IC/semiconductors(IC+OSD)

3D x3D x3D
Chee Wee Liu (BI& &)

Distinguished/Chair Professor / IEEE Fellow,
National Taiwan University

cliu@ntu.edu.tw
http://nanosioe.ee.ntu.edu.tw

High mobility/high K/FINFET

PPACR (performance, power,
area, cost, reliability)

Google Scholar Page
(Citation : 7472/ H index:39 / 110 index:182)

https://www.digitimes.com.tw/seminar/DWebinar_20220824/
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Saturday 2-4pm free course

* Free handout

* Free textbook

* Free schedule

* Cyclic

* No need to register for special project course
* Welcome to join 2-4 pm on Sat

* Snacks, Pizza ??

* Research involvement:4000-8000NT



3Dx3Dx3D

3D
(Far backend/
3D 3D Heterogeneous
N Integration)
Upper level:

Front-end + middle-end

Inter-level metal

.

Lower level:
Front-end + middle-end

Transistor Dielets/Chiplets
stac Ing Monolithic

_ SolC (2D+3D)
/Sequential (w/

BEOL)



IRDS,2020 Edition More Moore

FinFET

2011-2022

» Increasing drive by

taller fin

+ Better channel
- control for better

perf-power

>2020é 2.5D/3D fihe-pitch ass@ambly + stagcking

Lateral GAA | 3D VLSI

o0 oM

Nanosheet Nanowire

. Incréasing driveéby stacked . 'Sequential integration/F ine-pitch stécking

devices : : (e.g. logic, memory, NVM analog, IO RF,
* Better channel control for better SEHSUFS) '

\



Research topics

* CMOS:

Stacked Nanosheet /King/tree channel (1nm and

beyond)

Thermal modeling

SRAM

transistor stacking (CFET n/p)
e xxX MRAM/MTJ/SOTxxx
* MIM/FTJ/DRAM
* |GZO (backend transistor) 3D integration
* CMOS image sensor



IMEC 2022

Potential roadmap extension
NS ) N2 ) AM ) A0 ) A7

Continued dimensional scaling

16-14 16-12 16-12 16-12

Device and material innovations

6 5 5 5
= - -
- - -

" = o N

<4
FinFET GAA GAA GAA GAA CFET
Atomic

Nanosheet Nanosheet Forksheet Forksheet

Context-aware interconnect

CFET ( transistor stacking, nFET on pFET or p on n) starts at A5
(0.5nm node)
e Atomic (2D) in A2 node (0.2 nm node)




Intel Process Technology

Angstrom era

Intel
Intel NEXT
18A

Performance Per Watt

Intel
Intel

Intel SuperFin
Intel i
Intel 14nm
Intel 22nm
Intel 32nm
45nm
65nm
Intel

“D

Every major transistor innovation in the past 20 years delivered by Intel
and we are driving the next with RibbonFet & PowerVia

*Graphic is for illustrative purposes only andis not to scale

* Intel 20A & 18A(Angstrom Era) = 15t RibbonFET(4 stacked channels) + Power Via
* TSMC GAA 2nm/Samsung GAA 3nm




2022 Symposium on VLSI Technology and Circuits Plenary Session #2 tsmc

Device Architecture
Outlook

PPA
A

Nanosheet WS, MoS,, WSe,, etc.

Beyond Si
— » Time

FINFET

| Device Architecture

* TMD: transition metal dichalcogenides

 CFET after nanosheets
e 2D after CFETs



Cell Voltage
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2022 Symposium on VLSI Technology and Circuits Plenary Session #2 tsmc

Nanosheet
Transistor

Tight space sheet reduces para C.
Smaller SS and better short channel control to achieve low Vdd
and low power.

