
;e3e|F;y66794P9l:6:TF;W_<   TIMING GENERATING CIRCUIT, DISPLAY APPARATUS,
AND PORTABLE TERMINAL 5 Technical Field The present invention relates to a
timing generating circuit, a display apparatus, and a portable terminal
and, particularly, to a timing generating circuit formed including.
transistors having wide variations in their device 10 properties on an
insulating substrate, a display apparatus including this timing generating
circuit as one peripheral driving circuit, and a portable terminal
including this display apparatus as a display screen component. 15
Background Art A timing generating circuit having a counter circuit
structure shown in Fig. 6 is known. Specifically, this known timing
generating circuit includes a counter circuit in which n stages of shift
registers (S/R) 101-1 to 101-n 20 are cascaded. As each CK input to the
shift registers 101-1 to l01-n, a master clock MCK and its negative-phase
clock XMCK are provided. When a start pulse ST is input to the first stage
shift register 101-1, the shift registers 101-1 to 101-n perform shift
operations in synchronism with the 25 master clock MCK and XMCK to output
shifted pulses as output   A 



- 2  pulses from each output terminal thereof. If the above described
timing generating circuit is formed including transistors having wide
variations in their device properties and a high threshold Vth, for
example, 5 thin film transistors (TFTs) on an insulating substrate, such as
a glass substrate, a matter of concern is that high (fast) frequencies in
the master clock MCK and XMCK may cause problems in the counter operation
(leave no operating margin). If the counter operates with such a high
frequency, 10 the power consumption in the timing generating circuit would
increase. Further, a large layout area is needed since shift registers are
required depending on the period of the output pulses and the TFTs have a
larger process rule compared with the case where silicon is used. 15 Fig. 7
shows the circuit structure of another known timing generating circuit.
This timing generating circuit may have an asynchronous counter circuit
structure including three T-type flip-flops (hereinafter referred to as
TFF) 102-1, 102-2, and 102-3 in which a lower-bit output from one 20 TFF is
a higher-bit input to another TFF. This known timing generating circuit,
however, may malfunction due to delay variations in the TFFs 102-1, 102-2,
and 102-3. In view of the above mentioned problems, it is an object of the
present invention to provide a timing 25 generating circuit with low power
consumption and small    - 3  layout area even when transistors having wide
variations in their device properties and a large process rule are used, a
display apparatus including this timing generating circuit as one
peripheral driving circuit, and a portable terminal 5 including this
display apparatus as a display output component. Disclosure of Invention
The present invention provides a timing generating 10 circuit having clock
generating means formed on an insulating substrate for generating an
operating clock based on a master clock input from the outside, the
operating clock having a lower frequency than the master clock frequency;
and signal generating means for generating 15 multiple timing signals
having different frequencies based on the operating clock generated by the
clock generating means. This timing generating circuit is used in a display
apparatus. In the display apparatus, the timing generating circuit is
disposed on the same transparent insulating 20 substrate as a display
section and generates multiple timing signals having different frequencies
required for driving the display section. The display apparatus including
this timing generating circuit is disposed in a portable terminal, typified
by a personal digital assistant (PDA) and a mobile 



25 phone, as a display screen component thereof.    - 4  In the above
described timing generating circuit, the display apparatus including this
timing generating circuit as one peripheral circuit, or the portable
terminal including this display apparatus disposed therein as the 5 display
screen component, firstly, the clock generating means converts the master
clock into the operating clock having a lower frequency than the master
clock frequency, and then the signal generating means generates the
multiple timing signals based on the operating clock having the lower 10
frequency. This enables a slow operating speed, thus allowing stable
operation and reduced power consumption. Further, since shift registers are
not required depending tin the period of the timing signals, the structure
has a small number of stages. Therefore, a small layout area is 15 achieved
even when transistors having wide variations in their device properties and
a large process rule are used for forming circuits. Brief Description of
the Drawings 20 Fig. 1 is a block diagram showing a typical structure of a
timing generating circuit of an embodiment of the present invention. Fig. 2
is a timing chart for explanation of the circuit operation of the timing
generating circuit of the embodiment. 25 Fig. 3 is a block diagram showing
a typical structure   - 5  of a liquid crystal display apparatus of the
present invention. Fig. 4 is a circuit diagram showing a typical pixel
structure. 5 ~ Fig. 5 is an external view showing the schematic structure
of a PDA of the present invention. Fig. 6 is a circuit diagram showing a
known timing generating circuit. Fig. 7 is a circuit diagram of another
known timing 10 generating circuit. Best Mode for Carrying Out the
Invention An embodiment of the present invention will be illustrated with
reference to the drawings. 



