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Abstract

In this study, we compared the hot carrier effects
of T-gate and H-gate SOl pMOSFETS operating
under dynamic threshold mode (DT-mode) and
norma mode at various temperatures. By operating

under DT-mode, the threshold voltage shift is reduced.

However, enhanced degradations in  maximum
transconductance and drive current are observed
when operating under DT-mode at room temperature,
epecidly for the T-gate dructure.  The
transconductance enlargement  effect for devices
operating under DT-mode, together with the
nor+uniform potentid didribution in T-gate structure,
are believed to be responsble for the observed
enhanced degradations. At elevated temperatures, the
hot-carrier-induced degradations are dleviaied for
devices operating under DT-mode, to levels close to
those of the norma mode, due to reduced impact
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ionization at higher temperature.

Introduction

DTMOS proposed by Assaderaghi et d. [1]
was for lower power supply voltage applications. The
threshold voltage operating under DT mode is
reduced due to the forward biasing of the body, so
the current drive can be dragtically improved under
the on date. Since the device exhibits the same
norma-mode Vg in the off dsate (because
Ve=Ves=0), low dgandby power consumption is
maintained. Furthermore, ided subthreshold dope
behavior, and improved short channd effects due to
the dynamics subgtrate bias were aso the promisng
factors for DTMOSFETs. The fabrication of
DT-MOSFETs on partidly depleted
dlicononrinsulator (PD-SOI) MOSFETSs is quite
atractive for lowering the junction leskage current. In
this study, we report the threshold voltage reduction
and hot carrier degradation on SOl pMOSFETSs a
different temperature operating under conventiond
norma mode and DT mode. Findly, we will propose

possible physica mechanismsto explain the results.

Device Fabrication

P-channd MOSFETs were fabricated on 6-in
p-type SOl wafers with resgtivity of 15-20 W-cm,
and a top glicon device layer thickness of 200nm.
Loca oxidation of gdlicon (LOCOS) was used for
device isolaion, with the top dlicon layer fuly
oxidized (i.e., the active device layer not covered by



the masking nitride was fully converted into oxide).
As" implant with an energy of 100 keV and a dose of
1x10™ cmi® was performed through a 30nm sacrificial
oxide for threshold voltage (V1) adjustment. After
gripping the sacrificid oxide, afind 3.4nm cpte oxide
was grown in N,O ambient, followed by a 200nm
poly-S gate deposition. The poly-S layer was then
patterned and etched to define transstor gate length
varying from 10.62y m to 0.8y m, with a channd
width of 100y m. Shdlow SD extensons were
formed by BF, implant (10keV, 1x10™cm?). After
the formation of TEOS sSdewadl spacer (200nm),
deep heavily-doped source/drain junctions were
formed by BF, implantation. Afterwards, wefers were
annedled by rapid therma process (RTP) at 1020°C
for 20sec. A 550nm TEOS oxide layer was then
deposited and etched to form contact holes. Findly, a
Ti/TiN/AI-SI-CWTIN 4-layer metd was deposted
and patterned to complete contact metalization
Electrical characterizations were performed using an
HP4156 system. Hot carier stressng tests were
performed using atemperature-regulated hot chuck at
temperature ranging from room temperature to 100

Resultsand Discussion

Figure 1a shows the ectrical connection under
DTMOS operation. Fig. 1b, 1c depict the device
layout for H-gate and T-gate Structures. Fig. 2 shows
V' degradations for SOl pMOSFETs with different
temperature and operating under different modes for
H-gate dructures. All devices were stressed at
Vo=V, and Vp=-4.5V[2]. It can be seen that the
device at room temperature depicts the worst A Vry
among al splits. Electron trapping appears to be the
dominant degradation mechanism at the initid stage of
dressng (i.e, before 10° seconds) for splits. In
contrast, Snce the observed A V+y is negative for dl
devices above 10° sec., this phenomenon indicated

positive charges buildup in the gate didectric layer.
The magnitude of A V14 for Hgae in DT-mode is
gmdler (within 4mV), which was dmost independent
of temperature. However, that under norma was
inverse proportiond to temperature effects, higher
temperature leads lower threshold voltage variation.
Fig. 3 shows the comparison of time dependence of
Gmmax degradation for H-gate. The split a room
temperature under DT mode actudly depict
aggravated linear Gmax degradations. Fig.4 shows Gy,
between SOl pMOSFETs for different substrate bias
and SOl DT-pMOSFETs for H-gate devices. In
addition to the decreasing effective dectricd filed, Gy,
operating under DT-mode was enlarged due to the
dynamic threshold voltage, about 60% in Fig. 4.
During hot-carrier sressing, the carrier mobility p
decreases, and the magnitude of G, degradation was
enhanced due to the dynamic threshold voltage.
However, the degradation magnitude of dl splits
under DT mode at high temperature bias stressing (75

and 100 ) shows dleviging behavior due to
maximum laterd eectricd field &, was decreasing at
elevated temperature]3]. The effects of temperature
on the reduction ratio of threshold voltage under both
DT and normd modes are shown in Fg. 5. The
reduction ratio of threshold voltage under DT mode
was larger than that under norma mode, which could
result in lager dan curent and smdler
transconductance reduction. Therefore, the decrease
of threshold voltage with increesng temperaiure
would result in raise of the saturation drain voltage,
and then decrease the lateral dectrica fidd &, The
grdler latera eectricd fidd E, resulted in reduction
of impact ionization and then decreased the magnitude
of AVry and transconductance at  eevated
temperature. Smilar results were adso depicted in
Fig.6 about the degradation of driving current of SOI
PMOSFETs and DT SOI-pMOSFETS for different



temperature (Vp=Vs=-0.7V). Fig. 7 shows the
comparison of time dependence of Gymax degradation
for SOl pMOSFETSs for T-gate. The degradation of
transconductance under DT mode a room
temperature gill shows the worse behavior, and
improves a elevated temperature due to decreasing
laerad eectricd fidd E,. Furthermore, for devices
operating under DT-mode, the T-gate Structure
depicts larger degradations than the H-gate Structure.
Fig. 8 depicts the degradation of driving current
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Fig. 3 Linear transconductance (Vp=-0.1V) for
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Fig. 3 Linear transconductance (Vp=-0.1V) for
0.8um H-gate device versus. Gate voltage for
different dressng time, which devices were
stressed at Ve=Vry, and Vp=-4.5V.
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Fig. 4 Gate voltage versus transconductance
between SOl pMOSFETS for different substrate
bias and SOI DT-pMOSFETs for H-gate
devices
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Fig. 7 Linear transconductance (Vp=-0.1V) for
0.8um H-gate device versus. Gate voltage for
different dressng time, which devices were
stressed at Ve=V1y, and Vp=-4.5V.



1)/G,al0) (%)

DG
mmax

F IIIIIIII| T IIIIIII| T IIIIIII| IIIIIIII| E
- @8 eg E
= ° o © gu =
E ) 3
- o v =
= [ ] R.T. o =
F O DT-R.T. ° =
F 0 ]
3 v 75C ° E
= v DT-75C° ° -3
E = 100C° E
= O DT-100C° E
E 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII E
1 10 100 1000 10000

Stressing Time (sec.)

DI (t)/1(0) (%)

10

OmR<d4080 -

RT
DT-RT
75C°

DT-75C°

100¢°

DT-100C° o

o

&

(o]

o ©

ﬁaau

trﬁE

E

L IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

10

100 1000

Stressing Time (sec.)

10000



