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METHOD FOR PLACING ACTIVE CIRCUITS 
BENEATH ACTIVE BONDING PADS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the ?eld of integrated cir 
cuit devices, and more speci?cally, to the design of a bond 
ing pad structure for such devices. 

2. Background Information 
Integrated circuit chips (dice) are manufactured by fabri 

cating a plurality of identical circuits on a semiconductor 
wafer, scribing the wafer between the circuits, and subse 
quently breaking apart the wafer into individual chips. The 
chips are then mounted on lead frames or substrates for 
packaging and wire bonded for chip external connections. 
The bonding wire connects the bonding pads on the chip 
with the lead frame. IC chips can be bonded using thermo 
compression or ultrasonic techniques. In thermocompres 
sion bonding, heat and pressure are applied to the pad and to 
the underlying substrate in order to achieve the bond. In 
ultrasonic bonding, su?icient energy is supplied by ultra 
sonic vibration to achieve the bond. 

Active circuit elements, including transistors, resistors, 
capacitors, inductors, and the like, are generally located in 
the central portion of the semiconductor device, while bond 
ing pads have been located around the periphery of the active 
region on the chip. Bonding pads are generally not located 
above the active circuits in order to protect the active circuit 
elements during bonding processes. 

In many instances, it may be desirable to place active 
circuits beneath the bonding pads. For example, it may 
advantageous to place active circuits under bonding pads in 
order to decrease die area and to reduce parasitic resistance 
due to long interconnection wires between bonding pads and 
active regions. However, due to thermal and mechanical 
stresses occurring during the bonding process, the underly 
ing circuits may become damaged. For example, as the wire 
and the die are heated during the process of connecting the 
wire to the bonding pad, the bonding wire is pressed onto the 
bonding pad. Additional energy may be supplied by ultra 
sonic vibration in order to form the bond. When pressure or 
vibration is exerted upon the bonding pad, the bonding pad 
can be perforated and the underlying circuits may crack 
which degrades device performance. 

Therefore, what is needed is a method for fabricating a 
bonding pad structure which allows the placement of active 
circuits beneath a bonding pad, without damaging or other 
wise affecting the performance of the active circuits, and a 
method that enables the manufacture of semiconductor 
devices with smaller die sizes. 

SUMMARY OF THE INVENTION 

A method for forming a bonding pad structure over an 
active circuit of an integrated circuit device is disclosed. A 
plurality of metal layers are deposited over the active circuit. 
The uppermost metal layer is patterned and etched to form 
an array of openings in the metal layer. A dielectric layer is 
deposited over the uppermost metal layer and over the array 
of openings in the metal layer. A bonding pad is formed over 
the dielectric layer. 
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2 
Additional features and bene?ts of the present invention 

will become apparent from the detailed description, ?gures, 
and claims set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and 
not limitation in the accompanying ?gures in which: 

FIG. 1 is a sectional view of an integrated circuit illustrat 
ing a patterned metal layer above the active region of the 
device. 

FIG. 2 is a sectional view of an integrated circuit illustrat 
ing the bonding pad structure according to the present inven 
tion. 

FIG. 3 illustrates the bonding pad structure according to 
one embodiment of the present invention. 

FIG. 4 illustrates a top view of the bonding pad structure. 

FIG. 5 illustrates a top view of the bonding pad structure 
where metal openings form a square pattern. 

FIG. 6 illustrates a top view of the bonding pad structure 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION 

A method for placing active circuits beneath bonding pads 
of an IC device is disclosed. In the following description, 
numerous speci?c details are set forth such as speci?c 
materials, methods, etc., in order to provide a thorough 
understanding of the present invention. It will be obvious, 
however, to one skilled in the art that these speci?c details 
may not be needed in order to practice the present invention. 
In other instances, well-known processing steps have not 
been described in detail in order to avoid unnecessarily 
obscuring the present invention. 
The present invention is a method for forming a bonding 

pad structure for integrated circuit devices which allows 
active circuits to be placed under bonding pads of the device. 
The bonding pad of the present invention is able to protect 
the underlying active circuits from shear and compressive 
stresses occurring during bonding processes. Thus, the die 
area that would otherwise be reserved just for bonding pads 
can now be used for active circuits. Additionally, using the 
present invention, the bonding pads may not necessarily 
have to be located on the outer edge of the chip. 

