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Dynamic Power : Voltage Scaling, DVFS(Dynamic Voltage Frequency Scaling), Transistor size optimization, Charge

Recycling, Multi. VDD, Data bus inverting control, Asynchronous Circuit &

Static Power : Voltage Scaling, Asynchronous Circuit, Back Bias control, Power Gating, Stack Transistor, Subthreshold

Operation &
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Step1: Z[4l DRAM 2| Refresh 2t& 7|=0f Lt Sl O[S 7[&ot, =5o0F & 7|2He EME F2l st L.
Step2: DRAM Scaling Of 2 Refresh @2t X0 LiSot7| ?let 7|&2| &2 7|& H=lE 5ot TYHR FE[GHA 2.
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® Temperature/Process adaptive technique for Sense Amplifier, Bias Voltage control for Sense Amp. & Wordline driver,
Precharge Voltage(VBLP) level X0, MCSA(Mismatch Cancellation Sense Amplifier), Double Refresh, Refresh 7| X 0f,

ECC(Error Correction Code), Row Hammer mitigation &
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® Step 1-1:inverter 40 EH(AE 1) 75t 1GHz 2 SXSHA YHE F9510] 50% Y A= E d2a OpX|T}
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W/L size ¥1& 7ts)
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DRAM 2 K|t =41 EHZF OM|=2teb

28 s HM XHH2Z Density[ = Gb/mm 2 15 S7HAIZIA, OjM=t S8
tol= S7t2 O F0| JAFLICE O[F 35517 2ol 2A/EE FHOAM, o Fx(6F2)2] OJM=t #2 OfL 2t Ciet

OfO|C|Of(ex. VCT, 3D)7t Lt QU&L|Ct

A ZFHOME Density 2% 7|&=0f st A7t HQ5HH, StLEC| G2 Multi-Level DRAM & M8 & =+ USLICH
Conventional DRAM 2 1-bit/1-cell data 7t EHE 0|11 Flash memory = Multi(2,3,4)-bit/1-cell O] g2 &&3} | UELICH

Flash 2 S 35tAH DRAM MLC(2-bit/1-cell) & AMzZtst ZdQlL|Ct.
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® Step 1: VM 6FA2 3 node A IZAAH 7|&22(or minor 3t & HZA 7Hs) DRAM Density 2Ha 7Hs ¢t
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DRAM Cell Capacitor ~10fF/cell, BL Capacitor ~50fF 7}7, =2t DRAM Cell Cap 2 7|2X 2 E Leakage 7} USLICE
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HiZ 29: O|0|X] MM KM= 22| Defect = Bad-Pixel 2 LtEfLIA| Lt Flash Memory 2| ECC X{ & Bad Pixel 2 Bad Pixel
Correction € 112|5E &5t0] E4E|0f %|F 00X A X =8 FF %43} St=F St Mobile Camera O|0|X| M=
A5 Sl Tele-Camera & S7t0 el FAF AokAE0 2020 HIf 200Mp MM 2 TI2tSHRACE 0|0 el Pixel Density 7+
Z 7150 Bad Pixel 2 EAt clustering 2+E|0 7| Bad Pixel Correction coverage € HOILIAM =& XstE Xefjstct. 0|0
w2t nota MA 2| CFA (Quad-Bayer )0 CH®F Low Power, Low Complexity, High Image Quality BPC 7t =& =tHQo| #Z10]
ZCt.

Step 1: Pixel O|M|2t2t Shared Pixel Architecture (1->4->8, & 1 &) Z210] [[Z Bad Pixel 22 (Dynamic, Static) 24t

2ot Y =L

Step 2: Color Filter Array (Bayer, Quad-Bayer, 12 2, Ref 1 &11)0f| [}E Bad Pixel 2t& FedS =5IA| 2. (Cluster BP F&,

BP ZF 72| )
Step 3: Az X2| ¥N2[F2 St Bad Pixel Detection 5 Correction 1t 3t& 7iM0f CHsI0] =3tA|2.

