
J )  

Europaisch.es  Patentamt 

European  Patent  Office  ®  Publication  number: 0 1 0 3   0 9 3  

Dffice  europeen  des  brevets  B 1  

®  EUROPEAN  PATENT  SPECIFICATION 

(§)  Dateof  publication  of  patent  specification:  15.06.88  ©  Int.  CI.4:  G  11  C  1 1 / 5 6  

*  (§)  Application  number:  83106614.7 

®  Date  of  filing:  06.07.83 

(W)  Multi-bit-per-cell  read  only  memory  circuit. 

CD 

CO 

o  
CO 

Q .  
UJ 

(55)  Priority:  13.09.82  JP  158145/82 

(§)  Date  of  publication  of  application: 
21.03.84  Bulletin  84/12 

(«)  Publication  of  the  grant  of  the  patent: 
15.06.88  Bulletin  88/24 

®  Designated  Contracting  States: 
DE  FR  GB 

References  cited: 

PATENTS  ABSTRACTS  OF  JAPAN,  vol.  6,  no. 
18  (P-100)896r,  2  February  1982;  &  JP-A-56 
140595 

IEEE  JOURNAL  OF  SOLID-STATE  CIRCUITS, 
vol.  SC-1  1,  no.  3,  June  1976,  pp.  360-364,  IEEE, 
New  York  (US);  H.KAWAGOE  et  al.:  "Minimum 
size  ROM  structure  compatible  with  silicon- 
gate  E/D  MOS  LSI" 

Proprietor:  KABUSHIKI  KAISHA  TOSHIBA 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210  (JP) 

Inventor:  Koike,  Hideharu 
2-23-16-304,  Nagataminami 
Minami-ku  Yokohama-shi  (JP) 

(74)  Representative:  Lehn,  Werner,  Dipl.-lng.  et  al 
Hoffmann,  Eitle  &  Partner  Patentanwalte 
Arabellastrasse  4 
D-8000  Munchen  81  (DE) 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  ot  tne  turopean  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



1 0  103  0 9 3  2 

Description 

The  present  invention  relates  to  a  read  only 
memory  (ROM)  circuit  including  metal  oxide 
semiconductor  field  effect  transistors  (MOS- 
FET's),  and  more  particularly,  to  a  multi-bit-per- 
cell  ROM  circuit  in  which  multi-bit  data  are  stored 
in  each  of  the  MOS  transistors  making  up  the 
ROM  circuit. 

A  memory  device  of  this  type  is  described  in 
"Two-Bits-Per-Cell  ROM",  M.  Stark,  Intel  Israel 
Ltd.,  which  was  disclosed  in  "Computer  Confer- 
ence  1980"  (p209to  p212).  Each  of  the  MOSFET's 
used  in  this  ROM,  which  is  constructed  as  an  OR 
type  ROM,  is  so  designed  that  the  ratio  W/L  of  the 
channel  width  W  to  the  channel  length  L  changes 
according  to  the  information  to  be  stored  in  the 
MOSFET.  However,  this  OR-type  ROM  is  inferior 
to  an  AND-type  ROM  with  respect  to  its  density  of 
integration  when  fabricated.  Nevertheless,  the 
AND-type  ROM  has  never  been  employed  for  the 
multi-bit-per-cell  ROM  circuit,  because  if  the 
memory  circuit  were  of  the  AND-type,  it  would  be 
difficult  to  read  out  the  data  stored  therein. 

A  further  example  of  such  a  memory  device  is 
disclosed  in  JP  56  140  595,  in  which  a  multi-bit- 
per-cell  ROM  of  the  AND  type  comprises  a 
memory  circuit  including  a  plurality  of  series- 
connected  MOS  transistors,  each  of  which  stores 
data  including  at  least  two  bits  in  the  form  of  a 
threshold  voltage.  The  device  also  includes  first 
and  second  power  sources  and  an  addressing 
means  which  applies  a  zero  voltage  to  the  gate 
electrode  of  one  selected  MOS  transistor  and  the 
first  power  source  voltage  to  the  remaining  tran- 
sistors.  An  output  voltage  equal  to  an  absolute 
value  of  the  threshold  voltage  of  said  selected 
MOS  transistor  is  generated  at  the  second  ter- 
minal. 

