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ABSTRACT

A TSV backside reveal structure 1s provided, formed by a
TSV conductive column on a substrate running throughout
the substrate front surface and substrate back surface and
stretching out of the substrate back surface; wherein, a slop-
ing buffer 1s formed within the region between the substrate
back surface and the TSV, and the height of the sloping buiier
changes continuously; wherein the region close to the TSV
has the highest height and the height of the buifer gradually
decreases to that of the substrate back suriface.
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 the mechanical grinding processiis
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= the first chemical mechanical polishing
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TSV BACKSIDE REVEAL STRUCTURE AND
EXPOSING PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from CN Patent
Application Serial No. 201310163510.6, filed on May 3,
2013, and also claims priority from CN Patent Application
Serial No. 201310163509.3, filed on May 3, 2013, the entire
contents of which are incorporated herein by reference for all
pUrposes.

FIELD OF THE INVENTION

[0002] The present invention is related to microelectronics
technology, especially related to a through-silicon-via back-
side reveal structure and its production process.

BACKGROUND OF THE INVENTION

[0003] With the rapid development of the microelectronics
technology, the feature size of the integrated circuit keeps
scaling down, and the interconnection density increases. At
the same time, the user has an increasing demand for high
performance and low power consumption. In this case, the
way of further reducing the line width of interconnection line
to improve the performance 1s limited by the physical prop-
erties of the material and the equipment craft. Hence, the
resistance and capacitance (RC) delay of the 2D interconnec-
tion line gradually becomes the bottleneck of the perior-
mance improvement of semiconductor chip. Through silicon
via (ISV) process can realize the 3D interconnection
between waters (chips) or between a chip and a substrate by
producing metal columns 1n wafers with metal bumps, which
can make up for the limitations of traditional 2D wiring of
semiconductor chips. Compared with the traditional stacking
techniques including the bonding techmique, this intercon-
nection method has increased the 3D stacking density and
reduced packaging dimension, thus 1t can greatly improve the
speed of the chip and reduce the power consumption. There-
fore, TSV technique 1s becoming one of the key techniques
for the high density packaging.

[0004] TSV 1s a technique that produces vertical via holes
between chips or between waters, and deposits the conductive
material in vertical via holes by using the methods including,
clectroplating to realize the interconnection. Specifically,
TSV 1s exposed from the substrate by thinning the back
surface of the waler, and then bumps are formed on the
exposed TSV. These bumps are both electrically and
mechanically connected with the corresponding bumps (1.e.,
solder bumps) on prefabricated adjacent substrates or chips.
Due to the inevitable non-uniformity problem of the current
S1processing techniques, when performing 3D/2.35D integra-
tion process on the chip or water including fine-pitch bumps
(less than 40 um), there exists a height difference among the
exposed TSVs, which 1s called total thickness varnation
(TTV) and 1s usually larger than 2 um. Hence, to ensure that
all the TSVs expose out of the back surface of the watfer and
guarantee the effective interconnection between the bump
and the TSV metal, the maximum height of the exposed TSV
on the wafers should be larger than 2 um. However, such a
height difference 1s a challenge for the physical vapor depo-
sition (PVD) technique that deposits the 2D electroplating
seed layer 1n the general bump production process. The exist-
ing equipment and technology can hardly guarantee the con-
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tinuity of the seed layer close to the lateral wall of TSV when
the TSV backside reveal 1s perpendicular to the silicon sub-
strate. Especially, since the size of the micro bump is usually
slightly larger than that of the TSV, when the micro bumps
directly form on the TSV, voids usually form on the lateral
wall of the TSV and the junction of the silicon substrate and
TSV, which affects the reliability of the interconnection.
[0005] The techmical scheme for solving the aforemen-
tioned problem has not been found 1n prior art.

SUMMARY OF THE INVENTION

[0006] Embodiments of the present mmvention provide a
TSV backside reveal structure, which can overcome the
potential faulting problem of a seed layer when a conven-
tional PVD technique 1s used to produce the seed layer, and
improve the reliability of the connection between a micro
bump and the back tip of the corresponding TSV.