Step 4: Al & &&?%t Bad Pixel Correction ot 7[&X Hof W H& 2ot tisty =5tAIR.



Image sensor

Flash memory

Defect Bad pixel Bit
Redundancy Source ECC ENC
Correction | Bad pixel correction ECC DEC

Bad Pixel

Correction

SN 20N LY I AT 23

Bad Pixel Correction Algorithm (in matlab or C or python) % 7HM ™ = 3}

. =4 £d g

CFA #& 7|2 W8 Yl Reference ( Reference 1)

Synthetic Image ¥ & HItE ot

Image Quality Assessment : Objective (PSNR, SSIM.. ) Score, Subjective &7}

Image DB

(KODAK DB, Reference 2)
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Reference 1: Quad-Bayer 3 Pixel Binning #tE 23 ( https://github.com/sharif-apu/BJDD_CVPR21)

Reference 2: Kodak Dataset ( https://www.kaggle.com/datasets/sherylmehta/kodak-dataset)
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< Ground Truth % Input O|O|X| ‘44 of|A] >
1) DB 2| Known RGB (3 x W x H) O|O|X|0{| A CFA Pattern -8 CFA O|O|X| (WxH) 4 ( Bayer, Quad Bayer)

2) 2) CFA O|O|X|0f BP Mask (WxH) &-835t0| BP Corrupted O|O|X| ‘44 (WxH)

BP Mask Pattern

Ground Truth

O|O|X| (from CFA _ BP- Remosaic/ :
BP-Masking Metric Calc.

i Detection Demosaic
Processing (PSNR, SSIM




< BP Mask Pattern O >
1) 64x64 THR| BP Pattern O] F7|Mo 2 HIEE|E & BP Mask Pattern 47

2) Cluster BP (2x2)7F 1 71 O|a ETtEl BP Mask Pattern AtE

Quad Bayer Quad Bayer

4 CBP + 1BP BP Masking Oi X 8 CBP OfH|
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Si HEEX| MOSFET 2 X|oh =4 HZF X|SHQ O|M|ztet 2K S AN [Fig. 1] It 20| Bulk Planar 7tZ=0f| A FinFET,
2|1 #|20|= Gate-All-Around Nanosheet (GAA-NS) 2 2HMs| & L|CH

— ChaNNe

Performance
& Power Benefit

[Fig. 1] Performance and power improvement through
transistor structural change



- Step1 : Bulk Planar MOSFET, FinFET 12|11 GAA-NS FET Al ZtX| #+Z0f CHs M= XHE (conduction channel) &-d

HAHLED EH M| (surface charge) £Z5 T H|(Electric Field) HHOA HlWstD HHSIMAIL.

- Step2: [Fig.2] 2F €2 FZX2| FinFET 2t GAA-NS O A 1 ZtX|E ME5I0] ot EF 71X g W5t ax}t &Lt O

Syoty| QI3 REY 52 BHH JfM WOrS Horeln, O|2X 2AE WEA HA FUAR.

L

Hd 31T H71H

Jdim

‘8]

® : On-state Current (lon) 37t % Subthreshold Swing (SS) Z24. T, Off-leakage (loff) 7= 10{0F 2t

Nanosheet channel
thickness Nanosheet

Nanosheet

[Fig. 2] FinFET and GAA-NS structures



Step3 : GAA-NS tZ== PPA (Power, Performance, Area) SHO|A Fojt Z™ 2 X|HL|Ct SIX|E 7| L =9| O/MZt7}
X &E|H PPA A0 SHAZL US = UASLICE OF2f =AES Z= CMOS Inverter Ol A PPA 2t StE5 & %4 25% O|A A0

SddAE = A s Moot 1 0|2H 275 HEA| 288 FHAIR. (Fig. 3 &1)

o O
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® GAA-NS FET 7|8t CMOS Inverter 7+Z0|0{ Cell Height & =8 7t
® Channel 2 3 &t MZEl nanosheet #Z0|H nanosheet 2| width, thickness ¥ 7Zt42 =H Jts
® High-k / Metal Gate stack & AtE
® Metal 1T X Metal 2 22| Back-end (BEOL) Interconnect AtE

