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Heterogeneous Integration Overview
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Meet our EPS/EDS executive board

David King Evan Chen [Vacant]

Vice Chair
[ Class of 27 O Class of ‘27
[ Major: ECSE Dual O Major: ECSE Dual

Jonas Kendra
Chair

Treasurer

[ Class of '24 (M.E.)

Secretary

[d Mechanical Eng.
O Clubs/Affiliations: O Clubs/Affiliations:

0 Clubs/Affiliations:
> |IEEE » Mercer XLabs

» Engineering
» RPI Esports

Ambassadors
» Rensselaer Motorsport
» RPI Esports

WE NEED OFFICERS. WE WANT YOU!



What is IEEE EPS/EDS @ RPI?

IEEE - Institute of Electronics and Electrical Engineers

* |EEE Technical Societies:
O EPS - Electronic Packaging Society
O EDS - Electron Devices Society

We are a community for people interested in
semiconductor technology.

* Chip Design
* Semiconductor Manufacturing

* Advanced Packaging
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Why does EPS/EDS exist here and now?

A weirdly specific question



Government Support

* Intended to bring manufacturing back to the US to

secure supply chains and stay competitive with China.

* Funding distributed over -one decade

* |nvestment in education, infrastructure, and
manufacturing

* Over 100,000 new jobs are being created between
construction, manufacturing, and research.

CHIPS for America Act of 2022

__ Advanced microelectronics research and development
' $11,000,000,000

__ CHIPS for America Defense Fund
} $2,000,000,000

CHIPS for America International Technology
Security and Innovation Fund

Semiconductor N $500,000,000
incentives

$39,000,000,000 . CHIPS for America Workforce and Education Fund
S N $200,000,000

Public Wireless Supply Chain Innovation Fund
$1,500,000,000



Government Support Cont.

Facility /

Location

What it Produces
/ Role

Status / Key Dates

Company

TSMC Arizona — First
Fab

Near Phoenix, Arizona

Advanced logic chips
(4-nm process)

Started high-volume production Q4 2024.

TSMC Arizona — Ari N3 logic (3-nm Building the fab structure completed in 2025; expected operations later (target 2028
rizona
Second Fab process) for some)
Aiming for even more
USSP S Ul Arizona CNEIEEE (Al /S Broke ground in April 2025; scheduled for operations by end of decade.

Fab

process) logic / leading-
edge chips

GlobalWafers —
Sherman, Texas

Sherman, Texas

300mm silicon wafer
fabrication (silicon
substrate / wafer

supply)

Opened May 2025; first of three planned fabs in Sherman.

Amkor — Arizona
Packaging Plant

Peoria, Arizona

Advanced packaging
and testing (back-end
chip processes)

Approved in August 2025; projected begin production in early 2028.




State Incentives

New York State: A Global Semiconductor Hub

New York State is home to the fastest growing
semiconductor ecosystem in the nation.

"We are building a semiconductor highway along the
1-90 corridor from Albany to Buffalo bringing with it
good paying jobs and transforming our economy.

By 2030, 1in 4 U.S.-made chips will be produced in
[and around] Upstate New York, making [the Empire
State] the country’s leading hub for semiconductor
manufacturing." - Governor Kathy Hochul

1in4

U.S. made chips will be made in and

around upstate NY

124B+

in new Industry investment

156+

semiconductor and supply chain
companles thriving in NYS today




Location

In New York State there are seven big semiconductor
companies:

* IBM
* Micron Technologies 6 @
y | ez
* Applied Materials \5’ e anaad]
A PSS | GlobalFoundries
Edwards Vacuum . v o_ 9 o
*  Tokyo Electron f? % 0
v | nvcreares | (il
R 8
ASML L » =
* ClobalFoundries

* Samsung Semiconductor

The red is less then 20 min away




Location Cont. - NORDTECH: Northeastern Region Tech HUB

* Funded through the Chips and Science Act

* Apart of the U.S. Microelectronics Commons, an
initiative from the DOD to decrease dependence on
foreign microelectronics supply chains

|BM Bromont
Bromant, Quebec

o SkyWater
Minneapolis, MN i
2 inneapoli , J_GlobalFoundries

Malta, NY

GE Research
Albany, NY

* Microelectronics supply chains are critical to the
functioning of the entire U.S. economy.

