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(«)  Trigger  circuit  for  an  oscilloscope. 

(£)  Disclosed  is  a  circuit  for  maintaining  a  constant 
effective  hysteresis  at  the  input  to  a  trigger  compara- 
tor  (140)  of  an  oscilloscope  for  the  purpose  of  pre- 
venting  double  triggering  due  to  false  triggers.  A 
microprocessor  (205)  tracks  the  trigger  amplifier  gain 
control  (135)  inversely  relative  to  the  vertical  vernier 
amplifier  gain  control  (125)  via  digital-to-analog  con- 
verters  (210,  220)  at  the  input  to  each  gain  control. 
Such  tracking  serves  to  adjust  the  trigger  signal 
inversely  relative  to  the  on-screen  signal  such  that  a 
constant  hystersis  is  maintained. 
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CHANNEL-GAIN-VERNIER-TRACKING  TRIGGER  HYSTERESIS  FOR  AN  OSCILLOSCOPE 

BACKGROUND  OF  THE  INVENTION 

An  oscilloscope  is  used  to  acquire,  analyze  and 
display  electronic  signal  waveforms.  The  oscillo- 
scope  takes  electronic  signals  and  plots  their 
waveforms  on  a  cathode  ray  tube  (CRT)  display 
screen  in  units  of  voltage-versus-time.  Convention- 
ally,  voltage  amplitude  is  plotted  along  the  vertical, 
that  is,  the  Y  axis  and  time  is  plotted  along  the 
horizontal,  that  is,  the  X  axis.  In  the  past  decade, 
digital  oscilloscopes  have  been  developed.  The 
basic  scheme  in  digital  oscilloscope  operation  is 
the  sampling  of  a  signal  followed  by  analog-to- 
digital  conversion  of  the  voltage  values  of  the  ac- 
quired  samples.  The  digitized  information  is  then 
placed  in  memory  and  used  to  create  the  display 
of  the  signal's  waveform. 

A  trigger  level  is  a  voltage  value  which  the 
input  signal  must  exceed  before  the  oscilloscope 
begins  tracking  the  signal  with  samples.  The  oscil- 
loscope  is  said  to  be  triggered  when  this  level  is 
achieved.  Doubie  triggering  is  an  error  caused  by  a 
so-called  false  trigger.  A  false  trigger  is  noise  on 
the  input  signal  which  may  appear  as  a  trigger 
voltage  level  to  the  triggering  circuitry  of  the  oscil- 
loscope.  Double  triggering  can  result  in  the  appear- 
ance  of  two  superimposed  and  out-of-phase  ver- 
sions  of  the  same  signal  on  the  oscilloscope  dis- 
play  screen.  To  reduce  the  likelihood  of  double 
triggering,  hysteresis  is  introduced  into  the  trigger 
circuit  of  the  oscilloscope.  Fundamentally,  hyster- 
esis  is  just  the  difference  between  two  voltage 
levels.  The  hysteresis  defines  a'  first  voltage  level, 
known  as  the  arm  point,  and  a  second  higher 
voltage  level,  known  as  the  fire  point.  Ideally,  the 
input  signal  must  first  exceed  the  arm  point  and 
then  the  fire  point,  in  sequence,  in  order  for  the 
trigger  circuit  to  detect  a  true  trigger.  For  instance, 
the  arm  point  can  enable  a  trigger  comparator  and 
the  fire  point  can  cause  an  output  from  the  trigger 
comparator,  signalling  a  true  trigger.  Generally,  the 
hysteresis  is  set  such  that  typical  signal  noise  and 
internal  instrument  noise  will  not  cause  a  false 
trigger.  The  size  of  the  hysteresis  determines  the 
minimum  signal  necessary  to  produce  a  triggered 
waveform  on  the  oscilloscope  display  screen. 

Figure  1  shows  an  input  signal  having  an  arm 
point  and  a  fire  point  defining  the  triggering 
hyteresis,  where  the  hysteresis  is  the  fire  point 
value  minus  the  arm  point  value.  Figure  2  shows  an 
input  signal  having  a  false  trigger  due  to  noise  on 
the  signal.  Figure  3  shows  an  example  of  the 
double  trigger  display  which  is  due  to  a  false 
trigger. 

