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(54) OLED display with optical interconnect between driving plane and display plane

(57) A semiconductor device comprising: circuits
provided over a plurality of glass substrates, wherein
glass substrates of the plurality of glass substrates each
have both or either of a light emitting element and a photo-
detecting element, and wherein a transmission of a signal

between the circuits provided over the plurality of glass
substrates is performed by converting an optical signal
emitted from the light emitting element into an electrical
signal at the photo-detecting element, characterized in
that the light emitting element emits light having directivity
as the optical signal.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a semiconduc-
tor device configured with a semiconductor film having a
crystal structure formed on a glass substrate, and more
particularly, the present invention relates to a semicon-
ductor device for performing the transmission of a signal
in the relevant device by means of an optical intercon-
nect.

DESCRIPTION OF THE RELATED ART

[0002] As for a thin film transistor (TFT) formed on an
insulating substrate or an insulating film, it is character-
ized in that its fabricating method is easy comparing to
that of a MOS (Metal Oxide Semiconductor) transistor
formed on a silicon wafer and it can be fabricated at a
low cost using a substrate having a large scale.
[0003] Particularly, as for a TFT (THIN FILM TRAN-
SISTOR) (in this case, polycrystalline TFT) whose active
layer is formed with a polycrystalline silicon film, since its
mobility is larger comparing to a TFT using an amorphous
silicon, it is desirable to consider its applications in a wider
range of functional devices including not only display de-
vices and photoelectric conversion elements but also the
field of integrated circuits.
[0004] However, after all, electric characteristics of a
polycrystalline TFT have not been comparable to the
characteristics of a MOS transistor (single crystal tran-
sistor) formed on a single crystal silicon wafer. Particu-
larly, from the viewpoints of ON-state current and mobil-
ity, a polycrystalline TFT has been inferior to a single
crystal transistor due to the existence of the defaults in
the grain boundary when these were compared. There-
fore, in case where the preparation of an integrated circuit
was attempted using a polycrystalline TFT, the size of a
TFT could not be suppressed when a sufficient ON-state
current was attempted to obtain. Furthermore, it was dif-
ficult to depict a fine pattern on a glass substrate having
a large scale at a high rate, and these matters have cre-
ated a bottleneck in the realization of higher level inte-
gration of an integrated circuit.

SUMMARY OF THE INVENTION

[0005] In the case where a sufficient higher level inte-
gration is not realized in an integrated circuit, the wirings
connecting the respective elements become longer and
the wiring resistance is heightened. When the wiring re-
sistance is heightened, the delay of a signal and turbu-
lence of waveforms occur, the amount of transmission
of signals lowers, the performance of the information
processing of the relevant integrated circuit becomes re-
stricted, hindering the realization of an integrated circuit

which is capable of being operated at a high rate with a
high performance. Moreover, the parasitic capacitance
between the wirings increases accompanied with the
elongation of the wirings, and the charging and discharg-
ing energies to the wirings and the amount of consuming
electric power also increases.
[0006] Moreover, an integral formation of a variety of
semiconductor circuits on one piece of glass substrate
becomes a factor that causes the yield to be lower. Fur-
thermore, since an integrated circuit is configured with
circuits having a variety of functions, it is naturally esti-
mated that there would be differences between the per-
formances of TFTs required for the respective circuits.
Then, when an attempt is made, in order to obtain the
desired performance, to optimize the configuration of a
TFT for each circuit disposed on the same substrate, the
process becomes complicated, the number of processes
further increases, lowering the yield and making it difficult
to shorten the time required for completing the product
(i.e., TAT: Turn Around Time).
[0007] In reverse, when semiconductors formed on a
plurality of substrates are electrically connected to each
other using FPC (Flexible Printed circuit) or the like, since
the portion connecting is weak for physical impact, the
reliability in the mechanical strength is lowered. Moreo-
ver, when the connections are made using FPC or the
like, the more the amount of information of signals that
the semiconductor device processes increases, the more
the number of the connecting terminals increases, and
raises the occurrence probability of the contact failures.
[0008] Then, when the number of connecting terminals
increases because of the further increase in amount of
information that the semiconductor device processes,
there might occur situations where the connecting termi-
nals can no longer be disposed at the edge portion of the
substrate. However, it is not desirable to enlarge the area
of the substrate only for the purpose of securing the dis-
position place of the connecting terminals because it also
becomes a factor of hindering the miniaturization of the
semiconductor device.
[0009] An object of the present invention is to provide
a semiconductor device having an integrated circuit using
a cheap glass substrate capable of corresponding to the
increase of the amount of information and further having
a high performance and capable of operating at a high
rate.
[0010] In the present invention, in order to solve the
problems described above, a variety of circuits configur-
ing an integrated circuit are formed on a plurality of glass
substrates, and the transmission of signals between the
respective glass substrates is performed by means of
what is called an optical interconnect using an optical
signal.
[0011] Concretely, a light emitting element is provided
on the output side of a circuit of the upper stage formed
on a certain glass substrate, and a photo-detecting ele-
ment is formed so as to be opposed to the relevant light
emitting element on the input side of a circuit of the rear
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stage formed on the another glass substrate. Then, an
optical signal which has been converted from an electri-
cal signal outputted from the circuit disposed on the upper
stage is outputted from the light emitting element, the
relevant optical signal is converted into an electrical sig-
nal and it is inputted into a circuit disposed on the rear
stage.
[0012] In this way, by utilizing an optical interconnect,
data transmission can be performed between the glass
substrates. Moreover, when glass substrates on which
photo-detecting elements are provided are further lami-
nated, the signal from one light emitting element can be
received by a plurality of photo-detecting elements. Spe-
cifically, the transmission can be performed from one
glass substrate to the other plurality of glass substrates
at the same time, and an optical bus with a very high rate
can be formed.
[0013] Then, since a glass substrate, unlike a single
crystal silicon wafer, transmits the light, the transmission
of signals between 3 sheets of glass substrates or more
is possible comparatively easily. Then, as described
above, the operation rate of the TFT formed on the glass
substrate is low compared to that of a single crystal tran-
sistor. However, since the width of bus of a signal which
is transmitted between the substrates can be taken large,
and the parallel operation of circuits disposed on a plu-
rality of glass substrates can be performed with excellent
efficiency, the low operation rate of the TFT formed on
the glass substrate when compared to that of a single
crystal transistor can be made up for.
[0014] Moreover, even if the degree of integration of
the circuit formed on the glass substrate is low compared
to that of a single crystal silicon wafer, since a plurality
of glass substrates can be laminated by utilizing an op-
tical signal for transmitting a signal between the sub-
strates, it can prevent the device from being bulky in the
horizontal direction. Furthermore, it can prevent the wir-
ings from being too long, helping suppress the electric
power consumption increase due to the wiring capaci-
tance.
[0015] Moreover, when the process is changed per
each substrate, since the configuration of the TFT of each
circuit can be easily optimized, the increase of the
number of steps per each sheet of substrate can be sup-
pressed when optimizing, and the time required for com-
pleting the product ( i . e . , TAT: Turn Around Time) can
be suppressed. Moreover, the cost can be suppressed
by utilizing a cheap glass substrate, and fabrication by a
simple method is possible.
[0016] Then, since one integrated circuit is configured
by combining the circuits formed on the respective sub-
strates, the yield can be enhanced comparing to the case
where an integrated circuit is formed on one substrate.
Moreover, the number of terminals such as FPC or the
like for the purpose of electrically connecting between
the circuits can be suppressed by utilizing an optical sig-
nal for transmitting a signal between the substrates, and
the reliability in the mechanical strength can be en-

hanced. Furthermore, even if the amount of information
of the signals to be processed is increased, the lowering
of the yield due to the occurrence of contact failures in
the portion of the terminal can be suppressed.
[0017] Then, as for a light emitting element and a pho-
to-detecting element for performing the sending and re-
ceiving of an optical signal, which is different from a ter-
minal of a FPC, since these are not necessarily disposed
at the edge portions of the substrate, the limitation on the
layout becomes smaller, and these easily correspond to
the further increase of the amount of information to be
processed.
[0018] In this way, the present invention enables to
provide a semiconductor device having an integrated cir-
cuit having a high performance and capable of operating
at a high rate.

