wo 2017/132616 A1 [N I 0000 0 0 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/132616 Al

3 August 2017 (03.08.2017) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO04N 5/376 (2011.01) HO04N 5/32 (2006.01) kind of national protection available): AE, AG, AL, AM,
HO04N 5/367 (2011.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Tnt tional Apolication Number BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2017/015502 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(22) International Filing Date: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
27 January 2017 (27.01.2017) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
. NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(25) Filing Language: English RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(26) Publication Language: English TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, M, ZW.
(30) Priority Data: . L
15/007,312 27 January 2016 (27012016) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: VAREX IMAGING CORPORATION GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
[US/US]; Legal/IP Department, 1678 South Pioneer Road, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Salt Lake City, Utah 84104-4205 (US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
, . DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) {;Zﬁngtz&zR(%g)S’ Pieter; 1849 E Gracey Lane, Sandy, LV. MC., MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK.
’ SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
(74) Agent: DAVID, Wilding; Varex Imaging Corporation, GW, KM, ML, MR, NE, SN, TD, TG).
Legal/IP Department, 1678 South Pioneer Road, Salt Lake Published:

City, Utah 84104-4205 (US).

with international search report (Art. 21(3))

(54) Title: MATRIX TYPE INTEGRATED CIRCUIT WITH FAULT ISOLATION CAPABILITY

I
I
}Re
I

338A 332A

336A

338B 332B

336B

(57) Abstract: Technology is described for

338N selectively disconnecting a communal

332N
336N

308 —y

Cell Elerment Cell Element Cell Element module (e.g., horizontal power and signal
3104 310E 310N it .
Power 3124 Power 312E cee Power 312N distribution network) from conductive
Control 314A —14 Control 314E —4 Control 314N —1+4 .
Rof 3164 | Ref 3168 || Roraton 1 traces (e.g., vertical columns) that are
Output 3164 — Output 318E |— Output 318N |— coupled to cell elements. In one example, a
. . . . . . e
: : .. : mairix type integrated circuit includes a
Cell Element Cell Element Cell Element two dimensional (2D) array Of cell ele_
310M 3100 310X . .
Power 312M Power 3120 coe Power 312X ments, a plurality of conductive traces, a
Control 314M — Control 3140 |—11 Control 314X —11¢ .
Ref 316M [— Ref 3160 [— Ref 316X [ communal module, and a plurahty of
Outaut S18M ) Qutput 1307 Qutput S18X switches. Each cell element in the 2D array
O Oo0— O— . . . . .
Fault Detector 370A] — | [Fault Detector 3708 — Fault Detector 370N — provides a similar function. The plurality
Power 372A Power 372B Power 372N 1 1 1 -
Control 374A —— Control 374BH—1 soe Control 374N ——1 Of COnduCthe .traces 18 subStantlally paral
Ref 376A Ref 3768 Ref 376N | lel to a first axis of the 2D array. Each con-
Status 378A Status 378B Status 378N . . . .
S A S B g I N A e A S D ductive trace is coupled to a conductive in-
| I | .
v l:f [f w0n | v 1:7“ ﬁ’ U0 (o 0e v lj? [75’ soni terconnect of cell elements adjacent to the
S =t :,1,1::1, ,,,,;:,ff,i—::: ,,,,,,,,,,,, ik ,1:“ conductive trace. The communal module is
Power D!s(r!but\on 322= T T I . . . .
Control Distribution 324 = configured to provide distribution of at

ference Distribution 326

Communal Module 320

least one electrical signal to the cell ele-

ments in the 2D array via at least two con-

5o Faut 99 & column
Disable o & & C°'7'?f" Status = roess 2 Status bit
Logic —roeweZ ON/OI 380 22 2 selection
%0 28 g control FIG.9 =2 2
oW b w n 2
88 2 ww
55 2 8B 8
>0z >0 Z
Programming Port 366 C3—] Program in 364 Status Data Qut 388 03 Status out 384 Col select 386

ductive traces that are substantially parallel
to the first axis.

= Column Select 390




WO 2017/132616 PCT/US2017/015502

MATRIX TYPE INTEGRATED CIRCUIT WITH FAULT ISOLATION CAPABILITY

BACKGROUND

[001] Unless otherwise indicated herein, the approaches described in this section are not prior
art to the claims in this disclosure and are not admitted to be prior art by inclusion in this section.
[002] Typically, an image sensor includes an array of pixel elements fabricated as an integrated
circuit (IC) on a semiconductor substrate, such as silicon wafer. Very-large-scale integration
(VLS]) is the process of creating an IC by combining thousands of transistors and other circuit
elements into a single chip or die. The wafer serves as the substrate for microelectronic devices
(e.g., image sensors) built in and over the wafer and undergoes many microfabrication process
steps such as doping or ion implantation, etching, deposition of various materials, and
photolithographic patterning. After the wafer is processed, the individual microcircuits or dies
are separated (e.g., using wafer dicing) and packaged. The semiconductor wafer can include a
number of dies. For example, a 300 millimeter (mm) (130) wafer (100) (i.e., 11.811 inches [’]
or approximately [~] 12”) can include 148 - 20 mm (132) square dies (110), as shown in FIG.1.
Dies typically refer to ICs prior to being packaged and encased in a supporting case (e.g., plastic)
that prevents physical damage and corrosion. Chips typically refer to ICs after being packaged
(or assembled) that include electrical leads that allow the ICs to be coupled to other electronic
components.

[003] A conventional image sensor has a relatively small die size (e.g., less than [<] 5x 5
centimeters [cm]) and includes a two dimensional (2D) array of sensor elements (or pixels) that
perform a similar function. Very large area complementary metal-oxide—semiconductor
(CMOS) image sensors (e.g., greater than or equal to [>] 5 x 5 cm) can provide improved
imaging performance over conventional image sensor for some scenarios, such as medical
imaging (e.g., Xx-ray imaging), as well as in other high end imaging applications in astronomy,
cinematography, and other scientific imaging. The very large area CMOS image sensors are at
least an order of magnitude (10x) larger than devices for which conventional CMOS imager

manufacturing processes have been developed. CMOS imager manufacturing processes often
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rely on know-how developed for silicon wafer based semiconductor chip manufacturing, where
rectangular dies used in chips are conventionally in the 1 to 25 mm size range. Thus, very large
area CMOS image sensors are well outside the chip size range conventionally used by the
semiconductor manufacturing technology field. The technology (circuitry, devices, and
methods) described herein provides improvements in very large area CMOS image sensor circuit

designs as well as conventional image sensors.

BRIEF SUMMARY OF SOME EXAMPLE EMBODIMENTS

[004] In standard manufacturing processes, it is common to have a number of fatal defects per
wafer due to material and process variations along with contaminants. Such defects can include
semiconductor crystal defects causing faulty devices or short circuits between metal conductors.
The some defects may render the chip candidates defective or non-conforming, which are
typically considered acceptable, because each wafer contains a large number of chip candidates
and the loss of a few of these candidates, due to defects, is minimal and factored into the yield
and cost of fabricating conforming chips. The yield refers to the number of conforming chips
divided by the total number of candidate chips.

[005] This number of fatal defects (i.e., causing non-conforming chips) however not acceptable
for very large sensors (e.g., > 5 x 5 cm), where a wafer may contain only one or very few
individual candidate chips. For example, a single short circuit (e.g. between two power supply
conductors) on a wafer with only one candidate chip may render the whole wafer as scrap. As a
result, a near zero yield of conforming chips may be a likely outcome using conventional
semiconductor manufacturing processes and designs.

[006] Components can be added to circuitry or steps taken to reduce the number of wafer
defects causing fatal device failures. In one embodiment, a matrix type integrated circuit
includes a two dimensional (2D) array of cell elements, a plurality of conductive traces, a
communal module, and a plurality of switches. Each cell element in the 2D array provides a
similar function (e.g., pixel detector element, pixel image element, pixel display element, or

memory element). The plurality of conductive traces is substantially parallel to a first axis (e.g.,
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y-axis) of the 2D array (e.g., arranged in columns). Each conductive trace is coupled to a
conductive interconnect (e.g., horizontal trace) of cell elements adjacent to the conductive trace.
The communal module is configured to provide distribution of at least one electrical signal to the
cell elements in the 2D array via at least two conductive traces that are substantially parallel to
the first axis (e.g., in a column).

[007] In an example, the matrix integrated circuit is a complementary metal-oxide—
semiconductor (CMOS) image sensor and each cell element includes a photodiode for a pixel.
The CMOS image sensor can be an X-ray image sensor that includes a scintillator layer that
coverts radiation into light photons for the photodiodes. In another example, the matrix
integrated circuit is an x-ray image sensor and each cell element includes a photoconductor
material which can convert x-ray radiation or x-ray photons directly to electrical charges in a
direct detection scheme.

[008] In another example, the first axis is a y-axis and the plurality of conductive traces couple
cell elements in columns. Or alternately, the first axis can be an x-axis and the plurality of
conductive traces couple cell elements in rows.

