WO 2005/024902 A2 || 00000 0 000 O A A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date
17 March 2005 (17.03.2005)

AT OO OO A

(10) International Publication Number

WO 2005/024902 A2

(51) International Patent Classification’: HO1L
(21) International Application Number:
PCT/US2004/022894

(22) International Filing Date: 16 July 2004 (16.07.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/649,426 26 August 2003 (26.08.2003) US
(71) Applicant (for all designated States except US):
FREESCALE SEMICONDUCTOR, INC. [US/US];

6501 William Cannon Drive West, Austin, TX 78735 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): ROCHE, Thomas,

(74)

(81)

(84)

S. [US/US]; 8602 E. Cheryl Drive, Scottsdale, AZ 85258
(US). ASCHIERI, Paule, C. [FR/US]; 5518 South Rocky
Point, Tempe, AZ 85283 (US).

Agents: KING, Robert, L. et al.; Corporate Law De-
partment, Intellectual Property Section, 7700 West Parmer
Lane, MD: TX32/PL02, Austin, TX 78729 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: METHOD OF FORMING A BOND PAD
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l PROVIDING A SEMICONDUCTOR SUBSTRATE

(62) and under a passivation layer (68) and a polyimide layer (72).
Openings (70 and 74) are formed within the passivation layer (68)

1 and the polyimide layer (72) to expose the top-most layer (64), which

[ FORMING A DIELECTRIC LAYER OVER THE SEMICONDUCTOR SUBSTRATE |~

FORM A STACK OF LAYERS OVER THE DIELECTRIC LAYER WHEREIN 1z
THE STACK HAS A TOP-MOST LAYER FORMED OVER A BOND PAD LAYER

protects the bond pad layer (62) during the formation of the openings
1 (70 and 74). In one embodiment, the exposed top-most layer (64) is
selectively etched using hydrogen peroxide and an amine, such as am-

T monium hydroxide. Because the chemistry does not attack the bond
| PATTERN THE STACK lf” pad layer (62), the bond pad layer’s thickness is not decreased and
T thus, reliability of the bond pad is maintained.

[ PERFORM A FIRST CLEAN PROCESS |
| PERFORM AN ASH |
] STVTER THE SEMICONDUCTOR SUBSTRATE |
| FORM A PASSIVATION LAYER OVER THE STACK | #
PATTERN THE PASSIVATION LAYER TO FORM A FIRST OPENING WITHOUT 24
SUBSTANTIALLY REMOVING THE TOP-MOST LAYER OF THE STACK

| PERFORM A SECOND CLEAN PROCESS |
' FORM A POLYMIDE LAYER OVER THE SEMICONDUCTOR SUBSTRATE r %
! 32

f PATTERN THE POLYMIDE LAYER TO FORM A SECOND OPENING r

REWOVE THE TOP-OST LAYER OF THE STACK FROM THE SECOND OPENING "|—34
WITHOUT SUBSTANTIALLY REMOVING THE BOND PAD LAYER AND THE POLYMIDE

i

COLLECT DATA TO DETERMINE A REMAINING THICKNESS 36
OF THE TOP-OST LAYER
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METHOD OF FORMING A BOND PAD

Field of the Invention

This invention relates generally to semiconductor devices, and more specifically, to

bond pads.

Background
Bond pads are used to electrically connect a semiconductor die to a packaging

terminal interconnect. A packaging terminal interconnect may be a lead, ball, no lead,
combinations of the above or the like. It is important that the signals sent between the
semiconductor die and the packaging terminal interconnect are reliable. Much of this

depends on the bond pad structure.

Currently, aluminum bond pads are used in mucﬁ of the industry. Typically, a metal
layer of approximately 6,000 Angstroms of aluminum is deposited and patterned as the last
metal line in a semiconductor die fabrication process. A passivation layer is formed and
patterned over the metal layer. During patterning of the passivation layer, the thickness of
the aluminum bond pad can be significantly reduced. The resulting thickness of the metal
layer (approximately 1,000 — 2,000 Angstroms) is too thin to provide adequate electrical
reliability.

One proposed solution is to form a TiN layer over the aluminum bond pad to prevent
the thinning of the aluminum during processing. However, the TiN layer must be removed
prior to bonding in order for the aluminum bond pad to be electrically coupled to the
packaging terminal interconnect. However, current TiN dry etch processes attack the
underlying metal layer. Thus, the metal layer is thinned during removal of the TiN layer and
reliability is poor. Therefore, a need exists for a process that does not thin the metal layer and
thus, increases reliability between the semiconductor die and the packaging terminal

interconnect.
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Brief Description of the Drawings

The present invention is illustrated by way of example and is not limited by the

accompanying figures, in which like references indicate similar elements.
| FIG. 1 illustrates a process flow for forming a bond pad in accordance with one

embodiment of the present invention;

FIG. 2 illustrates a cross-sectional view of a portion of a semiconductor device in
accordance with an embodiment of the present invention;

FIG. 3 illustrates the semiconductor device of FIG. 2 after etching various layers;

FIG. 4 illustrates the semiconductor device of FIG. 3 after forming and patterning a
passivation layer;

FIG. 5 illustrates the semiconductor device of FIG. 4 after forming and patterning a
polyimide layer; and

FIG. 6 illustrates the semiconductor device of FIG. 5 after removing a portion of the
protective layer to form a bond pad structure.

