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Abstract: This paper proposes a Broadband Power Amplifier (BPA) for L and S bands applications based on 

ATF13786 transistor, using GaAs process. To improve the broadband performance, an approximate transformation of 

previously designed lumped elements into transmission lines, and a multi-section quarter wave impedance transformer 

are used. With neatly design of the broadband networks and bias circuit, a maximum gain of 14.89 dB is achieved 

across 1.1 GHz  3 GHz. At 2 GHz, the simulated large signal results demonstrate that the designed BPA achieves a 

saturated output power of 17 dBm, with 1-dB compression point at 4 dBm input power level, and a PAE of 20 %. For 

the whole bandwidth, the input return loss and output return loss are below than -10 dB. The maximum value achieved 

by the reverse transmission is – 20 dB over the operation frequency ranges. Considering the broad frequency coverage, 

the performance of the proposed design compares favorably with the state-of-art. 

Keywords: Broadband power amplifier (BPA), GaAs, L and S bands, Microstrip line, Single DC supplies. 

 

 

1. Introduction 

Among electronic circuits, broadband signal 

amplification is one of the most important microwave 

and radiofrequency (RF) circuit functions [1]. The 

spectrum around us is full of transmitted signals 

waiting to be received. Each of these signals was 

transmitted by some sort of power amplifier [2].  

Thereby, every circuit designer is likely to face 

the challenge of designing a microwave or 

radiofrequency transmitter, and inherently a 

Broadband Power Amplifier (BPA) for one of the 

following bands (defined by IEEE Standard 521-

1984) [3]: L – S – C – X or Ku bands [4] operating at 

Ultra High Frequency (UHF) and Supra High 

Frequency (SHF) from 30 cm of wavelength, to 

1.7cm (1GHz to 18 GHz) [5]. 

However, BPA applications span a wide range of 

areas, among which, Cellular Communication – be it 

a base station transceiver of Global System Mobile 

(GSM), Universal Mobile Telecommunications 

System (UMTS) or Long Term Evolution (LTE) – 

radars [6], avionics, electronic warfare, digital 

television broadcast, heating, and medical microwave 

imaging represent just a few examples [7, 8]. 

This miscellaneous and evolving broadband 

power amplifier landscape dictates the strategy for 

the design, optimization and fabrication of multiple 

generations of RF power devices. 

The active device – RF power transistor – must 

satisfy a broad and often conflicting set of application 

requirements, including but not limited to stability, 

output power, bandwidth, gain, linearity, efficiency 

and cost effectiveness [9]. 

The amplifier topology and architecture has also 

evolved to fit to the ever changing system 

requirements, most recently with the widespread 

adoption of Doherty configuration to increase the 

back-off efficiency in linear applications [10 - 12], 

but the performance will be limited when the 

bandwidth requirement is larger than octave. 

To date, many design and implementation of 

broadband power amplifier have been proposed in the 

literature using balanced structures, distributed 

configurations [13 - 15] and several matching 

techniques such as Real Frequency Technique (RFT), 
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resistive matching circuits and reactive filter 

synthesis [16]. The resistive matching techniques and 

reactive filter synthesis cannot obtain good return 

loss over a wide frequency range and both have some 

limitation in extending the bandwidth of the power 

amplifier. Conversely, the RFT has clear advantages 

in terms of its return loss and bandwidth. 

In this work, we adopt the Real Frequency 

Technique and other broadband matching techniques 

in the design of the input and output matching 

networks. The RFT is probably the best circuit 

synthesis method available for the design of 

broadband power amplifiers. It is being applicable to 

all matching problems, as it does not need a 

predefined equalizer topology [24]. In addition, 

comparing this technique with similar contemporary 

state of art broadband matching techniques, the RFT 

shows good return loss and a wider bandwidth.  

In this paper we present the design of a 

Broadband Power Amplifier (BPA) over a 2900 MHz 

bandwidth, from 1.1 GHz to 3 GHz, which cover the 

mainstream communication standards running in L 

and S bands. Furthermore, the proposed BPA reaches 

a maximum gain of 14.89 dB, and a saturated output 

power of 17.14 dBm with 20 % of maximum PAE, 

while the design achieves a simple configuration and 

an excellent matching performance over a broad 

frequency range. 

This paper is organized as follows. In section 2, 

the deployed broadband matching techniques and 

biasing networks are presented. The simulation 

results are given in section 3. The proposed BPA 

layout is given in section 4 and the concluding 

remarks are summarized in section 5.   

2. Microwave circuit design  

Whether characterized as broadband, narrowband, 

low noise, high power or otherwise, all electronic 

amplifiers have common characteristics of providing 

finite positive Power Gain at the frequency or range 

of frequencies, of interest [17]. 

