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LAB EXERCISE 2

Matching Networks and Optimization

Topics: Small-signal S-parameter optimization and designing matching networks
for amplifiers and other designs. Optional is the Impedance Matching too.

Audience: Engineers who have a basic working knowledge of ADS or have
completed the prerequisite course.

Prerequisites: Completion of lab exercise 1 of this course. Also, completion of
Workspaces and Simulation Tools or equivalent experience, including basic
circuit design concepts.

Objectives: Be able to set up and run the optimizer with multiple goals. Also,
simulating to verify amplifier gain and stability using a matching network.
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Lab 2: Optimization

Lab 2: Optimization

About this lab - This lab uses small signal optimization for matching a FET amp to 50
Ohms. This will teach you how the optimizer and goals are used. Afterward, you will
simulate with a matching network based on Load Pull results (lab 1) and created with
the ADS Impedance Matching tool (optional step only if you have time). Because many
designers use optimization for many purposes, this lab will teach all the basics.

1. Amplifier Design with Template

a.

In your my_FET_AMP workspace, add a new cell / schematic and select the

S _Params_DC template. Name the new cell S_Params and click OK.

This will be used to build and test the FET amp before optimization. The
templates automatically add simulators and components so you don’t have to
insert them from the palette — this saves time and effort. Your schematic should
now have the template items as shown here. Save the design (good practice).

i New Schematic 3]
= Tem
Libeary: [My_FET_AMP_lb ~ SN
Lm=4
L >-Parars 2=50 Ohm
Viewr: [sthematict Edit View Name. . L
Options

] Enable the Schematic Wizard
Schematic Design Temgplates (Optional):

S0 templabes: Spacams_whinise b

ads_templates: TDSCOM.. MultiCarrier _TX_test

— ads_templates: TDSCDMA_Drilnk_RX_ACS_test
ads_templates: TDSCOMA_DnLnk_TX_test
ads_templates: TDSCDM..._R¥_Sensitivity _test
ads_templates: TDSCDMA_UpLrk_TX_test
ads_templates UWE_RX_Sensitivity_test
ads_templates UWE_RX.._I1a_Interferer_test
ads_templates UWB_T¥%_test
| ads_templates:WLAN 802 _11a_RX_ACR test ™|

oy Tem
Term 3
Hum=3
=50 Ohm

P2

Start=10 GHz
Stop=10.0 GHz
Step=0.1 GHz

B | s-ParamETERS I @lncl
arsm
oc1

Activate for anvailable
gain and stability cncles

G Displ ayTemplate
cisptem pl
"S_Params_Quad_dB_Smith"
"S_21_11_wEoom”

b. Inthe corner of the schematic, click the Open icon as shown here to open the
HB1Tone_LoadPull schematic. Now, copy (Ctrl-C) the feedback network
(LRC), the FET, and INCLUDE component as shown here. Then paste (Ctrl-V)
it into the new S_Params schematic. Close the Load Pull schematic.

S_Params [My_FE

File Edit Select Vie

e

Dpen an existing
cell view:

8 Open Cell View
Ohm CupBS pF
Type: | Schamatic v ] show ADS ibraries
Lilbrgary: el e
My _FET_aMP b HE | Tesny_LiosdPull Sehematic
Dok _hon_Linea Hill Tore_LoadPul St
D0 _Mgwn_Linedsr b | Lo Pull_Trestrorresnt |
My_FET_AMP b Lowd_Tuner_Ciroular_wi-
5 _Params
oell_1
L x| L >
[ Q[ caesl |[ mebb |
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Lab 2: Optimization

c. Complete the design as shown here. You will need to insert or copy the
remaining lumped components and DC sources - you should know how to do this
already. At the least, rename the feedback components as shown here - this
makes it easy to identify them for optimization or not) later. Note that the values
used for the bias L and C are approximations.

