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Why Al feels Instant?

e GPT’s

e Al on Devices

Computing Workloads

How do we make this possible?

C—

Al in Smartphones Data Centers & Al
AR




Inside the Fab

Credits: Intel, Link: https://youtu.be/-KTKg0Y1snQ?si=O068HyxCmmpohATK



The semiconductor market could reach a value of $1.6 trillion by 2030.

Glot:(alts(imiconduitor growth contribution per vertical,
marke ase case), CAGR, % billion (share of industry growth)
Market Outlook 2030 $ billion i
Consumer 35 (4%)
Industrial 40 (5%)
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* Computing & Data Storage n
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* ADAS(Advanced Driver Assistance

SyStem) Note: Values rounded to nearest $5 billion; percentages do not add to 100%, because of rounding.
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Source: https://www.mckinsey.com/industries/semiconductors/our-insights/hiding-in-plain-sight-the-underestimated-size-of-the-semiconductor-industry



Semiconductor Ecosystem
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High Bandwidth Memory (HBM) Supply Chain
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Moore’s Law
Gordon Moore(Intel) L.

Moore’s Law: The number of transistors on microchips doubles every two years [oNaWEIE!

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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https://www.nytimes.com/2016/05/05/technology/moores-law-running-out-of-room-tech-looks-for-a-successor.html?smid=url-share
2. By Max Roser, Hannah Ritchie - https://ourworldindata.org/uploads/2020/11/Transistor-Count-over-time.png, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=98219918
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Semiconductor!

Si Crystal Ingot Flat Grinding

Cleaning Polishing Etching Lapping

Silicon Wafer

* Sizes; 1in-12 in, most common sizes are 150 mm, 200 mm & 300 mm
* Thickness; 0.2-1.5mm

* Flatness ~ 1um & Surface finish under Tnm

* Plain & Doped Options

1 https://waferpro.com/what-is-a-silicon-wafer/?srsltid=AfmBOogeOFhOW_COQOY-wffSY9eDbunQOvViCNNNpbodvNUYkyMYdjvKBli
2. https://waferpro.com/what-is-a-semiconductor-wafer/

3 Micron Fabrication: https://www.micron.com/content/dam/micron/educatorhub/fabrication/micron-intro-to-fabrication-presentation.pdf 9
“© 2020-2026 Micron Technology, Inc. All Rights Reserved. Used with permission.”
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Process

Front End — making the chip

Thin-film materials

Thin-film
) xide film

Silicon

C‘:O Cross-section
a Oxidation of the
Wafer cleaning wafer surface

Exposure and
Thin-film deposition Photoresist coating der:/elopment

Cross-section

Electrode

robe

Etching Dopant implantation Planarization Electrode formation Wafer inspection

Image [2]

Credits:

1. https://www.rapidus.inc/en/tech/te0010/

2. https://www.cnbc.com/2022/03/23/inside-asml-the-company-advanced-chipmakers-use-for-euv-lithography.html

Back End - packaging of chip

| :

Bump formation

Underfill dispensing

Molding

Image [1]

Final test
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Evolution of Interconnects

Wire Bond Flip Chip TCB Bonding HD Fan Out Hybrid Bonding
(1975) (1995) (2012) (2015) (2018)
Architecture é
Hybeid bonding
= ]
Contact Typ e . : -
Solder ball or copper
ere pillar Copper pillar RDL or copper pillar Copper to copper

Heat compression force

E... .s 5::::%%55 % E.....g
Contact Density §... o2 ] : 3444431
5-10/mm? 25-400/mm? 156-625/mm? 500+/mm? 10K-1MM/mm?
m Organic/leadframe Organic/leadframe Organic /Silicon None None
Accuracy 20-10pm 10-5pm 5-1um 5-1um 0.5-0.1um

Credits; Besi & Semi Analysis(https://newsletter.semianalysis.com/p/hybrid-bonding-process-flow-advanced) 11




Changes in Bumps

Solder or
Cu-Pillar bumps

B :
Ump sijzq
50 - 100 pm B Solder Copper I Passivation
' ’ 20-30 um
. o
. 0.5-5um
: . ” >
Pitch: 100 - 200 pm Pitch: 30 =60 pm  Pitch: 20 - 40 um Pitch: 20 um Pitch: < 10 um Pitch: < 10 pm
Cu-pill Flat Solderless Solderless
Sethoons ReRmps :'p' ar Cu-pillar Cu-pillar bump Cu-pillar bump
e bump (TCB) (HB)

Credits
https://techlevated.com/techterms/microbump/

SemiVision; https://x.com/semivision_tw/status/1986087554685247796/photo/1

000000000
000000000
000000000
000000000

e ———
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https://techlevated.com/techterms/microbump/

Heterogenous Integration (HI)

* Assembly of different manufactured components
into a single advanced package

= | ogic

= Memory
= Sensors
= QOthers

* How it different than SoC(Silicon on Chips) ?

