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Who We Are
 40 years strong
 Headquartered in Boise, Idaho, USA
 FY17 net sales of $20.3B
 World’s 3rd largest memory company
 #226 on 2016 Fortune 500
 Over 20,000 patents
 Industry’s broadest portfolio of memory 

and storage technologies
 Trusted advisor to the compute, 

consumer, networking, storage, 
embedded and mobile markets

Driven
Collaborative
Innovative



End Market Driven 
Business Model

Compute & 
Networking Mobile Embedded Storage
Relentless dedication to 
providing the memory 
technology and packaging 
solutions for Networking, 
Cloud Server, Enterprise, 
Graphics, and Client 
markets.

Deep understanding of 
the mobile computing 
architecture coupled with 
leading edge memory 
solutions.

Application specific 
expertise and a broad range 
of reliable, high value 
memory solutions 
concentrated on the 
Automotive, Industrial, 
Consumer & Connected 
Home markets.

Advanced storage 
solutions to meet a wide 
spectrum of customer 
needs—from low-density, 
cost-effective embedded 
storage, to client and 
performance-class SSDs.



Expansive Product Offering

 DDR
 DDR2
 DDR3
 DDR4
 GDDR5
 GDDR5X
 LPDRAM
 RLDRAM®

 FDDIMM
 LRDIMM
 Mini-DIMM
 NVDIMM
 RDIMM
 SODIMM
 SORDIMM
 UDIMM
 VLP Mini-DIMM
 VLP RDIMM
 VLP UDIMM

 3D NAND
 Enterprise 

NAND
 Serial NAND
 TLC, MLC, SLC

 eMMC
 Embedded USB
 UFS

 Parallel NOR
 Serial NOR
 Xccela™ Flash

 eMMC-Based 
MCP

 NAND-Based 
MCP

 NOR-Based 
MCP

DRAM DRAM Modules NAND Flash Managed NAND NOR Flash Multichip 
Packages

 Client SSD
 Enterprise PCIe NVMe 

SSD
 Enterprise SAS SSD
 Enterprise SATA SSD
 Industrial microSD Cards
 Software

 Hybrid Memory Cube
 Persistent Memory

− NVDIMM
− 3D XPoint™

 High Performance 
Computing

Storage Advanced Solutions



Boise, Idaho
Lehi, Utah

Global Manufacturing Scale

Manassas, VA
Singapore
Muar, Malaysia

Hiroshima, Japan

Taichung, Taiwan
Taoyuan, Taiwan

Xi’an, China



Micron 
Foundation
The Micron Foundation is a private, nonprofit 
organization created by Micron Technology in 
1999 focused on developing effective 
programs that promote science, technology, 
engineering and math opportunities.
Each year the Micron Foundation donates an 
estimated $5 million across our major site 
communities, all over the world.



Enabling Advanced 
Manufacturing in today’s 
Industry 4.0



Unprecedented Data Growth Driving System Evolution
Networking

Global IP traffic grows 
at a CAGR of 24% from 

2016 to 2020

Mobile / Client
Global mobile data traffic to rise 

~7X between 2016 and 2021

Cloud / Big Data
Data center storage installed 

capacity to grow ~5X to 1.8 ZB 
between 2015 and 2020

Enterprise
Exploding demand for in-

memory database solutions

Internet of Things
27.1 billion networked 

devices by 2021

Automotive
98 percent of cars will be 

connected to the internet by 2020

Source: Cisco, Gartner, Statista, IDC, Automobile manufacturers  



Advanced Planning
• Connectivity 
• Modelling
• Optimization 
• Scheduling
• Forecasting

ADVANCED 
MANUFACTURING

Advanced Platform
• Sensors in Fab/Facility (IoT)
• Real Time Process Control
• Autonomous robots

Big Data Analytics
• Artificial Intelligence
• Machine / Deep Learning
• Predictive Analytics
• Graph Analytics

Visualization Technology
• Dashboards
• Remote Control 

Management
• Mobile devices

Intelligence
• Innovation
• Knowledge sharing across 

organization
• Scalable solution across 

enterprise

Partnership
• Supplier Engagement and 

Collaboration to innovate self 
diagnostic equipment

• Transparency of tool data

Advanced Manufacturing powered by Big Data



2 PBytes
If all data stored in our 

Hadoop cluster are burnt 
into DVDs, the height of 

stacking each DVD on top 
of each other is 2 times 

taller than Eiffel 
Tower

5TBytes
New data 

captured each 
day is equivalent 
to the size of 3000 
hours of movies

3000
Dashboards

More than 10,000 
users and 20,000 hits 
per week  for quality, 

productivity and output 
monitoring

2800
Big Data 
WINS

generated
35% 
Quality

improvement

25% 
faster yield

maturity

10% 
Output

improvement

Big Data Fast Facts in Micron



Quality
• Remote 

Operations 
Center

• Sensors 
Based Fault 
Detection (IoT)