ﬁ SRC.I
OK to rename the L=8nH = Vdc=30V
instance to R= -
describe its
purpose. FB= < =—
feedback. -
c = -~
C=10 pF — Term?
. I 2 Mum=2
. C=10 pF Z=50 Chm
% Term 1 S'LE » -_I_
MNurm=1 :
= z=500hm =M2 \:
L model=model 11
- [ nf=4
= SRCY gw=200 um Use F5 keyto
= Vde=-05V _M=1 move
componenttext

d. Activate the Display Template for the gain and
stability circles as shown here. This will create Activatedfar a\-_fia_ilab_le _
the pages in the Data Display and the plots as gain and stability circles:

you will see. == [Rag] DisplayTemplate
% disptemp?2
"Circles_Ga_Stab"
“Circles_Stability"

2. Simulate and examine Gain and Stability

a. If your design is correct and you have activated the i?i' S-PARAMETERS

template, go ahead and run the simulation using
P

the default simulation shown here. PR e I
Stop=10.0 GHz
Within a few seconds, the simulation should be Step=0.1 GHz

complete and the data display window will open
with all the template results. This saves a lot of time...
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Lab 2: Optimization

b. Look at Page 1 of the Data Display. Put a marker on S11 and set the Format to
50 as shown here. These results are expected — Zin is about 29 +j*8 and the gain
is about 14 dB at 7 GHz. Also, look at page 2 for zoomed-in views.

Page 1 : S Params Quad dB Smith
woe | romst | smeel | rem | o) | EGitmarker readout to set Zo to 50
Format .. k. Digits ) —_— . Fonsard Trang mi£ih, dB
e - — &8 N
Dependant Vaue Steith Chart Valse 14 -
Type 13 ﬂ
Impedance ~ mz \ 2 12
= | \ @ About 14 dB of
Coenplec: Format Complex Format - = 104 .
MagPhase v |Reaimagnary v il k I: } o gain @ 7 GHz.
iz \ 1
Zo
freq=7 D0DGHz 7
s0 %E::)ann—uzeumw?ss S N A S R
impedance = 29613 +9.320 12 3 4 5 8 7 28 9 10
\\\_‘—A/ freq, GHz
T T . treq (1.000GHz to 10.00GHz)

c. Look at Pages 3 and 4: these are the activated template pages and they show
both gain and stability circles. Move the markers to 7 GHz as shown here. Try
changing the step size of the gain circles. As expected, the greatest gain is at
the center of the Smith chart. On page 4, the marker at 7 GHz shows that the
amplifier is stable. With the source stability circle outside the Smith chart, it
simply means that anywhere inside the chart is a stable region — this is good.
Next, it's time to set up the Optimization.

Available Gain Circles Page 3 : Circles_Ga_Stab "\ Page 4 : Circles_Stability

& Source Stability Circle

t st ize and Source and Load
Se $bep sze les: Stability Circles Pl oove marker to desired
number ot circles: Fraquenty. The stability
ircles and stabiliy
. Bflrum_GAcircles=3 Factor, ¥ will be updaled
3‘ EWGH step_size=1 E..-_ \ RF Praquency Selecior
ot it | | ) ]
i i Wi G e B LA = =
H Stabllny a.-‘?m:Qﬁ .nfr'.':‘ﬁ'".‘f" I E =R é 5 s = 5 s =
K¢'|.'|'§,naemau:rl,|m iz & 00 OO0 00 0O
Factor, K Sk gain, 10Flog S 21 K512 L SRy, e
Stability
axGan \ . RF Fraguency F actor, K
15 8560 b g o e o pcian s 540 w1 600 I 1 |ﬁ
ca_ghi OO0 B 81000 Source Siabla Region Wl JEBcAi 1)) 2000 B 5 1000 i
IS dmi e AL o) 0/ D00 14 200 000 {nsite of outside cicle) 1

' H
W either mu_source or mu_load is =1, & 2

RF Frequency Selector ) \
Freagos [ ] fas ,f
1

JLARAFURAR" Ml N U N M ARt M| - the tircuit i§ unconditionally able 'f 123
P - = S~ P S <A = = | -uﬁ.mhunnm-m: . -""J_" \
= = == T -__.f e
8 8 8 G G 8 8 = G G ‘ux.n:m-;:_gmu;synqcns;cqu;n.pm 0
1
SPireq, Hz B sourca stab Cuntens_stab_onsta(SIFient 6510 LAY " S M Skl k' Y %
LR

ove marker to desired | [r RS J
requency to update plot] |=E a5 B3P 5P 1o 00

d. Save the schematic (keep it open) - Save and close the data display window.
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Lab 2: Optimization

At this point, you have seen some load pull results plus the Gain and Stability results.
Next, you will set up an optimization to match the input and output to 50 Ohms.

