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MOS-FETs Fabricated by SPE-SOI Technology

K Kusukawa, IvL Moniwa, E. Murakami, ltL Miyao,

T. Warabisako, and Y. litlada

Central Researoh Lraboratory' Hitachi IJtd. '

Kokubunj i, Tokyo 185' Japan

Electrical characteristics of Si layers on SiO, obtained by seeded-Iateral
Solid Phase Epitaxy were evaluated as a function of distance from the seeding:
area. According: to the two growth modes in lateral epitaxy, it was found
that there are sienificant difference in the electrical characteristics of
MOSFETS fabricated in those reg:ions. A field effect (electron) mobility of
about TOOcmzAIs was obtained for n-channel MOSFETs fabricated in the
t 110)-f acet 8:rown reg:ion. However, the electrical propert ies of MOSFETs
fabricated in the t111)-facet growth region were not as good. The results
su8:8:est that the { 110}-f acet g:rowth region is suitable f or devices with a
feature size of less than 2&m

1. Introduct ion

Silicon-on-insulator (SOI) structures
have been invest igated intens ively to

real ize 3-dimensional structures in an

attempt to realize high speed, hign packing:

dens ity, and mult i funct ions. Several

methods of realizing SOI struotures have

already been proposed, suoh as I ieuid phase

epitaxial re-g:rowth of polycrystat I ine

s i l icon us inSl laser beatrt1 ) o" electron
beams) irrad iat ion, and buried oxide

f ormat ion with oxygi'en ion implantat ion
(SIMOX) s). In f abricat ing: 3-dimensional

devioes, it is extremely important not to
affect the underlying device structure
either thernally
this viewpo int,
is required for

or meohanically. From

a low temperature process

c-1-2

oan be regarded as the most promisinS:

method for fabricating: devices on top of
underlying 'devices covered by insulators.

So far, several reports have appeared

on L-SPE concerningi' the dependence of the

g:rowth leng:th of the s ingle orystal l ine

area on orystatlographic orientation4-5),
the cross sectonal TEM observat ion of the

glrown reg:io n6-7) , impur ity-enhanced crystal
growth in Ir-SPEB), and so on. However,

very Iittle has been reported about the

eleotrical oharacterist ics of
are a9-10).

the g:rown

The present

characterization
fabricated in an

paper describes the

of n-channel MOSFETS

SOI structure formed by

suitable technology

the SOI process.

is lateral solid
epitaxial (L-SPE) g:rowttr. In

technolo8|y, an amorphous Si layer on an

insulator is converted into single crystal
sil icon by epitaxial g:rowth in the sol id
phase.

As the process can be carried out at a

relatively low temperature around 600C, it

L-SPE. The discussion focuses espeoially
on the relat ion between electrical
characteristics and the crystallinity.

2. SOI Format ion by Ir-SPE

A p-type, ( 10O)Si ( 8- 12 g cm) waf er was

used as the start ing: material. The

substrate was ooated with 200run-thick

thermal SiOz arrangied in stripe patterns.

The patterns were formed perpendicular to
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the <1OO> direct ion, which was the
direction of the long:est L,-SPE g:rowtlr. The

substrate surface were cleaned prior to
a-Si depos it ion us ing: low energ:y Ar- ion
beam sputtering: with Nz annealing at 680C

( 6Omin). Af ter surf ace cleannin8i, an a-Si
layer was formed by electron beam

deposition in an ultra-hig:h vacuum

(<2x1O-7Pa) to a thickness of O.45-0. 6&n
Then the a-Si layer was annealed at 45OC

in ultra-high vacnurl Lr-SPE of the a-Si
layer was carried out by Nz annealing: at
600 t.

Sing:le crystal g:rowth length is shown

in Fig. 1 as a funct ion of anneal inel t ime.

Sing:le crystal growth occurs f irst
vertically from the substrate surface in
the t 1OO)-f acet g:rowth mode and then

Iaterally after over-riding the edg:e of
SiOz pattern. There are two growth modes,

in the lateral g:rowth direction. The f irst
is f acet g:rowth in the t.l10) O irect ion
f ollowed by f acet g:rowth in the { 111}

direct ion which cont inues unt i1 L-SPE

s t ops.

The existence of such a 8:rowth mode

has already been reportedE). In the case

of Fig:. 1, the growth length was 2.51L m for
both the {110}-facet g:rowth region and the

{ 111} -f acet growth reg:ion. Given this
backgiround, the annealing: period for MOSFET

fabrication was determined to be ?Hrs.

{1llXocet growth

{110)-focet growth

n"02/-,6810 12

ANNEALING TIME (HT)

Fig, t IJ-SPE iength as a functlon of

anneal ing' t ime.

prooesses ment ioned above.