Skilled artisans appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated relative to other elements to help

improve the understanding of the embodiments of the present invention.

Detailed Description of the Drawings

In one embodiment, a chemistry including hydrogen, oxygen and nitrogen is used to
etch a TiN layer without etching the underlying bond pad layer, which preferably includes
aluminum. The chemistry may be hydrogen peroxide and an amine, such as ammonium
hydroxide. Because the chemistry does not attack the bond pad layer, the bond pad layer’s
thickness is not decreased and thus, reliability of the bond pad is maintained. Besides the
improved control over the thickness of the bond pad layer, additional benefits such as scrap
reduction, cost reduction, cycle time increase, and the ability to meet customer demands are
achieved. The benefits can be better appreciated after an explanation of the process and thus
are described in more detail following the discussion below of the figures.

Hlustrated in FIG. 1 is a flow 5 used to form a bond pad in accordance with one
embodiment of the present invention. FIGs. 2-6 will be referred to, if appropriate, when

discussing the flow 5 of FIG. 1. The first step of the flow 5 is to provide 9 a semiconductor
-



10

15

20

25

30

WO 2005/024902 PCT/US2004/022894

substrate 52, which is shown after additional processing in FIGs. 2-6. The semiconductor
substrate can be monocrystalline silicon, gallium arsenide, silicon-on-insulator (SOI), the
like, or combinations of the above. Although not shown, the semiconductor substrate may
includes various structures, such as transistors, metal layers and the like, as known to one
skilled in the art. In the embodiment discussed, the exposed layer of the semiconductor
substrate is a metal layer, such as aluminum, copper, and the like.

A dielectric layer 54 (also shown in FIGS. 2-6 after additional processing) is formed
11 over the semiconductor substrate 12 by chemical vapor deposition (CVD), physical vapor
deposition (PVD), atomic layer deposition (ALD), the like or combinations of the above.
The dielectric layer 54 is an intermetal dielectric (IMD), which isolates metal regions/layers
from each another. Thus, the dielectric layer 54 is formed to isolate the exposed layer (not
shown) of the semiconductor substrate from subsequently formed conductive layers.
Typically, the dielectric layer 54 is silicon dioxide (SiOy), but it can be any dielectric
material, such as a low dielectric constant (low-k) material. (A low-k material is a material
with a dielectric constant less than that of silicon dioxide.) ;

After forming 11 the dielectric layer 54, a stack 56 of layers is formed 12 over the
dielectric layer 53 as part of the process of forming a semiconductor device 50, of which a
portion is shown in FIG. 2. The stack 56 includes a top-most layer 64 formed over a bond
pad (metal) layer 62. In a preferred embodiment, the top-most layer 64 is TiN over a bond
pad (metal) layer 62 that includes aluminum. The TiN is at least approximately 800
Angstroms thick as deposited and the aluminum is approximately 6,000 Angstroms thick. In
one embodiment, a first barrier layer 58 and a second barrier layer 60 are formed under the
bond pad layer 62. In a preferred embodiment, first barrier layer 58 is approximately 200
Angstroms of Ti and the second barrier layer is approximately 600 Angstroms of TiN.

Ilustrated in FIG. 3, after forming the stack 56, that stack 56 is patterned 14 by
depositing and patterning a photoresist layer 66 and then etching the stack 56. In one
embodiment, the etch chemistry including chlorine (or more specifically BCl3, Cl,, and
argon) is used to etch the stack 56 which includes layers of TiN and Ti.

After etching the stack 56, a first clean process (post metal etch clean) is performed
16 to remove any particles that may remain from the etch process. As shown in FIG. 1, after
the first clean process, the photoresist is removed using an in situ ash process. An ash is
performed by exposing the semiconductor device 50 to an oxygen (O,) plasma environment.

Preferably, the clean is a wet process. During the above mentioned processes, some of the

3.
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top-most layer 64 may be removed, which is the reason why at least approximately 800
Angstroms of TiN as deposited is preferred. Typically, the etch process will remove
approximately 100-200 Angstroms of TiN. Thus, at least approximately 600-700 Angstroms
remains which is desirable because the subsequently used tetramethylammonium hydroxide
(TMAH) may create pinholes in the top-most layer 64 which will allow the TMAH to attack
the underlying bond pad layer 62 if less than approximately 600-700 Angstroms of TiN is
present as the top-most layer 64.

