4CeeD Lecture Series

Use of 4CeeD Services for Material Scientists

Lecture #2: 4CeeD for Collaboration and Data Processing
March 2314, 2023

Robert Kaufman (rbkaufm2@lllinois.edu), Leah Espenhahn (leahe2@illinois.edu)
Beitong Tian, and Prof. Klara Nahrstedt (Klara@Illinois.edu)

MRL RRRRRR MNIL CS L ® COORDINATED

micro+nanotechnology lab

e SCIENCE LAB



Lecture Series Learning Objectives

 Lecture 1 (3/21): Overview of 4CeeD
* Lecture 2 (3/23): Workshop (Cont.) & Advanced Features

* Reviewing 4CeeD Structure

* Introducing Data Sharing and Extractors

* Visualizing Trends with Jupyter

* Breakout: Analyzing an Experiment with 4CeeD and Jupyter
* Lecture 3 (3/28): 4CeeD Backend Services

* Lecture 4 (3/30): SENSELET: Sensory Network Infrastructure for
Scientific Lab Environments
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Lecture Series Learning Objectives

 Lecture 2: Demonstration of 4CeeD
* Reviewing 4CeeD Structure
* Introducing Data Sharing and Extractors

* Visualizing Trends with Jupyter
* Breakout: Analyzing an Experiment with 4CeeD and
Jupyter
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4CeeD Review

Space

Collection Collection Collection

Datasets \ / Datasets \ / Sub-Collection \

[
+ * [
* W Falow
& Cowriaad Al ks &, Doweiaan a1 Fies . P *
10. Base Zinc Diffusion * Foow
X Re ® Remove Proces: XL i . .
B & Dowiad 41 Fies
R mamonn
oo ersmu, v .
s on st i 211
u w
+ L " +
9. Silx Diffusion Mask Definition *r Fataw % SiNx Diffusion Mask Definition *5aion
Etch . P *
PTE! Far i 4o o ot s Sk or P sl B e > Ster i e S 9. SiNx Diffusion Mask Definition + Foow
rot i up - < rot had up. s o
o nat wse Silx on InP atlice S
e ’ -

+
- 8.b Diffusion Mask Lithography ra—
Exposure & Development
o atice

& Dowriaan Al Fies

10. Base Zn Diffusion % Follow

Process of diffusing Zn into the base region of the TI-QCL to

increase doping and improve contact resistance. & Download All Files

. ® Remove
n * Process (See detailed process on sheet in 2111):

g.;an#Sion Mask Lithography -
o 1. Prepare tubes

2. Flame off and dimple
3. Load diffusant (Zn3As2); load sample
4. Seal off...

P niza

Owner: Robert Kaufman
Created on Aug 21, 2019
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4CeeD Review

GUI Dashboard

« Dashboard View of 4CeeD

Search... (7] <

Delete

Data Preview

& O Classroom Demos

% O Fabrication Development Dallasius Group
% O 4CeeD Demo: GaN Etch Recipe Optimization Figure 2
& O 4CeeD Demo: GaN Etch Recipe Optimization Figure 1
2= O TI-QCL 0068
2= 0O T1-QCL 0068 Process
@ O 9. Si02 Diffusion Mask Definition Etch
[=)—1] O 8.b Diffusion M3

H 2 0 03-26-2019.
FI Ie Tree . 3 O 03-26-2019, Atach Template J

Vlewer 2 O 03-26-2019. Add files... hasKroswev-TIm Metadata

2 0 03-26-2019. pownload AaskPostDev (1).)

2 0O 03-26-2019. fMaskPostDev (1)
Delete

2 0O 03-26-2019_ viaecvwvsreer=eniMaskPostDev (2)

03-26-2019_TIQCLO06B-27_DiffMaskPostDev (2).)

