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Off-State Breakdown Characteristics of PDSOI nMOSFETSs
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(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Partially-depleted silicon-on-insulator (PDSOD) tloating-body(FB) nMOSFETs and H-gate type body-con-
tacted(BC)nMOSFETs are fabricated with different back channel implantation dosages. The off-state breakdown
characteristics of these devices are presented. The off-state breakdown voltages of the FB nMOSFETs increase
from 5. 2 to 6. 7V,and those of the H-gate type BC nMOSFETSs decrease from 11. 9 to 9V as the back channel im-
plantation dosages increase from 1. 0X 10" to 1.3 X 10" cm ™ *. By measuring the parasitic bipolar transistor static

gain and the breakdown characteristics of the pn junction between the drain and the body,the differences between

the breakdown mechanisms of the FB and H-gate type BC nMOSFETs are analyzed and explained qualitatively.
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1 Introduction

SOI technology has been regarded as one of
the most promising CMOS technologies because of
its excellent subthreshold slope'’, high speed op-
eration'® , and improved drivability"® . In addi-
tion, SOI circuits have an inherent resistance to
harsh environmental conditions such as radia-
tion"’ and high temperature™’ . PDSOI devices.,
due to their ease of manufacture by decoupling
the threshold voltage from the SOI film thick-
ness.have been a favored choice'® . PDSOI float-
ing body devices are preferred for digital circuits
for speed considerations, but in analog circuits and
[/Os, in which history effects are not tolerable,
body contacts must be added to the devices in or-
der to fix the body potential to a certain value'”' .
The H-gate is one popular type of body contact
scheme.

Off-state breakdown voltage is among the
key parameters of PDSOI FB and BC devices. In
PDSOI device fabrication,a two-step channel im-
plantation is conventionally implemented to avoid
the leakage of the back channel and to adjust the
threshold voltage of the front channel. In this pa-
per,we investigate the off-state breakdown char-
acteristics of PDSOI FB and H-gate type BC
nMOSFETs with respect to their back channel im-
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plantation dosages.

2 Device fabrication

The 0. 8ym gate length FB and H-gate type
BC nMOSFETSs were fabricated on 150mm separa-
tion by implanted oxygen (SIMOX) wafers from
Simgui Corp under the same process,with the fol-
lowing material parameters: p (100), 10 ~ 20
Q + cm, 500nm silicon film, and a 375nm BOX
(buried oxide)layer. First, the thickness of the sil-
icon film was reduced to 400nm by growing and
stripping a sacrificial oxide layer. Then two-step
local oxidation of silicon (LOCOS) isolation tech-
nology was used to isolate the devices after field
implantation of boron ions. Back channel implan-
tation of B ions and front channel implantation
of BF, ions were performed to avoid the leakage
of the back channel and to adjust the threshold
voltage of the front channel. The dosages of back
channel implantation were 1.0 X 10",1.1 X 10%*,
and 1.3 X 10" cm™?, respectively, while the dosa-
ges of front channel implantation were the same
for all the devices in this study. After an 18nm
gate oxide was thermally grown,420nm n* heavi-
ly doped polysilicon was deposited. Then 0. 8pm
length gate lines were patterned and etched, fol-
lowed by lightly doped drain(LDD)implantation.
After the gate spacer formation,arsenic and phos-
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phorus ions were implanted to form the n”
source/drain. In order to activate the impurities
implanted in the silicon film, rapid thermal pro-
cessing(RTP)at 1000C was performed. After the sal-
icidation, the devices were metallized using a typical
backend flow. Figure 1 shows the layouts of the FB
and H-gate type BC nMOSFETs in this study.
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Fig. 1 Layouts of FB (a) and H-gate type BC (b)
nMOSFETs

3 Results and discussion

After the formation of the 8,m/0.8.m FB
and H-gate type BC nMOSFETSs,we measured the
with a Keithley
4200SCS semiconductor characteristics system. In

off-state breakdown curves

this test, the source, the substrate, and the gate
terminals were all grounded,as shown in Fig.2. A
drain current of 1 X107°A is defined as the break-
down point.

Figure 3 shows the off-state breakdown char-
acteristics of the FB and H-gate type BC nMOS-
FETs with back-channel implantation dosages of
1.0x10%,1.1X10%,and 1. 3X 10" cm™?. Table 1
gives the breakdown points of these devices. The
breakdown voltage of the FB nMOSFETs is much
lower than that of the H-gate type BC nMOS-
FETs. This is because there is a parasitic bipolar
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Fig. 2 Cross sectional view of SOl nMOSFETs

transistor ( PBT) with floating base in the FB
nMOSFETs. From bipolar transistor theory™’, the
collector (drain) breakdown voltage with open
base BV g 1is smaller than when the base is
grounded, BV, . Both breakdown voltages are re-

lated as
BV¢
BVCEO = % (1)
Table 1 Breakdown points of FB and H-gate type BC
nMOSFETs
Back channel implant dosage | FB nMOSFETs| H-gate type BC nMOSFETs
1.0X10%¥cm ™2 5.2V 11.9V
1.1X10"% cm ™2 5.6V 11.5V
1.3X 10 ¢m ™2 6.7V 9V

where $ is the gain of the bipolar device,and n
typically ranges from 3 to 6. The body contacts in
H-gate type BC nMOSFETs are always grounded.
They can elicit redundant holes from the body re-
gion and thus decrease the body potential, drain
current,and impact ionization rate. Thus the para-
sitic bipolar transistor is inhibited from functio-
ning.

