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STRUCTURE AND METHOD FOR LATCHUP IMPROVEMENT USING
THROUGH WAFER VIA LATCHUP GUARD RING

FIELD OF THE INVENTION

The invention relates to integrated circuits, and more particularly, to structures and methods

for providing latchup improvement using a through wafer via latchup guard ring or structure.
BACKGROUND

Noise isolation and the elimination of complementary metal-oxide semiconductors (CMOS)
latchup are significant issues in advanced CMOS technology, radio frequency (RF) CMOS,
and bipolar CMOS (BiCMOS) Silicon Germanium (SiGe) technology. Latchup conditions
typically occur within peripheral circuits or internal circuits, within one circuit (intra-circuit),
or between multiple circuits (inter-circuit). In one such example, latchup occurs when a
PNPN structure transitions from a low-current/high-voltage state to a high-current/low-
voltage state through a negative resistance region (i.e., forming an S-Type [-V

(current/voltage) characteristic).

In particular, latchup is known to be initiated by an equivalent circuit of a cross-coupled
PNP and NPN transistor. With the base and collector regions being cross-coupled, current
flows from one device leading to the initiation of the second device ("regenerative
feedback™). These PNP and NPN elements can be any diffusions or implanted regions of
other circuit elements (e.g., p-channel MOSFETsS, n-channel MOSFETS, resistors, etc.) or
actual PNP and NPN bipolar transistors. In CMOS structures, the PNPN structure can be
formed with a p-diffusion in an n-well, and a n-diffusion in a p-substrate ("parasitic PNPN").
In this case, the well and substrate regions are inherently involved in the latchup current

exchange between regions in the device.

The condition for triggering a latchup is a function of the current gain of the PNP and NPN
transistors, and the resistance between the emitter and the base regions. This inherently
involves the well and substrate regions. The likelihood or sensitivity of a particular PNPN
structure to latchup is a function of a same combination of spacing (e.g., base width of the
NPN and base width of the PNP), current gain of the transistors, substrate resistance and

spacings, the well resistance and spacings, and isolation regions.
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Latchup can also occur as a result of the interaction of an electrostatic discharge (ESD)
device, the input/output (I/O) off-chip driver and adjacent circuitry initiated in the substrate
from the overshoot and undershoot phenomena. These factors can be generated by CMOS
off-chip driver (OCD) circuitry, receiver networks, and ESD devices. In CMOS /O
circuitry, undershoot and overshoot can lead to injection in the substrate, and simultancous
switching of circuitry where overshoot or undershoot injection occurs may lead to both noise
injection and latchup conditions. Also, supporting elements in these circuits, such as pass
transistors, resistor elements, test functions, over voltage dielectric limiting circuitry, bleed
resistors, keeper networks and other elements can be present, contributing to noise injection

into the substrate and latchup.

With the scaling of standard CMOS technology, the spacing of the p+/n+ space decreases,
leading to a lower trigger condition and the onset of CMOS latchup. With the scaling of the
shallow trench isolation (STI) for aspect ratio, the vulnerability of CMOS technology to
latchup has increased. Vertical scaling of the wells, and lower n-well and p-well implant
doses also has increased the lateral parasitic bipolar current gains, leading to lower latchup

robustness.

With the transition from p+ substrates to low doped p-substrates, the latchup robustness has
continued to decrease. Also, the effectiveness of n-wells as guard ring structures may reduce
internal and external latchup problems. But, with mixed signal applications and radio
frequency (RF) chips, a higher concern for noise reduction has lead to the continued
lowering of the substrate doping concentration. This continues to lead to lower latchup

immunity in mixed signal applications and RF technologies.

Latchup also can occur from voltage or current pulses that occur on the power supply lines.
Transient pulses on power rails (e.g., substrate or wells) can trigger latchup processes.
Latchup can also occur from a stimulus to the well or substrate external to the region of a

thyristor structure from minority carriers.

Latchup can be initiated from internal or external stimulus, and is known to occur from
single event upsets (SEU), which can include terrestrial emissions from nuclear processes,
and cosmic ray events, as well as events in space environments. Cosmic ray particles can

include proton, neutron, and gamma events, as well as a number of particles that enter the
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carth atmosphere. Terrestrial emissions from radioactive events, such as alpha particles, and

other radioactive decay emissions can also lead to latchup in semiconductors.

