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Abgract : FB (floating-body) and BC (body-contact) partially depleted SOl nMOSFETs with HBC(half- back-chan-
nel) implantation are fabricated. Test results show that such devices have good performance in delaying the occur-

rence of the' kink” phenomenon and improving the breakdown voltage as compared to conventiona PDSOlI nMOS

FETs,while not decreasing the threshold voltage of the back gate obvioudy. Numerical smulation shows that a re-

duced electrical field in the drain contributes to the improvement of the breakdown voltage and a delay of the' kink”

effect. A detailed analyss is given for the cause of such improvement of breakdown voltage and the delay of the

“ kink” efect.
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1 Introduction

SOl technology is believed by some to be the
most promisng CMOS technology of the 21st cen-
tury. Recent research on SOl devices has shown
that they have great potential in high-speed,low-
power ,and low-voltage applications!” . SOI can be
dividedinto FD (fully depleted) SOl and PD (par-
tially depleted) SOl according to top slicon film
thickness and doping concentration in the slicon
film. Due to good feashility in the fabrication of
PDSOI devices, PDSOI has received extensive at-
tention from the industry. The existence of a neu-
tral area in the body of the devices, especialy
NMOSFETs induces a series of unwanted floating
effects like the parastic bipolar effect and the sin-
gle trans stor latch™ . In some circuits that require
high reliability ,people have to adopt some methods
to reduce or eliminate floating effects induced by
this neutral area. Till now, many methods have
been proposed to suppress the floating effects. The
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most direct way isto add a contact to the body area
and set this contact to a fixed voltage value (for
NMOSFET ,Gnd) ,which can €elicit redundant holes
(for nMOSFET) from the body area.

For PDSOI CMOS devices, including FB
(floating body) ones and BC (body contact) ones,
which can be used in practical circuit applications,
suppress ng back channel conducting is very impor-
tant for improving the reliability of the circuits™ .
Generally ,adding enough doping concentration in
the back channel ,by implanting large amount dose
of impurity into the area of the back channel ,is a
useful way. However, such a dose of impurity
would lead to other undesirable issues of reliability
like a lowered breakdown voltage, especially for
NMOSFETSs.

In this paper ,we introduce a new way to im-
prove the breakdown voltage of FB &BC PDSOI
devices. This new way is to implant impuritiesinto
half of the back channel while performing back
channel doping. This method needs an extra mask
to control the area of the back channel. Measure-
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ment results show that such a method can effec
tively delay the occurrence of the® kink” phenome-
non and improve the breakdown voltage. Numerical
smulation of the process and device shows that
lowering channel doping concentration near the
drain area leads to a reduced lateral electrical field
in the drain and a reduced impact ionization ,which
improves the breakdown characteristics.

2 Device fabrication

PDSOI nMOSFETs with the gate length of
3 mon the SIMOX substrate were fabricated with
a 400nm thick S active layer ,a 370nm thick buried
oxide (BOX) and a p-type substrate. Figure 1
shows the layouts of four kinds of devices used in
our experiments. In device fabrication ,the devices

Fig.1 Layoutsof the devices(shades shows the area that should be implanted in back channel)

were isolated with LOCOS (local oxidation of dli-
con) technology. Certain dosesof BF; ion wereim-
planted into the front channel. In back channel im-
plantation withB" ion ,the additional piece of mask
(as shown in the shadow of Figs.1(b) & (d)) was
used in order to control the implantation area. A
20nm gate oxide was grown thermally before the
deposition of the n* poly-gate.p” ion was implan-
ted to form the source and the drain after the for-
mation of the extenson of the source and the
drain. In order to activate the impurities implanted
in the dlicon film, a rapid therma processng
(RTP) at 1000
salicidation ,devices were metalized usng a typical
backend flow. Figure 2 shows the ssmulated mesh
structure in the channel part of the devices.

was performed for 4s. After the

(a) CON (conr

ventional) FB nMOSFET ; (b) HBC (half-back-channd) FB nMOSFET; (c) CON H-gate BC nMOSFET; (d)
HBC H-gate BC nMOSFET

Fig.2 Mesh structurein the channel

3 Resultsand discussion

3.1 Tegingresults

After the formation of the devices,we mea

sured the characteristics of the devices usng the
Keithley 4200SCS semiconductor characteristics
system. In our measurement ,the source and the
body (for BC devices) terminals were always
grounded. Figure 3 shows the breakdown charac
teristics of four kinds of devices. From the figure,
we can see that the breakdown voltage of conven-
tional FB devices is the lowest (BVg =5 5V) ,
while the voltage in half-back-channel FB devices
(BVas =9 4V) is bigger ;the break down voltagein
conventional BC devices (BVa =9 5V) is smaller
than the voltage in HBC H-gate devices (BVas =
13V) . Thisresult showsthat such HBC devices are
more reliablefor circuits which need supply voltage
of 5V than conventional devices.
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Fig. 3  Off-state breakdown characteristics of four
kinds of devices

Figure 4 shows the output characteristics of
four kinds of devices and the* kink” onset point
extracted from the output characteristics. For HBC
devices ,even if under the Vas =8V ,the devices still
show the good characteristics, while for conven-
tional devices,the curves show obvious sharp risng
when Vas > 6V. Unlike conventiona FB nMOS
FETs,we notice that the kink effect is not obvious
under a high gate voltage for HBC FB SOl nMOS
FETs. This shows that the impact ionizationin

