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GaN Power RF - 5Y Overview yi=

ARF GaN market to grow from $380M to $1.3B, 23% CAGR
A Market share: from 20% today to 50% by 2023
A From IDM to Fabless/Foundry model

2017

CAGR + 22,9%

Military Military
34%

38%

*QOthers: satellite communication, cable TV...

- ——
- ~~

Source: ARF Power Market
Technology mature + Production capacity 2017 Ga N, Ga A swwav.in d L DMC

Control of process + Manufacturing yield
- IDM majority - Foundry increase micronews.com
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GaN HEMT Devices

Typical structure of RF/Microwave GaN on Si HEMT*

Field Plate
Source 1~

High mobility A RF applications

A SiC substrate to reduce substrate loss and keep
device cool.

High breakdown A Power electronics applications

A P-GaN or cascode structure to get normally OFF /
A Field plates for increase breakdown voltage 2DEG GaN
Buffer
SiC for RF< Highly resistive Si

Tetsuzo Ueda et al., Japanese Journal of applied Physics, 2014
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Compact models: Link between devices and circuits

Tool for Gahsystem design: MVSahd ASMHEMTmodels

TLAS

TechnoTSQy CAD

Drain

Gate |
Source

l, Q = function(V, T, &,b)

Calibrated physical model

Aly ,Ga, 7N

I

GaN
New material system

4

I, Q =function(V, T, f)

SFP

GFP |

G|

New device design < 0.04)

>

AlGaN

I

0.06

> *7

| {——— Analytical physical models

I

-4 2 0 2

Vo V)

Device characterization

Circuit design and fabrication
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Available GaN Models

Model Institute/Company
EEHEMT Agilent/Keysight
Angelov Chalmers Univ
Angelov-GaN  Chalmers Univ
DynaFET Agilent/Keysight
ASM-HEMT ITK & USF
MVSG MIT

-

EEHEMT

\j’/

/’L\ /’L\ /J\\
EEHEMT EEHEMT EEHEMT
Derivative 1 Derivative 2 Derivative 3
N N —
TN
Angelov-GaN
\j’/

/’L\ /’L\ /’L\
Chalmers Chalmers Chalmers
Derivative 1 Derivative 2 Derivative 3
. N N
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Authors Year
Eric Arnold 1998
lltcho Angelov 1992
lltcho Angelov 2008
Jianjun Xu, David Root et al. 2014

Y. S. Chauhan & S. Khandelwal 2015

Ujwal Radhakrishna

2013

VR

DynaFET
N

Notes

empirical model, based evolution of EEFET model
"A new empirical nonlinear model for HEMT and
MESFET devices"

extension of Angelov Model for GaN

Uses data to train artificial neural network (ANN)
physics based surface potential model

physics based virtual source model

Most accurate model

-

\_

7~ N\

MVSG

N S
VRN

ASM-HEMT
N

~

‘ Accepted by Compact Model
Coalition (CMC) in 2018

J




From physical modeling to industry standard

From research to industry adoption:
ASMHEMT and MVSG model chosen as a GaN industry standard models

Number of CMC Model Standards and Their Applications

GaN HEMT
Extremely Thin Body SOI
Advanced Analog/RF CMOS

12 Diocde
Well Resistor

Compact Mdl
Coalition Year

1995 2000 2005 2010 2015

Plot courtesy of Green

) o ([ | oy (et o (oo

A 8 candidates A 4 candidates A 2 candidates A Model support
A Accuracy and convergenc@ SponsorsADI, Tl, ToshibéA Model evaluation A Version release
A Physical nature A Data:Triquint Toshiba A Feedback
Status of the GaN HEMT Standardization Effort at the Compact Model Coalition , S. D. Mertens , 2014 IEEE Compound Semiconductor

Integrated Circuit Symposium (CSICS), La Jolla, CA, 2014, pp. 1 -4,



GaN Compact Model Comparison

Empirical Physics-based ANN-based
Models Angelov-GaN, ASM-HEMT DynaFET
EEHEMT MVSG
CMC Standard V
Scalable, W/L/NF VvV * V VvV *
Early availability during process development V V
Does not require process info V * V
Simple extraction flow V V
Good DC/S-par fit V V V
Large signal across different bias V V
Simulation robustness V V

