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Abstract: This paper presents a fully integrated stacked architecture to address the challenges of 6G application 

using CMOS analog pre-distortion and tunable neutralization techniques. By using this method for the stacked 

power amplifier design, a baseband and passband impedance transformation is achieved, that combined with the 

stacked power amplifier architecture allows for high efficiency in deep back off, with a reduced load modulation 

for high bandwidth. This project designs an efficient Stacked Power Amplifier (PA) for 6G. The power amplifier 

is implemented in 180nm CMOS technology using Cadence and ADS tool. The usage of a diode pre-distorter for 

analog pre-distortion is investigated for the stacked power amplifier design. It is shown that the linearity of the 

stacked power amplifier has been significantly improved compared to a bipolar transistor at almost no additional 

layout size. This research work presents design of a Ka band power amplifier for sixth generation (6G) mobile 

communication in CMOS design. The stacked power amplifier consists of two different stages of architecture. 

With 5-volt supply, the stacked power amplifier achieves a small-signal gain of 16 dB, saturated output power 

(Psat) of 18 dBm, and achieves the maximum power added efficiency of 34.79%. The amplifier has been designed 

in 180-nm CMOS technology. 

Keywords: CCLNA, Power Amplifier, Conversion gain, Saturated Output Power, CMOS technology. 

1. Introduction 

Due to the numbers of users and great demand in 

downloading and uploading content there has been a 

extreme increase in the use of smart phones in the 

recent years. Since mobile users are expecting more 

data speed and secure service for the current 

technology, these 4G and 5G cannot be supported. This 

technology will impact following mobile 

communications system, 100x more storage, Higher 

data speed, Higher frequency, high service providers 

etc. 

Due to usage of high data used by the current 

users, the service providers have a problem with the 

current RF band. To overcome this 5G technologies 

will provide a new spectrum that has not been used 

before. Since 4G networks operates at less GHz 

downloading and uploading data is lower. To 

overcome this 5G technology is expected to operate at 

a frequency of more than 100GHz. The millimeter 

wave spectrum shows the possible of giving thousands 

of times of more data in a future wireless 

communication [1]. The large amount of power in the 

transmitter are being consumed by the power amplifier. 

Due to limited efficiency and dynamic range in the 

power amplifier, high power is consumed, and the 

power amplifier gives a linear behavior [2-3]. 

5G applications are studied because of their low 

cost and functionality. 5G technology for recent years 

shown the need for highly linear and effective power 

amplifier in order to give high data rate [4]. More 

CMOS design is possible in order to control the power 

output drawn on the current and the circuit voltage. In 

addition, output power needs linearity circuit. In 

wireless communication systems Power amplifier (PA) 

plays a major role in it. The   power amplifier output 

1Asst. Professor, Dept. of ECE, SRM Institute of Science 

& Technology, Chengalpattu – 603203, Tamil Nadu 
2Professor, Dept. of CSE, Poornima University, Jaipur 

– 303905, Rajasthan 
3Assoc. Professor, Dept. of CSE, Poornima University, 

Jaipur – 303905, Rajasthan 
4Asst. Professor, Dept. of IT, Narula Institute of 

Technology, Kolkata – 700109, West Bengal 
5Asst. Professor, Dept. of CSE, Poornima University, 

Jaipur – 303905, Rajasthan 
1suganthk@srmist.edu.in, 
2ritamdutta1986@gmail.com, 
32019rec9066@mnit.ac.in, 4anirban.bhar@nit.ac.in, 
5priyadav1990@gmail.com  

 

mailto:1suganthk@srmist.edu.in
mailto:ritamdutta1986@gmail.com
mailto:2019rec9066@mnit.ac.in
mailto:anirban.bhar@nit.ac.in
mailto:priyadav1990@gmail.com


International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(18s), 510–515 |  511 

 

power required is as high as possible for a Long 

Communication Systems. Due to less breakdown 

voltage, the power amplifier in CMOS has low 

saturated output power. To improve the power 

amplifier status, transformer based differential design 

for output sequence is preferred [5]. 

In this paper, Ka band CMOS power amplifier 

design and theoretical values are presented. The 

improved design and waves for high frequency and 

high power added efficiency are given. The simulation 

results the large signal performance and small signal 

gain results. The remaining paper is organized as 

follows. Part 2 describes existing works on stacked 

power amplifier identification. Part 3 presents the 

circuit designs and analysis of AC and DC power 

sources. Part 4 reports the analytical and theoretical 

values of the circuit. Part 5 discusses the significance 

of the observed findings. Part 6 concludes this paper. 

