
Board level design and 

verification with 

Genesys

Tips and tricks 

Lance Lascari

RFdude.com LLC

consulting@RFdude.com

June 10th, 2009

June 1, 2009

Presentation © 2009 RFdude.com LLC

1

mailto:consulting@RFdude.com


Board level design and verification with Genesys
Introduction

This is meant to be an informal, interactive session for Genesys users; 

please feel free to ask questions and contribute your perspective, war stories, 

tips!

The workspaces and circuits presented here will not be available for 

download, however I am happy to open them up live if you have questions.    

This is a very small sampling of the work I do with Genesys and simply 

represents some of the circuits I can show to demonstrate key design points.   

If there are questions about other types of circuits Iôm happy to discuss them 

as well (FET mixers, frequency multipliers, detectors, switches, oscillators).
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Board level design and verification with Genesys
Agenda

To highlight some of our usage patterns with Genesys and share our 

techniques, the examples weôve prepared are in the following areas:

ÅMomentum (or EMPOWER) and linear or HB Cosimulation

ÅAmplifier stability analysis and verification

ÅReference planes in EM simulation of active circuits

ÅTolerance analysis in printed filters

ÅPatch antenna radiation patterns

ÅUnintentional radiation from microstrip structures
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Board level design and verification with Genesys
Momentum and linear or HB Cosimulation

ïWhy do I use cosimulation or ñEM simulation with active and lumped 

componentsò constantly?

ÅAllows for more compact circuits ïstraight EM analysis of copper that does not conform 

to disco models available

Åñ2ndopinionò on model based analysis

ÅSpeed has increased to the point that it is practical early in the design cycle

ïQuick switching between transistor models with sub circuits and variables

ïhandling dual grounds with two port data and properly handling in EM simulation

ïFast tuning with lumped elements

Now an involved example to demonstrate these points
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Board level design and verification with Genesys
Momentum and linear or HB Cosimulation: 11 GHz amplifier
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VDC=2.765V

TP1

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH2

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH3

L=0.5mm [l_oc_end]

W=0.75mm [wbyp]

TL22

L=0.5mm [l_oc_end]

W=0.75mm [wbyp]

TL58

Subnet: s2p_file_network

Q1 {BFP740_LL@LanceModels}

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH5

L=1mm

W=0.52mm [w50]

TL26

VDC=3.3V [Vplus]

VS1

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH8

L=0.5mm [l_oc_end]

W=0.75mm [wbyp]

TL64

L=1.1mm

W=0.52mm [w50]

TL66

L=1.5mm [wirepad_l]

W=1.5mm [wirepad_w]

TL10

L=1.1mm

W=0.52mm [w50]

TL67

L=4.25mm [lqw]

W=0.4mm [wthin]

TL13

ZO=50ɋ

Port_2

L=1.8mm [l_inputstub]

W =0.75mm [w_basestub]

TL18

ZO=50ɋ

Port_1
L=1mm

W=0.52mm [w50]

TL1

L=.05mm

W=0.52mm [w50]

TL11

L=1.3mm [l_basestub]

W =0.75mm [w_basestub]

TL24

L=3mm [lio]

W=0.52mm [w50]

TL19

2 1

TE3

2 1

TE1

L=0.6mm [le]

W=1mm [we]

TL4

L=0.5mm [l_oc_end]

W=1mm [we]

TL61

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH7

L=0.6mm [le]

W=1mm [we]

TL3

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH6

L=0.5mm [l_oc_end]

W=1mm [we]

TL60

L=.82mm

W=0.52mm [w50]

TL14

L=3mm [lio]

W=0.52mm [w50]

TL49

L=0.65mm [lbyp]

W=0.75mm [wbyp]

TL16

L=0.65mm [lbyp]

W=0.75mm [wbyp]

TL28

L=1.1mm

W=0.52mm [w50]

TL34

L=0.65mm [lbyp]

W=0.75mm [wbyp]

TL65

C=1000pF

Part=CAP_MUR_0402_002

C6

L=1.1mm

W=0.52mm [w50]

TL63

L=4.25mm [lqw]

W=0.4mm [wthin]

TL5

2 1

TE2

R=680ɋ [rb_bot]

Part=RES_KOA_0402_101

R6

R=1500ɋ [rb_top]

Part=RES_KOA_0402_101

R2

C=0.7pF [cbyp]

Part=CAP_JOH_0402_001

C4

C=1pF [cser_in]

Part=CAP_JOH_0402_001

C1

C=2.2pF [cser_out]

Part=CAP_JOH_0402_001

C5

C=0.7pF [c_coll_byp]

