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ABSTRACT

This paper reports performances of improved Lidielectrophoresis (LDEP) devices made of@y HfO, or
ZrO, as dielectric layers, rather than using classittalectric layers (SiN, SU-8 resin, SiQ). These layers
have been evaluated on several parameters, subk #weshold actuation voltage, the resistandbddcelectric
field and the droplet generation process. The Higimaterials implementation open-up new perspectiees
low-voltage, robust LDEP transduction mechanism jarmotes it as a relatively relevant and promidiggid
handling technique for sample preparation in uTASicks.
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INTRODUCTION

LDEP microfluidic technique is known to displacguids and create an array of micrometric size-cdlett
droplets (0.1 pL to 0.1pL) within a very short tirfieLl00 ms) onto a surface. The principle of operatequires
an AC sinusoidal signal applied between two coplaectrodes separated by a gap [1]. Most studiehe
literature still report quite high actuation voleagmplitudes (>200 Mjs) [2-3] and suffer from dielectric
breakdown of insulating stacks coated over theimlyielectrodes. Our previous theoretical study fgairout the
importance of the dielectric stacks implementedpatd the LDEP electrodes on the overall actuation
performances [4]. In particular, some dielectriac&s with thin thicknesses combined with high digie
constants should reduce significantly the liquiduation voltages, while keeping a robust technolegth
regard to high electric fields trough the varioangdrs.

MATERIEL AND METHODS

Open single-plate architecture devices, (see Biglave been fabricated from a 200mm wafer Si teldyy.
The driving electrodes are made of a 10 nm Ti (aidimelayer) / 200 nm AlICu layer atop of a SiO2 adivig
layer and designed with specific geometries toterea array of 50 pL droplets (electrodes widtlr 10pum
separated with a gap= 4 um). Then, the electrodes are covered witketldifferent High-K materials deposited
through Atomic Layer Deposition (ALD) processBb, HfO, and ZrQ (see Table 1 and Fig 1b).

The LDEP electrodes are energized with a 100 kHzsif@al pulse (duration: 100 ms), for each DI wdter
5.5.10° S.m") droplets creation event, in ambient conditionst €ach dielectric stack, three parameters have
been evaluated: the threshold actuation voliagéminimum voltage corresponding to the initiatidittee liquid
finger), the total actuation voltagé, (minimum voltage corresponding to the completaitigfinger actuation
along the 1.5 mm long coplanar electrodes) andhtimber of successful and successive actuabignéumber
of actuations when the liquid finger reaches atmosbetween the end of the coplanar electrodedtamdiddle
of those ones) andl,;,, (humber of successful liquid actuations which da oeerreach the middle of the
coplanar electrodes)
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Figure 1: (a) Schematic view of an LDEP structt®.2 pL droplet liquid contact angle with DI waten the
High-K layer surfaces.
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Table 1: properties of the implemented High-K miater

Layers Dielectric Thickness Dielectric Equivalent dielectric  Contact angl® Deposition

ID Materials d constanty  thicknessu (a = d/eg) (with DI water) process
L1 Al,O3 100 nm ~8 12.5 nm 90° ALD
L2 Al,O5 50 nm ~8 6.2 nm 90° ALD
L3 HfO, 50 nm ~15 3.3 nm 75° ALD
L4 HfO, 25 nm ~15 1.7 nm 75° ALD
L5 ZrO, 50 nm ~25 2nm 25° ALD
L6 ZrO, 25 nm ~25 1nm 25° ALD

THEORETICAL BACKGROUND
According to the theory detailed in [4-5], the #ineld liquid actuation voltagé;, depends on several
parameters: mainly the liquid properties, the ditele layers properties and the electrodes geometry
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In the expressions (1) and (2¥, d;, &, & refer respectively to the electrodes width, theldditric layeri
thickness, the vacuum permittivity and the dieieatonstant of the dielectric layerC;’, C.iq*, Car represent the
electrical capacitance of the dielectric layethe liquid and the air derived with respect te tlirection of liquid
motion.F, is the force generated by the liquid surface twn#i the air. In the expression (3)is defined as the
sum of dielectric thicknesses of a layers stackstrahgly affects th¥,, value.

