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DIRECT CONTACT THROUGH HOLE TYPE 
WAFER STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Wafer structure. 
More particularly, the present invention relates to a direct 
contact through hole type Wafer structure. 

[0003] 2. Description of the Related Art 

[0004] A trend for electrical products is to be light, short, 
small and thin. Not only the chips manufacturing technology 
but also the packaging technology is developed rapidly to 
meet the trend. Since a Width of a chip is reduced quickly, 
an integration of the chip is increased and a volume of a chip 
is decreased. As a result, it is an important task to develop 
a neW packaging technology, Which is able to form a small 
volume package. 

[0005] Memory modules, for example, are the common 
semiconductor products. The memory modules are generally 
formed by the folloWing steps. Chips are ?rst packaged, and 
then the packages are attached to a printed circuit board. The 
steps of forming the memory modules are complicated and 
manufacturing costs are high. Additionally, the arrangement 
of the packages on the printed circuit board is tWo-dimen 
sional. An area occupied by the packages is large, so that the 
packaging density is loW. To further reduce reduction of a 
siZe of the memory module is limited. 

[0006] A stacked-type package structure is designed to 
overcome the above problems. The package structure is 
three-dimensional, thus an area occupied by packages is 
reduced and the packaging density is increased. 

[0007] FIG. 1 is a schematic, cross-sectional diagram of a 
conventional stacked-type package structure. 

[0008] Referring to FIG. 1, chips 10a, 10b and 10c are 
coupled With leadframes 14a, 14b and 14c by bonding Wires 
12, respectively. The chips 10a, 10b, 10c and the leadframes 
14a, 14b, 14c are sealed by epoxy 16 to form packages 18a, 
18b and 18c. The packages 18a, 18b, 18c are stacked and 
coupled With each other by outer leads of the leadframes 
14a, 14b, 14c. Outer leads of the leadframe 14c couple With 
contacts 22 on a printed circuit board 20 by tape automatic 
bonding. 

[0009] Although the stacked-type package structure 
reduces the area occupied by the packages, a height of the 
stacked-type package structure is high. Furthermore, a sig 
nal-transmitting path from the stacked-type package struc 
ture to the printed circuit board is long, so that electrical 
impedance is increased. As a result, signals transmitted 
decay and are delayed. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention provides a 
direct contact through hole type Wafer structure that has 
contacts on both sides. 

[0011] The invention provides a direct contact through 
hole type Wafer structure that is used to form a Wafer-level 
package, so that a volume and a height of the package are 
reduced. 
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[0012] The invention provides a direct contact through 
hole type Wafer structure used to form a package, so that a 
signal transmitting path and electrical impedance of the 
package are reduced. 

[0013] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides a 
three-dimensional stacked-type package structure. Both 
sides of a Wafer have devices and contacts. The contacts are 
coupled With the devices. Bumps are formed on the contacts, 
respectively. 

[0014] Because a package structure provided according to 
the invention is a Wafer-level package, a volume and a height 
of the package are reduced. Additionally, the signal-trans 
mitting path is reduced. The electrical impedance is also 
reduced, so that the problem of signals delayed and decayed 
is avoided. 

[0015] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings, 

[0017] FIG. 1 is a schematic, cross-sectional diagram of a 
conventional tape automatic bonding package structure; 

[0018] FIGS. 2A through 2H are schematic, cross-sec 
tional diagrams of fabricating a three-dimensional stacked 
type package structure according to the invention; 

[0019] FIG. 2I is a schematic, cross-sectional diagram of 
another three-dimensional stacked-type package structure 
according to the invention; 

[0020] FIG. 3 is a schematic, cross-sectional diagram 
shoWing packages formed according to the invention; and 

[0021] FIG. 4 is a schematic, cross-sectional diagram 
shoWing an adhesion part of bumps. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0023] FIGS. 2A through 2H are schematic, cross-sec 
tional diagrams of fabricating a three-dimensional stacked 
type package structure according to the invention. 

[0024] As shoWn in FIG. 2A, a silicon-on-insulator (SOI) 
substrate 30 is preferred in the invention. The silicon-on 
insulator substrate 30 is made from an insulation layer 34 
and silicon substrates 32 and 36. The insulation layer 34 is 
located betWeen the silicon substrates 32 and 36. 
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[0025] There are three methods generally used to form the 
silicon-on-insulator substrate 30. 

