IRRPARATUS AND M CRODEVI CE MANUFACTURI NG METHOD USI NG THE SAME

- NVENTI ON AND RELATED ART This invention relates to an
atus and, nore particularly, to an exposure apparatus for
m cr ddevi ces suchER9 6§'é|3§*{611ductor device2 (e.g. |1Cs and _
LSI's), liquid crystal devices, image pickup devices (e.g. CCDs) or magnetic
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for manufacture of microdevices such as semicon- 5 214 while maintaining the exposure amount con-
ductor devices (e.g. ICs and LSls), liquid crystal stant, non-uniformness of exposurs upon the semi-
devices, image pickup devices (e.g. CCDs) or mag- conductor substrate is minimized.
netic heads, for example, with use of a plurality of _ '
pulses of light for exposure. in another aspect, the ' SUMMARY OF THE INVENTION
invention is concerned with a microdevice manu- 70 _ :
facturing method which uses an exposure appara- If however a pulse emission type light source
tus such as above. _ such as an excimer laser, for example, is used in
_ Figure 1 is 2 schematic view of an example of this type of exposure apparatus as a light source in
scanning type exposure apparatus. In Figure 1, an attempt to enhancing the throughput or improv-
denoted at 201 is a light source such as a Hg 75 ing the resolution, any fluctuation in light quantity
lamp, for example, for providing ultraviolet light. of each pulse leads to unwanted non-uniformness
Light emitting portion of the light source is dis- of exposure amount. _
posed in the vicinity of the first focal point of an It is accordingly an object of the present inven-
elliptical mirror 202, and light from this light emit- tion to provide an improved exposure apparatus by -
ting portion is collected by the elliptical mirror 202 20  which non-uniformness of exposure can be re-
to its second focal point 203. The light collected to duced sufficiently.
the second focal point 203 is directed to and col- In accordance with an aspect of the present
lected on the light entrance surface of an optical invention, there is provided an exposure apparatus
integrator 206 comprising a fly's eye lens, for ex- for exposing a substrate with pulses of light sup-
ample, through a condenser lens 204 and a mirror 25  plied sequentially, the apparatus comprising means
205. A fly's eye lens may comprise a combination - for controlling the timing of exposure of the sub-
of a large number of small lenses, and a plurality of strate with a pulse to be emiited, on the basis of
secondary light sources are defined in the vicinity exposure amount provided by at least one pulse
of its light exit surface. Denoted at 207 is a con- preceding the pulse to be emitted.
denser lens which serves to illuminate a masking 30 In a preferred form of the invention, the expo-
blade means 209 (in Kohler illumination) with light sure amount of each pulse light may be monitored
from the secondary light sources. The masking while the scan spesds of a reticle (mask) and a
blade means 209 and a reticle 212 are disposed in semiconductor subsirate (wafer) may be main-
an optically conjugate relationship with each other tained constant. When the exposure amount pro-
with respect to an imaging lens 210 and a mirror 35 vided by a predetermined pulse or pulses is larger
211. Thus, the shape and size of the illumination than predetermined or desired exposure amount,
region upon the reticle 212 is determined by the the timing of emission of a subsequent pulse may
aperture shape of the masking blade means 209. be retarded. When the exposure amount provided
Usually, the illumination region on the reticle 212 by the predetermined pulse or pulses is not larger
has an oblong slit-like shape, having a shorter 40 than the predetermined, the timing of emission of
length in the scanning direction of the reticle 212 the subsequent pulse may be advanced. This en-
than that in the direction orthogonal to the scanning ables reduction of non-uniformness of exposure
direction. Dencted at 213 is a projection optical amount at each point on the semiconductor sub-
system for projecting a circuit pattern of the reticle strate irrespective of variation in light quantity of
212 onto a semiconductor substrate (wafer) 214 in° 45  each pulse light. In an occasion where the number
a reduced scale. Denoted at 216 is a controf sys- of pulses of fight necessary for the exposure is
tem for moving, through driving means (nhot . small, in order to avoid digitai error due to the
shown), the reticle 212 and the semiconductor sub- number of pulses, the intensity in an end portion of
strate 214 at the same ratio as of the magnification distribution in the scan direction of the reticle may
of the projection optical system 213 and at con- s0 be changed slowly, not providing exactly uniform
stant speeds, accurately. Denoted at 215 is a light -intensity (illuminance) distribution in the scan direc-
quantity detector for monitoring a' portion of light tion. To this end, one preferred form of the inven-
divided by a half mirror 208, to indirectly monitor tion may preferably be provided with means for
the exposure amount upon the semiconductor sub- adjusting the width of the end portion of the inten-
strate 214. Control system 218 serves to control 55  sity distribution, having slow change.

and, more particularly, 1o an exposure apparatus

electric power to be applied to the Hg lamp in

accordance with the exposure amount calculated
by a light quantity calculator 217, so as to maintain

the reticle 212 and the semiconductor substrate

Use of an exposure apparatus according to the
present invention assures accurately manufacturing
microdevices such as semiconductor devices (e.g.
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tages of the present invention will become more
apparent upon a consideration of the following de-
scription of the preferred embodiments of the
present invention taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE.DRAWINGS

Figure 1 is a schematic view of an example of
scanning type exposure apparatus.

Figure 2 is a schematic view of an exposure
apparatus according to an ‘embodiment of the

present invention.

Figure 3 is a schematic view for explaining a
reticle and an illumination region thereon.

Figure 4 is a schematic view for explaining
displacement of a point on a reticle through an
illumination region.

Figure 5 is a graph for explaining integration of
exposure amount in an apparatus having a continu-
ous emission type light source such as a Hg lamp.

Figure 6 is a graph for explaining integration of
exposure amount provided by pulses of light of
constant light quantity.

Figure 7 is a graph for explaining integration of.

exposure amount provided by pulses of light of
varying hght quantity.
Figure 8 is a graph for explamlng integration of
exposure amount in the apparatus of Figure 2.
Figure 9 is a graph for explaining illuminance
distribution in an illumination region, in the width-
wise direction of slit.

Figure 10 is a graph for explammg an example

of uniform illuminance distribution.

Figure 11 is a flow chart of semiconductor

device manufacturing processes.
Figure 12 is a flow chart of a wafer process.
Figure 13 is a flow chart of exposure amount
control in the apparatus of Figure 2 embodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figure 2is a schematlc view of an embodiment
of the present invention, and it shows a scanning
type projection exposure apparatus for manufacture
of microdevices such as semiconductor devices
(e.9.
pickup devices (e.g. CCDs) or magnetic heads, for
example.

In Figure 2, light from a light source 1 compris-

" ing an excimer laser, for example, for emitting

pulse light, is rectified into a desired shape by a
beam shaping optical system 2, and it is directed

ICs or LSls), liquid crystal devices, image '
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pnses a combination of a number of
small lenses, and a plurality of secondary light

"sources are defined in the vicinity of its light exit
‘surface. Denoted at 4 is a condenser lens which

serves to illuminate a masking blade means 6 (in

"Kohler illumination) with light from the secondary

light sources of the optical integrator. The masking
blade means 8 and a reticle 9 are disposed in an
optically conjugate relationship with each other with
respect to an imaging lens 7 and a mirror 8. Thus,
by setting the aperture shape of the masking blade
means_ 6, the shape and size of an illumination

region upon the reticle 9, to be illuminated with

pulse light, is dstermined. Usually, the illumination
region on the reticle 9 has an oblong slit-like
shape, having its minor side (shorter side) dis-

_posed along the scanning direction of the reticle 9.

Denoted at 10-is a projection optical system for
projecting a circuit pattern formed on the reticle -
onfo a semiconductor substrate 11 in a reduced
scale. Denoted at 101 is a movement control sys-
tem for moving, through unshown driving means,
the reticle 9 and the semiconductor substrate 11 at
the same ratio as the projection magnification of
the projection optical system 10 and at constant
moving speed, accurately. Denoted at 12 is a light
quantity detector for monitoring a portion of pulse
light divided by a half mirror 5 to thereby indirectly
monitor the amount of exposure of the semicon-
ductor substrate 11 with each pulse. Control sys-
tem 103 serves to control the light emission timing
of the pulse laser 1 in accordance with the expo-
sure amount calculated by a light quantity calcula-
tor 102.

"Figure 3 illustrates the retlcle 9 as moving in a

- direction of arrow, perpendicular to the path of

illumination light 104 during the exposure opera-
tion. As the reticle 9 moves in the direction of
arrow, it is scanned and exposed with the illumina-
tion region 105 defined by the slit-like light 104.

_Figure 4 is a plan view of the reticle of Figure 3, as
~ viewed in the direction of illumination, i.e., from the

above, and it is illustrated that a point a on the
reticle 9 displaces with the movement of the reticle
9, through the illumination region 105 (from position
a to position ai and to position az). As the point a
comes to the position a, the exposure of the point
a starts and, when the point a come to the position
az, the exposure of the point a is completed.

