
1 INTERFACE CIRCUIT AND A CLOCK OUTPUT METHOD THEREFOR CROSS-REFERENCE TO
RELATED APPLICATIONS The present application claims priority upon Japanese
5 Patent Application No. 2003-328898 filed on September 19,  2003, which is
herein incorporated by reference BACKGROUND OF THE INVENTION  FIELD OF THE
INVENTION 10 The present invention relates to an interface circuit  and a
clock output method for the interface circuit.  DESCRIPTION OF THE RELATED
ART Apparatus sets such as car audio and home audio have a  plurality of
data processing circuits for data processing  15 associated with audio
incorporated therein. These data processing circuits are connected in
parallel via a  controller such as a microcomputer and buses as needed, and
by the controller supplying data, each of them executes data  processing
synchronously with data processing being executed  20 by the other data
processing circuits. With reference to FIG- 9, a data processing system
comprising a plurality of data processing circuits and a  controller will
be described. PIG. 9 ,is a block diagram for  explaining a data processing
system comprising a plurality 25 of data processing circuits and a
controller. The plurality  of data processing circuits include, but not
limited to, a  PLL (Phase Locked Loop), an LCD (Liquid Crystal Display)
driver, a DSP (Digital Signal Processor), an FM multiple  receive circuit.
30 The PLL 4, LCD driver 6. DSP 8, and FM multiple receive 2  



circuit 10 are connected to the controller 2 via a data bus  DB1 for
transmitting a control signal CE, a data bus DB2 for  transmitting a clock
signal CL (or clock CL), a data bus DB3  for transmitting data DI, and a
data bus DB3 for 5 transmitting data Do as needed. The controller 2 outputs
control signal CL, clock CL,  and data DI to the PLL 4, LCD driver 6, DSP
8, and FM  multiple receive circuit 10. Also, the controller 2 has data  DO
from the PLL 4, LCD driver 6, DSP 8, or FM multiple 10 receive circuit 10
inputted therein while outputting control  signal CE and clock CL. The PLL
4, LCD driver 6, DSP 8, or  FM multiple receive circuit 10 may not be
connected to the  controller 2 via data bus DB4- In this embodiment, for
example, the controller 2 and the LCD driver 6 are not  15 connected via
data bus DB4. The PLL 4 is for executing tuning of an electronic  tuner,
and has an interface circuit 4A that performs data  input/output with the
controller 2 and a data register 4B  that holds data output from the
interface circuit 4A. The 20 LCD driver 6 is for executing frequency
display processing  for the electronic tuner, and has an interface circuit
6A  that receives data input. from the controller 2 and a data  register 6B
that holds data output from the interface  circuit 6A. The DSP 8 is for
executing digital processing on 25 audio data, for example, and has an
interface circuit 8A  that performs data input/output with the controller 2
and a  data register 8B that holds data output from the interface  circuit
8A. The FM multiple receive circuit 10 is for  decoding FM-multiple,
superposed data, and has an interface 30 circuit 10A that performs data
input/output with the 



3  controller 2 and a data register 10B that holds data output  from the
interface circuit 10A. ===Example of the Interface Circuit=== With
reference to FIGS. 9, 10, and 11, an example of  5 the interface circuit
used in the PLL 4, LCD driver 6, DSP 8,  and FM multiple receive circuit 10
of FIG. 9 will be  described. FIG- 10 is a circuit diagram showing an
example  of the interface circuit. FIG_ 11 is a time chart for  explaining
the operation of the interface circuit of FIG. 10. 10 Note that the
interface circuit of FIG_ 10 does not have  data bus DB4 for outputting
data DO to the controller 2. The interface circuit has control signal CE,
clock CL,  and data DI inputted therein, and outputs clock SCL and data
SDI. The interface circuit comprises an AND gate 102 and an 15 AND gate 104
(clock output circuit)- The AND gate 102  outputs data DI as data SDI
depending on the level of  control signal CE. That is, the AND gate 102
closes when  control signal CE is at "L" (low level), and opens and
outputs data DI as data SDI when control signal CE is at "H" 20 (high
level). The AND gate 104 outputs clock CL as clock SCL  depending on the
level of control signal CE. That is, when  control signal CE is at "L", the
AND gate 104 closes and,  when control signal CE is at 4H11, opens and
outputs clock CL  as clock SCL. 25 The controller 2 holds clock CL at "L"
and lets data DI  be indefinite when control signal CE is at "L". The
controller 2 outputs clock CL and data DI synchronous with  the clock CL
when control signal CE is at "H". That is, when  control signal CE is at
"L", the AND gate 102 outputs data 



30 SDI of "L" and the AND gate 104 outputs clock SCL of "L". 4  When
control signal CE is at "HI, , the AND gate 102 outputs  data SDI that is
the same as data D:1 and the AND gate 104  outputs clock SCL that is the
same as clock CL. By this  means, the data register serially reads in data
SDI 5 synchronously with clock SCL and holds the data. The data  processing
circuit performs required data processing on the  bit value held in the
data register- Note that when  outputting clock CL and data DI, the
controller 2 has to  enable a data processing circuit as a target and
disable the 10 other data processing circuits, which are not a target.
Hence, the program processing load of the controller 2  itself -is large
===Another Example of the Interface Circuit=== With reference to FIGS- 9,
13, and 14, another example  15 of the interface circuit used in the PLL 4,
LCD driver 6,  DSP 8, and FM multiple receive circuit 10 of FIG- 9 will he
described- FIG. 13 is a circuit diagram showing another  example of the
interface circuit. FIG. 14 is a time chart  for explaining the operation of
the interface circuit of FIG. 20 13. Note that the interface circuit of
FIG. 131 does not have  data bus D84 for outputting data DO to the
controller 2. The  interface circuit of FIG. 13 identifies a data
processing  circuit as a target with hardware, thereby reducing the
program processing load of the controller 2 itself. 25 The PLL 4, LCD
driver 6, DSP 8, and FM Multiple receive  circuit 10 have respective
intrinsic address codes to  identify them. When control signal CE is at
"L", the  controller 2 outputs clock CL and data DI (address code AO  



