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CMOS Technology

* A historical perspective: Computer & transistor revolution
* Fabrication process, Integration
e |ICintegration & Roadmap

Semiconductor Industry

e Growing market
* Value chain
* Supply chain

* |C design flows
O U T I_l N E * |C engineers/IC Lab for education
Education & training
* Heating up events

* Design flow overview
* |C design for military applications

IC design research in MTA

Conclusions



The first computers

How to make
computer smaller,

and more energy
efficient?

Like this?

BENe e |
= Rl g

I\

BOMBE (1940, Alan Turing): the first
electro-mechanical computer for decrypting
the Germany Enigma message. £100,000, or this?
2.1x1.98x0.61 m3,1 ton. Each bombe 08
mounted drums, which were in three
groups of 12 triplets.

gu;e|_ uenigf cowbnge 2f1cks [0

https://en.wikipedia.org/wiki/Bombe
https://vi.wikipedia.org/wiki/ENIAC

faster, more reliab

ENIAC (1945): the first electronic computer
designed by Pennsylvania scientists using
vacuum tubes for calculating Artillery firing
tables.

18,000 Vacuum tubes (24m long x 2x6m
high), too complex, poor reliable, and supper
power hungry
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The CMOS technology: Transistor revolution

= 1926: Field effect semiconductor device conceptually patented
(Polish-American Julius E. Lilienfeld),

= 1935: MOSFET independently anticipated by O. Heil

= 1948: First working (BJT) transistor, Bell lab

= 1955 Carl Frosch and L. Derick accidentally grew a layer of
silicon dioxide over the silicon wafer. Further research showed
that silicon dioxide could prevent dopants from diffusing into  Jylius E. Lilienfeld
the silicon wafer

= 1960: John Atalla and Dawon Kahng fabricated a working
MOSFET and demonstrated the first MOSFET AMPLIFIER.

= 1963: The CMOS process was conceived by Frank Wanlass at
Fairchild Semiconductor and presented at the ISSCC

= 1960s: PMOS only logic (use for calculators)

= 1970: First 4Kb MOS memory

= 1972: Intel 4004 (NMOS only logic)

= the start of VLSI era : billion of transistor integration

Integrated 16
MOS
transistors

First BJT transistor (1948)

,;‘1» -_‘. .‘.;"“!;‘::f.._ .
John Bardeen, William Shockley &

Company in 1960s had not taken and recognized the full and Walter Brattain at Bell Labs, 1948
https://www.computerhistory.org/ potential of MOSFET and CMOS technologies
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CMOS technology: MOSFET

e CMOS (Complementary Metal-Oxide Semiconductor): Technology
based on two complementary types of metal-oxide
semiconductor field-effect transistor (MOSFET)

* Key advantages:

- No static power consumption: ability to integrate up to
billions transistor in a single chip

- CMOS static gates has large input impedance and low output
impedance, very high noise margin, and supper reliable

* 99 % of microchips produced today use MQOS transistors

* 8.19 10*2 MOSFETs have been manufactured (2022

* “In many cases transistors can last much longer than a human
lifespan”

* Silicon used to make transistors, which is the second most
common element in the earth

http://www.nature.com/nature/journal/v479/n7373/full/nature10676.html

https://www.waferworld.com/post/how-many-transistors-are-there-in-the-world

Metal gate

Insulator

Inversion channel

Depletion layer

Source-junction
depletion region

Source

\\ Metal gate now is replaced

\ by polysilicon

Gate (V)
Drain (V)

4 Substrate (V)

Drain-junction
depletion region

Minimal channel
length (tech. node)

Drain-junction
depletion region

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy


http://www.nature.com/nature/journal/v479/n7373/full/nature10676.html

The CMOS technology: Roadmap

» scalability, densityT
Floating body Fully depleted substrate

| planar ~ Bulk- SOI-
Bulk PDSOI  FDsol FInFET  FinFET

mp

UT-BOX UT-cSi = Fin - A wina¥eninnns

lateral vertlcal
GAA-NWFETs:
J can be build in a lateral vs.
vertical configuration ' .
U doping strategies: inversion-
mode (IM) vs. junctionless (JL) Bulk/SOI :

2020 International Technology Roadmap for Semiconductors

https://www.imec-int.com/en/articles/20-year-roadmap-tearing-down-walls
http://www.itrs2.net/

CMOS: conventional devices (28nm and above)

FinFET (state-of-the-art): in dual gate MOSFET
both gates control the current in the device;
mitigate the effects of short channels and
reduce drain-induced barrier lowering

SOIl: Semiconductor on Insulator: Reducing the
capacitance parasitic and leakage

Future devices

* GAA: Gate all around transistor: increase
the channel area for enabling transistor
scaling in very advanced nodes

 Complementary FET (CFET)

POST CMOS

* Carbon nanotube FET; molecular
electronics; spintronics; rapid single-flux
guantum (RSFQ)...
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The CMOS technology: Fabrication process

» Basic process(8)

Wafer manufacturing, oxidation, photolithography,
etching, deposition and ion implementation, metal
wiring, EDS and Packaging.