Nanosheet width

Fin thickness Contact
? )
¢ =
[e]
4 (<) 2] o
Fin spac S LIS 4
a o l Field Oxide Isolation
® o,
Q «Q
2 = Z
=
——tt - - - (o)
Fin 1 : *

Nanosheet

[Fig. 3] Top view layouts of FInFET and GAA-NS (simple inverter case)

& (Fig.1~3 &AX) https://semiconductor.samsung.com/news-events/tech-blog/gaa-dtco-for-ppa/



https://semiconductor.samsung.com/news-events/tech-blog/gaa-dtco-for-ppa/
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=X 2| OIsHE ®Is otz 2 7He| ==& ERSHUAIL.

B G. Bae et al, "3nm GAA Technology featuring Multi-Bridge-Channel FET for Low Power and High Performance
Applications," IEEE International Electron Devices Meeting, 2018

B S Lee et al, "A novel multibridge-channel MOSFET (MBCFET) " IEEE Transactions on Nanotechnology, vol. 2, no. 4, 2003



=X 2tH HiZ M Y: Ring Oscillator(0|3} RO)= Bt=X 52| dsit EMS E7I5t= O 0i?

A=, IHEQ 22 =2 HOIEESE HE=E AZstn E8HE CfA| Y8z HEHAIZ|= 28 7IEHUCLE 22
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mtorgt = A0, 59, ofefet 22 33 EI7M0 #E8E1 AL L

(1) A0IE X AlZHGate Delay Time) £8: fosc & 7HE O|EQ| XA AlZtof HtH[stE2, FatIt 225 HOIEQ 291 £E7t
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(4) Reliability Test: Hot-Carrier Injection(HCI)O|L} Bias Temperature Instability(BT)1t Z2 AXto| E3t= HO|E X[ A|ZHS BZA|Z|=0, RO E

E
YAIZE F5 AIZIBM Fh #etE 58510] &%t 81 M2ldE Eote & ASH L

0x
or
re
fot
i

(G) 2= X MY oFEY FOh Oy 22t 35 MY ZAUUAM RO Q| Fut BE FHHESH0|, AA Tl 52 &E0NM
=



RO 2| fosc £ ‘&2 HIO|E X|¥ AlZH(Intrinsic Gate Delay)' It ‘Hi4 X|@ A|ZH(Interconnect Delay) 22 TAE|=E,
o fE E) £E BYS Y2l8tALL @ RO 2

O|& =Z2l5t7| fl5td, @ HO|E2Q| Fan-out & EE[SHAHLL, @ HIQ| ZO|(*E=
YEHES ALSELICE 7|ED CHE ME2R 22

Inverter Chain L§2| Stage 7H+E HZA|7|= &

Hi M Delay > Hi M Delay | o- Hij &1 Delay

N-stage RO

=
| Y$EHS Mt FHAL.

Step-1 (Reference A A= Minimum Interconnect/Layout): 58 [HS

Design Rule 2 12{%l Inverter AO|EZ Fd&l RO & Z3

A28l ZiE E0FHAL.

B MHz O QAZAATE JIX|1 EHE £
=
=

4 ZIE E0FdA L.

Step-2: H2tstE MEE 2|2 E= 2252 Schematic T=E0|A HA S, Spice AlE2{0|M
M2 2|2 E= (25 © Layout 51, Layout

HE EOFUAL. &8 OAE S, Hotst=
E5tALE, @ HiM Parasitic,

Step-3: H|Qtot HrtHo| ElTHE S
SOl Parasitic Element 7tX| Z2tEl 2|20f| LSt Spice A2 0|4 21
3|2 Netlist & #4351, Spice AlE280|M Z1f =&SHH E LT}

i
|.|-|

Extraction =

MOSFET parasitic 2 QIIF =2 FI}3510]



=H 20f: &XtSF 28T .07|E

=H B: UEY 4% 7leS ol8¢ MEN DMt SFe A siE =Z=2HE

=H WHE

=X 2H B8 2% o2{7tA| O|f = BN M=o HEot7| flof M4 JEof et 240 HE AKX UASLICL

Steptl: MEHA 70| CHSH &%} study St22, O LHES MESHAL.
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Step3: 7| 7l&2 HEO gt 2tE 2 & H IS L.

