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Getting Started

U-STUDIO is a bundled software program that allows the user to effectively utilize the various bio printing functions of the U-
FAB. Typically, the user first performs Single- or Multi-Layer Calibration to identify optimal dispensing parameters to print
various biomaterials in 3-dimensional (3D) form. The program then utilizes the parameters set during calibration for the actual
3D printing.

The following explain the files used in the U-STUDIO program.

A. U-STUDIO Settings Files

The U-STUDIO Settings Files include Printer Settings Files and Material Settings Files.

Printer settings.udf Material :

Printer Settings Files

Users can choose the parameters pertaining to general printing operations such as the filament flowrate,
Whether to Use Nebulizer, and the speed of the Build-plate. This information is saved as a Printer settings.udf
file. More on this at Section I11.-A.-3.-[f. Printer Settings]

Material Settings Files

Users can adjust the information for each material to be used and save this information as a Material

settings.udf file. More on this at Section Ill.-A.-5.-[b. Material Settings].

B. U-STUDIO Files

The U-STUDIO Files are categorized as the Calibration Files and Printing Files.

1.

Calibration Files

The Calibration Files include the User data files listed below.

Calibration. usf

Printing

parameters.udf

Dispensing

parameters.udf

Cross-linking

parameters.udf

a. Printing Parameters

Users can adjust the parameters regarding the Printing shape and save them as a Printing parameters.udf
file. More on this at Section I11.-C1.-2.-[a. Printing Parameters].

b. Dispensing Parameters

Users can adjust the parameters regarding the dispensing of various biomaterials and save them as a
Dispensing parameters.udf file. More on this at Section 111.-C1.-2.-[b. Dispensing Parameters].

c. Cross-linking Parameters

Users can adjust the parameters regarding the Cross-linking of materials and save them as a Cross-
linking parameters.udf file. More on this at section 111.-C1.-2.-[c. Cross-linking Parameters].
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2.

Layer-Based Printing Files
Users can print 3D biological tissue in layer-by-layer fashion without resorting to 3D CAD files (e.g. STL files).
Each layer-specific printing parameters and shape, including crosslinking options, are composed of the following
user data files.

Printing(Layer).usf

Layer setup,udf

Optional

Layer shape.udf
parameter.udf.

a. Layer setup
Users define the printing and crosslinking squenece of each layer in 3D structure, and save the
information in Layer procedure.udf file, which is based on the information defined by Layer shape, Layer
parameter, and Optional parameter listed below.
More on this at section I11.-C3.-2.-[a.Global Options],[b.Layers].

b. Layer shape
Users define the parameters regarding the shape and dispensing sequeunce of each layer, and save the
information into Shape.udf file. More on this at section 111.-C3.-2.-[c. Layer Shape].

c. Layer parameter
Users define the type of materials and their dispensing and crosslinking paramters, and save them into
Printing parameter.udf file. More on this at section II.-C3.-2.-[d. Layer Parameters].

d. Optional parameter
Users define the layer-specific paramers about nozzle wiping and material flushing, and save them into
Optional parameter.udf file. More on this at section 111.-C3.-2.-[e. Wiping/Flushing].

Model-Based Printing Files
The Printing Files include the user data files listed below.

Printing(Model).usf

Slicing setup.udf

Dispensing Cross-linking
parameters.udf parameters.udf

a. Model Setup
Users can adjust the parameters regarding the Coordinates, Scale, and Rotational values of the desired
3D model and save them as a Model setup.udf file. More on this at section 111.-C4.-2.-[b. Model Setup].

b. Slicing Setup
Users can adjust the parameters regarding the layer thickness and planar resolutions of the desired 3D
model and save them as a Slicing setup.udf file. More on this at section 1ll.-C4.-2.-[c. Slicing Setup].

c. Dispensing Parameters
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Users can adjust the parameters regarding the dispensing of each material and save them as a Slicing
setup.udf file. More on this at section 111.-C4.-3.-[b. Dispensing Parameters].

d. Cross-linking Parameters
Users can adjust the parameters regarding the Cross-linking of materials and save them as a Cross-
linking parameters.udf file. More on this at section 111.-C4.-3.-[c. Cross-linking Parameters].

Welcome Window

When the user starts the U-STUDIO program, a Welcome Window pops up over the Main Window. At the top of the Welcome
Window, you will see the buttons that start A. Calibration (Single-Layer) / B. Calibration (Multi-Layer) / C. Layer-based Printing /
D. Model-based Printing (in the center of the window), and D. Recents / E. Examples (at the bottom of the window).

Users can begin a new workflow by pressing the A. Calibration (Single-Layer) / B. Calibration (Multi-Layer) / C.& D. Printing
button or run a recently saved workflow by clicking on the files listed underneath D. Recents. Clicking on E. Examples lists the
company-provided examples of U-STUDIO files that are available as samples to the user.
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A. Single-Layer Calibration
Single-Layer Calibration allows the user to print a specific material in a single layer to find the desired parameters
for 3D Printing, before the actual printing process.
The user can access the main window for Single-Layer Calibration by pressing the A. Calibration (Single-Layer)
button. These parameters can be used during Multi-Layer Calibration to examine the fidelity of the printed
structure. More on this at section I1l.-[C1. Workflow Ul — Calibration(Single-Layer)].

B. Multi-Layer Calibration
Multi-Layer Calibration allows the user to print the materials in multiple layers to find the desired parameters for 3D
Printing, before the actual printing process.
The user can access the main window for Multi-Layer Calibration by pressing the B. Calibration (Multi-Layer)
button. The user can use the parameters set through Single-Layer Calibration to execute Multi-Layer Calibration
and select the parameters best suited for optimal 3D bioprinting. It is also possible to use the parameters set
through Multi-Layer Calibration to print actual 3D models.
More on this at section 1ll.-[C2. Workflow Ul — Calibration(Multi-Layer)].

C. Layer-Based Printing
By cliking the C. Printing(Layer-Based) icon, users can enter into the GUI that enables printing 3D biological tissue
in layer-by-layer fashion without using 3D CAD files (e.g. STL files). Each layer-specific printing parameters and
shape, including crosslinking options, are composed of the user data files described in |.-B.-[2.Layer-Based
Printing Files]. The user can use the parameters set through Single-Layer Calibration to execute Multi-Layer
Calibration and select the parameters best suited for optimal 3D bioprinting. It is also possible to use the
parameters set through Multi-Layer Calibration to print actual 3D models.
More on this at section Ill.-[C3. Workflow Ul — Layer-Based Printing].
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Model-Based Printing

After calibration procedures, the user prints an actual 3D model imported from external CAD files (such as STL
files). The main window for Printing can be accessed by clicking on the D. Printing (Model-Based) icon. Each
model-specific printing parameters and crosslinking options are composed of the user data files described in I.-B.-
[3. Model-Based Printing Files]. The user can use the parameters set through Single- or Multi-Layer Calibration to
print a 3D model. Note: if the user is dissatisfied with the printed 3D model, it is possible to reprint after adjusting
the parameters through re-calibrations.

More on this at section I11.-[C4. Workflow Ul — Model-Based Printing].

Recents
Displays saved files in order of saved dates. The user can selecte/execute the files.

Examples
Displays the example files offered by the U-STUDIO program. The user can select/execute the files.
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Main Window

The user can run Calibration (Single-Layer) / Calibration (Multi-Layer) / Layer-Based Printing / Model-Based Printing /

Recents / Examples from the Welcome Window. Please use the ESC key to enter the Main Window.
The Main Window includes the A. Menu Bar, B. Icon Bar, C. Workflow Ul, and D. Model Viewer

ttings 6 Window 7 Help g
e

Crannets
Name [Tems Cowr |
[Dispenser CHS1 Droplet. )

(1ake7 SIBUIS)UORRIGIED MOIPHOM | 4

i

ﬂlﬂlgglllllll

Channel Propertes
Channel Name [Dispenser CHRT

Channel Type |Droplet =l

Material -]
® Use Homogenzer

Tomperare [0 <] s | eset |

Buia Plate.

Use Buid-plate temperature control

Tomperanre [25 <] Set Reset

Next >>

A. Menu Bar

The Menu Bar has 1. File / 2. Edit / 3. Hardware / 4. View / 5. Settings / 6. Window/ 7. Help tabs.

1.

The following options are displayed when pressing the File button from
the Menu Bar.

When the user presses the New button, the Welcome Window restarts.

When the user presses the Open button, the user can open a saved file.

When the user presses the Save button, the user can save their project.

When the user presses the Save As button, the user can save their project underneath a new file name.

File
New
Open
Save
Save As
Exit
a. New
b. Open
c. Save
d. SaveAs
e. Exit

When the user presses the Exit button, the user can close the Main Window. They can also save their

project before exiting.
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2.

3.

Edit

The following options are displayed when pressing the Edit button from the
Menu Bar.

a. Copy

b. Cut

c. Paste

a. Copy
The user can copy the 3D model file(.stl) onto the printing platform.
b. Cut
The user can cut the 3D model file(.stl) from the printing platform.
c. Paste
The user can paste a 3D model file(.stl) onto the printing platform (typically used in tandom with Cut/Copy).
Hardware
Connect The following options are displayed when pressing the Hardware button
— from the Menu Bar.
Disconnect a. Connect
b. Disconnect
Manual Control ¢. Manual Control
Flush/Clean/Wipe d. Flush/Clean/Wipe
e. Nozzle Alignment
Nozzle Alignment f. Printer Settings
Printer Settings
a. Connect
When the user presses the Connect button, the user connects the U-FAB to the computer of U-FAB.
Before the connection, a prompt asks if the user wants to initialize Homing function (Moving the build-plate
to the initial position). If the user initializes Homing, the computer and U-FAB connect and the build-plate
moves to the Initial reference position of the U-FAB.
Confirm Initialization
e Do you want to move the (build) plate to initial position?
Yes No
b. Disconnect
When the user presses the Disconnect button, the user disables the connection between the computer
and the U-FAB. While the computer is disconnected, the user cannot control the U-FAB. However, they
can still perform tasks that do not need the printing hardware, for example, making and editing new files
within U-STUDIO.
c. Manual Control

When the user presses the Manual Control button, a window pops up. This allows for manual control of
the hardware functions of the U-FAB (listed below).
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Version|

cw—ﬁﬁ— 1) Printer Status

- 2) Navigation

3) H/W Control

] e 2o 4) Omnicure
eswnaionf g e 3] — » 5) BSC Control
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|
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HW Control OmniCure
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Pneumatic Pressure m
Valve Opening Time m
ISC Control
T e
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| | |

Printer Status

Displays the connection status of the computer to the U-FAB, the coordinate of the build-plate, and a

firmware version.

- State: Displays the connection status of the U-FAB. (Connected / Disconnected)

- Version: Displays the firmware version of the U-FAB.

- Current: Displays the current coordinates of the U-FAB Build-plate.

- Limit Switch: Displays if the U-FAB’s build-plate has reached the maximum allowed X/Y/Z
coordinates. (Toggled / Open)

- Toggled: The build-plate has reached the maximum allowed X/Y/Z coordinates in the U-FAB.

- Open: The build-plate has not reached the maximum allowed X/Y/Z coordinates in the U-FAB.

Navigation

Function that allows the user to move the U-FAB’s build-plate. The user can move the build-plate to a
designated channel, or navigate the build-plate through the X,Y or Z Movement Icons, represented in
small triangles corresponding to the directions.

Ch13 : High-Viscosity Material Extruder — High Temp.
Ch14 : High-Viscosity Material Extruder — Intemediate Temp.
Ch15 : Filament Extruder

[Location of Channels on the Build-plate]

- Channel: Allows the user to designate the U-FAB’s channel. See the blue highlights of text/figures
from the above [Build-plate and Channel Locations] to see the individual locations of each channel.

- Destination: Allows the user to designate the specific location of the Build-plate. See the yellow
highlights of text/figures from the [Build-plate and Channel Locations].

- Go: When the user presses the Go button, the build-plate will move to the designated location.

- XY Move: The user can use the Movement Icons to move the build-plate along the X/Y axis
directions in 1/10/100 mm increments.

- Z Move: The user can use the Movement Icon to move the build-plate along the Z axis directions in

8 & CLECELL



4)

1/10/100 mm increments.

Hardware Control

- Selected Channel: Displays the channel that the user designated in Navigation.

- Head Up/Down: Moves the designated channel in Z-axis directions by 30mm. This is to prevent

interference from other channels during printing.

- Shutter Open/Close: Opens or closes the Shutter on the bottom of the user’s designated Droplet-
type channel.

- UV LED On/Off: Allows the user to turn on or off the UV LED of the designated channel.

- ‘Pneumatic Pressure’: Allows the user to set the Pneumatic Pressure within their designated
channel.

- ‘Valve Opening Time’: Allows the user to set the amount of time that the designated channel’s
valve is open. While the valve is open, the contents of the channel are dispensed.

- ‘Dispense’: When the user presses the Dispense button, the designated channel begins
dispensing.

[Note] All functions denoted by above ‘' are required when cleaning the nozzle or inspecting its
condition.

Omnicure

- Power On/Off: Allows the user to turn the Omnicure’s main power on or off.

- Irradiation Start/Stop: Allows the user to start or stop the UV irradiation from the Omnicure’s Light
Guide.

Biosafety Cabinet(BSC) Controls

- BSC Lamp On/Off: Allows the user to turn on or off the U-FAB’s internal light.

