
HEWLETT-PACKARD JOURNAL 
T E C H N I C A L  I N F O R M A T I O N  F R O M  T H E  - d p -  L A B O R A T O R I E S  

C O R P O R A T E  O F F I C E S  â € ¢  1 5 0 1  P A G E  M I L L  R O A D  â € ¢  P A L O  A L T O ,  C A L I F O R N I A  9 4 3 0 4  â € ¢  V O L .  1 7 ,  N O .  1 0  J U N E ,  1 9 6 6  

V E R T I C A L  

COVER:  
A PROGRAMMABLE OSCILLOSCOPE FOR 

PRODUCTION TESTING,  page 2  
SEE ALSO: 

A HIGH-STABILITY,  HIGH-SENSITIVITY 
DC SCOPE PLUG- IN  UNIT ,  page  16  

S I M P L E R  T D R  M E A S U R E M E N T S  
pages 9, 10, 12 

© Copr. 1949-1998 Hewlett-Packard Co.



5mV 
(1cm) 

o ' c  SS'c. 

Fig. 1. Recording shows zero stability 
achieved by dc stabilizer in new Program 
mable Oscilloscope. Signal for recorder 
was derived at CRT deflection plates with 
scope set on 5 mV /cm deflection factor 
range and shows less than yÂ¡ mV zero 
level shift with extreme change of temper 
ature. (Trace variations which appear as 
noise actually are stabilizer switching 

6  m i n .  A  B  T i m e â € ”  Â « -  

transients, normally blanked on CRT.) In 
strument at room temperature was first 
turned on at left, and it stabilized in less 
than 3 minutes. At time 'A', recorder was 
stopped while instrument was cooled to 
O C be/ore recorder was started again. At 
time 'B'. recorder was stopped once more 
while instrument was warmed to 55'C 
and then restarted. 

A N  A D V A N C E D  N E W  D C - 2 5  M H z  O S C I L L O S C O P E  
F O R  P R O G R A M M E D  P R O D U C T I O N  T E S T I N G  

A new osc i l l oscope  has  the  spec ia l  capab i l i t y  o f  ma in ta in ing  
i ts  dc  base l ine  w i thout  d r i f t .  Th is  leads to  h igher  dc  accuracy  
a n d  t h e  i m p o r t a n t  c h a r a c t e r i s t i c  o f  b e i n g  p r o g r a m m a b l e .  

ALTHOUGH CATHODE-RAY OSCILLO 
SCOPES are widely used because of their 
versatile measurement capabilities, 
they are yet to find wide application in 
automatic test systems. Attempts in the 
past to provide an oscilloscope with 
programmable controls have met with 

less than complete success primarily 
because oÃ­ the inherent drift of sensi 
tive de-coupled dellection amplifiers. 
Some means of taking drift into ac- 
coiiiu must be incorporated if pro 
grammed displays of waveforms are to 
achieve a high degree of accunu  . 

Fig. 2. Model 155A Oscilloscope has de-stabilized vertical 
amplifier that eliminates drift. Resulting baseline stabilitv 
permits use of step-wise Position control to provide wide- 
range calibrated offset. Selected zero level is shown by il- 
iuminaled numerals in vertical display. Selected sensilivilv 
and sweep time ranees are indicated by illumination of 

numerals in appropriate pushbuttons. 

Now, in a major departure from 
established concepts, a new oscilloscope 
resolves the problem of drift by auto 
matically ie/eroing itself 3 times a sec 
ond to correct for both long- and short- 
term drift in i he vertical amplifier. In 
this oscilloscope, the dc stabili/ation 
maintains the baseline at any selected 
position, thus enabling accurate meas 
urement of waveform levels without 
requiring the operator to constantly 
adjust dc levels. It is thus entirely prac 
tical to use this instrument in program 
mable systems, greatly simplifying 
operating procedures by making un 
necessary the need for adjusting instru 
ment controls during the course of a 
measurement sequence. 

The functions of vertical sensitivity, 
positioning, input coupling, sweep 
time, trigger source, and trigger slope 
can al l  be programmed remotely 
through a rear input connector, elim 
inating the danger of measurement 
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Fig. 3. Controls needed for complete manual control of 
oscilloscope are available behind flip-down cover. Only 
those controls necessary for readout of programmed 
ranges and for manual search for signal, when in pro 
grammed operation, remain exposed when cover is 

closed. 

errors resulting from operator selection 
of the wrong range. Hence, in pro 
grammed systems where repeated se 
quences of tests are made, such as in 
production testing, this oscilloscope 
makes it possible for less-skilled person 
nel to use an oscilloscope with uni 
formly accurate results. 

The stabilizing technique also per 
mits the instrument to make reliable 
measurements of dc levels with analog 
voltmeter accuracy. In situations where 
several types of measurements are 
made, the new scope may be used in 
place of other instruments to measure 
dc levels, as well as waveforms, with 
complete confidence. The virtually 
complete absence of variations in the 
dc level of the vertical amplifier, even 

in the face of ambient temperature 
changes, is shown by the recording of 
Fig. 1. 

In addition to enabling dc measure 
ments ordinarily not attempted with 
an oscilloscope, the stabilized vertical 
amplifier allows accurate offset of the 
baseline in calibrated increments above 
or below the center of the CRT grati 
cule. In view of this capability, the 
vertical deflection amplifier was de 
signed with a wide dynamic range 
which, along with the wide offset range 
(Â±25 cm), allows expanded scale meas 
urements to be made. With offset, small 
ac signals riding on a relatively large 
dc may be examined in detail even 
though dc coupling is retained. Wave 
forms may be expanded several times 

beyond full scale for detailed examina 
tion of any part of the waveform, as 
shown in Fig. 4. 

W I D E  R A N G E  S C O P E  

Apart from its stable dc operation, 
the new oscilloscope (-/ip- Model 
155A) is capable of high performance 
in many other respects. It is basically 
a general purpose, wideband, single- 
channel oscilloscope with a high-fre 
quency 3-dB point at 25 MHz (Y axis), 
a response figure that is referred to an 
8-cm display rather than the 6-cm refer 
ence usually used for scopes with band- 
widths higher than 10 MHz. Rise time 
is less than 1 5 nanoseconds for 8-cm de 
flection and less than 20 nanoseconds 
with pulses that have amplitudes ex 
panded considerably beyond the 8-cm 
display area. Minimum deflection fac 
tor (maximum sensitivity) is 5 mV/cm. 
Unmagnified sweep times range down 
to 0.1 Â¿is/cm and a X5 magnifier is 
included for expanded sweeps. The 
scope is thus well-suited for critical 
laboratory applications as well as pro 
grammed testing, bringing the accu 
racy and convenience of drift-free per 
formance to the lab bench. 

P U S H B U T T O N  O P E R A T I O N  

Only the most  commonly-used 
controls of the new oscilloscope are 
visible to the user during normal pro 
grammed operation, but all other con 
trols that are standard for a general- 

Fig. 4. OscillograniH illustrate Â¡rave- 
form magnification made possible by 
wide dynamic range and offset position 
ing of new Model 155A Oscilloscope, 
even for fast-rise waveforms. Upper 
photo shows square-wave generator out 
put (ac-coupled) at sweep speed of 400 
ns/cm. Lower photo is of same wave 
form expanded 10 times to 50 cm with 
center line offset 25 cm to show only top 
of waveform. Note in lower photo that 
expanded waveform drives trace to 
equivalent of â€”50 cm with negligible 
loss of rise time or fidelity. New scope 
thus has dynamic range of 50 cm above 
and below zero reference lei-el or a total 
of 100 cm. 
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Fig. 5. VeiÂ·linil dclliÂ·iÂ·lion {ac 
tor Â¡mil Inn i:ontal sweep rate 
on new oscilloscope are se 
lected manually hy Â¡n/shhu/- 
tons or remoli'lv hy mnlact 
closurea to ground. LampÂ» in 
side pushbutton* i/nii'ia/e se 
lected ranges in either manna! 
or remote operation. 

purpose laboratory oscilloscope are l<- -.killed operator huÃ­ with llu- door low- 
cated behind a hinged dooi .ilui 
bottom of the front p.mel (Fig. .'!i. â€¢ n 
cea l ing  these  con t ro l s  reduces  t  l i e  
danger of misadjustment by UK semi 

i red, llie rontiol.s  leaclily a\;iilable 
u< i I'M' trained opera 1 or. 

In the manual  mode of  opcrai ion.  
ven ual sensitivity and s\vt:c:]) lime are 

ccniiiolled by momenta!) â€¢-< ontai I, il 
luminated pushbuttons for <|uic k se 

ni oÃ­ ranges. Stepped vertical posi 
tioning is controlled b\ a front panel 
knob and the zero-\olia;v level i \  in- 
dii 'a led on an illuminated In.m panel 
displav (I ig, 9), an especially desirable 
arrangement ior expanded scale 
uieinents  when the basel ine may be 
positioned olt the screen. All other 
func t ions  a re  con t ro l l ed  b \  lomen-  
lional knobs and switches. 

P R O G R A M M E D  O P E R A T I O N  

In the programmed mode, . i l l  pio- 
giamining of the instrument j\ cll<>ii.d 
and is accomplished by contact closm c â€¢-, 
to ground, thereby plac ing a minimum 

E L I M I N A T I N G  
DC DRIFT 

I n  t h e  n e w  o s c i l l o s c o p e  d e s c r i b e d  i n  t h e  
a c c o m p a n y i n g  a r t i c l e ,  t h e  d c  l e v e l  o f  t h e  a m  
p l i f i e r  i s  s t a b i l i z e d  a p p r o x i m a t e l y  3  t i m e s  a  
second .  Dur ing  the  s tab i l i za t i on  i n te rva l ,  a  se  
quence  genera to r  d i sconnec ts  the  inpu t  s igna l  
a n d  t h e  v e r t i c a l  p o s i t i o n i n g  v o l t a g e  f r o m  t h e  
a m p l i f i e r ,  g r o u n d s  t h e  a m p l i f i e r  i n p u t ,  a n d  
s a m p l e s  a n y  d i f f e r e n c e  o f  p o t e n t i a l  t h a t  m a y  
b e  p r e s e n t  a t  t h e  v e r t i c a l  d e f l e c t i o n  p l a t e s .  
N o r m a l l y ,  t h e  d e f l e c t i o n  p l a t e s  s h o u l d  b e  a t  
s o m e  p r e s c r i b e d  p o t e n t i a l  w h e n  t h e  i n p u t  i s  
g r o u n d e d ;  a n y  o t h e r  p o t e n t i a l  d i f f e r e n c e  r e p  
resents dr i f t .  

I N P U T  A T T E N U A T O R  

I n p u t  

^ â€” Sweep gate signal 

F i g .  1 .  S i m p l i f i e d  b l o c k  d i a g r a m  o f  d c  s t a  
b i l i za t i on  c i r cu i t .  Du r i ng  samp l i ng  i n te rva l ,  
d r i f t  sensed  a t  CRT de f lec t ion  p la tes ,  wh i le  
ampl i f ie r  input  is  grounded,  charges s torage 
c a p a c i t o r .  B e t w e e n  s a m p l i n g  i n t e r v a l s ,  
s to red  capac i to r  vo l tage  i s  app l ied  to  amp l i  
f ier  input  to  prov ide of fset  that  cancels  dr i f t -  

i nduced  changes  in  dc  leve l .  

Charge represent ing the potent ia l  d i f ference 
is  s tored in a capaci tor  and held there unt i l  the 
next  sampl ing interval .  Between samples,  when 
t h e  i n p u t  s i g n a l  i s  c o n n e c t e d  t o  o n e  i n p u t  o f  
t h e  d i f f e r e n t i a l  a m p l i f i e r ,  t h e  s i g n a l  a t  t h e  
o p p o s i t e  i n p u t  i s  t h e  s u m  o f  a  c o r r e c t i o n  s i g  
na l ,  der ived f rom the s tored capac i tor  vo l tage,  
and the pos i t ion s ignal  in t roduced to  of fset  the 
t r a c e  v e r t i c a l l y .  T h e  c o r r e c t i o n  v o l t a g e  p r o  
v ides an o f fse t  tha t  compensates  fo r  any dr i f t .  

T h e  s t a b i l i z i n g  s y s t e m  t a k e s  a d v a n t a g e  o f  
the  dead  t ime  dur ing  f l yback  o f  the  ho r i zon ta l  
sweep.  The s tab i l i ze r  cyc le  i s  s ta r ted  by  a  s ig  
na l  f rom an  AND ga te  tha t  senses  inpu ts  f rom 
bo th  the  sweep ga te  and  a  de lay  mu l t i v ib ra to r  
(see b lock  d iagram,  F ig .  1 ) .  The cond i t ions  for  
t a k i n g  a  s a m p l e  a r e  t h a t  i t  h a s  b e e n  l o n g e r  
t h a n  3 5 0  m i l l i s e c o n d s  s i n c e  t h e  l a s t  s a m p l e ,  
as  de te rm ined  by  the  de lay  mu l t i v ib ra to r ,  and  
that  an ensuing sweep has been completed,  as 
s igna led  by  the  sweep ga te .  These  a re  shown 
as  wave fo rms  A ,  B ,  and  C  in  F ig .  2 .  

