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Abstract

In this paper, a two-dimensional numerical analysis of HEMT's with gate length of 0.6um is
performed. In this case, Control Volume Formulation method which has been used in the analysis
of heat transfer and fluid flow is used as a numerical method. As a mobility model, empirical
formula including the velocity overshoot phenomena is used instead of two-piece mobility model.

The results obtained from this numerical analysis (i.e., the region in which channel is formed,
the strength of electric field in the channel, the distributiorn of potential, and the distribution of
electron concentration etc.) are in good agreement with the previous analytic results. And our
results also show the parasitic MESFET’s operation in the range of the high gate voltage.
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Fig. 1. Structure of HEMT used in this paper.
G e FAel Aoldl AM AL Sele|
o ala olwE Aoz A% o] Wil F2 et
o}

HEMTE A aida wf 223l AAlzAe 27
ul Fteg vw 4 ok &, Ao a9 mael o
od o] Ohmic contact, Schottky Ale|E ojod  Free

surface 939 ol o] &2 gl ojodo|},

ol Z A2 A9 zaal odod el Ohmic contact ol 4
= el £ As A AE el ol DAL fied
boundary condition* A2 35}aL, Free Surface ¢

ol = AFel F9)o] Uoid 4 ¢l= Neumann bo-
undary condition3 Ap-g-gkoh (8] 2 ), g, Alo|E

o] F4--9b x4 Schottky contactoll 4+ mixed bou-

ndary condition-& AR-g-3s}odchy

3. ol =

wEal el wA o] qojd olFE mey
(mobility model) &= A-F ol w4 4.8 F = 214
oHS F2d wAe ahg e,

re|lze-sl4l A olEog HEMTE 3 814
g wl} Fefoll= two-pieceo]l 5 oS Abgshol vt
T o] mRle olFm g A felat Eajeielsl
Topatez el dldebe walew olfrd 4
3 mAbel 4= glon g Aaldl #)5 Fs)7]el = o}
£ FAAe] 2 53], AdHdEe Foje} v]ie]

19894 11 BFLBEHIGE

(1646)

B 2% F I

v =0 Cad -0
ay ay

an _ an _
ay - ay =0

2 2 2 7a

ARSI

Pﬁ% =0
%% =0
2l 2. Free boundary®l 734 =4
Fig. 2. Boundary condition of free boundary.
3 ojolo] submicron® & %% short channel £%=}al
A9, 48 AR A Feids D Lo ol
of A A7 HAEch weld, B =R A
of o Ql GaAsZ oA velocity overshoot & AFS e
& 4 X & Ruch®t Kino''*'2] sleju]e] Eujelo g
g}od Kramer7]- A ebgl empiricald] & AFE-shd o,
ghi AlGaAsZolAy s 2+ dFol oko] HJ

HAA o) Fx ) v #ovl Zats|e AA L Zho
ol §- z22.7] w0l Codella'®?] two-piece 2.t-& —1tf
2 olesich oS Aelshel 223 ek

2.0 7
“n ]
~ ]
IS
o ]
~ 154
o’
5 ] GoAs
o
O ]
O 3
.
§ ]
05 AlGaAs
C
a b
S
0.0 =~ rrrrr—rr—1 T
0 0 12
ELECTRIC FIELD (kV/cm)
O3, melre e -dA 54 54
Fig. 3. Drift velocity-electric field curve.



PBEEE S+

4. A A 4y
B =iollAde 712 WA Aol Poissont A A 3 A
4 AF i B4 A% oladstet] Slsko] Control

Volume Formulation®}#] '8 A} 235}ic), o] ub
He fAlo] 553 o As al4str] 9 sled el
A}%s,]cﬂ% v} el o]r,}-_ of 7]of] A += o]u&xﬁg] 7}]13‘1‘_}
g 2ekel Ao epe

Control Volume
Q

Control volume
interface

s an

7121 4. Control volumed} 2ol 3edxl =i
Fig. 4. Control volume and its related coordinate.