* Basic materials (5)

Silicon Wafer

High-purity water

hydrocarbon polymers for Photolithography
Etching Chemicals or Plasma

Aluminum for Metal Wiring

* Essential machines (7)

Dicing Machine: To cut wafers into individual
semiconductor chips with blades.

Laser Dicing Machine: Uses lasers instead of blades.

Probing Machine: To perform electrical tests.
Polish Grinders: To Polish and other applications.

CMP Machine: To remove unevenness on wafer
surfaces.

Wafer edge grinding Machine.
Sliced Wafer Demounting and Cleaning Machine

L

@ —
xidatio

Wl

E ._"f
~ Spue
AU

LN

I_ —

A 4

Encapsulation

0 - v
O n Etching Implantation Metal Deposition
P : 7 - F—
Die Attach | __EDS [ Polishing |
g =7 Ew
& @ <

https://www.electronicsandyou.com/blog/semiconductor-manufacturing-process-steps-and-

technology-used.html
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The CMOS technology: integration

https://en.wikipedia.org/wiki/Transistor count

Transistor count
50,000,000,000

10,000,000,000
5,000,000,000

1,000,000,000
500,000,000

100,000,000
50,000,000

10,000,000 ‘
5,000,000 Pentium Pro

1,000,000
500,000

100,000
50,000

23

$TOMI

10,000 y1c 100 208
5000 ¢ co
Intel 800€ r

O gV > g0 g P @ @ Pl @@ (PP PP D PR P
KARCARRC R ARCARC R G SRR I R LR LR L. QR L S SR S S

Data source: Wikipedia (wikipedia.org/wiki/Transistor count) Year in which the microchip was first introduced

Moore’s Law: The number of transistor on microchips
doubles every two years

Semiconductor
device
fabrication

MOSFET scaling
(process nodes)

10 ym - 1971
6 um-—1974

3 um-1977
1.5 um - 1981
1um-—1984
800 nm - 1987
600 nm - 1990
350 nm - 1993
250 nm - 1996
180 nm - 1999
130 nm - 2001
90 nm - 2003
65 nm - 2005
45 nm - 2007
32 nm - 2009
22 nm-2012
14 nm - 2014
10 nm - 2016
7nm-2018
5nm - 2020

3 nm - 2022

Future
2nm ~ 2024
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The CMOS technology: Opportunities & challenges

OPPORTUNITY

Sl S

CMOS technology reach its limits:

Opportunities for newcomers to start a new
games with radical changes in technology
The slow-down allows the underdeveloped
countries catch up with the developed one
This is right time for developing new computing
architecture and approaches or manufacturing
approaches (see advance packaging in next slide)

The rapid changes in the technology requires very
high R&D investments

IC design is still a key technology, sharing advanced
technology is not viable

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy



The semiconductor industry: Growing market

* Global semiconductor market is projected to grow from $573.44
billion in 2022 to $ 1,380.79 billion by 2029, at a CAGR of 12.2% in

forecast period, 2022-2029

* Escalating implementation of loT, Al and Wireless, and automotive

devices
* Networking & Communication dominate market

« Wafer market: $9.85 billion in 2019. reach $13.64B

billion by 2027.

Asia Pacific Semiconductor Market Size, 2018-2029 (USD Billion)

2017 2018 020 202 2026 2027 2028 2029

https://www.fortunebusinessinsights.com/semiconductor-market-102365

The equipment market - around $83.8 billion by 2025
Advanced packaging market - reach USD 67.4 billion by 2028.

https://www.csis.org/analysis/mapping-semiconductor-supply-chain-critical-role-indo-pacific-region

https://siliconsemiconductor.net/article/118194/Worldwide semiconductor revenue to grow 17 in 2024

Global Semiconductor Market Share, By Application, 2021

Data Processing
I ndustrial
I Consumer Electronics
B Automotive

Government

*The US accounted for 47% market share 2019.
*China - top consumer globally, 34.4% 2018.
Asia-Pacific: 63.5% of semiconductor sales 2018.
*Vietham semiconductor materials market : US$ 3.8B
(2022). Reach USS 8.1B by 2028, a growth rate (CAGR)
of 12.6% during 2023-2028 (IMARC Group ).

* Advanced Packaging requires more capital and higher-
skilled labor than traditional ATP. The bulk of Advanced
Packaging in Taiwan and South Korea

I Networking & Communications

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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The semiconductor industry: Value chain

* Design 50% value of the IC chain, the wafer Research/
(front-end) manufacturing (24%)
* Taiwan and South Korea hold the most

Assembly, Testing,

Development Packaging

Design | E Manufacturing

advanced technology node fabs.