BRIEF DESCRIPTION ON THE DRAWINGS

[0019]

Fig.1 is a diagram showing a configuration of a glass
substrate having a light input and output section;
Fig. 2 is a diagram showing a configuration of a light
input and output section;
Fig. 3 is a diagram showing the corresponding rela-
tionship between a light emitting element and a pho-
to-detecting element;
Fig.4 is a diagram showing s configuration of a mi-
croprocessor of the present invention;
Fig.5 is a block diagram showing a configuration of
a semiconductor display device of the present inven-
tion;
Fig.6 is a diagram showing a configuration of a signal
line drive circuit, a scan line drive circuit and a pixel
section;
Figs.7 are a perspective view and a cross sectional
view of a semiconductor display device of the
present invention;
Fig.8 is a diagram showing one Example concerning
with the disposition of a substrate of a semiconductor
device of the present invention;
Fig.9 is a drawing showing the positional relationship
between an optical fiber array and a light input and
output section;
Fig.10 is a diagram showing the steps of fabricating
a semiconductor device of the present invention;
Fig.11 is a diagram showing the steps of fabricating
a semiconductor device of the present invention;
Fig.12 is a diagram showing the steps of fabricating
a semiconductor device of the present invention;
Fig.13 is a diagram showing the steps of fabricating
a semiconductor device of the present invention;
Fig.14 is a diagram showing the steps of fabricating
a semiconductor device of the present invention; and
Fig. 15 is a diagram showing one Example of a light
emitting element of a semiconductor device of the
present invention.
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PREFERRED EMBODIMENTS OF THE INVENTION

[0020] Hereinafter, the configuration of a semiconduc-
tor device of the present invention will be described in
detail.
[0021] In Fig.1 A, the configuration of a glass substrate
that a semiconductor device of the present invention has
is shown as an example. In Fig.1 A, on a glass substrate
10, one or a plurality of circuits 11 which have been
formed with semiconductor elements were formed. Fur-
thermore, on the glass substrate 10, it has a light input
and output section 12 for performing the sending and
receiving an optical signal and an interface 13 which proc-
esses an electrical signal inputted into and outputted from
the relevant light input and output section 12.
[0022] The light input and output section 12 has a light
input section 14 in which a photo-detecting element for
receiving an optical signal has been formed and a light
output section 15 in which a light emitting element for
sending an optical signal has been formed. In Fig.1 A,
for the purpose of easily illustrating it, the light input sec-
tion 14 and the light output section 15 are shown by mak-
ing the areas where these are disposed different, how-
ever, an element having a function for receiving an optical
signal and an element having a function for sending an
optical signal may be mixed.
[0023] Moreover, in Fig.1 A, the case where the send-
ing and receiving of a signal between the other substrate
and it is performed only by an optical signal is shown,
however, one portion of the signals may be sent and re-
ceived as the electrical signal is, or it may have a function
for sending and receiving the signal as the electrical sig-
nal is, for example, such as a terminal or the like.
[0024] In Fig.1 B, the way in which glass substrates
shown in Fig.1 A are superimposed with one another,
and the way in which optical signal is sent and received
between the respective substrates are shown. The light
input and output sections 12 are superimposed with each
other, which are disposed on the respective substrates,
and an integrated circuit comprising the circuits 11
formed on the respective glass substrates 10 is con-
structed by performing the sending and receiving of an
optical signal between the respective substrates.
[0025] In Fig.2 A, a more concrete configuration of the
light input and output section 12 is shown. In Fig.2 A, the
way in which at least one photo-detecting element 17
corresponds to one light emitting element 16 between
the substrates is shown. As for the light emitting element,
it is desirable that it can be formed on the glass substrate
and further it is an element capable of obtaining a lumi-
nescence having a directivity.
[0026] It should be noted that in Fig.2 A, only the light
emitting element 16 and the photo-detecting element 17
are shown at the light input and output section 12, how-
ever, actually, a drive section for making the light emitting
element emit using an electrical signal, a circuit for am-
plifying an electrical signal obtained from the photo-de-
tecting element and a circuit for correcting the waveform

of the obtained electrical signal are provided. Noted that
an interface 13 might be equipped with these functions.
[0027] In Fig.2 B, concrete configurations of the light
input section 14 and the light output section 15 are shown.
The light output section 15 has the light emitting element
16 and a light emitting element drive section 18 for mak-
ing the relevant light emitting element 16 emit by utilizing
an electrical signal (output signal) outputted from the in-
terface 13. The concrete configuration of the light emitting
element drive section 18 can be appropriately deter-
mined in accordance with the configuration of the light
emitting element 16.
[0028] The light input section 14 has the photo-detect-
ing element 17, an amplifier circuit 19 for amplifying an
electrical signal obtained at the relevant photo-detecting
element 17, and a waveform correction circuit 20 for cor-
recting the waveform of the electrical signal. It should be
noted that the amplifier circuit 19 and the waveform cor-
rection circuit 20 are not necessarily required to provide,
and then, except for these circuits, the light input section
14 might have a circuit for processing something to the
waveform of the electrical signal. In Fig.2 B, an electrical
signal outputted from the waveform correction circuit 20
is inputted from the interface 13.
[0029] It should be noted that although in Fig.2 A, an
example in which a light emitting element corresponds
to a photo-detecting element in a one-to-one manner,
the present invention is not limited to this configuration.
Two light emitting elements or more may correspond to
one photo-detecting element, or one light emitting ele-
ment may correspond to two photo-detecting elements
or more.
[0030] In Fig. 3 A, the way in which two light emitting
elements formed on the respective substrates different
from each other correspond to one photo-detecting ele-
ment formed on the still other substrate is shown. A light
emitting element 30 is disposed so that the emitted light
transmits through a glass substrate 33 on which a light
emitting element 31 has been formed and the emitted
light is incident into the photo-detecting element 32.
Bymeansoftheabove-describedconfiguration, another
operation can be performed on the substrate on which
the light emitting element 31 has been formed during the
time that an optical signal is sent from the light emitting
element 30 to the photo-detecting element 32, and in
reverse, another operation can be performed on the sub-
strate on which the light emitting element 30 has been
formed during the time that an optical signal is sent from
the light emitting element 31 to the light photo-detecting
element 32.
[0031] In reverse, in the case where two photo-detect-
ing elements formed on the respective substrates which
are different from each other correspond to one light emit-
ting element formed on the still other substrate, an op-
tional signal can be sent to a plurality of substrates at the
same time.
[0032] Moreover, in Fig.3 B, the case where any one
of the electrical signals obtained at a plurality of photo-
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detecting elements is selected, for example, a selection
circuit having a function for sending it to the other circuits
within the light input section such as an amplifier circuit
or the like and to an interface is provided is shown. In
Fig.3 B, optical signals emitted from two light emitting
elements 35, 36 formed on the respective substrates
which are different from each other are converted into
electrical signals in two photo-detecting elements 37, 38
formed on the still other substrates . Then, either of two
electrical signals to be obtained is selected in a selection
circuit 39, and sent to the circuit of the rear stage. By
means of the above-described configuration, similar to
the case of Fig. 3 A, an oscillation frequency per one light
emitting element can be lowered, and the burden of the
light emitting element drive section for controlling the
drive of the light emitting element can be reduced.
[0033] It should be noted that in order to perform the
parallel transmission of data using optical signals be-
tween the glass substrates, it is necessary that the path-
ways of the optical signals are made independent, re-
spectively. However, depending upon the degree of the
light diffusion, there may be some cases where what is
called a crosstalk that an optical signal is incident into a
photo-detecting element to which the optical signal does
not correspond. The degree of light diffusion is depend-
ent upon the directivity of the light emitted from the light
emitting element and refractive index of the medium in
the pathway of an optical signal. Hence, it is desirable to
consider the light diffusion so that the crosstalk is sup-
pressed as much as possible, layout a photo-detecting
element and a light emitting element in accordance with
the directivity of the light of the light emitting element to
be used, and appropriately set the thickness of sub-
strates, the distance between the substrates, the medium
between the substrates and the like. Moreover, in order
to prevent the crosstalk, an optical fiber having a cylin-
drically shaped cross section or a cross section similar
to that cross section is provided on the pathway of an
optical signal, and optical waveguide such as a thin film
waveguide and the like for transmitting the light along the
planar dielectric thin film may be provided.
[0034] It should be noted that substrates used in the
present invention are not limited to glass substrates. If
these have a transparency and are substrates capable
of being bearable to the processing temperature in the
formation of a semiconductor element or the other proc-
esses, it is also naturally possible that substrates except
for glass substrates such as plastic substrates or the like
are also used.

Examples

[0035] Hereinafter, Examples of the present invention
will be described.

