1 2 Half Tone Alternating Phase Shift Masks 3 4 5 6 Background of
Invention 7 1) Field of the Invention 8 This invention relates generally to
m croel ectroni c masks and nask 9 fabrication nethods and nore particularly
to phase shift nmasks and fabrication methods 10 thereof. 11 12 2)
Description of the Prior Art 13 As integrated circuit devices such as

sem conduct or devi ces becone 14 nore densely integrated, it nay becone
increasingly difficult to formuniformpatterns 15 therein. This problem
can be reduced or elimnated by using phase shift mask (PSM 16 structures
rat herl than conventional photo mask structures. In particular, a Levenson
PSM 17 (or alternating PSM may be used to forma uniformpattern. A
Levenson PSM i ncl udes an Hal§ Tanetdgerpating BhasaSlaftP@Misubstrate. A Levenson
PSMi s described in detail in US. Pat. No. 19 5,358,827. 20 A
conventional Levenson PSMis forned by sequentially formng a 21 phase
shift 4 ayer pattern and a chrone | ayer pattern which expose spaced apart
regi o&s of a 22 PSM substrate. A trench having a predeterm ned depth is
formed in one of the exposed 23 regions. The phase of radiation such as

i ght § which is incident on the, regi on re the 24 trench is forned is
shifted by an angle of 180 deg?ggg&fﬁﬂg\&?w’ee"f'@@i on in which the trench

7 1) Field of the Invention

8 This invention relates generally to microelectronic masks and mask

9  fabrication methods and more particularly to phase shift masks and fabrication methods
10 thereof.
11
12 2) Description of the Prior Art
I3 As integrated circuit devices such as semiconductor devices become
14 more densely integrated, it may become increasingly difficult to form uniform patterns
IS therein. This problem can be reduced or eliminated by using phase shift mask (PSM)
16 structures rather than conventional photo mask structures. In particular, a Levenson PSM
17 {or alternating PSM) may be used to form a uniform pattern. A Levenson PSM includes an
I8  etched portion in a PSM subsirate. A Levenson PSM is described in detail in U.S. Pat. No.
19 5,358,827.
20 A conventional Levenson PSM is formed by sequentially forming a
21 phase shift layer pattern and a chrome layer pattern which expose spaced apart regions of a
22 PSM substrate. A trench having a predetermined depth is formed in one of the exposed
23 regions. The phase of radiation such as light, which is incident on the region where the
24 trench is formed is shifted by an angle of 180 degree. Thus, the region in which the trench
25 is formed becomes a phase shifi region. The phase of a light incident on the other exposed
26 region is not shifted. Thus, the region in which a trench is not formed becomes an

27 unshifted phase region.




region. The phase of a Iight incident on
the other exposed 26 region is not shifted. Thus, the.reglonlln whi ch a
trench is not forned beconmes an 27 unshifted phase reglon._% onis o
Unfortunately, when the |ight passing thrgu?h phsafgas$h32| Eh;egifference
out of focus, the image of a pattern may deterio ate. Th a’CI» Jafter
itical 3 dimension (hereinafter, referre o] .
E;?Ie?ngrrespectively formed by light 4 passing through the phase shift

, : der to
region and the unshlfteﬂéﬁgase region may become large. In 5 or whi ch
be

25 is fornmed beconmes a phase shift

solve this problem an Ffé!ﬂ%fe]é’awhb?;ﬂfﬁdﬁlﬁﬂﬁS@Mﬁiﬁgﬁugﬁﬁf?&Qﬁ élht%iit/%%ggérilh
Lsed to eduee the orep ety BFERLIL AORHLAT Snen Tho ffevises N pesetonst hods

d the ste ence !
lrg)e/dnf)? 32gn%ﬁrgan@ip;(mei@eﬁ¢rm¢ermmlaemgn)goegvgg%gpa}g&sﬁ%ggﬁ%gﬁgo‘ég{‘eg)pygiﬁgt
over coming éeﬁ% V?l%' O@S hgegl Clsggcﬁﬁom?ﬁ}dgtb@ aushifted fhasstelgjeahay becoh large. In
extensi ve techiit| 8P|}aﬁ & @%ﬂt gel (3 ecgmti cal literature. The closest and
apparently T3 more oSl &R L ohRe v e PV b Whebti ur ¢

T ek thatgd e L AU R
2 chr ol esdtSnE SO Behdiatleverey, dunpriobiods by amopasitiohofs e ihicapaced
ghase sBifters. 17 US 6,458, 495BI (Tsai, et al.) shows a dual trePﬁgdm#gr .,
under cu alt- 18 PSM 19 US 6, 355, 399b1(Saj anet al .) shows a net od for
dual dahﬁscene 20 pattern conprising: exposing a one photorefhzd f0¥ A
using aggrey tone nask.Tﬁg.US 6,482f554(Nhtsununa) shows a ne

Importance of overcoming the various deficiencies noted above is
dual danascene

11 evidenced by the extensive technological development directed to the subject, as

12 documented by the relevant patent and technical literature. The closest and apparently

13 more relevant technical developments in the patent literature can be gleaned by considering

14 US 6,410,191B(Nistler et al.) that shows a single trench alternating PSM.

15 US 5,766,829(Cathey, Jr. et al.) shows a chromeless phase shift mask
16 comprised of a pattern of parallel spaced phase shifiers.

17 US 6,458,495B1(Tsai, et al.) shows a dual trench with undercut, alt-
18 PSM.

19 US 6,355,399b1(Sajan et al.) shows a method for a dual damascene
20 pattern comprising;: exposing a one photoresist layers using a grey tone mask.

21 uUs 6,482,554(Matsunuma) shows ‘a method for a dual damascene
22 pattern comprising: exposing two photoresist layers using a grey (tri-tone) mask.

23

24 S. Vaidya, Phase-Shifting Photomasks, Semiconductor fabtech, Edition

25 1, Issued September 1994, S. Vaidya, AT&T Bell Laboratories, Murray Hill, New Jersey,
26 USA, Website:

27 http://Www.semiconductorfabtech.com/features/lithogranhv/aﬁicies/bodv1 Jd71.php3 ,

28  5/7/03




22 pattern conprising: exposing two photoresist |ayers using a grey
(tri-tone) mask. 23 24 S. Vaidya, Phase-Shifting Photonmasks, Sem conduct or
fabtech, Edition 25 1, |Issued Septenber 1994, S. Vaidya, AT&T Bell
Laboratories, Murray Hll, New Jersey, 26 USA, Wbsite: 27
htty://ww. sem conduct orfabtech com features/litho aphy/articl es/bodyl
171.php3 , 28 5/7/03 2 2 John S. Petersen, et al., Devel opnent of a Sub-
100nm Integrated 3 Imagi ng System Usi ng Chronel ess Phase-Shifting | naging
with Very High NA KrF 4 Exposure and Of-axis Illumnation, found on
websitie; 5 http://ww. advl itho com content/ Papers/SPIE mcrolith 02/4691 6
50 Pe&ersen Conl ey et _al SD May 8, 2003 , discusses Chronel ess Phase
shift“mask 7 techni qlfd&. @etegieGefﬁ@ldDeé@lOBmCﬂt ozl Jubpl (9n @ Intdgrafedansni ssi on

and as [0} Phas. hi f Thi s
mat erplkl al %ﬁ%§2§t§ﬁ% %éh%%? %JSXF@%G ékﬂﬁ“ A ]ff "I’iﬁ'tg ﬁggmérrpom um on
Mcrofit ﬁagewp@gmh@ffmxesslémmmatm founden wkB4i€; 72, found on 12 website:

htt p: é/ Ladvlith q orﬂcntent/l apers/4346 72a ep r pdf May 8, 2003.
This °13 LV HPLERE Ferar g yitiakid. i -rrasks 14 15 Armen

ﬁﬁfy%ﬂmaggn%éﬁ%%%f%i"ﬁzrﬁ;??%%ii"%% %?@3%@%“?%5%%9% alithakee Tor ©°

i nsi t'e. nschgignésconduct or /i ndex
asp?I}?yout =article&articl el d=CA273367&spacedese=webe 18 x)

9 Gerold, et al., Multiple Pitch Transmission and Phase A nalysis of Six
10 Types of Strong Phase-Shifting Masks, This material was presented at SPIE’s 264 Annual
1T International Symposium on Microlithography as presentation number 4346-72 , found on

12 website: http://www.advlitho.com/content/Papers/4346-72paper.pdf May 8, 2003. This

13 reference discusses alternating phase shift masks.

14

15 Armen Kroyan and Hua-yu Liu, Effects of altPSM Design on Image

16 Imbalance for 65 nm, Semiconductor International, 2/1/2003 http://www,e-

17 insite.net/semiconductor/index.asp?layout=article&articleld=CA273367 &spacedesc=webe
18 x)




2 3 Summary of the Invention 4 It is an object of enbodinents of the
grésent inventio% to provide a 5 structure and a nethod for fabricating an
optical mask that overcome sone of the 6 disadvantages of the Levenson
phase shifting mask. 7 It is an object of embodinents of the present
invention to provide a 8 structure and a nethod for fabricating a single
trench- half tone phase shift mask. 9 It is an object of enbodiments of the
present invention to provide a 10 structure and a nethod for fabricating a
dual trench- half tone phase shift mask. 11 Enbodi ments of the present
i nventli on provides a structure and method 12 of manufacturing a phase
shift omask which is characterized below. 13 14 An exanple enbodi ment of
the invention conprises a structure for a 1ﬁ h?lrltone altigngt;??sfhgﬁgse

[ mask. The phase shift [ Jollow ng: _
:E:;t3section, aphalf t one sg?%?gggﬁgggﬁ§ﬁ§%8%W%lphase shift 17 section;
18 thé first phase shiltfis a@ebjtcctmfead;joamgms c?]fqh& b&ﬁ&?!{iﬁveh@dgl?tosﬁgﬁgga?z 11?hte he

on ction adjacent .the second phase shi section;
P ?lr fst %phisgég%ﬁe. ?”t% as’élj‘é‘r?‘f’g E"faftﬁ@“%&% ¢ GHdcad arek Bt eYreynagpretiel thhase of 2 f2
i nci dent diéa@h&nt@és@bmt[,e%&oggﬂg%i%éHlaglgspect to the second phase shift

sectign. 23 24 . i X ) . .
7 It is an object of embodiments of the present invention to provide a

8  structure and a method for fabricating a single trench- half tone phase shift mask.
9 It is an object of embodiments of the present invention to provide a
10 structure and a method for fabricating a dual trench- half tone phase shift mask.
11 Embodiments of the present invention provides a structure and method
12 of manufacturing a phase shift mask which is characterized below.
i3
14 An example embodiment of the invention comprises a structure for a

I35 half tone alternating phase shift mask. The phase shift mask comprises the following:

16 a first phase shift section, a haif tone section, and a second phase shift
17 section;

18 the first phase shift section adjacent to the half tone section;

19 the half tone section adjacent to the second phase shift section;

20

21 the first phase shift section and half tone section changing the phase of

22 incident light by about 180 degrees with respect to the second phase shift section.

23

24

25 A example embodiment of a method for forming a single trench half

26 tone alternating phase shift mask comprises the following:




25 A exanpl e enbodi ment of a nethod for formng a single trench half 26
tone alternating phase shift nask conprises the following: 4 1 a) providing
a substrate having a phase shift region, a half tone region and 2 an
unshi fted phase region; the phase shift region adjacent to the half 3 tone
region; the half tone region adjacent to the unshifted phase region; 4 b)
formng a half tone |ayer on the substrate in the half tone region; the 5
hal f tone | ayer has a phase shift of about 180 degrees with the unshifted
6 phase region, the half tone layer has a transmttance between about 3 7
and 30% 8 c) forahngpravidipncdubkiatt Revigsh tsifl e ki gi on;
the phase 9 shi f'[ta)rg%i on r%;% an about %8 h%%gsrﬁ%ﬂe&étﬁgéaeﬁilﬁiﬁ)ﬁlﬁ‘%l{)% a{hﬁe
unshifted 10 phase r égiusshiftadiphaseragjorn: drenghage shift remahadjncenhie thabafrate in

phase ahi 1t with the ariirPBdie B fisddibbabint buhe Sudind ot e o °°
embodd ment of a mby hodrhmg aftetMbAglagesdn@k Sullst:aRGh (Raldr 18 1208 lt er nati ng

phase_shift mask conprises the follow ng: 19 a) providing a mask substrate
haviny a first phase SHiftanedagr bps 2 phasaFhiftafiaboutd$0degiconwith theamskidednd

phasegshift region; 21p0) réé?gréftflé Bi ﬁﬁé‘%ﬁfglsﬂizsfatt{%}%%t a%ggg%tﬁ%&g%%(}él 3tsﬂief Pal f

tone region; the half tone region a cent
regi oh; and 30%;
8 ¢) forming a trench in the substrate in the phase shift region; the phase
9 shift region has an about 180 degree phase shift with the unshifted
10 phase region.
11 _
12 d) forming a trench in the substrate in the phase shift region; the phase
13 shift region has an about 180 degree phase shift with the unshifted
14 phase region.
15
16
17 A example embodiment of a method for forming a single trench half

18 tone alternating phase shift mask comprises the following:

19 a)  providing a mask substrate having a first phase shift region, a half tone
20 region and an second phase shift region;

21 b)  the first phase shift region adjacent to the half tone region; the half tone
22 region adjacent to the second phase shift region;

23 ¢}  forming a first trench in the substrate in the first phase shift region; the
24 phase shift region has an about 180 degree phase shift with the

25 unshifted phase region, the first phase shift region has about a 100 %
26 transmittance;

27 d) forming a haif tone layer on the mask substrate in the half tone region;
28 the half tone section has a phase shift of about 180 degrees with the