[0007] Another embodiment of the present invention also
provides a TSV exposing process. This process can produce
the required backside reveal structure and avoid the TTV on
the exposed TSV, ensure that all the exposed TSVs meet the
height requirement, and reduce the damage to the back tip of
the TSV during the TSV exposing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] To give a further description of the embodiments 1n
the present mvention or the prior art the appended drawings
used to describe the embodiments and the prior art will be
introduced as follows. Obviously, the appended drawings
described here are only used to explain some embodiments of
the present invention. Those skilled 1n the art can understand
that other appended drawings may be obtained according to
these appended drawings without creative work.

[0009] FIG. 1 illustrates the schematic diagram of a TSV
backside reveal 1n an embodiment of the present invention.

[0010] FIG. 2 illustrates the schematic diagram of a TSV

backside reveal 1n another embodiment of the present inven-
tion.

[0011] FIG. 3 illustrates the schematic diagram of a TSV

backside reveal 1n another embodiment of the present inven-
tion.

[0012] FIG. 4 1llustrates the tlow diagram of a TSV expos-
ing process in an embodiment of the present invention.

[0013] FIG. SA to SE 1illustrate the structure diagram of the
backside reveal corresponding to each step 1n FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The embodiments of the present invention are
described more fully herematter with reference to the accom-
panying drawings, which form a part hereof, and which show,
by way of illustration, specific exemplary embodiments by
which the mvention may be practiced. This mvention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. Among other
things, the present invention may be embodied as systems,
methods or devices. The following detailed description
should not to be taken 1n a limiting sense.

[0015] Throughout the specification and claims, the fol-
lowing terms take the meanings explicitly associated herein,
unless the context clearly dictates otherwise. The phrase “in
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one embodiment” as used herein does not necessarily refer to
the same embodiment, though 1t may. Furthermore, the
phrase “in another embodiment” as used herein does not
necessarily refer to a different embodiment, although 1t may.
Thus, as described below, various embodiments of the inven-
tion may be readily combined, without departing from the
scope or spirit of the mvention.

[0016] Inaddition, asused herein, the term “or’ 1s an 1nclu-
stve “‘or” operator, and 1s equivalent to the term “and/or,”
unless the context clearly dictates otherwise. The term “based
on” 1s not exclusive and allows for being based on additional
factors not described, unless the context clearly dictates oth-
erwise. In addition, throughout the specification, the meaning
of “a,” “an,” and “the”” include plural references. The meaning
of “1in” 1ncludes “1n™ and “on”. The term “coupled” 1mplies
that the elements may be directly connected together or may
be coupled through one or more intervening elements. Fur-
ther reference may be made to an embodiment where a com-
ponent 1s implemented and multiple like or identical compo-
nents are implemented.

[0017] While the embodiments make reference to certain
events this 1s not intended to be a limitation of the embodi-
ments of the present invention and such 1s equally applicable
to any event where goods or services are offered to a con-
SUmet.

[0018] Further, the order of the steps in the present embodi-
ment 1s exemplary and 1s not intended to be a limitation on the
embodiments of the present invention. It 1s contemplated that
the present invention includes the process being practiced in
other orders and/or with intermediary steps and/or processes.

[0019] Embodiments of the present mvention provide a
TSV backside reveal structure. This TSV backside reveal
structure exhibits a continuous height variation between the
exposed TSV and a substrate surface, which changes the
original perpendicular relationship between the exposed T'S

and the substrate surface, and overcomes the potential fault-
ing problem of seed layer in PVD process, and provides the
reliability of the connection between the bump and the

exposed TSV,

[0020] Specifically, the TSV backside reveal structure sets
a buller structure between the exposed TSV and the substrate
surface. For example, the buffer structure may be a slope with
its height gradually decreases from the exposed TSV to the
substrate surface. By setting the slope, a transition region
forms between the exposed TSV and the substrate surface,
which realize the alorementioned function and achieves the
technical effect of the present invention.

[0021] In the following content, a further description of the
technical scheme proposed 1n the present invention will be
given with embodiments.

[0022] FIG. 11llustrates the schematic structure of the TSV
backside reveal in an embodiment of the present invention. As
shown 1n FIG. 1, there 1s TSV conductive column 3 on a
semiconductor substrate 1, where TSV conductive column 3
runs throughout the substrate front surface 101 and substrate
back surface 102, and stretches out of the substrate back
surface 102 to form the backside reveal.

