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We demonstrate that multilevel nanoimprint lithograghiL ) with submicron alignment over an

entire 4 in. Si wafer can be achieved. Average alignment accuracynf With a standard deviation

0.4 um in both X andY directions was obtained in ten consecutive tests of multilevel NIL. The
multilevel alignment was achieved by aligning the wafer and the mask with an aligner, fixing them
with a holder, and imprinting in an imprint machine. The issues that are critical to the alignment
accuracy, such as relative movement during the press, relative thermal expansion, wafer bending,
and resist, are discussed. The alignment accuracy currently achieved on the system is limited by the
aligning accuracy of the aligner, instead of the process of multilevel NIL.26®1 American
Institute of Physics.[DOI: 10.1063/1.1391400

Nanoimprint lithography(NIL)! has shown sub-10 nm substrate during press until the patterns on the mask are com-
resolution, high throughput, and low cds8ingle level NIL  pletely pressed into polymer rest§tWe selected the first
has been used to fabricate the critical patterns in mangpproach because we believed it had a higher throughput and
electronic and optical devicés? Several fabrication could be easily combined with current alignment techniques
techniques?** imprint property of polymer$?**and wafer  and systems of photolithography.
scale imprint;**°which make NIL more practical, have been  Second, relative thermal expansion between the mask
studied. and wafer can cause misalignhment when the mask and wafer

For many applications, particularly integrated circuits, are at different material. Since the alignment is done at room
multilevel NIL with high overlay accuracy is essential. In temperature and the imprint is at a higher temperature, ini-
this letter, we report an achievement of submicron allgnmenﬁa”y aligned patterns can become misaligned during the im-

between two imprinted layers using a multilevel NIL system. it For example, the thermal expansion coefficients of
We first discuss the issues related to achieving multilevegio2 and Si. which are %10~ 7/°C and 2.6< 10" 6/°C. re-

alignment c_>f |mprmts, then c_iescrlbe our multlle_vel NIL sys- spectively, give a relative thermal expansion coefficient dif-
tem, and finally give the alignment results. Either thermalference 2. K10°6/°C. Assuming mask and wafer are

p_Iastlc polymer or curable p(_)lymer can be useq as N.IL realigned at 23°C, and the centers remain aligned during
sists. We used thermal plastic polymers as resist, which re- - . .

. . . L . press, the misalignment at the edge of the 4 in. Si wafer due
quired heating and cooling during imprint.

. ] ; . o relative thermal expansion is about 100 nm/°C increment.
To achieve the submicron alignment accuracy, we firs

studied a number of issues that can affect the alignment a or imprints of usjng curaple po!ymer as resist, the issue
curacy. The first issue is the relative mechanical shift be-ShOUId alsq be paid attention to if the _mgsk and Wafer are
tween the mask and the substrate, which may occur Whelaeated during UV-cure exposure. To eliminate relative ther-
patterns on the mask are pressed into polymer resist. ForrHal éxpansion, we _choge the mask material same as the wa-
parallel plate imprint system, a large and uncontrollable relaf€'- In this case, 4 in. Si wafer was used as the substrate of
tive shift and rotation between the mask and the substratdh® mask. Since the mask and wafer are made of the same
shown by the misalignment map in Fig. 1, was observed

after press by two parallel plates. Two reasons were consid- —

ered to explain the relative shift and rotation between the . 8 pm
mask and the substratél) The two metal plates were not L)
exactly parallel to each other due to the assembling tolerance
and surface unflatness of the plat€y.The rough surface of
the metal plates applied nonuniform pressure on the mask \
and the substrate. To achieve high alignment accuracy, the 11.2mm
relative shift between mask and substrate should be pre- \
vented during press. There are two approaches to solve the
problem. One is to develop an imprint machine that does not
cause the relative shift between mask and substrate during A
press. The other is to dynamically align the mask and the — 15.0mm ——|
FIG. 1. The misalignment map showing relative shift and rotation between
dElectronic mail: weizhang@ee.princeton.edu the mask and substrate during parallel plate imprint.
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FIG. 2. Estimation of misalignment due to bending wafers. Misalignment of
wafer bendingr=g?/(6L), whereg is a surface variation over an area with
characteristic length. Assumeg=10um, L=1 cm for the worst case of

Si wafer,oc=1.7 nm.

material, there is not any relative thermal expansion as long
as they are heated uniformly.

