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Abstract

New layout design to effectively reduce the layout area of CMOS output transistors but with higher driving
capability and better ESD reliability is proposed. The output transistors of large device dimensions are assembled by
a plurality of the basic layout cells, which have the square, hexagonal or octagonal shapes. The output transistors
realized by these new layout styles have more symmetrical device structures, which can be more uniformly triggered
during the ESD-stress events. With theoretical calculation and experimental verification, both higher output driving/
sinking current and stronger ESD robustness of CMOS output buffers can be practically achieved by the proposed
new layout styles within a smaller layout area in the non-silicided bulk CMOS process. The output transistors
assembled by a plurality of the proposed layout cells also have a lower gate resistance and a smaller drain
capacitance than that realized by the traditional finger-type layout. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

In submicron low-voltage CMOS technology, VDD
was scaled down to reduce power consumption and to
sustain better device reliability. To offer enough output
driving/sinking current as well as to provide stronger
electrostatic discharge (ESD) reliability, the W/L ratios
of output transistors are often enlarged up to several
hundreds, but in the high-integration applications, es-
pecially in the high-pin-count and pad-limited CMOS
VLSI, the layout area available for each output pad
with output buffer including latchup guard rings is cri-
tically limited. So, an area-efficient output buffer with
high driving capability and high ESD robustness is
strongly required in submicron CMOS technology.

In 1989, Baker proposed a waffle-type layout to
enhance ESD hardness of NMOS output transistor [1].
In the waffle-type layout, the poly gate of the output
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transistor has a waffle structure to separate the drain
and the source regions of an output transistor. A sche-
matic waffle-type layout of an output NMOS is shown
in Fig. 1, where the drain and the source have the
same layout spacing from the contact to the poly gate.
The waffle-type layout had been shown to offer better
ESD robustness than that in the traditional finger-type
layout within the same layout area. In 1992, Vemuru
made a comparison between the finger-type and the
waffle-type layout [2]. He reported that the waffle-type
layout contributes about 10% area reduction to that
of the finger-type layout, as well as producing lower
gate resistance suitable for wide-band and low-noise
applications [2].

Recently, some efforts have contributed to the inves-
tigation of the relations between the layout parameters
and ESD hardness of submicron CMOS devices. It
had been found that the spacing from the drain con-
tact to the edge of gate oxide has an important impact
on ESD robustness of CMOS devices [3-5], but the
spacing from the source contact to the gate-oxide edge
has no effect on the ESD robustness of output transis-
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Fig. 1. The schematic diagram of the waffle-type layout.

tors in bulk CMOS ICs [6]. The typical spacing from
the drain contact to poly gate of an output NMOS
was suggested to be about 5 um in the bulk CMOS
technologies without the silicided diffusion to sustain
better ESD protection without much increasing the
layout area [6]. In the traditional finger-type layout,
the spacing from the drain contact to the gate-oxide
edge can be different from that from the source contact
to the gate-oxide edge, but in the waffle-type layout,
the spacings from both the source contact and the
drain contact to the gate-oxide edge are equal. Due to
this spacing constraint for ESD consideration, the out-
put transistor realized by the waffle-type layout oc-
cupies more layout area than that realized by the
traditional finger-type layout.

In this paper, three new layout styles (square [7, 8],
hexagon [9], and octagon [10—12]) are proposed to rea-
lize CMOS output transistors within smaller layout
area but with both higher driving capability and better
ESD robustness.

2. Traditional finger-type layout

The traditional finger-type layout for an output
NMOS is illustrated in Fig. 2. Its cross-sectional view
along the line A—A’ in Fig. 2 is shown in Fig. 3, which
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Fig. 2. A schematic diagram of the traditional finger-type lay-
out.

is demonstrated in a p-substrate bulk CMOS process.
In Fig. 2, the large-dimension NMOS device is separ-
ated as four parallel small-dimension NMOS devices.
The spacing from the drain contact to the poly gate is
marked ‘d’. The spacing from the source contact to the
poly gate is marked ‘S’. For better ESD robustness,
this spacing d is specified as 5 um in a typical 0.6-um
CMOS process, but the spacing S has no important
effect on ESD reliability of CMOS output buffers in
grounded substrate CMOS technologies [6]. This spa-
cing S is often drawn as 1 um in practical layout.
Outside the source region, there are two latchup guard
rings surrounding the whole NMOS device. One is a
P+ diffusion connected to ground (GND) to supply
the substrate bias. The other is an N+ diffusion con-
nected to VDD as a dummy collector to prevent
CMOS latchup.

