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Abstract

Lithography is the key step of I€ manufacturing and directly influences the limit of
critical dimension (CD).The lithegraphy Is to transfer the pattern on mask to wafer in right
position, through alignment and exposure.-The pattern-misplacement between the layer and its
previous layer is called overlay error. Once the.overlay error exceeds the limit of fault
tolerance defined by design rule will make circuit either open or short, and then suffers yield
lost. Therefore, to minimize the overlay error and well to control the overlay error are always
an important topic of lithography.

In advanced IC fabrication, lithography is no longer the only factor resulting in the
misalignment. In fact, such as chemical mechanical planarization (CMP), etch, and thin film
deposition also influence the alignment and overlay significantly. In this thesis, we discuss the
possible factors affecting overlay error, such as chemical mechanical planarization and
etching process. Finally, we demonstrate the solution by unifying CMP rotary direction and

increasing over-etching to achieve tighter overlay control.



In conclusion, we discuss the wafer process that may influence alignment mark
shape. Alignment improvement strategies reducing the sensitivity with wafer process is

also provided.
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Chapter 1

Introduction

As the IC design rule scales down continuously, the overlay tolerances becomes
increasingly limited. Such tight tolerances necessitate a very high performance in alignment
accuracy and overlay measurement. Not only lithography step but also other area such as
CMP, etching, and film deposition influence alignment accuracy and overlay performance as

well [01][02][03][04][05][06][07].

Chemical mechanical planarization of Tungsten (W-CMP) has been widely used in the
planarization process. Pattern deformation‘poses a major challenge for lithography introduced
by W-CMP process. Deformation; which induces asymmetries of alignment marks, causes
errors in precise alignment. Furthermore, the film deposition thickness and the etch depth all

together affect the final mark shape,

In this thesis, we study the overlay error introduced by CMP and etching process
condition on the Metal-1 layer of 0.11um DRAM. In order to implement second type etcher
for Contact-1 etching and maintain good Metal-1 overlay control, we have studied the effect
induced by CMP rotary direction, over polishing, and over etching on the overlay baseline
variation. Finally, we demonstrate the solution by unifying CMP rotary direction and
increasing over-etching to achieve tighter overlay control benchmark with first type etcher

lots.



The thesis was organized as follow:

Chapter 1: Start with a brief introduction and a background description

Chapter 2: We describe the issue induced by second type etcher in the Contact-1 etching
process. In additional, the overlay error and overlay baseline variation for Metal-1 layer

resulted from two kinds of etchers are demonstrated. The possible explanation is provided.

Chapter 3: Through experiments, we discussed and verified the CMP and etching process
induced overlay baseline difference. In CMP experimental section, CMP rotary direction
experiment and over polish experiment were proceeded to check the CMP process induced
overlay baseline difference. In etching experimental section, we check the wafer alignment
mark obtained from different etcher. by cross section SEM analysis. From results obtained
from etcher-1 and etcher-2, we modify the process condition of etcher-2 to reduce the overlay
error. Finally, to unify the rotary direction.of the.CMP-and to increase the over etching time of

etcher-2 can improve the overlay perfarmance which is as better as that of etcher-1.

Chapter 4: Finally, some conclusions were summarized and the future work was proposed in

this chapter.



Chapter 2

Background Description

2.1 Overlay Error Basics:

The integrated circuits are fabricated by patterning a sequence of masking layers, and the
features on successive layers bear a spatial relationship to one another. As a part of the
fabrication process, each layer must be aligned to the previous layers. The pattern
misplacement between the layer and its previous layer is called overlay error, which can be
measured by overlay metrology tool. The measured results can be separated to some linear
items; those linear items (overlay offset) can be compensated to adjust the alignment offset of

exposure tool for minimizing the overlay error.

2.1.1 Definition

Here, we list the main definitron.for some terms.

Overlay Error: The pattern misplacement between the layer and its previous layer,
which can be measured by overlay metrology tool.

Alignment Offset: The compensated valve of each linear item is used to minimize the
overlay error for scanner alignment system.

Overlay Offset (Figure 2-1): The linear items, calculated by overlay error, can be used
for adjusting the alignment offset of exposure tool for minimizing the overlay error. Those
linear items in step and scan lithography system includes: Wafer Offset X, Wafer Offset Y,
Wafer Scaling X, Wafer Scaling Y, Wafer Rotation, Wafer Orthogonal, Shot Scaling X, Shot
Scaling Y, Shot Rotation, and Shot Orthogonal.

Overlay Baseline: The sum of alignment offset and overlay offset, in terms of each

linear item.



2.2 CMP basics [8]:

Lithography process window is very sensitive to the underlying layer topography. The
CMP process can provide a very flat surface which provides wider DOF (depth of focus) and
a higher resolution of lithography process window.

