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Warnings

Do never open the SWITCHBOARD, 2-SWITCH™, FLOW UNIT,
MFCS™-EZ, Flowboard and FLOW EZ™ devices. Refer all servi-
cing to after-sales service department (support@fluigent.com).

Prevent any objects or liquids from entering the SWITCHBOARD,
MFCS™-EZ, Flowboard and FLOW EZ™, this may cause a short-cir-
cuit failure or other malfunction. Failing to respect this advice would:

. Expose you to direct current/voltage in case the device is
under voltage which may lead to severe damages

. Void device’s warranty

. Discharge our company from any liability regarding physical
or device damages

Do not place the product in an unstable location, place the device
in a location with a level surface and a strong and stable support.

Do not use other power supply than the one provided with the
SWITCHBOARD, 2-SWITCH™, FLOW UNIT, MFCS™-EZ, Flowboard
and FLOW EZ™ devices. The power supplies have been carefully
selected to meet the power requirements in all configurations and
to comply with all safety standards.

If you are using the recirculation module with other flow control sys-
tems, please check that the pressure in your fluidic system does
not exceed 100 psi.



Introduction

The EZ Loop Recirculation Solution allows recirculating conti-
nuously and for long periods a liquid solution inside a microflui-
dics chip. Combining the EZ Loop Module, two FLOW EZ™ pressure
controllers, FLOW UNIT sensor, two 2-SWITCH™ valves, SWIT-
CHBOARD device and the MAT scripting software will give you the
possibility to easily design, build and run simple or complex mi-
crofluidic recirculation circuits.

The solution has been designed to work at its best performances
with FLUIGENT flow control solutions (FLOW EZ™, MFCS™ and
Flow-Rate Platform). It is however possible to use the solution with
other flow control systems provided that the pressure applied to the
devices does not exceed 100 psi (7000 mbar).
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The user’'s manual shows how to use the EZ Loop elements for
your daily work. It will describe all the EZ Loop functionalities that
will help you to rationalize your microfluidic circuits and automate
your experiments. You will also find answers to the frequently asked
questions about the EZ Loop. With these elements you will be able
to exploit the full performances of the EZ Loop Recirculation Solu-
tion for your application.



Recirculation characteristics

Benefits & Features

. Control of the flow during several hours, days or weeks
. Accurate and stable flow rates from 0.5 yL/min to 1 mL/min
. Control of the volume & dilution of the recirculated solution

Specifications

Material PMMA (transparent)

External dimensions L*w*h=50mm* 40 mm * 20 mm
Weight 47¢g

Temperature resistance Upto 80°C

Connectors Standard 1/4-28 flat-bottom connectors

Inlets/Outlets 6 fluidic ports
- 4 connected to the two 2-SWITCH™
- 2 connected to the microfluidic chip

Flow-rate range From 0.5 yL/min minimum (with FLOW UNIT S)
to 1 mL/min maximum (with FLOW UNIT XL)

Flow-rate accuracy From 100 nL/min (with FLOW UNIT S)
to 0.2 mL/min (with FLOW UNIT XL)*

Internal volume 15 uL

Minimum solution volume required | 200 pL
for recirculation

Recommended chemical Tergazyme®, Ethanol or Isopropanol

*FLOW UNIT accuracy data, depends on the flow rate.
For more information please check the FLOW UNIT user’s manual.



Recirculation circuit

The EZ Loop device recirculates your solution alternatively from 2
reservoirs. To do so, the two reservoirs are alternatively pressurized
and the two 2-way bidirectional valves controlled in order to redirect
the flow inside the microfluidic chip in the same direction.
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Contents
Pack with Flow EZ™ contents:

2 x Flow EZ™ -

1 x LINK
.ﬂ oo:.Eo-oooiil

2 X 2-SWITCH™
rr vy
1 x FLOW UNITM || B
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1 x SWITCHBOARD
2 x P-CAPs or Fluiwell

1 x EZ Loop

Pack with MFCS™-EZ contents:

1 x MFCS™-EZ -
2 X 2-SWITCH™

1 x SWITCHBOARD

1 x FLOW UNIT M

1 x Flowboard

2 x P-CAPs or Fluiwell
1 x EZ Loop
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Please note that the pressure range of the pressure controllers,
and the FLOW UNIT may change regarding the wanted flow-rate
and tubing lengths.
Backside connection to
the microfluidic chip

connection - ’\ . connection

to the first ... ~ | e -to the second

2-SWITCH™ "l o0 LT 2-SWITCH™
7

Backside cdnnection to
the microfluidic chip



How to start with the EZ Loop

In this section, are explained:

. How to build your microfluidic circuit and connect the instruments

. How to fill the microfluidic circuit with your solution in order to avoid
bubbles inside your chip

. How to run your recirculation experiment

NB: In blue quotes, are given indications for a typical recirculation
experiment of about 100-500 pL solution with 2 mL Eppendorf re-

Servoirs.

Please note the different 2-SWITCH™ positions as followed

When the 2-SWITCH™ is in position 1:
The blue LED is lit on

When the 2-SWITCH™ is in position 2:
The white LED is lit on (represented in yellow)




Build the circuit

Recirculation fluidic set-up

The following scheme report the tubing dimensions recommended to run
an experiment. The lengths are indicative and can be adapted to the set-up.
Please note, the shorter the tubing is the lower the internal volume will be.

25cm
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ID: 254 pm, OD: 1/16 ID: 127 pm, OD: 1/32

Fluidic tubing connections
Step 1: Connect the reservoirs to the middle port of the 2-SWITCH™

Microfuidic chip

P
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Please refer to the complete recirculation fluidic set-up scheme to know the
tubing dimensions (length, inner diameter, outer diameter)

Please pay attention to the flow direction of the FLOW UNIT: the arrow on
the FLOW UNIT should indicate the flow direction in the microfluidic chip.

Step 2: Connect the two ports of the 2-SWITCH™ 1 to the EZ Loop module

2-SWITCH™1 Microfluidic chip

» -

|

Reservoir 1 | I

FLOWUNT

i

Reservoir 2

2-SWITCH™2

Step 3: Connect the two ports of the 2-SWITCH™ 2 to the EZ Loop module

2-SWITCH™1 Microfluidic chip
» -

Reservoir1 EZLoop

FLOWUNT

:

Reservoir 2

2-SWITCH™2




Step 4: Connect the outlet of the FLOW UNIT to the EZ Loop module
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Step 5: Without connecting it to the microfluidic chip, connect the tubing
to the last outlet of the EZ Loop module. Again, without connecting it to the
microfluidic chip, connect the tubing to the inlet of the FLOW UNIT.
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At this stage:

D The two reservoirs, the two 2-SWITCH™, the FLOW UNIT and the EZ
Loop should be connected.
The microfluidic chip should be , as the fluidic path
should be first loaded with liquid before connecting the chip.




Pneumatic connections
With Flow EZ™ (refer to Flow EZ™ user manual for more information)

Connect the two Flow EZ™ together
Connect the Reservoir 1 to Flow EZ™ 1
Connect the Reservoir 2 to Flow EZ™ 2
Connection to the pressure source

PONPE

Pressure source

With MFCS™-EZ (refer to MFCS™-EZ user manual for more information)

1. Connect the Reservoir 1 to the channel 1 of MFCS™-EZ
2. Connect the Reservoir 2 to the channel 2 of MFCS™-EZ
3. Connection to the pressure source

Pressure source e
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e G ZEeE

12



Electronic connections
With Flow EZ™ (refer to Flow EZ™ user manual for more information)

Connect the Link to the two Flow EZ™ for software automation
Provide power supply to the Link

Connect the FLOW UNIT to any Flow EZ™

Provide power supply to the SWITCHBOARD

Plug the 2-SWITCH™ 1 to the port 1 of the SWITCHBOARD and
2-SWITCH™ 2 to the port 2

Connect the SWITCHBOARD to the computer by USB cable

Connect the Link to the computer by USB cable

aprwNR

N

—
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At this stage:
All the elements are fluidically connected except for the microflui-

dic chip

The reservoirs are pneumatically connected to the Flow EZ™
All the elements are electronically plugged and connected to the PC
for automation with MAT software
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With MFCS™EZ

Provide power supply to the MFCS™-EZ

Connect the Flowboard to the computer by USB cable

Connect the FLOW UNIT to the Flowboard on any port

Provide power supply to the SWITCHBOARD

Plug the 2-SWITCH™ 1 to the port 1 of the SWITCHBOARD and
2-SWITCH™ 2 to the port 2

Connect the SWITCHBOARD to the computer by USB cable

Connect the MFCS™-EZ to the computer by USB cable

aprwNR

N

MFCS™EZ

At this stage:
All the elements are fluidically connected except for the microfluidic
chip
The reservoirs are pneumatically connected to the MFCS™-EZ
All the elements are electronically plugged and connected to the PC
for automation with MAT software
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Load the system with the solution

Objective: Flush out the air in the tubing and fill the fluidic circuit
with the solution.

