
International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:1, 2016

106

 

 

lar
pa
im
me
mo
sim
Th
mo
an
sim
sim
 

ne

de
m
Ga
de
ba
an
(c
de
ex
ba
ac
ra
ne
be
inp
ef
Th
of
m
kn
fu

m

 

De
(ph
aja

T

Abstract—In 
rge-signal mod
arameters extrac
mplement in CA
easurements. A
odel self-heatin
mulate isotherm
he two model ar
odeling proced

nd the develope
mulation with m
mulation and m

Keywords—G
eural networks, 

ODAYS, G
appropriate

esign [1]. Thi
modeling of th

aN devices. In
evices have be
ased on analy
nalytical mod
onvergence a

ependent and 
xpression and
ased modeling
ccurate than th
ate and it has n
eural networks
e investigated
put and outp

fficiently pred
his modeling a
f particular an

model predictio
nowledge-base
unction.  

Self-heating 
main challenge 

Anwar Jarndal 
epartment of Uni
hone: +971-
arndal@sharjah.ac

A Gen
Se

T

this paper, a g
del for GaN H
ction procedure

AD software an
An improved d
ng effect. Two

mal drain curren
re then compos

dure was applie
ed model is val
measured data. 

measurement is o

GaN HEMT, c
genetic optimiz

I. INTR

GaN HEMT tr
 technology f

is accordingly
he electrical 
n the last deca
een published 
tical or table-

deling techniq
and predictio

higher effor
d optimize the
g technique is t
he analytical o
no prediction 
s as a modelin
. This model 

put from the 
dict the outpu
approach is ac
nalytical funct
on capability c
ed approach 

due to high 
 of GaN HEM

is with the 
iversity of Sharja
-6-5050928; 
c.ae).  

netic-N
elf-He

genetic-neural-n
HEMTs is pres
e. The model is 
d requires only

decomposition 
o GNN model

nt and power dis
sed to simulate 
ed to a package
lidated by comp
A very good a

obtained. 

computer-aided 
zation. 

RODUCTION 

ransistors are 
for high pow

y increases the
and electro-th

ade, many mod
[2]–[5]. Most 
-based modeli
que is compu
on); however,
rts is required
e fitting para
technology ind
one but it has
capability. In

ng technique fo
"learn" the re
measured dat

ut value for a
ccurate and the
tions (black-b
can also be im
to choice a 

power dissipa
MTs power tr

Electrical and 
ah, 27272 Sharjah

fax: +971-

Neura
eating 

network (GNN)
sented along w

easy to constru
y DC and S-par
technique is u
ls are construc
ssipation, respec
the drain curren
ed GaN-on-Si 
paring its large
greement betwe

design & mo

becoming the
wer amplifier (

e need for rig
hermal behav
dels for GaN H
of these mod

ing technique
utationally ef
, it is techn
d to formula
ameters. The 
dependent and
 lower conver

n this paper, g
for GaN device
elationship be
ta, and then 

any input valu
ere is no assum
box modeling
mproved by u

suitable acti

ation represen
ransistors espe

Computer Engi
h, United Arab E
-6-5050872; 

al-Netw
in GaN

Tr

 

) based 
with its 
uct and 
rameter 
used to 
cted to 
ctively. 
nt. The 
HEMT 

e-signal 
een the 

odeling, 

e most 
(HPA) 
gorous 

vior of 
HEMT 
els are 
s. The 

fficient 
nology 
ate the 

table-
d more 
rgence 
genetic 
es will 
etween 
it can 

ue [6]. 
mption 
). The 

using a 
ivation 

nts the 
ecially 

ineering 
Emirates 

e-mail: 

for 
the 
curr
perf
At 
case

A
simu
two
ope
self
hidd
zon
then
the 
diss
drai
 

in

T
Fig.
sem
pack
intri
capa
curr
bran
trap
sam

work M
N Hig
ransist

Anwar Jarnd

those on Si S
electrons satu

rent [7]. The
formance espe
higher freque
e, the input sig

An efficient a
mulate the self
o regions (lo
ration. The g

f-heating (isoth
den layer GNN
e of negligibl
n used to simu
gate and dra

sipation. Both
in current and 

Fig. 1 Large-sig
ncluding self-he

II.

