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Impedance-Matching:
Goals
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Recall: Line Reflections

o, L, >
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Z
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Atend of line:

—(5 _ _ +(5 _ _ (ZL/ZO)_l
V(z=0)=T'V'(z=0) whereTI| = (ZL/ZO)+1

At beginning of line :

) B Zs/zo -1
V (Z=—|)=FSV (Z:_I)+Tsvgen Wherers - EZS/ZO;_F]_



Line Reflections and Standing Waves

C L 7 FLD

0

Reflections:

V(z=0)=I'V'(z=0) and V' (z=-1)=TV (z=-1)+TV
Waves traveling along line :

Vi(z=-D)=V'(z=0)-e**"* andV (z=-1)=V ' (z=0)-e!*?'*

gen

Varying frequency,V ™ andV ~ will vary from in - phasetoout - of - phase...
and will vary from constructive to destructive interference.
—> load voltage will vary withfrequency.
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Gain ripplesresulting
from standing waves on line

Matching will eliminate this

[ ac_simulation2 [page 1]:2

=S

YA mAY r &+ |i|ac_simulation ™ HERR =

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

Fle Edit Select View Insert Optons Took Layout Smulte Window Dynamiclink DesignGuide Help

[ Wl F O & 8% 2L % & [ Lumped-Components v|s_for_218a\networks\line[v| & = B M e N\ . @ W R P
R
R3
R=200 Ohm
AAA, ] Vout pRos
\S‘{R}?}? TLIN R1
TLA R=200 Ohm
@ Vac=polar(2,0) V 7=50.0 Chm
Freg=freq E=36b
F=10 GHz

4 6 8 10 12 14 16 18 20

freq, GHz

Wi [Ac

AC

AC1

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

Fle Edit View Insert Marker Hstory Options Jools Page Window Help
Oe@ds k@ 5 +F+EBayad
0
— —2—
(¢2]
o
Q_I —
e
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> _
o
m
© -5
-8 I
0
=
&
o
T <
T M= page 1
TopologyCheck=yes
V_RelTol=1e-3
| RefToi=te-3 One reason for
GiveAllWarnings=yes
MaxwWarnings=10

impedance - matching
Is toeliminate gain ripplefrom
standing waves on lines
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Maximum Power Transfer Theorem

(Maximum) Power Available from the Generator :

Pog = [Voer “14 Re{Z,..} (RM Squantities)

Load Power: P, =P, Iff Z,

gen )
P <P, Otherwise
s Z,
. gen
gcn 3cn J I_>
_f(j\_,\/\,
- jX

4 i
LRE i %RL



Matching For Maximum Power Transfer

By adding a * lossless * matching network

(no resistances) between the generator and the load,

weobtainP =P
L AVG Another reason for

Impedance - matching
IS toincrease signal
power transferred.

L L £ i Z
gen ¢ gen L L
szgen Rgen <J E JE |_>
6 '\/\: : match :
T~ jXL

P § i
| s s f K
. s
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1St Case : den — ZO Z() Zin,/me Zm/r,lme Zin,M Zin,T
Z, JL Z, lenght=/ AL L
— ZOut,line — ZO match _“:
Vgen T r, > v

Z Zl.” s out,line in,M in, T
gen )

‘J L’ Z, lenght=/ ‘J L’ L’

nd .
2" case:”Z,, # Z, 7 — _”:
v

— Zout,line > ZO V eon C, L e FLD

If Zout,line

matching for zero reflection
and matching for maximum power transfer

are not thesame.

# Z,, then



Matchingeach toZ,

% £ .
out " out Z Z Z() ZO in,1

JL ‘U—I L. Z, lenght=/ JdL

L,
Y g N

C rgen:O FI,ZOD

Direct Stage - Stage Matching
=7 * Z . =F % Z z

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

J L Z, lenght=/ JL

L,
—| L" T o0 L 40 _ D 7 4| l:

=Z (+Te?™)/(1-T e*"™), I can beany length, including zero.

Note: Z.

in,line



Impedance-Matching:
Using Agilent / ADS
In "tune” mode
as a study tool.
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Use GAD Tool (Rgilent] ADS to Explore Matching

Classic Texts : present Maching withOn - Paper
Smith - Chart Exer cises.

Today : Matchingeasily presented graphicall y in CAD program.

