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Agenda

* Quick Start for IC-CAP

* Introduction to ASM-HEMT Model

* Introduction to CMC Modeling Kit (ASM-HEMT) in IC-CAP
« Export Model to ADS for Load-pull Simulation
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Quick Start for IC-CAP
————
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What is PATHWAVE Device Modeling : IC-CAP

* Integrated Circuit Characterization and
Analysis Program

* Integrate measurement and modeling on PATH

the same platform Device Modeling
. Support various simulators and python (|C—CAP)

script Device Characterization

' i d Modeling Soft 2020 Update 2
« Support customized GUI and extraction and Modeling Software ( pdate 2)

flow

« Suitable for highly customized modeling,
such as RF and Power devices
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IC-CAP Measurement System

Instruments § > |IC-CAP
Platform

Switch Matrix §

WaferPro

Prober <

WProXP
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IC-CAP System Organization

Different types of model, such
as HEMT, MOSFET, BJT

v

andng

Different dimensions of same type of
model, such as A100x10, A100x8

Different measurements of the same
device, such as IdVg, IdVvd, Sparam

Configurations and Extractions of
the same measurement

/
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Typical Modeling Flow
4
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Store Measured Data Curves Load/Create Model
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Store Simulated Dala fe———j| Plo(csljm!ated Compare Resulls
No
Optimize Parameters [ Parameters ok?
m v
Optimize Parameters |¢ Parameters ok? Yes
Yes

KEYSIGHT

TECHNOLOGIES



How Measurement Works

—>

—

Hardware Window

Inputs:

Define the Stimulus/Bias to be applied
Outputs: Define the Data to be Measured

/]

I'-__-E,'! dicde: (fdiode/dc/idvd is Active):3

B9 X N0

Yo% %E

DUTs-Setups | Circuit | Model Parameters | Model Variables | Macros |
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Select DUT/Setup
Unit Table 4 dc
idvd Measure [ Simulate | Instrumentl:lpti;{ns I Setup 'l.n'.f.l,liables I Extracthpﬁn‘ize | Plots |
HRSMUJ1  SMU1 4 - - - \'4
PTEETIE Define Unit Names in Setup | | ot 2 | |
L to map to Unit Names IM Mods: v Mode: |
defined in the Instrument j y " lods A R © B
HRSMU4  SMU4 . . . . = = - From =
Configuration settings in :] C unit smut 0D Unit: SMUZ Cunit smu
1 Compl : Complial - Typs:
the Hardware Window =g @ E—
Import Data... Sweep Order: 1 Walus: 0000
Start 200.0m
Export Data... Stopt 1.000
[fonmort reante | - El




How Simulation Works

DUT Sources, sweeps, and analysis types\
- from Setup Inputs and Outputs) are
(Device Under Test) ( 2 e p-\
setups > . Netlist (deck) —=  Simulator
inputs appended to the circuit with device
. and parameter values; together they
i \define the netlist sent to the simulator ) Output File
outputs parameters circuit -
[ (model (model
coefficients) equations) Simulated results
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Introduction to ASM-HEMT Model
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GaN HEMT Devices

HOW DOES A GAN DEVICE WORK?

- Difference between Al,Ga, ,N and GaN - quantum well at the heterojunction interface -
spontaneous polarization (Pgp) creates 2 Dimensional Electron Gas (2-DEG)
a sheet charge at the interface.  very high mobility

. . .  Low resistance
 Difference in lattice constants leads to

mechanical strain and piezoelectric
effect (Ppg) E (eV)

AGa,N P

Al,Ga; N PSPl Peel Negative 2DEG
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ASM-HEMT Model Overview

Electrostatics

Transport

Higher-order
Effects
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e

.

Analytical Solution of
Schrodiger’s & Poisson’s

~

J

r

SP-Based Current &
Charge Model

~

Noise, Trapping, Self-
Heating, Field Plate

~

J

—

Source: Prof. Yogesh Chauhan

2-DEG Charge, Ef,
Surface Potential

r

-V, C-V, DIBL, Rd, Rs,
Vel. Sat., ...

DC, AC, Transient
Harmonic Sim.,
Noise, ...




Advantages of Surface Potential-based Model

 Better Model Scalability — L, W, NF, Lsg, Ldg, Temperature etc.
- Better Temperature Scalabllity

* Device Insight

- Better Statistical Behavior

« Accurate Charges and Capacitances

* Less number of parameters — Easier parameter extraction

» Uses a single expression for all regions — Faster convergence, smooth
derivatives

 Inherent Model Symmetry and Continuity

KEYSIGHT
eeeeeeeeeeee Source: Prof. Yogesh Chauhan



Core Model & Parameters

Gate Current LM Mobility

Degradation Dependence
Bias Dependent \ ‘l //<]/ Field-Plate capacitance

Temperature

Serles Remstance
Core Drain Current I
Model |

|
/i 74 i * _‘X Trapping effect

Velocity Saturation Sub-threshold Slope

Complete Drain

Self-Heating Current Model

DIBL

Flicker and Thermal Noise

Intrinsic Device AT

Pdiss

T = Tyom + AT
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Parameter Description Extracted Value
VorF Cutoff Woltage —-2.86V
Nracror Subthreshold Slope Factor 0.202
Cosco SS Degradation Factor 032571
Mo DIBL Parameter 0.117
Uy Low Field Mobility 33.29 mm?/Vs
Nsoaccs AR 2DEG Density 1.9e 4+ 17 /m?
Vsaraccs AR saturation velocity 157.6e + 3 cm/s
Rryo Thermal Resistance 22 Q
Core drain curtent expression
[Left W (% + g )
ng Vgo - + Vth X /ﬁbds l
\/]— + 95231:"1/)(213 2

14



Model Parameter Extraction

Set L, W, NF, Tbar
Device Dimensions

Extract LAMBDA, Improve
VSAT, ETA from IDVD

! !

Extract VOFF, NF, CDSCD,
ETA from log-IDVG, LINEAR Temperature Parameters
And Saturation

! |

Extract UO, UA, UB and RDS
from IDVG-LIN

-

Extract VSAT, Improve ETA Model I_mplemented in y§rilog-A
From LINEAR IDVG — Simulations performed in: ADS, Spectre, HSPICE

Capacitance Modeling

Parameter Extraction available in IC-CAP Software

KEYSIGHT
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Extraction from Id-Vg curves

Drain Current (A)
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3.0
25k
o / o Measured Data
20k 7540 Model (Before)
J / Madel (After)

Drain Current (A)
N
(=]

e
o

o
o

101
To.01
]1E3
] 1E4
11ES
] 1E6
J1E7
168888]1E-8
) 2-153

4 1E-10
1E-11
1

=9
[2)]
™17

-
o
L]

[ = Model (Before)
- —— Model (After)

25 20
Drain Current (A)

o Measured Data

Gate Voltage (V)

Start with 1 — V, characteristics in the log scale

ETAO — DIBL Parameter
NFACTOR — Sub-threshold slope parameter

CDSCD — Captures the drain voltage dependence on
the sub-threshold slope.

