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AnSTRACT 

The purpose of this work is to determine the 
optimum design par(lmeters of modulation doped 
AlxC(lI_xAs/GaAs field effect transistors (HOl)FETs). 
tm analytic(l] model for MODFETs was developed and 
used to char(lcterize several 1 vm gate transistors. 
Extremely high transconductances were obtained and 
(Ire attributed to large electron saturation veloci­
ties In the undoped GaAs . At 300 K transconduct­
ances of 250 mS/mm and 235 mS/mm h;we been obC(lilled 
for normally-off and norma Ily-on devices reslJect­
ively. At 77 K a transconduct(lnce o( "00 mS/nvn 
W(lS obtained for a norm(llly-off MODfET. Using our 
model to characterize these devices requi r es th, 
electron saturation vel0'jlt y to be nbout 2 x 10 
con/s at 300 K (1m! 3 x 10 cm/s;lt 77 K. 

INTRODUCT LON 

Modulation doped (1I1 ,Ga)As/CaAs field effect 
transistors are being inllestigated (or their high 
current per unit gate length and high tranaconduct­
ances. If HODFETs are to be employed in l"rge 
sc"Ie integr"ted circuits to incre(lse sIJitci,ing 
speed, devices should be designed to "'(lxi",ize the 
transconductance. For this purpose we have devel­
oped an analytical model to describe the lransfer 
characteristics of 110D~'ETs 0,2). Although MOOFETs 
are fabricated like I1ESFETs, charF;e control by the 
gate is similar to that of a 110SFf.T due to the two 
dimensional nature of the charge carriers . 

MOOfETs are inherently superior to Si02 'Si 
MOSFET~ (or the following re:.sons. noth no r mally­
Oil (N-on) alll' nOl"mally-off (N-off) device" ('n" he 
fabricnted on the aan,e wafer without the need fo r 
an implantation or diffusion. Much larger mobili­
ties and electron saturation velocities are obtain­
able in the undoped CaAs (3."). The (Al,Ga)As/GaAs 
heterointerfnce where the conduction electrons are 
confined is virtually free of interface st:ttes and 
is smoother than the 5i0

1
'Si interface . The 

enhanced l ow field mobill.ties of modulation doped 
structures have been found to have a relatively 
small effect in d~termining device perfor mance . 
The large trans conductances observed are the result 
of the high electron saturation velocity in the 
CaAs . ' Using our m01el we estimate electron veloci­
ties of about 2 x 10 cm/s at 300 K and 3 x 10

7 
cm/s 

at 77 K. 

To take advantage of the high electron velo­
city and increased transcondUct(lnce, theory 
indicates that the separ(ltion between the gate and 
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tl,,, tw" dimc-n"jonal I'l .. ~tron )1"" (20f.G) be minimized 
and ch:orge transfer :.cross the heterojuncti<>n be 
m(lx[",ized. 1 n this report we demonstr(lte th(lt this 
can be a c complished by decre(lsing the thickne ss of 
the undoped (Al,G.,)As sp:.cer layer typic,,}ly left 
(It. the heterointerface. 

E:<Pf.R! ~tENTAL 

TI,e A10.33GaO.67As/CaAs heterostructures were 
grown by molecular beam epit:.xy on (100) o ~ ient,.d 
Cr-doped G<1As substr:.tes. The structure consisted 
of 1 "m of undol'ed GaAs, (I layer of undo['ed 
1I10.33G"0.67As of thickness d i , and 600 X of 16 
AIO.11(;nO.67115 doped with Si to a level of 1 x 10 

-3 cm Split source flrl,! .... rfect tr(lnsistol"tl w,·r,. 
then f"bricnteo with AuGe/Ni/Au ohmic contacts for 
tl,e source "nd or"in. The gate metal was (llum.lnum. 
The devices had (I g.~te wIdth of 290 "m "no " ~(lte 
lenl:t·" of 1 lim 'n a 3 I,m channel. ficot.h "orm"ll~­
off :.nd oorm:.l1y-on dC'vice" ",ere f(lbric<1te,1 fro .. 
e"ch wafer by controlling the depth to which the Al 
gate waS recessed into the doped A1 0 .33C"0.67As . 
Details of the growth and fabrication have been 
rcport('.d elsewhere (5,6). 

THEORETICAL 

When a doped (III ,Ga)As layer is grown on top of 
an undoped G:.As layer a 20EG is formed at the inter· 
face due to the difference in the electron :.ffinity 
of these l "yers. The (lmount of charge transfer 
aCrOSS thc interf:.ce is found by equ:.ting the 
ch.~l"r,e dcpleted from the (Al,G(I)As to the ch:.rg£' 
",,<'un,ulated In the potent 1.,1 ",ell. A "olution is 
tl,e" found such th:.t the Fer mi level is constant 
across the heterointerface. Such a solution has 
been found using the depletion approximation (7). 
We have found, ho",£'ver , that for typical doping 
densities this solution is not accurate enough. 
The reason for this Is that the electrons in the 
(AI , G<1)As are ne(lrly degenerate leading to a 
smaller sp"ce charge at the edge of the depletion 
layer. This results in a smal ler interf(lce elec­
tric field and interface electron density. nso ' 
than predicted by the depletion approximation. We 
have obtained both numerical and approximate 
analytical solutions for "so Our analytical 
solution (8) 

n so ...!N! (d i +,.,d) 2 +(2tN d/q) (toE c +6 (liE c) -EF2; -N d (d ttod) 
(I) 
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