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Summary of Common Items

ISSCC 2014 ISSCC 2016
HBM1 HBM2
SK-Hynix SK-Hynix Samsung
Pin Data Rate 1 Gb/s 2Gb/s <--
10# 128 10 <-- <--
Channel/Slice 2 4 <--
BW/Slice 32 GB/s 128 GB/s <--
BW/2-Hi 64 G/s 256 GB/s <--
BW/4-Hi 128 G/s 256 GB/s <--
Bank/Channel 8 16 <--
Psedo Channel NO 2 Psedo Channel <--
Die Stack 4-hi/8-hi 2-hi/4-hi/8-hi <--
Density 2Gb 8Gb + 1Gb (ECC) <--
Chip Interface CMOS (un-term) CMOS (un-term) <--
Power VDD=1.2V/VPPE=2.5V <-- <--
Process 29nm DRAM 20nm DRAM <--
Base Die Size 5.1 x6.9mm?2 8 x12mm?2 <--




Summary of Different Items

B7

ISSCC 2014 ISSCC 2016
HBM1 HBM2
SK-Hynix SK-Hynix Samsung
Channel/Slice 2 4 (always) 4 (2-hi)/2 (4, 8-hi)
Bank/Channel 8 16 8 (2-hi)/16 (4, 8-hi)

Measured BW

128 Gb/s (@1.2V)
111 Gb/s (@1.05V)

301 GB/s (@1.2V)

307 GB/s (@1.0V)

Command Decoder at each DRAM die at Base die at Core Die?
Voltage Generator at each DRAM die at Base die at Core Die?
TSV Signal Swing Full CMOS Small Swing LVCMOS?
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Samsung HBM2 DRAM Die (K4CSE1K6MB)
DRAM Die View
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Die size = 7.6 mm x 11.4 mm = 86.6 mm?

Total area occupied by memory bit cells: 39.3 mm?2
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Cell Area View
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WL pitch x BL pitch = 0.054 um*0.062 um = 0.003348 um?/cell

Cell Area

Alternatively , density is ~299 caps/um?

Approximate capacity: 10.9 Gbit (with ECC and redundancy)
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Cell Arrangement

<Samsung DRAM>  (Row, Column) Samsung 3Xnm 2Gb DDR3 DRA
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Minimum Contact Pitch

det | mag [ = WD | it — 300 M ——————————

Q0 kY 0,10 nA LD [ 175000 118 pm | 32mm 0O° Samsumg HBM DEAM

Minimum contact pitch = 42 nm
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Samsung 3Xnm 2Gb DDR3 DRAM
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<Cell Dimension from SEM>

Feature Size = 21nm (= 42nm / 2)

WL Pitch = 54nm / 21nm = 2.57F

BL Pitch = 62nm / 21nm = 2.95F

Unit Cell Size = 2.57F x 2.95F = 7.58F? (Not 6F2)

<Die Size Back-calculation>

7.58 x (21nm x 21nm) x 9Gb (with ECC) / 40% (Array Efficiency) = 80.75 mm2

Die size =7.6 mm x 11.4 mm = 86.6 mm?
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« For various configurations

— In 2H case, full bandwidth (256GB/s) are supported

BO B4
8 Bank 8 Bank 8 Bank Bl B5
(PCO) (PC1) (PCO) B2 B6

DWOR!l 6410 | AWORD

B;v B7
DWORD 6410

DWO!I' 6410 | AWORD DW!l!D 6410

DWORiI 6410 | AWORD

DWO ii : 6410

8 Bank
(PCO)

DWOi"MIO AWORD DWOiD 6410

8 Bank
(PC1)

8 Bank
(PCO)

8 Bank
(PC1)

2H Case
4 CH or 8 pCH / die
8 Banks / CH

* 9Gb cell array including 1Gb cells for ECC
« Two pseudo channels in one channel (PCO/PC1)

BO B4
8 Bank 8 Bank 8 Bank Bl B>
(PCO) (PC1) (PCO) B2 B6

B B7
DWORD 6410 | AWORD | DWORD 6410 | || DWORD 6410 | AWORD | DWORD 6410
DWOI 6410 | AWORD| D 6410 | | | owo 10 | AWORD | DWCRD 6410
8 Bank 8 Bank 8 Bank 8 Bank
(PCO) (PC1) (PCO) (PC1)

4H & 8H Cases
2 CH or 4 pCH /die
16 Banks / CH



Array Block Architecture
64Mb = 8K WLs x 8K B_Ls X 3_2 =2Gb
'ﬁ e e |:| : | - | | IBL Direction

WL Direction

- 18+1 =9 tiles:
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SA Layout from SEM Photo
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SA Schematic Diagram Based on SEM Photo Layout
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CSLon M3
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ddmm (O

8 =4 x 2 — Local 10 lines per SA
8 bits per subarray since SA is x2.

4 bits per SA,
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Array 10 Architecture
64Mb = 8K WLs x 8K BLs x 3_2 =2Gb
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Backup
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