An  AND-type  ROM  circuit  in  which  one  bit  is 
stored  in  each  cell  has  been  known,  as  shown  in 
Fig.  1.  In  Fig.  1A,  a  memory  circuit  1  is  constructed 
with  a  series  circuit  including  memory  cells  M10 
to  M13.  The  memory  cells  M10  and  M12  as 
enhancment  mode  n-channel  MOS  transistors  are 
respectively  supplied  at  the  gate  electrodes  with 
gate  voltages  V0  and  V2.  The  memory  cells  M11 
and  M13  as  the  deplection  mode  n-channel  MOS 
transistors  are  supplied  at  the  gate  electrodes 
with  voltages  V1  and  V3,  respectively.  It  is 
assumed  that  data  "0"  is  stored  in  the  enhance- 
ment  mode  MOS  transistors  M10  and  M12,  and 
data  "1"  in  the  depletion  mode  MOS  transistors 
M11  and  M13.  An  enhancement  mode  p-channel 
MOS  transistor  M14  is  connected  between  a  first 
terminal  2  as  a  node  of  the  memory  circuit  1  and  a 
first  power  source  Vco.  An  enhancment  mode  n- 
channei  MOS  transistor  M15  is  inserted  between 
a  second  terminal  3  as  a  node  and  a  second 
power  source  Vss.  The  node  2  is  connected  to  ah 
input  terminal  of  an  inverter  4.  The  inverter  4  is 
made  up  of  an  n-channel  MOS  transistor  M16  and 
a  p-channel  MOS  transistor  M17  connected  in 
series  between  the  power  sources  Vss  and  Voc. 
Data  is  derived  from  an  output  terminal  5  as  a 

connection  point  between  the  source-drain  paths 
of  the  MOS  transistor  M16  and  those  of  the  MOS 
transistor  M17.  A  clock  pulse  cp  is  supplied  to  the 
gate  electrodes  of  the  MOS  transistors  M14  and 

5  M15.  In  order  to  read  out  the  data  "0"  stored  in 
the  MOS  transistor  M12,  the  gate  voltage  V2  of 
the  MOS  transistor  M12  is  set  to  0  V  (an  OFF 
state),  and  the  gate  voltages  V0,  V1  and  V3  of  the 
remaining  MOS  transistors,  are  set  to  the  first 

w  power  source  V00.  Then,  at  time  To  the  clock  pulse 
<p  is  changed  from  0  level  to  Vcc  level  (Fig.  1B). 
Upon  the  level  change,  the  MOS  transistor  M14  is 
OFF,  the  MOS  transistor  M15  is  ON,  and  the  MOS 
transistor  M12  is  OFF.  Accordingly,  the  node  2  is 

75  kept  at  V00  level  and  the  output  terminal  5  is  kept 
at  "0"  level.  In  other  words,  the  data  "0"  stored  in 
the  MOS  transistor  M12  is  produced  from  the 
output  terminal  5.  For  reading  out  the  data  "1  "  of 
the  MOS  transistor  M11,  the  gate  voltage  V1  is  set 

20  to  0  V  and  the  remaining  gate  voltages  VO,  V2  and 
V3  to  V00.  Then,  at  time  To,  the  clock  pulse  <p  is 
changed  from  0  V  to  Vco.  The  MOS  transistors 
M10  to  M13  and  M15  are  then  ON,  while  the  MOS 
transistor  14  is  OFF. 

25  Accordingly,  the  node  2  is  at  Vss  and  the  data 
"1"  is  derived  from  the  output  terminal  5.  In  this 
way,  the  data  "1"  stored  in  the  MOS  transistor 
M11  is  read  out.  As  already  stated,  the  ROM 
constructed  with  the  logic  circuit  including  the 

30  AND  type  memory  circuit  1,  as  shown  in  Fig.  1A, 
has  an  excellent  integration  density.  In  this  ROM, 
it  was  impossible  to  store  multi-bit  data  in  each  of 
the  MOS  transistors  constituting  the  ROM,  since 
the  ROM  is  of  the  current-detection  type  in  which 

35  the  data  is  detected  depending  on  the  presence  or 
absence  of  current  flow  in  the  memory  circuit. 
Moreover,  the  ROM  using  the  OR  type  logic  circuit 
requires  contact  holes  corresponding  to  each  of 
the  MOS  transistors  forming  memory  cells, 

40  resulting  in  an  increase  of  the  chip  area.  For  these 
reasons,  there  has  been  a  great  desire  for  a  multi- 
bit-per-cell  ROM  circuit  which  uses  an  AND-type 
logic  circuit  and  is  capable  of  storing  a  plurality  of 
bits  in  each  of  the  memory  cells. 