5




23 c) formng a first trench in the substrate in the first phase shift
region; the 24 phase shift region has an about 180 degree phase shift wth
the 25 unshifted phase region, the first phase shift regi on has about a 100
% 26 transmttance; 27 d) formng a half tone |ayer on the nask substrate
in the half tone region; 28 the half tone section has a phase shift of
about 180 degrees with the 51 first phase shift region; the half tone

| ayer has a transmittance between 2 about 0and100% F 3 e) formng a
second trench in the substrate in the second phase shift 4 region; the
second phase shift regfishpheas skift rafiontthd 881 degneer PRasanshiiE betidh t he
first phase shift reggﬁp. $ % 8, An exanpl e enbodi ment for a nethod of
fabricating a sem con LY gl ce conprises the followi ng: 10 a)
provi ¢ ng a phase hi&&mﬂgg g L.SLing: sk _substrate having a
first phase shift ?ection, ggﬁgﬁg%?gﬂgggg%%ﬁéﬁkeﬁb gﬁﬁxgﬂgé@?ﬁ “bhase
sectidn; 13 the first ishiasethshidond phateishift egjoadantn bou: NBoMRLfeINRG
sectign; 14 the halfséﬁge‘gegt%on adj acent to the second phase section; 15
the first phase shift PTOANHE! Phase plafiregiohe | ayer have about a 180 16
degreé phase shift with the second phase section; 17 the half tone |ayer
has a_transmttance between about 0.1 and 98 % 18 b) transmtting

radi at’i on t hrough portions of the phase shift mask to expose

8 An example embodiment for a method of fabricating a semiconductor

9 device comprises the following:

10 a)  providing a phase shift mask comprising:

I1 (1) amask substrate having a first phase shift section, a half tone section
12 and a second phase section;

13 the first phase shift section adjacent to the half tone section;

14 the half tone section adjacent to the second phase section;

15 the first phase shift section and the half tone layer have about a 180
16 degree phase shift with the second phase section;

17 the half tone layer has a transmittance between about 0.1 and 98 %;
18 b)  transmitting radiation through portions of the phase shift mask to expose
19 a pattern of photoresist overlying a semiconductor workpiece; and

20 c) utilizing the patterned photoresist to fabricate a semiconductor device.
21

22

23 Additional objects and advantages of the invention will be set forth in

24 the description that follows, and in part will be obvious from the description, or may be
25 learned by practice of the invention. The objects and advantages of the invention may be
26 realized and obtained by means of instrumentalities and combinations particularly pointed

27 outin the append claims,




19 a pattern of photoresist overlying a sem conductor workpiece; and 20 c)
utilizing the patterned photoresist to fabricate a sem conductor device.

21 22 23 Additional objects and advantages of the invention will be set
forth in 24 the description that follows, and in part will be obvious from
the description, or may be 25 |learned by practice of the invention. The
obj ects and advantages of the invention may be 26 realized and obtai ned by
means of instrunentalities and conbinations particularly pointed 27 out in
t he apBend claims. 6 1 2 Brief Description of the Drawings 3 The features
and advantages of an alternating PSM according to the 4 present invention
and fuyther details of a process of fabricating and using such a mask in 5
accordance with the presentI?WVEH%F@nﬁQﬁFﬁtM%DmmMBgmlearly under stood from

e LM 8 SeSCTIRL A0 AT R asearp o
cor r esponplesiyt giventint ad fushérafesiland a pesckésaTTapdihg alhiGhs sucl Fhgwr g | A s
acro sectional view of a single trench half toné 9 alternating phase
shi ft “raskCaEeRd ! &f‘éﬁﬁﬂ@ﬁﬁ%}gwﬁﬁﬁil befmarheleprie sadrstbod Gnti the follvifg gur e 1
hi 11 sk TRl R coRuRtRE Bt BERER ks S ufle® FrvBie PonreTashes gur e 2
is a dr osyusEdsdonglatysimilandr @rebpgldmd denehs hadibnd HRGAIRLNBLL Ricnl3
phase gshift mask and graPh f E-field according to an enbodi nent o}_the
present 14 invention. VY] 4dF 2o sestianad visssolzednglo rahch/idfioné a singl e
trencly hallferda@ne pRR@SEIft mask according to an embodiment of the present invention.

10 Figure 1B is a top plan view of a single trench half tone alternating

[T phase shift mask according to an embodiment of the present invention.

12 Figure 2 is a cross sectional view of a single trench half tone alternating

I3 phase shift mask and graph of E-field according 10 an embodiment of the present

14 mvention.

I5 Figure 3A is a cross sectional view of a single trench half tone phase

16 shift mask and E-field equations according to an embodiment of the present invention.

17 Figure 3B shows a Prolight intensity simulation showing Intensity vs

18  displacement for a levenson mask and the embodiments’ single trench half tone alt-PSM.

19 Figures 4A thru 4L are cross sectional views of a process to make a

20 single trench half tone alternating phase shift mask according to an embodiment of the

21 present invention.

22 Figure 5 is a cross sectional view of a dual trench half tone alternating

23 phase shift mask according to an embodiment of the present invention.

24 Figure 6 is a cross sectional view of a dual trench half tone alternating

25 phase shift mask and graph of E-field according to an embodiment of the present

26 invention.

27 Figure 7 is a cross sectional view of a Levenson (alternating) PSM

28  according to the prior ari.




16 shift mask and E-field equations according to an enbodi nent of the
present invention. 17 Figure 3B shows a Prolight intensity sinulation
showing Intensity vs 18 displacenent for a Levenson mask and the

enbodi ments' single trench half tone alt-PSM 19 Figures 4A thru 4L are
cross sect.ional views of a process to make a 20 single trench half tone

al ternating phase shift mask according to an enbodi nent of the 21 present
invention. 22 Figure 5 is a cross sectional view of a dual trench half tone
alternating 23 phase shift mask according to an enbodi nent of the present
inventlon. 24 Figure 6 is a cross sectional view of a dual trench half tone
alternating 25 phase shift mask and graph of E-field according to an
errbodin%snt of the predddireoBAiinddhiiormossxpctiingliviews of 8 peocessas snakeatduanal
view of aj [ PSM_ 28 according to the prior art. 7 1 2
Fi gur es 8A&?gq%§ﬂfqg?€éﬁé%§%@g?g§ |S§hfgfna§/lf ERETBRE 10 A gpbadameny ofheprasegial 3
trencht hainfvettome al t ernati ng phase shift mask according to an enbodi ment of
the present 4 inventi %n 5 Figure 9 shows a mask 900 of an enbodi nent of
the invention with 6&Hr Ashews & mesls AP peh ethbadimhe afalskinoattmnavitiesi st

| ayer €910::@M&hn & i ar.di t n enbodi nent of the
invention. 8 1 Em%ﬁgttgﬁﬁggg%gggﬁgétrf%ﬁq%fﬂ? ﬂ@oﬁr&‘@?r}(éﬁeoﬁﬁﬁgdi ments 3

according to an embodiment of the invention.




4 The enbodi nents of the present invention will be described in detail 5
with reference to the acconpanying drawi ngs. 6 The enbodi nents provide a
phase shift mask having a first phase shift 7 section, a half tone
section, and a second phase shift section. The enbodi nents' half tone 8
section assists in balancing the intensity between |ight passing thru the
first phase shift 9 section and the second phase shift section. 10 Two nask
enbodi ments conprise (1) a single trench half tone phase 11 shift nmask and
(2) a dual trench half tone phase shift mask. O her enbodi nents include 12
net hods for maki ng the masks and using the nmasks to make devices. 13 Figure
1 shows a first enbodi nent of an single trench, half tone, 14 alternating

phase shift mask. 15 § gu shows a_second enbodi ment of a dual trench,
hal f t%ne, 16 al ter naﬁe??dfeaﬂi‘?&rlgﬂi”f ot thehaeferred Rmbodimentsr egi ons pr ovi de

advantpges over conventional 17 phase shift masks. 18 Structure for Single
trench Half tone alternating PSM (alt-PSM 19 A first exanple enbodi nent of

the irvention is a sifMykentboanedhthel e HRBS ; ing.phAse.shi ft mask
(al t- PSM oo @ the RN éﬁ"?‘%?ﬁ‘%ﬁﬁgF?é{i‘%%%%%ﬁ%ﬁ B, and

.21 A a first )
a 22 sec‘gﬁérﬁﬁr&‘é‘é’@Hh?%c%’%’@mdhgd}azﬁnﬁef erring to Figure |A the nmask 12
a half tone section

preferably conprises gyfi ; e 2A.shift sectign A a | -
B, anq7 a second phase g&ieh%glg%?ifscpﬁotq ¥ aﬁh@sﬁisﬁ’t ’ﬂlag{}é@véng DBrssplest shft C. The
first /phasetichiaftlfsect deotiord ahé a aetjons @RksetsQift heihal T Lo, ¢ half
26 t oge sectt ion Bis aldj acent to t‘he(psecongl phase sﬁ%@@ﬁ%ﬁwg}g?er ably
as shéwn TG Gisls in éa fnging\theripfepwty] betweend i pesssechiuche first phechpiff t one
regi on bek¥@snddige fdchad pRRd sFRCQRg, Phase

10 Two mask embodiments comprise (1) a single trench half tone phase

11 shift mask and (2) a dual trench half tone phase shift mask. Other embodiments include

12 methods for making the masks and using the masks to make devices.

13 Figure 1 shows a first embodiment of an single trench, half tone,

14 alternating phase shift mask.

15 Figure 5 shows a second embodiment of a dual trench, half tone,

16 alternating phase shift mask. The half tone regions provide advantages over conventional

17 phase shift masks.

18 Structure for Single trench Half tone alternating PSM (alt-PSM)

19 A first example embodiment of the invention is a single trench half tone

20 alternating phase shift mask (alt-PSM).

21 A, a first phase shift section A, a half tone section B, and a
22 second phase shift section C
23 Referring to Figure 1A, the mask 12 preferably comprises a first phase

24 shift section A, a half tone section B, and a second phase shift section (or unshifted phase
25 section) C. The first phase shift section A is adjacent to the half tone section. The half

26 tone section B is adjacent to the second phase shift section. Preferably as shown in figure

9




2 shift sections A and C. 3 4 The first phase shift section and half tone
section change the phase of 5 incident |ight 13 by about 180 degrees with
respect to the second phase shift section (or 6 unshifted phase section)
C. In this enbodinment the first phase shift section conprises a 7 (first)
phase shift region 20 of the mask substrate 10. The half tone section
conprises a half 8 tone layer 34 over a half tone region 26 of the nask
substrate. The second phase shift 9 section C conprises an unshifted phase
region (or second phase shift region) 24 of the 10 mask substrate. The
unshifhedl@hbsei$9@bpﬁmpseﬁbhabﬂmt@ﬂh@@iﬁ@ﬁm&mﬁﬁxﬂ&ﬁ@ﬁ&fMﬂt&ﬂbﬂﬁﬁﬂme11
substrate surface %5. %? We provide a mask substrate 10. The substrate

pr ef efabl PHECIGES ARE€C-a 13 (first) phase shift region 20, a half tone
regi oy 26, an unshifted phase region (or second 14 phase shift region) 24
and an opaque region (See figure 4L (30)). Light entering the mask 15 and

exitidg the mask in tfbsérstphaendifnmytibaxe! khbngecdpbasha@athd pgosi ty. The
ht at a wavel ength preferably

mask i.s .16 .pref I or e wthlig

bet weén fggdgﬂﬁlg%g%ﬁ]a&ﬂg @rdégfeﬁwgihé%@ﬁ%mp9he1$vorrdrnhaa@®iﬁm®ion2@s nm
Pr ef ewabl yhshifed BRSE b&; LIS : Lon/ ndard illum nation
L on P e BB e R Y o B PP B oy o e

phase 7shifirsty ghgsoshi R0egion 2@ pAthe mask cubdnatehid, Thé bAE dneGe@ldn ch@rila@d 4 halpl
d phase region 24. 22 The substrate

it gngr gfe glrtg%i 1;91?(?‘}12’%{(0%%&8é?lﬁg‘%ntgqggjgﬁiglg% t@%r‘fﬁ%ﬂé sppsife. Ty seesmgrnheeasholt quart z.
21 1 sl 04 0 ol B 12

10 mask substrate. The unshifted phase region preferably comprises a un-etched/un-thinned

11 substrate surface 35.

12 We provide a mask substrate 10. The substrate preferably has at least a

I3 (first) phase shift region 20, a half tone region 26, an unshifted phase region (or second

14 phase shift region) 24 and an opaque region (See figure 4L (30)). Light entering the mask

15 and exiting the mask in these regions may have changed phase and intensity. The mask is

16 preferably for use with light at a wavelength preferably between 157 and 248 nm and more

17 preferably 157 nm, 193 nm or 248 nm. Preferably the mask is exposed using

18 Convention/Standard iliumination with low parital coherency factor: between ~ (.20 and

19 040.

20 The phase shift region 20 is adjacent to the half tone region. The half

21 tone region is adjacent to the unshifted phase region 24,

22 The substrate is preferably mask substrate such as a mask blank

23 comprised of quartz.

24 Figure 1A shows incident light 13 entering the rear side of the mask 12
25  and transmitted light 14 exiting the mask.

10




| B. Phase Shift Region 20 2 Atrench 32 is in the substrate 10 in the
phase shift region (20). The 3 phase shift region 20 has an about 180
degree phase shift with the unshifted phase region 4 (24). The trench has
a first depth 33 such the light at the wavel ength transmtted through 5

t he phase shift region (20) is shifted in phase by about 180 degrees
relative to the light at 6 the wavelength transmtted through the

unshi fted phase region (24). The phase shift 7 region (20) has about a 100
%trangmttance, 8 C. Half tone Region 26 9 A half tone layer 34 (or
partially trandfritti ngPpaseShifiRegioay2e) is over 10 the mask substrate 10
in the,half tone region 26. The half tone region conprises the mask 11

substrate and the hal fAttisneh BAjsin)hosbsirathe 0 nmek pﬁu&s&lrfm@dﬂzbﬁ%?r ea.
t ed

Li ght 8rangm.t t the half,tone region 26 (B) is phase shi
about %80 ?%5 r; gggre\%%tnhjq%g 63%? Olﬁo{ %?etgf %?r@ﬁf@c ety Wiﬁ%dzw uphsRsdasdegionhe
unshi f # ed (Phadée tregilomas(@kt deplih®s hahf thh ¢ 4 14, phase. shifts |ight
an anount ide ending on the I_ier?_e and sp%cg@g\} h?%gﬁvgg}élgﬁé%lgmﬂ%nﬁ%g&gau%}h 15
the waf er R reReted) sohified inghtsctiynolalserdeprees faRkYo ARSI ot
transngtt gRGeReLWES n 17 30% 18 Referring to figure 3A
transnmitted |ight \étﬁﬁ?a&@%ﬁggsdetﬁrsoﬁfggfher%ﬁ'gﬁdRﬁ?sé’ region gfout Thephageghifes out of
20 thru

phase i t FegkangB0) hasabont 4 160vtthinsmupskd f t ed region (24). Light
hal f tone region (26) is about in phase with transmtted |ight thru phase

shift gegion El A 25_&#%? Th?& hal f tone | ayer can be conprised of one or
nore |layers. FOi 24 e 7€ (RGIPA2P t one | ayer be made of 2 layers with a

PRSI s el e AR S L
10 the mask substrate 10 in the half tone region 26. The half tonc region comprises the mask

11 substrate and the half tone layer) over the mask substrate in the area. Light transmitted

12 thru the half tone region 26 (B) is phase shifted about 180 degrees with respect to

13 transmitted light passing thru the unshifted phase region (24) . The half tone layer 34

14 phase shifts light an amount depending on the line and space width target to be imaged on

15 the wafer and the process.

