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A Novel LDMOS Structure in Thin Film Patterned-SOI Technology
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Abstract: A novel patterned-S01 LDMOS structure with a silicon window beneath the p well is proposed. T he per—
formance is simulated numerically. In comparison to SOI counterpart, the off-state and the on-state breakdown
voltage can increase by 57% and 70% respectively: transconductance is flatter: IV curves take no sign of kink in
the saturation region: the device temperature is much lower even at high input power; the floating body effect and
the self-heating effect are distinctly suppressed. Furthermore, the advantage of low leakage current and low output

capacitance in SOI structures does not degrade. T he proposed structure will be a promising choice to improve the

performance and reliability of SOI power device.
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1 Introduciton
Lateral double diffused MOS( LDMOSFET)

has been a popular candidate in power amplifier ap-
plications. But high parasitic output capacitance
and leakage current on bulk substrate will result in
lower power gain and power aided efficiency. Sili-
LDMOSFET has much

lower parasitic output capacitance and leakage cur—

con-on-nsulator ( SOI)

rent, making it a better candidate for high frequen-
cy application' ™ *'. However, buried oxide layer re—
sults in generated holes due to impact ionization ac—
cumulating in neutral p body region, and the
threshold voltage decreases, with leading to serious
floating body effect in the partially-depleted SOI
device, such as the kink in the /- characteristics

which gives rise to distortion during power opera—
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tion and produces poor power efficiency'”. In addi-
tion, buried oxide layer has a relatively small heat
conductivity coefficient, so the generated heat can-
not easily flow to the substrate, and the device
temperature rises, resulting in a serious self-heat-
ing effect, such as the degradation of carriers mo-
bility'®

Body contact technology'”, shallow source im—
plantation technology'®, and patterned-SOI tech—

" are suggested to eliminate floating body

nology'”
effect. However, body contact can reduce gate
width effectivly, and shallow source implantation
need careful process control especially for thin-film
SOI structure. Ren et al.'” fabricated a patterned-
SOI LDMOSFET without buried oxide beneath the
source and p well regions, resulting in poor isola-

tion between adjacent circuits. In addition, the pro-
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cess to form patterned-SO1 materials is too com-
plex to be accepted widely. Park et al.'"™ simulated
a patterned-SOI structure without buried oxide un-
derneath the drain region, which increases leakage
current and parasitic output capacitance.

In this paper. a novel patterned-SOI1(PSOI)
LDM OSFET structure is proposed. Buried oxide is
interrupted beneath p well region, existing under
source region and drain region. The region where
buried oxide is interrupted is called silicon win-
dow. PSOI materials can be realized easily by
masked separation by implantation of oxygen
(SIMOX) technology''". This structure can over—
come described drawbacks of conventional PSOI

structures.

2  Process simulation and model de-
scription

The cross-section of the proposed PSOI LD-
MOSFET is shown in Fig. 1. The main process to
form PSOI materials are illustrated in Fig. 2. T hick
thermal SiO2 is grown on p-type wafer and etched
selectively where buried oxide layer will be
formed, then oxygen ion is implanted and an-
nealed. The top silicon thickness is 0.2um, the
buried oxide layer thickness is 0.4pm, and the
length of silicon window is 0. 8um. 30nm gate oxide
is thermally grown on the patterned-SOI wafer.
Poly-silicon is deposited, doped and patterned.
Boron ion (1.5X10"cm™ %, 35keV) is implanted in-
to the source region, then annealed for 2h at
1150°C to form p well doping. The drift region dop-
ing is achieved by a blanket implantation of phos—
phorus (2 X 10" em™?, 50keV according to the
RESURF rules''”) and anneal. Oxide is deposited
by TEOS and etched selectively to define drift re-
gion and to form spacer wall. After the source and
drain regions are made by phosphorus ion implan-
tation, a titanium salicide is performed. T he process
is simulated by TSUPREM4'". The finally effec—
tive channel length is 0. 7um, and the drift region
length is 0. Spm.

Electrothermal characteristics are simulated
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Fig. I Cross-section of patterned-SO1 LDMOSFET
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Fig. 2 Proposed process sequences for PSOI forma—
tion (a) Selective O" implantation, thermal oxide
as mask: (b) High temperature annealing and buried

oxide formation

by MEDICI' on PSOI structure and SOI counter—

part. T he following models are used in the simula-

tion: Shockley-Read-Hall recombination model
with concentration dependent lifetimes
( CONSRH ): Auger recombination model

(AUGER), carrier generation due to impact ioniza—-
tion is included in the solution self-consistently
(IMPACT.I); concentration and temperature de—
pendent mobility model (ANALYTIC), an en-
hanced surface mobility model accounting for
phonon scattering, surface roughness scattering,
and charged impurity scattering (SRFMOB2); the
mobility model using the parallel electric field com-
ponent ( FLDMOB). The simulation results are
compared to reported experimental data'” in order

to verify the effectiveness of chosen models.
3 Results and discussion

3.1 Drain leakage current and off-state break-
down voltage

Figure 3(a) shows off-state /-V characteris-
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tics. Drain leakage current of PSOI device before
breakdown is almost the same as that of SOI coun-
terpart. In addition, PSOI device enables 57% in-
crease in the off-state breakdown voltage from 14
to 22V compared to SOI device. The simulation

value of the offstate breakdown voltage for SOI
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Fig.3 (a) Off-state IV characteristics; (b) Lateral

electric field distribution along the device surface

counterpart is similar to the measured value in the
literature'”. The lateral electric field distributions
are shown in Fig. 3(b). The field peak of PSOI is
lower than that of SOT at the p well/n drift junc-
tion and moves to the internal of the drift region,
which is beneficial to reduce the probability of the
junction breakdown. In addition, the electric field in
the drift region is more uniformly distributed to
PSOI device, and the RESURF condition is satis—
fied to some extent. Consequently, the drift region
can handle higher drain breakdown voltage. The
other reason for higher blocking capability is that
the parasitic bipolar transistor is not triggered until
higher drain bias due to lower p body potential in

PSOI structure.

