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Ver. Feb.-2020

Summary on DRAM

O D1y gen. DRAM released (DDR4/LPDDR4/LPDDR4X)
v" Samsung D1y: cell 0.0023pum2 with 0.24 Gb/mm?Z, cell cap. ~ 10 fF/cell (expected)
v" Micron D1y: cell 0.0024 um?2 with 0.21 Gb/mm?
v" SK Hynix D1y: cell 0.0023pum2 with 0.23 Gb/mm?, cell cap. ~ 7 fF/cell (expected)
v' B-WL RCAT, Saddle type bulky FinFET, 6F2, QPT active patterning, No BL airgap

O New Process/Design Technology Innovation on D1x/D1y DRAM

New higher-k dielectric materials: NbO added into ZAZ structure

Physically cylindrical capacitor structure, while electrically pillar capacitor

Recess channel for BL S/A TR, while conventional one for BL precharging/equalizing TR
Dual Gate for cell B-WL RCAT

EUV for 1a/1b, HKMG on peri Gate, 4F? 1T capacitorless DRAM (R&D)

raphic DRAM and High Bandwidth DRAM
Micron GDDR6 D2y (ex. NVIDIA GeForce RTX2080)
Samsung GDDR6 D1x (ex. NVIDIA Quadro RTX5000)
SK Hynix HBM2 (ex. AMD Vega 10XT), Samsung HBM?2 (ex. NVIDIA Tesla P100)
Micron HMC2 with D3x tech node, Controller die fabbed from GF (32nm SOI, IBM markings)

CAULO R

O Triple Die structure for Camera Module
v' Sony IMX400/IMX345 with CIS-DRAM-ISP stack (Micron_Elpida D3x, ex. Xperia XZs phone)
v' Samsung S5K2L3SX & S5K2L4SX with CIS-ISP-DRAM stack (Samsung D2y, ex. Galaxy phone)

Te_ch
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DRAM Memory Analysis Reports released in 2019 (-Feb. 2020)

Die Design Structure Process Flow Core/Periphery Transistor Circuit
& Cost & Materials Design & Circuit | Characteristics (Full)
MFR AME PFA PFF MDP TCR CAR

SK Hynix D1x LP4X 6Gb SK Hynix D1x SK Hynix D1x SK Hynix D1x Micron D1x DDR4 Micron D1xs DDR4 Micron D1x DDR4
SK Hynix D1x LP4X 8Gb Samsung D1y Samsung D1y SK Hynix D1x LP4X SK Hynix D1x DDR4 Micron D1x LP4
SK Hynix HBM2 8Gb Micron D1y Micron D1y DDR4 SK Hynix D1x LP4X Samsung D1y DDR4
SK Hynix D1x DDR4 8Gb SK Hynix D1y Micron D1y LP4 Samsung D1x LP4X
Samsung D1y LP4X 8Gb Samsung D1y DDR4 Samsung D1y LP4X

Samsung D1y DDR4 8Gb
Samsung GDDR6 4Gb
Samsung GDDR6 8Gb

SK Hynix D1x DDR4 16Gb
Micron D1x LP4 6Gb
Micron D1y DDR4 8Gb
Nanya 20nm DDR4 8Gb
Micron D1y DDR4 16Gb
Micron RLDRAM 34 gen.
SK Hynix D1y DDR4 8Gb

* MFR: Memory die Functional/Floor plan & cost analysis Report

* AME: Advanced Memory Essential (Structure & Materials) analysis

* PFA: Process Flow Analysis report (excel sheet)

* PFF: Process Flow Full report (3D emulation)

* MDP: Memory Design on memory core/periphery (layouts, design, circuit)
* TCR: Transistor Characteristics analysis Report

* CAR: Circuit Analysis Report
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DRAM Roadmap: Technology Node (MP)

* Micron 1xs: Die shrink-ver. of 1x

1x nm (DDR4/LP4X/GDDRS) “

w 2x nm (DDR3/LP3) 1y nm (DDR4/LP4/LP4X/HBM3/GDDR6X)
2y nm (DDR4/LP3/LP4/LP4X/GDDR5/HBM2) Mz nm (DDR5/LP5/5X/GDDR7)
3x nm (DDR3/DDR4//LP3/HMC1/HMC2) 1y nm (DDR4/LP4)
: 1x/1xs nm (DDR4/LP4/GDDR6X) |

2x nm (DDR3/DDR4/LP3/LP4
A%\cron ‘ ’

2y nm (DDR4/LP4/GDDR5/GDDR5X/GDDRS)
2y (21 nm 1%!) & 2z (21 nm 2") (DDR4/LP4/LP4X/GDDR5/HBM2) “

1x nm (DDR4/LP4/LP4X/HBM2E/GDDRS6) :

1z nm (DDR5/LP5)

[a

[

2x nm (DDR3/DDR4/LP4/HBM1) 1y nm (DDR4/5/LP4/5X/GDDR6X)

@ 2x nm (DDR3/4/LP3/LP4)
4x/3x nm (DDR3/DDR4/LP3/LP4) 1x nm (DDR4/5/LP4/LP4X)

NANUAN
6x/4x nm (DDR2/DDR3/LP1/LP2) 2x nm (DDR3/4/LP3/LP4)
winbond
3x nm (DDR3/LP3) '
Qs|i| _ UnilC 3x nm (DDR3/DDR4, LPDDR)

UnilC

cxmt . | | . . .

2015 2016 2017 2018 2019 2020 2021

Tech
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DRAM Roadmap: Technology Node (MP)

Cell Layout

| 6F2(1T+1C) '

Tech. Node
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(Act./WL/BL)

| ’ ArF & ArF-l (DPT) m

ArF-I (DPT & QPT)

Cell TR
& Cell Cap.

