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H03K 17/60 (52) Index at acceptance H3T 1CX 2B2 2B3 2J 2T3F 3J 4E2N 4M 4X
5E (72) Inventors SHUNJI SHIMADA TSUNEO ITOH (54) IMPROVEMENTS IN WORD LINE
DRIVER CIRCUIT IN MEMORY CIRCUIT (71)   We, HITACHI LIMITED of 1-5-1  word
line 7, thereby preventing the word Marunouchi, Chiyoda-ku, Tokyo, Japan, a
line driver circuit 5 from floating. body corporate organized according to
the    However, with this type of arrangement. laws of Japan, do hereby
declare the inven-  an inverter circuit, which serves no function 5 tion,
for which we pray that a patent may  other than to provide an inverted
signal, is 50 be granted to us, and the method by which  required, and the
operation of the MOSFET it is to be performed, to be particularly  3 is
dependent upon the output of the de- described in and by the following
state-  coder circuit 1. As a result, the integra- ment:-
tion density of the overall memory circuit 10   The present invention
relates to memory  suffers.                             55 circuits and,
more particularly, to word line    Another well known word line driver cir-
driver circuits which are connected to the  cuit arrangement employs  a
pair  of output terminals of decoder circuits therefor.  MOSFETS with a
chip-enable signal, and For driving a word line in an array of  an inverted
chip-enable signal supplied to 15 memory  cells,  which  are  selectively
both MOSFETS. Such a circuit is illus- 60 addressed by decoder circuits,
two types of  trated on page 6 of the publication "Silican driver circuits
are well known.         Gate MOS LSI RAM  1103" published by A first type
is a push-pull buffer, shown  Intel Corporation, 1971. Also, this type of
in Figure 1 of the accompanying drawings.  circuit is desribed in the
manual "Semi- 20 The word line driver circuit 5 which is con-  conductor
Memories", Bulletin CW-806, 65 nected between a decoder circuit 1 and an
Videotape Course Workbook, by Texas array of memory cells 4 is shown within
Instruments Incorporated, 1972, particu- broken lines. The driver circuit 5
includes  larly between pages 5-17. a pair of MOSFETs 2 and 3 connected be-
This circuit is shown in Figure 2 of the 25 tween a potential of-VDD volts
and earth  accompanying drawings, wherein, as in the 70 The output of the
decoder circuit applied  circuit of Figure 1, a pair of MOSFETs 2 directly
and through an inverter 6 respec-  and 3 are connected between a decoder
cir- tively  to  the  gate  electrodes  of the  cuit 1 and a memory cell
array 4. How- MOSFETs 2 and 3.                        ever, in this
arrangement, the MOSFET 2, 30  In this arrangement, if the potential at the
rather than having a fixed potential - VDD   75 output of the decoder
circuit 1 is such that  has a control signal CE (chip-enable) applied the
MOSFET 2 is turned on, (i.e. a gating to its drain electrode whilst an
inverted chip- potential is applied) then the MOSFET 3 is  enable signal CE
is applied to the gate elec- turned off because of the action of the in-
trode of the MOSFET 3. These signals are 35 verter 6. In this case, the
potential at the  supplied simultaneously to the word driver 80 drain
electrode of the MOSFET 2 (-VDD)  circuit 5 for selectively turning the
MOSFET is applied to the word line 7, which is con-  2 on whilst the MOSFET
3 is turned off, nected to the memory cell array 4.      and vice versa.