* limited
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Angelov GaN Model

EMPIRICAL MODEL

51
[

Cgdpe
——AA—— lgd AN -
Ot vva—e | Rad L, 5 | Rd Ld Drain
Gate Rg Lg Ca @ lds L crf
—\—@—.—
Updated to include better fits on harmonics, frequency Igs | ~ Cds
dispersion, capacitance, etc. - g i
-
Strengths:
A Simple extraction method L
A Industry workhorse for 10+ years. Rs
Ls
Limitations:
A Extracted from S-pars A might not work well for large signal Source

A Workaround - adapt model card for target bias point
lys = Ipk(1+tanh(y))(1+IVdS)tanh(anS)

y= Pl(vgs i Vpk) + PZ(Vgs i Vpk)2 + P3(Vgs i Vpk)3
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MIT Virtual Source GaN (MVSG) Model

VS point 9 |o/W=Q;(Xg)Vyo
e |
[X_]S;OI % Ler I_>.< Vs , ¥ P
2DEG N A 2DEG : , : i
an,s an,d R, v QiXs) R,
VX0,
Ec— '\
OXO Leﬁ X
E (Qus = Q) / CoVosar N Source and drain
= b
1+((Q,, .- Q..4)/CV ) ; _ end charge
( (s~ Q) Vo) Saturation velocity 4
a V.- F .MV ]- (V- a 0
Qinvs - Cg ant In@_i_ eXp( G satp” Si/ (VT (Ff,s) O 1‘ @ V.S + Q v d '
| = 2nf, 0 o TW F v, f= F
¢ D sat Vsat
o * ~ 2
a V.- F_ N )- V- o
Qian — Cg 2nft In@"‘exp( G satm (\/T d (Ff ,d) O
’ ge 2nf, 0
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Source: Dr Ujwal Radhakrishna, MIT

Function for transition from
non-velocity-saturation to vel sat



ASM-HEMT Model

y = Surface potential along the 2DEG
Solve for y and charge on the channel

Derive unified expression for Id(Vgs, Vds)

Velocity

Saturation C

Short
hannel

Effects

Surface
Potential

SOURCE Lg DRAIN
| i
i n - AlGaN |
n+ A.\ I i
y UID - AlGaN !
>
0 X
Source-end / \ Drain-end
under gate GaN under gate
Channel .
Length Self-Heating
. Effects
Modulation

Dasgupt a,

Ghosh,

Chauhai#EMAd

Kohampdelktwaabdefi ASNT

Conference on Electron Devices and Solid-State Circuits (EDSSC), June 2015
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The DynaFET Model

ID(\/gs’Vds’Tj’fl’fZ G °

G)<+
o_() ]
QO
o ||

i

I
o I
O
O

®
< 4+

‘s

() V(1) Cb :=cth %Rm Thermal Model

Ty
Rl_emit I:\)Q_emit
. wW W
| VGS._ — fl VDS._ lfz
_'W‘_H_ _‘m\_’|_
VgS VdS T J f 1 f 2 R, capt ==C1_emi | Ry capt —-|_—C2_emit
Artificial Neural Network +  Trapping =

Model
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S2P

V2

SNP14
- File="drain_manifold_8x100.s2p"
S2P
Dy n a F E T M o d e I I n g Q Eil;dezl;ate_manifold_sﬂOO.SZP" 0 j__
+. P_nTone E a1 I_ € I T
Mrom oo % ") B
= Pr[?fip]:h]ar:}gbmtow[p\n),o) % DC_Feed - ) Z
— ynaFet
ADS 0.8 gglmwhm E‘Iio:d;ggilemDynaFETMeden
Temp=25
v o Wtot=800 um
+ SRC1
g Vde=Vgg
) DynaFetModel
= AgilentDynaFETModel1
8 <
g (f_) Transducer Power Gain
ADOS 10
'olg. o]
>0 ]
SN 8
g |
5]
4]
3
-0.2 T T 1 | I | I T T 1 T T 1 T T 1 2T T T T T T T T T T T T T T T T T T
| | | | | | -10 -5 0 5 10 15 20 25 30 35
0 10 20 30 40 50 60 Pout (dBm)
VDS Drain Bias Current
DC Vd Meas s 20
2007:
DynaFET model shows excellent agreement in all _ «-
£ ]
operation regions of the GaN HEMT. Universal =
applicable modeling approach. " —
KEYSIGHT 0-710‘ i ‘-‘5‘ i ‘J)‘ K “5‘ i ‘1‘0‘ ) ‘1‘5‘ i ‘2‘0‘ K ‘2‘5‘ K ‘a‘o‘ i ‘35
TECHNOLOGIES Pout (dBm)

