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Description 

The  present  invention  relates  to  analog-to-digital  converters  and,  more  particularly,  to  integrating  analog- 
to-digital  converters. 

5  Analog  signals  generated  by  various  devices  such  as  sensors  are  very  often  desired  to  be  converted  into 
corresponding  digital  signals  because  of  the  convenience  and  accuracy  of  digital  signal  processing.  Analog- 
to-digital  converters  are  used  to  provide  sequences  of  digital  code  representations  of  numbers  in  a  chosen  num- 
ber  base  such  that  the  numbers  correspond  to  the  amplitude  value  of  points  in,  or  parts  of,  an  analog  signal 
input  waveform  provided  with  respect  to  some  reference  value.  In  other  words,  the  digital  code  representations 

10  of  a  sequence  of  numbers  is  related  to  the  magnitudes  of  a  corresponding  sequence  of  selected  points  in,  or 
to  the  magnitudes  of  the  averages  of  some  sort  found  for  each  of  a  corresponding  sequence  of  selected  parts 
of,  such  an  analog  input  signal  with  respect  to  the  magnitude  of  a  reference  level. 

Such  analog-to-digital  converters  compare  such  magnitudes  occurring  in  an  analog  input  signal  at  selected 
times  to  a  conversion  reference  level  magnitude  in  an  attempt  to  provide  an  approximation  of  this  relationship, 

15  as  it  occurs  in  a  short  sampling  time  interval  or  over  an  averaging  duration,  by  a  digital  code  representation. 
This  process  is  usually  repeated  periodically  to  give  a  sequence  of  digital  code  representations  corresponding 
to  sample  points  or  parts  in  this  analog  input  waveform.  The  conversion  process  may  be  expressed  by  the 
analog  input  signal  magnitude,  or  ratio  of  signal  and  reference  magnitudes,  being  taken  equal  to  the  product 
of  the  conversion  reference  level  magnitude,  the  output  "estimating  number"  that  is  represented  by  the  digital 

20  code  representation,  and  a  "transfer  function  parameter"  which  is  just  equal  to  one  for  direct  linear  converters. 
However,  several  possibilities  in  a  converter  can  permit  variances  to  occur  which  result  in  a  conversion  process 
leading  to  a  nonlinear  converter  if  the  design  of  the  converter  is  not  carefully  managed.  In  addition,  the  transfer 
function  may  be  intended  to  perform  a  mathematical  process  such  as  integration  so  that  the  output  digital  code 
representations  represent  the  integral  of  the  analog  input  signal. 

25  Another  source  of  difficulty  in  the  conversion  process  is  the  presence  of  noise  superimposed  on  the  analog 
input  signal  to  be  converted  to  a  sequence  of  digital  code  representations.  Since  a  direct  conversion  process, 
as  previously  described,  provides  a  digital  code  representation  for  each  corresponding  selected  sample  point 
in  the  analog  input  signal,  and  so  depends  on  the  value  of  that  input  signal  at  the  exact  point  in  time  when  the 
sample  is  taken,  the  output  code  sequence  will  usually  differ  from  what  it  otherwise  would  have  been  in  the 

30  absence  of  noise  superimposed  on  the  analog  signal.  Although  such  noise  could  be  removed  to  a  considerable 
extent  by  preliminary  analog  filtering  or  subsequent  digital  processing,  there  can  be  substantial  value  in  elim- 
inating  any  effect  of  the  noise  before  the  conversion  is  complete.  Typically,  this  is  done  by  using  an  analog- 
to-digital  conversion  technique  in  which  the  digital  code  presentation  depends  on  the  time  integral,  or  average 
value,  of  the  analog  input  signal  during  some  time  interval  about  each  point  where  a  conversion  is  desired. 

35  Such  integration,  or  averaging,  of  the  signal  sample  leads  to  being  able  to  give  very  repeatable  results  for  the 
same  analog  waveform  even  in  the  presence  of  substantial  amounts  of  noise  occurring  in  connection  with  that 
signal.  The  effects  of  noise  will  be  averaged  out  for  those  noise  frequencies  present  within  the  analog  input 
signal  which  have  the  reciprocal  values  thereof  that  are  less  than  the  time  of  integration  of  the  analog  input 
signal  about  a  sampling  point. 

40  The  time  interval  of  such  integration,  if  done  discretely  for  each  sample  part,  must  be  small  enough  to  insure 
that  there  will  be  a  sequence  of  digital  code  representations  at  a  rate  sufficient  to  successfully  simulate  the 
analog  input  signal  without  any  aliasing  thereof.  On  the  other  hand,  the  time  interval  should  be  as  large  as 
possible  under  this  constraint  to  the  extent  possible  so  as  to  maximize  the  duration  of  signal  averaging  for  each 
point  which  will  in  turn  minimize  the  noise  induced  errors  in  the  output  digital  code  representations. 

45  In  some  situations,  there  is  the  need  to  have  an  average  value  of  the  input  analog  signal,  averaged  over 
many  sampling  times  thereof,  be  very  accurately  provided  at  the  output  of  the  converter,  and  that  accuracy 
must  be  maintained  as  precisely  as  the  accuracy  of  the  average  value  determined  over  one  or  a  few  sample 
periods.  That  is,  the  errors  in  each  sample  must  not  accumulate  over  many  such  samples.  One  such  situation 
is  the  use  of  rate  gyroscopes  in  aircraft  to  provide  attitude  and  heading  reference  signals.  In  such  systems, 

50  the  precision  of  the  angular  rate  measurement  must  be  on  the  order  of  one  or  two  tenths  parts  per  million, 
which  requires  the  analog-to-digital  converter  to  be  able  to  provide  output  signals  of  24-bit  precision  if  that  ac- 
curacy  is  to  be  maintained.  This  requirement  can  be  eased  somewhat  if  a  selectable  gain  amplifier  is  used 
ahead  of  the  analog-to-digital  converter  to  effectively  compress  the  range  of  the  analog  input  signal.  However, 
the  gain  changing  range  for  such  an  amplifier  is  often  limited  to  a  10:1  range,  and  this  results  in  still  requiring 

55  a  22-bit  precision  in  the  analog-to-digital  converter  output  signal. 
Integrating  analog-to-digital  converters  can  meet  this  requirement  since  they  produce  very  accurate  con- 

versions.  This  occurs  because  of  the  averaging  of  the  input  signal  over  selected  times  through  integration  and, 
preferably,  the  integration  would  be  done  continuously  to  effectively  eliminate  the  repeated  sampling  aspect 
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of  the  conversion  process  and  therefore  eliminate  any  constraint  on  the  lowest  frequency  signal  which  can  be 
converted. 