Create... >5 Collection

No metadata available for this resource

&
(]

Tags
8.a Diffusion Mask Lithography Spin On n

®
[

7. SiNx Deposition for Diffusion Hard Mask

®
]

6. Emitter Hard Mask Removal

@
]
1 R o m e b (e R

5.b Emitter Mesa Wet Etch

5.a Emitter Mesa Dry Etch

4. Si02 Emitter Mask Definition Etch

3.b Emitter Mask Lithography Exposure & Developmer

B @
| [ U

=
[ [}

-

‘ »

% Space 7= Collection @ Dataset [ File

N7l |
4CeeD ILLINOTIS




4CeeD Review

Dataset Page

B T1.QCL (RBK) / W 10. Base Zn Dif .. Space containing the Dataset
B ocLrex
i 10. Base Zn Diffusion =7 27datasets | X Remove
Created by Robert Kaufman All Rights Reserved Robert Kaufman
Created on Aug 21, 2019 Select a Space - m
Access: (@ Space Default (Private) ) Private
(2 Public

Collections containing the Dataset
Process of diffusing Zn into the base region of the TI-QCL to increase doping and improve contact resistance. “ TI-QCL 007 Process

15 datasets | X Remove
Process (See detailed process on sheet in 2111);
1. Prepare tubes
2. Flame off and dimple

3. Load diffusant (Zn3As2); load sample N Deta i Ied Data R — . m

4. Seal off

5 Heat in furnace Description Tags

-560C for 10-20 min

Notes:
-Test with GaAs dummy samples first (try and verify rate with KOH-KFe(CN) stain and SEM)
-Steps 7-11 are not necessary if skipping Zn diffusion.

+ Add Files & Download All Files [ Delete 2 Collaborators

Access Files, Quickly Modify
Files Metadata Comments (0) — Template Data Dataset Locat|0n
and Comments

02-13-2020_TIQCLO07_ZnDiff_Longside.png

image/png & Download
Feb 13, 2020

1.8 MB YFollow
W0E0W0 [
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4CeeD Review

Dataset Page

:
-
5

29
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B T|-.QCL (RBK) / [l 10. Base Zn Dif ..

i 10. Base Zn Diffus

Created by Robert Kaufman

Created on Aug 21, 2019

Access: ® Space Default (Private) © Privat
(2 Public

Dataset Metadata

Select a template:

--Select One--

Process of diffusing Zn into the base region of

Process (See detailed process on sheet in 211
1. Prepare tubes

2. Flame off and dimple

3. Load diffusant (Zn3As2); load sample
4. Seal off

5. Heat in furnace

-560C for 10-20 min

Key: Value Units:

Time 13 min REMOVE
Key: Value Units:

Tempearture 425 C REMOVE

Notes:
-Test with GaAs dummy samples first (iry g
-Steps 7-11 are not necessary if skipping

Key: Value Units:

Oxide Depth 12 um REMOVE

4+ AddFiles & Downig Key: Value Units:

0 All Files

Oxide Layer 99 % REMOVE

Files Metadata Comments (0)

Key: Value Units:

Oxide Thick. 30 nm REMOVE

5
_ 02-13-2020_TIQY  ENTINSWY suBMIT | CLOSE
image/png
Feb 13, 2020
1.8 MB
WoEomo [




Lecture Series Learning Objectives

 Lecture 2: Demonstration of 4CeeD
» Reviewing 4CeeD Structure
* Introducing Data Sharing and Extractors

* Visualizing Trends with Jupyter
* Breakout: Analyzing an Experiment with 4CeeD and
Jupyter

N7 -
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Effective Collaboration: Data Sharing

A Fabrication Development Dallesasse

Fabrication Development Space for Professor John Dallesasse Group:
Creator: Patrick Su

Viewers: Rob Kaufman, Kevin Pikul, John Carlson

1 Delete «" Create Dataset " Create Collections

All Data Public Data 2 Manage Users

Datasets in the Space & Edit Space

Viewing most recent datasets B view All Datasets

i= Manage Metadata Terms & Definitions

+ + + % % Extractors
03-11-2019 CLU-LF 03-11-2019 CLU-10HF “
Purpose: Stain-Etch Mask Purpose: Diffusion Mask for + Follow
Time: 12 minutes TI-QACL0D06 (600C for 12.5
Thickness: 432 2 nm mins)
Rate: 36 nm/min Time: 20 minutes
N2: 1960 SiH4: 40 NH3: 55 Thickness: 178.82 nm External Links
Power: 20 Freq: 380 KHz Rate: 8.9 nm/min