GlobalFoundries [

Burlington, VT

Rome, NY

NY CREATES &
AIM Photonics

Rochester, NY

Rensselaer Polytechnic
Institute
Troy, NY

Albany NancTech Complex:
+ NYCREATES
+ AIM Photonics
« University at Albany College of
Nanotechnology, Science & Engineering

+ 1BM Semiconductor
Albany, NY
Cornell NanoScale

Science and Technology - =

Facility (CNF) -

Ithaca, NY e . Brookhaven National Lab

- / Upton, NY

IBM Research .
Yorktwm Helghs, NY NYU Center for Cybersecurity

o PrOtOtypi_r!g_ FﬂCIllty & Nanofabrication Facility
® Core Facilities Brockiyn, NY



Talent Shortage

Significant Shortage: The U.S. semiconductor industry faces
a severe shortage of hardware designers.

* An estimated shortfall of 59,000 to 146,000 workers by
2029

* Rising needs for chips in Al, cloud computing,
automotive, loT, etc.

* GCovernmental policies and incentives to localize or
secure chip manufacturing,

* Investment in cutting-edge semiconductor technologies.

Note: The semiconductor industry does not have a shortage
of applicants, they have a shortage of people with
specialized skills.

FIG. 3: Projected technical worker supply gap affects semiconductor industry and the broader U.S. economy

1
G

67,100 |

The chip industry is only

a slice of what's missing. 1.4 million
unfilled jobs

unfilled jobs |
'

17,500
filled jobs

.
2023 2024 2025 2026 2027 2028 2029 2030

Semiconductor technical workers

—p:
84,600 -
technical job
openings
created

Computer
science

@ Engineering &
@ Technicians

418,000
446,000

2023 2024 2025 2026 2027 2028 2029 2030

Economy-wide technical workers

3.85 million
job openings
created
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Why does EPS/EDS exist here and now?

It is the perfect time and place to start a career in the
semiconductor industry!
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Programs

Providing value to the student body



Driving Accessibility

I’:"\

OPPORTUNITY KNOWLEDGE



Opportunity - Industry Tours

* Albany Nanotech Complex

Collaboration with the Center for Materials, Devices,

and Integrated Systems (CMDIS)

A state-of-the-art campus that brings together
industry leaders, academia, and international
partners to develop next-generation chips and chip
fabrication processes.

Major Companies: IBM, Applied Materials, Tokyo
Electron, Wolfspeed

* GlobalFoundries Fab 8

Collaboration with American Institute of Chemical
Engineers @ RPI (AIChE)

A world-class semiconductor fabrication facility
specializing in high-performance chips for a variety
of applications, including consumer electronics,
telecommunications, and automotive systems.

®NYCREATES

, CENTER FOR RESEARCH,
CONOMIC ADVANCEMENT, TECHNOLOGY,
ENGINEERING AND SCIENCE

ABS
‘ llta NY ‘




Opportunity - Off-Campus Conferences

e 2025 37th Annual SEMI Advanced Semiconductor
Manufacturing Conference (May 5+ — May 8¢)

* Albany, NY
* 37" Annual Electronic Packaging Symposium
* Binghamton, NY

* Smaller seminars at the ANC also happen and we will
provide transport to those.

* RPI Semiconductor Colab Catalyst Seminars




Opportunity - On-Campus Colloquiums

* An academic conference featuring invited speakers

from industry and academia hosted by YOUR EPS/EDS
CHAPTER!

* Currently working with the IEEE regional section to
bring you a pool of companies to network with

*  Environment to collaborate and learn about the latest
tech advancements




Semiconductor Summit

* Semiconductor Careers Summit occurring at the end of
the spring semester in EMPAC

* Great opportunity for high-level semiconductor
industry awareness, workforce development, and
career guidance

* Last year featured 10 companies:
* Apple, Applied Materials, ASML, EMD Electronics,
Entegris, GlobalFoundries, IBM, Marvell, Rapidus,
Tokyo Electron




Knowledge - Seminar Series

* Officer-led presentation and discussion on topical
issues in the semiconductor field

Why does Silicon suck at this?

* Learn content that will prepare you for interviews &
enable meaningful conversation with industry
engineers

* Excellent way to learn and engage with the field @ Rensselaer

* Sometimes, there is pizzal!