Control volumeﬂlr o Byl =
A @1 chadt el EBAew vhrpd
4 Ak

v -J=S {(5)

oluf Poissontd 4L J=¢ - V¥ S=-q(N-n)o%,

Aab A A4 A 4de J=Jn, S=022 pepd
+ 2t

A1 (5)% 18142 control volume Abol] 4 A H-6}wd,

//v Jdn—/ffsdn (6)

3 o] "ok olu 4 (6) 2 ol Gaussel 4l
Helg AbEehd ofe H-Q} ol 4 & lch

#an.l nd<ag>—f[f5dg (7)

2ol gt 23yl Abgel dief melshng -
wpeke] Fole whel Aolk Heh 1849l control

volume Abell 4] A1 (7 )2 zhH & A ahad

> ff[sim

(1647)

HEMT 9 24 43 a4 17

A(5)~ (8)oll Al & 4+ U+ ul} Zo] Control Vo
lume Formulation 82 FDM (finite difference me-
thod) 18] 7} grid pointoll 4] Taylor series expansion
S oj&3lof o]Al3tEleE o] ofv2l FEM (finiteel-

ement method) 8] EAQl HE& % slo] o]Alsghc},
webs] FEM9] Aadql flux o] B3 wxlo| 4 #dc},
aea, 7h 7kt

A=
3t 1-% weighting factor@ A}-&3}
]

ozM ohg 3 olasd 4 ek

0. Algaold Hxt o HE

B ool Azte] avlel BEE FEE YA
T A gellA Alo|Es} malelel hell i AYE M
ShA] 7 wl e kel S4lol Felo] =dhrh
A = S B B R S L
z 9 4191s Zs HEMTol 4d8sle] ¢ zefcl
A - sk SAS vheb e gleh of 714 dad el 4
Al ol goll 4] 4l 5] wpitie} Flo]

2 EAEe welFa ek

ok

normally on® o

o

° o ©
»~ o [+

DRAIN CURRENT [ pg (A/cm)

DRAIN VOLTAGE Vps (V)
J&s. =4l Af-Hd 54
Fig. 5. Drain current-voltage characteristics.

AL Vs=0.4VE A AFE Astolsl VE
shAl 2w ZEIY Rz wWalE ebdch  of 7]
wad ol F gitel Aol 2rRlHo] &S ofF
v, =ael Hst ol Zrtetrlels Ao ) =de) A
A ZHol A= el Ao £ W3 E Mojx ¢on]
Alo|E o] malol gholl Zeldol AFH oz ZHela



18 1989%F 115 EBEFLE@HRNEE % 26 % F 115

V0.4V
V=00V VLoV
0.0 08
Var04V
Vg =00V X
i
0.0 10 18
Ve=0.4V
V=00V V30V
0.0 10 20 28
V0.4V
Vg=0.0V V4.0V
0.0 10 20 3038

86, Ves=0.4Volal VygZb W& o Xeld L3
o sl
The variation of potential distribution with

Vs, at Vgs=0.4V.

T AAlE Sl FA oz el 9 o
&l oA 3 & o Ao]E sl ghel 7Hg A
A7b 48 FAHoleh ol Asu, 28 7L o]F Zn)
& Fa 3

=)
4
z
o
N
_
o
o
2
£
2
oft K

o] 714 x=
el abed, Aol
Zol7F 0.6ume] =2 x=0.6 ‘l Zu-?_—- Aol E 2] =&
ol &8 owidel o] A= AlolES] =gl ¥
ZolAlE EelZEe 457} 2E5E dAN o B

2 HAE WY efelel WAHS wofFul,  webi
velocity overshootd 4+-2- A& we{sh F£ olF X%
pdo] PY4Aole ot gir)

—12]8’— Ves=0.4VE ;g ]74’5_ *OL%LC’“H VDS%
ek o 5 AAsesd $2o Wt vhehd A

10"
’E‘ 9

O 1 =
N Vgg=0.4 V Vps =4.0
g

Wog 4

L 2.0
o

x

3]

