199040 4 A B LE@HRE £ 278 ¥ 4 9% 51
WX 90~27-4-7

A1zl B el S o] L&l A]H wfo] ZE Alo]E

GaAs MESFET £419] A4

(Analysis of Submicron Gate GaAs MESFET’s
Characteristics Using Particle Model)

ok Mr o# g =M & BOSU*
(Seung Hwan Moon, Hak Kee Jung, and Bong Ryul Kim)

g #

B =Foll A+ hot- electron A4 &AL = £x ow]FEES 188 4 9l
A pofo]l 22 AHo]EQ] GaAs MESFET® EA4& o7 skt
Fadlo]dell A GaAs olvix] W= A A ((000)%3), LA (11133,
At el 2 A et Eiealeh FE$F ZiAlgl, AR, B FAEES o

I AR S o] &sle EH|-AR dme|Eel osle] Afu| Az Algby)E, Algbrts & A A
gto] GaAsEA T Az A Fdllol A5 Alal sl et

Az Al galol e Azpz A AolE ol 0.6ume] Lxblold AxEZ TEA ofx] B¥e + %
2} o} Abghe FE 4 Qo) ®d o] HHo R P& wul Fulg= 47GHz 2 A o] B9 A

rir
144
N
2
ta
\n3
lo
9,
fo
O
Sl
£

r)-
H
X

e T
ato g wHEE Avke 71 AFE A el %‘-7‘}9.7 6H“ &5 AT Ii}?lf% T ol

Abstract

In this paper the characteristics of submicron gate GaAs MESFET’s have been studied using a
particle model which takes into account the hot-electron transport phenomena, i.e., the velocity
overshoot.

I" valley (<C 000 > direction), L valley (<111 > direction), X valley (<100 > direction) as the
GaAs conduction energy band and optical phonon, acoustic phonon, equivalent intervalley,
nonequivalent intervalley scattering as the scattering models, have been considered in this simul-
ation. And the GaAs material and the device simulation have been done by determination of the
free flight time, scattering mechanism and scattering angle according to Monte-Carlo algorithm
which makes use of a particle model.

As a result of the particle simulation, firstly the electron distribution, the potential energy
distribution and the situation of electron displacement in 0.6 um gate length device have been
obtained. Secondly, the cutoff frequency, obtained by this method, is 47GHz which is in good
agreement with the calculated result of theory. And the current-voltage characteristics curve which
takes account of the buffer layer effect has been obtained. Lastly it has been verified that parasitic
current at the buffer layer can be analyzed using channel depth modulation.

YIEER, E AR E FLRR

(Dept. of Elec. Eng., Yonsei Univ. ) I A g

HEGH, PR B LAH GaAs =9 S&£424 de] o] &5 ME-
(Dept. of Elec.Eng., Kunsan Nat’]l Univ.) SFET2 1980 o] &% olaf 234 #4u]A
HeZHE D 19894 128 27A He 21 5% SA4ox AeTaast et o

(534)



Vo) Asdold Fod o dg o
22 godtlell Eoloh GaAs A 7IEe] &
b3} gl AlelE s Aol oo VHbIC(very
high speed IC), MMIC (monolithic microwavelC)-s .2
2 GaAs 429 A Aslo| e mbAle] wolz] 3
2] GaAs A A3 2 7F hE=3bxlgd o] £xE ol &
2 o] subE 7l o g o AbE| oll;]rm
]/q xl xl;;)g_ A 74]41 O],o:]:L ﬁ
Al szet nFakE {4 G 5 U
Al g AlGetAl & 4 QA F88 Fohstel
of ul8-E AN AxHS) Awg Folvl 9
of CAD 7ol Hg-AolA =Holct =3 &4 A%
Aol izt A A gellol 4l ela Hewdst AA
& =3E5o] Aubslo] ot GaAs ¥ AlF o]
Mo obx wlAH Hofol &abul £ A Falol A
|z A gHoldS 9 gz gl 25
o 7% Eeld o] g-ako] ¥ A7

i
1;*”]

N

o]
A

& we

ol&d

29 A]AEﬂ
sk

O}L

j=g=N
=
s
L9

30 o rlo

o
=

)
2ds Il

b2
2

xﬂ A 2H F Ao £
93 u;] %:Lzl oi.uuﬁ_‘?ﬂ

1= =

e
¥
)

