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Abstract: The paper describes the design of single ended 

GaAsFET (Gallium Arsenide Metal Epitaxial Semiconductor 

FET )mixer for 36MHz C-band for the application of satellite 

transponder. The design and performance parameter are 

relevant to the down conversion mixer with RF input signal 

frequency of 6GHz, LO(Local oscillator) of 2GHz, and 

IF(Intermediate frequency)for 4GHz which improves 

theperformance ofsystem  by comparing the output without IF 

filter and with IF filter.The IF filter is designed with𝟑𝐫𝐝order 

chebyshev response at the receiver end of the mixer to get the 

desired frequency and reject the unwanted signal 

frequency.Agilent’sAdvance Design System(ADS 2015) software 

is used for the simulation and analysis of the circuit design in 

order to optimize the circuit. 

Keywords: GaAsFET, DC biasing, IF filter, ADS,IF, LO, RF 

Input signal. 

I. INTRODUCTION 

ince the invention of super heterodyne receiver, mixers 

have been an important and essential part of 

communication system.A mixer is a 3-port devices (also 

called as converter) is a circuit that converts and input signal 

to a higher frequency signal called an up-converter or  input 

signal to a lower frequency signal called an down –converter.  

The frequency conversion can done by mixing the input signal 

with another signal called the LO signal.  The mixers that uses 

nonlinear or time varying elementcan  achieve  the frequency 

conversion. Basically there are two type of RF mixers. Active 

and Passive mixers, firstly active mixers are used in order 

have good conversion gain instead of losses and down 

frequency conversion is done. The down conversion mixer is 

used to convert the rf signal down to an intermediate 

frequency by mixing RF signal from LNA with the LO 

signal.Further based on the configuration and number of 

devices in use there are different types like unbalanced, single 

balanced, double balanced, double-double balanced etc.  

 

Fig .1. Block diagram of C-band satellite transponder 

The transponder is the “brain” of the satellite-provides the 

connection between the receiver and transmit antenna. 

Satellite can have 12 to 96 transponder plus spares, depending 

on the size of the satellite.A transponder bandwidth can be 

36Mhz,54Mhz, or 72Mhz or it can be even wider. 

The block diagram of C-Band satellite transponder is shown  

above fig.1. Basically consist of  transmit and receiving 

antenna, BPF(bandpass filter),LNA(low noise amplifier), 

frequency translator and HPA(high power amplifier).The 

input RF frequency signal at 6GHz is passed to the LNA and 

frequency translator is done and the output signal is amplified 

by HPA. 

II. DESIGN PROCEDURE FOR RF MIXER. 

2.1) Design Specification 

Single ended GaAsFET active mixer is presented in this 

paper. This mixer  is simple ,low cost ,low power 

consumption, and better isolation. Single ended mixer can 

provide less spurious output than other types of mixers.Here, 

6GHz RF input signal frequency,2GHzlocal oscillator (LO) 

frequency,4GHz IF (intermediate frequency) frequency is 

used for designing of c-band satellite transponder. 

2.2) Selection of Mixer Topology 

RF mixers types are single ended, single balanced, double-

balanced and image rejection. 

The mixer can be designed using FET, diode, MESFET, 

MOSFET, HEMT etc… FET mixers have more advantages 

when compared to other mixers. They have less LO drive 

power and can obtain good conversion gain and better RF-LO 

or LO-IF isolation between the signals port in FET mixer. The 

GaAs MESFET is a three terminal device,it is simple in 

structure and generally referred as a “normally ON “ type 

devices. The main advantage of the GaAs FET is the higher 

mobility of the carriers in the channel as compared to 

MOSFET . 

III. MIXER PERFORMANCE PARAMETERS 

The most fudanmentalcharacteristics  specified for microwave 

GaAsFET are: 

1)  Noise figure:  noise  figure  is commonly  used  in 

communication  system  because it is a simple method that 

determines  the impact of  system noise sensitivity It  is the 

S 
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ratio of  input signal-to-noise ratio to output signal-to-noise 

ratio. The noise figure basically depends whether the input is 

single side band or double side band. Generally noise figure 

for mixers should be in the range of 1 to 7 db. 

2)  Conversion loss: conversion loss is defined as the ratio of 

available RF input power to the IF output power .generally 

given by, 

Conversion loss= 10 𝑙𝑜𝑔10
𝑃𝑅𝐹

𝑃𝐼𝐹
 

Typically values for mixer conversion loss are in the range of 

4 to 10 db. 