3. Set up an Optimization controller and Goals

a.

In your schematic, use the command: File > Save

As and save itas S_Opt. Now yo

swap out a few components for the optimization.
This also keeps the workspace organized with cells
that describe the contents or simulations.

OptimStat/DOE

Go to the Optim/Stat/
DOE palette and insert an

Optimization controller e
and one Goal shown .ﬁ
here. 3|
M
Edit the Goal by double &
clicking. In the dialog @
box, type in or use the =

buttons to make the
following settings and
click Apply each time:

e Expression: dB (S11).

e Analysis: SP1 (or the
S _param controller name
that appears) with the arrow
button.

e Freq: Check the box and
type in the frequency range
columns will be added to the
limit lines — you will set the
frequency in the next steps.

E Save Design As

File:

ell:
u only have to °

Wig:

Tvpe:

Library: | My_FET_aMP_ib ~|

opkions

Save the entire cell

X

|5_cpt |

| schematic |

Schematic

[ o *[ cancel | [ Heb

(@[]

i v .
/ EE;:;;g',:c;:._Pananm

L seAlIGoals=yes
SaveCumentEF=no
EnableC ockpit=yes
SaveallTnals=ng

DesiredErmr=0.0
Statuslevel=q
Final&nalysis="None®
Had NormalizeGoals =yes
w EiBEStValues=yes
%_ Saves =YES
Thdigt SaveGoals=y
SaveOptim Vars=n
g.:l UpdateDatasetayes
SaveNominal=no
R SaveAlliteralions=no

UsEAlOpIVars=yes

&= Optim Goal Input:

| GOAL l

Optim Goal1

Expr=
SiminstanceNames=
Weight=
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Lab 2: Optimization

e Type: Use your cursor to set the limit type to: < (less than).

e Max: Type in the value of -10.

This means your goal must
be a value of S11 that is
less than -10 dB. In other
words, it cannot exceed the
maximum limit of -10 dB.

e Freg min & freq max:
Type in the values for the
frequency range: 6.5G and
7.5G. This means that the
optimization will only
operate from 6.5 GHz to
7.5 GHz. Also, G is used
(same as e°) because freq
is a reserved variable and
uses Hertz by default.
Click Apply.

Optim Goal Input:3

ads_simulation: Goal Instance Name
OptimiGoall
Gnal Infarmation Display
Expression: |dB(S11) A Help on Expressions
Analysis: SP1 w
‘Weights 1.0
variahles: o0 ] time i
Limit lines
Mame | Type | Min Max ‘Weight  freqmin | Freq max
1/ limitl -V% -10 1.0 6.5G 750G

Verify that your Goal Information and limit lines are set as shown here:

d. Go to the Display tab and check the boxes shown here. Click Apply and

then OK. Your Goal should look like this one - if not, check your work.

Uptim Goal Input:30

ads_simulation: Goal Instance Mame
OptimGoall

G0al Information Dispilan:

Display parameter on schematic

”~
RargeMax

IndepWar
[ Limitrame
[ LimitType
[ Limikrin
LimnitMas
[ Limitwweight:
IndeplMin
IndepliMaz

| GOAL I

Goal

OptimGoal1
Expr="dB(S11)"
SimInstanceName="3P1"
Weight=1.0
IndepVvar[1]="freq"
LimitMax[1]=-10
Indep1Min[1]=6.5G
Indep1Max[1]=7.5G
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e. Copy the S11 goal - select
it and use the copy icon.

