
HEWLETTiPA' 
SEPTEMBER 1976 

© Copr. 1949-1998 Hewlett-Packard Co.



An Easier-to-Use Variable-Persistence/ 
Storage Oscilloscope with Brighter, 
Sharper Traces 
Rev is ing  the  con t ro l  a r rangement  and  opera t ing  modes  
o f  a  var iab le  pers is tence osc i l loscope resu l ts  in  a  
more  " f r iend ly "  ins t rument  tha t  a lso  has  improved 
d isplay character is t ics.  

by Van Harr ison 

VARIABLE PERSISTENCE-STORAGE oscillo 
scopes enable a user to view and measure oc 

casional signal transients that escape detection with 
conventional oscilloscopes. Now with improved 
writing rates, variable persistence/storage scopes 
have become fast enough to permit their general use 
in the high-speed transient analysis that often accom 
panies digital design and troubleshooting, especially 
for finding "glitches" that occur randomly (Fig. 1). 

The variable persistence/storage scope also retains 
waveforms traced at very slow sweep speeds, allow 
ing the user to see the entire waveform rather than a 
moving dot (Fig. 2). With persistence adjusted to 
overlap traces, these instruments can integrate fast 
signals that occur at too low a repetition rate for nor 
mal viewing, making the signals brightly visible for 
examination (Fig.  3).  In fact ,  this integrating 
technique makes it possible to view signal transitions 
that are much faster than the basic writing rate of the 
oscilloscope. 

In view of all these advantages, in addition to the 
ability to do everything that conventional scopes can 
do ,  the  ques t ion  a r i ses :  why  a ren ' t  va r iab le  
persistence/storage scopes used more often? Part of 
the answer may be cost. They do cost more. But more 
than that may be the duller, fuzzier trace, the esoteric 
controls â€” these intimidate the casual user â€” and the 
tediousness of setting up the instrument for storage. 
Then too there has been the fear of burning the storage 
surface of an expensive-to-replace CRT. 

A new variable persistence/storage scope (Fig. 4) 
has been designed to make this type of instrument 
more acceptable to the average user by eliminating 
most of these problems. A new arrangement of the 
controls with LED indicators to show what state the 
instrument is in takes some of the mystery out of 
instrument operation. Auto store and auto erase 
modes of operation simplify instrument use. Im 
provements in the CRT result in a brighter trace that is 

more sharply focused, with trace quality as good as or 
better than that of some comparably-performing con 
ventional oscilloscopes (Fig. 5). Protection circuits 
reduce the likelihood of burning the storage surface 
while simplifying beam intensity and focus adjust 
ments. 

Basically, the new oscilloscope, Model 1741A, is 
identical to and can be used like the Model 1740A, 
described in the HP Journal, December 1975, with the 
added advantages of variable persistence and storage. 
Both scopes are dual-channel, delaying sweep oscil 
loscopes with dc-to-100-MHz response, 5-mV/div 

C o v e r :  A  s h o c k - t e s t  
mach ine  s lams down to  tes t  
an instrument 's  ruggedness,  
an  acce le romete r  responds  
to the result ing G forces, and 
a  v a r i a b l e - p e r s i s t e n c e /  
s t o r a g e  o s c i l l o s c o p e  c a p  
t u r e s  t h e  s i n g l e  a c c e l  
erometer  pu lse so i ts  magni  

tude can be measured. This is one of  the appl ica 
t i o n s  f o r  w h i c h  t h i s  t y p e  o f  o s c i l l o s c o p e  i s  
un ique ly  su i ted .  The HP Model  1741 A var iab le-  
p e r s i s t e n c e  / s t o r a g e  s c o p e ,  s h o w n  h e r e  i s  d e  
scr ibed in  the ar t ic le  beg inn ing on th is  page.  
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minimum deflection factor (1 mV/div with magnifier 
on), selectable input impedance (50ÃÃ or 1 Mfl//20pF), 
and a third trace for viewing the triggering waveform. 
To these basic performance characteristics, the Model 
1741 A adds variable persistence and storage with a 
writing rate of >100 cm//AS in both variable persis 
tence and storage modes of operation, fast enough to 
capture a single transient pulse less than 20 ns wide 
and taller than 1 graticule division. 

F i g .  1 .  B y  o v e r l a p p i n g  s e v e r a l  
s u c c e s s i v e  t r a c e s ,  v a r i a b l e  p e r  
s i s t e n c e  o s c i l l o s c o p e s  c a n  d i s  
c lose the existence of  intermit tent  
g l i t ches  tha t  escape detec t ion  by  
o t h e r  m e a n s .  T h e  g l i t c h  t h a t  o c  
cas iona l l y  fo l lows the  th i rd  pu lse  
in th is pulse t ra in is  not  v is ib le on 
a  c o n v e n t i o n a l  o s c i l l o s c o p e  d i s  
play (left) but becomes visible on a 
v a r i a b l e  p e r s i s t e n c e  o s c i l l o  
scope (r ight) .  

these controls. 
As shown by the timing diagram of Fig. 6, in the 

AUTO ERASE mode a sweep trigger unblanks the CRT 
beam and starts the horizontal sweep circuit, writing 
a trace. At the end of the sweep, the CRT beam is 
blanked and control is handed to the storage circuits, 
which inhibit further sweep triggering while display 
ing the stored trace. 

The trace remains on view for a time (t2) between 

Auto Erase 
The new oscilloscope has an AUTO ERASE mode that, 

by automating the erase/write/view cycle, facilitates 
the setting of the CRT controls for optimum bright 
ness and focus. This mode permits the operator to 
quickly evaluate the effect of any changes made to 

F i g .  2 .  S l o w - m o v i n g  w a v e f o r m  
(10 ms/div)  shows up as a moving 
d o t  o n  a  c o n v e n t i o n a l  o s c i l l o  
s c o p e  ( l e f t )  b u t  t h e  w a v e f o r m  i s  
e a s i l y  s e e n  o n  a  v a r i a b l e - p e r  
s i s t e n c e / s t o r a g e  o s c i l l o s c o p e  
( r i g h t ) .  C R T  p e r s i s t e n c e  c a n  b e  
a d j u s t e d  s o  t h e  w a v e f o r m  i s  
re ta ined  jus t  un t i l  a  new t race  i s  
written. 

1 and 10 seconds, selectable by the VIEW control. At 
the end of the view time, the instrument switches to 
the ERASE mode, wiping out the trace. After 300 ms, 
control is handed back to the sweep circuits which 
then await another trigger. The AUTO ERASE circuit 
allows two sweeps between erasures when the in- 

Fig.  3 .  Fast  waveform t rans i t ions 
occu r r i ng  a t  a  l ow  repe t i t i on  a re  
b a r e l y  v i s i b l e  o n  a  c o n v e n t i o n a l  
o s c i l l o s c o p e  ( l e f t )  b u t  b e c o m e  
b r i g h t l y  v i s i b l e  w h e n  s e v e r a l  
r e p e t i t i o n s  a r e  i n t e g r a t e d  b y  a  
v a r i a b l e  p e r s i s t e n c e  o s c i l l o  
scope ( r ight ) .  Sweep t ime here is  
50  ns /d i v  and  the  repe t i t i on  ra te  
is 50 s weeps Is. 
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F i g .  4 .  N e w  M o d e l  1 7 4 1 A  O s  
c i l l o s c o p e  h a s  v a r i a b l e  p e r s i s  
t e n c e  a n d  s t o r a g e  m o d e s  o f  
operat ion in  addi t ion to having a l l  
t h e  o t h e r  a t t r i b u t e s  o f  a  h i g h -  
q u a l i t y ,  l a b o r a t o r y  g r a d e ,  
1 0 0 - M H z  O s c i l l o s c o p e .  S t o r a g e  
c o n t r o l s ,  w i t h  L E D  i n d i c a t o r s  t o  
show what  s tate the inst rument  is  
in, are grouped conveniently to the 
lef t  of  the CRT. 

strument is in the alternate sweep mode, and three 
sweeps if the TRIGGER VIEW mode is added. Dual- or 
triple-channel displays are thus possible in the AUTO 
ERASE mode. 

