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 Background and Objectives: In this paper, a new design strategy was 
proposed in order to enhance bandwidth and efficiency of power amplifier. 
Methods: To realize the introduced design strategy, a power amplifier was 
designed using TSMC CMOS 0.18um technology for operating in the Ka band, 
i.e. the frequency range of 26.5-40GHz. To design the power amplifier, first a 
power divider (PD) with a very wide bandwidth, i.e. 1-40GHz, was designed 
to cover the whole Ka band. The designed Doherty power amplifier consisted 
of two different amplification paths called main and auxiliary. To amplify the 
signal in each of the two pathways, a cascade distributed power amplifier 
was used. The main reason for combining the distributed structure and 
cascade structure was to increase the gain and linearity of the power 
amplifier. 
Results: Measurements results for designed power divider are in good 
agreement with simulations results. The simulation results for the introduced 
structure of power amplifier indicated that the gain of proposed power 
amplifier at the frequency of 26-35GHz was more than 30dB. The diagram of 
return loss at the input and output of power amplifier in the whole Ka band 
was less than -8dB. The maximum Power Added Efficiency (PAE) of the 
designed power amplifier was 80%. The output P1dB of the introduced 
structure was 36dB, and the output power of power amplifier was 36dBm. 
Finally, the IP3 value of power amplifier was about 17dB. 
Conclusion: The strategy presented in this paper is based on usage of 
Doherty and distributed structures and a new wideband power divider to 
benefit from their advantages simultaneously. 
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Introduction 
Recently, owing to the fact that high-speed 

communication systems with high speed and high data 

rate have wide variety of applications, the transmission 

of data is going to be done by using modern structures, 

in which one of the initial necessities would be low 

power consumption and high efficiency. Battery life is 

one of the main problems related to the new wireless 

systems ‎[1]. One of the main specifications between 

power amplifiers is that the highest value for efficiency is 

obtained only at its maximum output power. Efficiency 

significantly diminishes with reducing the output 

power ‎[1]. Under normal circumstances, the power 

transmission of power amplifier (PA) is less than the 

maximum output power. Thus, the effective efficiency is 

far lower than the maximum value. Increasing the 

efficiency of the amplifier leads to a direct reduction in 

power consumption ‎[2]. Doherty amplifier improves the 
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power efficiency for a linear power amplifier over a wide 

range of output powers ‎[3].  

On the other hand, the fifth generation (5G) mobile 

network scenario is very different from the current 

mobile standards (ex. LTE) in terms of both frequency 

band and hardware infrastructure ‎[4],‎[5]. This network 

consist of higher cell density, and hence, lower 

maximum power, carrier frequency in Ka band, 

broadband, new access methods such as Beam Division 

Multiple Access (BDMA) and Massive multi-input and 

multi-output (MIMO) ‎[6]. In addition, in complex 

modulation schemes, the maximum to average power 

ratio is greater than 12dB ‎[7]. Such a scenario would 

definitely apply more strict requirements on the 

transmitter system, especially for the power amplifier, 

which is widely known as responsible for the linear 

efficiency of the entire radio ‎[7]. Thus, the power 

amplifier efficiency is very significant in 5G, since it is 

closely related to the base station operating costs and 

phone battery life. Indeed, the renowned Doherty 

architecture obtains a high average efficiency in a wide 

range of RF output powers through active load 

modulation ‎[8]. 

Another important issue in telecommunication 

systems is bandwidth. The most common way to design 

amplifier in broadband systems is distributed amplifier 

structure. The bandwidth and performance which are 

two major challenges have been the focus of power 

amplifier designers in recent years. Thus, in this paper, 

using both distributed and Doherty structures 

simultaneously and benefiting from the proposed 

wideband power divider (PD), we have been able to 

obtain these two important factors concurrently with 

acceptable values. The introduced structure was 

designed and simulated for a frequency range of 26 to 

40GHz, using TSMC CMOS 0.18um process. All 

simulations have been performed in Advanced Designed 

System (ADS) software.  

Power Divider 

A.  Design Principle 

Commonly, the amount of power that can be 

achieved from the output of a single solid-state device is 

not enough for high frequency applications. As a result, 

combining the output power of several devices seems to 

be necessary to achieve demanded power value ‎[9]. 

