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What’s All This Planar EM simulation Stuff
Anyhow ?
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AGENDA

« What and Why — Momentum ? « Unique features
How does momentum fit in the
Grand scheme of Agilent ADS?
* Under lying technologies:
Method of Moments
Mesh reduction Quasi static approximation

Momentum RF
Schematic to lay out flow
Co simulation

Co optimization

Star-loop basis functions Statistical design of physical circuits
Adaptive frequency sampling Visualization
MAPS Spice model generator
 What is the design flow?
The starting point  Bench marks and Examples
The set up
Mode

Substrate stack

Layer definition and mapping
Mesh set up

Simulation set up
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What is meant by Planar EM simulation ?

« Substrate - multiple dielectrics

« Metals - traces on different layers forming component
and/or thin film interconnect

 Vias - connecting different layers
 Method of Moments technique

« Sometimes referred to as 2.5D

* It does NOT include:
« Arbitrary 3D structures

* Horn Antennas
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Why are Planar EM Simulators used ?

No simple analytical model exists

Coupling between conductors or layers is significant

Arbitrary planar geometry

Narrow frequency response not captured by analytical
models

Radiation patterns of planar antennas

CPW transmission lines

When full 3D analysis would take too long

~:.%- Agilent Technologies
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Agilent EEsof RF AM/S (Analog Mixed Signal)
Simulation Technologies

Linear

Harmonic Balance
Krylov Solver
Transient Assisted HB

o

Circuit Envelope HF

SPICE Convolution

Time

Domain

Convolution
High Frequency SPICE
RF System Simulator

Ptolemy
Synchronou
s Dataflow

Co-Simulation with
3rd Party Simulators

Numeric

Ptolemy
Ptolemy Fixed Point =
Digital Filter : Model
E-Syn \ Lomposer
Planar EM ing Capabilities

Agilent Technologies
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Method of Moments

Other names related to this topic or method (some very old and others relatively
recent) are "Varational Method", "Ravleight-Ritz Method", "Weighted Residual
Method”, "Method of projections”, "Petron-Galerkin Method” and "Boundary Element
Method". They all share a common theme or approach and basically accomplish the
same goal; Viz., fo hen differential and integral equarions with continwous variables info
matriv equations that can be solved on the compurer. This 15 the essence of the formal
procedure that follows.

Fourier analysis is another e‘:{ample of the many forms of discretization. Given a
function f(x) over the period 0 < X = a. we can define a harmonic series of the form

2nmx 2nmx |
f(x)= Z

—) + B, sin( ) | (1.1)
wheren=0,1.2.... =0 and the c:}efﬁmenta (Aﬂ B,) are 1e5pectn elm the amplitudes of the
"harmonic basis functions" [cos(2mTx/a), sin(2mtx/a)]. The coefficients (An, Ba)
constitute discretized wvalues that describe the function f{X) and can be used and
manipulated as numbers in the computer.

A cos(
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Planar EM Simulation Basics

> The planar structure is decomposed ﬁv’i/

Substrate layer stack of infinite lateral extent
Finite metallization patterns

(b)

» The metallization patterns are meshed

Rectangular, triangular or improved polygonal cells
> Maxwell’'s equations are translated into integral form
» Surface currents modeled with rooftop basis or Star loop functions
» Boundary conditions imposed by applying Galerkin testing procedure

The mixed potential equation in its general form can be written

J‘J'd:???u: - Jr) = E(r)

Resulting MOM interaction matrix equation is of the form

M
fori=1. N Nz =v o ZM=V] (1)
=1
with 7, = J'J'ns B.(r)- ”dE'E{r: r')-B;(r) 2
and Vi = J'J'ds B,(r)- Er) (3)

o

¥
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Planar EM Simulation Basics

Physical Design

 Substrate

 Metallization (
 Ports

Method of Moments
* Meshing

* Rooftop functions

A

J(r) = 1,B4(r) + 1,By(r) + 15B4(r)

~:.%- Agilent Technologies
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Planar EM Simulation Basics

> Z;represents the EM interaction between B, and B,

» Solution for interaction matrix equation yields

N
surface currents  Jiri=% I.B.ir)
» Decomposing Green’s dyadic in the MPIE B B

Girry= ij"‘{r:r'j:I:—j;m‘-F[G”:jr: W'+ Z 8 -1 Y ®

» And substituting above into eqn (2) yields

.1

Jool 5

()

E'_JmLu[m _J JJdu G (oo r =1 B;(r)-B;ir)
With

ij ]mc = JSEISH|:|5=Ee{mr—r'j:‘-?-Ei{rj‘F-Ej{r'j
=)
= Rj () = EE{mJJ dsj' | dS'5(r —r')B,(r) - B,(r")

=) I
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Planar EM Simulation Basics

Method of Moments B.(r) Byr) B,(r)

Maxwell’s Equations

]

Matrix Equation

[Z].[1]=[V]

| |

Equivalent Circuit

C C
[Z] = [R] + jw[L] + 1/jw [C] v S vz

Mo ment um Se ni nar Page 10



Planar EM Simulation Basics

Full Wave Approach:

» The electric and magnetic Greens functions follow from
Maxwell’'s equations which include coupling,radiation and dispersion.

» The Green’s functions and hence the inductors and capacitors
are complex and frequency dependent

For Example in the free space

Can be expanded in
Taylor series

ﬂlr—1r ky = ufEoly
G.(or —r') =
loar=r) joeg 4w |r—r

» The above can be expanded in a Taylor series, to accommodate
approximations as in the next section.

"':‘::3‘:"." Agilent Technologies
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Momentum versus MomentumRF
Fullwave versus Quasi-Static:

le_ij
Fullwave EM T R

o

Maxwell’s Equations

]

Matrix Equation

[Z].[1=[V]

| |

Equivalent Circuit

[Z] = [R] + jw[L(w)] + 1/jw [C(w)]’

0— —O

52 Agilent Technologies
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Planar EM Simulation Basics

Quasi-static approach

» The electric and magnetic Greens functions follow from
magnetostatic and electrostatic solution of Maxwell’s equations

» For the free space
o oy Jeug
m & -1 A |r—r]
1

Galmr—r)=-
(@ J joegdm | r—r

» Equivalent L and C that follow from above will be real
frequency independent and do not include HF wave effects,
the radiation.

» As long as the electrical length of the circuit is not significant
both fullwave and quasi-static approaches give similar results.