2. Proposed Design 

2.1. Stacked Power Amplifier 

 

Fig. 1 Stacked power amplifier 

In wireless communication system, Power 

amplifier plays an important role in it. There are 

different types of power amplifiers among, stacked 

power amplifier is one of the technologies which has 

high gain and frequency [6-9]. Stacked technique is 

nothing but series of transistors are arranged, with 

input are given in the one end and output are taken by 

the other end. Capacitance acts a rectifying element to 

this stacked power amplifier. It isolates the input signal 

and biasing voltage. Since the input signal is applied to 

this transistor via this coupling transistors. The uses of 

power amplifier are, it increases the high input power 

level and produce the required output power with fast 

switching [10-13]. In multicell stacked devices this 

series input configuration plays an important role. In 

base station the RF power signals are boosted by this 

power amplifier. It was based on two technologies; one 

is silicon based and another one is Diffused Metal 

oxide semiconductor or RF gallium nitride. Generally, 

the 3G base stations are based on LDMOS. These 

LDMOS are highly inexpensive due to this they took 

nearly a year to implement in 4G. In base stations these 

power amplifiers play an important role in converting a 

low power RF signal into a very high-power signal [14-

18]. In the base station not only the power amplifier 

used and there are many devices based on their various 

process.  

2.2 Circuit Design and Implementation 

Design Implementation: In this paper, AC and DC 

analysis of stacked power amplifier techniques are 

designed and analyzed. Envelop Tracking (ET) is the 

first CMOS power amplifier which was designed and 

used in wireless communication transmitters in order 

to improve the power added efficiency and the signal 

gain. DC analysis of stacked amplifier is shown in fig.3. 

In DC analysis bipolar transistors are replaced with 

CMOS design and measured the input and output 

power and also attain the frequency of operation at 

5GHz with power added efficiency of 34%. In AC 

analysis the power amplifier attains the overall signal 

gain of 18dB with output power saturated of dBm, and 

it operates at the frequency of 5GHz. This entire circuit 

design was using LTspice platform in 180 nm 

technology. 

 

 

Fig. 2  AC analysis circuit 

 

 Pre-Distortion: Basically, pre-distortion 

techniques have classified into two types, which was 

analog and digital. Less than 20 GHz applications are 

used by digital pre-distortion. Because of this it 

operates at less frequency and power consumption is 

less when compared to analog pre-distortion. In digital 

pre-distortion large baseband bandwidth operates at 
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high clock rate. Normally in power amplifiers the 

operating frequency and high data speed are attain only 

in analog pre-distortion. The designed proposed power 

amplifier carried out one biasing scheme i.e., diode pre- 

distorter which was nothing but an analog pre-

distortion. By using diode pre-distorter, it produces 

higher output power with lower input terminals and 

also produce a better linearity signal. The word 

distortion is nothing, but it denotes the shape of things. 

For example, audio signal is being represented by 

sound and video signal is being represented by images. 

 AC Analysis: In wireless communication, power 

amplifier plays an important role. Required output 

power is generated by increasing the input power level. 

In this paper, we have designed a stacked power 

amplifier using analog pre-distortion technique in 

CMOS to improve     signal gain and the Power added 

efficiency of the amplifier. 

               

 

Fig. 3  DC analysis circuit 

Figure 2 Shows the circuit design of AC designed 

stacked power amplifier which was designed using in 

180 nm technology. The input amplitude of this circuit 

is around 3V. The capacitor is connected in series to 

isolate the input signal and biasing voltage. The output 

of power amplifier normally driven by very low 

impedance network mostly consider as speaker, 

speaker is connected in the form capacitance c1 

respectively. As the power increases in the input, the 

rectified dc current of the diode increases. 

Gain-compression and phase distortion of circuit 

improves due to diode pre distorter which acts as an 

analog pre-distortion. In this designed power amplifier, 

bipolar transistors are being replaced with CMOS 

design technique. It increases the power added 

efficiency. When we apply input signal to CMOS, it 

should not affect the biasing condition of CMOS, 

similarly the biasing voltage should not affect the input 

signal, to isolate the input signal and biasing voltage. 

Thus, coupling capacitor is used, in other words, the 

input signal is applying to CMOS via this coupling 

capacitor in ac analysis. This designed power amplifier 

gives the overall the signal gain of greater than 16dB, 

and saturated output power pf 18dBm. This proposed 

design consumes less power, less heat generation and 

more stability as compared to bipolar transistor. This 

proposed stacked power amplifier operates between the 

frequencies of 30-GHz. 