Different methods have been proposed for millimeter-

wave power combining. One of the most familiar power 

divider is 3dB-Wilkinson, which is a two-way equal split 

type. The two-way Wilkinson combiner has applications 

not only at microwave but also at millimeter-wave 

frequencies; owing to its low losses ‎[10]. S.B. Cohn 

modified the primary structure of the two-way Wilkinson 

in order to increase the bandwidth to one decade ‎[10]. 

The method is based on substituting the one-step 

quarter-wave transformer with distributed parts. These 

parts, containing N pairs of equal-length TLs 

(transmission line), form the main structure of the two-

way multi-stage Wilkinson PD.  

Since the most important problem of single-resistor 

Wilkinson power divider is its very low bandwidth, in the 

present paper, to increase the bandwidth of the 

designed PD, we have combined five Wilkinson power 

dividers. Then, by optimizing its different parts, we have 

been able to extend the bandwidth very widely. 

Although many articles have used multistage Wilkinson 

power divider technique, they have not been able to 

achieve this broad bandwidth. In this study, all sections 

are curved, enhancing the bandwidth compared to the 

previous studies which used rectangular stubs. Indeed, 

when we use rectangular lines, there are fractures at 

angular points, which produce resonance and limit the 

bandwidth. The proposed power divider consists of five 

single Wilkinson power dividers. Accordingly, there are 

five resistors in the power divider which are used to 

isolate the two output ports. Since the introduced PD 

has a wide band and works up to 40GHz, a Rogers high-

frequency substrate (RO5880) with the dielectric 

constant of 2.2 and a thickness of 0.127mm was used to 

design and fabricate the PD. The other advantage of the 

introduced PD is its compactness. The size of the 

introduced PD is 24.3mm×10mm×0.127mm. The 

schematic of the designed PD and photograph of the 

fabricated is shown in Fig. 1 and Fig. 2, respectively.  

 

 
Fig. 1: Structure of introduced PD. 

 

 
Fig. 2: Manufactured PD. 
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B.  Simulation and measurement Results 

The diagram of return losses at the three ports of the 

PD is shown in Fig. 3. The major advantage of the 

introduced PD is its wide bandwidth. It is observed in Fig. 

3 that the values of return losses of the three ports of 

the designed PD over the entire Ka band are below -

15dB, which is far lower than the benchmark of -10dB.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. 3:  Return losses at the: a) input port. b) and c) output port. 

 

The transmission diagrams of the proposed PD are 

depicted in Fig. 4. It can be observed that the ripple rate 

of each diagram of S12 and S13 at the frequency of 1-

40GHz is less than 0.4dB. Also, the inherent loss of the 

proposed power divider over the whole band is about 

0.1dB. Hence, the sum of the ripples and inherent loss of 

each of the S12 and S13 diagrams at the frequency of 1–

40GHz is 0.5dB. This means that the S12 and S13 diagrams, 

at the frequency range of 1–40GHz, is between -3dB to -

3.5dB. This suggests that the inherent loss of the 

designed PD, at the frequency of 1–40GHz, is lower than 

0.5dB.  

 

 
(a) 

 
(b) 

Fig. 4:  Transmission diagrams. 
 

It is observed in Fig. 5 that the isolation between the two 
output ports for the designed PD at 1-40GHz is less than 
-12dB, indicating that there is a good isolation in the 
proposed power divider within the entire operating 
band.  

 
(a) 

 

 
(b) 

Fig. 5:  Isolation of the two output ports. 
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A review of previous research and its comparison with 

the current study revealed the advantages of the 

proposed technique as provided in Table 1. 

 
Table 1: Comparison between operational features of the introduced PD and others developed in previous articles 
 

Center 
frequency 
(GHz) 

Material 
Size 
(mm) 

Inherent loss 
(dB) 

Isolation 
(dB) 

Return loss at 
input port 
(dB) 

Return loss at 
output ports 
(dB) 

Bandwidth percentage 
compared to Ka band 
(%) 

Reference 

3.7 FR4 25*35 0.5             60 ‎[10] 
4 - 13*9 0.46                 110 ‎[11] 
38 RO5880 10.95*10.2 0.8            42 ‎[12] 
4 RO5880 35*45 0.6 -     - 100 ‎[13] 
6 RO5880 42*26 0.5             133 ‎[14] 
1.1 FR4 55*31 0.4             90 ‎[15] 
6.8 - 21*4.6 0.52                 109 ‎[16] 
6.3 - - 1             101 ‎[17] 
20.5 RO5880 10*24.3 0.45             190 This work 

