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Welcome to the world of bioprinting!

Not too long ago, the idea of creating living human tissue was no more than a dream, but not
anymore. The technology in front of you is the next step on the path to regenerative medicine
and tissue engineering.

The BIO X6E was designed with your research in mind. With an enhanced and extended
printhead platform and a more intuitive bioprinting process, you can focus on your research
and dream bigger than ever before.

Featuring unparalleled usability and versatility, the BIO X6 will take your research to the next
level. With interchangeable Intelligent Printheads, Clean ChamberE technology, print
chamber sterilization, a temperature-controlled printbed, an improved, precise, and fast
touchless autocalibration system and a user-friendly interface, the BIO X6 is ready to
overcome the most complex bioprinting challenges.

This manual is your guide to getting started with the BIO X6. Read the manual in its entirety
before using the BIO X6.

Because we regularly update our software and release updated bioprinting protocols for
these added features, please refer to the digital manual included with your tablet for the
latest protocols and printing instructions. You can also go to https://my.cellink.com to
download the latest manual.

Create the future of medicine!
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1 Safety information

Review the entire manual, as well as the manuals for any accessories,
before using the BIO X6. Mishandling can lead to equipment damage and
severe injury. The following symbols are used to indicate risk of equipment
damage or personal injury:

This symbol indicates risk of injury or equipment damage.

This symbol indicates a heated surface. The BIO X6 has heated surfaces
that may cause personal injury or equipment damage if not treated with
care. A physical symbol labels these surfaces on the BIO X6, and the
symbol appears on the BIO X6 touchscreen when the print chamber is
heated.

This symbol indicates the presence of UV light. Keep the door closed and
wear proper safety attire during UV sterilization and UV curing. This symbol
appears on the screen when a UV light source is active.

2> > >[E

Manufacturer
Cellink Bioprinting AB
Langfilsgatan 7

412 77 Gothenburg Sweden
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1.1 General safety information

If the BIO X6 acts in a way that is not described in this manual, turn it off and contact
CELLINK. Use the BIO X6 for its intended purposes only. Do not modify its instruments,
subcomponents, or accessories. Do not open or disassemble the BIO X6 or attempt any
service other than those described in the manual.

> > B>

Never place your fingers or any part of your body near BIO X6 until all parts
have stopped moving. Moving parts can cause injury (BIO X6 may start
moving without warning).

Never clean or service the BIO X6 while it is on. Always turn off the power
anddisconnect any external sources of power and air pressure before
cleaning or servicing the BIO X6 in all cases (including changing the filter).

The BIO X6 uses UV light for sterilization and curing. Never look directly at
UV light. Never expose skin to UV light. Eye or skin exposure can result in
serious personal injury. Always keep the BIO X6 door closed during the
Clean Chamber mode and photocuring operation. (The Photocuring
modules might be hot right after use.)

The BIO X6 has heated surfaces that can reach temperatures of up to
250°C. Never touch heated surfaces when using the heating function.
Always let printheads and printbed cool down after using the heating
function.

Always ensure that the equipment is correctly mounted before use.
Improperly mounted printheads, cartridges, cables, liquid spouts, and air
spouts can be dangerous. If any equipment appears damaged, turn off the
BIO X6, unplug all external connections, and contact CELLINK before
further use.

Never tamper with any safety interlocks. Tampering risks equipment
damage and personal injury.
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1.2 Unpacking, lifting, and carrying

Read how to safely unpack and setup the BIO X6 in Section 3 of this manual.

The BIO X6 is heavy (approximately 50 kg/110 Ibs.). Never attempt to lift
alone. Always use a minimum of two people to unpack and move the

machine.

1.3 Electrical information

Always connect the BIO X6 to a grounded socket and use the voltage
described in the specifications. Improper electrical handling can cause

equipment damage and personal injury.

1.4 Protective equipment

Always wear gloves and eye protection during bioprinting, photocuring and
ﬁ sterilization.

Read the material safety data sheets, packing labels, and the manufacturers
or distributords catalogue before

Always wear gloves and eye protection while handling hazardous materials,
including materials that are toxic, corrosive, and carcinogenic.

The BIO X6 has a UVC lamp with a wavelength of 275 +-5 nm which means that exposure
can have serious risks and, if improperly used, be dangerous. In mere seconds, UVC
exposure can cause serious damage.

The BIO X6 is equipped with a UV protector door. The door shall be closed during UV
sterilization and UV curing. For further protection, personal protective equipment shall be
used:
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1 Eye protection i UV goggles and/or full-face shields shall be used. UV-certified
goggles and safety glasses with wrap around lens to protect the side exposure (which
meet the ANSI 787 impact standards) is recommended. Note: Prescription glasses
and normal safety glasses do not protect eyes from UV exposure.

9 Skin protection - Use lab coats, nitrile gloves or other lab attire to cover any exposed
skin. Use gloves that can be pulled up over the sleeve of the lab coat to avoid a gap.
When working with cells, change gloves often and take them off when leaving the lab
in order to avoid contamination and exposure risk. Protective gloves are disposed of
as hazardous waste. Note: Do not use vinyl gloves, since they can transmit
significant amounts of actinic UV.

Different types of UV:

UVC (short wave) UVB (middle wave) UVA (long wave)
180 to 280 nm 280 to 315 nm 315 to 400 nm
Hazard Rating: Highest Hazard Rating: Mid to high Hazard Rating: Lowest

Primary risks of UVC:

1 Eye - pain, light sensitivity and gritty sensation on eye can occur, since UVC does not
trigger aversion response, e.g., blinking, squinting, looking away
1 Skin (erythema) - similar to sunburns

Note: Some UVC lamps emit ozone which is another risk. However, the UVC lamp in BIO X6
does not emit ozone since it has a wavelength of 275+-5 nm.

1.5 Hazardous materials

Consult material safety data sheets, packaging labels, and the
manufacturers or di stehandingbagardous c at ¢
dispensing materials, such as flammable and corrosive materials. Ensure all
operators are informed of the characteristics of the material, as well as its
compatibility with the dispensing unit. Always use appropriate safety
equipment and attire. If you are unsure of the compatibility of a material,
contact CELLINK.
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After using ethanol to clean the BIO X6, wait at least 60 seconds before
bioprinting to ensure that all flammable vapors have been ventilated.

1.6 Electrostatic discharge (ESD) protection

The BIO X6 print chamber is ESD sensitive. Follow the instructions below to ensure that you
do not damage the BIO X6 or its accessories.

1.6.1 Discharging
Always discharge yourself before using the BIO X6 print chamber and handling printheads.
Always discharge yourself before touching any ESD sensitive parts.

To discharge yourself, touch a grounded metal surface. Examples of grounded metal
surfaces include:

A Any metal surface in a laminar flow hood

A Any metal sinks

A The frame of the BIO X6 when connected to a grounded power outlet, as well as any
exposed screws

1.6.2 Clothing

Avoid charging yourself to ensure ESD protection. Wear clothes made from cotton when
appropriate.

1.7 Compliance

By using the BIO X6, you agree to the terms stated here and, in the warranty (see Warranty).

Except for the express warranty set forth in the warranty information and in our software,

license terms as applicable, all equipment and software provided hereunder ar e provi ded
isd6, and CELLINK makes no warranty as to its wuse

Except for any warranty, condition, representation, or term the extent to which cannot be
excluded or limited by applicable law, CELLINK and its suppliers make no warranty,
condition, representation, or term (expressed or implied, whether by statute, common law,
custom, usage or otherwise) as to any matter including, without limitation, noninfringement of
third-party rights, merchantability, integration, or fitness for a particular purpose.

You assume responsibility for selecting the solution to achieve your intended results, and for
the installation of, use of, and results obtained from the equipment and software. Without
limiting the foregoing provisions, CELLINK makes no warranty that the equipment or
software will be error-free or free from interruptions or other failures or that the software or
equipment will meet your requirements.
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Under no circumstances and under no legal theory, whether in tort, contract, or otherwise,
shall CELLINK or its suppliers be liable to purchaser or to any other person for loss of profits,
loss of goodwill, or any indirect, special, incidental, or consequential damages, or damages
for gross negligence of any character.

Under no circumstances can CELLINK be responsible for consequences of misuse of the
instrument or for use of the instrument outside the use specified in this user manual, be they
material or personal.

1.8 Intended use

The BIO X6 is designed and intended to print CELLINK specified bioinks, using extrusion
technology in well-defined shapes for various applications, with software integrations for data
and security purposes.
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2 Specifications

2.1 Product overview

? 9

V4

£

Figure 1 Front view of BIO X6

1. Clean Chamber unit

N

. Printbox (printhead mount 1-6)

w

. Photocuring LED 1-4
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. Printbed
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. UV protective door

(o2

. Docking station
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Figure 2 Back view of BIO X6

1. Power switch
2. Fuse

3. Power socket
4. Pneumatic port
5. USB port

6. Ethernet port
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2.2 Technical specifications

Electrical
Power input:
Power (max):
Current (max):

Fuse:

Outer dimensions
Length:

Width:

Height:

Net weight:

Build volume (L x W x H):

Filter class:
UV-sterilization:

Photocuring modules:

No. of printhead slots:

Calibration options:

Resolution

Theoretical resolution XY:

Theoretical layer resolution Z:

Software Resolution XYZ:

BIO X6 User Manual v. 1.4

1001 240 VAC, 501 60 Hz
600 W
6 A

250 VAC, F6.3A

850 mm (33.46 in)
400 mm (15.75 in)
500 mm (19.69 in)
47.4 kg (104.5lb)

128 x 85 x 90 mm

HEPA 14
UV-C (275 nm) 2W output

365 nm, 405 nm, 475 nm, 520 nm

6
X-Y-Z axis, Manual (mechanic based)
X-Y-Z axis, Automatic (touchless based)

Printbed, automatic bed levelling ABL (mechanic
based)

1 em
1 em
10 em
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Pressure

Pressure range (internal pump):

Pressure range (external air supply):

Output Pressure Offset:

Temperature

Printbed temperature range:

Printhead temperature range:

Pneumatic printhead:

Temperature-controlled Printhead:

temperature)

Thermoplastic Printhead:

Supported file formats:

User interface:

Connectivity:

BIO X6 User Manual v. 1.4

01 200 kPa
01 700 kPa

+/- 5 kPa

41 65°C (lowest temperature 17°C below chamber
temperature)

47 250°C (dependent on printhead type)
301 65°C

47 65°C (lowest temperature 17°C below chamber)

501 250°C

. gcode, .stl, .amf, .3mf, .obj

Desktop application DNA Studio

USB Storage, Ethernet connection
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3 Installation

3.1 Unpacking the BIO X6

Do not attempt to unpack the BIO X6 without reviewing the procedures below.
Doing so can lead to personal injury and equipment damage.

Always lift the BIO X6 from the underside.

The BIO X6 is heavy (approximately 50 kg/110 Ibs.). Never attempt to lift it
alone. Always use a minimum of two people to unpack and move the BIO X6.

1. Clear a sturdy table and a floor space of at least 2 by 3 meters.

2. Place the box on the floor according to the printed arrows.

Always this side up during unpacking and transport

Figure 3 Direction for unpacking and
transportation

3. Remove the pallet straps.
4, Carefully remove the top box.
5. Keep all original boxes and packaging material i you might need them for transportation.

6. Remove all the grey boxes from the foam inlay and check that you have received all the
equipment listed under Contents of the box
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CONSUMABLES BIOINK KIT CABLES

. J

Figure 4 Overview of equipment included with the BIO X6

7. Remove the docking station and the tablet from the compartment behind the BIO X6.

8. With the assistance of a second person, lift the BIO X6 from the underside and place it on
the table.

9. Remove the thin foam covering the BIO X6.

10. Standing in front of the BIO X6, gently grasp both sides of the door and raise the door
slowly and evenly to access the printer chamber and remove the remaining packaging
material, including the cardboard piece protecting the HEPA filters above the printbox.

3.1.1 Contents of the box

Note: Contents may vary based on product ordered.

