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Monitoring lithographic focus and tilting performance
by off-line overlay measurement tools
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In this work we present a novel bar-in-b@&1B) pattern to monitor the focus and tilting of exposure
tools and production wafers. The inner and outer bars contain various hole sizes. When defocused,
the shrinkage of the smaller patterns is more significant than that of the larger ones, thus causing the
center of gravity to shift. Through the organization of the bar patterns, the centers of inner and outer
bars shift in opposite directions when defocused. An overlay measurement tool can be used to easily
measure the shift between the centers of inner and outer bars. Therefore, a second-order polynomial
equation can precisely fit the measured BIB shift. In addition, an accurate and reliable focus value
can be obtained with a maximum error of less than Qu@b by simply differentiating the fitting
equation. The novel BIB has many applications, such as measuring field curvatures for exposure
tools and determining best focus related information for production wafers20@L American
Vacuum Society[DOI: 10.1116/1.1404978

I. INTRODUCTION technology is simple and fast, its lack of accuracy impedes
applications of advanced lithographic to6ts?

Accurately and reliably determining the best focus, tilting,  In this study we describe a novel bar-in-4&iB) pattern
and field curvature has become increasingly important due ttp accurately determine the best focus for the most advanced
the decreasing depth of foct®OF) of modern high numeri-  lithographic tools. The BIB pattern is drawn on a conven-
cal aperture(NA) lithographic tools. Considerable attention tional chrome binary mask to expose the inner and outer bars
has been paid to more precisely measuring the position ain the wafer simultaneously. The focus errors can be trans-
best focus1°A conventional focus measurement technique|ated into the center shifts on the inner and outer bars. After
exposes a focus energy mat(b_(EM) wafer, where each ex- the exposed wafer is developed, the shifts of the printed re-
posure field uses different focuses and energy offsets. Th&St patterns can be conveniently measured by the off-line
best focus can be obtained at the selected energy by a scéfi€rlay measurement system. The center-to-center @hift
ning electron microscopéSEM) after developing the wafer. ferréd to herein as “overlay shify” of the inner and outer
However, recent progress in photoresiBR) has made it bars under various focus settings can be characterized by a

difficult to determine the best focus by SEM measurement Oisecond-order polynomial equatiop. Thus, t.he bes't fOCUS. can
the PR linewidth because PR retains nearly the same IinéZe accurately and reliably determined by simply differentiat-

: . . ing the fitting equation.
width over a wide range of defocus. Another feasible conve The BIB pattern designed herein can be inserted into the

nient technique for determining the best focus uses focus dot_ . : : .
arrays to create pattems that can be read by the nakett eyescnbe lanes of the actual production mask, and printed si-
multaneously with the chip patterns. The shift of this novel

Hg we\ier, this techdn!ql_Je ::']S less qfuant(ljtatlve, (;Nl'_t: an err:f)rBlB pattern can acquire the best focus related information if
about= 0.1 um, and is inadequate for advanced lithograp IC3 FEM is performed’ 26

tools. The phase shifting ma<$k® (PSM) can quickly and

accurately measure the best focus by employing an overlay

measurement systeti?° However, we have found that this - EXPERIMENTAL SETUP
technique is difficult to construct in the laboratory when uti- A, Reticle design

lizing a commercialized focus monitor reticle. The proce- . . . .
dural failure may be attributed to the complicated nature of Figure 1 displays the BIB layout proposed in our previous

L . . . work.! Four columns of contact holes constitute each bar of
the PSM process which is sensitive to machine settings andtﬁe BIB. For the normal BIB pattern, the reticle is covered b
shifter anglet*~*6According to another study, the best focus ' P ’ y

a chrome film, and only the hole regidghar “L" ) is trans-

S . X C[5’arent enough to allow light to pass through the retialed
which is the rounding and shortening at the end of photoremCe versa for the reversed BIB pattgriThe pattern sizes

sist line pattern induced by light diffraction. Although this 44 layouts for normal and reversed BIB shown in Fig. 1
were optimized to be best fitted by a second-order polyno-
3Electronic mail: tflei@cc.nctu.edu.tw mial equation. The BIB pattern was used to measure the best
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Fic. 1. Uniquely designed bar-in-bar
(a) patterns optimized to be best fitted by

a second-order polynomial equation.