Bulky-Fin (S-Fin) & RCAT ]

Buried WL with Metal Gate (W/TiN) ] Buried WL with Dual (Metal/Poly-Si) Gate ]
] Cylindrical or Pillar Cap., Higher-k Dielectrics ]

Cylindrical Cap., High-k Dielectrics

Computing
& Consumer

DDR4 | DDR6

Low Power,

Mobile, HB
& Graphics

LPDDR2/LPDDR3/LPDDR3E GDDR6, GDDR6X GDDR7, GDDR7X
LPDDR4/LPDDR4E/LPDDR4X/GDDR5/GDDR5X LPDDRS, LPDDR5X

" “HMC1, HBM1, Wide I/0 HBM2, HMC2, HBM2E mm
| | | | | | |

=
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Mobile DRAM Components: History

O Apple iPhone vs. Samsung Galaxy

« LPDDR2 « LPDDR2,3 * LPDDR3,4 * LPDDR4 * LPDDR4 * LPDDR4 * LPDDR4X + LPDDR4X
Apple *« 512 MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |+ 1GB/die * 1GB/die
iPhone * 768MB/die |+ 768 MB/die 3 GB (XR) All 4GB
o 1 GB/diE 4 GB (XS/XS Max)
* Elpida * SKHynix * Samsung * Samsung * Samsung * SK Hynix +  Micron *  SK Hynix (1x)
* SK Hynix * Micron * SK Hynix * SK Hynix *  Micron ¢ SK Hynix *  Samsung (1y)
*  Micron * Samsung *  Samsung
* LPDDR2 - LPDDR2,3 * LPDDR3 - LPDDR4 « LPDDR4 * LPDDR4X * LPDDR4X + LPDDR4X
Samsung
Galaxy * 512 MB/die |+ 512MB/die |+ 512MB/die |+ 384 MB/die |+ 512MB/die |+ 1GB/die + 1GB/die * 1GB/die
+ 768 MB/die |+ 512MB/die |° 1GB/die 4 GB/PKG(S9) 8 GB/PKG
6 GB/PKG(S9+) 12 GB/PKG(S10+)
*  Samsung *  Samsung *  Samsung ¢ Samsung ¢ SK Hynix *  Samsung s 12 dies/PKG
. * Samsung
Samsung . Samsung
2012 2013 2014 2015 2016 2017 2018 2019
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DRAM Components: iPhone X & 11 Series

Device Model A1901 A1920, A1921
RAM (Main Board) 3 GB LPDDR4 in A11 PoP PKG 4 GB LPDDR4 in A12 PoP PKG
SK Hynix Micron Technology
H9HKNNNDBMAUUR-NEH MT53D512M64D45B-046
RAM Details 4 Dice/PKG 4 Dice/PKG
H54M6D63M, 21nm_2"¢ 211N 2017, 1X nm
6 Gb/die, 0.153 Gb/mm? 8 Gb/die, 0.152 Gb/mm?

iPhone 11 iPhone 11 Pro iPhone 11 ProMax

SK Hynix 8Gb 1x LP4X Die (US) SK Hynix 8Gb 1x LP4X Die (US) Samsung 8Gb 1y LP4X Die (US)
Samsung 8Gb 1y LP4X Die (China) Samsung 8Gb 1y LP4X Die (China)
Tech
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Samsung Galaxy S10/S10+ DRAM Components

Model SM-G970 SM-G97/3 SM-G975 SM-G977
973U, 973F, 973F/DS,
970U, 970F, 970N, 9700 975U, 975F, 975N, 9750
Sub-Model 970W, 9708, 970X 973N, 973;)%3;3w, 9738, e 977U, 977F, 977N, 9770
Memory DRAM 8GB (6GB) 8GB 12GB (975N), 8GB (975F, F/DS) 8GB
DRAM 975N: K3UHAHAOAMAGCL
Com ponents K3UH6H60BMAGCL K3UH7/H70AMAGCL 975F/DS: K3UH7H70AMAGCL K3UH7/H70AMAGCL
64 Gb / PKG 64 Gb / PKG 64 Gb or 96 Gb/ PKG 64 Gb / PKG
DRAM Details Samsung 1y LPDDR4X  Samsung 1y LPDDR4X Samsung Ty L PDDR4X Samsung Ty L PDDR4X
8Gb Die 8Gb Die 8Gb Die 8Gb Die

Techlnsights CONFIDENTIAL. All content © 2020. Techinsights Inc. All rights reserved.
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Samsung Galaxy S10+ (SM-G975) DRAM Components

10

Products S10+ S10+ S10+
Model SM-G975NCWFKOO SM-G975F/DS SM-G975FCKGDBT
Sales Location Korea us us
(D)RAM 12 GB 8 GB 8GB
DRAM Components K3UHAHAOAMAGCL K3UH7H70AMAGCL K3UH7H70AMAGCL
DRAM Die Markings No die markings (SEC) No die markings (SEC) No die markings (SEC)
96 Gb/PKG 64 Gb/PKG 64 Gb/PKG
DRAM Details 12 Dies/PKG 8 Dies/PKG 8 Dies/PKG
Samsung 1y LPDDR4X 8Gb Die Samsung 1y LPDDR4X8Gb Die ~ Samsung 1y LPDDR4X 8Gb Die
Others The same die with

Renovo 75 phone

Techlnsights CONFIDENTIAL. All content © 2020. Techinsights Inc. All rights reserved.
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DRAM Cell Size: Scaling-down Trend (up to D1y)

J. Choe

DRAM Cell Size (Samsung, SK Hynix, Micron) i 4

x 10-4 pm?
S o S = S 5 S o SKHy SKHy SKHy SKHy SKan SKHV ||||| 1/1
Samsung SK Hynix Micron
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DRAM Die Size & Density Trend (up to D1y)

v' Samsung 1y ~ 0.237 Gb/mm?2, while Micron 1y ~ 0.205 Gb/mm?