SKU Iltem Qty
D16110021958 BIO X6 1 3
Depends on location: Power cord 1 3

000000010166 (EU)

000000010167 (China)

000000010168 (US)

000000010169 (UK)

Depends on location: Surface Pro power cable 1 3
D16110024142 (US)

D16110024648 (UK)

D16110023933 Surface Pro 7 tablet 1 3
D16110022438 Surface Pro docking station 1 ]
000000020346 Temperature controlled printhead box: 1 ]
SKU Item Qty
D16110021358  Steel tip insulator 1 3
D16110021357  Nozzle insulator 1 3
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SKU

000000020347

D16110024647

D16110024630

D16110024631

D16110024644

D16110024386

D16110025078

Iltem

D16110024642  Temperature controlled 1 3
printhead

Thermoplastic printhead box:

SKU Item Qty

D16110024640  Plunger removal tool 1 3

D16110024402  Small plastic box 1 3

000000010109  Tubing 1 3

000000020537  Wrench 1 8

D16110024641  Thermoplastic printhead 1 3

Pneumatic printhead box:

SKU Iltem Qty

000000020340 3 ml pneumatic printhead 3 3

Start kit box:

SKU Item Qty

000000020889 Air adapter connector 3cc 2 3
(set of 3 pcs)

000000020197 Microscope slide spring clips 1 3
M4

D16110023434  Microsoft Surface Pro stylus 1 3

en

D16110024468 pCellink sustainability card 1 3

OH000000001 F/F Luer lock adapter 5 3

Consumables box:

SKU Item Qty

NZ3220005002 High precision conical 1 ]
bioprinting nozzles, 22G (50
pcs)

IK1900005001 CELLINK start (non-sterile) 2 3
50 ml syringe

OHO0000000012  Petri dish 2 3

CSC010300202 Empty cartridges 3cc with 1 3
end and tip caps (10 pcs)

Cable box:

SKU Item Qty

D16110023443  Ethernet cable, Cat6a, 3 m, 1 3

re

D16110024143 géurxflace pro US power cable 1 3

Gift box:

SKU Item Qty

D16110024385  Calculator 1 3

D16110024383  Candy 1 3

D16110024382  Kitchen timer 1 3

D16110024384  Postit 3

Accessories box:

SKU Iltem Qty

000000020628 Surface probe extender 1 3

D16110021505  Photocuring cone 4 3

D16110021902  USAC periscope 2 3

D16110022996  USB flash drive 1 3

D16110024403  Small plastic box 1 3
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3.2 Operating environment

Operate the BIO X6 in a room with a temperature between 18°C and 22°C. Under normal
operating conditions, the chamber temperature will rise between 2°C and 3°C, and the
temperature on the standard pneumatic printheads will rise between 4°C and 5°C.

For precise temperature control, use a Temperature-controlled Printhead and ensure that
room temperature is between 18°C and 22°C.

Check the temperature of the print chamber with the integrated temperature sensor.

3.3 Connecting the BIO X6

Always connect the bioprinter to a grounded wall socket. Connecting the
bioprinter to an ungrounded outlet can cause equipment damage and
personal injury.

Place the bioprinter so that the power socket on the bioprinter and the
grounded wall socket are easily accessed and not blocked. Disconnection
from mains power must never be obstructed.

Make sure that the external air supply does not exceed the specifications
outlined in the Technical specifications. Improper use can cause equipment
damage and personal injury.

1. Plug the included power cable into the power socket of the BIO X6 (refer to Product
overview) and connect to a grounded wall socket.

2. To use a higher pressure than the BIO X6 internal air supply that can provide up to
200 kPa to the printheads, connect an external air supply to the pneumatic port of the
BIO X6 (refer to Product overview). The maximum allowed external supply pressure
is 700 kPa.

3. To fit the Surface Pro on the dock, unlock the locking mechanism by pulling the
cylinder handle on the dock to the right. Slide the Surface Pro down and secure it by
pushing the cylinder handle on the dock to the left. Note: The power cable of the dock
must be plugged in at all times.

4. Turn on the BIO X6 by using the power switch on the back (refer to Product
overview).
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Figure 5 Fitting the Surface Pro on the dock

1. Cylinder handle
2. Surface Pro

o
I To disconnect the bioprinter from mains power, unplug the power cable.

3.4 Mounting of bioprinting equipment

Bioprinting equipment, such as printheads, print surfaces, and bioink cartridges must be
correctly mounted before bioprinting.

Refer to the specific printhead manuals for instructions on how to mount a cartridge.

3.4.1 Mounting the printheads

1. Move the printhead straight down toward the printhead holder. While fitting or
removing a printhead, hold the printhead holder so the mechanism is not forced up or
down every time.

2. Press the printhead to the holder until you feel the magnet snap into place and the
printhead tightly fits on the printhead holder.

A white light turns on when the BIO X6 detects the presence of a printhead.

If the printhead is correctly mounted in the BIO X6, the light changes to blue.
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Note: Remember to connect the pneumatic printheads to the compressed air outlet.

Figure 6 Printhead and pressure connectors

1. Intelligent printhead connector: This connector connects the intelligent printhead to
the BIO X6

2. Magnet: The magnets hold the printhead in place.

3. Pressure connector: The pressure connector delivers compressed air to the
pneumatic printheads.

3.4.2 Mounting the printbed

Assembling the plate holders:

Each plate holder comes in three pieces, a screw, an arm, and a spring.

Note: The other three small metal pieces in the kit are not used and can be thrown away.

To assemble a plate holder, insert the screw into the hole in the arm and the spring. To
attach an assembled plate holder, hold the pieces together while screwing the screw into one
of the outer or inner holes depending on size of the petri dish.
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Figure 7 Plate holders assembly

1. Screw

Arm

Spring

Attached plate holders
a. Plate holders attached to the outer holes
b. Plate holders attached to the inner holes

Wb

Fasten the print surface:

Use the plate holders to securely fasten the print surface on the printbed according to the
following illustration.

Turn the arms to the sides when using a well plate. Ensure the outer dimensions of the well
plate are 128 x 85 mm.
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Figure 8 Printbed

1. Plate holders

3.4.3 Mounting the photocuring cones

To attach the photocuring cones to the print box, screw them in by hand according to the
following illustration.

+L +L

3.4.4 Mounting the periscopes

Figure 9 Photocuring cones

Place the periscopes in the two holes according to the following illustration.
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Figure 10 Placement of periscopes
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3.5 Starting the BIO X6 for the first time

When you start the BIO X6 for the first time, you are taken to the home screen.

2 ]

—E3 B—: ¢ 9 #‘)T
808600

€3 -New Print Protocol Tools — &3

N, O 4 />

MODEL DROPLET DRAW & PRINT GCODEEDITOR

a a o T

[ 10 ] [ 11 [ 2 | [ 1 ]

»Recent Print Protocols sopen [E3

@ @ @ @”

e

DROP 96 DROP 384

s

BOX

DROP_ vEsv MDDEI. _HEMI DRAW_CIRCLE DROP_12
. 7 21 3 200 new

Figure 11 Home screen of BIO X6

1. Printing Utilities menu with advanced settings and troubleshooting functions
2. Connection status: Indicates whether the tablet/computer is connected to the BIO X6

3. Tool bar: Buttons to enable or disable functions such as open and close door,
temperature status, chamber lights, clean chamber fan and sterilize chamber

4. New Print Protocol: In this section you find the Model print, Droplet print and Draw &
Print modes

5. Open/close door

6. Temperature settings

7. Chamber Lights on/off

8. Clean Chamber fan

9. Chamber Sterilization

10. Model print: Tap to start a bioprinting process
11. Droplet print: Tap to access the droplet process
12. Draw & Print: Tap to start a draw & print process

13. Tools: In this section you find tools such as Gcode Editor
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14. Gecode Editor: Tap to open the Gcode Editor

15. Recent print protocols: This section shows shortcuts to the last 18 protocols. Protocols
are saved with the file extension .biox.

16. Open print protocols: Tap to access all .biox protocols stored in your system.

3.6 Calibration trimming

The BIO X6 has a protocol for running an auto calibration trimming procedure. This
procedure consists of an automatic calibration followed by a manual calibration of all six
printheads. The whole process takes about 15 minutes.

Auto calibration trimming is done at the factory. Normally, there is no need to repeat the
alignment of the automatic calibration.

Note: The system is calibrated for 22G nozzles. If other nozzle/needles are used, or the
offset is not correct, repeat the calibration trimming process.

Note: Transportation may affect the factory calibration. If so, repeat the calibration trimming
process.

1. Tap = > Printing utilities > Machine Calibration > Perform auto calibration trimming

2. Attach all 6 pneumatic printheads. Use the same kind of nozzle/needle for all
printheads.

3. Attach the surface probe and the metal Periscopes.

Note: How to place the periscopes will be shown in the DNA Studio Ul illustration.

Can also be found here.

Objects left on the printbed may damage the printer. Ensure the printbed is
empty without Petri dish, well plate, glass slide or debris.

4. Tap Start calibration to start the automatic calibration.
5. Tap Continue to proceed to the manual calibration of each printhead.
6. Follow the step-by-step instructions shown on the screen.
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B Ao calbration trimming ? % Auto calibration timming ? X

Auto calibration trimming | Auto calibration trimming

Manual alignment instructions | Move the printbed upwards until nozzle lightly touches the paper

In the following step, all printheads need to be manually calibrated according

to these instructions: 1] (1] (1] (1] 1] 1]

T 1 1 1 T T
1. Put a small piece of paper between the printbed and the nozzle. Tooll Tool? Tool3 Toold Tool5 Tool6
2. Move the printbed upwards in small steps untill the nozzle lightly touches the
paper.

Move printbed
3. Click "Save Calibration”.
4. Repeat for all 6 Printheads.
~ -~

wor [o1 [0 =0 o [

See instructions Save calibration

Figure 12 Auto calibration trimming

7. When you have calibrated all 6 printheads, tap Done.

The calibration trimming is now complete. The only time you need to repeat it is when you
upgrade or downgrade the firmware (HeartOS).

If you are consistently working with another nozzle/needle gauge than the one the
autocalibration trimming has been performed with, repeat the procedure with the appropriate
nozzle/needle to improve the accuracy of the autocalibration.
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4 DNA Studio Vault

4.1 What is DNA Studio Vault

DNA Studio 4 Vault is a version of DNA Studio 4 which supports individuals and
organizations adhere to digital documentation requirements laid out by international
governing bodies. Allowing customers to implement higher quality processes involving their
bioprinters.

4.2 First-time setup

1. Configure DNA Studio Vault with your internal Azure Active Directory.

To enable all the DNA Studio Vault functionality, the IT administrator of the customer
organizatonneed to add and configure DNA Studio Va
Active Directory. Detailed instructions for this can be found in the separate document

ACELLI NK DNA St udilmstrustians.l ptd fAOD, BheoBWIIMK. a t

This document includes detailed instructions on how to:

1 Add the application to your Azure Active Directory.

9 Find the generated Application ID needed when specifying the login server in the
application.

1 Add and set up the different User roles and assign them to the respective users of
the application.

1 Select which user authentication methods to enable.

2. Verify a successful configuration by logging in for the first time, with each of the three
different User roles.

1 Specify the server details.
o Application ID. The identifier for DNA Studio Vault in your Azure AD.
o Tenant ID. The Azure AD identifier for your organization.
0 Azure AD Endpoint. The URL used for authentication.
o Microsoft Graph API Endpoint. The URL used to query access.
I Log in using an email for a user of the respective User role.
1 Authenticate the user with a method of choice, for example written password or
SSO.
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9 After successful login, click the username in the very right part of the top bar to
make sure the user and their role are displayed as expected.

st 00N B QO & @ seesw A

New Print Protocol Tools
@ O @ />
MODEL DROPLET DRAW & PRINT GCODE EDITOR
Recent Print Protocols = Open
ik @ e (£ e ] e (] —h =@ ke ]
® ¥4 B 6 B ¢
demo protocol DnP plev...ll(p_l;;le Dnp 279 Dnp 22g Dnp lay...ght 22g DnP lay...ght 20g

2023-02-20 15:16:20 2023-02-20 14:56:5: 2023-02-20 14:04:50 2073-02-20 14:0418 202302-20 14:00:14 2023-02:20 13:59:35

Figure 13 Displaying information about the active user.

4.3 Login

Follow these steps to Log in to the application

1. If not already done, specify the login server details as described in 4.2 First-time
setup and press Continue.

2. Enter your company email address that has been granted access by your
administrator and press Continue to verification.

3. Use your corresponding password to authenticate yourself via the embedded
authentication system. You may need to follow more authentication steps if MFA is
enabled in the organization.

4. You should now be logged in.

After successful login, the name of whoever logged in will be displayed to the right in the Top
bar. By clicking the name, you will open a popup that will display the associated User role
and the option to Log out.
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4.3.1 Changing the default login server

The | ogin server specified wild.l be used as
need to specify it every time. In case you need to change the server details, open the Main
menu and navigate to Application settings. On the tab Default settings, you can edit all
the server details to be used as default for the future login attempts.

B

B QO 4 ® ssmessom A

Default Settings
Default settings

O Askevery time

B H#

Export Locations

Lo}

z

]

8]

Figure 14 Location for adjusting the login server details.

