SEM CONDUCTOR | NTRA- FI ELD DOSE CORRECTI ON BACKGROUND OF THE | NVENTI ON  The
present disclosure generally relates to sem conductor 5manufacturing and

| it hography nmethods. More particularly, the present disclosure relates to
nmet hods for intra-field dose mapping and correction in sem conductor

devi ces. SUMVARY OF THE | NVENTI ON 10The present disclosure teaches an
automati c dose-correction reci pe generation systemfor adaptation of a
sem conductor intra-field (e.g., chip or die) dose correction map to new
phot ol i t hography masks. Exenpl ary enbodi nents are provided. An exenpl ary
enbodi nent automatic dose-correction recipe 15 generation system
comprises: a dosesEpCRINDUETORIRFRASHELD POSECORREETRIN Teticl e data
unit in signal comunication wmth the recipe generator; at |east one slit
data unit in signal communication with the reci pe generator; a process data
unit in signal communication with the reci pe generator; a wafer data unit
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The present disclosure generally relates to semiconductor

5 manufacturing and lithography methods. More particularly, 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 correction map to new photolithography masks.
Exemplary 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 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

20  control unit in signal communication with the recipe generator; and at least



20 control wunit in signal communication with the reci pe generator; and at

| east one of an output unit or a storage unit in signal comunication with
the control unit. A further enmbodi ment sets forth that the reticle
data unit subtracts current reticle data fromprevious reticle data. A
further enbodiment 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 enbodi ment sets forth that the slit data unit
subtracts current slit data fromprevious slit data. A further enbodi nent
sets forth that the current slit data corresponds to a current condition of

a stit and bhe of BRTORYR Uit drd stdRicR i ih SRR EarinfufcdticRibitithecond! ti on of

the slit. her e nt sets torth that the process unit
i ncl udes at l'ﬁ@ﬁtunﬁne of resist conditions, process conditions, or nmask
error enhan&® t"Tactor conditions. A further enbodi nent sets forth that

the wafer unit includes fer condjtl to raphy .informption. A
further 15enbodi ﬁ&H&h%re?'gg‘?‘ﬁF"c%?%{éttjoﬁﬁih%gﬂ? F %tFC?%H?{% l%{'chstlpgr@g?st went y- ni ne
fingers. A further enbodiment sets forth that the output unit is indicative

of det ect edCeiretireticle dlakfremopreyious setigle fatay AdurthrrerabadidieRrtsRiSpr ovi des a

sub-recipe unit for generating a sub-recipe for each conbination of reticle
and scanner faitht 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 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

15 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.

20 An exemplary embodiment method for automatic dose-correction

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



20An exenpl ary enbodi nent nmet hod for automatic dose-correction recipe
generation conprises: receiving at |east one current reticle data set and
at | east one previous reticle data set; receiving at | east one current slit
data set and at | east one previous slit data set; receiving at |east one
process condition; receiving at |east one wafer condition; automatically
generating a dose-correction recipe in accordance with the received
Sreticle, slit, process and wafer information; and controlling a dose in
accordance with the generated recipe. A further enbodi ment includes
subtracting current reticle data fromprevious reticle data. A further
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mask. 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 the current
reticle data corresponds to a current mask and the previous reticle data

10  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.

15 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

20 indicative of detected critical dimension uniformity. A further embodiment



A further enbodi ment includes subtracting current slit data from previous
slit data. A further enbodi ment 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. 15A further enbodi nent
sets forth that the process conditions include at | east one of resist

condi tions, process conditions, or mask error enhancenent factor
conditions. A further enbodi ment sets forth that the wafer conditions

