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Impedance-Matching:
Goals
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Recall: Line Reflections

o, L, >

0

Z

hY

Z
(}D o 20 o5

At endof line:

V' (2=0) = GV*(z = 0) whereG = gtggj

At beginningof line :

V+(z: - |) = QV (Z: - |) +TSVgen WhereQ — E§5?503;1
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Line Reflections and Standing Waves

C L 7 FLD

0

Z,
Z
Reflectiors:
V' (z=0)=GV'(z=0) and V*(z:-l):(3§V'(z:-I)+TSVgen

Wavestravelingalongline :
V+(z: - 1) :V+(Z= 0) iz gngv- (z=-1) :V+(Z: 0) Cpi2A 1!

Varyingfrequencyy " andV~ will vary from in - phasdoout- of - phase..
andwill varyfrom constructre todestructieinterfererce.
Y load voltagewill vary withfrequency.
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Matching to Eliminate Gain Ripple

Gainripplesresulting
fromstandingwvavesonline

Matchingwill eliminatethis

[ ac_simulation2 [page 1]:2

=S

Fle Edit View Insert Marker History Options

Oeds k@ 95 +Raaad

Tools Page Window Help
YA mAY r & o | ac_simulation ~

dB(Vout_pos)

1Y [ ADS_for_218a ] ac_simulation2 * (Schematic):3

He Edit Select View Insert Options Took Layout Simulate Window Dynamiclink ignGuide Ip
[0 ol poth @ D 5 D E A R [@ | Lumped-Component: of trorkslline | v| & + B il e N\ i @ U B [E
R
R3
R=200 Ohm
] Vout pos
A L R
\S‘{R}?}? TLIN R1
TLA R=200 Ohm
@ Vac=polar(2,0) V 7=50.0 Chm
Freg=freq E=36b
F=10 GHz

44 00

freq, GHz

TopologyCheck=yes
V_RelTol=1e-3
|_RelTol=1e-3
GiveAllWarnings=yes
MaxwWarnings=10

Wi [Ac

AC

AC1

Start=1.0 GHz
Stop=20.0 GHz
Step=0.1 GHz

Onereasorfor

iImpedance matching

IS toeliminategain ripplefrom
standingwavesonlines
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Recall: Maximum Power Transfer Theorem

(M aximum) PowerAvailable from theGenerator

Py = Vyed /4RE{Z,0} (RM Squantitie3

Load Power. P =P, iff Z, =Z,

P <P, otherwise

gen’

i £,
gen

. gcn 3cn J I_>
—fC\—'\/\,
== jX,

v i
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Matching For Maximum Power Transfer

By addinga* lossles3 matchingnetwork

(noresistance)betweernthegeneratoandtheload,

weobtainP =P
L AVG Anotherreasorfor

Impedance matching
IS toincreasesignal
power trasferred.

' % 3
gen - gen Z[ - Z 2
]‘X:gen Rgen <J E |_> JE |_>
: match -
T~ jX]J




Matching for no reflection vs. matching for max Power Transfer

B s -
1St Case den — ZO Z() Zin,/ine out,line ~in,M in,1
V4 L Z, lenght=/ JL L

Y Z,uine = Lo \ maish _“:

Vg@” C rgen FL D 6

Z Zin s Z()ut, line Zin,M in, T

gj’j L. Z, lenght=/ AL L

nd
2" case Z .., Z, 7 P _”:

Y Zoutline:. ZO V cen C,rgen FLD v

If Zou1;|ine 5 ZO’ then

matchingfor zeroreflection
andmatchingfor maximumpower trasfer

are not thesame
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Direct Interstage Matching vs. Matching Eachoto Z

M atchingeachtoZ,
Z % Z E Z, Z Linr

out “~out 0 0 0

b (g | RO |

L,
Y g N

C rgen:O FI,ZOD

Direct Stage- StageM atching
=7 * Z . =F % Z

out in,line out out,line in,M inM

J L Z, lenght=/ JL

: match 4“:
—|L’6 T4 v

r40_ D

=Z (1+Ge??)/(1- Ge*?), | canbeanylength,including zero

Z

in, T

Note Z

in,line



Impedance-Matching:
Using Agilent / ADS
In "tune” mode
as a study tool.



oooooooooooooooooooooooooooooooooooooooo

Use CAD Tool (Agilent) ADS to Explore Matchlng

ClassicTexts: present Mi@hingwithOn- Paper
Smith- Chart Execises.

Today: Matchingeasilypresentedrap hically in CAD program

First: Showhow totunenetworksn ADS.
Second lllustratematchingexamples.



