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The Intel Factory — Internet Of Things (loT) and Large
Scale Data Analysis in the Manufacturing Environment
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Legal Notices

This presentation is for informational purposes only. INTEL MAKES NO
WARRANTIES, EXPRESS OR IMPLIED, IN THIS SUMMARY.

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and/or
other countries.

* Other names and brands may be claimed as the property of others.

Copyright © 2015, Intel Corporation. All rights reserved.
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Overview &b

Topic: The Intel Factory — Internet of Things (loT) and Large Scale Data Analysis in
the Manufacturing Environment

F il /R —FE £ MR T BYIKRAA R SR 724

« |oT and Sensors in the manufacturing environment 4 =37 15 o A4 B R 0 2% 1 28
Data size is exploding #iE = 2IEERAIIE K
Benefits of consuming all that data { FBixX £ #E g aF Ak

Examples of how we are leveraging sensor data A1 204a] F) BB 8% 28 £ 47 #4 S2 451
Vision of the future B2 Xk




Predictable Silicon Track Record

Executing to Moore’s Law
REEKERS
BERIRI I K BRI #%
Enabling new devices with higher
functionality and complexity while
controlling power, cost, and size
LLETRI K 75 B B RAFRIILRE, BRI 7+

16 [E] 1] FE HI B FEFE, AR T

Strained Silicon
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90 nm 65 nm 45 nm 32 nm 22 nm 14 nm 10nm 7 nm
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Why Internet of Things (IoT)? A1t 4 ZEF| H¥ 5N

$B’s in semiconductor process
equipment, 10T is leveraged to
FRERE AL CER,
W10k 45 AR S 5 B

= Reduce capital cost B§{E % P~ A

= Increase quality 2@ iE

= Improve time to market 4i%@ /" fh# L
LelingLE

“Intel's strength has traditionally come
from its manufacturing prowess.”

——Andy Bryant
“EAE RO IATE F AR FLASIE EE 1 SRR

— - MR
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IT in the Intel Factory J=4F/R ] F

Data Center: #E4i0»

 Intel x86 64 bit servers F4F/Kx86 644LAR %525

«  Multiple Operating systems Zi2{ER%;

- Routers, switches, firewalls B E2S. ZHHl., B ES

 Fiber optic cabling Jt4i

« Greater than 1PB of centralized storage #2it 1 PBRY
R RIF i

Factory Floor: ]~

« Thick Clients (all Intel x86 64 bit desktop platforms) I
RESRRBIE ) um FL A (B4 /5 x86 6441 & F )

« Production Semiconductor Tools F ‘F{AFl&EH. 25

* Access switches and Wireless Application Protocol
(WAP) ¥ A 3 # A0 T2 W AR B id

- Vast array of Ethernet cable I ;ZEB8E B LA £ 25

Copyright (R) 2015. Intel Corporation. All rights reserved.



Intel IOT Smart Manufacturing (Penana)

Intel’ s Assembly /
Test - sensors and
analytics help maintain
productivitys.

Predictive
Maintenance

Manufacturin Localized Other IDCs
Equipment Gateways Network g Industrial ggﬁ%gﬁrlse DATA Qb
Infrastructur Data Center B2B Cloud

e




Sensors as Part of the 10T Network $5¢ R g 2 B 25

Leveraging sensors in process equipment
R4 W& PRI RN 25

= Atool often has many sensors

—BHHRARSENR

= Sensors actively monitor temperature,
pressure, and chemical balance within the
tool BNV R ESNINIENI[AEE. LA, LFE = Shifting to real-time decision making #%m]
an 1 SN AR R

= All data instantly available (Wi-Fi, 3G,

= For example, a tool used to deposit metal

(sputtering) often has sensors that monitor etc.) AT A RIEEENZ AT F
pressure, temperature, gas composition, etc. » Large data oceans for later mining X###z
Blan, RREIREMYEE BR BN RN EL . BE N LR SRIEIEIE AT
mE. SRS = Advanced Analytics &R #Ti%
for g ompesten, oo SEIISINE,  + negrted deshboards BARLS
TEERLBRSASTS = Analytics at the Edge #1459 #7

= Streaming data analysis R &R DT

Copyright (R) 2015. Intel Corporation. All rights reserved.



