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Overview

• Introduction
• Thin-film Magnetics technology
• Thin-film Microinductor/-transformer
• Integration Options
• Reliability
• Outlook & Conclusion
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Introduction I

• Trend towards miniaturization and higher integration continues
• New inductive components - inductors and transformers - required 

suitable for hybrid integration and PwrSoC
Signal

Power

application example with 
discrete magnetic components

Source: TIDA-00459 Highly Efficient Power and Data Transmission 
Design for Isolated Low Power Applications (Texas Instruments)
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Introduction II
Inductance and 
integration level vs. 
frequency
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Thin-film Magnetics I
• Thin-film magnetics technology based on silicon substrate for high 

volume manufacturing on 300mm wafers
• Ultra thin profile height ~200µm
• Polyimide material as insulation between core and Cu layers
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Thin-film Magnetics II
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• Magnetics on Silicon technology:
– CZT magnetic material for magnetic core
– Laminated 4,5 or 6µm thick magnetic core
– 15 or 20µm thick electroplated copper for 

coil layers

(2.6mm x 2.4mm)



Thin-film Microinductor I

• Microinductor specification range:
– Inductance range: 5 – 500nH
– Inductance density up to 300nH/mm²
– Peak Q-factor 15…20 at ~30MHz
– L/Rdc > 400nH/Ω
– Saturation current 0.2A ~ 2A
– Inductance tolerance: ±10%
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Microinductor
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Thin-film Microtransformers I

• Microtransformer specification range:
– Inductance range: 5 – 500nH
– Peak Q-factor 12…18 at ~30MHz
– L/Rdc >200nH/Ω
– Isolation voltage up to 3kVrms
– Coupling coefficient up to 0.95
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Microtransformer
(2.6mm x 2.4mm)
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Integration options I
• Various packaging options supported for board level assembly 

and system-in-package integration
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WLCSP for soldering Bare die for wire 
bonding interconnects

Bare die for 
embedding

Chiplet integration

Inductor PMIC



Integration options II

• chip height ~ 200µm
• Ball diameter 225µm
• Device height soldered on PCB 

~300µm
• Smaller ball diameters possible

10 of 17 

WLCSP packaged discrete 
magnetic component
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Integration options III

• Integration of multiple inductors on the same die is possible, optionally 

with different L values
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Inductor array



Reliability
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• Reliability proven by AEC-Q200 
grade 1 qualification of WLCSP 
packaged inductor and transformer



Outlook – Technology Enhancements

• AEC-Q200 grade 0 qualification
• Increased Cu layer thickness: 15µm → 20µm
• Increased core layer thickness: 4.5µm → 6µm
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• Increased active area

3.2mm x 2.5mm 3.2mm x 2.5mm

~ +40%



Outlook – Microinductors /-transformers
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Signal inductor

Transformer for
isolated DC/DC

Coupled inductors
for PoL DC/DC

Spiral transformerPulse transformer

Inductor for PoL DC/DCInductor for IVR



Outlook – Design enablement 
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Component
library: inductors, 
coupled inductors, 

transformers

S-parameters

Spice models

REDEXPERT
loss determination

PCB libraries



Conclusion
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• Thin-film magnetics (microtransformer and -inductor) in 

WLCSP package AEC-Q200 qualified 

• Various packaging options support hybrid integration

• Improved performance expected from enhanced layer stack

• Various microinductor and –transformer designs available for 

sampling 



Thanks for your attention!
martin.haug@we-online.de
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