Besides permitting the operator to adjust the CRT 
beam controls quickly for optimum settings before 
making a transient measurement, the AUTO ERASE 
mode is also useful as a repetitive single-shot mode 
for examining the voltage levels and transition times 
of random binary sequences, for examining high- 
frequency signals contaminated with time jitter or 
low-frequency noise, or for examining the charac 
teristics of other types of signals that are obscured in 
normal oscilloscope operation when successive 
traces are not identical (Fig. 7). 

Auto Store  
One limitation in the application of storage scopes 

has been the length of time that the CRT can wait in a 
state prepared to capture a transient when looking for 
powerline transients, power supply transients, or any 
other transients or noise that occur at unpredictable 
times. This wait time, usually about 30 seconds, was 
the time it took for the CRT screen to fade positive 
(become illuminated all over), washing out any trace 
that might subsequently be written. 

The AUTO STORE mode of the Model 1741 A extends 
this wait time to several hours. As shown by the 
timing diagram of Fig. 8, the instrument remains in 
the ERASE mode (time tj) while the sweep trigger 

circuit waits in the armed state. As soon as a trigger 
occurs, the instrument switches automatically to the 
WRITE mode and the sweep starts. When the sweep 
terminates, the instrument switches to the STORE 
mode and retains the written trace up to 30 minutes 
for examination. Front-panel LED indicators show 
what state the instrument is in, clearly indicating 
when the scope is triggered and when it switches to 

Fig .  5 .  Excep t iona l l y  f ine  t races  a re  ob ta ined  on  the  Mode l  
1741 A in  var iab le  pers is tence and s to rage modes o f  opera  
t i o n .  T h e  t w o  w a v e f o r m s  t r a c e d  h e r e  w h i l e  t h e  i n s t r u m e n t  
w a s  i n  t h e  v a r i a b l e  p e r s i s t e n c e  m o d e  a r e  s e p a r a t e d  h o r i  
zonta l ly  by on ly  1 .7  mm (sweep t ime is  5  ns/d iv) .  
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Fig. 6. In AUTO ERASE mode, trace writ ing, viewing, and erase 
occur repet i t ively.  

STORE. Pressing the STORE/DISPLAY button makes the 
trace visible for viewing. Storage time in the DISPLAY 
mode, however,  is  reduced to 10 to 30 seconds de 
pending on the setting of the BRIGHTNESS control. 

To keep front-panel clutter at a minimum, the AUTO 
ERASE and AUTO STORE modes are selected by the same 
pushbutton, LED indicators showing which mode is 
selected (see Fig. 4]. Depressing this button selects 
the AUTO STORE mode if the SINGLE SWEEP pushbutton 
is also pressed. Otherwise, the AUTO ERASE mode is 
selected. Releasing the button returns the scope to 
normal variable persistence operation. 

Intensity Limit 
The storage surface of storage CRTs can be dam 

aged by excessive beam current. The possibility of 
this happening is reduced in the Model 1741A even 
though the beam current can be set high enough to 
achieve a 100 cm//^is single-shot writing rate. An 
intensity-limit circuit monitors the CRT beam current 
and limits the average current to a safe level. 

A diagram of the intensity-limit circuit is shown in 
Fig. 9. Resistor Rl is in series with the cathode-ray 
gun accelerator anode. When the anode current, 
which is approximately proportional to total beam 

Fig. 8. In AUTO STORE mode, oscil loscope waits in the ERASE 
mode unti l  the sweep tr iggers. At the conclusion of the sweep, 
t h e  i n s t r u m e n t  s w i t c h e s  t o  t h e  S T O R E  m o d e  t o  r e t a i n  
the trace. 

current, is sufficient to cause the voltage drop across 
Rl to turn on transistor Ql , Q2 restrains the voltage at 
the wiper of the INTENSITY control from going any 
further negative, keeping the CRT beam current at or 
below this level. 

Capacitors Cl and C2 average the voltage across Rl 
so the very low average of fast single-shot or low-duty 
cycle signals does not restrict the beam current, per 
mitting maximum writing rate and bright display of 
these signals. The averaging also provides an auto 
matic intensity correction when changing sweep 
speeds as, for example, when switching from main 
sweep to a much faster delayed sweep. 

Auto Focus 
Normally, a change in CRT beam current requires a 

readjustment of the FOCUS control. AUTO FOCUS allows 
the intensity-limit system to alter the beam current 
without requiring any adjustment of the FOCUS 
control. 

The change in focus voltage required by a change in 
beam current is diagrammed in Fig. 10. This curve is 
approximated by the circuit of Fig. 11. A voltage 

Fig.  7 .  S igna ls  that  do not  repeat  
ident ica l ly  are  d i f f icu l t  to  ana lyze 
o n  a  c o n v e n t i o n a l  s c o p e  ( l e f t ) ,  
bu t  can  be  p resen ted  i n  a  repe t i  
t ive single-shot mode (r ight)  when 
the  Mode l  1741  A  i s  ope ra t i ng  i n  
the AUTO ERASE mode. 
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A Brighter, More Sharply Focused Variable 
Persistence/Storage Cathode-Ray Tube 

Var iab le  pers is tence/s torage CRTs,  or ig ina l ly  deve loped for  
r a d a r  a p p l i c a t i o n s ,  r e t a i n  o s c i l l o s c o p e  t r a c e s  o n  a  s t o r a g e  
mesh located precisely 0.08 inch behind the phosphor sur face.  
T h e  m e s h  I s  a  f i n e  m e t a l l i c  s c r e e n  c o a t e d  w i t h  a  d i e l e c t r i c  
(magnesium f luor ide) .  

When a trace Is to be stored, the storage surface Is brought to 
-10V.  E lec t rons  in  the  CRT beam s t r i ke  the  sur face  w i th  su f f i  
c ient  energy to  d is lodge severa l  e lect rons for  each e lect ron In  
the beam, rais ing the potent ial  of  the storage surface where the 
b e a m  s t r i k e s .  T h e  d i s l o d g e d  e l e c t r o n s  a r e  s w e p t  u p  b y  t h e  
pos i t i ve ly  charged co l lec to r  mesh nearby  (see drawing) .  