Chemical mechanical polishing (CMP) is a removal process. It strips part of the
deposited films by the combination of chemical reaction and mechanical polishing, thus
makes the surface smoother and more planarized. A CMP system (Figure 2-2) consists of a
polishing pad affixed on a platen, a rotating wafer carrier that holds the wafer face down
against the polishing pad, and a slurry dispenser unit. The water-based polishing slurries with
abrasive particles and chemical additives are commonly used in CMP process. Slurry is
dispensed onto the polishing pad surface, and the front of wafer is pressed downward against
the polishing pad. Both the platen and the wafer carrier rotate usually in the same direction.
The combined effect of mechanical abrasion.and.chemical etch removes material from the
wafer surface. The built up areas get more mechanical abrasion and are removed faster than

recessed areas, that help to planarize the wafer surface.

CMP process helps to planarize the wafer surface, it also introduces some new defects,
such as erosion and dishing (Figure 2-3). Erosion is mainly caused by the pattern
density-induced film removal selectivity degradation. The dishing effect usually happens at a
larger open area. In W-CMP, the erosion in such way that the oxide in high pattern density
area is polished away resulting that the surface sinks below surrounding surface. W in the
oxide trench also dishes below the oxide surface. The Erosion and the dishing effect all
influence the alignment mark shape, and then impact the alignment accuracy and the overlay

error performance.



2.3 Background Description:

For manufacture capacity and flexibility purpose, a second type etcher is needed to
implement the 0.11um generation Contact-1 etching step. Because the Metal-1 layer is aligned
to the Contact-1 layer, this second type etcher may change the alignment mark shape and then
influence Metal-1 alignment accuracy and overlay error, it is the one of important item needed
to be verified for implementing the second type etcher. Two cluster systems combined a TEL
ACTS8 Track inline with a Nikon S204 Scanner were used for Metal-1 lithography step. Nikon
S204 (Figure 2-4) scanner is equipped with FIA (Field Image Alignment) system (Figure 2-5)

for wafer alignment.

2.3.1 Definition for Abbrewviations

Here, we list the main abbreviation for some terms.

C1: Contact-1 layer

M1: Metal-1 layer

ET1:Typel etcher for Contact-1 etching (TEL DRM)
ET2:Type2 etcher for Contact-1 etching (AMT SuperE)
PH1:1% set of Nikon S204 scanner for Metal-1 lithography

PH2:2" set of Nikon $204 scanner for Metal-1 lithography

2.4 Problem Emerge:

When we check the M1 lithography on the qualification lot of wafers after the etching
step in ET2 etcher, the alignment and overlay different from ET1 etcher is highlighted. The
alignment offset from ET2 wafers to scanner for minimizing the overlay error was different

from that of the ET1 wafers. It means that the alignment mark shape of ET2 lot may be
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different from that of ET1, therefore, the detected results from scanner alignment system
show some bias. In other words, the M1 overlay baseline of ET2 lots is different from that of
ET1 lots. It won’t be manufacturing unfriendly if M1 overlay baseline is still stable for ET2
lots. All we need to do is just to separate the M1 exposure recipe and the feedback system for

calculating its alignment offset for ET2 lots in M1 lithography.

In order to verify a stable C1 etching yield from ET2, we start to implement the C1
etching process for wafers by ET2, and also set up the M1 exposure recipe and the feedback
system separately for ET2 lots so as to make ET1 and ET2 lots alignment offset not interfere
each other. Even so, the ET2 lots still show poor overlay performance and high rework rate.
From overlay data analysis we found that the large overlay baseline variation is the main
reason for poor overlay performance. In other words, each lot needs to send a wafer ahead for
overlay measurement to get adjusted.alignment-offset for other wafers, then we can get

acceptable overlay performance and less rework rate;

To compare the M1 overlay performance for C1 etching tool ET1 and ET2, the overlay
error of ET2 lots is significantly worse than ET1, and the overlay baseline shows a larger
variation especially in wafer rotation item for ET2 lots (Figure 2-6). We assume that this

abnormal result is attributed to the combination effect from CMP and C1 etching in ET2 tool.

In order to find possible abnormal issues, we study the process flow (Table 2-1) from the
film deposition of Contact-1 to the Metal-1 lithography. The variation of alignment mark after
the W-CMP and the oxide touch-up CMP may be mainly attributed to the wafer rotation
direction. Actually, C1 film deposition, C1 etching, W-CMP, oxide touch-up CMP, and M1
film deposition all possibly affect the alignment mark final shape. From all above, the

hypothesis for M1 overlay poor performance on ET2 lots are:
-6 -



1. The C1 etching process condition in ET2 tool may make the alignment mark shape
different from that of ET1 tool.

2. CMP rotary effect combining with the C1 etching in ET2 tool.



Chapter 3
Experiment

3.1 Introduction of Experiments Plan

Base on the discussion in Chapter 2, we set up CMP and Etching experiments as follows:

CMP experiments:

1. To correlate the W-CMP and oxide touch-up CMP rotary combination to overlay
baseline with lots spilt.

2. To correlate W-CMP over polish time to overlay baseline with lot spilt.

3. To correlate oxide touch-up CMP over polish time to overlay baseline with lot spilt.

Etching experiments:
1. By using the cross section SEM to compare.the mark difference between ET1 and ET2
C1 etching wafer.

