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©  The  invention  concerns  an  analog  to  digital  con- 
verter  (ADC1,  ADC2)  for  converting  an  analog  input 
voltage  (Vin)  into  a  digital  output  voltage  (Dout)  in  at 
least  two  stages,  (B1,  B2,  B3,  B1',  B2',  B3').  The 
reference  voltage  (Vref)  or  part  thereof  driving  a 
stage  is  applied  to  that  stage  via  switching  means  so 
that  the  voltage  applied  to  the  latter  means  is  deter- 
mined  when  the  switching  means  is  set,  i.e.  the  latter 
voltage  is  not  dependent  of  the  setting  of  the  switch- 
ing  means. 

Two  implementations  of  the  converter  are  de- 
scribed,  one  (ADC1)  which  produces  the  digital  sig- 
nal  (Dout)  before  another  analog  voltage  (Vin)  can  be 
processed,  and  another  (ADC2)  which  allows  another 
analog  voltage  (Vin)  to  be  processed  by  a  stage 
after  the  output  of  that  stage  is  produced. 
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The  present  invention  relates  to  an  analog  to 
digital  converter  for  converting  an  analog  input  volt- 
age  to  a  digital  output  voltage,  and  which  includes 
at  least  two  cascaded  first  and  second  switching 
means  controlled  voltage  divider  stages  each  of 
which  includes  a  plurality  of  series  connected  sub- 
stages,  an  input  control  voltage  applied  to  a  said 
stage  being  subdivided  therein  so  as  to  produce 
subdivided  voltages,  said  input  voltage  of  said  first 
stage  being  constituted  by  a  predetermined  refer- 
ence  voltage,  and  said  subdivided  voltages  of  said 
stages  being  successively  compared  with  said  ana- 
log  voltage  in  a  logic  means  also  included  in  said 
analog  to  digital  converter  thereby  generating  sub- 
sequent  parts  of  said  digital  output  voltage. 

Such  an  analog  to  digital  converter  is  known  in 
the  art,  and  is  e.g.  described  in  "Session  1  :  Data 
converters  -  WAM  1.2  :  a  CMOS  40  MHz  8b  105 
mW  Two-Step  ADC"  of  the  Proceedings  of  ISCC 
89,  February  15,  1989,  pp.  14-18.  Therein  a  two 
stage  analog  to  digital  converter  for  converting  an 
analog  input  voltage  into  a  digital  output  voltage  is 
described.  The  two  stages  are  interlaced  in  such  a 
way  that  they  form  a  single  network  of  256  resis- 
tors  of  equal  value.  The  subdivided  voltages  of  the 
first  or  coarse  stage  are  taken  from  the  resistor 
network  every  sixteenth  resistor.  This  gives  15  vol- 
tages  which  are  derived  from  a  reference  voltage 
and  compared  with  the  analog  voltage  by  coarse 
comparators.  The  result  thereof  indicates  the  level 
of  the  analog  voltage  and  determines  which  switch- 
es  of  the  switching  means  are  to  be  closed  as  well 
as  which  sixteen  cascaded  resistors  are  used  as 
resistors  of  the  second  or  fine  stage  to  supply  the 
subdivided  voltages  of  this  fine  stage. 

A  disadvantage  of  this  known  converter  is  that 
the  switches  connecting  the  resistors  to  the  com- 
parators  of  the  fine  stage  are  operated  at  a  voltage 
depending  on  the  level  of  the  analog  input  voltage 
since  the  choice  of  which  cascaded  resistors  con- 
stitute  the  fine  stage  is  dependent  upon  the  analog 
input  voltage.  As  a  consequence  and  because  the 
switches  have  a  series  resistance  depending  on  the 
voltage  they  are  operated  at,  the  resistance  intro- 
duced  in  the  fine  stage  by  the  switches  depends 
on  the  analog  voltage,  and  thereby  introduces  lin- 
earity  errors. 

An  object  of  the  invention  is  to  provide  a  con- 
verter  of  the  above  type  but  which  does  not  have 
the  above  mentioned  drawback. 

This  object  is  achieved  due  to  the  fact  that  for 
at  least  one  of  said  stages  and  via  said  switching 
means  said  input  voltage  is  applied  over  a  pre- 
determined  number  of  substages  of  said  one  stage 
which  are  selected  under  the  control  of  said  analog 
voltage,  said  input  control  voltage  being  indepen- 
dent  from  said  selection. 

