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A Radiation Hardened Power Device—VDMNOSFET
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Abstract: A radiation hardened N-channel Si power device

VDM NOSFET (Vertical Double-Diffused Metal Ni-

tride-Oxide Semiconductor Field Effect Transistor) is fabricated by using a double layer (SizN4-5i02) gate dielec—

tric and a self-aligned heavily doped shallow P region. The effects of ionizing radiation and transient high dose rate

radiation of the power VDMNOSFET are also presented. Good radiation hardening performance is obtained, com-

pared with the conventional power VDM OSFET. For the specified 200V VDM NOSFET. the threshold voltage

shifts is only = 0.5V at a Gamma dose of 1Mrad (Si) with + 10V gate bias; the transconductance is degraded by

10% at a Gamma dose of IMrad (Si): and no burnout failures occur at the transient high dose rate of 1X 10" rad

(Si) /s. It is demonstrated that the jonizing radiation tolerance and burnout susceptibilities of the power MOSFET

are improved significantly by using a double layer (SisN4-5i02) gate dielectric and a self-aligned heavily doped shal-

low P region.
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1 Introduction

The advanced power VDM OSFETs have been
widely used in solid state power systems because of
its inherent advantages. But its characteristics are
degraded in the radiation environment, such as
space radiation, nuclear power stations, etc. The ef-
fects of radiation on power VDMOSFETs have
been investigated during the last decades'". The
main failure modes are the negative shift in thresh-
old voltage and the degradation in transconduc—
tance with ionizing radiation, due to the accumula-
tion of positive charge, and the increase of interface

states at the Si/SiO:2 interfac, respectively. Tran-
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sient high dose rate radiation may result in a power
VDM OSFET burnout.

In previous method, the radiation tolerance of
MOSFET is improved by reducing the gate oxide
thickness'”. However, a very thin gate SiO2 layer
has a poor resistibility to the H" ions drift and H:
diffusion toward the Si-SiO: interface, so it is easy
to break down. H" ions and H: diffusion are the
main reasons for the generation of the positive
charges and latent interface-rap after irradia-
tion'". Therefore, a very thin gate SiO: layer is un—
suitable for the high voltage radiation hardened
power VDM OSFET.

The burnout susceptibility of N-channel pow -

er MOSFET has been investigated by Keshavarz
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et al. with simulation methods'" based on the con—
ventional VDM OSFET structure. The results indi-
cate that significant improvement in radiation tol-
erance and burnout of the device is attributed to
the reduce in the lateral size of the power
MOSFET ‘s cell or the lowered emitter inject-effi—
ciency of the bipolar structure. But conventional ra—
diation hardened VDM OSFET

satis{y the requirements effectively.

structure can not

In this paper, we reported a kind of radiation
hardened power device™— VDMNOSFET, manu-
factured with a double layer (SisN4+-8i02) gate di-
electric and a self-aligned heavily doped shallow P~

region.

2 Device Structure

In order to enhance the radiation tolerance of
VDM OSFET, gate dielectric and device structure
should be improved. Radiation-induced charges in
the gate oxide and the interface state generation at
the Si-Si0: interface are the main cause of the shift
in threshold voltage and degradation in transcon-
ductance. The threshold voltage shift can be ex-

5]
pressed as

,
| AV = . xp(x)dx

CoTor (1)

where Co is the gale oxide capacitance per unit
area, T o is the gate oxide thickness,p (x) is the ra-
diation-induced charge density distribution in the
gate oxide layer. Equation (1) can be expressed as:

|ave| = (2)

P 113
50,60 xp(x)dx

The radiation-induced interface state density,

AN i, decreases the carrier mobility in the inversion

. [
laver. which can be expressed as'”
Ho

H= 1+ aaNs

(3)

where poand p are the pre-and post-rradiation car—
rier mobilities in the channel, respectively; & is a
constant.

