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©  Automatic  threshold  adjustment  circuit  for  digital  data  communication. 

©  An  improved  threshold  circuit  (30)  for  recon- 
structing  digitally-encoded,  optically-transmitted  sig- 
nals  is  disclosed.  The  threshold  circuit  (30)  automati- 
cally  compensates  for  amplitude  variations  in  the 
received  signal  due  to  noise,  gain  variations,  and  the 
like,  and  thereby  provides  improved  accuracy  in 
reproduction  of  the  digitally-encoded  signal.  An  am- 
plifier  (120)  generates  an  output  signal  the  level  of 
which,  under  low  signal  amplitude,  is  linearly  related 
to  the  instantaneous  level  of  the  digitally-encoded 
input  signal.  An  active  low  pass  linear  filter  (122, 
1  24,  1  32)  generates  from  the  amplified  output  signal 
a  signal  the  level  of  which  corresponds  to  the  aver- 
age  level  of  the  amplified  output  signal.  A  bias  signal 
generator  (40)  receives  the  average  level  signal  on 
one  input  and  a  selected  reference  signal  on  the 

(b  other.  The  bias  generator  (40)  outputs  a  bias  signal 
^ t h e   level  and  polarity  of  which  are  related  to  the 

1^  degree  and  polarity  of  difference  between  the  aver- 
t^age  level  signal  and  the  reference  signal.  The  bias 
«~  signal  biases  the  linear  amplifier  (120)  to  compen- 
^ sa t e   for  any  variations  of  the  average  level  of  the 
Q5  amplified  input  signal  from  a  selected  threshold  val- 
^lue  that  corresponds  to  the  reference  signal.  A  trigger 
q   circuit  (45)  converts  the  bias-controlled,  amplified 

signal  to  digital  square  wave  pulses  corresponding  to 

LU the  transmitted  digitally-encoded  signal. 
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JJT0MAT1C  THRESHOLD  ADJUSTMENT  CIRCUIT  FUR  DHallAL  u a i a   ^uwimuwivyM  i  iun 

This  invention  relates  generally  to  the  field  ot 
ignal  receiver  and  demodulator  circuits,  and  more 
pecifically  to  circuits  adapted  to  receive  and  de- 
lodulate  digitally-modulated,  optically  transmitted 
ignals.  The  invention  is  particularly  concerned  with 
ireshold  circuits  that  are  commonly  used  in  such 
eceiver  circuits  and  with  an  improved  threshold 
:ircuit  that  provides  automatic  adjustment  of  the 
ignal  threshold  level. 

A  common  method  of  transmitting  digital  data 
i  local  area  networks  and  the  like  involves  modu- 
ating  the  intensity  of  a  light  source  in  accordance 
vith  the  digital  data  and  optically  transmitting  the 
nodulated  light  signal  over  an  optical  transmission 
nedium,  such  as  a  fiber  optic  cable.  Receiver 
:ircuits  designed  to  receive  and  demodulate 
iigitally-modulated,  optically-transmitted  signals 
ypically  include  an  optical  to  electrical  transducer 
hat  converts  the  optical  signal  to  an  electrical 
signal,  a  Signal  Amplifier  that  amplifies  the  con- 
'erted  electrical  signal,  a  threshold  circuit  that  re- 
:onstructs  the  transmitted  digitally-encoded  signal 
rom  the  electrical  signal,  and  a  demodulator  circuit 
hat  converts  the  reconstructed  signal  into  data  bit 
values.  Threshold  circuits  in  common  use  typically 
generate  a  constant  threshold  voltage,  compare  the 
implitude  of  the  converted,  amplified,  electrical 
signal  with  the  threshold  or  decision  value,  and 
output  a  digital  signal  having  one  predetermined 
ogic  level  when  the  amplitude  of  the  received 
signal  exceeds  the  threshold,  and  a  second  pre- 
jetermined  logic  level  when  it  does  not. 