Tuning Elements in ADS (1)
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Y [ ADS_for_218a ] gain_testbench * (Schematic):1

=/

Ele Edit Select View Insert Options Toolks
I er @ D5 8EL FEG D

Lumped-Components

S _Param
S

Start=95 GHz

S-PARAMETERS |

GpCircle
Stop=105 GHz
Step=1 GHz Gpc!rcle
Calchoise=yes GpCirclet
Freg= GpCirclel=gp_circle(s,2,51

D

GsCircle
m]ﬂm][mmﬂﬂ GsCircle
GsCircle2
SN GaCirclez=gs_circle(S,2.51)
Stabheas
Stabheas

Stabhieas1=stab_meas(3)

D

h21=(Y(2,19(1,13)
Z={Z(2 117500 Z(2,2)+50)

Layout Simulate Window Dynamiclink DesignGuide Help

> = B - A e

N E/’ E s
2 ;
VoltGain MEERI Z0=50
maxg 1
YVoltGain MAG=max_gain(s)
YoltGaini

YoltGain1=volt

i
match +4 Term
+ X3 Termz
Term Num=2
Term1 =10
Mum=1 =
T} z=m0 =

“OPTIONS

MsCircle
Bﬁd N,_\ MNsCircle
MNsCircle1
MNsCircle1=ns_circle(nf2 NFmin Sopt, Rn/50,51)
MeasEqn
measi

U=(({{reallZ(2,1)}-realiZ{1,2)))72 + (imaalZ{2,1 ) -imag(Z(1,2))/* 2/ real Z{1,1)real(Z(2,2))-real( Z(1,2) FreallZ{2,11))) 105

Yopt

Yopt
Yoptl
Yoptl=yopt{Sopt, PortZ1)

Zopt

Zopt
Zopt1
Zoptl=zopt{Sopt, PortZ1)

D

Gacircle

GaCircle
GaCircle1
GaCircle1=ga_circle(5,2,51)

bl

StabFact

StabFact
StabFact1
StabFact1=stab_fact{S)

" Match"hereis acircuit, havinga M OSFETandaninp utmatchingnetwork



Tuning Elements in ADS (2)
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¥ [ ADS_for_218a ] match * (Schematic):3

Hle Edit Select View [nsert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help
[z =0 g+t @ 42 5 #0 & & % 2§ [ Lumped-Components w|S_for_218a\networksiline |v| O+ + H @l & N 5 @ W& |02

simple_hybrid_pi

X3

. OM1
Port X
P1 L1
Num=1 L=0 pH
c
C1

C=0fF

i

Very simpleMOSFET
small- signalmodel

< > - AAN o .
Port Cc2 R
P1

M[=[X]

UseseriesL, shuntC
network tanatch
Z toZ,.

=] X]
muigte Window  DynamicLink  DesgnGuide  Help
s S_for_218alnetworksiiine|»| O- + M &\ & oD O [
C
| / C3

R I\ C=0fF

R1

R=16.5 Ohm

R2 Port
P2
Num=2

C=33.5fF
Num=1

VCCS

‘— SRC1 =
G=100 mS
R1=1e100 Ohm
R2=200 Ohm



Setting Up Element Tuning in ADS:

Inductor:3

Double-click onL,,

L
Instance Name (name[<start:stop=])
5}

Parameter Entry Mode
Standard
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iﬁ Setup:3
" Tuning !| Optimization | Statistics
Tuning Status Clear

Minimum Value

0 pH
Maximum Value
1 pH
Step Value
0.1 pH
Scale

Linear Logarithmic

. Select Parameter L
thenpress une/Opt/&at
" moEm R=
Temp=
Trise=
TC1=
TC2=
TnitCond=
Noise=yes
Model=
M=
Display parameter on schematic
Add cut Paste [ Companent Options...
L : Inductance
oK ] [ Apply ] [ Cancel ] [ Reset ] [ Help ]
-
‘mlndu:torﬂ
m5etup:3 ‘mSetupﬂ
.
Enableti INing T e e g e T 3
] Instance Name (name[<start:stop>])
Tuning Status Tuning Status Enabled » 0

thensetmin, max, | ~C

elect Parameter

L=0 pH tune{ 0 pH to 100 pH by 5 pH }
R=

Parameter Entry Mode
Standard i

pH R

e Equation Editor...

