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SEMICONDUCTOR INTRA-FIELD DOSE CORRECTION BACKGROUND
OF THE INVENTION The present disclosure generally relates to
semiconductor 5 manufacturing and lithography methods. More patrticularly,
the present disclosure relates to methods for intra-field dose mapping and
correction in semiconductor devices. SUMMARY OF THE INVENTION 10
The present disclosure teaches an automatic dose-correction recipe
generation system for adaptation of a semiconductor intra-field (e.g., chip or
die) dose ONRHE mwa%%ﬁiﬁdd?ala%&%%@ﬁlahgky
embodiments are provided. An exemplary embodiment automatic
dose-correction recipe 15 generation system comprises: a dose-correction
recipe generator; at least one reticle data unit in signal communication with
BAEKER NGO EHEIN VBN EIONGta unit in signal communication with
the recipe generator; a process data unit in signal communication with the
recipe gdmér RIGSNASEIOPHS GSPRT Y 8IAEHIRREAEORMBI e recipe
generator; a 20 control unit in signal communication with the recipe
gEMnstsetarncenchlithagsahy BleBlaget IMnremasisrydyuieiPssaat

communication with the . . ] ]
disclosure relates to methods for intra-field dose mapping and correction

in semiconductor devices.

SUMMARY OF THE INVENTION

The present disclosure teaches an automatic dose-correction
recipe generation system for adaptation of a semiconductor intra-field
(e.g., chip or die) dose correction map to new photolithography masks.
Exemplary embodiments are provided.

An exemplary embodiment automatic dose-correction recipe
generation system comprises: a dose-correction recipe generator; at least
one reticle data unit in signal communication with the recipe generator; at
least one slit data unit in signal communication with the recipe generator;
a process data unit in signal communication with the recipe generator; a
wafer data unit in signal communication with the recipe generator; a

control unit in signal communication with the recipe generator; and at least
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control unit. A further embodiment sets forth that the reticle data unit
subtracts current reticle data from previous reticle data. A further
embodiment sets 5 forth that the current reticle data corresponds to a current
mask and the previous reticle data corresponds to a previous mask. A
further embodiment sets forth that the slit data unit subtracts current slit data
from previous slit data. A further embodiment sets forth that the current slit
data corresponds to a current condition of a slit and the 10 previous slit data
COMBSPoRI S A hHaVi Gli R B AERGISHUSY i BN AeimBLaRBbRmYEHH Hats
forth that the process unit includes at least one of resist conditions, process
c6RMiBhYNBr mask error enhancement factor conditions. A further
embodiment sets forth that the wafer unit includes wafer conditions and
topograpghjurfshRmeadaenteets sassbaltin islerdatatHait hed il
unit includes twenty-nine fingers. A further embodiment sets forth that the
oﬁtﬂlﬁ@@h‘iﬂéclﬁdiéé\?@m HER¥EE r@Flﬁl%ﬂéﬁ%elﬁ‘sfHHrﬂﬁﬁf%m%ﬁ'W%‘Ftﬁ@FS
embodiment provides a sub-recipe unit for generating a sub-recipe for each
coprbihabHsrretart dRtCIS AR PRSP dhIa R ABTRTY SRASEARR Hie
method for automatic dose-correction recipe generation comprises: receiving

aPEXP oh ELGReFR R FAR @RR]RES 0 a previous mask.

A further embodiment sets forth that the slit data unit subtracts
current slit data from previous slit data. A further embodiment sets forth
that the current slit data corresponds to a current condition of a slit and the
previous slit data corresponds to a previous condition of the slit.

A further embodiment sets forth that the process unit includes at
least one of resist conditions, process conditions, or mask error
enhancement factor conditions. A further embodiment sets forth that the
wafer unit includes wafer conditions and topography information. A further
embodiment sets forth that the control unit includes twenty-nine fingers. A
further embodiment sets forth that the output unit is indicative of detected
critical dimension uniformity. A further embodiment provides a sub-recipe
unit for generating a sub-recipe for each combination of reticle and
scanner data.