45  Accordingly,  an  object  of  the  present  invention 
is  to  provide  an  AND-type  multi-bit-per-cell  ROM 
circuit. 

According  to  the  present  invention,  there  is 
provided  a  multi-bit-per-cell  ROM  circuit  compris- 

50  ing:  a  memory  circuit  including  a  plurality  of 
series-connected  depletion  mode  MOS  tran- 
sistors  each  of  which  stores  data  including  at  least 
two  bits  in  the  form  of  a  threshold  voltage;  first 
connecting  means  for  connecting  a  first  terminal 

55  of  the  memory  circuit  to  a  first  power  source; 
second  connecting  means  for  connecting  a 
second  terminal  of  the  memory  circuit  to  a  second 
power  source;  addressing  means  which  applies 
the  voltage  of  said  second  power  source  to  the 

so  gate  electrode  of  one  selected  depletion  mode 
MOS  transistor,  applies  the  first  power  source 
voltage  to  the  gate  electrodes  of  the  remaining 
depletion  mode  MOS  transistors,  and  produces  at 
the  second  terminal  an  output  voltage  having  an 

65  absolute  value  equal  to  an  absolute  value  of  the 
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threshold  voltage  of  the  selected  depletion  mode 
MOS  transistor;  converting  means  for  converting 
the  output  voltage  into  binary  coded  data; 
whereby  said  first  connecting  means  includes 
means  for  connecting  said  first  terminal  of  said 
memory  circuit  to  said  first  power  source  through 
a  first  enhancement  MOS  transistor  of  first 
conductivity  mode  channel,  said  second  connect- 
ing  means  includes  means  for  connecting  said 
second  terminal  in  said  memory  circuit  to  said 
second  power  source  through  a  second  enhance- 
ment  MOS  transistor  having  a  conductivity  mode 
channel  opposite  in  polarity  to  that  of  said  first 
enhancement  MOS  transistor,  so  the  only  when 
data  is  read  out  from  said  memory  circuit,  a  clock 
pulse  to  turn  on  said  first  enhancement  MOS 
transistor  of  first  conductivity  mode  channel  is 
supplied  to  the  gate  electrode  thereof  and  a  clock 
pulse  to  turn  off  said  second  enhancment  MOS 
transistor  of  second  conductivity  mode  channel  is 
supplied  to  the  gate  electrode  thereof. 

With  such  an  arrangement,  the  data  to  be 
stored  in  a  single  MOS  transistor  can  be 
increased.  Therefore,  the  multi-bit-per-cell  ROM 
arranged  according  to  the  present  invention  has  a 
large  memory  capacity. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when 
taken  in  conjunction  with  the  accompanying 
drawings,  in  which; 

Fig.  1A  shows  a  connection  diagram  of  a  prior 
art  AND  type  one-bit-per-cell  ROM  circuit  contain- 
ing  MOS  transistors  serially  connected  and  used 
as  memory  cells; 

Fig.  1B  shows  a  timing  diagram  useful  in 
explaining  the  read  operation  from  the  ROM 
circuit  shown  in  Fig.  1A; 

Fig.  2  shows  an  AND  type  multi-bit-per-cell 
ROM  circuit  containing  MOS  transistors  serially 
connected  and  used  as  memory  cells; 

Fig.  3  shows  a  circuit  diagram  of  a  differential 
amplifier  included  in  the  converter  which  is 
shown  in  Fig.  2  and  converts  an  input  voltage  to 
corresponding  binary  coded  data; 

Figs.  4A  and  4B  respectively  show  a  circuit 
diagram  of  a  first  embodiment  of  the  invention 
and  a  timing  diagram  useful  in  explaining  the 
operation  of  this  embodiment;  and 

Fig.  5  shows  a  circuit  diagram  of  a  second 
embodiment  of  the  present  invention. 