In  this  way,  the  input  voltage  of  said  one  stage 
is  determined  when  the  part  of  the  switching 
means  connecting  this  one  stage  to  the  prior  stage 
is  to  be  set.  Hence,  the  resistance  introduced  by 

5  that  part  of  the  switching  means  becomes  indepen- 
dent  of  the  setting  of  the  latter  part,  unlike  the  prior 
art  where  the  input  voltage  of  a  stage,  being  the 
voltage  applied  to  the  part  of  the  switching  means 
connecting  that  stage  to  the  prior  stage  depends 

io  on  the  setting  of  the  latter  part  and,  hence,  also  the 
series  resistance  introduced  depends  on  the  set- 
ting  of  the  latter  part.  Thereby  the  linearity  errors 
become  lower  with  respect  to  the  prior  art. 

Another  characteristic  of  the  invention  is  that 
75  for  each  one  of  said  stages,  the  first  one  excepted, 

said  input  control  voltage  is  constituted  by  an  out- 
put  control  voltage  produced  over  a  substage  of 
the  stage  preceding  said  one  stage. 

Thereby  each  next  stage  subdivides  the  refer- 
20  ence  voltage  further  with  respect  to  the  prior  stage. 

A  further  characteristic  of  the  invention  is  that 
for  each  two  consecutive  stages,  the  second  stage 
thereof  constitutes  the  substage  of  the  first  stage 
over  which  said  output  control  voltage  of  said  first 

25  stage  is  produced. 
In  this  way  less  components  are  used  for  the 

converter. 
Still  another  characteristic  of  the  invention  is 

that  said  one  stage  is  said  first  stage. 
30  Thereby,  the  reference  voltage  is  applied  to  the 

first  stage  via  the  switching  means,  which  means 
that  the  voltage  applied  to  the  part  of  the  switching 
means  included  in  the  first  stage  is  fixed  and 
known  and,  hence,  the  voltage  drop  over  the 

35  switching  means  is  independent  of  the  analog  volt- 
age.  In  this  way  linearity  errors  are  no  longer 
present.  It  is  to  be  noted  that  a  gain  error  and  an 
offset  error  are  still  present.  However,  such  errors 
do  not  affect  the  linearity  of  the  converter. 

40  Another  feature  of  the  invention  is  that  each  of 
said  stages  includes  a  logic  part,  which  is  part  of 
said  logic  means,  and  an  output  of  which  is  one  of 
said  subsequent  parts  of  said  digital  output  voltage, 
in  that  each  but  said  first  stage  includes  a  switch- 

45  ing  part,  which  is  part  of  said  switching  means,  and 
in  that,  for  each  but  said  last  stage,  said  output  of 
said  logic  part  controls  said  switching  part  of  each 
next  stage. 

In  this  way,  each  stage  is  an  autonomous  item, 
50  i.e.  the  stages  only  interchange  control  signals  and, 

e.g.,  no  analog  voltages.  Thereby,  the  stages  being 
less  dependent  upon  each  other,  the  design  of  the 
converter  becomes  easier. 

A  further  feature  of  the  invention  is  that  for 
55  each  of  said  stages,  said  logic  part  is  controlled  by 

the  voltages  at  junction  points  of  those  substages 
corresponding  to  said  output  substage  of  the  prior 
stage,  the  latter  substages  for  said  first  stage  being 
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constituted  by  all  of  the  substages  thereof. 
Each  next  stage  so  generates  voltage  levels,  a 

voltage  level  being  the  voltage  region  in  between 
two  subdivided  voltages  or  the  reference  voltage  or 
the  ground,  and  which  constitute  finer  voltage  re- 
gions  than  the  voltage  levels  of  the  output  substage 
of  the  prior  stage.  Thereby  a  better  resolution  is 
obtained  in  each  subsequent  stage. 

Still  a  further  feature  of  the  invention  is  that 
said  analog  input  voltage  is,  for  each  considered 
stage,  so  delayed  that  said  outputs  of  the  respec- 
tive  logic  parts  of  the  respective  prior  stages  are 
available  when  said  analog  input  voltage  is  applied 
to  said  considered  stage. 

In  this  way,  while  the  control  information  from  a 
stage,  controlling  the  switches  of  a  next  stage, 
allows  the  latter  stage  to  process  the  analog  signal, 
the  former  stage  already  processes  another  analog 
signal.  Thereby  the  conversion  speed  is  no  longer 
limited  by  the  number  of  stages  but  becomes 
substantially  equal  to  the  conversion  speed  of  one 
stage. 

Yet  a  further  feature  of  the  invention  is  that 
each  of  said  subsequent  parts  of  said  digital  signal 
forthcoming  from  said  respective  stages  is  con- 
stituted  by  a  predetermined  number  of  bits. 

Each  stage  indeed  provides  a  number  of  volt- 
age  levels,  which  corresponds  to  a  predetermined 
number  of  bits.  The  number  of  levels  provided  is  a 
power  of  two  and  as  a  result  the  conversion  of  the 
levels  to  bits  can  be  done  per  stage  instead  of 
integrated  with  other  stages,  which  again  allows  an 
easier  design. 