Protocol
. Fill half of both reservoirs
For 2 mL Eppendorf reservoirs, fill with 1 mL

. Check that the outputs of the microfluidic chip are dis-
connected as shown on the figure below

Chip input Chip output

Inlet

B NS -

Flow direction

Please note the different 2-SWITCH™ positions as followed

When the 2-SWITCH™ When the 2-SWITCH™
is in position 1: is in position 2:
The blue LED is lit on The white LED is lit on

(represented in yellow)

Outlet

15



Phase 1. Filling inlet paths

€ Put both 2.SWITCH™ on position 1 (blue LED ON)

Increase the pressure of Flow EZ™ 1 or MFCS™-EZ channel
1 until liquid flow out of the inlet

6 Stop the pressure
Increase the pressure of Flow EZ™ 2 or MFCS™-EZ channel
e 2 until all air bubbles are ejected and have a constant flow

out of the inlet, and then stop the pressure

Check if there still is solution inside reservoirs 1 and 2

2 ] Em — I
3) |0 &? _o’.:

o~ | —
PQ & o‘/‘?\ %m

If a reservoir is empty, you have probably introduced air in the
tubing. Fill again the reservoir and restart the phase 1.

16



Phase 2: Filling outlet paths

€ Put the both 2-SWITCH™ on position 2 (white LED ON)

Increase the pressure of Flow EZ™ 2 or MFCS™-EZ channel
2 until liquid flow out of the inlet

Stop the pressure
Increase the pressure of Flow EZ™ 1 or MFCS™-EZ channel
1 until all air bubbles are ejected and you have a constant

flow out of the inlet, and then stop the pressure

Check if there still is solution inside reservoirs 1 and 2

© ©6 0
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If a reservoir is empty, you have probably introduced air in the
tubing. Fill again the reservoir and restart the phase 2.

17



Phase 3: Filling the microfluidic chip with solution

o Set the 2-SWITCH™ 1 is in position 1 and the 2-SWITCH™
2 in position 2

Connect the inlet of the microfluidic chip

Flow your solution inside the microfluidic chip by increasing
the pressure of Flow EZ™ 1 or MFCS™-EZ channel 1

Stop the pressure

Connect the outlet of the microfluidic chip

(2]
©
0 Wait until the solution flows out of the microfluidic chip
(5]
6]
(7]

Check if there still is solution inside reservoirs 1 and 2

°, =3

If a reservoir is empty, some air might have entered the tubing.
Disconnect the microfluidic chip and fill again the reservoirs and

restart the phase 1.
18



Set the volumes to recirculate between reservoirs

The recirculation will operate from reservoir 1 to reservoir 2. It is
mandatory to partition the solution between the two reservoirs
and to recirculate up to 90% of the total volume to prevent the
formation of air bubbles. The solution can be split as follows:

. Fill up reservoir 1 with 50 to 90% of the solution
. Fill up reservoir 2 with the remaining 50 to 10% of the
solution

For 500 pL of solution, fill up reservoirs 1 and 2 with respectively 450 pL
and 50 L, and recirculate 400pL.

Please note that the residual volume should not be less than 20 uL for a
2-days experiment.

