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Learning Objectives

* [earn why impedance matching 1s important in system viewpoints.

* [earn how impedance matching can be done.

» Understanding real microwave lumped elements

= Matching Network with Lumped Elements (L-section)
* Impedance Matching Example using Calculation and Smith Chart

= Microwave Lumped Elements



G Usefulness of Impedance Matchings

= Matching network usefulness
- The maximum power 1s delivered when the load is matched to the transmission line (assuming the generator is
matched), and power loss in the feed line is minimized.

- Impedance matching sensitive receiver components (antenna, low-noise amplifier, etc.) improves the signal-
to-noise ratio(SNR) of the receiving system.

- Impedance matching in a power distribution network (such as an antenna array feed network) will reduce
amplitude and phase errors spatially.

* Important factors in selection of particular matching network

- Complexity: simple

- Bandwidth: restricted/broad/multi frequency band - O] .
- Implementation: easy Z Matching
. o network
- Adjustability: tunable - -F;:
Z,=Z,




6 Matching Network with Lumped Elements (L-section)

L-section matching network
- Simplest matching network including two reactive elements
- Normalized load impedance: z, =7, / Z, and Z, =R, +jX,
- X and B: lumped or distributed (reactive and susceptive) element depending on operating frequency

- Matching network for (a) z, inside of 1 + jx circle and (b) z, outside of 1 + jx circle on Smith chart

D, - O
ZO E ZO E éD
. ﬁ+ C @ i

----- | - =0 | O
Zin, (a) (b) Zm,
- For (a), For (b), . . :
(@) 1 Z /B Z (.)_ . 1 (£, +jX)/jB _  Z, +jX
Z,'=Z2, | — ="t = Z,'=(Z, +jX)// B T " 11 B(Z + X
Bz L 1+JBZ, Bz v jxy+— T (2, +JX)
JB jB
Re[Z, <R, Re[Z. '] >R,




6 Matching Network with Lumped Elements (L-section)

= Smith chart: reflection coefficient plane
[=T,+ T2, ="
Z=r+jx
- Matching condition: |[I']=0 or z=1+,0 (¢ y=1+,0)
- For z, inside of 1 +jx circle (r, > 1),

2y — Vin = 1 tjx circle —» z;, =1+ 0




6 Matching Network with Lumped Elements (L-section)

= Smith chart: reflection coefficient plane
[=T,+ T2, ="
Z=r+jx
- Matching condition: |[I']=0 or z=1+,0 (¢ y=1+,0)
- For z; outside of 1 + jx circle (r, <1),

2, — %y = 1+ jb circle — y; =1+ 0




6 Matching Network with Lumped Elements (L-section)

= Analytic solution for z, inside 1 + jx circle (r, > 1)
-Z, =R, +jX; (assumption: Z, <R))
- Input impedance seen looking into the matching network:

Zin - ZO

@)

+ 1
JB+1/(R, + jX,) Zy ;

R X
Zy—JX = L FC+ (I-} O—

~ (1-BX,)+ jBR,
(Z,~ JX){(1-BX,)+ jBR,} =R, + jX, Z,-2, z,
(Z,+ B(R,X ~ X,Z,)} + j{BR,Z,~ X(1-BX,)} = R, + jX,
- Rearranging and separating into real and imaginary parts:
real part: B(RX-X,Z,)=R, —Z,
imaginary part: X(1-BX,)=BR,Z,—- X,




6 Matching Network with Lumped Elements (L-section)

- Solving and substituting X for B
B:XLI":—;’\/\ RL/Zo\/RL2+XL2_ZORL ----- -o_@ @

R +X; 14
where R, + X, -Z,R, > 0 (R, >Z,)

Y BX,Z,+R, —Z, :_1+ X, Z, B Z,
BR, B R, BR,
=>» Two solutions: dual valued components (B, X)
. . : e ase=s < (X }—o
= Analytic solution for z, outside 1 + jix circle (r, < 1) \/")
- Input admittance seen looking into the matching network: Zy @
1 :
Y, =jB+ ) «—Z, =R +jX; ""{+ r:-} O
R, +j(X+X,) |
1 Y, Vi’

z,




6 Matching Network with Lumped Elements (L-section)

- Rearranging and separating into real and imaginary parts:
BZ(X+X,)=Z,-R,
(X+X,)=BZ,R,  ..... 0

- Solving for X and B: Zy ﬁ
X :(:i:"&/RL (Z,—R,) - X, ““f: I
Vi, Y
B :(ri‘)\/(zo —R,)/R, "

ZO
=» Two solutions: dual valued components (B, X)

= Addition series L/C on fixed impedance
and shunt L/C on fixed admittance

Z+ jolL (or —jL ):R+j(X+a)L)(0rR+j(X—1—))
oC oC

Y+ joC (or —jL )=G+ j(B+wC)(or G+j(B—1—))
oL oL




e Impedance Matching Example using Calculation and Smith Chart

= Design an L-section matching network to match a series RC load with an impedance Z, = 100 + ;200 [€2] to

50 [Q] transmission line at a frequency of 1 GHz.