First : Show how totune networksin ADS.
Second : lllustrate matching examp les.
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Tuning Elements in ADS (1)

Y [ ADS_for_218a ] gain_testbench * (Schematic):1 [;]
Fle Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help
[z o0 @ O 5 88 & &L E @ D Lumped-Components » v+ Bl @WEE

|$ S-PARAMETERS | . .
o war
S _Param | \° | /° E MWleGain VAR
= @ VoltGain i Z0=50 opt
Start=95 GHz BRGile YoltGain MAG=max_gain(s) Yopt
Stop=105 GHz WoltGaint Yoptl
Step=1 GHz GpCircle VoltGain1=volt Yopt1=yoptSopt Port71)
CalcMoise=yes GpCirclet
Freg= GpCirclel=gp_circle(s,2,51

i
'
B
match +4 Term
GsGircle T X3 Term2 gOpt,I
Num=2 e
GsCircle Term . Zopt1=zopt{Sopt, PortZ1
Inﬁmﬂﬂ]]ﬁmﬂﬂ Term = i RIS )

StabMeas GsCircle2

GsCircleZ=gs_circle(S,2,51) mLm="1 =
StabMeas Z=70 = @
Stabheas e
Stabhieas1=stab_meas(3) —
»QQ;[ioﬁé GaCircle
@ = e GaCirclel
MsCittle GaCircle1=ga_circle(5,2,51)
Bﬁd N,_\ MNsCircle
MNsCircle1
MNsCircle1=ns_circle(nf2 NFmin Sopt, Rn/50,51) [[m]]]]]]mmﬂﬂ
StabFact
StabFact
MeasEdn StabFactl
meas StabFact1=stab_fact(S)
U=((((realiZ{2,1)-realiZ{1,2)))%2 + (imag{Z{2,1)kimag(Z(1,2)))= 2y reall Z1, 1)) real(Z( 2, 2) -real( Z(1,2) ) real Z{2,1)))1)*0.5
R21=(Y(2,10Y(1.1))
ZE(Z(2 1501421 2,21+50)
v
< >

"Match'here is a circuit, having a MOSFET and an input matching network
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¥ [ ADS_for_218a ] match * (Schematic):3

M=X]
Hle Edit Select View [nsert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help
[; (<00 @ 5 38 & % & [@ Lumped-Components

v|s_for_218a\networksiline || O+ L H Il @ N\ E @ U B B

Useseries L, shunt C
simple_hybnd_pi network tomatch
X3

Y Y g Y S > Zln tOZO'
L
Port L1 Port
P1 20 oH P2
Num=1 VP Num=2
C
C1

C — 0 fF T [ ADS_for_218a le_hybrid_pi * (Schematic):3

=S
He Edt Sdect Vew J Optons ook Layout Simuite Window Dynemiclnk DesgnGude Help
-~ ™~ SRR - T 42 @ [ Lumped-Components v|s_for_218alnetvorksiine v/ 0- + Bl & S & @D AP

| / ) C3
R [\ ’ C=0 fF
R1
R=16.5 Ohm
O ~' o
: Port i Cc2 R R2 Port
P1 C=33.5fF P2
Num=1 Num=2

VCCS
— SRC1 —

Very simple MOSFET R1216100 O
small - signal model

R2=200 Ohm
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Setting Up Element Tuning in ADS:

Inductor:3 m Setup:3
- r v
: Tuning :| Optimization Statistics >
— L Parameter Entry Mode E -
1 Instance Name (name[<start:stop=1) Standard ] Tuning Status Clear o
L1
. Select Parameter L Minimum Value
then press Tune/Opt/Stat ~
T R= L il
Temp=
Trise= Maximum Value
TC1l= 1 pH
TC2=
InitCond= Step Value
Noise=yes
Model= 0.1 pH
M=
Scale
Display parameter on schematic
Add cut Paste [ Companent Options... Linear Logarithmic
L : Inductance
oK ] [ Apply ] [ Cancel ] [ Reset ] [ Help ] oK ] [ Cancel ] [ Help

‘m Inductor:3

m Setup:3 ‘m Setup:3

En ab Ie t u n I n g Tuning | Optimization | Statistics > Tuning | Optimization | Statistics >
]

L Parameter Entry Mode
Instance Name (name[<start:stop=>]) Standard ~
Tuning Status Tuning Status Enabled » 0

elect Parameter
pH tune{ 0 pH to 100 pH by 5 pH }

then set min, max, | —C

pH R
e Equation Editor...
Maximum Value

Trise=
step values : ; Compmne ..
p u LI

TCl=

Step \ Step Value TC2=
InitCond=
0.1 pH i Noise=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, is now a tunable element : simple_hybrid_pi

Port

P2
Num=2

Port
P2
Num=2

Do thesame for C, :
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I ]

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

Go tothe main testbench e R 7 —

Stop and Release Simulator...

and select tuning : 9 1.

i Smart Simulation Wizard...

