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SYSTEM AND METHOD FOR 

·REINFORCING A BOND PAD 

TECHNICAL FIELD OF THE INVENTION 
This invention is related in general to the field of 

semiconductor devices and processes. More particularly, 

the invention is related to system and method for 

5 reinforcing a bond pad. 



~-· 

BACKGROUND OF THE INVENTION . 

A well known·: problem at'e?i iµ semic.oriduc~or processing 

is the process of a~ta~inq ·a· so_lder, wire or_ other .bondi'nq 

~lements to a bond ·pad ·on· ;i. semi¢ondu<?tor integrated 

5 circuit~ These bond.pads-are typically disp0sed above one 
. . . . 

or more ·1aye·rs or ~ta,cks .of bx-ittle and/or -soft dielectric 

m~terials, typically oxide· of sil~con. and, some orcjan~c 

mat;eri~ls., for p_lanariza tiop. and insulation ·purposes. Some 

·dielectric materials, such as· hydrogen silsesquioxane 

10 (HSQ), aeroqels, orqanic polyim.ides, and parylenes are 
. . . 

·advantageous for their low dielectric constants compared to 

silicon oxides, but are weaker structurally and 

mechanically. 
During the bonding· process, mechanical loadinq and 

15 ultrasonic stresses applied by the bonding capillary tip to 

the bond pad often result in fracture of the underlying 

dielectrics, deformation of the underlying metal 

structures, and delamination of the layers in the metal 

structures. These bonding failures may appear as craters 

20 in the bond pad and underlying layers as the bonding 

capillary tip is pulled away from the bonding pad. 

However, these defects often are not apparent durinq 
}?anding but would manifest themselves during subsequent 

bond pull and shear tests, reliability tests such as. 
25 therm.al cyde or thermal shock, or upon deprocessing anct 

cross-sectioning. 

Further,· weakness of the bond pad structure may also 

reveal itself during wafer probing prior to bonding. 

Again, the stresses exerted by the probe tips,. ·cypically 

30 formed of a hard metal such as tungsten, c;;.n cause 

localized fractures in the pads, despite the fact that they 

make contact with a soft metal, aluminum, on the bond pads. 

·---·-·· ... 
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~uC::J;i· ·fract.ur~s are .as much .of· a reliabil-ity hazard as those 

caused durin<i ·bc)ndinq. . . 
Tradi ti~nally, '. th~ l;>ondinq failures have : b~en 

ad(iressed by . · alt~ring bonding parameters, suc;:h as 

S ultrasonic power and pulse waveff;)rm, bonding temperature, 
. . . . . 

bonding time; clampinq ·force, shape of the .bonding 

capillary tip, etc. Much tim.e is spent experimo:ntinq with 

pai;ameter settinqs and combinations thereof. Although 

qe?)eral . guidel.ines of parameter. setpoints and 

10 configurations have been developed,· the bonding failures 

persist-at a suffic~ently significant level to continually 

·threaten the reliability of inteqrated circuit devices. 

Yet the failure levels are low such that bonding failures 

become apparent only after several tens of thousands of 

15 devices are bonded. 

Recent technological advances in semiconductor 

processing do not alleviate the situation. New dielectric 

materials with lower dielectric constants are being used to 

increase circuit speeds but they are mechanically weaker 

20 than the conventional plasma enhanced chemical vapor 

deposition (CVD) dielectrics. Decreasing bond pad 

dimensions necessitates the increase of vertical bonding 

force or forces attributable to the use of ultrasonic 

energy to form effective bonds. Inaccessibility of higher. 

25 bond parameter settings for fear of damage to the bond pads 

also results in longer bond formation time, and 

consequently,· lost throughput. All these ~1ignificant 

changes point to a trend of more severe failures and 

increase in their frequency. 
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.SUMMARY ·OF. THE INVENTION 

.Accordinqly, there i_s ·a need ·for a re.1$.able way to 
. ·. . .. .... 

prevent or minimize -the occurrence_· of. probe and bond~i:tg 

. failu~es ·wh_ere bon~ _pads ·are situated above one or more 

5 structu~ally and metj1ani_cal1y weak dieiectric layers. 

In accordance .. with the ·preseQ.t invention,; a bond pad 
. . 

reinforcing system and m.ethod- ar~ provided wh.ich eliminate 

or substantialiy reduce.the disadvantages associated with 

prior.apparatus and methods. 

10 In on~ aspect of the invention, the reinforcing system 

for a bond pad according to the teachings of the present 

invention includes a reinforcing patterned structure 

dispos.ed in at least one dielectric stack disposed under 

the bond pad. 

