
TITLE OF THE INVENTION Observation Apparatus And Method Of Controlling
Light Emission Thereof 5 BACKGROUND OF THE INVENTION FIELD OF THE INVENTION
10       The present invention relates to an observation apparatus, and in
particular to an observation apparatus for observing patterns such as
circuits and characters formed in the surface or near the surface of
semiconductor wafers and insulation substrates such as glass, ceramic and
the like. 15 DESCRIPTION OF THE PRIOR ART Up to now, during the
manufacturing process of semiconductor integrated circuits, observation of
patterns such as numbers, characters and circuits provided on the surface
of semiconductor wafers (hereinafter 20  referred to simply as "wafer"),
liquid crystal substrates, glass, ceramic or resin have been carried out
with an image detector such as a camera or the like. For example, during
the manufacturing process, the identification code provided on a wafer is
read, and then a predetermined process is carried out in accordance with
such identification code. 25 In prior art observation devices, the amount
of light received by an 1    image detector (e.g., a camera) is adjusted by
changing the emission intensity of the light source, and this is carried
out by changing the current value or 



voltage value of the driving current of the light-emitting bodies. 5
Namely, in such prior art observation devices, a variable current driving
circuit or a variable voltage driving circuit must be used for the driving
circuit that drives the light-emitting portion. Consequently, the driving
circuit of the light-emitting portion becomes relatively complex, and the
overall size becomes larger as the number of light-emitting bodies 10
capable of separate light emission is increased. SUMMARY OF THE INVENTION
With a view toward overcoming the problems described above, it is an 15
object of the present invention to provide an observation apparatus
equipped with a simplified driving circuit for driving light-emitting
bodies. In order to achieve the object stated above, the observation
apparatus of present invention is equipped with a light-emitting portion
for shining 20  light onto an observation object, image detection means for
receiving light reflected from or passing through the observation object,
light emission period establishing means for establishing a light emission
period for the light-emitting portion, and light emission control means
which activates the light-emitting portion to emit light synchronous with a
vertical synchronizing 25 signal of the image detection means, and which
terminates the emission of light from the light-emitting portion after the
established light emission 2    period has elapsed. Further, it is possible
to use a horizontal synchronizing signal of the image detection means as a
timing means to time the light emission period. 



5 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram showing an
embodiment of the present invention. 10 Fig. 2 is a drawing showing the
main portion of the optical system of the apparatus shown in Fig. 1. Fig. 3
is a block diagram showing a structure of a driver for the light- 15
emitting bodies. Fig. 4 is a block diagram showing another structure of a
driver for the light-emitting bodies. 20       Fig. 5 is a timing chart for
describing the illumination operation of the observation apparatus.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 25       Fig. 1 is a
structural diagram showing the overall structure of an observation
apparatus according to an embodiment of the present invention, 3    and
Fig. 2 is a perspective view showing the main portion of the optical
system. As shown in these drawings, an observation apparatus 1 is used to 5
observe an observation object 3a such as characters or patterns formed in a
wafer 3. Each of the structural elements of the observation apparatus 1 are
housed in a box 5, and a CCD camera 7 as image detection means, a half
mirror 9 and a converging lens 11 are arranged from the top of the box 5 to



the bottom. In this arrangement, the converging lens 11 functions both as a
lo  lens for converging light emitted from a light-emitting portion 13 and
as an objective lens arranged between the observation object 3a and a
light- receiving portion 7a when forming an image of the observation object
3a onto the light-receiving portion 7a. The light-emitting portion 13 is
arranged at the front focal point position of the converging lens 11, and
light 15  from the light-emitting portion 13 is reflected downward by the
half mirror 9 and converged by the converging lens 11 to shine onto the
observation object 3a. Further, the converging lens 11 has an optical axis
11b which passes through the half mirror 9, and an optical axis 11a due to
reflection by the half mirror 9. 20 The camera 7 is equipped with a
diaphragm 15 and an image-forming lens 17, and reflected light from the
observation object 3a passes through the half mirror 9, the image-forming
lens 17, and the diaphragm 15 in this order, and forms an image on the
light-receiving portion 7a (such as a CCD 25  element) of the camera 7.
Further, another diaphragm (the diaphragm 16 shown in Fig. 2) may be
provided between the image-forming lens 17 and 4    the half mirror 9. The
light-emitting portion 13 is equipped with a plurality of light- emitting
bodies (e.g., LEDs) 13a, and a diffuser 33 is arranged in front of all 5
the light-emitting bodies 13a. Each of the light-emitting bodies 13a are
selectively driven by a light emission controller 35 (described below). 