         

Power Amplifier 

In power amplifiers, the efficiency is defined as the 

ratio of the average output power to DC power 

consumption. Power amplifiers operate mostly on the 

average power. Indeed, they spend a short time at the 

maximum power. Thus, their average power efficiency is 

very important. In conventional amplifiers such as class 

A, B, and AB power amplifiers, the higher the efficiency 

at higher powers, the lower the average power 

efficiency. The high average efficiency is one of the 

essential parameters for mobile systems, when battery 

lifetime is considered. To enhance this parameter, a 

wide variety of solutions have proposed during the 

history ‎[18]. W. H. Doherty introduced an effective 

approach in 1936 ‎[19]. 

The Doherty Power Amplifier (DPA) is according to 

the modulating the load of an amplifying device. Hence, 

this process will result in operating of the amplifier at its 

highest efficiency for a pre-destined value of input 

and/or output power ‎[20]. As a result, the termination of 

the amplifying device, Main (or Carrier), is modulated 

based on load modulation idea ‎[21], ‎[22], by utilizing 

another active device, Auxiliary (or Peaking). A general 

structure for Doherty power amplifier is shown in Fig. 6.  

Input
Main Amplifier

50Ω

λ/4

Auxiliary Amplifier

50Ω

λ/4 35Ω

λ/4

Load 

50Ω‎

 
Fig. 6:  Typical DPA configuration. 

 

 The load modulation circuit operates based on the 

idea of combining the asymmetric power obtained from 

the output of both active devices in a current-combining 

manner. Therefore, the main amplifier functions with 

maximum performance at a low-power condition and 

the maximum performance at the higher-power 

situation ‎[7]. In general, a power amplifier, with certain 

optimized termination impedance, provides the utmost 

effectiveness merely at maximum power because the full 

output voltage and current fluctuations are obtained 

merely at the maximum of the output power described 

by the constant load. The dynamically load modulation 

of DPA will result in the maximum performance at the 

various power levels specified by the modulated load. In 

the load modulation process, the carrier amplifier gives 

the peak effectiveness at one-second of the utmost 

input voltage, and the utmost effectiveness is kept via 

this process at a greater power as depicted in Fig. 7.  
Fig. 7  
 

 
 

Fig. 7: Efficiencies of DPA vs. input voltage for DPA. 
 

In the low-power area (0<Vin<Vin,max/2), the auxiliary 

amplifier stays in the cut-off condition, and the load of 

the main amplifier is twice as large as that of the 

conventional structure. Therefore, the carrier amplifier 

achieves the saturation condition at the input voltage of 

(Vin,max/2), because the utmost fluctuation of voltage 

obtains Vdc at one-second the current highest level. 

Consequently, the peak power value is one-second that 

of main amplifier, and the effectiveness of the DPA is as 

same as the utmost effectiveness of the main amplifier. 

In this low-power behavior, merely the main amplifier 
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with a one-second of the whole power cell generates 

power, and the effectiveness at a pre-determined power 

value is double as high as a power cell amplifier ‎[7].  

In the higher-power region (Vin,max/2<Vin<Vin,max), in 

which the auxiliary amplifier is ON, the main amplifier 

produces power with the maximum effectiveness, 

because the saturated operation is kept owing to the 

load modulation.  

The auxiliary amplifier functions at a large load at the 

turning on state, and the effectiveness enhances quickly; 

however, it is still less than the maximum effectiveness. 

Therefore, the whole effectiveness of the DPA structure 

is decreased.  

However, the next point for effectiveness is obtained 

when the peaking amplifier with saturated operation 

generates the utmost effectiveness at the maximum 

power.  

Thus, it has two utmost effectiveness places, 

improving the effectiveness at the back off output power 

value as illustrated in  

Fig. 7. As a result, the effectiveness of the Doherty 

structure at the peak point of the input voltage is as 

same as the utmost effectiveness of the known 

amplifiers ‎[7].  

Hence, the DPA structure generates more 

effectiveness across the whole power levels in 

comparison with an ordinary class B amplifier. The 

obtained structure for DPA can overcome the low 

efficiency difficulty for amplification of a large peak to 

average power ratio (PAPR) signal. Thus, DPA structure 

would be a good choice to increase effectiveness. On the 

other hand, one of the main concerns about DPA is the 

limited RF bandwidth.   

