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[57] ABSTRACT

A semiconductor memory device includes a plurality of
memory cell blocks corresponding to output terminals,
and a redundancy memory cell block for replacing a
faulty memory cell block among the memory cell
blocks, the redundancy memory cell block having a first
specific area for storing a first predetermined data of
electronic signatures. Each of the memory cell blocks
having a second specific area for storing a second pre-
determined data equal to a divided one of the first pre-
determined data in a one to one correspondence. The
semiconductor memory device further includes a cir-
cuit for selectively reading, when one of the memory
cell blocks is replaced by the redundancy memory cell
block, a divided one of the first predetermined data
corresponding to the second predetermined data stored
inthe memory cell block to be replaced by the redun-
dancy memory cell block. The second predetermined
data can be correctly read out even when a faulty mem-
ory cell block is replaced with the redundancy memory
cell block.

11 Claims, 14 Drawing Figures
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1
SEMICONDUCTOR MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a programmable read
only semiconductor memory device (PROM), and
more particularly, to a reading circuit for reading an
electronic signature which is a type of read only mem-
ory (ROM) data relating to an attribute of the PROM.

2. Description of the Prior Art

Recently, the JEDEC (Joint Electron Device Engi-
neering Council), which is a subordinate facility of the
U.S. Electronic Industrial Association (EIA), proposed
the use of so-called electronic signatures. That is, by
previously writing the electronic signatures as one kind
of ROM data such as manufacturers’ codes or program-
ming algorithm numbers into an erasable and program-
mable read only semiconductor memory device
(EPROM), during its manufacture, these data can be
read by applying a specific signal to a specific terminal
of the EPROM. The contents of the data construction
of the electronic signatures such as the manufacturers’
codes are described later in more detail with reference
to FIGS. 4 and §.

Generally, in an EPROM, in order to improve the
production yield of chips, a redundancy structure is
employed so that a redundant circuit can replace a
faulty circuit. Such redundancy techniques are dis-
closed in, for example, ISSCC 81/Wednesday, Feb. 18,
1981/BALL ROOMS A-B/3:15 P.M,, pp 80-81, and
ISSCC 82/Thursday, Feb. 11, 1982/CONTINENTAL
BALL ROOMS 1-4/10:45 AM,, pp 112-113.

In an EPROM having a redundancy structure, it is
necessary to correctly read out the contents of the data
of the electronic signature corresponding to the re-
placed circuit portion when the redundancy circuit is
used.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
semiconductor memory device having a redundancy
structure, from which an electronic signature can coz-
rectly be read out whenever a redundancy circuit is
replaced by any circuit portion in the semiconductor
memory device.

To attain the above object, there is provided, accord-
ing to the present invention, a semiconductor memory
device including a plurality of output terminals for
outputting a plurality of output bit data, respectively, a
plurality of memory cell blocks corresponding to the
output terminals, and a redundancy memory cell block
able to replace a faulty memory cell block among the
memory cell blocks. The redundancy memory cell
block has a first specific area for storing a first predeter-
mined data having a plurality of bits. Each of the mem-
ory cell blocks has a second specific area for storing a
second predetermined data. The second predetermined
data is equal to a divided one of the first predetermined
data in a one to one correspondence. The semiconduc-
tor memory device further includes a means for selec-
tively reading, when one of the memory cell blocks is
replaced by the redundancy memory cell block, a di-
vided one of the first predetermined data corresponding
to the second predetermined data stored in the memory
cell block to be replaced by the redundancy memory
cell block.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The above object and the features of the present
invention will become more apparent from the follow-
ing description of the preferred embodiments with ref-
erence to the accompanying drawings, wherein:

FIG. 1 is a block circuit diagram of a general con-
struction of an EPROM according to an embodiment of
the present invention;

FIG. 2 is a circuit diagram of a memory cell block, a
redundancy memory cell block, and switching circuits
in the EPROM shown in FIG. 1;

FIG. 3 is a block circuit diagram of the EPROM
shown in FIG. 2, having electronic signature data;

FIG. 4 is a table of a format of the electronic signa-
tures proposed by JEDEC;

FIG. 5 is a table of various examples of the manufac-
turers’ codes;

FIG. 6 is a table of the relationship between address
signals and selected sub-blocks;

FIGS. 7A and 7B are a circuit diagram of an address
signal generating circuit in the EPROM shown in FIG.
2 in more detail;

FIG. 8 is a circuit diagram illustrating a signal detect-
ing circuit in the EPROM shown in FIG. 2 in more
detail;

FIG. 9 is a circuit diagram of a control signal generat-
ing circuit in the EPROM shown in FIG. 2 in more
detail; .

