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(54)  Reading  circuit  for  memory  cells  devices  having  a  low  supply  voltage 

(57)  A  reading  device  for  devices  with  memory  cells 
with  two  branches  each  comprising,  connected  in  cas- 
cade,  an  electronic  switch  (T3,  T4),  an  active  element 
(T1  ,  T2)  reactively  connected  to  the  active  element  of 
the  other  branch,  between  them  to  form  a  voltage  ampli- 
fier. 

vdd 

Each  active  element  is  controlled  by  means  of  a 
high  impedance  circuit  element  (DL,  DR). 

A  microswitch  (TE)  which  connects  the  two 
branches  together  is  inserted  between  the  two  active 
elements  (1,  2). 
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Description 

This  description  relates  to  circuits  included  in  mem- 
ory  cell  devices  and  incorporated  therein,  and  in  partic- 
ular  a  circuit  for  the  reading  of  such  cells.  s 

The  progressive  increase  in  processing  and  com- 
puting  power  required  by  the  market  and  provided  by 
computers  and  ancillary  manufacturers  has  inevitably 
required  greater  speed  of  access  to  data  stored  in  both 
volatile  and  non-volatile  memories.  Alongside  this  to 
requirement  there  is  also  the  need  to  reduce  supply 
voltages  in  order  to  limit  power  consumption. 

A  highly  topical  problem  is  therefore  the  provision  of 
circuitry  which  is  capable  of  accessing  information  in 
memory  in  shorter  times  and  with  an  energy  consump-  ts 
tion  which  satisfies  market  requirements. 

The  known  art  also  distinguishes  problems  relating 
to  the  reading  of  memories  with  differential  cells  and 
those  relating  to  the  reading  of  memories  which  use  ref- 
erence  cells.  20 

By  differential  cell  we  typically  mean  a  circuit  of  the 
bistable  type  or  a  pair  of  floating  gate  MOS  transistors. 

The  characteristic  of  differential  cells  is  that  they 
store  data  in  its  "direct"  and  "complemented"  form.  In 
the  case  of  a  bistable  circuit  this  is  achieved  directly  as  25 
it  has  two  complementary  outputs,  while  in  the  case  of 
the  two  transistors  these  have  to  be  programmed  in  a 
complementary  way. 

A  memory  device  having  differential  cells  generally 
comprises  a  matrix  of  memory  cells  which  is  connected  30 
through  suitable  decoding  to  preloading  blocks  by 
means  of  so-called  bit  lines  (these  are  lines  connected 
to  the  memory  cells  which  form  part  of  a  single  column). 
Given  that  a  bit  line  is  associated  with  a  high  capaci- 
tance  due  mainly  to  the  cells  connected  to  it,  before  pro-  35 
ceeding  to  read  them,  which  is  also  described  in  the 
literature  as  "sensing",  the  line  has  to  be  preloaded, 
bringing  it  to  a  voltage  value  which  makes  it  possible  to 
perform  the  reading  correctly.  This  is  achieved  by 
means  of  preloading  blocks.  to 

After  the  bit  line  has  been  preloaded,  proper  read- 
ing  takes  place.  The  operation  is  carried  out  by  the 
"sensing"  block  which  receives  a  voltage  or  current  sig- 
nal  at  its  inputs  (in1  and  in2),  then  providing  an  output 
signal  which  is  sent  to  an  amplifier  block  or  a  memory  45 
element. 

Of  course  suitable  decoding  and  addressing  cir- 
cuits  are  required  in  order  to  select  the  memory  cell  on 
which  the  reading  operation  is  to  be  carried  out. 

The  greatest  limitation  on  the  speed  of  reading  a  so 
multi-megabit  memory  lies  within  the  very  structure  of 
the  reading  devices  themselves.  All  the  cells  belonging 
to  the  same  column  in  fact  have  a  common  drain,  and 
therefore  the  corresponding  coupling  capacitances 
between  these  regions  and  the  substrate  add  together  55 
at  the  same  node,  giving  rise  to  capacitive  coupling 
which  is  greater  the  longer  the  bit  line. 

The  problem  of  high  speed  sensing  is  tackled  in 
various  ways.  There  are  fundamentally  two  types  of 
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sensing:  voltage  sensing  and  current  sensing.  The  first 
uses  a  voltage,  normally  generated  by  a  load  connected 
to  the  bit  line,  as  the  input  variable.  In  this  case  the 
sensing  function  is  that  of  amplifying  the  voltage  differ- 
ence  which  evolves  between  the  direct  bit  line  and  the 
complementary  bit  line  using  a  voltage  amplifier  in  order 
to  provide  a  voltage  value  as  an  output  which  is  suffi- 
cient  to  control  an  output  buffer.  The  second  on  the 
other  hand  attempts  to  detect  the  value  of  data  included 
in  the  memory  cell  addressed  on  the  basis  of  whether  or 
not  current  passes  along  the  bit  line.  Here  in  this  case 
amplification  is  necessary,  and  this  is  achieved  by 
means  of  a  current  amplifier,  while  a  second  stage  of 
amplification  has  the  task  of  converting  the  amplified 
current  into  a  voltage. 

