USOORE45943E
(19) United States
a2y Reissued Patent (10) Patent Number: US RE45,943 E
Huang et al. 45) Date of Reissued Patent: Mar. 22, 2016
(54) MEASUREMENT OF OVERLAY OFFSET IN (56) References Cited

SEMICONDUCTOR PROCESSING
U.S. PATENT DOCUMENTS

(71) Applicant: Taiwan Semiconductor Manufacturing

o .
Company, Ltd., Hsin-Chu (TW) 6,710,876 Bl 3/2004 Nikoonahad et al. ......... 356/401

6,937,337 B2 8/2005 Ausschnitt et al.
6,970,255 Bl  11/2005 Spady et al.

(72) Inventors: Te-Chih Huang, Chu-Be1 (TW); 6,982,793 Bl 1/2006 Yang et al.
Chih-Ming Ke, Hsin-Chu (TW); 6,985,229 B2 1/2006 Lee et al.
Tsai-Sheng Gau, Hsin-Chu (TW) 6,992,764 B1* 1/2006 Yangetal. .................... 356/369
j 7,042,569 B2 5/2006 Sezginer et al.
: : . . 7,112,813 B2* 9/2006 Den Boefetal. .......... 250/559.3
(73) Assignee: Taiwan Semlconduf:tor Manufacturing 7.230.704 B2 6/2007 Sezginer et al.
Company, Litd., Hsin-Chu (1'W) 7.230,705 B1* 6/2007 Yangetal. ....cocoooo.... 356/401
7,280,212 B2 10/2007 Mieher et al.
(21) App]_ No.: 14/120,303 7,289.214 B1* 10/2007 Lietal. ......cooviiiinl, 356/401
7,330,042 B2 2/2008 Fukazawa et al.
‘1. 7,532,317 B2 5/2009 Smith et al.
(22)  Filed: May 14, 2014 7.561.282 BL* 7/2009 Widmann .............. 356/601
Related U_S- Patent Documents 2002/0158193 Al * 10/2002 Sezginer et Ell. .......... 250/237 G
. _ 2004/0004726 Al* 1/2004 Sezgineretal. ... 356/601
Reissue of: 2004/0229471 A1 11/2004 Abdulhalim et al.
(64) Patent No.. 8,179,536 2004/0257571 Al  12/2004 Mieher et al.
Issued: May 15, 2012 Cont;
ontinued
Appl. No.: 12/957.802 ( )
Filed: Dec. 1, 2010 Primary Examiner — James Menelee
U.S. Applications: (74) Attorney, Agent, or Firm — Haynes and Boone, LLP
(62) Davision of application No. 11/686,078, filed on Mar.
14, 2007, now Pat. No. 7,858,404. (57) ABSTRACT

[l

A system for overlay oflset measurement 1n semiconductor
(1) Int. CI. manufacturing including a radiation source, a detector, and a

GOIb 11714 (2006'();) calculation unit. The radiation source 1s operable to irradiate

HOIL 21/66 (2006'();) an overlay offset measurement target. The detector 1s oper-

GO3F 7/20 (2006.01) able to detect a first reflectivity and a second retlectivity of the
(52) US. CL irradiated overlay offset measurement target. The calculation

CPC .. HOIL 2212 (2013.01); GO3F 7/70633 unit 1s operable to determine an overlay offset using the

(2013.01) detected first and second retlectivity by determining a prede-

(58) Field of Classification Search termined overlay offset amount which provides an actual

CPC e, GO3F 7/70633; HO1L 22/12 offset of zero.

USPC s 356/614, 615, 620

See application file for complete search history. 23 Claims, 6 Drawing Sheets

314

302




US RE45,943 E
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

2005/0018190 Al
2005/0072945 Al
2005/0105092 Al
2006/0050283 Al
2006/0117293 Al

1/2005
4/2005
5/2005
3/2006
6/2006

Sezginer et al.
Fukazawa et al.
Ausschnitt et al.

Hill oo,
Smith et al.

356/512

2006/0146347 Al
2007/0021860 Al*

2007/0100529 Al
2007/0233305 Al*
2008/0018897 Al*
2008/0029913 Al*
2009/0116014 Al*

* cited by examiner

7/2006
1/2007

5/2007
10/2007
1/2008
2/2008
5/2009

Smith et al.

Gertrudus Simons

etal. ..o, 700/121
Blythe et al.

Werkman et al. ............. 700/121
Littau oo, 356/401
Taylor ....c.ccoooeviviiiinn, 257/797
Smithetal. ................... 356/401



U.S. Patent Mar. 22, 2016 Sheet 1 of 6 US RE45,943 E

100 1022 102b 106a 106b

106a 106b
106a 108h (
104 g:l LE
=
100 v
( ' : | ;_ . | '
102a 1025 102a 102b Fig. 1e

W1 W1 W2 W2



oz ‘bi4

LM

US RE45,943 E

090z
4oz

S | op-| op| "

SM PA0C 0¢- OL- ' 1907
————290¢

0c (0L | O

+—— 902

Sheet 2 of 6

°990¢ 990¢ EQ07

qz b4 ez "bi4

m>> S
oNom ‘

[ \T/
ov-| 0¢ W0Z PZOZ
aM | 0
O_‘ eclc
QNL mwow vow nwow /

¢0d

Mar. 22, 2016

U.S. Patent



US RE45,943 E

Sheet 3 of 6

Mar. 22, 2016

U.S. Patent

306

314
302

._*...mﬂn.. ST A st T R 1 OB &

r Py
]
--r

H ....I_-.._—‘"I...J_j [ ] #.. . Iy
Fry:t ' e ) et
2w . .h.ﬁ_.__... e By i 1ﬂ.._____ﬁ -
Ehat i oty SRR T WL,

.. H_

& i - o
i (I ] i - T R A.m 3
- .- - - u.. (X1 i .

¥

i Thille
m‘ﬁi o
i

e SRR o R

L
alp

At hrde g ] L ]
SO o T LT e
&

310

Fig. 3



U.S. Patent Mar. 22, 2016 Sheet 4 of 6

402

Prepare mask set

~"1 including overlay offset measurement target

i’ i e’ k' . e m—

el L A I__-_ —
.