T h e  s w i t c h i n g  f u n c t i o n s  a r e  c o n t r o l l e d  b y  
t h e  s e q u e n c e  g e n e r a t o r ,  a  m o n o s t a b l e  m u l t i  
v i b r a t o r  t h a t  i s  t r i g g e r e d  b y  t h e  s i g n a l  f r o m  
t h e  A N D  g a t e .  T h e  s e q u e n c e  g e n e r a t o r  h a s  
t h r e e  o u t p u t s  w i t h  t h r e e  d i s t i n c t  ' o n '  t i m e s .  
The  2 -mi l l i second  ou tpu t  con t ro ls  the  samp le r  
r eed  sw i t ch  wh i ch  c l oses  t he  co r rec t i on  f eed  
b a c k  l o o p  ( w a v e f o r m  D ) .  T h e  3  m i l l i s e c o n d  
o u t p u t  d r i v e s  t h e  r e e d  s w i t c h e s  t h a t  d i s c o n  
nect  the input  and pos i t ion ing s igna ls  and that  
re fe rence  the  amp l i f i e r  i npu t  t o  g round  (wave  
fo rm E) .  These  sw i tches  a re  he ld  c losed  3  mi l  
l i seconds  to  insu re  tha t  the  co r rec t ion  loop  i s  
o p e n e d  a g a i n  b e f o r e  a n y t h i n g  i s  d o n e  t h a t  
m i g h t  d i s t u r b  t h e  r e f e r e n c e  t o  w h i c h  t h e  a m  
p l i f i e r  i s  s t ab i l i zed .  The  5 -m i l l i second  ou tpu t  
i nh ib i t s  the  sweep  genera to r ,  t he  add i t i ona l  2  
m i l l i seconds  a l low ing  t ime  fo r  the  amp l i f i e r  to  
r ecove r  f r om  any  sw i t ch i ng  t r ans i en t s  be fo re  
the d isp lay is  again presented on screen (wave 
form F) .  

The ou tpu t  o f  the  ampl i f ie r  tha t  senses  dr i f t  
i s  coup led  t h rough  an  em i t t e r - f o l l owe r  t o  t he  
s torage capaci tor  in  the s t retcher  or  zero order  
h o l d .  T h e  e m i t t e r - f o l l o w e r  s e r v e s  a s  a  l o w -  
i m p e d a n c e  d r i v e r  f o r  c h a r g i n g  t h e  c a p a c i t o r .  

\MA   AA..../LA :::: 

S w e e p  
n h i b i t e r  

Fig.  2.  Waveforms show sequence o l  events 
d u r i n g  s t a b i l i z a t i o n  i n t e r v a l .  S t a b i l i z a t i o n  
s t a r t s  d u r i n g  f l y - b a c k  t i m e  o f  h o r i z o n t a l  
sweep  and  fu r the r  ope ra t i on  o f  sweep  gen  
e r a t o r  i s  i n h i b i t e d  u n t i l  s t a b i l i z a t i o n  c y c l e  

is  completed.  

T h e  o u t p u t  f r o m  t h e  z e r o  o r d e r  h o l d  i s  t h e n  
f e d  t h r o u g h  a  c a t h o d e - f o l l o w e r  t o  a n  a t t e n  
u a t o r  a n d  m i x i n g  c i r c u i t  a n d  t h e n  i n t o  t h e  
n o r m a l l y  u n d r i v e n  i n p u t  o f  t h e  m a i n  v e r t i c a l  
d i f fe rent ia l  ampl i f ie r .  

T h e  f o r w a r d  g a i n  o f  t h e  v e r t i c a l  a m p l i f i e r  
w i th  the  cor rec t ion  loop opef i  i s  about  2000 a t  
max imum amp l i f i e r  sens i t i v i t y .  Du r i ng the t ime  
the loop is  c losed,  the gain is  reduced to 10 by 
t h e  r e t u r n  r a t i o  o f  2 0 0 .  T h e  n e t  r e s u l t  i s  t h a t  
t he  co r rec t i on  reduces  any  d r i f t  by  t he  re tu rn  
r a t i o .  W i t h  c o r r e c t i o n ,  t h e  v e r t i c a l  a m p l i f i e r ,  
w i t h  i t s  m i n i m u m  d e f l e c t i o n  f a c t o r  o f  5  
m V / c m ,  h a s  a  d r i f t  c h a r a c t e r i s t i c  t h a t  c o m  
pares wi th  an uncorrected ampl i f ie r  hav ing but  
1  V /cm de f lec t ion  fac to r .  The  s tab i l i zed  amp l i  
f i e r  m a i n t a i n s  a  z e r o  o f f s e t  b a s e l i n e  w i t h i n  
p lus  or  minus 0 .1  cent imeter  o f  center  screen,  
a f t e r  l ess  than  a  th ree -m inu te  warmup ,  and  i t  
i s  v i r t ua l l y  una f fec ted  by  env i ronmen ta l  t e rn -  
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number oÃ­ requirements on the pro- 
^animinÂ» device. The oscilloscope can 
he piiigrammc-d by a wide variety of 
digital  devices such as computÃ©is, 
punched cards, and stepping switches. 

A total of 35 program lines provide 
lul l  programming capabi l i ty .  A max 
i m u m  o f  9  c o n t a c t  c l o s u r e s  a r e  r e  
quired at one time ioi each program, 
depending on the functions to be pio- 
grammed.  Vert ical  def lect ion factor  
and sweep time require two each. Ver 
tical offset requires two closures, with 
one determining the amount of offset 
and  the  o ther  de termining  polar i ty ,  
and vertical input coupling (ac or dc) 
r e q u i r e s  a  s i n g l e  c l o s u r e .  T r i g g e r  
source signal selection recjuires a single 

perature changes.  The s t r ip  char t  record ing on 
page  2  shows  the  ve ry  l ow  leve l  o f  va r i a t i ons  
caused by  tempera tu re  changes .  

T h e  s t a b i l i z e r  s y s t e m  r e s p o n d s  t o  a n d  c o r  
r e c t s  f o r  a n y  d r i f t  o r  l o w  f r e q u e n c y  n o i s e  o c  
c u r r i n g  a t  a  f r e q u e n c y  l o w e r  t h a n  3  H z .  T h e  
response  o f  t he  sys tem i n  co r rec t i ng  f o r  d r i f t  
that  might  have occurred s ince the last  sample 
is  read i ly  measured by  d isab l ing  the sequence 
gene ra to r ,  ho ld i ng  t he  f eedback  l oop  c l osed ,  
and  feed ing  a  l ow- f requency  s tep  in to  the  ve r  
t i c a l  a m p l i f i e r  s i g n a l  i n  p l a c e  o f  r e f e r e n c i n g  
i t  to  g round .  The  resu l t i ng  CRT d isp lay  shows 
t h e  r e s p o n s e  c h a r a c t e r i s t i c  a n d  c o r r e c t i o n  
t ime .  F ig .  3  i s  such  a  d i sp lay  show ing  the  co r  
r e c t i o n  f o r  t w o  a m p l i t u d e s  a n d  f o r  b o t h  
polari t ies. 

F ig .  3 .  Osc i l l og rams  show response  o f  s ta  
b i l i ze r  t o  s tep  change  i n  ze ro  l eve l .  Uppe r  
w a v e f o r m  r e s u l t e d  f r o m  2 - c m  s t e p  w h i c h  
w a s  c o r r e c t e d  i n  0 . 1  m s .  L o w e r  w a v e f o r m  
resu l t ed  f rom 20 -cm s tep ,  co r rec ted  i n  0 .6  
m s .  B o t h  s t e p s  w e r e  c o r r e c t e d  t o  s a m e  
leve l ,  even  though  t race  was  d r i ven  fa r  o f f  
screen in  lower  photo.  Sweep speed in  both 
o s c i l l o g r a m s  i s  0 . 2  m s l c m  a n d  v e r t i c a l  

de f lec t ion  fac to r  i s  5  mV/cm.  

Fig. 6. Companion Programmer stores 18 programs for con 
trol of oscilloscope. Each program, selected by one pushbut 
ton or func external contact closure, sets six oscilloscope func 
tions. Programmers may be cascaded to provide greater 

number of programs. 

closure to select internal, external, or 
line. Trigger slope needs one closure to 
select the positive or negative slope of 
the signal for initiating triggering. 

Each open program line has a â€” 12-V 
potential  on i t  and any switching de 
vice capable of sinking at least 20 milli- 
amperes to ground can be used for pro 
gramming (power for programming is 
supplied by the scope main frame). An 
isolated ground line is supplied to the 
p r o g r a m  i n p u t  c o n n e c t o r  s o  t h a t  a  
front panel switch may be used to dis 
ab le  a l l  program inputs  should  th is  
requirement  isc. 

P R O G R A M M E R  

A companion, instrument, the -hp- 
Model 1550A Programmer,  provides 
the means for storage and selection of 
programs for the oscilloscope controls. 
The Programmer (Fig. 6) allows each 
preset program to be selected in any 
order  e i ther  manual ly  by one of  the  
pushbut tons  on  the  Programmer ,  or  
remotely by a single contact closure. 
The Programmer thus may serve as a 
storage buffer for system programmers. 

Switching to a new program requires 
about  10 mil l iseconds.  The selected 
program is indicated by a light in the 
app rop r i a t e  pushbu t ton  on  t he  P ro  
grammer and lights in the oscilloscope 
pushbuttons indicate the ranges being 
programmed. 

Programs are established by diode 
pins that  plug into a  matr ix on a cir  
cuit board in the Programmer (Fig. 7). 
Up  to  18  comple te  p rese lec ted  p ro  
grams may be stored and selected by 
one  P rog rammer  and  P rog rammers  

may be cascaded to increase the num 
ber of programs by multiples of 18. 

The Programmer has one auxiliary 
programming line that normally is not 
used for any of the scope functions.  
This  l ine ,  usefu l  for  addi t iona l  pro  
gramming ins t ruc t ions ,  may be  pro  
grammed 'off '  or  'on '  by appropriate 
insertion of a diode pin connector. 

s shown by the circuit diagram oÃ­ 
Fig. 8 the Programmer uses external 
power  and i t  may be  used as  a  con-  
in (Her for other equipment that is corn- 
pa t i ble with the Programmer's logic 
level and power requirements. 

T R A N S F E R  O F  C O N T R O L  

While the instrument is being oper 
ated from programmed instructions,  
any of  the pushbut tons may be oper  
ated manually to override the program 
when the need arises to search for a 
s igna l  o r  o the rwise  dev ia te  f rom a  
standard program sequence. This is im 
portant in production testing or system 
checkout if a manual search for the sig 
nal is required at times when the wave 
form to be measured does not appear 
on the scope display because of a mal 
function or misalignment of the equip 
m e n t  u n d e r  t e s t .  T o  r e s t o r e  p r o  
grammed operation, resetting the pre 
vious program or switching to a new 
one is all that is required. 

To facili tate transfer of control be 
tween programmed and manual opera 
tion, the vertical deflection factor and 
sweep time control inputs, either man 
ua l  o r  p rogrammed,  a re  s to red  in  a  
memory in the oscilloscope. The mem- 
01 ies consist of multistable multivibra- 
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Fig. 7. Oscilloscope junctions are 
quickly set up in Programmer by in 
sertion of diode pin connectors in 
appropriate holes. Each column rep 
resents one program. Legends at left 
and right indicate Â¡unctions selected 
by corresponding levels in column. 

tors  which  cont ro l  reed  re lays .  The  
sweep time memory, for example, con 
sists of a six-stable multivibrator and a 
three-stable multivibrator. Two bits of 
information are used simultaneously to 
establish a particular sweep time, one 
bit representing the sweep decade and 
the  o the r  r ep resen t ing  the  1 -2 -5  se  
quence. The memory output provides 
the selection of the proper integrator 
resistor and capacitor to set the slope 
of the horizontal t ime base ramp and 
it  also provides the proper outputs to 
tu rn  on  the  neon  tha t  i nd ica te s  the  
range. 

D e p r e s s i n g  a  p u s h b u t t o n  i n  t h e  
sweep t ime array on the  f ront  panel  
overrides a program input by supply 
ing a  dc input  to  set  the mult is table  
mul t iv ibra tors .  This  manual ly- in t ro  
duced s ignal  overr ides  any previous 
inpu t  and  ho lds  t he  memory  in  t he  
new state until either another manual 
or a programmed input is received. 

The memory for  the vert ical  sensi  
tivity is basically the same as the sweep 
t ime except  that  i t  has  seven bi ts  of  
storage arranged in a four-stable and 
three-stable  mult ivibrator  configura 
tion to provide outputs for the 12 sen 
sitivity ranges. 

Adequate protection from externally 

generated noise pulses is necessary since 
any noise that might be coupled into 
programming l ines could cause erro 
neous ranges to be set up. Instead of 
u s i n g  t h e  i n p u t  f r o m  t h e  p r o g r a m  
ming device to generate the program 
ming  s igna l  d i r ec t ly ,  each  inpu t  i s  
buffered by a reed relay. The Program 
input  then  energ izes  the  reed  re lay  
which in turn generates the switching 
signal. Noise impulses of sufficient en 
ergy to close a relay are not  usually 
encountered. 

For applications not requiring pro- 
grammability, the oscilloscope can be 
operated without the circuit  cards re 
quired by external inputs. These cards 
and associated cabling may be added at 
any later lime should a requirement 
for programmability arise. 

