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Supplementary Figure S1: Control panel chassis for the EMSBot.
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Connections legend:
L N, G: 120V AC-15A
D:24VDC-05 A
U,T:6VDC-05A
X,Z:3VDC-05A

H, J, K, P: signals, multiple voltages
€B: Emergency butten, 24V DC0.5 A

“This control panel supplies and cantrols two vacuum pumps, a high-voltage power supply (HVPS), a 30 printer, and
two servo motors. The HVPS has the current limited on the physical knob, but the voltage is controlled via
software by the panel’s analogue output. There is a computer inside this control panel.

‘This panel also disconnects the positive (+5V DC) of the 3D Printer US eonnections. This allows the 3D printer to
nat be powered by the USB connection and allows a full remote reset f it stops responding to the server. Two
other USB connections pass thraugh the chassis, but all the USB wirings are independent of the main circuit. This
allows better use of USB extensions and cable management since all connections pass through the chassis.

Many emergency buttons can be added. They all should be connected in parallel with each other, and their signal
should enter the EB input. In case more than ane emergency butten is installed, they should be connected to

Wiring:

RED: 120V AC - 15 A— 14 AWG
BLUE: 24V DC— 0.5 A— 22 AWG
GREEN: 6¥ DC— 0.5 A- 22 AWG
PURPLE: 3V DC - 0.5A — 22 AWG
ORA 1 2
R-E-D:24VDC-0.5A—22 AWG

EMSBOT CONTROL PANEL - DISTRIBUTION AND INTERCONNECTION DIAGRAM

Supplementary Figure S2: Control panel diagram for the EMSBot showing electrical circuit

diagrams.
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Welcome to EMSBot - the Automatic Electron Microscopy Sample Preparation

System

m i ek

Use the buttons above to navigate throughout the system'’s interface.
Following is a short text explaining the purpose of each page:

Machine Test

Verify system configurations and test basic machine functions, and provide
manual control of some of the functions.

SEM Tray

Automated preparation of samples for Scanning Electron Microscopy, from
and to the stub holder tray.

TEM tray

Automated preparation of samples for Transmission Electron Microscopy,
from and to the stub holder tray.

Hide/show terminal

You can hide or show the terminal element to the right of the page.

Using the System

« Select the desired module from the navigation bar above

« Use the terminal to monitor system responses and status

« Follow the on-screen instructions for each module

« Monitor the terminal output for feedback and error messages
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Terminal Output

> Socket.I0 connected

Supplementary Figure S3: EMSBot webpage based GUI interface.




Machine Test

Communication tests

3D-Printer: Control panel: Server:

test connectivity send "MACSTAT" send "ping"

Manual use and maintenance

Uncover
SEM
stage

Manual Control

! 1 1 IMPORTANT ! & 1

Misusing these functions might break machine parts!

Open TEM Close TEM

grid cover grid cover

Control
[ELEH

send
"shutdown"

Please read the instructions for each manual control module before using them!

3DP - Direct Control

Terminal Output

> Socket.IO0 connected

> HTTP request: server_test_connectivity called
> Response: Ping called to 142.251.214.142. It
was successful: PING 142.251.214.142
(142.251.214.142): 56 data bytes 64 bytes from
142.251.214.142: icmp_seq=0 ttl=56 time=44.626
ms 64 bytes from 142.251.214.142: icmp_seq=1
tt1=56 time=42.034 ms —— 142.251.214.142 ping
statistics —— 2 packets transmitted, 2 packets
received, 0.0% packet loss round-trip
min/avg/max/stddev = 42.034/43.330/44.626/1.296
ms

Supplementary Figure S4: Interface and controls during machine test. Terminal interface with
the control messages and feedback from EMSBot.
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SEM Tray Preparation

Preparation parameters Tray Positions

Exposure Voltage:

10000
Minimum: 1000, Maximum: 25000
Container height:

39
Values in mm.
Vertical shift:

18
Values in mm. Lowest: -25.0, Highest: 25.0
Exposure Time:

5000
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Minimum: 0, Maximum: 9999
Origin and Destination:

A1 v

Prepare Sample

Preparation parameters

Exposure Voltage:
10000
Minimurm: 1000, Maximum: 25000
Container height:
39
Values in mm
Vertical shift:
10
Values in mm. Lowest: -10.0, Highest: 10.0
Exposure Time:
5000

Minimum: 0, Maximum: 9999

Origin:

TC1 v
Destination:

TE1 v

Prepare Sample

TEM Tray Preparation

Tray Positions

NOTAVAILABLE

Supplementary Figure S$5: Sample preparation screen for EMSBot for (left) SEM and (right)

TEM.
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Supplementary Figure S6: Control flow diagram for the electron microscopy sample
preparation using EMSBot.
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Supplementary Figure S7: The distribution of particle size when the SEM grid is at distance of
-16 mm and -18 mm. The total number of particles analyzed for 580 and 311 particles were
analyzed for the -16 mm and -18 mm from the top of the crucible respectively. (Inset) Magnified
histogram of the distribution of the particles > 25 ym.
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Particle Size Distributions - Ball Milled Sample
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Supplementary Figure S8:
samples of Na.P:O; and SnO:, prepared using both the EMSBot and manual methods.
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Statistical analysis of particle sizes for ball-milled precursor
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Supplementary Figure S9: Comparison of SEM images of samples prepared using EMSBot
(A) and manual methods (B), based on wet spin mixing of Na:P.O, and SnO: precursors. The
example images are shown for medium sized particles (8-50 um diameter). Images on the left
are the SEM with overlaid red circles demonstrating where the automated SEM program
identified a single particle, as well as the particle’s identification number. Images are chosen to
be as representative as possible. (C) Statistical analysis of particle sizes, for SEM samples
prepared using the EMSBot and manual methods.



Supplementary Figure $10: Comparison of SEM sample prepared (A) manually vs (B) using
EMSBot.
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Supplementary Figure S11: SEM micrograph for the NagW,,03;, sample prepared using
EMSBot and the respective Na, O, and W EDS compositional maps along with the total EDS
spectrum.
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Supplementary Figure S12: SEM micrograph for the Ni(OH), sample prepared using EMSBot
and the respective Ni and O EDS compositional maps along with the total EDS spectrum.



Counts

4¢—L
0
0 T T T20

Tio
Energy (keV)

Supplementary Figure S13: SEM micrograph for the NH,H,PO, sample prepared using
EMSBot and the respective N, P, and O EDS compositional maps along with the total EDS
spectrum.
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Supplementary Figure S14: SEM micrograph for the Ti sample prepared using EMSBot and
the respective Ti EDS compositional maps along with the total EDS spectrum.
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Supplementary Figure S15: SEM micrograph for the Na,CO; sample prepared using EMSBot
and the respective C, Na, and O EDS compositional maps along with the total EDS spectrum.
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Supplementary Figure S16: SEM micrograph for the mixture of Na,CO; and Ti samples
prepared using EMSBot and the respective C, O, Na, and Ti EDS compositional maps along

with the total EDS spectrum.
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Supplementary Figure $17: SEM micrograph for the SiO, sample prepared using EMSBot and
the respective Si and O EDS compositional maps along with the total EDS spectrum.
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Supplementary Figure S18: SEM micrograph for the KCI sample prepared using EMSBot and
the respective K and Cl EDS compositional maps along with the total EDS spectrum.
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Supplementary Figure $19: SEM micrograph for the mixture of SiO,, Ti, and KCI samples
prepared using EMSBot and the respective C, Cl, O, K, Si, and Ti EDS compositional maps
along with the total EDS spectrum.
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