16 The half tone layer preferably has a transmittance between about 3 and
17 30%. |
18 Referring to figure 3A, transmitted light thru phase shift region A is

19 about 180 degrees out of phase with light transmitted thru unshified region (24). Light
20 thru half tone region (26) is about in phase with transmitted light thru phase shift region
21 Al

22

23 The half tone layer can be comprised of one or more layers. For

24 example, the half tonc layer be made of 2 layers with a first layer to reduce transmission
25 and 2" layer to phase shift light. If the half tone layer is comprised of 2 or more layers
26 the edges of the layers are preferably even. |
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26 the edges of the layers are preferably even. 11 I D. Unshifted (or
second) phase region 24 2 The unshifted phase region 24 preferably has a
transm ssion of about 3 100 % and about a O degree phase shift with
incomng light. That is, if light (e.g., incident 4 light 13) entering the
mask 12 fromthe back side is at a 0 phase degrees, then light (e.g., 5
transmtted |light 14) passing out of the nmask in the unshifted phase region
24 has a phase 6 shift of about O degrees. 7 In actual application, the
phase of the light entering the mask with 8 respect to the unshifted phase
region 24 is mdt inpolmshiftedier seebhde pasenagigim2e in any 9 phase
degree. The phase is inportant only when the Iight exits the mask
(trangmitted light). Thouishified fhascmeionei erfckblyRekartfingis@nldrawnme 4L,
(reqi qn 31 0/an(g a eol(§ er 102B is tgr,rred_ 13 over the substrate 100.

Pref efabl'y - thE&" 8%03138 | %’&CP asershhdh dpeontiag Bght) Bhasds, ifHezhs dgesinsfdentt4 t he
mask. 4Thai.apanugidagi N t he chi ne
(scanner 15 gﬂd/ oe; ﬁgtt?lb%g% @cglr)lﬁgg(gf)?%gs%celg?%ﬁgﬁ%gﬁg%%%ﬁhegﬁ@h 1s
patt ePn dérnpmitfeddight 14gnpassing ofit efftbe mhbk imahk uhshifidtiephars @pichtAgRsaphwel | as

reticke identification, 17 18 Figure 1 B shows a top down view of the mask
secti én é?ﬁlgp\/\%fl%fbﬂutfaq%?ﬁr%es' 19 AL 20 21 A sunmary of the characteristics of

the syngle trench half dofiaPapidRafd, @i a0 ROASE: el Bk Sihown bel ow

intabple 1. 12 i _
respect to the unshifted phase region 24 is not important. The light entering can be in any

9 phase degree. The phase is important only when the light exits the mask (transmitted light).

10
11 E. Opaque region
12 Referring to figure 4L, (region 30) an opaque layer 102B is formed

13 over the substrate 100. Preferably the opaque layer is formed on the at least the edges of
14 the mask. The opaque regions are also present on masks so that the machine (scanner
15 and/or stepper) can use the registration marks and labels pattern on it for alignment of the

16 mask to the wafer stage as well as reticle identification,

17

18 Figure 1B shows a top down view of the mask scction shown in figure
19 1A,

20

21 A summary of the characteristics of the single trench half tone

22 alternating phase shift mask is shown below in table 1.
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| Table | : Characteristic of single trench half tone alternating phase
shift mask. Region phase shift of transmtted transmttance (% |ight
(degrees) phase shift region (20) 180 degrees 100 % range = 178 to 182
degrees range = 95 to 100 % half tone region (26) and 180 degree preferred
range = 3 to 30 % half tone |ayer range = 178 to 182 degrees range = 0.1
to 98% unshifted phase region (24) O degrees range = 0 to 100 % range = -2
to 2 degrees opaque region (30) O degrees 0 2 3 F. E-field graph 4 Figure
2 shows a graph of e-field strength for the various regions of the 5
smle;tr h nch haIfI | t-PSM 12
i's ghown nlfﬁs[’?ge%%aﬁag%glrsag%gﬁ%qfe]tf ncﬁr}%lgﬂoﬂ%ﬁeer 'I"gt SP fé‘? dependent
on the IEBhglouransm' ssi on t hr liphdse shift hﬁﬂrfmin@iﬁ@dmﬂtt%lls%httagcg(%Phase shift

and transmttance 9 Figure 3A shovvs a cross sectign of the Single trengh

hal f tone alt-psm 10 and the ]é%ftFa degreesy or Electrlc field (E) for Iight

passi ng té}{auegffiﬁréé%@@oljegl 03 &g@ &GH%‘%EBW ; T QOO phase—shift—seetd on

), B - half tone section, an ifted sectlc 12 Where: E is
Electric field 13 01is phase! thagd™ 178 td [ ENGaghdet AN egnpe 5936 eyl i ght

ent eri na-the—euar iz ,uruw can—be-any phase. Faor sinplicity,
g region 62‘33' 180 degree preferred range = 3 to 30 %
half tone layer range =178 to 182 degrees | range = 0.1 to 98%
unshifted phase region (24) | 0 degrees range = 0 to 100 %
range = -2 to 2 degrees
opaque region (30) ( degrees 0 %
2
3 F. E-field graph
4 Figure 2 shows a graph of e-field strength for the various regions of the
5  single trench half tone alt-PSM 12. The single trench half tone alt-PSM 12 is shown in the
6 upper area of figure 2. The amplitude of Ex s dependent on the light transmission thru the
7 half tone material.
8 G. phase shift and transmittance
9 Figure 3A shows a cross section of the Single trench half tone alt-psm

10 and the equations for Electric field (E) for light passing thru the three regions of the mask

11 A - phase shift section ), B - half tone section, and C — unshifted section.

12 Where: E is Electric field

13 8 is phase

14 T is transmittance

15

16 The light entering the quartz substrate can be any phase. For simplicity,

17 let the phase angle be 0. The transmitted light leaving the mask at sections A and C is
18 about 180 degree out of phase. The light transmitted thru section B is about in phase with

19 the light transmitted thru section A.
13




17 let the phase angle be 0. The transmtted |ight |eaving the mask at
sections A and Cis 18 about 180 degree out of phase. The light transmtted
thru section Bis about in phase with 19 the light transmtted thru
section AL 13 1 H Prolitho intensity simulation 2 Figure 3B shows a
Prolitho intensity sinulation for the enbodinent's 3 single trench half
tone alternating PSM The figure shows Two curves: (302) |evenson 4 PSM
(opaque | ayer on substrate between openings) with no undercuts, and (300)
the 5 enbodinent's single trench half tone alternating PSM The nasks have

equal 1line wi ddh 6 amdolfiacktohsly Simiaio®. 248 gm wavel engt h
illumnation. 7 Conpared to the | evenson PSM the enbodinent's single

trench half 8 tone aFt@renm singvSRioli@02hiensity SIBfuEtRAUS theandbeigmdnls ensi ty

t hru hhe tmq gu@gs For (3Q0) the enbodinent's single trench half tone
al ter fat i 4 ‘iv%gﬂc t?%alteéé@éfég al hhEgwpshowi Eneictugveat GPRderensen

openi a9/ SR A(ley @t SpcEND b%ceﬁspaﬂﬁ@%gal Ml [l PABEAY De seen.

An advant age of t he"enmbodi nent 1's transm ssion Fhe hal f
t one fat mmﬂlmt@amg&mtranthdmtfemd ajtenmmg@sm t Tiee inalanaivé yqtaﬂl lihd wedth 13

phase shift secti A ansnls ion %of the half tone material can
adj usPed % Sﬁ%eﬁéﬁgrsrﬁnﬁ f%%gﬁ‘&t‘iv qgﬁt‘@ﬁ@i“’t‘%’}loﬂhru phase shift section A

to bakance with the i @Bﬁggﬂegl% m%ﬁ?‘;eggéﬁ ﬁ%ﬁt e %a bo en| %%W?Aﬁgn%h@S& C. 16

Process for the Single ench one ment of
t he nBt h@mefa;‘bnenfaangiPSM €302) rhgh moks enahbilaid itensty tﬂu& 1Bk bes agédu@ phase
shift mask for use w at a wavelength is described | ow. 19

Referfing to figure 4 (\%%&ﬁﬁ’%?iné%d@e%b§1PE1§tt@nﬁlaW1ﬁ§?ﬂCé%ﬂﬁ&%@ BRMVEL 20
regi @0 (269 jess@r Hﬁtgeflaﬁc(@ 'i‘[’?l)ﬁ‘i&xgit? Bt the @i)rst%Bgmﬁgfsé&[%H (IXS gdi Rhase region (24) and

an opaque 21 region
opening/section (C) regions can be seen. An advantage of the embodiment is that the

12 transmission % of the half tone material 34 can be adjusted to increase the intensity at first
13 phase shift section A. The transmission % of the half tone material can adjusted to
14 determine the optimum infensity thru phase shift section A to balance with the intensity

15 thru the other opening in section C.

16 Process for the Single Trench Half tone Alternating PSM

17 An embodiment of the method for forming a single trench half tone

18 alternating phase shift mask for use with light at a wavelength is described below.

19 Referring to figure 4A, we provide a substrate having: a phase shift

20 region (20), a half tone region (26) and an unshifted phase region (24) and an opaque

21 region (30).

22 The phase shift region (20) is adjacent to half tone region. The half tone
23 region is adjacent to an unshifted phase region (24).

24 The substrate is preferably a mask blank comprised of quartz.

25 Preferably the substrate has about a 100 % transmittance and about a 0 degree phase shift.
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22 The phase shift region (20) is adjacent to half tone region. The half
tone 23 region is adjacent to an unshifted phase region (24). 24 The
substrate is preferably a mask bl ank conprised of quartz. 25 Preferably the
substrate has about a 100 % transmttance and about a O degree phase shift.
14 1 A half tone layer 101 and opaque |layer 102 2 Referring to figure 4A
we forma half tone | ayer 101 over the substrate 3 100. The half tone

| ayer 101 is preferably conprised of: nolybdenumsilicide, 4 nolybdenum
silicon oxide, silicon nitride, or silicon oxinitride. 5 Tuning the

transni ssi on OA.t he halHalf toree layeet1 09 and SpRlecdyePgod pl acement error of
Levenson's PSM This all ows the enbodi nent mask to equalize the 7

i nt ensd ty of the |ighRefdrring thBgphase wehfdin o Iegf ©he RYSr LISHcF ﬂfé@uEﬁ&'té)n

Thi s e for,the intensity inbalance of a Levenson alt-PSM
var yi ng t talfh i’l?ﬁfég%e e Wd i areferaly comprised ofy mglybhdeshmrgicidhe

transm SSIIn@ biéduen siBYorPS98E i1RBh | t one transm ssion 10 and
t hi ckness, P(nt ensity i nbal ar?t:e cé’ﬁh@% o'(r:gﬂng&]gaﬁ t%d‘\%\n t hout any undercutti ng.

11 Next, we forman Efpaqtgehdammtﬂsﬁkﬁmﬂthéhﬂfhﬁhhﬁayteﬁﬂeﬁtécﬁﬁé@fedjtﬁ%l The 12

opaque: | ef er ab| d of chrone. 13 B. pattern the

opaqug I %gce Ee%‘ﬁr H‘g WPF#@%%@&’W@@ erppodmiep} mpsdftereaialiyetles fi gur e

AA, wg f dntenginf drisé lisRShSithe BYRE s 102. .16 As

shown in fi %{él‘)fe 4B, %e exposg and ggr\? lliagtantﬁzﬁielghr?fetés?cﬁgg%ﬁaﬁys FYTRF S oy e

porti &ns f6ft h@tensixtysmbat@gtesmf 4 agrensdnoalf- Bsm aVhiyliss the ﬁﬁbl&iessp@ﬁth@hélfﬂ&t@A over
aque region 30. The first resist

the hal f L}Qe?%vﬂlc ] gigo& 26 .and the o
pattern pret erabl§ = PREYSSIQISiR Fapreper PRI ing Salt 1encdwssmishienphase
shi f t10r egind mht(:IZrQ:)ss sy iERhEd Gl H%ft%ﬁ%eﬁﬁ%mu}(o%%ny il fidd St resi st

| ayer, can be negative or positive type photores
3 Next, we form an opaque layer 102 on the half tone layer 101. The

12 opaque layer 102 is preferably comprised of chrome.

13 B. pattern the opaque layer 102 on the half tone layer 101

14 Still referring to figure 4A, we form a first resist layer 103 on the

15 opaque layer 102,

16 As shown in figure 4B, we expose and develop the resist layer to

17  remove portions of the first resist layer to form a first resist pattern 103 A over the half tone
18  region 26 and the opaque region 30. The first resist pattern preferably has first resist layer
19 openings 110 over the phase shift region (20) and an unshifted phase region (24).

20 The first resist layer can be negative or positive type photoresist.

21 Referring to figure 4C, we pattern the opaque layer 102 and half tone
22 layer 101 using the first resist pattern 103A as a mask to form a first opaque layer/half

23 tone layer pattern 102A 101A over the half tone region 26 and form a first openings 114
24 (in the opaque pattern and half tone pattern) to expose the substrate 100 in the phase shift
25 region (20) and an unshifted phase region (24).