Data Size is Exploding $#E = #18

- In each major processor release, the amount of data required to build the
wafer doubles in size. fF— N FE EZLBERIK M, &A™~ ERIBUEER R (S8 0
- Other companies data size H{th/A T HIEE=

- Facebook ‘status’ updates made per day are 55 million [reference] i 154EX
RS EBFESF58H
- Twitter has roughly 500 million tweets per day [reference] #4F K4 X HBS

(33
- Google has roughly 3.5 billion searches per day [reference] &3 AR KiEH
35 {L R

- Intel collects over 5B sensor data-points per day per factory and it's growing.
RKEF/RBRENI RES0Z(CABIER, MAELAEEM

opyright (R) 2015. Intel Corp


http://blog.kissmetrics.com/facebook-statistics/
http://abcnews.go.com/Business/twitter-ipo-filing-reveals-500-million-tweets-day/story?id=20460493
http://www.internetlivestats.com/google-search-statistics/

%

A Single Wafer ¥ 7 g &

Fast analytics against large and changing datasets is challenging. However, our
focused approach results in increased yield and faster through-put-time.

XA E AR LI R BE R TRE D TR AMBFEAN I T HAITGTES
FmMERERS, SHMINHERE

Intel sorts 1000’s of wafers per day Z4F/RERALEE 1000 A & (A

= Each wafer has roughly 1 GB of data &} & & [ K~ 4 1 GB BI#iE

= Each wafer must be analyzed as well as incorporated into the baseline % Fr &[5 &B & 2

W IR AFL

A single wafer ~1 GB of data with 1,000’s of wafers/day analyzed
against a historical baseline demands a robust computing infrastructure!
FERHI DI ~1GBEE/1 /v &[5 x 1000 F #0 /7 52 a4 X)Lt
HEFEREMITENIE

Q'lti')l 11
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Sensors Benefits and Challenges B¢ 2889004 F03k ik

iensor Technology brings great benefits BN 3{FE A E T R ARKHLF

= Monitor product quality with immediate feedback ¥i{%E 7= & )i &= 3 K B & 1ot

= Minimize loss by stopping a tool when it has a problem 24 #L2% t B o) i % H 4= 1E
URE DK

= Real-time feedback 2B} & 15

Challenges ¥k

= Data volume is large (100’s of points per second per sensor collected) with 1000’s

of sensors throughoutafactory HIFERK (RN ZFMELI00TIER), 77
NI FH 1000 PRV 25

= Time Series analysis is complex I’ F 73 #T{E & A«

= Processing real-time feedback is not trivial A-EBSZ IR IEE EE =
iQtEI' 12

opyright (R) 2015. Intel Corporation rights reserve



Data Consumption Life Cycle #4E /B E89 4 an B EA

Key Traits T E4F A Storage 11 fi
+ 100’s of points/second #1007~ % 4 15

- Data Integration #{E¥ & « Terabytes of summary data; Fast read/write JKJk 715 i1 S+ 5l
- Data Traversal (drill-down) 4 A?;ﬁg;jﬁ
818 5 (7 ™2 4E)

Mining 2

: Paa ot

Reporting A : ‘ « Correlation X

Web; mobile; desktop M. FHL. &ML « CPU. 10 and network Intensive
« Actionable Information 7] AT 50 1714 & ’

Notification i 411
*Millions of charts; prioritize and notify 1

JIaKk LR, H5 S HE R A T

Integration ¥4

«Combining data ¥4 %

«Facilitating drill-down 1§ -
] 423

Example from Quinn-Curtis Inc. Not Intel
data.




Distributed Data Analysis (Ad-hoc & Continuous)
S MNEE S T GRFEFFFLL)

Job Submit Count

Intel manufacturing has unmatched innovation ¢ “u
execution

H¥/R I AL S HEEIFHMHITA

Powerful server farms are available for ad-
hoc/real-time analysis as well as continuous ooy
analysis
?‘%K%Hﬁ%ﬁ%ﬁﬁﬂﬁiﬁﬁﬁ?@ﬁﬁ#ﬁ, LA R ¥4k

sl

Engineers create analysis/reports leveraging the
farms for this data analysis

TRENNF| AL ER BB EE D TS Ml R

Jobs are distributed across the world as required

HTREIERFIS MESKRSL

Process over ~500K ad-hoc jobs/week
IR 50 ARIRF RIS T TIE

opyright (R) 2015. Intel Corp



Content Delivery N K 1

Shifting to HTML5 ##%| HTML5

HTML5 provides content to any platform
any where HTML5 BN BE#IIZ AR

* Phone, tablet, laptop, desktop

FH. FR EiLH DM, B .

