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ETCH/CLEAN PROCESS FOR INTEGRATED CIRCUIT PAD METAL 

BACKGROUND OF THE INVENTION 

(l) Field of the Invention 

The invention relates to a method of etching 

an opening to metal bonding pads, and more particularly, to a 

method of etching an opening to metal bonding pads -here 

corrosion and fluorine contamination of the metal bonding 

~ pads is reduced in the manufacture of integrated circuits. 

(2) Description 0£ the Prior Art 

In the fabrication of integrated circuit,, 

various semiconductor devices and interconnections are 

fabricated in multiple layers on a semiconductor substrate. 

The final metallization layer includes bonding pads which are 

typically located on the periphery of the integrated circuit. 

The integrated circuit chip'~external wiring is bonded to 

these metal bond~nq pads. Before this external wiring is 

connected, the metal bonding pads underlying a passivation 

layer must be exposed with a contact etch through the 

passivation layer and subsequent cleaning steps to remove 

pbotoresist residues and etch polyiners. 
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The etch and clean steps significantly degrade 

the quality of the aluminum pad metal. The etch process 

causes fluorin~ contamination of the aluminum which 

inter£eres with aluminum oxide growth as well as causing high 

resistance during wafer probe and yie1d variability. The 

clean steps cause and accelerate galvanic corrosion of the 

aluminum. pad metal at grain boundaries where copper 

p~ecipitates exist. The galvanic corrosion creates pits in 

the metal surface. These pits will qrow and propagate 

'-. through the aluminum layer as the corrosion proceeds, a .... 
significant issue Ui>r wafer -storage. The corrosion is a 

........ 
quality and reliability problem for both wir~~onded and 

bumped pads. ~ 

Workers in the art have sought to avoid or 

reduce the problems of chlorine or fluorine contamination 

andseorrosion. U.S. Patent 5,376,235 to Langley teaches 
If' 

cleaning the metal bonding pad after etching with a solution 

of de-ionized water and phosphoric acid to remove fluorine 
..... 

residue. U.S. Patent 5,930,664 to Hsu et al teach.es a method 

of first etching the passivation layer, then etching throuqh 

the ARC "layer, then forJD.ing a polymex over the metal bo~ding 

pad for protection. U.S. Patent 6,001,538 to Chen et al 

discloses a two-step etching process to form an openin~ to a 

bonding pad. U.S. Patent S,S40,812 to Kadomura shows an 
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aluminlUll etchinq process using various methods to prevent 

corrosion caused by chlorine contamination. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is 

to provide an effecti~e and ~ery manufacturable method of 

etching an opening to a bondinq pad. 

Another object of the present invention is to 

provide a method of etching an opening to a bonding pad .... .,. 

wherein corrosion is .. eliminated . 

..... , .. 

A further object of the-1resent invention is 
...... 

tq. provide a method of etching an opening to a bonding pad 

~-wherein cor~osi,,e~ is elimil\fted and f1uorine contamination 

is reduced. 

.... 
Yet anoth~r object of the present invention is -· .,.. 

to provide a method of etchinq an opening to a bonding pad 

wherein corrosion is eliminated and fluorine contamination 

is reduced by adding a hard mask protective layer over the 

passi~ation layer and by removing the anti-reflective 

coating layer over the bonding pad after all other etching 

and cleaning has been completed~ 
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In accordance with the objects of this 

invention a new method of etching an opening to a bonding pad 

wherein corrosion is eliminated and fluorine contamination 

is reduced is achieved. A metal bonding pad is provided 

over1ying an insulating layer on a semiconductor substrate. 

1Ul anti-reflective coating (ARC) layer is deposited o~erlying 

the meta1 bonding pad. A passivation layer is deposited 

overlying the ARC layer. A hard mask layer is deposited 

overlying the passivation layer. A photoresist mask is 

~ formed overlying the bard mask layer having an opening where 

the contact opening t? the metal bonding pad is to be made. 