On  the  other  hand,  integrating  analog-to-digital  converters  in  many  forms  thereof  are  deficient  in  respond- 
5  ing  to  rapidly  changing  inputs  because  of  the  very  integration  process  which  is  used  to  provide  accuracy.  Per- 

forming  the  integration,  or  the  averaging  process,  overtime  results  in  a  delay  in  providing  correct  digital  signal 
outputs  due  to  the  time  taken  for  convergence  of  the  conversion  process,  and  yet  the  longer  the  time  taken 
forthose  operations  the  more  accurate  the  conversion  performed.  Thus,  there  is  desired  an  integrating  analog- 
to-digital  converter  which  can  provide  an  exact  conversion  periodically  at  a  fast  rate  during  the  conversion  proc- 

10  ess  but  which  retains  the  integration  process  for  the  input  analog  signal  to  result  in  an  accurate  conversion. 
The  preceeding  paragraphs  have  disclosed  the  general  advantages  of  the  present  invention  overthe  prior 

art.  However  two  embodiments  revealed  by  two  different  prior  art  need  to  be  distinguished  for  the  purposes 
of  clarity.  In  the  first  embodiment,  revealed  by  prior  art  known  from  US-A-3  765  012,  claim  1  discloses  an  in- 
tegrating  analog  to  digital  converter  system  (illustrated  in  Fig.  3)  operated  by  selecting  for  integration  alternative 

15  combinations  of  signals  (le,  Ic,  12)  involving  a  version  of  the  analog  input  signal  (le  is  continuously  applied  to 
the  converter)  with  such  selections  being  made  both  by  periodic  change,  as  initiated  with  a  periodic  timing 
signal  (from  clock  pulse  generator  17  is  association  with  pulse  counter  11  and  pulse  counter  12)  and  by  inte- 
gration  results  reaching  a  reference  value  in  such  periods. 

One  may  infer  from  US-A-3  765  012  that  multiple  analog  signals  can  be  provided  from  a  single  source  using 
20  resistors,  inverters  or  other  components.  However,  US-A-3  765  01  2  does  not  teach  as  to  just  what  signals  to 

provide,  and  to  just  what  the  correct  choice  is  of  a  circuit  configuration  for  doing  so  to  therby  result  in  providing 
the  digital  output  signals  of  the  present  invention.  The  present  invention  teaches  that  the  ratio  of  a)  signal  to 
be  converted,  to  b)  the  refernce  signal,  in  the  system  of  the  present  invention,  is  describable  based  essentially 
on  system  signal  parameters  involving  count  accumulations,  clock  periods  and  clock  frequencies,  together  with 

25  system  circuit  component  ratios.  These  circuit  component  ratios  involve  circuit  components  in  the  signal  com- 
bining  means  based  on  operational  amplifier  20  and  circuit  components  in  the  integrator  based  on  the  opera- 
tional  amplifier  25. 

Contrast  this  system  result  for  the  present  invention  with  the  teaching  of  the  US-A-3  765  012  reference 
in  connection  with  Figure  3  thereof  which  requires  the  values  of  the  two  reference  currents  therein,  Ic  and  12, 

30  be  found,  or  at  least  the  ratio  thereof  found  to  operate  in  the  US-A-3  765  012  system.  That  is  that  refernce 
teaches  that  these  two  reference  currents  must  be  found,  or  the  ratio  thereof  found,  along  with  the  count  ca- 
pacities  of  two  counters  prior  to  a  conversion  in  the  US-A-3  765  012  system  to  present  counter  for  the  proper 
answer  to  be  obtained  from  that  system  for  a  value  conversion.  However,  the  US-A-3  765  012  system  does 
not  suggest  a  current  ratio  set  by  the  components  of  the  present  invention  because  the  US-A-3  765  01  2  system 

35  automatically  determines  this  ratio  without  any  prior  knowledge  of  its  value  based  on  ratio  setting  circuit  com- 
ponents.  Further  the  US-A-3  765  012  system  clearly  differs  from  the  present  invention  in  being  configured  so 
differently  as  to  require  system  parameters  to  determine  conversion  values  that  are  not  used  at  all  in  the  system 
of  the  present  invention,  counter  count  capacitites. 

In  another  embodiment,  revealed  by  prior  art  DE-A-2  356  837,  discloses  an  integrating  analog  to  digital 
40  converter  system  comprising  a  signal  combining  network,  an  integrating  circuit,  a  comparator  and  a  switching 

circuit.  However,  DE-A-2  356  837  does  not  suggest  the  circuit  arrangement  of  the  present  invention  comprising 
two  integrators  connected  to  flip-flop,  switch,  counter  and  variable  gain  amplifier. 

SUMMARY  OF  THE  INVENTION 
45 

The  present  invention  as  defined  by  Claim  1  provides  an  integrating  analog-to-digital  converter  system 
operated  by  alternatively  integrating  different  combinations  of  signals,  which  are  alternatively  selected  therefor 
both  periodically  and  through  an  integration  result  reaching  a  reference  value  in  the  periods,  there  being  a  dig- 
ital  count  provided  as  an  output  of  the  time  duration  of  integration  of  a  selected  combination  in  each  period.  A 

so  first  signal  combination  based  on  an  analog  input  signal  and  a  reference  value  signal  is  integrated  by  an  inte- 
grator  for  a  part  of  each  successive  period  until  the  integrated  result  reaches  a  reference  value  determined  by 
a  comparator  connected  to  the  integrator,  and  then  a  second  signal  combination  is  integrated  by  that  integrator 
for  a  selected  time  in  each  period  based  on  the  time  remaining  in  that  period  where  the  second  signal  com- 
bination  is  different  but  also  based  on  the  analog  input  signal  and  the  reference  value  signal.  Acount  is  provided 

55  by  a  counting  means  representative  of  the  time  duration  taken  for  each  integration  of  one  of  the  signal  com- 
binations  in  each  of  these  periods,  and  a  time  integral  is  calculated  over  a  selected  time  duration  based  on 
such  counts  and  on  constants  determined  by  component  relationships  in  the  conversion  system. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  shows  a  block  and  circuit  schematic  diagram  of  a  system  embodying  the  present  invention,  and 
5  FIG.  2  shows  waveforms  of  signals  which  typically  occur  in  the  system  of  FIG.  1  . 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Figure  1  shows  a  block  and  circuit  schematic  diagram  of  the  integrating  analog-to-digital  converter  system 
10  embodying  the  present  invention  although  excluding  those  system  portions  for  developing  certain  timing  sig- 

nals  and  reference  signals.  In  addition,  the  signal  source  of  the  analog  input  signal  to  be  converted  to  a  digital 
code  representation  is  not  shown  in  Figure  1  ,  nor  are  the  system  portions  which  make  use  of  the  digital  signal 
outputs  of  the  converter  system.  Further,  certain  commands  or  signals  are  provided  for  operating  the  system 
of  Figure  1  from  sources  which  are  also  not  shown  in  that  figure.  Finally,  supply  voltages  for  operating  power 

15  to  the  various  components  of  the  system  of  Figure  1  are  also  not  shown. 
An  analog  input  signal  in  the  form  of  a  voltage  waveform  is  assumed  to  be  provided  between  a  system 

analog  signal'  input,  10,  and  a  further  terminal,  11,  at  which  the  system  ground  reference  voltage  is  provided. 
The  analog-to-digital  converter  system  output  digital  representation  codes  will  be  provided  as  a  plurality  of  digit 
signals,  each  representing  a  digit  or  code  symbol  place  in  the  code,  by  a  microprocessor,  12. 