In  Fig.  2,  a  memory  circuit  6  is  composed  of 
depletion  mode  n-channel  MOS  transistors  M20 
TO  M23  which  asre  connected  in  series.  The 
threshold  voltages  of  the  MOS  transistors  M20  to 
M23  are  set  at  -0.2  V,  -1.2  V,  -2.2  V  and  -3.2  V, 
respectively.  These  transistors  M20  to  M23  store 
data  including  two  bits  "00",  "01",  "10",  and 
"11",  respectively.  Gate  voltages  V10  to  V13  are 
applied  to  the  gate  electrodes  of  the  MOS  tran- 
sistors  M20to  M23,  respectively.  A  first  terminal  2 
as  node  of  the  memory  circuit  6  is  directly 
connected  to  the  first  power  source  Voc  (for 
example,  5  V).  A  second  terminal  3  as  a  node  is 
connected  through  a  resistor  7  to  the  second 
power  source  Vss  (ground  potential).  The  node  3 

is  connected  to  an  input  terminal  of  a  converter  8 
for  converting  a  voltage  appearing  at  the  node  3 
into  data  including  two  bits.  The  converter  8 
contains  differential  amplifiers  9  to  11,  whose 

5  positive  (+)  input  terminals  are  commonly  con- 
nected  to  the  node  3.  Reference  voltages  VR1  to 
VR3  are  respectively  applied  to  the  negative  input 
terminals  of  the  differential  amplifiers  9  to  11.  The 
reference  voltage  VR1  is  set  at  a  predetermined 

10  value  between  0.2  V  and  1.2  V,  the  reference 
voltage  VR2  between  1.2  V  and  2.2  V,  and  the 
reference  voltage  VR3  between  2.2  V  and  3.2  V. 
The  converter  8  is  connected  to  the  first  power 
source  Vcc  and  to  the  second  power  source  Vss. 

15  There  is  provided  a  first  data  output  terminal  23 
and  a  second  data  output  terminal  25. 

The  structures  of  the  differential  amplifiers  9  to 
11  are  exactly  the  same,  and  hence,  only  the 
structure  of  the  differential  amplifier  9  will  be 

20  described  referring  to  Fig.  3.  In  the  figure,  a  first 
inverter  31  and  a  second  inverter  34  are  con- 
nected  between  the  second  power  source  Vss  and 
the  first  power  source  Vcc,  through  an  n-channel 
MOS  transistor  28.  The  first  inverter  31  is  made  up 

25  of  an  n-channel  MOS  transistor  29  and  a  p- 
channel  MOS  transistor  30.  The  second  inverter 
34  is  made  up  of  an  n-channel  MOS  transistor  32 
and  p-channel  MOS  transistor  33.  An  output  node 
35  of  the  first  inverter  31  is  connected  to  the  gate 

30  electrode  of  the  p-channel  MOS  transistor  33.  An 
output  node  36  of  the  second  inverter  34  is 
connected  to  the  gate  electrode  of  the  MOS 
transistor  30.  The  voltage  of  the  first  power 
source  Voc  is  applied  to  the  gate  electrode  of  the 

35  MOS  transistor  28.  The  voltage  E1  on  the  node  3 
of  the  memory  circuit  6  is  applied  to  the  gate 
electrode  of  the  MOS  transistor  29  and  the  ref- 
erence  voltage  Vm  is  applied  to  the  gate  electrode 
of  the  MOS  transistor  32.  The  voltage  on  the 

40  output  node  36  of  the  second  inverter  34  is 
applied  by  way  of  the  inverters  37  and  38  to  the 
output  node  12  of  the  differential  amplifier  9. 

The  operation  of  the  ROM  circuit  including  the 
logic  circuit  shown  in  Fig.  2  will  now  be  described. 

45  In  order  to  read  out  two  bit  data  "00"  stored  in  the 
MOS  transistor  M20  of  the  memory  circuit  6,  the 
gate  voltage  V10  of  the  MOS  transistor  M20  is  set 
to  0V  and  the  gate  voltages  V11,  V12  and  V13  of 
the  remaining  MOS  transistors  are  set  to  Voc.  As  a 

so  result,  the  MOS  transistors  M21  to  M23  are  in  a 
low  resistive  state.  If  V00=5V,  the  voltage  on  the 
node  between  the  MOS  transistors  M20  and  M21 
is  approximately  5  V.  Thus,  the  drain  of  the  MOS 
transistor  M20  is  set  at  5  V  and  the  source  voltage 

55  of  the  MOS  transistor  M20  is  set  at  [0 
V-VthM2O]=[0  V-(-0.2V)]  where  VthM20  is  the 
threshold  voltage  of  the  MOS  transistor  M20.  No 
current  flows  through  the  path  between  the  first 
power  source  V00  and  the  node  3.  Therefore,  at 

60  this  time,  the  node  3  is  fixed  at  0.2  V.  In  other 
words,  0.2  V,  which  is  equal  to  the  absolute  value 
of  the  threshold  voltage  of  the  MOS  transistor 
M20  whose  data  is  to  be  read  out,  appears  at  the 
node  3.  Since  the  0.2  V  at  the  node  3  is  smaller 