The  above  mentioned  and  other  objects  and 
features  of  the  invention  will  become  more  appar- 
ent  and  the  invention  itself  will  be  best  understood 
by  referring  to  the  following  description  of  an  em- 
bodiment  taken  in  conjunction  with  the  accompany- 
ing  drawings  wherein: 

Fig.  1a  in  connection  with  Fig.  1b  shows  a  first 
embodiment  of  an  analog  to  digital  converter 
ADC1  according  to  the  invention; 
Fig.  2  represents  an  alternative  for  the  switching 
means  included  in  the  first  stage  B1  of  Fig.  1; 
Fig.  3a  in  connection  with  Fig.  3b  shows  a 
second  embodiment  of  an  analog  to  digital  con- 
verter  ADC2  according  to  the  invention. 

The  analog  to  digital  converter  ADC1  shown  in 
Fig.  1a  and  b  is  adapted  to  convert  the  amplitude 
of  an  analog  input  voltage  Vin  to  a  6  bit  digital 
output  voltage  or  digital  signal  Dout.  It  includes 
three  switching  means  controlled  resistive  voltage 
divider  stages  B1,  B2  and  B3  each  including  a 
number  of  substages,  each  constituted  by  a  resis- 
tor.  Stage  B3  includes  four  series  connected  resis- 
tors  R31  to  R34  each  having  the  same  value  r  and 
constitutes  a  substage  of  stage  B2.  Indeed,  B3  is 
connected  in  series  between  two  networks  of  three 

cascaded  resistors  R21a  to  R23a  and  R21b  to 
R23b  forming  part  of  B2  and  all  having  the  same 
value  4r.  In  its  turn  stage  B2  constitutes  a  substage 
of  stage  B1  and  is  connected  in  the  same  way  as 

5  stage  B3  in  series  between  two  networks  of  three 
cascaded  resistors  each,  R11a  to  R13a  and  R11b 
to  R13b,  which  all  have  the  same  value  16r  and 
form  part  of  B1  . 

Stages  B1  and  B2  furthermore  include  switch- 
io  ing  means,  constituted  by  switches  S11a  to  S14a 

and  S11b  to  S14b,  and  S21a  to  S24a  and  S21b  to 
S24b  respectively,  each  switch  being  coupled  be- 
tween  one  of  two  inputs  of  the  respective  stages 
and  the  junction  points  of  the  resistors  thereof,  as 

is  shown  in  Fig.  1.  The  switching  means  of  stage  B1 
furthermore  includes  a  so-called  double  pole  dou- 
ble  throw  switch  SO  via  which  a  reference  voltage 
0,  Vref  can  be  applied  to  the  input  of  stage  B1, 
either  normally  or  reversely  poled.  All  the  above 

20  switches  are  in  fact  constituted  by  MOSFETs, 
which  are  neither  shown  nor  described  in  detail 
since  they  are  well  known  in  the  art. 

Each  stage  furthermore  includes  comparators 
comparing  the  above  analog  input  voltage  Vin 

25  which  is  to  be  converted  to  the  digital  signal  Dout, 
to  voltages  occurring  at  the  junction  points  of  the 
resistors  of  the  different  stages. 

Stage  B1  includes  comparators  C10a  to  C13a 
and  C10b  to  C13b;  stage  B2  includes  comparators 

30  C21a  to  C23a  and  C21b  to  C23b;  and  stage  B3 
includes  comparators  C31  to  C33,  all  comparators 
being  connected  as  shown  in  Fig.  1. 

It  is  to  be  noted  that  three  of  the  comparators 
of  stage  B1  and  three  of  the  comparators  of  stage 

35  B2  are  superfluous,  as  will  be  explained  later,  and 
that  two  other  comparators  of  stage  B1  merely 
serve  to  indicate  underflow  and  overflow,  respec- 
tively,  of  the  analog  voltage  Vin  with  respect  to  the 
reference  voltage  Vref,  as  will  also  be  explained 

40  later. 
The  outputs  of  the  comparators  of  each  stage 

are  applied  to  a  string  of  logic  EXOR  gates  also 
included  in  each  stage  and  which  translate  the 
comparator  outputs  into  a  four  level  output,  as  will 

45  be  explained  later.  The  outputs  of  the  comparators 
of  stage  B1  are  applied  to  EXORs  E10a  to  E13a 
and  E10b  to  E13b,  those  of  stage  B2  to  EXORs 
E20a  to  E23a  and  E20b  to  E23b,  and  those  of 
stage  B3  to  EXOR's  E30  to  E33.  All  the  EXORs  are 

50  connected  as  shown  in  Fig.  1.  Again  part  of  the 
EXORs  of  stages  B1  and  B2  are  superfluous  as  will 
be  explained  later.  It  is  also  noted  that  EXOR 
inputs  which  on  Fig.  1  are  connected  to  outputs  of 
comparators  which  are  not  provided  since  they  are 

55  superfluous  or  since  underflow  or  overflow  control 
is  not  a  wanted  feature,  are  then  connected  to  a 
fixed  voltage  as  will  be  explained  later. 