|_Probe

i2

VAR
VAR1
Vgg=-2.4
Vdd=28

freq1T=10GHz

pin=23

e

L]
DC_Block S1P qn
DC_Block2 + S4
DC Fesd S[1,1]=fg(Load1L)
% DC_Feed? ! Z[1]=z0
R —
R2
gﬂzosom .
VAR )
(E] ImpedanceEquationsi16
v.DC fg(x) =(x=-20)/(x+Z0)
+| SRcC2 Z0=50.0
— Vdc=Vdd VAR
T Var
- ImpedanceEquations18
:Tuner reflection coefficient=

Load1lL =70.71+j*12.35

DynaModelFile="\data\DynaFET_for_Qorvo_GaN_8x100\without_extrapolation_and_breakdown\DynaFET_model.enc”

40

Fundamental and harmonics

20—

Power (dBm)

Simulated
Measured

25 30
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Lots of Parameters

_|

ASM_HEMT M

Eguchi_6_6 2018

thom=27.00 eta0= 90.08m

tbar= 8.044n vdscale= 5.549

[=0.25u kt1=100.0m

w=100u thesat= 1.000

nf=8 nfactor=772.7m

epsilon=37.31p cdscd= 1.921m

voff=-1.996 gamma0i= 2.120p

u0=932.2m gammali= 3.730p

ua= 1.000p imin=1.000n

ub= 1.000a shmod=

vsat= 105.4K rthO= 12.59

delta= 2.000 cth0O=1.000n

at=54.95m rdsmod= 1.000

ute=-165.3m vsataccs= 122.4K

lambda= 258.8u nsOaccs= 4.719E+16
dfp2=100.0n
Ifp2=1.000u

ktfp2= 50.00m
u0fp2= 100.0m
vsatfp2= 100.0K
nfactorfp2= 500.0m
cdscdfp2= 0.000
eta0fp2=1.000n
vdscalefp2= 10.00
gamma0fp2= 2.120p
gamma1ifp2= 3.730p
iminfp3= 1.000f
vofffp3=-75.00
dfp3= 150.0n
Ifp3= 1.000u
KEYSIGHT

TECHNOLOGIES

nsOaccd= 3.245E+17 krsc= 3.388m

kOaccs= 0.000
kOaccd= 0.000
uOaccs=218.8m
uOaccd= 2.032
mexpaccs= 2.000
mexpaccd= 2.000
Isg= 1.000u

Idg= 1.600u

rsc= 356.5u

rdc= 2.333m
kns0= 12.02m
ats=-199.5m
utes=-2.972
uted=-1.064

ktfp3= 50.00m
u0fp3= 100.0m
vsatfp3= 100.0K

nfactorfp3= 500.0m

cdscdfp3= 0.000
etaOfp3=1.000n
vdscalefp3= 10.00

gammaO0fp3= 2.120p
gammai1fp3= 3.730p

iminfp4= 1.000f
vofffp4=-100.0
dfp4=200.0n
Ifp4= 1.000u
ktfp4= 50.00m
uOfp4= 100.0m

krdc=2.951m
gatemod= 1.000
njgs= 12.50
njgd= 2.500
igsdio= 2.416
igddio= 11.19
ktgs= 0.000

ktgd= 0.000
trapmod= 0.000
cdlag= 1.000u
rdlag= 1.000MEG
idio= 1.000
atrapvoff= 100.0m
btrapvoff= 300.0m