i ncl ude waf er topography information. A further enbodi ment includes at

| east one of storing or outputting information 20indicative of detected
critical di i I 1 A | j S generating a
sub-reci pe oﬂﬁJ ee%ibﬂe%%%%@{g%%t}f%ﬁ&oléé’?%%pg%h%%feﬂe H@%ﬁ%‘a A
further enbodi nent, sets forth a conputer-readabl e storage nmedi umtangi bly
enbodyi ng asﬁwgﬁ%f instructions executable by a 5 conmputer to perform
program steps for autonmatjc dose-correction reci pe generation, the program
steps conpri si ngA frghen gmbedigient sglsifoph @ campWRE-readaols #ofRge set and at

| east one previous reticle data set; receiving at |east one current slit
dat a set anthesium éanrgiblyembndyinga pregram efdnsiruations exeeutabledyd | east one
process condition; receiving at |east one wafer condition; 10 automatically
gener at ifhg eompsterto pedarm program sieps forautamdtic desevcotrection nesipei ved
reticle, slit, process and wafer information; and controlling a dose in
accordance gehdratioe, thepesgraatisteps icomprising: 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;

10 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

15  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
20 mask to a second photolithography mask in accordance with the following

exemplary figures, in which:



The present disclosure will be further understood fromthe foll ow ng
description of exenplary enbodi nents, which is to be read in connection 15
wi th the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

The present disclosure provides a nethod for adapting a sem conduct or
intra-field dose correction map froma first photolithography 20 mask to a
second phot ol i thography mask in accordance with the foll ow ng exenplary
figures, in which: Figure 1 shows a schematic bl ock diagramof a
nmet hod for intrafield dose correction; Figure 2 shows a schematic graphical
di agram of mask uniformty; Figure 3 shows a schematic graphical diagram of

it uniformi ty BRrd dishBlisldschetfidit8ibek diagram o adéod faiAga. @ schermat i c

bl ock di agram of automatic recipe generation systemfor intra-field dose
i sl osur o; TRRZERE SRR & o Chemat € bl ock di agram of an aufomatic reci pe
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 disclosure;
Figure 5 shows a schematic block diagram of an automatic recipe
10  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

15 accordance with an exemplary embodiment of the present disclosure.



10 generation system adapted to the case where a new mask is re-ordered
w t hout any change, in accordance with an exenplary enbodi mnent of the
present disclosure; and Figure 6 shows a schematic bl ock di agram
of an automatic recipe generation system adapted for nulti-reticle and/or
mul ti-scanner sets, in 15 accordance with an exenplary enbodi nrent of the
present disclosure. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS An
automati c dose correction recipe generation systemis provided for
inmproving intra-field critical dinmension (CD) uniformty. The recipe
generation systemis applicable to |ithography, dose correction, dose

Smappi ng angestAiL EBTHESCRIPYION OF PREPERRESIEMBUCIMERptgI0ds have been used
to inprove constrarned mnimum varrar ior intra-field CD
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automati c dose correction, recipe generation system .
generation system is applicablé 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 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

15 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

20 passes reticle information to an exposure tool 120. The exposure tool

passes exposure information to a detected critical dimension (DCD) unit



is provided to conpensate for the non-uniformty resulting from mask
processes and exposure processes on a scanner. Mask data is sent 15when a
mask is delivered. Slit uniformty is nonitored regularly, such as

bi -weekly or weekly. A Mask Error enhancenent Factor (MEF) is used to
correct the mask process error on a wafer. As shown in Figure 1, a
nmethod for intra-field dose correction is indicated generally by the
reference nuneral 100. Here, a reticle unit 110 20 passes reticle
information to an exposure tool 120. The exposure tool passes exposure
information to a detected critical dinmension (DCD) unit 130 for measuring
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t he exposure sses exposure |n ormatioh to a control unit 140,
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Not ably, the net hod uses no mask i nformation, no scanner informtion, and

no waf er i nMereaMerdhe DBRMNE 130,p3assr 3 sub-easinptodhegonieleniai0-change, this

met hod
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 information, and no wafer information.
When a new mask is reordered without any change, this method
10 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
15 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