404

Fabricate first layer

403‘-" Deposit E’Fi and align second layer mas

40ME><pose second layer masﬂ

mger

410 /J[ Irradiate wafer I

412w|—Dgt

ermine reflectivity profile

I R

41M Calculate overlay offset

418)
Yes
[ Process layer ‘+

ls overlay
acceptable?

i

US RE45,943 E

g

420

- >‘ Rewor_k

Fig. 4a



U.S. Patent

4

Mar. 22, 2016 Sheet 50f 6

US RE45,943 E

reflectivity

. s . {
P ' i

e N {

.. [ . a -

' . - L '

. - . . " H

o T I A . H N

A R PR X ot

L |

- = - . 1%

' PR . - L 't
- - + . i ' - = - =

* E - :_r---:"lql k. ! : - T " :-. - .‘ll1i-‘."|_ . R ', 1 + :-g

Foakn T . .- - m - 1.1 .t M - vaa .i- o

A8 - T A A

"::"'I"' P r 1 .
. - 4 m_1 . .

-L 1]
... ‘..-n'—.-_.- '-F"H-i'

a
- &

1 rroap
=

[

i

[ ] I = o

1' N Freat FePy of .‘h::r:\*'ﬂ LA <L . : Speled b1 TR o
i ST At ol . .

L ]

H

. Tt A  AS v, - R LRI
1 r Tamr-rm o TEw mr " o o + W r = -\ . -
- () .-.—--..-J: e BRI .'-—.p- - TN P L T

P TR I SR I L R l.|:‘|..,| daniuea i mm vy miems | 4 @ L

L e L .

N N o I e tont ATt .

e -m e }lh..’ ! ALY l--|_-_... ERL :1:1 _':_ . :1
. ".t..“‘ Nk o oy I-.i.' _.,..*.i.‘._.:.-.*‘ l:--"-‘--_

[ - .':.- .,-".14-4..1.-.-..'-...--.“

[} -

n L 1] - - Tr
!.' R : RO BT S

.4

wan's Bt R B L Lol Ml
Frus T e
F. * . B L I A
T ™ T
v -I'i-ll‘li ' "4 F nan
PR R S N R L 2 .
r::li.l-l *H+-|::rl+r1--l+-r---- :!i! - =g .:
.l.....‘- LN R N L T
- ¥ Pk 1
A PR M IR i dtop,te )
= 0y = P | FEE mI prm o - t=q, L
Irl-l_-_- w sl a1 & i , "'." Lo k)
o8 e e e I 20 JOLF AL S
G TR e D TS L LIt
-::_-_. :,‘ri.u'|n|-r;l'-, .. . oy - o b i L N
iy R WL ";r"': -'n""'r:ll.i'::. :‘.t'."i" L P R R [Tt
ag” - - - . - o a1 ek o LoLa = a . T
4.1 i it e R AL Ly Ll R R T Tl s ata P e L
-1 r Nt B o Lt P e D] = - " R Y e n AP
'l = Fd ' - a1 mm 2w = = L] - n s - - ] mo .I: v =n ur
e n d L P L S LI—

12 20 28 36 44

12 4
predetermined overlay offset

50

Fig. 4b



U.S. Patent

Mar. 22, 2016

Sheet 6 of 6

606

US RE45,943 E

1143

0.47

604 0.46

0.4

0.44
0.43 |
0.42
0.41
0.4

0.39
0.38

reflectivity

| 9 E_* iy d I‘ &S ! n -\.f rﬂ:E:
”J' IS '%ff’“f'“ R e

.. - _.Ir__ .a:; ; l
i :ﬂnﬂ 5 H'— :L?Jt.g’hiur}é;?’*:ﬁﬁ %rsl:yﬁ'r !1! 'l‘?' i i =) 5
' A by =

4'1
_ -rij_-\};: 'L;_L !arﬁii T BT R -_ﬁ_ + ] ;
Ll !r ek + T - x
vJu,fia’E-iw:H I.x Z:t :z...im’ Ji.frhi W E

—|—..- At "r e

-H.u h _}ms: ‘14.-. ‘-I|r

.“?“ E‘_'*.:'l ’-H J

— Ty : —'r*-.l A
lt'ﬂq';-{'hl;“; h&:ﬂxm"édt

--l_-_ R o vl

.%‘ A R e o

. L

i H-Ir o —
1':-".:*"}:?' Ao ?..';

i FE i ..r"'
.-3,!,h=r.:,’,;§.1-_‘:fn 1_*;3»#“‘ fkary

Fﬂ‘l"‘ "la""!_;"'f
FA; 3 i.,...z';-%‘;.ti

uhq I-..h. RS

L-H 4_:..-1, b‘* hr

..__‘h.

i = =
gy

r"rF' L

A‘ ai"hﬂi_“f"‘:t ..jq ‘J -
P ,, '1 }“ = 'I':':-:E 1‘" 17
-*’-*—4-2‘? 25 *}:ﬂ'ﬁi‘*ﬁf? "’G:E*-: .}3

L T Hy ‘ 2 Ny
“"'ﬁr -&l "‘H'._.: ;.".-E‘ =
—:l- *-ﬂ.:#’

- I'l.- fqu‘ﬁ--ﬂ-- -.'i-ﬂl.';-h‘- E'F'-l--

*'- " %:“H;’;!ﬁ et I'ﬁl-: .lilik‘ H :“
‘l-.-.‘_ ‘H_.'!
] ".._I-l.!"u _,_ C P Ty

-'l-'lj'ﬂ—hﬂ ..l'l

F}T—-i;l.--. ‘L-:.l " "
Tk, i 20 5..—...1 e
f; - H - Flia b #1 ?iiq'.!_I

4 12 20 28 36 44

predetermined overlay offset

Fig. 4c



US RE45,943 E

1

MEASUREMENT OF OVERLAY OFFSET IN
SEMICONDUCTOR PROCESSING

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENC.

(L]

This application 1s a divisional of U.S. patent application
Ser. No. 11/686,078, filed Mar. 14, 2007, which 1s hereby
incorporated by reference in its entirety.