The device is 
. 1. The extrin

miconductor bu
kage inducta
insic part of 
acitances (Cgs

rents Ids and Ig

nch (Crf and 
pping and self-
me developed 

Mode
gh Ele
tors 
dal 

Substrate. This
uration veloc
self-heating s

ecially under s
ency this effe
gnal is not slow
approach will 
f-heating base
ow and high 
eneral behavi
hermal conditi
N model based
le power dissi
ulate variation
ain voltages i
h models are 

its associated

gnal equivalent 
eating and outpu

. EQUIVALENT 

modeled by t
nsic RLC of th
ulk resistances

ances and pa
f the model s
s, Cgd, and Cd

gs. The model
Rrf) and a t

-heating induc
extraction m

ling A
ctron 

s regenerative
ity and thus 

significantly im
static and quas
ect is reduced
w enough to h
be presented

ed on DC IV 
power dissi

or of the drai
ion) is modele
d on the measu
ipation. Simil
n of the powe
in the 2nd zon
then combine

d self-heating e

 circuit model f
ut conductance 

CIRCUIT MOD

the equivalent
he model repr
s, metallizatio

ad contacts c
simulates the 

ds) and gate an
 also includes

thermal sub-c
ced dispersion
method for t

Approa
Mobil

e process degr
reduces the d
mpacts the de
si-static opera
d, because in 
heat up the dev
d in this pape

measuremen
ipation areas
in current wit
ed by using sin
urements of th
lar GNN mod
er dissipation 
ne of high po
ed to simulate
effect. 

for GaN HEMT
dispersion effec

DEL 

t circuit show
resents contact
on, bond wire,
capacitances.

depletion re
nd drain (chan
s an additional
circuit to simu
, respectively.
the extrinsic 

ach fo
lity 

rades 
drain 
evice 
ation. 

this 
vice.  
er to 

nts in 
s) of 
thout 
ngle-
he 1st 
del is 
with 
ower 
e the 

 

Ts 
cts 

wn in 
t and 
, and 
The 

egion 
nnel) 
l RC 
ulate 
. The 

and 

r 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:1, 2016

107

 

in
de
po

th
hi
Ac

 

 
wh
w2

Th
cu
ex
m
be
se
op
 

as

 
wh
is 
an
po
HL

an
th
3 
in
dr
sh
 

trinsic elemen
ependency of 
olynomial and

A genetic ne
e gate current
dden layer w
ccording to th
 

gsI

here Vgs and V
2i and w3i are 
he activation f
urrent. This 
xponential beh

model accuracy
est fitting for m
ection, genetic
ptimal value fo

Fig. 2 T
 
The drain cur

s: 
 

I

here Idso is the
fitting param

nd the temper
ower dissipatio
Lp(ω) to simu

nd/or quasi-sta
e low-pass the
shows a sche
cluding the se

rain current is 
hown in Fig. 2

nts of the mod
f Cgd and Cgs

d tangent funct
ural network 
ts. The model
with unit bi

his model, the g





3

1
1

i
ii Vwfw

Vds are the intr
the input wei

function f(.) eq
function is 

havior of the
y. The model w
measured Igs. A
c algorithm o
or each of the 

Topology of the

rrent and its in

1 dsods KII 

e isothermal cu
meter accounts 

rature depend
on Pdiss is mul
ulate the sign
atic operation.
ermal sub-circ
ematic of the
elf-heating. B
modeled by G
.  

del in [4] has b
s has been m
tions, respectiv
based model 
l topology inc
iases, as illu
gate current ca

