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the  primary  feedback  loop  and  cannot  be 
increased  without  rendering  the  loop  unstable. 

According  to  this  invention  there  is  provided  a 
sample-and-hold  circuit  as  claimed  in  claim  1. 

5  A  sample-and-hold  circuit  embodying  the 
invention  includes  a  correction  network  which 
relies  on  feedback  through  an  amplifier,  but  does 
not  include  a  primary  feedback  loop  for  charging 
the  holding  capacitor.  The  holding  capacitor  is 

10  charged  directly  from  the  signal  input  to  the 
circuit.  This  eliminates  the  stability  problem  with 
the  primary  feedback  loop  and  thereby  permits 
the  value  of  the  holding  capacitor  to  be  increased 
sufficiently  to  reduce  the  effects  of  leakage  by  the 

15  sampling  switch. 
The  invention  will  now  be  described  by  way  of 

example  with  reference  to  the  accompanying 
drawing  in  which: 

Fig.  1  is  a  simplified  schematic  diagram  of  a 
20  corrected  sample-and-hold  circuit  embodying  the 

invention; 
Fig.  2  is  a  greatly  exaggerated  timing  diagram 

showing  the  timing  and  sequence  of  operation  of 
the  electronic  switches  of  the  circuit  of  Fig.  1;  and 

25  Fig.  3  is  a  simplified  schematic  diagram  of 
another  corrected  sample-and-hold  circuit 
embodying  the  invention. 

Referring  now  to  Fig.  1,  the  circuit  10  may  be 
useful  alone,  but  is  especially  suited  as  one  of  a 

30  plurality  of  stages  of  a  transversal  filter  bank.  The 
general  interconnection  and  interaction  of  stages 
of  a  bank  is  known  and  is  discussed,  for  example, 
in  the  above-mentioned  pending  applications. 

In  the  circuit  10,  three  capacitors  Cc,  Ccc,  CH  are 
35  connected  serially  between  two  ground  potential 

points.  The  capacitor  Cc  is  a  correction  voltage 
capacitor.  The  capacitor  Ccc  is  a  correction  volt- 
age  coupling  capacitor.  The  capacitor  CH  is  the 
primary  holding  capacitor.  The  signal  voltage 

40  from  the  signal  IN  node  of  the  circuit  10  is  applied 
to  the  storage  node  12  of  the  holding  capacitor  CH 
through  the  primary  sampling  switch  Ss.  A  signal 
OUT  node  is  available  through  a  stage-selecting 
enable  switch  SF  at  the  output  of  a  buffer  amplifier 

45  14  which  has  its  input  connected  to  the  storage 
node  12.  A  correction  feedback  loop  16  couples 
the  OUT  node  to  the  inverting  input  port  (-)  of  a 
high  speed,  high  performance  operational  ampli- 
fier  18.  The  output  of  the  amplifier  18  is  connected 

so  to  its  inverting  input  port  (—  }  through  a  switch  SA 
and  is  connected  through  a  correction  sampling 
switch  Sc  to  a  correction  voltage  node  20,  which 
is  the  common  node  of  the  correction  capacitor 
Cc  and  the  coupling  capacitor  Ccc.  The  noninvert- 

55  ing  input  port  (+)  of  the  operational  amplifier  18  is 
connected  to  the  output  of  an  input  buffer  22.  The 
input  of  the  buffer  22  is  connected  to  the  signal  IN 
node  through  an  input  sampling  switch  S|  and  is 
also  connected  to  an  input  holding  capacitor  C,. 

60  The  other  side  of  the  input  capacitor  C,  is  con- 
nected  to  ground. 

In  the  timing  diagram  of  Fig.  2,  the  ordinate 
represents  the  voltage  and  the  abscissa 
represents  time.  Each  of  the  switches  Su  Sc,  Ss, 

65  SF,  SA  is  addressed  by  one  of  three  separate 

Description 

This  invention  relates  to  sample-and-hold  cir- 
cuits  which,  for  example,  may  find  application  as 
a  plurality  of  stages  in  a  transversal  filter  bank  for 
use  in  an  integrated  circuit  of  the  MOS  (metal- 
oxide-semiconductor)  type. 

