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[eemsities S12Mb-8Gh 260166k m:“""’"‘"fr “'l*
8 16 Miore banks
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Read Latency AL + 01 AL + 1 Expanchi) valoes
1,600Mbps Write latency AL + OWL AL + CWL Expanded valises
D4} diriver (ALT) 400 480 mmru FYRpoitto: ol
Q Do} s S5TLIS POD12 Hitigate 1/0) notse and power
0 \ Ry walues (in 1) 120, &), &0, 30, 20 i, B30, B, 60, 48, 40, 34 Support higher data rates
Q * Ry ot albowed READ bursts Disables daring READ bursts Ease-of-use
135V 2 00T modes Mecamiinal, dhyTiamic Hominal, dynamic, park :‘T?m ;wd made; SUpports
e e Ease of OOT controd, allows non-
SDR DDR DDR2 DDR3 DDR3L  DDRY4 T ODT signaling required  ODT signaing RoCTEQred (07 routing on PP apphications
Masltipurpose register Fousr regeters — 1 defined, Four regichers - 3 defined,  Provides additional specialty
[MPs) 3 RFLS 1 RFU eacoul
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— —_— = e
DDR4 = DDR3ELC} M52 SHl SFAE|0 MEAD= 30% JHM
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RCD Ox nllf’!IIJH

e

RCD BCOM/BODT/BCKEBCK Ud:u'; RCD O Inputs
« Technology scales to « 1.2V supply « RCD, DB and DRAM
3.2Gbps « VDD terminated data lines Lt i daie L
S i A e forwarding
* SUpPPOrts up package Dual enc it
and 8 logical DRAM I"-EII'IES S « Advanced Vref and C/A
« Advanced [/O enable training
(16 rank support) S
: « RCW and BCW read back
« Optimal signal integrity and « RCD CAL Mode
reduced data skew o ) « Impedance calibration
« Simplified buffer logic
Y "

DDR4 LRDIMM Addresses Key Enterprise and Data Center
Requirements For Lower Power, Speed-Scalable Memory
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MH{ DRAMLY DDR4 H|= DDR4 M=

Why DDR4?

= ODRA DDR3 Packing Power and Performance into a New Generation

100% I 7 ~— Speed ——

0% 18% _ « Up to 50% bandwidth increase over DDR3
= Data rates reaching 2400 Mby's today and will go up to 3200 Mb/s in future
. = Improved performance with POD driver and DBI feature
80% » Faster burst accesses
0%
60% |

50% 99%
40% r
30% 1
20%
10% |
0% %

14

4

~— Power —

-—] * Voltage reduction to 1.2V - 20% reduction in power compared with DDR3

» DLL-off mode for system frequency scaling
= TCR for optimizing refresh power consumption with no impact to controller scheduling
« LPASR mode adjusts self-refresh rate based on device for maximum standby power J

| Quality e

E » JTAG boundary scan enables early fault detection during system test - reduced debug time and saved
development & production costs
» Improved data signal integrity and system reliability < ODT, DBI, and CRC

S

~— Density —m

= Support up to 16Gb die density
= Multi-rank package support
» Higher capacity memory subsystem = Up to 8-die stacking
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& e.MMC SSD &
Low Power Technology Robust CMD Set
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MH =5t M Mt DRAM GB/Sys %
20 7 (Mset) EMulti-node BRack—Blade [ Rack—Mountable 400 4+ W Multi-node B Rack—Blade
8] Rack—Optimized Tower/Standalone | Workstation B Rack—Mountable Rack—Optimized
154 159 16.4 350 1 Tower/Standalone Workstation
1 N : :
16 139 14.1 14.4 1 300 1 | Total 278
41 128
12 1 250 A
10 200 A
81 150 -
6 -
100 A
44
0 - . . . . . . . 0 -
201 2012 2013 2014 2015 2016 2017 2018 201 2012 2013 2014 2015 2016 2017 2018
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AlAFE 1 M SE2HF H Zi2k: AM{d{ DRAM

