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Abgtract : Partial-depleted SOI(silicon oninsulator) nMOS devices are fabricated with and without silicide technolo-
gy ,respectively. Off- state breakdown characteristics of these devices are presented with and without body contact ,re-

spectively. By means of two-dimension(2D) device s mulation and measuring junction breakdown of the drain and the

body ,the difference and limitation of the breakdown characteristics of devices with two technologies are analyzed and

explained in detail s. Based on this,a method is proposed to improve off-state breakdown characteristics of PDSOI

nMOS devices.
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1 Introduction

SOl (dlicon oninsulator) technology has been
credited with the most prospective technology that
may replace the bulk CMOS technology. And due
to good scalability and strong resstance to harsh
environments SOI devices are more suitable for fu-
ture integrated circuits. However , because of the
existence of floating body effect in SOl nMOS
FET ,which leads to undesirable &fects in many
applications, people have to adopt a variety of
methods to eliminate it. The most direct way is to
add a contact to the body ,thus eliciting redundant
holes from floating area. Such structure is smilar
to bulk-slicon devices because the body potential is
set as afixed value in SOI devices like in bulk-sli-
con devices; however , characteristics of body-tied
devices on SOI are not exactly the same as those of
devices on bulk dlicon in which thereis extra bur-
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ied oxide layer between two dlicon layers. There
fore,it is still necessary to make research on char-
acteristics of body-tied SOI devices. Like bulk sli-
con devices, through off-state breakdown charac-
teristic ,which is among key parameters of devices
and circuits, the leakage current under the static
condition can be obtained. There are many propos
als to improve breakdown characteristic , however ,
these proposals generally need complex desgn and
processing conditions!® *. By now, due to good
compatibility with CMOS bulk-silicon technology
and easer body-tied design, T-gate (H-gate) struc
tureis still very popular!® .

In this paper ,we make an investigation on off-
state breakdown characteristics of H-gate PDSOI
NnMOS devices fabricated with and without dlicide
technology under the condition Vg = 0V. We dis
cuss the mechanism of such breakdown characteris
tics and propose a way to improve the breakdown
characteristics.
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2 nMOSFET fabrication

To avoid the lateral leakage current” (which
can influence the breakdown characteristics of de-
vices) possbly caused by processng conditions ,we
design the H-gate nMOSFET with w/ | =50/ 2. De
vices areisolated by L OCOS(local oxidation of sli-
con) . The SOI material is 400nm thick in S layer,
370nm thick in BOX (buried oxide) and p-type
substrate. We divide SOl nMOSFET into two
groups. One group is fabricated with dlicide tech-
nology and the other is fabricated without Slicide
technology. Gate length is 21 m and gate oxide is

20nm thick. The dose of back channel implantation
of boron is 2 x 10%cm’? ,and the dose of front

2 Inor-

channel implantation of BF. is 1 x 10" cm”
der to activate the impurities implanted in the dli-
con film, a rapid thermal processng (RTP) at
1000

and energy of arsenic is implanted to source and

is performed. In two groups,the same dose

drain. Especially ,in the second group ,to form sli-
cide,we add a LDD (light doping drain) implanta
tion of phosphorus of the dose 5 x 10 cm’? after
the gate is formed;300nm spacer isformed before
the implantation of the source and the drain. Figure
1 shows the schematic cross sections of two-group
device structures and layout of H-gate devices.
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Fig.1
of H-gate

3 Resultsand discussion

31 Results

After theformation of devices,we measure the
off-state breakdown curves with HP4145A semi-
conductor parameter analyzer. In our test, the
ource, the substrate, and the gate are aways
grounded. And we define the current 1 x 10" °A as
the breakdown point. Figure 2 shows the break-
down characteristics of devices under the condition
that body contact isfloating and grounded ,respec-
tively. From the figure ,we can clearly see the soft
breakdown characteristics and low breakdown volt-
age for devices with floating body compared to de-
vices with body contact. Thisis because of the ex-
istence of a paradtic bipolar transstor in PDSOI
NMOS devices with floating body and it is this par-

(a) Structure of NnMOS device with dlicide; (b) Structure of nMOS device without silicide; (c) Layout

adtic bipolar trandstor that causes such break-
down characteristics® . For body-tied devices,the
body contact can €licit redundant holes from the
body area,thus suppressng the® kink effect” ,de
creasng the drain current and impact-ionization
rate; moreover ,the body contact inhibits parastic
bipolar from working due to it is grounded. Thus
the breakdown characteristics are better than those
of devices with floating body.