[0023] The semiconductor substrate 1 1s preferred to be a
semiconductor chip, whose material may be semiconductor
materials including silicon, germanium, gallium nitride, and
gallium arsenide. The chip includes some electronic compo-
nents on the substrate front surface 101 or 1inside the substrate.
It 1s preferred but not required that the chip includes a semi-
conductor interlayer structure, for example, a liner, conduc-
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tive layer, conductive pattern region, and other connection
and wiring structures designed for combining the above elec-
tronic components 1nto a complete circuit. In one implemen-
tation method, the semiconductor chip may include multiple
interaction layers composed by the above liner and the con-
ductive layer. Typically, the number of the interaction layers
may be set as three to twelve. In one embodiment, the number
ol the interaction layers may be set as two.

[0024] The electronic component on the semiconductor
chip may include an active component, a passive component,
or the combination of the active and passive components
made via the semiconductor technology. The electronic com-
ponent on the semiconductor chip may include a single tran-
sistor, a single semiconductor die, or the combination of the
transistor and the semiconductor die connected to the semi-
conductor chip via the welding, wire bonding or flip-chip
technology.

[0025] The TSV conductive column 3 forms on the semi-
conductor substrate 1 produced 1n above ways. The number
and distribution of the TSV conductive column 3 depend on
the connection requirement of the semiconductor chip. For
example, multiple TSV conductive columns may be uni-
tormly distributed in the device region of the semiconductor
chip, or a certain number (e.g., 2, 4) of the TSV conductive
columns may be distributed 1n the marginal area of the semi-
conductor chip, or the TSV conductive columns may be non-
unmiformly distributed 1n the wiring region.

[0026] In the production of the TSV conductive column 3,
the first step 1s to recess the device at certain locations. The
recessing may be realized by the semiconductor etching pro-
cess or other feasible techniques including mechanical drill-
ing and laser drilling. Secondly, a liner 2 1s produced on the
wall of the hole. The liner 2 may be made by oxide, nitride, or
other insulating matenials. Taking the semiconductor sub-
strate as silicon as example, the liner 2 may be made by silicon
oxide, silicon nitride, silicon oxynitride, etc. The liner 2 may
be made via directly performing oxidation or nitridation on
the substrate, or via the coating techniques including chemai-
cal vapor deposition (CVD), plasma enhanced chemical
vapor deposition (PECVD), and low pressure chemical vapor
deposition (LPCVD). The liner 2 1s set between the TSV
conductive column 3 and the semiconductor substrate 1 to
serve as the isulation, which prevents the conductive mate-
rial 1n TSV from aflecting the carrier change 1n the semicon-
ductor.

[0027] Adter achieving the TSV hole with the said liner 2,
the TSV conductive column 3 1s produced inside the hole by
metal deposition. The TSV conductive column 3 1s preferred
to be made by metal material, such as Tungsten, copper,
silver, nickel, etc. Other conductive materials, such as doped
polycrystalline silicon and their combination, also may be
used in the TSV conductive column 3. The front surface 301
of the TSV conductive column 3 1s preferred to be connected
with electronic components, the conductive layer, or the con-
ductive pattern region on the substrate front surface 101. The
back surface 302 of the TSV conductive column 3 stretches
out of the substrate back surface 102, to connect the electronic
components on the substrate front surface 101 with the sub-
strate back surface 102. Finally, the substrate back surface
102 1s thinned to expose the back surface 302 of the TSV

conductive column 3 and produce the TSV backside reveal.

[0028] Inthe specific application, 1f the conductive column
3 1s made by copper, a barrier (it 1s not shown 1n the FIG. 1,
however, 1t 1s shown 1n FIG. 5) may be set between the liner
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2 and the TSV conductive column 3. If the conductive column
3 1s made by tungsten, the barrier 1s not necessary, as shown
in FIG. 2. The barrier can prevent the conductive material
from running through the liner 2, penetrating into the semi-
conductor substrate, and hence damaging the semiconductor
substrate and electronic components on the semiconductor
substrate when TSV conductive column 1s produced.