20  Analog  input  signal  terminal  10,  which  will  be  some  region  in  a  monolithic  integrated  circuit  in  a  typical 
embodiment,  is  connected  to  the  input  of  a  variable  gain  amplifier,  13.  The  gain  of  variable  gain  amplifier  13 
is  set  by  digital  signals  supplied  thereto  from  a  decoder,  14,  which  has  a  plurality  of  inputs,  15,  and  a  plurality 
of  outputs,  16.  Output  signals  16  from  decoder  14  are  supplied  as  inputs  to  variable  gain  amplifier  13  so  that 
codes  provided  at  decoder  input  15  can  select  the  gain  of  amplifier  13.  Variable  gain  amplifier  13  allows  ef- 

25  fective  compression  of  input  signals  provided  to  analog  input  signal  terminal  10  to  reduce  the  analog  input  sig- 
nal  range  which  remaining  portions  of  the  system  of  Figure  1  are  required  to  convert  to  corresponding  digital 
representation  codes. 

Areference  signal  is  supplied  to  a  further  input  terminal,  17,  which  signal  can  be  used  to  indicate  conditions 
in  the  system  portions  ahead  of  analog  input  signal  terminal  1  0  as  a  basis  for  compensation  of  unwanted  va- 

30  nations  in  the  analog  input  signal  supplied  to  terminal  10.  These  might  be,  for  instance,  changes  in  conditions 
at  a  sensor  serving  as  a  source  of  such  the  analog  input  signal.  This  reference  signal  supplied  at  terminal  17 
is  supplied  through  a  resistor,  18,  to  a  circuit  junction  node  to  which  the  output  signal  of  variable  gain  amplifier 
13  is  also  supplied  through  another  resistor,  19.  This  circuit  junction  node  also  has  connected  thereto  the  in- 
verting  input  of  an  operational  amplifier,  20,  and  a  feedback  resistor,  21  ,  connected  between  the  output  of  op- 

35  erational  amplifier  20  and  that  node. 
Operational  amplifier  20  and  resistors  18,  19  and  21  together  form  a  signal  combining  circuit  such  that 

the  output  signal  of  operational  amplifier  20  is  provided  as  a  weighted  combination  of  the  output  signal  of  va- 
riable  gain  amplifier  13  and  the  reference  signal  provided  on  input  terminal  17.  If  the  signal  voltage  at  the  output 
of  variable  gain  amplifier  13  is  designated  v13,  and  the  reference  voltage  at  output  terminal  17  is  negative  and 

40  designated  -v17,  the  voltage  signal  at  the  output  of  operational  amplifier  20  designated  as  v20  can  be  written 
as  follows: 

_  "21  vn  "21  1̂3 
20  R  R  —  

In  the  foregoing  expression,  the  designations  R18,  R19  and  R21  represent  the  resistance  values  of  resistors  1  8, 
45  19  and  21,  respectively.  Typical  values  are  10.0  kQ  for  R18,  30.0  kQ  for  R19,  and  7.5  kQ  for  R21. 

Input  terminal  17  is  also  connected  to  a  switch  arrangement,  22,  so  that  reference  voltage  v17  can  also  be 
supplied  to  the  next  stage  in  the  converter  system  of  Figure  1  following  the  signal  combiner  based  on  opera- 
tional  amplifier  20.  Switch  22  is  formed  by  an  analog  transmission  gate  of  a  well  known  type.  If  switch  22  is 
closed,  voltage  v17  is  supplied  through  a  resistor,  23,  to  another  circuit  junction  node  to  which  voltage  v20  from 

50  the  output  of  operational  amplifier  20  is  also  supplied  through  a  further  resistor,  24.  Further  connected  to  this 
second  circuit  junction  node  is  an  inverting  input  of  a  further  operational  amplifier,  25,  and  one  side  of  a  ca- 
pacitor,  26,  connected  between  the  output  of  operational  amplifier  25  and  that  node  to  thereby  serve  as  an 
integrator.  Hence,  if  switch  22  is  open,  only  voltage  output  signal  v20  is  supplied  to  this  circuit  junction  node  of 
this  integration  stage,  otherwise  both  signals  v20  and  v17  are  supplied  thereto. 

55  This  arrangement  involving  operational  amplifier  25  thus  forms  not  only  an  integrator  but  a  summing  in- 
tegrator.  Thus,  if  switch  22  is  open,  the  output  voltage  atthe  output  of  amplifier  25  designated  v25  in  the  absence 
of  any  initial  charge  on  capacitor  26,  can  be  written  as: 

4 
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»-   R 2 i c 2 j   >°ac  
r24c26  j [   Rl9  ^ r j d c  

5 

where  R24  and  C26  represent  the  resistance  and  capacitance  values  of  resistor  24  and  capacitor  26,  respec- 
tively.  Atypical  value  for  R24  would  be  50.0  kQ  and  for  C26  such  a  value  would  be  0.1  pf.  The  modified  output 
voltage  designation  v25o  in  this  equation  represents  the  output  voltage  signal  of  operational  amplifier  25  with 

10  switch  arrangement  22  being  open.  This  voltage  will  be  decreasing  if  negative  reference  voltage  v17  is  of  a  mag- 
nitude  sufficiently  greater  than  that  of  output  voltage  v13  of  variable  gain  amplifier  13. 

If,  on  the  other  hand,  switch  arrangement  22  is  closed,  the  output  voltage  of  output  amplifier  25  is  desig- 
nated  v25c  and  can  be  written  in  the  absence  of  any  initial  charge  on  capacitor  26  as 

15 

-  f M 2   ^ - W  

20 

with  R23  representing  the  resistance  value  of  resistor  23  which  would  typically  be  50.0  kQ.  This  output  voltage 
will  rise  if  the  magnitude  of  v17  is  sufficiently  greater  than  that  of  v13. 