2. To correlate ET2 over etching to.overlay baseline with lots spilt.

3.2 CMP Experiments and Results

3.2.1 CMP rotary direction experiments

To correlate the W-CMP and oxide touch-up CMP rotary combination to overlay baseline,
we prepare 5 lots wafers with same spilt to confirm the repeatability of experimental results.
Each lot was spilt into three conditions; the rotary direction combination was CCW/CCW,
CCW/CW, and CW/CCW for W-CMP and oxide touch-up CMP, respectively (Table 3-1). The

wafer rotation baseline results are shown in Figure 3-1:

Lot 1: The distribution of the wafer rotation baseline is divided into two groups, where
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spilt 1 as one group and spilt 2/3 as another group. It shows that both two CMP steps affect

the wafer rotation baseline.

Lot 2: The distribution of wafer rotation baseline is divided into three groups that match
the distribution of three spilt conditions. It shows that both two CMP steps affect the wafer
rotation baseline. Furthermore, the effect induced by W-CMP is more significant than that

induced by oxide touch-up CMP.

Lot 3/4/5: These three lots show similar results that are quite different from lot 1 and
lot2.The overlay offset wafer rotation item become 2 groups, where spilt 1/2 as one group,
and split 3 as another group. This result matches with the distribution of W-CMP rotary
direction. From these 3 lots, it shows that W-CMP affects wafer rotation baseline but oxide

touch-up CMP doesn’t.

Experimental results from these five lots are divided into three groups (Figure 3-2). We
conclude as follows:

1. Either W-CMP or oxide touch-up CMP may possibly affect the wafer rotation
baseline.

2. Contact-1 etching step is the main factor affecting the overlay baseline and results in

the inconsistence between the rotary direction and the overlay baseline.

There are two polish heads for each CMP tool (Figure 3-3), In order to keep the long
term leveling of CMP system, the rotary direction of these two polish heads usually is
designed in counter direction, respectively, to cancel rotary momentum. In order to avoid the
lithography overlay error induced by polish heads interlace on the same CMP system, wafers

in the same lot are put on the same polish head of CMP tool. However, from the experimental
-9-



results, rotation in counter direction for polish heads on the same CMP system has seriously
drifted the overlay baseline. Therefore, it is necessary to keep these two polish heads in same

rotary direction to reduce the CMP induced lithography overlay error.

The experimental result of CMP rotary for these five lots are shown in Figure 3-2, the
wafer rotation baseline of all wafers ranges around 1.6urad, within the same spilt the range is
around 0.6urad. However, this drift is still much higher comparing with ET1 lots that show
less than 0.2urad level. To keep the same CMP rotary direction for polish heads is helpful but
still not good enough for Metal-1 overlay error control. Because only Contact-1 etching tool
is changed during the whole experiment, it is reasonably believed that Contact-1 etching
process from ET2 is not optimized. In additional, the subsequent CMP rotary effect further

reveals these abnormal results.

3.2.2 W-CMP Over-Polish Experiments-and Results

Since the over-polish time may‘influence the mark shape, we prepare 1 lot wafers for
W-CMP process. The overlay baseline vs. the over polish time is listed in Table 3-2. Results
are shown in Figure 3-4.

Regular over polish time is 15sec for W-CMP step. However, experimental results show

that the over polish time between 11sec to 23sec does not affect the wafer rotation baseline.

3.2.3 Oxide touch-up CMP Over-Polish Experiments and Results
The over-polish time experiment for oxide touch-up CMP is also implemented. We
prepare 1 lot wafers for oxide touch-up CMP to correlate the over-polish time with the overlay

baseline. The spilt condition is listed in Table 3-3 and the result is shown in Figure 3-5.

If the oxide touch-up CMP removal thickness is reduced from 350A (POR remove target)
-10-



to 230A, the wafer rotation baseline slightly changes from 0.6urad to 0.73urad.In addition, as
the removal thickness is increased from 350A to 480A, the wafer rotation baseline changes
from 0.6 to 0.46urad .We also study the wafer X/Y scaling change for this experiment, as
shown in Figure 3-5, the 230A/ 480A spilt wafers are in one group, the mean valve is about
0.2ppm which is lager than 350A spilt wafers. From above results, the oxide touch-up CMP
will slightly influence the mean valve of overlay baseline. Regarding the range of those
overlay baseline items for each spilt, it is not necessary to change the removal thickness of
oxide touch-up CMP.

