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A Parallax-Free No-Glare CRT 
for -hp- Oscilloscopes 

PARALLAX errors and annoying reflec 
tions and glare have been overcome 

through the development of a new series of 
cathode ray tubes for Hewlett-Packard os 
cilloscopes. In the new crt's, the graticule 
is located on the inside surface of the front 
of the tube in intimate contact with the 
phosphor screen. Since the trace and the 

graticule are thus lo 
ca t ed  in  the  same  
plane, there can be no 

parallax error, regardless of viewing angle. 
Also, reflections and glare have been elim 
inated in the new crt's by means of a special 
treatment given to the front surface of the 
tube. 

P A R A L L A X  E R R O R S  I N  O S C I L L O S C O P E S  

In a conventional oscilloscope crt, the 
trace appears in the plane of the phosphor 
on the inside surface of the glass faceplate 
that forms the front of the tube. The grati 
cule or scale is generally scribed on a plastic 
disc which may be placed in contact with 
the faceplate. However, in many applica 
tions a filter is placed between the faceplate 
and the graticule. The trace is thus sepa 
rated from the scale by the thickness of the 
faceplate plus the thickness of any filter used. 
When making measurements from the trace, 
an error due to parallax will occur whenever 
a line from the eye or camera lens to the de 
sired point on the trace is not perpendicular 
to the plane of the graticule. 

Fig. 1. Internal-graticule cathode-ray tube as 
used in the neu> -hp- DC - 450 kc oscilloscope 
(see p. 3). Locating the graticule on inside of 
front of tube removes parallax error pre 
viously existing u'ith crt's using separate 

graticule. Scope trace can thus be read accu 
rately from any viewing angle or by two 
viewers. New tube also has specially-pro 
cessed front surface that essentially elimi 
nates reflections, making viewing easier. 

P R I N T E D  I N  U . S . A .  C O P Y R I G H T  1 9 6 1  H E W L E T T -  P A C K A R D  C O .  
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Fig. oscilloscopes. Since illustrating source of parallax error d* in oscilloscopes. Since 
phosphor and graticule in new crt are located in same plane, parallax error 

is eliminated. 

The geometry associated with crt 
parallax is illustrated in Fig. 2. The 
parallax error, d.i, can be calculated 
by using the following ratios: 

_d_l_ 
d 

â€¢= tan v = â€” ,- 

c U I  
J 4  -  d, 

In oscilloscope photography, the 
camera lens behaves like a single 
eye viewing the trace at a fixed dis 
tance from the crt. When using the 
-/ip- Model 196A Camera, this dis 
tance, dj, is approximately 17 cm. 
In a typical oscilloscope using a 
standard filter, ds is approximately 
0.66 cm. Assuming a horizontal sig 
nal across the full 10 cm screen, the 

p a r a l l a x  e r r o r  f r o m  t h e  a b o v e  
equation is  0.19 cm at the outer 
edges of the usual 10 cm wide grati 
cule. This would lead to an error of 
approximately 4% full scale on a 
10 cm waveform. Fig. 3 illustrates 
a  t ime  marker  waveform photo  
graphed with a typical crt. The par 
allax error is quite evident, whereas 
in  a  cor responding  photograph  
using a new internal graticule crt, 
no parallax error can be observed. 

When vertical and horizontal ac 
curacy specifications for oscillo 
scopes are reviewed, the parallax 
error takes on added significance. 
Many oscilloscopes are calibrated to 
Â±3% both in sweep time accuracy 

and vertical sensitivity. Parallax er 
ror, however, is not accounted for in 
the basic instrument specifications. 
As shown earl ier ,  this can be as 
much as 4%, which is greater than 
the sum of the errors from all other 
causes. One widely used method of 
overcoming paral lax error  is  to  
align the trace and graticule with 
the reflection of the observer's eye. 
At best, this method and others like 
it  are inconvenient and time con 
suming procedures. 

In addition to solving the prob 
lem of measurement error during 
routine "head-on" viewing, the new 
crt's also make accurate measure 
ments possible from any position in 
which the screen can be seen. Thus, 
two viewers may simultaneously 
watch the trace and obtain the same 
results. Oscilloscope users may leave 
the normal viewing zone to adjust 
circuits or other equipment and still 
be confident that trace observations 
are accurate. With parallax elimi 
nated, it becomes possible to mount 
oscilloscopes in any desired position 
in consoles and racks. 

