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"To Drive Al, Chip Makers Stack ‘Chiplets’ Like Lego Blocks"
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NHanced Semiconductors

Batavia, IL: Design and Test
— Complete front end and backend design down to 12nm
— Supports Al and HPC systems development

Morrisville, NC: Foundry
— 37-200mm
— Copper, Al, Ni BEoL
— Interposers
— 2.5/3D Integration

Odon, IN: Packaging
— Packaging
— RadHard Microelectronics

New Fab: L/IMVM
— 55,000 sqft cleanroom
— ~5,000 wafers/month
— 37-200mm + 300mm
— Copper, Al, Ni BEoL
— Interposers
— 2.5/3D Integration

Neancen = X 3
SEMICONDUCTORS




Effective End of Moore’s Law

Moore’s Law was first and foremost a statement about economics.
We could shrink transistors and build more of them for about the
same cost.

— This has been the basic premise of the semiconductor industry for 50
years and was true up until the last few years.

— Today we can indeed shrink transistors further, but the cost per transistor
no longer declines.
We can get something a little more compact
- Perhaps a little less power
- But we pay more for these features now.
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What Does This Mean?

The semiconductor industry is about to undergo a sea change.

 New ways of accomplishing Moore’s law economics and
performance are needed.

— The industry is now looking to use advanced packaging to drive future
semiconductors.
» Better Cost
« Better Performance
» Better SWaP
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Foundry 1.0 — Todays Model

e Current semiconductor business has been focused on
driving smaller transistors.
— High development cost
— High capital cost
— Long development times
— EXxpensive design tools
— High risk
« Twilight of Moore’s Law
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Vision of the Future

A new semiconductor industry paradigm is evolving...

Foundry 2.0 —

A Finishing Foundry that takes the standardized
building blocks from traditional semiconductor
manufacturers and uses advanced packaging and additive
manufacturing to create highly customized components with
superior performance targeting small and medium sized
markets.
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Foundry 2.0 — New Model

« System solution focus
— Best of class components
— Additive Semiconductor Processing
« Relies on Advanced Packaging (AP) and Chiplets
— Heterogenous integration
— Photonics
— MEMS
— RF
« Advantages
— Low development cost
— Low capital cost
— Short development times
— Inexpensive design tools
— Low risk
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Sensors (Cameras)

Sony 10+ years ago, - now mainstream
Virtually every new USG IR sensor is an AP
Driven by size/form factor

System cost reduction

GPUs

Dawn of both interposers and chiplets

Micro-Displays

Driven by materials (GaN) and pitch requirements

Compute Devices
leading edge risk takers
AMD and Xilinx early and now Intel

Driven by

* Memory BW/Latency

* Heterogenous targeted compute

* Photonics coming on scene for I/O and compute
Lower power per bit-op

Effective Larger die with much better yield/cost
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AP Elements: Bonding

Millimeters == Microns
Kilograms = Grams

Mixed Materials
Best of Class
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WAFER

Metal A0
P NS & S

Metal Bond Pad
Silicon Wafer

CMP | ACTIVATION ROOM TEMP BONDING
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Spontaneous Bond  Silicon Wafer Very Thin

Dielectric

No External Pressure
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Bonding in Action
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Hybrid Bonding Interconnect Pitch Scaling

Cu/SiN DBI°
Hybrid
Bonding

10 um DBI® pitch, 300°C 1.9 um DBI® pitch, 300°C

« 3sigma < +/- 1um misalign performance
* Production Minimum pitch = 2.44um

» Best alignment is achieved with face-to-face
bonding

0.1 micron alignment

Scalable To < 1um Pitch

Cu/SiO DBI°
Hybrid
Bonding

Bond
Interface 1.6 um

300°C
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Mosaic Microsystems

AP Elements: Interposers

» Bigger, Better, Faster
» Lower Power

o 0.1um Si3N4

0.5-1pm SiO2

BS TSV

Passivation

Layer
0.3um-Si3N4/2um-Si02
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AP Elements: Wiring (Metallization) |