65  than  any  one  of  the  reference  voltages  VR1  to  VR3, 
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logical  "0"  appears  at  the  output  nodes  12  to  14. 
As  a  result,  B0="1"  (B0="0")  appears  at  the  first 
data  ouqput  terminal  23  and  B-,="1"  (B-,="0") 
appears  at  the  second  data  output  terminal  25.  In 
this  way,  the  two-bit  data  "00"  stored  in  the  MOS 
transistor  M20  is  read  out.  Here,  the  B0  indicates 
the  bit  at  the  first  place  and  B,  the  bit  at  the 
second  place. 

In  the  differential  amplifier  9,  when  the  voltage 
at  the  +  terminal  is  higher  than  the  reference 
voltage  VR1,  the  output  node  12  is  at  logical  "1", 
and  in  the  reverse  case,  it  is  at  logical  "0".  This 
will  be  described  referring  to  Fig.  3.  When  the 
reference  voltage  VR1  is  higher  than  the  voltage 
E1  on  the  node  3,  the  potential  at  the  output  node 
36  of  the  second  inverter  34  tends  to  approach 
closer  to  that  of  the  second  power  source  Vss 
(ground  level)  than  does  the  potential  at  the 
output  node  35  of  the  first  inverter  31'.  At  this  time, 
the  MOS  transistor  28  is  in  the  ON  state.  There- 
fore,  the  p-channel  MOS  transistor  30  tends  to  be 
in  an  ON  state  more  than  does  the  p-channel  MOS 
transistor  33.  That  is,  the  potential  at  the  node  35 
approaches  closer  to  that  of  the  first  power  source 
Vcc  than  does  the  output  node  36.  Since  the 
potential  on  the  node  35  is  applied  to  the  gate 
electrode  of  the  p-channel  MOS  transistor  33,  the 
OFF  state  of  the  p-channel  MOS  transistor  33 
tends  to  become  even  more  in  the  OFF  state.  In 
other  words,  the  potential  at  the  output  node  36 
tends  to  be  closer  to  the  potential  Vss.  This 
operation  is  repeated  and  finally  the  potential  on 
the  output  node  36  reaches  the  Vss  level  or  logical 
"0".  Therefore,  the  logical  level  on  the  output 
node  12  of  the  differential  amplifier  9  is  "0".  When 
the  potential  E1  on  the  node  3  in  Fig.  3  is  larger 
than  the  reference  voltage  VR1,  the  circuit  shown 
in  Fig.  3  operates  in  a  reverse  way,  so  that  the 
output  node  12  of  the  differential  amplifier  9 
provides  logical  "1".  The  same  thing  is  corre- 
spondingly  applied  for  other  differential  ampli- 
fiers. 

In  order  to  read  out  the  data  "01  "from  the  MOS 
transistor  M21,  the  gate  voltage  V11  of  the  MOS 
transistor  M21  is  set  at  0  V  and  the  gate  voltages 
V10  to  V13  of  the  remaining  MOS  transistors  are 
set  to  Voc.  Then,  1.2  V,  equal  to  an  absolute  value 
of  the  threshold  voltage-1.2  V  of  the  MOS  tran- 
sistor  M21,  appears  at  the  output  node  3.  The  1.2 
V  is  converted  into  data  of  "01  "  in  the  converter  8. 
And  the  first  data  output  terminal  23  provides 
logical  "0"  and  the  second  data  output  terminal 
25  provides  logical  "1".  The  above  operation 
procedure  is  correspondingly  applied  for  the  read 
operation  of  the  data  "10"  and  "11"  of  the  MOS 
transistors  M22  and  M23. 

In  Fig.  4A  illustrating  a  first  embodiment  of  the 
invention,  only  the  connection  of  the  memory 
circuit  6  to  the  first  and  second  power  sources  Voc 
and  Vss  is  illustrated,  while  omitting  the  illus- 
tration  of  the  converter  8.  As  shown,  an  enhance- 
ment  mode  p-channel  MOS  transistor  41  is  con- 
nected  between  the  first  node  2  and  the  first 
power  source  V00.  An  enhancement  mode  n- 
channel  MOS  transistor  42  is  inserted  between 

the  second  node  3  and  the  second  power  source 
Vss.  The  clock  pulse  <p  shown  in  Fig.  4B  is  suppied 
to  the  gate  electrodes  of  the  MOS  transistors  41 
and  42.  In  this  way,  the  current  flow  through  the 

