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 In this paper, the author presents the design and implementation of an S-

band transmitter for nanosatellites. By combining heterostructure field effect 

transistors (HFET) and laterally diffused metal–oxide–semiconductor 

(LDMOS) technology and using flexible structure and flexible control 
method, this research obtained 60 dB gain power when input is -14 dBm, 

output power is 46 dBm (more than 25 W) in 2,1 GHz -2,3 Ghz frequency; 

phase noise is -80 dBc/Hz at 100 KHz offset frequency. Unlike other 

traditional transmitters, this transmitter was designed with multi-stages 
which have multi-peaks resonance to expand bandwidth to respond to the 

requirement of generation of the complex signal in wide band. Moreover, the 

phase locked loop (PLL) in frequency synthesizer makes the frequency 

conversion more flexible and output frequency more stable; thermal problem 
in module also was solved by using thermistor and operation mode. 

Measurement results prove that the design does not only satisfy the 

requirements of nanosatellites but also can be applied to other satellites 

together with their ground station because it has open configure with flexible 
structure and flexible control method. 

Keywords: 

Frequency synthesizer 

Nanosatellite 

Power amplifier 

S-band 

Transmitter 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Bui Thi Ha 

Department of Space Research and Development, Vietnam National Space Center 

18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam 

Email: btha@vnsc.org.vn 

 

 

1. INTRODUCTION 

Nowadays, all over the world, space technology has been widely taught, researched, developed in 

universities, academic institutes, companies. Space technology is applied for various areas such as 

communication, earth observation, forest and agricultural management, marine and land management, natural 

resources and territorial management. In general, it plays an important role for development of society and 

economy as well as national security of a country. Satellite is a part of this field. Many organizations are 

interested in researching, designing and manufacturing satellite, particularly in small satellites because of low 

manufacturing cost, low launching cost and suitable for researching and testing. Moreover, these satellites 

satisfy the most of the requirements of the users because of their safety and reliability. Besides, these 

satellites can be designed support each other in one small satellite constellation to meet the mission 

requirements. Small satellite mass is lower than 200 kg. Nanosatellite is a small satellite of which mass is 

from 1 to 10 kg. This research is able to apply for nanosatellite named NanoDragon (Vietnamese satellite). 

The satellite consists of seven subsystems: Payload subsystem, structure subsystem, thermal, attitude 

determination and control subsystem, command and data handling subsystem, electrical power subsystem 

and communication subsystem (COM). All of subsystems are very important. This research focuses on 

communication subsystem. Without COM, the satellite will not able to work properly because 

https://creativecommons.org/licenses/by-sa/4.0/
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communication subsystem provides the interface between satellite and ground station. Communication 

subsystem of satellite consists of transmitter and receiver. This system is illustrated in the Figure 1. 

 

 

 
 

Figure 1. Communication subsystem [1] 

 

 

Transmitter was researched, designed and manufactured many years ago. The transmitter is good if it 

has good parameters, such as: high-performance addressing (HPA) performance, converter performance, and 

frequency stability. Depending on purpose and requirement of user such as: weight, size, volume, budget, orbit, 

altitude, lifetime or payload of satellite, each transmitter was designed to satisfy these requirements [1]-[25]. 

These transmitters focused on solving problems: survey and compare result of method approaches [5], [6], 

effect of environment to this module [2], increase bandwidth [5], [11], [14], [21], increase power output [7], 

[16], decrease cost [3], approach very high speed integrated circuit (VHSIC) hardware description language 

(VHDL) in modulator [15]. Recently, variety of transmitter approached multi-stages power amplifier [11]-

[13], [22], [23], or using Wilkinson power combiner method [7], [10], using technology in transmitter 

architecture [17] to increase power output. However, these designs have low reliability and only apply to a 

permanent system. 

In order to solve those problems, the paper focuses on design transmitter module which can not only 

increase output power with large bandwidth (by using multi-stages, multi-peaks resonance in power 

amplifier), but also solve stability of output frequency (by using phase locked loop (PLL) structure in 

frequency synthesizer) and stability of thermal in module (by using thermistor in amplifier combined with 

operation mode with small polarization power dissipation) and flexibility with flexible control based on 

open-configure. This highlight helps transmitter to be easier to improve its function and apply to other 

systems. By using heterostructure field effect transistors (HFET), laterally diffused metal–oxide–

semiconductor (LDMOS) technology and combination of flexible control method in frequency synthesizer, 

transmitter obtains 60dBm gain power, phase noise -80 dBc/Hz at 100 KHz offset frequency, high linearity, 

and high stability. 

 

 

2. DESIGN AND SIMULATION 

2.1.  Frequency synthesizer 

Frequency synthesizer was designed with voltage-controlled oscillator (VCO) combined PLL.  