BACKGROUND

The present disclosure relates generally to semiconductor
fabrication, and more particularly, to the measurement of
overlay offset of a plurality of layers of a semiconductor
substrate.

Semiconductor devices are fabricated by creating a
sequence of patterned and un-patterned layers where the fea-
tures on patterned layers are spatially related to one another.
Thus during fabrication, each patterned layer must be aligned
with a previous patterned layer, and as such, the overlay
between a first layer and a second layer must be taken 1nto
account. The overlay 1s the relative position between two or
more layers of a semiconductor substrate such as, for
example, a waler. As semiconductor processes evolve to pro-
vide for smaller critical dimensions, and devices reduce 1n
s1ze and increase in complexity including number of layers,

the alignment precision between layers becomes increasingly
more 1mportant to the quality, reliability, and vield of the
devices. The alignment precision 1s measured as overlay oil-
set, or the distance and direction a layer 1s offset from precise
alignment with a previous layer. Misalignment of layers can
cause performance 1ssues and even potentially causing a
device to fail due to, for example, a short caused by a mis-
aligned interconnect layer. Therefore, 1t 1s necessary to mea-
sure the overlay offset between layers during processing to
allow for possible correction.

Alignment and alignment measurement techniques are
known 1n the art such as, for example, the use of box-1n-box
alignment targets. However, many of these techniques are
unable to perform to the accuracy which may be required for
state-of-the-art processing. Other technmiques such as, for
example, scatterometry may have increased accuracy, but
require substantial, complicated modeling, making the tech-
niques cumbersome and time-consuming. Many techniques
also require sizeable targets that occupy substantial space on
the wafer and as such may take away potentially valuable
waler space. Overlay measurement techniques known 1n the
art also may be disadvantageous as they may include sensi-
tivity to the uniformity of the layers present on the substrate.

Accordingly, 1t would be desirable to provide for improved

overlay offset measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s emphasized that, in accordance with the
standard practice in the industry, various features are not
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drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-

S1011.

FIG. 1a 1s a cross-sectional perspective view 1llustrating a
plurality of features on a first layer of a water.

FIG. 1b 1s a cross-sectional perspective view 1llustrating a
plurality of features on a second layer of a water.

FIG. 1c 1s a cross-sectional perspective view 1llustrating an
embodiment of the overlay of the layers of FIGS. 1a and 1b.

FIG. 1d 1s a cross-sectional perspective view 1llustrating an
embodiment of the overlay of the layers of FIGS. 1a and 1b.

FIG. 1e 1s a cross-sectional perspective view illustrating an
embodiment of the overlay of the layers of FIGS. 1a and 1b.

FIG. 2a 1s a schematic illustrating an embodiment of a
design for an overlay offset measurement target.

FIG. 2b 1s a schematic illustrating an embodiment of a
design for an overlay offset measurement target.

FIG. 2¢ 1s a schematic illustrating an embodiment of a
design for an overlay offset measurement target.

FIG. 3 1s a schematic illustrating an embodiment of an
overlay offset measurement system.

FIG. 4a 1s a flow chart illustrating an embodiment of a
method for processing semiconductor waters including mea-
surement of the overlay offset of two layers of a water.

FIG. 4b 1s a graph 1illustrating an embodiment of a reflec-
tivity profile determined using the method of FIG. 4a.

FIG. 4c¢ 1s a graph illustrating an embodiment of a reflec-
tivity profile determined using the method of FIG. 4a.

DETAILED DESCRIPTION

The present disclosure relates generally to the fabrication
of semiconductor devices, and more particularly, to measur-
ing overlay offset of a plurality of layers of a wafer. It 1s
understood, however, that specific embodiments are provided
as examples to teach the broader inventive concept, and one of
ordinary skill in the art can easily apply the teaching of the
present disclosure to other methods or apparatus. Also, it 1s
understood that the methods and apparatus discussed in the
present disclosure mclude some conventional structures and/
or processes. Since these structures and processes are well
known 1n the art, they will only be discussed 1n a general level
of detail. Furthermore, reference numbers are repeated
throughout the drawings for sake of convenience and
example, and such repetition does not indicate any required
combination of features or steps throughout the drawings.

Referring to FIGS. 1a and 1b, a first layer 100 and a second
layer 104 of a semiconductor watfer are illustrated respec-
tively. The first layer 100 includes a plurality of features 102a
and 102b. The second layer 104 includes a plurality of fea-
tures 106a and 106b. Additional features may be present
and/or the features 102a, 102b, 106a, and/or 106b may have
different form factors than illustrated including for example,
lines of wvarious dimensions, geometric shapes, and/or
trenches. In an embodiment, the features of the first layer 100
and the second layer 104 are substantially the same form
factor. The features 102a,102b, 106a, and 106b are defined by
a mask set used 1n the processing of the water and may be
fabricated using semiconductor processing methods and
materials as known 1n the art. For example, the features 102a,
102b, 106a, and 106b may be fabricated of photoresist,
dielectric, oxide, metal, and/or a varniety of other materials as
known 1n the art. The features 102a, 102b, 106a, and 106b
may be fabricated by processes including electroplating, 1on
implantation, deposition including chemical vapor deposi-
tion, spin coating to deposit material, etch processing, chemai-
cal mechanical polishing, and/or a variety of other processes
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as known 1n the art. The first layer 100 may be fabricated prior
to the second layer 104 and as such the second layer 104
positioned above of the first layer 100 on the wafer. In an
embodiment, the first layer 100 and the second layer 104 may
be adjacent one another. In an embodiment, one or more
additional patterned or un-patterned layers may be located
between the first layer 100 and the second layer 104. In an
embodiment, the waler including the first layer 100 and the
second layer 104 may include additional layers fabricated
prior to the first layer 100. In an embodiment, the watfer
including the first layer 100 and the second layer 104 may
include a plurality of layers fabricated after the second layer
104. In an embodiment, the features 102a, 102b, 106a, and
106b may extend between and among various layers.