“#'%. Agilent Technologies
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Momentum versus MomentumRF
Fullwave versus Quasi-Static: Quasi-Static

Quasi-Static EM

Maxwell’s Equations

]

Matrix Equation
[Z,1[1I=[V]

| |

Equivalent Circuit

[Z,] = [R] + jw[L,] + 1/jw [C, ]

0— —O

Agilent Technologies
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Momentum versus MomentumRF
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Figure 2. Mesh reduction and comespondmg EM equivalent

network
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Momentum versus MomentumRF: A Snapshot

Momentum MW features: Maomentum RF features:
® Full-Wave EM Simulation ® (luasi-Static EM Simulation
* Basis Function ® StarlLoop Basis Functions
"Bngmélmup'
. Hectangular and Triangular Cells . Fnly{gnnal cells
R Polygonal® OR Rectangular/Triangular”
® For most passive geometry ® Best for geometrically complex designs
® Full accuracy for all circuit sizes ® For electrically small designs (= A/2)
® (o inherent upper frequency limit ® |pper frequency depends on size

. Futen}ngin{fﬁEilitf at f <<kHzto MHz  ® Results stable down to DC
Resulis stable down to DC*

® Fort Calibration ® Port Calibration

® Box and Waveguide inclusion 'J.lantﬁT Waveguide Modes _
Box and Waveguide inclusion”

® |ncludes all radiation modes ® For designs that don't radiate

® Display 20 and 30 Radiation Patterns @ No Radiation Patterns

® |mproved simulation performance® ® Great for 1% pass results, even for large designs | > 4./2]

Agilent Technologies
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® Simulation time and memory decrease by ~ 10X-20X




Momentum versus MomentumRF

Momentum Momentum RF

-2 Agilent Technologies
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Momentum versus MomentumRF
A Summary of Effects Included

Layout :k-

Spice model S parameters S parameters

M:'mzfl_o VT RF[ Tmw e
$ Oo— —O O— —O

- quasi-static inductance . . \#/ \#/ \#f
 quasi-static capacitance .. # # #

* DC conductor loss (s)..... \'4 \'4 #

* DC substrate loss (s) .. ... \_|/ \#f v{

* dielectricloss (tand) .... ................ Vi..... #
*skineffectloss . ........................ Vi.....

* substrate waveradiation .. ............ ... o i j ........
espacewaveradiation................coiiiiiiinneee Moo

52 Agilent Technologies
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Adaptive Frequency Sampling

The Adaptive Frequency Sampling
process of selecting frequencies is illus-
trated here. The S-parameter response
and the error function are shown.

Multiple Adaptive Parameter Sampling
Is similar excepting that the sampling
Is done in the parameter domain.
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Adaptive Frequency Sampling

Adaptive Frequency Sampling (AFS)

-Automatic selection of key frequencies
-Interpolates all S-parameter data using a rational fitting model

A+ B*f + C*2 + .

SN = T ofewier

the 16.gif

Simple Answer to Convergence

AFS has converged unless it tells you that it hasn't converged (e.g., when the
max number of points that you specified was too low)

“#'%. Agilent Technologies
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How is Momentum used ?

=10l
File Wiew Options Window Designkit DesignGuide  Help
EEE N EE N
File Broweser \\ \ Project Hierarcl hy
S Lead_frame,_package,pii -~ Cousers 20020 detaultSAFMD M omentum_raining_materiahLead_frame.pat
-3 data
BaCI mom_dsn
-3 networks
-3 substrates
400 synithesis
i

H
#-£3 verfication 4 I m
b [
ICilusers2002CdeFaut RFMDIMomentum_training ackage_prj 4

« Layout driven

1. Created entirely within layout,
2. Schematic-to-Layout translation, OR
3. Import — (DXF, GDSII, etc.)

5% Agilent Technologies
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Creating artwork in Layout

EJ [ Lead_frame_package_prj ] untitled2 * {Layout):8 ;lglﬂ

File Edit Select View Inserk Options Schematic Macro  Yerify  Momentum  Window  Custom Menu DesignGuide Help Created entirely
=2 [ = S s b |[[RE 2| | @\O\OID\O\A\ x»n\m»x\ within

~l meraniace =] - = | gl g N\ e layout

*
e
Al

“,‘_

S s i

- | [
|
Meil Melir

Moorn | Moross

|

Mourve | Mourve

o |
MGap MIGAF1
L | =
MIGAFZ | MIGAPS
| T
MIGAP | HMlang

L | T

Mlang€ | Mlangd

S | L
MLEF | MLIN
1 | «He
MLOG | MLSC
= | =
Mrind | rindela
= | =

rindnbr | rindwbr v|

Select: Enter the starting poink 0 ikems F1207.6083, 3583.6670 2756.0367, 2502.3813 um ARF  GimSchem
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Creating/importing artwork in Layout

g [m[ 3]

i [ Lead_frame_package_prj ] start_here {(Schematic):4
File Edit Select Yiew Insert Options Tools | Layout Simulate ‘Window Cadence Designiuide Help

DlB ﬂl%l M E]_E] D‘UD E Undo Generate/Updal

| Place Components From Schem To Layouk

&N

— & I WJ|@ =
ITLlnes Mu""ayer j | Fix Component Position | \ LiALIE {%} |L@J el
oz o3 - . . . . Fres Cumpunent Fostion . . . . . . . . . . . . . . . . . . . . . . ;I
WLSUE % Show Equivalent Component
o4 5 Show Unplaced Components =5 89?)
h% — Show Components With Mo Artwark Ed B
5 = Clear Highlighted Components )

v show Connected Components
Show Fixed Components

=
Z
ol
=
i
=
Z
ol
=
i

o
oo
o
=

MLSUE | WLSUE ueﬁ_]
o=t | etz
DEkCct
MLEIE | MLSUE LR g
14 1E Generate/Update Layouk:4 f, x|
n% MLSUE Stating Componet i~ Equivalent Component
o2 =4l |p1 lF"I—
HLSUE | WLSUB Option: Sl - K >—"1‘-I |—"—< } )
1 | 2558 Delete equivalent components in Layout positioned
Mict _c Mlctlc_: ¥ that have besn delsted/deactivated in Schematic w.Coordinate K%%n—'—'_.%-tj
=

2y | 3 Show status report 0.0 S = g
[Alo || o = ‘v-Coordinate BHW_ L BHHI_S

=T = Fix start i ion in Lavaut l— . F R
:" % :I? [~ Fix starling component's position in Layoul 0.0 K P2> ._| |—"‘¢)5 } _I

ot | Mictlc Angle L - = TR R
p el = Preferences. . Trace Contral .. Wariables... | II]I]— BHW z MLICTL_C BHHI 5
METh | Mette P3 CLint P4
3 E 3 ﬁ Mote: When you choose OK or Apply, the "Unda" stack will be cleared. Mum=3 Subst="5ubst Murm=4
Mictl_v | Mict_c Current design will be zaved in " sync" file. Use File>Open to retieve. . . I_'ength:1 500 um