From Figure 3-5, we also observed the interlacing variation in wafer scaling X and Y
baseline. To review Contact-1 to Metal-1 process again (Table 2-1), it is believed that wafers
in the same lot deposited with dielectric film or Metal-1 film in interlacing chambers induced
the interlacing variation in wafer scaling X and Y-baseline. The deposited film thickness also
influence lithography overlay control if the overall process integration is not optimized.
However, it seems that these interlacing phenomena do not affect the overlay baseline very
much. Therefore, we assume that the.Contact-1etching step with different tools plays a major

role in the variation of overlay baseline.

3.2.4 The Overlay Performance after Unify CMP Rotary Direction
In order to reveal the main reason causing the variation in overlay baseline, we adjust the
rotation of two polish heads in the same direction for each CMP system to eliminate the count

direction effect.

After modification in rotation direction, as shown in Figure 3-6, the overlay error and
overlay baseline variation range of ET2 lots show some improvement but still not good as
ET1 lots does. In order to further identify ET2 etcher induced overlay error and overlay

baseline variation, wafers are etched by ET1 or ET2 and subsequently by CMP tool with
-11 -



count rotation direction or same rotation direction are prepared. In addition, two separate
lithography scanner tool is also used to study the overlay performance for each combination.

Results are showed in Figure 3-7 and Table 3-4, respectively.

From the results in Figure 3-7 and Table 3-4, we can get following conclusions:

1. The overlay error performance of ET1 lots in PH1 and PH2 scanner shows no
difference and is irrelevant to CMP rotation direction.

2. The overlay error performance of ET2 lots is much worse than that of ET1 lots in both
PH1 and PH2 scanner where the CMP rotary direction period is not fixed.

3. The overlay error performance and wafer rotation baseline variation of ET2 lots are
much improved after the CMP rotary direction is fixed.

4. The overlay error performance of ET2 lots.in PH2 scanner is better than that in PH1
under the same CMP rotary direction, and its performance is even close to ET1 lot
remarkable.

5. The overlay error performance of ET2 lotsin PH2 scanner is better than that in PH1
scanner where the CMP rotary direction is not fixed. Especially, the variation of wafer
rotation baseline is around 2 times larger.

6. The overlay error performance of ET1 lots no overused difference after unifying CMP

rotary direction, but the variation of wafer rotation baseline is somewhat improved.

3.2.5 Discussion for Scanner Sensitivity on ET2 etcher lots
This phenomenon really interesting, two scanners didn’t show performance difference in
ET1 lots with the same or the count CMP rotary direction, but it show degraded performance

difference for ET2 lot with the same or the count CMP rotary direction.

The alignment accuracy of scanner can be adversely affected by 3 factors [09] [13][14],
-12-



generally knowing as:
(A) TIS (Tool Induced Shift):
This error is attributable to FIA mainly in 2 ways:
--The COMA aberration in the FIA Microscope and/or

--The Aperture stop eccentricity for optical axis in the FIA microscope.

(B) WIS (wafer Induced Shift):
This error is attributable to the deformation of alignment marks on the wafer. These

deformations may be different in each shot or wafer or lot.

(C) Interaction between TIS and WIS (TISxWIS). It is not possible to eliminate this error.
The reduction of TIS and WIS, respectively, can significantly reduce this error and have it

become negligible.

In this study, ET2 lots show worse-mark deformation and then make their WIS be worse
than ET1 lots. TIS of PH1 scanner may be worse than that of PH2 scanner, then further make
TIS and TISXWIS of PH1 scanner be worse than those of PH2 scanner. Therefore, the overlay
performance becomes worse than that of PH2 scanner for ET2 lots. For ET1 lots, its WIS is
better than that of ET2 lots, although the TIS of PH1 scanner is worse than that of PH2
scanner. Obviously, the TIS and TISXWIS are not large enough to make PH1 and PH2 scanner

show overlay performance difference.

Both TIS and WIS are needed to be improved, but it is difficult to reduce the TIS of

alignment system. It is necessary to optimize the process to improve WIS of ET2.

-13-



3.3 Etching Experiments and Results

3.3.1 Alignment Mark cross section SEM study
The overlay performance of ET2 lots is not good as that of ET1 lots. In order to check
the alignment mark, cross-section SEM is applied. The alignment mark obtained from

cross-section SEM analysis for ET1 and ET2 is shown in Figure 3-8.

It is shown that the alignment mark depth of ET2 wafers was shallower than that of ET1
wafers around 1000A. This difference induces a larger overlay baseline variation for ET2
wafers because the scanner alignment system is not sensitive enough to detect the wafer

deformation properly with shallower alignment marks.

