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High Voltage MOSFETs Using Submicron tSI Process

Masatoshi Morikawa, Isao Yoshida, Hirotsuglu Koiima and Yoshifumi Kawamoto

Cent ral Research lraboratory' Hi tachi lrtd. '

Kokubunj i, Tokyo 185' Japan

High-voltagle MOSFETs have been f abricatert using: a submicron I.,$I process. These

MOSFETs have an offset drain reg:ion with a source f ield plate and a meshed-8:ate
structure, and were desig:ned by three-dimensional oomputer analysis. The

MOSFETs were formed withogt any additional processing steps' since the offset
drain reg:ion was formed simultaneously with the LDD of the low-voltaS:e MOSFETS.

As a result, an n-channel MOSFET with a 4O-V breakdown voltage and a current
density of above ZOO A/cm' *"" achieved on the same chip as the submicron LrSI

devices.

1. Introduct ion

Recently, intelligett/smart power ICs

(IPICs) have been developed for application

to such electronic systems as-used in au-

tomobiles or off ice automat ion equipment

t 1 I ( 2 ). These ICs are expected to enable

systems to achieve smal ler s ize wi th hig:her

reliabitity and lower cost. A higher densi-

ty log:ic is therefore required on the same

chip as the power devices to increase cir-

cuit funct ional ity. Unt il recent 1y' these

rcs have been manufactured usingi' a two or

three micron rule process' but it is ad-

vantag:eous to f abricate them usinS: a sub-

micron LSI process for enhanced performance.

However, high-voltage MOSFETS have not yet

been real ized on the same chip as submicron

LSIs.

This paper descr ibes the des i8:n and

f abr icat ion of high-vo I tag:e MOSFETs' sui ta-

ble for the submicron LSI process. These

devices are des iglned with a meshed-gate

stmcture and a source f ield plate f or high

vo I tag:e and h ig:h current capab i I i ty.

A-5-1

2. Submicron high-voltag:e MOSFETS

The relationship between breakdown vol-
tag:es and desig:n rules for high and low-

vo l tagie MOSFETs is shown in Fig. 1. As

breakdown voltaS:es decrease with the minimum

s ize decreases, a l ight ly doped drain (IrDD)

structure is appl ied for the Iow-voltage

devices. Breakdown voltag:es of higher than

10 V are obtained for O.8-rrm devices by us-

ing an I-rDD but a high-voltag:e device has

not yet been real ized for the 1-pm prooess

level. We appl ied an LDD to a hig:h-voltaS:e

device, as an offset drain region with a

field plate, to maintain a breakdown voltag:e

of higher than 40 V and to achieve a high

current handl ing capabi I ity.
Potent ial distribut ions for MOSFETS

with and without a f ield plate are shown in

Fig. 2. These were calcul ated usin8i the

three-dimensional device simulator CADDETH

( I ). It shows that equ ipotent ial I ines

spread in the offset layer due to the source

field plate. This fieans that electric field
intensity of the proposed device will be

reduced, compared to that of a convent ional
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device without a field plate. Some other
deviees of various offset tengths have also
been calculated. As a result, a breakdown

voltage of 40 V is obtained for a 4-pm off-
set leng:th with a f ield plate. Based on

this analys i s, opt imi zat ion of the proposed

device structures, such as an offset drain
region with a field plate, has been carried
out. Add it ional ly, the meshed-g:ate pattern
is appl ied 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 approximately 2O % and decreases

by 40 %, respect ively, in comparison to
those of a convent ional device with a

striped-pat tern.
The proposed cell structure for a high-

voltag:e MOSFET has a 2o-nm g:ate oxide, a 2

-w leng:th channel and a 4-pm of f set layer
with a 3O-fr,m size, as shown in Fig.8. The

field plate is constructed by an Al-source
e I ect rode.

3. Experiments and Discussion
A. Device Fabrication

Fabrieation steps f or hig:h voltage MOS-

FETs are shown in Table 1. A convent ional
O.8 frm CMOS process is modif ied to form the

of f set layer f or the hig:h-voltag:e MOSFETs at
the same t ime as the IrDD f or the low-vo I tagle

devices, without any additional processing

s t eps.

Table 1 Fabrication steps for high voltage
MOSFETS.

