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What,s NeW With AWR? wireless PevolutTon“

www.awnrcorp.com

 AWR acquired by National Instruments (July 11)

— AWR a wholly owned subsidiary
— Will remain independent

— AWR Brand will continue

— Backed by $1B parent

— RF EDA strategic to NI's long term success
— Partner with NI for several select accounts

INSTRUMENTS

y NATIONAL
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Matching Network Synthesis oSN

« Matching Network Synthesis
— Tight integration with AWR tools
— Excellent starting point for further AWR analysis —

« EM verification and EM synthesis
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Advancing the

VSS / LabVIEW Integration wireless revolutlon'

WwWww.awnrcorp.com

« LabVIEW VI's can be instantiated in system diagrams

— Signal Processing

— Modulated waveform
creation and
demodulation

— Comparing
simulated and
measured data

— Created behavioral
models

: Measurements include
Yoy L Pe— ACPR, EVM
' Eas ' Bit Error Rate, etc.,
Co-design with VSS
and LabVIEW

9/21/12 © 2012 AWR Corporation. All rights reserved.
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Advancing the

Circuit Envelope Simulation

WwWww.awnrcorp.com

 Arbitrary circuit schematics in VSS for DPD / envelope tracking
« Monitor or control node current, node voltage, or PAE

20 Power Spectrum . Collector Voltage
RF_START RF_END o 55
ID=54 ID=S5 2 s
$22=04*0 Z=_70 Ohm -20 45
-40 2
<0 3 g e
§ 0
-80 32
NL_S_ENV 10 * 0 500 1000 1500 2000 2500
ID:S1 -]I-DF) IC M t 0 0.168 0.188 Frequency (GH(i.)ZOB 0.228 Time (ns)
NET="Envelope_DUT" l P! [E =1__Nonitor_
INPORT=1
DCINPORT=7 H_L-%DTP
OUTPORT={23456} P ID=IC_Monitor_1
DCPOUT=Yes
FCOUTSPEC="f1 0f1 f Of1.f1" TP _ _ PoRT 35 Collector Current
H—|p # 2 ID=VC_Monitor_0 |C_Momtor_0@—-—<:| o0 Ohm i
PORT o
TP 1c_Monitor_1<>—m- | P4 83— S NN\
SRC_R ID=VC_Monitor_1 ZieD Ohm 275
{/DA:LA—E\)/C VC_Monitor_Oe_._<] ;ffeg ohm 078
= P 1 ol 5 0.5
CcOoL=1 SUBCKT PORT T 02
= . P=6
g:\:l‘%ILzzRQ II\Ii)E'?;"High_Power_DUT" Ve Monttor1 e_._<:| Z=1e9 Ohm g -o.zg J\,\/\\/\/\AAA,JVV\W,\,
= IC_Monitor_0=IC_Monitor_0 )
Ic:Mg::tz:]=|c:Mg::tzt1 VC_Supply e_._<] PORT ore
VC_Monitor_0=VC_Monitor_0 P=7 0 500 1000 1500 2000 2500
Z=1e9 Ohm Time (ns)

9/21/112

TP
ID=DC Out

VC_Monitor_1=VC_Monitor_1
VC_Supply=VC_Supply

PORT1

P=1
Z=50 Ohm

Pwr=-100 dBmE :_ Z=50 Ohm

© 2012 AWR Corporation. All rights reserved.

G

A National Instruments Company ™




Advancing the

SYMMIC Thermal Simulator wireless revolution®

www.awnrcorp.com

* Design-state thermal
analysis of MMIC PA’s

* Thermal “stackups”
defined by process
simplifying setup for new
circuits

* Generate thermal
impedance networks for
transient simulation

9/21/12 © 2012 AWR Corporation. All rights reserved.
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Antenna Magus Interface wireless revolution®

WwWww.awnrcorp.com

* Antenna evaluation,
selection and synthesis

« Searchable database of
antennas

« Synthesized planar
antennas can be directly
exported to MWO/AXIEM

9/21/12 © 2012 AWR Corporation. All rights reserved.
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Frequency Plan ner wireless PevolutTon“’