[009] Each of the switches can include tri-state logic or an enable buffer. In another example,
each of the switches can include fusible links.

[010] In a configuration, a length of each of the at least two of the plurality of conductive traces
extends beyond a reticle boundary. In another configuration, a length of each of the at least two
of the plurality of conductive traces is greater than 50 mm (e.g., extending over into at least two
reticle areas).

[011] The plurality of conductive traces can provide different types of electrical signals, such as
power signals, digital signals, and analog signals. In an example, the plurality of conductive
traces include at least one power trace, at least one digital signal trace, and at least one analog
signal trace coupled to each cell element. The communal module is configured to provide
distribution of a power signal to the cell elements in the 2D array via the at least one power trace,
and a control signal to the cell elements in the 2D array via the at least one digital signal trace,

and a reference signal to the cell elements in the 2D array via the at least one analog signal trace.
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The plurality of switches includes at least one power switch, at least one control switch, and at
least one reference switch. The plurality of switches is controlled by an enable signal. The at
least one power switch is coupled to the at least one power trace, the at least one control switch is
coupled to the at least one digital signal trace, and the at least one reference switch is coupled to
the at least one analog signal trace.

[012] In a configuration, the matrix type integrated circuit includes disable logic to selectively
disable the plurality of switches. The disable logic includes a programming port (e.g.,
programming input or pin) that allows external access to the matrix type integrated circuit for
programming the disable logic. The disable logic can include a serial control register, a shift
register, an address register, a programmable read-only memory (PROM), a non-volatile
random-access memory (NVRAM), or combinations of these circuit elements.

[013] In another configuration, the matrix type integrated circuit includes a plurality of fault
detectors. Each fault detector is coupled to at least one of the plurality of conductive traces (e.g.,
in a column) and is configured to detect a fault condition on the coupled conductive traces and
generate a fault status signal when the fault condition occurs. In an example, each fault detector
includes a current sense amplifier. The fault condition can include an excessive supply current
on at least one of the conductive traces, a short circuit between at least two of the conductive
traces, or combinations of these conditions.

[014] In another example, the matrix type integrated circuit includes a fault status module
coupled to the plurality of the fault detectors. The fault status module is configured to capture
the fault status signal for each fault detected by the fault detectors. The fault status module
includes a status port (e.g., selection input/pin or status data output/pin) that allows external
access to the matrix type integrated circuit for reading the captured fault status of the fault
detectors. The fault status module can include a serial register, a shift register, a multiplexer, a
NVRAM (e.g., flash memory), or combinations of these circuit elements. In a configuration, the
fault status module includes a fault detector selector input to read the fault status signal of a

specified fault detector from the status port.
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[015] In another example, the matrix type integrated circuit includes disable logic and an
automatic fault isolator. The disable logic is configured to selectively disable the plurality of
switches. The disable logic also includes an internal programming input. The automatic fault
isolator configured to program the disable logic via the internal programming input based on the
fault status signal for each fault detector obtained by the fault status module. The automatic fault
isolator includes a field-programmable gate array (FPGA), a state machine, a microprocessor, or
combinations of these circuit elements. In a configuration, the automatic fault isolator includes a
fault detector selector output, a fault status input, and a disable logic program output. The fault
detector selector output is coupled to a fault detector selector input of the fault status module that
is configured for selecting a specified fault detector. The fault status input is coupled to the
status port of the fault status module that is configured for reading the fault status signal of the
specified fault detector. The disable logic program output is coupled to the internal
programming input of the disable logic to selectively disable the plurality of switches based on
the fault conditions detected by the plurality of fault detectors. In another configuration, the
automatic fault isolator includes a programming port (e.g., programming input or pin) that allows
external access to the matrix type integrated circuit for programming the automatic fault isolator.
[016] Another example provides a method of selectively disabling a plurality of switches
coupled to a communal module for a matrix type integrated circuit. The method includes the
operation of fabricating or providing a 2D array of cell elements that includes a plurality of
conductive traces, a communal module, and a plurality of switches. The plurality of conductive
traces is substantially parallel to a first axis (e.g., y-axis) of the 2D array. Each conductive trace
is coupled to a conductive interconnect of cell elements adjacent to the conductive trace. Each
cell element provides a similar function (e.g., pixel image element, pixel display element, or
memory element). The communal module is configured to provide distribution of electrical
signals to the cell elements in the 2D array via at least two conductive traces that are
substantially parallel to the first axis. Each switch in the plurality of switches is configured to

selectively disconnect the communal module from one of the conductive traces. The next
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operation of the method can include selectively disabling the plurality of switches coupled to the
communal module from at least one of the conductive traces.

[017] In another example, the method can further include detecting a fault condition on at least
one of the conductive traces using a plurality of fault detectors. Each fault detector is coupled to
at least one of the plurality of conductive traces. The next operation of the method includes
generating a fault status signal when the fault condition occurs. The method can further include,
using a fault status module, registering a fault status bit for each fault detector generating the
fault status signal. The fault condition can include an excessive supply current on at least one of
the conductive traces, a short circuit between at least two of the conductive traces, or
combinations of these conditions.

[018] In another example, the method can further include, based on the fault status signals from
the plurality of fault detectors, automatically programming selected switches to disable the
communal module from the conductive traces.

[019] In another embodiment, a matrix type integrated circuit includes a 2D array of cell
elements, a plurality of vertical traces, a communal module, and a plurality of switches. The 2D
array of cell elements is arranged in vertical columns and horizontal rows. Each cell element
provides a similar function. The plurality of vertical traces is arranged in each column of the 2D
array. Each vertical trace is coupled to a conductive interconnect of cell elements within each
column. The communal module configured to provide distribution of electrical signals to the
cell elements in the 2D array via at least two vertical traces for each column. Each switch in the
plurality of switches is configured to selectively disconnect the communal module from one of
the vertical traces.

[020] The summary provided above is illustrative and is not intended to be in any way limiting.
In addition to the examples described above, further aspects, features, and advantages of the
invention will be made apparent by reference to the drawings, the following detailed description,

and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[021] FIG. 1 illustrates a block diagram of an example 300 mm semiconductor wafer including
a number of 20 mm square dies.

[022] FIG. 2 illustrates a block diagram of an example 300 mm semiconductor wafer including
a number of 40 mm square dies.

[023] FIG. 3 illustrates a block diagram of an example 300 mm semiconductor wafer including
a 5 mm square dies using a 20 mm square reticle.

[024] FIG. 4 illustrates a block diagram of an example 300 mm semiconductor wafer including
a 200 mm square die using a 20 mm square reticle.

[025] FIG. 5 illustrates an expanded view of an example reticle boundary.

[026] FIG. 6 illustrates a schematic diagram of an example 4 x 4 array of cell elements
including switches coupling a communal module to cell elements via column conductors.

[027] FIG. 7 illustrates a schematic diagram of an example two dimensional (2D) array of cell
elements including switches coupling a communal module to cell elements via column
conductors.

[028] FIG. 8 illustrates a schematic diagram of an example 2D array of cell elements including
disable logic for controlling switches coupling a communal module to cell elements via column
conductors.

[029] FIG. 9 illustrates a schematic diagram of an example 2D array of cell elements including
fault detectors and disable logic for controlling switches coupling a communal module to cell
elements via column conductors.

[030] FIG. 10 illustrates a schematic diagram of an example 2D array of cell elements
including fault detectors, an automatic fault isolator, and disable logic for controlling switches
coupling a communal module to cell elements via column conductors.

[031] FIG. 11 illustrates a schematic diagram of an example imaging cell element for an array.
[032] FIG. 12 illustrates a schematic diagram of another example imaging cell element for an
array.

[033] FIG. 13 illustrates a side view of layers in an example x-ray detector element in an x-ray

detector array.
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[034] FIG. 14 illustrates a schematic diagram of an example six transistor static random-access
memory (SRAM) cell element for an array.
[035] FIG. 15 is flowchart illustrating an example of a method of selectively disabling a

plurality of switches coupled to a communal module for a matrix type integrated circuit.

DETAILED DESCRIPTION OF SOME EXAMPLE EMBODIMENTS

[036] Before any embodiments of the invention are explained in detail, it is to be understood
that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Numbers provided in flow charts and processes are provided for
clarity in illustrating steps and operations and do not necessarily indicate a particular order or
sequence. Unless otherwise defined, the term “or” can refer to a choice of alternatives (e.g., a
disjunction operator, or an exclusive or) or a combination of the alternatives (e.g., a conjunction
operator, and/or, a logical or, or a Boolean OR).

[037] Disclosed embodiments relate generally to very large area complementary metal-oxide—
semiconductor (CMOS) matrix type integrated circuits and, more particularly, to distributing
power, control, and reference signals and methods for detecting faults in the matrix type
integrated circuit and disabling these distributed signals.