N2: 1960 SiH4: 40 NH3: 55 Edit Space to add links

Silicon Sample 2
Power: 20 Freq: 13.56 MHz

BOEOWOED x
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Effective Collaboration: Data Sharing

A Fabrication Development Dallesasse

Fabrication Development Space for Professor John Dallesasse Group:
Creator: Patrick Su
Viewers: Rob Kaufman, Kevin Pikul, John Carlson

1 Delete «" Create Dataset " Create Collections

A Fabrication Development Dallesasse

Fabrication Development Space for Professor John Dallesasse Group:
Creator: Patrick Su
Viewers: Rob Kaufman, Kevin Pikul, John Carlson

Terms & Definitions

Purpose: Stain-Etch Mask Purpose: Diffusion Mask for + Follow

Time: 12 minutes TI-QACL0D06 (600C for 12.5

Thickness: 432 2 nm mins)

Rate: 36 nm/min Time: 20 minutes

N2: 1960 SiH4: 40 NH3: 55 Thickness: 178.82 nm External Links
Power: 20 Freq: 380 KHz Rate: 8.9 nm/min

N2: 1960 SiH4: 40 NH3: 55 Edit Space to add links

Silicon Sample 2
Power: 20 Freq: 13.56 MHz

BOEOWOED x
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Effective Collaboration: Data Sharing

A Fabrication Development Dallesasse

Fabrication Development Space for Professor John Dallesasse Group:
Creator: Patrick Su

Viewers: Rob Kaufman, Kevin Pikul, John Carlson

1 Delete «" Create Dataset " Create Collections

All Data Public Data 2 Manage Users

Datasets in the Space & Edit Space

Viewing most recent datasets B view All Datasets

i= Manage Metadata Terms & Definitions

+ + % % Extractors
03-11-2019 CLU-LF 03-11-2019 CLU-10HF “
Purpose: Stain-Etch Mask Purpose: Diffusion Mask for + Follow
Time: 12 minutes TI-QACL0D06 (600C for 12.5
Thickness: 432 2 nm mins)
Rate: 36 nm/min Time: 20 minutes
N2: 1960 SiH4: 40 NH3: 55 Thickness: 178.82 nm External Links
Power: 20 Freq: 380 KHz Rate: 8.9 nm/min

N2: 1960 SiH4: 40 NH3: 55
Power: 20 Freq: 13.56 MHz

- Edit Space to add links
Silicon Sample 2 g

BOEOWOED x
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Effective Collaboration: Data Sharing

A Faprication Rec.. 4 Manage Users

Manage Users of Space Fabrication Recipe Bank

Users Invites Requests (0)

Owner: Patrick Su

Admin Admins

Admin Role

« Patrick Su (psu8@illinois.edu) [Local Account] ¥

Admin
Admin Role

« Patrick Su (psus@illinois.edu) [Local Account] 3%

| Select Users for this Level...

Select Users for this Level..

Admin
Admin Role

« Patrick Su (psu8@illinois.edu) [Local Account] ¥

Collaborator

Select Users for this Level..

A collaborator can add datasets and files to a space. They cannot delete anything except their own

« Robert Kaufman (rbkaufm2@illinois edu) [Local Account] 3%
« Thomas O'Brien (tobrien3@illinois edu) [Local Account] 3
« John Carlson (jcarls21@illinois edu) [Local Account]

Collaborator / « Maanav Ganjoo (ganjoo2@illinois.edu) [Local Account] ¥
A collaborator can add datasets and files to a space. They cannot delete anything » Kevin Pikul [kplkUIE@IIIIHGISEdu} [L'DCE.' A’ECDLH-It] x

« Robert Kaufman (rbkaufm2@illinois.edu) [Local Account] 3

« Thomas O'Brien (tobrien3@illinois.edu) [Local Account] 3
« John Carlson (jcarls21@illinois.edu) [Local Account] 3

« Maanav Ganjoo (ganjoo2@illinois.edu) [Local Account] X
= Kevin Pikul (kpikul2@illinois.edu) [Local Account] %

| Select Users for this Level. .

| Select Users for this Level...