4 
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The  outputs  of  the  EXORs  of  each  stage  are 
applied  to  not  shown  buffers,  the  outputs  of  the 
buffers  of  B1  and  B2  controlling  the  switches  of  the 
same  stage. 

The  outputs  of  the  buffers  are  furthermore  ap- 
plied  to  an  encoder  ENC,  including  the  cascade 
connection  of  a  delay  circuit  DEL  and  a  digital-to- 
digital  converter  circuit  BIT.  The  outputs  of  the 
buffers  of  stage  B1  are  delayed  over  two  periods, 
whilst  those  of  B2  are  delayed  over  one  period,  the 
delay  period  corresponding  with  the  delay  between 
applying  a  voltage  to  the  input  of  a  stage  and 
obtaining  the  corresponding  buffer  outputs  for  con- 
trolling  the  switches  of  the  next  stage.  The  delayed 
and  not  delayed  buffer  outputs  are  then  converted 
by  the  digital-to-digital  converter  BIT,  which  is  e.g. 
a  triple  four  level  to  two  bit  decoder,  so  obtaining 
the  digital  signal  Dout. 

Fig.  2  shows  an  alternative  embodiment  of  the 
switching  means  included  in  stage  B1  and  shown 
in  Fig.  1a  and  b.  This  embodiment  includes  MOS- 
FET  switches  S11a'  to  S14a',  S11a"  to  S14a", 
S11b'  to  S14b',  S11b"  to  S14b"  which  are  each 
coupled  between  one  of  the  two  inputs  of  stage  B1 
and  the  junction  points  of  the  resistors  thereof  as 
shown  in  Fig.  2  .  In  this  way  the  reference  voltage 
0,  Vref  can  be  applied  to  the  resistor  network  with 
normal  or  reversed  polarity  but  via  only  two  switch- 
es  in  series,  e.g.  S11a'  and  S11b'  or  S11a"  and 
S11b"  for  reversed  polarity,  instead  of  four  in  the 
case  of  Fig.  1  (e.g.  S11a,  S11b  and  two  switches  of 
SO). 

This  is  advantageous  since  it  reduces  the  para- 
sitic  switch  resistance,  thereby  introducing  lower 
gain  and  offset  errors  and  increasing  the  converter 
accuracy. 

The  analog  to  digital  converter  ADC2  of  Fig.  3 
also  includes  three  stages,  B1',  B2'  and  B3',  each 
stage  here  operating  as  an  independent  analog  to 
digital  converter  and  being  controlled  by  the  output 
of  all  prior  stages.  Stage  B1  '  is  a  two  bit  so-called 
flash  analog  to  digital  converter  known  in  the  art 
and  built  from  cascaded  resistors  R1  to  R4  over 
which  the  reference  voltage  0,  Vref  is  applied,  the 
voltage  at  each  junction  point  being  compared  with 
the  analog  input  voltage  Vin  by  comparators  CO  to 
C4  respectively.  The  outputs  of  the  comparators 
CO  to  C4  are  connected  to  the  inputs  of  EXORs  E0 
to  E3  respectively. 

It  is  to  be  noted  that  comparators  CO  and  C4 
merely  serve  to  indicate  overflow  and  underflow  of 
the  analog  voltage  Vin  with  respect  to  the  reference 
voltage  Vref  respectively,  and  may  be  omitted.  In 
this  case  the  EXOR  inputs  now  connected  to  out- 
put  of  comparator  CO  should  then  be  connected  to 
Vsat(  +  ),  which  is  the  positive  saturation  voltage  of 
the  comparators,  whereas  the  EXOR  input  now 
connected  to  the  output  of  comparator  C4  should 

then  be  connected  to  Vsat(-)  which  is  the  negative 
saturation  voltage  of  the  comparators. 