C R T  b e a m  e l e c t r o n s  t h a t  p a s s  t h r o u g h  t h e  s t o r a g e  m e s h  
s t r i k e  t h e  p h o s p h o r  s u r f a c e ,  g e n e r a t i n g  a  t r a c e  t h a t  s h o w s  
where wr i t ing occurs.  Af ter  complet ion of  the sweep, the stored 
t race  is  made v is ib le  by  f lood-gun e lec t rons .  The low-ve loc i ty  
e l e c t r o n s  f r o m  t h e  f l o o d  g u n s  a r e  r e p e l l e d  b y  n e g a t i v e l y  
c h a r g e d  a r e a s  o f  t h e  s t o r a g e  s u r f a c e  a n d  g a t h e r e d  b y  t h e  
c o l l e c t o r  m e s h ,  b u t  w h e r e  t h e  s t o r a g e  s u r f a c e  h a s  b e e n  
cha rged  by  the  e lec t ron  beam,  the  e lec t rons  app roach  c lose  
enough to  the mesh to  be pu l led through by the h igh accelerat  
ing potent ial  of  the phosphor surface (5.2 kV),  str ik ing the phos 
phor  w i th  su f f ic ien t  energy to  produce a  v is ib le  t race.  

To erase the s tored t race,  the s torage mesh Is  ra ised to  the 
same poten t ia l  as  the  co l lec to r  e lec t rode (+156 V)  fo r  50  ms.  
The  en t i re  s to rage  su r face  then  becomes  un i fo rm ly  charged ,  
ob l i te ra t ing  the  t race.  The s torage sur face Is  then re turned to  
â€” 10 V for the next write cycle. 

V a r i a b l e  p e r s i s t e n c e  i s  o b t a i n e d  b y  s h o r t e n i n g  t h e  e r a s e  
cycle so only part ia l  erasure occurs.  The erase cycle repeats at  
a 1 -kHz rate so the trace slowly fades from view. By varying the 
w id th  o f  t he  e rase  cyc les ,  t he  ra te  o f  f ade  can  be  con t ro l l ed  

Storage 
Mesh  

F l o o d  G u n s  

E l e c t r o n  G u n  

P h o s p h o r  
V i e w i n g  
Sc reen  

wi th in  a  range o f  100 ms to  1  minute .  
During the view phase, the few inevitable gas molecules in the 

CRT become ionized. These col lect on the storage mesh, slowly 
b r ing ing  the  non-wr i t t en  a reas  o f  the  s to rage  mesh  up  to  the  
potent ia l  o f  the wr i t ten area,  washing out  the t race.  This  l imi ts  
s torage t ime in the v iew mode to about  30 seconds.  Increasing 
the  v iewed  b r i gh tness  acce le ra tes  th i s  p rocess  so  the re  i s  a  
t rade-of f  between t race br ightness and storage t ime in  the DIS 
PLAY mode. 

Osci l loscope being taken as a start ing point for the design. The 
ma jo r  des ign  goa l  fo r  the  new tube  was  to  inc rease  fu l l -a rea  
w r i t i n g  r a t e .  W i t h i n  l i m i t s ,  w r i t i n g  r a t e  c a n  b e  i m p r o v e d  b y  
increas ing the acce lera t ing  potent ia l  In  the  e lec t ron gun.  The 
consequent  Increase in  the e lec t ron beam energy resu l ts  in  a  
h ighe r  secondary  emiss ion  ra t i o  o f  t he  s to rage  su r face ,  and  
hence in a faster  wr i t ing rate.  

To meet design goals wi th in a reasonable development t ime, 
i t  w a s  d e c i d e d  t o  r e t a i n  t h e  s u c c e s s f u l  m a n u f a c t u r i n g  
techn iques  deve loped  fo r  t he  s to rage  e lemen ts  i n  the  Mode l  
184A CRT and concent ra te  des ign e f fo r ts  on obta in ing h igher  
e l ec t ron  beam ene rgy  f r om the  e lec t ron  gun .  Un fo r t una te l y ,  
d e f l e c t i o n  s e n s i t i v i t y  i s  a d v e r s e l y  a f f e c t e d  b y  h i g h e r  b e a m  
energy so the major  e f for t  was concerned wi th  opt imiz ing th is  
trade-off. 

To  beg in  w i th ,  some loss  In  de f lec t i on  sens i t i v i t y  cou ld  be  
to lerated because the Model  1741A's  def lect ion ampl i f iers  are 
c a p a b l e  o f  h i g h e r  d r i v e  v o l t a g e s  t h a n  t h o s e  o f  t h e  M o d e l  
184A.  Never the less ,  the tube length  was increased by 34 mm 
wi th  the  ex t ra  length  be ing  app l ied  to  the  de f lec t ion-p la te - to -  
phosphor-sur face d is tance to  increase def lect ion sensi t iv i ty .  

With the new tube dimensions, the f lood guns are further from 
the  screen,  improv ing  f lood-gun d isp lay  un i fo rmi ty .  To  fu r ther  
improve un i fo rmi ty ,  the  f lood gun gr id  leads were  brought  out  
separa te ly  on  neck  p ins  to  enab le  ba lanc ing  o f  the  f lood  gun  
outputs. 

The def lect ion p la tes themselves were redesigned us ing ca l  
cu la to r  p rog rams  tha t  c l ea r l y  showed  t he  va r i ous  t r ade -o f f s  
be tween opera t ing  vo l tages ,  de f lec t ion  p la te  d imens ions ,  f re  
quency response,  and the  o ther  parameters  tha t  a f fec t  per fo r  
mance .  F rom th i s  a  de f l ec t i on  p l a te  shape  was  de r i ved  t ha t  
a l lowed the  c loses t  poss ib le  spac ing  fo r  max imum sens i t i v i t y  
wi thout  in tercept ing the beam. 

The electron gun was reproport ioned to real ize greater beam 
cur ren t  wh i le  op t im iz ing  spot  s ize ,  us ing  curves  pub l i shed by  
Hi lary  Moss.1  Th is  resu l ted in  a  shor ter  anode that  in tercepts  
f ewe r  e l ec t r ons ,  l eav i ng  more  beam cu r ren t .  The  sho r t ened  
anode also permit ted a fur ther increase in the def lect ion-plate-  
to -phosphor  spac ing .  

Al l  of  these steps increased def lect ion sensit iv i ty to the point 
t h a t  t h e  c a t h o d e  p o t e n t i a l  c o u l d  b e  i n c r e a s e d  8 5 5  v o l t s  t o  
-2295 V. The resul t  was a substant ia l  increase in beam current  
and, consequently, in writing rate (> 1 00 cm/Â¿Â¿s). Cut-off voltage 
is  -100V, a l lowing a large dr ive vol tage wi th h igh beam current  
in the single-shot mode (the intensity-l imit circuit holds the drive 
to lower levels in repet i t ive operat ion).  
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Tak ing  a  CRT One  S tep  Fur ther  
The des ign o f  the CRT for  the Model  1741 A Osc i l loscope is  

based on th is  same scheme,  the  CRT used in  the  Mode l  184A 

Reference 
1 H.  Moss,  "Narrow Angle Elect ron Guns.  '  Academic Press,  New York and London.  
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M,, 

- 1 5 V  - 1 5 V  - 1 5 V  

F i g .  9 .  I n t e n s i t y - l i m i t  c i r c u i t  r e s p o n d s  t o  t h e  a v e r a g e  
current in the electron-gun anode and l imits the excursions of  
the  CRT unb lank ing  pu lse  accord ing ly .  

proportional to intensity is taken from the INTENSITY 
control (R2 of Fig. 9) and buffered by Q4 (Fig. 11). The 
turn-on threshold of transistor Q5 is set by poten 
tiometer R6, and this threshold becomes the break 
point for the curve of Fig. 10. Above the break point 
the slope of the focus-voltage-vs-intensity-setting 
curve is determined by the ratio of R7 to R4 -I- R5. The 
focus-voltage-vs-intensity-setting curve is thus ap 
proximated closely enough that manual adjustment 
gains only marginal improvement, if any at all. 