Next, the semiconductor device 50 (including the semiconductor substrate 52 is
sintered 20 to anneal any residual charges created from the etching process.

After sintering 20, a passivation layer 68 is formed 22 over the semiconductor device
50. as described in FIG. 1. The passivation layer 68 is a protective coating that protects
underlying layers from particles, scratches and moisture. The passivation layer 68 can be
silicon nitride, phoéphosilicate glass (PSG) or any other suitable material formed by CVD,
PVD, ALD, the like or combinations of the above.

As shown in FIG. 4, the passivation layer 68 is then patterned 24 without removing

the top-most layer 64 of the stack to form first opening 70 having sidewalls and a bottom, as

shown in FIG. 4. In other words, the patterning process for removing portion of the

passivation layer 68 is selective to the top-most layer 64. Generally, a dry etch process is
used to form the first opening 70 as known to a skilled artisan. The first opening 70 is where
the bond pad will be exposed after processing is completed. Typically, the first opening 70 is
located near an edge of the semiconductor device 50; the first opening 70 can be located
anywhere on the semiconductor device 50. To remove any particles remaining from the etch
process, a second clean process is performed 28, as shown in FIG. 1.

After forming the first opening 70, a polymide layer 72 is formed 30 over the
semiconductor device 50 that includes the semiconductor substrate 52. As shown in FIG. 5,
the polymide layer 72 is patterned 32 to remove the portion of the polyimide layer from the
bottom of a second opening 74 to expose a portion the top-most layer 64. (The second
opening 74 is concentric with the first opening 72.) However, portions of the polyimide that
remain on the sidewalls of the second opening 72 remain. To remove the polyimide layer 72
form the bottom of the second opening a directional etch is performed. The polyimide layer
72 can be patterned using either pos_itive of negative polyimide, which are nonphotosensitive
and photosensitive, respectively. When using a negative polyimicie the portions that are

exposed to UV (ultraviolet) rays remains and the non-exposed portions are removed or

4-
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cleared. In contrast, when using a positive polyimide the portions that are exposed to UV
rays are removed and the portions that are not exposed remain. Regardless of the type of
polyimide used, TMAH removes undesirable portions of the polyimide layer. Thus, when
using negative polyimide TMAH is used to remove the non-exposed portions and when using
positive polyimide the TMAH removes the exposed areas. (The TMAH removes both the
resist and the polyimide.)

As shown in FIG. 1, the exposed portion of the top-most layer 64 is removed 34 from
the second opening without substantially removing the bond pad layer 62 and the polyimide
72 to form a third opening 76. (The third opening 76 is concentric with the first and second
openings 70 and 74.) In other words, the top-most layer 64 is selectively etched with respect
to the bond pad layer 62 and the polyimide 72. The removal process is a wet strip, meaning
that liquid chemicals are used to selectively remove the top-most layer 64, which is
preferably TiN. Thus, no plasma is present.

The chemistry used is preferably a ratio of 20:1 to 100:1 of hydrogen peroxide
(H20,):ammonium hydroxide (NFLLOH). The hydrogen peroxide does not attack the surface
of the bond pad layer 62, which is preferably aluminum. The ammonium hydroxide controls
the OH ions. The more ammonium hydroxide that is present the faster the top-most layer 64
is etched and thus, the increase in cycle time of processing. Thus, a ratio of 20:1 etches faster
than 100:1. Alternatively, the ammonium hydroxide can be replaced with any amine. In
addition, 100% hydrogen peroxide can be used however the etch will be very slow.

The duration of the etch also depends on the thickness of the top-most layer 64. For
example, using a concentration of 100:1 at 50 degrees Celsius will take approximately 10
minutes to etch through 600 Angstroms of the top-most layer 64.

The etch is preferably performed in a temperature range of approximately 20- 60
degrees Celsius, or more preferably between 40-60 degrees Celsius. At temperatures greater
than 60 degrees Celsius it is very likely that the underlying bond pad layer 60 will
undesirably be attacked.

After removing 34 the top-most layer 64, data is collected 36 to determine a
remaining thickness of the top-most layer 64. In one embodiment, a metapulse tool is used;
any other process or tool can be used. The data collection is optional, but can be used to
monitor the performance of the process, if desired. If the data collection is not performed the

process reduces cost and increases cycle time.

-5-
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Another benefit of using the process described herein is that reliability is improved to
a level where bondability tests are not needed. Removing a process in a flow is desirable
because it decreases cycle time and costs.