The PLL helps to increase quality of generated signal, decrease noise, and flexible of system. The PLL used 

ADF4113 and AT89C51 microcontroller. The advances of this module are: data are inputted from keyboard; 

information is displayed by liquid crystal display (LCD). The block diagram of frequency synthesizer is 

shown in Figure 2. 

Signal from temperature compensated crystal oscillator (TCXO) go to ADF4113. ADF4113 is 

connected to AT89C51 to change the output frequency of frequency synthesizer. Data from keyboard was 

displayed on LCD monitor. The schematic of frequency synthesizer is shown in Figure 3. 
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Figure 2. Block diagram of frequency synthesizer 

 

 

 
 

Figure 3. The schematic of the frequency synthesizer 
 

 

Stander frequency from TCXO goes to IC ADF4113. Microcontrol AT89C51 of ATMEL is 

connnected to IC ADF4113 for changing gennerate frequency of frequency sybthesizer. After receiving 

control frequency code, the IC ADF4113 generate curent on CP (pin 2). This current through resister goes to 

filter (RC), then goes to amplifier using IC LF 356 for converting voltage control VCO of which value 

sastifies required frequency. 

 

2.2.  Design of BPSK modulator 

Before the signal is transmitted from ground station to satellite or from satellite to ground station, it 

must be modulated. The binary phase-shift keying (BPSK) has excellent bit error rate (BER) performance, 

fast transfer rates, and low complexity. The BPSK finds applications in weak signal communication spread 

spectrum and radar system. These factors make BPSK be one of the main modulation modes of 

communication subsystem of satellite. 

In a BPSK modulation scheme, the phase of the carrier is shifted by 180 for one data symbol. There 

are many different modulation methods. Each modulation method has different advantages and different 

disadvantages and suitability with the system. To satisfy the requirement of Vietnamese satellite 

requirements, obtain high accuracy, low attenuation, low budget, easily fabricate and easily integrate with 

other device; the authors decided to use the HMC208MS8. Inside HMC208MS8, there are 8 lead plastic 

surface mount mini small outline package (MSOP). This chip is constructed of GaAs Schottky diodes and 
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novel planar transformer baluns on the chip. Moreover, HMC208MS8 is the smallest footprint (3.00 x 4.9 

mm) and thinest (1.00 mm) available for a complete modulator. Conversion loss is shown in Figure 4. 

 

 

 
 

Figure 4. Conversion loss of HMC208MS8 [8] 

 

 

This modulator is designed based on the double balanced modulator idea. The using GaAs Schottky 

diodes in ring modulator is an innovative design. Because Schottky diodes have the reverse recovery time 

when the diode switches from the conducting to the non-conducting state, which the other diodes don’t have. 

With Schottky diodes, switching is essentially instantaneous. The switching time is about 100 ps or tens of 

nanoseconds. Hence, this type of diode is suitable for RF circuit. Just with a HMC208MS8 chip, we had 

modulator circuit above. 

This BPSK modulator with directly high frequency input was designed, fabricated and presented, 

published in “the 13th International Conference on Advanced Technologies for Communication” with title 

“design, fabrication transmitter modulator at S-band for Microsatellite with the direct RF input” [8].  

The Figures 5 and 6 show board design BPSK modulator, which was fabricated on RF-4 PCB material. 

 

 

  
 

Figure 5. The design board of BPSK 

 

Figure 6. Fabricated BPSK modulator 

 

 

2.3.  Design of power amplifier module 

The power amplifier module consists of two stages. There is a pre-amplifier using SHF-0589 device 

and main amplifier using Wilkinson bridge with BLM7G1822S device. A stability thermal method is applied 

in pre-amplifier stage and main power amplifier stage by preventing source of heat. The thermistor is 

attached in output. The signal output of thermistor goes back and controls the amplifying coefficient. In 

addition, pre-amplifier stage works in AB mode and main power amplifier works in C mode. By using 

BLM7G1822S in main power amplifier stage is a dual section, 2-stage power monolithic microwave 

integrated circuit (MMIC), so can use push-pull amplifier combine the Wilkinson bridge, operate at C mode. 

With this operation mode, power dissipation is very small. So, thermal in module is stabilized. 

The first stage used the SHF-0589-is a high-performance GaAs HFET, The HFET technology 

improves breakdown voltage while minimizing Schottky leakage current resulting in higher PAE and 

improved linearity. This power pre-amplifier provides high output power and impedance matching with the 
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fore-and-aft circuit of this module. By using SHF-0589 device combined with silicon germanium 

heterostructure bipolar transistor amplifier (SGA) in module, its power output obtained around 23.5 dBm. 

The output power of power amplifier module also depends on the input/output matching, supply 

voltage and supply current. Therefore, the impedance matching with output of BPSK modulator and input of 

antenna are necessary. By using advanced design system (ADS) software with permeability Mur=1, 

conductor thickness T=0.035, dielectric constant Er=4.4. The authors have designed impedance matching in 

input and output. The schematic of impedance matching of input and its simulation result were presented in 

Figures 7 and 8. 