In Broadband data transmission and receiving 

systems as well as applications requiring broadband 

linear phase amplification, there are various approaches 

to design amplifiers. The most common way is 

distributed amplifiers structure. Distributed amplifiers 

(DA) are usually used as a suitable broadband amplifier 

in telecommunications.  

Since they have a stable gain over a wide bandwidth, 

they prevent the scattering of the received signals ‎[23]. 

The main idea in the distributed structure is to use 

multiple cascade transistors to enhance the gain and 

promote simultaneous absorption of parasitic capacitors 

into drain and gate transmission lines to acquire a broad 

bandwidth ‎[24].  

The principal form of the distributed amplifier can be 

seen in Fig. 8, in which a cascade of identical transistors 

are used, while their gates joined to a TL with a 

characteristic impedance of Z0g and a length of lg, and 

their drains are joined to a TL with a characteristic 

impedance of Z0d, and a length of ld ‎[25]. 

 

Z0d

Vin

Vout

Z0d

Z0gZ0g

ld/2 ld/2ld ld

lg/2 lg lg lg/2

 
 

Fig. 8:  Basic structure of the distributed amplifier. 
 

The DA structure is based on simultaneous 

enhancement of the gain and bandwidth of power 

amplifier ‎[25].  

The input voltage wave propagates via the gate line 

and attains the gate of the transistors with phase shifts. 

Each transistor increases its gate voltage and produces a 

drain current via the drain line. If the gate and drain line 

parts cause same phase shifts, i.e., 

          (1) 

where    and    is the propagation constant of the gate 

and drain line, respectively, the drain current obtains the 

termination impedance and effective combine. These 

lines are ended in their termination characteristic 

impedance at the other end to attract waves moving in 

the opposite ways ‎[25]. It is assumed that, the 

transconductance gain of each element is Gm and the 

output impedance can be observed by transistors, is 

one-second of the characteristic impedance of the TL, 

the gain of the voltage is as (2): 

   
 

 
                   (2) 

Here, n is the number of stages and Z0d is 

characteristic impedance of the drain line. The gain of 

the distributed amplifier can be enhanced via utilizing 

further stages or higher Gm. Z0d is tuned by the condition 

of output impedance matching. It should be considered 

that (2) is obtained supposing lossless TLs. Due to the 

existence of loss in TLs, the voltage amplitude weakens 

as it propagates the gate and drain lines. This result 

cause the degradation of voltage gain in case further 

stages are utilized ‎[25]. Hence, there would be an 

optimized number of gain stages that causes the voltage 

gain enhancement. The circuit schematic of Fig. 8 

assumes that parasitic capacitances of the transistors are 

evenly propagated along the TLs. The model presented 

in Fig. 8 cannot propose a realistic evaluation of the DA 

bandwidth. Moreover, the distributed amplifier could be 

introduced by lumped-element artificial TLs as depicted 

in Fig. 9.  
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Z0d

Z0d

Z0d

Z0d

VOUT

CdCdCdCd

ld/2ld/2 ld ld ld

lg/2 lg/2lg lg lgCg Cg Cg Cg

Vin

 
Fig. 9: Distributed amplifier structure constructed by lumped-

element artificial transmission lines. 

 

The condition (1) is changed as 

          (3) 

Here, Cg and Cd are capacitances at the gate and drain 

of each transistor, whereas Lg and Ld indicate the 

inductance of the gate and drain lines, respectively. The 

bandwidth of the distributed amplifier is restricted by 

the cut-off frequency of the gate and drain lines. The 

cut-off frequency can be obtained as follow ‎[25]: 

   
 

√  
 (4) 

Here, L and C are the inductance and capacitance of 

the lumped-element line, supposing that gate and drain 

lines have equal cut-off frequencies. The wave crossing 

via the lumped-element line is significantly attenuated 

over the cut-off frequency. Transistors in small size 

should be used to obtain higher bandwidth that will 

decrease the gain of distributed amplifiers. Since the 

characteristic impedance of the lines is specified by the 

ratio of L/C, inductance L would not be small to obtain 

more bandwidth. Therefore, there exists a trade-off 

between gain and bandwidth in distributed amplifiers. 

The input capacitance of transistors is the main parasitic 

capacitance that confines bandwidth of distributed 

amplifiers. Coupling by using capacitor is an introduced 

way to reduce the loading result of the gate-source 

capacitance on the gate line ‎[25]. A capacitor is put in 

series with the gate of transistors to decrease the 

capacitance to Cgs=(1 + Cgs/Cc) [Fig. 10 (a)].  