Maximum Value Maximum Value Trise=
_ Tune/Opt/Stat/DOE Setup...
1 pH 100 - Tnom=
stepvalues
LI I
Step \ Step Value TC2=
InitCond=
0.1 pH i MNoise=yes
Model=
Scale _M=
Linear Logarithmic () Logarithmic Display parameter on schematic
Add Cut Paste [ Component Options... ]
L : Inductance
oK I [ Cancel ] [ Help OK ] [ Cancel ] [ Help
QK ] [ Apply ] [ Cancel ] [ Reset ] [ Help
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Setting Up Element Tuning in ADS:

L, iIsnowa tunableslement: simple_hybrid_pi

Port

P2
Num=2

Port
P2
Num=2

Do thesamédor C, :




Setting Up Element Tuning in ADS:

7 [ ADS_for_218a ] gain_testbench (Schematic):1
Fle Edit Select View Insert Opfions Tools Layout Simulate Window Dynamiclink DesignGuide Help

Go tothemain testbenc
andselect tumg:

Thenmanip ulatevindows
until youcanseeboth

the" TuneParametes” window
andthePlot windw
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[ I =

RO A

w2 a @) Lmp

&% | S-PARAMETERS l

S_Param
=
Start=95 GHz GrCiele
Stop=105 GHz .
Step=1 GHz GpCircle
Calchloise=yes GpCircle
Freq= GpCirclel=gp_
=]
DedEs ko9 SR YOS B rauwiAv
m2
req=100.0GHz

5(1,1)=0.711 / -89.646

impedance = Z0 * (0.330 - j0.950) _— T

-

& Simulate F7
Simulation Setup...
Stop and Release Simulator...

W Tuning...
i Smart Simulation Wizard...

@ Highlight Node...

& & &

@ Clear DC Annotation
Snapshot
Update Optimization Values

&% Generate Budget Path...

57 Tune Parameters
After Each Change

[[_incioe opt Farar

2_parameters

| O

3
©
g
i

pain(s,0.1,1E6,51
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Setting Up Element Tuning in ADS:

%5 Tune Parameters

Usuallyeasiest tonakethe

match
‘While Slider Moves L L
‘ |After Pressing Tune .
:After Each Change (fF) (pH)
P lotu P dataftereve ry welo o

)
tuningchange SEa—

Traces and Values

Trace Visibility.
Reset Values

Update Schematic Min |0 0

Step |5 3

5 Tune Parameters

Simulate T
While Slider Moves |
C1.C L1.L
Tune
" (oH)

Farameters Value |0

NeedtoupdatéSchematic e || = |

. . [] snap Slider to Step
after tunng: otherwise,

youwill losethechangesanade @ @

‘ Update Schematic ) Min 0 0

Step |5 5

T —
[P, | | scale [l [v] (U v




Impedance-Matching:
Methods/Examples
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Trajectories for adding series / shunt L and C

AddingSeriesL orC

AddingShunt(Parallel) L or C
-

match

B
% |
YI ‘
v
\

=JOkS

Zin,M L
[ gail +iX I _!_J@ [ gain_plot* [S_parameters]:0
le E J match Z i s Tools Page Window Help Fle Edt View Insert Marker History Options Tools Page
/ \ / ~
e ~~
K f f f L \ \ \
AR { : Yo / / /
g -
bR pR7p)
\ ’ \ /
= / \ )Iin,M
Zin,M e | — \// |_> +jB
— < J match
\ q |—> | / _parameters/\ fiqures_of merit /\_noise fiqure \_si1db / \_gain_circles J\ .y parameters /\_Z_parameters /\ S_parameters/\ fiqures_of ment/u
- I\ | J—
_J‘vautch Z I

i

Y

L

v
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1st Lumped-C Matching Network:

simple_hybrid_pi
X3
L
NetworkT opology Port L1 Port
P1 P2
Num=1 | L=0 pH it} Num=2
C
C1
E C=0fF {t
[ gain_plot* [S_parameters]:0 [:“E]

S ; beforematchingat100GHz

m2
req=100.0GHz
S(1,1)=0.711 / -89.646

impedance = Z0 * (0.330 - j0.950)/\

S(2,2)
S(1.1)
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1st Lumped-C Matching Network:

Increase untilY, /Y, =1.0+ |B:

Reachd whenL, =112pH

[ gain_plot* [s_parameters]:0
Be Edt Vew Inset Marker

Y]
S(1,1)

- /OB ¥ gain_plot* [s_parameters]:0

Hstory Optons Toos Page Wndow Hep Be EdE Vew st Marker Hstory Optons os Page MWndow Hep

ehavemoved

IncreaseC untilZ,/Z,=1.0+ jO:

onaconstantr circle

]

= %] [ gain_plot* [s_parameters]:0
He Edr wiew Jnsert Marker Hstory

=03

[ gain_plot* [s_parameters]:0
SR BD [2d LLEl [T He Edr wew Insert Marker History Opoons B0k Page Window Help

yd \ yd \ 4 yd \
/s /s /s 2
/ / / m

\ \ '

"‘ AN "‘ '\_ ‘-' ." AN
/ \ / \ / A { \
/ \ / \ { | / \
/ \ | \ e | | f \

L~ = L~
| i | A i= |

I . iz | . 35| T i | .
| b7 | 0 \ f Yo | |
| \ | \ [ \ [
/ | / \ /

/ m2 / \ i Y /

A & \
m2 / / A /!
d d e
N ! N N -
N
¥ ¥ our J e 0y \_amn cross J\_v_oaramtees /\_2 paramaters /\_5.p L e taure ) Ao geks S v opaetu S\ Zoranen S\_Sovametes \awes sl osenl ot o crges J\ ¥ our e tawe |

towardsvaluesof higher reactancgx.

