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A microcomputer including an on-chip EPROM is described in WO 80/02 881. In
a single-chip BACKGROUND OF THE INVENTION                      micon of
this type generally speaking, if the de- coder for the EPROM is of the
static type as In the The present invention relates to a semiconduc-   5
prior art, the number of the circuit elements for- tor integrated circuit
according to part 1 of claim 1,  ming the decoder is larger than for the
dynamic more particularly, to a semiconductor integrated  type. This raises
the disadvantage, that the de- circuit device having a rewritable read only
semi-  coder occupies a large area and wastes power. conductor memory,
e.g., to a single chip micro      A single-chip micon of the EPROM type has
computer having a built-in EPROM (i.e., Electrically  10  clock signals
indicating the timing In the mode Programmable Read Only Memory).
where it operates an ordinary microcomputer A data processing LSI (i.e.,
Large Scale In-  (hereinafter referred to as a "micon mode"). This tegrated
circuit) such as a single chip microcom-  makes it easy to operate the
EPROM  decoder puter (hereafter referred to as a rsingle-chip
dynamically. Since, however, there is no suitable micon") Is integrally
equipped with a ROM (I.e.,  i5  timing signal in the operation mode for
writing the Read Only Memory) for storing the operation pro-  EPROM
(hereinafter referred to as an "EPROM grams or the like of the system. The
built-in ROM  mode"), still another disadvantage arises In that It of a
single-chip micon is generally constructed of a  Is necessary, for example,
either to provide such a. mask ROM which cannot be rewritten,
circuit inside the chip as will generate a timing *   A single-chip micon
having a mask ROM on   20  signal for operating the decoder dynamically by
the chip is disclosed in detail on pp. 45 to 82,  detecting the changes in
the address signal or to Semiconductor Data Book entitled "8116 Bit Micro
externally generate and supply such a signal from Computer" issued by
Hitachi, Ltd., in September,  an external EPROM writer. 1982, and a
single-chip micon having the EPROM      A control circuit for programming
an EPROM Is on the package is also disclosed on pp. 350 to 389   25
disclosed In US-4 289 982. of the same Data Book. The aforementioned
ROM-mounted single-chip   SUMMARY OF THE INVENTION micon, Including that of
the on-chip type, Is con- structed such that a sense amplifier or a read
An object of the present Invention is to reduce circuit is operating
continuously during the reading   9o  the power consumption of a
ROM-mounted LSI cycle of the ROM. However, the sense amplifier of  without
providing a complicated circuit such as an the ROM mounted on the
single-chip micon need    address change detection circuit. s   not operate
continuously during the reading cycle.  Another object of the present
Invention Is to The sense amplifier need not operate If its output  provide
a technique for a ROM-mounted LSI to is latched after the output of the
read data has  3s  accurately detect the timing of Interrupting a sense
been established. Therefore, it has been clarified  amplifier. by us that
the single-chip micon of the prior art   Still another obsect of the
present Invention Is wastes power In the sense amplifier.            to
reduce the power consumption of an LSI having In a semiconductor memory
such as a static   an erasable programmable ROM mounted thereon RAM
proposed in the prior art, on the other hand,  40  and to improve the
operating speed of a ROM. the operation of the sense amplifier Is
Interrupted  A further object of the present invention Is to so as to
reduce power consumption after the out-  reduce both the area occupied by a
decoder for put of the read data has been established. A sepa-  the ROM
mounted on a chip and the chip size of rate memory such as a static RAM
which is not of  the whole LSL. the on-chip type is operated by a control
signal  46  The aforementioned and other objects and nov- such as a chip
enable signal fed from the micon  el features of the present invention will
become but does not receive an external timing pulse (a  apparent from the
following description made with clock pulse). To reduce power consumption,
it is  reference to the accompanying drawings. The In- advisable to operate
the sense amplifier dynam-  vention Is defined in Claims 1 and 4. ically.
In order that the sense amplifier may operate  so  Representatives of the
invention to be dis- dynamically without any external feed of a special
closed herein will be summarized In the following. timing pulse, however,
it is necessary to provide a  According to one representative, more
specifi- built-in timing generation circuit such as an address  cally, it
is noted that a data processing LSI such as change detection circuit for
generating a timing  a single-chip micon having a ROM mounted there- signal
by detecting the changes In an external 66  on has therein a clock
indicating timing. By making address signal. When this Is done, however,
the  use of this clock, a sense amplifier is not started, timing generation
circuit must be large and com-  when the ROM is to be read, Immediately
after the plex to handle a large number of address bits.   reading cycle
has been entered, but Is started at 2    
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word line in the ROM Is selected  a control voltage Vco to be applied to
the gate and the level of a data line is determined. After the  of MOSFET
for correcting the output level of the data has been read out, moreover,
the sense am-     sense amplifier if the supply voltage Vcc fluc- plifer
has its operation Interrupted when the output  tuates; of the sense
amplifier is latched. Thus, the sense   6  Fig. 8 is a circuit diagram
showing an X de- amplifier can have Its operating period shortened   coder;
and its power consumption reduced without requir-   Fig. 9 is a circuit
diagram showing an on-chip Ing a complicated timing generation circuit such
as  EPROM according to another embodiment; and an address change detection
circuit.                Figs. 10 and 11 are timing charts of the EPROM
Beside, the aforementioned object of making It  io    of Fig. 9. possible
to accurately detect the timing of inter- rupting a sense amplifier to
minimize the operation  DESCRIPTION OF THE PREFERRED EMBODI- period of the
sense amplifier, as required, by pro-  MENTS viding a dummy memory array in
addition to the memory array of a built-in ROM and a sense  i5  [Embodiment
1] amplifier, by setting such data in advance in a dummy memory array which
will never fall to have     Fig. 3 shows one example of the structure of a
its data line level changed when data is read out,  single-chip micon to
which the present invention Is and by reading out and detecting the data of
that  applied, and the individual circuit portions as shown dummy memory
array.                          2o  are formed on one semiconductor
substrate made Noting that a data processing LSI such as a   of silicon or
the like. single-chip micon having an EPROM  mounted           The
single-chip micon of the present embodi- thereon always has therein a clock
indicating tim-  ment Is constructed, although not especially limited ing,
according to another representative: the de-  to this configuration, of a
microprocessor (hereafter coder for the EPROM is constructed into the dy-
as  referred to as a "CPU') 1 for controlling Internal namic type so as to
occupyless area; the power   execution units in accordance with a program;
a consumption is reduced by dynamically operating   program ROM 2 with an
operation program stored the decoder in the micon mode with the internal
therein for that CPU 1; a RAM (i.e., Random Ac- clock while making faster
operation possible; and  cess Memory) 3 mainly for providing the operation
the EPROM can be written to without feeding a   3o  region of the CPU 1; a
serial communication Inter- suitable external timing signal and without
provid-  face circuit 4; a timer circuit 5; and four ing an internal
circuit such as an address change  input/output ports Oa to Od. The
circuits cited, above detection circuit, i.e., Without enlarging the chip
are mutually connected through an internal address size, and without
changing the EPROM writer, by   bus 7a and an internal data bus 7b.
statically operating the decoder in the EPROM   35   The CPU 1 Is not shown
In detail because its mode.
specific construction has no direct relation to the present Invention. The
CPU 1 is constructed of. a BRIEF DESCRIPTION OF THE DRAWINGS
control unit composed of a program counter for latching an instruction or
data address to be read Fig. I Is a circuit diagram showing one embodi-  4o
out at a subsequent step, an Instruction register In ment of a read circuit
to be used in an LSi with  which instructions making up the program are se-
a built-in EPROM according to the present in-  quentially fetched, and a
micro ROM or a random vention;                                       logic
circuit with a micro program stored therein, Fig. 2 is a circuit diagram
showing another read  said control unit being made operative to generate
circuit;                                  45  a control signal according to
the instruction fetched Fig. 3 Is a block diagram showing a single-chip  in
the Instruction register; and an execution unit micon with a built-in EPROM
according to one   composed of a variety of registers such as an embodiment
of the present invention;           accumulator and an ALU (i.e.,
Arithmetic Logic Fig. 4 is a circuit diagram showing one embodi-  Unit).
ment of an on-chip EPROM circuit;         50       The CPU 1 Is equipped
therein, although this is Fig. 5 is a timing chart showing the operation of
not shown, with a clock pulse generator which is that EPROM circuit;
made operative to divide the frequency of an origi- Fig. 6 is a graph
showing a characteristic curve  nal oscillatory signal of 4 MHz fed from
the outside indicating the dependency of the output of the  to generate
both internal clock signals 0t and 02, sense amplifier of the
aforementioned embodi-  s6  as shown at B and C In Fig. 5, which are out of
merit upon a supply voltage;                   phase by one half period so
that the periods of low Fig. 7 Is a graph showing a characteristic curve
level may not overlap, and an external synchronism indicating one example
of the characteristics of  signal E (as shown at A In Fig. 5) which has a 3
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high as that of those internal  If the external terminal 11 is set at a
signal clock signals 01 and 02 and which Is substantially  level indicating
the EPROM mode so that the inter- in phase with the clock 01. Those
internal clock  nal state is set to the EPROM mode by the mode signals 0i
and 02 are fed to control the individual  exchange circuit 9, the circuit
components (e.g., circuit blocks in the chip such as a control circuit   6
the CPU 1 or the RAM 3) other than program ROM (which will be described
hereinafter) In the program  2 and the Input/output ports necessary for the
data ROM 2 in synchronism with the CPU 1.             input are
disconnected from the internal address The external synchronism signal E is
outputted  bus 7a and the data bus 7b. As a result, only the to an outside
of the single-chip micon and is fed as  EPROM is visible from the outside
of the chip. In a system clock pulse to the peripheral devices.  io  this
EPROM mode, the internal clock signals 01 Of the input/output ports Oa to
6d, the port Od  and 02 are not generated. Therefore, since neither Is
connected to the address bus 7a and the data  of the clock signals 0i and
0a is fed, the erasable bus 7b, and the port 8c can be connected through
programmable ROM 2 (EPROM) is statically op- a multiplexer to the address
bus 7a and the data  erated. bus 7b. There is further provided a mode
exchange  1S  In the EPROM mode, the individual terminals circuit 9 for
determining the operation mode after  of the single-chip micon are used in
the following the micon has been reset when a suitable external  manner,
for example. terminal 11 Is set at a predetermined state. The    More
specifically: the input/output port Oc has input/output port 8d has its
operation controlled by  its external terminals T1v to T21 used as data
Input that mode exchange circuit 9 so as to have a data  so  and output
terminals for the EPROM  2; the input and output function or an address
output  input/output port 6a has its external terminals Ti to function, and
the port 6c likewise has its operation  Ts used as address terminals to
which X-address controlled so as to serve as a data Input and output
signals Ao to A7 of the EPROM 2 are to be applied; function or as a
function to multiplex the data bus  and the input/output port 6d has its
external termi- and the address bus.                        25  nals T24 to
T27 used as address terminals, to As a result, the single-chip micon of the
which Y-address signals As to A,, are to be ap- present embodiment has its
address space made    pliedi and Its external terminals T2t and T29 used
expandable.                                      as address Input terminals
to which address signals In this embodiment, moreover, the program    for
indicating the EPROM 2 are to be applied. The t      ROM  2 is constructed,
although not especially  so  input/output port 6d has Its external terminal
T30 limited to this configuration, of a programmable  used as an output
enable terminal to which an EPROM which has a storage capacty such as 4 k
output enable signal DE for the EPROM 2 Ia to be x 8 bits.
