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Abstract: A high-voltage p-LDMOS(HV-pMOS) with ficld-oxide as gate dielectric and a RESURF drain drift region to
undertake high gate-source voltage and drain-source voltage for the scan driver chip of plasma display panels (PDP) is

purposed based on the epitaxial bipolar-CMOS-DMOS (BCD) process. The key considerations and parameters of the de-

sign are discussed: the thickness of gate dielectrics is Imm and the area of the device is 80pm X 80pm. Only 18 photoetch-

ing steps are needed in the developed process,which is compatible with standard CMOS, bipolar,and VDMOS devices. The

breakdown voltage of the HV-pMOS in the process control module (PCM) is more than 200V. The results are favorable

for 170V PDP scan driver chips,which contribute to the competitive cost efficiency.
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1 Introduction

PDP is one of the main display devices and will
be competitive in future trends"'~*. The high-voltage
display driver chip of the PDP is always a potential
element for lowering its cost and improving its com-
petitiveness. Several different technology routes and
their roadmaps have co-occurred in their respective
driver chips"*~*'. Silicon epitaxial BCD technology is
popular for its balance of performance and cost,
which is quite suitable for competitive PDP products.
HV-pMOS is usually integrated as the chip level shift
part and the power output part,which plays a leading
role in the whole chip area with the long-term trends
of high definition PDP continuous development, and
more power outputs need to be integrated in a single
driver chip™®'.

The HV-pMOS with field-oxide as gate dielec-
trics developed in this paper for PDP driver applica-
tions is under the following considerations:

(1) It should be adequate for driving the equiva-
lent capacitive load of a specific PDP.

(2) It should have excellent compatibility with
other transistors (such as CMOS, bipolar, DMOS, and
diode) , while having high drain-source voltage (V)
and gate-source voltage (V).

(3) The efforts on the area of the HV-pMOS
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module in the driver chip and the efforts on the fabri-
cating process complexity should be effective and
available.

2  Device and technology

Usually and necessarily,for power integrated cir-
cuits with high gate-source voltage application, there
is a specific process to form the thick gate-oxide'"
and to undertaking the high gate-source voltage. In
this paper,an HV-pMOS with field-oxide as the gate
dielectric is purposed so that the specific thick gate-
oxide is omitted. Another key point is the epitaxial
BCD process developed here, which provides compati-
bility with different device modules, such as VD-
MOS"! and the low voltage BICMOS (bipolar CMOS)
module.,is simplified and optimized.

Altogether, the above considerations contribute
to the cost efficiency of the whole HV-pMOS module
for PDP drivers. Below, we will disclose these design
issues.

2.1 Structure

A complete HV-pMOS is shown in Fig.1, in
which an n-type epitaxial layer (n-epi) is deposited on
p-type substrate. The n-buried layer connects to the
bottom-sinkers of other devices such as VDMOS and
npn transistors for reducing on-resistance,and here it
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Fig.1
SEM image; (¢) Top view

can improve the electric field distribution of n-epi for
the HV-pMOS in the BCD power integration technol-
ogy. The drain drift region of the device is formed by
the p-field layer and it is the key region to undertake
the horizontal and vertical electric field,satisfying the
RESUREF principle. The poly-gate covers the channel
on the top of the thick field-oxide, which is capable of
high gate-source voltage of about 170V. The p-field
layer also forms the source region as the connection
between p* in the active region and channel because
of the thick dielectric under edge of the poly-gate
near the source active region. The drain region, the
channel region, and the source region provide the
main body of the I-V characteristics of the device. p-

Structure of the field-oxide HV-pMOS

(a) Schematic structure; (b) Cross-section

body p* and n”
ligned technology in the drain and source active re-
gion;p’ diffusion forms the source electrode, butting
connected with n” diffusion in the source active re-
gion,and n* diffusion also provides electric potential
of n-epi;p-body is to increase the radius of the cylin-
der curvature of p* in the drain active region to re-
duce the electric field intensity of the p™ shallow junc-
tion. The cross sectional SEM image of actual HV-pMOS
in PDP scan-driver chip is shown in Fig. 1(b).

The corresponding layout of the device is shown
in Fig. 1(c). The drain region is located at the center
of the device, surrounded by a closed channel and
source region,so that the high voltage drain is isolated

diffusion are fabricated by self-a-
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2.2 Key optimization
Fig.2 Electronic solutions for the structure in Fig.1 (a)

Electrical potential distribution; (b) Electric field intensity

to the outside. In this racetrack layout,the parameters
should be designed carefully,which is essential to I-V
characteristics, parasitic effects, and safe operating
area, such as secondary breakdown and the Kirk
effect.

Figure 2 (a) shows the electrical potential distri-
bution of the structure in Fig. 1 under the condition of
V4 — 243V, V, = 0V. It selects the typical right
part of the 2D cross-section to reduce the calculation

amount. The equipotent-lines, as shown in Fig. 2, dis-
tribute in the p-n junction of the drain drift region
and the lines under the drain region are almost hori-
zontal under the effects of the horizontal electrical
potential of the n-buried layer. The p-field layer for
the drain drift is depleted completely and the lines
there are almost vertical under the effects of the lat-
eral electrical potential.

