Tutorial for Novices to Agilent’s

Advanced Design System (ADS)

by
Dr. B.S. Virdee

In this tutorial we will see how to use ADS.
We see in this tutorial how to do Single-Stub Shunt matching
We see how to use Smith Chart and also Rectangular to get matching

To Start ADS in the Microwave lab (PC)
Double Click on ADS icon: Advanced System Design.
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1. Create a NEW Project Directory.
e Create a new project by clicking on New Directory icon

i Advanced Desigp system {Main)
File “iew CyaMfionzs Windoy Helga

%[5 2|

Project Higrarchy

tegt_chung_prp | - D:hads_folderstest_chung_pr

B

Halfl mom_dzn

Halfl nebwoarks

80 synthesis

#--£3 verification

Vads_foldertest_chung_pri i

e Then, you will have the window below. Click on Length Unit and select ‘micron’. Click
on ‘OK’ on Length Unit window.
e Then, Type the directory name that you wefit. Click ‘OK”’

Hew Project

I ame

< iD:'xsingIe_stuI:u_pri > Bru:uwse...l

(] | Eancell Help |

Length Unit |

Select the Length Unit and the
Lavout Lnit for the project.

itz
i |

 millimeter

k. | Eancell Help |
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2. Open a Schematic Window

e Click on the icon ‘New Schematic Winde
' Advanced Design System (Main)
File ‘“iew Options Wincow

SIS B

File Browszer Project Hierarchy

- test_chung prp | | - [rhads folderstest_chung_pri
L,

&

&--C0 mom_dsh

&#-E0 networks

-5 syrithesis

-2 verification

sads_foldertest_chung_pr v

3. Get parts and Paste

e On the Schematic Window: get a part MLIN under Tlines-Microstrip category, or type
‘MLIN’ in the part window.

e Then, paste the part on the center of the window by clicking left mouse button.

¢ To stop adding the part, push ESC key, or select ‘End commend ESC’ in the menu by
clicking right mouse button.

Category Part Window
m [ single_stub_prj ] untitled3 {Sch.ematic):4
File Edit Select “iew Drgw” Component Options Tools Layout  Simulste e Help
5 |
N ;=‘| 1>| /|>| e
= i
MIGAPS | Hlang T s
SubstE="MSub "
:I|'|J'|_|: R R I o s I I I
Ml Mlangs {c oo oo oo oo oo oo pPEldl e o o o s s oo 0o ce s s e e e o8 oa s oo
ML MLIN o i
{1 | e °
MLOG | MLSG b - SeleCt . . o
= - - | TLine-Microstrip :
Mrind | rindela Category
4= | 4= | - - | Use the scroll bar, :
ritdnbr | ritidwhbr | . .
e | - and find/select ,
rindelm | rindsbr | - [ MLIN. '
[Select: Enter the starting point 0itemz fvire 0.500, 2625 4000, 2875 v
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4. Copy/Paste and Move a part

e Highlight/select the part that you want to copy, and click on copy under edit.
e Click on left mouse button at the place to paste.
e To move a part, select a part and drag the part.

g [ single_stub_prj ] untitled3 (Schematic):4
File W@ Select “iew Craw Component Options Tools Layout  Simulate  Windos Help

Unch Cirl+Z e
R [ e T o [ TR IR =Y
ele = Dl Copy Relative... 'I D"

Copry Clrl+iC
Delete &l Copy To Buffer... Cir+B
Rotatetdirrar »  Paste From Buffer  Crl+Y
Edit Text... Copy To Layer ..
Step And Repest...