f. On screen, change the
goal expression to

“dB(S22)" as shown here. Now, you have two goals:
one for the input and one for the output match.

il

Lab 2: Optimization

| GOAL I

Goal

OptimGoal 2
Expr="dB(S22)"
SimInstanceName="SP1"

Weight=1.0
IndepVar[1]="freq"
LimitMax{1]=-10

Indep1Min[1]=6.5G
Indep1Max[1]=7.5G

g. Set up the Optimization controller. For this lab exercise, most of the
default settings can remain, including the Random type. However, use
your cursor on-screen to change the MaxlIter = 50 and the FinalAnalysis
=“SP1". These settings mean that the optimizer will run for up to 50
iterations to achieve the goals. The Normalize goals setting means that all
goals will have equal weighting. Also, the Final Analysis set to yes means
it will automatically run one final simulation with the last optimization
values so that you can plot the results without running another simulation.

Note on other Optim parameter settings:

NormalizeGoals = yes means that multiple goals are equally weighted.

SetBestValues = yes means that the
components on schematic can be
updated with the best optimized
values.

All the Save settings save data to the
dataset. In some cases, this can be a
lot of data and a lot of memory. Also,
the default is to use all goals and all
enabled components (next steps) on
the schematic. However, you can edit
the OPTIM controller and select which
goals or variables to use.

NOTE: The ‘Save’ parameters that are
set to ‘no’ mean that those values will
not be written into the dataset.

Setthese:
—> CFinalAnalysis="SP1"

| opTm |
Optim
Optim 1

Optim Type=Random UseAllGoals=yes

Vi SaveCurrentEF=no
: EnableCockpit=yes

SaveAllTrials=no

Normalizelsoals=yes
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=yes
SaveOptimVars=no
UpdateDataset=yes
SaveMominal=no
SaveAlllterations=no
UseAllOptvars=yes
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Lab 2: Optimization

4. Enabling Variables or Parameters to be Optimized Displayi
Farameter Riows
a. In schematic, use the command Options > Preferences 15
and select the tab: Component Text/Wire Label. Turn on Format
the Full display for Opt as shown here and click OK. This Ful Short None
will allow you to see the range settings. wme© ® O
O O
stak (O @ O
b. Edit (double click) the input capacitor (C1). When the dialog EQ ® O
appears, click the Tune/Opt/Stat/DOE Setup button. In the
Optimization tab, set the Optimization Status to Enabled.
Then type in the continuous range: 1 pF to 20 pF as shown here. Click OK twice
and the component text will show the opt function and range in the full format.
Use the F5 key to move the text if it overlaps the component or wires.
8 capacitor:1 E i Setup:1 El
ads_fibeC Parametar Entry Mode o | optinzation | gpuges [t}
Irstance Name (name] <start:stop:]) Standard ] Crpimiz aticn @
i
Select Parameter < Type Continuous w
T = & Fomst  |minjmax
o [ equatinEdice.. | S
|1ﬂ¢0ﬁmmmﬁl _> 1 oF
M Wahos
20 pF w
] epleyprameter sl | ) 55 ke‘_fto =
----- Component Options ] C1
move text: C=10 pF opt{ 1 pF to 20 pF }
& Capaclaris I—
Co) Cam) Com) (=) O @?Iﬁl

c. Go back to Options > Preferences, select the Component Text/Wire Label tab
and reset the Opt Display Format to Short and click OK. Then insert your cursor
on-screen into the value area and notice that the full details appear. This is how
you control displayed component values for Tuning, Optimization or Statistics.

S

Sheort C1 Cl -
opt O (EE O : C=10 pF {0} == C=10 pF opt{ 1 pF to 20 pF )

Copyright 2013 Agilent Technologies
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Lab 2: Optimization

Now you know how to enable and display the values for a single component. However,
there is another way to control variables for optimization, especially if multiple variables
are to be tuned, optimized, or use for statistical analysis as you will now see.

d. Click the command Simulate > Simulation Variables Setup. Go to the
Optimization tab and notice that your enabled capacitor and values appear.
This setup makes it easy to set multiple parameters or variables (VARS).