N/P are different



2022 Symposium on VLSI Technology and Circuits Plenary Session #2 tsmc

CFET Density Scaling

Inverter

T

{ T

Nanosheet



2022 Symposium on VLSI Technology and Circuits Plenary Session #2 tsmc

CFET Process Challenge —

* Fin height including n channels, p

connection
channels, and SLs

High AR & Low-R metal
gap-fill

Vertically stacked dual metal gate
process is needed. (recess and
deposition)

Multi-Vt for both n/pMOS

(independent gate control)

Gate isolation

* Creating isolation between
NMOS/PMOS gate

High aspect ratio etcf;--f-: -

(Same as nanosheet)

Low resistance metal
gap-fill

(dielectric isolation)



/7,5, 3 nm

Year of Volume

manufacturing 2022 -

1.7 X logic density

+11% speed \ L )0 o
-27° e0® -
- Pety 1.83X logic density K

+13% speed
=21% power

N
I
2
gl
@
o)
Q
n

Core Area (um?2)

Mark Liu, Plenary Session 1.1, ISSCC 2021.

Marching forward at historical rate for full nodes w/ ~1.8X
density/2 years

2nm will be on scheduled

PPACR

13



Record High 2DEG Mobility (2.4 M cm?/V s)

3.0x10°
m 2 5x10° Background charges: 1.2 x 101 cm™

OX "
> LR LN r
~ ] m =
£ 2.0x10° f .
o m 20% enhancement
.,,? 1.5x10° |
=
o loxwo'p M
=
O s50x10° F
'g m
N 00 ' ' ' '

0.0 5.0x10°  1.0x10"  1.5x10"  2.0x10"  2.5x10"

Electron density (cm'z)

M. Yu. Melnikov et al., APL, 106, 092102 (2015).
Collaborate with Prof. S. V. Kravchenko, Northeastern Univ.

«24 x 10° cm?/V s by the reduction of
background charges from 2.3 x 104 cm3 to 1.2
x 1014 cm-s.

14



Ge electron mobility GeSn hole

mobilit

Stress =1 GPa  —=—Uniaxial (111) [-110]
~o— Uniaxial (110) [-110]
Uniaxial (001) [110]
== Ge (111) unstrained
Si (001) unstrained
<= Si universal (Takagi)

Y 1]
o O QO
o O O

W
(=4
(=]

Mobility (cm?/V-s)

w
=
£
-
>
=
8
o
=

—&— 2.8nm cap
l l I , —v— Ge W/ RTO 550°C[8]
2 2 a 2 2 o o 0

S(100)/J<110>
T=300K

02 04 06 08
E,_(MV/cm)

« Ge has higher electron mobility than Si.
« GeSn/Ge has higher hole mobility than Si.

L Capless
—e— 4, ap
—a— Ge control 250°C)
——Siuniversal = N\
0

15



MOST advanced FINFET on the market

2007 APL 2021 TSMC ISSCC

A

Sicap

Siy,Gegs

Si

13 years

g [ = — -Universal Moblity
E 808 " —=—Bulk 51 PFET ﬁ
~ gog | Si Ge,  PFET
= L
z .t (2007-2020)
g i 3x
s 300 -
2 200 |
- 100 [ T T
g 0 [ 1 i 1 " 1
910 Eﬂegfedm:::md(ﬁm) 030 Mark Liu, Plenary Session 1.1, ISSCC 2021.

C.-Y. Peng, F. Yuan, C.-Y. Yu, P.-S. Kuo, M. H. Lee, S. Maikap, C.-H. Hsu, and C. W.
Liu, Appl. Phys. Lett. 90, 012114 (2007) .(Cited No./Self Cited No.= 30/ 7)

» Si,,Geyg channel with 1nm Si cap, having higher mobility(3X) than Si.
|t takes 13 years to commercialize HMC. 16



Status Quo of Industry for 3/2nm

2018 IEDM Samsung 3nm (?)

NS width
S
(D)

NS width

ISR SR

(b) ()

MBCFET
MBC: Multi-Bridge-Channel.
2024 Intel 20A (4)

1IDDONE PMOS

4 stack nano

- )
)

——

5
" e
YN
o Sady 3 :
v L ie !
; \
y -~
~

RibbonFET, 4 stacked nanoribbons
Ref: Intel Accelerated, July 26, 2021.

2021 IBM 2nm (3)

2021 ISSCC TSMC 2nm (3)
AN W

IBM 2nm technology node,
3 stacked nanosheets.

