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Fig. 1 — Defense Topline — A Historical Funding Picture
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Figure 3-1. US DoD funding historical perspective'®
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Figure 3-2. Notional future warfighting systems architecture
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Figure 7-1. DARPA’s history of integration innovation
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DAHI: RF power AL '3_*}_:\_"& = a

[ i o %‘“-!:cf:tE =

B
i

Figure 7-2. DARPA heterogeneous integration™

Source: DARPA

19 Found at https://www.wired.com/story/keep-pace-moores-law-chipmakers-turn-chiplets/
20 Daniel Green, “DARPA’s CHIPS Program and Making Heterogenous Integration Common,” 3D-ASIP 2017, 6
December 2017
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7.1 DARPA&DAHI 7’0 2”7 A

ZF=—xzn ) —vii, DARPA CO~NT I =T R4 VT /L —va vl L BREICODWTHE L.
Z D707 7 LOEBRIEZEILE L7, 2

%87 7R RAfEE~T oV =27 R4 vF /L —2ay (DAHD 2779 v FYFrouay—7ur 3
A, DL Y a VIR L oMM Y ) 2V (eg, CMOS)IET —% 77 F ¥ % 2 3 £ X bbby
T4 R (B2, HBOETFEESL MEMS iz &8) OF N4 AL_VD~T oY =T A4 VT 71
—>avDoDT 7 ANRERMENfERT 7 ) a Y — RV T a0l ENE L, COT RS T
L. DAHI 72/ uy—DT7 7 INn 779 F) 7Rl ~TuV2TAALA VTl L—vay
EIEHT 2800 T -7 7 F ¥ LG22 2RER~ A4 /0 v AT LDTE VAL —Y 3 VTIHM
ICELE L7z, MIgEEHEE IR, @0 ) avER oI IERT A REMBE 3y 72T v Fey
F] TERLHICTBL T, HalNOBEEEICRE 7 A A% ERTE T, 24 vF I/ L—vav
XD, DoD v RAF 4L, B—DF v 7 RIGEELTA YT/ L—vavank3 3754 A EME
DREZERBEL, 754 AR OV R0 X 257 4+ —< v ZDHlRZ m/NRICH 2 £ 3,
FETERO—EIE, LTDOKT7-3, 7-4, 7-5, 7-6, BLXUPT-TICENINTWET, ZD70 7 I LA
2. £V y 7 FEECRAAHES o 2B EER FIEL 2o, Fo@fEci%it, WiE, BXUHAVTICE
T2 op0iEEZHLMICLE LA, DAHI 702 5 41, DARPA 3 LU DoD TO~NFOY =T X
AvFrZL—yvavoxR—2A74 v LTHEELE LT,

0.371) DAHI simplicity enables rapid evolution

Technology | Mpwo | mpwi | mew2 | MPW3 | Future MPWs
CcCMOs IBM 65nm GF 45 nm GF 45 nm GF 45 nm GF 45 nm
TF4 (2 metals) | TF4 (3 metals) TF4 (4 metals) TF4 (4 metals) TF4 (4 metals)
iy TFS (3 metals)  TF5 (4 metals) TFS (4 metals) TFS (4 metals)
Lni:d\:aractur AD1
GaN20 GaN20 GaN20 GaN20 GaN20
GaN HEMT
T3 (HRL) T3 (HRL) T3 (HRL) T3 (HRL) T3 (HRL)
GaAs HEMT P3K6 P3K6
::::;enenm (NT\::&?&%) (NTv?uﬁ:s) PrStreta {Niotreinics) (N?g:rt;ﬁs)
Base cMos CcMOS CMOS cMOs CcMOS
Substrate SiC Interposer (IWP5) | SiC Interposer (IWPS)
In fab

Sources: DARPA, Northrop Grumman

Figure 7-3. DAHI demonstrates CMOS to III-V IC integration using 2.5D techniques

2! Daniel Green, “Progress and Prospects of Heterogeneous Integration at DARPA,” found at
http://www.meptec.org/Resources/6%20-%20Green.pdf
22 DARPA&DAHI Program: https://www.darpa.mil/program/dahi-foundry-technology
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DAHI snapshot: f
DARPA Excellent yield, demonstrated RF performance l“]