3.2 Transfer characteristics

It can be seen from Fig. 4 that the current
driving capability of PSOI structure is not good as
that of SOI counterpart. This is due to lower
threshold voltage in SOI ( Vw.so1) counterpart.
Vinsor is a little lower than that of PSOI structure
even though p well doping is the same, and it also
can decrease due to higher floating body potential.
But it is also found that transconductance in SOI
structure quickly decrease and will become lower
than that of PSOI structure when the gate bias is
beyond 4.2V. In SOI structure, generated Joule
heat results in the rise of device temperature and
the degradation of carrier mobility at higher gate
bias, then drain current can not increase linearly
with the change of gate bias, thus, transconduc-
tance quickly decreases. In PSOI structure, the sili-
con window allows heat to flow to substrate, and
carrier mobility does not degrade. Consequently,
drain current can rise linearly with the gate voltage
to keep gw flatter. Flat transconductance is benefi-
cial to improve the device stability and the power

gain.

fo{pA-pm)

Fig. 4 Transfer characteristics

3.3 On-state output characteristics

The IV output characteristics are shown in
Fig. 5. The IV curves keep flat until breakdown
takes place and no sign of kink effect is shown in
PSOI device. However, SOI counterpart exhibits a
pronounced kink even at small drain voltage of 3V,

which is identical to the experimental data'*. In ad-
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dition, the on-state breakdown voltage of PSOI de-
vice is higher than that of SOI counterpart, which
is 12V at the gate bias of 3V, but only 7V in SOI
counterpart, increased by 70%. In PSOI structure,
a silicon window allows generated holes due to im-
pact ionization flowing to the substrate, the neutral
p body potential does not increase, and the thresh-
old voltage does not change, therefore, no kink ef-
fect occurs in IV curves. Lower p body potential
also leads to the trigger of parasitic bipolar transis—
tor at higher drain bias, therefore, PSOI can handle

higher on-state breakdown voltage.
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Fig. 5 On-state [V characteristics with the gate

voltage changing from 2V to 3.5V

In /¥ curves of SOI structure, the kink is not
distinct when the gate bias becomes high, even a
little negative conductance appears at the gate bias
of 3.5V. This is because that the degradation of
carrier mobility counteracts the floating body ef-
fect. It is obvious that PSOI structure can suppress

the self-heating effect.
3.4 Device temperature

Figure 6 is the device temperature distribution
when the gate bias is 8V and the drain bias is
3.6V. The maximal temperature in PSOI device is
340K, about 100K lower than that of SOI counter—
part. Hence, the carrier mobility does not degrade

and self-heating effect is suppressed.
3.5 Output capacitance analysis

Output capacitance ( Coss) illustrated in Fig. 7
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Fig. 6 Device temperature distribution along the de—

vice surface
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Fig. 7 Simulated Co- versus Vaat V= 0V and IMHz

is almost the same for both PSOI and SOI struc-
tures. Coss is the capacitance between the drain and
the source terminals with gate short-circuited to
the source terminal. It can be treated as the combi-
nation of the gate-to-drain capacitance Cg, the
drain<o-source capacitance Cu, and the drain-to-

substrate capacitance Claaub:

Cuhh = ng + Cu!:a + Cul:aul. ( 1}
Ci= Cj (2)

or _ Cn\ (:jl\
Cvd:-uh = C,,x + th (3}

Ci. is n— drift/p well junction capacitance, Cox is
buried oxide layer capacitance, and Cj is the deple-
tion capacitance in the substrate. When drain volt-
age increases, an inversion layer appears beneath
the buried oxide layer, preventing further depletion
of the substrate, thus Ci is fixed, and Cos does not
change with drain bias any more. Seen from Fig. 1,

Cjs, Cety Cox, and Cp are almost the same for SOI
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and PSOI structures. Therefore, a silicon window
only beneath the p well does not affect the advan-—
tage of low and flat output capacitance in SOI

structures.

4 Conclusion

The proposed PSOI LDMOSFET structure
with a silicon window beneath the p well is numeri-
cally analyzed. This structure has perfect perfor-
mance compared to SOI counterpart, the off-state
and the on-state breakdown voltages are improved
by 57% and 70% respectively. Transconductance
keeps flat within the wide range of gate voltage, no
kink takes place in the /¥ curves, and the device
temperature is about 100K lower. Simulation re-
sults on SOI counterpart are similar to reported ex-
perimental data, therefore, the chosen models in
numerical simulation are valid. T he proposed PSOI
structure is a promising technology platform to
solve self-heating effect and floating body effect

existing in SOI structures.
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