15 Fig. 1 is a block diagram of the timing generating circuit of the
embodiment of the present invention. As is apparent from Fig. 1, the timing
generating circuit of this embodiment has a clock generating section 11, a
counter section 12, and an output pulse generating section 13. It 20 is
based on the premise that the timing generating circuit is formed including
transistors, for example, TFTs, that have wide variations in their device
properties and a large process rule on an insulating substrate, such as a
glass substrate. 25 The clock generating section 11 may include four    - 6
dividing circuits 111 to 114 and a start pulse generating circuit 115. The
four dividing circuits 111 to 114 are cascaded and divide a master clock
MCK input to the first stage thereof to generate an operating clock having
a lower 5 frequency than the master clock MCK frequency. The start pulse
generating circuit 115 generates a start pulse ST every 1H period (H is a
horizontal period) based on, for example, a horizontal synchronization
signal Hsync and the master clock MCK. 10 The counter section 12 includes m
shift registers (S/R) 121-1 to 121-m, which are cascaded. The operating
clock generated in the clock generating section 11 is input to the shift
registers 121-1 to 121-m as each ck input. When the start pulse ST
generated in the start pulse generating 15 circuit 115 is input to the
first stage shift register 121-1, the shift registers 121-1 to 121-m
perform shift operations in synchronism with the operating clock to
successively output shifted pulses from each output terminal thereof. The
output pulse generating section 13 includes n set 20 reset (SR) flip-flops
(hereinafter referred to as SRFF) 1311 to 131-n. The shifted pulses output
from the shift registers 121-1 to 121-m in the counter section 12 are
supplied to the SRFFs 131-1 to 131-n in any combination as each set input
and reset input thereof. 25 Examples of such a combination are as follows:
for the   r  SRFF 131-1, a shifted pulse from the shift register 121-1 as a
set input and a shifted pulse from the shift register 121m as a reset
input; and for the SRFF 131-2, a shifted pulse from the shift register
121-2 as a set input and a shifted 5 pulse from the shift register 121-3 as
a reset input. Examples for the SRFFs 131-3 to 131-n-1 are omitted here.
For the SRFF 131-n, a shifted pulse from the shift register 121-1 as a set
input and a shifted pulse from the shift register 121-2 as a reset input
may be provided. 10 The counter section 12 and the output pulse generating 



section (signal generating section) 13 constitute signal generating means
for generating multiple timing signals (output pulses) having different
frequencies based on the operating clock generated by the clock generating
section 11. 15 The circuit operation of the timing generating circuit of
the embodiment having the above described arrangement will now be described
with reference to the timing chart shown in Fig. 2. In the clock generating
section 11, the dividing 20 circuits 111 to l14 generate the operating
clock having a lower (slower) frequency than the master clock MCK
frequency, specifically, one eighth of the master clock MCK frequency, by
dividing the master clock MCK four times. The start pulse generating
circuit 115 generates the start pulse whose 25 pulse width is, for example,
five times wider than that of    - g _ the master clock MCK every 1H period
in synchronism with the horizontal synchronization signal Hsync. Upon input
of the start pulse to the first stage shift 5 register 121-1, the counter
section 12 performs count operations and successively outputs shifted
pulses S/Rlout, S/R2out, ..., S/Rmout, each of whose pulse width is the
same as that of the operating clock, in synchronism with the operating
clock generated by the clock generating section 11. In the output pulse
generating section 13, the SRFF 10 15 20 l31-1 is set with the shifted
pulse S/Rlout from the shift register 121-1 and is reset with the shifted
pulse S/Rmout from the shift register 121-m, thereby generating an output
pulse SRFFlout, which is at a high level for the duration between the rise
time of the shifted pulse S/Rlout and that of the shifted pulse S/Rmout.
The SRFF 131-2 is set with the shifted pulse S/R2out from the shift
register 121-2 and is reset with the shifted pulse S/R3out from the shift
register 121-3, thereby generating an output pulse SRFF2out, which is at a
high level for the duration between the rise time of the shifted pulse
S/R2out and that of the shifted pulse S/R3out. The explanation of the SRFFs
131-3 to 131-n-1 is 