D E V E L O P M E N T  O F  T H E  N E W  C R T ' S  
Initial efforts in developing the 

new crt's were devoted to the basic 
technique of applying the scale to 
the inside of the faceplate. The scale 
had to be applied before the phos 
phor screen and, hence, had to with 
stand the acid and caustic washes 
used to clean the bulb interior. It 
also had to withstand exposure to 
the caustic settling solution used in 
applying the phosphor, exposure to 

Fig. 3 
Oscillograms comparing parallax error from typical crt (Fig. 3) 
and new internal-graticule tube (Fig. 4). Oscillograms were made 
by first visually aligning peaks in trace with vertical lines of 

Fig. 4 
graticule, then photographing with -hp- 196A camera. In Fig. 3 
parallax error displaces outer peaks about 2% at each edge, 
while with internal-graticule tube in Fig. 4 no error occurs. 
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the high temperature used in baking 
the bulb, and later exposure to elec 
t ron  beam bombardment  in  the  
evacuated crt. The material finally 
selected was a finely ground black 
glass which is applied to the flat 

disc faceplate and is then bonded to 
the faceplate at a high temperature. 

Since there is no need for a sepa 
rate plastic graticule with the new 
crt's, it became possible to attack a 
second long-standing oscilloscope 

viewer problem â€” reflection and 
glare from the crt. The result was 
a crt with a special glass disc bonded 
to the faceplate. The front of the 
disc is etched and ground, produc 
i ng  a  su r f ace  o f  many  minu te ,  

A  N E W  D C  - 4 5 0  K G  O S C I L L O S C O P E  
U S I N G  T H E  I N T E R N A L - G R A T I C U L E  C R T  

New -hp- Â¿Model 120B oscilloscope op 
erates from dc to 450 he with a. verti 
cal system sensitivity of 10 mv/cm. 
Dual-purpose cabinet can be used 
either in bench service or can be rack 
mounted using brackets supplied. In 
side of instrument top cover contains 
large illustration locating most com 

ponents and all adjustments. 

The new internal-graticule cathode- 
ray tube described in this issue is avail 
able for any of the -hp- oscilloscopes, 
but it has been made standard equip 
ment in the new -hp- Model 120B oscil 
loscope. This new instrument operates 
from dc to 450 kc and has a vertical 
system sensitivity of 10 millivolts/cm, 
characteristics that give the instrument 
the performance capabilities of oscillo 
scopes that are considerably higher in 
price. 

As shown in the illustration, the in 
strument is also housed in a new style 
of dual-purpose cabinet that can be 
used either in bench service or as 
a rack-mounting type cabinet. Rack- 
mounting of the cabinet is achieved by 
the use of special brackets supplied 
with each instrument. 

-hp -  BEAM F INDER â€”  
A U T O M A T I C  B A S E L I N E  
C O M B I N A T I O N  
The instrument also includes the -hp- 

"beam finder" feature in which a panel 
push switch will always return an off 
screen trace to the screen, regardless 

of the setting of the positioning con 
trols. At the same time the switch in 
creases the beam intensity to make the 
trace visible if the intensity control 
has been set below the visual thresh 
old. The beam-finder switch is thus a 
significant convenience in making ini 
tial set-up adjustments and has proved 
very popular in other -hp- oscillo 
scopes. 

Another feature which has proved 
popular in other -fip- oscilloscopes and 
is included in the new oscilloscope is 
the -hp- automatic baseline feature. By 
means of this feature a trace is auto 
matically presented on the crt when 
no signal is present so that the op 
erator always knows the location of 
the vertical system reference. 

C R T  D A T A  
The cathode-ray tube in the oscillo 

scope has the new internal graticule 
and is a 5-inch size which provides a 
full  10x10 cm viewing area.  The 
tube is normally supplied with a P31 
phosphor but is alternately available 
with a P2, P7, or Pll phosphor. It is 
a mono-accelerator type similar to the 
5AQP â€” but is somewhat shorter, a 
factor which has permitted the overall 
depth of the cabinet to be held to only 
I6g" as an accommodation in rack 
mounting. 

O T H E R  C O N V E N I E N C E S  
The oscilloscope has a number of 

other features that give considerable 
convenience and flexibility in typical 
general-purpose work. The phase shift 
between the horizontal and vertical 
amplifiers is small up to 100 kc, per 
mitting accurate measurements of the 
relative phase between two signals. An 
internal calibrator provides a square- 
wave signal which permits the ampli 
tude calibration of the vertical ampli 
fier to be checked merely by setting a 
knob. A sweep magnifier expands the 
portion of the sweep that occupies the 
center part of the crt. The cabinet is 
only 7 inches high and is provided 
with a tilt bail for maximum conveni 
ence of viewing. Spring-loaded handles 
are provided on either side for ease in 
carrying, while for rack-mount usage 
pressure - actuated tilting slides are 
available for installation in place of 
the handles. â€”Robert L. DeVries. 

