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1
LITHOGRAPHY METHOD FOR FORMING SEMICONDUCTOR DEVICES WITH
SUB-MICRON STRUCTURES ON A WAFER AND APPARATUS

Field of the Invention

The present invention generally relates to large scale integration
semiconductor devices and in particular, though not exclusively, to a
lithography method for forming semiconductor devices with sub-

micron structures on a wafer and an apparatus for it.

Background of the Invention

As lithography exposure tools become increasingly complex due to the
use of sub-DUV wavelengths, this will require use of vacuum in the
lithography chamber or optical exposure area. This includes such
lithography technologies as X-ray, electron beam, ion beam projection
and extreme ultraviolet (EUV). Electron beam alignment systems will
use backscattered electrons to calculate offsets. Due to the geometry
of alignment marks and detectors, low signal strength, absorption by
wafer materials, and low k dielectric fim charging may inhibit this
technique.

As the device geometries shrink, the requirements for alignment
become increasingly stringent and require more precision. In addition
to the difficulty in achieving the accurate stacking, the ability to
determine the alignment marks is beginning to reach the limits of
optical detection techniques.

The present invention seeks to provide a concept for replacing
conventional optical alignment systems by a newer technique which

mitigates or avoids the disadvantages and limitations of the prior art.
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Brief Description of the Drawings

FIG. 1 illustrates a lithography apparatus according o prior art;

FIG. 2 illustrates a lithography apparatus according fo an embodiment
of the present invention; |

FIG. 3is a flowchart of the lithography process for forming a
semiconductor device with sub-micron structures on a wafer
according to prior art; and

FIG. 4 is a part of the flowchart of FIG. 3 in detail that embodies the

present invention.

Detailed Description of a Preferred Embodiment

According to the present invention the conventional alignment system
is replaced with an alignment technique that is based on atomic force
microscopy (AFM). The microscopy module is located within the
lithography cell. This tool provides for atomic scale alignment
accuracy. One advantage of the proposed technigue is that this
system is not prone to the errors associated with optical metrology such
as reflection or scoh‘ering.'Even an overlaying film above the marks is
not perfectly planar and shows elevations at the respective positions of
the underlying alignment marks. Thus the marks are still detectable by
AFM.

Referring to FIG. 1, there is shown a prior art design of a lithography
cell and relevant adjacent tools. The wafers to be processed are
carried in a Front Opening Unified Pod (FOUP) 1 which conToin's e.g. 25
wafers of 300mm diameter. The wafer FOUP 1 enters into a lithography
cell 2 which comprises as main components a coater tool 3 and an
exposure tool 4. The lithography cell 2 is indicated by a rectangle with
bold lines which encompasses the coater ool 3 and the exposure tool

4 as its components. The coater tool 3 is indicated by a polygon with
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dashed lines, it comprises a coating means 5, a developer means 6
and a stabilization means 7 for baking/cooling the wafer. (In the
following the term "baking" the wafer is meant fo comprise also
subsequent "cooling" of the wafer.) After finishing the processing steps
in the lithography cell 2 the wafer is passed on to a processing cell 9 for
etching, wet processing or ion implantation.

The tools for lithography processing of the wafer are arranged in a
loop, the transportation paths 10 of the wafers between two adjacent
processing means being indicated by solid lines (arrows). The wafer first
enters the coating means § in the coater tool 3, where it is coafted with
a lithography resist. After the coating the wafer is passed on to said
exposure tool 4, which is normally external to the coating tool 3 since,
concerning the physical environment, the requirements for the
exposure (vacuum) are different from the requirements for coating,
developing and baking/cooling. In the exposure tool 4 the wafer is
exposed to irradiation with light, X-rays, electrons or ions through a
reticle (not shown). After the exposure in the exposure tool 4 the wafer
is returned to the coater tool 3 where it is baked and cooled in order to
stabilize the exposed lithography resist on it in a first stabilization means
7. The wafer then enters the developer means 6 in which it is
developed and afterwards it is passed on to a second stabilization
means 7 for baking the resist pattern on the surface of the wafer.
Accordingly, there are multiple wafers concurrently processed at one
time: such as one in the coating means 5, being coated with resist, one
in the exposure tool 4, being irradiated with light, electrons, ions etc.,
and one in the developer means 6 or the stabilization means 7. After
the stabilization means 7 the wafer exits the lithography cell 2 and
enters the processing cell 9 (such as an etcher, an ion implanter or
similar) for further processing.

