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An application is docketed to
the examiner - now what?
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+ application History a first die;
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1. Read the Specification & we—— @

1. An apparatus comprising: 2 Rea d/l nte rp ret
a first die;

a thermal cooler formed over at least a portion of the first die; the C | a | ms

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the first die and
the second die, the plurality of fluid channels being formed horizontally through the thermal cooler; and

wherein the plurality of through-silicon vias are formed vertically through the first die, the thermal

cooler and the second die.
1202 - silicon housing of heat sinks .
’ 3. Identify

1206-1 through 1206-3 - silicon wafers

. - _— (hea}t sinl;s) hgving channels 1224 for fluid Re p fese ntative
coolant therein
| Drawing(s)

i ll . - 104, 108, 110 - silicon dies (IC chips)

1216 - TSV in all chips and heat sinks

[‘IIIIIIIIIIIIIIIII____IIIIIJ

122 118 - bumps connecting vertical TSVs
(claimed in dependent claims)
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Now the examiner starts to
“search” — but what does that
mean?




Why do Examiners search?

e Determine the state of the art

 Facilitate claim interpretation
— e.g. what else could the claim cover under BRI?

 ldentify relevant prior art
« Determine allowability of an application



How are search strategies developed?

e Claim interpretation
— Read and understand the claimed invention
— Determine the scope of the claimed invention

* Review of the cited prior art
— Information disclosure statements, 3™ party submissions

* Review of patent family documents (foreign or
domestic)

e Review Classification Picture
e Review Non-Patent Literature
e Consultation with other examiners



Where do Examiners search?

 US and International Patent Literature databases,
e.g. USPTO databases via EAST/WEST, WIPO, EPO, JPQO, etc.

* Non-Patent Literature Searching

* Anywhere an examiner might find the information they
need with evidence of the date of publication or availability.
For example: publications, peer-reviewed journal articles,
web sites, online libraries, etc.
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like?




1. Read the Specification & we—— @

1. An apparatus comprising: 2 Rea d/l nte rp ret
a first die;

a thermal cooler formed over at least a portion of the first die; the C | a | ms

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the first die and
the second die, the plurality of fluid channels being formed horizontally through the thermal cooler; and

wherein the plurality of through-silicon vias are formed vertically through the first die, the thermal

cooler and the second die.
1202 - silicon housing of heat sinks .
’ 3. Identify

1206-1 through 1206-3 - silicon wafers

. - _— (hea}t sinl;s) hgving channels 1224 for fluid Re p fese ntative
coolant therein
| Drawing(s)

i ll . - 104, 108, 110 - silicon dies (IC chips)

1216 - TSV in all chips and heat sinks

[‘IIIIIIIIIIIIIIIII____IIIIIJ

122 118 - bumps connecting vertical TSVs
(claimed in dependent claims)

112
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4. Devise search queries to find the
claimed or disclosed invention) @

1. An apparatus comprising: 5 TeXt Sea rCh | ng

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through
the thermal cooler; and

wherein the plurality of through-silicon vias are formed vertically through the first die,
the thermal cooler and the second die.

L1: (thermal near3 cooler)



|

4. Devise search queries to find the
claimed or disclosed invention) @

1. An apparatus comprising: 5 TeXt Sea rCh | ng

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through
the thermal cooler; and

wherein the plurality of through-silicon vias are formed vertically through the first die,
the thermal cooler and the second die.

L2: ((thermal near3 cooler) OR (cool$3 near3 (apparatus or device)) OR heat$1sink OR ((thermal or
heat) near3 (sink$3 or dump$3)))



|

4. Devise search queries to find the
claimed or disclosed invention) @

1. An apparatus comprising: 5 TeXt Sea rCh | ng

a first die;
a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and

second dies;
wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the

first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

L3: L2 AND
((second or top or upper$4) near3 (die or chip)) AND
((first or bottom or lower$4) near3 (die or chip))



|

4. Devise search queries to find the
claimed or disclosed invention) @

1. An apparatus comprising: 5 TeXt Sea rCh | ng

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

L4: L3 AND
((liquid or fluid) near3 (passage$4 or tube or channel))



|

4. Devise search queries to find the | wm @
claimed or disclosed invention)

5. Text Searching

Text searching is a useful type of searching.

However, if the prior art uses terms the examiner does not
include in the text search, the prior art can not be found.