For military, surveillance, satellite, and other outer space applications, it is desirable to have
a high tolerance to latchup. Latchup can lead to failure of space applications triggered by
cosmic rays, heavy ions, proton and neutron events. The higher the latchup margin in
military and outer space applications, the higher the vulnerability to single even upset (SEU)

initiated latchup.

Accordingly, there exists a need in the art to overcome the deficiencies and limitations

described hereinabove.
SUMMARY

In a first aspect of the invention, a method of manufacturing a semiconductor structure
comprises forming a latchup sensitive structure, masking the latchup sensitive structure and
flipping the latchup sensitive structure and substrate to gain access to an underside thereof.
The method further comprises etching a through wafer via (also can be referred to as trough
via, or through via) through the substrate and adjacent the latchup sensitive structure using
lithography and etching to isolate the latchup sensitive structure from at least an external

source.

In embodiments, the through wafer via is filled with a metal material, refractory material, an
insulator, or a metal material with an insulator liner. The latchup sensitive structure contains
a p+ diffusion structure. The p+ diffusion can be a p+ /n-well diode, a PMOS transistor, a P+
resistor, or a pnp bipolar transistor. The latchup sensitive structure also contains a n+
diffusion. The n+ diffusion can be a n+ / p- substrate diode, an NMOS transistor, n+ resistor
element, or npn bipolar transistor. The p+ diffusion and the n+ diffusion form a parasitic
PNPN. The embodiments address CMOS technology, which contains both PMOS and
NMOS transistors. The latchup sensitive structure is bounded by the through wafer via to
prevent parasitic carriers from being injected into the latchup sensitive structure. The

through wafer via is etched to entirely surround the latchup sensitive structure.

In another aspect of the invention, a method of forming a structure comprises: forming at

least a P+ diffusion structure that is sensitive to latchup; and forming a guard ring structure
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bounding the P+ diffusion structure to isolate the P+ diffusion structure from external

Sourcces.

In another aspect of the invention, a structure comprises a latchup sensitive structure and a
through wafer via structure bounding the latch-up sensitive structure. The through wafer

prevents parasitic carriers from being injected into the latch-up sensitive structure.

In embodiments, the latchup sensitive structure is a P+ diffusion structure. The latchup
sensitive structure is a CMOS structure. The latchup sensitive structure contains both
PMOS and NMOS transistor. The through wafer via isolates the latchup sensitive structure
from an external source. The through wafer via is filled with one of: a refractory material, a
metal, an insulator and a metal material lined with an insulator. The through wafer via
completely surrounds the latchup sensitive structure. The through wafer via partially
surrounds the latchup sensitive structure. The through wafer via is a guard ring structure.

The through wafer via prevents latchup resulting from a minority injection source.

In another aspect of the invention, a structure comprises: a latchup sensitive structure; and a
guard ring that bounds the latchup sensitive structure to isolate the latchup sensitive structure

from an external source.

In another aspect of the invention, a design structure is embodied in a machine readable
medium for designing, manufacturing, or testing an integrated circuit. The design structure
comprises a latchup sensitive structure, and a guard ring that bounds the latchup sensitive

structure to isolate the latchup sensitive structure from an external source.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The present invention is described in the detailed description which follows, in reference to
the noted plurality of drawings by way of non-limiting examples of exemplary embodiments

of the present invention.
FIG. 1 shows a semiconductor structure in accordance with a first aspect of the invention;

FIG. 2 shows a semiconductor structure in accordance with a second aspect of the invention;

and
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FIG. 3 shows a flow diagram implementing process steps in accordance with the invention.
DETAILED DESCRIPTION

The invention relates to integrated circuits, and more particularly, to structures and methods
for providing latchup improvement using a through wafer via latchup guard ring or structure.
In embodiments, a through wafer via structure bounds a latchup sensitive structure to
prevent parasitic carriers from being injected into the latchup sensitive structure. More
specifically, in the present invention through wafer vias are used as NMOS, PMOS or
CMOS latchup guard rings to minimize the carrier migration to adjacent circuitry. The
through-wafer vias can serve as barriers to the minority carrier injection from injection

sources observed in NMOS, PMOS or CMOS semiconductor chips.