Architectural Issues / ut Vo iR - ‘ ——

“The amount of compute needed to train Large Language models has recently grown at a

rate of 750 x / 2yrs"”

Main Memory Interconnect



Knowledge - Distinguished Lecturer Seminars

* EPS/EDS Distinguished Lecturers from industry and
academia

* Opportunities to learn about cutting edge research and
connect directly with engineers and researchers from

industry

* There will be pizza!




Knowledge - Mentorship

Project-Based Learning: Emphasizing hands-on
experience, the program allows students to
engage directly with real-world design challenges.

Tool-Focused: Focused on teaching well-known
open-source or widely-used industry tools, the
program provides students with a solid
understanding of their functionality and practical
applications.
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Packaging Foundations

Let's get technical



What is this “packaging” you speak of?




What is this “packaging” you speak of?

Physical Enclosure of Chips: IC packaging refers to the - p S 5

=

F‘QFF’1DDL

protective housing that encloses integrated circuits.

Ensures Protection: L

Mechanical: Kinetic shocks, pressure, or vibrations

'0

SOT220 || SO0T223 SOT343 SOT523

&

can fracture a wafer.

- e T S ——

& - Ar N ™

Chemical: Exposure to moisture or other chemicals

/ﬁ

can lead to corrosion of metal parts

Thermal: Protects against thermal changes in the

environment and ensures good heat dissipation

H

TO92

TO52 TO72




How did we begin? (1970)

* Inthe beginning, only the military and aerospace
companies used semiconductor devices.

* Costwasn’t an issue
* Total Reliability

* Dieis hermetically sealed inside a can with the leads
coming from the bottom.

* Referred to as a transistor outline (TO) package
It is also referred to as a squid package

* Problem: Only supports a max of 8-10 leads.
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How did we evolve? (1970-1990)

* Dualinline package became the new state of the art

* Plastic encapsulation became the new package
manufacturing process

* Primarily driven by, of course, Fairchild
Semiconductor

* Had poor thermal and chemical characteristics but
plastic is cheap and easy to do

* Allowed us to easily outsource to Asia early on

PLASTIC PACKAGE CONSTRUCTION \

Die Passivation Ball bond

Lead frame

Die attach




The start of VLSI (1990-2000)

Our chips are now starting to require more 10 than
ever.

* DIPs are no longer feasible for larger or more
complicated chips, as the packaging would become
unbelievably large.

Introduction of the quad flat package (QFP) that uses
surface mounting technology (SMT) as opposed to
through-hole mounting.

Socketed packaging options also became available
such as the LCA




Packaging History

NOT VERY EXCITING — VERY EXCITING

SEMICONDUCTOR PACKAGING HISTORY  anysilicon

1970s 1980s 1990s 2010s
DiP QFP S0P Lcc PGA BGA QFN POP WLP 25DIC 3.0DIC
| 1 1 | 1 | | | 1 ] (]
—@ ® ® ® @ ® @ ® 4 0
i " : i | i | : : : :
I (] 1 | I |
i I y 1 I
1 | " | ]
' ! 1
: | — . |
) I ]
Dual In-line i Small Outline : Pin-grid Ball-grid | Chip-scale ' Package On : 2.5-D Integrated f
Package L Package ! Array Array L Package I Package ! Circuits
Quad flat Leadless Quad flat no System In Wafer-level 3-D Integrated

Package Chip Carrier Leads Package Package Package Circuits




Integrated Circuit Innovations

‘ ontinuous growth in
M MOOFE,S LaW tianiistorco%nt t

Power per transistor shrinks

(‘ ™ o as speed and density increase
/‘ Dennard Scallng Enefgy expended pt;/r

computation is reducing

through both technology and

(((l))) CIOCk Rate 3 MHz to 4 GHz (improved
EVOIUtion architecture)

1.4x Annual Performance Improvement
for 40+ Years = 10,000x




Uni-Processor Performance (Single Core)

Performance (vs. VAX-11/780)

Intel Core i7 4 cores 4.2 GHz (Boost to 4.5 GHz)
Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel Xeon 4 cores 3.7 GHz (Boost to 4.1 GHz)

100,000

10,000 +

1000 -

100 A

10 +

Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Xeon 4 cores 3.6 GHz (Boost to 4.0 GHz)
Intel Core i7 4 cores 3.4 GHz (boost to 3.8 GHz)

