
EMBEDDING THIN FILM RESISTORS IN SUBSTRATES IN POWER
DELIVERY NETWORKS Background This invention relates
generally to power delivery networks for integrated
circuits. A power delivery network supplies power from
a power supply to an integrated circuit. Integrated
circuits are typically assembled into packages that
are mounted to a printed circuit board. The printed
circuit board may be incorporated into an electronic
subassembly that may be plugged into a motherboard or
printed circuit board. It is generally advantageous to
have a semiconductor package and integrated circuit
that is more efficient, having high decoupling
capacitance and low inductance. To this end, power
delivery networks may be designed with resistors and
capacitors to reduce impedance and to increase the
power transferred from the power supply to loads
within the integrated circuit. Thus, an overall goal
of the power delivery network is to reduce the power
loss of the integrated circuit and improve its
performance. Advantageously, it does so at the lowest
possible cost. i Brief Description of the Drawings
Figure 1 is a schematic, cross-sectional view of one
embodiment of the present invention; Figure 2A is a
simplified circuit diagram for the power delivery
network of Figure 1 in accordance with one embodiment
of the present invention; Figure 2B is a more detailed
circuit diagram for the package of Figure 1 in
accordance with one embodiment of the present
invention; Figure 3 is a partial, enlarged,
cross-sectional view taken generally along the line
3-3 in Figure 4; 



Figure 4 is a top plan view of the embodiment shown in
Figure 3 in accordance with one embodiment of the
present invention; Figure 5 is a cross-sectional view
taken generally along the line 5-5 in Figure 4 in
accordance with one embodiment of the present
invention; Figure 6 is an enlarged, cross-sectional
view of another embodiment of the present invention;
Figure 7 is a partial, reduced, cross-sectional view
taken generally along the line 7- 7 in Figure 6;
Figure 8 is an enlarged, perspective view of still
another embodiment of the present invention; Figure 9
is a planar, cross-sectional view of the embodiment
shown in Figure 8 taken generally along the line 9-9
in Figure 8 in accordance with one embodiment of the
present invention; and Figures 10A- 1OE are partial,
reduced, cross-sectional views taken generally along
the line 7-7 in Figure 6 in accordance with different
embodiments of the present invention. Detailed
Description In accordance with some embodiments of the
present invention, resistors may be embedded within
integrated circuit metallization layers to implement a
power delivery network that can be manufactured at
lower cost. In addition, the embedded resistors may
permit greater control over resistance values. In some
embodiments, a resistor may be embedded within
metallization layers and in other embodiments, the
embedded resistor may be positioned atop the
metallization layers. Referring to Figure 1, a power
delivery network 10 may include a printed circuit
board 100 on which is mounted a power supply 110. The
power supply 110 supplies power through
interconnections within the printed circuit board 100
to an integrated circuit 140 mounted on the printed
circuit board 100. The integrated circuit 140 may
include a package 120 and, within the package, a
semiconductor die 130. In accordance 



with some embodiments of the present invention, the
embedded resistor (not shown in Figure 1) may be
provided on the die 130. Thus, referring to Figure 2A,
a model depiction of the power delivery network 10
shows the power supply 110, supplying a potential
called Vcc on a power metallization line 12. Also, a
ground metallization line 18 is indicated as supplying
a potential called Vss. As the die 130 capacitance
(Cdie) fully discharges to provide power to the die
130, the next capacitor to respond is the package
capacitor (Cpkg_cap) 24 that has internal resistance
(Rpkg_cap) and inductance (Lpkg_cap) (Figure 2B). This
package capacitor is connected to the package 120 via
the pad 14b to Vcc metallization line 12. The other
endof the capacitor is connected to the package 120
via pad 14a. The power discharge path of the capacitor
24 goes through embedded resistor 22. In some
embodiments, the embedded resistor may reduce the need
to increase the on-die decoupling capacitance because
the silicon cost itself is more than the substrate
cost, mainly due to the high cost capital investments
needed. Lowering the high frequency impedance may be
driven by the embedded resistor, rather than the
on-die capacitor in some embodiments. The embedded
resistor may be advantageous compared to high
equivalent series resistance (ESR) capacitors since
the embedded resistor allows custom-made resistance
values needed in a capacitor. Available high ESR
capacitors on the market may be made to specific
resistance values with relatively limited choices, as
their resistance is mainly due to changing the
capacitor terminal resistance using specific high
resistive materials. With an embedded resistor,
specific resistance values may be obtained by
designing different physical dimensions of a thin film
embedded resistor. In addition, the embedded resistor
may allow for reduction in the number of capacitors,
thereby reducing material and manufacturing costs. The
configuration of a portion of the integrated circuit
die 130 that is pertinent to 