The  output  of  operational  amplifier  25  is  directly  connected  to  the  inverting  input  of  a  further  amplifier,  27, 
serving  as  a  comparator.  The  non-inverting  input  of  comparator  27  is  connected  to  a  further  input  terminal, 
28,  at  which  another  reference  voltage  is  supplied,  typically  a  negative  voltage  held  at  a  constant  value  and 
designated  -V28. 

Thus,  if  switch  arrangement  22  is  open,  output  voltage  signal  v25owill  continue  decreasing  (assuming  that 
the  magnitude  of  v17  is  greater  than  that  of  until  it  reaches  the  value  -V28.  At  that  point,  the  voltage  output  of 
comparator  27  will  switch  from  a  low  voltage  level  representing  a  logic  state  "0"  to  a  high  voltage  state  repre- 
senting  a  logic  state  "1",  this  output  of  comparator  27  being  connected  to  the  S  input  of  a  SR  flip-flop,  29,  to 
receive  this  logic  state  change. 

Flip-flop  29  has  its  clock  input  supplied  from  a  further  input  terminal,  30,  which  is  intended  to  receive  a 
clocking  signal  of  a  relatively  high  frequency  in  the  form  of  a  rectangular  wave  of  frequency  fc  with  a  50%  duty 
cycle,  the  frequency  fc  typically  being  256  kHz.  Flip-flop  29  is  a  positive  edge  triggered  type  of  flip-flop  so  that 
logic  state  changes  on  its  S  and  R  inputs  become  effective  at  the  outputs  Q  and  Q  after  the  next  rising  clock 
edge  at  input  terminal  30  following  any  such  changes  at  inputs  S  and  R. 

Input  R  of  flip-flop  29  receives  a  further  clocking  signal  supplied  to  another  input  terminal,  31,  with  this 
signal  being  of  a  relatively  low  frequency.  A  typical  frequency  would  be  64  Hz,  and  this  low  frequency  signal 
typically  has  a  rectangular  waveform  exhibiting  a  very  short  duty  cycle  so  that  the  waveform  appears  as  a 
short  duration  pulse  repeating  at  this  low  frequency.  This  same  low  frequency  signal  is  also  applied  to  the  clear 
input  of  an  up  counter,  32,  to  have  the  effect  of  periodically  clearing  any  previous  count  accumulation  occurring 
therein. 

In  operation,  each  pulse  in  the  low  frequency  clocking  signal  provided  at  input  31  leads  to  resetting  flip- 
flop  29  upon  the  next  rising  edge  of  the  high  frequency  clocking  signal  on  input  30.  This  results  in  a  "0"  logic 
state  at  output  Q  of  flip-flop  29,  and  so  a  "1"  logic  state  at  output  Q  which  causes  switch  arrangement  22  to 
open.  As  a  result,  the  situation  described  above  occurs  with  output  signal  v25o  of  integrator  operational  amplifier 
25  decreasing  until  reaching  voltage  value  -V28.  At  the  same  time,  the  "1"  logic  state  at  output  Q  of  flip-flop  29 
is  applied  to  one  side  of  a  logic  gate,  33,  which  has  its  other  input  connected  to  high  frequency  clocking  signal 
terminal  30.  The  output  of  logic  gate  33  is  connected  to  the  clock  input  of  counter  32  so  that  pulses  therefrom 
are  counted  in  counter  32.  Thus,  counter  32  is  first  cleared  by  the  rising  edge  of  each  pulse  in  the  low  frequency 
clocking  signal  on  input  31  ,  and  immediately  thereafter  begins  accumulating  counts  ofrising  edges  in  the  high 
frequency  clocking  signal  provided  at  input  30  at  frequency  fc  as  permitted  by  output  Q  of  flip-flop  29  going  to 
the  "1"  logic  state. 

Upon  the  change  described  above  occurring  in  logic  state  present  at  the  output  of  comparator  27,  due  to 
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output  voltage  signal  v25c  of  integrator  operational  amplifier  25  reaching  -V28  and  switching  the  logic  state  at 
the  output  of  comparator  27,  flip-flop  29  will  on  the  next  rising  edge  of  the  high  frequency  clock  signal  on  input 
terminal  30  provide  a  "1"  logic  state  at  its  output  Q  and  so  a  "0"  logic  state  at  its  output  Q.  This  causes  the 

5  closure  of  switching  arrangement  22  and  the  blocking  by  logic  gate  33  of  any  rising  edges  in  the  high  frequency 
clocking  signal  on  input  30  from  being  passed  through  to  counter  32  to  be  counted  and  accumulated  in  the 
count  total  therein. 

The  closure  of  switching  arrangement  22  causes  the  output  signal  of  integrator  operational  amplifier  25 
to  become  v25c  which,  as  indicated  above,  increases  for  negative  reference  voltage  v17  being  of  a  magnitude 

10 sufficiently  greater  than  that  of  variable  gain  amplifier  output  voltage  v13.  Thus,  upon  this  increase  in  integrator 
output  voltage  occurring,  the  output  of  comparator  27  is  forced  back  to  a  "0"  logic  state  and  the  voltage  at  the 
output  of  integrator  operational  amplifier  25  continues  to  rise  until  the  next  pulse  in  the  low  frequency  clocking 
signal  on  input  terminal  31  occurs.  This  occurrence,  followed  by  the  next  rising  edge  thereafter  of  the  high 
frequency  clocking  signal  on  input  terminal  30,  resets  flip-flop  29  to  result  in  the  opening  of  switching  arrange- 15  ment  22. 

This  opening  and  closing  of  switch  arrangement  22  occurs  once  in  each  period  of  the  low  frequency  clock 
signal  provided  on  input  31  of  the  system  in  Figure  1  ,  and  so  forms  a  sequence  of  pairs  each  comprising  an 
opening  and  a  corresponding  closing  of  that  switch.  During  the  time  that  switch  22  is  opened  in  each  of  these 
periods,  a  count  will  accumulate  in  previously  cleared  counter  32,  and  the  subsequent  closure  of  switch  22  will 

20 stop  a  further  count  accumulation  in  counter  32  during  that  period  thus  providing  time  for  transmitting  the  ac- 
cumulated  count  in  that  period  to  microprocessor  12. 