[0026] In the ?rst method, an ion implantation process and 
a thermal process are performed in sequence to form a 
silicon dioxide layer in a silicon substrate. The depth of the 
silicon dioxide layer is about 2 to 3 pm. 

[0027] In the second method, a silicon dioxide layer is 
formed on a silicon substrate. Another silicon substrate is 
adhered to the silicon dioxide layer. 

[0028] In the third method, a silicon dioxide layer is 
formed on a silicon substrate. A silicon layer is formed on 
the silicon dioxide layer by epitaxy. 

[0029] Referring to FIG. 2B, metal-oxide-semiconductor 
(MOS) transistors 38 and an insulation structure 40 such as 
shalloW trench isolation, are formed in the silicon substrate 
32. Additionally, devices (not shoWn), for example, resis 
tors, capacitors, inductors, diodes and bipolar junction tran 
sistors (BJT) are formed in the silicon substrate 32. A 
plurality of contact plugs 42 is also formed in the silicon 
substrate 32. The material used to form the contact plugs 42 
is selected from a group consisting of tungsten, copper, and 
aluminum. 

[0030] Referring to FIG. 2C, steps of forming multilevel 
interconnects are performed. The technique of forming 
multilevel interconnects is not directly related to the inven 
tion and is Well knoWn to those skilled in the art, so that 
detailed description is omitted herein. As a result, insulation 
layers 48a, 48b, 48c, 48d and patterned conductive layers 
44a, 44b, 44c are formed over the silicon substrate 32. 
Furthermore, plugs 46 are formed in the insulation layers 
48a, 48b and 48c. The conductive layer 44c is used as a 
bonding pad. It is also suitable to form a plurality of bonding 
pads on the conductive layer 44c. The insulation layer 48a' 
is formed on the conductive layer 44c as a passivation layer 
and exposes a portion of the conductive layer 44c. The 
conductive layers 44a, 44b and 44c include aluminum, 
doped polysilicon, tungsten or copper, and the step of 
forming the conductive layer 44a, 44b and 44c includes 
sputtering or chemical vapor deposition. The material used 
to form the insulation layers 48a, 48b, 48c and 48d is 
selected from a group consisting of silicon dioxide, silicon 
nitride, spin-on-glass (SOG) and borophosphosilicate glass 
(BPSG). The plugs 46 include tungsten, aluminum or cop 
per. 

[0031] Referring to FIG. 2D, 21 patterned photoresist layer 
50 is formed on the silicon substrate 36. A portion of the 
silicon substrate 36 is removed by using the insulation layer 
34 as a stop layer to form an opening 52 and the opening 52 
is aligned With the contact plugs 42. The step of removing 
the silicon substrate 36 includes Wet etching or electro 
chemical etching. 

[0032] Referring to FIG. 2E, a portion of the insulation 
layer 34 and a portion of the silicon substrate 32 are removed 
by using the photoresist layer 50 as a mask to form an 
opening 52a. The step of removing the silicon substrate 32 
and the insulation layer 34 is preferably dry etching. The 
contact plugs 42 are exposed by the opening 52a. Then, the 
photoresist layer 50 is removed. 

[0033] The steps illustrated in FIGS. 2D and 2E are like 
a micro machining process. The purpose of the above tWo 
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steps is to expose the contact plugs 42 in the opening 52a. 
As a result, the contact plugs 42 can serve as contacts on the 
silicon-on-insulator substrate 30. 

[0034] Referring to FIG. 2F, an insulation layer 54 is 
formed in the opening 52aand along the exposed silicon 
substrate 32 and 36. Additionally, the contact plugs 42 are 
exposed. The step of forming the insulation layer 54 
includes thermal oxidation or deposition. The purpose of the 
insulation layer 54 is to isolate the contact plugs 42 from the 
silicon substrate 32. 

