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Quarter-Wave Transformer (1 of 2)

A quarter-wave transformer is a section of line that is 4/4 long.

When the length of the line is 4 /4,

2_”& _ T This means the signal accumulates exactly 90° of phase through a quarter-wave section of line.
A 4 When told a TLis 4/4, usually no other information is needed (i.e. § and £ are not needed).

pi=

When this is the case, the impedance transformation equation reduces to
2, (~1)= Z, + jZ,tan(B0) _5 Z, + jZ,tan(7/2)
" “Z,+jz, tan(Bl) " Z,+ jZ, tan(z/2)

_z Z, +jZ,-oo

= tan(/2) = co.
" Zy+ jZ, -0 e

=7
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Quarter-Wave Transformer (2 of 2)

Since both the numerator and denominator are o, apply L'Hopital’s rule.

i L) (%)
=ug(x)  g'(x)

Applying this to the impedance transformation equation gives

Zy(-0)= tim z, 2 A (B, jZsec (B) 2,

pion2” "’ 7o+ jZ, tan(BE) T jZ sec*(Bl)  Z,

The final equation shows that the load impedance Z; gets completely inverted. The input
impedance becomes the input admittance.

z (_i)zz_é
"\"4) z,
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Impedance Inversion (1 of 5)
GeneArator . Quarter-Wave T[ansmission Line , Inductive Load
f >z
z=— /1/4 z=0
Generator ; Input Impedance is Capacitive
L
(S\Oo\k . Z,, of Eliarter-Wave Line
| (A A _%
~C \(\6\) g raC\“ Z, ]
We . :
Equivalent Capacitance
. z L
z=-1/4 C= -
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Impedance Inversion (2 of 5)

Quarter-Wave Transmission Line
A

Capacitive Load
L —

\

z:—i/1/4

Generator Input Impedance is Inductive
—

: S\Oo\k Z,, of Quarter-Wave Line
Ve 7% 5L 9 doc‘o( > "o g_f
Oi \'\\ke \ Equivalent Inductance
=i/ 1 L=CZ:
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Impedance Inversion (3 of 5)

Generator
.

Quarter-Wave Transmission Line
A

Short-Circuit Load
—

Z;, of Quarter-Wave Line

7, =%

n ©
VA

L
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Impedance Inversion (4 of 5)

Generator Quarter-Wave Transmission Line Open-Circuit Load
r A \ E r A A} E I_Aﬁ
" : oz
O O
f : z
z=-1/4 z=0
Generator ; Input Impedance is a short circuit.
L
,‘S\Oo\k\ Z. of Quarter-Wave Line
\ .
v 5 O e 7, -%_g
: e C =
; e
: z
z=-1/4
51 EMPossible
9
Impedance Inversion (5 of 5)
Generator Quarter-Wave Transmission Line Matched Load
A A — A
e
Qs of Z;, of Quarter-Wave Line
8\ et
N\’A‘-("(\ . ((\3‘0\\ Z,=2 =2,
z
z=-1/4
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Impedance Matching
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Impedance Matching

Similar to the anti-reflection layer for waves, a transmission line can be matched to a load
impedance by inserting a quarter-wave section of a second transmission line.

Transmission Line Quarter-Wavg Transformer Load
/—’—\

An electromagnetic analysis of the transmission line must ' Az
. ﬂarza) lllrgr f————
be performed to determine the exact phase constant £,.. 4 2B,
S EMPossible
12

3/23/2023



Example (1 of 3)

A 50 Q2 microstrip line on FR-4 (&, = 4.4) operates at 2.4 GHz and is connected to patch
antenna which has a 120 Q input impedance. How much power is reflected? How can the
circuit be improved?

zo-z,| |(1209)-(50 o)l

Reflected Power: |I,|"= l0.4118]" =17%

Z.-7,| (120Q)+(50Q)|
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Example (2 of 3)

A 50 Q2 microstrip line on FR-4 (&, = 4.4) operates at 2.4 GHz and is connected to patch
antenna which has a 120 Q input impedance. How much power is reflected? How can the
circuit be improved?