to A7) synchronous therewith, and when control signal CE is 30 at "H", the
controller 2 outputs clock CL and data DI (data 5  DO to Dn-1) synchronous
therewith and subsequent to data DI  (address code AO to A7). Note that
when control signal CE is  at "Ll', the controller 2 holds clock CL at I'L"
except while  data DI (address code AO -to A7) is output, and that the 5
address code is not limited to an 8-bit code. The interface circuit has
control signal CE, clock CL,  and data DI inputted therein, and outputs
clock SCL and data  SDI. The interface circuit comprises an address
register 202,  an address decoder 204, a delay circuit 206, an inverter
208, 10 an AND gate 210, an OR gate 212, a D flip-flop 214, an AND  gate
216, and an AND gate 218 (clock output circuit). The  address register 202
serially reads in data DI (address code  AO to A7) at the rise timings of
clock CL. The address  decoder 204 checks whether the 8-bit address code AO
to A7 15 inputted in the address register 202 matches the intrinsic
address code, and when both match, outputs "H11, for example- Note that the
address decoder 204 is hardware including a PLA (Programmable Logic Array),
logic gates and the like.  The OR gate 212 outputs "L" only f or the delay
time of the 20 delay circuit 206 after the change point of control signal
CE from "HI, to "L". The AND gate 210 outputs "H" only for  the delay tine
of the delay circuit 206 after the change  point of control signal CE from
11L- to 11H11. By this means,  the D flip-flop 214 is reset at the change
point of control 25 signal CE from "Ell to "1,11, and at the change point
of  control signal CE from "L" to "H", reads in and holds the  decode
output of the address decoder 204 with outputting  



data E-N, which is the same as the decode output.  Specifically, when the
8-bit address code AO to A7 inputted 30 in the address register 202 matches
the preset intrinsic 6  address code assigned to the data processing
circuit such as  the PLL 4, LCD driver 6, DSP 8, or FM multiple -receive
circuit 10, the D flip-flop 214 outputs data EN of "H". The  AND gate 216
outputs data DI (data DO to Dn-1) as data SDI 5 depending on the level of
data EN. That is, when data EN is  at "L", the AND gate 216 closes, and
when data EN is at "H",  opens and outputs data DI (data DO to Dn-1) as
data SDI. The  AND gate 218 outputs clock CL as clock SCL depending on the
levels of control signal CE and data EN. That is, when 10 either control
signal CE or data EN is at "L", the AND gate  218 closes, and when control
signal CE and data EN are at  "H", opens and outputs clock CL as clock SCL.
when control signal CE is at "L", data EN is also at  "L". Hence, the AND
gate 216 outputs data SDI of "L", and  15 the AND gate 218 outputs clock
SCL of "L". When control signal CE is at "H", data EN is also at "H".
Hence, the AND  gate 216 outputs data SDI that is the same as data DI (data
DO to Dn--1), and the AND gate 218 outputs clock SCL that is  the same as
clock CL. By this means, the data register 20 serially reads in data SDI
synchronously with clock SCL and  holds the data. The data processing
circuit performs  required data processing on the bit value held in the
data  register. The above is described, for example, in Japanese  Patent
Application Examined (ROKOKU) Publication No. Hei  25 3-31298. According to
the specification of controllers 2  



themselves, when stopping clock CL, some controllers 2 hold  clock CL at
"L" while the others hold clock CL at "H" FIG. 11 is a time chart for
explaining the operation of  30 the interface circuit of FIG. 10 for the
specification that 7  the controller 2 holds clock CL at "L". In contrast,
FIG. 12  is a time chart for explaining the operation of the  interface
circuit Of FIG. 10 for the specification that the  controller 2 holds clock
CL at "T'. For the latter 5 specification that the controller 2 holds clock
CL at "H",  the AND gate 104 outputs one clock (dummy clock) at a timing
just before the AND gate 102 outputs data DO, and thereby  the data
register may read in data of "L" before data DO and  hold it, thus causing
wrong data processing by the data  10 processing circuit Furthermore, FIG.
14 is a time chart for explaining the  operation of the interface circuit
of FIG. 13 for the  specification that the controller 2 holds clock CL at
"L"- In contrast, FIG. 15 is a time chart f or explaining the 15 operation
of the interface circuit of FIG. 13 for the  specification that the
controller 2 holds clock CL at "H".  For the latter specification that the
controller 2 holds  clock CL at "Ell, the AND gate 216 outputs address code
A7  just before data DO and the AND gate 218 outputs one clock 2-0 (dummy
clock) at a timing while the AND gate 216 outputs  address code A7, and
thereby the data register may read in  address code A7, thus causing wrong
data processing by the  data processing circuit. Moreover, even if the data
processing circuit or the  25 interface circuit is provided with a clock
counter -for  