WwWww.awnrcorp.com

« Select right system
architecture == =

0
Specifications System Diagram ([1 to 8] of 8)
Gain 0 18 W . N
> [ @ -
) (=5 NF 0 a7217 [ -
|| Edupends e OP1dB 100 12704 (M Input BPF Amplifier Mixer BPF Amplifier Mixer BPF Amplifier
|| o iooovme iosom nat) LX) ¢
o) e OIP3 w0 22704 [ [Delehe V][Delete V][Delebe v][Delete v][Delehe v][Deletae V][Delete V][Delebe V]
060 10700MH:  -lodem Ad(Y) Theeat T 1000 m
o1P2 100 60.603 N 6 G 10 LO 13530 N 6 G 10 LO 3400 N 6 G 10
Guard band width [MHz] 200
s:::;p::es m— ©  AddBand Input Power [dBm] -10 SFOR 147.33 80.655 li‘ Fo 10135 NF 3 Po 15 Fo 3500 NF 3 Po 15 Fo 100 NE 3
L @  Delete Band V| Make all signals active BW 310 P1 15 cL s BW 20 P1 15 s BW 20 P1 15
Input Library [7]Vary power levels for distinction [o Current] [ More... ] —_—
| ronertsm 0 R, Lo P3 25 P1 15 L o P3 25 P1 15 Lo P3 25
Wane P3 P3
[ Threat sgnal Input Signals ta z pota 2
0 0
| P ./ EditBands DD
le| =» RF Test Signal «| ’
0
£ Fin 10030 Mixers: Auto LO2 ’ Setti B[y (7 rikpart... 2z E@H
n (@ tirers: utoL02 ][ 7 settings ok Par 21 z
50 in -
80 Pin 10 System Response
-100
9000 9200 9400 9600 9800 10000 10200 10400 10600 10800 11000 IF 100 D E DD[_—}
[ Include Image Freq — —
o el
[ indude 1/2 IF input W e
30
System States
(@ sytemwizard... | 2 SIGNAL(1,-1)
; 10 SIGNAL(-1,1)
[® Conversion Stages } |
(@ awd [/ Edt | 0
[Syshem_z V] -10
(6P  Linksystemstates | 20
Control Panel -30
“iL
Spur Chart } -50
) (e Generate Design -60
60 68 76 124 132 140
o ) (5€ cann)

AWR

A National Instruments Company ™

9/21/12 © 2012 AWR Corporation. All rights reserved. 10




Advancing the

AnaIySt 3D FEM SO|VeI' wireless revolution®

WwWww.awnrcorp.com

» Finite Element, Open Boundary _
3D Solver e - A\ N Port

« Over a Decade in Development Aydas
in Collaboration with the Dept of okl D Gold Wire

Energy and DoD. ¢

 Employed at Nearly all US
National Labs and Accelerators
as Well as Several Commercial
Suppliers of X-Ray Equipment

« Highly Distributed, Very High
Capacity

* Fully Integrated into AWR
framework

_ Cu Leadframe

9/21/12 © 2012 AWR Corporation. All rights reserved.




Advancing the

AnaIySt |ntegrati0n wireless PevolutTon"

www.awnrcorp.com

 Goal: Make 3D-EM Simulation
Easier

* Analyst and AXIEM will both take
advantage of the AWR Extract
Flow.”

« Same Schematic and Schematic-
Layout in MWO as always

« 3D Pcells Setup Automatically

*The extract flow
for Analyst will be
supported post
AWR2012 release

9/21/12 © 2012 AWR Corporation. All rights reserved. 12




Advancing the N

Analyst Integration Continued wireless revolution®

WwWww.awnrcorp.com

« Supports extruded 2D shapes and 3D pcells today
« Support arbitrary 3D documents in future release

Encapsulant
A

9/21/12 © 2012 AWR Corporation. All rights reserved. 13
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Microwave Office: Highlights wireless revolutlon®