June, 2019

AN

High foundry
integration
ylelds; test

vehicles fully
functional

99,949 HIC yield
98% HBT post-ntegration

CEET TR
FrvdsrNEsENANRRRnEN

Successful testing identified
optimal S{H dircuit for ADC
(>65dB SFDR @ 2GHz)

Sources: DARPA, Northrop Grumman

Distribution Statement "A” (Approved for Public Release, Distribution Unlimited)
Figure 7-4. DARPA&DAHI technologies A&Ddressed high-performance RF performance and integration
of CMOS digital functions

DPA DAHI chip-scale phased arrays

Heterogeneous integration for mm-wave: Wafer-level heterogeneous integration
Phased array beamformers

+ Can maintain /2 channel spacing as frequencies increase —

+ CMOS control circuitry closely integrated with RF chain

+ Improved channel performance and efficiency with addition [—F— B — N — 1 — | I~ —
of TII-V devices pro=toen S el Sl s S el et U0
« Fully integrated beamformer channels demonstrated with InP HBT ‘
integrated InP devices and Si control electronics
+ >100mW Pout Tx channel, 4.5 dB NF Rx %
Integration schematic InP/CMOS with DBI Process
13Unr:|
130 nm
SicMos
CuiSio,
Bond
Interface
250 nm
InP HBT
DBI = Direct Bond Interconnect
Source: Teledyne Distribution Statement “A” (Approved for Public Release, Distribution Unlimited) 11

Figure 7-5. DARPA&DAHI used DBI process to achieve transistor-level integration
with St CMOS and InP HET cevices
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0.7y DAHI InP/CMOS beamformer performance

5 -band nnel
+ 57 HBTs, 1704 CMOS gates, 76 HICs
« Pdiss ~ 1W

* 28-35 dB gain variation
+ 5° RMS phase error at 40 GHz
* 20.3 dBm Psat, 18.1 dBm P1dB

Channel dimensions: 3.0x0.6mm?

Measured Gain and Phase Variation Measured Tx Channel Power

TX Channel, Gain and Power Out st 40 GHz 2

X Channet: Gain Varistion ot Fiued Prase T Channal: Prase Variation st Fasd Gain
o
g g
=
= 53
30} Pae 203 dBm b ME
Inpui Py -20.4 dBm
Oty Py 15 1 dBin
e T T e - T e T T
Power In (dBm)
Source: Teledyne Distribution Statement "A” (Approved for Public Release, Distribution Unlimited) 12

Figure 7-6. DARPA&DAHI demonstrated optimum millimeter-wave transmit capability through matching the

best transistor for each RF function

DPA MECA-enabled performance upgrade

Integration in electroformed heat spreader: 1.4-2x improvement in PA performance

Measured Pout and PAE versus bias voltage "

=10 GHz

"
g

— SEVET EPOKY

50 45 --—— -
o | — 5020 Au:Sn eutect!
0 4 solger < 2x
i N =3 —ECA
u % 3 g gw | — -
g 50 2.53 'é __________
“0 2 o
0 15
T2 X-band s d -
GaN PA “' “
o 0 ol -
E 7T 8 9 101112131415 16171819%20N0 a 10 12 14 16 18 20 22 24
" Drain Voltage (V)
Si Package
Cu heat'spreader
i GaN chip
Electroplated C2P
Interconnects
Source: HRL Distribution Statement “A” (Approved for Public Release, Distribution Undimited) 10

Figure 7-7. DARPA’s DAHI program demonstrated successtul integration of high-performance III-V device
technologies with CMOS.
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Aerospace and Defense

DARPA CHIPS 7u 75 A0 HEEZ XD L B Y TTB8:
o MDA vE—7 A AEEHERTE L CTHIFT 5
¢ INLOWTINLBHTHEINLES 2T —IP TRy I BLDYRATADT Y T ) EAHEICL

b

o HHMLRGIOMEICKY, €Y 2T —IP 7oy 7 OHAMAELZEIEL 3,

Fv 7Ly b3, BENTHRIEAADE Y 2 — A XOBEAH AP IP 7 vy 7 TF,

TukyH, o

VR=Z  AEY), WEI AL X, TIZRTL—FR, FANXEBERHY T,
7077 LDRYID 12 ¥ A TOKRKEZEHIE, (KB D DeitoDeilsid v £ —7 x4 A& LT Intel ®