FIG. 10 is a circuit diagram of a circuit for generating
a fuse-blowing signal;

FIG. 11 is a circuit diagram of a circuit for generating
a fuse-blowing signal corresponding to the redundancy
memory cell block;

FIG. 12 is a block circuit diagram of an EPROM
according to another embodiment of the present inven-
tion; and

FIG. 13 is a circuit diagram of one memory cell block
in the EPROM shown in FIG. 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described with reference to the drawings.

FIG. 1 is a circuit diagram of a general construction
8-bit output EPROM having a redundancy memory cell
block, according to an embodiment of the present in-
vention. In the EPROM shown in FIG. 1, among mem-
ory cell blocks 11 through 19, the memory cell blocks
11 through 18 corresponding to 8 bits of output termi-
nals Q1 through Q8 are connected through switching
circuits 21 through 28 to output buffers 31 through 38,
respectively. The memory cell block 19 is a redundancy
memory cell block which is connected through a
switching circuit 29 to the switching circuits 21 through
28, so as to replace a faulty memory cell block corre-
sponding to one of the output terminals Q1 through Q8.
The switching of each of the switching circuits 21
through 29 is controlled by a control signal BRi, where
i=1,2,...,or?9, from control signal generating circuits
41 through 49. In each of the control signal generating
circuits 41 through 49, a control signal BRi is output in
response to a conductive or nonconductive state of a
fuse provided therein (not shown in FIG. 1 but de-
scribed in detail later with reference to FIG. 9.) In order
to replace one faulty memory cell block among the
memory cell blocks 11 through 18 with the redundancy
memory cell block 19, a fuse in the corresponding con-
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trol signal generating circuit is blown by one of the
fuse-blowing signals FC1 through FC8 corresponding
to the memory cell block to be replaced. Also, the fuse
in the control signal generating circuit 49 is blown by a
fuse-blowing signal FC9 corresponding to the redun-
dancy memory cell block 19. The fuse-blowing signals
FC1 through FC8 are generated in response to a replac-
ing signal RW and replaced block selecting signals ap-
plied to the output terminals Q1 through Q8, respec-
tively.

The memory cell blocks 11 through 19 have specific
areas 11a, 124, 13q, . . ., and 19a, respectively, for stor-
ing electronic signatures also referred to as silicon sig-
natures. These specific areas include read only memo-
ries. The remaining areas 115, 125, . . . , and 195 of the
memory cell blocks 11 through 19, respectively, are
programmable and erasable read only memory cells.

By replacing one faulty memory cell block with the
redundancy memory cell block 19, the correct elec-
tronic signature with respect to the fanlty memory cell
block can be read out from the specific area 19z in the
redundancy memory cell block 19, as later described in
detail.

In FIG. 2, the construction of the memory cell block
11, the redundancy memory cell block 19, and the
switching circuits 21 and 29 in the EPROM shown in
FIG. 1 are illustrated in more detail. In the memory cell
block 11, a plurality of word lines WL and a plurality of
bit lines BL are provided orthogonally. At each inter-
section of a word line WL and a bit line BL, an erasable
and programmable read only memory cell MC is pro-
vided. In the specific area 11a, there is provided a vir-
tual word line VWL extending in parallel to the word
lines. At the intersection of the virtual word line VWL
and each of the bit lines BL, a read-only memory cell
RC is connected. The read-only memory cells RC are
adapted to store data of the electronic signatures by
connecting or not connecting them to respective bit
lines BL. An example of the electronic signatures will
be described later with reference to FIGS. 4 and 5. The
virtual word line VWL is connecied to a signal detect-
ing circuit 5 which detects a virtual word line selecting
signal applied to an address input terminal Ag and then
drives the virtual word line VWL for reading the elec-
tronic signatures from the read only memory cells RC.
Each word line WL is connected to a row decoder
circuit 6. When the signal on the virtual word line
VWL becomes “H”, a row decoder 6 is controlled by
the signal so that all the word lines become “L”.

The memory cell block 11 is divided into eight sub-
blocks 11-0, 11-1, . . ., and 11-7 each including sixteen
bit lines BL. All of the sixteen bit lines BL in the first
sub-block 11-0 are connected through bit-line selecting
transistors Tz0,Tay, - - - , and Tq15, respectively, through
a sub-block-selecting transistor Ty, and through a
memory-cell block selecting transistor T, in the switch-
ing circuit 21, to the output buffer 31. Similarly, all of
the sixteen bit lines in each of the other sub-blocks 11-1,
11-2, . . ., and 11-7 are connected through similar bit-
line selecting transistors (not shown), a similar sub-
block selecting transistor (not shown), and through the
memory-cell block selecting transistor T,y in the switch-
ing circuit 21, to the same output buffer 31.

The switching circuit 21 further includes an inverter
IV1 having an input for receiving the control signal
BR1 from the control signal generating circuit 41, and
having an output connected to the gate of the transistor
Tc1. The switching circuit 21 still further includes a
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4

redundancy-block selecting transistor T¢; having a gate
connected to the input of the inverter IV1. The sources
of the transistors T¢1 and T, are connected to the out-
put buffer 31.

