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Types of Large-SignaI Transistor Models = mierereve zeterior:

\ [ Convergence | [ Operating Range ]

/

—a— Physic model

—@— Compact model

—m— Behavioral model

\----EPHD .

{ Extrapolation

[ Physical Insight

Accuracy

Easy modelling Usability for
process Circuit Design
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* No : Load Modulation
Hybrid Doherty Amplifier Design using a
packaged device

Class AB _ —
Lo « Accuracy over a wide
oa .
modulation dynamic range
OUTPUT )
INE% %_ « Accuracy over different Compact
., —
load conditions Model
Splitter Combiner
Peak A _
g * For different class of

operating conditions

Class C —



GaN HEMT die
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‘ / Packaged transistor

!

All package elements are finally fitted
by comparison between
measured and simulation

Packaged transistor

!

Set of equations
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Enhanced Polyharmonic Distorsion modehk:crewsve coiucions

~ Nonlinear Harmonic superposition
influence of a2 )
3rd order expansion !

HW\ A, Ao

« The model is extended to the third
order

/
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A T/l\/[\,r  Bi(t) is the 3 of fO and harmonic

modulated tones
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A B p : ports « The main nonlinearities are driven by
pk pk k : index the incident power wave @f0 at the
input port
by (t) = Sik.ll,l(la;&)l)am) + Sik,21,1(|a’1?(dt)|)azﬂ1\(£) + Tik,21,1(|a;(?)|)pk+1a;1\(?)* Order 1

+ Sik,21,2(|a:;(?)|)P_1a2:V(02 + Tik21,2(|az @®)|)P ay1(t) ayy” (8) + Uik,21,2(|a:1\(/t)|)p3a2’1—*\(_£)2 Order 2

+ Sik,21,3(|a;&)|)P_2a;@3 + Tik,21,3(|a;:(£)|) amz a;;*(t) + Uik‘21,3(|a/1—1\(it)|)p2a2’1\*(t) ‘12?(75)2"' Mk,21,3(|am)|)p4a:(t)3 Order 3
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Measurement Process for model extracd
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Z0 =50 ohms Z0 = 50 ahms Z0 = 850 ohims

?L'i.&{}u . "o * ?
::{E;%;ﬁ* v & * * & |
TYCozio s, v 7210 o 730

> [49 Zload]
> [Zloady= Z ]
> [Zloadyy = Z ]

& [ZloadeO = Zref]
& [7 Zload,]
& [ZloadeO = Zref]

&
&
&

[Zloads = Z,]
[Zloadsy = Z,f]
[7 Zload )




'EPHD |

Higher order of nonlinearity
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PHD

Measurement extraction speed

More robust for interpolation and extrapolation

-23.19 -13.19 -3.188 6.812 16.81 25.95
Power (dBm)

Measurement can be
time consuming

*

Model Validity O Area of Model Validity

Interpolation linked to the density of the grid
Juxtaposition of several models

Model Performances Power Gain PHD

Power Gain (dB)

-15 -5 5 15 25.95
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Impedance configuration <F & Microwave sotution:

« Reference : Compact Model CREE CGH40
« Model extraction with similar points density(= 49 impedances @ f0)
« Same load impedances @2f0 & 3f0

Interpolation capabilities Extrapolation capabilities
v
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\ \ Tests conditions /

X-parameters extraction area

3:3 EPHD extraction area
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Interpolation

0

Pout (dBm)
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Class AB mod
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Extrapolation

Pout (dBm)

Pout (dBm) @ 2f0
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Class AB model : EPHD
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Extrapolation

Pout (dBm)

Pout (dBm) @ 2f0
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O EPHD ensure more accurate interpolations in areas where the gain & current curvatures have sharp
variations

O EPHD predictions are more accurate in load extrapolation conditions due to the higher order of
nonlinearity description.

