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Characterigticsof a 0. B m SOl G ooved Gate pMOSFET
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Abgtract : A 0. ¥ m SOI grooved gate p MOSFET with 5 6nm gate oxide isfabricated and demonstrated. The groove
depth is 180nm. The trandfer characteristics and the output characteristics are shown. At Vg = - 1 5V ,the drain sat-
uration current is 38Q A and the off-state leakage current is 1L 9nA ;the sub-threshold slopeis 115mV/ dec at Vs =
- 0. 1V and DIBL factor is 70. 7mV/ V. The electrica characteristic comparison between the 0. 1 m SOl grooved
gate pMOSFET and the 0. M m bulk grooved gate one with the same process demonstrates that a 0. U m SOI

grooved gate pMOSFET has better characteristics in current-driving capability and sub-threshold dope.

Key words: SOI; grooved gate pMOSFET ; sub-threshold dope

EEACC: 2520M ; 2560Z

CL C number : TN386 Document code: A

1 Introduction

In the deep-sub-micron field ,the small dimen-
sonal effects, such as the SCE ( short-channel-
effect) and the DIBL (drain-induced-barrier-lower-
ing) effect,have been the great obstacle for the
scaling-down rule. However , traditional methods,
such asincreasng the substrate impurity ,reducing
the gate oxide thickness,and lowering the power
supply , cannot suppress these effects effectively.
To try and overcome these small
effects,other researches have been performed ,fo-
cusng on two aspects: substrate material research
and new device structure development.

In the field of substrate material ,SOI (slicon
orrinsulator) technology has been accepted and

dimensional

used widely for its low power supply ,low power
consumption ,high speed ,and high driving capabili-
ty ,in comparison with the bulk one. SOI technolo-
gy realizesthefully dielectric isnlation between de-
vices,s0 that the latch-up effect is concealed com-
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pletely. Furthermore, a shallow junction can be
shaped automatically in SOI technology. In addi-
tion ,perfect performance in ressting radiation and
temperature reliability ensures a wide application
field for SOI technology.

In the field of new device structures,grooved
gate devices attract the industry s attention for the
good match it has with planar device process. In
this structure, S D regions are isolated by the
groove ,and the electric field spreading of the drain
region to the source region is decreased ,50 that the
SCE and punching-through effect are suppressed.
Furthermore for the electrical line concentrating at
the groove corner ,two potential barriers,which re-
sst the HCE and the threshold voltage lowering
with the channel length decreasng ,arise. Some lit-
eratures reported the 10nm dimension grooved-gate
devicesis without an obvious SCE obstacle.

In this paper,a 0 B m SOl grooved gate
PMOSFET with 5 6nm gate oxide isfabricated and
demonstrated. The groove depth is 180nm. The
trander characteristics and the output characteris
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tics are shown. The electrical characteristic com-
parison between the 0 M m SOl grooved gate
pMOSFET and the 0. ¥ m bulk grooved gate one
with the same process demonstrates that the
0. ¥ m SOI grooved gate pMOSFET has better
characteristics in current-driving capability and
sub-threshold dope.

2 Device structure & fabrication

0. ¥ m PD-SOI grooved gate pMOSFETS on
implanted oxygen (SIMOX) were fabricated with a
500nm thick dlicon active layer ,370nm thick bur-
ied oxide (BOX) and a p-type substrate. In the de-
vice fabrication ,devices were isolated with LOCOS
technology. Certain dose of P implantation and
driverin at 1150 areto shape n-well region ,where
S D implantation is carried out with alayer of § D
mask to form the D junction region. Then E
beam lithography to pattern the groove and an RIE
etch step isfollowed to construct the gate groove.
To get a suitable threshold voltage ,a threshold ad-
justing step is added. Next step ,5nm thin film gate
oxide is generated and 260nm poly-silicon is depos
ited consequently to shape the gate electrode. A
key process we would encounter here is the poly-
gate patterning ,which is different from planar de-
vices. We should leave a wider space than the
groove width to ensure a full-filled groove and en-
sure that a reasonable poly-gate is formed. After
the salicidation ,devices were metalized using a typ-
ical backend flow. Table 1 shows the counterpart
process parameters in this process flow. Bulk
grooved gate pMOSFET devices of the same di-
mension with SOI devices were fabricated with the
same process conditions.

Table 1  Process parameters of a 0. M m dimension
Ol grooved gate pMOSFET

P31 80keV ,7 x 10%%2cm~ 2
P31 80keV ,8 x 10'cm- 2
BF2,25keV ,3 x 10%cm- 2
BF2 ,25keV ,3 x 10%5¢m- 2

nwell implant

Threshold i mplant

p* § D implant

p* poly-slicon i mplant

{
|

Fig. 1
FET

Device structure of SOl grooved gate pMOS-

The fabricated device structure parameters are
shownin Table 2. Here ,the gate length ,the groove
depth, the gate oxide thickness were measured
from SEM ,and the S D junction depth was from
the datafrom the TSUPREM4 smulation with cal-
ibrated process parameters. The SEM photosof the
groove structure are shownin Fig. 2.