4.4 User roles and access levels

User roles are available on DNA Studio 4 Vault and allow for varying degrees of access and
functionality within the software.

The existing User roles are

1. Administrator: Has access to all functionality across the entire application. Has the
ability to define and allocate User roles within their organization.

2. Designer: Does not have the ability to manage the access levels of other users.
Except from that, the Designer role by default has the full range of access throughout
the application, with the possibility for the administrator to make any restrictions they
see fit for this role.

3. Operator: Cannot create new protocols. Can only open protocols that have been
previously made and verified by either a Designer or and Administrator. Can calibrate
the printer, start a print job and has above this very limited access to other functions.
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4.5 Signing off on a print job

When a print job has been completed, the user who carried out the print job is mandated to
Sign off on the completed job, to confirm its completion and verify who is responsible.

To perform the Sign off, the user is prompted to enter their password and authenticate
themselves in the same way as during a login.

After successful sign off, a print report is generated and will include the electronic signature
of the user signing off the specific print job. If authentication fails or is skipped the user can
either Retry or Close. Print report will not be electronically signed if user closes without
authenticating.

4.6 Exporting a model

Any model, imported or generated, can be exported into .stl and .3mf format. The exported
file will contain the geometry, including any changes made to it scale.

To export the model, click the Export icon (A) and specify the target file name and target
location.

= BIO X6 - MODEL PRINT - Unnamed v = ¢8I0X6 v 4 @ Q I @ smessm i 2

Model QIO

d the model you want to print

] o

$Well selection

c e Q@

Figure 15 Location of Export icon
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5 Bioprinting with the BIO X6

5.1 Sterilizing the printing chamber

The BIO X6 has a UV sterilization system to ensure a sterile environment. The system
sterilizes the print chamber, and the Clean ChamberE Technol ogy mai nt ai ns t he
sterility.

Do not look directly at UV light and do not expose your skin to UV light. UV light
ﬁ can cause serious personal injury. Keep the door closed when running the clean
chamber feature.

The UV sterilization procedure will kill or damage any living organisms inside the
print chamber. Remove any cells and tissues from the print chamber before
ﬁ initializing the UV sterilization procedure.

Run the UV sterilization procedure before each bioprinting process to minimize the risk of
contamination.

1. Close the door of the chamber. The UV sterilization process does not start if the door
is open.

2. To begin the UV sterilization procedure, select Printer from the Utilities menu and
tap Initiate.

3. Inthe Sterilize chamber dialogue, tap Sterilize to start or Cancel to abort.

The sterilization procedure takes about 6 minutes.

Enable clean chamber fan: Tap to turn the HEPA filter fan on or off. Keep the fan on during
UV sterilization to clean the air and push it out of the chamber.

During bioprinting, you can turn the fan off if you want to reduce the noise level or if you are
conducting an experiment that does not require sterility. Keep the fan on if you want to keep
the chamber environment as clean as possible and ensure sterility.
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5.2 Main menu

On the home screen, tap = to show the left side menu.

s o s 400 %0
(@) Home <—n
& - @ Print Protocol Tools
[ Printer utiities <—B
£ Application setting <—ﬂ j O L/ </>
@) Application logs ‘_B

EL DROPLET DRAW & PRINT GCODE EDITOR
© About ‘_ﬂ

t Print Protocols = Open

@ Bio X6 Bio X8 'e) BioX o) BioXs @ Bio X6 @

) ©O O 9 ©

ocol D&P Protocol Droplet protocol Droplet protocol Box Cylinder Protocol
08 202210-25 14:26:02 2022-10-25 13:39:26 2022-10-25 10:20:35 20221022 17:27:50 2022-10-22 11:24:50

Figure 16 Main menu on the home screen

1. Home: Tap to view home page.

2. Print reports: Tap to view stored print reports. For more information refer Print report

3. Printer Utilities: Tap to access the Printer Utilities menu with advanced settings
and troubleshooting functions.

4. Application setting: Tap Default printer to select a default printer which is
automatically selected when you create a new print protocol. Enable Printer
emulators to display emulators in the list of bioprinters that can be connected.

Tap on Export Locations to view or edit the export path of Protocols, Gcode,
Generated shapes, Print Reports, Application logs.

B

Default Settings

Default settings

Default printer: (] Ask every time
Export Locations

Printer emulatars

Figure 17 Default settings

5. Application logs: Tap to view Application logs.
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6. About: Use this tab to view contact information for customer support, the software
version, and the printer and software licenses.

B owa studio v4.1.2

= oo & 9 7:: @
CELLINK > BIO %
A BICO COMPANY

[ eense ]

<€ Back to previous page

Contact us
US:+1(833) 2355465
EU. +46 31128700
APAC: +65 8750 2284

" k com

Bin X Em nudater vd 1.2
Bio X Emulssor W v£1.20

Figure 18 About the software
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5.3 Printer utilities menu

5.3.1 Connect tab

Use this tab to connect your tablet or computer to the BIO X6. The Utilities menu will not be
enabled unless you are connected to a bioprinter.

@ «

A

Nobcpertor comected
Connect
—8
Found 3 printer(s):
l i ‘ Bio X6 @ >~
[ Bio X6 Emulator
EMU ‘ @
Bio X Emulator
[Temu | :fE‘l
Manual
4

Figure 19 Overview of the Connect tab

1.

Search for bioprinter on network: Tap to search for a bioprinter connected to the
same local Ethernet network as the tablet/computer you are using.

Bioprinters found on network: Select the bioprinter you wish to connect to. An
illustration of the bioprinter and its serial number is displayed for each available
option.

Connect: Tap to connect to the selected bioprinter.

Home icon: Tap to go to the home screen.

Note: Make sure you select the correct printer. If you select the wrong printer model,
you will later get an error message that the protocol you have created does not match
the connected printer (see Summary).
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5.3.2 Printer tab
Use this tab to enable special features for experimental purposes.

All the changes to the printer settings made here are applied immediately to the BIO X6.

* Comnected: boxéems . A& ¥ Q9 % ©

R\ Connect Printer

. sovas vewsons )
Lights: on @D

O Printhead Configuration - 2
—) 100%

a00 Move

¢ Enable clean chamber fan: On -—

Q} Machine Calibration
Sterilize chamber Initiate

@ Camera -
Printbed temperature control

5 erctocrossining

~ |, .
% Update Printer

Figure 20 Overview of the Printer tab

1. Sensors: Display output data for customer support. CELLINK uses this tab to perform
sensor testing.

Toolhead slots Axes Temperature

v Slot1 (dovm) XAxis Ambient 21.1°C
~ Slot2 (up) ~ YAxis (front) Printbed 25.0°C

Slot 3 v ZAxis (dovin) Slot 1

~ Slot4 (up) Slot 2

Other sensors
~ Slots (up) Slot 3
Door
~ Sloth (up) Slot 4
(% Surface probe
Slot 5
Slot 6

Figure 21 Sensors: View status

2. Lights: Turn on/off and adjust intensity of chamber lights. Use this to work with
photosensitive materials.

3. Enable Clean Chamber fan: Tap to turn the Clean Chamber fan on or off.

Sterilize chamber: Tap to initiate the Sterilize chamber protocol.

5. Printbed temperature control: Tap to enable temperature control on the printbed. If
disabled, the printbed will be kept at room temperature.

H
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5.3.3 Printhead Configuration tab

Use this tab to control general tool settings such as printhead temperature and pressure.

You have the option to pre-heat or pre-cool your equipment and to test the bioink flow
(printhead configuration) by extruding the material.

Printhead Configuration

20 kPa

10.0 mm/s

0000

Figure 22 Overview of the Printhead Configuration tab

1.

A e

Toolhead bar: Use this bar to navigate through the settings for each one of the

toolheads connected to the bioprinter. The selected toolhead is highlighted in blue,
and its settings are displayed below. The displayed settings may vary depending on

the printhead or tool connected.

displayed below.

Extrude: Tap and hold to test the bioink flow by extrusion with the Printhead settings

Pressure: Set printhead pressure (see Technical specifications). Extrusion pressure

depends mainly on the viscosity and rheological properties of the material to be

printed.

Print speed: Tap to set the print speed.

Temperature: Tap to enable or disable temperature control on the printhead.
Flow delay: Tap to set the flow delay.

N o ok

to the BIO X6.
Note: You must close the door to perform the homing cycle.

BIO X6 User Manual v. 1.4
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5.3.4 Move tab

Use this tab to move the toolheads and the printbed.

" Connacted: biox, emu s ) e & ©
‘\ Connect Move
A -
0 5 = 8 § 5
[w] Printe ' > ' M N
= Head Head? Head3 Head4 Head5S Headb
O Printhead Configuration Move printbed 7" Move printhead
o
qaop v
S
€y Machine Caibraton B N > |
@) cam
M
g Photocrosslinking e - Nl
(el it
2 -0

Move head to top position

Move head to print position

Figure 23 Overview of the Move tab

1. Toolhead bar: Use this bar to navigate through the settings for each one of the
toolheads connected to the printer. The selected toolhead is highlighted in blue, and
its settings are displayed below. The displayed settings may vary depending on the
printhead or tool connected.

2. Move printhead: Use the arrows to move the toolhead on the X and Y axes.
Available step sizes are 5, 1, 0.1 and 0.01 mm.

3. Move printbed: Use the arrows to move the printbed on the Z axis. Available step
sizes are 5, 1, 0.1 and 0.01 mm.

4. Home: Tap to home the printer axes and return to absolute zero position.

5. Tap to move the toolhead to the top position.

6. Tap to move the toolhead to the print position.

5.3.5 Machine calibration tab

Use this tab to perform a calibration trimming procedure when setting up your printer and
after updating the software or performing a significant hardware change (see Calibration

trimming).

The calibration is stored and remembered to perform automatic calibration in the Bioprint
menu.
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5.3.6 Camera tab

Use this tab to adjust the Camera tool settings.

L ] Moee vmu/n

Figure 24 Overview of the Camera tab

1. Live stream from the Camera tool. This live stream is only available if the Camera
tool is connected to the BIO X-6.

2. Capture Image: Tap to take a photo of the live stream from the Camera tool.

3. Move printbed: Use the arrows to move the printbed on the Z axis. Available step
sizes are 5, 1 and 0.1 mm.

4. Move printhead: Use the arrows to move the toolhead on the x and y axes. Available
step sizes are 5, 1 and 0.1 mm.

5. Save photos to: Tap to select a folder to which the captured photos are to be saved.

6. Camera light: Tap to adjust the camera light.
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5.3.7 Photocrosslinking tab

Use this tab to adjust the photocrosslinking settings.

L] Connected: bioxs_emu

% Connect Phot
fu] printer
Light source: Module 3 (485 nm) -
Timer 10s : @
s
GgD Move
BTN O
€ Machine Calitratio
Move manually
@) can
E;? Photocr W Move printbed Move printhead
%> Update Printer
> «
2

Figure 25 Overview of the Photocrosslinking tab

“

1. Tap the up and down arrows to adjust the distance between the printhead and the

surface of the printbed in increments of 5, 1 or 0.1 mm.

2. Set the position to be manually photocrosslinked and select the distance from the

surface (up, down, left, right) in increments of 5, 1 or 0.1 mm.

3. Light source: Tap to select the light source for photocrosslinking. You can choose

one of the Photocuring LEDs or the Photocrosslinking tool.
4. Intensity: Use the slider to set the intensity to a value between 0 and 100%.
Timer: Tap to set the timer for photocrosslinking (0.1 s to 600 s).

o

6. Start: Tap to start the photocrosslinking.

BIO X6 User Manual v. 1.4

47



5.3.8 Update Printer tab

Download the latest software version from my.cellink.com and save it to a local
computer/tab.

DN Stuic [=} EY

L Connected: Bio X6 v

a»
[ -3
Lo}
&
®

§ Update Printer
% Connect

Printer

Heart0$ Heart05-2.4.2-50

O Printhead Configuration
e el | |

You have Heart0S
Hean08§-2.4.2-50 installed

-
Qoo Move
©

(:} Machine Calibration
[©) camera

5R ehotocrossiinking

r_ UpdatePrinte

@ About

Figure 26 Overview of the Update Printer tab

In the Utilities menu, go to Update Printer to access the update.

1. Find updates at: Use the displayed link to download the latest software version to
your tablet or computer.

2. Choose update file: Select the software update file you have just downloaded. Make
sure you select the latest version.
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5.4 Bioprinting from a 3D model

On the home screen, tap Model to start a new bioprinting process using a 3D model. The
BIO X6 guides you through the process of setting up your bioprint.