• Predictive 
Maintenance

• Real Time 
Process Control

• Predictive 
Analytics

Yield
• Deep Learning
• Auto Diagnostic
• Auto Source of 

Variation and 
Correction

• Virtual 
Metrology

• Predictive 
Analytics

Output
• Engineering 

Operations 
Analysis 
Dashboard

• Efficiency 
Improvement 
Dashboard

Cycle Time
• Cycle Time 

Analysis
• Planning Model 

and Forecast
• Optimize 

Scheduler

Cost
• Consumption 

Tracking
• Forecast 

modeling
• Parts 

Management
• Waste 

Reduction

Advanced Manufacturing Applications



ROC
• Ability to control 

round the clock 
without physical 
presence in the 
fab

• Team Synergy

Big Data
• Integrated & 

connected 
platforms

• Diagnostic 
dashboards

• Identify & resolve 
“hot spot”

RCM
• Predictive 

dashboards
• Schedule and 

execute remote 
PM

AI Automation
• Auto Diagnostic
• Predictive 

Maintenance
• Use of sensors 

(IoT)

Operational Efficiency
Improve productivity by 35%

Remote Operation Center (ROC)



• Detect facility equipment failurePressure and Temperature Sensor

• Detect scratches, arcing, mechanical failureAcoustics Sensor

• Detect pump and robot failureVibration Sensor

• Detect defects and ‘hotspots’Image, Video Sensor

Thermography
• Leak 

detection
• Thermal / 

Pressure 
change

Acoustic
• Equipment 

Monitoring
• Process

Monitoring

Quality: Sensor Based Fault Detection (IoT)



Identify degradation signal from tool

Monitor trend and predict remaining useful life

Prevent quality issues before it happens

Alert on dashboards / Send email notifications / Trigger preventive maintenance schedule 

Quality: Predictive Maintenance
 Run to Failure
 Unplanned Maintenance

 Time-Based
 Planned Maintenance

 Condition-Based
 Prognostic and Predictive



POWERFUL ANAYLYTICS TO MEET THE DEMAND OF UNCERTAINTY

 Recognize image with 
deep learning

 Classify defect

 Diagnose source of defect from 
tool / process

Wafer Image Deep Learning Diagnose

Dry Etch Chamber

Lithography team

Comet

Defocus

Notification

Notified and Intervened

Good Comet Tiger Stripe Others

Yield: Deep Learning



Transparency of tool data
Smaller footprint
Increase wafer per day
Improve tool computing performance

Effective sensors, signals, data accuracy

Process tuning knobs
Within wafer R2R capability
Detect and correct process drift

Auto diagnostic for mismatch tools
Predict drift and failure
Prescribe correction
Reduce process time

Manufacturing 
Complexity
Shrinking devices
Increasing layers

Defect size
Cost

Cycle time

Equipment

Fault 
Detection

Advanced 
Process 
Control

Big Data 
Analysis

Partnership with Suppliers to engineer the future of Manufacturing



Automotive Market 
Requirements and Trends



The Next Big Trend
DRAM is the oxygen that feeds the A.I. 
and VR/AR bonfire, and data from 
NAND storage the fuel. 

– Bill Joy, founder of Sun Microsystems

“ “
2000

Source: DRAM and NAND revenue for 2000 – 2016 sourced from WSTS. DRAM and NAND revenue for 2017 – 2021 sourced from Micron FSG A1-18 forecasts. 

2010 2017 2021

PC + 
Internet Era

Mobile + 
Social Media Era

A.I. + 
Autonomous 
Driving

Avg. DRAM + NAND TAM
$31B

Avg. TAM
$64B

Avg. TAM
~$125B



Levels of Autonomy

http://www.sae.org/misc/pdfs/automated_driving.pdf

Human Machine

3
SAE

NHTSA
0 Driver Only

No Active
Assistance System

0

Hands On
Eyes On

1 Assisted

Longitudinal
or

Transverse Guide

Adaptive Cruise 
Lane Keeping

1

Hands On
Eyes On

2 Partial

Traffic Control

Adaptive Cruise +
Lane Keeping
Parking Assist

2

Hands Temp Off
Eyes Temp Off

3 Conditional

Awareness for 
Take Over

Driver Control
Transition Req’d

Highway Piloting

Platooning

Hands Off
Eyes Off

4 High

Full Autonomous 
in Limited 
Conditions

Self Parking

No Drive 
Intervention

Hands Off
Mind Off

5 Full

Full Autonomous 
in All Conditions 

and Locations

4

Hands Off
Driver Off
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LPDDR5 @6.4 Gb/s
LPDDR4 @4.2 Gb/s



