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Microwave Engineering (Fourth Edition), Pozar, Wiley, 2012, ISBN 978-0-470-63155-3. 

 
Matching load using a single lumped element 
• Assume we have a source matched to the characteristic impedance Z0 of a lossless 

transmission line (TL) of length l with a mismatched load ZL attached. 

 
• We are seeking to match the load ZL to Z0 as well, i.e., we want Zin = Z0. 
• To avoid power losses, we will only use purely reactive components for matching. 
• As can be seen on a Smith chart (normalized admittance or impedance), as we travel down 

the TL toward the generator on an arc/circle of constant |Γ| < 1, the arc/circle will intersect 
the g = 1 or r = 1 circle at two locations, one above & one below the horizontal axis.  These 
locations, located a distance di from the load ZL, are called the match points- normalized: 
ym,i = 1 ± jbm or zm,i = 1 ± jxm; un-normalized: Ym,i = Y0 ± jBm or Zm,i = Z0 ± jXm. 

 

l
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• At the match points, a lumped element with the proper susceptance or reactance can be 

added in parallel (to cancel ± jBm) or in series (to cancel ± jXm) resulting in a match. 

Matching using a single Parallel Lumped Element 
• Particularly well-suited for two-wire transmission lines. 
1) Calculate zL = ZL/Z0 and plot on Smith chart. 
2) Draw circle, centered on Smith chart, through zL point.  This circle of constant |Γ| includes 

the locus of all possible zin (and yin) along the transmission line with this load. 
3) Go λ/4 around the circle of constant |Γ| from zL point to yL point. 
4) There are two points (i.e., match point points) on the circle of constant |Γ| that intersect the 

circle where the normalized conductance g = 1, i.e., ym,i = 1 ± jbm.  In terms of input 
admittance, this is where Ym,i = ym,i  Y0 = ym,i /Z0 = Y0 ± jBm = 1/Z0 ± jBm. 

5) Find the distance di from yL to the match points using the “WAVELENGTHS TOWARD 
GENERATOR” scale. 

 
6) Select one of the match points and add a discrete component (i.e., capacitor or inductor) in 

parallel with a susceptance Yd =   jBm.  To calculate the needed capacitance or inductance, 
remember Ycap =  jωC and Yind = -j /ωL. 

7) Everywhere toward generator from this location will see a normalized admittance of yin = 

ym,i + yd = (1 ± jbm)   jbm = 1 or normalized impedance zin = 1, i.e., Yin = Y0 &/or Zin = Z0. 
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Example- Matching load using a parallel capacitor 
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Matching using a single Series Lumped Element 
• Particularly well-suited for microstrip transmission lines. 

Steps 
1) Calculate zL = ZL/Z0 and plot on Smith chart. 
2) Draw circle, centered on Smith chart, through zL point.  This circle of constant |Γ| includes 

the locus of all possible zin (and yin) along the transmission line with this load. 

3) There are two points (i.e., match point points) on the circle of constant |Γ| that intersect the 
circle where the normalized resistance r = 1, i.e., zm,i = 1 ± jxm.  In terms of input impedance, 
this is where Zm,i = Z0 ± jXm. 

4) Find the distance di from zL to the match points using the “WAVELENGTHS TOWARD 
GENERATOR” scale. 

 

5) Select one of the match points and add a discrete component (i.e., capacitor or inductor) in 
series with a reactance Zd =   jXm.  To calculate the needed capacitance or inductance, 
remember Zcap =  -j/ωC and Zind = jωL. 

6) Now, everywhere toward the generator from this location will see a normalized input 
impedance zin = (1 ± jxm)   jxm = 1, i.e., Zin = Z0. 
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Example- Matching load using a series inductor 
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L-network or L-section Matching w/ Lumped Elements 
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L-network Smith Chart solution for RL > Z0 case 
Use this L-network configuration- 

 

Normalize the load impedance zL = ZL/Z0 = rL + jxL and plot 
it on a Smith chart.  Note that zL will be inside the r = 1 
(i.e., the locus of z = 1 + jx) circle on the Smith chart as 
shown. 

