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» Windings enclosing magnetic core

Multilayer Magnetics

Anisotropy Induced
Hard Axis Along

Swi’rching Direction

» Magnetic layers enclosing

> Complex core structure > Via complexity
» Limited magnetic permeability » Simple core structure
> Difficulty in domain alignment controlling > Higher permeability
> Significant core loss » Easy domain gdignment

> Limited sis loss
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Developing the Next Generation of isoPower
Magnetic Core 1Coupler® Transformers

Today’s air core

Discrete solutions with Proprietary isoPower transformers will be
optocouplers and external integrates data & replaced with magnetic
transformers are Large, power in one core transformers.
Custom designs with Poor package.
Reliability. =

o

Magnetic Core isoPower
Better Efficiency & Power

Low Noise Emissions
(EMI)
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Converter Design Goal

Architecture Fly-back DC/DC Converter
Input Voltage 3 Volt
Output Voltage 3 Volt >
T (1+D)T
Frequency 20 MHz
Power 1 Watt
Inductance 120 nH
Peak Current 0.75 Amp »

DT T (14#D)T 2T

V, =L @

IL dZD(I1+I2)
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Fabrication

Coat polyimide & Cu seedlayer

Pattern photoresist
[

Plate Cu

Strip PR

Etch seedlayer

Bottom winding

pattern Pl

Coat and pattern PR

]
1

Deposit magnetic layer

If

Lift-off

pattern Pl

Magnetic core

Deposit Cu seedlayer

Pattern PR

Top winding
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Inductor Modeling | M
| =

Total inductance Main inductance Leakage inductance
L = Ly v L
sinh - +sin R
L& S, ) W
(dc
S cosh—> +cos—- 27
S, S,
Total resistance Winding resistance Core resistance
R = R + R

W C
] I,
S SIn 5—sm5

eZA—e‘2A+23in(2A)] A
e’* +e7*" —2cos(2A) (@) g

Q = wL/R

Rw(dc)A' [ S S
cosh — +cos —

C c

1)

ANALOG
DEVICES



[S] =2 [Y] — [Y ge-embed]=[Y putl-[Y pan]

[Yde-embed] -2 [Zde-embed]

I'T Model of Two-port Measurement

Inductor
_l, -1 =_Im(Y11) —1
L_(U ImY12 ¢ Re(Y;1) = kRe (le)
Transformer
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Inductor Results

11

Enhancement due to the magnetic
core

Inductance ~ 65nH at 20MHz
9.3X of the air-core

Quality factor ~ 8 at 20MHz; 11.5
at 50MHz

8.7X of the air-core

Magnetic permeability of FeCoB
multilayer ~ 100
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Magnetics

i~
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+ FeCoB/Al,O; multilayer
e Reduced FMR linewidth
—>Lower eddy current loss

e 6nm Al,O, spacer

=>Minimum thickness above which the
anti-ferromagnetic coupling between
neighboring FeCoB layers disappears

—>Very low coercive field
—>Very low hysteresis loss

. FM.R Signal (a.u.)

—
oo

'
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N

e Magnetic annealing

—> Extremely low hysteresis loss along
hard axis
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+ Testing system
e Vector network analyzer
e Waveguide
o External magnetic field generator

+ S11 & $12

e Magnetic film absorbs microwave
energy at frequency f, under bias
- field B.

2500 r : , .

2000+ FeCoB 100nm/Al,O;
6nm/FeCoB 100nm
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200 nm single
layer, on bare
Si

Relative

Permeability =k
Inductance of 3um
thick core (nH) 470

500 nm single
layer, on bare

[FeCoB 500

nm/Al,O, 6

nm]X6, on
bare Si

200

500 nm single
layer, on PI/Si

500 nm single
layer, on PI/Cu
stripes/PI/Si

7 7
0‘0 0‘0
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Permeability decreases as the single layer thickness increases.

Permeability decreases due to the poor flatness and smoothness of the polyimide surface on which the
magnetic deposition was performed.

» [FeCoB 200 nm/Al,O4 6 nm]X15 deposited on an appropriately planarized polyimide surface is able to
produce an inductance of 470 nH.

> Future work: polyimide surface planarization before magnetic deposition

)
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Saturation Current

The magnetic material tends to get
magnetically saturated when the field
exceeds a critical value.

The saturation magnetization of FeCoB is
41TMs=1.5Tesla.

The magnetic core stops contributing to
the inductance when it gets saturated --
u~1.

Higher initial permeability - lower
saturation current in the coll

The saturation current at 70%Ms is
estimated to be 1.4 Amp for Inductor
Type l.

15

Magnetization

A

>
4AI'TMs Magnetic Field
=1.5 Tesla

Magnetization Curve of FeCoB along Hard Axis

p=1 PI
Cu

Cross section of a solenoid with FeCoB core
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nm/Al,0; 6 nm]X6 Core

Input Current on Primary Side
vs. Time
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Inductance (nH)
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+ Transformer II: highest inductance, ~ 53nH; highest total loss due to denser flux; quality
factor of 2.7 at 20MHz.

+ Transformer llI: slightly higher inductance (~ 35.3nH) & resistance than | (~ 33.5nH), due

to shape anisotropy inside core. ,
+ Transformer IV: inductance ~ 12nH, due to small core width -
ANALOG
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+ Transformer II: low coupling constant of 0.1 due to separated
windings.

+ Transformer llI: strongest coupling (~ 0.9) & lowest minimum
insertion loss ( -7dB at 20MHz).

+ Transformer IV: poor coupling, no like bulk magnetic core
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Conclusion

Fly-back DC/DC converter

Four solenoid integrated transformers with FeCoB multilayer cores
Different winding
Different core structures
3um FeCoB/Al,O, multilayer film = a factor of 9.3 and 8.7 improvements in
the inductance and quality factor, respectively
Material study on the FeCoB/Al,Q,
Multilayer film has reduced eddy current loss
[FeCoB 500 nm/Al,O, 6 nm]X6 has very small hysteresis loss

permeability of the magnetic thin films depends very much on the substrate surface
roughness.

Saturation current

Transformer lll interleaved winding and sliced magnetic core, exhibited the
lowest insertion loss as well as the best comprehensive performance.

Polyimide surface planarization before magnetic deposition. F’WRQ
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Thank you!
&
Questions?
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