25 omitted. The SRFF 131-n is set with the shifted pulse S/Rlout from the
shift register 121-1 and is reset with the shifted pulse S/R2out from the
shift register 121-2, thereby   r _ g _ generating an output pulse
SRFFnout, which is at a high level for the duration between the rise time
of the shifted pulse S/Rlout and that of the shifted pulse S/R2out. As
discussed above, the timing generating circuit, 5 which is formed on the
insulating substrate and generates the multiple output pulses SRFFlout to
SRFFnout having different frequencies based on the master clock MCK,
firstly generates the operating clock having the lower frequency than the
master clock MCK frequency, and then generates the 10 output pulses
SRFFIout to SRFFnout based on the generated operating clock having the
lower frequency. This enables a slow operating speed in the counter section
12, thus allowing a wide operating margin in the counter section 12, stable
operation, and also reduced power consumption. 15 Moreover, in this
embodiment, since the start pulse ST is generated every 1H period, the
output pulses having any generated timing can be generated every 1H period.
Since shift registers are not required depending on the period of the
output pulses, the counter section 12 has the 20 small number of stages.
Therefore, a small layout area is achieved even when TFTs that have wide
variations in their device properties and a large process rule are used for
forming circuits on the insulating substrate. The operating clock is
generated by dividing the master clock MCK four 25 times in this embodiment
so that both the power consumption 



- 10  and the layout area are reduced to about a quarter, respectively, as
compared with the case where there is no dividing. This embodiment is
described with such a structure in 5 which the operating clock is generated
by dividing the master clock MCK four times, but it is not limited to
division by four. Generating an operating clock having a further lower
frequency by increasing the number of divisions .achieves larger reductions
in the power 10 consumption and the layout area. The start pulse ST is
generated every 1H period in synchronism with the horizontal
synchronization signal Hsync in this embodiment, but the start pulse ST may
be generated every 1V period (V is a vertical period) in synchronism with
15 a vertical synchronization signal Vsync. In this case, the output pulses
having any generated timing can be generated every 1V period. The timing
generating circuit according to the above embodiment is suitable for use as
a timing generator that 20 generates various timing signals required for
driving a display section based on a master clock MCK externally input to
the substrate of, for example, a driving-circuitintegrated display
apparatus, which peripheral driving circuits are integrally formed on the
same transparent 25 insulating substrate as the display section having a
matrix   - 11  of pixels. [Application] Fig. 3 is a block diagram showing a
typical structure of the display apparatus, for example, a liquid crystal 5
display apparatus, of the present invention. Referring to Fig. 3, a display
section (pixel section) 32 having a matrix of pixels is formed on a
transparent insulating substrate, for example, a glass substrate 31. The
glass substrate 31 faces another glass substrate at a predetermined
spacing. 10 These substrates contain a liquid crystal material
therebetween, thereby constituting a display panel (LCD panel ) . Fig. 4 is
a circuit diagram showing a typical structure of each pixel of the display
section 32. A pixel 50 of the 15 matrix of pixels includes a thin film
transistor (TFT) 51, which is a pixel transistor, a liquid crystal cell 52,
whose pixel electrode is connected to a drain electrode of the TFT 51, and
a storage capacitor 53, one electrode thereof being connected to the drain
electrode of the TFT 51. The liquid 20 crystal cell 52 functions as a
liquid crystal capacitance generated between the pixel electrode and the
opposite electrode. 