Example 1

[0036] In the present Example, an example in which

CPU cores of CPU (Central Processing Unit) represented
by a microprocessor are formed on a plurality of glass
substrates and the respective substrates are connected
to an optical interconnect will be described below.
[0037] A TFT formed on a glass substrate is slow at
the operation rate when comparing to a single crystal
transistor. Therefore, in the case where a CPU is formed
on the glass substrate, when the process contents be-
come complex, it is difficult for a single CPU core to carry
out the processing at a sufficient rate. Then, a series of
processing steps of the CPU cores are divided into some
processing steps per each purpose, a CPU core formed
on one substrate is assigned to each processing step.
Then, a series of processing steps can be performed as
similar to the case where a single CPU core was used
by connecting a plurality of substrates on which each
CPU core has been formed by means of an optical inter-
connect. It is sufficient that the CPU cores formed on the
respective substrates may perform the processing step
assigned to these, the processing rate is enhanced when
comparing to the case where all the processing steps are
performed by a single CPU core.
[0038] In Fig.4, a perspective view of a microprocessor
of the present Example is shown. A microprocessor 100
is configured with a substrate 101 used for a plurality of
CPU cores using a glass substrate, a main memory 102,
a clock controller 103, a cache controller 104, a serial
interface 105, I/O port 106 and the like. Needless to say,
the microprocessor shown in Fig. 4 is a simplified exam-
ple, an actual microprocessor has a wide variety of con-
figurations in accordance with its uses.
[0039] The substrate 101 used for CPU cores is formed
with a substrate having a transparency, and in the present
Example, a glass substrate is used. Then, the substrate
101 used for CPU cores has a light input and output sec-
tion 107, an interface 108, a CPU core 109, and a cache
memory 110, respectively.
[0040] It should be noted that the light input and output
section 107 might have both of an element having a func-
tion for outputting an electrical signal as an optical signal
and an element having a function for converting an optical
signal into an electrical signal, and it might have only one
of these depending upon its substrate. Then, it may have
a terminal for sending and receiving an electrical signal
as it is without converting into an optical signal between
it and the other circuits configuring the microprocessor
100.
[0041] The cache memory 110 is a memory interven-
ing between the CPU core 109 and the main memory
102 , which has a small capacitance and operates at a
high rate. A CPU core capable of operating at a high rate
requires a memory capable of operating at a high rate.
However, in the case where a memory having a large
amount of capacitance and access time corresponding
to the operation rate of the CPU core and operating at a
high rate is used, generally speaking, its cost becomes
higher. The CPU core is capable of operating at a high
rate without depending upon the speed of the main mem-
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ory by accessing to the cache memory.
[0042] Hereinafter, an example of the operations of the
respective CPU cores 109 will be described.
[0043] For example, first, at initial run time, the pro-
gram is downloaded into the cache memory 110 (SRAM)
of the substrate 101 used for the respective CPU cores
from the main memory 102 or the other memories exter-
nally equipped. It may be performed by the CPU cores
109 to be the master.
[0044] Next, the respective CPU cores 109 to be the
slave in turn execute the programs stored at the cache
memory 110 of the substrate 101 used for the same CPU
cores. The cache memory 110 of the substrate 101 used
for the same CPU cores not only stores the programs,
but also functions as a work region, and calculation re-
sults and the like of the CPU cores 109 are temporarily
stored.
[0045] When the respective CPU cores 109 require
the communication using a signal for the output results
of the other CPU cores 109 and require the communica-
tion using a signal with main memories such as the cache
memory 110 within the substrate used for the CPU cores,
these procedures are performed via the light input and
output section 107.
[0046] The operation rate as a whole is enhanced in
accordance with the number of the CPU cores 109. Par-
ticularly, in the case where the number of communica-
tions of signals between the CPU cores 109 and signals
to the external of the substrate 101 used for the CPU
cores is small, the effect of parallelization is enhanced.
[0047] As an example of programs, for example, in the
optimizing problem (e.g. , the problem of automatic wir-
ing, the problem of the way in which a salesman goes
around) such that the minimum value is attempted to find
out within a phase apace having a very large number of
minimal values, and the evaluation of variation (circuit
simulation and the like), the cases where methods such
as Monte Carlo method, simulated annealing method and
the like are applied are listed.
[0048] These programs fundamentally and independ-
ently have structures for executing the same subprogram
a plurality of times, the completed program can be sub-
stantially executed with the CPU cores 109 within the
substrate 101 used for the respective CPU cores and the
cache memory 110 by making the different CPU cores
109 account for the respective subprograms, and an ideal
parallel computation is capable of being performed.
[0049] It should be noted that since there might be
some cases where the inconvenience occurs when view-
ing the processing as a whole when the processing rate
between the CPU cores varies, the balance of the
processing rates between the respective CPU cores to
be the slave might be adjusted by means of the CPU
cores to be the master.

Example 2

[0050] In the present Example, one Example of a sem-

iconductor display device, which is one of semiconductor
devices of the present invention, will be described below.
[0051] In Fig.5, the configuration of a semiconductor
display device of the present Example is shown as a block
diagram. In Fig.5, two sheets of glass substrates are
used, on a first substrate 200, an external input terminal
225, a VRAM (Video Random Access Memory) 201, a
timing signal generation circuit 202, a picture signal
processing circuit 203, a light output section for control
signal 204 and a light output section for picture signal
205 have been are provided.
[0052] One or a plurality of light emitting elements 220
and a light emitting element drive section 221 corre-
sponding to one or a plurality of light emitting elements
220 are formed at the light output section for control signal
204 and the light output section for picture signal 205,
respectively. It should be noted that one of the light emit-
ting element drive sections 221 might correspond to a
plurality of the light emitting elements 220, or the light
emitting element drive section 221 might correspond to
the light emitting element drive section 221 in a one-to-
one manner.
[0053] Moreover, on a second substrate 210, a light
input section for control signal 211, a light input section
for picture signal 212, a signal line drive circuit 213, a
scan line drive circuit 214 and a pixel section 215 have
been provided.
[0054] One or a plurality of photo-detecting elements
222 and an amplifier circuit 223 and a waveform correc-
tion circuit 224 corresponding to the photo-detecting el-
ements 222 have been formed at the light input section
for control signal 211 and the light input section for picture
signal 212, respectively.
[0055] Data having image information inputted from an
external input terminal 225 has been memorized at the
VRAM 201, then, in the picture signal processing circuit
203, a certain processing is added to the relevant data
in accordance with the standard of the signal line drive
circuit 213, and it is sent to the picture signal output sec-
tion 205 as a picture signal. At the light emitting element
drive section 221 of the picture signal output section 205,
the luminescence of the light emitting element 220 is con-
trolled using the picture signal which has been sent.
[0056] On the other hand, in the timing signal genera-
tion circuit, signals such as a clock signal (CLK), a start
pulse signal (SP), a latch signal and the like for controlling
the timing of the drive of the picture signal processing
circuit 203, the signal line drive circuit 213 and the scan
line drive circuit 214 are generated. Signals for controlling
the drive of the picture signal processing circuit 203 are
directly given to the relevant circuits, however, a signal
given to the circuits formed on the second substrate 210
where these circuits are the signal line drive circuit 213
and the scan line drive circuit 214 is converted into an
optical signal at the light output section for control signal
204, and it is converted again into an electrical signal at
the light input section for control signal 211. Then, a va-
riety of control signals converted into an electrical signal
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are given to the signal line drive circuit 213 and the scan
line drive circuit 214.
[0057] The signal line drive circuit 213 drives in syn-
chronization with the timing of the given control signal
and performs the sampling of a picture signal and inputs
it into the pixel section 215. Moreover, the scan line drive
circuit 214 also is operated in synchronization with the
inputted control signal, and it controls the timing at which
the picture signal is inputted into the respective pixels of
the pixel section 215.
[0058] It should be noted that although in the present
Example, data having image information are transmitted
as an electrical signal via the external input terminal 225,
it might be transmitted as an optical signal, not as an
electrical signal.
[0059] In Fig .6, the concrete configuration of a signal
line drive circuit, a scan line drive circuit and a pixel sec-
tion of an active matrix type semiconductor display device
used in Example is shown. It should be noted that in Fig.
6, the case where an OLED (OLED: Organic Light Emit-
ting Device) is used as a light emitting element which is
one of elements for displaying an image at the pixel sec-
tion is shown.
[0060] In Fig. 6 A, the signal line drive circuit 213 has
a shift register 213_1, a latch A213_2, a latch B213_3
and D/A conversion circuit 213_4. The shift register
213_1 in turn generates timing signals based on the in-
putted clock signal (CLK) and start pulse (SP), and in
turn supplies the timing signal to the circuits of the rear
stages.
[0061] It should be noted that the timing signal from
the shift register 213_1 might be buffered and amplified
by means of a buffer or the like (not shown) and might in
turn supply the timing signal which has been buffered
and amplified to the circuits of the rear stages. Since
many circuits or elements are connected to the wirings
to which the timing signals are supplied, the load capac-
itances (parasitic capacitances) are large. In order to pre-
vent the timing signals occurring due to the largeness of
these load capacitances from being "less capable" of rise
or fall, this buffer is provided.
[0062] A timing signal from the shift register 213_1 is
supplied to the latch A213_2. The latch A213_2 has a
latch of a plurality of stages in which a picture signal of
digital is processed. When the foregoing timing signal is
inputted into the latchA 213_2, and at the same time,
picture signals are in turn written and maintained.
[0063] It should be noted that when picture signals are
incorporated into the latch A213_2, picture signals are in
turn inputted into the latch of a plurality of stages which
the latch A213_2 has.
[0064] The time required for the writing of picture sig-
nals into the latches of the all stages of the latch A213_2
being terminated in a general way is referred to as a line
period. Specifically, the time interval from the time point
at which the writing of the picture signals into the latch
of the stage of the farthest end of the left side is initiated
in the latch A213_2 to the time point at which the writing

