Y] a a d
Gl‘]JT]Jﬁ@Q'JTIEﬂ‘H‘WHﬁ
TuNaINends ARINNSNHAIITAS

a Y a ara o,
INYINTAATUNIUUNG (Wﬁﬂﬁ)

Syan

and Aand

GALR AV

d‘ =3 o 9 ] I o Ao ]
1393 ﬂ"lﬁﬁﬂ‘]&l']ﬂﬂ‘!aﬂymgmﬂﬂiﬂﬁ\iﬁﬁ'NLHJLWaﬂﬁgﬂﬂqﬂiﬂiﬂﬂgﬂklﬂﬂuuu@u

Characterization of Micropatterned Magnetic Structures

U

WG uNENEI gnasan

ya <
lanarsanvivreulng

da = a a ¢
E]'l%'lﬁﬂ"ﬂ‘l]iﬂ‘y'n‘nﬂ'luwuﬁﬂﬁﬂ

Jo @
( 91150995 Saudnanes, Us.a.

U £ a
HINHUININIB

I o 4 Al dy
( 919159 U WANDIND, IN.A.

U

UNAINGEE HHINLGNBATATAI ST

Jd o
( TONAITATINTYNYIUN %igf}ﬁ,D.Agr.

a A %

ANUAT NN INENaL

A
e1ou N.e.

e
=
=h.




a a J
INITUNUD
A
L1304
= o 9 ] I o Aa [
fﬂﬁﬂﬂHTQmﬁﬂEmzmﬂfkﬁﬁﬁiTuUuﬁaﬂﬁgﬂﬂquiﬂﬁﬂﬂgﬂuﬂﬂuuuﬂu

Characterization of Micropatterned Magnetic Structures

Tag

UNENYT qnasan

LU

HadaIneds uHINesuNEAITNS
d’ o 1 a Y] a ara d
eaNuauyssiuSygnenaasumiuga Wand)

W.F. 2555



o v = [ Y 1 <3 [ A
WY1 gnasail 2555 MsAnyInaanyazyed Inssauianszau T lns il

] a v oA ara o ara J a ara s
sUnvumivey YsyyInemaasuiiaang (Mand) mand madmnand

o a a 4 [ Ju A W 9
mmiﬂwﬂ%mmmuwuwaﬂ: 919153897 TAUANANDY, 15.9. 82 ¥

] o 1
Iﬂiﬂﬁ%}Nu‘U‘ULﬁT (Lﬁ’umug{uﬂﬂawﬂszmm 9.6 um) HagHiuvqu (Lfgf)LlN1Ll
J P — ax g 4 Ja =
gugnan 11.2-16.6 um) ﬂl@ﬂﬁ"li]l’lluﬁﬂ SU-8 ‘m@]iEJllIﬂfJ’J‘ﬁL@ﬂ“BLiEJaITIﬂi”W\Iﬁ]"IﬂLLE‘N
a Yo = 9 a d [] < s Y Aas a = [
«nuimmau Ulﬂ5llﬂﬁmaE)‘Uﬂ’JEJ’NalJLl,ilLﬁﬁﬂiﬂﬂﬂaﬁﬂﬂﬂﬁ‘ﬁﬁﬂmﬁﬂiﬂ NITANEIANYUS
X a v ¥ v v /o g , v
Wummaﬂmqﬁiwmﬁamuumﬂﬂamfgamiﬁuamﬂ@mmmuamﬂim (SEM) ugaalv
a a d

< dy P ~ 9 g @ A ] 3 9
Wiu‘W‘L!NTV\'ﬁiJIﬂ“lJ’E]ﬁ@]‘l/li'lllﬁEJUUHIﬂﬁQﬁTNTNﬁENLLUU LAZHANITIATNUALULIHANAIY

a o @ 1 1" o S A 9
MAUANTAUAIDY N (VSM) wuNWaulnueanninurul 50-80 nm vulaseddanuy

[
o 1

S 1 ~ v ?zlz g}; v a a d a o 4
e vz linnunil Tamdunslunurvuiunazasninnuadaldudindlan Tavead
' 4 Ao ' v 4 A g ' e = o
puuABIieINTANUHUIMINY s nua Tawuiann 1 uenvntuunil lamduveo
9 Y
TaseadwvualuTasupua luguunuaaininezgann lunuvun sz N UNuR7
a ~ ] 3 = o J
uaasnanganssnveou lolaInsthuimanvesilay Taveaaunlaseaivua luTasuuy
a A A 2 a d J
e 9nnsINFames s luuvuiutazamInvoslan Inueadnul 0.9-1.4  um VU
1 % [] { [] 1 < 'c 1 H
Taseaduuungunun aredriiinguumaluguaawoulo TaInstwimandinnd
< 4 1 1 o ]
WauUIALaN e naNuuanavesn il laduluauunuidsminuaz vy

[} 1 v [~} ] <} ! 2 a J
yosnguama lvgilianiosnnuesnguamiaan lugumuimannInnadoaiania wuan