- BSC UV Lamp On/Off: Allows the user to turn on or off the U-FAB'’s internal UV light (used for
sterilization of inner surface of the cabinet).

- BSC Fan On/Off: Allows the user to turn on or off the U-FAB'’s internal air blower.

- Power: Allows the user to control the aerodynamic strength of the U-FAB’s air blower.
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Flush/Clean/Wipe

When the user presses the Flush/Clean/Wipe button, a window pops up. It allows the flushing/cleaning of
the syringe in each printing channels and wiping the nozzle tip (in case there is droplet formation on the
tip).

The Flush/Clean/Wipe window includes the following.
1) Channel List
Gl 2) Designation
{No Mterd 3) Flushing/Cleaning
(o Mt 4) Droplet Nozzle Wiping

(No Material

=
c—
—_—
—
—
—
—
(o Material
—
—
—
_—
—
—

Qesignation
Current Location X[0 v[o zfo

Position [Flushing dish(Trash) ]

|

Flushing / Cleaning
Preses[Camam ] savepreset
Pressure [70 | psi

Valve Opening Time [ ] msec

Droplet Nozzle Wiping
Wiper Position h v
¥ Rotate position

Method [Touch v
Count[T— <]

|

Close ‘

1) Channel List

The Channel List displays the types of material in each channel, and the channel types connected to
the U-FAB Driving Module. The user designates a channel for wiping the nozzle tip.

2) Designation
The user can choose the location of Flushing/Cleaning to take place for the designated channel.

Designation
Current Location xlo J YlO ‘ 2\0 l

Position [Flushmg dish(Trash) LI

- Current Location: Displays the current location of the designated channel.
- Position
- Flushing dish(Trash)(35mm): The central coordinates of the build-plate’s designated Flushing
dish.
- Build-plate Center: The central coordinates of the build-plate.
- 6-well plate: The central coordinates of the 6-well plate’s designated well(#1~6).
* More on this under next page’s [Important spatial indices on the Build-plate].

- Go: When the user presses the Go button, the designated channel will move to the designated
location.
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[Important coordinates on the Build-plate for the Wiper and the 6-well dish]

3) Flushing/Cleaning
Function that allows the user to choose the method of Flushing/Cleaning in the designated channel.
Flushing / Cleaning

PresetS]CUStom El Save Preset
Pressure |70 «| psi

Valve Opening Time [29 | msec

- Presets: The user can use the saved Flushing/Cleaning values or set and save new values through
Custom.

- Save Presets: Saves the user set values for Pressure and Valve Opening Time as a
Flushing/Cleaning Presets(.udf).

- Pressure: Sets the pneumatic pressure within the designated channel. (units: psi)

- Valve Opening Time: Sets the amount of time the designated channel’s valve is open. While the
valve is open, the channel will be flushed. (units: msec)

- Start: When the user presses the Start button, Flushing begins in the designated channel. When the
user selects a channel from the channel list, the name of the button will change to match the
channel’s type.

- Stop: When the user presses the Stop button, flushing will stop in the designated channel.

- Mouse Click Flushing: This is a convenience feature designed to allow the user to flush the U-FAB'’s
channels without looking at the monitor. When the user presses the Mouse click Flushing button, a
screen pops up. Then, the user can execute the processes that are involved with flushing by
pressing the corresponding mouse buttons.

U Mouse Flusing Dialog X

1) Mouse Wheel: Change Parameter

2) Mouse Left Button: Start Dispensing

3) Mouse Right Button: Stop Dispensing
4) Mouse Left+Right Button: Close Dialog
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4) Droplet Nozzle Wiping
The user can choose the method of wiping for the Droplet-type channel.

 Droplet Nozzle Wiping

Wiper Position |1 vl

[V Rotate position

Method Im
Count |1 I

[

- Wiper Position: The user can choose the locaton of a specific wiper they wish to use(#1~9).

i
Bl |
o

- —

- Rotate position: When selected, the Droplet-type channel’s nozzle is wiped first at the user’s chosen
wiper, and then is automatically wiped at the next wiper location.

- Method (Touch/Rub): The user can select the wiping method of the Droplet-type channel. The
‘Touch’ wipes by contacting the nozzle with the wiper once, while the ‘Rub’ wipes by the nozzle
drying a circle on the wiper.

- Count: The user can choose how many times the nozzle gets wiped.
- Wipe: When the user presses the Wipe button, the nozzle is wiped.
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Nozzle Alignment

When the user selects Nozzle Alignment, a window pops up. This allows the calibration of the designated
channel’s nozzle position through on-board camera looking at the nozzle from the bottom. The user can
use nozzle alignment to correct for small spatial errors that may happen while operating the U-FAB.

Ovast | Swmwru |
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o »
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|4 —] v ]
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- Nozzle Camera: The user can confirm each channel’s nozzle position through the Nozzle alignment

camera at the bottom left of the build-plate.

- Channel: The user can designate the channel they are trying to calibrate.
- Default: If the user presses the Default button, the default coordinate values offered by the U-FAB are

loaded.

- Save Data: When the user presses the Save Data button, the aligned coordinates are saved.

- Saved Position: The saved nozzle position of each channel is displayed. When the user presses the
Go button, the Nozzle alignment camera moves to the saved position.

- Aligned Position: The user can press the X/Y and Z movement icons (the buttons with a triangle inside)
to display the aligned nozzle position. They can then press the Set button to temporarily save the

aligned position.

- Control head Z-position / Shutter Automatically: When selected, the Z-axis moves Up/Down to
calibrate the nozzle monitoring camera. The shutter on the bottom of the Droplet-type channel

automatically opens as well.

- XY, Z: The user can press the X/Y and Z movement icons (the buttons with a triangle inside) to move
the nozzle monitoring camera in 0.01/0.1/1 mm increments.
- Head Up/Down: Function that moves the designated channel in Z-axis directions by 30mm. This is to
prevent interference from other channels during printing operation.
- Shutter Open/Close: The user can use the Shutter Open/Close function to check if the shutter on the
bottom of the Droplet-type channel is functioning properly.
- UV-LED On/Off: The user can use the UV-LED On/Off function to check if the UV-LED on the bottom

of the Droplet-type channel is functioning properly.

13
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Nozzle position before alignment

Nozzle position after alignment

* The sequence of Nozzle Position Alignment

1) When the user selects a channel for nozzle position alignment, the Saved Position is displayed. The
user then presses the Go button to move the nozzle camera to the Saved Position.
2) The user checks if the crosshair is centered on the nozzle, through the monitoring camera. If it is not

centered, follow the instructions below.

3) The user first focuses the camera lens by using the Z-Axis Movement Icon (the buttons with a triangle
inside), and then the X/Y Axis Movement Icons (the buttons with a triangle inside). The user then
checks the calibrated position (displayed in the Aligned Position box) and temporarily saves the

channel’s position by pressing the Set button.

4) After the user finishes aligning each channel’s nozzle position, pressing the Save Data button will

save the aligned Nozzle positions for all of the channels.

Printer Settings

When the user presses the Printer Settings button, a window pops up. The window designates the U-
FAB'’s build-plate’s speed/filament extrusion amount/Whether to Use Nebulizer. If the user does not edit
these values, the system uses the default values offered by U-STUDIO.

[U) printer Settings

- Speeds
Travel Xy |3600 mm/min

Travel 2 {1200 mm/min

Printing [800 mm/min

- Flowrate
Flowrate [100 +| %

- Nebulizer
M Use Nebulizer 1
M Use Nebulizer 2
M Use Nebulizer 3

14
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- Speeds: Displays the speed at which the build-plate is moving in X/Y/Z-axis directions. Users can
adjust the speed. (measurement: mm/min)
" Travel XY: Displays the speed of the build-plate’s movement in X/Y-axis directions while it is not
printing.
* Travel Z: Displays the speed of the build-plate’s movement in the Z-axis direction while it is not
printing.
- Printing: Displays the speed at which the build-plate is moving in X/Y/Z-axis directions during
printing.
- Flowrate: The user can adjust the amount of material extruded from the filament extruder channel.
(Base extrusion rate: 100%)
- Nebulizer: The user can select a checkbox to choose which Nebulizer to use. The location of the
Nebulizers can be found under [Location of Channels on the Build Plate].

View
The user can see the 3D model in each direction, as shown in the picture, when they press the View button
from the Menu Bar.

Perspective ‘ - Perspective
- Top

Top - Bottom

Bottom - Front

Front - Back

Back - Left

Left - Right

Right

Perspective Bottom

Front/Back Left/Right

Settings

The following options are displayed when pressing the Settings button from
the Menu Bar.

Material Settings a. Preferences
b. Material Settings

Preferences

15 @& CLECELL



Preferences

When the user presses the Preferences button, a window pops up. This allows the selection of Additional

functions for user convenience.

[7] Preferences X

General
[V Show dish

[V Auto-Channel matching on loading the STL file

4!
(2

isplay Date/Time on Still Image

[V Display Date/Time on Video Capture
v Show message dialog when printing is done

Folders

Save

Pl

Close

File Folder [C\ProgramDatalClecelU-StudiolFile

Data Folder |C:\ProgramDa!a\CIeceII\U-Studio

Temporary Folder |C:\Temp

- Show Dish: When selected, this displays the dish that is currently being used in the Model Viewer.

Show Dish, Selected

Show Dish, Unselected

- Auto-Channel matching on loading the STL File: When selected, the software scans for the material
names under the selected 3D file. It then automatically chooses a channel for use. (Useful when the
user imports a 3D Model that has multiple materials to the U-STUDIO.)

- Auto-Connect to printer: When selected, the computer and U-FAB will automatically connect when

starting the U-STUDIO program.

- Display Date/Time on Still Image: When selected, the saved image from the monitoring camera will

contain the date/time of acquisition.

- Display Date/Time on Video Capture: When selected, the saved video from the monitoring camera will

contain the date/time of acquisition.

- Show message dialog when printing is done: When selected, after printing concludes, the Start time,
Finish time, and Elapsed time of the printing process will be displayed through the pop-up.
- Folders: If the user clicks ‘..., it allows selection of a specific folder to save files for U-STUDIO.

16
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b. Material Settings
When the user presses the Material Settings button, a menu that allows the user to input information of
each material will be displayed. If the user does not input information about each material, the default
values offered by U-STUDIO will be displayed.

[¥] Material Settings X
Name Besttemp. Viscosity Color
1 37.0 200.0 —J
37 [—
4 —
2 [
37  —
7 [—]
|
—/
—
Pluronic F-12 3000
General info.
Collagen
6mg/mL

- Name: The user can input the name of the material.

- Description: The user can input detailed information about the material.

- Best Temperature: The user can input the optimal printing temperature of the material.

- Viscosity: The user can input the information pertaining to the viscosity of the material.

- Color: The user can choose the color that will be used to display the material in the Model Viewer.

6. Window
Workflow Ul The following options are displayed when pressing the Window button from the
Cross-Section Menu Bar
Monitoring Camera a. Workflow U_|
Microscope Camera b. Cross-Section
Channel Status c. Monitoring Camera
Skin Model Generator d. Microscope Camera
e. Channel Status

a. Workflow Ul
When the user presses the Workflow Ul button, the Workflow Ul will be enabled or disabled in the main
window. More on this at section Ill.-[C1.-C4. Workflow Ul].

b. Cross-Section
When the user presses the Cross-Section button, a menu that will allow the user to check the model’s
cross section will be displayed in the Model Viewer.

[¥] cCross-Section - O X

Plane Setup

Plane direction | XZ-plane b
OffsetY |0 -
Plane type | Translucent &

Close

Cross-Section Window Select XZ-plane Select YZ-plane
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Plane type : Translucent Plane type : Border-only Plane type : Hidden

- Plane direction: Sets the direction of the cross section in the 3D model (XZ-plane / YZ-plane)

- Offset(X/Y): With the origin point as the anchor, the user can move the location of the cross-
sectional plane in X or Y-axis directions.

- Plane type: Chooses the display method of the 3D model’s cross section. (Translucent / Border-
only / Hidden)

Monitoring Camera

rﬁ, Menitoring Camera = 0 W

When the user presses the Monitoring Camera button, you can observe the materials being printed
through the monitoring camera. The user can then save the video, parts of the video, or both as still
images.

18 @& CLECELL



d.

Microscope Camera

[0 Microscope Camera

Distance Contral

G0 slide lass

Distance

1013 |mm

Amm

.
04 mm

A
0.01mm

A
D0tmm
wrmm
imm -

Lighting Contrel
Level
80 +]%

Frequency

600000 <]He

Touch Control Rates —
X

00E -

z

fooor 4]

Wicroscope Camera

When the user presses the Microscope Camera button, they can then observe the Slide glass

(Hematocytometer) through the Microscope.

- Go to Slide glass: When the user presses the Go to Slide glass button, the build-plate moves until

the user can observe the Slide glass through the microscope.

- Distance: Displays the microscope’s focus point. The user can use the movement icons (the
buttons with a triangle inside) to focus the camera lens.

Channel Status

W channel Status

¥ Show this window automatically when user changes temperature

Channel 3

UV-LED
Shutter

Channel 6

UV-LED
Shutter

Channel 9

UV-LED
Shutter

Channel 12

UWV-LED
Shutter

Lo-temp HV

Channel 2

UV-LED
Shutter

Channel 5

1 FiPsl

UV-LED
Shutter

Channel 8

UV-LED
Shutter

Channel 11

UVLED
Shutter

UV-LED
‘Shutter

Channel 1

UV-LED
Shutter

Channel 4

A EC

L _I.L

UV-LED
Shutter

II'IPS _'

Channel 7

UV-LED
Shutter

Channel 10
L psl
Ll

a7 1C
g |

UVLED
Shutter

Hi-temp HV

UV-LED
Shutter

When the user clicks on Channel Status, the Pneumatic pressure / Temperature / UV-LED Status /
Shutter Status of all U-FAB channels are displayed. If the user changes the channel temperature
through channel settings, the Channel Status window will automatically pop up.
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7.

