Ky

24 5 12 SR N
2003 4 12 H CHINESE JOURNAL OF SEMICONDUCTORS Dec.. 2003

Vol. 24, No. 12

Development of Novel Thin—Film SOI High Voltage MOSFET
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Abstract: Two kinds of thin-ilm SOI high voltage MOSFET s are developed. One is general structure, the other is
novel two-drift-region structure. The gate width is 760um, and the active area is 8. 58 X 10" ‘mm”. The experiments

show that the breakdown voltages of the two-driftregion and general structures are 26V and 17V, respectively, and

the on resistances are 65Q and 80Q, respectively.
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1 Introduction

SOI technology is the important research
area' "', which offers nearly ideal dielectric-isola—
tion (DI) and relatively simple isolation process. DI
has more advantages than junction-isolation (JI),
which realizes the completely electric isolation of
low-voltage circuit from high-voltage devices. So
the study of SOI smart power IC has received much
attention, and the design of SOI high-voltage de-
vices is one of the major issues in the area of SOI
smart power IC'".

Two methods have been proposed for achiev—
ing high-voltage devices on SOI substrates. One us—
es relatively thick top layer of silicon, which is
called thick-film SOI technology. the other is thin
film SOI (TFSOI) technology. The former makes
it more difficult to realize lateral isolation struc-
tures, the latter avoids the problem of the lateral
TFSOI
caught the attention of many researchers, and sev-

. . 4,5
eral high—voltage structures have been given'"”

isolation structure. So technology has

In this paper, two kinds of TFSOI high volt-

age MOSFETs are presented. One is general struc—
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ture and the other is novel two-drift-region struc-
ture. The experiments show that the breakdown

voltages are 17V and 26V, respectively.

2 Device structure and process

The cross sections of the general TFSOI high
voltage MOSFET
high voltage MOSFET are given in Fig. 1. The de-

and two-drift-region TFSOI

vices in Fig. 1 are analyzed with MEDICI and ana-
Iytical model'®.

Figure 2 gives the results for surface potential
distributions of drift region, in which Figure 2(a)
is the general structure and Figure 2(b) is two-
driftregion structure. In Fig. 2(a), along x direc—
tion the curves of potential distribution are similar
to a ladder, which is only related to y-variable in
the ladder area. Meanwhile the analytical model
and simulation show that the potential distribution
is relative to the drift region length. If the drift
length is shorter than a certain value, the potential
distribution does not resemble a ladder at all,
which rises monotonously.

Along x direction there are two electric field

peak values at the interfaces of the pn and n" n
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Substrate

®)
Fig. I Schematic diagram of device structure (a)
General TFSOI high voltage MOSFET: (b) Two-
drift-region TFSOI high voltage MOSFET
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(a) General

structure: (b) Two-drift—region structure

Fig. 2 Surface potential distribution

junctions, and the electric field is small between
two peak values. When the doping concentration
Nv of the drift region is small, the highest peak val-
ue is at the interface of the n" n junction, and the

highest peak value moves from the interface of the

n" n junction to the interface of the pn junction
with the increase of the doping concentration Nu.
In fact this means that the breakdown point moves
from the interface of the n" n junction to the inter—
face of the pn junction with the increase of the dop-
ing concentration.

[t is easily known that the surface potential
and electric field distributions of the general struc-
ture are similar to that of the single FR (field ring)
termination. The difference is that the former
varies with the doping concentration of the drift re-
gion and the later does with the ring spacing.

Figure 2(b) is the potential distribution of
two-drift-region structure. Along x direction the
curves of potential distribution are similar to the
two-eveldadder in SOI layer, which shows that the
potential is only related to y-variable in the ladder
areas of two drift regions. So along x direction
there are three electric field peak values at the in-
terfaces of the pni, ninz and n” n2 junctions, and the
electric field is smaller between two peak values.
As compared with Fig. 2 (a), two-driftregion
structure improves the distribution of the potential
clearly, the applied bias is supported by the pni,
ninz and n” n2 junctions, not only pn and n" n junc-
tions in Fig. 2(a). T his means that the breakdown
voltage increases, and the more the number of the
drift regions is, the higher the breakdown voltage
is, but the process is more difficult too. In practice
the number of the drift regions is determined by
the compromise of the breakdown voltage and the

process difficulty'®.

Vs IV

Fig. 3 Threshold test curve
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As compared to general TFSOI structure, the
potential and electric field distributions of the two-
driftregion structure resemble that of the two+R
termination. This contributes to understand the
physical meaning of two-driftregion structure sup-

porting higher breakdown voltage.
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Fig. 4 (a) General TFSOI
high voltage MOSFET . Drift region length Spm: (b)
Two-driftregion TFSOI high voltage MOSFET.
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Fig. 5 Breakdown voltage test results

The general and two-drift-region thin-film
SOTI high voltage MOSFETs are designed, which
adopt the enclosed gate structures. The gate length

is about 2pum and the gate width is 760um. M ean-

while the bulk contact area connected with ptype
channel is designed to avoid the parasitic bipolar
transistor.

The substrate is SIMOX made by IBIS. The
top Si is 180nm and the buried oxide layer is
380nm. After isolation boron is implanted and the
p-type channel region is formed. T he implant con-
ditions are 40keV and 3X10”cm™*. Then the gate
oxide and polysilicon are deposited. The gate oxide
thickness is about 46nm. Finally, the drift region
and bulk contact region and source/drain region
are implanted and annealed.