An exemplary embodiment method for automatic dose-correction

recipe generation comprises: receiving at least one current reticle data set



2 and at least one previous reticle data set; receiving at least one current slit
data set and at least one previous slit data set; receiving at least one
process condition; receiving at least one wafer condition; automatically
generating a dose-correction recipe in accordance with the received 5 reticle,
slit, process and wafer information; and controlling a dose in accordance
with the generated recipe. A further embodiment includes subtracting current
reticle data from previous reticle data. A further embodiment sets forth that

tRNELAtdRRTRBR: RIS QT raistn d8te seturpeRivingsRidpasHensrevivast siit

reticle data 10 corresponds to a previous mask. A further embodiment
ingflaseapdaliegRRmPEtYighibARtareslotRCaiViaS Al feasteae
embodiment sets forth that the current slit data corresponds to a current
cORBRRHS SrAdIcAMdasR YIRS RIS adk Rt VaiRFaiHetoa fr@adaally
condition of the slit. 15 A further embodiment sets forth that the process
cORNAEHY S A RS AP RERG UG TEF QI KT B6RANMBRS SHMIEEREISREINSSS, or
mask error enhancement factor conditions. A further embodiment sets forth
tH&tigle. Slirdrespatiand WelgainipirRatiops gRep RO RN R AREr M her

embodiment includes at least one of storing or outputting information
accordance with the generated recipe.

A further embodiment includes subtracting current reticle data from
previous reticle data. A further embodiment sets forth that the current
reticle data corresponds to a current mask and the previous reticle data
corresponds to a previous mask.

A further embodiment includes subtracting current slit data from
previous slit data. A further embodiment sets forth that the current slit
data corresponds to a current condition of a slit and the previous slit data
corresponds to a previous condition of the slit.

A further embodiment sets forth that the process conditions include
at least one of resist conditions, process conditions, or mask error
enhancement factor conditions. A further embodiment sets forth that the
wafer conditions include wafer topography information. A further
embodiment includes at least one of storing or outputting information

indicative of detected critical dimension uniformity. A further embodiment
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20 indicative of detected critical dimension uniformity. A further embodiment
3 includes generating a sub-recipe for each combination of reticle and
scanner data. A further embodiment sets forth a computer-readable storage
medium tangibly embodying a program of instructions executable by a 5
computer to perform program steps for automatic dose-correction recipe
generation, the program steps comprising: receiving at least one current
reticle data set and at least one previous reticle data set; receiving at least
oChifpsSrganerRiinga st recieados Raphegik Ratiaatal seticecendng at
least one process condition; receiving at least one wafer condition; 10
as@HB8ESRIYenerating a dose-correction recipe in accordance with the
received reticle, slit, process and wafer information; and controlling a dose in
accordafcBIHRAtREGEABRSRSRIS H T RCArBREIRISadaRIR $1Ar2eSfurther
understood from the following description of exemplary embodiments, which
isTReakine Srneikly frabashy @SBMPP%@’B&UWHH&E:@@%%M@.WE@
DESCRIPTION OF THE DRAWINGS The present disclosure provides a
MRAARIFSF EURBHIN B REBRHRBhSIGRS O PALGENRHG SO SR 1FEHIRFIARRISFIBR a
first photqlitho%raphy . .

generation, the program steps comprising: receiving at least one current

reticle data set and at least one previous reticle data set; receiving at least
one current slit data set and at least one previous slit data set; receiving at
least one process condition; receiving at least one wafer condition;
automatically generating a dose-correction recipe in accordance with the
received reticle, slit, process and wafer information; and controlling a dose
in accordance with the generated recipe.

The present disclosure will be further understood from the following
description of exemplary embodiments, which is to be read in connection

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure provides a method for adapting a
semiconductor intra-field dose correction map from a first photolithography
mask to a second photolithography mask in accordance with the following

exemplary figures, in which:
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20 mask to a second photolithography mask in accordance with the following
exemplary figures, in which: 4 Figure 1 shows a schematic block diagram of a
method for intra- field dose correction; Figure 2 shows a schematic graphical
diagram of mask uniformity; Figure 3 shows a schematic graphical diagram
of slit uniformity 5 variation in a scanner; Figure 4 shows a schematic block
diagram of an automatic recipe generation system for intra-field dose
correction in accordance with an exemplary embodiment of the present
disclosufdgri§utsBaMe RS ehstRatisabie shodieaiagahadMmathaddaidie fecipe
10 generation system, adapted to the case where a new mask is re-ordered
witalsLE@ssy ePEAGEOT accordance with an exemplary embodiment of the
present disclosure; and Figure 6 shows a schematic block diagram of an
automatfcigeemhé FENErRisANSBRlA Harpieal DrgamLkixasmndndormity;
multi-scanner sets, in 15 accordance with an exemplary embodiment of the
present HiStE3Gr8NgWiEA AGhe DA SranfisabNiagrapret SERREyMity

EMBODIMENTS
variation in a scanner;

Figure 4 shows a schematic block diagram of an automatic recipe
generation system for intra-field dose correction in accordance with an
exemplary embodiment of the present disclosure;