vsatfp4= 100.0K

nfactorfp4= 500.0m
cdscdfp4= 0.000

etaOfp4= 1.000n

vdscalefp4= 10.00
gammaOfp4= 2.120p
gamma1fp4= 3.730p

cgso= 499.8f

cgdo=100e-15 {t}

cdso=214.2f
cgdl= 1.904f
vdsatcv= 100.0
cbdo= 0.000
cbso=0.000
cbgo= 0.000

atrapeta0= 0.000
btrapeta0= 50.00m
atraprs= 100.0m
btraprs= 600.0m
atraprd= 500.0m
btraprd= 600.0m
rtrap1=1.000
rtrap2= 1.000
ctrap1=10.00u
ctrap2=1.000u
a1=100.0m
vofftr= 1.000n
cdscdtr= 1.000f
etaOtr= 1.000f
rontr1=1.000p

cfg= 17.78f
cfd= 27.54f
cfgd= 87.10f

cfgdsm= 1.000E-25
cfgd0= 100.0p

cj0= 16.23f
vbi= 1.377
ktvbi= 0.000
ktcfg= 0.000

ktcfgd= 0.000

mz= 500.0m
aj= 800.0m
dj= 60.00

adosi= 0.000
bdosi= 1.000

rontr2= 100.0f
rontr3= 100.0f
rtrap3= 1.000
ctrap3= 100.0u
vatrap= 10.00
wd= 16.00m
vdIr1=2.000
vdIr2= 20.00
talpha= 1.000
vtb=250.0
deltax= 10.00m
fp1mod= 0.000
fp2mod= 0.000
fp3mod= 0.000
fp4mod= 0.000

gmOi= 1.000m
adosfp1=0.000
bdosfp1= 1.000
gmOfp1=1.000m
adosfp2= 0.000
bdosfp2= 1.000
gmOfp2= 1.000m
adosfp3=0.000
bdosfp3= 1.000
gmOfp3=1.000m
adosfp4= 0.000
bdosfp4= 1.000
gmOfp4=1.000m
cfp1scale= 0.000
cfp2scale= 0.000

iminfp1=1.000f
vofffp1=-25.00
dfp1=50.00n
Ifp1=1.000u

ktfp1= 50.00m
uOfp1=100.0m
vsatfp1= 100.0K
nfactorfp1= 500.0m
cdscdfp1= 0.000
etaOfp1=1.000n
vdscalefp1= 10.00
gammaOfp1=2.120p
gammaifp1= 3.730p
iminfp2= 1.000f
vofffp2=-50.00

cfp3scale= 0.000
cfp4scale= 0.000
csubscalei= 0.000
csubscale1=0.000
csubscale2= 0.000
csubscale3= 0.000
csubscale4= 0.000
rgatemod= 0.000
xgw= 0.000
ngcon= 1.000
rshg= 1.000m
fnmod= 0.000
tnmod= 0.000
noia= 15.00p
noib= 0.000

noic= 0.000
ef=1.000

tnsc= 1.000E+27
gdsmin= 1.000p



Sources of Data

File Options Optimizer Windows Help

id(vd)
# I T I I T T I I T
L |
= e T
60 f- et ey
TR oo w%ﬂ%%
= na

I e S—
e B e SN,
T e S

- T T

[E-3]

idm ids
oo —

20 ! ! !
0
vd [E+0]
Plot MVSG_MODELING/DC_MCDELINGYid_vds__ Output_fulliid_vd
[ v Y
LOG id(vg)
M:322 vd=250.0 mV¥, vg=-220.0 mV, id.M=4.718m

Log]

id.M
—a—

2500m
500.0m
1.000
5.000
10.00
15.00
20.00
25.00
30.00

4 2 0 2
vg [E+0]
Plot MV SG_MQDELING/DC_MODELINGfid_vgs__Transfer_full/logid_vg

DC-IV, Pulsed-IV
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Ciss (pF)
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0
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-V Data Derived from Cold FET S-parameters

B _mp_ag
File Options Optimizer Plots Windows Help

Here we roughly dial in Cgs, Cgd and Cds. We'll revisit these parameters later.

Step 1: Manually tune CGS.C, CGD.C and CDS.C until good agreement is achieved with measured data at low vg below the threshold voltage.

Step 2: (optional) Set CG to achieve correct jump in Cgg at VTO.

