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Lower Submicrometer MOSFETs Fabricated by Direct EB Lithography

A. Tor i umi and M. I vrase

VLSI Researeh Center, Toshiba Corporation

1, Komukai Toshiba-cho , Kawasaki ?LO

Lower submicroneter MOSFETS were fabricated by direet EB lithograBhy.
They have excel lent current-vol tage characteristics wi th high
transconductance. Saturation velocity in the inversion layer has been
obtained from the channel length dependenee of the intrinsic
transconductance in the saturated region. The importance of the
parasitic resistance has been enphasized from a viewpoint of the
device caBability in lower submicroneter MOSFETS.

1. INTRODUCTION

VLSI developments require lower sub-

micrometer MOSFETs to achieve higher speed

and higher density of the circuits. On the

other hand, i t is highly attractive for
device physicists to fabricate the ul tra
small transistors and to study the carrier
transport in those devices. A few Bapers

report the electrical properties of lower
submicrometer MOSFETS by using electron bean

I i thography [1], or by using the del icate
fabrication processes tZ). Recently, NTT

group t3l demonstrated the possibility of the

extremely high transconductances of lower

submicroneter MOSFETS by using ultra thin
gate oxides.

In this paper, the device ch.aracteristics
and physics rather than the fabrication
teehnique are mainly described for the lower

submi croneter MOSFETS.

2. DEVICE DESCRIPTION

The devices used in this work v{ere conven-

tional n and p channel MOSFETS fabrieated by

s-r-5

the direct EB lithography. Both of them have

n polysilicon gate. Gate oxides, bnm and g

trm, were thermally grown at 900 C in dry
oxygen diluted by Ar. The junction depth for
n channel MOSFETs is 0.12 qtrrt, though deeper
junctions at the contact areas rvere forrned by

ion-implanting of As from the contact holes.

3. RESULTS

Figure I shows the current-vol tage charae-
teristics in the ohmic and saturated region
for n and p channel MOSFETs rvi th effeetive
channel lengths of 0.3 pn. Both of thenr

show no evidence of punch-through, though the

sl ight short channel effeets are observed in
p channel MOSFETs. Subthreshold slope
faetors, S, 8t VD=2 V for n and p channel
MOSFETs are 85 and 100 mV/dee, respectively.
Figure 2 shows the effective ehannel length
dependence of the inverse of the transcon-
duetance , Il/gn. C.G. Sodini et al . suggested
in Eq. (15) in ref. t4l that the inverse of gm

is linearly dependent on the channel length.
The experinental results are consistent with
the theory. Furthermore, the ul tinate value
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Fig. l Current-vol tage characteristics in
ohmic and saturated regions for (a) n channel
(b) p channel MOSFETs, with effective channel
I ength of 0.3 tt n.

of BD, by extrapolating the line to zero of
the channel length, seens to be dependent

only on the oxide thickness, regardless of
both the channel type and the doping concen-

trat i on.

The mobility in the linear region is an-

other important subject, both in aehieving
high speed circuits and in studying deviee
physics in small size devices. Thus, the

ternperature deBendence of the f ield ef fect
nobility was measured as a parameter of the
channel length, &s shown in Fig.3. The tem-

perature dependence of the subthreshold slope
is also shown. As the channel length de-

creases, the mobility seems to be less en-

hanced by decreasing the temperature. Though

the applied drain voltage was changed in the
linear region, the results were unchanged, as

shown for 0.3 lr m MOSFET in Fig.3. There-

fore, the nobi I i ty reduction of the smal I

size MOSFETS at low temperatures eannot be

explained only by the hot electron effect

L6 tprnl

Fig.2 Inverse of the transconductance versus
effective channel length of MOSFETS wi th
different oxide thicknesses and with differ-
ent doping concentrations.
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Fig.3 Temperature dependence of the mobility
obtained experinental ly as a paraneter of
channel length. The results in two different
drain biases are shown for 0.3 Un MOSFET
( o ;V^=lOmV, A iV^=50mV). Subthreshold slope

U,U,tactors are also snown.

t5l .