} Collaborators

N0,
< 4CeeD

U
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Effective Collaboration: Communication

— I SEMExample.tif
nghllgtht anf Add a description Leave
ann-o dte pgr > g | | comments
of image files Comment ) on
- SUBMIT - CLOSE
— Datasets
———— and Files

Files Metadata Comments (1)

T

8 POST

Robert Kaufman « Jul 20, 2020 17:18:01

Completed on July 14th, 2020.
Find Dev Notes:
-L1: 25s wishake at 10s + 1s dip - pretty good

# Thumbnail Position Description

— x: 0.55, y: 0.02, Similar .
= y ; -L2: 22s wishake at 5, 12s + 3s dip - really good
width: 0.37, height: i
e . 2D, L3: 295 wishake at 22 - better than L4

-L4: 31s - looked under + over dev'd (expose issue?) + 3s dip
-InP1: 50s over dev'd

-InP2: 35s really good, hair over dev'd

A Reply (G Edit I Delete

EILLINOIS 13




Efficient Data Collection: Extractors

 Extractors automatically log pertinent information of
uploaded data ‘

» Basic Example: Image Thumbnails | [ =

image/tiff X Download
Mar 18, 2021
. 49 MB Follow
Extractions LSELE TR
iE List extraction events - Submit file for extraction
[ [N SEMExample.txt

Extractor Start End Status

ncsa.image preview  Thu Mar 18 00:54:10 GMT  N/A  StatusMessage.start: Started processing ﬁ SEMExampIe.tif

2021

Add a description

ncsaimage.preview  Thu Mar 18 00:54:10 GMT  N/A - StatusMessage processing: Downloading file.
2021

ncsaimage.preview  Thu Mar 18 00:54:10 GMT  N/A - StatusMessage processing: Uploaded thumbnail of
2021 type png

ncsa.image.preview  Thu Mar 18 00:54:10 GMT  N/A  StatusMessage. processing: Uploading file preview.
2021

ncsa.image.preview Thu Mar 18 00:54:10 GMT  N/A  StatusMessage.processing: Uploaded preview of
2021 type png

ncsa.image.preview  Thu Mar 18 00:54:10 GMT  NA  DONE
2021

10.0kV 6.8mm x13.0k SE(U)

‘@ILLINOIS




Efficient Data Collection: Extractors

« A more useful example is with SEM metadata

[SemImageFile]
InstructMame=5-4300
SerialNumber=HI-91256-0006
DataMumbsar=
SampleMame=
Format=tif
ImageMame=02-12-2020_GaAsBulkb50um_2mins-4001CP-185RIE-15BCI3-TpsCI2-2p2Ar-10mT-10C_qg01 tif
L] Directory=D:\Imags'Psud (Patrick Su)\ZNSEL003\GaAs_Etch_Devi
Date=02112/2020
Time=11:31:14
Media=HD[DATA ]
DataSize=1280x980
PixelSize=22 04861
SignalName=5E({M)
AcceleratingVoltage=5000 Volt
l DecelerationVoltage=0 Volt

Magnification=4500
WorkingDistance=8000 um
EmissionCurrent=7400 nA

LensMode=High

DhntaSiza=1000 M
_T— E 2

\ —
- DS T T VR VR [T Y w—y— —
10.0kV 9.0mm x15.0k SE(U) 7/19/2019"271:28+ 300U,

m_ILLIN{'JlS ()




Efficient Data Collection: Extractors

B 7NSEL003 | WIZNSEL Extractor Space containing the Dataset

B nseLoos
WD 4 datasets | % Remove

@ Extractor Example

Created by Patrick Su All Rights Reserved Patrick Su
Created on Apr 01, 2020 Select a Space -
Access: @ Space Default (Private) © Private

& Public

Collections containing the Dataset
Add a description

I

Select a collection v ADD

o AddFiles & DownloadAllFiles @ Delete L Collaborators
Tags

Files Metadata Comments (0)

L]