Each of the other memory cell blocks 12, 13, ..., and
19 has the same circuit configuration as that of the mem-
ory cell block 11.

Each of the switching circuits 22, 23, . . ., and 28
corresponding to the memory cell blocks 12, 13, . . .,
and 18, respectively has the same circuit configuration
as that of the switching circuit 21. However, the switch-
ing circuit corresponding to the redundancy memory
cell block 19 has a single switching transistor T3 having
a gate electrode adapted to receive the control signal
BRY. The sources of the sub-block selecting transistors
Tso, Th, . - . , and Tp7 in the redundancy memory cell
block 19 are commonly connected through the switch-
ing transistor T3 to the drains of the redundancy block
selecting transistors T¢ in all of the switching circuits
21 through 28.

In each of the sub-blocks in all of the memory cell
blocks 11 through 19, the gate electrodes of the bit-line
selecting transistors Tgo, Ta1, . . . , and T,15 are adapted
to receive bit-line selecting signals B0, B1, . . ., and B15,
respectively. The bit-line selecting signals B0, B1, . . .,
and B15 are supplied from a first column decoder cir-
cuit 7 which decodes low-order column address input
signals A0, A1, A2, and A3 so as to render one of the
bit-line selecting signals BO, B1, . . ., and B15 to a high
potential level “H”.

In each of the memory cell blocks 11 through 19, the
gate electrodes of the sub-block selecting transistors
Tro, Tai, - - -, and Tpy are adapted to receive sub-block
selecting signals C0, C1, . . ., and C7, respectively. The
sub-block selecting signals C0, C1, . . . , and C7 are
supplied from a second column decoder circuit 8 which
decodes high-order column address signals a4, a5, and
a6 so as to render one of the sub-block selecting signals
C0, C1, . . ., and C7 to the high potential level “H”.
Thus, by specifying the column address signals Ao
through A3 and a4 through a6, one of the eight sub-
blocks in each memory-cell block is selected, and one of
the sixteen bit lines BL in each of the selected sub-
blocks is selected.

The virtual word line VWL is also connected to the
row decoder circuit 6 and to an address signal generat-
ing circuit 9. When the virtual word line VWL is se-
lected, a reference voltage VRR is applied to the row
decoder circuit 6 to inhibit its operation, and to the
address signal generating circuit 9 to generate a fixed set
of address signals a4, a5, and a6 in response to the con-
trol signals BR1 throgh BR9Y.

In this embodiment, all of the read only memory cells
RC in one memory cell block, except for the redun-
dancy memory cell block 19, store the same data, as
illustrated in FIG. 3. That is, in FIG. 3, the same refer-
ence symbols used in FIGS. 1 and 2 represent the same
parts. Reference symbols D1, D2, ..., and D8 represent
the data of the electronic signatures stored in the mem-
ory cell blocks 11 through 19 shown in FIG. 2. Refer-
ence symbols M11, M12, . . ., M18, M21, M22, .. .,
M28, ..., M91, M92, . . ., and M98 represent data
stored in the memory cells MC of the respective sub-
blocks 11-0, 11-1, ..., 11-7,12-0, ..., 12-7,19-0, . . .,
and 19-7 shown in FIG. 2. As shown in FIG. 3, all of the
sub-blocks in the memory cell block 11 store the same
data D1. Also, all of the sub-blocks in the memory cell
block 12 store the same data D2. Similarly, all of the
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sub-blocks in each of the memory cell blocks 13
through 18 store the same data D3, D4, . . . , or DS,
respectively. On the contrary, in the redundancy mem-
ory cell block 19, the sub-blocks 19-0, 19-1, . . . , and
19-7, respectively, store the data D1, D2, ..., and D8
corresponding to the data stored in the memory ceil
blocks 11 through 18, respectively.

Operation of the circuit shown in FIG. 2 will now be
described. When the electronic signature is to be read,
and when one of the memory cell blocks 11 through 18
is malfunctioning, the virtual word line VWL is se-
lected by applying an address input signal (also ex-
pressed by the reference symbol A9) of 12 V to the
signal detecting circuit, and all of the word lines WL
are not selected because the row decoder circuit 6 is
inhibited by the selected virtual word line VWL. The
selected virtual word line VWL supplies the reference
voltage VRR to the address signal generating circuit 9.
Thus, the redundancy memory cell block 19 is used in
place of the malfunctioning or faulty memory cell
block. Assuming that the memory cell block 11 is mal-
functioning, the control signals BR1 and BR9 are then
made to be the “H” level. The “H” level of the control
signal BR1 is inverted by the inverter IV1 so that the
memory-cell block selecting transistor T; is turned off.
The “H” level of the control signal BR1 is directly
applied to the gate of the redundancy-block selecting
transistor T, so that it turns on. Also, the transfer gate
transistor T3 in the switching circuit 29 is turned on by
the control signal BR9. When the data of the electronic
signature stored in the malfunctioning memory cell
block 11 is to be read, it is sufficient to fix the sub-block
selecting signal C0 at the “H” level, regardless of the
address input signals A4 through A6. The fixing opera-
tion of the sub-block selecting signal C0 is carried out
by means of the address signal generating circuit 9, as
described later in detail. Thus, in place of the data D1
stored in the malfunctioning memory cell block 11, the
data D1 stored in the first sub-block 19-0 of the redun-
dancy memory cell block 19 is transferred through the
transistors Tz and Te; to the output buffer 31.

