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Abstract 
 

This paper presents the design of a linear power amplifier (PA) with high gain and low power consumption for Internet of Things (IOT) 

application. The gain of the PA is boosted with driver stage integration. The effect of Cgs capacitance is mitigated by utilizing a passive 

linearizer, which improves the efficiency and linearity of the PA while delivering gain of 19dB from 2.4GHz to 2.5GHz. The designed 

PA exhibits gain of 19.6dB with PAE of 29.71% at maximum output power of 15.9dBm. The corresponding OIP3 is 21dBm at drain 

voltage of 18.V.  The designed multistage PA with passive linearizer acts as a method to improve linearity and gain of the 180nm CMOS 

power amplifier without trading-off the efficiency and maximum output power at the operating frequency. 
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1. Introduction 

IoT has been tremendously developing from convergence of wire-

less communication systems. IoT has the ability to transfer data 

over network without requiring human-to-human or human-to-

computer interactions. The development of wireless communica-

tion systems enhanced the industrial turnover in recent years. The 

IoT is a communication network of Internet enabled objects, to-

gether with web services that interact with these objects. The criti-

cal technologies of the IoT are smart sensors, RFID, smart phones, 

and intelligent wireless transmission. The IoT is the most demand-

ing technology trend after the Internet. It is necessary to design an 

efficient and high-gain wireless transmitter with a low cost power 

amplifier in order to satisfy the multi-standard demands. 

Usually, power amplifiers for battery operated IoT devices should 

be highly efficient and linear across wide range of power levels to 

ensure precise and efficient interchange of data between the RF 

transmitter and receiver. The stringent requirement of linear signal 

transmission in modern wireless communication system challeng-

es the realization of CMOS PA implementation as compared to 

Gallium Arsenide (GaAs) PAs [1] – [4]. Maximum power transfer 

can be achieved by using impedance matching between the input 

and the driver stage as well as between the main stage and output. 

The designed PA should provide good reverse isolation between 

the input signal and the output signal. Since PA is a part of the 

transceiver, a design of low power consumption, small chip area, 

acceptable gain, PAE, and return losses is preferred [5]. 

However, CMOS PAs facing various obstacles in commercializa-

tion due to the intrinsic disadvantages of standard CMOS process-

es. The disadvantages include high substrate losses, low quality 

factor, low transconductance, and low breakdown voltage of ac-

tive devices. Lot of exertions is directed to the development of 

high power generation techniques as well as on linearity and effi-

ciency enhancement techniques, so that the drawbacks of CMOS 

technology PAs can be overcome [6]. To realize highly efficient 

power amplifier in CMOS process, the limitation in terms of pro-

cess technology has to be comprehended [7]. Therefore, continu-

ous efforts are being carried out by researchers to enhance the 

efficiency, linearity and output power, as well as the operating 

frequency of the PA in order to realize   single-chip CMOS inte-

grated circuit [8]-[9]. 

In this work, a high gain, low power consumption linear PA for 

IoT application is designed. The content of this research paper is 

as follows.  Section 2 present the design methodology of this 

work. Section 3 delineates the post layout results of this CMOS 

PA. Finally, the conclusion is presented in Section 4. 

2. Power Amplifier Design Methodology 

In this design, the linearity of the PA was enhanced by employing 

a linearity improvement circuit to the gate of the main PA which is 

known as the passive linearizer. Main PA consumes quiescent 

current of 15mA when biased at Class AB. The driver stage, on 

the other hand, produces additional gain in which improves the 

overall gain of the designed PA.  

 
Fig. 1: The schematic design of proposed high gain multistage amplifier. 

The passive linearizer consists of R6 and C6.  The Cgs cancellation 

is shown in equation (2) while equation (1) represents transistor’s 
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input impedance with relation to Cgs before the implementation of 

passive linearization at location Z in Figure 1. 

2.1. Equations 

Before llinearization the multistage power amplifier defines as 

below,  

Z R j Cg gs 
                                                                (1) 

After linearization, 

 

  

 

 

                      (2) 

 

 

 
 

C1, C2, L1 and C3 delineate the input impedance transformation 

network. On the other hand, the output impedance transformation 

network is denoted by C9, L4, C10 and C11. Inductor L3 and C7 will 

minimize the effect of parasitic drain-source capacitance, Cds, 

which improves efficiency of the dual-stage PA. C8 is the decou-

pling capacitor. The IMD3 (third order non-linear) component that 

rises due to the DC source is shunted to ground by this capacitor. 

This mitigates the effect of the non-linear components from DC 

supply with the multistage PA. The phase response before and 

after linearization is shown in Figure 2. 

 
Fig. 2: The Phase response of high gain CMOS power amplifier. 

As shown in equation (2), the passive linearizer provides a posi-

tive opposite phase response which reduces the side lobe genera-

tion [10]. Equation (3) represents efficiency of the PA in terms of 

PAE in relation with the gain and power consumption. 
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3. Validation Results 

Figure 3 shows the s-parameters of the PA. The gain provided is 

19.6dB at 2.45GHz, with corresponding S11 of -13.9dB and S22 of 

-8.5dB.  

 
Fig. 3: The S-Parameter for designed multi-stage power amplifier. 

Figure 4 depicts the stability factor, Kf of the PA. The stability 

factor is more than one up to 5GHz which shows it is uncondi-

tionally stable.  

 
Fig. 4: The stability factor of multistage PA,which is more 1 up to 

5GHz. 

The power gain plot before and after driver stage implementation 

is depicted in Figure 5. The passive linearizer generates a flat gain 

response while the driver stage improves the gain by more than 

8dB.  The maximum output power achieved is 15.9dBm.  The 1dB 

compressed output power (P1dB) of 10.7dBm is produced by the 

designed PA. 
Fig. 5: Power gain plot before and after driver stage implementation. 

Figure 6 shows the power added efficiency (PAE), power gain, 

and OIP3 of the multistage PA. The third order intercept point 

(OIP3) is utilized as the parameter to measure the linearity. The 

peak PAE achieved is 29.71% obtained at 2.45GHz with corre-

sponding OIP3 of 21dBm, tested with two tone signal with crude 

1MHz spacing.  

Table 1: Post Layout Simulation Results High Gain Multistage PA.  

 
The synoptic of the PA performance 

 Parameter 

1. Operating Frequency 2.5Ghz 

2. Bandwidth 100Mhz 

3. Power Gain, S21 19.6 dB 

4. Input Return Loss, S11 -13.6 dB 

5. Output Return Loss, S22 -8.5dB 

6. Peak PAE 29.71% 
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7. Maximum Output Power 15.9 dBm 

8. OIP3 21 dBm 

9. Power Supply Voltage 1.8V 

10. Technology CMOS 180nm 

 
Fig. 6: The PAE, power gain, and OIP3 performance of the multistage PA. 

4. Conclusion  

In this paper, a driver stage is utilized to enhance the gain of the 

PA and a passive linearizer is used to improve the linearity of the 

PA. The PA is designed in 180nm CMOS process. This multistage 

PA achieved maximum PAE of 29.71% as well as output power of 

15.9dBm. OIP3 of 21dBm was produced. Hence, the designed 

high gain and linear multistage PA can be utilized for low power 

IoT applications. 
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