VOFF — Cut-Off Voltage

Iy — V, characteristics in the linear scale

U0 — Low field mobility

UA, UB — Mobility degradation parameters

Source: Prof. Yogesh Chauhan



Extraction from Id-Vd curves

e
©

Drain Current (A)
o
o

oS
'S
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P h
= m—

Drain Current (A)
(5]

-
o

Drain Current (A)
o

20} /S

1 15
Drain Voltage (V)

0
Drain Voltage (V)

©  Measured Data

Model (Before)
— Model (After)

-
o
i L

©  Measured Data

iy
o

VSATACCS

Drain Current (A)
[
[&1]

—

F=—Model (Before) ="
—— Model (After)
S

Drain Voltage (V)

— i
10 15
Drain Voltage (V)

ettt &
20

I; — V,; characteristics

 VSAT — Velocity saturation parameter
« UA, UB — Mobility degradation parameters

Access Region Parameters extracted froml; — V;

characteristics:
« NSOACCS(D) — 2DEG density in the access region.
« VSATACCS - Saturation velocity in the access region.

UOACCS (D) — Low field mobility in the access region.

UOACCS (D) independently tunes the access region resistance
around V4 = 0 and helps extract g, at that point.

Source: Prof. Yogesh Chauhan



Parameter Extraction — Self Heating

o
==

o
s3]

(=]
B

Drain Current (A)

o
Mo

o Measured Data
Model (Before)
Model (Afier)

Drain Voltage (V)
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I; — V4 characteristics - Self Heating Parameters

« RTHO — Self heating resistance.

— Decides the rate of temperature increase with
Increasing current.

Temperature dependence parameters to observe
the effects of the temperature increase on IV

characteristics:

« UTE — Temperature dependence of mobility

« AT — Temperature Dependence for saturation
velocity

Source: Prof. Yogesh Chauhan



Nonlinear source/drain access region resistance model

© Ry = %7 J=28.D N
: ' AlGaN | D T s - E 10}
. @] L
: : S —.,W—ﬂ_w_ D g L
Rs=f(Vg, Vd)  Rd =f(vg, Vd) § 0'6_'
.% 04} O TCAD
s — Model
VR/VRSQt g 0.2 Rs
Iacc:Qacc'vszQacc'vsat' L §, ' el S e S S-E3T0
[1 i ( Vi ) } ! S0 02 04 06 08 10 12 14 16
VRsat Drain Current (A)
e , Nonlinear variation of source/ drain
VR R 40/50 it ith 1d
Ri/e = — : access resistances with Ids.
Lo [1 B ( I )71?
Iaccfsat
\- / Geometrically scalable
—1/2
2
Id o R-c Lacc <[ 1— ( Ids )
8,acc T T -
W-N¢  W-N¢-g-Nsoaces-Uoacces W-N¢-Ngoaccs:VsaTaccs
KEYSIGHT

TECHNOLOGIES

Source: Prof. Yogesh Chauhan



R4 Model — Effects on Transconductance g,

The first slope in g,
—> velocity saturation in the
access region.

Second slope in g,,
—> self-heating in the device.

—> Reason: Self heating has

1.0 0.3
Symbols: Measurement
' Solid Lines: Model
0.8 " Temperature = 25 °C —
. -Vd=0.1,0.5,1and‘|0V =
< 7))
= 0.6} Q
z 2
- c
-
3 04t g
£ =
S [ A X e ao-e—o% ®
O 0.2} >
D= —0—0—E S
0.0 g~ oSSt~ 0.0

Gate Voltage (V)

significant impact at high
gate and drain biases where
the current is high.

eeeeeeeeeeee Source: Prof. Yogesh Chauhan



u 100
Modeling of Temperature dependence | AIGaN/GaN HEMT:
X 80} Lg=3um, W=515um
> i AlGaN layer thickness=25nm
% sol Al Composition= 0.25
Ry Increases significantly with increasing temperature = |
R 40}
Temperature dependence of 2-DEG charge density g |
In the drain or source side access region: 2 20F imizzll”eme”t
T . i [ i 1 M 1 M 1 M 1
neo(1) = NSOACC (1 — KNS5O (m - 1)) %0 100 200 300 400 500
Temperature (UC)
) ; 9
Temperature dependence of Saturation Velocity: |
8tk

Veat(T) = VSATACCS - [1 + ATS(T — TNOM)]

-\J
T T

»
—

Temperature dependence of electron Mobility:

N
—

ON Resistance (Ohm)
%)

T UTEACC | M ¢
@) easuremen
Jua-CC (T) — UOACC ’ (TNOA[) 3 _ — Model
%0 0 40 80 120 160

KEYSIGHT 0
Source: Prof. Yogesh Chauhan Temperature ('C)



Modeling of Field-Plates in HEMTs

_ L o Lsep .
Sio,
| SiN
Ls  AlGaN Lo
GaN
gsfp
g
Rs Tl T2 T3 Rd
AN - A\
S Si di gpdi spdi d

Affects capacitance and breakdown behavior.

KEYSIGHT
Source: Prof. Yogesh Chauhan
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Field-Plate 14t : i O
. A ‘ .
1 2 of [ 6.5
Capacitance =& | [’/ _
- E‘; s ; 9 s :0?)"2::{:? ;o‘ c EL% 6.0 —
Modehng 5 101 Gate Voilage (V) - A e
6 6 3.9F -‘:-OTIJ?aSn‘d5105,O"C

oo

LV _=-15V
Lines - Model 5.0 -

6 [N AL I Symbols - Measured Data [ E%':: ?I:n;agﬂsﬁeenl:l Data
1 " 1 " L " L " L " 4-5 2 L M 1 2 1 A
-75 -60 -45 -30 -15 0 0 20 40 60 80
Gate Voltage (V) Drain Voltage (V)
2.5 7
20f 6 2
S 350 o

LI(S_ 15k LI5_5 50 60 7080
~ "'u-; Drain Voltage (V)
7))
® 10k 04
(3 1.0F 100" and 150 ¢ 8 T =25 50°,

100" and 150° C

3F v. =15V

05F Vgs =-15V 0% 35 56 - % &
. Drain Voltage (V) t  Lines - Model
- ;‘”ei'lmoﬁf 4 Dat N — ol Symbols - Measured Data
ymbols - Measured Data e ——
0'0 -I M 1 M 1 M 1 M I. " . A 1 A 1 A 1 A 1 L
0 16 32 48 64 80 0 28 56 84 112 140

Drain Voltage (V) Drain Voltage (V)

KEYSIGHT
Source: Prof. Yogesh Chauhan



Current Collapse
» On-state current temporarily reduced following off-state stress