After the etch-off device isolation
process which leaves the SOI layer for
MOSFET fabrication, B-ions were implanted
( SOkeV 3X1Oll cm-z ) to make the SOI layer
p-type for nMOS fabrication. MOSFETs (gate

oxide thickness; 35nm) were then fabricated
by means of the conventional poly-Si gate

nMOS f abrication process. The g:ate Iength

and the g:ate width of the MOSFETs was

1- 10 l. m and 4-LO & tltr, respect ive Iy.

To evaluate the electrical properties

the SOI layers, MOSFETs were fabricated
a Eirown layer by chanS:ing: the looation
the channel reg:ion.

Fiel. Z The struoture of the SOI MOSFET.

4. Electerical characteristics
of SPE-SOI MOSFETS

Drain current-drain voltage ( Id-Vd)

characteristics are shown in Fig. g as a

function of distance ( I , between the edg:e

of the seeding: reg'ion and the center of the

8:ate. Distance ( t ) was varied from 1 to
6lL tu The eleotrical characterist ics of
MOSF'ETs fabricated within 2ltm from the

seed edg:e are quite ordinary and very much

oomparable to those for bulk MOSFETs.

However, in the case of tr largier than

3 & rru the fabricated MOSFETs showed an

abnormal funct ion. Subthreshold drain
current, measured at a drain voltag:e and a

8:ate voltag:e are 5V and OV respeotivery'
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3. Fabrication of SOI-MOSFETS

The MOSFETS shown in Fig.2
fabricated on SOI structures formed

were

by the
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Vd (V)
(a) l= ll.rm

isplottedas a function of 1., andthe
results are shown in FiS. 4. The f igure

al so shows that leakag:e current in the

{ 1 1 1 } -facet region and in the

polycrystalline re8:ion is very much larger
than that in the t110)-faoet growth reg:ion.

These results correspond to the facet
growth mode, and only the MOSFETS

f abr icated in the t 110) -f acet g:rowth reeiion

operate normally.

Two main reasons can be oonsidered for
the increase in leakaS:e current. One is

the increase in carrier generat ion-

recombination velocity in the iunction area

due to an inferior crystallinity in the

vicinity of the channel region. The other

is the possibility of an electrical
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Fig.4 Leakag:e current as a function
the distance from the seed edge.

Vd (V)
(c) l= 3lrm

short-circuit between the source and drain,
arising as a result of enhanced inpurity
diffusion, which was caused by high density
crystal defects (micro twins ) 

a) in the

{111}-facet reg:ion and at grain boundaries

in the po I ycrys t a I I ine reg:i on, dur ing:

thermal processes.

To clarify the r€asoor leakage current
dependence on tr was measured for MOSFETs

with a longl gate leng:th (41.t m). These

MOSFETS are not influenced by even a rather
Iarg:e redistribut ion of impurit ies in the

source and drain regions. The results are

also shown in Fig.4 in contrast with those

for the 2&m g:ate. The leakag:e current
Ievel is low compared with that for the

2ltm csser and does not show tr dependence

with increasing distance from the seeding

area. The result clearly shows that
leakag:e current is not due to reoombinat ion

centers but due to a drain-source
short-circuit which orig:inates from the

enhanced impurity diffus ion.

Transconductance (gm) was measured

under a drain voltag:e of 0. lV. The result
is plotted against I and is shown in
Fi8:.5. The f igure shows that gm is almost
constant at approxirnately 26 p S when / is
less than 2!'tt" This value corresponds to
a f ield ef f ect mobi I ity of 72ocm2,f,Is.
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Fig.3 Id-Vd charaoteristics of MOSFETs as a function of the distance
between the edge of the seeding: region and the center of the g:ate.
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However, gm decrease to 10 P S when I'

becomes largier than 3 & rn This ind icates
that gn oharacterist ics, as we I1 as leakag:e

current characterist ics, deg:rade in the

t111)-facet g:rowth reg:ion. With respect to
the subthethold chara.cterist ics of MOSFETs

f abricated in the t 110)-f acet g:rowth

regiioll, the leakag:e current ( drain current )

at a drain voltag:e of 5V and at a gate

voltage of OV was measured to be

5x1O-t'A,t(t* and tailing factor was

8bmY/dec. These values were obtained for
more than 80% of the devices fabricated on

a lOonm diameter Si wafer.

dist inct ive. MOSFETS fabricated in the

{ 111}-f acet elrowth region have Iow channel

mobilities and high leakage current. On

the contrarf, the electerical charac-

terist ios of MOSFETs g:rown in the

{110}-f acet g:rowth reg:ion'were shown to be

guite suitable f or LrSI appl icat ions.

SOI structures formed by Lr-SPE in the

t110)-facet growth direction is expcted to
play an important rule in novel

3-dimensional device structures.
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Transconductanoe(8r) as a function
the distance from the seed edg:e.
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Fi8l. O Subthreshold characteristics of
MOSFETs fabrlcated in the tllOlfacet
.growth region.

6. Conclusion

The electrical characterist ics of

n-cannel MOSFETS fabricated in the L,-SPE

SOI regiion were invest igated. The

differences in electrioal characterist ics

between the glrowth modes in IJ-SPE were
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