=ielEl

Componernt

ScaleiCversize
Wertex
Moty : P o I ..
Syimbad] .. .. . . . SubsE"MSubi®
Praperties. . S .. wesomi
L=100.0 mil

- vy v r

hALIM -

7o | 2= | B
L= g | o Ol T ol

'u
=
o
=
=

FClros

L == ]
Gurve | PCILG
1 2
PGLIN PGLIN

==
FGLIN FGLIN

= =

FEe FGe
PCLIN | FCLIN | -]

=
o

Sl

[Select: Erter the starting point MALIN TL1 fvire: 1625, 0.500 F3.250,-0.750
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5. Calculate length and width of MLIN with Line Calculation Tool
o Select/highlight the part and click on Start Line Calc under Tool/LineCalc menu.

m [ test_chung_prj ] untitled2 (Schematic):2 !Elm
Fil= Edit Selzct “iew Drawr Component Options BGEEE Layout  Simulste  Wincow Help
DSP Fitter L3 -
| | = fi vz |- | = | 4
Dl@ IE] |§| k [:]"E] u’uu vﬁ ﬁ HDL Generstar 4 T.El- h"' b
DSP Synthesis
ILumped—Cumponenls j MLIP c S
E-Syn > .
ﬂ P o O Sen e = o i e
i | [ ice Model Generstor
= Update selected Compunent From Liness
R R IC-CAP Import 3
e | User-Compiled Model F | Elaee Mewy Synthesized Eormpnment
L 5
=
7| e P N T
+ E!
= = P Sa s s oo os oo EGESTEGE ¢ ¢ o
oceiek | sRoRT P oo wepume - - - -
° o o o o Co. . ... s0Dume .. .
MUTIND PLC
FRC PRL
A | [
PRLG | sie |-l ... .
Select. Enter the starting point [Ditems fevire: v

e Insert substrate parameters: H=1270um, T=12.7um, Er=2.2 (Match with your substrate
parameters).

e Type in Zo=50ohm, Frequency=2GHz and E_eff value.
e Click on Synthesize arrow. It will calculate W and L for you. (Check Unit =um)

& LineCalciuntitled =]
File Simulation Options Help

M= EIE]

Compaonent Type Component [0
’]MLIN [ select.. | ’]MLIN_DEFAULT Select..
— Substrate Parameter r— Calculated Results
Physical K_Eff=1834
& DB =0.001
D W Select _ | K [3897.850000 | fum =] " Fik SKirDepth = 0.063 mil
o [ = L [4804 240000 | fum =] " Fir
[T000 e | v -l
[1z70000  fum ] 7~ TN\ s
[29e+34  fmil ] -
:14212:0 J Electricy e - Z7.0=50
o i ¢ SN s
Component Paramzssm E_Ef¢T15 aan B Y E_eff =
Freg @ IGHZ \ Length of line =
wiall 0,000 i Substrate- N\ 0.04421*360 ® /A
el o parameters | o =15.84
|\-"a|ues are congistent \\ Frequency
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6. Change Component Parameters

e Either double click on the part or select the part & click right mouse button (Then, click
on ‘Edit component parameters’)

¢ You can change the part parameters on the Schematic Window by click on the value of
Wor L.

e Change width (W=3891.85um) and length (L=4804.24), from the numbers (W, L) in
LineCalc window.

iF [ test_chung_prj | untitied? (Schematic):2 !Eﬁ
File Edt Select Yiew Draw Component Options Tools Layout Simulste  Window Helg

=l = e 1 = T R S 2 RN RN RN 5 A A [l o [l
ILumped-Cumpunents jIMLIN j O“l = |m| '&l\.lwl {g}lwbl

R

Sk
I

=

DG Feed

B3

DGEIck [ SHORT

| A MLIN
MUTIND PLG

Ubst="M5ub1"
G ;j m W=38p1.85 um
PRG PRL . . Ce e | =A4604 24 um

B

PRLC SLG

A |
SRE SAL

e |
SRLG GAPY
oo |

INDg | PLGE | |

pn-‘screenAnnulEd‘dur.in‘pru‘gre‘ss. - .NL.\N'I"L1. — |wir.e hDDD,.QQS. - .}2.00.0,2.82.5 — Fn m

i Libra Microstrip Line:2

PALIR Parameter Entry Maode

Inztance Mame
|TL'I

Select Parameter

'/=3891.85 um

L=4304. 24 umn

Wi all2=
Temp=
Optimization/Statistics Setup... |
[v Display parameter on schematic
Lol | (S0t | Eazte | Component Options... |

|L: Line lenath

] I Apply I Eancell Reset Help I

“Dr.B.S.Virdee



7. Add MTEE part, Change width of MTEE and Move Text of a part

¢ On the Schematic Window: get a part MTEE under Tlines-Microstrip category, or type
‘MTEE’ in the part window.

e Then, paste the part on the center of the window by clicking left mouse button (Connect
to MLIN).