'
' o

1 4 9 (] < A o 1 A <3 A
MeauAIsiuatazauINauauianimdgaludledanivquuinaanganyuia lawu
[} < a d Y [ [ v A A 4 a 9
umanvesflayluvquuazuuvenlndinesnu nasanvanunaey InueadeandINHINNI
o Y =\ o g‘/ =1 Y A o é} = I
v Iduun il laduluaununsaesuatianulndifssduanndunaasdsnnuiunenlo
[l 3 { 1 o ] {
Ta Insuiimannanas mnnsulisumeuravotvinaray nuNludred 1 9nlguunIa
< 1 4 o Ao 1 Y [} <3 v A 3’1 dy I
[anga AauAIFUEgIANMMgaLaaINaUa NI anNnaUNAgIga Nt uran

a g 1 <] { U W 1 J 1 < a 1
T‘IallLLNLWﬁﬂﬁﬂQﬂﬁ]"lﬂﬂTTUQElﬂﬂﬁlﬁﬁ’(’)@]ﬂﬁﬁﬂ@glm%ﬁﬂﬁUTNLLNLﬁﬁﬂi’J@ﬂNTiuﬂﬂqu

D-

A A S a a Jd  w
A ’d"lfllli’)ﬂf@@ﬁ]TEﬂVIﬂ?ﬂBTQVIHTHWU‘ﬁWﬁﬂ

=)D
2D

=
[ELNGE )



Patchara Sukonrat 2012: Characterization of Micropatterned Magnetic Structures.
Master of Science (Physics), Major Field: Physics, Department of Physics. Thesis

Advisor: Ms. Watcharee Rattanasakulthong, Ph.D. 82 pages.

SU-8 photoresist pillars (around 9.6 umin diameter) and holes (11.2-16.6 pm in
diameter) were patterned by synchrotron X-ray lithography. Ferromagnetic cobalt (Co) films
were then sputtered on these patterned substrates. Scanning electron microscopy (SEM)
revealed smooth surface morphology of cobalt films in all samples. From vibrating sample
magnetometry (VSM) with in-plane and out-of-plane magnetic field, Co films of 50-80 nm in
thickness on the micropillar substrate had lower magnetizations than those of continuous films
because of their smaller domains. Furthermore, magnetic anisotropy was observed with a higher
magnetization in the out-of-plane direction. For 0.9-1.4 um thick Co films on the microhole
substrates, samples with larger holes exhibited lower magnetic anisotropy and the difference
between in-plane and out-of-plane magnetizations was less than that in the case of smaller holes.
In both directions of applied magnetic field, the squareness and the coercivity were minimal in
the sample with smallest holes because the sizes of magnetic domains in the holes and on the
surfaces were comparable. After removal of Co films on the surface, the difference between in-
plane and out-of-plane magnetizations was decreased indicating the reduction in magnetic
anisotropy. By comparing the effect of the hole size, the squareness was still the lowest but the
coercivity became the highest in the sample with smallest holes which is possibly due to the

random magnetic field generated by residual Co after the polishing.
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Abstract. Arrays of SU-8 photoresist pillars (10 pm x 10 pm x 50 pum) on copper substrates were
fabricated by X-ray lithography. The photoresist-coated substrates were irradiated by X-ray from a
synchrotron source through patterned silver dots on a graphite mask. After the resist development,
the chemically stable and mechanically hardened SU-8 pillars exhibited smooth vertical sidewalls
and cross section with up to 10 % dimensional errors from the designated pattern. Cobalt of
thickness ranging from 50 to 80 nm was then deposited on these patterned substrates by RF
sputtering. These cobalt films on SU-8 pillars showed a lower in-plane magnetization than that of
continuous cobalt films because of their smaller grain size. The measurement with out-of-plane
magnetic field gave rise to a higher magnetization and this anisotropic behavior was observed only
i cobali-coated piliars.

Introduction

A variety of ferromagnetic micropatterned structures has been fabricated using lithography
techniques [1]. The understanding of such structures provides a bridge between bulk and nanoscale
magnets because the magnetic properties evolve according to the reduction in dimensions. For
examples. the size of magnetic microwires regulated the exchange bias and magnetoresistance
effect [2.3]. Previous works also showed that the magnetization reversal process in microstrip
arrays was sensitive to their dimensions and spacing [4.5]. Magnetic dots of orders ranging from ten
nm to um have been actively investigated regarding the effect of anisotropy distribution on their
magnetic recording characteristics [6-8].

With current technology. the X-ray lithography can fabricate microstructures with high-aspect-
ratio geometry. A designated pattern is transferred onto a substrate by using masked irradiation on a
layer of sensitive polymer resist such as SU-8 whose main components are Bisphenol A Novolak
epoxy oligomer and triarylsulfonium hexafluoroantimonate salt [9]. X-ray is able to penetrate a
thick photoresist layer creating a pillar with vertical sidewalls. This high-aspect-ratio structure is
desirable because stray fields from the magnetic deposits in the trenches do not interfere with those
on the pillars [10]. It follows that the etching process can be avoided. In this work, arrays of SU-8
micropillars with an aspect ratio of 5 were patterned by X-ray lithography using the synchrotron
radiation. After cobalt deposition. morphology and magnetic properties were characterized.