When the EPROM shown in FIG. 2 is used as a usual
EPROM without reading the electronic signature and
without replacing a faulty memory-cell block with the
redundancy memory cell block 19, all of the control
signals BR1 through BR9 are set at the low potential
level “L”, and the address input signal A9, i.e., the
virtual word line selecting signal, at the address input
terminal A9 is not raised to the high potential of 12 V.
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As a result, the bit line selecting transistors T¢; in all of 50

the switching circuits 21 through 28 are conductive,
and the transfer gate transistor T¢3; in the switching
circuit 29 is nonconductive. Also, the row decoder
circuit 6 decodes row address signals A7, A8, ..., and
A17 so as to render one of the word lines WL a high
potential level “H”, and the virtual word line VWL is
not selected. Accordingly, the erasable and program-
mable memory cells MC are selected to read data there-
from, to write data therein, or to erase data in the mem-
ory cells MC.

When a faulty memory cell block, for example, the
memory cell block 11 is replaced by the redundancy
memory cell block 19 during the accessing of the mem-
ory cells MC, the replacing operation is the same as that
used when the electronic signature is to be read. In this
case, the virtual word line VWL is not selected.

Replacement of any other faulty memory cell block
with the redundancy memory cell block 19 can be car-
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6
ried out by selecting the corresponding control signal
BRi (i=2, 3, ..., or 8) and the control signal BR9 to be
at the high potential level “H”.

FIG. 4 is a table showing a format of the electronic
signatures proposed by JEDEC. As shown in FIG. 4,
sixteen electronic signatures ES1, ES2, . . ., and ES16
are stored in the read only memory cells RC of the
EPROM shown in FIG. 2. Each of the silicon signa-
tures, i.e., electronic signatures, comprises 8-bit data.
Each bit in one electronic signature is output from one
of the eight output terminals Q1 through Q8. The first
electronic signature ES1 is a manufacturers’ code M.C.
comprising 8-bit data djq, d2g, . . . , and dgo. The second
electronic signature ES2 is a programming algorithm
code A.C. comprising 8-bit data d1, d23, . . . , and ds1.
The third electronic signature ES3 through the six-
teenth electronic signature ES16 are defined separately
by each manufacturer. In the circuit shown in FIG. 2,
the 8-bit data dio, dag. . . , and dgg of the first electronic
signature are stored in the memory cell blocks 11
through 18, respectively. More precisely, the least sig-
nificant bit data djois stored in the first read only mem-
ory cell RC associated with the first bit line BL which
is selected by the bit-line selecting signal B0, in each
sub-block of the first memory cell block 11. The second
bit data dyo in the first electronic signature is stored in
the first read only memory cell RC selected by the
bit-line selecting signal B0 in each sub-block of the
second memory cell block 12. Similarly, the remaining
bit data dso, dao, . . . , and dsg are stored in the first read
only memory cells RC selected by the bit-line selecting
signal B0, in respective memory cell blocks 13 through
18, respectively. )

The 8-bit data d;i1, dag, . . . , and dg; of the second
electronic signature ES2 are stored in the read only
memory cells RC selected by the bit-line selecting sig-
nal B1, in the memory cell blocks 11 through 18, respec-
tively.

Thus, the 8-bit data of each electronic signature are
stored in respective read only memory cells in the re-
spective memory cell blocks 11 through 18. Accord- -
ingly, each of the sub-blocks 11-0 through 11-7 in the
first memory cell block 11 stores the data D1 compris-
ing sixteen bits of data djo, d11, . - . , and d1i6, as illus-
trated in FIG. 4 by slashed lines. Each of the sub-blocks
12-0 through 12-7 stores the data D2 comprising sixteen
bits of data djg, d1, . . . , and da1s. Similarly, each of the
remaining memory cell blocks 13 through 18 stores
eight sets of the same sixteen-bit data D3, D4, . .. or D8.

In the table shown in FIG. 4, the most significant bit
data dgg, ds1, . . . , or dsis, which is output from the
output terminal Q8 (marked with an asterisk, ) is an odd
parity bit for each electronic signature.