applied. The CPU 1 has Its resetting external termi- The single-chip micon
is also equipped therein  nal NE used as a write voltage terminal to which
a with an address decoder 10 for selectively operat-  36  writing high
voltage Vpp for the EPROM 2 is to be ing the program ROM 2. When the
address data     applied. output from the CPU 1 onto the address bus 7a
The data is written in the EPROM 2 in the falls within the address range
given to the program  following manner, for example. ROM (EPROM) 2, it is
decoded by the address         Specifically, the X- and Y-address signals
for decoder 10 so that an enable signal OE is output  40  the EPROM 2 are
applied to the external terminals from the address decoder 10. The program
ROM 2   Ti to Ts and T24 to T27, and the address signals is brought into
its operative state by that enable  for selectively operating the EPROM 2
are applied signal 01-                                       to the
external terminals T2B and T2,. The data The mode exchange circuit 9
discriminates     signal for the EPROM 2 Is applied to the external whether
the Input state or level of the mode setting   45  terminals T14 to T2i,
and the writing high voltage external terminal 11 especially provided
indicates  Vpp is applied to the external terminal RES. If, in the mode
(hereafter referred to as the "micon    this state, the external terminal
11 of the mode mode"), in which it operates as an ordinary micro-  exchange
circuit 9 In Fig. 3 is set at the level computer, or the mode (hereafter
referred to as the  indicating the EPROM mode, a control signal EPM 'EPROM
mode') in which the data is written in the  60  is accordingly output from
the mode exchange program ROM 2, and determines the internal op-   circuit
9. In response to the output of the control eration mode of the micon In
accordance with the  signal EPM, the address signals of the external
discrimination. The mode exchange circuit 9 deter-  terminals Ti to To, T24
to Tg7, T2a and T29 are mines the operation states of the Input/output
ports  applied to the EPROM 2 and the address decoder 6a to Bd inside of
the micon in dependence upon  5s  10, and the data signals of the external
terminals control signals fed to external terminals Ts to Ti1,  T4. to T21
are applied to -the EPROM 2. By the if the signal level of the external
terminal 11 in-  output of the control signal EPM while the writing dicates
the micon mode.   ,                      voltage Vpp is being applied, a
write circuit In the 4    
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EPROM 2, which will be described later, Is brought  changed accordingly so
as to dynamically operate into Its operative state so that the data is
written in  the X-decoder 22. In synchronism with the clock the EPROM 2.
signal 0i, more specifically the control signal 0p is A verifying operation
after the end of the writ-  so changed as to bring the X-decoder 22 into
Its ing operation is enabled by the output enable sig-   s   precharged
state, and the control signal 0x is so nal UE which Is applied to the
external terminal  changed as to determine the output level of the X- Tao,
for example, although the invention is not   decoder 22 after the control
signal 0p. especially limited to this configuration. In order to  If the
control signal EMP indicates the direct make the verifying operation
possible, for example,  EPROM accessing mode level, the control signals the
mode exchange circuit 9 is constructed to refer  io  0p and 0x are
accordingly set at such levels as to to the level of the external terminal
Tio when the  bring the X-decoder 22 Into the static operating external
terminal 11 is set at the direct access level  condition. e)   of the EPROM
2. If the external terminal T3o Is set   If the control signal EPM
indicates the micon at an output enable level such as a low level, the
mode, the control signal w  is accordingly held at external terminals T14
to T21 of the inputloutput  is  such a high level as to bring the variable
Imped- ports 6c are caused to act as output terminals by  ance circuits 30a
to 30h Into their low impedance the control of the input/output port 6c by
the mode  states and the write circuits 28a to 28h Into their exchange
circuit 9 at that time. Then, read circuit  inoperative states. f the
control signal EPM In- of the EPROM 2 (not-shown) is brought into Its
dicates the EPROM mode, the control signal we is operative state so that
the write data of the EPROM    20  set at the low level In response to the
output 2 Is fed through the data bus line 7b and the     enable signal UE.
input/output port Bc to the external terminals Ti4 to  If the control
signal EPM indicates the micon T21.
mode and If the control signal 0o indicates the Fig. 4 shows one embodiment
of the program     selection of the EPROM 2, the control signal W ROM 2
constructed of the EPROM, and Fig. 5   2s  is set at such a level as to
bring the sense amplifi- shows the timing chart of the same.
ers of the read circuits 25a to 25h into their oper- The program ROM in
Fig. 4 is constructed of:  ative states at a predetermined timing. an
X-decoder 22 and a Y-decoder 23 having their      The control signal LTC Is
so changed after the input terminals coupled to the address bus line 7a;
control signal 9AC as to operate the latch circuits memory blocks 20a to
20h; variable impedance  3o  of the read circuits 25a to 25h. circuits 30a
to 30h and column switch circuits 24a   The program ROM 2 of the present
embodi- to 24h respectively corresponding to the respective  ment has the
memory array which Is divided Into memory blocks; read circuits 25a to 25h
having    the eight memory blocks 20a to 20h although the their output
terminals coupled to the data bus line  Invention is not especially limited
to tiis configura- 7b; write circuits 28a to 28h having their input  as
Von. Each of the memory blocks Is constructed of terminals coupled to the
data bus line 7b; a dum-  a nonvolatile memory cell MC which is composed my
memory array 21; a read circuit 28 correspond-  of 256 x 16 pieces of FAMOS
(I.e., Floating gate ing to the dummy memory array 21; and a control
Avalanche injection MOS transistor) arranged In the circuit 27.
form of a matrix This control circuit 27 responds to the control  40  To
the memory blocks 20a to 20h, moreover signal 0O  output from the address
decoder 10 in  there are provided the dummy memory array 21 Fig. 3, the
output enable signal UE fed in the    which Is composed of one data line
and 256 dum- EPROM mode through the external terminal Tao      my memory
cells each connected to the same. and the address bus 7a in Fig. 3, a
control signal   Word lines Wi to W2ss in the memory blocks EMP fed from
the mode exchange circuit 9, and   4s  20a to 20h and the dummy memory
array 21 are the clock signals 0t and E to generate control    formed
respectively continuously, and one of them signals ox,0p. we,        LTC
and so on for control-  is set at the selected level by the X-decoder 22
for ling the operations of the X-decoder 22, the var-  receiving and
decoding the address signals Ao to able impedance circuits 30a to 30h, the
read cir-  A7 appearing on the address bus 7a. The FAMOS cults 25a to 25h,
the write circuits 28a to 28h and   50  constructing each memory cell MC
has Its thresh- so on.                                            old
voltage set at a level slightly higher than the The control signal OE
output from the address  selection level (about 5 V) of the word lines WI
to decoder 10 in Fig. 3 can be deemed as a kind of   W2,s If it Is written
in advance, namely, If changes chip enable signal for the EPROM 2.
are injected in advance Into the floating gate elec- If the control signal
EMP output from the mode   as  trode thereof. On the other hand, the
threshold exchange circuit 9 in Fig. 3 indicates the micon  voltage of the
FAMOS In the so-called "erased mode level and If the enable signal OE
Indicates the  state", In which no writing operation Is conducted, EPROM
2, the control signals 0p and Ox are      is set at a level lower than the
selected level of the    
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to CDLe are rendered conductive by the write con- As a result, the FAMOS
(i.e. the memory cell  trol signal WE generated on the basis the mode MC)
on each row, which has Its control gate Wlec-  designation signal EPM
output from the mode ex- trode connected with the word line set at the se-
change circuit 9 and the control signal DE input lected level by the
X-decoder 22, Is rendered non-   8   from the outside. The levels of the
data lines are conductive or conductive in accordance with Its
respectively amplified by the read circuits 25a to preset write or erased
state.                    25h provided to correspond to the common data The
X-decoder 22 has Its operation controlled  lines CDL1 to CDLe,
respectively, so that read by the control signals 0x and 0p fed from the
signals Do to D7 are output onto the data bus 7b. control circuit 27. If
the external terminal 11 of the  io  At this time, as will be described In
more detail mode exchange circuit 9 in Fig. 3 is set at the level
hereinafter, the read end timing or the read enable indicating the direct
EPROM  access mode, the    timing Is detected by detecting the level of the
control signals 0x and 0p are caused to take the  dummy data line DLd by
means of the dummy level for statically operating the X-decoder 22. In
read circuit 26. The control signals W, LTC and this case, therefore, the
X-decoder 22 sets such   is  so on output from  the control circuit 27 are
one of the word lines Wi to W2ss at the selection  changed in response to
the output of the dummy level as corresponds to the address signals Ao to
read circuit 26 so that the operations of the read A7. If the control
signal We is set at the low level on  circuits 25a to 25h and 26 are
controlled (as shown the basis of the control signal EPM and UIE, the  in
Fig. 5). selected word line is caused to take a level sub-  20  The source
terminals of the FAMOSes forming stantlally equal to the write voltage Vpp.
the respective memory cells In the respective If the external terminal I 1
of Fig. 3 Is set at the  memory blocks 20a to 20h are connected for the
level for Indicating the micon mode, the control  respective columns with
common source lines Csi signals 0x and 0p are changed in synchronism with
to Csi. These common source lines Csi to Csi, the clock signal 01, as has
been described herein-  25  are connected with the ground point of the
circuit before, when the enable signal OE is output      through the
variable impedance circuits 30a to 30h In the memory block 20a, sixteen
data lines   which are composed of pairs of enhancement type DLi to DLis,
with which are connected the drain  MOSFETs QN1 to QN8 and depletion type
MOS- terminals of FAMOSes forming each column, are in  FETe. QD to Qb9
connected in parallel for the turn connected with a common data line CDL,
so  respective columns. These respectively paired through column switches
Qci to Qcis, each of     MOSFETs Qta to QNS and QD1 to QD are con- which is
made of a MOSFET (i.e., Insulated Gate  trolled by the write control signal
Wi. type Field Effect transistor) and Is adapted to be   When in the data
reading operation, both the turned on by the X-decoder 23. The data lines
In  paired MOSFETs QN1 and Qo1 have their gate. the remaining memory blocks
20b to 20h are also   36  terminals fed with the write control signal we at
the connected with common data lines CDL2 to CDLs    high level so that
they are turned on, to ground the through the column switch circuits 24b to
24h. The  common source lines Csi to Cs.. When In the data Y-decoder 23
Introduces and decodes the address  writing operation, on the other hand,
the depletion signals As to A,1 from the address bus 7a thereby  one Om, of
the MOSFETs QN1 and Q01 is turned on to generate the data line selection
signals. One of  40  irrespective of the low level of the write control the
column switches Qc1 to Qci, is turned on     signal We. Through a suitable
level resistance es- when their gate electrodes receive the data line
tablished by that MOSFET QD1, the common selection signals.
source lines Cs, to Csg are grounded. The common data lines CDL, to CDLe
pro-          As a result, the common source lines have vided for the
respective memory blocks 20a to 20h   45  their potentials raised by the
current flowing there- are connected with the read circuits 25a to 25h,
from to the ground In the writing operation so that respectively, through
control transistors Qw, to  the memory cells left unselected are prevented
Qws which are made of depletion type MOSFETs,    from passing the leakage
current therethrough. According to the present embodiment, a dum-      The
transistors to be connected between the my memory array 21 is provided,
although the   so  common source lines Cs, to Cs. and the ground invention
Is not especially limited to that configura-  may be limited to the
depletion type MOSFETs tion. The dummy memory array 21 has its dummy    01,
to Qo. In the present embodiment, however, data line DLd connected with the
dummy read      the resistances between the common source lines circuit 26
through a dummy column switch Qcd     and the ground when in the reading
operation can and a dummy controlling MOSFET Qwd which are  s6  be dropped
by connecting the enhancement type normally conductive. When in the data
reading    MOSFETs QN1 to QOm in parallel with those deple- operation, the
read controlling MOSFETs Qw, to   tion type MOSFETs Qm to Dm. Qw8 connected
with the common data lines CDL1        The level difference between the
data lInes
6~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~    
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operation can be enlarged as a  dummy memory array 21 are always required
to result that the common source lines Cs, to CS,    give the data
corresponding to the erased state to have their resistances dropped.
the dummy data line Did, as will be described With the common data lines
CDL, to CODL       hereinafter. This makes it unnecessary to write the
provided for the respective memory blocks 20a to   5   data In the dummy
memory cells. 20h, the write circuits 28a to 28h are connected.