FIG. 1 illustrates the underlying structure over which a 
bonding pad may be formed. The underlying structure is 
composed of a substrate (not shown) on which active circuits 
10 is formed. A metal layer 20 is deposited over active cir 
cuits 10 of the device. The metal layer 20 is then patterned 
and etched in order to form an array of openings or grooves 
25 in the metal layer 20. The grooves 25 in the metal layer 20 
may take any polygonal shape, e.g. rectangle, square, circle, 
triangle, etc. and they may form any shape in the metal layer 
such as a grid, waf?e, slots, etc. For example purposes, 
FIGS. 1*4 illustrate the metal array 20 with openings in the 
metal taking the shape of slots 25. 

Referring to FIG. 2, an insulating layer, for example 
dielectric layer 30, is then deposited over metal array 20. The 
dielectric layer 30 electrically isolates the metal array 20 
from the pad. Additionally, dielectric layer 30 helps absorb 
compressive stress and insulates from thermal stress during 
the bonding process. In one embodiment of the present 
invention dielectric layer 30 consists of silicon dioxide. 

Next, dielectric layer 30 is etched to form vias 40. Vias 40 
provide for electrical coupling between active circuits 10 
and bonding pad 50. In one embodiment of the present 
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invention, vias 40 are formed on the edges of bonding pad 
50. Bonding pad 50 is formed by depositing a metal layer 
over dielectric layer 30 such that the active circuits 10 are 
placed as much as possible in the center of the bonding pad 
50. 

In one embodiment of the present invention, there are 
several metal layers deposited over active circuits 10. As 
illustrated in FIG. 3, an insulating layer 31 is deposited over 
the active circuits 10. Metal layers 60 are then deposited over 
the insulating layer 31. The uppermost metal layer is then 
patterned and etched to form the metal openings or slots 25. 
It should be noted that, for simplicity, vias interconnecting 
all the metal layers in FIG. 3 are not shoWn. The insulating 
layers 30, 31, 32, and 33 are etched to form vias 40 Which 
provide for electrical coupling betWeen active circuits 10 
and bonding pads 50. The insulating layers 31, 32, and 33 
electrically isolate the metal layers 60 and help absorb com 
pressive and thermal stresses during the bonding process. 
The plurality of metal layers provide for extra absorption of 
mechanical shock. 

It should be noted that any of a number of materials may 
be used to form both the metal layers and the bonding pad. 
For example, aluminum, aluminum alloys, copper, copper 
alloys, gold, gold alloys, polysilicon, silicon alloys, or any 
combination thereof may be used to form the bonding pad 
and the underlying metal layers. 

FIG. 4 illustrates a top vieW of the integrated circuit 
device after the bonding pad structure 50 has been formed. 
The metal array 20 overlie the active circuits 10, While the 
metal slots 25 expose a portion of the dielectric layer 30. 

FIG. 5 illustrates another embodiment of the present 
invention Where the uppermost metal layer 20 is etched to 
form the metal openings 25 consisting of a square pattern. It 
should be noted that the metal openings 25 in the metal layer 
20 may take any polygonal shape, e.g. rectangle, square, 
circle, triangle, etc. and they may form any shape in the 
metal layer such as a grid, Waf?e, slots, etc. 

The bonding pad structure protects the underlying active 
circuits during the process of attaching the bonding Wire 
onto the bonding pad. The bonding pad is subjected to 
mechanical shock as the bonding tool brings doWn the Wire 
and exerts pressure or vibration on the bonding pad. 
Additionally, the bonding pad is subjected to heat in order to 
achieve a good quality bond. 

Slotting the metal layer 20 underlying the bonding pad 
alloWs the metal to expand While subjected to mechanical 
and thermal stresses. In one embodiment of the present 
invention, the metal layer is etched, as illustrated in FIG. 6, 
such that the Width 61 of the metal array 20 is tWice as Wide 
as the Width 62 of the metal slots 25. Therefore, the metal 
expands into the open slot region, relieving the shear and 
compression stresses that Would otherWise be transferred to 
the active circuits 10 of the device. 
One additional advantage of the present invention is that it 

alloWs the formation of IC devices With smaller die areas. 
Typically, a square bonding pad has dimensions of 85 
microns to 125 microns. Additionally, prior art IC design 
rules do not alloW the placing of any circuit Within 25 
microns of a bonding pad. Thus, if the bonding pads are 
placed on top of active circuits, the bonding pads placement 
is no longer restricted to just the edges of the die. According 
to the present invention, the bonding pads can be placed 
anyWhere on the die area. Such a process Will reduce the die 
area by the amount of the combined surface area of each 
bonding pad and the amount of space required by the design 
rules. 
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It should be noted that the method of the present invention 

may be practiced using many types of active circuits. For 
example, transistors, resistors, etc., or any combination of 
active circuits may be placed under the bonding pad 
structure, according to the present invention. 