HBC devicesis weaker than in conventional devices
in high Vg. For H-gate devices,the characteristics
are attractive not only because that they have good
performance under high drain bias, but they also
show larger overdrive ability than the conventional
H-gate current (consdering the different Vin be
tween the HBC devices and CON devices,we com-
pare the lsVas curves by the parameter VgV,
not Vg) . For BC SOl nMOSFETSs,we notice that
the kink phenomenon occurs before the drain cur-
rent increases suddenly. This demonstrates that
strong impact ionization in a weak avalanche area
causes the rapid generation of many holes. Due to
the rapid generation of holes in the impact ioniza
tion and enlarged body res stance as the drain volt-
age increases ,the generated holes accumulatein the
body area and the body contact cannot €licit those
holes timely. Thus the threshold voltage decreases
and the saturation current suddenly increases. This
causes the onset of a local paradtic bipolar tran-
sstor (far away from body contact) and further
amplifies the impact ionization. At last ,the break-
down phenomenon occurs.
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Fig.4 Output characteristics of four kinds of devices and the onset point of the' kink” extracted from the output char-

acteristics

Figure 5 shows the subthreshold characteris
ticsof the back gate at Vus =0. 1V and Vg¢s =5 0V,
respectively. Here ,Vs refers to the bias from the
substrate (back gate) to the source of the devices.
Although the back channel is half implanted,the
threshold voltage of the back channel is bascally
the same as the devices with full implantation in
the back channel. This demonstrates that although

the back channel for HBC devicesisonly implanted
in half the area,the conduction of the back channel
still needs all parts of the back channel to invert
and thus the threshold voltage of the back channel
for HBC devices does not decrease obvioudly.

3.2 Discussion

To analyze the cause of thisimproved reliabili-
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four kinds of devices

lectrical field around the middle of the channel ,
which is caused by the grades of doping concentra
tion in the middle of the channel and such phenom-
enon is smilar with DM G SOI devices . From the
figure ,we can see that the peak electrical field near
the drain (the place where the breakdown occurs)
drops dramatically for HBC nMOSFETs as com-
pared to CON nMOSFETSs. The reduced electrical
field near the drain reduces the impact ioniza
tion™ . This means less holes will be generated in
the neutral area of the body. Figure 6 plots electro-
static potential W along the channel near the buried
oxide. From the figure ,we can see that the electro-
static potential of the HBC nMOSFETs in the
channel is still lower than that of the CON nMOS
FETs. This means more drain voltage is needed for
HBC nMOSFETSs to improve the body potential
and cause the onset of the paradtic bipolar tran-
sistor ,thus reducing the posshility of amplifying
the bipolar trandstor. There are two factors that
contribute to such a stuation. One is just reduced
impact ionization for HBC devices. The other is

that the length

of low potential of the channel is
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Fig.6 Distribution of the lateral electrical field along the surface of the channel for Vg =0V (@) and Vg - Vin =3V (b) ;

(c) Eectrostatic potential along the back surface of the channel

ty ,we performed a numerical smulation of the
process and device. All the conditions in the
process S mulation were the same as the conditions
in our fabrication process. Figure 6 shows the lat-
eral electrical field near the surface of the dlicon
film along the channel for FBSOl nMOSFETS at
Vs =5V Vg =0V ,and Vgs - Vin =3V ,respectively.
It should be noticed that there is a second peak e

longer for CON FBSOI devices than for HBC FB-
SOl devices and this means that the area of the
neutral part in the channel is larger for CON de-
vices. For the same concentration of the holes,the
holes will go to large partsof the channel for HBC
devices while the holes will only go to the nearly
half of the channel for HBC FBSOI devices. This
increases posshility for holes to diffuse into the
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source in HBC FBSOI devices because of the in-
creased gradsof the hole concentration between the
body and the source. It should be noticed that many
holes accumulated in the reduced neural area will
help improve its potential and help the onset of the
parasitic bipolar transstor. So,the lowered body
potential is the synthetic result of two factors. In
addition ,due to the reduced channel concentration,
the current gainP of the bipolar transistor will be
improved. The value of B extracted from the smu-
lation has shown the dight increase @usc =0 783
>Boon =0. 749) (refer to Ref. [6] for the extrac
tion method) . This shows that the reduced i mpact
ionization is the predominant factor that deter-
mined the improvement of the breakdown charac-
teristicsin our experiment.

For BC SOl nMOSFETs,we have previoudy
discussed the off-state breakdown characteristicsin
Ref. [7]. Now ,we will discuss the on-regime char-
acteristics. Because we perform a 2D numerical
smulation while the practical devices are a 3D
structure ,there should exist some dissmilarity for
smulated characteristics and practical ones,s0 we
will only discuss this issue qualitatively. Like FB
SOl devices, the reduced electrical field near the
drain in HBC BC SOI devices is the fundamental
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Fig.7 Distribution of the lateral electrical field adong
the surface of the channel at Vg4 =5V

reason that causes the improvement of the reliabili-
ty of the devices. Figure 7 shows the smulated lat-
eral electrical field near the surface of the dli-
con film along the channel at Vi =5V and Vgs - Vin
=3V. Inthisfigure,theplotis smilar with FB SOI
devices and the second peak electrical field can al 0
be observed.

4 Conclusion

Our experiments show that the FB &BC PD-
SOl nMOSFETSs with half-back-channel implanta
tion has good performance in delaying the occur-
rence of the“ kink” phenomenon,improving the
breakdown voltage over conventional PDSOI
NMOSFETS. In addition ,this method does not de-
crease the threshold voltage of the back channel
obvioudy. The numerical smulation showsthat the
reduced electrical fieldin the channel contributesto
such improvements.
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