Such  threshold  circuits  possess  several  major 
deficiencies  that  increase  the  likelihood  of  erro- 
neous  reconstruction  and  demodulation  of  the 
transmitted  signal.  For  example,  in  such  threshold 
circuits,  the  threshold  voltage  must  typically  be  set 
so  high  that  under  no  condition  can  variations  in 
transmitter  or  receiver  gain  or  in  the  level  of  noise 
produce  a  spurious  output  signal.  However,  due  to 
the  relatively  large  degree  of  signal  attenuation 
inherent  in  commonly-used  optical  transmission 
media,  the  level  of  the  received  signal  is  typically 
relatively  low.  In  addition,  the  signal  to  noise  ratio 
of  such  signals  is  typically  low.  Since  such  thresh- 
old  circuits  are  in  effect  "desensitized",  inaccurate 
reconstruction  and  demodulation  of  these  relatively 
low  level,  noisy  signals  may  thus  occur. 

In  addition,  the  threshold  level  in  such  thresh- 
old  circuits  is  typically  set  according  to  the  rated 
gain  of  the  Signal  Amplifier  and  the  rated  sensitivity 
of  the  optical  transducer,  both  of  which  may  vary  in 
operation  with  time  and  temperature.  Also,  such 
threshold  circuits  can  introduce  timing  distortion 
into  the  reconstructed  digitally-encoded  signal.  This 

prooiem  occurs  Decause  some  suun  uhuuus  icaui 
more  rapidly  to  transitions  in  the  amplitude  of  the 
electrical  signal  from  below  to  above  the  threshold 
than  to  transitions  from  above  to  below  the  thresh- 

;  old. 
In  view  of  the  foregoing  deficiencies  in  the  prior 

art  threshold  circuits,  it  is  an  object  of  the  present 
invention  to  provide  an  improved  threshold  circuit 
that  automatically  adjusts  the  threshold  level  to 

o  compensate  for  variations  in  the  amplitude  of  the 
received  signal  due  to  variations  in  gain  and  sen- 
sitivity  of  the  various  receiver  components,  vari- 
ations  in  noise  level,  and  the  like.  In  so  doing,  the 
improved-  threshold  circuit  of  the  invention  greatly 

5  increases  the  accuracy  of  detection,  reconstruction, 
and  demodulation  of  the  received  signal. 

It  is  another  object  of  the  invention  to  provide 
an  improved  threshold  circuit  that  automatically  ad- 
justs  the  signal  threshold  level  to  eliminate  timing 

»o  distortion  in  reconstructed  digitally-encoded  sig- 
nals,  thereby  greatly  improving  the  accuracy  of  the 
reconstructed  signals. 

It  is  another  object  of  the  invention  to  provide 
an  improved  threshold  circuit  that  is  suitable  for 

>5  use  in  typical  optical  receiver  circuits  to  reproduce 
digitally-encoded,  optically-transmitted  signals. 

In  accordance  with  the  invention,  a  threshold 
adjustment  circuit  having  a  first  portion  that  gen- 
erates  from  a  received  signal  a  first  signal  having  a 

30  parameter  related  to  the  average  level  of  the  modu- 
lated  signal,  and  a  second  portion  that  generates 
from  the  first  signal  a  second  signal  that  opposes 
variations,  from  a  selected  threshold  value,  of  the 
parameter  of  the  first  signal. 

35  An  embodiment  of  the  invention  will  now  be 
described  by  way  of  example  with  reference  to  the 
accompany  drawings,  in  which: 

FIGURE  1  is  a  block  diagram  illustrating 
generally  the  components  of  a  typical  optical  re- 

40  ceiver  in  which  the  threshold  circuit  of  the  invention 
may  find  use;  and 

FIGURE  2  is  an  electrical  schematic  diagram 
illustrating  the  presently  preferred  embodiment  of 
the  improved  threshold  circuit  of  the  invention  in 

