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Abstract

Amplification is one of the most basic and prevalent microwave analog circuit functions. Wherefore
power amplifiers are the most important parts of electronic circuits. This is why the designing of power
amplifiers is crucial in analog circuit designing. The intent of this work is to present an analysis and design
of a microwave broadband power amplifier by using two stages topology. A two stages power amplifier using
a distributed matching network for WiMAX applications is based on ATF-21170 (GaAs FET). The
configuration aims to achieve high power gain amplifier with low return loss over a broad bandwidth. The
proposed BPA is designed with a planar structure on an epoxy (FR4) substrate. The planar structure is also
utilized for getting the good matching condition. The advanced design system (ADS) software is used for
design, simulation, and optimization the proposed amplifier. The complete amplifier achieves an excellent
power gain; is changed between 28.5 and 20 dB with an output power of 12.45dBm at 1dB compression
point. For the input reflection coefficient (S11) is varied between -20 and -42 dB. While the output reflection
coefficient (S22) is varied between -10 dB and -49 dB over the wide frequency band of 3.2-3.8 GHz.
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1. Introduction

Recently, demands for short-range, high-speed wireless communication systems have
been increased. As a result, the design of a broad bandwidth circuit becomes the very important
topic. For those wireless communications systems, the design of broadband power amplifiers
(BPAs) with reasonable performances is one of the major challenges.

Most of the power amplifiers have been designed utilizing CMOS processes due to of
high-efficiency characteristic. However, the compound CMOS processes generally have high cost
and poor performance in high frequency. As an alternative for the compound semiconductor
processes, Gallium Arsenide Field-Effect Transistor (GaAs FET) could be considered for the
power amplifier design. The GaAs FET process has been advanced, the channel length of the
device gets shorter and shorter. Hence, their applications for high-frequency band become
possible. In addition, GaAs FET technology has low cost and high performances. Therefore, GaAs
FET PA design for next-generation communication systems, such as LTE and mobile world-wide
interoperability for microwave access (WiMAX), even in the microwave band becomes a highly
interesting topic for many circuit designers [1-4].

For wireless communication systems, the power amplifiers must have high performances;
wide bandwidth, high power gain, high linearity, and high output power. However, Power amplifier
design using GaAs FET process is still challenging, due to significant substrate loss and large
parasitic components. generally, several circuit architectures are usually used to realizing
broadband power amplifier (BPA) such as distributed structure, balanced structure, and
broadband matching network, etc. [5-7]. The challenge of each architecture is to find an
arrangement in such a way that achieves good performances in terms of gain, linearity, output
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power under stable conditions, and over a wide frequency range, and this is the base of the
broadband design approach.

In this paper, two stages power amplifier (PA) using distributed matching network was
designed to obtain good performances matching impedances and high gain. The PA design is
proposed for WiMAX band. In the design process, Gallium Arsenide Field Effect Transistor
(GaAs FET) is used as an active device at first and second stage to obtain high performances.
The epoxy (FR4) is chosen as the substrate for planar structure matching network. In the design
process, the advanced design system (ADS) software is used, and it can also give simulation
result of amplifier final circuit such as power gain, isolation coefficient, and output power.

2. Theoretical Aspects and Design Procedure

In this section, we will introduce basic theory and design procedure of power amplifier
configuration using the distributed matching network. The power ampilifier is designed for the best
possible performances. PA is commonly designed to obtain maximum power gain with minimum
power reflection in order to minimum VSWR. Impedance matching networks are needed to reduce
the unwanted reflection of signal and to improve the efficiency of the transmission from source to
load [8-9]. Distributed matching is applied to satisfy it.

The most important parameter in the design process of an amplifier is stability condition.
Stability in an amplifier circuit can be determined by S-parameters. If either the input or output
port, or both have negative resistance, oscillations are possible in a two-port network. In unilateral

case (|S;,| =0), this occurs when|S,,| or|S,,| are greater than unity [10-11]. There are two types of
stability, namely conditional stability and unconditional stability. To get unconditional stable for a

microwave amplifier, the transistor's inherent stability factor (K) must be greater than unity. It
means the magnitude of S;;,S,,,T;, and I'y,; must be smaller than unity , stability factor (K) is

given by (1) [12].
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Figure 1, illustrates two stages configurations of BPA which has designed in this project.
The maximum transducer power gain Gy, iS gotten with optimum termination at intput and

output port. Optimum termination occurs when a conjugate match is realized at the side
Tsy;=Tig Tous =14y Tsp =T @nd Ty, =T, The maximum transducer power gain can be
calculated from the following relation (2) [10] and [13].
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Figure 1. Block diagram of two stages power amplifier
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when TI'g; :anl the input power is equal to the maximum available input power [13]. Therefore,
under these conditions the maximum transducer power gain and the operating power gain is
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equal, and the value of T'yand T’ that result in G;,, are identical to T'yy, and T',,, which is
given by (3) and (4), respectively.