The substrate current sharply decreases

with the gate voltage increase in the case of
the long channel MOSFET, whi le in the short
channel MOSFET, the decrease in the substrate
current is relatively small. The substrate
currents, normalized by the channel currents,
are shown in Fig.4 for MOSFETS with various

channel lengths. The change of the normalized

substrate current with the gate voltage be-

comes remarkable for the devices wi th the
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channel length of less than I p m. In order
to clarify the origin of these results, the
electric field distributions were calculated
by two-earrier device simulator. It was shown

that, though the maximum electric field in
the channel renains nearly constant even by
the channel length reduction, the high elec-
tric field region is effeetively extended to
the channel.
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Fig.4 Impact-ionization efficiency versus
gate vol tage for various ehannel lengths
MOSFETS under two fixed drain voltages.

4. DISCUSSION

In this section, the parasitic resistance
effects on the transconductance in the satu-
rated and the linear region are discussed. In
the MOSFET with no short channel effect in

I
the saturated region, intrinsic gm, gm , can

be expressed as follows t6l.

ex
gn

(1)

{ l-gr"*r.R, )

ex
, where gm represents gm obtained experi-
mentally and Rs does the Barasitie resistance
in the source side. Here, devices with the
sane structure as MOSFETs without gate elec-
trode, tts shown in the inset in Fig.S, were

used to evaluate the total parasitic resist-
ance, RT, of the MOSFETs. Figure b shows that
RT's in the MOSFETs with the channel width of

10 p m used in this work are g0 ohms for n

channel and 60 ohms for p channel,
respectively. They can be obtained by extrap-
olating the lines to zero of Lmask. If Rs is
assumed to be a half of R_, the intrinsic gn

Tcan be obtained for the MOSFET with each

channel length. The same procedure as in
Fig.Z was performed for the intrinsic gm's.

Table 1 shows the ultimate values of the in-
trinsic gm's calculated by the extrapolation.
Furthernore, the saturation velocity in the
inversion layer can be evaluated by taking
accout of the finite inversion layer thick-
ness. In this work, the values of 30 A in n

channel and 40 A in p ehannel MOSFETs were

used for the average width of the inversion
layer l7J, Reeently, MIT group reported the
veloeity overshoot in the ultra short ehannel

MOSFETS [8], whieh is the carrier transport
phenomenon in non steady state. On the other
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Fig.5 Parasi tic resistance
which is shown in the inset.
diffusion layer exists in the

versus Lmask,
In faet, only

channel.

Table I Ultimate
saturation veloci

transconductance values and
ties calculated by Eq.(1).

Chonnel
Typa n p

Tox nm 5 I I
NlxlOls/cm3 2.5 o.5 2.5 o.5 o.5

9rl mS/mm -38O -43O -330 -34( -26O

Vsot xlOscrn/s 7 I 9 9 7
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hand, Table I shows the saturation veloci ty
in the inversion layer in a steady state,
which is thought to be the first experinental

results not influenced by the drain pinch-off

effect, except for those by the time of

flight technique [9].
In the linear region, gt*t becomes
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Fig.6 Temperature dependence of the inverse
of parasitic resistance. Mobilities calcu-
Iated by Eq.(2) are also shown, where it is
assuned that 100 p m MOSFET has intrinsic
mobi 1i ty.

gm

(2).

regions were investigated by taking the para-

si tic resistance into consideration. The

saturation veloci ty in the inversion layer

was obtained from the ul timate value of the

intrinsic gm. It becomes more important, for
real izing lover submicroneter MOSFETS, to

consider the parasitic resistance in the MOS-

FET in detail.
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Here, Bd represents the drain conductanee.

In order to investigate the parasitic resist-
ance effects on the mobility of the MOSFETS

with short ehannel lengths, the temperature

dependence of the R1 \{as measured, &s shown

in Fig.6. Figure 6 also shows the results of

the mobility calculated by Eq.(2). It is

clearly shown that the apparent mobi I i ty

reduction of the short ehannel MOSFETS at low

tenperatures is mainly attributed to the

effect of the parasitic resistanee.

5. SUMMARY

Lower submicrometer MOSFETs vere fabricated

by direct EB lithography. The transconduct-

ances in both the saturated and the linear
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