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ABSTRACT

A CMOS device which has an extended
heavily-doped amorphous silicon source/drain
layer on the field oxide and an amorphous
silicon local interconnection (ASLI) layer in
the self-aligned source/drain region has been
studied. The ASLI layer has some important
roles of the local interconnections from the ex-
tended source/drain to the bulk source/drain
and the path of the dopant diffusion sources
to the bulk. The junction depth and the area
of the source/drain can be controlled easily
by the ASLI layer thickness. The device in
this paper not only has very small area of
source/drain junctions, but has very shallow
junction depths than those of the conven-
tional ones. The electrical characteristics of
this device are as good as those of the con-
ventional CMOS device. An operating speed,
however, is enhanced significantly compared
with the conventional ones, because the junc-
tion capacitance of the source/drain is re-
duced remarkably due to the very small area
of source/drain junctions. For a 71-stage un-
loaded CMOS ring oscillator, 128 ps/gate has
been obtained at power supply voltage of 3.3
V. Utilizing this proposed structure, a buried
channel PMOS device for the deep submicron
regime, known to be difficult to implement,
can be fabricated easily.
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I. INTRODUCTION

CMOS device is the major part for inte-
grated circuits over the past two decades
with the high scalability of the device.
There has been intensive research in scal-
ing down CMOS devices in order to achieve
high speed and packing density of CMOS
circuits [1], [2].

down, it is essential to implement a thin

As the device is scaled

gate oxide, a heavily doped substrate, and a
shallow source/drain junction. There have
been numerous device structures reported
in the literature to obtain the scaled down
CMOS. An alteration of the structure in
the gate was attempted to achieve the im-
munity of the short channel effect [3], [4].
In the case of source/drain structure, shal-
low junction formation is subject to CMOS
fabrication technology. Several papers have
reported the good results for shallow junc-
tion of the source/drain, such as elevated
source/drain [5], [6], that of using rapid
thermal process [7]-[9], and that of using
solid phase diffusion from a PSG [10] and
a BSG film [11]. However, there still exists
an issue to reduce the source/drain junction
capacitance caused by relatively large area
of the source/drain in the conventional and
the altered device structure, because the de-
vice scaling down results in the junction ca-
pacitance increasing. To reduce the junc-
tion capacitance in the source/drain, self-
aligned counter doped well formation tech-
nique was attempted [12]. In recent years,
the source/drain using amorphous silicon

local interconnection (ASLI) layer has been
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suggested to achieve the shallow junction
and small capacitance of the source/drain
junction simultaneously [13].

In this paper, CMOS device using
ASLI layer has been investigated by its
To reduce the

junction capacitance of the source/drain,

electrical characteristics.

the source/drain junction areas are signifi-
cantly reduced by self-aligned source/drain
scheme, and the very shallow source/drain
junction depth is controlled by a doped
amorphous silicon through the ASLI layer
to the bulk. The ASLI layer has important
roles in this device, and it is obtained very
easily in the fabrication sequences. It makes
the source/drain area in the bulk small sig-
nificantly, and makes the source/drain area
controllable very easily with its deposition
thickness [13]. It is very useful for the shal-
low junction formation in both NMOS and
PMOS source/drain region, simultaneously,
because it is a path of the dopant diffu-
sion sources from a doped amorphous sil-
icon layer to the bulk. Shallow junction
makes it possible to fabricate buried chan-
nel PMOS device in the deep submicron

regime.