¢ To stop adding the part, push ESC key, or select ‘End commend ESC’ by clicking right
mouse button

e Change Width of MTEE is 3891.85 um.

e To move a text box of a part, push F5 and click on the part. Then, move the text box and

place.

i [test_chung_prj ] untitled? (Schematic):2
File Edit Select “iew Draww Component Options Tools Layout Simulste  Wincdow Help

DIOIAI

mo [wae | |
.,<} T
MRSTUB | MSIKD | | . . . .
m u|_J|:||:k .......................................
O -
.......................................
L r[::apm ......................................
’ + - . s \; F T
<| ool B o | I AN N o
MUEE JMIEL L . o o b mw
Nl MTEE S SullsiEtMsupl L L L
mebon | 6 | L . b ge.?t_,,ms.m,, Sw=p8s1BsSUMm
Q== 101t L=4204.24 um
Jllllllllllllllll" @ .............. We=2891 25 um - o - - - - - - -
TFR YIa L CW2=3B 85w - 4 - - -
.............. W3I=383185um . . . . L L
£l
P L NG
17
Eelect: Enter the starting point 0items favire 2000, 1.750 FE.125, 3750 in aRF G
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8. Add Open Circuit Stub (MLOC)

¢ On the Schematic Window: get a part MLOC under Tlines-Microstrip category, or type

‘MLOC’ in the part window.
e Then, connect to the MTEE part.

¢ To stop adding the part, push ESC key, or select ‘End commend ESC’ by clicking right-

side mouse button
e Change Width of MLOC (3891.85um).

¢ To rotate a part after paste the part, select/highlight the part and click on Rotate under
Edit menu, or click on Rotation icon. Then, move the mouse and rotate the part/paste.
e To move a text box of a part, push F5 and click on the part. Then, move the text box and

place.

Rotation Icon

= [ test_chung_prj ] untitled?2 (Schematic):2

File W=Eil Select “iew Draww Componeg

Unicla Crl+Z
borve +

T
<
B
[ ]
O

CopyiPaste +

[
ﬁ Delete Dl

182 K

T
£
i

Delete b

Rotatedirror
MG i AT F o Reference
“Tm Component »  Rotate Relative...
MGk  ScaleiQversize F  Set Rotation Angle...

»

»

ﬁ “ertex

Mlan haciity

Ilirror Akout & Ctrl+Y

Mirror Abaut ¥ Crl+¥ bt

S -
Sum -

Propeties...

=
—

2 o

o & T

s
L

=
=9
=
=
]
=9
=
=

z
=9
o
=
E@E
=5 |§

MSLIT ME0F j

S E-T

5 o a Subst:'!MSLJm:" Change Width
- Weasling— W=3891.85 um

Skl i L ....owWw3=3se1ssum

L

L1
© Subst="MSubT"
- W=3891 85um -
. L=4304.24um- -

©ORLOT

Eeled: Enter the starting point MLOC TLZ2 favire 1 625, 2.750

13,500, 3625

in g
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9. Calculate the length of MLOC and Change Parameters of Open Circuit Stub (MLOC)

e Select/highlight the part and click on Start Line Calc under Tool/LineCalc menu.

e Insert substrate parameters: H=1270um, T=12.7um, Er=2.2 (Match with your substrate
parameters). Frequency =2 GHz. Verify the units of parameters.