Referring now to FIG. 1¢, an embodiment of the overlay of
the first layer 100, described above with reference to FIG. 1a,
and the second layer 104, described above with reference to
FIG. 1b, 1s illustrated. A water segment 108 has the second
layer 104 overlaying the first layer 100. The waler segment
108 has approximately no overlay offset of the first layer 100
and the second layer 104 as the features 102a and 102b of the
first layer 100 and the features 106a and 106b of the second
layer 104, respectively, are substantially aligned with one
another. In an embodiment, an overlay oflset measurement
target may include the water segment 108.

Referring now to FIGS. 1d and 1e, embodiments of the
overlay of the first layer 100, described above with reference
to FIG. 1a, and the second layer 104, described above with
reference to FIG. 1b, are illustrated. Specifically, a water
segment 112 and a water segment 114, both having the sec-
ond layer 104 overlay the first layer 100, are illustrated. The
waler segment 112 has an overlay ofiset of the first layer 100
and the second layer 104 of W1. The waler segment 114 has
an overlay oifset of the first layer 100 and the second layer
104 of W2. The overlay offsets W1 and W2 include the
distance the second layer 104 1s from being directly aligned
with the first layer 100. In the illustrated embodiment of the
waler segment 112, the second layer 104 1s offset to the right
of the first layer 104, hereinafter arbitrarily considered a
positive value overlay offset for the purpose of this disclosure.
In the illustrated embodiment of the wafer segment 114, the
second layer 104 1s offset to the left of the first layer 104,
hereinafter arbitrarily considered a negative value overlay
olffset for purposes of this disclosure. In an embodiment, the
overlay offsets W1 and W2 are process-induced overlay ofl-
sets. Process-induced overlay offset includes offsets arising
from the misalignment of a mask, for example, the misalign-
ment of the mask for the second layer 104 and the water
including the first layer 100 during a photolithography pro-
cess. The misalignment of the mask may occur because of, for
example, operator error, machine malfunction, limited
machine capability, and/or process variation. In an embodi-
ment, the overlay offsets W1 and W2 arise because they were
predetermined overlay offsets. Predetermined overlay oifset
includes offsets that were intentionally designed for and
included 1in the mask set for the water by, for example, shifting
a feature of a second layer from alignment with a feature of a
first layer. In an embodiment, the overlay offsets W1 and W2
occur both because of predetermined overlay offset and pro-
cess-induced overlay offset. In an embodiment, an overlay
offset measurement target includes the water segment 112. In
an embodiment, an overlay offset measurement target
includes the watfer segment 114.

Referring now to FIGS. 2a, 2b, and 2c¢, a plurality of over-
lay offset measurement target designs 202, 204, and 206 are
illustrated. The target designs 202, 204, and 206 may be
included i a mask set and may be fabricated on a wafer

10

15

20

25

30

35

40

45

50

55

60

65

4

concurrently with the semiconductor device. The target
designs 202, 204, and 206 when fabricated may be used as
overlay offset measurement targets. An overlay offset mea-
surement target may be used to measure the overlay ofiset,
which includes the approximate distance from precise align-
ment, of a plurality of layers on a wafer that includes the
overlay olffset measurement target. Fach target design

includes numerous cells; the target design 202 includes cells
202a, 202b, 202c, and 202d, the target design 204 includes

cells 204a, 204b, 204c, 204d, 204¢, and 2041, and the target
design 206 includes cells 206a, 206b, 206¢, 206d, 206¢, 2061,
206g, 206h, and 2061. Each cell includes a plurality of fea-
tures, including at least one feature fabricated on a first layer
and one feature fabricated on a second layer. The cells may
include the features and layers described above with refer-
ence to FIGS. 1a, 1b, 1c, 1d, and/or 1e. The target designs
202, 204, and 206 may be fabricated on the water 1n the scribe
lines between active devices, within the circuitry of the active
devices, and/or elsewhere on the wafer. In an embodiment,
cach cell of the target design, when fabricated on the water, 1s
ol a size operable to allow the reflectivity of the cell when
irradiated to be detected. In an embodiment, the spot size of a
radiation source 1s 1 um and each fabricated cell size 1s greater
than 1 um.

Although three embodiments of overlay offset measure-
ment target designs are 1llustrated, numerous other embodi-
ments are possible including variations in target size, cell
s1ze, predetermined overlay offsets, and/or cell configuration.
In an embodiment, i1llustrated in FIG. 2a, the target design 202
includes the cell 202a having a first feature and a second
feature with no predetermined overlay offset (designated as
“07), the cell 202b located adjacent to the cell 202a and
having a first feature and a second feature with a predeter-
mined overlay of 10 nanometers (designated as “107), the cell
202¢ located adjacent to the cell 202b and having a first
feature and a second feature with a predetermined overlay
offset of 10 nanometers offset 1n the direction opposite the
offset of cell 202¢ (designated as “-107), and the cell 202d
located adjacent to the cells 202a and 202¢ and having a
grating (designated as “Y ). The grating may be a grating 1n
a direction perpendicular to the predetermined overlay offsets
(e.g. 1n the vertical direction) and used determine the overlay
offsetinthat direction (e.g. the offset in the vertical direction).
In an embodiment, the cells 202a, 202b, 202c, and 202d
include additional features. In an embodiment, the features
included 1n the cells 202a, 202b, 202c, and 202d of the target
design 202 include the features 102a, 102b, 106a, and/or
106b, described above with reference to FIGS. 1a, 1b, 1c, 1d,
and 1e. In an embodiment, the cell 202¢ design when fabri-
cated includes the waler segment 112, described above 1n
reference to FIG. 1d, and W1, also described above 1n refer-
ence to FIG. 1d, 1s approximately 10 nanometers. In an
embodiment, the cell 202¢ design when fabricated includes
the waler segment 114, described above 1n reference to FIG.
1le, and W2, also described above 1n reference to FIG. 1e, 1s
approximately 10 nanometers. In an embodiment, the cell
202a design when fabricated includes the wafer segment 108,
described above 1n reference to FIG. 1c. In an embodiment,
W3 1s approximately 4 um and W4 1s approximately 4 um.