At this stage:
. The microfluidic chip is connected to the circuit and all the set-up is

filled with liquid and without any bubbles
The volume in the reservoirs is set to start your experiment

19



Start the experiment with Fluigent MAT software
Objective: Run the recicrculation experiment

Protocol

. Open the Fluigent MAT software (release 19.0.1.1 or higher)

¢ Select the «Online mode». All the instruments needed, i.e. two
Flow EZ™ or a MFCS™-EZ, a FLOW UNIT, two 2-SWITCH™)
should appear in the «Instruments» section

4] Microfluidics Automation Tool - o

RAutomation Tool - OFFline Mmode

x
[e——
= T Fowmteunt +
B Instruments ¥ Function Blocks - * O premeemt »
> ¢ £55: Easy Switch Solutons B wose » onine
> I FRP Series @ About v Oifine

> 3¢ et sees
> I MRS Sees
> I roobor
(3 recrition it |

4 Microfiuidics Automation Tool -

Automation Tool

5 Instruments ¥ Function Blocks - *
4 .55 Ensy Swich Sotons
4 B Swichboard 1
B 2sitcnst
Bosicnn2

4+ B Flowez#1
& Flow unit #1
= rowiz 22
3 MFCS series
> 3¢ Toolbox

[ YL —
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Step 1: Create or edit the recirculation kit

¢ Click right on Recirculation kit in the Instruments menu

84 Microfluidics Automation Tool - [u} *
utomation Tool - OFFline mode

B Iostruments ¥ Function Blochs - *

> P ES5: Easy Switch Sokutions

> B FRP Series

5 . linelP Series
> 3 MFCS Seres
> 3¢ Tookox
W Recirculpsizates

% ceme )

. Click on Create
. Fill the information of the recirculation kit according to the
layout built

- Give a name to your recirculation kit

- In Pressure source #1, select the pressure channel connected to the
reservoir 1

- In Pressure source #2, select the pressure channel connected to the
reservoir 2

- In Switch #1, select the 2-SWITCH™ connected to the reservoir 1

- In Switch #2, select the 2-SWITCH™ connected to the reservoir 2

- In Flow sensor, select the FLOW UNIT connected after the EZ Loop module

B4 Recirculation kit - Create new kit X
Name
Prassure source #1 Switch #1 Flow sensor
[ = Link 1 FlowEZ #1 -] [~sB12-switch = “| [=Link 1 FlowEZ 1 Flowtnit =
Pressure source #2 Switch #2
[ = Link 1 FlowZ #2 v | [*sB12-switcH =2 *]
Create Cancel




Step 2: Recirculation function blocs

Once a recirculation kit is created, the recirculation functions
appear in the right menu

B4 Microfhidics Automaton Tool

- o x
Automation Tool - OFfFline made =
T

> 3 E55: Eay Swich Slutions Y start

» Xree
> 3 tineUp series B pase

> I MRCS Seis

> oo [ peame

4 K Reciaiation it

. " MyRecirculation 1

Function blocks can be dragged and dropped inside the
protocol in order to automate the experiment * Demokit
Start: Allows one to start the recirculation Glatt
and specify: Flow-rate value {ul/min}
“ * DemoKit

100.00
Start

. Flow-rate order
. Volume per recirculation phase

Violume per recirculation phase (ul)

25.00

The block triggers the recirculation but does
not set the recirculation time. Add a Wait block
(in the toolbox) to set recirculation time and a
Stop block to stop the recirculation

Pause: Allows one to pause a

* * DemoKit
previously started recirculation

Pause

Resume: Allows one to resume a

. . . . * DemoKit
previously started recirculation in * Resume
the state that it was paused in

Stop: Allows one to stop a previously

Py * DemoKit
started recirculation

g
g
L]

22



Step 3: Edit or Delete the recirculation kit

. Right click on «Recirculation kit» in the «Instruments» menu

- «Edit» changes the name and instruments of your kit
- «Delete» deletes the recirculation kit

5 55 By Swach Solutions ﬂw-!
> I it e
I Y{R— £ e
M X resume
3¢ Recruiton

& Mhecrdaion £

Step 4: Run the recirculation protocol

. Build a protocol for recirculation with Start, Wait and Stop
blocks like

- Drag and drop a Start function block and set the flow-rate and the volume
to recirculate between the two reservoirs

B Microfukcs Automation Tool -

> K FSS: Fasy Swinch Solations

> P Seres EAser

> W et sanes ERene
> H rcs seves

5 3¢ Tootbon R resume

P Y SW—
[ ese—

* MyRecirculation =
SRR i WEmB > X
e
e

1 eurna i secircutation phe i)
) 20000
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- Drag and drop a Wait function block to set the recirculation time.

| B Mscrofiuidis automation Tooi - =]

