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THE U.S. MATERIALS GENOME INITIATIVE

“...to discover, develop, and deploy new materials twice as fast, we’re launching what we call the Materials Genome Initiative”
~ President Obama, 2011

OMeeting Societal Needs ¢ Accelerating Our Pace The U.S. Materials Genome Initiative (MGI)
Advanced materials are at the heart T e challenges researchers, policymakers, and
of innovation, economic opportunitj business leaders to reduce the time and

and global competitiveness. They i
the foundation for new capabilitie
tools, and technologies that meet
urgent societal needs including clg
energy, human welfare, and nagifr
security.
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The MGI is a multi-agency initiative to
renew investments in infrastructure
designed for performance, and to
foster a more open, collaborative
approach to developing advanced f T
materials, helping U.S. Institutions ] ‘ &L

accelerate their time-to-market. ~—_—
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Example of Semiconductor Device Fabrication Process
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Example of Collected Data

An example of the result from an experiment at MNTL

Experimental setting:

ime 13min (Structured meta data)

emp 425 C

Notes:

Oxidation depth is about 12um.

: Oxidation layer composed of (Free text)
0728;3'} :Iainc?gga(gon AI(0.98)GaAs with thickness of
30 nm. Furnace in 2111 MNT L,

experiment 2" diameter quartz.

IliLLINOTIS




Current State of Data Capture in Materials and
Semiconductor Domains

. Current situation for experimental data
involves manual processes for data capture and
storage leading to poor documentation of

Ic SUltS How are you currently transferring data from lab to pc

. Data transfer is often done via
“sneaker-net” techniques using flash o [N
drives or email o o

. No data file conversion is available

. “Best” results and 1mages are kept, but what 1s “best” 1s
determined by a narrow, specific scientific objective.
“Imperfect” data is often discarded or not available for
others to review.

. Data only correlated only through publications
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Effects of Current State

. Measurements on multiple instruments for a new material may not be
well correlated due to mechanisms to encode the linkages between
measurements.

. Novel device prototypes can be difficult to reproduce due to a lack of

proper capture of “recipes” used.

. In addition, previous experiments in the deposition systems may affect
subsequent experiments.

. Curation of system information can greatly improve the reproducibility
and understanding of results.
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Important Question

= How do we accelerate pace of material science and
semiconductor fabrication ?

= Approach: MUST ACCELERATE AT MULTIPLE
LEVELS!!

— Accelerate Lab Sessions for scientists at microscopes

— Make it easy to curate multi-modal science data (allow
free text)

— Enable correlation of material data and semiconductor
fabrication processes using Al techniques to enable easy
and fast search of correlated multi-modal data
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Our Approach: Distributed Real-Time “Smart” Data
Cyber-Infrastructure - 4CeeD
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Acceleration of Science - User Process and Data Model

Example of an experiment task flow

1. Cr?ate 2. Prepare ~analyhcal 3. Analyze the . ——
physical sample from the : . ;
A : ] analytical digital analytical
experimental physical experimental sittle dota
sam{)le sample P
\\\\
o N '_________.-_ ______ 1
\\\ | 7aM0(}|W thef | 6. Interpret the 5.Transport the
y procedure forcreation 1 oonverted converted
| of the physical 1 : :
| ; H analytical data analytical data
L _experimental sample _,

4CeeD Data Model organizes projects into collections, datasets, and files.
These can then be shared in spaces.

= | |

Plasma Etching gi: g};;c Oxidation Lithography ‘ izati
I P J }Realcalibraﬁon} ‘ ipg l —@(1,2....)

Dummy (1,2,...) J } Real ‘ ‘ xt, tiff ‘
v
At tiff ‘ ‘ At tiff ‘ L At tiff ‘ ‘ At tiff ‘ | SEM ‘ ‘
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Acceleration of Users’ Lab Sessions - 4CeeD Uploader

Logout
Aaron Schwartz-Duval m

@ Choose a collection... what's this? @ T SN ——— @ Click browse or drag and drop files..

Search your collections New Dataset 3). 2015_06_19_10-50_24-RT_0003.dm3 (16.58 MB)

Existing collections Existing Datasets

File Comments:

@ Right click a collection to create a sub-collection. X Basic Load Custom

[} L] 2016.01_12_Au-PEG_cell Load a template
[ L] Au-shelled micelles m

Choose a dataset template:

R 2). 2015_06_19_10-50_24-RT_0002.dm3 (16.58 MB)

[l L] D130-SingleModeVCSEL polyvillic nanoparticles v —

[ ./ D140-SingleModeVCSEL File Comments:

[l L] D141-SingleModeVCSEL Choose a name for your dataset:

E ./ D143-ZnDiffusionMask Example... Sample Name, PECVD Oxide, Diffusion

'] ] D20-SingleModeVCSEL
Add e

] ] D200-ZnDiffusion_InP

] L] Do1-OxidationCalibration 1). 2015_06_19_10-50_24-RT_0001.dm3 (16.58 MB)
Name: Value: File Comments:

W Insit ject
> [ U Invitro growth Name: Value: 7

["1 L] Zinc Diffusion Calibration Incubation? time (min) | :
[] L polyvili Cancel
] ) root Create Dataset

New Root Collection
1

Create or Select A Collection Create or Select Dataset Upload Files

Optional: Choose template and

enter metadata
CLIENT Video
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Acceleration of Users’ Lab Sessions — Adding User Templates