Customers who buy semiconductor chips have requirements as to the thickness of the
bond pad layer due to the thickness’ affect on reliability. Typically, automotive customers -
have rigorous reliability requirements since many semiconductor chips are placed in high
temperature environments, such as near automotive engines. (Higher temperature
environments increase the reliability requirements.) By using the process described herein to
form the bond pad, the thickness of the bond pad layer after fabrication meets the rigorous
automotive requirements.

If the polyimide layer is formed incorrectly or was not developed/patterned soon after
it was formed, it may need to be removed and then re-formed. Such a process is called a redo
because it repeats the formation of the polyimide layer. Because the top-most layer protects
the bond pad layer when forming the polyimide layer, the polyimide can be removed and
redeposited without exposing the bond pad layer and thus, preventing the reduction in
thickness of the bond pad layer. In other words, the presence of the top-most layer prevents
polyimide redos from diminishing the reliability of the subsequently formed bond pad.
Furthermore, the ability to perform polyimide redos reduces scrap.

Because the bond pad layer is not etched when removing the top-most layer,
decontamination of the bond pad layer is reduced from other processes. In addition, the bond
pad layer is less likely to be undercut under the passivation, which decreases reliability. In
addition, the process described herein allows for control of the bond pad layer thickness, is a
stable process and does not corrode the bond pads.

In the foregoing specification, the invention has been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the present
invention as set forth in the claims below. For example, the material and thicknesses listed
are not requirements. In addition, although only one bond pad was discussed a skilled artisan
recognizes that a plurality of bond pads may be fabricated in any pattern to form a
semiconductor device. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of the present invention.

_6-
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Moreover, the terms front, back, top, bottom, over, under and the like in the
description and in the claims, if any, are used for descriptive purposes and not necessarily for
describing permanent relative positions. It is understood that the terms so used are
interchangeable under appropriate circumstances such that the embodiments of the invention
described herein are, for example, capable of operation in other orientations than those
illustrated or otherwise described herein.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any element(s) that may cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, required, or essential feature or element

of any or all the claims. As used herein, the terms "comprises," "comprising,” or any other
variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
method, article, or apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such process,
method, article, or apparatus. The terms “a” or “an”, as used herein, are defined as one or
more than one. The term plurality, as used hereih, is defined as two or more than two. The
term another, as used herein, is defined as at least a second or more. The term coupled, as
used herein, is defined as connected, although not necessarily directly, and not necessarily

mechanically.
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CLAIMS

1. A method of forming a bond pad, the method comprising:

providing a semiconductor substrate;

forming a bond pad layer (62) over the semiconductor substrate;

forming a protection layer (64) over the bond pad layer; and

removing a portion of the protection layer using an etch chemistry comprising hydrogen

peroxide and an amine.

2. The method of claim 1 wherein the amine is ammonium hydroxide.

3. The method of claim 1, wherein the ratio of the hydrogen peroxide to amine is between

20:1 and 100:1.

4. The method of claim 1, further comprising:

forming a polyimide layer (72) over the protection layer; and

patterning the polyimide layer (72) to form an opening; and
wherein:
removing the portion of the protective layer is performed after patterning the
polyimide layer and the removing is selective to the bond pad layer and the polyimide

layer.

5. A method of forming a bond pad, the method comprising:

providing a semiconductor substrate;

forming a bond pad layer (62) over the semiconductor substrate;

forming a protection layer (64) over the bond pad layer; and

removing a portion of the protection layer using an etch chemistry comprising of hydrogen,

oxygen and nitrogen.

6. The method of claim 5, wherein the etch chemistry comprises hydrogen peroxide and an

amine.
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7. The method of claim 6, wherein the ratio of the hydrogen peroxide to amine is between
20:1 and 100:1.

8. The method of claim 5, further comprising:

forming a polyimide layer (72) over the protection layer; and

patterning the polyimide layer (72) to form an opening; and
wherein:
removing the portion of the protective layer is performed by selectively removing the
portion of the protective layer so not to remove substantial portions of the bond pad

layer and the polyimide layer.

9. A method of forming a bond pad, the method comprising:
providing a semiconductor substrate;

forming a bond pad layer (62) over the semiconductor substrate;
forming a protective layer (64) over the bond pad layer;

patterning the bond pad layer and the protective layer to form a stack;

* forming a passivation layer (68) over the semiconductor substrate;

patterning the passivation layer (68) to form a first opening over a portion of the stack;

forming a polyimide layer (72) over the semiconductor substrate and along the bottom and
sidewalls of the first opening after patterning the passivation layer;

patterning the polyimide layer (72) to form a second opening over the stack, wherein the
second opening is concentric with the first opening and the second opening exposes a
portion of the protective layer;

selectively removing the exposed portion of the protective layer from the second opening by

using a chemistry comprising hydrogen, oxygen, and nitrogen.

10. The method of claim 9, wherein the etch chemistry comprises hydrogen peroxide and an

amine.
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