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DRAM Bit Production (Expected)

DRAM Bit Production (Prediction)  Tech, .
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Source: DRAM Market Analysis Q4 2024, Techinsights, edited
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DRAM Technology Node (D/R, F)
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Techinsights
21 #-Samsung  -©-SK hynix
e |
= --Micron --CXMT
= 17
~
()
15
13 12.65
12.54
11 >
D1x Dly D1z Dla(a) D1b(B)
DRAM Generations
Tech

Techinsights CONFIDENTIAL. All content © 2025 Techinsights Inc. All rights reserved. I n s Ig ht S



DRAM Pitch Trends: WL, BL

DRAM Cell Pitch Trends (Measured)

Ver. MD-2501-01
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D1b(D18) DRAM Cell: Samsung vs. SK hynix vs. Micron

Iltems Samsung D1b SK hynix D1b Micron DI
36.68 mMm?2/LPDDR5X 16Gb, 37.98 mm?2/DDR5 16Gb, 36.78 mm?2/LPDDR5 16Gb,
Die Size/Ex. Device Samsung SK hynix Micron

Bit Density
Cell size
WL (Cell Gate) Materials
Active Island Length
Pitch (Act/WL/BL) Measured
Feature Size [F, D/R]
Interconnection to BL
Peri-Gate Pitch (Smallest)
Cell SNLP Shape
SNC Etch

Top Plate Materials

(6.55 mMm x 5.60 mm)
446.67 Mb/mm?
0.00123 pm?
TiN/Poly
85 nm
23.5 nm/32.6 nm/37.6 nm
125 nm
M1
100 nm
Circle
Likely, SAC
SiGe 230 nm on TiN

Cap. Dielectrics Detected |

HfO/zrO/ZrAlO (NbO) I

Cap. MESH Photo/Etch Pattern
Number of Metal Layers

Circle/Triangle

6 (1W, 4 Cu,1Al) + RDL

(6.47 mm x 5.87 mm)
431.40 Mb/mm?
0.00125 um?
TiN/Poly
84 nm
23.4 nm/331nm/37.9 nm
12.6 nm
M1
130 nm
Circle
Likely, SAC
W/SiGe 54 nm/95 nm on TiN
ZrO[HfAIO/ZrAIO/HfAIO/ZrAIO
Circle/Triangle

5(1W,3Cu,1Al) + RDL

(7.02 mm x 5.24 mm)
435.0 Mb/mm?2

0.00133 um? I
TiN/Poly
92 nm I

24.0 nm/34.0 nm/39.0 nm
13.1 nm

M1/M2 I

108 nm
Circle
Likely, SAC
W/SiGe 100 nm/88 nm on TiN
ZrO[HfAIZrO/HfZrO/AlIO

Oval/Hexagonal

7 (2 W, 4 Cu, 1 Al) + RDL I
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CXMT DRAM: G4

m CXMT Gl CXMT G3 CXMT G4

Die Size/Ex. Device

Bit Density
Cell size
Feature Size

Pitch
(Act/wL/BL)Measured

Relative Generation
(samsung/sk
hynix/Micron)

Cell Gate Materials

Cap. Dielectrics

79.20 mm?2
(702 mm x 10.99 mm)
CXMT CXDQ3A8AM-CG
1 GB DDR4 Device
(8 Gb Die)

0.101 Gb/mm?2
0.0044 um?
23.8 nm

45.0 nm/61.0 nm/72.0 nm

D2y

W/(TiN)

ZrO/ZrAlO

Techinsights CONFIDENTIAL. All content © 2025 Techinsights Inc. All rights reserved.

44.66 mm?