 2 dsigs VwV

rinsic gate and
ights and wi is
qual to e(.) for 
 consistent 

e gate current
weights are op
As it will be e
optimization 
12 model wei

e implemented G

nherent self-he

)( diLPT PHK 

urrent at ambi
for the device

dence of the 
tiplied by low

nificant self-h
. This term is 
cuit in the mod
e developed d
ias dependenc

GNN model o

been used. Th
modeled by s
vely [4]. 
is used to rep

cludes only a 
ustrated in F
an be expresse

 3iw               

d drain voltage
s the output w
this case of th
with the t

t and improv
ptimized to fi

explained in th
is used to fi
ights.  

GNN model 

eating is form

. iss     

ient temperatu
e thermal resi
drain current

w frequency fu
heating under 

implemented
del (see Fig. 1
drain current
ce of the isoth
f the same top

 

he bias 
simple 

present 
single 

Fig. 2. 
ed as 

     (1) 

es, w1i, 
weight. 
he gate 
typical 
es the 
ind the 
he next 
ind an 

 

mulated 

 (2) 

ure. KT 
istance 
t. The 

unction 
static 

d using 
1). Fig. 
model 

hermal 
pology 

T
of s
(see
by f
char
mea
calc
in F
GNN
sam

P
(W

)

Fig. 3 

Fig. 4 Measu

Fig. 5 Measure

The isothermal
self-heating fr
e Fig. 4). The 
fitting these m
racteristic
asurements. 
culated over th
Fig. 5. These 
N model of t

me genetic al

0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

I D
S

 (
A

)

0
0

2

4

6

8

10

P
d

is
s (

W
)

V
GS

Schematic of th

ured drain curre

ed power dissip

l current repre
ree (negligible
corresponding

measurements. 
including 
The power 

he whole meas
data of Pdiss a
the same topo
lgorithm base

2 4
V

Zone 1

V
GS

from -8

2 4
V

S
from -8 V to 2 V

he drain current
 

ent of packaged
 

ation of packag

esents the DC 
e power dissi
g GNN model
Zone 2 repres
the self-h

dissipation 
sured IV chara
are then mode
ology present
ed procedure 

6 8
V

DS
 (V)

8 V to 2 V in step o

Zone 

6
V

DS
 (V)

V in step of 0.1 V

t model 

d GaN HEMT 

ged GaN HEMT

IV measurem
ipation) in zo
l can be develo
sents the whol
eating affe

(Pdiss=IdsVds)
acteristics as s
eled using ano
ted in Fig. 2. 

is used to 

8 10

f 0.1 V 

2

8 10

 

 

T 

ments 
one 1 
oped 
le IV 
ected 
) is 
show 
other 
The 
find 

0



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:1, 2016

108

 

op
th
by
is 
re

F

alg
va
ill
pr
in
inp
rep
th
an
be
un
pr
th
m
in
se
be
th
op
fin
as

a 

ptimal weight
rough low pa

y the predicted
then subtrac

duction in the
 

Fig. 6 Flowchar

III. 

As it has b
gorithm based
alues for the 1
lustrated by t
rocess is starte
dividuals. Eac
put weights an
present the fi
en evaluated 

nd the best (m
e the parents o
ndergo recomb
roduce the nex
en evaluated 

minimum errors
dividuals in th

elected offsprin
e considered 
rough selecti

ptimization pr
nd at the en
ssociated optim

This procedu
packaged GaN

ts of the mo
ass filter and s
d Idso to produ
cted from th

e drain current 

rt of the neural n
genetic

MODEL PARA

been mention
d optimization
2 weights of t
the flow cha

ed by random 
ch individual 
nd 3 for the o
irst generation
by fitting the

minimum error)
of the next gen
bination (cros

xt generation o
by fitting the

s. In the next 
he old populat
ng individuals
as parents fo

ion, crossing 
rocess will co
nd the minim
mal values of t
ure has been ap
N HEMT dev