O For low input impedance areas, or negative input impedances, X-parameters formalism does not
allow to run a proper model extraction

O Both models allow good simulation convergence
O Extraction time for X-parameters is higher than the extraction time for EPHD (measurements)

(d Accurate to simulate harmonic behavior
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= Class AB model @ 3,7GHz

—> EPHD

—> Measurement
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The model is able to reproduce the
measurements which have been used for the
model extraction

GLoadf0
gamma_in_mod
gamma_in_mes

TTTTT[TTTT[TTTT[TTTT[TTTT[TTTT

5 10 15 20 25 30 35
Pin (dBm)

-135
-140+
-145-
-150
-155+
-160

B
TTT

s e
-165 TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTT

-5

0

5 10 15 20 25 30 35
Pin (dBm)

Pout (dBm)

Pout (dBm) @ 20

Class AB

TTTT[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT

5 0 5 10 15 20 25 30 35
Pin (dBm)

TTTT[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT[TTTT

-5 0 5 10 15 20 25 30 35
Pin (dBm)



F NS

EPHD: Model vs Measurement

= Class AB model @ 3,7GHz

—> EPHD
=2 Measurement
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v .
BRI Zload Extr%{ation The model is able to reproduce the measurements
? which have NOT been used for the model extraction
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Class C model @ 3,7GHz

—> EPHD
=2 Measurement

Strong nonlinear behavior

20 /\
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The model is able to reproduce the measurements
which have been used for the model extraction

Class C -> see Power Gain curve shape
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Class C model @ 3,7GHz

—> EPHD
=2 Measurement

imma load
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solutions

The model is able to reproduce the measurements
which have NOT been used for the model extraction

Class C -> see Power Gain curve shape
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EPHD: Frequency Interpolation Capabilitigg:oveve serueron:
= EPHD extraction for 3,7 & 3,95 GHz

Dynamic variation of the load impedance
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EPHD: Circult Realization S5 s B rowe u & imellareiions

« Doherty PArealization in band [3,7 - 3,95 GHZz]
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&

Strong model robustness for simulations in both AB and C Class (with strong NL behavior regarding the
gain curve shape)

Strong model robustness for dynamic load modulation (extrapolated impedance have been verified)
Accurate to simulate harmonic behavior

Ability of the EPHD to predict the overall Design performances without any convergence issues even for
extrapolated loading conditions.

Proof of concept has been made on a real test case

EPHD model extraction is a software module part of the IVCAD catalogue (already sold as a turnkey
solution)

The EPHD is a promising candidate for the design and realization of power amplifiers of future
telecommunication systems due to its robustness and reliability.
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« Hardware :
- Vector Network Analyzer
- Power Meter
- Instrumentation driver
- Circulator
- Couplers
- Fundamental & Harmonic tuner
‘ (passive, hybrid or active)
IV Power - Comb generator (+ External RF Source)
SHppHes - Power Supply (DUT Bias)
) » Software:
' — - IVCAD
Vecton » Vector Receiver Load Pull (MT930C)
- Network » Time domain waveform LSA (MT930GA)
Analyser > EPHD model extraction (MT930R1)

\~M1 | — > Basic Visualisation (MT930B1)
» Advanced Visualization (MT930B2)

I—’}*'}#%ﬁ e szrl':B‘f:Hr | o= }—ak—i 500 > Measurement Toolbox (MT930P)

» Active Load Pull (MT930H) optional

oooopao

i Calibration Reference '
A INWIOA LewTYAce
Plane



Extraction methodology (1)

==P [irst step : location of optimum Gain on linear condition

HITECH

solutions

RF & Microwave

== S parameter data or measurement — IVCAD ideal matching [S22*]
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g
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i
E@@-;n

Cercle de stabilité de source

& cercles & gain disponible

imEE
[ 1

18 Visionneuse Load Pull | 93 Stabilité

EraEhs cunﬁguratiun

»

Frequency: 5.375GHz

Load stahility circle & operating gain circles
Maximum operating gain: 13.95 dB

| delta:
K 1,421
H Source: | 1.039

U Load: 1
Graph to draw
(@) delta &K

() p Source & p Load

Constant gain drdes

Operating gain
Mumber of crdes:
Step:

Available gain
Mumber of crdes: |1
Step:




Extraction Methodology (2)

@—> Second step : Search of PAE/ Pout optimum @ fO

—>

HITECH

RF & Microwave

PS/IS with pattern fO definition with High resolution (~60 curves)
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[Extended LP measurement plug-in ]