V E R T I C A L  O F F S E T  

The new oscilloscope allows either 
discrete-step or continuous control of 
vertical  posit ioning. Calibrated step 
control, coupled with dc stabilization, 
is necessary for programmed operation 
to insure accurate and repeatable meas 
urements of waveforms. The step con 
trol permits offset of the baseline in 
1 -centimeter steps up to plus or minus 
5 centimeters, and then in 5-centimeter 
steps up to plus or minus 25 centime 
ters. The dividers in which these volt 
ages are derived have resistors of '/>% 
accuracy to insure that the offset signal 
i s  a ccu ra t e  t o  be t t e r  t han  2%.  The  
steps may be selected manually by the 
front panel control as well as remotely 
in the programmed mode of operation. 

A manually-operated vernier behind 
the  hinged cover  a l lows cont inuous 
c o n t r o l  o f  p o s i t i o n i n g  t o  a p p r o x i  
mately 3 centimeters above and below 
any digital setting. 

A digital circuit associated with the 
position control establishes either pro 
grammed or manual operation. A pro 
grammed input automatically sets the 
circuit to accept this type of control. 
To switch to the manual mode of oper 
ation, the operator need only change 
the position switch setting and manual 
operation is automatically established. 
Control of the offset then remains in 
the manual mode until  either the pre 
vious program is  reset  or  a  new pro 
gram is selected. 

V E R T I C A L  A M P L I F I E R  

The vertical amplifier, exclusive of 
the dc stabilization circuits, is differen 
tial throughout. The circuitry is solid- 
state except for Nuvistors in the input 
stage,  which provide the high imped 
ance and low-leakage characteristics 
required for a 1-megohm input resis  
tance.  The input  at tenuator uses spe 
cial ly shielded reed relays and t ight  
tolerance resistors to provide good high 
frequency response and an accuracy of 
Â±2%. Input capacitance is held con 
stant at approximately 50 pF. 

The low-level stages of the amplifier 
are designed for linear operation with 
signal amplitudes that would cause de 
flection of greater than Â±50 centime 
ters. The output stage and driver have 
fast  diode clamping circuits that pre 
vent large signals from saturating the 
t ransis tors ,  thus  enabl ing expanded 
scale displays without creating distor 
tion in the visible part of the display. 

i  i  

Control  
l i n e s  ( 3 5  +  g n d K  
to  osc i l loscope 

R e m o t e  p r o g r a m  J  
l i n e s  ( 1 8  +  g n d H  

Fig. 8.  Each pushbutton in Pro 
grammer controls relay that grounds 
all program lines for relays on cor 
responding program lines in oscil 
loscope (diodes decouple lines from 
programs other than that being ac 
tivated). Single external closure to 
ground also activates all program 

lines in corresponding program. 
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Delay lines in the amplifier retard 
t lie .signal 200 ns to permit display of 
the leading edge of fast rising wave 
forms while the same waveform is used 
to trigger the sweep. 

T R I G G E R I N G  

The trigger signal is derived at a 
point between the vertical input atten- 

-  

Â ±  
L L  

Â± 

Fig. 9. Position of zero level baseline 
selected by Positioning control is 
indicated by illuminated numerals, 
enabling measurement of dc levels 
with analog voltmeter accuracy even 
with zero level displaced up to Â±25 

cm from center screen. 

uator and the amplifier input and it is 
applied to a separate, high-perform 
ance ac-coupled differential amplifier. 
No nigger amplification takes place in 
the vertical deflection amplifier itself 
because of the switching transients gen 
erated during the stabilization cycle, 
which would affect synchronization 
adversely. 

In the absence of an input signal, the 
time base trigger system automatically 
generates triggers at about 30 Hz thus 
assuring a continuous display of the 
base line. This is especially convenient 
when the oscilloscope is used as a volt 
meter to measure dc levels. When the 
triggering control is switched to 'Auto! 
the trigger level is preset for optimum 
triggering on most waveforms. How 
ever, trigger level may be adjusted 
manually by a front panel contol lo 
cated on the front panel outside and 
just above the enclosed panel where it 
is  readily available to the user if  
needed. 

C R T  A N D  Z - A X I S  

The CRT used in the new oscillo 
scope provides a bright display on an 
8 x 10 centimeter area and it has an 
internal graticule which eliminates 

paiallax error in the reading of wave 
form amplitudes. The tube is a post- 
accelerator type using a mesh electrode 
and an overall accelerating potential of 
7.5 kV. The vertical deflection factor of 
the tube is 8.5 volts/cm, and the hori 
zontal deflection factor is 12.5 volts/cm 
making the tube compatible with solid- 
state amplifiers. The longer persistence 
provided by P2 phosphor is used to 
suppress stabilization flicker. 

The Z-axis or intensity modulation 
amplifier is a direct-coupled opera 
tional amplifier. Z-axis input signals 
from dc to rise times faster than 60 ns 
may be displayed on the CRT. 

A C K N O W L E D G M E N T S  

Electrical design of the -hp- Model 
155A/1550A Oscilloscope was by Roy 
Wheeler and Charles House; product 
design was by Norman Overacker. 
Thomas Schroath, and Philip Foster. 
The author wishes to extend a note of 
gratitude to Norman Schrock of the 
-hp- Oscilloscope Division for his sup 
port and encouragement during the 
project. 

â€” John Strathman 

Project Leader 

D E S I G N  L E A D E R S  

CHARLES HOUSE NORMAN OVERACKER J O H N  S T R A T H M A N  

C h u c k  H o u s e  j o i n e d  - h p -  i n  
1 9 6 2  a f t e r  e a r n i n g  h i s  B S E E  
d e g r e e  f r o m  t h e  C a l i f o r n i a  I n  
s t i t u t e  o f  T e c h n o l o g y .  T w o  
years la ter  he earned h is  MSEE 
d e g r e e  f r o m  S t a n f o r d  U n i v e r  
s i t y  i n  t h e  - h p -  H o n o r s  C o o p  
erat ive Program. At  -hp- ,  Chuck 
i n i t i a l l y  w o r k e d  a s  a  d e v e l o p  
men t  eng ineer  on  the  140A Os  
c i l l o s c o p e  a n d  t h e n  o n  t h e  d e  
s ign  o f  t he  ve r t i ca l  amp l i f e r  i n  
t h e  M o d e l  1 5 5 A  O s c i l l o s c o p e .  

Norm Overacker  s tar ted wi th  
- h p -  i n  1 9 5 7  o n  a  p a r t - t i m e  
b a s i s  w h i l e  p a r t i c i p a t i n g  i n  a  
c o o p e r a t i v e  w o r k - s t u d y  p r o  
g r a m  a t  S a n  J o s e  S t a t e  C o l  
l e g e .  I n i t i a l l y ,  h e  w o r k e d  a s  a  
m e c h a n i c a l  a s s e m b l e r ,  a  p r o  

d u c t i o n - l i n e  t e s t  t e c h n i c i a n ,  
a n d  a s  a  s e r v i c e  d e p a r t m e n t  
repa i r  techn ic ian.  Af ter  earn ing 
h is BSEE degree in 1962,  Norm 
j o i n e d  - h p -  f u l l  t i m e  a s  a  s e r v  
i ce  eng ineer  bu t  t rans fe r red  to  
t he  -hp -  Osc i l l oscope  D i v i s i on  
i n  1 9 6 3  w h e r e  h e  h a s  b e e n  a  
product  des ign eng ineer  on the 
1 5 5 A / 1 5 5 0 A  P r o g r a m m a b l e  
O s c i l l o s c o p e  p r o j e c t .  N o r m  
a l s o  t a u g h t  c o u r s e s  i n  b a s i c  
e l e c t r o n i c s  a n d  e l e c t r o n i c  c i r  
c u i t s  a t  t h e  C o l l e g e  o f  S a n  
Mateo, Cal i fornia.  

J o h n  S t r a t h m a n  j o i n e d  - h p -  
in  1957 as  a  deve lopment  eng i  
n e e r .  I n i t i a l l y ,  h e  p a r t i c i p a t e d  
i n  t h e  d e v e l o p m e n t  o f  t h e  
Mode l  120A Low Frequency  Os 

c i l loscope and was then pro ject  
l e a d e r  f o r  d e v e l o p m e n t  o f  t h e  
M o d e l  1 2 2 A  D u a l  T r a c e  O s c i l  
loscope and the 130C Sensi t ive 
Osc i l loscope.  He was  a lso  p ro j  
e c t  l e a d e r  o n  s e v e r a l  p l u g - i n s  
f o r  t h e  1 6 0 B / 1 7 0 A  M i l i t a r i z e d  
O s c i l l o s c o p e s ,  i n c l u d i n g  t h e  
1 6 6 C  D i s p l a y  S c a n n e r ,  t h e  
162D H igh  Ga in  Amp l i f i e r ,  and  
the  162F  Wide  Band  Amp l i f i e r .  
J o h n  p r e s e n t l y  i s  m a n a g e r  o f  
l ow  f r equency  and  spec ia l  pu r  
pose osc i l loscope deve lopment  
i n  t h e  - h p -  C o l o r a d o  S p r i n g s  
laboratory.  

J o h n  r e c e i v e d  h i s  B S E E  d e  
g r e e  f r o m  t h e  U n i v e r s i t y  o f  I l  
l i n o i s  i n  1 9 5 5  a n d  h i s  M S E E  
d e g r e e  f r o m  S t a n f o r d  U n i v e r  

s i t y  i n  1960  in  the  -hp -  Honors  
C o o p e r a t i v e  p r o g r a m .  H e  i s  a  
member  o f  IEEE ,  Tau  Be ta  P i ,  
T h e t a  K a p p a  N u ,  S i g m a  T a u ,  
and P i  Mu Eps i lon .  

R o y  W h e e l e r  w o r k e d  f o r  
seven  yea rs  i n  p roduc t  des ign  
p r i o r  t o  o b t a i n i n g  a  B S E E  d e  
g r e e  f r o m  t h e  U n i v e r s i t y  o f  I l  
l i n o i s  i n  1 9 6 3 .  H e  t h e n  j o i n e d  
-hp-  as a development engineer 
do ing  c i rcu i t  des ign  fo r  var ious  
s e c t i o n s  o f  t h e  1 5 5 A / 1 5 5 0 A  
P r o g r a m m a b l e  O s c i l l o s c o p e .  
Roy ,  who  i s  a  member  o f  Be ta  
K a p p a  N u ,  h a s  d o n e  g r a d u a t e  
w o r k  a t  t h e  U n i v e r s i t y  o f  C o l o  
rado. 
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S P E C I F I C A T I O N S  
- h p -  

M O D E L  1 5 5 A  
O S C I L L O S C O P E  

VERTICAL DEFLECTION SYSTEM 
D E F L E C T I O N  F A C T O R  ( S E N S I T I V I T Y ) :  1 2  c a l i  

b r a t e d  r a n g e s  f r o m  5  m V / c m  t o  2 0  V / c m  i n  
1 ,  2 ,  5 ,  1 0  s e q u e n c e .  V e r n i e r  a l l o w s  c o n t i n u  
o u s  a d j u s t m e n t  b e t w e e n  c a l i b r a t e d  r a n g e s  
a n d  e x t e n d s  d e f l e c t i o n  f a c t o r  t o  a t  l e a s t  5 0  
V / c m .  

A T T E N U A T O R  A C C U R A C Y :  Â ± 2 % .  

B A N D W I D T H  ( r e f e r r e d  t o  8 - c m  s i g n a l  a t  1  M H z  
f r o m  2 5 Ã Ã  s o u r c e ) :  
D C  c o u p l e d :  D C  t o  g r e a t e r  t h a n  2 5  M H z  a t  3  

d B  d o w n .  
A C  c o u p l e d .  2  H z  t o  g r e a t e r  t h a n  2 5  M H z  a t  

3  d B  d o w n .  

R I S E  T I M E :  
L e s s  t h a n  1 5  n s  a t  8  c m  r e f e r e n c e  s i g n a l .  
L e s s  t h a n  2 0  n s  a t  2 5  c m  r e f e r e n c e  s i g n a l .  
( W i t h  2 5 Â £  s o u r c e  h a v i n g  r i s e  t i m e  - ~ " 3  n s . )  

P O S I T I O N :  B a s e  l i n e  c a n  b e  o f f s e t  Â ± 2 5  c m  
f r o m  c e n t e r  s c r e e n  o f  C R T  i n  c a l i b r a t e d  1 - c m  
s t e p s  f r o m  0  t o  5  c m  a n d  5 - c m  s t e p s  f r o m  
5  t o  2 5  c m .  A c c u r a c y  o f  s t e p s  i s  Â ± 2 %  w h e n  
a m p l i f i e r  g a i n  i s  c a l i b r a t e d .  V e r n i e r  a l l o w s  
c o n t i n u o u s  Â ± 3  c m  a d j u s t m e n t  a b o u t  s e t t i n g  
o f  s t e p  o f f s e t .  

D C  S T A B I L I T Y :  Z e r o - s e t t i n g  d c  s t a b i l i z a t i o n  
m a i n t a i n s  z e r o  o f f s e t  b a s e  l i n e  w i t h i n  Â ± 0 . 1  
c m  o f  c e n t e r  s c r e e n  o n  C R T  o v e r  e n t i r e  s e n s i  
t i v i t y  r a n g e  a f t e r  3 - m i n u t e  w a r m - u p .  Z e r o  s e t  
t i n g  o c c u r s  a p p r o x i m a t e l y  3  t i m e s  p e r  s e c o n d .  