[038] CMOS is a technology for constructing integrated circuits (ICs) that uses complementary
and symmetrical pairs of p-type and n-type metal oxide semiconductor field effect transistors
(MOSFETs) for logic functions. CMOS devices do not consume as much energy (e.g., produce
as much waste heat) as other forms of logic, for example transistor—transistor logic (TTL) or N-
type metal-oxide-semiconductor (NMOS) logic, which normally have some standing current
even when the device is not changing state.

[039] FIG. 1 illustrates an example semiconductor wafer 100 with a 300 mm diameter 130.
Wafers can have various diameters, such as 300 mm, 200 mm, 150 mm, 125 mm, and 100 mm.

The maximum number of dies a wafer can generate depends on the wafer diameter and the
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dimensions of the dies. For example, a 300 mm wafer 100 can generate 148 — 20 mm square
dies 110. Conventionally, each die is designed to operate as a separate functional circuit that
may be individually package or coupled to other electrical components and circuits. As
discussed previously, due to inherent material and process variations along with contaminants all
the fabricated dies or chip candidates do not typically result in functional or conforming circuits.
A few chip candidates can have defects that are severe enough that the circuit of those chips will
not perform within the chip’s requirements (e.g., maximum allowed current) and may even affect
other areas of the chip or coupled circuits. A fatal defect is a defect that results in a chip that
does not perform within the chip’s requirements, referred to as a non-conforming chip or die
112. FIG. 1 illustrates a wafer with 6 non-conforming dies 112.

[040] Conventionally, the process of fabricating integrated circuits on dies involves using
photolithography to transfer a geometric pattern from a photomask or reticle to a light-sensitive
chemical photoresist (or simply resist) on a substrate (e.g., wafer). The photomask or reticle is
an opaque plate with holes or transparencies that allow light to shine through in a defined
pattern. A series of different reticles along with doping, ion implantation, etching, and
deposition may be used to fabricate the integrated circuits. The feature size of the integrated
circuits is typically determined by the reticle, light wavelength of the light source for the reticle,
photoresist, time of exposure, and etching processes. Some reticles can be used to fabricate
features that are less than 50 nm. Conventionally, reticles are smaller than wafers. For example,
a wafer 100 can have a 300 mm diameter and a reticle area 120 that is 20 x 20 mm, as shown in
FIG. 1. Current technology for producing relatively small features (<200 nm width) has reticle
dimensions up to 50 mm (e.g., 40 x 40 mm). A stepper is used to duplicate the image of the
reticle over the entire wafer. The stepper is a device used in the manufacture of ICs that is
similar in operation to a slide projector or a photographic enlarger. The die can be smaller, a
similar size, or larger than the reticle area. FIG. 1 illustrates a reticle area 120 with a similar size
to a die 110. Although dies and reticles are shown as squares for simplicity of illustration, the
dies and reticles can also be rectangular or any geometric shape. Reticles are typically

rectangular to maximize the area of the wafer.
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[041] FIG. 2 illustrates an example semiconductor wafer 100 with a 300 mm diameter 130 and
32 — 40 mm 134 square dies 114. The reticle area 122 has a similar size to a die 114. FIG. 3
illustrates an example semiconductor wafer 100 with a 300 mm diameter and multiple 5 mm
square dies 116. The reticle area 124 is larger than the dies 116. In FIG. 3, the 20 x 20 mm
reticles are used to fabricate 16 — 5 x 5 mm dies 116 per reticle area.

[042] FIG. 4 illustrates an example semiconductor wafer 100 with a 300 mm diameter and a
single 200 mm square die 118. The reticle area 126 is smaller than the die 118. When the die is
a similar size or smaller than the reticle area, the reticle boundary 128 between reticle areas is
typically cut during wafer dicing using a saw or a laser or otherwise unused in circuit
functionality and operation. When the reticle area 126 is smaller than the die 118, electrical
conductors (e.g., aluminum, gold, copper, or poly silicon) or traces can extend across the reticle
boundary 128 and can be used to connect circuit features from one reticle area to another reticle
area. As used herein, a trace is an electrical conductor used to connect circuit elements (e.g.,
transistors, diodes, capacitors, resistors, and inductors) of an integrated circuit together. In
addition to defects caused by material and process variations occurring within the reticle area,
defects can also occur on the reticle boundaries 128, such as over exposure or under exposure of
photoresist on the edges resulting in over etching or under etching (or over doping or under
doping) causing opens and shorts. A short or short circuit is accidental or unintended connection
between two nodes of an electrical circuit, which can cause excessive current to flow through the
unintended connection. An open or open circuit is infinite resistance between two nodes, which
can electrically disconnect circuit elements that would otherwise be connected.

[043] The various defects that can occur in very large area integrated circuits (e.g., dies larger
than the reticle area) or wafer-scale integration (W SI) can create near zero yield or unacceptable
yield of conforming chips. Wafer-scale integration is a very-large integrated circuit that uses an
entire semiconductor wafer (e.g., silicon wafer) to produce a single super-chip. Throughout this
disclosure, reference is made to very large area CMOS image sensors; the technology (e.g.,

circuitry, devices, and methods) and solutions disclosed may also apply to conventional image
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sensors, X-ray image sensors, displays, memory arrays, and any other matrix type integrated
circuit.

[044] Conforming very large area integrated circuits, such as very large area CMOS image
sensors used in medical imaging (e.g., X-ray imaging), astronomy, cinematography, scientific
imaging, and other high end imaging applications, can have improved imaging performance over
smaller image sensors (i.e., smaller than 50 x 50 mm image sensors). Conventional image
sensors and very large area ICs are matrix type integrated circuits that include a two dimensional
(2D) array of image or pixel cell elements. Each of these image cell elements performs a similar
function of detecting photons (e.g., light or x-ray photons) and converting the photons in a
specified location to an electrical charge or current. The pattern of detected photons and areas
with no detected photons on the array is used to generate an image. The electrical components of
the image cell elements can have similar electrical connections to vertical (y-axis) and horizontal
(x-axis) electrical traces that extend in columns and rows, respectively. The vertical traces (e.g.,
column traces) in columns and horizontal traces (e.g., row traces) in rows can be used to
distribute power, control signals, and reference signals to the image cell elements as well as
receive outputs from the image cell elements. Vertical, columns, horizontal, and rows are
relative references to the large plane of the semiconductor substrate. Throughout this disclosure
reference is made to vertical traces or columns; the vertical trace features may also apply to
horizontal traces and the columns features may also apply to rows, if the orientation of the
substrate is rotated 90 degrees. Vertical traces and columns are used for ease of explanation of
the features.

[045] The vertical and horizontal traces can extend to the signal distribution and signal
processing circuitry or networks shared by the cell elements at the edge or periphery of the array.
As used herein, signal distribution circuitry or signal processing circuitry shared by a plurality of
cell elements at the edge or periphery of the array is referred to as communal circuitry or a
communal module. The communal module can provide power, control signals, and reference
signals inputs to the cell elements. In addition, the communal circuitry or the communal module

may also provide signal processing of outputs from the cell elements. Power refers to an
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electrical voltage potential and associated current used to activate transistors and other electric
components in the cell elements, such as Vpp or Ve (positive voltage potential), ground or GND
(near zero voltage potential, approximately [~] O volts [ V], or voltage potential reference), and
Vs (negative voltage potential). For many digital circuits, such as image sensors, the nominal
supply voltage or positive voltage (Vpp or Vo) can be 1.8V, 2.4V, 3.3V, or 5.0V. As used
herein, a control signal refers to digital signals used to control the function of the cell element. A
digital signal is a signal that represents, a sequence of discrete values, such as a logic signal with
two possible values—a logic “1” or high voltage potential (e.g., Vpp/2 to Vpp or [Vee —
Thresholdyig, value] to V) and a logic “0” or low voltage potential (e.g., ~OV to Vpp/2 or ~OV
to [0V + Thresholdiow value]). As used herein, a reference signal refers to an analog signal. An
analog signal is a continuous signal for which a time varying feature (variable) of the signal is a
representation of some other time varying quantity. Although, in some scenarios control signal
can include analog signals or reference signals can include digital signals, for the consistency of
terminology and ease of explanation in this disclosure, a control signal is a digital signal and a
reference signal is an analog signal.

[046] The communal module can be located on any of the four edges of the 2D array, such as
all four edges, three edges, two edges, or only one edge. The conductive traces in one of the
axes (e.g., y-axis) can extend to the edge or periphery of the array. In the case of very large area
integrated circuits (e.g., very large area CMOS image sensors) the conductive traces extend over
multiple reticle areas and crosses at least one reticle boundary. For example, functioning
conductive traces along one axis can be greater than 50 mm.