Plain text only Custom Select/Create Template
New Dataset
@ Choose a dataset... what's this?
Basic Load Custom

Existing Datasets

Load a template ‘ ‘ Clear ‘

New Dataset

Ch.

polyvillic nanoparticles
Basic Load Custom

Choose a name for your dataset:
Choose a name for the new dataset:

. . . Example... Sample Name, PECVD Oxide, Diffusion
Example... Sample Name, PECVD Oxide, Diffusion

User defined metadata: Add
Example... Time, Temp, Pressure, Current
Name: Value:
Incubation1 :
Create Dataset
Name: Value:
Incubation2 :
Name: Value:
Oleylamine :
Name: Value:
Name: Value:
Name: Value:
EEEEe——

Many user-defined datasets incorporate a dozen or more key/value pairs. Allowing users to select
a global template or save their own template saves time and avoids errors.
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Acceleration of Data Manipulation - 4CeeD Curator

File View

4CeeD You- Shared~ Create-  Help~

#8 Demo Dataset Name » i 2016_04 14 Gd-
filled micelle_0008.dm3

Add a description 1

Thumbnail

Thumbnail

X Download ~ fliDelete  * Follow 2

Metadata

ncsa.illinois.edu/s /d atedapion Oct 7,2016 [

= Extracted by http://

Microscope Info Indicated Magnification: 10000.0 5

Info ificati lated: False

Acquisition Parameters High Level Shutter Pre Exposure Compensation (s): 0.0
Acquisition Frame Intensity Range Dark Current (counts/s): 0.0

Acquisition Frame Sequence Exposure Time (ns): 500003080.0

[Preview, annotate, download,

Dashboard View

Q LA 4CeeD You- Shared~ Create~  Help~
Type: image/digitalmicrograph 2 3
File size: 17.4 MB
File location: mongo
Uploaded on: 0ct 07,2016 19:04:53 6
Uploaded by: Steve K Aprofile v CreateSpace ¢ CreateDataset  +” Create Collection Template Management
Access: Private (Space Default)
Status: PROCESSED

Activity ~ TreeView  MySpaces =~ MyDatasets My Collections  Followers

License Create datasets to upload and publish data. Further organize your data using folders and assign metadata at both the file and dataset level.

Type:  AllRights Reserved
Holder: Steve K

Gedit

4 See More

Dataset containing the file
Y% Demo Dataset Name

Select a Dataset

Al < Move to Dataset:

D4

Tags

Demo Dataset Name demo dataset
Demo Dataset Description
ORI HoEom [

HOE1HEomo [T

[Dashboard management]

extracted metadata]
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Acceleration of Science - 4CeeD Cloud Coordinator

—

Curation Uploader Curator Client
services
\
Coordination’s front-end < > DataBase/ —
3 File system
~——
—
Control Resource 1 Jobinvoker [«=»  Broker(s) Tk |
plane manager G—p as .
[ [} 3 dependencies
\— ——m m—
Compute Processing Processing Processing _
plane comp. A comp. B comp. C j‘
Message queue Job type | From | To
R I | A [ B
I I I Processing 1 B C
component A 1 Start | A
1 A End
Consumers .. .
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Workflow Execution with Al Tasks on Science Data
(Example of Type 1 workflow)

Extract Classify (ML
Metadata Techniques)

—> | [ [ [} L [ [ [ ]|

HEE []

Scheduler Index
—»[ [T+ Analyze Image M TT T

(ML and Prediction \
Techniques)
T 1 I 11} HEE
—
N

Other Tasks in Workflow: Natural Language Processing (NLP) of Free Text
describing experiment; Filtering, Clustering, Tagging
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4CeeD Coordinator Implementation

Curation Uploader Curator Client
services

—
R

. mongo

t ~—~—

ntrol Resource . i Apache —
Contro Job invoker e 2 et ]
plane manager P Task

% $ t s dependencies
'< Compute Processing Processing _ \ <
kubernetes plane comp. A comp. B KRabbitMO /

-~
A\ 4

s
v

«

Message queue

Processing
component A

docker docker docker

N Consumers
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Acceleration of Task Workflow Processing with Speed-Up in

Response Time
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Acceleration of Jobs Processing with Efficient Global
Resource Provisioning Strategies

1.00 1.00
0.90 0.90
> 0.80 2 080 %—"r——_ﬁ:ﬁ
8 o060 2 060
S 050 & 050
D 040 _g’ 0.40
'.g 0.30 8 0.30
© 0.20 “Dependent S 020 “Dependent
ﬁ 0.10 “Parallel é 0.10 “Parallel
2 0.00 0.00
10 20 30 40 50 60 70 80 90 100 3 4 5 6 7
Arrival rate Arrival buffer size
(a) Varying arrival rate (b) Varying buffer size

“Parallel execution when possible”

“From global to local bottleneck”
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Conclusions

= Acceleration of Lab Session for Users

= Saving time and money (the same amount of lab data 1s
now processed in 20 minutes instead of 60 minutes)

* Producing more data (going from Mbytes to Gigabytes)

» Preserving more metadata (richer metadata available)

" Acceleration of Cloud Processing on Science Data
(e.g., Response time speed up from 160 sec to 60
seC)

* Developed Training and Installation Material

= Repository and installation instructions at
github.com/4ceed
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