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1. 28 20f : 2| =2-dA-A| A8

2. 28|H : RISC-V 7|8t soco| M9l E3} HZH0| EXH(Custom Instruction) 74| % HS
3. 8 e

- 2H #E HHEHEYE . JHEE ISAQl RISC-VE Custom Opcode 37t2 HEHCE

S Hsstol £E8 380 ZXHzte
BHOE Arrad F71d = AW, Tl QEAA FOZF SIHE[0f U0 HHY =Y A0 MgLtL|Ch =02l
£33t Ot7[H A (DSA)2| AlCHol= fIA2E &4 - HE 5 - FHO/SIELO &2 - FE AB2=2 0[0X[= €4
ALO|Z &0l S Lt RISC-v HHO =E J|l=2 Oldste, O[F 7|82 =3 RIZA=L9 dss 75t
2HE TSR,
- Step1 : RISC-V ISAS| =2 HFE ZHZE(M/A/F/D/C/N, Crypto &) H Custom Extension HFHL|ES studydstil, HEHO

20| d5/8N/HEH0 D)X= s THHR Y= MIER.

%E (W=
- Step2 : CHA YAZE 1F O|AH0: =3} =
a1 = T (Hotspot)2 =45k, FAISH 7|& E“E401 2heh At
- Step3 : ®BE M2 Pt Custom Instructions HOlstn QLEAA RISC-
| L—

v
Intrinsic/O] &l =2 )5t S, A|BH0|Me2 M5 JjM8nt HEY 0
HII5HAl 2.

§
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o
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4.

r.t

EE : ZUEITMRTL HA2E IE, AIEG0|M Zul= Ex HE)
- Baseline CHH| AFO|E /A AlZH JHMEDF 71 SIEQ0 QUHYE E2M S ZSSIAL.

5. =8 A&

- QEAMA TN OAl: PicoRV32, Ibex, CV32E40P, Rocket & (X r% MEH githubOlAM ZE S HAEHWX| 28 HQ)
- FPGA T2i2 MEf Ato[n, RTL A|E2|0|d 7|8F Hototo 2 SELCt Ofstd 27 ZH| XHo[7F BIto| Fas FX|
U E ASZ0o|d AL FHe=E FFSHT| HEEL|C
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1. N 20f : 22 4A-A 2
2. 2HY : Ct& Clock Domain SoC2 CDC = 7§M I Verification Closure
3. M W&

- =N #H HiE4Ed

=
domainO| ZEX&L|Ct Single-bit synchronizerBt 2 2+ multi-bit data, pulse, reset, handshake, asynchronous FIFO
crossing2 E5F OHHSHA ME|gd = ¢lel, CDC RF+= simulationtA & TYHE|X| &1 silicon bring-up O|F ZtEX
=HOZ LIEtE = JSLCEH CDC A S HBO| 7§ &otZ HAISHA| 2.

o L=

- Step1 : SoC W clock domaing 57f O|4& Z}E3St1 single-bit control, pulse, multi-bit bus, FIFO, reset crossing,
scan/test crossing'd (& 2925 HE|5tA|2.

- Step2 : Zt CDC SN X3t synchronizer, handshake, gray-code counter, asynchronous FIFO, reset synchronizer
TS 2A5t2 HE J|ES HMASHAL.

- Step3 : BX CDC £M, formal property, SVA assertion, metastability MTBF A4 waiver 22| EXE ZEst CDC
verification closure flowS X|QtSHA| 2.,

- Step4 : 7|& ad-hoc CDC &7 CHH| bug HZEE, latency, area, verification effort7t OB A WM E=X| H& & HHYE
THE HAISHA 2.

