oLt #Se3eNt ON0Q1<4d4868T*9MN1. 2. Hal f . Tone ‘Al.ternating:Phase Shift Masks .3.4.
e T ) R el d Tof the nvent T on Background of T nventi-on 8 Thi'§ i nvention
rel ates generally to’m croel ectronic masks and mask 9 fabrication nethods
and nore particularly to phase shift masks and fabrication nethods 10
thereof. 11 12 2) Description of the Prior Art 13 As integrated circuit
devi ces such as sem conductor devices becone 14 nore densely integrated, it
may becone increasingly difficult tio formuniformpatterns 15 therein. This
probl em can be reduced or elim nat'ed by using phase shift nmask (PSM 16
structures rather than conventional photo mask structures. In particular, a
Levenson PSM 17 (or alternating PSM may be used to forma uniform pattern.
A Levknson PSMincludes an 18 etched portion in a PSM substrate. A Levenson
PSMis described in detail .in U. Pat .. Ngl'ﬁfl 5,358,827. 20 A conventi onal
Leverison PSMis formed a@eﬁ%ﬁtaﬁwnsé’ %ghﬁtyfs’ﬁhase shift |ayer
patte¥yn and a chrone |ayer pattern which expose spaced apart regions of a
22 PSM substrate. A trench-having a predeterm ned depth is forned in one of
t he eAXposed 23 regions. The phase of radiation such as light, which is
incident on the region where the 24 trench is forned is shifted by an angle
of 180 degree. Thus, the region in which the trench 25 is forned becones a
phases shift region. The phase mckardun@f InV&iflRNt Oon the other exposed 26
regi i§ not shifted. Thus, the region in which a trench is not formed
becorfes bnField phwilpyenfighase region. 1 Unfortunately, when the light
passigng t hrough the ift region i.s 2 out of focus, the imge of a
pattegpn may deteri or(jllt!tﬂgs.si‘f:i ulgpr%lﬁlgeggﬂefraéfyetﬁé@cﬁe trgni¢masks and @ask” nensi on

( her & nafebecationefiehcdsdnt encas partiCihrlP es MREH shifthA%D nd BSREAIdMELM.dOr Med by
Iighlfg) 4nt§as§'tng t hrough the phase shift region and the unshifted phase
region ?fe cone large. In 5 order to solve this problem an undercut can
be figrmed on the PSM substrate on which the 6 trench is fornmed, or a
material having a high refractivity can be used to reduce the step 7

di f fl@r er®ddesériptien of dredriorarever, t hese nethods may not conpletely sol ve

t hi § problem 9 10 T?ﬁ.i rrgrortance_ (c)lf .overcom ng the various deficiencies
not ed above is 11 ev EgtedyrIeHE devices sl & seatieonsieigr devicasdedropnent

di r aat ednére dehelysinRioeabd, | i nt and
technical |] ter_a}fur gﬁTﬁéﬁ??%E%%?%ggﬁg%%Sgalgglﬁwt {10?0%?%&?%?%5%%’5 t echni cal
devdPoprikereis. Thispheblgracambe taduerdatrialieninaed beughg phed shifi mesksiPd®1) ng 14 US

6,410, 1 i stler et al.) tha hows single trench alternati ng PSM
8. 194 & rathier than Sonvbntion photo masl? structgres. In particular, a Levenson PSM

17 (or alternating PSM) may be used to form a uniform pattern. A Levenson PSM includes an
18  etched portion in a PSM substrate. A Levenson PSM is described in detail in U.S. Pat. No.
19 5,358,827. |
20 A conventional Levenson PSM is formed by sequentiaily 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 isformed becomes a phase shift region. The phase of a light incident on the other exposed

26  region is not shifted. Thus, the region iri which a trench is not formed becomes an

- 27 unshifted phase region.




SRR Jr et al ) shoms a. chroneless phase shlft nask 16
“conprised” of“a“pattekn'bf”parallel “§paced phase shifters. 17°US~

6, 458, 495B1(Tsai, et al.) shows a dual trench with undercut, altl1l8 PSM 19
us 6,355,399b1(Sajan et al.) shows a nethod for a dual danmascene 20 pattern
conprising: exposing a one photoresist |layers using a grey tone mask. 21 US
6, 482, 554(Nhtsununa) shows a for a nethod for a dual damascene 22 pattern
conpri sing: exposing two photoresist layers using a grey (tri-tone) mask.
23 24 S. Vaidya, Phase-Shifting Photomasks, Sem conductor fabtech, Edition
25 1, |Issued Septenber 1994, S Valdya AT&T Bel | Laboratories, Mirray

H 11, New Jersey, 26 USA \eébsite:
htt-p:// ww. sem condU@fW@&@b@@ﬂwemwg@@wmgmughmm¢ stnftmgmisbod ~7~h~

3, 28 r of a ub-100nm
I nt egr a?élg()?%ég? ﬁ%e]jggag#%mﬁs%eﬁg r(%?rée?ﬁoéagé ’%La’st(}algghf?efrglcﬁg with Very
Hi gh3NA dnmgnsdorEéhpmafEr aeftrrell fo axd €D) bbtwween phttedns rebustidelo ffoﬁﬁﬂsdytl ht

httP [ I www. ad |tlﬁo cam cor%dnt/Pa rsI SPIE mcrolith 0214691 6 50 Petersen
Conl dy d¥Ssipe hgqueh the phase sh fon g phaserezion maydecame farganis k

t echBi quor (GB510k this FlobRin aanJiérblch%n Bletf e-ﬁro?ﬂﬁﬂl’ s@ﬁg E N35& faal ysis
of Six 10 Types of Strong Phase- Shi ft1 ng sk er| sl \was present ed
at SPI E'teenolsis famprdalor amatmaéhamang ahmh r&;‘mqmmymam bauMdabméddcb@lgrsa@hy as

present afd-on nu r._43 und o 2 website:

http$//\;%\iA/\AN 5N rpﬂﬁ ﬁ%‘BWF%% ﬁﬁeé?‘ o Jéawwéﬁé}ﬁeﬁeiﬁ/ SRAYy this poaddesn. Thi s 13
ref egence di scusses alternating phase shift masks. 14 15 Arnen Kroyan and
Hua-yu Liu, Effects ofaltPSMDesign on Inmage 16 | nbal ance for 65 nm

Seni onduct or I nternational, 2/1/2003 http://ww.e 17

i nsijpe. net/ sem cond or/|ndex utzarti.cle ticleld= 73367&spaced
esc= Q\Bbe 18 12 3 Um'%)mn%ef affcﬁrgrcloﬁ\%ﬁedrﬂnous 1clencies note ove 1S5

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

--‘::'f15 US 5. 766 829(Cat hey,'i;-

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 shifters.

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 patiern comprising: exposing a one photoresist layers using a grey tone mask.

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

23

24 S. Vaidya, Phase-Shifiing 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/lithoeraphy/ articles/bodyl1.171.php3 ,

28 5/7/03




“Estrlcture and a et hod for ‘Fabricating an-optical mask that overcome sore

r<ﬁ4 It |s .an object of enbodinentsuot.the present tnventlon to prOV|de a. 5
of the 6 disadvantages--of the Levenson phase shifting mask. 7 It is an
obj ect of enbodi nents of the present invention to provide a $ structure and
a nethod for fabricating a single trench- half tone phase shift mask. 9 It
is an object of enbodinents of the present invention to provide a 10
structure and a nmethod for fabricating a dual trench- half tone phase shift
mask. 11 Embodi nents of the presert invention provides a structure and

met hod 12 of manufacturing a phase shift mask which is characterized bel ow

13_1% An exanpl e enbodi nent of the invention conprises a structure for a 15
hal f ‘tone alternating phase shift mask. The phase shift mask conprises the

follogw ng: 16 a firsy,pha egl f o.l;0 ion, .and a
second phase shift 1% sectcifeée%@nl%ta?h m?fn%nﬂ(gflsaesgltt?@ grg?grﬂ‘ﬁdadj acent to
t he Bal fimaging Systeti Using Iﬂlrtbrhdeﬁafl’}faséﬂ]‘iﬁ'tlﬁgﬁﬁﬁagﬁﬁg wtth aenHigloNAherFsecond
phasi S the first phase shift section and half tone

t secti

sectlonq%ﬁgﬁﬁFﬁﬁd?ﬁ%wﬁﬁgﬁgn%@“%ﬁ @ﬁ@#ﬂ@ﬂ%sﬁﬁght by about 180 degrees with

[ espect ti:hRwsRLANE BhASEIHIDhersRp 3459, A exanpl e enmbodi ment of
a net ho ormng a single ernating phase shift
mskscorﬁ&m@ﬂgww MayS 2083 pdiswisdésnOhran®las Phatehifemidkd a phase
sh|f5 rea; a half tone region and2an unshi fted phase region; the phase
shift regﬁgﬁlgﬁjacent to the hal f3tone region; the half tone region

adj agent to the unshifted phase region;4b)formng a half tone layer on the

substrate in the half tone region; the5half tone |ayer has a phase shift of
abou? 180 degrees wi Grroldet alngHidikdBphasenmegiionand Reasaadrialysrg Shayer has
a tngns t out 7an BOW formn a tr h in the

substar a?gb%sﬂﬂ E"%ﬁ% Fe ‘%sdﬁg’o r;!f'ﬁéi@éﬁ‘ﬁ pied ag I%rﬁ?@sA@wabbout
180 Idegirermtiass Syhip t:.tmm dhMidsLimBgibh 9@%@%&% AgHeP )

treqéh in the substrate in the pha%gbgﬁ regloﬁnnt 4 %%ﬁ% reglon
has e: 1hdtp:ewpead viipsgony Hapersiiié SAmic .(@M@h&ﬂ)(}ﬁ% Th1s

reghgn. 1 od| nethod for formng a single trench
haI 18t0%%§$%$%rna dﬁe @% P?Hﬁ conprlses t he

f ol léwi ng: 19a)prOV|d|ng a nask substrate having a first phase shift region,

a h %f t one20regi on and an secondHBhase shift region;2lb)the first phase
shi ft region adj acerfmeen Krpyapand Huarye Liegifass afleé PR Pesigmenn Bnaggi on

adj agen d e a first trench in the
subzgra?%BQ%kt o ??@tsg gggdg %ﬂégéﬁ%%d%ﬁﬁ%é pﬁ%%gﬁ¥ﬂ¥$t region has an
abol? 18i etos/hnidbt a2t
phazg §5 regi on has about a 10026transm ttance; 27
| ay the mask substrate in the half tone region;28the half tone section
has a phase shift of about 180 degrees with the 5 1 first phase shift
region; the half tone layer has a transmttance between 2 about 0 and 100 %
; 3 e) formng a second trench in the substrate in the second phase shift 4
regi on; the second phase shift region has an about 180 degree phase 5 shift
with the first phase shift region. 6 7 8 An exanpl e enbodi nent for a nethod
of fabricating a sem conductor 9 device conprises the follow ng: 10 a)

provi ding a phase shift mask conprising: 11 (1) a mask 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 | ayer have about a 180 16
degree phase shift with the second phase section; 17 the half tone |ayer