P

e
ofy
%
oX,
2
tlo
o

=

ke

@l 4 30
A

a1

mlo

2! (Hydrodynamic)

Z Yz} (Super
Particle) 2 T3 5}od ok zjod 3k A of| 1 % u‘}iE:TLZ:/noL
o4 Al geleldotn 2 Ass FAHE H4, T

N
-

uld Alof] o]l GaAs
E GaAs MESFETS 2% SA12og &

I. GaAs9| of|{X| sH=E =} HEID
GaAs?] o= «

=l
4747 1.5V ol el ol

-

—Z

83 Myulo|2E AolE GaAs MESFET %

(535)

Al o4

TR At

=

e Al A AFE,
m X ({100) u}3F)
ot

oL 1o

orcty 7}
I (000} Hc}%k),L<<111> )
S = oz HER ghEI S

7 Aol E-k A A

A5 A

1.
=

E(1+aiE):’;—k—
alzl/Es(l_mi/me)z

o} ol HEE W miE A AlFol e FE Aol
aelan Aol e FE A (mi/me) = L X Z
Zb 0.062,0.17, 0,582+ &5 eujqEL figlo]

.%E‘

2k7F GaAs HEE
Ao F A AR 3

&l A 2] X*EBH o] F Ao
e ol what
¥ (Optical Phonon) AF2t, %
Phonon) Abgk, Al Al olel uf2t
Akel ebA] 7 (Non- equlvalent inter-
25Ee Yol 13 & o

*&4% F 287Mel Ababgol A4t

Eo_ol
lent intervalley)
valley) Abeto] ¢

2o (Impurlty)

sof e gl

. MXNSHAE 28t XA 28a2fjoja Iy

Hamal Agulg e 2l(])3 zko] FHE A
Mol wh oz Frle A Erbsdct

af/at+ v Vef +k+ Vf = (81/31) con (1)

f(r, k,t) o B22u} —‘i—}‘ﬁ;}—’?—

weba] g iﬂV—igi Al A4 Belol A
upwlo] Aoksigivy, 7 whAlel o) AL wiwe o
53 Zrct,

1. #AfulgAzt A%

zb Alekgol| A7|AtebS o3 FAEE AL A
2zl A stn] A=prl wlalg A AstaA A 2EH
%%ﬁ?} §—|L‘§‘T:

P(t) = Ags-exp(—Ass t) (2)

2 vehd 4 gleei® rg (0,108 EUT
2 A eehn Ah s

L

t
r=£ Ass Exp(—Ass. T)dT=1—exp (—Ass t)
(3)

olch. weha) A} Abgkol Slofipritxlel A%
Bl A7

= —1/Ass'In(1—r1) = — 1/ Ass-In(r) (4)
2 AR & 3



19904

2. shEue) kb A - A

sholl 4] 74k Aful WA 2 ok "ASE A
% A3 kAol ofs) s} FulE kob 94l r & A
Hah & olehls

k=ko—e-F-t,/h (5)

r=ro+e-F-t//{2my) +H k-t,/m, (6)

o 7)ol A koot rot AlAb Aol mhEwlE o} A=ty
z) e z7]Abeleolel, LBlaL m3= ARrE 9 A 8l
& Aol o] F 4ok

o]
AN

A7 AA

?’%‘ A7l dalde 41 23]

lgalel 7t Al 2710 el

ook 2l #Rde

F7bel Holol ¢l@ bz
2 A ojo] ] Algbzlbx
ez e 7
f=rn-r,

¢:271'r‘2

ri, r, . Random number (

- [7*(E)y“*E)+eFEcos#)* sinb d8
[y(E)+y(E)—2y"*E) y"*(E) cosb]

=E(1+aE)

(9)

4R BT CRER L

(536)

BT HE E 48 53
2) &3k &= Ale} (acoustic phonon scattering)
P(6) df~[1+a,E(1+cosf)]? sind db
(10)
3) B4F Abel (impurity scattering)
+aE (1+cos8)
) o~ [2 (1—cos#8) +ﬂ2] (11)
2
Np
l:&o kBT } (12)
webs) o] aldAel g Tobe AL Aol %o}

=5t Fole digudeE o Von Neumann
BlEoz AA P A olenit oA 2 e
o alEwl el 2 o}e Al o] HAslA ®o}

