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FIELD OF THE INVENTION AND RELATED ART

This invention relates to an exposure apparatus
and, more particularly, 1o an exposure apparatus
for manufacture of microdevices such as semicon-
ductor devices (e.g. ICs and LSls), liquid crystal
devices, image pickup devices (e.g. CCDs) or mag-
netic heads, for example, with use of a plurality of
pulses of light for exposure. in another aspect, the
invention is concerned with a microdevice manu-
facturing method which uses an exposure appara-
tus such as above. _

_ Figure 1 is 2 schematic view of an example of

scanning type exposure apparatus. In Figure 1,
denoted at 201 is a light source such as a Hg
lamp, for example, for providing ultraviolet light.
Light emitting portion of the light source is dis-
posed in the vicinity of the first focal point of an
elliptical mirror 202, and light from this light emit-
ting portion 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 col-
lected on the light entrance surface of an optical
integrator 206 comprising a fly's eye lens, for ex-
ample, through a condenser lens 204 and a mirror
205. A fly's eye lens may comprise a combination
of a large number of small lenses, and a plurality of
secondary light sources are defined in the vicinity
of its light exit surface. Denoted at 207 is a con-
denser 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 reticle 212 are disposed in
an optically conjugate relationship with 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 209.
Usually, the illumination region on the reticle 212
has an oblong slit-like shape, having a shorter
length in the scanning direction of the reticle 212
than that in the direction orthogonal to the scanning
direction. Dencted at 213 is a projection optical
system for projecting a circuit paitem of the reticle

212 onto a semiconductor substrate (wafer) 214 in

a reduced scale. Denoted at 216 is a controf sys-
tem for moving, through driving means (nhot
shown), the reticle 212 and the semiconductor sub-
strate 214 at the same ratio as of the magnification
of the projection optical system 213 and at con-
stant speeds, accurately. Denoted at 215 is a light
quantity detector for monitoring a' portion of light
divided by a half mirror 208, to indirectly monitor
the exposure amount upon the semiconductor sub-
strate 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
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constant exposure amount upon the semiconductor
substrate 214.

By keeping constant scanning speed of each of
the reticle 212 and the semiconducior substrate
214 while maintaining the exposure amount con-
stant, non-uniformness of exposure upon the semi-
conductor substrate is minimized.

' SUMMARY OF THE INVENTION

If however a pulse emission type light source
such as an excimer laser, for example, is used in
this type of exposure apparatus as a light source in
an attempt to enhancing the throughput or improv-
ing the resolution, any fluctuation in light quantity
of each pulse leads to unwanted non-uniformness
of exposure amount. _

It is accordingly an object of the present inven-
tion to provide an improved exposure apparatus by -
which non-uniformness of exposure can be re-
duced sufficiently.

In accordance with an aspect of the present
invention, there is provided an exposure apparatus
for exposing a substrate with pulses of light sup-
plied sequentially, the apparatus comprising means
for controlling the timing of exposure of the sub-
strate with a pulse to be emiited, 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 expo-
sure amount of each pulse light may be monitored
while the scan spesds of a reticle (mask) and a
semiconductor subsirate (wafer) may be main-
tained constant. When the exposure amount pro-
vided by a predetermined pulse or pulses is larger
than predetermined or desired exposure amount,
the timing of emission of a subsequent pulse may
be retarded. When the exposure amount 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 en-
ables reduction of non-uniformness of exposure
amount at each point on the semiconductor sub-
strate irrespective of variation in light quantity of
sach pulse light. in an occasion where the number
of pulses of fight necessary for the exposure is
small, in order to avoid digitai 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 direc-

tion. To this end, one preferred form of the inven-
tion may preferably be provided with means for
adjusting the width of the end portion of the inten-
sity distribution, having slow change.

