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LAB EXERCISE 2

EM Basics (Momentum)

Topics: EM simulation in ADS, focusing on Momentum, including substrate and
port setups, 3D viewing, visualization, and more.

Audience: Engineers who have a basic working knowledge of AD, have
completed the prerequisite course, or who require EM training.

Prerequisites: Completion of the course, Workspaces and Simulation Tools or
equivalent experience, including ADS layout skills.

Objectives: Be able to set up and run EM simulations from ADS layout, including
creating a substrate and defining Technology layers and materials.
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1. Create a New Workspace and Layout

Lab 2: EM Basics

a. In the ADS Main window, use the wizard to create a new workspace: File >
New > Workspace or use the icon — and name it: My_EM_wrk. Also, name
the library My_EM _lib. Add only the Analog/RF library and mil layers:

& New Workspace Wizard

Workspace Name
Chaoose a name and location For the new workspace.

Warkspace name: |My_EM_wrk

Create in: | Clusersidefault

Add Libraries
Select the libraries to include in the workspace,

‘fou can also change this selection after the workspace is created,

Moke: & PDK is a bype of library. All library management commands alsa apply to PO

= [E] ADS Libraries
Analog/RF
L] Dsp

$HPEESCF_DIR\oalibs\analog_rf.defs
$HPEESCF_DIR\oalibs\dsp.defs

Standard A0S Lavers, 0.0001 mil lavout resolution
Standard A0S Lavers, 0.0001 millimeter lavout resolution
Standard ADS Lavers, 0,001 micron layout resolution
Custom {Opens Technology dialog)

LY Advanced Design System 2012 (Main)
File View Options Tools “Window Designkits

wWiw WL MDD

File View | Folder View Library Yiew

- WG Usersidefaultivty EM wik

it New Layout
Library: [My_EM_lib |
b. Create a new layout using the default cell coli el | (eromse cels.. |
name: celll, as shown here. view
o ) e J[ b ]

c. In the Layout window, select Options > Technology > Material Definitions.
When the dialog appears, select the Dielectrics tab — notice it is empty. Of
course, if you are using a PDK or library with substrates already setup, then
you may see some materials listed here. This lab will show you how to create

materials for use with a substrate.

B Material Definitions

View Technology For this Library: |RE0NLY

Conductors | Dielsctrics | Semiconductors | Surface Roughness

Material

Permittivity (Er) Permeability (MUF)

Material Name Library

Imaginary TarD Real Imaginary

| »

[acd Dielextric] [add From Database...| [Remove Dielectric

[ ok ][ canced J[ epy J[ e ]
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Lab 2: EM Basics

2. Define Dielectric Materials in the Technology File

a. Click the Add Dielectric button and a default name (Dielectric_1) will be
added. Next, change the Real value = 6 (Permittivity) as shown here and click
Apply. You could set other values but this is enough at this time.

i Material Definitions E|
Wheww Tschireodogy For bhis Library: My EM_ib w
| Conduckors | Dwdectrics | Semiconductors | Surface Roughness |
Haterial Permittivity (Er) Perme sbiity (MU} Drjordjevic

IMaterial Name Library Real = Imaginey TanD» Real | Imaginary Type TanD» Freq Low

Dislectic_| My_EM_lib F ! Svensson/Cjordieic | 1 GHe 1 KHz

. Add a dielectric X

that you define. @)[mmm..J [Remave Distsctric]

Lok J [ comel J[ momy J[ no ]

b. Click the Add From
Database button and
select Alumina from

= f“--____--‘-h\ .
Audd Dielec dd Froen Disksbase. ., W&Ht'
| I o] (psdren \ ] 2 Add pre-defined materials:

& Add Materials From Database

the list of pre-defined Seboct raeriak o ad to the bachnology:
dielectrics. Click OK e g
a!“d now both Name Erfieal rimag ErTand  MUrReal Urime  Model Type ©
dielectrics should 28 0.01 ! Svensson(Diordiew
1 Swensson/Tjordjey
appear' < M 1.0 (] Smmllﬁlﬂ'dh'ﬂ
. Pk T 348 0.0035 ] Swensson/Tiordievs
Notice that you can Aaken_25N 3.25 0.0035 1 SvanssonDiordievs
change the type, but skon_A027O0N 27 0.003 ' SvenssonDiordies
leaveitas
Svensson/Djordjvic.
Wiy Technodogy for this Libeary: | My _EM_ib w
Conductors | Dielectrics | Semconductors | Surface Roughness |
futeie .| Type can be g
ebakerial Mame Library changed:
" ¥
[ i | My_em_tib e S¥Ensson/Diordievic
Dielectric_1 My _Er_lib © ! | |Frequency Independent

Swensson/Djordjevic
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Lab 2: EM Basics

c. Select the Conductors tab and click Add Conductor. The default will be
added (Conductor_1). Then click Add From Database and select Gold and
click OK.. With these two added, click Apply and OK. Notice you can change
the Parameter Type — but leave it as Conductivity.