In one embodiment of the present invention, the bonding 
pad is formed over electrostatic discharge (ESD) protection 
circuits. ESD protection circuits protect active devices from 
destructive static charge build-up due to various transient 
charge sources such as human or machine handling of the IC 
chip during processing, assembly, and installation of the 
chip. The ESD structure Would be placed directly under 
neath the bonding pad structure and approximately in the 
center of the bond pad area. 

Thus, the present invention provides a bonding pad struc 
ture for integrated circuit devices Which protects the under 
lying circuits from shear and compressive stresses during 
bonding processes. The present invention accomplishes a 
reduction in the chip area and eliminates the parasitic resis 
tance due to long interconnection Wires betWeen bonding 
pads and active regions. Although certain speci?c embodi 
ments have been described, various modi?cations and 
changes to the disclosed embodiments Will be apparent to 
one of ordinary skill in the art upon reading this disclosure. 
Therefore, it is to be understood that the speci?cations and 
draWings are merely illustrative of and not restrictive on the 
broad invention, and that this invention is not limited to the 
speci?c embodiments shoWn and described. 
What is claimed is: 
1. A method for forming a bonding pad structure over an 

active circuit of an integrated circuit device, the method 
comprising the steps of: 

depositing at least one conductive layer directly over said 
active circuit, 

depositing a metal layer directly over said active circuit 
after depositing said at least one conductive layer; 

patterning and etching said metal layer to form an array of 
openings in said metal layer; 

depositing a dielectric layer over said metal layer and over 
said array of openings in said metal layer; 

forming one or more vias in said dielectric layer; and 
forming a bonding pad [that] directly over said active cir 

cuit and said array of openings in said metal layer, 
wherein said bondingpad is electrically andphysically 
connected to said metal layer by said one or more vias. 

2. The method as described in claim 1 further comprising 
[the step of depositing at least one conductive layer over said 
active circuit, Wherein said step of depositing at least one 
conductive layer is performed prior to said step of depositing 
said metal layer] depositing an insulating layer over said at 
least one conductive layer prior to depositing said metal 
layer. 

3. The method as described in claim 1 Wherein said active 
circuit is an electrostatic discharge circuit. 

4. The method as described in claim 1 Wherein said active 
circuit comprises a circuit selected from the group consisting 
of: a transistor, a resistor, a capacitor, an inductor, or any 
combination thereof. 

5. The method as described in claim 1 Wherein said dielec 
tric layer comprises silicon dioxide. 

6. The method as described in claim 1 Wherein said bond 
ing pad comprises a material selected from the group con 
sisting of: polysilicon, silicon alloys, aluminum, aluminum 
alloys, gold, gold alloys, copper, and copper alloys, or any 
combination thereof. 

7. The method as described in claim 1 Wherein said metal 
layer comprises a material selected from the group consist 
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ing of: polysilicon, silicon alloys, aluminum, aluminum 
alloys, copper, and copper alloys, or any combination 
thereof. 

8. The method as described in claim 2 Wherein said con 
ductive layer comprises a material selected from the group 
consisting of: polysilicon, silicon alloys, aluminum, alumi 
num alloys, copper, and copper alloys, or any combination 
thereof. 

9. The method as described in claim 1 Wherein said step of 
patterning and etching said metal layer forms a conductive 
region taking the shape of a grid. 

10. The method as described in claim 1 Wherein said step 
of patterning and etching said metal layer forms a conduc 
tive region taking the shape of a Waffle. 

11. The method as described in claim 1 Wherein said step 
of patterning and etching said metal layer forms metal slots. 

12. The method as described in claim 1 Wherein said 
[bonding pad is connected to said active circuit by a via] one 
or more vias are located along [the] an edge of said bonding 
pad. 

13. A method for forming a bonding pad structure over an 
active circuit of an integrated circuit device, the method 
comprising the steps of: 

depositing a plurality of metal layers directly over said 
active circuit, Wherein said plurality of metal layers has 
an uppermost metal layer; 

patterning and etching said uppermost metal layer to form 
an array of openings in said uppermost metal layer; 

depositing a dielectric layer over said uppermost metal 
layer and over said array of openings in said uppermost 
metal layer; 

forming one or more vias in said dielectric layer; and 
forming a bonding pad [that] directly over said active cir 

cuit and said array ofopenings in said uppermost layer, 
wherein said bondingpad is electrically andphysically 
connected to said uppermost metal layer by said one or 
more vias. 

14. The method as described in claim 13 Wherein said 
active circuit is an electrostatic discharge circuit. 

15. The method as described in claim 13 Wherein said 
active circuit comprises a circuit selected from the group 
consisting of: a transistor, a resistor, a capacitor, an inductor, 
or any combination thereof. 