Before the wafer enters the processing cell 9, a metrology

inspection of the patterns on its surface is carried out, in order fo reject
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wafers with features on their surface that are not properly aligned with
respect to the wafer because a misalignment of the wafer and
processing means in the lithography cell occurred during the
preceding lithography processing. This metrology inspection is carried
out in a separate metrology inspection tool 8, external to the
lithography cell 2 and the processing cell 9, respectively.

The according steps of the pertaining prior art process are
presented in FIG. 3. Referring to FIG. 3, in an inifial step 13 a lithography
resist is coated onto the wafer in said coating means 5. Subsequently,
at step 14, the wafer with the resist on it is exposed to irradiation with
deep UV light, extreme UV light, X-rays, electron or ion beams in the
exposure tool 4 through a refticle (not shown). After exposure the resist
is developed in the developer means 6 at step 15. (In order to stabilize
the resist there may be provided a post exposure bake before
developing the resist in a first stabilizihg means 7.) The developed
lithography resist is stabilized by baking and subsequent cooling in the
stabilization means 7 at step 16. After the following metrology
inspection in the according module 8 at step 17 the batch of wafers is
passed on to the processing cell 9. In the processing cell 9 the wafer is
etched, wet processed or ion implanted at step 18.

It is essential for the lithography processing that the wafer be
correctly aligned when it enters the exposure tool on a vacuum chuck
that is mounted on a stage. The wafer has to be aligned with respect
to the irradiation system in the exposure tool, fhcn‘ is the optical column
in the exposure tool comprising the reticle and an irradiation source
(not shown). Since this alignment becomes more and more complex
with decreasing structure dimensions on the wafer there is provided a
different technique for the alignment according to the invention.

The apparatus for forming at least one semiconductor device on
the wafer according to the invention is schematically illustrated in

FIG. 2. The lithography apparatus in FIG. 2 comprises substantially the
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same elements as the one in FIG. 1, but there is provided an atomic
force microscopy module 11 before the exposure tool 4 in the
lithography cell 2. In fact, the atomic force microscopy module 11 is
directly integrated into the exposure fool 4, and AFM is used as
assistance for the alignment of the wafer within the exposure tool 4.
Before the wafer is mounted on the exposure chuck, its orientation with
regard to the chuck is determined by notches on the wafer and a
mechanical pre-alignment is carried out off the stage in a separate
module (not shown). In two steps, the stage is thereafter aligned with
the irradiation system, and the wafer on the chuck is aligned with the
stage by the atomic force microscopy module 11. The coarse
alignment is typically done first by means of the existing optical system
(which is the main adjustment aid with the prior art for aligning the
wafer with respect to the optical column, not shown), whereas,
according to the invention, the fine adjustment is based on the AFM
module 11. To that order the stage is moved from the optical column
to the AFM module 11 where the position of the alignment marks are
accurately determined. The AFM module 11 detects one or more of
the alignment marks on the wafer and compares their every position to
respective target positions. In response o the difference between an
actual alignment mark position and the target position, an alignment
signal is produced and fed into the exposure tool 4 by the AFM module
11 so as to carry out the fine adjustment of the wafer.

The according signals are exchanged between the AFM module
11 and the exposure tool 4 on a bus that is indicated by the dash-
dotted line 12 in FIG. 2. The signals comprise information on the lateral
displacement (i.e. x- and y- displacement) and on the angular
displacement (s-displacement) of the wafer. Due to the information
from the AFM module 11, the alignment of the wafer can be
performed in "real time". So cost and complexity of the alignment

system is reduced to a minimum.
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Thereafter the wafer is returned to the opticai column in the
exposure tool 4 for exposure.