26 The patterning the opaque layer 102 on the half tone layer 101 is

27 preferably performed using a reactive ion etch.
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21 Referring to figure 4C, we pattern the opaque | ayer 102 and half tone

22 layer 101 using the first resist pattern 103A as a mask to forma first
opaque |l ayer/half 23 tone |ayer pattern 102A 101 A over the half tone
region 26 and forma first openings 114 24 (in the opaque pattern and half
tone pattern) to expose the substrate 100 in the phase shift 25 region
(20) and an unshifted phase region (24). 26 The patterning the opaque | ayer
102 on the half tone layer 101 is 27 preferably perforned using a reactive
ion etch. 15 1 Referring to figure 4D, we renove the first resist |ayer
103. 12 C. form a treRefnd® biigukeiPhas ensdiiclibe figgi@Rt RYeB10AS shown in
figure 4E, we forma second resist |ayer 104 over the 4 opaque |ayer 102
on the half t?ge Iaye; 101 and the substrate 100. 5 As shown in figure 4F,
we exgose and Wevel op VALALERNHY 3¢ dajthe phageshiff regiongBve portions of the

secong resist layer 104 to form a Efcongﬁresi st pattern 104A over 7 the
unshifted region 24 a ﬁ%%@pfggﬁ‘ﬁ% SF BmFpsecepLresisbigne 10éoverthpat t er n

104A has opfpsee@nd0? 66 iiethd PUEE 19BN INGR $2Qua¥El. fdie Phase shift region
20. 9 As displayed in figure 4G "we forma trench 32 in the phase shift

region 10 20. The t rénsiovirisffiiguabtly, wascasdapt devaBpsio dchatd tebist ppase shi ft
regi op 2 ) hift (11 of a t 180 degrees with respect to |ight
trans?n' t?eerg&t%ﬁr%g@%}% O’?ﬁ% TR Fris a%ﬂggg ¢ Lgmohseron reﬁ%bpatt?eérhi@ﬁcaﬁ‘?rbe et ch.

The t7endk uahifbadyeist 2ah@hthe OpadiRrUBEeA 361 HRWRLARI reditiSaRekt MA0fas 13 the
trench can be flat or rounded. An advantage of the enbodinment 1s that the

trench cafond resphiaves ppenings dddavershankpspehifiongiandot he trench does not have
to begundercut. This 15 nuf act uri n osts.,16 Referring to figure
4H, 3% remove the sec%sﬁ%gﬁlgifidslp f%‘gfet ZL(?’nwfdJﬂlR? a%f’?"bffz Rdhophase ﬁfé'?tffieglé’?
opaqife | afeThpaticdrpretBBly Ras@mepues3 §d@at the phase shift region 20 has a phase shift

11 of about 180 degrees with respect to light transmitted through the unshified phase region.

12 The trench can be etch. The trench can have straight or rounded sidewalls. The bottom of
13 the trench can be flat or rounded. An advantage of the embodiment is that the trench can
14 have flat sidewalls and bottom and the trench does not have to be undercut. This reduces

15 manufacturing costs.

16 Referring to figure 4H, we remove the second resist pattern 104A.
17 D. Remove the first opaque layer pattern 102A from over the
18 half tone region

19 As shown in figure 41, we form a third resist layer 105 over the

20 substrate.

21 As shown in figure 4J, we remove portions of the third resist layer 105
22 to form a third resist layer pattern 105A over the opaque region 30 and to form third resist
23 layer openings 124 to expose the phase shift region (20), the half tone region 26 and an
24 unshifted phase region (24).

25 As shown in figure 4K, we remove the opaque layer 102 from over the

26 half tone region layer 101 in the half tone regions 26 to leave half tone patterns 102B.
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18 half tone region 19 As shown in figure 41, we forma third resist |ayer
105 over the 20 substrate. 21 As shown in figure 4J, we renove portions of
the third resist layer 105 22 to forma third resist |ayer pattern 105A
over the opaque region 30 and to formthird resist 23 |ayer openings 124
to expose the phase shift region (20), the half tone region 26 and an 24
unshi fted phase region (24). 25 As shown in figure 4K, we renove the opagque
I ayer 102 fromover the 26 half tone region |ayer 101 in the half tone
regions 26 to | eave half tone patterns 102B. 16 1 Al so, the half tone

patterins 101 A can be Adic hiethdbtokefattienolilial tunttaetched BaiNads bB@nﬁg‘eSSi on.
The opti n(#éed transm, ss#g\n of the half tone material can be varied by 3
i

contr ired, Banspssions g aptimiged tragsissien of thy half teneyuateridlcanibe vegebbe t he

thirdar esd(ﬁmhg%%e &%rcnlfd‘gplrg 4L 5 shows an opaque section D which is
conpri sed of a Opaque region 30 of the substrate and 6 the opaque |ayer

102B. 4Preferably the Rn@mmg %@eeﬂLmerénmrtﬁét}ﬁﬂde:Q@t 1&;&@1951 Pig]ﬁFlieQJ or 7
un-thi nne%gmask substrat e. 2 Second enbodi nent” - trench

hal f one 81t aF ﬂﬁfﬁuﬁﬁe‘ﬁi‘i’é‘s% Wél#ﬁhflﬁ C%@RS%‘ of 4 oR8qusIEHIN; 39 qfutlgqm@stsate andecond
enbodiemente § Ei u e..ph 0. The
mask 200 c%n%ﬁ? se@gil@%ysﬁegéﬁ%@g%hl ?thhfz(lé({: el;t:@%l % %%mée(ﬂgr #he ughegc@g&r ion S,
and a7secwritinphdseskhitfstrasect i on T.

8
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7 The first phase shift section adjacent to the half tone section. The half
8 tone section is adjacent to the second phase shift section. The first
phase shift section R 9 and half tone section S change the phase of
incident [ight by about 180 degrees with 10 respect to the second phase
shift section T. 11 The first phase shift section is conprised of (i) a
first phase shift region 12 220 of a nmask substrate 204 and (ii) a first
trench 232 in the first phase shift region. The 13 half tone section Sis
preferably conprised of a half tone region 226 of the mask substrate 14
and athalf tone layer 234 over the half tone region. The second phase shift
section T is 15 preferably conprised of (a) a second phase shift region 222
of the mask substrate and (b) a 16 second trench 236 in the second phase
shi ft & egbtsand Tabodimenid phealetronélf halfgené alterbatipg phascadhift eak about a 90
degregtphase shift of incident light. 18 19 The substrate 204 has at | east
afir phase shift region 220, a half tone 20 region 226 and an second

hase 4shift region 22 ase sh ion 220 i.s adjacent to
'Phe hélf t one region %\‘fgﬁw%ﬁﬁ%hf édl? cgrﬁ%erph%c%gﬁn frsesyfugld ‘% Cgo t he
second pHasfaoshplase slefimask 208. Th2 madK 200 eorhipriseh aﬂﬂﬁ%ﬁa%hﬁﬁ s&G6h R0y and

hal f ton ction ferably shift 25 transmtted I'i ght about 270 degrees
phase Oni ﬁﬁf@%ﬁﬁ@?gﬁig dAhpad hese shifiseetind.t he 26 (unshifted and

unet ched uartz subs sectio as a
phasehsh?f? of about géghgégﬁéﬁgﬁﬁx%%g?%wﬁgfnPfdﬁ?héf ﬁémﬁBWQT%§%¥ Wi th
respedt ttong sean@mstaﬁgdextmg Hte sebord fHage {Hift sédtloh e d'ha gkt YARIGREHIccBogiRar t Z

subst at e rface. The e | ayer. has a transm ttance between about
0.1 sk GBI oGy S Sk SReange Srvaent lebbe Ak dasses with

10 respect to the second phase shift section T.

11 The first phase shift section is comprised of (i) a first phase shift region
12 220 of a mask substrate 204 and (ii) a first trench 232 in the first phase shift region. The
13 halftone section S is preferably comprised of a half tone region 226 of the mask substrate
14 and a half tone layer 234 over the half tone region. The second phase shift section T is

15 preferably comprised of (a) a second phase shift region 222 of the mask substrate and (b) a
16  second trench 236 in the second phase shift region. The second phase shift section

17 preferably has about a 90 degree phase shift of incident light.

18

19 The substrate 204 has at least a first phase shift region 220, a half tone
20 region 226 and an second phase shift region 222.

21 The first phase shift region 220 is adjacent to the half tone region 226.
22 The half tone region 226 is adjacent to the second phase shift region
23 222,

24 The first phase shift section and half tone section preferably shift

25 transmitted light about 270 degrees phase with respect to transmitted light thru the
26 (unshifted and unetched) quartz subsirate surface.
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5 The second phase shift section (T) has about a 90 degree phase shift 6
Wth respect to light transmtted thru the substrate (non-etched and
non-shifted). 7 8 9 A first phase shift region 220 10 A first trench 232
in the substrate in the first phase shift region 220. The 11 first trench
has a depth such that the light at the wavel ength transmtted through the
first 12 phase shift region (220) is shifted in phase by 180 degrees
relative to the light at the 13 wavelength transmtted thru the nask
substrate. The first phase shift region 220 has 14 about a 100 %
transmttance. 15 B. fgé T ¢ .

halt @R stA¥R (iS)Z% a)llﬁmﬁ*: bk lor B%E?Z@M%S%E‘g%%hﬁ ate

(partially transmtting phase shift layer) iIs over
10 i n?t hdighhitithe waeelerggh withze@ectTth érahsthitted bight thegthe furshifted apbiasetcidl)f t  of

18 abgut 270 d i th-the Light at th | ht itted thru th
sk Sub P SRHRE Sl e Bl B Gt b e RN b n Bt gk Rabout 0

and 100 % andnides SreRi&H1 ¢ batle¥n b k8t 800l and 98 % and nore preferably
bet ween about 3 and 30% 21 C. second phase shift region 222 22 The second

phase3shi ft regi on 22Phhsesorthplaisoshiftkediaed) bes ghas @ %hieptee phasevihifh r espect

to light thr he, fii 1 hi.f t phase, regi on (220) and the_.half tone region
226. g24 V%Tlsrés gﬁgtotl@rﬁ%%é%%ef@w etSHBSt%@‘PP%f‘ée% ﬁn‘?ﬂ%‘“g?ég‘é d phase shift
regi ol 25 222. The trench has a depth 237 such that light that at the
wavel ength transmtted through 19 1 through the second phase shift region

(222)8is shifted in phase by 90 degrees relative light 2 transmtted thru
the substrate. 3 The second trench 236 has a depth such that light that at

the wavel engt by first phase shift region 220

10 A first trench 232 in the substrate in the first phase shift region 220. The
11 first trench has a depth such that the light at the wavelength transmitted through the first

12 phase shift region (220) is shifted in phase by 180 degrees relative to the light at the
13 wavelength transmitted thru the mask substrate. The first phase shift region 220 has

14 about a 100 % transmittance.

15 B. half tone layer 234

16 A half tone layer 234 (partially transmitting phase shift layer) is over
17 the mask substrate 10 in the half tone region 226. The half tone region has a phase shift of
18  about 270 degrees with the light at the wavelength transmitted thru the mask substrate. The
19 half tone layer has a transmittance between about 0 and 100 % and more preferably

20 between 1 and 98 % and more preferably between about 3 and 30% .

21 C. second phase shift region 222

22 The second phase shift region 222 has an about 180 degree phase shift
23 with respect to light thru the first shifted phase region (220) and the half tone region 226.
24 A second trench 236 is in the substrate in the second phase shift region

25 222. The trench has a depth 237 such that light that at the wavelength transmitted through
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4 transmtted through the second phase shift region (222) is shifted in
phase by 180 degrees 5 relative light transmtted thru the first phase
shift region 220. 6 The second phase shift region 222 has about a 100 %
transmttance. 7 Light thru the 1St phase shift region 220 is about 180
degree out of 8 phase with light transmtted thru the half tone
region/layer 226 234 and the 2nd phase shift 9 region 222. Light thru half
tone region 226 and half tone |ayer 234 is about in phase with 10
transmtted light thru the second phase shift region 222. 11 12 13 Table
2 @ Char dbtoegh dtei secafd thasd siftesidn (R0 istsbifeeddh phiphas®os iédréestelakive Ragi on
phase_shift relatjve light transmttance (% transmtted thru the

(unshif t EEPs t@ﬁﬁ@??&ﬁgawde rees) first phase shift section (R 270 100

panges 262 {0 202 1 amesofackib 8L U 1) 0 B0
phase4s hitfansisgttitapugdtidegemephasndgelt reddn (20218G8hted (T ph4sanga 8¢ BBrded 92
opagug s Ef'gita%i\(f)enliéhlfj)tra];lsrgitt%d th]i‘ﬁ t}}e5ﬁrzs(t)phase shift region 220,
6 The second phase shift region 222 has about 2 100 % transmittance.
7 Light thru the 1* phase shift region 220 is about 180 degree out of
8  phase with light transmitted thru the half tone region/layer 226 234 and the 2™ phase shift
9 region 222. Light thru half tone region 226 and half tone layer 234 is about in phase with
10 transmitted light thru the second phase shift region 222.
11
12
13 Table 2 : Characteristic of dual trench half tone alt-phase shift mask.