89 ONA Studio w12 e
= et v 4 8 Q0 %O

New Print Protocol Tools
@ | O @ />
MODEL DROPLET DRAW & PRINT GCODE EDITOR
Recent Print Protocols ™ Open

Figure 27 Model option on the home screen
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5.4.1 Print surface

The BIO X6 can bioprint on a variety of surfaces, including Petri dishes, well plates and glass
slides. Select the surface you wish to bioprint on.

3 ona studio 12 o

= BIO X6 EMULATOR - MODEL PRINT - B:x x @‘ @ 4 Connected: Bio X6 Emulator v e BE Q Jr @
=) 9 ®
Surface 8 a6 P9®©
Choose what surface to print on K
| -8 &
Petri dish Well plate Glass slide
Well plate type

Number of wells:
EN: ~ « »~ =~ B

e Q@

Figure 28 Overview of the Surface step

1. Printing process bar: This bar displays the steps of the overall printing process and
indicates in blue the step you are currently in.

2. Print surface: Select the surface you wish to bioprint on (Petri dish, well plate or
glass slide).

3. Select a number to choose a well plate to print into.

4. Select a vendor for the well plate you are using. This feature enables the BIO X6 to
know the precise dimensions of the well plate, which may vary slightly depending on
the vendor (1. Corning Costar, 2. Corning Falcon, 3. Thermo Fisher and 4. VWR).

Note: The distance between the well centers varies with different vendors. If you use
a well plate from a vendor not listed above, test the well plates from the listed vendors
to see which one best fits your well plate or use custom well plate.

5. Protocol meta data: This shows the workflow you are in and the name of the
protoco.Bef ore the first save of the proffapcol ,
the drop down to view more protocol details.
6. Save: Tap to save the protocol at any step during the workflow setup. The protocol
must be given a name for the first save. Any unsaved changes are communicated by
an asterisk next to the file name. Note: The Save option is not active in the Layers
tab.
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7. Save as: Tap to save the protocol with new file name at any step during the workflow.
Note: The Save as option is not active in the Layers tab.

8. Preview: The printing surface currently selected is displayed here.

9. Isometric views: Tap to choose between different options: perspective, top view,
side view. This helps you visualize with more detail the models to print and check for
issues on the model.

10. Tap Custom well plate to choose your own settings: well plate dimensions (number
of rows and columns), well offset (offset X, offset Y), and well spacing (center to
center rows X, center to center columns Y) (see separate screenshot below).

D tlog T b4

Custom well plate
Spacity custom well plate parametens

Well diameter: Begmm o

Well plate dimensions

Number of fows z3

Humber ot colurnng: 3
Well offset

Offsat X 248mm 7

Difsat ¥ 232mm 7

Well spacing

Center 1o cantar rows (X): 3@1mm 7

Center 1o center columns () 391 mm 7

Figure 29 Custom well plate option
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5.4.2 Model

Note: The USB flash drive needs to be readable and writeable.

Note: Keep the USB flash drive connected until the bioprinting process starts.

89 oNA Studio vt 8 x
= BIO X6 - MODEL PRINT - Box v 2] Connosted: Blo 36 Bawietos N A 0 %O
DS )
Model P9®e©
Add the model you want to print
b = Open. © Create new
Prey S P Q@

Figure 30 Open file option in the Model step

1. Insert a USB flash drive containing your 3D model and any custom profiles you would
like to use into any of the USB ports on the back of the tablet docking station BIO X6
Tap O p e n t® select the model you wish to bioprint from your files.

The BIO X6 accepts the following file formats: ,gcode, ,stl, .3mf, .amf, .obj and BIOX
protocols.
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Figure 31 Overview of the Model step

2. Selected model: The file name of the 3D model you have selected is displayed here.
Tap the left button to transform your 3D model by rotating, scaling, and moving it.
Tap the trash bin to delete the selected file. Any modifications can be reset or
previewed in the center of any print surface.

Transform model
10.0 x 10.0 x 8.0 mm
Move -
X axis: l 0.00 mm
Y axis: ' 0.00mm
Z axis: l 0.00 mm
Reset Center
Scale -
Lock L
X axis: ' 10.00 mm
Y axis: l 8.00mm [
Z axis: ' 10.00 mm
Reset
Rotate -
X axis: l 000"
Y axis: ' 000°*
Z axis: ' 0.00°*
Reset

Figure 32 Transform model option
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Well selection: Tap to select which wells to print in and in what order (see

screenshot below).
‘B DNA Studio 3 X
Well selection
Select which wells to print in and in what order
Selection
1 2 3 Select all Deselect all
Print order
Linear Horizontal
Start corner
A 4 @ 6 Bottom Left
B

2
@ @ Cancel

Figure 33 Well selection

Previous: Tap to go back to the previous step on the bioprinting process (Surface).
Next: Tap to go forward to the next step in the bioprinting process (Layers). This
button is only available if a 3D model has been successfully opened or created.
Visualization bar: Tap to choose between different options: rotate, drag, zoom in
and zoom out. This option helps you visualize with more detail the models to print and
check for issues on the model or with the slice.

Preview: The model and its organization on the printing surface is displayed here.
Isometric views: Tap to choose between different options: perspective, top view,
side view. This helps you visualize with more detail the models to print and check for
issues on the model or with the slice.
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5.4.3 Layer settings

Modify options to define the layers of the 3D model and how the BIO X6 should bioprint the

selected model. Use the predefined settings or create custom settings.

BIO X EMULATOR - MODEL PRINT - Model Protocol* v

Layers

Design the fayers of your print

Divide perimeter and infill printhead:

a_. Layer 4-10

Printhead:

® Head 1
W Head 2
Head 3

[ o) .,

o

& Q0 % O
o9de

u":

2P Qe

Figure 34 Overview of the Layers step

1. Layer height: Specify the thickness of each layer in mm. CELLINK advises to set the
layer height to 80-100% of the nozzle diameter.

2. First layer height: 50-100% depending on the printability and viscosity of the bioprint
material. Modify to ensure sufficient adhesion of the first layer to the print surface.

3. Infill pattern: Tap to select infill pattern (see Infill screenshot below).

4. Infill density: Indicate how dense the model should be from 0% for empty infill to
100% for high density.

5. Layer group head perimeter selection selects which printhead the specific layer
group use to print the perimeter.

6. Layer group head infill selection selects which printhead the specific layer group
use to print the infill.

7. Toggle button to divide perimeter and infill printhead for the layer group.

8. Layer group: This whole box specifies the layer parameters for printing a specific set
of layers.

9. Edit layer group: Tap to select layers for a layer group or to erase a layer group.

10. Create new layer group: Tap to create a new layer group.

11. Generate support structure: Tap to automatically generate a support structure for
your construct. You will need to designate a printhead for printing this structure
support.

12. Close seam gaps: Activate to close the gap in perimeter.

13. Open Copy in Gecode Editor: Tap to open your settings in Gcode editor tool where

you can edit the Gcode. Refer section Gcode Editor for more information.
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14. Preview slider: Drag this to select which layer to preview. The total number of layers
may vary depending on the selected layer height (1).
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Figure 35 Infill patterns

This setup is a general setup for all types of layers, but not for individual set of layers

1.

Grid: The grid pattern is a suitable infill for tissue constructs with isotropic mechanical
characteristics. This infill pattern is consistent across adjacent layers, resulting in solid
walls between the pores and good compressive strength. This pattern is most
applicable for tissues like bone and cartilage. It can also generate constructs with
porosity to allow diffusion of nutrients or filling with other bioinks or materials.
Honeycomb: The honeycomb pattern is suitable for constructs with isotropic
mechanical characteristics. This infill pattern is consistent across adjacent layers,
resulting in solid walls between the neighbouring pores with good compressive
strength. This pattern is most applicable for tissues like bone and cartilage. This
pattern can also generate constructs that contain porosity to allow diffusion of
nutrients or filling with other bioinks or materials.

Rectilinear: The rectilinear pattern is a suitable infill for tissue constructs with
isotropic mechanical characteristics. This pattern is most applicable for tissues like
skin, fascia, and cartilage. This infill pattern changes the fill angle by 90 degrees
based on the layer.

Linear: The linear pattern is similar to the rectilinear except shifted by 45 degrees
instead of 90 degrees from layer to layer. This pattern is suitable for fibers and
striated tissues. It can also generate constructs that contain porosity to allow diffusion
of nutrients or filling with other bioinks or materials.

Concentric: The concentric pattern is suitable for irregular shapes and circular
objects. The infill mimics the shape of the outer walls, creating concentric ripples. It is
ideal for high infills and complex geometries, and it ensures that the structure is filled
in. Note that there is minimal crossing of filaments, which might be detrimental for the
structural integrity of the construct.
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6. Gyroid: The gyroid pattern consists of wave-like patterns which are suitable to use in
applications that require elasticity. The pattern is similar in structure and orientation to
the rectilinear pattern. This is most applicable for tissues such as skin, ligament,
muscle, tendon, and others where elasticity is important.
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5.4.4 Printhead settings
The BIO X6 can use up to six different printheads in a single bioprinting process.

Depending on the printhead you are using, different settings are required for configuration.
For general information about the printheads, see Printhead manuals. Further details are
outlined in the separate printhead manuals.
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Figure 36 Overview of the Printheads step

1. Printing process bar: This bar displays the steps of the overall printing process and
indicates in blue the step you are currently in.
2. Tool bar: Indicates the printheads previously selected for the printing process. Tap on
each printhead to set it up with the information in the boxes below (37 9).
3. Printhead type: Tap to select the type of printhead you are using. Different settings
appear below, depending on what type of printhead you select. The BIO X6 comes
prel oaded with pr ofinteligensprifitteads.al | CELLI NKOs
4. Coaxial Printing: Tap the toggle bar to use Coaxial printing. Refer Coaxial printing for
more information.
5. Nozzle type: Tap to select the nozzle or needle type you are using.

Note: It is possible to use a nozzle size that does not match the layer height.
However, a warning is displayed.

6. Add printhead information: Tap to add printhead information that will be saved in the
print log. With this feature you can add information regarding the nozzle brand, shape,
and length, as well as information about the bioink, such as the batch number and cell
concentration. All information saved in the print log can be accessed later and can be
useful for your lab records or for planning future experiments (see screenshot below).
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Add printhead information

Information will be saved in the printlog

Nozzle

Figure 37 Add printhead information

10.
11.

12.

13.

14.

Pressure: Tap to set pneumatic pressure flow, which determines material flow out of
the nozzle. (Pressure should be between 0-200 kPa with the internal air compressor
and between 0-700 kPa with an external air compressor). Extrusion pressure depends
mainly on the viscosity and rheological properties of the material to be printed.

Print speed: Tap to select the speed of the printhead.

Temperature: Enable and set printhead temperature.

Flow delay: Set to compensate for delayed and excess extrusion.

External pressure pump: Tap to indicate if an external pressure pump is connected
to the BIO X6.

Preview: A preview of the printing process including the selected surface, 3D models
and layer parameters.

Toolhead bar: Displays the toolheads indicated to be involved in the bioprinting
process. Each tool is given a color for identifying the layers it is assigned to print of the
3D model in the preview (11).

Save: Tap to save the protocol at any step during the workflow setup. The protocol
must be given a name for the first save. Any unsaved changes are communicated by
an asterisk next to the file name.
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5.4.5 Printer settings

In the Printer step you can adjust the printbed temperature, the photocrosslinking settings,
the lights and fan of the chamber. Use temperature control to keep the printbed at a certain
temperature, or turn temperature control off to print at room temperature.

You can check the current temperature of the print chamber at the user interface.

Note: The settings selected in this step will only be applied once the bioprinting process has
started.

B0 X6 - MODEL PRINT - Box* v snnected: Bio X6 Emlator v $ F QO & @

Printer i PID®

Specify printer settings Head 6

c e Qe
Figure 38 Overview of the Printer step

1. Use Gcode speed: When you use this option it overwrites the speed which you have
selected from Ul during setup. Instead, the printer uses the print speed already
written in Gcode. The toggle is available when a gcode model is loaded.

2. Enable Clean Chamber fan: Tap to enable or disable the clean chamber fan. (The
fan will be on right after you are done with the print setup and have clicked on Go to
print. The fan will then be kept on or turned off, depending on your choice).

3. Lights: Tap to enable or disable the interior lights of the BIO X6. If enabled, you can
drag to select the light intensity.

4. Photocrosslinking: Tap to enable or disable a Photocrosslinking scheme. If enabled,
you can indicate the light source (one of the photocuring LEDs or the
Photocrosslinking tool) and the light exposure parameters, such as height above the
surface and time.