SPECIF ICATIONS 
-hp- 

M O D E L  1 2 0 B  O S C I L L O S C O P E  
V E R T I C A L  A M P L I F I E R  
B a n d w i d t h :  D C  c o u p l e d :  d c  t o  4 5 0  k c .  A C  

c o u p l e d :  2  c p s  t o  4 5 0  k c .  B a n d w i d t h  i s  i n d e  
p e n d e n t  o f  s e n s i t i v i t y  s e t t i n g .  

S e n s i t i v i t y :  1 0  m i l l i v o l t s / c m  t o  1 0 0  v o l t s / c m .  
4  c a l i b r a t e d  s t e p s  w i t h  a t t e n u a t o r  a c c u r a c y  
o f  Â ± 3 % ,  1 0  m v / c m ,  1 0 0  m v / c m ,  1  v / c m ,  
a n d  1 0  v / c m .  V e r n i e r  p e r m i t s  c o n t i n u o u s  
a d j u s t m e n t  o f  s e n s i t i v i t y  b e t w e e n  s t e p s  a n d  
e x t e n d s  1 0  v / c m  s t e p  t o  a t  l e a s t  1 0 0  v / c m .  

I n t e r n a l  C a l i b r a t o r :  C a l i b r a t i n g  s i g n a l  a u t o  
m a t i c a l l y  c o n n e c t e d  t o  v e r t i c a l  a m p l i f i e r  f o r  
s t a n d a r d i z i n g  o f  g a i n ,  a c c u r a c y  Â ± 2 % .  

I n p u t  I m p e d a n c e :  1  m e g o h m ,  a p p r o x i m a t e l y  
5 0  p f  s h u n t .  

B a l a n c e d  I n p u t :  O n  1 0  m v / c m  r a n g e .  I n p u t  i m  
p e d a n c e ,  2  m e g o h m s  s h u n t e d  b y  a p p r o x i  
m a t e l y  2 5  p f .  

C o m m o n  M o d e  R e / e c f / o n :  R e j e c t i o n  a t  l e a s !  
4 0  d b .  C o m m o n  m o d e  s i g n a l  m u s t  n o t  e x  
c e e d  Â ± 3  v o l t s  p e a k .  

P h a s e  S h i f t :  V e r t i c a l  a n d  h o r i z o n t a l  a m p l i f i e r s  
h a v e  s a m e  p h a s e  c h a r a c t e r i s t i c s  w i t h i n  + 2 Â °  
t o  1 0 0  k c  w h e n  v e r n i e r s  a r e  i n  C A L .  

SWEEP 
Sweep Range:  1  Â¿Â¿sec/cm to  a t  least  0 .5  sec/cm.  

1 5  c a l i b r a t e d  s w e e p s  a c c u r a t e  t o  w i t h i n  
Â±5%,  i n  a  1 ,  2 ,  5 ,  10 . . .  sequence ,  5  /Â¿sec /cm 
t o  2 0 0  m i l l i s e c / c m .  V e r n i e r  p e r m i t s  c o n t i n  
u o u s  a d j u s t m e n t  o f  s w e e p  l i m e  b e t w e e n  c a l i  
b r a t e d  s t e p s  a n d  e x t e n d s  t h e  2 0 0  m i l l i s e c / c m  
s t e p  t o  a t  l e a s t  0 . 5  s e c / c m .  

S w e e p  E x p a n d :  X 5  s w e e p  e x p a n s i o n  m a y  b e  
u s e d  o n  a l l  r a n g e s  a n d  e x p a n d s  f a s t e s t  
s w e e p  t o  l Â ¿ i s e c / c m .  E x p a n s i o n  i s  a b o u t  t h e  
c e n t e r  o f  t h e  c r t  a n d  e x p a n d e d  s w e e p  a c c u  
r a c y  i s  Â ± 1 0 % .  