(a) Normal pattern;(b) reversed pat-
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focus by using the opposite shifting direction of the innerpoint where the derivative is zero. The BIB pattern is distrib-
and outer bars under defocus. The center-to-center (sbift uted over the test reticle to measure features such as the
ferred to herein as “overlay shify” of the inner and outer focus, tilting, and field curvature for a stepper and a scanner.
bars, which are mirrored to each other, are designed to be
easily measured by an overlay measurement tool capable %f
determining the overlay shift by the center difference of in-—"
ner and outer frames under various focus settings. The center Two photoresists are tested to ensure the application of
of gravity of each bar moves under defocus due to the uniquéhe special BIB patterns: one for the contact hole pattern and
design of each bar, thereby causing the overlay shift. Théhe other for the line-and-space pattern. Here, photoresist re-
BIB patterns were exposed by the FEM method to reveal théers to the photoresist of a contact hole unless specified oth-
energy dependence of the overlay shift. The best way to desrwise. TEL Mark 8 is the track model used for resist coating
termine the best focus position is to use a second-order polyand developing. The resists were coated onto silicon sub-
nomial equation to fit the measurement results. The bottorstrates that were hexamethyl disilazafidMDS) vapor
position (best focuy of the fitting curve is located at the primed. The positive deep ultravioldDUV) resists were

Exposure conditions

J. Vac. Sci. Technol. B, Vol. 19, No. 5, Sep /Oct 2001
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Fic. 2. Three-dimensional intensity profile of the BIB
pattern under different focus setting&) best focus
(@) (b) (F*); (b) F*+0.4 um; () F*+0.8 um; (d) F*+1.2
pum.

(c) @

spin coated to 0.7um thickness and prebaked for 90 s at 100shift of the inner and outer bars. A Hitachi S-9200 SEM was
and 110°C for contact hole resist and line-and-space resistised to monitor the behavior of the bar under various focus
respectively. All patterns were exposed by a KrF excimerand energy settings. Here, the optimized exposure energy, 49
laser stepper with a 248 nm wavelength. In this study wemJ/cn?, is selected to be approximately four times that of
employed the ASML stepper PAS5500/300 as an exposurthe “energy to clear,’Eq (Eq~ 12 mJ/cm), to yield the best
tool. While the BIB pattern can be used for both scannerperformance.

(such as the PAS5500/70and steppers, we are most inter-

ested in steppers because a scanner uses the center portiodlbfRESULTS AND DISCUSSION

the lens, and therefore has a smaller field curvature proble
The illumination system was set to a conventional mode,
with a 0.57 NA and a 0.75 (partial coherende The NA and 1. Simulation, PROLITH /2

sigma settings are set to be the same as the ones used for theA simulation tool, PROLITH/2, is adopted to analyze the
standard machine acceptance test, since they have no spedighavior of the novel BIB pattern. Figure&a2-2(d) display
requirements. Postexposure bak&EB9 were performed three-dimensional intensity profiles of the BIB pattern under
the same as for the prebaked conditions for both resists. Thdifferent focus settings. The intensity profiles appear to be-
resist films were developed in a 2.38 wt % tetramethylammoeome smoother when the wafer moves away from the best
nium hydroxide (TMAH )-based developer for 60 s. De- focus position, i.e., it becomes defocused. Figure 3 shows a
signed to measure the layer-to-layer shift error, a metrologgomparison of a SEM picture and a simulated two-
tool, the KLA5200, was used to measure the center-to-centatimensional image profile for normal and reversed BIB pat-

"X. Effect of exposure energy on focus determination

Best Focus (F*) Defocus (F* + 0.4 pm) Defocus (F* +0.8 um)

Simulation Results

Fic. 3. Comparison of SEM pictures
and simulated two-dimensional image
profiles for normal(49 mJ/cm) and
reversed15 mJ/cn) BIB patterns un-
der various focus settings.

Normal Pattern

TSI

Reversed Pattern

JVST B - Microelectronics and Nanometer Structures
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gion in which the intensity is higher than the dashed line can
be resolved by developer solution. The dashed line moves up
(or down if the lower (or highe) energy is used. According

to our previous resultsthe energy to acquire the zero shift
on the side of smaller holgsight portion of Fig. 4 is about

49 mJ/cm. The center position shift of the bar was calcu-
lated based on this energy. The overlay shift obtained from
the simulation and the measurement res(iftshe horizontal
T direction are shown in Fig. 5. This close correlation again

Focus changed
from 0to-1.2 um

Relative Intensity
o
o

L !
03 e, o/ - i E = 49 ml/em?
.