. . . pe . $90B =20% sale The US: 10/20 75% in East Asia, less capital
* China going to be a significant player in all 4 h | i obal _ ) e _ e |
phases; The government devoted $ 100B to The US leads in globa IC. design Taiwan: 20%, intensive, large
subsidize for IC industry R&D holds the companies; 4/5 South Korea: 19% || floor space but
« ATP is much less capital-intensive and is | Mostqualified out EDA) and IP Japan: 17%, low-tech workers;
located at low-labor cost area (mostly in South- researchers companies China: 16%. 360 global ATP
East Asia) R&D & companies || China has new 5nm: Taiwan & facilities
— 1400 IC design Korea, TSMC 63% || (100 China, 100
! ) quipmen Raw Materials
Design(P)  SegiRyiobesen o ~ Sp—— _ (2017) market Taiwan and 43 in
arm cadence @ﬂ MATERIALS o A)ML A RCH oo uecraon #IEHSH @ o SOUtheaSt ASia;
Qllimagnation | | SYNOPSYS HITACHI Phei ASMS  AIXTRON IKLAEE (@itronic  SMCO 5% . . .
. i ICvalue by stage including Vietnam

_________

————————————————— % ; . 11%
Fabless Design ' ' Foundries ] Asaseg bal% T:gSt S‘-‘ i 4% o“
’ ; 0
i | ©@BroADCOM <ANVIDIA ' Qualcomm T 'I= ol ! 6%
=2 __%.)_ t ‘ GlobalFoundries |- -5 _ TERADYNE | -
| JEd|marve € XILINX - AMDZU : Y Unmc @ mkor !
' Technology
Integrated Device Manufacturers
‘ . ) 8 5 s : i - i
L—[ ﬁ;g}m,m SAMSUNG aicron [Ntel TosHIBA M) Renesas Igég\‘}.gs fnfineon SK"’:ynix 1S7; J_; = Design = Front-end (wafer/die)
Backend (Assembly, Test, Packaging) CAD Tools

https://siliconsemiconductor.net/article/118194/Worldwide semiconductor revenue to grow 17 in 2074
https://bbnc.bens.org/semiconductors---page-2-supply-chain-phases
__https://twitter.com/Quartr_App/status/1615048481525354496/photo/1

m-Manufacturing equipment = Material
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The semiconductor industry: Supply chain

* Major countries join the “Game of IC): US, Germany,
Netherlands, Japan, Korea, Taiwan, Korea, France, China

Step 1
* Critical minerals: China is the main supplier Waferproductin
* Polysilicon: China 79% raw silicon, 70% silicon prodt.
* Wafer: japan (56%)’ Taiwan (16%)l Germany (14%)I Semicond:ct:&:loductlon

South Korea (10%), and China (<5%)
* Photomasks: Japan (53%),U.S. (40%), and Taiwan (7%)

Step 3

* Photoresists: Japan (90%), U.S. South Korea (10%) pemediesaene
* Gases: US, Japan, France, and SK 50%
* Wet chemicals: US, Germany, Japan 60% Fina electronics

* Equipment: US, Japan, Netherlands dominate

The Netherlands Holds a Strong Position as an
qument Provider ASML). China exports

Taiwan takes 63% market share on IC fabrication most °f, its final
industrial goods

* Taiwan exports most of its processors to Singapore anco the US and
South Korea Germany

* China s the Largest User of Semiconductors for Final
Electronic Goods Exports

* China exports most of its final industrial goods to the
US and Germany

https://www.rabobank.com/knowledge/d011371771-mapping-global-supply-chains-the-case-of-semiconductors

Simplified supply chain of semiconductors in traded goods

Inputs:
Photographic sheets, chemicals, and gases

Equipment:
Machines to manufacture and measure
wafers

Raw materials:
Silicon and other semiconductor materials

Output M
Inputs: Equipment:
Sheets, mirrors, and lenses Fans, heat units, purifying machinery

Intermediate industry
(parts of navigational instruments,
automotives, etc.)

Output M
Inputs:

Qutput 2

Intermediate consumer
(sound, video, or recording apparatus,

etc) China exports most

(calculating machines, data processing,

muUs

® Germany

M Japan

m Other

https://www.rabobank.com/knowledge/s011371708-understanding-the-semiconductor-supply-chain

| of the its final
consumer goods to
the US

Qutput 2

Final consumer
(smartphones, cameras, etc.)

mus
™ Japan
UAE

The

Netherlands
H The

Netherlands
UK Vietnam
m UK

Other
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The semiconductor industry: IC Fabrication

* Investing to fabrication facilities
* Initial cost 1-5 Billion USD, up to 20 Billion in the near future

* Requires: ultrapure gases, ultrapure water, dry air and
nitrogen, and high-quality reliable electrical power

* 100MW power supply (more than an auto plant)
* Water usage of a small city

* Skilled labors

* Hundred of unique items/instruments

] . GlobalFoundries Fab 1 in Dresden, Germany
* Maintenance cost: a few ten million USD per years The large rectangles house large cleanrooms.

As the U.S. Commerce Department notes...a semiconductor manufacturing
plant involves thousands of process machines, lasers, ultra-precision optics,
and advanced robotics ... operating at subatomic-level precision.”