Region phase shift relative light transmittance (%)
transmitted thru the
(unshifted) mask substrate

(degrees)
first phase shift section (R) 270 100

range = 268 to 282 range = 95 to 100
half tone section (S) 270 degrees

range = 268 to 272 degrees | range = 3 to 30 %
range = (.1 to 98%

second phase shift section 90 degrees range = 95 to 100 %
(T) range = 88 to 92
opaque section (U) 0 0

14
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1 D Efield graph 2 Figure 6 is a cross sectional view of a dual trench
hal f tone phase shift 3 mask and graph of E-field at the mask surface
according to an enbodi nent of the present 4 invention. The anplitude of ES
is dependent on the light transm ssion thru the half tone 5 material in
region S. 21 1 2 Method for formng the dual trench Half tone alternating
PSM 3 An enbodi nent of the nethod for formng a (dual trench) half tone 4
alternating phase shift mask is described below 5 A Msk Substrate 6
Referring to figure 8A, we provide a nask substrate 800 having: a first 7
phase shift repion (Za@ﬁékﬁgngyg tone region 226 and a second shifted phase
region (222) 8 and an opaque region 240. 9 The first phase shift region
(220) 4 s adj acent to hahire 6008 cFBYLRA f ogion is
adj acent to _an second shifted phase r%ﬁ?%ﬁi?%g% EJ??HT éﬂg%g£§%%§3h$g

pr ef erabl §a ﬁf&i&faﬁh ahR-fickérpt the euslosurfasaateording 2o B efhibodibieyt dihbe prebskr at e

has alout; ] ce .and ,about, a.Q phase shift. 13 B. half tone
| ayer o Q’gp?é%éﬁﬂg%‘% bERE ?%eﬁg?‘ﬁr(’?liﬂﬁ“gh@ﬁ“‘rﬂrla{}%%ii}m\k@ hadktpna hal f

t one lSayenai8fdl ioveyion Be substrate 15 800. The half tone layer 801 is
preferably conprised of. nolybdenumsilicide, 16 nol ybdenum silicon oxide,
silicon nitride, or silicon oxinitride. 17 Tuning the transm ssion of the
hal f tone | ayer can correct the placenent 18 error of Levenson's PSM thus
conpensate intensity inbal ance of Levenson PSM between 19 the phase
shifted and unshifted regions. Varying the thickness of the half tone |ayer
wil |

2]




20 change the transm ssion rate. By proper optimzation of half tone

transm ssion and 21 thickness, intensity inbalance can be conpensated

wi t hout any trench undercutting. 22 23 Next, we form an opaque |ayer 802
on the half tone layer 801. The 24 opaque |ayer 802 is preferably
conprised of chrone. 22 1 C. *pattern the opaque |ayer 802 on the half tone
|l ayer 801 2 Still referring to figure 8A, we forma first resist |ayer 803
on the 3 opaque |layer 802. 4 As shown in figure 8B, we expose and devel op
the first resist layer to 5 renove portions of the first resist layer to
formd first resist pattern 803A over the half tone F 6 region 226 and the
opaque region 240 The first resist pattern preferably has first resist 7

| ayer P 'H]g%gpl over the first phase shift regi oanTZZO) and an second
phase regpl'@ odglor sarming the dppl genchodald fonegligrnating B8Vhegat i ve or positive
type photoresist. 9 Referr. to figure 8C, pattern the opaque |ayer 802
and hglf tone 10 |ay W%g@?‘?fé’flﬂ%emﬁ“?gtfmf g8 Eb@f“ﬁ]éf“-ﬁlc 98¢ 3" mask
to foum alfeidafihg PRAQURIH AUG isladldived Betb@ne | ayer pattern 802A 801A over the
hal f tone region 26 and formfirst openings 814 12 (in the opaque |ayer and

hal f tone |layer) to expose the substrate 800 in the first phase shift 13
regi oR (220) od an sd¥asll Suhsfeateegi on (222). 14 The patterning of the
opaque | ayer 802 on the half tone |ayer 801 is 15 preferably performed

usi ng®a reactive ion BEEFINg® fpure SAmvtamRvHe § nESk sehsaraRIE0TAvERgr wifabt fi r st

1 nches itk S SR aetol Al A8y eS| ind SR R B oo
regi of 19d2aa2paque region 240.
9 The first phase shift region (220) is adjacent to half tone region (226).
10 The half tone region is adjacent to an second shifted phase region (222).
11 The substrate is preferably a mask blank comprised of quartz.
12 Preferably the substrate has about a 100 % transmittance and about a 0 phase shift.

13 B. half tone layer 801 and opaque layer 802

14 Referring to figure 8A, we form a half tone layer 801 over the substrate
15 800. The half tone layer 801 is preferably comprised of: molybdenum silicide,

16 molybdenum silicon oxide, silicon nitride, or silicon oxinitride.

17 Tuning the transmission of the half tone layer can correct the placement
18 error of Levenson's PSM, thus compensate intensity imbalance of Levenson PSM between
19 the phase shifted and unshifted regions. Varying the thickness of the half tone layer will
20 change the transmission rate. By proper optimization of half tone transmission and

21 thickness, intensity imbalance can be compensated without any trench undercutting,

22

23 Next, we form an opaque layer 802 on the half tone layer 801. The

24 opaque layer 802 is preferably comprised of chrome. |

22




20 The second trenches 236 are preferably etched to a depth to produce a

21 phase shift of 180 degree relative to the light transmtted thru the
(not yet fornmed) first 22 trenches 220 (see figure 5). Preferably the
second trench is etched to a depth 337 that phase 23 shifts |ight about 90
degree relative to the unetched (full thickness) substrate. 24 Referring to
figure 8E, we renove the first resist layer 180. 25 26 23 1 E. forma
second resist layer 804 2 As shown in figure 8F, we forma second resist

| ayer 804 over the 3 opaque |layer 802 on the half tone |layer 801 and the

substrjate 800.¢4 F. f@bgugnﬁgﬁpg gﬁggqgﬁepgﬁ?ghqhQQéﬁggﬂﬁ%% o n figure

8G we renove portions of the se resist Tayer orma second

resi s pattern 802A owell réfofime® NGrPNSHe Bt 4 fifseRkRN$ABABM hde 7
opaque region 240. Also, we form second resist |ayer openings 820 over the

first Iphadaqualageid®. regi on 220. 9 G forma first trench 232 in the first
phase ;,shift region 22Q 10 Referring.to fiqure \ orima first trench
232 i the first phas%ssS PYE %“F%E* o 358%3.6 a’?ﬁgeﬁi‘%ﬁg{het{r}pﬁﬁéﬂ“é@?tﬁas a

dept h 5233es0vé PartiohNef the fisdt 1S et fobm o050 1A 083 FePhRIBIGHS t Of
about 180 degrees relative to the second phase shift region 222 (second 13

trenck 236§ion PRaped HislopagyraregiongitOt Flamitst fesisepatioatpreferablyibt first fesist phase
shiftg |i . 0] ree rel-ative he  unet ched, (full. thickness)
subst ?at é%&@%@%ﬁ%\?ﬂwﬁ%ﬂ?@u e g 1@&3‘%’@8} laﬁ%agg%cgﬂﬁplp S °Bat t ern
804A. 8 1Q2%D). tThierflistrresistdbyepaid 85 MmeBAPA of poAGveRpWRhbtBrkisgure 8J, we forma
third resist |ayer 805 over the
9 Referring to figure 8C, we pattern the opaque layer 802 and half tone

10 layer 801 using the first resist pattern 803A as a mask to form a first opaque layer/half

11 tone layer pattern 802A 801A over the half tone region 26 and form first openings 814

12 (in the opaque layer and half tone layer ) to expose the substrate 800 in the first phase shift

13 region (220) and an second phase region (222).

14 The patterning of the opaque layer 802 on the half tone layer 801 is

15 preferably performed using a reactive ion etch.

16 D. form trenches 231 and 236

17 Partial first trenches 231 are etched in the first phase shift regions 220
18  and second trenches 236 are ctched in the substrate 800 in the second phase shift region

19 222

20 The second trenches 236 are preferably etched to a depth to produce a
21 phase shift of 180 degree relative to the light transmitted thru the (not yet formed) first

22 trenches 220 (see figure 5). Preferably the second trench is etched to a depth 337 that phase
23 shifts light about 90 degree relative to the unetched (full thickness) substrate.

24 Referring to figure 8E, we remove the first resist layer 180.

25

26

23




18 substrate. 19 As shown in figure 8K we renoving portions of the third
resist layer 20 105 to forma third resist pattern 805A over the opaque
region 240 and to forma third 21 resist |ayer openings 828 to expose the
hal f tone pattern 801A in the first phase shift 22 regions 220, and the
hal f tone region 226 and an second phase shift region (222). 24 1| |
renove the opaque patterns 102A fromover the half tone F 2 pattern 801A
in the half tone regions 226 3 As shown in figure 8L, we renove the opaque
patterns 102A fromover 4 the half tone pattern 801A in the half tone
regions 226. The 0paqF§nﬂ%§&@é@ﬁd}&%§t§?§é§h455re”DVEd by either wet or

dry etching. 6 The ha tone patterns can be etched backed to obtain

the desired 7 transmissshedn id AgueRH We?&%&rﬁmlﬁﬁgﬁﬁﬁre@fmnﬁ@@eﬁﬁéf tone
material can be varied by 8 controlling the etch renoval rate. 9 The

transmi ssirgAuiayeio2al the halficonsdatee 8Ab agd ti@subamatb80®pt i mi zed by 10
etching (or thinning) the half tone patterns 810. 11 As shown in figure 8M

we renpve t he ,t_-hi rd _rgghﬁtangg%%’i‘%E%SJ?ggé.gFte%ggkgure 8M shows an opaque

section U that ‘conprises’t ver an 13 opaque region
240 ofs the mask substrat 4 ds, of [ [ usi:ng.the mask
enbodi nents 16 Enbodi #3#?%@6%?%‘%8%?‘%0@‘9?8%%‘1%?r‘%gﬁ%é\%?"z’éisr‘%%}%?%ft he
mask 617 &¥todomentsond &sEnpatteh BO2IA prefie sdabid phapshifasgion a2 prdedi ng a

phase,.shift mask. 19 c rising: a mask substrate having a first phase
shift 756&338%, regioR 4p gggewg 1 §COoRA gesast layer openings 820 over the first phase

8  shift region 220.

9 G. form a first trench 232 in the first phase shift region 220
10 Referring to figure 8H, we form a first trench 232 in the first phase shift
1T region 220. The first trench 232 has a depth 233 so that the first phase shift region 220
12 has a phase shift of about 180 degrees relative to the second phase shift region 222 (second
13 trench 236). Preferably the first trench is etched to a depth that phase shifts light about 270
14 degree relative to the unetched (full thickness) substrate.

15 As shown in figure 81, we remove the second resist pattern 804A.
16 H. third resist pattern 805A
17 As shown in figure 87, we form a third resist layer 805 over the

18 substrate.

19 As shown in figure 8K we removing portions of the third resist layer
20 105 to form a third resist pattern 805A over the opaque region 240 and to form a third
21 resist layer openings 828 to expose the half tone pattern 801A in the first phase shift
22 regions 220, and the half tone region 226 and an second phase shift region (222).

24




20 second phase section. The first phase shift section adjacent to the half
tone section. The 21 half tone section adjacent to the second phase
section. The first phase shift section and the 22 half tone |ayer have
about a 180 degree phase shift with the second phase section. The 23 half
tone layer has a transmttance between about 0.1 and 98 % 24 Then we (b)
transmt radiation through portions of the phase shift mask 25 to expose a
pattern of photoresist overlying a sem conductor or electronic work piece.
26 Lastly, we (c) utilize the patterned photoresist to fabricate a 27

sem conduct or (devi ce. r@molefhaWFadusparerms 103K AOM Serdhedihpeiqent of

the invention with 2 light transmtted thru the mask onto a resist |ayer
910 over a work pi gedftern 881Advlvediplt taneEmaionssddbs of the invention use a
hal f tone |layer and trenches_ 6_preferably wi thout trench undercut on the
mask. 3The transni ssi ofSPBP®n 3 figle Shaye remaeie thy opagpe paderns | dhy&om oer>0. 1

1Q0% f b - 304 9 ' h d
of 1he mininr RReBaRLE AP P AE Mo S TR b SRR LTAN B 0% 5 o

and 180 degoes] lmseither eeochgetabingsi ngl e trench half tone alt-PSMtype, and
for 90 and 10 270 degree as in the case of duel trench half tone alt-PSM

type. 911 Tuning the t FBH53H ©oepatiens 8 HA pan be ¢tohrd hagled tooktrin therdssiteld t he

12 pl acengp .qr - <5 | nt.ensi i mbal ance

of Levensongnn‘%%logfs—ﬁ?J ?ﬁé%‘?%tg&%}ﬁg’lﬁ%&fﬁg@alg@@ﬁ‘%%‘ﬁfffff ér{]%en{éhﬂeg;ﬁgr wil |

changé t henfroléng hessilorenroatkrateBy 14 proper optim zation of half tone
y.i.nbal ance can be 15 conpensated

R N b VA, S N N
10 etching (or thinning) the half tone patterns 810.
Il As shown in figure 8M, we remove the third resist pattern 105A.
12 Figure 8M shows an opaque section U that comprises the opaque layer 802a over an
13 opaque region 240 of the mask substrate.

14

I5  Methods of making devices using the mask embodiments

16 Embodiments include methods for making devices using the mask

17 embodiments.

18 The method preferably comprises: (a) providing a phase shift mask
19 comprising: a mask substrate having a first phase shift section, a half tone section and a
20 second phase section. The first phase shift section adjacent to the half tone section. The
21 half tone section adjacent to the second phase section. The first phase shift section and the
22 halftone layer have about a 180 degree phase shift with the second phase section. The
23 halftone layer has a transmittance between about 0.1 and 98 %.

24 Then we (b) transmit radiation through portions of the phase shift mask
25  to expose a pattern of photoresist overlying a semiconductor or electronic work piece.