[047] FIG. 5 illustrates an expanded view of matrix type integrate circuit at a reticle boundary
128 of a 2D array of cell elements 210. Each cell element 210 has at least one conductive
interconnect 212 that electrically couples each cell element 210 to the vertical conductive traces
230A and 230B. Typically, the alignment of features within a reticle area can be more precise
than the alignment of features between reticle areas (i.e., between two reticles 126A and 126B).
Reticles within a reticle area can be optically aligned with each other, while adjacent reticles are

aligned with each other via a mechanical stepper. FIG. 5 illustrates a slight misalignment that
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can occur between the vertical conductive traces 230A of a first reticle area 126A and the
vertical conductive traces 230B of a second reticle area 126B, which may also increase the
likelihood of defects on the reticle boundary. A defect 208 (e.g., material or process variation or
contaminant) is illustrated between two vertical conductive traces 230A that can cause a short
between the conductive traces 230A.

[048] As discussed previously, detects can have a variety of causes, such as semiconductor
crystal defects causing faulty cell elements or short circuits between conductive traces. Any one
of these defects can be fatal and cause the die to be non-conforming, which can result in
lowering the yields, which can be especially problematic for wafers with a single die or very few
dies, such as very large area integrated circuits.

[049] FIG. 6 illustrates a schematic diagram of an array 300 of cell elements 310A-H and 310P-
W that includes example circuitry for isolating fatal defects occurring in a column 308A from
operation, which can bring the die back into conformity. The isolation circuitry 340A-340C, can
disable (or remove) a few columns that have a fatal defect along the column (e.g., a short circuit
between traces along a column or cell element in a column) from operation in the array. FIG. 6
illustrates a 4 x 4 array of cell elements as a section of a 2D array of cell elements. Each cell
element 310A-H and 310P-W includes a power input 312A-H and 312P-W, a control signal
input 314A-H and 314P-W, a reference signal input 316A-H and 316P-W, and an output 318A-H
and 318P-W. Although the power input, control signal input, reference signal input, and output
are each shown as a single line, each power input, control signal input, and reference signal input
may represent a group of inputs and have multiple inputs, and each output line may represent a
group of outputs and have multiple outputs. Each input and output can have a conductive
interconnect (e.g., horizontal trace) to a conductive trace (e.g., vertical trace) 332A-D, 334A-D,
336A-D, and 338A-D.

[050] A communal module 320 is located on an edge (e.g., bottom edge) of the array or outside
the array. The communal module 320 includes circuitry to provide power distribution 322,
control signal distribution 324, and reference signal distribution 326. The array shown in FIG. 6

confines power, control signals, reference signals, and outputs along a first axis (e.g., y-axis or
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along the matrix column 308A) or substantially parallel to the first axis. Distribution of the
power, control signals, and reference signals along a second axis (e.g., x-axis) or substantially
parallel to the second axis (i.e., substantially perpendicular to the first axis) occurs in the
communal module at an edge of the array. The communal module may process data from large
groups of cell elements, supply control and reference signals to from large groups of cell
elements, or perform functions applicable to the whole chip (e.g., power supply conditioning or
column on/off control 350A-N). U.S. Patent Application Publication No. 2015/0326208 entitled,
“Differential Reference Signal Distribution Method and System,” which is incorporated by
reference in its entirety, discloses example circuitry of a communal module for generating at
least one reference signal. Other circuitry of the communal module for distributing power,
control, and reference signal may also be used.

[051] The isolation circuitry 340A-340C each includes a switch 342B, 344B, and 346B
between each of the input conductive traces 332A-D, 334A-D, and 336A-D and the communal
module 320. The power switch 342B selectively couples a power trace 332B to the power
distribution circuitry 322. The control switch 344B selectively couples a control signal trace
334B to the control signal distribution circuitry 324. The reference switch 346B selectively
couples a reference signal trace 336B to the reference signal distribution circuitry 326. In an
example, each switch can include tri-state logic or an enable buffer. In another example, each
switch can include a fusible link. The fusible link does not operate as a “true” switch that can
open and close repeatedly. The fusible link uses a fuse in place of a switch which can
permanently open (e.g., blown through increased current in a smaller cross sectional area
conductive trace) the link between the conductive traces 332A-D, 334A-D, and 336A-D and the
communal module 320. The switchable switch (e.g., tri-state logic or an enable buffer type
switch) allows greater flexibility to control the columns of the array.

[052] Each switch 342B, 344B, and 346B can be in a normally closed position. Normally
closed refers to a switch that is closed when no control signal is applied to the switch. As
illustrated in FIG. 6, the switches can isolate the columns (e.g., vertical distribution networks)

from the communal module (e.g., horizontal distribution networks) so a localized wafer defect
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does not contaminate the rest of the chip causing chip failure. Each switch can be controlled or
enabled by a column on/off input or signal 350A-D that opens the switches in a column 308A
(e.g., with a defect) and disables the signals (e.g., power, control signals, and reference signals)
from the column. Each column 308A has its own column on/off input or signal 350A-D.
Although multiple on/off inputs (not shown) can be used to enable (i.e., open) individual
switches 342B, 344B, and 346B in a single column, enabling any one of a power trace 332B, a
control signal trace 334B, or a reference signal trace 336B typically renders an output 338B of a
cell element 310E-H invalid. Thus, using a single on/off input 350A-D to enable (i.e., open) all
the switches in a column can disable the column from the array and reduce the number of inputs
used to control the conductive traces in the column.

[053] In another example, the isolation circuitry includes a switch (not shown) between the
output conductive traces 338 A-D and an output module at an edge of the array. In one example,
the output may not be coupled to the communal module because the communal module provides
power and signal distribution, which is not coupled to cell elements outputs. Adding a switch to
an output conductive trace 338A-D may add additional circuitry without providing improved
performance and a reduction in fatal defects.

[054] In another example the switch can be normally open position. Normally open refers to a
switch that is open when no control signal is applied to the switch. Each switch can be
controlled or enabled by a column on/off input or signal 350A-D that closes the switches in a
column 308A that allows a column to function normally and keeps open the switches to disable
the columns with defects. Normally open switches can use more energy than the normally
closed switches since the great majority of columns function normally with the switches closed.
[055] Referring back to FIG. 6, once defects and their associated columns are identified, an
enable signal on the column on/off input 350A-D can be applied to the isolation switches 342B,
344B, and 346B of the isolation circuitry 340A-340C. In some examples, disabling a column
may not adversely affect the operation or function of a die or chip. For example, in a sensor

array, the sensor may include millions of tightly packed detector elements (or pixel elements).
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The loss of detection by a column may be adequately sensed or detected by adjacent columns
without significantly impacting resolution.

[056] The dies may be tested for defects on the wafers using tiny probes that press again
various contact pads on the dies. Additionally or alternatively, the chips may be tested for
defects on the leads or pins after packaging (or assembly). The tests on the array depend upon
the type of cell elements used in the array.

[057] FIG. 7 illustrates an m x n array 302 of cell elements 310A, E, M, N, O, X that includes
switches 342B, 344B, and 346B of the isolation circuitry 340A-N coupling the conductive traces
(e.g., vertical traces) 332A-N, 334A-N, 336A-N, and 338A-N to the communal module 320.
Each switch can be controlled or enabled by a column on/off input or signal 350A-N that opens
the switches in a column (e.g., with a defect).

[058] FIG. 8 illustrates an array 304 of cell elements 310A, E, M, N, O, X that includes disable
logic 360 for controlling switches 342B, 344B, and 346B of the isolation circuitry 340A-N. The
disable logic includes at least one program input 364 and at least one output 362A-N (e.g.,
column control) corresponding to each column isolation switch group 340A-N to selectively
disable columns. The program input 364 can be coupled to a programming port 366 that allows
external access to the disable logic from outside the chip. The disable logic can include a serial
control register, a shift register, an address register, a programmable read-only memory (PROM),
or a non-volatile random-access memory (NVRAM). A shift register is a cascade of latches or
flip flops, sharing the same clock, in which the output of each flip-flop is connected to a data
input of the next flip-flop in the chain, resulting in a circuit that shifts by one position a bit array
stored in the register, shifting in the data present at its input and shifting out the last bit in the
array, at each transition of the clock input. A serial control (SCON) register is special function
serial-in, parallel-out (STPO) register used as a control circuit that converts a serial input to a
parallel output from latches or flip-flops in register. The output from latches or flip-flops in
register can provide the column control 362A-N. An address register is a cascade of latches or
flip flops that holds the instructions or an address for a control circuit. A PROM or field

programmable read-only memory (FPROM) or one-time programmable non-volatile memory
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(OTP NVM) is a form of digital memory where the setting of each bit is locked by a fuse,
antifuse, or floating-gate transistor. The PROM may also include erasable programmable ROM
(EPROM) or electrically EPROM (EEPROM). The EPROM and EEPROM are types of non-
volatile memory that retain their data when the EPROM power supply is switched off and also
allows individual bytes to be erased and reprogrammed. The EPROM uses floating-gate
transistors. The EPROM can be erased by exposure to a strong light source (e.g., ultraviolet light
source) or electrically (i.e., EEPROM). NVRAM is random-access memory that retains its
information when power is turned off (non-volatile). NVRAM includes flash memory and solid-
state storage. The disable logic 360 provides a centralized circuit or function to control the
switches 342B, 344B, and 346B of the isolation circuitry 340A-N. The disable logic may be
factory programmed during testing (e.g., PROM) or in the field if an error is subsequently
detected or generated. In some rare cases, fatal errors may occur after the chip is sent to a
customer.