 

Go λ/4 (or 180°) around Smith chart on circle of constant 
|Γ| to the location of the normalized load admittance yL = 
gL + jbL and plot it the Smith chart.  Read and record value 
of yL = gL + jbL. 

 

Draw a rotated (by λ/4 or 180°) r = 1 or z = 1 + jx circle on 
the Smith chart as shown.  Note that yL is inside this circle.   
[As an alternative, a combination Z-Y Smith chart will 
already have this circle on it.] 

 

Z =R + jXL L L
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Add jb (normalized jB parallel element of L-network) to yL to 
move along the circle of constant gL to where it intersects the 
rotated r = 1 or z = 1 + jx circle on the Smith chart.  As shown, 
there are two potential match points, yM,C & yM,L.  To get to the 
yM,C match point, you must add a capacitive jb (positive).  To 
get to the yM,L match point, you must add an inductive jb 
(negative). 
Why?  On returning to normalized impedance z, the match 

points are on the r = 1 or z = 1 + jx circle.  Add a series 
impedance will get us to Zin = Z0!  

 

Select a match point based on whether you would prefer to use 
a parallel capacitor (yM,C) or inductor (yM,L).  Read and record 
the value of the selected match point, find needed jb, and 
compute required parallel inductor L or capacitor C for the L-
network.  

Capacitor:  yM,C = gL + jbM,C = gL + j(bL + bcap) 
⇒  bcap = bM,C - bL = ωCZ0  ⇒  C = bcap /(ω Z0), or 

Inductor:  yM,L = gL + jbM,L = gL + j(bL + bind) 
⇒  bind = bM,L - bL = -Z0/(ωL)  ⇒  L = -Z0 /(ω bind)  

From selected match point, yM,C or yM,L, go λ/4 around Smith 
chart on new circle of constant |Γ| to position of corresponding 
normalized impedance, zM,C or zM,L.  Read & record value of 
zM,C or zM,L. 
 zM,C = 1 + jxM,C where xM,C < 0 is a normalized capacitive 

reactance which will require the addition of a series 
normalized inductive reactance for matching. 

 zM,L = 1 + jxM,L where xM,L > 0 is a normalized inductive 
reactance which will require the addition of a series 
normalized capacitive reactance for matching. 

 

Add jx (normalized jX, series element on L-network) to zM,C 
or zM,L to move along the r = 1 circle to the center of the 
Smith chart where zin = 1 (i.e., Zin = Z0).  

Inductor:  zin = zM,C + jxind = 1 + j(xM,C + xind) = 1    
⇒   xind = -xM,C = ωL/Z0     ⇒  L = xind Z0/ω,  or 

Capacitor:  zin = zM,L + jxcap = 1 + j(xM,L + xcap) = 1 
⇒   xcap = -xM,L = -1/(ωCZ0) ⇒ C = -1/(ωZ0 xcap)  
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L-network Smith Chart solution for RL < Z0 case 

Use this L-network configuration- 

 

Normalize the load impedance zL = ZL/Z0 = rL + jxL and plot 
it on a Smith chart.  Note that zL will be outside the r = 1 
(i.e., the locus of z = 1 + jx) circle on the Smith chart as 
shown. 

 

Draw a rotated (by λ/4 or 180°) g = 1 or y = 1 + jb circle on 
the Smith chart as shown.  Note that zL could be inside or 
outside this circle.    
[As an alternative, a combination Z-Y Smith chart will 
already have this circle on it.] 

 
Add jx (normalized jX, series element on the L-network) 
to zL to move along the circle of constant rL to where it 
intersects the rotated g = 1 or y = 1 + jb circle on the Smith 
chart as shown.  As shown, there are two potential match 
points, zM,top and zM,bott. 
Why?  When we convert to normalized admittance y, we 

will now be on the g = 1 or y = 1 + jb circle.  
Adding a parallel admittance will get us to Y0!  
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Z Zin  = 0

Z , v0 p

jX

= 1 r 

circle

zL

zL

rotated
=1 circleg  
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Select one of the two match points, zM,top and zM,bott.   
 From the location of zL, if you go CW on the circle of 

constant rL to get to a match point, you must add 
inductive reactance (positive).   