As  will  be  shown  below,  microprocessor  12  can,  with  such  information,  supply  a  set  of  digit  output  signals 
at  its  outputs  in  each  period  to  thereby  provide  a  digital  representation  code  of  a  value  representing  the  average 
value  of  the  ratio  of  the  input  analog  signal  voltage  after  its  amplification  by  variable  gain  amplifier  13  to  the 

25  reference  voltage  applied  at  input  terminal  17  over  a  time  duration  lasting  at  least  on  the  order  of  a  period  or 
so.  Such  a  set  of  digit  signals  can  be  generated  in  each  period  to  provide  a  current  digital  representation  code 
for  that  period  even  though  a  change  in  such  an  input  signal  -  reference  signal  voltage  ratio  to  a  new  value 
will  not  lead  to  a  steady  state  in  the  integrator  until  a  large  number  of  such  periods  have  elapsed  after  that 
change  in  the  value  of  that  ratio.  In  such  a  steady  state,  there  is  uniform  charging  and  discharging  of  capaci- 

30 tance  26  in  the  integrator  such  that  there  is  no  net  charge  thereacross  in  each  lowfrequency  clocksignal  period. 
Typical  waveforms  of  the  periodic  low  frequency  clocksignal,  v31,  having  a  period  T,  and  the  output  voltage 

v25  of  integrator  operational  amplifier  25  are  shown  in  Figure  2.  The  waveform  for  output  voltage  v25  of  integrator 
operational  amplifier  25  is  shown  in  a  non-steady  state  condition.  In  a  steady  state  condition,  the  positive  peaks 
would  equal  one  another  indicating  that  there  is  no  net  charge  on  integrator  capacitance  26  in  each  period  T 

35  of  the  lowfrequency  clocksignal  voltage  v31.  Output  voltage  v25  of  integrator  operational  amplifier  25  comprises 
alternating  segments  of  v25o  and  v25c.  Decreasing  slope  segments  as  described  above  represent  the  value  of 

v25o  over  those  times  in  which  they  occur,  and  increasing  slope  segments  represent  the  values  of  v25c  over  the 
times  over  in  which  they  occur.  Linear  slopes  are  shown  on  the  assumption  that  substantial  changes  are  not 

40  occurring  in  the  input  signal  -  reference  signal  voltage  ratio  during  a  period  T  of  the  low  frequency  input  signal 
but,  even  so,  the  slopes  would  still  have  the  same  sign  although  they  may  vary  during  a  time  span  in  which 
any  one  of  them  occurs  due  to  changing  values  of  the  ratio. 

For  Figure  2,  a  sequence  of  discrete  time  points,  tn,  has  been  defined  each  at  a  succeeding  rising  edge  of 
the  low  frequency  clock  signal  applied  to  input  terminal  31  as  represented  by  voltage  v31  in  the  lower  graph  of 

45  Figure  2.  Three  particular  discrete  time  points,  or  values  of  tn,  have  been  shown  in  the  graph  for  v31,  these 
being  tk_  u  tkand  tk+1.  At  each  of  discrete  time  points  tn,  or  about  at  each  of  the  rising  edges  of  the  lowfrequency 
clock  signal  voltage  v31,  switch  arrangement  22  is  caused  to  open  so  that  immediately  thereafter  the  output 
voltage  of  integrator  operational  amplifier  25  is  represented  by  v25  with  values  corresponding  to  the  tn  of  inter- 
est.  However,  preceding  any  such  discrete  time  point  tn,  the  voltage  at  the  output  of  integrator  operational  am- 

50  plif  ier  25  is  represented  by  v25c  Since  the  voltage  in  such  times  that  immediately  precede  any  tn  always  rises 
from  -V28  to  equal  some  corresponding  value  of  v25c  reached  at  the  corresponding  tn,  and  so  at  each  of  discrete 
time  points  tk_  u  tk  and  tk+1,  and  further,  since  the  voltage  v25o  following  each  corresponding  tn  will  fall  from  that 
value  reached  by  the  preceding  v25c  to  a  value  equal  to  -V28  after  each  of  these  corresponding  time  points  in 

55  a  varying  duration  xn,  these  integrator  output  voltage  changes  on  either  side  of  any  such  discrete  time  point  tn 
must  equal  one  another.  Thus,  the  following  equality  results: 

6 



EP  0  535  124  B1 

m  wa 

These  voltage  change  values  in  each  discrete  time  point  instance  represent  integrals  over  different  time 
portions  as  shown  in  the  two  equations  preceding  the  last  equation.  Thus,  such  equations  can  be  set  equal 
to  one  another  as  in  the  last  equation  if  the  integrals  therein  are  taken  over  the  corresponding  times  on  either 
side  of  any  discrete  time  point  tn  of  interest.  The  result  is: 

15 
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The  equal  integrals  on  either  side  of  this  last  equation  can  be  simplified  if  the  ratio 
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is  introduced  under  the  integrals  on  either  side  of  the  equation  to  give  the  following  result: 
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These  integrals  can  be  further  simplified  by  assuming  that  the  value  of  the  reference  voltage  v17  will  be 
essentially  constant  over  time  durations  on  the  order  of  a  period  of  the  low  frequency  clock  signal  applied  to 
input  31.  This  is  a  reasonable  assumption  as  the  reference  voltage  is  typically  used  primarily  to  compensate 
for  long  term  changes  in  the  signal  sources  ahead  of  input  10  of  the  converter  system  of  Figure  1,  such  as 
temperature  shifts  or  component  aging  in  a  sensor  signal  source.  If  this  assumption  is  made,  the  factor  to  the 
left  of  the  parentheses  in  each  of  the  integrals  can  be  brought  out  from  under  the  integrals  and  they  cancel 
one  another  since  they  are  equal.  A  further  simplification  can  be  made  through  defining  the  following  con- 
stants: 

—  Ri8  —  2̂1̂ 23  ^18 
With  these  simplifications,  the  equal  integrals  become  the  following: 
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Performing  integrations  of  the  constant  terms  in  the  integrals  on  either  side  of  the  last  equation  gives  the 
following  further  result: 

Some  algebraic  transposition,  combining  the  remaining  integrals  to  be  a  single  integral  over  a  combined  range 
of  integration,  and  recognizing  that  tn  -  tn_   ̂ =  T,  gives  the  following  equality  between  the  integral  of  the  ratio 
of  the  output  signal  of  variable  gain  amplifier  13  and  the  reference  signal  supplied  at  input  17  in  terms  of  the 
two  defined  constants  and  some  corresponding  time  durations: 

The  period  T  of  the  lowfrequency  clocking  signal  applied  on  input  31  to  provide  voltage  v31  is  assumed  to 
be  accurately  known  as  stable  periodicity  in  a  clocking  signal  can  be  provided  in  a  well  known  manner.  The 
time  durations  xn  and  xn.  1  are  obtained  from  the  counts  accumulated  in  counter  32  at  the  beginning  of  the  per- 
iods  tn  and  tn_  i,  respectively.  Thus,  these  values  are 

where  Nn_  i  is  the  count  total  which  is  accumulated  in  counter  32  in  the  low  frequency  clock  period  beginning 
with  discrete  time  point  tn_  ^and  Nn  is  the  count  total  accumulated  in  counter  32  in  the  lowfrequency  clock  period 
beginning  with  discrete  time  point  tn.  As  can  be  seen,  the  average  of  this  ratio  is  provided  by  the  constants 
and  the  times  closely  associated  with  the  times  over  which  the  integration  is  performed;  hence  there  is  no 
delay  in  providing  an  accurate  value  for  this  ratio  even  though  it  may  take  a  large  number  of  periods  of  the  low 
frequency  clock  signal  before  a  steady  state  is  reached  in  the  conversion  system  based  on  the  charging  and 
discharging  of  capacitance  26  in  the  integrator. 