4. MEE . AUEIM(CDC T+ block diagram, crossing inventory ®, SVA/formal property GlAl, CDC waiver 7|=, 7§/
Mz T Zat = AEY o] Axp =g

—

5. 24 AU E
7

- CDC tool Z1t 2 = OtL O, 370 RTL OIM == XA 2 RTLE HB 7ts. ©f, '2-flop synchronizer
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1. 28 20 : 32 -HA-A|AH
2. 28E : LDO 3|2 MA
3. 28 L&

- 2H 23 iAMDY . Low Power 2t Noise Y= 7R MY
Br&ELICEH o2 O™ simple 8t basic 3 LDO 32 AZO|H, EY Mg

= El__IL
U&L|LCt
VDD |
T Load
Vref 10mA
Vibo " i.
C | T0uA
Lc::adI 1 Load 1O t

< simple LDO 3|2 >

- Step1 : LDO &4 7S flet AHC 744 OOIC|{E HMAISHL, KAt OFOIC| 2[29| 5§98 XHES H[USHA| .
.|

CHS Ol= LE0 LtEst AYLICH ex. I-Load-Range / Fast-Droop-Recover / LDO-Z2-current / V-over&under-shoot/
PSR / Target-Level-Offset / Vin&Vout...

. S)
- Step2 : 712, FAITH ofo|C|oj7t S| FHO| U K
4. MHEZ  AIRIOM
- simple LDO 2|2 vs. 7|& AFE LD(=& &

S Al simple & 7|& LDO CiH])
oto|C|ofe] HE (02X HiZ + simulation X{TH)S

ANZ HAIBIA 2Z|FE ZHE Coag= 0.1uUF , VDD = 1.2V, V= 1.0V).
- Mgt oto|C|of 7t EYE| HHO| U= specialtt ZUHS AR 20| FIISIA|L,

gotEl 582 MAGHA L.

) vs. A4t LDOE F/dotd, AMiF(vs.
747



5. 28 2AUHE
- E0| &4l simple LDO 2|& vs. 7|&E GFE LDO vs. At LDOE Fd3td, 4l LDOS| Xto] & HHE= O|EX Higqt
simulation@ 2 X{ISIA|(00|C|0{o| £ Hlw & 217t s 5¢, ZTHE HlW).
- Oto|C|ojo CH3t B2 A|ZO|MAl, Zt ChStOM 2R3t B 2 parameter2 AL
- XAXE
- A Tcnm 14.4Gb/s/pin 16Gb LPDDR6 SDRAM with Efficiency Mode, LDO-Based WCK Tree, Dynamic Write NT-ODT,
Fast CS Control and System Meta Mode, (2026,IEEE International Solid-State Circuits Conference)
- A 4 ns Settling Time FVF-Based Fast LDO Using Bandwidth Extension Techniques for HBM3, (2024, IEEE JOURNAL OF
SOLID-STATE CIRCUITS)
- LDOZA =& LC}(LDO ieeePapers)
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. 28H : DDRMux 3|2 M4

.28 e

=M 2tE HiZEH  AIACHO| AOIA DRAME| |10 speed= U? SQYL. MEZ2 UHEZF2 £E& S76t=0 4=
S0 JAELICt ofeff 32 ISSCCH LHE GDDR6 =& & output pathl| DDRMuxl| JEYULICH=E HS : A 16-Gb
T-Coil-Based GDDR6 DRAM With Merged-MUX TX, Optimized WCK Operation, and Alternative-Data-Bus Achieving

27-Gb/s/Pin in NRZ, JSSC, 2023). O17|= 7|& HA0|A Ct+=E 3HOAM 2Bt 2 ZO|HA| speed SMZ M ZAL|CH

1 o=
(NAND/NOR — Mux — Output driver aMux — Output driver). &, speed pathl| Tt 7M1} ODTE output driver?t
Agold 545 NHSHYUS L T

ZOPUfn:0f
ZOPLUn ) PH———
'J
il , e wcKo P i
o Merged e/E. S S SN b S
Df3:0] 2 DOUT  ppagp pouT WCK90 m
T e — 4 ——= 1 i
- = woro N1 T N T L
4:ﬂ_| ‘ g St S S e S S S
i |l i S G R w2
1 i L oour X X X X X X X XX
Z0PDn:0) n:r..nz
ZOPOfn0)
= =2 M) WCKet DOUT 2]

- Step1 : 0|2} H|=3t E4Z 7IX|= CHE YE Q| DDRmuxE Td3t1 simulation2 2 & ABGHAL.

(DDRmux® FE2&= ZBSE= 2 phase muxO[Lf, DRAM 10 £E7F ZO0tX|HA 4 phase?t AFEE|7|0 QDRMuxZt
o d=tot HAARL(C)

—



Z34St= 22 DDRmux2|E2E TS5t simulation2 2 XS ANLE K AISHA| 2.