‘ Figures 5 - 8 are graphs for explaining in-
tegrated exposure amount at a certain point (point
a in this example) on the reticle 9, which amount
increases with movement of the reticle 9. Refer-
ence character Eo represents a target value of
integrated exposure amount. Reference character
T: denotes the moment as the point a comes to

poi nt
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uniformness of exposure amount at each point on

the semiconductor substrate regardless of variation
in light quantity of each pulse.

trol sequence. At step 101, the exposure amount
necessary for exposure of a resist of a substrate is
determined, this being done by using a test wafer,

(i.e., it just goes out the illumination region: namely, .5 for example. At step 102, on the basis of the
the moment of finish of exposure thereof). necessary exposure amount determined at step
- If a continuous emission type light source such 101, set.energy of excimer laser 1, laser emission
"as Hg lamp is used as an exposure light source, - frequency and width of the slit of blade 6 as well as
-the exposure amount increases continuously or - '" the moving speeds of a reticle stage and a wafer
non-intermittently from the start of exposure to the = 70 stage, -are determined. These parameters are de-
end of exposure, such as shown in Figure 5. Thus, - fermined while taking into account that the stage
by setting the moving speeds of a reticle and a moving speed, the emission frequency or the mini-
substrate and the quantity of energy irradiation per “mum number of exposure pulses all can be
unit time as well as the width of irradiation slit changed to reduce non-uniformness of exposure
beforehand, and by executing the exposure opera- 15 amount, and also they are determined so as to
tion while keeping them constant, non-uniform ex- increase the throughput as much as possible. If
posure can be avoided and accurate exposure con- . necessary, an ND (neutral density) filter may be
trol is assured. Further, in a case where pulse light - used to adjust the light quantity. At step 103, a
is used as exposure light as in the present inven- wafer and a reticle are set at their predetermined
tion and if the irradiated energy of each pulse is 20 - positions, for preparation of start of exposure op-
constant, then, like the case of continuous emission eration, and the relative position of the wafer and
type light source, non-uniform exposure can be the reticle is adjusted. After the relative alignment
avoided and accurate exposure control is assured. of them is accomplished, movement of the reticle
However, in a case of pulse light source such stage and the wafer stage as well as emission of
as an excimer laser, practically it is difficult to 25 laser 1 start (steps 104 and 105). In a case where
~ maintain the energy of each pulse light exactly the emission of laser 1 starts before the region of
constant even though the emission frequency can * . the reticle 9 to be exposed enters the area to be
be made constant. Thus, when the exposure opera- irradiated with the illumination light, a light blocking
tion is performed on the basis of conditions (e.g. region may preferably be provided on the reticle 9
set energy, set slit width, set scan.speeds of a. 30 or a shutter of the laser may preferably be kept
reticle and a wafer, set emission frequency) cal- closed, so as to prevent the exposure light from
culated from the amount of average energy irradia- . impinging on the wafer. At step 106, the energy E;
tion per one pulse, possible fluctuation or variation of the pulse light used to perform the exposure is
of energy of each pulse light ends in failure of . detected. Hers, on the basis of the set pulse expo-
accurate exposure amount control, as illustrated in 35  sure -energy Eo and the actually detected pulse
Figure 7 (over-exposure in this example). In a scan- - exposure energy-E;, the moment of emission of the
ning type exposure apparatus wherein the expo- " succeeding pulse light is determined (step 107).
sure period is substantially constant, this causes Then, if the exposure of one shot (one scan) is not
non-uniform exposure of a semiconductor sub-- - completed, the succeeding pulse light is emitted at
strate. . - 40  the moment calculated.

Figure 8 is a graph for explammg exposure Preferably the set energy of laser 1 may be
amount control in this embodiment of the present calibrated with respect to the exposure amount
invention. Briefly, in this embodiment, during the detecting system of the exposure apparatus, and
scanning . exposure during which the scanning average exposure amount corresponding to the set
speeds of a reticle and a semiconductor substrate 45  energy of laser 1 may preferably measured before-
is maintained constant, the exposure amount pro- hand. '
vided by each pulse supplied sequentially is mon- In the embodiment described, exposures are
itored: if the exposure amount provided by a light executed sequentially with pulse lights p1, p2, pa,
pulse or pulses is greater than a predetermined or P+, ..., and the timing of emission of pulse light p
desired level, the timing of emission of the suc- 50 is controlled on the basis of the exposure amount
ceeding light pulse is retarded; if on the other hand _ provided by the preceding puise light p;-1. How-
the exposure amount provided by a light pulse or ever, the emission timing may be controlled on the
pulses is less than a predetermined or desired . basis of the exposure amount provided by pulse
level, the timing of emission of the succeeding . light pi-2 or pulse light p;-s, for example, not just
pulse is advanced. This enables minimizing non- &5 preceding to the pulse light p;. it may however be

desirable to control the emission on the basis of a
pulse close to the pulse to be emitted. Further, the
moment of emission of pulse p; may be controlied
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In the embodiment described, in relation to the

" detected exposure amount provided by the or a

preceding pulse light, the time interval to the emis-
sion of the pulse to be emitted subsequently is
calculated to control the moment of emission of the
puise to be emitted subsequently. However, as an

alternative, in relation to the detected exposure

amount the position of the reticle or the wafer to be
exposed with the subsequent pulse may be cal-

"culated, and the timing of emission of the subse-

quent pulse may be controlled so that, at the
moment as the reficle or wafer comes to that
position, the pulse may be emitted. This may be
particularly effective in a case where the moving
speed of the reticle or wafer has small fluctuation.
In that occasion, the positional information related
to the reticle or wafer may preferably be monitored
and detected continuously by using a high-preci-
sion laser interferometer, for example. :
If a large number of pulses of light (e.g., a few
hundred pulses) are to be used for the exposure

process, a particular attention may not be paid to

the illuminance distribution on the reticle 9 in the

scanning direction of the same, and exactly uni--
form distribution such as shown in Figure 10 may -

be provided. However, if the number of light pulses
to be used for the exposure process is not large, in
order to avoid digital error due to the pulse num-

“ber, the illumination may be done with the distribu-

tion in the marginal region being changed gently
such as shown in Figure 9. This enables more

‘accurate control of exposure amount. _
. More specifically, the marginal regions (AX in
Figure 9) of the illuminance distribution (intensity -

distribution in section) in the scan direction of the
reticle 9 preferably satisfy a relation AX =

- (average reticle movement distance per one pulse),

where M is a natural number, and also preferably

these marginal regions are symmetric as illustrated

in Figure 9 (a shape near the illustrated may be
satisfactory). As an example, after a uniform illumi-
nance distribution is formed, at least one blade of
the masking blade means 6 of Figure 2 may be
moved in the direction of the optical axis, to cause

- small defocus of the image thereof upon-the reticle

9 to thereby blur the illumination region on the
reticle 9.

In the present embodiment, the masking blade
means comprises two orthogonal variable slits and,
of these variable slits, the image of-the one slit
which determines the width of the illumination re-
gion in the scan direction can be defocused to
adjust the magnitude of AX as desired.
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to the paitern surface of the reticle 9 throu

lmagmg lens 7. However, use of the imaging Iens 7
is not always necessary. For example, the masking
blade means may be disposed just befors the
reticle S.

In the initial setting of emission frequency, to
the maximum frequency of a pulse light source
used, the emission frequency may desirably be set

to a level taking into account the energy variation

of each pulse. For example, in an occasion where a
laser having pulse energy fluctuation of 5% and

~ having maximum emission frequency of 500 Hz is

used and where the emission timing is controlled
on the basis of just the preceding one pulss, since
the emission frequency is expected to have a vari-
ation of 5%,-the frequency should desirably be set
in the initial setting to 475 Hz or lower.

Next,-an embodiment of semiconductor device
manufacturing method using the projection expo-

" sure apparatus of the Fgure 2 embodiment, will be

explained.

Figure 11 is a flow chart of the sequence of
manufacturing a semiconductor device such as a
semiconductor chip (e.g. 1C or LSI), a liquid crystal
panel or a CCD, for example. Step 1 is a design
process for designing the circuit of a semiconduc-
tor device. Step 2 is a process for manufacturing a
mask on the basis of the circuit pattern design.
Step 3 is a process for manufacturing a wafer by
using a material such as silicon.

Step 4 is a wafer process which is called a pre-
process wherein, by using the so prepared mask
and wafer, circuits are practically formed on the
wafer through lithography. Step 5 subsequent to
this is an assembling step which is called a post-
process wherein the wafer processed by step 4 is
formed into semiconductor . chips. This step in-
cludes assembling (dicing and bonding) and pack-
aging (chip sealing). Step 6 is an inspection step
wherein operability check, durability check and so
on of the semiconductor devices produced by step '
5 are carried out. With these processes, semicon-
ductor devices are finished and they are shipped
(stop 7).

Figure 12 is a flow chart showing details of the
wafer process. Step 11 is an oxidation process for
oxidizing the surface of a wafer. Step 12 is a CVD
process for forming an insulating film on the wafer

_surface. Step 13 is an electrode forming process

for forming electrodes on the wafer by vapor. depo-
sition. Step 14 is an ion implanting process for
implanting ions to the wafer. Step 15 is a resist
process for applying a resist (photosensitive ma-
terial) to the wafer. Step 16 is an exposure process
for printing, by exposure, the circuit pattern of the

.mask on the wafer through the exposure apparatus
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for developing the exposed wafer. Step 18 is an
elching process for removing portions other than
the developed resist image. Step 19 is a resist
separation process for separating the resist ma-
terial remaining on the wafer after bsing subjected
‘to the etching process. By repeating these pro-
. cesses, circuit patterns are superposedly. formed
on the wafer.

comprising scanning means for scanning a

mask and the substrate with pulses of light.

said controlling means retards the timing of
oxposure when the light quantity of a puise
preceding the pulse to be eomitted is larger
than a predetermined, and advances the timing
of exposure when the light quantity of a pulse
preceding the pulse to be emitted is not larger
than the predstermined.