Model 1741A has a BRIGHTNESS control in addition 
to the INTENSITY control. The INTENSITY control ad 
justs CRT beam current whereas the BRIGHTNESS con 
trol, by determining the steady-state voltage of the 

Ã­ I 
I 

2 

Auto-Focus 
Voltage 

Opt imum 
Focus Vol tage 

-1  
CRT Intensity 

Fig.  10.  Graph of  the opt imum focus vo l tage as a funct ion of  
CRT in tens i t y  ( so l i d  l i ne ) .  The  do t ted  l i ne  i s  the  cu rve  gen  
erated by the auto focus ci rcui t  (Fig.  1 1).  

storage mesh, affects display intensity when viewing 
a stored trace. With the BRIGHTNESS control at its most 
negative position, the storage surface repels most 
flood-gun electrons, allowing only a few to be at 
tracted by the phosphor voltage through the mesh 
where the trace is written. At its most positive level, 
many electrons pass through where the trace is writ 
ten, giving a bright trace, but the display also fades 
positive more quickly. The BRIGHTNESS control per 
mits the operator to find the best balance between 
trace brightness and viewing time. It replaces the MAX 
WRITE switch of earlier HP variable persistence/ 
storage scopes which gave only two levels of control 
for this function. 

Added Conveniences  
Other features contribute to ease of operation. For 

instance, when the instrument is in the SINGLE SWEEP 
mode, pushing the manual ERASE button not only 
erases the trace but it also resets the sweep, eliminat 
ing the bother of pushing two different buttons to 
reset the instrument for a single-shot measurement. 

+ 15V 

R 7  

Focus 
Voltage 

I n t e n s i t y  - 1 5 V  
Limit 

Circuit 

- 1 5 V  
- 2 . 3 k V  

F i g .  1 1 .  T h e  a u t o  f o c u s  c i r c u i t  
modif ies the voltage appl ied to the 
FOCUS contro l  in  response to the 
INTENSITY control setting. 
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Van Harr ison 
Van Harr ison spent two years with 
the U.S.  Navy in  Eth iopia before 
attending the University of Florida, 
where  he  ob ta ined  BSEE and 
MSEE degrees .  Upon graduat ion  
(1972)  he  jo ined  HP,  con t r i bu t  
ing  to  the  Mode l  1740A 100-MHz 
Osc i l loscope be fore  assuming 
pro jec t  leadersh ip  o f  the Model  
1 741 A. A native of Ormond Beach, 
F lor ida,  Van is  marr ied and has 
two ch i ld ren.  He a lso des igns h i -  
f i  e q u i p m e n t ,  d o e s  s o m e  w o o d  
work ing,  sk is ,  and gol fs .  

Switching to either the AUTO ERASE or AUTO STORE 
mode automatically sets the instrument for maximum 
persistence. Switching to the AUTO ERASE mode also 
switches the trigger mode to NORM so the trigger cir 
cuit is not left in the AUTO mode, which could trigger 
the scope randomly. 

A hold-off circuit is wired into the STORE function 
so that when the STORE button is pressed during a 
sweep, the instrument does not go into the STORE 
mode until the current sweep completes. This ar 
rangement is particularly desirable for slow sweeps 
when operating in the AUTO ERASE mode as it permits 
the operator to push the STORE button whenever he 

sees something he wishes to retain without losing 
part of the complete sweep. 

Convent ional  Operat ion 
The manner of operating the CRT has been changed 

for conventional non-storage display. Formerly, dur 
ing normal oscilloscope operation the voltage on the 
storage mesh was made negative (-30 V) to repel 
flood gun electrons and prevent them from illuminat 
ing anything written on the storage surface. This also 
happened to reduce the intensity of the electron 
beam. In the new oscilloscope, the flood gun grids 
turn off the electron flow in the conventional mode. 
At the same time, the storage mesh is raised to the 
potential of the collector mesh ( + 156 V] so no 
secondary emission occurs and traces are not stored. 
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V e r t i c a l  D i s p l a y  M o d e s  
C h a n n e l  A .  c h a n n e l  B  c h a n n e l s  A  a n d  B  d i s p l a y e d  a l t e r n a t e l y  o n  s u c c e s s i v e  
sweeps |ALT) <x by switching between channels at  250 kHz fale wi th Dlanking Out 
ing swi tch ing ICHOP).  channel  A p lus channel  6  (a lgebra ic  add i t ion) :  and t r igger  

V e r t i c a l  A m p l i f i e r s  ( 2 )  
Bandwid th  and R ise  T ime a t  a l l  de f lec t ion  (ac tors  I rom 0*C to  -SS 'C 
BANDWIDTH:  (3  dB down I rom 6  d iv  re fe rence  s igna l )  

DC-COUPLED dc  t o  100  MHz  m  bo th  5011  and  1  M i l  i npu t  modes  
AC-COUPLED app rox  10  Hz  1o  100  MHz  1  Hz  w i t h  10  '  d i v i de r  p robes  

R ISE  T IME:  t  j  5  ns  measu red  f r om 10% to  90% po in t s  o f  a  6  d i v  i npu t  s tep  
D E F L E C T I O N  F A C T O R  

RANGES 5  mV'd rv  to  20  V 'd iv  m 1  .  2 .  5  sequence  
VERNIER cont inuous ly  var iab le  be tween a l l  ranges ,  ex tends  max imum def lec  

t ion factor to at least SO V.'div 
POLARITY:  channe l  B  may  be  inve r ted  f ron t  pane l  pushbu t ton  
INPUT RC (se lectab le)  

AC OR DC 1  M i lÂ±2% shun ted  Dy  app rox  20  pF  
50 OHM 500 Â±3% 

A  +  B  O P E R A T I O N  
AMPLIF IER bandw id th  and  de f l ec t i on  (ac to rs  a re  unchanged  channe l  B  may  

be inver ted for  A -  B operat ion 
D I F F E R E N T I A L  ( A - B )  C O M M O N  M O D E  C M R R  i s  a t  l e a s t  2 0  d B  f r o m  d c  t o  

20  MHz Common mode  s igna l  amp l i t ude  equ iva len t  to  8  d i v i s ions  w i th  one  
verner  ad |us ted tor  opt imum re jec t ion  

VERTICAL MAGNIF ICAT ION (XS)  
BANDWIDTH (3  dB down f rom 8  d iv  re fe rence  s igna l !  