26 Lastly, we (c) utilize the patterned photoresist to fabricate a

27  semiconductor device.
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17 Problens with undercutting trenches in Levenson's PSM 18 The inventors
have found that the intensity inbal ance on Levenson 19 phase shifting mask
(PSM causes the placenent error of the pattern feature during the 20

phot ol i t hography process. Single (0/180 degree) and dual (90/270 degree)
trench alt-PSM 21 enploys undercutting of the quartz in order to correct
the intensity inbal ance. However, 22 the problem of undercuts is the high
probability of the chronme been lifted off during mask 23 manufacturing or
cl eani ng process as the adhesive area of the chrome to the quartz is 24
reduced. Chrome | i1 ti pgutd riftsld1RadTUE R enidBHSK bRk S ALEL Gl e
intensity inbalance 25 and features to go smaller as higher risk of chrone
liftiAg digbt transmitdt thanthe mashonndesiculayerZ8 Onsededorkiieas. great | y reduce t he
appligation of Levenson PSM 27 26 1 Problens with interference at the air
to quartz boundary surface in Levenson PSMs 2 In Levenson's PSM shown in
Fig. 7, the interference at the air to quartz 3 boundary surface (shown in
regi on GMdﬁﬂﬁmﬁsthe intensity between the etched region E and 4 the
unetched region F. The inbalance in the intensity caused the patterned
resisg line on 5 the Pabedinteatsaiipeain@hiph agacthdwas Byet 4 tf@han of | ower
intensity. That is the intensity of 6 light EL is less than the intensity
of |i@ht Pegferpblygrittputendrdaionbnr heomaskd he fraesnisspn g ohtie halfeoms nat eri al

on the u I 00§, . NQ a e ne i,ah~al lows |ights
to pags Eﬁ%ggaﬁkggéﬁﬁ#?eaifgng?ﬁﬁa%ﬁﬁﬁaéﬁﬁgggﬁgég%gﬁﬁg?%%%t?ﬁg%Pight, t hus
enabl 8 ng dependingt@nhe hyed o thoghslap@cedR ahl vagirghedss thaichiegd Mitensity Balhhe: sane
phase, Although the anplitude of the etched region will not nmatch 13

total Py Witandn0deareredn F@gﬁwfﬁngﬁ@tr@mﬁh&aﬁgn&m}pl’S%typ%@pé 4@ and
I ntengi t y7h Q¥&ke & inttlecase of duel trench half tone alt-PSM type.
11 Tuning the transmission of the half tone layer can corrected the
12 placement error of Levenson's PSM, thus compensate intensity imbalance of Levenson
13 PSM. Varying the thickness of the half tone layer will change the transmission rate. By
14 proper optimization of half tone transmission and thickness, intensity imbalance can be

15  compensated without any undercutting.

16 Improvements over Levenson’s PSM

17  Problems with undercutting trenches in Levenson’s PSM

18 The inventors have found that the intensity imbalance on Levenson

19 phase shifting mask (PSM) causes the placement error of the pattern feature during the |
20  photolithography process. Single (0/180 degree) and dual (90/270 degree) trench alt-PSM
21 employs undercutting of the quartz in order to correct the intensity imbalance. However,
22 the problem of undercuts is the high probability of the chrome been lifted off during mask
23 manufacturing or cleaning process as the adhesive area of the chrome to the quartz is

24 reduced. Chrome lifting limits the amount of undercuts to correct the intensity imbalance
25  and features to go smaller as higher risk of chrome lifting due to right amount of undercut
26  needed. Thus greatly reduce the application of Levenson PSM.

27
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14 threshold | evel which is needed to exposure the resist is matched. In
this way, the 15 patterned line will not appear to be displaced. 16 17 As
the intensity at the etched region that is needed to be balance with 18
the intensity at the unetched region is dependent on the transm ssion of
the the half tone 19 material, detetmning the transm ssion |level is
cruical. Optimzation of to the design CD 20 and space is needed wth the
transm ssion |l evel is needed. This is achieved by neasuring 21 the CD of

t he space produce. by the etch and unetched region through sinulation or 22

exper i hentPabbleasubith Dirtorferaict at et td §artd bouniyisBer bl dBESL 2l
transm ssion. 23 Fromthe simnulation rd(iahgaul t, if tl)%tsh éDs no%év;%ﬂgo spalg“ng IS

the safe, the intensith hevehmnane®y shawn el B t,haeditérr@é&@caetﬂeraliﬁthsm OIvvi N
el

cause the,line to red.shifted,  Experinental result 25 wll t he
sane r “;és ulte M%%Q?@OW Hbreot 82, Krets theantepsify et wendhe eithedregioalF artdone

26 materi de @Rthberesddd BATRY ik BHM R ; S elaTilo |le the phase can be
tuned by the nateriréagl 27 usled. 27 fﬁ%éﬁtﬁgﬁq%%tgg%g\@%?%eﬁréet%irﬁijg “fasks of
t he i nventheoralpely apeeasiisglacad tavaplhibe regipest lofvePBMasitAl SBat ISt ShibAGHy ofe

alternati PSN thpds.are illustrated, but 3 additive half tone
al ter gti \[}ghtPémS%SsSBR% ebrgte?sétﬁroﬁlgﬁreﬁ" using the invention. Also, the 4
enbodihents of the PSMelimnated the need for slope sidewalls trenches,

but it may be 5 advantagous to form sloped sidewall trenches in the

enboditent's half tone si ngle and 6 dual trench alt-PSM 7 The half tone
d.to expose 8 photoresist in the

s o e S 0 B ko B S e e
enbodilrentegions,mas upiqael Bhd @11 BRE hidtedd] SORAUGIHVE Jb8S0d: RRjerns in
resist, for 10 sem conductor devices.

1T~ “maintaining the phase shift of the light, thus enabling the intensity to increase in the etched

12 region with the same phase. Although the amplitude of the etched region will not match

13 totally with the unetched region using this method, the increase in intensity level at the

14 threshold level which is needed to exposure the resist is matched. In this way, the

15 pattemed line will not appear to be displaced.

16

17 As the intensity at the etched region that is needed to be balance with

18 the intensity at the unctched region is dependent on the transmission of the the half tone

19 material, detetmining the transmission level is cruical. Optimization of to the design CD

20 and space is needed with the transmission level is needed. This is achieved by measuring

21 the CD of the space produce by the etch and unetched region through simulation or

22 experimental result from patterened line with varying half tone material transmission.

23 From the simulation result, if both CDs of the spacing is the same, the intensity is balance,

24 else the difference in the CD will cause the line (o appeared shifted. Experimental result

25 will yeild the same result, however it is more rigous. The transmission of the half tone

26 material can be varied by tuning the thickness while the phase can be tuned by the material

27 used.
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11 The above-descri bed enbodi ments are neant to be illustrative of the 12
invention and not Iimting. Mdifications, alternatives, and variances to
t hese enbodi nents 13 may be apparent to those skilled in the art. For
exanpl e, although the above description 14 refers to a 0 degree and 180
degree phase, the present invention is equally applicable to 15 other
enbodi nents in which the regions have different phases. In those

enbodi ments, the 16 relative phase between the regions is approxi mately
180 degrees. Thus, the O degree phase 17 for a region and the 180 degree

phase if or anot her regiTag hai@kdRQughaRhOPEN MAsIQNE g8 dios maSeanbeod nent,
al so indicate the E)hases for these two regions relative to one another. 19

In thé abbe taeesof PHMoi lsoumisbedivepdicinptiog BEMamtthody are sldusthigrt buti n or der
20 to,praov [ der,st andi of the present inventiogn. It
w1 oo GG RahR RRHRVE PSRN GRACRRT P BibrRhvet GBI BB A B B on

| nventi orensiyiientPo Lk PSR cMiiratdithé Aedgor Apdalaidls rehBhd! helit g bances,
wel | known process have not been described in detail in order 23 to not

unnec@s s Advnfagss s fam tepodrsedsant! tionokastin the. enhodinpentisfialidonheinglavwadt i on has

been part | spgyn and described with 26 reference to the preferred
enbodilgrrencitugwtr%gbégf, I't will be understood by those skilled in 27 the art

that arious changes iThe hglf ngnt-FENai bSthewvcRBoBHE stz pdeparting from
the 28 spirit and scope of the invention. It is intended to cover various

modi f Pcatihgksesishdn depangfactrg obsemigongiuepngdentioniss and ofevdasdensethe and t he
Tt or pr et B B e R S R RS AL T a3
ar r arie meatscoadokt@r desader es. 4 29

11 The above-described embodiments are meant to be illustrative of the

12 invention and not limiting. Modifications, alternatives, and variances to these embodiments

13 may be apparent to those skilled in the art. For example, although the above description

14 refers to a 0 degree and 180 degree phase, the present invention is equally applicable to

I5  other embodiments in which the regions have different phases. In those embodiments, the

16 relative phase between the regions is approximately 180 degrees. Thus, the 0 degree phase

17 for aregion and the 180 degree phase for another region, although providing one specific

18 embodiment, also indicate the phases for these two regions relative to one another.

19 In the above description numerous specific details are set forth in order

20 to provide a more thorough understanding of the present invention. It will be obvious,

21 however, to one skilled in the art that the present invention may be practiced without these

22 details. In other instances, well known process have not been described in detail in order

23 to not unnecessarily obscure the present invention.

24

25 While the invention has been particularly shown and described with

26 reference to the preferred embodiments thereof, it will be understood by those skilled in

27 the art that various changes in form and details may be made without departing from the

28  spirit and scope of the invention. It is intended to cover various modifications and similar

28




What is clainmed is : | A phase shift nmask for use with light at a

wavel ength conprising: a first phase shift section, a half tone section,
and a second phase shift section; said first phase shift section adjacent
to said half tone section; said half tone section adjacent to said second
phase shift section; said first phase shift section and half tone section
changi ng the phase of transmtted |ight by about 180 degrees with respect
to said second phase shift section. 2. The phase shift nmask of claiml
whi ch further includes said first phase shift section conprised of a first

phase Ishiditangegémunaef pracemsds, aslins st t zgffp@ﬁtfeld dlns @hddefbld Fouphrse shift
regiogg and ag%&ﬁ@glf tone section conprised of (i) a half tone region of

sai d rraskCEy togoadgstdniernrstationsy 4s to GReompape pll swdrmedifigatival find sinelar egi on;
sai d secopdnphasks sl fibcSRgdsd on has about a 0 degree phase shift. 3. The
phase shift mask %f céafn1%%Mhich further includes: said first phase shift

secti dn conprised of (i) a first phase shift region of a mask substrate
and (ii) a first trench in said first phase shift region; said half tone
section conprised of a half tone region of said mask substrate and a half
tone |l ayer over said half tone region; said half tone |ayer has a
transmttance between about 3 and 30% and said second phase shift section
has about a O degree phase shift. 30 4. The phase shift nmask of claim1l
whi ch further includes: said first phase shift section conprised of (i) a
first phase shift region of a

29




mask substrate and (ii) a first trench in said first phase shift region;
and said half tone section conprised of a half tone region of said mask
substrate and a half tone |layer over said half tone region; said half tone
| ayer has a transmttance between about 3 and 30% said second phase shift
section conprised of (a) a second phase shift region of said mask
substrate and (b) a second trench in said second phase shift region; said
second phase shift section has about a 90 degree phase shift. { 5. The
phase shi'fhat ifdkmed iscl ai m | wherein sai d second phase shift region has
about a 100 %transmttance. 6. The phase shift mask of claim| wherein
said half tone section has a transmttance that bal ances the |ight

i ntensi ti es Amhnsrhift masktihr wgwfslalhﬁ’ltfa vetelphiigemphsing: regi on and said

second phase shi fthasggflgt secstpontflﬁqi %ongs t1ghtandgts (?)%dﬁnqe%% ﬁ‘xﬁtesué‘t%“t equal . 7.

A senmi conduct Bf'" 48 {FBRFEIT N é8 "t he phase
shift mask of cl asaw fixst &ms&lﬁha&moﬁ tadj‘htcmwassialcflmlftus@<ewi¢m | | ght at a
wavel engt h conpri si g a mask substrate h V|n firﬁL hase shift region,
a half tone regi onsadBHyoge selghaipirake sa ﬁ*?’ﬁé@ﬁﬁﬁ,“§§96”$lrst phase
shift region adjacent to said half tone region; said half tone region
adj acent to said second phase shift ion; a half tone |ayer over said
hal f tone reglld)rﬁistsahfdﬂslﬁfétschms@ndsmag‘t tone gieaiierashange theonbaseagfer

changi ng t he phaseisr%nsg,l]ttt?dfl %n‘bt Elgc%t 1%@95&,:9@’5 \5’191 1‘&;36%58 HRALESR ﬁ%éch respect

to said second pha
shift section.

2. The phase shift mask of claim 1 which further includes
said first phase shift section comprised of a first phase shift region of a mask
substrate;
a trench in said first phase shift region; and
said half tone section comprised of (i) a half tone region of said mask substrate
and (i} a half tone layer over said hall tone region;

said second phase shift section has about a O degree phase shift.

3. The phase shift mask of claim | which further includes:
said first phase shift section comprised of (i) a first phase shift region of a mask
substrate and (ii) a first trench in said first phase shift region;
said half tone section comprised of a half tone region of said mask substrate and a
half tone layer over said half tone region; said half tone layer has a
transmittance between about 3 and 30%; and

said second phase shift section has about a 0 degree phase shilt,
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9. The phase shift mask of claim8 which further includes a trench in said
mask substrate in said first phase shift region; and said second phase
shift region has about a O degree phase shift; and said half tone region
has a transmittance between about 0.1 and 98 % 10. The phase shift mask
of claim8 which further includes a trench in said mask substrate in said
second phase shift region; and said first phase shift region has about a 0
degree phase shift; said half tone IaY has a transm ttance between about
? and 30%. 1T@Hﬂmﬁ%5%%a§@k§%ﬁ$ﬂihﬁ@k S¥rther HicHdeS whi ch further includes: a
irst trench in said fi aid
second phase shift regl%ﬁ}ﬁ@ Q;&Pﬁ%&n?ﬁa%ﬁ@nﬂggg$?a§%@gﬁg%§%§GQ$?gﬂ%§
Eetmeen aboutn@ﬂanﬂyﬁﬂ@@mjaadﬁhenpnége%&Hdﬁﬁphm@hldﬁwgmalnt wherein said
alf tone layer has a trapsm.ttance bou nd. 30% ase
shift mask of claim8 Wﬁ&?@ﬁﬁ‘ggfﬁu§@80c@“%ﬁgﬁ g h%%%0m° P, gq‘lablgaiﬁ‘h

100 % transm tt ancgbstkste adhehNh@se 56 dver mkdmtfon@legidm 8 vvnerel n said half
tone layer has a transm ttance that bal ances the |]jght |nt8 sities
transmitted througttishilfiops fager hyw gd@ngpitapcehelysn 2bem S8 d°%second phase

shift region so thafiylg.d b bg{% hﬂtsgd?%'nu)ﬁgn&rd%f%%Lgcccﬁﬂ%h%c shitt rePion of

sem conduct or devi ce or an ectronics ice formed by using the phase
shift nmask oﬁmdhmﬂnm&suﬁﬁamﬂbphagwnéhtmﬂuna@&S@@ndg@ﬁcmmﬂhcmb@ht at a

o T ong OB LR D i SRS iR o Qe P e FyBles e Sh Tt reaton. &

5. The phase shift mask of claim 1 wherein said second phase shift region has about a 100

% transmitiance.