Part=CAP_JOH_0402_001

C2

R=22ɋ [Rctop]

P art=RES_KOA_0402_101

R3

R=22ɋ [Rcbot]

P art=RES_KOA_0402_101

R4

R=270ɋ [rshunt_out]

P art=RES_KOA_0402_101

R8

L=.5mm

W=0.52mm [w50]

TL25

L=1.65mm

W=0.52mm [w50]

TL8

L = 0.375mm [pad_rstab_l]

W =0.75mm [pad_rstab_w]

TL12

L = 0.375mm [pad_rstab_l]

W =0.75mm [pad_rstab_w]

TL17

L=1.1mm

W=0.52mm [w50]

TL30

L=1.1mm

W=0.52mm [w50]

TL15

L=1.1mm

W=0.52mm [w50]

TL20

C=10pF [base_rc_c]

Part=CAP_JOH_0402_001

C3

R=10ɋ [base_rc_r]

Part=RES_KOA_0402_101

R1

L=1.2mm

W=0.52mm [w50]

TL21
L=1.8mm

W=0.4mm [wthin]

TL31

L=2.81mm

W=0.4mm [wthin]

TL23

L=0.6mm [le]

W=1mm [we]

TL35

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH9

L=0.5mm [l_oc_end]

W=1mm [we]

TL33

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH10

L=0.65mm [lbyp]

W=0.75mm [wbyp]

TL37

L=0.5mm [l_oc_end]

W=0.75mm [wbyp]

TL36

L=0.65mm [lbyp]

W=0.75mm [wbyp]

TL6

L=0.5mm [l_oc_end]

W=0.75mm [wbyp]

TL62

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH4

L=.86mm

W=0.4mm [wthin]

TL32

L=1.14mm

W=0.52mm [w50]

TL7

L=.2mm

W=0.52mm [w50]

TL9

L=1.8mm

W=0.52mm [w50]

TL2

2 1

TE4

L=0.6mm [le]

W=1mm [we]

TL29

T=0.025mm [via_thk]

R=0.228mm [via_rad]

VH1

L=0.5mm [l_oc_end]

W=1mm [we]

TL27



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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Agreement 

fairly decent for 

this example

ñrippleò in 

Momentum 

results perhaps 

due to 

interpolation ?

Note: I used 

Modelithics

models for the 

Rôs and Côs 

here.



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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Stability factors 

for various 

analyses

More discussion 

on this later



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation

Momentum is fast, but minimizing runs is key to speeding your design cycle.

ïOnce the copper is settled (no touching the layout), the momentum dataset will 

remain valid without a new simulation run

ÅUse variables to tune lumped elements (Rôs, Côs, Lôs) : this is the one point of reference 

for the values

ïDo not use the ñtunedò option on the schematic elements (for R, L, C, or sources) as 

they will proliferate and become out of sync with a harbec cosimulation.  Tying these 

to variables in an equation window removes the problem. 

Å Reason this is a problem: creating a cosimulation design makes a copy of all 

non-copper elements on the schematic

ÅTuning a value will leave the component type and footprint the same

ÅAnother benefit to putting some of this information in equation blocks is that common 

parameters (bypass capacitor values for example) is that you can cut and paste them 

easily between workspaces for projects in the same technology/frequency range.
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Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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Two tone 

intermodulation

test ïthis is done 

using a momentum 

cosimulation (EM 

analysis is run on 

the metal and 

reconnected to the 

lumped/nonlinear 

elements for HB 

simulation)

Cosim nice for 

nonlinear circuits 

since harmonic 

terminations can 

be accurately 

represented



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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R=50ɋ

Subnet: momentum_amp_Cosim

N1

PH=0deg

PAC=125.9e-6;125.9e-6W [[pin,pin]]

F=10400;10410MHz [[fin1,fin2]]

PORT=1

VS1

ZO=50ɋ

Port_2

For circuits that you may wish to run several types of analyses on (compression, 

two-tone intermodulation, etc), consider a ñtest benchò approach.

ÅCreate a schematic that calls your circuit as a subsystem ïyour circuit can be a 

schematic or a momentum cosimulation.  

ÅIs it clear to users what a ñcosimulation designò is?

ÅThis way you can leave your circuit (and the input port connected to it) alone and 

setup the drive levels/frequencies in each testbench.  