5  memory  circuit  6  is  prevented  in  the  read  mode 
and  in  the  non-read  mode  as  well.  When  the  clock 
signal  c(>  shown  in  Fig.  4B  is  at  the  Vcc  level,  the 
enhancement  mode  p-channel  MOS  transistor  41 
is  turned  off  and  the  enhancement  mode  n- 

io  channel  MOS  transistor  42  is  turned  on,  so  that 
the  voltage  on  the  node  3  is  at  Vss  level  or  0  V.  In 
order  to  read  out  the  data  from  the  MOS  tran- 
sistor  M20,  the  gate  voltage  of  the  MOS  transistor 
M20  is  set  to  0  V  and  the  gate  voltages  V1  1  to  V13 

15  of  other  MOS  transistors  are  set  to  V00level.  Then, 
the  clock  pulse  $  is  changed  in  level  to  0  V  at  time 
To.  At  this  time,  an  absolute  value  |VthM20|=0.2  V 
of  the  threshold  voltage  -VthM20  of  the  MOS 
transistor  M20  appears  at  .the  node  3,  as 

20  described  referring  to  Fig.  3.  The  0.2  V  is  con- 
verted  into  "00"  by  the  converter  8.  The  reading 
operation  of  other  MOS  transistors  has  already 
been  described  with  reference  to  Fig.  2,  and  hence 
the  description  thereof  will  be  omitted.  Since  the 

25  second  embodiment  employs  the  enhancement 
mode  n-channel  MOS  transistor  42,  the  data  read 
speed  can  be  increased.  When  the  MOS  transistor 
M20  and  the  enhancement  mode  n-channel  MOS 
transistor  42  are  fabricated  with  the  same  size,  the 

30  potential  on  the  node  3  is  frequently  unstable  due 
to  the  leak  current  of  the  depletion  mode  n- 
channel  MOS  transistor  M20.  To  avoid  this,  it  is 
preferable  to  properly  limit  the  leak  current  of  the 
MOS  transistor  M20  by  designing  the  enhance- 

35  ment  mode  n-channel  MOS  transistor  42  geo- 
metrically  larger  than  the  MOS  transistor  M20. 

In  a  second  embodiment  of  the  present  inven- 
tion  shown  in  Fig.  5,  a  resistor  43  is  connected  in 
parallel  with  the  enhancement  mode  n-channel 

40  MOS  transistor  42  of  Fig.  4A.  This  embodiment 
eliminates  the  instability  of  the  potential  on  the 
node  3  by  pulling  the  potential  of  the  node  3  to  the 
Vss  level  by  properly  selecting  the  resistance  of 
the  resistor  43. 

45 
Claims 

1.  A  multi-bit-per-cell  ROM  circut  comprising: 
a  memory  circuit  (6)  including  a  plurality  of 

so  series-connected  depletion  mode  MOS  tran- 
sistors  each  of  which  stores  data  including  at  least 
two  bits  in  the  form  of  a  threshold  voltage; 

first  connecting'  means  for  connecting  a  first 
terminal  (2)  of  said  memory  circuit  to  a  first  power 

55  source  (V00); 
second  connecting  means  for  connecting  a 

second  terminal  (3)  of  said  memory  circuit  to  a 
second  power  source  (Vss); 

addressing  means  which  applies  the  voltage  of 
60  said  second  power  source  to  the  gate  electrode  of 

one  selected  depletion  mode  MOS  transistor, 
applies  said  first  power  source  voltage  to  the  gate 
electrodes  of  the  remaining  depletion  mode  MOS 
transistors,  and  produces  at  said  second  terminal 

65  (3)  an  output  voltage  having  an  absolute  value 
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equal  to  an  absolute  value  of  the  threshold  volt- 
age  of  said  selected  depletion  mode  MOS  tran- 
sistor; 

converting  means  (8)  for  converting  said  output 
voltage  (E1)  into  binary  coded  data  and  charac- 
terized  in  that  said  first  connecting  means 
includes  means  for  connecting  said  first  terminal 
(2)  of  said  memory  circuit  to  said  first  power 
source  (VG0)  through  a  first  enhancement  MOS 
transistor  (41)  of  first  conductivity  mode  channel, 
said  second  connecting  means  includes  means 
for  connecting  said  second  terminal  (3)  in  said 
memory  circuit  to  said  second  power  source  (Vss) 
through  a  second  enhancement  MOS  transistor 
(42)  having  a  conductivity  mode  channel  opposite 
in  polarity  to  that  of  said  first  enhancement  MOS 
transistor  (41),  so  that  only  when  data  is  read  out 
from  said  memory  circuit,  a  clock  pulse  to  turn  on 
said  first  enhancment  MOS  transistor  of  first 
conductivity  mode  channel  is  supplied  to  the  gate 
electrode  thereof  and  a  clock  pulse  to  turn  off  said 
second  enhancement  MOS  transistor  of  second 
conductivity  mode  channel  is  supplied  to  the  gate 
electrode  thereof. 