20 214 having CDs smaller than a mean CD value. Similarly, the second



10 requires setup of another dose correction recipe for the new mask, which
may take up to four additional weeks. In addition, the recipe requires

anot her set of wafer CD data, regardl ess of mask CD data and scanner
condition. Turning to Figure 2, plots of mask uniformty are indicated
generally 15by the reference nuneral 200, with units in nanoneters. A first
intra-field COD uniformty map 210 shows intra-field uniformty for a wafer
with a first nmask, and a second intra-field CD uniformty map 220 shows
intra-field uniformty for a wafer with a second mask. The first mask map
210 i ncl udes areas 212 having CDs greater than a nean CD val ue, and areas

20 214 havi ag 78h llrgrgtéde{]ég%/}egs %a%g‘é???%{ﬁaﬁbmﬂaﬂré heghtepsecond  mask

map 220 inc es ar eas an a nean CD val ue, and
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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 3.97 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
10  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
15 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
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



di fference (DFN) of 3.10 nanoneters, a vertical 3-sigma value of 2.05
nanoneters, a vertical range of 3.97 nanoneters, and an X-Y val ue of -0.31.
The first nmask yields a horizontal nmean of 315.42 nanoneters, a horizontal
target of 312.00 nanoneters, a horizontal DFN of 3.42 l1l0Onanoneters, a

hori zontal 3-sigma value of 2.31 nanoneters, and a horizontal range of 4.36
nanonet ers. I n conparison, the second nask yields a vertical nean of
312.92 nanoneters, a vertical target of 312.00 nanoneters, a vertical DFN
of 0.92 nanoneters, a vertical 3-signma value of 2.22 nanoneters, a vertical
range 15 of 3.66 nanoneters, and an X-Y of 1.33. The second nmask yields a
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three months later on February 19", and follows a curve 322. As

5 illustrated, slit variation that only reached about 100.5% in November,
reached about 101.0% in February. Thus, scanner condition changes
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.

10 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

15 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.

20 Each mask has a different CD distribution. Although wafer CD

distribution data may be used to setup the dose correction recipe, the



from99.8%to 101.2% and slit position in mllinmeters on the horizontal
axis, shown here from-15 to +15 mllinmeters. Data 310 was col |l ected on
Novenber 16th, and follows a curve 312. Data 320 was col | ected about three
nonths | ater on February 19th, and follows a curve 322. As 5illustrated,
slit variation that only reached about 100.5%in Novenber, reached about
101. 0% i n February. Thus, scanner condition changes over tine, and can al so
be affected by regular preventative naintenance (PM. It is nuch nore
difficult to inprove CD uniformty without this slit uniformty information
fromthe scanner. 10Therefore, an inproved nethod may use both mask CD and

scanner g Q8 LB Adath By B i PRAIHIRH dsing i fhike case, the

mask CD may ivere e scanner condition, which

affects slit uniformt may_be ured with reqular,. i G .monitoring.
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during resist evaluation. A system enbodi nent of the present disclosure
produces ou?‘fotdﬂ%ﬁ"ler ec%ﬂr@ﬁ'agr%ﬂee-usi ng i nput data, such as reticle
information, scanner information such as slit conditions, wafer information
such as topogr apf§ shawn infigire 4 an exemplary embadimeakaomalic keGB® ues. 20Each
mask has a different CD distribution. Al though wafer CD distribution data
may be usedgenerationpystem fvoindraciield dlose eormectiompis, indinated generally by

the reference numeral 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

10  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.

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



mask CD distribution data may be used instead. Directly using the nmask data
froma mask house for exposing wafers reduces the tinme required to set up

t he dose correction recipe. As shown in Figure 4, an exenpl ary enbodi nment
automatic recipe 5 generation systemfor intra-field dose correction is