[0029] In the present invention, the thinning process
depends on the location, 1.e., removing less substrate materi-
als 1 the region around the TSV and removing more substrate
in other regions. Furthermore, the preferential etching 1s per-
formed on the substrate of the region around the TSV. The
principle of the preferential etching includes the etch rate
gradually increases as the distance to the TSV increases. That
1s, the etch rate of the substrate region close to the TSV 1s
relatively low, and that of the substrate region far away from
the TSV 1s relatively fast, so that a sloping butler 103 1s
tformed. The height of the sloping buffer 103 changes con-
tinuously, where the region close to the TSV has the highest
height and the height of the buifer gradually decreases to that
ol the substrate back surface 102. It 1s better that the highest
height of the sloping butfer 103 1s slightly lower than that of
the TSV conductive column 3, which makes the backside
reveal of TSV conductive column 3 effectively expose from
the semiconductor substrate to ensure the subsequent electri-
cal connection. As shown 1n FIG. 1, the height of TSV con-
ductive column 3, the height of the liner 2 on the outer edge of
the TSV conductive column 3, and the height of the sloping
buifer 103 decreases successively.

[0030] According to the embodiment shown in FIG. 1, the
slope of buffer 103 1s linear, and the shape of buifer 103
approximates a cone in 3D schematic. In other embodiment,
the slope profile of builer 103 may be a convex or concave
curve, and the shape of butfer 103 approximates a hemisphere
or a mountain cone in 3D schematic.

[0031] Due to the transition function of the sloping butifer
103, a continuous PVD seed layer may be deposited on the
substrate back surface 102, the sloping buffer 103, and the
back surface 302 of the TSV conductive colunm 3. So that the
connection problems, such as the voids caused by the faulted
seed layer between the TSV conductive column and the semi-
conductor substrate, can be avoided when the micro bumps
are produced using the seed layer via electroplating.

[0032] FIG. 2 1llustrates the schematic diagram of the TSV
backside reveal 1in the second embodiment of the present
invention. As shown 1n FIG. 2, the second embodiment pro-
duces a dielectric layer 4 on the substrate back surface 102 of
the semiconductor substrate 1 on the basis of the first embodi-
ment. It 1s preferred the dielectric layer 4 includes silicon
oxide, silicon nitride, epoxy resin, polyimide (PI), benzocy-
clobutene (BCB), or the combination of these materials. It 1s
preferred to produce the dielectric layer 4 via a spin coating,
technique or deposition techniques including chemical vapor
deposition (CVD), plasma enhanced chemical vapor deposi-
tion (PECVD), and low pressure chemical vapor deposition
(LPCVD). The thickness of the dielectric layer 4 from the
substrate back surface 102 1s preferred to be set between 0.3
um to 10 um, or between 0.1 um to 10 um, according to the
material of the dielectric layer 4. The dielectric layer 4 may be
made by a single matenal, for example, the dielectric layer 4
may be PBO or PI with 4-8 um thickness. The dielectric layer
4 also may be made by multilayer materials. In one embodi-
ment, the dielectric layer 4 may be made by silicon nitride and
PBO, the silicon nitride 1s connected with the silicon substrate
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directly, and the PBO 1s deposited on top of the silicon nitride.
The silicon nitride 1s adapted to preventing the spreading of
Copper 1nto the silicon substrate, however, due to the big
stress, the thickness of the silicon nitride 1s limited; 1n one
example, 1t 1s preferred to be 0.1 um to 0.5 um. The PBO 1s
adapted to be the main 1nsulating layer; 1n one example, it 1s
preferred to be 4 um to 8 um. In one embodiment, the dielec-

tric layer 4 may be made by 0.15 um of the silicon nitride and
8 um of the PBO.

[0033] In one embodiment, after the dielectric layer 4 1s
produced, the patterning operation process 1s performed to
remove the dielectric layer 4 within the region of TSV con-
ductive column 3 via development (when the dielectric layer
1s made by PBO) and etching (when the dielectric layer 1s
made by silicon nitride) to expose the back surface 302 of the
TSV conductive column 3. The dielectric layer 4 1s adapted to
prevent electrically short between the metal bump and the
semiconductor substrate when producing the micro bumps.

[0034] FIG. 3 illustrates the schematic diagram of the TSV
backside reveal in the third embodiment of the present inven-
tion. As shown 1n FIG. 3, 1in the embodiment, a metal seed
layer § 1s produced on the back surface 302 of the TSV
conductive column 3 on the basis of the second embodiment.
Themetal seed layer 5 1s used to provide the current carrier for
the electroplating process when the micro bump 6 1s pro-

duced.

[0035] Inan embodiment, the seed layer 5 may be made by
multiple layers of metals, for example, made by chromium,
chromium-copper alloy and copper, or other metal layers set
over the layer of copper. Those skilled 1n the art can under-
stand that other combinations may be achieved from the exist-
ing materials and layer arrangements, for example, the com-
binations may include titantum/copper, titanium tungsten/
copper, titanium/copper/nickel, titanium/copper/nickel/gold.
All the structures suitable for the seed layer should be
included in the protection scope of the present invention.