 

 

 
 

Figure 7. The schematic of impedance matching in input pre-amplifier stage 

 

 

 
 

Figure 8. Simulation result of input pre-amplifier stage 

 

 

The schematic of impedance matching of input branch and its simulation results are presented in 

Figures 9 and 10. The main power amplifier module used the Wilkinson bridge method. This module consists 

of two branches; each branch used a BLM7G1822S. The BLM7G1822S is a dual section, two stages power 

MMIC using Ampleon’s state of the art GEN 7LMMOS technology. The LDMOS technology is a lateal 

double-diffused MOS transistor technology. Moreover, this device has integrated electrostatic discharge 

(ESD) protection. ESD is an important problem in the safety of the equipment. This function is very 

importance in the safety of the equipment and operating of it in orbit. 

The schematic of impedance matching network of output main amplifier and its simulation result 

was illustrated in Figures 11 and 12. The Figure 12 shows S11 parameter (input reflection coefficient) is  

-10.907 dB at 1.96 GHz, -52.424 dB at 2.2 GHz and -10.38 dB at 2.44 GHz. These results are acceptable. 

The Figure 13 presented the fabricated power amplifier module. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 25, No. 2, February 2022: 1067-1077 

1072 

 
 

Figure 9. The schematic of impedance matching in output pre-amplifier stage 

 

 

 
 

Figure 10. Simulation result of output pre-amplifier stage 

 

 

 
 

Figure 11. The schematic of impedance matching in output branch 
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Figure 12. Simulation result of impedance matching output 

 

 

 
 

Figure 13. The fabricated power amplifier module 

 

 

3. RESULTS AND DISCUSSION 

3.1.  BPSK modulator 

Measurement results of BPSK modulator are shown in the Figures 14 and 15. Compare with 

measurement result in Figure 15 and conversion loss in Figure 4, we see conversion loss in fabricated circuit 

of BPSK modulator from 3 dB to 5 dB in 2.1–2.3 GHz frequency. This result demonstrates that this BPSK 

modulator is good, impedance matching well and high accuracy fabrication circuit. 

 

 

 
 

Figure 14. Measurement of BPSK modulator 
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Figure 15. Result of measurement BPSK modulator 
 

 

3.2.  Frequency synthesizer 

Measurement result of frequency synthesizer were shown in Figures 16 and 17. We see that 

relationship between voltage input and frequency output is linearity, power output of frequency is stable. In 

Figure 16, with input voltage is from 2 voltage to 4.24 voltage, we have output frequency is from 2–2.2 GHz 

and its power output is over 10 dBm (Figure 17). 
 

 

 
 

Figure 16. Output frequency and input voltage 
 

 

 
 

Figure 17. Output frequency and power output 
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3.3.  Integrated module 

In this measuring, the setup for measurement consists of an attenuator (20 dB), a generator, a supply 

power and a network analyser (ESPI test receiver 9 KHz to 3 GHz). The input amplitude was set at -14 dB 

(weak signal). The power pre-amplifier module was set to work in the AB regime and main power amplifier 

was set to work in the C mode. This method helps the transmitter safety work. The Figures 18 and 19 show 

measurement of integrated module and its result. 

 

 

 
 

Figure 18. Measurement of integrated module 

 

 

 
 

Figure 19. The result of measurement 

 

 

With result above, we see gain of pre-amplifier stage obtain 18 dBm at 2.065 MHz (Gain 2 line), 

gain of main amplifier stage obtain 37 dBm at 2.190 MHz (Gain 1 line). Each stage has different peak gain, 

this result helps research achieved highest power amplifier at center frequency (2,135 GHz). So, gain of 

module obtain 60 dB at 2.135 MHz, and over 40 dB in 2.1 to 2.3 GHz frequency range. By designing multi-

stages, using impedance matching, creating multi-peaks, for expand bandwidth purpose. This result satisfies 

both requirements of the satellite and its ground station. 

 

 

4. CONCLUSION 

This paper presented the design and implementation of a transmitter for Nanosatellite in range of 2.1 

to 2.3 GHz frequency. The module is new idea for small satellite, because of its structure, physical 

characteristics, flexibility in working mode of stage and its functions. By using FR4 substrate, multi-peaks in 

multi-stages power amplifier (two stages used HFET and LDMOS technology), Wilkinson bridge method, 

PLL structure, suitable devices combined with impedance matching design (in fore-and-aft of module), this 
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transmitter responded the requirement of satellite and its ground station segment, such as: power gain 60 dB, 

low phase noise -80 dBc/Hz at 100 Khz offset frequency, wide bandwidth, impedance matching at large 

frequency range. These results proved that this design is successful. This design can be developed to apply to 

other systems. 
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