A=

ol
El
o

ar
o=

kx= |k (cosf-cosfy—sind -sinf - cos@)
= [k| - (sinf-cos¢-cosb-cosdx— sind -sing - singy
4 cosf sinfy-cosdy)
= k|- (sinf -cosg-cosfy-singy + sind - sindi
+ cos6 -sind - sindy)

A

o 7lofl A k[ 4
olc}. &1d

=] o Y e
Zgrale

B

eho| olojubf wpEule
shselel e X%
sl

Ao} o] 24l Zo}

E
_ﬂ,xalo

A

b A
Z 3} of
10007H o =

4 £7] 9%t lteration W F -8

7l ¢
TE

O

= ofy
ok

o

Al &
hal

0

>
R

> o rlo oX

SOR (Successive Over Relaxation) %3255
}oiu} e} s io]-_é_ ﬂL;d AL FDM o2 5}]/(
7t koMo HAErE g o}/l #138ked CIC(Clo-
ud-In-Cell) W& Abgstodct, =3k 0.05psec?]
ox Agaloldaies 2z aehe sielet.

i

A7k 7k

V. MESFET Algalold Z3t 3 DEA|

Ml

CAlgdElelase 2 P2

1%' Lo Algalloldsls axbe] Ababd el 72
vhepdigich Aleleof Holi= A Hatolafxts
0.6mmol i Alelegl 492 Aolrsl calql 2k

=
=
° af L,

I
2]

JHLQMM$THQW4ﬂ4ﬂﬂ£°¥W
£ 0.12m 0l N2 £E7| Aol oF 45
7F 2F 0.1m S 3ed 8 7 2] Normally-On 4 gl
olck, 2@ wmEel FAE 0.4mA ol Fel
A F)xs Axpe B AN AR5 e 6k
Schottky Contact<- Al ¥+ TiPtAug A A& {
= —0.8VE b shglehiv

218 I Ohmic Contact-& 4zp2 290 £of ¢l

1

= eyl s Aa ojal Tz £k Al AbEo] ¢
txut F+x#2 o8 MESFET=2 ttex ¢ton A§



2 olg

54

Alojd el ol ol
J

gololdslt WoE 2

i

O
==

0.4pm 0. 12um

|: Epitaxial layer

Schottky Contact
(LTI Obmic Contact

a1, Algdelds= e 42
(3-Dimension)

Fig. 1. 3-D device structure simulated.
— 0.6um 0.6um 0.6um ;
g
s
£
S
3
S

/]
RN Ohmic Contaet

Epitaxial layer
[: Buffer layer

Schottky Contact

2. AlgdlolAdslE 422l T2 (2-Dimension)
Fig. 2. 2-D device structure simulated.

2. 23 L84 olvzx FX

z7)o} Axpde) o AT Azbe) 7 obe} Al F
& stE oot dAdog: gAY B
o] 7] Ajatali air} 3l olul el Zeldel st
Ao 9 thx Zdlelo® wixl HAAEo] 4
227 F9lEv HAute] ubEgslE AAy ®oldh
o] A7k Alg#lojAol A|ztxl 5 ik 10psec A

Adoto] 22 Alo]E GaAs MESFET

(537)

49 o4

BRSL A

Folglem olue] ZTelgdE Z3F TelMolgf Flar
g ol 4 ulolo] ATE Vs =0.0V, Vps=2.0V & uf
o] el oz X5 28l 3o vjepr} 18

4= o] wjel Aol LAwE aglo g HA(T)
oF ZH Al g (), (L), (X)eoll vhepligdeh syd 2

o] 0.8umoll A o AAHZ 13 5ol4] Mol Alo|E
o relqlZala ZAg A7 HAdslo] Mzbe A

oN

3017k ARG dofut MA SErb ipaeol
olzA He o 4 olvh,

0. 8eV

0. 0eV

a8 3.
Fig. 3.

ZElA o= EE (Ve =0.0V, Vps =2.0V)
Potential energy distribution.
(Ves =0.0V, Vps=2.0V)

(I, L, XA =3 Total ¥ %)

d8 4, A= B3E (Vs =0.0V, Vps=2.0V)
Fig. 4. Electron distribution. (Vo5 =0.0V,Vps=2.0V)

3. Azbell wh =allel Adpet Aot A

2dolMst e iy 2ol AA AaE ol g
ato] QAES 4929} AloE Alolo] FiL A|7ko
w25l olEduE FH¢ ez MESFET
T HAE £ gle AsE de 5 Ak 2



19906 48 ETILHEEREE

DRAIN

@ !