The bard mask layer and passivation layer not covered by the 

pbotoresist mask are etched through, s'fbpping at the ARC 

layer. Thereafter, the photoresist mask is removed and the 

opening is cleaned.-r-The ARC layer protects the metal bonding~ 

pad during these steps. The ARC layer within the opening is 

etched away wherein the hard mask layer overlyinq the 

passivation layer prevents erosion of the passi~ation layer 

thereby preventing contamination of the metal bonding pad to 

complete opening a contact to a metal bondinq pad in the 

fabrication of an integrated circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings f orminq a 

m.ateria1 part of this description, there is shown: 

Figs. 1 through 6 schema.tical1y illustrate in 

cross-sectional· representation a preferred embodiment of the 

present invention. 

DESCRIPTION OF '!'HE PREFERRED EMBODIMENTS 

The novel method of forming a contact to a 

metal bondinq pad where corrosion is eliminated and fluorine -.. contamination is reduced will be described with reference to 

the drawing fi9Ulijl· It will be understood by those skilled -
in the art that the process of ~pe invention should not be 

limited to the embodiment shown herein, but can be applied 

and extended to othex various materials and applications • 

.. 
Referring now more particularly to Fig. 1, 

...... 
there is illustrated a portion of a partially completed 

integrated circuit. 
~ 

Semiconductor substrate 10 is preferably 

composed of monocrystalline silicon. Semiconductor device 

structures, such as gate eiectroCles and associated source axid 

drain regions and multiple levels of interconnection lines, 
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not sbown. are fabricated in and on the semiconductor 

substrate. These underlying devices and ~ayers are included 

in the layer labeled 14 in Fiq. 1. An insulating- layer 

within 14 covers the underlying layers. 

Now, the topmost metal 1ayer is to be formed. 

The bonding pads will be formed in this topmost metal layer. 

The present in~ention is a process flow for etching an 

opening to the metal bonding pad and cleaning the opening so 

~. as to eliminate pad pitting, caused by corrosion, and 

significantly to reduce f1uorine contamination that resn1ts 

from etchinq and cleanin9. This will improve significantly 

the quality of the metal pad. Reducing the fluorine content 

on the surface of the pad metal results in a higher quality 

pad metal surface with improved nat~ve oxide uniformi.ty which 

is highly des1rable for improved yield at wafer probe, •.. .... 
improved yield in solder bump processing, and ·extended wafer 

storage. 

The metal layer 20, typically aluminum or 

aluminum with copper and/or silicon is deposited over the 

topmost insulatinq layer in layer 14. A bar~ier layer, not 

shown, may be deposited undexlying the metal layer 20. The 

aluminum layer 20 is deposited by sputtering or chemical 

vapor deposition (CVD) to a thickness of bet~een about 5000 
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and 18,000 Anqstroms. An antireflective coating (ARC) layer 

22 of titanii.mt nitride, titanium tungsten, or one of several 

organic or inorganic ARC materials is'deposited overlying the 

metal layer 20 to a thickness of between about 100 and 500 

Angstroms. 

Now, a passivation layer 26 is deposited over 

the ARC layer 22. The passivation 1ayer may comprise siiicon 

nitride or a combination of high density plasma (HDP) silicon 

~. oxide and silicon nitride or tetreaethoxysilane (TEOS) oxide. 

The passivation layer typically has a thickness of between 

about 5000 and 20,000 Angstroms. 

Now, the novel process steps of the present 

invention will be describad. Referring now to Fig. 2, a hard 

mask layer 30 is deposited over the passivation layer. This 

hard mask layer may comprise titanium nitride, titanium 

tun9$ten, or one of several organic or inorganic ARC 

materials commonly used in the industry and have a thickness 

of between about 100 and 500 Angstroms. The hard mask layer 

may or may not comprise the same material as the ARC layer 

22. 

Referring now to Fig. 3r a layer of 

photoresist is coated over the hard mask layer 30 and is 
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exposed and developed to form the photoresist mask 35, having 

an opening where the contact to the metal bonding pad is to 

be made. 

Now, a plasma etch is perfor~ed to etch 

through the hard mask layer 30 and the passivation layer 26, 

stopping at the buried ARC layer 22, as shown in Fig. 4. For 

example, a low pressure p1asma etch may be employed, 

typically at 350 &Torr pressure with an etch environment 
-

~ comprising CHF3, CF,, and argon gases, pro~ortioned by flow 

rate, typically 10 seem. CHFs, 70 seem CFa, and 900 seem Ar. 