 From the location of zL, if you go CCW on the circle of 
constant rL to get to a match point, you must add 
capacitive reactance (negative).  

Determine the necessary series lumped element for the L-network.  I.e.,  
zM,top/bott = rL + jxm = zL + jx = rL + j(xL + x)    ⇒    xm = xL + x     ⇒    x = xm - xL 

If x > 0, it is inductive.   x = ωL/Z0  ⇒  L = x Z0/ω 
or 

If x < 0, it is capacitive.   x = -1/(ωCZ0) ⇒ C = -1/(ωZ0 x) 

From selected match point, zM,top or zM,bott, go λ/4 around 
Smith chart on new circle of constant |Γ| to position of 
corresponding normalized admittance, yM,top or yM,bott, and 
plot.  Read & record value of yM,top or yM,bott. 
 yM,top = 1 + jbM,top where bM,top < 0 is a normalized 

inductive susceptance, requires addition of a parallel 
normalized capacitive susceptance for matching. 

 yM,bott = 1 + jbM,bott where bM,bott > 0 is a normalized 
capacitive susceptance, requires addition of a parallel 
normalized inductive susceptance for matching. 

 

Add jb (normalized jB, parallel element of L-network) to 
yM,top or yM,bott to move along the g = 1 circle to the center 
of the Smith chart where yin = 1 (i.e., Yin = Y0).  

Inductor:  yin = yM,bott + jbind = 1 + j(bM,bott + bind) = 1     
⇒   bind = -bM,bott = -Z0/ωL   ⇒   L = -Z0 /(ωbind) 

or 
Capacitor:  yin = yM,top + jbcap = 1 + j(bM,top + bcap) = 1 

⇒   bcap = -bM,top = ωCZ0   ⇒   C = bcap /(ωZ0) 
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L-network Analytic Solution for RL > Z0 case 
Use this L-network configuration- 

 
Using circuit theory, the input impedance is found and set equal to Z0- 

1

in 0
1

L L

Z jB j X Z
R j X

−
 

= + + = + 
. 

Doing the algebra and complex math to solve the real and imaginary parts of the Zin 
equation for B and X, results in 

2 2 2
0 0 0 0
2 2 2 2

/ / ( )L L L L L L L L L L

L L L L

X R Z R X Z R X R Z R R Z X
B

R X R X
± + − ± − +

= =
+ +

      (5.3a) 

and 
0 01 L

L L

X Z ZX
B R B R

= + −      (5.3b) 

for the susceptance of the parallel element and reactance of the series element 
respectively.  
Notes: 

• From (5.3a), there are two possible solutions for B.   
• In turn, this implies that there are two possible solutions for X, depending on the 

value of B selected.   
• Note square root terms are always positive as RL > Z0 > 0. 
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Impedance 
cap cap

cap

2
1 1 0

2

j jZ jX
C f C

X
C f C

ω π

ω π

− −
= = =

− −
⇒ = = <

 ind ind

ind

2
2 0

Z jX j L j f L
X L f L

ω π
ω π

= = =

⇒ = = >
 

Admittance 
cap cap

cap

2
2 0

Y jB j C j f C
B C f C

ω π

ω π

= = =

⇒ = = >
 

ind ind

ind

2
1 1 0

2

j jY jB
L f L

B
L f L

ω π

ω π

− −
= = =

− −
⇒ = = <

 

Z =R + jXL L L

L 0 ( > )R ZjB

Z Zin  = 0

Z , v0 p

jX



ee481_581_Chapter_5_notes.docx                                                                                                                            32 / 56 