[0036] The seed layer 5 may be deposited by different
techniques according to the arrangement of the layers. It 1s
preferred to produce the layers via sputtering technique,
while other techmiques imncluding CVD and evaporation may
be also used according to the requirement.

[0037] The micro bump 6 1s produced on seed layer 5 after
seed layer 5 1s produced to form the complete TSV structure.
Specifically, the process includes: covering the seed layer
with a photoresist layer, patterning the photoresist layer via
exposure, removing the photoresist over the TSV to expose
the seed layer 5, producing the bump via electroplating, to
form the electrical connection between the TSV conductive
column 3 and the micro bump 6. The micro bump 6 may be
made by metal materials including nickel and copper. In one
embodiment, the micro bump 6 1s produced by covering the
copper with tin solder. First, the copper and tin solder layer
with the necessary thickness 1s produced via electroplating
technology, as an example, the thickness of the copper and tin
solder layer may be 60/15 um. Then the photoresist 1s
removed alter electroplating, and the desired bump forms via
reflow, as the half spherical bump shown 1n FIG. 3. Finally,
the seed layer outside the bump 1s removed via wet etching.

[0038] Inthe above embodiments, due to the sloping buifer
103, a transitional region with gradually varied height forms
between the exposed TSV and the semiconductor substrate,
which makes the seed layer continuously distributes 1n the
region of exposed TSV, avoids the voids 1n the junction of the
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micro bump and TSV conductive column when the micro
bump 1s produced, and hence guarantees the connection reli-
ability.

[0039] In one embodiment of the present invention, a pro-
cess that produces the TSV backside reveal in the first
embodiment. This process may avoid the effect of TTV on the
exposed TSVs, ensure that all exposed TSVs meet the height
requirement, and reduce the damage to the exposed TSVs
alter the TSVs are exposed to improve the product quality.
Meanwhile, by using the process of the embodiment, a tran-
sitional region with a certain curvature at the junction of the
exposed TSV and the substrate forms after the TSV 1s
exposed. The transition region can ensure the continuous seed
layer deposition when the seed layer used for electroplating 1s
deposited on the TSV, which avoids the connection problem
on the micro bump of TSV,

[0040] FIG. 4 illustrates the brietf flow diagram of a TSV

exposing process provided in the present invention. As shown
in FIG. 4, the process mainly includes following steps.
[0041] S11: a semiconductor substrate with TSV structure
1s provided. In one embodiment, a semiconductor substrate
with a TSV conductive column, a liner between the substrate
and the TSV conductive column, and a barrier between the
liner and the TSV conductive column 1s provided.

[0042] S12: the mechanical grinding process 1s performed
on the substrate back surface.

[0043] S13: the first chemical mechanical polishing pro-
cess 1s performed on the substrate back surface after Step S12.
In the first chemical mechanical polishing process, a non-
selectivity polishing fluid 1s adapted to polish the substrate
back surface to make the distance between the substrate back
surface and the bottom of the TSV less than 1 um, and make
the TTV of the polished substrate back surface less than 1 um.
[0044] S14: the second chemical mechanical polishing pro-
cess 1s performed on the substrate back surface after Step S13.
In the second chemical mechanical polishing process, a pol-
1shing tluid which has high selectivity ratio with regard to the
substrate, the liner, and barrier 1s adapted.

[0045] S15: the wet or dry etching 1s performed on the
substrate back surface after Step S14 to make the TSV back-
side reveal more than 10 pum.

[0046] A detailed description of the above process will be
given 1n the following content with the specific implementa-
tion method.

[0047] FIGS. SA to 5E illustrate the structure diagram of
the backside reveal corresponding to each step in the above
process.