= e
g | 7= . . 5 5 -OWE=204 U
Moty M,;:,:; oK I Apply | Cancel Help S=100 um

= = = - H t
e eI Layer=1 Schematic-to-
Moty | Mict_c 'T@TD[?)}:O s . RLGC F”e.— . R R
= : S . TE=0mil. el oty ¢ 0 S Layout
el [ della | = S . EpndE=LO0ESSO S S S S .

| : translation
[l ml »
idse_start: Click on start ikem Ditems nire F1.375, 3.000 F3.250, 0,750 in BRF BimSchem 4

Agilent Technologies
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Creating/importing artwork in Layout

Q [ Lead_frame_package_prj ] start_here (Layout):7

File Edit Select Wiew Insert Options Schematic Macro  Werify  Momentum  Window DesignGuide  Help
......

' Aot @] D15 b [ RS w]e8|dh| o] D|D|D|OA] 0
Schematic-to- Dle@|a) D] = _

Layout [Block Text Fonts &l j s die S Fi’?’f} o [

translation | &4,

+
L
+

o

filled | filledbld

straight | strfilled

Select: Enter the starting point

O items B18.2856, -893.4253  |1340.5630, 215.64001  um | ARF  SimSchem
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Importing artwork in Layout

=/ [ Inductor_prj ] untitled1 {Layout):18
Filz Edit Select Yiew Insett Options Schematic Macro  Werify  Momentum  Window  Custom Menu DesignGuide  Help

=10l x|

Iew Design, .. Chrl+n
Open Design. .. Chrl+0 +

|l i

@

Close Design

Revert ko Saved Desig, ..

Save Design Chrl+5
Save Design As...

Copy Design...
Delete Design. ..

Print. .. Cttl+P
Print Area. ..
Prink Setup...

Export, ., g

Generate Artwork. ..

[ import
File Tupe
| DF [hierarchical]

Irmport File Mame [Source]
|MD\M amentumn_training_rnaterialy nductor_new. dsf

3
Browse...

3
Reports Defaults Design

| =]

ew Design Hame [Destination]

| Bravse... |

Layers File Mame

Design Pararneters, ..

Release Lavout License

Exit Advanced Design System...

1. inductor_new_artwark_momRF_component_linewidth Import DXF (hierarchical) Options:18

IFF
IGES

EGS Archive Frmat
EGS Generate Format
GOSN Stream Format

kd azk File [ mzk,

2. inductar_new_arkwark_momRF_companent_work ] ] L
3. inductor_new_artwark_momRF_companent 0K | Unit Conversion S

4, inductor_new_arkbwark_momFF

AutoCAD Units  ADS Units Include Layer(s]

Ium jlmil j 0

Select: Enter the starting point dt_dg
; cond
Attributes cond?
v Auto Scale Tesl
diel
¥ Link Zem-width Elements bl
pc_dg
[ Map Circles

Ave Extrapalation Select Al | Deselect Al |

Arc Rezolution  Arc Sag

Search far Lapers I

j imSchem v

[in degrees) Distance
|30 o

o ]

Cancel |

Help |

Import — (DXF, GDSI|I, etc.)
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Importing artwork in Layout

Import — (DXF, GDSII, etc.)

D [ Inductor_prj ] inductor_new {Layout):18

File Edit Select Wiew Insert Options Schematic Macro  Werify  Momentum R Window Custom IMenu

DesignGuide  Help

=10l %]

+2, —2

Dle|E|s| ] =i m] 9 YN

A

M

|Block Text Fonts j |

i Layer Editor:18

Basic | Advanced | Wisibiity |

dinf? | iso3038

- Hame |CDIOra’F’attem Ins SelViz Shape Display Line Stle  Raverse
o |0 [defaut | =l W W W |Fled *|[DoubleDat |
e I = o Filed  >][50ld =]
: [2 [cond [ =l T |Fled  =]|5dld |
[3 [condz | =l - |Filed  =|[5oid |
[+ [resi (R T |Fled  =]|5dld |
[5  [del [ =l - |Filed  7|[50id |
e [ = o [Filed  =][500d =]
[ [pc_da | = T W |Filed  =|[50id |
28 [smbol | = T |Filed  =|[Soid |
= 3 [ | =l - |Filed  7|[50id |
Svelect Vigible Shape Dizplay Line Stule Layer
| Mone | | M ome | | ﬂ | ﬂ M | Cut | Paste |
Search For Layer: Messages:
| |
(] 4 | Apply | Fezet | Save. . | Fead.. | Cancel | Help | 0 ikems

j Q*‘ = “jll| K‘ |v,s default

10,8529, -0,7299

4749926, 169.8916

4][:" @‘O‘O‘DLO‘A‘ bl

il

AJRF  GimSchem
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USing Momentum .Solution process

Select Mode
Substrate definition
Port Setup

Mesh Generation

Momenturn Planar Solve
Enable RF Mode - Display Results
Substrate v | ° Enable regular Momentum or Momentum RF
Port Editar * Define Substrate and Metallization (pre-compute option)
Fox - Waveguide * Modify the type and impedance of ports
Companent . Describe a possible Substrate enclosure

* Create/modify Momentum Component to be used in
Mesh » | EMJcircuit co-simulation or co-optimization
Sirmulation b » Define Mesh parameters (pre-compute option)
pkimization » *Setup and Perform a Momentum simulation (planar solve)
Post-Processing  k * Setup and Perform a Momentum optimization (geometric
perturbation based)

30 EM 4  Display Visualization (S-parameters, current density,

transmission line parameters) and Radiation patterns
* Export 3D files for HFSS

“#'%. Agilent Technologies
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Using Momentum: Selecting the Analysis Mode

Click this submenu to toggle the
analysis mode

« Momentum - MomentumRF

 Solution process « MomentumRF = Momentum

| Momenktum

+ Select Mode @hﬂ RF Mode >
Substrate definition

Subskrake b
Port Setup Part Editar, ..

