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Abstract

Considering channel length modulation, we proposed a GaAs MESFET model for circuit
simulator. In existing M.S. Shur’s model, two different models are used according to pinch-off
voltage of devices. One model for both type of devices was proposed. In this model we introduced
weighted switching function(WSF) based on channel length modulation. This proposed model show-

ed better accuracy comparing with existing single square law model and complete velocity satura-
tion model.
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showing channel length modulation.

o] Aol £ 9} o] B =Foll 4l GaAs MESFET®

g AbA AR FRalgdy, olw] At
-2 o] A7kAl Al g 25 »}E}‘%i T U
FA S e 7)ot of’lchs Alelrh B4R o2
E_% Al E ejshed =l =bEA S

I o A Falo]elol] Hgebr)= v T
74] e amlaAl "otz £ Egellie

A7t defg =5 2 sted AaAE 7)Ea low
Sl

pinch-off A3} device®} high pinch-off & ¢} device
Fol 484 4 Je% = asich

GaAs®] AAY o] F=& A utel v AY

s

ol

:\2&&-152\2-,1

5

5]

ho

E
A

Mg 2] ) Foll ARl o]lFLe uwle}t two region

) {

Z il saturated velocity 2% ® three section® (1
5ol ot Shurzh Aehgh 2elE FA0 2 sim-

ulationd} 322} gheh,

1. Square law 2%
Square law 22 28] 12| (a)9} (b)ol] =hat

3

1

A mdlgl ot o] wAhe ol 29 oo T
A F2 olojyirt, o] %‘% low pinch-off # gt &

2} (pinch-off A gt <2V)ol A
L2E 52g AR Lo the Ao Holge

Ilow:lg (V;—Vth) ? ( 1

B=2eviW/(A(V,+3EsL)) (2)

L§l»7 o7 ca.]]o]_/-

o] 714 e, vs, W A Es, L2 247t GaAse] A4

F oAz zakEe gyl yel, SAdFe] A,

%

Lis

Agzel zapdedol el WA, Aol Aololek V,

© Ale]lE #Hgl, Vyed 8 Hgleli V, Vs
7} pinch-off A 42} built-in A go] v},

7_1L

zsjojoiel WA (E) ¥ob 2 AAol4] y=puEs

BUFFER LAYER wu—é
L "—““J

region 1 :square-law region
region Il:complete velocity saturation region

12 2. GaAs MESFET® xtuix
Fig. 2. Cross section of GaAs MESFET.

(548)




66 19904

L O ofod
A (<2

2 shgdeh o714 pi ) Al <)

A o] x|},

=i 1:4]

a

2. Complete velocity saturation
tﬂ_‘l 1&] 1_/] } uﬂé} zﬂ/ﬂ-_—— Zr‘_i U\:ﬂ

high pinch-off 42} (pinch-off A %4>3V)
ael, ezl 2ol Eael - 49 20

lds= v} 4z Fof At

FRE IR

o]

o

gl

o

P

24
I Aoz
s

=4

s

Ids:qW,unEfA:Nd(x) dx (3)
£ x Aol A9
Ex AAelr}h

S pagel

(=4
Atel & 5=

aNavsW (A—Ay)

Ihish

3. Ad Aol 4] gallo] A
Square law 293} complete velocity saturation®
28 7Lzt low pinch-off St device®t  high pinch-
off Mgt devicedl|ut & =HAl slo] 9}, = ®
pinch-off Zgtell ubet Ap&ats A A 2d3 Al
slofof 3 Flolrk e} B =FolAw Az
“5‘401] ulet sp-o] Al gao] A &l
ol Ao g o Frial RS Al Edol Y
Ag fFrstaat gtk @ 204 Vsse
7} iﬂilﬁi%uﬂ dAre] Aol A3}
zkzk oA [l ol psls]
45 7} iﬁPil A ] Aeloltt Vdom
011/‘1 sejolzew shaslel FIld
é‘é J Foll A ZFslxl "stel Vi AlolE
Fioll dAdm Aldel Hedodol A Zstel gt
olef, =elgl Hsgtel Frlel uhe} Lo
7hebeh zaflol A2 A Ak Vds7h Vot
deiloNAel At aAVe 4oz %
oo

e
&)

ol

)
Al ok

Sam e

r\r L

=z

[s)
A ]

o)
A

7210]_\;_

Py
T

AV=2(2A/r) Es sinh(z Ls/2A)