In this pixel structure, a gate electrode of the TFT 51 is connected to a
gate line (scanning line) 54, while a 25 source electrode of the TFT 51 is
connected to a data line   - 12  (signal line) 55. The opposite electrode
of the liquid crystal cell 52 is connected to a VCOM line 56, which is
common to each pixel. Through the VCOM line 56, a common voltage VCOM (VCOM
electric potential) is supplied to the 5 opposite electrode of the liquid
crystal cell 52. This supply is common to each pixel. The other electrode
(the terminal of the opposite electrode) of the storage capacitor 53 is
connected to a CS line 57, which is common to each pixel. 10 When IH (H is
a horizontal period) inversion driving or 1F (F is a field period)
inversion driving is performed, a display signal written in each pixel is
inverted relative to the VCOM electric potential. When VCOM inversion
driving, which inverts the polarity of the VCOM electric potential 15 every
1H or 1F, is used in combination with the IH inversion or the 1F inversion,
the polarity of a CS electric potential supplied to the CS line 57 is
inverted in synchronism with the VCOM electric potential. The liquid
crystal display apparatus according to the present invention is not limited
20 to the VCOM inversion driving. Referring back to Fig. 3, an interface
(IF) circuit 33, a timing generator (TG) 34, and a reference voltage driver
35 may be disposed on the glass substrate 31, which the display section 32
is disposed thereon, to the left of the 25 display section 32. A horizontal
driver 36 may be disposed   - 13  on the glass substrate 31 above the
display section 32. A vertical driver 37 may be disposed on the glass
substrate 31 to the right of the display section 32. A CS driver 38 and a
VCOM driver 39 may be disposed on the glass substrate 31 5 below the
display section 32. These peripheral driving circuits are made with
low-temperature poly-silicon or continuous grain (CG) silicon together with
the pixel transistors of the display section 32. In the liquid crystal
display apparatus as described 10 above, a master clock MCK, a horizontal
synchronization pulse Hsync, a vertical synchronization pulse Vsync, and
display data Data of parallel input red (R), green (G), and blue (B), a11
of which have a low-voltage amplitude (e. g. 3.3 V amplitude), are input to
the glass substrate 3l from 15 the outside of the substrate through a
flexible cable (substrate) 40 and their levels are shifted (converted) to a
high-voltage amplitude (e. g. 6.5 V) in the interface circuit 33. The
level-shifted master clock MCK, horizontal 20 synchronization pulse Hsync,
and vertical synchronization 



pulse Vsync are supplied to the timing generator 34. The timing generator
34 generates various timing pulses required for driving the reference
voltage driver 35, the horizontal driver 36, the vertical driver 37, the CS
driver 38, and the 25 VCOM driver 39 based on the master clock MCK, the
horizontal   - 14  synchronization pulse Hsync, and the vertical
synchronization pulse Vsync. The level-shifted display data Data is reduced
to a low-voltage amplitude of 0 V to 3.3 V and is supplied to the
horizontal driver 36. 5 The horizontal driver 36 may include a horizontal
shift register 361, a data-sampling latch circuit 362, and a
digital-to-analog (DA) conversion circuit (DAC) 363. The horizontal shift
register 361 performs a shift operation in response to a horizontal start
pulse HST supplied from the 10 timing generator 34 and generates sampling
pulses, each of which is successively transferred in one horizontal period,
in synchronism with a horizontal clock pulse HCK supplied from the timing
generator 34. The data-sampling latch circuit 362 successively 15 samples
the display data Data supplied from the interface circuit 33 in synchronism
with the sampling pulses generated in the horizontal shift register 36l
every horizontal period and latches the sampled display data Data. This
latched digital data for one line is further sent to a line memory 20 (not
shown) in a horizontal blanking period. Then, this digital data for one
line is converted to analog display signals in the DA conversion circuit
363. The DA conversion circuit 363 may have such a structure that it
selects a reference voltage corresponding to the 25 digital data from
reference voltages corresponding to the   - 15  number of gradations
supplied from the reference voltage driver 35 and outputs the selected
reference voltage as the analog display signals. The analog display signals
Sig for one line, which are output from the DA conversion circuit 5 363,
are output to n data lines 55-1 to 55-n, corresponding to the number n of
horizontal pixels of the display section 32. The vertical driver 37
includes a vertical shift register and a gate buffer. In this vertical
driver 37, the 10 vertical shift register performs a shift operation in
response to a vertical start pulse VST supplied from the timing generator
34 and generates scanning pulses, each of which is successively transferred
in one vertical period, in synchronism with a vertical clock pulse VCK
supplied from 15 the timing generator 34. These generated scanning pulses
are successively output to m gate lines 54-1 to 54-m, corresponding to the
number m of vertical pixels of the display section 32, through the gate
buffer. When the scanning pulses are successively output to the 20 gate
lines 54-1 to 54-m by this vertical scanning of the 