of the picture signals into the latch of the stage of the
farthest end of the right side is terminated in the latch
A213_2 is a line period. Actually, a period in which the
horizontal return period is added to the above-described
line period may be included in a line period.
[0065] When one line period is terminated, a latch sig-
nal is supplied to the latch B213_3. At this instance, the
picture signals written and maintained at the latch
A213_2 are all together sent out to the latch B213_3 ,
and written into the latches of all the stages of the latch
B213_3 and maintained.
[0066] The latch A213_2 that has terminated the send-
ing of the picture signals into the latch B213_3 in turn
performs the writing of the picture signals again based
on the timing signal outputted from the shift register
213_1.
[0067] During one line period of this second turna-
round, the picture signal written and maintained at the
latch B213_3 is converted into an analog signal in a D/A
conversion circuit 213_4 , and it is inputted into a signal
line provided in the pixel section 215.
[0068] It should be noted that the D/A conversion cir-
cuit 213_4 is not necessarily required to use, in the case
where time division gradation is performed, a picture sig-
nal of digital is inputted into a signal line provided in the
pixel section 215 as it is without utilizing the D/A conver-
sion circuit 213_4.
[0069] It should be noted that since the bus width of
an optical signal at the light input and output section can
be largely spaced, it is also possible that the number of
input signals at the light input section is made the same
with the number of the signal line of one line portion. In
this case, even if the latches are not in turn selected using
a timing signal and not written into these, since the writing
to the latches of all the stages can be performed at once,
the drive is possible even if the shift register is not used.
Moreover, even if the number of input signals at the light
input section does not correspond to the number of the
total signal lines of one line portion, since anyway, the
bus width of an optical signal at the light input and output
section can be largely spaced, the drive frequency of the
signal line drive circuit can be sufficiently reduced com-
paring to the drive frequency when the terminal is used.
[0070] Moreover, in the case where the number of in-
put singles at the light input section is the same with the
number of the signal lines of one line portion, the drive
is possible without providing the latch B.
[0071] On the other hand, the scan line drive circuit
214 has a shift register 214_1 and a buffer 214_2 , re-
spectively. Moreover, depending upon the cases, it may
have further a level shifter.
[0072] In the scan line drive circuit 214, a selection
signal outputted from the shift register 214_1 is supplied
to a buffer (not shown), and it is supplied to the corre-
sponding scan line.
[0073] In Fig.6 B, one portion of the pixel section is
shown. Gates of TFTs 230 of the pixels of one line por-
tions of have been connected to the respective scan lines.

11 12 



EP 2 312 566 A2

8

5

10

15

20

25

30

35

40

45

50

55

Then, since TFTs 230 of the pixels of one line portions
have to be turned ON all at once, as for a buffer 214_2,
a buffer capable of allowing a large amount of current to
flow is used.
[0074] Next, an appearance of a semiconductor dis-
play device of the present Example will be described be-
low. Fig.7 A is one Example of a perspective view of a
semiconductor display device shown in Fig.5. Moreover,
Fig.7 B shows its cross section.
[0075] The external input terminal 225 formed on the
first substrate 200 has been connected to a FPC 231,
and data having image information is inputted into the
external input terminal 225 via the FPC 231. Moreover,
as shown in Fig.7 B, a VRAM (Video Random Access
Memory) 201, the picture signal processing circuit 203,
and the light output section for picture signal 205 have
been provided on the first substrate 200. It should be
noted that except showing in Fig.7 B, the timing signal
generation circuit 202 and the light output section for con-
trol signal 204 have been formed on the first substrate
200.
[0076] The first substrate 200 is pasted together with
the second substrate 210 by an adhesive 233 in such a
manner that the first substrate 200 opposes to the second
substrate 210. This adhesive 233 may be a material that
transmits the light, and further a material having the op-
timum refractive index from the viewpoint of considering
the crosstalk.
[0077] The pixel section 215, the signal line drive circuit
213 and the light input section for picture signal 212 have
been formed on the second substrate 210. It should be
noted that except showing in Fig.7 B, the scan line drive
circuit 214 and the light input section for control signal
211 have been formed on the second substrate 210.
[0078] The pixel section 215 formed on the second
substrate 210 has been sealed with an inert gas, resin
or the like between the second substrate 210 and a cov-
ering member 232. It should be noted that the second
substrate 210 and the covering member 232 have been
sealed with a sealant 234.
[0079] The light output section for picture signal 205
formed on the first substrate 200 is overlapped with the
light input section for picture signal 212 while sandwich-
ing adhesive 233 and the second substrate 210 between
the light input section for picture signal 212 and the rel-
evant light output section for picture signal 205. Moreo-
ver, although it is not shown, the light output section for
control signal 204 and the light input section for control
signal 211 have been also overlapped while sandwiching
the adhesive 233 and the second substrate 210 between
the light output section for control signal 204 and the light
input section for control signal 211.
[0080] It should be noted that although in the present
Example, a semiconductor display device using an OLED
has been described, a semiconductor display device is
not limited to this, it might be a semiconductor display
device using a light emitting element except for OLED
as a display element, or might be a liquid crystal display

device (LCD), PDP (Plasma Display Panel), DLP (Digital
Light Processing) or the other semiconductor display de-
vices.
[0081] The present Example is capable of being car-
ried out in combination with Example 1.

Example 3

[0082] In the present Example, one Example of how
the substrates on which circuits have been formed are
superimposed with one another will be described below.
[0083] In Fig.8 A, an example of a cross sectional view
of a semiconductor device of the present Example is
shown. A light input section 301 and a light output section
302 have been provided on a plurality of substrates 300.
Moreover, an adhesive 304 has been filled between the
respective substrates, and the distance between the sub-
strates has been fixed with a spacer 303.
[0084] It should be noted that it is not necessarily re-
quired to fill an adhesive between the substrates and it
might be available to make the air, an inert gas and the
other gas exist between the light input section and the
light output section partially using the adhesive.
[0085] The light output section 302 provided on each
substrate corresponds to at least one light input section
301 formed on the other substrate 300. Then, in the
present Example, the position of each substrate 300 in
the horizontal direction is determined so that the number
of the substrates 300 existing between the corresponding
light input sections 301 and the light output sections 302
is as small as possible.
[0086] In the case where the number of the substrates
300 existing between the light input sections 301 and the
light output sections 302 is large, as shown in Fig.8 B,
the light is diffused and crosstalk is easily to occur by the
light refracting and one portion of the light being reflected
due to the difference of the refraction index between the
adhesive 304 and the substrate 300. As shown in Fig.8
C, the diffusion of the light can be suppressed and the
crosstalk can be suppressed by reducing the change of
the medium in the pathway of the light between the light
input section 301 and the light output section 302.
[0087] The present Example is capable of being car-
ried out in combination with Example 1 or 2.

Example 4

[0088] In the present Example, a configuration in which
an optical fiber array that is one of optical waveguides is
provided between the light input section and the light out-
put section and the crosstalk is prevented will be de-
scribed below.
[0089] In Fig.9 A, one portion of an optical fiber array
which is enlarged is shown. An optical fiber array 400 is
a stack of a plurality of optical fibers 401, and a space
between the respective optical fibers 401 has been filled
with a buffer member or the like. All of the optical fibers
401 have been arranged so that the propagation direc-
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tions of the lights become uniform.
[0090] The optical fiber 401 is configured with a core
402 in which refraction index of the propagated light is
high and a clad 403 which exists around the core and
whose refraction index is low.
[0091] In Fig.9 B, how the optical fiber array 400 is
arranged between two substrates is shown. The light in-
put and output sections 407 and 408 have been provided
so as to be opposed each other on a first substrate 405
and a second substrate 406, respectively. Then, the op-
tical fiber array 400 has been arranged between the first
substrate 405 and the second substrate 406 so as to be
sandwiched between the light input and output sections
407 and 408.
[0092] The optical fiber array 400 has been arranged
so that the propagation direction of the light within the
optical fiber array 400 and the progression direction of
an optical signal between the light input and output sec-
tions 407 and 408 correspond to each other.
[0093] As shown in the present Example, by utilizing
an optical fiber array, the directivity of the light emitted
from a light emitting element is enhanced, and the cross-
talk can be effectively prevented.
[0094] The present Example is capable of being car-
ried out in combination with Examples 1-3.

Example 5

[0095] In the present Example, a concrete method of
fabricating a light input section and a light output section
on the same substrate will be described below.
[0096] In Fog.10, no alkali glass substrate represented
by, for example, 1737 glass substrate made by Corning,
Co., Ltd. has been used for a substrate 500. Then, an
under coating film 501 has been formed on the surface
on which an element of the substrate 500 has been
formed by a plasma CVD method or a sputtering method.
Although the under coating film 501 is not shown, a silicon
nitride film having a thickness of 25-100 nm (here, it has
been made in a thickness of 50 nm) and a silicon oxide
film having a thickness of 50-300 nm (here, it has been
made in a thickness of 150 nm) have been formed. More-
over, only silicon nitride film and silicon nitride oxide film
may be used for the under coating film 501.
[0097] Next, an amorphous silicon film having a thick-
ness of 50 nm has been formed on this under coating
film 501 by a plasma CVD method. It is desirable that
although depending upon its hydrogen content, the amor-
phous silicon film is heated preferably at 400-550°C for
several hours, dehydrogenation treatment is performed,
the hydrogen content is made 5 or less atomic %, and
the step of crystallization is performed. Moreover, the
amorphous silicon film may be formed by the other meth-
ods such as a sputtering method, a vapor deposition
method or the like, however, it is desirable that impurity
elements such as oxygen, nitrogen and the like contained
in the film have been previously and sufficiently reduced.
[0098] It should be noted that it might be also available