To compare the scanner alignment signal;.it.also.reveals the same information (Figure
3-9). The alignment mark 1 was used for Metal-1 lithography alignment. The alignment signal
strength of ET2 was weaker than‘that of ET1 because-the alignment marks of ET2 is
shallower. As we compare these two alignment' mark signals (Figure 3-10), we find that the
signal strength of ET2 is weaker than that of ET1 for smaller features.

To increase the ET2 over-etching time for Contact-1 etching can make alignment mark

become deeper and then improve the Metal-1 overlay for ET2 lots.

3.3.2 ET2 Etcher Over-Etching Experiments and Results
From the cross-section SEM result in Figure 3-8, we prepare two lots of wafers with
proper over etching in ET2 etcher to get the same alignment mark depth of ET1, then check

the correlation with overlay baseline, yield qualification, and electrical characterization.

The etching conditions for two qualification lots are shown in Table 3-5 and Table 3-6,
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both two lots have same total 4 split conditions. The control group is processed in ET1 and
the other three experimental groups are processed in ET2 with different etching time. The
etching time for all three experimental conditions is designed to get same etching depth as
ET1 does. The etching recipe of ET2 is a two step etching process with different gases and
pressures. To increase the over-etching time of step 1 etching (Oxide etching) or step 2
etching (SION etching) can both get deeper alignment mark depth. We prepare three different
conditions to get same depth as ET1 does.

Three experimental conditions in ET2 are

Step1:80sec/ Step2:30sec, Stepl:85sec/Step2:15sec, and Stepl:90sec/Step2:0sec.
The original etching condition of ET2 was

Stepl:68sec/Step2:30sec.

The overlay baseline result of over-etching experiments are shown in Figure 3-11 and
Figure 3-12, it shows that the overlay baseline of all three experimental splits is really closed
to that of control spilt. It means that three experimental conditions can make mark depth be
similar to that of ET1 wafers. From experimental results we can expect that over-etching can

further improve the overlay performance under the same CMP rotary direction.

3.3.3 The Overlay Performance after Implement over etching on
ET2
After this 2 lots pass the yield qualification and electrical characterizations, we set up
step 1 etching : 80sec/ step 2 etching : 30sec as the new condition for ET2 C1 etching and then
start release lots to trace M1 overlay performance. Where the CMP rotary direction is fixed.
The overlay performance with the new ET2 recipe is shown in Fig 3-13 and Table 3-7. We

can get following conclusions:
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1. The overlay performance and the variation of wafer rotation baseline for ET2
lots with over etching have been further improved. Where the CMP rotary direction is
fixed.

2. The overlay performance and the variation of wafer rotation baseline for ET2
lots with over etching are similar to those of ET1 lot.

3. The overlay performance and the variation of wafer rotation baseline for ET2

lots with a new over etching recipe show no difference on PH1 and PH2 scanner.

After Contact-1 over etching recipe on ET2 etcher is applied, the overlay

performance of ET2 lots is as good as ET1 etcher lots.

3.4 CMP v.s. Etching Interaction Experiments and Results

3.4.1 Discussion for CMP.v.s; Etching Interaction on ET2 lot
In this study, it was found that the ‘overlay performance of ET2 lots is not as
good as ET1 lots. Therefore, we fix the CMP rotary direction and increase the over
etching of ET2 etcher to solve ET2 etcher induced problems. It also shows that CMP
rotation direction does not affect the overlay performance for ET1 etcher lots,
therefore, it is believed that to make ET2 lots get proper alignment mark depth by over

etching is more important than to fix the CMP rotary direction.

3.4.2 Experiments and Results for CMP v.s. Etching Interaction of ET2 lot

In order to prove above assumption, we prepare some wafers with different combination

of W-CMP and oxide touch-up CMP rotary direction and then implement Contact-1 etching in
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either ET1 or ET2 with over etching recipe or without over-etching recipe to check the effects
induced by CMP rotary direction and over etching on overlay control. The detail spilt table is

listed in Table 3-8 and the result is shown in Fig 3-14.

The wafer rotation baseline for this experiment is as follows :

1. The wafer rotation baseline for slot 1 and slot 6 are very similar. It means that ET1
wafers is not sensitive to CMP rotary direction. It matches with the previous result that before
we implement ET2 etcher for Contact-1 etching in production line.

2. The wafer rotation baseline for slot 4,5,9, and 10 are very close to slot 1 and slot6. It
means that ET2 wafers with over etching show deeper alignment mark depth, therefore, not
sensitive to CMP rotary direction.

3. ET2 wafers without over etching are very sensitive to CMP rotary direction. The wafer
rotation baseline for slot2/3 and slot. 7/8 are similar ta results from spilt 1 and split 3 in

pervious W-CMP and oxide touch-up €MP.rotary direction experiment.