Consequently, the decrease in the carrier mo-

bility after radiation exposure degrades the

transconductance of the device. From Eq. (3), we
obtain:

G
e

G = 1 + AN

(4)

where Gus and Gw are the pre—and post-rradiation
transconductance, respectively. From Egs. (2) and
(4), it is found in order to decrease AV and im-
prove Guw, the trapped charge and interface state
density should be reduced as much as possible. In
addition, AVt is decreased by increasing €sio,, i. e. it
is beffer to replace SiO2 by another dielectric. T he
trapped charges and the interface state density are
related to both the oxide film and the oxide pro-
cesses. A ccording to the model proposed by Sah'”,
the gate oxide process should be under careful con-
trol and the SiO: thickness should be reduced,
which are necessary for the fabrication of high
quality SiO2 films and Si-S8i02 interface. However,
because of the existence of hydrogen in the poly-5i
gate and CVD oxide, H" ions drift and H: diffusion
toward the Si-SiO: interface are the main origin of
positive charge and latent interface-trap generation
after irradiation'”. With poor resistibility to H'
ions drift and Hz diffusion toward the Si-5i0z inter-
face, the single very thin gate oxide layer is easy to
break down.

Therefore, double layer (SizN4-8i02) gate di-
electric films have been developed to improve the
ionizing radiation tolerance of high voltage power
VDM OSFETs. The SisN4-8i02 structure has many
advantages. Because holes are more mobile than
electrons in chemically vapor deposited (CVD)
SisN4'™, there are a number of electron traps in
CVD SisNs and the increase in the interface state
density is very small after ionizing radiation expo-
sure for SisN4=8i02""". Moreover, SisNu films are of
higher dielectric constant, higher breakdown
strength and higher resistibility to H" ions drift
and H: diffusion toward the Si5i0: interface, so
the susceptibility to radiation is reduced, compared
with SiO2 films. In this paper, the gate dielectric
thickness is 100nm, which is composed of 30nm

Si02 grown at 1000°C in high purity dry O2 and
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70nm SizN4 deposited by LPCVD.

The burnout appears due to the existence of
parasitic NPN transistor, shown in Fig. 1. Conven-
tional VDM OSFET s have a deficiency, namely the
deep diffused P” junction. Alignment errors can
cause nonuniformity in the P-base resistance and
lead to nonuniform current conduction in the interi-
or of the device. In addition, owing to the deep dif-
fused P’ region, the device scaling is limited; the
cell-packing density is reduced and a higher on-re-
sistance is obtained. The P" inner concentration is
low because of the deep diffusion. The parasitic
BJT is most likely to turn on due to the large lat—
eral current flow in the p-base region, as is obvious
when the device is exposed to the transient high
dose rate irradiation. It is the cause of the power
VDM OSFET burnout. Recently., a new VDMOS-

FET structure has been reported based on a super

|
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FIG.1 Schematic Illustration of Conventional

VDMOSFET Structure

In summary. the radiation hardened power
VDMNOSFET has the SisN4S8i02 gate dielectric
and with a self-aligned heavily doped shallow P*

region, as shown in Fig. 2.
3 Results and Discussion

Two batches of transistors have been fabricat—
ed. One is VDMOSFET with conventional struc—
ture, the other is VDMNOSFET . The starting ma—
100 >

wafers. A poly-Si gate is selected since it can pro-

terials are < orientation, N/N" epitaxial

vide good passivation for the gate dielectric against

self-aligned process technology'"”, which integrates
a heavily doped shallow self-aligned P* region un-
der the source N™ region to reduce the p-base sheet
resistance, as is shown in Fig. 2. T his new structure
has many advantages, such as dramatic reduction in
the parasitic BJT current gain and p-base sheet re-
sistance, low on-resistance, high cell packing densi-
ty. Moreover, the current is confined vertically
from the drain to the source rather than flowing
laterally through the p-base region when the device

11 Mmoo .
M This is an

breaks down due to impact ionization
effective way to suppress the turn on of parasitic
BJT and eliminate the thermal breakdown. Fortu-
nately, these characteristics are identical with the

simulation results of Keshavarz'" to improve the
radiation burn out susceptibility of N-channel pow -

er MOSFETs.

