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HIGH Q INDUCTOR INTEGRATION 

FIELD OF THE INVENTION 

The invention relates to the formation of inductors in 
integrated circuits. In particular it relates to a high Q 
inductor and a method of forming such an inductor in an 
integrated circuit. 

BACKGROUND OF THE INVENTION 

Inductors are commonly used passive devices that ?nd 
use in a Wide assortment of circuits. With the development 
of integrated circuits (ICs), methods have been developed to 
integrate inductors into ICs. One such approach involves a 
tungsten plug process in Which an inductor via is formed in 
an inductor dielectric and then ?lled With tungsten. HoW 
ever, due to the considerable thickness of the inductor 
dielectric, the inductor via displays a high resistance, Which 
limits its performance, especially in high poWer applica 
tions. In an attempt to limit the resistance, some processes 
have sought to limit the thickness of the inductor dielectric. 
While this reduces the inductor via resistance, the thinner 
dielectric, hoWever, also retards the performance of the 
inductor. 

The present invention seeks to address some of the 
problems encountered With current integrated inductors. 

SUMMARY OF THE INVENTION 

According to the present invention, the inductor via is 
formed prior to depositing the inductor dielectric. Further, 
according to the invention, the inductor via is preferably 
made of AlCu. 

The invention provides a method for forming an inductor 
in an integrated circuit, comprising forming an inductor via, 
and thereafter depositing an inductor dielectric and forming 
an inductor. The via may be formed by depositing a ?rst 
dielectric on top of a ?rst metal layer, forming a hole in the 
dielectric, depositing a second metal layer over the ?rst 
dielectric to contact the ?rst metal layer through the hole, 
and etching back the second metal layer to de?ne inductor 
via studs. The method typically includes clearing the induc 
tor dielectric from the inductor via and forming the inductor 
to contact the top of the inductor via. The clearing of the 
inductor dielectric from the inductor via may include pla 
nariZing the inductor dielectric and then etching back the 
inductor dielectric, for example, by means of a dry oxide 
etch step. The inductor dielectric Will typically form a peak 
over the inductor via stud With troughs on either side. The 
inductor dielectric may, instead, be cleared from the inductor 
by depositing a resist in the troughs and etching back the 
inductor dielectric over the inductor via using a resist etch 
back step. The second metal layer preferably comprises 
AlCu. Forming the ?rst dielectric may include depositing a 
dielectric layer, for example to a thickness of 18 kA and 
polishing the dielectric layer doWn. Preferably the ratio of 
the depth of the hole, as de?ned by the thickness of the ?rst 
dielectric after polishing, to the Width of the hole is at least 
1:3 and preferably 1:10 or more. The etching back of the 
second metal layer to de?ne the inductor via studs may 
include depositing a resist on the second metal layer and 
selectively etching aWay parts of the second metal layer 
using a reverse inductor via mask. 

Further, according to the invention, there is provided an 
integrated inductor in an integrated circuit, comprising an 
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2 
inductor metal connected to a metal layer of the integrated 
circuit by means of an AlCu via stud. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional representation of part of an integrated 
circuit device after completion of some of the process steps 
involved in forming an inductor according to the invention; 

FIG. 2 is a sectional representation of part of an integrated 
circuit device after completion of additional process steps 
involved in forming an inductor according to the invention; 

FIG. 3 is a sectional representation of part of an integrated 
circuit device after completion of yet additional process 
steps involved in forming an inductor according to the 
invention; 

FIG. 4 is a sectional representation of part of an integrated 
circuit device after completion of yet additional process 
steps involved in forming an inductor according to the 
invention, and 

FIG. 5 is a sectional representation of part of an integrated 
circuit device after completion of yet additional process 
steps involved in forming an inductor according to the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs part of an integrated circuit device 10 after 
completion of several process steps in the formation of an 
inductor in accordance With the invention. The device 10 
includes a 8500 A thick top metal layer 12 of AlCu capped 
With Ti or TiN formed on an interlevel dielectric (D5) 14. A 
dielectric 16 is deposited on top of the capped metal layer 12 
using a high-density plasma (HDP) deposition or Sequel 
process. Initially the dielectric 16 is deposited to a thickness 
of about 18 kA and is then polished doWn to a thickness of 
3 kA as depicted in FIG. 1. The dielectric 16 remaining over 
the top metal 12 acts as an etch stop for subsequent pro 
cessing. Using an inductor via mask (not shoWn) a hole 18 
is etched in the dielectric 16 for the inductor via. In this 
embodiment, the Width of the hole is approximately 4 pm. 
Thus the ratio of hole depth to Width is 3000:40 000 or just 
over 1:13. It has been found that a ratio of more than 1:3 
avoids excessive dimpling of the inductor metal that is later 
formed as Will be discussed in greater detail beloW. 
Once the dielectric 16 has been polished doWn to the 