15 In another aspect of the invention, the reinforcing 

system for a bond pad according to the teachings of the 

present invention includes at least one dielectric layer or 

a stack of multiple dielectric layers disposed under the 

bond pad. A reinforcing patterned structure is.disposed in 

20 at least one dielectric stack. 

In yet another aspect of the invention, a method for 

reinforcing a bond pad in a semiconductor integrated 

~ircuit includes the :;teps of forminq a metal layer, 

patterning the metal layer in a predetermined area into a. 

25 predetermined pattern having a plurality of vai:..ant areas, 

and forming a dielectric layer above the patterned metal 

layer, filling the vacant areas in the patterned metal 

layer. A bond pad is then formed on the dielectric layer 

above the patterned metal layer. 

30 In one aspect of the invention, the reinforcing 

patterned structure may be a joined or interconnected 

structure. In another aspect of the invention, the 
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reinforcing pattern~d st~cture may comprise disjoined or 

nOn~in~~rcOnn¢Cted and rePe;;t·ing e1eme~t_s·. · · · 

A technlc~l ad~ant~ge of:th~ present invention is the 

improved structtiral·in~egrity of bond pads so that forces 

s .exerted durinq .. bo~ding: and probing .. do _not damage the. bond 

.pad and underlyinq · structures. These techni"cal advantages 

are pos·si);)l,e without changing bondinq ·or prcibj,.ng 

p~ram.eters, \fhich may decrease process throughput. The 

result is a more· reliabl~ inteqrated circuit and decreasing 

10 bonding failures. 
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BRIEF DES.CRIPTION OF THE· ·DRAWINGS 

For ·a better under~tandirtg·~f· the present inventio~' • 

. ~eferenpe may .be made to th~ accompanying drawings, in 

whiCh: 
FIGURE 1 is a cross~s~ctibnal view of an embodiment of 

a . bop.d p~d reinforcing sttucture. accor(:l.ing. "to th~ teachings 

Qf the present invention; 
FIGURE. 2 is ~ ·pian view of the bond paq ·reinforcing 

. . 
structure .in FIGURE l accordinq to the t~achi~gs o~ the 

10 present invent19n; 

FIGURE 3 is a cross~sectional view of another 

elllhodiment of a bond pad reinforcinq structure according to 

the .teachings of .the present invention; 

FIGURES 4A and 4B are plan views of the bond pad 

15 reinforcing structure in FIGURE 3 according to the 

teachings of the present invention; 

FIGURE 5 is a cross-sectional view of yet another 

embodiment of a bond pad reinforcing structure according to 

the teachings of the present invention; 

20 FIGURE 6 is a plan view of the bond pad reinforcing 

structure in FIG.URE S according to the teachings of the 

present invention; and 

FIGURES 7-11 are further plan views of varying 

embodilll.ents of the bond pad reinforcing structure according. 

25 to the teachings of the present invention. 
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DETAILED DESCR!PTION OF THE INVENTIOl\T 

The p~eferred embO?-iments of the present invention are 

illµstrated-i~ FIGUR.il:S 1-11, like re~erence ntlhl.erals beii:ig 
·. . .. 

used to refer· to _like and corr.esponding parts of the 

s various dr~wing~. _ 

10 

Referring to FIGURE 1, a reinforci~q structure 10 for 
- . 

a bond pad 12 according to the teachings _of the present 

invention is shown. A center-portion 16 of .bond pad 12 is 
exposed and uncovered. -from a. p~otecti.ve. oxide layer. 14 -for 

receiving a ball bond· (not shoWn), typically constructed 

from al_uminurn, gold, copper, s~lder,_ or like materials. 

Bond-pad 12 is tY}?ically a multi-layered stack constructed 

of aluminum and one or more_ layers of titanium nitride and 
titanillltl, for example. Underlying bond pad 14 is one or 

. -

15 more intermetal dieletric layers or_ one or more dielectric 

stacks 20-22, each constructed of multiple dielectric 

layers. Each intermetal dielectric layer or stack 20-22 

may include a reinforcing qrid 30 disposed in at least one 

of the intermetal dielectric stacks 20-22. FIGi.lRE 2 shows 

20 a plan view of reinforcing grid 30, which has a regular 

repeating pattern ~ith a plurality of voids or vacant 

areas. 

At least one layer of the intermetal dielectric 

materials within-each dielectric layer or stack 20-22 is. 