Help

The following options are displayed when pressing the Help button from
the Menu Bar.

a. Contents
b. Check for Updates
About c. About
a. Contents
When selected, short lists of U-STUDIO functions U-STUDIOare displayed.
b. Check for Updates
When selected, information regarding any updates on firmware versions of the U-FAB and U-STUDIO
software will be displayed.
c. About

When selected, the U-STUDIO’s software version and Copyright information are displayed.

X
U-Studio™
version 2.0 (build 1457)
(V2)

Copyright ® 2018-2019 CleCell Co., Ltd.
Al rights reserved
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Icon Bar
The following icons are displayed on the Icon Bar.

IR

When selected, the user can load U-STUDIO files. (Same function as (File>Open) from
Menu Bar)

When selected, the user can save U-STUDIO files. (Same function as (File>Save) from
Menu Bar)

i

When selected, the U-FAB and the computer connects. (Is ungrayed when the U-FAB is
not connected.)

When selected, the U-FAB and the computer disconnects. (Is ungrayed when the U-
FAB is connected.)

When selected, prints in the parameters inputted by the user. (Is ungrayed when it is
possible to print.)

When selected, the user can temporarily stop all operations occurring within the U-FAB.
Afterwards, the user can either resume or terminate operations.

When selected, the printer submodules move to their initial reference positions.

® ko ke % ™

Displays the connection between the U-FAB and the computer in real-time. (Green
Icon:Connected/Red Icon:Disconnected)
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C1. Workflow Ul — Single-Layer Calibration

Workflow Ul is a menu that is displayed at the bottom of the Main Window’s left Icon Bar. When the user presses the
Single-Layer Calibration button from the Welcome Window, the Workflow Ul for Single-Layer Calibration will be
displayed on the Main Window.

The Workflow Ul for Single-Layer Calibration consists of the tabs for 1. Preparing, 2. Parameter Setting, 3. Printing, and
4. Finalizing.

The user can use the hide button ([«]) or the unhide button ([*]) to hide or unhide the Workflow UI.

% Workflow Ul, hidden ‘::f,,z St e | B | W i | ; Workflow Ul, in display

© - When the unhide button - 2 - When the hide button is

= is pressed ([>]) the UI will ¢ pressed ([«]) the Ul will be

s| be displayed, as in the GwelPiate 5| hidden, as in the picture to the
é;" picture to the right. R é’ left.

1 collagen
] Gelatine
(Mo Material)
. (No Material)
. (Mo Material)
I (No Material)
(Mo Material)
I (o Material)
. (No Material)
. (No Material)
(o Material)
 e— T
N Chocolate
 —

Channel Propetties
Channel Name[Dispenserch#t |
chameiTe [Dropiet |
Material ] collagen -]

¥ Use Homogenizer

Temperature [37 set Reset

Build Plate
I~ Use Build-plate temperature control

25 set Reset

- If the user hides the Workflow Ul, they can enlarge the Ill.-[D.Model Viewer] window.
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1. Preparing Tab

1 Preparing |2 Parameter Settings | 3 Printing | 4 Finalizing |

The following options are displayed when pressing
the 1. Preparing button.

Bioware Type

e a. Bioware Type
b. Channels
G-well Plate c. Channel Properties

d. Build-plate

¥ Show Bioware
When everything is set, the user can press the Next
button to enter 2. Parameter Settings.

{13ke 3[BUIS)UOREIQIED ‘MOIDIOM | &

Channels
Name Temp. Color.
i er Cl Droplet NN Collagen
Droplet Collagen
Gelatine
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
PCL
Chocolate
PCL

N

Channel Properties
Channel Name |Dispenser CH#1 |

Channel Type [ Droplet =

Material [__] Collagen |

¥ Use Homogenizer

Temperature |37 - Set Reset

Build Plate

™ Use Build-plate temperature control

Temperature |25 - Set Reset

Next >>

a. Bioware Type

Bioware Type The user can select the 60(phi) Dish (60mm inner diameter) or 6-
well Plate (each 35mm inner diameter) to designate which
60(phi) Dish bioware to run Calibration process.

- Show Bioware: When selected, this displays the designated
Bioware in the Model Viewer.

- Target Well: The user can designate the location of the well
(#1~6) from the 6-well Plate where the printing occurs.

6-well Plate

v Show Bioware

Target Well

Printing Target | 1 -

60(phi) Dish 6-well Plate

23 & CLECELL



Channels
Displays name and type of Channels used in the U-FAB. The user can select each channel to change
Channel Properties.

Channels
Name
Disg
D

I Color(Material)
[ collagen

ﬂ

@
[t1
@
S

Gelatine

(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(Ne Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)

MITOODOOOODOOODO

- Displayed information: Channel name / Channel type / Materials used / Material color within the Model
Viewer

- Because the U-STUDIO cannot detect the materials used within each channel of the U-FAB, the user
must check if the materials loaded into each U-FAB channel matches with the material displayed in the
U-STUDIO channel.

Channel Properties
Function that sets the Properties of the designated channel.

Channel Properties
Channel Name lDispenser CH#1 I

Channel Type lDropIet

=
Material ] Collagen ~|

[V Use Homogenizer

Temperature |37 v] Set Temperature |

- Channel Name: Displays the name of the designated channel.

- Channel Type: Sets the channel type of the designated channel.

- Material: Sets and displays the type of material the user set within Ill.-A.-5.-[b.Material Settings] in he
designated channel.

- Use Homogenizer: When selected, automatically performs pipetting of the material within the channel
to help prevent material or cells from clumping.

- Temperature: Allows the user to set the temperature of the designated channel.

- Set Temperature: When selected, changes and maintains the channel temperature.

[Channel Type Dropdown] [Material Dropdown]
| None | Il crocoae

[:] Collagen

FB-medium

Droplét 5 Fibrinogen
Extrusion [:] Gelatine
Hi-Viscosity Extrusion(Hi-Temp.) - GelMA
Hi-Viscosity Extrusion(Mid-Temp.) - KC-medium
Filament Extruder Bl vc-medium

=

[ ] naHcos

[ po

- Pluronic F-127

- Thrombin
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2.

d.

Build-plate
Function that allows the user to set the build-plate’s temperature.
Build Plate
[~ Use Build-plate temperature control
Temperature |25 vl Set Temperature

- Use Build-plate temperature control: When selected, the user can access the build-plate temperature
control function.

- Temperature: Allows the user to set the temperature of the build-plate.

- Set Temperature: When selected, changes the channel temperature to the desired temperature setting.

Parameter Settings Tab

ETSRRATG 2 Parsmotr Setings |GG MNEATAIEATS = The following options are displayed when pressing the 2.
Printing Parameters Presets E .
[Custom =8| Parameter Settings button.
Printing Parameters g
Channel 1 z o | 2| a.Printing Parameters
ir ir Di e 5 H H
shape r"n'iwiﬁﬁw o] g| b.Dispensing Parameters
xpo<Jmm  v[poJmm % c. Cross-linking Parameters
Resoluon 300 <]um 3
Fill e | Zigzag(Auto) El =| When everything is set, the user can press the Next
Rasweffo 2] 2| button to enter 3. Printing

Dispensif

- Load: Load a set of previously saved printing
ing Parameters Presets para mete rs.

Custom

Dispe

- Save: Save the parameters as a Preset (user-defined

nsing Parameters

PreumaticPressure [10 ]psi _Load parameters saved as User Data Files)

Vz

Distance to Surface [0.0  w|mm _TEEOTE |

Cross-linking Parameters Presets

e Opening Time [500 <] usec - Restore: Load the default parameter values.

Temperature [N/A  +|"C

Cross-linking Type | None

|

Custom

Cross-Linking Parameters

Distance to Surface |30.0 v |mm

Power[90  ~|% Load
Duration [3.0 v |S€C

Count |1 -

Interval [30.0 v |Sec
Waiting Time [30.0 +|sec Next >>

Printing Parameters

Allows the user to set the Printed shape and Fill Type. The Printing Parameters set by the user are
displayed in real-time through the Model Viewer. After the setting is complete, the user can save the
parameters as a Preset (user-defined parameters saved as User Data Files). If the Custom button is
clicked, the Presets are displayed.

Printing Parameters Presets Printing Parameters Presets

[custom =] [custom ~

Printing Parameters

Printing-1-Line
Channel |4 = Printing-2-Rectangle
sh Printing-3-Circle
3Pe | Circular Disc - Printing-4-RectangularDisc
[ ShowAmow Printing-5-CircularDisc
Printing-9-RectDisc
X[o0 «|mm Yoo «|mm x[ovg ﬂmm Ylo_o L]mm
Resolution [300  +|um Resolution (300 «|um
Fill Type [ Zigzag(Horizontal) ~| Fill Type [ Zigzag(Horizontal) ~|
Radius [19  +|mm Radius [19 < |mm
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1)

Shape - Line

Custom _1]
Printing Parameters
Channel |1 Save
Shape | Line ~| _Restore
.0
1.0

1

¥ Show Arrow

X m mm ) é m
Resolution m um
Count m
v|mm

Length |3.0

v|imm
v|imm

Distance |1.

- Channel: The user can select a channel

- ShapelLine]: When selected, the material is printed as a line (see inset of above figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets. (Printing spatial
resolutions)

- Count: The user can choose the number of lines that will be printed.

- Distance: The user can choose the gap between the printed lines.

- Length: The user can choose the length of the printed line.

Shape — Rectangle

lCustom j
Printing Parameters
Save

Shape | Rectangle j Restore
v ShowArrow

X 0. v|imm Y (0.0 v|imm
Resolution {400 +|um
2 v Distance 1.0 v|/mm

0.0
Width |3.0 v|mm Height|3.0 v|mm

Channel |1

1

Count

- Channel: The user can select a channel.

- Shape[Rectangle]: When selected, the material is printed as a rectangle (see inset of above
figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Count: The user can choose the number of rectangles that will be printed.

- Distance: The user can choose the gap between the printed rectangles.

- Width: The user can choose the printed rectangle’s outer width.

- Height: The user can choose the printed rectangle’s outer height.
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3) Shape — Circle

|Custom ~|
Printing Parameters
Channel |1 Save

Shape [circle LI Restore
[v ShowArrow

x[oo <Jmm  ¥[oo <]mm
Resolution m um

Count[2” ] Distance[10 <|mm
Radius m mm

1

- Channel: The user can select a channel.

- Shape[Circle]: When selected, the material is printed as a circle (see inset of above figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Count: The user can choose the number of circles that will be printed.

- Distance: The user can choose the gap between the printed circles.

- Radius: The user can choose the radius of the outer circle.

4) Shape - Rectangular Disc

ICustom Lj

Printing Parameters

Channel |1 Save
Shape |Rectangular Disc v| _Restore

[V ShowArrow

X|0.0 v |mm Y|0.0 v|mm
=
3

1

Resolution |[400 ~|um

Fill Type |Z|gzag(HcrizcnlaI)

Width |3.0 v|mm Height|3.0 v |mm

- Channel: The user can select a channel.

- Shape[Rectangular Disc]: When selected, the material is printed as a filled rectangle (see inset
of above figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Fill Type: The user can choose how they will fill in the rectangle. (See the information below
regarding ‘Fill Type’)

- Width: The user can choose the rectangle’s width.

- Height: The user can choose the rectangle’s height.
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5)

Shape — Circular Disc

|Custom

Printing Parameters

Channel |1 v

Save

Shape Iclrcular Disc
v ShowArrow

X10.0 v |mm
Resolution [400 v|um

l] Restore

Y|0.0 v |mm

Fill Type [Ccncentnc Ll

Radius [2.0 v |mm

figure).

image.

regarding ‘Fill Type’)

- Channel: The user can select a channel.
- Shape][Circular Disc]: When selected, the material is printed as a filled circle (see inset of above

- X/Y: The user can choose the center coordinate of the circles.
- Resolution: The user can choose the distance between the printed Droplets.
- Fill Type: The user can choose how they will fill in the circle. (See the information below

- Radius: The user can define the outer-most radius.

- Show Arrow: When selected, the Directions and sequences are displayed in the Model Viewer

- Fill Type: Ungrayed when selecting Rectangular Disc/Circle Disc. Allows the user to choose how
they will fill in the rectangle or circle

vt e

: Fills in by going top to
bottom, in a zigzag pattern.

: Fills in by going left to right,
in a zigzag pattern.

o & & & L2 N e -
L e L O I ™ C ety
¢ & & & o 6 ¢ & &6 6 6 6 ~N~S‘~~~~
L. . L « 6 V" P
“ oo oo T O VR . s ¥
¢ o o6 ¢ 66 6 ‘;s‘
Zigzag(Horizontal) Zigzag(Vertical) Concentric

: Fills in by going from the
outer diameter to the center

Gradient Rate : 0%

: Fills in with a spatial gradient
by going from the outer
diameter to the center

Gradient Rate : 50%

: Fills in with a spatial gradient
by going from the outer
diameter to the center

Gradient Rate : 100%

: Fills in with a spatial gradient
by going from the outer
diameter to the center
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b.