[0035] Referring to FIG. 2G, a barrier layer 56 and a 
metal layer 58 are formed in sequence on the insulation layer 
54. The purpose of the barrier layer 56 is to prevent ions in 
subsequently formed thin ?lms from penetrating into the 
silicon-on-insulator 30 and affecting the devices in the 
silicon-on-insulator 30. The material used to form the barrier 
layer 56 is selected from a group consisting of titanium, 
titanium nitride, titanium/tungsten alloy, chromium and a 
combination thereof. The purpose of the metal layer 58 is to 
improve the adhesion betWeen the barrier layer 56 and a 
subsequently formed bump. The material used to form the 
metal layer 58 is selected from a group consisting of nickel, 
tungsten, gold, palladium and a combination thereof. 

[0036] Referring to FIG. 2H, bumps 60 are formed on the 
metal layer 58 and the conductive layer 44c. Furthermore, a 
barrier layer (not shoWn) and a metal layer (not shoWn) can 
also be formed on the conductive layer 44c before forming 
the bumps 60 to improve the reliability. The material used to 
form the bumps 60 is selected from a group consisting of 
gold, tin and lead/tin alloy, Whose ratio is about 95 to 5. The 
bumps 60 are coupled With the devices in the silicon-on 
insulator 30 by the contact plugs 42, the conductive layer 
44a, 44b, 44c and the plugs 46. 

[0037] In the invention, the contact plugs 42 are exposed 
in the opening 52a, so that a direct contact through hole 
(DCTH) type Wafer is fabricated and both sides of the 
silicon-on-insulator 30 have contacts. The contact plugs 42 
are arranged as an array, thus a plurality of the contact plugs 
42 are coupled With a bump 60. Furthermore, a bump 60 
formed to cover a plurality of the opening 52a is also 
acceptable. 
[0038] FIG. 21 is a schematic, cross-sectional diagram of 
another three-dimensional stacked-type package structure 
according to the invention. 

[0039] Referring to FIG. 21, a conductive material 62 ?lls 
the opening 52a to reduce stresses. Then, the bump 60 is 
formed on the conductive material 62. The conductive 
material 62 includes conductive silicone or conductive 
epoxy. 

[0040] FIG. 3 is a schematic, cross-sectional diagram 
shoWing packages formed according to the invention. 

[0041] Referring to FIG. 3, chips 74 formed according to 
the invention have bumps 60 on both sides of the chips 74. 
Each chip 74 couples With other chips 74 or contacts 72 on 
a printed circuit board 70 by the bumps 60. In FIG. 3, a 
stack 78a formed by three chips 74 is shoWn on the 
right-hand side and a stack 78b formed by tWo chips 74 is 
shoWn on the left-hand side. The stacks 78a and 78b are 
coupled by a bonding Wire 76. The step of coupling the 
stacks 78a and 78b includes Wire bonding or tape automatic 
bonding. 
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[0042] FIG. 4 is a schematic, cross-sectional diagram 
showing an adhesion part of bumps. 

[0043] Referring to FIG. 4, the bump 60 on the chip 74 is 
made from a substantially high melting point material. A 
substantially loW melting point material 80 such as lead/tin 
alloy, Whose ratio is about 63 to 37, is used as a solder When 
the chip 74 adheres to another chip 74. Anisotropic conduc 
tive ?lm (ACF) or anisotropic conductive paste (ACP) is 
also suitable for the solder. In order to avoid a stress 
generated by heat during the operation, Which usually breaks 
the adhesion betWeen the bumps 60, an under?ll 82 is ?lled 
betWeen chips 74, and the chip 74 and the printed circuit 
board 70 (FIG. 3). Since the chip 74 is directly attached to 
the printed circuit board 70 (FIG. 3), no carrier is used. The 
package according to the invention is a Wafer-level package, 
so that a volume and a height of the package are reduced. 

[0044] In the embodiment, one bump is formed over an 
opening. HoWever, a bump formed over a plurality of 
openings is acceptable. The process is similar to the one 
mentioned above, so that the detailed description is omitted 
herein. 

[0045] According to the foregoing, the advantages of the 
invention include the folloWing: 

[0046] 1. AWafer fabricated according to the invention is 
a direct contact through hole type Wafer, so that both sides 
of the Wafer have contacts. As a result, chips according to the 
invention are easily stacked. Especially, the chips are 
stacked three-dimensionally. 

[0047] 2. Apackage according to the invention is a Wafer 
level package and stacked three-dimensionally, so that the 
volume and the height of the package are decreased. 