-

Biox - Waveguide

Mesh Generation

-

_ampanent

Planar Solve
Mesh

Display Results Simulation

opkirnizaktion

b . . S

Post-Processing

30 EM b

5% Agilent Technologies
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Using Momentum: Creating Substrate Stack-

ups and Mapping Layout Layers as Metallization

Create/Modify Substrate:1 %]

Layers

« Solution process

Substrate Layers | Metallization Layers I

MName: patch_lay

Select a substrate laver to edit DR define a new layer:

o S e | e Ct M O d e Substrate Lavers Thickness Substrate Layer Name
FiesSpace 125 |n'|i| R |&lurninag_2
. eea = P Pemittivity (Er] Permeabilty (Mu]
L4 S u bstrate d efl n Itl o n AL BND £ IHe, Lozs Tangent j IHe, Loss Tangent j
Feal Real
|10 1
® P O rt S et u p Cut | Easte | II_DDSS Tangent II_DCI$$ [RECE
u Create/Modify Substrate: 1
* Mesh Generation
Substrate Layers  Metallization Lapers |
Select a lapout layer to map as a strip or ot to an interface plane [dashed ling] ﬂl
iat batrate | !
® Planar Solve or 55 & via to a substrate laper
— Layer Mapping  Lagout Layer Conductivity
Layout Layers: Definition [cond?2]
) candz j IPelfect Conductar j

Display Results

Substrate Layers:

FreeSpace
....... Strip cond
Alurmina

Alumina_2
LENNLAEGND AR

— Dwerlap Precedence

Mo ment um Se ni nar

St I =16 | i | Unmapl
Ok | Eancell Help |
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Using Momentum: Creating Substrate
Stack-ups and Mapping Layout Layers as

Metallization Layers
Greens Function Substrate Calculation Time

Substrate Calculation Time:

. Example - 9 conductor layers
€ \\E E with 9 vias
€, ‘ vias
I ~

9 conductors + 9 vias = 18 metals

S5 They are all coupled, so
€6 18 * 18 = 324 different types of
e, ) coupling must be computed and
I stored.
ré |
e I This is 324 times slower than the

calculation for a single metal

52 Agilent Technologies
R e g g Page 30



Using Momentum: Creating Substrate
Stack-ups and Mapping Layout Layers as
Metallization Layers

A note on layout layer conductivity

Conductivity defined as:

Create,/Modify substrate:g ? L
Substrate Layers  Metalization Layers 1 . Pe rfe ct C o n d u cto r
Select a layout layer to map az a strip ar slot to an interface plane [dazhed ling)
or a5 & via to a substrate laper: ( I oss I eSS)
— Layer Mapping r Layout Layer Conductivity
Layout Layers: Definitian (lau) ( i )
lay0 j ISigma [Re. thickness) j 0- Real ’ I mag In ary
Substrate Layers: CiapEletfilly =
oo d ViaviaZ3 o]| | 0 [Semensim <] 3. 0 (Real, thickness)
. g"ip\?}g 1 Thickness
i [0 [ =
e a2 0 — Owerlap Precedence —— O Impedance (Real’
lee_1 .
H?FEW;’GND L hd ImaglnarY)

Strip | Sl | ia | Unmapl

The parameters selected are
o | el Hob | applied toward a conductor
loss algorithm, this does NOT
affect the layout thickness

% Agilent Technologies
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Using Momentum: Creating Substrate Stack-ups and
Mapping Layout Layers as Metallization Layers:

Loss Model used in Strip Conductors

* Momentum treats all conductors as having zero thickness. However, the conductivity and thickness can be specified to
approximate frequency dependent losses in the metallization patterns.

+ Momentum uses a complex surface impedance for all metals that is a function of conductor thickness, conductivity, and
frequency.

+ Atlow frequencies, current flow will be approximately uniformly distributed across the thickness of the metal.
Momentum uses this minimum resistance and an appropriate internal inductance to form the complex surface
impedance.

» At high frequencies, the current flow is dominantly on the outside of the conductor and Momentum uses a complex
surface impedance that closely approximates this skin effect.

+ Atintermediate frequencies, where metal thickness is between approximately two and ten skin depths, the surface
impedance transitions between those two limiting behaviors.

» This surface impedance is added to the Method of Moments approach that is used for Momentum in general.
+ The formula used is a combination of a high-frequency conductivity and a low-frequency bulk resistivity. The formula is
such that both approaches (LF bulk behavior > HF surface impedance) transition seamlessly.

* The formula is: “thick
« Z=coth(y) * Zc thic ’
where Zc = the HF impedance and coth(y) is the correction for finite thickness conductors
.« Zc=05*sqrt(i* Pt W0+t et w)) n al
* y=0.5"thickness *sqrt(j "4, *w *(0+]* g, * w)) Can also be
‘where w =2 *m*f treated

*and o = conductivity = 1/resistivity [in Siemens/meter]
» The meshing density can affect the simulated behavior of a structure. A more dense mesh allows current flow to be better
represented and can slightly increase the loss. This is because a more uniform distribution of current for a low density
mesh corresponds to a lower resistance

5% Agilent Technologies
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Using Momentum

« Solution process

Mionnentumm

Substrate »
Fort Editor... -T—>
» Select Mode Box - Waveguide »
. C t »
» Substrate definition =
Meszh k
e Port Setup Sirnulation 3
Optirnization »
* Mesh Generation Post-Processing ¥
« Planar Solve

Display Results
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Port Properties Editor:1

Puort 1 zelected on stip laper cond .

X

— Port Type

Single

Internal
Differential
H Cammon bode

A Ground Reference

—Real

|50 Obm =
— Imaginarny

i Obm =

— Reference Offzet [+ = inward]

[i

— dzzociate with port number

ok | apely |

Cancel

Help
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Placing and Defining Ports o ..

Description of Momentum Port Types

Port Type General Description Placement Type of layer

- Single Calibrated to remove mismatch at port Edge Strip or

(default) boundary (might also call this a Slot
transmission line port)

*Internal Not calibrated (might also call this a Edge or Strip
direct excitation port) Surface

. Differential Two ports with opposite polarity Edge Strip

- Coplanar (CPW) Two ports with opposite polarity Edge Slots

« Common Mode  Two ports with the same polarity Edge Strip

« Ground Ref. An explicit ground reference for a Edge or Strip
Single or Internal port. Surface

CPW NOTE: For finite ground planes, use Ground Reference ports and Internal
port on center conductor.

