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Lecture 6  Impedance Matching (2)

1. Quarter-wave Transformer

2. Single-stub Matching

3. Double-stub Matching

4. LC Matching

5. Coding Example
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1. Quarter-wave Transformer

 Theory

- Quarter-wave = 1/4 wavelength

- ZL real, if not make it real by adding L, C, or a length of transmission line.
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 Example

- Quarter-wave transformer with a transmission

line section added
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 Multisection quarter-wave transformer

- Single section transformer: narrow band, compact

- Multi-section transformer: wideband, not compact

0/ 2  at  f 
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1) Binomial transformer
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2) Chebyshev transformer

(maximum reflection coefficient tolerable)
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 Chebyshev transformer: example, N = 4, A = 0.1
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 Load + transmission line section: non-adjustable

2. Single-stub Matching

2( ) (0) , 2   ( / 2 2 )je               
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 Adding series and shunt elements
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 Theory

- Design parameters: d, l
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- For some transmission lines, shunt stubs are easier to implement.
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- For some transmission lines, series stubs are easier to implement.
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 Example
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3. Double-stub Matching: adjustable

 Theory 3 /8 (90 ) :  fixed 
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4. LC Matching

 Theory

- Adding shunt or series L and C
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- 4 solutions 
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- 4 solutions 
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- 4 solutions 
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- Number of solutions vs load impedance



20

 LC matching equations

- Series-shunt topology
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- Shunt-series topology
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 Example
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 Example



26

5. Coding Example

 Example

- Match impedance from R + jX to Z0 using LC-network at frequency f0.

- Find all the solutions.

- For each solution, find the reflection coefficient in dB from 0.8 f0 to 1.2 f0 at 

0.01f0 interval. 
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# LC-matching network design
# Input data:
# z0: impedance after matching (ohm) (real)
# rr, xx: real and imaginary parts of the impedance to be matched to z0
# f0: frequency of matching (Hz)
# Output data:
# When the load impedance outside r=1 circle:
# Series element first:
# 1st solution:
# Ls or Cs: series element
# Cp: parallel element
# 2nd solution:
# Ls or Cp: series element
# Lp: parallel element
# Parllel element first:
# 1st solution:
# Lp or Lp: parallel element
# Ls or Cs: series element
# 2nd solution:
# Lp or Cp: parallel element
# Ls or Cs: series element
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import cmath
import math
pi=3.141593; rad=pi/180
while True:

z0=float(input('Impedance after matching: Z0 (ohm) (real) = '))
rr,xx=map(float, input('Impedance to be matched: R, X (ohm) = ').split())
f0=float(input('Frequency of matching: f0 (Hz) = '))
r=rr/z0; x=xx/z0
y0=1/z0
w0=2*pi*f0

# Load impedance outside r=1 circle
if r <= 1:
u=math.sqrt(1/r-1)
xs=-x+r*u
print('SERIES ELEMENT FIRST:')

# 1st solution:
print('1ST SOLUTION:')
if xs >= 0:

Ls=z0*xs/w0; iLc=1
print(' Ls = ',Ls)
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else:
cs=-1/(z0*w0*xs); iLc=-1
print(' Cs = ',cs)

cp=y0*u/w0
print(' Cp = ',cp) iprint=int(input('Print frequency response of the 1st solution (0: no, 1:yes) = '))
if iprint ==1:

f=0.8*f0-0.02*f0
for i in range(21):
f=f+0.02*f0
w=2*pi*f
if iLc == 1:

z=complex(rr,xx)+complex(0,w*Ls)
else:

z=complex(rr,xx)+complex(0,-1/(w*cs))
y=1/z+complex(0,w*cp)
z=1/y
gamma=(z-z0)/(z+z0)
print(' f(Hz)=',f,', mag(S11)(dB)=',20.*math.log10(abs(gamma)),', phase(S11)(deg)=',cmath.phase(gamma)/rad)
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iprint=int(input('Print frequency response of the 2nd solution (0: no, 1:yes) = '))
if iprint ==1:

f=0.8*f0-0.02*f0
for i in range(21):
f=f+0.02*f0
w=2*pi*f
if iLc == 1:

z=complex(rr,xx)+complex(0,w*Ls)
else:

z=complex(rr,xx)+complex(0,-1/(w*cs))
y=1/z+complex(0,-1/(w*Lp))
z=1/y
gamma=(z-z0)/(z+z0)
print(' f(Hz)=',f,', mag(S11)(dB)=',20.*math.log10(abs(gamma)),', phase(S11)(deg)=',cmath.phase(gamma)/rad)
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# 2nd solution:        
xs=-x-r*u
print('2ND SOLUTION:')
if xs >= 0:

