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Abstract—The aim of this paper is to introduce the computer aided design and analysis of different 
configuration of singly-balanced Microstrip diode mixers using the recent MSDES program developed by 
the author and the recent ADS package. The design stages of the Microstrip Mixers including the design 
of hybrid couplers, Design of matching circuit that matches the diode input impedance to the coupler, and 
design of Lowpass filter that passes the IF output signals are introduced. The Teflon substrate with 
substrate parameters er = 4.3, H = 1.35 mm and T = 0.035 mm is used for the mixer circuit design and 
analysis. The ADS layouts and the applications of the designed Microstrip mixers are presented. Key 
Words: Microwave Circuits and systems, Computational Microstrip Circuit Design, Microwave Circuits 
analysis 
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I. INTRODUCTION 

Recently many works have been performed for the design and fabrications of the individual parts of the 
microwave transceiver circuit such as amplifiers, oscillators and mixers using Microstrip technique [1-6]. In the 
beginning of 1990, the works of fabrication of a complete Microstrip transceiver has been started especially for 
the military applications. Figure 1 shows the block diagram of transceiver. It comprises a 4-GHz Microstrip 
negative-resistance oscillator (NRO), 4-GHz broadband Microstrip amplifier (BMA), a 7-dB power splitter 
using Microstrip branch coupler (MBC), singly balanced diode mixer (SBDM) with 4-port/5-port rate-race, 
Lange coupler or rectangular branch coupler, Microstrip Lowpass filter (LPF) and TRS [1-2]. 

For Singly-balanced diode mixer The input signals for the rate-race, Lange or branch-line coupler are: 1) the 
reference LO input signal comes from 2.4 GHz NRO through the coupled port of 9dB MBC and 2) the received 
RF signal comes from antenna through TRS and 2.4 GHZ BMA [7-15]. The IF output signal is extracted from 
the mixer output through Microstrip low-pass filter (LPF). The design of the different configuration of single-
balanced diode mixer is performed completely with the aid of the full-scale computer simulation program 
developed by the author [16-18] while the analysis and optimization are performed using the ADS2017 software 
[19]. The Microstrip substrate parameters with 50-Ω normalized impedance are: relative permittivity (ε r) = 4.3 , 
substrate height (H) = 1.58 mm, and conductor thickness (T) = 0.035 mm.  



13  

[15] Ibrahim Said H , "Design and Analysis of 4-GHz SOP FMCW HMIC Radar", WSEAS Transactions on 
Electronics, ISSN 1109-9445, Issue 4, Volume 4, April 2007, pp. 81-90. 

[16] Ibrahim Said H , "A Comprehensive CAD for Microstrip, Coaxial and Waveguide Circuits", WSEAS 
Transactions on Electronics, ISSN 1109-9445, Issue 4, Volume 4, May 2007, pp. 91-100. 

[17] El-Sayed A. El-Badawy, H. A. El-Motaafy, and S. H. Ibrahim, “A complete computer program for 
microstrip circuit design,” ECCD’95, European Conference on Circuit Theory and Design, Aug.,27-31, 
1995, Istanbul, Turkey. 

[18] Ibrahim Said H, "Distributed MIC Application for MSDES_WIN software", WSEAS Transactions on 
Electronics, ISSN 1109-9445, Issue 11, Volume 3, November, 2006, pp. 557-566. 

[19] Advanced Design System -ADS Version 2017, KeySight Technologies 
[20] Hewlett Packard, Application Note 995, “The Schottky Diode Mixers”. 
[21] Hewlett Packard, Application Note 963, “Impedance Matching Techniques for Mixers and Detectors”.  
[22] Matthaei, Young and Jones, “Microwave Filters, Impedance-Matching Networks and Coupling Structures”, 

Artech House 1980, ISBN 0-89006-099-1. 
[23] Matthaei, Young and Jones, “Microwave Filters, Impedance-Matching Networks and Coupling Structures”, 

Artech House 1980, ISBN 0-89006-099-1 
[24] Bruce A. Kopp, Michael Borkowski, and George Jerinic, “Transmit/Receive Modules”, IEEE Transaction 

on Microwave Theory and Technology, VOL. 50, NO. 3 March 2002. 
[25] F.-J. Huang and K.K.O, A 0.5 _m CMOS T/R switch for 900 MHz wireless applications, IEEE J Solid 

State Circuits 36, 2001, pp. 486–492.  
[26] Z. Li, H. Yoon, F.-J. Huang, and K. O, 5.8-GHz CMOS T/R switches with high and low substrate 

resistances in a 0.18-_m CMOS process, IEEE Microwave Wireless Compon Lett 13, 2003, pp. 1–3.  
[27] T. Ohnakado, S. Yamakawa, T. Murakami, A. Furukawa, E. Taniguchi, H. Ueda, N. Suematsu, and T. 

Oomori, 21.5-dBm powerhandling 5-GHz transmit/receive CMOSs witch realized by voltage division 
effect of stacked transistor configuration with depletion layer-extended transistors (DETs), IEEE J Solid 
State Circuits, 39, 2004, pp. 577–584. 

[28] N.A. Talwalkar, C.P. Yue, G. Haitao, and S.S. Wong, Integrated CMOS transmit-receive switch using LC-
tuned substrate bias for 2.4-GHz and 5.2-GHz applications, IEEE J Solid State Circuits 39, 2004, pp. 863–
870. 

[29] J. Kim, W. Ko, S.-H. Kim, J. Jeong, Y. Kwon, A high-performance 40–85 GHz MMIC SPDT switch using 
FET-integrated transmission line structure, IEEE Microwave Wireless Compon Lett 13 (2003), 505–507. 

[30] Mariya Neemuchwala, Shreya Gupta, Ameya Kadam,” Design and Implementation of Microstrip Line 
Based Stepped Impedance Low Pass Filter”, NTASU – 2020 (Volume 09 – Issue 03). 

[31] Salman M. Khan,” Design and Layout Implementation of Microstrip Balanced Diode Filter”, Conference: 
International Conference on System Theory and Control (ICSTC), Romania, 2010. 

[32] Corrado Florian et-al,” A V band singly balanced diode mixer for space application”, Conference: Gallium 
Arsenide and Other Semiconductor Application Symposium, 2005. EGAAS 2005. European, 2005. 

[33] Budhadeb Maity; Prabira Kumar Sethy; K. Bandyopadhyay, “ Design of a single balanced diode mixer 
with high LO/RF and LO/IF isolation in C-band test loop translator, “, 2012 IEEE International Conference 
on Advanced Communication Control and Computing Technologies (ICACCCT). 

 
 
 
  


	Computer-Aided Design and Analysis of Different Configurations of Singly - Balanced Microstrip Diode Mixers Using the Modified MSDES and ADS Packages