has a transmittance between about 0.1 and 98 % 18 b) transmtting

radi ati on through portions of the phase shift nmask to expose 19 a pattern

of photoresi st overlying a sem conduct or workpi ece; and




0.c)..utilizing the patterned photoresist to fabricate a sem conductor ... ..
devi ce. 72172223 Additi onal “objects and advant ages ‘of the invention Wl be™
set forth in 24 the description that follows, and in part will be obvious
fromthe description, or may be 25 | earned by practice of the invention.
The objects and advantages of the invention may be 26 realized and obtai ned
by nmeans of instrunentalities and conbinations particularly pointed 27 out
in the append clainms. 6 2 Brief ;Description of the Drawings 3 The
features and advantdges of an alternating PSM according to the 4 present
invention and further details of a process of fabricating and using such a
mask ;in 5 accordance with the present invention will be nore clearly
underlstood fromthe following 6 description taken in conjunction with the
accompanyi ng drawings in which like reference 7 nunerals designate simlar
or correspondi ng el enments, regions and portions and in which: 8 Figure | A
is a3cross sectional view of Sumnmgyef thedmvintie f t one 9 al t ernating phase
shi ft, mask accordi ng,t.o an _.enbqdi i of t resent invention., 10 Figure 1
Bista top plan view'd? a%to{%]F?\tdﬁgmtrgr%aW&Wt%étlhtge B@ﬁ"élté‘P‘feé‘Pﬂ%fq P§ViH¢ aphase
shi ft5 mastcRecAidt MBthb (S FaBHReHE AR Bhtief ki 1Rk 69688mb BYROLF @R. 12 Figure 2
is a cross sectional view of a single trench half tone alternating 13 phase
shi f © neditedsamiags o thedievengongthdseahifingimegkt o an enbodi nent of the present
14 inRpvention. 15 Figyre 3A.S cross sectdponal view of a singl.e trench
hal f r?tone phase 16 s#ii?fm@%}g% Ogﬁalbﬁawe&?saoféﬁﬁgﬁe?%éIlVgBE%I?fﬁI?fﬁglflﬁ)aan
enbodi nesntictafe drden EREE M fabN@IThE QRingle/trdricBURAT BRe SIHAVSsHR RiRk] ght
i ntegsi ty sinulation showi ng Intensity vs 18 displacenent for a | evenson
mask 7and t he embodi nEdt 8 olyjpeigif embpdimenisefithe pisrant invienisMo movige gur es 4A
t hryapdl } i rpce to ke 20.single trench
Yo sﬁ{l@tlufer 3% A&RbY ﬁ%?éblgc!ha?lﬁg a%{la}%re%cﬁ-ch%f tﬂae Pgaasg ﬁhgtrfﬂ%%‘l

~half tone alternating p nmask accor ment of the 21

predént invention. 2Bmbbdigieatsofithe Bresdi® &S/ cAR6H hroRdles ¥ is@Uttafs aad dathold r ench
hal f tonet; alternating, 23 phase shift mask according to an enbodi nent of the

predént of ABHIACRIRNG 2 Phaseyiiiie mesk whichds shasadierized dslw.vi ew of a dual trench
hal fistone alternating 25 phase shift nmask and graph of E-field according to
an enbodi ment of the present 26 invention. 27 Figure 7 is a cross sectional
vi ewdof a Levenson (AhtezampleienthodPsiMt 28 tacmoeiongohdrisbea Brichie 8@rta 7

Fi es.8A to 8M are cross. sectional views qof a process to nake a dual
trofch ﬁﬁﬁft"&eoaﬁisnﬁ’!“?% Ph%_teishﬁ" Bhsls of e PhASC ks SoRETRES e f@}?%ﬁﬁod?rrent of
theipresent inventi oafrdpautanh SOAYE ahalMae 2000 lnd D LTI GhIENsP! the

invention with radiation transmtte u the nmask onto a st T'ayer 910
oved7a wegtienpi ece 920

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 7 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:




. .accordi-ng to an embodinent of- the. invention.... .1 2 Detailed Descriptign of. .. &
“thePréferred Enbodiment’s '3 4 The erbodi‘ment’s™of “the' present inventionwtt "
be described in detail 5 with reference to the acconpanying draw ngs. 6 The

enbodi nents provi de a phase shift nmask 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 mask enbodi nent's conprise ( 1) a single trench half
tone phase 11 shift mask and (2) a dual trench half tone phase shift mask.
O her, enbodi ments i nclude 12 net hods for making the nmasks and using the
maskd to make dev@cegrovidingp gulsiratp hamgs phage shift regibmdi hablitonofegam sidgl e

treneh, half tone, 1 - i nga _phase, shj ft sk.. 15 Figure 5 shows a
second embodi nent of %gq%‘éﬁff{éﬁﬁﬂé%%ﬁ?glﬁ%ﬁ‘e PIBEWS,S ! eﬁ’loflélpﬁﬁ'?rftﬁ%thﬁﬂ“&gfe shift
mask3 The half tone rieg egionpihR\HatfaoRoiaidhaPRScAVE theGMINERY pBRRIredidnphase
shift, masks. 18 %ru ture for Single trench | f tone alternating PSM

[

(al t *PSM) 19 A fiPst Tumipgt Ralginss dnicean thersubsieats inibabal§tonegegionithgl e t r ench

hal f st one 20 al t er naty if E%% - 21 A. first ase
shift section A a hzyla?q?lgér:%?%e%?iag% , gfhé%btoggl%s\%%%%es%ghgt egﬂfﬁ?ﬁg‘gecti on
C 236Referring to Fi ghese regin, thhdalfasie |dr heeh enabhitat@ritweasbauf 3 r St

phasg 24 shift section A a half tone section B, and a second phase shift
section (or unshifted’“ﬂﬁg ® 25 section) C. The first phase shift section A
is agjacent to t h ; ci.i : don.Bis
adj acent to the Egcoﬁglfn E)%lggaggelgcﬁi %ttﬂggg%lﬂ%ﬁaﬁﬁeﬁ g?%%reﬁgéﬁ%%hqsﬁ figure 9
1 1A? there is no opabiferegiathagan bout NBOhkpfeetphng shéfyindth thetmupawdt he fir st
and gecond phase 2 shift sections A and C. 3 4 The first phase shift

sectron and hal f ton@™®EdF¥ER change the phase of 5 incident |ight 13 by
aboul 180 degrees with respect to the second phase shift section (or 6
unshifted phase section) C. In this enbodiment the first phase shift

sectfon conpri ses) a fprptngrastrgnep Hagke sthisfrate ieticqha@Oshif rdghm; Msphaseibst rate
10. {The half tone secgtion conprises |f 8 tone er. 34 over a half tone
regilgn 26 of the nas%fl%cturﬁgltop%%@ gefkf?él?slggéiﬁareﬁﬁggs@ Si‘ﬁ’f”fthéhes it e

conmp#i ses an unshi ft plagehiésienr egi on (or second phase shift region) 24 of

the 10 mask substrate. The unshifted phase region preferably conprises a
un- & ched/ un- t hi nned 11 substrate surface 35. 12 W provi de a mask

subggrate 10. The substrate preferably has at least a 13 (first) phase

shift region 20, a half tone region 26, an unshifted phase regi on (or

secdbhd 14 phase shi fA ex@gplorinbddinaig opAnRARAYS: RGN iSee nbhaifgr 4L (30)).
ng the mask 15 and exi_tjgﬂr!tg the mask in these regions nay have
2

Li teri

chgﬁ%eg?%%ifitéméﬂ% phise sRifimask peeprg éollpgvipg:ef erabl y for use with |ight
t | th f . d 24 17 f bl

L R A ot g B ol B

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 halftone 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




,:,'-;.18 Conventt on] St andar_.d}.tl I um nat| on. W.t.h. _I QW parl t aI coher ency . fact or

S et ween 0207 and 19" 0040, 20 The" ‘phase shift region 20 i's adjacent to e

hal f 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 bl ank 23 conprised of quartz. 24 Figure | A shows incident |ight 13
entering the rear side of the mask 12 25 and transmtted light 14 exiting

t he mask. 10 1 B. Phase Shift Region 20 2 A trench 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 first depth 33 such the |ift, at the wavelength transmtted through 5
t he S]hase shift regi oH™ bz)selsglﬁslﬁglpﬂe@elhﬂl Méﬂﬁi@%&@@sﬂll&@n@é@tm
relatjve to the |ight 46 gv?/vel ength transmtted through the unshifted
phase region (24). The phase sﬂ t 7 region (20) has about a 100 %
transhittance. 8 €. Iﬂaﬁrhngameccﬁdgrench R6hO sbshratelin tieng@chialiasShiftor
partl4ally transmttin is over 10 the mask substrate 10

e shift |a
in the half tone regl%ﬁ e‘Fﬁ“é”ﬂéthPSf’%@h%rqgé@twaB@hﬁW $@Ldegnee phask 11

substyate and the hal §hlﬁ%§l$@ﬁ%%}hgg\gghﬁ1}é oqesk substrate in the area.
Li ght transmtted 12 thru the half tone regl on 26 (B) is phase shifted

about® 180 degrees with respect to 13 transmtted |light passing thru the
unshifted phase region (24) . The half tone |layer 34 14 phase shifts |ight
an amount depending on the line and space wdth target to be imaged on 15
the wafer and the progesempldenthiRliRahtifol #Meth@y &l
transm ttance between about 3 and 17 30% 18 Re erairgllrlng %@1%%1(%?@1@%
t r anshi t4expeicogiprisesthe folleadeg:shift region A is 19 about 180 degr ees out of
phasg with |ight kra ted hru hi,fted region (24). Light 20 thru half
t one region (26) é) gq}lc@l ?‘F&%%ﬁ’%‘t%ﬂﬁ%ﬂed light thru phase shift
region 21 A 22 23 The hal f tone | ayer can be conprised of one or nore
| aydrls. For 24 exan() e misheubatde hoviag haiarphas: IR edibon 2 haYOhS stidol a
f| rslh | ayer to reduce tr nsm s$|on 25 and 2"d layer to phase shift light.
e half tone | ayer 31%&2 inbaee $EUMor nore | ayers, 26 the edges of

e agers a1 bl 8o gBERc oo NS ageengl phace o0 o
100 19 and about a 0 degteémlfphm&cﬁdm ttdjawntia)th@@&ﬂhdﬂghééegbénonq'hat is, if
Ilgl] (e.g., incident Ifl .entering_ the mask 12 from t he back si de
is af a 0 phase degr eeb¥® tr%é?i’aﬁ sqctiop and Ehethalifeng l’dﬁ’@'dlﬂVﬁgﬂbpuﬂd)lS@asm ng
Ogt 16f Ot ge mask in thedéﬁ?%ﬁa%@ﬁnﬁ%ﬁﬁh@@&!oﬁa pﬁ sehs%étl(% phase 6 shift of
about egr ees.

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.




7 im actual

respect to the unshifted phase region 24 is not inportant. The [ight
entering can be in any 9 phase degree. The phase is inportant only when the
light exits the mask (transmtted light). 10 11 E, Opaque region 12
Referring to figure 4L, (region 30) an opaque |ayer 102B is fornmed 13 over
the substrate 100. Preferably the opaque |ayer is forned on the at | east
t he edges of 14 the mask. The opaque regions are also present on nasks so
that the machi ne (scanner 15 and/or stepper) can use the registration nmarks
and | abels pattern on it for alignnent of the 16 nmask to the wafer stage as
well &s reticle identification. 17 18 Figure 1 B shows a top down vi ew of
t he nzsk section shown in figure 19 AL 20 21 A summary of the

a

charatteristics of the singBdefDesciptionlof thoDeawigsl t er nating phase shift
. Characteristic of single

mask 4s shown be|OMlLﬂﬁé?b|e 1. %é 1 Table i :

treng‘pﬂ hal f tone alte TtHEs ghd advastaees otk RlterreliiofMaseosting to thé

transfri t pestnt dmeniiod ancRrh¥ ddight - shift regign (20)180
degre leOr%ge = 178 to 182&%%3’&% rg('rr?gsg&):ﬁgggatlggfagﬁalpg%l“g‘r%mﬁ%%n (26)

and18D dESPESPreNEh thaprembiaventou willdhable AR Una¥SIcoaMEen the F3fforhig 182

100r ange 2R orttater 8 OBHATN Y Pheiedmpdiojhs dlatjinsk Jowhich ke reoidinet d gt aph

2 1 ety iSO RIS, el PGSR
i s shown in the 6 UptRf Ads @grogs secltigoal v offnsingleRlentMHAS RneEB i S

bhase. shi i ang Bhise A b AR B aharibat ikl earessst issentionn of the

phaé% shift and transmt
Si ngl’e trench hal f t Bigaral B insp Hareewldrg sERUAL El.ectric field (E)
fox i g agaﬁﬁ%thru .he thrtt?e) regi ons Ofs the %@g%a &E@%BWE% shift
sect’i on ) g™ I aGcgring kean espbodamentf tha preseint fredntsect i on. 12 Wiere: E is
Eled2ric field 13 8 f L& transmttance 15 16 The |ight entering
the guartz substrate céan gg’eaa%éss-pgﬁggoé@fﬁgw ogiar?ﬂ?g(fec?r?%h hpdf tpes alteventipas e
angl'é behese shifemaskaasdigtapborf -G abadh sMEmBBEcAl ofSREpIQNF A and C i's

14 invention,

15 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 aliernating 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 art.