J. Choe
° ° o Techinsights
o DRAM Die Size & Density Trend Ver, 2020-02
Die Size Density
140 0.40
M Die Size (mm2)
120 | 4 0.35
-=Memory Density (Gb/mmz2) 0.30
100
ly
0.25
80 -
; 0.20
60 -
0.15
40
-4 0.10
20 - I I 1 0.05
0 0.00
S S SK Hynix SKHynix SKHynix SKHynix SKHynix SKHynix Micron Micron Micron Micron Micro Micron  Micron  Micron
3x(30 2x (25 2y(20 1x_6Gb 1x_8Gb 1y _8Gb  3x(30 2x (26 2y8Gb 2z8Gb 1x8Gb 1y8Gh 3xnm 2xnm 2ynm Zvnm P4 1xnm 1xnmLP4 1xsnm lynm
nm) nm) nm) nm) nm) LPax LPax LPax DDR4 DDR4 DDR4 DDR4 DDR4
Samsung SK Hynix Micron

Tech
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DRAM D/R Trend

J. Choe
DRAM Cell Pitch & D/R Trend ik i
(nm) Jer. 2020-02
110 ——P_Active --P_WL --P_BL --D/R
90
70
50
: \\@\‘—' \\\@\Q—‘ .\‘\@\‘\‘
10
3x 2x 2y 1x 1y 3x 2x 2y 2z 1x 1y 3x 2x 2y 1x 1y
Samsung SK Hynix Micron

Tech
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DRAM D/R (Technology Node) Trend

J. Choe

DRAM D/R (Tech. Node) Trend Techinsights

Ver. 2020-02

Samsung

@6F2 DRAM Cell SK Hynix
BWL, RCAT
Bulky Fin
Cylindrical Cap.
COB, ZAZ

—Micron

—Nanya
(Elpida)
CXMT
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Sub-20nm DRAM Cell Capacitor Patterning

v' Honeycomb Pattern
v" Single photolithography & 2-step spacer deposition used (D2x)
v’ 2-step photolithography plus 2 spacers (D2y, D1x, D1y)

Sik SiM
SOH etch & enlarge
| m

- [

SOH : SOH :

16 Techlnsights CONFIDENTIAL. All content © 2020. Techinsights Inc. All rights reserved. I ns I g hts



DRAM Cell Capacitance

Energy Band Diagram of Stacked ZAZ TIT DRAM Capacitor

@ 1.5V, 300K

(Plate, TiN)

(

Energy (eV)

%5

~.| Conventional 24;

Top Electrode Zro, Al0, Zr0,

Bottom Electrode
(TiN)

TIT Structure

[Electric Field]
1.361 MV/cm (ZrO,)
3.780 MV/cm (Al,0,)

o 1 2 3 4 S5 6 7 8 9 1 1

v' From conventional ZAZ to likely ZrO/AlZrO
v' Cell Capacitance (estimated):
2y: 11.8 ~ 13.5 fF/Cell
1x: 10.3 ~ 12.1 fF/Cell
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EBD of ZrO/AIZrO TIT Structure
" Samsung 18 nm DRAM

+ EOT 1.06 nm

a0/
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Samsung DRAM Cell Array Process & Structure (ex. D1y)

B
£
E
E
£
3
3
m.
m
{
£
£
{

|T$s‘.‘3 hts

|
|
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Samsung BL Air-gap Process on DRAM Cell

v’ Air-gap spacer used on 2y (20 nm) and 1y (17 nm)

1x

R

AG used AG not use AG used
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Micron 1x & 1xs DDR4/LPDDR4

‘s’ likely means ‘shrink version’

1X DDR4 1XS DDR4 LPDDR4

Parents Products MTASXI'Ii'(I::rng[Z,IAI\QI-\gGGHl MTAsl/\A/ITiCFTge[ZIAI\QI-\gGaEl Hﬂgixvﬁ-mg}%p
Components MT40A1G8SA-075:H MT40A1G8SA-062:E MT53D512M64D4NZ-053

PKG Markings ;;\F/Zi [Zs\;/vlf/g_ SgR\?SZ;

Die Markings Z11C Z11B Z11M
Memory Density 8 Gb / Die 8 Gb / Die 8 Gb / Die

Die Size 58.48 mm? 48.03 mm2 52.77 mm?
(Seal Die: Lx W) (20.2 mm x 5.79 mm) (9.38 mm x 5.12 mm) (9.92 mm x 5.32 mm)
Bit Density 0.137 Gb/mm? 0.167 Gb/mm? 0.152 Gb/mm?

Die Photograph

20 Techlnsights CONFIDENTIAL. All content © 2020. Techinsights Inc. All rights reserved. I n s Ig hts



Micron Capacitor Dielectrics (D1x)

4 Analysis (Advanced TEM Tool used)

™\
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Micron Capacitor Dielectrics (D1x)

rwd Ywd v

Zr—13 i) Nb—-L3 Nb-L2 =13 Zr—1-2 Nb-1L3 Nb—L2 Zr—13 Zr =D Nb—1L3 Nb—1L2
edge edge edge edge edge edge edge edge edge edge edge edge
| | | | | | l

ZINbQ =79

TiN

%
%
10 5.0 nm /*
ZiNbO' /

i Yo

ad |T$s‘i'§ hts
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Micron D1y DRAM Cell Capacitor: Materials
v" NbO, HfO and ZrO used for high-k capacitor dielectrics

EDX Analysis

LAY F I

All Elements

P

oAt
Ge At%
607 70 At
50- — Nb At%
~ HiAth
— SiAth 100

EIEIEIEE]

At%
&
S

7 TiAt%

W|th Oxygen : -

Ge At%h
Zr At%
~ HiAth
~ Nb At%
~ Si At%

2
' .
~ TiAt% 10 NIy
o
o : . . S e T

Tech
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Micron 1y nm DDR4

Components MT40A1G8SA-075:H MT40A1G8SA-062:E MT40A2G4SA-062:)
. 7LH75 7VET7 9DJ45
PKG Markings DOVHP DOWFL DOWSL
Die Markings Z11C Z11B 721C
Memory Density 8 Gb / Die 8 Gb / Die 8 Gb / Die
. . 1)
Die Size 58.48 mm? .50% T 39.11 mm?
(Seal Die: L x W) (10.12 mm x 5.79 .38 mMmx5.12 m mm x 4.59 mm)
o 23% 1
Bit Density 0.137 Gb/mm? 0.167 Gb/mm? 0.205 Gb/mm?
Pitch 38nm /53 nm/62nm 38 nm /53 nm/62nm 33nm/46.5nm /53 nm
(Act/WL/BL) ’
Cell Size 0.0033 um? 0.0033 pum? 0.0025 pum?