While the invention has been .described with 10 8. An apparatus according to Claim 7, wherein
reference to the structures disclosed herein, it is said controlling means controis the timing of
not confined to the details set forth and this ap- exposure on the basis of information related to
plication is intended to cover such modifications or the light quantity provided by the preceding
changes as may come within the purposes of the ' pulse, just preceding the pulse o be emitted.
improvements or the scope of the following claims. (L]

: 9. An apparatus according to Claim 7, whersin

Claims said controlling means controls the the timing

_ . of exposure on the basis of the light quantity

1. An exposure apparatus for exposing a. sub- provided by a plurality of pulses preceding the
strate with pulses of light supplied sequentially, 20 pulse to be emitted.

comprising: :

means for detecting the light quantity of 10. An apparatus according to Claim 7, wherein
each pulse; and the pulses of light are supphed from an ex-
means for controlling the timing of expo- cimer laser.

sure of the substrate with a pulse to be emit- 25

ted, on the basis of the light quantity provided- 11. An apparatus according to Claim 7, wherein

by at least one pulse preceding the pulse to each pulse has a sectional intensity distribution

be emitted. in a scan direction, and wherein the intensity

: ‘changes slowly in a marginal portion of the
2. An apparatus according to Claim 1, wherein 30 intensity distribution.

said controlling- means controls the timing of

exposure on the basis of information related to 12. An apparatus according to Clalm 11, further

the light quantity provided by the preceding comprising light blocking means having a plu-

pulse, just preceding the pulse o be emiited. rality of light blocking plates, for restricting an
35 illumination region to be iradiated with a pulse,
3. An apparatus according to Claim 1, wherein and means for displacing at least one of said
' ‘said controlling means controls the the timing light blocking plates in the direction of optical
. of exposure on the basis of the light quantity axis.
- provided by a plurality of pulses preceding the _ _ o
- pulse to be emitted. 40 13. A device manufacturing method in which a
. workpiece is exposed with pulses of light sup-
4. An apparatus according to Claim 1, wherein plied sequentially, said method comprlsmg the
said controlling means retards the timing of steps of:

exposure when the light quantity of a pulse detecting the light quantlty of at least one

preceding the pulse to be emitted is larger 45 pulse emitted; and

than a predetermined, and advances the timing ' controlling the timing of exposure of the

of exposure when the light quantity of a pulse workpiece with a pulse to be emitted, on the

preceding the puise to be emitted is not larger basis of the detected light quantity.

than the predetermined. :

s0 14. A method according to Claim 13, wherein, in
5. An apparatus according to Claim 1, wherein - said controlling step, the timing of exposure is
the pulses of light are supplied from an ex- retarded when the detected light quantity of
cimer laser. the at least one pulse is larger than a predeter-
_ mined, and wherein the timing of exposure is

6. An apparatus according to Claim 1, further 55 advanced when the detected light quantity of

the at least one pulse is not larger than the
predetermined.
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etching process for removing portions other than
the developed resist image. Step 19 is a resist
separation process for separating the resist ma-
terial remaining on the wafer after being subjected
to the etching process. By repeating these pro-
cesses, circuit patterns are superposedly formed
on the wafer.

While the invention has been described with
reference to the structures disclosed hersin, it is
not confined to the details set forth and this ap-
plication is intended to cover such modifications or
changes as may come within the purposes of the
improvements or the scope of the following claims.

Claims

1. An exposure apparatus for exposing a sub--

strate with pulses of light supplied sequentially,
comprising:
~ means for detecting the light quantity of
each pulse; and '
means for controlling the timing of expo-
sure of the substrate with a puise to be emit-
ted, on the basis of the light quantity provided
by at least one pulse preceding the puise to
be emitted.

2. An apparatus according to Claim 1, whersin
said controlling means controls the timing of
exposure on the basis of information related to
the light quantity provided by the preceding
pulse, just preceding the puise to be emitted.

3. An apparatus according to Claim 1, wherein
said controlling means controls the the timing
of exposure on the basis of the light quaritity
provided by a plurality of pulses preceding the
pulse to be emitted.

4. An apparatus according to Claim 1, wherein
said controlling means retards the timing of
exposure when the light quantity of a pulse
preceding the pulse to be emitted is larger
than a predetermined, and advances the timing
of exposure when the light quantity of a pulse
preceding the pulse to be emitted is not larger
than the predetermined. .

5. An apparatus according to Claim 1, wherein
the pulses of light are supplied from an ex-
cimer laser.

6. An apparatus éccording to Claim 1, further
comprising scanning means for scanning a
mask and the substrate with puises of light.
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13.

14.

exposure when the light quantity of a pulse
preceding the puise to be emitted is larger
than a predetermined, and advances the timing
of exposure when the light quantity of a puise
preceding the pulse to be emitted is not larger
than the predetermined. :

An apparatus according to Claim 7, wherein
said controlling means controls the timing of
exposure on the basis of information related to
the light quantity provided by the preceding
pulse, just preceding the pulse to be emitted.

An apparatus according to Claim 7, wherein
said controlling means controls the the timing
of exposure on the basis of the light quantity
provided by a plurality of pulses preceding the
pulse to be emitted.

An apparatus according to Claim 7, wherein
the pulses.of light are supplied from an ex-
cimer laser.

An apparatus according to Claim 7, whersin
each puise has a sectional intensity distribution

in a scan direction, and wherein the intensity

changes slowly in a marginal portion of the
intensity distribution.

An apparatus according to Claim 11, further
comprising light blocking means having a plu-
rality’ of light blocking plates, for restricting an
illumination region to be irradiated with a pulse,
and means for displacing at least one of said

axis.

A device manufacturing method in which a
workpiece is exposed with pulses of light sup-
plied sequentially, said method comprising the
steps of:

detecting the light quantity of at least one
pulse emitted; and

controlling the timing of exposure of the
workpiece with a pulse to be emitted, on the
basis of the detected light quantity.

A method according to Claim 13, wherein, in
said controlling step, the timing of exposure is
retarded when the detected light quantity of
the at least one pulse is larger than a predeter-
mined, and wherein the timing of exposure is

light blocking plates- in‘the" directjon of optical

advanced when the detected light quantity of -

the at least one pulse is not larger than the

mai nt ai ni ng the

strate 214. By keeping constant scanning speed of each of

i's

predetermined.

WA
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‘m‘l&r‘mnw l‘“ﬂm I ng the throughput or inproving the resolution, any
I ght quantity of each puI se |l eads to unwanted
non- uni f or mess of exposure am)un%%P&% cordl ngly an gbject of the

present invention t o''provi de an osure apparatl?s by whi ch
non-uni f ormess of exposure can be reduced sufficiently. In accordance with

an asp&c;\ &&m&'&@ﬂ:ﬁ%ﬁ'&md\ qxe,me;eﬂr}hethere IS provided an exposure apparatus

fo timing of exposure with a pulse to be emitted
is controlled on the basis of the light quantity
of the preceding pulse. '

16. A method according to Claim 14, wherein the
timing of exposure with a pulse to be emitted
is controlled on the basis of the light quantity
of plural pulses preceding the pulse to be
emitted. 10

17. A method according to Claim 13, wherein the
' workpiece and a mask are scanned with pulses
" of light so that the workpiece is exposed to the
mask. ' 15

18. A method according to Claim 17, wherein in
said controlling step, the timing of exposure is
retarded when the detected light quantity of
the at least one pulse is larger than a predeter- 20
mined, and wherein the timing of exposure is
advanced when the detected light quantity of
the at least one pulse is not larger than the
predetermined.
' _ 25
19. A method according to Claim 18, wherein the
timing of exposure with a pulse to be emiited
is controlled on the basis of the light quantlty _
of the preceding puise.

20. A method according to Claim 18, wherein the
timing of exposure with a pulse to be smitted
is controlled on the basis of the light quantity
of plural pulses preceding the pulse to be
emitted. : : 35

21. A method according to Claim 17, wherein each
pulse has a sectional intensity distribution in a
scan direction, and wherein the intensity
changes slowly in a marginal portion of the 40
intensity dlstnbutlon

- 80

55

‘This Sheet Has Been Replaced




3

-4- exposing a substrate with pul ses of |ight supplied sequentially, the
apparatus conprising neans for controlling the timng of exposure of the
substrate with a pul se to be enitt 3% basis of exposure anount

provi ded by at |east one pul se precealng e pulse to be emtted. In a
preferred formof the invention, the exposure anpbunt of each pul se |ight
may be nonitored while the scan speeds of a reticle (mask) and.a

sem conduct or substrate (wafer) nmay be nmaintai ned constant. Wen the
exposure anount provided by a predeterm ned pul se or pulses is |arger than

201

\ 202

el S. !'( \<2“
| ' ' =M\
205 |
7 | U
215 212
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CONTROL [\[CIGHT oTY |V =
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21 | 217
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predeterm ned or desired exposure anmount, the timng of em ssion of a
subsequent pul se may be retarded. Wen the exposure anount provided by the
predet erm ned pul se or pulses is not |larger than the predetermned, the
timng of em ssion of the subsequé §¥%§§d§ay be advanced. This enabl es
reduction of non-uniformess of egﬁﬁg unt at each point on the

sem conduct or substrate irrespective of variation in light quantity of each
pul se light. In an occasion where the nunber of pulses of |ight necessary
for the exposure is small, in order to avoid digital error due to the

nunber of pul ses, the |nten5|ty in an end portion of distribution in the
scan dlrectlon of the reticle may
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be changed slowly, not providing exactly uniformintensity (illum nance)
distribution in the scan -5- direction. To this end, one preferred form
6f the invention may preferably be grovided wi th means for adjusting the

wi dth of the end portion of the in%eﬂ§*?93hﬁ§tribution, havi ng sl ow change.
Use of an exposure apparatus according to the present invention assures

accurately manufacturing m crodevi ces. such as sem conductor ~devices (e.g.
| Cs _ _