16. The method as described in claim 13 Wherein said 
dielectric layer comprises silicon dioxide. 

17. The method as described in claim 13 Wherein said 
bonding pad comprises a material selected from the group 
consisting of: polysilicon, silicon alloys, aluminum, alumi 
num alloys, gold, gold alloys, copper, and copper alloys, or 
any combination thereof. 

18. The method as described in claim 13 Wherein said 
metal layers comprise a material selected from the group 
consisting of: polysilicon, silicon alloys, aluminum, alumi 
num alloys, copper, and copper alloys, or any combination 
thereof. 

19. The method as described in claim 13 Wherein said step 
of patterning and etching said uppermost metal layer forms a 
conductive region taking the shape of a grid. 

20. The method as described in claim 13 Wherein said step 
of patterning and etching said uppermost metal layer forms a 
conductive region taking the shape of a waffle. 

21. The method as described in claim 13 Wherein said step 
of patterning and etching said uppermost metal layer forms 
metal slots. 

22. The method as described in claim 13 Wherein said 
bonding pad is connected to said active circuit by a via 
located along the edge of said bonding pad. 
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23. A method for forming a bonding pad structure over an 

active circuit of an integrated circuit device, the method 
comprising the steps of: 

depositing a plurality of metal layers directly over said 
active circuit, Wherein said plurality of metal layers has 
an uppermost metal layer; 

patterning and etching said uppermost metal layer to form 
an array of openings in said uppermost metal layer; 

depositing a dielectric layer over said uppermost metal 
layer and over said array of openings in said uppermost 
metal layer; 

forming one or more vias in said dielectric layer; and 
forming a bonding pad directly over said active circuit 

and said array of openings in said uppermost metal 
layer, Wherein said bonding pad is connected to said 
active circuit and said uppermost metal layer by vias 
located along the edge of said bonding pad. 

24. The method as described in claim 23 Wherein said 
active circuit is an electrostatic discharge circuit. 

25. The method as described in claim 23 Wherein said 
active circuit comprises a circuit selected from the group 
consisting of: a transistor, a resistor, a capacitor, an inductor, 
or any combination thereof. 

26. The method as described in claim 23 Wherein said 
dielectric layer comprises silicon dioxide. 

27. The method as described in claim 23 Wherein said 
bonding pad comprises a material selected from the group 
consisting of: polysilicon, silicon alloys, aluminum, alumi 
num alloys, gold, gold alloys, copper, and copper alloys, or 
any combination thereof. 

28. The method as described in claim 23 Wherein said 
metal layers comprise a material selected from the group 
consisting of: polysilicon, silicon alloys, aluminum, alumi 
num alloys, copper, and copper alloys, or any combination 
thereof. 

29. The method as described in claim 23 Wherein said step 
of patterning and etching said uppermost metal layer forms a 
conductive region taking the shape of a grid. 

30. The method as described in claim 23 Wherein said step 
of patterning and etching said uppermost metal layer forms a 
conductive region taking the shape of a Waffle. 

31. The method as described in claim 23 Wherein said step 
of patterning and etching said uppermost metal layer forms 
metal slots. 

32. A bonding pad structure over an active circuit ofan 
integrated circuit device comprising: 

aplurality ofmetal layers directly over said active circuit, 
wherein said plurality of metal layers has an uppermost 
metal layer having an array ofopenings directly over 
said active circuit; 

a bonding padpositioned directly over said active circuit 
and said array ofopenings; 

an insulating layer positioned between said uppermost 
metal layer and said bondingpad; and 

a viaformed in said insulating layer physically connect 
ing said uppermost metal layer and said bondingpad. 

33. The bonding pad structure ofclaim 32 wherein said 
insulating layer isformed ofsilicon dioxide. 

34. The bonding pad structure ofclaim 32 wherein said 
uppermost metal layer having an array of openings takes on 
the shape of a wa?le. 

35. The bonding pad structure ofclaim 32 wherein said 
uppermost metal layer is formed from a material selected 
from the group consisting of' polysilicon, silicon alloys, 
aluminum, aluminum alloys, gold, gold alloys, copper, and 
copper alloys, or any combination thereof 
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36. The bonding pad structure ofclaim 32 wherein said 
via is located along an edge ofsaid bondingpad. 