Immediately following

I Before stress o high-voltage stress

00 > Vs

» Also known as dynamic R,
— On-state resistance depends on recent history of device biasing

Stephen Sque - ESSDERC tutorial Sept. 2013
KEYSIGHT
Source: Prof. Yogesh Chauhan
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20

10

A\

LAY

(A

LAY
o\

Quiescent Bias Condition

-10

Pulsed IV Measurements
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Drain Current, I35 (mA)

Measuremen
condition

t during pulse

0 ':inzgzgxg;:.
) "‘J-'—'— T
% ‘ (VQQ’ qu]
: : / casi —e— (-5, 120)
o Increasing Vg, —e— (-5 100)
g —v— (-5, 80)
1 —&— (-5, 60)
—&— (-5, 40)
T ..=500 ms —&— (-5, 20)
i - = ©— (-5, 10)
e —o— (-5, 0)
1 Lgs =2 pm, Lyg =10 pm —a— (0, 0)
103 102 |

Transient Time, t (s)

Source: Prof. Yogesh Chauhan



Pulsed IV Measurements

0.8 0.8 v T T v T T T
ng, qu ng Vc q 0.8} TOM/TGF = 1;!5/9%;13 = VG=0V- L@-‘- 10ym
0.6 O, 0 wl e
- e
< |- E | — OV
P | e £ 04f —
"""""""""""""""""""" S Ron collapse = (-8V;10V)
(-8V;20V)
0.2F & (-8V;30V)
V4 - =~ (-8V;40V)
N (-8V;50V)
0.0p7 . . . . . .
0 2 < 6 8 10 12
Vs (V)
.Ga\t/i_li%v Drain-lag Ron Collapse:
q L « Vdq = A significantly positive voltage e
* Vgq = Deep OFF condition: . Vgq = Deep OFF condition: Trapping reduces the 2DEG
A strong field through the AlGaN A girong field through the AlGaN concentration and leads to an
layer. No field through buffer layer as well as the buffer. Both increased on-state resistance.

(since Vds = 0). Only surface surface and buffer traps activated.
traps activated.

KEYSIGHT
Source: Prof. Yogesh Chauhan



TRAPMOD=2

Trap Model Vit v

Vorr(Trap) = Vorr + (VorrTR - Virap2) C c

ra rap2
no(Trap) = 10 + (10TR * Vicap2) C) § e <> § Rl

Cpscp(Trap) = Cpscp + (CpsepTr - Virap2) I Ruapt | Ty Ria2 |
R-ds(lTrap) = Ras — (R-Tﬁl'xrtrapl) + (R-TRQ . Vtrap?) F (Vg) G (Vd)

trap2

trapl rapl I

)
o
co

——Vyq=5V, lgg=9mA q u I.I Increasing V 4

- L 2
. ) - . . Vd . /

o
o
l LJ

<
- _ _ d
E —vdq:5v, qu—?OmA / ] qu
5 ' Vag=20V, lgq=9mA Constant V g
O 04F ——V4g=20V, 14,=90mA Roy Increase - - - Lo .
c o both V., and V .
Soaf >C e . Poea e | Vg 2 af .
I Vore Shift ( ; 7 Symbols=Measurement
0.0F coeecececesot™ Solid-lines=Model S °
| A 1 2 A - | - l \ 1 A 1 ng have been extracted from qu conditions L
5 4 3 2 1 0 1 ‘~ =~ Vy
Gate Voltage (V) N
Pulsed-1V Scheme used to simulate the P-1V Characteristics in IC-CAP
KEYSIGHT

Source: Prof. Yogesh Chauhan



Other Trap Models in ASM-HEMT

Virap IS then used to tune:
e Cut-off voltage
* DIBL

* Source and drain access resistances

TRAPMOD=1

D1 !
y O

@ Rmp§ | cu TRAPMOD=3

A single sub-circuit to capture the dependence on both V,
and V, by using V, instead of V4 and V,, separately.

trap Cb

* Vyap IS used to model the V4 dependence on just
the drain-side access region resistance.

. = R, =f(V

« Recommended for modeling the GaN power ] o = )
device dynamic ON-resistance. T

» An empirical temperature dependence is also |
. —AANA—]  AA—e
included. S Rsource i dj Rarain d

KEYSIGHT
Source: Prof. Yogesh Chauhan



RN
o

' |, -V_forV =2V
Trap Model : a=Yg™ore
.—-\08 B _ _
< | V=5V, I4g=9mA
= | =V =5V, |, =90mA
The trap model accurately captures 3 0.6 qu—ZOV dlq oA
. [ i — d - ) d -
Dynamic-R,y and knee walkout. 304t qu=20v qu=90mA R, Increase
q ' 'dq
5 02 [~
I Vorr Shift (V L Symbols=Measurement
0.0F 50-6-06000€ Solid-lines=Model
lq - Vgq for Vg=-1 2V 1 . 1 . 1 R 1 a 1 R 1 . 1
206 - oo© 5 4 3 2 - 0 1
= Gate Voltage (V)
Saal . : : .
= 0.4 Saturation current decreases Pulsed — IV chacteristics for multiple quiescent conditions
(é Roy Increases Vgq=5V, lgg=9mA
© 0.2 —— V44=20V, 4, =9mA K : : .
5 nee walkout = linearity and efficienc
= Symbols=Measurement = Vq=20V, l34=90mA y y
Solid-lines=Model = DC |-V,
00 | M | 5 1 M | N [ o [ N [ o [ N [ M | " .
0 1 2 3 4 5 6 7 8 9 Pulse Width — 200 ns, Duty-cycle 0.02 %

Drain Voltage (V)

KEYSIGHT
Source: Prof. Yogesh Chauhan



RF Model & Extraction

* Model
« Core surface potential based PDK
« Access region resistances included in core
« Bus-inductances in extrinsics

———\

£er

GMF

( — ~000— DMF —
I ‘ I Lxd
PDK
— GMF —O0—~— - al
g Ly 19 e U =
N\ _Si 7 ' Cepo \
Overlap 5 I ’VV\, IVV\,JI_
xS 9i R
Extrinsic [ g Coa R, |
[
Manifolds Cl) Yas |
[ Ceso Cys,i Cysi Coso I
SMF I :
| !
! I :
Sy Rsé ASM-GaN-HEMT |
B (A /
Si

Pad-level Small Signal Equivalent Circuit Model
KEYSIGHT

Source: Prof. Yogesh Chauhan

DMF w3

&=n

oo

” N \. ./ > 2 \.
\ ( \
A) -\ J

Device Layout

CGSO, CGDO, CDSO
bias-independent
capacitances

Intrinsic capacitances:
C_GS,i’ Cop,i and Cpg;
bias dependent



RF Model & Extraction

« Three step methodology
 De-embed manifolds

 Extract the intrinsic core model - Using low frequency Y-parameters

 Extract Inductances - Using high frequency Y-parameters

4 )

Measure S-
parameters including
de-embedding

\_ structures )

KEYSIGHT
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-

~

Convert to Y-
parameters

Source: Prof. Yogesh Chauhan
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\_

Extract L, C, 9., 9ys:
Rg etc.
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RF Model & Extraction

Three step methodology

1. De-embed manifolds

2. Extract the intrinsic core model - Using low
frequency Y-parameters

3.