%
L Tech
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Micron 1y DDR4: 16 Gb die just released

1y DDR4 1y DDR4

Memory / Die 8 Gb 16 Gb ===
. . |
Die Markings 721C L22A 8 Gb DDR4
Qi 39.11 mm? 81.52 mm?
Die Size (8.52 mm x 4.59 mm) (8.59 mm x 9.49 mm) l
Bit Density 0.205 Gb/mm? 0.196 Gb/mm?
ACtive PItCh 33 nm 33 nm || w\””;w\w’”me y|r umluw W\ i m”’uu; ”””W
it
WL Pitch 46 nm 46 nm T rwl bt ;umrmrmw
il MIHIZ Hill !'J'JI i 'J Bl
BL Pitch 33 nm 33 nm il r'fwlwu T e
;ww“ O O T 'H
. A Vl! Il i UUH‘
Cell Size 0.0024 um? 0.0024 pum? R ,{,,.,WH
ﬂ”ﬁ!“\ U”]IWHH”I Wl \m”l !VI‘“ I ‘”!lv ][” |‘|¥m W Il ”I'Wlw ’
. l\NW“ O
Cap. Design Honeycomb Honeycomb
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Comparison: SK Hynix DRAM 2y vs. 2z

21 nm 1st Gen. : 21 nm 2nd Gen.
1

HOTQ18ABJTMC eMCP
Package 16 Gb LPDDR3 + 128 Gb eMMC
(2 Dice + 4 Dice)

H5ANSGSNAFR-UHC
8 Gb DDR4 (1 Die)

Die Size 76.0 mm?2 53.6 mm?2
(9.50 mm x 8.00 mm) (9.45 mm x 5.67 mm)
Memory/Die 8 Gb 8 Gb
(Memory Density) (0.105 Gb/mm?) (0.149 Gb/mm?)

Memory Density Increase - 42 % (from 21 nm 1st Gen.)

Pitch_Measured 41 nm /66 nm /66 nm

(Active/WL/BL)
Cell Size 0.0043 pm?2 0.0036 pm?2
Cell Size Shrink = 16.3% |
checker _honeycomb
256 Tato ol

Cap. Design

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
41 nm/55nm /63 nm :
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
o
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SK Hynix DRAM FEOL: 2z with BL AG

= Active STI & B-Gate (along WL)

W/TIN TiN storage capacitors
storage node W storage  node

posts

1 X tor

node Iandlng i

contact Sl

Si
storage node
pasts

Tech
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SK Hynix LPDDR4X: 2z vs. 1x (6 Gb & 8 Gb Die)

21 nm 2" Gen. (22)

LPDDR4_6 Gb

21 nm 2" Gen. (22)

LPDDR4_8 Gb

1X LPDDR4_6 Gb

1X LPDDR4._8 Gb

28

Application
(Examples)

Memory / Die
Die Size

Bit Density
Active Pitch
WL Pitch
BL Pitch
Cell Size

Cap. Design

HOHKNNNEBMMU
HOHKNNNDBMAU

6 Gb

39.31 mm?
(7.74 mm x 5.08 mm)

0.153 Gb/mm?

H9HP52AECMMD
(eMMC BGA)

8 Gb

50.25 mm?
(9.99 mm x 5.03 mm)

0.159 Gb/mm?

HO9HKNNNEBMBU
(Huawei Mate 20)

6 Gb

32.52 mm?
(7.04 mm x 4.62 mm)

0.184 Gb/mm?

HOHKNNNCRMMU
(iPhone XS A1920)

8 Gb

41.80 mm?
(9.03 mm x 4.62 mm)

0.191 Gb/mm?

41 nm 41nm 15|fo | 35nm 35 nm
55nm 55nm 15{pe | 47 nm 47 nm
63 nm 63 nm 14184 l 54 nm 54 nm
0.0036 pum? 0.0036 um? 30184 ! 0.0025 pm? 0.0025 pm?
Honeycomb Honeycomb Honeycomb Honeycomb
Tech
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1x nm LP4 Die Design Comparison: Samsung vs. SK Hynix

: Samsung 1x
Area Detalils LPDDR4X die

SK Hynix 1x

Parent Product K3UH6H60AM-AGCJ
Memory capacity / Die 6 Gb
Die Size (Sealed Area) 32.6 mm?
Unit Cell Size 0.0026 pm?
Command, Address, DQ
Area 1 buffer, Voltage generator, 2.84 mm? (8.70%)
I/O, etc.
Area 2 Row/Block Decoder 1.43 mm?2(4.38%)
Area 3 Column Decoder, Data 1.74 mm?(5.33%)

Control, write driver, etc.
Area 4 Memory Cell Array 21.66 mm?2(66.44%)

Area 5 SWD, BL S/A 4.48 mm?2(13.74%)

* For more details, please refer to Techinsights’ Memory Die Floorplan Analysis Reports (MFR).
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LPDDR4X die

HOHKNNNEBMBU-DRNEH

6 Gb
33.52 mm?2

0.0025 pm?