45  detail. 
Referring  to  the  drawings,  Figure  1  is  a  block 

diagram  which  illustrates  generally  the  major  com- 
ponents  of  a  typical  optical  receiver  circuit  50. 
Such  circuits  are  used  in  a  variety  of  applications 

so  including,  for  example,  digital  communications  ap- 
plications  such  as  local  area  computer  networks 
and  local  communication  and  control  systems.  The 
optical  receiver  circuit  50  is  generally  comprised  of 
an  optical-to-electrical  transducer  circuit  10,  a  small 
signal  amplifier  circuit  20,  a  threshold  circuit  30, 

2 
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and  a  data  demodulator  circuit  32. 
The  optical-to-electrical  transducer  circuit  10  is 

a  conventional  circuit  known  to  those  skilled  in  the 
art.  It  typically  includes  a  conventional  light-sen- 
sitive  electronic  component  (not  shown)  such  as  a 
photo-diode  or  photo-transistor.  The  light  sensitive 
component  is  mounted  adjacent  to  an  end  of  a 
fiber  optic  cable  (not  shown)  or  other  optical  trans- 
mission  medium  over  which  an  optical  signal  is 
transmitted.  Typically,  the  optical  signal  is  encoded 
with  digital  data  by  intensity-modulating  it  in  accor- 
dance  with  the  states  of  the  data  to  be  transmitted. 
However,  other  modulation  schemes  may  also  be 
used.  The  light-sensitive  electronic  element  detects 
the  digitally-encoded  optical  signal  and  converts  it 
into  a  corresponding  low-level  AC  electrical  signal. 
The  optical-to-electrical  transducer  circuit  10  may 
also  include  a  variety  of  other  conventional  biasing 
and  amplifying  components,  descriptions  of  which 
are  not  necessary  for  a  full  understanding  and 
appreciation  of  the  invention. 

The  output  of  the  optical-to-electrical  trans- 
ducer  circuit  10  is  typically  connected  to  the  input 
of  the  AC  signal  amplifier  20.  The  Signal  Amplifier 
20  is  also  a  conventional  circuit  that  is  known  to 
those  skilled  in  the  art.  Any  of  a  wide  variety  of 
transistor  or  operational  amplifier  circuits  having 
bandwidth  sufficient  to  reproduce  a  square  wave 
input  signal  with  reasonable  accuracy  are  suitable. 

The  signal  output  by  the  Signal  Amplifier  20 
can  be  a  noisy,  relatively  low-level  signal.  This 
signal  is  connected  to  the  input  of  the  threshold 
circuit  30.  From  this  signal,  the  threshold  circuit  30 
reconstructs  the  original  optically-transmitted 
digitally-encoded  signal  at  supply  levels  and  with 
appropriate  duty  cycle.  The  reconstructed  digitally- 
encoded  signal  may  be  coupled  to  conventional 
data  demodulator  circuitry  32  to  obtain  the  actual 
digital  data,  or,  processed  by  other  circuitry  that 
operates  upon  the  raw  encoded  signal. 

Figure  2  is  a  detailed  electrical  schematic  dia- 
gram  illustrating  the  presently  preferred  embodi- 
ment  of  the  improved  threshold  circuit  of  the  inven- 
tion.  The  threshold  circuit  30  generally  comprises  a 
preamplifier  35,  an  amplifier  120,  a  bias  generator 
40,  and  a  trigger  circuit  45.  Preferred  values  for  the 
various  components  comprising  the  threshold  cir- 
cuit  30  are  as  illustrated  in  Figure  2  and  as  de- 
scribed  below. 

The  digitally-encoded  signal  is  received  at  the 
junction  of  series-connected  capacitors  100  and 
102  which  comprises  the  input  105  of  the  pre- 
amplifier  35.  The  pre-amplifier  35  comprises  cou- 
pling  capacitors  100  and  102;  resistors  106,  108, 
and  110;  PNP  transistor  114,  and  NPN  transistor 
116.  The  input  105  is  connected  to  the  base  of 
transistor  114  through  the  capacitor  100  and  to  the 
base  of  the  transistor  116  through  the  capacitor 

1  02.  The  bases  of  the  transistors  1  1  4  and  116  are 
interconnected  through  the  biasing  resistor  106. 
The  emitter  of  the  PNP  transistor  114  is  connected 
to  a  +12  volt  DC  source  Vcc  through  the  resistor 

5  110,  which  both  biases  and  controls  the  gain  of  the 
transistor  114.  The  emitter  of  the  NPN  transistor 
116  is  connected  to  ground  through  the  resistor 
108,  which  both  biases  and  controls  the  gain  of  the 
transistor  116.  The  collectors  of  the  transistors  114 

10  and  116  are  connected  together  to  form  a  junction 
115  which  comprises  the  output  of  the  pre-amplifier 
35. 