Dispensing Parameters
Allows the user to set the parameters regarding dispensing.

Dispensing Parameters Presets

ICustom L]

Dispensing Parameters

Load
Valve Opening Time [500  |usec Save
Distance to Surface [0.0  +|mm _Restore
Temperature [INJA v |°C
Cross-linking Type l—m
Nebulizer Channel W

Pneumatic Pressure |5.0 v |psi

il

- Pneumatic Pressure: Allows the user to set the applied pneumatic pressure to the channel.

- Valve Opening Time: Function that allows the user to set the amount of time the valve is open. While the
valve is open, the material is printed.

- Distance to Surface: The user can set the height at which printing begins.

- Temperature: The user can set each channel’s temperature. If the user has already set the temperature
in the ‘preparing’ tab, they can select N/A. If the temperature setting needs revision, the user selects a
new temperature.

- Cross-linking Type: The user can select the appropriate Cross-linking method.

1) UV-LED (per Droplet)
: When one droplet is dispensed, UV-LEDs (located below the channel) irradiate the droplet. The
user can change the duration of UV-LED irradiation from ‘UV Irradiation Time’.

2) UV-LED(per Layer)
: When a single layer is fully printed, the UV-LED then irradiates the entire layer. The user can
change the duration of UV-LED irradiation from ‘UV Irradiation Time’'.

3) Nebulizer
: The Nebulizer settings menu will be displayed (See c. Cross-linking Parameter)

4) UV-Lamp
: The user can change how long the UV-Lamp (Omnicure)is turned on.

Cross-linking Parameters
Displayed when the user selects the Nebulizer as the Cross-linking Type from the Dispensing Parameters.
It sets the operating parameters of the Nebulizer.

Cross-linking Parameters Presets

ICustom L]

Cross-Linking Parameters

Power m % Load
Duration m sec
Distance to Surface m mm
Count m
Interval m sec

Waiting Time [30.0 +|sec
Next ==

Hil

- Power: The user can choose the amount of nebulizing power as a percentage.

- Duration: The user can choose the duration of nebulization.

- Distance to Surface: The user can choose the height from the bioware at where the Nebulizer works.

- Count: The user can choose how many times the Nebulizer dispenses the crosslinking material.

- Interval: The user can choose the interval at which the Nebulizer dispenses, if the Nebulizer is
continuously dispensing.

- Waiting Time: The user can choose the waiting period after nebulization and before printing so that
proper crosslinking will be ensured. (i.e. crosslinking time may vary depending on the type and
concentration of specific material),
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3.

Printing Tab

1 Preparing | 2 Parameter Seftings 3 Printing | 4 Finalizing

Monitoring Camera

Start Recording

Save Image

[~ Automatic video recording while printing

Video File [

File lc_\ Vvn\CCl

gcode [

Progress

[ |

Additional Printing Options
I~ Homing at starting print [V Align Z-offset
¥ Flush before starting [V Measure Surface

7.0 v |psi 100 «|msec |2 |times

¥ Nebulize after printing finished
¥ Show build-plate after printing ™ Dryrun printing

Next >>

(1ahen a|BuIS)uoneIqIeD MO IPHOM | o

a. Monitoring Camera
The Monitoring Camera takes video/pictures of the printing process in real-time. The user can archive the
printing process as a video or image file.

When the user presses the 3. Printing button, a menu that
allows the user to execute Single-Layer Calibration.

a. Monitoring Camera

b. Progress

c. Additional Printing Options
d. Report

When everything is set, the user can press the Next button
to enter 4. Finalizing.

- Automatic video recording while printing: When selected, the Monitoring Camera automatically films the
printing process when it starts (saves as .mp4).

- Start Recording: When selected, manually begins filming the printing process (saves as .mp4).

- Save Image: When selected, a screenshot is saved (saved as .png).

- Video File: When the user presses the ‘..." button, they can choose the directory to save the video/image

files.

b. Printing Status
Displays information about the printing process in real-time.

- File: Displays the location of the file that is being printed.

- Progress: Displays the completion of the printing process as a Bar graph.

- Layer: Displays the current number of material layers.

- Current Job: If the printing process has not finished, Current Job displays as ‘Printing’. If it is finished, it
displays as ‘Finished’.

- Start Time: Displays the time when the printing process began.

- Finish Time: Displays the time when the printing process will finish.

- Elapsed Time: Displays the amount of time left before the printing process concludes.

- Print / Pause: When the user presses the Print button, the printing process begins, and the Print button
changes to the Pause button. When the user presses the Pause button, the printing process can be
temporarily stopped.

- Resume: Appears when the Pause button is pressed. When clicked, it resumes the printing process.

- Cancel: Appears when the Pause button is pressed. When clicked, it terminates the printing process.
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c. Additional Printing Options
Allows the user to select additional features for printing.

Additional Printing Options
[~ Homing at starting print v Align Z-offset

[V Flush before starting v Measure Surface
|7_0 Llpsi [10.0 lesec 2 v |times

v Nebulize after printing finished
[V Show build-plate after printing [~ Dryrun printing

- Homing at starting print: When selected, the build-plate moves to the Initial reference position of the U-
FAB before the printing process begins.

- Align Z-offset: When selected, the build plate undergoes processes that adjust the vertical offset from the

nozzle.

- Measure Surface: When selected, the distance between the buildplate and the nozzle is measured.

- Flush before starting: When selected, the channels are flushed before the printing process begins.

- Nebulize after printing finished:

- Show buile-plate after printing: When selected, the build-plate moves to the front panel of the U-FAB
after the printing process finishes. When unselected, the build-plate stops at the location where the
printing process finished.

- Dryrun printing: When selected, the users can simulate the entire printing process without dispensing

any materials.
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4. Finalizing Tab

1 Preparingl 2 Parameter Settings | 8 Printing. 4 Finalizing

When the user presses the 4. Finalizing button, the
parameters set during Single-Layer Calibration are
displayed. The user can verify and save these parameters
from the Finalizing Tab

Printing/Slicing Parameters
Printing Parameters:
Material Channel: 0
X0
Y:0
Spatial resolution: 300 um
Shape: Circular Disc
Radius: 1 mm

a. Printing/Slicing Parameters
b. Dispensing Parameters
c. Cross-Linking Parameters

(1ahe] s|buiS)uoneIqIeD :MO|MHUOA | o

o Parootues - Save Parameters: If the user presses the Save
Parameters button, the parameters displayed under the

SIEIP e, Finalizing Tab are saved. If the user changes the

Dispensing Parameters:

Vol oo i e parameters after viewing the finished printed model, this
Debce i e function becomes necessary to save the changed

parameters.

Save Parameters

Cross-Linking Parameters

ICross-linking Parameters:
Nebulizing Power: 90 %
Duration: 3 sec
Distance to surface: 30 mm
Nebulizing Count: 1
Interval: 30 sec
Waiting time: 30 sec

Save Parameters

a. Printing/Slicing Parameters
The user can verify and save the Printing/Slicing Parameters.

b. Dispensing Parameters
The user can verify and save the Dispensing Parameters.

c. Cross-Linking Parameters
The user can verify and save the Cross-Linking Parameters.
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C2. Workflow Ul — Multi-Layer Calibration

Workflow Ul is a menu that is displayed at the bottom of the Main Window’s left Icon Bar. When the user presses the
Multi-Layer Calibration button from the Welcome Window, the Workflow Ul for Multi-Layer Calibration will be displayed
on the Main Window.

The Workflow Ul for Multi-Layer Calibration, which is similar to the process for the Single-Layer Calibiration, consists of
the tabs for 1. Preparing, 2. Parameter Setting, 3. Printing, and 4. Finalizing.

The user can use the hide button([<])or the unhide button([*])to hide or unhide the Workflow UI.

j 1 Preparing | 2 Parameter Settings | 3 Printing | 4 Finaizing | <
§ Workflow Ul, hidden Sy § Workflow Ul, in display
g 60(phi) Dish g
2| - When the unhide button is pressed | - When the hide button is pressed
¢ ([»]) the Ul will be displayed, like 2| ([«]) the Ul will be hidden, like the
Z| the picture to the right. = g| picture to the left.
,E V¥ Show Bioware z
g Channels E
Name Temp. Color
Dispenser CH#1 Droplet N Collagen

C—1 Collagen

[ Gelatine

(o Material)

I (No Material)

(o Material)

(Mo Material)

I (No Material)

N (No Material)

(o Material)

(Mo Material)

N (No Material)

C— PcL

B Chocolate
| m— 0N

Channel Properties

Channel Name [Dispenser CH#1
Channel Type | Droplet id
wateral ] colagen ]

¥ Use Homogenizer

Temperature [37 Sset Reset

Build Plate
I~ Use Build-plate temperature control

Temperature [25 + set Reset

- If the user hides the Workflow Ul, they can enlarge the lll.-[D.Model Viewer] window.

33 @& CLECELL



Preparing Tab

1 Propacing | ERTATRAATS BR NREIT MEETY 4| The following options are displayed when pressing the 1.
Siowere fipe § Preparing button.
60(phi) Dish g .
9| a.Bioware Type
2| b. Channels
GwellFlste S| c. Channel Properties
= .
[V Show Bioware ":E d' Bu“d-plate
=
5
2
Channels =| When everything is set, the user can press the Next button
Nam: Tem| Color .
ETITE vt e Cotagan to enter 2. Parameter Settings.
Disper + oplet [ Collagen
C—1 Gelatine
I (No Material)
I (o Material)
I (No Material)
I (Mo Material)
I (No Material)
I (Mo Material)
I (o Material)
i I (No Material)
i I (Mo Material)
 e— e
i ty CH#Z EEE Chocolate
Filament Extrude Filament Extrude —

Channel Properties

Channel Name |Dispenser CH#1
Channel Type | Droplet =
Material [T ] Collagen -

¥ Use Homogenizer

Temperature |37 - Set Reset

Build Plate
I” Use Build-plate temperature control

Temperature (25 i Set Reset

a. Bioware Type

Bioware Type

60(phi) Dish

6-well Plate

¥ Show Bioware

Target Well

Printing Target | 1 vl

60(phi) Dish

Next >>

The user can select the 60(phi) Dish (60mm inner diameter) or 6-
well Plate (each 35mm inner diameter) to designate which bioware
to run Calibration process.

- Show Bioware: When selected, this displays the designated
Bioware in the Model Viewer.

- Target Well: The user can designate the location of the well
(#1~6) from the 6-well Plate where the printing occurs.

6-well Plate
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b. Channels
Displays name and type of Channels used in the U-FAB. The user can select each channel to change
Channel Properties.

Channels
Name Temp. Color
Dispenser CH#1 Droplet I Collagen

I (No Material)
I (Mo Material)
I (No Material)
I (No Material)
I (o Material)
I (o Material)
I (No Material)
C— pcL
I cChocolate
— e

- Displayed information: Channel name / Channel type / Materials used / Material color within the Model
Viewer

- Because the U-STUDIO cannot detect the materials used within each channel of the U-FAB, the user
must check if the materials loaded into each U-FAB channel matches with the material displayed in the
U-STUDIO channel.

c. Channel Properties
Function that sets the Properties of the designated channel.

Channel Properties
Channel Name IDispenser CH#1 ]

Channel Type | Droplet Ll
Material [ ] Collagen j

[V Use Homogenizer
Temperature m Set Temperature |

- Channel Name: Displays the name of the designated channel.

- Channel Type: Sets the channel type of the designated channel.

- Material: Sets and displays the type of material the user set within Ill.-A.-5.-[b.Material Settings] in he
designated channel.

- Use Homogenizer: When selected, automatically performs pipetting of the material within the channel
to help prevent material or cells from clumping.

- Temperature: Allows the user to set the temperature of the designated channel.

- Set Temperature: When selected, changes and maintains the channel temperature.

[Channel Type Dropdown] [Material Dropdown]
|None j Chocolate

l:] Collagen
Droplet - FB-medium
Extrusion Fibrinogen
Hi-Viscosity Extrusion(Hi-Temp.) :] Gelatine
Hi-Viscosity Extrusion(Mid-Temp.) - GelMA
Filament Extruder B «c-medium

Il ic-medium

I el

[ ] naHcos

[ ] Pc

- Pluronic F-127

- Thrombin
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d. Build-plate
Function that allows the user to set the build-plate’s temperature.

Build Plate
[~ Use Build-plate temperature control
Temperature |25 vI Set Temperature

- Use Build-plate temperature control: When selected, the user can access the build-plate temperature
control function.

- Temperature: Allows the user to set the temperature of the build-plate.

- Set Temperature: When selected, changes the channel temperature to the desired temperature setting.