In embodiments, the guard ring or structure (hereinafter generally referred to as “guard
ring”) of the present invention serves the purpose of providing electrical and spatial isolation
between adjacent circuit elements preventing interaction between devices and circuits that
may undergo latchup. This is achieved by the prevention of minority carriers from within a
given circuit, or the prevention of minority carriers from entering a sensitive circuit. In the
first case, the guard ring prevents the minority carriers from leaving the region of the circuit
and influencing the surrounding circuitry. In the second case, the injection is external to the
circuit, and the guard ring prevents the minority carriers from influencing the circuit of

interest.

In embodiments, the guard ring provides electrical isolation between a PNP and NPN
structure. In this case, the guard ring minimizes the electrical coupling, and prevents
regenerative feedback from occurring between the PNP and the NPN. That is, the guard ring
lowers the gain of the feedback loop by reducing the parasitic current gain. Guard rings

within the PNPN structures lower the parasitic bipolar gain by, for example:
- Increasing the base width of the parasitic PNP or NPN structure;

- Providing a region of collection of the minority carriers to the substrate or
power supply electrodes, “collecting” the minority carrier via a metallurgical

junction or electrical connection; and
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- Providing a region of heavy doping concentration to increase the
recombination within the parasitic, “capturing” the minority carrier via

electron-hole pair recombination.

In external latchup, the guard ring provides electrical isolation between a first and second
region; the role of the guard ring is not to minimize the electrical coupling between the local
PNP and the NPN transistor but serve as the role of prevention of injection mechanisms
traverse from a first to a second region. In this case, the guard ring lowers the minority

carrier injection from an exterior region into the circuit region of interest.

FIG. 1 shows a semiconductor structure in accordance with a first aspect of the invention.
Specifically, FIG. 1 shows a structure generally depicted at reference numeral 10. The
structure 10, in one embodiment, is a Pfet 100 sitting in a N-well 105. Those of skill in the
art should understand that the present invention is equally applicable to NMOS and CMOS
structures, and that the present invention should not be limited to a Pfet. Also, the present
invention is discussed with reference to a Pfet structure only for ease of explanation, and as

such, this should not be construed as a limiting feature of the present invention.

Referring to FIG. 1, the Pfet 100 can be any P+ diffusion in an N-well. For example, the P+
diffusion can be a P+ diode, a decoupling capacitor, a PNP, e.g., a thyristor (also known as a
silicon controlled rectifier (SCR), or any P+ shape device that causes a parasitic PNP with
the substrate 110. In embodiments, the substrate 110 is a P- substrate. In the case of a

NMOS structure, an Nfet can be any N— diffusion.

As further shown in FIG. 1, a through wafer via guard ring 115 surrounds or partially
surrounds the structure 10. The through wafer via guard ring 115 provides protection, e.g., a
barrier or isolation, to the structure 10 from external sources. The through wafer via
structures can be a single side, two sides, three sides or four sides. The through wafer via
barrier is not limited to Cartesian coordinates, but can be any polygon, arc or circular

structure.

In embodiments, the guard ring 115 is formed from the backside of the substrate 110 using
conventional etching processes, ¢.g., reactive ion etching (RIE). More specifically, after
standard device formation, a mask can be placed on the top of the structure, the structure

then flipped over and a via is etched through the substrate using conventional lithography
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and etching processes. After the etching process, the via can be filled with different
materials, depending on the particular application. These materials can be a refractory
metal, aluminum, an insulator, or a metal material with an insulator liner. In embodiments,
the via can also be left empty, i.e., not filled. The structure is then polished using

conventional polishing techniques such as, for example, chemical mechanical polishing.