Any  changing  of  the  gain  of  variable  gain  amplifier  13  must  be  done  synchronously  with  the  averaging 
period  tn_  1  +  xn.  1  to  tn  +  xn  if  each  count  accumulated  in  counter  32  in  one  of  the  periods  of  the  low  frequency 
clocking  signal  is  to  be  uniquely  associated  with  a  given  gain  setting  of  amplifier  13.  This  is  conveniently  ac- 
complished  by  permitting  gain  changes  in  variable  gain  amplifier  13  only  at  times  at  which  flip-flop  29  changes 
output  states  in  one  direction,  this  being  from  reset  to  set.  Thus,  decoder  14  has  its  clock  input  connected  to 
output  Q  of  flip-flop  29. 

These  last  two  equations  can  be  combined  with  the  expression  on  the  right  in  the  equation  preceding  them 
to  show  how  the  value  of  the  integral  on  the  left  can  be  obtained  in  that  equation  by  microprocessor  12  from 
count  totals  in  successive  periods  of  the  low  frequency  clocking  signal  on  input  terminal  31  represented  by 
v31.  This  combining  gives 
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The  calculation  on  the  right  in  the  preceding  equation  is  easily  carried  out  by  microprocessor  12,  even  a  mi- 
croprocessor  of  quite  modest  capabilities,  to  evaluate  the  integral  of  the  ratio  of  the  output  voltage  v13  of  variable 
gain  amplifier  13  to  the  reference  voltage  v17.  The  average  value  of  this  ratio  over  the  time  duration  of  integra- 

10  tion  occurring  in  this  last  equation  can  easily  be  found  by  dividing  both  sides  of  this  last  equation  by  that  time 
duration,  this  time  duration  being  found  by  subtracting  the  time  at  which  the  integration  begins,  tn_   ̂ +  xn-i,  from 
the  time  at  which  the  integration  ends,  tn  +  xn,  to  give  the  result  T  +  xn  -  xn.  1.  This  last  time  duration  can  be 
converted  by  the  two  equations  preceding  the  last  for  the  division  on  the  right  to  keep  it  in  terms  that  are  usable 
by  microprocessor  12  resulting  in  the  following: 

/  ^ d t   ^ 4 h i k  

The  expression  on  the  right  in  this  last  equation  can  again  be  easily  evaluated  by  a  microprocessor  having 
25  any  significant  calculating  capability  and  chosen  to  serve  as  microprocessor  12. 

The  steady  state  behavior  of  the  converter  system  comes  about  when  the  ratio  of  the  output  voltage  v13 
of  variable  gain  amplifier  1  3  to  reference  voltage  v17  becomes  and  remains  constant  for  a  significant  time.  Once 
this  condition  is  established,  the  voltage  peaks  of  the  output  voltage  v25  of  integrator  operational  amplifier  25 
will  all  become  equal  since  the  charge  and  discharge  of  integrator  capacitance  26  will  leave  no  net  charge  there- 

30  on  in  each  cycle  of  such  charging  and  discharging.  Further,  the  times  xn  will  all  become  equal  so  that  xk_   ̂ xk 
and  xk+1,  of  Figure  2  will  equal  one  another,  i.e,  xn  =  xni<  and,  equivalently,  all  of  the  counts  Nn  =  Nni>.  In  this 
steady  state  situation,  the  integral  for  the  input  signal  -  reference  signal  voltage  ratio  can  be  easily  evaluated 
by  taking  the  ratio  outside  of  the  integral  sign  and  performing  the  integration  yielding  a  result  equal  to  the  value 
T,  the  period  of  the  lowfrequency  clocksignal  v31.  Thus,  the  value  of  this  integral  in  the  steady  state  condition 

35  can  be  obtained  for  the  equation  preceding  the  last  as 

40 
d t  I l l  T  -  ( a+b)   - b T  

45 

50 

The  average  value  of  this  signal  voltage  ratio  can  then  be  found  by  dividing  this  last  equation  on  both  sides 
by  the  period  T,  or  by  evaluating  the  equation  preceding  it  in  the  same  manner  to  give 

The  results  provided  by  counter  32  to  microprocessor  12,  however,  do  not  limit  microprocessor  12  to  pro- 
viding  integral  values  of  the  signal  voltage  ratio  or  averages  thereof  over  just  the  time  durations  appearing  in 
the  foregoing  equations.  That  is,  there  is  nothing  to  prevent  tacking  on  integrations  for  additional  such  time 
periods  end-to-end  to  provide  the  value  of  the  integral  of  the  ratio  of  the  output  voltage  v13  of  variable  gain 
amplifier  1  3  to  the  reference  voltage  v17  over  any  arbitrarily  large  time  period  of  selected  duration  D.  Thus,  re- 
peated  use  of  the  equation  forthe  integral  of  this  ratio  fora  time  duration  tn_   ̂ +  xn.  1,  to  tn  +  xn  over  such  a  duration 
beginning  at  zero  yields  the  following: 