25 constructed of a mechanically and structura:tly weak 

dielectric material, such as oxide, hydrogen silsesquioxane 

(HSQ), Aeroqels, organic polyimides, parylenes, and the 

like. These dielectric materials are hereinafter referred 

to generally as weak dielectric materials. Each t:r..termetal 

30 dielectric stack 20-22 may include, for example, a first 

dielectric layer 32, a weak dielectric layer :34, and a 

second dielectric layer 36. Dielectric layers 32 and 36 

may be TEOS (tetraethyl orthosilicate) or any ot:her oxide 
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i'lf 
mate~ial _formed -by a ·s~t~ble m~th~d~ I_t ~ay he ·seen that 

. QY. providinq a -reinforcing structure 30 of a predet~rmined 
. . . ~ 

height, the. thickness, t; ~f weak die"lectric ·layer 34· atop 
relnforci~nq ·structure 3o ~s qrea_tly .r~duced. Furth.er, 

5 rei~forci~~ structure 30. is_a·joi~ed or interconnected qrid 

. structure .wi~ a plurality of voids.· or vacant areas 4o for 

containing and accomxnodating a large portion of "weak 

dielectric· material 34 the~ein. Accordingly, reinforcing 

structure 3"o· provides support .and mechaJ'l.ica~ strength to 

10 intermetal dielectric stacks .20;.,22 to substantially 

decrease the incidents of cratering and other bonding 

failures·causinq by wire bonding. 

It may be seen from FIGURES 1 and 2 that reinforcing 

structure 30 is generally planar with a thickness less than 

15 the desired thickness of intermetal dielectric stacks 20-

22. Further, reinforcing structure 30 is p1:eferably 

dimensioned to fit generally within and not significantly 

extendinq beyond an area defined by bond pad 12. When more 

than one reinforcing layer is used, reinforcing structure 

20 30 for each intermetal dielectric stack 20-22 may be 

aligned directly abo~e one another, as shown, or De offset 

with one another. It is contemplated by the tect :hings of 

the present invention that any number, includinH one, of 

reinforcing structures or layers may be used to achieve 

25 improved structural integrity and robustness. It is also 

contemplated by the teachings of the present im11:mtion that 

intermetal di-electric layers or stacks 20-22 ma , include 

reinforcing structures of different patterns, al tl :>ugh such 

designs may require additional expense to use different 

30 masks to pattern etch the different metal reinforcing 

structures. 
Bond pad reinforcing structure 10 may be constructed 

by forming a layer of metal or any suitable conductor or 
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s·e:tD.icond\lctor o! predetermined th~ckness at the start of 
each 1·nternietal dielectric iayer· _or stack' 20-22. The 

reinforci~g ·1ayer is then pattern etched into the desir.ed 

pattern, suc.li as the. grid pattern shown ~n FlG~s l and 2. 
Subseque~t dielectric.materials are then fanned above the 

patterned reinforcinq .layer, such as a single dielectric 
la·y~r or oxide layer 32, weak dielectric layer 34, ·. and. 

oxide_layer 36 as shown.· Note that ·weak dielectric layer 
34 may be fonued by a nurilber of methods, including spin-on, 

10 plasma enhanced chemical vapor deposition· (CVD), and vapor 
condensation. 

Re.ferring to FIGURES 3, 4A, and 4B, another embodiment 

of bond pad reinforcinq structure 70 is shown. A bond pad 
72 is disposed below a p·rotective overcoat of oxide 74 and 

15 partially exposed for wire/solder/flip-chip/wedge bonding. 
Two intermetal dielectric stacks 76 and 78 underlying bond 

pad 72 include reinforcing structures 80 and 82. 
Reinforcing structures ao and 82 include a repeating and 
non-interconnected pattern such as the crucifix pattern 

20 shown arranged in a regular manner. It may be seen that 
reinforcing structure 80 and 82 may be slightly offset from 
one another as shown. The semiconductor integrated circuit 

inay include one, two, or more than two ir.termetal 

dielectric layers or stacks with the crucifix relnforcing 

25 structure although only two are shown herein. 
Yet another embodiment of the reinforcing structure 

according to· the tea~hings of the present invention is 

shown in FIGURE_S 5 and 6 in cross-section and plan views, 
respectively. Intermetal dielectric stacks 96 and 98 

30 underlie a bond pad 92, which is partially covered by a 

protective overcoat 94. Intermetal dielectric stacks 96 
and 98 include reinforcing structures 100 .md 102 

respectively. Reinforcing structure 100 in intermetal 
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dielectric stack 96 ;!..ncludes par~llel . reinforcing · 11ne·s 

which are.oriented preferably perpendicular~y with.parallel 
reinforcµtg lines .of: reinforcing structure 102 in 