The styli of the atomic force microscopy module are located at a
plurality of positions on the stage so as to provide for a higher
inspection performance and a higher throughput of wafers. The
positions of the styli reach preset areas on the wafer to obtain
measurements on normal sites. In a preferred embodiment, instead of
any alignment marks, the patterns on the wafer surface are used for
the fine alignment of the tool by AFM that are created by a preceding
lithography process. Hence, the stylus positions are arranged in such a
manner on the stage that their tips reach the patterns on the wafer
surface. These pattemns are then referred to as alignment marks, and
the wafer is adjusted with respect to the optical column, comprising
lenses and the reticle, on the basis of such patterns. This frees up space
in the scribe grid (kerf) areas. With the alignment of actual die critical
geometries, the device performance and yield is thus improved.

In a preferred embodiment AFM stylus tips consist of buckyballs, SiC
material, and diamond material as the basic components, that are
relatively inexpensive and easy to make. Moreover, with microelectro-
mechanical systems (MEMS), the design and realization of AFM arrays is
inexpensive and simultaneous measurements at any desired spacing
are feasible. The atomic force microscope 11 comprises piezo-driven
cantilevers with a tip at the free end of it (e.g., either SiC tips, diamond
fips or so-called buckyballs). The tip traverses the wafer, scanning the
pattern on its surface (either the wafer being translated on a stage
(not shown), or the cantilever being drawn across the wafer). The tip at
the end of the cantilever is attracted or repelled by the features on the
wafer in a direction that is substantially perpendicular to the wafer
surface. The vertical translations of the tip are detected by a piezo-

electric detector which generates a varying electrical signal, that is
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then applied to an amplifier and is evaluated by a computer (not
shown).

The method for the alignment of the wafer by atomic force
microscopy according to the invention is illustrated in FIG. 4 as a
sequence of sub-steps of step 14 in FIG. 3. Affer coating the wafer in
step 13, the OlignménT marks are detected on the wafer by AFM in step
141, FIG. 4. In step 142 the wafer is subjected to a fine alignment by the
AFM module 11. (Although in general only the wafer will be moved for
an adjustment, in principle also the reticle could be subject to such a
fine adjustment.) After the alignment marks are correctly aligned with
regard to an external reference system, i.e. the optical column
comprising the reticle and the wafer is correctly positioned under the
optical column, the patterns on the reticle match the patterns that
already exist on the wafer and the wafer is subsequently irradiated in
step 143. The signals that control the alignment of the wafer with
regard to the optical column are exchanged between the AFM
module 11 and the exposure tool 4 (both encompassed by a dashed
rectangle as part of a single unit) over the dash-dotted line 12 in FIG. 2.
After step 143 the program continues at step 15 in FIG. 3.

While the invention has been described in terms of particular
structures, devices and methods, those of skill in the art will understand
based on the description herein that it is not limited merely to such
examples and that the full scope of the invention is properly
determined by the claims that follow.
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Claims

1. A lithography method for forming at least one semiconductor

device on a wafer comprising the steps of:

coating a lithography resist onto said wafer in a coating means,

exposing said wafer to an irradiation through a reticle in an
exposure 1ool,

stabilizing said lithography resist for activating chemical reaction
and developing said lithography resist in said predetermined
areas in a developer means so as 1o reveal a predetermined
lithography resist pattern on the wafer surface,

stabilizing the lithography resist in a stabilization means for
strengthening said pattern on the wafer surface,

performing a metrology inspection of said lithography resist pattern

- on said wafer surface in a metrology tool,

etching, wet processing or implanting ions into said wafer in a
processing cell,

wherein in said exposing step, the reticle is aligned with respect to
said wafer by atomic force microscopy in an atomic force

microscopy (AFM) module.

