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DRAM Product Roadmap Update
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DRAM Technology Roadmap Update

Cell Layout
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DRAM Technology Innovation
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DRAM Manufacturers and Technology Trend

DRAM Market Share (%)

« 3 Majors and 3 Minors now

« Keeping 6F?with higher-k cap. dielectrics

* Developing 1T DRAM

« Upcoming DDR5/LPDDR5 & HBM3/HMC3

B 00
P 0

Samsung  SK Hynix Micron Nanya Winbond Powerchip  Others

e G-line, i-line

Technology - 1M, 4M, 16M
. » 8F2, 0.45~0.25 um
Innovatlon e Planar, Stack, Trench
Manufacturers

¢ i-line, KrF, KrF-a, ArF
* 64M, 256M, 512M

* 6F2, 0.25~0.06 um

» CUB, COB, HSG Cap.
* STI, ONO Cap. Ox.

* RCAT, Cylinder Cap.

("

Elpida

Hynix Elpida 7 SK Hynix
Micron SIS Micron Group
Nanya il Nanya
PowerChip Nanya Pow)érChip
ProMos e Chip Samsun
Samsung amsung
Samsung R ond Winbond

Winbond

* 6F2, 40~18 nm

» COB, MESH, Air-gap

* High-k TaO, ZAZ Cap. Ox.
* B-RCAT, Metal Gate

+ Saddle-type FinFET

\_- TSV, HBM182, HMC1 __/

ArF, ArF-1, DPT, QPT ™\
1G, 2G, 4G

(CEUV,QPT )
» 16~32 Gb/Die

* 6F2, 4F2

*15~12 nm

« 1T DRAM

» Capacitorless

* Vertical Gate

* Air-gap, SOI

(LPDDRS, HBM9
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DRAM AME Report Roadmap
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Trend of Mobile DRAM Low Power Components

on Apple/Samsung Products Update

* LPDDR2 = LPDDR2,3 * LPDDR3,4 * LPDDR4 * LPDDR4 * LPDDR4 *+ LPDDR4X
Apple + 512MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |+ 512MB/die |- 1GB/die
iPhone * 768 MB/die |+ 768 MB/die SELL
. 1GB/die 4 GB (XS/XS Max)
* Elpida * SK Hynix * Samsung * Samsung * Samsung * SK Hynix +  Micron
¢ SK Hynix *  Micron * SK Hynix * SK Hynix * Micron
* Micron
* LPDDR2 * LPDDR2,3 * LPDDR3 * LPDDR4 + LPDDR4 * LPDDR4X * LPDDR4X
Samsung
Galaxy *+ 512 MB/die |+ 512MB/die |+ 512MB/die |+ 384MB/die |+ 512MB/die |* 1GB/die « 1GB/die
+ 768MB/die |+ 512MB/die |+ 1GB/die 4 GB/PKG(S9)
6 GB/PKG(S9+)
* Samsung * Samsung * Samsung * Samsung * SK Hynix * Samsung * Samsung
*  Samsung
2012 2013 2014 2015 2016 2017 2018

* Galaxy S10, S10+ will be released in March, 2019
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DRAM Devices used for iPhone X and XS/XS Max

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"d 211N 2017, 1X nm
6 Gb/die, 0.153 Gb/mm? 8 Gb/die, 0.152 Gb/mm?

256 GB 3D TLC NAND

AL 2 E IR AITE LA (128 GB & 512 GB available)
Toshiba TSBL227 SanDisk SODMPEGF18

NAND Details 4 NAND dice + 1 Controller 8 NAND dice + 1 Controller

FFK8 128G, 2D 15nm_2nd FRN1256G, 3D 64L (V4) TLC

128 Gb/die, 1.28 Gb/mm? 256 Gb/die, 3.40 Gb/mm?

STMicroelectronics (Main)

Ao ON Semiconductor (RF) To be found
Memorv in Baseband Intel PMB9948 Intel PMB9955
Process\ér Micron LPDDR2 128 MB SK Hynix LPDDR4 2Gb
1 LPDDR2 die + 1 Processor 1 LPDDR4 die + 1 Processor
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DRAM Cell Technology Node Definition: BL Half Pitch?

ITRS Reference

DRAM ¥%; Pitch
= DRAM Metal Pitch/2
MPU/ASIC M1 % Pitch
= MPU/ASIC M1 Pitch/2
Metal
Pitch

Typical DRAM/MPU/ASIC
Metal Bit Line

FLASH Poly Silicon 2 Pitch
= Flash Poly Pitch/2

Poly
Pitch

8-16 Lines

Typical flash
Un-contacted Poly

11

Pitch Area not showing DRAM %2 Pitch

Industry/Vendor Reference

DRAM Smallest %2 Pitch
= DRAM Active "2 Pitch

ACTIVE |/,
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DRAM Technology Node Trend

DRAM Scaling Down (Tech. Node)

Samsung s SK Hynix —e—icron Nanya
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DRAM Die Size & Density Trend

DRAM Die Size & Density Trend

140 0.40

B Die Size (mm?2)

120 | 4 0.35

-I-Memory Density (Gb/mm2) 1 030
100 | '
4 0.25
80
4 0.20
60 r
1 0.15
40
4 0.10
20 I 1 0.05
0 0.00

Samsung Samsung Samsung SKHynix SKHynix SKHynix SKHynix  SKHynix Micron Micron Micron Micron Micron Micron Micron
31{30 nmy) 21{25 nm) ly[Zl] nm) 1x_6Gb 1x_8Gb 1y_8Gb 3x(30nm) 2x (26 nm) 2y8Gb LP4 2z 8Gb LP4 1x 8Gb LP4  3xnm 2% nm 2ynm  2ynmlP4 1xnm 1lxnmlP4 1xsnm
DDR4 DDR4 DDR4

Samsung SK Hynix Micron

Tech

13 Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved. I n S Ig h s



DRAM Cell Size: Scaling Trend

DRAM Cell Size for Samsung, SK Hynix, Micron

Ii 1I \
O L TPLLELETT

Samsung SKHynix SKHynix SKHynix SKHynix § SK Hynix Micron Micron Micron Micron Micron Micron Micron

3x (30 nm) 2x (25 nm) 2y (20nm§ 1x_6Gb 1x_8Gb 1y_8Gb 3x (30 nm) 2x (26 nm) 2y 8Gb LP4 2z 8Gb LP4§1x 8Gb LP4] 3x nm 2x nm 2ynm  2ynm LP 1x nm IxnmLP4 1xsnm
| DDR4 DDR4 omy
Samsung SK Hynix Micron
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P nmsunig

SAMSUNG DRAM
Technology Update

1x DDR4 & LPDDRA4
Anti-fuse Structure on DRAM
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Comparison: Samsung DRAM 3x/2x/2y/1x nm

Die Size

Memory/Die
(Memory Density)

Memory Density
Increase

Pitch_Measured
(Active/WL/BL)

Cell Size

Cell Size Shrink

Cap. Design

Die Image

36 mm?
(7.5 mm x 4.8 mm)

2Gb
(0.056 Gb/mm?)

60nm/92 nm/92 nm

0.0083 pm?

checker

39.7 mm?
(6.53 mm x 6.08 mm)

4 Gb
(0.101 Gb/mm?)

813 %

52nm/66 nm/76 nm

0.0051 pm?

38.6 %

honeycomb
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56.26 mm?
(9.7 mm x 5.8 mm)

8 Gb
(0.142 Gb/mm?)

41.1%
40 nm /54 nm/62 nm
0.0033 pm?
353 %

honeycomb

42.35 mm?
(8.6 mm x 4.9 mm)

8 Gb
(0.189 Gb/mm?)

32.8%
37nm/48 nm/54 nm
0.0026 pm?
21.2%

honeycomb

1x (18 nm) DDR4 | 1x (18 nm) LPDDR4X

42.13 mm?
(9.24 mm x 4.26 mm)

8 Gb
(0.190 Gb/mm?)

37nm/48 nm/54 nm

0.0026 ym?

honeycomb




Samsung 1y nm:
8 Gb Die LPDDR4X removed from Renovo Z5 Phone

Tech

17 Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.



