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High-voltage MOSFETs have been fabricated using a submicron LST process.
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These

MOSFETs have an offset drain region with a source field plate and a meshed-gate

structure, and were designed by
MOSFETs were formed without any

three-dimensional
additional

computer
processing steps,

analysis. The
since the offset

drain region was formed simultaneously with the LDD of the low-voltage MOSFETSs.

As a result,

density of above 200 A/cm® was
devices.
1. Introduction
Recently, intelligent/smart power ICs

(IPICs) have been developed for application

to such electronic systems as used in au-

tomobiles office automation

(13e2).

systems to achieve

or equipment

These ICs are expected to enable

smaller size with higher

reliability and lower cost. A higher densi-

ty logic is therefore required on the same

chip as the power devices to increase cir-

cuit functionality. Until recently, these

ICs have been manufactured using a two or
three micron rule process, but it is ad-
vantageous to fabricate them using a sub-

micron LSI process for enhanced

MOSFETs

performance.

However, high-voltage have not yet

been realized on the same chip as submicron

LSTIs.

This paper describes the design and
fabrication of high-voltage MOSFETs, suita-
ble for the submicron LSI process. These

devices are designed with a meshed-gate

structure and a source field plate for high

voltage and high current capability.

an n-channel MOSFET with
achieved
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40-V breakdown voltage and a current
on the same chip as the submicron LSI

2. Submicron high-voltage MOSFETs
The relationship between breakdown vol-
tages and for

design rules

MOSFETs

high and low-

voltage is shown in Fig. 1L As

breakdown voltages decrease with the minimum
size decreases, a lightly doped drain (LDD)

structure is applied for the low-voltage

devices. Breakdown voltages of higher than
10 V are obtained for

ing an LDD,

0. 8-pum devices by us-

but a high-voltage device has

not yet been realized for the 1-um process

level. We applied an LDD to a high-voltage

device, as an offset drain region with a

field plate, to maintain a breakdown voltage

of higher than 40 V and to achieve a high

current handling capability.

Potential distributions for MOSFETs

with and without a field plate are shown in

Fig. 2. These were calculated using the
three-dimensional device simulator CADDETH
(3). It shows that equipotential lines
spread in the offset layer due to the source

field plate. This means that electric field

intensity of the proposed device will be

reduced, compared to that of a conventional



device without a field plate. Some other

devices of various offset lengths have also

been calculated. As a result, a breakdown

voltage of 40 V is obtained for a 4-um off-

set length with a field plate. Based on

this analysis. optimization of the proposed

device structures, such as an offset drain

region with a field plate, has been carried

out. Additionally, the meshed-gate pattern

is applied to increase device current and to

reduce drain capacitance. As a result, the

current handling capability and drain cap-

acitance for the meshed-gate device in-

creases by

by 40 %

approximately 20 % and decreases

respectively, in comparison to

those of a conventional device with a

striped-pattern.
The proposed cell structure for a high-

voltage MOSFET has a 20-nm gate oxide, a 2

-um length channel and

with a 30-gum size, as shown in Fig. 8. The

field plate is constructed by an Al-source

electrode.

3. Experiments and Discussion
A. Device Fabrication
Fabrication steps for high voltage MOS-

FETs are shown in Table 1. A conventional

0.8 pum CMOS process is modified to form the

offset layer for the high-voltage MOSFETs at
the same time as the LDD for the low-voltage

devices, without any additional processing

steps.

Table 1 Fabrication steps for high voltage
MOSFETs.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

P-type wafer

Well formation

Local oxidation

Gate formation

LDD, offset layers formation
Source, drain layers formation
Metallization

Passivation

B. Characteristics for high-voltage MOSFETs

Characteristics for a fabricated n-

a 4-pum offset layer
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high-voltage MOSFETs

channel device that has an offset length of
4 pm and an ion dose of 5x10'%/cm® are shown
in Fig. 4. A high transconductance of 100 mS
(at Vpg=10 V ,

of

Ip=100 mA) and a specific on-
resistance 5 mQ-cm? Vps=1V

Vgg=56 V) are

(at

realized, as shown in Fig. 4(a)

Even with a of 2 V

gate driving voltage

considerable current is obtained, suggesting

the usefulness of this application to a low-

voltage driver. Hard breakdown behavior,

when a of 41 V is ob-

breakdown voltage

tained. is shown in Fig. 4(b).

Experimental results for breakdown vol-

tages of the fabricated n-channel devices

are shown in Fig. 5, as a parameter of offset

length Lg;; and ion dose Ny Breakdown

voltages of low voltage MOSFETs are also

shown in the figure. Breakdown voltages for
change drastically de-

pending on Npp» while
MOSFETs are almost

down voltage of 47 V

those of low-voltage
same. A maximum break-
is achieved for an Ny,

of 5x10‘2/cm2 in an optimized structure that

has an offset layer and a source field
plate. On the other hand, maximum breakdown
voltage for a p-channel device was -25 V,

because it was formed in the same n-well as

the logic device. Simulation suggests that

breakdown voltage for a p-channel device can

be raised as high as that of n-channel, if

n-well is optimized. The relationship be-

tween normalized current density and break-

down voltage for low-voltage and convention-

al high-voltage MOSFETs is shown in Fig. 6.

Here, data for conventional 8-um devices

with a striped-gate pattern is measured by

various devices such

100-130 nm

as those with a gate

oxide of thickness and offset

drain regions with 5-40 gum lengths. It is

pointed out that

current densities for the

proposed device are improved by about one

decade compared to that for

This is

conventional
ones. because channel widths were

increased by the scaled-down cell structure



with a meshed-gate pattern.

C. Characteristics for low-voltage MOSFETs
Characteristics for the low-voltage and
high-voltage devices of this process and the
low-voltage device of a standard LSI process
are shown in Table 2. As shown in the
table, low-voltage device characteristics
such as breakdown voltage, transconductance
and CMOS ring oscillator delay scarcely
change, showing little effect on the
fabrication of high-voltage devices on the

same chip.

D. CMOS driver switching characteristics
High-voltage CMOS drivers with break-
down voltages of above 20 V are fabricated.
Channel width of the p-channel device is
designed to be twice that of the n-channel
one. Switching characteristics are measured
with a load current of 200 mA, where the
load has a 0. 833-gH inductance and a 100-Q
resistance in series. A rise time of 16 ns
and a fall time of 9.4 ns are achieved.
These values are better than those for bipo-

lar transistors with the same breakdown vol-

tage.

4, Conclusion

High-voltage MOSFETs using a submicron
LST process have been discussed. These MOS-
FETs have an offset drain region with a
source field plate and a meshed-gate
structure, and were optimized by three-
dimensional computer analysis. The offset
drain region was formed simultaneously with
the LDD of the submicron low-voltage MOSFET-
S» without any additional processing steps.
As a result, an n-channel device, having a
breakdown voltage of above 40 V and a curr-
ent density of above 200 A/cm?, was achieved
on the same chip as submicron LSI devices.
Additionally, the high-voltage CMOS driver,

which consists of n and p-channel devices.

was fabricated and successfully tested with

an inductance load.
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Fig. 1 The relationship between breakdown
voltages and design rules for high
and low-voltage MOSFETs.
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