&% | S-PARAMETERS l @ Haghlght tode...

S_Param 5
SP1 %

Start=95 GHz BRCircle

Stop=105 GHz

& & &

@ Clear DC Annotation

Step=1 GHz GpC?rCIe pain(s,0.1,1E86,51
Calchoise=yes GpCirclet Snapshot
Freg= GpCirclel=gp_
Update Optimization Values
1
@ &% Generate Budget Path...
1 match
= 7 Tune Parameters lu
ODeES L@ 9 +BRqd X s wAV r ¢+ | |oain_testbench =
After Each Change.
m2 Lhihe 2 \.';Iu; (] e
[_incudo 0pt Forarss -

req=100.0GHz
S(1,1)=0.711 / -89.646
impedance = Z0 * (0.330 - j0.950) //-""' | s

Then manipulate windows ,
until youcan see both ] =
the" Tune Parameters" window 3= - f
and the Plot window

freq (95.00GHz to 105.0GHz)




Setting Up Element Tuning in ADS:

Usually easiest to make the
plotupdateafter every
tuning change :

Need to updateSchematic
after tuning : otherwise,
youwill lose the changes made.
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%5 Tune Parameters

‘While Slider Moves
After Pressing Tune
{After Each Change
ile Slider Moves

Include Opt Params
Enable/Disable...

["] snap slider to Step

Traces and Values

Trace Visibility.

Reset Values
Update Schematic

5 Tune Parameters

Simulate
While Slider Moves |
Tune

Farameters

Include Opt Params
Enable/Disable...

["] snap Slider to Step

Traces and Values

Trace Visibility

Update Schematic

match
T L1.L
® (oH)
Value |0 0
Max 100 100
= =
Min |0 o
Step |5 3
Scale |Lin w| L
match
C1.C L1.L
" (oH)
Value 0 0
Max 100 100

Scale |Lin

= 5
Min |0 o
Step |5 5

. Lin




Impedance-Matching:
Methods/Examples
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Trajectories for adding series / shuntLand G

Adding Series Lor C

2

in,M

L.

Adding Shunt (Parallel) Lor C

I

in,M

L.

-jB

match

0

‘__”g &= gain_plot* [S_parameters]:0

Fle Edit View Insert Marker History Options Tools Page

=JOkS

vIE gail .
+
Fie E ‘])(mmffh Z I s Tooks Page Window Help
Fa / R
e ~~
el [ I L= \ \ )
5 | 4 \ 5o / / J
\ o \ /
B
Z ™~ / \ }Iin,M
in,M P e v \_// |_> +j B
2 L = < match
\_gain | / _parameters/\ fiqures_of mer\t/\ noise_fiqure /\ S 11 db / \_gain_circles /\ Y_parameters /\ Z_paramel ters /\ S_parameters/\ fiqures _of ment/u | l
- I | Y
; L
_J‘vautch Z I I
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1st Lumped L-C Matching Network:

simple_hybrid_pi
X3
L
Network Topology Port L Sl
P [=0 pH {t w2
Num=1 | — PHA Num=2
C
C1
I@) fF {t
[ gain_plot* [S_parameters]:0 [:“E]

S,, before matching at 100 GHz

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

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

S

freq (95.00GHz to 105.0GHz)

S(2,2)
S(1.1)

<
\ qain circles I\ Y parameters A Z parameters S_parameters fiqures of merit "\ noise figure /
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1st Lumped L-C Matching Network:

/Y —lO+jB ReaohedwhenL1 112pH

Marker Hstory Optons Fos Page Wndow Hep
p .
™,

Increase L unt|IY

=
Be G wew etk ooy Gpoons Dok B Wndow B
S AN S ™ e - Ve
/ \ / m2,
/ \ | | \
| | f — | f
= | = | = | ' = |
I = | 1| E ]
5o | | 5o | Yo | & |
| | \ / \
4 \ i \ \
\ \ \ \
m2
4
= S pormeer 2 pax \_s_peramerars ) naurss o o

We have moved onaconstant-r C|rcle towards vaIues of hlgher reactance JX.