2. Method according to claim 1, wherein the reticle is aligned based

on patterns on the wafer surface that are created by a preceding

lithography process.

3. A lithography apparatus for forming at least one semiconductor

device with sub-micron structures on a wafer having a lithography
cell, a metrology tool for performing a metrology inspection of said
wafer, and a processing cell for etching, wet processing or ion
implantation into said wafer, said lithography cell comprising:
coating means for coating a lithography resist onto said wafer,
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an exposure tool for exposing said wafer to an irradiation through a
reticle,
stabilizing means for stabilizing said lithography resist for activating
chemical reaction,

5 developer means for developing said lithography resist in said
predetermined areas in so as to reveal a predetermined
lithography resist pattern on the wafer surface,

stabilization means for stabilizing the lithography resist for
strengthening said pattern on the wafer surface,
10 a metrology tool for performing a metrology inspection of said
lithography resist pattern on said wafer surface,
a processing cell for etching, wet processing or implanting ions into
said wafer,
wherein said exposure tool has an atomic force microscopy (AFM)
15 module for the alignment of said refticle to alignment marks on

said wafer.

4. The lithography apparatus according to claim 3, wherein said
atomic force microscopy (AFM) module comprises a plurality of
20 styli, each at a predetermined position on the wafer.

5. Apparatus according to claim 3, wherein said atomic force
microscopy module is capable of detecting patterns on the wafer
surface that are created by a preceding lithography process.

25



PCT/US02/04622

WO 02/079882

1/3

6
\

1130
INISS3004d

— 18V ¥0Idd—-

JINAON
NOIL1J3dSNI
AJ010813N

/
8

L 14
/ 9 V4
\ | J
e T e
_ ONIT000 | _ ONIT009 _
| 7w - _E%daol | 7onmive |
| A |
|
b - 5
P - —
|
WNSOKT = _QZHMW@WAMMWx<m - ﬂ
| |
J or | _
y ) bm—mmm——— - +-—--
N
dno4
REEL




PCT/US02/04622

WO 02/079882

2/3

6
\

1130
ONISS3I00¥d

)

31NAON
NOI1J3dSNI
AJ0104L3N

4

/
8

~ -

V4 9 V4
, , ‘
R S ——— S —
m | ontooo [ _En_oda_D | onrooo |
N || /ONDIvE _ | /oNDwve ||
|
g S— I A B
r———————— 2| /- —"
| |
/_ ey et | onrio0o/onmwva | “
L o ONILY0D |
_ _ _ .
N L N SR !
| |
_ u“ NNSOdXI T
S o1
( )
14 é
dno4
REE] )




WO 02/079882

f13

COATING LITHOGRAPHY RESIST
ONTO WAFER IN COATING MEANS,
STABLILIZING RESIST

PCT/US02/04622

o1

IRRADIATION THROUGH RETICLE

EXPOSING RESIST TO
IN EXPOSURE TOOL

/,15
STABILIZING RESIST FOR
ACTIVATING CHEMICAL REACTION,
DEVELOPING RESIST IN PREDETERMINED
AREAS IN DEVELOPER MEANS SO AS
T0 REVEAL THE LITHOGRAPHY
RESIST PATTERN ON WAFER SURFACE

STABLILIZING LITHOGRAPHY
RESIST IN STABILIZATION MEANS
FOR STRENGTHENING THE REVEALED

PATTERN

//17
METROLOGY INSPECTION OF
LITHOGRAPHY RESIST PATTERN
IN METROLOGY MEANS

//18

ETCHING, WET PROCESSING OR ION
IMPLANTING IN PROCESSING CELL

FI1G.3

—PRIOR ART-

l 14
DETECTION OF
ALIGNMENT MARKS ON
WAFER BY AFM MODULE

142
[

FINE ALIGNMENT OF
WAFER IN AFM MODULE

[143

IRRADIATION OF RESIST
PATTERN IN EXPOSURE TOOL

l

FI1G. 4



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