WwWww.awnrcorp.com

i [ m— Key New Features

m— *  Floating windows
R =9  Project import

* Yield analysis and optimizers

ﬁ == S
4’“—“’1"1—' —TT.% Y Y ¥  Layout setup wizard

':HM—‘LW“ _'J = « New example design kits

« RF aware short checker

 ADS Schematic Importer

9/21/12 © 2012 AWR Corporation. All rights reserved. 15




Advancing the N

AXIEM: Highlights wireless revolutlon®

WwWww.awnrcorp.com

Key New Features
« Asynchronous simulation

« Datasets

* Yield and optimization

* Improved de-embedding

* Rule-based shape modifiers

e User-defined X-models

* Frequency dependent

materials

* New licensing model

9/21/12 © 2012 AWR Corporation. All rights reserved. 16
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Visual System Simulator: Highlights wireiess revoiutions

WwWww.awnrcorp.com

Key New Features
« Radar library ":.5

* Envelope simulation

 RFB spreadsheet wizard

 Nonlinear co-simulation block

passed parameters

« LabVIEW co-simulation

9/21/12 © 2012 AWR Corporation. All rights reserved. 18
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Nonlinear Behavioural Modeling
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Advancing the

|ntr0dUCti0n wireless PevolutTon"

www.awnrcorp.com

* Modeling domains

* Modeling effects

* Model types

« Simulator compatibility
* QOther considerations
* Conclusions

9/21/12 © 2012 AWR Corporation. All rights reserved. 20




Advancing the

MOdeling Domains wireless PevolutTon“

www.awnrcorp.com

* Circuit Level
— Harmonic Balance, transient, and circuit envelope
— Models formulated in time or frequency domain
— Voltages, currents, power, etc.
— Microwave Office

« System Level

— Generally fixed time step, time domain (data flow)

— One or more samples in, one or more samples
out

— EVM, ACPR, etc.
— Visual System Simulator

9/21/12 © 2012 AWR Corporation. All rights reserved. 21




Advancing the

MOdeIing EffeCts wireless revolution®

www.awnrcorp.com

* Linear Memory I
— Frequency dependant _— :
behavior
— Caused by linear
capacitances and inductances I e S
 Nonlinear Memory

— Previous operating condition dependant behavior
(e.g. Hysteresis)

— Caued by interaction of low frequency mixing
products with bias circuitry, self heating effects,
trapping, etc.

9/21/12 © 2012 AWR Corporation. All rights reserved. 22




Advancing the

MOdeI Types wireless revolution®

www.awnrcorp.com

Compact Model .

: - TDNN
Non-Linear Behavioral

2’ Memory Volterra
O
©
(@)
= Linear S-Parameters Polyharmonic Model
%" Memory
aEJ AM/AM & AM/PM
=

No

Memory
‘ >

Linear Weakly Nonlinear Strongly Nonlinear
Operating Region

System Level Steady State Circuit Circuit Level Simulation

Simulation Simulation Only QWR

9/21/12 © 2012 AWR Corporation. All rights reserved. 23
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Advancing the

Simulator Compatibility wireless revolution®

www.awnrcorp.com

e
Poly Harmonic ' '
Model Compact Models oly F Discrete Time
Types Distortion Model System Model
*
[ ]
i Behavioral Model
Extraction
ksk
[
N _
A Circuit/System
Co-Simulation
\ 4 4 VY Y VY VY
e
: : Time Domain t tat
Simulation me Joma = Rl SIEIE System Level
Tvoes Circuit Level Circuit Level Simulation
yp Simulation Simulation
* A system model can be extracted, but is equivalent to an AM/AM & AM/PM model
** Currently, this path does not model linear or non-linear memory effects
fitoes y CawR
9/21/12 © 2012 AWR Corporation. All rights reserved. 24 .