ZOPULn:0)
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DIy o
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l..— HH" l...
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5. 28 RAHLE
E0| ghAl . J7|EAG =29 'AS E [t simulation@Z XS XO|HES MEHELD, MEL2 FX° DDRMuxE
MIAISEY  simulation@ 2 H|Wotn HEHEZ HAYHSHAAI/r =2 WAZ WA S35 Fd=o| SESH=A
| 2. Zit= 7|E3F CGHE MER #+X0|8HA oL B2 27t J=XE

HMAlSt, MZ2 OfO|C|0jet H|wdt= ZO
EOFALEZ FHO - M XpMSHA 238 ER).
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- A Transmitter Equalizer scheme with FFE and internal boost scheme for achieving over 6Gbps in DDR interface(2022

IEEE 16th International Conference on Solid-State & Integrated Circuit Technology (ICSICT))

625p
T | J | | [ |
[ m [ m©» T o4 [ o |
| D1 | D3 | DS | D7 | o
[0 [ ot T o2 s wd] [ve [ 07 ] i (narmal pamhl 4.y MUX path [—] QuePet
(a) —_—
312.5p QLR .
Lo = N S S I I S I Iy s Il i
OBCLK
FFE MUX Output
[ po | p2 | psa | p6 | v& | pw | viz | o | Data path ariver
o | o3 [ os [ o7 | oo [ pu | vz [ ms | (FFE path)| B
[o] b1 [p2 [03] s b5 6] 7] 08| D [Die DifDIZDIDIDIS Figure 2. DDRS transmitter architeture Figure 3. 4 phase calibration circuit and principle
) diagram

Figure 1. 2:1 final output mux timing diagram (a) speed:
3.2Gbps in DDR4 (b) speed: 6.4Gbps in DDRS
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1. 28| 20} : 3|2-MA-A|AH

2. =HIY : Physical AIE 9|2t Low Power/Low Latency O|0|% A|ARI MA|

3. 28 W&

SH B3 HZHY : Physical AIA Vision Task M2l A B2 AX/FLICH YHHOE Vision Task H2lE M
ISPHE|Z|0] HASIE RGB E& Yuv e =830 XsstA ELCH 2 EHE £330 MMEE Downstream
Task7HX| IHES M3 Physical AIS ISl PPA %X 3}El Imaging Systems Study®L|LCt.

Step1 : RGB 7t

O M &<tA|, MA, ISP, Vision Task A|AE Survey SHA|2(‘dS, Detection Latency, Power &2 £7H)

).

Step2 : Raw (Bayer) O|O|X| 20| CH$t Object Detection Network &S E7I5ID RGB/YUV U Ar2A|Qf
H WS SR L, Latency Z£3). * Q1 &1

- Step3 : Optical Abberation, A Defect(BPC) & &StA It MA{ Al
221 ¥n

[ot

ME|2E 123t Objection DetectionS ZESIAIL.

- Step4 : Physical AIOJA 578 % PPAE 11243t Power®t LatencyE 9ot XA MAMQE AP 7H +E2E Ao B 2ASHA|IR.
* I='OI2 Jtl-—l

4. MHEE  ZUROM
- Yo = ObJect Detectlon =M BN 8 ds E7F 41fSimulation Z4f, Detection Latency, Power &% F4)
- A, Lens Model %! Object Detection Training/Test Codes(in matlabor C or python — Codet ¥k X&)
- MAM/AP XX FE M9 HIM(Detection 45, PPA 24 HHE Gl Znh
5. 28 FHLHE
- CFA/ES} Simulation 2t& 7|2 L{E(Bayer, Lens Shading, Defect Model, GX| https://www.codabench.org/competitions/8417/)
- Training & E7tE {8t Image DB(RGB Dataset: MS COCO Dataset, https://cocodataset.org/,
RAW Dataset: PASCAL RAW, https://purl.stanford.edu/hq050zr7488)


https://www.codabench.org/competitions/8417/
https://cocodataset.org/

= 21 : Image 7|%t Object Detection System

- &5HA| MM, ISP Processor, Detection ¥ 12| E2 2 O|20{F

- ZeHA, MM =2 |SPE3I0] sRGB =2 5|0 0|2 7|¥HC 2 Object Detection &It E

- #H: Physical Al12] 2% Vision Task0®l| S2}tx|B 2 123} M=z} G4 HHsHA 2.