“about iR phase With 19 the 1ight transmtted thru section A 13 1T°H™

'[5_.‘18 about 180 degree out of " phase The Ilght transmtted thru sectl en B |s

Prolitho intensity sinmulation 2 Figure 3B shows a Prolitho intensity
sinmulation for the enbodinent's 3 single trench half tone alternati ng 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 masks have equal line width 6
and space of 0.18 ~mat 0.248 Iran wavel ength illumination. 7 Conpared to
the | evenson PSM the enbodinent's single trench half 8 tone alternating
PSM (802) has nore equaI bal ance intensity thru the two openings. 9 For
(300) the enbodinent's single trench half tone alternating PSM 10 the

| esser inbal ance in iR&@BSEA Yo 8L AF rssltidRERLRY/ and cond
11 openi ng/sectl o@é éregl ons cangecégésse%%u An a Vg?I Ié&é:g%ftgtr%e @rﬂ% i ment
is that Weehbalfite eating pheseshift meskhadchrdinnie anedneiddaherd4f ganprég@nad] ust ed
to |r1pregl§,gn§(@ intensity at first 13 phase shift section A The

transm ssion %of the half tone material can adjusted to 14 deternine the
opti rfum intensity thRigRbaskowsh hlasis 966 b 156 Y ntensity
15 t Qe .ot her op?hgl ng in section C %ﬁ?@)@é@gﬁfor ‘%W"E@%"ﬁgﬁ%ﬁ Trench
Hal f ﬁFlP’értF?alﬁlinH@dli@M’fQWmAﬁk entb adesignayen P18 heermewtribigcero2Dor mi ng a

si ngle t;{C@&qﬁh r&&% g%%x% tnltn phase shift mask for use with |ight
at a wavel engt escr SI'oW ? Referring to figure 4A, we provide a
substrat e havi ng a phase shift 20 region (20), a half tone region (26) and
an unshi fted 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 bl ank conprised of quartz. 25 Preferably the substrate
has about a 100 % transmittance and about a O degree phase shift. 14 1
A. half tone layer 101 and opaque | ayer 102 2 Referring to figure 4A, we
forma half tone |layer 101 over the substrate 3 100. The half tone | ayer
101 is preferably conprised o nolybdenumsilicide, 4 nolybdenumsilicon
oxide, silicon nittide, or silicon oxinitride.




-.5.Tuning the transm.ssion.of. the half tone.layer can:corrected.the 6 .. .
“placenment "error of Lévenson's PSM Thi's al'l'ows "t'he” enbodi nment “mask to

equalize the 7 intensity of the light thru the phase shift regi on and

unshifted region. This conpensates 8 for the intensity inbal ance of a

Levenson alt-PSM Varying the thickness of the half tone 9 layer wll

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

transm ssion 10 and thickness, intensity inbalance can be conpensated

wi t hout any undercut'ting. 11 Next, we form an opaque | ayer- 102 on the half

tone layer 101. The 12 opaque |ayer 102 is preferably conprised of chrone.

13 B.jpattern the opaque |ayer 102 on the half tone layer 101 14 Stil

referring to figure 4A, we forma first resist layer 103 on the 15 opaque

| ayer 102. 16 As shown in figure 4B, we expose and devel op the resist |ayer

to 172emove por t i onDetfleiBestiiphibn o Blchr@YAl ERfdafuhd 117t Tesist

pattern 103A over the half tone 18 region 26 ang the opaque region 30. The

first°resist pattern preferably has first resist |layer 19 openings 110 over

t he pphase shift regi 20) .and an_unshifted phase region (24). 20 The

fir sltQh resi st |ayer cgﬂ‘e%@%gﬁ%‘ﬁtwtb? pissattapweationy pall b dewmribed sitdetaall

Ref ery i n@ith@eﬂ%ﬂeg@g@tﬂfgacc“ﬁlp%ihgafhv&i]Q§ opaque |ayer 102 and half tone 22

| ayer, 101 using the first resist pattern 103A as a nask to forma first

opagfe | ayer/ hal f 23 Thesmbbdipemtqabride n ph@RAhiDnadk BMShe & Rt BRAL shigne

regi on f first openin 14 24 (in the opague pattern and half
t one patzs'ié gl?ﬂ? athgf%%eosse tl?%ém@ﬁﬁgctogaf aspEgit spchipe bhaembediments2balf mgeon ( 20)

and &n wwestiorf 4setsghasiandiegditinkead b Lhg.L e opagque. | ayer 102
on the half tone | ayer 110% is.n27 %{r ee%g?eah%mgéésﬁ{gr%n@%hﬁgmé’gﬁﬁ%ﬁgiti ve ion
et ch.” 15°°Cton aueithe sicapd phaspishifirsectddd. we renove the first resist |ayer 103.
2 Cioforma trench 32.j e _phase shift region 20 3 As shown in figure 4E,
we forma second res?&o%%sggﬁfgﬂn?f@% Or?mégegl)o"b%iaﬂé treagieballi @pe phasche hal f
t ond 1l aybift gk anld?2) heus whesth Biletoho Phase sAt SAQVNOIHR, élh%l&fg'tg ij]%c\i\lgdgex pose

0

and ,devel second resist |layer to 6 renpbve portions cond
resilgt |H5§3§9&S?§r4m?lgng asks apdHeing theimaskp &y mekaddeb. over 7 the unshifted

regildn 24 and the o r 89l The.second resjist pattern 104A has 8
second resist |ayer p%%ﬁ%ﬁn%@”“ﬁ%ﬁo&%n%"% e‘ﬂ}t?géjé‘sg‘lg gencadidifong. 9 As

di spft ay @Hemating phaseshdftmask. form a trench 32 in the phase shift region 10
20. 1dhe trench pref ell:_ably has a depth 33 so that the phase shift region 20
has'a phase shift 117 8F B0 fgocandprehedimént lof p dpglaninch,chalfitghd, transnitt ed
t hr d61gh alidiBatipSpHab [ - The trench can be etch. The trench
can_ have, strai ght %?gfrt%hﬁsgrdﬂ e??%@\%%? %.%mfﬁémbvd‘fetacdr;‘f’ﬂtlagfisso‘ieﬁ@oﬁvﬁéwlcan be
f1 al” or Phasasbiddnasks. advant age of the enbodinent is that the trench can 14
have flat sidewalls and bottom and the trench does not have to be undercut.

Thiggre nuf act ur i costs. 16 Referring to figure 4H, we renove
t he secgﬁglgﬁlé%?%ﬁ %ﬁiﬁf‘&?%hﬁg‘ﬂowlmmmvﬁhi @3t-PSMBt opaque | ayer pattern

102 from over the lLf_tgne region 19 As shown_in figure 41, we forma
third resist |ayer %gggsiéarm@ﬁgméﬁg%‘m%? the &nvepyomis assieglp trepchfliagfitore 43, we
rerdfVe gtarndtingphade shifemiabit (0t-PEgh st | ayer 105 22 to forma third resist

| ayer pattern 105A over the opaque region 30 and to formthird resist 23
Iayzelr openi %s 124 to_expose the phase shift region (20), the half tone
redi'on 26 anfd an 24 afitiphase shifisseation Ana(fedf torRSséatioh Byaridnafi gure 4K,

we xenmove the opageis, LT velL the 26 half tone region layer 1 O
1in the half tone re%?éﬁésé%ﬁ'%ﬁ%gggg ¢|alf tone patterns 102$%. 16

23 Referring to Figure 1A, the mask 12 preferably coﬂlprises 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




~-Aso, the half tone.patterns.101A can. be. etched backed to:obtain the 2. ... . .
desired transm ssion. The optimzed transm ssion of the half tone material
can be varied by controlling the etch renoval rate. 4 Referring to figure

4L, we renove the third resist layer 105. Figure 4L shows an opaque section

D which is conprised of a opaque region 30 of the substrate and 6 the

opaque | ayer 102B. Preferably the unshifted section is conprised of . the
un-etched or un-thinned mask substrate. 17 1 2 Second enbodi nent - a dual
trench half tone alternating phase shift mask 3 4 As shown in Figure 5, a
second enbodi nent conprises a dual trench 5 half tone phase shift mask 200.

. Thep magk : ' i hase shift, section R a 6 half tone
sect i on o ang SATBRIREStichih T PIARE: Mdior nehenRe ik Seonid ek 1
sect ilon shftaedions faarti@ hal f tone section. The half 8 tone section is

adj agsent 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 ift section T 11 The first
hace shi 11 secti on nat e AAE o AP fal fiesedE b oo Blgssit 12' 220

of a dmshkcidandighal? tyoboanIB((deigyeca whthrrsdpett 10 ksl rd %)l'ihsb Bﬁﬂfsl:eét%l g#}aseh y
y conprised of a ha

shift; reqion. The 13 half tone section S is preferab [

tone eg'%{osﬁﬁ?%ﬂ%%e FHOM s KNS 5§’t”&’8@1§’e’]}ﬁth§ﬁ‘ﬂs'fd7hﬁ% shift sersion gpepries4 over t he
hal f 7t ongirdtpgha0® shiftEpis£00 R Al i is..L:S preferab

conpr | sgdro?g% a)sa{ sggclond gﬁgge shiSﬁit;gt{ageegﬁgﬁﬁlﬁ%glfg?ﬂeﬁ‘en%u%‘gq(m@%%?Lé’fe and
(b) & 1698%leseidi4 avene half 381¢imgioh 86 of tendagihabsirasd)i The seeqhdphasd Rgfsecond

et Qenterbor e SbhBRsd e b Atk 8ioR " Rhsecind pharsehil rciont Sprathe. shi f 1
regilén 22@&k sabhiakd TiengsRifen 9k RTe 3R pRAC AR SEHADC PARSERSDLIfigal on 222

21 r11e fi[’r%; phase shift region 220 i S adjacent "'to t one region
226.' 122 Sepirafefurface e regi on 226 is adjacent to the second phase shift

PO 28 22224, IO AR T G B T e
to tBangfirstipdsd shifbtedidi 20,tM1B1f36nd BRI T6! esh @ndindaghshed)Auak Ltz sybstrate
sur flg ce 'ph%s8e 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 illumination with low parital coherency factor: between ~ 0.20 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 1 A shows incident light 13 entering the rear side of the mask 12
25  and transmitted light 14 exiting the mask.
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i ghtat Tt he wavel engt hwi th r'espect Tt transmitted | ight  t hru the =

_The hal ftone section (S) has.a phase shiftof. about.270 dégrees with the . .