FPGA - Field Programable Gate Array

EMIB - Embedded Multi die Interconnect Bridge
DDR/SDRAM - Double Data Rate

HBM - High Bandwidth Memory

1. Intel, Image Source: https://www.networkworld.com/article/967223/intels-agilex-fpga-family-targets-data-intensive-workloads.html ~ PCle - High Speed Serial Expansion Bus Std. 13

Credits

2. https://anysilicon.com/what-is-a-system-on-chip-soc/
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Heterogenous Integration (HI) Cont’d

Hybrid Bonding

Regrs

Credits: Applied Materials & Link; https://youtu.be/-egYoxajTz0?si=31OXHpRTc6Lv1glH



TSMC'’s Fabric- CoWoS (Chip on Wafer on Substrate)

Substrate

Substrate

Substrate

e Al & Supercomputing  RDL Redistribution Layer e LSI- Local Silicon Interconnect
 3.3xreticle size or 2700mm?2 Interposer * Accommodates variety of
* Better C4 joints quality connection architects
Note: This is for education & illustration purpose only 15

Credits: TSMC, https://3dfabric.tsmc.com/english/dedicatedFoundry/technology/cowos.htm



Intel’s Packaging

2.5D 3D 3.5D

EMID 2.5D T

DIE

T a— |

SUBSTRATE

\.—___—>7 : 1 S

DIE DIE N DIE

Y S = ~ L)

ACTIVE BASE DIE ACTIVE BASE DIE
SUBSTRATE . e

- > -

» W W

SUBSTRATE . .
- - - * Cu-Cu hybrid bonding * Flexible Heterogenous Systems
interface(HBI) « Capable of multiple 3D stacks
 Data Center Application in one single package
o S S;JB.S'TRATE
Note: This is for education & illustration purpose only 16

Credits: https://www.intel.com/content/www/us/en/foundry/packaging.html



K&S Flip Chip and TCB Solutions

ca2s caw
NAPTUSSA NArPTUSA
105 |
ﬂ NPAMNA Inert bonding environment & large die capability.
) Flux-less oxide reduction bonding with formic acid
Chip-to-Substrate (C2S) & ,
N e Chip-to-Wafer (C2W) solution for
KATALYST TC-CUF/NCP/NCF

4 Industry’s highest accuracy
& 10 & speed for FC applications
E Dual-gantry with 2x6 nozzles
E up to 15'000uph —————
w N
g .
> 108 e m—
z ‘ CutoCu TCB
a .
Q . | Fluxless TCB

: Flux TCB

v

C4 Flip Chip NAPTURA

[um]
101 | : : — - —_—
200 100 70 50 40 30 20 0 5 3 1 > UOPitch
) . 30 XY
3 2 1.5 1 0.8 05 02  0.05 pjacement
N —Accuracy

Credits: K&S and Link: https://open.substack.com/pub/globaltechresearch/p/asm-pacific-technology-522-hk-vs?utm_campaign=post-expanded-share&utm_medium=web



Which Packaging Technology to use?

* Power Efficiency & Delivery
* Routing Density

* Package Size

* Thermal Performance
* Cost

* Process Maturity

* Supply Chain

18



Career Pathways

* |IC Design Engineer
* Designs the circuits that make chips compute, process signals, or manage power.
« Hardware Roles

 R&D/Design Engineer; Design Electro-Mechanical modules like material handling, optics, laser, vacuum systems, etc.

 System/Equipment Engineer; Review & analyzes the complete system/machine and define the specification(accuracy,
die handling capabilities, bonding

* Quality Engineer; Test the packing system using metrology systems and other testing tools.

* Process Engineer

* Develops the packaging process on the machine by creating the recipes
« SW Engineering

* Developers and SVT(Software Verification Tests)
* Field Service/Application Roles
* Facilities Engineer (Cleanroom, HVAC & Utilities)

* Maintain & Design the facility( Cleanroom space)
 Others

19



Future Trends

Example of interposer with ~5.5x reticle size (5.5 x 830mm?2 = 4565mm?)

