In another embodiment, the present invention is a
semiconductor device comprising a semiconductor wafer. A
conductive interconnect structure is formed over the
semiconductor wafer having a height extending above the
semiconductor wafer. An insulating layer is formed over the
semiconductor wafer that exposes an upper surface of the
conductive interconnect structure while maintaining coverage

over a sidewall of the conductive interconnect structure.

Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board with
different types of packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the printed
circuit board;

FIGs. 3a-3m illustrate a process of forming conductive
bumps on a semiconductor device with a supporting and protective
structure;

FIG. 4 illustrates a semiconductor device with
conductive bumps having a supporting and protective structure;

FIGs. 5a-5ro illustrate a process of forming
conductive vias through a semiconductor device with a supporting
and protective structure and electrically connected contact
pads; and

FIG. 6 illustrates conductive vias through a
semiconductor device with a supporting and protective structure

and electrically connected contact pads.



or positive—-acting photo resist. Second, the photoresist layer
is transferred into the wafer surface. The transfer occurs when
etching removes the portion of the top layers of semiconductor
wafer not covered by the photoresist. The chemistry of
photoresists is such that the photoresist dissolves slowly and
resists removal by chemical etching solutions while the portion
of the top layers of the semiconductor wafer not covered by the
photoresist is removed more rapidly. The process of forming,
exposing, and removing the photoresist, as well as the process
of removing a portion of the semiconductor wafer can be modified
according to the particular resist used and the desired results.

In negative-acting photo resists, photoresist is
exposed to light and is changed from a soluble condition to an
insoluble condition in a process known as polymerization. 1In
polymerization, unpolymerized material is exposed to a light or
energy source and polymers form a cross-linked material that is
etch-resistant. In most negative resists, the polymers are
polyisopremnes. Removing the soluble portions (i.e., the
portions not exposed to light) with chemical solvents or
developers leaves a hole in the resist layer that corresponds to
the opagque pattern on the reticle. A mask whose pattern exists
in the opaque regions is called a clear-field mask.

In positive—acting photo resists, photoresist is
exposed to light and is changed from relatively nonsoluble
condition to a much more soluble condition in a process known as
photosolubilization. In photosolubilization, the relatively
insoluble resist is exposed to the proper light energy and is
converted to a more soluble state. The photosolubilized part of
the resist can be removed by a solvent in the development
process. The basic positive photoresist polymer is the phenol-

formaldehyde polymer, also called the phenol-formaldehyde



Claims

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a semiconductor wafer having a plurality of
contact pads;

forming a first insulating layer over the semiconductor
wafer and contact pads;

removing a portion of the first insulating layer to expose
a first portion of the contact pads, while leaving a second
portion of the contact pads covered by the first insulating
layer;

forming an under bump metallization layer over the contact
pads and the first insulating layer;

forming a plurality of bumps over the under bump
metallization layer;

forming a second insulating layer over the semiconductor
wafer to cover the first insulating layer, a sidewall of the
under bump metallization layer, sidewall of the bumps, and upper
surface of the bumps; and

removing a portion of the second insulating layer over a

first portion of the sidewall of the bumps down to the first
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maintaining coverage of the second insulating layer over a

second portion of the sidewall of the bumps and over the

sidewall of the under bump metallization layer to provide
structural support for the bumps and prevent growth of inter-

metallic compounds.
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2. The method of claim 1, wherein removing the portion of the

second insulating layer further includes maintaining a thickness
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of the second insulating layer at the sidewall of the bumps

greater than one fourth of a height of the bumps.
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3. The method of claim 1, wherein forming the bumps includes
forming cylindrical bumps.

4. The method of claim 1, wherein forming the bumps includes

forming bumps with a rectangular cross—-section.

45. The method of claim 1, wherein forming the under bump
metallization layer further includes:

forming an adhesion layer over the plurality of contact
pads;

forming a barrier layer over the adhesion layer; and

forming a wetting layer over the barrier layer.

56. A method of making a semiconductor device, comprising:
providing a semiconductor wafer;

forming a plurality of vias into the semiconductor wafer;

forming a liner layer in the vias;

depositing conductive material over the liner layer in the

vias to form ferming—a plurality of conductive vias—threugh—the
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removing a portion of the semiconductor wafer so the

conductive vias extend above a surface of the semiconductor

wafer;

removing a portion of the liner layer to expose the

conductive material;

forming a conductive liner over the conductive material

after removing the portion of the liner layer;

forming an insulating layer over the semiconductor wafer
and the conductive wvias; and

removing a portion of the insulating layer eceovering—an
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liner extending above the insulating layer, while maintaining

coverage of the insulating layer over a sidewall of the

conductive vias to provide structural support for the conductive

vias.
I~ Th mat+th A £ ~1 T B PIC S SNPNE DN IR SN —IP-NE S NE IR~ i =N oAl N g r g <z 3 o
Ay LTI TIT CITTOCE o | Sy @ np g 1 8 7 WIT JE S WS i § J_\JJ.LI.I._LLJ.\j CIT A\ B AW i & Uy up = LTS
B e
EiNE NN e EIE NP NE NS caaln o b o o <z + 1 PN BN NP R SRNE S JC N =INE Y
J_\JJ_J.I.I._LJ.].\j (&8 C J.I.I.tJ\JJ_ (/LJ__Y o oo T TTTT A j . CIT [=] L1 B SR NP NP N i A W I U B WP WP W WL - I

