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High Drive-Current Electrically Induced Body
Dynamic Threshold SOl MOSFET (EIB-DTMOS)
with Large Body Effect and Low Threshold Voltage

Makoto TakamiyaMember, IEEEand Toshiro HiramotoMember, IEEE

Abstract—A novel electrically induced body dynamic threshold Front Gate
metal oxide semiconductor (EIB-DTMOS) is proposed where the
body is electrically induced by substrate bias and its high per- n* poly-Si
formance is demonstrated by experiments and simulations. EIB- ‘,Af’cox
DTMOS achieves a large body effect and a low;; at the same . @e%)eo .
time. The upper limit of the supply voltage of the EIB-DTMOS is n Cp n
higher than that of a conventional DTMOS, because the forward /\I
biased p—n junction leakage current of the EIB-DTMOS is lower. | [~~~ Y <-Depletion Region
Among several DTMOSs, the accumulation mode EIB-DTMOS p Body " <}-Neutral Region

shows the highest drive-current at fixed off-current due to a large
Vi shift (or large back gate capacitance) and a suppressed short
channel effect.

Index Terms—Body effect, DTMOS, low power, low voltage, SOl Fig. 1. Interpretation of the DTMOS as a kind of “double gate MOSFET." In
MOSFET. DTMOSs, a single channel is induced not only by anpoly-Si gate but by a
neutral region (body), because the gate is connected to the body.

Back Gate

|. INTRODUCTION compared with a conventional MOSFET. It is interesting that

HE REDUCTION of the supply voltage of a MOSFET isthe requirements for the body effectin a DTMOS and a normal

essential to decrease CMOS power consumption. HoOMOSFET are opposite [12]. In a normal MOSFET, a small
ever, as the supply voltage is reduced, it becomes very diffiedy effect is desirable to avoid a high electric field perpendic-
cult to realize both a high drive-current and a low off-currentilar to the channel and a reverse body effect in stacked circuits.
Therefore, the top priority in a low power device design is high Another interpretation of the higher drive-current of a
drive-current at low off-current and low supply voltage. The dypTMOS compared with that of a conventional MOSFET is to
namic threshold MOSFET (DTMOS) [1]-[8], where the gateonsider the DTMOS as a kind of “double gate MOSFET” as
is connected to the body, can realize both high drive-currestiown in Fig. 1. A single channel is induced by both the front
and low off-current at very low supply voltage below 0.6 V, begate and the back gate. The front gate capacita@gg) (is a
cause it has an ideal subthreshold slope and a high drive-curr@ermal gate oxide capacitance, and the back gate capacitance
DTMOS circuit operation at 0.5 V supply voltage is also demorf€'p) is a forward biased p—n junction capacitance between the
strated [9]-[11]. channel and the neutral body region. The total gate capacitance

In [1], [2], [4], [7]-[10], the higher drive-current of the of DTMOS isC,, + Cp, and (L + ) times as large as that of
DTMOS than that of the conventional MOSFET is explained conventional MOSFET [2], when the body effect factg) (
by its “dynamic threshold voltage,” where the threshold voltage defined as
(Vi) is dynamically changed by a positive body to source bias AV,
(Vis(=V,5)). To enhance the drive-current of the DTMOS, a v = ‘AV o> 1)
large body effect is essential [3], because the gate drive of the bs oF 4
DTMOS is increased bA V1, (=Vin(ves=o0 v) — Vin(ves=vdaa)) Wherel, is the channel depletion layer width ang is the gate
oxide thickness. Therefore, a largdeads to a large drive-cur-
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| u] i n
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i You1 5 & Vil doped wells in a normal bulk MOSFET. However, the distance

between p and nt doped substrates needs to be increased to
ul avoid reverse bias p—n junction breakdown. Another measure
nMos pMOS is deep trench isolation betweerf @nd - doped substrates.