1
(unshifted and unetched) 3 quartz substrate surface. The half tone | ayer
has a transmittance between about 0.1 and 98 4 % and nore preferably
bet ween about 3 and 30% 5 The second phase shift section (T) has about a
90 degree phase shift 6 with respect to light transmtted thru the
substrate (non-etched and non-shiftied). 7 g 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 |ight at the wavel ength
transmtted thyough t first phase shift region (220) is shifted in
phasefnby 180 ?égrees é&‘?%?isz’éﬁ}é&’ﬁé 20 ght at the 13 wavel ength transmitted

thru 4 he mask substrajfe, fi.rst se ift region 220 has 14 about a

100 O/§transm’ ttance. é%eg&hﬁzaﬁsﬁnﬁﬁrégﬁéﬂ}%wﬁi@Pbasﬂshﬁtlfegw@r@o}Jiler 234

( par t3 al bhast shifisegioh 20Gap kaskous Nightd i s k substrate 10
a CF@F%E‘!AS&I Sﬁlﬂ?%ﬁfl ﬂ}guﬁshsgﬁ zla%erﬁeg]{)no f 18

in tth h@é gne rq%‘griagn 226. The hal one reglion has a pha

about” 276°% eé BEERGH R i@ deptint3 sich tthe lightv e thogabclength sehdmiedd tHsugt he
mask subgfr - ahi ] ] .1 ayer . ha transmttance between about O
and 100 %ﬁ%&%ﬁﬁé’}%@%ﬁs&&% 1%&%{%83?1 aﬁo'irlisga@%@e% Ve thedieht 8t abl y
bet wefen @ouveBngthdraBYtted 2hroGgh SRAANE BN BRAe Skib (14591 © g%%egﬁ The second
phase7 shlift rg ion 222 has an about 180 degree phase’shift Wlp'h respect
to Ii'ght &ifAd seppwia I *ei@gsipiiiases. r egi on (220) and the hal f tone region
226. 24 A second trench 236 is in the substrate in the second phase shift

regi ¢ 25 222¢. The t 1ERERMRAReRI h 237 such that |ight that at the
wavel ength transmtted thr ougﬁa'ng% 1 through the second phase shift

regi 6n (222) is shif weghli dnPhace 3@0%@&%@%{%@@[@%&%‘% sh{fpﬁgz?r E’EJVI%? ;hmt tted

thrumt he,  substrate. 3 The second trench 2 suc
t hat!%at hhEagessungtA i therhabfsane regibnt e dilgthalfitensegivnctoplpaies tbinfakk r egi on

22 i i ! 80 degrees relative light transmtted thru

E heagli rzstu B% Jgs%gis%?}j @??%%ilg‘%er%% .r%é’ Sé‘g%,t%‘?jmﬁhﬁé@as ght trepgnigtad 222 has

abouf a theOhehslf amsmeditane eB) id hsmmﬁearalvapﬁmmdegieepQt@r@%%g%t@ fi region 220
e

is eigout 180.d g{gﬁe out of 8 phase with Iight transm ru the half
t one redTaBﬁ‘}mrtﬁ’g bpassipg hry ke enshifiedphasseregion (24)9 Theghaifitod? Bayet 34ht t hru

hal f14t oRBasBi : el r 234 is ahqut in phase with 10
trans i ?)'? edea%ﬁgyr}%g%ﬁ? gﬁtg wgads‘%%%ﬁrgg %rhﬁ%gmg r?f‘éﬁpa}%@ﬁ 18#‘ tarpst fo be imaged on

the wafer and the process.

16 The half tone layer preferably has a transmittance between about 3 and
17 30%. |
i8 Referring to figure 3A, transmitted light thru phase shift region A is

19 about 180 degrees out of phase with light transmitted thru unshifted region (24). Light

20 thru half toneirregion (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 cxample, the half tone layer be made of 2 layers with a first layer to reduce transmission
d -

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.

11




©11-12 13 -Tabl-e 2 ;- Characteristi.c-of. dual trench-hal.f toéne.alt-phase shift ...
mask. Regi onphase shift relative lighttransmttance (%Qtransmtted thru
t he(unshi fted) mask substratede reesfirst phase shift section
(R) 2701 0O0range = 268 to 282range = 95 to 100hal f tone section (S)270
degreesrange = 268 to 272 degreesr ange = 3 to 30range = 0.1 to 98%econd
phase shift section90 degreesrange = 95 to |00(T)range = 88 to 92opaque
section (U)00 14 15 20 D. Efield graph Figure 6 is a cross sectional
view of a dual trench half tone phase shift mask and graph of E-field at
the mask surface according to an enbodi ment of the present invention. The
arrpll}cude of BSis ddﬂesmﬁvdmgd&edd ohasé PaiBhSA4 On thru the half tone
materjal in region S. 21 2 I\/Ethod for formng the dual trench Half tone
al ternating PSM 3 An ']thdnlﬁe@phasé redien e pledetatilo had & rdhH8isdok Qp@éou{rench)

S A Mask

hal f t t| t is described bel ow Mas
Subst% at 20({3]% oy gp%?tng@ %%%hmﬁiﬁ?%ﬁgdghh Thatis. € light (eat.angdenthavi ng:

fi 4’6 lighpHapentstin d
1 e 0 B S

shi ft ase region

shi ft ‘8?‘6 |1§) R&jSIt of thehadsk it treainskiffied ph4s2263ion 20 hiheplhakf tone
regi gn |§nﬁgf%%?bdg%re@§1 second shifted phase region (222). 11 Tﬁ
substrate is preferably a mask bl ank conprised of quartz. 12 Preferably the
subst’ at e has about hlﬂ@ﬁhl%plﬁ@ﬁsmthégﬂé?s@oﬁﬂﬂ IEPHeAn PHRNARE i fE- 13 B

hal f tone er 801 ague | ayer
8 pec to the unsh%pe% p%ase region 24 18 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
1t 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 section 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.

12




"°’15 800. The half tore Tayer 801 I's preferab'y conprised of:

. m)f ybdenum
silicide, 16 nolybdenum silicon oxide, silicon nitride, or silicon
oxinitride. 17 Tuning the transm ssion of the half tone |ayer can correct
the placenent 18 error of Levenson's PSM thus conpensate intensity
i nhal ance of Levenson PSM between 19 the phase shifted and unshifted
regions. Varying the thickness of tihe half tone layer will 20 change the
transm ssion rate. By proper optinization of half tone transm ssion and 21
t hi ckness, intensity inbal ance can be conpensated w t hout any trench
undercuttl n 22 23 Next, we form an opaque | ayer 802 on the half tone
Iayer 24Tap gduechalsﬂ@term oif singleeth-endﬂhalf nmemlﬂ'eﬁﬁimg‘ phhsesiitt n2dk, 1C
*pat t er gt _opagtre Fayer—802—pn—t topetayer 801 2 Still referring
to fi gu%“%li, we forma first PE@%‘?@EﬂPg?’éPS‘deon traesmittansq (%)l ayer 902. 4
As shown in figure 8B, we exXPRgRt ].géasyel op the first resist layer tq 5
renove portions.of the firstlresist Tayer to forma first resist pattgrn
803A ovpPhaspehifigpgion 6B 6 regil8h d@fecand the opaguEdOr¥&gi on 240 The f1r|st
resist pattern preferably hag_fi rst1 remg% 7 | ayer openi n%s 810 over tjhe
first phase shift region (2207"8hd ‘4R Q&8oficer asie YT dnigl (2%2) The
first rpsaStodeaygion a8 nep posi tTve 1Y
Referring to fi g%r eQ8 we pa?%oeeg%ﬁe opaque Iayg’?r %gga %% P@o{i’e 10
| ayer 8011 ff@ﬁﬁbﬁ}f?’he first resragge ﬁdﬂﬂetnri%(dﬂgeas aam#()tlaomi%m afirgt -

opaque i-ton attern—8062A801A-over—the half tone 1fegion
26 and fgg%{l? rg]*asereg?‘ﬁ G§j8 gdiéje?sl n the opaque |I'8925= #1104V t one Ilayer
) to exppose the substrate 800rah§ethj tggrd@émgpase shift 13 region (220) and
an seco phase region (222). 14 The patterning gdf the opaque | ayer 802 on
t he hal F‘Jfl’iﬁaﬂ%relgwd?%m i s 1| Gdegredser abl y per f or Me&XP4usi ng a reactive jon
etch, 16 D—formtrenches—23+—and236—17PRartial—first trenches 231 afe
etched in the first phase shift regions 220 18 and second trenches 236 are
etched in the substrate 800 in the second phase shift region 19 222. 20 The
secodd trenchs 236 g&-Reff §fgprably etched to a depth to produce a 21 phase
shift of 180 degree relative to the light transmtted thru the (not yet

formdd) first 22 treﬁnﬁmsz2@£Wdégﬁmﬁbﬂ&ﬁ@kﬁ&mm?%ﬁ%ﬁ%@bh&nh@@1§E§&ﬂﬂetre”Ch
hase 23 shifts ht about 90 degree

i s etched o ﬂ th337 g]mtzo
rel ati ve™ & T‘H@ Sﬁ t t‘% tﬁFé@ﬁ@@nchb@@ﬁmm?ét-P@d Ref ehavimip the fi gure
8E, ve rppBvRed bendirt 5t T&%‘nﬁhlﬁll&y(ﬁﬁigjl§ ereﬁéerg Onii: 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 equat1ons for Electric field (E) for light passing thru the three regions of the mask :
11 - phase shift section ), B - half tone section, and C — unshifted section.
12 Where: E 1s Electric field
13 B 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




i dgdond resi st dyer 804 over the "3 opaqueiayer” 802 on 't he Ral'f“tone 1 ayel

.1.E..forma second.resist.layer 804 2-As shown in.figure-8F, we forma .

801 and the substrate 800. 4 F, forma second resist pattern 802A 5 As
shown in figure 8G we renove portions of the second resist |ayer 6 804 to
forma second resist pattern 802A over the second phase shift region 222
and the 7 opaque region 240. Also, we formsecond resist |ayer openings 820
over the first phase 8 shift region 220. 9 G forma first trench 232 in
the first phase shift region 220 10 Referring to figure 84 we forma first
trench 232 in the first phase shift 11 region 220. The first trench 232 has
a depth 233 sp that the first phase shift region 220 12 has a phase shift
of about 180 &egrees Rrefithe intensity simidatépia phase shift region 222 (second
13 treench 236). Pref %r.abl)J( tge fi E,st. trench is etched tg a depth that phase
shift’s |ight about 278EW% Bsgowse Prlit ipternsily sinmilafinm: fon ey epragdimeniisckness)

subst3r at §ngld fredh IMOWAe hiferhitalrNG ! ; éﬁfégn | attern
804A. 16 I—% tﬁi rd resi %t patt?%;nhgogkw?%ﬁ%smgﬁgm% n |g§r02?%?ﬁsm0§ forma

t hird r B$Nt(opagye laygoen snbstratethetvi®@nopbsinggtveth dourkraitgand (300) tlgur e 8K we

r emo\d n L 1ons. of t hi resist la 20,105 to forma third resist
pat t \eslr ngeg‘g@%%%grs S?If%é ggﬁcﬁﬂl}@ﬁ tﬁ%‘? %W%@gﬁr%&/{t %h? W&ﬁvﬁ ieﬂk'fﬁilile P’%‘gtihst | ayer
0peniengsand3BadeLf VAN at D24BEh{ whe RITERaBRLA i n the first phase shift
22 regions 220, and the half tone region 226 and an second phase shift

regidn (222). 24 i Compareddmthedevénsom Pyl chepmnceliment1Oany]é trenchodf t he
hal f ¢to atter in the hal f ne regions 226 3 As shown in figure
8L, v%e ﬁgﬁﬁ%lgeﬁ%@g?éﬁ@%&aﬁé‘?% eq@ij‘g{%ﬂlw%ggry@r@ WRIOPCRIBER pattern

801 A in the half toRer (360} PRSmAGimekie s%%cﬁ%%ff%rﬁsalt%%ng@gﬁ/ge >

rempved by either wet or dry etching. 6 The half tone pattern A can be
et cH8d he kawer imbaprcsiin intprsity @b thedstopeniagisnditiosi (90 and kecoogt i mi zed

trangm SSi.o; . 1.0 teri,al_.can be varie 8 cantrolling the

et cLﬁr eﬁ?gﬁiﬂg@ é({t%?ﬁg?%orisrcgﬁg ng%eslﬁ‘ ona Vantq?‘%e Qféﬁ? e’?lg%‘gx‘ﬁﬁ‘i]tggliwﬁ@% 10A can be

opt il@ zerhnbiyisiidn b ofthethalfesnd MkRALTD) cante ddplsfedtto nRrfas HRARNEAC fikd AS

sho |nrpf|g re 8M we renpve the third resist pattern 105A. 12 Figure 8M
a h@f?a%‘b%

