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Abstract

As RF and microwave design requirements become increasing complex,
engineers require tools that streamline workflows and enhance simulation
accuracy.

ADS 2025 introduces significant advancements in RFPro, enabling more
efficient design exploration and validation.

This presentation highlights key updates to the Generation 2 Momentum and
FEM solvers.

New Calibration Types that extend accuracy at high frequencies, substrate
sweep capabilities for rapid material trade-offs, re-use of simulation results to
save time, modal port solvers, enhanced visualization of mesh and fields, FEM
Interior meshing, near and far field computations.

Explore how these new capabilities simplify the design process, reduce iteration
cycles, and improve confidence in achieving performance targets.
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Agenda

RFPro Vision
» Designers Focus on Design
* One Platform ... One Flow
* Next Generation EM

Case Studies with measurement correlation
* Nokia 90G Phased Array
* Menlo Micro MEMS assembly
» Keysight 50G PCB Signal Analyzer

What’s New in RFPro for ADS2025
* 7 key new features

Realizing the 1THz Vision
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RFPro Vision: EM For Every RF Designer

Designers Focus On Design, Not Setting Up EM Simulations

Main customer requests for the EM flow

Integration

+/ Same environment for FEM and
Momentum

‘/ EM Flow that works with multiple
design flows from standalone ADS
to integrated flows with Cadence,
Synopsys, and Siemens EDA tools

/No manual wiring up of EM results
iIn schematic

Ease of Use

‘/ Usable by EM novices with
advanced settings for experts

1/ Interactive 3D view

o/ EM flow for simple structure and
scales to full designs and
complete RF Modules, including
transitions and 3D components

Use Manufacturing Layout
‘/ No Cookie cutting
‘/ No exporting
‘/ No removing active
devices/SMDs and placing pins
& ports

AN KEYSIGHT RF Module

RF Board



RFPro Vision: One Platform for Integration, Assembly, and EM

« EM design flow for interconnect, chip-level, package, and board-level design

EM design flow that also supports transitions, 3D components, and complete assembly and analysis of multi-
technology/MCM designs

EM critical pieces of any design without cutting nor modifying the original layout
EM design flow that integrates into existing design flows

Next Generation meshers and solvers with intelligent settings and robust HPC capabilities
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RFPro Vision: Next Generation EM

=Model .-‘thiq:5®

Accelerating Your Design Success!

Modelithics® COMPLETE+3D Library

for Keysight ADS and Pathwave RFPro
O
Z=Modelithics:

(T : =
-'n(m”l”' AN _aE e " Keysight, Synopsys, and Ansys Deliver Radio
- ’ ‘ Frequency Design Migration Flow to TSMC’s
NG6RF+ Process Node

Press Releases

Synopsys, Ansys and Keysight Accelerate 5G/6G
SoC Designs with New mmWave Reference
Flow for TSMC Process Technology

Press Releases

_ _ Keysight, Intel Foundry Partner to Certify
* EM pieces, nets/paths, to full designs Electromagnetic Simulation Software for Intel

« Swap out component models for EM on the fly with no 18A Process Technology
edits to layout and no manual wiring of EM blocks

» Dependable accuracy from DC to THz

« Advanced HPC capabilities
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Case Study: Nokia Bell Labs 90GHz W band Phased Array

Gain v Angle — RFPro EM simulated
- M

AAAAAAAA

Simulation

AN KEYSIGHT RFPro FEM Simulation of 2x2 Tile Array oA connect Tour — March 2025
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Case Study: Menlo Microwave MM5130 SP4T DC-26G Switch

]
L

RFPro FEM Simulation with 3D Connectors
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Case Study: Keysight Labs N9042B 50GHz Down Converter PCB

“Simple” Printed Low Pass Filter Design

Printed Microwave LPF
MDO Analysis — No Cookie Cut!

MeasuredVsSimulated_26G

mag(S-parameters) v. Frequency

I I NN
L - 7- Q;,\:‘.