S I G N A L  D E L A Y :  S i g n a l  i s  d e l a y e d  s o  t h a t  l e a d i n g  
e d g e  o f  f a s t  r i s e  s i g n a l  i s  v i s i b l e  a t  s t a r t  o f  
s w e e p .  

I N P U T  I M P E D A N C E :  1  m e g o h m  s h u n t e d  b y  
; = 5 0  P F .  

M A X I M U M  I N P U T  V O L T A G E :  4 0 0  v o l t s  ( d c  +  
p e a k  a c ) .  

R E A R  I N P U T :  R e a r  p a n e l  B N C  i n p u t  c o n n e c t o r  
i s  s e l e c t a b l e  b y  f r o n t  p a n e l  s w i t c h .  I n p u t  i m  
p e d a n c e  i s  1  m e g o h m  s h u n t e d  b y  a p p r o x i  
m a t e l y  8 0  p F .  B a n d w i d t h  i s  g r e a t e r  t h a n  2 0  
M H z ,  r i s e  t i m e  l e s s  t h a n  1 8  n s  f o r  8  c m  s t e p .  

R E A R  O U T P U T :  R e a r - p a n e l  B N C  c o n n e c t o r  p r o  
v i d e s  l o w - i m p e d a n c e  d e - c o u p l e d  v e r t i c a l  s i g  
n a l  o u t p u t  c o r r e s p o n d i n g  t o  o n - s c r e e n  d i s p l a y .  
W i t h  s t a b i l i z e r  o p e r a t i n g ,  o u t p u t  s i g n a l  i s  d e  
s t a b i l i z e d  a n d  c o n t a i n s  5 - m s  s t a b i l i z e r  s w i t c h  
i n g  t r a n s i e n t  a t  ^ r  3  H z .  
D C  l e v e l  â € ” 1 . 7  V  a t  c e n t e r  s c r e e n .  
O u t p u t  a m p l i t u d e  =  1 7 0  m V / c m .  
D y n a m i c  r a n g e  g r e a t e r  t h a n  C R T  g r a t i c u l e  

d i s p l a y .  
B a n d w i d t h  ^  2 5  M H z .  
( A b o v e  w i t h  o u t p u t  t e r m i n a t e d  i n t o  5 0 L 1 . )  

H O R I Z O N T A L  D E F L E C T I O N  S Y S T E M  
I N T E R N A L  S W E E P :  1 8  c a l i b r a t e d  r a n g e s  f r o m  

0 . 1  f i s / c m  t o  5 0  m s / c m  i n  1 ,  2 ,  5 ,  1 0  s e  
q u e n c e .  A c c u r a c y  i s  t y p i c a l l y  w i t h i n  1 % ,  a l  
w a y s  w i t h i n  3 % .  V e r n i e r  a l l o w s  c o n t i n u o u s  
a d j u s t m e n t  b e t w e e n  c a l i b r a t e d  r a n g e s  a n d  e x  
t e n d s  s l o w e s t  s w e e p  t o  a t  l e a s t  0 . 1 2 5  s / c m .  
M A G N I F I C A T I O N :  X 5  e x p a n s i o n  o n  a l l  r a n g e s  

e x t e n d s  f a s t e s t  s w e e p  t o  2 0  n s / c m .  A c c u  
r a c y  i s  t y p i c a l l y  w i t h i n  3 % .  a l w a y s  w i t h i n  
5 % .  

S L O W  S W E E P S :  - f -  1 0  s l o w s  1 0 ,  2 0  a n d  5 0  
m s / c m  s w e e p s  t o  0 . 1 ,  0 . 2 ,  a n d  0 . 5  s / c m ,  
r e s p e c t i v e l y .  A c c u r a c y  i s  t y p i c a l l y  w i t h i n  
3 % ,  a l w a y s  w i t h i n  5 % .  

T R I G G E R I N G :  
A U T O M A T I C :  B a s e  l i n e  d i s p l a y e d  i n  a b s e n c e  

o f  i n p u t  s i g n a l .  
I N T E R N A L :  4 0  H z  t o  g r e a t e r  t h a n  2 5  M H z  

f r o m  s i g n a l s  c a u s i n g  0 . 5  c m  d e f l e c t i o n  
o r  m o r e  f r o m  5 0  m V / c m  t o  2 0  V / c m  a n d  
f r o m  s i g n a l s  c a u s i n g  2 . 0  c m  d e f l e c t i o n  
o r  m o r e  f r o m  5  m V / c m  t o  2 0  m V / c m  
d e f l e c t i o n  f a c t o r ;  a l s o  f r o m  l i n e  v o l t a g e .  

E X T E R N A L :  4 0  H z  t o  g r e a t e r  t h a n  2 5  M H z  
f r o m  s i g n a l s  0 - 5  v o l t  t o  1 0  v o l t s  p e a k - t o -  
p e a k .  I n p u t  i m p e d a n c e :  1 0 0  k  s h u n t e d  b y  
c i p p r o x i m a t e l y  2 0  p F .  

T R I G G E R  S L O P E :  P o s i t i v e  o r  n e g a t i v e .  

A M P L I T U D E  S E L E C T I O N :  
I N T E R N A L :  S a m e  a s  A u t o m a t i c  I n t e r n a l  e x  

c e p t  l o w e r  c u t o f f  f r e q u e n c y  e x t e n d s  t o  1 0  
Hz.  

E X T E R N A L :  S a m e  a s  A u t o m a t i c  E x t e r n a l  e x  
c e p t  l o w e r  c u t o f f  f r e q u e n c y  e x t e n d s  t o  1 0  
Hz. 

T R I G G E R  P O I N T  A N D  S L O P E :  I n t e r n a l l y  f r o m  
a n y  p o i n t  o n  d i s p l a y e d  w a v e f o r m ;  e x t e r  
n a l l y  f r o m  a n y  p o i n t  b e t w e e n  Â ± 5  v o l t s ,  
p o s i t i v e  o r  n e g a t i v e  s l o p e .  

S I N G L E  S W E E P :  F r o n t  p a n e !  s w i t c h  s e l e c t s  s i n  
g l e  s w e e p  o p e r a t i o n .  

R E M O T E  P R O G R A M M I N G  
P r o g r a m m i n g  i s  a c c o m p l i s h e d  b y  c o n t a c t  

c l o s u r e s  t o  i s o l a t e d  c o m m o n  l i n e .  C o n t r o l  l i n e s  
a r e  a t  1 2  v o l t s  a n d  c l o s u r e  c u r r e n t  i s  a p p r o x i  
m a t e l y  2 0  m  A .  P r o g r a m m a b l e  f u n c t i o n s  a r e  
l i s t e d  b e l o w :  

V E R T I C A L :  
D E F L E C T I O N  F A C T O R  ( S E N S I T I V I T Y ) :  1 2  

r a n g e s  f r o m  5  m V / c m  t o  2 0  V / c m  i n  1 ,  2 ,  
5 ,  1 0  s e q u e n c e .  S e v e n  c o n t r o l  l i n e s ,  t w o  
u s e d  p e r  p r o g r a m .  

I N P U T  C O U P L I N G :  a c  o r  d c ,  o n e  c o n t r o l  l i n e .  
V E R T I C A L  P O S I T I O N I N G :  Â ± 1 - 5 ,  Â ± 1 0 ,  1 5 ,  

2 0 ,  : : z 2 5  c m  a n d  z e r o ,  1 2  c o n t r o l  l i n e s ,  
t w o  u s e d  p e r  p r o g r a m .  

H O R I Z O N T A L :  
S W E E P  T I M E :  1 8  r a n g e s  f r o m  0 . 1  / Â ¿ s / c m  t o  5 0  

m s / c m  i n  1 ,  2 ,  5 ,  1 0  s e q u e n c e .  N i n e  c o n t r o l  
l i n e s ,  t w o  u s e d  p e r  p r o g r a m .  

T R I G G E R  S O U R C E :  I n t e r n a l ,  e x t e r n a l ,  o r  l i n e  
f r e q u e n c y .  T h r e e  c o n t r o l  l i n e s ,  o n e  u s e d  
p e r  p r o g r a m .  

T R I G G E R  S L O P E :  P l u s  o r  m i n u s .  T w o  c o n t r o l  
l i n e s ,  o n e  u s e d  p e r  p r o g r a m .  

P R O G R A M  I N P U T S :  C o n t r o l  l i n e s  a v a i l a b l e  a t  
r e a r  p a n e l  c o n n e c t o r  w i t h  p o w e r  t o  o p e r a t e  
M o d e l  1 5 5 0 A  P r o g r a m m e r .  

M A N U A L  O P E R A T I O N :  W h e n  o s c i l l o s c o p e  i s  r e  
m o t e l y  p r o g r a m m e d ,  m a n u a l  f u n c t i o n  s e l e c  
t i o n  i s  a c c o m p l i s h e d  b y  s w i t c h i n g  t o  d e s i r e d  
r a n g e .  P r o g r a m m i n g  i s  r e s t o r e d  b y  s w i t c h i n g  
t o  n e w  p r o g r a m  o r  r e s e t t i n g  p r e v i o u s  p r o g r a m .  

G E N E R A L  
C A L I B R A T O R :  1  v o l t  p e a k - t o - p e a k  l i n e  f r e q u e n c y  

s q u a r e  w a v e  a v a i l a b l e  a t  f r o n t  p a n e l .  A c c u  
r a t e  t o  = : ! % ,  + 1 5  t o  - | 3 5 Â ° C ,  a n d  t o  3 % ,  0  
t o  5 5 Â ° C .  R i s e  t i m e  i s  0 . 5  / i s  o r  l e s s .  

I N T E N S I T Y  M O D U L A T I O N :  A p p r o x i m a t e l y  i  2 0  
v o l t s  r e q u i r e d  t o  b l a n k  t r a c e  o f  n o r m a l  i n  
t e n s i t y .  D C  c o u p l e d  i n p u t  i s  l o c a t e d  o n  r e a r  
p a n e l .  I n p u t  r e s i s t a n c e  a p p r o x i m a t e l y  2 2 k .  
R i s e  t i m e  l e s s  t h a n  6 0  n s .  

C A T H O D E  R A Y  T U B E :  7 . 5 - k V  p o s t  a c c e l e r a t o r  
t u b e  w i t h  a l u m i n i z c d  P 2  p h o s p h u i .  P 7 ,  P l l ,  
P 3 1  p h o s p h o r  a v a i l a b l e ,  n o  c h a r g e .  

A C C E S S O R I E S  F U R N I S H E D :  M o d e l  1 0 0 0 1 A  1 0 : 1  
d i v i d e r  p r o b e ,  p l u g  i n  p r i n t e d  c i r c u i t  e x t e n d e r  
b o a r d ,  m a t i n g  c o n n e c t o r  f o r  p r o g r a m m i n g  
c o n n e c t o r .  

P O W E R :  1 1 5  o r  2 3 0  v o l t s ,  5 0  t o  6 0  H z ,  a p p r o x i  
m a t e l y  2 0 0  w a t t s .  

D I M E N S I O N S :  1 6 %  i n .  w i d e ,  9  i n .  h i g h ,  1 8 3 / 8  i n .  
d e e p  o v e r - a l l  ( 4 2 6  x  2 2 9  x  4 6 6  m m ) .  

W E I G H T :  N e t ,  4 5  I t s  

P R I C E :  $ 2 , 4 5 0 . 0 0  
O p t i o n  0 1 :  w i t h o u t  p r o g r a m m i n g  c a p a b i l i t y ,  

$ 2 , 1 5 0 . 0 0 .  
P r i c e s  f . o . b .  f a c t o r y  

D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

S P E C I F I C A T I O N S  
- h p -  

M O D E L  1 5 5 0 A  
P R O G R A M M E R  

P r o g r a m m e r  p r o v i d e s  m e a n s  f o r  p r o g r a m m i n g  
v e r t i c a l  s e n s i t i v i t y ,  v e r t i c a l  p o s i t i o n i n g ,  v e r t i c a l  
i n p u t  c o u p l i n g ,  s w e e p  t i m e ,  t r i g g e r  s o u r c e ,  a n d  
t r i g g e r  s l o p e  i n  M o d e l  1 5 5 A  P r o g r a m m a b l e  O s  
c i l l o s c o p e ,  p l u s  a n  a u x i l i a r y  s i n g l e  l i n e  f u n c t i o n ,  
a n d  i n c l u d e s  m e a n s  f o r  s e l e c t i n g  a n y  o f  t h e  
p r e s e t  p r o g r a m s .  

P R O G R A M  S T O R A G E :  U p  t o  1 8  d i f f e r e n t  p r o  
g r a m s  m a y  b e  s t o r e d .  A d d i t i o n a l  o u t p u t  c o n  
n e c t o r  f o r  c o n t r o l  l i n e s  i s  p r o v i d e d  o n  r e a r  
p a n e l  t o  p e r m i t  c a s c a d i n g  o f  p r o g r a m m e r s  
f o r  a d d i t i o n a l  p r o g r a m  s t o r a g e  i f  d e s i r e d .  

P R O G R A M  S E L E C T I O N :  F r o n t  p a n e l  s w i t c h  p e r  
m i t s  s e l e c t i o n  o f  t h r e e  o p e r a t i n g  m o d e s :  m a n  
u a l ,  r e m o t e ,  a n d  o f f .  