For the FET  active mixers the conversion gain  is given by 

𝐺 =
𝑔𝑚

2 𝑅𝑑

4 𝜔𝑅𝐹
2 𝐶𝑔𝑠

2 𝑅𝑖

 

The parameters 𝑔𝑚, 𝑅𝑑 , 𝑅𝑖 , 𝑎𝑛𝑑 𝐶𝑔𝑠 are the  variables  of the 

selected FET .the conversion loss can be due three 

components that is losses due to  diode resistance, port 

mismatch and harmonic generation or loss(also called as 

intrinsic loss). 

3) Port to port isolation: Isolation is a measure of  the power  

that leaks from one port to another. 

Basically isolation is the difference in power between the 

input signal and  the leaked power  to the other port.Three 

types of  isolation  are commonly used  in microwave mixer: 

L-R isolation,R-I isolation, and L-I isolation. Typically the 

isolation are in the range of 25-35 db. 

IV. DESIGN PRINCIPLE 

The FET can be operated in 3-different modes of 

configuration namely, common source, common drain and 

common gate. Here the FET is operated in common source 

configuration with a negative bias. As the gate is bias more 

negatively the drain current and the conducting channel  cross 

section reduces. The channel is “pinched off” or closed and no 

current flows. The gate voltage at which the  drain current  is 

stopped is called “pinchoff voltage”. 

When the gate voltage is zero, the drain current  will be the 

highest and the gain of GaAs FET  will be  highest  with 

respect to the source that is , gate connected directly to source. 

This  issaturation drain current. 

V. DESIGN CALCULATION 

5.1) DC Baising 

The most important characteristics to consider in the design of 

dc baising circuit  for small signal is the transfer 

characteristics. Basically, there are two methods of dc biasing 

can done(dual power supply and self bias).Here dual power 

supply is   used for designing  dc biasing. Since the condition  

𝑉𝑃<𝑉𝐺𝑆 < 0 must always apply to a GaAs FET 

 

By using this method good isolation and high gain can be 

obtained and lower noise factor. 

The drain current is given by 

𝐼𝐷 = 𝐼𝐷𝑆𝑆(1 −
𝑉𝐺𝑆

𝑉𝑃
)2 

Where 

𝑉𝐷𝐷 = 5𝑉(Supply voltage) 

𝐼𝐷𝑆𝑆 = 60𝑚𝐴and 

𝑉𝑝 = −2𝑉(𝑓𝑟𝑜𝑚 𝑑𝑎𝑡𝑎 𝑠ℎ𝑒𝑒𝑡) 

The 𝑉𝐺𝑆    can be derived from the equation 

𝑉𝐺𝑆 = 𝑉𝑝 (1 − √
𝐼𝐷

𝐼𝐷𝑆𝑆
) 2 

𝑉𝐺𝑆 = −0.6𝑉 

𝑉𝐷𝐷 = 𝑅𝐷𝐼𝐷 + 𝑉𝐷𝑆 

𝑅𝐷 = 66Ω 

𝑅𝐺 = 100𝐾Ω 

 

Fig2. Schematic diagram of DC biasing 
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fig.3FET DC-IV characteristics 

5.2) For Input and Output Matching  

In the input matching, RF and LO ports matching are designed 

at 6GHz and 2GHz. The input impedance can be estimated 

from S-parameters as follows:  

ℾ𝑖𝑛 = 𝑠11 −
𝑠21𝑠12

1 + 𝑠22

 

ℾ𝑖𝑛 = 0.81 < −99.8 

𝑍𝑖𝑛 =
1 + ℾ𝑖𝑛

1 − ℾ𝑖𝑛

 

𝑧𝑖𝑛 = 0.2 − 0.8𝑗 

For LO port matching 

ℾ𝑖𝑛 = 0.93 < −39.39 

𝑍𝑖𝑛 = 0.32 − 2.8𝑗 

The values are set on combined Smith-Chart and series and 

shunt reactive components are read from Chart. The actual   

component values are gained by using equation  

C1=
1

𝜔𝑋𝑁
 

L1=
𝑁

𝜔𝐵
 

Where 

𝜔 = 2𝜋𝑓 

X=the reactance as read from the chart 

B=the susceptance as read from the chart 

N= the number used to normalize the original impedance that 

are to be matched 

The series capacitor and shunt inductor values for RF port 

matching are 0.53pF and 1.1nH and for LO port matching  

C=0.88pF and L=11.36nH . 

 The output impedance can be estimated from S-parameters as 

follows: 

ℾ𝑜𝑢𝑡 = 𝑆22 −
𝑆21𝑆12

1 + 𝑆11

 

The s-parameter for 4GHz for the selected transistor is taken 

from the datasheet and  the output impedance . 

