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Moore’s Law & More than Moore (MtM)

More than Moore: Diversification

Non-digital content
System-in-package

Information
Processing

Digital content
System-on-chip
(SoC)

More Moore: Miniaturization

Baseline CMOS: CPU, Memory, Logic
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Expiring Economics

Node N-1
Node N
Node N+1

\
\
\

\ The next node may
not crossover

Yielded Die Cost

Time Source: AMD
AMD 2014 3D-ASIP
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Cost Trend Reversal

Gate Costs for Bulk CMOS and FInFET

L]

$1.78

1.5 4

Gate Cost per 100M Gates (5)

0s

0

Q42015 Q42016 Qe207
Source: Intemational Business Strategies, Inc.
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More Moore

* The end Is near...
—16nm, 14nm, 10nm, 8nm, 6nm, 5nm ...

— Maybe its now. Maybe it's in 3 years or 5 years,
but the end of scaling Is going to happen within
the next decade

* Most cost effective node for years...28nm?
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MOre Than Moore GEORGIA TECH PRC

3. SYSTEM 4. THERMAL INTERFACES
1. THIN 2D AND 3D ACTIVES 2. THIN FILM PASSIVES INTERCONNECTIONS AND STRUCTURES
OPTO SOP DIGITALSOP ~ EBG& ANALOG & RF SOP BIO-SENSOR
ISOLATION/
THERMAL SOP M MEMS PACKAGING
SYSTEM ON CHIP (SOC) ANTENNAS &
i 1 ILTER
NANOMAGNETICS " 854,47
[
3D CAPACITORS
O OR RPO R
=
P ey 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

———_
—
Resonator Accelerometer MEMS Cavity Mirror Arrays Cantilever Resonator Wellsin Silicon Channels in Quartz Deep Trench Isolation Poly Gate Trench
MEMS Microfluidics High Voltage
DSIE Viag Cu Metalization 45nm MuGFET 3D Memory MRAM bon
Nanotubes
3DIC Transistor Memory
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WHAT ARE THE DRIVERS OF
CHANGE?
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The Apples & Oranges of SOC

AMD 2014 3D-ASIP
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ImpactLab.net
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The Fabrication Road to More Than Moore

Memories, CMOS, Photonics, III-V,
Novel Materials, Microfluidics, MEMS,

etc.

Build novel
structures BEOL

Start with FEOL
CMOS wafer
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Integration Paths: Additive Silicon and 2.5/3D

’—--------------------------~

VA  Sacrificial Material

Moving
Electrode

Wi Sacrificial Matenial
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Figure 1: Non-digital devices built directly on CMOS (left), or built separately and joined through 3-D TSVs
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TSV Insertion to Create 2.5/3D Assemblies

1.2x6um
Tungsten
140801005 W#4060é. A_PLT—_
4800 5.0V 2 3mm »5.00k SE(M
| ) |
PCL#140528001 Wi#3110402BH-12C 1.2um TSV (Ink/PUFIB/BOE)
LD-4800 5.0kV 2.4mm x5.00k SEU) 53022014 .~ " ' ' {0.0um
10x100um
Copper

(Polish/ BOE)
ool e

10.

) .
PCL#1 4061 9004 W#31 10402BF-07A 1.2um TSV (Pt/FIB/ BOEj

[ Dol s |
10.0um
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EM-4800 5.0kV 2.4mm x5.00k SE(U) 6/24/2014 PCL140801005 W#4060901APLT-05 Site A (Polish/ BOE)

D-4800 5.0kV 2.4mm x5.00k SE(M) 8/5/2014
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New Elements Introduced to Fabrication

Typical CMOS Fab Additional at Novati

e
Hcr\'orﬁl

Si S Cl [ Ar

Q "
K 'qS( Ti ‘V C Mn Fe Co ‘N CLIZW Ga C As S‘ K]
I

- -
r Nt M T’ NlPl Ag—, C] In <1 Sb | Te II Xe
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Si Interposers

