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ABSTRACT

In this paper impedance matching, using tuning stubs of different types and forms are designed and analyzed using Mathcad Software. 
The aim of this paper is impedance matching, which is to connect an arbitrary complex-valued load impedance to a source with a given 
resistive internal impedance (Intrinsic Impedance Zo) without causing input reflection and to ensure the transfer of maximum power 
from source to load (ZL). Smith chart is designed in this paper with Mathcad software. This tool is considered a very powerful tool to 
show the results on the Smith chart. Single and double stub tuners are designed and analyzed with examples. The designed software is 
used in this paper for different cases, such as single stub and double stub tuners (open-ended and short-ended) for matching capacitive 
and inductive loads. The software designed in this paper is useful for designers working in this field as well as in the education process.
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INTRODUCTION

Impedance matching is one of the most important aspects of 
microwave circuit design.[1] The main purpose of impedance 
matching is to connect complex values of load impedance 

with a source that has a specific resistive inner impedance Zo 
to avoid input reflection and to maximize power transfer from 
source to load.[2] In real-world situations, load impedance 
often has to be matched with a transmission line that has a 
particular characteristic impedance Zo as shown in Figure 1.1.

One way of impedance matching is using tuning stubs. 
Tuning stubs are segments of transmission lines that are used 
for distributed impedance match.[3] They can be used for 
both open and short transmission lines.[4] Transmission line 
theory states that an open and short transmission line has 
an imaginary input impedance connected to a transmission 
line that can be connected in series or parallel. Depending 
on the complexity of the circuit, there are different designs 
for matching networks. Single-stub is the most common type 
of matching network, and two stubs are also available.[5,6] It 
is always possible to detect a matching network if the load 
impedance (ZL) is positive real. However, there are many 
different types of matching networks available, and in this 
article, we will discuss and analyze how they are designed 
and how they perform in practice. The choice of a matching 
network will depend on a number of factors, such as ease of 
use, bandwidth, performance, and adaptability.

In engineering solutions, simplicity is often favored, and 
the most optimal choice is typically the simplest design that 
fulfills the necessary specifications. A  less intricate matching 

network tends to be more economical, space-efficient, 
dependable, and exhibits lower loss in comparison to a more 
elaborate design.

When it comes to bandwidth, the goal is to achieve a 
perfect match at a specific frequency. However, in real-world 
scenarios, it is often necessary to match a load across a range 
of frequencies. This can be accomplished through various 
methods, although it usually entails added intricacy. In 
engineering, there is a strong preference for simplicity when 
it comes to finding solutions. Generally, the best choice is the 
design that is the simplest while still meeting all the necessary 
specifications. Opting for a simpler matching network has 
several advantages. It is more cost-effective, takes up less 
space, offers increased reliability, and has lower levels of loss 
compared to a more intricate design.

When it comes to bandwidth, the goal is to achieve a 
perfect match at a specific frequency. However, in real-world 
scenarios, it is often necessary to match a load across a range of 
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frequencies. This can be accomplished using various methods, 
although it usually results in increased complexity.

Single-Stub Tuning

Figure  1.2 illustrates a commonly employed method for 
achieving matching, which involves the use of a stub – a single 
segment of the transmission line. This stub can be either 
short-circuited or open-circuited and is connected to feed line 
transmission with a specific space from load. The advantage of 
the single-stub tuning circuit is its seamless integration into the 
transmission line medium, eliminating the need for discrete 
components. Shunt stubs are typically used in micro-strip line 
or strip-line configurations, nevertheless series of stubs are 
better to use in slot-line and coplanar waveguide setups.[7,8]

When fabricating transmission line media like micro-
strip or strip-line, open-circuited stubs are more convenient 
as they do not require creating a slot in the substrate to 
the ground plane. Conversely, for transmission lines such 
as coaxial cable or waveguide, short-circuited stubs will be 
preferred. This is due to the potential for radiation from the 
large cross-sectional area of an open-circuited line, causing 
the stub not reactive along. This paper will use both of Smith 
chart and analytic solutions to achieve shunt-stub tuning. 
A Smith chart will be utilized solely for presenting computer 
solutions and results, which are typically accurate enough 
for practical applications. On the other hand, analytic 
expressions provide more accurate information and are more 
valuable in computer-aided design.

Double-Stub Design

In section (1.1), the single-stub tuner does matching between 
load impedance and a transmission line but requires adjustable 
length of transmission line between the stub and load. That 
may be not an issue for a stable matching circuit but could 
give difficulties if a variable tuner is desired. In such cases, the 
double-stub tuner, using two tuning stubs in known positions 
and is often constructed using a coaxial line with modified 
stubs connected in parallel with the main coaxial line, can be 
utilized. However, it is important to note that a double-stub 
tuner is unable to be matching with all of the load impedances.

