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A high-performance accumulated back-interface dynamic threshold silicon-on-insulator metal-oxide-semiconductor field
effect transistor (AB-DTMOS) with a large body effect at low supply voltade « 0.5V) is proposed for low-power appli-
cations. In AB-DTMOS, the back interface between the non-doped thin SOI and the buried oxide is accumulated by a large
negative substrate bias, and the gate electrode is connected to this electrically induced body. AB-DTMOS realizes an ideal
low/ultrahigh step channel profile electrically and achieves the maximum body effect. Atiixatie body effect factory)
of AB-DTMOS is twice as large as that of the conventional uniformly doped channel DTMOS, because the channel depletion
layer width of AB-DTMOS is half that of the conventional DTMOS. Experimental results show a steep subthreshold slope, a
high current drive due to a larg&, shift, and a suppressed short channel effect.

KEYWORDS: dynamic threshold MOSFET (DTMOS), SOl MOSFET, body effect, low voltage, low power, high performance,
accumulated back-interface

) channel depletion layer widthgg, is the SOI thickness, and

1. Introduction tiox iS the gate oxide thickness. In the conventional DTMOS, a

The most effective approach for reducing power consumpmiformly doped channel profile is assumed, and the channel
tion of LSl is supply voltage scaling. The dynamic threshédepletion layer width is reduced by the high channel doping.
old metal-oxide-semiconductor field effect transistors (DT AB-DTMOS, the channel depletion layer width is equal to
MOSs) are attractive for very low power applications dug¢he SOI thickness. Therefore, by thinning the SOI thickness,
to the ideal subthreshold slope and the high current drive AB-DTMOS can reduce the channel depletion layer width
very low supply voltage\zg < 0.5V).1"") In DTMOS, the and realize a largey, thus, achieving a higher current drive
gate electrode is tied to the body. When the gate is turnéldan the conventional DTMOS.
on, Vi, is lowered byA Vi, due to the positive body bias and The accumulated back-interface devices with suppressed
the current drive is enhanced. Therefore, in order to desigort channel effect have already been proposed as electri-
a high-performance DTMOS, a large body effect for largeally thinned intrinsic channel (ETIC)-SOlI MOSFET,in
AVy, is essential. In this paper, we propose a novel accumwhich the gate is not connected to the body. They have: (1)
lated back-interface dynamic threshold silicon-on-insulatgvoor subthreshold slope-(100 mV/dec) due to a small chan-
MOSFET (AB-DTMOS), in which a very large body effect nel depletion layer width, (2) low current drive due to very

is achieved by a thin SOI thickness. high vertical electric field resulting from low mobility, and
(3) severe floating body effect due to accumulated holes at
2. AB-DTMOS the back interface. By connecting the gate to the body, AB-

Figure 1 shows a schematic view of the proposed ABBTMOS overcomes all the above drawbacks and realizes:
DTMOS. The back interface between the non-doped thin S@1) an ideal subthreshold slope (60 mV/dec), (2) a high cur-
and the buried oxide is accumulated by a large negative back
bias. The buried oxide thickness is determined by a balance
between the source/drain parasitic junction capacitance and

the back bias for the accumulation of back-interface. The N+ .
gate electrode is connected to this electrically induced body. n pOIy'S|
In the pMOS case, all the polarity shown in Fig. 1 is reversed. e
In CMOS application, the back gates below the buried oxide n+ \ p' n+
can be fabricated by the ion implantation through the buried ‘@@®@@®
oxide®? The body effect factors/) of the conventional DT- >
MOS and AB-DTMOS are expressed as egs. (1) and (2), re- //// b/u/ﬁgé//cg({gg////
spectively: ///////////// A

AV, C t

Y(conventional DTMOS)= ‘AV: = CfD = 3|fli (1) p+ SUb
S 0X
_ Csor ., tox J' Vsub
Y(AB-DTMOS) = =3— 2
Crox tso

whereCro, is the gate oxide capacitandgp is the channel Fig. 1. A schematic view of AB-DTMOS. The back interface between the

depletion capacitanc€so is the SOI capacitancés is the non-doped thin SOI and the buried oxide is accumulated by a large neg-
ative substrate bias. The gate electrode is connected to this electrically
*E-mail address: taka@nano.iis.u-tokyo.ac.jp induced body.
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rent drive due to a larg¥y, shift and a high mobility, and oxide thickness to the SOI thickness is high. Figures 4 and
(3) no floating body effect. Therefore, the AB-DTMOS ha$ show theVy, rolloff and the subthreshold slope degradation
the advantages of both the ETIC-SOI MOSFET and the coby the short channel effect. The definition \gf, is shown
ventional DTMOS. In addition, AB-DTMOS suppresses thén the inset of Fig. 4. AB-DTMOS has an ideal subthresh-
short channel effect better than ETIC-SOI MOSFET, becaustd slope and suppresses the short channel effect very well.
the drain depletion layer width is reduced by the forward bodi Fig. 6, the on/off characteristics are compared. In this fig-
bias in DTMOS. ure, the supply voltage is not 0.5V but 1.5V, becaugeof
i ETIC-SOI MOSFET is 0.9V. In each device, the gate length