M A N U A L  P R O G R A M M I N G :  P r e s e t  p r o g r a m s  a r e  
s e l e c t e d  i n  a n y  o r d e r  b y  m o m e n t a r y - c o n t a c t ,  
i l l u m i n a t e d  p u s h b u t t o n s  o n  P r o g r a m m e r  f r o n t  
p a n e l .  

R E M O T E  P R O G R A M M I N G :  P r o g r a m s  m a y  b e  s e  
l e c t e d  e x t e r n a l l y  b y  m a k i n g  a  s i n g l e  c o n t a c t  
c l o s u r e  t o  i s o l a t e d  g r o u n d  ( e x t e r n a l  s w i t c h i n g  
m u s t  p r o v i d e  1 0 -  m  s  b  r e a k - b e f  o r e - m a k e  c o n  
t a c t  c l o s u r e s  a n d  c o n t a c t s  m u s t  s w i t c h  m a x i  
m u m  o f  3 0 0  m A ) .  P r o g r a m  c o n t r o l  l i n e s  a r e  
a v a i l a b l e  a t  r e a r  p a n e l  c o n n e c t o r .  E x t e r n a l l y  
s e l e c t e d  p r o g r a m s  a r e  i d e n t i f i e d  b y  i l l u m i  
n a t e d  r e a d o u t  o n  f r o n t  p a n e l .  

O F F :  P r o g r a m m e r  c a n  b e  d i s a b l e d  w h e n  n i . i n u a l -  
o n l y  o p e r a t i o n  o f  o s c i l l o s c o p e  i s  d e s i t e d  r e  
g a r d l e s s  o f  P r o g r a m m e r  s w i t c h i n g .  

P R O G R A M M I N G  P I N S :  P r o g r a m s  a r e  p r e s e l e c t e d  
b y  i n s e r t i n g  d i o d e  p i n s  i n  1 5  i n .  x  1 0  i n .  p i n  
b o a r d .  E x t r a  d i o d e  p i n s  i n c l u d e d  f o r  o n e  
a u x i l i a r y  f u n c t i o n  p e r  p r o g r a m .  

P O W E R  R E Q U I R E M E N T S :  P o w e r  r e q u i r e d  b y  
M o d e l  1 5 5 0 A  i s  s u p p l i e d  b y  M o d e l  1 5 5 A  O s c i l  
l o s c o p e .  M i n u s  1 2  v o l t s  f o r  a u x i l i .  i r y  f u n c t i o n  
i s  s u p p l i e d  a t  r e a r  p a n e l ;  c u r r e n t  l o r  a u x i l i a r y  
f u n c t i o n  i s  l i m i t e d  t o  5 0  m A .  

D I M E N S I O N S :  1 5 %  i n .  w i d e ,  3 J % 2  i n .  h i g h ,  1 8 3 / 8  
i n .  d e e p .  

W E I G H T :  N e t ,  1 2  I b s .  

A C C E S S O R I E S  F U R N I S H E D :  M o d e l  1 0 1 2 9 A  I n  
t e r c o n  n e t t i n g  C a b l e  t o  M o d e l  1 5 5  A  O s c i l l o  
s c o p e ,  3  f t .  l o n g .  M a t i n g  c o n n e c t o r  f o r  r e m o t e  
p r o g r a m m i n g  c o n n e c t o r .  

A C C E S S O R I E S  A V A I L A B L E :  M o d e l  1 0 1 3 0 A  I n t e r  
c o n n e c t i n g  C a b l e  t o  M o d e l  1 5 5 A  O s c i l l o s c o p e ,  
1 0  f t .  l o n g .  S p e c i a l  l e n g t h  i n t e r c o n n e c t i n g  
c a b l e s  a v a i l a b l e  u p o n  r e q u e s t .  

P R I C E :  $ 6 0 0 . 0 0  
P r i c e s  t . o . b .  f a c t o r y  

D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

© Copr. 1949-1998 Hewlett-Packard Co.



T I M E  D O M A I N  R E F L E C T O M E T R Y  I N  7 5 - O H M  S Y S T E M S  

THE -hp- TDR SYSTEM' has a charac 
teristic impedance of 50 ohms because 
this is the most common impedance for 
cables and microwave systems. Theie 
a re ,  however ,  o ther  common imped 
ances ,  and in  the  communicat ion in  
dustries, in television broadcasting, 
and in community-antenna television 
systems, 75 ohms is widely used. 

Cal ibra t ion  and  in te rpre ta t ion  of  
the  TDR display  are  s imples t  when 
the  character is t ic  impedance of  the  
TOR system is the same as the charac 
teristic impedance of the system being 
tested. The reason for this is that, when 
these impedances are matched, energy 
reflected from the system being tested 
is terminated in the proper impedance, 
a n d  n o  r e - r e f l e c t i o n s  o c c u r  a t  t h e  
source. 

The -hp-  TDR system can now be 
converted easily for testing 75-ohm sys 
tems by means of new 50-to-75-ohm 
adapters recently developed by the -hp- 
Colorado Springs Division (Fig. 1). 

The adapters are 25-ohni resistors 
with connectors which are compatible 
wi th  the  -hp-  TDR system and with  
common 75-ohm systems. Fig. 2 is a 
schematic diagram of a typical  TDR 
setup for ic'sting a 75-ohm cable. En 
e r g y  r e t u r n i n g  t o  t h e  T D R  s y s t e m  
from the cable is properly terminated 
in 75 ohms by the series combination 
of the1 25 ohm adapter and the 50-olnn 
TDR system. There is no source mis 
match to cause re-reflections. 

Fig. .'! is a photograph of the '1 D R 
display lor the setup of Fig. 2 uiih an 

1  - h p -  M o d e l  1 4 1 5 A  T D R  P l u g - i n  f o r  t h e  - h p -  M o d e l  1 4 0 A  
O s c i l l o s c o p e .  

| 

V " '  
Fig. 1. New -hp- Models lli-l.r/A-XA 
50-to-75-ohm adapters simplify testing 
of 75-ohm systems with â€”hp- Moilcl 
1415A Time Domain Reflectometer. 
Adapters are 25-ohm resistors with one 
GR874 connector and one type 'N' or 

'F' connector. 

Fig. 2. Block diagram of setup 
for TDIl testing of 75-ohm 
system using new 50-to-75-ohm 
ndapter. Energy reflected from 
75-ohm system is properly 
terminated by series combina 
tion of 25-ohm resistor (adapt 
er) and 50-ohm TDR system, 

thereby eliminating source 
re-reflections. 

- h p -  1 4 0 A  - h p -  1 4 1 5 A  
O S C I L L O S C O P E  T D R  S Y S T E M  

open circuit at the end of the 75-ohm 
cable (Zj, = oc). The display shows an 
initial mismatch at point 'A| which is 
the result of the 50-ohm TDR system's 
being terminated in the 100-ohm series 
combinat ion  of  the  adapter  and  the  
75-ohm cable. This mismatch does not 
hinder operation, however. Level 'IV is 
now the 75-ohm reference level (reflec 
tion coefficient p = 0) and level 'C' is 
now the open-circuit level (p= 1). The 
system can be calibrated to read reflec 
tion coefficient directly for 75-ohm op 
eration by adjusting the M r r c:\i. con 
trol of the TDR plug-in (screwdriver 
adjustment) so that the dillcrence be 
tween levels  'B '  and 'C '  i s  ten  cent i  
meters on the display when the REFLEC 
TION COEFFICIENT control is in the 
'pi cm. = 0.1' position. The REFLECI io.\ 
COKFI K ii N i control is then calibrated 
for 75-ohm systems instead of for 50- 
ohm systems. 

When  the  -hp-  TDR sys tem i s  op  
erated with a 50-to-75-ohm adapter, the 
s\stem lisc' time increases to about 170 
picoseconds (instead of 150 ps) and the 
internal noise level is increased by a 
lac tor of 1.5. Other specifications of the 
TDR sxstem are unchanged. A set of 
75-ohm impedance overlays is included 
with each adapter. 

The 50-to-75-ohm adapters may also 
b e  u s e d  w i t h  a n y  s i g n a l  g e n e r a t o r  
whic h lias a 50-ohm source impedance. 
The  adapte r  conver t s  the  genera tor  
into a 75-ohm source so that it can be 
used in 75-ohm systems without reflec- 
lions from the source and without any 
loss of pulse amplitude. If the genera 
teÂ» has a calibrated pulse amplitude 
control, this control retains its calibra 
tion when the adapter is used. 

â€” Charles A. Donaldson 

Sampler  input  

h p -  1 Ã ’ 4 5 7 A  7 5  o h m  
5 0 - 7 5  o h m  S Y S T E M  

A D A P T E R  U N D E R  T E S T  

m  

Fig. 3. Osfillogrtun t>[ TDR display for 
test setup of Fig. 2. with cable open- 
eirciiited (2,i = oc J. Initial reflection at 
'A' is due to impedance mismatch be- 
tirccn 50-ohm TDR system and 100 
ohms of adapter plus cable. Level 'B' is 
iicir reference level for 75-ohm meas 
urements (reflection coefficient /> = 0). 
Level 'C' is open-circuit level (p = 1). 

W l  

C H A R L E S  A .  D O N A L D S O N  
C h u c k  D o n a l d s o n  g r a d u a t e d  f r o m  

t h e  U n i v e r s i t y  o f  C o l o r a d o  i n  1 9 6 2  
wi th  a  BS degree in  e lec t r ica l  eng ineer  
ing  and  bus iness .  A f te r  g radua t ion ,  he  
spent  three years  in  the eva luat ion and 
d e s i g n  o f  p u l s e  g e n e r a t o r s  a n d  o s c i l  
l oscope  c i r cu i t r y .  Chuck  jo ined  -hp -  i n  
1965  as  an  app l i ca t ions  eng ineer ,  and  
s i n c e  t h e n  h e  h a s  b e e n  w o r k i n g  w i t h  
t h e  s a m p l i n g  a n d  p u l s e - g e n e r a t o r  d e  
s i g n  g r o u p s  o f  t h e  - h p -  O s c i l l o s c o p e  
Div is ion in  Colorado Spr ings.  
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R I S E  T I M E  C O N V E R T E R S  F O R  
S I M P L E R  T D R  T E S T I N G  O F  B A N D - L I M I T E D  S Y S T E M S  

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

(TDR) is a simple and accurate way to 
locate and analyze discontinuit ies in 
coaxia l  cab les  and  microwave  t rans  
mission systems.1 The time domain re- 
Hectometer applies a fast voltage step 
to the cable or system under test; some 
of this energy is reflected by disconti 
nuities or changes in the characteristic 
impedance of the system; then both in- 
c i d e n t  a n d  r e f l e c t e d  w a v e s  a r e  d i s  
played on an oscilloscope. Because of 
the finite velocity of electromagnetic 
waves, discontinuities at different dis 
tance's from the step generator appear 
as individual responses on the display, 
and their locations can be determined 
easi ly.  The1 shape and magnitude of  
cadi  ref lec t ion te l l  what  k ind of  d is  
continuity is present: resistive, induc 
tive, or capacitiva, series or shunt. 

The rise time of the incident voltage 
step in a TDR system is made as short 
as possible 10 permit the system to re 
solve c loscK spared echoes and to meas 
ure accurately very small reactive dis 
continuit ies .  In the Hewlett-Packard 
Time Domain  ReHectometer ,  which  
((insists of the -hp- Model M15A Plug- 
in with the -hp- Model 1-ÃOA Os< illo 

i  B .  M .  O l i v e r ,  ' T i m e  D o m a i n  R e f l e c t o m e t r y , '  ' H e w l e t t - P a c k a r d  
J o u r n a l , '  V o l .  1 5 ,  N o .  6 ,  F e b . ,  1 9 6 4 .  

Fig. 2. Rise time converter is placed between STEP OUTPUT and 
SIGNAL IN connectors of -hp- TDR system, which consists o/ Model 

1415A TDR Plug-in for Model 140A Oscilloscope. 

scope,- the i isc lime of the incident step 
is less than 120 picoseconds and the 
oveiall rise time of the system is less 
than 150 picoseconds, equivalent to an 
upper frequency limit of more than 2.3 
GHz. 

In sonic cases, however, such as in 
testing s\ steins which will be operated 
only in a  l imited frequency range,  a  
slower rise time can be useful because 
it  provides test conditions which are 
c loser  to  the  actual  operat ing condi  
t ions.  \  common example is  a pulse- 
transmission system for which the pulse 
rise t ime is never laster than a given 
value, sas 5 nanoseconds. If (he cable is 
tested using the fast TDR .steps (t,  = 

2  L e e  R .  M o f f i t t ,  ' T h e  T i m e  D o m a i n  R e f l e c t o m e t e r , '  ' H e w l e t t -  
P a c k a r d  J o u r n a l , '  V o l .  1 5 ,  N o .  1 ,  S e p t .  1 9 6 3 .  

Fig. slow New rise time converters, -hp- Models 10452A to I0456A, slow 
the rise time of the i-oltage step in the -hp- TDR system to 0.5, 1.0, 2.0, 
5.0, or 10.0 nanoseconds to simplify testing of band-limited svstems. 
Rise time of -hp- system without converters is 0.15 ns. Shown is 5 ns 

converter, Model 10455 A. 

0.15 ns), reflections from many reactive 
discontinuities can appear which would 
not be of concern in a system designed 
for a 5 ns rise time. This extra informa 
tion then makes it more difficult than 
necessary to clean up the system. If the 
rise time of the TDR step is slowed to 
5 ns,  (he cable responds in the same 
wa\ as in actual use. and only discon 
tinuities which affect the operation of 
(he system appear on the TDR display. 