2.  A  multi-bit-per-cell  ROM  circuit  according  to 
claim  1,  characterized  in  that  said  second  connect- 
ing  means  further  includes  a  resistor  (43)  con- 
nected  in  parallel  with  said  second  enhancement 
MOS  transistor  (42)  of  second  conductivity  mode 
channel. 

Patentanspruche 

1.  Festwertspeicherschaltung  mit  Multi-Bit-Zel- 
len  mit  einer  Speicherschaltung  (6),  die  eine 
Vielzahl  von  in  Reihe  geschalteten  MOS-Transi- 
storen  im  Verarmungsbetrieb  enthalt,  wobei  jeder 
von  diesen  Datenwerte  speichert,  die  wenigstens 
zwei  Bits  in  Form  einer  Schwellspannung 
enthalten; 

erste  Verbindungsmittel  zum  Verbinden  eines 
ersten  Anschiusses  (2)  der  Speicherschaltung  mit 
einer  ersten  Energieversorgungsquelle  (Voc); 

zweite  Verbindungsmittel  zum  Verbinden  eines 
zweiten  Anschiusses  (3)  der  Speicherschaltung 
mit  einer  zweiten  Energieversorgungsquelle 
(Vss); 

Adressiermittel,  welche  die  Spannung  der  zwei- 
ten  Energieversorgungsquelle  an  der  Gatterelek- 
trode  eines  ausgewahlten  MOS-Transistors  im 
Verarmungsbetrieb  und  die  Spannung  der  ersten 
Energieversorgungsquelle  an  den  Gatterelektro- 
den  der  restlichen  MOS-Transistoren  im  Verar- 
mungsbetrieb  anlegen  und  welche  an  dem  zwei- 
ten  AnschlulS  (3)  eine  Ausgangsspannung  mit 
einem  absoluten  Wert,  gleich  mit  einem  absolu- 
ten  Wert  der  Schwellspannung  des  ausgewahlten 
MOS-Transistors  im  Verarmungsbetrieb,  erzeu- 
gen; 

Unwandlungsmittel  (8)  zum  Umwandeln  der 
Ausgangsspannung  (E1)  is  binar  codierte  Daten- 
werte, 

dadurch  gekennzeichnet,  dalS  die  ersten  Verbin- 
dungsmittel  Mittel  zum  Verbinden  des  ersten 
Anschiusses  (2)  der  Speicherschaltung  mit  der 

ersten  Energieversorgungsquelle  (Vcc)  uber  einen 
ersten  Anreicherungstyp-MOS-Transistor  (41) 
vom  ersten  Leitfahigkeitsmoduskanal  enthalten, 

die  zweiten  Verbindungsmittel  Mittel  zum  Ver- 
5  binden  des  zweiten  Anschiusses  (3)  in  der  Spei- 

cherschaltung  mit  der  zweiten  Energieversor- 
gungsquelle  (Vss)  iiber  einen  zweiten  Anreiche- 
rungstyp-MOS-Transistor  (42)  mit  einem  Leitfa- 
higkeitsmoduskanal  von  entgegengesetzter  Pola- 

10  ritat  zu  der  des  ersten  Anreicherungstup-MOS- 
Transistors  (41),  so  dalS  nur,  wenn  Datenwerte 
aus  der  Speicherschaltung  gelesen  werden,  ein 
Taktimpuls  der  Gatterelektrode  des  ersten 
Anreicherungstyp-MOS-Transistors  vom  ersten 

15  Leitfahigkeitsmoduskanal  zugefuhrt  wird,  um  die- 
sen  einzuschalten,  und  ein  Taktimpuls  der  Gatte- 
relektrade  des  zweiten  Anreicherungstyp-MOS- 
Transistors  vom  zweiten  Leitfahigkeitsmoduska- 
nal  zugefuhrt  wird,  um  diesen  Auszuschalten. 