However, in the traditional finger-type layout, there
is an important spacing denoted as ‘Gy in Fig. 2,
which often degrades ESD robustness of CMOS out-
put buffer. To explain this ‘Gy” spacing, a schematic
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Fig. 3. The cross-sectional view of the NMOS device along the line A-A’ in Fig. 2.
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Fig. 4. The cross-sectional view along the line B-B’ in Fig. 2 to show the ESD peak-discharging effect of the finger’s end of the fin-

ger-type layout.

cross-sectional view along the line B-B’ in Fig. 2 is
shown in Fig. 4. In Fig. 4, there exists a parasitic
diode D1 between the P+ diffusion (connected to
GND) and the N+ diffusion of the drain. The spacing
from the edge of P+ diffusion to the edge of drain
N+ diffusion is marked as ‘Gy’. If this spacing is smal-
ler than that from the drain contact to its source con-
tact, the diode D1 will be first broken down due to the
ESD peak-discharging effect before the NMOS drain is
broken down. Because the drain edge at this side has a
finger structure, this diode D1 is vulnerable to ESD
stress if Gy is too small. Even if the spacing from the
drain contact to this drain edge (D1) is larger than the
spacing d in the finger-type NMOS device, the ESD
hot spot may still occur at this drain edge due to the
peak structure at the finger’s end of the finger-type lay-
out. A typical EMMI photograph of ESD damage on

the finger’s end (diode D1) of a finger-type output buf-
fer is shown in Fig. 5, where a hot spot occurs only at
the end of a drain finger. In Fig. 5, the spacing from
the drain contact to the drain edge (in the B-B’ direc-
tion of Fig. 2) is 5.5 um. The drain contact to the poly
gate (in the A—A’ direction of Fig. 2) is 5 um. The spa-
cing Gy is drawn as 4 yum. The ESD failure in Fig. 5 is
due to the machine-model (MM) PS-mode ESD stress.
The machine-model ESD stress of 200 V has a higher
and faster ESD current than that of the human-body-
model (HBM) ESD stress of 2000 V. In the fast ESD
transition, not only the spacing effect but also the
peak-discharging effect can cause the ESD damage
located on the drain finger’s end in Fig. 5. Thus, with
the consideration on ESD reliability, this G, spacing
had better be greater than the spacing from the drain
contact to the source contact.

Fig. 5. An EMMI microphotograph of ESD damage on a finger-type CMOS output buffer after a PS-mode ESD stress. Only a hot
spot is observed at the end of a drain finger, which is indicated by an arrow.
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The total layout area of an NMOS transistor in the
finger-type layout including two latchup guard rings
can be calculated by the following equations. In the
TSMC  (Taiwan  Semiconductor = Manufacturing
Company) 0.6-um SPDM (single-poly—double-metal)
design rules, the channel width ‘w’ of each finger in the
finger-type layout is specified to be between 25 and
50 um. The total layout area of a finger-type NMOS
transistor with double guard rings is

w
Aﬁnger = |:(d+L+S+C) ;+2G1i| . [W+2(G0

+Gy)] )

where L is the channel length; W is the total channel
width; w is the channel width of each poly-gate finger;
d is the spacing from the drain contact to the poly-gate
edge; S is the spacing from the source contact to the
poly-gate edge; ¢ is the width of a contact; G, is the
spacing of the double guard rings; and G is the spa-
cing from the drain N+ diffusion to the P+ diffusion
guard ring.

The total number of poly gate fingers in the whole
NMOS layout is W/w = N, where N must be an inte-
ger. The total layout area of the drain diffusion can be
obtained as

ADﬁnger =w. (d+ ('/2) (2)

The total perimeter of the drain region (N + diffusion)
in the whole NMOS layout is

w
PDfinger = W+ 2 (d + ¢/2) 3)

The layout area and the perimeter of the drain diffu-
sion have an effect on the drain capacitance of the
NMOS device. Thus, the total drain diffusion capaci-
tance is

CDﬁnger = CJ : ADﬁnger + CJGATE - W+ CJSW
. (PDﬁngt:r - W) (4)

where Cj is the bulk junction capacitance; Cygatg 1S
the gate-edge sidewall bulk junction capacitance; and
Cjsw is the sidewall bulk junction capacitance. From
the above equations, the layout area and drain junc-
tion capacitance in the finger-type layout can be accu-
rately calculated.