From Fig. 3 and Table 1, we can clearly see
that the breakdown voltages of the FB and H-gate
type BC nMOSFETs show different trends as the
back channel implantation dosages increase from
1.0X 10" to 1.3 X 10" cm™?. The off-state break-
down voltages of the FB nMOSFETs increase,
while those of the H-gate type BC nMOSFETsS de-
crease with the increase in back channel implanta-
tion. This is due to the different breakdown mech-
anisms in the two devices.
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Fig. 3  Off-state breakdown characteristics of FB
(a) and H-gate type BC (b) nMOSFETs

Figure 4 illustrates the relationship between
the parasitic bipolar transistor static gain and the
drain current in SOI nMOSFETs at different back
channel implantation dosages. It is obvious that
bipolar static gain decreases with increased back
channel implantation dosage. In FBSOI nMOS-
FETs,the parasitic bipolar transistor with floating
base is the main breakdown mechanism. Accord-
ing to Eq. (1), increasing the back channel im-
plantation dosage means doping the base (body)
more heavily, which decreases the static bipolar
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Fig. 4 Parasitic bipolar transistor static gain in SOI
nMOSFETs with respect to drain current at different
back channel implantation dosages

gain 3. Thus the off-state breakdown voltages of
the FB nMOSFETs are improved with increased
back channel implantation dosage.

Generally, the breakdown mechanism of bulk
nMOSFETs with channel length less than Zpm is
source/drain junction punch-through*'"’. Howev-
er,the devices in this study are different. First, the
breakdown characteristics of the H-gate type BC
nMOSFETs with gate lengths of 0. 8 and 2um fab-
ricated in this study have no obvious difference.
Second, the body region is more heavily doped
with increased back channel implantation dosa-
ges, so it is harder for source/drain junction
punch-through to occur, and the punch-through
voltage is increased. The phenomena in this study
are clearly different.

Converting the y-axis in Fig.3 from linear to
logarithmic scale as shown in Fig. 5 only shows
the breakdown characteristics of the H-gate type
BC nMOSFETs. In Fig. 6,the breakdown curves of
the body and drain junction are shown. The
breakdown voltages of the pn junction between
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Fig. 5 Breakdown characteristics of H-gate type BC
nMOSFETs in log-scale
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Fig. 6 Breakdown curves of the body and drain junc-
tion
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body and drain are 11. 8,11. 5,and 8. 85V, respec-
tively, with the back channel implantation dosages
from 1. 0X 10" to 1. 3X 10" ¢cm™?. Compared with
Table 1, the breakdown voltages of the body/
drain junction are almost the same as those of the
H-gate type BC nMOSFETs. This implies that the
breakdown of the body/drain junction is the dom-
inant breakdown mechanism in these devices.

As shown in Fig. 7, there are two types of
body/drain junctions. One is a reverse-biased
punch-through junction along line CC” and the
other is an abrupt junction along line DD". The re-
lationship between punch-through junction and
abrupt junction,assuming the same doping of the
substrate.is given in Fig. 8. From Fig. 8, we neg-
lect the contributions of the p* region (body con-
tact region) and the n* region (drain region) to
breakdown voltage and assume the ratio of BV,

and BV,y to be X. According to Ref.[11],we can
then get the following equations:

Enirr = Enaxan (2)
g%: =y 0<y<1 (3
g:;:m 0<p<1 4

gz: = 2p— o (5)

X v :C

I

Fig. 7 A reverse-biased punch-through junction along
line CC” and an abrupt junction along line DD’

Here, E,.«pny 1S the maximum electrical field of
the abrupt junction at breakdown, BVpy is the
breakdown voltage of the abrupt junction, Wy is
the depletion region width of the abrupt junction
at breakdown, E,.«pp 1S the maximum electrical
field of the punch-through junction at punch-
through breakdown. BV, is the punch-through
breakdown voltage of the punch-through junc-
tion,and Wy is the width of the body region.
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Fig.8 (a) n' /p abrupt junction assuming the same
doping of the substrate along line DD ;(b) n* /p /p”*
punch-through junction along line CC"; (¢) Relation-
ship of electrical field and breakdown voltage between
abrupt junction and punch-through junction The sha-
ded region represents the electrical field and break-
down voltage of the n” /p/p° punch-through junc-
tion.

According to Ref.[11],

BV,x = 5.34 X 10" N'T (6)
Combining Eqs. (5) and (6),we can derive BV,
=5.34%10" (29— 772)N7% ,where N is the doping
concentration of the body region.

From the above discussion, the punch-through
breakdown voltage of the drain/body junction a-
long line CC” is lower than the breakdown voltage
of the drain/body abrupt junction along line DD".
The punch-through breakdown voltage of the
drain/body junction along line CC’ is inversely
proportional to the doping concentration of the
body region, so BV, decreases with increasing
back channel implantation dosage,which matches
the behavior of the H-gate type BC nMOSFETs in
this study. This means that the punch-through
breakdown of the body/drain junction is the dom-
inant breakdown mechanism in these devices.

4 Conclusion

PDSOI 8,m/0. 8um FB and H-gate type BC
nMOSFETs were fabricated with back channel
dosages of 1.0 X 10”,1.1 X 10”, and 1.3 X 10"
cm™?. The off-state breakdown voltages of the FB
nMOSFETs increase, while those of H-gate type
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