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(57) Abstract: In one example, a method for redistribution layer (RDL) process is described. A substrate is provided. A dielectric layer
is deposited on top of the substrate. The dielectric layer is patterned. A barrier and copper seed layer are deposited on top of the dielectric
layer. A photoresist layer is applied on top of the barrier and copper seed layer. The photoresist layer is patterned to correspond with
the dielectric layer pattern. Copper is electrodepositing in the patterned regions exposed by the photoresist layer. The photoresist layer
is removed. The copper and seed barrier are etched.
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ALTERNATIVE INTEGRATION

FOR REDISTRIBUTION LAYER PROCESS

RELATED APPLICATION

{0001] The present application claims priority from United States Provisional
Patent Application No. 62/703,762, filed July 26, 2018, which is herein

mcorporated by reference i its cntirety.

FIELD

10002] The present disclosure relates generally to a redistribution layer (RDL}
process, and in particular to systems and methods for altemative integration for

RDL.

BACKGROUND

10603} In a conventional RDL process flow, both a thin bamer and copper seed
layer are deposited onto an incoming substrate (most ofien silicon). A
photoresist fayer is applied, via spin coating or lamination. The photoresist is
exposed, developed, and descummed to expose the copper sced n an RDL
pattern. This patterned area is then filled with copper via an electroplating
process. After electroplaning, the photoresist 1s then removed. To electrically
1solate the electroplated RDLE patterng, the copper seed and basrier laver are
removed last. During the seed removal step (via wet chemical etch), the etchant
attacks the copper seed at the pattern/seed interface producing undercut bencath
the RDL pattern. Undercut can reduce the mechanical integrity of the RDL
pattern and produce poor signal integrity. There are two types of undercut that
can occur: (1) seed undemeath the RDL pattern 18 etched and (2) both seed and
base of electroplated RDL are etched. As RDL dimensions continge to shrink,
this issue is becoming more prominent as the undercut occurs under a larger area

of the RDL.

{0604} The present disclosure seeks to address these drawbacks. It should be

noted that the information described in this section is provided to provide the
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skilled artisan some context for the following disclosed subject matter and

should not be considered as admitted prior art.

DESCRIPTION OF THE DRAWINGS

[B805] Some embodiments are illustrated by way of example and not limitation
in the views of the accompanyving drawings.

[0606] FIG, 1A 15 a picture of a cross section of a substrate before a
conventional redistribation layer (RDL) process.

[00607] FIG. 1B is a picture of a cross section of a substrate after a conventional
RDIL process.

10608] FIG. 2 5 a block diagram of a cross section of a substrate aftera
conventional RBL process.

{8609} FIGS, 3A-3J are block diagrams illostrating a partially embedded
alternative mtegration KDL process, according to a first example erobodiment.
[0010] FIGK. 4A-4J are block diagrams illustrating a partially embedded
alternative mtegration RDL process, according to a second example
embodiment.

{8611} FIGS, 5A-5G are block diagrams illustrating a fully embedded
alternative mtegration KDL process, according to an example cmbodiment.
[8812] FIG. 6A is cross-sectional depiction of a substrate itlustrating an
example of engineered copper RDL post-seed etch.

861 3] FI{s. 6B is cross-sectional depiction of a substrate illustrating a
conventional copper RDL post-seed eich.

[6014] FIG. 7 is flow diagram illustrating a method for a partially embedded
RDL process, according to an example embodiment.

{861 3] FIG. 815 flow diagram illustrating a method for a fullv embedded RDL

process, according to an example embodiment.

NI
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DESCRIPTION

108616] The description that follows includes systems, methods, techniques,
mstruction sequences, and computing machine program products that embody
tustrative embodiments of the present inventive subject matter. In the following
description, for purposes of explanation, numerous specific details are set forth
in order to provide a thorough understanding of example cmbodiments. 1t will be
evident, however, to one skilled m the art, that the present embodiments may be

practiced without these specific details.

{6617} A portion of the disclosure of this patent document contains material that
i3 subject to copyright protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office patent files or
records, but otherwise reserves all copyright rights whatsoever. The following
notice applies to any data as described below and in the drawings that form a
part of this document: Copyright LAM Research Corporation, 2018, All Rights

Reserved.

{8618} In the present disclosure, various terms are used to deseribe a
semiconductor processing surface: “wafer” and “substrate” may be used
mterchangeably. The process of depositing, or plating, metal onto a conductive
surface of the wafer via an electrochemical reaction may be referred to generally

as “electrodeposition” or “clectroplating.”