D C - C O U P L E D  d c  t o  a p p r o x  3 0  M H z  
A C - C O U P L E D  a p p r o x  1 0  H z  t o  3 0  M H z  

RISE T IME s  12  ns  (measured  f rom 10% to  90% po in ts  o f  B  d iv  inpu t  s tep !  
DEFLECT ION FACTOR i nc reases  sens i t i v i t y  o f  5  and  10  mV 'd r v  se t t i ngs  by  

fac tor  o t  5  fo r  max imum sens i t i v i t y  o f  1  mV drv  on  channe ls  A  and 8  
T R I G G E R  S O U R C E :  S e l e c t a b l e  f r o m  c h a n n e l  A .  c h a n n e l  8 .  c o m p o s i t e  o r  

hne frequency 
TRIGGER VIEW: Disp lays in terna l  or  ex terna l  t r igger  s igna l  In  A l ternate or  Chop 

mode  channe l  A  channe l  B  and  t r i gge r  s igna l s  a re  d i sp layed  In  channe l  A  o r  
B  mode.  Tngger  V iew over r ides  tha t  channe l  In te rna l  t r igger  s igna l  ampl i tude  
approx imates ver t ica l  s igna l  ampl i tude Externa l  t r igger  s igna l  def lec t ion fac tor  
â€¢s approx 100 mV drv or  1 V drv in EXT -  10 Tnggenng point  is  approx center 

H o r i z o n t a l  D i s p l a y  M o d e s  
M a i n ,  m a m  i n t e n s i f i e d  m i x e d  d e l a y e d  m a g  X 1 0  a n d  A  v s  B  
T1MC BASE RANGES 

MAIN 50 nsdiv to 2 s.drv (24 rangesi  m 1.  2 .  5  sequence 
DELAYED 50  ns -d rv  t o  20  ms . * v  ( 18  ranges i  m  1 .  2 .  5  sequence  

M A I N  S W E E P  V E R N I E R :  c o n t i n u o u s l y  - a r a b l e  b e t w e e n  a n  r a n g e s  e x i e n d s  
slowest sweep to at least 5 s.  drv 

MAGNIF IER (X10 )  expands  a *  sweeps  by  a  f ac to r  o f  'C  ex iends  f as tes t  sweep  
10 S n&drv 

A B R I D G E D  S P E C I F I C A T I O N S  
H P  M o d e l  1 7 4 1 A  O s c i l l o s c o p e  

T I M E  B A S E  A C C U R A C Y  
Sweep Tlme/Drv 

'Add 1 " .  for  50 rr  

Â ± 3 %  Â ± 4 %  
Â±2% Â±3% 
Â±3% Â±4% 

i ranges 
C A L I B R A T E D  S W E E P  D E L A Y  

D E L A Y  T I M E  R A N G E  0  5  t (  
(minimum delay ISO ns)  

D I F F E R E N T I A L  T I M E  M E A S U R E M E N T  A C C U R A C Y  

10  X  Ma in  T ime .D iv  s  

Temp Range  

0 * C t o  + 1 5 " C  

- 3 5 ' C t o - 5 5 ' C  

r tmgs  o f  100  re  t o  2  s  

M e i n  T i m e  B . Â «  S e t t i n g  

1 0 0  n s f d i v t o 2 0  m s i d i v  
50 ms div to 2 s div 

â€¢Accuracy 
( + 1FCIO +3SÂ°C) 

Â±(05% Â±0.1% of full scale) 
Â±(1% + 0 1% of ful l  scale) 

'Add 1% lor  temperatures t ro  . [ â€¢ 1 SÂ°C and - 3: 

Triggering 
MAIN SWEEP 

NORMAL sweep is  t r iggered by in terna l  or  ex terna l  s igna l .  
A U T O M A T I C  b r i g h t  b a s e l i n e  d i s p l a y e d  m  a b s e n c e  o t  i n p u t  s i g n a l  A b o v e  

SINGLE sweep occurs  once wi th  same t r igger ing as Normal  Reset  pushbut ton 
a rms  sweep  and  l i gh ts  i nd i ca to r  S ing le  sweep  i s  a l so  i n i t i a ted  w i th  E rase  
pushbut ton,  sweep is  armed af ter  erase cyc le  

D E L A Y E D  S W E E P  ( S W E E P  A F T E R  D E L A Y )  
AUTO de layed sweep automat ica l l y  s ta r ts  a t  end o f  de lay  
TRIG de layed sweep is  a rmed and t r iggerab ie  a t  end o f  de lay  per iod  

INTERNAL. Oc to 25 MHz on s ignals causing 0 3 div is ions or more vert ical  def lec 
t i on ,  i nc reas ing  to  1  d i v i s i on  o l  ve r t i ca l  de f l ec t i on  a t  100  MHz  in  a l l  d i sp lay  
m o d e s  S  s i g n a l  l e v e l  i s  i n c r e a s e d  b y  2  w h e n  i n  O o p  m o d e  a r x )  b y  S  w f i e n  
X5 vert ical magnrf ier is used) Tnggenng on Une frequency is also selectable 

EXTERNAL: dc to 50 MHz on s ignals of  50 mV p-p or  more increasing lo 1 00 mV 
p -p  a t  IX  MHz ( requ i red  s igna l  l eve l  i s  i nc reased  by  2  when  in  Chop  mode l  

EXTERNAL INPUT RC: appro'  1  MCI shunted by approx 20 pF 
L E V E L  A N O  S L O P E  

INTERNAL at  any pant  on powtrve or  negat ive S lope of  Â»splayed waveform 
EXTERNAL cont inuous ly  var iab le  f rom -1  V  to  -1  V  on  e i ther  s lope  Of  t r igger  

s i g n a l  - t O V l o  - t O V m  d i v i d e  b y  1 0  m o d e  ( - )  
C O U P L I N G :  A C  D C  L F  R E J  o r  H F  R E J  

AC attenuates signals below approx 20 Hz 
LF REJECT (MAIN SWEEP)  a t tenua tes  s igna ls  be low approx  4  KHz 
HF REJECT (MAIN SWEEP)  a t tenua tes  s igna ls  above  approx  4  kHz  

TRIGGER MOLDOFF .Mam Sweep)  i nc reases  sweep  hokJo f l  t ime  in  a l  ranges  
C A L I B R A T E D  M I X E D  T I M E  B A S E :  D u a l  t i m e  D a s e  m  w t v c h  m a i n  t i m e  b a s e  

drrves f i rs t  por t ion of  sweep and delayed t ime base completes sweep at  (aster  
delayed sweep 

A vÂ» B Operat ion 
BANDWIDTH 

C H A N N E L  A  ( Y - A X I S )  s a m e  a s  c h a n n e l  A  
CHANNEL B  (X -AX IS )  dc  t o  5  MHz  

DEFLECTION FACTOR:  5  mV d iv  to  20  V -D iv  (12  ca l i b ra ted  pos i t i ons )  i n  1 ,  2 ,  
5 sequence 

P H A S E  D I F F E R E N C E  B E T W E E N  C H A N N E L S :  3  O c  t o  1 0 0  K H l  

C a t h o d e - R a y  T u b e  a n d  C o n t r o l s  
T Y P E :  H e w l e t t - P a c k a r d .  1 2 7  c m  ( 5  i n )  r e c t a n g u l a r  C R T .  p o s t  a c c e l e r a t o r .  

approx 7 5 kV accelerat ing potent ia l ,  ah j rmnzed P31 phosphor  
G R A T I C U L E :  8  â € ¢  1 0  d i v  ( 1  d i v  =  0 6 5  c m )  i n t e r n a l ,  n o n - p a r a l l a x  g r a t i c u l e  

Grat icu le  i l luminat ion is  achieved wi th  Pers is tence contra set  to  min imum 

O P E R A T I N G  M O O E S :  Â « r i t e ,  s t o r e ,  d i s p l a y ,  a u t o - s t o r e ,  a u t o - e r a s e ,  a n d  c o n  
ventional i  rear panel pushbutton) 

PERSISTENCE 
VARIABLE approx  100  ms  10  1  mm 
CONVENTIONAL na tu ra l  pe rs is tence  o f  P31  phosphor  (appro i  40  * i s )  

S T O R A G E  W R I T I N G  S P E E D :  - ' 0 0  c r n ^ s  d  1 8  d > v  ^ s )  o v e r  c e n t e r  7  â € ¢  9  d i v  
(with viewing hood) 

STORAGE T IME 
DISPLAY MODE a t  leas t  10  s  a t  22"C.  
STORE MODE at leasi 30 s at 22Â°C 

BRIGHTNESS: appro* 170 cd m* (50 ft )  
ERASE TIME: approx 300 ms 
2 - A X I S  I N P U T  ( I N T E N S I T Y  M O D U L A T I O N )  ~ 4  V .  * 5 0 - n s  w i d t h  p u l s e  b l a n k s  

t race of  any intensi ty  usabtetosiOMHzfot  normahntenst ty  Input  R,  1 kn Â±10%. 

