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Remove effects of discontinuities before processing data!
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High‐Frequency Characterization

Transmission-Line Scattering Parameters
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TL Extraction Formulas
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Low‐Loss Approximation
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TL Extraction Formulas
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Example: Category‐5 Cable (long)
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Example: Category‐5 Cable (short)
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( ) * p
sR f R f

*r ro rsv v v f 

( ) ( )skin skinZ R f j L R j R L     

Cable Loss Model

Category 5 100      0.724 -0.165      15.38     0.482       0.2
24-Ga 100      0.678      1.157       29.03     0.593       0.1
Category 3 100      0.705      11.06       12.31     0.473       0.01  
SMA 50 0.700      0.113       7.94       0.415       0.2

Zo vro vrs Rs p fmax
()                         (m/ns)                   (m/ns-GHz)        (/m-GHzp)                                                 (GHz)
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Lossy Transmission Line

( ) z j zV z Ae e   z j zBe e  

1( )                   z j z

o

I z Ae e
Z

     
z j zBe e  

  ( )j R j L G j C          
 
( )

o

R j L
Z

G j C
 







z

Zo Z1 Z2

Vs
l




30Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

-0.5

0

0.5

1

1.5

2

0 500 1000 1500 2000

22GA/Cu/4-cond Near End

vo
lts

Time (ns)

-0.5

0

0.5

1

1.5

2

2.5

3

0 500 1000 1500 2000

22GA/Cu/4-cond  Far End

vo
lts

Time (ns)

Pulse Propagation (CAT‐5)



31Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

-0.5

0

0.5

1

1.5

2

0 500 1000 1500 2000 2500 3000 3500

MP/CM Shielded Near End
vo

lts

Time (ns)

-0.5

0

0.5

1

1.5

0 500 1000 1500 2000 2500 3000 3500

MP/CM Shielded Far End

vo
lts

Time (ns)

Pulse Propagation (MP/CM)



32Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 500 1000 1500 2000

RG174 Near End

vo
lts

Time (ns)

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 500 1000 1500 2000

RG174

vo
lts

Time (ns)

Pulse Propagation (RG174)



6Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

CT/2

LT

CT/2

CT

LT/2 LT/2

Zo

Short

Lumped
Reactive CKT

Transmission
Line

Low Frequency
Mid-range
Frequency High Frequency

or

Modeling Interconnections



18Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

 

L

C/2 C/2

R

oP = (R + j L)(1 + j CZ /2) 

oY = j CZ /2

11
2S  = 

2 2
o

o o

P YZ YP
Z P YZ YP

 
   21

2S  = 
2 2

o

o o

Z
Z P YZ YP  

21 2 (1 -  )oA Z S

11 21 11

21 11 21 11

2Y = 
4 2

o

o o

A S S Z S A
S Z S S Z S A A

 
   21 21  -  2 (1  )  oP A YS Z S Y 

Low‐Frequency TL Approximation



19Copyright © by Jose E. Schutt‐Aine , All Rights ReservedECE 451

copper  mi cr ost r i p
     w =5mi l
      l =20 .2cm

f i ber gl ass subst r at e SMA connect or

0.94

0.95

0.96

0.97

0.98

0.99

1

0 0.02 0.04 0.06 0.08 0.1

Microstrip

I n

Frequency (GHz)

5

10

15

20

25

30

0 0.02 0.04 0.06 0.08 0.1

Microstrip

R e

Frequency (GHz)

- Lumped Model

- Use extraction algorithm

Low-Frequency Model for Microstrip