odel. The pre
scaled by KT 
uce IdsoKTPdiss.
he original Id

caused by sel

network weight
c algorithm 

AMETERS OPTIM

ned in the la
n procedure is u
the GNN mod
art in Fig. 6
generation of 
consists of 1

output weights
n of parents. 
e measuremen
) 90% out of t

nerations. The 
ssing)and mut
of offspring. T
e measuremen
step of reinser
tion (parents) 
s. The combin
or the next g

and mutatio
ontinue over 
mum error i
the model wei
pplied to DC I

vice from Nitr

edicted Pdiss

and then mul
. This term or
dso to simulat
lf-heating.  

ts optimization u

MIZATION 

ast section, g
used to find o

del. The proced
. The optimi
initial populat

12 values (9 f
s). These indiv
The individua

nts (Igs, Idso or
them are selec
selected indiv
tation operatio

These individu
nts to find th
rtion, the mos
are replaced 

ned individua
generation and
on operations
Nmax generat

individual an
ights. 
IV measureme
ronex corporat

 

passes 
tiplied 

r value 
te the 

 

using 

genetic 
ptimal 
dure is 
ization 
tion of 
for the 
viduals 
als are 
r Pdiss) 
cted to 
viduals 
ons to 
als are 
ose of 

st error 
by the 
ls will 
d pass 
s. The 
tion to 
nd the 

ents of 
tion to 

dete
the 
by 
pop
valu
gen
zon
mod
num
mod
isot
on t
the 
opti
the 

Fig
mo
(b)

I
(A

)

ermine the opt
drain and gate
generating 

pulation of 100
ues (input and
erations is set
e of the mea
del of Idso. F

mber of gener
del weights. F
thermal drain 
the measurem
optimal weig

imization resu
model can eff

 

. 7 (a)Variation
odel weights op
) Measured (circ

0
0

0.005

0.01

0.015

0.02

0.025

0.03

E
rr

or

0
0

0.2

0.4

0.6

0.8

1

1.2

I d
so

 (
A

)

timal weights 
e currents. The
a uniformly

00 individuals
d output weig
t to 50. The pr
asured drain 

Fig. 7 (a) sho
ration during t
Fig. 7 (b) prese

current in zon
ments of Pdiss in
ghts of the co
ults are presen
ficiently reprod

(

(

n of the error wi
ptimization of th
cles) and predic

of a packaged

10 20
Gene

1 2
V

of the neural n
e optimization
y distributed
s. Each individ
ghts). The max
rocedure was a
current to co

ows error var
the optimizati
ents the predic
ne 1. This pro
n the second 
orresponding 
nted in Fig. 8. 
duce Idso and P

(a) 
 

b) 

th the number o
he isothermal dr
cted(lines) isoth
d GaN HEMT 

30 4
ration No.

Minimum Error = 0

3
V

ds
 (V)

network mode
n process is sta
d random in
dual consists o
ximum numbe
applied to the

onstruct the G
riation versus
ion process of
cted and meas
ocess is re-app
zone to determ
GNN model. 
As it can be s

Pdiss. 

of generation du
rain current mod

hermal drain cur

40 50

0.0015706

4 5

els of 
arted 
nitial 
of 12 
er of 
 first 

GNN 
s the 
f the 
sured 
plied 
mine 
The 

seen, 

 

 

uring 
del; 
rrent 

5



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:1, 2016

109

 

Fi
m

Pd

pa
im
ex
rep
pa
an
ca
 

 
wh
to 
IV
m
an

ig. 8 (a) Variatio
model weights o
diss; (b) Measure

IV. MOD

The modeling
ackaged GaN 
mplemented in
xtrinsic bias-in
presented by 

art is impleme
nd data access 
an be easily im

1

            