A A

7iE

AL

gellol Aol 4% (5
shefo] Fabeh,

=(Vi-V

Mo AVE 33 Rol

s} ¥ Kq (

04 7] H Kd: &V(Avﬁ‘ndom)‘%

A ez 0145 #

2E Kee
etk [15] oA

k!

o,
=

40 B TEEHW

(549)

EOB2TE B o4

wol FEo| AAGEA 23} sloi gl Aol e

Q o4 2329 Ve B ol el
Ve=Vp*a(1-Ug)/(a+1—Ug) (7)

o] 7} 4] a=Es* L/Vpolx Ug= (Vbi-Vg) /Vpelch.
(514ez e datds 23} odofe] Aol L& 7
el ohg AlS- ol rpulia

- 2A NAV ), 7ANYS 2 12 (8)
Ls==——1n [(2ESA])+((2ESA) +1) }

ol A% o] &sted 19 (a9t (b) Fhetellets: #
£ FrbAl aztell disted zbzhel Ad Aol Wi A
Sof cHd Al Balolde S eisict. AdAele A

o|E Aolo| ulE §(=LyL)2Z szt wA low

pinch-off A} £ =bol] whsle] 2| Falloj Mt Are
3 3eich 13 3ell4 AolE Ht Vg7l —0.5V
ol zallel Ak Ve7b 4.0V wl 85 0.18¥ =

olch S Aol= kel ehstel vwd e A
Al ube A 9k 4 2t High pince-off At 4=}
of sk Aohs 28l 4 ol oh Verb —4Ve| i Vo7t 5V

A uf 5= 0.6 Ecct Aol E Rgtel] wie} 5o W
3}gol A} o|9} ol zZzke| pinch-off At 4=}
° Mz o2 HigE Nelxm 9

4. medale] Alek

7 ske) melel ubeh A ele) WekdE s} of
27 wlfof s muldogz o] 4xte] EAo
S A gelel 4% S A LAE WAL

Shur+ pinch-of & tell whe} low pinch-off & 9t4
2} -8-5} 32 high pinch-off
A o} A =}oll+= complete velocity saturation 28418
23549 o v} pinch-off A skel low pinch-off gt
high pinch-off Z 3} Abo] V< Vp<3V} 2 4 2ol of
A ket A Falol o] o]l ch High pinch-off
Aol axbel A A ald dodel ol HA{oF E
ob s|olrta A ste] el Alg A AL Lo %

ol 7} L3} #rhe S ovlalni §=1¢] Hrct

9]

ol A 8.
LRI

ZFoll+= square law

=8
}

O

3L
Al Fallol A 7 complete veloeity saturation =
W AdYododoll M Hf{ - HgAell Addk oabr)
Art, oleppe vl RAAHE s|Ast g o}
7tA = azbgel dste] A galol S &
Fasieh (62 A4g Hd Aol
7122 square law 2o 3}
velocity saturation 2o & .83lo] 3shr}el
£o el AR A BALE FEo
wdlo] 7}3 A81A 34 (weighted switching function

(WSF)) 5 =dlleliA f(o)2t Aot ()= A

complete
=l
=z 5



Fidig ot

E 1. Al galoldd &3 MESFET =le}de}
(a) Low pinch-off "9} £=
(b) High pinch-off At 4=}

Table 1, MESFET Parameters used in simulation.

(a) Low pinch-off voltage device.
(b) High pinch-off voltage device.

Descriptians Parameters Values units
doping density Nd 1.81e23 m™?
gate langth L 1.3 ©m
built-in voltage Vbi 0.76 \
saturation velocity Vs 1.23 5 m/s
nobility u 0. 306 m’/vs
gate width w 20 #m
pinch-off voltage Vpo 1.8 \
source series resistance Rs 63 Q
drain series resistance Rd 63 Q
output conductance A 0
fractton of voltage drop
in region{]l) Kd 0.1

(a)
Descriptions Parameters Values units
doping density Nd 6.5¢e22 m*
gate langth L 1 pum
built-in voltage Vbi 0.75 \
saturation velocit y Vs .25 m/s
mobility u 0.45 m?/vs
gate width w 500 um
pinch-off voltage Vpo 53 A
source series resistance Rs 6.5 Q
drain series resistance Rd 11.3 Q
output conductance A 0.025
fraction of voltage drop
in region{l) Kd 0.1

(b)

Z0.2
9
=
-
Ll
o]
0.1
0 o Vds
2] 3. Low pinch-off 28t A =}oll 2 9] z)jd A o]

35
Channel length modulation of low pinch-off
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