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Transmission Line Analysis 

Geometries 

 

Characteristic Impedances 

 

Time Domain Analysis 

 

Lattice Diagrams 

 

Frequency Domain analysis 

 

Reflection coefficients 

 

Movement of Refernece Plane 

 

Impedance vs Position 

 

Smith Chart 

 

Standing Waves 

 

Solving wave equations quickly 
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types of 

transmission lines 
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Transmission Lines for On-Wafer Wiring 
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Transmission Lines for On-Wafer Wiring 
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Substrate Microstrip Line 

Key advantage: IC interconnects 

have very low ground-lead 

inductance 

 

Ground-lead inductance:  

-leads to ground-bounce 

-is Miller-multiplied by IC gain 

H  

W  

Dominant Transmission medium in  

III-V microwave & mm-wave ICs 

  

Key problems: 

through-wafer grounding holes (vias) 

coupling to TM modes in substrate 

 

Via inductance forces progressively 

thinner wafers at higher frequencies.   
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basic theory 

L, C, Zo, velocity, Gamma 
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Transmission Lines 

A pair of wires with regular spacing, dielectric loading along the length.  

These have inductance per unit length and capacitance per unit length.    

Forward and reverse waves propagate.  

Reflections will occur if lines are not correctly terminated 
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Transmission Lines: Basic Theory 

Ldz

LZ
Cdz

genV

sZ

LCvCLZ

Z

vztV

Z

vztV
tzI

vztVvztVtzV

dtdVCdzdI

dtdILdzdV

o

oo

/1   and  /

where

)/()/(
),(

)/()/(),(

find  which wefrom  )/()/(

and   )/()/(

:line of analysis nodal basic From





















class notes, M. Rodwell, copyrighted 2009 

Forward and Reverse Waves 
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Velocity and Characteristic Impedance 
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Reflections 
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Total inductance & capacitance in a length of line 

olength

o

length

length

ZL

Z
C

l






islength in that  inductance  totaland

islength in that  ecapacitanc Then total

 islength  line  totalIf

l 

line  theon delay"light  of speed"/ where  vllength



class notes, M. Rodwell, copyrighted 2009 

Lumped models of very short transmission lines 
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Ladder models of moderately short transmission lines 

T-model synthesis 
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Microstrip Lines 
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Microstrip Line: Approximate Properties (1) 
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Microstrip Line: Approximate Properties (2) 
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Lines in  

Time Domain 
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Lattice Diagrams = Echo Diagrams 
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Lattice Diagrams = Echo Diagrams 
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Lattice Diagrams = Echo Diagrams 

function.-stepa   weregenerator   theif

change  would waveformshow theconsider  pleaseNow 
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Repeated Reflections→ Ringing or Exponential Decay 

ally)(exponentilly geometrica

decay  responses pulse

 positive, is  If sL

-ringing.-sign in alternate

 also responses pulse

 negative, is  If sL

?Why 

ringing.  RLC toclose

 veryappearsBehavior 



class notes, M. Rodwell, copyrighted 2009 

Time-Domain Analysis 
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Time-Domain Analysis 
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Time-Domain Analysis 
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L and C are Limiting Cases of High-Z0, low-Z0 lines 
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Lines in  

Frequency Domain 
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Line Analysis in Frequency Domain→ Smith Chart 

chart Smith (2)      

 wavesstanding (1)      

impedancesgenerator or  load C)(L, reactive easy with      

  e.intuititiv less      

:analysis domain-Frequency

impedancesgenerator or  load C)(L, reactive withdifficult        very
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Line Analysis in Frequency Domain: Phase Constant b 
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Line Analysis: Exponential Waves 
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Voltages  on a Transmission Line 
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Voltages and Currents  on a Transmission Line 
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Wave Parameters 
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Wave Parameters and Power 
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Relfections from  the Load  
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t.coefficien reflection load  theis 
1

1-
 where

)0()0(

0Z

Z

VV

L
L

L

L
L

L






 

Z

Z

Z



class notes, M. Rodwell, copyrighted 2009 

Relfections from  the Generator  
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Movement of Reference  Plane  
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Position-Dependent Reflection  Coefficient  
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Impedance vs. Position  
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Line Input Impedance  
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Impedance and Reflection Coefficient vs Postion 
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Developing the Smith Chart 

 graphed. be can iprelationsh This     ation. transformconformala 

; and    s#complex    thebetween mapping 1-1a  is iprelationsh The

key. is 
1

1

1

1
   iprelationsh The













Z

Z

Z
Z

 dot). reda  (here,

.pointa by  drepresente ist coefficien reflectiona 

 -plane   the-  of plane ldimensiona-2  theIn 



class notes, M. Rodwell, copyrighted 2009 

Moving Refernce Planes---on the Smith Chart 
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Finding Impedances 
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Finding Impedances 
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Finding Reflection Coefficient 
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Using the Smith Chart 
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Using the Smith Chart 
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Impedance-Admittance Chart 
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Solving Wave  

Equations Quickly 
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Waves and Fourier Transforms (1) 
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Waves and Fourier Transforms (2) 
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Waves and Fourier Transforms (3) 
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Waves and Fourier Transforms (4) 
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Waves and Fourier Transforms (5) 

  )/()(    ))(( 

:So

     

Then

lenght.unit per   

  econductanc parallel and  ecapacitanc parallel has Line

lenght.unit per   eresistranc  series and  inductance series has Line

0 CjGLjRZCjGLjR

CjGYLjRZ

G

C

RL

parallelseries











class notes, M. Rodwell, copyrighted 2009 

Waves and Fourier Transforms (6) 
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Waves and Fourier Transforms (7) 
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