¢ Type in Zo=50 ohm, Frequency=2GHz and E_eff value=52.920.

o Click on Synthesize arrow. It will calculate L for you (given W=3891.85um).

i LineCalc/untitled !E[
File  Simulation Options  Help
Component Type Component |0
’]MLIN Select... | ’]MLIN_DEF&«ULT Select..
— Substiate Parameters  Calculated Results
Physical K_Eff=1.884
" : &_DE =0.006
ID Select | 3891.850000__Jum [ =[ Fi SkinDepth = 0,053 mil
e e ——
7 [ i
|2.2DIZI
Hun [1.000
[
H [1270.000 L I [
My |3.Se+34 Analyze
T [12.700
gnd [4.1e7
- = Z0=50
Canponent
Freq E_eff =
wialll , Length of line =
Wwall2 ID.DDD mil = 0.1470*360 ® /A
=52.92
|\-"a|ues are consistent

e Change the parameters of MLOC (W=3891.85um, L = 16050.5um from LineCalc window)

I ey — 19 [=] B3
Fle Eclt Select Wiew Draw Component Options Iools Layout Simulste Window Help
g LN w2 |- |, = | &
Lel@lg] B sibd2]a] 9l & [EalaaESE] Dloo]O]
i- T
[TLines-Microstrip ] MLoc E D—l éllﬁll -‘%l\l’“’“l @}liwil
MIGAP2 | MIGAPS oo T o : :
L L .
MIGAPS | Miang Teel
50 8000000 0 oEEEAEE o
T | o . T
Hiangs | Miangd W2=3831.85 um
"W3=3851 85 um
O |
MLEF | MLIN -
| e 4 WL
MLOG MLSC T
SubEt="MSUbT"

4= | =
Mrind | rindels —I P PSP -
= &
rindnbr | rindubr : : VV :3 89185um
&L | Supst="MSubT" _
st | Hea, L=16050.5um
) | e
MRSTUE | MSIND
Rl
MSLIT MEOF | -]

[Select: Enter the starting pairt [Ditems forire [2.:500, 2750 2375,2750 n a2
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10. Add Term, R and L.

e On the Schematic Window: get a part TERM under Simulation-Sparam category, or
type ‘Term’ in the part window. (Get R and L from Lumped-Components category,
Ground from next to the part window.)

e Then, paste the parts as shown in Figure.

e Change values: Z=50o0hm for Term, R=150hm, L=0.796nH (This gives Z=15+/A0.

e To move a text box of a part, push F5 and click on the part. Then, move the #€xt box and
place.

g [ test_chung_prj ] untitled? (Schematic):2

Filz= Edit Select “iew Dravy Componert Options  Tools Layouwt  Simulate  Window Hif
= L " + [rm — = =&
= L (of|oott] 2 ot e |5 S & 2 00|00
. I 1 = 41 i i
;!Slmulatmn—S_Param / w - = ":lm e \li:::] Ll@JJ
s T
MTEE
S;\i:gp P% SR
(A’E"‘ T gt MSURT
N Vs = = = 0
DscTest‘ Term ’ S We2=EEs B um
/ CWWI=3E81.85um
haset] | [
]| L oo
MuGain CL=D796RH .
[s1]| [s] JE
FGain | YitGain
U [ T wmec, _
¥SWh | GRip TL2
T sipR=tse
['i] MEEEIm T T a3 BSum
S - L=1B0S05 um
[s1]| [s] B
StbFact | SthMs
[s1]| Cs1
Smgmi | Smgm ;l
Select Erter the starting pairt _ Dftems e 4750,-3000 1250000 0 A
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11. Add S Parameter

e On the Schematic Window: get a part S P under Simulation-Sparam, or type ‘S _param’
in the part window.

e Then, paste the part as shown in Figure.

¢ Change parameters of the S Parameter part. Start = 1GHz, Stop=3GHz and
Step=0.2GHz.

m [ test_chung_prj ] untitled? {Schematic):2
File Edit Select “iew Dravw Component Options Tools Layout  Simulste  Windows Help

= = S N
igulation-5_Param Mﬂm /3@ = m
r

e

pe:

o
(B2 ||
v
<

<

[]

Q)

tgg
| P
i
==

i
&

MTEE.
M FrmSm Teel
B * Subst="MSub1"
(3] W =309T 85 um -
OzaTest | Term LWN2=3R81 85 um .
WM3=3891.85um S
FdGet
Nam@e g S R
H g RLIN =
[e:s MEGE!n s oo .R1. N
© SUBH="MEUBT s oy ";D-?QE'“H'
[s1] [s] © W=3891 8Sum - - - - o
FGain | WitGain . L=4804.24.um. .