iz /27, —10—|—j0 ReachedwhenC 44fF

[ gain_plot* [s_parameters]:0 DE r _pl * [S_par: m-um]o O [P ewnpior s
e - oy Opmors ok Bge wndow b e e tkar oy Opens o8 e Wnoow 66 Te it e e s ooy Opons ok fape Wndow 6 EOr wew pent torkr oy D Bok Ege Wnoow fep
e AN e N /- A e N
m2 / \
)/ \ m2 N /
/ \ { }_ A / m2 3 /
/ \ f \ / X \ / \
| | | \ | __“f
I= e 1= i
= | = | i~ | . - |
iz | ‘I iT | ‘I iz | 1 aT | ~ ‘|
ru0 | v | yuv | | v |
\ \ \ | \
\ \ \ \
\.
‘\
A Mmoo

We have moved ona constant g C|rcle towards values of hlgher susceptanoe jb
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1st Lumped L-C 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}

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

[ gain_plot* [s_parameters]:0 =JOEd
Ee

fle Edt View Insert Marker Hstory Options Took Page Window Help

/\ 1 0
= 10—
— |
\—“ ]
_ w 5]
j_:_ /ﬂ i E -
5173 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
>
ameters /\ Z_parameters /\_S_parameters /\ figures_of_merit /\_noise_fiqure 5 11 db




2nd Lumped L-G Matching Network:
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Network Topology

S,, before matching at 100 GHz

<

X3
= - = oYY e s 2+1—C>

Port :: 1 Port
P1 P2
Num=1T L L=0 pH {t} N2

L2

L=10000 pH {t}

gin

(=JOOES

7| @
%

1=}

S(1.1)

o
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2nd Lumped L-G Matching Network:

Increase L, untilY, /Y, =1.0—JB: Reached whenL, =38pH

7 gain_plot* [S_parameters]:0 (= X W e e - b4 | gain_sior (s_parameters):o - OF4| | gain_piot* (s_parameters]:o (=] X]
Be LK Vew Wset Marker Hstory Optons Ros Fage Wndow lep B Ede wew Jnset Marker Hstory Optons B0k Page Wndow  Help He Edr wew Insert Marker Hstory Optons ROk Page Window Help He Edr wew Insert Marker Hstory Optons ROk Page Window Help
4 N /- N e N /- N
/ \
/ \ {
/ \ \ / \ \
= | ‘ o | 't o | t o | t
| | |
= | 7' ic | 3 ic | . iz | .
p v 1] | 1] | 1] |
\ | | | | | |
/ / / /
/ m2 /
5 m2 A &
m2 / m! / / /
™ ! “ “ “
o S \_gem g aters /\ 2 paramaters /| 5 _parome: g e \_su @ f ctes /\ r_paramaters /\ 2 paramaters /\ ers [\ figures of sum ) cicis amsters '\ Z camstes Su®

We have moved ona constant r C|rcle towards values of hlgher reactance JX.

Increase L, fromoountilZ,. /Z,=1.0+ jJO: Reached When L, =56 pH

B > - ] [ gain_plot* [5_parsmeters]:0 — \Okd| | sain_piot* t5_parametersi:o 5 gain_plot” [3_paramete: ‘]" =10k
SO —— =0 Be Edt Vew [nset Marker Hstory Optons Bok Page Whdow Hep Be EM Vew Jset Maker Heory Optons Toos Page Wndow Hep B B I Lo o Do D0 =f T B
Be G vew Pset tker bstoy Opors Eok e Whnoow o R
p N ;
/‘ N 4 \ / s N
/ / Y\
/ / / \ \
/ f | [ y \
/ \ f | / | m2 |
| L~ L~ \ =
IS J| i | ) ic 1 ic s
iz | 5% | | 5o | m2 @ | |
3 | .‘ \ / t F \ /
{ \ / \ /
| / \ m2 / \ /
\ / \
m2 / \ /
/ /
/ 4 ’
\ / . \\
\ N
N
- s circles /\ ¥ parameters /\ 2 parameters /\ 5_parameters /\ fures of merit/\_noice faure N\_S 11 b/ tJa-;-ulu,-“-u.,.,‘-.m.‘.,,-"._z_,,-aMm’- s_parameters /| figures. of mert f\ ngise_ fiqure /\_5_ 11 J = e 2 paeamsters [\ 5 porameters /| fgurs & 52 sua
o couis /\t g oy 51

We have moved ona constant g circle towards values of higher susceptance jb.