(4.87 mm x 9.7 mm)
CXMT CXDBBCCDM-MA
8 GB LPDDR4X Device
(8 Gb Die)

0.179 Gb/mm?2
0.0025 pm?
18.0 nm

34.0 nm/46.6 nm/54.2 nm

DIx

W/(TiN)

ZrO/ZrAlO

66.99 mm?2
(819 mm x 818 mm)
Gloway 16GBx2 (32GB) DDR5-6000
2 GB DDRb Device
(16 Gb Die)

0.239 Gb/mm?
0.0020 um?
16.0 nm

29.8 nm/41.7 nm/47.9 nm

Dilz

Poly-Si/TiN

ZrO/HfO/ZrO/HfO/ZrAIO
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Hybrid Bonding for HBM Application

~
—M=
" the Future of Memory and Storage

v" Due to limited HBM module height (Form Foctor), HB structures with thinner dies are required

@56pm Die Thick. PR
Ex. Samsung HBM3 8Hi, #*
L

16Hi "
e

12Hi 7 -~
< ’@37pm Die Thick
g “,— (Ex. Samsung HBM3 12Hi)

]

[ 4
8Hi_ (Now)
Now & HB Structure

16Hi Thinner Die (@20um)

10 15 20 25 30
Number of HBM DRAM Dles STacked
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Gap-fill Structure Gapless Structure

with Thinner Dies)

Reduced Height
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NAND Market Share (Revenue)
2020 . 2021 | 2022 . 2023 | 2024 | 2025

35%
33% Samsung, 33%
30%
25%
23% @
20% o---e
s SKH+SIdgm, 17%
17%

o . T B~ Kioxia, 15%
15% 15% @ - ‘p Micror, 16%
y & SanDisk, 13%

-
-

10% 3 SK hynix, 9%
Solidigm, 8%
5o YMTC, 6%
1
oy 0% " * —eo —o L L — . —. *— o —@ ® ® & ——® Other, 0%

Q2-20 Q3-20 Q4-20 QI-21 Q2-21 Q3-21 Q4-21 Ql-22 Q2-22 Q3-22 Q4-22 Ql-23 Q2-23 Q3-23 Q4-23 Ql-24 Q2-24 (Q3-24 Q4-24 Ql-25

Source: NAND Market Analysis Q2 2025, Techinsights
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3D NAND Chip Design —
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3D NAND Bit Density Trend (TLC, QLC)
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3D NAND Min. Vertical Gate Pitch Trend

. . . Ver. MN-2507-01
- 3D NAND Vertical Gate Pitch Trend (Min.)  Techinsigh
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Mold Thickness Engineering (Measured)

= Samsung

56~58 Nnm

492~43 nm

41~42 nm
40~41 nm

42~43 nm
45~50 nm

45~50 nm |

40~43 nm

42~43 nm

43~44 nm

= Micron

63NnMm

46 nmM

— A7/nm |

46 NnM
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276L
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Conventional OPS

Vertical Channel Holes: OPS Design ==..3: st

KIOXIA 20 Holes
(No dummy VC)

Ex. KIOXIA 218L

Active #VC: 20

Slit Pitch 3.07 um

VCP: 130.8 nm (BL direction)

Techinsights CONFIDENTIAL. All content © 2025 Techinsights Inc. All rights reserved.

YMTC 16 Holes
(No dummy VCs)
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Ex. YMTC 267L

Active #VC: 16

Slit Pitch 2.52 pm

VCP:132.0 nm (BL direction)

4 e
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Insulator slit OPS: On Pitch SGD

Micron 16 Holes
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plug contact

Ex. Micron 276L

Active #VC: 16

Slit Pitch 2.43 pm

VCP: 125.0 nm (BL direction)
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Stairless WLC (YMTC 276L

lower deck

NAND source _

upper deck (D2)

180 ==

¥ SGD !
upper deck WL contacts lower deck WL contacts

I

WL pad

thicken up
by 10 nm

|
T ]

«—'|LD7-8 SiN

Conventional Staircase Structure
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Hybrid Bonding Memory (NAND) Adoption