1) Theoretical solutions L

- Characteristic admittance: Y,=—=—=0.02
Z, 50

= Solution #01: (series L & shunt C) can be found

_XL({;/RL/ZO \/R§+X§—ZORL _200+\/100/50><\/1002+2002—50><100 0.0l bhe B 001
R +X; 100* +200° f T 0.02
-X:l+XLZ<)_ Z, _ 1 +200><50_ 50 :150_>x:£:15_02
B R, BR, 0.01 100 0.01x100 Z, 50
—>C= b = 0'59 :1.59pF<—B=bYO=b—=a)C,C= b .
2rfZ, 27 x10" x50 Z, W7, | [+AAN—— N - AN~
TermG ::1 \L 8; 59 pF TermG
TermG1 - TermG2
XZ 3 X 50 .XZ um= L 23 RN um=
= 27[} = X 10 =2387TnH <« X=xZ,=wL, L= ?0 S i l 7 moirzoo Ohm
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e Impedance Matching Example using Calculation and Smith Chart

1) Theoretical solutions

= Solution #02: (series C & shunt L) can be found

. X =\R, I Z,\R + X2 ~Z,R, 200+ 100/50 x \100° + 200> — 50 x 100

b=—

0

B —0.002

0.02

=-0.002 —>
R + X, 100° + 2007
—X:l+XLZO_ Z, 1 +200><50_ 50 =—150—>x=£=15—0:—3
B R, BR, -0.002 100 —0.002 x100 Z, 50
1 1 : : 1 1
—> C=- =— 5 =1.06pF <« jX=jxZ,=—j— C=-
2w fxZ, 27 x107 x(=3)x 50 wC WxZ,
— L=- Lo __ 20 =79.58 nH <—jB=ij5=‘£=—j 1 ,L:—Z—O
2z fb 27 x10" x(=0.1) Z, L wb
W\ | €
N C=1.06 pF
Z2=50 Ohm

o L
L2
L=79.58 nH
R=

M\~

TermG

Tem G4

Num=4
Z=100+]*200 Ohm
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Impedance Matching Example using Calculation and Smith Chart

2) Smith chart solutions
-Z, =100+ j200 - z, = i—L=2+j4 Sy, = 1—=0.1—j0.2

0 Zr

= Solution #01: (Denoted by blue color on Smith chart)

1 (BB ‘
-~ y=y, 4 jb=—=(0.1- j0.2)+ j0.5=0.1+ j0.3 < b=0.5 -° «. SRR
Y=y +jb=—=01=-j02)+] J 4 L ::% ‘,g‘._‘::!lg!# L
- Interconnection with impedance circle of 1 — jx 1 5'#55'733:":# ~, S

LAY
:EJ

z =z+jx=(1-j3)+3=1-j0 - x=3

P‘t%%iémi -3?- 7

= Solution #02: (Denoted by pink color on Smith chart)
- Y=y, + jb'= 1—'=(0.1—j0.2)—j0.1=0.1—j0.3 « jb=—j0.1
z

- Interconnection with impedance circle of 1 + jx
z. =z jx=(1+;3)-j3=1+,0 - x=-3

= Finally, L & C can be found by using these formula:
b . xZ,
2nfZ,” 2nf

C= : approximately same with theorical solution
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Impedance Matching Example using Calculation and Smith Chart
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9 Impedance Matching Example using Calculation and Smith Chart

- Solution #01
O .
3 . Solution #01
*"‘Mﬁ\/’ YL : . 5 :\{'\N—h “.‘ /
L T :
TemG L1 l Ci TermG /
Tem G L=23 .87 nH CH159PF  orma2 :,
Num=1 R= Num=2 —~ -20— !
Z=50 Ohm 7=100+*200 Ohm 0+~
= o ] - Solution #02
g
mm
©T 40
- Solution #02 |
A | € AAA~+ 60 : , ; , : : :
TermG C e TermG 0.50 0.75 1.00 1.25 1.50
TemG3 c2 2 Term G4
N3 C=1.06 pF L=79.58nH g freq, GHz

Z=50 Ohm = 7=100+j*200 Ohm




6 Microwave Lumped Elements

.102

chip resistor

loop inductor

planar resistor

=1/L[lllr= O

. . - \
(high impedance) | Air-bride

meander line inductor

spiral inductors




e Microwave Lumped Elements

U0 EEEE

interdigital gap capacitors

B s -T B

Metal-insulator-metal capacitors chip capacitor

—
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Review

Matching network useful for maximum power transmission, improvement of signal-to-noise ratio(SNR),
reduction of amplitude and phase errors spatially, etc.

L-section matching network: simplest matching network including two reactive elements

Microwave Lumped Elements
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