[8619] The present document describes several alternatives to the conventional
redistribution layer (RDL) process: three integration schemes and ong
clectroplating process that result in mininuzed undereut during seed etch. FIG.
1A is a picture of a cross section ot a substrate before a convention RDL
process. FEG. 1B is a picture of a cross section of a substrate after a convention

RDPL process. The after picture illustrates the undercut problem.

[8628] FI{s. 2 is a block diagram of a cross section of a substrate after an RDL
process. The substrate 202 1s deposited with a barrier 204, a copper seed 206,
and ECD copper 208. In the first issue type, the copper seed 206 underneath the

ECD copper 208 is etched resulting in an undercut. In the second issue type,
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both the copper seed 206 and the base of electroplated RDBL (ECD copper 208)

are etched.

[0621] FIGS. 3A-3J are block diagrams illustrating a partially embedded
alternative mtegration RDL process, according to a first example embodiment,
In this process flow, a substrate 322 is provided at operation 302 in FIGL 3A. At
operation 304 in FI1G. 38, a diclectnic {polvimide, nitride, ¢ic.} laver 324 is
apphied to the incoming substrate 322, At operation 306 in FIG. 3C, the
diclectric laver 324 1s patterned. For photosensitive polymeric material
{polyimide}, this would require exposure, develop, and descum steps. At
operation 308 in FIG. 3D, a barrier laver 326 and a copper seed layer 328 are
applied on top of this laver dielectric layer 324, A photoresist laver 330 may be
applied to the substrate 322 at operation 310 in FIG, 3E. Depending on the
photoresist matenal {spin on vs. lanmunate), the photoresist layer 330 could fill
the underlving features or just lay atop. The photoresist laver 330 1s then
exposed, developed, and descummed at operation 312 in FIG. 3E. In this
process flow, the patterned feature size matches that in the underlying diclectric
as Ulustrated in operation 312 in FIG, 3F. At operation 314 1 FIG. 3G, a
copper laver 322 13 electroplated in the patterned regions. At operation 316 1in
Fi(. 3H, the photoresist layer 330 is removed. At operation 318 in FiG, 34, the
copper seed laver 328 and the barrier layer 326 is ctched and removed. At
operation 320 n FIG. 34, optionally, the dielectnic laver 324 can be removed as
well. In this integration scheme, the seed etch does not create an undercut. A
seed etch may only remove a small amount of maternial in the electroplated RBL

side. It may remove the seed between the RDL structure and the barrier.

{0022] Electroplated RDL thickness can range trom 2um to 10pum. For partially
cmbedded, the diclectric layer has at least about 0.5um minimum thickness. The

thickness range may be between 5-50% depending on the RDL final thickness.

[B023] FIGK. 4A-4J are block diagrams itlustrating a partially embedded
alternative mtegration RBL process, according to a second example
embodiment. The flow of FIGS. 4A-4J differs from the flow of FIGS, 3A-3J
for RDL dimensions in the photoresist laver. At operation 402 of FIG. 4A, a
substrate 422 1s provided. At operation 404 of FIG. 4B, a diclectric laver 424 13

deposited onto the substrate 422 At operation 406 of FIG. 4C, the diclectnc
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tayer 424 is patterned (for polymers: expose, develop, descum). At operation
408 of FIG. 4D, both a barrier layer 426 and a seed layer 428 are deposited on
the dielectric layer 424 and the substrate 422,

{8624} Atoperation 410 of FIG. 4K, a photoresist layer 430 1s apphied 1o the
substrate 422, At operation 412 of FIG. 4F, the photoresist layer 430 s
patterned similarly to the diclectric layer 424, However, the features in the
photoresist layer 430 have larger critical dimensions (CDg) or widths than the
corresponding ones in the dielectric layer 424. At operation 414 of FIG. 4G,
copper 432 1s electrodeposited. At operation 416 of FIG. 4H, the photoresist
430 1s removed. At operation 418 of FIG. 41, the copper sced 426 and the
barrier layer 424 are ctched. At operation 420 of FIG. 44, the diclectric layer

424 is optionally removed.

[0025] This flow process results in RDL patterns with thicker dimensions near
the top. This can be beneficial to maintain RDL dimensions post-copper seed
etch. This flow may also minimize side-wall cut in after seed etch resulting in

RDL structures of excellent mechanical integrity.