Ll

LT.; 1 1.0
-

g0 0.5
b= 3

S 3

2 3

5 ]

4 )

o1

-

10 T T T T T T T T T T

0.2 0.6
DISTANCE FROM SOURCE END OF GATE (um)

ORI 7. Ves=0.4Vel|it Vys7h e o] ad gy

A 3}

Fig. 7. The variation of electric field in the chann-
el region with Vys, at Ves=0.4V.
V0.4V
18 SS————— 17 e

1
17 1 17
18
V=00V _/_\“__uﬂ/\ V1OV
logqg (M
Vas=0.4V
18_S———— 17 17 18
g 1 16
[ T
P 8 -
Vg =00V 3 e Vg0V
16
logyg (M
V=04V
18 17 8
16
7 7
V=00V 18 ® VN=3'0V
6 16
logq (m
V0.4V
18 S—— 17 17 18
I b 7
V=00V “ V4.0V
T
logyg (N> \
& 8. Ves=0.4Volil Vys7} W of SHA 55
$zel Wt
Fig. 8. The variation of electron concentration di-

stribution with Vs, at Vgs=0.4V.

(1648)



FhFEE S HEMT 9 2xA 43 #A 19

o

ojet, Alo|E7} Rats|z] g RFRelMEolF HY
o} built-inE& Aol el al AlGaAsE 2] A z7} F
P, vebd F4 g o A sk Lol
aejv, Ae]Ert Ratss Ffo] leiie AleE
-4 A built-inFH A2 @A Ao 7 gl
3 AlGaAsZ o] tH¥-1-o AA7E FH o] o} F o
2 Az FEE g4k

a2 e el Aol e Ad Aoy =
Aol b A2l o wsirt Aslal g As

o
O

=)
F

ELECTRON CONCENTRATION (cm ~3)
3

e Are AAres} gelch olut AHglo] & 0" Vs =0.4v
glo]l Hdoll wel Ao AYgHeor FHIA Hof, O TE———————
. 0.00 0.02 06 0.10
A& } DEPTH FROM GATE (um)

salel Astel Fohael wheh ol Ay
o} ro] Ale|E o] el BTo M xubE

17 W4sle, yugel AAs ol F7
ko g Frlshe AAE Ad doiel e AAE
substrate £ 0 2 ZHA| 7+ A TG sl xy¥gFo g
A s AAAE Sy ZE 45 9] overshoot # A4
S oF7]5tAl %o}, o]el gt mechanism 22 &l A
Hfgkol Estol] o224 Mot

w44 vebi g s 1xd Agtes

24 Aoy 2y 994 28l100] ek

N

2210, Vee=0.4Vel 2 Vye?k 98 of Aolee| &
dlalgrol 4 AlolEo] +43 wire ol 4
e st

Fig.10. The variation of electron concentration in

rE‘J
£
<

perpendicular direction of gate at the dra-
= in end of gare with Vs, at Vis=0.4V,

o]

nju

—1%1 112 Vps=2.0VE i Z"A] 74‘[‘—1— Vcs%bﬁii}'
s VE=0.0V
o SHAEE" Erel HE vEbe Aelt I =
— L
Aol£ 2] Hetol 4 AE, Aol F4E Alda -

; Vs =0.0V V2.0V
AsFoll e At Aate FHHE, GaAsF e s =
A edodol we Ak SolA Heh st A3 10810
Alo]E g} Hgtel FotebAl 5l GaAsF o A &%

VaFE02V
e 17 E]
g " 7
Vs =00V " Viper2.0v
1%
"
e log,y <

a

1

F10"y V0.4V

» 17 ¥ s

z

Siov 7

510 E Vg=0.0V » " V20V

4 M/’\

g

z

510"y logyg (>

z ]

(o] 3

(8] 4

% 10 "-i Vas0.6V

=3 3 18 7 7

(&) 4

T 7 - 7

010 "3 Vs =00V » V2.0V

M—/\
P PP ARRARANS AR 5 logyq (0
DISTANCE FROM SOURCE END OF GATE (um)
JE9. Ves=0.4Voli Voo7b gt of A dedoie) TR Vos=2.0Vel 31 Vg7 st o) dabps -
Axbes wst *2| s}
Fig. 9. The variation of electron concentration in Fig.11. The variation of electron concentration di-
the channel region with Vps, at Ves=0.4V stribution with Vs, at Vps=2.0V.