A  particularly  useful  known  technique  for  reading 
cells  of  the  differential  type  is  that  described  in  the  arti- 
cle  "Current-Mode  Techniques  for  high-speed  VLSI  cir- 
cuit  with  application  to  current  sense  amplifier  for 
CMOS  SRAMs"  by  E.  Seevinck,  P.J.  Van  Beers  and  H. 
Ontrop,  published  in  the  IEEE  Journal  of  Solid  State  Cir- 
cuits,  vol.  24,  no.  4,  in  April  1991. 

In  the  proposed  reading  circuit  illustrated  in  Figure 
1,  the  proposed  approach  is  that  of  current  sensing. 
During  the  sensing  operation,  the  cell  block  (in  this  case 
consisting  of  a  differential  cell  of  static  RAM)  draws  cur- 
rent  from  one  or  other  of  its  terminals  connected  to  the 
bit  line  (D  or  its  complemented  counterpart),  depending 
on  the  value  of  the  value  of  data  stored  in  it.  This  uptake 
of  current  causes  a  change  (fall)  in  the  current  in  one  of 
the  two  transistors  T1  and  T2  (specifically  the  one  con- 
nected  to  the  terminal  from  which  the  current  was 
drawn).  This  change  can  be  regarded  for  all  purposes 
as  a  current  signal.  The  two  transistors  T1  and  T2, 
which  constitute  the  core  of  the  amplifier,  together  form 
a  feedback  loop.  As  a  result  of  this  loop,  a  decrease  in 
current  in  the  left  (or  right)  branch  corresponds  to  an 
increase  in  the  opposite  branch,  which  in  turn  produces 
a  further  reduction  in  the  first,  and  so  on. 

The  pair  of  n  channel  transistors  connected  to 
"diode-connected"  transistors  A1-A2  ensures  that  the 
bit  line  capacitances  are  preloaded,  while  the  pair  N1- 
N2  has  the  task  of  converting  the  current  amplified 
within  the  circuit  into  a  voltage.  The  output  voltage  sig- 
nal  is  sampled  at  nodes  out1  and  out2. 

The  success  of  the  circuit  in  Figure  1  is  based  on  a 
certain  amount  of  insensitivity  to  the  capacitance  of  the 
bit  line  (this  is  obtained  by  keeping  the  bit  line  loaded  at 
the  optimum  operating  voltage  through  two  load  transis- 
tors  A1-A2  and  the  low  impedance  guaranteed  by  the 
said  pair),  but  is  however  made  inefficient  on  account  of 
two  defects  which  are  not  negligible.  In  the  first  place, 
the  existence  of  four  transistors  in  series  in  each  branch 
(A1,  T1,  S1,  D1  and  A2,  T2,  S2,  D3)  restricts  the  func- 
tional  dynamic  of  the  amplifier,  which  therefore  requires 
a  high  supply  voltage.  In  the  second  place  the  insensi- 
tivity  to  the  bit  line  capacitance  is  only  sufficient  for  a 
limited  range  of  values,  beyond  which  the  circuit  experi- 
ences  speed  limitations.  The  value  of  the  impedance  of 
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the  two  load  transistors  A1  and  A2  cannot  in  fact  be  very 
low,  for  reasons  of  both  area  occupied  and  power  dissi- 
pation. 

The  problems  of  reading  based  on  the  reference 
cell  technique  will  now  be  described.  s 

Reading  reference  cells  uses  a  non-volatile  mem- 
ory  cell  which  is  identical  to  the  memory  cell  selected  by 
the  decoding  blocks.  While  the  selected  cell  may  be 
written  or  not  (or  have  a  high  or  low  threshold),  the  ref- 
erence  cell  will  always  be  cancelled  (low  threshold).  In  10 
this  way  the  reading  circuit  will  compare  a  low  threshold 
cell  (which  will  therefore  draw  a  rated  current  typical  of 
its  physical  characteristics)  with  a  cell  which  might  have 
a  low  or  high  threshold  depending  on  the  way  it  has 
been  previously  programmed.  Obviously  the  selected  is 
cell  will  draw  substantially  the  same  current  as  the  refer- 
ence  cell  if  the  threshold  is  low,  and  zero  current  if  the 
threshold  is  high. 

In  the  output  stages  a  reading  circuit  should  provide 
a  high  or  low  logic  value  depending  upon  whether  the  20 
selected  cell  is  the  same  as  or  different  from  the  refer- 
ence  cell,  from  the  point  of  view  of  the  threshold. 

A  generic  reading  system  using  a  reference  cell  is 
illustrated  in  Figure  2.  The  basic  concept  of  the  tech- 
nique  is  to  compare  the  generic  cell  selected  (which  25 
may  have  a  high  or  low  threshold)  with  the  reference  cell 
which  is  always  virgin,  and  will  therefore  always  absorb 
the  rated  current  characteristic  for  it. 

