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FIG. 5
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1

CONTROL OF EDDY CURRENTS IN
MAGNETIC VIAS FOR INDUCTORS AND
TRANSFORMERS IN INTEGRATED
CIRCUITS

BACKGROUND

Inductors and transformers may be used in many different
types of circuits. For example, they may be used for radio
frequency (RF) circuits and high-frequency power distribu-
tion or conversion systems, such as a DC-DC voltage (or
power) converter. Currently voltage converters may not be
fully integrated on-chip for a variety of reasons. For example,
a desired operating frequency may require an inductance
value that is unobtainable based on the constrained physical
size of the inductor or transformer. Further, in particular
based on the effects of eddy currents, an on-chip inductor or
transformer may not have a sufficiently high operating fre-
quency for an RF or high-frequency voltage conversion appli-
cation.

There are advantages to integrating a power system, for
example including a DC-DC voltage converter, on the same
die as the circuit(s) that are powered thereby. For example, as
processor technology scales to smaller dimensions, supply
voltages to circuits within a processor may also scale to
smaller values. However, as the dimensions decrease, power
consumption of the processor may increase. Using an off-die
voltage converter to provide a small supply voltage to a pro-
cessor with a large power consumption leads to a large total
electrical current being supplied to the processor. This may
increase the electrical current per pin, or the total number of
pins required to power the processor as each pin has a maxi-
mum current handling capability. Also, an increase in supply
current can lead to an increase in resistive as well as inductive
voltage drop across various off-die and on-die interconnects,
and to a higher cost for decoupling capacitors. Integrating the
voltage converter onto the die may mitigate these and other
problems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a system of an
embodiment

FIG. 2 illustrates a top view of an inductor of an embodi-
ment

FIG. 3 illustrates a side view of the inductor of FIG. 2

FIG. 4 illustrates a side view of the inductor of FIG. 2
formed on an integrated circuit

FIG. 5 illustrates a graph of frequency versus inductance
for inductors of embodiments

FIG. 6 illustrates a side view of a magnetic via of an
embodiment

FIG. 7 illustrates a side view of a magnetic via of an
alternate embodiment.

FIG. 8 illustrates a process flow of an embodiment

FIG. 9 illustrates a process flow of an alternate embodi-
ment

FIG. 10 illustrates a block diagram of an integrated circuit
including an inductor of an embodiment

FIG. 11 illustrates a block diagram of an integrated circuit
including an inductor of an embodiment as part of a power
unit

DETAILED DESCRIPTION

Embodiments of a magnetic via, the control of eddy cur-
rents in inductors and transformers in integrated circuits

20

25

30

35

40

45

50

55

60

65

2

thereby, and the method of manufacture thereof will be
described. Reference will now be made in detail to a descrip-
tion of these embodiments as illustrated in the drawings.
While the embodiments will be described in connection with
these drawings, there is no intent to limit them to drawings
disclosed herein. On the contrary, the intent is to cover all
alternatives, modifications, and equivalents within the spirit
and scope of the described embodiments as defined by the
accompanying claims.

Simply stated, an embodiment is a magnetic via. More
specifically, an embodiment is a magnetic via that increases
the inductance of, for example, an integrated inductor or
transformer while mitigating eddy currents therein that may
limit the operation of the inductor or transformer at high
frequency. An inductor or transformer including the magnetic
via of an embodiment may include a plurality of metal lines
substantially or completely surrounded by a magnetic mate-
rial or multiple layers of magnetic material. The magnetic via
of an embodiment may magnetically couple two layers of
magnetic material to complete the magnetic circuit for the
magnetic flux. An embodiment may employ chemical
mechanical polishing (CMP), dry etching, and electroplating
and/or electroless plating techniques to form the layer or
layers of magnetic material.

FIG. 1 illustrates a partial block diagram for a device 100.
Device 100 may comprise several elements, components or
modules, collectively referred to herein as a “module” A
module may be implemented as a circuit, an integrated cir-
cuit, an application specific integrated circuit (ASIC), an
integrated circuit array, a chipset comprising an integrated
circuit or an integrated circuit array, a logic circuit, a memory,
an element of an integrated circuit array or a chipset, a three-
dimensional (3-D) stacked integrated circuit array, a proces-
sor, a digital signal processor, a programmable logic device,
code, firmware, software, and any combination thereof.
Although FIG. 1 is shown with a limited number of modules
in a certain topology, it may be appreciated that device 100
may include more or less modules in any number of topolo-
gies as desired for a given implementation. The embodiments
are not limited in this context.

In one embodiment, device 100 may comprise a mobile
device. For example, mobile device 100 may comprise a
computer, laptop computer, ultra-laptop computer, handheld
computer, cellular telephone, personal digital assistant
(PDA), wireless PDA, combination cellular telephone/PDA,
portable digital music player, pager, two-way pager, mobile
subscriber station, and so forth. The embodiments are not
limited in this context.

In one embodiment, device 100 may include a processor
110. Processor 110 may be implemented using any processor
or logic device, such as a complex instruction set computer
(CISC) microprocessor, a reduced instruction set computing
(RISC) microprocessor, a very long instruction word (VLIW)
microprocessor, a processor implementing a combination of
instruction sets, or other processor device. In one embodi-
ment, for example, processor 110 may be implemented as a
general purpose processor, such as a processor made by
Intel® Corporation, Santa Clara, Calif. Processor 110 may
also be implemented as a dedicated processor, such as a
controller, microcontroller, embedded processor, a digital
signal processor (DSP), a network processor, a media proces-
sor, an input/output (I/O) processor, a media access control
(MAC) processor, a radio baseband processor, a field pro-
grammable gate array (FPGA), a programmable logic device
(PLD), and so forth. The processor of an embodiment may
further include on-chip one or more power units 115 to regu-
late power to the processor 110. Each power unit 115 may


