Figure  4  shows  a  typical  oscilloscope  circuit 
wherein  input  signal  50  is  buffered  by  buffer  am- 
plifier  110  and  then  sent  to  both  a  vertical  gain 
vernier  circuit  75  and  trigger  circuit  100.  Vertical 

5  gain  circuit  75  comprises  a  vertical  amplifier  120 
which  controls  the  gain  vernier  along  the  vertical 
axis,  that  is,  the  voltage  ampltiude  axis,  of  the 
oscilloscope  display  screen.  Vertical  amplifier  120 
has  a  user-adjustable  vertical-  gain  vernier  control 

io  125,  typically  having  a  range  of  1  through  2.5. 
Trigger  circuit  100  comprises  a  trigger  amplifier 
130  and  a  trigger  comparator  140.  One  input  to 
trigger  comparator  140  is  the  output  of  trigger 
amplifier  130.  The  other  input  to  trigger  comparator 

75  140  is  a  user-adjustable  trigger  level  input  having 
trigger  level  offset  control  145.  Ideally,  the  trigger 
level  input  defines  the  voltage  level  at  which  the 
oscilloscope  will  trigger.  Trigger  comparator  140 
will  produce  an  output  given  a  predetermined  dif- 

20  ference  between  its  inputs.  Ideally,  the  output  of 
trigger  comparator  140  indicates  a  true  trigger. 

Typically,  trigger  comparator  140  has  a  fixed 
hysteresis.  Typically,  trigger  amplifier  130  has  a 
gain  control  135.  Varying  the  gain  of  trigger  am- 

25  plifier  130  varies  the  input  to  trigger  comparator 
140  and  consequently  the  effective  hysteresis  is 
varied.  For  instance,  with  a  fixed  hysteresis  on 
trigger  comparator  140,  a  doubling  of  the  output  of 
trigger  amp  130  will  halve  the  hysteresis  and  a 

30  halving  of  the  output  of  trigger  amplifier  130  will 
double  the  hysteresis.  This  variation  in  the  effective 
hysteresis  can  be  seen  in  Figures  5A  and  5B.  In 
Figure  5A,  input  signal  25A  has  a  noise  spike  on  its 
down  slope  but  the  size  of  the  hysteresis  prevents 

35  a  false  trigger.  In  Figure  25B,  input  signal  25B  has 
twice  the  gain  of  input  signal  25A  of  Figure  5A. 
Although  the  hysteresis  is  the  same  in  both  Figures 
5A  and  5B,  doubling  the  gain  of  signal  25A  to 
produce  signal  25B  also  doubles  the  size  of  the 

40  noise  spike  which  then  is  big  enough  to  cause  a 
false  trigger.  Therefore,  doubling  the  signal  effec- 
tively  halves  the  hysteresis  and  halving  the  signal 
would  likewise  effectively  double  the  hysteresis. 

To  prevent  the  problem  of  variation  in  the  ef- 
45  fective  size  of  the  hysteresis,  the  gain  control  135 

of  trigger  amplifier  130  is  typically  fixed  when  the 
instrument  in  calibrated.  However,  fixing  the  trigger 
amplifier  gain  has  negative  side-effects.  To  keep  a 
signal  spanned  across  a  constant  number  of  di- 

50  visions  on  the  display  screen  as  the  vertical  gain 
125  is  adjusted  from  X1  to  X2.5,  the  input  to  trigger 
amplifier  130  would  also  have  to  vary  from  X1  to 
X2.5,  causing  the  hysteresis  to  vary  inversely,  re- 
quiring  trigger  level  control  145  to  have  sufficient 
range  to  cover  the  largest  signal  at  the  lowest 

2 
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vwiuuai  yam  setting  as  wen  as  SUTTlCient  resolution 
to  cover  the  smallest  signal  at  the  largest  vertical 
gain  setting.  The  slew  rate  demands  through  the 
trigger  circuit  path  would  also  be  X2.5  higher  than 
if  the  signal  range  was  fixed. 

