Tech | sz

uidic mBriifolds for
edical diagnhostic
evices




Fluidic manifolds for medical
diagnostic devices

Contents

Abbreviations

Target audience

Introduction

Material selection

Designing a manifold

Bonding techniques

Compliance and market availability
Conclusion

References

Author information

12

16

18

19

20

21



Abbreviations

IVD In- Vitro Diagnostic

PMMA Polymethyl methacrylateArea Network

PC Polycarbonate

PC Polystyrene

cocC Cyclic Olefin Copolymer

PP Polypropylene

PET Polyethylene terephthalate

PET-G Polyethylene terephthalate glycol

PA Polyamide

PSU Polysulfone

PCT-G Polycyclohexylene dimethylene terephthalate

PEI Polyetherimide

PEEK Polyether ether ketone

POM Polyoxymethylene

CA Contact angle

EPS Extracellular Polymeric Substances

Tq Glass Transition Temperature

Tm Melting Temperature

nm Nanometer

uv Ultraviolet

REACH Registration, Evaluation, Authorization and Restriction of
Chemicals

RoHs Restriction of Hazardous Substances in Electrical and

Electronic Equipment

WEEE Waste Electrical and Electronic Equipment
USP U. S. Pharmacopeia

FDA U. S. Food and Drug Administration

SME Subject Matter Expert
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Target audience

The primary audience for this whitepaper is those working on new product
development for medical devices, changing designs due to the failure of
models and exposing others to various diagnostic devices. For the
disposable diagnostic devices, the manifold design, material selection,
intended use, bonding techniques and medical regulations were the main
emphasis of this whitepaper. This whitepaper offers information after
extensive effort has been made numerous times, particularly for new
product development in medical devices.

Introduction

Variable diseases and other disorders have led to the development of
diagnostic devices in recent years. In-Vitro Diagnostic (IVDs) are crucial
medical device that are used to detect diseases and track a patient's
condition or general health, facilitating approximately 90% of all clinical
decisions. Beyond this, additional developments in IVDs have increased
the diagnostics' potency, such as advanced blood gas analyzers that uses
manifolds can help detecting partial gas pressures in blood and
acid-base content.

Manifolds in diagnostic device

Fluidic manifolds are excellent at substituting multiple tubing and
connections for multiple sub components system for both gases and
liquids with a single component, making them one of the essential
parts. A key advantage of manifolds is that they require fewer
connections than mounting separate components. Mounting
components in a single assembly reduces the possibility of leak spots
by eliminating tubing and fittings. Hence, minimizing the probability of
leaks improves machine reliability and performance, reduces downtime
and helps in the process of troubleshooting.
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Advantages of manifolds over tubing in a
diagnostic device

In medical equipment such as diagnostic devices, patient monitor
devices, lab medical devices and other crucial diagnostic applications,
manifolds have several advantages over tubing, including dependability,
space-saving with a smaller footprint, cost-saving, elimination of
leakages, complex fluidic channels and ease of maintenance and
assembly. A well-designed manifold assembly decreases the overall wet
volume of the fluidic system since it does away with fittings and tubing.
The different steps for the manifold selection process are shown below:
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Figure 1: Process steps

Why does the plastic manifold play a significant role
in diagnostic devices?

Today, plastic manifolds play a significant role in diagnostic equipment.
Most diagnostic devices encounter reagents and calibrator solutions are
exposed to different environmental conditions, such as extremes of
temperature and humidity.

Many high-performance plastics can withstand elevated temperatures
and are compatible with harsh chemicals. Compared to metals and
ceramics, plastics are lightweight and can be manufactured and
recycled. Most medical device disposable components are made of
plastic since they are more affordable and user-friendly and meet the
intended use and purpose. Applications of manifolds for a wide range of
diagnostic medical devices include DNA analysis, hemodynamic pressure
monitoring and use in pharmaceutical and biotech applications.