4.88 mm2 (13.56%)
0.49 mm?(1.46%)
0.94 mm?2(2.80%)

18.97 mm?2(56.60%)

5.21 mm2(15.54%)

Tech




SK Hynix 1x DRAM LPDDRA4X Cell Array Top Views

v HOHKNNNEBMBU-DRNEH LPDDR4 6GALLPD4E/SK8GLPDAE die

il W L . B
gy L
§gh L
MM A LA
Sglglgtging,
o 989845,
Sglglgiqgigi,
o B (AL A AKX
. ' % ' 3 . ' . £
o b efqetqyhy,
L gtefgt,

Active Pitch 36 nm WL Pitch 47 nm BL Pitch 54 nm
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SK Hynix 1x DRAM: DDR4 & LPDDR4

ITEMS 1X LPDDR4X 1X LPDDR4X 1X DDR4
(6 Gb Die) (8 Gb Die) (8 Gb Die)

Application HOHKNNNEBMBU H9HKNNNCRMMU H9HKNNNEBMBU
(Examples) (Huawei Mate 20) (iPhone XS A1920) (Huawei Mate 20)
Memory / Die 6 Gb 8 Gb 8 Gb
Die Markings B6GALLPD4E SK8GLPD4E 8G-ALDDR4B
Die Size e e
Bit Density 0.184 Gb/mm? 0.191 Gb/mm? 0.196 Gb/mm?
Active Pitch 35 nm 35nm 35 nm
WL Pitch 47 nm 47 nm 47 nm
BL Pitch 54 nm 54 nm 54 nm
Cell Size 0.0025 pm? 0.0025 pm? 0.0025 pm?
Cap. Design Honeycomb Honeycomb Honeycomb
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SK Hynix 1x DDR4: 16 Gb die just released

1X DDR4 1X DDR4
ITEMS (8 Gb Die) (16 Gb Die)

16 Gb

Memory / Die 8 Gb
Die Markings 8G-ALDDR4B
2
Die Size 40.71 mm

(8.36 mm x 4.87 mm)

Bit Density 0.196 Gb/mm?
Active Pitch 35nm
WL Pitch 47 nm
BL Pitch 54 nm
Cell Size 0.0025 pum?
Cap. Design Honeycomb
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16G-ALDDR4 3 Gb DDR4

81.52 mm?
(8.59 mm x 9.49 mm)

0.196 Gb/mm?
35 nm
47 nm
54 nm
0.0025 pm?

Honeycomb
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SK Hynix Process Comparison: 2z vs. 1x

U BL, BLC & SNP/SNC

e 2y

Sk e WSONWINPOVS!  yysiaivpol- WINSINWTINPol-Si
(20nm/2nm/5nm/4nm/40nm) (20nm/2nm/5nm/4nm/40nm)
- Spacer SiN/Air-gap SiN/SiO SiN/SiO
Air-Gap Used Not Used Not Used
BLC BLC Mat. Poly-Si Poly-Si Poly-Si
SN LP LP Mat. W M1 W M1 W M1
SNP/SNC Stack WITIN/CoSi/Poly-Si WITIN/CoSi/Poly-Si WITIN/CoSi/Poly-Si

|

e 0 o = =04
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Top viewed SNC & BL

]
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SK Hynix Process Comparison: 2z vs. 1x vs. 1y

Q Cell Capacitor

L tems 2 x| v

Cell Cap. Height 1.22 pm 1.22 ym 1.22 pm
CEPEH AT et (4.7 nm a-S(i:%;::gg?r:to cylinder) (4.9 nm a-S(ijﬁ::gj?r:to cylinder)
Bot. Node TiN TiN / (a-Si) TiN / (a-Si)
High-k Dielectrics TE/AIZrO/ZrO/BE TE/AIZrO/ZrO/BE TE/AIZrO/ZrO/BE
Plate (Top Electrode) W/SiGe/TiN W/SiGe/TiN W/SiGe/TiN
# MESH 2 2 2

1st / 2nd MESH Thickness 32 nm/ 109 nm 40 nm/ 92 nm 18 nm/ 110 nm

Top Viewed Cap. & MESH
TEM/SEM Images
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SK Hynix 1x nm DRAM: S/A Transistor Structure changed

v’ Partially recessed channel used on Bitline S/A TRs Conventional TRS

v" 60 nm recessed channel depth
v" For both DDR4 and LPDDR4X
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Recess channel TRs Recessed TRs Recessed TRs
=4 (BL S/ATRS) (BL SIATRS)

BL Precharging/Equalizing TRs
BL Switches
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SK Hynix 1y nm DRAM: S/A Transistor Structure?

v" Recessed channel used on S/A TRs
v" 60 nm depth, 90 nm Gate Length
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R S R R R R R R R R
SK Hynix Process Comparison: 2z vs. 1x

 Cell B-WL & Peripheral Gate

Cell STI Depth 270 nm 260 nm
RCAT Depth 150 nm 140 nm
Poly-Si/W/TIiN Poly-Si/W/TIiN
SR LSRR (36nm/51nm/3.5nm) (36nm/41nm/3.5nm)
Gox. (side) SiIO 5.7 nm SiO 4.5 nm
HM on WL SiN Liner SiN (52 nm)
Stack W/SION/W/TiN/Poly-Si W/WSIiN/W/TiN/Poly-Si
(From top) (27nm/1.7nm/5.8nm/3.4nm/ 58nm) (20nm/2nm/5nm/4nm/40nm)
Spacer b-SiO/SiN/SiO/SIN b-SiO/SiN/SIN
Peripheral Gate LV Ox SION/SIO on Si SION/SIO on Si
' (2.2 nm thick in total) (2.8 nm thick in total)
HV Ox SiON/SIO on Si SiON/SIO on Si

(5.2 nm thick in total) (5.4 nm thick in total)
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16 Gb DRAM Die Comparison: SK Hynix vs. Micron

SK Hynix 16 Gb Micron 16 Gb
T DRAM Die DRAM Die

Memory / Die

38

Application
Die Markings

Die Size

Tech. Node

Bit Density

Cell Size

Die Floorplan

16 Gb

DDR4

16G-ALDDR4

81.52 mm?