2025 Intel 18A (4)

- —— ——

-. o~

TSMC 2nm technology node,

E

CD 3 stacked nanosheets.
@ Mark Liu, Plenary Session 1.1, ISSCC 2021.
S

—_—

L __);

4 stacked nanoribbons
(In early development)

17



Post the 2021 Nature Electr
Highlight (July, 2021)/ VLSI 2

7 stacked GeSi nanowires

1,,=140pA L o
—a0dl 2'=6500pA/um T3
< fatv, =v =05V 3
9 : SOD.VUV_0~1V 15000 2
g step=0.1V °
8 ? 200 10000 5
5 =
7 %100} 5000 f’i
6 B 5
5 80 0.5 0
Vos (V)
4
3 3| 10°—
10°f10 stacked Ge ,.Si 1'" o
) [wlo parasitic 10 'g
< 10° =
| 2 4 10“8"
S 4o 10°5
s 10 V_=0.5V, 2
® 107 oosv (103
: . - X
Ge Si [YJ7Zi Ti 8 107 ss=76mvidec [{10° %
. 10-3 10-1';:"
. U S 10%=
Nature Electronics, Vol. 4, July 2021, 10 5

V. (V)

452.

« 10 stacked Ge, osSij o5 NAanoOwires without parasitic channels
* lon= 6500 pA/pm at Vg, = Vpg = 0.5V
« SS =76 mV/dec and lg\/lope~1E5 (Unpublished)

18



NTU 2021
NTU 2020 IEDM NTU 2021 VLSI 7 stacked
4 stacked GeSn 8 stacked GeSi

- i

NTU 4 stacked NTU 8 stacked NTU 7
nanosheets nanosheets stacked
Yu-Shiang Huang et al. and C. Yi-Chun Liu et al. and C. W. .
W. Liu, International Electron Liu, Symposium on VLS nanowires
Devices Meeting (IEDM), 2020. Technology Yi-Chun Liu et al.
(VLSI-Technology), 2021. and C. W. Liu,
Symposium on VLSI
Technology
(VLSI-Technology),
2021.

12 stacked GeSi
(SpineFET)

R P P P 5
(OXORONONO NS
: .

A

h
®
@

9
8
7
6
5
4
3
p
1

3

oéédg

NTU 12
stacked
nanowires

16 stacked GeSi
(SpineFET)

NTU 16
stacked
nanowires

19



NTU 2021
3 stacked GeSi
{110} TreeFET (FE)

NTU 3 stacked

TreeFET

Chien-Te Tu et al. and C. W. Liu,
EDL2022

NTU 2021 (2D)
8 stacked GeSn
Ultrathin bodies

NTU 8 stacked

ultrathin bodies
Chung-En Tsai et al. and C.
W. Liu, International
Electron Devices Meeting
(IEDM), 2021.

NTU 2021
8 stacked GeSn
Nanosheets

NTU 8 stacked

nanosheets
Chung-En Tsai et al. and C.
W. Liu, International
Electron Devices Meeting
(IEDM), 2021.

20



2021 IEDM Roger A. Haken Best Student Paper Award

“Highly Stacked GeSn Nanosheets by CVD Epitaxy and Highly Selective Isotropic Dry Etching,” |EEE Transactions on
Electron Devices, 2022.

g

3 8 wide GeSn ultrathin bodir—_‘?ﬂ4

2 SS=78mVidec J¢° EOT=2nm, Vov™ 0.8V

— B, Tieq, = 3nM)
—— First subband

g

-
e
H

0000

o
i

170 meV

Energy (eV)

g

per stack (uA)

D
N o N W i 'Y
co000000500
;O
M
Quantum confinement energy (meV)
g

Tbody(n m)

250 [—=— w/ external compressive strain |
N NS: nanosheet i i
o loniVos= “0.05V, I =1 in 1V, N nanowire —e— w/o external compressive strain
1 59%, along <110> channels

G S .[\n]lle:[\E'aNS>‘[1A]JNSS.[§]2MWS
o (33 NSs 712 Nws minw A H
esn v q > & 1251 1 HW [ [18] 1 NW 200 Metal rod Metal rod

lDev‘l:esl

This work,;'k‘*"-"UItrathm bodies

10'f (Nss) & L (3nm) L., <
a--¥ &gy 3
:SGeSn @ ‘-’150

3 Parasitic Si § ¥ - > (v_=-05v) [ Ge a
'. —————— 4 — ; TR = 10 > ‘m‘ 4 g{::::m: _100
; 2 ol o

) 100n A e S » ‘ _010 * gy extracted M A P> [31] FinFET -yt

. from Voo This work 17, Thick g =0
3 8 GeSn "M nanosheets 50 ------
10 Eony = =
2
101 0