The advantage of this cir- On the other hand, if the potential at the  cuit
over the circuit of Figure 1 is that the 40 output of the decoder circuit 1
is such that  integration density can be improved by 85 the MOSFET 2 is
turned off (0 volts) (i.e. elimination of the inverter circuit 6. a gating
potential is absent) the MOSFET 3    However, the memory cell arry 4, in
the is turned on because of the action of the  arrangement of Figure 2, is
subect to mis- inverter 6. In this case, the common re-  operation if the
word line 7, which has not 45 ference potential (earth) is applied to the
been selected by the decoder circuit, floats, 90  
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2 and thus picks up noise sufficient in magni-  embodiment of a driver
circuit for use with tude to select a memory cell. That is to  a memory
circuit. say, in the absence of a gating potential at    Referring to
Figure 3, the memory driver the  output of the  decoder  circuit 1,
circuit 5, which is connected between the 5 MOSFET 2 is turned off and,
accordingly,  decoder circuit 1 and the memory cell array 70 if the input
CE to the MOSFET 3 is in-  4, includes a pair of MOSFETs 12 and 13. verted,
i.e. the MOSFET 3 is not turned on,   The MOSFET 12 is an enhancement
P-type, the word line 7 connected  to the memory  and the drain electrode
thereof is connected tell array 4 floats.                      to a memory
cell address voltage or control signal CE.  The gate electrode of the 75 10
When the potential of the  floating word  MOSFET 12 is connected to the
output of line 7 reaches or exceeds the level of the          the decoder
circuit 1 and the source elec- address signal required for accessing a
trode thereof is connected to the word line memory cell due to noise, a
gate of one of  7, which is connected both to the memory the circuits
within the memory cell may be cell array 4 and to the drain electrode of
the 80 15 rendered conductive, thereby causing mis-     MOSFET 13. The
MOSFET 13 is a de- operation of the circuit, and an undesired  pletion
P-type which acts as a load resist- memory cell to be addressed.
ance, the source electrode of which is con- Accordingly, whilst the circuit
of Figure 2  connected to earth, and also to the gate elec- may improve the
density of integration of  trode thereof.                           85 20
the memory circuit proper, it is subject to misoperation.
In operation, if the decoder circuit 1 It is an obect of the present
invention to  applies a gating potential for accessing the provide an
improved memory circuit, which  memory cells 4 connected to the word line 7
permits an increase in the density of inte-  of the driver circuit 5, the
MOSFET 12 is 25 gration, and does not suffer from misopera-  turned on,
thereby coupling the control 90 tion due to noise.
signal CE to the word line 7. The MOSFET According to the present invention
there  13 is permanently turned on because of the is provided a memory
circuit including: at  connection of its gate electrode to earth least one
memory cell for storing informa-  potential, and acts as a load resistance
be- 30 tion; a first circuit for supplying memory  tween the word line 7
and earth.  The 95 cell selection signals for accessing a memory  potential
applied to the word line 7 is de- cell; and means for applying an address
termined by the ratio of the "on" resistance signal for controlling said at
least one  of the MOSFET 12, and the permanent load memory cell; and a
source follower type  resistance provided by the MOSFET  13. 35 driver
circuit for selectively gating said  The on-resistance of the MOSFET  12 is
100 address signal to said at least one memory  about 60 ohms, whilst the
load resistance of cell in response to said selection signal, said  the
MOSFET 13 is about 4 Kohms. Thus, driver circuit comprising: a first field
effect  whilst the MOSFETs 12 and 13 act as a transistor of the enhancement
type having its  voltage divider for the control signal CE, 40 gate
electrode connected to said first cir-  due to the larger load resistance
provided 105 cuit, its source electrode connected to said  by the MOSFET
13, the potential on the at least one menory cell, and its drain elec-