Extract Inductances - Using high frequency Y-
parameters

-

Y21 —

e 2 .
Y, — wCge“Rg JwCgg
1 +w?Cy”R2 14 w2C,,°R2
Yoo — “"chdcggR-g JwCga
12 = — —

1+ w?Cg”R2 14 w2y, °R2

Zm — wgcgdcggR'g B Jw(cgd + gmcggRg)

1+ w2Cy*R2

1 + w2Cy,°R2

~

w?(CgsCgaRy + RyCuaCog (1 + gmRy))

Y‘ o — £ g +
22 gd 1 _i_wgcfggQRé

[Y]%[

|

(1]

» The effect of bus-inductances is ignored at low frequencies
(assumption)

« Drain & Source access region resistances ignored from
hand analysis (not an assumption, it is an advantage)

» Ignore some terms at low frequency (~ 10 GHz)
(assumption)

* Very simple — only need to adjust overlap capacitances &
gate finger resistances (advantage)

(o2 2 )
W .ng Rg + jwCeg
gm — Jw (Cgd + gmCgeRe)

e
gm

—f,uQngCfggRg — jwCegq
Zds T Jw (Cds + ng(l + ng-g))

Cas
R

=4

Cod
Zds

2

(Im[Y1;] + Im[Y1a]) /w
Re[Y2]

—Im[Yqo]/w
Re[Yo]

Inl[YQQ]/w - (jgd (l + ng'g)
R.E[Yll]/ (w‘Q(jgg)

jwCaa (1 + gmRy) + jw?CgeCraCyq

R2

g

+jwCys +
. 1+ w20, R?2

11 1. Kwon et al., IEEE Trans. Microw. Theory Techn., 50 (6), [2002]

/
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RF Model & Extraction

|
iLevel-3 : f ; :
esired Gate esired Gate I
I re?erenci-cglatne re[:f)erencctj-:-f)latne I I 1 LE‘UTEI—E pm===== mmm——— : :
oy | : i Intrinsic  i#=Level-1, Drain ,
| Gate | . Device i ' Manifold |
r Manifold 1 | P : anifold
On-wafer On-wafer ! ! ZEQ ! C G N : ed I |
I calibration plane ™ == calibration plane I | - Ore a -I— — —r.'
Model

Probe-tip LS

Probe-tip |
reference plane I
I

| reference plane

— ek L e Model -\ /85 Yg=28V T EEpFesEEEEEsEsE
A )

Gate-manifold Drain-manifold

Nonlinear Circuit Simulation and Modeling,
Cambridge University press

Khandelwal, et al, BCICTS, 2018
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Introduction to CMC Modeling Kit (ASM-HEMT)
in IC-CAP
S —

KEYSIGHT
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Open Example Model Files

ASM-HEMT

< |CCAP_2020 _Update2 > examples »* model_files * hemt > gancmc > asm-hemt

MName Date maodified Type Size

data 12/25/2019 8:48 A...  File folder

simulation 12/25/2019 8:48 A... File folder
[] ASM-HEMT_GaN_UTILITIES.md! 8/17/2019 &:30 AM  MDL File 1,657 KB
L] ASM-HEMT_Modeling.mdl 8/7/2019 5:47 AM MDL File 39,636 KB
& 1c-cAP/Main — O X

File Edit Tools Measure

NERH 9 X
=

ASM_HEMT_MODELING

Extract Windows Help

PRUWEF"

ASM_HEMT_GaN_UTILITES

ﬁ ASM_HEMT_MODELING: (f/ASM_HEMT_MODELING/INITIALIZE is Active).2

File Edit Measure Extract Simulate Optimize Data Tools
o - | EE X
BHYX 0 Wk id@s s

DUTs-Setups Circuit Model Parameters Model Variables Macros

Select DUT/Setup
_DeviceA_5053_8x100_

Test Circuit DUT Parameters

Macros Windows Help
/‘\ 2 B
HED®

DUT Variables

0
INITIALIZE Parse 1

Import Text...

CONTACT_RESISTANCES 4

2
DC_MODELING_vt_ud
CV_Modeling_init
R_L_Subcircuit

DC_MODELING
CV_Modeling
- 4
DC_MODELING_LSYNC
DC_PULSED
DC_ModelRobustness

5
SPAR_MODELING
SPAR_MODELING_LSYNC

3
FINISH_MDLG

__DUTs_below_are_dynamicall

1 ——— | 2 ; Begin your work in Setup INITIALIZE

< >
Add... Rename...
Detach... Organize...
Active Setup: | /ASM_HEMT_MODELING/INITIALIZE Status:

Execute Transform Mdlg__All Complete

KEYSIGHT
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Model Circuit and Parameters

B ASM_HEMT_MODELING: (/ASM_HEMT _MODELING/INITIALIZE is Active):2 - o x Bl Model Parameters |
File Edit Measure Extract Simulate Optimize Data Tools Macros Windows Help Parameter Groups
BEPXNC HGRiJERELRE DEE@ All Parameters seereh L Sthow o
DC_GateC t g g
DUTs-Setups Circuit Model Parameters Model Variables Macros DC_-da € I_urren Param Name |M11’1 |Opt Min |Value Opt Max Max
o F ~ -cvg_in RTOTALPORT1 400.0m
[EES . DC_idvg_sat
28 . RTOTALPORTZ2 400.0m
Import Text... 2% ;external Resistances for ASM HEMT model DC_idvd R SOURCE 50.00
30 R:RS s s; R=1m ext_resistors — :
ié ifig g gi iji int_resistors HIpEaCh) 50.00
33 ;external Inductances for ASM HEMT model Temp_DC X—LOAD 0.000
34 L:LS si sii I=lp Temp_int_resist CTERM P1 1.000a
35 L:LG Gi Gii IL=1p Spar_Coverlap LTEEM FP1 1.000f
36 L:LD Di Dii I=1p o -
37 Spar_Cfringing CTERM P2 1.000a
38 c:cpll 6 5 C=1f Spar_Cdepletion LTERM P2 1.000f
3% C:Cp22 D s c=1f Spar_BiasDependency| |gg g 1.000m
40 c:cplz G D C=1f Temp Spar
a1 P_op RG.R 1.000m
i% MAIN:Ql Dii Gii sii B DT I"apmog; RD.R 1.000m
3 rapMo
. . LS.L 3.475
43 ; model name: asmhemt 1 0 1 TrapMod3 - 1 ?2E
46 model MAIN asmhemt 1 0 1 A\ FieldPlateT ID.L 100.3f
47 tnom =27.0 \ FieldPlate2 . .
468 shmod =1 \ FieldPlate2 cpll.cC 1.000f
[*] = .
el 92 temod 1 A FieldPlate4 Cp22.C 140.0f
50 rdsmod =0 \
51 rgatemod =0 A\ Quantum cpl2.cC g.000f
52 trapmod =0 A\ Ungrouped MAIN.TNOM 25.00
3 =
. g;ﬁgg -0 \ MAIN.SHMOD 1.000
55 fp3mod =0 \ MATN.GATEMCD 1.000
5 ipmsd *g x MATIN.RDSMOD 1.000
2/ nmo
N oo 0 \ MAIN.RGATEMOD 1.000
59 1 =0.25e-6 \ MAIN.TRAPMOD 0.000
- 08-0eme \ MATN.FP1MOD 0.000
62 ngcon = \ MATIN.FP2MOD 0.000
Li xgv = oese x MAIN.FP3MOD 0.000
[3 sg = e—
65 1ldg —1.06-6 \ . MAIN.FP4MOD 0.000
< > [£
Active Setup: | JASM_HEMT_MODELING/INTT IALIZE Status: | Execute Transform Mdlg__all Complete
KEYSIGHT
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Initialize Modeling