(‘ds, SEE 9 Latency £4)

2) Object Detection RAW Dataset: PASCAL RAW
https://purl.stanford.edu/hgq050zr7488 Camera RAW
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Color Space
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Pre-Processing
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(a). Basic Image Signal Processor Pipeline

Image Signal Processor

Color Space
Transform 1l

Image Sensor

3) Lens abbreration model and dataset:
https:/Mwww codabench.org/competitions /8417 /

Pixel array Sensar ISP

Bayer Tetra

1

e

CHEFS CRA

Output sRGB

Processor
CPU DRAM
GPU Storage

. Detection &
~ Segmentation




£ 22 : Physical AlIYlM PPA ¥ CostE 1128t Task Partitions

- 7|& Vision Task Parition2 0| = Ct=20f ZH&L|CF

[z

o HEHESHE (2~4nm AFE)SH= APOIM ISP B! Downstream Task 213 & L|C},

M= MzXe| (ZE 2| £) 2 Stack Al A| Layers Bottom Layer (40nm~22nm 38 AME) O Ao EHLCE

- H|: Physical AIZtZ2| PPA, CostE 112{5t WA L= X 2|/ISP/Downstream Task Partition =5HA| 2.

Perception

Sensor (22 ~40nm SHEh

2-Stack M4
jojof1: 2 ’

gjojofz: 2H5=

Control
(AFAE)

Intelligence
e
AP (3~4nm)
ISP Processor
3A (AFAEAWE) cPu
. GPU
i'-’.
.*%El e
Demosaicing DEAM
(Bayer to RGE)
= ]
Storage
e Output Displ
MR/Sharpen SRy

How Physical Al Works

Perception Intelligence Action

(Eyes) (Brain) (Body)
@ -> @ p Lo

Senses the Interprets data Performs
environment and makes physical tasks

decisions
Connection

(Nervous System)
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1. 28 20 : 3|2 A -A|AH
2. ZHE : PIM
3. 24 W&

- 22X 2E HE3AEY - Al AICHe] FEZ Tt XAMO Z2|Z PIM (Processor-In-Memory)O| XMQtE[D JUEL|CEH F
Memory-bound 40l XM SHEl AAL7|(ProcessonE EAiSHHE W, WE Memory bandwidthE &0|=

I/0S E0|&= &8, Memory Controllert| InterfaceS2| £0f0|A B o

e A7t MR UAFLC
- Step1 : AA| PIMO| Edge Server/On-device SOIA HE3t Level2 AFEE|7| I3t 7|=X0l YH/MME HlStL, O|E
=52 = Us dUHe MI|EE HAISHAI2.

- Step2 @ £ A9 JHHEQl Application/Workload 7|8te| ds/mte M ZutECHs, YEHE QI Server/Edge Device
HME 7|& Memory g 0Ot ofL|zt CHYSH Al workloaddA] HEOZ AE 7hstt &9 HAXQ
OfO|CIOIE HMAISt, O 2aE SHAL.

4. MEE . ZOE 0N

H@a| 2z : Of7|EK, A7 DB, PPA 24, BY £

= 1y

_FIL

T PIM X : OF7|ElX, 274 DB, PPA 24, 2 & S
_FIL

A

Memory Controller / Interface T+Z : OF7|ElX, M7 DB, PPA &4

MEl Application / Workload : A&l / Simulation Z1f, 7§ME SW / FW &

o
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PIM Oi|Xj|
® HBM-PIM Architecture

HBM Core Die

BAME BAMNE BAME BANK

BANE

UNI UMl UM Ui uni
oy s——

e T
BANK BANK

BAMNE BANK BANK
TSVs & Periphary

BANY  BANK BANK  BAMNE BANK  BANK BANK

® LPDDR-PIM Architecture

DRAM global IC
FEERTT
4
VRF (16~)
SRF (TBD)
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H =ZOF : £%-3%8