-20

| Measured
Momentum GEN2

mag(S-param eters) (dB)

8 x 4 inch «  FEM GEN2
16 metallization layers

~ 250 000 vias

~ 1000 Surface Mounted Components

'] 10 20 30 40
Frequency (GHz)
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Case Study: Keysight Labs N9042B 50GHz Down Converter PCB

Cavity Resonance Root Cause and Resolution

LO Output

LO Output EMPro 3D
Shield Connector

AV KEYSIGHT

S(2,1))

dB(_3_TB_LOcavity_withHousing_NoAbsorber..
dB(_3_TB_LOcavity_withHousing..5(2,1))
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60 l | \ \ \ | \ \ \

Simulated Transmission with Absorber (Red) and without Absorber (Blue)
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Measured Transmission without Absorber
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Case Study: Keysight Labs N9042B 50GHz Down Converter PCB

Complex Signal Path Analysis

Full Band 50GHz RFin to IFout Downconverter
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ADS RFPro 2025 Updates

Workspace Collateral: Aps2025_RFPRo_WhatsNew_v1.1_wrk
One Page Summary

Note: Each example folder has ‘readme’ documentation

. . Advanced Design System 2025 Upda... — ] X
1 NeW Callbratlon types eXtend File View Options Tools Window DesignKits
to high frequencies Wi B WBADW=%
File View Folder View Library View
71 D:\Projects\ADS\Keysight\0_xxPRO\RFPro\ADS2025_RFPR]
2 Sweep SUbStrateS i ;:?_ZVLEZE);%ZS&:“;%?AM Simulation Reuse
> 4 Modal Port Solver
> 5 Viz MDO Mesh and Near Field
. . i 6_F:rl\d i:te;ior Mesh
3 Re-use simulation results ) 2 x3D,Component Li
4 Modal port solver
5 Visualize mesh and field for
MDO simulations
6 FEM interior mesh . i
_ Usage Hierarchy 5 X
7 Far Fields can be computed @
without Near Field s
X
References Dependents Usage Hierarchy
DAProjects\AD S\Keysighty0_xxPRO\RFPro\ADS 2(

AN KEYSIGHT EDA Connect Tour — March 2025 12



ADS RFPro 2025 Updates Customer value:

(1) New Calibration Types Extend to High Frequency - more accurate HF Callbrat.lon
* easier to use, less confusion

« NEW Closed Loop Feed Type for Component ports and IO ports (horizontal & vertical)
« Extended Delta Gap to vertical N-port Components ports and 10 ports

« Renamed SMD to Closed Loop (SMD was Closed Loop for horizontal 1-port components)

« Renamed None to Direct

« Renamed TMLO to Open End

RF| Port Editor ( P1 ) RF] Component Model Editor. ( SIC_device2P )
Reference Impedance: lSD ] &
Reference Offset: ID ] ~Port Editor Feed Type Closed Loop H
T )31 R o
iy — EJEIIED Model Lif 5pcn End
Automatic Fixture
Direct Fin # | Pin Name Net Type
l Revert l [ Done ] O:;EE End Lpply 7] I Name |p.12 Gap
Delta Gap 1 (P dr Signal Closed Loop
Closed Loop o2 |P2 AP signal
TML
» 3 |Reference P... |dI' Undefined

AN KEYSIGHT EDA Connect Tour — March 2025
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ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

Calibration Process & Terminology

De-embedded DUT
Tt TTTTTomm T mm o m e m T DUT - Design Under Test

T T T T l e original layout of the design with ports

calibration feed lines

e extend the layout of the DUT - Embedded DUT
e make the ports physical at HF - Mitigate the HF radiation

—2 4 2 < 2

I
: nDne-grrlibedding: Feed Lines A e but add coupling to the DUT
I ode o A R
:____ _______T ______________ calibration standard
calibration original lavout ¢ defines the De-embedding model
feed lines g y e removes coupling from the embedded DUT - De-embedded DUT
calibration |
standard simulated layout

