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What | think about late at night...

Can Al Help us run our
nanofabrication facilities?

e Large Language Models (LLM’s)
* Generative Pre-Trained Transformers (GPT’s)
* OpenAl (ChatGPT), Anthropic (Claude), Google (Gemini), Meta Llama ....




We already have text data

* Wiki website pages * HTML

* Labnetwork forums * PDF

« Maintenance logs > * Word Files
* Financial data * Text files
* Tool Maintenance Manuals * PPTs

» Safety protocols/Lab Policies * CSV

* Fabrication Process recipes * Excel

* SOPs for users * Images

* Maintenance procedures * Tables

Can LLM’s help us to make this data more accessible and useful?




Challenges of Generative Al for Nanotfab Facilities

e LLM’s are trained on “general” knowledge (eg: Wiki)

* Nanofabrication Facilities require domain specific knowledge

Possible Solutions:

* “Fine-tune” an LLM to include this “domain specific” information
* Requires large amounts of data, expensive, and is hard to update

* Give the LLM the Ability to “look up” domain specific information




Retrieval Augmented Generation (RAG)

6 Question _ @ Response . ﬂ

Additional Knowledge

(eg: how to run a nanofab facility)

We need to build a library
containing the domain
specific knowledge




Embedding Model: Text = Vector

Some chunk of text here that we want to embed. It could be a word a sentence, a paragraph a page a
chapter, or more. The embedding model is also a large language model, but instead of generating text
from text it generated vectors from text. The length of those vectors depends on the model, but the
model that | use has 1536 components. If you have read of of this text you must be very interested in
this presentation, a detail oriented scientist, and also a fast reader. good on you and thanks.

Semantic meaning is
embedded in each of
these coordinates

@ OpenAl

Embedding Model

-0.01011659205  0.0248380769 0.007311150897 0.007304066326 -0.004849304911 0.00625202572 -U.U165Q




Vector Database Retrieval —Semantic meaning

kNN — Nearest Neighbors

Additional Information

Sent with the prompt to
the Generative Al Model

User Prompt: “Tell me some things | can eat”

@ Embedding Model

-0.01011659205  0.02483807/69 0.007311150897

Eg: Cosine similarity, dot product etc...

NOTE: Difference between “Keyword” and “Semantic” Searches



MIT Labnetwork — Email Forum with Domain Knowledge

mtl.mit.edu
IEM @  Scrape all text files (2007 to 2024)

The labnetwork Archives * From each message extract (python):

e Date

You can get more mformation about this list.

|A_rchi1'e ”Tiew by: HDanloadable VErsion ¢ Se N d er

[lune 2024:  |[ Thread ] [ Subject ] [Author ] [ Date J|[ Text 79 KB | e E il

[May 2024 [ Thread ] [ Subject ] [ Author ] [ Date J|[[ Text 166 KB ] mal

|Apri1 2024: || Thread ] [ Subject ] [Author ] [ Date J||[ Text 85 KB ] e |nstitution

]
]
]
March 2024:  ||[ Thread ] [ Subject ] [Author ] [ Date J||[ Text 96 KB ]

[February 2024: |[ Thread ] [ Subject ] [Author ] [ Date J||[ Text 89 KB ]

[anuary 2024:  |[[ Thread ] [ Subject ] [ Author ] [ Date J||[ Text 106 KB ]
[December 2023: |[[ Thread ] [ Subject ] [Author ] [ Date J|[ Text 114 KB ]
]
]
]
]
]
]
]

Subject
Email Body

|
|
|
|
|
|
|
|Ncrember 2(?23:”[ Thread ] [ Subject ] [Author ] [ Date ]Hf Text 81 KB ] |
[October 2023:  |[[ Thread ] [ Subject ] [Author ] [ Date J||[ Text 107 KB ] |
|
|
|
|
|
|
|

|September 2023:|[ Thread ] [ Subject ] [Author ] [ Date J||[ Text 207 KB ]
[August 2023:  |[[ Thread ] [ Subject ] [ Author ] [ Date J|[ Text 136 KB ]
[Fuly 2023 | Thread ] [ Subject ] [ Author ] [ Date ][ Text 83 KB |
[Tune 2023: [ Thread ] [ Subject ] [ Author ] [ Date ][ Text 104 KB ]
[May 2023 [ Thread ] [ Subject ] [Author ] [ Date ][ Text 66 KB ]
[April 2023:  |[[ Thread ] [ Subject ] [ Author ] [ Date J||[ Text 102 KB ]

|March 2023:  ||[ Thread ] [ Subject ] [ Author ] [ Date J||[ Text 180 KB |

MTL_e0eo

microsystems technology laboratories




Building our nanobot @

OpenAL /embed

/i

Generate Insert Vector
Eme_dchnss DB

Query

Mo{tch‘mg
Chunks

Create Prbw\p‘t

Oee_nAI /embed

Instructions
—(m- ' OpenAL (
ResPonSe_ L
Query




Meet nanobot |

www.nanobot.chat



Labnetwork beginnings

To: labnetwork@mtl.mit.edu

From: reiffmtl.mit.edu (Rafaesl Reif)

Dacte: Fri, 21 Jul 19585 le6:36:09 -0400 (EDT)
i reiffmtl . mit.edu (Rafael Reif), boning@mtl.mitc (Duane Boning)

T Tebmerwork e-mail \ July 21, 1995 Our humble moderator

Dear colleaguesz:

I think it is a good idea to set up a "labnetwork™ e-mail to enakble

all of us (i.e., faculty and staff dealing with microfabrication facilities)
to reach each other, and we decided to do =so. At this point, and until

we all figure out how to organize things, it may be better to limit

thi=z e-mail "labnetwork" to academic facilities only. The purpose

of this labnetwork i=s, among other things, to be able to reach very

quickly colleagues dealing with the same kinds of issues, and to
reguest and/or off i i rication technologies,
eqyd y racilitie=, etc.