FS UBM Cu/Ni/Au

l
|

—
=

ez
-

! E>O.1pm8i3N4
__EEEEmN
I

| |

———— 0.5-1um SiO2

\ BS TSV

<€— Passivation

- Layer

BS RDL Passivation 0.3um-Si3N4/2um-Si02
Layer (polymer)

BS UBM Cu/Ni/Au
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Interposer Parameters

R(m()/0) at DC _-

M1 2um 9.2
200
10
M2 2um 9.2
200
10
M3 2um 9.2
200
10
M4 2um 9.2

2.94
10 58
2 1.83
10 21.0
2 1.4
10 19.7
2 0.919

13.9

TSV Diameter TSV Resistance Cg (fF)
Height

Filled 10um

Conformal 80um

100um 21.2m()
300um ~15m()
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Die on Wafer and Wafer-scale FPA

*Waferscale integration
*Up to 85 die assembly
«10um die space

«2um placement
«150/200/300mm
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http://www.fnal.gov/pub/today/archive/archive_2014/images/3dchip-14-0054-06D.jpg

Mixed CMOS-3/5 100mm InP/CMOS

* GaN

« 3D CMOS/InP/GaN
* GaAs

» Graphene
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B-BONDING PADS ROIC

SENSOR

20

34
pheip iyl mle al TSV |, o
E et et FUSION BONDING
. e e e | ANALOG
o 0 = G = | FUSION BONDING
500p.m



Advanced 3D Cooling

View from outlet side I I

Aluminum plate

View from side

I

Metal/Lexan
Cover

l

Gas Bypass Cut

5 == ChipSeal -|—ﬁ‘h“‘—'a
1l
Liquid [ - GindleGasketl N
Manifold

Aluminum plate

)
RNLOG GND
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DIRAM4 “Dis-Integrated” 3D Memory

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

I/O layer contains: 1/0O, \ 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

leZaron .
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Bi-STAR Repair Improves Yield

100%

Yield

leZaron

SENMICONDUCTOR

Stack Height

23



HPC Processor Modules

Silicon
Interposer

{ Support
Chips

Ceramic }
Pkg Substrate

Si Interposer-based Ceramic Package
e.g. DIRAMA4 plus Custom Processor

50 i - 100 p pitch Copper Pillar Die-to-Interposer-to-Die Interconnect
~ 10000 Connections — Mostly die-to-die inside package
~250 u pitch C4 Bump Interposer-to-Ceramic Package Substrate Interconnect
~ 2000 Connections — Lots of replicated power connections
1 mm pitch Solder Bump Package Substrate-to-Customer PCB Interconnect
Several Hundred of Connections

leZaron 2
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And Full Subsystem Modules

Sub-system Modules
e.g. (Tezzaron / Luxtera Optical Memory Module)

Multiple Packages and /or Die
on High Performance PCB with System Connectors
(Electrical: Card edge or Plugs, Optical: Fiber-optic Cable connectors)

leZaron
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The Silent Revolution

Samsung

16Gb NAND flash (2Gx8 chips),
Wide Bus DRAM, VNAND

Micron

HMC DRAM

Intel

CPU + memory

Sony

CMOS Sensor

Xilinx

TS 4 die 65nm interposer
'Tzi':p:‘ql_nn{_x = 4
| soomempgr

TSV

Raytheon/Ziptronix

PIN Detector Device

RF Silicon Circuit Board / TSV
Logic & Analog

Toshiba

3D NAND
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8 Layer Loqic Sack

wafer8 -
11 nnnmm

Wafe?!l!!l!lll!l i R ’ "TIY R I RRANRRARAGY

wafer6 — e _Copperlnterconnect Iayers

“TT”HH'IUUT:-—;:;; TIINNT FI L

Wéfer 3

CRREPIPTEPRIT IS IS

\;;a?er ? 3

EM-4800 5.0kV 8.7mm x500 SE(M) 7/28/2015
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16 Layer Mechanical Device Stack

) : s ! ’
" :~:q_,r.*.v :l"‘.‘ -'13#4'?'!4.-'. ') - e
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Bonding in Action
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Summary