3. Experimental is changed. AB-DTMOS shows a high current drive and a

The AB-DTMOS and the ETIC-SOlI MOSFET are com-low off-current, while ETIC-SOI MOSFET shows a low cur-
pared in the experiment. The devices measured are fully dent drive and FD SOl MOSFET shows a high off-current.
pleted (FD) SOI devices fabricated on a Separation by IM- ] ) _
planted OXygen (SIMOX) wafet:? The thicknesses of 4. Comparison with the Conventional DTMOS
the gate oxide, SOI, and buried oxide are 10 nm, 40 nm, andy of AB-DTMOS and the conventional DTMOS are com-
100 nm, respectively. An'fnpoly Si gate is used and the chan-pared analytically. In the conventional DTMOS, a uniformly
nel doping concentration is of the order of'86m~=. The doped channel profile is assumeWy, for both devices are
devices have body contact terminals. In order to show tlexpressed as a function pf

advantages of AB-DTMOS, we have measured a single de- Vegd

vice in the three modes shown in Table |. Whég = 0V Vih (conventional DTMOSY= 2¢F1 — 112 3
and Vg, = 0V (depleted back-interface), the devices oper- v |7/

ate in the FD SOl MOSFET modg. Whafys = 0V and ' Vin (a8-DTMOS) = 20F2 — FB2 4)
Vsup = —20V (accumulated back-interface), they operate in 1+y

the ETIC-SOI MOSFET mode. When the gate is tied to the
body (Vs = Vg and Vs, = —20V, they operate in the
AB-DTMOS mode. Figure 2 shows the subthreshold char-
acteristics in the three modes/, of ETIC-SOI MOSFET -6 Vbs=0.7V
is too high and that of FD SOI MOSFET is too low, bdt, ’E\ 10
of AB-DTMOS s just between them. Figure 3 shows the =
subthreshold characteristics of AB-DTMOS and ETIC-SOI

MOSFET whereVy is varied by 0.1V steps. The body cur- 3 10'9
rent of AB-DTMOS is also shown. AB-DTMOS hasthe same o

y as ETIC-SOI MOSFET, because they have the identical de- —
vice structures. Therefore of AB-DTMOS is derived from 9N 992

Lg :1|,lm

o .
the Vi,s dependence o¥, in ETIC-SOI MOSFET. Derived —10 Vds =0.5V
y from Fig. 3 is as high as 0.8, because the ratio of the gate | Vsub:-|20V
0.0 0.3 0.6
Vgs(V)

Table I. Three operation modes of the devices measured.

Fig. 3. Subthreshold characteristics of AB-DTMOS and ETIC-SOI MOS-

Operation mode Vos Vsub T Where bocy vOISGA 1 varied ffom OV 10 0.7 by 0.1V atops.
FD SOIMOSFET ov ov Body current () of AB-DTMOS is also shown. Deriveg is as high as
ETIC-SOI MOSFET oV —20V 08.
AB-DTMOS = Vs 20V
1.0p
05k ETIC
E | ETIC Z0.0f =
ol L > C W ]
EJ 109— \ _05__ VthEVgS@Ids:fx107(A)
2 ~"AB-DTMOS : B
12 Lg=0.8Hum 1 0F Vd|8—05
107/ | Vds=0.5V o —— !
05 0.0 05 10 1.5 Lo(Uum
Vs (V) g(Lm)

i o Fig. 4. Dependence o, on gate length. AB-DTMOS has appropriate
Flg. 2. Subthreshold characteristics of the FD SOl MOSFET, ETIC-SOI Vih and suppresses the short channel effect well. The deflnltl(‘!{hﬂs
MOSFET, and AB-DTMOS shown in Table I. The gate length isuh@ shown in the inset.
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Fig. 5. Dependence of subthreshold slope on gate length. AB-DTMOS hkig. 7. Dependence akn ony by the simulations for the conventional DT-

an ideal subthreshold slope and suppresses the short channel effect well. MOS (gate oxide thickness is 3nm), and AB-DTMOS (gate oxide thick-
ness is 3nm or 10 nm). In the conventional DTMOS, a uniformly doped
channel profile is assumed. Experimental d&a & 0.45V,y = 0.8) is
also plottedy of AB-DTMOS is twice as large as that of the conventional
DTMOS at a fixedVin.

=
1 ol
()] »

impurity scattering is dominant. An AB-DTMOS with a
non-doped channel is possible, because the channel depletion
layer width is determined by the SOI thickness and the chan-

=

ol
(o]
I

OV)(A/pm)

I 10-10_ ETIC AB-DTMOS nel impurity is not essential. Therefore, AB-DTMOS also
% 12] 0 Y shows a higher mobility than the conventional DTMOS due

="10 ® _ to a less impurity scattering. Both largeand high mobility

\-E _14§ * | Vs T 1.5V in AB-DTMOS result in a higher current drive.

©10 —50 100 150 200

lon (Vgs=1.5V)(LA/KmM) 5. Conclusions

We have proposed a high performance AB-DTMOS with
Fig. 6. Onloff characteristics of FD SOl MOSFET, ETIC-SOI MOSFET,a large body effect at low supply voltage. AB-DTMOS has
and AB-DTMOS. The gate length is varied. AB-DTMOS shows a highg thin depletion layer width corresponding to the SOI thick-
gﬂg\l‘flnctu‘:;gft?m:;z‘g gfg‘;‘gmtdgg"é’?"ser:'oi'gﬁg%' g;'fiifrgfhow?\ess and an ideal low/ultrahigh channel profile, resulting in
the maximum body effect. Experimental results show a steep
subthreshold slope, a high current drive due to a large
wheregr; andgr, are Fermi potentials and-g; andVeg, are  shift, and a suppressed short channel effect.
work function differences. At a fixeW,, it is expected thay
of AB-DTMOS will be twice as large as that of the conven/icknowledgements
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