Journal of Southeast University ( English Edition)

Vol. 26, No.1, pp. 17 -20

Mar. 2010 ISSN 1003—7985

Analysis of hot-carrier degradation in N-LDMOS transistor
with step gate oxide

Liu Siyang

Qian Qinsong

Sun Weifeng

(National ASIC System Engineering Research Center, Southeast University, Nanjing 210096, China)

Abstract: In order to minimize the hot-carrier effect( HCE) and
maintain on-state performance in the high voltage N-type lateral
double diffused MOS ( N-LDMOS ), an optimized device
structure with step gate oxide is proposed. Compared with the
conventional configuration, the electric field under the gate along
the Si-SiO, interface in the presented N-LDMOS can be greatly
reduced, which favors reducing the hot-carrier degradation. The
step gate oxide can be achieved by double gate oxide growth,
which is commonly used in some smart power ICs. The
differences in hot-carrier degradations between the novel structure
and the conventional structure are investigated and analyzed by
2D technology computer-aided design ( TCAD ) numerical
simulations, and the optimal length of the thick gate oxide part in
the novel N-LDMOS device can also be acquired on the basis of
maintaining the characteristic parameters of the conventional
device. Finally, the practical degradation measurements of some
characteristic parameters can also be carried out. It is found that
the hot-carrier degradation of the novel N-LDMOS device can be
improved greatly.
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n order to fulfill the trend of lower cost and smaller chip
Isize in recent specific high-voltage products, high-voltage
devices are integrated into advanced CMOS and BiCMOS
technologies' ™. Typically, the lateral double diffused
MOS(LDMOS) are the devices of choice to accomplish this
task as they are compatible with standard CMOS processing
and can be easily integrated by the addition of some extra
process layers. The LDMOS devices usually work under
high temperature, high voltage and high power conditions.
Consequently, they suffer seriously from hot-carrier effects
and the hot-carrier degradation of LDMOS devices has be-
come an important reliability issue of power integrated cir-
cuits'"™® . It is well known that the R, (on-resistance) of the
device has a strong dependence on the gate oxide thickness
at the same gate voltage condition, which needs to be thin-
ner to gain a lower R, value. However, the LDMOS de-
vices with a thinner gate oxide thickness also undergo hot-
carrier effects more seriously. Nowadays, hot-carrier degra-
dation studies of LDMOS transistors are mainly focused on
the explanations of various degradation phenomena under

static or dynamic stress'’ "' . Very little information is availa-
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ble on how to alleviate the hot-carrier effects of LDMOS de-
vices.

A kind of N-LDMOS transistor with step gate oxide is
presented, which is used to effectively restrain the hot-carri-
er effects of the high voltage devices. The novel structure of
step gate oxide is illustrated in section 1. The TCAD simu-
lations show that the perpendicular electric field under the
gate and the quantity of the hot-carrier injecting into the gate
oxide in the improved N-LDMOS is much smaller than the
one in the conventional N-LDMOS, which indicates the me-
lioration of the hot-carrier degradation in the novel N-LD-
MOS device. At the same time, according to the simulation
results, it is found that the threshold voltage and the break-
down voltage of the N-LDMOS with step gate oxide are ba-
sically equal to the ones of the conventional N-LDMOS. Fi-
nally, the practical degradation measurements of some char-
acteristic parameters are used to support the numerical simu-
lation results.

1 Device Structure

The device studied in this paper is the N-type lateral
double diffused MOS transistor with step gate oxide, which
is implemented in 0. 5 pm CMOS technology using bulk sil-
icon. The step gate oxide can be achieved by double gate
oxide growth, which is commonly used in double gates
process of some smart power ICs. Consequently, the fabri-
cation of the step gate oxide is easily achievable. The cross-
sections of the conventional N-LDMOS device and the ana-
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Fig. 1 Schematic cross-sections and components of two N-
LDMOS devices. (a) Conventional N-LDMOS device; (b) N-LD-
MOS device studied in this paper
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lyzed device in this paper are illustrated in Fig. 1, and the
main geometrical and technological parameters of the pro-
posed N-LDMOS are listed in Tab. 1. As we can see from
Fig. 1, compared with the conventional N-LDMOS, the on-
ly difference in the suggested N-LDMOS is the gate oxide,
which is with a step, and other parts of the device are the
same.