The  output  1  1  5  of  the  pre-amplifier  35  is  con- 
nected  to  the  input  of  the  amplifier  120.  It  is  a 

75  feature  of  the  invention  that  the  amplifier  120  is 
continuously  biased,  as  described  below,  such  that 
it  is  maintained  in  its  linear  region  of  operation.  In 
the  preferred  embodiment,  the  amplifier  120  is 
suitably  a  7404  type  or  equivalent  inverter  biased 

20  to  operate  in  its  linear  region.  Alternatively,  the 
amplifier  120  could  be  an  operational  or  a  non- 
inverting  amplifier  with  appropriate  phase  shift  in 
the  feedback  network. 

Optionally,  a  resistor  112  connects  the  input  of 
25  the  amplifier  120  to  Vcc  and  a  capacitor  113  con- 

nects  the  input  of  the  amplifier  1  20  to  ground.  The 
resistor  112  may  be  inserted  in  the  circuit  if  it  is 
desired  that  the  amplifier  120  have  a  finite  input 
impedance  rather  than  the  extremely  high  imped- 

30  ance  of  the  pre-amplifier  35.  The  resistor  112  and 
V00  act  as  an  additional  fixed  current  source  feed- 
ing  the  amplifier  120.  If  resistor  112  is  not  used, 
resistor  108  may  be  increased  in  value.  The  value 
of  the  resistor  can  be  adjusted  to  vary  the  level  of 

35  the  signal  input  to  the  amplifier  120. 
The  capacitor  113  may  be  inserted  if  it  is 

desired  to  band  limit  the  response  of  the  circuit  to 
obtain  better  signal  to  noise  ratio.  The  value  se- 
lected  for  the  capacitor  113  depends  upon  the 

40  value  of  the  resistor  112,  the  input  impedance  of 
the  amplifier  120,  and  the  bit  rate  of  the  transmitted 
signal.  Once  the  values  of  the  resistor  112  and  the 
input  impedance  of  the  amplifier  120  are  known, 
the  value  of  the  capacitor  113  is  selected  to  pro- 

45  vide  a  filter  having  a  wide  enough  bandwidth  to 
accurately  pass  the  digitally-encoded  signal. 

The  output  of  the  amplifier  120  is  connected  to 
the  inputs  of  the  trigger  circuit  45  and  the  bias 
generator  40.  The  trigger  circuit  45  is  preferably  a 

50  Schmitt  trigger  comprised  of  resistors  136  and  138 
and  a  comparator  134.  The  output  of  the  amplifier 
120  is  connected  to  the  inverting  input  of  the 
comparator  134.  The  output  of  the  comparator  134 
is  fed  back  to  the  non-inverting  input  through  the 

55  resistor  138.  A  bias  voltage  VB|As2  is  connected  to 
the  non-inverting  input  of  the  comparator  134 
through  the  resistor  136.  The  output  of  the  com- 
parator  134  comprises  the  output  of  the  threshold 

3 
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ircuit  30. 
The  bias  generator  40  comprises  resistors  1  22, 