word line 7 due to the control signal CE is trode connected said means for
apply said  sufficient to energize the memory cells 4, address signal; and
a second field effect selectively addressed by the decoder circuit 45
transistor having its gate and source elec-  I through the driver circuit
5.        110 trodes connected to respective sources of re-    On the other
hand, when the decoder cir- ference potential and its drain electrode con-
cuit I provides no output, therefore pre- nected to the source electrode of
the first  venting the MOSFET 12 from being turned transistor, thereby
preventing the potential  on, then relative to the MOSFET 13, the 50 of the
connection point between the two  MOSFET 12 is essentially an open circuit,
115 transistors from floating at least when said  so that the word line 7
is effectively con- first field effect transistor is turned off.  nected to
earth. By virtue of the MOSFET The present invention will now  be de-  13
being permanently turned on, if an elec- 



scribed in greater detail, by way of example,  tric charge due to noise,
etc. tends to charge 55 with reference to the remaining figures of  the
floating gate capacitance of the word 120 the accompanying drawings,
wherein:-      line, which word line has not been selected Figure 3 is a
circuit diagram of a memory  because there is no gating output from the
circuit incorporating a preferred form  of  decoder circuit, this electric
charge is pre- drive circuit:                            vented from
building up and leaks to earth 60   Figure 4 is a detailed circuit diagram
of  through the turned-on depletition MOSFET  125 a memory circuit array
for use in explain-  13, thereby preventing the memory cells 4 ing the
operation of the decoder circuit, and  from being misaddressed. the memory
circuit employing the novel    Referring to Figure 4, the decoder circuit
driver circuit; and                       30 of row I of the overall memory
circuit 65   Figure 5 is a circuit diagram of a second  array comprises
MOSFETs 14 to 19. The 130    3
1502270                                         3 MOSFETS 15 to 18 are
enhancement P-  MOSFET 19, then the output of the de- type, and are
connected in parallel with  coder circuit 30 falls to earth potential each
other. The respective gate electrodes  through the MOSFETs 15 and 19. As a
A0 to A3 thereof are connected to receive  result, the MOSFET 20 is turned
off, there- 5 address signals. The MOSFET 14 is a de-  fore the potential
of the control signal input 70 pletion P-type, and has its source electrode
CE is not applied to the word line 24. connected  to  the  commonly
connected    Since the MOSFET 21 is permanently drains of the MOSFETs 15 to
18 and to the  turned on. the potential of the word line 24 gate electrode
of a MOSFET 20 included  is substantially earth, thereby causing the 10
within a driver circuit 40. Similarly, the  MOSFETs 22 and 23 to be turned
off.     75 drain electrode of the enhancement P-type    Thus, since the
word line 24 cannot float, MOSFET 19 is connected to the commonly
misoperation of the cells 50 is prevented. connected   source  electrodes
of  the    In the embodiment described in Figure 3, MOSFETs 15 to 18 and
the source elec-  each of the MOSFETs 12 and 13 is of the 15 trode of the
MOSFET 19 is connected to  P-type. However, N-type MOSFETs may 80 earth.
The drain electrode of the MOSFET   be  employed  with  appropriate
voltage 14 is connected to a voltage source -VDD   polarities reversed.
(-10 volts) and the gate electrode thereof    Furthermore, referring to
Figure 5, in is connected to the gate electrode of the  place of a
depletion P-type MOSFET 13, 20 MOSFET 20. The gate electrode of the  used
in the circuit shown in Figure 3, an 85 MOSFET 19 is supplied with a pulse
signal  enhancement P-type MOSFET 13' may be _
used as the load resistance. However, the P.
gate electrode thereof is not connected in The word line driver circuit 40
comprises common with the source electrode ot earth the enhancement P-type
MOSFET 20 and a  but is connected to a voltage supply of 90 25 depletion
P-type MOSFET 21 connected in  -VGG volts, so that the MOSFET 13' will
series as shown in Figure 3. The common  be permanently turned on.