( 1) P-type wafer
(2) Well formation
(3) Local oxidation
(4) Gate formation
(5) LDD offset layers formation
(6) Source, drain layers formation
(7) Metallization
(8) Passivation

B. Characteristics for hig:h-voltag:e MOSFETs

Characterist ics for a fabricated n-

channel device that has an offset length of
4 um and an ion dose of bxlol'/"'are shown

in Fig.4. A high transconductance of lOO mS

(at VDs=1O V , fn:lOo mA) and a specif ic on-
res istance of 5 m^0. cmz ( at VDs:1 V ,

V6s:5 V) are real ized, as shown in Fig.4(a).
Even with a Siate driving: voltage of ZV,
cons iderable current is obtained, sugg:est ing:

the usefulness of this application to a low-
vo I tag:e dr iver. Ilard breakdown behavior,
when a breakdown voltage of 41 V is ob-
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 of f set
leng:th Lort and ion dose Nnr. Breakdown

voltages of low voltage MOSFETs are also
shown in the f igtrre. Breakdown voltag:es f or

high-vo I tag'e MOSFETs change drast i cal ty de-
pending on NDT, while those of low-voltage

MOSFETs are almost same. A maximum break-
down voltage of 47 Y is achieved for an Npr

of 5xlol'/"' in an optimized structure that
has an offset layer and a source field
plate. On the other hand, maximum breakdown

vol tag:e f or a p-channel device was -25 V,

because it was formed in the same n-well as

the logic devise. Simulation suggests that
breakdown voltag:e for a p-channel device can

be raised as high as that of n-channel if
n-we I I i s opt imized. The re I at ionship be-

tween normal ized current density and break-
down voltag:e for Iow-voltage and convention-

al hig:h-voltag:e MOSFETs is shown in Fig. 6.

Here, data for convent ional 8-prn devices
with a striped-gate pattern is measured by

various devices such as those with a gate

oxide of lOO-13O nm thickness and offset
drain regions with 5-4O Um leng.ths. It is
pointed out that current densities for the
proposed device are improved by about one

decade compared to that for conventional
ones. This is because channel widths were

increased by the scaled-down cell structure
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with a meshed-g:ate pattern.

C. Characteristics for low-voltag:e MOSFETS

Characterist ics f or the low-voltag:e and

hig:h-vo I tage devi ces of thi s process and the

low-voltagle device of a standard I",Sf process

are shown in Table 2. As shown in the

table, Iow-vol tag:e device characterist ics

such as breakdown voltag:e, transconductance

and CMOS ring osci I lator delay scarcely

changie, showing: I itt le ef f ect on the

fabrication of high-voltage devices on the

same chip.

D. CMOS driver switching characteristics
Hig:h-vo I tag:e CMOS dr ivers wi th break-

down voltag:es of above 20 V are fabricated.
Channel width of the p-channel device is
des igned to be twice that of the n-channel

one. Switching: characteristics are measured

with a load current of 2OO nA, where the

load has a O. 33-pH inductance and a 1OO-O

resistance in series. A rise time of 16 ns

and a fal I t ime of 9. 4 ns are achieved.

These values are better than those for bipo-
lar transistors with the same breakdown vol-
t a8:e'

4. Conclusion

High-vo I tag:e MOSFETS us ing a submi cron

IrSI process have been discussed. These MOS-

FETs have an of f set drain reg:ion with a

source f ield plate and a meshed-Eiate

structure, and were opt imized by three-
dimensional computer analysis. The offset
drain reg:ion was f ormed s imultaneously with
the LDD of the submicron low-voltag:e MOSFET-

sr without any additional processingl steps.

As a result, an n-channel device, having: a

breakdown voltagle of above 40 V and a curr-
ent density of above 2OO A,/cmz, was achieved

on the same chip as submioron LSI devices.

Addit ional ly, the hig:h-vol tage C14OS driver'
which consists of n and p-channel devices,

was fabricated and successfully tested with
an inductance load.
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(a) without a field plate. (b) with a field plate.

Fig.2 Potential distributions for
MOSFETS with and without a field plate.
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Fig:.3 The proposed cell structure
f or a hig:h-voltage MOSFET.
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Fig. S Experimental results
for breakdown voltag:es
of the fabricated devices.
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FiS. 4 Characteristics for
a fabricated n-channel device.
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Table 2 Characterist ics for the
high-vol tag:e devices.
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Fig. 6 Relationship between
normal ized current density
and breakdown voltag:e.
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Process Standard Proposed

Low

Voltage
I,IOSFET

Cil0S Rine

Ncr.

V', (V) 0. 7 0. 6 Vos=5V, Io=1OnA

I m (mS) 1. 1 1. 0 Vos=5V

B Vos (V) 13 13 Vcs=0, Io=l0nA

P crt

Vu, (V) -0. I -0. I Vns=-5V, Io=-lOnA

s m (nS) 0. 6 0. 6 Vos=-5V

BVos (V) -15 -15 Vcs=0, Io=-1OnA

0SC. De ay (ps/stage) 180 r80 Vos=5V

High

Voltage
}I()SFET

Ncr.
Vu, (V) 0. 4 Vos=SV, Io=10pA

I n (nS) 100 Vos=5V

B Vns (V) 40 Vcs=(), Io=10pA
Ron (nrQ'cn" 4. 4 Vos=10V, Io=1()nA

P cr'

Vu, (V) -1. 0 Vos=-5V, Io=-10 p A

s n (nS) 40 Vns=-5V

B Vos (V) -2L Vcs=0, Iu=-l0pA
Ron (nQ'cn2 28 Vos=-10V, Io=-1OnA
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