counting the number of clocks of clock SCL, clocks of clock  SCL that are
the same in number as bits of data SDI may not  be able to be output
depending the specification of the  controller 2, thus causing wrong data
processing by the data 30 processing circuit. Furthermore, even if the data
processing 8  circuit or the interface circuit is provided with a
plurality of clock counters or a complex clock counter  according to the
specification of the controller 2, the  problem occurs inevitably that the
circuit scale becomes  5 extremely large. SUMMARY OF THE INVENTION An
object of the present invention is to provide an  interface circuit. 1D One
aspect of the present invention to solve the above  problems is an
interface circuit which outputs a clock  signal and data to a data register
that serially reads in  the data synchronously with the clock signal, in
response to  a control signal changing from one level to the other level,
15 for outputting the clock signal and the data, the interface  circuit
comprising a clock output circuit that, responding  to the level of the
clock signal when the control signal  changes from the one level to the
other level, outputs  clocks of the clock signal that are the same in
number as  20 bits of the data to the data register. This interface circuit
outputs appropriate data to the  data register at appropriate timings. By
this means, the  interface circuit is reduced in circuit size and cost- In
addition, at later stages, circuit size is prevented from  25 becoming
large and data processing is ensured. 



Features and objects of the present invention other  than the above will
become clear by reading the description  of the present specification with
reference to the  accompanying drawings. 30 9  BRIEF DESCRIPTION OF THE
DRAWINGS For a more complete understanding of the present  invention and
the advantages thereof, reference is now made  to the following description
taken in conjunction with the  5 accompanying drawings wherein; FIG. 1 is a
circuit diagram showing an example of an  interface circuit according to
the present invention; FIG. 2 is a circuit diagram showing a modified
example  of the interface circuit of FIG. 1; 10 FIG. 3 is a time chart for
explaining the operation of  the interface circuit of FIG. 1 for the
specification that a  controller holds clock CL at "L"; FIG. 4 is a time
chart for explaining the operation of  the interface circuit of FIG. 1 for
the specification that  15 the controller holds clock CL at "H"; FIG_ S is
a circuit diagram showing another example of  the interface circuit
according to the present invention;  FIG. 6 is a circuit diagram showing a
modified example of the interface circuit of FIG. 5; 20 FIG. 7 is a time
chart for explaining the operation of  the interface circuit of FIG_ 5 for
the specification that a  controller holds clock CL at "L"; FIG. 8 is a
time chart for explaining the operation of  the interface circuit of FIG. 5
for the specification that  



25 the controller holds clock CL at "H"; FIG. 9 is a block diagram for
explaining a data  processing system comprising a plurality of data
processing  circuits and a controller; FIG. 10 is a circuit diagram showing
an example of a  30 conventional interface circuit; 10 FIG. 11 is a time
chart for explaining the operation of  the interface circuit of FIG. 10 for
the specification that  a controller holds clock CL at "L"; FIG. 12 is a
time chart for explaining the operation of  5 the interface circuit of FIG.
10 for the specification that  the controller holds clock CL at "H"; FIG.
13 is a circuit diagram showing another example of  the conventional
interface circuit; FIG. 14 is a time chart for explaining the operation of
10 the interface circuit of FIG. 13 for the specification that  a
controller holds clock CL at "L"; and FIG. 15 is a time chart for
explaining the operation of  the interface circuit of FIG. 13 for the
specification that  the controller holds clock CL at "H11 15 DETAILED
DESCRIPTION OF THE INVENTION At least the following matters will be made
clear by  the explanation in the present specification and the  description
of the accompanying drawings. 20 ===Example of an interface circuit=== With
reference to FIGS. 1, 2, 3, and 4, an interface  circuit of the present
invention used in the ELI, 4, LCD  driver 6, DSP 8, and FM multiple receive
circuit 10 of FIG.  



9 will be described. FIG. 1 is a circuit diagram for 25 explaining an
example of the interface circuit of the  present invention. FIG. 2 is a
circuit diagram for  explaining a modified example of the interface circuit
of  FIG. 1. FIG. 3 is a time chart for explaining the operation  of the
interface circuit of FIG. 1 for the specification 30 that the controller 2
holds clock CL at "L". FIG. 4 is a 11  time chart for explaining the
operation of the interface  circuit of FIG. 1 for the specification that
the controller  2 holds clock CL at "H". Note that the interface circuit of
FIG. 1 does not have data bus DB4 for outputting data DO to  5 the
controller 2. <Configuration of the Interface Circuity The controller 2
holds clock CL at "L" and lets data DI  be indefinite when control signal
CE is at "L". The  controller 2 outputs clock CL and data DI synchronous
with  10 the clock CL when control signal CE is at "H". The interface
circuit has control signal CE, clock CL,  and data DI inputted therein, and
outputs clock SCL and data  SDI. The interface circuit comprises an AND
gate 302 (data  output circuit) and a logic circuit 304 (clock output 15
circuit). The AND gate 302 outputs data DI as data SDI  depending on the
level of control signal CE. That is, the  AND gate 302 closes when control
signal CE is at "L", and  opens and outputs data DI as data SDI when
control signal CE  is at "H". 20 The logic circuit 304 outputs clock CL as
clock SCL  depending on the level of control signal CE. Specifically,  the
logic circuit 304 comprises an inverter 306, an AND gate  