A large resistor in parallel with CC makes a way for the 

gate bias. It is worth mentioning that the gain of voltage 

is decreased by the factor 1 + Cgs/CC owing to the 

splitting of voltage at the input of transistors. The 

method is generally applied in distributed amplifiers in 

which the gate-source capacitance of large transistors 

can confine bandwidth and gain is not the initial priority 

in design procedure. Other method proposed to 

decrease the loading result of the input impedance of 

transistors is utilizing a common-source amplifier with RC 

degeneration Fig. 10 (b) as the gain stage. The 

impedance can be seen at the input of the amplifier is 

obtained as a series resistance and capacitance. i.e. Zin = 

Rin + 1/j Cin. With appropriate adjustment of the circuit 

elements, the parameters of the amplifier are achieved 

as Rin = 0, Cin = Cgs=(1 + gmRs), and Gm = gm=(1 + gmRs). 

Therefore, the input capacitance is declined, that will 

result in transconductance degradation. In fact, the 

elements of the circuit are adjusted to obtain negative 

input resistance. This method is utilized to minimize the 

loss impact of the gate TL and input parasitic resistance 

of the transistor. The cascode amplifier depicted in Fig. 

10 (c) is a popular structure can be utilized to make high 

isolation between input and output of the distributed 

amplifier. The inter-stage inductance transfers the pole 

related to the inter-stage parasitic capacitance to higher 

frequencies, and thus, enhances bandwidth ‎[26]. 

 

CC

Cgs
CS RS L 

CC

Cgs
CS RS L

 

CC

Cgs
CS RS L

 
(a) (b) (c) 

 

Fig. 10: The conventional structures can be utilized as gain 

stage of distributed amplifiers. (a) Capacitive coupling, (b) 

Source RC degeneration, (c) Bandwidth-improved cascode 

amplifier 
 

To enhance the gain of the distributed amplifier, 

multi-stage amplifiers are used as the gain stage. 

Bandwidth improvement methods can be applied to 

prevent bandwidth constraints by inter-stage parasitic 

capacitances. The amplifier stages have a bit different 3-

dB bandwidths and gain enhancement near the cut-off 

frequency. The amplifier stages are accurately set to 

propose a flat gain response ‎[26]. Multiple distributed 

amplifiers can work in cascade way in order to acquire 

more gain. The cascaded single-stage DA (CSSDA) is a 

structure established to obtain high gain and wide 

bandwidth ‎[27].  The structure presented in this paper is 

based on simultaneous usage of Doherty and distributed 

structures in a power amplifier to benefit from their 

advantages simultaneously. The power divider designed 

in the previous section, which has a very wide 

bandwidth, is also used to divide the input power to 

achieve a wider bandwidth. To combine the power at 

the output of proposed amplifier, the power divider 

designed in the previous section is also used in reverse. 

Fig. 11 depicts the block diagram of the proposed power 

amplifier. 
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Fig. 11:  Introduced structure for PA. 

 
 

In Fig. 11, the main and auxiliary amplifiers are based 

on a distributed structure. Based on Fig. 11, each of the 

main and auxiliary distributed amplifiers is composed of 

three different parts, represented by 1, 2, and 3, all of 

which are connected to each other in a cascade manner. 

Since the traditional power amplifiers have a high 

bandwidth but low gain, the tapered cascaded 

multistage distributed amplifier (T-CMSDA) method was 

used to improve the gain in the proposed power 

amplifier (as in reference ‎[28]). Section 1 in Fig. 11 of 

both main and auxiliary amplifiers has two major tasks: i) 

matching at the input; and ii) improving the saturation 

status of the amplifier. In other words, this section 

functions like a pre-amplifier. Section 1 which is 

displayed in Fig. 12, is a three-stage distributed amplifier 

consisting of 6 transistors. 

 

1R
1L

1C0C

2L

3L4L

2R

3C

5L

6L

7L

8L

9L

10L

11L

3R 4R

5R

4C 5C

6C 7C

1M

2M

3M

4M

5M

6M

V2 V2 V2

V3

INPUT

OUTPUT

2C

1V

 
Fig. 12:  Schematic view of Section 1. 

 
Section 2 shown in Fig. 13 consists of four transistors, 

responsible for matching the two sections 1 and 3 and 

increasing the gain. 