According to the present embodiment, the di- The data is written in the
respective memory cells  rect access to the EPROM by makting use of the by
these write circuits 28a to 28h. The write cir-  respective Inputfoutput
ports is executed by the cults 28a to 28h conduct their writing operations
on  control making. use of the external terminals 11, the basis of the mode
designation signal EPM   0o  RES and Too, as has been described
hereinbefore. output from the mode exchange circuit 9 when the
According to the present embodiment, more- write voltage Vpp at a higher
level (such as 12.5  over, the EPROM 2 is dynamically operated In the V)
than the supply voltage (i.e., 5 v) applied In the  micon mode. Next the
operations of the EPROM 2 micon mode is applied to a predetermined pin,
i.e.  in the micon mode will be described in the follow- a pin shared with
the signal pin in the micon mode   15  ing. The timings of the input and
output signals to and when the Input state of the mode setting      and
from the control circuit 27, which are required terminal 11 is judged to be
In the EPROM mode by  for understanding the operations of the EPROM 2 the
mode exchange circuit shown In Fig. 3.        in the micon mode, will be
described In more detail In the EPROM mode, more specifically, the     with
reference to Fig. 5, although they have been write circuits 28a to 28h
receive data Dino to Din7   20  summarized previously. carried on the data
bus 7b from the external of the  In the state that the enable signal 0E Is
output micon at that time to apply the write voltages   from the address
decoder 10 of Fig.3, the control corresponding to those data to the common
data    signal .     for the sense amplifier, which will be lines CDL1 to
CDLa of the memory blocks 20a to   later described more specifically with
reference to 20h. The write voltages thus applied to the com-  25  Fig. 1,
is changed to the low level shown at E In mon data lines CDLi to CDL9 are
fed to a data line  Fig. 5, in synchronism with the fall of a clock 01 DL
through a column switch Qc which is selectively  generated In the control
circuit 27 on the basis of turned on at that time by the Y-decoder 23.
the system clock pulse E shown at A in Flgn. 5 and In the EPROM mode,
moreover, the X-decoder    the internal clock signal 0 shown at B In Fig.
5. 22 feeds any one of the word lines with the selec-  9o  The clock pulse
01 Is a signal which is changed In tion signal at a higher level (e.g.,
12.5 V) than the  synchronism with the clock 01 only during the low-
selection level (i.e., 5 V) in the micon mode.   level period of the system
clock pulse E. as shown Since the memory cell to be selected is written  at
D in Fig. 5. The control circuit 27 sends that In that way, a selection
signal as high as 12.5 V is  clock pulse 01 to the read circuits 25a to 25h
and applied to the control gate electrode of that mem-   as  26 to
Initialize them. ory cell by the X-decoder 22, and a write voltage    And,
these read circuits 25a to 25h and 26 as high as 12.5 V is fed to the drain
terminal of the  have their operations Initialized by the control sig- same
through the column switch Qc and the data   nal W  which is changed to the
high level in line DL by the write circuits 28a to 28h. As a result,
synchronism with the fall of the initializing clock 01. the charges are
injected into the floating gate of  40  A precharge signal 7p output from
the control the memory cell selected, thus establishing the  circuit 27 Is
changed to the low level, as shown at write state.
F in Fig. 5, in synchronism with the break of the At this time, the control
transistors Qwi to Qws  control signal W. Precharge operations of sense
connected with the common data lines CDLi to     amplifiers (as will be
described hereinafter) in the CDLa have their respective gate terminals fed
with  45  read circuits 25a to 25h and 26 are started by the the write
control signal w  at the low level such as  precharge signal 0P. The
control circuit 27 is about 0 V generated on the basis of the mode
equipped with level detection means (not-shown) designation signal EPM
output from the mode ex-   coupled to the dummy data line DLd through a
line change circuit and the control signal DE Input from  DDL. The dummy
data line DLd starts to be the external side of the micon. In accordance
with  Go  precharged through the MOSFETs Qwd and Qcd this, the control
transistors Qwi to Ows are cut off  when the precharging operation of the
read circuit when the Input potential of the read circuit exceeds  26 is
started by the low level of the precharge about 3 V. As a result, the high
write voltages fed  signal 0p. As a results the level of the dummy data
from the write circuits 28a to 28h to the common  line DLd Is so changed as
Is Indicated at G In Fig. data lines CDLI to CDLi6 are not transmitted to
the   55  5. That level detection  means detects the read circuits 25a to
25h.                         precharge level of the dummy data line DLd.
The In the above-described case, moreover, the    precharge signal Up Is
raised to the high level, as respective dummy memory cells composing the
shown at F In Fig. 5, in response to the output of 7.    
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means when the dummy data     FAMOS Qf composing one of the memory ceils in
line DLd is raised to a predetermined level Vth or  the memory array and
one of the plural column higher. When the precharge Is ended in response
switches. The FAMOS Qf has Its source terminal to the return of the
precharge signal 0p to the high  connected with a node ni and its drain
terminal. level, the drive signal 0x of the X-decoder 22,   6   connected
with a node n2, and these nodes ni and which is output from the control
circuit 27, Is raised   -   n2 correspond to a common source line CS and a
to the high level, as shown at H in Fig. 5. In    data line DL in Fig. 4.
The column switch Qc Is response to this signal 0x, the X-decoder 22 is
connected with the node n2 corresponding to the driven. As a result, the
level of one word line W to  data line DL. Indicated at Qw is a write
controlling be selected is raised to the high level, as shown at  10
transistor. As a result, a node ng connecting the I in Fig. 5. As a result
that the word line W is set at  column switch Qc and the transistor Qw
corre- the selection level, the charges of the dummy data  sponds to the
common data line CDL line DLd start to be released at a time constant
The FAMOS Qf has its gate terminal fed with a which is determined by both
the stray capacity of  selection signal X output from the X-decoder 22 of
that dummy data line and the operation impedance   15  Fig. 4 through the
word lines (WM to W25s), and the of the dummy memory cells. The respective
data    column switch Oc has Its gate terminal fed with a lines are
discharged in accordance with the ON    selection signal Y output from the
Y-decoder 23. and OFF states of the memory cells coupled to the  Moreover,
the write controlling transistor Qw has Its word lines selected. After a
predetermined period  gate terminal fed with the control signal We. when
the selections of the word lines are accord-  90  The read circuit 25a Is
constructed of a sense Ingly started, the read data Do to D0 output from
amplifier SA, a latch circuit 34 and an output circuit the read circuits
25a to 25h and dummy read data  OC. This output circuit OC is composed of a
trI- Dd output from the dummy read circuit 26 are      state circuit which
Is connected between the latch changed.
circuit 34 and the data bus. The output circuit OC The control circuit 27
monitors that dummy   25  is rendered operative to output a data signal at
a read data Dd to change the control signal =  to  level corresponding to
the output of the latch circuit the high level, at the Instant when the
level of the  34 to the data bus 7b when the enable signal 0O in data Dd Is
so determined as is shown at J in Fig.  Fig. 3 Is raised to an enable level
such as the high 5, thereby to Interrupt the operations of the read  level
and when the output enable signal E Is set circuits 25a to 25h and 26.
so  at an enable level in the EPROM mode. The output The control circuit 27
also changes the control  circuit OC Is rendered In-operative state or a
high signal LTC, which is to be fed to the read circuits  output impedance
state when the enable signal 0E 25a to 25h and 26, to the high level, as
shown at L  and the output enable signal DE are set at a not in Fig. 5, in
synchronism with the rise of the drive  enable level. signal ox of the
x-decoder 22.               35      The sense amplifier SA Is composed, -
as The latch circuits (as will be described hereinafter)  shown, of
P-channel MOSFETS Qi, Qs Ors and Qai in the read circuits 25a to 25h and 26
have their  N-channel MOSFETS 02, Q4, Qc and Q7, and a latching operations
started to introduce the outputs  CMOS Inverter 33. although the invention
is not of the -sense amplifiers in response to the high  especially limited
to this configuration. level of the control signal LTC. This control signal
40  The MOSFET Q1 Is switched by the control LTC is changed to the low
level synchronously as  signal e   so that it operates as a constant
current the operations of the read circuits 25a to 25h and  source. The
MOSFET Q2 is switched by the signal 26 are interrupted in response to the
rise of the  0I to discharge a node n4. control signal W.
The MOSFErs Qs to Q7 construct one dif- As a result, the latch circuits
interrupt their data  45  ferentlal amplifier as a whole. The P-channel
MOS- latching operations so that they are transferred to  FETs Ga and O5
construct a current mirror load for the state in which they hold the data.
While the  the N-channel Input differential amplification MOS- latch
circuits hold the data, the data of the read  FETs Q4 and Q6, and the
N-channel MOSFET Q07 circuits 25a to 25h are output onto the data bus 7b.
constructs an operation current source. Next, Fig. 1 shows both one example
of the   80  The MOSFET Q4 has Its gate coupled to the specific circuit
construction of one 25a of the read  node n4, and the MOSFET QO has its
gate coupled circuits 25a to 25h and a portion of the memory  to a
reference voltage source (not-shown). This array connected therewith.
reference voltage source Is constructed of a resis- Incidentally, it Is
assumed that the respective  tance voltage-dividing circuit (not-shown),
for exam- MOSFETs constructing the circuit are formed Into  66  pIe,
although the Invention Is not especially limited the N-channel type, unless
otherwise specified.   to this configuration, to output a reference voltage
In order to facilitate the interpretation, there is  V,. at a suitable
level, which is to be fed to the representatively shown in the same figure
both one  differential amplifier, in response to a supply volt- 8    
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The read circuit 26 in Fig. 4 is made to have The MOSFET Qe is a precharge
MOSFET.           substantially the same construction as the read The
operations of the read circuit 25a thus    circuit 25a In Fig. 1. As a
result, the data line constructed will be described in the following.
(which  will b e referred  to as the  2dummy data First of all, when the
clock 0, is set at the high   5   line") in the dummy memory array 21 in
Fig. 4 level, as shown at D in Fig. 5, the MOSFET Q2 is   starts to be
charged at the same timing as the data accordingly turned on. The node n.
is Initialized to  line of the memory array to be selected. Although nearly
0 V by the MOSFET 02.                      the invention is not especially
limited to this con- Next, the control signal M  and the precharge
figuration, the MOSFETs Qcd and Qwd connected signal 0p break to the low
levels, as shown at E   10  between the dummy data line Did and the read
and F in Fig. 5, synchronously as the clock pulse  circuit 26 are caused to
have substantially the 0i breaks to the low level. A control signal SAC Is
same impedances as those of the column switch raised to the high level, as
shown at E In Fig. 5,  Qc and the controlling MOSFET Qw. synchronously as
the control signal M  falls to the   Therefore, the precharge state of the
data line low level.                                    ?5  of the memory
array to be selected can be simu- The MOSFET Q7 Is rendered conductive In
lated by the dummy data line Dd. response to the high level of the control
signal  *  The level of this dummy data line DLD is SAC. In response to
this, the operation current    monitored by the control circuit 27 In Fig.