308, a latch circuit 310, and an AND gate 312 (gate circuit).  The inverter
306 outputs inverted clock /CL with respect to 25 clock CL. The AND gate
308 outputs inverted clock /CL as  latch clock LCL depending on the level
of control signal CE.  That is, when control signal CE is at "L", the AND
gate 308  closes and, when control signal CE is at "H", opens and  outputs
inverted clock /CL as latch clock LCL. The latch 30 circuit 310 latches a
voltage v of "H" (data for allowing 12  the output of clock SCL) in
response to a level change of  latch clock LCL and outputs as data SCLEN.
Specifically, at  the timing when latch clock LCL rises from "L" to "H11,
that  is, when control signal CE becomes "H11 and clock CL becomes 5 "L",
the latch circuit 310 latches the voltage V and outputs  data SCLEN of "H".
Note that when control signal CE is at  "L", the latch circuit 310 is reset
to output data SCLEN of  "L". The AND gate 312 outputs clock CL as clock
SCL   depending on the levels of control signal CE and data SCLEN.  10 That
is, when either control signal CE or data SCLEN is at  "L", the AND gate
312 closes and, when control signal CE and  data SCLEN are at "H11, opens
and outputs clock CL as clock  SCL.  A logic circuit 314 of FIG. 2 is a
circuit that can  15 replace the logic circuit 304 of FIG. 1. Note that the
same -reference numerals denote. the same elements as in FIG. 1  with a
description thereof omitted. An AND gate 316 outputs clock CL as clock SCL
depending  on the level of data SCLEN. That is, when data SCLEN is at  20
"Y', the AND gate 316 closes and, when data SCLEN is at "H",  opens and
outputs clock CL as clock SCL  



By this means, the logic circuit 314 does not need a  signal line for
supplying control signal CE to the AND gate  316. That is, when an
interface circuit having the logic 25 circuit 314 is integrated in a chip,
that signal line need  not be drawn on the chip, thus reducing the
influence of  noise due to, e.g., modulated waves and reducing the
integrated circuit in size. <Operation of the Interface Circuit> 30 With
reference to FIGS. 1 and 3, the operation of the 13  interface circuit will
be described for the specification  that the controller 2 holds clock CL at
"L" in stopping the  clock. When control signal CE is at "L", the AND gate
302  5 outputs data SDI of "L". At this time, because the latch  circuit
310 is reset, the AND gate 312 outputs clock SCL of Upon the timing when
control signal CE rises from "L" to '"T" control signal CE is at "H" and
clock CL stays at 10 "L". Hence, the AND gate 308 outputs latch clock LCL
rising  to "H" , and the reset of the latch circuit 310 is negated,  and
thus the latch circuit 310 latches the voltage v at the  timing when latch
clock LCL rises to "H" and outputs data  SCLEN of "H". 15 When control
signal CE is at "H", the AND gate 302  outputs data SDI that is the same as
data DI. At this time,  because the voltage V is latched in the latch
circuit 310,  the AND gate 312 outputs clock SCL that is the same as clock
CL.  20 When the controller 2 according to the specification 



that it holds clock CL at "L" and a processing circuit  having the
interface circuit of FIG. 1 are connected, data  SCLEN for opening (or
activating) the AND gate 312 rises  from "L" to "H" at the same timing as
control signal CE 25 rises from "L" to "H". That is,- the AND gate 312
outputs  clock SCL synchronous with data SDI with clocks of clock SCL
being the same in number as bits of data SDI. By this means,  the data
register serially reads in data SDI synchronously  with clock SCL and
holds. The data processing circuit 30 performs required data processing on
the bit value held in 14 the data register. Next, with reference to FIGS. 1
and 4, the operation of  the interface circuit will be described for the
specification that the controller 2 holds clock CL at "H" in  5 stopping
the clock. When control signal CE is at "L", the AND gate 302  outputs data
SDI of "L"_ At this time, because the latch  circuit 310 is reset, the AND
gate 312 outputs clock SCL of  "L''. 10 Upon the timing when control signal
CE rises from "L"  to "H", clock CL stays at "H". Hence, the AND gate 308
outputs latch clock LCL of "L", and thus while the reset of  the latch
circuit 310 is negated, the latch circuit 310 does  not latch the voltage
V. After that, upon the timing when 15 clock CL falls from "H" to "L" first
after being stopped,  because control signal CE is at "H" and clock CL is
at "L",  the AND gate 308 outputs latch clock LCL rising to "H". At  this
time, the latch circuit 310 latches the voltage V at  the timing when latch
clock LCL rises to "H" and outputs  



20 data SCLEN of "H11. When control signal CE is at "H", the AND gate 302
outputs data SDI that is the same as data DI. Further, when  control signal
CE and data SCLEN are at "H", i.e. the  voltage V is latched in the latch
circuit 310, the AND gate  25 312 outputs clock SCL that is the same as
clock CL. When the controller 2 according to the specification  that it
holds clock CL at "H" and a processing circuit  having the interface
circuit of FIG. 1 are connected, data  SCLEN for activating the AND gate
312 rises from "L" to -H 30 at a timing delayed from the timing that
control signal CE 15  rises from "L" to "HI, that is, at the same timing as
clock  CL falls from "H" to "L" first after being stopped. That is,  the
AND gate 312 outputs clock SCL synchronous with data SDI  with clocks of
clock SCL being the same in number as bits of 5 data SDI. By this means,
the data register serially reads in  data SDI synchronously with clock SCL
and holds. The data  processing circuit performs required data processing
on the  bit value held in the data register. Note that when outputting
clock CL and data DI, the  10 controller 2 enables a data processing
circuit as a target  and disables the other data processing circuits, which
are  not a target. ===Another Example of the Interface Circuit=== With
reference to FIGS. 5, 6, 7, and 8, another example  15 of the interface
circuit used in the PLL 4, LCD driver 6,  DSP 8, and FM multiple receive
circuit 10 of FIG. 9 will be  described. FIG. 5 is a circuit diagram
explaining another  example of the interface circuit. FIG. 6 is a circuit  