At DRAM Elxl2F Simulation

Max Socket #tof Slots HA MEZHGB) FO AH=22HGB)
1 12 64 192
24 128 384
3 36 192 576
4 48 256 768
8 96 512 1536

Stand-alone Rack Based Blades Skinless ELE Component
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MH CPUE 42, 3 SX2E & 127 X222 714
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Rack—Optimized Tower/Standalone Workstation 100% = o
40000 - 39,010 %0% | o9  20% o 7% 1% |
25%
35000 1 80% r
30000 - CAGR 3% 70% r
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25000 - 60% | Etc
20,092 50% | [ Server
i ! P
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| Mobile
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10000 - 0% |
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MH Form Factor® &5} ™2t (Kpcs)
Multi-node 1 188 300 367 466 528 564 523 523
(Skinless) 2 530 1,211 1,506 1,726 1,871 2,006 2,099 2,277

4 13 18 14 28 33 39 40 44

Sub Total 731 1,528 1,887 2,220 2,432 2,609 2,661 2,844

Rack-Blade 1 53 42 19 25 23 25 20 17
2 1,113 1,141 1,110 1,084 1,159 1,215 1,244 1,273

4 74 87 100 102 113 121 137 142

8 1 1 1 1 1 1 1 1

Over 8 - - - 2 3 4 5 6

Sub Total 1,241 1,270 1,230 1,214 1,299 1,366 1,408 1,440

Rack-Mountable 1 405 386 359 279 244 229 222 222
2 768 668 567 488 440 409 351 348

4 4 0 1 1 1 1 1 1

8 0 0 0 0 0 0 0 0

Over 8 0 - 0 0 0 1 1 1

Sub Total 1,177 1,055 927 768 685 639 575 571

Rack-Optimized 1 810 852 800 718 739 741 696 670
2 4,204 4,393 4,524 4,665 4,890 5,137 5,511 5,737

4 356 337 307 333 362 399 419 441

8 31 23 20 23 26 28 32 33

Over 8 2 1 1 0 0 0 0 0

Sub Total 5,403 5,604 5,652 5,739 6,017 6,305 6,658 6,882

Tower/Standalone 1 667 610 630 620 676 728 779 774
2 373 299 314 294 287 274 280 298

4 0 0 0 0 0 0 0 0

8 1 1 0 0 0 0 0 0

Over 8 8 8 6 5 5 5 5 5

Sub Total 1,049 918 950 919 969 1,007 1,065 1,078

Workstation 1 2,067 2,353 2,322 2,407 2,617 2,542 2,614 2,572
2 1,156 1,154 1,159 1,143 1,111 956 939 989

Sub Total 3,222 3,507 3,480 3,550 3,727 3,497 3,552 3,562

Total 12,823 13,883 14,127 14,409 15,130 15,423 15,919 16,375
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AAE 1: AMB S X i Z12: MB{ DRAM