“#'%. Agilent Technologies
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Details of Momentum

Y Solutlon process Mesh Setup Controls: b |
Global | Laver I Frimitive I Frimitive Seed I
¢ S e | eCt M Od e Define here the mesh values far the entire circuit
R Mezh F HE -
* Substrate definition esnieaLEny o [&E =]
Mumber of Cell: per W avelength |3|:|—
. Az Facet &ngle [mas 45 deq.) |45— deqrees

Port Setup

v Edge Mesh

* Mesh Generation S Ml
[T Tranzmission Line Mesh
([ J
Planar SOlve Flummten af Bz Wide ID—
) D i S p | ay Resu ItS [+ Thin layer overlap extraction
- I:IKl Feszet (=5 Cancel Help
~3% Agilent Technologies page 35
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Defining Mesh Parameters

Mesh Setup Control

td ornentun

Substrate »

Fort Editor...

Box -Waveguide P

Component 3

Mezh 3

Simuly gepyp

Qphimi

Post-P Precompute. ..
Surmrmary. ..
Clear

In general, small
patterns are more
accurate but take

more time to solve.

Mo ment um Se ni nar

Global mesh is the default.
But you have choices.

Global |La_l.Jer I F'rimitivel Prirnitive SEEEII

Define here the mesh walues for the entire cincuit

Mesh Setup Controls: 4 E

Mesh Freguency [10 IGH2 j
Mesh Density |3|:| cellzAwavelength
Arc Resolution [max 45 deg] IED degiees

[+ Edge Mesh

Edge "idth [leave empty
ar 0 far automatic zize)

o [mil =]

[T Tranzmizsion Line Mesh

Humbenaf Cells Wide ||:|

[+ Thir laper overlap extraction

Reset [EleaAr Cancel

Help

Agilent Technologies
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Defining Mesh Parameters
Global Mesh example with Edge Mesh

1-Port Here, the cell size is the same for
all parts of the geometry, except for
the edges around each primitive.

2 - Calibration Line
3 - Mesh
4 - Edge Mesh

The calibration line
is automatically

drawn when the
port is defined - —FA— ——

more on this Iate/D or or i

1

NOTE: You can view the mesh, ports, and reference line
before simulating and make adjustments if desired.

<. Agilent Technologies
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Defining Mesh Parameters
Primitive Mesh example

You can combine primitive mesh,
layer mesh, and global mesh.

The center primitive of this geometry has a
different mesh (50 cells/wavelength) than the two
outside geometries (20 cells/wavelength).

1

‘i< Agilent Technologies
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Mesh: Momentum versus MomentumRF

Momentum RF & Polygon Mesh

5% Agilent Technologies
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USing Momentum Method of Moments B,(r) B,(r) B.(r)

Maxwell’s Equations | | [

« Solution process | |

Matrix Equation
 Select Mode

[Z1.111=[V]
. . 1 1C4 * b\_/d % Co
[Z] = [R] + jw[L] + 1/jw [CT ] c
* Port Setup 12
x
1 — Stirnul
* Mesh Generation e
elect a frequency plan from list to edit or define a new one
— Frequency Planzs — Edit/Define Frequency Plan
® Planar SO|ve Type F =tart F =top Hpt=-Step Sweep Type
hdaptive 0.1000 GHz _ 10.0000 GHz [bdaptive =]
. Start
« Display Results o [a#e =]
Stop
f10 [GHz =]
Sample Pointz Limit
|2IJ
Cut | Fazte I| Update I Add to Frequency Plan List |
Process Mode—————— — Solution Files Drata Display
R files f h Open data dizplay wh
S [ e e ot G Ope o dley e

{ Background Datazat Template

Jurtitled2 Brovize... | |Presentation Browse... |
Simulatel Apply | Cancel | Help |

Agilent Technologies
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u
s I n O m e n u m Momentum (YIA_BALUN —a
Filz Projects Plot Current Display Window Help =1l
ade
VIA_BALUN
Shadel

« Solution process
« Select Mode

ﬂ' lowpassfilter* [page 1]:0 ;Iglil

« Substrate definition & e e e ueier e cotone o
Ol=Es| b 0] 9 BR[a|a] AD[PO|O—
* Port Setup sl all ] > 01] R /
dA[521% measure d )
dE{%I1) RbS
* Mesh Generation P N bR
* Planar Solve 5 -
* Display Results G .
4 | v 4

More on this in the next section...

<. Agilent Technologies
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Model Composer : Allows you to create EM model for an electrical component

Create a Schematic

Layout
S/
| I |
MLIN < >
TL3
7 Subst="MSub1" MBSTUB MCURVE2 —
g(;r\ IlV'EIN glan;D W=25.0 mil Stubl . "Curvel" . IWI 9
Num=1 Subst="MSub1" Subs ="MSub1"L=100.0 mil Subst="MSub1"Subst="MSub1 TLz P;I
W=25.0 mil W=25.0 mil W=25.0 mi{ W=25.0 mil A )
L=100.0 mil Angle=90 Ro=60.0 mil  Angle=90 uﬁst— Su 1 Num=2
' M=0.6 Angle=60 Radius=100.0 mil ~ W=25.0 mil
D=3.0 mil Nmode=2 1=100.0 mil

Translate to Layout

Layout look alike

%er 4

:E:: 1 Place the Layout component '——
Mo del Type =MW In the schematic :
Or :
® : These structures retain parameters.
Define the range in which they vary
Black Box In an EM model. Create Layout
" component
test :
test 1

ModelType=MW

»
0y

52 Agilent Technologies
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Advanced Model Composer:

Let this be your most creative network !!!

L 134
witl
o dn Kypa =200

Mo ment um Se m nar

L.

- Parameterize this network in terms of
various geometrical parameters

*Tell the simulator how you want them
to vary.

* Perform the EM simulation to create
a EM model This creates a design kit
using MAPS

* Install the design Kit

» Use the design kit there after in
schematics

* You can now Co-simulate and
Co-optimize

* You can use all the powerful statistical
design tools such as yield optimization,

tolerance analysis, design centering etc.

Agilent Technologies

Lets you create EM models for arbitrary shapes

Page 43



Momentum Component (EM/circuit co-simulation)

 EM/Circuit co-simulation from
the schematic environment

« Transparent integration of
electromagnetic simulators at
the schematic design level

DezignEui

* Include physical layout parasitics Disable RF Mode | 2l axi| [ 4 % |
Subsztrate 2

In SChematIC Fort Editar. .. |'-.-',$ (=T

|
. . . i Box - Waveguide »
 Momentum simulation options Create/Update...
accessible from schematic b iodel Database. .