G e n e r a l  
A M P L I T U D E  C A L I B R A T O R  ( D ' C  t o  - 5 5  d  

OUTPUT VOLTAGE 1  V  p -p  -  1  %  i n to  3  1  M i l ;  0  1  V  p -p  
RISE TIME Â«0.1 MS 
F R E Q U E N C Y  a p p r o x  1  4  k H l  

POWER:  100 .  120 .  220 .  240  Vac  Â±10%.  48  to  440  Hz .  100  VA max 
WEIGHT:  ne t  13  8  kg  (30  5  b )  
O P E R A T I N G  E N V I R O N M E N T  

T E M P E R A T U R E  f f C  t o  - 5 5 ' C  
HUMIDITY to 9S% re lat ive numÂ«drty  at  -4 f fC 
ALTITUDE 10 4600 m (15.000 f t )  
VIBRATION v ibrated in  three p lanes for  15 mm each wi th  0  254 mm (0 010 in)  

excurs ion 10 to  55 Hz 
DIMENSIONS:  335 mm W -  197 mm H â€¢ 492 mm D (13  2  â€¢ 7  8  *  19 .4m)  
ACCESSORIES FURNISHED: MuÃ© bght t i ler  RFI f iner and contrast  screen, v iew 

ing  hood f ron t -pane l  cover  power  cord  v iny t  accessory  s to rage pouch.  Opera  
tor  s  Guide Serv ice Manual ,  two 10 1 d iv ider  probes 

PRICE IN  U.S .A . :  Mode l  1741A Osc i l l oscope  $3960  
M A N U F A C T U R I N G  D I V I S I O N :  C O L O R A D O  S P R I N G S  D I V I S I O N  

1900 Garden of the Gods Road 
Colorado Springs Colorado 80907 
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An Automatic Wide-Range Digital 
LCR Meter 
Easy operat ion ,  a  w ide measurement  range,  two 
measurement  f requencies,  h igh re l iab i l i ty ,  opt ional  HP-IB 
c o m Q u  *//-!//!>â€¢./ snlÂ·l!.' w cost 1 1 iar\e it suitauic /ors vv/us range 
o f  c o m p o n e n t  a n d  i m p e d a n c e  m e a s u r e m e n t s .  

by Satoru Hashimoto and Toshio Tamamura 

ANEW DIGITAL LCR meter, Model 4261A (Fig. 1), 
is designed to provide the wide range and ac 

curacy of a universal impedance bridge without the 
bridge's disadvantages of manual balancing and 
meter-reading ambiguity. The new LCR meter is fully 
automatic, displaying the value and dissipation fac 
tor of an unknown inductor or capacitor or the value 
of an unknown resistor on its SVz-digit display a frac 
tion of a second after the unknown is connected to 
its terminals. Selection of the measurement equiva 
lent circuit is made automatically according to the 
value of the unknown component. 

The new LCR meter typically can take four or more 
readings per second at a 1-kHz measurement fre 
quency and one or more at 120 Hz with basic accur 
acies of 0.2% for capacitance, inductance, resistance, 

and dissipation factor. The unknown terminals are 
configured in a five-terminal arrangement that is ca 
pable of four, three, and two-terminal connections 
suitable, respectively, for low-impedance, high- 
impedance, and ordinary measurements. The unit 
measures capacitance from 0.1 pF to 1900 /Â¿F at 1 kHz 
and from 1 pF to 19.00 mFat 120 Hz, inductance from 
0.1 /Â¿H to 190.0 H at 1 kHz and from 1 /*H to 1900 H at 
120 Hz, resistance from 1 mil to 19.00 Mil at 1 kHz or 
120 Hz, and dissipation factor of capacitors or induc 
tors from 0.001 to 1.900. For measurements in semi 
conductors, two test voltages, 50 mV and IV rms, are 
available for making capacitance measurements in 
the parallel equivalent circuit mode. An internal dc 
bias source provides switch-selectable 1.5V, 2.2V, 
and 6V. External bias from 0V to 30V can be supplied 

4 2 6 I A  L C R  M E T E B  

I 13. 8 S IB S S 

T E S T  S H 3  L E V E L  T R I G G E R  

F ig .  1 .  Mode l  4261  A  LCR Me te r  
m a k e s  f u l l y  a u t o m a t i c  m e a s u r e  
ments of inductance, capacitance, 
res is tance,  and d iss ipat ion fac tor  
a t  120  Hz  o r  1  kHz .  I t  p rov ides  a  
cho i ce  o f  two  t es t  s i gna l  l e ve l s ,  
t h r e e  i n t e r n a l  d c  b i a s  v o l t a g e s ,  
a n d  t w o ,  t h r e e ,  o r  f o u r - t e r m i n a l  
m e a s u r e m e n t  c o n n e c t i o n s .  H P  
I n t e r f a c e  B u s  ( I E E E  4 8 8 - 1 9 7 5 )  
compat ibi l i ty  is opt ional .  

© Copr. 1949-1998 Hewlett-Packard Co.



to a rear-panel connector. An offset adjustment for 
canceling stray capacitance between the unknown 
terminals is provided; a capacitance offset signal, 
available at a rear-panel BNC connector, provides an 
offset range of 0 to 100 pF when fed into the low- 
current terminal through a variable capacitor. 

A low-power design keeps total power consump 
tion below 25 watts, helping to assure reliability. For 
automated testing or data gathering under computer 
or calculator control, an option provides an interface 
to the HP-IB (HP Interface Bus), HP's implementation 
of IEEE Standard 488-1975. 

How I t  Works 
The 4261A measures L,C,R, and dissipation factor 

by determining the impedance or admittance of the 
unknown device under test (DUT). In the current-to- 
voltage converter section (Fig. 2), the measuring 
signal is applied to the DUT and an operational amp 
lifier is used as a current detection amplifier. The cur 
rent through the DUT is almost equal to that flowing 
in the range resistor RR. Voltages et and e2 are ob 
tained by detecting the voltages produced across the 
DUT and range resistor RR, respectively, using differ 
ential amplifiers A2 and A3. e: and e2 are transferred 
to the measurement section, where their vector ratio 
is detected by a phase detector and a dual-slope 
analog-to-digital converter. 