Advanced Interface Bus (AIB) ##:HlL7=2 & <7,

AIB (%, #l#{S5HICL—v 3729 1 Gbps ® SDR

HLid B, 7 — 2 FHIC 2 Gbps ® DDR $ridi i % f2fit L % 37,

LHEILT
Front End

RF
Sensors
Video
Thermal
Lidar

FPGA
ML-Classifier
Object Tracking

Trusted CPU

<% AIB Interface

Figure 7-8. Example of CHIPS-inspired SiP that includes sensors, ASIC, FPGA, CPU, Memory and I/0 using AIB

Interface (Intel)

(G The CHIPS Program in a Nutshell

- S
= 'WW g v A universal CHIPS interface standard
w ph |
o © | v (SOTA manufacturing for DoD)
g Today: Tomorrow: I
Monolithic Pseudolithic + E ¥ A critical set of IP chiplets
Heterogeneous
Image source: Intel
1P Blocks CADtools Architecture Design  Verification Fabrication Pkg/Test  Systems
o ARM Cadence h“fm:' ' ; 11 ] X
k= | | Cadence |[ Mentor [[ tockheed a CHIPS
B TSMC Synopsys B::Eﬂﬂ "
S| [ Ve N
rop
o i - N
| — e - = o
n
T . specs Raytheon | | Jariet {Mouser I
O Northrop rdl ?,
HRL Intrisix \Digi-Key 1
----- ’
Commercial Defense Emerging Distributor

Destribut

ticn Statemen|

it "A” (Approved for Public Release, Destribution Unkmited) 3

Figure 7-9. DARPA CHIPS program objectives to foster a chiplet ecosystem

23 https://www.3dincites.com/2018/10/iftle-396-darpa-envisions-chips-as-new-approach-to-chip-design-and-

manufacturing/
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CHIPS INTERFACE STANDARD

Aerospace and Defense

100,000 T eaasasanen,
L CHIPS
_ o | TARGET :
5 e @ Single-ended
2 o
§§ EMIB
= 1,000
G2 Groundref. @
=~
£F
cE v @ Differential
87 , e
EB’ 100 HBM @ °
gL
g
c
n
o 10
1
01 1 100

10
Interconnect Length (mm)

Distnibution Statement "A” (Approved for Public

CHIPS Interface Targets

Data rate 10 Gpbs
Efficiency <1 pJ/bit
Latency <5ns

Density > 1000 Gbps/mm

@23nm 501, Single-ended, Al on 5i

@28nm, ground-ref,, single-anded, organic PCB
@45nm 501, differential, Cu on Si

@®32nm, differential, 32AWG cable

®ENVIR

@ 14nm SCRDES, PCB

@ 14nm HRM

Sourres

1. 2016 ISSC Detiaghl
2. 2013 JSSC Poullon
3, 2012 155 Didkson
4, 2013 JS5r, Margwi
5. 2016 ECTE, Mahajan

1000

Release, Distribution Unlimited)

Figure 7-10. CHIPS Interface Standards — ERI Summit

0.y CHIPS Program - Metrics

Notes:

NS w

HIR version 1.0

CHIPS Program Metrics
Metric Phase 1 Phase 2 Phase 3

Design level

IP reuse (1) > 50% public IP blocks > 50% public IP blocks > 50% public IP blocks

> B0% reused, > 50%

Modutar deaign (7) il prefabricated [P

Access to IP (3) > 2 sources of IP > 2 sources of [P > 3 sources of IP

::;terogeleons ntegration. | 2 technologies > 2 technologies > 3 technologies

NRE reduction (5) — > 50% >70%

Turnaround time

— > =709

reduction (5) i 0w

Performance Benchmarks

(performer defined) — >95% benchmark >100% benchmark
Digital Interfaces

Data rate (scalable) (6) 10 Gbps 10 Gbps 10 Gbps

Energy efficiency (7) < | pJibit < 1 pI/bit < 1 pl/bit

Latency (7) < 5 nsec < 5 nsec < 5 nsec

Bandwidth density > 1000 Gbps/mm > 1000 Gbps/mm > 1000 Gbps/mm
Analog interfaces

Insertion loss (across full ~ ~

bandwidth) <Leb i <

Bandwidth =50 GHz =50 GHz =50 GHz

Power Handling =20 dBm =20 dBm =20dBm

Public IP is defined as IP blocks available through commercial vendors or shared among performers.
Reuse is defined as existing or previously designed IP that is re-1
physically instantiated.