(8.59 mm x 9.49 mm)

SK Hynix 1x

0.196 Gb/mm?2

0.0025 pm?
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16 Gb
DDR4
Z22A

81.30 mm?

(8.54 mm x 9.52 mm)

Micron 1y

0.197 Gb/mm?2

0.0024 pm?
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oo\
Nanya Technology: 20 nm DRAM DDR4 (2017~2019) *@}'

) 1cm Lertome: !
ADATA Technology Kingston Memory Nanya Technology

i Bpoly Level|

| lIIIIl||| T

SRR

Cell Size: 0.0045 pm?
D/R: 20 nm
Bit Density: 0.120 Gb/mm?
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20nm DRAM Cell Design: Micron vs. Nanya

40

v" Nanya 20nm A-Die is exactly the same cell design as Micron’s
v" Nanya 20nm D-Die may will be different from Micron’s (on procuring)

“ Micron 20 nm DRAM (B-Die) Nanya 20 nm DRAM (A-Die)

Application DDR4 DDR4
(Ex. Parts) (MT40A2G4WE-075E:B) (NT5AD512M16A4-HR)
Memory Capacity (/Die) 8 Gb 8 Gb
Die Size 64.63 mm? 66.77 mm?
(Die Seal) (10.88 mm x 5.94 mm) (10.91 mm x 6.02 mm)
Bit Density 0.124 Gb/mm? 0.120 Gb/mm?
Cell Size 0.00446 pm? 0.00446 pm?
e 38nm / 86nm / 72nm 38nm / 86nm / 72nm
(WL(S)/WL(L)/BL)
BL/Capacitor Pattern Wavy/Honeycomb Wavy/Honeycomb

POoe oo FvoPe

Cell Pattern

Die Markings Nothing
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Samsung DRAM Cell Transistor Design (3x/2x/2y/1x/1y) Trend

T I N T T
Gate Materials W/TiN W/TiN W/TiN W/TiN Poly-Si/W/TiN
RCAT Depth (a) 146.2 nm 145.6 nm 154.0 nm 138.0 nm 142.4 nm
HM Fill (b) 78.0 nm 68.7 nm 70.7 nm 59.1 nm 62.5 nm
Gate Height (c) 68.2 nm 76.9 nm 83.3 nm 78.9 nm 10.8 nm/69.1 nm
Saddle Depth (d) 41.1 nm 37.2nm 29.5 nm 26.0 nm 16.6 nm
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Micron DRAM Cell Transistor Design (30nm/20nm/1x/1y) Trend

[ recnvose | soom | oo | w | ny
Gate Materials W/TiN W/TiN W/TiN Poly-Si/W/TiN
RCAT Depth (a) 158.3 nm 146.1 nm 147.2 nm 148.7 nm

HM Fill (b) 70.7 nm 49.1 nm 56.5 nm 71.2 nm
Gate Height (c) 87.6 nm 97.0 nm 90.7 nm 20.8 nm/56.7 nm
Saddle Depth (d) 26.0 nm 34.4 nm 26.4 nm 19.5 nm

Si-substrate

‘2x

3x
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SK Hynix DRAM Cell Transistor Design (3x/2x/2y/2z/1x/1y) Trend

T T T T S S

Gate Materials W/TiN W/TiN W/TiN Poly-Si/W/TiN Poly-Si/W/TiN Poly-Si/W/TiN
RCAT Depth (a) 147.8 nm 1523 nm 132.4nm 136.5 nm 133.8 nm 141.9 nm
HM Fill (b) 58.5 nm 50.7 nm 55.2 nm 54.7 nm 54.7 nm 47.4 nm

Gate Height (c) 89.3nm 101.6nm 77.2nm 25.1nm/56.7nm 27.4nm/51.7 nm  40.8 nm/53.7nm
Saddle Depth (d) 49.2 nm 25.9 nm 32.3nm 35.2 nm 32.4nm 27.8 nm
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Comparison DRAM Peripheral Transistors: Structure

ANANE NN

W based peripheral gate stack

Different barrier layers for each device/manufacturer

S/D Contacts with CoSi
Gox with nitrided oxide

Manufacturer Samsung Micron SK Hynix
Tech Node 2y (DDR3) 1x 1y
o 2 SiN
Gatelmage | JKEESE || R TR | T 0 | - | RERTEEES | i
(x-section TEM) t/
e \ 1 poly 1 £
Gate Layer 1 Poly-Si Poly-Si Poly-Si 1 Poly-Si 1 Poly-Si 1 Poly-Si
Gate Layer 2 TiN TiN Poly-Si 2 Poly-Si 2 Poly-Si 2 TiN
Gate Layer 3 WN w w TiN TiN TiN w w W
Gate Layer 4 w w WN WN SiON WSiN WSiN
Gate Layer 5 W WSiN w w W
Gate Layer 6 w
Gate Height (Total) 62 nm 57 nm 58 nm 73nm 80.5nm 63nm 98 nm 71nm 71nm
Gox Structure Si0/SiON/SiO SION/SiO SION/SiO SION/SiO SION/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO
LV Gox Thickness 2.3nm 3.0nm 2.5nm 2.7nm 2.3nm 2.0nm 2.2nm 1.8nm 1.8nm
HV Gox Thickness 6.0nm 5.8nm 5.0nm 6.4nm 5.6nm 5.0nm 52nm 5.4nm 4.2nm

Gate Spacer

SiN liner / SiO SW

SiN liner / Si0O SW

SiN liner / Si0O SW

SiN liner / Si0O SW

SiN liner / SiO SW

SiN liner / SiO Buffer / SiN

SiN liner / Si0O SW

SiN double liners / SiO SW

SiN double liners / Si0 SW

S/D Materials

CoSi

CoSi

CoSi

CoSi

CoSi

CoSi

CoSi

CoSi

CoSi

Report ID

0315-39040-0-5DM-100

AME-1701-805

AME-1902-802

0716-43012-0-5DM-100

AME-1804-803

AME-1905-801

AME-1703-801

AME-1811-801

AME-1911-801
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DRAM

Graphic DRAM, HBM/HMC

Tech
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AMD & NVIDIA GPU Card Summary

v" GDDR6X & HBM2E, HBM3 in 2020, while no more HMC next gen.