When a device is measured with the 4261 A, either a 
series equivalent circuit mode or a parallel equivalent 
circuit mode is automatically selected. When the 
DUT impedance is relatively low the series mode is 
selected and when it is relatively high the parallel 

mode is selected. In the series mode, the 4261A se 
lects a source resistance at least ten times the value of 
the DUT impedance to achieve a constant current drive. 
When the parallel equivalent circuit mode is chosen, 
a source resistance less than one-tenth that of the DUT 
impedance is selected to drive the DUT at a constant 
voltage. The source resistor (R0) helps to limit current 
flow into the current detecting amplifier when its ter 
minals are shorted, and to suppress differential or 
integral noise when a capacitor or inductor is con 
nected. 

For a Cp-D measurement in the parallel equivalent 
circuit mode, 

(Gp + jwCp)RR 

e2 = 
(Gp + jÂ«Cp)R0 

where &> = 27rf, and f = test frequency. 
When e2 is the reference signal, the ratio of 6j and e2 is: 

e i / e z  =  -  ( G p  +  j  RR 

which is proportional to the unknown admittance. 
Lp-D is determined in the same manner: 

e,/ez = - (1/Rp + l/jwLp) RR 

For a measurement in the LS-D series circuit 
mode, the equations for el and e2 are: 

Differential 
Amplif ier 

To  Measurement  
Section 

Current 
Detector Ampli f ier  

Guard 

Fig .  2 .  Cur rent - to -vo l tage conver  
ter  sect ion appl ies the test  s ignal  
to  the unknown and deve lops two 
vo l t ages ,  e ,  and  e2 ,  whose  ra t i o  
is  propor t iona l  to  the unknown im 
pedance or  admi t tance.  Select ion 
of  ser ies or  paral le l  equivalent  c i r  
c u i t  f o r  t h e  u n k n o w n  i s  m a d e  
automatical ly.  

10 
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+  

Rs 
e2 = 

R + Rs 

When B! is the reference signal, the ratio of e2le1 is 

62/ej = - (Rs+jwLs)/RR 

The equation for a CS-D measurement becomes 

BZ/BJ = - (Rs+l/ju)Cs)/RR 

In all cases, the vector ratio multiplied or divided 
by RR produces the DUT impedance or admittance. 
The 4261A has five range resistors (from 10Ã1 to 
100 kO) having tolerances of 0.05%. It is possible 
to ignore the residual resistance of the range switch, 
which adds to RR and might contribute to the error, 
since the current and potential terminals of the 
range resistors are separated. Detecting the voltage 
differentially minimizes the error contributed by 
the residual resistance of the lead connections to the 
DUT, and similarly, the residual voltage of the cur 
rent detecting amplifier. 

Measurement  Sect ion 
This section consists of a four-phase generator for 

phase detection, a sectional average integrator (SAI) 
that smooths the signal from the phase detector, a 
dual-slope analog-to-digital converter, and logic cir 
cuitry. The output is a digital quantity proportional to 

the vector ratio of e^ and e2. A block diagram and 
timing chart for this section are shown in Figs. 3 and 4. 

The instrument goes through a seven-step se 
quence to take a measurement. In step 1, an autozero 
is performed. Sa connects the input of the phase de 
tector to ground and S2 is closed. Thus with no input 
(Sa is shorting the input to ground), the integrator 
loop is adjusted for zero input and the adjustment vol 
tage is stored on C2. This cancels any phase detector 
leakage current error as well as compensating for any 
dc offset voltage throughout the loop. During step 2, 
an auto phase adjustment is performed; this will be 
described later. Steps 1 and 2 are performed just be 
fore ratio detection. 

Assume that a capacitor is being measured in the 
parallel circuit mode (Cp). e2 is the reference signal, 
as previously described, and is applied to the four- 
phase generator. Step 3 is the integrator charging 
period Tj. Sj is on, and switch SD is connected to 
6j. 6j is then phase detected by a signal whose phase 
is shifted 90Â° from e2, as determined by control logic 
in the ROM. The integrator charge (Qcp) stored dur 
ing T! is: 

Qcpl = -Ku>CpRRTie2. 

where K is the product of the efficiency of the phase 
detector and the integrating constant. Step 4 is the 
integrator discharge cycle. SD is connected to e2, 
which is phase detected by a signal in phase with 
e2. The integrator begins to discharge and continues 
discharging until its output crosses the zero-volt 
point. If the discharge time is Tcp, the charge dis 
sipated is: 

Integrator 

ROM Centered 
Logic 

F i g .  3 .  M e a s u r e m e n t  s e c t i o n  
d e v e l o p s  a n d  d i s p l a y s  a  d i g i t a l  
representa t ion  o f  the  vec tor  ra t io  
of  e,  and e2.  
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Fig .  4 .  7 f te  measurement  sequence cons is ts  o f  seven s teps  
i nc lud ing  au tozem and  au to -phase -ad jus t  s teps .  The  dua l -  
s l ope  ana log - t o -d i g i t a l  conve rs i on  me thod  i s  used ,  excep t  
t ha t  i n  t he  CS-D  measu remen t  t he  s l opes  occu r  i n  reve rse  
order.  

QCD2 = KT( cpe2 '  

From steps 3 and 4, 

Qcpi  =  -Q cp2 

Tcp - 

T-, is rij times the period of the test frequency f, and 
Tcp is counted as n2 by the clock frequency fc: 

n2 = 277-fcRRnjCp. 

The clock frequency is selected so that Cp is directly 
obtained. 

Next, step 6 immediately initiates the D measure 
ment. Switch SD is connected to 6j and the phase of 
the detector signal is controlled at 0Â°. The phase- 
detected dc voltage is integrated and discharged in 
steps 6 and 7 ' , with the phase of the detector signal 
changed from 0Â° to 270Â° in step 7. If the discharge 
time is Td, 

Qdl - -KGpRRT2e2 

Qd2 = KwCpRRTde2 

in step 6, and 

in step 7. 

If the charging time is n'2 times the period of the clock 
frequency,  the fol lowing equat ion is  s imilar ly es  
tablished: 

n  2  n  j  
â€” K wCp RR e2 = 

n ' ,  =  n '  
wC, 

= n'! D 

Thus n'2 is a measure of the dissipation factor. 

CS-D Measurement  
The CS-D measurement employs an unusual tech 

nique. e1 is the reference signal for the series equiva 
lent circuit mode. In step 3, SD is connected to e^ and 
phase detected by a signal in phase with e^ In other 
words, BJ is phase detected by er The integrator is 
charged for a period equal to n3 times the reciprocal 
of the test frequency f. The charge stored on the inte 
grator during this time is: 

Qcsi = Ke^a/f. 

Step 4 is the discharge cycle. SD is connected to e2, 
which is phase detected by a signal whose phase is 
shifted from e: by 270Â°. The integrator discharges 
until its output crosses the zero-volt point. If the dis 
charge time is n4/fc, the charge dissipated is: 

Q c s 2 = - K  
wCsRR fc 

Then, because 

Â¿cs2> 

n4 = 277fcn3CsRR. 

Hence from n4, Cs is directly obtained. 
Th i s  t echn ique  i s  t he  w ide ly  used  dua l - s lope  

method except that the slopes occur in reverse order. 
Usually, the integrator discharge slope is constant, 
but here the slope decreases as the C count increases. 
At full scale, the discharge slope is one-tenth that of 
the charging slope. This results in a good signal-to- 
n o i s e  r a t i o  a n d  p r e c i s e  r e s o l u t i o n ,  a n d  m a k e s  
i t  p o s s i b l e  f o r  t h e  n e w  m e t e r  t o  u s e  o n l y  f i v e  
range  res i s to rs  fo r  i t s  e igh t - range  measurement  
capability. 