The guard ring 115 can be formed in many different locations, according to aspects of the
invention. For example, the guard ring 115 can completely surround the structure 10, or can
partially surround the structure 10. In the case of partially surrounding the structure, the
guard ring 115 would also be known as a guard structure. For example, in the latter
embodiment, the guard ring 115 can be arranged on one, two or three sides of the structure
10. In further embodiments, the guard ring 115 can be of different shapes such as, for

example, an arc shape or several overlapping arc shapes.

The guard ring(s) 115 provides a barrier or isolation structure to the structure 10 from
external sources depicted at reference numeral 120. These external sources 120 can be, for
example, from other devices, from alpha particles, cosmic rays, noise, cable discharge
events, heavy ions, or any single event latchup, to name a few. As further examples, the
guard ring 115 can prevent injection from a second source such as, for example, sub circuits,
ESD devices, high voltage logic and the like. In operation, for example, when the guard ring
115 is composed of a metal material, for example, the external source will contact the metal
and sink to the substrate. In other embodiments, minority carriers can recombine at the
metal surface similar to a Schottky barrier. Also, the guard ring 115 can act as a blocking

source, preventing the external source of even entering conducting with the guard ring 115.

FIG. 2 shows a semiconductor structure in accordance with a second aspect of the invention.
In FIG. 2, a CMOS structure 125 is shown constrained by the guard ring 115. The CMOS
structure 125 includes an Nfet 130 and a Pfet 100. As thus shown, the Nfet 130 and a Pfet
100 can be core logic circuits constrained in a physical location by the guard ring 115.
Similar to the embodiment shown in FIG. 1, the Pfet 100 can be any P+ diffusion in a N-
well. For example, the P+ diffusion can be a P+ diode, a decoupling capacitor, a PNP, ¢.g., a
thyristor , or any P+ shape device that causes a parasitic PNP with the substrate 110. In

embodiments, the substrate 110 is a P- substrate.
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Similar to that discussed with reference to FIG. 1, the guard ring 115 is formed from the
backside of the substrate 110 using conventional etching processes, €.g., reactive ion etching
(RIE). More specifically, after standard device formation of the CMOS device, a mask can
be placed on the top of the structure, the structure then flipped over and a via is etched
through the substrate using conventional lithography and etching processes. The via can be
filled with refractory metal, aluminum, an insulator, or a metal material with an insulator
liner, to name a few different combinations. In embodiments, the via can also be left empty,
i.e., not filled. The structure is then polished using conventional polishing techniques such

as, for example, chemical mechanical polishing.

The guard ring 115 can be formed in many different locations such as, for example,
completely or partially surrounding the CMOS structure 125. In the case of partially
surrounding the structure, the guard ring would also be known as a guard structure, and can
be arranged on one, two or three sides of the CMOS structure 125. In further embodiments,
the guard ring 115 can be of different shapes such as, for example, an arc shape or several

overlapping arc shapes.

In the embodiment of FIG. 2, the guard ring(s) 115 can prevent latchup of the CMOS
resulting from a minority injection source. For example, the guard ring(s) 115 can isolate
the CMOS structure from a high voltage device. In one example, the high voltage device
can be approximately 2.3 to 2.5 volt logic that would disrupt the Pfet that is a low voltage,

e.g., 1.8 volt, device.
DESIGN STRUCTURE

FIG. 3 shows a block diagram of an exemplary design flow 900 used for example, in
semiconductor IC logic design, simulation, test, layout, and manufacture. Design flow 900
includes processes and mechanisms for processing design structures to generate logically or
otherwise functionally equivalent representations of the embodiments of the invention
shown in FIGS. 1 and 2. The design structures processed and/or generated by design flow
900 may be encoded on machine-readable transmission or storage media to include data
and/or instructions that when executed or otherwise processed on a data processing system
generate a logically, structurally, or otherwise functionally equivalent representation of