[LS

HE : 1Tk 3D NAND Cell9] 2E|d, s stA nHEat Sg 71 ot

3. M LhE

=X 23H H{EHF . 3D NANDE Cellg 22 MEFSIH HFAEEE =0 21, 8T == 300E2 Hoj{M2 ULt O
&= charge-trap(CTD, CTF) Celld} vertical poly-Si Xj{'22 AtE TLICL Ol 2D NAND2t CtEHAH ChannelO| 7[Ekat
=

Vt Shift= MZot 222 =2listd ULCE 7|0 TLC-QLCe| &2 Read O
TZA9| Word Line RC 717t sl ZICt Ol EME S EXAO|X| @0} SHLIE I Mot CHE SiLtZE otk A7t
EXe ¢ EMES AKX DUFOAM BEAMSD, AT trade-off2 12zt E8HE M HiSEE X|Qtste AS

=
2xMoZ B}

- A charge-trap(CTD, CTF), gate-all-around vertical poly-Si X{f'd

- ®Z: 300ttE, TLC 7|&(QLC & =g

- Erase: 7|Th T HIO|O{A =7, GIDL-assisted erase ™A

- & O|™H: SMT reflow(peak 2 260 °C) S1t & HO|f E= @7

- ME T7-3E mEtoly gf = DNS5HH, 2Rt 42 e[l 2 g5t FA|

rot

Ct.

Step1(Erase) : vertical channeldA] bulk Erase?l O{2{2 O|RE AXSZ|Z AYS, GIDL Erasel| hole M % x4
boosting M7 LIE 1} HIO|OjA RS KMAISHA|R. 3D Cell ArrayE T+-d5t1, 2t nodedf CHSH Bias £ Timming 22
T ABI510] 322 HE5AR.

Step2(Retention) : reflow O|F Zdst= T =4 F=
AlSt

o £ FESlof MdHstn, 2, AlZEDb vt oshifte] ZAE
DHYSIAIR. O] 2t3le cell =& process JHMHOHE FA[SHA]



Step3(Endurance) : P/E cycling®ll 2 €3} HFHLUES program-erase ZtZ+0f| CHo| Mo, Dm0t A20(AM 7t
XI0|E =dtAR. |H endurance ZEE 2ot 7{MQtE S M=t BH HAISHA|R.

Step4 (Read) : Vt 2ZE 535|= QXHprogram noise, RTN, retention, read disturb, cell-to-cell interference)E ¥
read window budget2 HZSISIA|L. TLC-QLCHA SZ OHXIS SET YWotS KAISHA| L.
Step5 (Speed) : EF BHSO0[AM string current X3tF Word Line RC delay S7t2| ®Q& 2XHH, #2% 2EHOAM
ARSI, Read £ I OREIDIS| HAE HEHCZE =3IA|R. 7HMQtZ HMAISHA| L.

2t0I5}7|

Step6 (8. Step1~52| 7|MO2 MZ trade-off ZHAIO| QUCE O|E A 1ne{st S8 M3t daknt Ol
st BT Y B(test structure, DOE, THY 7|&)2 M AISHA| 2.

2t g2 AR2E £ 3F Jle Bl Yol¥ 4SS TP A
S HiEe TN B2ol WEEL Sepedl STX M EFLHO| HISS ECt
- OIME metlEE HEE YAStD, R Al B4 S MDsiE SNE wY A
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2. 25| : DRAM Wordline Disturbance 22| ot =&

nEat 7 2okBreaking the wordline disturbance barrier)

mujo
ot
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3. M LhE

=N 23H HfZAHY . DRAMO|A| Wordline Disturbance= S8 RowE HIEEOZE Zd3}(Activate) I 21D Row?l|
Bit Flip &2 2lOjgtL|Ct Ol= =22 Eot I M| dof| Mzst ol gL §3 47 EX+= DRAM Aol #+xH
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fz|et S Xof AMsHA
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Step1 : Wordline Disturbance 7 &
MYSIA|R, O2|11 o 29150| Wordline Disturbance B

Iefs YEH/EEYH2Z 7|=0A R
Step2 : SF/2A/TFE/2E/2M S0l 1 7HA] Ol FHO|AM 0| hurdle & 7E 4 U= OfO|LIO|S FAISHA| 2.