DUTs-Setups Circuit

Select DUT/Setup

Model Parameters

_Device 5053 8x100_

0

v INITIALIZE
README_FIRST
LOAD_MEAS_DATA
PROJECT_NAMING
DEFINE_WORK_DIR
INIT_MODELING

KEYSIGHT

TECHNOLOGIES

~

Model Variables Macros

Measure [ Simulate Instrument Options

Set

Exec e Select Transform:
README_FIRST
Tune Fast...
INIT_MODELING
Tune Slow... 1
Functions... __optional

Compare_with_Previous

ﬁ CHECK THE SETTINGS - O
TEMPERATURE

TEMP /'C TNOM /'C o b
[25.00 || 25.00 |  DOne

INSTANCE PARAMETERS ==========

L (Channel Length)

W (Channel Width)

NF (Number Fingers)

NGCON (Mumber Gate Contacts)

| 150.0n |[ 100.00 || 5.000 |[ 1.000
LDG (Length of LSG (Length of KGW TBAR
Drain-Gate Access Region) Source-Gate Access Region ) (Distance Gate->Dev.Edge) (Barrier Layer Thickness)
Default: 1u Default: 1u Default: 0 Default: 25n
| 1.700u |[ 1.000u |[ 5.531u |[ 12.40n
MODEL SWITCHES ==============
RGATEMOD: External (0) RDSMOD: External (0) SHMOD [0,1] GATEMOD [0,1] TRAPMOD [0,1,2,3]
or Internal (1) or Internal (1) (Self Heating offfon) (Gate Current Modeling offfon) (Dyn.Trapping off/selection)

Recommended: 1

Recommended: 1

Recommended: 1

Recommended: 1

Default: 0

1.000

|| 1.000

|| 1.000

|| 1.000

|| 0.000

FIELD PLATE SWITCHES ========

FPIMOD [0,1,2]
(Filed Plate Modell off/selection) .
Default: 0

FF2MOD [0,1,2]
(Filed Plate Model2 off/selection) .
Default: 0

FP3MOD [0,1,2]
(Filed Plate Model3 off/selection) .
Default: 0

FP4MOD [0,1,2]
(Filed Plate Moded4 off/selection) .
Default: 0

| 0.000 | [o.000 | [o0.000 | [o.000 |

MEASUREMENT COMNTACT LOSSES (DC and Spar) ===============

Portl Contact Loss
incl. Spar Testset
400.0m

Port2 Contact Loss
incl. Spar Testset

|| 400.0m |

Enter if already known,
or apply later the Setups
of DUT '"CONTACT_RESISTANCES'

Check .mdm File Header for TEMP, TNOM, Rcontact etc.

The most important 1st step for successfull device modeling is to reset the model parameters to default values

(switch them 'off'}. This means that after the first model parameters have been extracted, the simulation will only

show the effect of these new parameters, AND NOT their effect overlaid by the still active parameters of the last modeling.
-= hit 'Reset Model Parameters', and then

-> hit 'Set Parameter Limits'.

Reset Model Parameters

Set Parameter Limits




Load Data for Modeling

Select DUT/Setup

_DeviceA_5053_8x100_
0

v INITIALIZE
README_FIRST
LOAD_MEAS_DATA
PROJECT_NAMING
DEFINE_WORK_DIR
INIT_MODELING

1
CONTACT_RESISTANCES
2

DC_MODELING_vt_u0
CV_Modeling_init
R | Suhrircnit

KEYSIGHT

TECHNOLOGIES

Measure [ Simulate

>

Tune Fast...
Tune Slow...

Functions...

New...

Import Text...

View...

Rename...

Instrument Options

Select Transform:

Se

HELP_HOW?2USE

1
CLEAR_MEAS_DATA
CLEAN_UP SetupVars
LOAD_MEAS_DATA
VERIFY_MEAS_BIASES

2
_aux
gui_Show_Biasings
gui_ShowPlotAreaTools

prefix

Dut name

_DeviceA 5053 8x100~DC_MODELING=~ig_vgs__Input

& imPORT DATA

— | *
Selected .mdm data dir: |fcygdrivequUsersfcheschen;’DeslctnprF_GaN_MndeIingficcapfdatafDeuiceA_BxlDDfAva\I_Meas_DatafData_fnr_MndeIing | Change Dir
HELP: Filename Wildcard File Suffix OK, Done

Deselect all DUTs

Clear all Meas. Data in Modelfile

To manually load mdm files, first select DUT(s) from "available Duts',

then dlick into the first Setup in 'available DUT/Setups',

and select the corresponding .mdm file from 'avail. mdm files'.

||.rndm Apply

[] view .mdm Header Only, no Data Import

Click here, if mdm files are named Prefix~DutName~Setuplame.mdm
(no Dut/Setup and no mdm file selection is required)

Load Automatically Help
available DUTs . available DUT/Setups . mdm file loaded during this GUI session . status . avail. mdm files 0

_DeviceA_5053_8x100_ ~ || CONTACT_RESISTANCES/DC_Meas_R, ~ ~ ~ || _DeviceA_5053_8x100~CONTACT_RESISTAI ~

0 CONTACT_RESISTANCES/DC_Meas_R _DeviceA_5053_8x100~CONTACT_RESISTAI
INITIALIZE DC_MODELING_vt_u0/id_vgs__Transfer _DeviceA_5053_8x100~CV_Modeling_init~¢

1 CV_Modeling_init/spar_cap_vg_vd1 _DeviceA_5053_8x100~CV_Modeling~spar,
CONTACT_RESISTANCES R_L_Subcircuit/Spar_bias _DeviceA_5053_8x100~CV_Modeling~spar,