Fo* poty-Si T Complementary doping of substrates can be done by ion im-
= St plantation through the buried oxide [13], [14]. Contacts to the
i+ n nt ot p ot pt/nt doped substrates are fabricated through STI (or LOCOS)
MR T [ ST and the buried oxide [13], [14]. Complementary large static sub-
buried oxide strate biases are supplied externally or generated within the chip.
+ i L nt
1 ; C. Large Body Effect Factor in EIB-DTMOS
N B A s o b As shown in (1), a large body effect factoy)(can be ob-

tained by the reduction of channel depletion layer widgh &t
fixed gate oxide thickness. In a conventional DTMQSSis de-
Fig. 2. Schematic cross sections of the proposed EIB-DTMOSs. The géérmined both by the channel profile and by the channel doping
electrode is connected to the body. (a) Inversion mode. (b) Accumulation moe%ncemration. In an EIB-DTMOS, howevéy, is determined
. . , ) , .. only by the SOl thickness. Therefore, by thinning the SOI thick-
large~, while V;;, is determined by impurity concentration iNness, the EIB-DTMOS can reduteand realize a largey and
the SOI layer. Experimental and simulation results demonstrate,c 5 higher drive-current, than the conventional DTMOS. Re-
the superiority of the EIB-DTMQS to 'Fhe conventional DTMO%ucedld also leads to a suppressed short channel effect.
and the normal SOl MOSFE%.isas highas 0.8-1ard. can oy |ow voltage DTMOS design, not only largebut also

be set to around 0.1 V. low V;;, are important. In a uniformly doped channel MOSFET,
~ andVy;, are closely related and largeleads to hight;,. In
IIl. PROPOSEDEIB-DTMOS order to determine; and V;;, independently, the channel pro-
A. Device Structure of EIB-DTMOS file must be optimized. Large at low V4, can be obtained by

%unter doping and an abrupt low-high step channel profile for
EIB-DTMOS in the inversion mode and in the accumulatiol'® body [3]. In the conventional DTMOSs, the channel profile

mode. They have different types of dopant in the SOI lay ﬁd_etermin(_aq by'impurity dopi.ng and subsquent impurity dif-
The body region is electrically induced (accumulated in t ysion, and it is difficult to obtain a steep low-high step channel

inversion mode and inverted in the accumulation mode) jofile. I—nge.t;yg}owirvth IInDa'tPI\/IInOdSIUrT Crtl)annel DTMOS
a large static substrate bias at the back-interface in the pared wi 2 channe as been experimen-

layer. In EIB-DTMOSs the gate is tied to this electricall al Yy dgmonstra;ed [8]. In an EIB_DTMOS’ however, chanpel
induced body (EIB) via a body contact terminal. In the ca ofile is determined electrically and ideal abrupt low-ultra-high

of the inversion mode EIB-DTMOS the conducting chann&tep channel .proflle is realized, which is steeper than in any
is induced by inversion, and in the case of the accumulati(%he_r conventional DTMOS. Therefore, the EIB-DTMOS can
mode EIB-DTMOS the conducting channel is induced bg?al'ze the largesy at the lowes#,.
accumulation. If a large substrate voltage is not applied, the
inversion mode EIB-DTMOS operates as the fully depleted SOI
MOSFET shown in Section I, and the accumulation mode The inversion mode EIB-DTMOS is compared with con-
EIB-DTMOS operates as a MOSFET with punch-through. Botfentional fully depleted (FD) and partially depleted (PD) SOI
the inversion mode and the accumulation mode EIB-DTMO$80SFETs by experiment. The devices measured are fully
are enhancement mode devices. In the accumulation mefigleted SOl NMOSFETs with body contacts fabricated on
EIB-DTnMOS, holes which form the EIB are supplied froma SIMOX wafer [15]. The thicknesses of the gate oxide, the
the p* body contact region. We show in Section IV that thgOl, and the buried oxide are 10 nm, 40 nm, and 100 nm,
accumulation mode EIB-DTMOS is the best type of DTMOS espectively. An i poly Si gate is used and the SOI layer is
_ _ p-type with a concentration of the order 6 cm=3.

B. Possible Implementations of EIB-DTMOS A MOSFET is measured in three different modes (FD, PD,

The layout of masks for /n* doped substrates below theand EIB-DTMOS) by changing the bias conditions shown in
buried oxide in an EIB-DTMOS is the same as that for p/fable I. WhenV,;, = 0V andV;,;, = 0V, the entire SOI layer

Fig. 2 shows a schematic cross-section of the propos

I1l. EXPERIMENTAL
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Fig. 3. (a) Measured subthreshold characteristics of a FD SOl MOSFET, a. @ (b}