6. The phase shift mask of claim | wherein said half tone section has a transmittance that
balances the light intensities transmitted through said first phase shift region and said

second phase shift region so that the light intensities are about equal.

7. A semiconductor device or an electronics device formed by using the phase shift mask of
claim 1.
8. A phase shift mask for use with light at a wavelength comprising:

a mask substrate having a first phase shift region, a half tone region,
and a second phase shift region;
said first phase shilt region adjacent to said half tone region;
said half tone region adjacent to said second phase shift region;
a half tone layer over said half tone region;
said first phase shift region and half tone layer changing the phase of
transmitted light by about 180 degrees with respect to said second phase shift

region.
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a halftone | ayer over said half tone region; F said phase shift region
adj acent to said half tone region; said half tone region adjacent to said
unshi fted phase region; said phase shift region has about a 180 degree
phase shift with respect to said unshifted phase region, said half tone

| ayer has a phase shift of about a 180 degrees with respect to said

unshi fted phase region, said half tone |layer has a transm ttance between
about 3 and 30% 17. The phase shift nmask of claim 16 which further

i ncl udes % t r éhehhdspskifingsiplehslaim & mibfah fdlyr oreludes 2 Urped 1B Rag dnash Sykstiat§sk  of
claim 16 wherein said unshifted phase region has about a 100 %

transmi tt ance imppdd Sisdbhasasloitdegpsanphase shift with the incoming |ight.

19. The phase shift nask.of i -wherein.sal d. . shiftormegion has a
phase shift such that |%%é {CC%(Q%H%%Q’%%%&&A@%?%%Fﬁm?i?‘gcﬁi’trﬁ‘st‘:{sléﬁ“t dr)ough
sai d phase shift regi onsdicghalloné tegdnins phasenibyncalborteed 8ud8graedd3iel ati ve
to said |ight at said wavel ength transmtted through said unshifted phase
region. 20. The phase shift nmask of claim 16 wherein said half tone region
has a transmittance that bal ances the light.intensities transmtted through
sai d phasé" shi ¢ &’aﬁ%ai‘ahnaéﬁaﬁga‘iﬂhg &’ﬂ%ﬁi‘?‘?l?eed “}Cﬁéﬁbﬁt"élb?&‘ﬂéfl ek | ght
intensities are about equal. %1. A.sem conduct or device forned by using the
phase shift S FReq! Phiage,shifhregiha A0k i £+ nask for use with |ight at
a wavel ength conpri si nggaid@dirsBpiias khif Whssl Risabbas (de;gi-de?dha{éh;ﬁﬁf; shi ft

region, a half tone region and an second phase shift region;
said half tone layer has a transmittance between abdut 3 and 30%.

{1.  The phase shift mask of claim 8 which further includes:
a first trench in said first phase shift region; and
a second trench in said second phase shift region: and

said half tone layer has a transmittance between about 3 and 30%.

2. The phase shift mask of claim 8 wherein said half tone layer has a transmittance

between about 3 and 30% .

13, The phase shift mask of claim 8§ wherein said second phase shilt region has

about a 100 % transmittance.

14, The phase shift mask of claim 8 wherein said half tone layer has a transmittance

that balances the light intensities transmitted through said first phase shift region and said

second phase shift region so that the light intensities are about equal.
15. A semiconductor device or an electronics device formed by using the phase shift
mask of claim 8.

6. A phase shift mask for use with light at a wavelength comprising:
a mask substrate having a phase shift region, a half tone region and an unshifted

phase region;
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IP Db) a halftone |ayer over said half tone region; said half tone |ayer
has a transm ttance between about 0.1 and 98 % c) said first phase shift
region and half tone |ayer have an about 180 degree phase shift with
respect to said second phase shift region; d) said first phase shift region
adj acent to said half tone region; e) said half tone region adjacent to
sai d second phase shift region. 23. The phase shift mask of claim 22
wherein a first trench in said first phase shift region; said first phase
shift region has abbuf tonelper oxar sHASH tSHREON 24, The phase shift mask of

claim 22 wherein sagggmahglhqﬁhutgy %%mﬂhdﬁ NeMmdibance between about 3

and 30% 25. The p aim 2 erefn 'said second phase
shift region has azbd)bttmtt&ﬁﬁgt%acb&nmnvBalauu@uﬁfzaahaﬂbisgiml,conductor devi ce

or an el ectronics deyi fa h 22
27. A net hod fgrsfﬁﬁxbﬁgng"élﬁdP XF %ﬁ@ﬂ igf?p o %dh‘agéwgﬂq?P“Q()%l g?]use

with light at a mawﬁggm@aph&@m@ﬁmslng a) prOV|d|ng a substrate having a
phase shift region, a half tone reg an unshi f se region; said

phase shift regi on sad et e lper @'aadﬂﬂmnﬂtfaw@utrbb‘todhswgw& FesPFet fo s
region adjacent to Sﬁtqﬂtttéﬂﬁﬁéstatt&r]ﬁa ﬁéﬁdn ERQIRRE hi)a t]icﬁl'étmtﬂgcc%clﬂ%cﬁt oS

| ayer on said substrate in'sald tone region; said half tone | ayer has
a phase shift of aboutl 3880 degrees with said unshifted phase region, said
hal f tone |l ayer has a transmttance between about 3 and 30%

17.  The phase shift mask of claim 16 which further includes a trench in said phase

shift region.

18.  The phase shift mask of claim 16 wherein said unshifted phase region has about

a 100 % transmittance and about a 0 degree phase shift with the incoming light.

19. The phase shift mask of claim 16 wherein said phasc shift region has a phase

shift such that light that at said wavelength transmitted through said phase shift region is
shifted in phase by about 180 degrees relative to said light at said wavelength transmitted

through said unshifted phase region.

20.  The phase shift mask of claim 16 wherein said half tone region has a

transmittance that balances the light intensities transmitted through said phase shift

region and said unshifted region so that the light intensities are about equal.

2f. A semiconductor device formed by using the phase shift mask of claim 16.

22. A phase shift mask for use with light at a wavelength comprising:
a) a mask substrate has a first phase shift region, a half tone region and an

second phase shift region;
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34 c) formng atrench in said substrate in said phase shift region; said
phase shift region has an about 180 degree phase shift with said unsh

fled phase region. 28. The nethod of claim 27 wherein said trench forned
to a first depth such that light that at said wavelength transmtted

t hrough said phase shift region is shifted in phase by 180 degrees
relative to said light at said wavelength transmtted through said

unshi fted phase region. 29. A nethod for formng a half tone single trench
phase shift mask for bisea inilf tang lagprtovensaidghalbipes @anh seigmpliitaiedgyer §ys
providing a substrate haying,a, PDBSE Shid 5 §9h@930@ hal ftone region  and
an unshifted phase region and an opaqgue region; said phase shift region

adj acent to half tone)regidist gabdshialddonadhelitor lady doenn aboutddlungkef t ed

phase region; b) forming a half tone |ayer on said substrate; c) formn

an opaque | ayer on said ﬁﬁﬁ%gﬁ%ﬁgﬂﬁVgﬁ? “ﬂib?@?ﬁ?ﬂﬁ*égéfngmres?st Iaye?
on said opaque |ayer;q)e) HEARYVHIRGe HOf bd@Sadpdcesab daifl halStoneegii@t; | ayer to
forma first resist pattern over saidéhalf tone regjon and sai d opaque
regi on; patterning sa&d il Bpbguercewpadiosent sasay! wardd RgreSAEEONsi ng the
first resist pattern as a mask forma first opaque pattern and a half tone
pattern over said half tone region; g) renoving said first resist |ayer; h)

formng a:0eGandul S8 inhANFIAHS5 R ARAQURNLANRLIAMSALG gt f tone

| ayer and $ai

region; said first phase shift region has about a 100 % transmittance.

24.  The phase shift mask of claim 22 wherein said half tone layer has a transmittance

between about 3 and 30% .

25.  The phase shift mask of claim 22 wherein said second phase shift region has

about a 100 % transmittance.

26. A semiconductor device or an electronics device formed by using the phase shift

mask of claim 22,

27. A method for forming a single trench hall tone phase shift mask for use with light

at a wavelength comprising:

a) providing a substrate having a phase shift region, a half tone region and
an unshifted phase region; said phase shift region adjacent to said hal{
tone region; said half tone region adjacent to said unshifted phase
region;

b} forming a half tone layer on said substrate in said half tone region; said
half tone iayer has a phase shift of about 180 degrees with said
unshifted phase region, said half tone layer has a transmiftance between

about 3 and 30%;
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i) renmoving portions of said second resist layer to forma second resi st
pattern over said unshifted region and said opaque region and to form
second resist |ayer openings over said phase shift region; 35 ) formng a
trench in said phase shift region; said trench has a depth so that said
phase shift region has a phase shift of 180 degrees with said unshifted
phase region; k) renoving said second resist pattern; 1) formng a third
resi st |ayer over said substrate; m renoving portions of said third resist
| ayer to formth FHFWH%%@%Fgﬂ“ﬁ@9éwﬁuﬁ§ﬁﬁéFﬁP%V§3“hH@¥@ﬁéﬁﬂé”P%bion and to
forma third resigly 'eg%ﬁ'imsoﬂﬁ 009930 [iQrEXRASE SRS nRASRsEhed t region, said
hal f tone region and n unshitted phase region; n) renoving said opague

| ayer from over shig rh@bfi. tone region layer in said half tone regions; o)
removing said third resist layer. 30. The nethod of claim 29 wherein said
hﬁlftone | ayer has a 180 degree phase shift relative to said unshifted
phase regjon.. 31. The neth f claim 29, which. further incl . etchin

sai d hal #5 or&® Bgft{(ﬂrolggﬁﬂn 92(‘)V 0l Safdr?émtcp a%“snr%gst%lgéh’t §§pt{1 rqﬁe“ hg%}%zl&’ al f tgne
pattern. 32. The method of .c|ai m 29 wherein id strate 1.5 a. K. nk
Corpr 1 sed of Manrr v b ASAEREE RS SHERR bRl Phs

| ayer is comgi segeof rdutivati@khial lighs el edd edvéleam thesigittod phroogis ks unghifodd,

nol ybdenum si |l i ci de, nolybdenum silicon oxide, silicon nitride, and

si |'icon oxi niphpsedegion.

29. A method for forming a haif tone single trench phase shift mask for use with light

at a wavelength comprising:
a) providing a substrate having a phase shift region, a half tone region
and an unshifted phase region and an opaque region;
said phase shift region adjacent fo half tone region;
said half tone region adjacent to an unshifted phase region;

b)  forming a half tone layer on said substrate;

c) forming an opaque layer on said half tone layer;
d) forming a first resist layer on said opaque layer;
e) removing portions of said first resist layer to form a first resist pattern

over said half tone region and said opaque region;

£) patterning said an opaque layer on said half tone layer using the first
resist pattern as a mask form a first opaque pattern and a hall tonc
pattern over said half tone region;

g) removing said first resist layer;

h)  forming a second resist layer over said opaque layer on said half tone
layer and satd substrate;

1) removing portions of said second resist fayer to form a second resist
pattern over said unshifted region and said opaque region and to

form second resist layer openings over said phase shift region;
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34. The nethod of claim29 wherein said opaque |ayer is conprised of
chronme. 35. The nethod of claim?29 wherein the patterning said opaque | ayer
on said halftone layer is performed using a reactive ion etch. 36. The

met hod of claim 29 wherein said first resist layer is negative or positive
type photoresist. 36 37. A nethod for a phase shift mask for use with
light at a wavel ength conprising: a) providing a mask substrate having a
First phase shift region, a half tone region and an secaond phase shift
region: b) said first Phasdorgpig ¢ tpnshiippai an)éEé‘Hf“%%éi“éi“l‘ré‘f’f‘ﬂ‘ﬁﬁlé‘cl?‘@épon

sai d hal f tone region ad] q&rﬁgaustpgds%%hm lég&‘afmg& @hﬁ@&ﬁ%fm(ﬁg&&gwnﬁm

formng a first trench in sal strate Tn said First phase shift region
sai d phase shift region hasmanhabmuﬁcmg@mdegree phase shift with said

unshi fted phase region,. said egion has about a 100 %
transnittance: d) formhg éf@ﬁf%éf%ﬁéﬁ’%hgﬁqéﬁﬂggid mask substrate in said

hal f tone region; saig ha'fﬁ)tiﬂl@@@ilhﬁii/&élshaﬁct@v@h@ﬁi&uﬁht&fc{ of about 180
degrees with said first phase shift region; hal ft one | ayer

transnittance betmeen”ﬁbodFmGV@ﬁﬂoﬁ“ﬁéomyuf8¥“W6$Hﬂﬁ6‘5”§€Edﬂ6““?§ﬁ6ﬁ“ﬁ

said substrate in said sec i ft
regi on has an about 180 deg%ggRB@§§g§&iEELuéﬁﬂaﬂ@gg?ﬁhQﬁggfﬂﬁﬁ%%gﬁs mﬁﬂg

regi on. 38. The nethod of @baﬂwﬁ@?uﬁh@%eﬂnﬁsayﬁhﬁﬁdbﬂfEWQS%J®hWKMmﬁ@@P6ﬁi
creates a phase shift of aPout 270 degrees on incident light; said second
phase shift region and sai & Ha'f¥'She | ayer creates a phase shift of

n) removing said opaque layer from over said half tone region layer in said

half tone regions;

0) removing said third resist layer.
30.  The method of claim 29 wherein said half tone layer has a 180 degree phase

shift relative to said unshifted phase region.

31.  The method of claim 29 which further includes etching said half tone pattern to

controi the transmission of the said half tone pattern.

32.  The method of claim 29 wherein said substrate is a mask blank comprised of
quartz.

33. The method of claim 29 wherein said half tone layer is comprised of a material
selected from the group consisting oft molybdenum silicide, molybdenum silicon

oxide, siticon nitride, and silicon oxinitride.