Material selection

Material selection for the manifolds

Transparent materials that are frequently used in the production of
manifolds include Polymethyl methacrylate (PMMA), Polycarbonate (PC),
Polystyrene (PS), Cyclic Olefin Copolymer (COC), Polypropylene (PP),
Polyethylene terephthalate (PET), Co-polyester (PET-G/PCT-G), Polysulfone
(PSU), Polyamide (PA) and Polyetherimide (PEI). Two examples of opaque
materials are Polyether Ether Ketone (PEEK) and Polyoxymethylene (POM).
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Considering critical parameters while selecting a material for any idle
component is imperative. In this study, various important criteria are
considered when choosing a material for manifolds, including structural
properties, thermal properties, mechanical properties, gas permeability,
biocompatibility, chemical compatibility and other bonding techniques.
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Structural Mechanical Gas Blood
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Figure 2: Critical parameters for the manifold

Critical functional properties for a plastic manifold

Transparency

In an IVD device, some internal components, including cartridges,
manifolds and microfluidic chips, are constructed with a transparent
polymer. Medical device parts are generally made of transparent and
opaque materials.

Transparent polymers are valued for their aesthetic appeal, ease of
impurities or bacterial development detection in the components and
ability to visualize the movement of liquids or blood samples.

Opacity or translucent material

Due to their stiff packing with one another, crystalline or
semi-crystalline polymers typically exhibit an opaque or translucent
quality.

Water absorption

The ability of polymers to absorb water or moisture from the atmosphere
is known as water absorption or moisture absorption. Polymers having
oxygen or oxyhydrogen group [HHO] tend to absorb water and polymers
with carbon and hydrogen groups in their backbone will resist absorbing
water [Example: Polypropylene, Polyethylene etc.]. Water absorption is
another factor to consider when choosing a material.
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Chemical compatibility

Under worst-case conditions, bulk reagents come into contact with IVD
instruments, making it essential to assess their material or chemical
compatibility. Chemical compatibility refers to the resistance of materials

to stress, corrosion, swelling, deterioration, discoloration and changes in

mechanical properties.
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Chemical compatibility evaluation is done based on literature analysis by
referring to a chemical compatibility chart at room temperature

Wettability

The wettability of polymeric bio-materials is crucial when employed in
blood-contacting medical devices. It depends on various factors, such as

the polymeric material's Contact Angle (CA), surface tension and surface

free energy.
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Gas permeability (Oxygen and carbon dioxide)

Permeability depends on the size, shape and polarity of the diffusing
particle and the crystallinity, degree of cross-linking and polymer chain
mobility of the polymer matrix. The barrier properties are closely related
to the intrinsic features of the polymer, such as its nature, thermal and
mechanical processing, degree of crystallinity, crystalline/amorphous
phase ratio, degree of crosslinking, glass transition temperature (Tg) and
so forth. Temperature, which influences the permeability (higher
temperature, higher permeability), the crystalline/amorphous ratio, which
consequently influences the transparency/opacity of the film and the
chain mobility, which also influences the mechanical behavior of the
material. The permeability increases with temperature, which is primarily
due to the enhanced motion of the polymer segments and increased
enerqgy level of the permeating molecule.
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Figure 3: Solution-diffusion model of permeation through polymer films
or membranes

Major criteria for the polymers to meet good barrier properties

» Some degree of polarity, such as found in the nitrile radical, the
chlorineg, fluorine, acrylic or ester group

* High chain stiffness and Inertness

+ Close chain-to-chain packing by symmetry, order, crystallinity or
orientation

» Some bonding or attraction between chains
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Figure 5: Contact angle

Contact angles are the most intuitive parameter for understanding
plastics' wettability behavior. Generally, a material is called hydrophilic
when the intrinsic water CA on a flat surface is smaller than 90° and a
material is called hydrophobic when the intrinsic water CA is greater than
90°. The surface wettability is determined by both surface chemistry and
the roughness of the material and it is largely affected by surface
properties of the substrate, swelling and the presence of impurities. Low
surface energies of polymers are a major factor in the poor wettability of
these materials; as they do not spread efficiently on low-energy solids. As
the polymeric surfaces, surface free energy rises, the CA falls and vice
versa.

