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wmE BONPJNG OVER TIJE ACTIVE cmCUIT AREA OF AN 
INTEGRATED CIRCUIT DEVICE 

FJF.T,n OF TRE INVENTIQN 

'T'h;::- invention relat:es generally t.o wire bonding on an. integrated 

circuit device and, more particularly, to wire bonding with bonding pads 

Rt'T1lnged over the sictive cirenit 8l'P.8 of the devi~. 

BACKGROUND OF THE INVENTION 

Conventional int.egrat.ed circuit chips have bonding pads arranged 

peripherally outside of tho active circuit area. of tho chip. The bonding pads 

must be large enough to accommodat.e either ball bonding or stitch bondine" 

connections. The chip must bo large enough to accommodate the active 

drcuit area plus the additional area occupied by the bonding pads. Thus, 
bonding po.ds diso.dvont.o.gcously increase the size of the chip. 

Another problem with peripherolly nrrangcd bonding pads is that 

additional bus structure may be necessary to connect the bonding pads 'to the 
t.crminations of the o.cti.vc circuit. Such additional bus structure 
disadvantageously increases the cost and complexity o.i. the chip, and may 
deteriorate the speed of the chip due to incrcnscd interconnection length. 

In view of the foregoing di.so.dvantcges nssocio.tcd with peripheral 

bonding pads, att.empts have previously been made t.o fabricate integrated 
circuit chips with tho bonding pads or:rongcd directly over the active circuit 

area. This would reduce the size, cost and complexity of the chip. However, 
these previous attempt.a have encountered difficulties. For example, stray 
capacit.a.nces can develop between the bonding pads and the active circuit. 
Also, the rclo.tivcly brittle protective overcoat layer which covers the active 

circuit can be damafed by the impact and shearini; forces a.ssoci.ated with the 
wire bonding and plastic packaging process. In some cases these forces crack 
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the overcoat layer. In other cases the damage to the overcoat layer, although 

not severe enough to actually cause cracking, weakens the overcoat layer to 
the extent that. the conventional plastic overmolding process and variations 

in thermal expansion associated with t.emperature cycling subsequently 

cause cracking in the overcoat layer. 

It is therefore desirable t.o provide an integrated circuit chip which has 
bonding pads arranged over the active circuit area and which avoids 

problems such as those mentioned above. 

According to the present invention, wire bonding over the active circuit 

area of an integrat.ed circuit device is accomplished by providing a layer of a 

polyimide mat.erial in overlying relationship relative to the active circuit, 

depositing a bonding pad on the polyimide layer opposite the active circuit, 

connecting the bonding pad electrically to the active circuit, and bonding a 
wire to the bonding pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention are described below 
with reference t.o the appended drawings, in which: 

Figure 1 is a fragmentary cross-sectJ.onal view of an integrated circuit 

device embodying the present invention; 

Figure 2 is a fragmentary cross·secti.onal view showing an alternative 
arrangement of the bond pad of Figure l; 

Figure 3 is an elevational view of a bonding transducer which is part 
of a bonding apparatus used to make the wire bonds of Figures 1 and 2; and 

Figure 4 is a diagrammatic view of the bonding apparatus used to 

make the wire bonds of Figures 1 and 2. 
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PETATT.ED DESCIUETIQN 

An exemplary embodiment or the present invention iE> ~hown in 

Fil;!ure 1. The integrated cimtit device 10 includas an electrical circuit 11. A 

connecting arrangement 14 is provided for tilectrically connecting thP. 

electrical circuit 11 to an ext.am.al lead structure. Figure 1 illustzatea a 

single connecting arrnngement 14, but it will be understood that the 

integi.-altd circuit device 10 includes a plurality of such connecting 

arrangements 14. to accommodate the electrical cin.-uit 11. The electrical 
circuit 11 ~ an active circuit aT"P.a 13 which includes function.al circuit 
elements that are connect.cd t.c> the lead stmcture by cowiecii.u.g arrangement 
14. 

Connecting am:.wgement 14 includes P.TP.Ct:rically conductive metal 
layers 15 and 19 overlying the active circuit area 13 to provide elecLcical 
access to the functional cirt..1lit elements of active cirr:trit area. 13. 1n Figure 1, 

a lower metal layer 15 and an upper metal foyer 19 are arranged in ovedyiilg 

rcfo.tionahip relative to the acti.v~ circuit area 13. The low-er metal layer 15 is 

electrically connected to a desired circuit node of the active circuit area 13. 