20  2.  Festwertspeicherschaltung  mit  Mult-Bit-Zel- 
len  nach  Anspruch  1,  dadurch  gekennzeichnet, 
daB  die  zweiten  Verbindungsmittel  weiter  einen 
parallel  mit  dem  zweiten  Anreicherungstyp-MOS- 
Transistor  (42)  vom  zweiten  Leitfahigkeitsmodus- 

25  kanal  geschalteten  Widerstand  (43)  enthalten. 

Revendications 

1.  Circuit  ROM  a  plusieurs  bits  par  cellule, 
30  comprenant: 

un  circuit  de  memoire  (6)  comportant  plusieurs 
transistors  MOS  de  mode  appauvrissement  con- 
nected  en  serie  qui  emmagasinent  chacun  une 
donnee  comprenant  au  moins  deux  bits  sous  la 

35  forme  d'une  tension  de  seuil; 
un  premier  moyen  de  connexion  servant  a 

connecter  une  premier  borne  (2)  dudit  circuit  de 
memoire  a  une  premiere  source  d'alimentation 
electrique  (V00); 

40  un  deuxiemr  moyen  de  connexion  servant  a 
connecter  une  deuxieme  borne  (3)  dudit  circuit  de 
memoire  a  une  deuxieme  source  d'alimentation 
electrique  (Vss); 

un  moyen  d'adressage  qui  applique  la  tension 
45  de  ladite  deuxieme  source  d'alimentation  electri- 

que  a  I'electrode  de  grille  de  I'un,  choisi,  des 
transistors  MOS  de  mode  appauvrissement, 
applique  la  tension  de  la  premiere  source  d'ali- 
mentation  aux  electrodes  de  grille  des  transistors 

so  MOS  de  mode  appauvrissement  restants,  et  pro- 
duit  sur  ladite  deuxieme  borne  (3)  une  tension  de 
sortie  ayant  une  vaieur  absolue  que  est  egale  a  la 
valeur  absolue  de  la  tension  de  seuil  dudit  transis- 
tor  MOS  de  mode  appauvrissement  selectionne; 

55  un  moyen  de  conversion  (8)  servant  a  transfor- 
mer  ladite  tension  de  sortie  (E1)  en  une  donnee 
codee  binaire;  et 

caracterise  en  ce  que  ledit  premier  moyen  de 
connexion  comporte  un  moyen  servant  a  connec- 

60  ter  ladite  premiere  borne  (2)  dudit  circuit  de 
memoire  a  ladite  premiere  source  d'alimentation 
electrique  (Voc)  par  I'intermediaire  d'un  premier 
transistor  MOS  a  enrichissement  (41)  ayant  un 
canal  d'un  premier  mode  de  conductivity,  ledit 

65  deuxieme  moyen  de  connexion  comporte  un 
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impulsion  d  horloge  visant  a  rendre  non  conauc- 
teur  ledit  deuxieme  transistor  MOS  a  enrichisse- 
ment  ayant  un  canal  du  deuxieme  mode  de 
conductivity  est  delivree  a  son  electrode  de  com- 

>  mande. 
2.  Circuit  ROM  a  plusieurs  bits  par  cellule  selon 

la  revendication  1,  caracterise  en  ce  que  ledit 
deuxieme  moyen  de  connexion  comporte  en 
outre  une  resistance  (43)  connecte  en  parallele 

o  avec  ledit  deuxieme  transistor  MOS  a  enrichisse- 
ment  (42)  ayant  un  canal  du  deuxieme  mode  de 
conductivity. 
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noyen  servant  a  connecter  ladite  deuxieme 
>orne  (3)  dudit  circuit  de  memoire  a  ladite 
Jeuxieme  source  d'alimentation  electrique  (Vss) 
)ar  i'intermediaire  d'un  deuxieme  transistor  MOS 
i  enrichissement  (42)  ayant  un  canal  a  mode  de 
:onductivite  oppose  en  polarite  a  celui  dudit 
)remier  transistor  MOS  a  enrichissement  (41,  si 
)ien  que  c'est  seulement  lorsque  des  donnees 
sont  lues  dans  ledit  circuit  de  memoire  qu'une 
mpulsion  d'horloge  visant  a  rendre  conducteur 
edit  premier  transistor  MOS  a  enrichissement 
ayant  un  canal  du  premier  mode  de  conductivity 
;st  delivree  a  son  electrode  de  grille  et  qu'une 
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