M‘ KEYSIGHT EDA Connect Tour — March 2025



P_ClosedLoop

P_TML

P_OpenEnd

ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

RFPro 2025 feedtype updates

Power Loss

AL
" ...] Direct and OpenEnd have

1 unwanted HF radiation

012

0.10— \

0.08

P_Direct
|

0.06—

0.04—

0.02—

U-DD|||||||||||||
0o 10 20 30 40 50 60

freq, GHz

Calibration = Closed Loop
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ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

Demo - Transistor Manifold

Advanced Design System 2025 Updat...  — m] X
File View Options Tools Window DesignKits

wiv @2 WBD>W=%

File View Folder View Library View

v [w| D}\Projects\ADS"\Keysight\0_xxPRO\RFPro\ADS2025_RFPRg
~ 1_NewCalTypes MOM
€| 1_readme
v £] TransistorManifold
layout
& schematic. MOMuw_CL
& schematic. MOMuw_OE
{> symbol
€ XsistorManifold_TB
W% XsistorManifold_TB.dds

ANV KEYSIGHT

CLOSED LOOP.

New for ADS2025. Whether a top-level port or component
port. Physical feed lines are embedded that provide a path
for current to flow, thereby reducing radiation.

But, unlike the case of the Delta Gap port, this added feed is
de-embedded out.

This port fully calibrates out 'open end' radiation and
capacitive fringing without the need to have 1/2 wavelength
of space in the layout.
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ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

How perfect is a calibration?

Demo — Transmission Line with gap filled with a Line section — Momentum MW

-
Advanced Design System 2025 Update 1.1 (Main) - O X
File View Options Tools Window DesignKits DesignGuide ADS Board Link »

Wi B HR> RS

File View Folder View Library View

~ [wl:D:A\Projects\ADS\Keysight\0 x«PRO\RFPro\ADS2025 TL Cali
5 GaAssubst
~ [€] README
schematic

> [€] TLine_withShortGap

TML

> T8 Transmission line
4 TB.dd .
> ETLinejsection_short Wlth gap

TML
°

L=22mm Transmission line
W =100 um (reference)
H = 100 um <+
GaAs g, =12.9 Component ports
- Direct
- Open End
- Fixture
- Delta Gap

—> Closed Loop

TML

ANV KEYSIGHT

EDA Connect Tour — March 2025
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ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

Fixture..S(1 ,1';)))

ML_Short

dB(MOMuw_TML_Shori_TL_DeltaGap..S(1
dB(MOMuw

Demo — Transmission Line with gap filled with a Line section — Momentum MW

.S(1,1))
n_oGap..(;'(?%))

TML_Shori_TL_CL..S

TML_Shori_TL_Direct.

(MOMuw_
MOMuw_TML_Shori_TL

dB

dB(MOMuw
di3(

Reference (no Gap)
Closed Loop
Direct

Fixture
DeltaGap

MOMuw S11

Frequency sweep: 0 — 100 GHz

——— WARNING

The size of the plus pin for S-parameter port 1 is electrically large

abowve 96.4839 GHz,

S-parameters may become unphysical.

——— WARNING

The distance between the layout pins for port 1 is electrically large

abowve 96.4839 GHz,

S-parameters may becoms unphysical.

e N\
i 7 /
;o
;
' W

Design electrically large

\\\\\\\
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ADS RFPro 2025 Updates

(1) New Calibration Types Extend to High Frequency

Demo — Transmission Line with gap filled with a Line section — Momentum MW

Reference
Closed Loop

1))

How perfect is a calibration?

MOMuw S11

CL..S(1,1))
5(1,1

MOMuw_TML_Short_TL

dB(

-50

dB(MOMuw_TML_Short_TL_noGap..

ANV KEYSIGHT
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Closed Loop outperforms
at higher frequencies
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ADS RFPro 2025 Updates

(2) Simulation Re-use

Demo — No changes to layout or substrate, don’t recalculate everything! .

| Sweep Type Start Stop Points Step Mear Field Far Field
Simulated Adaptive 0GHz 20 GHz Off Off
Simulated Single 25GHz On Off

Starting Momentum simulation.