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation

Quick switching between transistor models with sub circuits and variables
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R=.001ɋ

R1

R=1e+12ɋ [r_s2p]

R2

ZO=50ɋ

Port_1

ZO=50ɋ

Port_3

R=1e+12ɋ [r_s2p]

R5

R=1e+12ɋ [r_s2p]

R8

R=10e-6ɋ [r_nl]

R9

ZO=50ɋ

Port_2

R=10e-6ɋ [r_nl]

R3

Q2 {BFP740_LL@LanceModels}

FILENAME=

Datafile: 0p2V515M.s2p

Q1

R=10e-6ɋ [r_nl]

R6

R=1e+12ɋ [r_s2p]

R7

ZO=50ɋ

Port_4

R=10e-6ɋ [r_nl]

R4

BASE

EMITTER

EMITTER

COLLECTOR

(workspace equation block)

s2p=?0.998

r_s2p=iff(s2p>1,.00001,1e12)

r_nl=iff(s2p>1,1e12,.00001)

This is a great trick for reconfiguring 

circuits on the fly for different analyses: 

Basically one tuned variable controls the 

values of several resistors that are used as 

open or short circuits.  In this case, tuning 

the ñs2pò variable > 1 will connect the S2P 

model data.  When ñs2pò is < 1, the 

nonlinear model is connected.

This also shows how the two emitters are 

connected.

Transistor 

subnetwork called 

from main schematic



Board level design and verification with Genesys
Momentum and linear or HB Cosimulation

ïSchematic symbol and footprint below map the model between the 

schematic/subcircuit/EM data
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Board level design and verification with Genesys
Amplifier stability analysis and verification

Circuit instability; especially for communications circuits such as Low noise 

amplifiers and power amplifiers which are exposed to antennas (LNA, 

PA) represent the largest group of preventable problems I see.    

The ñit seems to workò attitude masks so many of these types of problems.

Å Testing units exclusively in 50 ohm environment at room temperature.

Å Youôre lucky if you actually see an oscillation occur when looking for it

Å Needle in a haystack (temperature, frequency, input/output 

impedance).

Å We need to see roughly *how* stable our designs are
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Board level design and verification with Genesys
Amplifier stability analysis and verification

I always use measured data as part of a verification step; mainly to compute the 
stability factors.

There are several ways to gather and use measured data, I prefer to create another linear simulation 
and subcircuit for the two port data for the following reasons:

1. One point of reference to the data file; all of your graphs and post-processing can ñpointò to the 
linear analysis dataset.  I often measure and adjust several times so this saves a great deal of 
effort

2. With the simple schematic such as below you can perform various tests or deembedding.  This 
schematic shows one of our favorite ñLitmusò tests for measured data

3. My opinion on the matter is that this verification in situ can be done with coaxial pigtails to 
facilitate the measurement of your final hardware; the key is to make an effort to catch stability 
problems before you ship!  By all means, make the best measurement you can, but make the 
measurement!
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ZO=50ɋ

Port_2

ZO=50ɋ

Port_1

R=0.01ɋ [rser_meas]

R1

R=100000ɋ [rshunt_meas]

R2

R=0.01ɋ [rser_meas]

R4

R=100000ɋ [rshunt_meas]

R3

FILENAME=String Array  

SP1



Board level design and verification with Genesys
Amplifier stability analysis and verification
Several years ago after insisting on measuring every amplifier built from DC-daylight I realized that noisy 

measured data could lead to unnecessary concern.   For a wide sweep on a narrowband amplifier it is 

expected that the input and/or output impedance may appear almost completely reflective and with the 

inaccuracies and noise in measurements this could ñcomputeò as potentially unstable.    Iôve even measured 

barrel connectors that were unstable.  So I wanted to come up with a way to sort out the ñrealò problems.

So my approach to ñtestò the measured data is to add a tiny bit of loss to see if this cleans up the result.  My 

experience is that typically this does when the instability is far out of band and not ñrealò ïbut it rarely does 

much to any real instability present.
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ZO=50ɋ

Port_2

ZO=50ɋ

Port_1

R=0.01ɋ [rser_meas]

R1

R=100000ɋ [rshunt_meas]

R2

R=0.01ɋ [rser_meas]

R4

R=100000ɋ [rshunt_meas]

R3

FILENAME=String Array  

SP1



Board level design and verification with Genesys
Amplifier stability analysis and verification

Below is an example of the stability factors computed for a model based simulation, 
momentum cosimulation and a measured dataset.  At first glance there seems to 
be a serious potential instability based on the measured data near 15 GHz and 
below 1 GHz.    It doesnôt take much shunt conductance to completely ñstabilizeò.
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Rshunt_meas=50k Rshunt_meas=5k   ( < ~0.05 dB loss)