Tab.1 Main parameters of proposed N-LDMOS um

Parameter Value
Channel length L, 4
Gate oxide length L, + L, 4
Thin gate oxide length L, Variable
Thin gate oxide thickness 12.5x10 73
Thick gate oxide length L, Variable
Thick gate oxide thickness 25 x10 3
Effective drift region length Ly 7
Poly overlap field oxide L, 5
Source and drain length L., L, 3

2 Simulation and Discussion

The hot-carrier effect has been closely connected with
electric field intensity under the gate of the high voltage de-
vice. Fig.2 shows the variations in the perpendicular elec-
tric field and the total electric field along the Si-SiO, inter-
face of the N-LDMOS devices with different lengths of L, at
V, =10 Vand V, =100 V, which is the worst stress condi-
tion for the studied N-LDMOS device. As shown in Fig. 2,
the positions of the peak value of the total electric field of
the conventional N-LDMOS are at x =7 pm and x = 14 pm,
where hot carriers can be easily generated. However, the
position at x =7 pm belongs to the channel region under the
gate, where the generating hot carrier can be easily injected
and trapped into the gate oxide and the hot-carrier degrada-
tion of the device becomes very serious. Nevertheless, it
can also be seen from Fig. 2 that the perpendicular electric
field and the total electric field under the gate are obviously
reduced for the presented N-LDMOS, which is caused by
the modulation of the thick gate oxide part. The longer the
thick gate oxide length L, is, the more the perpendicular
electric field and the total electric field under the gate can be
reduced. Thereby, it is believed that the hot-carrier degra-
dation of the improved N-LDMOS can also be decreased.

Fig. 3 shows the relationship between the impact ioniza-
tion generations ( IIG) along the Si-SiO, interface and the
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Fig. 2 Perpendicular and total electric field along Si-SiO, in-
terface of N-LDMOS devices with different lengths of L, at
Ve =10 Vand V, =100 V

transverse position of the N-LDMOS devices with different
lengths of L, at V,, =10 V and V, =100 V. As can be ob-
served in Fig. 3, the impact ionization generations under the
gate are smaller for the proposed N-LDMOS than the ones
for the conventional N-LDMOS, and the impact ionization
generations under the gate decrease when L, increases. But
it is very interesting that the most obvious decrease in the
impact ionization generations, which is decreased by about 4
orders of magnitude, occurs at x =7 pm with L, =2 pm. It
is due to the fact that the total electric field under the gate of
N-LDMOS with L, =2 pm is the lowest at x =7 pum, and it
can be seen in Fig. 2.
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Fig. 3 Impact ionization distribution along Si-SiO2 interface
of N-LDMOS devices

Fig. 4 shows the electron temperature and the hole tem-
perature under the gate dependency as a function of the
transverse distance of the conventional N-LDMOS. 1t is
very clear that the hole temperature in the depletion region,
which is more than 1 000 K, is much greater than the elec-
tron temperature in the channel. In this way, very few elec-
trons can be injected into the gate oxide due to the low ener-
gy; however, hot holes with high energy can do it though
the perpendicular electric field along the Si-SiO, interface is
positive ( pointing to the substrate) . So the threshold voltage
of the device will decrease as the working hours increase.
The difference between the hole temperature and the electron
temperature can be explained as follows: The electrons in
the channel can be swiftly and orderly drawn into the drift
region due to the transverse electric field, but the hole in the
depletion region cannot be drawn out and has to be easily
accelerated due to the transverse electric field. As a result,
the temperature difference appears.