{0626] FIGS, 5A-5G are block diagrams illustrating a fully embedded
alternative mtegration R process, according to an example cmbodiment. In
this process flow, a substrate 516 1s provided at operation 302 of FIG. 3A. At
operation 504 of FIG. 8B, a diclectric {polvimide, nitride, etc.} laver 518 s
applied to the incoming substraie 516, At operation 506 of FIG, 5C, the
dielectric layer 518 1s patterned.  For photosensitive polvmeric material
{polyimide), this process includes exposure, develop, and descum steps. At
operation 508 of Fi{. 5D, a barrier layer 520 and a copper seed layer 522 are
applied on top of the patterned dielectric layer 518 and exposed surface of the
substrate 316, At operation 510 of FIG. 8E, copper 324 1s electroplated in the
patterned regions. At operation 512 of FIG, 8F, the copper 524 is planarized.

The plating cvolution 1s illustrated by operation 514 in FIG, 5G.

18627} FI{s. 6A 15 a cross-sectional depiction of a substrate lustrating an
example of grain engincering. Cross-section 604 iHustrates a substrate 610, a
barrier 608, and a copper laver 606. To mininuze sced ctch effect, a stronger,
more robust electroplated copper may be required. This can be engineered using

various process parameters including waveform, convection, and chemistry.

(o]
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[3028] Some copper gramn structures that can be engineered to extubit etch
resistance mclade large grains, colummar grains, and nanotwinned grains. As an
example, nanotwinned copper has previcusly been shown to have high tensile
strength, excellent electrical conductivity, and high electromigration resistance.
If formed carly in the electroplating process, the engineered grain structure
{inchiding nanotwins} could reduce the attack on the electroplated copper
although not reducing the undercut to the copper seed laver beneath the RDL
structure. In the above aliemative process schemes detailed above, grain
engineered copper could nunimize etch into the side of the electroplated RDL
structure. This would maintain the pattern dimensions and mechanical intogrity

of the RDL

18629] FI{s. 6B 15 a cross-sectional depiction of a substrate iHustrating an
example of a conventional copper RDL post-seed etch. Cross-section 604
tilustrates an undercut 612 in the copper 606 m a conventional copper RDL post-

seed etch.

[6630] FIG, 7 1s flow diagram illustrating a method for a partially embedded
RDL process, according to an example embodiment. At operation 702, a
substrate 1s provided. At operation 704, a diglectric (polvimide, nitnide, etc.} 15
applied to the substrate. At operation 706, the diclectric layer is patterned. For
photosensttive polvmeric material (polyimide), this would require exposure,
develop, and descum steps. At operation 708, a barrier and copper seed laver is
applied on top of the layer dielectric laver. At operation 710, a photoresist
process is applied to the substrate. The photoresist is exposed, developed, and
descummed at operation 710, In this process flow, the patterned feature size
would match that in the underlying dicleciric. At operation 712, copper is
clectroplated in the patterned regions. At operation 714, the photoresist is
removed. At operation 716, the copper seed and barrier eich 15 removed. At
operation 718, optionally, the dielectric layer can be removed as well. In this
mtegration scheme, the seed etch does not create an undercut.

[8631] FIG. 815 flow diagram illustrating a method for a fully embedded RDL
process, according to an example embodiment. At operation 302, a substrate 1s
provided. At operation 804, a diclectric (polyvimide, nitnde, etc.} s apphied to

the substrate. At operation 806, the diclectric layer 1s patterned. For

6
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photosensttive polvmeric material (polyimide), this would require exposure,
develop, and descum steps. At operation 808, a barrier and copper seed laver is
deposited on top of thus layver diclecine layer. At operation 810, copperis
clectroplated in the pattermed regions. At operation 812, the copper (or

copper/dielectric layer) is planarized.

[6632] Although an embodiment has been described with reference to specific
example embodiments, it will be evident that various modifications and changes
may be made to these embodiments without departing from the scope of the
disclosure. Accordingly, the specification and drawings are to be regarded in an
tHustrative rather than a restrctive sense. The accompanying drawings that form
a part hereof show by way of illustration, and not of himitation, specific
embodiments in which the subject matter may be practiced. The embodiments
tllustrated are described i sufficient detail to enable those skilled in the art to
practice the teachings disclosed herein. Other embodiments may be utilized and
dertved therefrom, such that structural and logical substitutions and changes may
be made without departing from the scope of this disclosure. This Detailed
Description, therefore, is not to be taken in a limiting sense, and the scope of
various embodiments is defined only by the appended claims, along with the full
range of equivalents to which such claims are entitled. Such embodiments of the
mventive subject matter may be referred to herein, individually and/or
collectively, by the term “invention” merely for convenience and without
mtending to voluntanly himit the scope of this application to any single invention
or inventive concept if more than one 1s in fact disclosed. Thus, although
specific embodiments have been illustrated and described herein, it should be
appreciated that any arrangement calcudated to achieve the same purpose may be
substituted for the specific embodiments shown. This disclosure is intended to
cover all adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically deseribed herein,

will be apparent to those of skill in the art upon reviewing the above description.
[8633] Examples:

10634} Example 1 is a method for redistnibotion laver (RDL) process, the
method comprising: depostting a diclectric laver on a surface of a substrate;

patterning the diclectric laver, the patterned diclectric layver exposing a region of

~J
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the surface of the substrate; depositing a protective laver on the patterned
dielectric laver and the exposed region of the surface of the substrate; depositing
a photoresist layer on the protective layer; patternimg the photoresist layer, the
patterned photoresist layer exposing a first region of the protective laver;
clectrodepositing a copper layer on top of the exposed first region of the
protective laver; removing the patterned photoresist layer to expose a second
region of the protective layver; and removing the exposed second region of the

protective laver to expose the patterned dielectric layer.

10635] Example 2 includes the method of exaraple 1, further comprising:
removing the exposed patiermned dielectric layer to expose a region of the surface

of the substrate.

{0036] Example 3 includes the method of example 2, wherein a size of a feature
n the patterned photoresist layer is larger than a size of a feature 1n the patterned

diclectric layer.

{0037) Example 4 ncludes the method of example 1, wherem a size of a feature
m the patterned photoresist layer is smaller than a size ot a feature in the

patterned dielectric layer,

[B838] Example 5 mcludes the method of example 1, wherein the protective
layer comprises a barrier layer and a copper seed layer, the copper seed layer

being on top of the barrier layer.

18639] Example 6 mcludes the method of example 1, whergin the dielectric layver

comprises a photosensitive polymide layer or a nitride layer.

[3049] Example 7 mncludes the method of example 6, wherein patterning the
diclectric laver farther comprises: forming the patterned diglectric layer using

expose, develop, and descum processes.

180641} Example 8 mcludes the method of example 1, whergin a feature size of
the patterned photoresist layer matches a feature size of the underlying patterned
diclectric layer.

[8842] Example 9 includes the method of example 1, wherein depositing the
photoresist layer on top of the protective layer further comprises: filling features

of the patterned dielectric layver with the photoresist laver.
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[8043] Example 10 includes the method of example 1, wherem the photoresist
layer lavs on top of the featares of the patterned diclectric laver and does not fill

the features of the patterned diclectric layer.
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CLAIMS

What is claimed is:

1. A method for redistribution laver (RDL) process, the method comprising:
depositing a dielectric layer on a surface of a substrate;

patierning the dielectric layer, the pattemed diclectric layer exposing a

region of the surface of the substrate;

depositing a protective laver on the patterned dielectric layer and the

exposed region of the surface of the substrate;
depositing a photoresist laver on the protective layer;

patterning the photoresist layer, the patterned photoresist layer exposing

a first region of the protective layer;

clectrodepositing a copper laver on top of the exposed first region of the

protective laver;

removing the patterned photoresist layer to expose a second region of the

protective layer; and

removing the exposed second region of the protective layer to expose the

patterned dielectric layer.

2. The method of claim 1, further compuising:

removing the exposed pattemed diglectric layver to expose a region of the

surface of the substrate.

3. The method of claim 1, wherein a size of a feature in the patterned

photoresist layer is larger than a size of a feature in the patterned dielectric layer.

10
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4. The method of claim 1, wherein a size of a feature in the patterned
2
photoresist layer is smaller than a size of a feature in the patterned dielectric

layer.

5. The method of claim i, wherein the protective layer comprises a barrier
layver and a copper seed laver, the copper seed layer being on top of the barrier

laver.

6. The method of claim 1, wherein the dielectric layer comprises a

photosensitive polymmide laver or a nitride layer.

7. The method of claim 6, wherein patterning the diclectnic layer further
COMPriscs:
forming the patterned dielectric layer using expose, develop, and descum

ProCesses.

3. The method of claim 1, wherein a feature size of the patterned
photoresist layer matches a feature size of the underlying patterned diclectric

layer.

9, The method of claim 1, wheren depositing the photoresist fayer on top of
the protective layer further comprises: filling features of the pattemed dielectric

laver with the photoresist layer.

10, The method of claim 1, wherein the photoresist layer lays on top of the
features of the patterned dielectric laver and does not fill the features of the

patterned dielectric layer.

1
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