DC ANALYSIS: The proposed DC circuit design 

was shown in figure 3. In this design also bipolar 

transistors are replaced with MOS transistors. The bias 

networks are used as MOS transistors in order to 

improve the signal and power added efficiency. In this 

design the dual power supply is connected, Due to this 

that the output swing is almost doubled. We have given 

the sinusoidal input and the sine wave amplitude that is 

input amplitude around 18V and frequency around 1k 

and the output of the power amplifier is normally 

driven by the very low impedance network. Mostly 

let’s consider output load might be a speaker, so 

speaker is represented in the form of resistance [RL] 

over here. For AC signal these capacitor acts as a short 

circuit. In this small signal equivalent model for 

CMOS, first consider all the dc sources as zero and 

replace the coupling and bypass capacitor with short 

circuit. 

 

 

 

 

 

 

 

 

 

 

Fig. 4 AC equivalent circuit of proposed stacked 

power amplifier 

Figure 4 shows the AC equivalent circuit of 

stacked power amplifier. As you aware the capacitor 

blocks dc signal, because for dc signal it will act as an 

open circuit. The operating frequency of capacitor for 

DC voltage is zero and the reactant of capacitor is 

infinity. 
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Voltage Gain of The Circuit: “Amplification” of 

an amplifier is measured by the gain of an amplifier. 

For example, by using we can calculate the voltage 

gain, current gain, power gain how much increase in 

the amplitude of a signal”. From the above AC 

equivalent circuit, the voltage gain of circuit is derived 

below 

V01 = -gm1Vgs1 (Vgs1  is equal to Vi) V01= - gm1 (Vi)       

(1) 

V02= - gm2Vgs2 (Vgs2 is equal to Vi) V02= - gm2 (Vi)        

(2) 

V03/R – V02/R- V01/R + gm2Vgs2 + gm1Vgs1=0  

V03/R – V02/R = V01/R + gm2Vgs2 + gm1Vgs1=0  

V03/R=1/R+ gm2 (-gm1 (Vi) + gm1Vgs1+V02)V03/R = -

gm1r (gm2) 

Av = - (gm1r) (gm2r) (gm3r)                        

(3) 

This result can be derived from the m1.m2,m3 

changes an input voltage ∆Vin to a drain current change 

(gm1) (gm2) (gm3) ∆Vin and hence an output voltage 

change - (gm1) (gm2) (gm3) R ∆Vin . Since gm itself 

varies with the input signal according to gm = 

µnCox(w/l) (VGS – VTH), If the signal is large, then the 

gain of the circuit changes significantly. When Vin 

increases the channel length modulation is neglected 

and Vout drops high and in saturation point the transistor 

continues to operate until Vin exceed Vout and by Vth. 

Vout << 2 (Vin- VTH), and from the equivalent circuit of 

figure 4. 

Theoretical value of the voltage gain achieved 

16dB, 18 dBm Bandwidth (BW) 30- GHz (80%) with 

18dBm of maximum Saturated output power and with 

maximum power added efficiency of 34.86%.  

3. Simulation Results 

Figure 5 to 8 shows the validation of stacked power 

amplifier, which was simulated using 180 nm CMOS 

technology. Presenting good input matching and gives 

the small signal gain of 16 dB , this stacked power 

amplifier shows a measured (Psat) power of 18 dBm, 

frequency at 30-GHz and with maximum power added 

efficiency of 34.86%. 

 

 Fig. 5 AC analysis 

 

Fig. 6 Power contours

 

Fig. 7 Power added efficiency 
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Fig. 8 Power and Gain illustrations 

Table 1 Performance comparison with various power 

amplifiers for 5G CMOS 

Parameters 
Our 

Work 
[1] [2] [3] [4] 

Technology 

180 

nm 

CMO

S 

130 

nm 

CMO

S 

180 

nm 

CMO

S 

130 

nm 

SiG

e 

60 nm 

CMO

S 

Frequency(GHz

) 
30 28 2.8 24 32 

PAE(max) % 34.79 26 25.54 35 32.9 

(Psat) 

power(dBm) 
18 16 7.05 18.6 15.3 

Gain (dB) 16 14.6 7.17 15 12.9 

Vdd(V) 5 5.5 5 4 1.1 

 

 

4. Conclusions And Future Scope 

In this paper, the proposed design of DPA using a 

0.18µm CMOS technology at millimeter Wave 

frequency is presented. Design, analysis, and 

simulation results have been provided. Simulated 

results show the overall signal gain, and power added 

efficiency of power amplifier has been increased by 

34.79%. Power amplifier performances can be 

improved by selecting an optimal capacitance. 

Linearity and Efficiency is improved at higher 

frequencies. This paves way for enhancement of Power 

amplifier for Nano-satellite applications and 6G 

deployment. 
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