(|
=
—
=

oo MLOT

vSWwR | GRip L2
- L=16050.5 um- : Sﬁ1arﬁm -
e% % oy gar@_:ﬁneag
mlel! - - - | Stt=1GHz e
Smaml | Smagm2 ;l oo o StOp:3GHZ ’
... ... ... .|Stp=02GHz |
e e S ] , ——Gmains A
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12. Add MSUB
e On the Schematic Window: get a part MSUB under Tlines-Microstrip category
manually, or type ‘MSUB’ in the part window.
e Then, paste the part as shown in Figure.
e Change MSUB parameters of the part. H=1270um, T=12.7um, Er=2.2, Mur=1,
Cond=high value (1E+50), Hu=high value (1E+36um).

g [ test_chung_prj | test2 (Schematic):2

File Edit Zelect “iew Draw Component Options Tools Layout Simulste  Yindow Help
= Sl 2 @ [ e 8
, N7
TLines-Microstrip ASUB ) D*l = |l== ﬁll |\|”"'\'\*| {%}l @] i
— N — — j
Qbae - — . .
== 1] Add MSUB [
| =
Maclin | Macling o MTEE :
A = S e e g
...:U S M8 8Sum - - e
R
3 _
MBend M§b v e s e ° ° 2 & o 8 o o W2:3891.85 um- -y
e — . W3=38MBSuUm. . . . . . posomm - - - - - - -
e [ e
-Iﬂ {"]‘ . C Tymt o o TL. A -
Meorn | Moross =1 L=0. TQE nH
. WMSub L L . Subst=" MSUb’] . . .
) . - - 2@ | W=3801.85Um ==
Mourse | Mourve MSLB L 4?81 61 um
o | 5 CooMsdet AN T L MOC L L L
Maap | MIGAP] :;':122;0 Wiy |
I MSUB s
L | = oo M. o oo b1 ssum 0 0 0 0 0 |S PARAMETERS]
HICARS| MITAES o Caond=1. DE+SD . H=1270 ) PR .
um, a0:8 um
TJJT e . Hu=1.0e+036 um o . . . . . . . . . . .s.Param . . . . .
MIGAP4 | Hiang _ $ %TDL"'”_ T=12.7um, - =L _
el — Start=1.0 GH
jHLE :ﬂ'fLIrf © Rough=0um - EI'—2.2, D 'Stgp 30 GHi '
Hlangt | Mlangs L __ T .
Mur=1, Stap=01 GHz
MLEF | HMLIN T COl’ld:hlgh
oL | e e value (1E+50)’
Moo | mMuse |- . . . . . L
Hu=high value r -
4 3
Select: Enter the starting point (1E+36um) H1.250,1 000 {0000, 0.000 in ARF SimSchem
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13. Saving and Simulation of the Circuit

e Click on save icon and click on simulate. (If you save your file not in the current project
directory, you cannot simulate.)