connection of the MOSFETS 20 and 21 is    WHAT WE CLAIM IS:- connected to a
word line 24, which drives row  1 of memory cells 50, the word line    1. A
memory circuit including: at least 30 24 being connected to the gate
electrodes of  one memory cell for storing information: a 95 the MOSFETS 22
and 23 in each respective  first circuit for supplying memory cell selec-
cell. Information is written into or read  tion signals for accessing a
memory cell; out from the respective memory cells when  and means for
applying an address signal for the MOSFETs 22 and 23 are addressed and,
controlling said at least one memory cell; and a source follower type
driver circuit for 100 35 thereby, turned on. For each row, a re-
selectively gating said address signal to said spective decoder and word
line driver circuit  at least one memory cell in response to said In
operation, assuming that row  1 has  selection signal, said driver circuit
compris- been selected, the  gate electrode of each  ing: a first field
effect transistor of the en- 40 of the MOSFETs 15 to 18 is supplied with
hancement type having its gate electrode 105 



an address input, so as to turn off each of   connected to said first
circuit, its source elec- these  MOSFETs.  Whilst each  of the  trode
connected to said at least one memory MOSFETs 15 to 18 is supplied with an
cell, and its drain electrode connected said address input, so as to turn
off each of the  means for applying said address signal; and 45  MOSFETs
Whilst each  of the MOSFETs  a second field effect transistor having its
110 15 to 18 is turned off, the voltage applied gate and source electrodes
connected to re- to the drain electrode of the MOSFET 14   spective sources
of reference potential and (-VDD) is applied to the output terminal  its
drain electrode conected to the source of the decoder circuit 30 of row 1.
As a  electrode of the first transistor, thereby pre- venting the potential
of the connection point 115 50 result, the MOSFET 20 is turned on, thereby
between the two transistors from floating at coupling a control signal CE
of - 10 volts  least when said first field effect transistor is to the
drain electrode of the MOSFET 20.  turned off. In turn, the word line 24
receives an    2. A memory circuit according to Claim appropriate fraction
of the - 10 volts, be-  1, wherein said second field effect transistor 120
55 cause of the voltage dividing effect provided  is of the depletion
P-type, and said first and by the resistances of the turned on MOSFET
second sources of reference potential are the 20, and the permanently
turned on MOSFET   same source of reference potential. 21, and applies this
fraction to the gate    3. A mercury circuit according to Claim electrodes
of the MOSFET  22 and 23,  2, wherein said same source of reference 125 60
thereby selectively addressing the memory  potential is earth. cells 50 of
row 1.                          4. A memory circuit according to Claim On
the other hand, if row 1 is not selected,  1, wherein said second field
effect transistor for example, when MOSFET 15 is turned on  is of the
enhancement P-type, and said first whilst an inverted pulse signal P of -10
source of reference potential is earth, and 130 65 volts is applied to the
gate electrode of the  said second source of reference potential is a    3
1 502270            C   L   M   S              3 MOSFETS 15 to 18 are
enhancement P-  MOSFET 19, then the output of the de- type, and are
connected in parallel with  coder circuit 30 falls to earth potential each
other. The respective gate electrodes  through the MOSFETs 15 and 19. As a
AO to A3 thereof are connected to receive  result, the MOSFET 20 is turned
off, there- 5 address signals. The MOSFET 14 is a de-  fore the potential
of the control signal input 70 pletion P-type, and has its source electrode
CE is not applied to the word line 24. connected  to  the  commonly
connected    Since the MOSFET 21 is permanently drains of the MOSFETs 15 to
18 and to the  turned on, the potential of the word line 24 gate electrode
of a MOSFET 20 included  is substantially earth, thereby causing the 10
within a driver circuit 40. Similarly, the  MOSFETs 22 and 23 to be turned
off.    75 drain electrode of the enhancement P-type    Thus, since the
word line 24 cannot float, MOSFET 19 is connected to the commonly
misoperation of the cells 50 is prevented. connected  source  electrodes
of  the    In the embodiment described in Figure 3, MOSFETs 15 to 18 and
the source elec-  each of the MOSFETs 12 and 13 is of the 15 trode of the
MOSFET 19 is connected to  P-type. However, N-type MOSFETs may 80 earth.