Valid sources of IP must be those that are outside of the performer team.
Various Silicon process nodes, RF passives, or compound semiconductor devices.

] into the current system.

Prefabricated IP 1s defined as IP blocks already

The non-recurring engineering (NRE) cost and turnaround time will be compared against a benchmark design.

Minimum bus/lane data rate and should be capable of scaling to higher data rates.
Performance relating to transferring data between chipl d againsta b k design.
Distribution Statement "A" (Approved for Public Release, Distribution Unlirr

h

37

ited)

Figure 7-11. DARPA CHIPS interface metrics
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1:uig)  What CHIPS Means for the DOD and industry

Access to Commercial IP
= Memory

Reusable function blocks "l Big Data Movement

= QR decomposition SerDes Image processing
Waveforms Machine Learning
FFT High-speed chiplet networks

CHIPS modularity targets the enabling of a wide range of custom solutions

tstribestion Statement “A” (Approved for Pubiic Relessss, Distribufion UnBimited)

23

Figure 7-12. CHIPS modularity supports IP-re-use and access to high-speed data movement

DARPA CHIPS Program Status <3S

TA1: Modular Digital Systems

it e bk Team Focus

Boeing NOC, 10um, system

Intel FPGA Platform, Standard
TA1 M Obsolescence

Michigan  Deep learning chiplet

NGMS ACT chip Eaggr;g;tion 1

Cadence  2.5D modeling

GTech NOC, PMIC, PNR

Intrinsix Root of trust chiplet

Digial signal " | Peie SRAM Jariet Quad 64 Gsps ADC/DAC
Compression ~ GPU Fash ; Z
GPU U MP ™3 ‘Micron GDDR6 chiplet
NCSU RISC-V SoC chipletizing
Design NGAS Standard I/O chiplets
. Ferric Interposer PMIC
f L5y % ADI 10 Gsps ADC
" UCLA 10um pitch Die on Wafer
Fine pitch Heterogeneous F
interconnects integration Simulation Layout
Source: Northrop Grumman Distribution Statement A" (Approved for Public Release, Distribution Unlimited) 4

Figure 7-13. CHIPS program status

HIR version 1.0 Chapter 6, Page 117 Heterogeneous Integration Roadmap



June, 2019 Aerospace and Defense

@ Constraints

System Design HI Moore’s Law
Energy Efficiency 10pj/bit 1pj/bit 0.1pj/bit

Interface Area Large Medium Tiny
Chiplets per package 10's 2+ 10-1000

Design Area >Reticle Reticle

Latency High Medium Low

Bandwidth Low Medium High

Solution Cost High Medium Low

NRE Cost Low Medium High
Image source: Intel

Figure 7-14. CHIPS’s objectives are to bridge the gap between board-level and SOC level metrics

Interface standards:
Too many? Not enough? How to compare?

Manolith BCR

CHIPS gy
Convergence to a minimal set
* of standards is necessary

Gbps/mm

BWD/EPB

Energy/bit

Interconnect Length (m)

CHIPS challenge: make a usable interface standard

Figure 7-15. CHIPS interface standards will achieve state-of-the-art data bandwidth density

at a very low energy/bit
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e

1].:7) CHIPS Highlight #1: Heterogeneous Integration .’

Intel production proven manufacturing

Jariet direct RF sampling at up to
Intel” Stratix® 10 FPGAs and SoCs with Intel EMIB 64Gsps, with quad channel 10-bit
ADC/DAC IP (existing, lab-proven
ACT IP is being reused on CHIPS)

Wiharis 1k

' Flip-Chip Pilch >

Microbump

Intel/CHIPS MCM using EMIB Technology
with AIB interface standard

AlH POCS (Intel)

Jariet
4x
64Gsps

Intel
FPGA ] SERDES

Jariet
4x
64Gsps

Image source: Intel, Jariet Distribution Statement "A” (Approved for Public Release, Distribution Unlimited) 7

Figure 7-16. DARPA CHIPS will cemonstrate high-data-rate I/O between an Intel FPGA and data-converters