5. Cameratool: Tap to enable or disable the Camera tool. If enabled, the tool must be
coupled to one of the intelligent connectors on the BIO X6.

6. Printbed temperature control: Tap to enable or disable temperature control on the
printbed. If disabled, the printbed will be kept at room temperature.
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7. Travel settings: Tap to change the speed of the travelling movement. This feature is
mainly for speeding up prints by performing the non-print movements faster, for
example when the printhead moves from one well to another.
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5.4.6 Summary

In this step, you review all your selected settings. If a setting or value is incorrect, use the
navigation bar to the left to edit.

9 ONA St w12 5
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Pneumatic Pneuma tic Pneumatic Photocrosslinking
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l:’ > Search for printer
connect nter

Figure 39 Settings summary, part 1

1. Printing process navigation bar: This bar displays the steps of the overall
bioprinting process and highlights in blue the step you are currently in.

Tool 1: Displays an illustration of tool 1 and shows its settings.

Tool 2: Displays an illustration of tool 2 and shows its settings.

Tool 3: Displays an illustration of tool 3 and shows its settings.

Tool 4: Displays an illustration of tool 4 and shows its settings.

Tool 5: Displays an illustration of tool 5 and shows its settings.

Tool 6: Displays an illustration of tool 6 and shows its settings.

Search for printer: This button indicates that the BIO X6 is not connected with the
tablet/computer on which the bioprinting process is being set up. If not connected,
you cannot proceed with the bioprinting process.

© N g N

Note: If you are connected to the wrong printer, you will be prompted to save the
current protocol before you select the correct printer (see screenshot below).

BIO X6 User Manual v. 1.4 63



B Incarrect printer type ? bt
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Figure 40 Incorrect printer type dialog
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Figure 41 Settings summary, part 2

9. Surface: Displays a summary of the selected settings for the print surface.

10. Model: Displays the file name of the 3D model selected.

11. Layers: Displays a summary of the layer settings.

12. Photocrosslinking: Displays a summary of the photocrosslinking settings. If
photocrosslinking is enabled, tap View details for more information.

13. Printer: Displays a summary of the printer settings.

14. Save protocol: Tap to save the current printing pro
extension.

15. Exportgcode: Tap to export the current printing p
extension.

16. Connection status: Indicates whether a bioprinter is connected to the
tablet/computer or not. If not connected, you cannot proceed with the bioprinting
process.
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17. Go to Print: Tap to proceed with the bioprinting process.

After checking all the settings, proceed with the bioprinting process, tap Go to Print
and continue with the calibration settings.

5.4.7 Calibration and Automatic Bed Levelling (ABL)

Once the printing settings are fully reviewed, calibration of the printheads is required before
starting the bioprinting process. Each printhead to be used must be calibrated individually.

On this screen you can also check the material flow with the printing settings already defined.

Tap Calibrate to calibrate the printheads and the printbed. There are three calibration
options: Automatic calibration, Manual calibration, and Automatic bed levelling (see
screenshot below).
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Choose calibration method

Automatic Manual Automatic bed
calibration calibration leveling

Perform automatic bed leveling before automatic or manual calibration
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aa & Open Door & Close Door <—a < é Q@

n" © Calibrate tool before starting print!

Figure 42 Calibration options

1. Calibrate printhead: Tap to calibrate the printheads and the print bed.
2. Open Door: Tap to open the door if the door is closed.
3. Close Door: Tap to close the door if the door is open.

4. Start print: Tap to start print. This button is only enabled once the calibration protocol

is complete.
The automatic bed levelling probes the bed at three points to enable bed-levelling

compensation. It uses a matrix to compensate for tilt in the bed or print surface. It is

recommended to perform ABL when printing large models or when using well plates as the
printing surface.

BIO X6 User Manual v. 1.4 65



The surface probe only needs to be calibrated once, the printer will then remember this
calibration and apply it for each coming printing. However, the ABL should be enabled before
each printing since it compensates not only the bed but also if the print surface is tilted.
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Figure 43 Automatic bed levelling

5.4.8 Automatic calibration

The Automatic calibration protocol is hot compatible with the HD Camera toolhead,
Photocuring toolhead, Thermoplastic Printhead or EMD Printhead. If one of these toolheads
is connected to the BIO X6 when performing Automatic calibration, you can choose to
calibrate them manually.

If the previous calibration is not applicable, The user will be prompted to recalibrate the
printheads. For example when using a different setup of printhead or another print surface.

To perform automatic calibration, you must first attach the surface probe to the printbox and
the metal periscopes to the printbed. Tap Continue to proceed.

BIO X6 User Manual v. 1.4 66



= B & Connected: Bio X6
® Head 1 ?
-]
Automatic calibration
Running calibration
[ ]
/ ) Calibrating the X and Z axes
L /
__. Abort
© te Printh
¢ Open Door @ Close Door < P Q@

© Calibrate tool before starting print!
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1. Calibration for all printheads and surface probe: Home the printer and returns to
absolute Zero position. The screen shows the whole process of autocalibration for all

printheads and surface probe.

2. Done: Tap to proceed with the bioprinting process. This button will only be enabled

once the calibration has been successfully completed.

3. Abort: Tap to abort the calibration.
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Figure 45 Review and edit settings

4. Printhead icon: Tap to review and edit the printhead setting.

5. Surface icon: Tap to review and edit the surface settings.

6. Printer icon: Tap to review and edit the printer settings.

7. Cameraicon: Tap to review and edit the camera settings. This option is only

available the Camera tool is connected to the BIO X6.

Edit protocol: Tap this to edit the protocol.

9. Start print: Tap to start the bioprinting process. This button will only be enabled once
the calibration protocol is complete.

o
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5.4.9 Manual calibration

With manual calibration, you can calibrate the start point in X, Y & Z axis (for each printhead
separately). When you click on manual calibration, the BIO X6 will run a homing cycle in X, Y
& Z direction to get the 0 values in all the axes. When the homing is completed, select each
printhead and move it to the desired starting position on the surface. You have two options:
Move the bed across Z axis or move the printheads across X and Y axes. To start at Z=0,
loosen the printhead screw and move the printbed close to the printhead. This will allow the
mounted nozzle or needle to touch the surface without damaging the tip. Tighten the
printhead screw when the nozzle or needle tip touches the surface and tap Save
Calibration.

Manual calibration

Manually calibrate each tool

Tool 1

Homing

The printer is running a homing cycle to measure the axis

O

Please wait..

1 e ]

< P Q@

Figure 46 Homing cycle

Tip: Before calibration, unscrew the cartridge locking screw to avoid damaging the nozzle if
accidentally moving the printbed too high. Re-tighten it before saving the calibration.

The first step of the instructions to follow vary depending on what surface you use:
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Petri dish

Manual calibration
Instructions

1. Move the nozzle to the center of the petri dish.
2. Move the printbed upwards carefully until the nozzle lightly touches the surface.
3. Click the "Save calibration” button.

Tip: Before calibration, unscrew the cartridge locking screw to avoid
damaging the nozzle if accidentally moving the printbed too high.
Re-tighthen it before saving the calibration.

Back to calibration

Figure 47 Manual calibration T Petri dish

Well plate

Manual calibration

Instructions

1. Move the nozzle to the center of the front-left well.
2. Move the printbed upwards carefully until the nozzle lightly touches the surface.
3. Click the "Save calibration” button.

SN

Tip: Before calibration, unscrew the cartridge locking screw to avoid
damaging the nozzle if accidentally moving the printbed too high.
Re-tighthen it before saving the calibration.

Back to cal

Figure 48 Manual calibration i well plate
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Glass slide

Manual calibration

Instructions

1. Move the nozzle to the center of the glass slide.

2. Move the printbed upwards carefully until the nozzle lightly touches the surface.
‘ 3. Click the "Save calibration” button.

Tip: Before calibration, unscrew the cartridge locking screw to avoid
damaging the nozzle if accidentally moving the printbed too high.
Re-tighthen it before saving the calibration.

Back to calibration

Figure 49 Manual calibration 1 glass slide

Calibrate each tool manually to the same point.
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Figure 50 Manual calibration dialog

When you are done, tap Save calibration.
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Figure 51 Manual calibration dialog, continued

Repeat the same procedure to calibrate all the remaining printheads in your system. To
avoid offsets between layers when using multiple printheads, align the printheads by
calibrating on to the same point as a reference on the selected surface.

Note: Manual calibration works with all printheads and toolheads types regardless of needle
or nozzle type.
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Figure 52 Overview of the manual calibration of each tool
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When you have calibrated all the printheads and toolheads, tap Done and Start print.

Figure 53 Completing the manual calibration
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5.4.10 Printing model

This screen allows you to track the bioprinting process in the BIO X6. You can monitor the
activity of each printhead, of the printbed, of the photocrosslinking LEDs, and of the print
chamber while printing. In addition, you can change the printing parameters of any of the
printheads while the printing process is running. This includes pressure, speed, and
temperature.

Always pause the bioprinting process before opening the door. Do not remove
printheads before the bioprinting has stopped. Doing so risks aborting the
process and compromising your cells.
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Figure 54 Overview of the Printing model screen

1. Printhead icon: Allows you to monitor and change the settings of the printheads
used in the bioprinting process.

2. Surface icon: Allows you to monitor the settings of the print surface.

3. Printer icon: Allows you to monitor and change the settings of the printer.

4. Cameraicon: Allows you to review and edit the camera settings. This option is only
available when the Camera tool is connected to the BIO X6.

5. Preview: A preview of the printing progress is displayed here.

6. Progress indicator: Displays the progress of the bioprinting process as a percentage
value (%). This value is calculated by considering the total number of layers to be
printed and the layer currently being printed.

7. Pause print: Tap to pause the bioprinting process. When the process is paused, tap
to resume the bioprinting process.

BIO X6 User Manual v. 1.4 74



5

% R s F 0 &

® Head1

| B Didog T %

Print complete

¢

# Open prnt report

@ Add print comments

n_, © Restart prnt
R Manual phatocrosslinkeng 4—m

,4 & Sovaprotesi

Finished

A

Printing « 100%
1] Pause print

-

Figure 55 Print complete dialog

8. Restart print: Tap to restart the print. This feature can be used to print the same
model by using the same parameters and print surface as the previous print.
9. Manual photocrosslinking: Tap to perform manual photocrosslinking on your final
constructs. You can select wells, the wavelength, the distance from the printbed and
the time.
10. Save protocol: Tap to save the curr@8hOXprintengxpea
11. Finished: Tap to finish the current print and go to the home screen.
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Figure 56 Printing model, pause dialog
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12. Abort: Tap to cancel the print.
13. Restart: Tap to restart the print.

Adjust print height: Use this option to fine tune the calibrated height of the
printhead. Increase the value to raise the printhead.
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54.11 Manual photocrosslinking i Model

When you tap Manual photocrosslinking after the print is finished, you will be redirected to
the Photocrosslinking tab in the Printing Utilities menu (see screenshot below).
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Figure 57 Manual photocrosslinking

1. Select the distance from the surface bed up and down and adjust it for precision by
using 5-, 1- or 0.1-mm steps.

2. Select the position to be manually photocrosslinked and select the distance from
the surface (up, down, left, right) and adjust it for precision by using 5-, 1- or 0.1-mm
steps.

3. Light source: Tap to select the light source for photocrosslinking. You can choose
one of the photocuring LEDs or the Photocrosslinking tool.

4. Intensity: Tap to change the intensity from 0 to 100%.

5. Timer: Tap to set the timer for photocrosslinking (0.1 s to 600 s).

6. Start: Tap to start the photocrosslinking.

Note: The Photocuring Toolhead offers even more targeted and powerful photocrosslinking
than the built-in photocuring modules.

5.5 Bioprinting droplets

On the home screen, tap Droplet to start bioprinting droplets in a multi-well plate. The BIO
X6 guides you through the process of setting up your bioprint.
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Figure 58 Droplet option on the home screen
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5.5.1 Print surface
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Figure 59 Overview of the Surface step i Droplet

1. Select a number to choose a well plate to print in.

2. Select a vendor for the well plate you are using. This feature enables the BIO X6 to
know the precise dimensions of the well plate, which can slightly vary depending on
the vendor. The current supported vendors are Corning Costar, Corning Falcon,
Thermo Fisher and VWR.

Note: The distance between the well centers varies with different vendors. If you use
a well plate from a vendor not listed above, test the well plates from the listed vendors
to see which one best fits your well plate or use custom well plate.

3. Custom well plate: Tap to create a custom well plate.

Preview: A preview of the selected well plate is displayed here.

