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1
SEMICONDUCTOR DEVICE

TECHNICAL FIELD

The present invention relates to a semiconductor device,
and for example, to a semiconductor device in which one
chip region is formed through divided exposure.

BACKGROUND ART

Depending on a chip pattern of a semiconductor device,
one chip size may be greater than an exposure range
determined by capability of a projection optical system of an
exposure apparatus. In such a case, divided exposure is
employed. Divided exposure refers to an exposure method
in which one chip pattern is divided into a plurality of
patterns and exposure process is performed for each divided
pattern. By finally connecting all divided patterns to one
another, the chip pattern is formed.

Divided exposure is employed not only for an image
pick-up element such as a charge coupled device (CCD)
sensor and a complementary metal oxide semiconductor
(CMOS) image sensor but also for manufacturing of a liquid
crystal display element. Such divided exposure is disclosed,
for example, in Japanese Patent Laying-Open No. 2006-
310446 (PTD 1) and Japanese Patent Laying-Open No.
2011-232549 (PTD 2).

CITATION LIST
Patent Document

PTD 1: Japanese Patent Laying-Open No. 2006-310446
PTD 2: Japanese Patent Laying-Open No. 2011-232549

SUMMARY OF INVENTION

1. Technical Problem

An element formation region and a guard ring region are
normally formed in one chip region. This guard ring region
plays a role to prevent entry of water (moisture) into the
element formation region from an outer peripheral side of
the element formation region. When a chip region having
such a guard ring region is formed through divided expo-
sure, the guard ring region is also exposed as being divided
into a plurality of patterns and the plurality of patterns are
finally connected to one another.

Here, position displacement between patterns of divided
guard rings takes place due to an overlay error of masks in
each exposure process. In this case, patterns of the divided
guard rings are not connected to one another and a gap may
be created between the patterns at a boundary portion
therebetween.

In particular, in stacking patterns, an overlay error of
masks is more noticeable in an upper pattern and hence a gap
between patterns may be great at a boundary portion
between patterns of divided guard rings.

When a gap is created between patterns at the boundary
portion of patterns of divided guard rings as above, water
enters the element formation region on an inner peripheral
side from an outer peripheral portion of the chip region
through the gap. Thus, reliability of a circuit in the element
formation region lowers.

Other tasks and novel features will become apparent from
the description herein and the attached drawings.
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2. Solution to Problem

A semiconductor device in one embodiment is a semi-
conductor device having in one chip region, an element
formation region and a guard ring region surrounding the
element formation region, the one chip region being formed
through divided exposure. An interlayer insulating film has
a via formed in the element formation region and an inter-
connection trench communicating with the via above the
via, and has a guard ring hole extending to surround the
element formation region in the guard ring region. An
interconnection conductive layer is formed in the via and the
interconnection trench. The guard ring conductive layer is
formed in the guard ring hole. The guard ring conductive
layer is greater in minimum dimension in width than the
interconnection conductive layer in the via.

3. Advantageous Effects of Invention

According to one embodiment, since entry of water from
an outer peripheral side of a chip region into an element
formation region is suppressed, reliability of a circuit in the
element formation region is improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing a functional block of a
semiconductor device in a first embodiment.

FIG. 2 is a partial cross-sectional view schematically
showing a construction of a semiconductor device in the first
embodiment.

FIG. 3 is a partial cross-sectional view schematically
showing a construction within an element formation region
in FIG. 2.

FIG. 4 is a partial cross-sectional view schematically
showing a construction within a guard ring region in FIG. 2.

FIG. 5 shows (A) a perspective view and (B) a plan view
schematically showing a construction of a guard ring of the
semiconductor device in the first embodiment.

FIG. 6 shows (A) a schematic cross-sectional view along
the line VIA-VIA in FIG. 5 (B), (B) a schematic cross-
sectional view along the line VIB-VIB in FIG. 5 (B), and (C)
a schematic diagram for illustrating displacement between
the cross-sectional construction along the line VIA-VIA in
FIG. 5 (B) and the cross-sectional construction along the line
VIB-VIB in FIG. 5 (B).

FIG. 7 is a schematic cross-sectional view for illustrating
a minimum dimension of a width of a guard ring conductive
layer in the semiconductor device in the first embodiment.

FIG. 8 is a schematic plan view showing a first exposure
step in divided exposure in a method of manufacturing a
semiconductor device in the first embodiment.

FIG. 9 is a schematic plan view showing a second
exposure step in divided exposure in the method of manu-
facturing a semiconductor device in the first embodiment.

FIG. 10 shows (A) a cross-sectional view of an element
formation region in a first step in the method of manufac-
turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to a cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to a cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 11 shows (A) a cross-sectional view of the element
formation region in a second step in the method of manu-
facturing a semiconductor device in the first embodiment,
(B) a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 12 shows (A) a cross-sectional view of the element
formation region in a third step in the method of manufac-
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turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 13 shows (A) a cross-sectional view of the element
formation region in a fourth step in the method of manu-
facturing a semiconductor device in the first embodiment,
(B) a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 14 shows (A) a cross-sectional view of the element
formation region in a fifth step in the method of manufac-
turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 15 shows (A) a cross-sectional view of the element
formation region in a sixth step in the method of manufac-
turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 16 shows (A) a cross-sectional view of the element
formation region in a seventh step in the method of manu-
facturing a semiconductor device in the first embodiment,
(B) a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 17 shows (A) a cross-sectional view of the element
formation region in an eighth step in the method of manu-
facturing a semiconductor device in the first embodiment,
(B) a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 18 shows (A) a cross-sectional view of the element
formation region in a ninth step in the method of manufac-
turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 19 shows (A) a cross-sectional view of the element
formation region in a tenth step in the method of manufac-
turing a semiconductor device in the first embodiment, (B)
a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 20 shows (A) a cross-sectional view of the element
formation region in an eleventh step in the method of
manufacturing a semiconductor device in the first embodi-
ment, (B) a cross-sectional view corresponding to the cross-
section along the line XB-XB of the guard ring region in
FIG. 9, and (C) a cross-sectional view corresponding to the
cross-section along the line XC-XC of the guard ring region
in FIG. 9.

FIG. 21 shows (A) a cross-sectional view of the element
formation region in a twelfth step in the method of manu-
facturing a semiconductor device in the first embodiment,
(B) a cross-sectional view corresponding to the cross-section
along the line XB-XB of the guard ring region in FIG. 9, and
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(C) a cross-sectional view corresponding to the cross-section
along the line XC-XC of the guard ring region in FIG. 9.

FIG. 22 shows (A) a cross-sectional view of the element
formation region in a thirteenth step in the method of
manufacturing a semiconductor device in the first embodi-
ment, (B) a cross-sectional view corresponding to the cross-
section along the line XB-XB of the guard ring region in
FIG. 9, and (C) a cross-sectional view corresponding to the
cross-section along the line XC-XC of the guard ring region
in FIG. 9.

FIG. 23 shows (A) a perspective view and (B) a plan view
schematically showing a construction of a guard ring of a
semiconductor device in a comparative example.

