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Learning Objectives

Understanding about single stub matching
Learn how to match impedance using Smith chart
Learn how to match impedance using mathematical equations

Practice impedance matching with examples

Introduction about Single Stub Matching

Shunt- and Series-Stub Matching using Graphical Solution
Shunt- and Series-Stub Matching using Mathematical Solution
Impedance Matching Example using Calculation and Smith Chart



0 Introduction about Single Stub Matching

= Single stub: single open- or short-circuited length of transmission line (a ‘stub’), connected either in parallel or
in series with the transmission line at a certain distance from load.
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- Shunt stub matching is easy relatively than series stub in realization of microstrip line or strip line forms.

- Open-circuited stubs are easier to fabricate since a via hole through the substrate to ground plane is not needed

= Shunt stub case matching = Series stub case matching
-Y, —-Y,+jB (by using transmission line with length o) -Z, —>Zy+jX
— Y, (by using transmission line having length /) — 7,




Q Shunt- and Series-Stub Matching using Graphical Solution

= Depending on the length and direction of transmission line, load reflection coefficient rotates along WTG or
WTL with same radius on Smith chart.
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6 Shunt- and Series-Stub Matching using Graphical Solution

= QGraphical explanation of shunt-stub matching --
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6 Shunt- and Series-Stub Matching using Graphical Solution
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e Shunt- and Series-Stub Matching using Mathematical Solution

= Mathematical evaluation of shunt-stub matching

- Derivation of formulas for d and /
- Load impedance (or admittance)
Z,=1/Y, =R, +jX,

- Impedance Z down a length, d, of transmission line from load

77 ZL+jZOtanﬁd_Z (R, +JjX,)+ jZ,t ---

"Z,+jZ tanpd " Z,+ j(R, + jX )t Yo %\ Yo é@
where ¢ =tan fd -
Y:G+jB:YO+jB:—;

Open or
i shorted
i stub

ROA+r) 1 g Ri—(Z=X,0(X, +Zy)
=Y = —

where G =—; > 5 >
R, +(X, +Zy) Z, Z)[R, +(X, +Z,t)"]

Z,R, 1+ =R, +(X, + Z,t)’
Z,(R, —Z )t -2X,Zjt+(R,Z,—R; - X})=0




e Shunt- and Series-Stub Matching using Mathematical Solution

- (continued)

Z,(R, —Z)* -2X,Zjt+(R,Z,—R; - X,)=0

X tJRIZ. —R )Y +X?1/Z
t=tan,8d:tan27”d: L \/L[( 0 ) L]

P— 0 =f(Z,, R,, X,) : known values @R, #Z,
L~ %o |
tan™ Z, fort>0 Yot jB .
d_|2x o
— - -
AL (7 +tan™' ¢), for ¢ < 0. . N \ ( ]J:)
(27 \

-If R, = Z,, then t = -X, / 2Z,.
- To find required stub lengths, B; = -B.
1) For an open-circuited stub,
jBs=jYtanpl =jY tan(2nl /1) =- jB

Open or
i shorted
! stub

2) For a short-circuited stub,
JjBs=-jY,cotpl. = - jY,cot(2xl /1) = -jB

fo [ Bs | oL ignt| B e (ﬁj:_ltanl (Ej
A 2z Y, ) 2= Y, A 2z B, ) 2x B

=> If'the lengths (1, 1)) are negative, 2/2 can be added to give positive results.




9 Shunt- and Series-Stub Matching using Mathematical Solution

= Mathematical evaluation of series-stub matching

- Derivation of formulas for d and /

- Load admittance (or impedance) R

Y, =1/Z, =G, + B, | e
- Admittance Y down a length, d, of transmission line from load o "
. . v, amm== & o
Y=Y YL"‘]Y;)tan:Bd:Y(GL*']BL)"']Y;)t 1/
"Y, +jY, tanBd Y, + j(G, + jB))t S e S
where ¢t=tanpd, ¥, =1/2, 77T “ : °
P
1 - 4
Z=s =R+ jX =2, + X Zu=Zo ZotjX
2 2
where R = ZGL d+7) > =2, _ 1L and X = 6,1 ()2) B, )(B, +2tY0)
G2 +(B, + 1) Y, Y,[G+(B, +Y,1)’]

YOGL(I'HZ) = GLZ +(B, +Yot)2
Y,(G, ~Y,)i* ~2B,Y,1 +(G,Y, ~ G ~B?) =0




9 Shunt- and Series-Stub Matching using Mathematical Solution

- (continued)

Y,(G, ~Y,)i* =2B,Y,1 +(G,Y, - G} = B}) =0

2r B, +\G,[(Y,-G,)’ +B!]/Y,

t =tan fd =tan—d =
A GL_YO

1 tan”' ¢, for t >0
27

d
2

L (7 +tan' 1), for ¢ < 0.
27

- To find the required stub lengths, X = -X.