N O
o

\
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or LSIs), liquid crystal devices, image pickup devices (e.g. CCDs) or
magnetic heads, for exanple. These and other objects, features and

advant ages of the present invention will become nore apparent upon a

consi deration of the follow ng 'desgf,rd’ #biap Aqf the preferred enbodiments of
the present invention taken in conjunction with the acconpanyi ng draw ngs.
BRI EF DESCRILPTION OF THE DRAWNGS Figure 1 is a schematic view of an
exanpl e of scanning type exposure apparatus. Figure 2 is a schematic view
of .an exposure apparatus according to an enbodi nent of the present
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i nvention. Figure 3 is a schematic view for explaining a reticle and an
i1lumnation region thereon. Figure 4 is a schematic view for explaining

dl spl acenent of a point on a reti cERotgs2a@ggtan illuni nation .region. - 6-
Figure 5 is a graph for explaining integration of exposure anount in an
apparatus having a continuous em ssion type |light source such as a Hg
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| anp. Figure 6 is a graph for explaining. integration of exposure anount
provi ded by pul ses of |light of constant |ight quantity. Figure 7 is a graph
-fror expl aining integration of exposure amount provided by pul ses of |ight
of varying light quantity. Figure EPO832:33JrAbh for explaining integration
of exposure anount in the apparatus of Figure 2. Figure 9 is a graph for
explaining irllumnance distribution in an illumnation region, in the

wi dt hwi se direction of slit. '
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Figure 10 is a graph for explaining an exanple of uniformillum nance
distribution. Figure 11 is a flow chart of sem conductor device

manuf acturi ng processes. Figure 12 is a flow chart of a wafer process.
Figure 13 is a flow chart of exposd#,%_ﬁggﬁghécontrol in the apparatus of
Fi gure 2 embodi ment. DESCRI PTI ON RRED EMBODI MENTS Figure 2 is a
schematic view of an enbodi nent of the present invention, and it shows a
scanni ng type :

CIRCUIT DESIGN WAFER _MANUFACTURE
(STEP 1) (STEP 3)
MASK MANUFACTURE
(STEP 2)

1

WAFER PROCESS(PRE -PROCESS)

1 | (STEP 4)
ASSEMBLY PROCESS (POST-PROCESS)
(STEP 5)
| L
INSPECT ION
| | (STEP 6)
' Y
SHIPMENT
(STEP 7)

FIG. I
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-7- projection exposure apparatus for manufacture of nicrodevices such as
sem conductor devices (e.g. I1Cs or LSIs), liquid crystal devices, inage
pi ckup devices (e.g. CCDs) or nagnetic heads, for exanple. ILn Figure 2,

Tight froma light source 1 conprigj excimer |aser, for exanple, for
emtting pulse light, is rectifieﬁﬁﬁ%"o@si red shape by a beam shapi ng

optical system?2, and it is directed to the |ight entrance surface of an

- optical integrator conprising a fly's eye lens, for exanple. The fly's eye
. Il ens conprises a conbination of a nunber of small |enses, and a plurality
- of secondary light sources are . :

- OXIDATION - |— RESIST PROCESS
(STEPII) - (STEP 15)
[ - CVD - EXPOSURE
(STEP 12) - | (STEP 16)
4
-=EL CTRODE FORMATION DEVELOPMENT
(STEPI13) | (STEP I7)
! |
-~ ION IMPLANTATION |- ETCHING _
(STEP 14) __ | 1 (STEP 18)
~ |RESIST SEPARATION
O | ' 19)
REPEAT (STEP

"FIG. 12

-
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defined in the vicinity of its light exit surface. Denoted at 4 is a
condenser |ens which serves to illum nate a maski ng bl ade. nﬁﬁpgegffaggeenhplaced

Kohler illumnnation) with [ight fr dary |ight sou
optical integrator. The masking bl a eéangzaﬁ:?%pand areticle mﬂﬂ IH H
in an optically conjugate rel ationship with each other with r
imaging lens Z.and a mrror 8 Thus, by setting the aperture shape of the

maski ng bl ade ne@E'!‘ERMmEhaé)epgslURge f an illum nation region upon
the reticle g, am N mnated with puls Ilght is determ ned. Usually,

the il1lum nat an oblong slit-1ike shape,

having its - (STEP lOI)
| DETERMINE EXPOSURE
PARAMETERS:

SET ENERGY Eo
- SET PULSE SPACING PTo -

R (STEP 102)
SET RETICLE POSITION

& WAFER POSITION .
I “(STEP 103)
START STAGE MOVEMENT
; (STEP 104)
PULSE EMISSION |
- 1 (STEP 105)

DETECT PULSE
_ EXPOSURE ENERGY Ei
1 " (STEP 106)
DETERMINE NEXT PULSE
EMISSION TIME:

PULSE SPACING PTi=
PTo XEi+Eo

(STEP 107)

EXPOSURE
OF ONE SHOT (SCAN)

FINISHED .
? (STEP 108)

NO

EXPOSURE
OF ONE WAFER

FiNISHED
2

NO

(STEP 109)

PROCESS OF NEXT WAFER FIG I3



. .

m nor side (shorter side) disposed along the scanning direction of.the
retiele 9. Denoted at 10.-is a proj ection optical systemfor projecting a
cirtcuit pattern fornmed on the reticle onto a sem conductor substrate 11 in
a reduced scale. Denoted at 101 is a novenent .control system for noving,

t hrough unshown driving neans, the retrc8 9 and the seni conduct or
substrate 11 at the sanme ratio as the projection nmagnification of the

proj ection optical system 10 and at constant novi ng speed, accurately. -
Denoted at 12

EXPOSURE APPARATUS AND MICRODEVICE MANUFACTURING METHOD USING THE SAﬁE

ABSTRACT OF THE bISCLOSURE

Ap exposure apparatus for exposing a
substrate with pulses of light supplied sequentially,
is disclosed. The apparatus includes a detector for
detecting fhe light quantity of each pulse._apd a |
controller for controlling the timing of exposure of
the subst;ate with a pulse to be emitted, on fhe basis
of the light quantity pfovided by at least one pulse

- preceding_the pulse to be emitted.

FIGURE 2
THIS SHEET HAS BEEN
REPLACED
REPLACEMENT SHEET
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is a ljght quantlty‘detector for rmnltorlng a

103 serves to control

orL e=aht
divided by a half mirror 5 to thereby indirectl] REE%% EMENT_ SHERTS l
exposure of the senmiconductor substrate 11 with L P%ﬁdt oP ﬂe&
the light enission tining Shul s@&e‘és?fmlmqu 443
accordance with the exposure anount cal cul at ed M) cﬂ%ﬁ@r yto paged ...

cal culator 102. Figure 3 illustrates thgq-retic
of arrow, perpendicular to the path of illumn
exposure operation. As the reticle 9 noves in

3
%‘é?s'a%w Tipged.?4 tdi paged iDn
ation |ight 104 dum

the

slit-like light 104. Figure 4EXBOSURE APPARATUS AND

MICRODEVICE MANUFACTURING METHOD USING THE SAME

FIELD OF THE INVENTION.AND RELATED ART

This invention relates to an exposure
-apparatus and, more particularly, to an exposure
apparatus for manufacture of microdevices such as
liquid

semiconductor devices (e.g. ICs and LSIs),

crystal devices, image pickup devices (e.g. CCDs) or
magnetic heads, for example, with use of a plurality
of pulses of light for éxposure. In another aspect,
the invention is concerned with a mic;odevice
manufacturing éethod which uses an exposure apparatué
such as above. |

Figureil is a schematic view of an example of
scanning type exposure appa;aﬁus. In Figufé 1,
denoted at 201 is a light source such as a thlamp,
for example, fqr providing ultraviolet light. Light
emitting portion of the light source is disposed in
the vicinity of the flrst focal p01nt of an e111pt1ca1
mirror 202, and light from this llght emitting port1on
is collected by the elliptical mirror 202 to its
second focal point 203. The light collected to the
second focal point 203 is directed to and collected on
the light entrance surface of an optical integrator
206 comprising a fly's eye lens, for example, through

a condenser lens 204 and a mirror 205. A fly's eye

This is the replacement sheet
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plan view of the reticle of Figure 3, as viewed in the direction of

illum nation

i.e., fromthe above, and it is illustrated that a point a on

the reticle 9 displaces with the novenent of the reticle 9, through the
illumnation region 105 (fromposition a to position a[err] and to position
a2). As the point a cones to the position aferr], the exposure of the
point a starts and, when the point a cor@-to the position a2, the exposure
of the point a is conpleted. Figures 5 - 8 are graphs for explaining

lens may comprise a-combination of a large number of
small lenses, and a plurélity of secondary light
sources are defined in the vicinity of its light exit
surface. Denoted at 207 is a condenser lens which
serves to illuminate a masking blade means 209 (in
Kohler illumination) with light from the secondary
light sources. The masking blade means 209 and a |
retic;e 212 are disposed in an optically conjugatg
relationship witﬁ each other with respect to an
imaging lens 210 and a mirror 211. Thus, the shape
and size of the illumination region upon the reticle
212 is determined by the aperture shape of the masking
blade means 269. Usually, the illumination region on
phe'reticle 212 has én ob;ong slit-;ike shape, haﬁing
a shorter length in the scanning direction of tﬁe |
reticle 212 than that in the direction orthogonal to
the scanning direétion. Denbted at 213 is a-
projection optical'system for.projecting a circuit
battern of the reticle 212 onto a semiconductor
substrate (wafer). 214 in-a reduced scale. Denoted at
216 is a control system for moving, throuéh driviﬁg
means {not shown), the reficle 212 and the
semiconductor substrate 214 at the same ratio as of
the magnification of the projection optical system 213
and at constant speeds, accurately. Denoted at 215 is
a light quantity detector for monitoring a portion éf

light divided by a half mirror 208, to indirectly
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I ntegrated exposure anount at a certain point (point a in this exanple) on
the reticle 9, which anobunt increases with novenent of the reticle 9.