M Form FactorZl DRAM GB/Sys(DRAM x{ &) & 3} (GB)
Multi-node 1 22 29 47 55 50 56 65 77
(Skinless) 2 37 48 84 109 138 181 250 353
4 69 88 158 192 253 331 457 647
Sub Total 34 45 78 99 121 156 217 307
Rack-Blade 1 26 33 58 63 58 64 74 88
2 43 56 97 127 160 205 283 401
4 79 102 182 222 293 375 519 733
8 159 205 188 446 589 753 1,041 1,472
Over 8 208 267 246 582 768 983 1,358 1,920
Sub Total 44 58 104 134 172 220 307 437
Rack-Mountable 1 23 30 49 58 53 58 67 80
2 39 51 87 115 146 186 258 364
4 72 93 163 202 266 341 471 667
8 145 186 168 406 535 685 946 1,338
Over 8 189 243 219 529 698 893 1,235 1,746
Sub Total 34 43 72 94 113 141 186 256
Rack-Optimized 1 26 33 53 54 59 64 75 89
2 43 56 92 123 162 207 286 405
4 80 103 168 224 296 379 524 741
8 161 207 336 451 594 761 1,052 1,487
Over 8 210 270 439 588 775 993 1,372 1,940
Sub Total 44 56 91 121 159 204 283 401
Tower/Standalone 1 15 22 37 40 42 63 100 115
2 21 28 58 56 79 215 241 135
4 56 72 151 146 205 558 626 351
8 145 187 392 379 534 1,452 1,627 913
Over 8 376 487 1,019 984 1,388 3,775 4,231 2,373
Sub Total 20 28 50 50 60 124 157 131
Workstation 1 11 17 29 31 32 58 77 88
2 16 21 45 43 61 165 185 104
Sub Total 13 18 34 35 41 87 105 93
Total 33 43 72 92 116 163 222 298

B oasx5 31



LA A0 = AIAFE HHEK)

AAE 1: AMB S X i Z12: MB{ DRAM

MH DRAM 8 &~ 2t (Mpcs, 1Gb equi.)
Multi-node 1 33 69 138 204 212 254 274 324
(Skinless) 2 156 467 1,017 1,511 2,071 2,901 4,195 6,435

4 7 12 18 43 67 104 145 225

Sub Total 197 547 1,172 1,758 2,350 3,258 4,614 6,984

Rack-Blade 1 11 11 9 13 11 13 12 12
2 379 509 865 1,099 1,486 1,993 2,820 4,081

4 47 71 145 181 266 364 570 833

8 1 1 2 3 4 5 7 10

Over 8 - - - 10 17 28 52 98

Sub Total 438 592 1,021 1,306 1,783 2,403 3,461 5,033

Rack-Mountable 1 76 93 140 129 103 106 120 141
2 238 271 394 450 513 609 724 1,013

4 2 0 1 1 1 2 3 4

8 0 0 0 0 0 0 1 1

Over 8 0 - 0 1 2 4 6 9

Sub Total 316 365 535 580 619 721 853 1,168

Rack-Optimized 1 168 228 337 312 347 382 418 475
2 1,446 1,980 3,313 4,578 6,330 8,510 12,617 18,574

4 228 278 411 598 857 1,209 1,756 2,616

8 40 38 55 83 122 173 266 390

Over 8 4 1 2 0 0 0 0 1

Sub Total 1,886 2,524 4,119 5,571 7,657 10,273 15,058 22,055

Tower/Standalone 1 78 107 189 198 225 369 623 711
2 64 66 146 132 181 470 539 322

4 0 0 0 0 0 1 2 1

8 1 1 1 1 1 3 4 2

Over 8 23 31 45 37 57 158 173 95

Sub Total 166 204 381 368 465 1,002 1,340 1,131

Workstation 1 185 316 535 592 670 1,171 1,606 1,818
2 152 197 413 394 540 1,263 1,390 822

Sub Total 337 513 948 985 1,210 2,434 2,996 2,640

Total 3,340 4,746 8,176 10,568 14,084 20,092 28,322 39,010
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AAFE 2: DRAM O|M2H X|& A
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AlAFE 2: DRAM O|MIZE |5 & > DPT &A| == =0l &S

CVD 37X 2d =2 (DIPAS, Diisoprophylamino Silane)
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AlAFE 2: DRAM O|MIZE |5 & > DPT &A| == =0l &S

CVD M3 H| 28 =2: CP Zirconium (High K)
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AAIY 2: DRAM O|M|SE X
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LA A0 = AIAFE HHEK)

AJAFAE 2: DRAM O|MI23A X|= &2t 5 Etch/Cleaning =Z1=HCH

Etch &M 57 Cleaning 2&X4: IjMEIE2A4(H202)
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AlAIE 3: NAND= 3D NAND =HC{ Z12t
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