LY Material Definitions

view Technology for this Library: |My_EM_lib v

& Add Materials From Database

Sedect materials to add to the technology:
Conductors Dieleckrics ~ Semiconduckors Surface Roughness

Conductors | Dielectrics | Semiconductors |
Type Real

Material Loss Parameters Name

Material Name Library Parameter Type
Conductor _1 My _EM_lib Conduchiviky
Gold My_EM_lib | Conductivity

4.1&7 Siemens/m Siemnmens/m

Parameter Type
Conductivity

Resistivity [ o [ cowel J[ mppy |[ He |

3. Draw a layout: 2 metal strips and a via

a. In the layout window, draw this simple design - the values are in mils
shown here. Zoom out and change the entry layer as needed to draw two
overlapping rectangles: Cond (300 x 100) and Cond2 (200x100), and a
centered circle using hole (30 mils radius). NOTE: The default grid spacing
and grid snap should be used (5,2,5) as shown here.

Use the toolbar icons and ’
the entry (insert) layer list: >=m0OA
/ Insert Rectangle
w,5 cond:drawing L 300 x 100 :VJS hiole: drawing
Fast Grid . [ \ Radius = 30
Spacing Tool: n ,
GrdiSnap Spacing
rnds-apmualcnm :
ﬁ-un_‘nl:-.sumw .
Mrior Gridk Per Major Grid B
,5 cond2:drawing ! 200 x 100

b. Save the layout when you have finished — you will add pins/ports later.
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4. Open the EM Simulation Setup

a. Select the EM Simulation Setup icon in layout to open the

Lab 2: EM Basics

=@@d2
EM Simulation Setup

EM Setup dialog (shown here). Click OK to any prompts.

b. Notice the yellow caution signs next

to the Substrate and Ports icons.
This means that these two items
have not been specified and you
cannot run the simulation yet. Read
through the Setup Overview quickly
then close the EM setup.

Next, you will open the Substrate
editor and define a substrate for your
layout.

5. Add a new Substrate

NOTE on substrates: You can use or
copy substrates from any library in
your workspace. But for this

Fle Tools View Help

ayout
._ Substrate &
i[:l Ports &
@ Freguency plan

r;\:'-\; Output plan

E Cptions

;:- Resources
ModelfSymbaol

|% Notes

90 g B BLE @D

Sirnulatar

C' Momenturn RF (?, Momentumn Microwayve C FEM

Setup Overview

Simulator:
Marnenturn simulation in microwave mode
Layout:
workspace; C:\Usersidefault\My_EM_wrk
Library: My _EM_lib
Cell: cell_1
Wigw: layout
Substrate:
Substrate: {defined in library: 3
Ports:
Mo part defined
Freguency plan:
Adaptive From 0 GHz to 10 GHz (Mpts: S0 max))
Output plan:
Dataset: cell_1_Momlw
Template: Auto select
Mom Simulation options:
Default
All simulation options are intialized and ready for simulation,
Simulation resources:
Sirnulation on hosk:Lacal
EM Model/Symbol:
Auto-create EM Model: no
EM Model: emMadel
Auto-create symbol: no
Symbol: symbal

workshop you will create a new substrate so that you are more familiar with

how the editor works.

a. In the Layout window, click the Substrate Editor icon and click OK. Then
click OK again to use the default name (Substratel) for your substrate.

=/ Information Message: 16

3

Ml Substrate Edito

s Mo substrate Found,
\!1) The substrate editor will be opered_

> New Substrate

My _EM_lib w

Libt-aty:

File Mame: | substratel

Terplate: | 2Smilaluriing w

This template substrate for 25 mil Alumina
is a starting point for our lab. The next oK
thing you will see is the Subrate Editor.

H Cancel H Help

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

b. This is the substrate editor with a 3-D like view of the layers for this template,
including a conductor (cond) and the boundary conditions. This is always a
starting point for new substrates. Read the information on the right about how
to add, delete, or select items but do not do anything yet.