Stage  B2'  is  a  two  stage  analog  to  digital 
converter  of  the  type  shown  in  Fig.  1  but  wherein 

5  the  comparators  of  the  first  stage  have  been  omit- 
ted.  It  is  built  up  from  switches  S11c  to  S14c  and 
S11d  to  S14d,  resistors  R11c  to  R13c,  R11d  to 
R13d  and  R21c  to  R24c,  comparators  C21c  to 
C23c,  and  EXORs  E20c  to  E23c  respectively.  The 

io  switches  of  stage  B2'  are  controlled  by  the  outputs 
of  EXORs  E0  to  E3  of  stage  B1'.  The  analog 
voltage  Vin  is  applied  to  the  comparators  via  a  a 
well  known  sample  and  hold  circuit  SH1,  which 
compensates  for  the  delay  produced  between  the 

is  instants  of  applying  Vin  to  stage  B1'  and  operating 
the  switches  of  stage  B2'. 

Stage  B3'  is  a  three  stage  analog  to  digital 
converter  of  the  type  shown  in  Fig.  1  but  wherein 
the  comparators  of  first  and  second  stage  have 

20  been  omitted.  It  is  built  up  from  switches  S11f  to 
S14f,  S11g  to  S14g,  S21f  to  S24f  and  S21g  to 
S24g,  resistors  R11f  to  R13f,  R11g  to  R13g,  R21f 
to  R23f,  R21g  to  R23g  and  R31f  to  R34f,  compara- 
tors  C31f  to  C33f,  and  EXORs  E30f  to  E33f.  The 

25  switches  S11f  to  S14f  and  S11g  to  S14g  are  con- 
trolled  by  the  outputs  of  EXORs  E0  to  E3  of  stage 
B1'  via  a  sample  and  hold  circuit  SH3,  and  S21f  to 
S24f  and  S21g  to  S24g  by  the  outputs  of  EXORs 
E20c  to  E23c  of  stage  B2'.  SH3  provides  a  delay 

30  so  that  all  switches  of  stage  B3'  are  operated 
simultaneously.  The  analog  voltage  Vin  is  applied 
to  the  comparators  via  a  sample  and  hold  circuit 
SH2  which  compensates  for  the  delay  between 
applying  Vin  to  stage  B1  '  and  operating  the  switch- 

35  es  of  stage  B3'. 
The  outputs  of  the  EXOR's  are  all  applied  to  a 

not  shown  encoder  which  is  similar  to  the  encoder 
ENC  of  Fig.  1  and  which  encodes  the  EXOR  out- 
puts  to  a  6-bit  digital  signal  Dout. 

40  The  analog  to  digital  converter  ADC1  of  Fig.  1 
operates  as  follows.  When  the  analog  voltage  Vin 
applied  to  the  positive  inputs  of  the  comparators  is 
to  be  converted  to  the  digital  signal  Dout,  first  all 
switches  are  opened,  except  for  switches  S11a, 

45  S11b,  S21a  and  S21b.  Switch  SO  is  set  to  its 
normal  position  so  that  the  voltage  applied  to 
switch  S11a  is  positive  with  respect  to  that  applied 
to  switch  S11b.  In  this  way  the  reference  voltage 
Vref  is  applied  to  series  connected  resistors  R11a 

50  to  R13a,  R21a  to  R23a  and  R31  to  R34.  The 
voltages  derived  from  Vref  and  occurring  at  the 
junction  points  of  the  resistors  are  then  compared 
with  the  analog  voltage  Vin  in  the  comparators 
C10a  to  C13a,  C21a  to  C23a,  C31  to  C33  and 

55  C11b.  When  Vin  is  higher  than  the  voltage  derived 
from  Vref  occurring  at  the  negative  input  of  the 
comparator,  then  the  comparator  output  is  at  Vsat- 
(  +  )  which  is  the  positive  saturation  voltage  of  the 

5 
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comparator.  On  the  contrary,  when  Vin  is  lower 
than  the  derived  voltage  mentioned,  the  comparator 
output  is  at  Vsat(-)  which  is  the  negative  saturation 
voltage  of  the  comparator.  In  this  way,  the  respec- 
tive  comparator  outputs  show  a  pattern  of  a  num- 
ber  of  successive  Vsat  (  +  )  followed  by  a  number 
of  successive  Vsat(-).  By  each  EXOR  string,  these 
saturation  voltages  are  then  converted  to  a  logical 
four  level  signal,  each  level  being  indicated  by  one 
of  the  EXORs  and  each  but  one  of  these  levels 
being  0.  The  level  which  is  on  one  indicates  the 
transition  from  Vsat(  +  )  to  Vsat(-)  of  the  corre- 
sponding  comparators  and  hence  the  voltage  range 
in  which  Vin  is  located.  When  for  instance  the 
output  of  EXOR  E11a  is  a  logical  one,  the  transition 
from  Vsat(  +  )  to  Vsat  (-)  occurs  from  comparator 
C12a  to  comparator  C11a.  This  means  that  Vin  is 
lower  than  the  voltage  at  the  junction  of  resistors 
R11a  and  R12a,  but  higher  than  that  at  the  junction 
of  R12a  and  R13a. 