07-17-2019_BCI3=7-5_Cl2=2-5 Ar=3-
SEM Ima ge 5 RIE=185W_ICP=375W_P7to2mT_10C_|I-

VIEpi_Sidewall _q05.tif

image/tiff

Ca ptu reS Apr 01,2020 & Download
1.2MB HrFollow
WOE0MO 0O

02-12-2020_GaAsBulk650um_2mins-400/CP-185RIE-15BCI3- CO rres po n d I ng Ixt Of

7p5CI2-2p5Ar-10mT-10C_q01.txt S E M ca ptu re con d |t|0 ns
text/plain * Download

Apr 01, 2020

949 B *Follow

WOEoW) T

()
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Efficient Data Collection: Extractors

Extracted Text File

Corresponding 4CeeD Metadata

[SemImageFile]
InstructName=5-4800
SerialMumber=HI-9126-0006
DataMumber=
SampleMame=

Format=tif

ImageMame=02-12-2020_GaAsBulk650um_2mins-4001CP-185RIE-15BCI3-TpsCI2-2p5A-10mT-10C_q01.tif

Directory=D:\Imags'Psud (Patrick Su)\ZNSEL003\GaAs_Etch_Devi
Date=02112/2020
Time=11:31:14
Media=HD[DATA ]
DataSize=1280x980
PixelSize=22 04861
SignalName=5E({M)
AcceleratingVoltage=5000 Volt
DecelerationVoltage=0 Volt
Magnification=4500
WorkingDistance=8000 um
EmissionCurrent=7400 n&

LensMode=High
PhntaSiza=1000

- Metadata

= Extracted by hitp://clowder9000/extractors/sem.extractor/2.0.0 on Mar 18, 2021 T

ColorPalette:

Media: HD[DATA ]

SerialNumber: HI-9126-0006

Directory: D:\Image\Psu8 (Patrick Su)ZNSELO03Oxidation_Calibt
Magnification: 13000

ﬁ DataDisplayCombine: 1

KeyWerd2:

KeyWord1:

CalibrationScanSpeed: 25

SubMagnification: O

Format: tif

Vacuum:

Date: 02/24/2020

DataSize: 2560x1920

WorkingDistance: 6800 um

Condencer1: 5000

LensMode: High

SubSignalName:

EmissionCurrent: 7800 nA

LILLINOIS




Lecture Series Learning Objectives

* Lecture 2: Demonstration of 4CeeD
» Reviewing 4CeeD Structure
* Introducing Data Sharing and Extractors

* Visualizing Trends with Jupyter
* Breakout: Analyzing an Experiment with 4CeeD and
Jupyter

N7 -
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4CeeD Integrated Jupyter Notebook

Select Metadata to Read from 4Ceed

 Access metadata from i p——

aaaaaaaaaaaaaaaaaaaaa

datasets pr—— |
* Uses pandas DataFrames|| - |
to store info
* Quick table views —
* Create custom columns | oot eose st |
- Easy data retrieval and sorting
* Quick plotting and R
visualization through —
mat p | ot | | b T R T e e

LILLINOIS 19




eeD Integrated Jupyter Notebook

* Jupyter environment is
hosted on 4CeeD servers

e Allows for remote access
and processing of
custom scripts

| |

7 Jupyter TLM usses

Kemel

Widgets

A

Help

B C »  Markdown v
t.write( Contact Kesitivity:

“+sSTr(r_padTpad_area)+’

Logout

Trusted

Control Panel

| Python3 O

Lohms-cm2 [\n")

f.write( Best-fit Line: y = ("+str({fit_slope)+')x + "+str{fit_int)+"\n")
"+str({r_val)+"\n'}
f.write( \nDistance(um)\tResistance(ohms)in")
for d in range(len(dist)):
f.write(str{l_dist[d])}+ \t'+str(res_list[d])+'\n")