Samsung 1y nm DRAM Cell: 8 Gb Die LPDDR4X

Prej;
Samsung 1x Samsung 1y elim;j
_Minar,

| S m
Die Size 42.35 mm? 33.20 mm?

Memory Cap./Die 8 Gb 8 Gb
Bit Density 0.189 Gb/mm? 0.241 Gb/mm?

Active Pitch 37 .0nm 32.4 nm
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Comparison: Samsung DRAM Cell Pitch

Samsung DRAM Pitch Trend

nm
100
90 ol P_Active
20 =P WL
=P BL
70
60
50 =S
S —
40
30 —e

3x (30 nm) 2x (25 nm) 2y (20 nm) 1x (18 nm) 1y (17 nm)
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Comparison: Samsung DRAM Cell Array Design

Samsung 3x nm Samsung 2x & 2y nm
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Samsung 1x nm DRAM Cell Array

Top Metal Level

\\\\
1111111

7 atLeveI (Bpoly)

Samsung DDR4 K4A8G085WC-BCRC Technology Node
(Removed from 16GB 2Rx8 PC4-2400T-SE1-11, M471A2K43CB1-CRC DIMM)

* Active Pitch = 36 nm (Half pitch 18 nm)
34 nm in vertical direction)
* Active Pitchin WL direction =37 nm

* Activelineangle to BL = 22 deg.

* Activelineangleto WL = 68 deg.

* WL Pitch = 48 nm (Half Pitch 24 nm)

* BL Pitch =54 nm (Half Pitch 27 nm)

Technology Node =18 nm
(based on the smallest half pitch)

Tech
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18 nm Active Pattern
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Samsung 1x DRAM Cell Technology
v" QPT line pattern along a first direction

22

&
z




Samsung DRAM Capacitor Cell Pattern

v' Honeycomb Pattern
v Single photolithography & 2-step spacer deposition used (25nm)
v’ 2-step photolithography (20nm, 18nm)

Sil SiM
SOH etch & enlarge
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Samsung 1xnm DRAM Cell FEOL Structure

= WL & BL CONT

capacitors

|

= Active STl and B-Gate (along BL)
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Samsung 1xnm DRAM Cell FEOL Structure

= Active STl and B-Gate (along WL)

capacitors

landing

WITIN
source node

posts

word jine
w

word line
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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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Samsung 1x nm DRAM Cell Design & Process Flow

Techlnsights Memory Process Flow (PFA & PFF)

i — — T
;
: e —=
20 Resistor Mask (W/TiN Removal) 1 1
2 Peripheral NMOS Halo/Ext/LDD VT Adjust. 1 1
23 Peripheral PMOS Halo/Ext/LDD VT Adjust 1 1
24 Cell & Peripheral NMOS S/D Implant. 1 1
25 Peripheral PMOS S/D Implant 1 1
26 Cell Bitline (DPT) 1
31 Capacitor Hole (Honeycomb Structure) Photo 1
37 Metal3 1 1
-
. o e —
= e e
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Techlnsights Memory Process Flow (PFA & PFF)
Samsung 1x nm DRAM Cell Design & Process Flow
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Techlnsights Memory Process Flow (PFA & PFF)
Samsung 1x nm DRAM Cell Design & Process Flow

Module 12: BL
Step 23: 3020 SiN liner deposition

iso camera wfo cuts

Module 4: BCAT
Step 21: 1250 SiN deposition (cell plasmas ESL)

SiON
—_— Silicon

TiN
m -

Xz camera w/ yeut

s0 camera w/o cuts is0 camera w/ angle cut iso camera wif angle cut

Module 16: HCS
Step 37: 4120 Ashing

—1

3

iso camera w/o cuts iso camera w/ angle cut
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Module 23: Pad
Step 5: 4860 Ashing
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0
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Asilicon
AmarphousCarbon
C50H

Gas

Nitride

Nitride2

Oxide
OxideThermal
Photoresist
Folysilicon

SOH

SiGe

SION

silicon

TiN

Tungsten
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Samsung 1xnm DRAM Redundancy Array (Anti-fuse@DDR4)

WL Pitch: 200 nm

2T Anti-Fuse bit cell

0.24 pm x 0.49 um (0.12 pm?)
Kilopass anti-fuse Technology

2T anfifuse bit cell

Si substrate

K= § = = = =

smmmmprogramming transistor s

— bit line contact

::wc&i IIT (silethra?flstgr)' ‘t 0—'2_0«@1: : —-:

smmword line (select transistor) " () 24 ;;mP
2T antifuse bit cell
word line ™™=programming transistor
contact [EE——

0.49 pm

o-...o.o.-n—olooo

0.24 ym

* For more information, please refer to Techlnsights Memory EXR Report, EXR-1711-801 TeCh
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Samsung 1x nm LPDDR4X: 8 Gb vs. 6 Gb Die

= List of Devices with Samsung LPDDR4X Die

0o
@)
o
O
)

OPPO R11

OPPO R11t

Vivo X20

Vivo X20Plus

OPPO R11S

OPPO AT9

Xiaomi Tech Redmi Note 5 Pro MZB6089IN
Gionee 310

OPPO R11 Plus

Xiaomi Tech Note 3 MCE8

Samsung Galaxy S9 SM-G960U1 Smartphone
Samsung Galaxy S9 SM-G960F Smartphone
Samsung Galaxy S8 SM-G950U1 Smartphone
Samsung Galaxy S8+ SM-G955W Smartphone
Samsung Galaxy S8 SM-G950N Smartphone
Samsung Galaxy S8+ SM-G955N Smartphone
Samsung Galaxy S8 SM-G950W Smartphone
Samsung Galaxy S8 SM-G950F Smartphone
Samsung Galaxy S8 SC-02J Smariphone
Samsung Galaxy S8+ SM-G955F Smartphone
Samsung Galaxy S8 SM-G9500 Smartphone
Nokia 8 TA-1004 DS Smartphone

LG Electronics V30 LGM-V300S Smartphone 6 Gb Die
HTC U11 2PZC300 U-3u Smartphone

Google Pixel 2 GOO- G011A Smartphone
Essential Products PH-1 A11 Smartphone
Motorola Moto Z2 Force XT1789-04 Smartphone
Asus NovaGo TP370QL Laptop

Razer Phone RZ35-0215 Smariphone

Samsung Galaxy S9+ SM-G965F Smartphone
Samsung Galaxy S9+ SM-G965U Smartphone
Samsung Galaxy S9+ SM-G965N Smartphone
Sony Xperia XZ2 H8296

31 Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved. I ns I g hts



Samsung 1x nm LPDDR4X: 8 Gb vs. 6 Gb

Parents Products
Components
PKG Markings
# die /| PKG
Die Markings
Memory Capacity

Die Size
(Seal Die: Lx W)

Array Efficiency
Bit Density

Die Photograph

(RDL View / Diffusion View)

Samsung Galaxy S9
32 Gb LPDDR4X
K3UH5H50MM-NGCJ
4
K4F8E164HM
8 Gb / Die

42.13 mm?2
(9.24 mm x 4.56 mm)

82.7 %

0.190 Gb/mm?

32 Techinsights CONFIDENTIAL. All content © 2019. Techlinsights Inc. All rights reserved.

Samsung Galaxy S9+
48 Gb LPDDR4X
K3UH6H60AM-AGCJ
8
K4F6S164HA
6 Gb / Die

32.60 mm?
(7.15 mm x 4.56 mm)