55 
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Claims 

1.  An  integrating  analog-to-digital  converter  comprising: 
an  integrating  means  (23-26)  having  an  output  and  a  plurality  of  inputs; 
means  (10-20)  for  applying  an  electrical  signal  to  be  converted  to  one  input  of  said  integrating  means; 
a  comparator  means  (27)  having  an  output  and  an  input,  said  comparator  means  being  capable  of  pro- 
viding  a  first  voltage  state  at  said  output  thereof  if  a  voltage  applied  to  said  input  thereof  exceeds  a  com- 
parator  reference  value  and  of  providing  a  second  voltage  state  at  said  output  thereof  if  a  voltage  applied 
to  said  input  thereof  is  less  than  said  comparator  reference  value; 
flip-flop  means  (29)  having  a  plurality  of  inputs  and  outputs  with  one  input  thereof  being  connected  to 
said  output  of  said  comparator  means  (27)  and  another  input  thereof  being  connected  to  a  high-frequency 
clock  means  (30); 
logic  gate  means  (33)  having  an  output  and  a  plurality  of  inputs,  with  said  inputs  being  connected  to  one 
output  of  said  flip-flop  means  (29)  and  to  said  clock  means  (30); 
switching  means  (22)  for  selectively  connecting  a  reference  signal  input  (17)  to  said  one  input  of  said  in- 
tegrating  means,  with  said  switching  means  being  operated  by  one  output  of  said  flip-flop  means;  and 
counter  means  (32)  connected  with  its  input  to  said  output  of  said  logic  gate  means  (33); 
characterized  by 
said  means  for  applying  an  electrical  signal  to  said  one  input  of  said  integrating  means  (23-26)  comprising 
the  series  connection  of  a  variable  gain  amplifier  (13-16)  and  a  signal  combining  means  (18-21);  with 
said  variable  gain  amplifier  comprising  a  decoder  (14)  having  a  clock  input  and  a  plurality  of  inputs  (15) 
and  outputs  (16)  with  said  outputs  selecting  the  gain  of  said  amplifier  (13)  as  a  function  of  a  code  signal 
at  said  inputs;  and  with  said  clock  input  being  connected  to  another  output  (Q)  of  said  flip-flop  means  (29), 
said  signal  combining  means  (18-21)  being  connected  with  one  input  to  the  output  of  said  variable  gain 
amplifier  (13)  and  to  said  reference  signal  input  (17)  and  with  another  input  to  a  reference  voltage  (11); 
and  a  low  frequency  clock  means  (31)  connected  to  a  reset  input  (R)  of  said  flip-flop  means  (29)  and  to 
a  clear  input  (CLR)  of  said  counter  means  (32). 

2.  Converter  according  to  claim  1  ,  characterized  in  that  said  one  input  of  said  integrating  means  (25,26) 
is  connected  to  the  output  of  said  signal  combining  means  (18-21)  and  via  said  switching  means  (22)  to 
said  reference  signal  input  (17). 

3.  Converter  according  to  claim  2,  characterized  in  that  said  comparator  reference  value  (28)  is  indepen- 
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dent  from  said  reference  signal  input  (17). 

Converter  according  to  one  of  claims  1  to  3,  characterized  by  a  calculating  means  (12)  connected  to  said 
counter  means  (32)  for  successively  receiving  the  counts  reached  by  said  counter  means  in  order  to  pro- 
vide  a  plurality  of  digital  output  signals  representing  time  integrals  of  a  ratio  of  said  analog  input  signal  to 
said  reference  signal  over  selected  time  periods. 

Converter  according  to  claim  1  ,  characterized  in  that  said  flip-flop  means  is  an  edge-triggered  RS  flip- 
flop  (29)  connected  with  its  reset  input  (R)  to  said  low  frequency  clock  means  (31),  with  its  clock  input  to 
said  high  frequency  clock  means  (30)  and  with  its  set  input  (S)  to  the  output  of  said  comparator  means 
(27). 

Patentanspruche 

1.  Integrierender  Analog/Digital-Wandler,  aufweisend: 
eine  Integrationseinrichtung  (23-26)  miteinem  Eingang  und  mehreren  Ausgangen; 
eine  Einrichtung  (10-20)  zum  Anlegen  eines  umzuwandelnden  Signales  an  einen  Eingang  der  Integrati- 

20  onseinrichtung; 
eine  Vergleichseinrichtung  (27)  mit  einem  Ausgang  und  einem  Eingang,  die  in  der  Lage  ist,  einen  ersten 
Spannungszustand  an  dem  Ausgang  vorzugeben,  wenn  eine  an  den  Eingang  angelegte  Spannung  einen 
Vergleichs-Referenzwert  uberschreitet  und  in  der  Lage  ist,  einen  zweiten  Spannungszustand  an  dem  Aus- 
gang  vorzugeben,  wenn  eine  an  den  Eingang  angelegte  Spannung  kleinerals  der  Vergleichs-Referenz- 

25  wert  ist; 
ein  Flip-Flop  (29)  mit  mehreren  Eingangen  und  Ausgangen,  wobei  ein  Eingang  an  den  Ausgang  der  Ver- 
gleichseinrichtung  (27)  und  ein  anderer  Eingang  an  eine  Hochfrequenz-Takteinrichtung  (30)  angeschlos- 
sen  ist; 
eine  Logikgattereinrichtung  (33)  miteinem  Ausgang  und  mehreren  Eingangen,  wobei  die  Eingange  an  ei- 

30  nen  Ausgang  des  Flip-Flops  (29)  und  an  die  Takteinrichtung  (30)  angeschlossen  sind; 
eine  Schalteinrichtung  (22)  zurselektiven  Verbindung  eines  Referenzsignaleinganges  (17)  miteinem  Ein- 
gang  der  Integrationseinrichtung,  wobei  die  Schalteinrichtung  durch  einen  Ausgang  des  Flip-Flops  betatigt 
wird;  und 
eine  Zahleinrichtung  (32),  die  mit  ihrem  Eingang  an  den  Ausgang  der  Logikgattereinrichtung  (33)  ange- 

35  schlossen  ist; 
dadurch  gekennzeichnet, 
dali  die  Einrichtung  zum  Anlegen  eines  elektrischen  Signales  an  den  einen  Eingang  der  Integrationsein- 
richtung  (23-26)  die  Reihenanordnung  eines  Verstarkers  (13-16)  mit  variabler  Verstarkung  und  einer  Si- 
gnalkombinationseinrichtung  (18-21)  umfalit;  wobei 

40  der  Verstarker  mit  variabler  Verstarkung  einen  Decodierer  (14)  umfalit,  der  einen  Takteingang  und  meh- 
rere  Eingange  (15)  und  Ausgange  (16)  aufweist,  wobei  die  Ausgange  die  Verstarkung  des  Verstarkers 
(13)  als  eine  Funktion  eines  Codesignales  an  dem  Eingang  auswahlen;  und  wobei  der  Takteingang  an 
einen  anderen  Ausgang  (Q)  des  Flip-Flops  (29)  angeschlossen  ist,  die  Signalkombinationseinrichtung  (1  8- 
21)  miteinem  Eingang  an  den  Ausgang  des  Verstarkers  (13)  mit  variabler  Verstarkung  und  den  Referenz- 

45  signaleingang  (17)  und  mit  einem  anderen  Eingang  an  eine  Referenzspannung  (11)  angeschlossen  ist; 
und  wobei  eine  Niederfrequenz-Takteinrichtung  (31)  an  einen  Ruckstelleingang  (R)  des  Flip-Flops  (29) 
und  an  einen  Loscheingang  (CLR)  der  Zahleinrichtung  (32)  angeschlossen  ist. 

2.  Wandler  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  der  eine  Eingang  der  Integrationseinrichtung 

50  (25,26)  mit  dem  Ausgang  der  Signalkombinationseinrichtung  (18-21)  und  uberdie  Schalteinrichtung  (22) 
mit  dem  Referenzsignaleingang  (17)  verbunden  ist. 