The etch is either timed to stop on the underlying ARC layer 

or stopped by endpoint detection means commonly used in the 

industry. 

The ARC layer 22 serves as a protective film 

over the metal surface, preventing fluorine contamination and 

corrosion pitting during the passivation etch. 

The photoresist mask is stripped using, for 

example, o~/CF, plasma ashing, as shown in Fig. 5. This step 

is followed by a cleaning step to remove resist residues anQ 

etch pol~ers. The cleaning step may comprise a wet 

chemistry organic solvent; for example, EKC265 fo~ 10 

minutes, fol1owed by isopropyl alcohol (XFA) for 400 seconds, 
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followed by a de-ionized water rinse with COa aqitant for 390 

seconds. Alternatively, a developer clean, such as Tetra­

Meth~l-Ammonium-Hydrogide (TMAH) may be used for 10 to 60 

seconds. The ARC layer also provides protection for the 

metai la~er during the photoresist stripping and wet cleans. 

After the clean step, a second plasma etch is 

_performed to rel'Oove the ARC layer 22 within the opening. 

When the underlying ARC layer comprises titanium nitride, the 

~. same chemistry etch recipe is used as described abo~e for the 

first plasma etch step with end point detection on the 

aluminum pad metal. Fluorine chemistxy is not necessary in 

this case. 

For the preferred embodiment, which teaches 

titanium nitride as the hard mask, it is neceS$ary that the 

second plasma etch completely relllOve both the un.derlying ARC 

layer 22 and the hard mask layer 30 simultaneously, as shown 

in Fig. 6. However, this requirement does not necessarily 

apply to other materials that can serve as the hard mask. In 

some cases, it may be de~irable to leave some of all of the 

hard mask behind after complete etch of the underlying ARC 

fi1m exposing the metal surface. 
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In eithe~ case, the hard ltlask layer 30 

prevents erosion of the passivation layer during etching away 

of the ARC layer 22. Silicon nitride passi~ation has 

approximately a io:l higher etch rate than does titanium 

nitride, so significant erosion would occur if the 

passi~ation layer were not protected by the hard mask layer 

during etching. 

Now, the metal bonding pad exposed' within the 

~. contact opening may be alloyed as usual and processing 

continues to make connections to the bonding pad, such as by 

wire bonding, solder bump processing, or the like, not shown. 

The process of the present invention provides 

an effective method for opening a contact to a metal bonding 

pad wherein pad pitting is eliminated and fluorine 

contamination is greatly reduced. Adding a hard mask layer 

over the passivation layer and retaining the ARC layer over 

the metal bonding pad until just before alloying achieves 

the hi't'h quality metal bonding pad of the present invention. 

While the invention has been particularly 

shown and described with reference to the preferred 

embodiments thereo£, it wi11 be unde~&tood by those skilled 

in the art that various changes in form and details .may be 
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made without departing from the spirit and scope of the 

invention. 

What is claimed is: 
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to, 10 

1. A method of opening a contact to a metal bondinq pad 

in the fabrication 0£ an integrated circuit coaprising: 

providinq a metal bonding pad overlying an 

insulating layer on a semiconductor substrate; 

depositing an anti-reflective coating (ARC) layer 

o~er1ying said metal bonding pad; 

depositing a passivation layer overlyinq said 

ARC layer; 

depositing a hard mask 1ayer overlying sa~d 

passivation layer; 

fo~ming a photoresist mask over1ying said hard mask 

layer having an opening where said contact opening to 

said metal bonding pad is to be made; 

etching through said hard mask layer and said 

15 passivation layer not covered by said photoresist 

mask and stopping at said ARC layer; 

thereafter removing said photoresist mask and 

cleaning said opening wherein said ARC layer protects 

said metal bonding pad; and 

20 thereafter etching away said ARC layer within said 

opening wherein said ha.rd mask layer overlying said 

passivation layer prevents erosion of said passivation 

layer thereby preventing contamination of said metal 

bonding pad to complete opening said contact to said 

25 metal bonding pad in said fabrication of said integrated 

12 
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circuit. 

