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학습목표

- 회로특성파악을위한 S-parameter 이해

- S-parameter가갖는물리적의미

- 반사계수를표현한 Smith-chart 이해

- Smith-chart를통한임피던스읽기

- 회로연결에따른 Smith-chart에서의임피던스이동경로파악
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2-port Network
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DUT : device under test

V1
+ : 1port에서의입사파전압, I1

- : 1port에서의반사파전류

V2
- : 2port에서의반사파전압, I2

+ : 2port에서의입사파전류
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Impedance Matrix
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Admittance Matrix
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2-port 회로망의등가회로

Z11-Z12 Z22-Z12

Z12

I1 I2

V1 V2

+

- -

+

I1 I2
Y11+Y12

-Y12

I1 I2

V1 V2

+

- -

+

Y22+Y12

T-equivalent circuit for 2-port network pi-equivalent circuit for 2-port network
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ABCD parameter
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ABCD-parameter for Cascade Connection
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Example of ABCD-parameter
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2-port Circuit ABCD-parameter
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Example of ABCD-parameter
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Scattering Parameter
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Scattering Parameter
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1port가완전히 termination되어있을때의
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Scattering Parameter
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- For 2-port network,

- For lossless network, it should be 12
21

2
11 =+ SS

- For reciprocal network, it should be 2112 SS =

Reciprocal [S] matrix is symmetric.

Lossless [S] matrix is unitary.
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Matrix 변환
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스미스챠트 (Smith Chart)
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§ 1939년에 Phillip Smith에의해고안.
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스미스챠트 (Smith Chart)
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반사계수의표현
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임피던스& 어드미턴스차트
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전송선로연결에따른반사계수변화
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Constant Γ Circle
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λ/4 전송선로연결
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Example : Connection of Transmission-line
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-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5-0.6 0.6

freq (990.0MHz to 1.010GHz)

S
(1

,1
)

9.991E8
0.532 / -121.957

m2

S
(2

,2
)

1.000E9
0.532 / 57.858

m1

m1
freq=
S(2,2)=0.532 / 57.858

1.000GHz

m2
freq=
S(1,1)=0.532 / -122.142

1.000GHz

L
L2

R=
L=10 nH

L
L1

R=
L=10 nH

TLIN
TL2

F=1 GHz
E=180
Z=50 Ohm

Term
Term2

Z=50 Ohm
Num=2

R
R2
R=50 Ohm

R
R1
R=50 Ohm

S_Param
SP1

Step=0.01 MHz
Stop=1.01 GHz
Start=0.99 GHz

S-PARAMETERS

TLIN
TL1

F=1 GHz
E=90
Z=50 Ohm

Term
Term1

Z=50 Ohm
Num=1
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LC 연결에따른반사계수변화

22
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Example : Connection of Series L
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

L
L1

R=
L=5 nH

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1
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Example : Connection of Series C
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

C
C1
C=5 pF

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1
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Example : Connection of Series R
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

R
R2
R=50 Ohm

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

S
(2

,2
)

S
(3

,3
)

S
(4

,4
)

Red :    R2 =     0 ohm
Blue :   R 2=   25 ohm
Green : R2 =   50 ohm
Violet : R2 = 100 ohm
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Example : Connection of Parallel L
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

L
L1

R=
L=5 nH

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

S
(2

,2
)
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Example : Connection of Parallel C
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

C
C1
C=1 pF

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

S
(2

,2
)
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Example : Connection of Parallel R
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R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

R
R2
R=100 Ohm

R
R1
R=50 Ohm

L
L2

R=
L=10 nH

Term
Term1

Z=50 Ohm
Num=1

freq (1.000GHz to 2.000GHz)

S
(1

,1
)

S
(2

,2
)

S
(3

,3
)

S
(4

,4
)

Red :    R2 =     ∞ ohm
Blue :   R 2= 100 ohm
Green : R2 =   50 ohm
Violet : R2 =   25 ohm