Cags vs Vgs, Vds=0

180 ———————————— — —
3 ]
g \
= — A /

o B e o B \
L e 0 |
8 - [
1
s /|
o | I
; \ |
s ¥
L I
8 1 1 1 1 i 1 1 ““'III- 1
2 -
vg [E+0]
Plot MVSG_MODELING/CV_MODELING/Spars_vs_Bias/Cgs
Cds vs Vgs, Vds=0

“w— —_—
E 50 i o - | o - N f—'———u\_\ /g’_ﬁ/"hkx “v"ﬁ mﬁl, I?\
W A

« - \ 4

o Y / T

3 — -
| = { |

o — \

8| sof- \ /

E| L /

S| F \

8 §-100f- :

{ﬂl —

o -

o = ; | ;

_150 1 1 1 1 i L 1 1 1 i 1 1 1 1 i 1 1 1 1
4 3 2 ]
vg [E+0]
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Plot MVSG_MODELING/CV_MODELING/Spars_vs_Bias/Cds

Tune Fast Optimize

Simul. PO Plots Undo Tune/Opt.
Area Tools On  [_] Reset Flot Colors

Cgd vs Vgs, Vds=0

Opt.Type: .Levenb'Marqu b

OptErr.:

Rel ]

LSYNC Values

_calc.s [E-15]

Cgd_cale.m Cgd

vg [E+0]
Plot MVSG_MODELING/CV_MODELING/Spars_vs_Bias/Cgd

Cgg vs Vgs, Vds=0
180 ——— —

H]

- [} X

0Ok, Done |
Cancel

Help Using This GUI

TUME/OPTIMEEE PARAMS

Model Param History

1 =
Show MdIParam.Evolution

Select Parameters
CG5.C

CGD.C

CDsS.C

el

Add Del Restore

Select Param. Group
Instance G
Core_Model
Source_Access

Nrain_Arrecc

(=]
[=1
-

_calcs [E-15]

=
=]

Cgg_cale.m Cgg
B

Plot MVSG_MODELLI - LING/Spars_vs_Bias/Cgg

Params:

A CGS, CGD, CDS

A Possibly CG

Add Del || Restore

Edit Parent ¥fm

18



High Level Extraction Flow

1) Linear Condition

Plot PEMG_ASM_HEMT_INSIGHT_Extract/DC_Tnom/ich

ivg_lin/fid

vg_log

T

T m T o
T T T TTT T TTm T

Params:
A VOFF, NFACTOR
A U0, UA, UB

Khandelwal, et al, BCICTS, 2018

KEYSIGHT
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2) 1dVg at high Vds

Plot PEMG_ASM_HEMT_Example_white_background_Extract/DC_Tnom/idvg/idvg_log

7
m

T T T T T T T

bawwpn g
SSSSSSSS§

7 T 7 i 7 m m i T
5 ‘-A = in S [ o o =)
TTTIT, T TTT T TTI T T T T Ty T T T I T T T 11T

Params:

A ETAO0, CDSCD, VSAT,
VSATACCS

A NSOACCS, NSOACCD

A VDSCALE, VOFF (again)

3) Full Output Curves

id_s ids
o —— " IE3]

Params:
A LAMBDA, RSC, RDC
A RTHO, UTE, AT, KT1



High Level Extraction Flow, part 2 _
a R 2 -

|
iLevel-3 ! f ; :
i i I
| Rrselispred slorencogene | | . ILevel2 ocmoeoeeees : !
™ ! : i Intrinsic  i4=Level-1, Drain ,
, Gate | | Device | : o
Manifold ' ! 1 Manifold
I aniro | Zeg I 4 i [
I I I : ed
-wafer Wi |
I calii?rgtioileane calit)orgtio?\f;[ane I .—l— ! . Core GaN -I— ql —r.'
Model |[i | i
H ) I
....... - ; l
..... " I
; Probe-ti I |
Probe-tip obe-tip L |
| reference plane reference plane | I |
I A S Model 2\ /S Sus g8V 2 mEmmpmsmmmmammmew :
Gate-manifold Drain-manifold EDU rce |
|
vias !