diagram for explaining a modified example of the interface 20 circuit of
FIG. 5. FIG. 7 is a time chart for explaining the  operation of the
interface circuit of FIG. 5 for the  specification that the controller 2
holds clock CL at "L".  FIG. 8 is a time chart for explaining the operation
of the  interface circuit of FIG. 5 for the specification that the 25
controller 2 holds clock CL at "H". Note that the interface  circuit of
FIG. 5 does not have data bus DB4 for outputting  data DO to the controller
2 and identifies a data processing  circuit as a target with hardware
<Configuration of the interface Circuit> 30 The PLL 4, LCD driver 6, DSP 8,
and FM multiple receive 16 circuit 10 have respective intrinsic address
codes to  identify them. When control signal CE is at "L", the  controller
2 outputs clock CL and data DI (address code AO  to A7) synchronous
therewith, and when control signal CE is 5 at "H", the controller 2 outputs
clock CL and data DI (data  DO to Dn--1) synchronous therewith and
subsequent to data DI  (address code AO to A7). Note that when control
signal CE is  at "L", the controller 2 holds clock CL at "L" (FIG. 7) or
"H" (FIG. 8) except while data DI (address code AO to A7) is 10 output, and
that the address code is not limited to an 8-bit  code. The interface
circuit has control signal CE, clock CL,  and data DI inputted therein, and
outputs clock SCL and data  SDI. The interface circuit comprises an address
register 402, 15 an address decoder 404, a delay circuit 406, an inverter
408,  an AND gate 410, an Oft gate 412, a D flip-flop 414, an AND  gate 416
(data output circuit), and a logic circuit 418  



(clock output circuit). The address register 402 serially  reads in data DI
(address code AO to A7) at the rise timings 20 of clock CL. The address
decoder 404 checks whether the 8-- bit address code A0 to A7 inputted in
the address register  402 matches the preset intrinsic address code, and
when both  match, outputs "H", for example. Note that the address  decoder
404 is hardware including a PLA (Programmable Logic 25 Array), logic gates
and the like. The OR gate 412 outputs  "L" only for the delay time of the
delay circuit 406 after  the change point of control signal CE from "H" to
"L". The  AND gate 410 outputs "H" only for the delay time of the  delay
circuit 406 after the change point of control signal 30 CE from "L" to
"H,,. By this means, the D flip-flop 414 is 17  reset at the change point
of control signal CE from "H" to  "L", and at the change point of control
signal CE from "L"  to "H", reads in and holds the decode output of the
address  decoder 404 with outputting data EN, which is the same as 5 the
decode output. Specifically, when the 8-bit address code  AD to A7 inputted
in the address register 402 matches the  intrinsic address code assigned to
the data processing  circuit such as the PLL 4, LCD driver 6, DSP 8, or FM
multiple receive circuit 10, the D flip-flop 214 outputs 10 data EN of "H".
The AND gate 416 outputs data DI (data DO to  Dn-1) as data SDI depending
on the level of data EN. That is,  when data EN is at "L", the AND gate 416
closes, and when  data EN is at "H", opens and outputs data DI (data DO to
Dn- 1) as data SDI. 15 The logic circuit 418 outputs clock CL as clock SCL
depending on the levels of control signal CE and data EN.  



The logic circuit 418 comprises an inverter 420, an AND gate  422, a latch
circuit 424, and an AND gate 426 (gate circuit).  The inverter 420 outputs
inverted clock /CL with respect to 20 clock CL. The AND gate 422 outputs
inverted clock /CL as  latch clock LCL depending on the level of data EN.
That is,  when data EN is at "L", the AND gate 422 closes and, when  data
EN is at "H", opens and outputs inverted clock /CL as  latch clock LCL. The
latch circuit 424 latches a voltage V 25 of "H" (data for allowing the
output of clock SCL) in  response to a level change of latch clock LCL and
outputs as  data SCLEN. Specifically, at the timing when latch clock LCL
rises from "L" to "H", that is, when data EN changes from  "L to "H" and
clock CL changes from "H" to "L", the latch 30 circuit 424 latches the
voltage V and outputs data SCLEN of 18  Note that when data EN is at "L",
the latch circuit 424 is reset to output data SCLEN of "L" . The AND gate
426  outputs clock CL as clock SCL depending -on the levels of  control
signal CE and data SCLEN. That is, when either 5 control signal CE or data
SCLEN is at "L'' , the AND gate 426  closes and, when control signal CE and
data SCLEN are at "H",  opens and outputs clock CL as clock SCT. A logic
circuit 428 of FIG. 6 is a circuit that can  replace the logic circuit 418
of FIG. 5- Note that in FIG. 6,  10 the same reference numerals denote the
same elements as in  FIG- 5 with a description thereof omitted. An AND gate
430 outputs clock CL as clock SCL depending  on the level of data SCLEN.
That is, when data SCLEN is at  "L", the AND gate 430 closes and, when data
SCLEN is at "H",  15 opens and outputs clock CL as clock SCL.  



By this means, the logic circuit 428 does not need a  signal line for
supplying control signal CE to the AND gate  430- That is, when an
interface circuit having the logic  circuit 428 is integrated in a chip,
that signal line need 20 not be drawn on the chip, thus reducing the
influence of  noise due to, e.g., modulated waves and reducing the
integrated circuit in size <Operation of the Interface Circuit> With
reference to FIGS. 5 and 7, the operation of the  25 interface circuit will
be described for the specification  that the controller 2 holds clock CL at
"L" in stopping the  clock. When control signal CE is at "Ll', the address
register  402 serially reads in data DI (address code AO to A7)  30
synchronously with clock CL. At this time, the D flip-flop 19  414 is reset
and then the reset is negated', but the D flip- flop 414 does not read in
and hold the decode output of the  address decoder 404. Thus, the AND gate
416 outputs data SDI  of "L". Furthermore, the latch circuit 424 is reset
by data 5 EN of "L'' Output from the D flip-flop 414- Thereby, the AND
gate 426 outputs clock SCL of "L". Upon the timing when control signal CE
rises from "L"  to "Ell, the D flip-flop 414 reads in and holds the decode
output of the address decoder 404. Then, if the 8-bit  10 address code AO
to A7 inputted in the address register 402  matches the preset intrinsic
address code, the D flip-flop  414 outputs data EN of "H". At this time,
because data EN  becomes "H" and clock CL stays at "L", the AND gate 422
outputs latch clock LCL rising from "Ll, to "H"- Moreover, 