== cubstratel [My_EM_lib] (Substrate):3
File  Technology View Options  Window  Help

NER PP B

Substrate Name: substratel Use right mouse context menus to add or delste substrate items,

Select items on the substrabe and wiew their properties below,

Entire Substrate

Bounding area layer: | <none> v| E]

AR

25 :]/m‘d/ © dumina

25 mil

L

Omil

Select a substrate item to see
more information about that item,

The steps that follow will guide you through the creation of the stack-up and
mappings shown here, using library Technology materials — this picture shows
what the substrate will look like after you follow the steps.

cond: sheet - Gold

AR
e 'ndr—:lu-u__ Technology
Hmi
hale .
- _ /ﬂ Hmm‘ Materials
i 5 mil
0 i

cond2: Conductor_1
Intrudes above interface

hole: via - Perfect Conductor

NOTE: You can define materials (dielectrics, conductors, etc.) in the Substrate
Editor because it gives you access to the Technology file as you will see.
However, defining them first, in the Technology file is recommended.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

6. Define strip conductors (metal)
Now you will define the cond drawing layer to be a strip conductor: Gold.

a. Click on the cond strip in the graphical substrate editor on the left - it will
become outlined and the properties will appear on the right. You always have
to click on the 3D substrate drawing to see the properties. Next, set layer cond
Material = Gold by using the drop-down arrow button for Material to change
cond from perfect conductor to Gold.

Condickor taye Drop down list
Ak S o () L shows the
i L Aumina A AT materials from
R BT e FeRFECT.CoMOcCToR e“ the library
|:> Corebacig L Technology —
L rc_l. i select: Gold

NOTE: the box for Only pins and pin shapes from layer is only checked if
you are mapping pins (vias) but no other metals or conductors.

b. Next, click the Edit Materials button with three dots [...] next to the drop down
arrow for Material. This shows the Technology file material.

Conductor Layer View Techenology foe this Lieary: | My_EM i v
Layer cond I:I} Condhudtiong Desdecirics Semicondchons Surfacs Roughness
[] only pins and pin shapes from layer T
Maberial Gold Msteiad tape Libwrary Paramater Type Fopad
[conduetor s | my_em o Cordmtance 4.17 Semer/m
(¥} Shest Edit materisls God My_E_lib Cordutance 4.107 Semers/m

Notice you could add surface roughness for conductors used in Momentum
simulations — but do not for this lab. This is only to show how the EM
substrate editor works. If you use a library PDK, then all the materials from
that PDK would appear.

c. Cancel the Material Definitions dialog.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

7. Add a Substrate Layer

a. Use the cursor and right-click in the

Alumina substrate area as shown here. AR
Then click Insert Substrate Layer Above .~ -

. . L~ _ | Mumina
as shown. Immediately, another Alumina strml
substrate is added and you have two [%| Tnsert Substrate Layer Above |
Alumina layers. ' Tnsert Substrate Layer Below

b. On the right panel, use the Material drop-down arrow button to select the
Dielectric_1 material (you defined this in the library’s technology earlier). Set
the Thickness to 30 mils — press Enter and you will see it.

iR Subrstrate Layer KR
1f‘j ::;:::" | . ::l:luimc_!
:---"':l?“"_!'---' Insirt, S\.b;hn':r' .rr:n'r Absron =$ Mrt-l = E :$ _f';}* Buminsg
Insart Sobatrate Liayer Delow Th - = . 25 mil
==
8. Map a Via and Intruded Conductor
a. Again, use the cursor and right-click on
Dielectric_1 as shown here. When the
menu appears, select Map Conductor Via.
Immediately, you will see the hole layer BT S
appear automatically. On the right, set the BEEEE ot st Lo Saloe oo
Conductor Via Material to
PERFECT_CONDUCTOR as shown here. _ Map Semaccrdctor iy |0
The via is now mapped as the hole drawing
layer through Dielectric _1.
..am Conductor ¥ia
T ol N —
= e = Materia PERFECT_CONDUCTOR ¢ [ )

This means that the hole drawing layer is how considered a via — you will see
this in the 3D preview.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

b. Move your cursor to the interface above
Dielectric-1 as shown here, and right-click.

Is a strip plane

c. Select the command Map Conductor Layer and another strip conductor will
appear: cond2. With cond2 selected, go to the panel on the right and set the
Material to Conductor_1. Also, and click to set the Operation to Intrude into
substrate and set the Position to Above interface.

Corehuhon Ly

..................................................... Watch the strip R ey “'m
P ===t | intrude above B
hele gm . Gperation | (2} Irirwa iy mibsirate
: bMap Semsconductor Layer { | the interface: T re—
Ml Cheloctyic Laver |
=) e ki
i Iresiert Bgestind Substratis ! sl
Thadpess 0% i o
IR
| -
-
%&rf Dielediric_I
e — i 30 mil
fﬁ'"'_d # Humina
I 1 ZZmil

d. Also, set the metal Thickness to 0.5 mil as shown — press Enter.