The  reason  why  reading  is  carried  out  by  a  compar- 
ison  between  a  selected  cell  and  a  reference  cell  is  in  30 
order  to  be  able  to  make  use  of  an  always  virgin  cell 
which  matches  the  process  variations  in  the  cells  of  the 
matrix  when  the  integrated  circuit  is  fabricated. 

Reading  using  the  reference  cell  technique  is  not  in 
fact  performed  by  comparing  any  cell  with  a  single  refer-  35 
ence  cell,  but  by  comparing  the  bit  line  which  contains 
the  cell  which  is  to  be  read  and  the  reference  bit  line. 
After  decoding  therefore  we  will  have  selected  two  cells 
on  the  same  line  of  the  matrix:  the  cell  which  is  to  be 
read  and  the  reference  cell.  Even  if  the  comparison  is  40 
made  with  a  single  reference  cell  it  is  therefore  more 
correct  to  speak  of  the  reference  bit  line. 

The  reference  bit  line  runs  into  problems  through 
process  variation.  Given  that  the  memory  matrix  in  fact 
occupies  quite  an  extensive  surface  area,  the  risk  of  45 
variations  in  physical  and  electrical  parameters  between 
different  cells  due  to  process  tolerances  is  very  high, 
and  it  is  for  this  reason  that  the  reference  bit  line  route  is 
chosen.  Once  the  word  line  has  been  selected,  the  cell 
in  the  reference  bit  line  and  the  selected  cell  in  the  so 
memory  are  taken  into  consideration  so  that  the  two 
cells  are  allocated  to  the  same  axis. 

The  advantage  of  reading  using  the  technique 
which  makes  use  of  a  reference  cell  in  comparison  with 
reading  a  differential  cell  (where  the  value  of  data  is  55 
stored  in  two  memory  cells  in  its  direct  and  comple- 
mented  form)  is  essentially  that  it  occupies  a  smaller 
area  of  silicon. 

As  mentioned  earlier  in  connection  with  bit  lines,  in 

large  memory  devices  (4  Mbit,  1  6  Mbit)  in  particular,  the 
drains  of  various  thousands  of  cells  are  joined  together. 
The  junction  capacitances  associated  with  the  drains  of 
these  cells  add  together  with  the  result  that  overall  they 
reach  several  picofarads  of  capacitive  load.  Here  again 
it  is  obvious  that  the  high  capacitance  of  the  bit  line  lim- 
its  sensing  speed  of  any  system  of  reading  which  is 
based  on  the  amplification  of  a  voltage  signal  evolved  in 
the  drain  from  the  selected  cell  (voltage-mode  opera- 
tion). 

The  alternative  of  current  sensing  is  therefore  pref- 
erable.  The  circuitry  designed  to  identify  the  value  of 
data  (the  sense  amplifier)  should  have  a  low  input 
impedance  and  respond  to  current  rather  that  voltage 
signals.  The  advantage  of  this  method  is  based  essen- 
tially  on  the  low  input  impedance  which  makes  it  possi- 
ble  to  pass  the  current  from  the  cell  into  the  sense 
amplifier  without  the  voltage  in  the  bit  line  undergoing 
any  appreciable  variation.  The  current  method,  in  other 
words,  makes  it  possible  to  assign  the  bit-line  capaci- 
tance  to  a  node  which  substantially  has  no  (or  little) 
effect  on  the  speed  with  which  the  data  in  memory  is 
sensed.  Usually  a  "preloading"  operation  is  also  per- 
formed  in  this  situation  before  proper  reading  in  order  to 
achieve  the  optimum  voltage  on  the  bit  line  for  perform- 
ing  reading  from  the  node. 

When  a  cell  having  the  same  threshold  voltage  as 
the  reference  cell  is  read,  reading  is  privileged  and  more 
difficult.  When  the  cell  selected  has  a  high  threshold 
voltage  (and  therefore  zero  current  passes)  comparison 
with  the  reference  cell  is  easier.  Comparison  between 
two  cells  having  a  low  threshold  on  the  other  hand  is 
more  problematical.  The  current  which  flows  in  the  two 
cells  is  in  fact  the  same,  and  the  task  of  the  sensing  cir- 
cuitry  is  to  detect  this  state  of  affairs. 

Numerous  circuits  for  reading  memory  cells  based 
on  the  reference  cell  technique  are  known  in  the  litera- 
ture,  but  their  use  is  associated  with  a  supply  voltage 
whose  value  always  tends  to  decrease  in  current  appli- 
cations,  as  mentioned. 

In  patent  application  no.  94830415.9  by  the  same 
applicant,  lodged  on  the  31  August  1994,  there  is  a 
description  of  a  reading  circuit  for  a  memory  with  differ- 
ential  cells  which  can  also  be  used,  with  suitably  dimen- 
sioned  components,  for  reading  memory  using  the 
reference  cell  technique,  and  which  has  a  high  data 
reading  speed  and  the  capacity  of  operating  with  low 
supply  voltages  in  both  applications. 