Setting environment for using simulator engine

Setting EMPROHOME to C:\Keysight\ADS2025 Updatel.l\fem\2025.11\win32_64\bin\

Setting PYTHONHOME to C:\Keysight\ADS52025_Updatel.l\fem\2025.11\win32_é€4\bin\\tools\win32\python (override using EMPRC_PYTHONHCME)
Setting PYTHONPATH to C:\Keysight\AD52025_Updatel.l\fem\2025.11\win32_64\bin\ (override using EMPRO_PYTHONPATH)

Started on: Thu Feb 13 05:06:37 2025

Lo e

[MCMizer is skipped, reusing existing data!

Starting C:\Keysight\ADS2025_Updatel.l\Momentum\2025.10\win32_é&4\bin\MomEngine.exe

Skip processing of technology, greens functions db, and mesh generation, Momentum Engine reuses existing data!
eysSight a . ngine.exe --eng_

License checkout took 0.049 sec

S-parameter simulation

S-parameter simulation started

...initializing

...processing vias

...extracting layout

Layout is electrically small below 86.5 GHz (space wave radiation)

Substrate is electrically small below 43.2 GHz (surface wave radiation)

.. .reducing mesh

Automatic selection: direct dense matrix solver

Using multi-threading (16 threads)

Matrix size: 3251 (reduced: 2559)

Simulation temperature: 29%8.15 K

Adaptive freguency syeep started

Previous simulation data is reused (15 samples) =
Demo —RFPr(Simular.inn frequency [1] = 2.5 GHz ICUIatlon).

...l0ading reen functions

...creating Basis sections

...allocating interaction matrix

...loading gquasi-static matrix

...30lving interaction matrix

...calculating S-parameters

Adaptive: 0.0 % of frequency range covered

Adaptive: 100.0 % of frequency range covered

S-parameter simulation finished

Simulation Time: 0:00:04,229291
Simulation Finished

AN KEYSIGHT EDA Connect Tour — March 2025



ADS RFPro 2025 Updates

(3) Sweep Substrates

Demo — Simple MMIC Filter. Designers may want to choose a specific

substrate to simulate or sweep through ‘process corner’ substrates.

== Process Variation

Layers Materials

] (<))

Substrates

Index to use: | ‘CornerVaristion

D Library

Substrate
0| 2_3_SwpSub_Reuse_Filter_lib tech
1|2_3_5wpSub_Reuse_Filter_lib ProcessCornerl PR N [
= mag(S-parameters) v. Frequency
. . = I
2 | 2_3_5wpSub_Reuse_Filter_lib ProcessCorner? o = -
= -10 y E N
3 < -':".l:ll:l:“ V2 +——+ MOMrf_SweepSubstrates: CornerVariation=1: | (1, 1) | = | S(P1, P1) |
Y «— MOMri_SweepSubstrates: CornerVariation=2: | 5(1, 1) | = | S(P1, P1) |
= .15 ¥
g 7
@ Setup Parameter Sweap £ - .. Ii .‘
T‘E‘?-ED . | )
™| Perform parameter swesp lL .
-35 | ‘
| |
-40 |
|
- - : I
El- (% _‘f‘ Sequence 1 (Simulations:2) '
: S -45 |
----- x @ CornerVariation (2 Values): 1 -= 2 0 1 2 ey @ 6

EDA Connect Tour — March 2025
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ADS RFPro 2025 Updates

(4) TML Reference Offsets — Modal Port Solver

Demo — MoM and FEM ‘TML’ Feed Type Supports ‘Reference Offset’

RF] Multiple Ports Editor
Name | Number | Reference Impedance l Reference Offset | Feed Type ‘
Filter Filter Filter Filter Filter
P1 ‘T 50 Ohm Oum TML
P2 ‘2 50 Ohm Oum TML