Ref erence character E[err] represents a target value of integrated exposure
anount. Reference character T[err] denotes the nonent as the point a cones

to the position aferr] (i.e., it just enters the illum nation region:
namel y, the nonment of start of exposure-Bkereof), while reference character
T2 denotes the nonent as the point a cones to the position aferr] (i.e., it
just goes out the illum nation region: nanely, the nonent of finish of

exposure thereof). If a continuous em ssion type |ight source
monitor the exposure amount upon the semiconductor

substrate 214. Control system 218 serves to control
electric power to be applied'to the Hg lamp in
accordance with the exposure amount calculated by a
light quantity calculator 217, so as to maintain
constant exposure amount upon the semiconductor
substrate 214..

By keeping éonstant scanning speed of each of
the reticle 212 and the semiconductor substrate 214
while maintaining the exposure amount consfant, non-
uniformness of exposure upon the semiconductor
substrate is minimized.

"'
.

SUMMARY OF THE INVENTION

If however é pulsé emission type light source
sﬁch as éq excimer laser, for example, is used in this
type of éxposure apparatus as a light source in an
attempt to enhancing the_throughput or improving the
resolutiqn;'any fluctuation in light quantity of each
pulse leads to unwanted non-uniformness of exposure
amount. .

It is accordingly an object of the present
inventién to provide an improved exposure apparatus by
which nor-uniformness of exposure can be reduced
sufficiently.

In acéordance with an aspect of the present

invention, there is provided an exposure apparatus for

This is the replacement sheet
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such as Hg lanp is used as an.exposure | i ght source, the exposure ahDunt
I ncreases continuously or non- intermttently fromthe start of exposure to
the end of exposure, such as shown in Figure 5. Thus, by setting the noving
speeds of a reticle and a substrate and the quantity of energy irradiation
per unit time as well as the width of irradiation slit beforehand, and by
executing the exposure operation whil e-keepi ng them constant, non-uniform
exposure can be avoi ded and accurate exposure control is assured. Further,
in a '

exposing & substrate.with pulses of light supplied

sequeritially, the apparatus compri;ing means for

controlling the timing of exposure of the substrate

with a pulse to be emitted, on the basis of exposure

amount provided by at least one pulse preceding the

pulse to be emitted.

In a preferred form of the invention, the

exposure amount of each pulse light may be monitored

while the scan speeds of a reticle (mask)-and a

semiconductor substrate (wafer) may 5e'maintained

constant. When the exposure amount provided by a

predetermined pulse or pulses is larger than

predétermined'Gr deéired eprsure amount, the timing

of emission of a subsequent pulse may be retérded.

When the exposure amognt provided by the predetermined

pulse or pulses is not larger than the predetermined,

the timing of emission of the subsequent.pulse may be

advanced. This énables reduction of non-uniformness

of exposure amount at each-point_on the semiconductor

substrate irrespective of variation in light quantity

of each pulse light. 1In an occasion where the number

6f pulses of light necessary for the exposure is

small, in order to avoid digital error due to the

number of pulses, the intensity in an end portion of

.distribution in the scan direction of the reticle may

be changed slowly, not providing exactly uniform

intensity (illuminance) distribution in the scan
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-10- case where pulse light is used as exposure light as in the present
ILnvention and if the irradi ated energy of each pulse is constant, then,.

| i ke the case of continuous em ssion type |ight source, non-uniform
exposure can be avoi ded and accurate exposure control is assured. However,
in a case of pulse light source such as an excinmer |aser, practically it is
difficult to maintain the energy of eachSpul se |ight exactly constant even
t hough the em ssion frequency can be nade constant. Thus, when the exposure
operation is perforned on the basis of conditions (e:.g. set energy,

direction. To this end, one preferred form of the
invention may preferably be provided with means for
adjusting the width of the end portion of the
intensity distribution, having slow change.

Use of an exposure apparatus according to the
present invention assures accurately manufacturing
microdevices such as semiconductor devices (e.g. ICs
or LSIs), liquid crystal devices, image pickup devices
(e.g. CCDs) or magnetic heads, for example.

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the followin§
description of the preferred.emboaiments of the
present invention taken in cohjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an example of
- scanning type exposure apparatus.

Figure 2 is a schematic view of an exposure
apparatus according to an embodiment of the_preseﬁt
invention.

Figure 3 is a schematic view for explaining
a reticle and an illumination region thereon.

Figure 4 is a schematic view for explaining
displacement of a point on a reticle through an

illumination region.
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set slit wdth, set scan speeds of a reticle and a wafer, set em ssion
frequency) calculated fromthe anobunt of average energy irradiation per one
pul se, possible fluctuation or variation of energy of each pulse |light ends
in failure of accurate exposure anmount control, as illustrated in Figure 7
(over- exposure in this exanple). In a scanning type exposure appar atus
wherei n the exposure period is substantt+@tly constant, this causes

non- uni f orm exposure of a sem conductor substrate. Figure 8 is a graph for
expl ai ni ng exposure amount control in this enbodi ment of the present

I nvention. Briefly, in this enbodi nent, during the, . .
Figure is a graph for explaining

integration of exposure amount in an apparatus having
a.continuous emission type light séurce such as a Hg
lamp. | '

Figure 6 is a graph for explaining
integration of exposure amount érovided by pulses of
light of constant light quantity.

Figure 7 is a graph for explaining
integration of exposure amount provided by pulses of
light of varying light quantity.

Figure 8 is a graph for explaining
intggration of exposure amount in the apparatus of
Figure 2. g .

Figure 9 is a graph for explaining
illuminance distributioh in an iliumination region, in
the widthwise direction of slit.

| Figure 10 is a graph for explaining an
example of uniform illuminance distribution.

Figure 11 is a flow chart of semiconductor
device manufacturing processes.

Figure 12 is a flow chart of a wafer proeess.

Figure 13 is a flow chart of exposure amount

control in the apparatus of Figure 2 embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 2 is a schematic view of an embodiment

of the present invention, and it shows a scanning typé

ﬁmmmwwmmmmm%t
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scanni ng exposure during thch t he scannfng speeds of a reticle and a
sem conduct or substrate is maintained constant, the exposure anount
provi ded by each pul se supplied sequentially is nonitored: if the exposure
anount provided by a |ight pulse or pulses is greater than a predeterm ned
or desired level, the timng of em ssion of the succeeding |light pulse is
retarded; if on the other hand the exposwre anount provided by a |ight
pul se or pulses is less than a predeterm ned or desired level, the timng
of em ssion of the
projection exposure apparatus for manufacture of
microdevices such as semiconduétor devices (e.g. ICs
or LSIs), liquid crystal devices, image pickup devices
(e.g. CCDs) or magnetic heads, for example.
In Figure 2, light from a light soufce 1
comprising an excimer laser, for example, for emitting
pulse light, is rectified into a desired shape by a
'beam shaping optical system 2, and it is directed to
the light entrance surface of an optical integrator
comprising a fly's eye lens, for example. The fly's
eye lens comprises a combination of a number of small
lenses, and a plurality of secondary light sources are
defined in thé vicinity of its light exit surface.’
-Denotéd at 4 is a condenser lens which serves to
illuminate a masking'blade means 6 (in Kohler
illumination) with-light from the secondary light
sources of the optical integrator. The masking blade
means 6 and a reticle 9 are disposed in an optically
conjugate relationship with each other with respeét to
an imaging lens 7 and a mirror 8. Thus, by setting
the aperture shape of the masking blade means 6,.the
shape and size of an illumination region upon the
reticle'Q,lto be illuminated with pulse light, is
determined. Usually, the illumination region on the
reticle 9 has an oblong slit-like shape, having its

minor side (shorter side) disposed along the scanning

direction of the reticle 9. Denoted at 10 is a
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succeedi ng pul se is advanced. This enables m nim zing non-uniformess of
exposure anount at each point on the sem conductor substrate regardl ess of
variation in light quantity of each pulse. Figure 13 is a flow chart of the
exposure control sequence. At step 101, the exposure amount necessary for
exposure of a resist of a substrate is determined, this being done by using
a test wafer, for exanple. At step 102, -the basis of the necessary
exposure anount determned at step 101, set energy of excinmer laser 1,
| aser enmission frequency and width of the slit of blade 6 as well as the
novi ng speeds of a reticle stage and a wafer stage, are determ ned.

projection optical system for projecting a circuit

pattern formed on the reticle onto a semiconductor

substrate 11 in a reduced scale. Denoted at 101 is a

movement control system for moving, through unshown

driving means, the reticle 9 and the semiconductor

substréte 11 at the same ratio as the projectioh

magnification of the projection optical system 10 and’

at constant moving speed, accurately. Denoted at 12

is a light quantity detector for monitoring a portion

of pulse light divided by a half mirror 5 to thereby

indirectly monitor the amount of exposure of the

semiconductor substrate 11 with each pulse. Control

i .

system 103 serves to control the light emission timing

of the pulse laser 1 in accordance with the exposure

amount calculated by a light quantity calculator 102.

Figure 3 illustrates the reticle 9 as moving

in a direction of arrow, perpendicular to the path of

illumination light 104 during the exposure operation.

