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METHOD OF FORMING SEMICONDUCTOR
CHIPS, THE SEMICONDUCTOR CHIPS SO
FORMED AND CHIP-STACK PACKAGE
HAVING THE SAME

Alternatively, impurity ions may be doped into the semicon
ductor strut. This shoWs that the semiconductor strut may be
used as a means of an outer connection terminal. Therefore,

the method of fabricating semiconductor chips according to
the present invention does not need a seed layer, a barrier

metal layer, and an insulation layer resulting in a signi?cantly
simpli?ed fabrication process. Furthermore, When the semi

CROSS-REFERENCE TO RELATED
APPLICATIONS

This US. non-provisional patent application claims prior

conductor strut is formed, it is easy to control the gap betWeen
the semiconductor strut and the semiconductor substrate to

ity under 35 U.S.C. § 119 to Korean Patent Application No.
2006-63936 ?led on Jul. 7, 2006, the entirety of Which is

prevent a leakage current. Additionally, siZes and features of
the semiconductor strut may be easily controlled to be suit

hereby incorporated by reference.

able for siZes and features of a sequential bump, thereby
improving a reliability of semiconductor chips.
More particularly, the method of fabricating a semiconduc
tor chip according to this example embodiment includes pre
paring a semiconductor substrate including a chip region and
a scribe line region, forming a bonding pad on the chip region
of the semiconductor substrate, forming a protective layer
exposing a portion of the scribe line region and the bonding
pad but covering the semiconductor substrate, forming a
redistribution pattern contacting the bonding pad and cover
ing the exposed scribe line region of the semiconductor sub
strate, and removing a portion of the semiconductor substrate

BACKGROUND

1. Field of the Invention
The present invention relates to method of forming semi
conductor chips, to the semiconductor chips so formed, and to

a chip-stack package having the semiconductor chips.
2. Description of the Related Art
As electrical appliances are continually reduced in both
siZe and Weight, various methods of packaging semiconduc
tor chips have been studied to replace the conventional
method of Wire-bonding in an attempt to help reduce the siZe
and Weight of the semiconductor packages used in the elec
trical appliances. Some of these packaging methods involve

20
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located beloW the redistribution pattern at the scribe line
region to form a semiconductor strut contacting the redistri

bution pattern.

?ip-chip bonding, Wafer-level packaging, Wafer-level stack

packaging, and chip-stack packaging.

BRIEF DESCRIPTION OF THE DRAWINGS

In the case of the chip-stack packaging, stacked semicon

ductor chips are electrically connected by through vias

30

formed in the semiconductor chips. This may result in shorter

length interconnects, Which may provide high performance,

porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together With the descrip

high speed, loW poWer consumption, and microminiaturiZa
tion as compared to some of the other conventional packaging
methods.
HoWever, a semiconductor chip built in a chip-stack pack
age typically involves a complicated fabrication process. This

fabrication process typically includes the folloWing steps. A
connection hole is formed at edges of the semiconductor chip
and ?lled With a metal layer, and then the metal layer is
polished. HoWever, before the connection hole is ?lled With
the metal layer, an insulation layer, a barrier metal layer, and
a seed layer are generally sequentially and conformally
formed in the connection hole. The insulation layer helps
prevent a leakage current. The barrier metal layer helps pre
vent the metal layer from being diffused. The seed layer aides

The accompanying draWings, Which are included to pro
vide a further understanding of the invention and are incor

tion serve to explain the principle of the invention. In the
35

draWings:
FIGS. 1 through 4 are plan vieWs illustrating a method of
forming a semiconductor chip according to an embodiment of

the present invention;
40

FIGS. 5 through 11 are sectional vieWs illustrating a
method of forming a semiconductor chip according to an

embodiment of the present invention;

45

FIG. 12 is a sectional vieW of a chip-stack package accord
ing to an embodiment of the present invention;
FIG. 13 is a plan vieW illustrating a method of forming a
semiconductor chip according to another embodiment of the

in conformally and easily forming the metal layer. These

present invention;

processes for forming the semiconductor chip built in the
chip-stack package, hoWever, are very complicated. Further
more, the thickness of the insulation layer formed in the

of forming a semiconductor chip according to another
embodiment of the present invention; and

FIGS. 14 and 15 are sectional vieWs illustrating a method
50

FIG. 16 is a sectional vieW of a chip-stack package accord

connection hole is restricted by a Width of the connection
hole. Therefore, it is not easy to form the insulation layer

ing to another embodiment of the present invention.