i ndi cated generally by the reference nuneral 400. The system 400 includes a
reticle data unit 410 connected to an autonmatic recipe generation system
unit 420. A slit condition data unit 430 is connected to the automatic
reci pe generation systemunit 420. An MEF and process unit 440, which
tracks resist and 10 process conditions, is also connected to the automatic
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automati c recj pe generation st e t 420, The automatic recipe
gener ati on W@@%%fl?ﬁ?'eﬁ%f’t a%tatttn%j conaaiet 10N aYOMUGTEFIBE unit 460,
such as a 29-fi ntger unit. 15 The control wunit 460 is connected to an out put
uni t 470, waererafion pysieasunits20,whare tapreticle effsgtidata unit sPYREY using this
met hod of dose correction. Mreover, there is no need to take new
measur enent sew oeticle dafae5 t2fram aldirelicle kiata aiit.oAwdlit unifaraiityofigehdatat i on system
for intra-field dose correction. 20Turning to Figure 5, an automatic recipe
gener at iOn anic580ns calarictst! toche aeitanatic rdvipeegeneratiomagitemsuniti?ter ed
wi t hout any change,

The slit uniformity 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

10  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.

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

11



is indicated generally by the reference nuneral 500. The system 500
includes a reticle offset data unit 510 connected to an automatic recipe
generation systemunit 520, where the reticle offset data unit subtracts
new reticle data 512 fromold reticle data 511. A slit uniformty offset
data 5 unit 530 is connected to the automatic recipe generation system unit
520. The slit uniformty offset data unit 530 subtracts new slit uniformty
data 532 fromold slit uniformty data 531. An MEF and process offset unit
540, which subtracts new resi st and process conditions fromold resist and
process conditions, is also connected to the automatic reci pe generation

10syst em unj, é@egé%p@ﬂ%orl'égb T é"%;s‘fém%qh{jhags rfeﬁc% off8kfdatg0: whi ch

mai ntai ns a zeror raph orma m nus new t opogr aphy
i nformation h r._copnn aut o [ eci neration system
uni t 520. Tﬂ'é' 51{) aé P&Eﬁ @t ﬁagﬁ%cw&”&d@ Qa%t%%'ﬁ%n turn, is
connected to a control, unit 560 ch as 29-f . 15 The control
unit 560 |srm%%@9éﬁt'?%siﬂﬂew’ﬂh$ Qan'lerga]U? r%?’ecﬁ%"ﬁd{‘;@ﬁ'@i here that DCD
uni formty is inmproved usi naplt hi s nmet hod of dose correction. Mbreover,

there is nosudeasts sachrewreliciasiata setfiam dhe eld (ecki Bd. Bt BB -usFg this

automatic recipe generation systemfor intra-field dose correction.
20Tur ni rig  nAwlit onifargutyefset datadutitdddt with datd pets 81632 aod 63348 em adapt ed
for nulti-reticle and nmulti-scanner sets, is indicated generally by
connected to the automatic recipe generation system 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
10  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
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 sub-recipe for each set of Reticle data (e.g., Rx) and Scanner
data (e.g., Sx) is generated automatically.

20 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



the reference nuneral 600. The system 600 includes a reticle offset data
unit 610 with data sets 611, 612 and 613 connected to an autonatic recipe
generation systemunit 620, where the reticle offset data unit subtracts
each newreticle data set fromthe old (e.g., RL, R2, R3, . Rx). 5 Aslit
uniformty offset data unit 630 with data sets 631, 632 and 633 is
connected to the automatic reci pe generation systemunit 620. The slit
uniformty offset data unit 630 subtracts each new slit uniformty data set
fromthe old (e.g., S1, S2, S3 ... Sx). An MEF and process offset unit 640,
whi ch subtracts new resi st and process conditions fromold resist and 10
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system uni t ition, er conditio uni whi ch
subtracts new t opography .information fromold topography_ information, is
Further confiBePSHaTmayE tRSReY P ueig Bulte SRR AMAR T 620, The
automatic reci pe generation systemunit 620, jn . turp, is connected to 1lba
control uni @rmyEgre; §B%‘Halef§”ao§%p'f’qcﬁ§%‘?rsuﬂ? gombtnatiens,tes2ofuni t 660 i s
connected to an output unit 670, which indicates here that DCD uniformty
i s inmproved usi njostireferablyotheqpringies ebthederepemt distostirelas® ore every

exposure, a sub-recipe for each set of Reticle data (e.g., Rx) and Scanner
data (e.y.,inptg¢mestegeasea avadirmiicordthacdwang. and software. Moreover, the

software is preferably implemented as an application program tangibly
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