Figure 5 shows a schematic block diagram of an automatic recipe
generation system, adapted to the case where a new mask is re-ordered
without any change, in accordance with an exemplary embodiment of the
present disclosure; and

Figure 6 shows a schematic block diagram of an automatic recipe
generation system, adapted for multi-reticle and/or multi-scanner sets, in

accordance with an exemplary embodiment of the present disclosure.
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An automatic dose correction recipe generation system is provided for
improving intra-field critical dimension (CD) uniformity. The recipe generation
system is applicable to lithography, dose correction, dose 5 mapping and slit
uniformity. Dose correction methods have been used to improve constrained
minimum variance (CMV). In-field or intra-field CD uniformity relates to single
chip or die uniformity. Much of the non-uniformity comes from mask error
and/or deteriorated scanner slit conditions. Unfortunately, previous 10 dose
RREAERBRA MR ity Sinformation
from a scanner. An exemplary automatic dose correction recipe generation
system AprsiRiBatie dessrtisaciion: BrirfaaNarafiamhsySiemAiy PevdResk
processes and exposure processes on a scanner. Mask data is sent 15 when
a iRrEIsRIEN Y dpE@- gt ritisah i mentiendkeld) reglmytsudihagesiPReekly
or weekly. A Mask Error enhancement Factor (MEF) is used to correct the
n&%’k%%t%@%ﬂdﬁ APRhssPIR I iRERPEYyHESE BOMBMIRN f610%Rra-field
dose correction is indicated generally by the reference numeral 100. Here, a
refidBRIng 278 SHip WaERNaticle information to an exposure tool 120. The

exposure tool passes exposure information to a detected critical dimension
(DCD) uRigse correction methods have been used to improve constrained

minimum variance (CMV). In-field or intra-field CD uniformity relates to
single chip or die uniformity. Much of the non-uniformity comes from mask
error and/or deteriorated scanner slit conditions. Unfortunately, previous
dose correction methods did not use mask data and/or slit uniformity
information from a scanner.

An exemplary automatic dose correction recipe generation system
is provided to compensate for the non-uniformity resulting from mask
processes and exposure processes on a scanner. Mask data is sent
when a mask is delivered. Slit uniformity is monitored regularly, such as
bi-weekly or weekly. A Mask Error enhancement Factor (MEF) is used to
correct the mask process error on a wafer.

As shown in Figure 1, a method for intra-field dose correction is
indicated generally by the reference numeral 100. Here, a reticle unit 110
passes reticle information to an exposure tool 120. The exposure tool

passes exposure information to a detected critical dimension (DCD) unit
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6 130 for measuring CD uniformity in the slit direction, without dose
correction. In addition, the exposure tool 120 passes exposure information to
a control unit 140, which has 29-finger portions 148. Moreover, the DCD unit
130 passes a sub-recipe to the control unit 140. 5 The control unit, in turn,
passes information to a DCD unit 150, which exhibits improved uniformity
with dose correction. Unfortunately, this method requires a great deal of
data. Notably, the method uses no mask information, no scanner

infGPriati GRCaRN g \wald HRsFHBiBNhA/ RN eelip P gk iR edpgEred
without any change, this method 10 requires setup of another dose
cEREEEIRMedipaesHtAR. TR PRIRUIOR! 1) RaRsHa¥IBEY R ditional
weeks. In addition, the recipe requires another set of wafer CD data,
ré@&ﬁ@@@fﬁﬁsﬁoﬁwmtamgswﬁﬁﬁm%ﬁ&fmef WRATHES Efdire 2,
plots of mask uniformity are indicated generally 15 by the reference numeral
20b0rRAMAInHREPRA IRE L3S, RAARRS RIBURIECED T@rﬁ'f@rﬁﬁ’@t?ﬁbkb@tlbdfo-
shows intra-field uniformity for a wafer with a first mask, and a second
infRereMEDd Wniksdiyma@sses EHerRaHea nefiDéritomifit) 38 Whikher with
a second mask. The first mask map 210 includes areas 212 having CDs

gR&tRSERRIeMed VBt RIDeWERPaRsasorrection. Unfortunately, this

method requires a great deal of data. Notably, the method uses no mask
information, no scanner information, and no wafer information.

When a new mask is reordered without any change, this method
requires setup of another dose correction recipe for the new mask, which
may take up to four additional weeks. In addition, the recipe requires
another set of wafer CD data, regardless of mask CD data and scanner
condition.