In an embodiment, illustrated 1n FIG. 2b, the target design
204 includes the cell 204a having a first feature and a second
teature with no predetermined overlay offset (designated as
“07”), the cell 204b located adjacent to the cell 204a and
having a first feature and a second feature with a predeter-
mined overlay offset of 20 nanometers (designated as “207),
the cell 204c¢ located adjacent to the cell 204b and having a
first feature and a second feature with a predetermined over-
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lay offset of 40 nanometers (designated as “40°’), the cell 204d
located adjacent to the cell 204¢ and having a first feature and
a second feature with a predetermined overlay offset of 40
nanometers in a direction opposite the offset of the cell 204c
(designated as “-407"), the cell 204¢ located adjacent to the
cells 204b and 204d and having a first feature and a second
teature with a predetermined overlay oflset of 20 nanometers
in a direction opposite the offset of the cell 204b (designated
as “-207), and the cell 2041 located adjacent to the cells 204a
and 204e and having a grating (designated as “Y”"). The
grating may be a grating oriented 1n a direction perpendicular
to the predetermined overlay ofisets (e.g. 1n the vertical direc-
tion) and used to determine the overlay offset in that direction
(e.g. 1n the vertical direction). In an embodiment, the features
included 1n the cells 204a, 204b, 204c, 204d, 204e, and 2041
ol the target design 204 include the features 102a, 102b, 1064,
and/or 106b as described above with reference to FIGS. 1a,
1b, 1c, 1d, and 1e. In an embodiment, the cell 204b design
when fabricated includes the watfer segment 112, described
above 1n reference to FIG. 1d, and W1, also described above
in reference to FI1G. 1d, 1s approximately 20 nanometers. In an
embodiment, the cell 204¢ design when fabricated includes
the water segment 112, described above 1n reference to FIG.
1d, and W1, also described above 1n reference to FIG. 1d, 1s
approximately 40 nanometers. In an embodiment, the cell
204d design when fabricated includes the water segment 114,
described above 1n reference to FIG. 1le, and W2, also
described above 1n reference to FIG. 1e, 1s approximately 40
nanometers. In an embodiment, the cell 204e design when
fabricated includes the water segment 114, described above
in reference to FIG. 1le, and W2, also described above 1n
reference to FIG. 1e, 1s approximately 20 nanometers. In an
embodiment, the cell 204a design when fabricated includes
the water segment 108, described above 1n reference to FIG.
1c. In an embodiment, W3 1s approximately 12 um and W6 1s
approximately 8 um.

In an embodiment, illustrated 1n FIG. 2c¢, the target design
206 1ncludes the cell 206a having a first feature and a second
feature with no predetermined overlay offset (designated as
“07), the cell 206b located adjacent to the cell 206a and
having a first feature and a second feature with a predeter-
mined overlay offset of 10 nanometers (designated as “107),
the cell 206¢ located adjacent to the cell 206b and having a
first feature and a second feature with a predetermined over-
lay offset of 20 nanometers (designated as “20”), the cell 206d
located adjacent to the cell 206¢ and having a first feature and
a second feature with a predetermined overlay offset of 20
nanometers 1 a direction opposite the offset of cell 206c¢
(designated as “-207"), the cell 206¢ located adjacent the cells
206b and 206d and having a first feature and a second feature
with a predetermined overlay offset of 10 nanometers 1n a
direction opposite the ofiset of the cell 206b (designated as
“~107"), the cell 2041 located adjacent the cells 206a and 206¢
and having a grating (designated as “Y”), the cell 206¢g
located adjacent to the cell 206d and having a first feature and
a second feature with a predetermined ofifset of 40 nanom-
cters (designated as “40”), the cell 206h located adjacent to
the cells 206g and 206¢ and having a first feature and a second
feature with a predetermined ofiset of 40 nanometers 1n a
direction opposite the offset of the cell 206g, and the cell 2061
located adjacent to the cells 2061 and 206h and having a {irst
teature and a second feature with a predetermined offset of 5
nanometers (designated as “5”"). The grating of the cell 2041
may be a grating oriented 1n the direction perpendicular to the
predetermined overlay offsets (e.g. 1n the vertical direction)
and used to determine the overlay offset 1n that direction (e.g.
in the vertical direction). In an embodiment, the features
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included 1n the cells 206a, 206b, 206¢c, 206d, 206e, 2061,
206¢g, 206h, and 2061 of the target design 206 include the
features 102a, 102b, 106a, and/or 106b, described above with
reference to FIGS. 1a, 1b, 1c, 1d, and 1e. In an embodiment,
the cell 206b design when fabricated includes the water seg-
ment 112, described above 1n reference to FIG. 1d, and W1,
also described above in reference to FIG. 1d, 1s approximately
10 nanometers. In an embodiment, the cell 206¢ design when
tabricated includes the water segment 112, described above
in reference to FIG. 1d, and W1, also described above 1n
reference to FI1G. 1d, 1s approximately 20 nanometers. In an
embodiment, the cell 206g design when fabricated includes
the waler segment 112, described above 1n reference to FIG.
1d, and W1, also described above 1n reference to FIG. 1d, 1s
approximately S nanometers. In an embodiment, the cell 2061
design when fabricated includes the wafer segment 112,
described above 1n reference to FIG. 1d, and W1, also
described above 1n reference to FI1G. 1d, 1s approximately 40
nanometers. In an embodiment, the cell 206d design when
tabricated includes the wafler segment 114, described above
in reference to FIG. 1le, and W2, also described above 1n
reference to FIG. 1e, 1s approximately 20 nanometers. In an
embodiment, the cell 206e design when fabricated includes
the water segment 114, described above 1n reference to FIG.
le, and W2, also described above 1n reference to FIG. 1e, 1s
approximately 10 nanometers. In an embodiment, the cell
206h design when fabricated includes the wafer segment 114,
described above 1n reference to FIG. 1le, and W2, also
described above 1n reference to FIG. 1e, 1s approximately 40
nanometers. In an embodiment, the cell 206a design when
fabricated includes the water segment 108, described above
in reference to FIG. 1c¢. In an embodiment, W7 1s approxi-
mately 12 um and W8 1s approximately 12 um.