‘sho ; SeEEER or] he ipzissionpt Pists haliiéonspnsjeralicay edjugedeo over an 13
caue 'RUARAA0RmEATERNY AHRHIATR sddiohn MRARME Wik BBEGSeV! oo
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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S enbodient's. 18 The" et hod  preferably conprises: (a) providing a'phase -

16 Enbodi nents incliude methods for. making. devices: using the mask 17. . .

shift mask 19 conprising: 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
adj acent 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 | ayer 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 elkctronicAnork pi dif tone layer 191 and @paque layes 1082 pat t er ned
photoyesist to fabri %ﬁf‘:’fe a 27_.sem condu%:t or deyice, 2 1 Figure 9 shows a
i

5
mask 000 of an embodiHERTNEO fIEWEi4a, &R f5A hhalhtope laygni 0t pyaadhn subsiate hr u
t he mMask10Mt Dhehdl BBhS laybAYE is PrBerag" i ges
Enbodi ments of the i nvagn_ti or)lS%seea ﬁ(flo p}tﬁg%déoﬁargglsb%%ﬁér{gﬁéﬁes preferably
wi t hatit mobhdpnum didicon oxide, silivonmétsile, GFlsdicon anaitrigsi on rate of the hal f tone

| ayerz can range from-20.1 to <100%. an r referably from about 3%to
30% 5dependi ng on thfuﬁé‘%&?)ﬁaﬁ%‘sgﬁ%ﬂfdfb%@@@e AYFT AR EPTresiskiBes to achi eve
i nt ensi t plabahanegof O st 's IBM IBIE SfoRStht RnthB&incas B | i ench hal f
tone alt-PSM t%gt%,aland for 90 and 10 270 degree gﬁsall nal%teosécq;ﬁgjé&& éduel

I

trench h&fsity ighitbry thy phaseshifTiegionguntd veshifted sagicrs | Tiis @bmipbesateal f t one
| ayerg C . .ed. | acenment Levenson!'s PSM. thus
co%pesnsgﬁ%éﬁ%[l@%ﬁgslﬁg@ l?l? é%gﬁ%ge%@s‘ﬁ%@lgﬁé% ?WWEWWW@ 0%@ halfitanéness of

the Hal flayamneilll chjede the kinghisfgerdid1eBY pRPSH ﬁﬁﬁi@ﬁ‘ti&%ﬁalﬁ%né‘éar%ﬁﬁ%ﬁ%l
optlw zation of half tone transm ssion and thickness, 1ntensity inbal ance
e

can 1%L SAnsasly imbgipncapdn berparnensatethyithad anppndsrewtings over

Levenson's PSM 17 Pr ' rGUt ti trenches in Leyenson's PSM 18
Theelirlnvent ors have f%%%g%%?ﬁég igﬁte(ei?‘%elrtlgg qurﬁyaﬁ@ngﬁy&ﬁ@gﬁ 19 phase
shi {2 ngpmeklag& @ is arefaablykempisebs®ntogs.r or of the pattern feature
during the 20 photolithography process. Single (0/180 degree) and dual
(9021570 degre%) trenchﬁglt-ESM 21 er'?)l oys undercutting of the quartz in
order to corrgct thePPHEERLIR PPAQye lavek 1020n:the half fore dayarct)em of
undgucuts is the hig .gro abili(t% of the %hro been lifted off during mask
23 manuf acturing or CHEARFIEEIP SeBEt Vs EDAdistieyist layera Odronthe chrone to
t he 1quardpaqaesiagd educed. Chrone lifting limts the anount of undercuts to
correct the intensity inbalance 25 and features to go smaller as higher

ri sk®f chrome IiftiAgshemn ifigirghB, ansspescand dadsorthc réGstigedad. Thus

greayly . kcation,of Levens PSM 27 26 1 Problenms with

ot o't erenaee Sorkii AR, RGheslId%: BOHRRAotR bl (e\ise i Polpes 2 1 n

Levdfsontgiok 38/kad tharvpequdtegion 30. e firfttredi& PaROGHrdbrabliEnAl rsttrgsiﬁlﬁyrehz 3
ary surface (shown in region G lowers the'intensity betweenthe

bou :
et cﬁgd PRGBS EH Geier thephasqshift eggien %Qe%ia@d ap undtified phesk aegien (24).t he intensity
causgd tihea fRat i i .t he fer t.o appear displaced towards
the region fg% rF(ﬁ;\é/\tg%%f %%n;ir)él‘? alF‘OeeF%’gQOS.%sW?%%eW%fﬁ%ﬁ y of 6 light EE is |ess
tha@lthe intensity oRefeirfytofEgure 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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“U107Fegions, “hot opagué. The hal ftone material--allows 11 ghts to pass-

..7.8 9.The enbodinents. of the invention has half toné material.on the unetch.

through it while 11 rmaintaining the phase shift of the light, thus enabling
the intensity to increase in the etched 12 region with the sane phase.

Al t hough the anplitude of the etched region will not match 13 totally with
the unetched region using this nmethod, the increase in intensity |evel at
the 14 threshold [ evel which is needed to exposure the resist is nmatched.
In this way, the 15 patterned Iine wi'll not appear to be displaced. 16 17
As the intensity at the etched region that is needed to be balance with 18
t he Hntensity at the_upet.ched.region is dependent on the transm ssion of
the the hal f tone 19&?&‘%?%%@8% % WEATREVa the first apsdstilaver 4981 evel is
cruical. Optimzation of to the design CD 20 and space is needed with the

trangni ssion gevel i %ﬁﬁgd@gncﬁ@iﬁniﬁe?;ﬁg%@ﬁifpp@ﬁﬂ%i ng 21 the CD of
che

t he space produce. by the etch and une regl o rough simulation or 22

expedi mental result Asehowaid £6E0EE vk e tdtoM@rosish tybal b4 &%Eﬁle”m eri al
trangm ssion.. 23 Fromthe sinulation result, if both CY,Ds of the spacing is

t he FamdPagirdaystilfdonithe half ipap daver | 0 banderheesubsteateli9d.er ence in the CD wil |
causg the line to ap } erimental result 25 wll yeild the
sane result, homver%?ﬁ%ﬂ%@%ﬁgggbﬁé&pﬁgaﬁ §%V§EHPSF§F8‘FF°8?‘ I$HE 14Y81 1 ¢ one
26 nét ermbveporties ofdhé sdohy rdsisnlager 10dero trhint k Beosd Whidt Balidis 100RSSCAN be
tuned by, the. nateri.al ézﬁgggd. 27 1 The half tone alternating PSM masks
of the imv TREOn g qPAqYe rseteest Vhesccond resivh patiins b044 barst r act i ve
al t egnatskdghd P&+ h : il , itive half tone
alternati ve PSM $§§k9ﬁ§§ ngpékglcgﬁgﬁg&gﬁﬁ%gﬁﬁggpnvention. Al so, the 4
embodi ments of the PSMisplayechmtfeire H6, necdnh arrealbpe isibdohaddshtft RBERAES. but
it y vant agous.to form.s)oped sidewall trenches in the )
enbgg i n?ﬁt ﬁé’g 511‘31 E’%‘E‘Féasf’éﬁ’ ﬁ%ﬁ %émgﬁg‘ag% the phaershul tegmoM0 hes rridaseathift t one
al t 1PSMo$ abbutt 180 deBMeOi " beiohses, &?&gfb% , sl L the
nangfactﬁfe of seﬁ?conductg%eaglggtronfﬁghan ogthﬂ%%bﬁ%§§%g#ﬁgg§g
enbddi né e denghecanfieresadl. dhe benahedinhiangstcngitue rounded sidesali) Thp dbk@adS i N

resist .canduct or, devices. 11 The ab -descrj bed enbodi nents are
roant ¢ el BTbE AR b GHacll S35 it S imst o dhedgenon can

Modi4 i chiveoftet sidalvas A&t bot@Sn alBle WRRANRS i nmay be
appﬁ ent to those skilled in the art. Forﬁgiﬁnﬁﬁg?@gﬁﬁ%g@%@% ove

des ipmaBPfa?LerﬂéF@ﬁ% to a 0 degree and 180 degree phase, the present

i nvention is equall ‘W | e to,15 ot her .enbodinents in ich the
reg?éc])ns have di ffer&?p%hgg(gg.g&ﬁen -AESETEND B Sredgresisipatien Mdlat i ve phase
between the regions is approximately 180 degrees. Thus, the O degree phase
17 ¥br a regbon and RémoveThediise opRhag dajer paneht 102498 A" ovel U

pr oygr di ng one speﬁlk c 18 enmbodi ment, also indicate the phases for these
two T egions rel at 19€ tPBeFBGIAhot her. 19 In the above description numerous
spedfic details are, set fortfh in ordgpr 20 to provide a nore thorough
under st andi ng of t hé*P%BAR ighkeeils e form 3 thydirpsigdaysv 09 aser tha however, to
one(ski dubegaten t-he art that the present invention may be practiced w thout
these 22 details. In other instances, well known process have not been
destlri bed in detail Asshowdén fig@retdd, wotemmeqoesanrafihe Ghaesier ke 1psesent

i i 5 Wi he i ion has b icularly sh d
vocs ' v2Touf figLelist BybiiEucy FOHA SHerdhS opicto i i o ormigot et wi 1 |
be Andelagdrapenibys 1 MDBExPhid the fhdsh sRik Ijeéﬁ%n%%él)bfr???]hlef\f% lggﬁm%aé}ﬂ? in form

ani detai]s may be nmade w t hout departTng Irit and scope of
th
2

4i nviEshifled phase region f@4nded t o cover various nodifications and simlar 28
5 As shown in figure 4K, we remove the opaque layer 102 from over the

26  halftone region layer 101 in the half tone regions 26 to leave half tone patterns 102B.
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“..arrdngenents and_ procedures, and the scope .of . the.appended clains therefore .-

= S

shoul d be accorded the broadest interpretation so as to enconpass all such
nodi fications and simlar arrangenents and procedures. 4 29 123 Wat is
claimed is: 1. A phase shift mask 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 sectiagn: adjacent to said second phase shift
section; said first ‘phase shift section and half tone section changing the
phase of incident |ight by about 180 degrees with respect to said second
phasel shift section. . i of, .clai which further

i ncl udes 2, said fi.rstﬂéﬁgggﬁgaﬁg'?ﬁg%%ﬁ %%1%9 est(é}bedgqagfée]aftprobfa“bﬂlﬁse shift
regi on ofesifed traasnissierh Sthe aptmizedaransmissioniofi tedialf thid fiatepRPSH eafity Kggi on;
and saj f section conprised of (i) a half tone region of Said
mask%G ?ﬁ‘g’s?{agléigethg%gh(?‘}“}v 4 f tone | ayer over said half tone region; 7

