5.2 - Single-Stub Tuning

Reading Assignment: pp. 228-235

Q: If we cannot use "lumped” elements like inductors or
capacitors to build lossless matching networks, what can we
use?

A: Recall that a section of lossless transmission line is purely
reactive, thus we can build lossless matching networks using

specific lengths of transmission lines.

We call these lengths of transmission line "distributed”
elements.

The distributed element analogue of the lumped element L-
network is the single-stub tuner.

Just like the L-network, there are two versions of this
design:

HO: THE SHUNT-STUB TUNER

HO: THE SERIES-STUB TUNER




Shunt Stub Tuning

Consider the follow transmission line structure, with a shunt
stub:

Open or
shorted |
stub

The two design parameters of this matching network are
lengths ¢ and d.

An equivalent circuit is:
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where of course:
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and the reactance jB.,, of transmission line stub of length 7 is
either:

J¥tanpl  for an open-circuit stub

jB.s‘fub T
— j¥cotpl  for an short-circuit stub

Therefore, for a matched circuit, we require:

JB
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Note this complex equation is actually two real equations!

above i.e.,
Re{Y'} =
and
Im{)B.,+Y%1}1=0 = B,  =-8
where

8, =Im{Y;}

Since ¥ is dependent on d only, our design procedure is:



1) Set dsuch that Re{Y)} =Y.

2) Then set ¢ such that B, , =-8;.

We have two choices for determining the lengths d and 7. We
can use the design equations (5.9, 5.10, 5.11) on p. 232.

OR
we can use the Smith Chart to determine the lengths!

1) Rotate clockwise around the Smith Chart from y, until

you intersect the g =1 circle. The "length” of this rotation
determines the value d. Recall there are two possible
solutions!

2) Rotate clockwise from the short/open circuit point
around the g = O circle, until 5, , equals —5;. The "length”

of this rotation determines the stub length /.

For example, your book describes the case where we want to
match a load of Z, =60 - /80 (at 2 GHZz) to a transmission line

of Z, =50Q.

Using shorted stubs, we find two solutions to this problem:



0.1 10A—>»

60 Q

“—(0.260A—> 60Q

50 Q 50Q 0.995 pF

3 o

50Q 50Q 0.995 pF

Solution #1

Whose length values dand ¢ whe
Chart:

Solution #2

re determined from a Smith

0.2 o3
ol 01q [
el e o8 — o.37 e o 2
. oAl 0o ag 9
o5 & L : Qg
o W = W ™ o5
o < g & = N P
W 1 = p
o : } - = %
(A e T ) ANV S
2L S e ) ~ > DR
% 0.2 2 35
& Py v / o
i 7 \ V- A — - & N
o . p ] >
& - r‘ )
= < )r" e b
y , ]
s l;»' 5 i —]l— / 2 o Za
g & W d, -] NP
\ - - 'y
i Sg" ‘\/ ,\,, 1 M .
u‘?dﬂ' & N Y 1 il ‘f"-w[-__? ™ oNe
/ p 4 dce | i s o
O.? i -D
i LT \ I v ; A
A Er“ s n) L A2
#7°/, FAL 7 % A )
-3 & & ) : A
£ g ol 5 T
; g w ~ - o\
d 3 vy s S e ARRA
of |1l ; /4 : R
Ef feo H 7 . . / . "
2o " e 5 - %
i ~ 7 HElL
5 [T i - i 2ie
1’ ] i- _f' £ | "."i ‘]L" "?__ . % 'ﬁ
RERsuEN - — _ - | I, 4 al3
- [ B HINERERE st s AERERERE T % 212 ofe
l e [ T RESISTANCE cu-mwenr(—zﬁa—)'on COMDUCTANCE COMBON ('En_’ | I L1 B J' 5‘ 5
1T ] ; g
3 AN ’!f . ]
alS N\ . & ! LIRS
3 : Xd, 3l
ol8 » £ I BT
i\ e ‘ .
E\S — A 5
s ?_ » y ‘5
% i g . A ale
v . S
¥ % ‘zi ; \: 4 I T ok
AT gr“i", - : i
E\2 s T
A\ 3, - I . A /
% { i
At % Eams 5t
L)
\ % > Y
o 1)
e
T\ A
RGN "’i’n 7 V4 _J\" 4 pP LS
v ) 53 T~— N )ﬁ,l @
\‘% y j : /
At 5 4 f T fof
ARRAN / . i L X /S
I (4;, pl § /_‘_ - G\.e el
2 " / ] — e
(0‘,‘ g & Tt A ‘a
o (el
‘.'l.q e 3 R 5 X
o { n) T .
[y § -L_ a) e
&8’ @ y o
g & " ol < &
N ™ S B o e
2o org » . -
Jtg g Ty e w0 =
o 850 5o ol I I




Q: Two solutions! Which one do we use?
A: The one with the shortest lengths of transmission line!

Q: Oh, I see! Shorter transmission lines provide smaller and
(slightly) cheaper matching networks.

A: Truel But there is a more fundamental reason why we select
the solution with the shortest lines—the matching bandwidth is
larger!

For example, consider the frequency response of the two
examples:

1.0 1.5 2.0 25 3.0
f(GHz)

Clearly, solution 1 provides a wider bandwidth!



Series Stub Tuning

Consider the following transmission line structure, with a series
stub:
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Therefore an equivalent circuit is:

where of course:

n

o ZO[ZL + J Z, Tanﬂd}

Z, +j Z, tan pd



and the reactance jX_ , is either:

stub

—JjZ,cotpl  for an open-circuit stub

JX

stub

JZ,fanpl  for an short-circuit stub

Therefore, for a matched circuit, we require:

Koo + Zin = £y
ie.,
Re{Z} = Z,
and
Im{X.,+Z,}=0 = X,,=-X,
where

X; =In{Z;)

Note the design parameters for this stub funer are
transmission line lengths & and /. More specifically we:

1) Set dsuch that Re{Z)} = Z,.

2) Thenset ¢ such that X, =-X .

tub

We have two choices for determining the lengths d and 7. We
can use the design equations (5.14, 5.15, 5.16) on pp. 235.



OR
we can use the Smith Chart to determine the lengths!

1) Rotate clockwise around the Smith Chart from z, until

you intersect the r = 1 circle. The "length” of this
rotation determines the value d. Recall there are two
possible solutions!

2) Rotate clockwise from the short/open circuit point
around the r = O circle until x_, , equals —x, . The “length”

of this rotation determines the stub length /.

For example, your book describes the case where we want to
match a load of Z, =100+ 80 (at 2 GHz) to a transmission line

of Z,=50Q.

Using open stubs, we find two solutions to this problem:
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Solution 1 Solution 2

Whose values where determined from a Smith Chart:
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Again, we should use the solution with the shortest transmission

lines, although in this case that distinction is a bit ambiguous.
As a result, the bandwidth of each design is about the same

(depending on how you define bandwidth!).
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