Where  reference  cells  are  read  using  this  circuit  it  is 
also  possible  to  improve  decisionmaking  when  reading 
cells  with  a  low  current  uptakes. 

The  technical  problem  underlying  the  present 
invention  is  to  provide  a  new  circuit  for  reading  memo- 
ries  with  differential  cells  which  can  also  be  used  to  read 
memories  with  reference  cells,  which  have  a  higher  data 
reading  speed  than  known  reading  circuits,  and  which 
can  also  operate  at  lower  supply  voltages. 

This  technical  problem  is  resolved  by  reading  circuit 
of  the  abovementioned  type  described  in  the  character- 
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ising  part  of  the  claims  which  follow  this  description. 
The  features  and  advantages  of  a  reading  circuit 

according  to  the  invention  will  be  apparent  from  the 
description  below  of  an  embodiment  given  by  way  of  a 
non-restrictive  example  with  reference  to  the  appended  s 
drawings. 

In  these  drawings: 

Figure  1  shows  a  known  current  amplification  circuit 
for  the  reading  of  differential  memory  cells,  to 

Figure  2  shows  a  block  diagram  of  parts  of  the  cir- 
cuit  for  reading  a  memory  using  the  reference  cell 
technique, 

15 
Figure  3  shows  a  circuit  according  to  the  invention 
for  reading  memory  cells,  and 

Figure  4  shows  an  equivalent  diagram  for  the  circuit 
according  to  the  invention.  20 

A  circuit  for  reading  memory  cells  according  to  the 
invention,  of  which  a  diagram  is  shown  in  Figure  3, 
essentially  comprises  a  structure  of  the  differential  type 
having  two  branches  connected  to  one  supply  line  VDD  25 
and  each  comprising,  in  a  cascade  arrangement,  an 
electronic  switch  and  an  active  element  connected  in  a 
feedback  loop  to  the  active  element  of  the  other  branch, 
forming  a  voltage  amplifier  therewith. 

The  electronic  switches  consist  of  transistors  of  the  30 
MOS  type  T3  and  T4,  while  the  active  elements  are  two 
transistors  of  the  MOS  type,  T1  and  T2. 

A  feature  of  the  invention  is  that  the  reading  circuit 
includes  an  equalising  microswitch,  TE,  inserted 
between  the  two  branches  and  connected  to  two  nodes,  35 
1  and  2,  in  the  feedback  loop. 

In  the  diagram  in  the  figure,  this  microswitch,  which 
is  controlled  synchronously  with  switches  T3  and  T4,  is 
provided  by  means  of  an  N  channel  MOS  transistor,  but 
this  equalising  function  could  also  be  obtained  using  a  40 
bipolar  transistor  and  a  microswitch  of  the  "elastic  sili- 
con  sheet"  type  known  to  those  skilled  in  the  art  and 
obtained  by  chemical  etching  beneath  a  metallised  por- 
tion  of  the  integrated  circuit's  substrate. 

Active  elements  T1  and  T2  are  controlled  by  means  45 
of  high  impedance  circuit  elements,  DL  and  DR, 
inserted  between  the  supply  line  and  the  reference  bit 
line  and  the  selection  bit  line  for  reading  respectively. 

The  embodiment  which  has  been  discussed  relates 
in  particular  to  the  method  of  reading  using  reference  so 
cells,  but  what  has  been  said  is  also  valid  for  the  differ- 
ential  cell  method. 

In  the  preloading  stage  sensing  nodes  1  and  2  are 
also  preloaded  and  pre-equalised.  Two  transistors  DL 
and  DR  are  provided  for  the  purpose.  By  acting  on  their  55 
W/L  aspect  ratios  it  is  possible  to  adjust  the  end-of- 
preloading  voltage  of  the  two  nodes  to  a  value  of 
approximately  VDD/2.  This  operation  makes  it  possible 
to  place  the  sense  amplifier  under  optimum  conditions 

for  comparison. 
In  order  that  the  amplification  system  may  be  acti- 

vated  the  signal  CK  must  have  a  low  logic  level.  In  this 
way  the  two  transistors  T3  and  T4  exit  the  inhibiting  con- 
dition  which  made  it  possible  to  keep  the  amplifier  inac- 
tive,  when  this  was  not  used,  and  a  current  flows  within 
them,  which,  as  T1  and  T2  are  still  inactive  (nodes  1  and 
2  were  in  fact  raised  to  the  same  potential  during  the 
previous  preloading  stage),  tends  to  load  the  nodes  cor- 
responding  to  their  drain  (nodes  3  and  4).  This  loading 
has  the  effect  that  T1  and  T2  can  become  active,  thus 
determining  the  evolution  of  the  circuit  through  initiating 
the  positive  feedback,  brought  about  by  the  cross  con- 
nection  between  the  two  transistors.  At  the  same  time, 
the  same  signal  CK,  controlling  the  gate  of  the  equalis- 
ing  transistor  placed  between  the  two  output  nodes  1 
and  2  deactivates  this  device  and  therefore  makes  the 
circuit  free  to  evolve,  from  a  situation  of  initial  metasta- 
bility  into  one  of  the  stable  output  conditions,  depending 
on  the  control  signal. 