RISE TIME CONVERTERS 
With a new series of Rise Time Con 

verters (Fig.  1),  the fast  r ise t ime of 
the normal TDR voltage step can be 
slowed to any of five values between 0.5 
nanoseconds and 10 nanoseconds. 

The converters are low-pass filters 
which  have  been  des igned  for  min i  
m u m  d e p a r t u r e  o f  t h e  o u t p u t  s t e p  
from a Gaussian leading edge and for 
min imum devia t ion  f rom a  50-ohm 
output impedance. The Gaussian lead 
ing edge makes the TDR test signal a 
good  compromise  in  shape  and  f r e  
quency components  for  the range of  
signals found in actual operating sys 
tems. The 50-ohm output impedance 
is the same as the output impedance of 
the reflectometer ,  which means that  
unwanted re-reflections are eliminated. 
Str ipl iue mounting has been used to 
reduce parasitic effects. 

10 © Copr. 1949-1998 Hewlett-Packard Co.



N E W  T D R  A P P L I C A T I O N  N O T E  
A new application note, 'Selected 

Ai i Â¡ties on Time Domain Reflectom- 
etry Applications! has just been pub 
lished. This note contains reprints of 
five articles on uses of TDR which 
originally appeared as technical re 
ports, papers, and maga/ine articles. 
Titles of the articles are 

1.  T ime Domain  Ref lec tomet ry  â€”  Theory  
and  App l i ca t ions  

2 .  T ransmiss ion  L ine  Pu lse  Ref lec tomet ry  
3 .  Mechan ica l  Sca l ing  Enhances  T ime Do  

ma in  Re f lec tomet ry  Use  

The converters are inserted between 
the STEP OUTPUT and SIGNAL IN connec 
tors of the -hp- reflectometer (Fig. 2). 
Fig. 3a shows a TDR display for a typi 
cal cable with the 5-ns converter in 

D E S I G N  L E A D E R  

L E E  R .  M O F F I T T  
L e e  M o f f i t t  g r a d u a t e d  f r o m  N o r t h  

w e s t e r n  U n i v e r s i t y  i n  1 9 6 1  w i t h  a  
BSEE degree.  He then jo ined -hp-  as  a  
c i r c u i t  d e s i g n  e n g i n e e r ,  a n d  p a r t i c  
i p a t e d  i n  t h e  d e s i g n  o f  t h e  M o d e l  
1 4 1 5 A  T D R  P l u g - i n .  H e  i s  n o w  a  p r o j  
ec t  leader  in  the sampl ing-osc i l loscope 
g roup  o f  t he  -hp -  Co lo rado  Sp r i ngs  D i  
vision. 

Lee obta ined h is  MSEE degree f rom 
S t a n f o r d  U n i v e r s i t y  i n  1 9 6 4  o n  t h e  
Hono rs  Coope ra t i ve  P rog ram.  He  i s  a  
m e m b e r  o f  I E E E ,  E t a  K a p p a  N u ,  a n d  
Tau Beta Pi .  

4 .  Some  Uses  o f  T ime  Doma in  Re f l ec tom 
e t r y  i n  t h e  D e s i g n  o f  B r o a d b a n d  U H F  
Componen ts  

5 .  T h e r m o c o u p l e  F a u l t  L o c a t i o n  b y  T i m e  
Doma in  Re f l ec tome t ry .  

Copies of the note may be obtained 
by requesting Application Note No. 
75 from the nearest -hp- Field Office 
or by writing 

Hewlett-Packard 
C.iilnrndo Springs Division 
1900 Garden of the Gods Rout! 

Colorado Springs, Colorado 80907 

place. The discontinuities that appear 
are only those that might affect the 
actual operation of the cable. Once 
these have been identified, the con 
verter can be removed to make the full 
resolution of the reflectometer avail 
able for accurately locating the trouble 
some discontinuities (Fig. 3b). 

For testing low-pass or band-pass sys 
tems, the converters can be used as low- 
pass filters to attenuate the frequency 
components of the TDR step which are 
above the highest frequency of interest. 
The converters are not designed as fil 
ters, so their frequency responses are 
not specified. However, their band- 
widths B are related to their nominal 
rise times t, approximately by the rela 
tionship t,.B = 0.35. 

The new rise time converters can 
also be used with any fast-rise-tiine 
pulse generator with a 50-ohm output 
impedance in order to increase the rise 
and fall times of the output pulse wii h- 
out changing its amplitude or imped 
ance level. The output rise time will 
be given approximately by 

t , ,  o u t  =  V l r .  , , =  +  t r , g 2 â € ”  - 0 1 4  

where tr Cllll is output rise time (nano 
seconds) 

tr â€ž is nominal output rise time 
of converter (ns) 

tr ,. is risetime of generator step 
(ns). 

A C K N O W L E D G M E N T S  

Design of the Rise lime Converters 
was carried out at the -hp- Colorado 
Springs Division by a team consisting 
of Gene A. Ware, who did much of the 
electrical design, George H. Blinn, Jr. 
and Daniel A. I'axton, Jr., who de 
signed the packaging, and ihe under 
signed. 

- Lee R. Moffitt 

S P E C I F I C A T I O N S  
-hp- 

MODELS 10452A  -  10456A  
RISE T IME CONVERTERS 

O P E R A T I O N :  
T h e s e  C o n v e r t e r s  p r o d u c e  a  k n o w n  r i s e  t i m e  

s t e p  w h e n  d r i v e n  b y  a  f a s t  r i s e  t i m e  5 0 - o h m  
s o u r c e .  T h e  l e a d i n g  e d g e  o f  t h e  o u t p u t  w a v e  
i s  a p p r o x i m a t e l y  G a u s s i a n .  

R I S E  T I M E S :  ( 1 0 - 9 0 %  p o i n t s  a s  m e a s u r e d  i n  
1 5 0  p s  r i s e  t i m e  s y s t e m )  1 0 4 5 4 A :  2 . 0  n s  
1 0 4 5 2 A :  0 . 5  n s  1 0 4 5 5 A :  5 . 0  n s  
1 0 4 5 3 A :  1 . 0  n s  1 0 4 5 6 A :  1 0 . 0  n s  

R I S E  T I M E  A C C U R A C Y :  5 %  o r  b e t t e r  

O V E R S H O O T :  L e s s  t h a n  Â ± 3 %  

O U T P U T  I M P E D A N C E  ( d c ) :  5 0  o h m s  w h e n  u s e d  
w i t h  5 0 - o h m  g e n e r a t o r .  

O U T P U T  M I S M A T C H :  L e s s  t h a n  5 %  r e f l e c t i o n  
o f  s t e p  v o l t a g e  w i t h  r i s e  t i m e  e q u a l  t o  n o m i  
n a l  r i s e  t i m e  o f  c o n v e r t e r .  

A L L O W A B L E  I N P U T  V O L T A G E :  U p  t o  5 0  v o l t s ,  
o p e n  c i r c u i t ,  f r o m  5 0 - o h m  s o u r c e .  

C O N N E C T O R S :  G R  T y p e  8 7 4  

W E I G H T :  N e t ,  8  o z .  ( 2 2 7  g )  

D I M E N S I O N S :  4 . 5  i n .  l o n g ,  2  i n .  w i d e ,  1 . 5  i n .  
h i g h  ( 1 1 4 , 3  x  5 0 , 8  x  3 8 , 1  m m ) ;  1 0  i n .  ( 2 5 4  
m m )  c a b l e  a t t a c h e d .  

P R I C E :  - h p -  1 0 4 5 2 A - 1 0 4 5 6 A  R i s e  T i m e  C o n  
v e r t e r s :  $ 7 5 . 0 0  e a c h .  

P r i c e s  f . o . b .  f a c t o r y  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e  

Fig. 3. Oscillograms of TDR 
displays for typical cable, (a) 
Since cable will never be used 
for transmitting pulses with 
rise times faster than 5 ns, 
cable is tested with 5-ns rise 
time converter so that only po 
tentially troublesome reflec 
t ions appear, (b) Cable re 
sponse with normal TDR step 
(tr = 0.75 ns). Note additional 
reflections due to faster rise 

time. 
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A  C A L I B R A T E D  S U S C E P T A N C E  F O R  T D R  M E A S U R E M E N T S  
O F  S M A L L  R E A C T I V E  D I S C O N T I N U I T I E S  

T l M E  D O M A I N  R E F L E C T O M E T R Y  

(TDR), which is described briefly in 
another article in this issue, uses a 
pulse-echo technique to locate and 
characterize impedance discontinuities 
in cables and microwave devices. TDR 
offers many advantages over single- 
frequency or swept-frequency tech 
niques, including its ability to locate 
reflections accurately and its ability to 
make accurate measurements of char 
acteristic impedance Z0 (provided that 
a known reference is available for com 
parison). 

One important class of discontinui 
ties consists of those which act like 
small reactances, either series induc 
tances or shunt capacitances, on a 
transmission system of otherwise con 
stant characteristic impedance. Fig. 1 
is a photograph of a typical TDR dis 
play, showing the test step and a reflec 
tion from a capacitive discontinuity of 
about 1.5 pF. 

Many common reactive discontinu 
ities have capacitances of less than a 
picofarad or inductances of less than a 
nanohenry. In such cases the reflection 
produced by the basic TDR system1 is 

1  T h e  b a s i c  - h p -  r e f l e c t o m e t e r  i s  t h e  M o d e l  1 4 1 5 A  T D R  
P l u g - i n  f o r  t h e  - h p -  M o d e l  1 4 0 A  O s c i l l o s c o p e .  

Fig. meas -hp- Model 874A Calibrated Susceptance simplifies TDR meas 
urements of small reactive discontinuities. Susceptance provides basis for 
comparison measurements of capacitive discontinuities from 0 to 1 pF 

and inductive discontinuities from 0 to 2.5 nH. 

non-ideal, because thes^small reac 
tances respond only slightly to the non 
zero rise time of the test step (tr for the 
basic -hp- TDR system is 0.15 ns). In 
ductance, capacitance, reflection coeffi 
cient, and standing wave ratio for these 
small reactive discontinuities have in 
the past been measured either by means 
of approximate TDR techniques or by 
means of conventional frequency-do 
main devices like the slotted line. Both 
of these methods are somewhat tedious 
and inaccurate. 

It is now no longer necessary to re 
sort either to frequency-domain tech 
niques or to approximations when 
small reactive discontinuities are en 
countered. The accuracy of TDR meas- 

TDR s tep  
t r  =  0 . 1 5 n s  

- 5 0 - o h m  
r e f e r e n c e  
level  

R e f l e c t i o n  f r o m  
1 . 5 p F  s h u n t  c a p a c i t a n c e  

Fig. 0.15 Oscillogram of typical TDR display showing test step (t, = 0.15 
ns) and reflection from capacitive discontinuity of about 1.5 pF. 

urements of reactive discontinuities 
can be greatly enhanced by using a cali 
brated reactance as a comparison 
standard, and a new calibrated suscep- 
tance (Fig. 2) has recently been devel 
oped for this purpose. A standard 
reactive reflection is realized by placing 
a calibrated variable shunt capacitance 
in a section of precision air-dielectric 
coaxial line. The capacitance between 
center conductor and probe is indi 
cated by a hairline on a dual scale, 
which is calibrated by a high-resolu 
tion bridge technique to read either 
capacitance or inductance. The cali 
brated susceptance has a capacitance 
range of 0 to 1 picofarad, and an in 
ductance range of 0 to 2.5 nanohenries; 
most reactive discontinuities are in 
these ranges. 

C A P A C I T A N C E  A N D  I N D U C T A N C E  
M E A S U R E M E N T S  

A measurement of an unknown re 
actance is made by placing the cali 
brated susceptance and the unknown 
in tandem in a conventional TDR 
setup (Fig. 3). If the unknown reflec 
tion is capacitive, the calibrated sus 
ceptance is adjusted until it causes an 
equal negative-going deflection on the 
display (Fig. 4). The unknown capaci 
tance is then read directly on the ca 
pacitance scale of the calibrated sus 
ceptance. If the unknown reflection is 

â€¢ 12 â€¢ 
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- h p -  1 4 0 A  
OSCILLOSCOPE 

- h p -  1 4 1 5 A  
TDR PLUG- IN  

'  A i r  l i ne  - h p -  8 7 4 A  
CALIBRATED 

SUSCEPTANCE 

Fig. TDR setup. diagram showing Calibrated Susceptance in typical TDR setup. 

inductive, the calibrated susceptance is 
adjusted to give an equal but opposite 
de f lec t ion ,  and  the  unknown induc  
tance is read on the inductance scale. 
Since the measurement is comparative, 
the inductance or capacitance of the 
discont inui ty  can be measured accu 
rately even if  the TDR system has a  
relatively slow rise time, and even if 
the rise time changes because of losses 
in connection lines and cables. 

R E F L E C T I O N  C O E F F I C I E N T  
C A L C U L A T I O N S  

Reactive discontinuit ies generally 
act like lumped inductances or capaci 
t a n c e s  w h i c h  d o  n o t  v a r y  w i t h  f r e  
quency. In such cases,  the reflection 
coeff ic ient  p  and the s tanding wave 
ra t io  SWR can be  calcula ted over  a  
wide range of frequencies on the basis 
o f  a  s ing le  measuremen t  o f  L  o r  C  
made with the calibrated susceptance. 
The complex reflection coefficient as a 
function of the complex frequency s is, 
for a shunt capacitance on a transmis 
sion line of characteristic impedance 

Z0, 
â€” s 

s 

w... ' 
s  +  -  

L 

where s = ]2^Ã­ for real frequencies f. 