At this point, you have defined the two layer Alumina substrate with a via and
2 metal conductors, including thick metal for Cond2. Now it is ready for a
layout to be viewed or solved.

== cubstratel [lab_3_Lib] * (Substrate): 21

e. If you have any problems, unmap / delete as needed. s ———
Or, close the editor and begin again. But if you have the | N ‘T%Eﬁ )
correct setup, then Save it using the icon shown here. e

Substrate Mame: [Save

Saves the substrate,

NOTE: Substrates you define and save can be used for
other cells or workspaces.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

Now it’'s time to set the ports but first you should see the commands for
importing substrate files into ADS from other ADS versions.

9. Importing Substrates

a. In the Substrate Editor window, select BN ecivcion Vow  window teb
the comamnd File > Import shown Y New... Chrke ==
here, and look at each dialog that £ open.. Cukeo e
appears for each command.

= ol Import: SLM substrates are from ADS,

Do not select anything at this time. H s thebntatibase “;!"tai“;_"mf"!ﬁ"w
This is only to show that you can easily | {4 5= 3ubsirates, andimporting irom

; ¥, ss4 Schematic is typically an MSUB or
use any other available substrates and & 5] <imilar definition
you can also modify them and save . £\

. . g Print... Chrk+P
them in your workspace library or |

other library. _ o S subatrote ...

b. Cancel the dialogs and substrate editor when finished — it's time for the Ports.
Then close the Substrate Editor.

10. EM Setup: Yellow Caution Signs

a. In layout, click on the EM Setup icon. You should see that only the Ports
have the yellow caution sign. Also, the Main window should show the E’
Substrate and the EM setup. Right-click and use Filter View if you don’t
see the substrate.

b. If your Main window and EM setup window look like this, then you are ready to
continue. If not, go back and check your work.

EM Setup: Substrates (substrate editor) are available in File View | Folder View | Library View
the EM setup. in the Main window, and the Layout window. = W Ce\Usersidefaultiy_EM_wrk
= 8 My _EM_bbcell_1
B My_EM_libcoell_1:emSetup (EM Setup) E emSetup
Fle  Took Wiew Hep [EHT
HE9t eg0@g = My Jbisubstrate
i TRl | e RETT— B e o
Y o
, b 40 e - (o) G Wow Schemat
"} ports N Shom s e ypes n e kel | 1.5 Niew Symbel
B Froquencyplan e _ £ Mew Substrabe
4 o o E 2 dda Hom terarchy Polcy
E ootions . —= Y e ) Dk Dnplary o piom Foder
,.-: Resmrces 1 u = . =y [ Dbt
£l HodslfSyrbed = £ b=y Elca
3 hotes . el
4 * DOue
r 1 ] iedeneree
| i) |Wellow caution sign means it e B & ml

is not ready or not complete.

= e ]
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Lab 2: EM Basics

11. Selecting Pins and Defining Ports

NOTE: The EM port feature will automatically
recognize layout pins and assign them as the (Sa —
appropriate type of S-parameter ports for '
simulation for most cases.

a. In the layout window, select the Insert Pin icon
and insert two pins (P1 and P2) as shown here —
you do NOT need to change layers.

b. Go to the EM Setup window and click the Ports icon. _ 0 Ports &

c. Immediately you will see the pins are assigned as S-parameter ports and the
yellow caution sign is gone.

S-parameter Ports
Mumber Mame Ref Impedance [Chm] Calibration Ref Offset [mil]
=01 P 50+ 0i THL a
[+
@ arnd
=0z Pz S0+ 0i ML a
(=
@ and

d. Hold down your keyboard Shift key and select ports 1 and 2 - |
then click the Delete selected ports icon as shown here. Pors arosred i the sy o unde port o

e. Now the ports (P1 and P2) are shown as Unconnected Layout
Pins. This does not mean they are unconnected to your metal,
it means they are not connected (assigned) to ports. If a portis
not connectd to the metal, the EM simulator will recognize it
during simulation and inform you.

Parts

Ports are stored with the layout. To undo port edits: use undo From the lavout window then refresh.

S POXE WY T
= & : Theseicons can beusedto
rparameker Ports controlthe S-parameterports:

LU Ippedance (O] o frash, assign, delete, ete.

<,
Unconnected Pins

|

MNarne ched bo Layer Num Layer Purpose Num Purpose x
O p 1 cond -1 drawing 0
O p2 '5\4 2 acal? 1 rasing 40

Whenthe ports were deleted, they became
unconnected layoutpins =unconnected toa port.