Il. EXPERIMENTAL

The ASLI CMOS device has been fab-
ricated with exchange of the sequences be-
tween the gate and the source/drain fab-
rication steps in the conventional 0.5 pm
CMOS technology. The conventional LO-

COS process was used for the isolation of
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Fig. 15. Process steps for the CMOS device with self-aligned source/drain using ASLI layer: (a) thermal oxide/a-
Si/oxide deposition; (b) self-aligned S/D lithography and oxide/a-Si/oxide layer etch; (c) ASLI/spacer oxide
layer deposition; (d) oxide/ASLI layer etch, gate oxidation, gate poly-Si deposition and shallow source/drain

junction formation; (e) contact open and metallization.

each NMOS and PMOS device. The pro-
cess sequences until the end of LOCOS pro-
cess were exactly same as those of the con-
ventional CMOS process technology. The
fabrication steps for the ASLI CMOS de-
vice are shown in Fig. 1. After the LOCOS
process for a field oxidation, a thermal ox-
ide in the thickness range of 1000 A was
grown and an amorphous silicon film was

deposited successively in the thickness of
2000 A. We have chosen the amorphous
silicon rather than the polysilicon because
the surface morphology of the amorphous
silicon is known to be better than that of
the polysilicon. In order to form the ex-
tended interconnection of the NMOS and
PMOS source/drain, P and BF; implanta-

tions were carried out into the amorphous
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silicon layer separately in the dose of 4x 10!
cm~2, and 3.7x10" cm™2, respectively.
The implanted amorphous layers would also
be dopant diffusion sources to form the
small area of the source/drain and to form
the shallow junctions of the source/drain in
both NMOS and PMOS devices. An ox-
ide layer deposition in the thickness range
of 1000 A was followed by the implantation
A pho-
tolithography with the source/drain photo-

processes as shown in Fig. 1(a).

mask and the dry etch processes for the
oxide/a-Si/oxide layer were carried out sub-
sequently. The self-aligned source/drain
was defined as shown in Fig. 1(b). A ther-
mal oxidation at 850 °C, an implantation
for threshold adjustments, and a wet etch
process were performed sequentially. In or-
der to form a local interconnection to the
source/drain, the 1000 A ASLI and an ox-
ide layer in the thickness of 1000 A, respec-
tively, were deposited sequentially as shown
in Fig. 1(c). The dry etch processes for the
oxide and the ASLI layers were carried out
successively. In these processes the local
interconnections by the amorphous silicon
layer and the side wall spacers by the oxide
layer were formed. However, there would
exist lots of damage by the implantation
and the dry etch in the silicon surface. In
order to remove the damage, a sacrificial
oxide was grown and a wet etch process
for the oxide was carried out successively.
In these processes, almost all the damage
would be removed. In addition, the self-

aligned source/drain was partially formed
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by dopant diffusion through the ASLI to
the bulk region during the oxidation pro-
cess. In this oxidation step, the self-aligned
source/drain was not formed completely be-
cause the diffusion path via ASLI layer was
long enough to reach to the bulk. The com-
plete self-aligned source/drain in this de-
vice would be formed completely in the next
gate oxidation process. All the process se-
quences described above are different def-
initely from the conventional CMOS pro-
cesses. In Fig. 1(d), the gate oxide was
grown, the gate polysilicon was deposited
and POCI; doping in the gate polysilicon at
875 °C was carried out successively. Polysil-
icon gate interconnection was formed by the
conventional processes. Finally, the contact
and the metallization processes were carried
out in Fig. 1(e). From the gate oxidation to
the end of metallization processes, all the
process sequences are also the same as those
of the conventional ones except only com-
pletion of the source/drain junction forma-

tion during gate oxidation step.

I1l. RESULTS AND DISCUSSIONS

We have fabricated CMOS device with
self-aligned source/drain using amorphous
silicon local interconnection layer, and have
characterized its electrical properties. We
have carried out process and device simula-
tions by 2- dimensional simulator for both
NMOS and PMOS devices. We have con-
firmed the suggested proper structure in the

process simulations. The shallow junction
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Fig. 16. Two-dimensional process simulation results: ASLI CMOS structures for (a) NMOS, (b) PMOS.

of the source/drain using not RTP but con-
ventional furnace process could be formed
easily in both NMOS and PMOS simulta-
neously, because the ASLI layer extends the
dopants diffusion path of the source/drain
to the bulk. The ASLI layer was long
enough to control the junction depth of the
source/drain in NMOS and PMOS. Small
area of the source/drain in this structure
could be also formed easily by the only
ASLI layer thickness control.