Simulation Variables Setup

8 Semdste F7
Simulation Settings... Turing Optimzation | Statistics DOE
Simulation Yarsbles Setig... s
Hesrarchy Explorer.,, 4

Bhame Optimize “ahwe Unt Format | Ming+-f+- Unt | Max Unit

= My _FET_AMP_lb:5_Cypbischematic
= DEMO_MNETLIST_INCLUDE
H1

Component parameters or ok H & = o

variables that appear here e O 27 nH i

can be set up for Tuning, e O & o s

Optimization, Statistics . 0 & p WS

or DOE instead of enabling T S —

anﬁ seﬂtipg them in :> sa - 0 o e 1 v om o
schematic.

e. Set the other bias capacitor and two inductors (C2, L1 and L2) to be optimized
(check box) with the values shown here — click OK when done.

&% Simulation Variables Setu p

Tuning | Optimization | Stabistics | DOE
Pl Cpkimize Yalie Linit Format I'l'i1j'-| Unt  Max Uik =h
= My _FET ...
= c2

C 10 pF minfmax 1 pF 15 pF
=-C1

C 10 pF minfmax 1 pF 20 pF
= L1

L g AH minfmax 1 AH 12 fiH
= L2
H L & nH minfmax 1 nH 12 nH

NOTE: Naming the stabilization feedback components (LFB, RFB, CFB) made it easy
to identify from the bias L and C components without looking at the schematic.

Copyright 2013 Agilent Technologies
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Lab 2: Optimization

f. Deactivate the DC controller, and the two data display templates. These can
be re-activated later if you need them. Verify that your schematic looks like the
one shown here with four components enabled for optimization.

FIEEE Y e |
- JETTT™" T
0: :.”:1 -F:!FB - : L1 : + SRC1 GOAL
plim CFB V=g nH{o} | = Vdc=30V
OptimType=Random  UseAllGoals=yes R=85 Ohm ol I B= foh1 - Goal
C=85 pF Hiooood OptimGoall
Mz xdte re=50 SaveCurrentEF=no P 0
Desire dError=0.0 EnableC ockpit=yes 1 Expr="dB(S311) i
StatusLevel=4 SaveAllTrials=no = Siminstancehame="5F1
Final&nalysis="SP1" pm——————— WL Weight=10
MNomalizeGoals=yes I 1 IndepWar[1="freq
SelBedValues=vyes ] @ 1 Limithax(1}=-10
Seed= | C=10pF{o] | Inde p1Min[1]=5 5G
SaveSolns=yes . 7 IndeplMaxl F7.56G
SavaGoale=yas ) |
SaveOplimvars=no arrm GOAL
UpdateDataset=yasz Term1 .
SaveNominal=no Mum=1 ol
SaveAllllerstions=no Z=50 Ohm S — = gnhm-gdg?gzz}-
UseAllOptvars=yes = - p=
TQ +_ VD ni=4 Siminstanceiame="SP1"
= SRC2 gw=200 um Weight=1.0
—T Wlo=05Y _W=1 Indepar[1 E freq”
] Limiltdax[1}=-10
DEMO KIT TECH INCLUCE ‘ Deactivate: [fga s-PARaMETERS | ot
— O LTIy Indep! Max{l E7.5G
B ool ¥ piMaxl =
DEMO_NETLIST INCLUDE e SPI
SESEH T/{ Start=1.0 GHz
Er=129 ﬁ Stop=100 GHz
C P
D“ Step=0.1 GHz

# Simulation Settings:3

Simulation mode

Qutput Setup Remate Distributed Simulation Manager

5. Running an Optimization

a. Before running the optimization, check the
Simulate > Simulation Settings and set
the dataset to the cell name as shown Dataset
here. Click Apply and then Cancel. e iitisalii

[5_opt
This is always a good idea to ensure you Dsta Disply
do not overwrite a dataset. e celname
5_Opt
b. CIICk the Optl m | Ze Icon to ru n the Open Data Display when simulation completes
Opt| m|zat|0n i Hierarchy Policy:  Standard
% @ it e e e g T
Optimize Simulate Apply
Performs inkerackive optimization of
design parameters,
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C.