4. When starts to be fed to the differential amplifier. Since,  the
precharge level of the dummy data line Did in this case, the MOSFET Qs Is
turned on by the   20  reaches the predetermined level Vth, as indicated
precharge signal 0p at the low level, the potential of  at G In Fig. 5, the
precharge signal 0p to be output an output node ns is raised to the
precharge level  from the control circuit 27 is accordingly reutrned (or at
the high level). When the signals 0p and SAC  to the high level, as shown
at F in Fig. 5, and the are set at the aforementioned timings. the opera-
drive signal 0x is changed from the low level to the tion current will flow
through that differential am-   26  high level, as Indicated at H in Fig.
5. plifer irrespective of the precharge level of the     The precharging Qs
coupled to the output node output node ns of the differential amplifier.
This  ns of the differential amplifier is turned off In re- operation
current to be generated during the       sponse to the high level of the
signal 0p. The X- precharge period can be reduced substantially to
decoder 22 in Fig. 4 Is rendered operative in re- zero by delaying the
timing, at which the control  30  sponse to the high level of the drive
signal 0x. as signal SAC, for example, is raised to the high level,
indicated at H in Fig. 5. In response to this, such to substantially the
same or more delayed timing   one of the plural word lines WI to W2ss as
cor- as that at which the precharge signal 0p is raised  responds to the
address signals Ao to A, is set at again to the high level. In this case,
however, It  the selection level (i.e., the high level) substantially
should be noted that tee circuit (not-shown) for  36  equal to the supply
voltage Vcc. generating the control signal SAC is relatively corm-  Here,
the FAMOS Of acting as the memory cell plicated.
has one of the higher and lower threshold voltages The MOSFET Q2 of Fig. 1
is turned off in       In accordance with the previous write data, as has
response to the low level of the timing signal 01, as  been described
hereinbefore. shown at D in Fig. 5.                         40      When
the FAMOS Qf has the higher threshold The precharging MOSFET Q, is rendered
con-     voltage, It is maintained In its OFF state even If the ductive In
response to the low level of the control  word lines are set at the
selection level. In this signal =, as shown at E in Fig. 5. As a result,
case, therefore, no dc. current path is formed the node n4 starts to be
charged through the MOS-  between the circuit node n4 of Fig. 1 and the FET
Q1.                                       4s  ground point of the circuit.
The node ni Is left at Here, the address signals Ao to Ail to be fed  the
precharge (or high) level. Likewise, the data to the address bus 7a of Fig.
4 have their respec-  line DL (or the node n2) is left at the precharge
tive levels determined in synchronism with the low  level. level of the
system clock E, as indicated at A in     If the FAMOS Qf has the lower
threshold volt- Fig. 5. In accordance with this, the output of the Y-  5o
age, on the contrary, it is turned on in response to decoder 23 has already
its level determined prior  the selection level of the words. In this case,
there- to the low level of the signal I   In other words,  fore, there is
formed between the circuit node n4 one column switch corresponding to the
address     and the ground point of the circuit a d.c. current signals As
to A, u Is turned on.                   path which is composed of the
controlling MOSFET Therefore, a selected data line DL (or the node   5s
Qw, the column switch Qc, the FAMOS Qf and the n2) starts to be precharged
through the controlling  MOSFETs gog and Qot. As a result, If the word
MOSFET Qw and the column switch Qc when the       lines are selected, the
data line DL and the node n4 control signal S   Is dropped to the low
level.    accordingly start to have their respective levels 9    
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the read currents to the respective data lines In order to detect whether
or not the levels of  through the column switch Qc and the current the node
n4 and the data line DL have been       controlling MOSFET Qz for
controlling those cur- changed from the precharge level to a readable
rents. Of these, the MOSFET Qi is formed into the level, according to the
present embodiment, refer-   6   P-channel type to act as the constant
current ence is made to the level of the dummy data line  source when the
ground potential is applied to the DLd.
gate terminal thereof. Each FAMOS transistor in the dummy memory        The
node n4 Is equipped with a level detection array 21 is brought into the
unwritten state, as has  circuit 31 for detecting the level of the data
line DL been described hereinbefore, to have the lower  io  (or the node
no) selected, and a feedback circuit 32 threshold voltage.
for adjusting the gate voltage of the current control- Therefore, if one of
the word lines is selected,  ling MOSFET Q0 in accordance with the level of
the dummy data line DLd has its potential dropped,  the data line DL to
control the currents flowing as Indicated at G In Fig. 5, because its
charges  toward the data lines. start to be released through the FAMOS
transistors.  i6  The feedback circuit 32 is composed of the The dummy data
line DLd has its level detected by  MOSFET Q9 having its gate terminal
connected the read circuit 26.                              with the node
n4 to have its current controlled by The output of the read circuit 28 Is
changed  the potential of the data line DL, and the P-channel from the low
level to the high level, as indicated at  type MOSFET QO a having its gate
terminal fed with * J in Fig. 5, in response to the reduction of the level
20  the control signal W  output from the control of the dummy data line
DLd from a predetermined  circuit 27. And, the potential at the node ns
con- level.                                           necting the MOSFETs
Qs and Qio is applied to the The control circuit 27 changes the control
sig-  gate terminal of the current controlling MOSFET nals W  and SAC,
respectively, to the high and    Qs. low levels, as indicated at E In Fig.
5, in response   2s  The level detection circuit 31 Is composed of to the
high level of the output of the read circuit 28.  the MOSFET Q1, having Its
source terminal con- As a result, the precharge MOSFET Q, Is       nected
with the node n4, and the P-channel type rendered non-conductive so that
the differential  load MOSFET 012 connected between the drain amplifier Is
rendered inoperative. The threshold  terminal of that MOSFET Q1i and the
supply volt- voltage of the read circuit 26 may be made slightly  30  age
Vcc. The MOSFET Qti has Its gate terminal higher than that of the read
circuit 25a while con-  fed with the potential of the node ns in the feed-
sidering the operation delay of the control circuit  back circuit 32 so
that it is turned on and off like W   27.
the current controlling MOSFET Oa connected with The latch control signal
LTC for controlling the  the data line. The MOSFET Q12 has Its gate termi-
operations of the latch circuit constructed of the   36  nal fed with the
potential of the node n4, to which CMOS clocked inverter 34 Is raised to
the high   the read level of the data line Is output, so that It level on
the basis of the monitor result of the  acts as a variable resistance type
of load element. dummy memory array, as indicated at L in Fig. 5,     The
level detection circuit 31 and the feedback _,.~   and is dropped to the
low level before the control  circuit 32 described above construct together
the signals S   and SAC are returned to the high and   40  so-called "sense
amplifier". In this sense amplifier, low levels, respectively, although the
Invention is  in addition to the MOSFETs Os to Q12 the dis- not especially
limited to that configuration. The  charge MOSFETs Qz and Qts are connected
be- clocked inverter 34 outputs a signal at a level  tween the node n4 and
the ground point and be- corresponding to the previous input signal
irrespec-  tween the node ns and the ground point, respec- tive of the
input signal, if the latch control signal  46  tively. LTC is set at the
high level, and introduces the     One discharge MOSFET Q2 has its gate
termi- input signal at that time if the control signal LTC Is  nal fed with
the initialize clock pulse 0s, which is set at the low level. Therefore,
the output of the  also fed to the control circuit 27, so that It extracts
clocked inverter 34 is changed, as indicated at K in  the charges of the
node n* prior to the start of the Fig. 5, in accordance with the changes in
the   so  operations of the sense amplifier or prior to the control signal
LTC.                               break of the control signals W. The
other dis- Fig. 2 is a circuit diagram showing a sense   charge MOSFET Qi.
has its gate terminal fed with amplifier which can replace the sense
amplifier SA  the control signal SAC output from the control of Fig. 1.
circuit 27 so that it is turned on prior to the opera- In this embodiment,
between fte drain terminal  Gs  tion of the sense amplifier to extract the
charges of (or the node n4) of the controlling transistor Qw and  the node
ns thereby to set the sense amplifier In the supply voltage Vcc, there are
connected in    the Interrupted state. When the control signal WC series
the constant current MOSFET Qi for feeding  Is changed to the low level so
that the sense 10    
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be operated, the MOSFETs Q2  selected to charge up the data line. and Q12
are turned off to exert no Influence upon    Since the MOSFET QOi is also
turned on at the operations of the circuit,                   that time,
the precharge is effected from the side of With the output node of the
level detection  the output node nfl of the sense amplifier by the circuit
31, I.e., a node ng connecting the MOSFETs   s   precharge signal 0p, as
has been described herein- Oil and Q12, the waveform shaping inverter 33 is
before. As a result, the precharge of the data line connected, the output
of the inverter being input to  DL is promptly conducted. the clocked
Inverter 34 acting as the latch circuit.  Moreover, the precharge of the
data line is also Moreover, the output of that clocked inverter 34 is
conducted within the dummy memory array 21, amplified and inverted by a
data output Inverter 35   io  and the control circuit 27 monitors the level
of the until It is output to the data bus 7b.           data line DLd In
that dummy memory array 21 to The Individual inverters 33 to 35 are formed
raise the precharge signal 0p thereby to end the into the CMOS (ie.,
Complementary MOS) type,     precharge when the level monitored exceeds a
although the Invention is not especially limited to  predetermined level.
On the other handi the drive this configuration. The clocked inverter 34 Is
con-  is  signal 0x output from the control circuit 27 in trolled to
conduct the latch operation by the control  synchronism with the rise of
the precharge signal signal LTC coming from the control circuit 27.   0p is
changed to the high level to drive the X- Between the node n6 in the level
detection    decoder 22 so that the level of one word line circuit 31 and
the supply voltage Vcc, moreover,  selected is raised. there are connected
an output level correcting   2o  At the ending instant of the precharge,
more- MOSFET 014 and a precharge MOSFET Qp.            over, the control
signal LTC to be fed to the cloc- These MOSFETs Qu4 and Qp are formed into
the      ked inverter 34 is changed to the high level so that P-channel
type. The precharge MOSFET Qp has      the output of the sense amplifier
starts to be Intro- its gate terminal fed with the precharge signal Op
duced. Since, however, the output of the sense output from the control
circuit 27 so that the node   26  amplifier at the instant when the clocked
inverter nE is first boosted to the supply voltage Vcc by that  34 starts
the latching operation is Initially set at the precharge signal 0p when the
control signal =  is  high level by the precharge, the output of the
changed from the high level to the low level to start  output Inverter 35
Is first at the low level. the operation of the sense amplifier. As a
result,   When the word line start to rise after the end of the read data
outputs Do to D7 are always first set  ao  the precharge in the
aforementioned manner, the at the low level.