Referring now to FIG. 3, a measurement system 300 for
measuring the overlay oflset of a plurality of layers on a water
1s 1llustrated. The measurement system 300 includes a radia-
tion source 304, a detector 306, a stage 302, and a calculation
unit 308. A water 310 1s located on the stage 302. The water
310 may include at least one overlay offset measurement
target, which may be fabricated from a target design such as
those described above 1n reference to FIGS. 2a, 2b, and 2¢. In
an embodiment, the radiation source 304 1s a laser. The radia-
tion source 304 generates radiation 312 which irradiates the
waler 310. In an embodiment, the waler 310 1s irradiated
specifically at each cell of an overlay offset measurement
target located on the watfer 310. In an embodiment, the radia-
tion 312 may be p-polarized. In another embodiment, the
radiation 312 may be s-polarized. In an embodiment, the spot
s1ze of the radiation 1s approximately 1 um. The detector 306
1s operable to measure the retlectivity of the radiation 314
from the water 310. In an embodiment, the radiation source
304 and the detector 306 may be included 1n equipment used
for semiconductor fabrication such as, for example, photoli-
thography tools. The calculating unit 308 recerves informa-
tion, illustrated by the dashed line in FIG. 2, including
detected reflectivity, from the detector 306. The calculating
umt 308 1s operable to receive, send, manipulate, and/or store
data. The calculating unit 308 may send information to and/or
receive information from other semiconductor fabrication
equipment, including the radiation source 304. The calculat-
ing unit 308 may be, for example, a computer, soltware
imbedded 1n semiconductor manufacturing equipment
including the detector 306, and/or imbedded in process con-
trol tools and/or software.

Referring now to FIGS. 4a, 4b, and 4¢, a method 400 for
determining the process-induced overlay ofiset of a plurality
of layers of a water illustrated. In the 1llustrated embodiment,
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the process-induced overlay offset of a first layer and a second
layer on a water 1s 1llustrated, though the method may be used
for any plurality of layers on a water, adjacent or non-adja-
cent. The method 400 begins at step 402 where a mask set 1s
prepared that includes an overlay offset measurement target
which provides a plurality of features with a plurality of
predetermined overlay offsets. The overlay offset measure-
ment target may be fabricated using a target design such as,
for example, the target designs 202, 204, and/or 206, as
described above i1n reference to FIGS. 2a, 2b, and 2c¢. In an
embodiment of the method 400, the overlay off:

set measure-
ment target includes at least one feature on the first layer and
at least one feature on the second layer such as, for example,
the features 102a, 102b, 106a, and/or 106b, described above
in reference to FIGS. 1a and 1b, and 1s used to determine the
process-induced overlay offset of the first and second layers.

The method 400 proceeds with the semiconductor fabrica-
tion process including step 404 where the first layer, including
the overlay offset measurement target features located on the
first layer, 1s fabricated.

The method 400 then proceeds to the processing of the
second layer including step 406 where photoresist 1s depos-
ited and a mask for the second layer 1s exposed. In an embodi-
ment, this allows the fabrication of a feature formed of pho-
toresist (PR) on the second layer of the water such as, for
example, the feature 106a and/or 106b, described above with
reference to FIGS. 1b, 1c, 1d, and 1e. In alternative embodi-
ments, the method 400 includes other processing steps of the
second layer and 1ncludes a feature on the second layer fab-
ricated of substantially non-PR material. The method 400
then continues to step 408 where the photoresist 1s patterned.

The method 400 then continues to step 410, where the
waler 1s wrradiated by a radiation source. The waler may be
irradiated at the location of the overlay offset measurement
target.

The reflectivity from the rradiated water 1s detected and
measured 1n step 412. This process of 1rradiation and detec-
tion of reflectivity may be repeated for each cell of a multiple
cell overlay offset measurement target such as, for example,
an overlay offset measurement target provided using the tar-
get designs 202, 204, and/or 206, described above in refer-
ence to FIGS. 2a, 2b, and 2c¢. The 1irradiation and detection of
reflectivity may be performed by a measurement system such
as, for example, the measurement system 300, described
above 1n reference to FIG. 3. Thereafter, a reflectivity profile
1s determined. In an embodiment, the reflectivity also may be
used to determine the thickness of a layer on the water. The
reflectivity profile may be determined by a calculation unit of
a measurement system such as, for example, the calculation
unit 308 of the measurement system 300, described above
with reference to FIG. 3.

To determine the reflectivity profile, a plot 1s made of the
predetermined overlay ofiset of a cell and the reflectivity
detected from that cell. This 1s done for the predetermined
overlay offsets 1n both directions (e.g. positive value overlay
offsets and negative value overlay ofisets as designated
above). A pair of lines are {it to the plotted points. The retlec-
tivity may decrease with an increased actual overlay offset.
The actual overlay offset includes the sum of the process-
induced overlay offset and the predetermined overlay offset.
The reflectivity may also decrease approximately equiva-
lently for the increase of actual overlay offset 1n either offset
direction (e.g. positive value overlay offsets and negative
value overlay offsets). As such, symmetrical lines may be {it
to the plotted points.

The method 400 then proceeds to step 414 where the pro-
cess-induced overlay offset 1s determined. The intersection of
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the lines comprising the reflectivity profile produced 1n step
412 1s determined. The intersection may designate the prede-
termined overlay offset that yields an actual overlay offset of
approximately zero. The intersection may be at the point of
highest retlectivity on the reﬂectwlty profile. By subtracting
the predetermined overlay oflset from the actual overlay ofl-
set, the process-induced overlay offset can be determined.

In an embodiment of the method 400, a reflectivity profile
500 (FIG. 4b) 1s generated 1n step 412. Lines 502 and 504 are
fit to the plotted points of the predetermined overlay offset
and the reflectivity for each cell of the overlay offset mea-
surement target. In an experimental embodiment, such as the
reflectivity profile 500, the R* (the correlation coefficient) of
the fitted lines 502 and 504 may be approximately 0.99. The
method 400 then continues to step 414, where the intersection
of the lines 502 and 504 1s determined. For the reflectivity
profile 500, the intersection occurs at a point referenced as
506, which 1s at a reflectivity of approximately 0.46 and a
predetermined overlay oifset of approximately zero. The
intersection point 506 1s at the predetermined overlay offset
which yields an actual overlay offset of approximately zero.
In the embodiment, there 1s approximately zero process-in-
duced offset for the wafer.