Further, a light-emitting body 19 is provided in a lower portion of the
observation apparatus 1 so as to shine light onto the observation object 3a
at a large incidence angle, and a diffuser 25 is arranged in front of the
light- 10  emitting body 19. The light-emitting portion 13 and the
light-emitting body 19 are controlled by the light emission controller 35.
The light emission controller 35 is constructed from a driver 36 and a
group control portion 40, in which 15  the driver 36 controls the ON/OFF
states of each of the light-emitting bodies and the period of light
emission thereof. The group control portion 40 separates the light-emitting
bodies 13a of the light-emitting portion 13 and the light-emitting body 19
into groups and specifies which group of light- emitting bodies to use for
light emission in accordance with the observation 20  object 3a. The light
emission controller 35 is controlled by a control device (e.g., a computer)
37 equipped with a system such as an OCR system or a pattern inspection
system. Further, image signals 38 from the camera 7 are outputted to a
monitor 39 (which functions as a display means) and the control device 37,
with an image recognition process being carried out in the 25  control
device 37. 5    As shown in Fig. 3, the driver 36 is equipped with driving
circuits 41a, 41b, 41c, ... , 41n for respectively driving light-emitting
bodies a, b, c, ...,n; light emission control portions 43a, 43b, 43c, ...,
43n for respectively controlling the driving circuits 41a, 41b, 41c, ...,
41n; a clock signal 5  generating portion 45 which sends a clock signal to
each of the light 



emission control portions 43a, 43b, 43c, ..., 43n; and a V[err] processing
portion 46 which delays the vertical synchronization signal VD of the
camera 7 by a prescribed time period T. In this connection, the vertical
synchronization signal VD is generally used as a base signal for camera
operations, and in this 10  way the vertical synchronization signal VD
forms a reference signal (described below) for possible light reception
timing or image output signals. Each of the light control portions 43 is
equipped with a preset portion P which stores an initial value showing a
single light emission period as a 15  clock signal quantity, and a counting
portion N which inputs the initial value and subtracts by 1 each time a
clock signal is received. The VD processing portion 46 is equipped with a
preset portion Q which stores a prescribed time period T over which each of
the light-emitting 20  bodies will be activated to emit light from the time
the VD signal is generated, a subtraction counter C which receives the T
value from the preset portion Q and carries out a subtraction process on
such T value, and a flag resistor F (hereafter referred to simply as "flag
F") which enters an ON state when the value of the subtraction counter C
becomes 0. Further, the prescribed time 25  period T is set in the preset
portion Q in accordance with a signal from the group control portion 40. 6
The ON signal of the flag F of the VD processing portion 46 is outputted to
each of the light emission control portions 43a, 43b, 43c,..., 43n. From
the group control portion 40, control signals such as the above- 5
mentioned initial value, light-emitting body selecting signals and light 



emission termination signals are outputted to each of the light emission
control portions 43a, 43b, 43c, ... , 43n. Further, the light-emitting
bodies a, b, c, ..., n form the light-emitting bodies 13a and 19 of Fig. 1.
10       As will be described below, because the clock signal is used as a
timing unit to carry out timing of the light emission time period of the
light- emitting bodies within the VD signal period, time control becomes
more precise as the period of the clock signal is made shorter than the
period of the VD signal. Further, in the case where the clock signal
generating portion 45 15 can utilize a horizontal synchronizing signal
H[err], such HD signal is inputted and distributed as a clock signal to
each of the light emission control portions 43, and this creates a
simplified circuit structure. In the case where the camera 7 is a NTSC
standard camera, the H[err] signal is generated approximately 280 times in
one period of the V[err] signal, and this makes it 20  possible for the
observation apparatus of the present invention to carry out control of the
light emission intensity at a precision of approximately 1/280. In the case
where the camera 7 is a PAL standard or HDTV standard one, a higher
multistage precision control can be carried out. In the case where a HD
signal can not be utilized, a signal is self-induced and distributed as a
25  clock signal to each of the light emission control portions 43.
Further, it is also possible to split the HD signal to form a clock signal
having an even 7    shorter period. Next, a description of the operation of
the observation apparatus 1 will be given with reference to Fig. 5. 



5 Namely, when the observation apparatus 1 is to be used as a reading
apparatus for reading letters or characters formed in a wafer, the first
step involves placing the observation apparatus 1 of the present invention
at an appropriate position in the semiconductor manufacturing process.
Then, a 10 wafer is manually or automatically conveyed to a location where
the observation object 3a is positioned directly below the converging lens
11. Next, the camera 7 generates a VD signal which is then sent to the VD
processing portion 46, and a prescribed time period T is sent from the
preset 15  portion Q to the counter C. Then, after a clock signal has been
inputted into the VD processing portion 46 from the clock signal generating
portion 45, the value of the counter C is subtracted by 1 each time a clock
signal is received. When the value of the counter C reaches 0, the flag F
is turned ON. Namely, the flag F is turned on after the prescribed time
period T starting 20  from the input of the VD signal has elapsed. Further,
at the same time the VD signal is generated, the group control portion 40
outputs an initial value to the preset portions P of each of the light
emission control portions 43. This initial value can be freely set for each
of 25  the light-emitting bodies by carrying out an outside operation.
Next, the light emission control portions 43 send the initial value to
their respective 8    counter portions N. Then, referring to the flags F,
if the flags F are in an ON state, they are reset to an OFF state, and each
of the light-emitting body driving circuits 41 are driven to activate the
light-emitting bodies to emit 