-

- P -
1)11;{¥') CHIPS Highlight #2: 10um micro-pillar roadmap W

UCLA:

« Si IF fabricated Dual Damascene process

+ ~370+ dielets assembled (4mm? - 25mm?)
+ 10pm pitch (£1 pm alignment; 6 <6m deg) interface

« 100pum spacing - CHIPS is developing options for DoD-scale

- Northrop Grumman & Micross
demonstrated ultra-fine pitch interconnect
required for high-speed, highly parallel

>3000mm? total dielet area manufacturing via MPWs, foundry-agnostic
Passivated with Parylene C processes, die-level processing, domestic
Close collaboration with Kulicke & Soffa interposer sources

Image source: UCLA, Micross, Northrop Distribution Statement "A” {Approved for Public Release, Distribution Unlimited)) 8

Figure 7-17. DARPA CHIPS Supports R&D for Fine-Pitch Interconnects at 10um Pitch with 100um Chiplet to

Chiplet Spacing
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Chiplet Standardized Interfaces

Intel's Advanced Interface Bus (AIB) is a die-to-die PHY level standard that enables a
modular approach to system design with a library of chiplet intellectual property (IP)
blocks.

AlIB uses a clock forwarded parallel data transfer mechanism similar to DDR DRAM
interfaces. AlB is process and packaging technology agnostic—Intel's Embedded Multi-Die
Interconnect Bridge (EMIB) or TSMC's CoWoS* for example.

Intel now provides the AIB interface license royalty-free to enable a broad ecosystem of
chiplets, design methodologies or service providers, foundries, packaging, and system
vendors,

ji * AIB was supported by the DARPA CHIPS program.
r + AIB specification is now available to the electronics community
‘ Trusted CPU

k Figure: example of a possible heterogeneous system in pockoge (SiP) that combines
- AN interface sensors, proprietary ASIC, FPGA, CPU, Memory and I/O using AIB as the chiplet interface.

Figure 7-18. Intel A&Dvanced Interface Bus (AIB) specification enables modular desigr®*

8.3D~Fuy=FRAVFISL—a Vv

HO3D ~7uy=TA4vFr7Lr—vay (M8-1) ik, —EhFEIN &, HAEHH#ED 2~5um
DE) VLY ILRVDTNA RABASR—v v 72 R L 3, HEELHEMWEREIMKAL LTFEL. ¥
FLOMRAERT 272010 RT2LELHVET, 7 av81 TR, AvF/L—vavIvyxn
— T %79 al T, ${DAI/ML 77V —a v IiC S B{ERE s X OHIKE S 1/ O MfF % EiF
3% DARPA 3DSoC 71 7' 7 LIZDOWTHHL £3°,

3-D IC Classification

Die-Die

=

TSV Stacked Mamory

3-D

Wafer-Wafer

25-D

UMKC

Lﬁic Density

Figure 8-1. 3D integration technology is an active area of research

** Found at https://www.intel.com/content/www/us/en/architecture-and-

technology/programmable/heterogeneousintegration/overview.html
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8.1 DARPA 3DSoC 7' 27 A

BRERDEB Y AT LICET 5 - RHEIX, 7oy 2 )EodEFIcLERRE BT,
ZD[AEVERMARYZ] 3. 2L DBE. VAT LR 74— VADELHKIRTY, ~Fod=724
VI —vavit, 7oy ARYTAAADEINVBELRL VT L —va VY RAREKKTAZ L TL
DOREICH UL LAY, DARPA i3k, uvv 27, AEY, BLXUOY v IA x4 Lo AN/Hh (1/0) %
Bl COT7a—F, MLEINEZYYI7T774 7 —FEFEHLETZ, 3DAVF7L—vavick
DT —=VvAZRELET, K821k, =TI > TIICHERTIOTIERL, 3DA VT
FSL—yavilko TSR T2207 7u—F 2R LT0nET, K83k, MEINZH LT L R%A
TD3DAvFrL—vavoifllERLTwET,