having su?icient thickness to prevent the leakage current.
DETAILED DESCRIPTION
SUMMARY

55

The present invention Will noW be described more fully

The present invention provides a method of forming a

hereinafter With reference to the accompanying draWings, in

semiconductor chip that can be simpli?ed, While helping
reduce a leakage current. The present invention also provides
a semiconductor chip formed by the method and a chip-stack

Which exemplary embodiments of the invention are shoWn.
This invention may, hoWever, be embodied in many different
60

package having the semiconductor chip.

forms and should not be construed as limited to the embodi
ments set forth herein. Rather, these embodiments are pro

vided so that this disclosure Will be thorough and complete,
and Will fully convey the scope of the invention to those

An example embodiment of the present invention provides
a method of fabricating the semiconductor chips. The method
includes patterning a scribe line region of a semiconductor

skilled in the art.

chip region of the semiconductor substrate. A conductive

In the draWings, the thickness of layers and regions are
exaggerated for clarity. It Will be understood that When an

pattern may be formed at a surface of the semiconductor strut.

element such as a layer, region or substrate is referred to as

substrate to form a semiconductor strut spaced apart from a

65
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being “on” another element, it can be directly on the other
element or intervening elements may also be present.
Furthermore, relative terms, such as “beneath”, may be
used herein to describe one element’s relationship to another
element as illustrated in the Figures. It Will be understood that

strut 9 is formed to be spaced apart from the chip region a of
the semiconductor substrate 1. Therefore, an opening 8 is
formed betWeen the semiconductor strut 9 and the semicon
ductor substrate 1, Where the opening 8 may expose a portion
of the redistribution pattern 7 and the protective layer 3. The

relative terms are intended to encompass different orienta

semiconductor strut 9 may be formed to have isolated-island

tions of the device in addition to the orientation depicted in

shapes. HoWever, siZes and shapes of the semiconductor strut
9 may be changed along features of a bump. The Width of the
opening 8 may also be changed optionally. The semiconduc

the Figures. For example, if the device in the Figures is turned
over, elements described as “beloW” other elements Would

then be oriented “above” the other elements. The exemplary

tor strut 9 may have the same semiconductor single-crystal
line structure as the semiconductor substrate 1 and, for

term “beloW”, can therefore, encompasses both an orientation

example, be formed of silicon single crystalline.

of above and beloW.
It Will be understood that although the terms ?rst and
second are used herein to describe various regions, layers,

The semiconductor strut 9 may function as a support When
a semiconductor chip is mounted on a mounting substrate
such as a printed circuit board. Additionally, When a high

and/or sections, these regions, layers, and/or sections should

voltage is applied on the semiconductor strut 9, the semicon
ductor strut 9 may be conductive. Therefore, the semiconduc

not be limited by these terms. These terms are only used to

distinguish one region, layer, or section from another region,
layer, or section. Thus, a ?rst region, layer, or section dis
cussed beloW could be termed a second region, layer, or
section, or vice versa Without departing from the teachings of
the present invention. Like numbers refer to like elements

tor strut 9 may function as an electrode by itself. HoWever, the
semiconductor strut 9 may have a larger electric resistance
20

electric resistance, the folloWing procedures may be carried

throughout.
FIGS. 1 through 4 are plan vieWs illustrating a method of
forming a semiconductor chip according to an embodiment of
the present invention. FIGS. 5 through 11 are sectional vieWs
illustrating a method of forming a semiconductor chip
according to an embodiment of the present invention. FIGS.
5, 6, 7, and 11 are sectional vieWs taken along lines I-I' in
FIGS. 1 through 4, respectively. FIGS. 8 through 10 are

sectional vieWs illustrating detailed procedures of forming a
semiconductor chip of FIG. 11.
Referring to FIGS. 1 and 5, a semiconductor substrate 1
having a chip region a and a scribe line region b is prepared.
Although tWo neighboring chip regions a are arranged in FIG.
1, the chip regions a may be arranged repeatedly in horizontal

out.

Referring to FIG. 8, a metal layer 13 is conformally formed
on the backside of the semiconductor substrate 1 to cover the
25

hole 8. The metal layer 13 may be formed of aluminum,

titanium, tantalum, or tungsten by using a sputtering method.
30

semiconductor substrate 1 to cover the semiconductor strut 9.