2. Parameter Settings Tab

A Prepaing. 2 Parameter Setings |3 Printing | 4 Finalizing 2 The fOllOWing options are displayed when pressing the 2.
Printing Parameters Presets E .
= =1|g| Parameter Settings button.
Printing Parameters g
] — 9| a.Printing Parameters
shape r’fi"iﬂiﬂsriw - g| b. Dispensing Parameters
s ki
e 3 c Cross-linking Parameters
Resolution [300 ~|um %
FillType [zigzag(auto) g g When everything is set, the user can press the Next button
madalto SIS =| to enter 3. Printing
Layer Count | 1 v N . .
- Load : Load a set of previously saved printing
Dispensing Parameters Presets paramete rs.
°”;‘°““ — = - Save : Save the parameters as a Preset (user-defined
ispensing Parameters .
seastcrsnsi i IEE parameters saved as User Data Files)
Valve Opening Time [500_<Jusec __ 5 | - Restore : Load the default parameter values.
Distance to Surface |0.0 v |mm
Temperature [N/A v |*C

Cross-linking Type | None

|

Cross-linking Parameters Presets
Custom =l

Cross-Linking Parameters

Power[90  +|% Load
Duration (3.0 v|sec

Distance to Surface |30.0 v|Mmm
Count |1

Interval [30.0 v |Sec
Waiting Time [300 | sec Next >>

a. Printing Parameters
Allows the user to set the Printed shape and Fill Type. The Printing Parameters set by the user are
displayed in real-time through the Model Viewer. After the setting is complete, the user can save the
parameters as a Preset (user-defined parameters saved as User Data Files). When the Custom button is
clicked, the Presets are displayed.

Printing Parameters Presets Printing Parameters Presets
ICus(om L] ICuslom LI
Printing Parameters
Printing-1-Line
Channel |4 = Printing-2-Rectangle
h Printing-3-Circle
Shape | circular Disc v Printing-4-RectangularDisc
v ShowArrow Printing-5-CircularDisc
Printing-9-RectDisc
XI0,0 erIm Ylo_o jmm XIOO jmm Ylog jmm
Resolution [300 +|um Resolution (300 +|um
Fill Type IZlgzag(Honzcmal) _:l Fill Type lZlgzag(chzomaIJ l]
Radius |10 «|mm Radius |10 «|mm
Layer Count | 4 = Layer Count |4 =
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1)

Shape - Line

Custom L]

Printing Parameters

Channel m Save
Shape [hl Restore
[V ShowArrow
X m mm Y m mm
Resolution m um
Count m Distance [TE] mm
Length m mm

LayerCoumm ) >

- Channel: The user can select a channel

- ShapelLine]: When selected, the material is printed as a line (see the inset of the above figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets. (Printing spatial
resolutions)

- Count: The user can choose the number of lines that will be printed.

- Distance: The user can choose the gap between the printed lines.

- Length: The user can choose the length of a printed line.

- Layer counts: The user defines the number of layers to be printed.

Shape — Rectangle

ICustom j
Printing Parameters
Channel |1 Save
Shape [Rectangle v| _Restore

[V ShowArrow

1

X m mm b m mm
Resolution m um

Count |2 v Distance |1.0 v|mm

Width m mm  Height |&l] ~|mm

Layer Count |3 v

- Channel: The user can select a channel.

- Shape[Rectangle]: When selected, the material is printed as a rectangle (see the inset of the
above figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Count: The user can choose the number of rectangles that will be printed.

- Distance: The user can choose the gap between the printed rectangles.

- Width: The user can choose the printed rectangle’s outer width.

- Height: The user can choose the printed rectangle’s outer height.

- Layer counts: The user defines the number of layers to be printed.
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3)

Shape — Circle

ICustom Ll

Printing Parameters

Channel |1 Save
Shape |Circ|e j Restore
[V ShowArrow

X 0.0 v|mm Y (0.0 v|mm

Resolution 400 v |um

Count |2 v Distance |1.0 vimm

Radius | ~|mm

1

e

Layer Count [3_1—' YR

- Channel: The user can select a channel.

- Shape[Circle]: When selected, the material is printed as a circle (see the inset of the above
figure).

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Count: The user can choose the number of circles that will be printed.

- Distance: The user can choose the gap between the printed circles.

- Radius: The user can choose the radius of the outer circle.

- Layer counts: The user defines the number of layers to be printed.

Shape - Rectangular Disc

ICustom j

Printing Parameters

Channel |1 - Save
Shape |Rectangular Disc L‘ Restore

[v ShowArrow

X 0.0 v |mm Y |0.0 v|mm
Resolution [400 +v|um

Fill Type |Zigzag[chzontaI) LJ
Width |3.0 v|mm Height|3.0 v|mm

Layer Count |3 > e ySTas

- Channel: The user can select a channel.

- Shape[Rectangular Disc]: When selected, the material is printed as a filled rectangle

- Show Arrow: When selected, the printing Directions and sequences are displayed in the Model
Viewer image.

- X/Y: The user can choose the central coordinates for printing.

- Resolution: The user can choose the distance between the printed Droplets.

- Fill Type: The user can choose how they will fill in the rectangle. (See the information below
regarding ‘Fill Type’)

- Width: The user can choose the rectangle’s width.

- Height: The user can choose the rectangle’s height.

- Layer counts: The user defines the number of layers to be printed.
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5)

Shape — Circular Disc

[custom

Printing Parameters

Channel |1 v

Save

Shape |C|rcular Disc
v ShowArrow

X|0.0 v|mm
Resolution |[400 v|um

Ll Restore

Y (0.0 v|mm

Fill Type ICcncentnc Ll

Radius [2.0 v|mm

Layer Count |3 v

image.

regarding ‘Fill Type’)

- Channel: The user can select a channel.
- Shape[Circular Disc]: When selected, the material is printed as a filled circle.
- Show Arrow: When selected, the Directions and sequences are displayed in the Model Viewer

- X/Y: The user can choose the central coordinates for printing.
- Resolution: The user can choose the distance between the printed Droplets.
- Fill Type: The user can choose how they will fill in the circle. (See the information below

- Radius: The user can define the outer-most radius.
- Layer counts: The user defines the number of layers to be printed.

- Fill Type: Ungreyed when selecting Rectangular Disc/Circle Disc. Allows the user to choose how
they will fill the rectangle or circle

: Fills in by going top to
bottom, in a zigzag pattern.

: Fills in by going left to right,
in a zigzag pattern.

o & & 6 . & 66 ~bb~
[ T ¢ oo oo C e% e
L e e e S v o o6 e é :~s‘~~~~
L S e e DO I PN G al
L N Ty o 9 “C oo oo ;bs'~'
L e T (O ™ C e
Zigzag(Horizontal) Zigzag(Vertical) Concentric

: Fills in by going from the
outer diameter to the center

Gradient Rate : 0%

: Fills in with a spatial gradient
by going from the outer
diameter to the center

Gradient Rate : 50%

: Fills in with a spatial gradient
by going from the outer
diameter to the center

Gradient Rate : 100%

: Fills in with a spatial
gradient by going from the
outer diameter to the center
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b. Dispensing Parameters
Allows the user to set the parameters regarding dispensing.

Dispensing Parameters Presets

|Custom j

Dispensing Parameters

Pneumatic Pressure m psi Load
Valve Opening Time (500 v |usec ﬂ]
Distance to Surface m mm _Restore

Temperature [N/A v |°C
Cross-linking Type | Nebulizer -
Nebulizer Channel m

- Pneumatic Pressure: Allows the user to set the applied pneumatic pressure to the channel.

- Valve Opening Time: Function that allows the user to set the amount of time the valve is open. While the
valve is open, the material is printed.

- Distance to Surface: The user can set the height at where printing begins.

- Temperature: The user can set each channel’s temperature. If the user has already set the temperature

in the ‘preparing’ tab, they can select N/A. If the temperature setting needs revision, the user selects a
new temperature.

- Cross-linking Type: The user can select the appropriate Cross-linking method.

1) UV-LED(per Droplet)

: When one droplet is dispensed, UV-LEDs (located below the channel) irradiate the droplet. The

user can change the duration of UV-LED irradiation from ‘UV Irradiation Time’.
2) UV-LED(per Layer)

: When a single layer is fully printed, the UV-LED then irradiates the entire layer. The user can
change the duration of UV-LED irradiation from ‘UV Irradiation Time’'.
3) Nebulizer

: The Nebulizer settings menu will be displayed (See c. Cross-linking Parameter)
4) UV-Lamp

: The user can change how long the UV-Lamp(Omnicure)is turned on.

Cross-linking Parameters
Displayed when the user selects the Nebulizer as the Cross-linking Type from the Dispensing Parameters.
It sets the operating parameters of the Nebulizer.

Cross-linking Parameters Presets

[custom =

Cross-Linking Parameters

Power [100 +~|% Load
0
1 v

Duration m sec

Distance to Surface m mm
Count [—_]

Interval [30.0 v |sec

Waiting Time |30.0 ~|sec
Next >>

Hil

- Power: The user can choose the amount of nebulizing power as a percentage.

- Duration: The user can choose the duration of nebulization.

- Distance to Surface: The user can choose the height from the bioware at where the Nebulizer works.

- Count: The user can choose how many times the Nebulizer dispenses the crosslinking material.

- Interval: The user can choose the interval at which the Nebulizer dispenses, if the Nebulizer is
continuously dispensing.

- Waiting Time: The user can choose the waiting period after nebulization and before printing so that

proper crosslinking will be ensured. (i.e. crosslinking time may vary depending on the type and
concentration of specific material),
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3. Printing Tab

1 Prepaing | 2 ParameterSetings. 3 prining | & Finaling | 2 When the user presses the 3. Printing button, a menu that

Hontonng Comers § allows the user to execute Multi-Layer Calibration.
2 .
g a.Monitoring Camera
s b.Progress
S c.Additional Printing Options
S d.Report
3
= When everything is set, the user can press the Next button

to enter 4. Finalizing.
Start Recording Save Image
™ Automatic video recording while printing
Video File JJ

File [Chsvm\CCI gcode ‘

Progress

Additional Printing Options
I~ Homing at starting print ¥ Align Z-offset
¥ Flush before starting ¥ Measure Surface

7.0 v |Psi 100 «|msec |2 |times

¥ Nebulize after printing finished
¥ Show build-plate after printing I™ Dryrun printing

[
Next >>

a. Monitoring Camera
The Monitoring Camera takes video/pictures of the printing process in real-time. The user can archive the
printing process as a video or image file.

- Automatic video recording while printing: When selected, the Monitoring Camera automatically films the
printing process when it starts. (saves as .mp4)

- Start Recording: When selected, manually begins filming the printing process. (saves as .mp4)

- Save Image: When selected, a screenshot is saved (as .png)

- Video File: When the user presses the “..." button, they can choose the directory to save the video/image
files.

b. Printing Status
Displays information about the printing process in real-time.

- File : Displays the location of the file that is being printed.

- Progress : Displays the completion of the printing process as a Bar graph.

- Layer : Displays the current number of material layers.

- Current Job : If the printing process has not finished, Current Job displays as ‘Printing’. If it is finished, it
displays as ‘Finished’.

- Start Time : Displays the time when the printing process began.

- Finish Time : Displays the time when the printing process will finish.

- Elapsed Time : Displays the amount of time left before the printing process concludes.

- Print / Pause : When the user presses the Print button, the printing process begins, and the Print button
changes to the Pause button. When the user presses the Pause button, the printing process can be
temporarily stopped.

- Resume : Appears when the Pause button is pressed. When clicked, it resumes the printing process.

- Cancel : Appears when the Pause button is pressed. When clicked, it terminates the printing process.
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c. Additional Printing Options
Allows the user to select additional features for printing.

Additional Printing Options
[~ Homing at starting print v Align Z-offset

[V Flush before starting v Measure Surface
|7_0 Llpsi [10.0 lesec 2 v |times

v Nebulize after printing finished
[V Show build-plate after printing [~ Dryrun printing

- Homing at starting print: When selected, the build-plate moves to the Initial reference position of the U-
FAB before the printing process begins.

- Align Z-offset: When selected, the build plate undergoes processes that adjust the vertical offset from the
nozzle.

- Measure Surface: When selected, the distance between the buildplate and the nozzle is measured.

- Flush before starting: When selected, the channels are flushed before the printing process begins.

- Nebulize after printing finished:

- Show buile-plate after printing: When selected, the build-plate moves to the front panel of the U-FAB
after the printing process finishes. When unselected, the build-plate stops at the location where the
printing process finished.

- Dryrun printing: When selected, the users can simulate the entire printing process without dispensing
any materials.

42 @& CLECELL



4. Finalizing Tab

1 Preparing | 2 Parameter Settings | @ Printing 4 Finalizing

Printing/Slicing Parameters

Printing Parameters:
Material Channel: 0
X0
Y:0
Spatial resolution: 300 um
Shape: Circular Disc
Radius: 1 mm

Save Parameters

Dispensing Parameters

Dispensing Parameters:
Penumatic pressure: 4 psi
Valve opening time: 500 usec
Distance to surface: 0 mm
Temperature: N/A

Save Parameters

Cross-Linking Parameters

Cross-linking Parameters:
Nebulizing Power: 90 %
Duration: 3 sec
Distance to surface: 30 mm
Nebulizing Count: 1
Interval: 30 sec
Waiting time: 30 sec

a.

b.

C.

Save Parameters

Printing/Slicing Parameters

The user can verify and save the Printing/Slicing Parameters.

Dispensing Parameters

The user can verify and save the Dispensing Parameters.

Cross-Linking Parameters

The user can verify and save the Cross-Linking Parameters

(19AE7-NINA)UONEIGIED MO PO | &
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a. Printing/Slicing Parameters
b. Dispensing Parameters
c. Cross-Linking Parameters

When the user presses the 4. Finalizing button, the
parameters set during Multi-Layer Calibration are
displayed. The user can verify and save these parameters
from the Finalizing Tab

- Save Parameters: If the user presses the Save
Parameters button, the parameters displayed under the
Finalizing Tab are saved.
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C3. Workflow Ul — Layer-Based Printing

Workflow Ul is a menu that is displayed at the bottom of the Main Window’s left Icon Bar. When the user presses the
Layer-based Printing button from the Welcome Window, the corresponding Workflow Ul will be displayed on the Main
Window.