2nd Lumped L-C Matching Network:
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Final VValues

Performance vs Frequency

(DC- 200 GHz frequency swe

simple_hybrid_pi

Port

ep, marker at 100 GHz)

=] X]

[ gain_plot [S_param
Fe Edit

Insert Marker History Options Tools Page Window Help

(T

v ]
I i
. A
A
R
R
RN
RS
o
[T
-
I I
o
I o~
7
L
A
R
AR
Ry
Y
P Y
i/ |
3

X3
Port
P2
Num=2

0
= -10—
~ -
= il
@ —
5 il
o -20—
-30 T ‘ T | T | T ‘ T T T | T T
0 20 40 60 80 100 120 140 160 180 200
freq, GHz

Moredirect matching trajectory — broader bandwidth



Jrd Lumped L-C Matching Network:
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Matching network with values

S,, matching trajectory at 100 GHz

A:original Z,,
C :after adding L, in parallel
D :after adding C, in series

<

simple_hybrid_pi

X3
| [ 2—-—-—C>
I\
Port C L Port
P1 C1 L2 P2
Num=1 C=22 fF {t} L=56.8 pH {t} Num=2
B ain plot [ parametars]:0 9 [m] X

e

1=
)




Jrd Lumped L-C Matching Network:
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Final VValues

Performance vs Frequency

simple_hybrid_pi

(DC-200 GHz frequency sweep, marker at 100 GHz)
[ gain_plot* [S_parameters]:0 Q@
Fie lew Marker Hitory Options Tools Page Window Help
/\ °
= 10—
=
= i
Q —
ic T 20 ]
ow I
-30 | T ‘ T | T | T | T ‘ T | T ‘ T ‘ T | T
0 20 40 B0 80 100 120 140 160 180 200
\ freq, GHz
N J\ meters /\ 2_parameters /\_S_parameters /\ fiqures_of J\ J\ b /|

X3
< - | / = i 1 2
I\ < >
Port C L Port
P1 C1 L2 P2
Num=1 C=22 fF {t} L=56.8 pH {t} Num=2

Long matching trajectory — narrower bandwidth



4th Lumped L-G Matching Network:
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Matching network with values

S,; matching trajectory at 100 GHz

A:original Z
B : after adding L, in parallel
D :after adding L, in series

simple_hybrid_pi

X3
Port - L Port
P t11 125 pH {t§ ¢ L2 P2
Num=1 ' L=169.6 pH {t} Num=2
B ain plot [ parametars]:0 9 [m] X

e

1=/
)
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4th Lumped L-C Matching Network:

simple_hybrid_pi

X3
Final VValues C o e >
Port - L Port
P t1112 5pH {} ¢ L2 P2
Num=1 P L=169.6 pH {t} Num=2

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

lot [S_parameters]:0 O
Fle Edt Wew [nsert Marker Hstory Optons Toos Page Window Help 0
= -10—
‘_.-.
E —
g _
. 2 m
j.:. o -20
5173 _
-30 T ‘ T | T | T | T '| T | T | T | T ‘ T
0 20 40 60 80 100 120 140 160 180 200
\/ freq, GHz
Y J\ ameters /\ Z_parameters /\ S_parameters /\ fiqures of merit /\_noise figure /\ S 11 db )/ g

short matching trajectory — wider bandwidth
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Tuning with E D C R A
multip le series/shunt elements L L L L L
0 m—
'Egain._plot‘ [S_parameters]:O' ' . Q@@ ;: 2 e ZL
v v $

S(1.1)

Infinite # of possible
matching networks.
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Lines of Constant ():

Q = (maximum energy stored)/(energy dissipated per radian)
= || Xeries |/ R
= || Bseries | /G

series series

for simple 2 - element impedances
@ gain_plot* [S_parameters]:0 Q@

File Edit View Insert Marker History Options Tools Page Window Help

series series

curves of constant Q
look roughly like this.

M atching networks ii
W
passing through

high - Q pointswill
have narrow bandwidth.

