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Abstract

In this paper, NUDFET(NonUniformly Doped Field Effect
Transistor) is presented as an alternative which
offers the possibility of reducing the power necessary
to operate switching circuits without a substantial
loss in speed, The purpose of this NUDFET is to modify
the electric field profile in order to cause carrier
velocity saturation to occur at a lower voltage than
it would occur in the uniformly doped device of the
same channel length. The wmore MESFET and NUDFET
circuits are realized, the more accurate modeling the
performance of these devices become required. Analytic
modeling was replaced by numerical analysis because of
the complexity of device configuration. In this paper,
FEM selected because of simpler local mesh
refinement and smaller computer memory than FDM. For
accurate analysis, this paper has applied the
Scharfetter-Gumme! (S-G) Scheme and seven-point
Gaussian to assembly of the
finite-element stiffness matrices and right-hand side
vector of the semiconductor equations,

is
Quadrature rule

1. A&

NUDFETE 212 848 =% %58 FEdos H3y
AZo2H 542 P& olFstaxt AR 421824 =
gl B2 =vg ade] 204 RE ETur) U £
gozN AAL] EXF HAMAMN FYHA =98 42
Brh yhe AgolA 7lelolel T3 45E dF 4 o
wlE BX BN g 4 A FAld APy £E£& W
2 4 9t} & =M NDFETY WA =3H J99
o] wilol] ulE 3} MFop X3 Hete W] A
Abmd okl

Z7)oj= Shockleyol 28 1 2pde) si¥Vz 4= 23
& 2ed 149 2eEe] AAEdou? o myge
22150 £ Aduso] spmal AA Ao H4z €
2218 Ve oot exjel ) ofgd AUy
Azte] 2Yag gisio] 2 Mol ayFejdc &
ERoAE A2 wtEa] axje HA Az o 54 3
Molet old REeLYE ol-§3te] NUDFETS 2xh4l
N g Arstden, 3|4 W4 Slotboom HWLE AME
sl AR Agale] ofakdl Scharfetter-Gummel Yol 2|
g uhg Apgtich fUesfel ot 22 pMoeR
€ NUDFETS] F27} HFX3jo] nlxl odgto] cisliy 3

HHQ HHE AAsct
2. NUDFETS] $3te2vo] &g 514

fuoade o wEA] $x 34L& 27 Decoupled
Method®} Coupled Method®] F71A] W¥og s 4 A
th. 2 =R nzE FHA AHESHs Decoupled
Method& AMg3ion, dAlel olars} Wule AR 4

WM A2 Q& Scharfetter-Gumme! Schemed Al-§-3}
Ak
B =Bojl4 3jM3l= N-type NUDFETY] & AR wishlE

& Azlof Y =l ZE ARo|ul o, FFol it A
%9 Ale Ex| glotxe Hol, zizjole] WA-AAY B
& FAlstgch

V(eVT)

q (n-p-Np+Na)
aln - Np) = g(ve¥-Np)

(1.a)

A (Laold T A8, A (Lbeld ve %
EhjL Slotboom WH4rolm, p.& A olFE, 0.2 A
21e) 20 £39], RS WA-AAY Yolrh

A (La)eh A (1.b)S] ot no] UES AFE Nl
A Overflowsl dold 4 & FEE A& Fast
7t Baste =FoliM AgEE Fa3 AxHFactor)E-Z
E 13} Zch

1\

el

Lo={e,Vi/qn)*® 3.3541 % 10%m
Ve l25815x10° v
v, 25875% 107 V
Vo 1.1145 V/em
n 15x10" cm™
n 1.5x10" em™
X -4
el ™
Y
Do 1 cm®/sec

<R 1> AFE Agdeld s oy B33 daH(Factors)

—1247—-



fU0ael o8 oluty NEH Mg Fep a3 Fe Lo} Hsle] GhE X3} A HHE, 18 4E
Poisson WAl Z9E Lol M3le] E ENARY WG EAU AL, Lol
5 LGTe e v, e golde] wz} 28 Aate] RaUE ¥ 4 AN, 2R A
AkEcraw, - '(i)-‘f,x" oA (2 Ro) a AVE Ei Aol BAYel met Ad Aol

stsl7iciE o g st
i=1,2,3, 00000 N 37k
Ki® = JoVOl-voide (2.b) - —
GI* = Jove"05-05dQ (2.¢) 16
ff* = Bolve"-Np)o! d@ (2.4) .
= NUDFET4
o Ela Azl iyt dgaL 1
% iz .
Igffx.’;‘duj = -j_ﬁllxg-'y,- (3.a) o
4
i 1,2,3,¢0000 N 2
K= 0ore"veo,vo;do (3.b) ° Tt %

o2 ek o7l K KJ“F Stiffness 33, fI*
& Load ¥E{2la gk 4 (2.,b)~ (2.d)&} 4] (3.b)o)A
ALe AW ALYV Gaussian Quadrature?} AMREE
d, 2 =2dME AW Aol NG o WAste 3 o
& 2218 €917 $I#A 7-Point Gaussian Quadrature'’g
A1g-3tedct.