The experimental results have proved the assumption that Contact-1 etching step

dominates the poor overlay performance. If the alignment mark is not deep enough, CMP

rotary direction will enhance the overlay baseline variation and induce a worse result.
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Chapter 4

Conclusion and Discussion

4.1 Conclusion of Experiments:

In this thesis, we discuss the CMP and the etching conditions induced lithography
overlay error. Some important conclusions are summarized as follows

(@) Alignment mark depth is the most important factor influencing the overlay error. If
the alignment mark depth is too shallow, the scanner alignment system either can not detect
enough signal and then induce the alignment fail, or the alignment result can not well
correspond to the wafer deformation and then make the overlay baseline variation too big.

(b) CMP process also plays an important role in overlay control. Especially in the
condition of alignment mark not deep enough, the CMP rotary direction significantly
influences the overlay baseline variation.

(c) In the condition of shallow alignment mark depth, scanner alignment system induced

performance difference will become significant.

4.2 The discussion for alignment and overlay strategy:

In general, we separate the factors influence the alignment accuracy and the overlay error
performance into 2 parts :
(A) Wafer Process : Including all wafer process that may influence the mark shape. Film
deposition thickness, etching time, and CMP polish time, all possibly influence the step height
of alignment mark. CMP rotary direction, erosions and dishing effect, etching uniformity, film
deposition uniformity all possibly influence the alignment mark deformation and asymmetry.
In this study, we increase the etching time and fix the CMP rotary direction to improve the
overlay error performance. But in some cases, the optimal process condition for alignment
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mark may not be suitable for the features at circuit areas. Most common case is the alignment
mark depth being too shallow. Therefore, it is necessary to coat photoresist to protect circuit

area and use additional lithography and etching step to increase the alignment mark depth.

(B) Exposure tool alignment system and alignment mark : The hardware of exposure tool
alignment system and the algorithm influence the alignment sensitivity of different alignment
mark designs, and also the alignment mark step height and the deformation by wafer process
affect the alignment sensitivity. The strategies are developed in lithography alignment
technology to reduce the effect induced by wafer process and alignment mark in alignment

sensitivity.

It includes

--- To use different wavelength far alignment light source.

--- To capture more high order alignment signal [2][12].

--- To optimize the algorithm to enhance the signal strength or the signal to noise ratio [9].

--- To optimize the algorithm to correlate the asymmetry signal [10][11].

In addition, the different type and the different dimension of alignment mark have
different correlation with alignment algorithm. To evaluate a suitable alignment mark and

algorithm combination is very important for better overlay control.

In advanced IC fabrication, lithography is no longer the only factor resulting in the

misalignment, Wafer process optimizations and alignment system improvement both

important for good overlay control.
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Process Flow from Contact-1 to Metal-1 lithography

Pre Contact-1 process

Contact-1 SiON / Oxide Deposition
Contact-1 Lithography
Contact-1 Etching

Contact-1 TiN Deposition
Contact-1 W Deposition
Contact-1 W-CMP

Contact-1 Oxide Touch-up CMP
Metal-1 Deposition

. Metal-1 DARC Deposition

10. Metal-1 Lithography

© o N o Ok~ wDd PP o

Table 2-1 Process Flow from Contact-1 to Metal-1 lithography

Step/Slot #1458 |eowie  |w17.25
Cl etching ETZ
W CME CCW CCW CW
oxide touch-up CMP CCW CW CCW

Table 3-1 W-CMP and oxide touch-up CMP rotary experiment spilt table
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StepfSlot slot 1-8 | =lot 9-17 Slot 18-25
Z1 Etching ET2
W-CIE over polish 15gec(POE) 11zec 23zeC
Table 3-2 W-CMP over polish experiment spilt table
Step/Slot Slot 1-8 Slot 9-17 Slot 18-25
C1 Etching ET2
oxide touch-up CHP over polish (4) 3ISNPOR) 230 480

Table 3-3 Oxide touch-up CMP overpolish experiment spilt table

Vintage/Overlay Overlay X-3S Overlay Y-3S Wafer Rotation Baseline |Lot Count
C1 Etching Tool CMP unify Rotation |M1 Litho Tool Mean 3-Sigma Mean 3-Sigma |Mean 3-Sigma