Ls=z0*xs/w0; iLc=1
print('  Ls = ',Ls)

else:
cs=-1/(z0*w0*xs); iLc=-1
print('  Cs = ',cs)

if u == 0: Lp=1e30
if u > 0: Lp=1/(y0*w0*u)
print('  Lp = ',Lp)

iprint=int(input('Print frequency response of the 2nd solution (0: no, 1:yes) = '))
if iprint ==1:

f=0.8*f0-0.02*f0
for i in range(21):
f=f+0.02*f0
w=2*pi*f
if iLc == 1:

z=complex(rr,xx)+complex(0,w*Ls)
else:

z=complex(rr,xx)+complex(0,-1/(w*cs))
y=1/z+complex(0,-1/(w*Lp))
z=1/y
gamma=(z-z0)/(z+z0)
print('  f(Hz)=',f,', mag(S11)(dB)=',20.*math.log10(abs(gamma)),', phase(S11)(deg)=',cmath.phase(gamma)/rad)
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# Parallel element first:
yy=1/complex(rr,xx)
y=yy/y0
g=y.real; b=y.imag
if g <= 1:
u=math.sqrt(1/g-1)

# 1st solution
bp=-b+g*u
print('PARALLEL ELEMENT FIRST:')
print('1ST SOLUTION:')
cp=0; Lp=0
if bp >= 0:

cp=y0*bp/w0; iLc=-1
print(' Cp = ',cp)

else:
Lp=-1/(y0*w0*bp); iLc=1
print(' Lp = ',Lp)

Ls=z0*u/w0
print(' Ls = ',Ls)
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iprint=int(input('Print frequency response of the 1st solution (0: no, 1:yes) = '))
if iprint ==1:

f=0.8*f0-0.02*f0
for i in range(21):
f=f+0.02*f0
w=2*pi*f
if iLc == 1:

y=1/complex(rr,xx)+complex(0,-1/(w*Lp))
else:

y=1/complex(rr,xx)+complex(0,w*cp)
z=1/y+complex(0,w*Ls)
gamma=(z-z0)/(z+z0)
print(' f(Hz)=',f,', mag(S11)(dB)=',20.*math.log10(abs(gamma)),', phase(S11)(deg)=',cmath.phase(gamma)/rad)

bp=-b-g*u
print('2ND SOLUTION:')
if bp >= 0:

cp=y0*bp/w0; iLc=-1
print(' Cp = ',cp)

else:
Lp=-1/(y0*w0*bp); iLc=1
print(' Lp = ',Lp)

if u == 0: cs=1e30
if u > 0: cs=1/(z0*w0*u)
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print(' Cs = ',cs)

iprint=int(input('Print frequency response of the 2nd solution (0: no, 1:yes) = '))
if iprint == 1:

f=0.8*f0-0.02*f0
for i in range(21):
f=f+0.02*f0
w=2*pi*f
if iLc == 1:

y=1/complex(rr,xx)+complex(0,-1/(w*Lp))
else:

y=1/complex(rr,xx)+complex(0,w*cp)
z=1/y+complex(0,-1/(w*cs))
gamma=(z-z0)/(z+z0)
print(' f(Hz)=',f,', mag(S11)(dB)=',20.*math.log10(abs(gamma)),', phase(S11)(deg)=',cmath.phase(gamma)/rad)
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'''
Impedance after matching: Z0 (ohm) (real) =
50
Impedance to be matched: R, X (ohm) =
20 50
Frequency of matching: f0 (Hz) =
100e6
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SERIES ELEMENT FIRST:
1ST SOLUTION:

Cs = 6.24012097548766e-11
Cp = 3.898483576298995e-11

Print frequency response of the 1st solution (0: no, 1:yes) =
1

f(Hz)= 80000000.0 , mag(S11)(dB)= -14.359119835498817 , phase(S11)(deg)= 151.05438246985145
f(Hz)= 82000000.0 , mag(S11)(dB)= -15.255989918484328 , phase(S11)(deg)= 148.77934147746228
f(Hz)= 84000000.0 , mag(S11)(dB)= -16.262121464434774 , phase(S11)(deg)= 146.55255730859523
f(Hz)= 86000000.0 , mag(S11)(dB)= -17.40660788796544 , phase(S11)(deg)= 144.37104144793682
f(Hz)= 88000000.0 , mag(S11)(dB)= -18.73194421414794 , phase(S11)(deg)= 142.23212001912736
f(Hz)= 90000000.0 , mag(S11)(dB)= -20.303891565862063 , phase(S11)(deg)= 140.1334069283544
f(Hz)= 92000000.0 , mag(S11)(dB)= -22.23248813620591 , phase(S11)(deg)= 138.0727789623073
f(Hz)= 94000000.0 , mag(S11)(dB)= -24.72386901005052 , phase(S11)(deg)= 136.0483526716371
f(Hz)= 96000000.0 , mag(S11)(dB)= -28.240630826347967 , phase(S11)(deg)= 134.05846288355445
f(Hz)= 98000000.0 , mag(S11)(dB)= -34.25860390338928 , phase(S11)(deg)= 132.1016427017397
f(Hz)= 100000000.0 , mag(S11)(dB)= -321.23599479677745 , phase(S11)(deg)= 89.99999007607968
f(Hz)= 102000000.0 , mag(S11)(dB)= -34.26101439435095 , phase(S11)(deg)= -51.717755783198555
f(Hz)= 104000000.0 , mag(S11)(dB)= -28.24559595707976 , phase(S11)(deg)= -53.58245794296694
f(Hz)= 106000000.0 , mag(S11)(dB)= -24.731678109531835 , phase(S11)(deg)= -55.41832991246969
f(Hz)= 108000000.0 , mag(S11)(dB)= -22.243577797565234 , phase(S11)(deg)= -57.226103150951346
f(Hz)= 110000000.0 , mag(S11)(dB)= -20.318848825505587 , phase(S11)(deg)= -59.006405645466316
f(Hz)= 112000000.0 , mag(S11)(dB)= -18.75151088990369 , phase(S11)(deg)= -60.75977423241218
f(Hz)= 114000000.0 , mag(S11)(dB)= -17.431686161461258 , phase(S11)(deg)= -62.48666606480024
f(Hz)= 116000000.0 , mag(S11)(dB)= -16.293780814229443 , phase(S11)(deg)= -64.18746925989508
f(Hz)= 118000000.0 , mag(S11)(dB)= -15.295475531544497 , phase(S11)(deg)= -65.86251275704204
f(Hz)= 120000000.0 , mag(S11)(dB)= -14.407862645147123 , phase(S11)(deg)= -67.51207541208241
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2ND SOLUTION:
Cs = 2.136454053067665e-11
Lp = 6.497472627164993e-08