This limitation of text searching can be remedied by including
CPC searching as a part of a complete and quality search.



|

4. Devise search queries to find the ' w—
claimed or disclosed invention) U @

1. An ap.paratus comprising: 5 b C PC
a first die; SearChlng

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and
a plurality of through-silicon vias providing electrical connections between the first and

second dies;
wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the

first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

L5: HO1L23/473.cpc.
L6: HO1L23/473.cpc. AND HO1L 23/481.cpc.

L7: HO1L23/473.cpc. AND HO1L2225/06589.cpc. AND HO1L2225/06541.cpc.



What electronic tools does an examiner use for Search?

* Docket and Application Viewer (DAV)

— View application’s documents
e Search Tools (EAST/WEST, other electronic databases)



What electronic tools does an examiner use for Search?

* Docket and Application Viewer (DAV)
— View application’s documents

e Search Tools (EAST/WEST, other electronic databases)

* Classification Allocation Tool (CAT)
— View application’s classification information

 CPC Scheme Navigator

— Review scope of classification information
e Semiconductor Topical Index



Nexus of Classification & Search

Classification groups similar technologies for quick and
efficient retrieval

Crosses and connects different languages, semantics,
spellings, etc. in a language neutral manner

Links multiple national offices and publications
USPTO used to use USPC but now uses CPC
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How does CPC searching work?




Tl‘anSitiOI‘\ing from USPC tO CPC This structure of CPC allows use of classification

picture as a tool, e.g. different approach for
searching, understanding growth areas, defining

/ You have to related art communities.............
1 BULK EFFECT o enter the

DEVICE ) schedule here

9 THIN ACTIVE and work down

PHYSICAL LAYER

HO1L MAIN
GROUPS

40 ORGANIC

183 HETEROJUNCTION

Class 257 MAINLINE
SUBCLASSES

678 HOUSING O

PACKAGE 29/00 You may enter

the scheme > 2400
anywhere

USPC was globally and locally
hierarchical (therefore
asymmetric)

797 ALIGNMENT MARKS

CPC is symmetric down to the
main group level



CPC and Subgroups

CPC is a “language neutral” system designed to collect all useful documents
relating to a concept in a single place, regardless of the text synonyms the
documents use to describe the concept, and regardless of the preferred
synonyms of the classifier.



Simple Example

CPC subgroups describe features or groups of features

* A subgroup represents metadata — it tags the documents with a feature.
* All documents in each subgroup share that feature.

The area of A indicates all documents having the attributes

of A — all hammers.

The area of B indicates all documents having the attributes
of B — the handle attachment.

The area of C indicates all documents having the attributes
of C — type of grip & types of tools included in subgroup.




Searching CPC

"Intersection” CPC subgroup search

An “intersection” CPC subgroup search is a search where you search the overlap between
two or more subgroups

The intersection of A and B,
given by “A and B”,
is the purple region of overlap.

The intersection is a subset of A and a subset of B.

The intersection requires all of the properties of
both subgroups.




Intersection Searching

An “intersection” CPC subgroup search is a search where you search the overlap between
two or more subgroups

The intersection of A, B, and C,
given by “A and B and C”,
is the darkest purple region of overlap.

The intersection is a subset of each of the three
subgroups. The intersection requires all of the
properties of all three subgroups.
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What does a CPC search
actually look like?

L6: HO1L23/473.cpc. AND HO1L23/481.cpc.

L7: HO1L23/473.cpc. AND HO1L23/481.cpc. AND HO1L2225/06589.cpc.

L A

Benefits: these searches

1) do not rely on text semantics,

2) do not rely on text language or spelling that Applicants used,
3) do not rely on text synonyms that prior art references used,
4) utilize classifiers’ intellectual effort
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How do CPC symbols get
applied to an application?
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How do examiners find symbols
to apply?
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E
-ﬁ- CPC Scheme 4+ C- CHEMISTRY; METALLURGY i 2 ks
s = D - TEXTILES; PAPER E(} E
Navigator E
+  E-FIXED CONSTRUCTIONS B} &
ol Search + F - MECHANICAL ENGINEERING; LIGHTING; HEATING; WEAPONS; BLASTING i £}
4+ G-PHYSICS i £}
Keyword Search Need help? = H - ELECTRICITY i a
== Y - GENERAL TAGGING OF NEW TECHNOLOGICAL DEVELOPMENTS; GENERAL TAGGING OF i (]
CROSS-SECTIONAL TECHNOLOGIES SPANNING OVER SEVERAL SECTIONS OF THE IPC;
TECHNICAL SUBJECTS COVERED BY FORMER USPC CROSS-REFERENCE ART COLLECTIONS
3 [XRACs] AND DIGESTS
Search in
Titles