Intel Xeon 6 cores, 3.3 GHz (boost to 3.6 GHz) 49,935
Intel Xeon 4 cores, 3.3 GHz (boost to 3.6 GHz) 49,870
Intel Core i7 Extreme 4 cores 3.2 GHz (boost to 3.5 GHz) 31,999 39419\ _~0—0—9
Intel Core Duo Extreme 2 cores, 3.0 GHz 21,871 & 40067 49935

Intel Core 2 Extreme 2 cores, 2.9 GHz
AMD Athlon 64, 2.8 GHz -
el x AN Athlon, 2.6 GHz
ntel Xeon EE 3.2 GHz o061 7.108

Intel DBSOEMVR motherboard (3.06 GHz, Pentium 4 processor with Hyper-Threading Technology) 6,043
IBM Powerd, 1.3 GHz @=* 4,195
Intel VC820 motherboard, 1.0 GHz Pentium Il processor “* 3,016
Professional Workstation XP1000, 667 MHz 21264A

AlphaServer 4000 5/600, 600 MHz 21164 g .*
Digital Alphastation 5/500, 500 MHz L

Digital Alphastation 5/300, 300 MHz

30
Digital Alphastation 4/266, 266 MHz @

12%l/year 3.5%lyear|

Digital 3000 AXP/500, 150 MHz 25

HP 9000/750, 66 MHz g .«

/51

1BM RS6000/540, 30 MHz,
MIPS M2000, 25 MHz 18
MIPS M/120, 16.7 MHz .1‘3

__________________________________ A

Sun-4/260, 16.7 MHz -9
VAX 8700, 22 MHz

52%lyear

24

5
AX-11/780, 5 MHz

25%/year

1
19

78 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Plateauing of DRAM Density, and Computing Performance. Source: | Hennessy, ERI Conf July 2018



Uni-Processor Performance (Single Core)

Intel Core i7 4 cores 4.2 GHz (Boost to 4.5 GHz)
Inlel Core i7 4 cores 4.0 GHz (Boost to 4.2 GHz)
Intel g.4.0 GHz (Boost to 4.2 GHz)
Intel ,!’ (Boost to 4.1 GHz)
100,000 Intel Xeog 8.4 0 GHz)

Intel Xeof I5Hz)

Intel Core i773 R ]
Intel Xeon 6 cof E ' \
Intel Xeon 4 cores, & 49,870

39,419

e ree

Intel Core i7 Extreme 4 cores 3.2 G ; 1999
Intel Core Duo Extreme 2 4
Intel Core 2 Extreme 2 cores, 2

T AMD Athlon 64, 2.8 GHz
N 10,000 AMD Athlon, 2.6 GHz -
| Intel Xeon EE 3.2 GHz 5681 7.108
i Intel DBSOEMVR motherboard (3.06 GHz, Pentium 4 processor with Hyper-Threading Technology) 6,043 ’

IBM Power4, 1.3 GHz @=* 4195

Intel VG820 motherboard, 1.0 GHz Pentium Ill processor g% - 3,016
Professional Workstation XP1000, 667 MHz 21264A Lt

g
i 20967

1

1000

Alphirver 4000 5/60Q.600 MHz 21164 "‘

,’ oore.-s-L :‘ w IS [

Digital Alphastation 4/266, 266 MHz

IBM POWERstation 100, 150 MHz

100 -f---omeeooemomoneneoon oo EUTCHETRERR 100 10 84
-’80

Digital 3000 AXP/500, 150 MHz
HP 9000/750, 66 MHz

[ 51

IBM RS6000/540, 30 MHz_
MIPS M2000, 25 MHz 18
MIPS M/120, 16.7 MHz

10 I R . E

VAX 8700, 22 MHz 5

24

d

AX-11/780, 5 MHz

25%/year
1 " T T I T T T T T T T T

T T
1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

T
2006 2008



Let's make the chips bigger!

Det. Density 0.1 #/sq.cm M Wasted Dies #0 B Defective Dies #34 Defl. Density 0.1 #/sg.cm B Wasted Dies #0 O Defective Dies #41]
Fab. Yield = 47.38 % B Good Dies #30 Partial Dies #4 Fab. Yield = 65.94 % B Good Dies #79 Partial Dies #12

Wafer Limits Water Limits

xclusion Edge “xclusion Edge

Max Dies Per Wafer (without defect) #64 Max Dies Per Wafer (without defect) #120




A more recent challenge

* Astandard reticle is 104mm by 132mm

* Most designs do not perfectly line up with the 104 mm
by 132 mm dimensions.