[0048] Firstly, a semiconductor substrate with TSV struc-
ture 1s performed, as shown 1n FIG. SA. In an embodiment,
the semiconductor substrate 1 1s the semiconductor chip,
which may be made by semiconductor materials including,
silicon, germanium, gallium nitride, and gallium arsenide.
The chip includes some electronic components on the sub-
strate front surface 101 and/or inside the substrate, or further
includes (preferred but not required) a semiconductor inter-
layer structure 50, for example, a liner, conductive layer,
conductive pattern region, and other connection and wiring
structures designed for combining the above electronic com-
ponents 1nto a complete circuit. In one embodiment, the semi-
conductor chip may include multiple interaction layers com-
posed by the above dielectric and the conductive layer.
Typically, the number of interaction layers may be set within
three to twelve, or two. In another embodiment, the semicon-
ductor substrate 1 may be water, wherein 1ts front surface 101
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may be the die contaiming no semiconductor devices. Mul-
tiple TSVs 3 are produced in the semiconductor substrate 1.

[0049] FIG. 5B shows the specific structure of the TSVs 3,
including the liner 2 and barrier 6 on the wall of TSV, and the
conductive column 3 covered with the liner 2 and barrier 6.
The liner 2 may be silicon oxide, silicon nitride, silicon oxyni-
tride, etc. The liner may be produced via directly performing
oxidation or nitridation on the substrate, or via the coating
techniques including chemical vapor deposition (CVD),
plasma enhanced chemical vapor deposition (PECVD), and
low pressure chemical vapor deposition (LPCVD). The liner
2 1s set between the TSV conductive column 3 and the semi-
conductor substrate 1 to serve as the insulation, which pre-
vents the conductive material in TSV from affecting the car-
rier change 1n the semiconductor. The barrier 6 1s adapted to
prevent the conductive material from running through the
liner 2, penetrating into the semiconductor substrate 1, and
damaging the semiconductor substrate and electronic com-
ponents on the semiconductor substrate when the TSV con-
ductive column 3 is produced. The barrier 6 may be usually
produced by single metal or combination of deposited mul-
tiple layers of metal successively. The single metal may be
titanium, tantalum, titanium tungsten or ruthentum. The com-
bination may be titantum mtride/titanmium, tantalum nitride/
tantalum. The TSV conductive column 3 i1s produced by metal
deposition. The TSV conductive column 3 1s preferred to be
metal material, such as Tungsten, copper, silver, nickel, etc.
Other conductive matenals, such as doped polycrystalline
silicon and 1ts composition, also may be used as the TSV
conductive column 3. In the present invention, the TSV con-
ductive column 3 1s preferred to be made by copper. The front
surface (top) 301 of TSV conductive column 3 1s preferred to
be connected with electronic components, the conductive
layer, or the conductive pattern region on the substrate front
surface 101. The back surface (bottom) 302 of TSV conduc-
tive column 3 goes deep into the semiconductor substrate 1,
where the depth 1s usually within 50 um-100 pm and the
diameter 1s usually within 5 um-350 um, typically, the diameter
1s usually within 5 um-10 um. Since the existing wafer pro-
cessing makes the thickness of the water reach 700 um-775
um, the thinning process should be performed on the substrate
back surface 102 to ensure that the back surface 302 of the

TSV conductive column 3 exposes from the substrate back
surface 102.

[0050] Firstly, the mechanical grinding 1s performed to thin
the substrate back surface 102. Since the semiconductor sub-
strate 1 1s thick, the thickness should be reduced by more than
500 um, so the thinning process should be realized by a
high-efficiency thinning technique. Therefore, 1t 1s preferred
to use the mechanical grinding technique to directly grind the
substrate with grinding pad (e.g., grninding wheel). Since the
mechanical grinding technique 1s relatively coarse, the TTV
of the water after the mechanical grinding 1s high. As shown

in FIG. 5C, the thickness difference d1 of the surface may
reach 2 um-3 um or even larger.

[0051] Adter the mechanical grinding process, to make the
TTV of the substrate surface acceptable, the first chemical
mechanical polishing process 1s performed on the substrate
back surface. In the first chemical mechanical polishing pro-
cess, a non-selectivity polishing slurry 1s adapted to make the
TTV of the substrate back surface less than 1 um, achieve
smooth substrate back surface, and further thin the thickness
of the substrate, which makes the distance d2 between the
substrate back surface and the back surface of the TSV less
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than 1 um, as shown 1n FIG. 5D. This step can save the time
required for the subsequent etching step. The polishing slurry
1s selected according to the material of the substrate. For
example, when the substrate 1s made by silicon, the polishing
slurry may be the ordinary silicon polishing, which contains
abrasive, PH modifier, penetrant, lubricant, surfactant, chelat-
ing agent, deionized water, etc.