1, Per footprint: V= -0.5V D*
700 1000 10000 SESScoESsmess-nIZI.
C.-E. Tsai et al. and C. W. Liu, IEDM, I,,, Per footprint (uA/um) 0 Sy :
2021. ) ’ /

s o

= = = - = =

* The 8 stacked GeSn ultrathin bodies (~3nm) have record 1, /I, of 1.4x107 at V= -0.05V
among GeSn/Ge 3D pFETs.

Tyoay ¥ 2 Quantum confinement energy 1 = I,
* Mechanical bending with external compressive strain = 1, T

21
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Student Awards: (In Chinese and English)
2022
o FSMEUE A (lia-Yang Lee) JEASLE 17 B E A S BRI T (GSAT) 20203 Hof 1AL 5 4
*  {5ZEEE4:Rachit DobhaltfE15E 17 28 K2 E BRI 4T 2205 (GSAT) 20225 J5 [H AR A5
o FEEEEAFHE (Tao Chou) AR Z/E N EERIFIAZTEERT (GSAT) 20225 J4 i - A 15525
«  FEEEEEES (Tao Chou) G ETEE20225 [H 14525
o JHEEESALEIELEE(Chun-Yi Cheng)f&15:2022 VLSI-TSA (International Symposium on VLSI Technology, Systems and Application) &% {E
ES AR = % (Best Student Paper Award)
o FHEERA TR (Yi-Chun Liu)¥15:2022 SNDCT (Symposium on Nano-Device Circuits and Technologies) B2 4 5~ i B (B 5%
o FHEEAFTIZY(Ya-Jui Tsou)JE15:2022 SNDCT (Symposium on Nano-Device Circuits and Technologies) 224 S Ui B B1%
o FHEERAZLfM A (Chung-En Tsai)j#15:2022 SNDCT (Symposium on Nano-Device Circuits and Technologies) 24 &5 i BB S5 0%
o FHEERAFEIE(Chien-Te Tu)fE15:2022 SNDCT (Symposium on Nano-Device Circuits and Technologies) 24 5~ hin BB S 5%
o FHEEA[IHIIAE(Jih-Chao Chiu)f&152022 SNDCT (Symposium on Nano-Device Circuits and Technologies) B4 55 e A\ Bl
«  FEEEA 25 B (Chung-En Tsai) {5 11022515 Dialog B ZEA% - B HG HEEN 22 A (B R ST R SRS
«  FEEERAFEFEPT(Chia-Che Chung) JE15110524F /& Dialog R 44 4% 1 E ga AR BN 2 AF (B R IT R DS
«  FEEEAIEFE(Chien-Te Tu) 15110524 [F Dialog B 44K - B ASSHEN 2 A 1B BT AE
«  FEEE4pRFER(Hsin-Cheng Lin) JE15:110524F /5 Dialog B 244 ~{- RS ASEN 2 A (B R FT AR EE
«  FEEEAEE T (Wei-Jen Chen) J&{5110524F [& Dialog B 244 - B AG BN 2 A= 1B RAHFTRIRDE
«  FEEE 4= (Bo-Wei Huang) JE15 110524 [T Dialog iS4 - E RS AR EN =2 A (B R FTRCR 8%
. Eg%_&gﬁ@%&hienﬁe Tu)fE15:2022 TSIA(PhD student award) fl 1152 4= - B fEH4%
©  fEESETEETR(Chun-Hung Yeh) ~ 2K 5 (Cheng-Tse Lee) JE{S1114F | = R19758 I AR B AR TR AT

o JEEEEZINE(Yi-Chun Liu) ~ EFEEZE(Chun-Yi Cheng) ~ SH5EET(Wan-Hsuan Hsieh) ¥E{51115F " = K19754 B 4 2R R A
P &

o f5EEAZ N (Chung-En Tsai) ~ Ef#£: (Chun-Yi Cheng) ~ = fHj (Bo-Wei Huang) JE15:1114F T &= K19754K B 2 2 K RHS it
7o =