Copyright 2013 Agilent Technologies
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f. Click the icon, Auto-create new ports,

and immediately pins 1 and 2 will be
created as ports. Also, these ports are
automatically set to TML calibration
(Transmission Line Calibration) — this is

Lab 2: EM Basics

Ports

Parts are stored with the lavout, To undo part edits: use undo from the

S 3%‘@ XY T

S-parametd Auto-create new ports|

the defaU“E type’ Wlth 50 Oth as the Mumber Mame Ref Impedance [Chm]  Calibration | Ref g
reference impedance. ER T = g
& P
& ard
=0z P2 SO+0i THL 0
& rz
@ cnd
g. Use your cursor to click in the
fields shown here. This is Reef Impedance [Ohm] Calibration Ref Cffset [mil]
how you can change port 50 +0 ML - P
settings for your designs. [e ors Ly
But do not make any THL (zero
changes for this lab. e
Calibration
h. Use your cursor: hover over the calibration TML%
type (TML) and you should see a pop-up A None o [none 7]

that gives a visual description of the
calibration types as shown here. You can
use this to determine which type of port
calibration you want. For this lab, TML
(transmission line) will be used.

/RN
[k [

Delta gap

i. Click the Save icon to save this EM setup.

Fim

h2E

T
]

NOTE on Ports: There are many different ways to set up ports for EM analysis. For
more information, click the Help button (Topics and Index) and look for Ports.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

12. Using the 3D EM Preview

a. With the substrate and the ports now complete, you can preview the layout in
the 3D viewer . Also, there are no more yellow caution signs.

b. In the EM Setup, click the 3D EM Preview icon shown = =
here — this the same 3D viewer that can be launched from | — -%?
layout. It will take only a minute or two to appear.

|30 EM Preview |

c. Take a few minutes to look at the object — try rotating it
with your cursor, click on layer names, change colors,
and try changing various Options. .

o [ Rl B
PO [ =

bt md

NOTE: A substrate definition is required for a 3D view.

d. After the simulation, you will use Visulization in this same viewer to see the
currents. Close the viewer when you have finished.

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

13. Defining Frequency Plan, Output Plan, and Mesh Options

a. In the EM Setup window, click the Frequency plan icon and set the Fstop to
2 GHz using your cursor in the field. This is how you set values in these fields.

b. Then click the Output plan icon and look at the Data Display field. You could
change names but for this lab, use the defaults, including the template. After
this course, you can change these easily for your designs.

MName: cell_1_Mominw

pwd Output plan ==

Frequency plan N ; : Data Display
. X 1 Open data display when simulation completes

Frequency Plan Template {only inserted in a new or empty dakta display)

Type Fstart Fstop MNpts Step Enabled

() Musto-select based on number of ports
1 Adaptive |0 GHz 2GH S0(max) | -

(%) User specified fle | S5_Mport_P.ddt

c. Before running the simulation, you can look at the Options in the EM setup
window where the Mesh controls are located. Most of the time, you will not
have to adjust the settings, but some designs may require it. Click the Options
icon and go to the Mesh tab as shown here — but do NOT make any changes
for this lab. Also, do NOT simulate yet.

D My_EM_lib:cell_1:emSetup * (EM Setup) =E|x]
Flo Took Mew Hep
AEYC e BP0 ds0
= [e4] wom ww Samulation Options
W Ocfout ) oo =gl [ Ronome. ] R
0 Poets Description | Physical Model | Preprocessor | Mesh | Sabver apart
@ Freauocy sian
[ Outpust plan Gobal | Layer Specfic | Shape Spedfic
Wesh frecusney
I Resources O .
T a— i Options can be
a S L Y .
T copied and reused
Mesh density \
P forotherdesigns.
) Wi oollsize
Theseare the ® cobrerserns [
default settings:
s ﬁ\

~Edge meshis off
(default)— butcan

O] Trarmsmission ine resh

be set here.
[#] Masch pschsetion
[#] Thin laver cvarlap extraction
(&) Narmal ) Aggressive
S-Parameters "
Sm.lamn;gxfhs
Preprocessed geometry
Generate the EM Subsrate
simulation, mesh or Generate: |S-Paremeters v [ s )
othersetups here: !

Copyright 2013 Agilent Technologies
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14. EM Simulation, Mesh and Data

. Now, click the Simulate button at the bottom
of the Model/Symbol setup. The simulation
will start and you can watch the Job status
window as the simulator reports the
information in the Job window. Click OK to
any prompts or messages that appear.