Lab 2: Optimization

Immediately, you will see the Optimization Cockpit, Status window and Data
Display appear. The cockpit shows all the information you need. Notice that the
goals are not achieved after 50 iterations but the error function is close to O.

Optimization Cockpit

¥ Cont

) W )

i% Status

! m MO

Variables

Tteration S0/50  Elspsed time: 15  Stoppang reasen: t’/

Goals

4 variables | Start Turing || |El#\'¥\eblﬁ...] Zgoaks  Emor: 0.0985912

cl.c
cc

Li.L

Error history

TocalonMakrasched Lo oot

Status: goals
satisfied or
iteration limit
reached.

Error value—
= | almost zero |
SWDF_ OptimGoall = dB{511)
»521050" bl \\ ﬂ
e
lt,mg,n.ﬂ- F::on:em-am-t <€ Plots — can
T CptimGoalz = d&l522) Lse CLrsor.

Tuning available —
showing last values.

NOTE: Your values may differ slightly due to the random seeding and algorithm.

d.

In the Data Display (S_Opt) insert a rectangular and a Smith chart as shown

here. On the rectangular plot, insert Line Markers on 6.5 GHz and 7.5 GHz. On
the Smith chart, set the markers to 7 GHz in 50 ohm format. Notice that the S11
goal was achieved but S22 was not achieved.

g
| =
== | 4

g

Insert A Line Marker

dB(5(2.2))

dB(S(1.1))

w

o

v | m1

“A 0 [freq=6.500GHz
dB(S(1.1))=-10.053
dB(S(2,2))=-5.909

m2

freq=7.500GHz m3
dB(S(1,1))=-14.559
dB(S(2,2))=-7.177

eq=7.000GHz

5(1,1)=0.248 7 169.505

r
|

optiter=37
mil m2 impedance = 30.260 +j2.919
s
/

o m4 m3
[

~~N———— o
(517

m4

freq=7.000GHz
S(2,2)=0470/173.667
optlter=37

T
1 2 3 5 [ 7
freq, GHz

B &

impedance = 18.088 +j2.405

gl x
L) )

10

freq (1.000GHz to 10.00GHz)
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Lab 2: Optimization

e. Save and close the Data Display

f. Click the Close button in the Optimization Cockpit — the click the button: Don’t
Update the Design. This means the L and C values will not be updated — this is
OK because you can re-run the optimization to get the results back again. Also,
you are going to be using new values for the amplifier as you will see later.

g. Save the schematic but keep it open.

—— . Optimization Coc... @
NOTE: Optimization can be use with other Before closing the codp:

simulators such as Harmonic Balance to
achieve other goals. The Examples directory
has numerous optimization setups. e LY

6. Simulate with a Matching Network
a. Inthe S_Opt schematic, click the command: File > Save As.

b. When the dialog appears,

name the cell: Save Design As X
S Params_Zmatch as .
shown here - then click OK. Re _
Library: | My_FET_AMP_lib v
Cell: ' 5_Params_Zmatch
. . Wieww: . hemati
The copied schematic should o e
appear in a new WindOW ready to File path: | Yourwaorkspace file path will appear hera...
use for the next steps. Type:  Schematic
Options
Save the entire cell
I oK I [ Canicel ] [ Help |
A I
o EFB ! L J_V-UC | LA |
Optimt B L + sRei Goal
| SawAlTials=no L E%%‘Eﬁi‘:z SF1
c Limithdax[f ]=-10