Electric field] 10* V/m]

0. 0.6um 1. 2um 1. 8um

a@s. Aol el AAEZ (depth 0.8 an)
Fig. 5. Electric field distribution in channel.
(depth 0. 8 m)

Alzke) el @ z
F942 Aole o 2ol o
e 5Hstel A

Ves =0.0V, Vps=2. OV%IuH
Qlz}E-o] ol Alw)E

oloj27t A8l %z | BAE AE

b mdllel o]z AL 4414_@;. G4 UL

Abha ol A z)7} u{ai%—g— Z3shal e, 2gla
4

30psec &3l = = = F
7l @ 79 2o FAL AL 4 vt olw 4l
2] 3

7% %% o

= 9)a wholojsol o) Zulh ¥R AAE F
Aol= 2ol AW S A Eellol Eebajol 94 @
AfE FYNAA Aol Al 319_“1 23gel

A5 21 2psec otk dog 7S
&2be it Fabgrt S °]‘iz’£:r- ARR B

SEIEL

feut orr= vs/mLe=45GHz (15)
1/21.2psec =47GHz
24 Aresl oA ek Astold,
4. AF-AY B4 FA
3 Aol M A 7t wloloja Abefol A 2] A A eHA 7
718 Aeleled a3low veplw aglgd 2

3‘1%—‘;‘4%}' Jlx-lg oé% 2 oh;l. o] 711].%_- Shock-
ley 2ol 23t Threshold A4tAl 3 8]t s} o3
3t e},
Ve — oAy (16)
2¢
Ves — Vosr = Vi (17)

(538)

W21E B 4%
’ I*“".". ' SRS
T e r
(3psec)

(15psec)

a6, Alzbel whE AsbolE 27

Fig. 6. Electron movement according to time.

500 R
AVa=0.0V, Va=2.0V

400
®
o 300
< 200‘

100

0 ' T T LI T T
0 5 10 15 20 25 30
Time[ pico—sec)
a8 7. zdddlA e FF gz (Ves =0. 0V,
V.,s =2. OV)

Fig. 7. Accumulated particles in drain,

(Vas =0.0V, Vys =2.0V)

55



YAEd g ol

56

el

b
we}
s =

L%L

ol
o>
o

Ves=0.0VU® Vosr =0.21VY S
AR Arelo, g Voo
i_g}.ALE_Ho.“ o]ax] sl 74_9_ 3111 S
Axp7t ol 7] wlitolw] oo AL alA
9 9} o] Alo]e wjojojAE AAI A FI Vi
0.1V, 1.0V, 2.0VE ul¥of F4 Aoleel =3
ol ZollA2 ZTejMdoz] HEE F3Hoich o] el
ZolA 3 Ade] 2eld FelE ol&3hed Shock-
ley el Aol oz oigleld RaEAEe A& A

Z
7

ﬂ_
2
2

-

=
7

J

3

=
by

10 o]}l

4
u g bt

At = = Vps = 1. 0Vell 4 0. 121 gm, Vos = 2.0V
off A 0.123mE A W &g B HAA7L ol F e
AL waNdel Aok Erhake mdte aAR 4
5% o 4 olet
:T—“Af W
|
ICI £ Ves 0.5V ‘
< i !
g { ,//’/H\i:lj_r)v ;
3
3
v .
a=s. AF -S4 A
Fig. 8. Current-voltage characteristics.
l — — e S _— -
-
«
E [a] V= 0. 11V
g 0 [b] V. LoV
£ possnebbs
C el V=20V
Y 04,08 .12 .16 .2 .24 28 .32 .36 .4 .44 .48 .52
Depth{ & m]
a2 9. Alele el raelzol o] el ofLix]
Fig. 9. Potential in gate-drain spacing.
(a) Vps=0.1V,
(b} Vps =1.0V,
(¢) Vps =2.0V.