Section 3 in  

Fig. 14 consists of six transistors linked in a distributed 

manner functioning as the main amplifier. The 

amplification job is mainly performed in Section 3 and a 

small part in Section 2.  

 

12L
6R 8C

7M

8M

9M

10M

13L

14L

15L

16L

7R

8R

9R

10R
9C

10C

11C

12C

13C

INPUT

OUTPUT

V5

V6

V7

V4

V8
 

Fig. 13:  Schematic view of Section 2 

 
 

11M

17L
11R

14C

12R

13R

14R

15R

16R

17R

15C

16C

17C

18C

19C

20C

21C

22C

23C24C

18L

19L 20L

21L

22L

23L

24L

25L

26L

27L

18R

12M

13M

14M

15M

16M

INPUT

OUTPUT

V9

10V 10V 10V

11V 11V 11V 12V

 
 

Fig. 14:  Schematic view of Section 3. 

 

Simulation Results 

A.  Scattering Parameters 

Fig. 15 illustrates the parameter S21 for the introduced 

PA. 

It can be observed in Fig. 15 that the proposed circuit 

gain in this state is 32dB at 30GHz. Over a wide area of 

the Ka band, i.e. from 26-34GHz, the gain is more than 

2-way

Power 

Divider

IMN

IMN

OMN

OMN

1 2 3

1 2 3

Distributed Carrier Amplifier

Distributed Auxiliary Amplifier

Power 

Combiner
OUTRF

*IMN: input matching network

*OMN: output matching network

λ/4

λ/4
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30dB. The S11 or input return losses diagram of designed 

power amplifier is indicated in Fig. 16. 

 
 

 
Fig. 15: The S21 parameter for the introduced PA. 

 
 

 
Fig. 16: Input return loss of the proposed PA. 

 

Fig. 16 displays that over the frequency range of 26-

40GHz, the parameter S11 is below the -8dB. Hence, 

there is acceptable approximate matching in the input 

within this frequency range at the input terminal. 

The S22 or output return loss diagram for the 

proposed power amplifier is shown in Fig. 17. 

 

 
Fig. 17: Output return loss of the introduced PA. 

 

It could be observed in Fig. 17 that over the frequency 

range of 26-37GHz, the S22 parameter is below -10dB; 

thus, there is acceptable approximate matching within 

this frequency range at the output terminal. 

The S12 parameter indicates isolation whose smaller 

values are more desirable. The S12 diagram is shown in 

Fig. 18 for the designed PA. 

 

 

 
Fig. 18: S12 parameter for the introduced PA. 

 

It is observed in Fig. 18 that the isolation in the 

proposed circuit is less than -120dB for the entire Ka 

band, which is very good. 

B.  Power Added Efficiency (PAE) 

Power Added Efficiency is generally used to analyze 

the efficiency of a PA under high gain conditions, and is a 

determining parameter for the RF power amplifiers. The 

PAE is demonstrated in Fig. 19 in terms of input power, 

i.e. PIN for designed power amplifier at 26, 30, and 

34GHz. 

 
Fig. 19: PAE in terms of input power. 

 

Fig. 19 reveals that at the PIN of 5dB, the power 

efficiency is at its maximum, about 80%, twice as much 

as the previous amplifiers. 

C.  Gain 

For an ideal linear amplifier, the output power in 

terms of the input power is a straight line with a slope of 

1, where the amplifier gain equals the output to the 

input power ratio. At a specific range, the amplifier 

response follows a linear response and then begins to 

saturate, leading to diminished gain. To determine the 

range of the linear performance of the amplifier, the 1dB 
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compression point is defined, at which, changes in the 

output power are decreased by 1dB compared to the 

input power. In order to calculate the P1dB point, the gain 

should be considered for different values of the input 

power. The point at which the gain is 1dB lower than the 

primary value, that is the linear gain of the amplifier at 

low powers, is specified as the 1dB compression point of 

input power, or P1dB input point. On the other hand, the 

P1dB output point could be calculated independently of 

the input P1dB and considering the 1dB compression gain. 

For this purpose, the gain value should be investigated 

similarly for different output power values. The point at 

which the gain is 1dB lower than the primary value, that 

is the linear gain of the amplifier at low powers, is 

specified as the 1dB compression point of the output 

power, or P1dB output point. The gain diagram of the 

designed power amplifier in terms of input power at 26, 

30, and 34GHz is indicated in Fig. 20. 
 

