Extended Abstracts of the 1991 International Conference on Solid State Devices and Materials, Yokohama, 1991, pp. 672-674

PC6-8

In-situ Doping of Epitaxial Silicon by Low-Temperature LPCVD
for the Fabrication of Delta-Doped MOSFETSs
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A low-temperature process has been investigated for the fabri-
The main process steps consist

cation of delta-doped MOSFETs.
of a low-pressure chemical vapor deposition
temperatures and a wet oxidation at 700°C,

(LPCVD) at 1low
By this process

delta-doped n-channel MOSFETs have been fabricated and com-
containing a homogeneously doped

pared with conventional ones,

channel layer.

It is found that short channel effects can be

suppressed by this delta-doped layer.

1. INTRODUCTION

With decreasing feature size of
deep submicron MOSFETs, short channel
effects 1increasingly influence the
performance of the devices. Some of
the most severe short channel effects
are the drain induced barrier lower-
ing (DIBL), affecting the output and
subthreshold behavior, and punch
through, leading to a gradual or, in
the case of punch through, total loss
of gate control. Among various ap-
proaches to overcome short channel
effects, the delta-doped or atomic
layer doped (ALD) MOSFET!:2) is one
of the most promising ones. In this
device, a heavily doped thin epitax-
ial layer is formed below the chan-
nel region close +to the surface,
which prevents the space charge re-
gion of the drain from penetrating

the channel. However, the realization
of such a doping profile with a
delta-doped layer Dbecame possible

only recently with the development of
low-temperature growth of high qual-
ity epitaxial layers. In addition,
the overall temperature budget of the
process has to be kept as low as pos-
sible to avoid a broadening of the
delta-doped layer due to diffusion at
elevated temperatures.
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In this paper we investigated a
low-temperature process for the fab-
rication of delta-doped n-channel
MOSFETs. The structure of the delta-
doped MOSFET is shown schematically
in fig. 1. The process steps consist
of epitaxial growth of the in-situ
doped active region by low-pressure
chemical vapor deposition (LPCVD)3.,4%)
at a temperature of 650°C, wet oxida-
tion at 700°C for the gate oxide, ar-
senic implantation for the source and
drain regions and phosphorous doped
polysilicon deposition for the inter-
connects. The in-situ doping of the
epitaxial silicon layers with boron
has been investigated, depending on
the temperature and the partial pres-
sure of BzHé in order to find the op-
timum process conditions for the
delta-doping.

2. RESULTS

In order to control the epitaxial
growth of in-situ doped silicon lay-
ers, we investigated the boron con-
centration and the deposition rate in
the temperature range between 600 and
750°C. For the growth of delta-doped
layers the boron concentration should
be controlled over a wide range and
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the deposition rate should be main-
tained at a reasonably low value.
Among various deposition conditions
the best compromise has been found
for a temperature of 650°C, where the
doping concentration as well as the
deposition rate can be well con-
trolled. In fig. 2 the resulting
electrically active boron concentra-
tion as a function of the BzHs par-
tial pressure is shown for the sub-
strate orientations (100) and (111).
The doping concentration can be var-
ied in the wide range between 1016
and 102%¢cm-3 necessary to grow boron
spikes with a peak concentration
close to 1013c¢cm~2 sandwiched between
low doped layers. The corresponding
silicon growth rate is shown in fig.

3 as a function of the BzHs partial
pressure. Utilizing these results
delta-doped layers have been - de-

posited with a thickness of about

1504, as shown by the SIMS result in
fig. 4. In contrast to the result in
fig. 4, a symmetric shape of the

boron spike can be obtained by an ap-
propriate gas switching between the
different doping levels.

For the gate oxide formation sev-
eral oxidation conditions have been
investigated at temperatures of 800
and 700°C. However, a wet oxidation
at 700°C has been chosen in order to
minimize broadening of the delta-
doped layer. It has been found that
the boron spike is not influenced by
annealing in Nz atmosphere carried
out for 8 hours, whereas thermal ox-
idation even at 700°C may be crucial
due to generation of point defects.
Boron diffuses mainly due to the
strong coupling between the boron
atoms and these point defects.

By this process delta-doped and
conventional MOSFETs with channel
lengths in the range between 10.5 and
0.6pum have been fabricated, and their

electrical characteristics are com-
pared. The comparison of the I-V
characteristics of both devices is
shown in figs. 5 and 6. The low

breakdown voltage of the delta-doped
MOSFET is caused by the position of
the boron spike in a depth of about
0.15pm, Jjust below the source/drain
junctions, which has &a penetration
depth of 120nm. This n*-p* junction
causes a high avalanche generation
rate even at moderate drain voltages.
By comparing the threshold voltages
as a function of the channel length
it is found that short channel ef-
fects can be reduced by delta-doped
layers. Below lpm the threshold
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voltage of the conventional transis-
tor decreases, whereas that of the
delta-doped MOSFET remains approxi-
mately constant. However, the thresh-
old voltage of the delta-doped tran-
sistor is increased to unpractical
values due to a compression of the
depletion layer by the high doping
concentration of the boron spike.

3. CONCLUSIONS

A low-temperature process con-
sisting of in-situ doped epitaxial
silicon growth by LPCVD at 650°C and
a wet oxidation at 700°C has been
presented which allows the fabrica-
tion of delta-doped devices. The dop-
ing concentration obtained by the
LPCVD process can be controlled over
a wide range. As an example delta-
doped MOSFETs have been fabricated
and compared with homogeneously doped
transistors made by the same process.
It is found that the delta-doped
layer can be used to suppress short
channel effects. However, the process
has to be improved with respect to
the thermal oxidation, and with re-
spect to the location of the source
and drain Jjunctions.
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Fig. 1 Structure of the delta-doped
MOSFET



23 Boron Conec. (eni®)

L0
T=650°C
=1.6Pa
lom %Ht
P ,+—18Pa

1012

Lo'®

T T 11100 T T T

(111)

10'7?

Lol®

UBLBLULLLI LILBLRLULLLLL

'.015 A3 aaaimn 10§ BREMNE 41 haanaes

10° 107 10*

1078

‘ BzHs —Partial Pressure (Pa)
Fig. 2 BzHe partial pressure depen-
dence of the boron concentration

102

1020

10'9F

lula.

CONCENTRATION (atoms/ca®)

1017

boron

lulo.
U SN T Y DO TN R N THN ST VOO N VAN ST WU (N ST Y N M L
0.0 0.2 0.4 0.6 0.8 1.0 1.2
DEPTH (4 m)
Fig. 4 SIMS results of the

spike after deposition

674

Deposition-Rate (A/min)

10°

- T=850°C

i Pyg,=1.8Pa

- Rot=18Pa

e : (100)
10%

[ (111)

1 1 Ll L liill 1 Ll ULl 1 Lt LLLllll 1 Ll 1111l

10 10-0 -4 10-@ lo'ﬂ

108 10
BgHe-Partial Pressure (Pa)

Fig. 3 Silicon growth rate as a func-
tion of the BzHe partial pressure at
650°C
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Fig. 5 I-V characteristics of the
delta-doped MOSFET
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Fig. 6 I-V characteristics of the
conventional MOSFET