98 People

There are about 98 academic people receiving this e-mail.

iz address (labnetwork@mtl.mit.edu) will ke redistri d to these

98 facu You may want to _Is= e removed from

the list (or added to the list) by sending an e-mail to

"labnetwork-request@mtl.mit.edu”. Mail =sent to R
labnetwork-requestlmtl . .mit.edu will NOT be redistributed. PrOf. Duane Bon|ng’ MIT

I hope you find this useful... Electrical Engineering and Computer Science
/Rafael Reif Associate Director MTL

reif@mtl.mit.edu
(617)253-7317 M I L . . o

microsystems technology laboratories

Thank you Bill Flounders for Images (2014 UGIM)



Another Type of Retrieval — SQL Queries

We do not need to know SQL! (use: function Calling)

DB Schema:

* Date

* Sender
 Email

* |nstitution
 Thread ID
Subject
* Email Body
1536d Vector

User Prompt

Gene@Quew\A

Execute SQL Query

Response

l Using LLMs to interact reliably
with DBs is a current and cutting

Retrieved DB data edge topic in the field of LLMs




You can do SQL Queries with nanobot too!

www.nanobot.chat



Assistants API (Beta)

* LLMs are very good at writing code
* Code is very good with numbers and tabular data analysis

* Especially useful for people who do not code

Give the LLM Assistant a file with some data
Instruct LLM in some natural language

LLM translates English into code (Python)
The code is executed (analysis results)

A S

LLM explains results in natural language




OpenAl “Assistants” Code Interpreter — (Beta)

Data Analyst ~

Data Analyst

By ChatGPT @

Drop in any files and | can help analyze and visualize your data.

) Message Data Analyst...



Code Interpreter for Lab Data Dashboard

X
- - - -
L]l Nanoscience Core Facility Analysis
Choose Your Filters Below:
Choose the Facility Click Below to Set the Start Date Click Below to Set the End Date
Choose an option v 2015/08/06 2024/05/31

Choose the University

Total Costs by Fiscal Year

Choose an option v
Choose the Principal Investigator
Choose an option v

Choose the Member $100,000

Choose an option b $80,000
Choose the Tool $60,000
Choose an option v
$40,000
$20,000
50
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr M

Month

Total Cost

ay Jun



PDF Data — Lab manuals (including tables

X
The AccuThermo Rapid Thermal Process System measures temperature using two types of
sensors: a thermocouple and an optional optical pyrometer.
=I§X= nanobot
The thermocouple is used for controlling processes at temperatures below 800°C. Above 800°C,
the K-type thermocouple starts to react with silicon, which can cause issues. For temperatures
above 800°C, the optical pyrometer is recommended.
Clear message history The optical pyrometer is a non-contact temperature measuring device used for process
temperatures between 550°C and 1200°C. It measures the thermal radiation of the wafer to
Select a Manual determine its temperature. However, the pyrometer is not reliable below 400°C, and it requires
[ AccuThermo_RTA - J the actual temperature of the wafer to be above the minimum reliable temperature (MRT) of the
T O T pyrometer, which is usually around 400°C, for accurate readings.
ContourGT-I_Profilometer In summary, the AccuThermo system uses:
Fiji_G2_ALD e Thermocouple for temperatures below 800°C.
Nanoscribe_GT e Optical pyrometer for temperatures in the range of 550°C to 1200°C, with reliable readings
starting above 400°C.
NovaNano_SEM
Oxford_100_PECVD Show Retrieved Texts v

Samco_Plasma_Cleaner

West_Bond_Wedge_Bonder
Enter your question here: =



We can interact with data in ways never available before...

Retrieval Methods Agents

* Vector Retrieval (semantic meaning) Multi : . s :
iple Al makin ision ntially / together
e SQL query generation and retrieval uitiple d g decisions >equentia y/ Ogetne

e Code Interpreter (python analysis)

TEXt FOFmatS ﬁ Question Response - ﬁ
 HTML / website (labnetwork) A~ } — &

* PDFs (most difficult text format)
* Tables and image captions

* CSVs (tabular text and numbers) AGENT
Next: Multimodal Inputs I

* Text

* Images Code Vector DB Internet | V0P

* Audio

Video




How do we implement this technology in our nanofabs?

©~ 2 Administrative \ /— % Facility B
©- ¢ Billing —— _— 1 Tools O

2 Nanofab Management
©- . Communication 7 \ 2 Users -0
©- . Lab Safety Principal Investigators

Made with Q'L“.fhil"n:-'.i-.::-ﬂ



Vision: Open-source platform

NEMO

mi—im 7 e ™~
12 o |
4 \_ 4 i
— = \_}
Calendar Status dashboard Safety
Send feedback Contact the NanoFab View your usage Supplies/Consumables

staff

-

Knowledge base News and events Sensor data

NIST

National Institute of
Standards and Technology




29 Years since the first Labnetwork message....

I MY LATE=T IMNYWERTION ...
'-_ ||'|

“THE MTEF:I'-IET

WWW

(Thank you for this one Bill F. ©)



Thank You!

e Aakash NS, Jovian
* Frederic de Vaulx, Prometheus

* Duane Boning, MIT
* Bill Flounders, Berkeley
* Mary Tang, Stanford

* Shawn Kilpatrick and staff, CUNY ASRC

e Jorg Scholvin and UGIM organizing folks, MIT




Nanobot for you! :) **Beta Version™*

labnetwork@

www.nanobot.chat

Questions, Comments, Collaboration: sam@nanobot.chat
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