< >
\_gain_circles /\_Y_parameters /\ z_parameters /\_S_parameters /\ figures_of_merit /\_noise_fiqure /\__s_11 db /
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4 - element : wideband

2] gain_plot* [S_parameters]:0

Fle Edit View Insert Marker Hitory Options Tools Page Window Help

(1)
:F
O
r

2 - element : narrowband

[F= gain_plot* [S_parameters]:0 M@@
Fie Edit View Insert Marker History Options Tools Page Window Help

\/ _

3
\_gain_arrcles /\ Y_parameters /\ z_parameters /\ S_parameters /\ fiqures_of merit /\ noise figure /\_S_11.db /

B A

C
L L L




Limits to Matching Network Bandwidth

Low-Q load Z,
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9 [m| X

High -Q load Z,

rameters]

1=
2

& eters]
Marks Optiol Tools Window Help
\
D \
B
ic (Ae—C E
w
7
%,

E D C
L Lo le Legols

T 1"

o

Starting point(Z,) is low-Q
— match can be made wide or narrow

Starting point(Z,) is high -Q
— match cannot be made wide



Shunt-Stub
Matching Networks
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Trajectories for Adding a Series Line of Inpedance 1o

Adding Series TRX line :

G gain_plot* [S_parameters]:0 [:h@
Fle Edit View Insert Marker History Options Tools Page Window Help Z
//,_\\\ 1 in,line
rd ™ |—>
(\\ Z /
S« ad\ v

Increasing theline length rotatesthe
load reflection coefficient:I" =T e */"*

Series line: Z

line — Zsystem_sta]dard — ZO

(if thestandard impedance is 5002, the line is 50Q2)
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Recall: Trajectory for adding Shunt Susceptance

Adding Shunt (Parallel) Susceptance Susceptance can be
L Ym,M .
L. 5B X an ideal {L or C}.
' [ |
% YI fy Optoons Tools Page Window Help 'jB,,m,c;, Y, L iy J_
A ~ !
&
/ Susceptance can be a shunt

transmission - line stub.
L B~ | | | Susceptance can be a shunt

—|— Y eters /\_S_parameters /\ fiqures of merit /\_noise fiqur 1 B'"afCh Y[ -
T : T T radial stub.

7 \L
S(1
A S g
h SN g
h S 4
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susceptance of Shunt Stub (Open-Terminated)

Short - Terminated

l_. l7Bmarch

] Bmatch

Open- Terminated

L—Y=0+ 70 l_Yzinﬁnity

ot* [S_parameters]:0 J@@‘ i t* [S_parameters]:0 g@
View Insert Marker History Options Tools Page Window Help File fiew Insert Marker History Options Tools Page Window Help
—
N~ \
5% | Slart
ww
Y=infinity
rameters /\ Z /\_s_parameters /\ fiqures_of ment /\_noise figure /\ s 11 db /

—F




= gain_plot* [S_parameters]:0 Q@ I |
File Edit View Insert Marker History Options Tools Page Window Help
- - Z,

Series line brings load
toY /Y, =1+ |B

Shunt stubadds
Ystub/YO — i.lB

Combination brings load
toY /Y, =1+ jO

< I
\_gain_circles TG garameters/\ Z Qammeters/\ S_parameters/\ figures_of_merit /\_noise_figure /\__ s_11 db /
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1st Shunt-Stub Matching Network

Network Topology

S,, before matching at 100 GHz

TLIN
TL2
Z=50.0 Ohm simple_hybrid_pi
E=0 {t} X3
F=100 GHz
Port TLIN Port
P1 TL1 P2
Num=1 Z=50.0 Ohm Num=2
E=0 {t}
F=100 GHz
[ gain_plot* [S_parameters]:0 m@
BI: ;Tﬂ i.:w ;5: :MatEr ;‘S':rgrx %\nzsélmj jai; Vlrmjlw \wﬂ?\: v ¥ & 7 [f|gein_testbench ~ S B

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

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

S(2,2)
S(1,1)




1st Shunt-Stub Matching Network

Increase TL, length untilY, /Y, =1.0+ |B:
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Reached when 271, / A = 68 degrees

[ gain_plot* [s_parameters]:0
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Increase TL, length untilY, /Y, =1.0+ JO:
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Reached when 271, / 1 = 65 degrees
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1st Shunt-Stub Matching Network

TLIN
TL2
) £=50.0 Ohm simple_hybrid_pi
Final Values X3
F=100 GHz
Port TLIN Port
P1 . TL1 P2
Num=1 Z=50.0 Ohm Num=2
F=100 GHz
Performance vs Frequency !
(DC-200 GHz frequency sweep, marker at 100 GHz)
e s
— 10
= 2 g E
:’% o -20__
-30 ] I | I | I | I | I '| I | I | I | I | I
0 20 40 60 80 100 120 140 160 180 200
\/ freq, GHz
\ A\ meters /\ z_parameters /\ S_parameters /\ figures of merit /\ noise figure /\ s 11 db / -
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2nd Shunt-Stub Matching Network