light. 5 Next, when a clock signal is inputted, the value of the counter
portion N of each of the light emission control portions 43 is subtracted
by 1, and this process is continued each time a clock signal is inputted
until all the counter portions N reach 0. During this time, the
light-emitting bodies 10  having a counter portion N > 0 will be in a
light-emitting ON state, and the light-emitting bodies having a counter
portion N[err]0 will be in a non-light- emitting OFF state. When all the
counter portions N reach 0, all the light- emitting bodies will be in an
OFF state. 15       Namely, the light emission period of the light-emitting
bodies is calculated by multiplying the initial value by one cycle of the
clock signal generation period, and longer light emission periods result in
a greater amount of light being received by the camera 7. This light
emission period can be set for each light-emitting body. For example, as
shown in Fig. 5(E), 20  the light-emitting bodies a, n, c and b having
increasingly longer light emission periods in that order, and therefore the
camera 7 will receive increasingly larger amounts of light in that
respective order. As described above, after generating the VD signal, the
light-emitting 25  bodies are kept in a non-light-emitting OFF state for a
prescribed time period T, and the reason for this can be understood with
reference to the example 9    shown in Fig. 5(C) where a CCD camera is
capable of receiving light during the periods X[err], X[err], X[err], ...,
but is incapable of receiving light during the 



periods Y[err], Y[err], ..., and for this reason the prescribed time period
T is established to have the light-emitting bodies emit light after the
periods Y[err], 5  Y[err], ... (in which no light reception is possible)
are over. Now, because the periods Y[err], Y[err], ... are synchronized
with the vertical synchronizing signal VD, light emission is carried out
with the light-emitting bodies also synchronized (at the same time or at a
fixed relationship) with the vertical synchronizing signal V[err]. 10
Further, in the case where the periods Y in which the camera 7 is incapable
of receiving light can be ignored (i.e., assumed close enough to 0), and
where the time period from the generation of the vertical synchronizing
signal V[err] to the time where light reception is not possible is short
enough to 15  be ignored, it is possible to eliminate the VD processing
portion 46, as shown in Fig. 4, and the light-emitting bodies 13a and 19
can be constructed to emit light at the time the V[err] signal is
generated. Now, if the light emission period of each of the light-emitting
bodies is 20  not the same or shorter than one period of the vertical
synchronizing signal V[err], the vertical synchronizing signal VD will be
overlooked. Further, if the light emission period is set at a value
obtained by subtracting the period in which the camera is incapable of
receiving light from the period of V[err], it becomes possible to avoid the
emission of wasted light during the period in 25  which the camera is
incapable of receiving light. 10    After all the counter portions N become
equal to 0, reference is made 



as to whether a light emission termination signal has been inputted. If a
light emission termination signal has not been inputted, the process
returns to the beginning of the operations, and the light emission
operations are 5  repeated. Then, when the image recognition of the
observation object 3a is completed, for example, a light emission
termination signal is outputted from the control device 37 via the group
control portion 40. Now, when the one or more light-emitting body from the
light- 10  emitting bodies 13a and 19 is selectively activated, the
observation object 3a becomes illuminated and this allows the camera 7 to
pick up images which are then deciphered into letters and characters by the
control device 37. Which light-emitting bodies will be activated and how
long such activation will take place is determined by the initial value
outputted from the group 15  control portion 40. In the case where the
reading result is in error or insufficient, it is possible not to output
the light emission termination signal to continue light emission with the
light-emitting bodies, and in this case, the observation object 3a can be
read by repeating illumination under the same light emission conditions or
under conditions in which the light-emitting 20  bodies or the light
emission period is changed. After reading is completed, the light emission
termination signal is outputted from the group control portion 40 to
terminate illumination operations. Then, when all operations are completed,
the next wafer 3 is conveyed into position and the above operations are
begun again. 25 As described above, instead of changing the light emission
intensity of 11   