37. The bonding pad structure ofclaim 32 wherein said 
active circuit comprises a circuit selected from the group 
consisting of' a transistor, a resistor, a capacitor, an 
inductor, or any combination thereof 

38. The bonding pad structure ofclaim 32 wherein said 
active circuit is an electrostatic discharge protection circuit. 

39. The bonding pad structure ofclaim 32 wherein said 
active circuit is formed on a substrate. 

40. A bonding pad structure comprising: 
an active circuit; 

a first insulating layer formed over said active circuit; 
aplurality ofmetal layers directly over said active circuit, 

wherein saidplurality ofmetal layers has an uppermost 
layer having an array ofopenings; 

a second insulation layer formed over said uppermost 
metal layer; 

a bondingpadformed directly over said active circuit and 
said array ofopenings; and 

a via formed in said second insulating layer physically 
connecting said bondingpad and said uppermost metal 
layer. 

4]. The bonding pad structure ofclaim 40 wherein said 
uppermost metal layer comprises a material selected from 
the group consisting of' polysilicon, silicon alloys, 
aluminum, aluminum allows, gold, gold alloys, copper, and 
copper alloys or any combination thereof 

42. The bonding pad structure ofclaim 4] wherein said 
bonding pad comprises a material selected from the group 
consisting of' polysilicon, silicon alloys, aluminum, alumi 
num allows, gold, gold alloys, copper, and copper alloys or 
any combination thereof 

43. The bonding pad structure ofclaim 4] wherein said 
active circuit comprises a circuit selected from the group 
consisting of' a transistor, a resistor, a capacitor, an 
inductor, or any combination thereof 

44. The bonding pad structure ofclaim 43 wherein said 
uppermost metal layer having an array ofopeningsforms a 
conductive region taking the shape ofa wa?le. 

45. The bonding pad structure ofclaim 40 wherein said 
uppermost metal layer and said active circuit are in electri 
cal communication through a via. 

46. The bonding pad structure ofclaim 45 wherein said 
active circuit is an electrostatic discharge circuit. 

47. The bonding pad structure ofclaim 40 wherein said 
first insulating layer and said second insulating layer com 
prises silicon dioxide. 

48. The bonding pad structure ofclaim 40 wherein said 
array ofopeningsforms slots in said uppermost metal layer 

49. A bonding pad structure comprising: 
a substrate layer having an active circuit; 
a bondingpadpositioned directly over said active circuit; 
an intermediary layer having a plurality ofmetal layers 
and a plurality of insulating layers directly over said 
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active circuit, each one ofsaidplurality ofmetal layers 
covered by one ofsaidplurality ofinsulating layers, at 
least one ofsaidplurality ofmetal layers containing an 
array ofopenings thatform a grid and being in electri 
cal andphysical contact with said bondingpad through 
a via. 

50. The bonding pad structure ofclaim 49 wherein said 
plurality of metal layers comprise a material selected from 
the group consisting of' polysilicon, silicon alloys, 
aluminum, aluminum alloys, gold alloys, copper, and copper 
alloys or any combination thereof 

5]. The bonding pad structure ofclaim 50 wherein said 
active circuit comprises a circuit selected from the group 
consisting of' a transistor, a resistor, a capacitor, an 
inductor, or any combination thereof 

52. The bonding pad structure ofclaim 49 wherein said 
active circuit is an electrostatic discharge circuit. 

53. A methodforforming a bonding pad structure com 
prising the steps of' 
forming a plurality of metal layers directly over an active 

circuit, wherein saidplurality ofmetal layers includes 
an uppermost metal layer having an array of openings; 

forming a dielectric layer over said uppermost metal 
layer; 

forming a via in said dielectric layer; and 

forming a bondingpad that is electrically andphysically 
connected to said uppermost metal layer by said via, 
said bonding pad positioned directly over said active 
circuit and said array ofopenings. 

54. The method ofclaim 53 wherein said active circuit is 
an electrostatic discharge unit. 

55. The method of claim 53 wherein said active circuit 
comprises a circuit selected from the group consisting of a 
transistor, a resistor, a capacitor, an inductor, or any combi 
nation thereof 

56. The method ofclaim 53 whereinforming said array of 
openings in said uppermost metal layer forms a conductive 
region taking the shape of a wa?le. 

57. The method ofclaim 53 wherein said dielectric layer 
comprises of silicon dioxide. 

58. The method ofclaim 57 whereinforming said array of 
openings in said uppermost metal layer forms a conductive 
region taking the shape of a grid. 

59. The method ofclaim 53 wherein said uppermost metal 
layer is formed from a material selected from the group con 
sisting of' polysilicon, silicon alloys, aluminum, aluminum 
alloys, gold, gold alloys, copper, and copper alloys, or any 
combination thereof 

60. The method ofclaim 53 wherein said active circuit is 
formed on a substrate. 

6]. The method ofclaim 6O whereinforming said array of 
openings in said uppermost metal layer forms a conductive 
region having rows and columns ofopenings. 

* * * * * 