: roves our assumption.
02 J— p
=7, =
0 ‘ ‘ ‘ ‘ : ‘ 2. Employing the BIB pattern on the production
0.50 1.00 1.50 2.00 2.50 3.00 3.50 wa fers
Position (um) As previously demonstratédpnly one of the exposure

Fic. 4. Average intensityPROLITH/2 profile along with the bar for best energies, Afg mJ/C%n,Is,used to verify the pvgrlay shift. !Due
focus (F*) and other focus settings*, of 0.4, 0.8, and 1.2um. to the optical proximity effect(OPB, printing zero bias
(which means the pattern size on the wafer level is equal to
the mask size divided by the lens reduction ratibdifferent
terns. The close relationship validates the above discussiopattern size requires different energies. The energy level is
The SEM pictures of the BIB pattern were obtained undemormally selected to print the most critical pattern size on the
the energy levels of 49 and 15 mJ&iior the normal and target value, unless the OPC is applied. If the proposed BIB
reversed BIB patterns, respectively. The small cavities foungbattern is inserted into the scribe lanes to monitor the focus
around the best focus become rounded when they are deftevel of each monitor point, the performance of various en-
cused. Due to light diffraction, the image becomes blurrecergy levels should be verified.
and overlaps adjacent patterns, thus rounding the edge of the In this study, a 0.2um isolated contact hole is selected to
bar. Note that the small cavities do not influence the meabe the target’s critical dimensiofCD). Figure 6 illustrates
surement results because the overlay measurement tools tatke FEM outcome for five energy levels, 46, 49, 52, 55, and
the center of gravity of the bar. Here, the average signal 068 mJ/cri. Evidently, 50 mJ/crhis a good selection with
the center 80% of the bar length is adopted to avoid the noisehich to correctly print the hole size, with an acceptable 0.8
information. Hence, the average intensity along with the bapm DOF based on the criterion d¢f10% of target COrang-
is of particular interest. ing from 0.18 to 0.22um). The usable DOF of the 0.2m
In the following discussion, we will focus on the normal isolated contact hole is also shown in Fig. 6. Based on the
BIB pattern first, then discuss the reversed BIB pattern inrDOF of the 0.2um isolated contact hole, the best focus
Sec. IlIB. Figure 4 illustrates the intensity distribution, setting will be selected as 0,4m to obtain a larger focus
which is obtained by averaging the simulated intensity pro-window. A range of+5% exposure latitud€éEL) is normally
file (by PROLITH/2 along with the bar, for the best focus required to print the pattern size within specifications of ma-
(F*) and other focus settings. In Fig. 4, the horizontalchine fluctuation. Notably, the energy is occasionally raised
dashed line represents the level of exposure energy. The rer lowered to print another pattern on the target size based on

180 ¢ —gg— Overlay Shift (KLA)

160 = Simulation: PROLITH/2

140 -

120

100 |

Obtained from the simulation —
= 2*(edge shift of large hole)
| weavesszece |
[

Measured in
horizontal direction

Fic. 5. Overlay shift obtained from the simulati¢hy
PROLITH/2) and the overlay measurement resiiliy
the KLA 5200 metrology togl
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Overlay Shift (nm)

60

40
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—

—e—46mJ|

280 Usable DOF ™
> 2 —a—49 mJ

260 | ——52md
—=—55mJ

240 | ]/ Z/E/B/;\S\\ —*—58mJ

220 / / X_A// \\A Upper limit (Target CD + 10%)

200 Target CD Fic. 6. CD result of 0.2um isolated contact hole for

180 // ,/“./.‘*\'“'\ L limit (T D - 10% five energy level$46, 49, 52, 55, and 58 mJ/&n The
ower limit (Target CD - 10%) energy level of 50 mJ/chis selected as the exposure

energy for production to prevent the energy variation
induced CD shift.