As the reticle 9 moves in the direction of arrow, it

is scanned and exposed with the illumination region

105 defined by the slit-like light 104. Figure 4 is a

plan view of the reticle of Figure 3, as viewed in the

direction of illumination, i.e., from the above, and

it is illustrated that a point a on the reticle 9

displaces with the movement of the reticle 9, through

. the illumination region 105 (from position a to

position a; and to position a3). As the point a comes
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These paraneters are determ ned while taking into account that the sfage
novi ng speed, the em ssion frequency or the m ni num nunber of exposure
pul ses all can be changed to reduce non-uniformess of exposure anount, and
al so they are determ ned so as to increase the throughput as nuch as
possi ble. If necessary, an -12- ND (neutral density) filter may be used
to adjust the light quantity. At step 108 a wafer and a reticle are set at
their predeterm ned positions, for

to the position aj, the exposure of the point a starfs

and, when the point a come to the position as, the

exposure of the point a is completed.

Figures 5 ~ 8 are graphs for explaining

integrated exposure amount at a certain point (point a

in this example) on the reticle 9, which amount

increases with movement of the reticle 9. Reference

character Ej represents a target value of integrated

exposure ‘amount. Reference character T, denotes the

moment as the point a comes to the position ay {(i.e.,

it just enters the illumination region: namely, the

moment of start of exposure thereof), while reference

character Tz,éenotes the moment as the point a comes

to the position a; (i.e., it just goes out the ’

illumination region: namely, the moment of finish of

.exposure thereof).

If a continuous-emission type light source

such as Hg lamp is used as an exposure light source,

the exposure amount increases continuously or non-

intermittently from the start of exposure to the end

of exposure, such ‘as shown in Figure 5. Thus, by

setting the moving speeds of a reticle and a substrate

and the quantity of energy irradiation per unit time

as well as the width of irradiation slit beforehand,

and by executing the exposure operation while keeping

them constant, non-uniform exposure can be avoided and

accurate exposure control is assured. Further, in a
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preparation of start of exposure operation, and the re!ative_positioh.of
the wafer and the reticle is adjusted. After the relative alignnent of them
i s acconplished, novenent of the reticle stage and the wafer stage as well
as em ssion of laser 1.start (steps 104 and 105). In a case where the
em ssion of laser 1 starts before the region of the reticle 9 to be exposed
enters the area to be irradiated with thagdlumnnation light, a light
bl ocki ng region nay preferably be provided on the reticle 9 or a shutter of
the laser may preferably be kept closed, so as to prevent the exposure
l'ight frominpinging on the wafer. At step 106, the energy Ei of the pulse
| i ght case where pulse light is used as exposure light as in

the present invention and if the irradiated energy of

each pulse is constant, then, like the case of

continuous emission type light source, non-uniform

exposure can be avoided and accurate exposure control

is assured.

However, in a case of pulse light source such

as an excimer laser, practically it is difficult to

maintain the energy of each pulse light exactly

constant even though the emission frequency can be

made constant. Thus, when the exposure operation is

perforﬁed on the basis of conditions (e.g. set energy,

set slit_widtﬁ, set scan speeds of a reticle and a

wafer, set emission frequency) calculated from the

amount of average energy irradiation per one pulse,

possible £1uctuation or variation of energy of each

pulse light ends in failure of accurate exposure

amount control, as illustrated in Figure 7 (over-

exposure in this example). In a scanning type

exposure apparatus wherein the exposure period is

substantially constant, this causes non-uniform

exposure of a semiconductor substrate.

Figure 8 is a graph for explaining exposure
amount control in this embodiment of the present
invention. Briefly, in this embodiment, during the

scanning exposure during which the scanning speeds of

a reticle and a semiconductor substrate is maintained
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used to performthe exposure is detected. Here, on the basis of the set
pul se exposure energy E[err] and the actually detected pul se exposure
energy E[ferr], the nonent of em ssion of the succeeding pulse light is
determ ned (step 107). Then, if the exposure of one shot (one scan) is not
conpl eted, the succeeding pulse light is emtted at the noment cal cul ated.
Preferably the set energy of laser 1 mayjhe calibrated wth respect to the
exposure anmpunt detecting system of the exposure apparatus, and average
exposure anount corresponding to the set

constant, the exposure amount provided by each pulse
supplied sequentially ié mﬁnitofed: if the exposure
amount.provided by a light pPulse or pulses is greater
than a predetermined or desired level, the timing of
emission of the succeeding light pulse is retarded; if
on the other hand the exposure amount provided by a
light pulse or pulses is less than a predetermined or
desired level, the timing of emission of the
succeeding pulse is advanced. This enébles
miﬁimizing non-uniformness of exposure amount at each
point on the semiconductor substrate regardless of
variation in light quantity of each pulse.

Figur; 13'is a flow chart of the exposure
qontrol sequence. At step 101, the exposure amount
necessary for exposuré of a resist of a substrate is
determined, this being done by using a test wafer, for
example. At step 102; on the basis of the necessary
exposure amount determined at sfep 101, set energy of
excimer laser 1, laser emission frequency and width of
the slit of blade 6 as well as the moving speeds of a
reticle stage and a wafer stage, are determined.

These parameters are determined while taking into
account that the stage meing speed, the emission
frequency or the minimum number of exposure pulses all
can be changed to reduce non-uniformness of exposure
amount, and also they are determined so as to increase

the throughput as much as possible. If necessary, an
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-13- energy of laser 1 may preferably nmeasured beforehand. In the

enbodi nent descri bed, exposures are executed sequentially with pulse lights
p[err], p[err], p[err], p[err], ...., and the timng of em ssion of pulse
light p[err] is controlled on the basis of the exposure anount provided by
the preceding pulse light P[err]. However, the em ssion timng may be
controlled on the basis of the exposure-aBsunt provided by pul se |ight
Plerr] or pulse light p[err], for exanple, not just preceding to the pul se
light p[err]. It may however be desirable to control the em ssion on the

basis of a pulse close to . . )
ND (neutral density) filter may be used to adjust the

light quantity. At step 103, a wafer and a reticle
are set at their predetermined positions, for
preparation of starf of exposure operation, and the
relative position of the wafer and the reticle is
adjusted. After the rélative alignment.of them is
accomplished, movement of;the reticle stage and the
wafer stage as well as emission of laser 1 start
(steps 104 and 105). In a case where the emission of
laser 1 starts before the region of the reticle 9 to
be exposed enters the area to be irradiéted with the
illumination light, a light blocking region may
preferably befbrovided on the reticle 9 or a shutter
of the laser may preférably be kept closed, so as to
prevent the exposure light from impinging on the
wafer. At step 106, the energy E; of the pulse light
used to perform the exposure is detected. Here, on
the basis of the sef pPulse exposufe enetgy Eg aﬁd the
actually detected pulse eprsure energy E;, the moment
of emission of the succeeding pulse light is
determined (step 107). Then, if the eiposu;e of 6ne
shot (one scan) is not completed,. the succeeding pulse
light is emitted at the moment caléulated.

Preferably the set energy of laser 1 may be'
calibrated with respect to the exposure amounf
detecting system of the exposure apparatus, and

average exposure amount corresponding to the set
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the pulse to be emtted. Further, the nonent of em ssion of pulse p[err]
may be controlled on the basis of the exposure anpunt provided by plural
pul ses close to the pulse p[err] (e.g., on the basis of total exposure
anount provided by pulses p[err], and p[err]). In the enbodi ment descri bed,
inrelation to the detected exposure anmount provided by the or a preceding
pul se light, the tinme interval to the erilgsion of the pulse to be emtted
subsequently is calculated to control the nonment of em ssion of the pul se
to be emtted subsequently. However, as an alternative, in relation to the

detect ed exposure anmount the position of the reticle or the wafer to be
_ energy of laser 1 may preferably measured beforehand.

In the embodiment deséribed, exposures aré
executed sequentially with pulse lights p;, pj. P3.
Pgr -cc-o and the timing of emission of pulse light P;
is controlled on the basis of the exposure ambunt
provided by the preceding pulse light pj_j. However,
the emission timing may be controlled on the basis of
the exposure amount provided by pulse light pj_5 or
pulse light pj_3., for example, not jusf preceding to
the pulse light p;. It may however be desirable to
contrel the emission on the basis of a pulse close to
the pulse to be emitted. Further, the moment of
emission of pﬁlse p; may be controlled on the'basis of
the exposure amount provided by plural pulses close to
the pulse p; (e.g., on the basis of total exposure
amount provided by pulses p;j_; and pj_>).

In the embodiment described, in relation to
the detected exposure amount provided by the or a
preceding pulse light, the time interval to the
emission of the pulse to be emitted subsequently is
calculated to control the moment of emission of fhe
pulse to be emitted subsequently;- Howevef, as an
alternative, in relation to the detected exposure
amount the position of the reticle or the wafer to be
exposed with the subsequeht pulse may be calculated;
and the timing of emission of the subsequent pulse may

be controlled so that, at the moment as the reticle or
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exposed with the subsequent pul se may be cal cul ated, and the tim ng of

em ssion of the subsequent pulse may be controlled so that, at the nonent
as the reticle or -14- wafer conmes to that position, the pul se nay be
emtted. This nmay be particularly effective in a case where the noving
speed of the reticle or wafer has small fluctuation. In that occasion, the
positional information related to the rejjcle or wafer may preferably be
nonit ored and detected continuously by

wafer comes to that position, the pulse may be
emitted. This may be particulafly effective in a case
where the moving speed of the reticle or wafer has
small fluctuation. In that occasion, the positional
information related to the reticle or wafer may
preferably be monitored and detected continuously by
using a high-precision laser interferometer, for
example.

If a large number of pulses of light (e.g., a
few hundred pulses) are to be used for the exposure
process, a particular attention may not be paid to the
illuminance disfributidn on the reticle 9 in the
scanning direé;ion of the same, and exactly uniform
distribution such aé shown in Figure 10 may be
érovided. However, if the number of light pulses to

.be used for the exposure process is not large, in
order to avoid digital error due to the pulse number,

_the illumination may be done with the distribution in
the marginal région being changed gently such as shown
in Figure.9. This enables more accurate control of
exposure amount.