26  and  130;  capacitors  124  and  128;  an  oper- 
itionai  amplifier  132;  and  an  NPN  transistor  118. 
"he  output  of  the  amplifier  120  is  connected  to  the 
nverting  input  of  the  amplifier  132  through  the 
esistor  122.  The  non-inverting  input  of  the  am- 
>lifier  132  is  connected  to  a  bias  voltage  VBiasi- 
rhe  output  of  the  amplifier  132  is  fed  back  through 
he  capacitor  24  to  the  inverting  input.  The  output 
>f  the  amplifier  132  is  also  connected  to  the  base 
>f  the  transistor  118  by  the  resistor  !30.  The  emitter 
>f  the  transistor  118  is  connected  to  ground  and 
he  collector  is  connected  to  the  input  of  the  am- 
jlifier  120.  The  resistor  126  and  capacitor  128  also 
:onnect  the  base  of  the  transistor  118  to  ground  in 
Darallel.  The  value  of  the  resistor  126  is  preferably 
selected  so  that  in  combination  with  resistor  130 
he  transistor  118  is  turned  off  when  the  output  of 
he  amplifier  132  is  at  its  lowest  level. 

The  preferred  threshold  circuit  30  takes  advan- 
age  of  the  pre-transmission  knowledge  of  char- 
acteristics  of  the  transmitted  signal.  The  essential 
characteristic  of  interest  in  the  preferred  circuit  is 
:he  average  DC  component  or  level  of  the  transmit- 
:ed  signal.  Signals  digitally-encoded  according  to 
tie  often-used  Manchester  coding  scheme,  for  ex- 
ample,  have  a  fifty  percent  duty  cycle.  Thus,  such 
signals  ideally  exhibit  an  average  DC  level  of  zero. 
Since  the  average  DC  level  due  to  other  factors 
such  as  the  choice  of  protocol  and  waveform  can 
ikewise  be  calculated  prior  to  transmission  of  the 
signal,  the  average  DC  level  of  the  transmitted 
signal  can  be  calculated  in  advance.  For  example, 
assuming  the  selection  of  a  protocol  that  contri- 
butes  no  average  DC  component,  and  the  selection 
Df  a  square  wave,  Manchester-encoded  data  for- 
mat,  it  can  be  expected  even  prior  to  transmitting 
the  coded  signal  that  the  received  signal  ideally  will 
have  an  average  DC  level  of  approximately  zero 
volts.  Any  DC  component  contributed  by  the  carrier 
signal  is  blocked  out  at  the  input  of  the  threshold 
circuit  30  by  the  coupling  capacitors  100  and  102. 
It  is  understood,  however,  that  the  threshold  circuit 
of  the  invention  is  not  limited  to  use  with  encoding 
schemes  in  which  the  duty  cycle  of  the  encoded 
signal  is  fixed  at  fifty  percent.  Rather,  it  is  advanta- 
geously  used  in  conjunction  with  any  digital  data- 
encoding  scheme  wherein  the  duty  cycle  of  the 
signal  and  hence  the  average  DC  component  is 
ideally  fixed  and  known. 

With  the  foregoing  in  mind,  in  operation,  a 
digitally-encoded  signal  is  AC  coupled  into  the  pre- 
amplifier  35  by  the  capacitors  100  and  102.  The 
source  of  the  signal  may  be  a  low  impedance 
source  such  as  the  optical-to-electrical  transducer 
circuit  10  and  Signal  Amplifier  20  illustrated  in  Fig. 
1  or  a  high  impedance  source  such  as  a 

photodiode  detector  or  tne  iiKe,  Tor  example,  ine 
threshold  circuit  of  the  invention  is  not  limited  by 
the  source  impedance  of  the  Optical  to  Electrical 
Transducer  Circuit.  The  transistors  114  and  116  of 

5  the  pre-amplifier  35  function  as  current  sources 
driven  by  the  digitally-encoded  AC  signal.  The  out- 
put  of  the  pre-amplifier  35  is  taken  at  the  collectors 
of  the  transistors  114  and  116  and  accordingly  a 
high  DC  impedance  is  presented  at  the  input  of  the 

o  amplifier  120.  High  DC  impedance  at  the  input  of 
the  amplifier  120  is  preferred  over  low  DC  imped- 
ance,  e.g.  impedance  in  the  range  of  a  few  ohms 
such  as  in  a  typical  Signal  Amplifier  20,  so  that  the 
bias  signal  generated  by  the  bias  generator  40  and 

5  fed  back  to  the  input  of  the  amplifier  120  is  not 
driving  a  low  impedance  load. 