Iterate through data and perform TLIM measurements for each trial

File Edit View Insert Cell
+ = @ DB 4+ 4 MR
f.write( ViR =
#Return Rpad
return r_pad*pad_area
In [7]:

resistances = [[] for x in range(trials)]
r_pads = []
avg_res = [@ for d in range(len(dist))]
for t in range(trials):
for d in range(len(dist}):
resistances[t] += [1/(stats.linregress(voltages[t][d], currents[t][d])[e
avg_res[d] += resistances[t][d]/trials
r_pads += [fitPlotSaveResistances(resistances[t],t+1)]
r_pads += [fitPlotSaveResistances(avg_res,@)]

print("Pad Resistance: "+str(r_pads))

1 3
68.993471835645128

8.9876314375871126

8.9948794194313681

Pad Resistance: [1.8767083731516643e-85, 1.88685512070777212-85, 1.841422751474
7174e-85]

pr
o
301 .-
alf
®
25 -
,J’.
A
20 .
I

15 A L7
10

10 0 0 40 50 &0

U_ILLIN{'JIS 20




4CeeD and Jupyter Notebook
» py4ceed.enter_key()

— Prompts entry of API Key to access 4CeeD account

» py4ceed.read_datasets_metadata()
— Opens GUI to select metadata info

» pydceed.get_metadata()
— Returns selected metadata as a pandas DataFrame

N7 -
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4CeeD and Jupyter Notebook

= enter_key()

N - =

View Profile
Robert Kaufman G Logout
Profile Source : Local Account .
rbkaufm2@illinois.edu Link to hosted
Jupyter

User AP| Keys

Create your personal API keys by providing a name for the key and clicking the Add button. Key names have to be unique per user.

Name Key

DID rbkaufmz_key _g:. g __;;:_5_-: e o g % o ‘_m'_:_:_:‘ Eigt e el

Followed by O people & Add

Edit Profile Enter 4Ceed Key

In [2]: pydceed.enter key()

User Key:

Submit

()

N7l |
4ceeD ‘@ILLINOIS 22




4CeeD and Jupyter Notebook

= read datasets metadata()
Select Metadata to Read from 4Ceed

In [3]: pydceed.read datasets metadata() v 4CeeD Demo: GaN Etch Recipe Optimization Figure 2 (Space)
Retrieving datasets ...
- datasets
» Test Space (Space)
¥ GaN Etch Pressure 9 mTorr
» 4CeeD Demos (Space)
¥ GaN Etch Pressure 7 mTorr
» TIQCLOOY (Space) ¥ GaN Etch Pressure 5 mTorr
» SENSELET Data (Space) ¥ GaN Etch Pressure 3.5 mTorr

» Growth Experiments (Space)

» 4CeeD Demo: GaN Etch Recipe Optimization Figure 1 (Space)

» collaborator role test space (Space)

» rbs (Collection)

» TI-QCL (RBK) (Space) dm3 (Collection)
»dm ollection

Submit

LILLINOIS 23




4CeeD and Jupyter Notebook
= get_metadata()

Plot Metadata

In [5]: metadata = pydceed.get_metadeta() In [5]: |metadata = pydceed.get metadeta()
metadata.plot(x="'Pressure’, y="Etch Rate') =

plt.shou() metadata.plot(x="Pressure’, y="Etch Rate')
plt.show()

300 1 —— Etch_Rate
290

280 1
270 1
260 1
250 1
240 1
230 1
220 1

Filter Metadata

In [6]: metadata[metadata[ 'Pressure’] »= 7]

out[e]:
Etch_Rate BCI3_Gas_Flow Cl2_Gas_Flow ICP_Power RIE_Power Pressure Temperature

GaN Etch Pressure 9 mTorr 2200 49.0 210 1000.0 150.0 9.0 250
GaN Etch Pressure 7 mTerr 280.0 49.0 21.0 1000.0 150.0 7.0 25.0

LILLINOIS 24




4CeeD and Jupyter Notebook

= get_metadata()

In [5]:metadata = pydceed.get metadeta()
metadata.plot(x="Pressure’, y="Etch Rate')
plt.show()

pandas.DataFrame

class pandas.DataFrame(data=None, index=None, columns=None, dtype=None, copy=False) [source]

Two-dimensional, size-mutable, potentially heterogeneous tabular data.

Data structure also contains labeled axes (rows and columns). Arithmetic operations align on both row and
column labels. Can be thought of as a dict-like container for Series objects. The primary pandas data
structure.