Notes & Warnings

Definitions

The main Scheme Navigator page may be entered directly via the URL
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. 4+ D - TEXTILES; PAPER
Navigator
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Symibal Scarch 4+  F-MECHANICAL ENGINEERING; LIGHTING; HEATING; WEAPONS; BLASTING
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Keyword Search Need help? 4+  H-ELECTRICITY
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Search in
Titles

Notes & Warnings
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Y Y

The scheme navigator is a good tool to view a symbol’s hierarchy. We have seen that

previously, as accessed by CAT. To do so from the main Scheme Navigator page, merely
enter in the symbol information at the upper left corner and click “submit”.

Symbol Information [&)
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B - PERFORMING OPERATIONS; TRANSPORTING i
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-ﬁ- CPC Scheme

NaVigatOI’ D - TEXTILES; PAPER

Symbol Information [&)

- FIXED CONSTRUCTIONS

Symbol Seagch

F - MECHANICAL ENGINEERING; LIGHTING; HEATING; WEAPONS; BLASTING i

HO1L 27/00

G - PHYSICS i

H - ELECTRICITY i

+ +
R R R

Y - GENERAL TAGGING OF NEW TECHNOLOGICAL DEVELOPMENTS; GENERAL TAGGING OF i
deposit* CROSS-SECTIONAL TECHNOLOGIES SPANNING OVER SEVERAL SECTIONS OF THE IPC;

TECHNICAL SUBJECTS COVERED BY FORMER USPC CROSS-REFERENCE ART COLLECTIONS

[XRACs] AND DIGESTS

Search in

Titles
Notes & Warnings

Definitions

am@

The scheme navigator allows for good searches. You may search the titles, notes/warnings, and/or definitions of
the scheme. You may optionally limit the search to HO1L, HO1L 27/00, etc., by entering that information in the

“symbol search” box. If you do not put an entry in "symbol search”, the entire CPC scheme will be searched. You
can use ? or * as a wildcard. The search utilizes the Boolean operators AND, OR, NOT.




Scheme

# Home Bt Scheme Navigator

Scheme Version: 2017.08

CPC Scheme Navigator

-ﬁ- CPC Scheme
Navigator

Symbol Search

HO1L 27/00

Keyword Search

deposit®

Search in

« Titles
Notes & Warnings

Definitions

Navigator

b 4
indent Level T} Subsections Classes | Subclasses  Section aBlciolerle|u|v] [i A cec wc| e [B]IEY
® Scheme Results for: 'deposit*' in HO1L27/00 ®
g
= H(3) ELECTRICITY =
(=4
HO1L 27/142 * » Energy conversion devices photovoltaic modules or arrays of single photovoltaic cells 'E
comprising bypass diodes integrated or directly associated with the devices H01L31/0443 ; %
photovoltaic modules composed of a plurality of thin film solar cells deposited on the same &
substrate HO1L31/046
HO1L 27/1292 * e o o o using liquid deposition, e.g. printing
HO1L 27/14893 * ¢ o » o comprising a photoconductive layer deposited on the CCD structure
Need help?

Cancel Clear m

Once you have searched, key-word-in-context search results appear. You may click on

one and show the hierarchy to see the full scope of the subgroup.



Scheme Navigator

A Home 3 Scheme Navigator ®

Scheme Version: 2017.08 section WE™M A B c (D E F|lG| H|v |i A cec wc| g fEYE

Results: HO1L 27/1292

Indent Level Guidance Headings | Main Groups | --Level-- AAR>T.ELLF.IIMl Symbol Hierarchy OFF
CPC CPC Title

HO1L SEMICONDUCTOR DEVICES; ELECTRIC SOLID STATE DEVICES NOT OTHERWISE PROVIDED FOR (use of semiconductor i AD X
devices for measuring G01; resistors in general HO1C; magnets, inductors {in general}, transformers HO1F; capacitors in
general HO1G; electrolytic devices HO1G9/00; batteries, accumulators HO1M; waveguides, resonators or lines of the