The  amplifier  120  amplifies  the  AC  signal  out- 
put  by  the  pre-amplifier  35  and  generates  an  am- 
plified  AC  signal,  the  level  of  which  is  linearly 

»o  related  to  the  instantaneous  level  of  the  AC  signal. 
The  amplified  AC  signal  is  input  to  the  trigger 
circuit  45  and  to  the  bias  generator  40. 

The  resistor  122,  capacitor  124,  and  amplifier 
132  of  the  bias  generator  40  function  as  an  active, 

!5  low  pass,  linear  filter  which  produces  at  the  invert- 
ing  input  of  the  amplifier  132  a  DC  level  which  is 
related  to  the  composite  output  of  the  amplifier 
120.  The  bias  voltage  VBiasi  connected  to  the  non- 
inverting  input  of  the  amplifier  132  establishes  a 

?o  reference  level  for  the  low  pass  filtered  signal. 
Preferably,  VB|Asi  is  selected  to  fall  approximately 
in  the  center  of  the  linear  operating  region  of  the 
amplifier  120  in  order  to  maximize  the  range  of 
linear  response  of  the  circuit  to  amplitude  variations 

35  in  the  received  signal.  The  bias  voltage  VBiasi  can 
be  derived  from  Voc  using  a  resistive  voltage  di- 
vider,  for  example.  The  amplifier  132  generates 
from  the  signal  at  the  inverting  input  and  VBiasi  a 
bias  signal  which  has  a  level  related  to  the  dif- 

40  ference  between  the  average  DC  level  of  the  output 
of  amplifier  120  and  VBiasi  by  the  gain  of  the 
amplifier  132.  As  the  difference  between  the  aver- 
age  DC  level  of  the  output  of  amplifier  120  and 
VB|ASi  increases,  whether  positively  or  negatively 

45  and  whether  due  to  component  gain  or  sensitivity 
variations,  noise,  or  other  causes,  the  level  of  the 
bias  signal  increases  correspondingly  and  with  the 
opposite  polarity.  The  bias  signal  controls  the  cur- 
rent  to  the  base  of  the  transistor  1  1  8  and  hence  the 

so  collector  current  thereof.  The  collector  current  bi- 
ases  the  amplifier  120  so  as  to  oppose  variations  in 
the  average  DC  level  of  the  amplified  AC  signal 
from  the  selected  reference  level  established  by 
VBiasi  and  to  adjust  the  average  DC  level  of  the 

55  amplified  AC  signai  back  to  the  reference  level. 
The  feedback  system  stabilizes  when  the  average 
DC  voltage  at  the  output  of  the  amplifier  120 
equals  VBIAsi-  The  threshold  circuit  thus  compen- 

4 
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sates  the  amplified  AC  signal  for  any  positive  or 
negative  variations  in  average  level  from  the  se- 
lected  reference  value  by  automatically  adjusting 
the  bias  on  the  amplifier  120.  As  a  result,  the 
received  signal  is  automatically  forced  to  stay  with- 
in  a  selected  threshold  range  and  erroneous  re- 
construction  and  demodulation  of  the  received  sig- 
nal  due  to  noise,  gain  variations,  or  other  causes  is 
greatly  reduced  or  eliminated. 

Variation  in  the  average  DC  level  of  the  am- 
plified  AC  signal  from  the  selected  reference  level 
may  also  indicate  timing  distortion  of  the  amplified 
AC  signal.  As  described  above,  in  the  case  of  a 
Manchester-encoded  signal,  for  example,  the  aver- 
age  DC  level  of  the  received  signal  is  ideally  zero 
because  each  cycle  of  the  signal  is  expected  to 
have  a  fifty  percent  duty  cycle.  Timing  distortion 
that  distorts  the  ideal  duty  cycle  results  in  vari- 
ations  of  the  level  of  the  low  pass  filtered  signal 
from  the  reference  level.  The  bias  signal  generated 
by  the  bias  generator  40  also  opposes  such  vari- 
ations  and  adjusts  the  duty  cycle  of  the  amplified 
AC  signal  back  to  the  expected  value. 

