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Gate breakdown of high-voltage P-LDMOS and improved methods
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Abstract: The failure experiments of the P-LDMOS ( lateral double diffused metal oxide semiconductor)
demonstrate that the high peak electrical fields in the channel region of high-voltage P-LDMOS will reinforce
the hot-carrier effect, which can greatly reduce the reliability of the P-LDMOS. The electrical field distribution
and two field peaks along the channel surface are proposed by Tsuprem-4 and Medici. The reason of resulting in

the two electrical field peaks is also discussed. Two ways of reducing the two field peaks, which are to increase

the channel length and to reduce the channel concentration, are also presented. The experimental results show

that the methods presented can effectively improve the gate breakdown voltage and greatly improve the

reliability of the P-LDMOS.
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Since HV-CMOS has well-known intrinsic advan-
tages: high input impedance, short switching time and
thermal stability, it has been developed for a variety of
applications, such as audio amplifiers, automotive elec-
tronics, motor drivers, and flat display panel drivers,
etc'' "' In the CMOS technology, the most part of the
power driver ICs on the die, up to 70%, is taken up by
HV-CMOS transistors, so the reliability of HV-CMOS
is the most important factor in improving the reliability
of the whole power driver ICs. However, high-voltage
P-LDMOS is one of the two important devices of HV-
CMOS, so improving the reliability of P-LDMOS is
very important in improving the reliability of the whole
power driver ICs. In most high-voltage IC systems,
when high-voltage P-LDMOS is in the on-state, the
gate voltage is set to 0 V, but the source voltage is very
high, such as PDP driver ICs, VFD driver ICs, etc'”'. So
the electrical field along the channel surface of the P-
LDMOS is very high, which results in the hot-carrier
effect and greatly degrades the reliability of the P-LD-
MOS. Ref. [5] discussed the microcosmic reasons for
the poly-gate breakdown resulting from the hot-carrier
effect, but it did not present the reasons for the gate
breakdown. Ref. [6] illuminated the macroscopical rea-
sons, but it did not reveal any ways to reduce the hot-
carrier effect. In Ref. [ 7], research on the proposed
LDMOS used as a switch focused on the drift region,
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but the channel region was neglected.

In this paper, the electrical field distribution along
the channel surface of the P-LDMOS is discussed in
detail. The reasons causing the electrical field peaks is
given. The methods for reducing the values of the elec-
trical field peaks and reducing the hot-carrier effect are
also presented. The simulation and experimental results
show that the methods are very effective in reducing
the hot-carrier effect and in improving the reliability of
the P-LDMOS.

1 Device Structure and Process

The cross-section and size of the initial high-volt-
age P-LDMOS are shown in Fig. 1, which has been fab-
ricated based on a 1.2 ym rule epitaxy standard CMOS
process. The length of the p-drift is 15 pm, and the junc-
tion depth of the p-drift satisfies the RESURF technolo-
gy'™. The junction depth of the n-well is 2 pum. The n-
well, which is used to avoid punch-through, and the p-
drift have been formed by using phosphorus with
implanted doses of 10" cm ™ and boron with implanted
doses of 4 x10” cm™, respectively. The idiographic
compatible process flow is shown in Fig. 2. First, an n-
epitaxy layer was formed. Secondly, the p-drift diffusion
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Fig.1 Schematic cross-section of the initial P-LDMOS
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layer was fabricated. Thirdly, the n-well diffusion lay-
er was formed. Finally, the following process was the
same as the LV-CMOS process. In this way, these
high-temperature diffusion processes for high-voltage
P-LDMOS were fabricated before the standard LV-
CMOS process, so the high-voltage P-LDMOS can be
compatible with the LV-CMOS and can be used in
power ICs.
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Fig.2 Compatible process flow of the P-LDMOS