            

fwY 

here f(.) is equ
 e(.) for Igs.  Th

V measuremen
model reproduc
nd predicts th

0
0

0.005

0.01

0.015

0.02

E
rr

or

0
0

2

4

6

8

10

P
d

is
s 

(W
)

on of the error w
optimization of

ed (circles) and p
a package

DEL IMPLEMEN

g procedure h
HEMT. The d
n Advanced 
ndependent p
lumped eleme

ented by a sym
(DAC) comp

mplemented in 



 133

122

211

  

  

Vwfw

Vwfw

wVwf ds







ual to tanh(.) 
he implemente
nts shown in 
ces the measu

he drain curren

10 20
Gen

2 4

(a) 
 

(b) 

with the numbe
f the drain curre
predicted (lines

ed GaN HEMT 

NTATION AND 

has been applie
developed larg

Design Syst
assive elemen
ents, while the
mbolically de
onents. The G
ADS by  



23

22

3121

VwV

VwV

wV

gsds

gsds

gs







for Idso and Pd

ed model is v
Fig. 9. As i

urements in a 
nt in the high

0 30
neration No.

Minimum Error =

6
V

ds
 (V)

er of generation 
ent power dissip
s) power dissipa

VALIDATION

ed to the cons
ge-signal mod
tem (ADS®)
nts (see Fig. 
e intrinsic non
fined device (

GNN model in 


33

32

w

w



    

diss; while it is
validated by th
it can be see
 very good m
h power dissi

40 50

= 8.2384e-05

8 10

 

 

 

during 
pation 
ation of 

sidered 
del was 
). The 
1) are 

nlinear 
(SDD) 
Fig. 2 

 (3) 

s equal 
he DC 
en, the 
manner 
ipation 

area
sign
very
can 
con
to th
 

Fig.

Fig.
and 

a. The model 
nal measurem
y good agreem

be observed
vergence rate 
he table-based

 9 Simulated (li
of a packaged G

. 10 Measured (
efficiency for c

sourc

has been also
ments shown F

ment between 
d. The mode
and smaller t

d model report

(

(

ines): (a) DC dr
GaN HEMT in c

(cir

(symbols) and s
class-AB operat
ce and load envi

o validated by 
Fig. 10 for th

measurement
el also show
time of simul
ted in [4] for th

(a) 
 

b) 

rain current and
comparison wit

rcles) 
 

imulated (lines)
ted packaged Ga
ironment at 2.35

single-tone la
he same devic
ts and simulat

wed a very g
lation with res
he same devic

d (b) DC gate cu
th measurement

) output power, 
aN HEMT in a 
5 GHz 

arge-
ce. A 
tions 
good 
spect 
ce. 

 

 

urrent 
ts 

 

 gain 
50 Ω 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:10, No:1, 2016

110

 

sim
Th
an

Un

[1]

[2]

[3]

[4]

[5]

[6]

[7]

 
 
 
 

of 
Ho
Pro
In 
Qu
pro
Un
the
Sh
dev
bo
tha
am

The develop
mulation with
he modeling 
nomalies such 

The author g
niversity of Sh

] U. K. Mishra
power device
2008, pp. 287–

] J.-W. Lee and
model for A
Microwave Th

] Anwar Jarnda
HEMT accura
and intermodu
vol. 54, no. 11

] Anwar Jarnda
M. Ghannouch
for RF switch
of RF and M
November 20

] Anwar Jarnda
modeling of 
amplifiers,” IE
vol. 59, No.3, 

] Q. j. Change 
design, Norwo

] J. Kuzmík, S. 
and D. P
AlGaN/GaNH
Devices, vol. 5

Science and Te
odeidah Universi
ofessor at the Co
2008, he was a p

uebec University, 
ofessor in the E
niversity of Nizw
e Electrical and
harjah, Sharjah, U
vices for microw

oards of many inte
an 40 papers in

mplifiers design.  