Broadband Power Amplifier design requires 

accurate RF active device modelling, efficient 

impedance matching, stability throughout operation, 

and ease of practical implementation. The feature of 

a broadband power amplifier design is evaluated by 

its ability to reach maximum power gain across the 

required frequency bandwidth, under stable operating 

conditions, with minimum amplifier stages, and the 

requirement for the high efficiency or linearity can be 

considered where it is needed.  We note, for stable 

operation, it is necessary to evaluate the operation 

frequency domains in which the active device may be 

potentially unstable [18].  

 
Figure. 1 Single active device with input and output 

matching network 

 

Fig. 1 shows the basic block schematic for a 

single stage power amplifier circuit which includes 

an active device, an Input Matching Network (IMN) 

to match with the source impedance, an Output 

Matching Network (OMN) to match with the load 

impedance, and a bias network to supply DC supply 

power to the transistor.  

3.1 Broadband impedance matching techniques 

Impedance matching or impedance 

transformation is the key part of a Broadband power 

amplifier design.  Generally, when there is a 

mismatch between the input (source) and the output 

(load), the RF power available from the source is not 

delivered to the load and this makes a loss of power. 

This means that, a portion of electrical signal will be 

reflected at the interface between sections with 

different impedances, when this signal propagates in 

the circuit. Thus, the impedance matching is very 

necessary to provide a maximum transfer of RF 

power from a source to an active device, from an 

active device to a load, or between devices.  

There are various techniques of impedance 

matching that can be used to match two given 

impedances such as: lumped elements, transmission 

lines and multi-section Quarter Wave impedance 

transformers. In addition, both single-stub and 

double-stub as well as a quarter-wavelength 

transmission line impedance matching can be used. 

The main factors to be considered in the chosen of a 

matching technique are: bandwidth, complexity, 

frequency response and ease of implementation.  

At high frequency, excepting an MMIC 

(Monolithic Microwave Integrated Circuit), it is 

generally difficult to implement the lumped elements 

on a PCB. However, a matching network that uses 

transmission lines is easy to implement on a PCB 

substrate. 

 



Received:  April 18, 2018                                                                                                                                                   98 

International Journal of Intelligent Engineering and Systems, Vol.11, No.5, 2018           DOI: 10.22266/ijies2018.1031.09 

 

 
Figure. 2 Conversion of a lumped elements matching 

circuit to a transmission lines matching circuit 

 

 
Figure.3 Multi-Section Quarter Wave Transformer (N = 

Number of sections) 
 

 
Figure. 4 Four sections binomial transformer 

 

 In this work, more than technique is used to 

improve the broadband performance in input and 

output matching networks. The first one, is an 

approximate transformation of a formerly designed 

lumped elements matching circuit, into the 

transmission lines matching circuit. This 

approximation can be done by swapping the lumped 

elements by the transmission lines.  

Fig. 2 shows the transmission lines circuit that 

can replace the designed lumped elements matching 

circuit. The series inductor is transformed into the 

transmission line with characteristic impedance Z1 

and length θ1. 

The shunt capacitor is transformed into the two 

parallel-connected transmission line stubs with 

characteristic impedance Z2, and length θ2. The 

values of Z1, θ1, Z2, and θ2 can be approximately 

calculated by using the following equations [19]: 

 

𝑋1 = 𝑍1 tan(𝜃1) ≈ 𝜔𝐿 (1) 

  

𝑋2 =
𝑍2

2 tan(𝜃2)
≈

1

𝜔𝐶
 (2) 

 

Form Eq. (1), the variables are Z1 et θ1, thus, there 

are two degrees of freedom in implementing the value 

of an inductor. The same for the Eq. (2). 

The second technique used in this work is the 

Multi-Section Quarter Wave impedance transformer. 

Fig. 3 shows the schematic of a Multi-Section 

Quarter Wave Transformer in which the load 

impedance ZL is transformed to Z0 (Z0 is the 

characteristic impedance of the feed line).  The 

transformer consists of discrete sections of 

transmission lines having different characteristic 

impedances, but the same electrical length  𝛽𝑙 = 𝜃. 

The electrical length will be a quarter wave length at 

the band center frequency f0. The transformer is 

symmetrical, thus the reflection coefficients at 

junctions of the sections are related as |Γ0| =
|Γ𝑁|, |Γ1| = |Γ𝑁−1|, … 

There are two widely known Multi-Section 

Quarter wave transformers: Binomial and Chebyshev.  