threshold voltage is different depending upon The output level correcting
MOSFET Q14 has    whether the FAMOS Qf of the memory call ye- its gate
terminal fed with the output voltage Vcc of  lected is In the write state
or In the erased state so a supply voltage detection circuit 36 which is
made  that a difference arises in the potential of the data operative to
detect the level of the supply voltage  as  line DL (or the node n2). If
the FAMOS Qf selected Vcc to output a voltage according thereto. As a  is
in the write state, the FAMOS Of is turned off at result, the output of the
sense amplifier, i.e., the  the selection level (about 5 V) of the word
line so level detection circuit 31 Is corrected In accordance  that the
potential of the data line DL (or the node with the level of the supply
voltage Vcc, as will be  n2) Is the same as that at the end of the
precharge. described In detail hereinafter.             40  If the FAMOS Of
selected is In the erased state, on Next, the operation of the read circuit
having  the other hand, the FAMOS Of is turned on to drop the construction
thus far described will be ex-  the potential of the data line DL. plained
In the following.                            When the potential of the data
line DL thus When the control signal W    fed from the     changed is
transmitted to the node n4. through the control circuit 27 changes from the
high level to the   45  column switch Qc and the write controlling transis-
low level, the MOSFET Qto is turned on, and the  tor Qw, the MOSFET Qs in
the feedback circuit 32 MOSFET Q13 is turned off so that the operation of
Is turned on more strongly for the higher data line the sense amplifier is
started. More specifically, the  potential. When the MOSFET Qs is turned on
charges flow to the node ns through the MOSFET    strongly, moreover, the
potential of the node n5 is Qo o, which is turned on by the control signal
i,   so  dropped so that the current controlling MOSFET to boost the level
of the node n5. As a result, the  Qs is transferred in the direction of
interruption. MOSFET Oa is turned on so that the current fed       As a
result, if the FAMQS Of selected Is in the from the constant current MOSFET
Qi flows into    write state, the MOSFET Qs is cut off to limit the the
node n4. Till then, moreover, one column     current flowing toward the
data line DL so that the switch Qc corresponding to the addresses As to  5S
potential of the node n4 comes Into a balanced A11 is turned on by the
Y-decoder 23. As a result,  state at a high level. If the FAMOS Of Is in
the the current having flown into the node ni. flows Into  - erased state,
the data line potential becomes lower the data line DL through the column
switch Qc     to turn on the MOSFET Qs weakly, because the    21
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FAMOS Of Is in its conducting state, so that the  memory cell selected is
In the write operation, Is potential of the node na Is raised to turn on
the  cut so that the current consumption of the whole MOSFET Qs
continuously. Then, the constant cur-   memory array during the reading
operation is ac- rent fed from the constant current MOSFET Qi
cordingly reduced. Moreover, according to the em- flows to the ground point
through the MOSFETs   o   bodiment thus far described, the operation period
is, Ow and Qc and the FAMOS Qf and further        of the sense amplifier Is
relatively shortened, when through MOSFETs QN1 and Q01. As a result, the
the internal clock signals Oi and 02 have their potential of the node n4 is
drawn toward the      periods elongated, to provide an advantage that the
FAMOS Qf of lower impedance Into its balanced     effect of the power
consumption reduction Is en- state at the low level.
io  hanced. Thus, the MOSFET Q,  connected with the           Next, the
operation of the MOSFET Q1 4 for node n4 and composing the level detection
circuit  correcting the output level of the sense amplifier 31 is operated
in absolutely the same manner as   will be described further, although it
has been the MOSFET Qs by the potential of the node n5.    briefly
mentioned. As a result,. If the FAMOS Of selected in the write  15  In the
case that the data line level is to be state, the MOSIFET Q1 I is cut off
by the node neat  detected by means of the sense amplifier con- the
relatively high potential so that the potential of  structed of the level
detection circuit 31 and the the output node ns is held at the high level.
If the  feedback circuit 32, as has been described In the FAMOS Qf selected
is in the erased state, the     embodiment, if the memory cell causes an
insuffi- _   potential of the output node nE is dropped by the   20  dent
writing operation so that the threshold voltage potential of the node n4 so
that the waveform     of the FAMOS Of is lower than the selection level
shaping inverter 33 has its output inverted.      (Vcc) of the word line,
then the sense amplifier Thus, at timing that the output of the sense
output (i.e., the potential of the node ns) V90; when amplifier is to be
determined, the control circuit 27  the memory cell in the write state is
read, is for monitoring the read data (i.e., the output of the   25
dropped to a level lower than the logic threshold inverter 35) of the dummy
memory array 21, which  voltage VLT of the inverter 33 of the subsequent is
always Inverted in dependence upon the data    stage in accordance with the
rise in the supply line level, detects the Inversion of the read data at
voltage Voc, as shown In Fig. 8. This may result in the dummy side to
change the latch control signal  data being read out erroneously. LTC from
the high level to the low level. As a   30  In the embodiment, therefore,
the level of the result, the clocked inverter 34 releases the latched
supply voltage Vcc is detected by the supply volt- state of the output of
the sense amplifier (i.e., the  age detection circuit 36, and a control
voltage Vco v  inverter 33) to hold the data latched just before.  having
the characteristics shown in Fig. 7, for ex- In synchronism  with the break
of that latch   ample, is generated in accordance with that level control
signal LTC, moreover, the control signal  35  and Is applied to the gate of
the output level S    output from the control circuit 27 is changed
correcting MOSFET O14. As a result, when the from the low level to the high
level. Then, the   supply voltage Vcc effects the sense amplifier op-
MOSFET Q10 is cut off so that no current flows    eration at the higher
level, the output of the sense _   through the feedback circuit 32, and the
MOSFET   amplifier Is corrected to rise with such a tendency Qi ais turned
on to fix the node ns at the low level  40  as Is indicated by a broken
curve A In Fig. 6. whereas the MOSFET QO, is turned off so that no      The
voltage characteristics shown in Fig. 7 are current flows through the level
detection circuit 31  presented by way of example so that they are to
interrupt the operation of the sense amplifier.  variable In dependence
upon the characteristics, Thus, although the sense amplifier is construct-
sizes and so on of the elements (e.g., the MOS- ed of the CMOS circuit,
according to the embodi-  45  FETs Os to 012) composing the sense
amplifier. In ment, the current caused to flow through the feed-  short,
the control voltage Vco may be so generated back circuit and the level
detection circuit 31 dur-  that the output characteristics shown In Fig. 6
may Ing the circuit operation is limited to the time  be consequently
obtained In relation to the char- period for which the sense amplifier is
operated by  acteristics of the sense amplifier. the control signal W.
Since the operation period   50  If the memory cell is insufficiently
written to so of the sense amplifier, i.e., the period for which the  that
the threshold value is not sufficiently raised, control signal SAC is at
the [ow level is reduced to  the reading time period may be elongated, be-
the minimum required by the control circuit 27, the  cause the memory cell
is slightly turned on by the power consumption of the sense amplifier is
mar-  word line section level in the reading operation to kedly reduced.
5s  make the data line level rise sluggishly. Despite Since the MOSFET Qs
is also turned off when    this fact, however, the embodiment has another
the control signal SM  is raised to the high level,  advantage in that a
satisfactory reading operation the current to flow toward the data line,
when the  can be conducted by promptly raising the data line 12    23
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level through  the  precharge, because  the          The main decoder DEC
Is constructed into the precharge MOSFET Qp Is provided to precharge
CMOS type NAND circuit which Is composed of: a the word line in the
unselected state.            precharge P-channel type MOSFET Op connected
The embodiment thus far described Is con-     between the power supply
terminal Vcc and the structed such that the memory array is divided into
6   output node ni; and four N-channel type MOSFETs the eight blocks for
which the read circuits are  Qdi to Qd4 connected in series between the
output provided respectively, so that the data of 8 bits  node ni and the
ground point of the circuit. may be read out in parallel. The bit structure
of the  The MOSFETs Qdi. Qd2 and Qds of the afore- memory array should not
be limited thereto but can  mentioned ones Qdi to Qd4 have their gate
termi- naturally have 1 bit, 4 bits or 16 bits, for example.   1o  nals fed
with the output signals (As * A7), (As i As) The sense amplifier output
level correcting   and (A2 * As) of the predecoders PD1, PD2 and MOSFET Q14
and the precharge MOSFET Qp of         PDa, respectively. On the other
hand, the MOSFET v~.j    this embodiment can be omitted.
Qd4 has its gate terminal fed with both the output Moreover, the system of
determining the op-   signal of a NAND gate circuit Gi for taking the.
eration interrupting timing of the sense amplifier by  rs  logic AND
between the mode designation signal providing the dummy memory array can be
applied   EPM fed from the mode exchange circuit 9 and the not only to the
EPROM of the single-chip micon    word line drive signal 0x fed from the
control circuit but also to the single device EPROM (e.g., a semi-  27, and
the output signal of a NOR gate circuit G2 conductor memory) or the like.
made receptive to an address signal a, or ai. The The specific example of
the X-decoder 22 In  20  control signal ox Is raised in the micon mode to
the Fig. 4 will be described in detail in a second   high level In
synchronism with the precharge con- embodiment because it is made
substantially the   trol signal op, as will be described with reference to
same  as that of the  second  embodiment.         I In Fig. 10. The control
signal ox is raised to the [Embodiment 2]
high level, too, in the direct EPROM access mode Fig. 9 Is a block diagram
showing an EPROM    26  together with the control signal EPM. The address
according to the second embodiment.              signals a, and ai are
generated by passing the The EPROM in the same figure is constructed,
address A1 through an inverter Go. as Is different from the one in Fig. 4,
such that Its  Moreover, the precharge MOSFET Qp has Its eight memory
bicoks 20a to 20h have their source  gate terminal fed with the output
signal, of a NOR terminals shared thereamong and are coupled to  30  gate
G3 which Is made receptive to the mode one variable Impedance circuit 30
which Is corn-  designation signal EPM and the precharge signal posed of
the enhancement mode MOSFET Q1           op fed from the control circuit
27. As a result, -the and the depletion MOSFET Q12.
main decoder DEC generates the decode signals Moreover, the depletion mode
MOSFET Qwd       of the addresses A, to A7. Is held at the level of the
control signal We although   ss  Moreover, the output signal of that main
de- its gate terminal is held at the supply voltage Vcc.  coder DEC is fed
commonly to a pair of word lines As a result, the conductance of the MOSFET
Qwd    driving buffers BAFF1 and BAFF2 having decoding is changed in
accordance with the level of the   functions. These buffers BAFF1 and BAFF2
are control signal w  like the MOSFETs Qwi to Qwe.    composed of one
P-channel type 021, and two N- Thus, the EPROM In Fig. 9 Is partially
different  40  channel type MOSFETs 022 and 023 connected In from that of
the EPROM in Fig. 4. However, the    parallel between the drain terminal of
that MOSFET operations of the EPROM in Fig. 9 are made sub-   Q21 and the
ground point of the circuit. The MOS- stantially the same as those of the
EPROM In Fig.  FETs 021 and 022 have their gate terminals fed 4. Therefore,
the description of the operations of  with the output signal of the main
decoder DEC. the EPROM in Fig. 9 is omitted.              45  The P-channel
type MOSFET Q21 in the buffers Fig. 8 shows one example of the specific
cir-  BAFF, and BAFF2 has its source terminal coupled cult construction of
the X-decoder 22 in Fig. 9 and  to a signal line 11 and L2 to which an
address a portion of the memory array connected therewith.  signal Ao or
its Inverted signal Ao is fed through Here, although the invention is not
especially  Inverters INV, to INVa. The signal which Is Inverted limited to
this configuration, among the address  50  into an opposite phase with
respect to the signal signals Ao to Ai, fed from the address bus 7a in  fed
to the source terminal of the MOSFET Q21 is Fig. 9, the address signals Ao
to A7 are input to the  applied to the gate terminal of the MOSFET Q2s.
X-decoder 22. The address signals Ag and A7, A4      As a result, when the
output of the main de- and As, and A2 and As are decoded, respectively,
coder DEC Is at the low level, only one of the by predecoders PD1, PD2 and
PD3 constructed of  s6  output signals of the buffers BAFF1 and BAFF2 is
NOR gate circuits for feeding their respective out-  changed from the low
level to the high level in put signals (As * A7), (A4  As) and (Az As) to a
accordance with the address signal Ao so that the main decoder DEC.
corresponding word line is brought into its selection    25
EP 0 183 232 B1                  26 level.
one end terminal side thereof through the MOSFET 



Only the two paired word lines W1 and W2 of   Q2S. the 256 word lines are
shown by way of repre-       Conversely, when the output of the buffer
sentationi but the remaining word lines are con-  BAFF is at the low level,
the depletion mode MOS- nected with similar buffer circuits, respectively.