A shorter series line section TL, _ _
: The shunt stub must now be inductive
brings Z_.....s fromAtoB

2] ga [S_parameters]: @ ﬁ@
Fiie lew Insert Marker Hi Optio ools Page Window Help
T " C B 4
o~
NS
> Z
0w lJ
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= gain_plot* [S_parameters]:0 Q@
File Edit View Insert Marker History Options Tools Page Window Help
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N
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/
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Radial stub:

B A

C

L L

SNNE
ZL

Series line brings load
toY /Y, =1+ |B

M icrostrip Radial
Shunt stubadds
Ystub/YO = < JB

Combination brings load
toY /Y, =1+ jO

a wedge - shaped capacitor withdistributed effects accurately modelled.
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Jrd Shunt-Stub Matching Network

simple_hybrid_pi

X3
- Port TLIN Port
Final Values o1 e oo
Num=1 Z=50.0 Ohm Num=2
E=68 {t}
VReTUR F=100 GHz
Stub1 MSub
Subst="thin_film_microstrip"
Wi=10 um MSUB
L=98 um {t} thin_film_microstrip
Angle=90 H=4 um
Performance vs Frequency ° Er=2.7
T=0.25 um
(DC -200 GHz frequency sweep, marker at 100 GHz)
Sy s —
/\ i 0 1
—~ 10—
12 7 5]
35 D 50
-30 | I | I | I | I | I '| I | I | I | I | I
\ 0 20 40 60 80 100 120 140 160 180 200
e\ 2 pramstre 5 pramstes\ s of s\ s fre/\_S.11 2 freq, GHz




Shunt-Stub
Matching Networks...

...with general
line Impedance
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Trajectories for Adding a High-Zo Series Line

[Adding Series inductance |

|Adding series line Z,,, > Z,|

line

=7,

g line

EE gain_plot* [S_parameters]:0 @@ [ gain_plot* [S_parameters]:0 g@
Fle Edit View Insert Marker History Options Tools Page Window Help Fle Edit View Insert Marker History Options Tools Page Window Help

/ /\ ] / 4\
AT - o~
N~ o~
ol - e
Nt N
ww ww

\ a3
Zin line \_gain an,/ Iment/\ noise_fiqure /\ /
ZL

Behavior is intermediate between series inductance & series line of impedance Z,
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Matching Network with High-Zo Series & Low-Zo Shunt Lines

v = gain_plot* [S_parameters]:0 [;J@ | A

File Edit View Insert Marker History Options Tools Page Window Help

C B
a L L L.
T = 1

line Z() Z
L

Z/ ine = Z()

Series line brings load
toY /Y, =1+ |B

Shunt stubadds
Yo/ Yo =FJB

¢ ! >
\_gain_circles /\_¥_parame ters /\ z_parameters /\_S_parameters /\ fiqures_of_merit /\_noise_figure /\__ S 11 db /

Series line is mostly inductive, shunt line is mostly capacitive.
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Lumped vs. Distributed Matching Networks

LZ;nalched E:nalched Lserie.s'
—— — o |
T Ls‘lnm/z
series ’ " series Zl, ‘ H prm— m— Z I
Zslnmr ’ Tshum $ L.\' hun / 2 C Do v v $
o Cseries/z Cs'erie.s/z
L —r 1Z C _ z-shunt |_ . Z C _ z-series
shunt = *shunt=shunt shunt — 7 series Tseries series series — 7
shunt series
If weforce Z,.. —>wand Z  ..— O, .
while holding L. &C, ..constant, | reehed L
, 9
then Cseries — Lseries / Zseries — O ZI
2 C\' mun ]l
and I—shunt — CshunZshunt — O I e $

L - C matching network s limiting case of high - Z/low - Z network.
Distributed matching networkscan be approximated by LCnetworks
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Trajectories for Adding a Low-Zo Series Line

<Z,|

line

[Adding shunt capacitance| | Adding series line Z
Addingseries line Z,, . =Z,

[F= gain_plot* [S_parameters]:0 Q@ ‘ [ gain_plot* [S_parameters]:0
i Fle Edit View Insel

t Marker Hitory Options Tools Page Window Help

P

/

///_\
o~ \ o~
EN o= e
N~ = o — =
Nt Nt
ww ww
<
_| i in,line
ine

L/\ S_parameters /\ figures of merit /\ Zin e
Z, =7
line 0

v

= JOES

nsert Marker History Options Tools Page Window Help

Behavior is intermediate between shunt capacitance & series line of impedance Z,
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Matching Network with High-Zo Series & Low-Zo Series Lines

= gain_plot* [S_parameters]:0 @@
File Edit View Insert Marker History Options Tools Page Window Help | 3 | 3 | 3

Series line Is
mostly inductive.

