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Activities toward chip
democratization

« 1t Gen: MOSIS/CMP/.../VDEC

— Centers for (Fab. Access / design
environment support)

. 2nd Gen: CRAFT(2015)/IDEA(2017)/AIDC(2018)

— Rapid prototyping, higher performance by
Custom IC in the Advance Process

« 34 Gen: Google/Skywater

— Open source PDK , Open source EDA, Free
shuttle

CRAFT: Circuit Realization At Faster Timescales
IDEA: Intelligent Design of Electronic Assets

=y N d.Inb \o&
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Somety s Paradigm Shift

Society 1.0 3.0 4.0 5:0

Hunter Agrlcultural Industrial Information Human-Centric
Labor-Intensive  Capital-Intensive Knowledge-Intensive

Primary Industry
(Agriculture, forestry
and fisheries)
Mass Production /
Data-Driven

Secondary Industry

(Manufacturing) Mass Consumption
Tertiary Industry
(Service) Data — Kr)owledge - V_alue
Value delivered by services

Alan Kay's talk at Creative Think seminar, July 20, 1982

Remember, it's all software, it just depends on when you crystallize it.
People who are really serious about software should make their own hardware.
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From General-Purpose to
Specialized Chips

General-Purpose Chips Society 5.0:

(Standardized, High Volume) AI/Big Data — Excessive

‘ Power Consumption

) Competition in
c capital investment
=
~ Flash
GPU
1970 —— 1980 —— 1990 020 ———P Year
CalculatorDesign Agildldesign

GE) Ilré)r(l)oovations Domainpecific ASIC (DNN)

X increase
% in development
= efficiency oore’s Law

000x increase in

' exity in 15
Specialized Chips

(Special Order, Low Volume)
BEISSCC 2010 Pane
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VDEC, as 15t Gen Activity

* Provide platform for chip fabrication

— Provide chip fabrication services
— Provide CAD tools
— Provide up-to-date design

Semiconductor
: . Assembl — :
methodologies/seminar A ‘. .w:’::ﬁ;z foundries
X% - IRBEWMEER - sacass| | \? o, 1T
Universities - | . 7 553
& Colleges oo XRann: 2. P

d
Birghs.

Photo mask
makers

by TR w
. = - H
i SR moD LR T
S e I LT )
b: - .'

CAD vendors

For chip democratization among Japanese Academia

Eli /5\ j : ‘i gy
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Trends of Chip fabrication

No. Chip Dgsigns Fabricated #hd total]
500 —_ 17900 o550 No. Univ., Lab. Fabricated Chip
L MOSIS/Others
- | |RenesasB5r mE -
ML |ST28 &5 1 Ittty it AL STy o ) | T— . - TR ———
gRenes E <0 .Unwersﬁy
® el
300 --ig-ﬁspt. 4500 450
.Ed) ‘
O STAR
200 HIR ~3000 100
B His
100 i : 1500 50
L, . |
94 9 98 00 02 04 06 08 10 12 14 16 18 2 Total% 9 00 02 04 06 08 10 12 14 16 18 2
Financial Year Financial Year
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From General-Purpose to
Specialized Chips

General-Purpose Chips Society 5.0:

(Standardized, High Volume) AI/Big Data — Excessive

‘ Power Consumption

) Competition in
= capital investment
=
S Flash
GPU
1970 —— 1980 —— 1990 020 ———» Year

GE) Ilré)r(l)oovations Domainpecific ASIC (DNN)

X increase
% in development
= efficiency oore’s Law

000x increase in eural Network)

'

Specialized Chips

(Special Order, Low Volume)

exity in 15 b Slowing

o8, "5SCC 2010 Pane
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Step Toward VDEC 2.0
Platform for Advanced Chip design

(;ami=i=
> JSTx 5 VDEC 2.0

. , It Startups .
Close collaboration National Project AIDC: 2018~
with industry eeking development d Iab'- 2019~
* Maintaining basis of ° Academlc J.H., *&

- o @ e e S "?__— 8
g sl iz B
., § Y
bt 4 o
-

Japanese Universities
L/

I, 24

-~ VDEC 11

«”Extended Academic License”

For NEDO research project on “Across loT”

2016~

o
@DI

VDEC EDU

For chip democratization among Japanese Society

5K
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Al Chip Design Center

 Activity funded by METI and NEDO from 2018, at
VDEC(now d.lab) & AIST

— Platform for Al chip design in small company and startups
— EDAtools for engineering samples

— Verification platform by logic emulator

— LSI-IP for Al chip design

— Forum, seminars & materials
for Al chip design

— Chip fabrication gateway
for the Advanced process

for Al chip
Talk on SoC Design Platform.. By Dr. Uchiyama @ 9:45
Talk on RISC-V emulation.. By Dr. Arakawa @ 9:15 tomorrow
C ’ ?;]NilﬁTi RISC-V Day in Tokyo 2021 Spring / M. Ikeda, U. Tokyo rj - I IE I-" v




From General-Purpose to
Specialized Chips

General-Purpose Chips Society 5.0:

(Standardized, High Volume) AI/Big Data — Excessive

‘ Power Consumption

) Competition in
= capital investment
=
S Flash
GPU
1970 —— 1980 —— 1990 020 ———» Year

GE) Ilré)r(l)oovations Domainpecific ASIC (DNN)

X increase
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d.lab as the Center of Chip
Democracy