Turning to Figure 2, plots of mask uniformity are indicated generally
by the reference numeral 200, with units in nanometers. A first intra-field
CD uniformity map 210 shows intra-field uniformity for a wafer with a first
mask, and a second intra-field CD uniformity map 220 shows intra-field
uniformity for a wafer with a second mask. The first mask map 210
includes areas 212 having CDs greater than a mean CD value, and areas

214 having CDs smaller than a mean CD value. Similarly, the second
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20 214 having CDs smaller than a mean CD value. Similarly, the second 7
mask map 220 includes areas 222 having CDs greater than a mean CD
value, and areas 224 having CDs smaller than a mean CD value. A table 230
indicates vertical and horizontal data resulting from the first and second
masks. Here, the first mask yields a vertical mean of 5 315.10 nanometers, a
vertical target of 312.00 nanometers, a vertical difference (DFN) of 3.10
nanometers, a vertical 3-sigma value of 2.05 nanometers, a vertical range of

3 Rsta AR’ iNghides Risavadiee frving CRagmatenikayrmean C

horizontal mean of 315.42 nanometers, a horizontal target of 312.00
n¥Abifetid HPrTiZMthrMIng 6P3 smatiaidhamaterean RddiYeHal 3-sigma
value of 2.31 nanometers, and a horizontal range of 4.36 nanometers. In
comparidbRRIRS iticaiesatigsla0ehieszeriah drtareating deeibes,
a vertical target of 312.00 nanometers, a vertical DFN of 0.92 nanometers, a
vérgt ANSl 8RN ANASKS 2 HorRatipieiraaskeieids mMgEIES! HPeaseof
nanometers, and an X-Y of 1.33. The second mask yields a horizontal mean
o33 P1190RARANEEREDs 2oV REHEA) TAORE §EBARID T oraRkFRtEreHifdtizontal

DEN of -0.41 nanometers, a horizontal 3-sigma value of 2.36 nanometers,

aniffancbreobVarb S dPI8N0MARRetar¥ertical 3-sigma value of 2.05

nanometers, a vertical range of 3.97 nanometers, and an X-Y value of
-0.31. The first mask yields a horizontal mean of 315.42 nanometers, a
horizontal target of 312.00 nanometers, a horizontal DFN of 3.42
nanometers, a horizontal 3-sigma value of 2.31 nanometers, and a
horizontal range of 4.36 nanometers.

In comparison, the second mask yields a vertical mean of 312.92
nanometers, a vertical target of 312.00 nanometers, a vertical DFN of 0.92
nanometers, a vertical 3-sigma value of 2.22 nanometers, a vertical range
of 3.66 nanometers, and an X-Y of 1.33. The second mask yields a
horizontal mean of 311.59 nanometers, a horizontal target of 312.00
nanometers, a horizontal DFN of -0.41 nanometers, a horizontal 3-sigma
value of 2.36 nanometers, and a horizontal range of 3.81 nanometers.

Turning now to Figure 3, a plot of slit uniformity variation in a
scanner is indicated generally by the reference numeral 300. The plot 300

includes dose ratio percentage on the vertical axis, shown here in a range



Turning now to Figure 3, a plot of slit uniformity variation in a 20 scanner is
indicated generally by the reference numeral 300. The plot 300 includes
dose ratio percentage on the vertical axis, shown here in a range 8 from
99.8% to 101.2%, and slit position in millimeters on the horizontal axis,
shown here from -15 to +15 millimeters. Data 310 was collected on
November 16th, and follows a curve 312. Data 320 was collected about
three months later on February 19th, and follows a curve 322. As 5

il 8hittoal Ritiadanand it ResiHen KoBlimsiess:an eversental
reached about 101.0% in February. Thus, scanner condition changes over
tieSaRBQY4n REsE Ferrrdada bﬂ/gé@U!Hﬂfﬂﬁﬁer@ﬁ@@ﬁ%W%%ﬂ&dﬁﬁ#\W It
is much more djfficult to improve CD uniformity without this slit uniformity
mNQM@éﬂBﬁrfﬂcﬁn tABGEQIES. A ourMerdicre DA VES ﬁ@iﬁ@@%é?%e
both mask CD and scanner conditign to correct the mask CD non-uniformity.
InfFee nestisdatrhek &W%é@el%ﬁ@”% 8 FHHYR RedseAFhe
scanner condition, which affects slit uniformity, may be measured with
retjeiredett rﬁﬁt}@fﬂﬁﬁﬁﬁdhﬁb OfHYaFRAGHROABHAS @/@#o/r EhNavesaeht factor
(MEF) may be 15 measured during resist evaluation. A system embodiment

of %W@@@%&@b@d@rﬁ&%@y@u{ﬁm fRSRNECRE GRAJHS SR BREIt

data, such as
over time, and can also be affected by regular preventative maintenance

(PM). It is much more difficult to improve CD uniformity without this slit
uniformity information from the scanner.