FIG. 5 is a table showing various examples of the first
electronic signature ES1, i.e., manufacturers’ codes. In
FIG. 5, a manufacturers’ code, for example, AMD,
comprises of 8-bit data 000 000 01. Each bit is output
from one of the output terminals Q1 through Q8. These
manufacturers’ codes are stored in the read only mem-
ory cells RC of respective devices, to enable a user to
identify the devices.

FIG. 6 is a table showing the relationship between the
high order column address signals a4, a5, and a6, and
the selected sub-blocks. In FIG. 6, when the column
address signals a4, a5, and a6 are 0, 0, and O, respec-
tively, the sub-block selecting signal CO is at an “H”
level so that the corresponding sub-blocks 11-0, 12-0, . .
., and 19-0 (FIG. 2) are selected. In this case, the mem-
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ory cell block 11 can be replaced by the redundancy

memory cell block 19. Also, when the column address
signals a4, a5, and a6 are 1, O, O, respectively, the sub-
block selecting signal C1 is at an “H” level so that the
corresponding sub-blocks 11-1, 12-1, . . ., and 19-1 are
selected. In this case, the memory cell block 12 can be
replaced by the redundancy memory cell block 19.
Other combinations of the column address signals a4,
a5, and a6 result in corresponding sub-block selecting
signals C2, C3, . . ., and C7 being at an “H” level. By
fixing the combination of the column address signals a4,
a5, and a6 to a desired pattern, a desired sub-block se-
lecting signal is selected. As a result, a replacing opera-
tion is carried out.

FIG. 7 is a circuit diagram of the address signal gen-
erating circuit 9 in more detail. In FIG. 7, the address
signal generating circuit 9 comprises three address sig-
nal selecting circuits S1, S2, and S3, and nine address
signal determining circuits AD1, AD2, . .., and AD9Y.
Each of the address signal selecting circuits 81, S2, and
S3 includes two inverters 11 and 12 comprising comple-
mentary metal oxide semiconductor (CMOS) transis-
tors, two transfer gates TG1 and TG2, and two CMOS
inverters 13 and I4. The inverters I1 through 14 function
as waveform shaping circuits. Each of the transfer gates
TG1 and TG2 comprises a P channel metal oxide semi-
conductor (MOS) transistor and an N channel MOS
transistor connected in parallel. Each of the address
signal determining circuits AD1 through AD9 includes
three transfer gates TG3, TG4, and TGS. Each of the
transfer gates TG3, TG4, and TGS also comprises a P
channel MOS transistor and an N channel MOS transis-
tor connected in parallel. The address signal determin-
ing circuits AD1 through AD8 determine, when the
replacing operation is to take place, the sets of address
signals a4, a5, and a6 for selecting the sub-block select-
ing signals C0, C1, . . ., and C7, respectively. That is, in
each of the circuits AD1 through ADS, the transfer
gate TG3 determines the address signal a4; the transfer
-gate TG4 determines the address signal a5; and the
transfer gate TGS5 determines the address signal a6,
when the replacing operation takes place. To this end,
in the address signal determining circuit AD1, all of the
inputs of the transfer gates TG3, TG4, and TGS are
connected through resistors R to ground, so that the
circuit AD]1 sets address signals (a4, a5, a6) to be equal
to (0, 0, 0). Also, in the address signal determining cir-
cuit AD2, the input of the transfer gate TG3 is con-
nected through a resistor R to a power supply V¢c, and
the other two inputs of the transfer gates TG4 and TG5
are connected through resistors R to ground, so that the
circuit AD2 sets the address signals (a4, a5, a6) to be
equal to (1, 0, 0). Similarly, in the other address signal
determining circuits AD3 through ADS, the inputs of
the transfer gates TG3, TG4, and TGS5 are connected
through resistors R to power supply Vccor to ground
in accordance with the desired set of address signals a4,
a8, and a6.

In the operation of the circuit shown in FIG. 7, when
the replacing operation is not carried out, the reference
voltage VRR is at the low level “L” because the virtual
word line VWL is not selected (see FIG. 2). The refer-
ence voltage VRR is applied to the gates of the P chan-
nel MOS transistors of the transfer gates TG1 and to the
gates of the N channel MOS transistors of the transfer
gates TG2. The inverted reference voltage VRR is
applied to the gates of the N channel MOS transistors of
the transfer gates TG1 and to the gates of the P channel
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8

MOS transistors of the transfer gates TG2. Therefore,
when the reference voltage VRR is at the low level
“L”, the transfer gates TG1 are conductive and the
transfer gates TG2 are nonconductive. As a result, ad-
dress input signals A4, A5, and A6 applied from an
external source are transferred through the transfer
gates T'G1 in respective address signal selecting circuits
S1, S2, and S3 to the second column decoder 8. That is,
the second column decoder 8 receives the external ad-
dress input signals A4, A5, and A6 as the high order
column address signals a4, a5, and a6, respectively.