5. Next: Tap to proceed with the next step of the bioprinting process. This button will
only be enabled once a print surface is selected.

6. Protocol meta data: This shows the workflow you are in and the name of the
protocol . Before the first save of the
the drop down to view more protocol details.

7. Save: Tap to save the protocol at any step during the workflow setup. The protocol
must be given a name for the first save. Any unsaved changes are communicated by
an asterisk next to the file name.

8. Save as: Tap to save the protocol with new file name at any step during the workflow.

e
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5.5.2 Droplet

The Droplet step allows you to choose to print one droplet per well and to use several
printheads in the same printing process.
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Figure 60 Overview of the Droplet step

1. Printing process navigation bar: This bar displays the steps of the overall
bioprinting process and highlights in blue the step you are currently in.

2. Select single droplet: With this feature you can select to print single droplet with one
printhead in each well.

3. Printhead type: Select the type of printhead you want to use. Different settings will
appear below depending on what type of printhead you select. Droplet printing is
compatible with Standard Pneumatic, Temperature-controlled, and Syringe Pump
printheads.

4. Add printhead: Tap to add another printhead to the bioprinting process.

5. Well selection: Tap to select which wells to print in and in what order. In case you
are using multiple printheads, you can also select which printhead is going to print in
which wells.

6. Preview: A preview of the well plate with the droplet print mode selected will be
displayed here. Different printheads will be displayed as different colors on the wells.

7. Isometric views: Tap to choose between different options: perspective, top view,

side view.

BIO X6 User Manual v. 1.4 80



5.5.3 Printhead settings

Depending on the printhead you are using, different settings are required for configuration.
General information about the printheads can be found in section 12 of this manual. Further
details are outlined in the separate printhead manuals.
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Figure 61 Overview of the Printheads step

1. Tool bar: Indicates the printheads selected to be involved in the printing process. Tap
on each printhead to set it up with the information in the two boxes below (27 6).

2. Printhead type: Tap to select the printhead type. Droplet printing is only compatible
with Standard Pneumatic, Temperature-controlled, and Syringe Pump printheads.

3. Nozzle type: Tap to select the nozzle type. The selected nozzle size is applicable to
both needles and nozzles.

4. Add printhead information: Tap to add printhead information that will be saved in
the print log. With this feature you can add information regarding the nozzle brand,
shape, and length, as well as information of the material such as bioink, the batch
number, bioink volume, cell type, and cell concentration. All information saved on the
print log can be accessed later and can be useful for your lab records or for planning
future experiments.

5. Pressure: Tap to set the extrusion pressure. (Pressure should be between 0-200 kPa
with the internal air compressor and between 0-700 kPa with an external air
compressor). Extrusion pressure depends mainly on the viscosity and rheological
properties of the material to be printed.

6. Extrusion time: Tap to set the extrusion time.

Temperature: Enable and set printhead temperature.

8. Extrusion height: Select the distance between the nozzle tip and the base of the
well for droplet extrusion.

~
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9. External pressure pump: Tap to indicate if an external pressure pump is connected
to the BIO X6.

BIO X6 User Manual v. 1.4 82



5.5.4 Printer settings

Adjust the printbed temperature, the photocrosslinking settings and the lights and fan of the
chamber in the Printer step. Use temperature control to keep the printbed at a certain
temperature, or turn temperature control off to print at room temperature. You can check the
current temperature of the print chamber at the user interface.

Note: The settings selected in this step will only be applied once the bioprinting process has

started.

DA Stuio 1.2 -
BIO X - DROPLET PRINT - Droplet protocol v B Conmected: o X Emutor . F 0 % @
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Specify printer settings

Lights: on @D

i

*
©)

100%

@ e

2
g
13
3
-1
&
3
@

2
2
é.
H
H
(i o]
)
Y
L)

o daa@

Figure 62 Overview of the Printer step

Use GCode speed: Not applicable to droplet printing.

Enable Clean Chamber fan: Tap to enable or disable the clean chamber fan.
Lights: Tap to enable or disable the print chamber lights of the BIO X6. If enabled,
you can drag to select the light intensity.

Photocrosslinking: Tap to enable or disable a photocrosslinking scheme. If enabled,
you can indicate the light source (one of the Photocuring LEDs or the
photocrosslinking tool) and the light exposure parameters, such as height above the
surface and time.

Camera tool: Tap to enable or disable the camera tool. If enabled, the tool must be
coupled to one of the intelligent connectors on the BIO X6.

Printbed temperature control: Tap to enable or disable temperature control on the
printbed. If disabled, the printbed will be kept at room temperature.

Travel settings: Tap to change the speed of the traveling movement. This feature is
mainly for speeding up prints by performing the non-print movements faster, such as
those required for travelling from one well to another.
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5.5.5 Summary

Review all your selected settings. If a setting or value is incorrect, use the navigation bar on
the left to edit any settings. To proceed with the bioprinting process, tap Go to Print and

continue with the calibration settings.
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Figure 63 Settings summary i Droplet
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5.5.6 Calibration and Auto Bed Levelling (ABL)

Once the printing settings are fully reviewed, calibration of the printheads is required before
starting the bioprinting process. Each printhead to be used must be calibrated individually.

On this screen you can also check the material flow with the printing settings already defined.

Tap Calibrate to calibrate the printheads and the printbed. There are three calibration
options: Automatic calibration, Manual calibration, and Automatic bed levelling (ABL).

1]}

a9

(%
<N
®
Q
s

® Head1

@ Head 2 ®®g®

Head 3
® Head 4

0 e ©

(3]

)
&

=
o,

Calibration
Choose calibration method

Automatic Manual Automatic bed
calibration calibration leveling

Perform automatic bed leveling before automatic or manual calibration

B-' ¢ Open Door ¢ Close Door 4—8 o P Q@
n—' © Calibrate tool before starting print!

Figure 64 Calibration options i Droplet

1. Calibrate Printheads: Tap to calibrate the printheads and the print bed.
Open Door: Tap to open the door if the door is closed
Close Door: Tap to close the door if the door is open.

Start print: Tap to start print. This button is only enabled once the calibration protocol
is complete.

W

ABL probes the bed at three points to enable bed-levelling compensation. It uses a matrix to
compensate for tilt in the bed or print surface. It is recommended to perform ABL when
printing large models or when using well plates as the printing surface.

The surface probe only needs to be calibrated once, the printer will then remember this
calibration and apply it for each printing. However, the ABL must be enabled before each
printing since it compensates not only the bed but also the print surface tilt.

Note: The Automatic calibration protocol is not compatible with the HD Camera toolhead or
the Photocuring toolhead. If one of these toolheads is connected to the BIO X6 when
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performing Automatic calibration, you can choose either to calibrate them manually or to link
their calibration to one of the other toolheads.

User will be prompted to recalibrate printheads when starting a new print using a different
setup of printheads or print surface when previous calibration is not applicable.

" 8 ¢ LA 2 4% ©
@ Head 1 9
P99 ©
@ Head 2 'B utomatic calibration ? X S
) Head 3
@ Head4 )
w Head 5
Head 6 ®
i
d LN I
INRIY
ORIV 2
i ;,’_:T:_-—/’,
< VL""" ="
e
|
= [ onme ]
& Calibrate Printheads
& Open Door ¢ Close Door <P Qe

© Calibrate tool before starting print!
Figure 65 Automatic calibration dialog 1 7 Droplet

To perform automatic calibration, you must first attach the surface probe to the printbox and
the metal reflectors to the printbed. Then tap Continue to proceed.
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Figure 66 Automatic calibration dialog 2 i Droplet

1. Calibration for all printheads and surface probe: Home the printer and returns to
absolute Zero position. The screen shows the whole process of autocalibration for all
printheads and surface probe.

2. Done: Tap to proceed with the bioprinting process. This button will only be enabled
once the calibration has been successfully completed.

3. Abort: Tap to cancel the calibration

k3

3 ® 3 Comected: bioxs_emu v s ¥ Q &5 @
®m Head1 ~ - “;1
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W Head 2 NZRRZRN =
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® Head 4 =
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Figure 67 Review and edit settings

4. Printhead icon: Tap to review and edit the printhead setting.
5. Printer icon: Tap to review and edit the printer settings.
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6. Surface icon: Tap to review and edit the surface settings.

7. Cameraicon: Tap to review and edit the camera settings. This option is only
available when the Camera tool is connected to the BIO X6.

8. Start print: Tap to start the bioprinting process. This button will only be enabled once
the calibration protocol is complete.

Manual Calibration: All printheads are calibrated to the front well regardless of well plate
selection. Refer section 4.4.9 Manual calibration for more information

5.5.7 Printing droplets with multiple heads

This screen allows you to track the bioprinting process in the BIO X6. You can monitor the
activity of each printhead, of the printbed, of the photocrosslinking LEDs and of the print
chamber while printing. In addition, you can change the printing parameters of any of the
printheads while the printing process is ongoing. This includes pressure, speed, and
temperature.

Always pause the bioprinting process before opening the door. Do not remove
printheads before bioprinting has stopped. Doing so risks aborting the process
and compromising your cells.

= < B ot 0 St " S F 0 %O
® Head 1 P n
® Head 2 B [SsAN A N . 8
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® Head 4 He a

)« n

< L
c € e [S
| [ N C
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Printing - 30°

Figure 68 Printing droplets screen

1. Printhead icon: Allows you to monitor and change the settings of the printheads
participating in the bioprinting process.

2. Surface icon: Allows you to monitor the settings of the print surface.

3. Printer icon: Allows you to monitor and change the settings of the printer.
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4. Cameraicon: Allows you review and edit the camera settings. This option will only
apply when the Camera tool is connected to the BIO X6.

5. Progress indicator: Displays progress of the bioprinting process as a percentage
(%). This is calculated by considering the total number of layers to be printed and the
layer which is currently being printed.

6. Preview: A preview of the printing progress will be displayed here.

7. Pause/restart print: Tap to pause the bioprinting process. When the process is
paused, tap to resume the bioprinting process.

8. Edit Protocol: Tap to edit the protocol.

3 Cormnctnd: @0 X smitstos v ¥ Q &

® Head 1
®m Head 2
Head 3

Figure 69 Printing droplets screen, continued

9. Restart print: Tap to restart the print. This feature can be used to print the same
model by using the same parameters and print surface as the previous print.
10. Manual Photocrosslinking: Tap to perform manual photocrosslinking on your final
constructs. You can select wells, the wavelength, the distance from the printbed and
the time.
11.Save protocol: Tap to save the curr8hOXprintengxpea
12. Finished: Tap to finish the current print and go to the home screen.
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Figure 70 Printing droplets screen, continued

13. Abort: Tap to cancel the print.
14. Restart: Tap to restart the print.
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5.5.8 Manual photocrosslinking i Droplet
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Figure 71 Manual photocrosslinking i Droplet

1. Select the distance from the surface bed up and down and adjust it for precision by
using 5-, 1- or 0.1-mm steps.

2. Position curing module over the wells to be manually photocrosslinked, select the
distance from the surface (up, down, left, right) and adjust it for precision by using 5-,
1- or 0.1-mm steps.

3. Light source: Tap to select the light source for photocrosslinking. You can choose
one of the Photocuring LEDs or the Photocrosslinking tool.

4. Intensity: Tap to change the intensity from 0 to 100%.

5. Timer: Tap to set the timer for photocrosslinking (0.1 s to 600 s).

6. Start: Tap to start the photocrosslinking.

Note: The Photocuring Toolhead offers even more targeted and powerful photocrosslinking
than the built-in photocuring modules.

BIO X6 User Manual v. 1.4 91



5.6 BIO X6 Protocol Parameter Guidelines

5.6.1 BIO X6 Protocol Parameter Guidelines Protocol aim

The aim of this protocol is to provide instructions on how to improve printed structures.
lllustrations will provide clarity on how to adjust the print settings and how it will affect the
print. At the beginning of the document is an explanation of the different parameters in DNA
Studio.

5.6.2 Background

The basic settings in the DNA Studio printhead tab are printhead, nozzle type, pressure, print
speed, temperature, External pressure pump. By modifying these values, improvements to
the print can be made. Below you can find common issues and how these parameters can
influence your print.

5.6.3 Parameters in DNA Studio

Nozzle type:

The nozzle type includes the size of the nozzle/needle inner diameter. Changing the nozzle
type will result in thinner or thicker printed lines. It is recommended to use a nozzle type
between 1671 30 G.

Pressure:

Pressure flow determines material flow out of the nozzle type. (Pressure should be between
01 200 kPa with the internal air compressor and between 07 700 kPa with an external air
compressor). Extrusion pressure depends mainly on the viscosity and rheological properties
of the material to be printed.