1) For a short-circuited stub,
JjX=jZtanpl = jZ tan(2xl /1) =- jX

Z 1 -1 XS _1 -1 X
= =—-=1tan |—> |=—tan | —
A 2z Z, ) 2rx Z,

= f(Y,, G,, B,) : known values @G, #7¥,

Open or
shorted FjX
! stub
d
_____ A

_____ Cr . @

.

Z,=Zy ZgjX

L}
Y

2) For an open-circuited stub,
JjX=-jZ,cotpl = - jZ,cot(2nl /1) = -jX

I -1, [ Z, 1 YA
—=—-r1tan | — [=—1tan | —
A 2z X, ) 2rm X

2
=> If'the lengths (1, 1)) are negative, 2/2 can be added to give positive results.
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e Impedance Matching Example using Calculation and Smith Chart

= EX. 1] Shunt single stub matching example

Design two single-stub (short circuit) shunt tuning networks to match a load impedance Z, = 80 + ;100 [Q2] to
50 [€2] line at a frequency of 3 GHz. Plot the return loss in dB from 2 to 4 GHz for each solution.

1) Theoretical solutions

- t=

_X, J_r\/RL[(ZO -R)’+X]1/Z, _ 100+ BO[(50—80)* +100°]/ 50 _ {7.74 for "+" sign

R, -7, 80-50 —1.07 for "-" sign
L Ri—(Z,- X)X, +Zy) [0.033 fort=7.74
ZJR; + (X, +Zyt)"] —0.033 fort=-1.07

-

[Ltan_l(t)]/lz l—tan_1(7.74)/1 =0.231=82.8° @t=7.74
2 2

L[7z +tan"'(H)]A = 1—[7r +tan ' (-1.07)]1=0.374=1332° @t=-1.07
27 2

| v 0.08674=31.21" @ B=0.033
For short-circuited stub: [, = 2—tan_1 (E‘)]/l =1-0.08674 @ B =-0.033 (negative, by adding 4 /2
7T
—1 =0.4131=148.68")
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e Impedance Matching Example using Calculation and Smith Chart

2) Smith chart solutions

- Z, =80 + /100

- Normalized impedance: z; = Z,/Z, = 1.6+;2

- Mark z;, and draw a reflection coefficient circle

- Convert to z; to load admittance, y,

- |I'| circle intersects the 1 = jb circle at two points

denoted as y, and y, — d, or d,

d, =[(0.5-0.45)+0.18]2 = 0.234 —> 0.23x 360° = 82.8°
d, =[(0.5-0.45)+0.32]A = 0.374 — 0.37x 360° =133.2°

- At two intersections point,
y, =1+ 1.65, y,=1-j1.65

- By moving from y = o (short-circuited) toward generator,

0.1634
e T 2, Ew 2
|4, =[(0.5-0.45)+0.18]4 = 0.232 = 82 8° [y Ay, 0.184
SPFE )Y x/\‘\\-_z,j, ,,b !
d,=[(0.5-0.45)+0.32]2=0.374=133.2° A
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I, =(0.3367-0.25)1 =0.08674 = 31.21°\ 5=

G
WO, 0 1

1, =[05-025)70.163]A= 04134 - 14868° 033674

[, =(0.3367-0.25)1=0.08674 - 31.21°, [, =[(0.5-0.25)+0.163]1 =0.4134 — 148.68°

= The matching stub is kept as short as possible to improve the matching bandwidth and reduce losses

caused by two lossy transmission lines.
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e Impedance Matching Example using Calculation and Smith Chart

- Solution #01
+ I—-l 0
A - [ v i
TermG TLIN TLIN TermG _
TermG5 TL2 T TermG6 1 0__
Kum=5 7=50.0 Ohm Z=50.0 Ohm Num=6 b
7=50 Ohm E=3121 EZSZG?—I Z=80+j*100 Ohm .
F=3 GHz =3 Gh2 p— s
oL S 20 Solution #02 )
O M~ Z
DA ’ Solution #01
nm -30-
©T O 7
- Solution #02 40
A : - | TAAA—+ i
| — > -50 T | T | T | T | T | T | T | T
TermG TLIN TLIN TermG
TeiHGT TL3 TL4 TermG8 200 225 250 2.75 3.00 325 350 3.75 4.00
RGR=T Z=50.0 Ohm Ezigffhm Num=8
- E=148.68 =133. =80+j*
=50 Ohm B e Z=80+j*100 Ohm freq, GHz
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e Impedance Matching Example using Calculation and Smith Chart

= EX. 2] Series single stub matching example

Design a single series open-circuited stub network to match a load impedance Z;, = 75 + ;100 [Q2] to 50 [€2] line
at a frequency of 3 GHz. Plot the return loss in dB from 2 to 4 GHz for each solution.