Nonlinear Circuit Simulation and Modeling,
Cambridge University press

Khandelwal, et al, BCICTS, 2018

KEYSIGHT Device-Modeling Seminar
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Eile Options Optimizer Plots Windows Help

1. Fit RD to the lin. range of Plot id-vd (typ. value ~1m)

0K, Done !
Cancel
Help Using This GUI

TUNE/OPTIMIZE PARAMS

Model Param History
0 =

Show MdiParam,Evolution

Select Parameters

MAIN.RSC
MAIN.RDC
MAIN.UO
MAIN.UA
MAIN.UTE
MAIN.RTHO

Add Del Restore

Select Param. Group

DC_GateCurrent
DC_idvg_lin
NC idun cat

Select Plots

id_vg

logid_vg

gm_vg

gm2_vg
_Pseudo_id_vds_
loggm_vg
loggm_logid
ig_vg

T _Device

./id_vds_ Output/id_vd

2. Set RS to ~1/2*RD Tune Fast Optimize Opt.Type: Levenb-Marqu
Plots id-vg and id-vd . :
3. Optimize RS, U0, UA, UTE, RTHO (keep low value, verify by Plot T_Device) Simul. FO Flots Undo TunefOpt. | Opt.Err.:  Rel
4. Optimize all parameters, except RD Area Tools On Reset Plot Colors LSYNC Values
id(vd)
100 h |
| | | | | | | | | | |
- - 8——=@ = = |
Adjust Sliders X
80 = = = = =
= MAIN.RSC =t 5
[ 6.597u |
MAIN.RDC
= =) =) =) £ = = |62'94u L l-l R |2TT'4
60 [314.7u |
MAIN.UD
5 EZZ P AN EY
K [372.1m |
k- o -
u | = = = = 2 = MAIN.UA
£ EEZN e S ELC
B + 40 . | 61.58n |
MAIN.UTE
v :
::E=_E___=a_—=.—i—-_—‘aﬁ;a: I-3.207 ‘
MAIN.RTHO
(1506 |, | ' . NEZTI
b ' [75.78 | | eeemme
_ i - I - I—
P —-
0K Cancel | | Help
o - I R =
= = = = = H i
l | | | | | i | | |
3 4 5 X
Wl [E+0]

Plot ASM_HEMT_MODELING/DC_MODELING/id_vds__Output/id_vd

Add Del Restore

Edit Parent Xfm




Large-Signal Model Validation

e resd — . - {4%] Harmonic BaLancE -|- .| SetLoad and Source -
© ~ DC_Feed2- - DC_Block2 P _toad - o © " HarmonicBalance T |mpedapces at - o
o Ve b . . . — . _?S:;I.' Eqgn. . HB1- - . harmonic frequenmes.
ve_hig . R A = . . AR - -
| Probe * —."I S[1,1]=Load Tuner (F;:;l[r}!llfglreq E;;:;g
L . R ) | Sl pendtiner . oderlibs L Lz s o
. LProbe. = e N o s . SwespVar=Mag_rho” . Z12=2040
I Is_low =T vdevhigh ;ﬂpz glarl=g-$054 Z_|_3 =Z0+j'0
. = vde . o008 | R
I I l o e o o R File="EG0490_1416_10x90_2p6SD2FP2EV_TRLdrain.s2p -Li:f2_?- o o e e o e o o z:Eg,:zo-:Jino- I
I R4 - . 8RL. . O E - - Z_s fund =613 +*1352 -
o o R=15000 Ohm - 'g%gsmh' . . R T PARAMETER SWEEP Z.5 2714.34/'65.37 .
. S2P o 'L'=_825pH ' . ESF&s o | TRTEVIETES = . g_s_ifi?j?-g;af‘ga-e.
SNPA . 3 =RsL m - iz s _4=Z0+]"
File="EG0490_1416_8x40_2p6SD2FP2EV_TRLgale s2p” "'———\ MWV ASMHEMT " Sweepl C © Zs 5=Z0+]0°
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To Recap...

AGaN technologies will continue to grow.

ALeverage example extraction flows for the latest
ASM-HEMT and MVSG models

AWith an industry standard tool i IC-CAP
AWe can help.

I H I
keysight.com/find/eesof-iccap I I
keysight.com/find/eesof-innovations-in-eda

keysight.com/find/free trials

KEYSIGHT

TECHNOLOGIES

ASM-HEMT

Advanced Spice Model for High Electron Mobility Transistors
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http://keysight.com/find/eesof-iccap
keysight.com/find/eesof-innovations-in-eda
http://www.keysight.com/find/free_trials
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Active Source Injection Setup

o g8 o
. S == F
Synchronized §§é qase
Bias Supplies 2 88 &
Keysight E5270B - -
or 4142B .