3. New layout design

To reduce layout area for saving silicon cost and to
overcome the peak-discharging effect in the traditional
finger-type layout, three new layout styles for output
transistors are proposed.

Fig. 6. The schematic diagram of the proposed square-type
layout.

3.1. Square-type layout

The schematic square-type layout of an output
NMOS is shown in Fig. 6. The schematic cross-sec-
tional view along the line A-A’ in Fig. 6 is also the
same as that shown in Fig. 3. In Fig. 6, there are four
small-dimension square cells to form a large-dimension
NMOS device. Each small-dimension square cell is
identical to the other. The black square region in the
center of a square cell is the drain contact of the
NMOS device. The poly gate in each square cell is
drawn in a square ring. The N+ diffusion of the
source region is drawn in a square shape which sur-
rounds the gate and the drain regions. The contacts at
the source region are placed in a square-shape arrange-
ment. Outside the NMOS device, there is a P+ diffu-
sion connected to ground to offer the substrate bias.
This P+ diffusion surrounds the whole NMOS device.
Besides, an N+ diffusion surrounding this P+ diffu-
sion and connected to VDD works as latchup guard
ring. All the layout elements in a square cell, including
the contacts, have to be placed as symmetrically as
possible to ensure uniform ESD current flow in the
NMOS device to increase its ESD reliability. An
NMOS device with a larger device dimension can be
assembled by a plurality of the square cells.

By using this proposed square-type layout design,
there is no Gy spacing in the square-type output tran-
sistors. The layout area due to the wider G, spacing in
the traditional finger-type layout can be saved.
Moreover, no parasitic diode directly closes to the
drain edge in the square-type layout, so the ESD
robustness of output transistors is not degraded by the
ESD peak-discharging effect as shown in Fig. 5 with
the finger-type layout.
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In the square-type layout, the total layout area of
the output NMOS transistor can be calculated as:

Asquare = [ (5 +2L+25) - M+261]

: [(%}+2L+2S) N+ 201] (5)
where w =4(2d+ c¢) is the channel width of a single
square cell; ¢ is the width of the square drain contact
in the square cell; M is the number of square cells in
the column direction of the whole NMOS layout; and
N is the number of square cells in the row direction of
the whole NMOS layout.

The total number of the square cells in a whole
NMOS layout is Mx N. The total diffusion area of the
drain region (N + diffusion) is
wW

16
The total diffusion perimeter of the drain region
(N + diffusion) is
PDsquarc =W. (7)

A Dsquare = (6)

The total drain junction capacitance can be calculated
as

CDsquare = CJ : ADsquare + CJGATE -W (8)

There is no Cjsw term in Eq. (8), because the drain
regions of the output transistor in the square-type lay-
out is fully surrounded by the poly gate.

3.2. Hexagon-type layout

The schematic diagram of the hexagon-type layout
of an output NMOS is shown in Fig. 7. The schematic

Fig. 7. The schematic diagram of the proposed hexagon-type
layout.

cross-sectional view along the line A—A’ in Fig. 7 is
also the same as that shown in Fig. 3. In Fig. 7, there
are four small-dimension hexagon cells to form a
large-dimension NMOS device. The poly gate in each
hexagon cell is also drawn in a hexagon ring. The N+
diffusion of the source is also drawn in the hexagonal
shape and surrounds the gate and drain regions. The
contacts at the source region are also placed in a hexa-
gon-shape arrangement. All the layout elements in the
hexagon cell, including the placement of contacts, are
drawn as symmetrically as possible to ensure uniform
current flow in the NMOS device to increase its ESD
reliability. An NMOS device with a larger dimension
can be assembled as a plurality of the hexagon cells.

In the hexagon-type layout, the total layout area of
an NMOS output transistor can be calculated by fol-
lowing equations. The total layout area is

3
Ahcxagon = [(%_W+2L+2S) M+ 2G1j|

1 4 4
Azw+—=L+—=5|-N+2G 9
G5t 559) ] o
where w = (6(2d + ¢))/+/3, which is the channel width
of a single hexagon cell (um); ¢ is the diameter of the
hexagon drain contact in the hexagon cell (um); M is
the number of hexagon cells in the column direction of
the whole NMOS layout; N is the number of hexagon
cells in the row direction of the whole NMOS layout.
The total number of the hexagon cells in a whole
NMOS layout is Mx N. The total layout area of the
drain diffusion can be obtained as
V3
ADhexagon = ﬁw 4 (10)
The total perimeter of the drain diffusion in the whole
NMOS layout is