[059] FIG. 9 illustrates an array 306 of cell elements 310A, E, M, N, O, X that includes fault
detectors 370A-N, a fault status module 380, and disable logic 360. A fault detector is
associated with the input conductive traces 332A-N, 334A-N, and 336A-N in a column. Each
fault detector 370A-N includes a power input 372A-N, a control signal input 374A-N, a
reference signal input 376A-N, and status output 378 A-N. The power input 372A-N is coupled
to the power trace 332A-N, the control signal input 374A-N is coupled to the control signal trace
334B, and the reference signal input 376A-N is coupled to the reference signal trace 336B. The
fault detector inputs are used to detect a fault condition on the conductive traces that can generate
a fatal defect, such as an excessive supply current on at least one of the conductive traces or a
short circuit between at least two of the conductive traces. In an example, the each fault detector
includes a current sense amplifier. If a fault condition is detected, the fault detector 370A-N
generates a fault status bit on the status output 378A-N. For example, a logic 1 can represent a
fault condition and a logic 0 can represent a non-fault condition (i.e., good column).

[060] The fault status module 380 collects the fault status bit from each of the status outputs
378A-N of the fault detectors 370A-N via column status inputs 382A-N, which represents faulty
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columns in the array. The fault status module 380 can provide a mechanism to read the fault
detectors 370A-N at an output external to the chip. The fault status module 380 includes at least
one control input 386, at least one status output 384, and column status inputs 382A-N coupled
to each the status outputs 378 A-N of the fault detectors 370A-N. In one configuration, the
control input includes a column select 386 coupled to a column select port 390 that allows
external access to the fault status module from outside the chip to select a column fault status bit
to read. Then, the status output 384 can generate the fault status bit for the selected column on a
status data output port 388 that is accessible from outside the chip. In another configuration,
fault status module stores the fault status bit of each column in a latch or flip-flop of a register.
The control input can receive a signal to output all or a portion of bits of the registers serially on
the status data output port 388. So, all or portion of the fault status bits of the array can be
obtained with a single input signal. The fault status module can include a serial register, a shift
register, a multiplexer, or a NVRAM. A serial register is a register that has a serial input or
serial output. In one example, the shift register is a parallel-in, serial-out (PISO) register that
stores bits in latches or flip-flops in parallel and converts the parallel inputs into a serial output.
The multiplexer is a circuit that selects one of several analog or digital input signals and forwards
the selected input into a single line or output. When the fault status module includes a
multiplexer, the fault status module may pass the fault status bit from the fault detectors without
storing the value in a latch, flip-flop, or register. Based on the output from the fault status
module 380, a user, tester, or automated disabling system can determine which columns to
disable or isolate.

[061] FIG. 10 illustrates an array 308 of cell elements 310A, E, M, N, O, X that includes fault
detectors 370A-N, a fault status module 380, an automatic fault isolator 390, and disable logic
360. The automatic fault isolator 390 receives fault status data for columns with defects from the
fault status module 380 and automatically programs the disable logic 360 to disable the columns
with the defects via the isolation switches 340A-N. In a configuration, the automatic fault
isolator 390 includes at least one column select output 396, a status data input 394, a column

program output, and at least one program input 398. The column select output 396 is coupled to
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the column select input 386 of the fault status module 380 and is used to request a fault status bit
from a specified fault detector 370A-N. The status output 384 of the fault status module 380 is
coupled to the status data input 394 of the automatic fault isolator 390 and is used to provide the
requested fault status value. Based on the received fault status value, the automatic fault isolator
390 then generates a programming signal on the column program output 397 for the disable logic
360 which enables and controls the isolation switches 340A-N. The column program output 397
is coupled to the program input 364 of the disable logic 360. The program input 364 of the
disable logic 360 may have at least two inputs. One program input may allow programming via
a disable programming port 366 that is accessible from outside the chip. Another program input
may be coupled to internal circuitry such as the automatic fault isolator 390. The automatic fault
isolator 390 may also include a program input 398 that is coupled to an isolator programming
port 399 that is accessible from outside the chip for programming, revising, and updating the
program or algorithm of the automatic fault isolator 390. The automatic fault isolator 390 can
include a field-programmable gate array (FPGA), a state machine, or a microprocessor. The
FPGA is an IC designed to be configured by a customer or a designer after manufacturing. The
state machine a mathematical model of computation used to design sequential logic circuits,
which uses one of a finite number of states in operation. The microprocessor is a computer
processor that incorporates the functions of a central processing unit (CPU) with instruction code
on a single IC. The automatic fault isolator provides a self-healing chip that uses the fault status
module 380 and the disable logic 360 to eliminate or reduce some of the chips own faulty
circuits.

[062] FIGS. 6-10 provide various embodiments of detecting defects or faults within an array or
matrix of cell elements and disabling or isolating those columns, conductive traces, or cell
elements associated with those defects or faults from common distribution networks or
communal modules of the chip. Isolating defects occurring in an array of elements can allow
some non-conforming chips to be conforming and improve the yields of conforming dies on

walfers, especially very large area integrated circuits that are prone to have more defects.
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[063] Each cell element in the array provides a similar function (e.g., pixel detector element,
pixel display element, or memory element). International Publication No. W0O2015038709 and
U.S. Patent Application No. 14/418955 entitled, “Pixel Circuit with Constant Voltage Biased
Photodiode and Related Imaging Method,” which is incorporated by reference in its entirety,
discloses an example pixel circuit or detector element for an imaging array or matrix that may be
used as a cell element 310A-H and 310M-X. FIG. 11 illustrates a cell element 410 that includes
a pixel circuit or detector element for an imaging array or matrix. Each of the pixel circuits 410
includes a photo diode PD, a biasing circuit 10, a charge-to-voltage converter C1, and switches
SW1 and SW2. The photo diode converts photons into an electric charge or current. The
biasing circuit 10 includes an operational amplifier (op amp) 20 and a voltage source 40. The
pixel circuit may be configured to operate based on control signals 314 RESET and SELECT
and a reference signal 316 BIAS. VCC, VSS, and GND provide voltages or power 312 to the op
amp 20 and other components of the pixel circuit and data line provides an output 318.

[064] FIG. 12 illustrates another cell element 412 that includes a pixel circuit or detector
element for an imaging array or matrix. Each of the pixel circuits 412 includes a photo diode
PD, a biasing circuit 10, a gain-switching circuit 50, charge-to-voltage converters C1 and C2,
and switches SW1 and SW2. The gain-switching circuit 50 includes a voltage comparator 52
(e.g., op amp) and a select circuit having a latch 54 and switches SW3 and SW4. The pixel
circuit may be configured to operate based on control signals 314 RESET and SELECT and a
reference signal 316 BIAS. VCC, VSS, and GND provide voltages or power 312 to the op amp
20, voltage comparator 52, latch 54, and other components of the pixel circuit. The data line and
GB provide outputs 318.

[065] The pixel circuit or detector element may be used in an x-ray detector array or matrix
(i.e., x-ray imager). An x-ray detector element (or detector element) refers to an element in a
detector pixel that converts x-ray photons to electrical charges. A detector element may include a
photoconductor material which can convert x-ray photons directly to electrical charges (electron-
hole pairs) in a direct detection scheme. Suitable photoconductor material include and are not

limited to mercuric iodide (Hgl,), lead iodide (Pbl,), bismuth iodide (Bils), cadmium zinc

20



WO 2017/132616 PCT/US2017/015502

telluride (CdZnTe), or amorphous selenium (a-Se). In some embodiments, a detector element
may comprise a scintillator material which converts x-ray photons to light and a photosensitive
element coupled to the scintillator material to convert the light to electrical charges (i.e., indirect
detection scheme), as illustrated in FIG. 13. FIG. 13 illustrates a radiation source 422 relative to
the layers of an x-ray detector element 420 using the indirect detection scheme, which includes a
substrate 424, photosensitive element and detector circuitry 426, and a layer of scintillator
material 428. The x-ray detector element 420 may include other layers, sections shown may
include multiple layers (e.g., detector circuitry 426 includes multiple processing layers), or the
layers may be in a different order. Suitable scintillator materials include and are not limited to
gadolinium oxisulfide (Gd»0,S:Tb), cadmium tungstate (CdWO,), bismuth germanate
(Bi4Ge301;2 or BGO), cesium iodide (Csl), or cesium iodide thallium (CsL:T1)). Suitable
photosensitive element may include a photodiode, a photogate, or phototransistors.