the power delivery network 10 is depicted in Figure 3
in accordance with one embodiment of the present
invention. Over a semiconductor substrate (not shown)
may be one or more interlayer dielectrics 30, 32, and
28. Between the dielectrics 30 and 32, is the level 1
or power metallization line 12. Between the
dielectrics 28 and 30, is the level 2 or ground
metallization line 18. Finally, over the dielectric 28
may be metal pads 14b and 14a. A substantial portion
of the upper surface of the structure may be covered
by solder resist 15, in one embodiment, so that the
capacitor 24 may be accurately positioned to land on
the pads 14b and 14a. Coupling the pad 14b to the
power metallization line 12 is a via 16. In fact, a
plurality of parallel vias 16 may be utilized to
reduce effective resistance by providing parallel
paths. Thus, in one embodiment of the present
invention, a plurality of the vias 16 may extend into
the page, in Figure 3, all connected to the pad 14b on
one end and the power metallization line 12 on the
lower end. Similarly, as depicted on the right side in
Figure 3, a doubled via 20 may be provided between the
pad 14a and the ground metallization line 18. While a
doubled via20 is illustrated, more than two parallel
paths may be provided, again to reduce impedance by
virtue of the parallel nature of the paths. Thus,
comparing Figures 2B and 3, the ground metallization
line 18 is coupled, ultimately, to the power supply
110 and the capacitor 24, as well as the resistor 22.
(The resistor 22 is not shown in Figure 3). Referring
to Figure 4, which is a top plan view, the resistor 22
is hidden underneath a portion of the dielectric layer
28 and resist 15. The resistor 22 is electrically
coupled between the Vss metallization pad 26 and the
Vss pad 14a. The pad 14a is also partially covered by
the solder resist 15. An exposed portion of the pad
14a is electrically coupled to the upper leg of the
inverted U-shaped capacitor 24, while the exposed
portion of the pad 14b is electrically coupled to the
lower leg of the capacitor 24. The pad 14b may also be
partially covered by resist 15. In the illustrated
embodiment, the pad 26 



couples to Vss, the pad 14a is coupled to Vss, and the
pad 14b is coupled to Vcc, all as further illustrated
in Figures 3 and 5. Next, referring to Figure 5, the
pad 26 and the pad 14a are at least partially covered
by the solder resist 15. Below the solder resist 15,
adjacent the pads 26 and 14a, but at their lower
extent, is the resistor 22. Effectively, the resistor
22 sits on and under the dielectric 28a. The pad 26
couples through doubled via 20 to the power
metallization line 18. The dielectric 28a actually
overlies the region between the resistor 22 and the
solder resist 15. Thus, an embedded resistor 22 and a
die side capacitor (DSC) 24 may be provided in an
integrated fashion on the die 130. The dimensions of a
resistor 22 may be controllable to set a precise,
desired resistance value in some embodiments. In some
embodiments, a surface based resistor 22 may be
advantageous because it may be more easily fabricated.
Referring to Figures 6 and 7, in accordance with
another embodiment of the present invention, the
resistor 22 may be embedded deeper within the
structure shown in Figure 6 and, in particular, in
association with the power metallization line 12. In
particular, the line 12 may have an opening formed
therein during fabrication. That opening may then be
filled with the material that forms the resistor 22,
which is patterned and etched to fall within, and
slightly beyond, the opening so as to slightly overlap
the line 12. For example, the line 12 and the line 18
are typically formed of copper. The resistor 22 may be
formed of more resistive material, such as nickel.
Afterthe overlying dielectrics 28 and 30 are formed, a
trench may be cut and filled with the via 16 which
then, in turn, lands on top of a metal island layer 88
that electrically connects to the resistor 22.
Otherwise, the structure is the same as that described
in connection with the first embodiment. Referring to
Figure 7, the resistor 22 amounts to an island within
the line 12 in one embodiment. A plurality of parallel
vias 16 may extend upwardly from metal island 88 