Speed:

The speed of the printhead during printing moves. Increasing the printing speed will result in
a shorter printing time while decreasing the speed can give higher resolution of the printed
structures. It is recommended to use speeds between 27 10 mm/s as starting point.

Temperature:

The temperature of the printhead. Changing the temperature of some materials can alter
their viscosity. Check at which temperature the material prints best in specification sheet or
bioprint protocol. Certain materials require a cooled printhead to keep from premature
gelation, such as Matrigel and collagen.

Pre-flow delay:

The amount of bioink that is extruded before starting a new filament as well as infill on each
layer. Increase the Pre-flow delay if the bioink is not extruding at the start point of each layer
of the filament. Decrease pre-flow if there is an accumulation of bioink at the start point. It is
recommended to set between 07 200 ms.

The negative (-) value is the time the printhead will dispense before moving.

The positive (+) value is the time the printhead will move before starting extrusion.
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Post-flow delay:

The amount of bioink that stops extrusion before the end of the filament or before the last
coordinate of the filament. Increase post-flow delay if extrusion needs to stop far from the last
coordinate of the filament. Decrease post-flow if extrusion needs to stop close to or on the
last coordinate.

The negative (-) value is the time the printhead will dispense before moving.

The positive (+) value is the time the printhead will move before starting extrusion.
5.6.4 Helpful hints and troubleshooting

To improve the structures of a model, use Pre and post flow to close the gap of both
perimeter and infill of the model, or use Close seam gaps to only close the gap of the
perimeter.

Pre and post flow

Open the Flow delay (Advanced) option, settings bar and adjust the extra pre-flow delay and
post-flow delay. Some parameters are closely connected and can be adjusted in relation to
one another. For example, if the filament thickness is as desired, but the speed is reduced by
half, combine this change with doubling the pressure to retain the same filament thickness
when printing at the lower speed.

P11 Thereis a gap at the end of the filament

Increase the post-flow delay if the end of the filament does not completely extrude before the
start of the next move. Adjusting this value up or down has little impact on the printed
structure, however, a long post-flow delay can extend the print time.

Figure 72 Adjusting the post-flow delay: A) short, B) enough, C) long delay
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P21 Thereis a gap at the start of the filament

Increase the pre-flow delay if that start of the filament does not extrude in start of every layer,
and infill in each layer. Decrease pre-flow if there is an accumulation of bioink at the start
point of printed filaments.

Figure 73 Adjusting the pre-flow delay: A) short, B) enough, C) long delay
Close seam gaps

Activate the Close seam gaps feature in the Layers tab to close gaps in the perimeter. The
change is visible in the preview.

® Head 1 @8@9

All

LR ORI

Figure 74 Toggle for close seam gaps off
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® Head1

Figure 75 Toggle for close seam gaps on
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6 Gcode Editor

The Gcode Editor allows you to create or alter Gecodes through line-by-line editing.

Creating Gcodes from scratch is often time-consuming. With this tool you can import and edit
existing Gcodes or create a new Gcode based on existing Gcodes.

The Gcode Editor also allows you to check the Gcode syntax, to find and replace Gecode
commands, and visualize step-by-step and layer-by-layer the structure you are going to print.

= 20x20x3mm.pp.gcode

G1 75 F5000 o
T120.41 ® Head 1 IO
G1 X1.632500 Y-1.632500 F4800.000 ® Head 2

« G1 X3.265000 Y-3.265000 F4800.000 » Head 3 a0 ©  Viewoptions v
G1 X4.897500 Y-4.897500 F4800.000
G1 X6.530000 Y-6.530000 F4800.000 Show coordinate system ©
G1 X8.162500 Y-8.162500 F4800.000 30 S ©
G1 ¥9,795000 Y-9.795000 F4800.000
Gl ‘/1200000 Show surface 6 Well plate
G1 X9.795000 Y-9.201364 £0.36590 F1200
G1 ¥9.795000 Y-8.607727 £0.36590 F1200
G1 X9.795000 Y-8.014091 £0.36590 71200
G1 X9.795000 Y-7.420455 £0.36590 F1200
G1 ¥9.795000 Y-6.826818 £0.36590 F1200
G1 X9.795000 Y-6.233182 £0.36590 F1200
G1 ¥9.795000 Y-5.639545 £0.36590 F1200
G1 X9.795000 Y-5.045909 £0.36590 F1200
G1 X9.795000 Y-4.452273 £0.36590 F1200

20

Geode Syntax description

G1 - Linear move

30 -20 20 230
Find and replace v
61 4060f4349 P ¥ -20
o+ aa

Figure 76 Overview of the Gcode Editor
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6.1 Launching the Gcode Editor

Tap the Gcode Editor button on the home screen. A new Gpad window opens.

Alternatively, go to the Wi redte tw eperstleedcodereditbrar |,

B9 DNA Studio va 1.2 - 8 X
= Connected: Bio X6 Emulator v e gg Q "f @

New Print Protocol Tools

N7 O E4 />

MODEL DROPLET DRAW & PRINT GCODE EDITOR

Recent Print Protocols = Open

Figure 77 Gcode Editor tool on the home screen
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6.2 Gcode Editor menu options

Tap = in the G-pad window to access the menu options.

&
30x30mm_PH123.gcode
= 2 %
® 9P E
B s
e
D
ot Rret kil b
(D  Geode guideline 4_n
fill
{ER_O
nove to first infill po e
nfill
{ER_O
nove to first infill po
I
{ER O
pve to first infill poir
fil
fER 0
nove to first infill poi
Il
{ER O
nove to first infill poi
~
z c+aa

Figure 78 Menu options in the Gcode Editor

1. Save GCode: Tap to save the updates made in the existing Gcode file.

2. Save as: Tap to save the new/existing file under a new file name.

3. Open file: Tap to open an existing Gcode file.

4. Create new: Tap to create a new Gcode file.

5. Gcode guideline: Tap to go to the Gcode specification document with information
about different G- and M-commands, the purpose of those commands and what
parameters to use.

= - a r ® 30x30mm_PH123.gcode
T
(6 | a

Figure 79 Actions bar in the Gcode Editor

6. Redo: Tap to redo the changes or updates you have made.

7. Undo: Tap to undo the changes or updates you have made.

8. Saveicon: Tap to save the changes. Alternative to the save shortcut in the left side
menu.
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6.3 View options

The View options menu in the upper right corner offers different options to facilitate the
visualization and understanding of the Gcode. It allows you to visualize the coordinate
system, the travel moves, and the chosen surface.

30x30mm_PH123.gcode

TC
G1 Z0.410 74800.00
;BIOX_ALTERNATING

G1 X14.795 ¥-14.795 '4800000
G1 F1200.000
G1 X14.795 Y14.795 £0.55268 ;
G1 X-14.795 Y14.795 £0.55268
ul -14.795 Y-14.795 £0.55268

Gl X14.734 Y-14.795 055153

G1 X13.701 Y-14.297 | 4800 ODCI
G1 F1200.000
G1 X13.701 Y14.297 £0.53406 ;
;BIOX_ALTERNATING_INFILL LAY
G1 X10.960 Y14.297 F4800.000 ; move to first infill po
G1 F1200.000
G1 X10.960 Y-14.297 £0.53406 ; infill
BIOX_ALTERNATING INFILL LAYER 0 2
G1 X8.220 Y-14.297 F4800.000 ; move to first infill por
+ G1 F1200.000
G1 X8.220 Y14.297 £0.53406 ; infill
« ;BIOX_ALTERNATING_INFILL LAYER 0
G1 X5.480 Y14.297 F4800.000 ; move to first infill poir
G1 F1200.000
G1 X5.480 Y-14.297 £0.53406 ; infill
1 ;BIOX_ALTERNATING_INFILL LAYER 0
G1 X2.740 Y-14.297 F4800.000 ; move to first infill poi
++ G1 F1200. 000

Geode Syntax description ~

Fs 2R Y
P 2 o+ aa

Figure 80 View options

Show coordinate system: Enable this toggle button to show the coordinate systems on the
screen for the X, Y, and Z axes.

Show travel moves: Enable this toggle button to show the travel path of the nozzle when
not printing during the transfer between extrusion points.

PP

®© Viewoptions Vv

Show coordinate system:
Show travel moves: No surface

Show surface: Petri dish

6 Well plate

12 Well plate
24 Well plate
48 Well plate
96 Well plate
384 Well plate

Glass slide

I

Figure 81 Show surface dropdown
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Show surface: This option visualizes the surface where the construct described by the
Gcode is going to be printed. The size and shape changes according to the selected surface
(Petri dish, well plate or glass slide).

6.4 Find and replace

Use the Find and replace feature to quickly modify your Gcode.

Here you can see the number of Gcodes entries with the same description, and replace one,
several, or all entries of this command.

30x30mm_PH123.gcode

® Head 1 Q9P
0 (O] w oph v
G1 70,410 F4800.000 ; mc
BIOX_ALTERNATING PERIMETER L
G1 X14.795 Y-14.795 F4800.000 ; mo
G1 F1200.000

G1 X14.795 Y14.795 £0.55268 ; e
G1 X-14.795 Y14.795 E0.55268 ; «
G1 X-14.795 Y-14.795 £0.55268 ;
G1 X14.734 Y-14.795 E0.55153 ; ¢
;BIOX_ALTERNATING_INFILL YER 0

G1 X13.701 Y-14.297 F4800.000 ; move to first infill pc
G1 F1200.000

G1 X13.701 Y14.297 £0.53406 ; infill

BIOX_ALTERNATING_INFILL_LAYER 0
G1 X10.960 Y14.297 F4800.000 ; move to first infill po
G1 F1200.000
G1 X10.960 Y-14.297 £0.53406 ; infill
;BIOX_ALTERNATING_INFILL_LAYER_O

« G1 X8.220 Y-14.297 F4800.000 ; move to first infill poi
G1 F1200.000
G1 X8.220 ¥14.297 £0.53406 ; infil
;BIOX_ALTERNATING_INFILL_LAYER 0

+ G1 X5.480 Y14.297 F4800.000 ; move to first infill poir

Geode Syntax description ~

Find and replace v

Gl 3 of 196 * ¥

Replace selected Replace all o% Qe

Figure 82 Find and replace

Use the up and down arrows to navigate through the list of codes. Tap Replace selected
to replace one or several selected Gcodes. Tap Replace all to replace all the entries of a
specific Gcode.
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6.5 Gcode preview mode

The Gcode Print preview option allows you to preview the travel moves of each line of your
code.

¥ Metmmm PHI 23 grode” - G-pad

o
= « B 30x30mm_PH123.gcode
G1 X-5.480 14,297 F4800.000 ; move to first infill po v N
G1 F1200.000 ® Head 1 DIDL
G1 X-5.480 Y-14.297 £0.53406 ; infill ® Head 2
BIOX_ALTERNATING_INFILL LAYER 0 = Head 3 @ gotions; 2

G1 X-8.220 ¥~14.297 F4800.000 ; move to first infill pe

G1 F1200.000

G1 X-8,220 ¥14,297 £0.53406 ; infill
BIOX_ALTERNATING_INFILL LAYER 0

G1 X-10.960 Y14.297 F4800.000 ; move to first infill pe
G1 F1200.000

G1 X-10.960 Y-14.297 £0.53406 ; infill
BIOX_ALTERNATING INFILL LAYER 0

G1 X-13.701 Y~14.297 F4800.000 ; move to first infill £
G1 F1200.000

G1 X-13.701 Y14,297 E0.53406 ; inf;
;BIOX_ALTERNATING INFILL LAYER 0

G1 X-14.297 13,701 F4800.000 ; move to first infill pe

G1 F1200.000

G1 X14.297 Y13.701 £0.53406 ; infill [ 0

G1 X14.297 Y10.960 £0.05118 ; infill

1 X-14.297 Y10.960 E0.53406 ; infill

1-14.297 ¥8.220 £0.05118 ; infil

51 X14.297 Y8.220 £0.53406 ; infil

1X14.297 Y5.480 £0.05118 ; infil
1

1

1

1

X-14.297 Y5.480 £0.53406 ; infill
X-14.297 Y2.740 £0.05118 ; infill
X14.297 2,740 £0.53406 ; in

X14.297 ¥-0.000 £0.05118 ; infil
1 %-14.297 ¥-0.000 £0.53406 ; infil
G1%-14.297 Y-2.740 E0.05118 . il
G1 X14.297 -2.740 £0.53406 ; infil e

