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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 | am happy to open them up live if you have questions.
This is a very small sampling of the work | do with Genesys and simply
represents some of the circuits | can show to demonstrate key design points.

| f there are questions about other
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 wedOve prep

AMomentum (or EMPOWER) and linear or HB Cosimulation
Aamplifier stability analysis and verification

MReference planes in EM simulation of active circuits
Alolerance analysis in printed filters

APatch antenna radiation patterns

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

I Why do | use cosimulatonor AEM si mul ati on with ac
componentso constantl y?

A Allows for more compact circuits i straight EM analysis of copper that does not conform
to disco models available

AAaPopiniond on model based analysis
A Speed has increased to the point that it is practical early in the design cycle

I Quick switching between transistor models with sub circuits and variables
i handling dual grounds with two port data and properly handling in EM simulation
I Fast 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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Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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Board level design and verification with Genesys
Momentum and linear or HB Cosimulation
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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.

I Once the copper is settled (no touching the layout), the momentum dataset will
remain valid without a new simulation run

A Usevariablest o tune | umped el ements (R6s, Cos,
for the values

i Do not use the Atunedo option on the sch
they will proliferate and become out of sync with a harbec cosimulation. Tying these
to variables in an equation window removes the problem.

A Reason this is a problem: creating a cosimulation design makes a copy of all
non-copper elements on the schematic

A Tuning a value will leave the component type and footprint the same

A Another 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.

::: Agilent Technologies Presentation © 2009 RFdude.com LLC
A June 1, 2009



Board level design and verification with Genesys

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

For circuits that you may wish to run several types of analyses on (compression,
two-tone intermodulation, et c), consi der a Ntest ben
ACreate a schematic that calls your circuit as a subsystem i your circuit can be a
schematic or a momentum cosimulation.

As it cl ear dosimulateredress iwghnaot ias 21
AThis way you can leave your circuit (and the input port connected to it) alone and
setup the drive levels/frequencies in each testbench.

VSl
PORT=1
F=10400;10410MHz[[fin1,fin2]]
PAC=125.9e-6;125.9e-6W [[pin,pin]|

PH=0deg
> N >

Port_2
N1 Z0=50q

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

Quick switching between transistor models with sub circuits and variables

This is a great trick for reconfiguring TG

circuits on the fly for different analyses: subnetwork called
Basically one tuned variable controls the from main schematic
values of several resistors that are used as

open or short circuits. In this case, tuning -

the fis2po variable > 1y will conn
model dat a. When As2po is < 1,

nonlinear model is connected.
This also shows how the two emitters are

connected. }w

Rele+12q [r_s2p]

(workspace equation block)
s2p=70.998
r_s2p=iff(s2p>1,.00001,1e12)
r_nl=iff(s2p>1,1e12,.00001) \ _d_

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

I Schematic 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 | see.

Theni t s e e ms attittwle masks $0 any of these types of problems.

Testing units exclusively in 50 ohm environment at room temperature.

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

A

A Youdbre lucky if you actually see

A
Impedance).

A

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

| 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, | 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 graphsand post-pr ocessi ng can i
linear analysis dataset. | 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 ALItmus?O

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!

Port_1
Z0=50q

N
v

R1
R=0.01q [rs®r_meas]
R2
R=100000q [r unt _meas]

R4 Port_2
=0.01q [ rZ0er50me as ]

R3
R=100000q [rshu
SP1
FILENAME=String Array
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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 | 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

l naccuracies and noise in measurements this could |
barrel connectors that were unstabl e. So I wanted

So my approach to Atestodo the measured data is to a
experience is that typically this does iwlutetrarelydoes i n
much to any real instability present.
Port_1
Z0=50q
R1 R4 Port_2
R=0.01q [rs®r _meas] =0.01q [ rZLer5 0me a s ]

R2
R=100000q [r unt _meas]

—_ R3
R=100000q [rshu
SP1
FILENAME=String Array
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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
bel ow 1 GHz. | t doesndé6t take much

Rshunt_meas=50k Rshunt_meas=5k (< ~0.05 dB loss)

-

.|
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