Student Awards: (In Chinese and English)

2021

W& 4 3=# Z(Chung-En Tsai) & 72021 IEDM (International Electron Devices Meeting) . i § # 4 < & (Best
Sf%udent Paper Award)

ip 5 4 ¥ p g (Jih-Chao Chiu)f ¥ 2021 IEDMS (International Electron Devices & Materials Symposium) s i
g 7% (Best Paper Award)

o 5 2 Hk3¥72(Shih-Ya Lin)j& ¥ 1" SNDCT (Symposium on Nano-Device Circuits and Technologies)§ # v & #
vﬁﬁﬁ%%ﬁ

3 E5 4 Frd; %k (Ya-Jui Tsou)sE 1t SNDCT (Symposium on Nano-Device Circuits and Technologies) ¥ # © 7 i
4 3% 2~

ip ‘g? 4 % p 8 (Jih-Chao Chiu)s€ 7 1" SNDCT (Symposium on Nano-Device Circuits and Technologies) % # # <
4 2E S B

o 5 2 4k 4~ (Hsin-Cheng Lin) JE & & f# 72021 5 L 5 5 £

tp H 5 4 i3 iz (Wei-Jen Chen) JE | E SEHT021EHE L EE 4

in &5 4 3 4p & (Bo-Wei Huang) zg, “ ;f‘ 20214 1 g &

%fﬁﬁ 4 4 % 47 (Chia-Che Chung) & ¥ ¢« ## "‘?, 2021 % ¥ ?f‘m% @% % = % (TSMC 2021 Intern Final Competition,
3 place) -

30 %8 2 4 2 47 (Chia-Che Chung):id i o ﬁ %2021 DTP2RF 4 % s % - & (Top 7) -

ip F5 2 4k & = (Hsin-Cheng Lm)«a' ﬁ A 2021 DTPRF 4 ¥ 5% /- (Top 7) -

ip &5 4 3 P $(Ming-Xuan Lee) F & ¢ S A EL2021 PID3R F* & ng s 7@

ip ¥ 2 s iz (Wei-Jen Chen) jk 12 i “H0EFLITEL W B R ﬁi* NTU Bachelor Thesis Award)

ip #5225 tp & (Bo-Wei Huang) J& @ £ + 110# § 1 515 2 & < [ & & (NTU Bachelor Thesis Award)

I FF 4 5 4p & (Bo-Wei Huang) & 720214 ~ 4% & < & g L 9})3%( TUEE Undergraduate Innovation
Award, 3 place)

3o 5 4 873k (Ya-Jui Tsou) s 7 2021 TSIA(PhD student award) 2 7= 3 24 2 L4 p&

ip ¥4 2 5= @ T (Chung-En Tsai)j% ¥ 2021 TSIA(PhD student award)ﬁ'* 1 T4 L g

ip B2 2 5 4w (Yu-Shiang Huang) Jk 191085 # & T & “Hh 18 L 3 (Be st Ph.D. thesis award)

dn $ 5 2 BRIk (Ya-Jui Tsou) & 7110 T4 + 1975 BT M Lﬁia[i = AT



[EDM Best Student Paper Award Winners (since 2012)
Year |  Wimer

2021 Chung-En Tsai, Yi-Chun Liu, Chien-Te Tu, Bo-Wei Huang, Sun-Rong Jan, Yu-Rui Chen, Jyun-Yan Chen, Shee-Jier Chueh, Chun-Yi Cheng, Chia-Jung Tsen,
Yichen Ma, and C. W. Liu, “Highly Stacked 8 Ge, ,Sn, ; Nanosheet pFETs with Ultrathin Bodies (~3nm) and Thick Bodies (~30nm) Featuring the Respective
Record I/l Of 1.4x107 and Record |, of 92pA at V,,=V=-0.5V by CVD Epitaxy and Dry Etching” (National Taiwan University)

2020 K. Sumita et al., “Subband Engineering by Combination of Channel Thickness Scaling and (111) Surface Orientation in InAs-On-Insulator nMOSFETs”
(University of Tokyo)