Blood compatibility

Blood compatibility of biomaterials greatly depends on the surface
properties (physical and chemical characteristics) of the biomaterials
(polymers), such as wettability, surface roughness, surface morphology and
electron negativity. Blood compatibility is paramount in diagnosing
patients for various ailments in a diagnostic instrument. Numerous
researchers have tried to enhance the anti-thrombogenicity of polymer
surfaces by focusing on various factors, such as negative surface charge,
interfacial free energy, charge degree, hydrophilicity/hydrophobicity
balance and surface morphology. Hydrophilic polymers are hypothesized
to be more anti-thrombogenic due to minimal interaction with the blood.

Protein adsorption

Protein adsorption can be defined as adsorption (adhesion or sticking) of
proteins on a variety of surfaces. Proteins include foreign antigens,
antibodies, enzymes and serum proteins, but DNA can also be proteins
(that is, polynucleotides).



Protein adsorption studies have shown material-related protein
preference that may predict the biocompatibility properties of those
materials. Materials that show preference to adsorb albumin demonstrate
good blood-compatible properties, while fibrinogen adsorption could be
regarded as an indicator for bio-incompatibility. Through a review of the
literature, we assessed the blood compatibility of the polymer by looking
at the protein adsorption of albumin and fibrinogen in this study.

Platelet adhesion

Measurement of platelet adhesion to the material surface is required to
assess the bio-compatibility of materials, especially for the development
of blood-interaction medical devices. Polymers that show preferential
adsorption of albumin not only reduce platelet adhesion but also delay
the contact activation of intrinsic coaqulation. The increase in
hydrophilicity is known to inhibit the adhesion of blood plasma proteins
and restrict the adsorption of platelets.

Table 1: Blood compatibility of polymers

Blood compatibility of polymers

Polymers Albumin absorption Fibrinogen absorption Platelet adhesion
Y (Hg/cm2) (ng/cmz2) (104/cmz2)
Polycarbonate 0.058 0.0349 018
Polymethyl 0.07 0.35 14.9
methacrylate
Polyvinyl chloride 0.38 0.234 16
Polyacrylonitrite 0.46 0.28 48
Polyetheramide 2.52 0.702 *
Polyether ether ketone * 0.702 75
High-density
Polyethylene 0.56 0.79 16.13
Polyoxymethylene 0.56 0.83 40
Low-density
Polyethylene 0= oSS 2
Polysulfone 25 1.6 *
Polypropylene 1.3 2.3 4.8
Cyclic olefin 0.96 3.4 76
Copolymer
Polyethylene 26 6.6 9.8
terephthalate .
Polybutylene
terephthalate o B 2z2
Polyvinylidene fluoride 19.8 76 0.062
Polyamide 12 66.66 * 133
Polystyrene 0.27 on 20

Albumin adsorption, fibrinogen adsorption and platelet adhesion values are taken from literature analysis data.

* No data available

Fluidic manifolds for medical
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Biofilm Growth

Bacterial biofilms are collections of cells adhered to surfaces encased in a
matrix of Extracellular Polymeric Materials (EPS). Biofilms may also form
on various surfaces, including inert or living materials, such as tissues or
cells. Biofilm formation is the net result of several physical, chemical and
biological processes.

Biofilm formation and development can be viewed as a multi-step
process. These steps include an initial reversible attachment of
planktonic microorganisms to a pre-conditioned surface, a transition
from reversible to irreversible attachment during biofilm formation
through EPS production. The development of microcolonies into a
mature biofilm then occurs, followed by cell dispersion from the biofilm
into the surrounding environment.
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Figure 6: Schematic representation of Biofilm formation at different stages

Critical test for materials

Material test for manifolds

In diagnostic equipment, manifolds are vital parts that interact with
chemicals and bodily fluids like blood, serum and plasma. It is crucial to
carry out vital tests to assess each material before its intended use.
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Figure 7: Material testing for manifolds
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Designing of manifolds

Manifold design guidelines

A single block manifold or a multilayer manifold must be chosen by the
designer depending on the application and the complexity of fluid
transfer inside the system.

Single block manifold

A single piece of material block is taken as raw material input and the
channels are CNC machined precisely.

Figure 8: Single block manifold

Multilayer manifold

Multiple layers are bonded together using a chosen bonding technique
based on the application.