Let  us  consider  the  reading  of  a  "1"  (a  cell  pro- 
grammed  with  a  high  threshold). 

For  the  moment  we  will  restrict  ourselves  to  an  intu- 
itive  analysis  of  the  operation  of  the  system.  The  pres- 
ence  of  any  offsets  and/or  dimensional  imbalances  in 
the  structure  will  not  therefore  be  considered. 

Assuming  that  when  preloading  is  complete  the 
input/output  nodes  (1  and  2)  are  at  a  common  equalis- 
ing  voltage  (approximately  1  .6  V),  when  the  voltage  time 
signal  CK  has  a  low  logic  level  inhibiting  transistors  T3 
and  T4  become  conducting,  enabling  the  voltage  to  rise 
in  nodes  3  and  4.  The  change  over  the  course  of  time  in 
these  two  latter  nodes  can  be  regarded  as  being  uncor- 
rected  with  that  in  1  and  2.  The  latter  consideration  is 
true  provided  that  the  loading  time  constant  for  the 
drains  of  T3  and  T4  is  less  than  the  time  constant  for  the 
change  in  the  output  nodes  themselves.  This  assump- 
tion  can  easily  be  satisfied  in  that  nodes  3  and  4  are  not 
particularly  "heavy"  from  the  capacitance  point  of  view 
(they  are  certainly  "lighter"  than  nodes  1  and  2),  and  in 
addition  to  this  the  control  circuit  for  signal  CK  has  no 
slew-rate  problems  in  discharging  the  gates  of  the  two 
inhibiting  transistors. 

Turning  now  to  the  evolution  of  the  circuit,  it  will  be 
noted  that  in  this  case  the  lack  of  current  in  the  branch 
with  the  selected  cell  rules  out  the  only  path  available  for 
a  stationary  current  through  T1  ,  and  as  a  consequence 
the  drain  of  T1  (node  1)  has  no  other  possibility  than  to 
charge  up  to  a  high  voltage  level  (VDD).  The  rise  in  volt- 
age  at  this  node  simultaneously  causes  a  progressive 
reduction  in  the  control  voltage  of  T2,  which  ceases  to 
be  active  when  the  latter  falls  below  the  conducting 
threshold.  As  a  consequence  of  the  lack  of  supply  for 
the  charging  from  T2,  node  2  tends  to  discharge 
through  the  reference  cell,  which  when  it  is  selected  is 
always  capable  of  taking  up  a  current  having  a  predeter- 
mined  value  iref  (for  example  approximately  30  ma). 
Discharging  continues  until  a  condition  of  balance 
between  current  iref  (i.e.  the  current  taken  up  by  the  ref- 

20 
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erence  cell)  and  that  in  transistor  DL  is  stabilised.  It  will 
be  noted  that  the  fall  in  voltage  at  node  2  results  in  an 
increase  in  the  control  voltage  of  T1  ,  which  is  thus  in  a 
position  to  provide  more  current  to  node  1  ,  which  in  turn 
will  rise  more  quickly.  This  positive  feedback  effect  5 
causes  a  relatively  rapid  change  in  the  circuit,  which 
quickly  results  in  the  establishment  of  an  appreciable 
difference  between  the  potentials  of  nodes  1  and  2 
(splitting). 

We  will  now  consider  the  reading  of  a  "0"  (the  non-  10 
programmed  cell). 

As  it  is  necessary  to  compare  two  memory  cells 
(reference  and  selection  cells)  in  which  the  same  cur- 
rent  flows  under  these  conditions,  or  in  which  there  are 
two  substantially  identical  bit-line  currents,  a  suitable  15 
discrimination  mechanism  is  required  in  the  circuit.  In 
fact,  in  this  case  there  is  the  possibility  of  conduction 
through  both  T1  and  T2,  but  current  should  only  flow 
through  one  of  the  two  when  the  reading  transient  has 
decayed,  leaving  the  other  disabled.  More  specifically,  20 
in  order  to  distinguish  this  situation  from  that  of  the  read- 
ing  of  a  "1",  T2  should  conduct  while  T1  should  be 
caused  to  inhibit,  so  that  node  2  is  at  a  higher  voltage 
than  node  1  . 