In  a  simple  sample-and-hold  circuit  a  sampling 
switch  momentarily  connects  one  side  of  a  hold- 
ing  capacitor  to  a  signal  voltage  level.  The  other 
side  of  the  capacitor  is  connected  to  a  reference 
potential,  typically  ground  potential.  This  stored 
signal  voltage  may  then  be  used  as  an  input  to 
other  circuits  as  desired.  Naturally,  it  is  desirable 
that  the  stored  voltage  accurately  reflects  the 
actual  signal  voltage.  A  significant  problem  arises 
when  the  circuit  is  implemented  with  MOS 
devices,  since  MOS  transistors  which  are  used  as 
the  sampling  switch  are  known  to  introduce  an 
error  charge  feedthrough  as  they  open  up.  One 
way  to  reduce  this  effect  has  been  to  use  the  MOS 
devices  in  parallel  complementary  pairs,  so  that 
the  feedthrough  charges  are  largely  cancelled. 
The  input  signal  is  supplied  to  the  switch  through 
an  operational  amplifier.  A  feedback  loop  con- 
nected  to  the  stored  signal  node  of  the  storage 
capacitor  via  a  buffer  loops  back  to  the  inverting 
input  of  the  operational  amplifier,  thereby  form- 
ing  what  is  commonly  referred  to  as  a  "feedback 
sample-and-hold  circuit".  When  sample-and-hold 
circuits  are  used  as  stages  in  a  transversal  filter 
bank,  the  accuracy  with  which  each  stage  stores 
the  signal  voltage  becomes  especially  critical. 
Variations  among  the  stages  results  in  a  fixed 
pattern  noise  in  the  output  signal  from  the  bank 
which  is  very  difficult,  if  not  impossible,  to 
remove  by  filtering. 

Further  improvements  in  the  accuracy  have 
been  gained  by  the  use  of  a  switched  secondary 
feedback  correction  network.  Dual  feedback  cir- 
cuits  of  this  type  are  described,  for  example,  in 
EP—  A—  107337  (published  2nd  May  1984)  and 
EP—  A—  114475  (published  1st  August  1984). 
EP—  A—  107337  discloses  a  sample-and-hold  cir- 
cuit  including  first,  second  and  third  capacitors 
connected  serially  between  two  reference  voltage 
terminals,  the  common  node  of  the  first  and 
second  capacitors  being  a  signal  node  and  the 
common  node  of  the  second  and  third  capacitors 
being  a  correction  node,  a  feedback  buffer  having 
an  input  connected  to  the  signal  node,  an  ampli- 
fier  having  an  inverting  and  a  noninverting  input, 
and  an  output  connectable  to  the  correction  node 
through  a  correction  sampling  switch. 

There  remains  a  problem  which  relates  to 
spurious  stacking  faults  which  sometimes  appear 
to  varying  degrees  in  the  switching  devices.  Such 
faults  appearing  in  the  sampling  switch  devices 
lead  to  unpredictable  leakage  of  charge  from  the 
holding  capacitor  to  the  substrate.  Reducing  the 
size  of  the  switch  devices  to  reduce  the  leakage  is 
not  an  option,  since  they  are  already  small  to 
minimize  the  effects  of  parasitic  capacitances.  Nor 
is  it  feasible  to  simply  increase  the  value  of  the 
storage  capacitor,  because  this  capacitor  is  part  of 
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supply  such  as  for  example,  between  +3  volts 
and  -3  volts  for  its  active  components.  This  can 
be  understood  by  referring  to  the  circuit  10  of  Fig. 
1.  There  is  necessarily  a  d.c.  (direct  current)  level 

5  shift  between  the  input  and  the  output  of  the  input 
buffer  22.  This  forces  the  amplifier  18  to  accept  an 
input  which  is  shifted  toward  its  negative  power 
supply  voltage.  The  amplifier  18  is  already 
required  to  have  a  relatively  wide  common  mode 

w  range  for  its  operation  during  the  correction 
period  beginning  at  the  end  of  T3.  A  shift  of  its 
input  toward  the  negative  supply  voltage  makes 
further  demands  on  its  common  mode  range  and 
necessitates  a  relatively  complex  amplifier  design 

15  for  high  speed  operation.  Shifting  the  voltage 
level  of  the  buffer  22  output  somehow  to  compen- 
sate  for  the  inherent  buffer  voltage  shift  is  not 
desirable,  since  the  two  buffers  22,  14  of  the 
circuit  10  must  closely  match  each  other. 