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

ple.
These and other objects, features and advan-

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.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 source 1 compris-
" ing an excimer laser, for example, for emitting
pulse light, is rectified into a desired shape by a
beam shapmg optical system 2, and it is directed
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to the light entrance surface of an optical integrator

-_ comprising a fly's eye lens, for example. The fly's

oye lens comprises 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 -
onto 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
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the position a: (i.e., it just enters the illumination
region: namely, the moment of start of exposure
thereof), while reference character T2 denotes the

moment as the point a comes to the position az - -

(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 opera-
tion while keeping them constant, non-uniform ex-

posure can be avoided and accurate exposure con- .
trol is assured. Further, in a case where pulse light

is used as exposure light as in the present inven-
tion 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 opera-
tion is performed on the basis of conditions (e.g.

set energy, set slit width, set scan.speeds of a

reticle and a wafer, set emission frequency) cal-
culated from the amount of average energy irradia-
tion per one pulse, possible fluctuation 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 scan- -

ning type exposure apparatus wherein the expo-
sure period is substantially constant, this causes

non-uniform exposure of a semiconductor sub-

strate.

amount control in this embodiment of the present
invention. Briefly, in this embodiment, during the
scanning . exposure during which the scanning
speseds of a reticle and a semiconductor substrate
is maintained constant, the exposure amount pro-
vided by each pulse supplied sequentially is mon-
itored: if the exposure amount provided by a light
pulse or pulses is greater than a predetermined or
desired level, the timing of emission of the suc-
ceeding 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 enables minimizing non-

uniformness of exposure amount at each point on

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

Figure 8 is a graph for explammg exposure'
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Figure 13 is a flow chart of the exposure con-
trol sequence. At step 101, the exposure amount
riecessary for exposure 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 step
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 de-

- fermined while taking into account that the stage

moving speed, the emission frequency or the mini-

“mum 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 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 start of exposure op-

eration, and the relative position of the wafer and
the reticle is adjusted. After the relative 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

irradiated with the illumination light, a light blocking
region may preferably be provided on the reticle 9
or a shutter of the laser may preferably 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. Hers, on the basis of the set pulse expo-

sure energy Es and the actually detected pulse
exposure energy- E;, the moment of emission of the

" succeeding pulse light is determined (step 107).

Then, if the exposure of one shot (one scan) is not
completed, the succeeding pulse light is emitted at
the moment calculated.

Preferably the set energy of laser 1 may be
calibrated with respect to the exposure amount
detecting system of the exposure apparatus, and
average exposure amount corresponding to the set
energy of laser 1 may preferably measured before-
hand. '

In the embodiment described, exposures are
executed sequentially with pulse lights p1, p2, pa,
P+, ..., and the timing of emission of pulse light p
is controlled on the basis of the exposure amount
How-
ever, the emission timing may be controlled on the

. basis of the exposure amount provided by pulse

light pi-2 or pulse light pi-a, for example, not just
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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on the basis of the exposure amount-provided by
plural pulses close to the pulse p; (e.9., on the

basis of total exposure amount provided by pulses

pi-1 and pj-2).

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.

Mx
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In the preseént embodiment, the image of ap-
erture of the masking blade means 6 is projected
onto the pattern surface of the reticle 9 through the
imaging lens 7. However, use of the imaging lens 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

I

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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described above. Step 17 is a developing process
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.

While the invention has been described with
reference to the structures disclosed herein, 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 pulse to be emit-
ted, 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, 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 pulse o be emiited.

8. 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 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 puise 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 accbrding to Claim 1, further

comprising scanning means for scanning a

mask and the substrate with pulses of light.
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7. An apparatus according to Claim 6, wherein
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.

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

9. An apparatus according to Claim 7, whersin
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 supphed from an ex-
cimer 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 marginal portion of the
intensity distribution.

12, An apparatus according to Clalm 11, further
comprising light blocking means having a plu-
rality of light blocking plates, for restricting an
illumination region to be iradiated with a pulse,
and means for displacing at least one of said
light blocking plates in the direction of optical
axis.

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

detecting the light quantlty 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.

14. 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
advanced when the detected light quantity of
the at least one pulse is not larger than the
predetermined.
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described above. Step 17 is a developing process
for developing the 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 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 herein, 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 Iarger
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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7. An apparatus according to Claim 8, wherein
said controlling means retards the timing of
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 puise to be emitted is not larger
than the predetermined.

8. 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.

9. 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.

10. An apparatus according to Claim 7, wherein

the pulses.of light are supplied from an ex-

cimer laser.

11. An apparatus according to Claim 7, whersin

each puise has a sectional intensity distribution

in a scan direction,
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

light blockmg plates-in ‘ihe" direction of optical

axis.
13. 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

14.

and wherein the intensity

advanced when the detected light quantity of -

the at least one pulse is not larger than the

predetermined.
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15. A method according to Claim 14, wherein the
timing of exposure with a pulse to be emitted
is controlied on the basis of the light quantlty
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
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