[0052] Adter the first chemical mechanical polishing, the
back surface of the semiconductor substrate 1 1s already very
close to the back surface 302 of the TSV conductive column
3. Then a second chemical mechanical polishing 1s performed
on the semiconductor substrate. In the second chemical
mechanical polishing, a polishing slurry which has high
selectivity ratio with regard to the semiconductor substrate 1,
the liner 2, and the barrier 6, wherein the selectivity ratio of
the semiconductor substrate 1 to the liner 2 1s within 10:1 to
100:1, and the selectivity ratio of the liner 2 to the barrier 6 1s
preferred to be larger than 200:1. Therefore, 1n the second
chemical mechanical polishing, the rate of polishing the sub-
strate 1s the highest. The rate of polishing the barrier 1s the
lowest, which effect 1s negligible. The polishing of the TSV
can be stopped by the barrier 6, and the conductive copper
column 1nside the barrier 6 will not be polished. When the
polishing slurry erodes the substrate downward in the second
chemical mechanical polishing process, since the pressures
on the substrate 1n the vertical direction and pressure distri-
bution are different due to polish selectivity, the polish rate in
the different materials 1s different. Furthermore, since the rate
of polishing the liner and the barrier 1s much less than the rate
of polishing the substrate, the polish rate of the substrate 1n
the region close to TSV 1s much smaller than that of other
regions. Therefore, after the second chemical mechanical
polishing process, the etched surface of the substrate 1s shown
in FIG. SE. The substrate region close to the TSV has the
highest height, and the height of the substrate gradually
decreases as the distance to the TSV increases, which forms a
sloping transitional region. In the following wet or dry etch-
ing, since the etching 1s 1sotropic, the substrate 1s only etched
in the vertical direction, and the sloping transition region 1s
reserved. With this method, a buffer may be provided for the
subsequent seed layer deposition, which makes the seed layer
form a continuous depositional surface and improves the
clectrical connection between the TSV and the external.

[0053] The polishing depth of the second chemical
mechanical polishing, 1.¢., the height d3 of the exposed TS Vs
should be controlled within 0.2 um-0.5 um, which depends on
the spacing between TSVs. If the spacing between TSVs 1s
small, the polishing depth should be shallow; otherwise, the
polishing depth may be deep. In another word, the height of
the exposed TSVs depends on the spacing between TSVs.
The smaller the spacing between TSVs 1s, the shorter of the
exposed TSV will be.

[0054] In practice, the slurry used for the second chemical
mechanical polishing can be modified from the commercial
slurries to reach the required selectivity by adding inhibaitor,
ctchant, or complexant etc. It can also be a dedicated slurry,
which has very high S1 to S10, to barrier selectivity. The new
slurry may contain TMAH, potasstum hydroxide, or the mix-
ture of hydrotluoric acid and nitric acid.

[0055] Adter the second chemical mechanical polishing,
wet or dry etching process 1s performed on the substrate. The
substrate 1s etched to a certain depth until all the TSV con-
ductive columns are exposed with required height. The height
of the exposed TSVs 1s usually larger than 10 um.
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[0056] Inpractice, the etching fluid used in the wet etching
process may be TMAH, potassium hydroxide, or the mixture
of hydrofluoric acid and nitric acid. In the etching fluid, the
volume percent or the weight percent of each constituent may
be controlled to change the selectivity ratio with regard to the
substrate and the dielectric layer. For example, as mentioned
betore, the volume percent ratio of hydrofluoric acid to nitric
acid may be modified within 1:5 to 1:25, and the weight
percent of TMAH etching tluid may be within 3 w %-30 w %.
Those skilled 1n the art can understand that 1f there 1s not the
barrier 1n the substrate, the selectivity ratio of the liner 2 to the
barrier 6 will not be used in the second chemical mechanical
polishing process.

[0057] In conclusion, the TSV exposing process provided
in the present invention achieves following technical merits
by performing two times of chemical mechanical polishing
(CMP) after using mechanical grinding to thin the back sur-
face of the watfer substrate.

[0058] The first CMP uses the non-selectivity polishing
slurry to control the TTV of the polished substrate back
surface less than 1 um and combat the nonuniform problem of
the backside reveals caused by the large TTV.

[0059] The second CMP uses the polishing slurry which
has high selectivity ratio with regard to the substrate, the TSV
liner, and the TSV barrier. The polishing 1s stopped by the
TSV barrier, and the 1inside conductive column, such as con-
ductive copper column, 1s protected from being polished.
Moreover, the etched substrate has a transitional region for
the seed layer deposition, which improves the robustness of
the subsequent TSV electrical connection.