Design: Z, =./Z,Z, =,/(120 Q)(50 Q) =77.5Q

Perform an EM analysis to determine TL dimensions to get 50 Q2. For TEM mode,
27(24x10° s)

_ _ 2rf _ _
B =\ ue . JUeE, ’—(3.0“08 m/s) (1.0)(4.4) =105.44 rad/s
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Example (3 of 3)

A 50 Q2 microstrip line on FR-4 (&, = 4.4) operates at 2.4 GHz and is connected to patch

antenna which has a 120 Q input impedance. How much power is reflected? How can the
circuit be improved?

Design: Given f, the length of the line should be

pr=2 5 1= o _14898x10°m
2 28,  2(105.44 rad/s)
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What About Purely Reactive Loads?

The reflection coefficient I' from a purely reactive load Z;, = jXi, is

= Z, -2, — X -Z,
ZL +Zin .]XL +Zin

The magnitude of the reflection coefficient is

|1"|:|jXL_Zin :|jXL—Zm _ V(_Zin)z"'XE _ Zii"‘XE -1
X +Z,| Xz, 22 ex: 22+ x?

Conclusion: A purely reactive load will always reflect 100%. That is because a purely

reactive load cannot dissipate any power. The only thing for incident power to do is to
reflect.
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Stubs
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What is a Stub? (1 of 3)

a4/

What do short circuits look like A/4 away?
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What is a Stub? (2 of 2)

What do short circuits look like 4/4 away? Open circuits!

51 EMPossible
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The Shorted Stub is a Band Pass Filter

The circuit is actually shorted for all frequencies other than whatever frequency has
wavelength A inside the line. It is blocking these frequencies.

] ) <A

At the frequency with wavelength A, the circuit is not shorted and signals are allowed to
pass. A stub is a simple bandpass filter.

v I
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Stubs in Practice
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Scattering Parameters
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Definition of a Scattering Matrix

) , N-Port Network
The scattering matrix relates the _

(75 Zir
amplitudes of the input waves to the (%\}% ‘}-’;}ﬁ/
. A
amplitudes of the output waves. ;

V17 S11 S12 S]N K+ v, l‘- ‘Bl - ? Uuu i
vy _ S21 Szz S2N V2+ ;
Vy Syvi Swa Ay sz; v lé%l I

N IN N=IN

Any linear system can be reduced to a

S, = V’; single scattering matrix that describes
Vj no other applied voltages how it behaves.
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Output 2
Input 1
Output 1
Output 1| | S, S;, || Input 1 S,, is synonymous with reflection coefficient.
Output 2 S,, S, || Input 2 S5, is synonymous with transmission coefficient.
Very often, engineers will say “S-1-1” instead of saying
“reflection,” and say “S-2-1" instead of saying transmission.
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Combining S-Matrices

Suppose there are two circuits, A and B, described by scattering matrices that placed in
series. What is the scattering matrix of the combined network?

The answer is NOT matrix multiplication!!!

s s [sto silsw s
s s | st s ]lsw st

21 22

Instead, it is a Redheffer star product.

s sen |Lsio s

21

s sy | st s s sy
S S

51

—
sl |

i seC

sy

s
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Redheffer Star Product
N S . S
PMPTE dPPM)
U pEmaEN
(4B)  (48) (1) (4 B o5
Sll ) S12 _ Sll Sl(z) ® Sl(l) S1(2)
gB)  gaB) || gl) () || g8 ¢(®)
21 22 21 22 21 22
qun _ St = SSSIY + S10s30s) () _ sy'sy)
11 A B
1_S§;)Sl(f) I_ng)Sl(l)
s _ S = SWSSY 4 SOs(Dsty oSS
22
1—S§j’Sl(f) 1-55 Sll)
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