You can choose one or more bonding techniques to produce a
multiple-layer manifold. For example, in a three-layer manifold, you can
bond layers one and two using the laser bonding technique and layers
two and three using the adhesive bonding technique.

Figure 9: Multilayer manifold

Every bonding method has its own advantages and disadvantages and to
model the part features for manufacturing feasibility based on the
bonding method, the designer must choose a bonding method first.

Fluidic manifolds for medical 12
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Critical factors to be considered for designing
a manifold

Fluid channel area

The most typical channel shapes for use in microfluidics or manifolds are
round, half-round, half-round with raised vertical (or "D" shape), square,
square with round corners, rectangle, rectangle with round corners,
trapezoid, V shape and parabolic.

Designers must consider application requirements, production viability
and cost while selecting a shape. A round shape is advised when
designing a single block manifold. Compared to flat-shaped channels (Ex,
square and rectangular), channels with a round shape will have less
tendency to carry over and a smoother fluidic flow. Avoid a round shape
for a multilayer manifold because it is difficult to align two half-circular
profiles on all layers perfectly. To overcome this misalignment challenge,
the designer can design all channels in one layer and keep the other layer
flat with only input and output ports.

Avoid round shapes for multilayer manifolds because it is challenging to
accurately align two half-circular profiles across all levels. To circumvent
this issue, the designer can keep the other layer flat with only input and
output ports.

Half-round or "D"-shaped channels are advised instead of square,
rectanqgular and trapezoidal channels if a carryover is the parameter
that needs to be considered the most for a multilayer manifold.

If carryover is not a major problem, square or rectangular shapes should
be chosen. Square and rectangular shapes have an edge over squares
with round corners and rectangular shapes with round corners in terms of
greater fluidic flow.

If a trapezoidal shape is chosen, it might be challenging to keep the
same slope over the entire length of long channels. Therefore, if the
channel route length is considerable, avoid trapezoidal, especially if
the channel depth varies.

hd hd LB

Full round channel- Half round channel-
Acceptable Acceptable

Figure 10: Manifold channels shape
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Fluid channel area

Keep the cross-sectional area constant throughout the channels to keep
the pressure constant. Avoid altering depth when not necessary for the
application. Maintain a cross-sectional area for the ports equal to that of
the channel.

The alighment of the channels and ports with the same cross-section at
the margins has caused significant concerns among designers. For this,
designers frequently aim to maintain a larger port area. The ports and
channels can be aligned with the same cross-sectional area using the
most recent technologies and specific fixtures.

Designers might increase or decrease the cross-section to enhance or
decrease pressure at specific areas in the manifold, such as inlets, outlets,
junctions, etc. For the same fluid flow rate and channel length, the
pressure at the ports of a small cross-section channel is higherthanin a
larger cross-section channel.

By adding fillets, avoid cutting corners at intersections and joining
points. The transitions will flow more smoothly with larger fillets.

Fluid channel length (routing)

In general, the fluid distribution within the system determines the routing.
Here are some recommendations for routing.

» Keep the channel paths as short as possible.

» Length channels in the manifold increase the pressure and require
strong bonding techniques. If the pressure is less, the designer will
have more options for choosing the bonding technique.

» The greater the channel area in the manifold, the stronger the
bonding strength.

» Keep the angle as high as possible for the routing. Add fillets at the
angled points to avoid sharp corners.

If there is a requirement for varying channel depth, increase the
depth gradually.
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Fluid channel surface finish

The necessary surface finish inside the channels can be determined
based on the fluidics that flow through them.

The surface finish of molded manifolds depends on the surface finish
and material of the mold. The machining parameters and finishing
tools also impact the surface finish of a machined manifold.

In some cases, preserving the surface finish inside the channels is
more important (and requires a greater quality) than on the bonding
surfaces.

The surface roughness maintained on the individual layers' bonding
surface influences the bonding process.

The required roughness values in the layers change depending on the
chosen bonding technique. For example, in diffusion bonding, we need a
better surface finish at the bonding surface than in ultrasonic bonding.