FIG. 24 shows (A) a schematic cross-sectional view
corresponding to a cross-section along the line XXIVA-
XXIVAin FIG. 23 (B), (B) a schematic cross-sectional view
corresponding to a cross-section along the line XXIVB-
XXIVB in FIG. 23 (B), and (C) a schematic diagram for
illustrating displacement between the cross-sectional con-
struction corresponding to the cross-section along the line
XXIVA-XXIVA in FIG. 23 (B) and the cross-sectional
construction corresponding to the cross-section along the
line XXIVB-XXIVB in FIG. 23 (B).

FIG. 25 is a partial cross-sectional view schematically
showing a construction of a modification within the guard
ring region of the semiconductor device in the first embodi-
ment.

FIG. 26 is a plan view schematically showing a construc-
tion of the guard ring of the semiconductor device in a
second embodiment.

FIG. 27 is a schematic plan view showing in an enlarged
manner, a construction of a region P2 in FIG. 26.

FIG. 28 is a schematic plan view showing in an enlarged
manner, modification 1 of the construction of region P2 in
FIG. 26.

FIG. 29 is a schematic plan view showing in an enlarged
manner, modification 2 of the construction of region P2 in
FIG. 26.

FIG. 30 is a schematic plan view showing in an enlarged
manner, modification 3 of the construction of region P2 in
FIG. 26.

FIG. 31 is a schematic plan view showing in an enlarged
manner, modification 4 of the construction of region P2 in
FIG. 26.

FIG. 32 is a schematic plan view showing in an enlarged
manner, modification 5 of the construction of region P2 in
FIG. 26.

FIG. 33 is a schematic plan view showing in an enlarged
manner, modification 6 of the construction of region P2 in
FIG. 26.

FIG. 34 is a schematic plan view showing in an enlarged
manner, modification 7 of the construction of region P2 in
FIG. 26.

FIG. 35 is a schematic plan view showing in an enlarged
manner, modification 8 of the construction of region P2 in
FIG. 26.

FIG. 36 is a schematic plan view showing in an enlarged
manner, modification 9 of the construction of region P2 in
FIG. 26.

FIG. 37 is a schematic plan view showing in an enlarged
manner, modification 10 of the construction of region P2 in
FIG. 26.

FIG. 38 is a schematic plan view showing in an enlarged
manner, modification 11 of the construction of region P2 in
FIG. 26.
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FIG. 39 is a schematic plan view showing in an enlarged
manner, modification 12 of the construction of region P2 in
FIG. 26.

FIG. 40 is a schematic plan view showing in an enlarged
manner, modification 13 of the construction of region P2 in
FIG. 26.

FIG. 41 is a schematic plan view showing in an enlarged
manner, modification 14 of the construction of region P2 in
FIG. 26.

FIG. 42 is a schematic plan view showing in an enlarged
manner, modification 15 of the construction of region P2 in
FIG. 26.

FIG. 43 is a schematic plan view showing in an enlarged
manner, modification 16 of the construction of region P2 in
FIG. 26.

FIG. 44 is a schematic plan view showing in an enlarged
manner, modification 17 of the construction of region P2 in
FIG. 26.

FIG. 45 is a plan view schematically showing modifica-
tion 18 of the construction of the guard ring of the semi-
conductor device in the second embodiment.

FIG. 46 is a schematic plan view showing in an enlarged
manner, a construction of a region P3 in FIG. 45.

DESCRIPTION OF EMBODIMENTS

The present embodiment will be described hereinafter
with reference to the drawings.

First Embodiment

A two-dimensional construction of a semiconductor
device in the present embodiment will initially be described
with reference to FIG. 1.

Referring to FIG. 1, the semiconductor device in the
present embodiment is, for example, a semiconductor chip
or a semiconductor wafer of a CMOS image sensor, how-
ever, limitation thereto is not intended. A case that the
semiconductor device in the present embodiment is a semi-
conductor chip of a CMOS image sensor will be described
below by way of example.

A semiconductor chip SC of the CMOS image sensor in
the present embodiment has an element formation region, a
guard ring region, and a scribe region in a plan view (viewed
in a direction orthogonal to a main surface of a semicon-
ductor substrate). The guard ring region is formed to sur-
round an outer periphery (a periphery) of the element
formation region. The scribe region is formed to further
surround an outer periphery (a periphery) of the guard ring
region.

The scribe region is a region for scribing in cutting a
semiconductor chip from a semiconductor wafer. Therefore,
depending on how to scribe, a scribe region may not remain
around the outer periphery of the guard ring region.

The element formation region has, for example, a rect-
angular two-dimensional shape. In this element formation
region, a pixel region PX, a variable gain amplifier PGA, an
analog-digital conversion circuit ADC, a timing generation
circuit TG, a pixel driver VSCAN, a synchronous signal
addition circuit BRIDGE, and an output driver LVDS are
mainly formed.

A guard ring GR is formed in the guard ring region. This
guard ring GR extends within the guard ring region so as to
surround the outer periphery of the element formation region
having the rectangular two-dimensional shape. Thus, guard
ring GR plays a role to prevent entry of water (moisture)
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from an outer peripheral side into the element formation
region on an inner peripheral side of the element formation
region.

Semiconductor chip SC is a semiconductor device formed
through divided exposure. Specifically, for example, a pat-
tern of a region surrounded by a chain dotted line MA is
formed through exposure with the use of a first photomask,
and a pattern of a region surrounded with a chain dotted line
MB is formed through exposure with the use of a second
photomask different from the first photomask.

A cross-sectional construction of the semiconductor chip
will now be described with reference to FIGS. 2 to 4.

Referring to FIG. 2, for example, an element isolation
structure IR formed from a shallow trench isolation (STI) or
local oxidation of silicon (LOCOS) oxide film is formed on
a surface of a semiconductor substrate SB composed, for
example, of silicon. On a surface of semiconductor substrate
SB electrically isolated by this element isolation structure IR
within the element formation region, for example, such an
element as a metal oxide semiconductor (MOS) transistor
TRA is formed. This MOS transistor TRA or the like
implements each element formed in the element formation
region.

On the surface of this semiconductor substrate SB, each
of multiple conductive layers CL and each of multiple
interlayer insulating films II are alternately stacked. Each of
these multiple conductive layers CL is formed, for example,
of' a material including Cu (copper) and has a damascene
structure. Each of multiple interlayer insulating films 1II is
formed, for example, from a silicon oxide film or of a
material low in dielectric constant (low-k).

In the element formation region, various elements formed
from conductive layer CL and a multilayer interconnection
structure INL are formed. In the guard ring region, a part of
guard ring GR is formed from multiple conductive layers
CL. Each of multiple conductive layers CL. forming this
guard ring GR is formed to surround the entire periphery of
the element formation region in a plan view. A surface of
each of multiple interlayer insulating films II is planarized
and it is relatively flat.

On uppermost interlayer insulating film II of multiple
interlayer insulating films II, an uppermost conductive layer
TCL formed of a material including, for example, aluminum
(Al) or Cu is formed. This uppermost conductive layer TCL
has an uppermost pad conductive layer TCL and an upper-
most guard ring conductive layer TCL.

Uppermost pad conductive layer TCL has a portion
formed in the element formation region and functioning as
a pad electrode (a pad portion). Uppermost guard ring
conductive layer TCL is formed in the guard ring region and
forms a part of guard ring GR. Uppermost pad conductive
layer TCL and uppermost guard ring conductive layer TCL
are layers formed from the same layer as being separate from
each other.