SOl MOSFET, and an inversion mode EIB-DTMOS. A SOl nMOSFET with

gate length of 0.8:m is measured by changing bias conditions as shown fig. 4. Gate length dependencélf, and the subthreshold slope in a FD SOI
Table 1. (b) The measured subthreshold characteristics of an EIB-DTMOS (sdWPSFET, a PD SOl MOSFET, and an EIB-DTMOS (measured). The definition
line) and a PD SOI MOSFET (dotted lines). In the PR, is varied from 0V of V%, is shown in the inset.

t0 0.7 Vin 0.1 V steps. The body currert@ate current) of the EIB-DTMOS

is also shown.

g FD & .~
is depleted and the devices operate in the FD SOl MOSFET < 10° /QA/ Pt
mode. WhenV,, = 0V andV,,, = —20V, holes are ac- g 108 /./A//B?/ K o
cumulated at the back-interface and the devices operate in the ”8 10"} ,’PD,/ EIB-DTMOS
PD SOl MOSFET mode. When the gate is tied to the body ?u 1012 =
(Vis = Vys) and Vi, = =20V, they operate in the inversion ><g, y 9 Vye=1 5V‘
mode EIB-DTMOS mode. ~%1° 700 150 200

Fig. 3(a) shows subthreshold characteristics in the three larive(Vgs=1.5V) (AL M)

modes. The EIB-DTMOS has a steep subthreshold slope. 5 D . "  characteristics in a Fb SO| MOSEET

H Tt g. 9. rive-current versus off-current characteristics in a y
Fig. 3(b) shows the subthreshold charactgrlsths of the EIEPD SOl MOSFET, and an EIB-DTMOS (measured). In each device, the gate
DTMOS and the PD SOI MOSFET whelg, is varied from O  ength is changed.
V100.7Vby0.1V steps. Ina PD SOl MOSFBW,, is lowered
with increasedV;, due to the body effect. The EIB_D-I—Mosthreshold slope is steep irrespective pf In Fig. 5, drive-cur-

has the samey as a PD SOI MOSFET, because they have 3 i i
identical device structures. Therefordor an EIB-DTMOS is rent versus off-current characteristics are compared. In each de

derived experimentally from the;, dependence o, in the vice, the gate length is changed. In this figure, the supply voltage

. . . . is not 0.5V but 1.5 V just for comparison, becadgg of PD
PD SOl MOSFET. The derived from Fig. 3(b) is as high as %CPI MOSFET is 0.9 V. Under supply voltage of 1.5 V, large

08 becau.se t_he ratio of the gate oxide thickness to the Soody current was actually observed in EIB-DTMOS. Neverthe-
g]|l|§l.<|g$'3|\jc)lg hsIQZI.sc-l)_hsiobor?yBc:r:iE gg;% (t:urr:r?:I% Ofctl:fe I?ss its value was measured to be only 7.1% and 0.79% of the
! wn. u ing cu r?:orresponding drive-current values in ouy:fin and 0.15.m

between the EIB and the drain is not observed. . EIB-DTMOS devices, respectively. Moreover, practical body
Fig. 4 showsV,, rolloff and subthreshold slope degradation . ) .
ﬁ‘lirrent value is considered to be by orders of magnitude smaller

by the short channel effect. The EIB-DTMOS suppresses t an its drive-current because the normal supply voltage for

short channel effect very well, because the potential ofthe bail nry65 gperation should be 0.5-0.6 V. The EIB-DTMOS
interface is fixed and the source/drain depletion layer wid

. o ows a high drive-current and a low off-current due to a high
is reduced by a forward body bias n the DTMOS. The su%— nd a steep subthreshold slope. These experimental results
threshold slope of a PD SOl MOSFET is much worse compar Ha : . .

. ; show that the EIB-DTMOS is superior to conventional FD and
with a FD SOI MOSFET even for long channel devices becauE,PD SOl MOSEETS
of the different effective channel depletion layer widtls )( '
In FD SOI MOSFET, the effectivép that determines the sub-
threshold slope is more than 140 nm, because the effdgtiise
the sum of the SOI thickness (40 nm), the buried oxide thickness
(100 nm), and the depletion layer width below the buried oxide. In order to demonstrate advantages of the EIB-DTMOS, four
On the other hand, in a PD SOl MOSFE},is 40 nm, because types of DTMOS shown in Fig. 6 are compared by device simu-
[p is determined by the SOI thickness. In a DTMOS, the sulation [16]. Fig. 6(a) is a conventional DTMOS (Conv) [1]-[11],