82.5%

0.184 Gb/mm?2

1% Wil

Insights
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Comparison: Micron DRAM Cell 30 nm (3x) vs. 25 nm (2x)

ITEMS Micron 30 nm (3x) Micron 25 nm (2x)
Die Size 68.10 mm? 116.17 mm?
Memory Density 5.9 Gb/cm? 6.9 Gb/cm?2 17.2% 1
Cell Area, Feature 0.0084 pum?2, 6F2 0.0064 um?2, 6F2 23.8% |
Active Pitch (Half Pitch) 80 nm (40 nm) 72 nm (36nm) 8 nm !
WL Pitch (Half Pitch) 61 nm (30.5 nm) o 61 nm (30.5 nm)
BL Pitch (Half Pitch) 90 nm (45 nm) 80 nm (40 nm) 10 nm |
Active Pattern Line Discrete
Isolation Gate Used Not used
Active/WL Image
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Micron 2y nm (20 nm) DRAM Technology

= GDDR5X GDRAM

Key Features

« MT58K256M32JA-100:A GDDR5X GDRAM
« MT58K256M321JA-110 GDDR5X GDRAM
« 6F2 DRAM Cell size 0.0048 pum?

« 31.5 nm Active HP

*  b-WL W with 23 nm WL HP RCAT

« Straight WLs W/O isolation WL

« Wave-shaped BL W with 35 nm BL HP

* Two levels of MESH SiN

«  SNC WITiIN/CoSi/Si

« TE WI/SIi/SiGe/TiN

« ZrO/ZrAlO Cap Ox.
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Comparison Micron DRAM Cell: 30 nm (3x) vs. 20 nm (2y)

ITEMS Micron 30 nm DRAM Cell | Micron 20 nm DRAM Cell

Cell Areq, Feature
Active Pitch (Half Pitch)
WL Pitch (Half Pitch)
BL Pitch (Half Pitch)

Isolation Gate
Gate (WL)
BL Materials

Capacitor Dielectrics

Capacitor Electrodes

MESH Layers
Capacitor Heights

Die Size & Memory Density

0.0084 um?2, 6F2
80 nm (40 nm)
61 nm (30.5 nm)
90 nm (45 nm)

Used

Saddle-type Bulky Fin
Buried WL RCAT

W/WSiN/W/TiN/Poly-Si 1&2

ZrO/AIO/ZrO
(7 nm)

Bottom: TiN
(TiSi/Poly-Si SN Plug + SEG)
Top: TiN/Si/W
2 (Top Portion)

1,375 nm

68.10 mm2, 0.060 Gb/mm?2

0.0048 um? (43% |), 6F?
63 nm (31.5nm, 21% |)
46 nm (23 nm, 26% |)
70 nm (35 nm, 22% |)

Not used

Trapezoid-type Bulky Fin
Buried WL RCAT

W/TIN/Poly-Si 182

ZrO/IrAIO
(6 Nm)

Bottom: TiN
(W/TIN/CoSi/Si SN Plug)
Top: TiN/SiGe/Si/W

2 (Middle & Top Portion)
1,635 nm

85.60 mm?, 0.096 Gb/mm?2

36 Techinsights CONFIDENTIAL. All content © 2019. Techlinsights Inc. All rights reserved.
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Comparison: Micron Technology DRAM Pitch

37

om Micron DRAM Cell Pitch Trend
100
90 e=f==P_Active

80 | -

70

60 o
50
40

P WL

30
3X nm 2X nm
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Comparison: Micron Technology DRAM Cell Size

(x 10 ) Micron Technology DRAM Cell Size

20

80 |
70 |
60 |
50 |
a0 |
30 |
20 |
10 |

0

3X nm 2X nm 2y nm 1Xx nm
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Comparison Micron DRAM Cell: 3x nm vs. 2x nm

« DRAM Cell Array: Active, WL, BL Design

4
Arge

=
L el =l [ e

SN Storage Node Plug BC Bitline Contact

Micron 30 nm DRAM Cell Array Micron 25 nm DRAM Cell Array
(ex. MT41K512M8RH) (ex. MT53B256M64D2NL-062)
Tech
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Comparison Micron DRAM Cell: 2x vs. 2y

DRAM Cell Array: Active, WL, BL Design

Q. Q. Q. Q. Q,..mq

A, ﬁ.ﬁ!ﬁiﬁﬁ.ﬁ M

IT%EB hts

Micron 20 nm DRAM Cell Array
(ex. MT58K256M32JA-100)

d.

Micron 25 nm DRAM Cell Array
(ex. MT53B256M64D2NL-062)
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Comparison: Micron 3x vs. 2x vs. 2y DRAM Cell

« DRAM Cell Array: Active, WL, BL Design

ISO-WL ISO-WL ISO-WL

Micron 20 nm

Tech
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Comparison: Micron 3x/2x vs. 2y DRAM Cell
« STI Liner, Gate (Cell & Peri), SNP, Cap.

STI Liner

Micron 2y nm

Micron 3x & 2x nm DRAM Cell Array

DRAM Cell Array

Tech
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Comparison: Micron 2y vs. Samsung 2y

ITEMS Micron 20 nm DRAM Cell Samsung 20 nm DRAM Caell

Cell Areq, Feature
Active Pitch (Half Pitch)
WL Pitch (Half Pitch)
BL Pitch (Half Pitch)

Isolation Gate
Gate (WL)

BL Materials
BL Airgap

Capacitor Dielectrics

Capacitor Electrodes

MESH Layers

Capacitor Heights

0.0048 um?, 6F2
63 nm (31.5 nm)
46 nm (23 nm)
70 nm (35 nm)

Not used

Trapezoid-type Bulky Fin P

Buried WL RCAT
W/TIN/Poly-Si 182

| iz crannal

Not used

ZrO/IrAIO
(6 nm)

Bottom: TiN
(W/TIN/CoSi/Si SN Plug)
Top: TiN/SiGe/Si/W

2 (Middle & Top Portion)
1,635 nm

0.0033 pm?, 6F?
392 nm (19.5 nm)
54 nm (27 nm)
62 nm (31 nm)
Not used

Trapezoid-type Bulky Fin
Buried WL RCAT

W/TiN/Poly-Si

Used

LrO/AIO/IrO
(6.7 nm)

Bottom: TiN
(W/TIN/CoSi/Si_SEG SN Plug)
Top: TiN/SiGe/Si/W

2 (Middle & Top Portion)
1,356 nm

Die Size & Density

85.60 mm?2, 0.096 Glb/mm?

56.26 mm?, 0.142 Gb/mm?

43 Techinsights CONFIDENTIAL. All content © 2019. Techlinsights Inc. All rights reserved.
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Comparison: Micron 2y vs. Samsung 2y

44

« BL Air-gap, SNP, high-k Cap. Dielectrics

Samsung
20 nm
DRAM

Storage Node Contacts

Techinsights CONFIDENTIAL. All content © 2019.

Techlnsights Inc. All rights reserved.
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Micron 2y DRAM Technology

= DDR4 & LPDDR4 DDR4 LPDDRA4

Key Features

 DDR4: 8Gb/PKG (1 die/PKG)

« LPDDR4:; 24Gb/PKG (4 dies/PKG)
« 6F? DRAM Cell size 0.0048 pm?

« 31.5 nm Active HP

*  b-WL W with 23 nm WL HP RCAT )
« Straight WLs W/O isolation WL | Top metal View
« Wave-shaped BL W with 35 nm BL HP ! '
« Same Cell Design with GDRAM Cell

Diffusion Level

s
aV at
= !~
B/
B /B
gy .J-;.\-

e
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Techlnsights Memory Process Flow (PFA & PFF)
Micron 2y DRAM Cell Design & Process Flow

o Loy M R g s
%A‘. R N g///é///at. Z////%/Af é//%///f .2‘.///%/ 7 VZ///?

