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Effects of Si Ion Implantation on the Total-Dose Radiation
Properties of SIMOX SOI Materials
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Abstract: To improve the total-dose radiation hardness,silicon-on-insulator (SOI) wafers fabricated by the sepa-
ration-by-implanted-oxygen (SIMOX) method are modified by Si ion implantation into the buried oxide with a
post anneal. The I- Vs characteristics can be tested with the pseudo-MOSFET method before and after radiation.
The results show that a proper Si-ion-implantation method can enhance the total-dose radiation tolerance of the
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materials.
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1 Introduction

Silicon-on-insulator (SOI) technologies have
been developed on radiation-hardened applica-
tions for many years for their unique advantages
compared to bulk-silicon in some radiation envi-
ronments. However, the buried oxide (BOX) lim-
its the radiation hardness of SOI materials. To im-
prove the total-dose radiation tolerance for SI-
MOX SOI wafers, many modified technologies
have been explored"'~* . But the modified materi-
als usually have to be fabricated into MOSFETs to
test the characteristics, a process which requires
many steps and a very long time. With this under-
standing, Cristoloveanu et al. developed the pseu-
do-MOSFET (¥-MOSFET) technique to charac-
terize the quality of SOI wafers before any device
processing” . As shown in Fig. 1, the ¥-MOS-
FET has an upside-down MOS configuration. The
Si-film and BOX properties can be evaluated by
monitoring electrical parameters such as mobility,
Si film doping, and oxide and interface defects.
Since the w-MOSFET can provide rapid evalua-
tion of charge trapping in buried oxides, it is also
useful for radiation-effects analysis.

In this paper, SIMOX SOI wafers are modi-
fied by Si ions implanted into the BOX layer with
post annealing. The ¥-MOSFET method is used to
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Fig.1 Schematic configuration of the w-MOSFET

test the Ip- Vs characteristics before and after ir-
radiation to investigate the influence of the modi-
fication process on the total-dose radiation effects
of the wafers.

2 Experiment

The initial materials are the commercial
standard SIMOX SOI wafers with a top Si layer of
200nm and a BOX layer of 380nm.which is (100>
p-type with a resistivity of 15~25Q +« cm. Silicon
ions are implanted into these wafers with a dose
of 1 X 10" cm™* and energy of 190keV, followed
by an anneal in Ar for 180min at 900C . The un-
implanted wafer is annealed along with the im-
planted wafer. Then the Si films are etched into
square islands with the areas of Smm X 5mm.
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Irradiations are performed using an ARA-
COR 4100 10keV X-ray irradiator. The dose rate
is 5 X 10*rad (Si)/min and the total doses are up
to 1 X10°rad (Si).During the irradiation, the sub-
strate is biased with 15V and the top Si is biased
with 0V. All the measurements are performed at
room temperature with an HP4155B semiconduc-
tor parameter analyzer under the same conditions
before and after irradiation. Two point contacts
are made on each Si-island for the source and
drain using tungsten probes, with an inter-probe
distance of 1mm,where the pressure is maintained
at 70g and the voltage is 0. 1V.

3 Results and discussion

Figures 2(a) and (b) show the drain current
versus gate voltage (Ip- V) characteristics of the
W-MOSFET for SIMOX SOI materials before and
after radiation. As the total radiation dose is en-
hanced,all the I,- Vs curves shift negatively along
the voltage axis. Furthermore,the curves of wafer
A (unimplanted sample) shift much more than
those of wafer B (implanted sample). After irra-
diation to 600krad (Si),the Ip- Vs curves of wafer
A already lose the MOS characteristics, while wa-
fer B also works normally when the total radia-
tion dose is as high as 1Mrad (Si). This illustrates
that Si ion implantation can improve the total-
dose radiation tolerance of SIMOX SOI materials.

As show in Fig. 2, the pre-irradiation midgap
voltages for wafer A and wafer B are — 2 and
—13. 2V, respectively. This suggests that implan-
ting Si ions into the buried oxide of SIMOX SOI
wafers increases the initial fixed positive charge
in the BOX, which leads to the negative drift of
the pre-irradiation midgap voltage for wafer B.
After irradiation, however, the midgap voltage
shifts for wafer B are much less than those for
wafer A. Since interface traps are approximately
neutral when the Fermi level is at midgap, it is
clear that the oxide-trap charge contributes to the
midgap voltage shifts.

Figure 2 also shows the radiation-induced in-
terface-trap contribution, which can be estimated
from the change in the slopes of the sub-threshold
curves. The pre-irradiation slopes are 1. 6 for both
wafers. When the total radiation up to 400krad
(Si) ,the slope for wafer A is 6. 4 and that for wa-

fer B is 2. 4. The slopes for wafer B only have a
little change before and after irradiation, indica-
ting that the radiation-induced interface-trapped
charge also decreases with the implantation.
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Fig.2 Drain current versus gate voltage (Ip-Vg)
characteristics of the ¥~-MOSFET for SIMOX SOI ma-

terials before and after radiation (a) Unimplanted

sample A; (b) Implanted sample B

irradiation, the total
threshold-voltage shift for the transistor is the
sum of the threshold-voltage shifts due to the ra-
diation-induced oxide-trapped charge and the in-
terface-trapped charge. Figure 3 shows the thresh-
old voltage shifts for the n-channel transistor

As 1s the case with

AV, extracted from the curves of Fig. 2. The
threshold voltage has a negative shift along the
voltage axis after irradiation. It can be seen from
Fig.3 that the AV, for wafer B is obviously less
than that for wafer A under the same conditions.
This phenomenon appears more evidently for high
total radiation dose. The implantation leads to
smaller threshold voltage shifts, making it clear
that implanting Si ions into the buried oxide
largely reduces the amount of the trap charge in-
troduced during the irradiation.