2 R_L_Subcircuit/Spar_sub _DeviceA_5053_8x100~CV_Modeling~spar,
DC_MODELING_vt_u0 DC_MODELING/ig_vgs__Input _DeviceA_5053_8x100~CV_Modeling~spar,
CV_Modeling_init DC_MODELING/id_vgs_ Transfer__lin _DeviceA 5053_8x100~DC_MODELING vt_t
R_L_Subcircuit DC_MODELING/id_vgs_ Transfer_subV _DeviceA 5053_8x100~DC_MODELING~id

3 DC_MODELING/id_vgs_ Transfer _DeviceA 5053_8x100~DC_MODELING~id_
DC_MODELING DC_MODELING/id_vds_ Qutput _DeviceA 5053_8x100~DC_MODELING~id_
CV_Modeling CV_Modeling/spar_cap_vd_vglow _DeviceA_5053_8x100~DC_MODELING~id_

4 CV_Modeling/spar_cap_vg_vd1 _DeviceA_5053_8x100~DC_MODELING~Iig_
DC_MODELING_LSYNC CV_Modeling/spar_cap_vd_vg_T _DeviceA_5053_8x100~F_L_Subcircuit~Spa
DC_PULSED CV_Modeling/spar_cap_vag_vdhigh _DeviceA_5053_8x100~R_L_Subcircuit~Spa
DC_ModelRobustness DC_MODELING_LSYNC/id_vds__Outpu _DeviceA_5053_8x100~SPAR_MODELING~I

5 DC_PULSED/idvd_vgOV0_vdOVD _DeviceA_5053_8x100~SPAR_MODELING~I
SPAR_MODELING DC_PULSED/idvd_vgm3V3_vd28V0 _DeviceA_5053_8x100~SPAR_MODELING~:
SDAR MONFELING | SYRIC ¥ |l re DL ENfiduA vamaun uAzaun Y Nevirah SN52 2v1NN-SPAR MONEL ING~¢ Y

v s




GaN Modeling GUI

KEYSIGHT

TECHNOLOGIES

& mp2

File Options Optimizer Plots Windows Help

In Plot LOG id(vg), fit by manual tuning
-> VOFF: cut-off voltage

-> NFACTOR: sub-VOFF slope parameter [default: 0.5]
Ignore the above-VOFF fit (will be done in the next step by mobility parameters)

L J2

[LOG]

35 EIBE

id(vg
60 T T T T I T T T T H T T T T T T T T I T T T T
—80_ R ! ! ! R ! R R ! R ! ! ! ! !
E 2 A 0 1 2
vg [E+0]
PlotASM_HEMT_MODELING/DC_MODELING_vt_u0/id_vgs__Transfer__linfid_vg
gm(vg)
100 — T T T T ; T T T T [ T T T 1T LI L N T S B B |
50[
a ) [em=Ea
W 5
2]
£ ‘-100
(=]
£ +_150
51200
250
3 2 A 0 1 2
vg [E+0]

PlotASM_HEMT_MODELING/DC_MODELING_wvt_u0/id_wgs__Transfer__lin/gm_wg

id.M id.s
— —

Tune Fast

Optimize

Simul. PO Plots Undo Tune/Opt.

Area Tools On [ _| Reset Plot Colors

LOG id(vg)

Opt.Err.: | Rel ~

LSYNC Values

L 2

PlotASM_HEMT MODELING/DC_MODELING vt _ulfid vgs_ Transfer _linflogid_vg

200

vg [E+0]

gm2(vg) 2nd deriv. of id-vg

|
[=]

[E-3]

-200

400

gm2.m gm2.s

600

B <[

OK, Done !
Cancel
Help Using This GUI

TUNE/OPTIMIZE PARAMS

Model Param History

-
-

Show MdIParam.Evolution

Select Parameters

MAIN.VOFF
MAIN.NFACTOR

Add Del Restore

Select Param. Group

DC_GateCurrent ~
DC_idvg_lin
N idvn cat

Select Plots

id_vg
logid_vg
gm_vg
loggm_vg
loggm_logid
gm2_vg
ig_vg

Plot ASM_HEMT_MODELING/DC_MODELING_vt_u0/id_vgs__Transfer__linfgm2_vg Y

vg [E+0]

Add Del Restore

Edit Parent Xfm




Name Value

How to Use GaN Modeling GUI

—ype— _— | e |

Select Plots — —
; 3 GLOBAL VAR UtilitiesLoc 4~ -
id_vg 1 [ S S, S S A A . -
logid_vg 5 l———define hepe which dndiyiduasl Plots (*no* MultiPlots!) and which Parameters you want to use for this m
JJniLii _§ Plots = I'id vg{|logid vg|lgm vg,| !loggm vg, !loggm logid, |gm2 vg,| !'ig wvg"
loggm_vg 7 TCholces?t kEnter a comma-blanc separated 115T of Plots
loggm_logid 8 ! -you can also include Plots of other Setups, using ../../Setup/Plot
gmZ_vg 9 ! -you can preceed plot names with a ! to enter them to the Plot list of
ig_vg 10 ! but not as currently active targets for the PO, e.g. !idvg
11 ! -setting Plots="" will open a GUI to manually select from all Plots of
1y Parameters = "MAIN.VOFF, MATN.NFACTOR"
,/’f? ! Choices: Enter a comma-blanc separated list of ModelParameters or Model Variabli
Salect Parameters 14 ! You can preceed parameter names with a ! to enter them as candidates,
MAIN.VOFF 15 ! When linking to DutParameters: define Dutname.ParameterName
MAIN.NFACTOR 16 ! When linking to Variables: Moce:fa:%ab_es w/0o any path, Dut gnclSEFup.
17 ! -Parameters = "": open the GUI without any Parameters predefined.
18 ! User can select parameters from the GUI by himself.
19 ! -Parameters = "n/a": show only MultiPlot incl. Comment, no PlotSelect
20 ! Useful when just displaying current extraction results,
21 ! —Parameters = "Compare™: show only MultiPlot incl. Comment, no ParamSele
‘ add H'MIH E— | 22 Comment = "In Plot LOoG id(wvg), fit by manual tuning
->» VOFF: cut-off wvoltage
4 —> NFRACTOR: sub-VOFF slope parameter [default: 0.5]
25 Ignore the above-VOFF fit (will be done in the next step by mobility parameters)”
In Plot  LOG id(vg), fit by manual tuning /// 26 ! The Comment will be displayed on top left of the MultiPlot. Enter "™ for 'no co
z:ﬂi&%?ﬁ:ﬂ%ﬁﬁmemmMMrmmwm&ﬂ 27 ! If the Comment starts with 'FF: ', it will be displayed with Fixed Font (Courie
Ignore the above-VOFF fit (will be done in the next step by mobility parameters) 28 PO Error = "Relative"
29 - ! Preset of PlotOptimizer error. Choices: "Relatiwve", "Absolute™, "" (keeps last
il PO ShowOnStartup = 0
31 ! Flag to enable showing the Plot Optimizer on MDL GUI startup or not? 0 - false,
33 mdlGuiStatus=GaN_ModelingGUI{PO_ShowOnStartup, Parameters, Plots, Comment, PO Error)
34 v
4 >
KEYSIGHT 40