A schematic diagram of a binomial transformer is 

illustrated in Fig. 4.  In the case of transmission lines 

sections, 𝜃 = 𝜋𝑓/2𝑓0 , and consequently the 

fractional bandwidth is given by:  

 

    
Δ𝑓

𝑓0
=
2(𝑓0 − 𝑓𝑚)

𝑓0
 

           = 2 −
𝜋

4
𝑐𝑜𝑠−1 |

2𝜌𝑚

ln (
𝑍𝐿

𝑍0
)
|

1/𝑁

 

 (3) 

 

N is the number of sections and 𝜌𝑚  is the 

tolerable reflection coefficient in the passband. 

The impedances of the sections can be 

approximately calculated by using the following 

equations [20]: 

 

𝑙𝑛
𝑍𝑛+1
𝑍𝑛

= 2𝜌𝑛 = 2
−𝑁𝐶𝑛

𝑁𝑙𝑛
𝑍𝐿
𝑍0

 (4) 

𝐶𝑛
𝑁 =

𝑁!

(𝑁 − 𝑛)! 𝑛!
 (5) 

 

Where 𝑍𝑛 and 𝑍𝑛+1 are the impedances of the 𝑛th 

and (𝑛 + 1) th sections, respectively, 𝜌𝑛  is the 

reflection coefficient at the junction between 𝑍𝑛 and 

𝑍𝑛+1 , and 𝐶𝑛
𝑁  are the binomial coefficients. In the 

case of a two-section binomial transformer: 

 

𝑍1 = 𝑍𝐿
1/4
𝑍0
3/4

 (6) 

𝑍2 = 𝑍𝐿
3/4
𝑍0
1/4

 (7) 
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3.2 Biasing network 

Biasing networks plays an important role in the 

design of an RF power amplifier. They supply the 

efficient excitation means for active devices. The 

biasing parameters can change with the active device 

technology, but the design basics for biasing methods 

are basically the same.  

Biasing of transistors includes two parts: the 

chosen of bias Q-point (Quiescent Point) for 

optimum device performance in terms of stability, 

gain, PAE, output power, linearity, noise figure, RF 

choking…and the biasing networks. 

  Basically, a biasing network comprise a DC 

block and a RF chock. The aim of RF chock is to have 

very high impedance at the operating frequencies to 

prevent the RF energy from seep through the biasing 

network.  Generally, a DC block can be either a 

capacitor or 3-db backward-wave coupler, and should 

be present short circuit at the operation frequencies. 

The value of the capacitor should be selected such 

that 𝑤𝐶 = 2𝜋𝑓𝐶 is very large.  

Consequently, 𝑍𝑐 = −𝑗(
1

𝑤𝐶
) is very small and the 

signal can pass through the capacitor with very weak 

reflection.  

At microwave frequencies, the RF chock is 

generally realized by using a high impedance 𝜆/4 

line terminated by an open circuited quarter wave low 

impedance line. The configuration is shown in Fig. 

5.a. In order to increase the bandwidth, the low 

impedance line section can be replaced with a radial 

line section as shown in Fig. 5.b, and this 

configuration can provide a small size and better 

bandwidth than a quarter wave open circuited line 

section. 

3.3 The proposed broadband power amplifier 

By using the concepts mentioned above, the 

proposed BPA is shown in Fig. 6. 

The design of this broadband power amplifier is 

based on commercial transistor ATF786, which is a 

Gallium Arsenide Schottky barrier-gate Field Effect 

Transistor.  

In the design procedure, the bias condition 

(known as DC Q-point) for the active device should 

be carefully selected, because it determines the basic 

performance in terms of stability, output power, gain 

and PAE of the whole power amplifier.  

The employed bias network is shown in Fig. 7. 

The proposed power amplifier is biased with single 

supply voltage VCC of +3.5V. According to the 

broadband requirement, the RF chock is realized by 

using a radial stub followed by a high impedance 𝜆/4 

transmission line. This combination allows to 

preventing the RF energy from entering the power 

supply and increases the bandwidth. 

As shown in Fig. 8 and Fig. 9, the input matching 

and the output matching networks have been 

designed as simple as possible to reduce both the 

layout consumption and the gain loss. The design of 

both matching networks depends on the range of 

frequencies wherein this broadband power amplifier 

need to be designed. 