Figure 1.2 shows the double-stub tuner circuit, allowing 
the load to be placed at various distances from the first stub. 
This setup is considered too closely resemble real-world 
situations. The shunt stubs in Figure 1.2 can be readily added 
for specific transmission line types, while series stubs are more 
suitable for other line variations. In both cases, the stubs can 
be either short-circuited or open-circuited.[9,10]

Smith Chart Solutions

Figure 1.3 shows the Smith chart, outlining the essential steps 
for using the double-stub tuner. When dealing with the single-
stub tuner, there are two potential solutions. The susceptance 
of the first stub, b1 (or b1’ for the second solution), adjusts the 
load admittance to y1 (or y1’). These points are located on the 
rotated circle 1+jb, with a rotation length of d wavelengths 
(dλ2) toward the load. Here, dλ2 represents the electrical 
length between two stubs. Subsequently, by transforming y1 

Figure 1.2: Double stub tuner

Figure 1.3: The Smith chart structure illustrates the double-stub 
tuner operationFigure 1.1: Single stub tuner
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(or y1’) toward the generator through a length of the line of 
d, we arrive at the point y2 (or y2’), which must pose on the 
circle 1+jb. The second stub will introduce a susceptance of 
b2 (or b2’), aligning the point with the center of the Smith 
chart and thereby completing the matching process. In certain 
practical designs, it may be necessary to connect the first 
stub at a specific distance dλ2 from the load, as illustrated in 
Figure 1.2. In all cases, the aforementioned procedure will be 
followed, albeit with a modified yL.[11]

Computer-Aided Design of Combining 
Smith Chart with Mathcad

In this paper, a complete Smith chart has been designed using 
Mathcad software. The code can be seen in Appendix 1. Figure 2.1 
shows a typical plot of the Smith chart in Mathcad software.

The Smith chart constructed in Appendix 1 is used in this 
paper as a tool to show the calculated results. This in fact will 
help designers to get clear pictures about their results and 
reduce the time for analyzing the validity of their design.[12]

SINGLE AND DOUBLE MATCHING DESIGN 
WITH MATHCAD CODES

Single Stub Tuner

Referring to Figure 1.1, a Mathcad code is built in this paper and 
is given in Appendix 2. The application of this built software 
is worked through two examples, namely for capacitive and 
inductive loads. The results are shown in Figures 2.1 and 2.2 
for the two solutions, solution (1) and (2) for short and long 
stub lengths.

Double Stub Tuner

Referring to Figure  2.2, which shows a double stub tuner 
diagram, we design a computer program using Mathcad 
software. This program can be seen in Appendix 3. The 
application of this designed program is used for a number 
of examples for a variety of cases. Results are shown in 
Figure 2.3a-f for the case of capacitive load and a variety of 
auxiliary (qaux) angles.

Figure 2.1: Capacitive impedance load single stub matching results. (a) Capacitive load, solution (1), (b) Capacitive load, solution (2)

a

b
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Figure 2.2: Inductive impedance load single stub matching results. (a) Inductive load, solution (1), (b) Inductive load, solution (2)

a

b

Figure 2.3: Results of applying the designed program for designing a double stub tuning microwave circuit for capacitive load (Case dl1 = 0). 
(a) Auxiliary angle 90°, (b) Auxiliary angle 135°, (c) Auxiliary angle 180o, (d) Auxiliary angle 225°, (e) Auxiliary angle 225°,  
(f) Auxiliary angle 315°

a
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b
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Figure 2.4: Results of applying the designed program for designing double stub tuning microwave circuit for capacitive load (Case dl1 = 1/8). 
(a) Auxiliary angle 90°, (b) Auxiliary angle 135°, (c) Auxiliary angle 180o, (d) Auxiliary angle 225°, (e) Auxiliary angle 270°,  
(f) Auxiliary angle 325°

The results shown in Figure  2.3 above are for the case 
dl1= 0 and variable lengths of dl2. The designed software 
is applied for another case in which dl1 is set to 1/8 and for 
different rotation angles and results are presented in Figure 2.4.

DISCUSSIONS AND CONCLUSIONS

Two software are designed in this paper, namely, single and 
double stub tuners for matching loads in microwave circuits. 
These two software were examined by solving selected examples. 
Examples were selected to evaluate the performance of the 
designed software for capacitive and inductive load impedances.

The results are presented in the forms of numerical as 
well as graphical (on Smith chart). Designers in this field 
need some time, to project their results on the Smith chart 
to help them to visualize whether their approach in the right 
direction. The designed software in this paper is to shorten the 
time required and to obtain accurate solutions. Figures 2.2 and 
2.3 show the results of the designed software.

These results show the capability of the designed software 
to deal with a variety of cases of different load impedances and 
various conditions. The big achievement of using the designed 
software in this paper is time-saving and high accuracy. This 
software may be used by researchers as well as undergraduate 
studies.
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APPENDIX 1

Figure A1: Smith chart plot using Mathcad
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APPENDIX 3
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