TECHNOLOGIES



How to Define Parameter Groups

Select Parameters

MAIN.VOFF
MAIN.NFACTOR
MAIN.UO
MAIN.UA
MAIN.UB
MAIN.CDSCD

LY

Model Variables Macros

Search |F’| Show All Refresh

Name Value

PARAMGROUP DC GateCurrent MAIN.IGSDIO,MAIN.NJGS

PARAMGROUP_DC_idVg_lin MAIN.VOFF,MAIN.NFACTOR, MAIN.UOQ, MRIN.UA, MAIN.UB, M... ]

Add Del Restore

Select Param. Group

DC_GateCurrent

)

‘DC_idvg_lin

N idun sat
<

KEYSIGHT

TECHNOLOGIES

PARRMGROUP DC idvg sat
PARAMGROUP DC idvd
PARAMGROUP ext resistors
PARAMGROUFP int resistors
PARAMGROUP Temp DC
PARAMGROUP Temp int resist
FPARAMGROUP Spar Coverlap
PARAMGROUP Spar Cfringing
PARAMGROUP Spar Cdepletion
PARAMGROUFP_ Spar BiasDependency
PARAMGROUP Temp Spar
PARAMGROUFP TrapModl
PARAMGROUFP TrapModZ
PARAMGROUFP TrapMod3
PARAMGROUFP FieldPlatel
PAREMGROUFP FieldPlate2
PARAMGROUFP FieldPlate3
PRARAMGROUFP FieldPlated
PARRMGROUFP Quantum

MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.
MATN.

ETARO, MAIN.VDSCALE, MAIN.RTHO

LAMBDA, MATN.VSAT, MAIN.DELTA, MAIN. THESAT
RD5SMOD, MATIN . RGATEMOD, RG.R,R5.R,RD.R

RD5SMOD, MATN . RGATEMOD, MATIN . RSHG, MAIN.RSC, MAT...
UTE,MAIN.KT1,MAIN.AT,MAIN.KTGS
ENS0,MAIN.ATS,MAIN.UTES, MAIN.UTED, MAIN.EKRSC..
CG30,MAIN.CGDO, MAIN.CDSO, MAIN. CBDO, MAIN.CBSO
CFG,MARIN.CFD,MAIN.CFGD, MARIN.CFGDO, MAIN. CFGD..
CcJo,MAIN.VBI,MAIN.MZ, MAIN.AJ, MRIN.DJ
VDSATCV,MAIN.CGDL
KTVBIL,MAIN.EKTCEFG,MAIN.KTCEFGD

TRAFMOD, MAIN.CDLAG, MAIN.RDLAG, MAIN.IDIO, MAT..
TRAFMOD, MAIN.CTRAP], MAIN.RTRAP], MARIN.CTRAPZ..
TRAFMOD, MARIN.CTRAP3, MAIN.RTRAP3, MAIN. VATRAP...
FPIMCD,MAIN.LFP1l,MAIN.DFP1l, MAIN. IMINFFP1, MRI..
FPZMCD,MAIN.LFP2, MAIN.DFP2, MAIN. IMINFP2Z, MAI...
FP3MCD,MAIN.LFP3,MAIN.DFP3, MAIN. IMINFFP3, MAI...
FP4MCD, MAIN.LFP4,MAIN.DFP4, MAIN. IMINFP4, MAI...
ADOSI,MAIN.BDCSI, MAIN.QMOI



Live Demo for GaN Modeling GUI
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Export Model to ADS for Load-Pull Simulation
S —

KEYSIGHT
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Export model mps file

& 1C-CAP/Main

X

File Edit Tools Measure Extract Windows Help

NE2H 9 X
T

ASM_HEMT GaN_UTILITES

— r{‘:‘
T BRo E @D

T

ASM_HEMT_MODELING

i File Save:1

Select File Type
() (. mdl) Entire Model Fila-- ASM _HEMT MODELING
@® (. mps) Model Level Parameter Set

[ ] Save withont Measured/Simulated Data

File Mame
|C:"-.‘Ju'orkshop"\20 191217 _GalMRF_workshophGal 15 23100_ASMmode]| Browse..,

9 Cance Help

File Edit Measure Extra

v

B Open...
9 H Save As... Model Parameters

Printer Setup ameter Groups

Import Data [ =

Export Data D __GateC%lrrent
_idvg_lin

Close _idwg_sat

Deetach... DC_idvd

ext_resistors
int_resistors
Temp_DC
Temp_int_resist
Spar_Coverlap
Spar_Cfringing
Spar_Cdepletion
Spar_BiasDependency
Temp_Spar
TrapMod1
TrapMod2
TrapMod3
FieldPlate1
FieldPlate2
FieldPlate3
FieldPlate4
Quantum
Ungrouped

ulate Optimize Data Tools

[T '-.ﬂgﬁk%fﬁﬁ

bdodel Variable ACTOS

Macros

Search

FParam Name

RTOTALPORT1
RTOTALPORTZ2
R_SOURCE
R_LOARD
X_LORD
CTERM P1
LTERM P1
CTERM P2
LTERM P2
RS.R

RG.
RD.
LS.
LG.
LD.L

cpll.cC
Cp22.C
Ccplz.C

MAIN. TNCM
MAIN. SHMOD
MAIN.GATEMOD

H e mR

<

Model is Active):1 — [}
Help
L@
|| Show an
|0pt Min|Value Opt Max Max Memory Sto:”™

400.0m 1.000m
400.0m 1.000m
50.00 50.00
50.00 50.00
0.000 0.000
1.000a 1.000a
1.000f 1.000f
1.000a 1.000a
1.000f 1.000f
1.000m 1.000m
1.000m 1.000m
1.000m 1.000m
3.475p 1.000p
11.72p 1.000p
100.3f 1.000p
1.000fF 1.000f
140.0f 1.000f
8.000f 1.000f
25.00 27.00
1.000 1.000
1.000 1.000

KEYSIGHT
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<<HEES >
1.282Model ParametersEEH
2.BhE8Save As

3.Emps & FERE 2 EiSmps file




FModeli&E

File Edit Select View

Farts =
@ |y
Search all I--- T .

