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Abdtract : Silicorrorrinsulator dynamic threshold voltage MOSFETs with TiSi2/p Si as reverse Schottky barriers
(RSB) are presented. With this RSB scheme,D TM OS can operate beyond 0. 7V ,thus overcoming the drawback of
D TMOS with the gate and body connected. The experimental results demonstrate that the threshold voltagein DT
mode with an RSB is reduced by about 200mV at room temperature. SOl MOSFETsin DT mode with an RSB have
advantages such as excellent subthreshold slope and high drivability over those under normal mode operation. The
breakdown characteristics of SOl MOSFETSs in the off-state are compared for the DT mode with RSB ,floating

body mode,norma mode.
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1 Introduction

As the critical dimendons of devices are scal-
ing down, supply voltage must be reduced to a
chieve good device performance and low power dis
dpation. For circuit speed consderations, the
threshold voltage must be dropped as well. Howev-
er ,the reduction of threshold voltage gives rise to
another problem ,the increase of off-state current ,
which can consume more standby power in a static
circuit and increase the posshility of falure in dy-
namic circuits and memory arrays’ .

The dynamic threshold wvoltage MOSFET
(DTMOS) proposed by Assaderaghi et al.! re-
solves the above problems. By shorting the gate to
the body ,the threshold voltage under DT mode op-
eration is reduced due to the forward biasng of the
body/ source junction ,so the drivability is drastical-
ly improved in the on state. Snce the device exhib-
its the same normal mode threshold voltage in the
off state (because Ves = Ves = 0V) ,low standby
power consumption is retained. Subthreshold dope
and short channel effects are also significantly inr
proved due to the dynamic body potential'* °.

However ,the pn diode between the body and
source turns on if Ves =Vas > 0. 7V for n-channel
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DTMOS. A condderably large leakage current due
to the turnon diode current between body and
source is a disaster in DT mode. Therefore, the
power supply voltage for DTMOS is restricted to
0. 7vM . Ways to raise the power supply of DT-
MOS have been studied, such as a planar double
gate DTMOS structure!”® and a shallow source/
drain junction”. But these methods increase
process complexity. In this paper ,DTMOS with a
Tid2/p~ S reverse Schottky barrier on the body
contactsisproposed. Using this structure DTMOS
can be operated beyond 0. 7V and exhibit excellent
device performance. As much as we know ,thisis
thefirst time that SOl DTMOSwitha TiSz2/p™ S
reverse Schottky barrier is presented.

2 Device fabrication

The@3 m/0. @ mDT nMOSFETs with reverse
Schottky barriers were fabricated on 150mm SI-
MOX ( separation by implanted oxygen) wafers
from Smgui Corp. The material parameters are as
follows:p (100) ,10 202 - cm,500nm-thick top
slicon film ,and 375nm-thick BOX (buried oxide) .
Initially ,the thickness of the top slicon film was
reduced to 400nm by growing and stripping sacri-
fice oxide. Then L OCOS (local oxidation of slicon)
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technology was used to isolate devices followed by
field implantation of B* ions. Back channel implan-
tation of B* ions and front channel implantation of
BF, ions were performed to avoid leakage through
the back channel and adjust the threshold voltage
of the front channel. A 0. & mrlength gate was
formed with 18nm gate oxide followed by LDD inm-
plantation. Arsenic and phosphorus ions were im-
planted to form an n* source/ drain and a poly-
gate ,respectively. In order to activate the impuri-
ties that implanted in the slicon film ,a rapid ther-
mal processing (RTP) at 1000 was performed. A
30nm Ti film was sputtered followed by a 20nm
capping layer of TiN. Two-step RTA was used for
Ti-dlicidation. After the dlicidation, the devices
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were metallized using a typical back-end flow. SOI
norma mode,floating mode,and DT mode with
@BC NnMOSFETs were al s fabricated through the
same process. The only difference in layout be
tween the DTMOS with GBC and DTMOS with
RSB structures shown in Fig. 1 below is whether
the body contact region was implanted with a high
dosage of boron ion. If p* implantation was per-
formed ,then ohmic contact is formed between the
gate and body. If not ,the gate and body are con-
nected by a reversed Schottky barrier. Figure 2
gives a schematic cross sectional view of the SOI
DT nMOSFETs with BC and RSB (TiS:/p~ 9)
structuresin this paper.
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Fig.1 Layoutsof DTMOSwith gate and body connected directly (a) and DTMOS with gate and body connected by re-

versed Schottky barrier (b)

3 Resultsand discussion

After the formation of 81 m/ 0. 8 m devices,e-
lectrical characterizations were carried out with a
Keithley 4200SCS semiconductor characteristics
system. The drain currents of 1 x 10" °A and 1 x
10 °A are defined as threshold voltage and break-
down voltage points,respectively.

The gate-to-body connection of the DTMOS
with R was through an n” polysilicon gate, Ti-
S2/p” S Schottky barrier and p~ body. The basic
principle of DTMOS with RSB is the dynamic po-
tential of the body that changes with the gate volt-
age to vary the threshold voltage. Snce the TiS:/
p- S Schottky barrier is reverse-biased, the pn
junction of the body/ source will not turn on when

Ve >0 7V. Thisis the reason why SOl DTMOS
with RSB can work beyond Q. 7V. Figure 3 illus
trates the characteristics of the 21 m x 21 m Schott-
ky barrier diodein this study.