- PHI 0.024 0.010 0.026 0.012 0.026 0.21 79

ET1 Yes 0.026 0.009 0.026 0.011 0.076 0.11 420

- PH2 0.026 0.009 0.025 0.011 -0.055 0.17 197

Yes 0.025 0.012 0.025 0.014] -0.044 0.11 351

- PH] 0.039 0.033 0.041 0.039 0.203 1.05 21

BT Yes 0.032 0.023 0.035 0.026 0.567 0.59 45

- PHD 0.032 0.022 0.032 0.028 0.078 0.57 79

Yes 0.027 0.016 0.028 0.019 0.237 0.20 61

Table 3-4 overlay performance by vintage summary table-1
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C1 etching tool Condition/Slot H1|#2 | #3 | #4 [ #5 [#O | #7 | #3 | #O [#10(#11|#12 [#13 [#14|#15|#10|#17 |#18 [#19[#20|#21 |#22 [#23 [#24 [#25
ET1 POR
Stepl:80  Step2:30
ET2 Stepl:85  Step2:15
Step1:90  Step2: 0
Table 3-5 C1 over etching experiment spilt table-Lot1
Cl1 etching tool Condition/Slot #1 | #2 | #3 | #4 [#OHO | HTUHAS | #HO [H101#11 |#12 [#13 [#14|#15|#10|#17 [#18 [#19[#20|#21 |#22 [#23 [#24 [#25
ET1 POR
Stepl:80  Step2:30
ET2 Stepl:85  Step2:15

Stepl:90  Step2: 0

Table 3-6 C1 over etching experiment spilt table-Lot2
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Vintage/Overlay Overlay X-3S Overlay Y-3S Wafer Rotation Baseline |Lot Count
Cl Erching Tool ~ |CMP unify Rotation  [M1 Litho Tool Mean 3-Sigma [Mean 3-Sigma _|Mean 3-Sigma
- PHI 0.024 0.010 0.026 0.012 0.026 0.21 79
ET1 Yes 0.026 0.011 0.027 0.014 0.080 0.11 301
- PH2 0.026 0.009 0.025 0.011 -0.055 0.17 197
Yes 0.024 0.011 0.026 0.013 -0.039 0.12 780
- PHI 0.039 0.033 0.041 0.039 0.203 1.05 21
D Yes 0.032 0.023 0.035 0.026 0.567 0.59 45
- PHD 0.032 0.022 0.032 0.028 0.078 0.57 79
Yes 0.027 0.016 0.028 0.019 0.237 0.20 61
ET2-OF Yes PHI 0.025 0.013 0.026 0.013 0.095 0.14 20
Yes PH2 0.023 0.010 0.027 0.011 0.045 0.13 84
Table 3-7 overlay performance by vintage summary table-2
Slot 1 2l 3 N 6 I ol 1o
1 Etching Tocl ET1 |ETZ without OE| ETZwith OE ET1 |ETZ2 without OE| ETZ withOE
W-Ch{F CCW CW
oxide touch-up CMP CCW CCW

Table 3-8 CMP rotary direction v.s. etching interaction on overlay baseline wafer rotation

experiment spilt table
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Wafer Offset Correction Valus Wafer Scaling Correction Value

LA
I
Il H

Wafer Rotation Correction Value Wafer Orthogonality Correction Value

[ |: Shet Position During First Exposure
'_J Shot Posticin During Second Exposure

—= : Correction Direction

Shot Crthogonality Shot Rotation Shot Scaling
Correction Value Correction Value Correction Value

[ ]: Shot Pasition During First Exposure

[l Shot Postioin During Secand Exposure

— Correction Direction

Figure 2-1 Schematic of overlay offset linear items
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Shurry Dispenser
Preszure & 4 P

l Membrane
Water Holder
Retaming Ring

‘ Slurry

Water

e

Polishing Pad

Platen

Figure 2-2 Schematic of a CMP system

Eefare polishing

Target Polish Amount

. B [ B

After polishing|

Dighing Recess Oxida erosion

Figure 2-3 Schematic of erosion and dishing effect after W-CMP
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| | (1) Key Components of Nikon Scanner System
(2) (1) Hlumination System

(2) Reticle Alignment System

(3) Reticle

(4) Reticle Stage

(5) Projection Lens

(6) Wafer alignment System ‘FIA’

(7) Wafer

(8) Wafer Stage

Figure 2-4 Schematic of Nikon Scanner System

-
&)
| b - = -
() Jid) r
. <0 0>@
\ Light travels through (a) Lamp Unit (b) Optical Fiber and (c) Illumination

ify —n— Optics, falling on (d) Half Prism. The Half Prism reflects the light onto the
wafer through (e) the Objective Lens, illuminating (f) the Alignment Mark
on the wafer. The Alignment Mark thus illuminated is captured by (i) the
CCD’ Cameras through (g) the FIA Microscope. The CCD’ Camera then
transmits electronically this image signal to (j) the Image Processing Unit
(IPU). The IPU automatically measured the image position on the CCD
which ultimately is the wafer alignment position