hardware components, circuits, devices, or systems.
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FIG. 3 illustrates multiple such design structures including an input design structure 920 that
is preferably processed by a design process 910. Design structure 920 may be a logical
simulation design structure generated and processed by design process 910 to produce a
logically equivalent functional representation of a hardware device. Design structure 920
may also or alternatively comprise data and/or program instructions that when processed by
design process 910, generate a functional representation of the physical structure of a
hardware device. Whether representing functional and/or structural design features, design
structure 920 may be generated using electronic computer-aided design (ECAD) such as
implemented by a core developer/designer. When encoded on a machine-readable data
transmission or storage medium, design structure 920 may be accessed and processed by one
or more hardware and/or software modules within design process 910 to simulate or
otherwise functionally represent an electronic component, circuit, electronic or logic module,
apparatus, device, or system such as those shown in FIGS. 1 and 2. As such, design
structure 920 may comprise files or other data structures including human and/or machine-
readable source code, compiled structures, and computer-executable code structures that
when processed by a design or simulation data processing system, functionally simulate or
otherwise represent circuits or other levels of hardware logic design. Such data structures
may include hardware-description language (HDL) design entities or other data structures
conforming to and/or compatible with lower-level HDL design languages such as Verilog

and VHDL, and/or higher level design languages such as C or C++.

Design process 910 preferably employs and incorporates hardware and/or software modules
for synthesizing, translating, or otherwise processing a design/simulation functional
equivalent of the components, circuits, devices, or logic structures shown in FIGS. 1 and 2
to generate a netlist 980 which may contain design structures such as design structure 920.
Netlist 980 may comprise, for example, compiled or otherwise processed data structures
representing a list of wires, discrete components, logic gates, control circuits, I/O devices,
models, etc. that describes the connections to other elements and circuits in an integrated
circuit design. Netlist 980 may be synthesized using an iterative process in which netlist 980
is resynthesized one or more times depending on design specifications and parameters for
the device. As with other design structure types described herein, netlist 980 may be
recorded on a machine-readable data storage medium. The medium may be a non-volatile

storage medium such as a magnetic or optical disk drive, a compact flash, or other flash
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memory. Additionally, or in the alternative, the medium may be a system or cache memory,
buffer space, or electrically or optically conductive devices and materials on which data
packets may be transmitted and intermediately stored via the Internet, or other networking

suitable means.

Design process 910 may include hardware and software modules for processing a variety of
input data structure types including netlist 980. Such data structure types may reside, for
example, within library elements 930 and include a set of commonly used elements, circuits,
and devices, including models, layouts, and symbolic representations, for a given
manufacturing technology (e.g., different technology nodes, 32nm, 45 nm, 90 nm, etc.). The
data structure types may further include design specifications 940, characterization data 950,
verification data 960, design rules 970, and test data files 985 which may include input test
patterns, output test results, and other testing information. Design process 910 may further
include modules for performing standard circuit design processes such as timing analysis,

verification, design rule checking, place and route operations, etc.

Design process 910 employs and incorporates well-known logic and physical design tools
such as HDL compilers and simulation model build tools to process design structure 920
together with some or all of the depicted supporting data structures to generate a second
design structure 990. Similar to design structure 920, design structure 990 preferably
comprises one or more files, data structures, or other computer-encoded data or instructions
that reside on transmission or data storage media and that when processed by an ECAD
system generate a logically or otherwise functionally equivalent form of one or more of the
embodiments of the invention shown in FIGS. 1 and 2. In one embodiment, design structure
990 may comprise a compiled, executable HDL simulation model that functionally simulates

the devices shown in FIGS. 1 and 2.

Design structure 990 may also employ a data format used for the exchange of layout data of
integrated circuits and/or symbolic data format (e.g. information stored in a GDSII (GDS2),
GL1, OASIS, map files, or any other suitable format for storing such design data structures).
Design structure 990 may comprise information such as, for example, symbolic data, map
files, test data files, design content files, manufacturing data, layout parameters, wires, levels
of metal, vias, shapes, data for routing through the manufacturing line, and any other data

processed by semiconductor manufacturing tools to fabricate embodiments of the invention
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as shown in FIGS. 1 and 2. Design structure 990 may then proceed to a stage 995 where, for
example, design structure 990: proceeds to tape-out, is released to manufacturing, is released

to a mask house, is sent to another design house, is sent back to the customer, etc.