To more clearly compare off-state breakdown
characteristics of devices with body contact, we
convert the type of y-axisin Fig.2 from linear co-
ordinate to denary logarithmic coordinate and only
show the breakdown characteristics of nMOS de-
vices with body contact in Fig. 3. In Fig. 3 ,thereis
a congpicuous dissmilarity between the curves of
devices with dlicide and without dlicide. For de
vices without dlicide ,thereisamost steep increas
ing at approximately Vas =9V ,and before Vas =9V ,
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Fig.2 Breakdown characteristics of nMOS devices

the current is small than 1nA and can be consd
ered as no leakage current before the breakdown of
devices. For devices with dlicide ,the Stuationisal-
most the opposte: before approximately Vs = 3V,
the current is under 1nA ,but after this point ,the
leakage current is increasng exponentially to the
preset breakdown point 1 x10 °A.
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FHg.3 Breakdown characteristics of devices when body
contact is grounded

3 2 Discussion

To find out the cause of such dissmilarity ,we
measured breakdown voltage of pn junction of the
body and the drain (the gate,the source,the sub-
strateisfloating) in the samplesfrom those devices
with and without dlicide. Figure 4 shows the
breakdown characteristics of junction of the body
and the drain.

From Fig. 4,we notice that the breakdown
characteristic of the junction is almost the same as

tion

that of devices. In addition ,in the device measure-
ment , we find that body-tied devices with gate
length of 5,1 m (the processing condition is the
same as 21 m devices) have the same breakdown
characteristics as 21 m devices with dlicide and
without slicide ,respectively. This means that it is
the breakdown of the drain and body junction that
gives rise to sudden increasng drain current and
thus we observe the same breakdown characteris
tics. Therefore ,the breakdown of drain-body junc
tion is the dominant breakdown mechanism of
these devices. To clarify this phenomenon ,we can
first compare nMOS devices on bulk glicon with
those on SOI when the doping concentration of the
drain and the substrate (for SOI devices,the body)
are the same. Cenerally,the off-state breakdown
mechanism of nMOS devices on bulk dlicon is
gate-modulating breakdown'®' . However ,for body
tied SOl nMOS devices, due to existence of BOX
and body-contact ,the length of the body electrode
to the drain and body junction is less than the
length of substrate electrode to the drain and sub-
strate junction in bulk-slicon nMOS devices ,which
have no body-contact. Correspondingly the break-
down voltage of the pn junction of body and drain
in SOI devices is less than that of substrate and
drain in bulk-slicon devices. Figure 5 shows the
schematic of the pn junction of body and drain and
the drain part of body tied devices. Because we
need implant certain concentration of boronin back
channel in order to suppress back channel inver-
son ,when the doping concentration reaches the ex-
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tent that the breakdown voltage of the pn junction
of drain and body is smaller than one caused by
gate-modulating breakdown mechanism,it is the
breakdown of the pn junction of the drain and the
body that chiefly determines the breakdown of
body-tied SOl nMOS devices.