Advancing the

Extraction and Distribution wireless revolution®

www.awnrcorp.com

Measurement Time

— Time to generate data needed to generate model

— Can be simulated or hardware measurement based
Model Extraction Time

— Time to generate the model from measurement data

Simulator Evaluation Time
— How quickly model evalutes in intended simulators

File Size
— Generated model file size
— Important for model distribution

9/21/12 © 2012 AWR Corporation. All rights reserved. 25
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Extraction and Distribution Details wireless revoluton®

WwWww.awnrcorp.com

Compact
TDNN
= PHD

Simulated Meas Time Hardware Meas Time Model Extraction Time Simulator Eval Time Model File Size

G

A National Instruments Company ™
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Advancing the

Behavioral Modeling Conclusions wireless revolutlon'

WwWww.awnrcorp.com

« Simulation tool support is important
* Polyharmonic distortion models in the real world

« System level modeling rapidly emerging
yNATIONAL

INSTRUMENTS
¥
0
'V
RF/Microwave Circuit Design System simulation
Electromagnetic Simulation Real-time Control
Link Budget Analysis FPGA prototype
Ed LabVIEW

9/21/12 © 2012 AWR Corporation. All rights reserved. 27

A National Instruments Company ™




Advancing the

COﬂC'USiOI‘lS wireless PevolutTon“

www.awnrcorp.com

e V10 Release

— Circuit Envelope Simulation
— 3D EM and Thermal Simulation

* Nonlinear Behavioral Modeling

— Read and Write X-parameters
— LabVIEW and TDNN

9/21/12 © 2012 AWR Corporation. All rights reserved. 32




Linking RF Design and Test

Connecting RF Design Software to LabVIEW & Instruments

David A. Hall
RF Product Marketing Manager

NATIONAL plees,
"7INSTRUMENTS* QWR




Evolution of Instrumentation

Vacuum Tube Transistor Software
(Integrated Circuit)

General @ Hewlett (é) National -~
Radio Packard ,” Instruments G
1920 1965 2010
WRSTRUMENTS CAWR | ==




Future of RF System Design

‘7 NATIONAL
’ INSTRUMENTS

RF/Microwave Circuit Design System simulation
Electromagnetic Simulation Real-time Control
Link Budget Analysis FPGA prototype

rrrrrrr

LabVIEW

Design Verification

Research/Modeling Design/Simulation Verification/Validation Manufacturing

NATIONAL g,
"7INSTRUMENTS’“ GWR




National Instruments HW and SW

= NI LabVIEW Software

= Graphical programming environment
= |nstrument control

= Signal processing algorithms

= Visualization and graphing

= NI PXI Hardware

= PC-based instruments
= RF signal generators and analysers

™
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"’“fil (s i Ty F::r -
. i | B
Instrument Control Visualization & Display Signal Processing
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NI RF & Microwave Test Platform

Cellular, Wireless, and GPS

Optimized APIS Dunsten Fndng 22 Prase Cobarnst AF Toil  Custm PMine Crasten  Foat bn o Shoamng 375 Newwd sl Magbach Test TOOIkits
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BT = S S lll -I

Soft Front Panels

Highly Modular Hardware &

Software Reference Architectures

Multicore RF Signal FPGA /O and RF Vector Switching, Power Meters
Processing Generators & Coprocessing Network Amplifiers,

Analyzers Analyzer Attenuators




N| Platform for Software-Defined RF Test

GSM/EDGE
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Linking Design and Test

Design Verification Product Verification
Research/Modeling Design/Simulation Verification/Validation Manufacturing
T | y T A A
Measurements (o qudware |n.the qup to Verification Test Production Test
create models improve simulations
I

aflapapanlag
""o"o'o'ol

_—
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Linking Design and Test: Agenda

s 7 .
? > /”‘Q’ Correlating simulation with measurements

| 'f,’ N ”/ Usmg LabVIEW S|gnal processmg in VSS

Extracting device models with instrumentation

‘7 NATIONAL
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LTE Base Station PA in VSS

* |nfineon amplifier characteristics
= Designed in Microwave Office
= Up to 250W output power
= | TE Measurements: EVM and ACP

= Can be tested through HIL simulation

Constellation Power Spectrum
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~» u & &« &8 8 L 0% 20-
¥ > 1 v =~ a'a O
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How PXI RF Signal Analyzer’s Work

