
Claims: 

1. A method of making an electronic device, the method comprising: 

providing a substrate; 

electrolessly depositing a barrier metal at least over portions of the substrate; 

and 

electrolessly depositing a substantially gold-free wetting layer having solder 

wettability onto the barrier metal. 

2. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer is accomplished using an electroless deposition formulation 

comprising borane. 

3. The method of claim 1, wherein the providing a substrate comprises providing a 

substrate comprising one or more electrical contact pads and wherein the electrolessly 

depositing a barrier metal at least over portions of the substrate comprises depositing the 

barrier metal onto the one or more electrical contact pads. 

4. The method of claim 1, wherein the electrolessly depositing a barrier metal at 

least over portions of the substrate comprises depositing a barrier metal that comprises 

cobalt. 

5. The method of claim 1, wherein the electrolessly depositing a barrier metal at 

least over portions of the substrate comprises depositing the barrier metal to a thickness 

of 0.2 micrometer to 1 micrometer and all values and ranges subsumed therein. 

6. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing tin. 

7. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing silver or a silver alloy. 
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8. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing silver tungsten alloy with 3-4 

atomic percent tungsten. 

9. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing cobalt tin alloy, cobalt copper 

alloy, cobalt silver alloy, cobalt copper tin alloy, cobalt copper silver alloy, cobalt silver 

tin alloy, or cobalt copper silver tin alloy. 

10. The method of claim 9, further comprising incorporating boron and/or 

phosphorus in the substantially gold-free wetting layer. 

11. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing nickel copper alloy, nickel silver 

alloy, nickel copper silver alloy, nickel copper tin alloy, nickel silver tin alloy, or nickel 

copper silver tin alloy. 

12. The method of claim 11, further comprising incorporating boron and/or 

phosphorus in the substantially gold-free wetting layer. 

13. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing iron tin alloy, iron copper alloy, 

iron silver alloy, iron copper tin alloy, iron copper silver alloy, iron silver tin alloy, or 

iron copper silver tin alloy. 

14. The method of claim 13, further comprising incorporating boron and/or 

phosphorus in the substantially gold-free wetting layer. 

15. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing a thickness of nickel alloy having a 

first composition and a thickness of nickel alloy having a second composition. 
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16. The method of claim 1, wherein the electrolessly depositing a substantially gold- 

free wetting layer comprises electrolessly depositing a thickness of cobalt tin alloy 

having a first composition and a thickness of cobalt tin alloy having a second 

composition. 

17. The method of claim 1, wherein the electrolessly depositing a barrier metal at 

least over portions of the substrate; and the electrolessly depositing a substantially gold-

free wetting layer having solder wettability are accomplished using an electroless 

deposition bath composition in a temperature range to deposit the barrier metal and 

using the electroless deposition bath composition in another temperature range to 

deposit the wetting layer. 

18. A method of making an electronic device, the method comprising: 

providing a substrate comprising one or more electrical contact pads and/or one 

or more through-substrate via conductors; 

electrolessly depositing a barrier metal comprising at least one of the elements 

nickel and cobalt to a thickness of 0.2 micrometer to 1 micrometer and all values and 

ranges subsumed therein at least over portions of the one or more electrical contact pads 

and/or the one or more through-substrate via conductors; 

electrolessly depositing at least one of: 

1. tin or a tin alloy; 

2. silver tungsten alloy with 3-4 atomic percent tungsten; 

3. cobalt tin alloy, cobalt copper alloy, cobalt silver alloy, cobalt copper tin 

alloy, cobalt copper silver alloy, cobalt silver tin alloy, or cobalt copper silver tin alloy; 

4. nickel copper alloy, nickel silver alloy, nickel copper silver alloy, nickel 

copper tin alloy, nickel silver tin alloy, or nickel copper silver tin alloy; 

5. iron tin alloy, iron copper alloy, iron silver alloy, iron copper tin alloy, iron 

copper silver alloy, iron silver tin alloy, or iron copper silver tin alloy; 

6. a thickness of nickel alloy having a first composition and a thickness of nickel 

alloy having a second composition; 

7. a thickness of cobalt alloy having a first composition and a thickness of cobalt 

alloy having a second composition; and 
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8. a thickness of iron alloy having a first composition and a thickness of iron 

alloy having a second composition; 

to contact the barrier metal so as to form a substantially gold-free wetting layer 

having solder wettability; and 

forming a solder contact to the substantially gold-free wetting layer. 
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What is c 	imed is: 

5 1. A method • making an electronic device, the method comprising: 

providing .; substrate; 

electrolessl 	depositing a barrier metal at least over portions of the substrate; 

and 

electrolessly depositing a substantially gold-free wetting layer having solder 

10 wettability onto the barrie metal. 

2. The method of claim 1, w -rein the electrolessly depositing a substantially gold-

free wetting layer is accomplish d using an electroless deposition formulation 

comprising borane. 

15 

3. The method of claim 1, wherein the •roviding a substrate comprises providing a 

substrate comprising one or more electrkal contact pads and wherein the 

electrolessly depositing a barrier metal at East over portions of the substrate 

comprises depositing the barrier metal onto t •e one or more electrical contact pads. 

