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How It Started...

I ,3 1988
e 2,000 gate equivalent
o 325MHz FF Toggle Rate
&7 XN 8 ~2M Transistors
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: 1.2um 2 metal CMOS Process
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We Are Going to Build a 0.8um GaAs 3020!

* 0.8um DCFL
« 2V — Stacked logic
* FF Toggle Rate >2GHz

It failed...

The Xilinx 4000 Series came out and it run faster even
though the FF toggle rate was only ~30% of the GaAs.

Why?
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lts All About The Wire !

Interconnect ’
S el bottleneck K

S » / Von Neumann Energy Consumption/MAC

Data Movement Dominates Power Consumption in Neural Networks

S~

* Wire length controls the delay

Delay

(gate delay) So P

— Spanofcontrol |

Process Technology Scale Down e
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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Advanced Design Cost

Moore’s Law

$580M
$542.2M
Validation
Prototype
£435M
= Software
$297.8M
$290M
— Physical
$145M o
$106.3M — Verification
$70.3M
$26.5M §37.TM i E = Architeclure
- _= % . . — IP Qualification
65nm 40nm 28nm 22nm 16nm 10nm 7nm Snm
Chip Design and Manufacturing Cost under Different Process Nodes: Data Source from IBS
/\A’—IANEED

50,00 -

.

Gate Cost Trend

EETimes

20nm G5nm 45/40nm 28nm 20nm 16/14nm
Source; Intemational Business Strategles, Inc,

10nm Tnm

End of Growth of Single Program Speed?

40 years of Processor Performance

Performance vs. VAX11-780
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single thread
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lower power,
Anandtech
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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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Internet Of Things

ImpactLab.net
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More Than Moore

MEMS PACKAGING

4. THERMAL INTERFACES
AND STRUCTURES

BIO-SENSOR

3. SYSTEM
1. THIN 2D AND 3D ACTIVES 2. THIN FILM PASSIVES INTERCONNECTIONS
OPTO SOP DIGITAL SOP EBG & ANALOG & RF SOP
ISOLATION/
THERMAL SOP
SYSTEM ON CHIP (SOC) |[! / ANTENNAS &
YT T LTER
X
3D CAPACITORS
ON OR RPOSER
HIGH DENSITY 1/0 3DICs
6. MIXED SIGNAL 7. MECHANICAL DESIGN
5. MULTI-FUNCTION MATERIALS DESIGN AND TEST AND RELIABILITY

GEORGIA TECH PRC

POWER
& BATTERIES

8. POWER SOURCES

Accelerometer

Resonator

MEMS Cavity
MEMS

Mirror Arrays Cantilever

-

Resonator Wellgin Silicon

Microfluidics

Channels in Quartz Deep Trench Isolation

Poly Gate Trench

High Voltage

DSIE Vias

Cu Metalization

45nm

3DIC

MuGFET

Transistor

3D Memory MRAM

Memory

Carbon
Nanotubes

i
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ADVANCED PACKAGING

Nancen = .
SEMICONOOCTORS




Span of Advanced Packaging

Packaging Wafer Fab
/{.:{,_:-/; E : ?
'S " : -
Sl IEIRERERSES  100-1,000,000/5gmm acai W
1000-10M Interconnects/device

. 100,000,000s/sgmm

Transistor to Transistor
~ = Ultimate goal

1s/sgmm

Peripheral I/O
= Flash, DRAM

= CMOS Sensors
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Capillar

100/10um

M L] ' underfill 3DMem TSV rad <lum 50
any vnoices
™ TSITSV HiR

Mem contre

C2W Cu2Cu bond
~Sum pitch

oler lay

er in bottom
Al pad

RDL|

3DMem # section N'

AB ~B RE B =8 S8 =% = .
IME A—Star / & o - - - 3DMem i section
Tezzaron s
Collaboration

IME A-Star / Tezzaron Collaboration

MBumps

Die to Wafer Cu Thermal Diffusion Bond

C4 Bumps

2 Layer Processor

level#4

—, level#3

Active Silicon Circuit Board

level#1

9000....
Solder Bumps
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TSI (~2ML BEOL w/s=2/2um )

