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Motivation

Multilayer coatings for SmartTex applications

metallized and passivated fiber, fabric, membrane etc.

e.g. Ag + TiOx

→ Novel material properties by multilayer coatings

active EO fabric passive fiber sensor
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Motivation

Multilayer coatings by Physical and Chemical Vapor Deposition (PVD / CVD)

gas
inlet

generator

substrate

target

Ar plasma

sputtered
atoms

High-energetic

Ar ions release atoms

from the target (by collision cascades)

yielding deposition on a substrate

energy

flux

Magnetron sputtering Plasma polymerization

The monomer is activated and dissociated

in the gas phase yielding film-forming species
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Outline

■ Conclusions

■ Active EO fabric

→ electroosmotic water transport

■ Passive fiber sensor

→ amorphous-to-crystalline phase change by temperature

Ultrathin multilayer coatings for SmartTex applications

■ Deposition and stability of multilayer coatings
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Active EO Fabric

Breathable membranes that efficiently pump water and sweat

Body sweating (perspiration)

→ Active pumping enables applications as e.g. jackets and backpacks

Body sweat zones

Activity Perspiration 
Rate L/h

Gentle walking 0.32

Active walking with light pack 0.63

Active walking with heavy 
pack

0.79

Mountain walking with heavy 
pack

0.95 – 1.3

Max work rate 1.6 – 1.9

Extreme cases > 4
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Active EO Fabric

Transport of water-based liquids through membrane

Electroosmotic flow (active pumping of liquids)

+

–

anode

cathode

Electroosmotic Flow (EOF) describes the movement of ions through a solute 

under the control of an applied potential (at low voltages).

Cations present in ionic solutions will migrate toward the negatively charged wall 

forming an electric double layer. Electroosmotic flow results as the solvated 

cations clustered at the capillary walls drag the bulk solution towards the cathode.

velocity profile

passive flow EO flow

ideal pore diameter:

several 100 nm

>10 l/m2/hr
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Active EO Fabric

Transport of water-based liquids through membrane

water flow

+

-

1.5 V G

Weight of water (g)

Current (mA)

Time (min)

passive

passive
active

EO membrane

Electroosmotic flow (dc set-up)

anode

cathode

→ Pumping downwards and upwards is enabled

upward EO pumping
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Active EO Fabric

Material selection: Track etched membranes

+

-

→ Metallization required to apply electrodes to the membrane

Polymer films with defined pore sizes (200 or 400 nm)

membrane

anode

cathode

metallization on both sides
polycarbonate membrane
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Active EO Fabric

Material selection: Metallization of membranes

Galvanic series
(in seawater)

M.J. Donachie Titanium: A Technical Guide

2nd ed., ASM (2000) Ch13. 

■ stability under

galvanic action

■ stability in water

and salty water

(e.g. sweat)

Most promising metallizations
(Pt shows high catalytic potential)

■ thin metal films required

to maintain porous structure

of membrane

■ no coating in pores

→ no short-circuit

requirements:

→ Magnetron sputtering

(line-of-sight deposition)
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Active EO Fabric

Electroosmotic pumping through metallized membrane

Ti-passivated Ag coating

Ti-15nm / Ag-50nm / membrane /

Ag-50nm / Ti-15nm
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4 x2 hrs active EO pumping
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Active EO Fabric

4 days immersed in water

→ thicker Ti passivation required due to edges of pores

thickness of Ti top coating [nm] 

Ag release

[µg/cm2] 

Ag dissolution on curved

surfaces (membranes)

corresponds to a 5 nm

Ag layer without Ti layer

and to ~0.13 nm with

15 nm Ti layer (averaged)

→ effective passivation

5 nm

1 nm

0.13 nm

0.07 nm

0.01 nm

Ag dissolution of Ti-passivated Ag coating
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Active EO Fabric

Hydrophilic cover layer – C:H:O plasma polymer films

Preparation of C:H:O PPFs with vertical chemical gradients

V/I

RF

gas input: CO2 / C2H4

8:4  24:4 sccm

70 W  30 W

10 Pa

6 /1.2 nmmin-1

1 nm (24:4)

variable (8:4)

’gradient’’conventional’

variable

thickness (24:4)
cross-linked

functional

→ permanent hydrophilization of metallized membranes

aging
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Active EO Fabric

HYDRO_BOT

Application



Dirk Hegemann, Smart-Textiles-Workshop, 01.10.2019 slide 14/24

Passive Fiber Sensor

Tenacity retention of high-performance fibers exposed to high temperatures

critical

temperatures

under

load

crystal

disordering
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Applications for ropes used at potentially high temperature exposure

aim:

passive sensor

for optical inspection

color change

Passive Fiber Sensor
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Thin film vs. strong interference colors

n1

n2

n3

h > 50 nm

phase shift:  π

n1

n2 = n+ ik

n3

h < 25 nm

phase shift:  ≠π

Thin film interference Strong interference effect

→ visible colors already for 10-25 nm thick coatings

multiple interference

Passive Fiber Sensor
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Strong Interference – State of Art

GST semiconducting phase-change material: amorphous to crystalline transition

F.F. Schlich, P. Zalden, A.M. Lindenberg, R. Spolenak, ACS Photonics 2 (2015) 178.

optimization of optical contrastfilm structure intensity of Raman spectrum

optical appearance

GST = Ge2Sb2Te5

~150°C

alloy target of

germanium, antimony

and tellurium
measured reflectance vs. simulation
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Sputter Coating on Flat Substrates

GST semiconducting phase-change material: amorphous to crystalline transition

D. Leutenegger, Master thesis, ETH Zurich (2017).

→ find relevant transition temperatures to monitor deterioration of technical fibers 

Ge2Sb2Te5

Ge6Sb1Te2

→ linear behavior of critical temperature on Ge content

®
c

c
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Sputter Coating on Flat Substrates

GST semiconducting phase-change material: amorphous to crystalline transition

→ replace gold (Au) by silver (Ag) as reflecting material (on Si wafer)

as deposited

100°C

150°C

160°C

180°C

as deposited

280°C

300°C

310°C

350°C

~150°C ~300°C
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Sputter Coating on Fibers

Reel-to-reel processing

→ deposition of film structure on curved surfaces (fibers) in a R2R process

winding of fibers in airtransport of fibers in vacuum

Magnetron sputtering
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Sputter Coating of GST on Fibers

Thermal exposure of PET fibers – indication by color change

deterioration of

mechanical properties

for PET monofilaments

Tc > 150°C

GST (16 nm) on Au-coated fibers

→ passive indication by color change
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Sputter Coating of GST on Fibers

Thermal exposure of PET fibers – indication by color change

PET fiber coated with

Ag (100 nm) + Ti(ON)x (20 nm) + GST (18 nm)

→ blue color by interference

Thermal exposure

results in

crystallization

of GeSbTe
→ color change to white reddish

T ≈ 150°C

Ge2Sb2Te5

Ge6Sb1Te2

T ≈ 300°C

®
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Conclusions

■ Multilayer coatings deposited by PVD and CVD techniques

→ passivated Ag coatings + ultrathin functional layer

■ Passive fiber sensor by amorphous-to-crystalline transition

→ e.g. 150°C for PET and 300°C for Vectran®

■ Sputter coating on membranes and fibers

→ reel-to-reel processing

■ Industrially feasible, economic and green processes

Ultrathin multilayer coatings for SmartTex applications

■ Active EO fabric by electroosmotic water transport

→ >10 l / (m2 hr) through metallized membranes
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