Correct  behaviour  of  the  circuit  is  obtained  by  suita-  25 
ble  dimensioning  of  T1  with  respect  to  T2  (more  specif- 
ically  the  aspect  ratio  W/L  of  T1  is  selected  to  be  lower 
than  that  of  T2).  For  equal  initial  biasing  conditions, 
therefore,  T2  can  conduct  more  current.  As  a  conse- 
quence  of  this,  node  2  will  tend  to  charge  up  more  30 
quickly  than  node  1  ,  starting  a  feedback  phenomenon  at 
the  gate  of  T1  ,  which,  with  a  fall  in  its  control  voltage,  will 
cause  a  reduction  in  the  current  in  the  left  branch  of  the 
amplifier.  The  effects  are  as  follows: 

35 
node  1  reverses  its  initial  tendency  to  charge  up, 
given  that  the  current  contribution  from  T1  is  less, 

transistor  T2  receives  an  increased  control  voltage, 
as  a  result  of  the  fall  in  the  voltage  at  its  gate,  and  40 
can  therefore  conduct  a  larger  current. 

Obviously  the  positive  feedback  phenomenon  just 
described  causes  a  rapid  change  in  the  circuit,  causing 
node  2  to  reach  a  high  voltage  level,  and  a  discharge  of  45 
node  1  to  a  lower  equilibrium  value  (iDR  =  icell). 

It  is  quite  important  to  note  that  in  a  reading  circuit 
according  to  the  invention  there  is  an  intrinsic  mecha- 
nism  for  recovering  the  offset. 

It  is  of  particular  advantage  to  see  how  the  pro-  so 
posed  circuit  in  fact  makes  it  possible  to  compensate  for 
the  initial  voltage  at  the  reading  nodes,  thus  allowing 
any  imperfect  equalisation  in  the  branches  of  the  ampli- 
fier  and/or  any  offset  to  be  corrected.  The  operation  is 
made  possible  through  a  suitable  imbalance  in  the  55 
capacitive  loads  present  in  the  nodes  themselves. 

Let  us  consider  the  situation  shown  in  Figure  4  (to 
which  reference  will  be  made  below),  which  shows  the 
circuit  at  the  end  of  the  preloading  stage.  It  is  assumed 

in  this  analysis  that  a  low  threshold  cell  is  to  be  read, 
which  as  will  be  seen  is  the  worst  case  from  this  point  of 
view.  In  order  that  the  two  transistors  T1  and  T2  can 
conduct,  their  control  voltages  must  be  greater  than  the 
corresponding  threshold  voltages.  Considering  T1  for 
example,  the  difference  between  its  source  voltage  (cor- 
responding  to  node  3)  and  its  gate  voltage  (correspond- 
ing  to  node  2)  must  be  greater  than  the  absolute  value 
of  its  threshold  voltage  VTH1.  This  threshold  voltage 
can  be  regarded  as  the  sum  of  two  contributions:  the 
rated  threshold  voltage  for  the  device  (VTHp)  plus  a 
term  for  the  difference  AV  with  respect  to  the  latter, 
equivalent  to  a  voltage  offset  due  to  process  tolerances. 
This  offset  can  include  effects  due  to  various  types  of 
mismatch  between  T1  and  T2,  and  in  general  between 
two  branches  of  the  circuit  in  Figure  3.  The  control  volt- 
age  for  T1  ,  which  when  preloading  is  complete  is  less 
than  the  modulus  of  VTH1  ,  undergoes  a  change  which 
causes  it  to  increase. 

Specifically,  the  source  of  T1  rises  towards  VDD 
through  the  load  provided  by  T3,  but  before  a  conduct- 
ing  channel  can  be  created  in  T2  the  gate  of  T1  tends  to 
discharge  across  the  reference  cell,  as  DL  is  not  able  to 
provide  all  the  current  to  the  virgin  cell  addressed.  At  the 
same  time,  the  voltage  in  node  1  also  tends  to  dis- 
charge,  in  this  case  through  the  selected  cell,  while 
node  4  increases  towards  VDD. 

If  the  capacitance  at  node  2  is  indicated  by  C2,  the 
discharge  time  constant  will  be  approximately  equal  to 
the  product  of  this  and  RB,  were  RB  indicates  the  paral- 
lel  of  the  resistances  seen  from  the  drain  of  DL  and  the 
reference  bit  line.  Approximately  then 

=  ~  bit-line  rif a  mDL 

A  structure  having  a  high  output  resistance,  such  as 
e.g.  a  cascode  structure,  can  be  used  in  a  known  way  in 
the  circuit  for  decoupling  and  adjusting  the  bit-line  volt- 
age.  It  is  obvious  that  in  this  way  the  resistance  of  the  bit 
line  will  be  much  greater  than  that  shown  by  the  drain  of 
DL,  and  therefore  RB  can  be  approximated  to: 