Z181, a military-based
factory, is the first Vietnam

Z:*EmE
mweeme  semiconductor companies

https://bbnc.bens.org/semiconductors---page-2-supply-chain-phases
https://www.bcg.com/publications/2023/navigating-the-semiconductor-manufacturing-costs
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The CMOS technology: Opportunities & challenges

'OPPORTUNITY

(
<

e IC market value is steady increases

e IC design takes the most value in chain: any can
join this stage

* The chip-shortage (Covid-19) and the geographic-
political aspects could speed up the globalization
and reallocation of IC fabrication and design
centers

Narrow door for newcomers enter the conventional
IC games, which is well-established

The IC supply chain is well-established for only a few
countries

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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The CMOS technology: advance packaging

* 2.5D/3D technology

* integrated and assembled on a silicon, organic or glass
interposer

e achieving extremely high die-to-die interconnect
density, low-power and compact design | s

* 2.5D: planar integration
e 3D: Vertical integration (multi-storey structure)

o o | oy
st A e R, | I AMD Versal VP1802 ACAP, Cerebras WSE-3: 4T transistors, 8 exaflops
RRRINE 92B transistor (8 10*8 FLOPS), 10X Al boost, 900 Al cores,
ke 44GB memory (onchip)

e POWER
HIGH DENSITY I/0 3DICs & BATTERIES

* Wafer scale integration

* supper ICin = a network of chips
occupies the entire wafer

e Trillion scale integration
* Very suited for Al acceleration

AMD Instinct MI300A (24 cores, 5Tb Samsung 3D NAND

128 GB GPU memory + 256 MB KLUFGSR1EM https://bIogs.sw.siemens.com/semiconductor-packaging/2023/11/06/understanding-3d-ic-technologv-future-integrated-circuits/#
. https://nhanced-semi.com/technology/about-2-5d-technology/

(LLC/L3) 1468 transistors https://www.engineersgarage.com/xilinx-now-shipping-full-production-volumes-of-its-versal-ai-core-and-prime-series/

https://resources.pcb.cadence.com/blog/overview-of-advanced-semiconductor-packaging
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Vietham semiconductor industry: Companies

40 companies, 38 foreign owners

QONVo HCL [eto viettel Eﬁﬂ@
Ha N0| all around you Theo cach cua ban Semiconductor
ix /{}AEQ}( Dolphin Technology Q_,"OA%lat‘%EM‘IMﬂnam Iagnflt:!vga » QLIALCOMF
Synopsys Uniquify SAVARTI RENESAS -~
Silicon to Software iAeasZsilicon s Eﬂﬂ / (lnf neon AMDa
53 S JC pdriizens . L%  meouTeic R
Da NANG o S ettt s i A ST e
RENESAS  <¥»FARADAY [5] semiFve HICIL o St
09‘/4’ ﬁ MARVELL A = intel " A{\[J Dr—.eam’. VlTneeocécthJan
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Z181, a military-based
factory, is the first Viethnam
semiconductor companies

: 1 SAO MAI ELECTRONICS

https://www.facebook.com/groups/vimachvn

vmis@sh - Semiconductor

NORTH 11
CENTRE: 9+
SOUTH 30+

Quyét dinh s6 439/QD-TTg ngay
16/04/2012 phé duyét “Danh muc san
pham quéc gia thuc hién tir ndm 2012
thuéc Chuwong trinh phéat trién sdn pham
quodc gia dén nam 2020”, chi rd “vi mach
dién tl*” dwoc xem |a mot trong 9 san
pham chu lwc phat trién cha dat nwéc

Chip exports to the US

1319.6
972.9
562.5
4216
321 1 259 7 25265 ’
2446
191.5 166.3 151.8 154.6
I II ml «1 NN

@ :

Q & Q‘QE
& &
& i Q&
CJQ\ £ e QQ
W <

@ February 2022 @ February 2023
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Vietham semiconductor: IC Fabrication and ATP

* IC Assembly, Testing and Packaging (ATP)

* Low risk, less capital intensive, mostly required
normal workers and technicians

* March 2007: Intel invested USD 1.5B, assembly &
packaging factories of 230 hectares, create ~6500
jobs (2400 permanent), ~73B export value since
2010, 84% are engineers, including IC design
(experienced)

* Amkor: 2023: Bac Ninh, USD 1.6B investment, ATP,
create 10,000 jobs, mostly worker does not require
Bachelor degree, low salary. For technician
(mechanical, product line, electrical)

* Hana Micron: 1B scale, Bac Giang, 4000 jobs, not
operating yet.