Vin =

RESULTSAND DISCUSSION

The electrochemical model described in the prevemgion predicts actuation voltage should randevbé00
Vrus by implementing the layers listed in Table 1. Agected, the implementation of High-K materials
improves the LDEP technique efficiency. As shownthie Fig.2a, the DI water liquid finger motion cha
initiated from 50 (L6 layer) to 70 A{s (L1 layer). A total liquid actuation through 1.5mwith 50 pL droplets
generation occurs from 70 (L6 layer) to 11w (L1 layer). The general tendency of experimentghds in
agreement with the theoretical model, since thaaditin voltages decrease as the dielectric thickdesreases.
As a conclusion, these values get closer to sigmglitudes typically used for EWOD actuations amefré is no
need to use sophisticated high-voltage amplifignzore.

Concerning the number of successive actuationssame design, High-K dielectric materials are otiarized
by a high resistance to the electric field sincensadielectric layers can support more than 200 ensice
actuation cycles without dielectric breakdown (2. Note that the dielectric breakdown of the faly& early
occurs when the potential difference between ca@plalectrodes reaches a value between 50 angwy9 V

d.
T T T T T T T . .
140 i
R 1 o
P 120 . g
i Iv4———'-1--11-—.-"‘---——-“1---\‘-‘—»‘-----'-ul--. ] =
> 100 S Ty :
g 1 b d
o 80 a - -
£ ] | ALO; 50 nm E |
g 604 A o m HfO, 50 nm : > i
c Zr0, 50 nm - . I E
-g 40 n HfO, 25 nm d xperimental ¥, ] 3
: = Experimental V =
=] Zr0, 25 nm | 3 :
2 204 ® Experimental V , | | 3
---- Theoretical V,,
0 T I T T 1 T T I : D
0 2 4 6 8 10 12 14 16 18 20 ALO; ALO; Hfo, Hfo, Zr0, Zro,
Dlelectric thickness e=d /. (nm) 50 nm 100 nm 25 nm 50 nm 25nm 50 nm

Figure 2: (a) Threshold actuation voltageg {h blue) and total actuation voltagey(in red) for each layer. (b)
Number of successive and successful actuation samee design for each layer. (NaNay,: the liquid finger
stops afterif black) / before {n red) the middle of electrodes).
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On the other hand, one issue is related to theletopreation quality, once the liquid finger brealp. Indeed,
these materials, more or less hydrophilic (Fig.1imgy prevent the controlled and reproducible drsple
generation at each bump position. Some of thesermakt would have adapted natural surface propeftie
LDEP actuations [5], since DI water contact angle#\l,O; and HfG layers are respectively 90 and 70°, almost
hydrophobic. In that case, the droplets genergiimeess is not as sluggish as experiments on watgophilic
surfaces such as SiN or SiCayers. Nevertheless, an additional coating madeither 10 nm thick SiOC
(Silicone Oxycarbide) or 12 nm thick FDTS (Perflodecyltrichlorosilane) carried out onto the Highagers.
These top surfaces increase the contact anglesDiitlvater samples and the droplets generation geo&e
significantly improved while keeping quite low aation voltages (see Fig. 3).
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Figure 3: (a) Droplet generation process comparidmween a single layer A); and A}O; layers coated with
FDTS and SiOC. (b) Same photos sequence with iiglerial.

CONCLUSION

Such results demonstrate the LDEP can be perfoahdow voltage with a robust silicon-based techgglo
Moreover the droplets generation process can beowepd by adding thin hydrophobic coatings such i@CS
These performances provide a strong interest toy caut sample preparations for massively paralled a
complex biochemical protocols.
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