each light-emitting body to control the amount of light received by the
camera, in the observation apparatus according to the present invention,
such control is carried out by changing the light emission period of the
light- emitting bodies. As a result, there is no need for the variable
current 5 driving circuit or variable voltage driving circuit required in
prior art devices, and because the driving circuit in the observation
apparatus of the present invention can be constructed, for example, from a
simple fixed voltage circuit such as an open collector drive of a
transistor, the present invention makes it possible to construct compact
driving circuits. In particular, in 1o  cases where there is a need for a
large number of light-emitting bodies, the driving circuits of the
observation apparatus according to the present invention can be made even
more compact than those of prior art devices. Further, instead of carrying
out a continuous light emission as is done 15  in the prior art, the
observation apparatus according to the present invention carries out light
emission only at those times when illumination is required, and this makes
it possible to suppress heat generation due to wasted light emission. In
this way, the present invention makes it possible to construct an
observation apparatus that is economical in terms of energy consumption. 20
Further, in the observation apparatus described above, the use of a half
mirror 9 to form a branching optical path onto which the light source is
arranged makes it possible for the converging lens 11 to function both as a
converging lens and an objective lens. However, the present invention is 25
not limited to this structure, and it is possible to eliminate the half
mirror and use separate objective and converging lenses. However, the use
of the half 12 



mirror 9 is preferred because the ability of the converging lens 11 to
function both as a converging lens and an objective lens makes it possible
to construct a compact observation apparatus. Further, the observation
apparatus according to the present invention is not limited to the
above-described 5  optical system in which observation is carried out using
light reflected from the observation object, and it is possible provide the
observation apparatus with an optical system in which the light emitted
from the light-emitting bodies is adapted to pass through the observation
object, with observation of the observation object being carried out using
the light that passes through 10  the observation object. Furthermore, even
though the light emission control portions and the VD processing portion
were described as hardware circuits in the embodiment described above, the
present invention is not limited to such structure, and it 15  is possible
to provide a microcomputer having software to perform such functions as a
counter function, a preset function and a comparison function. In this way,
it becomes possible to simplify the hardware structure of the observation
apparatus. 20        Thus, because the observation apparatus according to
the present invention controls the light emission period of the
light-emitting bodies, the present invention makes it possible to simplify
the structure of the driving circuits of the light-emitting bodies.
Further, because light emission is carried out only at those times when
illumination is required, the present 25  invention makes it possible to
suppress the generation of heat and provides a driving circuit structure
that is economical in terms of energy consumption. 



13    1. An observation apparatus for observing an observation object,
comprising: a light-emitting portion for shining light onto the observation
object; image detection means for receiving light reflected from or passing
through the observation object; light emission period establishing means
for establishing a light emission period for the light-emitting portion;
and light emission control means which activates the light-emitting portion
to emit light synchronous with a vertical synchronizing signal of the image
detection means, and which terminates the emission of light from the light-
emitting portion after the established light emission period has elapsed.
2. The observation apparatus of Claim 1, wherein a horizontal synchronizing
signal of the image detection means is used as a timing means for timing
the light emission period. 3. The observation apparatus of Claim 1, wherein
the light emission period establishing means is equipped with a preset
portion for storing an initial value, and a counter portion which inputs
the initial value and carries out a subtraction process in which the
initial value is subtracted by 1 each time a clock signal is inputted, the
counter portion having a value N, in which the light emission control means
activates the light-emitting portion to emit light when N > 0 and
terminates light emission from the light-emitting portion when N[err] O. 14



4. The observation apparatus of Claim 3, wherein the light-emitting portion
is comprised of a plurality of light-emitting bodies, in which an initial
value is established for each light-emitting body. 5. The observation
apparatus of Claim 1, in which the light emission control means is equipped
with a delay means to delay the vertical synchronizing signal only by a
prescribed period T. 6. The observation apparatus of Claim 5, wherein the
delay means is equipped with a preset portion for storing the prescribed
time T, a subtraction counter which receives the prescribed period T from
the preset portion and carries out a subtraction process on the prescribed
period T, and a flag resistor which is turned to an ON state when the value
of the subtraction counter becomes zero. 7. The observation apparatus of
Claim 1, wherein the light-emitting portion is comprised of a plurality of
light-emitting bodies, and wherein the light emission control means is
equipped with a driver for controlling the ON/OFF states of each of the
light-emitting bodies and the light-emission periods thereof, and a group
control portion which separates the light-emitting bodies into prescribed
groups and selects the appropriate group of light-emitting bodies in
accordance with the observation object. 8. A method of observing an
observation object with an observation apparatus, in which light from a
light-emitting portion is shone onto the 15   



observation object and light reflected from or passing through the
observation object is received with an image detection means, comprising
the steps of: establishing a light emission period for the light-emitting
portion; activating the light-emitting portion to emit light synchronous
with a vertical synchronizing signal of the image detection means; and
terminating the light emission of the light-emitting portion when the
established light emission period has elapsed. 16    