that not only silicon but also silicon germanium is used
for semiconductor film. In the case where silicon germa-
nium is used, it is preferable that the density of germa-
nium is in the order of 0.01-4.5 atomic %.
[0099] Now, both of the under coating film and amor-
phous silicon film are fabricated by a plasma CVD meth-
od, and at this time, the under coating film and amorphous
silicon film may be formed in vacuum in series. The pol-
lution of the surface is capable of being prevented by
firstly performing the step of not exposing to the ambient
air atmosphere after the under coating film 501 has been
formed, and the variation of the characteristics of the fab-
ricated TFT could be reduced.
[0100] Then, an amorphous silicon film is crystallized
by a known technology, a crystal silicon film (referred to
as polycrystalline silicon film or polysilicon film) is formed.
As a known method of crystallization, there are a thermo-
crystallization method using an electrically heated oven,
a laser annealing crystallization method using a laser
beam, and a lamp annealing crystallization method using
an infrared ray. In the present Example, the crystallization
is performed by utilizing an excimer laser beam using
XeCl gas.
[0101] It should be noted that a pulse oscillation type
excimer laser beam which has been worked into a linear
shape is used in the present Example, however, it may
be a rectangular shaped pulse, or a continuous oscillation
type argon laser beam and a continuous oscillation type
excimer laser beam can be also used.
[0102] Moreover, although in the present Example, a
crystal silicon film is used as an active layer of TFT, an
amorphous silicon film is also capable of being used as
an active layer.
[0103] It should be noted that it is effective that an ac-
tive layer of TFT requiring the reduction of OFF-state
current is formed with an amorphous silicon film, an active
layer of TFT which attaches importance to the largeness
of ON-state current is formed with a crystal silicon film.
Since the carrier mobility of an amorphous silicon film is
low, it is not easy to allow current to flow and also it is
not easy to allow OFF-state current to flow. Specifically,
the advantages of both of an amorphous silicon film which
is not easy to allow current to flow and a crystal silicon
film which is easy to allow current to flow can be exploited.
[0104] The patterning of the crystal silicon film thus
formed was performed, a semiconductor layer in an in-
sular shape (hereinafter, referred to as an active layer)
503-505 were formed.
[0105] Next, a gate insulating film 506 whose major
component is silicon oxide or silicon nitride was formed
by covering active layers 503-505. In the present Exam-
ple, TEOS (Tetraethyl Orthosilicate) and O2 were mixed
by a plasma CVD method, and a silicon oxide film was
formed by discharging under the conditions of the reac-
tion pressure 40 Pa, the substrate temperature
300-400°C, the high frequency (13.56 MHz ) , the power
density in the range of 0.5-0.8 W/cm2. Then, the silicon
oxide film thus prepared can obtain an excellent charac-
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teristics as agate insulating film by thermo-annealing at
400-500°C. Moreover, aluminum nitride can be used as
a gate insulating film. Aluminum nitride is comparatively
high at thermal conductivity, the heat generated at a TFT
can be effectively diffused. Moreover, after silicon oxide
and silicon oxide nitride and the like not containing alu-
minum have been formed, a layer in which layers of alu-
minum nitride are laminated may be used as a gate in-
sulating film (Fig. 10 A).
[0106] Then, an electrically conductive film having a
thickness in the range from 100 to 500 nm is formed on
the gate insulating film 506 , and gate electrodes 508-510
are formed by performing the patterning these.
[0107] It should be noted that in the present Example,
a gate electrode is formed with elements selected from
Ta, W, Ti, Mo, A1 (Aluminum) and Cu or with an alloy
material or a compound material whose major compo-
nents are the foregoing elements. Moreover, a semicon-
ductor film represented by a polycrystalline silicon film
into which impurity elements such as phosphorus and
the like have been doped may be also used. Moreover,
it may be also a laminated layer consisted of a plurality
of layers, which is not an electrically conductive film con-
sisted of a single layer.
[0108] For example, it is preferable that the laminated
layer is formed according to the combination of a first
electrically conductive film being formed with tantalum
nitride (TaN) and a second electrically conductive film
being formed with W, the combination of the first electri-
cally conductive film being formed with tantalum nitride
(TaN) and the second electrically conductive film being
formed with A1, and the combination of the first electri-
cally conductive fill being formed with tantalum nitride
(TaN) and the second electrically conductive film being
formed with Cu (copper). Moreover, a semiconductor film
represented by a polycrystalline silicon film in which im-
purity elements such as phosphorus and the like have
been doped as the first electrically conductive film and
the second electrically conductive film and Ag-Pd-Cu al-
loy may be also used.
[0109] Moreover, it is not limited to two-layers struc-
ture, for example, it may be a three-layers structure in
which a tungsten film, an alloy (Al-Si) film consisted of
aluminum and silicon, a titanium nitride film have been
in turn laminated. Moreover, in the case where it is made
as a three-layers structure, tungsten nitride instead of
tungsten may be used, an alloy film of aluminum and
titanium (Al-Ti) instead of an alloy (Al-Si) film of aluminum
and silicon may be used, and a titanium film instead of a
titanium nitride film may be used.
[0110] It should be noted that it is important that the
most suitable method of etching and kind of an etchant
are selected according to those materials of electrically
conductive films.
[0111] Next, the step in which n-type impurity element
is added is performed, and n-type impurity regions
512-517 are formed. Here, it was performed by an ion
doping method using phosphine (PH3) .

[0112] Next, the region where n-channel type TFT has
been formed is covered with a resist mask 520, the step
in which a p-type impurity element is added was per-
formed to a region where a p channel type TFT is formed
and p-type impurity regions 521 and 522 have been
formed. Here, diborane (B2H6) was used, and it was add-
ed by an ion doping method (Fig.10C).
[0113] Then, for the purpose of controlling an electri-
cally conductive type, the step in which an impurity ele-
ment added to the respective semiconductor layers in an
insular shape is activated is performed. This step is per-
formed by a thermal annealing method using a furnace
annealing oven. Except for this, a laser annealing method
or rapid thermal annealing method (RTA method) can be
applied. As for the thermal annealing method, it is per-
formed under the conditions of oxygen concentration be-
ing 1 ppm or less, preferably, in the nitrogen atmosphere
of 0.1 ppm or less, at 400-700°C, representatively, at
500-600°C, but in the present Example, a thermal treat-
ment is performed at 500°C for 4 hours. However, in the
case where the gate electrodes 508-510 are weak at
heating, after an interlayer dielectric film (whose major
component is silicon) has been formed for the purpose
of protecting the wirings or the like, it is preferable that
the activation is performed.
[0114] Furthermore, the thermal treatment is per-
formed at 300-450°C for 1-12 hours in the atmosphere
containing hydrogen of 3-100%, and the step in which a
semiconductor layer in an insular shape is hydrogenated.
This step is a step in which the dangling bond of the
semiconductor layer is terminated with a hydrogen ther-
mally excited. As the other means of hydrogenation, a
plasma hydrogenation (using a hydrogen excited by plas-
ma) may be performed.
[0115] Next, as shown in Fig.10 D, a first inorganic
insulating film 521 consisted of silicon oxide nitride hav-
ing a thickness in the range from 10 to 200 nm is formed
by utilizing a CVD method. It should be noted that as for
the first inorganic insulating film is not limited to the silicon
oxide nitride film and it may be an inorganic insulating
film containing nitrogen, with which going in and out of
water into an organic resin film formed later can be sup-
pressed, for example, silicon nitride, aluminum nitride or
aluminum oxide nitride can be used.
[0116] It should be noted that the thermal conductivity
of aluminum nitride is comparatively high, and the heat
occurred in a TFT, a light emitting element and the like
could be effectively diffused.
[0117] Next, an organic resin film 522 consisted of a
positive type photosensitive organic resin is formed on
the first inorganic insulating film 521. Although in the
present Example, the organic resin film 522 is formed
using a positive type photosensitive acrylic, the present
invention is not limited to this.
[0118] In the present Example, the organic resin film
522 is formed by coating the positive type photosensitive
acrylic by a spin coat method and sintering it. It should
be noted that the film thickness of the organic resin film
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522 is made so as to be in the order of 0.7-5-Pm (further
preferably, in the range from 2 to 4Pm) after the sintering
it.
[0119] Next, the portion where the opening is contem-
plated to form is exposed to the light using a photomask.
Then, after it has been developed with a developer whose
major component is TMAH (Tetramethyl Ammonium Hy-
droxide), the substrate is dried and the sintering is per-
formed at 220°C for about one hour. Then, as described
in Fig. 10 D, the opening is formed on the organic resin
film 522, and it becomes a state where one portion of the
first inorganic insulating film 521 is exposed on the rele-
vant opening.
[0120] It should be noted that since a positive type pho-
tosensitive acrylic is colored in a light brown, when the
light emitted from the light emitting element goes toward
the substrate side, the decoloring treatment is provided.
In this case, prior to the sintering, the whole of the pho-
tosensitive acrylic after the development is again ex-
posed to the light. The exposure to the light at this time
is made to completely perform the exposure by irradiating
a rather intense light and making the irradiating time long-
er comparing to the exposure for forming the opening.
For example, when a positive type acrylic resin having a
film thickness of 2Pm is decolored, in the case where a
magnification projection aligner (concretely, MPA made
by Canon, Co., Ltd.) utilizing the multiwavelength light
consisted of g line (436 nm), h line (405 nm) and i line
(365 nm), which are spectral beams of super high pres-
sure mercury vapor lamp is used, the radiation is per-
formed for about 60 seconds. The positive type acrylic
resin is completely decolored by exposing it to the beam.
[0121] Moreover, in the present Example, after the de-
velopment, the sintering is performed at 220°C, however,
it may be sintered at a high temperature of 220°C after
the sintering is performed at a low temperature of about
100°C as a prebake following the development.
[0122] Then, the second inorganic insulating film 523
consisted of silicon nitride covering the relevant opening
to which one portion of the first inorganic insulating film
521 has been exposed and the organic resin film 522, is
formed into a film by utilizing a RF sputtering method. It
is preferable that the film thickness of the second inor-
ganic insulating film 523 is in the range from about 10 to
about 200 nm. Moreover, the second inorganic insulating
film is not limited to silicon oxide nitride film, an inorganic
insulating film containing nitrogen capable of suppress-
ing the going in and out of water to the organic resin film
522 may be available, for example, silicon nitride alumi-
num nitride or aluminum oxide nitride can be used.
[0123] It should be noted that as for a silicon oxide
nitride film or an aluminum oxide nitride film, the ratio of
atomic % of its oxygen and nitrogen is involved in their
barrier character. The higher the rate of nitrogen to oxy-
gen is, the more the barrier character is enhanced. More-
over, concretely, it is preferable that the ratio of nitrogen
is higher than the ratio of oxygen.
[0124] Moreover, the film formed using a RF sputtering