20  In  the  circuit  24  of  Fig.  3,  the  amplifier  18  is 
replaced  by  an  inverting  operational  amplifier  26 
which  has  its  noninverting  input  port  (+) 
grounded.  The  inverting  input  port  (-)  is  shunted 
to  the  output  of  the  amplifier  26  through  a  switch 

25  SA  which  is  closed  during  the  switching  period  X,. 
The  inverting  input  port  of  the  amplifier  26  is 
connected  through  an  input  holding  capacitor  C 
to  a  single-pole  double-throw  electronic  switch  S,, 
which  connects  the  other  side  of  the  capacitor  C 

30  to  the  output  of  the  input  buffer  22  during  the 
switching  period  Ti  and  to  the  feedback  loop  16 
during  the  switching  period  T2.  Pursuant  to  con- 
ventional  practice  for  representing  toggle 
switches  in  drawings,  the  switch  S,  is  shown  in 

35  the  position  in  which  it  would  be  when  the  control 
signal  T3  for  it  is  high.  When  the  control  signal  T3 
is  low,  the  switch  S,  would  be  in  its  alternative 
position.  During  the  T-,  tracking  period  for  the 
circuit  24,  a  virtual  ground  is  applied  to  the 

40  correction  node  20.  Then,  for  correction,  the  local 
feedback  loop  of  the  amplifier  26  is  first  opened 
by  the  switch  SA  in  response  to  the  T3  pulse,  so 
that  the  amplifier  26  side  of  the  capacitor  C  is 
effectively  isolated.  The  buffer  22  output  is  then 

45  disconnected  from  the  amplifier  26  and  the  feed- 
back  loop  16  is  connected  to  the  amplifier  input 
port  by  the  toggling  of  the  input  switch  S,  in 
response  to  a  version  of  the  switching  pulse  T3 
which  is  slightly  delayed  in  order  to  ensure  that 

so  SA  has  first  opened. 
The  various  "ground"  potential  nodes  of  the 

circuits  10,  24  are  at  some  reference  potential, 
which  need  not  necessarily  be  the  same  for  all 
these  nodes.  In  fact,  in  some  instances  it  may  be 

55  advantageous  that  they  be  at  different  levels. 
The  magnitude  ratio  of  the  coupling  capacitor 

Ccc  to  the  storage  capacitor  CH  is  determined 
specifically  for  a  particular  circuit  application.  For 
a  given  signal  bandwidth,  the  amount  of  correc- 

60  tion  depends  on  the  performance  characteristics 
of  the  operational  amplifier  and  the  amount  of 
switching  charge  feedthrough  that  the  switches 
Ss  and  Sc  permit.  Typical  values  of  the  ratio  for 
telephony  signals  can  be  expected  to  be  between 

65  20  and  60. 

switching  pulse  trains,  T1#  T2,  T3,  T4,  from  a 
switching  pulse  source  which  is  not  shown.  The 
pulse  trains,  T1(  T2,  T3,  T4,  will  be  identified  by  the 
time  interval  during  which  the  switch  associated 
with  it  is  in  the  closed  condition.  Thus,  ^  iden- 
tifies  the  pulse  trains  which  closes  the  primary 
sampling  switch  Ss  for  a  time  interval  T,;  T2 
identifies  the  pulse  train  which  closes  the  correc- 
tion  switch  Sc  for  a  time  interval  T2;  T3  identifies 
the  pulse  train  which  closes  the  input  switch  S, 
and  the  switch  SA  for  a  time  interval  T3;  and  T4 
identifies  the  pulse  train  which  operates  the 
enable  switch  SF  for  a  time  period  interval  T4.  The 
lines  T1f  T2,  T3,  T4,  associated  respectively  with  the 
switches  Ss,  Sc,  S|f  SF,  SA  as  indicated  in  the 
diagram,  represent  the  high-low  voltage  level  of 
the  switching  pulses  of  the  trains.  When  the  level 
is  high,  the  switch  is  closed.  When  it  is  low,  the 
switch  is  open.  The  enable  switch  SF  is  closed 
during  the  entire  operation  cycle  interval  T4  of  the 
circuit  10.  It  is  understood  that  during  this  interval 
the  enable  switches  SF  of  all  the  other  stages  of  a 
filter  bank  of  which  it  is  a  part  would  be  open, 
thereby,  virtually  disabling  the  other  stages. 