An inter-level oxide layer 17 is interposed between the upper and lower 

metal layers 19 and 15. The upper met.al layer 19 is connected t;o the lower 

metal layer 15 by a conducwr 20 which ext.ends through layer 17. 'l'hus the 

upper metal layer 19 makes \1!·.ld:rical cont.net with the lower metal laye1· 15. 

A protective overcoat 21 is provided over the upper metal layer 19 ill 

overlying relationship relaLiv~ ta the electrical circuit 11. The overcoat 21 
may be. for en:mple, a 101000 aDgStrom layer of silicon nitride or silicou 

oxide. The overcoat layer 21 bB..l) a plurality of cont.act openines 25 provided 

therein, one nf which is shown in Figure L 

A lRyP.r of polyimide material 23 w provided aver the overcoat 21 ln 
overlying relationship relative Lo the electrical circuit lL 'f'hose skilled in 

the art will be familiar with polyimidG materials in general, because such 

materials have been wsed as protecLiv~ overcoats and conformal insulating 
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layers in prior art integrn.t.ed circuit devices. The polyimide layer 23 may be, 

for ex.ample, of the type BPDA-PDA (bisphenyldianhydride-phenyldiamine) 

The polyimide layer 23 has a plurality of contact openings 27 provided 

therein, one of which is shown in Figure 1. The polyimide layer 23 should 

preferably have the following exemplary parameters: a thickness of 3-6 

microns~ a relatively high modulus of elasticity, for ex.ample, approximately 

6-13 GPa; a relatively low coefficient of thermal expansion, for example, in a 

range of approximately 3-10 x 10-6 in/in/°C; and a low dielectric constant, for 

example, approximat.ely 3.0. An example of a commercially available 

polyimide which is suitable for practicing the invention is DuPont 2611 
Polyimide. 

Each cont.act opening 25 of the overcoat layer 21 is aligned with a 

COITesponding cont.act opening 27 of the polyimide layer 23, as illustrated in 

Figure 1. These aligned openings 25 and 27 are preferably not aligned with 
the conductor 20 which connects met.al layers 15 and 19. Metal conductors 

29 are provided in the aligned openings 25 and 27, one such conductor being 

shown in Figure L A plurality of bonding sites are provided on top of the 

polyimide layer 23. The bonding sites may be, for example, conventional 

aluminum bonding pads 31, one such bonding pad being shown in Figure 1. 

The bonding pad 31 must be electrically conductive, and various metal alloys 

can be used, for example, an aluminum alloy with 2% copper. 

The conductor 29 electrically contacts the bonding pad 31 either 

directly, as shown in Figure 1, or through a suit.able met.al conductor 37 
deposited on top of the polyimide layer 23, as shown in Figure 2. The 
conductor 29 ext.ends from the upper surface of the polyimide layer 23 toward 

the electrical circuit 11, and terminates in electrical cont.act with the upper 

metal layer 19. 

The integrat.ed circuit device 10 also includes a plurality of electrically 

conductive wires 33, one of which is shown in Figure 1. The wire 33 may be 

pure gold, a gold alloy, or some other met.al or metal alloy. The wire 33 

connects the bonding pad 31 to a lead structure. The wire 33 is bonded to the 
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bonding pad 31 by a wire bond 35. The wire 33 has an enlarged bond end 39 
which facilitates making the wire bond 35 to the bonding pad 31. 

The aforementioned structure of Figure 1 is encapsulated by a 

conventional resin molding compound 36 such as plastic. 

The polyimide layer 23 absorbs and controls the stresses transmitted 
to the overcoat 21 during wire bonding. The polyimide layer 23 is stifficiently 

rigid to permit successful wire bonding, and is also sufficiently elastic to 

avoid cracking or otherwise damaging the overcoat 21 or the polyimide layer 
it.self during the wire bonding operation. Thu.s1 subsequent plastic 
overmolding and temperature cycling will not result in cracking of the 
overcoat 21 or the polyimide layer 23. The polyimide layer 23 has a 
relatively low di.electric constant and a relatively large thickness, and this 

combination limits capacitive int.eraction between the bonding pads 31 and 

the underlying electrical circuit 11. 

The wire bonding operation is significantly less likely to damage the 

overcoat 21 if high frequency bonding is used. A suit.able high frequency 

wire bonding operation can be accomplished as described below. 

A bonding apparatus 41 used to make the wire bonds 35 is illustrated 

diagni~tically in Figure 4. The bonding apparatus 41 utilizes high 

frequency (100 kHz and above) ultra.sonic energy. The apparatus 41 includes 
a capillary 43, a transducer 45, a high frequency ultrasonic energy source 47, 
a thermal source 49, a pressure source 51, and a control section 53. 