The above results can be explained in the fol-
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Fig.3  Threshold voltage shifts in n-channel tran-
sistors for implanted sample B and unimplanted sample
A

lowing way. When the MOS structures are exposed
to X-ray radiation,in which both holes and elec-
trons are generated in the oxide, the oxide be-
comes positively charged by the trapping of holes.
This leads to the shift of the I,-Vs curves, and
can adversely affect device operation. The Si im-
plantation creates electron traps throughout the
buried oxide. When filled, the additional electron
traps compensate the trapped positive charge by
providing recombination centers for radiation-in-
1ol decreasing  the net positive
charge in the oxide. According to the research

duced holes

work of Nicklaw, Si implantation does not result
in a significant change in the density of hole traps

in the oxide!? ™!

. Thus the implantation has no
effect on the breakdown field strength of the ox-
ide. However, the implantation may have some in-
fluence on the top Si, which is a possibility that

needs to be studied further.

4 Conclusions

The ¥-MOSFET radiation results show that
Si ion implantation can improve the total-dose ra-
diation tolerance of SIMOX SOI materials re-
markably. The implantation significantly decrea-
ses the radiation-induced trap charge. But some

work still needs to be performed to reduce the ini-
tial fixed positive charge in the BOX.

References

[1] Mao B Y.ChenCE,Pollack G.et al. Total dose hardening of
buried insulator in implanted silicon-on-insulator structures.
IEEE Trans Nucl Sci,1987,34:1692

[ 2] Stahlbush R E,Hughes H L,Krull W A. Reduction of charge
trapping and electron tunneling in SIMOX by supplemental
implantation of oxygen. IEEE Trans Nucl Sci,1993,40:1740

[3] Boesch H E Jr,Taylor T L,Krull W A.Charge trapping and
transport properties of SIMOX buried oxides with supple-
mental oxygen implantation. IEEE Trans Nucl Sci,1993,40.
1748

[ 4] Hughes H, McMarr P. Radiation hardening of SOI by ion
implantation into the buried oxide. US Patent No.5,795-813

[ 5] Cristoloveanu S, Williams S. Point-contact pseudo-MOSFET
for in-situ characterization of as-grown silicon-on-insulator
wafers. IEEE Electron Device Lett,1992,13:102

[ 6] Cristoloveanu S,Li S S. Electronical characterization of sili-
con-on-insulator materials and devices. New York: Kluwer
Academic Publishers,1995:105

[ 7] Cristoloveanu S, Munteanu D, Liu M S T. A review of the
pseudo-MOS transistor in SOI wafers: operation, parameter
extraction,and applications. IEEE Trans Electron Devices,
2000,13:1018

[ 8] Ravariu C.Rusu A,Dobrescu D,et al. A mathematical model
for threshold voltage of a partially and fully depleted MOS/
SOI structure with a Gaussian distribution in the film. IEEE
Int Conf on Modeling and Simulation of Microsystems, San
Diego, USA,2000:345

[9] Ravariu C,Rusu A, Dobrescu D, et al. An analytical model
for static characteristics of a pseudo-MOS transistor with
neutral channel. Proceedings International Semiconductor
Conference.2000,1:307

[10] Mrstik BJ.Hughes H L, Mcmarr P J,et al. Hole and electron
trapping in ion implanted thermal oxides and SIMOX. IEEE
Trans Nucl Sci,2000,47:2189

[11] Mrstik B J, Hughes H L, Gouker P,et al. The role of nano-
clusters in reducing hole trapping in ion implanted oxides.
IEEE Trans Nucl Sci,2003,50:1947

[12] Nicklaw C J,Pagey M P, Pantelides S T.et al. Defects and
nanocrystals generated by Si implantation into a-SiO; . IEEE
Trans Nucl Sci,2000,47:2269

[13] Nicklaw CJ.Lu Z Y, Fleetwood D M, et al. The structure,
properties, and dynamics of oxygen vacancies in amorphous
SiO; . IEEE Trans Nucl Sci,2002,49.2667



326 T R E W %28 %

Si B FiE AT SIMOX SOI #f #3512 7| = 45 B8 M 88 B 2 My

7 B OKEE KE®R
Coo B2 B T R 0 5 1 BB BFSE T {5 B REME R R A %50 % . B 200050)

FEE: T $E SIMOX SOT BB & 70 ik 4 B Y BE 7« R Ak i A 46 21 32 )5 5B A3 B 21 9 SIMOX SOT A4
R TS . pseudo-MOSFET J7 i MHARE fh (9 To- Ve Frthh 2. 2 R KW, 18 Wik & 1A T Z A %8
o PRI B AR i T Y e

XA : SIMOX; SOI; Si g FIEA: BN pseudo-MOS
EEACC: 6170T; 6180C
hE 4RSS TN304 XHERARIRAG: A XEHS: 0253-4177(2007)03-0323-04

T il {5 fF# . Email . babyant@mail. sim. ac. cn
2006-08-18 15 ,2006-11-03 5& ©2007 i@ T2 4