Guard ring GR is constituted of multiple conductive
layers CL. and uppermost guard ring conductive layer TCL.
Since guard ring GR mainly serves to prevent entry of water
(moisture) into the element formation region, it preferably
extends from the surface of semiconductor substrate SB to
the uppermost interlayer insulating film II. Each of multiple
conductive layers CL. and uppermost guard ring conductive
layer TCL is formed to surround the entire periphery of the
element formation region in a plan view as shown in FIG. 1.

Referring to FIG. 2, a passivation film PAL is formed on
uppermost interlayer insulating film II so as to cover upper-
most pad conductive layer TCL and uppermost guard ring
conductive layer TCL. This passivation film PAL is formed
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on each of the element formation region, the guard ring
region, and the scribe region. Passivation film PAL is formed
of a material having moisture resistance and for example,
formed from a single insulating film containing nitrogen or
a stack film including insulating films containing nitrogen.
Passivation film PAL is specifically formed from a plasma
silicon nitride film (p-SiN), a plasma silicon oxynitride film
(p-SiON), a plasma silicon nitride film/a plasma silicon
oxide film (p-SiN/p-Si0,), or a plasma silicon oxynitride
film/a plasma silicon oxide film (p-SiON/p-SiO,).

In the element formation region, an opening OP1 reaching
a surface of uppermost pad conductive layer TCL is formed
in passivation film PAL on uppermost pad conductive layer
TCL. This opening OP1 exposes a part of the surface of
uppermost pad conductive layer TCL through passivation
film PAL.

Asilane slit SS is formed on an outermost peripheral side
of the guard ring region. This silane slit SS is formed from
a trench passing through passivation film PAL and reaching
uppermost interlayer insulating film II. Silane slit SS is
formed to surround the entire periphery of guard ring GR.
Silane slit SS serves to prevent extension of a crack propa-
gating through passivation film PAL into guard ring GR and
the element formation region in separation of a semicon-
ductor wafer into semiconductor chips through dicing.

A first photosensitive organic insulating film PO1 is
formed on passivation film PAL. This first photosensitive
organic insulating film PO1 is composed, for example, of
polyimide. An opening OP2 reaching the surface of upper-
most pad conductive layer TCL is formed in this first
photosensitive organic insulating film PO1. This opening
OP2 is formed to pass through the inside of opening OP1.
Opening OP2 exposes a part of the surface of uppermost pad
conductive layer TCL through first photosensitive organic
insulating film PO1.

A redistribution layer RIL is formed on first photosensi-
tive organic insulating film PO1. This redistribution layer
RIL is connected to a pad portion of uppermost pad con-
ductive layer TCL through opening OP2. Redistribution
layer RIL is formed to extend from a region directly on the
pad portion of uppermost pad conductive layer TCL to a
region other than the region directly on the pad portion.

This redistribution layer RIL has a barrier metal layer BM
formed to be in contact with the surface of first photosen-
sitive organic insulating film PO1 and a conductive layer
DCL formed on barrier metal layer BM. Barrier metal layer
BM is formed, for example, of a material including one of
chromium (Cr), titanium (T1), titanium nitride (TiN), tanta-
lum (Ta), tungsten (W), and molybdenum (Mo) or any
combination thereof. Conductive layer DCL is formed, for
example, of a material including Cu.

A second photosensitive organic insulating film PO2 is
formed on first photosensitive organic insulating film PO1
s0 as to cover redistribution layer RIL. This second photo-
sensitive organic insulating film PO2 is composed, for
example, of polyimide. An opening OP3 reaching a surface
of redistribution layer RIL is formed in this second photo-
sensitive organic insulating film PO2. This opening OP3
exposes a part of the surface of redistribution layer RIL
through second photosensitive organic insulating film PO2.

A bump electrode BP is formed on second photosensitive
organic insulating film PO2 so as to be connected to redis-
tribution layer RIL through opening OP3. Bump electrode
BP is electrically connected to uppermost pad conductive
layer TCL through redistribution layer RIL. Bump electrode
BP is located directly on a region other than a region directly
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on the pad portion of uppermost pad conductive layer TCL.
Bump electrode BP has alloy composition, for example, of
Sn (tin)-x Ag (silver)-0.5 Cu.

A construction of multilayer interconnection structure
INL in the element formation region and a construction of
guard ring GR in the guard ring region will now be described
with reference to FIGS. 3 and 4, respectively.

Referring to FIG. 3, in the element formation region,
conductive layers CL.1 to CL.7 form the multilayer intercon-
nection structure. This multilayer interconnection structure
serves to electrically connect elements formed on semicon-
ductor substrate SB to one another and to electrically
connect the elements to the outside through bump electrode
BP (FIG. 2).

MOS transistor TRA serving as an element formed on the
semiconductor substrate has a pair of source/drain regions
SD and a gate electrode GE. The pair of source/drain regions
SD is formed on the surface of semiconductor substrate SB
at a distance from each other. Gate electrode GE is formed
on the surface of semiconductor substrate SB as lying
between the pair of source/drain regions SD, with a gate
insulating layer GI being interposed.

An etching stopper insulating film ES and an interlayer
insulating film II1 are stacked on the surface of semicon-
ductor substrate SB so as to cover this MOS transistor TRA.
A contact hole CH and an interconnection trench IT are
formed in these insulating films ES and II11. Contact hole CH
is formed to reach gate electrode GE or an impurity region.
Interconnection trench IT is formed to communicate with
contact hole CH above contact hole CH.

A plug conductive layer PL buries contact hole CH, and
an interconnection conductive layer IL is formed in inter-
connection trench IT.

An insulating film BL1 and an interlayer insulating film
112 are stacked on interlayer insulating film II1. A via hole
VH]1 and an interconnection trench IT1 are formed in these
insulating films BL1 and I12. Via hole VH1 is formed to
reach interconnection conductive layer IL. Interconnection
trench IT1 is formed to communicate with via hole VH1
above via hole VHI.

An interconnection conductive layer CL1 is formed in via
hole VH1 and interconnection trench IT1. This interconnec-
tion conductive layer CL1 has a portion PL.1 formed in via
hole VH1 and a portion I[.1 formed in interconnection
trench I1T1.

Similarly to insulating films BL1 and 112, via hole VHI1,
interconnection trench 1T1, and interconnection conductive
layer CL1 (PL1, IL.1), insulating films BL.2 to BL7 and II3
to 118, via holes VH2 to VH7, interconnection trenches 1T2
to IT7, and interconnection conductive layers CL.2 to CL7
(PL2 to PL7 and IL.2 to IL7) are formed. The multilayer
interconnection structure is thus constructed.

An insulating film BL8 and an interlayer insulating film
119 are stacked on interlayer insulating film II8. A via hole
VHS8 is formed in these insulating films BL8 and 119, and
plug conductive layer PL is formed in this via hole VHS.
Uppermost conductive layer TCL formed on interlayer insu-
lating film 119 is electrically connected to interconnection
conductive layer CL7 through this plug conductive layer PL.

