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Outline

» Challenges of integrated magnetic inductors and RF
magnetic materials

» Loss mechanisms and micromagnetics of:
» Metallic magnetic films and multilayers
» Ferrite films and multilayers

» Recent progress of RF metallic magnetic films and ferrite
films and multilayers

» Summary
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Status and Challenges on Integrated
Magnetic Power Inductors
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»Five types of magnetic inductors.
»Hundreds of magnetic material

compositions and microstructures
»Performance of integrated power

inductors are limited by magnetic Sato, et al. IEEE Trans Magn. (2004)
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Integrated Magnetic Inductors for Power:
SOA and Challenges
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Loss Mechanisms and Thickness Effects on
Permeability Spectrum of Magnetic Films
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»Ferromagnetic resonance
»Eddy current loss
»Domain wall resonance

» Thick films lead to
excessive eddy currents
»0ut of plane anisotropy

' grows with film thickness

»Magnetic multilayers!




Micromagnetics of Magnetic/Non-magnetic
Multilayers: Enhanced RF Magnetism
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Permeability Spectra of 2um Thick Metallic
Magnetic films: Single Layer and Multilayer
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»Eddy current dominated permeability of single layer film

»Ferromagnetic resonance dominated permeability spectrum

for the multilayer!




Edge Closure Domain Walls in Patterned
Magnetic/Non-magnetic Islands

| EDGE
# WALLS

Magnetic/non-magnetic

insulator multilayers:

» Thicker film with significantly

reduced eddy current loss

»Improved soft magnetism:
»Significantly reduced Hc
»Less out of plane anisotropy
»Lower Gilbert damping.
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Hc, Hk(Oe)

Novel FeGaB Films: Microstructure, Soft
Magnetism and Magnetostriction
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RF Magnetics of FeGaB and Multiferroic
FeGaB/PZN-PT Heterostructures
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Soft Magnetic FeCoHf Films with High
Uniaxial Magnetic Anisotropy
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* High uniaxial anisotropy induced by composition gradient

 Excellent RF magnetic properties! Northeastern University
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High Quality RF Ferrite Films by Low-
Temperature Spin Spray: Process Introduction

Oxidizing solution Reaction solution
(NaNO,) (FeCl, + MCl,)

Substrate
\\"'--
Heater— Y , , N
ﬂ —
l T Spinning table
Drain N, gasu

»Low process temperature of 90°C, high crystalline quality,
high deposition rate 50~100nm/min, low RF loss tangent.
»Compatible with RFIC and MMIC, even organic substrates.

Page 13 Northeastern University

Abe, Electrochimica Acta (2000). C()]l{‘qr.‘ - yp EI]giIl{‘t‘ring



Permeability Spectra for Thin Film Magnetic
Materials: the Modified Snoek’s Limit
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»Snoek’s limit boosted by Sqrt(j,)
» 0.5~ 1 order of magnitude enhanced FMR frequency.




Permeability Spectrum of Spin Spray
Deposited NiCo-Ferrite Films
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»Self-biased ferrite films by spin spray deposition at 90°C
»High permeability (10~200) and high permittivity (~10) and

low loss at GHz.
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RF Magnetic Devices with Spin Spray Deposited
Ferrite Films Exhibiting Enhanced Performance

Monolayer ferrite films
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Need for Thick Ferrite/Non-Magnetic Films for
RF Devices

»Hard to achieve thick RF ferrite monolayer films > 3~5
um by spin spray, which also exhibit degraded RF
performance.

1 um

ferrite film

glass

Fujiwara, et al IMMM, (2008)
Rllh.‘-‘.[rait:__

»Need ferrite/non-magnetic insulator multilayers!

»No demonstration showing improved RF performance
: : ) . : '
in ferrite/non-magnetic insulator mu“"ﬁ%?ﬁ?das tern University
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Performance of Ferrite/Non-Magnetic

Multilayers
NiZn-ferrite laver 128.941GHz
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Spin spray deposited [NiZn-ferrite/Dextrar]xn, failed in
achieving improved RF performance!

»Enhanced coercivity, which went up with the number of
periods.

»Degraded RF performance with much higher FMR
linewidth. r




Relative Permeability

di/dH (Arbituary Unit)

Improved Microwave Magnetic Properties in Spin

Spray Deposited Ferrite/Insulator Multilayers
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Spin Spray Deposited Ferrite Monolayers
and Ferrite/Non-Magnetic Multilayers
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Improved RF Magnetics in Spin Spray
Deposited Ferrite/Non-Magnetic Multilayers

Film Structure Thickness (jum) Ms He Y fr AH
(emu/cm3) (Oe) (GHz) (Oe)

FesOs Single Layer 10 318 M1 8 1.2 618
Fes04/PR/Fe30q4 10 318 % 10 13 H89
(Fe3O4/PR)x4 10 302 140 5 21 1398
FesOs Single Layer 14 398 134 9 1.1 528
Fes04/PR/Fe30q4 1.4 398 M8 10 1.2 464
NZFO Single Layer 1.2 263 23 19 09 292
NZFO/ALO3/NZFO 1.2 279 21 20 10 248

»Improved RF magnetics in ferrite/insulator multilayers,
lower Hc, higher y, narrower AH!
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New Electrostatically Tunable Inductors with
Giant Tunable Range
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Page: J. Lou, D. Reed, M. Liu, N. X. Sun, Appl.
Phys. Lett. 94, 112508 (2009).



Summary

» Eddy currents in magnetic film limit the performance of
integrated magnetic inductors and transformers.

» Thick magnetic/non-magnetic multilayer films are the key
to achieving better performance in power inductors and
transformers.

» Open for collaborations!
» Email: Nian@ece.neu.edu
> Phone: +1-617-373-3351
» www.northeastern.edu/sunlab
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