Signal Analyzer

Qe - a2\

Hardware View

Software View

v NATIONAL
’ INSTRUMENTS




Design Software

Using LabVIEW LTE
Analysis Algorithms

‘YNATIONAL
’ INSTRUMENTS

Analyze

Test Software

LTE &

+ +
+ HL,

Present




Connecting LabVIEW and VSS diagrams

1D Array double In 1D Array double Out
(DBL ) @ PDBL]
Ll - ]

LabVIEW Environment

RN N -

NEW LabVIEW Element in VSS

|
|
|
VSS Environment :
:
|
|
|

<€
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Testing a VSS Model with LabVIEW

LTE Baseband Generation Infineon PA Behavioral Model LTE Baseband Analysis

LABVIEW
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LTE PA Measurement Demo

File Edit View Draw Schematic Project Simulate Options Tools | Scripts | Window Help
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Hardware in the Loop

LTE Baseband Generation

Infineon PA Behavioral Model LTE Baseband Analysis

LABVIEW
VINAME="\SubVI\LTE -Baseband Tx v3.v['
CTRFRQ=2140 MHz

LabviE

[ 8]

NL_S LABVIEW

NET="Infineon Eval Board"” VINAME="\SubVILTE - Baseband Rx-v3.v|"
™ o=

TP

ID=RF_In

Signal Generator
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’ INSTRUMENTS

DUT Signal Analyzer
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Linking Design and Test: Agenda

=¥ Correlating simulation with measurements
- ' Using LabVIEW signal processing in VSS

Extracting device models with instrumentation

&

‘7 NATIONAL
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What is Model Extraction...
..and Why Use it?

= Model extraction is the idea of using measured data in
conjunction with mathematical models to simulate circuit
performance in a simulation environment

= |magine...

= You buy an RF amplifier from www.mini-circuits.com

= The spec sheet...
= Tells you...P1DB, IP3, and 3 harmonic
= But doesn't tell you...AM-AM, or AM-PM
= ...And doesn’t give you a model to plug into VSS

j NATIONAL juiee
"INSTRUMENTS " QWR e




System Modeling in VSS

= NL F

= Constructed with CW signals NLF

= Derived from measurements such @s | DATA="PA data fie
= AM-AM NOISE= AU
. AM-PM ~ RFIFRQ=
= Harmonics s | pes=
= DC noise level
= S, and Sy,

= Time-delay Neural Networks

= Constructed with modulated signals
= Capture memory affects

j NATIONAL s
,‘INSTRUMENTS “ QWR CCCCCCC :




Modeling Effects

= Linear Memory ST R et
* Frequency dependant
behavior 15003
» Caused by linear _,
capacitances and inductances

NoUt: Se—

= Nonlinear Memory

* Previous operating condition dependant behavior (e.g.
Hysteresis)

 Caued by interaction of low frequency mixing products
with bias circuitry, self heating effects, trapping, etc.

TIONAL
)W RUMENTS' QWR s




Model Types

Behavioral
Volterra

Polyharmonic Model

AM/AM & AM/PM

A
Compact Model

Non-Linear

Memory
o
=
@
o
§ Linear S-Parameters
> Memory
o
&
[
=

No

Memory

Linear
Simulation
W}TQIONAL _
’ INSTRUMENTS

Weakly Nonlinear
Operating Region

Steady State Circuit
Simulation Only

Strongly Nonlinear

Circuit Level Simulation

Cawr
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AM-AM Through a Power Amplifier

Output Power

INSTRUMENTS

y NATIONAL

A

Theoretical Linear

Response \

Compressed
Response

>

Input Power




Measuring AM-AM and AM-PM

RF Signal DUT
Generator (PA)

= Signal stimulus

= |Qwaveformis a
‘ramped CW” signal

= Linear phase vs. time

" Input Ramp (PVT) = Required measurements
= Power vs. time

= Phase vs. time

S

v

j NATIONAL s
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Measuring AM-AM and AM-PM

Shared 10 MHz Reference Clock

RF Signal
Generator

S

> Input Ramp (PVT)

S
T

DUT
(PA)