> e 5 Eney Swich Scutions s

e
> 3F tnel Sevies

e B

» Hwoner 3 resume

+ 3 Recrctuion it

- Myfececuancn 1




. Press on the play button to launch the automated protocol
. The MAT software dashboard displays:

- Recirculation protocol on the left with duration information (1) for the wait
step

- Pressure (2) and flow rate (3) charts in the middle

- Experiment information and duration on the right (4)

- Control buttons (Pause and Stop) on the right top corner (5)

3 At the end of your protocol, click the file icon on the top right
corner (Figure 19) to open the folder where the experimental
data are saved (6). The folder is: C:\Users\user_name\AppDa-
ta\Local\Fluigent\MAT\Records\Datalog
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During recirculation, when switching recirculation from reservoir 1
to reservoir 2 or vice versa, pressures and flow rate curves shows
switch transitions during few milliseconds




Cleaning process
Objective: Clean the instruments and the recirculation module

The protocol consists of flowing:

. Tergazyme® 1% (10 g per litre) at 10 pL/min? for 30 min
. DI water 50 pL/min* for 10 min

. PA 50 yuL/min* for 10 min

. Air

Phase 1: Tergazyme® 1%

. Fill half the two reservoirs with Tergazyme® 1% (10 g per L)
. Set a basic Fluigent MAT software protocol (with a Start,
Wait and Stop)

- Set Start block with 10 uL/min* flow-rate and volume superior to the recir-
culation circuit internal volume
- Set Wait block to 30 minutes

Phase 2: Deionized water (DI water)

. Fill half the two reservoirs with DI water
. Change the setting of the Fluigent MAT software protocol

- Set Start block with 50 uL/min* flowrate and volume superior to the
recirculation circuit internal volume
- Set Wait block to 10 minutes

Phase 3: Isopropanol (IPA)

. Fill half the two reservoirs with IPA
. Change the setting of the Fluigent MAT software protocol

- Set Start block with 50 uL/min? flowrate and volume superior to the
recirculation circuit internal volume
- Set Wait block to 10 minutes

26



Phase 4: Air

. Empty the two reservoirs

. Put the 2-SWITCH™ 1 and 2-SWITCH™ 2 on position 1 (blue
LED ON)

. Increase the pressure of Flow EZ™ 1 or MFCS™-EZ channel
1

- Liquid flow out inside the reservoir 2
- Wait until air flows out

. Put the 2-SWITCH™ 2 on position 2 (white LED ON)

- Liquid flow out inside the reservoir 2
- Wait until air flow out

. Put the 2-SWITCH™ 1 on position 2 (white LED ON)

- Liquid flow out inside the reservoir 2
- Wait until air flow out

. Put the 2-SWITCH™ 2 on position 1 (blue LED ON)

- Liquid flow out inside the reservoir 2
- Wait until air flow out

. You can disconnect your microfluidic circuit and tidy up the
experimental setup

* These values are ideal conditions but the flow-rate may depend on your
FLOW UNIT. For example with FLOW UNIT S, set the value to 5 pL/min
instead of 50 or 10 yL/min.



Frequently Asked Questions

How much should I fill the reservoirs?

First of all, both reservoirs should be filled with your solution. In-
deed, despite there is recirculation from reservoir 1 to the reservoir
2 and the same amount of liquid will recirculate back to the reser-
voir 1. It is mandatory to fill a minimum amount of solution in the
reservoir 2 in order to avoid insertion of air bubbles in the circuit.
The minimum is 20 uL with flow rate up to 10 yL/min, but this
volume can be higher if you use a flow rate superior to 0.1 mL/min.

Case 1: Fill the two reservoirs with the same volume

. Fill up the two reservoirs with the same volume of your solution

- Maximum value: half capacity of the reservoir (1 mL for 2 mL Eppendorf
reservoirs)

- Minimum value: 200 pL

Example case: You have 2 mL Eppendorf reservoir and 500 L of solution.
Fill up both reservoirs 1 and 2 with 250 pL.

Case 2: Avoid dilution of the cell secretions

. Fill up reservoir 1 with 90% of your solution

- Fill up reservoir 2 with the remaining 10% of your solution

- Minimum value: 20 pL for experiment of 2 days maximum since some eva-

poration could occur

Example case : You have 500 L of solution. Fill up reservoirs 1 and 2 with
respectively 450 ul and 50 L.