CPC Scheme Navigator (¥

waveguide type HO1P; line connectors, current collectors HO1R; stimulated emission devices HO1S; electromechanical
resanators HO3H; loudspeakers, microphones, gramophone pick-ups or like acoustic electromechanical transducers HO4R;
electric light sources in general HO5B; printed circuits, hybrid circuits, casings or constructional details of electric
apparatus, manufacture of assemblages of electrical components HO5K; use of semiconductor devices in circuits having a
particular application, see the subclass for the application)

=| HO1L 21/00 Processes or apparatus adapted for the manufacture or treatment of semiconductor or solid state devices or of parts D &
thereof ({testing or measuring during manufacture or treatment, or reliability measurements H0O1L22/00; multistep
manufacturing processes for passive two-terminal components without a potential-jump or surface barrier for
integrated circuits HO1L28/00; } processes or apparatus peculiar to the manufacture or treatment of devices provided
for in groups HO1131/00 - HO1L51/00 or of parts thereof, see these groups; single-step processes covered by other
subclasses, see the relevant subclasses, e.g. C23C, C30B; photomechanical production of textured or patterned
surfaces, materials or originals therefor, apparatus specially adapted therefor, in general GO3F)

- | HO1L 21/02 « Manufacture or treatment of semiconductor devices or of parts thereof
4 HO1L 21/02002 « «{Preparing wafers} i
4 HO1L 21/02041 « «{Cleaning}

= | HO1L 21/02104 ««{Forming layers (deposition in general C23C; crystal growth in general C30B)}

HO1L 21/02107 « «+ {Forming insulating materials on a substrate}

+

»

The scheme definitions may be viewed in the scheme navigator.
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Ik Access:

m USPC to CPC Mapping Tool

emiconductor Topical Index

= Semiconductor Topical Index for CPC
Subject matter, organized by topic, and where to find it in the CPC scheme

Search box Reset

TopTeS Allocations

+ | Universal Methods and Structures

+ | Packaging

+ | Interconnects and External Electrical Connections

+ | Inductor, Resistor, Capacitor

N
|

J

Scheme Viewer & Tools

Hide Search Tools

Source Search CPC for keyword View Patent Documents
® USPTO (image compression Q,| |G0BK9/00469 Q

£P0 [ Text search the CPC m Patents with symbol (I m

() .CLAS,CCLS, CPC,CPCL.

‘ a Enable Search String builder

Note: clicked links will not be opened when enabled

¥ | Find a CPC G03B or photography Q
scheme

+ | Transistor

+ | Diode

+ | Thyristor

+ | Memory Device

+ | Light-Responsive Device

+ | Light-Emissive Device

+ | Thermoelectric Device

+ | Superconducting Device

+ | Piezoelectric (Pressure-Responsive) Device

+ | Magnetostrictive (Magnetic Field-Responsive) Device

+ | Electrostrictive (Electric Field-Responsive) Device

+ | Magnetic Device

+ | Organic Device

+ | Microelectromechanical Systems (MEMS)

The Semiconductor Topical Index orders topics and subtopics in the general order of the HO1L scheme. The language that

is used is generally simpler than is used in the CPC scheme. Also, it is much easier and quicker to find the topics that you
want to find than it is to find them in the scheme itself. The topics are generally ordered in the order of HO1L.




Semiconductor Topical Index

LT Quick Crosswalk Access:

Y m USPC to CPC Mapping Tool Scheme Viewer & Tools

= Semiconductor Topical Index for CPC
Subject matter, organized by topic, and where to find it in the CPC scheme
Search box Reset Source Search CPC for keyword View Patent Documents
_ ® USPTO [image compression Q| |GO6K9/00469 Q
To Allocations £P0 1 Teyt search the CPC m Patents with symbol [1 m
~ Universal Methods and Structures \
+ | Substrate or Wafer a Enable Search String builder ()-CLAS, CCLS, CPC, CPCL.
- Note: clicked links will not be opened when enabled
+ | Treatment of Bulk Wafer <

W Find a CPC |G03B or photography Q

+ | Cleaning scheme

- | Deposition
+ | Inorganic Material
+ | Organic Material
+ | Physical Deposition
_ | Liguid Deposition
All HO1L Entries

HO01L21/02282-0229

HO1L21/02623-
02628

HO1L21/208-2085

HO1L21/286-2885

HO1L21/445

Printing

See US7
HO1L21/02288 oo

HO1L defi
\ / HO1L51/0004-0005

One can quickly expand through topics and subtopics in order to find a desired idea. For instance, one may find liquid

deposition by choosing universal methods / Deposition. Clicking on liquid deposition gives the subtopics under it, such
as printing, spraying, etc. The locations in CPC are listed in the “allocations” column.