The  trigger  circuit  45  is  a  conventional  Schmitt 
trigger  circuit  which  generates  a  supply  limited 
signal  at  the  output  of  the  comparator  134  when 
the  level  of  the  amplified  AC  signal  rises  above  an 
upper  threshold  value  and  which  remains  at  the 
supply  level  until  the  level  of  the  amplified  AC 
signal  falls  below  a  lower  threshold  value.  As  an 
example,  where  a  digitally-encoded  signal  having  a 
fifty  percent  duty  cycle  and  zero  average  DC  volt- 
age  level  is  transmitted,  the  upper  and  lower 
threshold  values  are  preferably  selected  to  be 
spaced  apart  symmetrically  with  respect  to  the 
trigger  bias  voltage  Vbias2-  The  relative  values  of 
the  resistors  136  (R2)  and  138  (R1)  required  to 
provide  the  optimal  spacing  of  the  upper  and  lower 
threshold  values  is  determined  by  the  value  of  the 
supply  voltage  Vco  according  to  the  following  for- 
mula: 

"spacing  =  VCC[R2/(R,  +R2)] 
If  the  upper  and  lower  thresholds  are  selected  to 
be  spaced  apart  by  one  (1)  volt  and  a  supply 
voltage  Vcc  of  +6V  DC  is  selected,  the  values  of 
the  resistors  136  and  138  are  preferably  selected 
to  be  in  a  one  to  five  ratio.  Thus,  if  the  value  of 
resistor  136  is  selected  to  be  1K  ohm,  then  the 
value  of  resistor  138  is  preferably  5K  ohm. 

Vbias2  is  optimally  selected  so  that  VBiasi  is  the 
mean  value  between  the  upper  and  lower  threshold 
values.  The  optimal  value  of  VBias2  is  calculated 
according  to  the  formula: 

V8IAS2  =  VB|AS1  +  R2/R1  [VB|AS1  "  Vcc/2] 
If,  as  preferred,  VSiasi  is  selected  to  bias  amplifier 
120  in  the  center  of  its  linear  operating  region,  and 
if,  for  example,  VB|Asi  is  selected  to  be  3  volts, 
then  in  this  case  VBias2  is  calculated  to  also  be  3 

volts.  As  a  result,  the  upper  threshold  value  would 
thus  be  3.5V  and  the  lower  threshold  value  would 
be  2.5V.  Like  VB|AS1,  VBias2  may  be  derived  from 
Vco. 

5  What  have  been  described  are  certain  aspects 
of  an  improved  threshold  circuit  which  constitutes  a 
presently  preferred  embodiment  of  the  invention.  It 
is  understood  that  the  foregoing  description  and 
accompanying  illustrations  are  merely  exemplary 

70  and  are  in  no  way  intended  to  limit  the  scope  of 
the  invention,  which  is  defined  solely  by  the  appen- 
ded  claims.  Various  changes  and  modifications  to 
the  preferred  embodiment  will  be  apparent  to  those 
skilled  in  the  art.  Such  changes  and  modifications 

75  can  be  made  without  departing  from  the  scope  of 
the  invention.  Accordingly  it  is  intended  that  all 
such  changes  and  modifications  and  all  other 
equivalents  be  covered  by  the  appended  claims. 

20 
Claims 

1.  A  threshold  adjustment  circuit  (30)  for  re- 
constructing  a  transmitted  data-encoded  signal 

25  from  a  corresponding  received  signal,  character- 
ized  by: 

first  means  (120)  for  generating  from  said 
received  signal  a  first  signal  having  a  parameter 
related  to  the  average  level  of  said  modulated 

30  signal;  and 
second  means  (132)  for  generating  from  said 

first  signal  a  second  signal  being  in  opposing  rela- 
tionship  to  variations  of  said  parameter  of  said  first 
signal  from  a  selected  value  in  order  to  com- 

35  pensate  for  said  variations. 
2.  The  circuit  (30)  defined  in  claim  1  wherein 

said  first  means  is  further  characterized  by  low 
pass  filter  means  (122,124). 

