ECE145A/218A
A short tutorial on using Agilent ADS
ADS is capable of many different types of circuit analysis, electromagnetic models, and active device
models. At the beginning it can seem quite difficult to use when faced with a blank schematic. This brief

tutorial will get you started using the simplest and most basic operations. As you progress in this course,
you will become familiar with other techniques.

Building a schematic to describe a circuit.

Here is a circuit with a 25 ohm source and a complex load. In this example, a matching network to match
source to load is to be evaluated.
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The matching network can make use of either distributed or lumped elements. You will be learning how to
design such networks soon. The procedure below illustrates how to simulate this circuit in ADS.

1. Start up ADS: Start > Programs > Advanced Design System 2005A > Advanced Design System

2. Open up a new project If the project has already been created, then open it up by double clicking on its
project name

i Advanced Design Syztem [Main]

File  “iew Optiong  indow Help
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If the schematic window doesn’t open automatically, open the window with this button.

3. Construct the schematic diagram.

Most all of the circuit icons can be placed with the mouse cursor - just point and click. To complete the
placement of a particular part, hit Escape. The menus on the left edge of the schematic allow you to select
from a wide range of components, simulation modes, and behavioral models. Circuit elements can be
selected from the Lumped Component menu which includes such things as R, L, C, combinations of these,
and ideal transformers. The T-line menu includes various types of transmission line circuit elements, ideal
or modeled for the particular geometries of microstrip or other planar line configurations.



Lumped-Components Lines-ldeal

s i‘ o | =
R F_Hodel TLIN 'Tl.lm'
s | [r] ol

'_
=
=
=

1=
o

Eu
= £
I

TLoc

=
]
=
=
=5
Az
—
=
i
o
—
=
=
=

=t | B cEL e
OGFeed | DCEl:k q TLINP4 | GLINP
fe PN ol | .ol
SHORT | MUTIND TLRPOC | TLPSC
PLG PRG GO&¥ | Goaglee
Lo | £ o | =
FRL | PRLG OR | ETAPEFR
e i

-
SLG SRE RGLIM

Below is an example of a simple matching network utilizing transmission line elements. The transmission
lines are TLIN (ideal trans lines) found in the TLines-ideal menu. The capacitor and resistor are in the
Lumped Components menu.

|S PARAMETERSI

S_Foram

SR1

F1art=100 MHz
S1op=200 MHZ

Slep=2Z MHz
+¥ eI '| I A

T R
Terml TLIN TLZ lc'l F1
Nune=1 TL1 Z=24%.0 Chm C=Z0 pF F=1Z5 Chm
Z=25% 0Ohm 7_85&.0 Ohm E=153.5
E=50 F=159 MHz
— F=159 MHz

Note that the circuit consists of a series 56 ochm transmission line and a shunt open 25 ohm stub. E stands
for electrical length in degrees, and F the frequency of that particular value of E.
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Here is an example of a circuit which accomplishes the same matching function but is composed of lumped
components.

IS PI—\RAMETERSI

S_Param
SP1 C
Start=100 MHz c2
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4 4 Term v [N =4
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Often when placing components, the component text appears in an inconvenient location, blocking the text
of other components. Use the F5 key to move the text. Select the component, hit F5, and drag the text to
the new location. Then hit Esc to complete the move.

Simulation mode: S-Parameters

We will use the S-Parameter simulation mode in ADS quite frequently. This conducts a small-signal AC
analysis'. Because S-parameters are defined with respect to a normalizing impedance Zo, terminations must
be assigned to all inputs and outputs of the network. In the example above, the input termination
impedance (Term) is set to 25 ohms because we were using a source with a 25 ohm impedance. No
generator is required when simulating S parameters. The term serves this function.

The term icon is found in the Simulation-S_Param menu This opens the palette of components shown
below

k2 [ ecel4b%af99_prj | hwZplb_34 (Schematic):1
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! Small signal analysis linearizes all component models. Thus, the outcome of the simulation is
independent of amplitude.
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In our example, there is only one port. Thus, only S11 will be calculated. Recall that the normalized
forward and reflected waves are calculated relative to the normalizing impedance. Thus, S11 depends on
the value of Zo.

Add the S PARAMETERS control icon. Set your Start Frequency, Stop Frequency, and Step Size.

|S FPARAMET I?SI

S_FPaoram

5F1

S1art=100 MHZ
S1op=200 MHz

S1ep=Z2Z MHz
+ &I TLTH

T R
Terml TLIN TLZ lm F1
Hur=1 TL1 £=2%5.0 Chm C=Z20 pF F=1245 0hm
=25 Chm 7_58 0 Ohm E=153.%5
E=G0 F=159 MHz :[
— F=159 MHz

Connect the parts together using the wire and ground icons. End placement as always with Esc.

Use this to rotate a part
while placing on schem.

Tools  Layout  Simulate  MWincdow Help
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GND WIRE Opens a display window to plot output

Note that any variable that you require must first be defined in a VarEqn statement:

\

= Ter | VAR
<] {}l—;— ﬁll% Earl yupy
= EL=30C

4. Save the schematic file with the disk button or use Save As in the File menu.

5. Hit F7 to run the simulation. A data file will be saved with the same name as the schematic and a
display window will be opened automatically.
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Data Display Window

The display window provides several options. To select the output variable to be displayed, click on one of
the icons.
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For example, select the Smith chart icon. The Plot Traces & Attributes window opens up with a menu that
you can use to select the desired variable, in this case, S(1,1). Highlight the variable by clicking on it and
click on Add.
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Markers are used to read out frequency and S11 off the plot.
Select New Marker and click on the trace to select.
Click and drag the marker to change frequency.
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be plotted.
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You may also change the Smith chart grid so that both impedance and admittance scales are visible. Use
the Plot Options tab and select Both for the Coordinate.

M Plot Traces & Attributes:0

Plot Type  Flat Optionz l
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You can change the details and format of the marker readout by double clicking on the marker. Impedance
or admittance can be displayed.
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You can change the size and color of the trace displayed on the plot. Click on the variable to be plotted,
then Trace Options. The window above pops up. You can also place symbols at data points by checking

the box shown.

Equations may be added to the display or the schematic. Normally, you are better off placing the equation
as part of the display panel so that you can modify the equation without having to resimulate the circuit.

Eqn

B dB_Vout=20log(Vout)

Click on the Egn icon. A panel will open that you can use to define an equation that will operate on the
data. Click on Variable Info to determine the dimensionality of the data you are using. Sometimes the
display gives obscure error messages like INVALID. Usually the problem relates to a mismatch between
the dimension of the variable and its usage in the equation.
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Simulate impedance or admittances:

The impedance or admittance can be easily plotted by placing a Zin or Yin equation icon on the schematic
page. The button is found on the S-parameter palette. The example below shows calculation of Z for port
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You can then plot the impedance by clicking the icon and placing a rectangular plot on the display panel:
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Click on the Plot Options tab to change the scale of the axes or to plot vs log frequency.

Here is an example of a stacked rectangular plot showing both magnitude and phase.
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ADS tips: Plotting multiple traces on the same graph

1. Schematic/Simulation panel

Simulate > Setup Menu

2. Give different Dataset name for each
simulation. Then click on: Apply; Simulate
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When simulation is complete, move to the data display. Choose your type of plot. The
insert plot panel will appear. Or, if you want to add a trace to an existing plot, double-

cllick on the plot.

Plot Options can be used to select
color, trace width, or change scales

1. Use this to select a dataset.

3. Click Add to add trace to plot
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2. Select the variable to be displayed
for each dataset.
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