PDhexagon =W (] 1)

The total drain junction capacitance can be calculated
as

CDhexagon = CJ . ADhexagon + CJGATE W (12)

3.3. Octagonal-type layout

The schematic diagram to assemble an output
NMOS transistor by the octagon cells is shown in
Fig. 8. Its schematic cross-sectional view along the line
A-A’ of Fig. 8 is the same as that in Fig. 3. In Fig. 8,
the black octagonal region in the center of an octagon
cell is the drain contact of the NMOS device. The poly
gate in the octagon cell is drawn in an octagonal ring
The N+ diffusion of source is also drawn in an octag-
onal shape. The source contacts of the octagon cell are
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Fig. 8. The schematic diagram of the proposed octagon-type
layout.

arranged in an octagonal pattern around the ring gate.
All the layout elements in the octagon cell, including
the contacts, are drawn as concentric and symmetrical
as possible to ensure uniform current flow in the out-
put transistor to increase its ESD robustness. An
NMOS device with larger dimension can be assembled
by a plurality of the octagon cells.

The total layout area of an NMOS transistor in the
octagon-type layout is

Aocmgon = { |:<1 +8ﬁ) w4 2L + 2S:| -N+ 2Gl }

: {[(1 +8f2)w+2L+2S} ~M+2G1}

where w = (16d + 8¢)/(1 + +/2), which is the channel
width of a single octagon cell (um); ¢ is the diameter
of the octagonal drain contact in the octagon cell
(um); M is the number of octagon cells in the column
direction of the whole NMOS layout; and N is the
number of octagon cells in the row direction of the
whole NMOS layout.
The total layout area of the drain diffusion is

(13)

142
ADoctagon = ( 32 >W2 (14)
The total perimeter of the drain diffusion is
PDoctagon =W (15)

The total drain capacitance is

CDoclagon =Cy- ADoctagon + CigaTte - W (16)

3.4. Comparison and discussion

To verify the layout efficiency, comparison on the
total layout area of an NMOS transistor among the
traditional finger-type layout and the proposed new
layout styles under the same spacing d of 5um is
shown in Fig. 9. The total layout area includes the spa-
cing G; of 10.3 um (the spacing of double latchup
guard rings) in both the traditional finger-type layout
and the proposed new layout styles. The channel
length in Fig. 9 is kept as 0.8 um. The square-type,
hexagon-type, and octagon-type layouts provide about
30%, 25% and 20% reduction on the layout area, re-
spectively, as compared with the finger-type layout. If
the spacing d or the channel width are increased, the
proposed new layout styles can save much more layout
area. It has obviously been shown that the NMOS (or
PMOS) transistor realized by the square-type layout
can save more layout area than those by the other lay-
out styles.

Moreover, the drain-to-bulk junction capacitance at
the output node is also reduced by the proposed lay-
out styles. Fig. 10 shows the dependence of the drain
capacitance ratio on the layout spacing d among the
finger-type and the proposed layout styles. The drain
junction capacitance in the square-type, hexagon-type,
and octagon-type layouts is about 62.5% of that in
the finger-type layout, as the spacing d is 5 um. When
the spacing d is varied from 3 to 10 um, the drain ca-
pacitance of an NMOS device realized by the pro-
posed new layout styles can be significantly reduced
about 30-45%, as compared with that by the finger-
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Fig. 9. Comparison of layout area among the four different
layout styles with the spacing d of 5 ym.
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Fig. 10. The dependence of drain capacitance ratio on the lay-
out spacing d among the three new layout styles, as compared
with the traditional finger-type layout style.

type layout. With a lower drain capacitance, the pro-
posed new layout styles are more suitable for CMOS
output buffers in high-speed or high-frequency appli-
cations.

In the new layout design, there is no Gy spacing in
the square-type, hexagon-type and octagon-type lay-
outs. The layout area occupied by the spacing Gy in
the traditional finger-type layout can be saved.
Moreover, the peak-discharging effect on the end of
the drain fingers can be avoided, because no parasitic
diode directly closes to the edge of the drain region
in the new layout design. For ensuring the most uni-
form ESD current flow, a circle-type layout is theor-
etically the best choice, but in the present CAD tools
used to generate the IC layouts and the masks for IC
fabrication are still unable to make a real circle-type
device. The proposed square-type, hexagon-type and
octagon-type layout styles are not the only choice to
implement output transistors. The layout style can be
implemented in any regular polygon of n sides [10].
For n— oo, the layout is nearly a real circle type.
But, a polygonal layout with a large n becomes more
difficult and complex to be drawn.