“
7

77/

// 7 s 7 7

7%% %//5// 797

T 1 g G G 7 L 7 i
Well/Active/BCAT

N

s
LT
N

N

S

N

: N
N

N

=

SNP & SN
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Micron 2y LPDDR4X Die (removed from All)

Apple A1l LPDDR4X die from A1l LPDDR4X die (Bpoly)

Technology Node: Micron 20 nm DRAM Cell
24 Gb/PKG, 6 Gb/Die

Die Size: 9.94 x 6.41 mm?

Bit Density: 0.094 Gb/mm?

LPDDR4 die (Bpoly)

N N N NN

Slightly different memory peripheral and peripheral layouts/design from LPDDR4 Die
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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
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e
Micron DRAM Technology Trend

B DRAM Cell Design (Pitch) Trend: Active, WL, BL

Micron Technology DRAM Cell Pitch Trend
=8—P_Active

= ——P_WL
5 —e—P BL
-y
o
£ .
<
S
.E

3x nm 2Xx nm 2y nm 1Xx nm

1

1X DDR4
1XS DDR4
LPDDR4 TeCh
Insights
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Micron DRAM Technology Trend

B LPDDR4 Memory Bit Density

Micron Technoloy LPDDR4 Die Size & Bit Density Trend
(mm?) (Gb/mm?)
140 0.20
120 mmDie Size -=-Bit Density
100 | 1 0.15
80
> 4010
60
W 1 0.05
20 |
0 0.00
2x nm 2y nm 1x nm
Tech
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Samsung 1x vs. Micron 1x DRAM Cell

Samsung 1X DRAM Micron 1X DRAM

6F2 Cell Size 0.0026 um2
Active Pitch 37 nm
WL Pitch 48 nm
BL Pitch 54 nm
Capacitor Design honeycomb

Cell WL/BL Images
(Top-viewed)

* 8 Gb DDR4 DRAM Cell, measured

51 Techinsights CONFIDENTIAL. All content © 2019. Techlinsights Inc. All rights reserved.

0.0033 pm?
38 nm
53 nm

62 nm

honeycomb
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DRAM Cell Size: Samsung 1x vs. Micron 1x

Comparison DRAM Cell Size: Samsung vs. Micron
(10*pm?)

60

50 -

40 -

30 -

20 -

10 ~

Samsung 2y Samsung 1x Micron 2y Micron 1x
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Comparison: Micron 2y vs. 1x/1xs

Process Module Micron 2Y (20 nm) | Micron 1X, 1XS

Wafer Substrate Thickness
Cell Size Cell Size
STI Depth (Cell)
Pitch (Cell)

CD (Cell, Top)

STI

Pattern Type
(FinFET) P

Patterning Method
Fill Materials

STI Liner

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

140 pum
0.0043 pm?2
355 Nnm
63 nm
18 nm
Island
Single
SiO
Not Used

210 pm, 180 pm

0.0033 pm?
360 nm
38 nm
28 nm
Island
Single

SiO
Not Used
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Comparison: Micron 2y vs. 1x/1xs

Process Module Micron 2Y (20 nm) [ Micron 1X, 1XS

RCAT Depth 140 nm 138 nm
WL Pitch 46 nm 53 nm
CD (Top-most) 15 nm 16 nm
Active/WL Shape  RCAT + Saddle Fin Ilji(r:\AT o Skl
RCAT
& RCAT Pattering DPT Single
B-WL
Cell Gate Height 105 nm 80 nm
Cell Gate Materials WI/TIN WI/TIN
Gox Thickness 4.0 nm 56 nm
(avg.)
Capping Material SIN SIiN

|T%‘."§ hts
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Comparison: Micron 2y vs. 1x/1xs

Process Module Micron 2Y (20 nm) | Micron 1X, 1XS

BC Height 30 nm
BC Materials/Stack Si/Si
BC Spacers SIN Liner
BL Pitch 70 nm
BC & BL BL CD (top) 18 nm
BL Height (Thick.) 30 nm
BL Type Wavy
BL Patterning Single

BL Materials/Stack  WI/TiN/Poly-Si 1 & 2

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

64 nm

Si/Si
SiN Liner

62 nm

14 nm

54 nm
Line

Single

W/TIN/WITIN/Si
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Comparison: Micron 2y vs. 1x/1xs

Process Module Micron 2Y (20 nm) Micron 1X, 1XS

BL Hard Mask
PMD under BL

BC & BL
BL/SN 1st Spacer
BL Air-Gap
SEG on Active
SNP Structure
SNP Height
SN Plug
(SNP) SNP Stack

SN Landing Pad
PMD under Cap.
SiN Recess on SNP

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

SiN/SiO SiO
SIiN SiN
Not Used Not Used
SEG SEG
Plug + LP Plug + MLP
106 nm 170 nm

WI/TIN/CoSIi/SI/ISEG WITIN/CoSIi/SI/SEG

W Contact W Contact
SIN SIiN
22 nm 20 nm

Tech



Comparison: Micron 2y vs. 1x/1xs

Process Module Micron 2Y (20 nm) Micron 1X, 1XS

Cell Capacitor

Capacitor Type

Pattern

Bot. Electrode Mat.
Bot. Electrode Thick.

High k Materials

High k Layer Thick.

Top Electrode Mat.
# Mesh
Lower Mesh Thick.
Upper Mesh Thick.
Capacitor Height

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

Cylindrical
Honeycomb
TiN
5.8 nm

ZrO/ZrAlO

6.0 nm

W/Si/SiGe/TiN
2
15 nm
65 nm
1.64 pm

Cylindrical
Honeycomb
TiN
6.2 nm

ZrHfNbO/ZrHfAIO
IZrHfNbO

2.5nm/ 1.0 nm
/2.0 nm

W/Si/SiGe/TiN
2
15 nm
74 nm
1.40 pm

Tech




Micron 1x/1xs: Capacitor Dielectrics

TiN (top)
NbO

AlO

HfZrO

NbO

TiN (bottom)

OR

TiN (top)
NbO
AlIHfZro
NbO

TiN (bottom)

OR

TiN
AINbO
ZrHfAIO
AINbO
TiN

Tech
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Ref. Micron 1X/1XS: Capacitor Dielectrics

4 Analysis (Advanced TEM Tool used)
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Ref. Micron 1X/1XS: Capacitor Dielectrics

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

/
%

% 5.0 nm /*

ZiNbO' /
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Transistor Characteristics: Micron 1XS NMOS TR
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Normalized to 1.3 pm NMOS transistor gate width

lorr = 2.60 X10° mA/um
lony = 6.53 x 10t mA/um
I in = 6.61 X102 mA/pum
AV = -54 mV

DIBL = -47 mv/V

RT (27°C)

Normalized to 1.3 pum NMOS transistor gate width

lore = 8.10 X105 mA/pm
loy = 6.15 x 10°1 mA/um
lp i = 5.89 X102 MA/um
AVgs = -53 mV

DIBL = -46 mv/V

(80°C)
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Transistor Characteristics: Micron 1XS PMOS TR
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T
Techlnsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow

Tech
InSIths techinsights.com

"Micron_20nm_DRAM"

63 Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved. I n s Ig hts



Techinsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
Cell Active

Top view

Cell active (si

Silicon
Tungsten
Oxide
PolySilicon
Nitride
Cobalt
Titanium
TiN

TaN

AlZrO

Bl zo

[ ] sice
Copper
Aluminum

o » "\%m R,
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Techinsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
Cell Active ~ Buried WL

