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ADS TUTORIAL

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 SUN lab
stype: “hpads” to run the program

If display environment is not matched for ADS, set your environment as following.
Add to your .cshrc file:
#hpeesof (ads 1.3) config

setenv HPEESOF_DIR /opt/hpeesof

set path = ( $path SHPEESOF_DIR/bin)

setenv HPEESOF_KEY $HPEESOF_DIR/licenses/hpeesof.key
esource .cshrc
stype: “hpads” to run the program

To Start ADS in the EM lab (PC)
Double Click on ADS icon: Advanced System Design.

2
UNIVERSITY OF UTAH DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
50 S. Central Campus Dr | Salt Lake City, UT 84112-9206 | Phone: (801) 581-6941 | Fax: (801) 581-5281 | www.ece.utah.edu



ADS TUTORIAL

Table of Contents

1. Create @ NEW Project DIr€CTOIY......cccooiiiiiiieiiie it 4
2. Open a Schematic WINAOW ..ot 5
3. Get PArtS AN PASt........ccceiiiiicie et 5
4. Copy/Paste aNd MOVE @ PAFT.......cccoiiiiiiiieiieiesie ettt nae s 6
5. Calculate length and width of MLIN with Line Calculation Tool ..............ccccue...... 7
6. Change ComponeNnt Parameters.........cccucueiieieeieeiieieeiesee e eeesee e aesrae e saeseeneeens 8
7. Add MTEE part, Change width of MTEE and Move Text of a part...................... 9
8. Add Open Circuit StUD (MLOC) .....ccooiiieiieiieee e 10
9. Calculate the length of MLOC and Change Parameters of Open Circuit Stub

(IMLOC) ettt sttt b ettt b bt s e be st e e neete e 11
10. Add Term, R AN L.....ooiiiiiiiiiicieeee et 12
11, AQd S PAFAMETEE ... ..ottt st neesre e e 13
12, AAA MSUB.... ..ot et e st e e sbe e st e e s beesneaesreesreeenreea 14
13. Saving and Simulation of the CirCUIt...........ccccceiieii i 15
14. Open a Data Display Window, and Rectangular Plot in the Data Display

{441 o (o)1 USSR 16
15. Select S(1,1)/Plot Magnitude Parameter ... 17
16. Add Marker on S(1,1) graph ..o 18
17. TUNING PAramMELErS ......cviiieiic et sttt rae e 19
18. FINe TUNING PAramEEIS......c.ciiiiiiiieiiiiie ettt sttt nb e neeas 20
19. Changing Impedance to ADMITLANCE. ..........cccvviiiiiiie s 21
20. Tuning With SMIth Chart.........ccooiiiiiee e 22
21. Matching With AdMITLANCE. .........cciiieiecc e 23

3

UNIVERSITY OF UTAH DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
50 S. Central Campus Dr | Salt Lake City, UT 84112-9206 | Phone: (801) 581-6941 | Fax: (801) 581-5281 | www.ece.utah.edu



ADS TUTORIAL

1. Create a NEW Project Directory.
e Create a new project by clicking on New Directory icon

B Advanced Desgigr system (Main)

File “iews CyaMons  Windows Help

2| BB

Froject Hierarchy

g test_chung_pp 0 | - [:hads_folderstest_chung_pri
...... +.
Eal‘_“l data
-0 mom_dsn
#-00 networks
#-00 synthesis
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le Browser

Vads foldertest chung_pr ,:,:

e Then, you will have the window below. Click on J_ength Unit and select ‘micron’.
Click on ‘OK’ on Length Unit window.

e Then, Type the directory name that you wafit. Click ‘OK’

Hew Project E |

I ame

D:hzingle_stub_pri Browsze... |
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(] | Eancell Help |

Length Unit | x| |

Select the Length Unit and the
Layawt Lnit far the project.
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] I Eancell Help |
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2. Open a Schematic Window

e Click on the icon ‘New Schematic Windox
‘B Advanced Design System {Main)
File “iew Options Wincow

File Browser Project Hierarchy

g test_chung_pi | - D:hads_folderstest_chung_pri
(o

#

-0 mom_dsh

50 netwarks

857 spnthesis

#--03 verfication

ads_folderitest_chung_prj o

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.