More specifically, the marginal regions (AX
in Figure 9) of the illuminance distribﬁtion
(intenéity distribution in section) in the scan
direction of the reticle 9 preferably satisfy a
relation AX = M x (average reticle movement distance

per one pulse), where M is a natural number, and also
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using a high-precision |laser interferoneter, for exanple. If a |arge nunber
of pulses of light (e.g., a few hundred pul ses) are to be used for the
exposure process, a particular attention may not be paid to the illum nance
distribution on the reticle 9 in the scanning direction of the sane, and
exactly uniformdistribution such as shown in Figure 10 nmay be provided.
However, if the nunber of Iight pul ses +bSke used for the exposure process
is not large, in order to avoid digital error due to the pul se nunber, the
illum nation nmay be done with the distribution in the marginal region being

changed gently such as shown . ) )
preferably these marginal regions are symmetric as

illustrated in Figure 9 (a shape near the illustrated
may be satisfactory). As an example, after a uniform
illuminance distribution is formed, at least one blade
of the masking blade means 6 of Figure 2 may be moved
in the direction of the optical axis, to cause small
defocus of the image thereof upon the reticle 9 to
thereby blur the illumination region on the reticle 9.

In the present embodimenf, the masking blade
means comprises two orthogonal variable slits and, of
these variable slits, the image of the one slit which
determines the width of the illumination region in the
scan directionjcan be defocused to adjust the - -
magnitude of AX as desired.

In the present embodiment,.the image of
aperture of the masking blade means 6 is projected
onto the pattern surface of the reticle 9 through the
imaging lens 7. ﬁowever, use of the imaging lens 7 is
not always necessary. For example, the masking blade
means may be disposed just before the reticle 9.

In the initial setting of emission frequency,
to the maximum frequency of a pulse light source used,
the emission frequency may desirably be set to a level
taking into account the energy variation of each
pulse. For examplé, in an occasion where a laéer
having pulse energy fluctuation of +5% and having

maximum emission frequency of 500 Hz is used and where
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in Figure 9. This enabl es nore accurate control of exposure anmount. More
specifically, the marginal regions ([err]X in Figure 9) of the illum nance
distribution (intensity distribution in section) in the scan direction of
the reticle 9 preferably satisfy a relation AX = Mx (average reticle
novenent di stance per one pulse), where Mis a natural nunber, and al so
-15- preferably these marginal regions -gkée-symetric as

the emission timing is controlled on the basis of just
the preceding one pulse, since the emission frequency
is expected to have a variation of 5%, the frequency
should desirably be set in the initial settﬁng to 475
Hz or lower.

Next, an embodiment of semiconductor device
manufacturing method using the projection exposure
apparatus of the Figure 2 embodiment, will be
explained.

Figure 11 is a flow chart of the sequence of
manufacturing a semiconductor device such as a
semiconductor chip (e.g. IC or LSI), a liquid crystal
panel or a CCDi for example. Step 1 is a design
process for designing the circuit of a semiconductor
device. Step 2 is a process for manufacturing a mask
on the basis of the circuit pattern design. Step 3 is
a process for manufacturing a wafer by using a |
material such as éilicon.

Step 4 is a wafer process which is called a
pre-process wherein, by using the so prepared mask and
wafer, circuits are pracfically formed on the wafér_
through lithography. Step 5 subsequent to this is an
assembling step which is called a post~process wherein
the wafer processed by step 4 is formed into
semiconductor chips. This step includes assembling'
(dicing and bonding) and packaging (chip sealing).

_ Step 6 is an inspection step wherein operability
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illustrated in Figure 9 (a shape near the illustrated nmay be satisféctory).
As an exanple, after a uniformillum nance distribution is forned, at |east
one bl ade of the masking bl ade nmeans 6 of Figure 2 may be noved in the
direction of the optical axis, to cause small defocus of the inmage thereof
upon the reticle 9 to thereby blur the illum nation region on the reticle
9. In the present enbodi ment, the maski4i-bl ade nmeans conprises two
ort hogonal variable slits and, of these variable slits, the imge of the
one slit which determnes the width of the illum nation region in the scan
~direction can be defocused to adjust the magnitude of [err] X as desired.

check, durability check and so on of the semiconductor

devices produced by step 5 are carried out. With

these processes, semiconductor devices are finished

and they are shipped (step 7).

Figure 12 is a flow chart showing details of

the wafer process. Step 11 is an oxidation process

for oxidizing the surface of a wafer. Step 12 is a

CVD process for forming an insulating film on the

wafer surface. Step 13 is an electrode forming

process for forming electrodes on the wafer by vapor

deposition. Step 14 is an ion implanting process for

implanting ions to the wafer. Step 15 is a resist

; : .

process for applying a resist (photosensitive

material) to the wafer. Step 16 is an exposure

procéss for printing; by exposure, the circuit pattern
". of the mask on the wafer through the exposure

apparatus described above. Step 17 is a developing

process for developing fhe exposed wafer. Step 18 is

an etching process for removing portions other than

the developed resist image. Step 19 is a resist

separation process for separating the resist material

remainihg on the wafer after being subjected to the

etching process. By repeating these processes,

circuit patterns are superposedly formed on the wafer.

While the invention has beén described with

reference to the structures disclosed herein, it is

‘not confined te the detadils set forth and this
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In the present enbodi ment, the inmage of aperture of the masking bl ade neans
6 is projected onto the pattern surface of the reticle 9 through the

i mging lens 7. However, use of the imaging lens 7 is not always necessary.
For exanpl e, the masking bl ade neans nay be di sposed just before the
reticle 9. Inthe initial setting of em ssion frequency, to the maxi num
frequency of a pulse light source used, -iBe em ssi on frequency nay
desirably be set to a level taking into account the energy variation of
each pul se. For exanple, in an occasion where a |aser having pul se energy

fluctuation of 5% and having maxi nym_em SSi on fre%yency_ot 50Q Hz is used
and wher e application iS intended to cover such modifications or

changes as may come within the'purposes of the

improvements or the scope of the following claims.
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-16- the emission timng is controlled on the basis of just the preceding
one pulse, since the em ssion frequency is expected to have a variation of
5% the frequency should desirably be set in the initial setting to 475 Hz
or lower. Next, an enbodinent of sem conductor device manufacturing nethod
using the projection exposure apparatus of the Figure 2 enbodinent, wll be
expl ai ned. | -19- :

WHAT IS CLAIMED IS:

1. An exposure apparatus for exposing a
substrate with pulses of light supplied sequentially,
comprising: | |

means for detecting the light_quantity of
each pulse; and

means for controlling the timing of exposure
of the substrate with a pulse to be emitted, on the
basis of the light quantity provided by at least one

pulse preceding the pulse to be emitted.

2. An apparatus according . to Claim 1, wherein
said controllihg means, controls the timing of exposure
on the basis of information related to the light
quantity provided by the preceding pulse, just

preceding the pulse to be emitted.

3. An apparatus according to Claim 1, wherein
said controlling means controls the the timing of
exposure on-the basis of the light quantity provided
by a plurality of pulses preceding the pulse to bé

emitted.

4. An apparatus according to Claim 1, Qherein
said controlling means rétaras the timing of ekposuré
when the light quantity of a pulse preceding the pulse
to be emitted is larger.than a predetermined, and

\
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Figure 11 is a flow chart of the sequence of manufacturing a sem conductor
devi ce such as a sem conductor chip (e.g. I1Cor LSI), aliquid crysta
panel or a CCD, for exanple. Step 1 is a design process for designing the
circuit of a sem conductor device. Step 2 is a process for manufacturing a
mask on the basis of the circuit pattern design. Step 3 is a process for
manuf acturing a wafer by using a materi aR0Osuch as silicon. Step 4 is a

waf er process which is called a pre-process wherein, by using the so
prepared nmask and wafer, circuits are practically fornmed on the wafer

hr h lithography. nt to this is an
throug ' OgaSQaXcegt%Re5t§H?§8q3% exposure when the light

quantity of a pulse preceding the pulse to be emitted

is not larger than the predetermined.

5. An apparatus according to Claim 1, wherein
the pulses of light are supplied from an excimer

laser.

6. An apparatus according to Claim 1, further
comprising scanning means for scanning a mask and the

substrate with pulses of lighﬁ.

7. An aﬁbaratus.éccording to Claim 6, wherein
said controlling means retards the timing of exposure
when the light quantity of a pﬁlse preceding the pulse
to be emi;ted is larger than a predetermined, and
advances the timing of exposure when the light
quantity of a pulse preceding the pulse to be emitted

is not larger than the predetermined.

8. An apparatus according to Claim 7,.wherein
said controlling means controls the timiné of exposure
on the basis of information related to the light
quantity provided by fhe preceding pulse, just

preceding the pulse to be emitted.

9. An apparatus according to Claim 7, wherein
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assenbling step which is called a post-process wherein the wafer proCessed
by step 4 is forned into sem conductor chips. This step includes assenbling
(di ci ng and bondi ng) and packagi ng (chip sealing). Step 6 is an inspection
step wherein operability -17- check, durability check and so on of the
sem conduct or devices produced by step 5 are carried out. Wth these
processes, sem conductor devices are firgilshed and they are shipped (step
7).

said controlling means controls the the timing of

exposure on the basis of the light quantity provided

by a plurality of pulses preceding the pulse to be

emitted.

10. An apparatus according to Claim 7, wherein
the pulses of light are supplied from an excimer

laser.