CD (nm)

Process Window

=
o
Best Focus

06 ¥

R T N QX0 oQ N @ O

Focus (um)

the device performance analyzed. This energy shift is norbetween holes can induce measurement error and reduce the
mally less than=5% of the original exposure energy. By stability. Although some photoresists remain inside the bar
combining these two factors, the final exposure energy wilfor 40 mJ/cni, the experimental results in Fig. 7 confirmed
be within +10% of the original energy of 50 mJ/émi.e., that the overlay performance is still acceptable even when

from 45 to 55 mJ/crh the energy is as low as 40 mJ/&nAll of the SEM pictures

in Fig. 8 were taken at the best focus, and the energies are
3. Verification of the working range of the novel BIB substantially higher than the energy to cleag, Under de-
pattern focus larger than 0.2um, the residual photoresist does not

appear for energy of 40 mJ/émdue to the nature of light
diffraction. Therefore, the performance of the BIB pattern is

still acceptable when the energy level is as low as three times
that of E,.

Finally, the best focuses were determined based on the
prewously stated derivative technique of fitting second-order
polynomial curves. The derivatives of different energy levels
are also shown in Fig. 7. The calculated best focuses for 40,

Evidently the novel BIB pattern should function properly
within a range of 10 mJ/cfnto acquire related focus infor-
mation during production. In this study, a wider energy range
from 40 to 67 mJ/crhis verified. Figure 7 displays the over-
lay shift of the BIB pattern for four energy levels, 40, 49, 58,
and 67 mJ/crh The exposure energy ranges from 3.3 to 5.6
times Ey. Obviously, the overlay shift is more sensitive to
the distance from the best focus when the exposure energy
low. The curve is distorted from the ideal second-order poly-
nomial equation when the energy is continuously lowered;
meanwhile, increasing the energy flattens the curve and de-
creases the sensitivity to the focus shift. Figure 8 displays
SEM pictures of different energies, 31, 40, 49, and 58
mJ/cnt, at the best focus. Obviously, the residual photoresist

40
" Energy increased from 40 mJ to 67 mJ "
30 (®)
200 -
: 2
= 150 \ 10 2
A | R wa 0 2 ! —Ds8
........ 5
E. 100 ‘— 10 w7
o Z -
5 50 20
-30
0 -40
N N O Y M O M O O N W
- - © © @ O 8 S O v —
Focus (um ) @

Fic. 7. Overlay shift and derivative of the fitting curve under different Fic. 8. SEM pictures of the bar of the novel BIB pattern with different
energy levelg40, 49, 58, and 67 mJ/én exposure energies at best foc(@: 31; (b) 40; (c) 49; (d) 58 mJ/cri.
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49, 58, and 67 mJ/ctnare 0.103, 0.104, 0.098, and 0.095 one in Fig. 7. Therefore, the best focuses determined by en-
um, respectively, and they are nearly the same as the beetgies of 12, 15, and 18 mJ/érare 0.094, 0.107, and 0.101
focus setting, which is determined by the usable DOF of theum, respectively. Therefore, we conclude that the reversed
0.2 um isolated contact hole. Therefore, the best focuse8IB pattern can cover EL 0f-18.75%. Similar to the BIB
determined by these four energy levels are located almost #@attern for contact holes, the reversed BIB pattern can also
the same position for both higher and lower energy condibe successfully employed during production of line-and-
tions. Based on the original energy, 50 mJ3¢rthe usable space patterns.
EL of the BIB pattern is larger thart20%. Therefore, the
proposed BIB can definitely be used for focus monitoring
during production. IV. APPLICATION
B. Reversed pattern design for line-and-space A. Monitoring the performance of exposure tools
photoresists In his study we have demonstrated that the BIB pattern
can precisely determine the best focus by exposing a FEM.
|pnly one point in the exposure field is needed to monitor the
Qay-to-day focus drift. Although a 0.6m or larger DOF is
ormally a minimum requirement for mass production, the
OF for a specific pattern is generally smaller than Qr8.