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

Category Part Window
‘w [ single_stub_prj ] untitled3 (Sch.ematic):4
File Edit Select Yiew Drgy? Component Options Tools Layout  Simulate gty Helga
..... ve |2 | = | a4
ol RlE&E| DlDlc
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.. i e
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rindnbr | rindwbr oo -
—7 B and find/select
rindelm | rindshr ;I ’ MI—IN
Select: Enter the starting pairt 0 tems favire {0500, 2 625 }4.000, 2.675 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.
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5. Calculate length and width of MLIN with Line Calculation Tool
e Select/highlight the part and click on Start Line Calc under Tool/LineCalc menu.

i [ test_chung_prj ] untitled2 (Schematic):2 M=l B3
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e Insert substrate parameters: H=1270um, T=12.7um, Er=2.2 (Match with your substrate
parameters).

e Type in Zo=500hm, Frequency=2GHz and E_eff value.
e Click on Synthesize arrow. It will calculate W and L for you. (Check Unit =um)

& LineCalc/untitled =] B2
File Simulstion Options  Help
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Companent Type Compaonent [0
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6. Change Component P

arameters

ADS TUTORIAL

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

e You can change the part parameters on the Schematic Window by click on the value of

W orlL.

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

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

e 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).

e 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.
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8. Add Open Circuit Stub (MLOC)

e 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.

e 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).

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

ADS TUTORIAL

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.

e Type in Z0=50 ohm, Frequency=2GHz and E_eff value=52.920.

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

# LineCaleiuntitied =] E3
Filz  Simulstion Options  Help
Camponent Type Campanent 1D
’]MLIN Select. . | ’]MLIN_DEFAULT Select...
— Substrate Parameters - Calculated Results
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E 2200
bur [1.000 3
H [1270.000 " fum
Hu |3.9e+34 |mi| MEEE ﬁhnal_l,lze ]
T [12700 furn .
Cond 41e7 N7 -
N " 3/ 4 = D,
o . ST Z0=50
Freq [z000 z = Sy E eff =
- ™~ — -
wiall {mil -] | I Length of line =
ele I0.000 i ] | e L) 0.1472%360 /2
|Va|ues are consistent =52.92

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

window)
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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=500hm for Term, R=150hm, L=0.796nH (This gives Z=15+}10.

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

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

Step=0.2GHz.
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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).
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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.)
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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.
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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.
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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.

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

e Select only L parameter on Wext 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.

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

I Data Display Untiticd:0

Filz Edit Select “iew Draw Component Options Tools Layout  Simulste  Window Help Fil= Edit “iew Insert Text Marger Help

T S ) i e 2 Y e e i P s = = Y V=T 3 Ve et e
.dTLines—Mlcmsltrlp leSUB j D‘l = | = m |lest2 J ﬂlJlﬂlMlJ

elect a parameter to tune by clicking on it

[ RS IR SRR

.

teq=2.000GHz
ag(S(1.1=0.004

e

fredq, GHz

ulate: IAlter each change

mag(Si1,11)

test2 JL1.L [um]

Updatel Detailsl Hesetl Cancell Help I —

R e R

Hentve || Hewie . comem [
Name=1
ol = L
iR AR
Hiiap || HIGERT L L
B = 5o B s 0ccoaooaboa
e | e o )
el | e UM ez - - - - f5 ParameTeRsl -
- I ,TL - IR T o =
oo SRR Lo s e e sl a@mn. . . . . .. =
»_Ll T=127 m H w
HIGEERY MGt :::Iuﬂ - ;Fa:‘bIDGHz
- - CROMEEIN - - e e e e e, TR 0 0 0 o o
'TH_L "|'||_L P sesT-mGHz .....
flaniab| filEnas D
| D
L L
b I
HUOG | HLED s freg (1.000GHZ to 3 000GHZ)
y..@L ’.@L s ;‘nZ —
: s reg=2. 2
e || sttt | | [ S(11)-0.006 / 58.160
D impedance = 20" (1.006 +J0.003)
S
. _ 5 .
une: Enter location of tem [0 tems: pavire [ % A P
iﬁslﬂrll 4 advanced Design...l {1 test_chuna_pri | | @Insluctiun of ADS....l P hpeesotsim 1325... ”Enma Display/unt... |@m@§ﬂ!’g°ﬂ 359 P

20
UNIVERSITY OF UTAH DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
50 S. Central Campus Dr | Salt Lake City, UT 84112-9206 | Phone: (801) 581-6941 | Fax: (801) 581-5281 | www.ece.utah.edu



ADS TUTORIAL

19. Changing Impedance to Admittance.
e 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.

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