·1~teniietal ·dielectric s~ck 9S. Accordingly, intermetal 
.5 dielec:tric stacks ·1n a seueonductor integrated circuit ~ay. 

have rei?l,forcing li~e.s ·oriented alternately ~i th respect" to · 
one another to provide improved mechanicar sfabillty and 

strength. It is further conte~lc:tted by the teachings of . . 

the· present invention to provide" for reinforcing. · lines 

10 oriented in a manner other than 90° in alternating layers. 
Referring to ·FIGURE 7, an alternate embodiment 110 of 

the preSel)t invention acearding to the teachings of the 

present invention is shown. Reinforcing structure pattern 

110 includes reinforcing lines forming a plurality of 
15 interconnected or unconnected nested rectangles or squares 

underlying the bond pad. 

FIGURE 8 shows yet another alternate embodiment 112 of 

possible reinforcing patterns according to the teac:hings of 

the present invention. Reinforcing structure 112 may 

20 include a plurality of nested unconnected ci.ccles or 

ellipses underlying the bond pad, as shown. A varj.ation on 

the nested circle structure 112 is an intercc.• .. 1.nected or 

~rosswise reinforced nested circle or ellipse r.g:.nforcing 

structure 114, as shown in FIGURE 9. A further variation 

25 is a circular or elliptical spiral reinforcing structure 

116 shown in FIGURE 10. It may be seen that the teachings 

of the instant invention further contemplates any iested or 

spiral, either connected or unconnected, configura1:i0n used 

for the reinforcing structure pattern. 
30 Referring to FIGURE 11, a reinforcing structure 118 

having a repeating connected honeycomb pattern js shown. 

Nature has shown that the honeycomb structure has superior 
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struc;:tural inteqr_i~y and st-ienqt~. an<:l .. would_ therefore 

substantially fortify_ the weak dielectric layers. 
. . . 

It may be seen _ ~rom abo:ve that the reinforcing 
- . 

structure may take on a variety of patterns. 
th.e--pattern may be· regu~ar a~d rep.eating, such 

!n general, 

as tl~e grid, 
-· . 

crucifix, honeycomb,· and nested- con~iqurations. The 

pattern may also have c9nnected or unconnected reinforcing 

elements. Nori~epeating patte.rns may _also be used. The 
. : 

reintorcinq structure pattern preferably occupies the 

entire or a substantial .area under the bond pad and allows 

the weak dielectric material to · fill the vacant areas 

between the-reinf~rcing lines of the reinforcing structure. 

Further, the composition of reinforcing structure may be 

the same as -the metalization in the corresponding metal 

15 layers. For example, the reinforcing structure may have a 

titanium nitride/titanium nitride/titanium bottom layer,_ an 

aluminwn middle layer, and a titanium. nitride top layer. 

Reinforcing structure may also be constructed of other 

conductive or semiconductive materials. 

20 It may be understood that the reinforcing structure of 

25 

30 

the instant invention is applicable to strengthen any bond 

pad with underlying weak dielectric layers so that it may 

'!fithstand stresses and forces imparted during any wire, 

solder, or other bonding processes, such as flip-chip 

bonding, ultrasonic bonding, thermosonic 

thermocompression bonding, solder bump or 
bonding, 

said bump 

bondings, and•pre-bondinq wafer probe operation. 

Accordingly, the teachings of the present invention 

includes any structure constructed substantially 

bond pad that mechanically reinforces the 

brittle and/or soft dielectric structures. 

within the 

underlying 
It is 

particularly advantageous when the reinforcing st~ucture is 
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compr~sed of an existing layer that already qoes through 
patterning, such as the 1nte~connect1ng.metal lines • 

. ·Although several embodiments of the_ present inve~tion 
and its advan~ages ha..ve·he~n _described in Qetail, it should 

5 b_e_ understood· tha~. ·mutations~ changes, substitutions., 
transforinations, modifications, variations, and alterations . . 

can be made therein with9ut depa~ting from the teachings of 

the ~resent invention, the ~p~rit ~nd scope ·of the 
invention beinq set forth . by the appended clai~ • · 
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.WHAT IS CLAIMED IS: .. 

1. A reinforcing system for a bond pad compr~sing: 
. . . ~ 

at least one dielectric layer disposed under the· bond 

pad;.and 

5 a reinforcing patterned structure di·sposed in the at 

least one ~electric layer •. 

2. The reinforcing system, as set forth in claj.m l, 

wherein ·the at least one dielectric layer includes· a weak 

10 organic dielectric layer. 

3. The reinforcing system, as set forth in cl~i~ 1, 

wherein the reinforcinq·patterned structure is constructed 

of reinforcing lines of a Jnaterial stronger than the 

15 dielectric layer. 