4. Experimental results

One set of output buffers with different W/L ratios
in the finger-type layout and the proposed new layout
styles has been designed and fabricated in 0.6-um
bulk CMOS processes without silicided diffusion. The
microphotographs of the fabricated CMOS output
buffer in the square-type, hexagon-type, and the octa-
gon-type layouts are shown in Fig. 11.

4.1. Output driving/sinking capability

The driving/sinking capability of a CMOS output
buffer can be monitored by measuring the /-~ curves
of the output NMOS and PMOS. The drain current
of the output NMOS (PMOS) is measured under the
bias of Vg =3V (-3V) and Ve =3V (=3V) with
its source grounded. The measured sinking/driving
currents of the fabricated output buffers in the
square-type and hexagon-type layouts versus the total
layout area, as compared with the finger-type layout,
are shown in Fig. 12. Fig. 12(a) shows the depen-
dence of the drain current on the layout area of the
output PMOS. The drain current of the square-type
and hexagon-type layouts almost linearly increases
while the layout area of the output PMOS is
increased. The maximum driving current per layout
area is about 8.5 (6.5) uA/um> for the output PMOS
in the square-type (hexagon-type) layout, whereas the
output PMOS in the finger-type layout has a maxi-
mum driving current of 5.1 pA/um’ The maximum
driving capability per layout area of the output
PMOS in the square-type (hexagon-type) layout is
improved about 67% (27%) more than that in the
finger-type layout. Fig. 12(b) shows the relation
between the drain current and the layout area of the
output NMOS among the finger-type, the square-type
and the hexagon-type layouts. The maximum sinking
current per layout area is about 17.6 (13.4) pA/um?
for the output NMOS in the square-type (hexagon-
type) layout, whereas the output NMOS in the finger-
type layout has a maximum sinking current of 12.2
pA/um?. The maximum sinking capability per layout
area of the output NMOS in the square-type (hexa-
gon-type) layout is improved about 44% (9.8%) more
than that in the finger-type layout.

The output driving/sinking capability of the octa-
gon-type CMOS output buffer is summarized in
Table 1 to verify the area efficiency. This octagon-
type layout is realized in another single-poly triple-
metal 0.6-um CMOS process. The maximum output
sinking (driving) current per layout area of the octa-
gon-type output NMOS (PMOS) device is 13.12
(6.59) pA/um?, but that in the finger-type device is
only 9.77 (4.46) uA/um?. So, the octagon-type NMOS
(PMOS) device provides an increase of 34.3%
(47.7%) on the output sinking (driving) current per
layout area, as compared to the finger-type device.
This practically confirms the higher driving capability
of the proposed new layout design for output transis-
tors.

4.2. Output ESD robustness

The HBM (human-body-model) ESD levels of the
output PMOS in the finger-type and square-type lay-
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Fig. 11. The microphotographs of the fabricated CMOS output buffers in (a) the square-type, (b) the hexagon-type, and (c) the

octagon-type, layout styles.

outs are shown in Fig. 13(a). The HBM ESD robust-
ness per layout area of the output PMOS in the
square-type layout is about 0.65 V/um?, but that in the
finger-type layout is only 0.53 V/um? Thus, the output
PMOS in the square-type layout provides an increase
of 22.6% in the HBM ESD robustness, as compared
with the finger-type layout. The HBM ESD levels of
the output NMOS in the finger-type, square-type and

hexagon-type layouts are shown in Fig. 13(b). The
HBM ESD robustness per layout area of the output
NMOS in the square-type (hexagon-type) layout is
about 0.57 (0.69) V/um?, but that in the finger-type
layout is only 0.5 V/um?. Thus, the output NMOS in
the square-type (hexagon-type) layout provides an
increase of 14% (38%) on the HBM ESD robustness,
as compared to the finger-type layout. This has verified
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Fig. 12. Experimental results of the maximum (a) driving cur-
rent, (b) sinking current, of the CMOS output buffer in the
finger-type, the square-type, and the hexagon-type layouts
with a 3 V power supply.

that the proposed square-type and hexagon-type lay-
outs can provide the output transistor with higher
ESD robustness per layout area.