q_p e _ o=
File Edit Selec‘t “iew Draw Component OCptions  Tools  Lay Yuinclowy o
[:l [g] | I:]’E]Ij @ Q Simulstion Setug ... = {>| Ol L |O|A|
TLlncs Microstri -| |[MSUB — El _wl |ML| {%}l ]
I P J I Tuning... \ """" @ E
5 |- o =
‘i@ j Highlight Mode...
MEUBST Clear Highlighting F&
— H—H
= | CEE Annatate DG Solution
fiacinllleeing Detailed Device Operating Paint
..:ljz Brief Device Cpersting Poirt
fiten ]| fiEend Clear DC Annatation
R
;';?ds e Lipdste Optimization valles B
— TTE=Soa .00 g, R=15 Ohr o
S | 1 |
Mafil | Helin L -~ B | M i l :
. Term MLIBL - R .
-Iﬂ _ Term1 LR L -
Meorn | Moross Mum=1 L=0. TQE nH
WMSub © 7o50 ORm Subst=! Maub] . . R— .
2 L =2 enm W=3801.85 um .
Mourse | Mourve MSLB L 4?81 51 um
-on- | = MSubl MLOG .
Maap | MIGAP1 H=1270 urn TLZ [
Er=2.2- . . -
T Subst="MSub1
L | £ =] - - : “WE3891 85 Um’ 15 PARAMETERS]
MIGaFz | MIGEFE
Cond=1. DE+SD . - L=1BB50:5 um - . .
T | r Hu=1.0e+036 um T . S.Param
MICiP4 | Hiang $ %TDL”'”_ 8P .
an
’-r||-|—‘ ’-|-||-|-r - ) Start=1. 0 GHz )
7 i I Raugh=0 um Stop=23.0 GHz
angk | Mlangs
o " Btep=0.1GHz -
L | L A
MLEF | MLIN
i
MLOG | MLSG | -]
4 3
Select: Enter the starting point {0 iterns fuvire [i625,2.375 HE7E 1375 in ARF SimSchem
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14. Opening a Data Display Window, and Rectangular Plot in the Data Display Window.
e Click on New Data Display Window. Then, click on ‘Rectangular Plot’ icon in the data
display window. Place the rectangular plot window in the data display window.

i Advanced Design System (Main) !li[
File ‘“iewy Options  Window Help
EEENEEEEN
File Browvezer Project Hierarchy
g test_chung_prp | - Dr:hads_folderstest_chung_pr
B0 data
Ealil ram_dsh
B-51 retworks
Ealc_“l synthesiz
&1 verification

Vads_foldertestchung_prj

e Data Display Window.
22 Data Display/Untitled:0

File Edit “iew Insert Text Marker Help

L& o] ] 0] S s [EalRla] A9
| T T

2 =][@]):

il ZaliH
L]+

||

23
EY &

=]
o

Eqn

“Dr.B.S.Virdee 15



15. Select S(1,1)/Plot Magnitude Parameter
e Select S(1,1) parameter, and click on ADD.
e Select Magnitude option in Complex Data window. Click on ‘OK’.
e Click on ‘OK’ on Plot Trace & Attributes window.
22 Data Display/Untitled:0
File Edit “iew Insert Text Marker Help

Dlgl_.c_lml [ =y [y I P00 PP P | ‘{>

=@}

test Plat Type | Piot Oiptions | ] ] e

H & & = B 3

Traces

j race Wptons.,. |

rridds >

R | | @ |||~ W

radd Ve e
123 4
BE7 8|
celieletess
Eqn
Advanced... |
P
< 0k, |> Eancell Help |
A H
Complex Data0 |

f'ou are adding complex data ko a plot
that only supparts gcalar data.

Haow would wou fike to handle this data’?

. dB

" Beal part

" Imaginary part
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16. Adding Marker on S(1,1) graph.

e Click on New under Marker menu, and click on the point on the graph where you want
to put a marker. (Put it on 2GHz.)
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17. Tuning Parameters.

o Select/highlight the MLIN part in the center of Schematic window, and Click on Turn
Parameters.

e Select only L parameter on ’ext part of MLIN by clicking on L.
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18. Fine Tuning Parameters.
e Then change the length of MLIN in Tune Control window, and look at the graph.
e Repeat this until the graph touches the minimum point on 2.0 GHz.

¢ To see the results on Smith chart on data display window, click on
add S(1,1) like in Section 14. (Add a Marker on 2GHz in the Smith ()

15)
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19. Changing Impedance to Admittance.
¢ Double click on marker on 2GHz on either S11 amplitude data or on Smith chart.
e Change the Edit marker to Smith and Change type as Admittance.
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20. Tuning with Smith Chart

e If you are using Smith chart instead of using S11 amplitude data, control length of
MLIN until the real part of the admittance is 1.

e Then change the length of MLOC until the imaginary part of admittance is 0.

o After matching the length of MLIN, the point on 2GHz should be at the center.
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21. Matching with Admittance

e Repeat the process of changing lengths. Real part almost equal to 1, and imaginary part
almost equal to zero. Change the length of MLIN and see the results (S11, Smith Chart)
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