IV. COMPARISON WITH CONVENTIONAL DTMOSSs BY
SIMULATION
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it Mo Fig. 7. Body effect factor ) dependence ofV;;, determined by the
P"i syl ¥ i i R T simulations for four types of DTMOS at long channel length as shown in
fs f’r_ : Noz) r et Lt Fig. 6. In the conventional DTMOS and the inversion mode EIB-DTMOS,
amd B # N both v and V;,, are varied by changing the channel doping concentration
T [ & 2. "Vp—— n (N.a1) and the SOI thickness (), respectively. The gate oxide thickness is
| phisxi0ter] LM 1 3 nm. The experimental result for the inversion mode EIB-DTMOS with a gate
owried axkde buriad cwide oxide thickness of 10 nm is also plotted. In the inversion mode EIB-DTMOS,
7 | - the simulation results with a gate oxide thickness of 10 nm are also shown to
P J:l | compare with the experimental result.
Yuch
=N

high for supply voltages below 0.5 V. Ify, is decreasedy is
© @ also decreased as shown in Fig. 7. Even in the inversion mode

Fig.6. Fourtypesof DTMOS compared by device simulation: (a) conventiongl| B-DTMOS, therefore, a Iargecan not be attained at loW;,.
DTMOS (Conv), (b) inversion mode EIB-DTMOS (Inv EIB), (c) counter doped

DTMOS (Count), and (d) accumulation mode EIB-DTMOS (Acc EIB). (a)—(bé .
inversion mode devices; (c)—(d) accumulation mode devices. (b), (d) propose®in Accumulation Mode DTMOSs
H —_ —_F —_ T — —_ 17 —3
Rh,—f:tidg i~ l_ol?cgfos_n%jfv ;,1?3?T,’;Z§re_\,é:igg_ = 1307 em™ 15 realize both large: and lowVy;,, the accumulation mode
DTMOSs shown in Fig. 6(c) and (d) are required. In the ac-
) ) ) ) ) cumulation mode EIB-DTMOS, a whole SOI layer is doped
Fig. 6(b) is the inversion mode EIB-DTMOS (Inv EIB), Flg.6(c)by n-type dopants for low;, and the body is composed of

is a counter doped DTMOS (Count) [3], and Fig. 6(d) is the agies generated by inversion at the back interface. The conven-
cumulation mode EIB-DTMOS (Acc EIB). The conventionaljong) counterpart of the accumulation mode EIB-DTMOS is the
DTMOS gnd the inversion mode EIB-DTMOS are inversiop, nter doped DTMOS [3]. The counter doped DTMOS has a
que devices, and the counter doped DTMOS and th_e accudizaiiow n-type doped channel region for Idw, and a deep
lation mode EIB-DTMOS are accumulation mode devices. They he doped channel region for the body. In both devices, the
gate oxide thlcknes_s is 3nm, the buried oxuje th.|ckn<_ass is 20 ”;‘,Urface regions in the SOI layer are lightly doped to avoid mo-
the supply voltage is 0.5 V and the extension junction depthbﬁity degradation by impurity scattering.
15 nm in all cases. A static substrate bias for the EIB-DTMOS 1,4 difference between the counter doped DTMOS and the
Is —12 V. accumulation mode EIB-DTMOS is discussed in the following.
_ In the accumulation mode EIB-DTMOS, the body region is