The method as described above is used in the fabrication of integrated circuit chips. The
resulting integrated circuit chips can be distributed by the fabricator in raw wafer form (that
1S, as a single wafer that has multiple unpackaged chips), as a bare die, or in a packaged
form. In the latter case the chip is mounted in a single chip package (such as a plastic
carrier, with leads that are affixed to a motherboard or other higher level carrier) or in a
multichip package (such as a ceramic carrier that has either or both surface interconnections
or buried interconnections). In any case the chip is then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as part of either (a) an intermediate
product, such as a motherboard, or (b) an end product. The end product can be any product

that includes integrated circuit chips.

The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of the invention. As used herein, the singular forms "a",
"an" and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms "comprises” and/or
"comprising," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,

and/or groups thereof.

The corresponding structures, materials, acts, and equivalents of all means or step plus
function elements, if any, in the claims below are intended to include any structure, material,
or act for performing the function in combination with other claimed elements as specifically
claimed. The description of the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaustive or limited to the invention in
the form disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit of the invention. The
embodiments were chosen and described in order to best explain the principles of the

invention and the practical application, and to enable others of ordinary skill in the art to
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understand the invention for various embodiments with various modifications as are suited

to the particular use contemplated.
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CLAIMS

1. A method of manufacturing a semiconductor structure, comprising:

forming a latchup sensitive structure;

masking the latchup sensitive structure;

flipping the latchup sensitive structure and substrate to gain access to an underside
thereof; and

etching a trough via through the substrate and adjacent the latchup sensitive structure
using lithography and etching to isolate the latchup sensitive structure from at least an

external source.

2. The method of claim 1, wherein the trough via is filled with a metal material,

refractory material, an insulator, or a metal material with an insulator liner.

3. The method of claim 1, wherein the latchup sensitive structure is a P+ diffusion
structure.

4. The method of claim 1, wherein the latchup sensitive structure is a CMOS structure.
5. The method of claim 1, wherein the latchup sensitive structure is a N+ diffusion
structure.

6. The method of claim 1, wherein the latchup sensitive structure is bounded by the

through wafer via to prevent parasitic carriers from being injected into the latchup sensitive

structure.

7. The method of claim 1, wherein the through wafer via is etched to entirely surround

the latchup sensitive structure.

8. A method of forming a structure, comprising;:

forming at least a P+ diffusion structure that is sensitive to latchup; and
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forming a guard ring structure bounding the P+ diffusion structure to isolate the P+

diffusion structure from external sources.

9. The method of claim 8, wherein the guard ring structure completely surrounds the P+
diffusion structure and is filled with metal, refractory material, an insulator or a metal lined

with an insulator.

10.  The method of claim 8, further comprising forming at least a N- diffusion structure

that is sensitive to latchup and which is bounded by the guard ring structure.

11. A structure, comprising:
a latchup sensitive structure; and
a through wafer via structure bounding the latch-up sensitive structure to prevent

parasitic carriers from being injected into the latch-up sensitive structure.

12.  The structure of claim 11, wherein the latchup sensitive structure is a P+ diffusion
structure.

13.  The structure of claim 11, wherein the latchup sensitive structure is a CMOS
structure.

14.  The structure of claim 11, wherein the latchup sensitive structure is an N+ diffusion
structure.

15.  The structure of claim 11, wherein the through wafer via isolates the latchup

sensitive structure from an external source.

16.  The structure of claim 11, wherein the through wafer via is filled with one of: a

refractory material, a metal, an insulator and a metal material lined with an insulator.

17. The structure of claim 11, wherein the through wafer via completely surrounds the

latchup sensitive structure.
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18.  The structure of claim 11, wherein the through wafer via partially surrounds the
latchup sensitive structure.
19.  The structure of claim 11, wherein the through wafer via is a guard ring structure that

prevents latchup resulting from a minority injection source.

20. A structure comprising:
a latchup sensitive structure; and
a guard ring that bounds the latchup sensitive structure to isolate the latchup sensitive

structure from an external source.

21.  The structure of claim 20, wherein the latchup sensitive structure is one of a CMOS,

PMOS and NMOS device.

22.  The structure of claim 20, wherein the guard ring is one of a metal material, a

refractory material, an insulator, a metal lined with an insulator or devoid of material.

23.  The structure of claim 20, wherein the guard ring completely surrounds the latchup

sensitive structure.