N\
Advanced chip design
environment
J
.
Consortium (RaaS)
J

Advanced Design Research Division

Fundamental Design Research Divisi

Joint research

AIST Al Chip Design Center
For small industry and startups Design platform

Access to Fab/chip design Environment

Universities and Collages in Japan

51K 5
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Role of d.lab and RaaS

m University of Tokyo founded d.lab and RaaS to
O Create an agile design platform and 3D integration technology
O Enable development of specialized chips with 10-fold increase in both
development efficiency (time) and energy efficiency (performance)

Raas = E— Government
https://raas-cip.org ] ]
Creation Panasonic, MIRISE Technologies,
_ . <€— Hitachi, Toppan, Toyota, Denso,
and Closed Industry-Academia Socionext, ...
application Collaboration Creation of
of design Common Theme : Design Platform University of Tokyo foundational
platform |p P T P | d.lab .
) €« http://www.dlab.t.u-ﬁ)kyo.ac.jp/en/ teChn0|Og|eS
e y-—--------- Open Academia- (silicon
Individual Themes f?oaetv Collaborﬁtlon compiler, 3D)
T Vendors T Collaboration |
Access to Universities/
Foundry EDA/IP Vendors Sponsoring :
advanced TSMC Cadence, Synopsys, ARM Members ReseS(r:cBh Instltutes
CMOS ,imec
Tadahiro Kuroda ok dlab . 7 0of 9

Courtesy by Prof. T. Kuroda
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))1\:{¥') Performance versus development cycle times

Today you have to choose between performance and schedule/cost

1400

1260
L 15
12
- 10
| 6
[ 120
0 T r o0
CPU

Custom IC

—
N
8

"~

o

g
Development Cycle Time
(Months)

8

(=)
o
o

g

w

Power Requirement (Watts)

g

FPGA
Example Data from representative DoD design

| Oty |PowerReq.|Dev. Cycle Time Current Character

Low performance at power

FleX|bIe
Processor (CPU) Quick to implement

Field Programmable Low performance at power
Gate Array 4 120w ~12 months FIeX|bIe
(FPGA) Mode = a.imple ent

CHigh performance at power
C X

General Purpose Central g 1260W ~6 months

Custom Integrated Circuit

(Custom IC) 1 5w ~24 months

Slow to |mplement
DISTRIBUTION A. Approved for public release: distribution unlimited. htt pS//WWWda r‘paml|/ 4



DAR ¥'9 Performance versus development cycle times

=}
8

g

8

g

g

Development Cycle Time
(Months)

Power Requirement (Watts)
8

1260
- 20
+ 15
12
i - 10
&
I 6
i 120
5
0 4 T T F 0
CPU

FPGA Custom IC

DISTRIBUTION A. Approved for public release: distribution unlimited. htt pSs //WWWda rpa.m i I/ <



1]1:17)  DARPA multi-project run (MPW) shuttle details

*  ALLruns available to ALL Defense Contractors . A single FinFET process flow (TSMC 16FFC)
* Wafer diameter: 300mm «  Bulk FinFET transistors with dual gate

»  Single exposure area: 26mmX33mm oxide

*  Exposures (shoFs)/wafer: ~80 « BEOL stack: 9 levels of Cu wiring

*  Project area unit: 2.5mmX2.5mm « Standard passive components (no deep
*  Projects/shot: ~100 trench capacitor)

+ Standard eFuse blocks
+ HD and HP SRAM bit cell

Schedule
« PDK available: January, 2016

A + Training: May-June 2016

» Firm shuttle commitment from users

- required: June, 2016

0] i + Design submission (GDS-In): July, 2016
— «  Follow on runs 4/2017, 1/2018, 1/2019

i * Die back to users: (GDS-In + 6 months)
Aggregator/interface/training organization

f-:;;;!;,éé;;;:l « All questions for the foundry will go
‘ through MOSIS

« All GDS will be sent to MOSIS

User cost planned to be ~ $50K/project
(2.5mmX2.5mm)

TITY

DISTRIBUTION A. Approved for public release: distribution unlimited. httpS//WWWdarpamIV 16



Mobile Device
[SAC 2012]

Highend PC
[SCIS 2017]

Highend FPGA
[SCIS 2017]

ASIC* [CHES 2009]f¢ -

ASIC [A-SSCC 2012

ASIC* [T VLSI 2015]fF

ASIC Ours V1*

ASIC* [SCIS 2018] -

ASIC Ours V2*

6mmQl)

i MRl G i
"

9,909,000
840,000 4000 210 91,000 19,110
107
5,340,400 15,800
512,541 e 640 255 163
330,053 12nm (2mmL) p21
9,270 147 202
38,911 1 192 | 203 1,200 243

3 2,850 94.0
(6

ASIC Ours V3*

65nm CMOS

11,726

20.7

ASIC Ours V4**

12nm CMOS FinFET 2,300

5K

Technology Developmen
**Supported by SECOM Science and Technology Foundation
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Further acceleration by advance process
y the New Energy and Industrial
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Requirements on Chip design

* Increasingly higher energy efficiency
— Customized chip
— Advanced process
— Advanced integration (Packaging and 3D)

* Increasingly faster design
— HLS
— Sophisticated IP cores

-—ep Strong requirements for easy access to all of them
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Large SoC - Chiplets in PKG...

* High-speed I/O - Separated and closely
integrated

 Memories - 3D integrated over processor
* Sensors - 3D integrated

« SoC will be “Core” + other pieces of
chiplets and peripheries

— Core: Processors + Accelerators
RISC-V as the Open Source Processor Core
m—) BRENDTTUEDBHDESIZSoCEE LA - HLF
L TWebTHr5E9 515 by Philip Wong (TSMC)
B3R 7 oIk O
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