Manufacturers 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 eeeeceee 2035
Z-NAND 1:tgen. (SLC) Dev. Pending ]
I 32L(Y2) 48L(v3) 64L (v4) 92L (vs) 128L/133L(VEL 176L (v7) 236L (v8) 286L (va) AxxL (w0 Exx!
SAMSUN G I o el o s v e — Hvbrid Bondin
256/512G TLC 256/512G TLCATQ 256G/512G 512G TTLC/Q™® 1T TLC 1T TLC/QLC Hybrid y Hybric
133L (V6P) Bonding Bondi
@ 120L cOP (128Tx1, TV) Q@ 2yyL (TV) AN R A N
(=B, CBA)
: SxIA) LLF (WDC, 96L SLC)
KIOXIA % OF WAFER PRODUCTION USING W2W BGb) 2% (112L, SLC/MLC, 246Gh) Hybrid K
. WA
wes_ S tern Initial w2w process - 1LBCE: " - Filﬂﬂl @ n d [l
Dlgltar 100% sameun 1371 leck, Cu 2-dec .Tl-_‘-}-\IHE,I 3-deck, CBA X
9 Samsung Resticted  gics7 cull L 284S BiCS-Y, BICSS
Kioxia/sanDisk . only Skippedl Bonding  BICS9:revised B6 &
| o Micron Koxa \ [ 7 XX
. SanDisk
50% e ; (Gen5) gu 232L (Gens, G8) 2yyL (c9) Axily 1 CAVR Anie
YMTC Micron :, B8x2) Micron (CTF, 116x2) Mic .b r[l d @jﬁdlﬂn g
JNICrorvu | - —— SK hynix ,1TQ 512GMTTLC, 1TQ 1T TLC/QLC Fhnd
. o e Solidigm L
-
: wie B XX
2024 2025 2026 2027 2028 2029 2030 192L-Q 232L-Q
(Z) SOLIDIGM oSSR Soicigm ) Soicigm (3] | 9
C 1.33T7-Q O XX
Z) SOLIDIGM 1.67T-PLC H l@ [rﬁ@] ’@ -
L ol onding
‘* I— 375L (
[ | 36L (v2_3D)__ 48L (v3_3D)_ 72/76L(V4_3D) 96L (v5 4D) 128L (v6_4D) _ 176L (v7_4D) 238L.(v8_4D) 321L (vo_4D) .. M dxxL
SK hynix ’ 1o, 1058 .o, 3368 ST A AMDBUC Ghxa0 Puc. 552 10 Puc, 2asok |
' 256G MA&TI512G  512GMT(TLC only} 512G/ T(TLC onh§126/1T, TLC/QLC 512G/ T(TLC only) 1T, TLE/aLc ybrid B
s 16PL, 192L (TWyy (Gen.5) ‘
N/ Ver. MN-2501-02 | G mgair‘lﬂfkm sonding
er. = —, ta ‘: N [Mtackin
)/A Techlnsights ' MLC (64G) 3 {1|E|nr C T Il Br“@1,| @srgm
Hybrid Hybrid %d Hybrid
ding Bonding Bondi Bonding Bondin
—_— L 48L (Gen.1) 96L (Gen.2) 192L
M-;_:I L_ I 256G/512G I 512G
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3D NAND Hybrid Bonding (HB) Application

= 3D NAND Array-to-Logic HB Chip with High Density and Higher Performance

v
v
v
v

W2W format (YMTC Xtacking 1.0/2.0/3.0/4.0 HB 3D NAND Products, KIOXIA BiCS8 CBA 218L Products)

3D NAND peripheral circuitry prepared on a wafer separately from a multi-stack processed array wafer

More solid logic transistors with well VT controlled, more flexible applications

Challenges: alignment, local uniformity, mechanical stress, topography/CMP dishing voids, cleanliness, Smaller pitches

sringn

YMTC 2Y YL .
KIOXIA/W D . | ——— :
‘—'BiCS8"CBAEOL I 128L Xtockmg HB Loyers 128L XtaeKINg HB Layer
| ‘ I ;
; _ I di ‘ H
f W M | SDINAND a2 : m
uaa 4 ;ggwgﬁl’ ’555 s!a‘nl dl I | AhRa N \ I |
' g I i . 2 ( ) : : SNt E>
YMTC Xtacking HB Layers (Top-view and X-section view,

A L X-Pitch: 925 nm, Y-Pitch: 997 nm, d1=330 nm, d2=410 nm I %HB [w"—""Z]HB

Logic Die CMOS + Cell

| Bonding Bonding
Tech
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