Check the part «Set the volumes to recirculate between reservoir o8



Can | stop the MAT protocol and change the solution as | wish ?

After running the recirculation experiment thanks to Fluigent
MAT software, stopping the experiment is possible whenever wi-
shed despite the MAT protocol is not finished. To stop the expe-
riment click on the Stop button on the upper right corner on the
«Dashboard» tab of the MAT software.

Rutomation Tool - OFFline mode

It is possible to restart the recirculation protocol from the protocol
window or the button Restart near the Stop button. However, pre-
viously, check the volumes of solution inside the two reservoirs and
adjust them manually as they were at the beginning.

29



When manually filling the recirculation circuit, how do I increase
the pressure of MFCS™-EZ pressure controller ?

With MFCS™-EZ pressure controller solution, use Fluigent A-i-O sof-
tware solution. Connect the MFCS™-EZ and the Flowboard to the
PC and open Fluigent A-i-0. One can control the pressure of the
channels through the orange sliders.

wecsEzan 4% wrcs ez wrcsezons &
b O e © M ©
+ + +
[ + a + 0 g
S8 mbar 9 moar 5 mbar

WRCS-EZChd X FRP Flow Unit 1 €%
Wb © & ran
L

2 mbar 004 yi/min

With LineUP Flow EZ™, one can either control the pressure manual-
ly, either with Fluigent A-i-O. For live control with the PC, connect
the two Flow EZ™ to the PC, open Fluigent A-i-O and control the
pressure of the channels through the orange sliders.

8 v I

0 Aowezir £ HoweziQ £}
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Warranty terms

What This Warranty Covers

This warranty is granted by Fluigent and applies in all countries.

Your Fluigent product is guaranteed for one year from the date of delivery at your labora-
tory against defects in materials and workmanship.

If found to be defective within the warranty period, your Fluigent product will be repaired
or replaced free of charge.

What This Warranty Does Not Cover

This warranty does not cover routine maintenance, or damage resulting from the failure
to maintain the product in accordance with instructions provided by Fluigent. This
warranty also does not cover damage that arises from accidental or intentional misuse
or abuse, alteration or customization, or repaired by unauthorized persons.

How to Get Service

If something goes wrong, contact the Fluigent dealer from whom you purchased your
product. Arrange a mutually convenient time for Fluigent service representative to
discuss over the problem and find a solution to fix the issue. Will be favored any remote
repairs, but in case more actions need to be taken, the system will come back to Flui-
gent offices (for no additional cost, only if it is under warranty).

The warranty conditions are:

. Do never open the SWITCHBOARD, 2-SWITCH™, FLOW UNIT, MFCS™-EZ,
Flowboard and FLOW EZ™ devices.

. Do not use other cables than cables provided by Fluigent.

. Prevent foreign objects or liquids from entering the SWITCHBOARD, MFCS™-EZ,
Flowboard and FLOW EZ™

. Prevent foreign objects from entering the 2-SWITCH™, FLOW UNIT, MFCS™-EZ,
and FLOW EZ™ devices.

. Connect the power cord to an AC outlet of the correct voltage.

. Use the right RJ45 port on the SWITCHBOARD with the right device.

. Do not place the product in an unstable location, place the unit in a location with
a level surface and a strong and stable support.

. If you are using the ESS™ platform with other flow control systems, please check
that the pressure in your fluidic system does not exceed 100 psi (or 7000 mbar).

. Respect the temperature compatibility (from 5°C to 50 °C).

. Use the specific connectors provided by Fluigent (Teflon fittings and nuts for the
2-SWITCH™).

. Only use 1/16” or 1/32" (with 1/16” sleeves) OD tubing with the valves (each
type).

For specific use, please contact our Support team at support@fluigent.com
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Contacts

Technical support

Still have questions? E-mail us at:
support@fluigent.com

or call our technical support team directly:

Fluigent S.A.
+33 177018265

Fluigent Inc.
+1(978) 934 5283

Fluigent GmbH
+49 3641 277 652

For a fully detailed FAQ for all Fluigent products visit:
http://www.fluigent.com/faqgs,

Interested in our products?

To view our complete product line along with application notes,
please visit:
www.fluigent.com

For commercial requests, please e-mail:
sales@fluigent.com
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