EBA]S0, Cor S S:K

FIG.2 Schematic Illustration of Radia-
tion Hardened VDM NOSFET Structure

the ingress of mobile ions. The poly-Si thickness is
600nm. The N*, P and P* regions are formed by
As® and B” ions implantation with the dose of 5X
10", 4 X 10" and 5X 10" em ™7, respectively. Their
junction depth is 0.5, 3 and 2um, respectively, as
shown in Fig. 2. The deep P* region in Fig. 1 is
formed by diffusion with Sum junction depth. Both
batches of chips are packaged in T 0220 package.
Devices with limits of 200V and 5A have been
made. The transconductance of devices is 1S when
Vos= 20V, Ves= SV. The threshold voltage Vr is
3.5V when fcs= ImA.

Gamma total dose irradiation experiment has
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been performed, with the devices exposed when Vs
= + 10V and the dose rate being 200krad(Si)/h.
The threshold voltage, V1 at which 7p= 1mA,is de—
fined as the gate voltage. The threshold voltage
shifts, AV, versus Gamma total dose without ap-
plied bias and with a bias Ves of + 10V are shown
in Figs. 3 and 4, respectively. The variety in
transconductance versus the Gamma total dose is
shown in Fig. 5. The effect of ionizing radiation on
the In—V s relationship for VDM NOSFET is shown
in Fig. 6.
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FIG. 4 Threshold Voltage Shift vs
Total Dose at Ves= 10V, Vis= 0V

The threshold voltage of the conventional VD-
MOSFET has fallen by — 1.7V at 500krad( Si),
but rises remarkably at 1M krads, as can be seen in
Fig. 3, which is not obvious in VDMNOSFET . The
shift in threshold voltage is only — 0. 5V for VDM -
NOSFET but = 2V for VDMOSFET when Ves=
+ 10V at IMrad (Si), as shown in Fig. 4. The
transconductance is degraded by only 10%
VDM NOSFET 50% VDM OSFET at

for

but for

IMrad(Si) as is shown in Fig. 5. It indicates that a
large number of interface states have been induced
during the high dose irradiation in conventional
VDM OSFET, while it is not so serious in VDM -
NOSFET. It can also be demonstrated by the
degradation of transconductance, as is shown in

Fig. 5.
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FIG. 6  Effect of Tonizing Radiation on In—Vcs
Relationship for VDM NOSFET

In order to examine the devices susceptibility
to transient high dose rate irradiation, the devices
are exposed to Gamma dose rates of 1 X 10" rad
(Si)/s and 1X10"rad(Si)/s. respectively. It is in—
dicated that all VDM OSFETs fail at 1 X 10" rad
(Si) /s when the bias Vos= 140V . Burnout has been
observed. But in VDM NOSFETs, no burnout fail-
ures have been observed even at the dose rate of 1
X 10" rad (Si)/s when the bias Vis= 140V. The
VDMNOSFETs

burnout resistance, due to the self-aligned heavily

exhibit a very good radiation

+ . .
doped shallow P" region, which can overcome the

VDM OS-

disadvantages of conventional power
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FET.
Experimental results also prove the simulation [1]

results of Keshavarz'" and the self-aligned heavily

doped shallow P* region structure proposed by L2l
Shenai''" effective in improving the high dose rate [3]
transient irradiation tolerance of power VDM OS-
FET.
[ 4]
4 Conclusion (5]
We have developed a radiation hardened power L6l
VDM NOSFET. It is demonstrated that the ionizing (7]
radiation tolerance and burnout susceptibilities of [8]
power MOSFET can be improved significantly by [9]
using a double layer SisN4-5102 gate dielectric and a
self heavily doped shallow P" region. Devices with [10]
useful electrical and radiation-hardening character— (11

istics have been put into practice.
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