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Abdgtract : A novel radiation tolerant SOl isolation structure ,consisting of thin SO/ polysilicon /field SO. multilay-

ers,isproposed. A device with this structure does not show obvious changesin subthreshold characteristics and leak-

age current ,indicating a superior radiation tolerance to traditional L OCOS.
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1 Introduction

Sliconrorrinsulator (SOI) devices are attrac-
tive elementsfor high-performance ,radiation hard-
ened ,and CMOS circuits. While device isolation in
SOl CMOS provides complete immunity to latch
up ,SOI structures are al 0 less susceptible to tran-
sient radiation and single-event upset due to the re-
duced semiconductor charge collection volume of
the thin slicon layers*? . Although interactions
between devices on separate idands are readily e
liminated with SOI technology ,potential parastics
exist within an isand. Device conduction can occur
via three paths: (1) the conventional top channel at
the gate-oxide/ S interface; (2) the back channel at
the S/ buried oxide (BOX) interface;and (3) the
edge-channel along the sdewalls of the idand.

All of these three regions are subject to total
dose radiation effect. Techniques exist for harden-
ing the top and back channels, leaving sdewall
effect asthe critical SOI total dose radiation hard-
ening issue. Total dose radiation effects on the top
channel can be controlled by bulk gate oxide radia
tion hardening techniques™ , and back channel
leakage in NMOSFET can be suppressed by apply-
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ing a negative substrate bias that reduces the radia-
tion induced postive charge build-up at the BOX/
S interface. A deep B implantation can als0 be used
to raise the back channel threshold voltage'®' .
However ,there still remains edge-channel conduc-
tion ,the most difficult leakage to suppress.

In this paper, a new isolation technology,
which can suppress edge-channel conduction, is
proposed ,and its effectivenessis verified.

2 Experiment

2.1 Isolation structure

Figure 1 shows the schematic cross section of
the isolation structure. This structure conssts of
thin SO/ polyslicon/field SO. multilayers. The
polyslicon layer at the sdewall of the body region
is connected to the substrate. When the CMOY
SOl device is irradiated , electrons induced by the
positive charge trapped in the field SO: layer ap-
pear only in the sdewall polyslicon layer and the
substrate near the S/ S0O:. interface, because the
polyslicon layer is connected to the substrate. The
polysilicon layer works s0 as to shield the body re-
gion from the radiationrinduced postive charge
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trappedin thefield SO: layer. On the other hand,
the postive charge trapped in the thin sdewall
SO: layer adjacent to the body region can induce e
lectrons at the sdewall surface of the body region.
However ,snce the concentration of these electrons
can be decreased beyond the channel impurity con-
centration by reduction of the thicknessof the sde-
wall SO: layer ,a depletion or an inverson region
cannot beformed. That isto say ,edge-channel con-
duction can be suppressed.

Si Si0, Si
SI0, Poly SiO,
Si
Fig.1 Schematic cross section of the isolation struc-
ture
2.2 Process

2@ m/1 22 m PD SOl nMOSFETSs arefabrica
ted on SIMOX waferswith a buried oxide thickness
of 370nm and a top slicon thickness of 197nm. The
CMOY SOl fabrication process with this structure
starts with the growth of a thermal pad oxide ,fol-
lowed by the depostion of a dlicon nitride layer. A
patternis applied and the trench is etched though
the nitride ,oxide ,dlicon film ,and BOX in turn and
approximately 250nm into the substrate. Next ,an
oxidation is performed at 850 to obtain a 50nm
S0:. Then,S0: is etched back and the substrate
at the bottom of the trench is exposed. The trench
isfilled with a 1000nm deposited polyslicon film
and the polyslicon is etched back to the top of the
nitride using reactive ion etch (RIE). The proces
ses of filling and etching are repeated one more
time to planarize the surface. After the diffuson of
phosphor ,afield oxidationisperformed at 910 to
avoid a short. Next ,the nitride is removed, fol-
lowed by well implants,gate oxidation ,and gate e
lectrode formation.

The gate oxide thickness of all devices is
20nm. After the pattern of the n* doped polysilicon

LDD structureisformed usng phosphorusimplan-
tation with a dose of 2 5 x 10”cm™* and energy of
30keV ,the oxide spacers are formed ,followed by
source/ drain doping (As,80keV ,4 x 10 cm’?).
20nm Ti is deposited to form Titanium slicide con-
tacts on the source/ drain and polysilicon regions.
Figure 2 shows the cross section SEM of the
structure after trench-etching ,twice deposition and
etching of polyslicon and field oxidation. 2Qu m/
1L 22m nMOSFETs with LOCOS isolation are al s
fabricated to compare radiation tolerance.

-

Fig. 2 (a) After
trenchretching; (b) Twice depostion and etching of polysil-
icon; (c) Field oxidation

Cross section SEM of the structure

2.3 Maeasurements and radiation characterization

The characteristics of the nMOSFETs are
measured with a HP 4145A parameter analyzer.
Radiation experiments are performed using Co®
Gamma rays with a dose rate of 230rad(9)/s. The
source ,back gate and body tie are grounded and the
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front gate and drain are biased at 3V during the ra-
diation. All the measurements are finished within
1h after the radiation.

3 Resultsand discussion

Figure 3 shows the subthreshold characteris
tics of the closed-gate device which eliminates the
edge-channel. After a 10°rad(S) radiation ,the sub-
threshold characteristics show less change and no
obvious leakage current ,indicating a radiation tol-
erance of thefront and back gates exceeding 10°rad
(9). Figure 4 shows the subthreshold characteris
ticsof the LOCOSisolated device. The device does
not show obvious leakage current before radiation.
However ,after a total dose radiation of 3 x 10°rad
(9) ,the leakage current exceedes 1nA due to the
conduction of the edge-channel. Conversely, the
subthreshold characteristics of the device with the
novel isolation structure does not change much ,and
the leakage current is still very small after a total
dose radiation of 3 x 10°rad(S) ,as shown in Fig.
5. Thus,the radiation tolerance of the novel isola
tion structure is superior to that of the traditional
L OCOS.

10°
107
105
10

< 107
"0

— Pre-radiation
10 - - «-1x10° rad(Si)

ot A
10

—r
0 0.5 1.0 15 2.0

FHg.3 Subthreshold characteristics of closed-gate de-

vice

4 Conclusion

A novel radiation tolerant SOl isolation struc-

ture which condsts of thin SOz/polyslicon/field
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Fig.5 Subthreshold characteristics of device with the
novel isolation structure

S0O: multilayers is presented. The subthreshold
characteristics do not change much and the leakage
current does not increase obvioudy after a total
dose radiation of 3 x10°rad(S) ,compared with the
device isolated by L OCOS.
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