Table 2 Device structure parameters of a 0. ¥ m di-
mension SOI grooved gate pMOSFET

Gate length 0.Mm
Groove depth 0 18 m
Gate oxide thickness 5.6nm
S D junction depth 013 m

3 Results & analysis

After the fabrication of the devices,we meas
ured the characteristics with a Keithley 4200 SCS
semiconductor characteristics system. The source
and the substrate are grounded. Figure 3(a) shows
the trander characteristics of a 0. 1 m dimenson
SOl grooved gate pMOSFET at Vas = - 0. 1V. The
threshold voltage measured at lss = MA is
- 0. 92V ,which is much higher than the same di-
mension planar one. The reason liesin two aspects:
oneisthe groove corner potential barrier ,whichin-
terrupts the carriers to flow in the channel. The
other is a dightly deeper gate groove,which pre-
vents the S/ D regions from punching through ,and
generates a larger negative junction depth, o a
weaker control ability of gate to channel contrib-
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Fig.2 SEM photos of the groove structure (a) Pla
nar photo ; (b) Cross section photo

utes to a higher threshold voltage. A sub-threshold
sope of 115mV/ dec is measured at Fig. 3(b) and
the off-state leakage current is 1. 9nA.

For DIBL , we use the Yoe. = Vi (0 8) -
Vin(0 1)/ (0. 8- 0.1) to get the DIBL factor of
70. 7TmV/ V.

Figure 4 shows the output characteristics of a
0. ¥ m dimenson SOl grooved gate pMOSFET
measured at Vgs =0 - 3V with the step of 0. 3V.
The saturation drain current measured at Vgs = Vs
=- 15V is38MA,and at Vgs = Ve = - 3V is
-2 9mA.

Table 3 shows the characteristics comparion
result of a planar pMOSFET , bulk grooved gate
PMOSFET and a SOl grooved gate pMOSFET
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Fig.3 Hectrical characteristics of 0. 1 m dimenson

S0I grooved gate pMOSFET (a) Trander character-
istics; (b) Sub-threshold characteristics

32
¥, from-0.5Vto-3V
Step=0.5V
24}
E 6
£
08}
0% 1 2 3 4

Vv

Fig.4 Output characteristics of 0. ¥ m dimenson SOI
grooved gate pMOSFET

with the same dimensons. We can find that SOI
grooved gate devices have amost equivalent sub-
threshold dope and DIBL factor as the planar one,
which are better than those in the bulk grooved
gate devices. Measured at Vg = Ve = - 1L 5V ,the
saturation drain current of a SOl grooved gate
PMOSFET islarger than that of the bulk one,but
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isalittle smaller than the planar devices due to the
high threshold voltage of a grooved gate pMOS
FET. That means based on the BOX isolation tech-
nology ,a SOI grooved gate pMOSFET makes much
progress in saturation drain current and sub-
threshold characteristics compared to the bulk one.
In addition [for the high barrier at the groove cor-
ner ,the threshold voltages of both bulk and SOI
grooved gate devices are much higher than the pla-
nar devices, which demonstrate the advantage of
grooved gate devices in suppressing the SCE.

Table 3 Comparison of three kinds of device structure

SOI grooved |Bulk grooved|] Planar
Bectrical parameter .
gate gate devices
Threshold voltage/ V -0.9 -0.8 - 0.09
Sub-threshold slope/ (mV - dec- 1) 115 240 113
DIBL factor/ (mV - V- 1) 70.7 83 75
Saturation current/d A 380 160 572

In the process of the device fabrication, the
perpendicularity of the groove is influenced by the
flow of reactive gas and the proportion of the reac-
tive gases in etching and thus both sides of the
groove may not be exactly perpendicular, which
will influence the performance of the devices.
Here ,by the smulator TSUPREM4 and MEDICI ,
we smulate the trander characteristics and the
output characteristics of the devices according to
the angles of the sde of the groove. We choose the
a of 30°,60°,90° in the Smulation @ is shown in
Fig. 1). Figure 5 shows the smulated transer
characteristics and the output characteristics of the
devices. From the figure ,we notice that asa isin-
creasing ,the threshold voltage is increased and the
saturated current is lowered. Thisis because when
a isincreasng,the influence of the groove is en-
hanced ,the potential barrier in the corner of the
groove isincreased and thus needs more gate volt-
age to cause the conduction of the channel.

4 Conclusion

A 0. ¥ m SOI grooved gate pMOSFET with
5 6nm gate oxide was fabricated success ully. The
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Fig.5 Smulated trander characteristics (a) and out-
put characteristics (b) of the devices

experimental result shows excellent characteristics
in sub-threshold dope ,DIBL factor ,and saturation
drain current. According to the experimental re
sults,the sub-threshold slope of a SOl grooved gate
PMOSFET is 115mV/ dec ,the saturation current is
38Q A ,the DIBL factor is 70. 7mV/V ,while the
sub-threshold sopes of a bulk grooved gate pMOS
FET and planar devices are 240mV/ dec,113mV/
dec ,the saturation currents are 16Q A ,5721 A ,the
DIBL factors are 83mV/V ,75mV/V ,respectively.
This demonstrates that among the three kinds of
devices ,the SOI grooved gate MOSFET shows the
best sub-threshold dope and saturation drain cur-
rent characteristics,and retains the best character-
isticsin suppressng SCE.
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