ℾ𝑜𝑢𝑡 = 0.72 < −19.7 

𝑍𝑜𝑢𝑡 =
1 + ℾ𝑜𝑢𝑡

1 − ℾ𝑜𝑢𝑡

 

𝑍𝑜𝑢𝑡 = 2.96 − 2.7𝑗 

These value is set on Smith chart. Series inductance can be 

read from Z-chart and shunt capacitance can be get from Y-

chart. The actual component values are found using 

theequations. This completes the output matching network. 

L2=
𝑋𝑁

𝜔
 

           =4.38𝑛𝐻 

C2= 
𝐵

𝜔𝑁
 

           =0.44Pf 

 

Fig4. Input and Output matching circuit diagram. 
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The shunt inductor L1 and series capacitor  C1 are used for RF 

matching. The values are 1.1nH and 0.53pF respectively.  At 

the output, the shunt inductor does short the RF signal feed-

through L2 and C2. At IF frequency, the values are 4.38nH and 

0.44pF. For LO matching, L3 =11.36nH and  C3 =0.88pF are 

used at the gate of the transistor.   

In the complete GaAs FET active mixer circuit, DC bias, 

input and output matching circuit are included. Gate resistance 

RG, drain resistance RD are used for the DC bias. L1, C1 and 

L3, C3 are used for input matching. L2 and C2 are used as 

output matching. The extra capacitors C4 and C5 are used IF 

short and bias. 

A capacitor C6 is used at IF output port to supress the high 

frequency feed through signals. At mixers output, IF 

frequency is  4Gand IF filter is designed at 4GHz. The 

expected results are obtained by designing IF filter at mixer 

output. 

5.3) If Filter Design 

IF filter is designed at  themixer output. This filter is designed 

with 3rd order Chebyshev response. In this design, centre 

frequency is 4GHz, 0.5dB ripple  with bandwidth of 500M. 

Load resistance is 50 Ohm and is the source impedance from 

the output of mixer. The element values of Chebyshev low-

pass prototype are gained from table. The actual 

transformation from the low-pass to the band-pass 

configuration is been done. All shunt elements of the low-pass 

prototype circuit become parallel resonant circuits, and all 

series elements become series-resonant circuits . 

To complete the filter design, the transformed filter is then 

scaled using the following formulas. For the parallel-resonant 

branches, 

C =
𝐶𝑛

2𝜋𝑅𝐵
 

L=    
𝑅𝐵

2𝜋𝑓𝑜
2𝐿𝑛

 

For the series-resonant branches, 

C=
𝐵

2𝜋𝑓0
2𝑐𝑛

 

L=
𝑅𝐿𝑛

2𝜋𝑓𝐵
 

Where, in all cases,  

R=the load impedance,  

B=the 3-dB bandwidth of the final design,  

fo=the center frequency of the final design,  

Ln=the normalized inductor band-pass element values,  

Cn= the normalized capacitor band-pass element values.  

 

Fig.5. Third-order ChebyshevBandpass Filter for 4 GHz Center frequency. 

VI. SIMULATION RESULTS 

The design  of GaAs FET active mixer is simulated using the 

Advanced Design System 2015. In the complete mixer circuit, 

DC bias, input and output matching circuit are included. 

Output spectrums of mixer without IF and with IF filter are 

compared . 

 

Fig.6. Mixer complete circuit without IF filter 

The mixer output spectrum include spurious signal outputs 

and which can be neglected. Typically conversion gain is 

between 5 to 10 db. In the simulation conversion gain is 

around -13.31db which is expected to be a good results. The 

mixers performance with conversion gain, port-to-port 

isolation and IF output spectrum are analyzed. 
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Fig.7. Mixer complete circuit IF filter 

 

Fig8. Mixer output spectrum without  IF filter. 

 

Fig9. Mixer output spectrum without and with IF filter. 

 

Fig10. Mixer conversion gain versus LO power with IF filter 

 

Fig11. Port-to-Port isolation with LO power with IF filter. 
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VII. CONCLUSION 

NE72089A microwave FET transistor is designed and 

implemented using a single gate GaAs MESFET.The 

performance of mixer are analyzed with RF frequency and LO 

power. The Calculated conversion gain of single-ended FET 

mixer with RF frequency is around 7-to-12dB.  Simulation is 

carried out for the required specifications. In this design, good 

isolation is found between RF-to-IF port.  The isolation 

obtained is -12.039db which is expected to be a result 

.Typically Port-to-Port isolation should be high for a mixer 

design.  
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