The ESD level of the octagon-type layout realized in
the single-poly triple-metal 0.6-um CMOS process is
also tested and compared to the finger-type layout.

Table 1
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Fig. 13. Testing results of the HBM ESD-sustaining voltage

of (a) the output PMOS, (b) the output NMOS, in the finger-
type, the square-type, and the hexagon-type layouts.

The ESD test results including the HBM, MM and
CDM (charged-device-model) ESD events on the octa-
gon-type and the finger-type layouts are listed in
Table 2. The HBM (MM) ESD robustness per layout
area of the octagon-type output buffer is 0.74 (0.12) V/
um?, but that in the finger-type output buffer is only
0.53 (0.065) V/um?. This octagon-type layout design

Comparison on the driving/sinking current between the octagon-type and the finger-type CMOS output buffers

Finger-type layout Octagon-type layout

Device dimension for NMOS and PMOS W/L (um)
Layout area (um?)

NMOS drain current Iys (Vs = Vs = 3V)

PMOS drain current Iys (Vgs = Vs =—3 V)

NMOS Iy, of per unit layout area

PMOS Iy, of per unit layout area

720/0.8 804/0.8
112x110 110x74

120.4 mA 106.8 mA
—54.95 mA —53.69 mA
9.77 pA/pm? 13.12 pA/pm?
—4.66 puA/um? —6.59 uA/um?
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Table 2

Comparison on the ESD robustness between the octagon-type and the finger-type CMOS output buffers

Finger-type layout Octagon-type layout

Device dimension for NMOS and PMOS W/L (um)
Layout area (um?)

HBM ESD pass voltage

MM ESD pass voltage

CDM ESD pass voltage

HBM pass voltage of per unit layout area

MM pass voltage of per unit layout area

720/0.8 804/0.8
112x110 110x74
6500 V 6000 V

800 V 950 V

> +2000 V > +2000 V
0.53 V/um? 0.74 V/um?
0.065 V/um?> 0.12 V/um?

provides an increase of 41.5% (84.6%) on the HBM
(MM) ESD robustness per layout area. The CDM
ESD robustness per layout area of an octagon-type
output buffer can be greater than 0.25 V/um>. As seen
in Table 2, the CMOS output buffer in the octagon-
type layout can pass the HBM ESD stress of 6000 V,
but that in the finger-type layout can pass the HBM
ESD stress of 6500 V. However, in the MM ESD test-
ing, the CMOS output buffer in the octagon-type lay-
out can pass the MM ESD stress of 950 V, but that in
the finger-type layout can only pass the MM ESD
stress of 800 V. This is due to the P+ diffusion con-
nected to VSS (the N+ diffusion connected to VDD)
as the substrate (n-well) bias among the multiple octa-
gon cells of an NMOS (PMOS) device in the octagon-
type layout. In the finger-type layout, the P+ diffusion
(or N+ diffusion) for substrate bias often surrounds
the whole NMOS (or PMOS) device only at the out-
side, but the internal fingers of the finger-type device
are far from the substrate (n-well) bias. This easily
leads to non-uniform turn-on behavior among the mul-
tiple fingers of a finger-type device during the ESD
stress and causes a low ESD reliability.

Because there are many P+ islands (N+ islands)
connected to VSS (VDD) among the multiple cells of
the octagon-type output NMOS (PMOS) to uniformly
provide the p-substrate (n-well) bias, the uniform turn-
on behavior among the multiple cells of the output
buffer is further enhanced by the octagon-type layout.
Thus, the octagon-type layout performs a much better
ESD robustness per layout area than the square-type
and the hexagon-type layouts, especially in the MM
ESD events with fast ESD transition. However, the
P+ islands (N+ islands) in the octagon-type output
NMOS (PMOS) occupy some extra layout area, and
they need a CMOS process with three metal layers to
realize the output buffers in such octagon-type layout
structure.

5. Conclusion

With theoretical calculation and experimental verifi-
cation, three new layout styles (square-type, hexagon-
type, and octagon-type layouts) have been successfully
used to realize the output transistors in bulk CMOS
processes. This new layout design has the advantages
of higher driving/sinking capability, higher ESD
robustness, smaller layout area, smaller drain junction
capacitance, more symmetrical device structure, but
without the peak structure at the finger’s end. This
area-efficient layout design can be used to realize the
devices in both the output buffers and the input ESD
protection circuits for submicron CMOS ICs to save
silicon area for the high-density and high-speed appli-
cations.
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