 
Fig. 20: Gain graph in terms of input power. 

It could be observed in Fig. 20 that the P1dB input 

point of the proposed amplifier is 4dBm at a frequency 

of 30GHz. Also, the gain value of the proposed amplifier 

is 32dB at 30GHz. 

The diagram of output P1dB point for the introduced 

PA is illustrated in Fig. 21. 

 

 
Fig. 21: Output P1dB for the introduced PA. 

 
Fig. 21 depicts the value of P1dB in the introduced PA 

for the output power of about 35.9dB, which is far 

greater than that of previous articles. 

D.  Output Power 

The output power of the designed PA in terms of the 

input power at 26, 30, and 34GHz is shown in Fig. 22. 

 

 
Fig. 22: Output power in terms of input power. 

 

It can be observed in Fig. 22 that the output power of 

the introduced PA is about 35dBm, which is higher than 

that of previous articles. 

E.  Stability 

With feedback coming from the output to the input, 

the amplifiers may become unstable. Stability can be 

achieved through S parameters. The most commonly 

used definition for stability is the Stern stability factor, 

which is given as (2): 

  
  | |  |   |

  |   |
 

 |   ||   |
 (5) 

 where 

                (6) 

If the following condition is met, stability is called 

unconditional. In other words, for each input and output 

impedance, the PA is stable: 

         (7) 

Fig. 23 reveals a graph of K drawn based on the Stern 

stability factor as a criterion for evaluating the stability 

of the proposed structure. 
 

 
Fig. 23: Graph of K based on the Stern stability factor. 
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It can be observed in Fig. 23 that the value of K (Stern 

stability factor) for all frequencies within the range of 26-

40GHz is greater than 30. In addition, the value of   has 

calculated using (3) at 26, 30, and 34GHz. The obtained 

value for   in all three mentioned frequencies is less 

than 1.  

Therefore, the proposed power amplifier is 

unconditionally stable. 

F.  IP3 

The relationship between P1dB and IP3 is useful for the 

third-order nonlinear property, as follows:  

P1dB=IP3-9.6dB (8) 

 For an amplifier or receiver in the linear performance 

region, IP3 has a constant value and does not change 

with increasing input power.  

The IP3 for the introduced PA at 30GHz is depicted in 

Fig. 24. 

 

 
Fig. 24:  IP3 for the introduced PA at 30GHz. 

 

It is seen in Fig. 24 that the IP3 value of the proposed 

amplifier is about 17dB. 

A review of the previous articles and their comparison 

with the current study indicated the advantages of the 

proposed technique over others as in Table 2. 

Table 1: Comparison between the proposed power amplifier with previous articles 
 

Reference 
Frequency 

(GHz) 

Gain 

(dB) 

PAE 

(%) 

Biasing Voltage 

(Volt) 
Technology 

‎[27] 40 23.4 28.5 - SiGe 

‎[28] 28.5 15 37 8 GaAs 

‎[29] 29.5 10.5 38 4 GaAs 

‎[30] 42 7 23 2.5 SOI-CMOS 

‎[31] 32 22 21 1 Bulk CMOS 

‎[32] 70 20 14 1.5 CMOS 

‎[33] 30 15.7 35.5 1 CMOS 

‎[34] 28/37/39 18.2 20.3 1.5 SiGe 

‎[35] 28 11.8 42 4 GaAs 

‎[36] 1.6-2.6 7.6-9.6 53-66 26 GaN 

This work 30 32 80 3.8 CMOS 0.18um 

 

Conclusion 

This paper introduced a new structure for power 

amplifiers for operating in Ka band based on applying 

Doherty and distributed methods in order to benefit 

from their advantages simultaneously. To design the 

Doherty power amplifier, first a power divider with a 

very wide bandwidth, i.e. 1-40GHz, was designed, to 

cover the entire Ka band. The power amplifier structure 

presented in this paper was based on Doherty method, 

which consists of two signal amplification paths, known 

as main and auxiliary. To amplify the signal in each of the 

two pathways, a cascade distributed power amplifier 

was used. The gain of the proposed power amplifier at 

the frequency of 26-35GHz was more than 30dB. The 

return losses at the input and output of PA in the entire 

Ka band was less than -8dB. The maximum PAE of 

Doherty power amplifier was 80%. The P1dB output point 

of the proposed power amplifier was 36dB, and the 

output power of designed power amplifier was also 

36dBm. 
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