The capillary 43 acts as a conduit for the wire 33 and, during the 

bonding process, imparts pressure and ultrasonic energy at the wire bond 35. 

The structure and operation of the capillary 43 is well known in the art. 

Referring t.o Figure 3, the transducer (or hom) 45 is about ten 
centimeters long and includes four piezoelectric cryst.als 55 on the tail end 57 
thereof. The ttansducer 45 also includes a body portion 59 and a tapered 
front end portion 61 having a tool clamp point 63 where the capillary 43 is 
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mounted. The drective length L of the transducer 45 should be set so that 
the tool clamp point 6.~ is at the optimum position for :inipartini high 

frequency ul.Lrasonic energy. 

Once the ultrasonic bondinff frequency hrus been selected, the 
transducer 45 can be designed l.o have an effective length T • equal to, fur 
example, 2.25 wavelengths of the ultrasonic energy. Thus, the effective 
length L of the transducer 45 depends upon the select.ed frequency. 
Referring again to Figure 4, the enP.rgy source 4 7 is designed to pro..,ide an 
AC signRl at the desired frequency. The energy source 47 is connected to the 
piezoelectr:ic crystals 55 of b'igure !i in a conventiu.ual manner so that the AC 
sienru is applied to Lhe crystalg. The lll.trasonic frequeTicy at the wire ho.ad 
interface between the bond And 39 and the Lo.ad pad 31 IIUly differ slightly 
from the freque.acy of the AC signal provided by enel'f!Y source 4 7, as is well 
known in the art. 

The the.rm.al sot1rr.e 49 is conventional and provides thermal energy at 
the wire Loild 35 to facilitate tho bonding process. 'T'he pressure source :31 is 
conventional and pmvides pressure (mashing) to the wire bond 35 via the 
capillary 43. 

The wire bonding operation begins by heating the wire 33 Lo form the 
bond end :iY as i~ well known in the arl. The bond end 39 is then brought 
inLo contact witb. the bonding pad 31 so as to prei:;ent between th~ bond end 
39 and the bondi!'lg p;1.d 31 an interface where the bonding will occur. The 
thenual source 49 applies heat as required., while the capillary 43 .JJositions 
and secures thP. bond end 39 at Lhe bonding pad 81, the transducer 45 

provides the high frequency ultrasonic energy, and the prets::sure source 51 
applies ma8hing force via the capillary 43. It will be apparent t.o thoi:.e 

skilled in the art that all of the steps of the bonding operatiuIJ. ca.u be suit.ably 
controlled hytb.e control sectiun 53. 

At a frequency of approximately 114 kHz, for example, aC('.P.pta.ble 

bonding can be achieved at temperatures from approximately 1750C 
throueh approximat.ely 280°C and beyond, with a bonding time of 
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approximately 5 ms. Higher frequenciea permit bonding at lower 

temperatures. For example, a 350 kHz freqnency has produced acceptable 

bonds at 27°C. Lower bonding t.emperatures will help limit the thermal 

expansion of the poly.imide layer~ during bonding. 

The high frequency operation described above re4uices a redu.ction in 

the number of pleioelectric cryat.als forming tho mot.or of the bonding 

transducer. Thus, the tran~ncer 45 of Figure 3 Las fewer piezoelectric 

crystals 55 than conventional tn:msducers which operate Rt lower 

frequencies. Due t.o thi~ reduction in the n~r of crystals, a higher power 

ouLµuL .i5 required to achieve optimum bonds. More sp~fically, ultrasonic 

power is generally in the ran2'e of 80-250 mW for most low frequency (below 

100 kHz) transducers, while the high frequency 000 kHz and above) 

transduCP.r 4S has a typical range of lfi0·300 mW. 

An important factor which i:ilrects the high frequency ultrasonic power 

output is the impedance of transducer 45_ For example. at frequencle::; aLov·e 

100 'kH%. transducer 45 can 1.J~ operated at 18 ohms(+/- 6 ohms) illlpedance 

when installed in a bondhaad assembly_ 

The above-described high frequency, low temperature wire boucliug 

operation may be acbiev~ for example, by modifying a conventional Abacus 

m bonder o.s necessary to carry out the type of operation described aLuve. 

The Abacus ill bonder ls IlU:illufactured by Texas Instruments Incorporated 

of DaJ.lru;, Texas. Further discussion of high frequency ultrasonic 1.Joudiug 

can be found in the afuremeutioned copending applica.tions incorporated by 

reference. 