20 

4. The method of claim 1, wherein the providing 	substrate comprises providing a 

substrate comprising one or more through-substrat- via conductors and wherein the 

electrolessly depositing the barrier metal at least over •ortions of the substrate 

comprises depositing the barrier metal onto the one or 	ore through-substrate via 

25 conductors. 

5. The method of claim 1, wherein the providing a substrate c• 	prises providing a 

substrate having one or more vias and wherein the electrolessly oepositing the 

barrier metal at least over portions of the substrate comprises dep..iting the barrier 

30 metal onto the walls of the one or more vias. 
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6. The 1 ethod of claim 1, wherein the electrolessly depositing a barrier metal at 

least ove 	•ortions of the substrate comprises depositing a barrier metal that 

comprises ••bait. 

5 7. The metho• •f claim 1, wherein the electrolessly depositing a barrier metal at 

least over portion. of the substrate comprises depositing the barrier metal to a 

thickness of 0.2 mi.rometer to 1 micrometer and all values and ranges subsumed 

therein. 

10 8. The method of claim 	, wherein the electrolessly depositing a substantially gold- 

free wetting layer compris, 	electrolessly depositing tin. 

9. The method of claim 1, wherein the electrolessly depositing a substantially gold-

free wetting layer comprises ele, trolessly depositing silver or a silver alloy. 

15 

10. The method of claim 1, where 	the electrolessly depositing a substantially 

gold-free wetting layer comprises ele. rolessly depositing silver tungsten alloy with 

3-4 atomic percent tungsten. 

20 11. The method of claim 1, wherein the el- trolessly depositing a substantially 

gold-free wetting layer comprises electroless 	depositing cobalt tin alloy, cobalt 

copper alloy, cobalt silver alloy, cobalt copper t 	alloy, cobalt copper silver alloy, 

cobalt silver tin alloy, or cobalt copper silver tin a oy. 

25 12. The method of claim 11, further comprising inco •orating boron and/or 

phosphorus in the substantially gold-free wetting layer. 

13. The method of claim 1, wherein the electrolessly depositing a substantially 

gold-free wetting layer comprises electrolessly depositing ni• el copper alloy, nickel 

30 silver alloy, nickel copper silver alloy, nickel copper tin alloy, n 	kel silver tin alloy, or 

nickel copper silver tin alloy. 
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14. Th - method of claim 13, further comprising incorporating boron and/or 

phosphor 	in the substantially gold-free wetting layer. 

5 15. The meth oi of claim 1, wherein the electrolessly depositing a substantially 

gold-free wettin. layer comprises electrolessly depositing iron tin alloy, iron copper 

alloy, iron silver al ,•y, iron copper tin alloy, iron copper silver alloy, iron silver tin 

alloy, or iron copper 	ilver tin alloy. 

10 16. The method of claim 15, further comprising incorporating boron and/or 

phosphorus in the substan 'ally gold-free wetting layer. 

17. The method of claim 1, wh rein the electrolessly depositing a substantially 

gold-free wetting layer comprises 	lectrolessly depositing a thickness of nickel alloy 

15 having a first composition and a thi a ness of nickel alloy having a second 

composition. 

18. The method of claim 1, wherein the e -ctrolessly depositing a substantially 

gold-free wetting layer comprises electroles ly depositing a thickness of cobalt tin 

20 alloy having a first composition and a thickne . of cobalt tin alloy having a second 

composition. 

19. The method of claim 1, wherein the electrolessl 	depositing a barrier metal at 

least over portions of the substrate; and the electroles ly depositing a substantially 

25 gold-free wetting layer having solder wettability are acco 	plished using an 

electroless deposition bath composition in a temperature r:nge to deposit the 

barrier metal and using the electroless deposition bath composition in another 

temperature range to deposit the wetting layer. 

30 
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20. A method of making an electronic device, the method comprising: 

pro 'ding a substrate comprising one or more electrical contact pads and/or 

one or more hrough-substrate via conductors; 

electrol ssly depositing a barrier metal comprising at least one of the 

5 	elements nickel Ind cobalt to a thickness of 0.2 micrometer to 1 micrometer and all 

values and range- subsumed therein at least over portions of the one or more 

electrical contact p. • s and/or the one or more through-substrate via conductors; 

electrolessly d: •ositing at least one of: 

1. tin or . tin alloy; 

10 2. silver to ,gsten alloy with 3-4 atomic percent tungsten; 

3. cobalt tin 	Iloy, cobalt copper alloy, cobalt silver alloy, cobalt 

copper tin a oy, cobalt copper silver alloy, cobalt silver tin alloy, or 

cobalt coppe 	ilver tin alloy; 

15 

4. nickel copper a oy, nickel silver alloy, nickel copper silver alloy, 

nickel copper tin 	lloy, nickel silver tin alloy, or nickel copper silver 

tin alloy; 

5. iron tin alloy, iron cover alloy, iron silver alloy, iron copper tin 

alloy, iron copper silve 	alloy, iron silver tin alloy, or iron copper 

silver tin alloy; 

20 6. a thickness of nickel alloy 	aving a first composition and a 

thickness of nickel alloy hav 	g a second composition; 

7. a thickness of cobalt alloy ha 	ng a first composition and a 

thickness of cobalt alloy having 1 second composition; and 

8. a thickness of iron alloy having a 	rst composition and a thickness 

25 of iron alloy having a second comp.sition; 

to contact the barrier metal so as to form a substantial 	gold-free wetting layer 

having solder wettability; and 

forming a solder contact to the substantially gold-fr e wetting layer. 