The final device parameters are given in Table

1. The device micrograph is presented in Fig. 6.

Table 1 Device parameters
Thickness of top Si 180nm
Thickness of buried Si02 380nm
Gate SiO2 thickness 46nm
Gate length 2um

Drift region length for general TFSOI
) Spm and 10pm
high voltage MOSFET

Drift region length for two=driftregion 2. 5um/2. 5pm and

TFSOI high voltage MOSFET Sum/Sum
Width of gate T60um

8.58X 10" *mm’

Active area

Fig. 6 Device micrograph

3 Device characteristic and analysis

The analytical model and simulation show the
two-driftregion TFSOI MOSFETs have higher
breakdown voltage, lower on—resistance and higher
performance. The cause is that the two-drift-region
not only improves the potential and electric field
distributions of drift region but also increases the

density of drift region.
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HP4156 is used to measure the characteristics.

3.1 Threshold voltage and subthreshold charac-
teristics

Figure 3 is the test results of threshold volt—
ages, which is 1.7V when Ivs equals 1pA. Mean-
while the slope of subthreshold is 150mV /dec.

3.2 Breakdown voltage

The test breakdown voltages of general struc—
ture and two-driftregion structure TFSOI MOS-
FET are 17V and 26V respectively, which are
shown in Fig. 5. It is apparent that the breakdown
voltage of two-driftregion structure increases by
53% than that of general structure. The test re-
sults prove the analysis of section 2.

M eanw hile the results show that the length of
drift region does not affect the breakdown voltage.
T he analytical model and MEDICI simulation show
that the length of drift region does not affect the
breakdown voltage when the length is longer than
a value. On the conditions of assuring the break-
down voltage the length of drift region should be

as short as possible.
3.3 Output characteristics and transconductance

Figure 4 contains the test curves of output
characteristics for two kinds of devices. When the
gate voltage equals 5V, the saturated drain current
of general TFSOI high voltage MOSFET is
31.9mA, the on-—resistance is 80Q and the transcon-
ductance is 11.3mA/V. At the same conditions the
saturated drain current of two-drift-region TFSOI
high voltage MOSFET is 32.6mA and the on-re-
65Q and the

14.3mA /V.So the on-resistance decreases by 18%

sistance is transconductance is
and the transconductance increases by 26.5%.
In sum, the two-driftregion TFSOI high volt-

age MOSFET has more advantages comparing to

general TFSOI high voltage MOSFET. The break-
down voltage increases by 33% and the on-resis—
tance decreases by 18%. The analysis and the ex-
periments show that multiple-drift-region TFSOI
high voltage MOSFET has higher breakdown volt-
age and less on-resistance, which is different with
Si high voltage MOSFET . The on-resistance of Si
high voltage MOSFET increases by 2.5-power
with breakdown voltage. The more the number of
drift region is, the better the effect is, but the more
complex the process is. So the trade-off is neces—

sary in the design of multiple-driftregion structure
TFSOI high voltage MOSFET .

4 Conclusion

The novel two-drift-region and general TFSOI
high voltage MOSFETs are developed. The analyti-
cal model and simulations and experiments show
that the former has more advantages comparing
with the latter. The breakdown voltage increases

by 53% and the on-resistance decreases by 18% .

References

[ 1] Balestra F. Impact of device architecture on performance and
reliability of deep submicron SOI MOSFET s. Chinese Journal
of Semiconductors, 2000, 21: 93

[ 2] Lin Xi. He Ping. Tian Lilin. et al. Investigation of thermal
property of novel DSOI MOSFETs fabricated with local
SIMOX technique. Chinese Journal of Semiconductors, 2003,
24: 117

[ 3] Alles M. Wilson S. Thin film silicon on insulator: an enabling
technology. Semiconductor International, 1997, 4: 67

[ 4] Murari B. Bertotti F. Vignola G A. Smart power ICs: technol—
ogy and applications. Springer, 1996

[ 5] Nakagawa A. Yasuhara N, Omura I. et al. Prospects of high
voltage power 1Cs on thin SOL. IEDM Tech Dig, 1992: 229

[ 6] LiWenhong. Luo Jinsheng. Multiple=driftregion TFSOI

RESURF structure and its analytical physical model. Power

Electronics. 1999, 4: 56( in Chinese) [ 4530 %5, %%k, £ 8

PCHEIE SOT RESURF 45 H 8 SUAR B 4 SR AL, vl Jp o7

A, 1999, 4: 56]



12 34 Li Wenhong et al.: Development of Novel Thin-¥ilm SOI High Voltage MOSFET 1265

#FELERR SOI 5 /£ MOSFET BYHf

FXE P
(1 &R R b i b R0 5T g s, Rifg 200433)
(2 PUEAZ N, 1 710049)

Y2 UEE T PR SOT B MOSFET, — Rl oME — 45 b, b3 — FloRE B it UGB RS D &5 b, 9 & i 4l s 2 4
760um, 13 HELY 8. 58X 107 *mm?, WKL 2 W] 3L b 28 s i 20 500 0 17V Fil 26V, T30 s BH 23 51 24 80 Al 65Q.

REEIR: LA Bak Gl S S A RON RS R RRE

EEACC: 2560; 2560B
FESES: TN3S6 XHEkFRiIRED: A XEHS: 0253-4177(2003) 12-1261-05

2003-03-27 Yi 3, 2003-06-17 5 K ©2003 i [E Ly