The drain electrode of the MOSFET  be  employed  with  appropriate  voltage
14 is connected to a voltage source -VDD   polarities reversed. (-10 volts)
and the gate electrode thereof    Furthermore, referring to Figure 5, in is
connected to the gate electrode of the  place of a depletion P-type MOSFET
13, 20 MOSFET 20. The gate electrode of the  used in the circuit shown in
Figure 3, an 85 MOSFET 19 is supplied with a pulse signal  enhancement
P-type MOSFET 13' may be [err].                                    used as
the load resistance. However, the gate electrode thereof is not connected
in The word line driver circuit 40 comprises  common with the source
elctrode to earth the enhancement P-type MOSFET 20 connected and  but is
connected to a voltage supply of 90 25 depletion P-type MOSFET  21
connected  in   -VGG volts, so that the MOSFET 13' will series as shown in
Figure 3. The common  be permanently turned on. 



connection of the MOSFETS 20 and 21 is    WAT WE CLAIM IS:- connected to a
word line 24. which drives row 1 of memory cells 50, the word line    1. A
memory   circuit including: at least 30 24 being connected to the gate
electrodes of  one memory cell for storing information; a 95 the MOSFETS 22
and 23 in each respective  first circuit for supplying memory cell selec-
cell. Information is written into or read tion signals for accessing a
memory cell; out from the respective memory cells when  and means for
applying an address signal for controlling said at least one memory cell;
the MOSFETs 22 and 23 are addresses and,   and a source follower type
driver circuit for 100 35 thereby, turned on. For each row, a re-
selectively gating said address signal to said spective decoder and word
line driver circuit  at least one memory cell in response to said In
operation, assuming that row  1 has  selection signal, said driver circuit
compris- been selected, the gate electrode of each  ing: a first field
effect transistor of the en- 40 of the MOSFETs 15 to 18 is supplied with
hancement type having its gate electrode 105 an address input, so as to
turn off each of connected to said first circuit, its source elec- these
MOSFETs. Whilst each of the        trode connected to said at least one
memory MOSFETs 15 to 18 is supplied with an  cell, and its drain electrode
connected said address input, so as to turn off each of these  means for
applying said address signal; and a second field effect transistor having
its 110 45 MOSFETs. Whilst each of the MOSFETs  gate and source electrodes
connected to re- 15 to 18 is turned off, the voltage applied  spective
sources of reference potential and to the drain electrode of the MOSFET 14
its drain electrode connected to the source (-VDD) is applied to the output
terminal  electrode of the first transistor, thereby pre- of the decoder
circuit 30 of row 1. As a  venting the potential of the connection point
115 50 result, the MOSFET 20 is turned on, thereby  between the two
transistors from floating at coupling a control signal CE of -10 volts
least when said first field effect transistor is to the drain electrode of
the MOSFET 20.  turned off. In turn, the word line 24 receives an    2. A
memory circuit according to Claim appropriate fraction of the -10 volts,
be-  1, wherein said second field effect transistor 120 55 cause of the
voltage dividing effect provided  is of the depletion P-type, and said
first and by the resistances of the turned on MOSFET   second sources of
reference potential are the 20, and the permanently turned on MOSFET  same
source of reference potential. 21, and applies this fraction to the gate
3. A mercury circuit according to Claim electrodes of the MOSFET  22 and
23,  2, wherein said same source of reference 125 60 thereby selectively
addressing the memory  potential is earth. cells 50 of row 1.
4. A memory circuit according to Claim On the other hand, if row I is not
selected,  1, wherein said second field effect transistor for example, when
MOSFET 15 is turned on  is of the enhancement P-type, and said first whilst
an inverted pulse signal P of -10   source of reference potential is earth,
and 130 65 volts is applied to the gate electrode of the  said second
source of reference potential is a    4
1 502 270           C  L   M   S               4 negative potential.
MEWBURN ELLIS & CO., 5. A  memory  circuit constructed and
Chartered Patent Agents, arranged to operate substantially as herein
70-72 Chancery Lane, described, with reference to and as illus-
London WC2A 1AD. 5 trated in Figure 3 or Figure 4 or Figure 5
Agents for the Applicants. of the accompanying drawings. Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1978. Published at the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