35

etc. may be formed over the semiconductor substrate 1. A
40

layer 3. During this process the protective layer 3 may func

45

nitride layer and a polyimide layer. The protective layer 3

50

formed on the semiconductor substrate 1. The redistribution

pattern 7 may be formed of copper, nickel, or gold by using an
electroplating method. The redistribution pattern 7 may be
formed to contact the bonding pad 5 and the semiconductor
substrate 1 exposed at the scribe line region b. The redistri

55

ing pads 5 of tWo neighboring chip regions a.

ness of the semiconductor substrate 1. The semiconductor

may be separated from the redistribution pattern 7 and the
protective layer 3 because of the Weight of the semiconductor
strut 9. In order to prevent this separation from occurring, the
folloWing process may be carried out.
Referring to FIGS. 4 and 11, an insulation layer 15 may be
stacked and polished on the backside of the semiconductor
substrate 1 to ?ll the opening 8. A portion of the insulation
layer 15 may remain to cover the backside of the semicon
ductor substrate 1 in the chip region a by a thickness substan
tially similar to that of the metal pattern 1311. After forming
the insulation layer 15, as shoWn in FIG. 4, the semiconductor
chip is cut along line II-II' in the scribe line region b betWeen
the tWo neighboring chip regions a. Therefore, one semicon

ductor chip may be formed from each of the neighboring chip
regions a. Then, a chip-stack package may be formed using

bution pattern 7 may be formed to cross over the scribe line
region b and to respectively connect at least one of the bond

Referring to FIGS. 3 and 7, a portion of the semiconductor
substrate 1 is etched in the scribe line region b to form a
semiconductor strut 9. In detail, the semiconductor strut 9
may be formed using a photolithography process, a dry/Wet
etch process, and/or a laser drilling process. Before forming
the semiconductor strut 9, the backside of the semiconductor
substrate 1 may be ground or polished to decrease the thick

edges of the chip region a of the semiconductor substrate 1.
The mask pattern 11 may be a photoresist pattern.
Referring to FIGS. 4 and 10, the metal layer 13 is etched
using the mask pattern 11 as an etch mask, thereby forming a
metal pattern 13a covering a bottom surface and a sideWall of
the semiconductor strut 9 and contacting the redistribution
pattern 7. Then, the mask pattern 11 is removed. An edge of
the metal pattern 1311 may be formed to contact the protective
tion as an etch stopper. If this process is ?nished in the state of
FIG. 10, there may exist a risk that the semiconductor strut 9

formed by forming and patterning an aluminum layer. A
protective layer 3 is stacked on the bonding pad 5. The pro
functions by protecting the various devices from outer mois
ture. The protective layer 3 is patterned to expose a portion of
the bonding pad 5 in the chip region a, and a portion of the
semiconductor substrate 1 in the scribe line region b.
Referring to FIGS. 2 and 6, a redistribution pattern 7 is

Referring to FIG. 9, a mask pattern 11 is formed on a
bottom surface of the metal layer 13 on the back side of the

The mask pattern 11, however, may be spaced apart from

by the scribe line region b. Although not shoWn, various
devices such as transistors, interconnects, resisters, contacts,

tective layer 3 may be formed of a double layer of a silicon

semiconductor substrate 1, the semiconductor strut 9, and the

protective layer 3 and redistribution pattern 7 exposed by the

and/ or vertical direction(s). The chip regions a are surrounded

bonding pad 5 is formed on the semiconductor substrate 1.
The bonding pad 5 may be electrically connected to the vari
ous devices described above. The bonding pad 5 may be

than other conductors. Therefore, in order to decrease this

the semiconductor chip as shoWn in FIG. 12. FIG. 12 is a
60
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sectional vieW of a chip-stack package according to an
embodiment of the present invention.
Referring to FIG. 12, three semiconductor chips are
sequentially stacked on a mounting substrate 21. The semi
conductor chips are electrically connected to each other
through bumps 17. Each of the bumps 17 may include a solder
ball. The bumps 17 may be formed by various solder-ball
attach methods or an electroplating method. The bumps 17

US 7,544,538 B2
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are attached at the bottom surface of the metal pattern 13a.

surface of the conductive semiconductor strut 9a. The bump

Each bump 17 attached on the metal pattern 1311, Which is
located beloW one of the semiconductor chips, contacts the
redistribution pattern 7 of the semiconductor chip located
beloW. However, the semiconductor chip located at a loWest