27120 €3y YR Ay Ui Ase RE
Aol 0ol sMeloje] wEE EHE FeidM UE
aom® A ZAL Drichlet 279 NeusannZAE
2183t 2 Drichlet ZAZAcIN AYY A3} £E7]
Agrg neldich & =FojA Au¥ Decoupled Method&
ALY Y 2dge] oyt BEEE 27 13 2

ch

<% 3> NUDFET®] L8] 'Helo] u}E X3} Hete] 3}
Vaeat = 20.2~21{V], law = 8.6~10{mA]

S

NUQFETS

idaat (mA)

O = N @ A G e N o

l:nwldlllniuom:'l
<2¥ 4> NUDFETS] L8] H3joll ulg X3t AfFo] My
Visat = 20.2~21{V], ldmt = 8.6~10[mA]

4. Fu LYo 2|3 NUDFETS] 54 2%

NUDFET:= Qubael FETS] $3 HAdogdel o 4
Rf2Y 4 oo, Age E4E X BXo e ul
2 B/ H3E FPFPes AFJsle 2 Eilssich
Jeg ¥ =FoME NIFETY 5A4& AYHes 3134
slo] aiduloflAle] A, el W lelo] £XF 2} ulo]
ojA ZZ3} Design W Process ujzjoje] ¥R poc ]
NUDFETS] 5% oiyh&& destaxt A =3l

A Eelold Axte] TZE MESFETY ZH$E& 2y 5(a)d],

I™ 1 AVLEUS A BES(Flow Chart) MUDFETS} 7-9-& 1 5(b)ell Uehigich
3. NUDFETS] 4 o 2t w625 — Gate —
E =BelA A Az NFETE YUALE w2 2 toured T © T % -
o CFeld ¥ FURASE A8Y Y 2 #44 s - = di
& BEUTHE Fdold Va0l wel BHE 22 &s w
33 A AFedeld Azieh ulm WEstelrh NUDFET
o) 4A W P& 21 20 Uehigch e
1 ] T
"'":‘ 4 Np- sxta'S ?‘p' 1:4-“; Wy= Sxta 'S ‘I’""
e.8 1.9 a.e 4.0 6.8
(b}

Ny 2x1017 My = Suaul®

<ag 5> AjEaolde] AR
(a) MESFETS$] #2 (b) NUDFETS] 2

<23 2> NUDFET 7 ©d 22 Al Eelloldof 2]} MESFET2} NUDFETS] ¢} Exst sla]
o ¥ EXE 1Y 63 2% 7of vielwion, 1y 8ol
M F £218 ulasto] viehjglcl

—1248—



H
H
1
3

.
%4
H
N
H
N
3
.
$

<2 6> MESFETZ] {a) H$] X (b) slejo] ¥E 2x
(Va = 1.0VQul)

P

3 amemiratin fiaal]

t
i
i
H
i

<Y 7> NUDFETS] (a) ¢l B (b) 7o} vE £
(Ve = 1.0VQmY)

U7t Age] 1.0vY o FYEE FS NDFETY 32}
MESFETS] Z9Mr} o2 2& & 4 dod, oZe W)
SXo} oit] AF EHIL Aol A NIFEIZ} We =
Q Aol 2} o] ol Hg oujirh

NUDFETS] 32y 28& 9184 BF-3Y 542 19
of MESFETZ} wlmstadch o] AMEYE =3} AR
MESFETS] 797} NMUDFETY] Z-¢2ct & &% 4 e
o NUDFET7} MESFETS} & Af 428 7w Aol
Fol 37lsioiol ¥ ¢ 4 AArh

4. 3E

ES¢E 55 B2E 82 4o L ol geld
of aje} 23 HAYL asigdon, T H{EE Hasigl
c}, wheld E} szl Xy M{ slolel Trade OffF
A7 a8t HHAE Pl BAe 4oz dFEolo}
g ZAzla Bzs e JIHEE NEEE 7% Delay Time
o A& NUIFETS] &9 &2 Ade] Rede Sfouigd
cl.

o r

Im

~1249—

Ketaawe] £ sid A AdolMe HAJL
NUDFETS} 7% £% $E7 & goolA 24 Uiz,
Fuae Hol uwkg £u Ydely aA el Bdch
o] Z-& NUDFETY} st =gal-A0A Hgogs X3t 4
eof] o]& 4 o2& Moz YU Ao
Z o sleielele] HAE cigstA Fol NUDFETY 54 3
g Design W Process Iizinle{2 23 sfMtichd &
w8e At AA 829 4 sdcia A2l

1.¥
1
091
& o
MESFEY.
i ar
e
MUOFET
0.5
LX)
0¥
1 2 3 4 s
% poskion {micrometed
2]
"
25x10
:n
€ NUDFEY
“
25x10
1 2 3 + 5
X position fmicrometer]

<2¥ 8 =3 AdolA MESFETS} NUDFETS] #g] Hxo}
shelo] 2 BX ua

MESF

<L 9> MESFETS} NUDFETS] M H-M¢) 84

2 e

Ha

[1] ¥. Shockley, “A Unipolar Field-Effect Transistor”,
Proc, Inst, Rad, Eng, vol, 40, p. 1365, 1592,

[2) M. S. Shur,“Analytical model of GaAs MESFETs”,
IFEE Electron Dev,, ED-25, p.612, 1978

[3] John J. Barnes and Ronald J.lomax, “Finite-Element
Methods in semiconductor Device simulation”,
{EEE Electron Dev., ED-24, pp. 1082-1089, 1977,

[4) Gen-Lin Tan, Xiao-LI Yuan, Qi-Ming Zhang, Walter
H.Ku & An-Jui Shey, “Two-Dipensional Semiconductor
Device Analysis Based on New Finite-Element
Discretization Employing the $-G Scheme”,

CAD, vol.8, No.5, pp.468-478, 1989.