Figure 2-5 Schematic of FIA Alignment System
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Figure 2-6 Metal-1 Overlay X/Y 3 Sigma and wafer rotation baseline on ET1 and ET2
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Wafer Rotation Baseline vs. CMP Rotation Direction Combination [Lotl]
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Figure 3-1 the wafer rotation baseline result of W-CMP and touch-up CMP experiment
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Figure 3-2 the wafer rotation baseline result summary of W-CMP and touch-up CMP
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Figure 3-3 Schematic of CMP system with two polish head
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Figure 3-4 W-CMP Over-polish experiment result
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Wafer Rotation Baseline [urad]

Wafer Rotation Baseline vs. oxide touch-up CMP over polish
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Figure 3-5 oxide touch-up CMP over polish experiment result
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before and after unify the CMP rotary direction
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Figure 3-7 Overlay X/Y 3 Sigma and Overlay baseline wafer rotation,

before and after unify the CMP rotary direction, by tool and condition vintage
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(Alignment mark cross section SEM by ET1 etcher)

(Alignment mark cross section SEM by ET2 etcher)

Figure 3-8 Alignment mark cross section SEM comparison on ET1 and ET2 etchers
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FIA alignment signal of alignment mark 1 by ET?2

FIA alignment signal of alignment mark 1 by ET1

Figure 3-9 FIA alignment signal of alignment mark 1 comparison on ET1 and ET2 etchers
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FIA alignment signal of alignment mark 2 by ET?2

FIA alignment signal of alignment mark 1 by ET1

Figure 3-10 FIA alignment signal of alignment mark 2 comparison on ET1 and ET2 etchers

-38 -



Overlay Baseline vs. over-etching Experiment [Wafer X Scaling]
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Figure 3-11 The overlay baseline result of over-etching experiment 1ot 1
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Overlay Baseline vs. over-etching Experiment [Wafer Scaling X]
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Figure 3-12 The overlay baseline result of over-etching experiment 1ot 2
-40 -



AR FAB-1 W Plat Chart 200557 _E£4F 11:28:52
Split By - [vintage]

040

0.09

%" Unify the CMP rotary direction Implement ET2 over etching

007
(1.0 ——— ———————

Ly
.‘ eas

* *
il il ik i
EUB BRBI U iml I‘iiialll' it
h

B M e e i L B e B e L B B e B e e I el

o T D N e ottt T T L0 D D L e e o e o bttt T LT
e e il e
S P T R e e S e e S S s Radaciaackackaiaciaaaanananann

003

0.04

RO

[overlay ¥ 35]

*

003--4
1"

ooz te

oo

£y
3;’*

1K
li!"

0.0o

I S S S S R R S e e S S S S S S
e GG G S e G

{7200 MOVEIN, TIME]

* PHI_ET1_RF & PH2_ET1_RF PHZ_ET2_RF PH1_ET2_RF * PH2_ET20E_RF & PH1_ET20E_RF

AR FAB-1 W Plat Chart 200557 _£4F 11:30:50
Splt By [Wintage]
040
0.09

oos- Unify the CMP rotary direction Implement ET2 over etching
00 ey FETHEIEINESEaT,

0.06

0.05 3

0.04 i & &

[overlay v 35]

: Aoy . bt
o? s P ‘o . LI i ; -
E ] * - L] s
003 243 ekt fxfagug-alcugl ‘h’.*.:c“ 8!:" t i t :
'} LR Y ! '

002 :f 'l !d [ l”io{‘x" sl “-!.‘ g t ‘" . R H
: a LR U a7 helt H *

001

0.0o

B e
T 1 I A A W s B e R B B e B B R B R

I S S S S R R S e e S S S S S S
e GG G S e G

{7200 MOVEIN, TIME]

* PHI_ET1_RF & PH2_ET1_RF PHZ_ET2_RF PH1_ET2_RF * PH2_ET20E_RF & PH1_ET20E_RF

AR FAB-1 W Plat Chart 200557 _£F 11:31:32
Splt By [Wintage]
10

05

g
= & ¥ ¢
R R R TR T
E
% e Unify the CMP rotary direction Implement ET2 over etching
-1.0

D e Y N i bttt 0 T 0 T N bttt DT
B
I I A A 0 e o s s B s R B

I S S S S S S S S R S S S S R S S S s S===
G GG G R G G G G e

[075900 MOVE_IN, TIME]

* PHI_ET1_RF & PH2_ET1_RF PHZ_ET2_RF PH1_ET2_RF * PH2_ET20E_RF & PH1_ET20E_RF

Figure 3-13 Overlay X/Y 3 Sigma and Overlay baseline wafer rotation, unify the CMP rotary

direction and before/after ET2 over etching implement, by tool and condition vintage
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CMP Rotary diection v.s Etching Interaction for Wafer Rotation Baseline
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Figure 3-14 CMP rotary direction V.S. over etching interaction experiment result
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