Print frequency response of the 2nd solution (0: no, 1:yes) =
1

f(Hz)= 80000000.0 , mag(S11)(dB)= -5.743505645878209 , phase(S11)(deg)= 67.76154827617734
f(Hz)= 82000000.0 , mag(S11)(dB)= -6.717930712850675 , phase(S11)(deg)= 63.263621145107464
f(Hz)= 84000000.0 , mag(S11)(dB)= -7.837101130021475 , phase(S11)(deg)= 58.83248060373801
f(Hz)= 86000000.0 , mag(S11)(dB)= -9.127836782664819 , phase(S11)(deg)= 54.497546814356504
f(Hz)= 88000000.0 , mag(S11)(dB)= -10.629652215226193 , phase(S11)(deg)= 50.28418730024743
f(Hz)= 90000000.0 , mag(S11)(dB)= -12.404825747499245 , phase(S11)(deg)= 46.21291028923126
f(Hz)= 92000000.0 , mag(S11)(dB)= -14.559625965977084 , phase(S11)(deg)= 42.29903832214077
f(Hz)= 94000000.0 , mag(S11)(dB)= -17.29633261085185 , phase(S11)(deg)= 38.55281076558243
f(Hz)= 96000000.0 , mag(S11)(dB)= -21.073770243943187 , phase(S11)(deg)= 34.979813879945205
f(Hz)= 98000000.0 , mag(S11)(dB)= -27.364208561973623 , phase(S11)(deg)= 31.58161869016395
f(Hz)= 100000000.0 , mag(S11)(dB)= -312.7603929681086 , phase(S11)(deg)= -157.85852376128585
f(Hz)= 102000000.0 , mag(S11)(dB)= -27.9342127740094 , phase(S11)(deg)= -154.69973261084203
f(Hz)= 104000000.0 , mag(S11)(dB)= -22.20845456887482 , phase(S11)(deg)= -157.59327315102385
f(Hz)= 106000000.0 , mag(S11)(dB)= -18.98506364464915 , phase(S11)(deg)= -160.3314619097645
f(Hz)= 108000000.0 , mag(S11)(dB)= -16.786505887778528 , phase(S11)(deg)= -162.92244505153144
f(Hz)= 110000000.0 , mag(S11)(dB)= -15.148795865071632 , phase(S11)(deg)= -165.37475150210338
f(Hz)= 112000000.0 , mag(S11)(dB)= -13.864692709030958 , phase(S11)(deg)= -167.69699729062017
f(Hz)= 114000000.0 , mag(S11)(dB)= -12.823302456428294 , phase(S11)(deg)= -169.8976697442771
f(Hz)= 116000000.0 , mag(S11)(dB)= -11.958226413133248 , phase(S11)(deg)= -171.98497704100618
f(Hz)= 118000000.0 , mag(S11)(dB)= -11.226520867780552 , phase(S11)(deg)= -173.9667493558944
f(Hz)= 120000000.0 , mag(S11)(dB)= -10.598806468953352 , phase(S11)(deg)= -175.85037948788045
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PARALLEL ELEMENT FIRST:
1ST SOLUTION:

Cp = 4.257015442329375e-11
Ls = 1.0968996264069072e-07

Print frequency response of the 1st solution (0: no, 1:yes) =
1

f(Hz)= 80000000.0 , mag(S11)(dB)= -8.768580323148644 , phase(S11)(deg)= -5.7598078491618825
f(Hz)= 82000000.0 , mag(S11)(dB)= -9.458720648327594 , phase(S11)(deg)= -8.343944581436547
f(Hz)= 84000000.0 , mag(S11)(dB)= -10.262245912069925 , phase(S11)(deg)= -11.00203100958283
f(Hz)= 86000000.0 , mag(S11)(dB)= -11.209281175569398 , phase(S11)(deg)= -13.736585206091737
f(Hz)= 88000000.0 , mag(S11)(dB)= -12.34348611441459 , phase(S11)(deg)= -16.54926758654197
f(Hz)= 90000000.0 , mag(S11)(dB)= -13.73190805236475 , phase(S11)(deg)= -19.44069496150933
f(Hz)= 92000000.0 , mag(S11)(dB)= -15.485974712698138 , phase(S11)(deg)= -22.4102501972515
f(Hz)= 94000000.0 , mag(S11)(dB)= -17.813288110797988 , phase(S11)(deg)= -25.45589874696871
f(Hz)= 96000000.0 , mag(S11)(dB)= -21.177955063901564 , phase(S11)(deg)= -28.574026510832677
f(Hz)= 98000000.0 , mag(S11)(dB)= -27.05731707766882 , phase(S11)(deg)= -31.759316030827506
f(Hz)= 100000000.0 , mag(S11)(dB)= -309.9578959675025 , phase(S11)(deg)= -26.565048247861856
f(Hz)= 102000000.0 , mag(S11)(dB)= -26.828705638293492 , phase(S11)(deg)= 141.69871629517206
f(Hz)= 104000000.0 , mag(S11)(dB)= -20.723437547099852 , phase(S11)(deg)= 138.36143247439935
f(Hz)= 106000000.0 , mag(S11)(dB)= -17.138165275259546 , phase(S11)(deg)= 134.99545309109098
f(Hz)= 108000000.0 , mag(S11)(dB)= -14.597931068081088 , phase(S11)(deg)= 131.6139812653321
f(Hz)= 110000000.0 , mag(S11)(dB)= -12.640714189789556 , phase(S11)(deg)= 128.23105664285575
f(Hz)= 112000000.0 , mag(S11)(dB)= -11.060636333469313 , phase(S11)(deg)= 124.86113313485247
f(Hz)= 114000000.0 , mag(S11)(dB)= -9.747591111276765 , phase(S11)(deg)= 121.51862706134231
f(Hz)= 116000000.0 , mag(S11)(dB)= -8.635435707797104 , phase(S11)(deg)= 118.21746943815134
f(Hz)= 118000000.0 , mag(S11)(dB)= -7.68100761439793 , phase(S11)(deg)= 114.9706955818288
f(Hz)= 120000000.0 , mag(S11)(dB)= -6.854301388026078 , phase(S11)(deg)= 111.79010014208826
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2ND SOLUTION:
Cp = 1.2310854384482514e-11
Cs = 2.3092623713829633e-11