NYo) |
285 4CeeD Titeinors 2




Lecture Series Learning Objectives

* Lecture 2: Demonstration of 4CeeD
» Reviewing 4CeeD Structure
* Introducing Data Sharing and Extractors

* Visualizing Trends with Jupyter
* Breakout: Analyzing an Experiment with 4CeeD and

Jupyter

N7 -
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- Breakout: 4CeeD Jupyter Integration

Activity Objectives
= Access the 4CeeD Jupyter server
= Extract stored 4CeeD metadata

= Quickly process that data in useful ways
= Save a snapshot of the notebook with the data

Files ~ Running  Clusters

leC orm lon: :> Upload
priv: Name ¥ Last Modified

. seconds a go

O ars ago

& MSE598JupyterDemo.ipynb utes ago
& plot_metadata_tutorial.ipynb ths ag

4CeeD

In [11]:

metadata_3@0ICP_3mT.plot(x="SF6_Flow', y="Etch_Rate')
plt.show()
0.7 1
0.6 1
051
0.2 1
— Etch_Rate
0 a0 50
SF6_Flow

LILLINOIS
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Questions?

Select Metadata to Read from 4Ceed

Search... In [5]: pydceed.read_datasets_metadatal
Retrieving datasets ...

» Fabrication Development Dallasius Group (Space)

» Classroom Demos (Space)

-
% O 4CeeD Demos
B2 & 0O TI-QCL (RBK)
B O TI-QCL 007
B & O TI-QCL 007 Process
i@ [J 12.Si02 Deposition for Isolation Trench Etch
i@ O 11.Si02 Diffusion Mask Removal
B @ O 10. Base Zn Diffusion
% 0O 02-13-2020_TIQCLO07_ZnDiff_Shortside.png
P O 02-13-2020_TIQCL007_ZnDiff_Longside.png
i@ O 9. SiO2 Diffusion Mask Definition Etch
i@ O 8.b Diffusion Mask Lithography Exposure & Dev Metadata =
BN et R e S N No metadata available for this resource -
i O 7. SiO2 Deposition for Diffusion Hard Mask m
i@ O 6. Emitter Hard Mask Removal s

@ GaN Exch Pressure 9 mTarr
% GaN Exch Prassure 7 mlore
@ GaN Exch Pressure § mTorr

@ GaN Exch Pressure 3§ mTorr

» 4C48D Demo: GaN Etch Recips Optimization Figure 1(Space)
» TI-QCL 0068 (Caliection)

Eten_Rate 8CI3_Gas_Flow CI2_Gas_Flow ICP_Power RIE_Power Pressure Temperature

GiNEGhPremure3mTorr 2200 wo no wwo 1o 90 )
CaNEwnPressureTmTor 2600 a0 70 wwo 1m0 7o =0
GINEGhPremureSmTorr 3000 wo no w0 1o 50 o

GanEwnPressureasmTT 2300 a0 20 w0 1m0 ss 20

Plot Metadata

o [4]: metadata = pysceed.get metadeta()
metadata.plot (x='Pressure’, y='Etch Rate’)
plt.show()

X0 — mon P

5.b Emitter Mesa Wet Etch

Tags In [8]: metadata.describe()
5.a Emitter Mesa Dry Etch

4. Si02 Emitter Mask Definition Etch out[8]:

N
000

Etch_Rate BCI3_Gas_Flow Cl2_Gas_Flow ICP_Power RIE_Power Pressure Temperature

count  4.000000 40 40 40 40 4.000000 40
mean  270.000000 490 210 1000.0 1500 6.125000 25.0
std 34641016 0.0 0.0 0.0 0.0 2393568 0.0
min  220.000000 490 210 1000.0 1500 3500000 25.0
25% 265.000000 490 210 1000.0 1500 4625000 25.0
50% 280.000000 490 210 1000.0 1500 6.000000 25.0
5.0kV 10.3mm x3.00k SE(M) B Al Bl 75%  285.000000 49.0 21.0 1000.0 150.0 7.500000 25.0
max 300.000000 490 210 1000.0 1500 9.000000 25.0
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