[0048] 3. Because chips are coupled With other chips or 
the printed circuit board by the bumps, the signal transmit 
ting path is reduced. As a result, electrical impedance is 
reduced. The problem of the signals delaying and decaying 
is avoided. 

[0049] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A direct contact through hole type Wafer structure, 

comprising: 

a silicon-on-insulator substrate having a ?rst silicon sub 
strate, a second silicon substrate and a ?rst insulation 
layer With the ?rst insulation layer positioned betWeen 
the ?rst and second silicon substrates, Wherein at least 
one opening is formed in the second silicon substrate 
and penetrates into the ?rst silicon substrate through the 
?rst insulation layer; 

at least one device positioned on the ?rst silicon substrate; 

a plurality of contact plugs positioned in the ?rst silicon 
substrate and exposed by the opening; 

a plurality of dielectric layers and a plurality of patterned 
conductive layers Which couples With the device and 
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the contact plugs and a plurality of plugs in the dielec 
tric layers, and the dielectric layers and the patterned 
conductive layers being alternately stacked on the ?rst 
silicon substrate, Wherein at least one bonding pad is 
formed on an uppermost conductive layer and eXposed 
by an uppermost dielectric layer formed on the upper 
most conductive layer; 

a second insulation layer positioned in the opening, 
Wherein the second insulation layer is along a surface 
of the opening and eXposes the contact plugs; 

a barrier layer positioned on the second insulation layer 
and coupled With the contact plugs; and 

a metal layer positioned on the barrier layer. 
2. The structure of claim 1, Wherein bumps are positioned 

on the metal layer and the bonding pad, respectively. 
3. The structure of claim 2, Wherein a conductive material 

is positioned betWeen the bumps and the metal layer. 
4. The structure of claim 3, Wherein the conductive 

material includes conductive epoXy. 
5. The structure of claim 3, Wherein the conductive 

material includes conductive silicone. 
6. The structure of claim 1, Wherein the second insulation 

layer includes silicon dioXide. 
7. The structure of claim 1, Wherein a material used to 

form the barrier layer is selected from a group consisting of 
titanium, titanium nitride, titanium/tungsten alloy, chro 
mium and a combination thereof. 

8. The structure of claim 1, Wherein a material used to 
form the metal layer is selected from a group consisting of 
nickel, tungsten, gold, palladium and a combination thereof. 

9. The structure of claim 1, Wherein the bump includes 
gold. 

10. The structure of claim 1, Wherein the bump includes 
lead/tin alloy 

11. The structure of claim 1, Wherein the bump includes 
tin. 

12. The structure of claim 1, Wherein an arrangement of 
the contact plugs in the opening is an array. 

13. A direct contact through hole type Wafer structure, 
comprising: 

a substrate having a ?rst surface and a second surface; 

at least one device positioned on the ?rst surface; 

a ?rst contact positioned over the ?rst surface and coupled 
With the device; and 

a second contact positioned over the second surface and 
coupled With the device. 

14. The structure of claim 13, Wherein a plurality of 
bumps is positioned on the ?rst contact and the second 
contact, respectively. 

15. The structure of claim 13, Wherein the ?rst contact is 
coupled With the device through at least one conducting 
Wire, Which is positioned in the substrate and exposed on the 
second surface. 

16. The structure of claim 15, Wherein the second contact 
is coupled With the conducting Wire through at least a 
contact plug, Which is positioned in the substrate and 
eXposed on the second surface. 

17. The structure of claim 13, Wherein the second contact 
is coupled With the device through at least one contact plug, 
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Which is positioned in the substrate and exposed on the 
second surface. 

18. The structure of claim 13, Wherein the substrate 
includes a silicon-on-insulator substrate. 

19. A three-dimensional stacked-type package, cornpris 
ing: 

a substrate; and 

a plurality of chips having contacts on both sides attached 
on the substrate, Wherein chips are stacked With each 
other by the contacts and coupled to the substrate. 
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20. The structure of claim 19, Wherein other groups of the 
chips are coupled on the substrate. 

21. The structure of claim 20, Wherein each group of the 
chips is coupled With each other by Wire bonding. 

22. The structure of claim 20, Wherein each group of the 
chips is coupled With each other by tape autornatic bonding. 

23. The structure of claim 19, Wherein the chips are direct 
contact through hole type chips. 