sai d second phase shifeferfigetd 98rBasg, - S hift. 9 3.
The az'%pshi ft mask of cI%i m1 whi f:ﬁg?%ﬁrl? er i ne I%%@?%ﬁ@a?ﬁ? t phase
shi f £ setPMEA" OB#PICi sseltprdP whigh ig chimpsseduifasmpagin felionedl) sAthOfubkikat@ af@S kK
substy at il b trench in. said first phase shift region; 12 said
hal f tontgLe gg?g?}igéé e(rzgon%%r)"i g}ee T3 yih%gfl?hlﬁffﬂiwfl‘é‘b}sdﬁws%?ﬁthﬁdﬁket@@?dmbst rate
and d halrfthimed maayeibsawer said half tone region; said half tone | ayer has
a l4 transmttance between about 3 and 30% and 15 said second phase shift
section has about a 0 degree phase shift. 30
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214, The. phase.shift. mask.of claim 1 which further .includes 2 said. first
phase shift section conprised of (i) a first phase shift region of 37a mask
substrate and (ii) a first trench in said first phase shift region; and 4
said half tone section conprised of a half tone region of said mask 5
substrate and a half tone |ayer over said half tone region; 6 said half
tone |l ayer has a transmttance between about 3 and 30% 7 said second phase
shift section conprised of (a) a second phase shift 8 region of said mask
substrate and (b) a‘’'second trench in said second phase shift region; 9 said
second phase shift section has about a 90 degree phase shift. 10 11 5. The
phasel shift mask of claim 1 wherein said second phase shift regi on has '
about a 100 12 %transmttance. 13 6. The phase shift mask of claim1
wherein said half tone section has a transm ttance that 14 bal ances the
i ght? i nBesesidiamodimantna duakl titehelo Ughf Gak ditbiaHngBSE sl fihsy €91 0N and
sai d 15 second phase shift region so that the |ight Iintensities are about
equal~ 16 7. A sem conductor device formed by using the phase shift mask of
claim1l. 17 18 19 8. Aés%gase ?hift mask for use wth light at a wavel ength
corrprsirsig]g\a?u;‘-1 20 a mask SUBSLrAf BU G A§ecand epbpdigieat eormprises adegli trancha hal f
tone ¥e ton? hhaan dhidt 1Be&OD. PRSLAsE DI Lan: id.first ase shift
regi gn adjacent to said half tone regpgtﬁ?ﬁlgggésg%fggﬁ%@se g’dﬁée?%@&ﬁgﬁ adj acent
to sa d YecORasisHas s aM  secprdyplease sifk sactial T. t one | ayer over said hal f tone

regiom 25 said 1 stypbasgysll Lo Legion,and, half tane | aver changing the
phas@ sHphe sactign radj2Znt3ad the secdnd phase shift section. The first phase shift section R
9 and half tone section S change the phase of incident light by about 180 degrees 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 halftone
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 substrate surface.
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f':"i:‘-'?:-"‘fsal sk substrate 4 In said first: phase Shift: regl on; and 5 ‘Shid secont:

phase shift regi on has about a 0 degree phase shift; and 6 said hal f tone
region has a transmttance between about 0.1 and 98 % 7 10. The phase
shift mask of claim@8 which further includes a trench in said mask
substrate 8 in said second phase shift region; and 9 said first phase shift
regi on has about a O degree phase shift; 10 said half tone |ayer has a
transnittance between about 3 and 30% 11 11. The phase shift mask of claim
8 which further includes: 12 a first trench in said first phase shift:

regi on; and 13 a second trench in said second phase shift region; and 14

sai d lhal f tone | ayer Thasalf toneaestion (Saheea bietseskift affaboit 2F0ategdred®ith e 12.

The as hjft mas m 8 _wherein l t on has_a

e B Al TR0 2h AR I s e B St Sk of
cl ai b 8 e 8ibknSe ShrBES A LRI

transmttance. 19 14. The phasg&gl?ﬁrmﬁ%g%hﬁﬂn@n@g%%eﬁgﬁﬁ) igﬁ%&%al f
tone 4 ayé’rﬁnﬁal@raptqf%tﬂ@mbtem@bowa&ar@(B%/al ances the light intensities

trangmtted through flrs n an aid 21 secgond phase
shi ftcs regi on so that CIOI%RF %%ﬁ&}ﬁssec{% éT) nga‘Ef’dFep eil?}g

seni Gondwith esspete E@tmhtmﬂtebytuu&wﬂ;btsﬂﬂﬁe P:hﬁﬁé%clﬁila'énﬁ oFRSkiRe).claim8. d 23
24 1 A phase shift mask for use with light at a wavel ength conpri sing: 25
a m k substrate having a phase shift region, a half tone region and an

unshigfted 26 phase region; 32 1 a half tone | ayer over said half tone
region; 2 said phase shift region adjacent to said half tone region; .

9 A. first phase shift regioh 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  abouta 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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““phase shift regi on has about & 180 degree phase shift with respect to said’

.3 said hal :ﬁ.‘.z.t;.é'r'!-e.. \_'..'r,ég,il on..adj. acent. to.sai.d unshifted phase '..,rf::egif,oh_;:.ﬂ.-. 4 sald "

5 unshi fted phase region, 6 said half tone | ayer has a phase shift of about
a 180 degrees with respect to said 7 unshifted phase region, said half tone
| ayer has a transmttance between about 3 8 and 30% and 9 said unshifted
phase region has a shift of about O degrees. 10 17. The phase shift mask of
claim 16 which further includes a tirench in said phase shift 11 region. 12
18. The phase shift ‘'mask of claim'16 wherein said unshifted phase region
has about a 100 13 % transm ttance and about a O degree phase shift wth

t he incom | . he se .shift sk, of.claim 16 wherein said
phas eps hlﬂq‘rt oY g‘? (L;ér%: Oﬂéghésg Bﬁlasree ?Hi(gﬁi%s@ﬁﬁilqﬁ?e by é@l t‘iegﬁiﬁ? rege[xtng} t
wav el Z2ngtrimsmigedthri tledubdiragsigh sai d phase shift region is 17 shifted in

phase, by about 180 degrees relative to said light at said wavel ength 18
transhitted through sHicseemnsiirancle 236thas e deptljisueh thatlighy txo at theavayhlzagthshi f t

“mask pf &gm HREhS j : ) QR has_ a. transmi ce that 21
bal ances the [ight I nﬁ%ﬁssel%t&:ﬂej ﬁ%ygﬁfg%@glto{égg%ﬁrlso%gﬁe@ ipélafﬁléysiédgﬁ?gr?esr egi on
and sai dre2ivanight framchittebthanths dirsthpahse shéft tdggit 2300t ensi ties are about equal .

23 2 A sem conduct g[rhgdevi ce. forned by using the phase shift mask of claim

16. 24 25 22. A phasd PérFsandmbase shaff ragaon 92 hesiabepita 10 % tigavmitienes h
conprising: 26 a) a ) : ] hid. reqjo a half
tone region and an ngélgé%ﬁgﬁ%aaé%sgE@P?eélg{gjis%zr?ﬁggg&t%bJ‘.ig%r)eggﬁta?r};‘ tone -
| ayer® ovelase wiith light fransoritied thon the;halaowk degiol/|hyen @26 @3pdrantiake 2P phasashift t ance

bet n about..Q..l. 98 % 3 c) sai irst phase shift region and half tone
| aygfgehaﬁ?éloé‘r?ng’é’@ﬁp’g%gﬂéﬁnsé%ﬁimg%g ayd i igpe Yl dp abet dmphpse 8dding
phase shirddsnii®ai 8kt Shré isdedodd fiske Eﬁiﬁ%@gi@fﬂbﬁi region adjacent to said half
tone region; 6 e)said half tone region adjacent to said second phase shift
regi]dn. 7 23. The phase shift mask of claim?22 wherein a first trench in
sai difirst phase shift region; 8 said first phase shift region has about a
|00 %transmttance. 9 24. The phase shift mask of claim?22 wherein said

hal f13t orfBabi@g € Chix@stedstid 3Rl &&RAIRIf 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 (8) 270 degrees

range = 268 to 272 degrees | range = 3 to 30 %
range = 0.1 to 98%

second phase shift section | 90 degrees range = 95 t0 100 %
(T) range = 88 to 92
opaque section (U) 0 0

14

15
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ke éiin- sai d-second phase Shi Tt regi on Has about a 12 100 % transmittance

Ty

.10 between about3.and-30%. 11 25. The phase shift.mask.of. claim22 . .

13 26. A sem conductor device forned by using the phase shift nmask of claim
22. 14 15 16 17 27. A nmethod for formng a single trench half tone phase
shift mask for use wwth light at a 18 wavel ength conprising: 19a) providing
a substrate having a phase shift region, a half tone regi on and20an

unshi fted phase region; said phase;shift region adjacent to said hal f21ltone
region; said half tone region adjacent to said unshifted phase22regi on; 23b)
formng a half tone |layer on said substrate in said half tone region;

sai d24hal f tone | ayer has a phase shift of about 180 degrees with

sai d2bunshi f t & phaseE fiedd gwaphai d hal f tone layer has a transnittance

bet ween26about 3 and 30% 34 1 c) forming atrench in said substrate in
sai d phase shift regiliguresdsd cpisasectidnalhiiéw of edignrenal half tove PHhse Bt degr ee
phase; shi i i ifred 3. phase region. 4 5 28. The nethod of claim
27 V\EBer e#%g%\%lé Efaigﬁgﬁfﬂﬁ‘gaﬁ\gﬁmﬂ%asg 5 %?%etacﬂ%rﬂinrg tg gB kmbrdimant ghthepiesents at
sai d 4vav alventisr) The ampiiiide o8 Ef R jrth IhdsionSELRe happhifted in
phase_ by 180_7,degregs relat%ve o] g@ﬁgﬁpﬁggﬁﬁg§@§%§gh@g§§ﬁ%h%{ﬁme

t r anshi t PBtetighingagRnSai d unshj fted 8 phase region. 929. A method for
formng a half tone single trench phase shift mask for use with |light at
alOwavel ength conpri sing: 11a) provi ding a substrate having a phase shift

. region, a half tone regionl2and an unshifted phase region and an opaque
region; 13said phase shift region adjacent to half tone region;1l4said half
tone region adjacent to an unshifted phase region; 15b)form ng a half tone
layer on said substrate; 16¢c)form ng an opaque |ayer on said half tone

| ayer; 17d)formng a first resist |ayer on said opaque |l ayer; 18e)renovi ng
portions of said first resist layer to forma first resist patternl9over
said half tone region and said opaque region; 20f)patterning said an opaque
| ayer on said half tone |ayer using the first2lresist pattern as a mask
forma first opaque pattern and a half tone22l ayer pattern over said half
tone region;23g)renoving said first resist |ayer;24h)form ng a second

resi st |ayer over said opaque |layer on said half tone25layer and said
substrate; 26i )renovi ng portions of said second resist |layer to forma
second resist27pattern over said unshifted region and said opaque region
and to fornR8second resist |ayer openings over said phase shift region; 35
12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 j)
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
unshi fted phase region; k) renoving said second resist pattern; 1) formng
athird resist |layer over said substrate; m renoving portions of said
third resist layer to forma third resist |ayer
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- pattern over.the-opague.region.and.to forma.third:resist. layer openings to. ..
expose said phase shift region, said half tone region and an unshifted — "
phase region; n) renoving said opaque | ayer fromover said half tone region
| ayer in said half tone regions; 0) renoving said third resist |ayer. 30.
The met hod of claim29 wherein half tone |ayer has a 180 degree phase shift
with said unshifted phase region. 31. The nethod of claim 29 which further

i ncludes etching said half tone patitern to control the transm ssion of the
said half tone pattérn. 32. The nethod of claim 29 wherein said substrate
is a mask bl ank conprised of quartz. 33. The nethod of claim 29 wherein
"said half tone layer is conprised of a material selected fromthe group
consi sting o nol ybdenum silicide, nolybdenumsilicon oxide, silicon
nitrhge, nd silicon oxinitride. 34. The nethod of claim29 wherein said
opaq |Q@%¢¥l°i‘ Sorcfomping e dyfal brencinilalfione Rhermiinea@sMf cl ai m 29 wherein the
pattegning said opaque |ayer. on said half tone layer is perforned using a
reactTve ion etch. 36 fRBodiEeRbef the metimidnfoz Sorting ei(duad aeacH) haFtodeeSi St

| ayer4 i sa} j Ll Ve e .photoresist. 36 i 2 3 37. A nethod
for a phaggﬂgﬁ%ﬁﬁaﬁggegﬁgékﬁgg%§ﬁpﬂﬁe%ﬂn at a wavel ength conprising: 4 a)
provi ding a mask substrate having a first phase shift region, a half tone 5

regi oh and andsecond MasksSobsfratea egi on;