Input power Active Load Pull
: A, power
gate  Temperature Idraln A on
. . ,; phase
bias control bias

DynaFET characterization performed at various:
(1) DC biases
(2) Input powers
(3) Load Impedances, magnitude and phase
(4) Ambient temperatures
(5) Fundamental frequency + 20 harmonics

KEYSIGHT
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DUT Test Circul

o}

Cgd

C=10fF o . 5

— Y AAA
L R
G2 AN Gi .| Ly MVSG_CMC Ld Rd

L R MVSG_CMCH1 L=150pH  R=1 mOhm
Lg Rg <Model=MVSG_CMC_M1
L=120 pH R=6 Ohm C w=30u c

R= N I=250n Cds

Model Circuit —-C=MOfF  fsingf=2 ~C=30F
Page

S Ls
L=5 pH

Rs
R=1 mOhm

VerilogA File:
mvsg_cmc.va

-| MVSG_CMC
MVSG_CMC1
<Model=MVSG_CMC_M1
w=30u

I=250n
KEYSIGHT 250
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Automatically Automatically
added by IC- added by IC-
CAP

, : DUT Test Circui ,CAP I

|
+ 4
— V_DC DC_Feed v DC_Feed —V_DC
_ T VP1GROUND IP1GROUND IP2GROUND T VP2GROUND
Vdc=Gate_Bias AN\ AN\ Vdc=Drain_Bias
R R —
Rbias1 Rbias2
R=7 Ohm R=7 Ohm
4 \ | ) ; —) | i
Term c a Circuit . /1 Tt;rm
1 i P
Num=1 CACshort1 Netlist CAGshort2 Num=2
Z=50 Ohm C=100 mF s C=100 mF Z=50 Ohm
DC_Block
cblock1 — Sbclzo_c?klg(;k
Circuit_Page
MVSG_MODELING

KEYSIGHT

TECHNOLOGIES



Modeling Challenges: Trapping and Current Collapse

Average Output Current Under Opt '
Need Trap Models a0 ge Outp Pt
—-- Model without trapping effects f
Surface Trapping 530 ™ Measured Data /
—— Model with trapping effects ’,
AlGaN 2107
<
E 200 -
=
190
180
Current collapse <
170
16{} T T T T T T
-10 -5 0 5 10 15 20 25

Input Power (dBm)

Jardel, et al - "An Electrothermal Model for AlIGaN/GaN Power HEMTs
Agnihotri et al (1ITK), INDICON 2015 Including Trapping Effects to Improve Large-Signal Simulation Results on
High VSWR", MTT, Dec 2007
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Drain Lag

Pulsed IV measurements

6
vds (V) [-0.8, 6]

But: @® Quiescent Bias Point

A Which }V curves to use?
How to relate PIV curves to model coupling terms (trapping model)?

KEYSIGHT
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GaN HEMTs: Understanding carrier transport

126Gy 7N (18 nm)

GaN 1.2em

RFGaN HEMT H\-GaN HEMT
Source_access Intrinsic  Drain access
region transistor region
4 , Ve V N\ A V
g g Vg

1
|
R P 1

[ o

V.. V.- 7\

S DD transport \_ ! Yoo transport =
DD transport

Physics- based GaN HEMT transport and charge model: Experimental verification and performance projection
- U. Radhakrishna , L. Wei, DS. Lee, T. Palacios, D. Antoniadis, 2012 International Electron Devices Meeting.

KEYSIGHT MIT Virtual Source Ga NF E T 6\Wlkageh( MV S G 6mitde) : A physics based compact model for HV 6 G &IEMTs : 30
- U. Radhakrishna , T. Imada, T. Palacios, D. Antoniadis, Physica status solidi (c) 11 (364), 848 -85, 2014 .



http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6479038&newsearch=true&queryText=Physics-based%20GaN%20HEMT%20transport%20and%20charge%20model:%20Experimental%20verification%20and%20performance%20projection
http://onlinelibrary.wiley.com/doi/10.1002/pssc.201300392/abstract

Nonlinear source/drain access region resistance model

G
AlGaN

S D

GaN

e ~N Nonlinear variation of source/ drain
access resistances with Ids.

KEYSIGHT Geometrically scalable
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