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2=Modelithicse Abstract

Modelithicsand Qorvoare collaborating to provide
designers with free access to statéthe-art high
accuracy models for a growing number of power
GaNtransistors. The available and plann&siaN
model library supports simulatichased design
flows for GaNoower amplifiers (PAs) with output
power requirements from 5W to over 500\Whis
talk will summarize thdibrary content,features
anddevice aswell B8EOAOEO | AOAI
validations of the new models.
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A Introduction

A Device Validation Example
A PA Application Examples
A New Model Features

A Summary



Motivation for
Model-Enabled PA Designs

A Demonstratethe effectiveness ofa growing GaN
model library for supporting PA designers

z—Modelithicse®

A These models provide advantage® designers who
want quickturn-arounddesigns, but may not have
measured loadpull data at target frequencies.

A The availability of a complete circuit model can be
very useful in guiding postabrication adjustments, if
needed, to improve or fine tune bench performance .



Non-Linear Models forQorvo
GaN Die Packaged Devices

V1.6.4 Library Now Available via Modelithics Website Request
I 11Die and 27 Packaged Devices (> 15 more models coming)
I Actively maintained softwarew/ version control and updates.

I Quickaccess to Model datasheets within thébrary
|
|
|
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I Manyexample & referenceprojects
I Model support directly fromModelithics
I Easy click thru installer

The World's Best RF & Microwave Simulation Models

Qorvo GaN Library v1.6.4

<SIIYI 1P O
<SIIYN 1P O

AFeatures:
I Scaling of operating voltage
I Ambient temperature and self heating affects T
i Intrinsic voltage/current node access for waveform optimization
I Switch to turn on/off bond wires for die models as applicable
I Updated and new model featuresn develoment




z—Modelithicse®

e

==
bl

File Edit Select View Insert Options Tools Layout Simulate

D FDﬂHQ
Type Componef| [ 7 - Vil o & 2

vpe Component |

Palette 2| palette 5 X

MDLY Qorvo Gal

536 -F5 36 -FL

E-alic-a
SZ-SM SE2-FL
=32-FE 0E-FL
02E-FE 02E-FL
(o e
02E-F& 022-5H
=32 -FL =IZ-FE
=EE-FE SEE-0F
[ohe) b
525-23 || 152550
02E-FL 0z5-FS
2819 FL || 2813 F§
2923 FL | 2525 F%

el

ZERET SM || OIE EM

020 SM || 2021 M

MDLY Qorvo GaM v

Eajice
Eajice
Eajlcs
Ealics

2953 2956

2957

<

X9 ¢

GaNDie & Package Library
Device Element Palates

2l Waveform_example [TQT_233_Fxample_01_lib:Waveform_example:schematic] (Sc..

7@&@@@%

O_.J_m

— VAR NP.ME w‘

Select: Enter the starting point 0 items

I ]ll ‘ .wv

- o N

Window  Dynamiclink DesignGuide
AH = -

3

%»u

ads_device:drawing 12.625, -9.000

ts(Vdrain_int-Vsrc_int)

Waveform_example [page 1]:0

Al L LINN
v [ O

4]
o

P
(o]

w
o

[ae]
o

—a
o

o

| X

o

50

100

time, psec

T
150

2



z—Modelithicse®

1.0-

== __ 0.8+

—~

<

©

2 06

0 5

ARABAUAREBARSEB USRS UABRARAR A
10 15 20 25 30 35 40 45
Vd (V)

Self heat factor=1.0
(100% Duty)

M

O O

HMT_TQT_TGF2023 2 _01_001_MDLXTQTGaN

X5
VDSQ=28 V

BWremoval=1 - Bond wire effect removed

self_heat_factor=1
Temperature=25

Ids (A)

|\/ Characteristics

;:_::}::1.2
2ol 1.0
" 0.8
$ 4
2 06
= 04
0.2-
0.0
oo 0 5 10 15 20 25 30 35 40 45
0 5 10 15 20 25 30 35 40 45 50 vd (V)
vd (V)

Self heat_factor=0.1 Self _heat factor=0.01
(10% Duty) (1% Duty)
VDSQ = 12V

0.7
0.6
0.5
< 0.4
4 0.3
0.2
0.1
0.0 IIII|IIII|IIII|IIII
35 -30 -25 -20 -15 -1.0
Vg (V)

Legend: Red = 85C, Blue = 25C
Salid lines-Model , Markers— Measured data.

Simulated at 25C and 85C with WGS sweep. VDEQ of 12V and 28Y.
Pulse width = 0.5us. duty cycle = 0.03%




#Modelithics»  Intrinsic Waveform Sensing
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“Modelithics: Access to Models and Model Datashect
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Model Features

-scon ot 0 13 o Example Device Level Validation

O=Large-signal model (Angelov-based)
O=Temperature scalable (25C to 85C)
O=Advanced model feature enabling intrinsic I-V sensing - =

O= Measurement validations:

t

- Pulsed I-V
Q
- i bias S-par: lency = 1 GHz,
Multi bias S-parameters . y Single Tone Power Sweep: Frequency = 1 GHz,
- Power drive-ups using TriQuint data (1 and 1.5 GHz) 100 mA, VDS = 36 V, IDS = 600 mA, (25 C)
- 0=50Q (250Q) P 1 |
Power Tuning (1 dBm contour step)