A. Inversion Mode DTMOSs formed by electrically inverted carriers aid is limited by a

Two inversion mode devices are discussed here. In the cémin SOI thickness. The carrier concentration of the body (holes
ventional DTMOS shown in Fig. 6(a), a uniformly doped p typéor nMOS) could be very high and a very steep low-high step
channel is assumed and the SOl layer is partially depleted. In tterier profile is achieved. On the other hand, in the counter
inversion mode EIB-DTMOS shown in Fig. 6(b), a very lightlydoped DTMOS, not only the counter doped region but also the
doped p type channel is assumed. Fig. 7 shows the dependdyarty region are formed by the doping. The body concentration
of V;;, on~ for the conventional DTMOS and the inversion modés limited and it is very difficult to obtain a steep low-high carrier
EIB-DTMOS at long channel length. The channel doping comprofile. Therefore, the accumulation mode EIB-DTMOS can re-
centration (V,41) is varied in the conventional DTMOS, and thealize larger~ at lower V4, than the counter doped DTMOS.
SOl thicknesst; ) is varied in the inversion mode EIB- DTMOS. These are the same discussions as those in Section 1I-C.
High N1 and small¢; result in highV;;, and largey due to The channel donor concentratiaN 4.) in the accumulation
the reduced channel depletion layer width at fixed gate oxideode EIB-DTMOS is an important device parameter and needs
thicknessz for the inversion mode EIB-DTMOS is two times ago be optimized. Fig. 8 showd 4, dependence of;;, and-~.
large as that for the conventional DTMOS at fixég, because By increasingNp.4, Vi, is lowered andy is increased because
Ip of the inversion mode EIB-DTMOS is half that of the conthe operation mode is changed from surface channel to buried
ventional DTMOS [17]. This is due to the same theory as thahannel. LowV,;, and largey result in a higher drive-current.
where a uniformly doped channel MOSFET and an ideal stéfpwever, too highV4 results in punch-through, which is not
channel MOSFET are compared [18], [19]. The experimental rehown in Fig. 8. Thereforey¥,, of 1 x 10'° cm~2 is used in
sult for the inversion mode EIB-DTMOSY;, = 0.45V, v = the following.
0.8) in Section lll is also plotted, and it fits the simulation re- ~ value for the counter doped DTMOS and the accumulation
sults very well. Howevery;, of the experimental result is too mode EIB-DTMOS are also plotted in Fig. 7. A}, of 0.12V,
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Ay e e Fig. 10. Dependence df;;, on L, and the subthreshold slope in four types
02 00 02 04 06 08 of DTMOS with the samé’,,, at a gate length of 0.6m (simulated). Device
gs parameters are the same as for Fig. 9.

Fig.9. Gate voltage dependence of drain current and body currentin four types . .

parameters (simulated) 4; = 3.1 x 10 cm~2,¢; = 89 nm,#; = 8.7nm, |ation mode EIB-DTMOS is the smallest, because the channel

Nps =1 x 10 cm—*. Other device parameters are shown in the caption (21 ; ; ; ;
Fig. 6. Subthreshold current characteristics of the four DTMOSs are complete )gpletlon layer width=SOI thickness) is the smallest.

the same.

E. Drive-Current Versus Off-Current
~ of the inversion MOSFETSs is as low as 0.1-0.2. However, Fig. 11(a) shows drive-current versus off-current character-
of the counter doped DTMOS is 0.58, ands high as 0.92 is istics of the devices shown in Fig. 10, where they have the

achieved in the accumulation mode EIB-DTMOS. sameV,;, at a gate length of 0.pm. Although the drive-cur-
. rent for the four types of DTMOS is almost the same at fixed
C. Junction Leakage Current gate length, the accumulation mode EIB-DTMOS shows three

One of the most serious problems in DTMOSs is an uppégcades less off-current than the conventional DTMOS at a gate
limit of supply voltage due to a forward biased p-n junctiotength of 0.07um due to the suppressed short channel effect.
leakage current. Fig. 9 shows forward biased p—n junction cimig- 11(b) shows drive-current versus off-current characteristics
rentin four types of DTMOS. The devices have the safpdoy  Of the conventional DTMOS, the inversion mode EIB-DTMOS,
changingN 1, t1, t3, and Np4 in Fig. 6. The inversion mode and the accumulation mode EIB-DTMOS, where the device pa-
and the accumulation mode EIB-DTMOSs show the smallg@meters are changed to have the same off-current at a gate
leakage current due to a very small junction area and a hitgfgth of 0.07:m. At a gate length of 0.0m, the accumu-
hole concentration. Therefore, the upper limit of supply voltadation mode EIB-DTMOS shows one and a half times as high
of EIB-DTMOSs is higher than that of conventional DTMOSdrive-current as the conventional DTMOS due to a laygend
For example, the upper limit of supply voltade;f(ax)) is de- muc_h less dr{:\in-induced-barrier-lowe_ring (DIBL) as shown in
fined asV,,(=Vi5) when the body current is equals to drain curthe inset of Fig. 11(b). These results indicate that the accumu-
rent atV,, = 0 V. In Fig. 9, while Vy(max) 0f the conventional lation mode EIB-DTMOS has a bett_e_r performance than any of
DTMOS is 0.65 V,Vyy(max) Of the EIB-DTMOS is increased the other DTMOSs under any conditions.
to 0.82 V. When the SOI thickness is thinned below 10 nm in
EIB-DTnMOSs to scale down the gate length, the leakage ciir- Gate Delay
rent may increase due to direct tunneling between electrons atinally, we compare the AC characteristics of the three

the front interface and holes at the back interface [20]. types of DTMOS shown in Fig. 11(b) by two-dimensional
(2-D) mixed-mode simulations of a three-stage inverter chain
D. Short Channel Effect [16]. Fig. 12 shows the wire capacitance dependence of the