Semiconductor Topical Index

IO Quick Crosswalk Access:

—_— | submit | USPC to CPC Mapping Tool

Scheme Viewer & Tools

Semiconductor Topical Index for CPC

Subject matter, organized by topic, and where to find it in the CPC scheme

solar cell : Reset i] ij i] ij

Topics Allocations Notes

- | Universal Methods and Structures
+ | Annealing
- | Measuring and Testing

- Measuring Photovoltaic Device

H02550/00-15 =]
- | Packaging
+ | Container for chip
+ | Encapsulation
- | Heat Exchange
- | For Specific Device
————
for radiation sensitive devices exce;l solar cells|
G
HO1L.31/024 B
HO1L31/052-0525 E

= Light-Responsive Device

| Solar Cell / Photovoltaic

+ | Most CPC Entries

+ | Materials

| + _Shape

+ | Electrodes

The Semiconductor Topical Index is searchable. The results come up in context of the index, with the search term

highlighted.




Semiconductor Topical Index

I Quick Crosswalk Access:

—_— m USPC to CPC Mapping Tool

Scheme Viewer & Tools

= Semiconductor Topical Index for CPC

Subject matter, organized by topic, and where to find it in the CPC scheme

solar cell | Reset | _7_] ij i} _4,'

Topics Allocations Notes

- | Universal Methods and Structures
+ | Annealing

- | Measuring and Testing

- §Measuring Photovoltaic Device

H02550/00-15 =]
- | Packaging
= Container for chip
== Encapsulation
- | Heat Exchange
- | For Specific Device
for radiation sensitive devices except solar cells
HO1L.31/024 B
HO1L31/052-0525 a

- | Light-Responsive Device
- | Solar Cell / Photovoltaic
+ | Most CPC Entries
+ | Materials

+ | Shape

Hidden synonyms enable relevant topics to be found, even if the searched term does not exactly match the topic's

title. This ensures that relevant CPC subgroups may be found even if a user does not know the terminology used by
the CPC scheme or by the Semiconductor Topical Index.




Finding prior art by text searching

Imagine these are the

"APR?tﬁ::';';I synonyms you know, or

cooler” that you gather from
references in preliminary

searches.
synonym If these are the only
neatsinic synonyms you text search

for, you will miss prior art
that use other terms.

synonym
thermal dump




Searching CPC fills in the gaps

“Apparatus” synonym
heat

“thermal
cooler” exchanger

HO1L 29/3675

Arrangement for cooling
semiconductor device,
facilitated by shape of

housing Synohym
synonym
heatsxnk ¢ thermal reservoir

synonym Image-only and misspells
thermal dump not text-
searchable heatsinh




CPC is a “language neutral” system designed to collect all useful documents
relating to a concept in a single place, regardless of the text synonyms the
documents use to describe the concept, and regardless of the preferred
synonyms of the classifier.



What CPC searches do not find

“Apparatus” synonym
heat

“thermal
cooler” exchanger

HO1L 29/3675
Arrangement for cooling
semiconductor device,
facilitated by shape of
housi
ousing “thermal

synonym s
heatsink reservoir

heatsink

generically
without useful information




CPC harmonizes search strategies

HO1L 29/3675

Arrangement for cooling
semiconductor device,

facilitated by shape of
housing

The effective use of CPC provides the examiner and the
Applicant more certainty and confidence that a
complete, quality search of the prior art has been
performed because it is language neutral.
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Applying CPC to Search:
Example Application




1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through
the thermal cooler;, and

wherein the plurality of through-silicon vias are formed vertically through the first die,
the thermal cooler and the second die.