Third, wafer bending during imprint may result in mis-
alignment. Because the mask and wafer surfaces are not al
solutely flat, the mask and wafer will be bent to contact
during the press, causing relative shift between the two pat-
t %h t P l db fg th In Eig. 2 ti pt FIG. 3. The schematic of our multilevel NIL systei@, and the alignment
e_ms_ atare aligne _e ore the press. In '_g' » WE estimarg sults(b)—(d): (b) The image of alignment accura¢ix=—0.5um, Ay
misalignment of bending wafer by assuming a bow shape- —0.5.m) of a typical multilevel NIL;(c) The global alignment map over
surface of the wafer. In the worst case, assumingum 4 in. wafer of a run of multilevel NIL(average:Ax=—0.3um, Ay
surface variation within an area about 1 cm wide, misalign-—,~ %-5#m. standard deviationr,=0.3um, o, =0.2um); (d) The global

. . alignment map of a run without temperature nonuniformity during the im-
mgnt.of bending wafer is on the order _of nanometers. ThUSint (center: Ax=—1 um, Ay=+1 um, average:Ax=—1um, Ay
misalignment due to bending wafers is not significant. In=+1 um, standard deviationr,=0 um, oy=0 um).
addition, we conclude that imprint pressure should be large

enough to overcome the unflatness of mask and wafer. ) L _—
Fourth, the resists that can be imprinted at lower temprmted. After imprint, the subsequent processing is the same

perature could improve alignment uniformity, because loweS Single layer NIL without alignment. The imprint machine,
imprint temperature generally has better temperature unifor/hich was developed in houseletails will be published
mity control during imprint. To reduce resist surface varia-€/S€Wherg can simultaneously apply an uniform force over
tion over whole wafer after imprint, a customer-made resisthe gntwe mask and the wafer to eliminate relative shift and
(NP-33 with much better flowing than pofynethylmethacy- otation. o _
late (PMMA) is used in this study, which has an imprint A fab_rlcatlon process, V\_/hlch_mvo_lves the alignment of
temperature 100°C and imprint pressure 100 psi. The tenf2N€ imprint layer to a previous imprint layer, was used to
perature and pressure are much lower than 175°C and gatgmonstrate the multilevel NIL and its alignment accuracy.
psi needed for 15 K PMMA resist. The first imprint level was a Simesa fabricated by the first
Our multilevel NIL system consists of three parts: aimprint, Si0, reactive ion etchingRIE) using the resist as
commercial contact aligner, a wafer and mask transfefhe etching mask and removing the resist. After the wafer
holder, and an imprint machine built in houggg. 3a)]. At ~ was cleaned by RCA No. INH,OH:H,0,:H,O 1:1:5,
the beginning, mask and wafer are aligned and contacted d#0 °C, 15 min, the second layer of resist patterns was im-
the aligner. Because both the mask and wafer are opaque, 8finted by multilevel NIL with alignment to the first layer.
image processing technique using visible light to align theThe 4 in. Si masks used in imprints were fabricated by pho-
mask and wafer, which aligns the align marks on back of thdolithography and Si@etching(CHF; RIE) down to Si sur-
mask with the stored images of align marks on the wafeface.
grabbed before by cameras of microscope, is used. Then, the Submicron alignment of multilevel NIL over 4 in. Si
mask and wafer are fixed by a holder and transported frorvafer was achieved on the multilevel NIL system. The image
the aligner to the imprint machine. The holder uses mechanief alignment accuracy of a typical multilevel NIL, which is
cal clamps to prevent relative movement between the maskt center of a wafer, is shown in Fig(t8. The faint color
and the wafer during transportation. Before the clamps argattern is the Si@layer fabricated by the first imprint and
released and the holder is moved away, a prepress schemdlie dark color pattern is the second resist layer fabricated by
used to enhance friction force between the mask surface arrdultilevel NIL. The gratings of the two imprint layers, which
the resist surface to prevent relative movement between thgave periods 18 and 18,/&m, respectively, form an vernier
mask and the wafer due to vibrations that may occur duringhat has measurement accuracy of misalignmenu5The
operation of the imprint machine. After the aligned set of thesame vernier structure is also used as align marks to align the
mask and wafer is taken off the holder and the holder isnask and wafer on the aligner. The global alignment map

moved away, the aligned set of the mask and wafer is imever 4 in. wafer of a run of multilevel NIL is given in Fig.
Downloaded 14 May 2003 to 128.112.49.61. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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Data in X-direction: ( um ) Alignment results of ten consecutive runs are shown in