15 because the reset thereof is negated, the latch circuit 424  latches the
voltage V at the timing when latch clock LCL   rises to "B" thereby
outputting data SCLEN of "H". When control signal CE is at 11H11, data EN
is at "H".  Hence, the AND gate 416 outputs data SDI (data DO to Dn-1)   20
that is the same as data D1. At this tine, because the voltage V is latched
in the latch circuit 424, the AND gate  426 outputs clock 5CL that is the
same as clock CL. When the controller 2 according to the specification
that it holds clock CL at "Ll"and a processing circuit  25 having the
interface circuit of FIG. 5 are connected, data SCLEN for activating the
AND -gate 426 rises from "L" to "H"  at the same timing as control signal
CE and data EN rise  from "Ll'' to "H". That is, the AND gate 426 outputs
clock SCL  synchronous with data SDI (data DO to Dn-J) with clocks of 30
clock SCL being the same in number as bits of data SDI- By 20  this means,
the data register serially reads in data SDI  synchronously with clock SCL
and holds. The data processing  circuit performs required data processing
on the bit value  held in the data register. 5 Next, with reference to
FIGS. 5 and 8, the operation of  the interface circuit will be described
for the  specification that the controller 2 holds clock CL at "E" in
stopping the clock. When control signal CE is at "Ll'' the address register
10 402 serially reads in data DI (address code AO to A7)  synchronously
with clock CL. At this time, the D f lip-flop  414 is reset and then the
reset is negated, but the D flip- flop 414 does not read in and hold the
decode output of the  



address decoder 404. Thus, the AND gate 416 outputs data SDI 15 of "L".
Furthermore, the latch circuit 424 is reset by data  EN of "L" output from
the D flip-flop 414- Thereby, the AND  gate 426 outputs clock SCL of "L".
Upon the timing when control signal CE rises from to "Ell, the D flip-flop
414 reads in and holds the decode  20 output of the address decoder 404.
Then, if the 8-bit  address code AO to A7 -inputted in the address register
402  matches the preset intrinsic address code, the D flip-flop  414
outputs data EN of "H"_ At this time, because clock CL  stays at "Ell, the
AND gate 422 outputs latch clock LCL of 25 "L"- Moreover, while the reset
thereof is negated, the latch  circuit 424 does not latch the voltage V.
Then, immediately  after clock CL falls from "H" to "L" first after being
stopped, the AND gate 422 outputs latch clock LCL rising to  "H" because
data EN is at "H" and clock CL is at "L". 3 0 Further, the latch circuit
424 latches the voltage V at the 21  timing when latch clock LCL rises to
11H11 to output data  SCLEN of "H11. When data EN is at 11H11, the AND gate
416 outputs data  SDI (data DO to Dn-l) that is the same as data DI.  5
Furthermore, when control signal CE and data SCLEN are at "Ell, the AND
gate 426 outputs clock SCL that is the same as  clock CL because the
voltage V is latched in the latch  circuit 424. When the controller 2
according to the specification  10 that it holds clock CL at 11H11 and a
processing circuit  having the interface circuit of FIG. 5 are connected,
data  SCLEN for activating the AND gate 426 rises from "L" to "Ell  



at a timing delayed from the timing when control signal CE  and data EN
rise from "L" to "Ell, that is, at the same 15 timing as clock CL falls
from "B" to "L"  first after being  stopped. That is, the AND gate 426
outputs clock SCL  synchronous with data SDI (data DO to Dn-1) with clocks
of  clock SCL being the same in number as bits of data SDI. By  this means,
the data register serially reads in data SDI 20 synchronously with clock
SCL and holds. The data processing  circuit performs required data
processing on the bit value  held d-n the data register. Note that because
a clock of clock SCL synchronous with  data SDI (address code A7) output
from the AND gate 416 does  25 not exist, the data -register never reads in
and holds  addrez~s code A7. As described above, the interface circuit,
which in  response to control signal CE changing from I'L" to 11H11,
outputs clock SCL and data SDI to the data register 4B, 6B, 30 8B, Or 10B
that serially reads in data SDI synchronously 22  with clock SCL, comprises
the logic circuit 304 or 418 that  detects the level of clock CL when
control signal cE changes  from O'Lfl to -H" and then, outputs clocks of
clock SCL being  the same in number as bits of data SDI to the data
register  5 4Bf 6B, 8S, or 10B. The logic circuits 304 and 418 detect the
level of  clock CL when control signal CE changes from "L" to "E" by.
hardware. That is, if clock CL stays at "L" when control  signal CE changes
from "L" to "Ell, the logic circuits 304 10 and 418 output clock SCL that
is the same as clock CL, and  if clock CL stays at "H" when control signal
CE changes from  