Vapor polishing is a supplementary process that can be used to increase
the surface finish inside the channels. Amorphous thermoplastics,
including acrylic, PSU, PEl and PC, are typically the targets of vapor
polishing. Vapor polishing improves the material's transparency while also
improving the surface finish.

Thickness of the manifold and minimum bonding area around

the channels

If injection molding is chosen, make every effort to keep the thickness
constant. In rare circumstances, adding features with significant
thickness changes may be necessary, hence, machining is an
alternative in this case.

Depending on the channel width, depth and variations in bonding
techniques, a minimum bonding area is needed around the channel. It is
the size of the sacrificial ribs in the laser and ultrasonic welding process.

When the channel's width and depth are close together, a minimum area
twice as wide as the channel is advised for the thermal diffusion bonding
procedure, as the channel's depth increases, the bonding surface area
must increase.

Bonding techniques

Molded plastics typically require joining several components to make a
complete assembly. Many bonding procedures are used to bond
manifolds. They can generally be divided into direct bonding and indirect
bonding; each technique has pros and cons. Thermal diffusion bonding,
solvent bonding, laser bonding, hot plate welding and ultrasonic welding
are all examples of direct bonding, while adhesive bonding is an example
of indirect bonding.

15
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Thermal diffusion bonding

In the process of bonding manifolds, thermal diffusion bonding—
sometimes referred to as thermal fusion bonding or thermopress bonding
—substrates are heated to a temperature close to or above Tg (Glass
Transition Temperature) of one or both substrate materials while also
applying pressure. The table below summarizes some of the common
transparent thermoplastic materials used for thermal bonding.
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Figure 4: Potential threats of modern vehicles

Solvent bonding

Solvent bonding is one of the most economical direct bonding
techniques, commonly used for permanently bonding thermoplastic
materials and is widely used in most medical device applications.
Applying the solvent in a liquid or vapor phase makes the bonding surface
solvated using this technique. The polymer chains split when the solvent
is introduced to a non-cross-linked polymer as if the chains were in
solution. For solvent bonding to take place, the solvent molecules must
overcome the Van der Waals forces between the polymer molecules on
each bonding surface. This gives the polymer chains more degrees of
freedom.

Table 2: Common transparent thermoplastics for manifolds

CTE Optical
(a)10-4/°C. transmissivity
Excellent Good
Polymethyl PMMA 81-160 70-150 X
methacrylate
Excellent Poor
Polycarbonate PC 147 60-70
- Excellent Poor
Polystyrene PS 90-10 10 -150
- Good Good
Polyethylene PET 69-78 48-78
terephthalate
Polyethylene 5 Excellent Good
terephthalate - PET-G 69-85 68
Glycol
Fair Poor
Polyetherimide PEI 217 30-55
Fair Poor
Polysulfone PSU 190 - 230 55-60
i : Excellent Excellent
Cyclic olefin COC/COP 80 -180 60 - 80
Copolymer



Laser welding or laser bonding
Another advanced direct bonding technique is laser welding. Laser

welding can join transparent to transparent, opaque to opaque and
transparent to transparent.

Increasing degree of complexity in overlap welding of polymers
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Figure 11: Degree of complexity for laser welding

The degree of complexity rises with transparent-to-transparent polymers
and polymers of the hue white. Four different types of laser welding exist:
simultaneous, quasi-simultaneous, contour and mask. Diode lasers
(wavelengths 800 nm to 2000 nm), Nd YAG lasers (1064 nm), fiber lasers
(1030 nm to 1620 nm) and CO2 lasers are frequently used for welding
(10600 nm).

Table 3: Compatibility matrix of polymers for laser welding

ABS PA6 PA66 PC HDPE LDPE PMMA POM PP PS PBT SAN PPS

ABS

PAG
PA 66
PC
HDPE
LDPE
PMMA
POM
PP

PS

PBT

AN
PS

Good welding joint Medium welding joint

- No joint possible

Bad welding joint

Fluidic manifolds for medical 17
diagnostic devices



Fluidic manifolds for medical
diagnostic devices

Compliance and market
availability

Regulatory compliance

Hazardous materials are now subject to stringent requlations in the
European market. Laws have been enacted to raise public awareness of
the dangers of hazardous materials, chemicals and other substances and
to assist in safequarding both the environment and people from them.
Both healthcare and other industries abide by some restrictions. REACH
(Reqistration, Evaluation, Authorization and Restriction of Chemicals),
RoHS (Restriction of Hazardous Substances in Electrical and Electronic
Equipment), California Proposition 65, WEEE (Waste Electrical and
Electronic Equipment Directive) and conflict mineral regulations apply to
the medical industry and other industries. The chosen materials for in vitro
diagnostic devices must adhere to all rules.

