
 

 

 

Abstract—An ultra-low-power amplifier is designed and 

fabricated on a low-loss printed circuit board. The amplifier utilizes 

a high gain and low noise enhancement mode PHEMT transistor. 

The amplifier consists of two stage cascode transistor structures, an 

inter-stage matching circuit between these two stages and input and 

output matching circuits. All the matching and bias circuits are 

realized with lumped components. The amplifier exhibits a gain of 

larger than 30 dB, and a return loss of larger than 10 dB at a center 

frequency of 2.4 GHz. The dissipated DC current from a fixed drain 

voltage of 1.55 V is 1.45 mA, making the total power consumption 

of 2.25 mW. 

 

Keywords— very low power amplifier, cascode, enhancement 

mode PHEMT.  

I. INTRODUCTION 

ITH the proliferation of mobile wireless communication 

devices, such as mobile phones, laptops, and tablets in 

daily use, the efforts for extending the use time of these 

devices when they are powered from the battery, has 

increased significantly. The functionalities of these mobile 

devices are booming; for example, the mobile phones of early 

90s were primariliy used for voice communication, but 

today’s mobile phones operate as pretty functional computers. 

Along with basic voice communication in today’s smart 

phones, one can also connect to internet through WiFi and 

4G technology and share high resolution multimedia files via 

Bluetooth. All these new applications and functionalities has 

resulted in increased power consumption and therefore 

reduced the battery life time [1], [2].  

One way to improve the battery life time is to reduce the 

power consumption of active circuits, such as amplifiers and 

oscillators in the front end of the transceivers. In fact, the 

power amplifier in transmitter consumes very large power in 

the front-end and needs to be designed for operating high 

efficiency [3], [4]. Various classes of amplifiers, especially 

those based on manipulating the harmonics at the output 

matching circuits such as class F, class D and class inverse F 

amplifiers, have been demonstrated with efficiencies more 

than 75 % [5], [6] .  

Low noise amplifiers (LNAs), on the other hand, have much 
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lower power consumption as compared to power amplifiers. 

However, they are still an important component at the front 

end of the transceiver in terms of power consumed from the 

battery. Various low power LNAs have been reported and 

usually most of them are based on CMOS technology biased 

in subthreshold region [7]-[9]. This paper presents a two 

stage, very-low-power amplifier fabricated on a printed circuit 

board using a discrete packaged enhancement mode 

pseudomorphic high electron mobility transistor (E-PHEMT). 

All the matching and bias circuits are realized using surface 

mount device (SMD) lumped components. The amplifier 

consumes a very low power (1.45 mA from a 1.55 Vd) and 

exhibits a large gain (more than 30 dB) that may be desirable 

at the receiver blocks of various mobile wireless 

communication devices. The output power and linearity 

performance of the amplifier as well as its noise figure has 

not been characterized yet due to lack of measurement 

instruments for these parameters. Following two sections 

discuss the design and measurement results of amplifier in 

detail.  

II.   TRANSISTOR BLOCK CHARACTERIZATION AND AMPLIFIER 

DESIGN 

A. S-Parameter Measurement of Transistor Block 

To obtain a high gain and high isolation, a two stage 

cascode structure is chosen. The transistors are AVAGO 

technologies VMMK 1225 E-PHEMTs. The nonlinear model 

of the transistor is available through the website of 

manufacturer [10]. The model is used to analyse the 

performance of the transistor in terms of available gain at 2.4 

GHz with sub mA current. However, for the purpose of 

obtaining high design accuracy, the cascode 2 transistor 

structure’s S-parameters were measured for drain currents in 

uAs range assuming the model may be optimized for mA 

range drain currents. The measurements of the cascode 

transistor structure were performed using thru-reflect-line 

(TRL) calibration technique. In this technique, the effects of 

the connectors and lines all the way from the network 

analyser’s ports to the gate of the first transistor and the drain 

of the second transistor, namely the input and the output of 

the device under test (DUT), are removed by these there 

calibration structures: the thru, reflect and line structures. 

Since the DUT is measured on a printed circuit board (PCB), 
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the thru, reflect and line calibration structures are made on 

PCB as well. Fig. 1 shows the thru, reflect and line structures 

used in DUT measurements in this work.  

 
Fig. 1: TRL Calibration kit: the thru, reflect and line structures 

 

In TRL calibration kit, the phase difference between the 

thru and line structures should be larger than 20 degrees and 

less than 160 degrees [11], making the structure to be 

frequency limited. In this work, this difference is chosen such 

that the calibration kit is valid from 600 MHz to 4 GHz.  

B.  Amplifier Design 

The amplifier consists of two stage transistor blocks, an 

inter-stage matching network, input and output matching 

networks and bias circuits. The bias current for each cascode 

transistor structure is chosen to be 775 uA; therefore, the total 

current drawn from the 1.55 V dc bias is 1.45 mA. The S- 

parameters measured by using the aforementioned TRL 

calibration technique at this bias voltage and current are used 

in the design. Initially the input and output matching 

networks are designed as if the cascode transistor structure is 

unilateral: that is, the input and output matching circuits 

transform the 50 ohm port impedances to complex conjugate 

of the S11 and S22, respectively.  

The designed input matching circuit is connected to input 

of the first cascode transistor structure and the output 

matching circuit is connected to output of the second cascode 

transistor structure. In that case, the impedance looking 

towards the output of the first cascode transistor structure and 

the impedance looking towards to the input of the second 

cascode structure are determined in a circuit simulator. Then 

the inter stage matching circuit is designed such that it 

transforms the complex conjugate of these impedances to one 

another. Fig. 2 shows the designed overall circuit schematic. 

 
 

Fig. 2: The schematic of the designed very low power amplifier 

 

As shown in Fig. 2, there are series connected resistors at 

the output of both cascode transistor structure stages. The 

values of these resistors are 80 ohm and these resistors are 

used for compensating the negative resistance seen at the 

output of the cascode transistor structure, ensuring the stable 

operation. Since these resistors are at the output of each 

cascode stage, the noise contribution from these resistors are 

expected to be insignificant 

III. MEASUREMENT RESULTS 

The amplifier is fabricated on a Rogers 4003C high 

frequency laminate as a printed circuit board (PCB). The 

fabricated circuit is shown in Fig. 3. The S-parameters of the 

fabricated amplifier is performed on a vector network 

analyser after calibration using the 3.5 mm SOLT calibration 

kit. The measured gain and input return loss of the fabricated 

amplifier is shown in Fig. 4.  
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Fig. 3: The picture of the fabricated very low power amplifier 

The peak gain (S21) of the amplifier is 32 dB at 2.44 GHz 

and the amplifier exhibits more than 30 dB of gain within a 

frequency range of 2.4 GHz to 2.48 GHz. The dip return loss 

(S11) is -19 dB at 2.37 GHz and is less than 10 dB within a 

frequency range of 2.3 GHz to 2.46 GHz. The noise figure, 

output power and nonlinear performance of the amplifier has 

yet to be characterized. 

 
 

Fig. 4: The measured gain and input return loss of the amplifier 
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