The Workflow Ul for Layer-based printing is composed of 1. Preparing, 2. Layer, 3. Printing, and 4. Finalizing menus.
The user can use the hide button([<])or the unhide button([*])to hide or unhide the Workflow UI.

Bunuld paseq-1ake Mo oM | a

1 Preparing |2 Layer | 3 Printing | 4 Finalizing |

Workflow Ul, hidden —

Workflow Ul, in display

60(phi) Dish

- When the unhide button is
pressed ([>]) the Ul will be i
displayed, like the picture to the ¥ Show Bioware

right.

- When the hide button is
pressed ([«]) the Ul will be

hidden, like the picture to the
left.

Bunuug paseq—.la/\ﬂ:mwuomh\

Channels

Name

Dispenser CHiF Droplet W Collagen
plet B MEL

(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
(o Material)
 e— T
N Chocolate
 e— R

Channel Properties.

e Ol | |
chamnelype [oropet ]
waterial [ colagen |

¥ Use Homogenizer

Temperature [37 . Set Reset

Build Plate
[™ Use Build-plate temperature control

Temperature [25 | Set Reset

- If the user hides the Workflow Ul, they can enlarge the Ill.-[D.Model Viewer] window.
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1. Preparing Tab

1 Preparing |2 Layer | @) Prining | @ Finalizing < The following options are displayed when pressing the
Slotrate es g 1. Preparing button.
g
60(phi) Dish Eas -
1y a. Bioware Type
3 b. Channels
S-well Pate ¢ c.Channel Properties
o d.Build Plate
¥ Show Bioware B
=
(e}
Channels When everything is set, the user can press the Next
Name Temp. Color
Dispenser CH#1 Droplet I Collagen bUtton tO enter 2 Layer tab
Dispenser CH#Z Droplet [ =
I (Mo Material)
I (Mo Material)
N (o Material)
I (No Material)
I (No Material)
I (Mo Material)
I (No Material)
I (No Material)
I (No Material)
I (o Material)
C— pcL
I Chocolate
 m— R

Channel Properties
Channel Name [DlspenserCHM ‘

Channel Type m
Material ] collagen |

¥ Use Homogenizer

Temperature |37 - Set Reset

Build Plate

I” Use Build-plate temperature control

Temperature |25 - Set Reset

Next >>

a. Bioware Type

Bioware Type The user can select the 60(phi) Dish (60mm inner
diameter) or 6-well Plate (each 35mm inner diameter) to
designate which bioware to run Calibration process.

60(phi) Dish
- Show Bioware: When selected, this displays the
designated Bioware in the Model Viewer.
6-well Plate - Target Well: The user can designate the location of the
well (#1~6) from the 6-well Plate where the printing
occurs.
[V Show Bioware
Target Well
Printing Target | 1 v
60(phi) Dish 6-well Plate
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b. Channels
Displays name and type of Channels used in the U-FAB. The user can select each channel to change
Channel Properties.

Channels
Name ] Temp. ] Color I
Dispenser CH#1 Droplet I Collagen

MEL

(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
PCL
Chocolate
PCL

Dispense 2 Dr

T

Filament Extruder Filament Extruder

- Displayed information: Channel name / Channel type / Materials used / Material color within the
Model Viewer

- Because the U-STUDIO cannot detect the materials used within each channel of the U-FAB, the
user must check if the materials loaded into each U-FAB channel matches with the material
displayed in the U-STUDIO channel.

c. Channels Properties
Function that sets the Properties of the designated channel.

Channel Properties
Channel Name |Di5penser CH#1 |

Channel Type [ Droplet -

Material ] Collagen =l

v Use Homogenizer

Temperature |37 v Set | Reset |

- Channel Name: Displays the name of the designated channel.

- Channel Type: Sets the channel type of the designated channel.

- Material: Sets and displays the type of material the user set within Ill.-A.-5.-[b.Material Settings] in
he designated channel.

- Use Homogenizer: When selected, automatically performs pipetting of the material within the
channel to help prevent material or cells from clumping.

- Set: When selected, changes and maintains the channel temperature

- Reset: When selected, disengages from temperature control

[Channel Type Dropdown] [Material Dropdown]

Chocolate
Collagen

Droplet

Extrusion

Hi-Viscosity Extrusion(Hi-Temp.)
Hi-Viscosity Extrusion(Mid-Temp.)
Filament Extruder

FB-medium
Fibrinogen
Gelatine
GelMA
KC-medium

MC-medium
MEL

NaHCO3

PCL

Pluronic F-127
Thrombin

WL EEE B
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2,

Build Plate
Function that allows the user to set the build-plate’s temperature.

Build Plate
[~ Use Build-plate temperature control

Temperature |25 v Set Reset

- Use Build-plate temperature control: When selected, the user can access the build-plate temperature
control function.

- Temperature: Allows the user to set the temperature of the build-plate.

- Set: When selected, changes the channel temperature to the desired temperature setting.

- Reset: When selected, disengages from temperature control

Layer Tab

4 Preparing 2 Layer | 3 Printing | 4 Finalizing |

The following options are displayed when

Global Options

OffsetX |0.0 v Y (0.0 v Scale X 1.0 - Y|1.0 v

pressing the 2. Layer button.

a. Global Options

b. Layers

c. Layer Shape

d. Layer Parameters

¥ Show nebulizing layer
I~ Show selected layer only
v Show arrow

Bunulid paseq-19Ae1:MO | PLOM | a

Layevs_‘l_-l ¥ Inverse order N _
No_ [ Type [ oftset [ options [ Res.| Count| ch [ Height| psi| voT(us)[ pow A e. WlplngIFIushlng
1 (0,0) - - 1 30 - - 100
2 00) - - - 4 30 = - 100 . .
When everything is set, the user can press the
2 00 ot 500 1 24w Next button to enter 3. Printing process.
00 - = 1 - 10
7 R-DISC (0,0) (10x10) 500 1 30 4 500 -
8 00 - & 1 30 100 v
>

ofsetx[o  ~] v[o  +|width[200 +|Depth[200 ]
Resolution|500  ~| um
Fill Style | Zigzag(Auto) ~

Layer Parameters

Channel [1:Collagen(Droplet) =~
Height[30  +|mm
Peumatic Pressure 10 +| PSI Valve Opening Time[500 ] usec
Wiping Flushing
[V Wipe before starting ¥ Flush before starting

Method ’W] Cnannel(DW)m Pressure|7.0 v |Psi
FIRGIW Pressurem psi VoT |1 ~|msec
Time[10 ]sec voT[10 ]msec Count ~|times
Count [1—]“"‘55 Count [2—3 times

<
Copy Cut Paste

Layer Shape

Layer-Type| Rectangular Disc ¥

Jad

Next >>

!

Global Options
Users can move or set scaling factor of the layers. It can also control the layer-specific labeling options.

Global Options

ofsetx[00  ~|  Y[oo | scalex[10 | Y[10 |

[V Show nebulizing layer
[ Show selected layer only
v Show arrow

Offset X, Y: Move the entire layers to X,Y direction (in mm).

Scale X, Y: Set scaling factor for dimension of the entire layers.

Show nebulizing layer: Display layer having nebulization.

Show selected layer only: Select the layer(s) to be displayed.

Show arrow: Select if the user wants to visualize the printing direction per each layer (via arrows).
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Layers

The Ul displays the sequence, type, location, and detailed dispending paramters for each layer. The
users can select and edit each layer-specific property by selecting the corresponding list or by double-

clicking on specific

parameter.

* The selected color scheme on the list also represent the color in the Model Viewer.

Layers _*I _I W Inverse order
Options
- 1
- -1
(10x10) - d
I - - -1 - -
R-DISC (0,0) (10x10) 500 - ) 30 4 500 -
NEB 00 - - - 1 30 - - 100
R-RIM (0,00 (10x10) 300 sHEl 30 4 500 -
NEB 00) - = = d 30 - - 100 v
< >
Copy | Cut | Paste |

* When you double-click on the specific parameter, it allows for a user to edit the content.

[Example for selection of layer #3]

Layers_*lj [V Inverse order
[No [ Type | offset [ options | Res.| Count| ch [ Height| psi| voTws)[ pow A
R-D 0,0 0x10) [500]E2 = = 30 4 500 -

4 NEB 00) - 200 A -1 30 - - 100
5 RDISC  (00) (10x10) |300 - 30 4 500 -

6 NEB 00) - 400 -1 30 - - 100
7 RDISC  (00) (10x10) ETH -E 30 4 500 -

3 NEB 00) - 600 U 30 - - 100

SN rRRIM (0,0) (10x10) |700 s 3 4 500 -
10 NEB 00) - 800 -1 30 - - 100 v
< B 9200 — B
1000 v
Copy | Cut | Paste |

[Example for double-click for chossing the resolution]

* The model-viewer displays the content of the 3D layers, with a predefined color-coding scheme, as

shown below.

— [Layers +,-]: Add and subtract layers. When pressed, the layer is added to the last in the list.

— Inverse order: Click to inverse printing sequence to synchronize the list with actual layers in 3D (top
list corresponds to the top layer).

— No: Indicates the sequence of printing. Greater number indicates the later in the printing sequence.

— Type: Either dispensing or nebulization (or crosslinking)

— Offset: Defines the movement offset distance

—  Options: Defines the size parameters (width/length/radius) of the layer.

— Res.: Defines the dispensing spatial resolution.

—  Count: When printing rim-like structures (see c. Layer Shape below), defines the number of rims
from external profile.

— Ch: Defines the corresponding channel number.

— Height: Defines the distance between the buildplace and nozzle.

—  psi: Defines applied pneumatic pressure.

—  VOT(us): Defines applied valve opening time.

— power: Power status (strong or weak) of the nebulizer

— time: Duration of the nebulizer or UV irradiation operation.

— wait: Wait time between the nebulizer or UV irradiation operation.

— [Copy, Cut, Paste]: buttons for copy/cut/paste the selected layer definition
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C.

Layer Shape

The users edits and display type, shape, resolution paramters for each laye. Once edited, it automatically

updates the listed content.

Layer Shape

Layer-Type| Rectangular Disc %

Offsetx[0.0  ~|  Y[0.0

Resolution|500 | um
Fill Style | Zigzag(Auto) ~

v| width [20.0  ~|Depth[200 |

Layer-Type Dropdown

Fill Style Dropdown

OMNICURE

Rectangular Disc Zigzag(Auto)
Circular Disc Zigzag(H)
Rectangular Rim Zigzag(V)
Circular Rim Concentric
Nebulize Gradient
UV LED

- Layer-Type: Defines the type of layer.
The list of variables when Layer-Type is selected.

Rectagular Disc ofsetx[0 -]  Y[o | Radus[50 o
Resolution|500 | Um
Fill Style | Zigzag(Auto) ~
Cicular Disc ofsetx[o | v[o v Radius[s0 ~
Resolution|500 «|um
Fill Style | Zigzag(Auto) v
Rect-Rim omsetx[o. | v[o <]wian[to <[peptn[10 ]
Resolution|500 +| UM Rim Count|1 v
Circ-Rim ofisetx[o0  v|] Y[o | Radius[s0 ~
Resolution|500 | UM Rim Count|1 v
Nebulize ofsetx[o <] v[o ~
UV LED
OMNICURE
* Offset X, Y: Define the location of the printing (at center locations)
* The coordinate (0,0) represent the center of the printed layer.
« Width: Defines the width of a rectangular layer in 3D.
* Depth: Defines the depth of a rectangular layer in 3D.
+ Radius: Defines the radus of circular layer.
* Resolution: Define the spatial distance between droplet dispensing.
* Rim Count: In case of Rim-like structure, defines the number of rim.
Rim Count: 0 Rim Count: 1 Rim Count: 2 Rim Count: 3 Rim Count: 4
None
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Fill Style : Defines the filling pattern in rectangular/circular disc.

Zigzag(Auto) Zigzag(H)

Zigzag(V)

Concentric

Gradient

None

...... .

P
.....

e
AN

* Zigzag(Auto) : Automatic generation of zigzag patterns in either horizontal (H) or vertic

al (V) direction.

d. Layer Parameters
Allows the user to set the parameters regarding dispensing and crosslinking paramters for each layer.
[Layer Type]' . Layer Parameters
Rectagular Disc
Circular Disc Channel I 1:Collagen(Droplet) j
Rectagular Rim
) X Height[30  +|mm
Circular Rim £
Pneumatic Pressure |1.0 v | psi Valve Opening Time|400 v | USec
[Layer: Typel: Layer Parameters
Nebulize
Channel [Nebulizer#1 ~|
Height[30  +|mm
Power (100 «|% Time |3 v |Sec Wait |30 v |sec
[Layer Type]: Layer Parameters
UV LED
Channel |1:DispenserCH#1(DropIet) j
Height |30 v|mm
Time |3 v|sec wait[30  ~|sec
[Layer Type]: Layer Parameters
OMNICURE
Channel IN/A _1]
Height[30  v|mm
Time |3 v |Sec Wait |30 v |sec

Channel: Select and edit the corresponding layer.
Height: Adjust the height of the layer.

is open, the material is printed.

Power: Adjust the power setting

Time: Adjust the operational time

Wait: Defines the wait time between the operation.