* |IC Fabrication will not be soon in Vietnam

* Lack of necessary supply industry

* Lack of high-skilled workforce

* Political-geographic issues (if any)

https://bbnc.bens.org/semiconductors---page-2-supply-chain-phases
https://siliconsemiconductor.net/article/118194/Worldwide semiconductor revenue to grow 17 in 2024
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Vietham semiconductor industry: Perspective

e Stories of small ones

FPTSemi (power IC, loT,
outsourcing)

CoASIA Semiconductor
(outsourcing)

Truechip (verification)
Viettel IC (RF, 5G, loT...)
Nanochap(biomedical IC)

* Big names

Intel
Samsung
Amkor
Hana Micron
AMD
Toshiba
Cadence
Synopsys
Renesas
Uniquify
Infineon

..cac doanh nghiép Viét Nam chd yéu cé céc cong ty
VHT (Viettel) va FPT Semiconductor tham gia v&i
khoang 200 nhan vién. Con lai khoang 30 cong ty
nuwdc ngoai dén tir Nhat, My, Dai Loan, Trung Qudc,
Han Quéc d3 dau tu tai Viét Nam cung vdi vai doi
ngli nhan lyc wdc tinh khodng 5.000 ki sw, c6 thé
dam nhan cong viéc & tat ca cdc mang viéc trong
khau thiét ké. Trong d6, phan bé nhan lwc tap trung
nhiéu nhat tai TP. H6 Chi Minh (85%), sau dé la Ha
Noi (8%) va Ba Nang (7%).

Resource Demand by Companies

Viettel

BOS
B80S ADT&SNST
Faraday  UST
Faraday usT

15/07/2023 10:19 GMT+7

'J.ﬂfl

- ..

THUC TRANG

NHU CAU NHAN LUC

LINH VUC THIET KE DAO TAO NHAN LUC
VI MACH VIET NAM THIETKEVIMACH *
HERAREERER I‘II.IIII.IIJF

a0

tap doan/cong ty
trong va ngoai nudc

3-5 _
cOng ty mdi moi nam

Pa s6 cac truong dai hoc
ky thuat déu co dao tao
(dién - dién tur, dién tl vién
théng, khoa hoc - ky thuat
may tinh)

BH QUGC GIA iP.HcM:-1

] 000 Truong BH Bach khoa, Trudng
s 4 DH Khoa hoc tu nhién, Trudng
ky su can tuyén PH Cong nghé thong tin,

mol nam Truong BH Quoc té, Trung

tam Nghién clu va bao tao
thiét k& vi mach (ICDREC)

>2.000

ky su thiét ké vi mach da
dugc ICDREC dao tao

THIET KE
VI MACH:

thié:t ké:, kiém dinh,
thiet ké vat ly, dong
g0i va kiém tra

https://www.facebook.com/groups/vimachvn

5.000 KS hién tai

https://thoibaotaichinhvietnam.vn/nganh-vi-mach-ban-dan-viet-nam-dang-o-dau-115139.html

Can 50.000 t¢i 2030?

https://tuoitre.vn/chay-dua-dao-tao-nhan-luc-cho-thi-truong-vi-mach-215-ti-usd-

20230715094052927.htm

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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Vietham semiconductor: Opportunities & challenges

e China is becoming a great player in IC industry and
R&D
* To be updated...

OPPORTUNITY

\
y,

* Vietnam has great advantages in
* Young population
* Good location in South-east area
* Taiwan, South Korea is about to reach its limitation
* Vietnam could be in time for advance packaging
and IC design oursourcing

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy



IC training and education: Events

¢ 9/2023: Tong thdng My tham chinh thirc Viét Nam,
* ...ndng quan hé song phuong lén mirc cao nhat I3
"Poi tac chién lwoc toan dién".
* Viét nam hop tac véi My trong phat trién céc linh
vure cd ty suat loi nhuan cao: Al va ban dan
* 10/2023: BGDDT: Hbi nghj vé phat trién ngudn nhan
lyc tai Pa Nang
¢ 11/2023: Dé xuat m& mdi nganh thiét ké vi mach va
cong nghé ban dan ctia PHQG TPHCM
e 12/2023: Hoi thdo cdia NIC (Hoa Lac & SHTP) vé phat
trién nghanh céng nghiép ban dan
* 02/2024: Cadence/Synopsys va sau do la Siemen ky
thoa thuén tai tro license & training account cho 20
trvong BH 1n.
* 04/2024: DH Fullbright khao sat vé thuc trang nhu cau
dao tao ky str ATP va IC design

https://moet.gov.vn/tintuc/Pages/tin-tong-hop.aspx?ltemID=8811
https://nic.gov.vn/tin-tuc/hoi-nghi-cap-cao-ve-cong-nghiep-ban-dan/

Quy 1/2024: Dé an “Phat trién ngudn
nhan lyc nganh céng nghiép ban dan
dén nam 2030, dinh hudng dén nam
2045”

)

2030, KS Viét Nam tham gia sau vao
 quy trinh thiét ké cac vi mach ban dan hién dai;
e IC ATP, lam chi dwgc mot phan cong nghé;
* |am viéc trong cdc nha may san xuat ban dan, tirng
budc nam bat duoc cong nghé san xuat
2030:
e dao tao dwgc 50.000 k§ su phuc vu tat ca cac cong
doan cla chubi gia tri, 15.000 KS thiét ké
2045
 Viét Nam trd thanh mat xich quan trong trong
chudi gia tri nganh cong nghiép ban dan toan cauc