9  mDL 

The  same  thing  happens  with  T2,  which  in  general 
will  have  a  VTH2  *  VTH1  (without  losing  any  generality 
it  may  be  thought  that  the  threshold  of  T2  is  equal  to  the 
rated  threshold,  incorporating  all  the  effects  of  mis- 
matches  in  that  of  T1)  and  will  have  a  different  capaci- 
tive  load  at  its  gate.  Capacitance  C2  is  intrinsically 
greater  than  C1  ,  in  the  situation  in  which  T1  and  T2  are 
disabled,  in  that  the  diffusion  regions  of  T2  are  larger 
than  those  of  T1  .  In  any  event  it  is  however  possible  to 
change  the  value  by  inserting  a  suitable  capacitive  load 
in  node  2  which  acts  as  a  ballast.  The  discharge  time 
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constant  for  node  1  ,  until  T1  is  deactivated,  is  C1  x  RB, 
given  the  impedances  of  the  two  branches  of  the  bit  line 
(which  are  symmetrical  to  each  other)  can  be  assumed 
to  be  nominally  equal,  and  DL  and  DR  are  nominally 
identical.  5 

Thus  while  the  two  nodes  1  and  2  are  discharging, 
a  differential  voltage  can  be  set  up  between  them  which 
is  determined  by  the  different  time  constants  mentioned 
above.  In  particular,  by  a  suitable  choice  of  the  imbal- 
ance  factor  (AC  =  C2  -  C1  )  it  is  possible  to  arrive  at  a  10 
situation  such  that,  between  the  time  TO  in  which  CK 
decreases  and  the  instant  tON  in  which  one  of  the  two 
transistors  becomes  active,  the  slower  discharge  at 
node  2  makes  it  possible  to  compensate  for  the  offset 
AV,  thus  favouring  the  activation  of  T2  before  T1  .  The  is 
condition  for  correct  sensing  is  respected  in  this  way  (it 
will  be  noted  that  if  the  time  constants  of  nodes  1  and  2 
were  equal,  transistor  T1  would  become  active  first,  and 
this  would  as  a  result  of  the  positive  feedback  loop 
cause  a  change  in  the  sensing  circuit  in  the  opposite  20 
direction  to  the  correct  one.  Node  1  would  change  to  a 
higher  voltage  while  node  2  would  change  to  a  low  volt- 
age  level). 

It  should  be  pointed  out  that  the  capacitive  compen- 
sation  technique  described  is  effective  because  in  this  25 
case  the  issue  is  the  correction  of  any  offset  in  one 
direction  only  (reading  the  cell  with  a  low  threshold):  in 
particular  the  cancellation  of  a  possible  positive  voltage 
AV  between  the  gate  of  T1  and  node  2.  In  the  other 
reading  situation,  on  the  other  hand,  any  equivalent  volt-  30 
age  offset  present  in  the  pair  T1  -  T2  could  at  most 
cause  a  slowing  of  the  change  in  the  circuit,  but  the 
sensing  would  in  any  event  be  correct  (as  said  above,  in 
fact,  the  lack  of  current  in  the  branch  of  the  selected  cell 
would  in  any  event  cause  a  change  in  the  amplifier  in  35 
the  correct  direction).  Also,  this  offset  would  be  already 
compensated  for  during  the  preloading  stage.  The  pres- 
ence  of  the  non-ideal  equalising  transistor  (TE)  would  in 
this  case  make  it  possible  to  obtain  a  positive  differential 
voltage  between  node  1  and  node  2  once  preloading  40 
was  complete,  as  only  the  reference  cell  would  then  be 
in  a  position  to  draw  current  and  transistor  DL  would 
therefore  experience  a  greater  fall  than  its  counterpart 
DR. 

Similar  considerations  to  those  given  for  the  read-  45 
ing  of  a  "1  "  (including  the  problems  relating  to  the  offset) 
may  be  raised  when  our  circuit  is  applied  to  the  case  of 
reading  differential  cells  (in  fact  in  this  case,  when  read- 
ing  both  "1"  and  "0",  only  one  branch  -  the  cell  or  com- 
plemented  cell,  is  capable  of  taking  up  current).  so 

The  resistance  loads  present  in  the  comparison 
structures  of  conventional  latches  are  not  present  at 
nodes  1  and  2  in  the  circuit.  Because  of  this,  the  two 
sensing  control  transistors,  T1  and  T2,  are  only  able  to 
conduct  a  static  current  through  the  bit  line.  55 

In  this  way  it  is  possible  to  make  the  currents  from 
the  selected  cells  effectively  to  flow  in  the  branches  of 
the  sense  amplifier.  This  behaviour  makes  it  possible  for 
the  circuit  to  function  correctly  even  with  a  fairly  low  sup- 
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ply  voltage  (e.g.  VDD  =  2.5  V).  The  reduction  in  the  sup- 
ply  voltage,  which  causes  the  memory  cells  to  conduct 
a  lesser  current  than  that  corresponding  to  the  rated 
conditions  (3V  supply)  causes  a  scaling  of  the  internal 
currents  in  the  sense  amplifier,  but  does  not  substan- 
tially  alter  its  behaviour.  In  other  words,  the  system  pro- 
posed  allows  the  maximum  possibility  for  voltage  swing 
at  the  two  output  nodes  1  and  2  under  all  sensing  con- 
ditions.  This  does  not  happen  with  the  conventional  volt- 
age  approach,  which  is  highly  susceptible  to  variations 
in  the  supply  conditions. 