[0060] Those skilled 1n the art can understand that “TSV
backside reveal”, “backside reveal™, “tip expose”, “expose”,
“exposed TSV” may have the same meanings in the above

embodiments.

[0061] The above description of the embodiments are used
to make those skilled 1n the art understand or use the present
invention. Obviously, those skilled 1n the art can understand
that these embodiments can be modified. The principle of the
present ivention can be realized in other embodiments
within the spirit and scope of the present invention. Therefore,
the present invention 1s not limited by the embodiments 1n this
literature. All the embodiments 1n accord with the principle
and the novel feature of the present invention are considered
to be within the protection scope of the present invention.

1. A TSV backside reveal structure, formed by a TSV
conductive column on a substrate running throughout the
substrate front surface and substrate back surface and stretch-
ing out of the substrate back surface; wherein, a sloping buifer
1s formed within the region between the substrate back sur-
face and the TSV, and the height of the sloping buffer changes
continuously; wherein the region close to the TSV has the

highest height and the height of the buller gradually decreases
to that of the substrate back surface.

2. The TSV backside reveal structure of claim 1, wherein,
the highest height of the buffer 1s slightly lower than that of
the TSV conductive column.

3. The TSV backside reveal structure of claim 1, wherein,
the slope profile of the bufler 1s linear, a convex or concave
curve.

4. The TSV backside reveal structure of claim 1, wherein,
a liner 1s set between the substrate bufter and the TSV con-
ductive column; and the height of the TSV conductive col-

umn, the TSV liner and the builer are 1n descending order.
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5. The TSV backside reveal structure of claim 4, wherein,
a barrier 1s set between the liner and the TSV conductive
column.

6. The TSV backside reveal structure of claim 5, wherein,
the liner 1s made by dielectric

7. The TSV backside reveal structure of claim 5, wherein,
the barrier 1s made by single metal or combination of depos-
ited multiple layers of metal.

8. The TSV backside reveal structure of claim 5, wherein,
the single metal 1s titanium, tantalum, titanium tungsten or
ruthenium; the combination comprises titanium nitride/tita-
nium, or tantalum nitride/tantalum.

9. The TSV backside reveal structure of claim 4, wherein,
a dielectric layer 1s set on the substrate back surface; and the
dielectric layer on the back surface of the TSV conductive
column 1s removed via development or etching.

10. The TSV backside reveal structure of claim 9, wherein,
the dielectric layer 1s made by a single material, or by multi-
layer materals.

11. The TSV backside reveal structure of claim 10,

wherein, the dielectric layer 1s PBO or PI with 4 um-8 um
thickness.

12. The TSV backside reveal structure of claim 10,
wherein, the dielectric layer 1s made by silicon nitride and
PBO; the silicon nitride 1s connected with the substrate
directly, and the PBO 1s deposited on top of the silicon nitride.

Nov. 6, 2014

13. The TSV backside reveal structure of claam 12,
wherein, the thickness of the silicon nitride 1s between 0.1 um
to 0.5 um, the thickness of the PBO 1s between 4 um to 8 um.

14. The TSV backside reveal structure of claam 12,
wherein, the dielectric layer 1s made by 0.3 um of the silicon
nitride and 8 um of the PBO.

15. The TSV backside reveal structure of claim 4, wherein,
a seed layer 1s produced on the back surface of the TSV
conductive column, and a micro bump 1s produced on the seed
layer.

16. The TSV backside reveal structure of claam 15,
wherein, the seed layer 1s made by multiple layers of metals.

17. The TSV backside reveal structure of claam 16,
wherein, the seed layer 1s made by chromium, chromium-
copper alloy and copper, or other metal layers set over the
layer of copper, or by combinations including titantum/cop-
per, titanium tungsten/copper, titantum/copper/nickel, or tita-
nium/copper/nickel/gold.

18. The TSV backside reveal structure of claim 15,
wherein, the micro bump 1s made by metal materials includ-
ing nickel, copper and tin.

19. The TSV backside reveal structure of claim 1, wherein,
the TSV conductive column 1s made by metal material includ-
ing tungsten, copper, silver, nickel, or doped polycrystalline
s1licon and their combination.
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