Therefore, an improved method may use both mask CD and
scanner condition to correct the mask CD non-uniformity. In this case, the
mask CD may be delivered from a mask house. The scanner condition,
which affects slit uniformity, may be measured with regular automatic
monitoring. In addition, the mask error enhancement factor (MEF) may be
measured during resist evaluation. A system embodiment of the present
disclosure produces outputs from calculations using input data, such as
reticle information, scanner information such as slit conditions, wafer
information such as topography, and material information such as n and k
values.

Each mask has a different CD distribution. Although wafer CD

distribution data may be used to setup the dose correction recipe, the
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reticle information, scanner information such as slit conditions, wafer
information such as topography, and material information such as n and k
values. 20 Each mask has a different CD distribution. Although wafer CD
distribution data may be used to setup the dose correction recipe, the 9
mask CD distribution data may be used instead. Directly using the mask

data from a mask house for exposing wafers reduces the time required to set
up the dose correction recipe. As shown in Figure 4, an exemplary

emBsHifBrAigtitbHita datapaay fertsaddnsigaft nbiseairalseia tesmask
correction is indicated generally by the reference numeral 400. The system
40atadonea Masiclkoyst fonexpoginenvatasuresirer tbmbmeragyired to
generation system unit 420. A slit condition data unit 430 is connected to the
aSRIHRHEPRASE GORGEIRIN "RGHRBmM unit 420. An MEF and process unit 440,
which tracks resist and 10 process conditions, is also connected to the
automatiﬁsréaﬁé’@érhgﬂﬁﬁﬁl %ﬁt&ﬁ%ﬂﬁ'%@b@fﬂ%ﬂﬁﬂ@ﬁ? aWiRHRALO FRAtRM
unit 450, which maintains topography information, is further connected to the
aQ@Pﬁéﬁﬁ%éb@egéF@ré{ﬁéﬁ'H? &ﬁﬁﬁwﬁ%@?@ﬁb‘%&ﬂélﬁ%ﬂgr@%rﬂﬁa"y by
generation system unit 420, in turn, is connected to a control unit 460, such
athg sefrrpGeupimeral 400. The system 400 includes a reticle data unit
410 connected to an automatic recipe generation system unit 420. A slit
condition data unit 430 is connected to the automatic recipe generation
system unit 420. An MEF and process unit 440, which tracks resist and
process conditions, is also connected to the automatic recipe generation
system unit 420. In addition, a wafer condition unit 450, which maintains
topography information, is further connected to the automatic recipe
generation system unit 420. The automatic recipe generation system unit
420, in turn, is connected to a control unit 460, such as a 29-finger unit.
The control unit 460 is connected to an output unit 470, which indicates
here that DCD uniformity is improved using this method of dose
correction. Moreover, there is no need to take new measurements for
recipe setup using this automatic recipe generation system for intra-field
dose correction.

Turning to Figure 5, an automatic recipe generation system,

adapted to the case where a new mask is reordered without any change,

10
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15 The control unit 460 is connected to an output unit 470, which indicates
here that DCD uniformity is improved using this method of dose correction.
Moreover, there is no need to take new measurements for recipe setup
using this automatic recipe generation system for intra-field dose correction.
20 Turning to Figure 5, an automatic recipe generation system, adapted to
the case where a new mask is reordered without any change, 10 is indicated
generally by the reference numeral 500. The system 500 includes a reticle
offsEtdiaadashaeneralbnpie i RIANGRAMBIRI beR: JERPHEERTEPO@m unit
520, where the reticle offset data unit subtracts new reticle data 512 from old
réficledpiagelicls sttsahitininniml aamedies Hranetpmatieeenfe
automatic recipe generation system unit 520. The slit uniformity offset data
U BERLOREYEES M EIRZihars hatseticle alisebitptaiumitrkigtRata
531. An MEF andgrocess offset unit 540, which subtracts new resist and

pRRVJE IR ARsAS IR TQlsbrstisldaiadlsk Dridkivniornilsslisstiaiad

to the automatic recipe generation 10 system unit 520. In addition, a wafer
cém'itﬁ?rﬁ)dﬁ%ﬁ@ﬁ@@é&%ﬁﬁ:ﬁuiﬁﬁﬂﬁ{tﬁr@%ﬁ%&?@@m%%{atﬁiﬁdﬁ}'&&@-

information minus new topography information, is further connected to the
adtdensliiunitopaity offset data unit 530 subtracts new slit uniformity data

532 from old slit uniformity data 531. An MEF and process offset unit 540,
which subtracts new resist and process conditions from old resist and
process conditions, is also connected to the automatic recipe generation
system unit 520. In addition, a wafer condition offset unit 550, which
maintains a zero result for old topography information minus new
topography information, is further connected to the automatic recipe
generation system unit 520. The automatic recipe generation system unit
520, in turn, is connected to a control unit 560, such as a 29-finger unit.
The control unit 560 is connected to an output unit 570, which indicates
here that DCD uniformity is improved using this method of dose
correction. Moreover, there is no need to take new measurements for
recipe setup using this automatic recipe generation system for intra-field
dose correction.