During production-level semiconductor processing, typi-
cally the process-induced overlay offset may not be zero thus,
and the point of highest reflectivity on the reflectivity profile
may occur at a predetermined overlay off;

set other than zero.

In another embodiment, the reflectivity profile 600 (FIG.
4c¢) 1s generated 1n step 412 as lines 602 and 604 are fit to the
plotted points of reflectivity versus predetermined overlay
offset of the overlay offset measurement target provided. In
the embodiment, in step 416 of the method 400 the 1ntersec-
tion of the lines 602 and 604 1s determined to be at a prede-
termined overlay oflset of +4 nanometers, as illustrated by
point 606. The point 606 illustrates the predetermined overlay
offset, +4 nanometers, where the actual overlay offset is
approximately zero. Thus, for the illustrate embodiment, the
process-induced overlay off:

set for the water 1s approximately
4 nanometers in the direction opposite the predetermined
overlay offset of point 606, arbitrarily designated the negative
direction (e.g. the second layer shifted to the left of the first
layer).

The embodiments 1llustrated 1n FIGS. 4b and 4c¢ include
numerous points plotted to generate the reflectivity profile. A
greater number of predetermined overlay offsets and their
corresponding reflectivity may allow for a more accurate
estimate of the overlay offset. However, overlay offset mea-
surement targets with fewer predetermined overlay oflsets are
possible and may be preferable in order to reduce the size of
the overlay ofiset measurement target. The method 400 may
determine the process-induced overlay offset without sensi-
tivity to variations in thickness or density of layers present on
the water or the water 1tself. In an embodiment, the overlay
olfset measurement target provided 1n step 402 includes a
grating 1n a direction perpendicular to the predetermined
overlay offsets included in the other cells of the overlay offset
measurement target, such as, for example, the cells 202d,
2041, 2061, described above 1n reference to FIGS. 2a, 2b, and
2¢ respectively. In the embodiment, the grating 1s also 1rradi-
ated and the reflectivity determined. The reflectivity of the
grating may be compared to the retlectivity curve, and the
oflset of the first layer and the second layer in the direction
perpendlcular (e.g. vertical oflset) to the predetermined over-
lay offsets may be determined.

The method 400 then continues to 416 where the process-
induced overlay oflset 1s evaluated to determine 11 1t 1s accept-
able to continue to process the water. It the process-induced
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overlay oflset 1s acceptable, the water continues to step 418
where the processing of the waler continues, as known in the
art. If the process-induced overlay offset 1s unacceptable, the
method 400 continues to step 420 where the waler 1s
reworked, for example, the photoresist of layer two removed
and the second layer mask realigned. The method 400 the
proceeds to step 406 as described above.

It should be noted that the method 400 may includes steps
required or desired 1n semiconductor processing that are not

illustrated but known to one in the art. Additionally, the
method 400 1s but one embodiment of the use of radiation in
determining the process-induced overlay ofifset of a water.
The method 400 may be adapted to provide measurement of
overlay offset elsewhere 1n the lithography process, and/or
clsewhere 1n the semiconductor fabrication process, includ-
ing, for example, 1n aligning a layer prior to exposing a mask
tor the layer, and/or measuring the overlay offset of a layer
alter completing the fabrication of the layer.

Although only a few exemplary embodiments of this
invention have been described 1n detail above, those skilled in
the art will readily appreciate that many modifications are
possible 1n the exemplary embodiments without materially
departing from the novel teachings and advantages of this
disclosure.

In one embodiment, a method of semiconductor manutac-
turing 1s provided. An overlay oflset measurement target
including a first feature on a first layer and a second feature on
a second layer 1s formed. The first feature and the second
teature have a predetermined overlay offset. The overlay tar-
get 1s irradiated. The reflectivity from the irradiated target 1s
determined. An overlay ofiset for the first layer and the sec-
ond layer 1s calculated using the determined retlectivity.

In another embodiment, a system for overlay offset mea-
surement 1n semiconductor manufacturing 1s provided. A
radiation source 1s provided. The radiation source 1s operable
to 1rradiate an overlay offset measurement target. A detector
1s provided. The detector 1s operable to detect retlectivity of
the wrradiated overlay offset measurement target. A calcula-
tion unit 1s provided. The calculation unit 1s operable to deter-
mine an overlay offset using the detected reflectivity.

In another embodiment, a system for overlay offset mea-
surement in semiconductor manufacturing is provided. A
radiation source for irradiating an overlay offset measure-
ment target 1s provided. A detector for detecting retlectivity of
the 1rradiated overlay offset measurement target 1s provided.
A calculation unit for determining an overlay offset using the
detected retlectivity 1s provided.

In another embodiment, an overlay offset measurement
target 1s provided. The target includes a first feature and a
second feature. The first feature and the second feature have a
first predetermined overlay oflset. The target includes a third
feature and a fourth feature. The third feature and the fourth
feature have a second predetermined overlay offset. The first
predetermined overlay offset 1s different than the second pre-
determined overlay oifset.

What 1s claimed 1s:

1. A system for overlay offset measurement in semicon-

ductor manufacturing, comprising:

a radiation source, wherein the radiation source 1s operable
to 1irradiate an overlay offset measurement target;

a detector, wherein the detector 1s operable to detect a first
reflectivity and a second reflectivity of the irradiated
overlay offset measurement target; and

a calculation unit, wherein the calculation unit 1s operable
to determine an overlay offset using the detected first
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and second reflectivity by determining a predetermined
overlay offset amount which provides an actual offset of
Zer0.

2. The system of claim 1, wherein the first retlectivity 1s
associated with a first and a second feature of a waler 1rradi-
ated at a single wavelength.

3. The system of claim 2, wherein the second reflectivity 1s
associated with a third and a fourth feature of the wafer
irradiated at the single wavelength.