that is surrounded by the resistor 22 to the pad 14b.
Thus, the current flow paths are determined by the
length of the resistor 22 in the vertical and
horizontal directions. By adjusting those lengths, the
extent of resistance can be carefully controlled.
Since photolithography may be utilized to define these
lengths and widths of the resistor 22, the
characteristics of the resistor 22 may be very
precisely determined in some embodiments. In
accordance with a third embodiment of the present
invention, shown in Figures 8 and 9, the arrangement
of Figures 3-5 may be utilized. However, instead of
only using a single pad 26 and a single resistor 22, a
set of three such pads 26 and resistors 22 may be
provided in such an embodiment. Thus, the pads 26 and
resistors 22 may surround the pad 14a. However, the
nature of the connections thereto and the arrangement
of the pads 26 is precisely the same as described
previously with respect to the single pad embodiment
of Figures 3-5. In some cases, the provision of
multiple pads 26 and multiple parallel resistors 22
may reduce resistance, advantageously improving the
performance of the interconnection network. Finally,
referring to Figures 10A- 1OE, a variety of
embodiments use a resistor 22, associated with the
line 12. They differ in the arrangement of the
resistor 22 and, particularly, its dimensions relative
to its contact with the metal island 88 coupled to the
overlying vias 16. More particularly, in the case of
Figure 1OA, the dimensions L l from the island 88 to
the vertical and horizontal edges of the resistor 22
are equal lengths. Thus, the vertical length of the
resistor 22, moving outwardly from the island 88 and
the horizontal length, both illustrated as L l , can
be virtually the same. Referring to Figure 1OB, the
length L l and the horizontal length L2 are no longer
equal. This length difference may be done by simply
reshaping the resistor 22 during 



deposition and patterning.Next, referring to Figure
1OC, the resistor 22 is connected to the island 88 on
the left and right side of with the width of Wl. On
the top and bottom side of the island 88 and resistor
22 is an area filled with dielectric 99. This is to
ensure the current flows through the resistor 22 on
the left and right side from island 88 to metal 12,
not the top and bottom. Figure 1OD corresponds to
Figure 1OC except that the resistor 22 does have a
horizontal length L2 and width W2 that extends to the
top and bottom of the island 88, but only in the
region aligned with the point of contact with island
88. Thus, Ll may not equal L2 and Wl may not equal W2
in some embodiments of the present invention. Finally,
referring to Figure 1OE, the resistor 22 only extends
upwardly away from its point of contact with the
island 88. Thus, the resistor 22 has a dimension L l
and Wl . While Figures 10A- 1OE provide a limited
number of examples of the resistor 22 variations that
may be provided, those skilled in the art will
appreciate numerous other variations. It should be
appreciated then that the resistance of the resistor
22 may be precisely controlled by providing any number
of arrangements of resistor 22 shape, size, and
number. In accordance with some embodiments of the
present invention, the resistor 22 may have a
thickness of about 0.1 microns and a conductivity of
4.9 X 106S/m. It may, for example, have a resistivity
between 100 and 200 Ohms in some embodiments. Several
capacitors 24 may be used having dimensions of 40 X 20
mils. In one embodiment, four capacitors 24 may be
used, representing a reduction in the number of
capacitors. Moreover, the capacitors 24 may be die
side capacitors (DSCs), as opposed to interdigitized
capacitors (IDCs). The embedded resistor may be
designed for other form factor two terminal capacitors
and also IDC capacitors. In some embodiments,
providing the resistance within the substrate enables
lower cost two terminal capacitors to replace
interdigitized capacitors. This replacement may result
in a cost reduction of up to 60% or more in some
cases. In addition, the number of 



capacitors may be reduced in some embodiments. The
objective of a power delivery network 10 is generally
to ensure maximum power transfer from the power
regulator to the integrated circuit through the
network path. This may be achieved by ensuring the
lowest impedance (Z) of the power delivery network
path since the power is equal to the square of the
applied voltage over the impedance. The simplified
resonance impedance (Zo) of Figure 2A is provided by Z
being equal to the inductance divided by the product
of the capacitance and the resistance.The capacitance
can be represented by an on die decoupling
capacitance, while the inductance and resistance
represent the inductance and resistance of discrete
decoupling capacitors, including package or
motherboard capacitors. The simplified resonance
impedance Z0 can be lowered by increasing the on-die
capacitance, increasing the resistance of the discrete
decoupling capacitors or lowering or maintaining the
inductance of the decoupling capacitors. In accordance
with some embodiments of the present invention, the
resistance of the power delivery network 10 may be
increased by embedding resistors 22 in discrete
capacitor routing, either on the surface of the
substrate or in inner layers of the substrate, while
maintaining low inductance. The embedded resistance
may be controlled by designing it with specific
dimensions in the length, width, and thickness
dimensions. Generally, the resistance of the resistor
needed for capacitor routing is from 100 mOhm to 1
Ohm. References throughout this specification to "one
embodiment" or "an embodiment" mean that a particular
feature, structure, or characteristic described in
connection with the embodiment is included in at least
one implementation encompassed within the present
invention. Thus, appearances of the phrase "one
embodiment" or "in an embodiment" are not necessarily
referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics
may be instituted in other suitable forms other than
the particular embodiment illustrated and all such
forms may be encompassed within the claims of the
present application. 