Dazhed Lines show Model and
Dazhed Unes snow Model and Meazurement Reterence Planas

Megzurement Relerence Planss

Transducer Gain and Power-Added Efficiency (PAE)
Test bench impedance (chms): Vs Output Power

Iz =1671-j*2.088

100-14-9€58¢029 1 L-101-1INH

35.04 100
E90
8 =
= m
5 &
&
| 3 E
< f sodbor—r— e vk
- 38 40 42 44 46 48 50 52 54 56
Qutput Power, dBm
Impedzances (ohms) presented to the device during power drive-up test
Iz fundamental = 167 - j*20%9
ZIs second harmonic = 2.48 - j*3.50
— e Zs third harmonic = 4.85 - j*2.37
Il fundamental = 146 + j*0.15
Legend: Red: Model, Blue: Measured data ZL second harmenic = 282 + 313
Load Pull Max. Power Max Power | Max PAE Max PAE ZL third harmanic = 1350 -j10.01
Summary Load Impedance Walue (dBm) | Load Impedance Walue (%)
(ohms) (ohms) Legend: Red: Model, Blue: Measured data (provided by TriQuint)
Measured 1721 +j*0.285 54.8 1.887 + j*1.526 79.9
Modal 1562 + 0489 £1.9 1697 + 71459 531 Pulsed bias conditions for measurements: duty cycle = 20% with pulse kength = 300 us. |
Pulsed bias conditions for measurements: duty cycle = 20% with pulse length = 200 us. é
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PA Validation Example #1Q0rvo)
Design Spec | Goal Sim Meas
DesinSpec JCoal S Mes

2 to 2.7 GHEvalBoard

Device Capable of  Operation: Q. Bias: : _
. T2G600052®3  10W class AB 28V/50mA T— .
Gain (linear) 20dB +f1  17dB+A1
at2.4GHz at2.4GHz
Power 10W 10W V
PAE 50% 50% V T”'C;J/"Z_‘
3dB-Compression Output Power, board: 20mil Ro 4350
Gain and PAE '
ig ;go Return Loss under 35dBm Output
40?-I-I-I-I-I-I-I-I-I-I: 80 3 1 | | | |
Output 4 4N |

70 -
o ) ﬁm o o
-8
25 50 PAE (¥ ]
(dB) 20 40 RL (dB) :ig ]
15 % 30
10 - A 20

-14 |
-16 1
5 - 10 -18
0+— | | | | 0 -20
1.8 2 22 24 26 28 1.8 2 2.2 2.4 2.6 2.8

Frequency (GHz)
Frequency (GHz)

Markers=measured
Solid=simulated, using EM simulation
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~ Device
T2G400552&S 65W

Capable of

Gain (linear) 16dB +£1

Power

PAE

Percent (%)
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at 3.5 GHz
65W

60%

PAE

PA Example #2 (Modelithic§)orvo)

3.5 GH£AvalBoard

Operation: Q. Bias:
class AB 28V/200mA

17dB+F1

at 3.5 GHz

65W V ’

60% V board:25YAf w2 3ISNE v

Qutput Power and Gain

30
25
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O

o 000000000

Gain (dB) and Pout (dBm)
e

Y
T o

10
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Input Power (dBm)

(=]

30 35 10 15 20 25 30 35
Input Pawer (dBm)

VdsQ= 28 V]dsQ= 200 mA, frequency = 3.5 GHz. Comparieorransistormodel cascaded with the builh
TL modeled matching networksz(l lineg, AXIEMmodeled matching networksy(een ling, and measured
(blue symbolg power amplifier power sweep. 12



PA Example #3
ez s e e O (MOtIElithics,'@orvo)

at5.8GHz at 6GHz 50 0.
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freq, GHz freq, GHz freq, GHz

Legend: Red: Model, Blue: Measured data
See Modelithics Applicatiodote 049:Analysis of a 30 Wower Amplifier Utilizing
M2 RSt AGIKAO&AQ ¢ N matkl iyf AgilehttADS N 10 T H Y
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Device: Good PAE at Operation: Q. Bias:
T2G600052&8)3 P3dB > 4@Bm class AB 32V/50mA

From 5 to 5.8 GHz - S0lid lineg; Simulation

— == Dashed lineg Measured data

Gain (linear) 13 dB V
PAE3dB vs Frequency
90
Power 10W V V 5
80
Q‘75
) —
PAE 55% V V P .
£ 60 === S~ B
& 55
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45
40 T T T T T T T T T 1
5 51 5.2 53 54 55 5.6 5.7 5.8 59 6
Frequency (GHz)
Gain vs Pout 5 4 GHZ P3dB vs Frequency
42
415 p——
________________________ 2 g k
—.-\ §405 See ‘\
\!\| 2 "“N
395
T T T T T T T T T T T T 1 39 T T T T T T T
29 30 31 32 33 34 35 36 37 38 39 40 41 42 5 51 52 53 54 55 5.6 5.7 5.8 59 6
Pout (dBm) Frequency (GHz)
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= Modelithics® PA Example#5 (Modelithics/lvan B.)
1.82.2 GHZEvalBoard

Design Spec | Goal Meas _ _______..-a-'“*.-
.ﬁ-""'..‘

Device Capable of  Operation: Q. Bias:

T2G600302&FL 30W Continuous  28V/200mA
class F

Gain (linear) 17dB+f2  \/

Power 25W 25W V

PAE >60% >60% V

15