1. Device structure

Figure 2 shows the process simulation
results for both NMOS and PMOS devices.
Simulations have been focused in the chan-
nel regions to determine the doping con-
centration and the junction depth of the
source/drain. The junction depths in the
simulation results are 0.08 pum for both
NMOS and PMOS. These are remarkable
results in the shallow junction formation in
current CMOS technology [6], [7], [9], [11].

In addition, there are great advantages of
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Fig. 17. A SEM photograph of self-align source/drain

region with bottom oxide/a-Si/polysilicon layer
in the thickness of 750/1000/1000 A, respec-
tively.

shallow junction depths of the source/drain
in both NMOS and PMOS, especially for
PMOS device compared with the conven-
tional ones, because the high diffusivity of
the boron in silicon makes it difficult to
form the shallow junction in the conven-
tional furnace process [11]. However, in
this structure, it is very easy to form the
shallow junction by the ASLI layer which is
long enough for the dopants to reach to the
bulk. Small area of the source/drain can
be made easily also by ASLI layer thick-
ness control. The area of the source/drain
in this structure can be reduced at least 10
times compared with the conventional ones.
This reduces the junction capacitance of the
source/drain significantly.

Figure 3 shows a SEM photograph of
the preliminary source/drain before com-
plete fabrication of the ASLI CMOS device
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Fig. 18. Current-voltage characteristics of the ASLI
CMOS for (a) NMOS, (b) PMOS.

structure. In this picture, the bottom oxide
layer has a thickness range of 750 A, the
amorphous silicon layer of 1000 A, and the
top polysilicon layer thickness is 1000 A.
The top layer is a polysilicon layer, which
was deposited intentionally in this case to
clarify the contrast during SEM work. It is
coincident with the CMOS structure in the

source/drain as shown in Fig. 2.
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Table 6. Electrical characteristics of the ASLI CMOS compared with the conventional CMOS.

UNIT Conventional CMOS ASLI CMOS

NMOS PMOS NMOS PMOS
Threshold Voltage \% 0.60 — 0.85 0.60 £0.01 | —=0.95 £ 0.01
Gate Oxide A 100 100 97 97
Subthreshold Slope mV/dec | < 90 < 100 79.4 +0.04 | —88.3 & 1.26
Effective Channel Length pm 0.45 0.45 0.46 £0.03 | 0.52 £ 0.04
Idsat(@3.3 V) mA/pm 0.38 0.19 0.37 = 0.02 0.14 + 0.01
Breakdown Voltage(@Id = 10 nA) \Y% > 8.0 < —380 > 8.0 < —80

2. Electrical Characteristics

Figure 4 shows the I-V characteristics of
the ASLI CMOS device. Drain saturation
currents in the channel width of 30 um at
Vop = 3.3 Vand Vgg = 3.3V are 12.3 and
4.5 mA for NMOS and PMOS, respectively.
These values are comparable in drain cur-
rent characteristics with the conventional
devices as shown in Table 1. Figure 5 shows
the dependence of the threshold voltages on
the effective channel lengths for NMOS and
PMOS devices.
tions are drain voltage of 0.1 V and back
bias voltage of 0 V for NMOS devices. For
PMOS devices, the polarity of drain and
back bias voltage is reversed. The thresh-
old voltages for NMOS devices are rolled

down near the effective channel length of 0.4

The measurement condi-

pum as shown in Fig. 5(a). These results are
caused by short channel effect of the surface
channel NMOS devices. For PMOS devices,

however, the threshold voltage rolling down
is suppressed at the same effective channel
length and the threshold voltages are co-
incident within £ 0.05 V in all the range
of the effective channel lengths as shown in
Fig. 5(b). This suppression of rolling down
shows a good characteristic compared with
the conventional devices, and the charac-
teristic is caused by shallow junctions of
source/drain in the buried channel PMOS
devices [14].