24.  The structure of claim 20, wherein the guard ring is structured to protect the latchup

sensitive structure from a high voltage external source.

25. A design structure embodied in a machine readable medium for designing,
manufacturing, or testing an integrated circuit, the design structure comprising a latchup
sensitive structure, and a guard ring that bounds the latchup sensitive structure to isolate the

latchup sensitive structure from an external source.



WO 2010/108813 PCT/EP2010/053308

1/3

O 1o

)

100
105

N
N
9
e ©
| =
i
N
0 —
=
|:| n O
o =
o
=
po—
po—

11




WO 2010/108813 PCT/EP2010/053308

2/3

/115

) \
— v
~ N S
\ o A’/
|:| (@\]
& @
Qe =
J E
= 2
S E =lE
el :
v [}
N ]

—

éﬂ)
| G



WO 2010/108813 PCT/EP2010/053308

3/3

900
|

\_\

- 920 | |
940
|
|

980 . l I >

960

990

L

995

FI1G. 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/053308

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L27/092
ADD .

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOIL

Minimum documentation searched (classification system followed by ciassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, IBM-TDB, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 0 460 861 A2 (CANON KK [JP]) 1,2,4-6,
11 December 1991 (1991-12-11) 11,
13-16,
18,19
Y abstract; claims; figure 4 7,9,17,
page 3, line 40 - line 42 22
page 5, line 12 - line 15
page 5, line 35 - line 39
X US 7 498 622 B1 (CHAPMAN PHILLIP FRANCIS 1-6,
[US] ET AL) 3 March 2009 (2009-03-03) 11-16,
18,19
Y abstract; claims; figure 3 7,9,17,
column 1, line 12 - line 23 22
-/—

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

wpo

nye

wyn

g

later document published after the intemnational filing date
or priority date and not in conilict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

20 May 2010

Date of mailing of the intemational search report

28/05/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL -.2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Wirner, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

-1 International application No

PCT/EP2010/053308

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

abstract; claims; figure 7
column 7, line 31 - line 47
column 7, line 57 - line 65

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 278 181 B1 (MALEY READING G [US]) 1,2,6,
21 August 2001 (2001-08-21) 11,15,
16,18,
19,25
Y abstract; claims; figure 6 7,9,17,
column 5, line 61 - column 6, line 7 22
column 8, 1ine 17 - Tine 38
column 8, line 56 - line 63
column 9, line 27 - line 36
X JP 2007 150046 A (DENSO CORP) 1,2,6,
14 June 2007 (2007-06-14) 11,15,
16,18,19
Y abstract; claims; figure 1 7,9,17,
22
X JP 01 050555 A (NEC CORP) 1,4-6,
27 February 1989 (1989-02-27) 11,
13-15,
18,19
Y abstract; claims; figures 7,9,17,
22
X US 5 828 110 A (WOLLESEN DONALD L [UST) 8,10,20,
27 October 1998 (1998-10-27) 21,23-25
Y abstract; claims; figures 10,11 7,9,17,
column 1, Tine 9 - line 11 22
column 2, line 26 - 1line 31
column 6, line 27 - line 43
X JP 63 002370 A (NISSAN MOTOR) 8,20,21,
7 January 1988 (1988-01-07) 24
abstract; claims; figure 1
X US 6 583 470 B1 (MAKI GARY K [US] ET AL) 8,20,21,
24 June 2003 (2003-06-24) 24

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internationatl application No

PCT/EP2010/053308
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0460861 A2 11-12-1991 AT 205963 T 15-10-2001
DE 69132730 D1 25-10-2001
DE 69132730 T2 04-07-2002
SG 46606 Al 20-02-1998
us 5200639 A 06-04-1993
US 7498622 Bl 03-03-2009  NONE
US 6278181 Bl 21-08-2001 NONE
JP 2007150046 A 14-06-2007  NONE
JP 1050555 | A 27-02-1989  NONE
UusS 5828110 A 27-10-1998  NONE
_ JP 63002370 A 07-01-1988 US 4805008 A 14-02-1989
US 6583470 Bl 24-06-2003  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