[066] Other circuitry for pixel circuits or detector elements representing cell elements may also
be used. The cell elements may also represent a pixel display element (not shown) used in a
display array to emit light (instead of detect light) from light emitting diodes (LEDs).

[067] FIG. 14 illustrates a cell element 416 that includes a memory element for a static random-
access memory (SRAM) array or matrix. The memory element 416 includes six transistors (M1,
M2, M3, M4, M5, and M6. Transistors M1, M2, M3, and M4 store the bit and transistors M5
and M6 couples the memory element to the bit line BL, which acts as an input for writes and an
output for reads. VDD and GND provide voltages or power 312 to transistors M1, M2, M3, and
M4. The memory element is configured to operate based on control signals 314 word line WL
and bit line BL and inverse of bit line BL for writes and word line WL for reads. On reads, BL
and BL provide outputs 318. Because BL and BL can provide both inputs and outputs, these
lines or traces may be coupled to the isolator switches 240A-N (FIGS. 6-10) for the control
signal traces 334A-N (FIGS. 6-10). The memory element 416 may not include a reference input.
In some example, the cell element 310A-H and 310M-X (FIGS. 6-10) may not include both

control signal input and a reference signal input.
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[068] FIGS. 11-12 and 14 provide different types of cell elements that may be used in matrix
type ICs. The embodiments disclosed may also have application to other types of ICs with cell
elements in a matrix or 2D array.

[069] The flowchart shown in FIG. 15 illustrates a method 500 of selectively disabling a
plurality of switches coupled to a communal module for a matrix type integrated circuit. The
method may be executed as instructions on a machine or computer circuitry, where the
instructions are included on at least one computer readable medium or at least one non-transitory
machine readable storage medium. The method includes the step of providing a 2D array of cell
elements 310A-H and 310M-X that includes a plurality of conductive traces 332A-D, 334A-D,
and 336A-D, a communal module 320, and a plurality of switches 342B, 344B, and 346B of the
isolation circuitry 340A-N, as in step 510. The plurality of conductive traces 332A-D, 334A-D,
and 336A-D is substantially parallel to a first axis (e.g., y-axis) of the 2D array. Each conductive
trace is coupled to a conductive interconnect of cell elements adjacent to the conductive trace.
Each cell element provides a similar function (e.g., pixel detector element, pixel display element,
or memory element). The communal module 320 is configured to provide distribution of
electrical signals to the cell elements in the 2D array via at least two conductive traces that are
substantially parallel to the first axis. Each switch 342B, 344B, and 346B in the plurality of
switches 340A-340N is configured to selectively disconnect the communal module from one of
the conductive traces. The step of selectively disabling the plurality of switches coupled to the
communal module from at least one of the conductive traces follows, as in step 520. In a
configuration, the plurality of switches can be selectively disabled using the disable logic 360.
[070] In another example, the method can further include detecting a fault condition on at least
one of the conductive traces 332A-D, 334A-D, and 336A-D using a plurality of fault detectors
370A-N. Each fault detector is coupled to at least one of the plurality of conductive traces. The
next operation of the method includes generating a fault status signal when the fault condition
occurs. The method can further include, using a fault status module 380, registering a fault

status bit for each fault detector generating the fault status signal. The fault condition can

22



WO 2017/132616 PCT/US2017/015502

include an excessive supply current on at least one of the conductive traces or a short circuit
between at least two of the conductive traces.

[071] In another example, the method can further include automatically programming the
switches 340A-340N coupled to the communal module 320 that are disabled from the conductive
traces based on the fault status signals from the plurality of fault detectors. In a configuration,
the automatic programming of the plurality of switches can be performed by the automatic fault
isolator 390.

[072] Circuitry can include hardware, firmware, program code, executable code, computer
instructions, and/or software. A non-transitory computer readable storage medium can be a
computer readable storage medium that does not include a signal.

[073] It should be understood that many of the functional units described in this specification
have been labeled as modules, in order to more particularly emphasize their implementation
independence. For example, a module may be implemented as a hardware circuit comprising
custom very-large-scale integration (VLSI) circuits or gate arrays, including but not limited to
logic chips, transistors, or other components. A module may also be implemented in
programmable hardware devices, including but not limited to field programmable gate arrays
(FPGA), programmable array logic, programmable logic devices or similar devices.

[074] Reference throughout this specification to an “example” or an “embodiment” means that
a particular feature, structure, or characteristic described in connection with the example is
included in at least one embodiment of the invention. Thus, appearances of the words an
“example” or an “embodiment” in various places throughout this specification are not
necessarily all referring to the same embodiment.

[075] Furthermore, the described features, structures, or characteristics may be combined in a
suitable manner in one or more embodiments. In the following description, numerous specific
details are provided (e.g., examples of layouts and designs) to provide a thorough understanding
of embodiments of the invention. One skilled in the relevant art will recognize, however, that

the invention can be practiced without one or more of the specific details, or with other methods,
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components, layouts, etc. In other instances, well-known structures, components, or operations
are not shown or described in detail to avoid obscuring aspects of the invention.

[076] While the forgoing examples are illustrative of the principles of the invention in one or
more particular applications, it will be apparent to those of ordinary skill in the art that numerous
modifications in form, usage and details of implementation can be made without the exercise of
inventive faculty, and without departing from the principles and concepts of the invention.
Accordingly, it is not intended that the invention be limited. Various features and advantages of

the invention are set forth in the following claims.

24



WO 2017/132616 PCT/US2017/015502

CLAIMS

What is claimed is:

1.

A matrix type integrated circuit, comprising:

a two dimensional (2D) array of cell elements, wherein each cell element provides a similar
function;

a plurality of conductive traces substantially parallel to a first axis of the 2D array, wherein
each conductive trace is coupled to a conductive interconnect of cell elements adjacent to
the conductive trace;

a communal module configured to provide distribution of at least one electrical signal to the
cell elements in the 2D array via at least two conductive traces that are substantially
parallel to the first axis; and

a plurality of switches, wherein each switch is configured to selectively disconnect the

communal module from one of the conductive traces.

The matrix type integrated circuit of claim 1, wherein the matrix integrated circuit is a
complementary metal-oxide—semiconductor (CMOS) image sensor and each cell element

includes a photodiode for a pixel.

The matrix type integrated circuit of claim 2, wherein the CMOS image sensor is an X-ray
image sensor that includes a scintillator layer that coverts radiation into light photons for the
photodiodes.

The matrix type integrated circuit of claim 1, wherein a length of each of the at least two of
the plurality of conductive traces extends beyond a reticle boundary or a length of each of the

at least two of the plurality of conductive traces is greater than 50 millimeters (mm).

The matrix type integrated circuit of claim 1, wherein:
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the plurality of conductive traces include at least one power trace, at least one digital signal
trace, and at least one analog signal trace coupled to each cell element;
the communal module is configured to provide distribution of
a power signal to the cell elements in the 2D array via the at least one power trace,
and
a control signal to the cell elements in the 2D array via the at least one digital signal
trace, and
a reference signal to the cell elements in the 2D array via the at least one analog
signal trace; and
the plurality of switches includes at least one power switch, at least one control switch, and at
least one reference switch, and the plurality of switches are controlled by an enable
signal, and the at least one power switch is coupled to the at least one power trace, the at
least one control switch is coupled to the at least one digital signal trace, and the at least

one reference switch is coupled to the at least one analog signal trace.

The matrix type integrated circuit of claim 1, further comprising:
disable logic to selectively disable the plurality of switches, wherein the disable logic
includes a programming port that allows external access to the matrix type integrated

circuit for programming the disable logic.

The matrix type integrated circuit of claim 1, further comprising:
a plurality of fault detectors, wherein each fault detector is coupled to at least one of the
plurality of conductive traces and is configured to detect a fault condition on the coupled

conductive traces and generate a fault status signal when the fault condition occurs.

The matrix type integrated circuit of claim 7, wherein each fault detector includes a current
sense amplifier, and the fault condition is selected from a group consisting of an excessive
supply current on at least one of the conductive traces, a short circuit between at least two of

the conductive traces, and combinations thereof.
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9. The matrix type integrated circuit of claim 7, further comprising:

a fault status module coupled to the plurality of the fault detectors, wherein the fault status
module is configured to capture the fault status signal for each fault and the fault status
module includes a status port that allows external access to the matrix type integrated
circuit for reading the captured fault status signals from the plurality of fault detectors,
and wherein the fault status module is selected from a group consisting of a serial
register, a shift register, a multiplexer, a non-volatile random-access memory (NVRAM),

and combinations thereof.

10. The matrix type integrated circuit of claim 9, wherein the fault status module includes a fault
detector selector input to read the fault status signal of a specified fault detector from the

status port.

11. The matrix type integrated circuit of claim 9, further comprising:
disable logic configured to selectively disable the plurality of switches, wherein the disable
logic includes an internal programming input; and
an automatic fault isolator configured to program the disable logic via the internal
programming input based on the fault status signal for each fault detector obtained by the

fault status module.