Turning now to Figure 6, an automatic recipe generation system,

adapted for multi-reticle and multi-scanner sets, is indicated generally by

11
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generation system unit 520. The automatic recipe generation system unit
520, in turn, is connected to a control unit 560, such as a 29-finger unit. 15
The control unit 560 is connected to an output unit 570, which indicates here
that DCD uniformity is improved using this method of dose correction.
Moreover, there is no need to take new measurements for recipe setup
using this automatic recipe generation system for intra-field dose correction.
20 Turning now to Figure 6, an automatic recipe generation system, adapted
fonmiieange BHIATak09anhee syeieR iRl elidenarspliae offsgidata
reference numeral 600. The system 600 includes a reticle offset data unit

6 VORIt dadasaatsdiD! aRd 2 89 6Rcce8n s ed IRBhRIOTaERe

generation system unit 620, where the reticle offset data unit subtracts each
nEQF IR GBNRIRIISB HSHR The blPRDg \VRarerbe reficlerylsstAlala uniformity
offset data unit 630 with data sets 631, 632 and 633 is connected to the
aStRHAGES 8RR RRNERIRA dotasRtdmme Joe Pk (8i9- uRitolrybifset fhth
unit 630 subtracts each new slit uniformity data set from the olgée. ., S1,
5B, S unESn Ve SAAHOIEINIEIRlR w218 SHichIR BIAASH B
resist and process conditions from old resist and 10 process conditions, is

alsRNasHRe RS etatBheiRCiRR igefsAbPABYStem unit 620. The slit

uniformity offset data unit 630 subtracts each new slit uniformity data set
from the old (e.g., S1, S2, S3 ... Sx). An MEF and process offset unit
640, which subtracts new resist and process conditions from old resist and
process conditions, is also connected to the automatic recipe generation
system unit 620. In addition, a wafer condition offset unit 650, which
subtracts new topography information from old topography information, is
further connected to the automatic recipe generation system unit 620.
The automatic recipe generation system unit 620, in turn, is connected to
a control unit 660, such as a 29-finger unit. The control unit 660 is
connected to an output unit 670, which indicates here that DCD uniformity
is improved using this method of dose correction. Thus, before every
exposure, a sub-recipe for each set of Reticle data (e.g., Rx) and Scanner
data (e.g., Sx) is generated automatically.

These and other features of the present disclosure may be readily

ascertained by one of ordinary skill in the pertinent art based on the

12
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system unit 620. In addition, a wafer condition offset unit 650, which
subtracts new topography information from old topography information, is
further connected to the automatic recipe generation system unit 620. The
automatic recipe generation system unit 620, in turn, is connected to 15 a
control unit 660, such as a 29-finger unit. The control unit 660 is connected
to an output unit 670, which indicates here that DCD uniformity is improved
using this method of dose correction. Thus, before every exposure, a
stadungsibeeaioh Y6 4o Retiendariops dhakihararsiless! hadesgnisx)
is generated automatically. 20 These and other features of the present
dg@@'ﬁ%@%@]@b@?éﬁlﬂ?”&%@@%ﬂé@%@%%miH@W‘éfﬁ[ﬁifﬁ@f@"ﬁ%ﬁinent
art based on the 12 teachings herein. It is to be understood that the principles
of IR ESTRCAISLRILRRSH BYISE $HIRrRE SRARINGISHS SRRl of hardware,
software, firmware, special purpose processors, or combinations thereof.