« Point and click is popular mi; XA &=

el

Any new platform brings new challenges {E
RI TR B &R =7 R FTRIBE Ik

JavaScript, jQuery, Angular, etc.

CSS

Graphing

New infrastructure challenges

Think of your favorite free phone
app MR —TIRERE NIRRT FH
. FH

This level of performance is the
new baseline expectation of your
user community! XFEREIK 2
{REIRR ) BE RN E R HAE !

HTML5 — a truly rich user experience!
HTMLS——EIEFEMRA ) AK

opyright (R) 2015. Intel Corp




Examples ZE4l




A Key Shift in Data Analysis 2E 72 #THY < B A b

Mining large data-sets is important; but just as important is the ability to traverse the

hierarchy of the data. KEIEEMIZIMEBEE, (BN EZHAHIENEIRFEE

For example, if the police was looking for a car owner in the United States N2 F-#%

—fuXEYE

» First search all 50 States DMV records for the license plate; find a plate match
for the car; find an address for the owner; get a map to that address; then find
the car ownerg £ # % 50 MMM EN B E B, LERBRED, HRINEEW
Hhak ; $FEIFE N b R 3 ] R IE RIS £

« This example illustrates how data needs to be combined and traversed to solve
problems XAMF|FFRuk T 8z EH & FFEEFZ2) LLERR i)

Semiconductor data is very similar 3 S {ARISEEIEE S5

Traversing the data hierarchy is critical

KELB ZRBIRIEEER




Advanced Analytics & Manufacturing Tool Sustaining
SRBIESTII £ S ELSLEE

« The process engineer’ s job requires monitoring vyield, I fl

cycle—time, up time, process health, maintenance, '\'\N\/\/\/\/ A ."'| ¢ ||‘,, J:

cto. HIER TN TAERELREE, FHE, AR NJ TYRLWALY
fIE] . A = o FR R RO YE Y 5 o \/

* Adv. Analytics is used to pull all the data together

into actionable information on any platform with
visual indicators and drill-down capability &2k 53 ¥

RAEFRAANBERELE, FRLELSRARTR
TEEREEFFEE L FEAUHE—LIH

« Investigatory interaction available 3¢ B =X B 1/ £ I“ I : "ul ||"~.‘ |'|'| ,'”nl ’lr

b Rt dh

e Savings measured in quality, labor, improved yield, ) B
Through—Put—time (TPT), etc. AILLAIE. AF.

IREMRE, 7N R EE L

Analysis that used to take 4 hours done in under 30 seconds

M 4 AN 5B 4 FE 21 30 B

. All rights reserved.



Accelerating Factory Output IR I /= H

* Anew Advanced Analytics methodology
was created to look at the hundreds of
operations in the line to identify issues
real-time. S XD ERFEL N Tk
LB IFERZrin) i
* Finds issues in seconds; drill-down,

etc. LR REEI &8, RADH

vvvvvv

'm
-

« The analytics provided insight otherwise
not possible at the time. X Fh 5 T2 LRI
N e R
« Daily action against issues identified.

Analytics helped focus the team. The
results were significant. |54t 1) B AY

B175), TR BB OGE [, mMPFARZ
Z

Significant improvement in TPT;
millions saved through the use of Advanced Analytics

WMRBGET i E, FRASESMAETATHRERAEE D |

pyright (R) 2015. Intel Corporation. All rights reserved.



Tool Sensor Data (Fault Detection Control)

Al R LY 25 B RUHE (B I 15242 )

Real time sensor data from equipment
collected (huge volumes of data — 100’s ‘ |
I . I sl l -
N | l.

of points/second/sensor) #l28EEI5E

I RN 2R BE (KBIEE, 1007 R/#)/%

INEY

Data extracted; analyzed for both real-

time detection as well as end of line

correlation ¥EHRER; S FIELLAIFRC l ul | 0 | lII
VAN - s
7] *ﬁ I

Meaningful reporting created for

engineers and manufacturing

technicians JJ TREITAMS LA LT AR

HEZE XIS

Processing over 5 billion points per day results in measurable
Improvement in equipment availability and yield improvement.