G1 X14.297 Y-5.480 E0.05118  infil
P R sl il 1
<« >

s

0
Geode Syntax description

Find and replace A L

Figure 83 Overview of the preview mode, part 1

1. Tap the Right end arrow to manually move forward to the next line of code.

2. Tap the Left end arrow to manually move to previous line of code and undo the
travel move.

3. Aline-by-line preview of each travel move, showing the nozzle in the same color as
the selected printhead.
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= 9 B 30x30mm_PH123.gcode
G1 X13.701 Y14.256 £0.56643 ; nfil e 5
LTERNATING_INFILL LAYER 1 ® Headl () PIP®
10.960 114,256 £4800.000 ; move to first infll po @ Head 2
1200.000 o Head 3 ® I

10.960 Y-14.256 056643 infill
)X_ALTERNATING_INFILL_LAYER 1
8220 ¥~14,.256 F4800.000 ; move to first infil po

G1 F1200.000

G1 X8.220 Y14.256 £0.56643 ; infil
X_ALTERNATING_INFILL LAYER 1
w 1 X5.480 14,256 F4800.000 ; move to

first infill poir

F1200.000

EI&

1 (5,480 Y 14256 £0.56643 ;
TERN

5_INFILL ‘_»'-"Er\'_

2740 14,256 F4800.000 ; move o firs infil po
1200000
2.740 14,256 £0.56643 ; infil

FE}C’\ ALTERNATING_INFILL LAYER 1
G1 X-0,000 ¥14,256 F4800.000 ; move to first infill por

0.000

G1 F1200.000

-14.256 £0.56643 ; infil

LTERNATING_INFILL LAYER 1

-2.740 Y-14.256 F4800.000 ; move to first infill pc 4

1200.000

1 X-2,740 Y14,256 £0.56643 ; .
E'E- ALTERNATING_INFILL _—'Er 1 U

G1 X-5.480 Y14,256 F4800.000 ; move to first infill poi
G1 F1200.000
G1 X-5.480 Y-14.256 £0.56643 ; infil

BIOX_ALTERNATING_INFILL LAY
G1 X-8,220 Y-14,256 F4800.000 ; move to first infill pe | spou st moves: @D <
 G1 F1200,000
e ——
Geode Syntax description ~ Nr‘. ’ﬁ’l m
J, ,—m—, v -
Find and replace A |L_SSwoevien ¢ i) SIS

Figure 84 Overview of the preview mode, part 2

o

10.

11.

Tap the Right arrow to preview the travel moves automatically for each line of code
in forward motion.

Tap the Left arrow to preview the travel moves automatically for each line of code in
backward motion.

Show all moves: Enable this toggle button to view all the layers of code in the
preview and show the travel moves in the selected direction. Disable the toggle
button to show only the preview of the current layer.

Preview: Preview of printed construct described in the g-code.

Stop Preview: Tap to stop the preview of travel move.

Toolhead bar: Display of the tool heads included in the bioprinting process. Each tool
color represents their respective part of the 3D model in the preview.

Isometric views: Tap to choose between different options: perspective, top view,
side view. This helps you visualize with more detail the models to print and check for
issues on the model or with the slice.

Visualization bar: Tap to choose between different options: rotate, drag, zoom in
and zoom out. This option helps you visualize with more detail the models to print and
check for issues on the model or with the slice.

6.6 Gcode Syntax description

The Gcode Syntax description feature displays the syntax of the selected Gcode, optional
parameters to provide (if any), and a description of the purpose of the selected Gcode.
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¥ 0edten PHI 2 goce - Gpud

=8 X
= q 30x30mm_PH123.gcode

; perimeters extrusion width = 0.43mm (2.81mm*3/s)

; infill extrusion width = 0.43mm (2.81mm"3/s) 8 Head 1 @ 8 ® 9
» ; solid infill extrusion width = 0.43mm (2,81mm~3/s) ® Head 2

; top infill extrusion width = 0.43mm (1.40mm*3/s) » Head 3 D Viewoptors v

i M104 5200 ; set temperature
G28 ; home all axes
+ G1 Z5 F5000 ; lift nozzle

+ ; Filament gcode

M109 5200 ; set temperature and wait for it to be reache
+ G11 ; set units to millimeters
(90 ; use absolute coordinates
M83 ; use relative distances for extrusion
T0
G1 20,410 F4800.000 ; move to next layer (0)
x4 ;BIOX_ALTERNATING PERIMETER LAYER 0
G1 X14.795 Y-14,795 F4800,000 ; move to first external pi
+ G1 F1200.000
+ G1 X14.795 14,795 £0,55268 ; external penimeter
(1 ¥-14.795 Y14.795 E£0.55268 ; external perimeter
+ G1 X=14.795 Y-14.795 £0,55268 ; external perimeter
G1 X14.734 Y-14.795 E0.55153 ; external perimeter
:BIOX ALTERNATING INFILL LAYER O

Geode Syntax description v

G1 - Linear move

Syntax: G1 X[X postion] Y[ posten) 2
Optional paranweters: Ffoe i

Description: Performs a Inear move 0 the suppled absolite coordnates. Use the
COMMand When you wark to e Of Matered s the acove printhead ¥
any s s lelt ous, the ourrent poston of that axs wh be used, The feedrate s saved
and appbed to later moves.

2 postion] E[extrude (1/0)]
W)

c 4 QaQ

Find and replace A

Figure 85 Gcode Syntax description

When using any G-, M-, or T-commands that are not allowed or that are not part of the
Gcode specification, the error message Command not supported is shown, together with a
reference link to the Gcode guidelines (see screenshot below).

To access the Gcode guidelines, see Gcode guideline
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https://s3.us-east-1.wasabisys.com/cellink-software-versions/Manuals/g-code/G-codeguideline.pdf

7 Mkten P 2igeside - Goped

=
< G1 X-14.256 1-8.220 £0.05444 ; infil
< G1 X14.256 -8.220 F0.56643 ; infil ® Head 1
20 G1 X14.256 1-10.960 £0.05444 ; infil ® Head 2
4 G1 X-14.256 Y-10.960 £0.56643 ; infill = Head 3

a1 G1 X-14.256 Y-13.701 £0,05444 ; infill
61 X14.256 Y-13.701 £0.56643 ; infill
; Filament-specific end gcode

a1 JEND geode for filament

= M104/50 ; turn off temperature
34 G28 X0 ; home X axis
3 MB4  ; disable motors

et M140 50 ; set bed temperature

2 ; filament used = 45.5mm (0.3em3)

w1 ; total filament cost = 0.0

201 ; avaid_crossing_perimeters = 0

s ; bed_shape = 0x0,200x0,200x200,0x200

2 ; bed_temperature = 0

s ; before_infill_gcode = ;BIOX_ALTERNATING_INFILL_
a0 ; before_layer_gcode =

; before_perimeter_gcode = ;BIOX_ALTERNATING_PE
i : before sunoort acode = :BIOX ALTERNATING SUP

Geode Syntax description v

#5 M104 - Command not supported

Description: & not part of thes
‘spechic printer 2 Can therefore not be used 1 1S run, Thi & due © machne
safety of ncompatbity ressons,

Phease refer further inford

supported by the BID X.

pwp—— ~ EEEEE

30x30mm_PH123.gcode

Figure 86 Error message: Command not supported
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7 Draw & Print

The Draw & Print feature allows you to create structures, including layer properties and infill,
without any CAD or Gcode input.

Free draw structures with lines and create squares, circles, and polygons shapes. Each line
or shape is shown in the same color as the color code for the designated printhead.

Tap Draw & Print on the home screen to open.

B oNa Studho 1.2 a  x

= o st L F 0 %@
New Print Protocol Tools
Ny, O 4 />
Recent Print Protocols = Open

Figure 87 Draw & Print option on the home screen
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7.1 Surface

The BIO X6 can draw and bioprint on a variety of surfaces, including Petri dishes, well plates

and glass slides. Select the surface you wish to draw a shape and bioprint on.

8 onastuso w12

BIO X6 EMULATOR - DRAW AND PRINT - DP Protocol v B <« a

Surface
. B

|

Q9 %O

T (4 puavlS A

‘ -8

Well plate Glass slide

Figure 88 Overview of the Surface step i Draw & Print

1.

Printing process bar: This bar displays the steps of the overall printing process and
indicates in blue the step you currently are in.

Print surface: Select the surface you wish to draw and print on (Petri dish, well plate
or glass slide).

Preview: The printing surface currently selected is shown in this preview.

Isometric views: Tap to choose between different options: perspective, top view,
side view. This helps you visualize with more detail the models to print and check for
issues on the model or with the slice.

Protocol meta data: This shows the workflow you are in and the name of the
protocol . Before the first save of the
the drop down to view more protocol details.

Save: Tap to save the protocol at any step during the workflow setup. The protocol
must be given a name for the first save. Any unsaved changes are communicated by
an asterisk next to the file name.

Note: The screenshot above shows the settings for Petri dish. See Print surface for the well
plate settings.

7.2 Draw

In this step you can draw any shape (circles, squares, polygons, lines, and free-hand curves)

on the surface of your choice, adding any number of layers.
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7.2.1 Layers panel

The layers panel offers different options to add and edit layers, including adding new layers,

duplicating layers, and assigning thickness for each layer.

k

L B0 X6 emulator - Draw and print

Comacted: bioss. emu

m Head 1
Draw

o «— )
—
V¥ Layer 1 o]
rcte 1 <7
¥ Layer2 o]
N
¥ Layer3 o] L
angle
T Dupsicate layer + O ©
I& :
Pres N Q @
%

Figure 89 Layers panel

o

1. Consistent layer thickness: Enable this toggle button to apply consistent layer
thickness to all layers. Disable to set the layer height individually per layer (as

shown below).
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B ONA Sutic L0 b 1664 - 8 X

L] BIO X6 emulator - Draw and print Comected: bloxt, smu v $ 'S Q &

m Head1
Draw Hesdl «  wde epth
draw the layers of your print
4 DRAW
Conssstent layes Mickness:
¥ Layer 1 (empty)
Layer th
Layer height
Usually set 1o nozzie size
 Dup y 22 gsuge (0 0.41 ma
| Confrm
]

Previous

Figure 90 Consistent layer thickness disabled

2. Layer thickness: Tap to specify the thickness of each layer in mm. The default
value for layer thickness is 0.41mm. CELLINK advises setting the layer height to
80-100% of the nozzle diameter.

3. First layer thickness: Default first layer thickness is 66%. It can be set to 50-100%
depending on the printability and viscosity of the bioprint material. Modify to ensure
sufficient adhesion of the first layer to the print surface.

Create new layer: Tap to create a new layer to draw shapes on.

Duplicate layer: Tap to create a duplicate layer. This will add a layer on top of the
previous layer.

Note: When you use the options Duplicate layer or Create new layer the construct
will sometimes not attach properly to the previous layer. To avoid this, use the
Copy option from the Shape parameters bar.

Caution X
If you draw a new shape it might hang in the air.
Using Copy + Paste r[j from the top bar will facilitate creating aligned shapes.

Auto-generated support structures will be available in upcoming releases.

Figure 91 Caution message for Duplicate layer and Create new layer

6. Trash bin: Tap to delete the selected layer.
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7.2.2 Tool bar

The tool bar offers different options to draw shapes and to display and adjust the grid. Select
predefined shapes such as lines, squares, circles, and polygons or use the pencil tool to
draw freehand.

k3

L] BIO X6 emulator - Draw and print Comnected: bioxts, emu & g Q E
m Head 1 -
Draw Hesd 1 vt oeoth
raw th
DRAW
@
41 m
¥ Layer 1
7~
-0
o8
A | A
ayer 7
@

o
o

Figure 92 Draw tool bar

1. Selector: Tap this icon to select any shape which is already drawn on the surface.

2. Circle: Tap and drag the pointer on the surface to draw a circle.

3. Square: Tap and drag the pointer on the surface to draw a square.

4. Polygons: Tap, chose the required shape and drag the pointer on the surface to
draw a polygon.

5. Line: Tap and drag the pointer on the surface to draw a line.

6. Pencil: Allows you to draw any freeform shape. Tap and draw any shape or curves

on the surface.
7. Grid: Tap to display the grid and to adjust the grid settings (see screenshot below).
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Grid settings

Figure 93 Grid option in the Draw tool bar

Show grid: Enable the toggle button to display the grid on the preview surface.

Snap to grid: Enable the toggle button to place your structure in the grid. This helps you
improve accuracy when free drawing a shape. Note: Enable the button before you draw to
make your structure snap to the grid. Structures already drawn will not be affected.

Grid size: Available settings for grid size are 1i 20 mm. Use the arrows to change the grid
size.
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