vertical driver 37, the pixels of the display section 32 are selected line
by line in sequence. The analog display signals Sig for one line output
from the DA conversion circuit 363 are sequentially written in the selected
pixels 25 for one line through the data lines 55-1 to 55-n. Such a   - 16
writing operation is repeated for every line, resulting in display for one
screen. The CS driver 38 generates the CS electric potential described
above and provides it to the other electrode of 5 the storage capacitor 53
through the CS line 57 shown in Fig. 4. This provision is common to each
pixel. Assuming that the display signals have an amplitude of 0 V to 3.3 V,
the CS electric potential repeats an alternating-current inversion between
a low level of 0 V (ground level) and a 10 high level of 3.3 V when the
VCOM inversion driving is adopted. The VCOM driver 39 generates the VCOM
electric potential described above. The VCOM electric potential from the
VCOM,driver 39 is output to the outside of the glass 15 substrate 31
through the flexible cable 40 and is then transferred to a VCOM adjustment
circuit 41. This VCOM electric potential is sent back to the glass
substrate 31 through the flexible cable 40 and is then supplied to the
opposite electrode of the liquid crystal cell 52 through the 20 VCOM line
56 shown in Fig. 4. This supply is common to each pixel. The VCOM electric
potential is an alternating voltage 



that has substantially the same amplitude as the CS electric potential. In
practice, however, since a voltage drop 25 occurs in the TFT 51 resulting
from a parasitic capacitance   - 17  or the like while signals are written
in the pixel electrode of the liquid crystal cell 52 from the data line 54
through the TFT 51, the VCOM electric potential must be an alternating
voltage that is DC-shifted corresponding to the 5 voltage drop, as shown in
Fig. 4. This DC shift of the VCOM electric potential is carried out in the
VCOM adjustment circuit 41. The VCOM adjustment circuit 41 includes a
capacitor C, a variable resistance VR, which is connected between an 10
output terminal of the capacitor C and an external power supply VCC, and a
resistance R, which is connected between the output terminal of the
capacitor C and ground. The VCOM adjustment circuit 41 adjusts a DC level
of the VCOM electric potential supplied to the opposite electrode of the 15
liquid crystal cell 52; in other words, the VCOM adjustment circuit 41
applies a DC offset to the VCOM electric potential. In the liquid crystal
display apparatus described above, peripheral circuits, such as the
interface circuit 33, the 20 timing generator 34, the reference voltage
driver 35, the CS driver 38, and the VCOM driver 39, in addition to the
horizontal driver 36 and the vertical driver 37, are integrally disposed on
the same panel (the glass substrate 31) as the display section 32 so that a
display panel 25 integrating a11 driving circuits is achieved. Such a   -
18  display panel does not require another substrate, an integrated
circuit, or another transistor circuit, on the outside, thus miniaturizing
the overall system and reducing costs. 5 In this driving-circuit-integrated
liquid crystal display apparatus, the timing generating circuit of the
embodiment described above is used as the timing generator 34 generating
various timing signals for driving the display section 32. The timing
generator 34 comprised by the timing 



10 generating circuit generates various timing pulses, such as horizontal
start pulses HST and horizontal clock pulses HCK for driving the horizontal
driver 36, vertical start pulses VST and vertical clock pulses VCK for
driving the vertical driver 37, or pulses necessary for the CS driver 38 or
the 15 VCOM driver 39. The timing generating circuit of the embodiment
described above is used as the timing generator 34 so that the timing
generating circuit has a wide operating margin even when transistors having
wide variations in their device 20 properties and a large process rule are
used for forming each circuit on the glass substrate. Therefore, the liquid
crystal display apparatus, which TFTs are used for forming the peripheral
driving circuits integrally formed on the transparent insulating substrate
with the display section 32, 25 has a wide operating margin. Additionally,
the timing   - 19  generating circuit enables a reduction in power
consumption and a small layout area when the TFTs that have a large process
rule are used, thus contributing to the low power consumption and the small
size of the liquid crystal display 5 apparatus. This application is
described with an illustration applied to a liquid crystal display
apparatus that uses liquid crystal cells as display elements, but the
present invention is not limited to this application. The present 10
invention is applicable to display apparatuses having a level shift circuit
disposed on the same substrate as a display section, such as
electroluminescent (EL) display apparatuses using EL elements as the
display elements. The display apparatus typified by the liquid crystal 