S y n c h r o n i z a t i o n :  A u t o m a t i c  f r o m  5 0  c p s  t o  
2 5 0  k c ;  i n t e r n a l l y  f r o m  v e r t i c a l  d e f l e c t i o n  
s i g n a l s  c a u s i n g  ] / 2  c m  o r  m o r e  v e r t i c a l  d e  
f l e c t i o n ;  f r o m  e x t e r n a l  s i g n a l s  a t  l e a s t  2 . 5  
v o l t s  p e a k - t o - p e a k ,  a n d  f r o m  l i n e  v o l t a g e .  

T r i g g e r  P o i n t :  Z e r o  c r o s s i n g ,  n e g a t i v e  s l o p e  o f  
e x t e r n a l  s y n c  s i g n a l s ,  z e r o  c r o s s i n g ,  p o s i t i v e  
o r  n e g a t i v e  s l o p e  o f  v e r t i c a l  d e f l e c t i o n  s i g  
n a l s .  F r o n t  p a n e l  c o n t r o l  o v e r r i d e s  a u t o  
m a t i c  a n d  p e r m i t s  t h e  t r i g g e r  p o i n t  t o  b e  s e t  
b e t w e e n  â € ”  1 0  t o  + 1 0  v o l t s .  T u r n i n g  f u l l y  
c o u n t e r c l o c k w i s e  i n t o  a u t o  r e s t o r e s  a u t o  
m a t i c  o p e r a t i o n .  

H O R I Z O N T A L  A M P L I F I E R  
B a n d w i d t h :  D C  c o u p l e d :  d c  t o  3 0 0  k c .  A C  

c o u p l e d :  2  c p s  t o  3 0 0  k c .  B a n d w i d t h  i s  i n d e  
p e n d e n t  o f  a t t e n u a t o r  s e t t i n g .  

S e n s i t i v i t y :  0 . 1  v o l t / c m  t o  1 0 0  v o l t s / c m .  3  c a l i  
b r a t e d  s t e p s ,  a c c u r a t e  w i t h i n  Â ± 5 % ,  . 1  v / c m ,  
1  v / c m ,  a n d  1 0  v / c m .  V e r n i e r  p e r m i t s  c o n  
t i n u o u s  a d j u s t m e n t  o f  s e n s i t i v i t y  b e t w e e n  
s t e p s  a n d  e x t e n d s  1 0  v / c m  s t e p  t o  a t  l e a s t  
1 0 0  v / c m .  

I n p u t  I m p e d a n c e :  I  m e g o h m ,  n o m i n a l ,  s h u n t e d  
b y  a p p r o x i m a t e l y  1 0 0  p f .  

P h a s e  S h i f t :  H o r i z o n t a l  a n d  v e r t i c a l  a m p l i f i e r s  
h a v e  s a m e  p h a s e  c h a r a c t e r i s t i c s  w i t h i n  Â ± 2 Â °  
t o  1 0 0  k c  w h e n  v e r n i e r s  a r e  i n  C A L .  

GENERAL 
C a f h o d e  R a y  T u b e :  G 2 0 3 A  ( P I )  i n t e r n a l  g r a t i  

c u l e ,  m o n o - a c c e l e r a t o r  n o r m a l l y  s u p p l i e d ;  
2 5 0 0 - v o l t  a c c e l e r a t i n g  p o t e n t i a l .  P 2 ,  P 7 ,  a n d  
P l l  p h o s p h o r s  a r e  a l s o  a v a i l a b l e .  

I n t e r n a l  G r a t i c u l e :  1 0  c m  x  1 0  c m  m a r k e d  i n  c m  
s q u a r e s .  M a j o r  h o r i z o n t a l  a n d  v e r t i c a l  a x e s  
h a v e  2  m m  s u b d i v i s i o n s .  

I n t e n s i t y  M o d u l a t e d :  T e r m i n a l s  o n  f r o n t  p a n e l .  
+ 2 0  v o l t s  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 i m e n s i o n s :  1 6 %  i n .  w i d e ,  7 ] / 2  i n .  h i g h ,  1 6 3 / 8  
i n .  d e e p  o v e r a l l ;  h a r d w a r e  f u r n i s h e d  f o r  
q u i c k  c o n v e r s i o n  t o  7  i n .  x  1 9  i n .  r a c k  m o u n t .  

W e i g h t :  N e t  3 2  I b s .  
P o w e r :  1 1 5  o r  2 3 0  v o l t s  Â ± 1 0 % ,  5 0  t o  1 0 0 0  c p s .  

A p p r o x i m a t e l y  1 0 5  w a t t s .  
O p t i o n s :  2 .  P 2  C R T  i n s t a l l e d .  

7 .  P 7  C R T  i n s t a l l e d .  
1 1 .  P l l  C R T  i n s t a l l e d .  