Initially,  the  sampling  switch  Ss,  the  correction 
switch  Sc,  and  the  switch  SA  are  closed  during  a 
first  interval  T-,,  in  which  the  voltage  on  the 
holding  capacitor  storage  node  12  is  tracking  the 
voltage  of  the  IN  node  through  its  sampling 
switch  Ss.  The  closed  switch  SA  prevents  the 
amplifier  18  from  operating  with  an  open  loop 
and  becoming  unstable  during  this  period.  At  the 
end  of  this  interval  T1(  the  sampling  switch  Ss  is 
opened,  while  the  correction  switch  Sc  remains 
closed.  A  short  delay  time  later,  at  the  end  of  the 
interval  T3,  the  input  switch  S,  and  the  switch  SA 
are  opened.  Finally,  at  the  end  of  the  interval  T2, 
the  correction  switch  Sc  is  opened.  The  effect  of 
this  switching  sequence  on  the  signal  at  the  OUT 
node  of  the  circuit  10  will  be  discussed  in  more 
detail  below. 

When  the  sampling  switch  Ss  opens  at  the  end 
of  the  first  switch  interval  Tv  it  introduces  a 
voltage  offset  at  the  storage  node  12  of  the 
holding  capacitor  CH.  The  correction  switch  Sc, 
however,  remains  closed  during  the  remainder  of 
the  second  interval  T2,  so  that  a  correction  signal 
from  the  correction  node  20  is  coupled  to  the 
holding  capacitor  CH  via  the  coupling  capacitor 
Ccc.  Due  to  the  fact  that  the  coupling  capacitor 
Ccc  is  considerably  smaller  than  both  the  holding 
capacitors  CH  and  the  correction  capacitor  Cc, 
which  are  of  roughly  equal  magnitude,  the  coup- 
ling  of  the  correction  capacitor  Cc  to  the  holding 
capacitor  CH  is  attenuated.  As  a  result,  when  the 
correction  switch  Sc  opens  at  the  end  of  the 
second  switch  interval  T2  and  itself  generates  a 
charge  feedthrough  error,  the  effect  of  this  error 
on  the  signal  level  at  the  storage  node  12  is 
correspondingly  attenuated  and  insignificant. 

The  circuit  24  shown  in  Fig.  3  is  a  modification 
of  the  circuit  10  which  permits  the  use  of  an 
inverting  operational  amplifier  26  in  place  of  the 
noninverting  amplifier  18.  This  is  desirable  where 
the  circuit  is  operating  with  a  low  voltage  power 
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The  enable  switch  SF  serves  to  select  a  particu- 
lar  sample-and-hold  stage  for  activation  where 
there  are  a  plurality  of  such  stages  connected  in  a 
bank.  Usually  in  such  arrangements,  the  selection 
of  a  stage  merely  involves  closing  the  enable 
switch  SF  for  that  stage  and  thereby  also  connect- 
ing  the  output  port  of  the  output  buffer  to  what- 
ever  circuitry  is  to  receive  the  signal  from  the 
bank.  If  the  circuits  10  and  24  were  to  be  used 
singly,  this  switch  would  be  unnecessary. 

In  the  circuit  10  of  Fig.  1  ,  the  input  switch  S,,  the 
input  capacitor  C,,  and  the  buffer  input  22  form  a 
simple  sample-and-hold  circuit.  The  purpose  of 
this  circuit  is  to  provide  the  amplifier  18  with 
discrete  signal  levels  which  don't  change  during 
the  course  of  the  correction  period  T2.  This  leads 
to  better  accuracy  at  high  frequencies.  However, 
at  frequencies  below  audio  range,  this  feature  is 
not  necessary/  and  the  input  signal  can  then  be 
fed  directly  to  the  input  port  of  the  operational 
amplifier  18. 