Consequently, the simulation results demonstrate that the
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Fig. 4 Carrier temperature along Si-SiO2 interface of con-
ventional N-LDMOS devices
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step gate oxide in the high voltage N-LDMOS is very useful
for reducing the hot-carrier degradation, and there is hot
hole injection into the gate oxide in the channel. However,
the length of the thick oxide L, must be proper in order to
maintain the basic characteristic parameters of the
N-LDMOS.

The basic characteristic parameters of the presented
N-LDMOS with different lengths of L, are listed in Tab. 2,
which are simulated by means of MEDICI. We can see from
Tab. 2 that the threshold voltage increases by 0.9 V when L,
=3 wm, but the ones under other conditions remain con-
stant. The lateral distributions of the threshold voltage in the
channel region are nonuniform, and the maximum point of
the threshold voltage is usually located at the middle of the
channel™ . Consequently, if the thick gate oxide part cannot
cover the position of the maximum threshold voltage, the
threshold voltage of the device is invariable. However, once
the position is covered by the thick gate oxide part, the
threshold voltage of the device will change immediately.
This is because the inductive charge at the position will be
obviously decreased due to the covering of the thick gate ox-
ide, and the inversion layer cannot form, just as what hap-
pens at L, =3 pm. At the same time, from Tab. 2, it can
be seen that the breakdown voltages of different N-LDMOS
devices are the same. Nevertheless, the on-resistances ( 'V,
=5V, V, =1 V) of the devices increase a little as L, in-
creases. The reason is that the channel inductive charge un-
der the thick gate oxide is reduced.

Tab. 2 Basic characteristic parameters of the proposed
N-LDMOS with different lengths of L,

Threshold Breakdown On-resistance/
L,/pm
voltage/V voltage/V (mQ-cm~2)
0 1.8 129 16. 17
1 1.8 132 17.27
2 1.8 134 19. 00
3 2.7 134 25.33

According to the above simulations and discussions, the
proper length of L, is 2 um, where the thick gate oxide just
covers the position of the maximum threshold voltage. At
this time, the structure of step gate oxide not only effective-
ly restrains the hot-carrier degradation but also maintains the
threshold voltage and breakdown voltage of the N-LDMOS,
and the on-resistance is also within an acceptable range.

3 Measurement and Discussion

Fig. 5 is the threshold voltage V, shift as a function of
stress time for the conventional and the presented N-LD-
MOS with L, =2 pm under V, =10 V and V, =100 V
stressed condition. It is clear that the V,, degradation of the
new LDMOS with step gate oxide is much smaller than the
one of the conventional N-LDMOS. V, decreases when the
stress time increases, which is in agreement with the above
simulation. The saturated drain current 7, shift measured at
the conventional and the proposed N-LDMOS with L, =2
pm as a function of stress time is illustrated in Fig. 6, and
the stress condition is also V,, =10 V and V, =100 V. The

reason for the increase of 7, . is that more electrons are in-

dsat

duced under the gate due to the hole injection into the gate
oxide, which reduces the on-resistance of the device. It is
noted that the degradation of 7, in the novel N-LDMOS de-

vice is much smaller, so as to have a longer device lifetime.
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4 Conclusion

In this paper, a kind of new N-LDMOS with step gate
oxide is presented. The simulation results demonstrate that
the novel structure can restrain the hot-carrier effect effec-
tively, and it is found that the hot hole injection into the
gate oxide dominates the channel degradation. At the same
time, in order to maintain the basic characteristic parameters
of the N-LDMOS, an optimal length of the thick oxide part
is selected through TCAD simulations. Finally, the thresh-
old voltage and the saturated drain current are chosen as the
indicator so as to measure the performance of the device.
The measurement results show that the adoption of step gate
oxide in the novel N-LDMOS can result in a longer device
lifetime.
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