10

15

20

CLAIMS

WHAT IS CLAIMED:

1. A method, comprising:

forming a conductive pad in a layer of insulating material,

forming a passivation layer above said conductive pad and/said layer of
insulating material;

performing at least one etching process on said passivgfion layer to define an
opening in said passivation layer that exposgs at least a portion of said
conductive pad;

forming a protective layer on said passivatioh layer, in said opening and on said
exposed portion of said conductiye pad;

forming a heat-curable material layegr above said protective layer;

performing an etching process On said heat-curable material layer to define a
patterned heat-curalfe material layer having an opening that exposes a
portion of said pfotective layer;

performing an etchjsig process to remove said exposed portion of said protective

ereby expose at least a portion of said conductive pad; and

after remo¥ing said exposed portion of said protective layer, forming a

onductive bump that is conductively coupled to said conductive pad.

The method of claim 1, wherein forming said heat-curable material layer

abbve said protective layer comprises depositing a heat-curable material for said heat-

curable material layer and performing a heating process to cure said heat-curable

17




material for said heat-curable material layer while said protective layer is positioned o

said exposed portion of said conductive pad.

3. The method of claim 1, wherein forming said passivatiorn/layer above
5 said conductive pad and said [ayer of insulating material comprises forming a multi-

layer passivation layer above said conductive pad and said layer ofinsulating material,

4, The method of claim 3, wherein said mulfi-layer passivation layer is
comprised of a first layer comprised of silicon, carbgn and nitrogen formed on said

10 layer of insulating material, a second layer compriged of silicon dioxide formed on said

first layer and a third layer comprised of silicod nitride formed on said second layer,

5. The method of claim }, wherein forming said conductive pad in said
layer of insulating material compriges forming a conductive pad comprised of copper in

15 said layer of insulating materigd.

6. The mgthod of claim 1, wherein forming said conductive bump

comprises forming/ conductive bump comprised of tin and silver, SnAg, or SnAgCu.

20 7. The method of claim 1, wherein, prior to forming said conductive bump,
an under bump metallization layer that contacts said conductive pad, said

profection layer and said patterned heat-curable material layer.

8. The method of claim 1, wherein forming said protective layer on said

passivation layer comprises depositing a protective layer comprised of one of silicon
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dioxide or silicon oxytluoride (SiOF), silicon nitride (SiN) or silicone carbon nitride

(SiCN) on said passivation layer.

9. The method of claim 8, wherein said protective layer has a thickness of

5 20-300 nm.

10.  The method of claim 1, wherein said heat-curable/material layer is

comprised of one of polyimide and polybenzoxadiaziole (PBO).

10 1. A device, comprising;
first and second spaced-apart conductive pads/ositioned in a layer of insulating
material;
first and second under-bump metallizdtion layers that are conductively coupled
to said first and second cofductive pads, respectively;
15 first and second spaced-apart £onductive bumps, each of which are conductively

coupled to said Afirst and second under-bump metallization layers,

respectively;

20 tve layer positioned on said layer of insulating material, said protective
layer extending between and contacting said first and second under-

burnp metallization layers.

12.

The device of claim 11, wherein said protective layer is comprised of
one of silicon dioxide or silicon oxyfluoride (SiOF), silicon nitride (SiN) or silicone

carbon nitride (SiCN).
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13.  The device of claim 12, wherein said protective layer has a thickness of

20-300 nm.

14.  The device of claim 11, wherein cach of said first and second gate
spaced-apart conductive bumps are comprised of tin and silver, SnAg, or SpAgCu.
15, The device of claim 14, wherein first and s€cond spaced-apart

conductive pads are comprised of copper.

16. The device of claim 11 wherein said passivation layer is a multi-layer
passivation layer comprised of a first layer compifSed of silicon, carbon and nitrogen
tormed on said layer of insulating material, a sgcond layer comprised of silicon dioxide
formed on said first layer and a third layer/comprised of silicon nitride formed on said

second layer.

17.  The device of ¢gfaim 16, wherein said protective layer is formed on said

third layer.

18.  The dgévice of claim 11, further comprising a heat-curable material layer

formed on said pfotective layer, said heat-curable material layer extending between and

contacting spid first and second under-bump metallization layers.

19.  The device of claim [8, wherein said heat-curable material layer is

mprised of one of polyimide and polybenzoxadiaziole (PBO).
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20. A method, comprising:

forming a conductive pad in a layer of insulating material;
forming a multi-layer passivation layer above said conductive pad and gbove
5 said layer of insulating material, a first layer of said wulti-layer
passivation layer being in contact with said conductive/pad and said
layer of insulating material;
performing at least one etching process on said multi-layér passivation layer to
remove at least one layer of said multi-layey/passivation layer, said at
10 least one etching process defining an etcHed passivation layer having a
recess that exposes at [east a portion ¢of said first layer;
forming a heat-curable material layer apOve said etched passivation layer and
said exposed portion of said {#st layer;
performing an etching process ¢ said heat-curable material layer to define a
15 patterned heat-curab)€¢ material layer having an opening that exposes a
portion of said ej¢hed passivation layer and said exposed portion of said
first layer;
performing an egthing process to remove said exposed portion of said first layer
to thereby expose at least a portion of said conductive pad; and
20 after removing said exposed portion of said first layer, forming a conductive
burnp that is conductively coupled to said conductive pad.
21.