2 Failure Analysis

Fig. 3 shows the electrical field distribution of the
P-LDMOS in the silicon side along the Si-SiO, inter-
face in the on-state of the initial P-LDMOS. From
Fig. 3, one can see that there are two electrical field
peaks in the channel region of the P-LDMOS. Peak 1
locates near the P N~ junction formed by the P
source and the n-well, and peak 2 locates at the PN
junction formed by the p-drift and the channel. The
hot-carriers in the channel region are strongly genera-
ted by the two electrical field peaks. The generated
hot-carriers then will bombard the gate oxide and re-
duce the breakdown voltage of the gate oxide gradual-
ly, which can be seen from the experimental results in
Fig.4. The gate oxide breaks down quickly after the
drain avalanche breakdown. Fig. 5 shows the cross-
section of the SEM photograph of the channel region
after the gate oxide breakdown. From Fig. 5, we can
see that the gate oxide has ruptured after the break-
down occurs. This kind of breakdown is destructive.

So the reliability of the P-LDMOS will be greatly de-
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Fig.3 Electrical field distribution along the Si-SiO, inter-
face in the on-state of the initial P-LDMOS

creased. Ref. [ 6] showed that the hot-carrier effect
was mainly caused by hot-carrier injection near the
source region. From the analysis and the experimental
results, one can see that it is very important to reduce
the two electrical field peaks in the channel region so
as to reduce the hot-carrier effect and improve the re-
liability of the P-LDMOS.
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Fig.4 Metrical currents of drain and gate vs. drain volt-
age in the on-state of the initial P-LDMOS

Fig.5 Cross-section of SEM photograph of the channel
region after the gate oxide breakdown

3 Methods

Fig. 6(a) shows the correlation between the two
electrical field peaks in the channel region and the
length of the channel. With the increase in the length
of the channel, peak 2 (see Fig. 3) decreases because
of the reduction in the resistance of the overlap region
of the n-well and the p-drift, while peak 1 remains
constant. Fig. 6(b) shows the correlation between the
two electrical field peaks and the implanted doses of
the n-well. With the decrease in the implanted doses
of the n-well, peak 1 reduces because of the decrease
of the n-well concentration at the P* N~ junction near
the source, while peak 2 remains constant.

According to the two methods, we can obtain the
optimal high-voltage P-LDMOS, whose reliability is
greater. The channel length and the implanted doses of
the n-well of the optimized P-LDMOS are 7 pm and 5
x 10" cm 7, respectively. The electrical field distri-
bution on the silicon side along the Si-SiO, interface
in the on-state of the optimized P-LDMOS is shown
in Fig. 7. Both of the electric field peaks decrease
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compared with those of the initial device shown in
Fig. 3. The breakdown voltage of the optimized P-LD-
MOS is higher than that of the initial device because
of the lower hot-carrier effects, which can be seen in
Fig. 8. Even if the drain breaks down, the gate oxide
does not break down because the hot-carrier effect is
greatly reduced. So the two electrical field peaks
(peak 1 and peak 2 in Fig. 3), which are on the two
sides of the channel region, can be reduced by length-
ening the channel and lowering the implanted doses of
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Fig.7 Electrical field distribution in the silicon side along the
Si-SiO, interface in the on-state of the optimized P-LDMOS
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Fig. 8 Metrical currents of drain and gate vs. the drain
voltage in the on-state of the optimized P-LDMOS

n-well, respectively. From the experimental results,
one can see that the proposed methods are very effec-
tive in reducing the two electrical field peaks resulting
in a reduction of the hot-carrier effect and in impro-
ving the reliability of the high-voltage P-LDMOS.

4 Conclusion

Improving the reliability of the high-voltage P-
LDMOS is very important in enhancing the reliability
of the HV-CMOS and the whole power ICs. From the
research in this paper, one can see that the peak elec-
trical field along the channel surface of the P-LDMOS
can lessen the hot-carrier effect, so the reliability will
be reduced. Optimizing the length of the channel and
the concentration of the n-well were found to be two
effective ways of reducing the two electrical field
peaks. The values of peak 1 and peak 2 can be re-
duced by decreasing the concentration of the n-well
and increasing the length of the channel, respectively.
The simulation and experimental results indicate that
the reliability of the P-LDMOS optimized by the pro-
posed methods has been greatly improved.
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