Referring to FIG. 4, guard ring conductive layers GRP1 to
GRPS8 are formed as being stacked in the guard ring region.
Though FIG. 4 shows only guard ring conductive layers
GRP1 to GRP8 in one line, guard ring conductive layers in
a plurality of lines (for example, three lines) as shown in
FIG. 2 may be formed.

Etching stopper insulating film ES and interlayer insulat-
ing film II1 are stacked on the surface of semiconductor
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substrate SB. A guard ring hole GH1 is formed in these
insulating films ES and II1. This guard ring hole GH1 is
formed to surround the entire periphery of the element
formation region in a plan view and has a first hole portion
FH1 and a second hole portion SH1. First hole portion FH1
is formed to reach the surface of semiconductor substrate
SB. Second hole portion SH1 is located on first hole portion
FH1 so as to communicate with first hole portion FH1 and
is greater in width than first hole portion FH1.

A first portion FP1 of guard ring conductive layer GRP1
is formed in first hole portion FH1, and a second portion SP1
of guard ring conductive layer GRP1 is formed in second
hole portion SH1.

Insulating film BL1 and interlayer insulating film 112 are
stacked on interlayer insulating film I11. A guard ring hole
GH2 is formed in these insulating films BL.1 and I12. This
guard ring hole GH2 is formed to surround the entire
periphery of the element formation region in a plan view and
has a first hole portion FH2 and a second hole portion SH2.
First hole portion FH2 is formed to reach the surface of
guard ring conductive layer GRP1. Second hole portion SH2
is located on first hole portion FH2 so as to communicate
with first hole portion FH2 and has a width greater than a
width D1A of first hole portion FH2.

A first portion FP2 of guard ring conductive layer GRP2
is formed in first hole portion FH2 and a second portion SP2
of guard ring conductive layer GRP2 is formed in second
hole portion SH2. Guard ring conductive layer GRP2 is thus
connected to guard ring conductive layer GRP1.

Similarly to insulating films BL1 and 112, guard ring hole
GH2 (FH2 and SH2), and guard ring conductive layer GRP2
(FP2 and SP2), insulating films BL.2 to BL7 and 1I3 to II8,
guard ring holes GH3 to GH8 (FH3 to FH8 and SH3 to
SHS8), and guard ring conductive layers GRP3 to GRP8 (FP3
to FP8 and SP3 to SP8) are formed. A guard ring stack is
constituted of a plurality of vertically stacked guard ring
conductive layers GRP3 to GRP1.

Insulating film BL8 and interlayer insulating film 119 are
stacked on interlayer insulating film II8. A guard ring hole
GH9 is formed in these insulating films BL8 and 119, and
plug conductive layer PL is formed in this guard ring hole
GH9.

Uppermost conductive layer TCL formed on interlayer
insulating film 119 is electrically connected to guard ring
conductive layer GRP8 through this plug conductive layer
PL.

Guard ring GR including a plurality of guard ring con-
ductive layers GRP1 to GRP8 and uppermost conductive
layer TCL is thus constructed.

Referring to FIGS. 3 and 4, interlayer insulating films 111
to 119 having the same reference character allotted in the
element formation region (FIG. 3) and the guard ring region
(FIG. 4) are formed from the same layer. Insulating films ES
and BL.1 to BL8 having the same reference character allotted
in the element formation region (FIG. 3) and the guard ring
region (FIG. 4) are formed from the same layer. The
interconnection conductive layer and the guard ring conduc-
tive layer formed in the same interlayer insulating film in the
element formation region (FIG. 3) and the guard ring region
(FIG. 4) are formed from the same conductive layer as being
separate from each other.

In the present embodiment, in comparison between inter-
connection conductive layers CL2 to CL5 and guard ring
conductive layers GRP3 to GRP6 formed in the same
interlayer insulating films 113 to 116 in the element formation
region (FIG. 3) and the guard ring region (FIG. 4), minimum
dimensions D2A to D5A of widths of guard ring conductive
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layers GRP3 to GRP6 are greater than minimum dimensions
D2B to D5B of widths of interconnection conductive layers
CL2 to CLS5, respectively.

Here, a width of each of guard ring conductive layers
GRP3 to GRP6 refers to a width in a cross-section orthogo-
nal to a direction of extension of guard ring GR. Similarly,
a width of each of interconnection conductive layers CL.2 to
CL5 refers to a width in a cross-section orthogonal to a
direction of extension of each of interconnection conductive
layers CL2 to CLS5.

Specifically, minimum dimension D2A of a width of
guard ring conductive layer GRP3 is greater than minimum
dimension D2B of a width of interconnection conductive
layer CL.2. Minimum dimension D3A of a width of guard
ring conductive layer GRP4 is greater than minimum dimen-
sion D3B of a width of interconnection conductive layer
CL3. Minimum dimension D4A of a width of guard ring
conductive layer GRP5 is greater than minimum dimension
D4B of a width of interconnection conductive layer CL4.
Minimum dimension D5A of a width of guard ring conduc-
tive layer GRP6 is greater than minimum dimension D5B of
a width of interconnection conductive layer CL5.

More specifically, each of minimum dimensions D2B to
D5B of widths of interconnection conductive layers CL2 to
CL5 is set, for example, to 90 nm. In contrast, minimum
dimension D2A of a width of guard ring conductive layer
GRP3 is set, for example, to 110 nm. Minimum dimension
D3A of a width of guard ring conductive layer GRP4 is set,
for example, to 130 nm. Minimum dimension D4A of a
width of guard ring conductive layer GRP5 is set, for
example, to 150 nm. Minimum dimension D5A of a width
of guard ring conductive layer GRP6 is set, for example, to
170 nm.

In the present embodiment, an upper guard ring conduc-
tive layer is greater in minimum dimension of a width of
each of the plurality of guard ring conductive layers GRP2
to GRP6.

Specifically, minimum dimension D2A of a width of
guard ring conductive layer GRP3 is greater than minimum
dimension D1A of a width of guard ring conductive layer
GRP2. Minimum dimension D3A of a width of guard ring
conductive layer GRP4 is greater than minimum dimension
D2A of a width of guard ring conductive layer GRP3.
Minimum dimension D4 A of a width of guard ring conduc-
tive layer GRPS5 is greater than minimum dimension D3 A of
a width of guard ring conductive layer GRP4. Minimum
dimension D5A of a width of guard ring conductive layer
GRP6 is greater than minimum dimension D4A of a width
of guard ring conductive layer GRPS.

More specifically, minimum dimensions D1A, D2A,
D3A, D4A, and D5A of widths of guard ring conductive
layers GRP2, GRP3, GRP4, GRP5, and GRP6 are set, for
example, to 90 nm, 110 nm, 130 nm, 150 nm, and 170 nm,
respectively. Minimum dimensions D1A to D5A of widths
of guard ring conductive layers GRP3 to GRP6 should only
be within a range from 100 nm to 1000 nm.

A plurality of guard ring conductive layers GRP2 to
GRP6 may be equal to one another in width.

Each of first portions FP2 to FP6 burying first hole
portions FH2 to FH6 in guard ring conductive layers GRP2
to GRP6 normally has a tapered shape decreasing in dimen-
sion toward below in a cross-sectional shape, as exemplified
by first portion FP6 in FIG. 7. In this case, minimum
dimensions D1A of D5SA of widths of guard ring conductive
layers GRP2 to GRP6 are represented by widths at lower-
most ends of first portions FP2 to FP6, respectively.
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In the present embodiment, minimum dimensions D1A to
D5A of widths of a plurality of guard ring conductive layers
GRP2 to GRP6 are each greater than an amount of mis-
alignment of photomasks in forming guard ring conductive
layers GRP2 to GRP6.