Top view
Cell active (si
Burled WL w)
™
s.‘ t:l(l“ | |’i | i L Silicon
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] direction { [}
» T b Ph ' , | TiN
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Bit Line
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Techlinsights Memory Process Flow (PFA & PFF)

. LA AN
Micron DRAM Process Flow AN 5. irocton
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Techinsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
Cell Active ~ Storage node

Vertical view for BL direction
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Techinsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow W
Cell Active ~ Storage node m

Vertical view for BL direction
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Techinsights Memory Process Flow (PFA & PFF)
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Techlnsights Memory Process Flow (PFA & PFF)
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Micron DRAM Process Flow

WL direction
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Vertical view for WL direction
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Techlnsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
Capacitor

Vertical view for Cell Active ~ HCS
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Techlnsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
BEOL

Vertical view for Cell Active ~ Vial/ Metal2/ Via2/ Metal3/ Via3/ Meta4

: M4
o (THTINAITIN) Via3
AN A/(TiFI'iN/AI/TiN) .
Silicon
L) an .
= "', ! ."". R 5o E M3 Via2 Tungsten
ICEF IR AN AL T (TITIN/AITINy——> (TINW) Oxide
PolySilicon
Vial Nitride
M2 —— : Cobalt
(TaN/Cu) (TIN/W) Titani
itanium
B TiN
TaN
‘ AlZrO
DRAM Array Capacitor Zro
r (TINZrO/AIZrO/TiN) SiGe
Copper
Buried wordline Aluminum

! | N !
i | |
ERCETE TR ALK R RO AL CAC R R TR R
VUL U G A R GG U A

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved. I ns Ig h s



T
Techlnsights Memory Process Flow (PFA & PFF)

Micron DRAM Process Flow
BEOL

Vertical view for Vial/ Metal2/ Via2/ Metal3/ Via3/ Metad
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Micron 1x DRAM Cell Design (MDC Report)
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SK Hynix 21 nm 2"d Gen. DRAM HEEEp 27

H5AN8G8NAFR-UHC =
8Gb/die (8Gb/PKG) DDR4 Top Metal View
(2017/2018 on the Market)

e
=3
s

HI9HKNNNEBMMU Top Metal View Gate Level (Bpoly) View

HOHKNNNDBMAUUR
6Gb/die 48Gb/PKG LPDDR4X
(2017/2018 on the Market) Tech
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SK Hynix 21 nm 2" Gen. (2Z) DRAM

HOHP52AECMMD-BRKMM
eMMC BGA
LPDDR4 8 Gb (8)
48L 3D NAND (4)
Controller (1)

(2018 on the Market)

Tech
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Comparison: SK Hynix DRAM 2y vs. 2z

HO9TQ18ABJTMC 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
(Active/WL/BL) 41 nm / 66 nm /66 nm 41 nm /55 nm /63 nm
Cell Size 0.0043 pm?2 0.0036 pm?2
Cell Size Shrink - 16.3% |
checker honeycomb
SIS
Cap. Design
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Comparison SK Hynix DRAM Die Size & Density
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SK Hynix DRAM Cell Pitch Trend

SK Hynix DRAM Cell Pitch Trend
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SK Hynix DRAM FEOL.: 2z

82
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SK Hynix DRAM FEOL.: 2z

= Active STI & B-Gate (along WL)

wordline W

wordline W
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SK Hynix DRAM FEOL.: 2z

= Active STI & B-Gate (along WL)

W/TIN TiN storage capacitors

W storage node
storage nodenode landing i

posts

Si
storage node
pasts
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Comparison: SK Hynix DRAM: 2y vs. 2z

= Process Overview

S —— M1

| |
Techinsights

techinsights.com/tcsub T h
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Techlnsights Memory Process Flow (PFA & PFF)
SK Hynix 2z DRAM Cell Design & Process Flow
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Techlnsights Memory Process Flow (PFA & PFF)
SK Hynix 2z DRAM Cell Design & Process Flow

Module 7: HV OX & LVOX & PGATE Module 12: BL
Step 7: 1500 oxide HM deposition Step 15: 2670 Oxide CMP

@nm

Module 15: Metal 1 & ILD1 Module 16: HCS
Step 13: 3090 SiN etch back Step 25: 3520 AIZrO deposition
70

>@ B ws J |
Tech
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SK Hynix 2Z LPDDRA4: 6 Gb vs. 8 Gb

TEMS 20 nm 2"d Gen. (22) 20 nm 2"d Gen. (22)
LPDDR4_6 Gb LPDDR4_8 Gb

-

\_

Application HOHKNNNEBMMU HO9HP52AECMMD
(Examples) HOHKNNNDBMAUUR (eMMC BGA)
Memory Density / Die 6 Gb 8 Gb R
Die Size 39.31 mm? 50.25 mm?
(7.74 mm x 5.08 mm) (9.99 mm x 5.03 mm)
Bit Density 0.153 Gb/mm?2 0.159 Gb/mm? )
Active Pitch 41 nm 41 nm
WL Pitch 55 nm 55 nm
BL Pitch 63 nm 63 nm
Cell Size 0.0036 pum? 0.0036 pum?
Cap. Design Honeycomb Honeycomb
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R S R R R R R R R R
. . R
SK Hynix 1X DRAM LPDDRA4 Cell Array Top Views Sleasey

v HOHKNNNEBMBU-DRNEH LPDDR4 6GALLPD4E/SK8GLPDAE die

"R A Sebeb,
"L .l.t'i.
B 989845,
.... .".'..
‘ '.'. "..'..
"'. .‘.. ..
Active Pitch 36 nm WL Pitch 47 nm BL Pitch 54 nm
Cell Size 0.0025 pm?
\-30%
[ 41 nm (22) 55 nm (22) / 63 nm (22) ]
Cell Size 0.0036 um2 /
Tech

Insights
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SK Hynix 1x LPDDR4X: 6 Gb vs. 8 Gb

6 Gb Die

szaz smmrzazs

ssssnsale

NVLidriver

Senseamp

8 Gb Die

- - Length | Width Area Percentage
Block Functional Description (mm) (mm) (mm?) of Die
C1 (xB) Column circuitry 0.076 1.95 1.19 284
Digital logic, likely including
D1 command, address, and timing 030 837 253 6.05
Interface circuitry, possibly voltage
Interface 1 and test 459 015 0.68 162
Interface circuitry, likely data,
Interface 2 command, address, and voltage 459 047 217 5.19
Row circuitry, likely including local
R1(x2) data path and column address path 214 026 1.10 264
R2 (x2) Row circuitry 214 0.026 0.1 0.27
Row circuitry, likely including local
R3 (x2) data path and column address path 214 027 115 275
Sub-array
(x12240) DRAM sub-array 0.058 0.03 23.83 57.01
Total die utilization 3277 78.37
Total die utilization: logic and memory 29.92 71.56
Total die utilization: /O 2.85 6.81
Others 9.04 21.63
Total die 463 9.03 41.81 100.00

Block Functional Description L(i'_'l'gt)h ‘;‘r':::r)‘ (‘:‘1';3) Per‘::felr)\it:ge

C1 (x8) Column circuitry 0.08 148 094 288

o om0 | oo | s | o

Interface 1 L’:ﬁggg‘;&‘;ﬁ:{;’ (possibly 459 015 | 070 214

Interface 2 L’:};’ﬁ;’g;‘ﬂ;‘gsg”‘:%‘ﬁﬁag o | 4% 049 | 224 6.90
Row circuitry (likely including

R1 (x2) local data path and column 214 023 0.97 298
address path)

R2 (x2) Row circuitry 214 003 | 011 033
Row circuitry (likely including

R3 (x2) local data path and column 214 0.23 0.98 3.03
address path)

i‘;gf;ay DRAM sub array 0.06 004 | 1897 58.32

Total die utilization 2685 82 56

Total die utilization: logic and memory 23.91 73.52

Total die utilization: /O 294 9.04

Other 9.67 17.44

Total die | 462 T7.04 3252 100.00

90
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SK Hynix LPDDR4: 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

91

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| | 35nm 35 nm
55nm 55nm 15{pe | 47 nm 47 nm
63 nm 63 nm 1414 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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SK Hynix LPDDRA4: 1x Process Integration

4 TEM\Bevel\capacitors S30k_d_332987 .prg
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Comparison/Summary: Cutting-edge DRAM DDR4 Products

FIE Items Samsung 1X | Micron 1X, 1XS | SK Hynix 2Z
Module

Substrate

BUENED Thickness 22
Cell Size Cell Size 0.0026 pm?
STI Depth (Cell) 287 nm
Pitch (Cell) 36 nm
CD (Cell, Top) 28 nm
(FiﬁIIIIET) Pattern Type Island
Patterning Method QPT
Fill Materials ONO
STI Liner Thick SIN

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

210 pm, 180 pm

0.0033 pm?