5   FET 024. is at a voltage of 0 V between Its gate The respective buffers
BAFF1, BAFF2 and so   and source so that it is rendered conductive. As a on
have their output terminals connected with the  result, even if the write
voltage Vpp is fed through corresponding word lines W through respective
de-  the MOSFET Q2s, the potential of the word line is pletion mode MOSFETs
Q24. To the end portion of  forced to the low level by the ground side MOS-
each word line W, moreover, is applied either the   lo  FET (Q22 or Q28)
which Is turned on in the buffer ground potential GND or the write voltage
Vpp    BAFF. Thus, in the EPROM mode, only one word through a
polycrystalline silicon type switch MOS-  line selected by the buffer BAFF
is boosted to the FET Q2si for example, although the Invention is not
write voltage Vpp. especially limited to this configuration.           In
the X-decoder 22 of the present embodi- The polycrystalline silicon type
MOSFET Q2s  lo  ment, in the micon mode In which the mode des- has a pair
of P-type semiconductor regions, which  ignation signal EPM is fixed at the
low level, the are formed to act as source and drain regions by  MOSFET Op
Is turned on to precharge the main selectively introducing an impurity into
a poly-  decoder DEC only when the precharge singal 0p crystalline silicon
layer formed on a semiconductor  fed through the NOR gate Ga Is changed to
the substrate through an insulating film, and an intrinsic  20  high level.
The address signals A, to A7 are de- region interposed to act as a channel
forming re-  coded as a result that the node ni Is discharged or gion
between those paired P-type semiconductor   not In response to the output
signals of the regions. The gate electrode is constructed of a  predecoders
PD1 to PDa and the gate (32 coming conductor layer such as an
Impuritydiffused layer  from the main decoder DEC and In synchronism formed
on the surface of the semiconductor sub-  25  with the rise of the word
line drive signal 0x. strate below the intrinsic region or an aluminum
In the EPROM mode in which the mode des- electrode layer formed on the
intrinsic region   ignation signal EPM Is fixed at the high level, the
through an insulating frim. As a result, the Intrinsic  precharge MOSIFET
Qp Is turned on at all times by region between the paired P-type
semiconductor   the output of the gate O3a so that the node ni is regions
is formed with a channel in accordance  3o  held at the high level. When
all the MOSFETs Qdi with the voltage applied to either a diffusion layer
to Qd4 are turned on by the address signals A1 to acting as the gate
electrode or an aluminum elec-  A7, moreover, the output of the main
decoder DEC trode layer.                                    is changed to
the low level by the ratios of the ON The MOSFETs Q2t and Q2s have their
gate       resistances of the MOSFET Qp to the MOSFETs terminals fed,
respectively, with the write control  as  Qdi to Qd4. In the above case, by
making the signal Wi which in turn is fed from the control  element sizes
of the MOSFETs Qdi to Qd4 larger circuit 27. As a result, when In the micon
mode. for  than that of the precharge MOSFET OpX the node example, the
write control signal we is raised to the  ni can be dropped sufficiently
near the ground high level so that the depletion mode MOSFET 024  potential
when the MOSFES s ad  to Qd4 are is rendered conductive, but the
polycrystalline sili-  40  turned on. In other words, the MOSFET| Op acts
as con type MOSFET Q0s is remained in cut off state.  a load MOS in the
EPROM mode. As a result, the drive of the word lines to the     Thus, the
X-decoder of the present embodi- selection level by the buffers BAFF is
promptly  ment Is dynamically operated in the mlcon mode of conducted.
the main decoder DEC and statically operated in In the EPROM mode, the
write control signal  45  the EPROM mode. As a result the current con- we
is dropped to the low level so that the poly-  sumption in the micon mode
can be made smaller crystalline silicon type MOSFET Q25 is rendered  than
that when the X-decoder is formed into a conductive to feed the write
voltage Vpp to the  completely static type. The timing signal necessary
word line. Moreover, the deletion mode MOSFET    for the dynamic operation
can be easily generated Q24 has its gate terminal fed with the ground   6o
by using the clocks 0i, 02 and so on in the single- potential. If, in this
state, the output of the buffer  chip micon. In the EPROM  mode, there
flows BAFF Is raised to the high level, the gate voltage of  through one
X-decoder a through current which has the MOSFET 024 is made negative with
respect to  a value as low as about 100 LA," for example, but that high
level so that the MOSFET, Q24 is inter-  this current increase creates no
problems because rupted. In response to the cut-off state of the   so  the
power supply of the EPROM writer is required MOSFET Q24, the word line
coupled thereto has Its  to have a sufficient capacity. potential boosted
to the write voltage level in accor-  In the EPROM mode, no clock pulse is
gen- dance with the write voltage Vpp which is fed from  erated inside of
the micon, but the X-decoder 22 14    27               EP 0 183 232 B1
28 conducts its static operation to make It unnec-  es Qci to Qctl, the
output of the Y-decoder 23 for 



essary to provide such a circuit inside as to gen-  decoding the address
signals As to Al I has to be erate the timing signal (e.g., 0p or ox)
necessary  determined before the start of the precharge. For for the
dynamic operation. Since such timing signal  this necessity, the Y-decoder
23 is formed into the need not be generated and fed by the EPROM    5
static type. writer or another external circuit, moreover, the   The
following effects can be attained according EPROM In the micon can be
written by using the   to the present invention: existing EPROM writer.
(1) The sense amplifier is not steadily operated As a result, according to
the present embodl-   but is started, when the word line In the ROM Is
ment, it is possible to reduce the power consump-  10    selected so that
the level of the data line is tion in the micon mode without increasing the
chip  determined, and Is interrupted when Its output is size and to
facilitate the writing operation of the  latched after the data reading
operation. As a EPROM. Since a portion (e.g., the main decoder     result,
an effect can be attained such that the DEC) of the X-decoder is formed
into the dynamic   power consumption can be reduced by the ac- type,
moreover, the number of the elements corm-   5  tion to shorten the
operation period of the sense posing the decoder is reduced together with
the    amplifier without providing any complicated tim- area occupied by
the whole decoder so that the     ing generation circuit such as an address
chip size can be accordingly reduced. Since the    change detection
circuit. number of the elements of the main decoder DEC     (2) The dummy
memory array and its sense is small, the loads upon the predecoders PD, to
20    amplifier are provided in addition to the memory PDo are lightened to
speed up the operations.      array of the built-in ROM, and the dummy data
In the present embodiment, furthermore, the X-  array is stored In advance
with the data which decoder 22 Is constructed of the predecoders PD,
always has Its data line level changed when to PD3, the main decoder DEC,
and the word line    read out, so that the data of the dummy mem- driving
buffer BAFF having the decoding function   26    ory array is read out for
detection. As a result, and Is caused to decode the address in the three
an effect can be attained such that, at the In- stages. Especially in the
main decoder DEC, there-  stant when the data read out from the dummy fore,
the number of the elements of the N-channel  memory array Is determined,
the data read out type MOSFETs connected in series between the       from
the normal memory array Is always deter- output node ni and the ground
point Is decreased   30  mined so that the sense amplifier Interruption and
the main decoder Is made narrower. As a        timing for reducing the
operation period of the result, the respective decoders can be arranged in
sense amplifier to the minimum required can be conformity to the minimum
pitch interval of the    accurately detected. word lines that is determined
In accordance with   (3) The X-decoder for the EPROM Is formed Into the
layout in the memory array. This provides an  s6    the dynamic type so
that It Is dynamically op- advantage that the chip size of the EPROM and
erated in the micon mode by using the timing. further the whole single-chip
micon can be re-     signal coming from the clock inside of the chip.
duced.                                             and statically operated
In the EPROM mode. As In the above embodiment, the X-decoder 22 is    a
result, there can be attained an effect that the divided Into three
components - the predecoder,  40    area occupied by the X-decoder can be
reduced the main decoder and the buffer having the decod-  together with
the chip size by making the num- Ing function, although the invention Is
not limited to  ber of the elements of the X-decoder smaller this
configuration. For example, the buffer circuit  than that if the circuit is
constructed Into the may be constructed either to have no decoding
completely static type. function or to have the main decoder and the buffer
45    (4) Thanks to the reduction In the number of the while omitting the
predecoder.                     elements of the X-decoder, an effect can be
In the above embodiment, moreover, the main     attained such that the
parasitic capacity is re- decoder DEC is composed of the precharge MOS-
duced to reduce the power consumption so that FET Qp and the four series
connected N-channel     fast operation can be realized. type MOSFETs Qd1 to
Qd4, but the number and   5o    (5) The X-decoder for the EPROM is
construct- structure of the MOSFETs need not be limited to    ad into the
dynamic type so that it is dynarn- those of the embodiment.
ically operated in the micon mode by using the The polycrystalline silicon
type MOSFET Q25    timing signal coming from the clock in the chip
connected with the terminal end of the. word line  and statically operated
in the EPROM mode. As may be replaced by a polycrystalline silicon reels-
65  a result, an effect can be attained such that the tor or an ordinary
P-channel type MOSFET.          chip size need not be Increased, but the
existing Since, In the embodiment, the precharge of the  EPROM writer can
be used for the writing op- data lines Is conducted through the column
switch-  eration, because it Is unnecessary to feed a -1-5    29
EP 0 183 2321 S                 .30 suitable timing signal from the
outside, and to     dynamically in response to said periodic timing 



provide a circuit such as the address change        signal when said
electrically programmable detection circuit Inside in the EPROM mode in
read only memory (2) Is accessed by said which the X-decoder is statically
operated even     information processing circuit (1). if it is of the
dynamic type. Although our invention has been specifically   2. A device
according to claim 1, described in connection with the embodiments
wherein said peripheral circuit (21 .. 30h) thereof, It can naturally be
modified in various       includes a read circuit (25) having: a sense
ways. For example, the construction of the sense       amplifier (SA)
receptive to a data signal from amplifier need not be limited to those of
the fore-  io  said memory array (20a ... h); and a latch circuit going
embodiments but can be conceived in var-        (34) receptive to the
output of said sense am- ious modifications. The present invention can pro-
plfier (SA). and .  vide the effects if it is applied to the structure in
wherein said control circuit (27) Is oper- which the through current flows
during the opera-     ative to output a control signal for interrupting
tion of the sense amplifier.                  15      the operation current
of said sense amplifier In the foregoing embodiments, moreover, the
(BA) after the read data has been latched by description has been made upon
a single-chip          said latch circuit (34). micon in which the EPROM is
formed on the chip. However, the present Invention can naturally be    3  A
device according to claim 2, further compris- applied to the single-chip
micon in which the EP-   20  ing: ROM is mounted on a package.