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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IC training and education: Design flow

Simplified design flow

More
Abstract

A v

Specification (level i)

Layout (level i)

}

Detailed design flow

System Specification

2

| System - . .
Level i ..
} Level SRR l ; " Digital Behavioral Design Analog
|
| Backtrackin |
| I T J goiwlggy 4 & 1
I Validation election - Verification ; ;
! L 3 Logic-based Transistor-based
Redési . ; . .
' PrEsan Specification Lo .8 Schematic Design Schematic Design
[ [ Translation £ | Extraction |
! Circuit TSRS T * * &
Level _———
I .
, e _>:_ -~ Layout Standardized Full-Custom
| Backtrackmg I Generation . .
l Layout Desi Layout Des1
! I \/idation . A Y g Y gh
| |
' | Redesign : Level i+1 lTI
|
| I . .
| o * i f Fabrication
| Specification (level i+1) Layout (level i+1) *
|
M!re < . >ie ) > . .
Co Top-Down Electrical I Bottom-Up Physical Packaglng / Testmg
ncrete Synthesis ! Synthesis
B6 mon Ky thuat Vi x&r ly, Hoc vién Ky thuat quan sw 21



IC training and education: IC design engineers

» Ky su thiét ké vi mach sé (Digital IC designers)
 Digital front end: Thiét ké tir I&p system t&i 1&p cong (RTL design, FPGA...)
* Digital back end: Thiét ké I&p mach va vat Iy (Flooplaning, Place & route, Layout,
~LVS, final GDS)
* Mix-signal designer: Thuc hién céc thiét k& SOC trong do6 cé ca cac phan analog va
x(r ly tin hiéu bén canh phan s6

»
-

,‘55- =

» Ky su thiét ké vi mach twong tw (Analog IC designers)

* Front-end: Thiét ké & I&p mach (ciu truc, ky thuat mach : ADC, DAC, PL, OpAMP,
CRD, Power supply, energy harversting ...)

* Physical designeer: Twong tw nhu ky su back end, nhuwng thwong thuc hién thi
cong By

Ky sw vi mach RF-IC designers o

* KV suw vi mach cdng sudt: Thiét ké vi mach tich hop cho cac phan cong suat |6n,
thuwong trén cac cong nghé khéng phai CMOS
* Ky sw kiém tra vi mach (Verification engineers)

s Thudng déi tuwong la céc IC s6, kiém tra cac IP, module cé protocol chuan
(Ethernet, USB, PCle, SATA, NVMe)

* ICtesting

* Ky sw/Nghién ctru vién cho cac chuyén mon dac thu
* Devices, thu vién, dong géi, vat tu ban dan, may quang khac, cong nghé

B6 moén Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sw 22



IC training and education: IC lab models

Phan cirng

- Servers (License, PDK, Software)
- Workstation (remoted based)

- Networking

- Thiét bj prototyping + Phan mém:

thuwong cho SoC, digital: Synopsys
HASP 100), MG Veloce, Cadence
Protium

software

Phan mém

- Professional IC design EDA: Synopsys,
Cadence, Mentor Graphics (Siemens),
Annys

- Thu vién thiét ké PDK (Process design
Kit) t&r TSMC, UMC, GF, SAMSUNG...
Cac phan mém thiét ké mach dién tl
dang c6: MutiSim, ModelSim, LTSpice,
Proteus, Altium, Xilinx Vivado, ADS, CTS

&R

Thiét bi do lwérng ché thir

Thiét bj phat tin hiéu (s6, tuong
tw, RF)

Thiét bi phéan tich tin hiéu (s6,
tuong tu, RF)

Thiét bi do lwong: Cong suat, dién
ap, EM...

PCB

B& mén Ky thuat Vi x& ly, Hoc vién Ky thuat quan sy
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IC training and education: Program

Khoa hoc co ban/
Basic Sciences

-Khoi kién thirc
Todan Iy, va mot
phadn Héa, Tin hoc,
K¥ néing mem.
Riéng Iy c6 gioi
thiéu Vat Iy ban dan

=

Co s& ky thuat nganh /Basic
Engineering

Khoi kién thiec ky thudt gom: Ky
thuat dién, Ly thuyét mach, Cdu
kién dién tir, Dién tir s6, Dién tir
tiong tie, gici thiéu vé cong
nghé ban dan

1‘

Chwong trinh 16i /Program Cores

Nhém kién thirc co so nganh dinh
eémg cho TKVM trong do bdt
budc cac néi dung gom Thiét ké
VLSI 56 co ban, Thiét ké VLSI
tiwong tir, Kiém tra va kiém thie vi
mach VLSI danh cho tdt ca cac doi
tirong ky sie

|

Chwong trinh tw chon /Program
Selective

Sinh vién hea chon cdc goi kién
thiec theo 03 dinh heéng chuyén
sdu vé

- KV sie thiét ké vi mach so,

- K¥ sie thiét ké vi mach tirong tie,

- KV sir kiém tra vi mach

N

Mini-projects (simulation/FPGA,
FPAA, Integration)