G  Motivation for 3DS0C

P Future \
' New Materials/Integration
. ] Neat-Gen Cognitive EW approach, wide band, real ime / 3
100w
10000 +

e
neﬁt e W approach, wide band, real time
g e p— 1

e

1000 _,j—-“"'""_'_’ HéTSca“}\g

= * General
2 Purpose
glm Gay
(] W ag h single channel non-real tame
2 . °
E L] . ! "
;# 8 ) = P ‘ rPGA
w = - I l ™ cPU 3 DoD Custom
3 = 3 Cintom IC
2 11 : 8 ' i
= - ® wov
8
é . W eou
8 o i B el U
130nm 90nm 65nm 40/45nm  28/32nm 20/22nm  14/16nm  10nm
Technology Node
Distribution Statement "A” (Approved for Public Release, Distribution Unfimited) 3

Figure 8.2 The DARPA 3DSoC program attacks the end of Moore's Law by the reduction of interconnect distances

through vertical integration

HIR version 1.0 Chapter 6, Page 121 Heterogeneous Integration Roadmap



June, 2019 Aerospace and Defense

17y  An Integrated, Monolithic SoC (3DSoC) Solution

| An example of an integrated flow that fabricates 3D logic and memory on a single die ‘

12 layers of ReRAM
interspersed with ™ <
3 layers of CNFET logic “—

« Must permit new architectures that leverage fast, configurable access to non-volatile
main memory

« Stackable 3D logic and memory functions that allow new architectures
« Low temperature formation
« Logic AND memory
= High density of memory — at least 4GB (Giga-Byte)/die
Possible to fabricate in existing domestic, commercial, high-yielding infrastructure
= 90nm on 200mm wafers
» High yield on large SoCs

Distribution Statement "A” (Approved for Public Release, Distribution Unfirnited) b

Figure 8-3. DARPA 3DSoC will demonstrate the tight integration of CNFET logic with ReRAM to have similar

performance of FinFETs while using 90nm fabrication line

9. 5%5~10ED R L

9.1 DARPA CHIPS 2.0 (3~5 )

DARPA CHIPS 138ifE. DoD 2 —¥#—[iFoikits L U0EhEHFy 7Ly b2 a v 27 L0F R 2R
LTWwET, K9-1FXUr9-2ix, CHIPS 7u /7 LD 7 = —X 1 TOHRMEHRICH S Vavf vk
— R —=F—DEfZRLTE T, EPRIICGE T, A&D BERfERTHEFT T T,
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[ CHIPS Manufacturing Wishlist

Target Value

Dense
Interconnect

Metallization material

Front end metal layers

Front end metal wiring density
Size (full reticle)

Stitching (strongly desired)
Depth

TSVs Diameter

Pitch
Back side bump pitch
Back side RDL

Assembly Front end bump pitch

Chiplets supported
Chiplets assembled

Copper

4-6

~0.5 pm line/space
26 x 33 mm?

6"x 6"

100-200 pm

25 ym

150 pm

150 pm C4
Needed, C4 on via?
55 pm Cu (10 pm roadmap)
7nm to 180nm
2-100

Distribution Statement "A” (Approved for Public Release, Distribution Unlimited) 13

Figure 9-1. CHIPS wishlist for chiplet ecosystem

GGy Potential Engagement Path

2018 2019 2020 2021 2022 2023 2024 2025
_O ) F) &) I®) &) F= O_.
T T e T e e

+ Commercial on-shore manufacturing

- L] - - - - . -

(See previous slide)

Si interposer w/ TSVs
Organic package substrates
Copper bumping (<=55 pm)
C4 bumping (150 pm)

2.5D assembly

3D assembly

Flip Chip Assembly

SOTA automation

« Assemble all silicon sources!
+ Turnkey model

HIR version 1.0

“MOSIS for 2.5D"
Agile PDK development
Yield ramping
Manufacturing cost optimization
NPI cost optimization “zero” target
Long Term Goals:
+ ~$20 turnkey packaging cost
» 2 week assembly turn
» Standard fab turns
+ Zero email order

Distribution Statement "A” (Approved for Public Release, Distribution Unfimited) 14

Figure 9-2. tmeline for CHIPS 2.0 vision
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92 F 2 F—2 NI —FGE (5~10 %)

HATORMEOMFETIE, FE K, MEMS, 3X Uz ofio~4 7 a7 54 20% @D B4 PE % a[HEIC
TEREDY ) a—a vzt 20iittod s (=777 EWENZa vy 7 F 2L TV
& 2