(1649)



20 1989% 117 BT LE&HRE
PRSI
7
€10
N
Z 10
]
[
=10
=
z
W
010
z
e}
Cyo
z
1)
glo
S
W
gy
10"‘ p P
’ DEPTH FROM GATE ( )
2120 Vis=2.0Ve| L Vg7h Aol xol =48k vl af
omel Ha el Wil
Fig.12. The variation of electron concentration in
perpendicular direction of gate with Vg,
at Vipe=2.0V,
7b ZrbetAl el AlGaAsE o] AA FEE F47

S ohgbet,

ol & ohl 1akl #el agle 2 viepd o] 2gl]2
ol r}, shell 4l iyt el dake Ga
AsZ=o] Ay oioioﬂ E;:l ug] = sk ul Ao E
~7M°4 0.6Vel c]2w AlGaAs &9 A Fx
b ot A wEol vlmg wE A
booabebad Aloleo] o Hfel el7tsle 4
A]GaA 2 o)A i o]

A ek Ale] E Hglel ol
] HEMT+ 7]%"1 ol HEMT & #2lef
SFETE %% 'OHf two-channel 4=} 2

AL ok 4 9l

e Aol

21 oL

o

=

T

oo

2 o

A
o2 =
<3 S

P2 o; A9 ‘5"

o
:1ru

Bl
o —
A ol
1T BA

>
ok

e
’ 3L

_{

<
|

R
rir

ol

L5

o
N oox oo R
Z

L2
ME

>
o=

Ed
offt
2 %
id
rir
;O

-

o},
v. 4 =

wrolldes =2 =E —shak AR ol
3ted 0.6um2| Ale]E Ao & 7kl HEM
QHen 4 adsteieh £ 4oy
el o) FDMr} FEMS- *P*&O}X] %,
olume Formulation®| 70td-g A}-&s}el o},
o] F2| A AT} olF T3 power law scheme
numerical schemeo & A}-g 5}oj o}t

oleddt 4% S|AHG Tl $-2le HEMTA= W

LR

T

o]

rh

of

=
a

4

—
bl

e

H

2%
2=
Control V-

EX IR

01—'

[e]

2o Zelg ¥z Ad e AAET, A4 Fx
o $2Ee] oelrlal FelHal 4uE Fepd 49l

(1650)

[1]

[2]

(3]

[5]

(6]

[7]

{8l

H26E ¥ 11

g
[<]

£ SAlol Al gelol ke

w BHA o]

2 elof A ;‘4—}3}7] 3E AlGa-
24 = 7-“0]E =1

2 £ X R

R. Dingle and H.L. Stormer, “FElectron
mobilities in modulation-doped semiconduc-
tor heterojunction superlattices,”” Appl. Phys.
Lett., vol. 33. no. 7, pp. 665-667, Oct. 1978.
P.M. Solomon and H.Morkoc, “Modulation-
Doped GaAs/AlGaAs Heterojunction field-
effect transistor (MODFET’s), ultrahigh-
speed device for supercomputers,” IEEE
Trans. Elec. Dev., vol. ED-31, no. 8, pp.
1050-1027, Aug. 1984,

T.J. Drumond, W.T. Masselink, and H.
Morkoc, ‘““Modulation-doped GaAs/(Al, Ga)
As heterojunction field-effect transistors:
MODFETs,” Proc. IEEE, vol. 74, no. 6, pp.
773-882, June., 1985.

