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Portable Electronics
* Need to integrate more functionalities into limited area

* Need better power management for longer battery life
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» Continued miniaturization at the system level:
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> On-chip magnetic thin film inductors can benefit RF and power delivery
applications:
- High inductance density -> Reduces area
- High quality factor -> Reduces loss
> Important magnetic material properties
- High permeability, high resistivity, high FMR, CMOS compatibility
- Material engineering required such as patterning and laminating

Optimization of soft magnetic thin films structures in on-chip inductors for
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. Different Strategies for Induction integration
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Direct integration of magnetic core?
Advantages: Smaller footprint; low height profile
Challenges: material compatibility; thermal effect
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> DC magnetron sputter deposition: Co-4%Zr-4%Ta-8%B (at.%) Y
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Fabricated inductor has Small size, high inductance density

n Area W xTx S L/bare L/NiFe Gain of L L density
um? um? nH nH nH/mm?
2 40x40 1.5x1.0xL.5 021 05 2.4X 313
3 40x40 1.5x1.0x1.5 033 0.9 2.7X 563
3 62x62 1.5x1.0x1.5 0.78 1.8 2.3X 468
4 62x62 1.5x1.0x1.5 12 32 2.7X 832
5 62x62 1.5x1.0x1.5 1.5 5.1 34X 1327
4 130x130 5.0x2.0x2.5 1.8 6.7 3.7X 396
4 130x100 5.0x2.0x2.5 1.7 7.3 4.3X 562
4 160x100 5.0x2.0x2.5 2.05 123 6X 769
Ref. Mag Mat. Gain of L L density
nH/mm?
[1] 320x50 CoZrTa 0.11 3.6 31X  1700@40MHz
[5] 340x200  Ferrite 0.9 23 1.6X 20@4GHz
[6] 60x120 NiFe 0.5 1 2X 138@5GHz
[7] 380x380 CoNbZr 8 13.9 07X 111.1@2GHz
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> Finger-shaped magnetic via: W: 5 pm, L: 4 pmx13
Regular Magnetic Vias

Finger-shaped Magnetic Vias

I\

> 4-turn rectangular spiral
inductors

° W:88 um, L:160 um

60 um
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 Inductors Fabricated on Package substrate
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