Specifically, minimum dimensions D1A to D5A of widths
of'a plurality of guard ring conductive layers GRP2 to GRP6
are each preferably at least 1.2 time and at most 10 times as
large as an amount of misalignment of photomasks in
forming guard ring conductive layers GRP2 to GRP6.

More specifically, an amount of misalignment of photo-
masks of guard ring conductive layer GRP3 is, for example,
100 nm, and minimum dimension D2A of a width of guard
ring conductive layer GRP3 is set, for example, to 110 nm.
An amount of misalignment of photomasks of guard ring
conductive layer GRP4 is, for example, 120 nm, and mini-
mum dimension D3A of a width of guard ring conductive
layer GRP4 is set, for example, to 130 nm. An amount of
misalignment of photomasks of guard ring conductive layer
GRPS5 is, for example, 140 nm, and minimum dimension
D4A of a width of guard ring conductive layer GRPS5 is set,
for example, to 150 nm. An amount of misalignment of
photomasks of guard ring conductive layer GRP$6 is, for
example, 160 nm, and minimum dimension D5A of a width
of guard ring conductive layer GRP6 is set, for example, to
170 nm. An amount of misalignment of photomasks is
normally greater on an upper side.

Referring to FIG. 5, each guard ring conductive layer
GRP (GRP2 to GRP6) is formed through divided exposure
in the present embodiment. Therefore, position displace-
ment between a first pattern portion GRL (a portion on the
left in the figure) of guard ring conductive layer GRP formed
through exposure with the use of a first photomask and a
second pattern portion GRR (a portion on the right in the
figure) of guard ring conductive layer GRP formed through
exposure with the use of a second photomask may take
place.

Even when position displacement takes place, according
to the present embodiment, connection between first pattern
portion GRL and second pattern portion GRR is maintained.
A step ST may be created at a boundary portion (a region R)
between first pattern portion GRL and second pattern portion
GRR. Based on presence of this step ST, formation of the
semiconductor device in the present embodiment through
divided exposure can be recognized.

As shown in FIG. 6 (A), due to misalignment of photo-
masks, in first pattern portion GRL, guard ring conductive
layers GRP1 to GRP6 formed as being stacked are formed
as being displaced from one another (in the lateral direction
in the figure). As shown in FIG. 6 (B), in first pattern portion
GRR as well, due to misalignment of photomasks, guard
ring conductive layers GRP1 to GRP6 formed as being
stacked are formed as being displaced from one another (in
the lateral direction in the figure).

In the present embodiment, however, widths of guard ring
conductive layers GRP1 to GRP6 are defined as above.
Therefore, as shown in FIG. 6 (C), guard ring conductive
layers GPR1 to GPR6 in first pattern portion GRL are
connected to guard ring conductive layers GPR1 to GPR6 in
second pattern portion GRR, respectively, and no gap is
created therebetween.

Divided exposure will now be described with reference to
FIGS. 8 and 9.

Referring to FIG. 8, in divided exposure, initially, only a
partial region EX1 (a region surrounded by a chain dotted
line in FIG. 8) of one semiconductor chip region CHR is
exposed with the use of the first photomask.
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Referring to FIG. 9, thereafter, a remaining region EX2 of
one semiconductor chip region CHR (a region surrounded
by a chain double dotted line in FIG. 9) is exposed with the
use of the second photomask. The entire one semiconductor
chip region CHR is exposed through exposure a plurality of
times, and an exposure pattern of exposure region EX1 and
an exposure pattern of exposure region EX2 are connected
to each other.

Thereafter, an exposed photoresist (not shown) is devel-
oped to thereby form a resist pattern. Though a case that the
entire one semiconductor chip region CHR is exposed
through exposure, for example, twice has been described
above, the entire one semiconductor chip region CHR may
be exposed through exposure three or more times.

A method of forming interconnection conductive layer
CL1 and guard ring conductive layer GRP2 in interlayer
insulating film 112 through divided exposure will now be
described with reference to FIGS. 10 to 22.

FIGS. 10 (A) to 22 (A) each show a cross-section of a
portion in the element formation region exposed with the use
of'the first photomask shown in FIGS. 8 and 9. FIGS. 10 (B)
to 22 (B) each show a cross-section corresponding to a
cross-section of a portion along the line XB-XB in the guard
ring region exposed with the use of the first photomask
shown in FIGS. 8 and 9. FIGS. 10 (C) to 22 (C) each show
a cross-section corresponding to a cross-section of a portion
along the line XC-XC in the guard ring region exposed with
the use of the second photomask shown in FIG. 9.

Referring to FIG. 10 (A) to (C), initially, on interlayer
insulating film 111, for example, insulating film BL1 com-
posed of SiCO or SiCN and interlayer insulating film 112
formed, for example, from a low-k film are successively
formed as being stacked. Thereafter, a silicon oxide film OX
is formed on interlayer insulating film II2, and a photoresist
PR1 is applied onto silicon oxide film OX. This photoresist
PR1 is subjected to divided exposure with the use of the
photomask shown in FIG. 8. Thus, an exposed region and a
region not exposed are created with a dashed line shown in
photoresist PR1 in FIGS. 10 (A) and (B) being defined as a
boundary. Photoresist PR1 shown in FIG. 10 (C) is not
subjected to exposure with the use of the first photomask.

Referring to FIG. 11 (A) to (C), photoresist PR1 is
subjected to divided exposure with the use of the second
photomask shown in FIG. 9. Thus, an exposed region and a
region not exposed are created with a dashed line shown in
photoresist PR1 in FIG. 11 (C) being defined as a boundary.
Thereafter, photoresist PR1 is developed.

Referring to FIG. 12 (A) to (C), photoresist PR1 is
patterned through development to thereby form a resist
pattern PR1. With this resist pattern PR1 serving as a mask,
underlying silicon oxide film OX and interlayer insulating
film 112 are anisotropically etched.

Referring to FIG. 13 (A) to (C), silicon oxide film OX and
interlayer insulating film 12 are selectively etched away to
thereby form holes VH1 and FH2 reaching insulating film
BL1. Here, hole FH2 is formed to be greater in width than
hole VH1. Thereafter, resist pattern PR1 is removed, for
example, through ashing.

Referring to FIG. 14 (A) to (C), a surface of silicon oxide
film OX is exposed as a result of removal of resist pattern
PR1.

Referring to FIG. 15 (A) to (C), a photoresist PR2 buries
each of holes VH1 and FH2. Thereafter, a photoresist PR3
is applied onto silicon oxide film OX. This photoresist PR3
is subjected to divided exposure with the use of the first
photomask shown in FIG. 8. Thus, an exposed region and a
region not exposed are created with a dashed line shown in
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photoresist PR3 in FIGS. 15 (A) and (B) being defined as a
boundary. Photoresist PR3 shown in FIG. 15 (C) is not
subjected to exposure with the use of the first photomask.