 

  

(a) (b) 

Figure. 5 Simplified microwave biasing circuits: (a) MIM 

capacitor DC block and two 𝜆/4 transformers and (b) 

MIM capacitor DC block and 𝜆/4 transformer in series 

with a radial line stub 

 

 
Figure. 6 The proposed single stage broadband power 

amplifier schematic 

 

 
Figure. 7 Biasing network 
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Figure. 8 Input matching network 

 

 
Figure. 9 Output matching network 

3. Simulation results and discuss  

3.1 Stability analysis  

According to the S-parameters approach to the 

stability analysis of the power amplifier, 

unconditional stability is assured if the following 

equations are simultaneously satisfied: 

 

{
 

 𝑘 =
1 + |∆|2 − |𝑆11|

2 − |𝑆22|
2

2|𝑆12𝑆21|
> 1

 𝐵1 = 1 + |𝑆11|
2 − |𝑆22|

2 − |∆|2 > 0

 

(8) 

(9) 

𝑊ℎ𝑒𝑟𝑒 ∶ 
  ∆= 𝑆𝑆11𝑆22 − 𝑆12𝑆21 

(10) 

 

k: Rollett stability factor. 

B1: Bodway stability factor. 

 

Figs. 10 and 11 show the simulated k and B1 

across 1.1 GHz  3 GHz. The Rollett and the Bodway 

stability factors achieves a minimum value of 1.42 

and 0.86 respectively. 

Since k > 1 and B1 > 0 over the operating band, 

the conditions of unconditional stability of the 

proposed BPA are met. That means that any source 

or load can be connected to the input or output of the 

BPA without risk of becoming unstable or producing 

oscillations.  

 
Figure.10 Curve of Rollett stability factor versus 

frequency 

 
Figure. 11 Curve of Bodway stability factor B1 versus 

frequency 

3.2 Small signal simulation  

Due to the growing need to shorten development 

time, and simultaneously obtaining an accurate data, 

power amplifier designers are more and more use 

simulation tools.   

The RF performance of the proposed BPA is 

determined using small signal, two port S-parameter 

simulation.  The S-parameter simulations are done in 

50  terminations. Basic S-parameter simulations are 

small signal, and consists of measuring transmitted, 

reflected and incident waves.  

Small signal gain S21, input return loss S11, output 

return loss S22 and isolation coefficient S12 are 

simulated using Advanced Design System (ADS) 

simulation software.   

As depicted in Fig. 12, the input return loss S11 

varies between -10.057 dB and -35.948 dB over wide 

bandwidth from 1.1 GHz to 3 GHz. Furthermore, the 

output return loss S22 changes between -9.849 dB and 

-25.631dB over the prescribed band as seen in Fig. 13. 

It can be seen that the simulated results prove the 

good input and output matching over the operating 
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Figure. 12 Input return loss from 1.1 GHz to 3 GHz 

 

 
Figure. 13 Output return loss from 1.1 GHz to 3 GHz 

 

 
Figure. 14 Revers isolation S12 versus frequency 

 

bandwidth, meaning very week power is “returned” 

to the source from the input or to the load from the 

output. 

The reverse isolation S12 represents internal 

feedback from the input to the output of a two port 

device. Fig.14 shows the simulated revers isolation of 

the proposed BPA. As that can be seen in Fig.14, S12 

varies between a minimum value of -32.039 dB at 1.1 

GHz and a maximum value of -20,953 dB at 2.8 GHz.  

 

 
Figure. 15 Small signal gain S21 versus frequency 

 

In terms of operation of practical power amplifier, 

it is required to have S12 as small as possible because 

the smaller value of reverse isolation, is the greater 

degree of isolation between the output and input, and 

also the greater degree of stability of a given stage. 

The simulated gain S21 for the proposed BPA is 

given in Fig. 15. As can we observe, the small-signal 

gain varies between a minimum value of 8.2 dB at 

3GHz, and a maximum value of 14.89 dB at 1.48 

GHz. 

3.3 Large signal simulation  

In this sub-section, the simulated peak output 

power and power added efficiency (PAE) are 

presented.  

As expressed by Eq. (11), the output power is the 

power delivered to the external load (commonly 50 

) at a specify frequency or a range of frequencies.  

 

{
𝑃𝑜𝑢𝑡 = 𝑃𝑜𝑢𝑡(𝑓) =

1

2
ℛ𝑒{𝑉𝑜𝑢𝑡. 𝐼𝑜𝑢𝑡

∗ }

𝑓𝜖[𝑓𝐿𝑜𝑤 ;  𝑓𝐻𝑖𝑔ℎ]
 (11) 

 

The 1dB compressed point is defined as the point 

at which the output power level corresponding a 1dB 

deviation from the ideal linear behavior. The 

corresponding input power level, is used to mark the 

border between the linear and nonlinear regions. 

From energetic point of view, a power amplifier 

may be eventually considered as a device converting 

DC power from supplies into microwave power.   