~20% cost decrease

CoPoS (Chips-on-Panel-on-Substrate) Seedossmat
» Panel-level interposers replace wafer-based interposers, enabling o
much larger package sizes for Al/HPC.
* Better economics at scale: rectangular panels reduce scrap and
improve throughput vs. circular wafers.
« Accommodates many logic dies & 4—-12+ HBM stacks with high 1/0
denSity' 300mm wafer 300x300mm?2 panel 600x600mm? Panel
« Challenges: warpage, die shift, PDN design, thermals, and board-level 7 interposers 16 interposers 64 interposers
Area efficiency ~45% Area efficiency ~81% Area efficiency ~81%

reliability for very large packages.

Co-packaged Optics

* Uses light instead of electricity to connect chips, enabling faster data transfer
* Potentially delivers much higher bandwidth (10-80x)

* Reduces energy consumption by up to 80% per data transfer

* Enables denser connections (up to 6x more)

* Critical for scaling Al systems where data movement is the main bottleneck

Sources

https://research.ibm.com/blog/co-packaged-optics-to-supercharge-generative-ai-computing

https://semiwiki.com/wikis/industry-wikis/chip-on-panel-on-substrate-copos-wiki/ 20
https://www.techpowerup.com/337960/tsmc-prepares-copos-next-gen-310-x-310-mm-packages
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Resources

Online Course on Coursera by ASU : https://www.coursera.org/specializations/semiconductor-packaging
i-@a- II:ZTUC;I?:J:J Semiconductor Packaging

", Semiconductor Packaging Manufacturing
= g Course2 - Shours

!\ > Advanced Semiconductor Packaging
£ Course3 + 6hours

e
L —J

YouTube Channels
* Intel Foundry: https://www.youtube.com/watch?v=LgP35yX6nhl
* Sandto Silicon: https://youtu.be/_VMYPLXnd7E?si=WRB7YcPwH-F_G60E
* Asianometry; http://www.youtube.com/@Asianometry
* Samsung Semiconductor; https://youtu.be/Bu52CE55BN0O?si=v5TtIELY_TpSTMNI

Societies & Organizations
* IMAPS(International Microelectronics and Packaging Society,); https://imaps.org/
* |EEE EPS(Electronics Packaging Society); htips://eps.ieee.org/
* SIA (Semiconductor Industry Association); https://www.semiconductors.org/
* SEMI Foundation; https://www.semi.org/
* NSIT/Chips for America; https://www.nist.gov/chips

Others(LinkedlIn, Substack, etc.)
* Semi Vision; https://tspasemiconductor.substack.com/
* Semi Analysis; https://newsletter.semianalysis.com/
* Semiconductor Digest; https://www.semiconductor-digest.com/
* Trendforce; https://www.trendforce.com/news/
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Thank You

Srne) LinkedIn: https://www.linkedin.com/groups/13000252/

Special Thanks
Velda Vaness Morris (Chapter Chair)

Jaskaran Singh Dhiman (Jas)
Kulicke & Soffa, PA
https://www.linkedin.com/in/jaskaran-dhiman/

22


https://www.linkedin.com/in/jaskaran-dhiman/
https://www.linkedin.com/in/jaskaran-dhiman/
https://www.linkedin.com/in/jaskaran-dhiman/
https://www.linkedin.com/groups/13000252/

	Slide 1: Semiconductors Chips: Powering the AI
	Slide 2: Topics
	Slide 3
	Slide 4: Inside the Fab
	Slide 5: Market Outlook 2030
	Slide 6: Semiconductor Ecosystem
	Slide 7: High Bandwidth Memory (HBM) Supply Chain
	Slide 8: Moore’s Law Gordon Moore(Intel)
	Slide 9: Semiconductor!
	Slide 10: Process
	Slide 11: Evolution of Interconnects
	Slide 12: Changes in Bumps
	Slide 13: Heterogenous Integration (HI)
	Slide 14: Heterogenous Integration (HI) Cont’d
	Slide 15: TSMC’s Fabric- CoWoS (Chip on Wafer on Substrate)
	Slide 16: Intel’s Packaging 
	Slide 17
	Slide 18: Which Packaging Technology to use?
	Slide 19: Career Pathways
	Slide 20: Future Trends
	Slide 21: Resources
	Slide 22: Thank You