Referring to FIG. 16 (A) to (C), photoresist PR3 is
subjected to divided exposure with the use of the second
photomask shown in FIG. 9. Thus, an exposed region and a
region not exposed are created with a dashed line shown in
photoresist PR3 in FIG. 16 (C) being defined as a boundary.
Thereafter, photoresist PR3 is developed.

The first and second photomasks used in the steps in
FIGS. 15 and 16 are different in pattern from the first and
second photomasks used in the steps in FIGS. 10 and 11.

Referring to FIG. 17 (A) to (C), photoresist PR3 is
patterned through development to thereby form a resist
pattern PR3. With this resist pattern PR3 serving as a mask,
underlying silicon oxide film OX and interlayer insulating
film 112 are anisotropically etched.

Referring to FIG. 18 (A) to (C), trenches IT1 and SH2 are
formed in interlayer insulating film 112 through etching.
Thereafter, resist patterns PR2 and PR3 are removed, for
example, through ashing.

Referring to FIG. 19 (A) to (C), through ashing, a surface
of silicon oxide film OX is exposed and insulating film BL.1
is exposed through each of holes VH1 and FH2.

Referring to FIG. 20 (A) to (C), with silicon oxide film
OX and interlayer insulating film II2 serving as a mask,
insulating film BL.1 exposed through each of holes VH1 and
FH2 is anisotropically etched. Thus, insulating film BL1 is
selectively removed so that a part of the surface of inter-
connection conductive layer 1L and a part of the surface of
second portion SP1 of guard ring conductive layer GRP1 are
exposed. Deep trenches IT1 and SH2 are formed so that
interconnection trench IT1 and second hole portion SH2 of
guard ring hole GH2 are formed. This first hole portion FH2
and second hole portion SH2 form guard ring hole GH2.

Referring to FIG. 21 (A) to (C), conductive layer CDL is
formed on silicon oxide film OX so as to bury via hole VH1
and interconnection trench IT1 as well as guard ring hole
GH2. An upper surface of this conductive layer CDL is
subjected to chemical mechanical polishing (CMP). This
chemical mechanical polishing is carried out until a surface
of interlayer insulating film 112 is exposed.

Referring to FIG. 22 (A) to (C), through chemical
mechanical polishing, interconnection conductive layer CL.1
embedded in via hole VH1 and interconnection trench IT1
and guard ring conductive layer GRP2 embedded in guard
ring hole GH2 are formed.

Thereafter, by repeating steps similar to the steps in FIGS.
10 to 22, the multilayer interconnection structure shown in
FIG. 3 and guard ring GR shown in FIG. 4 are formed.

A function and effect of the present embodiment will now
be described in comparison with a comparative example
shown in FIGS. 23 and 24.

Referring to FIGS. 3 and 4, a structure in which minimum
dimensions D1A to D5A of widths of guard ring conductive
layers GRP2 to GRP6 are equal in dimension to minimum
dimensions D1B to D5B of widths of interconnection con-
ductive layers CL2 to CL5, respectively, is defined as a
comparative example. Namely, in this comparative example,
relation of
D1A=D2A=D3A=D4A=D5A=D1B=D2B=D3B=D4B=D5B
is satisfied.

Normally, from a point of view of higher integration, a
dimension of each portion should be small in an element
formation region. Therefore, in the comparative example, as
minimum dimensions D1B to D5B of widths of intercon-
nection conductive layers CL2 to CL5 are smaller, minimum
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dimensions D1A to D5A of widths of guard ring conductive
layers GRP2 to GRP6 are also accordingly smaller.

When a guard ring conductive layer is formed through
divided exposure, an overlay error of photomasks is caused
in the first pattern portion formed with the first photomask,
and misalignment of photomasks is also caused in the
second pattern portion formed with the second photomask.
This overlay error results in failure of connection between
the first pattern portion and the second pattern portion of the
guard ring conductive layer as shown in FIGS. 23 and 24,
and a gap may be created therebetween. With such a gap,
water (moisture) enters the element formation region on the
inner peripheral side from the outer peripheral side of the
guard ring through the gap, via a path shown with an arrow
in FIGS. 23 (A) and (B), and reliability of an element lowers.

In contrast, in the present embodiment, minimum dimen-
sions D2A to D5A of widths of guard ring conductive layers
GRP3 to GRP6 are greater than minimum dimensions D2B
to D5B of widths of interconnection conductive layers CL.2
to CL5 formed in the interlayer insulating film from which
the guard ring conductive layer is formed, respectively.
Therefore, even when first pattern portion GRL and second
pattern portion GRR of guard ring conductive layer GRP are
displaced from each other as shown in FIGS. 5 (A) and (B)
due to an overlay error of masks in divided exposure,
separation between first pattern portion GRL and second
pattern portion GRR can be suppressed. Namely, creation of
a gap between first pattern portion GRL and second pattern
portion GRR is suppressed. Therefore, entry of water from
the outer peripheral side to the inner peripheral side of the
guard ring through the gap is suppressed and reliability of an
element improves.

In the present embodiment, minimum dimensions D1A to
D5A of widths of a plurality of guard ring conductive layers
GRP2 to GRP6 are each preferably at least 1.2 time and at
most 10 times as large as an amount of misalignment of
photomasks in forming guard ring conductive layers GRP2
to GRP6. By setting the minimum dimension to magnitude
not less than 1.2 time, as shown in FIG. 5, creation of a gap
between first pattern portion GRL and second pattern portion
GRR of guard ring conductive layer GRP can reliably be
prevented. When the minimum dimension is greater more
than 10 times, as shown in FIG. 4, dimensions D2A to D5A
of first portions FH3 to FH6 of guard ring holes GH3 to GH6
are excessively large and hence it becomes difficult to embed
first portions FH3 to FH6 with a conductive layer. Normally,
in a stack structure of a semiconductor device, an amount of
misalignment of photomasks is greater in an upper layer.
Therefore, when a guard ring conductive layer is formed
through divided exposure, an upper guard ring conductive
layer is greater in amount of displacement between the first
pattern portion and the second pattern portion formed
through divided exposure, and a gap is more likely between
these pattern portions.

In contrast, in the present embodiment, as shown in FIG.
4, an upper guard ring conductive layer is greater in mini-
mum dimensions D1A to D5A of widths of a plurality of
guard ring conductive layers GRP2 to GRP6. Therefore,
even when misalignment of masks is more significant in an
upper layer as above, creation of a gap between the first
pattern portion and the second pattern portion formed
through divided exposure in an upper guard ring conductive
layer can be suppressed.

Though a case that guard ring conductive layers GRP2 to
GRP6 have first portions FP2 to FP6 and second portions
SP2 to SP6 respectively and widths thereof discontinuously
vary in a direction of thickness of interlayer insulating films
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112 to 116 (a step is formed in a sidewall) as shown in FIG.
4 has been described above, limitation to this cross-sectional
shape is not intended. As shown in FIG. 25, a sidewall of
each of guard ring conductive layers GRP2 to GRP6 may
linearly extend and widths of guard ring conductive layers
GRP2 to GRP6 may continuously vary in a direction of
thickness of interlayer insulating films 112 to 116. Namely, a
wall surface of each of guard ring holes GH2 to GH6 may
linearly extend in a direction of thickness of interlayer
insulating films 112 to 116 and pass through interlayer insu-
lating films 112 to 116.