P r i c e :  M o d e l  1 2 0 B  O s c i l l o s c o p e :  
$ 4 7 5 . 0 0  f . o . b .  P a l o  A l t o ,  C a l i f .  

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

W I T H  - h p -  O S C I L L O S C O P E S  

rounded peaks which help to diffuse 
reflections. With no filter or grati 
cule in front of the crt, there are no 
air-to-glass surfaces to cause internal 
reflections and Newton rings. The 
surface of the disc will accept pencil 
or crayon marks for sketching refer 
ence waveforms or scales on the crt 
face and can be easily cleaned when 
the markings are no longer needed. 
This is in contrast to the conven 
tional clear plastic graticule surface 
which is difficult to draw marks on 
and which scratches very easily. The 
bonding of the disc to the faceplate 
is  such that  the cr t  can implode 
without harm to the viewer.  The 
resulting improved appearance of 
the trace is illustrated in Fig. 4. 

A filter is not normally used with 
the new crt's. In applications where 
filtering is essential, a conventional 
filter can be placed in front of the 
crt. Anti-reflection properties, of 
course, are then sacrificed. Photo 
graphy with the new crt's requires 
a new technique since the graticule 
cannot be i l luminated with edge 
lighting. Entirely readable photo 
graphic reproductions of the grati 
cule can be made by leaving the 
viewing port on the -hp- Model 196A 
oscilloscope camera about half open 
under typical ambient light condi 
tions. For highest quality reproduc 
tions, a method has been developed 
in which the face of the crt is illumi 
nated from a weak light source in 
stalled inside the camera. This light 
source is being prepared to be avail 
able in the form of a modification 
kit for the 196A camera. The photo 

graph in Fig. 4 demonstrates the 
results obtainable using the modi 
fied camera. 

The internal graticule cathode 
ray tube is standard equipment on 
the new Model 120B oscilloscope 
described elsewhere in this issue. It 
is also available as a factory option 
or as a field modification kit on the 
oscilloscopes listed in Table I. An 
extra provision required in oscillo 
scopes having the internal graticule 
is a trace alignment coil. The coil 
f i t s  a round the  cr t ,  and current  
through the coil creates a magnetic 
field which is used to rotate the 
beam to exact alignment with the 
scale. This simple adjustment allows 
for initial factory alignment of the 
trace and makes it convenient to re 
align the trace whenever the instru 
ment is moved with respect to the 
earth's magnetic field or whenever 
other strong dc fields are present. 

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

The new internal graticule cath 
ode ray tubes represent the begin 
ning of the second phase of a pro 
gram which started some time ago 
when -hp- began manufacturing 
cathode ray tubes. During the first 
phase, the major effort was expended 
in developing facilities and tech 
niques for producing standard type 
crt's. Nevertheless, the first phase 
saw a  number  of  s igni f icant  im 
provements  achieved in  the  per  
formance of crt's. 

New methods and careful process 
control have resulted in sharply re 
duced field failure rates.  Experi  
mentation in phosphor processing 

has led to a new technique which 
great ly reduces the tendency of  
phosphors to burn. In -hp- manufac 
t u r ed  c r t ' s ,  even  P7  phospho r ,  
generally regarded as extremely 
sensitive to burning, will withstand 
normal usage with little danger of 
burning .  In  addi t ion  to  burn  re  
sistance, the new technique has also 
resulted in a significant increase in 
brightness. 

In -hp- crt's that operate at rela 
tively high accelerating potentials, 
aluminizing is now used to enhance 
the brightness of most phosphor 
types. The aluminum film backing 
on the phosphor aids brightness by 
reflecting light emitted toward the 
inside of the crt. The conductive 
aluminum film also prevents a nega 
tive charge from building up on the 
screen. Brightness is thus further 
enhanced since electrons reach the 
screen at a higher velocity. 

Brightness of 5 kv and 10 kv crt's 
has been improved still further by 
converting to P31, a new, extremely 
efficient phosphor, with a spectral 
response closely matched to the eye. 
In the Models 150A and 160B oscil 
loscopes, aluminized P31 is now sup 
plied in place of non-aluminized 
P2, with an increase in visual bright 
ness of approximately 250%. In all 
-hp- oscilloscopes, dual purpose P2 
phosphor as well as long persistence 
P7 and photographic Pll are avail 
able  as  s tandard opt ions .  Other  
phosphor types can be supplied on 
request. - Bertrand W. Sqmer, Jr. 
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