Referring to figure 8A, we provide 2 mask substrate 800 having: a first

6
7 phase shift region (220), a half tone region 226 and a second shifted phase region (222)
8  and an opaque 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.
177 Tuning the transmission of the half tone layer can correct the placement
18 error of Levenson's PSM, thus coipensate 'intensity imbalance of Levenson PSM between
19 the phase shif_[ed 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. |
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6 "b)-'said first phase shift region adjacent te: said half tone.region; said-:
hal f 7 tone region adjacent to said second phase shift region; 8 c) formng
a first trench in said substrate in said first phase shift region; 9 said
phase shift region has an about |80 degree phase shift with said 10

unshi fted phase region, said first phase shift region has about a |00 11
transmttance; 12 d) formng a half tone |ayer on said mask substrate in
said half tone 13 region; said half; tone |ayer has a phase shift of about
180 degrees with 14 'said first phase shift region; said half tone |l ayer has
a transmttance 15 between about 0 and |00 %; 16 e) form ng a second

trench in sai @ subst rggedrp tﬁéidbag)g@d{e&g'ep@9§%§MJ1§3@E?¥1§9%&9% gofl d second

phase shift regi on has an about "1 ree phase h™said first

phase2shift region. IRilBRferhgtomiteogAOtveThmh A3 ri@NBlensoRbse rst phase

shift,region creates a phase shift of 20 about 270 degrees on i ncident

Iight3, 2%Pag4F FYEEB¥hd phase shift region and said half tone |ayer creates a

phaseq 22 shift of abg incident. Light., 23 24 39, The net hod
of claim 37 wherein éﬁ %‘%%’&qﬁ%rﬁgﬁe?%’{#e&pﬁg%mé‘ 469/%{;?&“165 glé?ﬁﬁeélsg]é"ﬁ’% 25
about5 3 smbvB@oftions 37 the first resistllaytd to Aried HRdrdR pHRENROTA aviiahd hiiPRge dual
trencé; phase 2;%' ft mask for use with light at a % wavel ength conpri sing:

~ 3a) provi FeHY Zoanddhs cnagua g w24y The Srst pesist patigan prefergblydas fizst nesist
: ; N iy o 5sai d
Crer oolage g ? QSW.S%}%%’?%Egh RO %@ gh ﬁ%o?na?ld% Sg&%%gﬁl;ar%eglglg@orﬁhalsﬁ | t one

first phase shift region a nt to's one ‘regi

regi oh ad2adbehhe firsf wsistleperdap basegstivd dr positivetypéiphbasresisig a hal f tone | ayer
on sgd substrate;8c)é{e?rm n ﬁn og%gue | ayer on said half tone |ayer;
o9d)forning a first r %‘ngg%/ guig 5 Cs e patiradheonagye fayen g% anddialinigneor t i ons

of SHi d fayér801n8RipThe FiAY REist farlePk b (dslathadk 38 in RAK: BPAKEYRERSR! d Nl f

tone region and sai d opaque region; 12f)patterning sai n*‘opague T ayer on
sai dlhal tone Biver payjesn 802A 8§ 1 Ahevefitheshal Bioes regiorn2d 4ret forrastint oRslagk@1m a first

opa rn_and a hal ne .14pattern over said half fone region;
5oy tor e Redefr Rt nalt o 18485 1o Bnomite itk S Cbiodheih abasea
I egilonlGepidnpRrd)i @dﬁgegéndﬁ@g@f@%&ni@zj he first phase shift regions;

17h)removing said first resist |ayer;18i)form ng a second resist |ayer over
sai oi4opaque | ayer onTéaipatievaing of theeoraiiey/leyeratid mathe halfi bmierlater 8@Djs) r enovi ng

por tyison I resist layer t,o forma second resist2lpattern over
said se orngr%ﬁ;geﬁogﬁl?ggﬁmrngéirsaf%ugﬁzonseé?}ﬁ opaque region and22to form second
resi st |ayer openings over said first phase shift region;23k)formng a
firdt trench Bn sai dfésmsterirsc23haht 23801 on, said first trench24has a

depth so that said first phase shift region has a phase shift of 25about 180
degrides rel ative to Baitidl Secoethphadlears bichtd irefib Gifst 2649e hiPMoRts2a0d second

resi;et pattern.27mforming a third resist |ayer over said substrate; 38
1 n)l%r er?%\(}isﬁcémsgﬁﬁfq}@ﬁglgléﬁgeseéiﬂ'&?gﬂﬂ;a?e@“f’@ﬂt%§0 the s¢eend phascghifhiegionr esi st
pat tler n 220ver said opaque region and to forma third resist |ayer openings

to 3 expose said half tone pattern in said first phase shift regions, and
sai @94 half tone r egilbscanud tremches Bdtelarp pacferablyi dithedagrdBpth 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
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“SUGChal ftone Fegiions: 7 p) rempoviig said third resist pattern.

_5.0)..removing sai.d opaque.patterns fromover . sai.d half toné patférn in said.

89710741
The net hod of claim40 wherein said first phase shift region creates a
phase shift of 11 about 270 degrees on incident light; 12 said second phase
shift region and said half tone | ayer creates a phase 13 shift of about 90
degrees on incident light. 14 42. The nethod of claim40 which further

i ncl udes etching said half tone patitern to control 15 the transm ssion of
the said half tone pattern. 16 43." The nethod of claim 40 wherein said
substrate is a mask bl ank conprised of quartz. 17 44. The nethod of claim
40 wherein said half tone layer is conprised of a nmaterial 18 selected from
the gtoup condsting formbapedondmresisti/ayerd04ol ybdenum silicon 19 oxi de,
silicon nitride, and silicon oxynitride, 20 45. The nethod of claim 40
wherefn sai d opaque |AygowWsindigig $B5 et Hrmenpesand rezist lnger §tMeovertisod of
cl'aim40 I t | ¥\ said half tone 22

I ayepgi soggf]%géyr%{agbﬁgﬁ% %ﬂﬁg@%&ﬁ%’g@%ﬁg@gﬁ{lﬁé 7" The nmethod of clai m 40
wherein said first resist |layer is negative or positive type 24

phot ot esi st. F5 26 48orm asebondaesistipatteani 8024 seni conductor device the
nmet hod conpri sing: 39 1 a) providing a phase shift mask conprising: 2
(1) amask substrat e hashong ia figuresiG piasensti partisesodfi tbnsecanthedsist tayere

sectign econ hase.secti,qn; 4.said first phase.shi section

adj acéént §9%{Bgfgﬁa%hsg%fn trgsr%% pgg%@ﬁ%}%?x qayeggieﬁe‘f\%dfph?%%g’@é?ﬁl?rb#%ﬂ}da@% nt to-
sai d Becopauphasen 340 A18) web foim sebid ®bistIBpsEOpeminkd 82E6Hr Mk Mdpmat d hal f
tone sectign have about a 7 180 degree phase shifi with said second phase

secti%n; shyitgegion R20-f tone section has a transnittance between about 0.1 and
98 9 % 10 b) transmtting radiation through portions of the phase shift

wor kp! ece ang- 12 o) T ARt AREHEATE T Ind e dhaVe SBFRIBRI D! .
sem gpnduct or  devi ce.Referring to figure 8H, we form a first trench 232 in the first phase shift

Il 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 thaf 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 8], we form a third resist layer 805 over the

18 substrate.

. 19 - Asshown 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




*..13 49, The method. of.-cl ai m48 wherein said half toene section conprises a .. ..i

hal f tone region of 14 a mask substrate and a half tone | ayer over said
hal f tone region, said half tone layer 15 has a transmittance between about -
3 and 30 % 16 50. The net hod of claim 48 wherein said phase shift mask
further includes; 17 said first phase shift section conprises a first phase
shift region of a 18 mask substrate; 19 a first trench in said mask
substrate in said first phase shift; region; and 20 said second phase
section has about a0 degree phase shift. 21 51. The nethod of claim48
wherein said phase shift mask includes: 22 a mask substrate having a first
phasej shift region, | ‘%}ﬂ i regi on;
24 a %‘i rst trgnch inars:aéﬂlﬂ%j‘;? F’%'gts‘o%ﬁgggﬁs I ’tszrr%eza %ﬁﬁ?ggg;)%é@grfgbb%rst phase
shi ft2regi on has apetferm 80tkin the palffoneireffion2828ai d hal f tone | ayer has
a transmttance between about 3 and 30% and 27 a second trench in said
secom! phase shift r el dwwndp figurelSl2 vgrenmive thestpager prttecisalilRBomivzeri n

sai d pha i i udes: a mask s ate having a first phase

ahi 7 r oAt o R BREASLER ot R RS el i chaa el aionBes S
firststrenedvell by eahet wa sk dsudisiingt € in said first phase shift region; and 6
a second trench in said nmask substrate in said second phase shift region; 7
and & said hal f tone Thejal tepespatternsd 04 can da stehbd barked tapbiain the desired0% 9

53. The : I j i f tone r.egion has
transm t?%?\sgg%tlﬁiégﬁ g%@%ﬁ%\{\%ﬁ%@ﬁ%}gé%ﬁlg |fgt?|r£e Ilnﬁ elélglg,:l ibgsV a{l?cgl?%m' tted
t hr oyh samitellingrthe ciphaseowdbicdté. regi on and sai d 11 second phase shift region

SO tfbat the |ight inh_g}gsi ties are _about equal. 12 13 54. A nethod of
fabritating a seni corld§diesmigaion oé thewlfipngpritemsidPissande cpamigeddvovi di ng a
si ngl@ tLERG font p ising: 15 (1) a phase shift
section, a hgl(@;nonél%zglgt?%ﬁﬁgggﬁgenrﬁ%ggﬁ fted phase 16 section; 17 (2) said
phasE shift section adjshoentin figuesiM, hatdndvenke 8@dtregstpat&m(135Asai d hal f

tone,.sect.ion jacent to said unshifted ase section; -
17 igure ﬁqjsﬁows an opaque section ?\Pthat comp%?ses ﬁw opaque layer 802a over an
13 opaque region 240 of the mask substrate.
14

15 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 halftone section adjacent to the second phase section. The first phase shift section and the
22 half tone layer have about a 180 degree phase shift with the second phase section. The
23 half tone 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 (¢} utilize the patterned photoresist to fabricate a

27  semiconductor device.
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" "sai'd 20 unshi fted phase section; 21°(5) said half tone section has d phase

.19 (4) .sai d_phase shift section has. an about. 180.degree phase shift with

shift of about |80 degrees with said 22 unshifted phase section, said half
tone section has a transmttance 23 between about 0.1 and 98 % 41 b)
transmtting radiation through portions of the phase shift mask to expose 2
a pattern of photoresist overlying a sem conductor work piece; and 3 c) '
utilizing the patterned photoresist; to fabricate a sem conductor device. 4
55. The nethod of cl'aim54 wherein: 5 said first phase shift section
conprised of a first phase shift region of a 6 nmask substrate; 7 a trench
in said first phase shift region; and 8 said half tone section conprised of
(i) a‘half tone regi ofigee Sdowsmasisk$08wiben cabediaret 6f thy imventidd withne | ayer

over sai Lon: i d.secon hase shift. section has about a
0 degrequﬁgg%nssﬁ%@ttgﬁﬁhg%s%gpt%%hrgﬁr}g%ﬁsgIQPV%YIaa‘fvﬁﬁkéﬂe%erei n 13 said
first3phase shift section conprised of (i) a first phase shift region of 14
a mask substrate and (ii) a first trench in said first phase shift region;
15 saﬁitd %If %one section conprised of a half tone region of said nmask 16
substf at B'9%%hal f tone | ayer over said half tone region; said half tone

| ayers has a 17 trans%tg[tx%ﬁce tbe%gfen about 3 and 30% and 18 said second
phase shift section LS QT BiegRyPutongisg edaliipng layergnd frenghies et hod of

S iy S0 3 SRR PN A e BRI AV BRIt 20
layer can range from >0.1 to <100%, and more preferably from about 3% to 30%,
8  depending on the need of the mask process and wafer process to achieve intensity balance
9  for 0 and 180 degree as in the case of single trench half tone alt-PSM type, and for 90 and
10 270 degree as in the case of duel trench half tone alt-PSM type.
11 Tuning the transmission of the half tone layer can corrected the
12 placement etror 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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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 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 inteﬁsity at the unetched region is dependent on the transmission of the the haif 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 experlmental 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 clse the difference in the CD will cause the line to 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.