FOHF-O-Semrreomtretor®> A £ — b 7 v 7 NEITAS 12, (3=~ 7 7 7] ZfifH L T 20 B cfilifk
YER=F YV PEERTHZLICHENLE L, ChiE, BROBEAHTIHO Y 2~ THRETEZ 20 27
LTY, TL—7 AN —I, BHEEET O BRBEANFAR Y L L TR I E L7, MiHtE2020-%

=T 7 TR B0 EHIC B B EEHIR G (AIST) CTHAEL £ L7, HEDT
125mm (054 v F) O/WNE %y =~ %L CPREAZEETE 5,

== 777 FaR M ET, BIfFOMEY X7 L TlE, Yz LICEEZERTE2vA7L LT
Moz EEgAFiZElTcd, 2770, == 77 7CRAETT, ML, 100 Fo/hEhIo7—%
EHLTHBEINE T, WHBEBNOEHIN A=A TEITENE LD, 2) — YA —LLRET
ER

VA7 IHEDH Y FHA, FOME, EEHELES T AL, BEORIEEZ MM T 2 L v FEED Y
¥4, EFRSEAStt e — T AT 4 —CHIINEZA 7 L AFTZEHL T, ZO%EIZ08 I 70y
DFikEAAZ—=v 7 TtEE3, 2t CMOS FEOL(Front End of Line) i & » Tk A b H b D TF
P, Z#iE BEOL(Back End of Line) D#RIFIC & - TEYI R D T, mELHD Y VY 777 4 —V— i3
HWHY EHA,

Figure 9-3. Minimal modular wafer fabrication technology
[SEMICON Japan 2017] #C, I=<A 77 7iF. vV JEHHO B CREHNBEREL, 0514 vF&
WINI Y 2 DBENEBEBRLELE, I=owA Y bravFFRHHLT, Wl BTty =

% https://www.ewarrantsec.
jp/article/%E3%81%8B%E3%81%AE%E3%81%86%E3%81%A1%E3%81%82%E3%82%84%E3%81%93%E3%81%
AE%E3%380%8Csemicon-japan-2017%E3%80%8D%E3%83%AC%E3%83%9D%E3%83%BC%E3%83%88/
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NEWELET, COXA4 TOMRII/ ey MEEIGELTEY . EARa X b 2 KEEICHIK L 20F5EBE R I
BiibET, I=wAT77 7R, T4 AR, GHTIEWIEIT. Apic Yamada 2 EE i LT, I =~ 8
DIAVATLEMEELTCVET, BV ) a—varvd -3, IxIEARA-H—DIT Il
REFXBIVHRT 37-00F0L LCHRELES, ¥

Yokogawa list suitable tools for the CMP WET CVD Fumace Goat E Develop JLeT
customer requirement.

Yokogawa provide the solution using I P* ’I 'i 'i '} '} P} i
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Figure 9-4. Minimal Fab's approach to low-volume semiconductor fabrication without clean-room

10. DARPA Electronics Resurgence Initiative (ERI)

2018 5, DARPAD~A 7 n v A7 L7727 /uy—4+7 4 A (MTO) 1%, Electronics Resurgence
Initiative (ERI:, =L 27 bu=J REEA =T 574 7) ub biFgLz, #
o SHoEIEALEPIHRA (DOD) AT LBXV 77y F 7+ —24ld, EROEF =Y 74 BEICHIE
T2 0ICEERETRRICIRIFLTVET,
o itidichr 2 E T 0MES P E A T 5 EEICHY ity 7%, DARPA [ Electronics Resurgence
Initiative (ERI) ZBHIAL £ L7, chid, 5 FH. BNOE AT LOFERICNT 2 15 #XK P
Pl Eof& T,
10-1 i, DARPACHIPS X Uf3DSOC 7 v 77 L% ¥ FK—F+ T B ERI~T YV TLADHEEZRLTWE
o WHOTRTT L, FRI-3FICDIo T EI NS FETT, 2019 FIChlli T s PIPES 7'm
770, 7497 ICTAL AL CMOS D~T UV =T AA VTS L—vaviEdR—FLET,

26 hittps://www.yokogawa.com/yjp/biz/semi/minimal-fab.htm?nid=left
27 https://eetimes.jp/ee/articles/1712/18/news033.html
28 hitps://www.darpa.mil/news-events/electronics-resurgence-initiative-summit
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Figure 10-1. DARPA Electronics Resurgence Initiative
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Beyond Borders: Semiconductors are a Uniquely Global Industry
Typical semiconductor production process spans multiple countries: 4+ Countries, 4+ States, 3+ trips
around the world, 25,000 miles travelled, 100 days TI'T, 12 days in transit

L Japanto USA ~——

s e .