Figure 6 shows the subthreshold slopes
with respect to the effective channel length
for NMOS and PMOS devices. The sub-
threshold slope is one of the important char-
acteristics of CMOS device and circuit. The
average subthreshold slopes are 79.4, 88.3
mV/dec. for NMOS and PMOS, respec-
tively. They are obtained at the drain volt-
age of 3.3 V with gate voltage variations of

0.05 volt steps. These are similar results
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Fig. 19. The threshold voltage characteristics versus
the effective channel length in the channel width
of 30 um: (a) for NMOSFET(Vp = 0.1, Vg =
0 V); (b) for PMOSFET(Vp = — 0.1, Vg = 0
V).

compared with the conventional CMOS de-
vices for our case. For NMOS device sub-
threshold slope is almost constant in the ef-
fective channel length of 0.4 pm, however,
it is increasing sharply near to the effec-
tive channel length of 0.35 ym. In the case
of PMOS, however, it is increasing sharply
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Fig. 20. The subthreshold slope characteristics ver-
sus the effective channel length in the channel
width of 30 pm: (a) for NMOSFET, (b) for
PMOSFET.

near to the effective channel length of 0.5
pm. This is due to the increase of the
bulk punchthrough effect in buried channel
PMOS device [9].

Figure 7 shows the saturation drain
current characteristics versus the effective
channel length. The saturation drain cur-

rent characteristic is reverse proportional to
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the effective channel lengths. The results
are as good as this effect in both NMOS and
PMOS devices. The measured saturation
currents are 0.37, 0.14 mA /um at the effec-
tive channel length of 0.45 pym for NMOS
and PMOS device, respectively. The ra-
tio of the saturation drain current between
NMOS and PMOS device is 2.43 at drain
and gate voltage of 3.3 volts. The all electri-
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cal characteristics described here are sum-

marized in Table 1.

Figure 8 shows the CMOS ring oscilla-
tor characteristics of the new device. The
gate delay of a 71-stage unloaded ring os-
cillator with the effective channel length of
0.45 pm is 128 ps/gate at power supply of
3.3 V. Figure 9 shows the CMOS ring os-
cillator characteristics of the new devices
compared with the conventional ones in our
cases. The gate delay with the effective
channel length of 0.45 pum is represented
by solid reverse triangle in Fig. 9. With
an effective channel length of 0.65 pum, the
gate delay of the new device is enhanced up
to 35 %, compared to that of the conven-
tional devices in the same effective channel
length, which is represented by solid trian-
gle in Fig. 9. These results are due to the
remarkable reduction of the source/drain
capacitance using ASLI layer, even if the
resistance of the extended source/drain in-
terconnection compared with conventional
ones is increased. The structure of this de-
vice gives very shallow junction depths of
less than 0.1 gm in both NMOS and PMOS
devices, which are known to be difficult to
implement in the conventional device tech-
nologies using ion implantation and furnace
diffusion. With consideration of the shal-
low junctions and small capacitance of the
source/drain, this structure is one of the
most promising structures in deep submi-

cron regime.
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characteristics of the new devices and conven-
tional ones. The solid circles and solid rectan-
gles represent conventional ring oscillator char-
acteristics with the effective channel length of
0.65, and 0.8 pm, respectively. The solid tri-
angles and reverse triangles represent the new
ones with the effective channel length of 0.65,

and 0.45 pm, respectively.

IV. CONCLUSIONS

We have fabricated an ASLI CMOS de-
vice and investigated its electrical prop-
erties. The electrical properties are very
close to the conventional CMOS devices,
such as threshold voltages, saturation drain
currents, subthreshold slopes, and break-
down voltage characteristics in both NMOS
and PMOS devices. However, an operating
speed characteristic is excellent compared
with the conventional one due to the shal-
low junction and small area of source/drain
in spite of the larger resistance of the ex-
tended source/drain interconnection. The
gate delay of the 71 stage ring oscillator is
128 ps/gate. The ASLI layer makes it pos-
sible to control the junction depth of the
NMOS and PMOS source/drain less than

0.1 pm in the conventional furnace process.
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