method is high at denseness and excellent at barrier
character. As for the conditions of the RF sputtering, for
example, in the case where a silicon oxide nitride film is
formed into a film, N2, Ar, and N20 are allowed to flow
using Si target so that the flow ratio of gases becomes
31:5:4, and the film is formed under the conditions of the
pressure 0.4 Pa and the power 3000W. Moreover, for
example, in the case where a silicon nitride film is formed,
N2 and Ar within the chamber are allowed to flow so that
the flow ratio of the gasses becomes 20:20, and the film
is formed under the conditions of the pressure 0.8 Pa,
the power 3000 W, the film formation temperature of
215°C.
[0125] The first interlayer dielectric film is formed with
this organic resin film 522, the first inorganic insulating
film 521 and the second inorganic insulating film 523.
[0126] Next, as shown in Fig.11 A, a resist mask 524
is formed at the opening of the organic resin film 522 ,
and a contact hole is formed on the gate insulating film
506, the first inorganic insulating film 521 and the second
inorganic insulating film 523 by utilizing a dry etching
method.
[0127] The impurity regions 512-515, 516 and 517 are
in a state being partially exposed by opening this contact
hole. The conditions of this dry etching are appropriately
set according to the materials of the first inorganic insu-
lating film 521 and the second inorganic insulating film
523. Since in the present Example, silicon oxide is used
for the gate insulating film 506, silicon oxide nitride is
used for the first inorganic insulating film 521 and silicon
nitride is used for the second inorganic insulating film
523, first, the second inorganic insulating film 523 con-
sisted of silicon nitride and the first inorganic insulating
film 521 consisted of silicon oxide nitride are etched by
making CF4, O2, and He as an etching gas, and then,
the gate insulating film 506 consisted of silicon oxide is
etched using CHF3 .
[0128] It should be noted that upon etching, it is es-
sential to make it so that the organic resin film 522 is not
exposed at the opening.
[0129] Next, an electrically conductive film is formed
into a film on the second inorganic insulating film 523 so
as to cover the contact hole, and the wirings 526-531
connected to the first impurity regions 512 - 515 , 516
and 517 are formed by performing the patterning of these.
[0130] It should be noted that in present Example, an
electrical conductive film having a three-layers structure
in which a Ti film having a thickness of 100 nm, A1 film
having a thickness of 300 nm and a Ti film having a thick-
ness of 150 nm have been formed in series on the second
inorganic insulating film 523 by a sputtering method, but
the present invention is not limited to this configuration.
It may be formed with an electrically conductive film hav-
ing a single layer, or it may be formed with an electrically
conductive film consisted of a plurality of layers except
for three-layers one. Moreover, as for material, the
present invention is not limited to this, too.
[0131] For example, after the Ti film has been formed
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into a film, an electrically conductive film in which an A1
film containing Ti is laminated may be used, or an elec-
trically conductive film in which an A1 film containing W
may be used after the formation of the Ti film.
[0132] Next, an organic resin film 533 which is to be a
bank is formed on the second inorganic insulating film
523. Although in the present Example, a positive type
photosensitive acrylic is used, the present invention is
not limited to this. In the present Example, an organic
resin film is formed by coating a positive type photosen-
sitive acrylic by a spin coat method, and by sintering it.
It should be noted that the film thickness of the organic
resin film 533 is made so that it becomes in the range of
about 0.7 to about 5 Pm (more preferably, in the range
from 2 to 4 Pm) after performing the sintering of it.
[0133] Next, the portion where the opening is contem-
plated to form is exposed to the light using a photomask.
Then, after it has been developed with a developer whose
major component is TMAH (Tetramethyl Ammonium Hy-
droxide), the substrate is dried and the sintering is per-
formed at 220°C for about one hour. Then, as described
in Fig. 11C, a bank 533 having the opening is formed,
and the wirings 529 and 531 become a state where one
portions of these are exposed at the relevant opening.
[0134] It should be noted that since a positive type pho-
tosensitive acrylic is colored in a light brown, when the
light emitted from the light emitting element goes toward
the substrate side, the decoloring treatment is provided.
The decoloring treatment is performed similar to the de-
coloring treatment provided to the organic resin film 522.
[0135] Since the cross section of the opening can be
rounded by utilizing an organic resin having a photosen-
sitivity for the bank, the coverage of the electrolumines-
cent layer and a cathode which are formed later can be
made excellent, and failures what is called a shrink that
the light emitting region is reduced can be reduced.
[0136] Then, as shown in Fig. 12 A, the third inorganic
insulating film 534 consisted of silicon nitride covering
the relevant openings to which portions of the wirings
529 and 531 have been exposed and the bank 533 is
formed into a film using a RF sputtering method. It is
desirable that the film thickness of the third inorganic in-
sulating film 534 is in the range from about 10 to about
200 nm. Moreover, the third inorganic insulating film is
not limited to silicon oxide nitride film, an inorganic insu-
lating film containing nitrogen capable of suppressing the
going in and out of water to the bank 533 may be avail-
able, for example, silicon nitride, aluminum nitride or alu-
minum oxide nitride can be used.
[0137] It should be noted that as for a silicon oxide
nitride film or an aluminum oxide nitride film, the ratio of
atomic % of its oxygen and nitrogen is largely involved
in the barrier character. The higher the rate of nitrogen
to oxygen is, the more the barrier character is enhanced.
Moreover, concretely, it is desirable that the ratio of ni-
trogen is higher than the ratio of oxygen.
[0138] Next, as shown in Fig.12 A, a resist mask 535
is formed at the opening of the bank 533, and a contact

hole is formed on the third inorganic insulating film 534
using a dry etching method.
[0139] The wirings 529 and 531 are in a state being
partially exposed by opening of this contact hole. The
conditions of this dry etching are appropriately set ac-
cording to the materials of the third inorganic insulating
film. Since in the present Example, silicon nitride is used
for the third inorganic insulating film 534, the third inor-
ganic insulating film 534 consisted of silicon nitride is
etched by making CF4, O2, and He as an etching gas.
[0140] It should be noted that upon etching, it is es-
sential to make it so that the bank 533 is not exposed at
the opening.
[0141] Next, a transparent electrically conductive film,
for example, an ITO film is formed in a thickness of 110
nm and the patterning of it is performed, thereby forming
a pixel electrode 540 in contact with the wiring 531 and
a drawer wiring 541 for obtaining the current generated
at diode. Moreover, a transparent electrically conductive
film in which zinc oxide in the range from 2 to 20% has
been mixed with indium oxide may be used. This pixel
electrode 540 becomes an anode of a light emitting ele-
ment (Fig.12 B).
[0142] Next, the electroluminescent layer 542 is
formed on the pixel electrode 540 by a vapor deposition
method, and further, a cathode (Mg-Ag electrode) 543 is
formed by a vapor deposition method. At this time, it is
desirable that the heating treatment to the pixel electrode
540 has been performed prior to the formation of the elec-
troluminescent layer 542 and the cathode 543 and water
has been completely removed. It should be noted that
although in the present Example, a Mg-Ag electrode is
used as a cathode of an OLED, the other known mate-
rials, for example, Ca, A1, Ca-F, Mg-Ag and A1-Li might
be available if it is an electrically conductive film having
a small work function.
[0143] It should be noted that A1-Li was used as a
cathode, it could prevent Li existed in A1-Li from entering
into the side of the substrate from the third interlayer di-
electric 534 by the third interlayer dielectric 534 contain-
ing nitrogen.
[0144] It should be noted that as an electroluminescent
layer 542, known materials are capable of being used.
In the present Example, a two-layers structure consisted
of a hole transporting layer and an emitting layer is made
as an electroluminescent layer, however, any one of a
hole transporting layer, an electron injection layer or an
electron transportation layer may be provided. In this
way, as for the combinations, a variety of examples have
been already reported, and any one of those configura-
tions may be used. For example, SAlq, CAlq and the like
may be used as an electron transportation layer or a hole
blocking layer.
[0145] It should be noted that the film thickness of the
electroluminescent layer 542 might be made so as to be
in the range from 10 to 400 nm (typically in the range
from 60 to 150 nm) and the thickness of the cathode 543
might be made so as to be in the range from 80 to 200
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nm (typically in the range from 100 to 150 nm).
[0146] In this way, a light emitting device having a
structure as shown in Fig.12 B is completed. In Fig.12 B,
the reference numeral 550 denotes a light output section,
the reference numeral 551 denotes a light input section.
In the light output section 550, the portion 552 where the
pixel electrode 540, the electroluminescent layer 542,
and the cathode 543 are superimposed with one another
corresponds to a light emitting element.
[0147] The reference numeral 553 denotes a TFT used
for a photo-detecting element, and such a voltage that
current is not allowed to flow into a channel formation
region 555 provided between the impurity region 515 and
the impurity region 514 when the light is not irradiated
into the photo-detecting element 553 is given to the gate
electrode 509. Specifically, in the case where the TFT
553 is a n-channel type TFT, a voltage lower than the
threshold voltage is given, and in the case where the TFT
553 is a p-channel type TFT, a voltage higher than the
threshold voltage is given.
[0148] It should be noted that the configurations and
concrete methods of fabrication of TFTs shown in the
present Example are only examples and the present in-
vention is not limited to those configurations.
[0149] Moreover, the structure of a TFT that a semi-
conductor device of the present invention has is not lim-
ited to those shown in the present Example. The config-
uration of a TFT is capable of being appropriately set by
the designer.
[0150] It should be noted that actually, when it has
been completed to the stage shown in Fig. 12 B, it is
preferable that it is packaged with a protective film (lam-
inated film, ultraviolet ray hardening resin film or the like)
whose air tight sealing character is high and whose
amount of degassing is little or it is packaged with a trans-
parent covering material so as not to be exposed to the
outside air. At that time, the reliability of the light emitting
element is enhanced if the inside of the covering material
is filled with an inert atmosphere and a moisture absorp-
tion material (e.g., barium oxide) is disposed inside.
[0151] It should be noted that the present invention is
not limited to the methods of fabrication described above
and it is capable of being fabricated using known meth-
ods. Moreover, the present Example is capable of being
freely combined with Example 1-Example 4.