The standing wave ratio is 

S W R  =  

Z,,C 

and for a series inductance, 

The value of the characterist ic  im 
pedance Z,, to be used in these formulas 
can also be determined by a compari 
son measurement with the calibrated 
susceptance, which lias a characteristic 
impedance of 50 ohms Â±0.1 ohm. Thus 
all of the important information about 
r e a c t i v e  d i s c o n t i n u i t i e s  c a n  b e  o b  
tained, with an accuracy previously im 
possible, by adding to the TDR system 
a single inexpensive device. 

A C C U R A C Y  

Capac i t ance  measurements  made  
wi th  the  ca l ibra ted  susceptance  are  
accurate within Â±0.005 picofarads or 
5% C, whichever is greater, for values 
of C between 0 and 0.5 pK Useful range 
is 0 to 1 pF but the scale is roughly log 
arithmic, becoming more compressed 
at the high end. Thus for values of C 
above 0.5 pF, the width of the hairline 
limits the accuracy with which the scale 
i an be read. However, nearly all of the 

- 5 0 - o h m  
leve l  

R e f l e c t i o n  f r o m  
- h p -  8 7 4 A  
C a l i b r a t e d  
S u s c e p t a n c e  

R e f l e c t i o n  f r o m  
O . l O p F  c a p a c i t i v e  
d i s c o n t i n u i t y  

Fig. 4. Oscillogram of portion of 
TDR display (step not shown) 
with expanded horizontal and 
vertical scales, showing reflection 
from Calibrated Susceptance (I) 
and reflection from capacitive dis 
continuity of 0.10 pF (r). Discon 
tinuity was diode across coaxial 

line. Setup was as in Fig. 3. 

capacitive discontinuities usually en 
countered lie between 0.01 and 0.15 pF. 

Inductance measurements are accu 
rate within Â±0.013 nanohenries or 5% 
L, whichever is greater, for values of L 
between 0 and 1.3 nH. Useful range is 
0 to 2.5 nH. 

â€” Riclnird W.Anderson 

D E S I G N  L E A D E R  

RICHARD W. ANDERSON 
D i c k  A n d e r s o n  j o i n e d  - h p -  i n  1 9 5 9  

as  a  deve lopment  eng ineer  i n  the  -hp -  
M i c r o w a v e  D i v i s i o n .  H i s  f i r s t  p r o j e c t  
w a s  t h e  8 5 1 A / 8 5 5 1 A  S p e c t r u m  A n  
a lyzer  and accessor ies .  S ince then,  he  
has  wo rked  on  a  va r i e t y  o f  m ic rowave  
dev i ces  r ang ing  f r om  so l i d - s t a te  osc i l  
l a t o r s  t o  w i d e - b a n d  h i g h - p r e c i s i o n  d i  
r e c t i o n a l  c o u p l e r s .  H e  w a s  p r o j e c t  e n  
g i n e e r  f o r  d e v e l o p m e n t  o f  t h e  8 7 4 A  
C a l i b r a t e d  S u s c e p t a n c e .  H i s  p r e s e n t  
p o s i t i o n  i s  e n g i n e e r i n g  s e c t i o n  m a n  
ager ,  -hp-  Microwave Labora tory .  

D ick  rece ived h is  BSEE degree f rom 
Utah  S ta te  Un ive rs i t y  i n  1959 ,  and  h i s  
MSEE degree  f rom Stan fo rd  Un ivers i t y  
i n  1 9 6 3 .  H e  i s  t h e  a u t h o r  o f  s e v e r a l  
t e c h n i c a l  p a p e r s  a n d  h a s  s e v e r a l  p a t  
en ts  pend ing .  He  i s  ac t i ve  in  the  IEEE 
M i c r o w a v e  T h e o r y  a n d  T e c h n i q u e s  
Group. 

S P E C I F I C A T I O N S  
-hp- 

M O D E L  8 7 4 A  
C A L I B R A T E D  S U S C E P T A N C E  

C A P A C I T A N C E  R A N G E :  0  t o  1  p F  
A C C U R A C Y :  = 0 . 0 0 5  p f  o r  5 %  C ,  w h i c h e v e r  

i s  g r e a t e r ,  0 < C  < 0 . 5  p F  

I N D U C T A N C E  R A N G E :  0  t o  2 . 5  n H  
A C C U R A C Y :  Â ± 0 . 0 1 3  n H  o r  5 %  L ,  w h i c h e v e r  

i s  g r e a t e r ,  0 < L  < 1 . 3  n H  

C H A R A C T E R I S T I C  I M P E D A N C E :  5 0  o h m s  Â ± 0 . 1  
o h m  

C O N N E C T O R S :  G R 8 7 4  

L I N E  L E N G T H :  1 7 . 4  c m  

W E I G H T :  N e t ,  1  I b .  ( 0 , 4 5  k g ) ;  S h i p p i n g ,  2  I b .  
( 0 , 9  k g )  

D I M E N S I O N S :  ( M a x i m u m  e n v e l o p e ) :  7 > / 2  i n .  
l o n g ,  2 7 / 8  i n .  w i d e ,  2 ' / 2  i n .  h i g h  ( 1 9 1  x  7 3  x  
6 4  m m )  

P R I C E :  - h p -  8 7 4 A  C a l i b r a t e d  S u s c e p t a n c e  
$ 2 5 0 . 0 0  

P r i c e s  f . o . b .  f a c t o r y  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e  
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1407A Dr i f t  vs Temperature 
Start condit ions: 

Temp. = 455Â°C 
Sens. â€¢ lO.CUjV/minor division, lOQuV/major division 
T ime -  l :40p .m,  (S ta r t )  

Temp. ( -10Â°C) 
(Chamber temperature stabi l ized 
at -10Â°C (or 30 minutes) 
Time -  3:10p.m. (Stop) 

STABILIZED PLUG-IN UNIT 
(continued from back cover) 
scale measurement!). In addition, the 
plug-in amplifier was designed with a 
wide dynamic range (Â±50 cm) allow 
ing detailed examination of any part  
o f  a  waveform wi th  h igh  magni f ica  
tion, as shown in the photos of Fig. f>. 

W I D E  R A N G E  O F F S E T  

A sepa ra t e  Of f se t  con t ro l  on  t he  
plug-in enables input dc levels to be 
bucked out. It is thus possible to retain 
dc  coup l ing  wh i l e  t he  wavefo rm i s  
magnified for high sensitivity. For ex 
ample,  small  mechanical  movements 
sensed by strain gages can be examined 
on the oscilloscope, using the offset to 
buck out any dc unbalance component 
of  the s ignal ,  the high sensi t ivi ty to 
provide detai l  in  the waveform, and 
the dc stability to provide confidence 
in the results. Or, it is possible to make 
such measurements as the determina 
tion of both the ac and dc components 
of small base currents in transistor cir- 

Fig. stabil Strip chart recording shows insensitivity of plug-in stabil 
ized dc level to variations in temperature. At start of recording 
scope was in environmental chamber at 55Â°C. Chamber tempera 
ture was reduced to â€” 10"C over period of 1 hour and then held at 
that less for remaining !/2 hour of test. Trace deviates less 

than Â±20 /iV during test. 

Fig. 4. Bandwidth filter improves res 
olution of low-level, low-frequency 
waveforms. Photo of 500-Hz sine wave 
at top ii-as made on 50-tÂ¡V/cm range 
with full bandwidth (300 kHz at 50 
nV /cm). Lower photo is of same wave 
form with bandwidth cut of} at 5 kHz. 

i uit-, (using the series resistor current- 
measuring technique). 

The Offset control enables the zero 
voltage level to be displaced as mu< h as 
Â±200 screen diameters (Â±2000 cm) 
from center screen on the most sensi 
tive range and by at least Â±50 cm on 
less sensitive ranges. The offset voltage- 
is stable within 20 ^V/hr and changes 
less than Â±100 Â¡iV in a temperature 
change of 0 to 55Â°C. 

DIFFERENTIAL INPUT 
Other measures were taken in the 

design of the new plug-in to enhance 
the usefulness of the 50-^.V/cm sensi 
t iv i ty .  For  example ,  the  input  i s  d i f  
f e r e n t i a l .  T h e  p l u g - i n  t h u s  c a n  b e  
driven by balanced sources and it has 
cxi client rejection of common-mode 
signals, 80 clll from dc to (>0 Hz for in 
s t ance .  The  common  g round  a t  t he  
input  may be disconnected from the 
internal circuit  ground so that i t  can 
be driven by a common-mode voltage 
f rom a  low source  impedance  to  in  
crease the common-mode input imped 
a n c e ,  t h u s  r e d u c i n g  t h e  e f f e c t s  o f  
unbalance source impedance. A front- 
panel control enables optimization of 
amplif ier  gain balance for  best  com 
mon-mode rejection. 

Common-mode signals up to n7.."> V 
have no effect  on the wide dynamic 
range of the plug-in.  Common-mode 
signals higher than that affect dvnamic 
iani;e by driving the amplifier towards 
a  non-l inear  operat ing point  but  the 
p lug- in  i s  s t i l l  capable  of  dynamic  
ranges greatei than the Â±20 cm of con 
ventional oscilloscopes. For example, a 
i l \ n ; m i i <  r : m g e  o f  t y p i c a l l y  Â ± :  3  1  ( 1 1 1  i s  

possible with a CM voltage of Â± 10 V. 

To permit the use of a differential  
input,  the offset and drift  correction 
voltages are applied to the amplifier 
independently of the input. The offset 
may thus be used in differential meas 
urements. (Transients at the input din 
ing the stabilization interval have been 
minimized by the use of a high-quality 
(hoppe r  r e l ay ,  w i th  good  i so l a t ion  
from the drive signal, to decouple the 
input during stabilization). 

N O I S E  F I L T E R I N G  

The practicality of high sensitivity 
is further enhanced by a swi u liable 
low-pass filter that reduces noise in the 

DESIGN LEADERS 

â€¢â€¢â€¢ _ ,. * 
P E T T I T  S C H R O A T H  

J im Pe t t i t  j o ined  -hp-  in  1962  fo l low 
i n g  g r a d u a t i o n  a s  a  B S E E  f r o m  U t a h  
S t a t e  U n i v e r s i t y .  T w o  y e a r s  l a t e r ,  h e  
earned h is  MSEE degree f rom Stanford 
Un ive rs i t y  i n  the  -hp -  Honors  Coopera  
t i ve  Program.  A t  -hp- ,  J im in i t i a l l y  was  
t h e  d e v e l o p m e n t  e n g i n e e r  o n  t h e  
1 7 5 4 A  F o u r - C h a n n e l  A m p l i f i e r  f o r  t h e  
M o d e l  1 7 5 A  O s c i l l o s c o p e .  S i n c e  t h a t  
t i m e ,  h e  h a s  b e e n  a s s o c i a t e d  w i t h  
1 4 0 A / 1 4 1 A  O s c i l l o s c o p e  p r o g r a m .  H e  
i s  a t  p r e s e n t  a  p r o j e c t  l e a d e r  i n  t h a t  
group. 

T o m  S c h r o a t h  s p e n t  f o u r  y e a r s  i n  
the  U.S.  A i r  Force and two years  as  an 
a i r - c o n d i t i o n i n g  e n g i n e e r  b e f o r e  e a r n  
i n g  h i s  B S E E  d e g r e e  f r o m  B r i g h a m  
Y o u n g  U n i v e r s i t y  i n  1 9 6 3 .  F o l l o w i n g  
g radua t ion ,  he  worked  w i th  an  a i r c ra f t  
company  and  then  j o i ned  -hp -  i n  1965  
a s  a  p r o d u c t  d e s i g n e r  o n  t h e  1 5 5 A /  
1550A Programmab le  Osc i l l oscope .  A t  
present ,  he is  a prnr l i i r t  r lpc igner in low 
f requency Osc i l loscopes.  
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plug-in by limiting the passband to no 
more than that required by the signal. 
The fil ter has four positions, cutting 
off at 400 kHz (300 kHz on the 50 pVj 

cm range), 100, 25, and 5 kHz. Using 
the filter to reduce noise in the display 
improves the resolut ion of  the meas 
urement (Fig. 4). 

STABILIZER OPERATION 
The dc stabili/er in the new plug-in 

is similar in concept to the stabili/er in 
the -hp- Model 155 A Programmable 
Oscilloscope, described on page 4. Nor 
mally, the stabili/er (Directs for drift 3 

O  

Fig. 5. Model 1407 'A Differen 
tial Amplifier plug-in has inde 
pendent Position and Offset 
controls. Offset, used to buck 
out input dc levels over wide 
range, can be switched out for 
checking zero reference level on 
scope without disturbing control 
setting. Positioning is either 
continuous or by calibrated 
steps, for convenience in ex 
panded scale measurements. 

times per second but with slow sweeps 
or in the absence of sweep operation, 
the stabilizer is self-triggering at a rate 
of 1 yo times per second (the trace is 
b lanked  dur ing  the  s tab i l i za t ion  in  
terval). The plug-in may therefore be 
used independently of a time base. Sta 
bilized X-Y displays are thus possible 
using a pair of these plug-ins to drive 
both the horizontal and vertical chan 
nels of a scope. 