When the memory cell block 11 is to be replaced by
the redundancy memory cell block 19, the control sig-
nals BR1 and BRY are selected at “H” level. The con-
trol signal BR1 is applied to the gates of the N channel
MOS transistors of the transfer gates TG3, TG4, and
TGS in the first addréss signal determining circuit AD1.
The inverted control signal BR1 is applied to the gates
of the P channel MOS transistors of the transfer gates
TG3, TG4, and TGS in the same circuit AD1. There-
fore, the transfer gates TG3, TG4, and TGS in the cir-
cuit AD1 are conductive. The control signal BR9 is
applied to the gates of the P channel MOS transistors of
the transfer gates TG3, TG4, and TGS in the ninth
address signal determining circuit AD9. The inverted
control signal BRY is applied to the gates of the N chan-
nel MOS transistors of the transfer gates TG3, TG4,
and TGS in the same circuit AD9. Therefore, the trans-
fer gates TG3, TG4, and TGS in the circuit AD9 are
nonconductive. Also, the reference voltage VRR is
turned to the high level “H” when the replacing opera-
tion is carried out, so that the transfer gates TG1 are
nonconductive and the transfer gates TG2 are conduc-
tive. As a result, the output of the transfer gate TG3 in
the circuit AD1 is transferred through the transfer gate
TG3 in the circuit S1 to the second column decoder 8.
Since the input of the transfer gate TG3 in the circuit
ADI1 is grounded through the resistor R, the output
thereof is “O”, i.e., at the “L” level. Similarly, the out-
puts of the transfer gates TG4 and TGS are at the “L”
level. Accordingly, the second column decoder 8 re-
ceives the address signals a4, a5 and a6 equal to 0, 0, and
0, respectively, regardless of the external address input
signals A4, A5, and A6. In response to the address sig-
nals 0, 0, and 0, the second column decoder 8 selects the
first sub-block selecting signal CO0.

Similarly, when the control signal BR2 is selected to
be the “H” level, the second column decoder 8 selects
the second sub-block selecting signal C1 regardless of
the external address input signals A4, A5, and A6.

When the control signal BR3, BR4, . . ., or BR8 is
selected, the sub-block selecting signal C3, C4, ..., or
C8 is selected, respectively.

FIG. 8 is a detailed circuit diagram of the signal de-
tecting circuit 5. In FIG. 8, the signal detecting circuit
5includes a P channel MOS transistor Q1, an N channel
MOS transistor Q2, and an inverter IV. The gate of the
transistor Q1 is grounded. The source of the transistor
Q1 is connected to the power supply V ¢c¢. The drain of
the transistor Q1 is connected to the drain of the transis-
tor Q2. The source of the transistor Q2 is grounded. The
connecting point between the transistors Q1 and Q2 is
connected to the input of the inverter I'V. The transistor
Q2 has a high threshold voltage slightly lower than 12
V, for example, 10 V. The gate of the transistor Q2 is
connected to the address input terminal A9. When the
high voltage (12 V) is applied to the address input termi-
nal A9, the transistor Q2 is turned on so that the output
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of the inverter IV provides the high level “H” of the
reference voltage VRR. The inverted reference voltage
VRR is provided at the input of the inverter IV. The
reference voltage VRR is applied to the virtual word
line VWL, to the transfer gates in the circuits S1, S2,
and S3 (FIG. 7), and to the row decoder circuit 6 (FIG.
2) for inhibiting its operation.

FIG. 9 is a circuit diagram of the control signal gen-
erating circuit 41. In FIG. 9, the control signal generat-
ing circuit 41 includes a fuse F1, an N channel MOS
transistor Q3, a resistor R, and two inverters IV, and
IV} The fuse F1 is connected between the power sup-
ply Vccand the drain of the transistor Q3. The source
of the transistor Q3 is grounded. The resistor R is con-
nected between the drain of the transistor Q3 and the
ground. The drain of the transistor Q3 is connected to
the input of the first stage inverter IV, The output of
the first stage inverter IV, is connected to the input of
the second stage inverter IV, When the fuse blowing
signal FC1 is applied to the gate of the transistor Q3, the
transistor Q3 turns on so that a current flows and blows
the fuse F1. Then the drain of the transistor Q3 is turned
to the “L” level. As a result, the control signal BR1 is
obtained at the output of the first stage inverter IV
Also, the inverted control signal BR1 is obtained at the
output of the second stage inverter IV, The control
signal BR1 and the inverted control signal BR1 are
applied to the transfer gates TG3, TG4, and TGS in the
circuit AD1 (FIG. 7).