(b)

Contact

Fig.5 (a) pn junction of body and drain; (b) Drain
part of the devices with and without slicide (broken
line represents LDD in devices with silicide) along line
CC showed in (a)

Now we discuss the dissmilarity of break-
down characteristics of nMOS devices with and
without dlicide. To more clearly explain this dis
smilarity, we conduct a two-dimenson (2D)
process and device smulation. All the smulation
conditions are the same as processng conditions
and test conditions of real nMOS devices. But be-
cause the real body-tied device is three-dimension
(3D) structure,2D smulationis still different from
the real stuation and here we only make qualitative
analyss. Figure 6 shows at Vas = 6V ,the distribu-
tion of maximal electrical field of devicesfrom the
source to the channel to the drainin S layer with
dlicide and without dlicide, regectively. From
Fig. 6 ,we can see that the maximal electrical field
of devices with dlicide in the drain is larger than
those without dlicide. Especially in the part of con-
nection of the channel and the drain,for devices
with dlicide ,the maximal electrical field reaches a
bout 2 2 x10°V/cm ,while that for devices without
dlicide is only about 1. 1 x 10°V/cm. Larger elec
trical field causes devices with dlicide to be eader
to reach breakdown point ,which leads to leakage
current.But LDD structure in devices with dlicide
makes the maximal electrical field decrease dramat-
icaly to a* valley” as shown in Fig. 6(b) ,s0 the

devicesin lower voltage will not breakdown entire-
ly and only local breakdown will occur. Thusas Vs
increases ,the breakdown area extends and the in-
creasng leakage current can be observed. In com-
parison,for devices without slicide, the junction
cannot reach the break point until at Vas =9 5V as
shown in Fig. 3. The reason that devices with sili-
cide have larger maximal electrical field is the exs-
tance of dlicide. Slicide can dramatically reduce the
red stance of drain part and voltage drop ,while for
devices without slicide,there will be more voltage
dropping on the redstance of the drain and corre-
spondingly the voltage drop on the pn junction of
the drain and the body is less when the same volt-
ageis applied to the drain and the body for devices
with and without dlicide ,respectively.

(a) (b)

Electrical field/(10°V.cm™)
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Fig.6 Maximal electrical field distribution of devices
without dlicide (a) and with dlicide (b)

3 3 A way to improve off-gate breakdown voltage

Because the breakdown mechanism of body
tied NnMOS devices is mainly determined by pn
junction of the drain and the body ,we propose a
method to improve the breakdown characteristic.
Here we can Smply see the pnjunction of the drain
and the body as unilateral abrupt junction due to
the very high concentration of arsenic in the drain
and comparably very low concentration of boronin
the body. Thus for the unilateral abrupt junction,
we can make use of the experimential formula™ ,

Ves = 60(Ey/ 1 1)¥?(Ne/10°) "¥*
where E refersto the width of forbidden band , Ns
refers to the impurity concentration of low-doping
sde.
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According to thisformula ,lowering the doping
concentration in the body contributes to improving
breakdown voltage of pn junction of the drain and
the body. In order not to influence the threshold
voltage ,we may only change the doping concentrar
tion of the back channel ,and in order to guarantee
the high threshold voltage of back gate and the
good body contact ,we adopt the way as shown in
Fig. 7. We only implant half layout (the shade
part) in the back channel implantation,that is,

—
w

thereis no back channel implantation in the drain
part. To demonstrate the effect of this method ,we
smulated the distribution of maximal electrical
field shownin Fig. 7. From the distribution of max-
imal electrical field ,we can see that the obvious de-
creasng of maximal electrical field in the drain as
compared to theformer maximal electrical field dis
tribution in Fig. 6. Therefore,we can expect the
better breakdown characteristics in the improved
way.
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field of devices with dlicide

4 Conclusion

We fabricated 21 m PDSOI body-tied nMOS
devices with slicide and without dlicide ,and meas
ured the off-state breakdown characteristic of
body-tied nMOS devices. By testing the breakdown
characteristics of pn junction of the drain and the
body ,we analyze the breakdown mechanism of the
body-tied PDSOI nMOS devices. In addition, we
employ 2D process and device s mulation to explain
the dissmilarity of breakdown characteristics of
devices of different technologies. In the end ,by an-
alyzing the breakdown formula of pn junction,we
propose a way to improve the off-state breakdown
characteristic of body-tied nMOS devices.
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