1206-3 1202 - silicon housing of heat sinks
I ———— - 1206-1 through 1206-3 - silicon wafers
|" 1208z (heat sinks) having channels 1224 for fluid
o i coolant therein

= 1206-1
104, 108, 110 - silicon dies (IC chips)

[l""""""""z: : 1216 - TSV in all chips and heat sinks
1202

118 - bumps connecting vertical TSVs
112 (claimed in dependent claims)



Rl Step 1: View the

Generate Family ID Search String || Show Less Export
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Results: Application Number 14981120
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HO1L 25/0657
HO1L 24/32

HO1L 25/073
HO1L 23/053
HO1L 23/043
HO1L 23/3738
HO1L 24/17
HO1L23/481
HO1L 23/473
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View Classification PDF
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View Issue Classification PDF
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Step 2: Determine the scope

of each allocated subgroup in
a scheme viewer

a [ ] HO1L 23/00 Details of semiconductor or other solid state devices (H01L 25/00 takes precedence {; ﬂj
structural arrangements for testing or measuring during manufacture or treatment, or for reliability
measurements HO1L 22/00; arrangements for connecting or disconnecting semiconductor or solid-
state bodies, or methods related thereto HO1L 24/00; finger print sensors GO06K 9/00006})

[ ] HO1L 23/34 ¢ Arrangements for cooling, heating, ventilating or temperature compensation {; Temperature D
sensing arrangements (thermal treatment apparatus HO1L 21/00)} —
[ ] HO1L 23/36 ¢ » Selection of materials, or shaping, to facilitate cooling or heating, e.g. heatsinks { D
(HO1L 23/28, HO1L 23/40, HO1L 23/42, HO1L 23/44, HO1L 23/46 take precedence; heating —
HO1L 23/345)}
[ ] HO1L 23/373 * » » Cooling facilitated by selection of materials for the device {or materials for thermal
expansion adaptation, e.g. carbon}
[ ] HO1L 23/3738 ¢ ¢ o o [Semiconductor materials}

The scope of the subgroup HO1L 23/3738 is the sum of each subgroup it depends from in its
hierarchy:

An arrangement for cooling a semiconductor or solid state device,
the cooling being facilitated by a semiconducting material in the arrangement




Step 3: Determine if any subgroups have been

Results: Application Number 14981120

¥ Family ID: 59088433 Ve Glssfiaton 0| Vi s skt 05| savess s €Dl Step 4: Determine |f pertinent SuU bg rou pS have
US App. No. (1) & Documents (2): 14/981120 (20170186728 A1, 9818726 B2)
S Ot hcen allocated yet.

incorrectly allocated.

¥ Allocations (27)

dnspot ainjald Uolesyisse |

No. Symbo Type Title Endorsed by  Created By Date Created Modified By Date Modified

1 2 HO1L 25/0657 E Stacked arrangements of us, EP US (EXPERT) Aug 08, 2016 20:38  EPO Nov 17, 2017 08:26

& 5 HO1L24/32 of an individual layer conne us Parendo, Kevin Dec 16, 2016 11:27 | Parendo, Kevin Dec 16, 2016 11:27

3 & HO1L25/073 Apertured devices mounte us Parendo, Kevin Dec 15, 2016 13:30 EPO Nov 17, 2017 08:26

4 2 the container being a ho us Par Dec 15, 2016 13:14 Dec 15, 2016 13:14

5 P} the container being a ho us Dec 15, 2016 13:14 |1 Dec 15, 2016 13:14

6 £ HO1L23/3738 Semiconductor materials us Parendo, Kevin Dec 15, 2016 13:10 |F Dec 15, 2016 13:10

7 2 HO1L24/17 of a plurality of bump con us US (EXPERT) Aug 08, 2016 20:39 | US (EXPERT) Aug 08, 2016 20:39

8 4 HO1L23/481 nternal lead connections, us US (EXPERT) Aug 08, 2016 20:38 | US (EXPERT) Aug 08, 2016 20:39

g k% by flowing liquids HO1L23 us US (EXPERT) Aug 08, 2016 20:39 | US (EXPERT) Aug 08, 2016 20:39

o » i e e = R P — FR RN (A —— B s

n |» The classification picture (i.e. the set of CPC allocations) changes over time.

12 i1 A

13 5 2 13 |A .. .

15 2 25/06568 | Initially (August, 2016) the made 13 allocations.

15 | & 53 A

6 4 24/29188 | A . e el . .
T P —— At the time of the initial search (Dec. 2016), the US examiner added 12 allocations.
18 &L A

1 |% A In November 2017, the EPO examiners from HO1L 25 added 2 allocations.