The |-V function of the Schottky diode can be
expressed as | = Isexp (qV/ nkT) ,1s= ST’ x A “exp
(- &/ kT). A is the effective Richardson con-
stant, V is the bias voltage, Is is the saturation
current, S is the area of the Schottky diode, % is
the potential barrier height,and n is the ideality
factor. From calculation,® and nin this work are
about 0. 52V and 1,respectively.

Figure 4 (a) shows the output characteristics
of DTMOS with GBC. It is obvious that as Ves >
0. 7V ,significant leakage occurs through the turn-
on of the body/ source junction. This is the reason
that DTMOS with GBC only works under Q. 7V in
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Fig. 2 Schematic cross sectional view of SOI DT
NMOSFETs with (BC structure (a) and with RSB
structure (b)

oo
[=

[ —=~— Schottky diode

k=)
(=)
T

Current/pA
B
S

Region it works n
DTMOS with RSB

b
(=]

5 10
Bias voltage/V
_20t

Fg.3 Characteristics of the 21 m x 21 m Schottky bar-
rier diode in this study with TiSiz portion fixed at OV
and sweeping the voltage of p-body

many reports. Figure 4(b) gives the output char-
acteristics of normal mode operation (H-gate and
body contacts are fixed at OV) and a DTMOS
with RSB at room temperature,where Ves varies
from 0.5 to 3V, with a 0. 5V step. No obvious
leakage current was observed in the D TMOS with
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Fg.4 Output characteristics of 8 m/ 0. & m devices
(a) DTMOS with GBC structure; (b) DTMOS with
RSB structure and normal mode operation at room
temperature

RSB due to the avoidance of turning on the body/
source junction.

In addition, the DTMOS with RSB shows
higher drivability in normal mode operation. The
threshold voltage of the DTMOS with RSB drops
when the gate voltage rises,so the difference of
drive current between the D TMOS with RSB and
normal mode operation is greater. But the ratio of
lon (DTMOS with RSB) and l. (normal mode op-
eration) decreases. The ratio is 3 when Ve =1V,
1 4when Ve =2V ,and 1L 22 when Ve =3V.

Figure 5 gives a comparison of subthreshold
characteristics between the DTMOS with RSB
structure and normal mode operation at room
temperature. The leakage currents of these devices
in the off state are almost the same. For normal
mode operation, Vos =0. 1V ,the SS (subthreshold
slope) =100mV/ dec,and the threshold voltage V+
=580mV ,while Vps =3V ,the SS =97. 5mV/ dec,
and the threshold voltage Vr = 560mV. For the
DTMOS with RSB, Vos = 0. 1V, the SS = 67. 2
mV/ dec,and the threshold voltage Vr = 380mV
while Vos = 3V, the SS = 65 3mV/ dec, and the
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threshold voltage V: = 370mV. We assume that
the subthreshold slope has a value near the ideal
subthreshold slope (60mV/ dec) at room tempera-

ture,which indicates good device perf ormance.
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Fig.5 Subthreshold characteristics of normal mode
operation and DTMOS with RSB under drain bias of
0. 1 and 3V for comparison

Here we consider the reason why the sub-
threshold slope of the D TMOS with RSB is so per-
fect. As described in Ref. [10],the subthreshold
slope is equal to nkT/ glnl0 under normal mode
operation. But in DTMOS, the SS equation is
changed to be:

1 _ n(Ves) KTIni0
ss = (daloy-1 _ n(Ves) KTInl0

ov GAVAN
- art - aVGs]
Also,n=1+—2 +-S Here G is the depletion
COX COX

layer capacitance,Gt = qDit ,Dit is the interface-trap
density ,and Cox is the gate capacitance. Reference
[1] points out the fact that in DT mode,the re
duced threshold voltage is due to the reduction of
the body charge and G>. When the threshold volt-
age becomes minimal ,the body charge is totally e
liminated. Therefore nis reduced with the rise of

Ves.On the other hand _mg\/v is negative ,as men-
GS

tionedin Ref. [7]. As a result ,the DTMOS with
RSB shows perfect subthreshold characteristics.

The off- state breakdown characteristics are il-
lustrated in Fig.6. The breakdown voltage of float-
ing body mode operationis 6. 2V because of thein-
fluence of FBE (floating body effect) ,while the
breakdown points of norma mode operation and
the DTMOS with RSB reach 11 7 and 11 8V re
spectively. The breakdown curve of the DTMOS
with RSB isa bit steeper than that of normal mode
operation ,as shown in Fig. 6.
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Fg.6 Off-state breakdown characteristics of floating
body mode operation,normal mode operation and DT-
MOS with RSB

4 Conclusion

DTMOS with a TiS2/p~ S reverse Schottky
barrier on the body contactsis proposed. This type
of device structure does not require extra process
steps and is compatible with SOI technology. A
DTMOS with RSB extends the power supply volt-
age of DTMOS with GBC beyond 0. 7V. Both the
saturation current and subthreshold dope can be
improved by this scheme.
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