434 AMuojo] 2R AolE GaAs MESFET £A49 &4

(539)

FRI S

V. &

o)
moi:
o
-3
it
2
o
f
lo
L2
3
N
>

o

o

v

Aol F Aok
ESFET Ale] &
2 gieh, Alele 7‘01«1 AR
A #Hadol o) o] AYHIY} Hxte
| A4 sl Faddeol o

s}

‘—W
1=

CE B

152
=

2
AJ

e ot i
o 2 o
2 %
2
5 T

ol

A
pld

{0
Ho
ojn o> X

=
'3
'
>
RPN
2
w
X

k.‘}

to mo 2 o 2 fu X L

a2 7141 ﬂuﬂ *z} *lgﬂl°ld°i LA o
A HEo} el A o E sl Axke o]F g
HAstgdch, o Moz I 4zkel gk
47GHz ol F 4o & A4k 2ot Abds
Aok, | A FE AAdske] AR -

w# 2ol elg &

kol
B3
T

o] 2} 7L°\ Monte-Carlo
EAHow £AF 5”"4 &
= wAs
*1%31]01}40¥| "F-QLE] = QAL )
Zol 4 9lo} o 4z} diA we
dlojgo] de| &8 oz oibslch

)y

G

2 £ XM

David K. Ferry, Gallium Arsenide Techno-
logy, SAMS, pp. 189-201, 1985,

Giovanni Ghione etc., “Physical modeling of
GaAs MESFET’s in an integrated CAD
environment: from device technology to
microwave circuit performance,”’ [FEE
Trans. Microwave Theory and Tech., vol. 37,
no. 3, pp. 457-468, 1989,

M.C. Yalabik etc., “Quantum mechanical
simulation of charge transport in very small

[1]

[2]

[3]

semiconductor structures,”* IFEE Trans.
Electron Device, vol. 36, no. 6, pp. 1009-
1014, 1989.

[4]

Karl Hess, Advanced Theory of Semiconduc-
tor Devices, Prentice-Hall International



19905%F 4 H WEFIPERTE B2 % 8B 4 % 57

Editions, pp. 227-231, 1988, [10] ¥4, Monte-Carlo W& ©]-83 AlGaAs/
[5] C. Moglestue, “Monte carlo particle modell- GaAs ©|2h8] Aaprtazo] Aureygya a4

ing of local heating in n-Type GaAs FET, shoji= T 1987,

IEE Proc., vol. 128, pt. 1, no. 4, pp. 131-

[11] Micheal Shur, GaAs Devices and Circuits,

133, 1981. Plenum Press, pp. 11-103, pp. 301-309,
[6] C. Moglestue, ‘“‘Monte carlo particle model 1987.

study of a microwave photodetector,” JIEE [12] W. Fawcett, D.A. Boardman and S. Swain,

Proc., pt. 1, no. 3, pp. 103-106, 1984. “Monte-carlo determination of electron
(7] 58, Aol ol &1, A&, “Monte-Carlo transport properties in gallium arsemide,”

Al g-#ll o] doll ©)&F GaAs MESFETS A =# 4 J. Phys. Chem., Solids, vol. 31, pp. 1963-

A7 1989 & shAl S g eted s, g 1990, 1970.

= 23 sk 9] (13] Osman L. EL-Sayed etc., ‘‘Performance
[8] A.D. Boardman, Physics Programs, Johnson analysis of sub-micro gate GaAs MESFETSs,”

Wiley & Sons, pp. 355-410, 1980. Solid-State Electronics, vol. 30, no. 6, pp.
[9] C.M. Snowden, Semiconductor Device 643-654, 1987.

Modelling, IEE Materials & Devices Series [14] Joseph Mun, GaAs Integrated Circuit Design,

5, pp. 174-202, 1988, BSP Professional Books, pp. 204-319, 1988.

Z & B8 N

8 ' oRueH)
19619 271 20014, 19831 2 1

X &k HBIEA)
1965% 3J1 150 4. 1988% 2 H

Adeietm  Agets  Fq. obpdelm  dAFeln Eq.
19904 21 At e bl 19854 2H AAeheta cfekel A
Arbgatst Bak oAb ot A= & Awas BeAs 49 A5
19907 28 ~ A3 A 2HF) A 4. ‘ - 19854 33~%1 A ol Alch i of s
F5hAl ok GaAs Device Mo- 2 4 9l Aapgatsp wiapabd A s
delling % Simulation. 1990% 31 ~F-AbeRshaL A abgstat dql Al F3

AlBol= GaAs Process % Device Modelling®} Sim-

*

ulation 5.

& B W (EEMA) 5% B B
HA) dAet W et

ma

(540)