When  all  the  outputs  of  EXORs  E10a  to  E13a 
are  0,  then  all  outputs  of  comparators  C10a  to 
C13a  and  C11b  are  either  at  Vsat(  +  )  or  at  Vsat(-). 
The  first  case  means  overflow:  Vin  is  higher  than 
Vref.  The  second  case  means  underflow:  Vin  is 
negative  with  respect  to  ground. 

The  underflow  case  can  be  solved  by  reversing 
the  polarity  of  Vref  by  changing  the  position  of 
switch  SO.  When  the  EXORs  E10a  to  E13a  then 
still  have  an  all  0  output,  the  absolute  value  of  Vin 
is  higher  than  Vref  and  can  not  be  converted  to  a 
digital  value  unless  as  to  an  all  1  digital  output. 

It  is  to  be  noted  that  the  difference  between  the 
first  and  the  second  above  mentioned  case  can  be 
made  by  monitoring  the  output  of  one  of  the  com- 
parators  C10a  to  C13a  and  C11b. 

Also,  when  overflow  does  not  occur  Vin  is 
always  lower  than  the  voltage  at  the  junction  point 
of  switch  S11a  and  resistor  R11a,  thereby  causing 
comparator  C10a  always  to  have  an  output  Vsat(-). 
Hence,  in  this  case,  C10a  is  superfluous  and  the 
input  of  EXOR  E10a  normally  connected  to  the 
output  of  C10a  can  be  connected  to  a  voltage 
Vsat(-).  An  analogous  reasoning  applies  to  com- 
parator  C11b  and  EXOR  E13a  in  the  case  of  under- 
flow,  the  input  of  E13a  normally  connected  to  the 
output  of  C1  1  b  then  being  connected  to  a  voltage 
Vsat(  +  ). 

Instead  of  the  four  switches  chosen  above  to 
be  closed  in  a  first  step,  i.e.  S11a,  S11b,  S21a  and 
S21b,  four  other  switches  can  be  chosen.  The  only 
imperative  here  is  that  for  each  stage  two  cor- 
responding  switches  are  closed,  i.e.  an  a-switch 
and  a  b-switch  of  the  same  numerical  index,  e.g. 
S13a  and  S13b.  In  that  case,  other  comparators 
and  other  EXORs  become  active,  in  the  example 
comparators  C12a,  C13a,  C11b  to  C13b  and  EX- 
ORs  E12a,  E13a  ,  E11b  and  E12b,  comparator 

C12a  indicating  overflow  and  C13b  indicating  un- 
derflow. 

Furthermore,  the  comparators  not  used  in  the 
first  step,  i.e.  C12b,  C13b  and  C10b  in  the  former 

5  example  (S21a  and  S11b  closed),  or  C10a,  C11a 
and  C10b  in  the  latter  example  (S13a  and  S13b 
closed),  are  superfluous,  and  can  therefore  be 
omitted. 

The  EXOR  of  stage  B1  whose  output  is  a 
io  logical  one  indicates  which  switches  of  stage  B1 

are  to  be  closed  in  order  that  the  analog  voltage 
Vin  should  fall  within  the  voltage  range  applied  over 
the  resistors  of  stage  B2.  For  instance,  when  the 
output  of  E10a  is  a  logical  one  switches  S11a  and 

is  S11b  are  opened  whereas  switches  S14a  and  S14b 
are  closed. 

Then,  switches  S21a  and  S21b  still  being 
closed,  the  outputs  of  comparators  C21a  to  C23a 
are  converted  to  a  four  level  logic  signal  by  EXORs 

20  E20a  to  E23a,  the  latter  signal  indicating  again  the 
voltage  range  within  which  Vin  is  situated.  The 
EXOR  whose  output  is  a  logical  one  again  indicates 
which  switches  of  stage  B2  are  to  be  closed.  For 
instance,  the  output  of  E22a  being  a  logical  one 

25  indicates  siwtches  S21a  and  S21b  are  to  be  re- 
opened  and  S22a  and  S22b  are  to  be  closed, 
thereby  causing  Vin  to  fall  within  the  voltage  range 
applied  over  the  resistors  of  stage  B3. 