11. An apparatus according to Claim 7, wherein
each pulse has a sectional intensity distribution in a
scan direction, and wherein the intensity changes
slowly in a mafginal pertion of the -intensity

distribution.

12. Aq apparatus according to Claim 11, further
comprising light blocking means having a plurality of
light blocking plates, for restricting an illumination
region t§ be irradiated with a pulse, and means for
displacing at least one of said light blocking plates

in the direction of optical axis.

13. A device manufactﬁring method in which a
workpiece is exposed with pulses of light supplied
sequentially, said method comprising the steps:of:

detecting the light quantity of at least one

pulse emitted: and
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Figure 12 is a flow chart showi ng details of the wafer process. Step 11 is
an oxi dation process for oxidizing the surface of a wafer. Step 12 is a C/D
process for formng an insulating filmon the wafer surface. Step 13 is an
el ectrode form ng process for formng el ectrodes on the wafer by vapor
deposition. Step 14 is an ion inplanting process for inplanting ions to the
wafer. Step 15 is a resist process for appkying a resist (photosensitive
material) to the wafer. Step 16 is an exposure process for printing, by
exposure, the circuit pattern of the mask on the wafer through the exposure
appar atus descri bed above. Stef 17 is a developing
controlling the timing of exposure of the
workpiece with a pulse to be emitted, on the basis of

the detected light quantity.

14. A method according to Claim 13, wherein, in
said controlling step, the timing of exposure is
retarded when the detected light gquantity of the at
least one pulse is larger than a predetermined, and
wherein the timing of exposure is advanced when the
detected light quantity of the at least one pulse is

not larger than the predetermined.

15. A meéhod according to Claim 14, wherein the
timing of exposure with a pulse to be emitted is-
controlled on the baéis of the light quantify of the

preceding.pulsé.

16. A method accdrding to Claim 14, wherein the
/ timing of exposure with a pulse to be emitted is
controlled on the basis of the light quantity of

' plural pulses preceding the pulse to be_emitted.
17. A method according to Claim 13, wherein the
workpiece and a mask are scanned with pulses of light

so that the workpiece is exposed to the mask.

18. A method according to Claim 17, wherein, in
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process for devel oping the exposed wafer. Step 18 is an etching procéss for

renovi ng portions other than the devel oped resi st inage.

Step 19 is a

resi st separation process for separating the resist material remaining on

the wafer after being subjected to the etching process.

By repeating these

processes, circuit patterns are superposedly formed on the wafer. Wile the
i nventi on has been described with refere@3e to the structures discl osed
herein, it is not confined to the details set forth and this

said controlling step, the timing of exposure is

retarded when the detected light quantity

of the at

least one pulse is larger than a predetermined, and'

wherein the timing of exposure is advanced when the

detected light quantity of the at least one pulse is

not larger than the predetermined.

19. A method according to Claim 18, wherein the

timing of exposure with a pulse to be emitted is

controlled on the basis of the 1ight,quaﬁtity of the

preceding pulse.

/ .
20. A method according to Claim 18, wherein the

timing of exposure with a pulse to be emitted is

controlled on the baéis of the light quantity of

plural pu;ses preceding the pulse to be emitted.

21. A method according to Claim 17, wherein each

Pulse has a sectional intensity distribution in a scan

direction, and wherein the intensity changes slowly in

a marginal portion of the intensity distribution.

.\ . .
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application is intended to cover such nodifications or changes as nmay cone
within the purposes of the inprovenents or the scope of the foll ow ng

cl ai ns. -19- WHAT IS CLAIMED | S 1. An exposure apparatus for exposing
a substrate with pulses of |ight supplied sequentially, conprising: means
for detecting the light quantity of each pul se; and

,

- 24 -

ExPOSURE APPARATUS AND MICRODEVICE MANUFACTURING METHOD USING THE SAME

ABSTRACT OF THE DISCLOSURE
' An exposure apparatus for exposing a
'substrate with pulses of light supplied sequentially,
is disclosed. The apparatus includes a detector for
detecting the light quantity of each pulse, and a
controller for controlling the timing of exposure of
the substrate with a pulse to be emitted, on the basis
of the light quantify provided by at least one pulse

preceding_the pulse to be emitted.

FIGURE 2 Vi
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means for controlling the timng of exposure of the substrate with a pul se
to be emtted, on the basis of the light quantity provided by at |east one
pul se preceding the pulse to be emtted. 2. An apparatus according to
Claim 1, wherein said controlling nmeans controls the timng of exposure on
the basis of information related to the light quantity provided by the
precedi ng pul se, just preceding the pulpe to be emtted. 3. An appar at us
according to Caim1, wherein said controlling neans controls the the
timng of exposure on the basis of the |light quantity provided by a
plurality of pul ses preceding the pulse to be
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emtted. 4. An apparatus according to Claim1, wherein said controlling
means retards the timng of exposure when the |light quantity of a pul se
preceding the pulse to be enmitted is |larger than a predeterm ned, and
-20- advances the timng of exposure when the light quantity of a pul se
preceding the pulse to be emtted is not |larger than the predeterm ned. 5.
An apparatus according to Claiml, y\/ng,i_ei n
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the pulses of light are supplied froman exciner |aser. 6. An appar at us
according to Caim1, further conprising scanning neans for scanning a mask
and the substrate with pulses of light. 7. An apparatus according to
Claim6, wherein.said controlling neans retards the tim ng of exposure when
the light quantity of a pul se precedi ng%_the pul se to be emtted is |arger
than a predeterm ned, and advances the Timng of exposure when the |ight
guantity of a pulse preceding the pulse to be enmitted is not |larger than
the predeterm ned. 8. An apparatus according to d ai m|(7),4-wher ein

FIG 4
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said controlling nmeans controls the timng of exposure on the basis of
Information related to the |ight quantity provided by the precedi ng pul se,
just preceding the pulse to be emtted. 9. An apparatus according to
Caim?7, wherein -21- said controlling neans controls the the timng of
exposure on the basis of the Iight quantity provided by a plurality of

pul ses preceding the pul se to be em tT*&d.
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10. An apparatus according to Caim?7, wherein the pulses of light are
supplied froman exciner laser. 11. An apparatus according to Claim?7,
wherein each pul se has a sectional intensity distribution in a scan
direction, and wherein the intensity changes slowly in a marginal portion
of the intensity distribution. 12. An agparatus according to Caim 11,
further conprising |ight blocking means . having a plurality of |ight

bl ocki ng plates, for restricting an illumnation region to be irradi ated
with a pul se, -and neans ,for qisplacing at | east one of _said light bl ocking
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in the direction of optical axis. 13. A device manufacturing nmethod in

whi ch a workpiece is exposed with pul ses of |ight supplied sequentially,
said nethod conprising the steps of: detecting the light quantity of at

| east one pulse emtted; and -22- controlling the timng of exposure of
the workpiece with a pulse to be enittgd, on the basis of the detected

i ght quantity. T
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14. A method according to Caim 13, wherein, in said controlling step, the
timng of exposure is retarded when the detected light quantity of the at

| east one pulse is larger than a predeterm ned, and wherein the timng of
exposure i s advanced when the detected light quantity of the at |east one
pul se is not larger than the predeterm ned. 15. A nethod according to Caim
14, wherein the timng of exposure with a pulse to be emtted is controlled
on the basis of the Iight quantity offﬂhe precedi ng pul se. 16. A nethod
according to Claim 14, wherein the timng of exposure with a pulse to be
emtted is . .
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controlled on the basis of the light quantity of plural pulses preceding
the pulse to be emtted. 17. A nethod according to Caim 13, wherein the
wor kpi ece and a mask are scanned with pulses of |ight so that the workpiece
I s exposed to the mask. 18. A nethod according to Caim 17, wherein, in
-23- said controlling step, the timng of exposure is retarded when the
detected light quantity of the at |east®one pulse is larger than a

pr edet er mi ned, and

~ ___ OXIDATION | RESIST PROCESS
(STEPI1) (STEP 15)
- CVD EXPOSURE
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wherein the timng of exposure is advanced when the detected |ight quantity
of the at |east one pulse is not |larger than the predeterm ned. 19. A

met hod according to Caim 18, wherein the timng of exposure with a pul se
to be emtted is controlled on the basis of the Iight quantity of the

precedi ng pul se. 20. A nethod according to C aim18,

wherein the timng of

exposure with a pulse to be emtted is9€ontrolled on the basis of the |ight
quantity of plural_pulses preceding the pulse to be enitted. 21. A nethod

according to O alm 1DE TIRRM INEaEXPOSURES §
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direction, and wherein the intensity changes slowy in a marginal portion

Of/the!7i nt ensi th%ﬂéflbﬁﬁbRT Application No, 9609372-9

‘EXT OF THE ABSTRACT

EXPOSURE APPARATUS AND MICRODEVICE
MANUFACTURING METHOD USING THE SAME

An exposure apparatus for exposing a substrate (11) with pulses of light (1) supplied
sequentially, is disclosed. The apparatus includes a detector (12) for detecting the light quantity
of each pulse, and a controller (103) for controlling the timing of exposure of the substrate (11)
with a pulse to be emitted, on the basis of the light quantity provided by at least one pulse
preceding the pulse to be emitted. ' '
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@& Exposure apparatus and microdevice manufacturing method using the same. /

@ An exposure apparatus is disclosed for exposing.
a substrate with pulses of light supplied sequentially. -
The apparatus includes a detector (12) for detecting

the light quantity of each pulse, and a controller '

" (103) for controlling the timing of exposure of the
. substrate (11) with a pulse to be emitted, on the

basis of the light quantity provided by at least one

_ pulse preceding the pulse to be emitted.
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