Here in Sec. Il B, we extend application of the BIB pat-
tern from contact hole to line-and-space patterns. As is we
known, the exposure energy for a contact hole pattern i
higher than the energy of a line pattern. For the contact hol
pattern, the exposure energy is approximately four times that =" . . .
of Ey. Therefore, the residual resist between the holes can b s IS _be_cause a reticle _pattern smaller than the machine’s
removed for the BIB pattern and a stable overlay shift can bgapablllty Is always usgd in order to lower the user’s CC.)St of
obtained. However, this BIB pattern cannot be applied to thgwne;str;]lp(COO). Thef_ﬁeldf(i?]rv?turéthe fobcal plzlane dewao— 3
line-and-space pattern because of its substantially lower exion of the exposure lejdof the lens may € as arge as ©.
posure energy. According to our results, the photoratist pm for an advanced stepper, and the remaining focus budget
the line-and-space pattérhas are, of abo,ut 8 ml/crh The inside the exposure field can be squeezed to smaller than 0.3

- - 0 . . . gt
energy required to expose a Oun zero biased line-and- um. Therefore, precisely determining the best focus, tilting,
space pattern is 16 mJ/émi.e., twice that ofE and field curvature of the exposure tool is increasingly im-

L., 0-

A reversed BIB pattern was tested for the Iine-and-spac@?gan:' fOn thi,\_ltproduct(;op Illge, thetmonltorlng fre<|:||uednc_|les
photoresist. The original BIB pattern shown in Figalwas  ° ekls OC%S’ : Intg, lan e ct:_ur\fa UT“; artg ?](t)rm?hy fa| Y,
designed to cover the entire reticle by chrome film, and Onl)yvee y, and quarterly, respectively. The tgnter the focus

exposure light was allowed to pass through the holes in thQUdQEt the higher monitor freguency needed. qusing the
bar. The reversed BIB pattern shown in Figbjlhas the monitor frequency leads to a higher cost for machine time.

same layout as the original one. The only difference is tha{herefore, there is a tra_de-o'ff between machine focus posi-
gn accuracy and machine time.

the hole areas are covered by chrome film and the other areH
are transparent in order to let light pass through. Therefore,
each bar contains various size resist islands instead of holef
Although the process window of the contact hole and lines
and space are different, thel0% EL is a generally accepted Conventional focus monitor methods, such as focus dot
value, and is used in the following discussion. Our resultsarrays and FEM, only measure one focus point in the field.
indicated that the overlay outcome of the original patternThis method cannot reveal the conditions of tilting and field
sizes will not work very well for the reversed BIB pattern curvature. Alternatively, the BIB pattern proposed here
because the developer will remove some of the resist withisolves the previous problem. By using the test reticle, a FEM
the resist island. Therefore, the new combinafiisted in  result can be obtained by inserting the test wafer into the
Fig. 4b)] was used for verification due to its smaller gap processing wafers without affecting the production line. Af-
(g=0.1 um) between resist islands and larger pattern sizeer the wafer is developed, the overlay shift of the BIB pat-
(a—d). To cover the required EL, the BIB pattern should terns can be obtained by an off-line overlay measurement
function from 14.4 to 17.6 mJ/ctn Figure 3 displays SEM tool. If five points(the center and four cornéref focus are
pictures of the reversed BIB pattern for different focus set-determined by the BIB pattern, tilting of the exposure field
tings. The photoresist between small islands cannot be rean be obtained. In addition, the BIB patterns are measured
moved by developer solution unless the exposure energy isy an off-line metrology tool, and it takes only 3 min to do it.
higher than about 20 mJ/@r(again, this is a property of The field curvature is normally shaped like a bowl, and does
light diffraction). Hence, the small islands are connected tonot need to be frequently measured. Based on the focus val-
each other and become a resist bar pattern. During defocuses at five measurement poiritse center and four corners

the gravity center shifts of inner and outer bars closely rethe best focus position of the exposure field can be deter-
semble those of the original BIB pattern. These overlay shiftsnined in a more precise manner, such as best fBEs =

can be measured by the overlay measurement tools as wefltenter+ (four corner$/ 4]/ 2. Therefore, we conclude that
The overlay performance of the reversed BIB pattern is simithe BIB pattern can be routinely used to accurately and effi-
lar to the performance of a contact hole resist, such as theiently monitor the focus conditions of exposure tools.

. Obtaining the focus value at an exposure field

J. Vac. Sci. Technol. B, Vol. 19, No. 5, Sep /Oct 2001
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Fic. 9. Figures and nine measured focus val(&sn the x direction: F}; and(b) in they direction:F} . The tilting values ofRxand Ry are shown.