2. The method according to Claim 1 wherein said 

semiconductor substrate includes semiconductor de~ice 

structures such as gate e1ectrodes, source and drain 

regions, and ~nterconnection lines underly1ng said 

insulating 1ayer. 

3. The method according to Claim 1 wherein said metal 

bonding pad comprises aluminum.. 

4. The method according to Claim 1 ~herein said metal 

bonding pad comprises one of the group containing 

aluminum, aluminlllD-copper, alwninum-silicon, and 

aluminum-copper-silicon. 

5. The method according to Claim 1 further comprising 

depositing a barrier metal layer underlying said metal 

bonding pad. 

6. The method according to Claim 1 wherein said ARC 

layer comprises one of the group containing: titaniwn 

nitride, titanium tungsten, or~anic ARC materials, and 

ino~ganic ARC matarials and has a thickness of bet~een 

about 100 and 500 Angstroms. 

· 1:111111Mlllltlllll 11111:111111'. 
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7. The method according to Claim 1 wherein said 

passivation layer com.prises silicon nitride having a 

thickness of between.about 5000 and 20,000 Angstroms. 

8. The method ac~ording to Claim l wherein said 

passivation layer comprises high density plasma oxide 

and silicon nitride havinq a combined thickness of 

between a.bout 5000 and 20,000 Angstroms. 

9. The method according to Claim 1 wherein said hard 

mask 1ayer comprises titanium nitride, titanium. 

tungsten, and orqanic ARC ma~erials and has a thickness 

of between about 100 and 500 Angstroms. 

10. The method according to Claim l wherein said step of 
• 

etching through said hard inask layer and said 

passivation layer comprises a plasma etch using CRF>, 

CF ... , and Ar chemistry. 

11. Tha method according to Claim 1 wherein said step of 

removing said photcresist mask comprises stripping said 

photoresist mask using o~/CF4 plasma ashing. 

12. The method according to Claim 1 ~herein said step of 

cleaning said opening comprises a wet chemistry organic 

# 19/ 30 
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solvent. isopropyl alcohol, and de-ionized water rinse. 

13 .. The method according to Claim 1 ~herein said step of 

etching away said ARC laye~ within said opening 

comprises a plasma etch using CHF3, CF,, and Ar 

chemistry. 

14. The ~ethod ~ccording to Claim 1 wherein said step of 

etching away said ARC layer within said opening 

simultaneously etches away said hard mask layer 

overlying said passivation layer. 

15. A method of opening a contact to a metal bonding pad 

in the fabrication of an integrated circuit comprising: 

providing semiconductor devices structures in and 

en a seJlli.conductor substrate wherein said semiconductor 

5 device structures are covered by an inSulating layer; 

depositing a metal bonding pad overlying said 

insulating layer; 

depositing an anti-reflective coating (ARC) layer 

overlying said metal bonding pad; 

10 dep~siting a passivation layer overlying said ARC 

layer; 

depositing- a hard mask 1ayer ovarlyinq said 

pass~vation layer; 
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forming a photoresist mask overlyinq said hard mask 

15 layer having an opening where said contact opening to 

said metal bonding pad is to be made; 

20 

etching throuqh said hard mask layer and said 

passivation layer not covered by said photoresist mask 

and stopping at said ARC layer; 

thereafter removing said photoresist mask and 

cleaning said opening wherein said ARC layer protects 

said metal bonding pad; and 

thereafter etching away said ARC layer within said 

opening wherein said hard ~sk layer overlying said 

25 passivation l'ayer prevents erosion of said passivation 

layer thereby preventing contam.ination of said metal 

bonding pad to complete opening said contact to said 

metal bondinq pad in said fabrication of said integrated 

CiX'CUit. 

16. The method accordinq to Claim 15 wherein said 

semiconductor device structures comprise gate 

electrodes, source and drain regions, and 

interconnection lines. 

17. The method according to Claim 15 wherein said metal 

bonding pad comprises one of the group containing 

16 
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aluminum., alum.inum~copper, alum.inum-si1icon, and 

aluminum-copper-silicon. 

18. The method according to Claim 15 further comprising 

depositing a barrier metal layer underlying said metal 

bonding pad. 