Since FIG. 25 is otherwise substantially the same as
FIGS. 1 to 5 described above, the same elements have the
same reference characters allotted and description thereof
will not be repeated.

Second Embodiment

In order to suppress creation of a gap between patterns
formed through each exposure in a case that a guard ring
conductive layer is formed through divided exposure, a
two-dimensional shape of the guard ring conductive layer
may have an intersecting shape. A guard ring conductive
layer having an intersecting shape will be described below
as a second embodiment.

Referring to FIGS. 26 and 27, guard ring conductive layer
GRP in the present embodiment (for example, guard ring
conductive layers GRP2 to GRP6 shown in FIG. 4) is
formed through divided exposure. Therefore, this guard ring
conductive layer GRP has first pattern portion GRL (a
portion on the left in the figure) of the guard ring conductive
layer formed through exposure with the use of the first
photomask and second pattern portion GRR (a portion on
the right in the figure) of the guard ring conductive layer
formed through exposure with the use of the second pho-
tomask.

First pattern portion GRL has a frame portion GRL1 and
a bent portion GRL2. Frame portion GRL1 surrounds the
element formation region (for example, around three sides of
the rectangular element formation region) in a plan view.
Bent portion GRL2 is a portion connected to each of
opposing ends of frame portion GRL1 and bent with respect
to frame portion GRL1. Bent portion GRL2 is connected to
frame portion GRL1, for example, as being bent at the right
angle.

Second pattern portion GRR has a frame portion GRR1
and a bent portion GRR2 similarly to first pattern portion
GRL. Frame portion GRR1 surrounds the element formation
region (for example, around three sides of the rectangular
element formation region) in a plan view. Bent portion
GRR2 is a portion connected to each of opposing ends of
frame portion GRR1 and bent with respect to frame portion
GRR1. Bent portion GRR2 is connected to frame portion
GRR1, for example, as being bent at the right angle. A width
wla of frame portion GRL1 and a width w1b of bent portion
GRL2 in the plan view are, for example, equal to each other.

Bent portion GRIL2 of first pattern portion GRL and frame
portion GRR1 of second pattern portion GRR form an
intersecting shape. The intersecting shape here means that
bent portion GRL2 and frame portion GRR1 form a cross
shape (a shape of intersection as being orthogonal to each
other) or an X shape (a shape of intersection as being oblique
to each other) in a plan view. An angle of intersection
between bent portion GRI.2 and frame portion GRR1 in the
plan view is set, for example, to 90°, however, it should only
be greater than 0° and smaller than 180°. A width w2a of
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frame portion GRR1 in the plan view is, for example, equal
to a width w2b of bent portion GRR2, however, they may be
different from each other.

Bent portion GRR2 of second pattern portion GRR and
frame portion GRL1 of first pattern portion GRL form an
intersecting shape. Meaning and an angle of intersection of
the intersecting shape between bent portion GRR2 and
frame portion GRL1 are the same as those of bent portion
GRL2 and frame portion GRR1.

In a case that a cross-sectional shape of guard ring
conductive layer GRP has first portions FP2 to FP6 narrow
in width and second portions SP2 to SP6 great in width as
shown in guard ring conductive layers GRP2 to GRP6 in
FIG. 4, both of first portions FP2 to FP6 and second portions
SP2 to SP6 have frame portions GRL.1 and GRR1 and bent
portions GRL.2 and GRR2.

Since the features in the present embodiment other than
the above are substantially the same as the features in the
first embodiment described above, the same elements have
the same reference characters allotted and description
thereof will not be repeated.

The intersecting shape in the present embodiment may be
combined with a width of the guard ring conductive layer
described in the first embodiment (a width greater than a
width of the interconnection conductive layer in the element
formation region).

In the present embodiment, as shown in FIG. 27, first
pattern portion GRL and second pattern portion GRR of the
guard ring conductive layer intersect with each other. There-
fore, creation of a gap between the first pattern portion and
the second pattern portion after divided exposure can be
suppressed.

For example, a shape as shown in FIGS. 28 to 30 may be
adopted as a construction in which frame portion GRL1 (or
GRR1) and bent portion GRL2 (or GRR2) are equal to each
other in width and orthogonal to each other as above.

Alternatively, as shown in FIGS. 31 to 34, frame portion
GRL1 (or GRR1) and bent portion GRL.2 (or GRR2) may be
equal to each other in width and form an acute angle 61
therebetween.

Alternatively, as shown in FIGS. 35 to 38, frame portion
GRL1 (or GRR1) and bent portion GRL.2 (or GRR2) may be
equal to each other in width and form an obtuse angle 61
therebetween.

Alternatively, as shown in FIGS. 39 to 42, frame portion
GRL1 (or GRR1) and bent portion GRL.2 (or GRR2) may be
different from each other in width and orthogonal to each
other. In the construction in FIGS. 39 to 42, a width (w1 (or
w2b): FIG. 39) of bent portion GRL2 (or GRR2) is greater
than a width (wla (or w2a): FIG. 39) of frame portion GRL.1
(or GRR1). A width (w1 (or w2b)) of bent portion GRL.2
(or GRR2) may be smaller than a width (wla (or w2a)) of
frame portion GRL1 (or GRR1).

In the construction in FIGS. 31 to 48 as well, frame
portion GRL1 (or GRR1) and bent portion GRL2 (or GRR2)
may be different in width from each other.

So long as first pattern portion GRL and second pattern
portion GRR of the guard ring conductive layer intersect
with each other, bent portion GRL2 (or GRR2) may have a
zigzag shape as shown in FIG. 43 or a lattice shape as shown
in FIG. 44.

Though a case that both of first pattern portion GRL and
second pattern portion GRR of the guard ring conductive
layer have bent portions GRL2 and GRR2 has been
described above, no bent portion may be provided as shown
in FIGS. 45 and 46.
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Referring to FIGS. 45 and 46, in this construction, first
pattern portion GRL has a portion GRLa extending along
one side of the rectangular two-dimensional shape of the
element formation region and two inclined portions GRLb
connected to respective opposing ends of this portion GRLa
at an obtuse or acute angle 082. Second pattern portion GRR
has a portion GRRa extending along one side of the rect-
angular two-dimensional shape of the element formation
region and two inclined portions GRRb connected to respec-
tive opposing ends of this portion GRRa at obtuse or acute
angle 02. Inclined portion GRLb of first pattern portion GRL
and inclined portion GRRb of second pattern portion GRR
intersect with each other.

The semiconductor device in the present embodiment
may be, for example, a 35-mm full-size sensor. The semi-
conductor device in the present embodiment may imple-
ment, for example, a pixel portion alone of a 35-mm full-size
sensor or a control circuit portion alone of a 35-mm full-size
sensor. In the case of the pixel portion alone, a semicon-
ductor chip includes, for example, pixel PX, timing genera-
tion circuit TG, pixel driver VSCAN, and variable gain
amplifier PGA. In the case of the control circuit portion
alone, a semiconductor chip includes, for example, an ana-
log-digital conversion circuit ADC, synchronous signal
addition circuit BRIDGE, and output driver LVDS.

Though the invention made by the present inventor has
specifically been described based on the embodiments, the
present invention is not limited to the embodiments but is
naturally susceptible to various modifications without
departing the gist of the invention.