Example 6

[0152] In the present Example, the configuration dif-
ferent from the light input sections and the light output
sections on the same substrate which is shown in Fig. 5
will be described below.
[0153] In Fig. 13A, a cathode electrode 560 is formed
on the second inorganic insulating film 565. The cathode
electrode 560 is obtained by adding the impurities that
give the electrically conductive type to the semiconductor
film. Then, a photoelectric conversion layer 561 and an
anode electrode 562 are in turn laminated on the cathode

electrode 560. Similar to the cathode electrode 560 , the
anode electrode 562 is also obtained by adding impurities
that give the one electrically conductive type, which is
contrary to type of the cathode electrode 560, to a sem-
iconductor film. A photo-diode 563 is formed with the
cathode electrode 560, the photoelectric conversion lay-
er 561 and the anode electrode 562.
[0154] On the other hand, an opening is formed at the
bank 566 formed with a photosensitive organic resin, and
the anode electrode 562 and the wiring 568 connected
to a TFT 567 are partially exposed at the relevant open-
ings. Then, the third inorganic insulating film 569 is
formed on the bank 566 so as to cover the opening.
[0155] Then, the third inorganic insulating film 569 is
dry-etched at the opening of the bank 566, and the anode
electrode 562 and the wiring 568 connected to the TFT
567 are partially exposed. Then, the drawer wiring 564
for obtaining current generated in the photo-diode 563 is
formed on the third inorganic insulating film 569, which
is a third interlayer dielectric film, so as to be connected
to the anode electrode 562.
[0156] Moreover, a pixel electrode 571 of a light emit-
ting element 570 is formed on the third inorganic insulat-
ing film 569. Then, an electroluminescent layer 572 and
a cathode electrode 573 are in turn laminated on the pixel
electrode 571. The light emitting element 570 is config-
ured with the pixel electrode 571, the electroluminescent
layer 572 and the cathode electrode 573.
[0157] In Fig. 13 A, the drawer wiring 564 and the pixel
electrode 571 are formed with a transparent electrically
conductive film. Hence, the light emitted from the light
emitting element 570 is irradiated to the side of the sub-
strate.
[0158] In Fig.13 B, the configuration in which the cath-
ode is used for the pixel electrode of the light emitting
element and the light emitted from the light emitting ele-
ment is irradiated to the opposite side of the substrate is
shown. In Fig.13 B, a drawer wiring 580 and a pixel elec-
trode 581 are formed with the same cathode material, an
anode 583 is formed so as to superimpose while sand-
wiching an electroluminescent layer 582 on the pixel
electrode 581 between the pixel electrode 581 and the
anode 583. A light emitting element 584 is formed with
the pixel electrode 581, the electroluminescent layer 582
and the anode 583.
[0159] The present Example is capable of being car-
ried out in combination with Examples 1-5.

Example 7

[0160] A semiconductor device of the present inven-
tion is capable of being applied to a variety of electronic
equipments. As examples of these, a portable informa-
tion terminal (electronic note, mobile computer, portable
telephone or the like) , a video camera, a digital camera,
a personal computer, a television receiver, a portable
telephone, a projection type display device and the like
are listed. Concrete examples of those electronic equip-
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ments are shown in Fig.14.
[0161] Fig.14 A shows a display device, in which a
frame 2001, a supporting base 2002, a display section
2003, a speaker section 2004, a video input terminal 2005
and the like are included. A display device of the present
invention is completed by utilizing a semiconductor de-
vice of the present invention for the display section 2003
or the other circuits. It should be noted that the display
device includes all of display devices for information dis-
play used for a personal computer, used for receiving a
TV broadcast, used for advertisement display and the
like.
[0162] Fig.14 B shows a digital still camera, which in-
cludes a body 2101, a display section 2102, a receiver
section 2103, an operation key 2104, an external con-
necting port 2105, a shutter 2106 and the like. A digital
still camera of the present invention is completed by uti-
lizing a semiconductor device of the present invention
for the display section 2102 or the other circuits.
[0163] Fig.14 C shows a notebook-sized personal
computer, which includes a body 2201, a frame 2202, a
display section 2203, a key board 2204, an external con-
necting port 2205, a pointing mouse 2206 and the like.
A notebook-sized personal computer of the present in-
vention is completed by utilizing a semiconductor device
of the present invention for the display section 2203 or
the other circuits.
[0164] Fig.14 D shows a mobile computer, which in-
cludes a body 2301, a display section 2302, a switch
2303, an operation key 2304, an infrared ray port 2305
and the like. A mobile computer of the present invention
is completed by utilizing a semiconductor device of the
present invention for the display section 2302 or the other
circuits.
[0165] Fig.14 E shows a portable image restoration
device equipped with a recording medium (concretely,
DVD restoration device), which includes a body 2401, a
frame 2402, a display section A2403, a display section
B2404, a recording medium (DVD and the like) reading
section 2405 , an operation key 2406, a speaker section
2407 and the like. The display section A2403 mainly dis-
plays image information, and the display section B2404
mainly displays character information. It should be noted
that an image restoration device equipped with a record-
ing medium includes a game machine for household. An
image restoration device is completed by utilizing a sem-
iconductor device of the present invention for the display
sections A, B 2403, 2404 or the other circuits.
[0166] Fig.14 F shows a goggle type display (head
mount display), which includes a body 2501 , a display
section 2502 , and an arm section 2503. A goggle type
display of the present invention is completed by utilizing
a semiconductor device of the present invention for the
display section 2502 or the other circuits.
[0167] Fig.14 G shows a video camera, which includes
a main body 2601, a display section 2602, a frame 2603,
an external connecting port 2604, a remote control re-
ceiving section 2605, a receiver section 2606, a battery

2607, a voice input section 2608, an operation key 2609,
an ocular section 2610 and the like. A video camera of
the present invention is completed by utilizing a semi-
conductor device of the present invention for the display
section 2602 or the other circuits.
[0168] Now, Fig.14 H shows a portable telephone,
which includes a body 2701, a frame 2702, a display
section 2703, a voice input section 2704, a voice output
section 2705, an operation key 2706, an external con-
nection port 2707, an antenna 2708 and the like. It should
be noted that the consuming current of the portable tel-
ephone could be suppressed by displaying white char-
acters upon the black background on the display section
2703. A portable telephone of the present invention is
completed by utilizing a semiconductor device of the
present invention for the display section 2703 or the other
circuits.
[0169] As described above, the application scope of
the present invention is extremely wide, and is capable
of being utilized for electronic equipments of all fields.
Moreover, the present Example is capable of being car-
ried out in combination on with any one of configurations
shown in Examples 1-6.