[er =C _Bsix/Bsz_4|Cs|2_ 3
sM = s 2 (3
I 2|Cq| |
e _BLiJBE—4|CL|2_
LM =L 2 4)
B
where
Cs =S, —-SoA Q)
|A| = |S11322 _512321| 9)

There are many parameters that should consider in the design of power amplifiers, such
as scattering parameters of the active device (ATF-21170), DC-biasing circuit and stability factor.
Those parameters can affect circuit performance. Basically, the high gain with wide bandwidth
can be gotten by cascade topology. Figure 2 present two stages PA circuit using microstrip lines
technology. To obtain input and output matching network, it must compute distance and length of

transmission lines where the conditions are T's =T}, and I',,, =T . In this design, A “T” matching

technique is used for input stage and a “PI” matching technique is used for output stage. The
substrate material for transmission lines matching is used Epoxy (FR4) with dielectric substrate
material ( &, = 4.4), the thickness of the substrate (h = 1.6 mm) and width of all transmission lines

(W= 3.3 mm) for characteristic impedance (50 Q).

Figure 2. Schematic of the proposed two stage PA circuit using microstrip lines technology
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Figure 2(b). Biasing circuit
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Figure 2(c). Inter-stage matching network circuit
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Figure 2(d). Output matching network circuit

This amplifier is also completed by DC biasing and DC blocking, component. The
DC-biasing circuits consist of radial stub directly after a quarter-wavelength line (AM/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 [14]. The capacitors at input/output ports are utilized
as DC blocking capacitors and capacitor (Cl) is used for interstage impedance matching. Finally,
the overall circuit is printed by using Momentum tool .The layout of the final proposed broadband
power amplifier is illustrated in Figure 3.

WIMAX  BAND

-;’,L:li:_“[n_

.Figure 3. Layout of the proposed amplifier

3. Simulation Results and Discussion

The amplifier circuit in Figure 2 is designed and simulated using the advanced design
system (ADS) software from Agilent Technology. This simulation is required to optimize BPA
performance of circuit design. The simulation result at definite frequency range from 3.2 GHz to
3.8 GHz gives value of a return loss, output power, power gain and stability. This simulated result
can be shown in Figures 4 to 7.

The Broadband PA is printed in microstrip technology using an 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. The layout of the two stages BPA circuit is shown in Figure 3. The BPA
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occupies an area of 99x28mm?2 including all pads. This circuit has been adjusted by using
optimization tools.The simulation results were carried out with a power supply applied on two
stages of 4V for VDS and 0.5V for VGS. In Figures below shows the small-signal S-parameters
of the BPA. It can be observed that the return loss is less than -10dB on the interested band; For
the input reflection coefficient (S11) is varied between -20 and - 42dB. And the output reflection
coefficient (S22) is varied between -10 and - 49dB at the desired frequency band. The small signal
gain (S21) is changed between 28.5 and 20dB with an isolation coefficient (S12) less than -45dB
over the wide frequency band of 3.2-3.8GHz. From Figure 6, it can be seen that K >1 over
operating frequency band. Consequently, the conditions for unconditional stability of proposed
broadband power amplifier are confirmed on the interested band. Figure 7 shows the simulation
results of output power (Pout) according to the input power. The BPA exhibited a saturated-output
power (PSAT) of 19dBm and an output 1dB compression point (P1dB) of 12.45dBm at a central
frequency of 3.5 GHz.

Finally, we compared the proposed broadband power amplifier with other recently
published articles on the state-of-the-art of broadband power amplifiers, the results are shown in
Table 1. It can be remarked that the proposed amplifier has considerably a power gain and
reflection coefficients over a wider bandwidth than other BPAs, which verifies the results show
the excellent performance of our design approach compared to the reported works.
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characteristics for 3.5 GHz

Table 1. Comparision The Proposed Amplifier with Other Recently Amplifiers

Parameter [15] [16] [17] The Proposed BPA
Process BJTs GaN HEMT CMOS GaAs FET
Frequency (GHz) 1.75t0 2.15 19t025 1.65t02 3.2t03.8
Power Gain (dB) 11*05 18.9 51%5 28
Input Return Loss(dB) -22 -17 -21 -30
Output Return Loss(dB) -18 - -8 -29
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4. Conclusion

Two stages power amplifier (PA) in microstrip technology using “T” and “Pi” matching
techniques which are modeled in ADS has been designed and simulated. A power amplifier based
on GaAs FET is designed, simulated and tuned for the best possible performances. In order to
get a better power gain of the designed PA, a second stage based on the same transistor is added
in cascade. The design has been adjusted using optimization tools applied on matching networks
such that the final design is improved in both gain and return loss. The complete designed (two
stages PA) shows a peak power gain of 28dB, a low reflections, and high output power and
unconditionally stable over a desired range of frequencies.
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