)

PO AN
TOT NGHIEP
Thiét ké ng dung cu
thé theo cac hwong
chuyén nganh dac thu

Minor project Industrial
training (Internship/research
attachment)

|

Major project
(final year project)

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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Hoc vién Ky thuat Quan sw

3. Hién trang tai Khoa VTDT

a) Quy mo dao tao:

hién chwa c6 chuyén nganh dao tao chinh thirc cho thiét ké vi mach, cac
doi twong dao tao xuat phat tlr gbc nganh Dién tur

- 15-20 SV dan su tlr cac chuyén nganh gan nhuv BTVT tham gia vao cac
nhdm nghién ctru va lam d6 an theo hudng vi mach hoac gan vi mach.

- 5-10 HV quéan su lam cac DA gan hoac thudc vai linh vuc vi mach.
- 4-6 HVCH lam LV gan vai linh vuec vi mach
-1 NCS lam LA vé Iinh vuc vi mach

B& mén Ky thuat Vi x& ly, Hoc vién Ky thuat quan sy
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Hoc vién Ky thuat Quan sw

3. Hién trang tai Khoa VTDT

Cac diéu kién bao dam chat lwong dao tao:

Giéng vién chuyén moén cac nganh phu hgp cho
cong nghlep ban dan: 12 GV (10 TS, 2 ThS dang
lam NCS) c6 chuyé&n nganh vé thiét ké vi mach;

« Co s& vat chat: Khoa cé di co sé& vat chat voi 20
co s& PTN, duwgc trang bi du cac cong cu cho goc
nganh KTDT Cac phan mém thiét ké phd bién
(MutiSim, ModelSim, LTSpice, Proteus, Altium,
Xilinx Vivado, ADS, CTS). PTN cua Khoa tai 2401-
S1 dwoc trang bi may phat tin hiéu vector, cac loai
may do twong tw, RF, may phan tich logic.

« Hoc liéu/ céng nghé / phan mém

 Vé co ban thiéu cac phan mém thiét ké chuyén nghiép
Tw Synopsys, Cadence, Mentor Graphics

Chuwa c6 hé théng server va may tram thiét ké
Chuwa c6 cac thiét bj prototyping cho thiét ké mach
Chuwa c6 cac thw vién thiét ké chuan tir cac cong ty

U W N

D

=)

n

DANH SACH GIANG VIEN CO HUU CHUYEN MON THIET KE VA CHE TAO VI

PHULUCIV

Chuyén mén dwgc

DA Trinh dé . L N o
STT Ho va tén (TSKH/TS/ThS) dao tao o tl:nh do Nuwdc dao tao
cao nhat

1 Trinh Quang Kién TS Thiét ké IC Singapore

2 Pao Pinh Ha TS Thmt KéIC Belarus

3 |Nguyén Dinh Tuan NCS : ma Ao

4 |Vii Hoang Gia TS " |Nhat Ban

5 |Neuyén Vin Tinh TS | Thiét kK&IC . '\ _4Nhat Ban

6  |Nguyén Hitu Tho TS Han Quéc

7 |Pam Prec Thuan NCS Nhat Ban

8 |Lwong Duy Manh TS Thiét ké mach SCT  |Nhéat Ban

9 |MaiVanTa TS Thiét ké mach THz  |Nhéat Ban

10 |Nguyén Thiy Linh TS Thiét ké IC Nhat Ban

11  |Trin Thi Thu Hrong TS Linh kién nano Nhat Ban

12 |Trin Théi Ha NCS Thiét ké IC Nhat Ban

13 |Hoang Vin Phuc TS Thiét ké IC Nhat Ban

14 |Neuvén Van Trung TS Thiét ké IC Nhat Ban

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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Hoc vién Ky thuat Quan sw

4. Két qua hoat dong NCKH

* 04 bang sang ché da duwoc cap, ngoai ra c6 05 hd so sang ché di duoc
chdp nhan don chd tham dinh; hang ndm cé hon 15 céng b (3-5 cdéng bd
ISI); 14 dé tai lién quan tdi vi mach, (04 dé tai cap B6 va Nha nudc).

e Kho khan:

» Nhan lyc dao tao: GV, KTV can dwoc dao tao, cap nhat lién tuc;
= P3u tu trang bi phong Lab ton kém, kinh phi duy tri Ion.
= DOi hdi KS ¢cé trinh d6 dé van hanh cac Lab thiét ké

B& mén Ky thuat Vi x& ly, Hoc vién Ky thuat quan sy 27



IC training and education: Program

- Cong nghé ban dan 1a linh vue khd rdng va mang tinh lién
nganh, lién quan tdi Vat liéu, Ky thuat dién tl, Ky thudt may
tinh, cong nghé théng tin.