10  platform having hardware such as one or more central processing units
(“CPU"), a random access memory (“‘RAM”), and input/output (“I/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 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
20 system components and methods depicted in the accompanying drawings

are preferably implemented in software, the actual connections between

13



20These and ot her features of the present disclosure may be readily
ascertained by one of ordinary skill in the pertinent art based on the
teachings herein. It is to be understood that the principles of the present
di scl osure may be inplemented in various fornms of hardware, software,
firmvare, special purpose processors, or conbinations thereof Most
preferably, the principles of the present disclosure are 5 inplenented as a
conbi nati on of hardware and software. Moreover, the software is preferably
i npl enented as an application programtangibly enbodied in
conput er -r eadabl e storage nmedia. The application program nmay be upl oaded

to, and exegut . } hi t ecture.
fhié ﬁfétém co%ﬁ%ﬁ?éﬁ"ﬁr t@ﬁﬁ%e?s%néﬁbh ﬁaeﬁsambg difet

Pref erably, machi n on a conputer 10 platform having

har d cpPU d
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atformmay also inc at | stem m croinsruction code
'FI)'he vari ous 6’95%’85?95 éWﬁnShu?lquqc [}&gg% Bgﬁoﬁggdénq{y U'Biﬁeéither part of
the mcroinstruction code or part of 15 the appllc ti.on or any
conbi nat i onPemBeRiArt wihbe ﬁb‘?a@’ qeetemplats €gssypng sepuar 'W'&Haﬁ@?% vari ous

ot her peripheral units may be connected to the conputer pl atform such as an
addi ti orfal oreenfigustions afthe presept inventiQn.uni t, and a phot ol i t hography unit.

Although illustrative embodiments 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

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 appended claims.
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It is to be further understood that, because sone of the constituent 20
system conponents and net hods depicted in the acconpanyi ng drawi ngs are
preferably inplenented in software, the actual connections between the
system conponents or the process function blocks may differ dependi ng upon
t he manner in which the present invention is programmed. Gven the

teachi ngs herein, one of ordinary skill in the pertinent art wll be able
to contenplate these and simlar inplenmentations 50r configurations of the
present invention. Al t hough illustrative enbodi nents have been

described herein with reference to the acconpanying drawi ngs, it is to be
understood that the present disclosure is not limted to those precise
enbodi M&éand t hat various other changes and nodifications nay be

ef f ect ein by those 10 of ordinary skill in the pertinent art w thout
departing fr\&@‘t.he sco(ge_ or spirit of the present disclosure. Al such
changes and 08§ P CIPSGs are intended to be included within the scope of
the present disclosure as set forth in the appended clains. CLAIMS Wat is
clained is:

1. An automatic dose-correction recipe generation system comprising:

a memory storing an application program; and a central processing unit configured to
execute the application program, wherein the application program is configured to generate
a dose-correction recipe to adjust a dose based on reticle offset information of a mask for a

semiconductor and slit uniformity information of a scanner.

2. The system of claim 1 wherein the reticle offset information is derived from subtracting

current reticle data of the mask from previous reticle data of the mask.

3. The system of claim 1 wherein the slit uniformity information is derived from subtracting

current slit data of the scanner from previous slit data of the scanner.

4. The system of claim 3 wherein the current slit data corresponds to a current condition of

a slit of the scanner and the previous slit data corresponds to a previous condition of the slit.

5. The system of claim 1 wherein the recipe is further based on at least one of resist

conditions, process conditions, or mask error enhancement factor conditions.