2. Measuring the astigmatism by the novel BIB pattern

The inner and outer bars shift both horizontally and ver-
tically when the BIB pattern is defocused; when there is-
astigmatism, at each BIB located position, there are two best
focus values: horizontalRy;) and vertical ). The astig-
matism can be obtained by simply subtracting the best focus
Fh from F . The focus measurements are performed at nine
points(the center, four corners, and four sigés accurately
determine the tilting of the exposure field. Figurda)@nd
9(b) display the horizontal and vertical best focus values at
the nine positiongthree inx by three iny: labeled X0—X2 in
the x direction and YO-Y2 in the direction, covering the
whole exposure field. The focus value measured at the center
of exposure fieldX1, Y1) in the horizontal directionk}) is
—0.043 um. The average focus value at the nine measure-
ment pointsBF = [center+ (four corner$ + (four sides] /

9}, is 0.009 um. A 0.052 um focus difference is present
between the conventional one point focus value and the av-
erage focus value of the exposure field. Similarly, the aver-
age focus value in the vertical directiof ) is 0.046 um

(the best focus at the shot center is — 0.@33). Figures %a)

and 9b) also give the tilting values dRxandRy. Figure 10
summarizes the astigmatism resulis; (- F>).

B. Leveling performance improvement
1. Resist profile deformation under defocus

The novel BIB pattern can be used to prevent the resist'ss. 10. Astigmatism within an exposure field obtained by calculating the

000.050 -0.100
000.000 -0.050
H-0.050 -0.000
0-0.100 -0.050

Astigmatism (um)

Astigmatism = (F*, - F* )|

Calculation Results:
Y2 0.026 -0.163 -0.064
Y1 -0.024 -0.010 0.057
Yo -0.063 -0.043 -0.053
X0 X1 X2

top loss and scumming induced by poor flatness of the wafeibcus difference in the andy direction: Ff —F*).
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Incident Resist Top Loss
Light Photoresist

7\ /\ /
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Best N/ N/ \/ X NI % N/ \/ \Vi ]
Focus /\\\ //\\ //\\ // \\ //\\\\ ’//\\\ k/\ﬂ //\\j )é\j
/ X / \ / \
oy e ey e o N / o s Fic. 11. Impact of the wafer position
Substiate Sisrats Substrite v\ on the resist profile(a) best condition,
Resist (b) wafer moves upward, an@) wafer
Scumming moves downward.
Best Wafer Wafer
Condition Moves Up Moves Down
(a) (b) (c)

topography. Figure 11 presents a schematic of the resist pethe limited focus budget of exposure tools. Although expo-
formance under different defocused conditions. Figur@)11 sure tools can perform leveling and height adjustment for
shows a wafer located at the best focus position. If the wafeeach exposure shot, the wafer topography problem still can-
moves toward the lens, the top portion of the resist will benot be solved. The inability to solve this problem is due to
exposed by diffracted light and removed by developer soluthe fact that the leveling system takes the average height of
tion [as shown in Fig. 1b)]. If the wafer is moved away the exposure field as a target and adjusts the wafer chuck to
from the lens, the bottom of the resist profile may becomdulfill the requirement. The cell area occupies most of the
scummedFig. 11(c)]. The reasons for these occurrences arearea of a chip, accounting for why the leveling system can
as follows.(1) Incident light loses its energy when it passesonly optimize the condition of the cell area. The focus setting
through the resist(2) The incident light is spread out at the is normally determined during the pilot run to yield good
bottom of resist, and is therefore less intense. Some residupkerformance for the cell and periphery region. However, the
resist cannot be removed by developer solution because step height may have wafer-to-wafer or lot-to-lot fluctuation
the lower intensity at the bottom corners of resist, whichand, because of this, causes a focus problem for the periph-
induces the scumming problem. ery region.

2. Film thickness variation induced focus problem 3. Asymmetrical layout induced improper leveling

Normally, the step height induced by film stacking in- ad/ustment
creases the difficulty of correctly printing the patterns on the Another leveling problem is caused by the asymmetry dis-
lower and upper regions. Figure 12 presents an illustrativéribution of a cell and its periphery. Figure 13 illustrates how
example of the step height issue, which is typically observedmproperly adjusting the leveling system affects the product.
in the dynamic random access memdBRAM) process. One exposure shot containing six chif@x2) is shown in
Because of the film stack, the cell region is higher than thaFig. 13a), in which the cell area is located on the left side of
in the periphery region. Therefore, the step height reducesach chip, leaving most of the peripheral area on the right

Cell

Periphery

A
\ 4

Top loss of resist
pattern

Ideal resist pattern
(dashed lines)
/ Scum of resist pattern
1, S Fic. 12. Step height induced scum and resist top loss

issues. This is normally observed at the cell and periph-
ery regions in the DRAM process.