2.5/3D market is in the adoption cycle
— Moving from novelty to mainstream
Drivers are:

— Heterogeneous integration
— SWaP

— Increasing performance

— Lower system costs

First markets are:

— Logic — Memory

— Sensors

Significant industry shifts will happen
— Silicon circuit cards with “Lego” blocks
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Backup
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Austin Facility Overview

110 Employees: 90 in Ops and Engineering
Over 150 production grade tools

68,000 sq ft Class 10 clean room

24/7 operations & maintenance

Manufacturing Execution Systems (MES)

IP secure environments, robust quality systems
ISO certified/ITAR registered

Full-flow 200mm silicon processing, 300mm
back-end (Copper/Low-k)

Process library with > 25000 recipes

Novel materials (ALD, PZT, Il1-V, etc)

Copper & Aluminum BEOL

Contact through 193nm & IR lithography
Silicon, SOI and Transparent MEMS substrates
Electrical Characterization and Bench Test Lab

Onsite analytical tools and labs: SIMS, SEM,
TEM, Auger, VPD, ICP-MS, etc
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VNN

@os NOVATI

" TECHNOLOGIES, INC.

Our Technology Platform

Focused on Convergence of Three Cr|t|cal Areas

_BE'_'I'\:'I-:,E 24 Si9os | DS 54098 16 SEHa5 | 2

L Cr MNin Fe

41 == o |42 s os | 43 jasa ) d4d 10107 | 4

™~ % ) e Ru

BNOEUA | WCL YED EML M) TECHMETIUNM || Aumsasrauss | H
T3 18095 | T4 18384 |'TE 18621 | T 19023 | T

PCL#14052 #3o06028M4 P enter . ’ ] Ta W Re s
BEoL 2.5D & 3D
Split-Fab Integration Materials

» Copper BEoL to support * Hybridization of Silicon and * More than 60 elements from
multi-level metal, non-silicon (quartz, GaAs, periodic table can be
redistribution, TSV InGaAs, GaN) substrates leveraged in the fab today

* High-k capacitors, precision * Interposers, die-to-wafer, » World’s fastest most flexible
resistors, magnetics, wafer-to-wafer, TSV insertion on-boarding of new materials
waveguides

Enabling Advanced Processing, Smart Sensors, Advanced Imagers,

RF/Power Electronics
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ISO, ITAR and Trust Accreditation

=4 CCREDITATION OF TRy, §

Microelectronics Trusted Source
CATEGORY 1A

ty (f ) In the ability of
Novati Technologies, Inc.

- ‘ = “ y unted
States A
; s Category 1 as defined by Instruction 8500.2 of the Department of Defensa Directives,

et T :

DEFENSE MICROELECTRONICS ACTIVITY P s —4-;:/““;_'

Trusted Integrated Circuit Supplier Fabrication Processes

[ Mixed Sig nal CMOS
[ Mixed Sig nal CMOS+

3 |RH SOI CMOS

£an |508
2m

e

I

[r2un

2o sicmos
2am

[i0nm

[r2o0m

5 BpoT

Gans

T
pZam |

Northrop 15055 Linthioum, MD: ] Jeft Millzr B.miller@nge.com (410) 765-3958

Grumman Ly

Electronic

I

Movatl ETOL1 Austin, Texas Foundry Services Tim Scott tim. scottfnovati-tech.com {512} 358-2007

Technologies, Inc. [onv |

MSA 28230 Fort Meade, MDD  Design; DNV BUSINESS ASSURANCE
Microelectronics Packaging/Assembly; DNV BUSINESS ASSURANCE MANAGEMENT SYSTEM CERTIFICATE
Soluthens Group Test

MANAGEMENT SYSTEM CERTIFICATE

Corsfcne No 1298

AQUSAANABRev |

nec o the

ISO 9001:2008 & 1SO 13485 Certified
ITAR Registered
US Trusted Foundry

m Development Services and Test Wafer Products
d Emerging Technology Castomers Worldwide.
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