Print frequency response of the 2nd solution (0: no, 1:yes) =
1

f(Hz)= 80000000.0 , mag(S11)(dB)= -12.130028500521304 , phase(S11)(deg)= -100.9494005651612
f(Hz)= 82000000.0 , mag(S11)(dB)= -13.205523668873354 , phase(S11)(deg)= -103.29032886004269
f(Hz)= 84000000.0 , mag(S11)(dB)= -14.393246193054116 , phase(S11)(deg)= -105.56885674626757
f(Hz)= 86000000.0 , mag(S11)(dB)= -15.721370820860036 , phase(S11)(deg)= -107.7857552790605
f(Hz)= 88000000.0 , mag(S11)(dB)= -17.231545048889675 , phase(S11)(deg)= -109.9421249494915
f(Hz)= 90000000.0 , mag(S11)(dB)= -18.988753484642512 , phase(S11)(deg)= -112.03933372114096
f(Hz)= 92000000.0 , mag(S11)(dB)= -21.10232756846927 , phase(S11)(deg)= -114.07896058360092
f(Hz)= 94000000.0 , mag(S11)(dB)= -23.777763273503307 , phase(S11)(deg)= -116.06274512865194
f(Hz)= 96000000.0 , mag(S11)(dB)= -27.47708300262246 , phase(S11)(deg)= -117.99254329349213
f(Hz)= 98000000.0 , mag(S11)(dB)= -33.675604500855385 , phase(S11)(deg)= -119.87028914524294
f(Hz)= 100000000.0 , mag(S11)(dB)= -322.9681959241423 , phase(S11)(deg)= 179.99998015215937
f(Hz)= 102000000.0 , mag(S11)(dB)= -34.03132024968978 , phase(S11)(deg)= 56.52241897313586
f(Hz)= 104000000.0 , mag(S11)(dB)= -28.18790969544466 , phase(S11)(deg)= 54.788900475958364
f(Hz)= 106000000.0 , mag(S11)(dB)= -24.842484973577037 , phase(S11)(deg)= 53.09949024852919
f(Hz)= 108000000.0 , mag(S11)(dB)= -22.519104710850296 , phase(S11)(deg)= 51.45225286790762
f(Hz)= 110000000.0 , mag(S11)(dB)= -20.75510453374562 , phase(S11)(deg)= 49.84530074885597
f(Hz)= 112000000.0 , mag(S11)(dB)= -19.344322813144284 , phase(S11)(deg)= 48.27680264621313
f(Hz)= 114000000.0 , mag(S11)(dB)= -18.17673412813719 , phase(S11)(deg)= 46.74498984935099
f(Hz)= 116000000.0 , mag(S11)(dB)= -17.18662785522155 , phase(S11)(deg)= 45.248160452352025
f(Hz)= 118000000.0 , mag(S11)(dB)= -16.331595913539395 , phase(S11)(deg)= 43.78468203735162
f(Hz)= 120000000.0 , mag(S11)(dB)= -15.582667319622029 , phase(S11)(deg)= 42.3529930641146

Impedance after matching: Z0 (ohm) (real) =
'''
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