Claims 

1.  A  sample-and-hold  circuit  including  first  (CH), 
second  (Ccc)  and  third  (Cc)  capacitors  connected 
serially  between  two  reference  voltage  terminals, 
the  common  node  (12)  of  the  first  and  second 
capacitors  being  a  signal  node  and  the  common 
node  (20)  of  the  second  and  third  capacitors  being 
a  correction  node,  a  feedback  buffer  (14)  having 
an  input  connected  to  the  signal  node,  an  ampli- 
fier  (18)  having  an  inverting  and  a  noninverting 
input,  and  an  output  connectable  to  the  correction 
node  through  a  correction  sampling  switch  (Sc), 
means  (SA)  for  selectively  connecting  the  ampli- 
fier  output  to  one  of  its  inputs,  means  for  connect- 
ing  an  input  signal  to  the  signal  node  through  a 
signal  sampling  switch  (Ss),  and  means  (SF)  for 
selectively  connecting  the  output  of  the  buffer  to 
the  correction  node  through  the  amplifier. 

2.  A  circuit  as  claimed  in  claim  1  including  an 
input  sampling  switch  (SJ  having  one  side  for 
receiving  the  input  signal  and  its  other  side 
connected  to  one  side  of  an  input  holding 
capacitor  (C,),  the  other  side  of  the  input  holding 
capacitor  being  connected  to  a  reference  voltage 
terminal,  and  an  input  buffer  (22)  having  an  input 
connected  to  the  one  side  of  the  input  holding 
capacitor  and  an  output  connected  to  one  of  the 
inputs  of  the  amplifier. 

3.  A  circuit  as  claimed  in  claim  1  including  an 
input  buffer  (22)  having  an  input  for  receiving  the 
input  signal  and  being  connectable  to  the  signal 
node  through  the  signal  sampling  switch,  an 
input  holding  capacitor  (C)  connected  at  one  side 
to  the  inverting  input  of  the  amplifier,  and  means 
(S,)  for  selectively  connecting  the  other  side  of  the 
input  holding  capacitor  alternatively  to  the  output 
of  the  input  buffer  and  to  the  output  of  the 
feedback  buffer,  the  said  one  amplifier  input 
being  the  inverting  input. 

Patentanspriiche 

1.  Abtast-Halteschaltung  mit  einem  ersten  (CH), 
zweiten  (Ccc)  und  dritten  (Cc)  Kondensator,  die 

5  seriell  zwischen  zwei  Referenzspannungsan- 
schlusse  geschaltet  sind,  wobei  der  gemeinsame 
Knoten  (12)  zwischen  dem  ersten  und  dem  zwei- 
ten  Kondensator  einen  Signalknoten  und  der 
gemeinsame  Knoten  (20)  zwischen  dem  zweiten 

10  und  dem  dritten  Kondensator  einen  Korrekturkno- 
ten  bilden,  einem  Ruckkopplungspuffer  (14),  des- 
sen  Eingang  mit  dem  Signalknoten  verbunden  ist, 
einem  Verstarker  (18)  mit  einem  invertierenden 
und  einem  nicht  invertierenden  Eingang  sowie 

15  einem  Ausgang,  der  iiber  einen  Korrektur-Abtast- 
schalter  (Sc)  mit  dem  Korrekturknoten  verbindbar 
ist,  einer  Einrichtung  (SA)  zur  selektiven  Anschal- 
tung  des  Verstarkerausgangs  an  einen  seiner 
Eingange,  einer  Einrichtung  zur  Anschaltung 

20  eines  Eingangssignals  iiber  einen  Signalabtast- 
schalter  an  den  Signalknoten  und  einer  Einrich- 
tung  (SF)  zur  selektiven  Verbindung  des  Puffer- 
ausgangs  uber  den  Verstarker  mit  dem  Korrektur- 
knoten. 