AB an alternative to the b'i.gure 1 structure. it has also been fouud that 

acceptable bonding over the active circuit 13 can. be accomplished in the same 

general manner described above but omitting the overcoat 21 from the 

integrated circuit device 10. In this alternative cmbodimont the polyimide 

foyer 23 is provided directly on t.op ofthP. upper metal layer 19. 
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Although exemplary embodiments of the invention are described above 

in detan. this description is not U> be construed as limiting because the 
invention can be practicod in a. variety of embodiments. 
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WHAT JS CLAIMED TS: 

1. A method of effecting wire bonding over an active circuit of an 
integrated circait device, comprising the steps of 

providing a layer of a polyimid.e material in overlying 

relationship rcl.o.tive t.o the active circuit; 
depositing a bonding pad nn the polyimide layer opposite 

the active circuit; 
connectin&' the bonding pad elect:riC'.ally t.o the active 

circuit through. the polyimidc layer; and 

'bonding a wire to the bonding pad. 

2. A method accu.riling w Claim l, wherein said wire bonding !=!t.Ap 
includes operating a bonding transducer at a frequency of at least 100 
kHz. 

3. A method according tu Claim 1 or Claim 2. further comprising 
providing the polyimide layer havillg a modulus of elasticity in a range 
of approximately G-13 GPa . 

4. A method acronli.ug to any p~ claim. .further comprising 
providing the polyimide layer having a coefficient of thermal 
expansion in 0. lQ.Uj;e of approximately 3 x 10·6 to 10 x 10-6 :infm/°C. 

5. A method acconliug to any Precedine- claim. further comprising 
providing the poJ.yjm.ide layer having a thickness in a range of 
approximat.ely 3 to 6 w.icroru; and ha~ a dielectric constant of 
approximately 3. 

fl. A method according to any preceding claim, wherein said 
CO%lllecting step includes Llu:: 1)1.ept> of providine- in the polyimide layer a 
thmugh opening which extends through the polyimidc layer, o.nd 
placing in the opening an electrical condu<.tor which extends through 
the opening ~md t.enni.na.tes in electrical contact with the active circuit. 
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7. A method according to any preceding claim, further comprising 

providing the wire made from. gold. 

8. A method of making an int.egra.t.ed circuit, comprising: 

9. 

providing an active circuit; 

providing a layer of a polyimide mat.erial in overlying 

relationship relative to the active circuit; 
depositing a plurality of bonding pads on the polyimide 

layer opposit.e the active circuit; 

connecting the bonding pads electrically tD the active 

circuit through the polyimide layer; 
bonding a plurality of wires respectively to the bonding 

pads; and 
molding an encapsulant onto the polyimide layer, the 

bonding pads and the wires. 

An integrated circuit device, comprising: 

an active circuit; 
a layer of polyimide mat.erial disposed m overlying 

relati.onsbip relative to said active circuit; 

a plurality of bonding pads deposited on said polyimide 

layer, said polyimide layer being interposed between said acfiye 

circuit and said bonding pads, said bonding pads being 

eledrically connected to said active circuit through said 
polyimide layer; and 

a plurality of wires for connecting said bonding pads to a 

lead stnicture~ each said wire having an enlarged bond end 
which is bonded to a respective said bonding pad. 

10. An integrat.ed circuit according t.o Claim 9, wherein said 
polyimide layer has a plurality of through openings therein for 

permitting electrical connection of said active circuit to the respective 

bonding pads, and including a plurality of electrical conductors 

respectively provided in said through openings, said electrical 
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conduct.ors being electrically connected to the respective bonding pads 

and extending through the respective through openings to terminate 
in electrical cont.act with said active circuit, and an encapsulant 
molded ont.o said polyimide layer, said bonding pads and said wires. 

11. An integra.t.ed circuit according t.o Claim 9 or Claim 10, wherein 
said bonding pads are disposed in overlying relationship relative t.o the 
respective electric:il conductors. 

12. An integrated circuit according to any of Claims 9 to 11, wherein 
the polyimide layer bas a modulus of elasticity of at least 
approximately 6 GPa. 

13. An integrated circuit according t.o any of Claims 9 to 12, wherein 
the polyimide layer bas a coefficient of thermal expansion in a range of 
approximately 3 x 10·6 to 10 x 10-6 inflDl°C 

14. An integrated circuit according to any of Claims 9 to 13, wherein 
the polyimide layer has a thickness in a range of approximately 3 to 6 
microns, and has a dielectric con.st.ant of approximately 3. 

15. An integrated circuit according t.o any of Claims 9 to 14, 
including a protective overcoat layer interposed betwee::. said active 
circuit and said polyimide layer, said overcoat layer being one of a 

silicon nitride material and a silicon oxide mat:erial. 
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