Electrodeposited Co-Pt permanent micromagnet
arrayson Cu(111)/Si(110) substrate
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Permanent  micromagnets are  important
components in  microeledromechanicd  systems
comprising aduators, biased magnetoresi stive sensors, or
micromotors. There is no pradicd process however to
produce fully integrated magnets with micrometer scde
lateral dimensions, hybrid assembly processes are
generaly used instead, limiting the adievable
miniaturization and increasing the tota cost.
Eledrodeposition into patterned templates is the most
suitable technique for the production of integrated
micromagnets, as it entails only additive steps and it
enables the production of structures with well-defined
shapes. Co-Pt dloys have been chosen for this
demonstration, as eledroplated pettern arrays of this
material have been shown to exhibit hard magnetic
properties[1].

The substrates consisted of Cu films gputtered on
hydrogen terminated silicon (Si-H). Si(110)-H/Cu (100
nm) were prepared by DC magnetron sputtering with no
intentional heating. Argon was used as a sputtering gas, at
a presaure of 10 mTorr, Cu being sputtered at a power
density of 7.96 W/cm?.

Eledrodeposition templates were fabricated onto the
substrates by opticd lithography, using a Quintel 7000
Mask Aligner. Co-Pt cylinder arrays (55 — 220 m
thicknesg were galvanostaticdly electrodepasited from
an amino-citrate based solution [2] containing 10mM Pt
and 0.1M Co, at a pH = 8. Depasition was carried aut at
65°C from an wnstirred solution. A cobalt shed was used
as the munter eledrode. Upon eledroplating, the resist
was dislved in aceone.

Scanning Eledron Microscopy (SEM) as well as
Atomic Force Microscopy (AFM) were employed for
examining the coverage and the uniformity of the deposit.
The magnetic properties were measured using a PMC
Alternating Gradient Magnetometer (AGM), with a
maximum usable field of 18 kOe.

Figure 1(al and a2) shows a SEM micrograph and

1(b) an AFM image of a patterned film with height of 220
nm. They both reved sharply defined structures and island
uniformity over alarge aea

Typicd hysteresis loops are presented in Fig. 2,
spedficaly for a sample deposited at 30 mA/cm? with
cylinder height of 220 rm. Despite the shape, the sample
exhibits a net perpendicular anisotropy. The arays sow a
large wercivity in the perpendicular diredion (He( |y =
1.1-4.0 kOe), increasing with the dot thickness. Both
coercivity and energy product (BH)max increase
monotonically with cylinder height, as presented in Fig. 3
for the cae of two substrates for comparison purposes
(Cu(11D/si(110 filed symbos and Cu(100)/Si(100)
empty symbols). Energy products of up to 494 MGOe
were obtained, an improvement of sixteen times with
resped to previoudy reported microstructures/4]. The
observed linea increase is very encouraging with resped
to the posshility to further improve the dfedive
perpendicular anisotropy by increasing the dot thickness.
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Fig.1 SEM micrograph (al anda2) and AFM(b) image
of apatterned Co-Pt arrays with the height of 220 rm.
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Fig. 2. Typicd hysteresisloops (spedficdly for a sample
deposited at 30 mA/cm? with cylinder height of 220 rm).
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Fig. 3. Perpendicular coercivity and energy product
(BH)max versus cylinder height, presented for the case of
two substrates for comparison purposes (Cu(112)/Si(110)
fill ed symbols and Cu(100)/Si(100) empty symbals).
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