Usable
DOF

Position of best focus
(at the center of DOF)
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Cell Periphery one chip
@
Fic. 13. Improper leveling adjustment induced scum
and top loss problems of production wafers due to the
asymmetry distribution of a cell and its periphery.
(b) Usable
DOF
Position of best focus Toprloss of resiet
pattern
Usable
©  “por

Scum of resist pattern

side. A cross section in thedirection,AA, is shown in Fig. cells, and the other set is on the same film stack as the pe-
13(b), which has been ideally leveled. To simultaneouslyriphery. At the position of best focyshown in Fig. 13, both
correctly print the cell and periphery patterns, the focus setthe cell and periphery patterns are slightly out of focus. The
ting at the middle of the cell and periphdiyenoted as “po- “best” overall focus occurs when both patterns are equally
sition of best focus” in Fig. 1@)] is selected, due to the defocused. In this case, any deviation from best focus results
limited DOF of the patterns. The leveling system normallyin one pattern having a larger overlay shift than the other
scans the entire field and tilts the wafer to obtain the mini-one. The direction of the focus error is known since it is also
mum height difference in the exposure field. Figurgcl3 known that the cell pattern is above the position of best focus
displays the cross section after leveling adjustment. Clearlyand that the periphery pattern is below. Therefore, this focus
the cell pattern on the right side of the exposure field mayerror can be fed back to the exposure tool to obtain a more
suffer from the top loss issue, and the small portion of theaccurate focus and tilt adjustment.
periphery on the left side may encounter a scum problem.  The chemical mechanical polishingMP) process has
Although recent improvements have been made in providbeen used extensively to reduce the step height recently, de-
ing a user defined tilting adjustment option to overcome thespite its relatively high cost and complexity. However, the
topography issue, top loss and scum problems still frequentipon-CMP process is still widely used for production tech-
occur in factories for the following reasond:) the DOF is  nologies that have lower requirements, e.g., larger than a
limited; (2) the step height has continuously increased; and.35 um process, to reduce wafer cost.
(3) the focus and tilting control are not totally accurate. The
scum can cause a space CD change, which is highly sensitiv
to the focus shift. However, the top loss percentage cannot b
guantitatively measured by an in-line SEM, and the resist As is well known, light heats the lens during exposure,
loss reduces the etching resistance and induces broken linesd therefore causes focus drift. Due to the high intensity of
In factories, device function failure caused by top loss and-line exposure, the impact of lens heating on focus variation
scum problems can be prevented in two wails:add the  during wafer processing can no longer be neglected. There-
SEM measurement at the cétight side and the periphery fore, many models have been established to describe the be-
(left sid®); and(2) move the focus setting upward to prevent havior of focus drif?® Among the factors influencing the
top loss. The disadvantages of these two are throughput lo$sns heating correction are the reticle transmission factor,
and reduction of the process window of the periphery patexposure energy, and wafer shot number. The parameters of
terns. To overcome these problems, we can place two sets tfe model equation must be precisely determined to compen-
BIB patterns in each scribe larfvo sets in the scribe lane sate for the lens heating induced focus drift.
to the left of the chip, and two more in the scribe lane to the Normally, parameter determination is first performed on a
right of the chip to correct leveling misadjustment. We must focus measurement reticle, such as the previously mentioned
also arrange the processing so that one of the two sets édcus dot arrays reticle, with known reticle transmission and
patterns in each scribe lane is on the same film stack as thlexposure energy. After a full lot of wafel®5 wafers is

. Related applications
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exposed, focus drift can be read by the exposed FEM on eaaklated information. This BIB can also be extended to obtain
wafer. Focus drift can then be fed back to the system to finether useful information, such as lens heating correction,
tune the model. After a trial and error procedure is com-edge die leveling adjustment, and wafer chuck flatness.
pleted, the required parameters can be found and put into the
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