Demo — FEM Modal Waveguide Port can Solve multi-conductor structures

0.0
: - RDS
= = Analyses
& [ FEM_NOvias_Nodal = 0.5
= ¢
@ 3 uP o
& s P17 e —~9D -1.0—
“ Component Models : © : ’
. Ootions... s
— az>a
7 [2 Analyses 0we=un -1.54
& FEM_vias_Nodal NS
ctw
! RN / T©50O 2.0—
@ ) 2p2 o = ) .
4 Component Models a g Ié
<. Options... [aa) (_U ca
- Run TOT -25—
& 7 Results O
® Sorintc . simalator =z
- — [ [RF) RFPro Setup - Advanced Simulator Setup EJ/ 3.0—
Simulator -B
Simulator: EM
\ o \ [opal -
ain Rt [ Automaic - s Automatic e L DL L L L L L L DL L L L
Port solver Modal 0 2 4 6 8 10 12 14 16 18 20 22 24 26
B InitaT Ve
Generation Automatic
Mesh Domain Octimization Off freq' GHZ
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ADS RFPro 2025 Updates

(5) Mesh Domain Optimization — Mesh and Near Field Visualization

Demo — MDO analysis of switched filter bank

EM

dB(S(2,1)) (H)

Behavioral

-50— L L L L L L L B BB
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

EM freq, GHz

Demo — MDO analysis of PA with non-reciprocal embedded .s2p amplifier model

oo oo e ) ) S-Parameters [MOMf_Amp_ NearField]
\&K:Fﬁfg @——Eﬂ% Ej’: /)| ! /J MJ e View Marker ‘
8 o ports [ &][x]

XY Graph | ¥ | S-parameters | Magnitude -
SngiaEnded | 1 4]¥]

mag(S-parameters) v. Frequency | Nomber /| Net
[ ] . -1 ‘\\L_‘ | Filter Filter
10: ’,-/ . :j 1 Signal
o T~/ T T e Signal
T MOMrf_Amp_NearField: | S(1, 2) | = | S(
w MOMrf_Amp_NearField: | S(2 , 1) | = | S(_
o =
E |/ CIR D)
%ﬁ S 205{ atse Seieco - (B30
a It ——
B i o~ B
(;bD | 2 40| / ———— :
= £ ]
J— ‘:DJ ] Sl J ( 50' /
P i
D /—on mEbiaisl > 05 1 15 2 25 3
! ’ — — . Frequency (GHz)
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ADS RFPro 2025 Updates

(6) FEM Interior Mesh File View Marker
t XY Graph ¥ | S-parameters * | Magnitude - VO Ports E]
. . — Single Ended Mived Mode
Demo — Thin Film mmWave BPF = mag(S-parameters) v. Frequency | Number /| NetType |_
Tl Filter Filter Fil
™M .5 Ml Signal P
% | M Signal p2
= |
Vi 15 FEM surfaceMesh: | 5(1, 2) |
_ _ _ R o FEM_internalMesh: | S(1, 2)
Thick 30um Gold is deposited on top of — = 20 7 -
50nm TiW, of dis-similar conductivity TE / \
\090“6 ; Ja =25 J;f l\:l'!
e AIR . E I! ll:l < [4]+]
0.17705f diel tpooé J;‘tI)er'cron E_ -30 ff \: Matrix Selector E]
o AIR v /
0.15705 } P “3“(\5 (30+0.05) micron "a:' .35 Jf l
0.127 % oo oou“: Alumina (9.6) m {
A '00\,0 5 mil E n\r
0 millimetert J _4 0 ‘
/
. ) . .45 ;’ff (P2,02)
Thin 50nm TiW ‘cond’ metal is set to 4 N &)
Internal mesh yd
i -50 ;,a;: X FEM_surfaceMesh
- Physical model el X FEM_internalMesh
Thick conductor model Aurtomatic cond (1: Internal 32 34 36 38 40 42 44 46 48 50
Yia conductor model Automatic FI’EC]LI ency (GHz)