DemoKit_Non_Lines v
4 FoEmo ~
TECH
IHC win
CAF
Foemo Foemo
-y
IND RES
F oEmn FoEMo
- E]
FET 1 FET 2
FoeEmo FDEMO
PAD EIA
¥ DEpie FoEMa

KEYSIGHT

TECHNOLOGIES

‘o

Insert Options

D'ﬁﬂé 5 X9 QU
X% A E

S AADS

ASM_8X100_1 [checkModel_lib:ASM_8X100_1:schematic] (Schematic):4

Tools

GENESYS Synthesis...
SPECTRASYS..

Encode Designs..

Layout Simulate Window Dynamiclink DesignGuide Help

S e R

IC-CAP Import r Any Device...
LineCalc D BIT Devices 4
== Controlled Impedance Line Designer Diode Devices 3
=& Via Designer llI-V FET Devices *

Smith Chart...
Impedance Matching...
Meodel Composer

HSPICE Compatibility Component

Netlist Export

Spice Model Generator
User-Compiled Model
SnP Utilities

“ASM _HEMT_
- ASM-HEMT M1

' ——
.

MOS Devices ¢
Power Devices ’

ASM HEMT...

PowerMQOS_SiC...
IGBT...

5 M‘v’arnmgdf
4L

Not Found:

RTOTALPORT1 = 400.0m
RTOTALPORT2 = 400.0m
R_SOURCE = 50.00
R_LOAD = 50.00
X_LOAD = 0.000
CTERM_P1 = 1.000a
LTERM_P1 = 1.000f
CTERM_P2 = 1.000a
LTERM_P2 = 1.000f
RSR = 1.000m

RG.R = 1.000m

RD.R = 1.000m

LS.L = 3475p

LGL= 11.72p

LD.L = 100.3f

Cp11.C = 1.000f

Cp22.C = 140.0f

Cp12.C = 8.000f

The File CA\Workshop\20191217_GaNRF_workshop
\GaN15_8X100_ASMmodel.mps contained the following
parameters which were not found in ASM_HEMT_M

=

<<HEE>S >
1.8l#Zschematicig, £ FHtools#ETTSEE A
2.88% +H ASM_HEMT M model card

3 HFBEIERL e E A Warning (BB 172 18)
4. B1TEBINLFLSEEEASM_HEMT S5NZER

o " o - Num=1
4-—) §H=D.DDIDhm
SR ECICICE
'G=8E15 kg
L= 1303513
H:
VW= oo e .. . ASM_HEMT_|
G g e \—-[ - _ ASM _HEMT SH1
Nim=2 SG;. oo o ip—— = Modsl=ASM_HEMT_ r\.n
o -R=0.001 Ohm - L=1.172E-11 .
L. RB= . TR
§R=33310hm
.TH L
Num=4 _5Ls
§L34?E-E1”
- g -
Leyg .
‘cpn’
G21E-15
Cpa. -
- Mum=2

ASM_HEM TI'

’ ASM_HEMT_M1 ’



==

i

217Symbol & fEAIE AR

(= =]
'
Advanced Design System 2020 (Main)
File View Options Tools Window DesignKits DesignGuide Help
e W - = m
w iy W& D =
File View Folder Wiew Library View
v Wl C\Workshop\20191217_GaNRF_workshop\preSim\checkModel_wrk
v 0 _Model
€] ASM_8X100
schematic
P symbol
1_DC
2 SP -
3_LP
-D- ASM_8X100 [checkModel_lib:ASM_8X100:symbol] (Symbol):7
File Edit Select View Options Insert Tools Window Hel
— r T :___‘I s
NER&E T X 9 T &P
Palette F X
t h
5
KEYSIGHT

TECHNOLOGIES

M

0_Model
1_DC
el DCIV
8 schematic
W4 DCIV.dds
[€] GMWG_check

N GMVYG_check.dds

2_SP

3_LP
4_matching
5_preSim
6_postSim

7_postSim_entirePAEM

DCIV [checkModel_lib:DCIV:schematic] (Schematic):8

<<HEES >

1.221374T symbol

2.7 A schematic
3.2hZsimulation

(3 o

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

D'ﬁﬂé RXIC B ERP O-TWRNEE
LA AR EO B B e

Farts

8 X

@ i
Searchall 1+ T

DemoKit Mon_Line: v

Foemo
.
IND

Foemo
o

FIT1
Foemo

FAD
Foemn
FET ¥lA
Foemo
MI-MZ
Foemo
IHD OC
¥ pemo
—
BONDW

F nEMo

STEP

Foemo
—

¥ oEma A
i
[
FoEMD
e
RES

Foemo
o

FET2
Foemo
BVILA
Foemo
MO-M1
¥ oewo
MO-WZ
Foemo
-
FET O
Foemo
TLINE

¥ pEma

o

)
¥ oewio
=

& A ey R W

|§ VAR E]VAR
VAR1T VARG
vg=1.0 rCable=0.36
w=1l0 - e

@] E&?

pe - - - B o o
DC1. . . .. . . .R2 ~|1_Probe " l \s/ﬁ[(j:;
L T rCabIe Ohm - I ﬁrobe1

- — Vdc=vd V -

R3
— ' " R=rCable Ohm
%%/ PARAVETER SWEEP 1 L Teeee )
Param Sweep AN
" Sweep1’ ' “f 'vpc |
* SweepVar="vg" +| -SRCt
- SimInstanceNamef1]="DC1" .. —=—Vdc=vgV
. SimInstanceName[2]- o o % X1 -
SimInstanceName[3]=
SimInstanceName[4]= I
" SimInstanceName[5]= T
- SimInstanceMamef6]= 200
. Start=-2.8 o DS
. Stop=1.8 o 7]
_ Step= 600—
< 4
£ o
b i
e
£ 200+
D
’ZDDIIII|IIII‘\IIIlIIII‘IIIIlIIII
0 10 20 kil 40 50 80

vd



Power Amplifier Design Goals

Drain Ef ficiency =

KEYSIGHT
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Pout

Pdc

- I I I/P Match

0O/P Match

Source: Prof. Yogesh Chauhan

p diss

RF Pout

Load



Load Pull Technique

« Determine Optimum load impedance for
maximum Pout and PAE performance

 Specify matching networks

e Understand tradeoffs!

| g J - | f1 f2 3 freq
T B B <
Source , - L Load
tuner <€ > S "
uner
+ v
AR -+ .., «——Specify harmonic
1 “ L5 impedances
f1 f2 f3  “freq

KEYSIGHT  [M. S. Hashmi et. al, IEEE Instrum. Meas. Mag., 16 (2), Feb., (2013)]
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Large-Signal Model Validation
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Validation — Drive-up (HB)

Harmonic balance drive-up characteristics showing Pout, PAE & Gain
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Live Demo for Load-Pull Simulation
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Summary

 RF GaN modeling is challenging but extremely important.
 |C-CAP provides an easy-to-use kit for CMC GaN modeling.

» The tuned parameters can be easily imported to ADS for design and verification.

Let’s work together to enable
first pass design success!
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