15



1. An automatic dose-correction recipe generation system conpri sing:

a nenory storing an application program and a central processing unit
configured to execute the application program wherein the application
programis configured to generate a dose-correction recipe to adjust a dose
based on reticle offset information of a mask for a sem conductor and slit
uniformty information of a scanner. 2. The systemof claim1l wherein the
reticle offset information is derived from subtracting current reticle data
of the mask fromprevious reticle data of the mask. 3. The system of claim
1 wherein the slit uniformty information is derived from subtracting
current slit data of the scanner fromprevious slit data of the scanner.

4. The systemof claim3 wherein the current slit data corresponds to a

cur r ent®- c HRRBYSRM chelaln dwhereip theygcipe dstveperbased oa tm%mwn@f)m@tm&&fé
corresponds to a previous condition of the slit. 5. The systemof claiml
wher ei vafereofite pericorductart her based on at |east one of resist conditions,
process conditions, or mask error enhancenent factor conditions. 6. The
systemof claim1l wherein the recipe is further based on topography
information of a wafer of the sem conductor. 7. The systemof claim1l

wher ei rf-t hie gysiem Ghelatm 1 yhesrinthe aprisationgqiieeramis configyrd e aytrubadstectsd t cal
di mension uniformty. 8. The systemof claiml, wherein the recipe is
based dfitigal dsnensicax$rifaraity-t he reticle offset information and the slit
uniformty information.

8. The system of claim 1, wherein the recipe is based on a combination of the reticle offset

information and the slit uniformity information.

9. The system of claim 1, wherein the dose is used to compensate for a non-uniformity

resulting from mask processes and exposure processes on the scanner.

10. The system of claim 6, wherein the recipe is based on a difference between new

topography information of the wafer and old topography information of the wafer.

11. The system of claim 2, further comprising a second application program to derive the

reticle offset information by performing the subtracting.

12. The system of claim 3, further comprising a second application program to derive the slit

uniformity information by performing the subtracting.

16



9. The systemof claim1l, wherein the dose is used to conpensate for a
non-uniformty resulting fromnmask processes and exposure processes on the
scanner. 10. The systemof claim®6, wherein the recipe is based on a

di fference between new topography information of the wafer and old

t opography information of the wafer. 11. The systemof claim2, further
conprising a second application programto derive the reticle offset
information by perform ng the subtracting. 12. The system of claim 3,
further conprising a second application programto derive the slit
uniformty informati on by perform ng the subtracting. 13. An automatic
dose-correction reci pe generati on system conpri sing: a nmenory
storing an application program and a central processing unit configured to
execut e13. i agipmatia dosercpirefioarrecing genenatiom sysigm| dopnrisig: pr ogram i s
configured to generate a dose-correction recipe to adjust a dose based on
i) a differenmenney e®eng @anrapplicatioatpregramg and acfenrahprekedsing unitsamiiganeduct or
fromprevious reticle data of the nmask, ii) a difference between current
slit dabaxetuts tiseapplicatinprogran, wisrel the agplicatioh prdygamdanoefigurethid iii) a
di fference between current topographical information for a wafer of the

sem conghierate adduselioRecivrbrdciieas apit 8 dosé Bhssd1dh i)andiffiérehbebe@ieeh. 14. The
system of claim 13, wherein the dose is used to conpensate for a

NON- UNi dypfeft FeficleRfith bf Athdsk 960 A8 HicBRASRS o PREVIGUSRBALIE Baftf STARS RRABKON the
scanner. 15. The system of claim 14, wherein the application programis

cont i 9uj) aehiffreREl Bitiven LaHEA Sifl dbta! df aCRhnFHer BT r8RotE st Yatd bdthe scanner,

and iii) a difference between current topographical information for a wafer of the

semiconductor and previous topographical information of the wafer.

14. The system of claim 13, wherein the dose is used to compensate for a non-uniformity

resulting from mask processes and exposure processes on the scanner.

15. The system of claim 14, wherein the application program is configured to output a

detected critical dimension uniformity.
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