HBM/HMC/GDDR5/GDDR6 PRODUCTS

2H2019 updated
HBM2

NVIDIA ®
NVIDIA

GDDR5X Q
NVIDIA

o
)
)
Q
(Vp)
>
S
)
=
)
>

AMD
NASI
EVGA et

GDDR5/ ®

HMC1* & 2

Memory Bandwidth

* Fujitsu SPARC64 XIfx

Tech
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Comparison GDDR6 Die: Samsung vs. Micron

Samsung GDDRG6 (4 Gb & 8 Gb Dies) Micron GDDRG6 (8 Gb Die)

Parent Products

GDDRG6 Package
Markings

GDDRG6 Device
Die Size
Die Markings

Memory/Die
Bit Density

Technology Node
Cell Size

Die Photograph

A7  Techinsights CONFIDENTIAL. All

NVIDIA GeForce NVIDIA Quadro
RTX™ 2080 RTX™ 5000
8 GB GDDR6 (8 PKGSs) 16 GB GDDR6

K4780325BC-HC14 K4ZAF325BM-HC14

K4z80325BC-HC14 K4ZAF325BM-HC14

48.12 mm?2
(9.08 x 5.30 mm?)

K4Z80165BM 2017

26.42 mm?
(5.37 x 4.92 mm?)

K4Z41165BC 2017

4 Gb 8 Gb
0.151 Gh/mm? 0.166 Gh/mm?
1x (18 nm) 1x (18 nm)
0.0026 pm? 0.0026 pm?

i

,py m WT

I Iﬂlﬂl

content © 2020. Techinsights Inc. All rights reserved.

NVIDIA GeForce
RTX™ 2080
8 GB GDDR6 (8 PKGSs)

8QA77
DOWCW (M)

MT61K256M32JE-14:A

85.6 mm?2
(12.89 mm x 6.64 mm)

YO01G

8 Gb
0.093 Gbh/mm?

2y (20 nm)




Micron HMC2 Controller Die

v" IBM die markings, GF fabbed 32nm SOI process, 12 Metal Layers

D3x, 92.6 mm?
ST

s
moimiom

@
2

8
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SK Hynix HBM2:
AMD 215-0894144 Vega 10 XT

P . ¢ SKHynix HBM2

\
PO T ¥ PO @S V- NS Ve B A

DRAM die 4 (HS/REGECA)

weea-bvel

encapsulant l ‘

&0 @ @ @ @ g @ @i @ @

- - v
— —
I:"ies‘«nghts - i L -I&;ﬁghtg

W

Report ID: EXR-1901-802

£ e m il SK Hynix HBM2 DRAM Die Floorplan (2z) Tech
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Samsung HBM2 @NVIDIA Tesla P100 PCle GPU

v" Samsung 4 GB HBM2 DRAM Package (8 Gb/die x 4) -
v" NVIDIA GPU Processor Die (TSMC 16 nm FinFET) Baind el

HBM2

v' Si Interposer Die, Buffer Die LT rawan teora

PA4H00.M1W

v Same PKG configuration with AMD Radeon R9 Fury X GPU || iiesou i
v' #TSV/Die: ~4830

Inte}po‘ser Die | by GPU Processor Die Samsung HBM2 DRAM Di

-— = N

terposer Die
=y T
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Intel HBM2: SR3RM 8" Gen. Quad Core™ {5-8305G Processor

v' Radeon™ RX Vega M GL GPU die _
v' CPU die T o —
v' HBM2 die - Samsung K4C8E1K6MB e ' x
v’ Buffer Die | : |

v EMIB* Die A

corner

~"“SR3RM PWB=="=

\4 Optical_Cross-section_Images\Mosaic_A\complete_mosaic_D_Corrected _305337.png

Package Cross Section — General View

GPU  CPU

I 3D HBM2 package |

2V5-091201-00 GPU die

\4 Optical_Cross-section_Images\9 BF_EMIB_mosaic_10x_306500.png
Package Cross Section — EMIB Area

HBM2  EmIB  Buffer

* Embedded Multi-die Interconnected Bridge
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Intel SR3RM Package with HBM2 DRAM Dies

SR3RM 8t Gen. Quad Core™ i5-8305G

Product with Radeon™ RX Vega M GL GPU

1 AMD GPU + 1 KBL CPU

Package Components 4 HBM2 dice (3 thinner + 1 thicker)

1 Buffer die
1 EMIB die
PKG Size 58.5mmx 31.0x 1.5 mm
# Metal Layers (PWB) 12
HBM DRAM Die Size 82.19 mm?2(11.42 mm x 7.46 mm)
HBM density (/die) 8 Gb
HBM DRAM Die Markings K4C8E1K6MB
HBM DRAM Die density 0.097 Gb/mm? HBM2 DRAM Die
removed from SR3RM
HBM DRAM Die Thickness 58 um, 250 pum
HBM DRAM Cell
T — Samsung 20 nm (2y) node
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DRAM

DRAM/TSV
for Camera Module
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Conventional 3D CIS pixel chip and logic IC integration:

On chip color filter and micro lens

CIS Die

CIS (Si)
L N Ll Ll L L

2 000000 0000%

CIS (Insulator)

- e

Logic Die

Logic (Si)
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DRAM Application for Camera Module: Triple Stack

SONY IMX400 SONY IMX345 Samsung S5K2L3SX & S5K2L4SX

e, Sony Xperia XZs Samsung Galaxy S9+ Samsung Galaxy S9+ SM-G965N
Smartphone SM-G965U Samsung Galaxy S10+ SM-G975F
CIS CIS CIS
Staclb< DRAM DRAM ISP
(top to bot.) ISP o DRAM
DRAM Die Micron Micron Samsung
Manufacturer (Elpida Fab.) (Elpida Fab.) (K4F2A164HF)