5(1,1)

Shunt line is
mostly capacitive

Dottedlines show
lumped (L,C) trajectory

< 1
\_gain_circles /\_¥_parameters /\ z pammeters/\ S_parame terS/Ugures of_menit /\_noise_figure /\__ s 11 db /
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Lumped vs. Distributed Matching Networks

| Zmalched
— — —
Z/()w ’Tl()w Zhigh ’Thigh ZL
T. .
. __ “high
Lhigh = Thighzhigh Chigh =
high

If weforce Z,;,, > oand Z,,,, — 0,
while holding L, &C,,, constant,
then C, 1 = Liign/ Zign — O

and I—Iow — C|OWZ|%)W — O

|—Z.>l77alcl7ed 3 L
low high
o ) ,
T o proees R neee Z;
v v v v $
c./2 C /2 C,/2 C, /2
ow ow 1igh high
T
— _ “low
I—Iow _ Tlowzlow CIow _
low

|_Z>malcl1ed L high

0 |

\
/1

v C/ow $

L - C matching network s limiting case of high - Z/low - Z network.
Distributed matching networkscan be approximated by LCnetworks
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Given this mask layout...

|§ [ ADS_for_218a ] match3 (Layout):3

=0k
Fle Edit Select View Insert Options Tools Schematic Momentum EMDS Window DesignGuide Help
OEE8 [k HMeg e S LEBRH BT LY FER LFLHP>o00A
Lumped-With Artwork £ wl on L 1111 & % v.s default | _»E 3w af sb “E 3

;E|Ect: Enter the starting point 0 items 10.00, 0.00 10.00, -5.00 mi  A/RF SimSChEm>
...youreyesshould see this.
Z hec
L}lim/( hed ler high Ll(m' high
o o o o ,
v v v \4 v v \4 v $
C’/0 w/2 C/()w/2 C/z ig/z/Z Chi 217/2 C'/()w/2 C/()w/2 Crig/?  Chig?

high high
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Lumped vs. Distributed Matching Networks

| [ ADS_for_218a ] match3 * (Layout):3 -JOkd
Fle Edt Select View [nsert Options Jooks Schematic Momentum EMDS Window DesignGuide Help

Given thismask layout... o e o

<
Select: Enter the starting point

»
0items 2800.00, 2460.00  10.00, 0.00 um ARF SimSchem

...youreyesshould see this.

Z
matched L N L |
L I, 2 L, /2
: |

S i e VA

IR LR T

Gl G2 e, ...02 G S

series series series series
shunt shunt




Quarter-wave
and related
Matching Networks...



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

Quarter-wave Impedance Tranformer
B:Z A:-Z At load : ZZL — 1+11~:L
|—> Z/ine |—> | line - .-I:..
E Atinput: Zin :1+.13”
Zie 1-T,

But:
o e e — - F —FGMMM —F ifl=1/4
.l
P
‘B
S0
- z. (z,\
% in = Z L |f I = 1/4
ZIine line
A
| § / Z.Z =Z; ifl=1/4
as the impedance standard, not Z,

I, and T, are relfection coeffiecie ntsusing Z,...
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K
St s 2 2 Regardless of thestarting point(Z, ),
B Z. '_él and ending point(Z.. ), theimpedance
: trajectory contains the points(A, B),
e _— ‘L with resistive input impedance
e e e e : such that
o TN

s(1,1)

2
Rin,A ) I:Qin,B — ZIine
A
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Quarter-wave Impedance Tranformer: Resistive Loads

B:R,

|—> Z/ine I—->

_I

> o L
| I

(] X |

[ gain_plot* [S_parameters]:0
Help

Fle Edt View Insert Marker Hitory Options Tools Page Window

//

2

Rin RL — ZIine

/ B \ Pick line impedance tomatch Z, toZ, :
A R
\ ZIine = RLZO

yd

S(1,1)

P
g




Quarter-wave Impedance Tranformer: General Loads

Fora general load impedance Z, =1/Y, =R + JX|
whereY, =G, £ JB,, one can add a shunt
susceptance ¥ jB,, bringing the load impedance
toZ' =R' =1/G,

Then one adds a quarter - wavelength line of impedance

Zline — RLZo

to match the input impedance to Z,.
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