- AatE DA

, =20 28d S)0 this etUtX| olY Agoti, E2HMS HMAISHA 2.

HEN g8el tigof Met2 glen, X, 33, dHHY 71 4eto] 25 Jhsgh ot

r
0
r

>
jul
bal
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2 O Al) Conductor on conductor, conductor on insulator, insulator on insulator, insulator on conductor, carbon on
=
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=X 23H HZ2F: DRAM 2 BH@2D) T=0M X[EHQ A LS Sof HERt d55 SSAIF RS SHAIEE Sub

10nm 7| =E2 MUSIHAM =2[H/7|=H hurdle(@HA/EHE)0 ABEstD len, Ol2et otAE =5517] /ot 3D 2
| |

o] M3lo| WAMO NHMZ 2D YSL|CH

Step1: 2D DRAM & 2A & E2|H/7|=H hurdle(CHAl/ZME)SS L&SHY 2 7HX| 0| HMASt, 0|2 215t DRAM 2
S0 oot F&S O|X|=X| FHELE 7|&5HA| 2.

Step2: 92| 2 7tX| EMEES M &= A= 2D DRAM A 2] MZ2 O}O|C|0{E HA|SHA|2.
Step3: ®19| 2 7tX| EMEEE MY = A= MER 3D DRAM HATAZE H|QHSHA| 2.

* (Eh Cell transistor 2| Floating Body Effect O] &3}E|X| &%= ZE dffofgh

0 =4, BEEE, Vi, "2l Yy 2R 7ls, O0|E|of 7+ Al Challenge Point S8 TMASZ 7|E0HA2.

&7] =2/ hurdle 0|2t Physical Limitation & O[OF7|3t BtEXN| =2F, ®7[H 59, X2 MY S LA S0 [l
SHA| (o EME&F B, Retention Time Z4A 5)& 0|0F7|8tH, 7|&H hurdle 0|2t Technological Limitation & O|0f7|35}HH
AlZ

O
A, &%, 38, M2 7[s2] A Ol 2 F&H| A, Transistor 7= % M2 §)& O|OF7[R L L.
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2. 28 ¥: Z=nHXN g M| Chip W, 28 Package L Hli(interconnect) EX| 7§

- 24 2t HiE 4. BN chip o EEEI S EFE, chip W O/MZt B M(interconnect) ZH2| 012920| S7t& LT}
SHH, package W chip 2| &&0| S7tk[AHL S =5, package L HfM HHO| 0|2 = S7tE LICE
- Stepl: DRAM, 3D NAND, A|AE! HtEX| S0 =2 HiM(interconnect)= MENSIY E7H5IA|2.
(Chip LH Wordline (WL), Bitline (BL), Zt& Contact, Multi-level Metallization (MLM), Hybrid Wafer bonding &,
EE= Package L Ball, Bump, Through Silicon Via (TSV) @&, Wire bonding, Chip bonding &)

Chip i &¥E 37t ALt package U & 37t Al, 22|10 =X &Xe| DN&oh ME =) OM=E A0

fI0A E-2t HfM(interconnect) HA FEE= 0=, 27 =, MY A, st 7| Y2 2M45IAL.
- Step2: SH/ARYFER/FE/ANM/ZH S0 1 7HX Ol HHO|AM, EFE HIMOIA 24 ojg{g2 /fde = U=

MZ2 OfOILINE FHH2Z MAISHA 2.

e
[N
>
Ajm
2
_(')_I-
=
>
mjo
2

X MAIZ Zd --- (Of) “3D NAND Bitline HiA 7§M" “Package L Bump HiM ZHM" 5).