"L" to "H", output clock SCL that is the same as clock CL  after clock
signal CL first changes from 11H" to "L". That is,  regardless of the
specification, whether the controller 2 15 holds clock CL at "L" or "H",
the logic circuits 304 and 418  output clock SCL synchronous with data SDI
with clocks of  clock SCL being the same in number as bits of data SDI. The
data register 4n, 6B, 8B, or 10B reads in data SDI at  appropriate timings
and holds. The data processing circuit 20 performs correctly data
processing on the bit value held in  the data register. Thus, a plurality
of clock counters, a  complex clock counter, or the like according to the
specification of the controller 2 are not needed, hence  reducing the size
and cost of the circuit and ensuring the 25 correctness of data processing
at later stages. Note that  when control signal CE is at "L", the interface
circuit may  output clock SCL and data SDI, in which case the interface
circuit need only have an inverter for -inverting control  signal CE and
inputting it (not shown). 30 Moreover, only where an address code AO to A7
inputted 23  while control signal CE is at "L" matches the preset
intrinsic address code, the logic circuit 418 of the  interface circuit
detects the level of clock CL when control  signal CE changes from "L" to
"H", and outputs clocks of 5 clock SCL being the same in number as bits of
data SDI to  the data register 43, 6B, 8B, or 10B. This interface circuit
can certainly identify a data processing circuit as a target  by hardware.
Yet further, in the interface circuit, which in  10 response to control
signal CE changing from "L" to "H",  



outputs clock SCL and data SDI to the data register 4B, 6B,  8B, or 10B
that serially reads in data SDI synchronously  with clock SCL, a clock
output method can be realized that  detects the level of clock CL when
control signal CE changes 15 from "L" to "H" and then, outputs clocks SCL
being the same  in number as bits of data SDI to the data register 4B, 6B,
8P, or 10B. Still further, in the clock output method for the  interface
circuit, it can be realized that only where an  20 address code AO to A7
inputted while control signal CE is at "L" matches the preset intrinsic
address code, the level of  clock CL is detected when control signal CE
changes from "L"  to "H11, and clocks of clock SCL being the same in number
as  bits of data SDI are output to the. data register 4B, 6B, 8B,  25 or
10B_ ===Data Processing Circuit=== The interface circuits of FIGS_ 1, 2, 5,
and 6 are  provided in a data processing circuit such as the PLL 4, LCD
driver 6, DSP 8, or FM multiple receive circuit 10, and 30 hence the data
processing circuit is reduced in circuit size 24 and cost. ===Data
Processing System Data processing circuits having the interface circuit  of
FIG. 1, 2, 5, or 6 are connected via the controller 2 and  5 data buses
D81, DB2, DB3, DB4 as needed so that they together with the controller 2
realize a data processing  system. Thus, the data processing system is
reduced in  circuit size and cost, and hence, more data processing
circuits can be arranged on a predetermined board area. 



10 ===Integrated Circuit== The interface circuits of FIGS. 1, 2, 5, and 6
may be  realized as integrated circuits formed on chips. In this  case, the
interface circuits of FIGS. 1 and 2 can be used as  general-purpose ICs for
plural kinds of data processing 15 circuits. Further, the interface
circuits of FIGS. 5 and 6,  by enabling the address code preset in the
address decoder  404 to be variable externally, can be used as general-
purpose ICs for plural kinds of data processing circuits.  Moreover, data
processing circuits having the interface 20 circuit of FIG. 1, 2, 5, or 6
may be realized as integrated  circuits formed on chips. In this case, the
interface  circuit of FIG. 1, 2, 5, or 6 forms a custom IC part  connecting
to the controller 2. ===Other Embodiments-== 25 Although the interface
circuits, data processing  circuits, data processing system, integrated
circuits, and  clock output method for the interface circuits according to
the present invention have been described, the above  description is
provided to facilitate the understanding of 30 the present invention and
not intended to limit the present 25  invention. It should be understood
that various changes and  alterations can be made therein without departing
from the  spirit and scope of the present invention and that the  present
invention includes equivalents thereof. 26 What is claimed is: 1. An
interface circuit which outputs a clock signal and  data to a data register
that serially reads in the data  



synchronously with said clock signal in response to a 5 control signal for
outputting said clock signal and said  data changing from one level to the
other level, said  interface circuit comprising: a clock output circuit
that, responding to the level of  said clock signal when said control
signal changes from the  10 one level to the other level, outputs clocks of
said clock signal that are the same in number as bits of said data to  said
data register. 2. An interface circuit according to claim 1, wherein only
15 where an address inputted when said control signal is at the one level
matches a predetermined address, said clock output  circuit detects the
level of said clock signal when said  control signal changes from the one
level to the other level,  and outputs clocks of said clock signal that are
the same in  20 number as bits of said data to said data register. 3. An
interface circuit according to claim 1, wherein when  having detected the
one level on said clock signal, said  clock output circuit outputs said
clock signal as it is to 25 said data register, and when having detected
the other level  on said clock signal, outputs said clock signal after
having  changed from the other level to the one level to said data
register. 30 4. An interface circuit according to claim 1, wherein said 27
clock output circuit is a logic circuit that stops  outputting said clock
signal on the basis of said control  signal being at the one level and
that, on the basis of said  control signal being at the other level and of
said clock 5 signal being at the one level, allows said clock signal to  



be output. 5. An interface circuit according to claim 4, wherein said
logic circuit comprises: 10 a latch circuit that latches data for allowing
said  clock signal to be output, on the basis of said control  signal being
at the other level and of said clock signal  being at the one level; and a
gate circuit that outputs said clock signal on the  15 basis of said
control signal being at the other level and of  said data for allowing said
clock signal to be output, which  data is latched in said latch circuit. 6.
An interface circuit according to claim 4, wherein said  20 logic circuit
comprises: a latch circuit that latches data for allowing said  clock
signal to be output, on the basis of said control  signal being at the
other level and of said clock signal  being at the one level; and 25 a gate
circuit that outputs said clock signal on the  basis of said data for
allowing said clock signal to be  output, which data is latched-in said
latch circuit. 7. An interface circuit according to claim 2, wherein said
30 clock output circuit is a logic circuit that stops 28 outputting said
clock signal on the basis of said control  signal being at the one level
and that, after said address  inputted has matched a predetermined address,
allows said  clock signal to be output on the basis of said control 5
signal being at the other level and said clock signal being  at the one
level. 8. An interface circuit according to claim 7, wherein said  



