, for the concept of an amplifier, the input and output matching network are designed
to carry out the required small signal gain, stability, and bandwidth. Hyper-frequency amplifier is a typical
active circuit utilized to amplify the amplitude of RF signal. Basic concept and consideration in design of
hyper frequency amplifier is presented below. For the power amplifier designed, the expression and equation
were referred to [12]-[17]. Figure 1, presents a typical single-stage microwave amplifier with an input/output
matching networks.

Input Matching Transistor Output Matching
Network G [S] Network
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Figure 1. Block diagram of power amplifier
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The key concept of microwave power amplifier design is to match input/output networks of a transistor at
hyper-frequencies utilizing scattering-parameters frequency characteristics at a specific DC-bias point with
source and load impedances. Matching networks circuit is essential to ameliorate efficiency of transmission
from source to load and to minimize undesirable reflection of signal [12] and [14].

2.1. Condition for matching

The scattering parameters of transistor were determined. The merely flexibility permitted to the
designer is the network matching circuit. The input circuit should match to the source while the output circuit
should match to the load for to transfer maximum power to the load. After stability condition of active device
is achieved, network matching circuits should be designed in order that reflection coefficient of every port
can be correlated with conjugate complex number as defined below [15]:

iy :r; 2811+M (5)
1-S,.I',
* S,,S,.T"

Loy =0 =S, + 222 (6)
uT L 1-S,I

2.2. Stability condition

Stability condition is a great attention in RF/Microwave amplifier designing. It have be stabilized by
attenuating any oscillations that may happen and damage the amplifier. Stability has been established by
deriving the selected scattering-parameters and calculating the stability factor (K) and stability measure (B1)
using equations (7) and (8) .the microwave amplifier will be unconditionally stable if the k-factor is greater
than unity (K>1) and the B1-factor is greater than zero (B1>0), and if the K is less than unity and B1 less
than zero , the microwave amplifier would be conditionally stable and plotting stable circle in smith chart is
needed to determine in which region the amplifier is not stable to avoid oscillation condition [16] and [17].
By using the Rollelt's condition that is given as:

e A e EM PN

1
215,5, | "
B, =1+|S, |%-|S, |>-|A|2>0 8)
| A |:| S11822 - S12521 | )

Where

K is the Rolett factor.
B, is the Stability measure

2.3. Power gain

A single-stage microwave PA “Power Amplifier” can be modeled by the circuit of Figure 1, where
matching networks are used on both sides of the transistor to transform the input and output impedance Z, to
the source impedance Zs and load impedance Z,. Various power gains were defined for to comprehend
operation of microwave amplifier, power gains are classified into Operating Power Gain, Available Power
Gain and Transducer Power Gain [14].

2.3.1. Operating power gain
Operating Power Gain is the ratio of power dissipated in the load Z, to the power delivered to the
input of the 2-port network. This gain is independent of Z, although the characteristics of some active
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devices may be dependent on Zg [13], [14]. Operating Power Gain is given by:

1_|FL|2
1-S,,T. [

P 1 2
Gy =t = s
P P|N 1_|1_,IN|2 | 2:|-|

(10)

Where:

P, : Power delivered to the load
Pin: Power input to the network

2.3.2. Available power gain

Available Power Gain is the ratio of the power available from the 2-port network to the power
available from the source. This assumes conjugate matching of both the source and the load, and depends on
Zs, but not Z_[14]. Available Power Gain is defined by:

P n _ 1_|r5|2

av

1
1-S,,T. [

2 |821|2 (11)
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Where:

Pawn: Power available from the network
P.ws: Power available from the source

2.3.3. Transducer power gain
Transducer Power Gain is the ratio of the power delivered to the load to the power available from
the source. This depends on both Zg and Z, [14]. Transducer Power Gain is expressed by:
2
1_|FL|
2
[1-S,,r |

_i: 1_|FS|2
' PaVS |1_SSFIN|

2
2 |821|

(12)

The transducer power gain is the most useful gain definition for amplifier design, which accounts
for both source and load mismatch.

3. DESIGN PROCEDURE

Gallium Arsenide Field Effect Transistor (GaAs FET) technologies have been chosen to be utilized
for the proposed ISM-band microwave amplifier due to its performance in UHF range and it's become an
excellent choice for high frequency circuit and it meets the required specifications of the proposed 1SM-band
microwave amplifier. DC-biasing voltage and current circuit have been designed based on the data sheet of
ATF-21170 which biased at Vps=4 v and I3 =50 mA.