* This results in a portion of the photomask not
being exposed.

* This is what reticle utilization is about.




A more recent challenge

High-NA and fast stages enable 220 Wph
188 half fields per wafer

*  Why exactly is this problem?

* Loss of reticle utilization

n of mask stage ~dx

* Misalignment chances increase

* This may not seem like a big deal, but lithography tool _ _
cost increases with time. "4 Acoeleration of wafer stage ~2x

Hypothetical 5nm Foundry Cost ) N \— 6” mask
Process Step/Consumable 7 I\ 26x33@4X
Wafer Substrate S 571 | $ 571 \/ 9” mask
Polish + Epitaxy $ 211 $ 211 "\

lon Implant S 142 | $ 142
Lithography Scanner S 2,899 | $ 5,072
Photoresist + Coating | $ 553 | $ 553
Etch and Cleaning S 2,372 | $ 2,372
Deposition S 1,721 | $ 1,721
Total S 8,468 | $ 10,641

300mm round mask



A Quote from Gordon Moore

‘It may prove to be more economical to build
large systems out of smaller functions, which
are separately packaged and interconnected.”

Gordon Moore, 1965
(Founder of Moore’s Law)




What is Heterogeneous Integration?

* Involves combining different types of components,
such as logic, memory, sensors, and more, into a single

package.
* Provides a way to continue advancing performance
. . . o Die 2 Die 3
when scaling traditional chips becomes too costly or e I ) B
inefﬂcie Nnt. Silicon active-fomponents

Filter
ive Components

* Enables integration of components built on different
process nodes or with different materials.

Mechanical active Components

Integration

=
Passive Components



What is Heterogeneous Integration?

2.5D Heterogeneous Integration:

Uses an interposer (usually silicon) to connect multiple dies side by
side.

Less complex than 3D in heat dissipation and design, but still allows for
integrating different process technologies.

Commonly used in high-performance computing and graphics
processors.

Q Micro-bump

3D Heterogeneous Integration: (AP a2

Involves stacking multiple dies vertically

More compact and allows for shorter signal paths, resulting in faster
communication between components.

L0 RC G R R B A ) VRGO 4
Package Substrate or PCB Package Substrate or PCB

More challenging in terms of thermal management due to stacked
layers, requiring advanced cooling solutions.

2.5DIC 3DIC

Used in memory stacking (e.g., High Bandwidth Memory or HBM) and
advanced logic integration.



Advantages of Heterogeneous Integration

Innovative packaging solutions can
CHIPS enables rapid integration of

. fundtional blocks at the chiplet level

improve: : i
Eu.r._tmnchlpl_ets Commercial chiplets

m . =

=

S
et

Time to market for new technology

Yield/cost-effectiveness

RADAR EW SIGINT

B adeove e [l SeDw . -
Wafer Cost Vs. Process Node BB feamborming BBl Bermforming B Adsctve Biter
35000 Bl E0ecorc. [l RDecmp.  HH QR Decome

30000 *

2 25000
2

8 20000 .

H

5 1500 . /.2\ /.:—_\

§ 10000 . L . ” )
. ( L1 | e

5000

Process Node (nm) e N =13 die N=68
RANDOMLY DISTRIBUTED 6 good 60 good
OVER WAFER Y =6/13 = 46% Y = 60/68 = 88%



Packaging Industry Impact

Impacts many industries in the economy:

High-Performance Computing and Data Centers
Medical, Health, and Wearables

Autonomous Automotive PECELHE  SEMICONDUCTOR PACKAGING MARKET SIZE 2022 T0 2032 (USD BILLION)

Mobile

Aerospace and Defense ;: $55.46
$59.84

loT 56 $54.75

§50.13

4 § 45.95

Co-packaged Optics

28 $21.78

Lol 2023 | 2024 W 2025 [ 20%6 | [ 2026 | 2029 | 2030 | 2032

Source: WWW-PI’ECEC‘E“CEI’QSEGI'Ch.COI"I'\
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Any questions?



Get Involved!

EPS/EDS Officer Interest Form EPS/EDS E-Board Nomination
Spring 2026 Form 2026

Join our Discord!
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