Automotive Memory Growth

CONNECTIVITY

BLACK 
BOX

SENSORS

POWERTRAIN ECUs

INFOTAINMENT

CLUSTER

ADAS CPU

 Memory footprint per application
 Penetration rate across OEM 

product lines (luxury to entry)

Increasing

Source: Micron and industry analysts



Automotive Memory Requirements

Quality and Reliability

IATF 16949 
2016 

Automotive 
Certification

Zero Defect 
Target 

Approach

Dedicated  
Automotive 
Screenings 

Temperature 
Ranges from

-40C to 
+150C

Screenings vary depending on process & products families 



Memory Test Challenges to 
Support Automotive Products



Memory Test Complexity

 Since SWTW 2013…
− DRAM 1TD wafer test is 

mainstream

− -40C to 150C automotive 
temperature requirements

− Reduced probe pad size and 
pitch

− Higher die-per-wafer, higher 
parallelism = greater power 
and thermal management 
overhead

The Cost of Quality & Challenges of High Volume Memory Wafer Test
Laing et’ all, SWTW 2013



Full Wafer Contact Challenge at Extreme Temperatures

 Probe card coefficient of 
thermal expansion (CTE) 
must be tuned to match 
wafer over test 
temperature range

 Extended automotive 
temperature products 
often require separate 
probe cards for cold & 
hot testing

The Cost of Quality & Challenges of High Volume Memory 
Wafer Test
Laing et’ all, SWTW 2013

Scrub marks NOT centered; 
Probe card expanded too 
much at hot

Scrub marks CENTERED;
Good probe card to wafer 
CTE matching



Wafer Test Thermal Challenges
 Higher wattage prober chucks are needed for memory wafer 

test
 Higher DPW, Higher Parallelism = Higher Wattage 0

0

Prober Chuck A

Prober Chuck B

Prober Chuck C

Capable

Capable

NOT
Capable
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ATE Handler Thermal Challenges
 Convection (chamber based) handlers cannot meet thermal requirements today
 Need innovative hybrid convection / conduction solution

Out Of Spec

Device/Tester Power

Te
m

pe
ra

tu
re

 (°
C

) Desired Test 
Temperature

ATE Handler Temp 
Offset Maximum

Required Temp 
Set Point



High Frequency Test 
 High frequency test solutions 

needed for Graphics DRAM and 
High Performance Near Memory 
pushing 14Gb/s to 20Gb/s

 Memory probe cards limited to 
~3Gb/s to 4Gb/s

 Traditional pogo test sockets 
cannot support >4Gb/s; pressure 
conductive rubber sockets or new 
technology needed



 Probe card capability 
limited due to 
interconnects, signal line 
length, impedance 
mismatch, etc.

 High frequency probe card 
cost is prohibitive 

High Frequency Wafer Test
Data Eye Comparison

Frequency
Pr

ob
e 

C
ar

d 
C

os
t

0.1Gbps 4Gbps

LPDDR4 4.3Gb/s
Wafer Test

Package Test



Multi-Chip Package (MCP) Test Complexity
 MCP complexity is Increasing
 Wafer level test coverage added to increase overall package yield

DRAM

NAND

DRAM

NAND

CONTROLLER

Step
1
…
…

nth

Wafer Test Assembly Final Test

Step
1
…

nth Dicing
MCP

1
…

nth



Wafer Test vs Package Test Cost

 Wafer Test Cost can be higher than 
package

 Higher yields for multi die 
packages has greater impact on 
overall Cost 

Equipment Cost 
Reduction

MCP Yield 
Improvement

Lower CPP

M
ul

ti-
C

hi
p 

Pa
ck

ag
e 

Yi
el

d
Die Per Package

Single 
Die 
Yield



Automotive Quality Approach
 Tighter Process controls and additional Test Coverage

 Continuous Improvement throughout the manufacturing process

Process Control

QUALITY FAILURE MODES                                 RELIABILITY
Yield                                               in time                                                0Km/Field

Test Coverage

Statistical (SBL, PAT)

Failure
Rate

X%

Physical

Electrical Statistical



Continuous Improvement
&

Drive to Zero Defects! 

Wafer Test
Data

Package 
Test Data

System Level 
Test Data

Big Data Application for Automotive  
Assembly

Defect 
Analysis Data

FAB Defect 
Analysis Data

Assembly 
Equipment 

Data

FAB 
Equipment 

Data

Wafer Test 
Equipment 

Data

Test 
Equipment 

Data
Micron

Big Data
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