30 	21. An electronic device comprising a metallization stack, th- metallization stack 

comprising a barrier metal deposited electrolessly and a subst 	tially gold-free 
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wetting 	yer deposited electrolessly, the barrier metal contacting the wetting layer, 

and the wetting layer being wettable by solder. 

22. The elect onic device of claim 21, further comprising electrical contact pads at 

5 least partially c•vered by the barrier metal. 

23. The electronic eevice of claim 21, further comprising a through-substrate via 

conductor at least pa 'oily covered by the barrier metal. 

10 24. The electronic devic,  of claim 21, wherein the substrate has one or more 

through-substrate vias, thz. walls of the substrate forming the one or more vias are 

at least partially covered by t e barrier metal and further comprising solder 

contacting the wetting layer to .ubstantially fill the one or more vias. 

15 25. The electronic device of claim 	1, wherein the barrier metal has a thickness of 

0.2 micrometer to 1 micrometer and .11 values and ranges subsumed therein. 

26. The electronic device of claim 21, 	erein the barrier metal comprises cobalt. 

20 27. The electronic device of claim 21, whe -in the wetting layer comprises tin or a 

tin alloy. 

28. The electronic device of claim 21, wherein th 	wetting layer comprises silver 

tungsten alloy with 3-4 atomic percent tungsten. 

25 

29. The electronic device of claim 21, wherein the we 	ng layer comprises cobalt 

tin alloy, cobalt copper alloy, cobalt silver alloy, cobalt copper tin alloy, cobalt 

copper silver alloy, cobalt silver tin alloy, or cobalt copper .ilver tin alloy. 

30 30. The electronic device of claim 29, wherein the wetting lay r further comprises 

boron and/or phosphorus. 

19 



WO 2012/004710 
	

PCT/IB2011/052895 

31. The e -ctronic device of claim 21, wherein the wetting layer comprises nickel 

copper alloy, nickel silver alloy, nickel copper silver alloy, nickel copper tin alloy, 

nickel silver ti 	alloy, or nickel copper silver tin alloy. 

5 

32. The electron!, device of claim 31, wherein the wetting layer further comprises 

boron and/or phos. orus. 

33. The electronic dev 	e of claim 21, wherein the wetting layer comprises iron tin 

10 alloy, iron copper alloy, i .n silver alloy, iron copper tin alloy, iron copper silver alloy, 

iron silver tin alloy, or iron , opper silver tin alloy. 

34. The electronic device of 	aim 33, wherein the wetting layer further comprises 

boron and/or phosphorus. 

15 

35. The electronic device of claim 	1, wherein the wetting layer comprises a 

thickness of nickel tin alloy having a 	rst composition and a thickness of nickel tin 

alloy having a second composition. 

20 36. The electronic device of claim 21, wh: ein the wetting layer comprises a 

thickness of cobalt tin alloy having a first co 	position and a thickness of cobalt tin 

alloy having a second composition. 
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37. Th: electronic device of claim 21, wherein the barrier metal has a thickness of 

0.2 micro 	eter to 1 micrometer and all values and ranges subsumed therein, the 

barrier met:I comprises at least one of the elements nickel and cobalt; 

where 	the wetting layer comprises: 

5 1. tin or a tin alloy; 

2. .ilver tungsten alloy with 3-4 atomic percent tungsten; 

3. c• bait tin alloy, cobalt copper alloy, cobalt silver alloy, cobalt 

copier tin alloy, cobalt copper silver alloy, cobalt silver tin alloy, or 

coba 	copper silver tin alloy; 

10 4. nickel , opper alloy, nickel silver alloy, nickel copper silver alloy, 

nickel co,,per tin alloy, nickel silver tin alloy, or nickel copper silver 

tin alloy; 

5. iron tin alloy, iron copper alloy, iron silver alloy, iron copper tin 

alloy, iron copier silver alloy, iron silver tin alloy, or iron copper 

15 silver tin alloy; 

6. a thickness of nic -I alloy having a first composition and a 

thickness of nickel . loy having a second composition; 

7. a thickness of cobalt . loy having a first composition and a 

thickness of cobalt allo 	having a second composition; or 

20 8. a thickness of iron alloy h ving a first composition and a thickness 

of iron alloy having a secon. composition; 

further comprising one or more electric. contact pads being at least partially 

covered by the barrier metal and/or one or more through-substrate via conductors 

being at least partially covered by the barrier met. ; and solder contacting the 

25 wetting layer. 

21 