Reachd whenC, = 44fF

[ gain_plot* [s_parameters]:0
He Ede wew Insert Marker

— |CJEd|  gain_plot* [5_parameters]:0

Hstory Optons Rok Page Window Heb Be EdE Vew st Marker Hstory Optons os Page MWndow Hep

We hav

movedonaconstant g circle towardsraluesof

=03

~ /O3] [ gain_piot* [s_parameters]:0
Be EOK wew Inset Maker fhstory Optors Bok Page Wnoow Hep

- OFd| | gain_piet* (s_parametersl:a

Be EdR Wew set Muwker Hstory Optons Took Page Window Hep

yd ~ yd . S yd .
i i i
/ m2 / /
y \ / m2 \ \ \

/ Y / 3 Y Y

/ \ i )’_ 4 / m2 ) \
/ \ | \ \ \
J ‘.‘ | "‘ | — \ - m2 "‘

! i | i= 7 i= |
\ 1 i | 1 i 1 i ~ 1
| >n | o | | Yo | |
\ / \ / \ / \
! / \ ,‘"‘ 4 /
/ \ J
\. /
/ / N i
/ S S
™~ ™~ ™~ 4
p N
1 g ¥ par J i T tecs [\ 2 paramaters f\_S_persmeters f\ fgures Y \__gsin gecies S\ ¥ psrameters J\_Z oseametsrs /S _porameters f\ N\ oaramatecs S\_2 paramaters f\_5_peremaners f £ marit/\__ewise

higher susceptarib.
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1st Lumped@ Matching Network:

R3S
< - Y | 2+._C>
] Port ::1 Port
P1 P2
Final Values o1 | L=112 pH {8 Narmeo
C
C1
E C=44 fF {t}

Performane vsFrequency
(DC-200GHzfreqguencysweepmarkerat100GHz)

[F= gain_plot* [S_parameters]:0 D[ﬁl
Fle Edit View Insert Marker Hstory Options Took Page MWindow Help
/\ °
= -10—
- —
\—“ —
m2 0 4
= /ﬂ E -
1 T -20—
'30 T | T | T | T | T ‘ T | T | T ‘ T | T
0 20 40 60 80 100 120 140 160 180 200
\/ - freq, GHz




2nd Lumped-C Matching Networ

K.
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NetworkT opology

S ; beforematchingat100GHz

<

X3
= = oYY e s 2+1—C>

Port :: 1 Port
P1 P2
Num=1 T L L=0 ph {t} Num=2

L2

[L=10000 pH {t}

gin
[ gai 1 Q@

e

i\~

w

/
<
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2nd Lumped-C Matching Network:

Increasel_luntllY 1Y, =1.0- |B: ReachdwhenL1 38pH

=03

\
™,

= OS] (15 gain_sler [_parameserstio
r oy Gpons Bos mge Wndow tep

Be ER wew Inset Marker

,,//4 gt .‘ \\ \ ',/4 g ) \\\ \ ',/4 < \\ \ //4
| \ \\\‘. \ \
i | 1l 1l 1l ]
5 | \ 5 | 5 | 53 |
u \ / \ / &.
\ / / \ m2
m2 . m2 7 \ Y X
! : A AN s '/4 : \\‘ e
Lo ”:;' ces of mac/\_esss faure J S ':m-)---.m J\ ¥ paramates :J"Li_w\or-.fr-s::‘-;.-ll:;;!r'! 7;;:«,\ noise Baes \_S 11/ Sn ':m-)---.m J\ ¥ paramates :J"Li_w\or-.fr-s::‘-;.-ll:;;!r'! 7;;:«,\ 4 6 51 Sn ':m-)---.m J\ ¥ paramates :J"Li_w\or-.fr-s::‘-;.-ll:;;!r'! 7;;:«,\ noise Baes \_S 11/
We havemovedonaconstant r circle towardssaluesof higher reactancgx
Increasd., froma untilZ,,/Z,=1.0+ jO: Reachd whenL2 S6pH
o =103 E“éfm[ﬁ«m story_Qptions Tooks Page Whoow _Hep = ;“;:dl::»[si:?m:'«m Hetory Optons Toos Page ok
//4 Py \\ ‘ // e . p |
\\ | 4 |
= | ‘1 = | = |
IS | 15| ] 55 Z g
;1] | \ / \ /
/ \ m2 / \ /
\ j

We havemovedonaconstant g circle towardsvaluesof highersusceptarecib