EE 481/581 Microwave Engineering,  Dr. Thomas P. Montoya 
 



ee481_581_Chapter_5_notes.docx                                                                                                                            33 / 56 

EE 481/581 Microwave Engineering,  Dr. Thomas P. Montoya 

 

 



ee481_581_Chapter_5_notes.docx                                                                                                                            34 / 56 

EE 481/581 Microwave Engineering,  Dr. Thomas P. Montoya 

L-network Analytic solution for RL < Z0 case 
Use this L-network configuration- 

 
Using circuit theory, the input impedance is found and set equal to Z0-   

1

in 0
1

( )L L

Z jB Z
R jX jX

−
 

= + = + + 
. 

Doing the algebra and complex math to solve the real and imaginary parts of the Zin 
equation for B and X, results in 

0( )L L LX X R Z R= − ± −      (5.6a) 
and 

0

0

( ) /L LZ R R
B

Z
−

= ±       (5.6b) 

for the reactance of the series element and susceptance of the parallel element 
respectively.  

Notes: 
• For (5.6a) and (5.6b), pair the solutions for X and B based on the sign of the ‘±’ 

term. 
• This also implies there are two possible solutions. 
• Note square root terms are always positive as Z0 > RL > 0. 
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Matching load using a Single-Stub Tuning 
• Assume we have a source matched to the characteristic impedance Z0 of the 

transmission line (TL). 

 

• Again, we are seeking to match the load ZL to Z0 as well, i.e., we want Zin = Z0. 

• To avoid power losses, we will only use lossless (i.e., purely reactive) 
components for matching.   

• In this case, the lossless components will be open-circuit or short-circuit 
terminated TL stubs. 

• There are two configurations for single-stub tuning: shunt (parallel) or series. 

Shunt Single-Stub 

• To use a shunt stub, we need to place it at a location (i.e., a match point) where 
the input admittance is in, 0mY Y jB= ± .   

 

• Then, we connect a shunt (parallel) stub with an open-circuit or short-circuit 
termination of length selected so that the input admittance of the stub is 

stubY jB=  .  The parallel combination results in an overall input admittance of 

in in, stub 0 in 0mY Y Y Y jB jB Y Y= + = ± ⇒ =  (matched). 

Z , v0 p
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Γin  in, Z ΓL

Vg
+
-

Z = Zg  0



ZL

Γin in, Z ΓL

+
-

Z = Zg 0

Y Y jBm, 0i = ±

di

Vg Z , v0 p Z , v0 p
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Shunt (Parallel) Single-Stub Tuning Steps 
1) Calculate the normalized impedance zL = ZL/Z0 and plot on Smith chart. 
2) Draw circle, centered on Smith chart, through zL point.  This circle of constant 

|Γ| includes the locus of all possible zin (and yin) along the TL with this load. 

3) Go λ/4 around the circle of constant |Γ| from zL point to yL point. 
4) There are two points (i.e., match points) on the circle of constant |Γ| that intersect 

the circle where the normalized conductance g = 1, i.e., ym,i = 1 ± jb.  In terms 
of input admittance, this is where Ym,i = ym,i /Z0 = Y0 ± jB = 1/Z0 ± jB. 

5) Find the distance di from yL to the match points using the “WAVELENGTHS 
TOWARD GENERATOR” scale. 

 

6) Find length i of short-circuit or open-circuit terminated stubs (use same 
transmission line) that will yield a normalized admittance of ystub,i =   jb by 
starting at either ySC → ∞ or yOC = 0 and moving distance i “WAVELENGTHS 
TOWARD GENERATOR” to the   jb points.   

7) Select one of the match points and the corresponding short-circuit or open-
circuit terminated stub. 


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
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8) Everywhere along the TL from the stub location to the generator the normalized 
input admittance will be yin = ym,i + ystub,i = (1 ± jb)   jb ⇒ yin = 1 or normalized 
input impedance zin = 1, i.e., Yin = Y0 and/or Zin = Z0. 