?"" LB 31 :‘ 5 61 71 8 |9 ‘:"es . Fig. 4. In the tables, each row corresponding to one of the ten

2 S5 2 T |9 o505 7 19 [ 05 multilevel NIL runs gives alignment accuracy at the nine

3 S I T T AN N I S I 0.3 locations over 4 in. wafer shown in Fig(@. The columns of

4 +0.5 | +0.5 | +0.5 | +1 +1 +1 +1 +1 +0.5 | +0.8 0.4 . .. .

5 7 32 w2 T [sis |+ T+ =2 T+15 416 105 Aveg and o give statistical average and standard deviation

6 05|05 11 |4 [4 [ [-05[05]-07].08 |02 of alignments of nine locations for each single run. The rows

7 2 |2 g et gt gt |2 |18 15 105 of Ave,i and o give statistical average and standard

8 2 |15 05 |0 +05 | +05 [ -05 |1 05 | 0.8 0.6 .. . .

s T os Tos s Tos T 08 03 deviation of alignments on same location of the ten runs. The

o o5 Tos o5 o o o o o595 03 lo3 tqtal average of the all ten runs 'is 140n in both X aanY

Avemm |12 |11 |12 |09 109 |08 |07 |11 |09 [1.0 directions with a standard deviation Qun. From the align-

Gmau_ | 06 |05 |06 |05 |04 (03 |03 |05 |04 | 0.4 ment averages of each single run in the tables, the probability

Data in Y-direction: ( um ) to get_ average e_llign_ment accuracy withimm_(sl_ pum) is

Run# |1 2 |3 14 |5 [6 |7 |8 |9 [Ave, |o. 89% in theX dlrectlgn and 60% in ther dwgcnon. The

1 R N T T A 5 I R S ) difference of probability between the andY directions is

2 -1 05 [-15 | -2 ENIE] A5 |1 -1 -1 0.3 .. .

3 T s 2z 59 o T [T 12 Tos due to statistical variation.

4 05 |1 [45[45[-15]0 Jo |o [-05|-07 [06 The intrinsic machine resolution of the aligner in our
2 2 2 2 1.5 1 1.5 2 . . .

2 e B A B R B multilevel NIL system is 0.5um, and the alignment accuracy

7 W50 14 |1 [0 [0 [+« [+ [0 |05 |05 that can be reliably achieved in aligning the mask and wafer

] +15 [+ [ #05 [+05 |+ [+15|+2 |+2 |+15[1.3* |05 on the aligner is lum. So, the alignment accuracy of mul-

9 2 s s 2 12 j2 12 115117 03 tilevel NIL currently achieved on the system is limited by the

10 0508 08 | 08 08 108 105 106 |02 aligner other than the process of multilevel NIL.

Avegun [ 1.1 [1.0 j11 [1.2 [1.2 [1.0 |11 (1.1 (1.0 [1.0 In summary, we report the development of multilevel

Gwau | 05 | 0.6 | 0.6 | 0.6 | 0.6 | 0.6 | 0.6 | 0.6 | 0.6 | 0.4

NIL and demonstrate sub-micron alignment over 4 in. Si

FIG. 4. The alignment data and statistical average of ten consecutive runs éﬁ’afers by mumlevel, NIL. The system and its process ,are
multilevel NIL. Note: The absolute values of data are used to calculatdUlly scalable for 6 in. or larger wafer processing. Device
statistical average. The or — sign is given to the average only when all gpplications of multilevel NIL are in progress.

data have the same or — sign.* indicates runs that had inconsistent signs
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