REFERENCE SIGNS LIST

ADC digital conversion circuit; BL1 insulating film; BM
barrier metal layer; BP bump electrode; BRIDGE synchro-
nous signal addition circuit; CDL, CL, CL1 to CL7, DCL
conductive layer; CH contact hole; CHR semiconductor chip
region; CL1 to CL7, IL interconnection conductive layer; ES
etching stopper insulating film; EX1 exposure region; FH1,
FH2 first hole portion; FP1 to FP6 first portion; GE gate
electrode; GH1 to GH8 guard ring hole; GI gate insulating
layer; GRP1, GRP2 guard ring conductive layer; GR guard
ring; GRL first pattern portion; GRL1, GRR1 frame portion;
GRLa, GRRa, IL.1, PL1 portion; GRLb, GRRb inclined
portion; GRR second pattern portion; I, I11 to 119 interlayer
insulating film; INL multilayer interconnection structure; IR
element isolation structure; IT, IT1 to IT7 interconnection
trench; LVDS output driver; OP1, OP2, OP3 opening; OX
silicon oxide film; PAL passivation film; PGA variable gain
amplifier; PL plug conductive layer; PO1 first photosensitive
organic insulating film; PO2 second photosensitive organic
insulating film; PR1 to PR3 photoresist; PX pixel (pixel
region); RIL redistribution layer; SB semiconductor sub-
strate; SD drain region; SC semiconductor chip; SH1, SH2
second hole portion; SP1 to SP6 second portion; SS silane
slit; ST step; TCL uppermost conductive layer; TG timing
generation circuit; TRA transistor; VH1 via hole; and
VSCAN pixel driver.

The invention claimed is:

1. A semiconductor device having in one chip region, an
element formation region and a guard ring region surround-
ing said element formation region in a plan view, in which
said one chip region is formed through divided exposure,
comprising:

a first interlayer insulating film having:

a first via hole formed in said element formation region;
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a first interconnection trench above said first via hole
and communicating with said first via hole; and

a first guard ring hole formed in said guard ring region
and extending to surround said element formation
region;

a first interconnection conductive layer having a portion
formed in said first via hole and said first interconnec-
tion trench;

a first guard ring conductive layer having a portion
formed in said first guard ring hole;

a second interlayer insulating film formed over the first
interlayer insulating film and having:

a second via hole formed in said element formation
region;

a second interconnection trench above said second via
hole and communicating with said second via hole;
and

a second guard ring hole formed in said guard ring
region and extending to surround said element for-
mation region;

a second interconnection conductive layer having a por-
tion formed in said second via hole and said second
interconnection trench; and

a second guard ring conductive layer having a portion
formed in said second guard ring hole,

wherein, in said guard ring region, the second guard ring
conductive layer is vertically stacked over the first
guard ring conductive layer to form a guard ring stack,

a minimum dimension of a width of said first guard ring
conductive layer being greater than a minimum dimen-
sion of a width of said first interconnection conductive
layer in said first via hole,

a minimum dimension of a width of said second guard
ring conductive layer being greater than a minimum
dimension of a width of said second interconnection
conductive layer in said second via hole,

in the plan view, the first guard ring conductive layer
comprises a first pattern portion extending along a first
part of a perimeter of the element formation region and
a second pattern portion extending along a second part
of the perimeter of the element formation region, and

the first and second pattern portions are connected to each
other by a stepped connection portion.

2. The semiconductor device according to claim 1,

wherein

said minimum dimension of the width of the second guard
ring conductive layer is greater than said minimum
dimension of the width of the first guard ring conduc-
tive layer.

3. The semiconductor device according to claim 1,

wherein

each guard ring hole has a first hole portion and a second
hole portion,

said second hole portion communicates with said first
hole portion, is formed above said first hole portion,
and is greater in width than said first hole portion, and

the minimum dimension of the width of each guard ring
conductive layer is a minimum dimension of the width
of the respective first hole portion.

4. The semiconductor device according to claim 1,

wherein

a wall surface of each guard ring hole extends linearly in
a cross-section intersecting with a direction of exten-
sion of the respective guard ring hole and passes
through the respective interlayer insulating film.

5. The semiconductor device according to claim 1, further

comprising a separate insulating layer disposed between the
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first and second interlayer insulating films, the second via
hole and the second guard ring hole extending through the
separate insulating layer.

6. A semiconductor device comprising:

a plurality of layers in a stack, each of the plurality of

layers comprising:
(1) an interlayer insulating film having:
a via hole formed in a lower portion of the interlayer
insulating film in an element formation region,
an interconnection trench formed in an upper portion
of the interlayer insulating film in the element
formation region and connecting to the via hole,
and
a guard ring hole formed in the interlayer insulating
film in a guard ring region surrounding the ele-
ment formation region;
(i1) an interconnect conductive member filling the via
hole and interconnection trench; and
(iii) a guard ring conductive member filling the guard
ring hole,
wherein, in the guard ring region, the guard ring conduc-
tive members of the plurality of layers are vertically
stacked and coupled together to form a guard ring
stack,

for each of the plurality of layers, a minimum width of the

respective guard ring conductive member is greater
than a minimum width of the corresponding intercon-
nect conductive member, and

in plan view, at least one of the guard ring conductive

members has a stepped portion.

7. The semiconductor device according to claim 6,
wherein the minimum width of an uppermost one of the
guard ring conductive members in the guard ring stack is
greater than that of the other guard ring conductive members
in the guard ring stack.

8. The semiconductor device according to claim 6,
wherein

each guard ring hole has a first hole portion formed in a

lower portion of the interlayer insulating film in the
guard ring region and a second hole portion formed in
an upper portion of the interlayer insulating film in the
guard ring region,

the second hole portion has a width greater than the first

hole portion and is coupled to the first hole portion, and
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the minimum width of the respective guard ring conduc-
tive member is defined by the corresponding first hole
portion.

9. The semiconductor device according to claim 6,
wherein each guard ring hole has a wall that extends linearly
from an upper surface of the respective interlayer insulating
film to a lower surface of the respective interlayer insulating
film.

10. The semiconductor device according to claim 6,
wherein

a separate insulating layer is disposed between each

vertically adjacent pair of interlayer insulating films,
and

the via hole of an upper one of the adjacent pair extends

through the separate insulating layer.
11. The semiconductor device according to claim 6,
wherein the stepped portion connects a first pattern of the
at least one guard conductive member to a second
pattern of the at least one guard conductive member,

the first pattern is formed by exposure using a first
photomask, and

the second pattern is formed by a subsequent exposure

using a second photomask.

12. The semiconductor device according to claim 1,

wherein a first part of the first pattern portion and a first

part of the second pattern portion are connected by the
stepped connection portion, and

the first parts of the first and second patterns portions

extend along a same side of the element isolation
region in the plan view.

13. The semiconductor device according to claim 1,
wherein the first pattern portion is formed by exposure using
a first photomask, and the second pattern portion is formed
by exposure using a second photomask.

14. The semiconductor device according to claim 1,

wherein a first part of the first pattern portion is parallel

to and offset from a first part of the second pattern
portion, and

the first part of the first pattern portion and the first part

of the second pattern portion are connected by the
stepped connection portion.
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