a dummy memory array (21) Including a In the foregoing embodiments,
moreover, the        dummy data line (DLd; and program  ROM is constructed
of an EPROM  in               a read circuit (26) for said dummy memory
which the FAMOS is used as the memory element,        array (21), detecting
the end of the data read- but it may be a programmable memory which Is  25
ing operation by detecting a predetermined composed of a nonvolatile memory
element such          level on said dummy data line (Did) as MNOS (i.e.,
Metal Nitride Oxide Semiconduc-            wherein said control circuit
(27) is respon- tor).                                                 sive
to the output of said read circuit (26) to h  In the foregoing embodiment,
the description       generate a control signal for Interrupting the has
been directed mainly to the case In which our  30  operation of said sense
amplifier (SA). invention is applied to a single-chip micon having a
built-in EPROM providing the background field of   4. An Integrated circuit
device constituting a application. The present invention can be applied
single-chip microcomputer, comprising: not only to the EPROM or ROM
built-in LSI having          a bus (7a, b); the clock therein but also to
semiconductor memo-  3S     a central processing unit (CPU, 1) which is
ries in general.                                      operated by a
periodic timing signal and which is coupled to said bus (7a, 7b); Claims
an electrically programmable read only memory (2) which has address Input
and data 1. A semiconductor integrated circuit device corm-   40
Input/output termimals coupled to said bus (7a, prising:
b) and a memory array (20a...h) and a periph- an Information processing
circuit (1) which    eral circuit (21 ... 30h) to access said memory is
operated by a periodic timing signal;           array (20a ... h) and which
is accessed by either an electrically programmable read only         said
CPU (1) or from outside of said single- memory (2) which has a memory array
(20a..h)  45   chip microcomputer; and a peripheral circuit (21 ... 30h)
and which is    a first external terminal (T1 ...T8, T24...T29) coupled to
said Information processing circuit     coupled to said bus (7a, b) and to
which an (1) and accessed by either said information        address signal
for said electrically program- processing circuit (1) to read out data
stored     mable read only memory (2) Is fed when said therein or accessed
from outside of said semi-  6o  memory is accessed from outside of said
conductor integrated circuit device to write       single-chip
microcomputer; data therein,                                         a
second external terminal (Ti44..T21) characterized by
coupled to said bus (7a, b) and to which data a control circuit (27)
causing said periph-    for said electrically programmable read only oral
circuit (21 ... 30h) to be operated statically  Bo  memory (2) is fed when
said memory is acces- when said electrically programmable read only
sed from outside of said single-chip microcom- memory (2) is accessed from
outside of said        puter; semiconductor integrated circuit device and
a third external terminal (11) to which an 16    29                EP 0 183
232 B1                   30    I I!III! ClllI[I II1 liii 1 R 11 suitable
timing signal from the outside, and to     dynamically In response to said
periodic timing 



provide a circuit such as the address change        signal when said
electrically programmable detection circuit inside in the EPROM mode in
read only memory (2) Is accessed by said which the X-decoder is statically
operated even     information processing circuit (1). if it is of the
dynamic type.               5 Although our invention has been specifically
2  A device according to claim 1, described in connection with the
embodiments              wherein said peripheral circuit (21 30h) thereof,
it can naturally be modified in various       Includes a read circuit (25)
having: a sense ways. For example, the construction of the sense
amplifier (SA) receptive to a data signal from amplifier need not be
limited to those of the fore-  10  said memory array (20a ... h); and a
latch circuit going embodiments but can be conceived in var-        (34)
receptive to the output of said sense am- ious modifications. The present
invention can pro-     plifier (SA), and vide the effects if it is applied
to the structure in     wherein said control circuit (27) is oper- which
the through current flows during the opera-     alive to output a control
signal for Interrupting tion of the sense amplifier.                  i5
the operation current of said sense amplifier In the foregoing embodiments,
moreover, the        (SA) after the read data has been latched by
description has been made upon a single-chip          said latch circuit
(34). micon In which the EPROM is formed on the chip. However, the present
invention can naturally be    3  A device according to claim 2, further
compris- ;applled to the single-chip micon In which the EP-  20  Ing: ROM
is mounted on a package.                              a dummy memory array
(21) Including a In the foregoing embodiments, moreover, the        dummy
data line (DLd); and program  ROM is constructed of an EPROM  in
a read circuit (26) for said dummy memory which the FAMOS is used as the
memory element,        array (21), detecting the end of the data read- but
it may be a programmable memory which Is  25      ing operation by
detecting a predetermined composed of a nonvolatile memory element such
level on said dummy data line (DLd) as MNOS (i.e., Metal Nitride Oxide
Semiconduc-            wherein said control circuit (27) Is respon- tor).
sive to the output of said read circuit (26) to In the foregoing
embodiment, the description       generate a control signal for
interrupting the has been directed mainly to the case In which our  3o
operation of said sense amplifier (SA). invention is applied to a
single-chip micon having a built-in EPROM providing the background field of
4. An Integrated circuit device constituting a application. The present
invention can be applied     single-chip microcomputer, comprising: not
only to the EPROM or ROM built-in LSI having          a bus (7a, b); the
clock therein but also to semiconductor memo-  35     a central processing
unit (CPU, 1) which Is ries in general.
operated by a-periodic timing signal and which Is coupled to said bus (pa,
7b); Claims                                                    an
electrically programmable read only memory (2) which has address input and
data 1. A semiconductor integrated circuit device com-   40  Input/output
termimals coupled to said bus (7a, prising:
b) and a memory array (20a ...h) and a periph- an information processing
circuit (1) which    eral circuit (21 ...30h) to access said memory Is
operated by a periodic timing signal;           array (20a...h) and which
is accessed by either an electrically programmable read only         said
CPU (1) or from outside of said single- memory (2) which has a memory array
(20a..h)   4s  chip microcomputer; and a peripheral circuit (21 ... 30h)
and which Is    a first external terminal (Ti ...T8, T24 ... T29) coupled
to said information processing circuit     coupled to said bus (7a, b) and
to which an (1) and accessed by either said information        address
signal for said electrically program- processing circuit (1) to read out
data stored     mable read only memory (2) is fed when said therein or
accessed from outside of said semi-  so  memory is accessed from  outside
of said conductor integrated circuit device to write       single-chip
microcomputer; data therein,                                         a
second external terminal (T1 4...T21) characterized by
coupled to said bus (7a, b) and to which data a control circuit (27)
causing said periph-    for said electrically programmable read only oral
circuit (21 ... 30h) to be operated statically  55  memory (2) is fed when
said memory is acces- when said electrically programmable read only
sed from outside of said single-chip microcom- memory (2) is accessed from
outside of said        puter; semiconductor integrated circuit device and
a third external terminal (11) to which an 16    *  C   L   M   S   *
31                 EP 0 183 232 B1                    32 indication signal
indicating whether said elec-    terminal of said power supply for being 



trically programmable read only memory (2) Is      switched  by  respective
address  signals accssed by said CPU or from outside of said        (AN
..A7). single-chip microcomputer is fed; discriminator means (9) for
discriminating   6   9. A device according to any one of claims 1 to on the
basis of said indication signal whether     8, wherein said electrically
programmable read or not said electrically programmable read only    only
memory (2, 20a...30h) is accessed from memory (2) Is accessed from outside
of said        outside of said semiconductor Integrated cir- single-chip
microcomputer;                         cuit device by an external write
unit supplying characterized by                       10      the data to
be written into said memory. control means (27) coupled to said periph-
eral circuit (21 ...30h) and responsive to an out-  10. A device according
to any one of claims 1 to put signal (EPM) of said discriminator means
9, wherein said write unit provides supply vol- (9) for causing said
peripheral circuit to be      tages to said electrically programmable read
operated statically when said electrically prog-  16  only memory (2).
rammable read only memory (2) is accessed from outside of said single-chip
microcomputer  Revendlcatlons and dynamically in response to said periodic
timing signal when said electrically program-   1. Dispositif de circuit
Integrd a semiconducteurs mable read only memory (2) is accessed by   20
comportant said CPU (1).                                          un
circuit de traltement d'lnformation (1) qul est actionnd par un signal de
synchronisa- 6. A device according to claim 4, wherein said        tion
prariodique; bus includes a data bus (7b) for transmitting          une
memoire figde programmable 6lectri data and an address bus (7a) for
transmitting   25  quement (2) qul possbde un reseau de memol- an address
signal.                                 re (20a ... h) et un circuit
p6rlphdrique (21 ... 30h) et qui est couple audit circuit de traitement 6.
A device according to claim 4 or 5, wherein         d'lnformation (1) et
acceddesoft par iedit cir- said CPU (1) comprises clock generator means
cuit de traltement d'information (1) afin de lire for providing said
periodic timing signal to said  9o  des donnees memorisdes I I'lnterleur,
solt ac- electrically programmable read only memory         c6d~e de
l'exterieur dudit dispositif de circuit (2) so that said memory is
synchronously op-       Integr6 a semiconducteurs pour y dcrire des erated
with said CPU (1) when accessed by          donn~es, the CPU (1), and
wherein said clock generator      caracteris6 par means does not provide
said periodic timing   35       un circuit de commande (27) provoquant
signal to said memory when it is accessed          statiquement le
fonctionnement dudit circuit- from outside of said single-chip microproces-
peripherique (21 ...30h) lorsque ladite memolre. sor.
flgee programmable 6lectriquement (2) est ac- cedee depuls l'ext1rieur
dudit dispositif de cir- 7. A device according to any one of claims I to
40    cult integr6 a semiconducteurs et dynamique- 6,
ment en reponse audit signal de synchronisa- wherein said memory array (20a
... h) in-      tion peiiodique lorsque ladite memolre. flgde cludes a
plurality of erasably programmable        programmable 6lectriquement (2)
est acced~e semiconductor nonvolatile memory elements          par ledit
circuit de traitement d'lnformation (1). (MC).
46 2. Dispositif salon la revendlcation 1i dans loquel 8. A device
according to any one of claims 1 to       ledit circuit periph6rdque (21
...30h) comprend 7,                                                 un
circuit de lecture (25) poss~dant un amplifi- wherein said peripheral
circuit (21 ...30h)     cateur de lecture (SA) sensible & un signal de
comprises an address decoder (22) including:  50   donn~es provenant dudit
reseau de memolre a first MOSFET (Qp) connected between one          (20a
...h); at un circuit bascule (34) sensible au of the terminals of a power
supply (Vcc) and       signal de sortie dudit amplificateur de lecture an
output node (ni) for feeding said output        (SA), et node with either a
charge for the dynamic              dans lequel ledit circuit de commande
(27) operation mode or an operation current for the  56  fonctionne pour
ddlivrer un signal de comman- static operation mode; and a plurality of
sec-     de afin d'interrompre le courant de fonctionne- ond MOSFETs (WdI
... Qd4) connected in series      ment dudit amplificateur de lecture (SA)
aprbs between said output node (nl) and the other        que les donndes de
lecture alent 6t6 verroull- 17    33                EP 0 183 232 B1
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lees par ledit circuit bascule (34).                 caractdrise par des
moyens de commande (27) coupils 3. Dispositif solon la revendication 2,
comportant    audit circuit peripherique (21 ...30h) et sensi- en outre:
bles & un signal de sortie (EPM) desdits un reseau de memoire fictif (21)
compre-   6  moyens discriminateurs (9) pour provoquer le nant une ligne de
transmission de donnees        fonctlonnement statique dudit circuit
perlph6rl- fictive (DLd); et                                 quo lorsque
ladite memolre figee 6lectrique- un circuit de lecture (26) pour ledit
reseau  ment programmable (2) eat acced6e do l'exte- de memoire fictif
(21), d~tectant la fin de l'op4-  riour dudit microcalculateur A une soule
puce ration de lecture de donnees en detectant un   10  et dynamiquement on
reponse audit signal de niveau predetermine sur ladite ligne de tran-
synchronisation periodique lorsque ladite me- emission de donn6es fictive
(Did)                 moire fig6e electriquement programmable (2) dans
lequel ledit circuit de commando (27)    eat accedee par ladite CPU (1).
est sensible au signal de sortie dudit circuit de lecture (26) pour generer
un signal do corn-  16  6. Dispositif selon la revendication 4, dans lquel
mande afin d'interrompre le fonctionnement        ledit bus comprend un bus
de donnees (7b) dudit amplificateur de lecture (SA).              afin de
transmettre des donn6es et un bus d'adresse (7a) pour transmettre un signal
4. Dispositif de circuit integr6 constituant un mi-   d'adresse.
crocalculateur a une souls puce, comportant:    20 un bus (7a,b);
6. Dispositlf solon la revendication 4 ou 5, dans une unite de traitement
centrals (GPU,1)      loquel ladite CPU (1) comprend des moyens qui est
actionnee par un signal de synchroni-     de generation d-horloge pour
delivrer ledit si- sation perlodique et qui est coupl~e audit bus    gnal
do synchronisation pdriodique A ladite (7a,7b);
26      memoire figee electriquement programmable une memoire fig~e
6lectriquement pro-         (2) de sorte quo ladite memolre est actionnee
grammable (2) qui possede des bomes d'en-         de fagon synchrone avec
ladite CPU (1) lors- tree d'adresse et des bomes dentr6elsortle de
qu'elle est accedee par la CPU (1), et dans donnees couplees audit bus
(7a,b) et un re-      lequel lesdits moyens de generatlon d'horloge seau de
memoire (20a ... h) et un circuit per-   30  ne dsllvrent pas ledit signal
de synchronisation pherique (21... 30h) pour acceder ledit reseau
periodique & ladite memoire lorsqu'elie est ac- de memoire (20a ...h) et
qui est accedee,soit     cddee de lextsrieur dudit microcalculateur a 9>
par ladite CPU (1), solt de lexterieur dudit      une souls puce.