logic circuit comprises: 10 a latch circuit that latches data for allowing
said  clock signal to be output, on the basis of a signal  indicating that
said address inputted matches the  predetermined address and of said clock
signal being at the  one level; and 15 a gate circuit that outputs said
clock signal. on the  basis of said control signal being at the other level
and of  said data for allowing said clock signal to be output, which  data
is latched in said latch circuit. 20 9_ An interface circuit according to
claim 7, wherein said  logic circuit comprises: a latch circuit that
latches data for allowing said  clock signal to be output, on the basis of
a signal  indicating that said address inputted matches the 25
predetermined address and of said clock signal being at the  one level; and
a gate circuit that outputs said clock signal on the  basis of said data
for allowing said clock signal to be  output, which data is latched in said
latch circuit. 30 29  10- An interface circuit which has a data output
circuit, in  response to a control signal, outputting data to a data
register that serially reads in the data synchronously with  a clock
signal; and a clock output circuit, in response to 5 said control signal,
outputting said clock signal to said  data register, wherein said clock
output circuit comprises: a latch circuit that latches data for allowing
said  



clock signal to be output, on the basis of said control  10 signal and of
said clock signal being at one level; and a gate circuit that outputs said
clock signal on the  basis of said control signal and of said data for
allowing  said clock signal to be output, which data is latched in  said
latch circuit. 15 11. An interface circuit which has a data output circuit,
in  response to a control signal, outputting data to a data  register that
serially reads in the data synchronously with  a clock signal; and a clock
output circuit, in response to 20 said control signal, outputting said
clock signal to said  data register, wherein said clock output circuit
comprises: a latch circuit that latches data for allowing said  clock
signal to be output, on the basis of said control  25 signal and of said
clock signal being at one level; and a gate circuit that outputs said clock
signal on the  basis of said data for allowing said clock signal to be
output, which data is latched in said latch circuit. 30 12. An interface
circuit which has: 30  an address register that serially reads in an
address code synchronously with a clock signal; an address decoder that
detects whether said address  code inputted in said address register
matches a  5 predetermined address code; a hold circuit that holds decode
output of said address  decoder due to a control signal changing from one
level to  the other level; 



a data output circuit, in response to decode output  10 -indicating that
said address code inputted in said address  register matches the
predetermined address code and being  held in said hold circuit, outputting
data, subsequent to  said address code, to a data register that serially
reads in  said data synchronously with said clock signal and is a clock
output circuit, in response to the decode  output indicating that said
address code inputted in said  address register matches, the predetermined
address code and  being held in said hold circuit and to said control
signal  being at the other level, outputting said clock signal to  20 said
data register, wherein said clock output circuit comprises: a latch circuit
that latches data for allowing said  clock signal to be output, on the
basis of the decode output  indicating that the address code inputted in
said address 25 register matches the predetermined address code and being
held in said hold circuit and of said clock signal being at  the one level;
and a gate circuit that outputs said clock signal on the  basis of said
control signal being at the other level and of  30 said data for allowing
said clock signal to be output, which 31 data is latched in said latch
circuit. 13. An interface circuit which has: an address register that
serially reads in an address  5 code synchronously with a clock signal; an
address decoder that detecs whether said address  code inputted in said
address register matches a  predetermined address code; 



a hold circuit that holds decode output of said address  10 decoder due to
a control signal changing from one level to  the other level; a data output
circuit, in response to decode output  indicating that the address code
inputted in said address  -register matches the predetermined address code
and being 15 held -in said hold circuit, outputting data, subsequent to
said address code, to a data register that serially reads in  said data
synchronously with said clock signal; and a clock output circuit, in
response to the decode  output indicating that said address code inputted'
in said  20 address register matches the predetermined address code and
being held in said hold circuit and to said control signal  being at the
other level, outputting said clock signal to  said data register, wherein
said clock output circuit comprises: 25 a latch circuit that latches data
for allowing said  clock signal to be output, on the basis of the decode
output  indicating that said address code inputted in said address
register matches the predetermined address code and being  held in said
hold circuit and of said clock signal being at  30 the one level; and 32  a
gate circuit that outputs said clock signal on the basis of said data for
allowing said clock signal to be  output, which data is latched in said
latch circuit. 5 14. An interface circuit according to claim 1, which is
provided in a data processing circuit. 15. An interface circuit according
to claim 1, which is  integrated. 



10 16. A clock output method for an interface circuit which  outputs a
clock signal and data to a data register that  serially reads in said data
synchronously with the clock  signal in response to a control signal
changing from one 15 level to the other level for outputting said clock
signal  and said data, said clock output method comprising:  detecting the
level of said clock signal when said control signal changes from the one
level to the other  level; and 20 outputting clocks of said clock signal
that are the  same in number as bits of said data to said data register.
17. A clock output method for an interface circuit according  to claim 16,
wherein only where an address inputted when 25 said control signal is at
the one level matches a  predetermined address, the level of said clock
signal when  said control signal changes from the one level to the other
level is detected, and clocks of said clock signal that are  the same in
number as bits of said data are output to said  30 data register. 