« Compiled Layout Components
listed in project’s hierarchy [epl e )

- Model database for reuse option | """

. ADS 2002C: EM/Circuit co- | Aps cireuit
optimization simulation

“#'%. Agilent Technologies
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Momentum Component (EM/circuit co-simulation)

Example included in ADS 2002 & higher

55l [ LTEE_EMCKACorsimn_pr] | spiral (Layaut k16

Bie E Select Yew et Qptions Schemolk My Veoly MesertumBF  wnkow Drsagiude Help

=lol =

EM/Circu it co_simu Iation from o e = T S e N e S e S = e e s =T e T N

the schematic environment

i[>

DD i F
el i Gl e b

B [LICL_tMURH okim_prh ] Filterdesion (Schematic)15

Gl [t Seect Yew [rest Qptond Jook et Swdste Wndow Cpdende

Sle|@(@| 1| Wit 0] D)1 &]B& %) %I@Iﬂ_l i8] | et]o] 4

[Btck Texa Fonts E|| = gﬂﬂﬂm mm?ﬂmﬂf

Substrate Layer Mame

||tc:c:_‘|

Perrneability [Mu)

IHe, Logs Tangent j
Real

1

Lozs Tangent

o

[Cumped Campanents =l g el = N EA R ==
e | ]
= m Create/Modify Substrate:16
=+ (BH
= - Substrate Lapers | Metalization Layers
=1k
DCFeed | DOBh. Term
= o Term3 Mame: ke
et e Num=2
'EE' E:E _LEBf = Z=50 Ohm Select a substrate layer to edit OF define a new layer:
L | £ spiral Spira
e spiral_7 Ref spiral_6 == .
Yot P ModelType=RF =° ModelType=RF - Substrate Layers Thickness
el connect froo |um j
== connect_1
S [ =~ ModelType=RF Permittivity [Er]
e | v |
== | ik IHE, Logs Tangent j
InD§ | g
s :,‘,1’5 AP GND 228808 Feal
cap
— [78
tal 8 73| S PARAMETERS i
—_fwwra ] = Loss T t
?: @. b g Add | Cut | Baste | Inolsjsuggngen
Erar=l SP1 §
~}5» g Start=0 GHz il
o Stop=10 GHz
== Step=0.1 GHz

Cancel | Help |

1=

e \ADS2002\Examples\Momentum\emcktcosim\LTCC_prj

AgllentTechno!ogms
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Momentum Datasets
Variables Available in the Standard Dataset

freq Independent frequency variable

GAMMAnN Modal propagation constant of port n (calculated for single,
differential, and coplanar ports only)

« PORTZn Impedance of Port n

S S-matrix, normalized to PORTZn

« S(i,j) S-parameters for each port pairing, normalized to PORTZn

« S 50 S-matrix, normalized to 50 ohms

« S _50(i,j) S-parameters for each port pairing, normalized to 50 ohms

- S Z0 S-matrix, normalized to Z0

« S_Z0(i,j) S-parameters for each port pairing, normalized to Z0 of each
port

« Z0n Characteristic impedance of Port n (calculated for single,
differential, and coplanar ports only, others are 50 ohms)

(Note that these are included in the datasets for Momentum simulations but not for MomentumRF)

“#'%. Agilent Technologies
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ADS Data Display: S-parameters, L, and Q of an

Inductor Powerful post processing data display allows
you to take advantage of countless built-in
functions and provides the flexibility to wrote

lgla] b O] 9] +Eaaa] ol eligelliy (through_both measurement
fraucir-sew_sromtcmom =1 1] | 41 1] o 1[4 equations in a schematic or equations in a data

B2 L_and_r_and_0_from_Sparameters [page 1]:0

displ )
N isplay page).
Reactance, L, C and @ calculated from S-parameters
@ ata single frequency (based on marker location) Reactance, L, C and @ calculated from S-parameters
for all simulated frequencies
E These equations will determine the Reactance, the Inductance, and the Capacttance
ER at the frequency that the marker = on
Thiz e_cluzlion will determing Inductance when the reactance is >0 (nductive) This equation will determine Capacitance when the reactance is <0 (zapacitive)
123 4] BRI _reactance=imagtainim 1.100)) and will sutput 0 when reactance is <0 (sapacitive) and will output O when reactance is >0 (nductive)
567 8] S .
G 1_Leif tmi_resctancel:] 20.0) then (mi_reactance |- (2 pivindepim_reactance[: I3 else 0 (Sl ind=if ] *0.0)then e etse 0 B car=if treactancel:] < 0.0)then 14-2"pimindep(reactancel:| reactaneel: ) el
indd
SR m1_C=if im1_reactance[:] < 0.0 then 14-2pi%indep{m 1 _reactance ] Fm1_reactance[:]) else 0 TI7IET cap _—
This equation will determine the Reactance
from the S-parameters
B reactance=imagizin(3(2.2){:], 1003
T
o
&
Alternate approaches:
Reactance, L, Cand G calculated from Y- & Z-parameters
for all simulated frequencies
fieq (1 DGHT b 1 DG Hi) B Y=stov(s22,100) B Z=stozisz2, 100) b
1
;nreq=1_gggGHz B Leimag(1 v Wz pivirag) ) L1=it (mag(E) >0 0)then (magE M@ pi*fraq]) else 0
S(3,2F0.965 160,417
impedance = 0,399 +j4.629] O=-17(magi ¥yreal(¥ ) Q1=imag(Zyreal(Z)
T il il cf
‘ T ‘ S i ot freg L a ] K]
‘ : ’ ’ ‘ - 91 TOOGHz | 1474 SE: KE: TATIE
[ freq | mT | mT_L |
| T I0GHE | IS TTEG | T 451
freg [l mi_C
T
1 _O-magieingm1 100 hesl(ein(m 1003 To use this Data Display, just select the desired
e | — T S-parameter Dataset in the Default Dataset field
TOIGHE | 055 163471 AL (the drop-down menu just below the file menu
| | | E|| and the toolbar)

52 Agilent Technologies
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Momentum Datasets

Variables Available in the Far-field Dataset

- THETA
* PHI
« Etheta & Ephi

« Htheta & Hphi

 Elhp & Erhp

« ARcp

« Eco & Ecross

. ARIp

* Power

Mo ment um Se ni nar

Swept parameter of planar cut
Swept parameter of conical cut

Absolute E field strength (V) of theta and phi far-field
components

Absolute H field strength (A) of theta and phi far-field
components

Normalized E field strength of LHCP and RHCP far-field
components

Axial ratio, derived from LHCP and RHCP far-field
components

Normalized E field strength of co and cross polarized far-
field comp

Linear polarization axial ratio, derived from co and cross
polarized far-field components

Gain, Directivity Gain, Directivity, Efficiency (in %), and Effective area (in

m?2) Efficiency, Effective Area

Radiation intensity (in watts/steradian)

-j,oi?t-_;- Agilent Technologies Page 48



Momentum Visualization
Momentum Visualization Enables You to View and
Analyze...