12. The matrix type integrated circuit of claim 11, wherein the automatic fault isolator includes a
fault detector selector output, a fault status input, and a disable logic program output, and
the fault detector selector output is coupled to a fault detector selector input of the fault status
module that is configured for selecting a specified fault detector,
the fault status input is coupled to the status port of the fault status module that is configured

for reading the fault status signal of the specified fault detector, and
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the disable logic program output is coupled to the internal programming input of the disable
logic to selectively disable the plurality of switches based on the fault conditions detected

by the plurality of fault detectors.

13. The matrix type integrated circuit of claim 11, wherein the automatic fault isolator includes a
programming port that allows external access to the matrix type integrated circuit for

programming the automatic fault isolator.

14. A method of selectively disabling a plurality of switches coupled to a communal module for
a matrix type integrated circuit, the method comprising:
providing a two dimensional (2D) array of cell elements that includes:

a plurality of conductive traces substantially parallel to a first axis of the 2D array,
wherein each conductive trace is coupled to a conductive interconnect of cell
elements adjacent to the conductive trace, and wherein each cell element provides a
similar function,

a communal module configured to provide distribution of electrical signals to the cell
elements in the 2D array via at least two conductive traces that are substantially
parallel to the first axis, and

a plurality of switches, wherein each switch is configured to selectively disconnect the
communal module from one of the conductive traces; and

selectively disabling at least one of the plurality of switches coupled to the communal

module from at least one of the conductive traces.

15. The method of claim 14, further comprising:
detecting a fault condition on at least one of the conductive traces using a plurality of fault
detectors, wherein each fault detector is coupled to at least one of the plurality of
conductive traces, and the fault condition is selected from a group consisting of an
excessive supply current on at least one of the conductive traces, a short circuit between

at least two of the conductive traces, and combinations thereof; and
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generating a fault status signal when the fault condition occurs.

16. The method of claim 15, further comprising:
registering, using a fault status module, a fault status bit for each fault detector generating the

fault status signal.

17. The method of claim 15, further comprising:
based on the fault status signals from the plurality of fault detectors, automatically
programming selected switches to disable the communal module from the conductive

traces.

18. A matrix type integrated circuit, comprising:

a two dimensional (2D) array of cell elements arranged in vertical columns and horizontal
rows, wherein each cell element provides a similar function;

a plurality of vertical traces arranged in each column of the 2D array, wherein each vertical
trace is coupled to a conductive interconnect of cell elements within each column;

a communal module configured to provide distribution of electrical signals to the cell
elements in the 2D array via at least two vertical traces for each column; and

a plurality of switches, wherein each switch is configured to selectively disconnect the

communal module from one of the vertical traces.

19. The matrix type integrated circuit of claim 18, wherein the communal module includes a
plurality of horizontal traces, wherein each switch is coupled to one of the plurality of

horizontal traces.

20. The matrix type integrated circuit of claim 18, further comprising:
disable logic to selectively disable the plurality of switches, wherein the disable logic
includes a programming port external to a package of the matrix type integrated circuit

for programming the disable logic.

29



WO 2017/132616 PCT/US2017/015502

1/15
< 300mm >
130
> - 20mm
132 120
100
110

FIG. 1



WO 2017/132616 PCT/US2017/015502

2/15
< 300mm >
130
> - 40mm
134
122
100

—
—
AN

FIG. 2



WO 2017/132616 PCT/US2017/015502

3/15

100

124 116

FIG. 3



WO 2017/132616 PCT/US2017/015502

4/15

100

FIG. 4



PCT/US2017/015502

WO 2017/132616

5/15

FIG. 5



PCT/US2017/015502

WO 2017/132616

6/15

| Yv0S€
I 1Jo/uo 1o/juo Jo/uo Jo/uo
|  Uuwnjon ¢ uwnjon Z uwnjon | uwnjo)
“ 0 0 0 0
“ 02Z¢ SINPO |leunwwio)
|
|
_ -
|
—qm—g— - ———— |-|.--||||||||-|||.|!u.mo§-|| o
_—_—— -TT T = ||._ _—_—— -TT el bl
0,10, |0 _ 0,0, _ 0,0, ]!
I | | |
ydyaya | oove ya i | | voe L |
_ _ avve _
A== ==
M8LE INdIno sglg indinp Hglg Indino | asltg indino
MOLE Joy S9LE oy HoLg Joy _ aglg 19y
MYPLE 10Jju0D Sy L€ |0u0D HyLE |onuod | avLg 10uoo
MZLE Jamod SZLE Jamod HZLg Jamod _ azig lamod
MOTE S0re HOTE _ aotg
Juswiv|3 190 Juswiv|3 190 Jusweg 199 | | Juswiv|3 190
|
A8Lg Indino dglLe indino ogLe Indino | | 0glg Indino
A9LE 19y Holg Joy O91¢ 1oy _ 091¢ 19y
AVLE 10J1U0D HylLEg 10u0) OpLE 0QU0D | | Jp L€ 10J1U0D
AZLE Jamod HZ1Lg Jamod ogZlgJamod | | JZ1¢ Jamod
AOIE J01¢E 901¢ _ D01E
Juswiv|3 190 Juswiv|3 190 uaweIg 199 | | Juswiv|3 190
nglLe indino ogle Indino dglendino | | ggl¢ indino
NglLg Joy D9LE 1oy 491¢ 19y _ goL¢ 1oy
N¥ L€ [01U0D OYLE l01u0D dvlelonuod | gvLg 10u0D
NZLg Jamod OZLE Jamod 42Z1¢ Jamod _ gz1g Jamod
nore O01E J01¢ _ gore
Juswiv|3 190 Juswiv|3 190 Juswialg 199 | Juswiv|3 190
181€ Indino dglL€ ndino agiendino | | vglLe ndino
191¢ 19y dol¢ 1oy J91¢ 1oy _ VoLE Joy
1¥1€ 104ju0) d¥ L€ 10nuod JpLE 10u0D _ V¥ LE |01uoD
1Z1¢ Jamod dzZlL€ Jamod 3zZlgJomod | | VZLE Jamod
101¢ dore 3J01¢ \\ VOIE
Juswiv|3 190 Juswiv|3 190 Juswe|g 190 |/ Juswiv|3 190
aogge 09¢¢ g9¢¢ 7 voge
avee ovee avee 2/ vvee
azesg asseg foY4> 08¢¢g gzee gsce P 1A% v8ge

{192 uonnguisiq aauaJajey

T 2¢ uohnquisiq [ouod
L12c¢e uoinquisiqg Jamod

Vv80¢

| uwnjon



PCT/US2017/015502
7115

WO 2017/132616

| NOSE g0s¢ V0S¢ _
I 1o/juo Jo/uo Jo/uo |
_ N uwnjo) Z uwnjo) I uwnjo) I
| [ [ [ !
_ 0Z< 9INPOJAl [eUNWIWOD _
| £19Z¢ uonnquisiq aoualslay |
_ TJ§gg uonnguisiq josuod |
I s I 1 PR G B eoe b fd-—————C Clzzge uounauisig jomog |
AR it A Tl oy
' Nove L _ eee UL Hvore L _
.9 5 gazve NL _1Palp l___ P23
m_ arve m _ﬂ
|
Xg i€ indino ogiemdino | | WeLE NG |~y ) Hmwwoo
X9l¢ J8y o9lg Joy _ NgLE J8y “
X¥LE 1043u0D oo O¥Lg l104u0D _ ¥ LE 10u0D ||
XZ1Lg Jamod ozigdamod | INZLE Jamod “
XOT¢ o0Tg | WOTS |
Juswalg 118D Juswalg 19D _ Juswa(g 119D “
° ° . _ ° I
teee ® ® sees ° lesss ° [
e e 00 ° ° es o pe "- s e pe “
|
NgL¢ Indino 3glg indino | | vglLg indino “
NoLE Jay 391¢ Joy _ volg Joy “
N¥LE [0J1u0D cee IpLE [0U0D | | VL l04u0D ||
NZLg Jamod 321 Jamod _ vZLg Jamod “
NOTS J01¢ | VOIS |
NoEs Juswalg 118D aoee Juswalg (19D |4 voee Juswa(g 119D “ ®__ zoc
NPEE aree S vvee _
NZge N8Ece geee ggee  .rveee vgee [



PCT/US2017/015502

$9¢ ul weibold —I399¢ Hod Bulwwesboid
. Z o<
8 9Old Sy 9
™ (e o}
loquoo  § HE 00
JJo/juo ZeeeN — 21607
uwned 8 88 elgesia
e e i I
| |
| 0Z& 9INPOIA [BUNWILIOD [
_ 19z uonnquisig aoualgey |
_ T{2e uohnguisig |ouoD _
__ . [1ZZ< uonnquisiqg Jamod I
51818 | AL ﬂ--.H-m 51
| | 'YX I | |
| Nove ya i gove L | vore L |