— el e 1.Silion ingots
1. Fab wafer A Tae, cut into wafers
sorted, cut ) -~ .
into die o; L o
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wafer into ]

g fab wafer i
Singapore to Ching - !
5. Final product e ‘

e USA e Malevala shipped for inventory i, Die are assembled,
""""""""""""""""""""" 0 packaged, tester
$1,340 Billion in Global Trade $36.8 Billion in Global Trade $23.7 Billion in Global Trad
Top Participants in Global Trade: § Top Participants in Global Trade: Top Participants in Global Trade:
Semiconductor Goods Fabrication Material Goods Assembly, Test, Packaging Goods
. . =
UsA VAL Mesico T ey K Mot
lapan Singapore Netheriandy
G Ty UK Fra
......... b

2 http://www.ndia.org/-/media/sites/ndiA&Divisions/working-groups/tmjwg-documents/ndia-tm-jwg-team- 1 -white-
paperfinalv3.ashx?la=en
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Figure 11-1. IC manufacturing in a globalized independent supply chain®
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Major 2017 Foundries (Pure-Play and IDM)

2017 2016 Foundry 2015 Sales | 2016 Sales 2016/2015 | 2017 Sales 2017/2016
Rank Rank Company Type Location (SM) (M) Change (%) ($M) Change (%)

1 1 TSMC Pure-Play Taiwan 26,574 29,488 1% 32,163 9%

2 2 GlobalFoundries Pure-Play u.s. 5,019 5495 9% 6,060 10%

3 3 uUmc Pure-Play Taiwan 4,464 4,582 3% 4,898 7%

4 4 Samsung IDM South Korea 2,670 4,410 65% 4,600 4%

5 5 SMmIC Pure-Play China 2,236 2,914 30% 3,101 6%

6 6 Powerchip Pure-Play Taiwan 1,268 1,275 1% 1,498 17%

7 8 Huahong Group* Pure-Play China M 1,184 22% 1,395 18%

B 7 TowerJazz Pure-Play Israel 961 1,250 30% 1,388 11%

— — Top 8 Total — — 44163 50,598 15% 55,103 9%

— — Top 8 Share — — 87% 88% — 88% -

— —  Other Foundry — — 6.597 7,112 8% 7,207 1%

- —  Total Foundry - — 50,760 57,710 14% 62,310 8%

*Includes Huahong Grace and Shanghai Huali.
Source: IC Insights, company repons

Figure 11-2. Changing foundry landscape

30 Found at http://www.businessdefense.gov/Portals/5 1/Documents/Resources/2016%20AIC%20RTC%2006-27-
17%20-%20Public%20Release.pdf?ver=2017-06-30-144825-160
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Pure-Play Foundry Market by Region

02017 W@2018

-2%
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$30,000 - Total 2018 Pure-Play Foundry
. Market Growth = 5%.
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b=
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E 41%
5 515,000 - 2%
s 10,690
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Source: IC Insights Region *Not including China

Figure 11-3. Nearly all foundry growth in 2018 driven by customers in China

ASE 5215 4896 6,5%

1

2 Amkor Technology 4055 3894 4,1%
3 JCET 3256 2874 13,3%
4 SPIL 2679 2626 2,0%
5 PTI 1999 1499 33,4%
6 TSHT 1055 823 28,2%
7 TFME 913 689 32,5%
8 KYEC 674 623 8,2%
9 UTAG Group 673 689 -2,3%
10 ChipMOS 600 568 2,4%

Figure 11-4. OSAT companies ranking 2017 (millions of US$)*!

13. HIRUZ FHPHEHTWGF — 4

Name Affiliation Role

Tim Lee Boeing Co-chair
Jeff Demmin Booz Allen Hamilton Co-chair
Tom Kazior Raytheon Member
Dan Blass Lockheed Martin Member

31 Found at https://anysilicon.com/osat-companies-ranking-2016-2017/
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