3.  Wandler  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  der  Vergleichs-Referenzwert  (28)  unabhangig 
von  dem  Referenzsignaleingang  (17)  ist. 

55  4.  Wandler  nach  einem  der  Anspruche  1  bis  3,  gekennzeichnet  durch  eine  Recheneinrichtung  (12),  die  an 
die  Zahleinrichtung  (32)  angeschlossen  ist,  urn  aufeinanderfolgend  die  durch  die  Zahleinrichtung  erreich- 
ten  Zahlstande  zu  empfangen  und  mehrere  digitale  Ausgangssignale  vorzugeben,  die  Zeitintegrale  eines 
Verhaltnisses  des  analogen  Eingangssignales  zu  dem  Referenzsignal  uber  ausgewahlte  Zeitperioden 
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darstellen. 

5.  Wandler  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  Flip-Flop  ein  f  lankengetriggertes  RS-  Flip- 
Flop  (29)  ist,  das  mit  seinem  Ruckstelleingang  (R)an  die  Niederfrequenz-Takteinrichtung  (31),  mitseinem 
Takteingang  an  die  Hochfrequenz-Takteinrichtung  (30)  und  mit  seinem  Setzeingang  (S)  an  den  Ausgang 
der  Vergleichseinrichtung  (27)  angeschlossen  ist. 

Revendications 

1.  Convertisseur  analogique/numerique  integrateur  comprenant  : 
des  moyens  d'integration  (23  a  26)  ayant  une  sortie  et  une  serie  d'entrees; 
des  moyens  (10  a  20)  pourappliquer  un  signal  electrique  a  convertira  une  premiere  entree  desdits 

moyens  d'integration; 
des  moyens  de  comparaison  (27)  ayant  une  sortie  et  une  entree,  lesdits  moyens  de  comparaison 

etant  a  meme  de  delivrer  un  premier  etat  de  tension  a  leur  dite  sortie  lorsqu'une  tension  appliquee  a  leur 
dite  entree  depasse  une  valeur  de  reference  du  comparateur  et  de  delivrer  un  second  etat  de  tension  a 
leur  dite  sortie  lorsqu'une  tension  appliquee  a  leur  dite  entree  est  inferieure  a  ladite  valeur  de  reference 
du  comparateur; 

des  moyens  a  circuit  bistable  (29)  ayant  une  serie  d'entrees  et  de  sorties,  une  premiere  desdites 
entrees  etant  connectee  a  ladite  sortie  desdits  moyens  de  comparaison  (27)  et  une  autre  desdites  entrees 
etant  connectee  a  des  moyens  a  horloge  de  haute  frequence  (30); 

des  moyens  a  porte  logique  (33)  ayant  une  sortie  et  une  serie  d'entrees,  lesdites  entrees  etant 
connectees  a  une  sortie  desdits  moyens  a  circuit  bistable  (29)  et  auxdits  moyens  a  horloge  (30); 

des  moyens  de  commutation  (22)  pour  connecter  de  maniere  selective  une  entree  de  signal  de  re- 
ference  (17)  a  ladite  premiere  entree  desdits  moyens  d'integration  lesdits  moyens  de  commutation  etant 
actives  par  une  sortie  desdits  moyens  a  circuit  bistable;  et 

des  moyens  a  compteur  (32)  connectes  par  leur  entree  a  ladite  sortie  desdits  moyens  a  porte  lo- 
gique  (33); 
caracterise  en  ce  que 

lesdits  moyens  utilises  pourappliquerun  signal  electrique  a  ladite  premiere  entree  desdits  moyens 
d'integration  (23  a  26)  comprennent  la  connexion  en  serie  d'un  amplificateur  a  gain  variable  (13  a  16)  et 
des  moyens  de  combinaison  de  signaux  (18  a  21); 

led  it  amplificateur  a  gain  variable  comprenant  un  decodeur  (14)  ayant  une  entree  d'horloge  et  une 
serie  d'entrees  (15)  et  de  sorties  (16),  lesdites  sorties  selectionnant  le  gain  dudit  amplificateur  (13)  en 
fonction  d'un  signal  de  codage  delivre  au  niveau  desdites  entrees;  I'entree  d'horloge  etant  connectee  a 
une  autre  sortie  (Q)  desdits  moyens  a  circuit  bistable  (29),  lesdits  moyens  de  combinaison  de  signaux 
(18  a  21)  etant  connectes  par  une  entree  a  la  sortie  dudit  amplificateur  a  gain  variable  (13)  et  a  ladite 
entree  de  signal  de  reference  (17)  et  par  une  autre  entree  a  une  tension  de  reference  (11);  et  des  moyens 
a  horloge  de  haute  frequence  (31)  connectes  a  une  entree  de  remise  a  zero  (R)  desdits  moyens  a  circuit 
bistable  (29)  et  a  une  entree  de  remise  a  zero  (CLR)  desdits  moyens  a  compteur  (32). 

2.  Convertisseur  selon  la  revendication  1  ,  caracterise  en  ce  que  ladite  premiere  entree  desdits  moyens  d'in- 
tegration  (25,  26)  est  connectee  a  la  sortie  desdits  moyens  de  combinaison  de  signaux  (18  a  21)  et,  via 
lesdits  moyens  de  commutation  (22),  a  ladite  entree  de  signal  de  reference  (17). 

3.  Convertisseur  selon  la  revendication  2,  caracterise  en  ce  que  ladite  valeur  de  reference  (28)  du  compa- 
rateur  est  independante  de  ladite  entree  de  signal  de  reference  (17). 

4.  Convertisseur  selon  I'une  quelconque  des  revendications  1  a  3,  caracterise  par  des  moyens  de  calcul  (12) 
connectes  auxdits  moyens  a  compteur  (32)  pour  recevoir  successivement  les  comptages  atteints  par  les- 
dits  moyens  de  comptage  pour  delivrer  une  serie  de  signaux  de  sortie  numeriques  representant  des  in- 
tegrals  tern  porel  les  d'un  rapport  dudit  signal  d'entree  analogique  audit  signal  de  reference  sur  des  pe- 
riodes  de  temps  choisies. 

5.  Convertisseur  selon  la  revendication  1  ,  caracterise  en  ce  que  lesdits  moyens  a  circuit  bistable  sont  cons- 
titues  d'un  circuit  bistable  RS  (29)  declenche  par  front  d'impulsions,  connecte  par  son  entree  de  remise 
a  zero  (R)  auxdits  moyens  a  horloge  de  basse  frequence  (31),  par  son  entree  d'horloge  auxdits  moyens 
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a  horloge  de  haute  frequence  (30)  et  par  son  entree  de  positionnement  (S)  a  la  sortie  desdits  moyens  de 
comparaison  (27). 
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