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Influence of Haoating Body Effect on Radiation Hardness
of PD SOl nMOSFETs
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Abgtract : H-gate and closed-gate PD SOl nMOSFETS are fabricated on SIMOX substrate ,and the influence of floatirg
body dfect on the radiation hardnessis studied. All the subthreshold characteristicsof the devices do not charge much after
radiation of the total dose of 10°rad(9) . The back gate threshold voltage shift of closed-gateis about 33 % less than that of
H-gate device. The reason should be that the body potentid of the closedgate deviceis raised due to inmpact ionization ,and
an dectric fiedd isproduced across the BOX. The floating body efect can improve the radiation hardness of the back gate

trang stor.
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1 Introduction

Slicorrorrinsulator (SO1) CMOS devices have
many advantages over bulk dlicon devices,and have
been used in large-scale circuit implementationstt!.
However , the paradtic phenomena in SOl nMOS
FETsarisng from the floating body efect congtitute
a major concern'?!. These include the kink in the sat-
uration region of drain output characteristics ,early de-
vice breakdown induced by the paradtic lateral bipolar
trangstor and anomaous subthreshold dope and ©
on. Severa techniques have been proposed to reduce
the floating body effect ,in which body-tie isthe most
efective onel®>*!. But the influence of the floati ng
body effect on the tota dose radiation hardness has
never been studied.

In this paper ,the influence of the floating body
efect on the total dose radiation hardness of PD SOI
NMOSFETsis studied. The posshle mechanism is a-
D presented.
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2 Experiment

PD SOl nMOSFETSs were fabricated on SIMOX
wders with a buried oxide thickness of 370nm and
the top dlicon thickness of 197nm. The SOl nMOS
technology hasan” doped polyslicon gate ,a gate ox-
ide thickness of 20nm ,and L OCOS islation. Lightly
doped drain (LDD) technology is utilized ,and gate
polyslicon and source/ drain areas are slicided usng
titanium dlicide. The layouts of the H-gate and
closed-gate devices are shown in Fig. 1.

The characterigticsof the nMOSFETs were mear
sured with a HP 4145A parameter anayzer. Radiation
experiments were performed usng o gamma rays
with a dose rate of 230rad(9)/s. The urce, back
gate ,and body tie were grounded ,and the front gate
and drain were biased at 3V during the radiation. All
the measurements were finished within 1h &ter the
radiation.
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FHg.2 Subthreshold characterigtics of 60/ 1. 21 m H
gate and closed-gate devices before and ater a radiation
of 10°rad(9)

Fig.1 Layoutsof the H-gate (a) and closed-gate de

vices (b)

3 Resultsand discussion

Figure 2 shows the subthreshold characterigtics 1 —
of 60/1.2 m Hgate and closed gate devices before y TS : S
and &ter a radiation of 10°rad (S). The threshold 10° VAR o x,:'"
voltages did not change much and there were no leak- r
age current. Thus the devices have a radiation hard- S | ] ,f;
ness higher than 10°rad(S) . Figure 3 shows the back o ] ‘.!j
gate subthreshold characteristics. The curves shift to ' i : ;
the left with increasng tota dose due to the postive Tl N

L

charge induced by radiation. The back gate threshold s 15
voltage of H-gate device is reduced by 20.49V ,from
40.12 to 19. 63V. On the contrary ,that of closed-gate
device is reduced by only 13.13V ,from 39.82 to
26. 69V ,which isabout 33 % less than that of H-gate
device. Figure 4 shows the threshold voltage of H-gate

FHg.3 Back gate subthreshold characteristicsof Hgate
and closed-gate devices

and closedgate devices with different width asafunc [ —e— 5/1.2um H-gate

. —a— 1O/ 123

tion of tota dose. All the threshold voltagesof H-gate A0 b —v— 30/1 11,':]:‘ Bl
%\ - — ;\l' h'” _: -T-

devices are changed smilarly with the increasng of A Al

24/1 2pm closed-gate

r= 60/1.2um closed-gate

total dose reducing by about 20V ater 10°rad(S) rar >

diation. However both threshold voltages of the : i 10 L

closed-gate devices are reduced by only about 13V.
The dectricfidld across the oxide is an important

factor to influence the radiation reponse of the oxide. 20|

In closed-gate device,the body region is floating. At 2 ; -
high drain bias ,impact ionization will tend to raise the v Dose rn:,-;.u.xi.
body potentia. The elevated body potential will pro-
duce an dectric field from the body region to the sub-
strate while the substrateis biased at OV . The dectric

FHg.4 Threshold voltage of H-gate and closed-gate de-
vices with different width as a function of totd dose
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fidd drives the holes created during radiation toward
the BOX/ substrate interf ace ,while electrons escgpe to
the S/BOX interface. Holes trgpped near the BOX/
substrate interface have a small dectrical influence on
the dlicon film and do induce a less shift of the back
gate threshold voltage. However in H-gate devices ,the
body is grounded and there is no eectric field across
BOX. The damage of radiation is higher and the shift
of the back gate threshold voltage is more obvious.
Thus The floating body effect could improve the radi-
ation hardness of the back gate trans stor.

It is observed that the back gate threshold volt-
age shift of H-gate devices did not change with the
width. The floating body effect increases with the
width due to the resstance of the body region. The
potentia of the body region far away from the body
tie may be raised and the device shows an obvious
floating effect. However ,the threshold voltage of the
whole device is determined by the part of channd
with the lowest threshold voltage. In the H-gate de
vice with a short width,the entire body region is
grounded ,which will induce an important shift of the
back gate threshold voltage. On the contrary ,in the
H-gate device with alarge width ,the potentia of the
centra body region israised and the shift of back gate
threshold voltage at thisplaceisless. But the body re-
gion near the body tie is grounded and the shift there
could be aslarge as the narrow devices. Thus the back
gate threshold voltage of the H-gate device may
change with the distance from the body tie. The
threshold of the channel near the body tie may be
lower and that far from the body tie may be higher
ater radiation. The lowest one determines the back
gate threshold voltage of the device ,which is dmilar
to the narrow devices. Thus the back gate threshold
voltage shift of H-gate devices did not change with
the width.

4 Conclusion

H-gate and closed-gate PD SOl nMOSFETSs are
fabricated on SIMOX substrate ,and the influence of
floating body effect on the radiation hardness have
been studied. All of them show a radiation hardness
more than 10°rad (S) . The back gate threshold volt-
age shift of closed-gate is about 33 % less than that of
H-gate device. The reason should be that the body po-
tential of the closed-gate deviceisraised due to i mpact
ionization and an eectric field is produced across the
BOX. Thefloating body effect can improve the radia
tion hardness of the back gate trandstor. The eectric
field reduces the damage of radiation and induces a
less shift. The back gate threshold voltage shift of H-
gate devices does not change with the width even
though the wider devices have more obvious floating
body effect. The part of channd near the body tie en-
dures a more important shift of the back gate thresh-
old voltage ,which will determine the radiation toler-
ance of the whole device.
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