Fig. 10 showd/,, rolloff and subthreshold slope degradatiomate delay. The supply voltage is 0.5 V, the gate length is
for four types of DTMOS with &;;, of 0.12 V at a gate length of 0.07 um, and the gate width is 0.5fim for nMOS/pMOS. The
0.5um. The device structures and the device parameters excaptumulation mode EIB-DTMOS is the fastest due to a higher
for the gate length are the same as in Fig. 9. The gate lengthdaif’e-current and a lower junction capacitance.
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~ 108k strongly on the history of the input and output voltages and will
g_ 10°F iy vary between 0 V andty. In such a case, a history dependent
310_10 1 o= propagation delay and a large power consumption due to low
5 kgl L el w Vi1, would be expected [21].
—10 00 2 0x10° 4.0x10™ The EIB-DTMOS also has a serious body RC delay. The
ldrive (A/pm) @Vge=0.5V body capacitance of EIB-DTMOSs is much lower than that
of a conventional DTMOSSs, because the p-n junction area
() is very small. However, the EIB-DTMOS has a higher body

Fig. 11. (a) Drive-current versus off-current characteristics of the devicegsistance (10 k—100¢kKsq.) than the conventional DTMOS
shown in Fig. 10, where they have the safiig, at a gate length of 0.5 - _
pm (simulated). (b) Drive-current versus off-current characteristics of t > k—50 @/sq.) or'bulk [,)TMOS (1 k-10 R/sq.) [6]’ because,
conventional DTMOS, the counter doped DTMOS, and the accumulati$R€ body is electrically induced only at the SOl/buried oxide
mode EIB-DTMOS, where device parameters are changed to have the samterface. Fig. 13 shows the channel donor concentrafign,j

i N - 17 — . . .
off-current at a gate length of 0.0im (simulated)V.4, = 2 x 10'7¢m™, gapendence of the body sheet resistance in the accumulation
ts = 8nm,Npys = 1 x 10 cm~3. The inset shows the DIBL at a gate . .
length of 0.07.m. mode EIB-DTMOS with several substrate biases. As shown
in Fig. 8, a high~Np4 is desirable for a large and a lowV;,.
However, a highNp, also leads to an increased body resis-
[ 3-stage inverter chai ta_mce, beca_use the back—ir_nerface is not sufficiently inve_rted ata
3 given negative substrate bias. To decrease the body resistance, a
higher substrate bias is needed but causes a reliability problem
in the buried oxide. For example, whéfp, is 1 x 102 cm—3

and required body sheet resistance is the same as the worst case

iy
o
(=]
o

Acc EIB Lg=0.07um
Whp=0.5um

Gate Delay Time (ps)
3
T

(Roody Neglected) Wp=1um of the conventional DTMOS (50¢K/sq.), a substrate bias of
1 1"0 B “'1'(’)0 500 —12 Vis needed, which results in a buried oxide electric field of
Wire Capacitance (fF) 6 MV/cm. Therefore, in the accumulation mode EIB-DTMOS,

there is a trade-off between the reduction of the body resistance
Fig. 12. Wire capacitance dependence of the inverter delay in the conventioggld the re|iabi|ity of the buried oxide. A |0W/high/|0W channel

DTMOS, the counter doped DTMOS, and the accumulation mode EIB-DTM TP :
(simulated). Device parameters are the same as for Fig. 11(b). The effect Oﬁgﬂle in the SO layer alleviates the prOblem'