Example 8

[0170] It is desirable from the viewpoint of reduction of
crosstalks that a light emitted from a light emitting ele-
ment is a light having a high directivity. In the present
Example, the configuration of a light emitting element
which can obtain a light having a high directivity will be
described below.
[0171] In Fig.15 A, a cross section of a light emitting
element which can obtain a light having a high directivity
is shown. In Fig.15 A, an interlayer dielectric film 803 is
formed so as to cover TFT The relevant interlayer die-
lectric film 803 has an opening, and an impurity region
801 of TFT is in contact with the wiring 809 formed on
the interlayer dielectric film 803 at the relevant opening.
[0172] The wiring 809 is formed by laminating a plu-
rality of electrically conductive films, and in the present
Example, a first electrically conductive film 802 consisted
of TaN, a second electrically conductive film 804 consist-
ed of A1 are in turn laminated. Although the first electri-
cally conductive film 802 and the second electrically con-
ductive film 804 are not limited to these materials, since
as for the first electrically conductive film 802, one portion
of it is used as a cathode of a light emitting element, a
material having a low work function sufficient for using
as a cathode, and further, a material which does not
transmit the light and by which the light is reflected is
used.
[0173] Then, an organic resin film is formed by cover-
ing the wiring 809 and partially etched, thereby forming
a bank 805 having an opening. At this time, the second
electrically conductive film 804 of the wiring 809 is also
partially etched as well as the organic resin film is etched,
and the first electrically conductive film 802 which is to
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be a cathode is partially exposed.
[0174] Then, an electroluminescent layer 806 is
formed into a film at the opening of the bank 805. In the
present Example, the electroluminescent layer 806 is
formed so that the second electrically conductive film 804
is partially exposed at the end portion of the opening of
the bank 805, however, it may be completely covered
with the electroluminescent layer 806 so that the electri-
cally conductive film 804 is not exposed.
[0175] Then, an anode 807 is formed into a film on the
electroluminescent layer 806. It is preferable that as for
the anode 807, a material whose work function is suffi-
ciently high for using as an anode and a material which
does not transmit the light and by which the light is re-
flected is used in order to enclose the light within the
electroluminescent layer 806 to some extent. In the
present Example, AlLi was used as an anode 807.
[0176] A light emitting element 808 is formed at the
portion where the first electrically conductive film 802,
the electroluminescent layer 806 and the anode 807 are
superimposed with one another.
[0177] Furthermore, as for the anode 807, the electro-
luminescent layer 806 is formed whereas one portion of
the electroluminescent layer 806 is exposed so that the
light is reflected on the second electrically conductive film
804 and irradiated at the end portion of the opening of
the bank 805. By means of the above-described config-
uration, since the light generated on the electrolumines-
cent layer 806 is repeatedly reflectedon the first electri-
cally conductive film 802 and the anode 807, and irradi-
ated from the portion where one portion of the electrolu-
minescent layer 806 is exposed at the end portion of the
opening of the bank 805, and further, is reflected by the
second electrically conductive film 804 at the end portion
of the opening of the bank, the light having an excellent
directivity is obtained.
[0178] It should be noted that for the purpose of pre-
venting the deterioration of the electroluminescent layer
806, it might be available so that the portion where the
light is irradiated is not completely exposed, but it is cov-
ered with a metal film which is sufficiently thin to transmit
the light or the other films having a transparency, thereby
preventing water and oxygen from mixing within the elec-
troluminescent layer 806.
[0179] In Fig.15 B, a cross sectional view which is dif-
ferent from that of Fig.15 A of a light emitting element
with which the light having a high directivity is obtained
is shown.
[0180] In Fig. 15 B, an interlayer dielectric film 815 is
formed so as to cover a TFT. The relevant interlayer di-
electric film 815 has an opening, and an impurity region
810 of the TFT is in contact with a wiring 811 formed on
the interlayer dielectric film 815 at the relevant opening.
[0181] Since one portion of the wiring 811 is used as
a cathode of a light emitting element, a material having
a work function sufficiently low for using as a cathode
and a material which does not transmit the light and by
which the light is reflected is used. In the present Exam-

ple, TaN was used.
[0182] Then, an organic resin film covering a wiring
811 is formed and partially etched, thereby forming a
bank 812 having an opening. Then, an electrolumines-
cent layer 813 is formed at the opening of the bank 812.
Then, an anode 814 is formed on the electroluminescent
layer 813. It is desirable that as for the anode 814, for
the purpose of enclosing the light within the electrolumi-
nescent layer 813 to some extent, a material having a
work function sufficiently high for using it as an anode,
and further, a material which does not transmit the light
and by which the light is reflected is used. In the present
Example, AlLi was used as the anode 814.
[0183] A light emitting element 816 is formed on the
portion where the wiring 811, the electroluminescent lay-
er 813 and the anode 814 are superimposed with one
another.
[0184] Furthermore, the anode 814 is formed so that
the anode 814 has an opening on the region where the
electroluminescent layer 813 and the wiring 811 are su-
perimposed with each other at the opening of the bank
812 and one portion of the electroluminescent layer 813
is exposed at the relevant opening. By means of the
above-described configuration, since the light generated
on the electroluminescent layer 813 repeatedly reflected
on the wiring 811 and the anode 814 and is irradiated
from the portion where one portion of the electrolumines-
cent layer 813, the light having an excellent directivity is
obtained.
[0185] It should be noted that for the purpose of pre-
venting the deterioration of the electroluminescent layer
813, it might be available so that the portion where the
light is irradiated is not completely covered, but it is cov-
ered with a metal film which is sufficiently thin to transmit
the light or the other films having a transparency, thereby
preventing water and oxygen from mixing within the elec-
troluminescent layer 813.
[0186] Moreover, in the present Example, the light gen-
erated on the electroluminescent layer is irradiated from
the opening formed on the anode, however, the light may
be irradiated from the opening formed at the anode.
[0187] The present Example is capable of being car-
ried out in combination with Examples 1-7.
[0188] The present invention is capable of compara-
tively easily carrying out the transmission of signals be-
tween three sheets of substrates or more by utilizing a
substrate having a transparency. Moreover, since the
bus width of signals for being transmitted between the
substrates can be largely taken and parallel operation in
circuits on a plurality of glass substrates excellent at ef-
ficiency is capable of being carried out, the lowering of
the operation rate of the TFT formed on the glass sub-
strate when comparing to a single crystal transistor is
capable of being made up.
[0189] Moreover, since a plurality of glass substrates
can be laminated by utilizing an optical signal for trans-
mitting a signal between substrates even if the degree
of integration of circuits formed on glass substrate is low
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when comparing to a single crystal silicon wafer, it can
prevent the device from being bulky in the horizontal di-
rection. Furthermore, it can prevent the wiring from being
lengthened, and the increase of the amount of consuming
electric power due to the wiring capacitance can be sup-
pressed.
[0190] Moreover, since the configuration of TFT of
each circuit can be easily optimized if the process is
changed per each one substrate, upon the optimization,
the increase of the number of the steps per each one
sheet of the substrate is suppressed, and the time re-
quired for completing the product can be suppressed.
Moreover, the cost can be suppressed by utilizing a
cheap glass substrate, and the present invention is ca-
pable of being fabricated by a simple method.
[0191] Then, since one integrated circuit is configured
by combining circuits formed on the respective
substrates , theyield can be enhanced comparing to the
case where an integrated circuit is formed on one sub-
strate. Moreover, the number of terminals such as FPC
or the like for electrically connecting between the circuits
can be suppressed utilizing an optical signal for trans-
mission of a signal between the substrates, and the re-
liability of the mechanical strength can be enhanced. Fur-
thermore, even if the amount of information of signals to
be processed is increased, the lowering of the yield due
to the occurrence of contact failures at the portion of the
terminals can be suppressed.
[0192] Then, since a light emitting element and a pho-
to-detecting element for performing the sending and re-
ceiving of an optical signal, which are different from the
terminal of FPC, are not necessarily required to dispose
at the end portion of the substrate, the restriction on the
layout becomes smaller, and these easily correspond to
further increase of information to be processed.
[0193] In this way, the present invention is capable of
providing a semiconductor device having a high perform-
ance and an integrated circuit capable of operating at a
high rate.

Claims

1. A semiconductor device comprising:

circuits (11) provided over a plurality of glass
substrates (10, 300), wherein glass substrates
of the plurality of glass substrates (10, 300) each
have both or either of a light emitting element
(16) and a photo-detecting element (17), and
wherein a transmission of a signal between the
circuits (11) provided over the plurality of glass
substrates (10, 300) is performed by converting
an optical signal emitted from the light emitting
element (16) into an electrical signal at the pho-
to-detecting element (17),
characterized in that
the light emitting element (16) emits light having

directivity as the optical signal.

2. The semiconductor device according to claim 1,
wherein a pixel section having a plurality of pixels is
provided at least one glass substrate of the plurality
of glass substrates (10, 300).

3. The semiconductor device according to claim 1,
wherein the electrical signal is waveform-corrected
and inputted into the circuits (11).

4. The semiconductor device according to claim 2,
wherein an image is displayed at the pixel section
by the electrical signal.

5. The semiconductor device according to claim 1,
wherein a resin (304) having a translucency is pro-
vided at a gap between two glass substrates of the
plurality of glass substrates (10, 300).

6. The semiconductor device according to claim 1,
wherein edge portions of at least two glass sub-
strates of the plurality of glass substrates (10, 300)
are not put in line with other glass substrates of the
plurality of glass substrates (10, 300).

7. The semiconductor device according to claim 1,
wherein the light emitting element (16) has an anode,
a cathode, and an electroluminescent layer formed
between the anode and the cathode,
wherein the anode and the cathode contain a metal,
and
wherein the optical signal is emitted from an opening
formed at the anode or the cathode.
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