Most prav@sbireiisEaiindiprprbiainies et e arasestfdisslessihaidmented

as a combination of hardware and software. Moreover, the software is
piEtRIamGNHREIaharfem Ry aHoupplifaiW PR GRASRIAYME: Mepesd.ife
computer-readable storage media. The application program may be
uﬁ@g‘ﬁétﬁt!ﬁ BrRieREMIEPIRMaHRE AT A SRRlicaHE mRIPaRAbIaNgibly
embodied in computer-readable storage media. The application program
may be uploaded to, and executed by, a machine comprising any suitable
architecture. Preferably, the machine is implemented on a computer
platform having hardware such as one or more central processing units
(“CPU”), a random access memory (“RAM”), and input/output (“1/O”)
interfaces. The computer platform may also include an operating system
and microinstruction code. The various processes and functions
described herein may be either part of the microinstruction code or part of
the application program, or any combination thereof, which may be
executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage
unit, a printing unit, and a photolithography unit.
It is to be further understood that, because some of the constituent

system components and methods depicted in the accompanying drawings

are preferably implemented in software, the actual connections between

13
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architecture. Preferably, the machine is implemented on a computer 10
platform having hardware such as one or more central processing units
("CPU"), a random access memory ("RAM"), and input/output ("l/O")
interfaces. The computer platform may also include an operating system and
microinstruction code. The various processes and functions described herein
may be either part of the microinstruction code or part of 15 the application
program, or any combination thereof, which may be executed by a CPU. In
adifiBYSteMi 608 PORIHE MIHERPIRRRSH EYsHOBABk S &Y Bif&omputer
platform such as an additional data storage unit, a printing unit, and a
pRERAAHICAHPOTLINE TPRNREPETUIRT LRRIBFSRRIH th¥enbietaiSse some of the
constituent 20 system components and methods depicted in the
aBEBEIBANYIRG: déiM#ﬁk_:f@ ealRaghiRga G RiTpIORR At insshwibinieactual
connections between 13 the system components or the process function
bIB%ﬂﬁ“ﬁ{Hyatﬂ'iffé'H %ﬁ@ﬂﬁﬁb@ﬂ@ﬁ*ﬂﬁ@?ﬁﬁ?ﬁé?iﬁ%ﬁt’ﬁ"iﬁé'ﬁ?@?éﬂ?m%ﬁﬂén
is programmed. Given the teachings herein, one of ordinary skill in the
pEfFRIMHT e BetBresprEpgifese and similar implementations 5

or configurations of the present invention. Although illustrative embodiments
have beéiorudghdidsHatig gmbpodiments have been described herein with

reference to the accompanying drawings, it is to be understood that the
present disclosure is not limited to those precise embodiments, and that
various other changes and modifications may be effected therein by those
of ordinary skill in the pertinent art without departing from the scope or
spirit of the present disclosure. All such changes and modifications are
intended to be included within the scope of the present disclosure as set

forth in the appended claims.
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reference to the accompanying drawings, it is to be understood that the
present disclosure is not limited to those precise embodiments, and that
various other changes and modifications may be effected therein by those 10
of ordinary skill in the pertinent art without departing from the scope or spirit
of the present disclosure. All such changes and modifications are intended to
be included within the scope of the present disclosure as set forth in the
a@gﬁéclaims. 14 CLAIMS What is claimed is: 1. An automatic

d ction recipe generation system 5 comprising: a dose-correction
recipe generator; at least one reticle data unit in signal communication with
the recip®/ e eledmed isast one slit data unit in signal communication with
the recipe 10 generator; a process data unit in signal communication with the
recipe generator; a wafer data unit in signal communication with the recipe

generator; _ . _ _
1. An automatic dose-correction recipe generation system

comprising:

a dose-correction recipe generator;

at least one reticle data unit in signal communication with the recipe
generator;

at least one slit data unit in signal communication with the recipe
generator;

a process data unit in signal communication with the recipe
generator;

a wafer data unit in signal communication with the recipe generator;

a control unit in signal communication with the recipe generator;
and

at least one of an output unit or a storage unit in signal

communication with the control unit.

2. The system of Claim 1 wherein the reticle data unit subtracts

current reticle data from previous reticle data.
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a control unit in signal communication with the recipe generator; 15 and at
least one of an output unit or a storage unit in signal communication with the
control unit. 2. The system of Claim 1 wherein the reticle data unit subtracts
20 current reticle data from previous reticle data. 15 3. The system of Claim 2
wherein the current reticle data corresponds to a current mask and the
previous reticle data corresponds to a previous mask. 5 4. The system of
Claim 1 wherein the slit data unit subtracts current slit data from previous slit
data. 5. Phe sydteensyptenaf Slaiarginvhrreinfepcsrentseteieckyands to a
current condition of a slit and the previous slit data 10 corresponds to a
prSiesPeBraithA sHIFRNSIMaskarIadeYicuRitliciq Nalai S AHE PPORESs
unit includes at least one of resist conditions, process conditions, or mask
effoR BIfHAPKE M@Sactor conditions. 15 7. The system of Claim 1 wherein
the wafer unit includes wafer

4. The system of Claim 1 wherein the slit data unit subtracts

current slit data from previous slit data.