50

Pneumatic Pressure: Allows the user to set the amount of pneumatic pressure within the valve.
Valve Opening Time: Function that allows the user to set the amount of time the valve is open. While the valve
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e. Wiping/Flushing
Allows to edit the parameter for wiping/flushing for each layer.

Wiping Flushing
v Wipe before starting [V Flush before starting

Method W Channel(DW)m Pressurem psi
Filter| Rotation Pressurem psi voT m msec
Time [10  +|sec voT[10  v]msec Count[2  ~|times
Count mnmes Count mtimes

[V] Wipe before starting : Select if the user wants to use the wiping feature.
- Method : (Touch/Rub/Wet-Touch)
Touch: The nozzle touches the filter surface.
Rub: The nozzle rub against the filter surface for set period of time.
Wet-Touch: Same with touch, but uses the wet filter surface by dispensing distilled water (DW) onto the
filter.
- Filter : Choose the mode of wiping (Rotation/1/2/3/4/5/6/7/8/9) * Rotation enables automatic rotation of
the filter location.
- Time : Set the wiping duration.
- Count : Set the number of wiping per each layer.
- Channel(DW) : Activated when Wet-Touch is selected. It enables the channels that contains DW to wet
the filter.
- Pressure : Activated when Wet-Touch is selected. Defines the applied pneumatic pressure for the DW
dispensing.
- VOT : Activated when Wet-Touch is selected. Defines the VOT of the corresponding channel.
- Count : Activated when Wet-Touch is selected. Defines the numer of dispensing from the corresponding
channel
[V] Flush before starting : Prior to layer printing, the user can choose whether to engage flushing capability
(to wet the nozzle)
- Pressure : Defines the applied pneumatic pressure
- VOT : Defines the VOT of the corresponding channel.
- Count : Defines the number of flushing.

Printing Tab

1 Preparing | 2 Layer 3 Printing | @ Finalizing <
AT g When the user presses the 3. Printing button, a menu
3 T .
2 appears so that the user can execute Printing with the
%"? parameters set through 1. Preparing and 2. Layer
& settings.
7 a. Monitoring Camera
2 b. Progress
c. Additional Printing Options
d. Report

When everything is set, the user can press the Next
button to enter 4. Finalizing.

Start Recording Save Image

I~ Automatic video recording while printing

video File [IE=)

File ‘c,\svn\CCEngme\prolect\us}mmo\uata\layer gcode ‘

Progress

Additional Printing Options
I™ Homing at starting print [V Align Z-offset
¥ Flush before starting ¥ Measure Surface

70  v|psi mmsec 2 +|times

¥ Nebulize after printing finished
v Show build-plate after printing ™ Dryrun printing
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a.

Monitoring Camera
The Monitoring Camera takes video/pictures of the printing process in real-time. The user can archive the
printing process as a video or image file.

- Automatic video recording while printing: When selected, the Monitoring Camera automatically films the
printing process when it starts. (saves as .mp4)

- Start Recording: When selected, manually begins filming the printing process. (saves as .mp4)

- Save Image: When selected, a screenshot is saved (as .png)

- Video File: When the user presses the ‘... button, they can choose the directory to save the video/image
files.

Printing Status
Displays information about the printing process in real-time.

- File : Displays the location of the file that is being printed.

- Progress : Displays the completion of the printing process as a Bar graph.

- Layer : Displays the current number of material layers.

- Current Job : If the printing process has not finished, Current Job displays as ‘Printing’. If it is finished, it
displays as ‘Finished’.

- Start Time : Displays the time when the printing process began.

- Finish Time : Displays the time when the printing process will finish.

- Elapsed Time : Displays the amount of time left before the printing process concludes.

- Print / Pause : When the user presses the Print button, the printing process begins, and the Print button
changes to the Pause button. When the user presses the Pause button, the printing process can be
temporarily stopped.

- Resume : Appears when the Pause button is pressed. When clicked, it resumes the printing process.

- Cancel : Appears when the Pause button is pressed. When clicked, it terminates the printing process.

Additional Printing Options
Allows the user to select additional features for printing.

Additional Printing Options
I~ Homing at starting print v Align Z-offset

[V Flush before starting [V Measure Surface
’7A0 L]DSi |10A0 jmsec 2 - |times

v Nebulize after printing finished
Vv Show build-plate after printing ™ Dryrun printing

- Homing at starting print: When selected, the build-plate moves to the Initial reference position of the U-
FAB before the printing process begins.

- Align Z-offset: When selected, the build plate undergoes processes that adjust the vertical offset from the
nozzle.

- Measure Surface: When selected, the distance between the buildplate and the nozzle is measured.

- Flush before starting: When selected, the channels are flushed before the printing process begins.

- Nebulize after printing finished:

- Show buile-plate after printing: When selected, the build-plate moves to the front panel of the U-FAB
after the printing process finishes. When unselected, the build-plate stops at the location where the
printing process finished.

- Dryrun printing: When selected, the users can simulate the entire printing process without dispensing
any materials.
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4. Finalizing Tab

A Preparing | 12/ Layer | 3 Printing| 4 Finalizing

When the user presses the 4. Finalizing button, the
parameters set during Model-based printing are displayed.
The user can verify and save these parameters from the
Finalizing Tab.

Printing/Slicing Parameters

a. Printing/Slicing Parameters
b. Dispensing Parameters
c. Cross-Linking Parameters

LJ - Save Parameters: If the user presses the Save

DE eishio Eelaiees Parameters button, the parameters displayed under the
Finalizing Tab are saved.

Bunulld paseq-1ake 1 Mo |PHOM | a

Save Parameters

Cross-Linking Parameters

Save Parameters

a. Printing/Slicing Parameters
The user can verify and save the Printing/Slicing Parameters.

b. Dispensing Parameters
The user can verify and save the Dispensing Parameters.

c. Cross-Linking Parameters
The user can verify and save the Cross-Linking Parameters
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C4. Workflow Ul — Model-based printing

Workflow Ul is a menu that is displayed at the bottom of the Main Window’s left Icon Bar. When the user presses the
Model-based Printing button from the Welcome Window, the Workflow Ul for Model-Based Printing will be displayed on

the Main Window.

The Workflow Ul for Model-based printing is composed of 1. Preparing, 2. Modeling, 3. Parameter Setting, 4. Printing,
and 5. Finalizing menus. The user can use the hide button([<])or the unhide button([»])to hide or unhide the Workflow

Ul

Workflow Ul, hidden

- When the unhide button is
pressed ([>]) the Ul will be
displayed, like the picture to the
right.

BUNULIG P3SEd:[SPON:MOIMIOM| 4 |

- If the user hides the Workflow Ul, they can enlarge the Ill.-[D.Model Viewer] window.

1 Preparing | 2 Modeling | 3 Parameter Settings | 4 Printing | 5 Finalizing

Bioware Type

60(phi) Dish

6-well Plate
¥ Show Bioware

Channels
[ Name
Dispenser CHA T

W Collagen
B GelMA
B (No Material)
I (o Material)
M (o Material)
I (No Material)
M (No Material)
)
)

Droplet

I (\o Material
B (No Material
I (No Material)
B (Mo Material)
I (No Material)
 — 7R
[ Pluronic F-127
 e— TN

Channel Properties

Channel Name [Dispenser CH#1
Channel Type | Droplet >
Material ] collagen -]

W Use Homogenizer

Temperature [37  ~ Set Reset

Build Plate
I Use Build-plate temperature control

Temperature [25  ~ Set Reset

BUUIIG PSSEQ-[SPOIN MOIPHOM | &
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Workflow Ul, in display

- When the hide button is
pressed ([«]) the Ul will be
hidden, like the picture to the
left.
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Preparing Tab

The following options are displayed when pressing the 1.

Preparing button.

a. Bioware Type

b. Channels

c. Channel Properties
d. Build-plate

When everything is set, the user can press the Next button

to enter 2. Parameter Settings.

The user can select the 60(phi) Dish (60mm inner diameter) or 6-well
Plate (each 35mm inner diameter) to designate which bioware to run
Calibration process.

- Show Bioware: When selected, this displays the designated
Bioware in the Model Viewer.

1 Preparing I 2 Modeling | 3 Parameter Settings | 4 Printing | 5 Finalizing <
Bioware Type g
60(phi) Dish g
=
Qo
a
=
&
6-well Plate =
@
a
i
[V show Bioware =
2
=)
@
Channels
Name Temp. Color
Dispenser CH#1 Droplet BN Collagen
Dispense Droplet [ GelMA
I (Mo Material)
B (No Material)
M (Mo Material)
M (Mo Material)
P I (Mo Material)
L I (o Material)
. I (Mo Material)
I (o Material)
I (Mo Material)
I (No Material)
)  — R
H [ Pluronic F-127
 — R
Channel Properties
Channel Name |Dispenser CH#1
Channel Type | Droplet -
Material ] Collagen =
¥ Use Homogenizer
Temperature |37 - Set Reset
Build Plate
I Use Build-plate temperature control
Temperature [25  ~ Set Reset
a. Bioware Type
Bioware Type
60(phi) Dish
6-well Plate

[V Show Bioware

Target Well

Printing Target | 1 v

60(phi) Dish

- Target Well: The user can designate the location of the well (#1~6)
from the 6-well Plate where the printing occurs.

6-well Plate
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b.

Channels

Displays name and type of Channels used in the U-FAB. The user can select each channel to change

Channel Properties.

Channels

Name

[ Color(material)

[/ collagen

[ collagen

Gelatine

(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)
(No Material)

I

- Displayed information: Channel name / Channel type / Materials used / Material color within the Model

Viewer

- Because the U-STUDIO cannot detect the materials used within each channel of the U-FAB, the user
must check if the materials loaded into each U-FAB channel matches with the material displayed in the

U-STUDIO channel.

Channel Properties

Function that sets the Properties of the designated channel.

Channel Properties

Channel Name |Dispenser CH#1

|

Channel Type IDroplet

=
Material I | Collagen j

v Use Homogenizer

Temperature |37 >

Set Temperature |

- Channel Name: Displays the name of the designated channel.
- Channel Type: Sets the channel type of the designated channel.
- Material: Sets and displays the type of material the user set within Ill.-A.-5.-[b.Material Settings] in he

designated channel.

- Use Homogenizer: When selected, automatically performs pipetting of the material within the channel

to help prevent material or cells from clumping.
- Temperature: Allows the user to set the temperature of the designated channel.
- Set Temperature: When selected, changes and maintains the channel temperature.

[Channel Type Dropdown]

Droplet

Extrusion

Hi-Viscosity Extrusion(Hi-Temp.)
Hi-Viscosity Extrusion(Mid-Temp.)
Filament Extruder
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[Material Dropdown]

Chocolate
Collagen
FB-medium
Fibrinogen
Gelatine
GelMA
KC-medium
MC-medium
MEL
NaHCO3
PCL
Pluronic F-127
Thrombin
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d. Build-plate
Function that allows the user to set the build-plate’s temperature.

Build Plate
[~ Use Build-plate temperature control

Temperature |25 v|

- Use Build-plate temperature control: When selected, the user can access the build-plate temperature
control function.

- Temperature: Allows the user to set the temperature of the build-plate.

- Set Temperature: When selected, changes the channel temperature to the desired temperature setting.

Set Temperature

Modeling Tab
1 Preparing 2 Modeling | 3 Parameter Setings |  Printing | 5 Finaicing | 4| The following options are displayed when pressing the 2.
Mocels g Modeling button.
[v] s name [ size [Res. [ Layer Height | Channel £
!B & [ combi2_F12 40X 1405 4 i [ PluronicF-17 |2
IEE« mbi2_Gel.. 25x25x5 4 02 == oo § a. Models
¢/ b. Model Setup
§ c. Slicing Setup
% d. Display Range
3
o
2 When everything is set, the user can press the Next button
2| to enter 3. Parameter Settings.
c
Add Model %
= e
~ ~
e [l T
o= o= [
= e [omm=]
04 > 04 -
Global Options
Surface Z offset |0 v |mm
Display Range
Show Layers From [0.0  v|mMm with Thickness [3.0  «|mMm
Slice Unslice |
Next >>
a. Models

Displays the data of each 3D model the user selected (Visibility / Selectability / Model Size / Layer Height /
Spatial Resolution / Selected Channel). The user can add or delete 3D models.

Models I Open STL Model X
v[s[Name [ size [Res. | Layer Heignt [ Channel € v p el Usto s mouces s s v O -
& F127 14.0x14.0x5 4 ).4 I PluronicF-12[ | _ > )
& & 7 [ Collagen Yy A . =- @ @
o & EEE GelMA Clecell  ~  oig b 3 a
U-Studio 34
data combi
materials dal 1.Collagen.sti
presets da) 2.Gelatine st

projects a) 6.FB-smallsti

resources da) 6wellplate_basesti
dal 7kcstl

example

da) dish_60phi.stl
L dal pyramid st
images
st
sl v o< >
oY oSN | v| [smFites sty v
Add Model M Tio & [ a2

When Models are added

Add Model Popup Window
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- Add Model : The user can add a model.

- Delete Model : The user can delete the selected model.

- Visible(V) : The 3D model is displayed in the Model Viewer when checkbox V is selected.

- Selectable(S) : The 3D model is selected in the Model Viewer when checkbox S is selected.
- Size : Displays the size of the 3D model.

- Resolution(Res.) : Displays the 2D Spatial Resolution of the 3D model.

- Layer Height : Displays the space between each layer of the 3D model.

- Channel : Displays data of the Channel that is designated to the 3D model.