15 display apparatus of the application described above is suitable for a
display screen component of compact and lightweight portable terminals such
as mobile phones or personal digital assistants (PDAs). Fig. 5 is an
external view showing the schematic 20 structure of the portable terminal
of the present invention, for example, a PDA. The PDA of the present
invention may have a folding structure in which an openable lid component
62 is attached to a main body 61. The top face of the main body 61 has an
25 operating section 63 consisting of various keys of a   - 20  keyboard or
the like. The lid component 62 has a display screen component 64. The
display screen component 64 is a liquid crystal display apparatus that has
the timing generating circuit of the embodiment described above, 5 disposed
on the same substrate as the display section, as the timing generator. The
use of the timing generating circuit of the embodiment as the timing
generator of the liquid crystal display apparatus allows the liquid crystal
display 10 apparatus to have a structure in which driving circuits are
integrated, a wide operating margin, low power consumption, and compact
design. This liquid crystal display apparatus is used as the display screen
component 64, permitting a simplified structure, miniaturization, and cost
reduction of 15 the PDA. Additionally, this also permits low power
consumption of the display screen component 64, resulting in increased
duration for continuous use by battery-powered operation. The application
to the PDA is described by way of 20 example, but the present invention is
not limited to this application. The liquid crystal display apparatus of
the present invention is particularly suitable for general compact and
lightweight portable terminals such as mobile phones. 25 As described
above, according to the present invention, 



- 21  in the timing generating circuit formed on the insulating substrate
and generating the multiple timing signals having different frequencies
based on the input master clock, the operating clock having a lower
frequency than the master 5 clock frequency is generated and then the
multiple timing signals are generated based on this generated operating
clock having the lower frequency. This achieves a lower operating speed,
leading to stable operation and reduced power consumption. Further, the
counter section is formed 10 with a small number of steps so that a small
layout area is achieved even when the circuits are formed including
transistors having wide variations in their device properties and a large
process rule on the insulating substrate.    - 22  CLAIMS 1. A timing
generating circuit comprising: clock generating means formed on an
insulating 5 substrate for generating an operating clock based on an input
master clock, the operating clock having a lower frequency than the master
clock frequency; and signal generating means for generating multiple timing
signals having different frequencies based on the operating 10 clock
generated by the clock generating means. 2. The timing generating circuit
according to claim 1 wherein the signal generating means includes a counter
section in which multiple shift registers are cascaded, the counter section
performing count operations in synchronism 



15 with the operating clock generated by the clock generating means; and a
signal generating section that generates the multiple timing signals
according to combinations of shifted pulses output from the multiple shift
registers. 3. The timing generating circuit according to claim 2 20 wherein
the counter section performs the count operations in response to start
pulses generated in a predetermined period. 4. A display apparatus
comprising: a display section having a matrix of pixels arranged on a
transparent insulating substrate; and 25 a timing generating circuit
disposed on the transparent   V - 23  insulating substrate together with
the display section, the timing generating circuit generating multiple
timing signals having different frequencies required for driving the
display section in synchronism with a master clock 5 externally input to
the substrate, wherein the timing generating circuit includes: clock
generating means for generating an operating clock based on the master
clock, the operating clock having a lower frequency than the master clock
frequency; and 10 signal generating means for generating the multiple
timing signals based on the operating signal generated by the clock
generating means. 5. The display apparatus according to claim 4 wherein the
signal generating means includes a counter section in which 15 multiple
shift registers are cascaded, the counter section performing count
operations in synchronism with the operating clock generated by the clock
generating means; and a signal generating section that generates the
multiple timing signals according to combinations of shifted pulses 20
output from the multiple shift registers. 6. The display apparatus
according to claim 5 wherein the counter section performs the count
operations in response to start pulses generated in a predetermined period.



7. The display apparatus according to claim 4 wherein the 25 timing
generating circuit is formed on the transparent   - 24  insulating
substrate using low-temperature poly-silicon or continuous grain silicon.
8. A portable terminal comprising a display apparatus as a display screen
component, the display apparatus including: 5 a display section having a
matrix of pixels arranged on a transparent insulating substrate; and a
timing generating circuit disposed on the transparent insulating substrate
together with the display section, the timing generating circuit generating
multiple timing signals 10 having different frequencies required for
driving the display section in synchronism with a master clock externally
input to the substrate, wherein the timing generating circuit includes:
clock generating means for generating an operating 15 clock having a lower
frequency than the master clock frequency based on the master clock; and
signal generating means for generating the multiple timing signals based on
the operating signal generated by the clock generating means.
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