It  is  also  possible  to  achieve  passive  compensation 
of  the  equivalent  offset  present  at  the  sensing  nodes  by 
inserting  a  dummy  capacitance  at  node  2. 

The  capacitive  load  of  the  node  thus  controls  both 
the  offset  compensation  effect  and  the  sensing  speed, 
or  the  speed  of  splitting  the  outputs.  In  this  way  an  ideal 
compromise  can  be  obtained  between  working  speed 
and  reading  reliability.  For  example,  it  is  possible  to 
achieve  cancellation  of  the  equivalent  offset  and/or  pre- 
equalisation  error  at  the  sensing  nodes  up  to  values  up 
to  60-70  mV  while  retaining  high  sensing  speeds. 

In  conclusion,  a  reading  circuit  according  to  the 
invention  makes  it  possible  to  control  the  function  of  the 
circuit  in  unfavourable  reading  situations  (worst  case),  in 
particular  when  an  equivalent  offset  is  present  at  the 
sensing  nodes.  The  system  therefore  makes  it  possible 
to  achieve  a  balance  between  working  speed  and  read- 
ing  reliability  through  capacitive  compensation  of  the 
offset.  It  is  also  possible  to  obtain  a  correct  reading  even 
if  the  supply  voltage  is  reduced  to  2.5V  (a  typical  effect 
which  is  found  when  the  supply  source  consists  of  a  bat- 
tery,  for  example). 

Of  course  modifications  and  replacements  may  be 
made  to  the  circuit  according  to  the  invention  described 
above  in  ways  known  to  those  skilled  in  the  art. 

Claims 

1.  A  reading  circuit  with  a  differential  structure  for 
memory  cells  comprising  two  branches  connected 
to  a  reference  potential  (VDD)  each  of  which,  con- 
nected  together  in  a  cascade  arrangement, 
includes  an  electronic  switch  (T3,  T4)  and  an  active 
element  (T1  ,  T2)  which  is  connected  in  a  feedback 
loop  to  the  active  element  (T2,  T1)  of  the  other 
branch  so  as  to  form  a  voltage  amplifier  therewith, 
characterised  in  that  the  two  branches  are  con- 
nected  together  by  means  of  a  microswitch  (TE) 
which  is  inserted  between  the  two  active  elements 
(1.2). 

2.  A  reading  circuit  according  to  claim  1  ,  characterised 
in  that  the  electronic  switches  and  the  microswitch 
are  operated  synchronously. 

3.  A  reading  circuit  according  to  either  of  claims  1  and 
2,  characterised  in  that  the  electronic  switches  (T3, 
T4),  the  active  elements  (T1,  T2)  and  the  micros- 
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witch  (TE)  are  transistors  of  the  MOS  type. 

4.  A  reading  circuit  according  to  any  one  of  claims  1  ,  2 
and  3,  characterised  in  that  the  active  elements  are 
operated  by  means  of  high  impedance  circuit  ele-  s 
ments  (DL,  DR),  one  of  which  (DR)  is  inserted 
between  the  reference  potential  (VDD)  and  a  selec- 
tion  bit  line,  and  the  other  (DL)  is  inserted  between 
the  reference  potential  (VDD)  and  a  reference  bit 
line.  10 

5.  A  reading  circuit  according  to  any  one  of  claims  1  , 
2,  3  and  4,  characterised  in  that  the  high  impedance 
circuit  elements  are  diode-connected  transistors 
(DL,  DR).  15 

6.  A  memory  device  with  memory  cells  of  differential 
type,  characterised  in  that  it  comprises  at  least  one 
reading  circuit  in  accordance  with  any  one  of  claims 
1  ,  2,  3,  4  and  5.  20 

7.  A  memory  device  with  memory  cells  of  the  differen- 
tial  type,  characterised  in  that  it  comprises  at  least 
one  reading  circuit  according  to  any  one  of  claims 
1,2,3,4  and  5  in  which  the  high  impedance  circuit  25 
elements  are  connected  to  at  least  one  memory  cell 
of  the  differential  type  by  means  of  data  transmis- 
sion  lines. 

8.  A  memory  device  with  memory  cells  and  reference  30 
cells  corresponding  thereto,  characterised  in  that  it 
comprises  at  least  one  reading  circuit  according  to 
any  one  of  claims  1  ,  2,  3,  4  and  5. 

9.  A  memory  device  with  memory  cells  and  reference  35 
cells  corresponding  thereto,  characterised  in  that  it 
comprises  at  least  one  reading  circuit  in  accord- 
ance  with  any  one  of  claims  1,  2,  3,  4  and  5,  in 
which  the  high  impedance  circuit  elements  are  con- 
nected,  one  to  at  least  one  memory  cell  and  the  40 
other  to  the  reference  cell  corresponding  to  that 
memory  cell,  by  means  of  data  transmission  lines. 
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