3la



IZ3 e

£
. =

1zl 2y
ProfaTrTty

+ 1

CIT

n

I I
[ S > . -

Aot
ITTT T

oo A~ 2 17
CoTToTo T

-
T

ISIE I SN IR

oy

It

O L C LTIy

R

xz3 ey +

RN AP S
[ ¥ NV AN J U By & Ry Wby

rarsz

min

4+

m

=
T

cCoImroTrory

CIT

Ity

fa3awy

RN IR I R 2P
TH TGS

Mmoot~ A £ ~] a2 ESE RS Sl SNPANEN
Tt & = i S 5 o

Th

TIT

T—CT T CItt Oy

CIT

~ o~ A
ez pawy

IZ1 o e

£

G IR TV, [ IS
t—/J.LAJ. |6 g . L_/_Y

+ 1

I I
1 _LL/L_Y CIT

n

N

o e s i

-
T

ISIE I SN IR

oy

It

O L C LTIy

R

o

N
Ay A=

E S BT ENE
Ty

n

N

gy

+ 1

C1IT

[ g
(&N tJ\JJ. C1IOUI1T

-

Mozl e
MOV TG

r
Em

O

O

PEVAREE SIE IE T
CUOUTTO O T T

N

=
i mpn & pm Y

m

=

T ©

RN IR I R 2P
THCT OGS

-~

Em

Fot
[ S U RN Sy U i §

Mmoot~ A £ ~7 o2
Tt

Th

TIT

T—CT T oIttt Oy

CIT

£ 7

ESSE RN C I SN A

S ]

n
Tt

RN I T S
T Tt g

B

Sz

EREENPNE S|
T TayCT

[ S ——

P
A t./\JkJ_LL_/J.J.l\j

i e 4

CITTIT

TIToogracTily

A I
J__L(/L—L,

A EEE TS

oo o O oT T

PN
T

v
T

n

4

o s

=

-

oo A

[EEEawS

EEEENP P BN SIP RPN S SN

73 o oy

£

+ 1
CIT

.

4

E

ERN

.

m

=
T

TIT

T LTIt O

CITLTIT

TrIrouorac ity

Iy o pOUrcIOolr O

o

v ] asza
Ty

n

N

o e s

condia b 2 xg
ppav ey

-
T

+ rm
Ot

IZ1 o

A EEWE S I
\SEsAv T

=

|

TThS

T

wherein removing the portion of the

The method of claim 56,

97.

insulating layer includes maintaining a thickness of the

insulating layer greater than one fourth a height of the portion

of the conductive vias that extends above the surface of the

semiconductor wafer.

further including

The method of claim 6,

8.

forming a plurality of semiconductor die in the

and

semiconductor wafer;

singulating the semiconductor die.

6, further including

The method of claim 56,

forming a conductive layer over and electrically connected

14

to the conductive vias
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forming an insulating layer over the semiconductor wafer
and the conductive layer; and
removing a portion of the insulating layer over the

conductive layer to expose a surface area of the conductive
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layer greater than a surface area of £hean upper surface of the

conductive vias.

10. The method of claim 6, further including removing the

portion of the insulating layer down to the semiconductor wafer.

11. A method of making a semiconductor device, comprising:
providing a semiconductor wafer;
forming a conductive interconnect structure hawving through

the semiconductor wafer and including a height extending above a

surface of the semiconductor wafer;
forming an insulating layer over the semiconductor wafer

and the conductive interconnect structure with the insulating

layer including a height greater than the height of the

conductive interconnect structure; and

removing a portion of the insulating layer to leave a

sloped contour eeveringan—upper surfaceof +the conduetive
irntereconneetstruveture—white maintaining eoverage of the

insulating layer over a sidewall of the conductive interconnect

structure.

12. The method of claim 11, wherein providing the semiconductor

wafer further includes forming a plurality of semiconductor die

in the semiconductor wafer.
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13. The method of claim 11, wherein forming the conductive
interconnect structure further includes forming a plurality of

conductive vias through the semiconductor wafer.

14. The method of claim 11, further including forming one or

more redistribution layers over and electrically connected to

the conductive interconnect structure.

145. The method of claim 11, wherein removing the portion of the
insulating layer further includes maintaining a thickness of the
insulating layer greater than one fourth the height of the

conductive interconnect structure extending above the surface of

the semiconductor wafer.
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16. The method of claim 11, further including removing the

portion of the insulating layer down to the semiconductor wafer.

17. A method of making a semiconductor device, comprising:

providing a substrate;

forming an interconnect structure through the substrate and

including a height extending above a surface of the substrate;

forming an insulating layer over the substrate and

interconnect structure; and

removing a portion of the insulating layer to leave a

sloped contour of the insulating layer over a portion of a

sidewall of the interconnect structure.

18. The method of claim 17, wherein removing the portion of the

insulating layer further includes maintaining a thickness of the

insulating layer greater than one fourth a height of the

interconnect structure extending above a surface of the

substrate.

19. The method of claim 17, wherein forming the interconnect

structure further includes forming a plurality of conductive

vias through the substrate.

20. The method of claim 17, further including forming one or

more redistribution layers over and electrically connected to

the interconnect structure.

21. The method of claim 17, further including removing the

portion of the insulating layer down to the substrate.
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