19. The metho~ according to Claim 15 wherein said ARC 

layer comprises titanium nitride, titanium tungsten, 

~. organic ARC materials, and inorganic ARC iaateri~ls and 

has a thickness of between about 100 and 500 Angstroms. 

20. The method according to Claim 15 wherein said 

passivation layer comprises silicon nitride havinq a 

thickness of between about 5000 and 20,000 Angstroms. 

21. The method according to Claim 15 wherein said 

passivation layer comprises high density plasma oxide 

and silicon nitride ha~inq a combined thickness of 

between about 5000 and 20,000 Angstroms. 

22. The method ·according to Claim 15 wherein said hard 

mask layer comprises titan.illltl nitride, titanium 

tungsten, and organic ARC materials and has a thickness 

of between about 100 and 500 Angstroms. 
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23. The •e~hod according to C1aim 15 wherein said step 

of etching through sa1d hard •ask layer and said 

passivation 1ayer comprises a plasma etch using CHF3, 

CF4, and Ar chemistry. 

24. The method according to Clai~ 15 wherein said $tep 

of remo~ing said photoresist mask comprises stripping 

said photoresist mask using 02/CF, plasma ashing. 

25. The method according to Claim 15 wherein said step 

of cleaning said opening comprises a wet chemistry 

organic solvent, isop~opyl alcohol, and de-ionized water 

rinse. 

26. The method according to Claim 15 wherein said step 

of etching away said ARC layer within said opening 

comprises a plasma etch using CHF3, CF,, and Ar 

chemistry. 

27. The method according to Claim 15 wherein said step 

of etching away said ARC layer within said opening 

simultaneously etches away said hard mask layer 

over1ying said passivation 1ayer. 

111111111111111111111111111111 
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28. A method of opening a contact to an allln'linum bonding 

pad in the fabricat1on of an integrated circuit 

comprising: 

providing semiconductor devices structures in and 

S en a semiconductor substrate wherein said semiconductor 

device structures are covered by an insulating iayer; 

depositing a aluminum bonding pad overlying said 

insu1ating layer; 

depositing an anti-reflective coating (ARC) layer 

10 overlying said aluminum bonding pad; 

15 

depositing a silicon nitride passivation layer 

overlying said ARC layer; 

depositing a titanium nitride layer overlying said 

passiYation layer; 

forming a photoresist mask overlying said titanium 

nitride layer having an opening where said contact 

opening ta said aluminum banding pad is to be lllade; 

etching. through said titanium. nitride 1ayer and 

said passivation layer not co~ered by said photoresist 

20 mask and stopping at said ARC layer; 

thereafter removing said photoresist mask and 

cleaning said opening wherein said ARC layer protects 

said alu.minu.m bonding pad; and 

thereafter etching away said ARC layer within said 

25 opening wherein said titanimu nitride layer overlying 

,,..,, 
--· 
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said passivation 1ayer p;revents erosion of said 

passivation layer thereby preventing contamination of 

said alum.inum bonding pad to complete opening said 

contact to said aluminum bonding pad in said fabrication 

30 of said inteqrated circuit. 

29. The method according to Claim 28 wherein said 

semiconductor device structures comprise gate 

electrodes, source and drain regions, and 

interconnection lines. 

30. The method according to Claim 28 wh'l°rein.said ARC 

layer comprises titani\IID. nitride having a.thickness of 

between about 100 and 500 AngstroJOS. 

·~ 

31. The method according ~o Claim 28 wherein said step 

of etching through said titanium nitride layer and said 

passivation ~ayer comprises a plasma etch using CHF3, 

CF,, and Ar chemistry. 

32. The •ethod according to Claim 28 wherein said step 

of removing said photoresist mask comprises stripping 

said photoresist •ask using Oa/CF, plasma ashing. 
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33. The me~hod according to Claim 28 wherein said step 

of cleaning sa~d opening comp~ises a wet chemistry 

organic solvent, isopropyl alcohol, and de-ionized water 

rinse. 

34. The method according to Claim 28 wherein said step 

of etching away said ARC layer within said openinq 

cheaistry. 

35. The method according to Claim 28 wherein said step 

of etching away said ARC laye~ within said opening 

simultaneously etches away said titanium nitride layer 

overlying said passivation layer. 
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