> conTaL:

conTaz

~150um pitch

C4 bonds

H™80 um
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Interposers

Bigger, Better, Faster = -
TS 61, Ceramic Substrate

>50x50mm, many wiring layers, lower R,L,C S "“—'L_T_E__

/ —

_ I
—— —

7

’—H“\\\_ . ili
o0 s ~—— 0.5-1um SiO2 Sil ICOFII
Bs sy Organic
<4—— Passivation Glass
Layer
0.3um-Si3N4/2um-Si02 Fused Silica

Metal

i
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Bonding Technologies

Wafer to Wafer : . e =, = =
- Wafe;ru?uuuluun : "TIYR N NRGEARAAALS '
Die to Wafer wafer . st/ e iiie g copper interconnect Iayers
Die to Die \i“;”‘g;__:"':@rrg_ ‘:‘"‘*‘ "”"“‘“H:.JJJWBI}T; B A' e
wafer 5 SuperContacts
Cy- wafer 4
Silicon
GaAs
GaSh
GaN
SiC
InP
LiNbO3 EM-4800 5.0kV 8.7mm x500 SE(M) 7/28/2015
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5.5D Systems
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Integrated Photonics

System Densification 25D

3D
Integrated power
Integrated passives
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What’s so Funny about
Science? By Sidney Harris
(2977)

SOUNDS GREAT!
WHAT’S THE CATCH?

“T think you should be more explicit here in step two.”
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Sensitivities

e Stress
« Planarity

* Thermal
— Memory
+ 85-95C
— Logic
+ 85-125C
— 3/5 Materials
+ SiC @ 400C
— Sensors e L [ =
e 70-175C e T e | [ Janus Henderson
 The more unique materials the greater the compIeX|ty
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Considerations

« EDA and Multiphysics
* Power distribution

« Cooling

* Technology interactions
* Yield

« Reworkabllity

« Supply chain resilience 1T Tech Review
* Environmental

¢ Jest

* Pros / Cons of assembly methods and materials
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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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Mixing Fab, Packaging and Assembly

Foundry ?

? Test what where when ?
Big hidden cost
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Testing

 Significant planning required
» Careful analysis of yield cost
* New methodologies

— High I/O count requires self-test

— Deep embedding requires more effort for visibility
— At speed test alternatives

 Embedding memory has numerous test
Issues

— Standard test interface required.
» Self-repair / Self-redundancy
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One Slide:

Use Standardized DFT + 2.5/3D PCM

\mages from: A DET Architecture for methods to test Quality and derive Reliability
3D-SICs Basgd ona Stgn_darduable Die ]
Wrapper Erik Jan Marinissen et Use repair and redundancy to create KGD and
obtain yield.
v bie o Die 2 bie 3 IEEE 1500 is well defined
. WPO* 3—_* — \ ) .
b = ekt 2.5_/3_D DFT starting point
O L n e 0| & Lo & building on 1394 standard.
_ ol e | lustn T 1]l Plan is to add 1149.4
- =] [ [ — analog features targeting
ol ‘é' 5 g 1) o - device manufacturing
o QIS =g | | || |3 l alEpmsa Sl integrity.
Tasm'g et *PIE? o LPE g “\"E:a' §
™S e wst 1 1 wist B =
‘T“;E wsK ”F’ wsc Bm)

Physical Logical

Augmented JTAG based on IEEE 1500: Add alignment sensing, 3D interconnect R/C
measurement, power, temperature ...

System level test, configuration, repair and validation
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

"Dis-Integrated” 3D Memory

— DRAM layers
4xnm node
2 million vertical
connections per lay per
die -
Controller layer

1/0 layer contains: 1/0, \ contains: sense amps,
interface logicand ——— CAMs, row/column
R&R control CPU. decodes and test
65nm node Better yielding than 2D equivalent! engines. 40nm node
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Bi-STAR Repair Improves Yield

100%

Yield

L
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Stack Height
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A Change In Perspective

» Focused on next generation semiconductors created by
— Advanced Packaging
— Additive Semiconductor Manufacturing
— True heterogenous integration

— Interconnect focused — all BEoL additive
« Better ROI
« Lower development costs
 Lower CAPEX

— Leveraging existing foundries
« Split Fab
— More Than Moore Technologies

 |P Centric
* Intrinsic value based — not cost of capital

Split Rock Lens — StackExchange
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