Finally,  the  original  output  signals  of  the  EX- 
30  ORs  of  each  stage  are  applied  to  the  encoder 

ENC,  the  latter  outputs  being  the  ones  before  the 
switch  settings  of  the  stage  itself,  but  after  those  of 
the  prior  stages  were  changed,  i.e.  according  to  the 
above  example,  the  outputs  of  EXOR's  E10a  to 

35  E13a  with  switches  S11a  and  S11b  closed,  the 
outputs  of  EXORs  E20a  to  E23a  with  switches 
S14a  and  S14b,  and  S21a  and  S21b  closed,  and 
the  outputs  of  EXORs  E30  to  E33  with  switches 
S14a,  S14b,  S22a  and  S22b  closed.  In  the  delay 

40  circuit  DEL  included  in  ENC,  the  EXOR  output 
signals  of  stages  B1  and  B2  are  delayed  over  such 
a  time  value  that  the  the  EXOR  outputs  are  simulta- 
neously  applied  to  the  converter  BIT  included  in 
encoder  ENC.  The  digital-to-digital  converter  BIT 

45  converts  the  three  four  level  signals  from  the  EX- 
ORs  to  a  6  bit  digital  output  signal  Dout. 

The  position  of  switch  SO  is  indicative  of  the 
polarity  of  the  analog  voltage  Vin,  thereby  providing 
a  sign  bit  and  hence  giving  a  seven  bit  analog  to 

50  digital  converter  instead  of  a  six  bit  one. 
It  is  to  be  noted  that  when  the  switching  means 

of  Fig.  2  is  used  for  stage  B1,  the  polarity  or  sign 
bit  information  is  indicated  by  whether  a  one  or 
double  accent  switch,  i.e.  e.g.  S11a'  and  S11b'  or 

55  S1  1a"  and  S1  1b",  is  closed. 
The  analog  to  digital  converter  ADC2  operates 

in  a  similar  way.  In  the  first  or  coarse  stage  B1'  the 
four  most  significant  levels  and  hence  the  two  most 

6 
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significant  bits  of  the  digital  signal  Dout  are  deter- 
mined.  The  EXOR  whose  output  is  a  logical  one 
indicates  which  switches  of  stage  B2'  are  to  be 
closed  and  which  of  stage  B3',  e.g.  the  output  of 
EXOR  E3  being  one  indicates  S11c  and  S11d,  and 
S11f  and  S11g  are  to  be  closed.  Then  the  two  next 
bits  of  Dout  are  determined  by  stage  B2'.  By  the 
sample  and  hold  circuit  SH1  Vin  is  delayed  over 
such  a  time  value  that  it  is  applied  to  B2  just  after 
the  switches  of  stage  B2'  are  set.  The  EXORs  of 
B2'  also  control  switches  of  stage  B3',  e.g.  the 
output  of  EXOR  E20c  being  one  indicates  switches 
S24f  and  S24g  are  to  be  closed.  Here  the  sample 
and  hold  circuits  SH2  and  SH3  delay  Vin  and  the 
outputs  of  the  EXORs  of  B1  '  respectively  over  such 
time  values  that  they  are  applied  to  stage  B3'  when 
the  outputs  of  the  EXORs  of  B2'  are  present. 

The  output  signals  of  the  EXORs  of  the  three 
stages  are  then  converted  in  a  not  shown  encoder 
ENC  similar  to  the  one  of  Fig.  1  to  a  6  bit  digital 
signal  Dout,  the  output  signals  of  the  EXORs  of  B1' 
and  B2'  being  so  delayed  that  all  outputs  are 
simultaneously  presented  to  the  encoder  ENC.  Due 
to  the  presence  of  the  above  mentioned  delays  it  is 
clear  that  while  the  analog  voltage  Vin  is  being 
treated,  for  instance  in  stage  B2',  another  analog 
voltage  can  already  be  treated  in  stage  B1'.  There- 
by  the  number  of  stages  has  substantially  no  effect 
on  the  overall  conversion  speed  of  ADC2.  Indeed, 
the  latter  conversion  speed  is  equal  to  or  only 
slightly  higher  than  that  of  a  one  stage  analog  to 
digital  converter. 

It  is  to  be  noted  that  by  reversing  the  polarity 
of  Vref  also  negative  analog  voltages  Vin  can  be 
processed,  thereby  also  enabling  the  output  of  an 
extra  sign  bit.  This  can  be  done  by  a  switch  an- 
aloguous  to  switch  SO  of  Fig.  1.  The  polarity  of  the 
reference  voltage  Vref  is  then  to  be  reversed  for  all 
stages. 

While  the  principles  of  the  invention  have  been 
described  above  in  connection  with  specific  ap- 
paratus,  it  is  to  be  clearly  understood  that  this 
description  is  made  only  by  way  of  example  and 
not  as  a  limitation  on  the  scope  of  the  invention. 

