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Impedance-Matching: 

Goals 
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Recall: Line Reflections 
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 Line Reflections and Standing Waves 
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Matching to Eliminate Gain Ripple 

line on  wavesstanding from

resulting ripples Gain

lines on  wavesstanding

 from ripple gain eliminate  tois

matching-impedance

for reason One

 thiseliminate  willMatching
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Maximum Power Transfer Theorem 
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Matching For Maximum Power Transfer 

AVGL PP  obtain we

 load,  theandgenerator   thebetween s)resistance (no

network  matching *lossless*a  addingBy 
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Matching for no reflection vs. matching for max Power Transfer 
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Direct Interstage Matching vs. Matching Each to Zo 

0  toeach Matching Z

 MatchingStage-StageDirect 
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, leeZZ lj

L

lj

Lolinein

  



ECE145a/218Ca notes, M. Rodwell, copyrighted 2009 

Impedance-Matching: 

Using Agilent / ADS  

in "tune" mode 

as a study tool. 
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Use CAD Tool (Agilent) ADS to Explore Matching 

examples. matching Illustrate  :Second

ADS. in networks  tunehow toShow  :First

program. CAD iny graphicall presentedeasily   Matching:Today

cises.Chart Exer-Smith

Paper -On  withtchingpresent Ma :Texts Classic
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Tuning Elements in ADS (1) 

network matchinginput  an and a MOSFET having circuit,a  is here Match""
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Tuning Elements in ADS (2) 

.  to

match network to

 Cshunt   L,series Use

0ZZin

model signal-small

 MOSFETsimpleVery 
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Setting Up Element Tuning in ADS: 

:tat...Tune/Opt/S press then

 ,  onclick -Double 1L

 values...step

 max, min,set  then

  tuning,Enable
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Setting Up Element Tuning in ADS: 

:element a tunablenow  is  1L

:for  same  theDo 1C
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Setting Up Element Tuning in ADS: 

:ingselect tun and

 testbenchmain  the  toGo

ow Plot wind theand

 windows" ParameterTune" the

both see can  youuntil

 windowsmanipulate Then



ECE145a/218Ca notes, M. Rodwell, copyrighted 2009 

Setting Up Element Tuning in ADS: 

:change tuning

every after  updateplot 

  themake easiest toUsually 

made. changes  thelose  willyou

 otherwise, :ngafter tuni

Schematic update  toNeed
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Impedance-Matching: 

Methods/Examples 
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Trajectories for adding series / shunt L and C 

Cor   LSeries Adding Cor   L(Parallel)Shunt  Adding
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1st Lumped L-C Matching Network: 

TopologyNetwork 

GHz 100at  matching before 11S
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1st Lumped L-C Matching Network: 

pH 112  whend    Reache:0.1/ until  Increase 10  LjBYYL in

. reactancehigher  of  values towardscircle -constanta  on moved have We jxr

fF 44  whend    Reache:00.1/ until  Increase 10  CjZZC in

. esusceptanchigher  of  values towardscircle -constanta  on moved have We jbg
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1st  Lumped L-C Matching Network: 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc
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2nd Lumped L-C Matching Network: 

TopologyNetwork 

GHz 100at  matching before 11S
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2nd Lumped L-C Matching Network: 

pH 38  whend    Reache:0.1/ until  Increase 101  LjBYYL in

. reactancehigher  of  values towardscircle -constanta  on moved have We jxr

pH 56  whend    Reache:00.1/ until  from  Increase 202  LjZZL in

. esusceptanchigher  of  values towardscircle -constanta  on moved have We jbg
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2nd  Lumped L-C Matching Network: 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc

bandwidthbroader y  trajectormatchingdirect  More 
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3rd Lumped L-C Matching Network: 

 valuesthnetwork wi Matching

series in  addingafter  :

parallel in  addingafter  :

 original :

GHz 100at y  trajectormatching  
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3rd  Lumped L-C Matching Network: 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc

bandwidthnarrower y  trajectormatching Long 
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4th Lumped L-C Matching Network: 
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parallel in  addingafter  :

 original :