D. Delabeaudeuf and N.T. Linh, “Metal-(n)
AlGaAs-GaAs Two-dimensional electron
GaAs FET,” IEEE Trans. Elec. Dev., vol.
ED-29,no0. 6, pp. 955-960, June, 1982.
Kwangmean Park and Kae Dal Kwack, “A
model for the current-voltage characteristics
of MODFET’,” IEEE Trans, Elec. Dev., vol.
ED-33,no. 5,pp. 673-676, 1986.

J.E. Sutherland and J.R. Hauser, “A com-
puter analysis of heterojunction graded
composition solar cells,” IEEE Trans. Elec.
Dev., vol. ED-24, no. 4, pp. 363-372, Apr.,
1977.

J. Yosida and M. Kurata, “Analysis of high
electron mobility transistors based on a
Two-dimensional numerical model,” IEEE
Elec. Dev. Lett., vol. EDL-5, no. 12, pp.
508-510, Dec. 1984.

C.F. Codella, “Characterization and
numerical analysis of the modulation doped
heterojunction MESFET,” Ph. D. Thesis,
Conell Univ., 1984.



EE 4t

[9] S.E. Laux ‘““Two-dimensional simulation of
gallium-arsenide MESFETSs using the finite-

HEMT ¢ 2 z%

T3 a4 21

[12] S.V. Patanker, ‘“Numerical heat transfer and
fluid flow,” McGraw Hill Book Company,

element method,” Ph. D. Thesis, Conell 1980.
Univ., 1984, [13] H. Morkoc, “High speed modulation doped
[10] J.G. Ruch and G.S. Kino, ‘“‘Transport Alx Ga|x As/GaAs Field effect transistors
properties of GaAs,” Phys. Rev., vol. 174, (MODFETs): Analysis, Fabrication and
no. 3, pp. 921-931, Oct. 1988, performance,” Internal Rep., Dept. of
[11] £=4al, wbgal, a9ty sk, A, Elec. eng., Univ. of Illinois
20 #ZAlel “Control Volume Formulation
Method % F&3} GaAs MESEFT®| 2449
) A7 wF- 33 =t #], vol.26, no.], pp.
48-61, 1989
® E B 7
£ W RHGH) & g #Buan)
19654 2/ 20H74:. 19874 2A 1960 4)] 28H4:. 19847F 24 ghodeshar HAp5
OPO‘DHML dabgakt &4l 19 abrt Fail 19867F 8J7 abekefetar ehekel Hspget
S 20 shedoietar ohebe) A At 2 Eq) ek abers] YL 19874 38 - & ghek
%‘él"i’lr ol FadAbetgl A5, o ekl A pgetab ubalabA 19864 11H — 19894
A FEFT. T Fopw ut 2 dxAAEFAAdTAE 3 dhEA AFA A
T axbe] mely) w A Eael <. 1989% 3A~dAM FAHAAATHE A A
A 5. d7tAb, FabAlfobw bxA £#4e 2l d, mmic
. o] AAl, power £2t9 T2 AA % simulation %
A B O RMEER) ¥
19654 17 1984, 19874 2A d
grekoetm Hxpgela £ 19 ;o FEUEH)
894 2H &drokoisba chebd Azt 19505 24 1384, 19814 — &l
Fatat Fo Feaka e A5 gpokefelm dxpFakat Yas F
19894 38 — & shebielm of Al Hoki= GaAs SRAM2 AA
ar9) =gkt whatad . FH 2} circuit extractor’B®t, submi-
axbe) mwlel ol AlFEold T4, cron device?] &4 HEt 2
° -D%! 3-D simulator7§®, high-
& # XKUE&R) speed % powerd WAl LAbe] it 54l
19624 3H 16H4:. 19854 2H &
of ek Axb-Fats} £, 1988
2R deokoidta dlehsd dzk-g
ot &l FebdAber s A& 19
88 38 — @A Fofstm oA
™Ak wbabby, FaA
Hop ulx Al £ 212 modeling, simulation, mrcunfé
Al, circuit parameters=%& %9,

(1651)