body RC delay is not included. In order to solve the body RC problem, an upper limit on the
W,/L, ratio must be set. A DTMOS with a largé’, should
have multiple-finger gate layouts with each body contact, and
interdigitated source and drain regions. When a DTMOS is di-
DTMOSs have a distributed body resistance in the gate widtlded into n narrow DTMOSs with respective body contacts,
direction, because the body contact is located at the sidesttsd body RC delay is decreased at the rate 6f?. Fig. 14
the body. Body RC delay is a serious problem in a DTMOShows the dependence on the number of divided DTMOSs of the
with wide gate width ), because the body potential does najate delay including the body RC delay by 3-dimensional de-
follow the gate voltage and differs in the gate width direction farice and circuit mixed-mode simulations [22]. The devices used
ac operation [2]-[4], [6], [7], [21]. Although the body RC delayare almost the same as the accumulation mode EIB-DTMOS in
problem is similar to the gate RC delay problem, the body RElg. 12 except fori¥/,. The totalW, is 5 (10) zm for nMOS
delay is much larger than the gate RC delay, because the b@ayOS). Devices with both a one side body contact and both
sheet resistance is 1 k—=10@Q4sq. compared with 1-1Q/sq. sides body contact are shown. The supply voltage is 0.5 V, the
in gate sheet resistance. In Fig. 12, the effect of the body registte length is 0.0Zm, the load capacitance is 100 fF, and the
tance is negligible becaus&, is narrow. WhenlV; is wider, interconnect resistance is $D By increasing the finger length,
the body RC delay becomes comparable to the gate delay #melgate delay also increases due to an increased body RC delay.
the body potential does not follow the gate voltage, resulting Tthe gate delay without the body RC delay is 40 ps, determined
a slower propagation delay. Whé#, is much wider and the by 2-D device and circuit mixed-mode simulations [16]. Fig. 14

V. BoDY RESISTANCEPROBLEM IN DTMOSs
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Number of Fingers
25 10 5 2

m 1
S 1400 eiB-DTMOS o] ] [1]
@© 120 Cyye=100fF a||e||a| " 7]
g ‘loo—F*wire=50Q Ta ] —
= [ One side bqdy cont,
> 8o[ 7 [2]
© 60[ body=0 7|
a L Y -l
Qo 40 I Both sides bgdy cont. i [3]
&L, L Wowssum
0.2 1 5
NMOS Finger Length, Li(um) [4]

Fig. 14. NMOS finger length dependence of gate delay including the body
RC delay, deduced by three-dimensional (3-D) device and circuit mixed-mode
simulations (simulated). Upper axis shows the number of fingers corresponding
to the finger length. The inset shows an example of a two-finger gate layout andIS]
the definition of the finger length.

shows that the influence of the body RC delay is observed onIy[G]
whenW,/L, > 10 in the accumulation mode EIB-DTMOS
with a both sides body contact, which is not a serious issue in
logic circuits. The critical?/, / L, ratio is determined by a rela-
tive relation between the circuit delay and the body RC delay. [7]
Finally, a change of the influence of the body RC delay on the
gate delay is considered in EIB-DTMOSs with scaling-down.
The major part of the body capacitance is the lateral abrupt p—n
junction capacitance between the EIB and the source/drain, bel8
cause the upper capacitance between the EIB and the gate is
negligible in a DTMOS and the lower capacitance between the
EIB and the substrate is small when the buried oxide is thick.
In EIB-DTMOSs, the body resistance is proportionattg/ L
because of the constant sheet resistance of the EIB, and the 8]
eral abrupt p—n junction capacitance between the EIB and the
source/drain is proportional i, because of the constant thick-
ness of the EIB. Therefore, the body RC delay in EIB- DTMOSs
is proportional thg?/Lg. The gate delay is proportional fg,. 1]
It is assumed thalV,, is scaled-down at the same rate/as
Once a criticalW, /L, ratio which does not suffer from the 12]
body RC delay is found, the gate delay of a future scaled—dowh
EIB-DTMOS with the saméV,,/L,, ratio will not be degraded
by the body RC delay.

VI. CONCLUSION [14]

We have proposed a low power high drive-current EIB-
DTMOS with a large body effect and a lo¥;,, and its high [15]
performance has been demonstrated by experiments and simu-
lations. An ideal low-ultra-high step channel profile made by an
electrically induced body (EIB) with a high carrier concentration 16]
at the back interface and a thin SOI layer reduce the channel7]
depletion layer width and achieve the maximum body effect at
low V4;,. The upper limit of supply voltage for EIB-DTMOSs is
higher than that of the conventional DTMOS due to a reduceds]
p-n junction leakage current. Among several DTMOSs, the
accumulation mode EIB-DTMOS shows the highest drive-
current at fixed off-current due to a large body effect factor and19]
a suppressed short channel effect. [20]
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