2019 Markus Jech et al., “First-Principles Parameter-Free Modeling of n- and p-FET Hot-Carrier Degradation”
(Technische Universitaat Wien)

2018 Wenjie Lu et al., “First Transistor Demonstration of Thermal Atomic Layer Etching: InGaAs FinFETs with sub-5 nm Fin-width Featuring in-situ ALE-ALD”
(Massachusetts Institute of Technology)

2017 Felix Eltes et al., “A Novel 25 Gbps Electro-optic Pockels Modulator Integrated on an Advanced Si Photonic Platform”
(IBM Research — Zurich)
2016 Roman Koerner et al., “The Zener-Emitter: A Novel Superluminescent Ge Optical Waveguide-Amplifier with 4.7 dB Gain at 92 mA Based on
Free-Carrier Modulation by Direct Zener Tunneling Monolithically Integrated on Si” (University of Stuttgart/Philips U-L-M Photonics)

2015 Xiao Yu et al., “Experimental Study on Carrier Transport Properties in

Extremely-Thin Body Ge-on-Insulator (GOI) p-MOSFETs with GOI Thickness down to 2nm” (The University of Tokyo)
2014 Jiangiang Lin et al., “Novel Intrinsic and Extrinsic Engineering for High-Performance High-Density Self-Aligned InGaAs MOSFETSs: Precise Channel

Thickness Control and Sub-40-nm Metal Contacts” (Massachusetts Institute of Technology)

2013 Umberto Celano et al., “Conductive-AFM Tomography for 3D Filament Observation in Resistive Switching, Devices” (IMEC)
2012 Han Wang et al., “Large-Scale 2D Electronics Based Single-Layer MoS2 Grown by Chemical Vapor Deposition”

(Massachusetts Institute of Technology)
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My honors with my students

2022 VLSI-TSA (International Symposium on VLSI Technology, Systems and Application) Best
Student Paper Award (advisor)

2021 International Electron Device Meeting (IEDM) Roger A. Haken Best Student Paper Award
(advisor) IEDM Roger A. Haken Best Student Paper Award — IEDM (ieee-iedm.orq)

2021 Pan Wen Yuan Foundation Outstanding Research Award (7% ~ A/~ %t & ¢ 77 7 &0 &)
2021 Best Paper Advisor Award, 1" SNDCT (Symposium on Nano-Device Circuits and
Technologies) # i1 # < 45 3 i

2018 IEEE Fellow

2018 Macronix Chair Professor (=2 3# i)

2018 B = & A~ B $F -2 (Distinguished Professor)

2017 Micron Chair Professor (# & #4345k )



https://www.ieee-iedm.org/roger-a-haken-best-student-paper-award

2021 4 VLS| +1IEDM
(2020 3 VLSI +IEDM)

Chia-Che Chung, Bo-Wei Huang, Hsin-Cheng Lin, H. H. Lin, M.-T. Yang, Y. H. Hwang, Michael Huang, and C. W.
Liu, “Thermal SPICE and Neural Networks with Physics Consistency to Simulate Complex FinFET Circuitry,”
Design Automation Conference (DAC) WIP Sessions, 2021.

(highlight paper)Yi-Chun Liu, Chien-Te Tu, Chung-En Tsai, Yu-Rui Chen, Jyun-Yan Chen, Sun-Rong Jan, Bo-Wei
Huang, Shee-Jier Chueh, Chia-Jung Tsen, and C. W. Liu, “First Highly Stacked Ge 4:Si; ;s NGAAFETs with
Record lgy = 110 WA (4100 pA/um) at Vy,=Vs=0.5V and High G| ..., = 340 uS (13000 pS/um) at V,s=0.5V by
Wet Etching,” Symposia on VLSI Technology and Circuits (VLSI), 2021.

Chung-En Tsai, Yu-Rui Chen, Chien-Te Tu, Yi-Chun Liu, Jyun-Yan Chen, and C. W. Liu, “First Demonstration of
Multi-V; Stacked Ge, g,Sn ;3 Nanosheets by Dipole-Controlled ALD WN,C, Work Function Metal with Low
Resistivity and Thermal Budget <400 ° C,” Symposia on VLSI Technology and Circuits (VLSI), 2021.