ouwivi«nT  ur  i  nc  I  in  vein  i  iun 

The  present  invention  provides  for  an  effective 
constant  hysteresis  through  a  micro-processor  con- 
trolled  tracking  of  the  trigger  amplifier  gain  control 
and  the  vertical  amplfier  gain  control.  A  micro- 
processor  controls  the  tracking  of  the  two  gain 
controls  via  digital-to-analog  converters  (DAC) 
which  are  connected  to  the  input  of  each  gain 
control.  The  tracking  of  the  two  gain  controls  allows 
for  an  effectively  constant  voltage  range  input  to 
the  trigger  comparator  relative  to  the  on-screen 
vertical  range  of  the  signal.  Hence,  a  four-division 
signal  on  screen  at  a  vertical  gain  setting  of  X1  will 
give  the  same  input  to  the  trigger  comparator  as  a 
four-division  signal  at  X2.5  vertical  gain.  Such 
tracking  provides  several  benefits.  Throughout  the 
range  of  vertical  gain,  noise  rejection  will  be  con- 
stant;  the  effective  hysteresis  will  remain  constant; 
the  minimum  signal  required  for  triggering  will  re- 
main  constant;  the  required  trigger  level  resolution 
will  remain  constant;  and  the  slew  rate  demands  of 
the  trigger  circuit  will  be  reduced. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

^Figure  1  shows  an  input  signal  having  an 
arm  point  and  a  fire  point  defining  trigger  hyster- 
ssis. 

Figure  2  shows  an  input  signal  having  a  false 
rigger. 

Figure  3  shows  an  example  of  double  trigger 
iue  to  a  false  trigger. 

Figure  4  shows  a  typical  oscilloscope  circuit 
laving  an  input  signal  buffer,  a  vertical  gain  vernier 
;ircuit  and  a  trigger  circuit. 

Figures  5A  and  5B  show  variation  in  the 
affective  hysteresis  due  to  gain  changes  in  a  sig- 
lal. 

Figure  6  shows  a  circuit  for  tracking  the 
rigger  amplifier  gain  control  of  Figure  4  to  the 
vertical  amplifier  gain  control  of  Figure  4  via  a 
nicroprocessor. 

gain  control  125.  The  oscilloscope  user  can  enter 
vertical  gain  control  commands  at  keyboard  200. 
Microprocessor  205  then  issues  predetermined  sig- 
nals  to  vertical  gain  control  125  via  digital-to-analog 

s  convenor  (DAC)  210  and  to  trigger  gain  control  135 
via  DAC  220.  The  tracking  by  microporcessor  205 
serves  to  inversely  adjust  trigger  amplifier  gain 
control  135  relative  to  vertical  gain  control  125 
such  that  the  effective  hysteresis  seen  by  trigger 

10  comparator  140  remains  constant. 

Claims 

75  1  .  a  tracking  circuit  (Fig.  6)  for  an  oscilloscope, 
said  tracking  circuit  to  be  used  for  keeping  a  con- 
stant  effective  hysteresis  at  the  input  of  a  trigger 
comparator  (140),  said  comparator  to  be  used  to 
indicate  a  true  trigger  for  said  oscilloscope,  corn- 

so  prising: 
a  trigger  circuit  (100)  having  a  trigger  signal 

amplifier  (130),  said  trigger  signal  amplfier  having  a 
•  trigger  amplifier  gain  control  (135),  and  alos  having 

said  trigger  comparator,  said  comparator  having 
>5  two  inputs,  one  input  being  the  output  of  said 

trigger  amplifier  and  the  other  input  being  a  user- 
adjustable  trigger  level  control  (145); 

a  vertical  gain  vernier  circuit  (75)  having  a 
vertical  gain  amplifier  120),  said  amplifier  having  a 

io  vertical  gain  control  (125); 
a  plurality  of  digital-to-anaiog  converters 

(DAC)  (210,  220),  wherein  one  DAC  is  connected  to 
the  input  of  the  vertical  gain  control  and  another 
DAC  is  connected  to  the  input  of  the  trigger  am- 

is  plifier  gain  control;  and 
a  microprocessor  (205),  said  microprocessor 

to  be  used  to  control  the  inputs  to  the  DACs  at  the 
vertical  gain  and  trigger  amplifier  gain  control  in- 
puts  such  that  the  gain  of  the  trigger  amplifier  is 

(0  inversely  tracked  to  the  gain  of  the  vertical  gain 
amplifier. 

ESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT  55 

Figure  6  shows  a  circuit  for  tracking  the  trigger 
mplifier  gain  control  135  to  the  vertical  amplifier 
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