Automat ic  s tabi l iza t ion  in  the  ab  
sence of a sweep also enables single- 
sweep measurements, with full  confi 
dence that no errors will cree]) into the 
measurement because of vert ical  am 
pl if ier  dr if t  during the wait ing t ime 
before the sweep is triggered (there is 
only a 1% probabili ty that the stabil  
i/er and concurrent sweep hold-oil will 
be cycling at the instant of triggering). 

AMPLIFIER OUTPUT 
A front-panel  output  connector  is  

provided so that the plug-in may also 
serve as a sensitive stabilized pream 
plifier for other equipment. Maximum 
gain from the input to the front panel 
jack is 20,000. The signal at the output 
jack is periodically interrupted by the 
Stabi l izat ion switching s ignals  that  
ground and re /ero  the  ampl i f ier  but  
these vary with the amplifier sensitivity 

Fig. 6. Plug-in enables expanded dis 
plays without distortion. Upper photo 
shows normal presentation of 50-kHz 
square wane at 10 mV/cm. Lower 
photo is of same waveform, expanded 
vertically to 50 cm and offset down 

ward. 

setting. For applications not requiring 
dc stabilization, the stabilizer may be 
switched off to eliminate the switching 
transients. 

A C K N O W L E D G M E N T S  

Product  design of  the  -hp-  Model  
1407 A Differential Amplifier was by 
Thomas Schroath and circuit  design 
was by the undersigned. Basic: design 
concepts  and many valuable  sugges  
tions were contributed by John Strath- 
man, Group Leader for low-frequency 
oscilloscope development in the -hpâ€” 

Colorado Springs Division. 
â€”James R. Pctlit 

S P E C I F I C A T I O N S  
- h p -  

M O D E L  1 4 0 7 A  
D I F F E R E N T I A L  A M P L I F I E R  

DEFLECTION FACTOR (SENSITIVITY):  50 ^V/cm 
t o  2 0 V / c m  i n  1 ,  2 ,  5  s e q u e n c e .  V e r n i e r  p r o  
v ides  con t inuous  ad jus tmen t  be tween  ranges  
a n d  e x t e n d s  d e f l e c t i o n  f a c t o r  t o  a t  l e a s t  5 0  
V /cm.  A t tenua to r  accu racy  i s  Â±3%.  

AMPLIFIER OUTPUT:  Approx imate ly  1  V/cm,  dc  
coup led,  s ing le-ended;  dc  leve l  approx imate ly  
0  V ,  d y n a m i c  r a n g e  i s  Â ± 5  V .  O u t p u t  i m p e d  
a n c e  l e s s  t h a n  1 0 0  o h m s .  W i t h  s t a b i l i z e r  
ope ra t i ng ,  ou tpu t  s i gna l  i s  de -s tab i l i zed  and  
c o n t a i n s  5 - m s  t r a n s i e n t s  a t  s t a b i l i z e r  r e p e t i  
t ion rate.  

B A N D W I D T H :  
M a x i m u m  U p p e r  L i m i t :  

20  V /cm to  100 / iV /cm ranges  â€”  400  kHz,  
(0 .9 j is  r iset ime)  
50 /Â¿V/cm range â€” 300 kHz. 
U p p e r  l i m i t s  o f  1 0 0 ,  2 5 ,  a n d  5  k H z  s e l e c t  

ab le  w i t h  f r on t  pane l  sw i t ch  on  a l l  sens i  
t iv i t ies. 

L o w e r  L i m i t :  d c  w i t h  i n p u t  d c  c o u p l e d ;  2  H z  
w i th  i npu t  ac  coup led .  

D R I F T :  
L o n g - t e r m  d r i f t :  L e s s  t h a n  Â ± 0 . 2  c m  o r  l e s s  

than Â±20 / iV,  whichever  is  greater ,  per  200 
hrs. 

Temperature  dr i f t :  Less than Â±0.2 cm or  less  
than Â±50 Â¿Â¿V, whichever is greater,  over 
temperature range of 0Â°C to 55Â°C. 

D r i f t  co r rec t i on  occu rs  a t  3  Hz  f o r  50  ms / cm 
sweeps  and  fas te r ,  and  1 .5  Hz  on  0 .1  s /cm 
sweeps  and  s lower .  

RANGE TO RANGE SHIFT:  dc s tabi l izat ion main 
ta ins  f i xed  base l i ne  re fe rence  w i th in  Â±1  cm 
on  CRT ove r  en t i r e  r ange  o f  sens i t i v i t y  a f t e r  
3  minute  warmup.  

POSIT IONING:  Base l ine  can  be  pos i t ioned  d  10  
cm by  con t inuous  pos i t i on ing  o r  i n  ca l ib ra ted  
s teps  o f  0 ,  â€ ”  5  cm,  and  - :10  cm.  Ca l ib ra ted  
pos i t ion ing  accuracy  i s  Â±3%.  

DC OFFSET:  Unca l ib ra ted  dc  o f f se t  i s  p rov ided  
i n  b o t h  s i n g l e  e n d e d  a n d  d i f f e r e n t i a l  o p e r a  
t i o n .  M a x i m u m  a m o u n t  o f  o f f s e t  o b t a i n a b l e ,  
re fe renced to  inpu t ,  var ies  w i th  sens i t i v i t y  ap  
proximately as fol lows: Â±0.1 V at 50 Â¿iV/cm, 
i n c r e a s i n g  t o  L 0 . 5  V  a t  1 0  m V / c m ,  t o  Â ± 5  V  
a t  1 0 0  m V / c m ,  t o  Â ±  5 0  V  a t  1  V / c m ,  a n d  t o  
Â ± 6 0 0  V  a t  2 0  V / c m .  O f f s e t  d c  d r i f t  i s  l e s s  
t han  Â±20  / iV /h r  a t  cons tan t  amb ien t  t emper  
a tu re  o r  less  than  ~100  Â¿ iV  fo r  amb ien t  tem 
perature change of 0Â°C to : 55Â°C. 

D I F F E R E N T I A L  I N P U T :  M a y  b e  s e l e c t e d  o n  a l l  
a t t enua t i on  r anges ;  o f f se t  capab i l i t y  i s  ma in  
ta ined in  d i f ferent ia l  operat ion.  

COMMON MODE REJECTION (~5  V  peak  inpu t ,  
5 0  ^ V / c m  t o  5 0  m V / c m  r a n g e s  d e - c o u p l e d ) :  

dc to 60 Hz â€” 80 dB 
60 Hz to 10 kHz â€” 60 dB 

M a x i m u m  C o m m o n - m o d e  p l u s  S i g n a l  I n p u t  
(wi thout  over load):  
50 /tV/cm to 20 mV/cm â€” â€” 10 V peak 
50  mV/cm to  2  V / cm â€ ”  Â±100  V  peak  
5 V/cm to 20 V/cm â€” Ã¯: 600 V peak 

DYNAMIC RANGE:  Dynamic  s igna ls  up  to  Â±50 
cm of  def lec t ion  can be d isp layed wi thout  d is  
tort ion. 

I N P U T  I M P E D A N C E :  1  m e g o h m  s h u n t e d  b y  9 0  
pF,  constant  on a l l  a t tenuator  ranges.  

MAXIMUM INPUT:  600 vo l ts  (dc  +  peak ac) .  

X - Y  O P E R A T I O N :  T w o  1 4 0 7 A ' s  c a n  b e  u s e d  t o  
g i v e  s t a b i l i z e d  X - Y  p r e s e n t a t i o n s .  I n t e r n a l  
'X -Y NORMAL'  sw i tch  enab les  p lug- ins  to  syn  
chronize s tab i l iz ing cyc les.  

T IME BASE COMPATIB IL ITY :  Mode l  1407A  can  
b e  u s e d  d i r e c t l y  w i t h  M o d e l s  1 4 2 2 A  a n d  
1423A T ime Bases;  1420A's  be low ser ia l  441-  
0 1 3 2 6  a n d  1 4 2 1 A ' s  b e l o w  s e r i a l  5 4 5 - 0 0 6 5 1  
mus t  be  mod i f i ed  fo r  use  w i th  1407A (use  k i t  
01420 -69502  fo r  1420A  and  k i t  01421 -69501  
for 1421A). 

W E I G H T :  N e t ,  5  I b s .  ( 1 , 8  k g ) .  S h i p p i n g ,  7  I b s .  
(3,2 kg). 

PRICE: $625.00. 
Pr ice f .o .b.  factory  

Da ta  sub jec t  t o  change  w i t hou t  no t i ce  
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A  D C - S T A B I L I Z E D  O S C I L L O S C O P E  P L U G - I N  
W I T H  5 0 - | L i V / C M  S E N S I T I V I T Y  

F r e e d o m  f r o m  d c  d r i f t  o v e r c o m e s  o n e  o f  t h e  m o s t  
t r o u b l e s o m e  e f f e c t s  i n  m a k i n g  o s c i l l o s c o p e  m e a s u r e m e n t s  

o f  t r a n s d u c e r  o u t p u t  a n d  o t h e r  s m a l l  s i g n a l s .  

MANY IMPORTANT WAVEFORM MKAS- 
i Ri MKNTS, such as transducer measure 
ments, require accurate retention and 
display oÃ­ de levels. Because of the in 
herent drift of de-coupled amplifiers, 
os< illoscope measurements concerned 
with dc levels  have often been ina<- 
curate ,  or  a t  leas t  d i f f icul t .  For  th is  
reason, the sensitivity of de-coupled os 
cilloscopes has been limited, the state- 
of-the art permitting a typical deflect 
ion factor of 100 /iV/cm.1 

Drift  has now been reduced to neg 
ligible levels by a dc stabilizer in a new 
100-kHz vertical channel plug-in for 
two of the -hp- Oscilloscopes (Models 
140A and 141A). Because of the reduc 
tion of drift ,  i t  was practical to make 
t lie minimum deflection factor of the 
plug-in 50 Â¡Â¿V/cm, a sensitivity well- 
suited for transducer monitoring and 
for other low-level measurements that 
r equ i r e  r e t en t ion  o f  a  dc  r e f e r ence  
level. 

With drift practically eliminated, the 
trace stays in the desired screen posi- 

i  J o h n  S t r a t h m a n ,  ' L o n g - t e r m  S t a b i l i t y  o f  t h e  - h p -  M o d e l  
1 3 0 C  S e n s i t i v e  D C - 5 0 0  K C  O s c i l l o s c o p e ' ,  ' H e w l e t t - P a c k a r d  
J o u r n a l 1 ,  V o l .  1 5 ,  N o .  5 ,  J a n . ,  1 9 6 4  

tion indefinitely. Sensitive oscilloscope 
measurements of dc: levels therefore 
can be made with confidence with the 
new plug-in (-hp- Model 1407 A). 

D C  S T A B I L I T Y  

Long term stability of the new plug- 
in is illustrated by the photos of Fig. 2, 
made while the plug-in was operated 
with a deflection factor of 50 /Â¿V /cm in 
the  dc-s tab i l i / ed  mode .  The  photos  
were taken 65 hours apart and show no 
de tec tab le  d r i f t  dur ing  th i s  t ime  in  
terval .  The new plug- in  operated in  
the 140A/141A Osci l loscopes has  a  
long-term drift of less than Â±20 ^V or 
Â±0.2 cm, whichever is greater, per 200 
hours of operation. This is equivalent 
to only 0.1 /iV/hr. 

The plug-in has low sensi t ivi ty to 
temperature variations. The recording 
of Fig.  3 was made with a typical  in 
s t rument  dur ing  an  ambient  change  
from -f55Â°C to â€” 10Â°C in a 1 1/2 hour 
t ime interval and indicates a drift  of 
less than Â±20 ^V, once more showing 
that measurement uncertainties result 
ing from drift  in low-level measure- 

Fig. (in New -hp- Model 1407 A Differential Amplifier Plug-in (in 
lower plug-in compartment) works with either Model 140A Gen 
eral Purpose Oscilloscope or Model 141 A Variable Persistence 
Oscilloscope. DC stabilization of plug-in amplifier eliminates drift 
problems, enabling use of dc coupling with deflection factors as 
low as 50 /Â¿V/cm. Plug-in has upper frequency limit of 400 

1 6  

Fig. 2. Oscillograms, made with Dif 
ferential Amplifier plug-in operating 
while de-coupled on most sensitive 
range (50 fiV/cm), demonstrate ab 
sence of drift over extended periods. 
Time elapsed between first and sec 
ond oscillograms was 65 hours but 
there is no discernible drift in dc level 

of CRT trace. 

ments  are  pract ica l ly  e l iminated by 
this plug-in. Ambient temperature var 
iations throughout a range from 0 to 
55Â°C cause dc drift of less than Â±50 
Â¡j.V or Â±0.2 cm, whichever is greater. 

C A L I B R A T E D  P O S I T I O N I N G  

The stabili/ed dc performance of the 
plug- in  makes  i t  feas ible  to  use  cal  
ibrated vertical positioning. The posi 
tioning circuit was designed to permit 
either continuous or stepped control, 
s tepped cont ro l  permi t t ing  the  /e ro  
level to be displaced from center screen 
by Â±5 or Â± 10 cm with an accurac  ol 
."!' , for more convenience in expanded 

(continued inside on page 14) 
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