microcalculateur a une soule puce; uns    premibre   borne   exterdeure  3s
7. Dispositif selon l'une quelconque des revendi- (Ti ...T8,T24-T29)
couplee audit bus (7a,b) et    cations 1 A 6, dans lequel ledit reseau de &
laquelle un signal d'adresse pour ladite me-   mrmoire (20a ... h) comprend
une plurallte moire fig6e electriquement programmable (2)       d'slments
de m4moire non volatIles a seml- est appliqu6 lorsque ladite m6moire est
acc6-     conducteurs programmables de fagon eflaga- dse de lexterieur
dudit microcalculateur a une   40  ble (MC). soule puce; une seconds borne
extdrieure (T14 ... T21)  &  Dispositif solon i'une quelconque des
revendil- couplee audit bus (7a,b) et a laquelle des        cations 1 & 7,
dans lequel ledit circuit periphe- donnees pour ladite memoire flgee
dlectrique-     rique  (21... 30h) comporte  un decodeur ment programmable
(2) sont delivrees lorsque   45  d'adresse (22) comprenant un premier MOS-
ladite m6moire est accedde depuls l'exterieur     FET (Qp) monte entre
I'une des bornes d'une dudit microcalculateur a une seule puce;
alimentatlon (Vcr) et un nosud de sortie (n,) une troisibme borne
axterieure (11) a la-     pour alimenter Wedit noeud de sortie, soft par
quelle un signal dOindication indiquant si ladite  une charge pour un mode
de fonctionnement me moire fig~e 6lectriquenent programmable  so
dynamique, soit par un courant de fonctione- (2) est acc~d6e par ladite CPU
ou do l'exte-      ment pour le mode de fonctionnoment stati- rour dudit
microcalculateur a une soule puce      quo; et une plurallte de seconds
MOSFET est appliqu6;                                     (Qdl ....Qd4)
montes en s6rle entre ledit nosud des moyens discriminateurs (9) pour dis-
de sortie (nl) et Ilautre borne de Jadite aiimen- criminer en fonctlon
dudit signal dindication sI  .s  tation pour Stre commut6s par les signaux
oul ou non ladite m6moire fig6o 6lectriquement    d'adresse respectiFs (Ai
..A7). programmable (2) eat acc6d~e de l'ext~niour dudit microcalculateur a
une souls puce;      9  Dispositif solon rune quelconque des revendi- 18
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cations 1 a 8, dans lequel ladite memolre fRgee        einer Leseschaltung
(26) fir das Milf-, programmable 6iectriquement (2,20a ... 30h) est
Speicherfeld (21), die durch Feststeilen eines acc6dee de lext6rieur dudit
dispositif de cir-    vorbestimmten Pegels auf der Hllfs-Datenlei- cult
lntegr6 a semiconducteurs par une unit4       tung (DLid) das Ende der
Datenleseoperation d'ecriture extefieure delivrant les donnees de-   5
feststeiit, vant 8tre ecrites dans ladite memolre.                 wobel
die Steuerschaltung in der Lage ist, in Antwort auf das Ausgangssignal der
Lese- 10. Dispositif selon l'une quelconque des revendi-     schaltung (26)
ein Steuersignal zum Unterbre- cations 1 & 9, dans lequel ladite unite
d'dcritu-  chen des Betriebs des Leseverstarkers (SA) zu re d6livre des
tensions d'alimentation a ladite  7o  erzeugen. memoire figde
electriquement programmable (2).
4. Integrierte Schaltung, die einen Einchip-Mlkro-. computer bildet,
umfassend: PatentansprUche                                           einen
Bus (7a, b); 15         eine zentrale Verarbeitungeeinheit (CPU, 1.
Integrierte Halbleiterschaltung mit:                1), die von elnem
periodischen Zelteignal ge- elner von einem  periodischen Zeitsignal
steuert wird und an den Bus (7a, 7b) gekoppelt gesteuerten
Informationsverarbeitungs-Schal-      ist; tung (1);
oenen elektrisch programmierbaren Nur- elnem  mit aeiner peripheren
Schaltung   20     Lese-Spelcher (2), der mit an den Bus (7a, b) _f.'
(21 ...30h) und einem Speicherfeld (20a..h) ver-    gekoppelten
Adresseneingangs-    und sehenen  elektrisch  programmierbaren  Nur-
Dateneingangs/Ausgangs-AnschlOssen, mit el- Lese-Speicher (2), der mit der
Informationsver-    nem Speicherfeld (20a ... h) und elner periphe-
arbeitungsSchaltung (1) verbunden ist und auf      ren Schaltung (21
...30h) zum Zugriff auf das den        entweder       von        der  2s
Speicherfeld (20a...h) versehen Ist und auf den
Informationsverarbeitungs-Schaltung  (1) zum       entweder von der CPU (1)
odor von aulerhalb Auslesen darin gespelcherter Daten oder von        des
Einchip-Mlkrocomputers zugogriffen wird; auBerhalb der integrierten
Halbleiterschaitung         enen an den Bus (7a, b) gekoppelten er- zum
Elnschreiben von Daten zugegriffen wird,       ston AuBenanschluss (T1 ...
T8, T24 ... T29), an gekennzeichnet durch                   30       den
ein Adressensignal fUr den elektrisch pro- eine Steuerschaltung (27), die
bewirkt, daO     grammierbaren Nur-Lese-Spelcher (2) angelegt die periphere
Schaltung (21 ... 30h) statisch ar-  wird, wenn auf den Speicher von
aulerhalb beitet, wenn auf den elektrisch programmierba-     des
Einchip-Mikrocomputers zugegriffen wird; ren Nur-Lese-Speichern (2) von
aulerhalb der           olnen an don Bus (7a, b) gekoppelten integrierten
Halbleiterschaltung  zugegriffen   35  zwelten Aulenanschluss (Ti4 ...T21),
an den wird, und dynamisch in Antwort auf das perlo-      Daten far den
elektrisch programmierbaren dische Zeitsignal, wenn auf don elektrisch pro-
Nur-Lese-Spelcher (2) angelegt werden, wenn grammierbaren Nur-Lese-Speicher
(2) von der        auf den Speicher von auflerhalb des Einchip-
Informationsverarbeltungs-Schaltung (1) zuge-      Mikrocomputers
zugegriffen wird; griffen wird.                              40
elnen dritten AulienanschluO (11), an den ein Signal angelegt wird, dal
angibt, ob auf 2. Schaltung nach Anspruch 1,                          den
elektrisch programmierbaren Nur-Lese- wobei die periphere Schaltung (21
...30h)       Speicher (2) von der CPU oder von aulerhalb eine
Lese-Schaltung (25) umfalt, mit: einem        des Einchip-Mikrocomputers
zugegriffen wird; auf ein Datensignal des Speicherfelds (20a ... h)  4s
eine Unterscheidungseinrichtung (9) zur ansprechenden Leseverstlrker (SA);
und elner       Unterscheidung auf der Grundlage des go- auf das
Ausgangssignal des Leseverstirkers         nannten angebenden Signals, ob
auf den elek- (SA) ansprechenden Halteschaltung (34), und        trisch
programmierbaren Nur-Lese-Speicher (2) wobel die Steuerschaltung (27) in
der Lage      von aulerhalb des Einchip-Mikrocomputers zu- 1st, die Ausgabe
sines Steuerslgnals zur Unter-  5o  gegriffen wird odor nicht; brechung des
Betriebsstroms der Leseverstar-           gekennzeichnet durch ker (SA),
nachdem die Lesedaten von der Hal-  ehne an die periphere Schaltung (21
...30h) teschaltung (34) gehalten werden, zu bewirken.     gekoppelte
Steuereinrichtung (27), die auf ein Ausgangssignal (EPM) der
Unterscheldungs- 3. Schaltung nach Anspruch 2, weiterhin umfas-  55
einrichtung (9) anspricht, urn zu bewirken, daB send:
die periphere Schaltung statisch arbeltet, wenn ein Hilfs-Speicherfeld (21)
mit elner Hilfs-    aUF den elektrisch programrnmierbaren Nur- Datenleitung
(DLd); und                            Lese-Speicher (2) von aulerhalb des
Ehnchip-    37                EP 0 183 232 B1                    38  /   1
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misch, in Antwort auf das periodische Zeitsi- gnal, wenn auf den elektrisch
programmierba- ren Nur-Lese-Spelcher (2) von der CPU (1) zugogriffen wird.
5 5. Schaltung nach Anspruch 4, wobel der Bus elnen Datenbus (7b) zur
DatenUbertragung und einen Adressenbus (7a) zur Obertragung eines
Adressensignals urnfalt.                  10 6. Schaltung nach Anspruch 4
oder 5, wobei die CPU (1) eine Taktgeneratoreinrichtung zur Ver- sorgurng
des elektrisch programmierbaren Nur- Lese-Spelchers (2) mit dem
periodischen Zeit-  15. signal umfalt, so daBl der genannte Speicher
synchron mit der CPU (1) arbeitet, wenn die CPU (1) auf ihn zugreift, und
wobei die Taktge- neratorelnrichtung den Speicher nicht mit dem
periodischen Zeitsignal versorgt, wenn auf ihn   20 von auferhalb des
Einchip-Mikrocomputers zu- gegriffen wird. 7. Schaltung nach einem der
Ansprfche 1 bis 6, wobei das Speicherfeld (20a...h) eine Vieizahl  25 von
loschbar programmierbaren, nicht-filichtl- gen Halbleiter-Speicherelementen
(MC) um- fact. 8. Schaltung nach einem der Ansprache 1 bis 7,  30 wobei die
periphere Schaltung (21 ...30h) olnen Adressendekoder (22) aufweist, der
umlfait ei- nen ersten zwlschen einem der AnschlUsse elner
Energieversorgung (Vcc) und elnem Aus- gangsknoten (n1) eingeschalteten
ersten MOS-  35 FET (Qp) zurn speisen des Ausgangsknotens mit entweder
einer Ladung fOr den dynami- schen Betriebszustand oder elnem Betriebs-
strom far den statischen Betriebszustand; und elner Visizahl von in Serle
zwlschen dem Aus-  40 gangsknoten (nl) und dem anderen AnschluO der
Energleversorgung geschalteten zwelten MOSFETs (Qdl ...Qd4), um von den
entspre- chenden Adressensignalen (Al...A7) geschaltet zu werden.
45 9. Schaltung nach einem der Ansprflche 1 bis 8, wobel auF den elektrisch
programmierbaren Nur-Lese-Speicher (2, 20a... 30h) von auler- halb der
Integrierten Halbleiterschaltung durch   50 elne externe Schrelbeinheit
zugegriffen wird, die die In den Speicher zu schrelbenden Daten liefert 10.
Schaltung nach elnem der AnsprUche 1 bIs 9,  55 wobel die Schreibeinheit
Spannungen an den elektrisch programmierbaren Nur-Lese-Spal- cher (2)
liefert. 20    