Medical compliance

Choosing a medical grade for a diagnostic device will be advantageous
because it offers many advantages over conventional grades, is made
using clean room manufacturing techniques, is free of harmful additives,
processing aids, lubricants and mold release agents and lowers the risk of
the material becoming contaminated with bodily fluids. Additionally, the
medical grades adhere to USP class VI of the US Pharmacopeia (USP), ISO
10993 of the Biocompatibility standard and US Food and Drug
Administration guidelines (FDA).

Market availability

To prevent supply chain risks and material shortages, chosen medical
grades should be widely accessible on the market



Summary

The table below summarizes all the important aspects, including
manufacturability and secondary processing. This study shows that for our
application, we chose a more transparent polymer for the visibility of bodily
fluids.

Table 4: Summary of thermoplastic polymer for the manifold

Material  Transparency Water Mechanical Thermal Hydrophilic/ Oxygen Blood Chemical Manufactu Solvent Diffusion Laser
choice absorption properties properties  Hydrophobic permeability compatibility compatibility rability bonding bonding welding

Good Good Hydrophilic Good Good Moderate Feasible Feasible |Feasible Feasible

PMMA o192

03 Excellent Excellent Hydrophilic Moderate Good Excellent Feasible Feasible |Feasible Feasible
PEI 82

03 Excellent Excellent Hydrophilic Moderate Moderate Excellent Feasible Feasible |Feasible Feasible
PSU 84-86

03 ‘Good Good Hydrophilic Good Moderate Excellent Feasible Feasible | Not feasible |Feasible
PET-G/ 90-01
PCT-G

(3] Good Good Hydrophilic Good Moderate Good Feasible Not Feasible Feasible
PET 90-91 feasible

00 Good Good Hydrophobic  |Moderate Moderate Excellent Feasible Feasible |Feasible Feasible
coc 90-92

19 ‘Good Good Hydrophilic Good Poor Good Feasible Not Not feasible |Feasible
PA 80-88 feasible

02 Good Good Hydrophobic  |Moderate Moderate Good Feasible Feasible |Feasible Feasible
PS 87-92

03 Good Good Hydrophobic  |Moderate Good Good Feasible Feasible |Feasible Feasible
PC 85-91

Conclusion

The need for more complex and compact diagnostic devices increases
as technology and the market advance. The fluid handling in diagnostic
devices is a core area of improvement and change that brings in complex
flow mechanics in compact formats. The fluidic channels integrated into
the multilayer manifolds and the variety of material and sustainability
options available today make this field of application widely adopted by
Diagnostic device manufacturers.

This whitepaper provides a comprehensive overview of choosing the right
materials and design based on the intended use, starting with material
selection and design guidelines and ending with secondary treatment
methods.

With the expertise and capability HCLTech has in this medical field, we
work closely with OEMs in material selection, design, manufacturing,
regulations and elimination of hazardous substances as per requlatory
norms. We also provide sustainability and requlatory compliance solutions
in Europe and other countries.

Fluidic manifolds for medical 19
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PFAS, she slowly raised in the New Product Development for selecting a
greener material for the medical device and expanded the growth in
sustainability in medical device and product stewardship programs.
Currently she is engrossed in the field of material sustainability, as well as
kick-started in the manufacturing domain for mold qualification.
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Progress™

HCLTech is a global technology company, home to 222,000+ people across 60
countries, delivering industry-leading capabilities centered around Digital,
Engineering and Cloud powered by a broad portfolio of technology services and
software. The company generated consolidated revenues of $12.3 billion over the
12 months ended December 2022. To learn how we can supercharge progress for
you, visit hcltech.com.
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