360 nm
38 nm
28 nm
Island
Single
SiO

Not Used

190 pm

0.0036 pm?

270 nm
42 nm
30 nm
Island
Single
ONO

Thick SiN
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Comparison/Summary: Cutting-edge DRAM DDR4 Products

FIE Items Samsung 1X | Micron 1X, 1XS | SK Hynix 2Z
Module

RCAT Depth 142 nm 138 nm 150 nm
WL Pitch 48 nm 53 nm 55 nm
CD (Top-most) 17 nm 16 nm 19 nm
Active/WL Shape R.CAT + Saddle R.CAT + Saddle R‘CAT + Saddle
Fin Fin Fin
RC;LAT RCAT Pattering DPT Single Single
B-WL Cell Gate Height 68 nm 80 nm 47 nm
Salicais WITIN WITIN WITIN
Materials
COX TS 6.9 nm 5.6 nm 6.9 nm
(avg.)
: : : : Double SiN
Capping Material SIN SIN Layer

Tech
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Comparison/Summary: Cutting-edge DRAM DDR4 Products

FIE Items Samsung 1X | Micron 1X, 1XS | SK Hynix 2Z
Module

BC Height 60 nm
I\B/Igterials/Stack SiGe/Si
BC Spacers SiN Liner
BL Pitch 54 nm
BC & BL BL CD (top) 9.5 nm
BL Height (Thick.) 36 nm
BL Type Line
BL Patterning DPT

BL Materials/Stack WITIN/SiGe

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

64 nm
Si/Si
SiN Liner

62 nm

14 nm

54 nm
Line

Single

W/TiN/WITIN/Si

60 nm
Si/Si
SiN Liner
63 nm
10.0 nm
35 nm
Line
Single
W/WN/W/TiN/Si
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Comparison/Summary: Cutting-edge DRAM DDR4 Products

FTOCEss Items Samsung 1X | Micron 1X, 1XS SK Hynix 27
Module

BL Hard Mask
PMD under BL

BC & BL
BL/SN 1st Spacer
BL Air-Gap
SEG on Active
SNP Structure
SNP Height
SN Plug SNP Stack
(SNP)

SN Landing Pad

PMD under Cap.

SiN Recess on
SNP

SiN/SiO
SiO
Not Used
SEG
Plug + MLP

220 nm

W/TIN/CoSi/Si/S
EG

M1 (W)
SiNB

20 nm

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

SiO
SIN
Not Used
SEG
Plug + MLP

170 nm

SiN/SiO
SiN
Used
SEG
Plug + MLP

230 nm

W/TIN/CoSi/Si/S  WITIN/CoSiP/SE

EG
W Contact
SIiN

20 nm

G

M1 (W)
SiN
15 nm

Tech




Comparison/Summary: Cutting-edge DRAM DDR4 Products

FTOCEss Items Samsung 1X Micron 1X, 1XS SK Hynix 27
Module

Cell Capacitor

Capacitor Type

Pattern

Bot. Electrode Mat.

Bot. Electrode
Thick.

High k Materials

High k Layer Thick.

Top Electrode Mat.

# Mesh

Lower Mesh Thick.
Upper Mesh Thick.

Capacitor Height

Cylindrical
Honeycomb
TiN
6.0 nm
AlZrO/zrO

1.1 nm/4.7 nm

SiGe/TiN
2
25nm
150 nm
1.05 pm

Techinsights CONFIDENTIAL. All content © 2019. Techinsights Inc. All rights reserved.

Cylindrical
Honeycomb
TiN
6.2 nm

ZrHfNbO/ZrHfAIO
IZrHfNbO

2.5nm/ 1.0 nm
/2.0 nm

WI/Si/SiGe/TiN
2
15 nm
74 nm
1.40 pm

Cylindrical
Honeycomb
TiN
6.3 nm
AlZrO/ZrO

1.5nm /4.7 nm

W/SiGe/TiN
2
30 nm
110 nm
1.20 pm

Tech



GDDR /HMC / HBM
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GDDR vs. HMC vs. HBM

DDR famil
o Over-Mold  ynderfill HMC
GDDR
family
LI I EaE I I 1L X
Microbump IXXmmmmiIXX DRAMs
(GDDRS) IIXIIEs IIII .
TSV Logic
TTT N T TTITT
\ TSV <+—Controller
IXXXIX MM XIIXX
¥ Organic Substrate
DDR4 GDDRS
3 \\_ r \
HMC HBM Memary HBM
GDDRSX
% Memory
y
i
HMC HBM2 e
Gen 3 Memo
by Bryon Moyer di
Servers, Graphics, i
Data centers Smartphones Dﬂ‘l“lﬂﬂ LDEIE: EPU‘IGPU + Hﬂﬁl Lm
e
HBM
WI d e IIO DRAM/A P P KG Memory Bandwidth | Voltage | Standard Applications
Wide /0 DRAMs Structure (GBps) (V)
N\ Microbum Wide I/O DRAMs RDIMMs 153.6 1.2 DDR4 Servers, Cloud, data
P Tsv center, etc.
Wide 10 2 68.3 1.1 JESD229-2 High-end
smartphones
e o HMC 160 to 320 1.2 HMC SPEC High-end servers,
RorAF Ghp et networking, graphics,
000000 HPC, FPGA, etc.
. HBM 128 to 256 1.2 JESD235 High-end graphics,
Samsung Widcon networking, HPC, etc.
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GDDR vs. HMC vs. HBM

DRAM GDDR5 GDDR5X HBM1 HBM?2
32 64

I/O (Bus Interface) 1024 1024
8
Prefetch (1/0) 8 16 ing, 2018) 2 2
8 Gb (9] (Sam
Maximum 32GB/0nM; 64 GB/s 128GBI/s 256GB/s
Bandwidth (8Gbps per pin) (10~12Gbps per pin) (1Gbps per pin) (2Gbps per pin)
40ns(=1.5V)
tRC 48ns(=1.35V) 48ns 45ns
noac  aseac)  amsuC)  ams(eic
VPP Internal VPP Internal VPP External VPP External VPP
1.5V, 1.35V 1.35Vv 1.2V 1.2V
Single Command Single Command Dual Command Dual Command
GDD§6 sungs 019)\’
: a . 35 d
Gb Die ( r p\n, A. . ()Uﬂ
o, € e Gops PP g St O e
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AMD & NVIDIA GPU Card Summary

NVIDIA
Tesla V100

NVIDIA
o\ Tesla P100 GPU (256b bus)

HBM?2 Titan V 2018 5

o]

o
o NVIDIA_ . GDDR6 _

8 o ABM2 TitanXp © . °
GDPR5X /o NVIDIA

AMD ° GPU (384b bus)
Radean NVIDIA 2018
R9 Fury X GeForce GTX1080

L
-
=
=
(@]
<
<
(aa)
S
ac
O
=
L
=

MEMORY SPEED
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AMD & NVIDIA GPU Card Summary