- Step3: ZHM R, 70 =af, HEH, Y, ®El, #Y 2R Vs, 7IE Zls/HMetel AHEH, Ot0|Eo TR A2



22 7L ME 7o Al 48, HiY SEE OE =%

M (interconnect) 2| 8 hurdle 2= HiM 73 &

XIEZ DRAM 1t 3D NAND %Al Wordline MZ, Bitlin

==

A|AE

X~ o
o_—

o

e ME Metallization & MZ2 1

2 VLSI (7 ~ 2 nm technology) OflA] Metallization %2~ MZFZ 10 nm O (1x nm)

| Hol= B2t ME Z7t, 7|48 capacitance S7t, &

74 8 "7t 37t S0l US.

£ 10 nm Cf (1x nm)
Z= ¢l



11

Kl

El
=

H H:0.25 ym AAX|=

=
(L.

2.

=H WHE

3.

M9 SRAM

L|Ct.

b

e
o
=

2ol B2 &1 SRAM AXt HZof =7

Xt
(=]

N

=

t

H
)

(K

A
e

Fabless S|AFZ}

X

ol

£ Ma#gSLICh

0, &7 Z7 1} EDR (Electrical Design Rule) €5 G| O|E
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Min. 0.25 um 7tX|

s
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HHE- Pprocess Flow

0. Starting Material 7. LDD Implantation (Lightly Doped Drain)
Wafer: 8-inch P-type (100) Silicon, NMOS LDD
Resistivity 10-20 Q-cm lon: Phosphorus (P), Energy: 30 keV, Dose: 2E13 cm™2
PMOS LDD
1. Well Formation (Twin-Well Process) lon: Boron (B), Energy: 25 keV, Dose: 2E13 cm ™2
N-Well Implantation
lon: Phosphorus (P), Energy: 150 keV, Dose: 1TE13 cm™? 8. Spacer Formation
Drive-in & Well Anneal Oxide/Nitride Spacer by LPCVD Thickness: ~100 nm

1100°C, 2hr (Drive-in), followed by 950°C, 30s RTA
9. Source/Drain Implantation (Heavy Doping)

2. Field Oxide Isolation NMOS Source/Drain
STI (Shallow Trench Isolation) EE= lon: Arsenic (As), Energy: 60 keV, Dose: 1E15 cm ™2
LOCOS Oxide Thickness: 400 nm PMOS Source/Drain

lon: BFz, Energy: 30 keV, Dose: 1E15 cm~2
3. Channel Stop Implant (optional)
For punch-through prevention 10. Annealing (Dopant Activation)
lon: Boron (B), Energy: 150 keV, Dose: 5E12 cm~? RTA (Rapid Thermal Anneal): 1000°C, 10 s
Purpose: Dopant activation, junction healing
4. Threshold Voltage Adjustment Implant

NMOS Vit Adjust 11. Interlayer Dielectric (ILD) Deposition
lon: Boron (B), Energy: 25 keV, Dose: 3E12 cm~2 Oxide (TEQS or BPSG), Thickness: 300 nm
PMOS Vt Adjust CMP (Chemical Mechanical Polishing) optional

lon: Phosphorus (P), Energy: 40 keV, Dose: 3E12 cm~2
12. Contact Formation
5. Gate Oxide Formation Etch Contact Holes — Clean — Ti/TiN Barrier — W Plug
Thermal Oxidation at 850°C, Target Thickness: 10 nm
13. Metal Layer 1 Deposition & Patterning
6. Polysilicon Gate Deposition & Patterning Metal: Al-Cu (or Cu with barrier)
LPCVD Polysilicon (150 nm) with in-situ N+ doping Patterning by photolithography + etch
Gate Patterning: Photo + Etch
14. Passivation Layer
SizsNa 100 nm, SiO2 Thickness: 300 nm
Opening for Pad
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