. When finished, look in the Status Message
field of the Job window. You should see the
first and last frequency points - then it chose
frequencies in-between. This is the adaptive
technique (a type of curve fitting) that shortens
simulation time.

. Look at the Data Display. It uses the dataset
adaptive data: the cell name ends with: _a.

Lab 2: EM Basics

B trsar Job M1Z10231 71151
Fia Ve b Heb

o For ks PIZHOCHZIIS

o/ warmingiEimos Mewsage

Skatus Messages
C..calculating S-parameters
Adaptiwve: 0.0 % of fregquency range cowvered
Simulation freguency [2] = 1.33332 GHz
..loading Green functions
..loading interaction matrix
..solwing interaction matrix
..calibrating ports
...calculating S-parameters
Simulation frecuency [4] = 666.667 MHz
-..loading Green functions
...loading interaction matrix

snlwing interactiomn matrix

This is correct and this is the one you want to use. Also, this is the template
selected by default in the EM Setup Output Plan. Now, select the marker on
the slider (S-Parameter Row) and move it to the right to the number 2 — this

will give you the S-21 data.

Mag/Phase of

Adaptively Fitted Points

S(1,1)

Ciscrete Frequency Points

dB(S(1,1)) phase(S(1,1)) [deg]
0 0
o 4
] -20
N -0 = 404
= ] T ~
TE -40 Red dots are the calculate data points in the
= ] adaptive method —blue trace is the fitted curve.
Bo  -60 w -1U0~
g ] T35 100
- = 120+
-80 i
4 -140
L o L UL S L LN L B S L S L L SN L LA B L
00 02 04 06 0B 1.0 1.2 1.4 16 1.8 20 0.0 0.2 04 06 08 1.0 1.2 14 15 1.8 20
freq, GHz freq, GHz
Clickon M_arker Select markers and use arrow keys to plot S (¢ jx)
and move it ise B
to see 521, —7 | b !
. T —— —] - T . T .
T4 2 2 1412 2 2

Datasethas _a
appended =

S-Parameter Row S-Parameter Column

adaptive.

—> Dataset cell_1_MomUVW _a- Oct 25, 2012

Copyright 2013 Agilent Technologies
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Lab 2: EM Basics

d. Notice the S-21 data. As you can see, there is some increasing loss through
the structure. Edit (double-click) the S-21plot and you will see the Plot
Traces and Attributes dialog. As shown here, click on the Dataset and
Equations drop down arrow and you can see 2 datasets. One is the adaptive
(_a) that is used to produce the smooth fitted curve and the other is the data
points only. You always get two datasets with the adaptive method. Cancel

the Plot Traces and Attributes.

dB(5(2,1))

0.0

13

-0.53
-1.0

-1.53

dBfitted)
dBicalculated)

-2.0

BB o L W o o T B
00 02 04 06 08 1.0 1.2 14 16 1.2 20
freq, GHez

by — =

s

S-Parameter Ranw

e. In the Data Display, change the default
dataset as shown here. It has the same
name but without the appended _a. As
you can see, the plot now shows only the

caluclated points.

f. Look at the layout window and you will

see the mesh. Notice the circular via
produces a triangular mesh — this is
expected because the EM mesh
engine chooses a reasonable arc
resolution value for circles and
curves. But these settings can be
adjusted in the Options.

B Plot Traces & Attributes

B8 Adaptive simulation
produces 2 datasets.

Dutacrets ard Equations:

Lo

Dot erst Tempilate [ - 1
':?FA Diatasets snd Equations

SR

indes

= cell_1_Moml ¥ _a »
MinissPines
naats Equations
PP
il Tleel_1_Momw ‘

Palette /%

r
2 cell_1* [Mag/Phase]:0
File Edit Miew Insert  Marker

History ~ Options  Tools  Page ‘Window  Help

NER& 3 X9V +E§LLEQ [

eel_1_tomw Wl ) ) BRE] B & R

dBfitted)
dBicalc ulated)

dB(S(2,

2 L L T [ [ [
00 02 04 06 08 10 1.2 1.4 168 18 20
fren, GHz

Circular Via mesh has triangles.
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Lab 2: EM Basics

15. Visualization of Current

a. Close the Data Display to save space and also make the layout window small -
then click the Visualization icon in layout as shown here.