« Currents (surface currents)
« S-parameters (mag, re, im, phase, and dB of S(i,j))

 Transmission line data (propagation constant, characteristic
impedance)

 Far-fields (radiation patterns & axial ratio in 3D and 2D)

« Antenna parameters (gain, directivity, pointing angle, etc.)

<. Agilent Technologies
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Momentum Visualization: Surface Currents

\When you scroll from
0-360, you are actually
varying the phase
which illustrates the
e’jwt time dependency

Via_structure
Shade(Via_stiucture.J]
Freq(GHz):  0.183

of the surface currents

The lower and upper values
input into these fields
represents the lowest and
highest values of the surface
current density (A/m) which
will be viewed

I Display Propert’

You also have the
option to look at the -

animated currents  » a
when click on the
Display Properties ‘&
button

e

lllll

Note that you can also

see the effects of an

edge mesh in the current

visualization (the skin
effect is emphasized

Note: when you are viewing the results for a slot metallization layer, the MAGNETIC currents

Mo ment um Se ni nar

3%~ Agilent Technologies

are plotted instead of the ELECTRIC currents. You will also be viewing the mesh in the slots
instead of a mesh on the conductors when viewing

the mesh for a slot layer.

Page 50



Momentum Visualization: Surface Currents

Window
Erase Plat ...

Refresh [ \'S

Select Yiew ..,
Full \indow
Preferences ..,

E Momentum {spiral_param_work)

File Projecks  Plok  Current  Display

Mo ment um Se ni nar

Arrow

spiral_param_work
Arrow[zpiral_param_work.J]
FreqiGHz): 333333

360 «
J §.0000e+001

0.0000e+000
180 ~|

Display Properties ‘

Graphs

Objects(zpiral_param work,

| parari

| | »

Plot Type - View_4

window Help

=101 %]

S Magnitude -
5 Phaze

Bottom Control
(" Hide Contrals
{+ Shaow Controlz

Mouse Control

(" Raotate
(" Scale

Reset |

Rotation ..

Objects(zpiral_param_work]

¥ |U.uuu3 | Y |u.unun

| z |D.Duuz

- Agilent Technologies
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Momentum Visualization:
Far-field Radiation Patterns and S-parameters

Enable RF Mode

[E3 Momentum (dipale) =1olx| Sl_ll:lstrate

File Projects Plot  Current Far Field Display Window Help d
Part Editar...

S Phase
R ] Box - Waveguide
Mesh
Simulation
Opkimization

Post-Processing

HF55

Radiation
Patterns are only
available with

Momentum
results, not
MomentumRF

Pick Graph

x [0 ] v oo |

“#'%. Agilent Technologies
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LTCC Filter Design

AR
B3] $ 7.2mil
2] 4 36mil
[1] 252mil  LTCC
GND

Momentum

Mesh: 20 cells/wavelength, 3 GHz
Frequencies: 14

Matrix size : 218
Process size :14.13 MB
User time :5m14ds

Momentum RF

Mesh: 20 cells/wavelength, 3 GHz

Frequencies: 10

Matrix size . 56
Process size : 7.59 MB
User time : 45s

() Example from National Semiconductor

Mo ment um Se ni nar

Agilent Technologies

dB(321)

gBis21)

-100

LI

Momentum
Momentum RF
Measurements
0
——
10—
20
20—
| dB(S21)
40
1
50 IIIIIIIIIIIIIIIIIIIIIIIIIIIII
00 05 10 15 20 25 a0
freq, GHz
100
50 r
0 ’\
I

phase(S21)

on

05 1.0 15 20
freq, GHz

28

30
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RFIC/MMIC Applications

3] % 155um e=30.

2] %4 1.7um

e,=3.9

AIR

[1] 600 um sijlicon s=12.5
GND

Momentum

Frequencies: 7

Mesh: 20 cells/wavelength, 5 GHz

Momentum RF

Mesh: 20 cells/wavelength, 5 GHz
Frequencies: 7

Matrix size 1 274 Matrix size : 35 -
Process size : 10.29 MB Process size 3.33 MB
User time > 11m 09s User time 1m 39s
PC-NT Pentium Il workstation (330 MHz)
Agilent Technologies

Mo ment um Se ni nar

dB(ST1]

én

Momentum
Momentum RF
Measurements

[ _. L
= o =
'EEEE EEEEE EEEEE ENEN

Fa
o

e
—

/ dB(S11)
||'
N\

I 1 2 3 4 b i

freq, GHz

\
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RFIC /| MMIC Applications

AIR

[1] 100 um GaAs

GND

Momentum

Frequencies: 12

Matrix size
Process size
User time

Mesh: 20 cells/wavelength, 50 GHz

: 221
: 6.32 MB
:2m03s

Momentum RF

Mesh: 20 cells/wavelength, 50 GHz
Frequencies: 10

Matrix size : 203
Process size 4.50 MB
User time 0m26 s

PC-NT Pentium Il workstation (330 MHz)

Mo ment um Se ni nar

Agilent Technologies

Momentum
Momentum RF
Measurements

521

I I I
a 10 20 24 40 20

Frequency (GHz?

phose 521

700
100 —___\
o ™,
o ]
=
— -
L]
o
(=]
c ]
T -100-

—-204a T T T T

a 10 20 1] 40 50

FreqU e Ntk
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Microwave Lowpass Filter (Stripline)

GND

31 mil Duroid
| |

31 mil Duroid

GND

Momentum

Mesh: 20 cells/wavelength, 15 GHz
Frequencies: 20

Momentum RF

Mesh: 20 cells/wavelength, 15 GHz
Frequencies: 15

Process size : 18.07 MB Process size 12.29 MB
User time :36mO07s User time 2m21s
PC-NT Pentium Il workstation (330 MHz)
Agilent Technologies

Mo ment um Se ni nar

§2,17,dB

801,17, dB

=

Momentum
Momentum RF
Measurements

[ I ,
| mag(S11)

0

1
=
o
P
=

freq, GHz

mag(S21) \
Y

|
] 15 ]

freq, GHz
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RF Board Power/Ground

Momentum
Momentum RF
AIR Measurements
[1] 59 mil FR4 0
Momentum
GND 11
Process size : 20.8 MB
M v Usertime : 30m42s
% 30—
h . Momentum RF
50— Process size : 15.0 MB
User time :4mdls
50 1 T T 1 1
an 1L 1.0 15 20 25 an
freq, OHz
0
Momentum
Rl
2] Process size : 20.2 MB
~ User time : 50m29s
% 0
1] Momentum RF
£ Process size : 17.0 MB
User time : 5m33s
an EI.IS 1.IEI 1.I5 2.IEI 2.I5 30

PC-NT Pentium Il
workstation (330 MHz)

Rule of thumb: freq < 1.63 GHz

o Agilent Technologies Page 57
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RF Board Application

1] | 30mi FR4

GND rectangular & triangular mesh
= A= A=

Momentum

Mesh: 20 cells/wavelength, 1 GHz
Ports: 60

Frequencies: 6
Matrix size . 3428
Process size : 152.48 MB
User time : 11h 04m 51s
reduced polygonal mesh

Momentum RF

Mesh: 20 cells/wavelength, 1 GHz SpGEd & CapaCIty

Ports: 60 .