The effectiveness of this conversion process is 

generally measured by means of Power Added 

Efficiency (PAE), defined as the ration between the 

added power and the supplied DC power: 

 

𝜂𝑎𝑑𝑑 =
𝑃𝑎𝑑𝑑
𝑃𝐷𝐶

=
𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛
𝑃𝐷𝐶

 (12) 
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Where:    

𝑃𝐷𝐶 = 𝑉𝑏𝑖𝑎𝑠.
1

𝑇
∫ 𝐼𝑏𝑖𝑎𝑠(𝑡). 𝑑𝑡

𝑇

0

 
(13) 

 

Figs. 16 and 17 show the simulated output power 

and PAE of the proposed BPA at 2 GHz. 

Fig. 16 shows that the simulated output power 

reaches a maximum of 17.14 dBm, at the 17 dBm at 

the input power level, thus leading to 51.76 mW of 

output power. The proposed BPA reaches 1dB 

compression at 4 dBm input power level. As depicted 

in Fig.17, at 2 GHz, the simulated PAE achieves a 

maximum value of 20.11% at 6 dBm input power. 

4. Broadband power amplifier layout 

The layout of the proposed BPA is shown in Fig. 

18, where the input port, the output port, the bias 

voltage point and the active device are marked. 

In this work, the proposed BPA is implemented 

on the substrate of Epoxy FR4, the permittivity (𝜀𝑟) 

of which is 4.4. The size of the circuit plan is 

10 𝑐𝑚 𝑋 5 𝑐𝑚 . This BPA adopt the commercial 

transistor ATF 13786 in GaAs technology. 

The performance of the designed BPA is 

summarized and compared to state of the art 

broadband power amplifiers running in L and S bands 

in Table 1. 

 
Figure.16 Output power versus input power 

 

 
Figure.17 Power Added Efficiency versus input power 

  

 

 
Figure.18 The proposed single stage broadband power amplifier layout 
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Table 1. State of art broadband PAs  

Ref. 
[21] 

2015 

[22] 

2016 

[23] 

2018 

This 

Work 

Freq 

(GHz) 
1.9-2.7 1.8-2.8 1.75-2.15 1.1 - 3 

Psat (dBm) 28.1 28 8 17.14 

PAE (%) 13.7 6.1 - 20 

Gain(dB) 11 25 10 - 11.7 14.9 

S11 (dB) - -12 | -25 -11 | -22 -10 | -35 

S22 (dB) - -9 | -19 -13 | -19 -10 | -25 

S12 (dB) - - -18 | - 19 -20 | -32 

Supply 

(V) 
2.5 5 12 3 

 

Comparing the present work with similar 

contemporary state-of-art broadband PAs [21-23], 

we can clearly observe that the proposed broadband 

matching techniques are useful, and the designed 

BPA reaches an excellent bandwidth with good 

matching across the operating frequency ranges. 

The simulated return loss does show good results 

over 2900 MHz of bandwidth compared to [21 - 23]. 

In the frequency range of 1.1 GHz to 3 GHz, the 

proposed BPA achieves a maximum gain of 14.9 dB, 

and a Psat of 17.14 dBm with an 20% PAEmax and a 

P1dB of 4 dBm under the 3 V supply voltage. 

Considering the wideband input power and the 

broadband frequency coverage, the proposed BPA 

achieves better wideband large-signal performances 

compared with other BPAs [21 - 23], and exhibits 

high gain, excellent bandwidth, good output power, 

good matching across operating bandwidth, and 

simple circuitry. It is a good candidate for the 

broadband PAs operates in L and S bands.  

5. Conclusion  

In this paper, a broadband power amplifier used 

for L and S bands applications has been presented. 

Realized in GaAs process, the proposed BPA 

achieves a maximum gain of 14.89 dB in the whole 

frequency range of 1.1  3 GHz. 

With neatly designed matching networks and bias 

circuit, good input and output matching is reached 

over a broad frequency range, and the return loss 

varies between -10 dB and – 35 dB, the output return 

loss between -10 dB and -25 dB, and the reverse 

isolation between -20.9 dB and -32 dB.  

At 2 GHz, the large signal simulation shows that 

the proposed BPA exhibits the saturated output 

power of 17.14 dBm, output 1-dB compressed point 

of 4 dBm input power level, and PAE of 20%. 

The whole circuit is unconditionally stable over 

the full bandwidth from 1.1 GHz to 3 GHz. A power 

amplifier with these performances characteristics is 

suitable for many applications operating in L and S 

bands such as SRAN (Single Radio Access Network) 

in cellular communications, avionics, medical 

microwave imaging, electronic warfare, and digital 

television broadcasting represent just a few examples. 
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