 

 



ZL

Z =Zin 0

+
-

Z = Zg 0

Y Y Zin 0 0    = =1/

di

Ystub  =jB

Vg

open/short

Z , v0 p

i Z , v0 p
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Shunt Single-stub Tuning Notes/Comments: 
• Generally, shunt stubs are terminated with either open (YOC = 0) or short  (YSC 

→ ∞) circuits for economic as well as practical reasons, i.e., can fabricate good 
open-circuit and short-circuit terminations with well defined locations. 

• While not required, the TL used for the stubs will typically have the same 
characteristic impedance Z0 as the main TL.  Occasionally, a different 
characteristic impedance Z0,stub may be chosen for the stub to make it 
shorter/longer. 

• In theory, any purely reactive load (e.g., capacitor or inductor) could be used to 
terminate a stub.  This is seldom done as stubs are usually used to avoid the cost 
and difficulty of placing discrete components. 

• Shunt single-stub tuners are inherently narrow-band matching solutions, both 
the location and length of the single-stub tuner are in terms of wavelength λ.  
Picking stubs as short as possible helps increase usable bandwidth, i.e., stay on 
relatively flat portions of the tan() and/or cot() functions. 

• Often, instead of using a single parallel stub with admittance ystub =   jb, a pair 
of stubs, each with an admittance ystub =   jb/2, are used.  The overall input 
admittance remains unchanged, i.e.,  

yin = ym,i + ystub,i / 2 + ystub,i / 2 = (1 ± jb)   jb/2   jb/2 = 1. 

This works particularly well with microstrip where the stubs can be placed on 
either side of the main microstrip (see below).  Why?  Better bandwidth with 
shorter stubs, makes electric and magnetic fields more symmetric (good), less 
obtrusive on circuit board, … 

 
 

ZL ZL

di di

jB, i

jB/2, ~0.5i

Top view

(good)
(better)

jB/2, ~0.5i
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Series Single-Stub 

• To use a series stub, we need to place it at a location (i.e., a match point) where 
the input impedance is in, 0mZ Z jX= ± .   

 
• Then, we connect a series stub with an open-circuit or short-circuit termination 

of length selected so that the input impedance of the stub is stubZ jX=  .  The 
series combination results in an overall input impedance of 

in in, stub 0 in 0mZ Z Z Z jX jX Z Z= + = ± ⇒ =  (matched). 

 

Series Single-Stub Tuning Steps 
1) Calculate the normalized impedance zL = ZL/Z0 and plot on Smith chart. 
2) Draw circle, centered on Smith chart, through zL point.  This circle of constant 

|Γ| includes the locus of all possible zin (and yin) along the TL with this load. 

3) There are two points (i.e., match points) on the circle of constant |Γ| that intersect 
the circle where the normalized resistance r = 1, i.e., zm,i = 1 ± jx.  In terms of 
input impedance, this is where Zm,i = zm,i Z0 = Z0 ± jX. 



ZL

Γin in, Z ΓL

+
-

Z = Zg 0

Z Z jXm, 0i = ±

di

Vg Z , v0 p



ZL

Z =Zin 0

+
-

Z = Zg 0

Z Zin 0 =

di

Zstub  =  jX
Vg

open/
short

Z , v0 p

i
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4) Find the distance di from zL to the match points using the “WAVELENGTHS 
TOWARD GENERATOR” scale. 

 
5) Find length i of the short-circuit or open-circuit terminated stubs (use same 

transmission line) that will yield a normalized impedance of zstub,i =   jx by 
starting at either zSC = 0 or zOC → ∞ and moving a distance i “WAVELENGTHS 
TOWARD GENERATOR” to the   jx points.   

6) Select one of the match points and the corresponding short or open circuit 
terminated stub. 

7) Everywhere along the transmission line toward the generator from this location 
will see a normalized input impedance of zin = zm,i + zstub,i = (1 ± jx)   jx = 1, 
i.e., Zin = Z0. 