27




@ H( 0@1. @@ .0 @aa@p" ST

&C @@(0@, . @0.pp. @D 0. ..«
$@00° p "0 A0S ppEc @@ 0°° 0 @0 @ath4! AD$B2d @O @0@ chy®f. 00
@G\1'88 p @Q@O@@DO @@ pi@ @@ 0 000 CDEAD@ CD @ D@
@ @ @ @ 0 @@ 0@ @@ @@ 0 @ooa @ ; 8 @@ 08
PO@ @@ @ @@ 0@ @ @@ @@ @ @@0 @@@@@0@ @
@@@@A@@@ @ 0@@ D @oop0$ @oago @ @ @ $ @
QP @ @ @@ 0@ @ @"@@ 3]V45 vC ( Cooaoo Quauad
@2222) a@ @ @@ @@ OBAOA@<8@@ @ @ @@@@Op 0 @
00@ 'g@é@@g@ $@B T @ @ @00ty pS@AE @p@@@® 0 @
p80p
@ 241Ph JIBK. dp]| wql fa\%{jﬁ@%{f&‘&}eﬁﬁe’éﬂa&?&5?%5?6‘8‘1‘&?&‘]‘%1&?8‘310&{?%5’%“%?&%\4 cal ca]

ca] cal cal, &adtraMaladl, calwatierl Aahmakl P8M Akhods are illustrated, but
t69kt INA ! 9 ,{vgl ga\ W ca] cal] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] caj] ca] ca
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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
15  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. lIn 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
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1

3 What is claimed is:

1. A phase shift mask for use with light at a wavelength comprising:

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 changing the phase of

incident light by about 180 degrees with respect to said second phase 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 (ii) a half tone layer over said half tone region;

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

B0 ) N B W R e

9 3. The phase shift mask of claim I which further includes:
10 said ﬁr_st phase shift section comprised of (i) a first phase shift region of
11 amask substrate and (ii) a first trench in said first phase shift region;
12 said half tone section comprised of a half tone region of said mask
13 substrate and a half tone layer over said half tone region; said half tone layer has a

14 transmittance between about 3 and 30%; and

15 said second phase shift section has about a 0 degree phase shift.
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1 4. The phase shift mask of claim 1 which further includes :
2 said first phase shift section comprised of (i} a first phase shift region of
3 a mask substrate and (ii) a first trench in said first phase shift region; and
4 said half tone section comprised of a half tone region of said mask
5  substrate and a half tone layer over said half tone region;
6 said half tone layer has a transmittance between about 3 and 30%;
7 said second phase shift section comprised of (a) a second phase shift
8  region of said mask substrate and (b) a second trench in said second phase shift region;
9 said second phase shift section has about a 90 degree phase shifi.

[
<

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

12 % transmittance.

13 6. The phase shift mask of claim 1 wherein said half tone section has a transmittance that
14 balances the light intensities transmitted through said first phase shift region and said
15 second phase shift region so that the light intensities are about equal.

16 7. A semiconductor device formed by using the phase shift mask of claim 1.
17
18

19 8. A phase shift mask for use with light at a wavelength comprising:
20 ) amask substrate having a first phase shift region, a half tone region,

21  and a second phase shift region;

22 said first phase shift region adjacent to said half tone region;

23 said half tone region adjacent to said second phase shift region;

24 a half tone layer over said half tone region;

25 said first phase shift region and half tone layer changing the phase of

26  incident light by about 180 degrees with respect to said second phase shift region.
27
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2
3 9. The phase shift mask of claim 8 which further includes a trench in said mask substrate
4 in said first phase shift region; and
5 said second phase shift region has about a 0 degree phase shift; and
6 said half tone region has a transmittance between about 0.1 and 98 %.
7 10. The phase shift mask of claim 8 which further includes a trench in said mask substrate
in said second phase shift region; and
9 said first phase shift region has about a 0 degree phase shift;
10 said half tone layer has a transmittance between about 3 and 30%.

11 11. The phase shift mask of claim § which further includes:

12 a first trench in said first phase shift region; and
13 a second trench in said second phase shift region; and
14 said half tone layer has a transmittance between about 3 and 30%.

15 12. The phase shift mask of claim 8 wherein said half tone layer has a transmittance
16 between about 3 and 30% .

17 13. The phase shift mask of claim 8 wherein said second phase shift region has about a

18 100 % transmittance.

19 14. The phase shift mask of claim 8 wherein said half tone layer has a transmittance that
20 balances the light intensities transmitted through said first phase shift region and said
21 second phase shift region so that the light intensities are about equal.

22 15. A semiconductor device formed by using the phase shift mask of claim 8.

+

23

24 - 16. A phase shift mask for use with light at 2 wavelength comprising:
25 a mask substrate having a phase shift region, a half tone region and an unshifted

26 ~ phase region;
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- a half tone layer over said half tone region;

said phase shift region adjacent to said half toné region;

said half tone region adjacent to said unshifted phase region;

said phase shift region has about a 180 degree phase shift with respect to said
unshified phase region,

said half tone layer has a phase shift of about a 180 degrees with respect to said
unshifted phase region, said half tone layer has a transmittance between about 3
and 30%; and

said unshifted phase region has a shift of about 0 degrees.

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 phase 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.

21. 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)  amask substrate has a first phase shift region, a half tone region and an

second phase shift region;
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b) ahalftone layer over said Half tone region; said half tone layer has a
transmittance between about 0.1 and 98 %

¢)  said first phase shift region and half tone layer have an about 180 degree
phase shift with respect to said second phase shift region;

d)  said first phase shift region adjacent to said half tone region;

e) said half tone region adjacent to said 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 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 formed by using the phase shift mask of claim 22.

27. Amethod for forming a single trench half 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 half
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 layer has a phase shift of about 180 degrees with said
unshifted phase region, said half tone layer has a transmittance between
about 3 and 30%:;
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F $10%ux*u& () - ) c)$1(%%m é‘tr(a}-léh %n said substrate in said phase shift region; said phase

2 shift region has an about 180 degree phase shift with said unshifted

3 phase region.

4

5  28. The method of claim 27 wherein said trench formed to a first depth such that light that
6 at said wavelength transmitted through said phase shift region is shifted in phase by 180
7 degrees relative to said light at said wavelength transmiﬁed through said unshifted

8 phase region.

9 29. Amethod for forming a half tone single trench phase shift mask for use with light at a

10 wavelength comprising:

11 a)  providing a substrate having a phase shift region, a half tone region
12 and an unshifted phase region and an opaque region;

13 said phase shift region adjacent to half tone region;

14 said half tone region adjacent to an unshifted phase region;

15 b)  forming a half tone layer on said substrate;

16 ¢} forming an opaque layer on said half tone layer;

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

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

20 )  patterning said an opaque layer on said half tone layer using the first
21 resist pattern as a mask form a first opaque pattern and a half tone

22 | layer pattern over said half tone region;

23 g)  removing said first resist layer;

24 h) fonﬁing a second resist layer over said opaque layer on said half tone
25 layer and said substrate;

26 i)  removing portions of said second resist layer to form a second resist
27 pattern over said unshifted region and said opaque region and to form
28 second resist layer openings over said phase shift region;
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4 k) removing said second resist pattern;
5 1)  forming a third resist layer over said substrate;
6 m) removing portions of said third resist layer to form a third resist layer
7 pattern over the opaque region and to form a third resist layer openings
8 to expose said phase shift region, said half tone region and an unshifted
9 phase region;
10 n) removing said opaque layer from over said half tone region layer in said -
11 half tone regions;
12 0) removing said third resist layer.

13

14 30. The method of claim 29 wherein half tone layer has a 180 degree phase shift with said
15 unshifted phase region.

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

17 control the transmission of the said half tone pattern.
18  32. The method of claim 29 wherein said substrate is a mask blank comprised of quartz.

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

21 oxide, silicon nitride, and silicon oxinitride.
22 34, The method of claim 29 wherein said opaque layer is comprised of chrome.

23 35. The method of claim 29 wherein the patterning said opaque layer on said half tone

24 layer is performed using a reactive ion etch.

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

26 ‘ photoresist.
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transmittance;
12 d) forming a half tone layer on said mask substrate in said half tone
13 region; said half tone layer has a phase shift of about 180 degrees with
14 said first phase shift region; said half tone layer has a transmittance
15 between about 0 and 100 % ;
16 e¢) forming a second trench in said substrate in said second phase shift
17 region; said second phase shift region has an about 180 degree phase
18 shift with said first phase shift region.

19 38. The method of claim 37 wherein said first phase shift region creates a phase shift of
20 about 270 degrees on incident light;

21 said second phase shift region and said half tone layer creates a phase

22 shift of about 90 degrees on incident light.

23

24 39. The method of claim 37 wherein said half tone layer has a transmittance between
25 about 3 and 30 % .
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13 resist pattern as a mask form a first opaque pattern and a half tone

14 _ pattern over said half tone region;

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

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

17 h)  removing said first resist layer;

18 i)  forming a second resist layer over said opaque layer on said half tone

19 layer and said substrate;

20 j)  removing portions of said second resist layer to form a second resist

21 pattern over said second phase shift region and said opaque region and

22 to form second resist layer openings over said first phase shift region;

23 k) forming a first trench in said first phase shift region; said first trench

24 has a depth so that said first phase shift region has a phase shift of

25 about 180 degrees relative to said second phase shift region;

26 )  removing said second resist pattern; ‘ '
27 m) forming a third resist layer over said substrate; |
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10 41. The method of claim 40 wherein said first phase shift region creates a phase shift of
11 about 270 degrees on incident light;
12 said second phase shift region and said half tone layer creates a phase

13 shift of about 90 degrees on incident light.

14 42, The method of claim 40 which further includes etching said half tone pattern to control
15 the transmission of the said half tone pattern.

16  43. The method of claim 40 wherein said substrate is a mask blank comprised of quartz.

17 44. The method of claim 40 wherein said half tone layer is comprised of a material
18 selected from the group consisting of: molybdenum silicide, molybdenum silicon

19 oxide, silicon nitride, and silicon oxynitride.
20  45. The method of claim 40 wherein said opaque layer is comprised of chrome.

21 46. The method of claim 40 wherein the patterning said opaque layer on said half tone

22 layer is performed using a reactive ion etch.

23 47. The method of claim 40 wherein said first resist layer is negative or positive type
.24 photoresist.
25

26  48. A method of fabricating a semiconductor device the method comprising:
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26 said half tone layer has a transmittance between about 3 and 30%; and

27 a second trench in said second phase shift region.
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13 54. A method of fabricating a semiconductor device the method comprising:

14 a)  providing a single trench half tone phase mask comprising:

15 (1) a phase shift section, a half tone section and an unshifted phase

16 section;

17 (2) said phase shift section adjacent to said half tone section;

18 .. (3) said half tone section adjacent {o Sé.id unshifted phase section;

19 (4) said phase shift section has an about 180 degree phase shift with said
20 unshifted phase section;

21 (5) said haif tone séction has a phase shift of about 180 degrees with said
22 ' unshifted phase section, said half tone section has a transmittance
23 between about 0.1 and 98 %;
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6  mask substrate;
7 a trench in said first phase shift region; and
8 said half tone section comprised of (i) a half tone region of said mask -
9  substrate and (ii) a half tone layer over said half tone region;
10 said second phase shift section has about a 0 degree phase shift.
11

12 56. The method of claim 54 wherein :

13 said first phase shift section comprised of (i) a first phase shift region of
14  amask substrate and (ii) a first trench in said first phase shift region;

15 said half tone section comprised of a half tone region of said mask

16  substrate and a half tone layer over said half tone region; said half tone layer has a

17  transmittance between about 3 and 30%; and

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

19 57. The method of claim 54 wherein said half tone layer has a transmittance between about
20 3 and 30%.

21

22

23
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