Model Setup
The user can change the Scalar / Rotational / Translational values of the 3D model. The changes are
displayed in real-time through the Model Viewer.

Model Setup
Channel ||_] Collagen(Droplet) - Collagen LI
v Visible v Show arrow
Scale X m Y m z m
RotateX[0 ] vjo ] zo -]
Transiate X [0.0  +] v[oo ] z[oo ]

- Visible : When selected, the model is displayed through the Model Viewer.

- Show arrow : When selected, the directions and sequences are displayed in the Model Viewer image.

- Scale : The user can set the scalar value of the 3D model in X/Y/Z directions. (1.0 is the real-life size of
the model.)

- Rotate : The user can set the rotational value of the in X/Y/Z axes.

- Translate : The user can set the translational value of the 3D model in X/Y/Z directions.

Slicing Setup
Allows the user to set the Layer height and Spatial Resolution of the sliced 3D model.

Slicing Setup

Layer height |0.1 v|mm Spatial Resolution {0.2 v |mm

- Layer height : The distance between each layer when the 3D model is sliced. When the 3D model is
sliced, the printed object’s thickness is jointly determined by the Layer Height and dispensing
parameters.

- Spatial Resolution : The distance between each point, and between each line on a 2D plane
when the 3D model is sliced. When the 3D model is sliced, the printed object’s density is
determined by the spatial resolution and dispensing parameters.

Example) Pyramid Model

- Front View of the 3D model when the layer height is changed

Layer height : 0.3mm Layer height : 0.9mm
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- Top View of the 3D model when the Spatial Resolution is changed

Spatial Resolution : 0.3mm

Spatial Resolution : 0.9mm

Display Range

The users can set the Display range of the 3D model that they wish to see through the Model Viewer.

 Display Range

Show Layers From |0.0 v l mm

Slice

Unslice

with Thickness |3.0 v l mm

- Show Layers From : The user can set the layer height at which the 3D model is seen.

- with Thickness : The user can set the displayed thickness of the 3D model.

- Slice : When the user presses the Slice button, the 3D model is sliced per user settings.
- Unslice : When the user presses the Unslice button, the 3D model is reverted to its pre-slicing state.

* The difference between Slice and Unslice

Sliced(Sliced 3D model)

Unsliced(Unsliced 3D Model)

Example) Pyramid Model

- Perspective View of the 3D model-based on display range

Show Layer From : 0.0 mm
with Thickness : 10.0 mm

Show Layer From : 2.0 mm
with Thickness : 3.0 mm

59

@ CLECELL



Parameter Settings Tab

1) Preparing | 12 Modeling| 3 Parameter Settings | Printing | 6! Finalizing |

Models

| Name Res.

| L-Thickness | Channel

4 Pluronic F-127
[C—1 cCollagen
B GelMA

Dispensing Parameters Presets

Custom
Dispensing Parameters
ExtrusionRate [40  +|%
Vacuum Pressure [500 v |PSi

Distance to Surface |0.0 v |mm

el

Temperature [N/A ~ +|°C

Cross-linking Type [ None

Load

|

Nebulizer Channel (0.0 v |S€C

UV LED Channel |1 v |sec

Cross-linking Parameters Presets

Custom

Cross-Linking Parameters

Power[00  +|%
Duration [3.0  ~|Se€C
Distance to Surface [30.0 | mm
Count | 1 -
Interval Wzl sec
Waiting Time [300 ] sec

a. Models

Load

Next >>

(Jpn'BunuLdIqoD)BUnULid [SPOI:MOIMIOM | &

The following options are displayed when pressing the 3.
Parameter Settings button.

a. Models
b. Dispensing Parameters
c. Cross-linking Parameters

When everything is set, the user can press the Next
button to enter 4. Printing

- Load : Load a set of previously saved printing
parameters.

- Save : Save the parameters as a Preset

- Restore : Load the default parameter values.

Displays the channels that were designated to the models in the Modeling Tab, alongside the 3D model
slicing parameters. When the user selects a model from the model list, the user can then change the

Dispensing Parameters and Cross-linking Parameters. The user can either use the user-made presets
for the Dispensing Parameters and Cross-linking Parameters, or readjust the parameters if necessary.

Models

Name

[ Res.

[ L-Thickness [ Channel

- Name : Displays the name of the added model.

- Resolution : Displays the Spatial Resolution set from the Slicing Setup from the Modeling Tab.

- Layer-Thickness : Displays the Layer-Thickness set from the Slicing Setup from the Modeling Tab.
- Channel : Displays the Channel that is designated to the 3D model.
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b.

Dispensing Parameters
Allows the user to set the parameters regarding dispensing.

Dispensing Parameters Presets

|Custom L]
Dispensing Parameters
Pneumatic Pressure |5.0 v |psi Load
Valve Opening Time [500 v |usec Save
Distance to Surface [0.0  +|mm _Restore
Temperature [NJ/A v |°C
Cross-linking Type [m
Nebulizer Channel m

il

- Pneumatic Pressure: Allows the user to set the amount of pneumatic pressure within the valve.

- Valve Opening Time: Function that allows the user to set the amount of time the valve is open. While the
valve is open, the material is printed.

- Distance to Surface: The user can set the height at where printing begins.

- Temperature: The user can set each channel’s temperature. If the user has already set the temperature
in the ‘preparing’ tab, they can select N/A. If the temperature must be calibrated, they can select a new
temperature.

- Cross-linking Type: The user can select the Cross-linking method.

1) UV-LED(per Droplet)
: When one droplet is dispensed, UV-LEDs (located below the channel) irradiate the droplet. The
user can change the duration of UV-LED irradiation from ‘UV Irradiation Time’.

2) UV-LED(per Layer)
: When a single layer is fully printed, the UV-LED then irradiates the entire layer. The user can
change the duration of UV-LED irradiation from ‘UV Irradiation Time'.

3) Nebulizer
: The Nebulizer settings menu will be displayed (See c. Cross-linking Parameter)

4) UV-Lamp
: The user can change how long the UV-Lamp(Omnicure)is turned on.

Cross-linking Parameters
Displayed when the user selects the Nebulizer as the Cross-linking Type from the Dispensing Parameters.
It sets the operating parameters of the Nebulizer.

Cross-linking Parameters Presets

|Custom lJ

Cross-Linking Parameters

Power m % Load
Duration m sec
Distance to Surface m mm
Count |1 v
Interval [30.0 v |sec

Waiting Time |30.0 ~|sec
Next >>

i

- Power: The user can choose the amount of nebulizing power as a percentage.

- Duration: The user can choose the duration of nebulization.

- Distance to Surface: The user can choose the height from the bioware at where the Nebulizer works.

- Count: The user can choose how many times the Nebulizer dispenses the crosslinking material.

- Interval: The user can choose the interval at which the Nebulizer dispenses, if the Nebulizer is
continuously dispensing.

- Waiting Time: The user can choose the waiting period after nebulization and before printing so that
proper crosslinking will be ensured. (i.e. crosslinking time may vary depending on the type and
concentration of specific material),
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4. Printing Tab

1 Preparing | 2 Modeling | 3 Parameter Settings 4 Printing | 5 Finalizing

When the user presses the 4. Printing button, a menu that
allows the user to execute Printing with the parameters set
through 1. Preparing, 2. Modeling, 3. Parameter Settings

pops up.

Monitoring Camera

a. Monitoring Camera

b. Progress

c. Additional Printing Options
d. Report

{Jpn BUNULGIAW0S)BURUII [BPOI: MOIBHOM | &

When everything is set, the user can press the Next button
to enter 5. Finalizing.

Start Recording Save Image

[~ Automatic video recording while printing

video File | |

File [cannrancn gcode ‘

Progress

Additional Printing Options
I Homing at starting print ¥V Align Z-offset
¥ Flush before starting ¥ Measure Surface

[70 jvsl ‘100 L]msec ‘2 L]nmes

¥ Nebulize after printing finished
¥ Show build-plate after printing I~ Dryrun printing

[ |

a. Monitoring Camera
The Monitoring Camera takes video/pictures of the printing process in real-time. The user can archive the
printing process as a video or image file.

- Automatic video recording while printing: When selected, the Monitoring Camera automatically films the
printing process when it starts. (saves as .mp4)

- Start Recording: When selected, manually begins filming the printing process. (saves as .mp4)

- Save Image: When selected, a screenshot is saved (as .png)

- Video File: When the user presses the “..." button, they can choose the directory to save the video/image
files.

b. Printing Status
Displays information about the printing process in real-time.

- File : Displays the location of the file that is being printed.

- Progress : Displays the completion of the printing process as a Bar graph.

- Layer : Displays the current number of material layers.

- Current Job : If the printing process has not finished, Current Job displays as ‘Printing’. If it is finished, it
displays as ‘Finished’.

- Start Time : Displays the time when the printing process began.

- Finish Time : Displays the time when the printing process will finish.

- Elapsed Time : Displays the amount of time left before the printing process concludes.

- Print / Pause : When the user presses the Print button, the printing process begins, and the Print button
changes to the Pause button. When the user presses the Pause button, the printing process can be
temporarily stopped.

- Resume : Appears when the Pause button is pressed. When clicked, it resumes the printing process.

- Cancel : Appears when the Pause button is pressed. When clicked, it terminates the printing process.
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c. Additional Printing Options
Allows the user to select additional features for printing.

Additional Printing Options
[~ Homing at starting print v Align Z-offset

[V Flush before starting Vv Measure Surface
[7_0 L'psi |10,0 LJmsec I2 L|times

[V Nebulize after printing finished
[V Show build-plate after printing [~ Dryrun printing

- Homing at starting print: When selected, the build-plate moves to the Initial reference position of the U-
FAB before the printing process begins.

- Align Z-offset: When selected, the build plate undergoes processes that adjust the vertical offset from the
nozzle.

- Measure Surface: When selected, the distance between the buildplate and the nozzle is measured.

- Flush before starting: When selected, the channels are flushed before the printing process begins.

- Nebulize after printing finished:

- Show buile-plate after printing: When selected, the build-plate moves to the front panel of the U-FAB
after the printing process finishes. When unselected, the build-plate stops at the location where the
printing process finished.

- Dryrun printing: When selected, the users can simulate the entire printing process without dispensing
any materials.
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5.

Finalizing Tab

4 Preparing | /2 Modeling | 3 Parameter Settings | @ Printing 5 Finalizing

Printing/Slicing Parameters

Save Parameters

Dispensing Parameters

Dispensing Parameters:
Penumatic pressure: 4 psi
Valve opening time: 500 usec
Distance to surface: 0 mm
Temperature: N/A

Save Parameters

Cross-Linking Parameters

Cross-linking Parameters:
Nebulizing Power: 90 %
Duration: 3 sec
Distance to surface: 30 mm
Nebulizing Count: 1
Interval: 30 sec
Waiting time: 30 sec

Save Parameters

(Jpn'BunuLdIqUIoD)BUnUL [SPON:MOIMIOM | &

a. Printing/Slicing Parameters

When the user presses the 5. Finalizing button, the
parameters set during Model-based printing are displayed.
The user can verify and save these parameters from the
Finalizing Tab

a. Printing/Slicing Parameters
b. Dispensing Parameters
c. Cross-Linking Parameters

- Save Parameters: If the user presses the Save
Parameters button, the parameters displayed under the
Finalizing Tab are saved.

The user can verify and save the Printing/Slicing Parameters.

b. Dispensing Parameters

The user can verify and save the Dispensing Parameters.

c. Cross-Linking Parameters

The user can verify and save the Cross-Linking Parameters
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Model Viewer

The Model Viewer, being displayed at the right side of the Main Window, reflects the parameters set by the user in each
menu onto the 3D model in real-time.

Slice View is displayed differently depending on the channel type(Droplet / Extrusion). When the user clicks on the
Model displayed in the Model Viewer, icons that allow the user to rotate/move the Model appear in the middle of the
Model.

=- i B
(R

Model View Slice View(Droplet) Slice View(Extrusion)

[Model Control Icon]
When the user selects the 3D model, the icon on the left appears in the
middle of the model. The user can use this to rotate or move the model.

[Drag the arrows after left clicking]
The user can move the model when they drag the 3 arrows. (The selected
arrow is displayed as yellow.)

[Drag the circles after left clicking]

The user can rotate the model when they drag the model
clockwise/counterclockwise after clicking on the circular rings(blue, green,
red). (The selected circular ring is displayed as yellow)

[Drag the background after left clicking]
The user can change the point of view at which they view the model when
they drag the 3D model’s background.
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[Right Click the Model]
. When the user right clicks a model, a drop down menu is displayed that gives

s access to the following functions.
m - Select <Model Name> : When selected, the 3D model becomes selected.
W ol

- Copy <Model Name> : When selected, the 3D model is copied.

‘}{ Select 3d_small - Delete <Model Name> : When selected, the 3D model is deleted.
Copy 3d_sma - Properties <Model Name> : When selected, displays the properties of the
Delete 3d_small 3D model.

Properties of 3d_small
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For any enquiries, please contact us at: info@clecell.co.kr

Parts / products return address:
. CLECELL Co., Ltd.
- C1506, H Business Park
- 26, Beobwon-ro 9-gil, Songpa-gu, Seoul
- Republic of Korea
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E. Version history

Version Modified by Release date Description
1.0 Kim Seongyeop Mar 31, 2020 | Manual Draft
2.0 Kim Seongyeop June 1, 2020 | Added layer-based printing options. Conducted textural edits
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