DRAM Die
Photograph
(Bpoly)
Die Size 8.07 x 6.06 mm? 7.70 x 5.75 mm? 5.33x3.17 mm?
Tech. Node 3x 3x 2y
Die-to-Die Con. TSV TSV TSV + Micro bump

Tech
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Selected DRAM Components (Tear Down) Update: 2019

Category

Mobile Phone

Tablets
/Notebook

loT

SSD

HBM/HMC

Parent Devices

Samsung Galaxy S10+
Xiaomi Mi 9 SE
Xiaomi Mi 9
Motorola Moto E Play
Huawei Honor V20
LG Stylo 4+
Samsung S10 5G

Dell XPS 13

Apple iPad Pro 11
Google Pixelbook COA
Microsoft Surface Go

Amazon Echo Dot

Samsung Z-SSD 983
Samsung SSD PM983
Intel SSD 660p
AMD Radeon Pro WX
Micron HMC2
Intel SR3RM HBM2

DRAM
Component

K3UH7H70AM-AGCL
H9HQ53AECMMDAR-KEM
K3UHAHAOAM-AGCL
KMQE60013M-B318
K3UH6H60AM-EGCL
MT29TZZZ7D7DKLAH
H54T2D63M (5G Modem)

K4E6E304EC-EGCG (Board)
H9CCNNNSJTBL (SSD)

HO9HCNNNBRMMLSR-NEH
K4E6E304EB-EGCF
HO9CCNNNBKTALBR
KMFJ20005A-B213
K4F2E3S4HA-BGCH
K4FJE3Q4HA-BGCH

NT5CC128M161P-DlI
HBM2 H5VR8GECA
MT43A4G40200NFA-S15
K4C8E1K6MB
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Manufacturer

Samsung
SK Hynix
Samsung
Samsung
Samsung
Micron
SK Hynix

Samsung
SK Hynix

SK Hynix
Samsung
SK Hynix
Samsung
Samsung
Samsung
Nanya
SK Hynix
Micron

Samsung

#Dies
/PKG

w o0

O N N N N B NN OB

[EY

A~ B~ b

Description

8 GB LPDDR4X (1y)
BGA: 6 GB LPDDRAE (1x)
12 GB LPDDR4X (1y)
eMMC: 2 GB LPDDR3 (2x)
6 GB LPDDR4X (1x)
eMMC: 3 GB LPDDR3 (2x)
2 Gb LPDDR4 20nm

2GB LPDDR3 (2x)
512 MB DDR3 (2x)

2 GB LPDDR4X (22)
2 GB LPDDR3 (2x)

2 GB LPDDR3 (2y)
eMMC: 512 MB LPDDR3
1.5 GB LPDDR4X (1x)
6 GB LPDDR4X (1x)
256 MB DDR3
HBM2 (22)
HMC2 (3x)
HBM?2 (2y)

Tech



Die Floorplan/Functional Blocks/Cost Analysis (-2019)
MFR Report ID

MFR-1912-801 SK Hynix 1y 8 Gb DDR4 8 Gb DDR4 (1y node) DRAM Die
MFR-1908-801 Micron 1y 16 Gb DDR4 16 Gb DDR4 (1y node) DRAM Die
MFR-1907-802 Micron RLDRAM RLDRAM 3 Gen.
MFR-1903-804 Samsung GDDRE6 (8 Gb) 4 Gb GDDR6 DRAM Die
MFR-1903-801 Samsung GDDRE6 (16 Gb) 8 Gb GDDR6 DRAM Die
MFR-1803-801 Samsung 1x 8 Gb LPDDR4X 8 Gb LPDDR4X (1x node) DRAM Die
MFR-1902-801 Samsung 1y 8 Gb LPDDR4X 8 Gb LPDDR4X (1y node) DRAM Die
MFR-1902-802 Samsung 1y 8 Gb DDR4 8 Gb DDR4 (1y node) DRAM Die
MFR-1808-801 SK Hynix GDDRS (8 Gb) 8 Gb GDDRS5 DRAM Die
MFR-1901-801 SK Hynix HBM2 HBM2 DRAM Die
MFR-1811-802 SK Hynix 1x 6 Gb LPDDR4X 6 Gb LPDDR4X (1x node) DRAM Die
MFR-1811-803 SK Hynix 1x 8 Gb LPDDR4X 8 Gb LPDDR4X (1x node) DRAM Die
MFR-1901-802 SK Hynix 1x 8 Gb DDR4 8 Gb DDR4 (1x node) DRAM Die
MFR-1905-801 SK Hynix 1x 16 Gb DDR4 16 Gb DDR4 (1x node) DRAM Die
MFR-1809-801 Micron GDDRE (8 Gb) 8 Gb GDDR6 DRAM Die
MFR-1810-802 Micron HMC2 HMC2 DRAM Die
MFR-1906-802 Micron 1x 6 Gb LPDDR4 6 Gb LPDDR4 (1x node) DRAM Die
MFR-1805-802 Micron 1x 8 Gb LPDDR4 8 Gb LPDDR4 (1x node) DRAM Die
MFR-1804-802 Micron 1x 8 Gb DDR4 8 Gb DDR4 (1x node) DRAM Die
MFR-1805-801 Micron 1xs 8 Gb DDR4 8 Gb DDR4 (1xs node) DRAM Die
MFR-1905-802 Micron 1y 8 Gb DDR4 8 Gb DDR4 (1y node) DRAM Die
MFR-1803-801 Nanya 20 nm 8 Gb DDR4 8 Gb DDR4 (20 nm node) DRAM Die
MFR-1808-802 UnilC (China) 3x 2 Gb DDR3 2 Gb DDRS3 (3x node) DRAM Die
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