. Memor Memor Memor Memor
Graphics Card Name y Y Y . y Release
Technology Speed Bus Bandwidth
AMD Radeon R9 Fury X HBM1 1.0 Gbps 4096-bit 512 GB/s 2015
AMD
AMD Radeon RX Vega 64 HBM2 1.9 Gbps 2048-bit 483 GB/s 2017
NVIDIA GeForce GTX 1080 10.0 Gbps 256-bit 320 GB/s 2016
GDDR5X
NVIDIA Titan Xp 11.4 Gbps 384-bit 547 GB/s 2017
NVIDIA Tesla P100 1.4 Gbps 4096-bit 720 GB/s 2016
NVIDIA Titan V HBM2 1.7 Gbps 3072-bit 652.8 GB/s 2017
NVIDIA Tesla V100 1.7 Gbps 4096-bit 901 GB/s 2017
[ 12.0 Gbps 384 GB/s 2018
NVIDIA 14.0 Gbps 448GB/s 2018
NVIDIA Next GPU (256-bit bus) 256-bit
16.0 Gbps 512 GB/s 2018
18.0 Gbps 576 GB/s 2018
GDDR6
12.0 Gbps 576 GB/s 2018
14.0 Gbps 672GB/s 2018
NVIDIA Next GPU (384-bit bus) 384-bit

16.0 Gbps 768 GB/s 2018

18.0 Gbps 864 GB/s

NVIDIA GeForce RTX 2080 (2H2018/1H2019) Tech
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GDDRG6 Die Photograph
(12.89 mm x 6.64 mm, Bit density: 0.093 Gb/mm?2)
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Micron 8 Gb GDDRG6



NVIDIA GeForce RTX 2080: Micron GDDR®6

2017, 2018 2018, 2019

YO01G

VS.
8 Gb GDDR5X Die Photograph 8 Gb GDDRG6 Die Photograph
(12.89 mm x 6.64 mm, Bit density: 0.093 Gb/mm?2) (12.89 mm x 6.64 mm, Bit density: 0.093 Gb/mm?)
Data Rate: 10 or 11.0 Gbh/s Data Rate: 14.0 Gb/s
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Micron GDDR6 DRAM Die: 20 nm (2y) Process Node

« Active Pitch 64 nm Ref. Micron GDDR5X: 2y
WL Pitch 45 nm
« BL Pitch 72 nm
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Hybrid Memory Cube
(HMC1 vs. HMC2)
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Intel MCDRAM / Micron HMC1 Package

v Intel Xeon Phi 7210 (HJ8066702859300)
v" MCDRAM (16GB) for High Bandwidth

v" Micron HMC tech. used

v" Processor: KNL Die e

KNL (microprocessor) die

four Micron DETVV MCDRAM modules
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Intel MCDRAM / Micron HMC1

- DO9TWB package (8x)§ |
o | e

integrated heat spreader

8-layer build up

10-layer core 26-layer PWB

8-layer build up

MCDRAM module with four DRAM die stack

T

PCH die
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Intel MCDRAM / Micron HMC Gen.1

ANL die

19d ym o

S MIE06E 70285930 PWE

HJOx

Package Cross Section — X-Direction

KNL die

2.5 mn

Package Cross Section — Y-Direction
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Micron HMC1 DRAM Cell Design

« MCDRAM (16GB) for High Bandwidth

* Micron HMC tech. used

* 5 Dice stacked in each MCDRAM
Package with TSV

« MCDRAM+DDRA4

* Mode: Cache, Flat (normal), Hybrid

* Micron 30 nm DRAM 1st gen.
technology node and cell design used

+

Die (Top Metal) B-WL Level

TSV
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Micron HMC2 DRAM
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HMC2 DRAM Die
30nm Tech Node

TSV for DRAM Dice
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Micron HMC2 DRAM Die

Act

v' 30nm Technology Node
v' TSV configuration

Tech
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HBM1 & HBM2
(TSV)
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T L
SK Hynix HBM1 (AMD, 2015 ~ 2017)

v' AMD’s Radeon™ R9 Fury X series graphics card
v' 1 GB/DRAM Die, 1 Gb / Channel
v 40 um TSV min. pitch

Metal Frame

- orw
tETLIREDRIEEE i
lim i

GPU Die —

HBM =
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H
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3
.
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—— —

z _Pagkpge Substrate  Interposer

HBM Stack

[l Inteizser IPatiangeSubstrate

5= == ofpr—

|T%‘."§ hts
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Samsung HBM2 @NVIDIA Tesla P100 PCle GPU

. T TAIWAN 1627A1
Buffer Die ‘ PA4HOO.M1W

Same PKG configuration with AMD Radeon R9 Fury X GPU | Grelitiacaii-me
(SK Hynix HBM1) |

v' Samsung 4 GB HBM2 DRAM Package (8 Gb/die x 4)

v" NVIDIA GPU Processor Die (TSMC 16 nm FinFET) T o
v Si Interposer Die oz

v

v

i Intefpoéer Die ' GPU Processor Die

Samsung HBM2 DRAM Di

Buffer Die

— == |nterposer Die
. —— . i
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82.19 mm?

v 3 thinner dice (57 um) + 1 thicker die (400 pm)

v Die Markings: K4AC8BE1K6MB

v' Die Size: 11.42 mm x 7.46 mm

v" Memory Density: 0.097 Gb/mm?

v" Honeycomb design used for cap.

v' Samsung 2y (20 nm) DRAM technology used

v' Active P (along WL): 41.5 nm

v" WL P: 54 nm

v" 4 Dice stacked on Buffer Die
v" BL P: 62 nm

v' 8 Gb/die
v Active P (vertical): 40 nm

HBM2 DRAM Cell
v Cell Size: 0.0033 pm?

HBM2 Die

Samsung 4GB HBM2 Package & DRAM Die

IT%?B hts
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Comparison: SK Hynix HBM1 vs. Samsung HBM2

ltems

GPU Processor

Package Components

PKG Size
Si-Interposer Size
# Metal Layers (PWB)
HBM DRAM Die Size
HBM density (/die)
HBM DRAM Die density
# TSV (HBM Die)
HBM DRAM Die Thickness
TSV Diameter (Substrate)

HBM DRAM Cell Technology

2015~2017 Released

SK Hynix HBM1

AMD Radeon R9 Fury X (4 GB)

1 GPU Processor Die
4 HBM1 Dice (3 thinner + 1 thicker)
1 Basic Logic Die
1 Si-Interposer

55.0 mm x 55.0 mm x 2.7 mm
32.9 mm x 26.0 mm
10
35.24 mm?2 (6.91 mm x 5.10 mm)
2 Gb (8 Gb/PKG)
0.056 Gb/mm?
~ 2,660
51 um, 200 pm
5.0 um (max.)

SK Hynix 26 nm (2x) node

2018 Released
Samsung HBM2

NVIDIA Tesla P100 PCle (16 GB)

1 GPU Processor Die
4 HBM2 Dice (3 thinner + 1 thicker)
1 Buffer Die
1 Si-Interposer

55.0 mm x 55.0 mm x 2.7 mm
40.0 mm x 28.9 mm
12
82.19 mm2(11.42 mm x 7.46 mm)

8 Gb (32 Gb/PKG)

0.097 Gb/mm?

~ 4,830
58 um, 400 pm

6.9 um (max.)