34.  The method of claim 29 wherein said opaque layer is comprised of chrome.

35. The method of claim 29 wherein the patterning said opaque layer on said half tone
layer is performed using a reactive ion etch,

36. The method of claim 29 wherein said first resist layer is negative or positive type

photoresist.
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about 90 degrees on incident light. 39. The nmethod of claim37 wherein said
hal ftone | ayer has a transmttance between about 3 and 30 % 37 40. A

nmet hod for formng a half tone dual trench phase shift nask for use with
light at a wavel ength conprising: a) providing a substrate having a first
phase shift region, a half tone region and an second phase shift region
and an opaque region; said first phase shift region adjacent to said half
tone region; said half tone region_ adjacent said se ogﬂiphase shift region;
b)fmmﬁ@a%%ﬁ@&%ﬂ@%ﬁ%ﬁ@%ﬂ%M@W%@”WW&B "R 8paque | ayer
on said half tone I, %\ledmgﬁ niagl{ gﬂb@lgat@ Hal gk ffrﬁ%% shdyRbiofM §a¢ dpopaque

| ayer; e) renoving rtion said first resist layer to forma flrst
resist pattern over;sgmmamamfmm@mbﬂmsgﬂdhmanm,sald opaque reglon
patterning said an agus Lﬁ er ,on sai d hal f % flrst
resist pattern as CH':MF 6} scmfm Feon; cldéd{,(,net t%%l éci}l?]%)glnl IP]?[Q

pattern over said hal fonbmmf@gacelﬁnogaldmbﬁd plgassemﬁnfgmm enches in the
substrate in the second phase shlft region and parti al flrs& trenches in

the first phase shi®t FBHIEGhISt FHNCR dht ﬁ@%%fa%a“@idrfgfﬂn ess Sl reggr ;i)

formng a second resi gy \I)@%@Emf?\‘&rzmﬁ?aQSQnQP(ﬂFﬂUﬁ%Olc@Q%E p%c%ﬁ‘t' fidvipdafq  tone
| ayer and said substrate; j) renoving portions of salid second resist |ayer

to forma second reS|wmhﬁbdmhakmqpmeﬂﬁshmﬁtQ@@Uﬂdiﬁmayéwéﬁﬁﬂﬁﬂr@@vbn and

i r i
said Opaque region transmittance;

d) forming a half tone layer on said mask substrate in said halt tone
region; said half tone layer has a phase shift of about 180 degrees with
said first phase shilt region; said half tone layer has a transmittance
between about (0 and 100 % ;

e) forming a second trench in said substrate in said second phase shift
region; said second phase shift region has an about 180 degree phase

shift with said first phase shift region.

38. The method of claim 37 wherein said first phase shift region creates a phase

shift of about 270 degrees on incident light;
said second phase shift region and said hall tone {ayer creates a phase shift of

about 90 degrees on incident light.

39. The method of claim 37 wherein said half tone layer has a transmittance

between about 3 and 30 % .
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and to form second resist |ayer openings over said first phase shift

region; k) formng a first trench in said first phase shift region; said
first trench has a depth so that said First phase shift regi on has a phase
shift of about 180 degrees relative to said second phase shift region; 1)
removi ng said second resist pattern; m formng a third resist |ayer over
said substrate; 38 n) renoving portions of said third resist layer to form
athird resist pattern qgver said opaque region and to forma third resist

| ayer op¥hi ngs’ fEtedpBs orainap wal one e Upaghbase shHt gatidfor pisstithhase shift
regions, and said half tone region and an second phase shift region; 0)
renovi ng sai d dighbie patt@ehcomPef&ver said half tone pattern in said

hal f tone regions; p) re:ﬁgvbﬁﬁicﬁ@é g?#b?ﬂ 58 n588 SlirRFhbL R dlion TN MBhoiod of

claim40 wherein said first phase s t1 regi on creghes a phase shift of
about 270 degrees on i nci demdgidn apdtap sswind phecohidt rppias endii firaquegicon; and

said half tone | ayer creates iﬁ]ﬁ%g% e shi.ft .0 bo \t 98h%ﬁqrees .0n, 1 nci dent

 shift .of .ab on.
light. 42. The method of cl & F S e PR AV RE PR U i d hal f

tone pattern to control theaili halfsotk s&ii@Nadpcehtheidsaichdipabde shithegpat t er n.
43. The nethod of claim40 wherein said substrate is a mask bl ank conpri sed
of quartz. 44. The net hodl &FMeRE? PAILONGREP TSI T tone |ayer is

conprised of a ¢) forming an opaque layer on said half tone layer;

d) forming a first resist layer on said opaque layer;

e) removing portions of said first resist layer to form a first resist
pattern over said half tone region and said opaque region;

f) patterning said an opaque layer on said half tone layer using the first
resist pattern as a mask form a first opaque pattern and a half tone
pattern over said half tone region;

g) forming second trenches in the substrate in the second phase shift

region and partial first trenches in the first phase shift regions;

h} removing said first resist layer;

i) forming a second resist layer over said opaque layer on said half
tone layer and said substrate,

i) removing portions of said sccond resist layer to form a second resist
pattern over said second phase shift region and said opaque region
and to form second resist layer openings over said first phase shift
region;

k) forming a first trench in said first phase shift region; said first
trench has a depth so that said first phase shift region has a phase
shift of about 180 degrees relative to said second phase shift region;

) removing said second resist pattern:

m) forming a third resist layer over said substrate;
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material selected fromthe group consisting of. nolybdenum silicide,

nol ybdenum si li con oxide, silicon nitride, and silicon oxynitride. 45. The
nmet hod of claim40 wherein said opaque | ayer is conprised of chrome. 46.
The net hod of claim40 wherein the patterning said opaque | ayer on said
half tone layer is perforned using a reactive ion etch, 47. The nethod of
claim40 wherein said first resist |layer is negative or positive type
photoresist. 48. A nethod of fabricating a sem conductor device the nethod
conprising: 39 a) providing a phase shift mask conprising: (lI) a mask
substrate having a first phase shift .section,  ecsectiaon and a
second phase section; saﬁﬁ f??%?mp%gg%méhfggtggggggg&gﬂﬁ%ggﬁvI%gﬁéaf hal f
tone section; said half topstseciveoniddjagetertichanda ke achintrepkelager
section; said first phase shift section ang sgid hal f tone §ect£on h?ve
about a 180 degree phase sRPFYRSRHP FERos TS Bebivge prisse 128 gk Phasa slitha) f

tone section has a transm ttangR HRE WEEMIARAN eotbn And@dte@$hdYphas®ihift
transmtting radiation through portions of the phase shift nmask to expose a
pattern of photoresist overlgging a sem conductor workpi ece; and c)
utilizing the patterned photoresist . .to fabri . M r \Vi-ce or
an el ectronics device. 49.' 1%“%?315%(3?38*“’ %%t%?&%effgnaﬁéfs%?ﬂglgg%n pﬁgﬁ% uft[:one
section conprises a half torgdhedtear rafiora; mask substrate and a half tone

| ayer over said half tone region, saiﬁ,galf tone |ayer has a transmttance
bet ween about 3 and 30 % P)5ECMORS 7kt WHE 'EYS €1 48  wherei n sai d phase

shift mask further includes; e : :
41. The method of claim 40 wherein said first phase shift region creates a phase

shift of about 270 degrees on incident light;
said second phase shift region and said half tone layer creates a phase shift of

about 90 degrees on incident light.
42. The method of claim 40 which further includes etching said half tone pattern

to control the transmission of the said half tone pattern,

43. The method of claim 40 wherein said substrate is a mask blank comprised of
quartz.
44, The method of claim 40 wherein said half tone layer is comprised of a

material selected from the group consisting of: molybdenum silicide,

molybdenum silicon oxide, silicon nitride, and silicon oxynitride.

45. The method of claim 40 wherein said opaque layer is comprised of chrome.

46. The method of claim 40 wherein the patterning said opaque layer on said half
tone layer is performed using a reactive ion etch.

47, The method of claim 40 wherein said first resist layer is negative or positive
type photoresist.

48, A method of fabricating a semiconductor device the method comprising:
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said first phase shift section conprises a first phase shift region of a
mask substrate; a first trench in said mask substrate in said first phase
shift region; and said second phase section has about a 0O degree phase
shift. 51. The nmethod of claim48 wherein said phase shift mask includes: a
mask substrate having a first phase shift region, a half tone region and a
second phase shift region; a first trench in said first phase shift

region; and said first phase shift region has about a 0 degree phase shift;
said half tone | ayer phasdiag b phmsrhift mamteoetiviegn about 3 and 30% and a

second trench in said second phase shift . reqgion. .40 52. The.nmethod of claim
48 wherein said phaég) é‘rﬁ‘%s? SH%%‘I? G vallrﬁytj%gt.s{a%‘aﬁ%%h&ﬁ §?f§g'll’raaqauﬁ%&/i ng a first
phase shift region, a kakbntoae seegidophaadickedon;second phase shift region; a
first trench in said nask substrate in said first phase shift region; and a
second trench in said r#gkiishpes i spehion idgposd doitd pHEYSES $¥PE 1 egi on; and
said halftone | ayer has,; : I Q6 , : 0% 53. The
nmet hod of cl ai m 48 mhe?g?%ﬁggggﬂ%g%?nﬁgﬁgﬁ&%g?%ﬁﬁﬁgg&gég%gﬁgﬁittance t hat
about bal ances t he | i ghtidifivstehssietshdbseetiaman shidda! ftthreowuefionsaivel abputss 1Phase

shift region and said second phase shift region so that the |ight
intensities are about C%Hﬁ%P&mgﬁgﬁ%Wﬂ%%ﬁ%ﬁm%ghggﬁ?%%%ﬁ%ng a sem conduct or
device the method conprshigilaf toneakctinchik divagsnsitsicdGeeveks @i 0hahtl 98ore phase
mask conprising: (1) a phase shift section, a half tone section and an
unshi fted phase transmitting radiation through portions of the phase shift mask to expose a
pattern of photoresist overlying a semiconductor workpiece; and
¢) utilizing the patterned photoresist to fabricate a semiconductor device or an

electronics device.

49, The method of claim 48 wherein said half tone section comprises a half tone

region of a mask substrate and a half tone layer over said half tone region, said half

tone layer has a transmittance between about 3 and 30 %.

50. The method of ¢laim 48 wherein said phase shift mask further includes;
said first phase shift section comprises a first phase shift region of a mask
substrate;

a first trench in said mask substrate in said first phase shift region; and

said second phase section has about a 0 degree phase shift.

51, The method of claim 48 wherein said phase shift mask includes:
a mask substrate having a first phase shift region, a half tone region and a second
phase shift region;
a first trench in said first phase shift region; and
said first phase shift region has about a 0 degree phase shift;
said half tone layer has a transmittance between about 3 and 30%; and

a second trench in said second phase shift region.
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section; (2) said phase shift section adjacent to said half tone section;
(3) said half tone section adjacent to said unshifted phase section; (4)
sai d phase shift section has an about 180 degree phase shift with said
unshi fted phase section; (5) said half tone section has a phase shift of
about 180 degrees with said unshifted phase section, said half tone
section has a transmttance between about 0. t and 98 % 41 b)
transmtting radiation through portions of the phase shift mask to expose
a pattern of photoresist overlying a sem conductor work piece; and c)
utilizing the patterned photoresist to fabricate a sem conductor device or
an el ect bdni cs déwinghod® cldihelSnehérod sofd phken dilbasthieeleiles: said first phase
shift section conprised of a first phase shift region of a mask substrate;
a trench in said first phase shift region; and said half tone section
conprised of (i)a@adkalbsttaqriewinggi fst phbhscshiflragaska hdtibet rafe add (ii) a

hal ftone | ayer over said half tone region; said second phase shift section
has about a 0 de§r¥¥ HAEs8EKER, 56, The nmethod of claim 54 wherein :

sai d first phase ghifdnc8aCldCRaGQIBETSER ld {rbphdsd dhlBfeeRRasRd Shi ft region
of a mask substrate and (ii) a first trench in said first phase shift
regi on; sai d haldsctondraelein ol vevkprubgad: ofsaid seeonfl phowehiflegiion afl sai d mask

Saver ! ore and 2 DR GRSt ARG BRI RAE plleln AP LEPEER: said hal T tone

53. The method of claim 48 wherein said half tone region has a transmittance that
about balances the light intensities transmitted through said first phase shift
region and said second phase shift region so that the light intensities are about

cqual.

54. A method of fabricating a semiconductor device the method comprising:
a)  providing a single trench half tone phase mask comprising:
(1) a phase shift section, a half tone section and an unshifted phase
section;
(2) said phase shift section adjacent to said half tone section;
(3) said half tone section adjacent to said unshifted phase section;
(4) said phase shift section has an about 180 degree phase shift with
said unshifted phase section;
(5) said half tone section has a phase shift of about 180 degrees with
said unshifted phase section, said half tone section has a

transmittance between about 0.1 and 98 %;
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transmttance between about 3 and 30% and said second phase shift section
has about a O degree phase shift. 57. The nethod of claim54 wherein said
hal f tone | ayer has a transmttance between about 3 and 30% 42

b)  transmitting radiation through portions of the phase shift mask to expose
a pattern of photoresist overlying a semiconductor work piece; and
c)  utilizing the patterned photoresist to fabricate a semiconductor device or

an electronics device.

55. The method of claim 54 wherein:
said first phase shift section comprised of a first phase shift region of a
mask substrate;
a trench in said first phase shift region; and
said half tone section comprised of (i) a half tone region of said mask
substrate and (ii) a half tone layer over said half tone region;

said second phase shift section has about a 0 degree phase shift.

56.  The method of claim 54 wherein :
said first phase shift section comprised of (i) a first phase shift region of
a mask substrate and (ii) a first trench in said first phase shift region,;
said half tone section comprised of a half tone region of said mask
substrate and a half tone layer over said half tone region; said half tone layer has a
transmittance between about 3 and 30%,; and

said second phase shift section has about a 0 degree phase shift.

57.  The method of claim 54 wherein said half tone layer has a transmittance between

about 3 and 30%.
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