20 

4. The reinforcing system, as set forth in claim 1, 

wherein the reinforcing patterned structure is coustructed 

of interconnecting metalization lines. 

5. The reinforcinq system, as set forth in claim 1, 

wherein the at least one dielectric layer is at J.east one 

~ulti-layered dielectric stack. 

25 6. The reinforcing system, as set forth in claim 1, 

wherein the reinforcing patterned structure occupies a 

substantial .area under the bond pad. 

7. The reinforcing system, ·as set forth in claim 1, 

30 wherein the reinforcing patterned structure includes vacant 

areas filled by the dielectric layer. 

iiiifir 
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a. The reinforc~nq system, as se~ forth in claim 1, 
wherein the reinfo.rcinq patterned structure includes a grid 
pattern •. 

5 · 9. The reinforcing ·system,· a~ set .forth :in. claim 1, 

wherein the reinfc;>rcing patterned structure includes · a 

repeating cr\lcifix pattern. 

10. The reinforcing system; as set forth in claim 1, 
10 wherein the reinforcing patterned structure includes a 

honeycomb pattern. 

11. The reinforcinq system, as set forth in claim l, 

wherein the reinforcing patterned structure includes 

15 alternating layers having parallel lines oriented generally 

perpendicularly with one another. 

12. The reinforcing system, as set forth in claim 1, 

wherein the reinforcinq patterned structure includes a 

20 plurality of connected structural elements. 

25 

13. The reinforcing system, as set forth in claim 1, 

wherein the rein.forcing patterned structure includes a 

plurality of repeating structural elements. 

14. The reinforcing system, as set forth in claim 1, 
wherein the •reinforcing patterned structure includes a 

plurality of repeating non-interconnected structural 

elements. 

This Sheet Has Been Replaced 
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15. A.bond pad ~einforcing.system. ·~ompris1ng: 

a dielectric stack disposed under a bond pad; and 
a metal reinforcing patterned structure· .di.$po~ed in 

the. dielectric staqk~ 

16. The reinforcinq sys~em, as set forth in clailtl 15, 

wherein ·the dielect~ic stack coinprises multiple dielectric 

fayers with the metal reinforcing ·patterned .. structure 

disposed in .at least on.e dielectric layer therein. 

17. The reinforcing.system, as set forth in claim 15, 

wherein the reinforcing patterne9. structv.re $.ncludes a 

repeatinq interconnected pattern. 

18. The reinforcing system, as set forth in claitn. 15, 

wherein the reinforcinq patterned structure ·includes a 

repeating non-interconnected pattern. 

19. The reinforcing system, as set forth in claim 15, 

20 wherein the reinforcing patterned structure includes a 

plurality of nested patterns. 

20. The reinforcing system, as set forth in claim 15, 

wherein the reinforcing patterned structure includes a 

25 spiral pattern. 

21. The·reinforcing system, as set forth in claim 15, 
wherein the ~einforcing patterned structure includes 

alternating layers having parallel lines oriented 9enerally 

30 perpendicularly with one another. 

This Sheet lias Been Replaced 
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22. . A m.ethqd for rein,torcinq . a . bond . pad .j.n a 

semicondu~tor inteqr~ted cir~it, com~rtsin9 the steps of: 

formilig a ·r~inforcinq layer; .. · 

patterning the reinforcing layer in a predetermined 
. . . . : . . 

5 area into a predetermined pattern· having a plurality of 

vacant a;c:eas; 
forltling a dielectric layer above the patterned 

re.infor~inq. l_ayer, filling the va.can~ areas_ thei;~in; and 

f orminq a bond pad on the dielectric layer above the 
. . 

10 patterned reinforcing layer. 

15 

20 

25 

23. The method,_as set forth in claim 22, wherein the 

dielectric layer forminq layer comprises the steps of 

forming a weak dielectric layer. 

24. The method, as set forth in claim 22 1 wherein the 

patterning step comprises the step of patterning the 

reinforcing layer with a repeating and inter•:::onnected 

pattern. 

25. The method, as set forth in claim 22, wherein the 

patterning step comprises the step of patterning the 

.reinforcing layer with a repeating and non-interconnected 

pattern. 

26. The method, as set forth in claim 22, wherein the 

patterning step comprises the step of patterning the 

reinforcing layer with a nested configuration. 

30 27. The method, as set forth in claim 22. further 

comprising the step of repeating the reinforcing layer 

forming, patterning, and dielectric layer forming steps at 

least one time prior to forming the bond pad thereon. 

liiiU 