RF Signal
Analyzer

S

\ Output (PVT)

v

Note: 10 MHz Reference preserves phase between VSG and VSA

‘7 NATIONAL
, INSTRUMENTS
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Looking at the 1Q in LabVIEW

Data sampled as an array Magnitude is converted
of complex doubles to RF power vs. time
- rei?:::;n o v »OEL] | Maanitud (AM-AM)
. ol v ez T[22 Magnituae (AM-
Mm = oeL] | Phase (AM-PM)
Complex WDT '] R
b e POBL] | |
z. | :
el Q
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AM-AM Measurement

Pin vs Pout Pin vs. Pout

Qutput Power (dBm)

| | | | | I
-40 0 -35.0 -30.0 -25.0 -20.0 -15.0 -10.0
Input Power (dBm)
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AM-PM Measurement

Output Ph Pi
utput Phase vs Pin Sl

0.6-

)

—~ 05 B P AP v i s gt e T
5 S
PN
g/ \I\
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o T change at compression 3
0.3-) I | I | [ |
-40.0 -35.0 -30.0 -25.0 -20.0 -15.0 -10.0
Input Power (dBm)

j NATIONAL juiee
"INSTRUMENTS " QWR




Using Models in VSS
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-3%.81%820 -8.416030 1.101014
-39.7897%0 -8.4372%8 1.08%76%
-3%.7587¢60 -8.465480 1.10087¢
-35.72%730 -8.465645 1.10714¢S
-35%.69%700 -8.426831 1.109606
-35%.66%670 -8.426798 1.103463
-35%.63%640 -8.405223 1.098570
-3%.60%610 -8.458%902 1.104683
-3%.57%580 -8.416030 1.101014
-3%.545550 -8.384046 1.05%814
-3%.51%520 -8.320744 1.103508
-39.48548¢S -8.247300 1.104742
-39.45545S -8.23677% 1.102341
-359.42%42¢% -8.205460 1.101161 >
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Time-Delay Neural Networks (TDNN)
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Acquiring Data for a TDNN Model

Apply Filter C ) | Power vs Time [/\,

Power vs. Sample

20-
PA saturation observed at = —
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-
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Building a TDNN Model in VSS

- AMP_TDNN
- |ID=Model A
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Validating TDNN Model Accuracy

= AM-AM Measurements

= |n theory, the measured AM-AM response of the amplifier
should match the AM-AM response of the TDNN model

= Spectrum profile

= |n theory, the measured spectrum of the amplifier should
match the spectrum generated with a TDNN model

= Modulation quality

= |n theory, non-linear characteristics of the TDNN model
should match the measured behavior. EVM results should
be similar.
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AM-AM of NL_F and TDNN
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-10

AM to AM Comparison
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Measured AM-AM I

Measured AM-AM response
of the PA maps very closely
with the measured AM-AM
response of the TDNN model
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Spectrum Profile - WCDMA

Power Spectra (Pin7 =-10.00 dBm)
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Spectrum Profile - LTE

LTE Power Spectrum

0

TDNN Model

Measured Data

— DB(PWR_SPEC(TP.Model output,1000,0,10,0,-1,0,-1,1,0,4,0,1,0)) (dBm)
LabVIEW LTE PA

— DB(PWR_SPEC(TP.PA output,1000,0,10,0,-1,0,-1,1,0,4,0,1,0)) (dBm)
LabVIEW LTE PA
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EVM & ACP Comparison (LTE)

Measured Results

Constellation

-22 8 dB - > RMS EVM | -22.5 dB

RMS EVM

1.0 m‘ ‘s
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-40
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Neg ACP  Tx Power Pos ACP

-26.1 dBc | 10.3dBm | -26.1 dBc -25.7dBc | 10.4 dBm | -26 dBc

CAwR

A National
lnstr ments

Company™

v NATIONAL
INSTRUMENTS




Parting thoughts

= New LabVIEW + AWR connectivity enables use of
instrumentation to improve simulation
= Example applications include
= Correlating measurement with simulation

= Hardware in the loop
= Model extraction
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