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Abstract: 

Magnetics are historically one of the physically largest components in power distribution networks 

from milliwatts to megawatts. 

Consistent with the overall goal to reduce the visual presence of power converters that are 

necessary for continually advancing electronic devices, there is a continual push from the smallest to 

the largest power converters to have the magnetics blend in with other components of power 

delivery systems relative to their physical appearance, physical size, and cost. Power distribution 

systems will always require the magnetics function and accordingly the magnetics function will not 

disappear. This drives the term “make magnetics invisible” or more realistically become 

indistinguishable from other components of the overall product assembly. The reality is that 

magnetics become less visible by moving towards more complete integration with the 

semiconductor devices at the Integrated Voltage Regulator (IVR) levels or by physical size reduction 

at the Solid-State Transformer (SST) levels. Integration and miniaturization are the main objectives 

for power magnetics across all power levels 

There has not been an equivalent Moore’s law for magnetics to keep pace with silicon over the past 

fifty-plus years nor a breakthrough in magnetic materials to coincide with the more recent 

commercialization GaN devices. The major constituents of all magnetic materials reside in the three 

elements that are ferromagnetic at room temperature iron (Fe), cobalt (Co) and Nickel (Ni). Even 

though there has not been quantum simultaneous advancement in the key parameters of saturation 

flux density and power losses magnetic materials over the past decade, magnetics continues to 

shrink in physical size. Improved and automated manufacturing processes and innovative circuit 

topologies have the been key drivers to reduce the physical size of magnetics. Packaging will play a 

key role for closer alignment of power magnetics with improvements in semiconductor devices.  

In the absence of new magnetic materials that simultaneously increase the useable flux density due 

to saturation constraints and reduce ac power losses, manufacturers have focused on fabrication 

process improvements and automation to reduce the physical size and improve the efficiency of 

magnetic components – effectively utilizing the available physical envelope more efficiently.  

As part of the ongoing effort to either reduce the physical footprint or vertical height of magnetic 

components, there is the continual push to decrease volt second stress by either increasing 

switching frequencies at the expense of switching losses of semiconductor devices or to adopt 

multiple stage circuit topologies that decrease the volt second stress on magnetic components. The 

reduction of volt second stress leads to reducing the required value of inductance to meet peak 

current limitations or reduce the physical size required for a given value of inductance. 



 
 
As integration of power magnetics and silicon devices continues to progress towards the application 

focus of this presentation Fully Integrated Voltage Regulators (FIVR) there will be a point for a cross 

over between off-silicon discrete magnetics that are either wire wound or assembled as PCB 

magnetics and magnetics on silicon. The integration of magnetics on silicon represents the ultimate 

integration for which magnetics are indistinguishable not only by physical visual observation but 

from manufacturing and reliability viewpoints as well. 

Magnetics on silicon provide options to address both compatibility with silicon wafer processing and 

very thin profiles. Three of the technical challenges for wafer level magnetics are to provide: 

1. Sufficient magnetic material cross section to achieve the values of inductance that are 

compatible with a switching frequency for the silicon devices to operate efficiently and with 

a physical footprint compatible with the physical size of the silicon devices. 

2. Sufficient magnetic material cross section to support the required operating currents 

without saturation effects with a physical footprint compatible with silicon devices. 

3. Magnetic material layer thicknesses consistent with permeability and ac power loss 

requirements at the specified operating frequencies  

Sputtered magnetic materials applied as part of the FEOL (front end of line) process are inherently 

thinner per layer than electrodeposited materials but require more layers than thicker 

electrodeposited materials thus designs tend to have lower inductance values resulting in higher 

switching frequencies. 

Electrodeposited materials applied as part of a BEOL (back end of line) process are inherently thicker 

per layer than sputtered materials and require less layers than thinner sputtered materials can have 

higher values of inductance and subsequently support lower switching frequency.  

Manufacturing magnetics with with the same equipment and processes as the semiconductor 

devices they support, magnetics by default will follow the same sustainability trends for 

semiconductor manufacturing. As part of the development to have magnetics blend in with the 

silicon devices, magnetics are manufactured with the same processes and equipment as 

semiconductor devices. Wafer level magnetics will follow the sustainability progress of the 

semiconductor industry –more efficient manufacturing processes, less waste, optimal resource 

utilization and open innovation for end application products. Wafer level magnetics will become an 

integral part of the “More than Moore” silicon and packaging initiatives. 
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