GHz 100at y  trajectormatching  

1

2

11

LD

LB

ZA

S

in



ECE145a/218Ca notes, M. Rodwell, copyrighted 2009 

4th  Lumped L-C Matching Network: 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc

bandwidthwider y  trajectormatchingshort 
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Multi-Section L-C Matching Network: 

 elementsnt series/shu multiple

  withTuning

networks. matching

 possible of # infinite
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Lines of Constant Q: 
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Narrowband vs. Wideband Matching Networks 

 wideband:element-4 narrowband :element -2
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Limits to Matching Network Bandwidth 
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Shunt-Stub  

Matching Networks 
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Trajectories for Adding a  Series Line of Impedance Zo 

:line TRX Series Adding

)50 is line  the,50 is impedance standard  the(if

  :line Series 0ndardsystem_sta
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Recall: Trajectory for adding Shunt Susceptance 

eSusceptanc (Parallel)Shunt  Adding

}.or  { ideal an

 be can eSusceptanc

CL

stub. line-ontransmissi

shunta  be can eSusceptanc

stub. radial

shunta  be can eSusceptanc
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Susceptance of Shunt Stub (Open-Terminated) 

Terminated-Open Terminated-Short
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Shunt-Stub Matching Network: 

jBYY 1/ to

load brings line Series

0

jBYYstub 0/

adds stubShunt 

01/ to

load brings nCombinatio

0 jYY 
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1st Shunt-Stub Matching Network 

TopologyNetwork 

GHz 100at  matching before 11S
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1st Shunt-Stub Matching Network 

degrees 68/2  whend    Reache:0.1/ until length  Increase 101  ljBYYTL in

.circle constanta  on moved have We 

. esusceptanchigher  of  values towardscircle -constanta  on moved have We jbg

degrees 65/2  whend    Reache:00.1/ until length  Increase 202  ljYYTL in
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1st Shunt-Stub Matching Network 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc
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2nd Shunt-Stub Matching Network 

 B toA from  brings

 section line seriesshorter  A 1

matchedZ

TL
inductive benow must  stubshunt  The
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3rd Shunt-Stub Matching Network 

jBYY 1/ to

load brings line Series

0

jBYYstub 0/ 

adds stubShunt 

 RadialMicrostrip

01/ to

load brings nCombinatio

0 jYY 

modelled. accurately effects ddistribute withcapacitor  shaped-a wedge

 :stub Radial
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3rd Shunt-Stub Matching Network 

Values Final

GHz) 100at marker  sweep,frequency  GHz 200-(DC

  Frequency vsePerformanc
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Shunt-Stub  

Matching Networks... 

...with general  

line impedance 
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Trajectories for Adding a  High-Zo Series Line   

inductance Series Adding

0 line series Adding ZZline 
0 line series Adding ZZline 

0 impedance of line series & inductance series between teintermedia isBehavior Z
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Matching Network with High-Zo Series & Low-Zo Shunt Lines 

jBYY 1/ to

load brings line Series

0

jBYYstub 0/ 

adds stubShunt 

.capacitivemostly  is lineshunt  inductive,mostly  is line Series
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Lumped vs. Distributed  Matching Networks 
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Trajectories for Adding a  Low-Zo Series Line   

ecapacitancshunt  Adding

0 line series Adding ZZline 
0 line series Adding ZZline 

0 impedance of line series & ecapacitancshunt  between teintermedia isBehavior Z
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Matching Network with High-Zo Series & Low-Zo Series Lines 

inductive.mostly 

is line Series

capacitivemostly 

is lineShunt 

y trajector)( lumped

show lines Dotted

L,C
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Lumped vs. Distributed  Matching Networks 
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Lumped vs. Distributed  Matching Networks 

layout...mask   thisGiven

 this.see should eyes...your 
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Lumped vs. Distributed  Matching Networks 

layout...mask   thisGiven

 this.see should eyes...your 
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Quarter-wave  

and related  

Matching Networks... 
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Quarter-wave Impedance Tranformer 
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Insight: Series Lines 
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Quarter-wave Impedance Tranformer: Resistive Loads 
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Quarter-wave Impedance Tranformer:  General Loads 
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