3.  The  circuit  (30)  defined  in  claim  1  wherein 
40  said  second  means  is  further  characterized  by: 

means  (VB|AS1)  for  generating  a  reference 
signal  corresponding  to  said  selected  value;  and 

means  (132)  for  generating  said  second  signal 
as  a  function  of  said  first  and  said  reference  sig- 

45  nals. 
4.  The  circuit  defined  in  claim  3  wherein  said 

means  (1  32)  for  generating  said  second  signal  as  a 
function  of  said  first  and  said  reference  signals  are 
further  characterized  by  means  (132)  for  generating 

so  said  second  signal  as  a  function  of  the  difference  in 
level  between  said  first  and  said  reference  signals. 

5.  The  circuit  (30)  defined  in  claim  1  further 
characterized  by  means  (118,126,128)  responsive 
to  said  second  signal  for  biasing  said  first  means  to 

55  compensate  for  variations  of  said  parameter  of  said 
first  signal  from  said  selected  value. 

5 
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6.  A  threshold  circuit  (30)  for  reconstructing  a 
transmitted,  data-encoded  signal  from  a  corre- 
sponding  received  signal,  characterized  by: 

amplifier  means  (1  20)  for  generating  from  said 
received  signal  a  first  signal  having  a  level  related  5 
to  the  instantaneous  level  of  said  modulated  signal; 

low  pass  filter  means  (122,124)  connected  to 
said  amplifier  means  (120)  for  generating  from  said 
first  signal  a  second  signal  having  a  level  related  to 
the  average  level  of  said  first  signal;  10 

reference  source  means  (VBiasi)  for  providing 
a  signal  having  a  selected  constant  threshold  level; 

bias  mean  (132)  having  one  input  connected  to 
said  low  pass  filter  means  (122,124)  and  one  input 
connected  to  said  reference  source  means  (VB|AS1)  is 
for  generating  a  bias  signal,  the  level  of  which 
varies  in  opposing  relationship  to  variations  of  said 
second  signal  from  said  threshold  level;  and 

means  (118,126,128)  responsive  to  said  bias 
signal  for  biasing  said  amplifier  means  (120)  to  20 
compensate  for  variations  in  the  level  of  said  sec- 
ond  signal  from  said  threshold  level. 

7.  The  circuit  (30)  defined  in  claim  6  wherein 
said  bias  means  (132)  is  further  characterized  by 
means  to  vary  the  polarity  of  said  bias  signal  in  25 
response  to  variations  of  the  level  of  said  second 
signal  above  and  below  said  threshold  level. 

8.  The  circuit  (30)  defined  in  claim  6  further 
characterized  by  a  high  output  impedance  pre- 
amplifier  (35)  means  connected  to  said  amplifier  30 
means  (120)  for  providing  a  high-impedance 
source  of  said  received  signal  to  said  amplifier 
means  (120). 

9.  The  circuit  (30)  defined  in  claim  6  further 
characterized  in  that  said  data-encoded  signal  is  35 
digitally-encoded,  said  circuit  including  trigger  cir- 
cuit  means  (45)  connected  to  said  amplifier  means 
(120)  for  converting  said  first  signal  into  digital 
pulses  corresponding  to  said  digitally-encoded  sig- 
nal.  40 

10.  The  circuit  (30)  defined  in  claim  9  wherein 
said  trigger  circuit  means  (45)  is  further  character- 
ized  by  means  (VB|AS2,134,136,138)  for  generating  a 
digital  output  pulse  when  the  level  of  said  first 
signal  rises  above  a  first  selected  reference  value  45 
and  for  terminating  said  pulse  when  said  level  falls 
below  a  second  selected  reference  value. 

6 
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