S STEM .
REVERSE COSBNSTRUCTURAL, PROCESS & COST

Intel Optanel28GB DIMM &
a

lylféeara 2F LyuSftQa tS &
3D XPointmemory dies. @

— = " SP205541 IC MemoryReport by Belinda Dube C—)v
Physical Analysis doty Veronique Le Troadec
April 2020 Sample

-

usS

22 Boulevard BENONI GOULLIN :
44200 NANTESRANCE +3324018 09 16 info@systemplus.fr .ww.systemplus.fr




Table of Contents

Overview / Introduction 4 Manufacturing Process 74
o  Executive Summary 0  Global Overview

0 Reverse Costing Methodology 0 3D XPoint Die Froiitnd Process & Fabrication Unit
Physical Analysis o 3D XPoint Baeknd Process & Fabrication Unit

0  Summary of the Physical Analysis o 3D XPoint Process Flow o .

o Intel DIMM 10 0 Intel Processor Front End Process& Fabrication Unit
V  Package Overviews, Dimensions ° _ Summary of Inputs

o 3D XPoint Memory 24 Cost Analysis i 81
V  Die View & Dimensions 0 S.ummary of the. cost analysis 88
V  Die Delayering & Main Blocks ID 0 Yields Explanation & Hypotheses 91
V  Die Process o 3D XPoint Memory 92
V  Die CrosSection V  Die FrortEnd Cost

V  DieProbe Test & Dicing
V  Wafer & Die Cost

V  Packaging Cost

V  Component Cost

V  DieProcess Characteristic

0 Intel Processor 46
V  Die View & Dimensions

V  Die Process
V  Die Cross$Section o Intel Processor 100

V  Die FroHEnd Cost

V  DieProbe Test & Dicing
V  Wafer & Die Cost

V  Packaging Cost

V  Component Cost

V  DieProcess Characteristic

o  Micron DDR4 Memory 58
V  Die View & Dimensions
V  Die Process
V  Die CrossSection

V  DieProcess Characteristic 0 Intel Optane DIMM System

V  PCB Cost

V  Assembly Cost
V  System Components Cost
V  DIMM Component Cost

0 Montage Technology DDR4 Data buffers 65
V  Die View & Dimensions
V  Die Process

0 RichtekPower Integrated Circuit 69 Eai 4 Seliing Pri
V  Die View & Dimensions stimated sefling Price

V  Die Process Feedbacks

dln
éiiii YSTEMPlu= Company services
H1
©2020 by System Plus

1 Intel Optane 128GBIMM | Sample 2



Overview / Introduction
P Executive Summary
o Datasheet
0 Reverse Costing

Methodology

Physical Analysis

Manufacturing Process Flow

Cost Analysis

Selling Price Analysis

Feedbacks

Related Reports

About System Plus

-
A8
an
ua
‘.

EE% YSTEMPlus
HHCONSULTING

Executivesummary

With their increaseduseof electronicdevicesand 5G, consumergyeneratevastlygreatervolumesof data,whichmustbe processednd
stored at higher speed Expansiorof nonvolatile and volatile memory storagein data centersis therefore inevitable Intel Optane
Memory has created a bridge between nonvolatile and volatile storage options This persistentmemory type integrates3D XPoint
Memory dies produced by Micron and Intel. The Optane DIMM introduced in 2019 has one of the highestlevels of integration,
presentinga full systemon a module Intel Optaneproductshavepioneered3D XPointcommerciadevicesmainlytargetingdatacenter
storage

L v U Spta®e®DIMM integratesseveraldies It includes3D XPointdies, L Y (i ¥ebrn®éocessordie, power managementintegrated
circuits,and DDR databuffersfrom MicronandMontage

3D XPointperformsa thousandtimes fasterthan flashmemoryand is denserthan DRAMmemory: It hashigh performanceand robust
enduranceproperties

The3D XPointmemoryforms a verticalstructure multilevelmemorycell array. Thisstrategyis usedto increasethe densityof the
The memory cellsuse a PhaseChangeMaterial Bit storageis basedon a changeof material resistance The memory cellspr,
materialwith variableelectricalresistancedueto a changen the crystalstructure

Thisreport constitutesan exhaustiveanalysisof the main componentsof the Intel OptaneDIMM Systemjncludinga
3D XPointdie, Intel OptaneProcessorland the Micron DRAMDDR die. Thereport includeshigh resolutionim
Memory and the Intel ProcessarThe physicalanalysisand the processare usedto estimatethe manufact
XPointmemorydiesand Intel ProcessarFinally the full assemblycostof the DIMM is determined,includi
price estimateof the Intel Optanel28GRB

price of 3D
timateandfinal
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* Thermal paste/compound is .

e ] DRAM and controller to
the plastic attached to the module.
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Texas Instruments

IC,
Shun
Datasheet
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*  Memory cell pitch
* Memory cell pitch :

* Distance between two memory cells: Memory QenSIty :
Die capacity = Gb
s 3 .
SYSTEMPlus * The process uses technology. Ghit = i -(area 4 emory cells on a die)
% of the die area.is ug D XPoint. memory cells.
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