25  2.  Schaltung  nach  Anspruch  1  mit  einem  Ein- 
gangs-Abtastschalter  (S,),  dessen  eine  Seite  das 
Eingangssignal  aufnimmt  und  dessen  andere 
Seite  mit  einer  Seite  eines  Eingangshaltekonden- 
sators  (C,)  verbunden  ist,  wobei  die  andere  Seite 

30  des  Eingangshaltekondensators  an  einem  Refe- 
renzspannungsanschlulS  liegt,  und  mit  einem  Ein- 
gangspuffer  (22),  dessen  Eingang  mit  einer  Seite 
des  Eingangshaltekondensators  und  dessen  Aus- 
gang  mit  einem  der  Eingange  des  Verstarkers 

35  verbunden  sind. 
3.  Schaltung  nach  Anspruch  1  mit  einem  Ein- 

gangspuffer  (22),  dessen  Eingang  des  Eingangssi- 
gnal  aufnimmt  und  der  iiber  den  Signalabtast- 
schalter  mit  dem  Signalknoten  verbindbar  ist, 

40  einem  Eingangshaltekondensator  (C),  dessen 
eine  Seite  mit  dem  invertierenden  Eingang  des 
Verstarkers  verbunden  ist,  und  einer  Einrichtung 
(S,)  zur  selektiven  Verbindung  der  anderen  Seite 
des  Eingangshaltekondensators  alternativ  mit 

45  dem  Ausgang  des  Eingangspuffers  oder  dem 
Ausgang  des  Riickkopplungspuffers,  wobei  der 
eine  Verstarkereingang  der  invertierende  Eingang 
ist. 

so  Revendications 

1.  Un  circuit  echantillonneur-bloquer  compre- 
nant  des  premier  (CH),  second  (Ccc)  et  troisieme 
(Cc)  condensateurs  connectes  en  serie  entre  deux 

55  bornes  de  tension  de  reference,  le  noeud  com- 
mun  (12)  des  premier  et  second  condensateurs 
etant  un  noeud  de  signal  et  le  noeud  commun  (20) 
des  second  et  troisieme  condensateurs  etant  un 
noeud  de  correction,  un  amplificateur-separateur 

60  de  retroaction  (14)  ayant  une  entree  connectee  au 
noeud  de  signal,  un  amplificateur  (18)  ayant  une 
entree  inverseuse  et  une  entree  non  inverseuse, 
et  une  sortie  qui  peut  etre  connectee  au  noeud  de 
correction  par  I'intermediaire  d'un  interrupteur 

65  d'echantillonnage  de  correction  (Sc),  des  moyens 
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teur  de  blocage  d'entree,  et  une  sortie  connectee 
a  I'une  des  entrees  de  I'amplificateur. 

3.  Un  circuit  selon  la  revendication  1,  compre- 
nant  un  amplificateur-separateur  d'entree  (22) 
ayant  une  entree  destinee  a  recevoir  le  signal 
d'entree  et  pouvant  etre  connectee  au  noeud  de 
signal  par  I'intermediaire  de  I'interrupteur 
d'echantillonnage  de  signal,  un  condensateur  de 
blocage  d'entree  (C)  dont  une  armature  est  con- 
nectee  a  I'entree  inverseuse  de  I'amplifacteur,  et 
des  moyens  (S|)  pour  connecter  selectivement 
I'autre  armature  du  condensateur  de  blocage 
d'entree  alternativement  a  la  sortie  de  I'amplifica- 
teur-separateur  d'entree  et  a  la  sortie  de  I'amplifi- 
cateur-separateur  de  retroaction,  la  premiere 
entree  de  I'amplificateur  etant  I'entree  inver- 
seuse. 

(SA)  pour  connecter  selectivement  la  sortie  de 
I'amplifacteur  a  une  premiere  de  ses  entrees,  des 
moyens  pour  appliquer  un  signal  d'entree  au 
noeud  de  signal  par  I'intermediaire  d'un  interrup- 
teur  d'echantillonnage  de  signal  (Ss),  et  des 
moyens  (SF)  pour  connecter  selectivement  la 
sortie  de  I'amplificateur-separateur  au  noeud  de 
correction,  par  I'intermediaire  de  I'amplificateur. 

2.  Un  circuit  selon  la  revendication  1,  compre- 
nant  un  interrupteur  d'echantillonnage  d'entree 
(C|)  dont  un  cote  est  destine  a  recevoir  le  signal 
d'entree  et  dont  I'autre  cote  est  connecte  a  une 
armature  d'un  condensateur  de  blocage  d'entree 
(C|),  I'autre  armature  du  condensateur  de 
blockage  d'entree  etant  connectee  a  une  borne  de 
tension  de  reference,  et  un  amplificateur-separa- 
teur  d'entree  (22)  ayant  une  entree  connectee  a 
I'armature  mentionnee  en  premier  du  condensa- 
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