Figure 2(b) gives the distribution of electric field
intensity at typical vertical locations,corresponding to
the solution of Fig. 2(a). It shows the following de-
sign considerations and methods:

(1) The maximum value of the electric field in-
tensity in Fig. 3 occurs at x = 13. 7um, y = 2. 8ym,
corresponding to the internal cylinder region of the p-
body,as can be observed in Fig. 2. Thus,the most pos-
sible breakdown location is inside the device.

(2) The height of the two electric field peaks
“A” and “B” are almost equal,showing an optimized

The p-field drift in drain region and the thickness
of dielectric under the gate,which is formed by field-
oxide, are both essential for high V4 and V, HV-
pMOS. Figures 3~5 give the tendencies and optimiza-
tions of the key parameters. For convenience, the fol-
lowing voltage magnitudes are presented as absolute
values.

First, the relation between breakdown voltage
(V) and drift length (L) of drain region is shown
in Fig. 3. Supposing that the channel length is 14pm,
i.e., L., = 14pm, and that the junction depth of the
drift is 3um, J4 = 14pm, and the three curves corre-
spond to different drift concentrations. When the
drift is depleted completely by the vertical and lateral
electric field,the V,, increases as the drift length in-
d
. This shows that the sharing electric

creases, corresponding to the curves of 1 X 10'® an
1.2X10"%cm™
charge of drift does not satisfy the requirement''*’.
When the drift is depleted partially,the peak electric
field occurs near the surface of the drift boundary and
the V,, is almost unchanged with the drift concentra-
tion, corresponding to the curve of 1.4X10%cm™?%.
Second, for the design of the HV-pMOS in the
framework of the proposed structure, the concentra-
tion of the drift (C4) and the junction depth of the
drift (J,) are quite important for improving surface
field at the device terminal, which is depleted and
agrees with the RESURF principle in the optimized
design. The parameters of the channel are also quite
important for the punch-through of the devices, which
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is charged for the safe operation range. Figure 4
shows the curve of the optimized parameters and cor-
responding results. For 170V gate-source dielectric
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Influence of field-oxide thickness ( T,,) on the device

breakdown voltage, the thickness of 200nm for the
oxide dielectric is enough. However, the thickness is
also important for the breakdown voltage inside de-
vice,such as the drain-source breakdown voltage. Fig-
ure 5 shows the influence of field-oxide thickness on
the breakdown voltage and surface peak electric field
of the device. As a field plant on the other hand, the
gate electrode strongly affects the surface electrical
potential distribution and electric field intensity in a
certain range of the thickness of the field oxide. Here
the lower limit could reach the breakdown of the de-
vice.

2.3 Process

The process is based on BCD compatible technol-
ogy,adopting epitaxial silicon material. The process
flow is shown in Fig. 6,and only a few more layers are
included than in the common BiCMOS process,as Ta-
ble 1 shows.

3 Results

We now give the design results of the proposed
HV-pMOS, which apply to the PDP scan driver chip.
Figure 7 (a) is an HV-pMOS testing structure in the
process control module (PCM) ,and the area is 80pum
X 80pum. We obtain the average values of the testing
results on eight pieces of wafer (#13, #14, #16,
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Fig.6 Process flow of HVPMOS

Table 1  Flow of BiCMOS versus compatibility BCD process
developed suitable for the HV-pMOS proposed
BiCMOS BCD

1 p-sub p-sub

2 n* bury layer n* bury layer

3 isolation and drain isolation and drain

4 pwell pwell

5 active active

6 / p-field and n-field

7 gate gate

8 / p-body

9 p" and n* p" and n*

10 contact contact

11 metallization metallization

12 pad pad

£18, 220, #21, £22, #£24) as shown in Table 2 and
all of the breakdown voltages are more than 200V for
the power output transistors and level shift part. The
HV-pMOS is integrated in the PDP scan driver chip.
Figure 7(b) is the chip by PCB bonding.

4 Summary

We developed a cost-effective HV-pMOS based
on silicon epitaxial BCD technology,which is compat-
ible with 5V low voltage CMOS, 5V bipolar tran-
sistors, high voltage VDMOS, and avalanche diodes
for gate protection of power DMOS in the PDP driver
chip. The breakdown voltage (V) of the HV-pMOS
is more than 200V, online testing of the PDP LG-
model-42v6 agrees with the design targets,and the de-
sign result also could be developed for other power in-
tegration circuits with consideration of the applica-
tion requirements and corresponding parameter ad-
justment.

Designator 10

U

(b)

Fig.7 HV-pMOS test and application results (a) One of the
HV-pMOS in PCM modules module; (b) Chip on the function
testing by PCB bonding with proposed HV-pMOS

Table 2 Average values of testing results for the PCM in dif-
ferent wafers

Parameter Average value
Threshold 5.5V
Transconductance 1. 445,S
Saturated drain current 709.5A
Leakage current —26.2pA
On-resistance 6460
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