. Visualization shows current:
- —— direction and density...

i Agilent Momentum Visualization(cell 1)

Fie View Tock Options Window Help

cKRIBANMTOOD

Plot Properties =

Shaded Arroi Contaur

[#] Enabis
[#] Scale ] Log scabe
Arrow size 1.00 -
D,
X & Yii ¥ 21 $

Anirmakion aplior

Displs {rees) 100

Phase increment (deg) 10
0 Phase 360
W
Freguency | A=l -- --
Properties | Solution Setup |  Plok Properties 0.000000e-+000 L s e |
6 EE6E6Te+008
1.333333e+009
2.000000e+009 [%

b. When the window opens, go to the bottom left and click Solution Setup and,
under Frequency,select 2 GHz. Then go to the Plot Properties tab and the
Arrow tab and Enable the arrows and click the Animate box. You should see
the animated surface currents — rotate the object as desired.

c. Experiment with the controls and when finished, close the Visualization

window.
d. Save the layout winodow and the EM setup. Your File View | Folder View | Library Yiew
Main window should now show the cell contents: —
the emSetup, layout, data display and the B EE S S
substrate which are all in your library. = L] cell L
@ emsetup
You should now have a good basic understanding of: e layout
how to set up an EM substrate, assign the ports to :"""! cell_1.dds
the pins in your layout, run a Simulation, examine the == substratel.subst
mesh and data, and plot the currents.
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Lab 2: EM Basics

e. The next step optional only if you have time. Otherwise, go to the Main
window and use the command File > Close All and save all your work.

16. OPTIONAL: Arc Resolution, Edge Mesh, emModel / Symbol

This step demonstrates how the simulation results can be slightly improved
with edge mesh (increases simulaiton time). Also, it shows how to easily
specify arc resolution the via (hole), and how the EM model is created for use
with the layout looi-alike symbol.

a. Arc Resolution: In layout, 8/ [Froerties
select the circle as shown il 4
here. In the Properties e o |
docking window, change the Layer hale:craving
Arcs and Circles resolution s - ;i;me |
for this circle to 30 as shown Sl VZIFLE. 30
here. This only changes for '

Edt mode

the EM simulation and not
your drawing.

b. Edge Mesh: In the EM Setup, click the T | — Hezh
Options icons and then go to the Mesh tab. In | 8=, Options |
the Global tab, check the box for Edge Mesh (@] Edge mash
only. This is usually only used for strutures ’
where close coupling effects can be critical if © auto-determine edge width
current is very dense on the edges; this also O Use edge width |0
increases simulation time.

EM Madel
View name: | emMadel

[] Append text to the name

Include S-Parameter data only

Create EM Model when simulation is launched

c. emModel and Symbol: In the EM Setup, select the Symbol
Model/Symbol icon and check the boxes shown here View name: | symbol
to create the emModel and Symbol. This will create Symbol type
the emModel you can use for other simulations along ® Layout lookalike f.
with the symbol that will look like the layout structure. Size

min pin-pin distance | = 1

[] Add reference pin

%esymhol when simulation is launched
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. Specify a new dataset name: In the EM Setup, select Gumparran | [#4 Output plan
the Output Plan icon and click the Edit button shown potaset
here. Then uncheck the box for Use cell name and type sirlivasin sl |

. Simulate: At the bottom of

. Notice that the Qt-u.l.arm.memuw_ev | 4] [a] (o] [»] ] ER]

Lab 2: EM Basics

in the dataset name: cell_1_arc30_edge. Click OK - this

name describes the simulation setup and, after the -

simulation, you will compare this data to the previous E_‘T
L

A A [ use cell name
data using all the default settings. ol 1 arco0,edge ]

Append text sph‘ledi simulation setup

"3 Choose Output Names: B

Data Display

the EM Setup' CI|Ck the Generate: |S-Parameters VH Simulate;\J [#] use cell name
Simulate button and wait cel_L Browse...
until it is finished.

-
e e
Fle Edt View Insert Marker Hostory Options Tools Page Wik 44 Plot Traces & Attributes

EEE § XY £+&§PL Plot Type | Plot Options | Plot Tile

Vx> P E @ @ % @

= u Mag/Phase of 5(2,1) e
os cell_1_MomU¥_a v Trace Options
Z Eb Search List w | | dB(calculated)
S A

P aB(aE: | dB(cel_1_MomUW_a..5(2, 1)
‘ | ]
- 20 5(1.2

same Data
Dsplay (cell_1)
appear with the
new dataset
plotted.

. Add the previous data by editing (double-clicking) the S-21 plot. Then, in the

Traces and Attributes dialog, select the cell 1 _MomUW _a dataset (your
original data) and Add the 2(2,1) data as shown here.