L

i)
C=10 pF s} = I_ & Jem dep bl i

I T 1 Mam=2
C=10pF o} 250 0hm
Tz )
= =8 nH o demo_t1
b2

Useil (pthdirs=1es

LEE

=4

El o

TG

=
Lk Jaso

= T model=medel1l SOAL
= W 0C =
SRCE qu=300 um Goal
WHemD5Y et OptimiGoalz
— Epr="dB(532]
aa.‘l-f DEMO KIT TECH INCLUDE L “gR1
= 5| srensuetERs ieighr= 10
DEMO_NETLIST_NCLUDE ndepvar(1]="req"
DEMO_NETLIST_NCLUDE spieen limithx(1E-10
Hi=100 um ndepinin{l]=0.55
Erl=120 [} = = Siart=10 GHe R
T |70 Stop= 100 GHe
Step=0.1 GHz
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Lab 2: Optimization

c. Inthe new schematic, S Params_Zmatch, add the output matching network
with the L and C values to as shown. If you have time, rename the components
(L_out_1, L out 2, C out) as shown. This may be helpful for identifying their
purpose. The resistive value for the inductors is negligible but realistic.

L_out_1=590 pH
L_out_2= 43 nH
C_out_1= 585 fF

c1
e Temm2
} Hum=2
Z=50 Ohm
Term 1 £
Hums=1 i
= Z=50 Chim =
= t l@ SPARAMETERS
= sRC2
= Vide=0 5Y SP
|$ OC Start=1.0 GHz
= Stop=10.0 GHz I o KT TECH IS
C T Step=0.1 GHI ‘&-" DEMO ECH INCLUDE
o ; gisplemp2

disptemp *Circles_Ga_Stab®
*5_Params_COuad dB_Smith® *Circles_Stability
*5_21_11_wZoom® )

CEMO_NETUST INCLUDE
Hi=100 um
Er1=129

d. Activate the DC controller and the two templates as shown here.

e. Simulate. Then verify that your schematic is similar to one shown
here and Simulate. Then go through the pages of the Data Display - you should
see similar results — add S22 to the Smith chart as shown. This design shows
stability and, at 7 GHz, good gain with a good match to 50 ohms.

Input Reflection Coefficient

f. Save and MaxGain 7
15.550 3
close all your E’???L%C'S?Pfum
work. - but R R T impdance <51.431 +17422
continue to y - \"&2
the Optional ~ q= [/ _ \
H @ 1.54 / S
Step if you 38 1 17 \ Bt \ K“ 8|
have time. 2219 \ /
E 1.2 Vi y m2
| [ A freq=7.000GHz
Ly T $(2,2)=0.072 /20,722
10 panag T | A AL AR Rrasn Raans impedance =57.166 +]2.938

freq (1.000GHz to 10.00GHz)
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Lab 2: Optimization

7. OPTIONAL: Impedance Matching tool

a. Inthe Main window, use the wizard create a New Workspace and
name it: My_Z match and select only the ADS Analog/RF library and ﬁvq
only the ADS Analog/RF technology as shown here.

I\ New Workspace Wizard

I\ Advanced Design System 2012 | {Main)

Workspace Name File Yiew Options Tools ‘Window Designkits

Choose a name and location For the ne g e __q @ n
I! l“‘f ‘."‘_-IE t—!ﬁ - E 5

File View | Folder View | Library Yiew

= [W] ADS Libraries $ W iC:\Users\defaultiMy_Z_match_wrk
= Pty e A

Standard ADS Lavers, 0.0001 mil lavout resolution

Workspace name: |My_Z_match_wrk

b. In the new workspace, create a new cell/schematic
named: FET_match.

i New Schematic

Library: |M"f_2_match_lib

Cell.  |FET_match |

c. Inthe new schematic, select the command: Tools > view:  [schematic |
Impedance Matching. When the Utility dialog appears,
click on the Component palette icon and the Impedance Matching palette will
appear in schematic. Then insert the bandpass component.

e Impedance Matching Utility

L Lavout  Simulate | Eje  Tools  View Help
GEMESYS Synthesis. ..

! SPECTRASYS... of P =0 X
| Encode Deslgns... Current Schematic Component Palette hor

IF-W Import |FET_mat|:h [My_Z_match_lib:FET _matghischen v |

LineCalc !

Seith Chart...

