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Back-Gated Buried Oxide MOSFET's In
a High-\Voltage Bipolar Technology for
Bonded Oxide/SOI Interface Characterization

R. Bashir, F. Wang, W. Greig, J. M. McGregor, W. Yindeepol, and J. De Santis

Abstract—A novel back-gated P-MOSFET structure is fabri- 16 €-cm, N-type epitaxial layer was grown to a thickness
cated in a high-voltage complementary bipolar technology using necessary for the achieving the required breakdown voltages.
BESOI (bonded etch back SOI) substrates. The 4 buried layer Heavily doped regions (sinkers) were formed from the top
regions, used for the PNP BJT are used as the source and drain . \
regions, the N- epi as the channel region, the silicon handle dOWn to form low resistance contacts to the BJT's. Deep
wafer as the gate, and the BOX (buried oxide) as the gate oxide. trenches were used to provide lateral isolation.

The P-MOSFET was used to characterize the interface between  Fig. 1 shows a drawn cross section of the P-MOSFET. The
;I?Spgov%igﬂdisth:ttﬁtﬂegh% d:vrlﬁgek? ﬁw)églrkf);cglqsr;ats:bétehr:;?;()cl)? P+ buried layers were used to make the source/drain regions.
about 2 x 10'%# /cm? at the bonding interface. Bias-temperature The Pt sinker regions were used to pro""?'e top. Con_tacts to

stress measurements show an effective mobile charge density oth€ P+ source/drain regions. The source/drain regions intersect
4 x 10'°#/cm? in the buried oxide. the deep trench sidewall. However, since the source to drain
leakage is low, there is no parasitic channel along the trench
sidewall. Since the gate bias is being applied to the substrate

~and the silicon outside the device is grounded, negligible
ONDED ETCH BACK SOI (BESOI) wafers are find-aiation in the parasitic trench sidewall channels is assumed.

ing increasing use as start substrates for analog, degfy channel was formed at the bonded oxide/SOI interface.
submicron CMOS apphcathns, and new MEMS technologn??3 versusVy characteristics were measurediags = 10 V
[11-3]. There has been rapid progress in BESOl manufactfiy ;. — ( to extract the sub-threshold slope as shown in

ing technology and a variety of substrates are now comm%ri—g 2. The subthreshold slope is given by [6]
cially available. The use of BESOI substrates to provide device™

isolation for a 170 V dielectrically isolated complementary

bipolar technology has been recently reported [4]. While deep S~ 2.3k_T <1 + Cat Cit) 1)
trenches provide lateral isolation, the use of SOI provides q Cox

vertical device isolation for high voltages, eliminating the need

for deep wells used in previous technologies [S]. The integrityhereC, is the depletion capacitance in the silicah, is the
of the BOX an_d BOX_/SOI mterfat_:e is _cr|t|cal in providing agate oxide capacitance, a¥(= ¢D;;) is the interface state
robust and reliable high voltage isolation. capacitanceCy can be calculated knowing the doping profile

The purpose of this work is to describe a P-MOSFEf the SOI. For high values of S7; dominates (1) above.
structure which is fabricated in a dielectrically isolated comygjng S = 2.94 and 7., = 0.5 um, D;, can be calculated

plementary bipolar technology without additional masking, pe 2 04e12#/eV-cin Using S= 6.5 and T, = 1.0 um,
steps. The device is very useful in characterizing the quali}_yit can be calculated to be 2.29el2#/eVriihe two values

of the buried oxide and the BOX/SOI interface and can alsge close and within measurement and formulation accuracy.
be fabricated in thin SIMOX or other SOI substrates. The high value ofD; is expected since the channel is

formed at the interface of bonding during the BESOI substrate
[I. PROCESSFLOW AND ELECTRICAL RESULTS manufacturing.

BESOI substrates with 2.6m 1-4Q-cm N-type SOl and __Fi9- 3 shows the Gp) versus Vg curves for
1 um (or 0.5 um) BOX were used. The detailed bipolarfex = 0-> #m and 1.0pm. From the slopes f’f the line,
process flow is described elsewhere [4]. In summary/M-  Hu = 138 cn?/V-s for device with Tox = 0.5 ym and

buried layers were implanted, and driven for the BJT's. A = 13 c?/V-s for device withT,x =1 um. The value of
i1 1S reduced in the later case due to gate induced electric

" . ved Feb 19 1997 revised March 20. 1998 field degradation since this value is extracted/gtwhich is
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I. INTRODUCTION
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Fig. 1. Cross section of the P-MOSFET. Channel length=L31 pm; channel width W= 158 pm.
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Fig. 2. Ip-Vg transfer characteristics of the SOI P-MOSFET with Qra
and 1.0xm BOX used to extract the subthreshold slope.
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Fig. 3. Sqrt(In) versusV characteristics showinlfr and slopes of lines

used to calculate:y,.
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Fig. 4. Bias-temperature stress characteristics of the bonded oxide
P-MOSFET showing a shift in transfer curves of 1.9 V.

value of mobile oxide charge density is very low, indicating
a good quality process and no inherent degradation or charge
due to the buried oxide quality itself.

I1l. CONCLUSIONS

A novel BOX gate oxide SOl P-MOSFET fabricated in a
high voltage bipolar technology is presented. The device can
be used to characterize the BOX/SOI interface characteristics
and the BOX quality. Sub-threshold slopes indicate a high
density of states of 2el12#/eV-cm at the SOI/bonded oxide
interface. BTS measurements indicate mobile charge density of
4 x 10194 /cm? in the buried oxide. The device is very useful
in characterizing the buried oxide quality and the SOl/buried
oxide interface.

characteristics were measured at each of the above bias-

temperature stress point. As shown in Fig. 4, a shift of about
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