17 attached on the conductive semiconductor strut 911 located
beloW one of the semiconductor chips contacts the redistri
bution pattern 7 of a loWer semiconductor chip. HoWever, the
semiconductor chip located at a loWest position, Which is

position, Which is directly above the mounting substrate 21, is
connected to the mounting substrate 21 by the bumps 17

directly above the mounting substrate 21, is connected to the
mounting substrate 21 by the bumps 17 attached to the loWer
surface of this semiconductor chip. The mounting substrate
21, Which may be a printed circuit board, may be attached to
other devices by a plurality of bumps 17 formed on its loWer
surface. The semiconductor chips may be covered by a seal
ing material 19, such as a plastic resin, on the mounting

attached to the loWer surface of this semiconductor chip. The
mounting substrate 21, Which may be a printed circuit board,
may be attached to other devices through a plurality of bumps
17 formed on its loWer surface. The semiconductor chips may
be covered by a sealing material 19, such as a plastic resin, on
the mounting substrate 21 to be protected from outer moisture
or impact.
FIG. 13 is a plan vieW illustrating a method of forming a

substrate 21 to be protected from outer moisture or impact.

Although not illustrated, various embodiments of the
present invention exist. For example, in other embodiments, a
metal pattern 1311 may the surface of the conductive semicon

semiconductor chip according to another embodiment of the
present invention. FIGS. 14 and 15 are sectional vieWs illus

ductor strut 9a. In still another embodiment, a semiconductor

trating a method of forming a semiconductor chip according

chip having only the semiconductor strut 9 of FIG. 7 may be
used. Alternatively, in still another embodiment, an insulation
layer 15 may not be formed, and then, a semiconductor chip
Without the insulation layer 15 may be used.

to the above embodiment of the present invention. FIG. 15 is
a sectional vieW taken by cutting along line l-l' in FIG. 13.
FIG. 14 is a sectional vieW illustrating a detailed procedure of

20

forming the semiconductor chip illustrated in FIG. 15.
Referring to FIG. 14, an ion-implantation mask pattern 12

Accordingly, the present invention provides methods of

fabricating semiconductor chips, semiconductor chips
formed by the methods, and chip-stack packages having the

is formed to cover a bottom surface and a sideWall of the chip

region a of the semiconductor substrate 1 and expose only the
semiconductor strut 9 in the scribe line region b, Where the
semiconductor strut 9 and the opening 8 have been previously
formed by patterning the semiconductor substrate 1 at the

25

scribe line region of a semiconductor substrate to form a

semiconductor strut spaced apart from the semiconductor
substrate of a chip region. Therefore, the semiconductor strut

scribe line region b in a method such as the one described

above FIGS. 5-7. The ion-implantation mask pattern 12 may
be a photoresist pattern. Then, an ion-implantation process is
carried out so that the semiconductor strut 9 is doped by
impurity ions 14. This doping process may change the semi

may be used as a means of an outer connection terminal,
30

be prevented. Additionally, siZes and features of the semicon
35

cess is ?nished in the state of FIG. 14, there may exist a risk

from the redistribution pattern 7 and the protective layer 3
40

may be carried out.

Referring to FIGS. 13 and 15, an insulation layer 15 is

45
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height, and hence overall siZe, of the resulting semiconductor
chip. The insulation layer 15 insulates the conductive semi

ductor substrate;

supports the conductive semiconductor strut 911 by being
attached on a sideWall of the conductive semiconductor strut 55

9a.After forming the insulation layer 15, as shoWn in FIG. 15,
the semiconductor chip is cut along line ll-ll' in the scribe line

region b betWeen tWo neighboring chip regions a. Therefore,
one semiconductor chip may be formed from each of the

separated chip regions a. Then, a chip-stack package may be

preparing a semiconductor substrate comprising a chip
region and a scribe line region;
forming a bonding pad on the chip region of the semicon
forming a protective layer to cover a portion of the semi

conductor strut 911 from the semiconductor substrate 1 and

formed using the semiconductor chip as shoWn in FIG. 16.
FIG. 16 is a sectional vieW of a chip-stack package according
to another embodiment of the present invention.
Referring to FIG. 16, three semiconductor chips are
sequentially stacked on a mounting substrate 21. The semi
conductor chips are electrically connected to each other
through bumps 17. Each bump 17 is attached to a bottom