DC-biasing circuits consist of Radial stub directly after a quarter-wavelength line (A/4) add at the
Drain and at the Gate, this Biasing circuit will help to achieve proper isolation at desired RF frequency and to
play the role of an RF choke. The capacitors at input/output ports are utilized as DC blocking capacitors [18].
All capacitors value have been tuned to meet the available commercial at the market, along with different
capacitors used in the proposed amplifier in Table 1. At the source paths, a Taper line was added in series to
improve the stability. The PA requires both input and output matching network. The matching networks
provides matching impedances by microstrip transmission lines technology. It is well known that the
impeccable matching of an amplifier is gotten only when the amplifier is matched for maximum power gain
with a narrow bandwidth. However, in the design of power amplifiers, good matching is preferred rather than
maximum high gain just as the stability should be achieved in the design of PAs. Moreover the impedance
matching will not be excellent when the power gain is in extreme condition somewhat inherently in the single
stage topology. In order to overcome this problem and get the good matching with high power gain. A “T”
type matching is used at the input and the output side of transistor. The detailed Circuitry of the proposed
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design is represented in the Figure 2. The printed circuit of the ISM power amplifier were implemented in
microstrip technology using Epoxy substrate (FR4) with a relative permittivity of 4.4, a thickness of 1.6mm, a
metallization thickness t=0.035mm and a tangential loss of 0.025. For more realizable results, Momentum tool
is performed. Layout architecture utilized for to show the location of the components and the real circuit size.
The layout of the final proposed power amplifier structure is illustrated in Figure 3, where the overall size of

this power amplifier is 73.5 mm (L) * 36 mm (W).

Table 1. Different Capacitors used in the Proposed Power Amplifier

Capacitors Values (pF)
Cin 220
Cout 220
CD_Bias 220
Co_ias 220
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Figure 3. Layout of the proposed amplifier
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4. SIMULATION RESULTS AND DISCUSSION

The DC voltage of power amplifier is adjusted to Vps=4V and Vgs=0.5V .during the simulation,
optimization technique was used to get better performance and to reduce the size of power amplifier. The
proposed microwave power amplifier was characterized by small signal performance and power performance
simulations.

Both small signal performance and power performance simulations have been executed using the
advanced Design System (ADS) software.

Small-signal simulations are performed using an S-parameters which run from 2 to 3GHz. Figure 4
presents the simulated small-signal of performance of the proposed microwave power amplifier. the small
signal performance shows the power gain of this power amplifier is about 19.4dB with an isolation coefficient
(S12) lower than -24dB over the bandwidth, and the return loss is lesser than -10dB over the interested band; it
can be observed that the input return loss (S11) is less than -38dB and the output return loss (S22) is less than
-33.5dB at 2.45GHz. The stability condition of this power amplifier is determined through small-signal
performance, According to the Rolett Criteria. The necessary and adequate conditions for unconditional
stability are determined by the Equations (7), (8). From figures below, it can be seen that B1> 0 and K >1 over
operating frequency band. Consequently, the conditions for unconditional stability of proposed power
amplifier are confirmed on the interested band, which means there is no risk of oscillations. Figure 5 and
Figure 6 illustrates the curves of the stability measure B1 and the stability factor K versus frequency.

The power performance (the large-signal performance) is simulated using a Harmonic Balanced
simulator. This PA was run at the frequency of 2.45GHz for power input range from -30 to 30dBm under
Vps=4V supply voltage. The circuit achieves a maximum saturated output power of 8dBm at 1dB compression
point. Figure 7 shows the simulation results of output power versus input power at the frequency of 2.45GHz.
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Figure 4. S-parameters versus frequency of the Figure 5. Stability factor versus frequency
proposed ISM-amplifier characteristics
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Figure 6. Stability measure versus frequency Figure 7. Input power versus output power for
characteristics 2.45 GHz

The proposed power amplifier performances were compared to some existing works in the literature
in terms of Power Gain and Reflection Coefficients , the comparison results are presented in Table 2, we can
conclude that the proposed amplifier has a excellent performances compared to the reported works.
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Table 2. Comparison of Proposed Power Amplifier Performance with some Existing PAs

Ref Technology Frequency Supply Voltage Power Gain Input Return Output Return
(GHz) V) (dB) Loss(dB) Loss (dB)

[18] Si BJT 1.7-22 10 115+1 -22 -24

[19] PHEMT 1.9 4.75 13 -15 -

[20] GaAs PHEMT 2.45 3 7.51 -7.49 -10.95

[21] 180nm CMOS 2.45 18 15 -12.66 -9.22

[22] GaN HEMT 19-25 28 18.9 -17 -

[23] SiGe HBT 24 2.75 15.6 -10 -15.8
This Work GaAs FET 2.45 4 194 -38 -33.5

5. CONCLUSION

This paper presents a new design of microwave single stage power amplifier intended for
applications ISM at 2.45GHz. This is performed by employing a GaAs FET (ATF-21170). The aim of this
manuscript is design, simulate and optimize a microwave power amplifier with a microstrip technology. The
use of T matching technique at the input and the output stages of the PA has contributed the best performance
for the amplifier. From the design parameters and simulation result. The proposed PA is biased at supply
voltage of VDS=4V with drain current of 50mA. The microwave power amplifier has an isolation coefficient
(S12) lower than -24dB with a power gain of 19dB, input return loss of -38dB and output return loss of
-33.5dB and stability without oscillating in its required frequency band.
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