Samsung 20 nm (2y) node
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Comparison: HBM1 vs. HBM2 Materials

SK Hynix HBM1 Samsung HBM2
UBM Ti

Ti/Cu
DRAM Die Micro-Bump (front/back) Cu/Cu Ni/Ni
Interconnection Solder Ni/IMC/SnAgCu/IMC/Ni Ni/IMC/SnAgAU/IMC/Ni
NCP, EMC, Underfill Si, 0, C Si, 0, C
UBM Ti Ti
=l Interposgr Micro-Bump Cu Cu
Interconnection
Solder Ni/IMC/SnAgCu/IMC/Ni Ni/Cu/IMC/SnAgCu/IMC/Cu/Ni
TSV/Barrier Cu/TaN Cu/TaN
TSV
TSV Isolation SiO (340 nm min. space) SiO (200 nm min. space)
Bump Land / Stud Cu/Cu Cu/Cu
Bump on PWB PWB Land Cu Cu
Solder Bump SnAgCu SnAgCu
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Intel HBM2: SR3RM 8" Gen. Quad Core™ {5-8305G Processor

v Radeon™ RX Vega M GL GPU die , T

v CPU die |
v HBM2 die - Samsung K4C8E1K6MB - l

v' Buffer Die | ~ |
v’ EMIB* Die

KBL CPU
die

~'“SR3RM PWB===

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

Package Cross Section — General View

I 3D HBM2 package |

GPU  CPU

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

SK Hynix HBM2

e I =~

I | DRAM die 4 (HS/REGECA)

e ) ) s
wdfea bvel v =2 . . dard : 7 GPU die
encapsulant __ DRAM d ) DRAM die 3 encees 3

DR/ DRAM die 2 VN
219 —) - d Yo .
.l ___cortrdler die control ler die S Al o A
. ~ ungerfl S, £ H ___urderfil__

Underfil

@~=-0 @ ® ® @ q Q PP @ @
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200 ym

Report ID: EXR-1901-802

= e e SK Hynix HBM2 DRAM Die Floorplan Tech
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SK Hynix HBM1 vs. HBM2

-

SK Hynix HBM1 T—

GPU Processor AMD Radeon R9 Fury X

1 GPU + 4 HBM Device
4 HBML1 Dice (3 thinner + 1 thicker)
1 Basic Logic Die
1 Si-Interposer

Package Components
PKG Size 55.0 mm x 55.0 mm x 2.7 mm
# Metal Layers (PWB) 10
HBM DRAM Die Size 35.24 mm?2 (6.91 mm x 5.10 mm)
HBM density (/die) 2 Gb (1 GB/PKG)
HBM DRAM Die density 0.056 Gb/mm?
HBM DRAM Die Thickness 51 pm, 200 pm
TSV Diameter (Substrate) 5.0 um (max.)

HBM DRAM Cell Technology SK Hynix 26 nm (2x) node
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AMD 215-0894144 Vega 10 XT

1 GPU + 2 HBM Device
4 HBM2 Dice (3 thinner + 1 thicker)
1 Controller Die
1 Si-Interposer

47.5mm x 47.5 mm x 2.8 mm
10
71.90 mm?2(6.72 x 10.7 mm)
8 Gb (8 GB/PKG)
0.113 Gb/mm?
57 pm, 340 pm
4.0 pm (max.)

SK Hynix 20 nm (2z) node

Tech .



HBM2 PKG & Die: Samsung vs. SK Hynix

10Q2018 Released 4Q2018 Released
GPU Processor NVIDIA Tesla P100 PCle AMD 215-0894144 Vega 10 XT
1 GPU + 4 HBM Devices 1 GPU + 2 HBM Devices
Package Components 4 HBM2 Dice (3 thinngr + 1 thicker) 4 HBMZ2 Dice (3 thinner.+ 1 thicker)
1 Buffer Die 1 Controller Die
1 Si-Interposer 1 Si-Interposer
PKG Size 55.0 mm x 55.0 mm x 2.7 mm 47.5 mm x 47.5 mm x 2.8 mm
# Metal Layers (PWB) 12 10
HBM DRAM Die Size 82.19 mm?(11.42 mm X 7.46 mm) 71.90 mm?2(6.72 x 10.7 mm)
HBM density (/die) 8 Gb 8 Gb
HBM DRAM Die density 0.097 Gb/mm? 0.113 Gb/mm?
HBM DRAM Die Thickness 58 um, 400 pm 57 um, 340 um
TSV Diameter (Substrate) 6.9 um (max.) 4.0 um (max.)
HBM DRAM Cell Technology Samsung 20 nm (2y) node SK Hynix 20 nm (2z) node
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SK Hynix TSV: HBM1 vs. HBM2
2015~2017 Released 4Q2018 Released

UBM Ti Ti
DRAM Die Micro-Bump (front/back) Cu/Cu Cu/Ni
Interconnection Solder Ni/IMC/SnAgCu/IMC Ni/IMC(SnNi)/SnAg/IMC(SnNi)
NCP, EMC, Undeffill Si, 0, C Si, 0, C
UBM Ti Ti
Si Interposer Micro-Bump Cu Cu
Interconnection MG/ MG/
: : Ni/IMC/SnAgCu/IMC/Ni
Solder Ni/IMC/SnAgCu/IMC/Ni IMC: SANICUAU
TSV/Barrier Cu/TaN Cu/TaN
TSV
TSV Isolation SiO SiO
Bump Land / Stud Cu/Cu Cu/Cu
Bump on PWB PWB Land Cu Cu
Solder Bump SnAgCu SnAgCu

Tech
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HBM2 TSV: Samsung vs. SK Hynix

1Q2018 Released

4Q2018 Released

DRAM Die
Interconnection

Si Interposer
Interconnection

TSV

Bump on PWB

UBM

Micro-Bump (front/back)

Solder

NCP, EMC, Underfill

UBM

Micro-Bump
Solder

TSV/Barrier
TSV lIsolation
Bump Land / Stud
PWB Land

Solder Bump

Ti/Cu
Ni/Ni
Ni/IMC/SnAgAu/IMC/Ni
Si,0,C
Ti

Cu
Ni/Cu/IMC/SnAgCu/IMC/Cu/Ni

Cu/TaN
SiO (200 nm min. space)
Cu/Cu
Cu

SnAgCu
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Ti
Cu/Ni
Ni/IMC(SnNi)/SnAg/IMC(SnNi)
Si,0,C
Ti
Cu

Ni/IMC/SnAgCu/IMC/Ni
IMC: SnNiCuAu

Cu/TaN
Sio
Cu/Cu
Cu

SnAgCu

Tech



DRAM Die & TSV
@ IMX400 Rear Camera
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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 in SONY IMX400 Rear Camera Module
v ISP (Image Signal Processor) / DRAM / CIS with TSV

ISP Si substrate

}»oF’f‘H'lhmuchM Sl
ISP M6 Cu

ISPMTAL

e e e |

DRAM/ISP wafer bording interface —p

Hlb‘i‘””l”““! ﬁ, [Hu“m“l[l.

0.4 DRAN

—— (qumrmwo.m 4FiAEEmEE

HWMH

DRAM Si substrate

DRAM back RDL

CIS/DRAM wafer bonding interface —»

g o T ey 3t e CISMEA

FCIS M1 theough M5 Cus

CIS Si substate

Micron 35nm (Likely, ELPIDA fab. ) Tech
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DRAM Iin Samsung Galaxy S9+ Rear Camera Module
v' CIS + ISP (Image Signal Processor) + DRAM

|

Package Cross Section - Optical dumlmy Si

ISP-ROL (Cu)

DRAM-RDL (Al)

Samsung 2y (20 nm) DRAM Die
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DRAM Iin Samsung Galaxy S9+ Rear Camera Module

v" SONY IMX400 Rear Camera Module
v ISP (Image Signal Processor) / DRAM / CIS with TSV

Micron 35nm (Likely, ELPIDA fab.)
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