RRAHTELL 50 (LHiER, RSB N RE, RERGFL R

opyright (R) 2015. Intel Corporation. All rights reserved.
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Tool Maintenance ¥ £ 4E 37 s 45 1 2&

Preventative maintenance ensures tools behave in a predictable manner it

D75 S R B 45 AR AT BOAR AR 2

Advanced analytics allows the part replacement frequency during
maintenance to be correlated to end-of-line vield &% 5 #r V& HEBO SR i
RMzA R RFBMEK

Parts that do not impact yield are adjusted in their replacement schedule %7

“SEMEIREM LG, HEARESAE—EHE

Reduced part replacement leads to less downtime (increased equipment
availability) and reduced maintenance costs without impact to quality /84

BB, EREBAMEYLIN AR, X~ & E %A 720
$M’s saved in parts replacement without compromising quality with
additional benefit to increased equipment availability

HHBEHETATHELER, REXARE, MaENIRERSE




Adaptive Metrology at the Station J{ZE =B &

When the tool is running production material we do regular quality checks to
ensure the tool is healthy HHLIRFELE "I, BRI & = LRARIZFE RS
17

We leverage advanced analytics and modeling to improve quality across

manufacturing by dynamically adjusting the monitor frequency F|B &K 2 A%
MER, IR HZBINEMINERIES E

Dynamic tool monitoring supports our manufacturing excellence. Benefits include
savings through increased yield while reducing scrap, improved cycle—time, tool

avallablllty and labor efficiencies. ZN& &N IE X FFEHAIFHIERIE LA
EBETIRESRERBEMRE. IREREE, IRENEREAZMANREES

Significant gains measured on constraint tools through adaptive monitoring!

@R RN EEAE - B, SRFE KRS !




A Vision of the Future %} F&EMRERE




One Vision of the Future BE¥ &3k

Where we could go... EA1Wi%
- Every sensor is wirelessly connected to the network 4 — 4B 2§80 JC £ 1% W

- Edge analytics pro-actively finds impending equipment failures i1 i 5347 B SE 32 8 & B0 BN &
A B A% B S

- Sensor system checks equipment inventory, if replacement parts not available, order
automatically placed to the vendor BN 2RIt & & FF, MBFEMBSHZHF B
B3N BRI

- Equipment parts delivered; system looks for next maintenance cycle to replace parts; system
validates that properly trained people are available to do work and are on-shift (vacation
system checked). All clear then... #FESEEILGE, R ET — MRS AER I LUBE 54,
RO TR EEHARAMIAEELSH(EHKRERRLD) AFTFRAMRSEEHFTRELG

- Work done on schedule; no unscheduled downtime occurred &4t T{E¥RINSERR, ZRBETHEI
NEEISEE
Data Integration leads to higher equipment availability and utilization.
Potential to lower capital costs and improve cycle time

HEBATBNSEREMERRES, ATERBEET " RA, 'S L 30 E




How Does Intel Fit into this Picture
RE/REX A HEHE &AM
Two new vectors are pushing on the data center AN FTBA RS EIER DL E
- Big data requires powerful Intel servers to analyze the ocean of data K& #EFE

MK RIS 2R RSB ERE
- Memory, CPU, disk space, network interconnectivity all matter R7¥,CPU,
WAL ZE R, W EKEREE

- Shifting to support HTML5/mobile results in the processing moving from the
client (phone/tablet) to the servers #F#E| HTML5 $0#2) i #8915, BEF
FER TEME S in (FH/FR) 2RS35 F

Intel Internet of Things (loT) sensors provide a data connection from end device to
the cloud Z&4F/R IR N 23R B 7 M & im 4 B R im A Bz R

- Moon Island™ , Quark™, Galileo™ are enabling new data streams
Data demand is requiring more from our data centers

BTN EHENFER, FEYBEROLIIREESHITERS M6

opyright (R) 2015. Intel Corp
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Joining loT with Advanced Data Analytics

to Improve Manufacturing Results
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