Interconnect ’
Ssao bottleneck J

S » / Von Neumann Energy Consumption/MAC

Data Movement Dominates Power Consumption in Neural Networks

S~

* Wire length controls the delay

Delay

(gate delay) ~o P

— Spanofcontrol |

Process Technology Scale Down  SEaN
u DRAM I/F

91% of energy consumption is
through data movement

A 4

 Accounts for majority of power usage e
— Memory fetch

a&c Transport
= MAC
MAC ctl

Fine-grained,
ultra-dense 3D

3DInCities
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More Than Moore Technologies

3. SYSTEM 4. THERMAL INTERFACES
1. THIN 2D AND 3D ACTIVES 2. THIN FILM PASSIVES INTERCONNECTIONS AND STRUCTURES
OPTO SOP DIGITAL SOP EBG & ANALOG & RF SOP BIO-SENSOR
ISOLATION/

~

O CIAISHI  cHip-LAST THERMAL SOP M
O U CHPLAST f MEMS PACKAGING

SYSTEM ON CHIP (SOC)

ANTENNAS &

b

3D CAPACITORS
ON OR RPOSER
=]
m == == GEORGIA TECH PRC
POWER
HIGH DENSITY I/0 3D ICs & BATTERIES
6. MIXED SIGNAL 7. MECHANICAL DESIGN
5. MULTI-FUNCTION MATERIALS DESIGN AND TEST AND RELIABILITY 8. POWER SOURCES

R

Resonator Accelerometer MEMS Cavity Mirror Arrays Cantilever Resonator Wellsin Silicon Channelsin Quartz Deep Trench Isolation Poly Gate Trench
MEMS Microfluidics High Voltage
| -~
-~ -
| -
W
DSIE Vias Cu Metalization 45nm MuGFET 3D Memory MRAM Carbon
Nanotubes
3DIC Transistor Memory
Nosancen ~=—

SENVICONOUCTORS



AP Components: Chiplets

Best of Class Everything
Easy retargeting

_ower risk

P reuse

_ower cost

AMD

Acceleration

Processor Al ArdlMGre

Gesture

Pressure

Intel
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AP Components Micro-Connections and 3D Structures

MEMS + Precision Electronics
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(top left) Quilt Packaging concept cross-section

a @ o e 2 & @ illustration & image of a post-reflowed QP CMOS
- 2 e e & quilt; (bottom left) SEM image of quilted chip-to-
ceeseee 80 oo o o chip seam of >10 micron width; (top right) QP-

enabled miniature curved array demonstration
article; (bottom right) profile view of QP-enabled

/\/HA NCED S~ miniature curved array. ”
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Wafer-scale Mosaic FPAS

L
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\Waferscale integration
*Up to 85 die assembly
*10um die space

*1um placement
«150/200/300mm
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AP Components: Microfluidics and Cooling

Chip Scale Cooling
For Ultra-Dense Electronics

Biology + Electronics

- <5 degree slope control

i : X — - Sub-pm feature size control
microfluidic structures with accurate control: . Cre—— L
« um range feature size L R

Our state-of-the-art tool set enables us to create
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AP Components: Photonics & Quantum

* 1/O

— Th/s, <<100fJ/b
« SiP 500ff I/O Load
« 2.5D 25ff I/0O Load
« 3D 3ff I/O Load

* Processing
— "Quantum Leaps”

Digital Memory Programmable Phase-Change
CPU (volatile, RAM) Analog Memory = paterial (PCM)
Cell (non-volatile)

5 sMmT 2 ‘
q FrontEnd |
Electronics |ig

N

Input/Output Microcontrofler
Circuit Options

LiNbO,

Y
Integrated 4Micro-fing i 4 ﬁ 4 All-silicon y
o Laser ~ NSSEEEEE \oquators @1 Photodetectors Semiconductor

CWlaser Photonic
source wirebonds Photonic neural # o Optical Amplifier
) networks o°
Fiber-optic <0 0® . : L
source o, L Newromorphic processor oe® Industry-leading Prototype with Key Technology Building Blocks

Nature 29 January 2021 Shastri
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Intelligent Sensors and Edge Compute

Communication is limited
Data movement costs power
Data movement costs time

ertically ‘ntegrated ~hoton 'maging = hip ( )
detector: Si d=500 pm, pitch 80 x 80 um?, soft 8keV X-rays
application: XPCS