4. The system of claim 1, wherein the calculation unit 1s
operable to generate a retlectivity profile which has a first axis
including reflectivity at a single wavelength and a second axis
including predetermined overlay offset.

5. The system of claim 4, wherein the generating the reflec-
tivity profile includes:

plotting the first reflectivity;

generating a first line fitted to the plotted first reflectivity;

plotting the second reflectivity; and

generating a second line fitted to the plotted second reflec-

tivity.

6. The system of claim 3, wherein determining the actual
overlay offset of zero includes determining a value on the
second axis where the first line and the second line intersect,
wherein the value provides the predetermined overlay offset
that corresponds to the actual overlay ofiset of zero.

7. The system of claim 1, wherein the radiation source and
the detector are in-situ with a lithography system.

8. The system of claim 1, wherein the radiation source, the
detector, and the calculation unit are in-si1tu with a lithography
system.

9. An apparatus comprising a non-transitory computer-
readable medium encoded with a computer program that,
when executed performs the steps of:

recerving a first retlectivity measurement at a single irra-

diated wavelength;

receving a second reflectivity measurement at the single

irradiated wavelength;

generating a reflectivity profile which has a first axis of

reflectivity at the single wavelength and a second axis of

predetermined overlay offset, wherein the generating

the reflectivity profile includes:

[plotting the first reflectivity measurement;]

generating a first line fitted to the [plotted] first reflec-
tivity measurement;

[plotting the second reflectivity measurement; and}

generating a second line fitted to the [plotted] second
reflectivity measurement; and

calculating an overlay oifset for a first layer of a semicon-

ductor water and a second layer of a semiconductor
waler from the reflectivity profile.

10. The apparatus of claim 9, wherein the calculating the
overlay offset includes determining a value on the second axis
where the first line and the second line intersect, wherein the
value provides a predetermined overlay offset that corre-
sponds to an actual overlay offset of zero.

11. The apparatus of claim 9, wherein the first reflectivity
measurement 1s associated with a first feature on the first layer
ol the semiconductor waier and a second feature on the sec-
ond layer of the semiconductor wafer.

12. The apparatus of claim 11, wherein the second reflec-
tivity measurement 1s associated with a third feature on the
first layer of the semiconductor wafer and fourth feature on
the second layer of the semiconductor wafer.

13. The apparatus of claim 9, further comprising:

recerving a third reflectivity measurement, wherein the

third reflectivity measurement 1s associated with a fifth
feature located on the first layer and a sixth feature
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located on the second layer, [wherein the generating the
reflectivity profile further includes plotting the third
reflectivity measurement, and] wherein the generating
the first line includes fitting the first line to the [plotted]
third reflectivity measurement.
14. The apparatus of claim 9, wherein the first reflectivity
measurement 1s associated with a first feature on the first layer
ol the semiconductor waler and a second feature on the sec-
ond layer of the semiconductor wafer, the first and second
feature having a first predetermined overlay oifset, and
wherein the second reflectivity measurement 1s associated
with a third feature on the first layer of the semiconductor
waler and fourth feature on the second layer of the semicon-
ductor water, the third and fourth feature having a second
predetermined overlay offset different than the first predeter-
mined overlay offset.
15. The apparatus of claim 14, wherein the second prede-
termined overlay offset 1s different 1n value and 1n direction
than the first predetermined overlay offset.
16. The apparatus of claim 9, wherein the calculating the
predetermined overlay ofifset provides an actual overlay ofl-
set of approximately zero and includes selecting a predeter-
mined overlay ofiset that provides for greatest reflectivity.
17. A computer readable medium comprising non-transi-
tory computer-readable mstructions to determine an overlay
offset measurement 1 semiconductor manufacturing, the
computer-readable instructions comprising instructions to
perform the steps to:
receive a first retlectivity measurement;
receive a second reflectivity measurement;
receive a third retlectivity measurement, wherein each of
the first, second and third reflectivity measurements are
measurements taken at a single wavelength of radiation
of features on a first and second layer of a semiconductor
substrate having different predetermined offsets; and

calculate an overlay offset for the first layer and the second
layer by determining a greatest retlectivity.

18. The non-transitory computer readable medium of claim
17, further comprising 1nstructions to perform the steps to:

generate a reflectivity profile which has a first axis includ-

ing retlectivity at the single wavelength and a second
axis including predetermined overlay offset, wherein the
generating the retlectivity profile includes:

[plotting the first reflectivity measurement;]
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[plotting the third reflectivity measurement;]

generating a first line fitted to the [plotted] first reflec-
tivity measurement and the third reflectivity measure-

ment; and
[plotting the second reflectivity measurement; and]

generating a second line fitted to the [plotted] second
reflectivity measurement.

19. The non-transitory computer readable medium of claim
18, wherein the calculating the overlay offset-includes using
the retlectivity profile to determine the greatest reflectivity.

20. The non-transitory computer readable medium of claim
18, wherein the calculating the overlay offset includes deter-
mining a value on the second axis where the first line and the
second 1ntersect, wherein the value provides a predetermined

overlay offset that corresponds to an actual overlay ofiset of
Zero.

21. The system of claim 1, wherein:

the detector is operable to detect a thivd veflectivity of the
irradiated overlay offset measurement target; and

the calculation unit is operable to determine the overlay
offset using the detected first, second, and thivd reflec-
tivity by determining a predetermined overlay offset
amount which provides an actual offset of zero.

22. The apparatus of claim 9, wherein generating the
reflectivity profile further includes:

plotting the first reflectivity measurement,
plotting the second reflectivity measurement; and

wherein the first line is fitted to the plotted fivst veflectivity
measurement and the second line is fitted to the plotted
second reflectivity measurement.

23. The non-transitory computer readable medium of
claim 18, wherein generating the reflectivity profile further
includes:

plotting the first reflectivity measurvement,
plotting the third veflectivity measurement;
plotting the second reflectivity measurement; and

wherein the first line is fitted to the plotted first veflectivity
measurement and thivd veflective measurement,; and

wherein the second line is fitted to the plotted second veflec-
Livity measurement.
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