
MINIATURE HIGH FREQUENCY AUXILIARY DC-DC CONVERTER BASED ON 
AN IMPROVED THIN-FILM MICROINDUCTOR

Martin Sittner



2

OUTLINE

 Technology Introduction
 Packaging & Integration Options
 Design Overview
 Stack Comparison
 Prototype
 Reliability
 Outlook & Conclusion

MINIATURE HIGH FREQUENCY AUXILIARY DC-DC CONVERTER BASED ON AN IMPROVED THIN-FILM MICROINDUCTOR
MARTIN SITTNER | PWRSOC 2023 | 29.09.2023



3

TECHNOLOGY INTRODUCTION

 Thin-film magnetics technology based on silicon substrate for high volume 
manufacturing on 300mm (12″) wafers

 Ultra thin profile height ~200µm

200µm

15µm (25µm)

15µm (25µm)

4,5µm (6µm)
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TECHNOLOGY INTRODUCTION

 Ms:1.3T~1.4T (VSM)
 Hc: 0.1~0.5 Oe
 Hk (HA): 20~60 Oe

BH loop of optimized high-frequency magnetic core

 Characteristics based on 4,5µm core/ 15µm Cu
 Large inductance density
 High Q-factor
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TECHNOLOGY INTRODUCTION

Top_Cu
Bottom_Cu

laminated  magnetic 
stack with oxide 
dielectric

Silicon substrate 

 Magnetics on Silicon technology:
 CZT magnetic material for magnetic core
 Laminated 4,5µm / 6µm thick magnetic core
 15µm / 25µm thick electroplated copper for coil 

layers

 Polyimide material as insulation between core and 
Cu layers
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TECHNOLOGY SPECS

 Microtransformer specification range:
 Inductance range: 5 – 500nH
 Q-factor > 12 at 10-50MHz
 L/Rdc >200nH/Ω
 Isolation voltage up to 3kV
 Coupling coefficient up to 0.95

Microtransformer
(2.6mm x 2.4mm)
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Microinductor

 Microinductor specification range:
 Inductance range: 5 – 500nH
 Inductance density up to 300nH/mm²
 Q-factor 15…20 at 10-50MHz
 L/Rdc > 400nH/Ω
 Saturation current 0.2A ~ 2A
 Inductance tolerance: ±10%
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TECHNOLOGY LIMITATIONS

Microtransformer
(2.6mm x 2.4mm)

Microinductor

Parameter Microinductor Microtransformer

Inductance nH range (no economic use case with L in µH range)

Operation current < 3A (due to RDC)

Frequency Below 1GHz (high power losses in silicon substrate 
above 1GHz)
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PACKAGING AND INTEGRATION OPTIONS
Integration options

WLCSP for PCB soldering and
package-in-package integration 

Bare die for wire 
bonding interconnects

Bare die for embedding Chiplet integration
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PACKAGING AND INTEGRATION OPTIONS
WLSCP

WLCSP packaged 
microtransformer

 chip height ~ 200µm
 Ball diameter 225µm
 Device height soldered on PCB ~300µm
 Smaller ball diameters possible
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OVERVIEW OF ONGOING DESIGNS

RF inductorsTransformer for
isolated DC/DC

Inductor and coupled inductor for DC/DC PoLSpiral transformer Pulse transformer

Inductor for DC/DC 
PoL

Inductor for IVR
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STACK COMPARISON - INDUCTANCE

 Up to 30% inductance improvement for an unbiased frequency

 Up to 18% saturation current improvement for DC-biased test with single frequency (f = 30MHz)
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STACK COMPARISON – RESISTANCE / Q FACTOR

 Nearly no difference for Rd in region of interest for power applications (10 – 50 MHz)
 Major differences can be found looking at RDC 

 RDC of the 25μm stack decreased by 45%
 RDC reduction matches Cu thickness increase of 40% 

 Qd is increased up to 17% in region of interest for power applications
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PROTOTYPE
AUXILIARY SUPPLY FOR POWER SIP / POWER SOC

Efficiency at 25C

Converter specifications:
 VIN 2.7V – 5V
 VOUT 1V – 5V
 IOUT up to 400mA
 fsw 20MHz

Parameters Value

L 360nH
Rdc 1.65 Ω
Q-factor 21.4 at 20MHz

Isat 450 mA
Chip Size 3.2 x 2.5Chip size 1210

Microtransformer specifications

Peak Efficiency at 
3.3V to 2.5V >82%

Efficiency at -40C

Efficiency at 85C

MARTIN SITTNER | PWRSOC 2023 | 29.09.2023
MINIATURE HIGH FREQUENCY AUXILIARY DC-DC CONVERTER BASED ON AN IMPROVED THIN-FILM MICROINDUCTOR



14

PROTOTYPE
COMPARISON TO DIFFERENT MAGNETIC COMPONENTS

WE-PMCI 74479298147:
 Size 1210
 L = 470nH
 RDC = 18mΩ
 Isat = 5.9A 

vs.

Microtransformer:
 Size 1210
 L = 360nH
 RDC = 1.65Ω
 Isat = 450mA 
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WE-PMI 
74479775147A:
 Size 0805
 L = 470nH
 RDC = 100mΩ
 Isat = 1A 
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PROTOTYPE
COMPARISON TO DIFFERENT MAGNETIC COMPONENTS

Prototype with
WE-PMCI 74479298147:

Prototype with
Microtransformer:
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Prototype with
WE-PMI 74479775147A:
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PROTOTYPE
COMPARISON TO DIFFERENT MAGNETIC COMPONENTS

WE-PMCI 74479298147:
 Size 1210
 L = 470nH
 RDC = 18mΩ
 Isat = 5.9A 

Comparable performance with 80% volume reduction Overall efficiency improvement with comparable
solution volume

vs.

Microtransformer:
 Size 1210
 L = 360nH
 RDC = 1.65Ω
 Isat = 450mA 
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WE-PMI 
74479775147A:
 Size 0805
 L = 470nH
 RDC = 100mΩ
 Isat = 1A 
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RELIABILITY

 Reliability proven by AEC-Q200 grade 1 qualification for 15µm Cu/ 4.5µm core stack
 16 items with total sample count of 685 each one inductor and one transformer
 Temp. range from -40°C to 125°C 
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OUTLOOK & CONCLUSION

 Thicker stack shows improvements in terms of Ld, RDC and Isat

 Approval for thicker stack for power applications

 Technology´s high frequency capability could be verified

 Finish of reliability trials for both stacks (target: AEC-Q200 grade 0 with temp. range -50°C – 150°C)

 Power loss modelling including silicon substrate losses

 Increase of isolation voltage to 5kV 

 Research for different design approaches to further imrprove FOM

 L vs A

 R vs A

 Isat

 Q-factor
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