The method of claim 20, wherein forming said heat-curable material

layer above said etched passivation layer and said exposed portion of said first layer
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comprises depositing heat-curable material for said heat-curable material layer an
performing a heating process to cure said heat-curable material for said heat-cupdble
material layer while said exposed portion of said first layer is positioned/on said

conductive pad.

22.  The method of claim 20, wherein forming said mylti-layer passivation
layer comprises forming a first layer comprised of silicon, cagBon and nitrogen on said
layer of insulating material, forming a second layer comfrised of silicon dioxide on
said first layer and forming a third layer comprised #f silicon nitride on said second

layer.

23, The method of claim 20, wherein forming said conductive pad in said
layer of insulating material comprises forming a conductive pad comprised of copper in

said layer of insulating material.

24, The method of claim 20, wherein forming said conductive bump

comprises forming a cghductive bump comprised of tin and silver, SnAg, or SnAgCu.

25. he method of claim 20, wherein said heat-curable material layer is

comprised 61 one of polyimide and polybenzoxadiaziole (PBO).
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CLAIMS

1 A method, comprising:

forming a conductive pad in alayer of insulating material;

forming a passivation layer above said conductive pad and said layer of insulating
material;

performing at least one etching process on said passivation layer to define an opening
in said passivation layer that exposes at |east a portion of said conductive pad;

forming a protective layer comprising of one of silicon dioxide, silicon oxyfluoride
(SIOF), silicon nitride (SiN), and silicone carbon nitride (SICN) on said passivation layer, in
said opening and on said exposed portion of said conductive pad,;

forming a heat-curable material layer above said protective layer;

performing an etching process on said heat-curable material layer to define a patterned
heat-curable material layer having an opening that exposes a portion of said protective layer;

performing an etching process to remove said exposed portion of said protective layer
to thereby expose at least a portion of said conductive pad; and

after removing said exposed portion of said protective layer, forming a conductive

bump that is conductively coupled to said conductive pad.

2. The method of claim 1, wherein forming said heat-curable material layer above said
protective layer comprises depositing a heat-curable material for said heat-curable material
layer and performing a heating process to cure said heat-curable material for said heat-curable
material layer while said protective layer is positioned on said exposed portion of said
conductive pad.

3. The method of claim 1, wherein forming said passivation layer above said conductive
pad and said layer of insulating material comprises forming a multi-layer passivation layer
above said conductive pad and said layer of insulating material.

4, The method of claim 3, wherein said multi-layer passivation layer is comprised of a
first layer comprised of silicon, carbon and nitrogen formed on said layer of insulating material,
a second layer comprised of silicon dioxide formed on said first layer and a third layer

comprised of silicon nitride formed on said second layer.
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5. The method of claim 1, wherein forming said conductive pad in said layer of insulating
material comprises forming a conductive pad comprised of copper in said layer of insulating
material.

6. The method of claim 1, wherein forming said conductive bump comprises forming a

conductive bump comprised of tin and at least one of silver and copper.

7. The method of claim 1, wherein, prior to forming said conductive bump, forming an
under bump metallization layer that contacts said conductive pad, said protection layer and said
patterned heat-curable materia layer.

8. The method of claim 1, wherein said protective layer has a thickness of 20-300 nm.

0. The method of claim 1, wherein said heat-curable material layer is comprised of one of

polyimide and pol ybenzoxadiaziole (PBO).

10. A method, comprising:

forming a conductive pad in alayer of insulating material;

forming amulti-layer passivation layer above said conductive pad and above said layer
of insulating material, afirst layer of said multi-layer passivation layer being in contact with
said conductive pad and said layer of insulating material;

performing at least one etching process on said multi-layer passivation layer to remove
at least one layer of said multi-layer passivation layer, said at |east one etching process defining
an etched passivation layer having arecess that exposes at |east a portion of said first layer;

forming a heat-curable material layer above said etched passivation layer and said
exposed portion of said first layer;

performing an etching process on said heat-curable material layer to define a patterned
heat-curable material layer having an opening that exposes a portion of said etched passivation
layer and said exposed portion of said first layer;

performing an etching process to remove said exposed portion of said first layer to
thereby expose at least a portion of said conductive pad; and

after removing said exposed portion of said first layer, forming a conductive bump that

is conductively coupled to said conductive pad.
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11.  The method of claim 10, wherein forming said heat-curable material layer above said
etched passivation layer and said exposed portion of said first layer comprises depositing heat-
curable material for said heat-curable material layer and performing a heating process to cure
said heat-curable material for said heat-curable material layer while said exposed portion of

said first layer is positioned on said conductive pad.

12. The method of claim 10, wherein forming said multi-layer passivation layer comprises
forming a first layer comprised of silicon, carbon and nitrogen on said layer of insulating
material, forming a second layer comprised of silicon dioxide on said first layer and forming a

third layer comprised of silicon nitride on said second layer.
13.  Themethod of claim 10, wherein forming said conductive pad in said layer of insulating
material comprises forming a conductive pad comprised of copper in said layer of insulating

material.

14. The method of claim 10, wherein forming said conductive bump comprises forming a

conductive bump comprised of tin and at least one of silver and copper.

15.  The method of claim 10, wherein said heat-curable material layer is comprised of one
of polyimide and polybenzoxadiaziole (PBO).

16. A semiconductor device having conductive bumps, said conductive bumps are formed

by the method of any one of the preceding claims.
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