You should see that the original (default) trace is slightly greater than the
customized setup. This is expected because you used edge mesh and a
denser mesh was created for the via. However, there is very little difference.

cell_1_arc30_edge_MomUw _a| | S21 defaultsettingstrace is

A0

3

dB(cell_1_MomLW _a..Si

0.04—— | Slightly greaterthanthe arc
] resolution at 30 with edge mesh.
0.5 4
gﬁ -1.03
= 1 dB(S(2.1))
Q5 -1.59 :
I % E
' 204
-2.5:

LA LI LA WL A LA SN DRLE N N
00 02 04 06 08 1.0 I!E 14 16 18 2.0
freq, GHz
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Lab 2: EM Basics

h. emModel and Smbol: Look at your emModel and Symbol:
Main window Folder View) and you ETTE—
should see the em Model and Symbol | fieview | Foderview | Lbrary view | [ @ o oa
created by EM. Open each one and = (W [Ci\UsersideFaultiiy_EM_wrk wf: ==
verify that you have them as shown = e cel 1 o e
here. IF not, go back and check your ::‘::Ui'/ S s
work. The symbol should look like fayout S
your layout and the emModel looks D> symbol et e
like the EM Setup but it also contains i) bﬂ\i N THA L HHA 707 +asees G
the EM data. e ol

ol <D

e Now, create a new schemaitc and
drag and drop the cell 1 smybol
into the schematic (from the Main window) as shown here.

5 coll_2 [My_EM_lib:celi_Z:schematic] {Schematic): 10 IR
wiw WS 0e
NEE& L HIX 9 e | ot [ trayve
L cmprments * fty_EM_ih:cel_1:syembad ¥ (9 - “ l:gl'::flﬂmmjk
E |En] embiodsl
; [E7] ernetus
En | P
e | E . Fol col_1.dds
L !l """"""" r% *-. - 8 el 2
B detratel b
sl 2N
e With your look-alike — i e
symbol inserted in ,9 M i PPRSE T RENE | e
schematic, select it and ot 910 L B3 i N e :,W -
then click on the icon, - e T =
Choose View for Socs e vt 110
Simulation and select *’ * e
the emModel as shown =
here. CE] |_1 ® Choose View for Simulation
I D 1 Lt b Fher anciny Puobey detarsine which view ko s

{2} Uk this view For sirvulation:

Elm-.t[%

Copyright 2013 Agilent Technologies

21



[ ]
the schemaitc simulation.

ﬁ cell 2 [My EM_lib:cell 2:schematic] ® (Schematic):10

Palette -4

File  Edit Select  Wiew Insert  Options  Tools  Layout  Simulate  Window  Dynamiclink  DesignGuide  Add-Ons  Help
NEHE& X9W9 pa PRS2 B
5 D I A U*ﬂ ﬂ'ﬂﬂ 9 i @ PPPL T D
| Simulation5_Param | ads sfibicrotnn v | (O J_— ﬁ ]!m "E '\ N"ﬁ ﬁ" "[|]" ‘

.Y
Lol Ie YIRS
5P || 3 Lab o
| @i | S Tem | 633 S-PARAMETERS |
FrinSwp Terml ceell 1 Term2 .
— ermhdodel Mum=2 5 F‘aram
H + MNum=1- o 7=50 Ohm~ " &P
Options || Term . F=A0 Ohm . - = - . L © - Spar= GHZ
T [}]g T - Stop=2.0 GHz -
Reftiet || Reiet - . Step=100 MHz.
—

Lab 2: EM Basics

Set uup and S-parameter simulation as shown here, 0 — 2 GHz, and run

When the simulation completes, close the blank Data Display (cell_2) if it

opens and go to your cell_1 Data Display. Edit the S-21 plot and add the
cell_2 data S-21 in dB. As you should see, this is how the emModel is

used with the look-alike symbol for circuit simulation. Of course, you can
also use other circuit simulators (AC, Harmonic Balance, etc.).

Circuit simulatoruses EM
data for simulation.

B Pt Traces & Atridutes

i Hype | PlotOptions | Plot T

= i
| | H & ©¢@¢ &= & @
I D {.] I Dot it s e Equatiors Frai
I-i : ooll_2

- - Lar w  dcsculated
Ve s S
] T aaddap | e LML
-6 5 ] R
o ',ﬁ O o 3k V.. 33
ASFE -1.0- ' :

B =5 7 _
N=ED dB({S(2.1))
=l8=% - |
T3sQ o -1.5]
S0 m ]
%_I = i

i -2.0-

@ ]

'2.5 T | T | ] | T | T

L |
0.0 0.2 04 06 08 1.0
freq, GHz

LI
1.2

L I
14 16 18 2.0

i. If finished, same and close all the ADS windows..

END OF LAB EXERCISE
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