- Thiét k& vi mach |3 mdt mang nghién clru dao tao bén
trong cong nghé ban dan cé thé xép vao nhdm nganh lién
quan tdi Ky thuat vi dién t&, khdng nén mé& mot ma nganh
mOJi

Do dic diém thyc nghiém du trong thiét k& hay ATP déu rat
phirc tap, viéc phéi hop vdi cac cong ty dé cé co s& vat chat
thuwc nghiém la quan trong. Nha trwong kho cé kha nang dao
tao truc ti€p ra ki su thiét ké cd thé tham gia ngay vao cac
du an quan trong cliia cong ty.

Pai Loan mat 30 ndm dé chuan bi cdc mang phu tro cho
cdng nghiép ban dan, trong dé co viéc kién tao nén tang dao
tao nguédn nhan luec.

Sinh vién theo nganh nay nén trang bj chac chan nén tang vé
Toan, Ly, 1ap trinh, tuw duy hé théng va cac kj ndng mém. Cac
k{y nang thuwc té cho lam viéc tuy theo déi twong va phai
thong qua thuc tap tai co s&

Industry Academia

B& mén Ky thuat Vi x& ly, Hoc vién Ky thuat quan sy
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The CMOS technology: Opportunities & challenges

* The rapid changes in the technology requires very
high R&D investments

* Narrow door for newcomers enter the conventional
IC games, which is well-established

* The IC supply chain is well-established for only a few
countries

e |ICdesign is still a key technology, sharing advanced
technology is not viable

* CMOS technology reach its limits:
e Opportunities for newcomers to start a new
games with radical changes in technology
* The slow-down allows the underdeveloped
countries catch up with the developed one
e This is right time for developing new computing
architecture and approaches or manufacturing
approaches (see advance packaging in next slide)

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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IC design

research in Military Technical Academy

DACs5672

— » ADS4249 ——

ZFL-500LN+.

XC7A100T
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FPGA implementation of Digital communication system

_l\
Aiminin

~ m‘

FPGA implementation RO- * 35+ publications (07 SCIE)
PUFs applied in Hardware

security

* 02 patents (issued)

* 04 patents applications (accepted)

e e

{‘
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IC design research in Military Technical Academy

input hidden output

. |

neabu R conventional BNN mapping onto I
i STT-MRAM array architecture/ | = [l :
: WL1 X I

|
|
|’"

l

3P0 MOY
I
I

l

.
.
.
Iy | == _'._’_"_
AN T : vy
|

only ll%olur(rim h
1 ever under hy [***| Mna
Wa-1,0-1,0 . 16:l¥tp(ilur_nn L By ! -
p e exnn% outputs (I MAC for
(m input neurons) b .oz €ach active column)

Circuit and architectural solutions for Edge-Al
implementation
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1
]
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BSNN: Binarized spiking neural network

e
BNN: Binarized neural network

KYUNG HEE
UNIVERSITY

Overall layout

STT-BNN Layout [|=
=

= based on SMIC 40nm technology

wwwwwwwwwwwwwwwwwwwwwwwww

= overall area: 1760um x 194um 2500 um

®" macro area: 1719um x 103um
= total pins: 181
= signals pins: 135
= PG pins: 27+7 e —
= ESD pins: 6+6 CONTROL

TaRARRRs

CLKGen
analog_ buffer

MRAM_CIM_Macro(x32)

STT-MRAM implementation for In-memory
computing (chip will be ready in Q2/2024)

11+ publications (02 SCIE with IF >3)
01 NAFOSTED project (on going)

02 PhD students

02 pending patent applications

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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The CMOS technology: Opportunities & challenges

* The rapid changes in the technology requires very
high R&D investments

* Narrow door for newcomers enter the conventional
IC games, which is well-established

* The IC supply chain is well-established for only a few
countries

e |ICdesign is still a key technology, sharing advanced
technology is not viable

* CMOS technology reach its limits:
e Opportunities for newcomers to start a new
games with radical changes in technology
* The slow-down allows the underdeveloped
countries catch up with the developed one
e This is right time for developing new computing
architecture and approaches or manufacturing
approaches (see advance packaging in next slide)

B6 mon Ky thuat Vi xtr ly, Hoc vién Ky thuat quan sy
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CONCLUSIONS

Semiconductor technology is still the
key for the next few decades

It is right direction to focus on the hiEh
value industries as Al and IC design, but
with an appropriate approach

Demand on IC industry is real and its

E would take serious effort from
T H A N I( YO U " University and community

Tight relationship and collaboration are
needed between academy and industry

Training skilled workforce is the main
and most important task in the next few
years

Militarl technoIoEy and development
e

would be greatly beneficial from a solid
semiconductor development and
infrastructure




OUR WORK#3: EDGE-AI STT-MRAM IMPLEMENTATION

2540 um

Overall layout  smranniayou

-

" based on SMIC 40nm technology
= overall area: 1760um x 194um
" macro area: 1719um x 103um

= total pins: 181
= signals pins: 135
= PG pins: 27+7

£ analog_ buffer

| 2500 um

MRAM CIM Macro(x32)

digital_ buffer
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