V. CON

ped modeling 
h higher rate o

approach can
as kink effect

ACKNOW

gratefully ack
harjah, Sharjah

REFE

a, L. Shen, T. E. 
s and amplifiers
–305. 
d K. Webb, “A t
AlGaN-GaN HE
heory and Techniq
al and Günter Kom
ately predicts trap
ulation distortion,
1, November 2007
al, Pouya Aflaki, R
hi, “Large-signal 

hing-mode power 
Microwave Comp
10, pp. 45-50. 

al, Asdesach Zena
GaN HEMT on

EEE Transaction
March 2011, pp. 
and K. C. Gupta,
ood, MA: Artech 
Bychikhin, M. N

Pogan, “Trans
HEMTs Grown on
52, no. 8, August 

Anwar Jarn
He received
Electronics an
Applied Scien
M.Sc. degre
Engineering f
Technology, 
in Electrical
Kassel, Kasse
he was a Tea

echnology. From
ty, Hodeidah, Y

omputer Engineer
post-doctoral fello

Montreal, Canad
Electrical and Co

wa, Nizwa, Oman.
d Computer Eng
UAE. His main res
wave circuits desig
ernational journal
n the field of a

NCLUSION 

approach sh
of convergenc
n be extended
t in the drain I

WLEDGMENT 

knowledges th
h, United Arab

ERENCES 
Kazior, and Y.-

,” Proc. IEEE, v

temperature-depe
MTs on SiC,” 
ques, vol. 52, Jan
mpa, “Large-signa
pping and self-he
,” IEEE Transact
7, pp. 2830-2836.
Renato Negra, Am
 modeling metho
amplifiers design

puter-Aided Engi

a Markos, and Gü
n Si substrate fo
ns on Microwave 

644 - 651. 
, Neural network
House, 2000. 

Neuburger, A. Da
ient Thermal 
n Silicon,” IEEE 
2005. 

dal was born in 
d his B.Sc. deg
nd Communicatio
nces University, A
ee in Communi
from the Jordan U
Irbid, Jordan, in 
 Engineering fr
el, Germany, in 2
aching Assistant 

m 2001 to 2003,
emen. In 2007, 
ring Department 
ow at Ecole de Te
da. From 2011 to 2
omputer Enginee
. Currently, he is 
gineering Depart
search interests in
gn. Dr. Jarndal is
ls and conferences
active devices m

howed a very
ce for GaN HE
d to consider
V characterist

he support fro
b Emiratis. 

-F. Wu, “GaN-ba
vol. 96, no. 2, F

endent nonlinear
IEEE Transact

nuary 2004, pp. 2–
al model for AlGa
eating induced dis
tion on Electron D
. 
mmar Kouki, and

odology for GaN 
n,” International 
ineering, vol.21,

ünter Kompa, “Im
or design of RF
Theory and Tech

ks for RF and mic

adgar, A. Krost, E
Characterizatio

Transaction on E

Zabid, Yemen, i
gree (with hon
on Engineering f
Amman, Jordan, i
ication and Ele
University of Scie

2001, and Ph.D.
from the Univer
006. From 1999 t
at the Jordan Un
, he was a Lec
he became an A
of Hodeidah Uni
echnologie Super
2013, he was an a
ering department

an assistant prof
tment of Univer
nclude modeling o
s a member of re
s. He has publishe

modeling and RF

 

y good 
EMTs. 
r extra 
tics. 

om the 

ased RF 
February 

analytic 
tion on 
–9. 
aN/GaN 
spersion 
Devices, 

d Fadhel 
HEMTs 
Journal 

, no. 1, 

mproved 
F power 
hniques, 

crowave 

E. Kohn, 
on of 
Electron 

in 1973. 
nors) in 
from the 
in 1998, 

ectronics 
ence and 
. degree 
rsity of 
to 2001, 
niversity 
cturer at 
Assistant 
iversity. 
rieure of 
assistant 
t of the 
fessor at 
rsity of 
of active 
viewing 
ed more 

F power 