B-BONDING PADS

VIPIC

\

Cu DBI®
W2W Hybrid Bond

FermiLab

500:m

Data movement costs money
You can’'t aways “phone-home”

Micralyne

| _
1 —
MEMS/NEMS Device
|possibly with TSV
anced ﬁng sm“m

__ Metallisation System 2

C Device 2 (Technology 2) with TSV
Advanced bonding system (Stackjng1) _I
Metallisation System 1
i = =

IC Device 1 (Technology 1)

3DinCites
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Analogue
Front End

Data
Processing &
Linearisation

Digital
Filter

T Unique ID

Calibration

tek-troniks

Waferlevel Molding

Face-to-Face
contact MEMS/ASIC

Getter film Through-Silicon Via

Vacuum Sealframe Solder-Balling
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Co-Design and Multi-Physics & .

e Multi-Dimensional Tools
— Scale
« Nanometers to centimeters
— Electrical
 Power
« Signal Integrity
— Heat
— Mechanical

« CTE
 Modulus

— Cost

— Photonics
— MEMS

— Liquids

emiconductor Engineering Oct, 2022
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The Balancing Act

* Process
« Voltage, I/R Drop
« Temperature Sensitivity

« Power Dissipation
— Cooling

* The more unique materials, -
the greater the complexity e L T i
— CTE - A e R - Janus Henderson
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Addressing Rel/Qual with DFT + 2.5/3D PCM

Images from: A DfT Architecture for
3D-SICs Based on a Standardizable Die
Wrapper; Erik Jan Marinissen et al

5 Die - Die 2 WPOK Die 3 IEEE 1500 |S
WPO" 3—_* — \ )
: 0 s well defined
. — wer- 0 : arth 25/3D DFT
s g [ 8 i :
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S mboasmplS S Mbwsssp s “""’Ufgg.l Die 4 tandard. PI .
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Bl = s (=7 || analog features
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ws:E§'| m wsc Ky targetlng deVICG
- I manufacturing
LOg ICa integrity.

Physical

Augmented JTAG based on IEEE 1500: Add alignment sensing, 3D interconnect R/C
measurement, power, temperature, perhaps DARPA SHIELD like items... Being
work by NEPP task group with others (NRO, AFRL, Honeywell, Tezzaron,
Novati,...) Objective is to “prove” specific device quality and improve reliability

data.
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https://www.researchgate.net/publication/220648528_A_DfT_Architecture_for_3D-SICs_Based_on_a_Standardizable_Die_Wrapper?_sg=BGUcYZ_gdK5TKeJIqa94SLzkUGk6hbIGHEFhoZOL3pzOI57jSBiIW8vuql_851MY9IvismveRGp1dwyDdtGRRw
https://www.researchgate.net/profile/Erik_Marinissen

Background: 3D-AHD Development

Sensor tier:
Physical implementation

Fabricated at NHanced on high resistivity silicon wafer.
Thinned down to 100um to 20um at NHanced.

ROIC tier:

ROICs

Proof of concept and designed by NHanced and Fermilab Sensors

Physical implementation
Fabricated with RHBD

3D-AHD detector:
Final integration at NHanced fab

DBI
Bonding
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Induced current — Simple example — X-rays

The current pulse reflects charge motion deep in the detector

Ramo’s theorem
. i=—qgE, xV
o Q, = [idi=q[E,dx
paxio 05 | Central |Xe| F Corrent #1(A) ‘
: T p Current &4 (4) Q1—>2 = Q(sz - ‘/wl)
1.ax1o 8 — _I'I . o
- —————
Exio 06 1
— ] ._ . ) E, i TT
S Initial S I S
——— Current | | .
= Spike _
= P, g€ Neighbor (diffusion collected charge)
0 — - ) \ W\‘_j;_z s —e " -
=i = ~ Corner neighbor 0 collected charge
o T I T T T | T T T I T T T I T T T | T T T I T T T I T T T | T T
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Induced current - MIPs at various angles:
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FermiLab
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Summary — The Road Ahead

« System level Moore’s Law future

« Advanced Packaging is driving an
iIndustry revolution

— Enablement of Next Generation
Semiconductors

» Advanced Packaging has SWaP+++
— Ultimately driven by economics
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