What is claimed is:
1. A method of fabricating a semiconductor chip, the

method comprising:

need not be formed over the conductive semiconductor strut

9a. Eliminating this extra thickness of the metal pattern 13a
and insulation layer 15 in the chip region a may reduce the

It Will be apparent to those skilled in the art that various
modi?cations and variations can be made in the present
invention. Thus, it is intended that the present invention cov
ers the modi?cations and variations of this invention provided
they come Within the scope of the appended claims and their

equivalents.

stacked on the backside of the semiconductor substrate 1 and

polished to ?ll the opening 8. Unlike the above embodiment
shoWn in FIG. 11, the insulation layer 15 may be completely
removed on the backside of the portion of the semiconductor
substrate 1 in the chip region a because a metal pattern 1311

ductor strut may be easily controlled to be suitable for siZes

and features of a sequential bump, thereby improving the
reliability of the semiconductor chips.

that the conductive semiconductor strut 911 may be separated

because of the Weight of the conductive semiconductor strut
9a. In order to prevent this separation, the folloWing process

thereby simplifying a chip stacking arrangement and process.
Furthermore, When the semiconductor strut is formed, it may
be easy to control the gap betWeen the semiconductor strut
and the semiconductor substrate so that leakage current may

conductor strut 9 into a conductive semiconductor strut 9a.

Then, the ion-implantation mask 12 is removed. If this pro

semiconductor chips. The method includes patterning a

60

conductor substrate, the protective layer exposing a por
tion of the bonding pad and a portion of the scribe line

region;
forming a redistribution pattern overlying the protective
layer, the redistribution pattern electrically coupled to
the exposed portion of the bonding pad and covering the
exposed scribe line region; and
removing a portion of the semiconductor substrate located
beloW the redistribution pattern in the scribe line region
to form a semiconductor strut contacting the redistribu

tion pattern.
65

2. The method of fabricating a semiconductor chip accord

ing to claim 1, further comprising forming a conductive pat
tern on a sideWall portion of the semiconductor strut, a bottom

US 7,544,538 B2
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a semiconductor strut spaced apart from edges of the semi
conductor substrate, the semiconductor strut formed to
contact the redistribution pattern.
8. The semiconductor chip of claim 7, further comprising a

portion of the semiconductor strut, and a portion of the redis

tribution pattern exposed by the removed portion of the semi
conductor substrate.
3. The method of fabricating a semiconductor chip accord

conductive pattern formed over a sideWall and a bottom of the

ing to claim 2, further comprising forming an insulation layer

semiconductor strut, the conductive pattern formed to contact

to ?ll a gap betWeen the semiconductor substrate and the
semiconductor strut.

the redistribution pattern.
9. The semiconductor chip of claim 8, further comprising

4. The method of fabricating a semiconductor chip accord

an insulation layer ?lling a gap betWeen the semiconductor
substrate and the semiconductor strut.
10. The semiconductor chip of claim 8, Wherein the con
ductive pattern is formed to contact a portion of the protective

ing to claim 2, Wherein forming the conductive pattern further
comprises forming the conductive pattern on a portion of the

protective layer.
5. The method of fabricating a semiconductor chip accord

layer.

ing to claim 1, further comprising performing an ion-implan
tation process to implant impurities into the semiconductor

11. The semiconductor chip of claim 7, Wherein the semi

conductor strut is doped by impurity ions.
12. The semiconductor chip of claim 11, further compris

strut.

6. The method of fabricating a semiconductor chip accord

ing an insulation layer ?lling a gap betWeen the semiconduc

ing to claim 5, further comprising forming an insulation layer
to ?ll a gap betWeen the semiconductor substrate and the
semiconductor strut.

tor substrate and the semiconductor strut.
20

7. A semiconductor chip comprising:

semiconductor substrate.
14. The semiconductor chip of claim 7, Wherein an upper

a bonding pad located on a semiconductor substrate;

a protective layer overlying a portion of the semiconductor
substrate and exposing a portion of the bonding pad and
a portion of the semiconductor substrate;
a redistribution pattern overlying the protective layer, elec

trically coupled to the bonding pad and covering the
exposed portion of the semiconductor substrate; and

13. The semiconductor chip of claim 7, Wherein the semi
conductor strut is laterally spaced apart from the edges of the

surface of the semiconductor strut is substantially coplanar
With an upper surface of the semiconductor substrate.
25

15. The method of fabricating a semiconductor chip
according to claim 1, Wherein the semiconductor strut is
formed in the scribe line region.
*
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