Step3 : JH41 W, J|Ch ma, REHE, JHd, 2|, #4 e 7|%, 0fo|Cjof ¥ Al Challenge Point S8 THECOR
|

ZIEDNO| B mBEHOF S BROILY, K| 50| A FP N

MMl M Dx/IHZE HOHO|LE MZ2 Refresh 7|8 2|10 AX AlAH A M 2zt = Q= MEL2 324 mjEq
CHSE OfO|C|ofet 0|0 CHet ZZdM(Robustness)= ZHEE = QU 27tX| O|A 74 OFO|C|O{ XM|A| Al OFO|IC|{ ==0f [}E
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. =N EO0f : AX-3H-AX-FH|
. 2HE : Z0T HBM HE A 35S 21T Package X Interconnect 7|& &4l ot
EH WE

- =N 23 HjFEY ¢ xZ ddY AIRF AR E(LLM) AlFe ZEHQ ez o, =AL00Y9E Mzl
HBM(High Bandwidth Memory)2| =87} &35t USLICE. HBMZ TSV(Through Silicon Via) 7|=S QFRH D3
CHO[(Die)E X2 HMBHL=ZM OH0|H TE H=E SOt 5L CH 2Lt HBM3E S HBM4 QIHIO|A=Z
MASIH 12EHS HO{ 16Tt O|&tel 'ZLLH MEZ PRI FEo M, 7[E nrmaz ' Z(Micro-bump) 7|2
Flip-chip &g 7l=2 5 MO{(Form Factor AMghet & 2H=(Thermal Dissipation) HHO|A H2Ztst S2|8 oHA 0
AEHS AFLCh =T HBM MEQ| dlE[dat =88 27| g XhA|CH OJEHH'E X o7 7= VL= Ol
St A Aol S MPMQLICE oo X HBM Ii7|E 7|=2| StAE FSHA TLHSA, O|F =mte = Ue KHA|TH
el OetEs sedeE DM IR ofL ot

=

- Step1 : ¥ HBM N =0 AME2E= '& B3 (Thinning) &78'1t 'OF0|3 2 H=Z F™eHBump Bonding) 7I&'9 HAHLE
22 HYSIAR. Ot23, 16Tt O|del =tk ME Al M= F2|&H-AXH HXEZ B 5 7H

O Li+0] §dH-GZH2E MEoHAR.
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- Step3 : AM|2Feh XHMICH ZHZ|E OFOIC|Of0f CHol CtE2l MF Y58 Z5I0 FHNH2ZE =3oHA L.
@ Sio B2l R e gR: Meret 7|1E0] 7IE gIE He Aol SHAE oA =2HIIANEHeR
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7HEH A| E{(Capacitor)2| &2 H|(Aspect Ratio) oA, & Zt 7Hd(Row Hammering) & +4 MF F7t & 2AetA.Z2|A
otAOf @St UFLICE o|2fet otAE =537 o z[4 HE2] FAOAME NAND S2Al2] HE ALl FASHA
’%‘2 Aoz Aot Z2|= '3D DRAM'LEQ| mjjzCte [ehz ZHS| A|=std JAEFLICE SHX|EH 3D DRAM #X2&

- Step1

- Step2 :

- Step3 :
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o

X 20f : AX-3E-AXY-FH|
. =HE : 3D DRAM HEiA| F5S fict &y 7|l % o4 geot
CEH UE
- B4 23 H{ZHEY . DRAM(Dynamic Random Access Memory)2 7|& 2D BH FXOA X[&EHQ ALY (OMEhHS
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- 'Semiconductor Physics and Devices' by Donald A. Neamen 4™ ed. (McGraw-Hill, 2012)
- 'Solid State Electronic Devices' by B. G. Streetman & S. Banerjee 7™ ed. (Pearson, 2016)
'Fundamentals of Modern VLSI Devices' by Y. Taur & T. H. Ning (Cambridge University Press, 1998)
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- Toward Advanced High-k and Electrode Thin Films for DRAM Capacitors via Atomic Layer Deposition, SE Kim et al,
Advanced Materials Technologies 8 (20), 2200878
- Study of Metal-Dielectric Interface for Improving Electrical Properties and Reliability of DRAM Capacitor (Adv. Mater.
Technol. 20/2023), HJ Lim et al., Advanced Materials Technologies 8 (20), 2370106
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