Frequencies: 6 memory' 3 X

Matrix size - 733 speed. 14 x

Process size : 59.35 MB

User time : 48m 24s

PC-NT Pentium Il workstation (330
MHz)

"':‘:f}:'-.- Agilent Technologies
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Packaging Application

Momentum

Mesh: 20 cells/wavelength, 5 GHz

Matrix size 8244
Process size >1GB
User time > 2 days

dBiSi, TN

J.3 epoxi
Tvchip
f3
FR4
GND

Momentum RF

Mesh: 20 cells/wavelength, 5 GHz

Matrix size : 1354
Process size : 106.57 MB
User time 5h 17m 53s

4]

-

L -

A0

PC-NT Pentium Il workstation (330 MHz)

Mo ment um Se ni nar

freq, GHz

Agilent Technologies

dBisi1.20

dBIsil 47

freq, GHz

20—

3] —

5] —

£0

freq, GHz
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Microwave Applications

Momentum
Momentum RF
AIR o
] T 2smi Aumin mag(S11) | ,.] \l
= 0.6
GND g |
E 04
0] |
U-U- -l—y—v—|—v—|—v—|
0 2 4 [ & m 13 14 16 1§ 20
freq, GHz
I'U_\._/ |
mag(821) 0.6
=] |
% o] |
0
0.
Momentum Momentum RF 0 2 4 E ] f[equth 14 16 15 20
0.5 I
Mesh: 10 cells/wavelength, 20 GHz Mesh: 10 cells/wavelength, 20 GHz 14 .
Frequencies: 18 Frequencies: 14 ' radiated |
o z ] power |
Matrix size ;181 Matrix size ;122 = gk
Process size : 292 MB Process size : 213 MB 01 |
User time :1mO02s User time - 0mO09s ool ﬁ |
n 2 4 b ] 10 11 14 16 15 20
PC-NT Pentium Il workstation (330 MHz) =

Agilent Technologies
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Microwave Applications

185 mil AIR
25 mil Alumin
GND

Momentum

Mesh: 20 cells/wavelength, 7 GHz
Frequencies: 27

Process size : 8.26 MB
User time : Tmb53s

magnitude $(1,1)

24.82 mm

Momentum RF

Mesh: 20 cells/wavelength, 7 GHz
Frequencies: 25

rnagnitude $01,1]

Process size . 475 MB
User time : 0m29s

PC-NT Pentium Il workstation (330 MHz)

Mo ment um Se ni nar

Agilent Technologies

Momentum
Momentum RF

mag(S11)

TP
IR=E
04—

0.2

-
o
o

-

freq, GHz

mag(S21)

oo

o —
o
(=1
-

freq, GHz
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Digital Application

isolated trace full board

a a ] il
10 -0 10 40
5 20— i o 204 il B
2 3 g g
30— 8(111) =5 ] S(112) 30— S(1,1) 30— S(1,2)
isolated trace isolated trace full board full board
40 — T T T 1 4 — T T T 1 0 1 1 T 1 40 T T T 1
0 05 10 15 20 25 3.0 00 05 10 1E 20 25 30 L L 00 05 10 15 20 25 30
freq, GHz freq, GHz freg, GHz freg, GHz
Momentum
Momentum RF
' Agilent Technologies
e g 9 Page 62
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Digital Application

isolated trace

g4 HP MOMENTUM [SmallPart2]

File Projects

Shad

e

SmallPart2
Shade(SmallPant2 J)_2
FreqglGHz):

360 «
J 1.0000e+001

0.416667

UE‘ 0.0000e+000

Dizplay Properties |

Graphs

Flot  Current Dizplay  ‘Window Help

freq, GHz

i
- 10— -1 (g
= =
% -2 % -20
m m
=] =
30 $(1,1) 30 $(1,2)
isolated trace isolated trace
N T T T 1 4 T T T 1
0.a 0.5 1.0 15 2.0 2.5 3.0 0.a 1R} 1.0 15 2.0 2.5
freq, GHz

[_ 0] <]

Reszet Rotation ...

Yiews ...

Objectz[SmallPart2)

® |u.0229 | Y |-u.nuus | i |n.nuun

Mo ment um Se ni nar
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Digital Application

=10] x|

ISOIated trace I;ile Projects  Plot  Current  Digplay  “window Help

Shade

SmallPart2
Shade[SmallPart2 J]
Freq(GHz): 2.33333

360 -
J 1.0000e+001

=

Graphs

Objects{SmallPart2

blocks the sig

a a
- 10— -1 (e
= 5
= 20 75 2
o o Reset | Rotation ... | Views ...
S(1,1 S(1,2
-30— (1.1) Kl (1,2) Objects[SmallPart2)
isolated trace isolated trace
bY |-u.0055 | Y |-u.0005 | z |D.DDDB |
40 4D
| | | | | | | | | L_r
00 05 10 15 20 25 30 00 05 10 1& 20| |5 30
freq, GHz freq, GHz

2.2 Agilent Technologies Page 64
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Digital Application

File Projectz  Plot  Current  Display  ‘window  Help
Shade
DigitalPart
Shade[DigitalPart.J)_2
Freq(GHz): 2.33333

0 W —
=0 50000001
[

=1 3

harmonic signal

U:‘ 0.0000e+000

Dizplay Properties |

Shade[DigitalPart.J] 2
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Momentum Component (EM/circuit co-simulation)

Example included in ADS 2002 & hlgher

« EM/Circuit co-simulation from
the schematic environment
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Momentum Component (EM/circuit co-simulation)
Example included in ADS 2002 & hlgher (sllghtly modlfled)
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Initial schematic simulation

Momentum component in schematic
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Wrap-up: Q & A

Questions?
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