desired thickness and the holes 18 have been etched, the 
surface is cleaned using a sputter etch step in the process. 
Thereafter metal 20 is deposited to a thickness of 45000 A 
as shoWn in FIG. 2. The metal 20 Will ultimately form the 
inductor via, and it has been found that a high conductivity 
metal such as AlCu Works particularly Well. By adopting the 
approach of the invention of forming the via prior to 
depositing the inductor dielectric, AlCu can be used for the 
via posts. This reduces the resistance of the vias and alloWs 
thick inductor dielectrics to be used, Which improves the 
inductor performance. Using AlCu for the inductor vias 
provides for a higher Q inductor and higher current density 
due to loW resistance (2.7 micro ohms-centimeter), com 
pared to tungsten vias (5.7 micro ohms-centimeter) of same 
cross section area. The inductor metal layer can thus be used 
for poWer routing. Other loW resistance alternatives for 
AlCu can be used, for example, Cu damascene. One draW 
back of Cu damascene, hoWever, is that it is relatively neW 
process technology and cannot be easily or cheaply imple 
mented into existing factories that use AlCu metaliZation. 
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In the steps discussed above, the via studs are formed 
prior to depositing the inductor dielectric since this approach 
alloWs the AlCu vias to be implemented using a standard 
process How that uses AlCu for metal. While it is possible to 
adopt a standard process How in Which dialectic is deposited 
prior to via formation using AlCu, this requires heating of 
the Wafer to 500° C. or more to alloW AlCu to How into the 
via hole and ?ll it. Such a process has several disadvantages: 
it is very sloW (deposition rates of feW angstrom/seconds), 
it increases Wafer thermal budget signi?cantly, and it 
requires specially modi?ed and upgraded deposition tools. 
In contrast, forming the AlCu studs prior to the dielectric 
deposition alloWs normal sputter deposition rates (170 
A/ second) to be achieved and uses a standard AlCu sputter 
process that does not require any tool modi?cations. 
As mentioned above, by keeping the ratio of the hole 18 

(FIG. 1) above approximately 1:3, the metal 20 can more 
easily ?ll the hole 18 and avoids excessive dimpling at the 
upper surface of the metal 20. It Will be appreciated that 
smaller ratios could be adopted but Would result in greater 
dimpling of the upper surface of the metal 20. Resist 22 is 
deposited on the metal 20 and initially forms a layer over the 
metal 20. Using a reverse via mask, some of the resist is 
removed leaving only the portion above the hole 18 (FIG. 1), 
as shoWn in FIG. 2. The metal 20 is then etched using a dry 
etch process Whereafter the remaining resist 22 is removed 
to leave an inductor via 30 as shoWn in FIG. 3. As can be 
seen in FIG. 3, the sideWalls of the inductor via 30 have been 
etched to an angle of approximately 85° to the horiZontal, 
Which alloWs for better subsequent ?lling With dielectric. 

Referring to FIG. 4, inductor dielectric 34 is then depos 
ited to a thickness of about 50 kA to form a peak 36 over the 
inductor via 30, With troughs 38 on either side. In order to 
clear the dielectric 34 over the inductor via 30 a variety of 
approaches can be used. In this embodiment, a planariZation 
scheme in the form of chemical mechanical polishing 
(CMP) is used to planariZe the dielectric 34. The CMP 
removes approximately 15 kA. This is folloWed by an oxide 
etch back that clears the remaining dielectric 34 over the 
inductor via 30 as shoWn in FIG. 5. 

Instead of a CMP and oxide etch back approach, the 
inductor could, instead, be cleared from the inductor via by 
depositing a resist to ?ll the troughs 38, and then etching 
aWay the peak 36 using a resist etchback process. 
Once the inductor dielectric has been cleared over the 

inductor via 30, an inductor metal layer is deposited Which 
is masked and etched back in a metal etch process to form 
the inductor metal structure 50 shoWn in FIG. 5. 

While the present invention has been described With 
respect to speci?c process steps and materials, it Will be 
appreciated that the bene?ts of the invention can be realiZed 
using different materials, such as copper damascene, Without 
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4 
departing from the scope of the claims, or by using different 
process steps in conjunction With the use of AlCu. 

What is claimed is: 
1. A method of forming a via betWeen metal layers in an 

integrated circuit, comprising 
forming a via post by depositing a metal layer, performing 

a photoresist and masking step, and etching aWay the 
metal to leave the via post, and 

thereafter depositing a main dielectric through Which the 
via post extends. 

2. A method of claim 1, Wherein the step of depositing a 
metal layer is preceded by forming a ?rst metal layer, 
forming a ?rst dielectric layer on top of the ?rst metal layer, 
and forming a hole in the ?rst dielectric, and thereafter 
depositing said metal layer to de?ne a second metal layer 
over the ?rst dielectric to contact the ?rst metal layer 
through the hole, etching back the second metal layer to 
de?ne the via post, and depositing the main dielectric layer 
over the via post so that the via post extends through the 
main dielectric layer. 

3. A method of claim 2, further comprising clearing the 
main dielectric from the via post and forming an inductor to 
contact the top of the via post. 

4. A method of claim 3, Wherein the clearing of the main 
dielectric from the via post includes planariZing the main 
dielectric and then etching back the main dielectric. 

5. A method of claim 4, Wherein the etching back of the 
main dielectric is done using a dry oxide etch step. 

6. A method of claim 2, Wherein the main dielectric forms 
a peak over the via post With troughs on either side, and the 
main dielectric is cleared from the via post by depositing a 
resist in the troughs and etching back the dielectric over the 
via post by means of a resist etch back. 

7. A method of claim 2, Wherein the second metal layer 
comprises AlCu. 

8. A method of claim 2, Wherein forming the ?rst dielec 
tric includes depositing a dielectric layer, and polishing the 
dielectric layer doWn to a predetermined thickness. 

9. A method of claim 8, Wherein the ?rst dielectric layer 
is deposited to a thickness of approximately 18 kA. 

10. A method of claim 8, Wherein the ratio of the depth of 
the hole as de?ned by the thickness of the ?rst dielectric 
after polishing, to the Width of the hole, is at least 1:3. 

11. A method of claim 10, Wherein the ratio of the depth 
of the hole to the Width of the hole is at least 1:10. 

12. A method of claim 2, Wherein the etching back of the 
second metal layer to de?ne the via includes depositing a 
resist on the second metal layer and selectively etching aWay 
parts of the second metal layer using a reverse via mask. 

* * * * * 