8/15

WO 2017/132616

Xglg indino oslg indino NgLg INdino
X91¢€ Joy 09l¢€ Joy NQLE Joy
X¥1€ [011u0D OvL€ [01u0D ¥ LE [01Uu0D
XZ1€ Jamod 0zZ1§ Jamod INZLE Jamod
X0T¢ o01¢ NOTE
Juswig|3 190 Jusw9|g 190 Juswiv|3 190
o [ ] o
EEE o SRR o R o
o [ ] o
NgLg indino 3gL¢ indino vglLg indino
NOLE 1oy J91¢ 1oy VoLE Joy
N¥LE |01u0D JpLE 10u0D V¥ LE |01uoD
NZLE Jamod 32Z1¢ Jamod VZLE Jamod
NOTE 3J01¢ VOIE
\ Juswig|3 190 Jusw9|g 190 \ Juswiv|3 190
NYEE avee vhee

Neee N8e¢c acee g8¢ce veee V8¢ee



PCT/US2017/015502

WO 2017/132616

9/15

06< 109|198 uwnjoD 3+ 98¢€ 19919S |00 8¢ 1o sniels 88 INO eleq snieis #9¢ Ul welboid 3 99¢ Mod Bulwwesboid
& 25 Z m<
© 00 0 (9] AN AN
5 53 [0JJu0D E EE 0%
® ®8  — . T ©b
uoyosles ¥  H %  OBE 6 9Old JOUO Zree= 01607
Hg snjels Z*c* N~ snielg uwnon 9 Q Q g|gesig
S oirs) O (ON &
uwned 8 §G§ Mned
=TT o il et Sl i B et A
| 0ZE 9INPOIA [BUNWIWOD I
_ 19Z< Uollhguisiq @oualaloy _
| I42Z$ uolhguisiq |0Ju0D I
_. . ' {1ZZS uonnguisiq Jemod ._
_llw & 16,1 _l--w 516, 1 _}IH 518, 1
| | eoeo| | | |
| Nove L i | gove L i | vore L i
Ng.g sniels g8.¢ snieis Vvg.¢ shiels
— NO.LE 19y —99.¢ Jod — V9O.¢€ Jod
Nv.g 101U0D eee dv/¢ |0juo) Vv.¢ |0juo)
NZ.LE Jamod d¢.¢ Jamod VZ.LE Jamod
— NQ/¢ J0jo91e( )ned — d0/¢ Jojosieq )ned| | — VvQ/¢ J0j9818Q Ined
— 1 —1 —
Xgl€ indino osgleg indino gL € Indino
X9l¢ e 09l1¢ Jod N9lLE 1o
Xvlg |oJjuo) oo Ovlg |ojuod NP Lg 10u0D
XZl¢g Jamod Ocl¢g Jamod NZLE Jamod
X0l¢e Oo0le NOoLE
juawal3x |19 Juswial3xq |[9D Juswial3 |80
. e e e . . e e o0 . * o o0 .
eaeae ® [ ] RO Y [ ] LY [ ]
e e 00 . . o e 00 . o e o0 .
NglL€ indino 3gl¢ Idino vgle indino
N9l¢ jad 391¢ e volg Jad
Nv g |0JjuoD eee 3vlg [0juod Vvlg |oJjuod
NZ ¢ Jamod 3¢1¢ Jamod VvZlg Jamod
NOl¢e 301¢ vole
Juswia|zq |99 Juswis|3 |I8D Juswis|3 |I8D
No¢e g9¢¢ voge ) 90¢
Nvee avee viee
Ncee Ngce dacee g8¢ce veee v8ee



PCT/US2017/015502

-Ma6g Vo4 Welbold 0S|

WO 2017/132616

10/15

|
98¢ 10919s Mo %mﬂ 1no snjeis 96¢ Ul welboid ! - |_
§ 99 96€ 102195 |00 _  VIE RPN L —m9gg 1od Boid eigesia
w w w 16¢ weiboud |09 S 99
2 22 ¥6€ Eelep shieis e 22
uonosles 3 Hw 08¢ 065 lojuoo 3§ BEH 09€
ugsnjeys Z N~ sniejg Jole|os| )ne4 Jo/uo  Zeee N — 01607
uwnjod g 88 uneq onewoINY uwnjod 3 33 °®lgesid
T = . _— —————— T oeg anpow ewnaios
_ {192 Uonnguisig aoualaloy _
| 1{2s uonnquisiq |0uo) I
! ' ' {Jgze uonnquisig Jemod !
_}IH 515 1 _l-lw 518, 1 _}IH 518, 1
| | oo e | | |
| Nove yaya i | gove L i | vore L i
N8.E snieis g8/¢ shiels V8.E SMels
— N9.E 19y —99/¢ 1oy — v9/€ 1oy
NP.LE 1041U0D coe gav.¢€ 101u0d V¥.E 101jU0D
NZ.€ Jomod gz.¢ lomod VZ.E Jomod
— NOZE J019910( Jine4 — goZ¢ Jowaleq yned| [ — Y0Z¢ Jo1oe1aq Jined
———— 11 ——1 —
XglL¢ indino osglg Indino INgLE Indino
X9L€ 19y o9l€ 19y NOLE 19y
X¥ L€ 101jU0D oo OvL€ 101u0D ¥ LE 1011U0D
XZ 1€ Jomod 0ozZLg Jlamod INZLE Jomod )
Xo1¢ o[I]%3 INOTE ol 9Ol4
Juswialg 1199 Juswalg 1199 Juswal3 19D
. e @@ . . - e oo . o e o .
eaeae ® [ ] RO Y [ ] LY [ ]
o 9 9 0 . . 2 9 90 . L B IR BN .
NgL¢ Indino 3g1¢ indino vgl¢ Indino
NOLE 19y 391¢€ 19y VOLE 19y
N¥ L€ 101U0D .o 3IyLE 104U0D V¥ L€ 101U0D
NZ L€ Jomod 3Z1€ Jamod VZ1€ Jomod
NOTE 301¢ vOIg
Juswalg 199 Juswal3 119D Juswal3 119D
NOEE g9¢¢ voE W, g0¢
NPEE avee VPEE
NZEE N8EE azee g8es vZee veee




WO 2017/132616 PCT/US2017/015502

11/15
| Cell Element |
| 410 |
| Ref 316 |
I |
| Control 314 |
| | |
| - - SELECT |
| |
9%
I |
?h i3
I |
I |
| | Output 318 |
| |
I oy Power312 |
I ' |
I |
I |




WO 2017/132616 PCT/US2017/015502

12/15

Cell Element
412
Ref 316

Control 314

B
VCC
.«3}"\;&: B
sy data line } Output 318

—} Power 312




WO 2017/132616 PCT/US2017/015502

13/15

1T 1r1rrririri
Scintillator Material

428

Substrate 424

FIG. 13



WO 2017/132616 PCT/US2017/015502

14/15

| Cell Element |
| 416 |

————————————————— |
: : WL }Control 314
o Voo | =~ |
| | \ v | |
| | A My | |
) Ml :""_ _°||: e | |
| 1 |
| 2 v |
| H YHE |
|| — M AL — |
. |BL L My BL } Power312 |
| = |
| } Output 318 |
| |



WO 2017/132616 PCT/US2017/015502

15/15

500
N

Providing a two dimensional (2D)
array of cell elements that includes a
plurality of conductive traces,a ¢"\_- 510
communal module, and a plurality of
switches.

l

Selectively disabling the plurality of
switches coupled to the communal

module from at least one of the M\ 520

conductive traces.

FIG. 15



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015502

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N5/376 HO4N5/367
ADD.

HO4NS/32

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

B. FIELDS SEARCHED

HOAN

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, 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.

3 July 2015 (2015-07-03)

1 July 2009 (2009-07-01)

4 April 2001 (2001-04-04)

X FR 3 016 079 Al (TRIXELL [FR])
page 6, line 4 - page 13, line 30
X EP 2 076 018 A2 (CMOSIS NV [BE])
paragraph [0022] - paragraph [0024]
A EP 1 088 516 A2 (GEN ELECTRIC [US])

paragraph [0025] - paragraph [0032]

1-6,14,
18-20

1-5,7-20

7-13,
15-17

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

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 application or patent 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)

"Q" 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

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" 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

"Y" 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 documents, 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

3 April 2017

Date of mailing of the international search report

11/04/2017

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Penchev, Petyo

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/015502
Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 30160679 Al 03-07-2015  NONE
EP 2076018 A2 01-07-2009  EP 2076018 A2 01-07-2009
US 2009160752 Al 25-06-2009
EP 1088516 A2 04-04-2001 CA 2316746 Al 19-02-2001
DE 60033753 T2 06-12-2007
EP 1088516 A2 04-04-2001
JP 2001153957 A 08-06-2001
us 6407770 Bl 18-06-2002

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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report