12 
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Four-Phase Generator  
The precision 90Â° phase shift needed for phase 

detection is normally derived from a standard ca 
pacitor, but when the test frequency is low, such as 
120 Hz, standard capacitors are very expensive and 
very large. The 4261A measures L, C, R, and D with 
out a standard capacitor. The four-phase generator 
technique makes this possible. 

Fig. 5 is a circuit diagram of the four-phase 
generator. The reference signal is shaped and fed to a 
phase detector (point A) whose other input is the 0Â° 
output signal, thus forming a phase-locked loop. The 
filtered phase detector output tunes a voltage control 
led oscillator that produces a signal at four times the 
input frequency. Two J-K flip flops driven by the VCO 
provide 0Â°, 90Â°, 180Â° and 270Â° four-phase outputs. 

A potential problem of this method is phase noise, 
which causes fluctuations in counting the discharge 
time. In the 4261A phase noise is less than -70 dB. 

Sect ional  Average Integrator  
The phase-detected signal of Fig. 3 has to be trans 

lated into a dc voltage very quickly for precise opera 
tion of the dual-slope technique. The sectional 
average integrator1, or SAI, (Fig. 6) is especially 
useful at the 120 Hz test frequency. If CÂ¡Rf is 
suitably selected the settling time is one test sig 
nal period. 

During the first period T, the input current is in 
tegrated by the integrator. At the end of this period, 
the integrator output El is proportional to the dc in 
put current. After the first period, Ea is transferred 
to Cj by momentarily closing switch Sh- Thus the 
output Eg is a step function whose steady-state value 
is exactly proportional to IDC. Fig. 6 shows typical 
waveforms. 

Auto  Phase  Adjust  
A phase error compensation technique was first 

employed in the 4271A 1 MHz Digital LCR Meter.2 
That method used two phase detectors and two inte 
grators. To produce a quality low-cost unit, an auto 
phase adjustment technique was adopted for the 
4261A. The auto phase adjustment block diagram is 

Example: 

F i g .  6 .  S e c t i o n a l  a v e r a g e  i n t e g r a t o r  c o n v e r t s  t h e  p h a s e -  
detected s ignal  to  a dc vol tage wi th in one test  s ignal  per iod,  
as  shown by the typ ica l  waveforms.  

shown in Fig. 7. Amplifiers A4 and A5 in Fig. 7 are 
the same as those in Fig. 3. Since the amplifiers are 
not ideal, they shift the phase of the ea and e2 signals. 
The difference between the two phase shifts (0er) will 
cause a large error, especially when measuring the 
dissipation factor of low-loss capacitors. For accuracy, 
tanker must be less than 0.001. 

Automatic phase adjustment is done in step 2 of the 
measurement sequence. S A is closed and a first-order 
feedback loop is created through the integrator to 
reduce 0er. When the loop has settled, a dc voltage 
proportional to 0er is stored in C3 and maintained 
for the measurement period. 

ROM-Centered Design 
To control its various measurement modes and to 

manage the complex decoding necessary to provide 
simple operation with wide-range measurements, the 

F i g .  5 .  F o u r - p h a s e  g e n e r a t o r  
d e v e l o p s  p r e c i s i o n  p h a s e  s h i f t s  
a n d  e l i m i n a t e s  t h e  n e e d  f o r  a  
s tandard  capac i to r .  

1 3  
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Asin(c j t+0er)  

F ig .  7 .  C i r cu i t  d iag ram fo r  au to  phase  ad jus tmen t .  C los ing  
SA creates  a  f i rs t -o rder  feedback loop that  s tores  on capac i  
t o r  C3  a  vo l tage  p ropor t i ona l  t o  the  d i f f e ren t i a l  phase  sh i f t  
of  ampl i f iers A4 and A5.  

4261A uses a ROM-centered design. It has two 4K-bit 
ROMs, one for sequence control and the other a de 
coder. With this design, it was easy to add the self- 
test functions. The ROMs are n-channel MOS ROMs 
manufactured by HP. 

F u l l  A u t o r a n g i n g  
The 4261A has two autoranging modes. One is a 

fixed measurement circuit mode in which the opera 
tor selects either the series or the parallel equivalent 
circuit, and the other is full autoranging including 
circuit mode changing. Measurement circuit mode 
changes are done by switching Sc in Fig. 3. In the 
full autoranging mode, the instrument selects an 
appropriate range from the eight available ranges 
according to the value of the component being tested. 
In this mode, the function switch need only be set to 
L, C, or R to make the measurement. 

Self-Test 
The 4261A has self-test functions that enable it to 

check most performance areas. No additional equip 
ment or circuitry is required for making the self-check. 

F i g .  8 .  T o  c a n c e l  s t r a y  c a p a c i t a n c e  b e t w e e n  t h e  u n k n o w n  
te rm ina l s ,  a  capac i t ance  o f f se t  s i gna l ,  ava i l ab le  a t  a  rea r -  
p a n e l  c o n n e c t o r ,  p r o v i d e s  a  c a p a c i t a n c e  o f f s e t  o f  0  t o  
1 0 0  p F  w h e n  f e d  i n t o  t h e  l o w - c u r r e n t  t e r m i n a l  t h r o u g h  a  
v a r i a b l e  c a p a c i t o r .  T h e  c a p a c i t o r  i s  a d j u s t e d  f o r  a  z e r o  
d isp lay  w i th  no  unknown connec ted .  

The user need only set two slide switches. Two tests 
are provided. One tests the logic systems and the 
other mainly checks the analog circuits. Slide 
switches located on the sequence control board are 
set to the appropriate positions to put the 4261A into 
its self-test mode. 

Minimizing Errors 
The five-terminal connection configuration 

minimizes the measurement error caused by residual 
impedance of the test leads. It is especially useful 
for the measurement of low impedances (below 1Ã1). 
However, some care is required in making the test 
lead connections when measuring capacitors from 
100 to 1000 /L/.F at 1 kHz. Here, an error is caused by 
the mutual inductance of the Hp, He cable or the Lp, 
Lc cable. If the mutual inductance of each cable is 
M/2 henries, then: 

Cx 
C measured = -  

To minimize this error, it is necessary to use short 
test leads or to twist the Hp and Lp cables together. 
Similarly in high-impedance measurements, it is 
possible to minimize the stray capacitance between 
the high and low terminals by shielding with the 
GUARD terminal. Compensation for high-impedance 
measurement errors can also be made by using an off 
set voltage equal to the voltage across the DUT but 
opposite in polarity; this is done with the 4261A in 
the connection configuration shown in Fig. 8. The 
variable capacitor is adjusted for a zero display. 

Accessories 
Several accessories are available for the 4261A. The 

16061A Test Fixture is a direct-connection type for 

Fig.  9.  Model  16061 A Test  F ix ture for  general -purpose use.  
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F i g .  1 0 .  M o d e l  1 6 0 6 2 A  T e s t  L e a d s  f o r  l o w - i m p e d a n c e  
devices. 

general-purpose use. The 16061 A Test Fixture (Fig. 9) 
has inserts for both parallel and axial lead components. 
The 16062A Test Leads (Fig. 10) are for comparatively 
low-impedance DUTs (four-terminal connections). 
The 16063A Test Leads (Fig. 11) are for comparatively 
high-impedance DUTs (three-terminal connections). 
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