 

Series Single-stub Tuning Notes/Comments: 
• Generally, series stubs are terminated with either open (ZOC → ∞) or short (ZSC 

= 0) circuits for economic as well as practical reasons, i.e., can fabricate good 
open-circuit and short-circuit terminations with well defined locations. 

• While not required, the TL used for the stubs will typically be Z0. 



ZL

Γin in, Z ΓL

+
-

Z = Zg 0

Z Z jXm, 0i = ±

di

Vg Z , v0 p



ZL

Z =Zin 0

+
-

Z = Zg 0

Z Zin 0 =

di

Zstub  =  jX
Vg

open/
short

Z , v0 p

i
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• In theory, any purely reactive load could be used to terminate a stub, but seldom 
is done. 

• Single-stub tuners are inherently narrow-band matching.  Picking stubs as short 
as possible helps increase bandwidth. 
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2.5/5.4 The Quarter-Wave Transformer 
Consider the following lossless transmission line (TL) circuit. 

 

We can determine the input impedance in two ways.  First, using (2.61), 

1 1 1 1
in 1 1

1 1 1 1

tan( ) / tan( )
tan( ) / tan( )

L L

L L

R jZ R jZZ Z Z
Z jR Z jR

 
 

               

 

 

 

where in this case  
1

1
1

2
4 2
 




   

which implies 1tan( ) tan( / 2)   .  Therefore, the input impedance 
becomes 

2
1 1

in 1 in
1

/
/

L

L L

R jZ ZZ Z Z
Z jR R

      
. 

An alternate approach is to use reflection coefficients 

1 1

1 1

L L
L

L L

Z Z R Z
Z Z R Z

 
  

 
   

and 
1

1 1

22
2 4

in in

j
j j

L L L Le e e


  


         . 

Now, the input impedance is 
1

2
in 1 1

in 1 1 1 in
1in

1

1
1 1
1 1 1

L

L L

LL L

L

R Z
R Z ZZ Z Z Z ZR Z R
R Z

 
                             

. 

Z , 1 1 1, β λ

= λ1 /4

Z RL L  =

Γin in, Z ΓL L, Z
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How can we use this result to match a load to a TL?  That is, we desire to make Zin 
= Z0. 

2
1

in 0 1 0 L
L

ZZ Z Z Z R
R

     

By properly selecting the impedance Z1 of a quarter-wave section (λ1/4) of TL, we 
can transform a load resistance of RL to an input impedance equal to Z0, i.e., a 
Quarter-Wave Transformer (QWT). 

Concerns 
1) What if ZL  ≠ RL?   

If we plot the normalized load impedance zL on a Smith chart and draw a circle, 
centered on Smith chart, through zL, the circle represents the locus of all 
possible normalized input impedances zin along a lossless Z0 TL connected to 
the load.  Where the circle crosses the real axis, we have rmax and rmin (i.e., Rmax 
and Rmin).  Therefore, we can create a resistive load ZL’ =  Rmax or ZL’ =  Rmin 
by introducing a length/section of Z0 TL before the QWT. 

 

2) We need a customized characteristic impedance Z1 for the QWT. 
With coaxial, twin-wire, and similar TLs, this is NOT a practical solution.  It 
is difficult to manufacture a custom TL with a Z1 characteristic impedance as 
well as attaching/connecting it to the desired TL with characteristic impedance 
Z0.  This typically limits QWTs to microstrip, planar, & stripline TL 
applications where changing the characteristic impedance is simply a matter 
of varying the width of the TLs. 

zL

rmin

| |Γ
rmax
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3) When we change characteristic impedance in a TL, it is not unusual for the 
phase velocity and wavelength to change as well,  i.e., λ1 ≠ λ0 for the Z1 and 
Z0 TLs respectively. 

4) From the very name, Quarter-Wave Transformer, we can expect the QWT 
work perfectly only at the frequency where  = λ1/4.  This typically limits the 
usable bandwidth of a QWT to a narrow band of frequencies around the design 
frequency f0. 