5. The system of Claim 4 wherein the current slit data
corresponds to a current condition of a slit and the previous slit data

corresponds to a previous condition of the slit.
6. The system of Claim 1 wherein the process unit includes at
least one of resist conditions, process conditions, or mask error

enhancement factor conditions.

7. The system of Claim 1 wherein the wafer unit includes wafer

conditions and topography information.

8. The system of Claim 1 wherein the control unit includes

twenty-nine fingers.
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conditions and topography information. 8. The system of Claim 1 wherein the
control unit includes 20 twenty-nine fingers. 16 9. The system of Claim 1
wherein the output unit is indicative of detected critical dimension uniformity.
10. The system of Claim 1, further comprising a sub-recipe unit 5 for
generating a sub-recipe for each combination of reticle and scanner data.
11. A method for automatic dose-correction recipe generation, the method
comprising: 10 receiving at least one current reticle data set and at least one

previouseticle i S¥eiene ediilaimd v e e ripsitiitasdadiaaiive of
least one previous slit data set; receiving at least one process condition; 15
réi%ﬁ@ﬁi@cgﬁﬂli@@ sHasRsiencNHtRiBHY automatically generating a
dose-correction recipe in accordance with the received reticle, slit, process
and wafer information; and controlling a dose in accordance with the
generated recipe.
10.  The system of Claim 1, further comprising a sub-recipe unit
for generating a sub-recipe for each combination of reticle and scanner

data.

11. A method for automatic dose-correction recipe generation,
the method comprising:

receiving at least one current reticle data set and at least one
previous reticle data set;

receiving at least one current slit data set and at least one previous
slit data set;

receiving at least one process condition;

receiving at least one wafer condition;

automatically generating a dose-correction recipe in accordance
with the received reticle, slit, process and wafer information; and

controlling a dose in accordance with the generated recipe.

12.  The method of Claim 11, further comprising subtracting

current reticle data from previous reticle data.
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20 12. The method of Claim 11, further comprising subtracting current reticle
data from previous reticle data. 17 13. The method of Claim 12 wherein the
current reticle data corresponds to a current mask and the previous reticle
data corresponds to a previous mask. 5 14. The method of Claim 11, further
comprising subtracting current slit data from previous slit data. 15. The
method of Claim 14 wherein the current slit data 10 corresponds to a current
condition of a slit and the previous slit data corresponds to a previous
condition of the slit. 16. The method of Claim 11 wherein the process
conditions include at least one of resist conditions, process conditions, or
mask errbd- 15 ERRAReERERTTSIEMchANHeRein therpa iapteHG® G 11
wherein the wafer conditions include wafer tqpograph)(@information. 18 18.

TREMFREPRIFSHCRIRY TENTURASK SHMIIRIRPYIESSEHAE SRt &R sipoNds

outputting information indicative of detected critical dimension
to a previous mask.

14.  The method of Claim 11, further comprising subtracting

current slit data from previous slit data.

15.  The method of Claim 14 wherein the current slit data
corresponds to a current condition of a slit and the previous slit data

corresponds to a previous condition of the slit.
16.  The method of Claim 11 wherein the process conditions
include at least one of resist conditions, process conditions, or mask error

enhancement factor conditions.

17.  The method of Claim 11 wherein the wafer conditions

include wafer topography information.
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uniformity. 5 19. The method of Claim 11, further comprising generating a
sub-recipe for each combination of reticle and scanner data. 20. A
computer-readable storage medium tangibly embodying a program of
instructions executable by a computer to perform program 10 steps for
automatic dose-correction recipe generation, the program steps comprising:
receiving at least one current reticle data set and at least one previous reticle
data set; receiving at least one current slit data set and at least one previous
15 slit dd@- set; rBednaktost dsiedne drdbebe cepambisingat|oRy anradt
one wafer condition; automatically generating a dose-correction recipe in
aSterasrReo W iRorEde eatieniinsichtivierot sedasted vaiteah i Menrdan and
20 controlling a dose in accordance with the generated recipe. 19

uniformity.

19.  The method of Claim 11, further comprising generating a

sub-recipe for each combination of reticle and scanner data.

20. A computer-readable storage medium tangibly embodying a
program of instructions executable by a computer to perform program
steps for automatic dose-correction recipe generation, the program steps
comprising:

receiving at least one current reticle data set and at least one
previous reticle data set;

receiving at least one current slit data set and at least one previous
slit data set;

receiving at least one process condition;

receiving at least one wafer condition;

automatically generating a dose-correction recipe in accordance
with the received reticle, slit, process and wafer information; and

controlling a dose in accordance with the generated recipe.
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