1) Theoretical solutions

Load admittance

1

Y =G + B = — = —0.0048— 70.0064
L T 351 100 /
Ly =200
ZO
B, £ JG,[(Y,~ G, +B21/¥, —0.0064:+ .0048[(0.02—0.0048)" + (~0.0064)%]/0.02 [—0.111 for "+" sign
G, 7, 0.0048— 0.02 0.953 for "-"sign

Git—(Y,—Bt)(B, +Yt) (8410 @¢=-0.111
Y,[G] +(B, +Y,t)’] —-84.10 @ t=0.953
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e Impedance Matching Example using Calculation and Smith Chart

- Length from load to stub:

L[7z + tan_l(t)]ﬁ =i[72' + tan_l(—O.l 11)]21=0.4824=173.52° @ t=-0.111
g = 27 27

[L tan_l(t)]ﬂu:L tan_1(0.953)/1 =0.1211=43.56° @ t=0.935

27 27

- For short-circuited stub
; 1 . l(yojl 0.0854 —30.6° (@ X =84.10
= ——7Tan —_— =
—0.0854 @ X =-84.10 (negative, by adding 1 /2—/ =0.4154 —149.4°)

N

27 B

- Therefore,
d, =0.1211 - 43.56°, |, =0.4154 —149.4°

d, =0.4824—173.52°, 1, =0.0851 —> 30.6°
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e Impedance Matching Example using Calculation and Smith Chart

2) Smith chart solutions 0.1652
;},K"’%H a4 JH:EH'HSJ‘:;*H&'LV [ 1
-Z,=175+;100 d,=(0.319- 0.198)1=0.1214=43.56°F S & L 0.184
- Normalized impedance: z, = Z,/Z,= 1.5 + ;2 s =[05- 0 190 18)” 048”‘”% 2}

- Mark z, and draw a reflection coefficient circle

- |I'| circle intersects the 1 + jx circle at two points
denoted as z, and z, — d, or d,

=(0.319-0.198)4 = 0.1214 —> 43.56°
d, =[(0.5-0.198)+0.18)]1 = 0.4824 — 173.52°

- At the two intersections point,
z,=1-71.69, z,=1+ ;1.69

- By moving from z = o (open-circuited) toward generator -
i 2[(0 5.0 25)]+0 1651 = 0.4151 — 149 4¢ |1 =[(0.5- 025)]+0165,1 04151 “1n494°*’; oy /", 0.3194
: ' ' ' ' ' I, =(0.335-0.25)4 = 0.0854=30 62— 03351
[, =(0.335-0.25)4 =0.0854 — 30.6°
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e Impedance Matching Example using Calculation and Smith Chart

- Solution #01
"_/\N\/Jr N - 4 o’ :I—-—n--:\/\/\/—h O
TermG & |j TLIN TermG
TermG1 TL1 TermG2
Num=1 Eiig%g)hm Num=2 10
TL2 o f
Z=50.0 Ohm —~ »
' o= 20-
E=1494 A
F=3 GHz g: ] ; SOlutIOIl #02
U -
mm -307 Solution #01
¥ & @ ] |
- Solution #02 -40
=V - F‘F—“W '50lll|l[I]lTlllll|lll
TermG o i TermG 2022 24 26 28 3.0 3.2 34 36 38 4.0
TermG3 SCE TermG4
Num=3 — Num=4
Z=50 Ohm n.0c E=ira.aa Z=75+*100 Ohm freq, GHz
F=3 GHz
TL4
Z=50.0 Ohm
E=30.6
F=3 GHz
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Review

= Single stub: single open- or short-circuited length of transmission line (a ‘stub’), connected either in parallel or
in series with the transmission line at a certain distance from the load.

= Shunt stub is easier to realization than series stub and open stub is easier to fabrication than short stub.

Admittance (or Impedance ) Smith Chart
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i stub
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(or open)
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