While the present invention has been described with
respect to a limited number of embodiments, those
skilled in the art will appreciate numerous
modifications and variations therefrom. It is intended
that the appended claims cover all such modifications
and variations as fall within the true spirit and
scope of this present invention.What is claimed is: 1.
An integrated circuit comprising: a decoupling
capacitor; and an embedded resistor electrically
coupled to said decoupling capacitor. 2. The circuit
of claim 1 including at least two metallization
layers, said embedded resistor being positioned
between the upper of said metallization layers. 3. The
circuit of claim 1 including at least two
metallization layers, said embedded resistor being
associated with the lower of said metallization
layers. 4. The circuit of claim 1 wherein said
capacitor is U-shaped and includes a pair of
downwardly extending legs and lands to electrically
contact said legs. 5. The circuit of claim 4 including
a pad spaced from one of said lands, said resistor
being situated electrically between said pad and one
of said lands. 6. The circuit of claim 5 wherein said
resistor is coupled through said pad to a power supply
metallization. 7. The circuit of claim 3 wherein one
of said metallizations is a power supply
metallization, said power supply metallization having
an opening, said resistor being formed in said
opening. 8. The circuit of claim 7 wherein said
resistor is coupled to said capacitor, said capacitor
being U-shaped and sitting on two spaced pads, one of
said pads being coupled by a via to said power supply
metallization. 9. The circuit of claim 8 including a
plurality of vias extending from said resistor to a
pad coupled to said capacitor.10. The circuit of claim
1 including a plurality of parallel resistors formed
as embedded thin film resistors. 



11. A system comprising: a printed circuit board; a
power supply coupled to said printed circuit board;
and an integrated circuit coupled to said printed
circuit board, said integrated circuit including a
decoupling capacitor and an embedded resistor
electrically coupled to said decoupling capacitor. 12.
The system of claim 11, said integrated circuit
including at least two metallization layers, said
embedded resistor being positioned over the upper of
said metallization layers. 13. The system of claim 11,
said integrated circuit including at least two
metallization layers, said embedded resistor being
associated with the lower of said metallization
layers. 14. The system of claim 11 wherein said
capacitor is U-shaped and includes a pair of
downwardly extending legs and lands to electrically
contact said legs. 15. The system of claim 14
including a pad spaced from one of said lands, said
resistor being situated electrically between said pad
and one of said lands. 16. The system of claim 15
wherein said resistor is coupled through said pad to a
power supply metallization. 17. The system of claim 13
wherein one of said metallizations is a power supply
metallization, said power supply metallization having
an opening, said resistor situated in said opening.18.
The system of claim 17 wherein said resistor is
coupled to said capacitor, said capacitor being
U-shaped and sitting on two spaced pads, one of said
pads being coupled by a via to said power supply
metallization. 19. The system of claim 18 including a
plurality of vias extending from said resistor to a
pad coupled to said capacitor. 20. The system of claim
11 including a plurality of parallel resistors formed
as 



embedded thin film resistors. 21. A method comprising:
forming a power delivery network including a
decoupling capacitor and an embedded thin film
resistor coupled to metallization layers of an
integrated circuit. 22. The method of claim 2 1
including providing an upper and a lower metallization
layer. 23. The method of claim 22 including forming
said thin film resistor on said lower metallization
layer. 24. The method of claim 22 including forming
said thin film resistor on said upper metallization
layer. 25. The method of claim 2 1 including forming
an integrated capacitor in a Ushape, said capacitor
having two free arms, coupling said free arms to metal
pads and coupling said metal pads to said
metallizations. 26. The method of claim 25 including
forming a second pad spaced from one of said pads
connected to said capacitor and forming said resistor
between said spaced pads. 27. The method of claim 26
including forming a via from said second pad to a
power supply or ground metallization.28. The method of
claim 25 including varying the size of said thin film
resistor using photolithography. 29. The method of
claim 2 1 including providing a plurality of parallel
thin film embedded resistors. 30. The method of claim
28 including coupling said pads to metallizations
using at least two parallel paths between each pad in
each metallization. 