Impedance Matching... I ]

Model Composer 5 | - Impedance Matching v/ v O
Palette =

S\
n iy
|:'.-"-._|_: B andpassh atc I"|_r |:T_r"'|._-'|',|'_ n

M TEH
4 v DA _LCBandpassidate hi
FE L
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Lab 2: Optimization

d. In the Impedance Matching Utility, use the pull down arrow to select the
SmartComponent: DA_LCBandpassMatch1 as shown here — it will be
highlighted in schematic. This is necessary so that the utility recognizes it.

i Impedance Matching Utility

File Tools ‘iew Help
o PR 0 X H

Current Schematic
FET_match [MY_Z_match_lib:FET_makch:schan

Current Design
schematic
COvarview Matg

Specifications

¥)A_LCBandp
DA_LCBandp

FBEX
‘SmartComponent
DA_LCEandpassMatchl nd
omponent Capability %
ign, Simulate, Yield, Display
istant ‘field Assictant Display Assiskant |

In the Matching Assistant tab, set the frequency range Fp1=6 GHz and Fp2=8

GHz for this exercise. Set the Source Impedance to Complex Impedance and
the Z = (19+j*2) - be sure to include the parentheses — and check the box to
Interpret as Input Impedance. Finally, set the Load Impedance to Resistive 50
Ohm as shown here. Then click Design at the bottom.

o Impedance Matching Utility

Fle Tools Wew Hep

o R et X

Current Schematic

Current Design
schiematic
g ] Matching Assistant
Specificaticns

Responss Typs
Chibyshey
Synkhiesis Tachngus
JAnabytic

TErrrin St

Source Impedance
Conpha Impesdance b
2= ((194%2) ||Ohm |

pF
Filsi = |70 ree o [5(1,1)

Interpret s Input Impedance

Browss ...

| Design % rmrT—r———

SmartComponent

FET _match [My_T_match_lbeFET_matchischen w | | Di_LCBandpassiatch]

SmarbComponent Capability
Dexsign, Sievudate, Yield, Display

Shnulation Assistant Yield Assistant Display Assistant

Crdar (N) Fpl
3 & GHz "
Gain Changs (dB) Fp2
~ |0 ] =Hz W
Load Impedancs
Fieighineg o
R= |50 Chm  |w
| _:r--r
Fle Zload, snp |S01,1) Enpom |
Irterpret as Cutput Impedance
Help |
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Lab 2: Optimization

NOTE: 19+j*2 is an approximate value of load impedance from [ ——————
the load pull results (lab 1). This value will be seen by the =
amplifier output, and 50 ohms will be seen by the next stage. In

other words, this is transforming the optimum load match to 50  [JelEEiREESE
ohms..

Lossles:
Meed Hi

This tool will synthesize an Mth order
netwark, but may absorb part of the

network into the source or load impedance, Ed
The final number of elements may therefore

f. If the settings are correct, you should immediately see S

the tool working. Click OK to the prompt and you will

. . TN
see the network. It is a lower level hierarchy to the i
component you inserted.

g. Next, go ahead and click the Optimize button and you will see the results similar
to those shown here. This is the network that will be connected to the amplifier
output. Also, notice that you have some new cells added to the workspace.
kit L

1T oF rmtmorke Cptrinitian Rande
Muaepwss Paibiared Errer Pacihend Remonse | Cptmization Markes
e | c"-"'?"?"**-'m ------- __)_,.,-"'_"x\ ------- (&) Frequercy Rarge
. s :w': = /__/ \ ' () Dscrete Fregusnciss
-1 u MO 5E Le=5F2 T32E5 pH ! # S et 4G
L=k A A pH PLE PG L= 2505 il OB 154502 FF | Ivd A
G ‘:;;-{;m- gt Port 1 1\1- ton | B
dBidaion 001 S [#] Ausoacale
Sedect | Ophimize: 1l Cptamaze i

h. Save and close the schematics or other design windows.

You now know how to use this tool for creating matching networks. Also, this is
the matching network that will be used for the FET amplifier in the next lab.

In the Main window, use the command File > Recent Workspaces and go back
to the My_FET_AMP workspace.

END of LAB EXERCISE.
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