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Stub Matching

= It does not require lumped elements
= It can be used for extremely high frequencies

= It uses segments of transmission lines with the same Z,,
used for the feeding line

= It is very convenient for microstrip and stripline
technologies

Dr. J. E. Rayas-Sanchez

Single-Stub Matching Networks

= Shunt stub ) / ) ° Eﬁj
0 ’—" o

Open or y
shorted | f/
stub

= Series stub

Open or
shorted
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Single-Stub Matching Networks (cont.)

Shunt stub Series stub
——

Z() ZO

short or open short or open
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Single-Stub Series Matching

P

Zo ZO+]X» Zo ZL
—]X

o

N

[
A

short or open

= First transmission line converts Z; to an impedance Z,, + jX

= Second transmission line converts a short or an open to an
impedance X

= We only need to find d and |
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Single-Stub Shunt Matching

short or open

= First transmission line converts Y, to an admittance Y, + jB

= Second transmission line converts a short or an open to an
admittance —B

= We only need to find d and |

Dr. J. E. Rayas-Sanchez

Solving Stub Matching Problems

= Using formulas

= Using the Smith Chart
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Single-Stub Series — Formulas (Y, =G, + B, )

_B +./G,[(Y,-G,)’ +B]/Y,

for G, #Y,
GL _YO IL, 0
tz_BL for G, =Y. Ltan‘lt fort>0
2Y, L 0 9 _ 1 7 2
A 2—(7r+1:an‘1 t) fort<0
Vs
X = Gft — (Yo — BLt)(BL +Y0t)
Yo[G. +(B. +Y,1)’]
- For an short-circuited stub: s _ _—ltan‘l X
A 2r Z,
= For a open-circuited stub: loe _ 1 tan‘l(zoj
A 2z X
Dr. J. E. Rayas-Sénchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)

Single-Stub Shunt — Formulas (Z; =R, +jX,)

_ X, £ RIZ,-R) + X1/ Z
RL_ZO

¢ for R #Z,

-X
t=—""L for R =2, 1 an 't fort>0

Z, d_] 2z
A i(7r+tan‘1 t) fort<0
B= th _(Zo — XLt)(XL + Zot)
Z,[RE+(X_ +Z,)]
« For an open-circuited stub: b _ “lean| B
A 2z Y,

- For a short-circuited stub: - ltan-l(YO)
2 B

Dr. J. E. Rayas-Sénchez (D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Single-Stub Series Matching — Example 1

pE——

Z() ZO ZL

short or open

= Z;, =100+ j80 Q (100€2 resistor in series with a 6.37nH
inductor, working a 2 GHz)

- Z,=500

= Find two possible solutions for an open single-stub
connected in series

Dr. J. E. Rayas-Séanchez 11

Single-Stub Series Matching — Example 1 (cont.)

Z, =500
Z, =100+ j80 Q

zL=?=2+j1.6

0

d, =0.3284—0.2081
d, =0.1204
d, =(0.54—0.2084) + |

0.1721 = 0.4634

G

L L

Dr. J. E. Rayas-Sanchez %
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Single-Stub Series Matching — Example 1 (cont.)

z, =2+ ]1.6
d, =0.1204
d, =0.4634

| =0.1474+0.254
| =0.3974

|, =0.3534-0.254
|, =0.1034

L e
SRR
R
S ey
"0%
"
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Single-Stub Series Matching — Example 1 (cont.)

500 |0.397A

100 Q2
500
6.37nH
i o
-« (] 204 —»>
Solution |
500 |o.103n
100 €2
500 500 :
6.37 nH JUGHz)
- - 0463 =
Solution 2
Dr. J. E. Rayas-Sanchez (D. M. Pozar, Microwave Engineering, Wiley, 2005) ,
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Single-Stub Shunt Matching — Example 2

short or open

= Z; =60 — )80 Q (60Q resistor in series with a 0.995pF
capacitor, working a 2 GHz)

- Z,=500

= Find two possible solutions for a short-circuited single-stub
connected in parallel

Dr. J. E. Rayas-Sanchez 15

Single-Stub Shunt Matching — Example 2 (cont.)

Z, =500
Z, =60 j80 Q
_ZL

z, =—t=12-jl.6
Z

IL,
0
d, =0.1764 —0.066
d,=0.1104

d, =0.3264—0.0664
d, =0.2604

Dr. J. E. Rayas-Sanchez
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Single-Stub Shunt Matching — Example 2 (cont.)

z, =12-]lL.6
d, =0.1104
d, =0.2604

|, =0.3451-0.254
|, =0.0954

|, =0.1551+0.254
|, =0.4054

Dr. J. E. Rayas-Sanchez

Single-Stub Shunt Matching — Example 2 (cont.)

0.1 10A— 60802

502 / 5002 T 0.995 pF

Solution #1

[Tl
- () 260 —» AL

508 / S0 €2 (.995 pF

Solution #2

(D. M. Pozar, Microwave Engineering, Wiley, 2005)
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Single-Stub Shunt Matching — Example 3

——]

Z

short or open

- Z,=200+j160 Q
- Z,=100Q

= Find the shortest distance d for a shunt single-stub

= Find the corresponding lengths | for a short and open stub

Dr. J. E. Rayas-Sanchez

Single-Stub Shunt Matching — Example 4

short or open

= Z, 1s the parallel combination of a 120-Q2 resistor and a
2-pF capacitor, working a 4 GHz

= Z,=50Q
= Find the shortest distance d for a shunt single-stub

Find the corresponding length | for the shunt open stub

L]
Dr. J. E. Rayas-
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Single-Stub Shunt Matching — Example 4 (cont.)

Solution for open-circuited stub

1.0
] KEYSIGHT
0.8 TECHNOLOGIES
< 0.6
5
2 0.4+
£ TLINP |$ S-PARAMETERS
0.2 TL3
] Z=50.00hm S param
0.0~ L=21676mm  gpq
20 25 30 35 40 45 50 55 6.0 K=1 Start=2 GHz
freq, GHz A=0 Stop=6 GHz
TanD=0 Step=10 MHz
Term TLINP
Nome U i
» Z=50.0 Ohm RL
Z=500hm | _10'mm R=120 Ohm
K=1
A=0
- TanD=0
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Single-Stub Shunt Matching — Example 4 (cont.)

Solution for short-circuited stub

1.0
] KEYSIGHT
0.8+ TECHNOLOGIES
< 0.6
5 |
B 0.4
E TLINP | Wi| SPARAMETERS
0.2 L3
] 7=5000hm S param
0.0+ L=2.926 mm S|;1
20 25 30 35 40 45 50 55 6.0 K=1 A
freq, GHz =0 Stop=6 GHz
TanD=0 Step=10 MHz

Term

L m
- Z=50.0 Ohm
Z=500hm | _10'mm
=1
A=0
TanD=0
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11