20 L A

21 |4 A

n 2 A In March 2018, the added 19 allocations and 5
llle combination sets.

4 & A

25 4 A

x4 . 3 allocations were deleted.

27 L A - P— . . P——— P ——




What follows is a partial classification picture of the disclosed invention (i.e. subjectively
the “"best” subgroups) [the full scope of each subgroup is summarized]

HO1L 23/473 Arrangement for cooling or heating using flowing liquid

HO1L 23/3738 Arrangement for cooling made of semiconductor material

HO1L 25/0657 Stack of integrated circuit chips

HO1L 2225/06589 Stacks of integrated circuit chips having thermal management

HO1L 23/481 Through silicon via in a semiconductor device

HO1L 2225/06541 Stacks of integrated circuit chips having TSV connections therein
HO1L 24/16 Bump connector electrically connecting stacked semiconductor chips
HO1L 2225/06517 Stacks of integrated circuit chips having a bump direct electrical

connection between a device and a substrate




Step 5: Devise CPC searches from the correct, pertinent subgroups

Step 6: Perform CPC search by combining subgroups to match a large portion
of the invention’s scope. Repeat by trying various promising combinations.

Sometimes the devising of the search strategy happens initially. It is often
informed by trying combinations and seeing how many documents are yielded
by the search.

" HOTL 23/473 | Arrangement for cooling or heating using flowing liquid
HO1L 23/3738 Arrangement for cooling made of semiconductor material |
" HOTL 25/0657 | Stack of integrated circuit chips
| HO1L 2225/06589 | Stacks of integrated circuit chips having thermal management
" HOTL 23/481 ' Through silicon via in a semiconductor device
" HOTL 2225/06541 | Stacks of integrated circuit chips having TSV connections therein
| HO1L 24/16 | electrically connecting stacked semiconductor chips
" HOTL 2225/06517 | Stacks of integrated circuit chips having a direct electrical

connection between a device and a substrate



1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through
the thermal cooler; and

wherein the plurality of through-silicon vias are formed vertically through the first die,
the thermal cooler and the second die.

HO1L 23/473 Arrangement for cooling or heating using flowing liquid

HO1L 23/3738 Arrangement for cooling made of semiconductor material

HO1L 25/0657 Stack of integrated circuit chips

HO1L 2225/06589 Stacks of integrated circuit chips having thermal management

HO1L 23/481 Through silicon via in a semiconductor device

HO1L 2225/06541 Stacks of integrated circuit chips having TSV connections therein

HO1L 24/16 Bump connector electrically connecting stacked semiconductor chips

HO1L 2225/06517 Stacks of integrated circuit chips having a bump direct electrical
connection between a device and a substrate




1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and

second dies;
wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the

first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

CPC search L5: HO1L23/473.cpc.
searches for arrangement for cooling or heating, using flowing liquid, of a

semiconductor or solid state device

A L1 could be searched individually in its entirety




1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and

second dies;
wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the

first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler, and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

CPC search L5: HO1L23/473.cpc.
searches for arrangement for cooling or heating, using flowing liquid, of a

semiconductor or solid state device

A L5 returns 14,272 documents, which is too many to search through.

L5 is not efficient to search, because it is too broad to capture the
important elements of the claim.

For example, it does not require the TSVs, and only requires a single
chip instead of a stack of plural chips.



1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and
second dies;

wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the
first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

A

Thus, it would be better to do intersection searches
B that more completely match the scope of the
claimed invention.




1. An apparatus comprising:

a first die;

a thermal cooler formed over at least a portion of the first die;

a second die formed over at least a portion of the thermal cooler; and

a plurality of through-silicon vias providing electrical connections between the first and

second dies;
wherein the thermal cooler comprises a plurality of fluid channels for fluid cooling of the

first die and the second die, the plurality of fluid channels being formed horizontally through

the thermal cooler; and
wherein the plurality of through-silicon vias are formed vertically through the first die,

the thermal cooler and the second die.

This claim is essentially described by four concepts:

» Stacked chips

e Heat sink

* Channels for fluid coolant in the heat sink

e TSVs connecting the chips to each other and to the heat sink



This claim has four different concepts:

« Stacked chips

e Heat sink

» Channels for fluid coolant in the heat sink
» TSVs connecting the chips to each other and to the heat sink

Which parts of this partial classification can cover these four concepts?