(highlight paper)Ya-Jui Tsou, Kai-Shin Li, Jia-Min Shieh, Wei-Jen Chen, Hsiu-Chih Chen, Yi-Ju Chen, Cho-Lun
Hsu, Yao-Min Huang, Fu-Kuo Hsueh, Wen-Hsien Huang, Wen-Kuan Yeh, Huan-Chi Shih, Pang-Chun Liu, C. W.
Liu, Yu-Shen Yen, Chih-Huang Lai, Jeng-Hua Wei, Denny D. Tang, and Jack Yuan-Chen Sun, “First
Demonstration of Interface-Enhanced SAF Enabling 400°C-Robust 42 nm p-SOT-MT)J Cells with STT-Assisted
Field-Free Switching and Composite Channels,” Symposia on VLSI Technology and Circuits (VLSI), 2021.

H.L. Chiang, J.F. Wang, T.C. Chen, TW. Chiang, C. Bair, C.Y. Tan, L.J. Huang, HW. Yang, J.H. Chuang, H.Y. Lee, K.
Chiang,K.H. Sheng, Y.J. Lee, R. Wang, C. W. Liu, T. Wang, X. Bao, E. Wang, J. Cai, C.T. Lin, H. Chuang, H.S.P.
Wong, M.F. Chang, “Cold MRAM as a Density Booster for Embedded NVM in Advanced

Technology,” Symposia on VLSI Technology and Circuits (VLSI), 2021.



Tsmc Technology Portfolio e =2 Avalilable

e~ 1IN
Development
Y 1.4 nm & beyond stacked nanosheet/ ultrathin body/ *=2> NTU
treeFETs/GeSi/GeSn Resedrch
2nm * ()
[
3nm
5nm
7nm
10 nm
16/12 nm
20 nm /\
22nm WIR [
28 nm Y [
40 nm o (] (] o
65/55 nm ° °® ° ) ° ° ° °®
90/80 nm [ ) o ® ) [} [ (] [ J
0.13/0.11 pm () [ ) ® [ ) [ ] ° [ ]
0.18/0.15 pm ° \o / ° °® ° ° ° o ©®
0.25 um ° &/ ° ° ° ° ° °
0.35 ym ° ° ° °® ° ° ° °
>0.5 ym [ ) [ ] ® o [ ] [ J [ J [ J
MEMS Embedded RF Logic Analog High Voltage Embedded
Image Sensor NVM DRAM BCD-Power IC

 More on Backend transistor (IGZO)/ Si photonics/ DRAM



/ CMOS (Complementary MOS) Inverter \

Vdd
PFET_TS pull-up
Speed= 1/dela
Vin _4 D " Vout P (CV/IO)n/)
ID %
4' s —C:
NFETT | capacitance
_ fi
pull down VY gct)C.;nterconnect,

A CMOS inverter is made of a PFET pull-up device and a
NFET pull-down device. V= ? if V;, =0 V.
Modern Semiconductor Devices for Integrated Circuits (C. Hu)
Slide 6-29




CMOS current equation

|
' tlnv
e
7’
e
e
/

- Oxide W
S Channel D
< [ >
1 C VDS

*Speed = - T= TV , 11 V| then fast

.When VDS > VG-VT .

1 W,
Ip = E;n I\(_I:GS — VT)Zx stacking number(floor number)

FINFET
e \\ Nanosheet

High mobility
90nm 2n m




in

CMOS (Complementary MOS) Inverter

1 cycle:
H->L

(PFET turn
on)

L->H :
(NFET turn
on)

ov etc.)

1 cycle
pull-up
in Speed= 1/delay
out
- _
Vout H \
\~

capacitance
(of interconnect, T = CV/I (NFET & PFET are matched.)

(CV/I

on)

(%2)CV2+ (%5)CV2=CV?

denamic =(CV2/T)
= CV2f
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A CMOS inverter is made of a PFET pull
NFET pull-down device. V. =?1fV, =



EE: Large |, and small V

B NBE AR



Let me know if you are
interested in

cheeweeliu@gmail.com

0910666032


mailto:cheeweeliu@gmail.com