Experimental procedure

The masked irradiation was performed at the beam line BL6 of the Synchrotron Light Research
Institute, Thailand. Each copper substrate was spin-coated with a layer of 50 pm thick SU-8
photoresist. To remove the solvent and improve the adhesion of photoresist, the substrates were
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soft-baked at 95 °C for 40 min and dried at room temperature for 24 h before the X-ray exposure. In
a pattern transfer from 10 pm x 10 um silver dots on a graphite mask to a layer of SU-8. X-ray of
wavelength 1.24 nm was irradiated onto the substrate placed under the mask for 10 min. The
exposed resist in an area about S mm x 5 mm was then left at room temperature for 24 h before
developing. The pattern on the substrate after the resist development was observed under an optical
microscope

The parterned substrates were used in the RF sputtering of cobalt. A cobalt disk (99.95%) of 7.7
cm in diameter and 0.6 cm in thickness was installed as target in the sputtering chamber filled with
argon gas of 51 scem. The cobalt film was grown on the pattemed substrate using the RF power of
200 W for 3 min. After the deposition, the surface of cobalt films on SU-8 pillars was inspected by
scanning electron microscopy (SEM) and the thickness was estimated from side view micrographs.
Their magnetic properties were measured by vibrating sample magnetometry (VSM) and compared
to those of continuous cobalt films surrounding the patterned area.

Results and discussion

Micrographs of developed SU-8 resist are shown in Fig. 1. Since the cross-linking reduces the
solubility to the developer. only the hardened parts of SU-8 remain on the copper substrate while
the rest is washed away. From the top view in Fig 1(a). the cross sections of the pillars appeared as
bright dots has some distortion in lateral dimensions from 10 pm x10 pm. Their corners are curved
resulting in the rounded tfeatures. By analyzing an SEM micrograph in Fig. 1(b). an average width
of the cross section is 9.64 um with a standard deviation of 0.46. The deviation from the designated
position can be determined by connecting a straight line between the center of each cross section
and the bending of these lines then indicates the posirional errors in each row. The interfeature
distance is averaged as 18.73 um (with a standard deviation of 2.44) whereas the designated spacing
is 20 pm. These size and shape distributions come from both heat treatments and imperfect resist
developments [1.9]. From two side view micrographs of confimous films, the cobalt thickness at
different points ranges from 50 to 80 nm with average value of 54+4 and 70+7 nm.

(@) (b)

Fig. 1: (a) Top view optical micrograph of SU-8 pillars after the resist development and (b) SEM
micrograph of SU-8 pillars after cobalt deposition.
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(a) (b)

Fig. 2: SEM micrographs of cobalt-coated micropillars in (a) patterned and (b) collapsed regions.

With a tilt angle and a higher magnification of a patterned region. the smooth cobalt film was
observed in Fig. 2(a) implying that the SU-8 pillars possess small flatness errors. Pattern collapse
exemplified in Fig. 2(b) occurs when the adhesion between SU-8 and copper is weak. The capillary
force in the developments and rinsing stage is a major factor in the debonding between the resist
and copper layer [9]. In a collapse region as shown in Fig. 2(b). the smooth vertical sidewalls of
pillars are revealed without T-profiles meaning that the effects of diffraction and photon absorption
are minimal [1]. The height average with two other pillars is 4441 pm.
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Fig. 3: VSM measurement of (a) in-plane and (b) out-of-plane magnetizations of cobalt on
micropillars compared to continuous films.

Magnetization characteristics of cobalt films on continuous and patterned substrates are
compared in Fig. 3. When a magnetic field is increasingly applied parallel to the surface of
continuous films, the in-plane magnetization in Fig. 3(a) initially increases with a high rate but its
sensitivity to the change in magnetic field beyond 2000 Oe is reduced. The cobalt-coated
micropillars have a lower magnetization and the saturation is clearly obtained within 6000 Oe field.
Since it was reported that the magnetization of nickel was increased by the grain growth [11]. this
can be explained by the tendency to form smaller cobalt grains on the pillars. By applications of
magnetic field in the perpendicular direction to the film surface. the out-of-plane magnetization
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cobalt-coated micropillars markedly rises and approaches the values of continuous films in Fig.
3(b). Whereas this anisotropic behavior is observed in the case of patterned substrates, the cobalt
films on continuous substrates have comparable in-plane and out-of-plane magnetizations. It
implies that the perpendicular anisotropy was slightly developed when the cobalt deposited on
microscale areas.

Conclusions

1) X-ray lithography can be used to patterned SU-8 micropillars with smooth vertical sidewalls.
Each pillar has an aspect ratio about 5 and exhibit around 10% distortion in geometry.

2) Cobalt films can be sputtered on array of SU-8 micropillars with small flatness errors.

3) Magnetizations of cobalt films on patterned micropillars are anisotropic in respect to the
direction of applied magnetic field and lower than those of continuous film because of their grain
sizes.
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