Claims 

1.  Analog  to  digital  converter  (ADC1,  ADC2)  for 
converting  an  analog  input  voltage  (Vin)  to  a 
digital  output  voltage  (Dout),  and  which  in- 
cludes  at  least  two  cascaded  first  and  second 
switching  means  controlled  voltage  divider 
stages  (B1,  B2,  B3,  B1',  B2',  B3'  )  each  of 
which  includes  a  plurality  of  series  connected 
substages,  an  input  control  voltage  applied  to  a 
said  stage  being  subdivided  therein  so  as  to 
produce  subdivided  voltages,  said  input  volt- 
age  of  said  first  stage  (B1,  B1')  being  con- 

stituted  by  a  predetermined  reference  voltage 
(Vref),  and  said  subdivided  voltages  of  said 
stages  being  successively  compared  with  said 
analog  voltage  (Vin)  in  a  logic  means  also 

5  included  in  said  analog  to  digital  converter 
(ADC1,  ADC2)  thereby  generating  subsequent 
parts  of  said  digital  output  voltage  (Dout),  char- 
acterized  in  that  for  at  least  one  of  said  stages 
and  via  said  switching  means  said  input  volt- 

io  age  is  applied  over  a  predetermined  number  of 
substages  of  said  one  stage  which  are  se- 
lected  under  the  control  of  said  analog  voltage 
(Vin),  said  input  control  voltage  being  indepen- 
dent  from  said  selection. 

15 
2.  Analog  to  digital  converter  (ADC1)  according  to 

claim  1  ,  characterized  in  that  for  each  one  (B2, 
B3)  of  said  stages,  the  first  one  excepted,  said 
input  control  voltage  is  constituted  by  an  out- 

20  put  control  voltage  produced  over  a  substage 
of  the  stage  preceding  said  one  stage. 

3.  Analog  to  digital  converter  (ADC1)  according  to 
claim  2,  characterized  in  that  said  output  con- 

25  trol  voltage  of  said  one  stage  is  taken  over  a 
fixed  substage  thereof. 

4.  Analog  to  digital  converter  (ADC1)  according  to 
claim  2,  characterized  in  that  for  each  two 

30  consecutive  stages  the  second  stage  thereof 
constitutes  the  substage  of  the  first  stage  over 
which  said  output  control  voltage  of  said  first 
stage  is  produced. 

35  5.  Analog  to  digital  converter  (ADC1)  according  to 
claim  1  ,  characterized  in  that  said  one  stage  is 
said  first  stage. 

6.  Analog  to  digital  converter  (ADC2)  according  to 
40  claim  1,  characterized  in  that  each  of  said 

stages  includes  a  logic  part,  which  is  part  of 
said  logic  means,  and  an  output  of  which  is 
one  of  said  subsequent  parts  of  said  digital 
output  voltage  (Dout),  in  that  each  but  said  first 

45  stage  includes  a  switching  part,  which  is  part 
of  said  switching  means,  and  in  that,  for  each 
but  said  last  stage,  said  output  of  said  logic 
part  controls  said  switching  part  of  each  next 
stage. 

50 
7.  Analog  to  digital  converter  (ADC2)  according  to 

claim  6,  characterized  in  that  for  each  of  said 
stages,  said  logic  part  is  controlled  by  the 
voltages  at  junction  points  of  those  substages 

55  corresponding  to  said  output  substage  of  the 
prior  stage,  the  latter  substages  for  said  first 
stage  being  constituted  by  all  of  the  substages 
thereof. 

7 
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8.  Analog  to  digital  converter  (ADC2)  according  to 
claim  6,  characterized  in  that  said  analog  input 
voltage  (Vin)  is,  for  each  considered  stage,  so 
delayed  that  said  outputs  of  the  respective 
logic  parts  of  the  respective  prior  stages  are  5 
available  when  said  analog  input  voltage  (Vin) 
is  applied  to  said  considered  stage. 

9.  Analog  to  digital  converter  (ADC1,  ADC2)  ac- 
cording  to  claim  1,  characterized  in  that  each  10 
of  said  substages  is  constituted  by  a  resistor. 

10.  Analog  to  digital  converter  (ADC1,  ADC2)  ac- 
cording  to  claim  1,  characterized  in  that  said 
switching  means  includes  switches  each  con-  is 
stituted  by  a  transistor. 

11.  Analog  to  digital  converter  (ADC1,  ADC2)  ac- 
cording  to  claim  1,  characterized  in  that  said 
logic  means  includes  comparators  for  compar-  20 
ing  said  analog  input  voltage  (Vin)  to  said 
subdivided  voltages,  and  an  encoder  means 
for  encoding  the  outputs  of  said  comparators 
into  said  digital  signal  (Dout). 

25 
12.  Analog  to  digital  converter  (ADC1,  ADC2)  ac- 

cording  to  claim  1,  characterized  in  that  each 
of  said  subsequent  parts  of  said  digital  signal 
(Dout)  forthcoming  from  said  respective  stages 
is  constituted  by  a  predetermined  number  of  30 
bits. 
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