In section 5.4 of the text, the author derives an approximate expression for the 
fractional bandwidth that can be expected for a QWT to be 

01

2
0 0

242 cos
1

Lm

Lm

Z Rf
f R Z


        

 

where Γm is the maximum acceptable reflection coefficient magnitude and f0 is 
your center/design operating frequency. 
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QWT Design Steps 
1) Calculate the normalized load impedance zL = ZL/Z0 and plot on Smith chart. 
2) Draw circle, centered on Smith chart, through zL point.  This circle of constant 

|Γ| includes the locus of all possible zin along the transmission line with this 
load. 

3) Note the locations and values of rmin and rmax, i.e., our match points.   
4) Select one of the two match points.  Compute Rmin = rmin Z0 or Rmax = rmax Z0.  

[Note: you can look ahead to step 6 to see if one choice is ‘better’.]     
5) Determine, using the ‘WAVELENGTHS TOWARD GENERATOR’ scale, 

the distance min or max from the load zL to the selected match point along a 
section of Z0 transmission line. 

6) Compute the characteristic impedance 1 0 maxZ Z R  or 1 0 minZ Z R  of the 

QWT.  By definition, the length of the QWT is  = λ1/4. 

7) After the QWT, attach any length of the desired Z0 transmission line to get to 
the generator.  The load is matched! 

 

Z , 1 1 1, β λ

= λ1 /4

Z RL L  =

Z = Zin 0

 max min or 

Z , 0 0 0, β λ

R Rmax min or 

Z , 0 0 0, β λ

Z = Zin 0
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Example- Match a load of ZL = 10 + j 12 Ω to a 50 Ω microstrip transmission 
line (λ = 30 cm) using a quarter-wave transformer (QWT) and 50 Ω 
microstrip.  Restriction- the match should be as short as possible. 

1)  Normalize ZL and plot on Smith chart 
 Normalize  zL = ZL / Z0 = (10 + j 12) / 50   ⇒   zL = 0.2 + j 0.24 Ω/Ω. 
 Plot zL on Smith chart by finding intersection of r = 0.2 circle & x = 0.24 arc. 

2)  Find first point along 50 Ω microstrip where the impedance is real 
 Use compass to draw arc of constant |Γ| from zL point on Smith chart in the 

“WAVELENGTHS TOWARD GENERATOR” direction until reaching the 
horizontal/real axis to right of origin. 

 Read rmax = 5.3 on Smith chart.  This corresponds to Rmax = Rmax Z0= (5.3) 50  
⇒ Rmax = 265 Ω. 

 Find distance from zL to rmax by drawing radial line from the center of Smith 
chart through zL and the “WAVELENGTHS TOWARD GENERATOR” 
scale, reading 0.0385 and noting rmax is at 0.25 on the scale.  The distance 
max = (0.25-0.0385) λ = 0.2115λ  ⇒  max = 6.345 cm. 

 
 Now that we have a real impedance, use a QWT to match to 50 Ω (next step). 

3)  Design QWT to match Rmax to 50 Ω 
 Use equation to find characteristic impedance of QWT 

1 0 max 50(265)Z Z R    ⇒   Z1 = 115.109 Ω. 

 By definition, a QWT has a length  = λ1/4.  The wavelength λ1 on 115.1 Ω 
microstrip will NOT be the same as λ0 =30 cm for the 50 Ω microstrip (Note: 
wavelength for microstrip depends on circuit board material & thickness as 
well as the microstrip width).  For the sake of this example, assume λ1 = 31 

cm.  Hence,  = λ1/4 = 7.75 cm. 

Z , 0    =50 =30Ω λ0  cm

max  =6.345cm

Z +jL =10 12Ω

Rmax    = 265 Ω
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Z , 0 0=50 =30   Ω λ  cm

max   = 6.345cm

Z +jL =10 12Ω

Rmax    = 265 Ω

Z , 1 1  =115.1 =31Ω λ  cm

 = cmλ1/4=7.75  

Zin    = 50Ω