The other control signal generating circuits 42
through 49 have the same circuit configurations as that
shown in FIG. 9.

FIG. 10 is a circuit diagram of a circuit for generating
the fuse-blowing signal FC1. In FIG. 10, the circuit
includes an input-stage inverter IV, three P channel
MOS transistors Q4, Q5, and Q6, an N channel MOS
transistor Q7, and an output-stage inverter IV, The
output of the inverter IV, is connected to the gates of
the transistors Q4 and Q6. The sources of the transistors
Q4 and Q6 are connected to the power supply Vcc. The
- drains of the transistors Q4 and QS5 are connected to the
source of the transistor Q6 and to the input of the in-
verter IV, The drain of the transistor Q6 is connected
to the drain of the transistor Q7. The source of the
transistor Q7 is grounded.

When the replacing signal RW is at the “L” level, the
P channel transistor Q5 is conductive and the N channel
transistor Q7 is nonconductive, so that the input of the
inverter IV is at the “H” level. In this case, the fuse-
blowing signal FC1 is at the “L” level so that the fuse
F1 (FIG. 9) is blown. When the terminal Q1 is at the
“L” level and the replacing signal RW is at the “H”
level, the transistors Q4, and Q5, are turned off and the
transistors Q6 and Q7 are turned on so that the input of
the inverter IVy is at the “L” level. In this case, the
fuse-blowing signal FC1 is at the “H” level so as to
blow the fuse F1 (FIG. 9).

The circuits for generating the fuse-blowing signals
FC2 through FC8 have the same circuit configurations
as the circuit shown in FIG. 10.

As will be apparent, the output terminals Q1 through
Q8 are used not only to output read data or to input
write data, but also to apply the replaced block select-
ing signals.

FIG. 11 is a circuit diagram of a circuit for generating
the fuse-blowing signal FC9 corresponding to the re-
dundancy sub-block. In FIG. 9, the circuit comprises
two inverters IV, and IVs When the replacing signal
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RW is at the “H” level, the fuse blowing signal FC9 is

‘turned to the “H” level so as to blow the fuse F9 (not

shown).

In the above described embodiment, each of the
memory cell blocks 11 through 18 stores eight sets of
the same sixteen-bit data D1, D2, .. ., or D8. For exam-
ple, the memory cell block 11 stores, in its specific area
11a, the eight sets of the sixteen-bit data D1, as illus-
trated in FIG. 3. The present invention, however, is not
restricted to the above-described embodiment.

FIG. 12 is a block circuit diagram showing an
EPROM according to another embodiment of the pres-
ent invention. In FIG. 12, the same reference symbols as
used in FIG. 3 designate the same parts. The main dif-
ference between FIG. 3 and FIG. 12 resides in memory
cell blocks 11a, 124, . . ., and 18a. That is, in FIG. 12,
each of the memory cell blocks 11a, 12a, . . ., and 18«
includes, instead of the eight sets, a single set of the
sixteen-bit data D1, D2, ..., or D8, in the first sub-block
11a-0, 12a-0, 13a-0, or 184-0, respectively. The redun-
dancy memory cell block 19 in FIG. 12 is the same as
that in FIG. 3.

Also, additional sub-block selecting transistors Qg are
provided, each being connected in parallel to the sub-
block selecting transistor Ty in one of the memory cell
blocks 11z through 18a. The gates of the additional
sub-block selecting transistors Q. are connected to the -
virtual word line VWL.

FIG. 13 is a detailed circuit diagram of the memory
cell block 11¢ in the EPROM shown in FIG. 12. In
FIG. 13, the read only memory cells RC are provided
only in the first sub-block 11a-0. Also, the additional
sub-block selecting transistor Qg is connected in parallel
to the transistor Tpo.

In the circuit in FIGS. 12 and 13, when the redun-
dancy memory cell block 19 is not used during the
reading of the electronic signature, the virtual word line
VWL is to be the “H” level so that the data D1, D2, .

., and D8 are read from the sub-blocks 11¢-0, 12¢-0, .
, and 18a-0, respectively. When the redundancy mem-
ory cell block 19 is used during the reading of the elec-
tronic signature, the circuit shown in FIG. 7 is also used
in the same way as in the before-described embodiment.

From the foregoing description, it will be apparent
that, according to the present invention, in a semicon-
ductor memory device having a redundancy circuit an
electronic signature reading circuit can be provided
which can correctly read an electronic signature even
when a memory cell block corresponding to any output
bit is replaced by a redundancy memory cell block.

The present invention is not restricted to the de-
scribed embodiments. Various changes and modifica-
tions are possible without departing from the spirit of
the invention. For example, the memory size is arbitrar-
ily chosen. Also, the present invention is applicable not
only for an EPROM, but also for a PROM or a random
access memory (RAM).