— |

Gamma Load [Real] @ f0

solutions



Extraction Methodology (3)

HITECH
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==p Third step : harmonic influence (nf0, n>1) [mfO with m<n on Opt PAE]

== Example : pattern 2f0 definition with High gamma settings (~20 curves)

& Extended Load Pull viewer
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Extraction Methodology (4)

@—> Fourth step : pattern definition for EPHD extraction]

—>

Impedance sweep

Impedance sweep

Impedance sweep

»

Enabled

Optimization frequency:

Impedances: 0; Preview: 49

Enabled
Optimization freguency:

Impedances: 49; Preview: 1

Enabled

Optimization frequency:

Impedances: 56; Preview: 0

HITECH

RF & Microwave

Setup & Measurement plug-in — LP Measurement — Power Sweep

solutions
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PHD Using IVCAD : Sweep plan Meas

CH

solutions

HEE

ﬁ‘ Setup & measurement
D New |- Open € Close B Save Save as... @ Initiglize bench . Shutdown bench

Setup Measurement Sweep Plan

Sweep plan

Drag and drop actions into tree to build your sweep Me-dick on an check box to selectfunselect it.
- My EPHD
@ Change measurement configuration )B/ﬂ @ i sweep plan
@ (@ ouT on

@ Change output file
@ Change stop conditions

= .| @ Qutput DUT biasing, quiescent: 0.0, pulse: 3.4 (DUT ref. plane)
= .| @ Input DUT biasing, quiescent: 0.0, pulse: 0.5 (DUT ref. plane)

[ Perform measurement =@ & loop
=] @ Change measurement configuration
5 Loop/Group (nestable) - @) Move load tuner

0

' Start ‘ Pause . 5

QOrientation:
Location:
o
[ ]ere

Harmonic:

Show calbration area at:

Load
Target ~

8 Override measurement configuration if possible {only for target location, and same orientationfharmanic)

Impedances

5 wait

() Message

ﬂ [ Perform measurement
- @ Change measurement configuration
{8 @ Move load tuner

@ DUT power state

DUT bias
»Impedance sweep @ fO (49)

|mpei!ances‘ 39, FPreview U

Z0 =50 ohms

=8 @ Load impedance sweep (target, 2.f0, ?impedances]

[ Perform measurement _J
- @ Change measurement configuration
{8 ) Move load tuner
=8 @ Load impedance sweep (target, 3.0, 7 impedances)
n [+ Perform measurement

(&) DUT biasing
@ DUT biasing optimization
& Change wafer

i change prober temperature

@ Move prober /8 @ Lo )
pr = -] @ Change measurement configuration
@ Move tuner = -] @ Move load tuner

=8 @ Load impedance sweep (target, f0, 43 impedances)
ﬂ ¢ Perform measurement

= ] @ Change measurement configuration

{8 € Move load tuner

@ Load impedance sweep (target, 2.f0, 7impedances)

@ DUT biasing sweep {nestable)
@ Temperature sweep (nestable)
& wafer plan (nestable)

—

»Impedance sweep @ 2f0 (7)

Impedance sweep @ 3f0 (7)

@ Probe plan {nestable) @ B Perform measurement

= ] @ Change measurement configuration
8 @ Move load tuner
=8 - | % Load impedance sweep (target, 3.f0, 7 impedances)
ﬂ [ Perform measurement
a8 | @ 1loop
@ (@) ouT oFF

@ Impedance sweep (nestable)

@ Frequency sweep (nestable)

@ Power sweep (nestable)

Q Seript (nestable)

B scP1 command
Bl 5CPI Test (nestable)

17

P

[C) Enable preview {blue points)

Gamma Arc Cirde Rectangle VSWR

»Other loops for other frequencies

Gamma: [[0.63 |, 1615 |9 Settl n gs Of
Impedance: |11.6329 +i. |7.6875 |2
VSWR Max. I 3.0 sweep plan
VEWR res.: 0.5 1
Angular res.: I 0.0 aCtlonS
@ Filled
@ central point
) add @ Clear =
Apply Restore




~ HITECH

RF & Microwave solutions

“a ‘\,.,)
.\ AMCAD Enc

Advanced Modeling for Computer-Aidec