HO1L 23/473 Arrangement for cooling or heating using flowing liquid

HO1L 25/0657 Stack of integrated circuit chips

HO1L 2225/06589 Stacks of integrated circuit chips having thermal management
HO1L 23/481 Through silicon via in a semiconductor device

HO1L 2225/06541 Stacks of integrated circuit chips having TSV connections therein




This claim has four different concepts:

« Stacked chips

e Heat sink

» Channels for fluid coolant in the heat sink

» TSVs connecting the chips to each other and to the heat sink

Which parts of this partial classification picture most specifically cover these four concepts?

HO1L 23/473 Arrangement for cooling or heating using flowing liquid

HO1L 2225/06589 Stacks of integrated circuit chips having thermal management

HO1L 2225/06541 Stacks of integrated circuit chips having TSV connections therein




This claim has four different concepts:

» Stacked chips

e Heat sink

» Channels for fluid coolant in the heat sink

e TSVs connecting the chips to each other and to the heat sink

HO1L 23/473 Arrangement for cooling or heating using flowing liquid
HO1L 2225/06589 Stacks of integrated circuit chips having thermal management
HO1L 2225/06541 Stacks of integrated circuit chips having TSV connections therein

Better CPC search (intersection search):

‘ L7: HOT1L23/473.cpc. AND HO1L2225/06589.cpc. AND HO1L2225/06541.cpc.

L7 covers all four concepts using three CPC subgroups.



Step 6: Perform CPC search by combining subgroups to match a large portion

of the invention’s scope. Repeat by trying various promising combinations.

‘ 102 prior art reference found by search L7
42 O\ 4a

\ 42a
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22

3

US 2016/0056089 A1 (“Taniguchi”) has a “heat spreading member”
30, stacked chips, silicon substrates 25 and 26 with “cooling
channels” S therein, in a geometry that very closely matches the
disclosed invention.

Application Device (rotated 180 degrees)
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A condensed search showing some text searching
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(fluid or cool$4 or cryogens2)))
#MIL15: (54) ((first or lower or bottom) near3 (die or chip)) and ((sec
#L16: (74) ((stack33 or assembl$3) nearb (die or chip)) and ((heatSls
- L17: (184) ((stack$3 or assembl$3) nearS (die or chip)) and (heat$Sles
-#L19: (1,156) ((stack$3 or assembl$3) near5 (die or chip)) and ( (heat
- Failed
- Saved
# Favorites
- Queue
«{@l Interference
-# Tagged (62)
5@ UDC
4 FAOM
4 Allow
=@ Trash
Pos 225
& > | # BRSfom & IS8Rfom $F Image BS Ted BE HTML
[FLT]‘ + | X | U ‘1‘ Document ID Publication Family ID Lang. Pages Title Current OR | Current XRef Retrieval C
< >
# His @0 Detale 2= HTML
Ready COMNMECTED as "kparendo” [19:27] IDLE [00:07/03:00:00] NUM



A condensed list of some relevant CPC subgroups

ﬁ _ X
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- L19: (1,156) ((stack$3 or assembl$3) near5 (die or chip)) and ((heat$lsink or ((heat
% L20: (14,990) ** CPC subgroup for heatsink with flowing liquid

--#L21: (579) ** CPC subgroup for heatsink made of semiconductor

#ML22: (5,358) ** CPC subgroup for stack of IC chips with thermal management

#ML23: (23,984) ** CPC subgroup for TSV

#ML24: (16,838) ** CPC subgroup for stack of IC chips with TSVs therein

% L25: (4,532) ** CPC subgroup for a pyramidal gecometry of stacked IC chips

--#L26: (5,674) ** CPC: carrier with electrical interconnections between stacked chips
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Some example CPC intersection searches. Various combinations cover different
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#ML20: (14,990) ** CPC subgroup for heatsink with flowing ligquid

#ML21: (579) ** CPC subgroup for heatsink made of semiconductor

#ML22: (5,358) ** CPC subgroup for stack of IC chips with thermal management

#ML23: (23,984) ** CPC subgroup for TSV

- L24: (16,838) ** CPC subgroup for stack of IC chips with TSVs therein

- L25: (4,532) ** CPC subgroup for a pyramidal geometry of stacked IC chips
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