ANV KEYSIGHT
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ADS RFPro 2025 Updates

(7) Far Field Computation

Demo — Encrypted Johanson Antenna Mounted on an Eval PCB

[i¥] 0900AD47A2450-EBISMA (7. FarField_EVB_mm lib:0900ADA7A2450-EB1SMA:rfpro] (RFPro [A]) == o X m
File Edt View Took Hep & (& O———x1

Layout
Q{%Ag Create  View G';:'V - ~ @
o g | ;[\ Sty || Total E | | (V/m)
@ & Nets T
@ & Components T
@ 53 Substrate
5 O Pins T
@ O Virtual Pins
& O Reference Pins
W} 0300AD47A2450_v1_encrypted
[J Definitions
5 M Materials
% Bondwire Definitions
" Solder Ball Definitions

Create View

® [
- 0.0173 0.0616 0.106

serpting

2H ,@
4 )

I~
B
e~
(a

K1 | Ol
Setup (8] x]
= [E Analyses

= T4 0900AD47A2450

>
8 ,

[fe]® ¢

(@] X

G

B

@ 1) ports
@ ™ Component Models
2. Options...
4 Run
T Results
 Mesh/Ports
T S-Parameters
=1 TOR/TOT
@ Near Field
W Generate Test Bench...
{4 Generate Sub Circuit...
' Scripts
= Graphs

Visibilty 8)(x]
Conductors Sold Wireframe Hide

View Controls
Delsctres Soid | Wirsframe Hide

t‘,&
Transhcant view:

- [0300AD47A2450]: E-Field (E)
ugrighe e [ | (| [ [

e Setup | Swatistis | Dsplay | PDF | Diversty | Rotations

| 1ate Resut Type: | E-Field () s, Create Line Graph... Excitation Type: | Single Port -
Viewing: | Vector Magnitude o o EO e Port: | P1
Frequency: | 900 MHz -

Complex Part: | Magnitude -
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ADS RFPro 2025 Updates

Bonus Thought! Realizing the THz Design

Increasing Frequency means no simplification of physical structures to maintain accuracy. For example:

* Vias must be modeled as fabricated, no longer orthogonal holes.

 Substrates can no longer be considered planar. Conformal nitride layers or stacked metal layers must be

simulated ‘as-built’

Conformal Substrate with ‘as-built’
metal stack

EMPro 3D Component
Implemented in Foundry PDK

ANV KEYSIGHT
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IRF| S-Parameters [FEM WG]
File View Marker
Z - vororts (&)%)
@ XrGraph 2gr : ==
B | e | Axes | Pot SngleEnded | 1 <[¥]
Numbe Net
I FEM_WG:[S(1,2) | = | S(Sighn, SigOut)| [@] | nes | Dataponts ] - -
M FEM_WG: | S(1, 1) | = | S(Sigln, Sigln) | '_' Color: [l % visble Fiftes Filter
© e = b Signal
— Sy e B2 Signal
x |!J size: (0,4 =
D mag(S-parameters) v. Frequency
’ e e
_ 5 Smasoe 8 ] )
R B0 SRR =
-~ B 15 pmo o —e—e FEM_WG: |S(1.2) | = |S(Sigln , SigOut) | Matrix Selector | &) X |
C|:‘ 3 .20 L~ == #—+— FEM_WG: | S(1.1) | = | S(Sigin, Sigin) | | e e—
- ” === IERE
& | E -25—F
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Summary

* No matter what your application area is, PCB, IC, Module, ADS IS the platform to Integrate
and EM simulate your designs

« ADS RFPro 2025 implements 7 new key enablement features.
* New Calibration Standards

Substrate Sweeps

Simulation re-use

Modal Ports

Mesh Domain Optimization Mesh and Fields
FEM Interior Mesh

Far Field Computation

* No matter your design complexity (1 THz!) ADS has the capabillity
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Thank you
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