We claim:

1. A semiconductor memory device comprising:

a plurality of output terminals for respectively out-

putting a plurality of output bit data;

a plurality of memory cell blocks, respectively, oper-
atively connected to said output terminals and each
having a first specific area for storing first predeter-
mined data and each having a first memory data -
area for storing first data;

a redundancy memory cell block, operatively con-
nected to said plurality of memory cells, for replac-
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ing a faulty memory cell block among said plurality
of memory cell blocks, having a second specific
area for storing second predetermined data com-
prising a plurality of bits, and having a second
memory data area for storing second data, said first
predetermined data being equal to a divided one of
said second predetermined data in a one to one
correspondence, said second specific area in said

" redundancy memory cell block being divided into
a plurality of sub-blocks, each of said sub-blocks
storing a divided one of said second predetermined
data, and each of said second sub-blocks corre-
sponding to one of said plurality of memory cell
blocks; and

means, operatively connected to said plurality of

memory cell blocks, for selectively reading, when
said first memory data area in one of said memory
cell blocks is replaced by said second memory data
areas in said redundancy memory cell block, a
divided one of said second predetermined data
corresponding to said first predetermined data
stored in said one of said memory cell blocks to be
replaced by said redundancy memory cell block.

2. A semiconductor memory device as set forth in
claim 1, wherein said first specific area in each of said
plurality of memory cell blocks is divided into a plural-
ity of first sub-blocks, at least one of said first sub-blocks
in each of said plurality of memory cell blocks storing
the same data as that stored in one of said second sub-
blocks.

3. A semiconductor memory device as set forth in
claim 2, wherein each of said first sub-blocks in each of
said plurality of memory cell blocks stores the same
data as that stored in one of said second sub-blocks.

4. A semiconductor memory device as set forth in
claim 2 or 3, wherein said means comprises an address
signal generating circuit for selecting one of said second
sub-blocks, said selected second sub-block correspond-
ing to one of said plurality of memory cell blocks to be
replaced by said redundancy memory cell block.

5. A semiconductor memory device as set forth in
claim 4, wherein said means further comprises a plural-
ity of switching circuits, respectively, operatively con-
nected to said memory cell blocks, for selecting, when
said selected second sub-block is to be replaced by said
redundancy memory cell block, the output of said re-
dundancy memory cell block in place of the output of
said selected second sub-block and transferring the out-
put to said respective output terminal.

6. A semiconductor memory device as set forth in
claim 5, wherein said means further comprises a plural-
ity of control signal generating circuits, respectively,
operatively connected to said switching circuits and
operatively connected to said redundancy memory cell
block, for generating, when said selected second sub-
block is to be replaced, a control signal for controlling
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the switching operation of the respective switching
cirtuit.

7. A semiconductor memory device as set forth in
claim 6, operatively connected to receive a specific
address input signal, wherein said semiconductor mem-
ory device further comprises a virtual word line,
wherein said first specific area and said second specific
area comprise read only memory cells, operatively con-
nected to said virtual word line, for storing said first and
second predetermined data, and for being selected by
said virtual word line, and wherein said means further
comprises a signal detecting circuit, operatively con-
nected to said virtual word line, for selecting said vir-
tual word line in response to the specific address input
signal and for reading said first or second predeter-
mined data.

8. A semiconductor memory device as set forth in
claim 7, wherein said address signal generating circuit
comprises:

a plurality of address signal determining circuits,
respectively, operatively connected to said mem-
ory cell blocks, for determining, in response to said
control signal and when said selected second sub-
block is to be replaced by said redundancy memory
cell block, fixed address signals for accessing said
selected second sub-block corresponding to one of
said memory cell blocks to be replaced; and

a plurality of address signals selecting circuits, opera-
tively connected to receive said specific address
input signal, each of said plurality of address signal
selecting circuits selecting an external address
input signal or one of said fixed address signals in
response to said specific address input signal.

9. A semiconductor memory device as set forth in
claim 8, further comprising word lines and bit lines
intersecting said word lines, wherein said memory cell
blocks include” erasable and programmable read only
memory cells in said second specific area, and wherein
said redundancy memory cell blocks include redun-
dancy memory cells in said first specific area, each of
said erasable and programmable read only memory cells
and said redundancy memory cells being arranged be-
tween the intersections of said word lines and said bit
lines.

10. A semiconductor memory device as set forth in
claim 9, further comprising a row decoder, operatively
connected to said word lines and said virtual word line,
for selecting one of said word lines, said row decoder
being inhibited to select said word lines when said vir-
tual word line is selected.

11. A semiconductor memory device as set forth in
claim 10, wherein said means further comprises a signal
detecting circuit, operatively connected to said virtual
word line, for detecting said specific address input sig-
nal so as to select said virtual word line, inhibit the
operation of said row decoder and activate said address
signal selecting circuits to select said fixed address sig-

nals.
* * * * *



