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1848 

ICONOSCOPE 
For use in -bortable television cameras 

Heater 
Voltage 
Current 

Deflection 
Type of Pickup 

Coated Unipotential Cathode 
6.3 a-c or d-c volts 
0.6 

Direct lnterelectrode Capacitance: 

amp. 
Magnetic 

Direct 

Signal Plate to Collector & Anode No.2 
{with external shleldingl 10 approx. µµf 

12 max. µµf 
See Outline Dra~ing 

Small Metal 
Metal Shell Octal 8-Pin 

Control Grid to All Other Electrodes 
Dimensions 
Caps (two) 
Base Dwarf 

MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS 
High-Voltage Electrode (Anode No.2) 

& Collector Voltage 1200 max.• volts 
Accelerating Electrode (Grid No.2) Voltage 1200 max.• volts 
Focusing Electrode (Anode No.1) Voltage 400 max.• volts 
Control Electrode (Grid No.1) Voltage Never Positive 
Grid No.1 Volt. for Current Cut-Off -50 approx.volts 
Anode No.2 & Collector Current• 0.5 max.• µamo. 
Ambient Temperature 40 max. 0c 
Typical Operation: 

Heater Voltage 0 

Anode No.2 & Collector Voltage 
Grid No.2 Voltage 
Anode No.1 Voltage• 
Grid No.1 Voltage•# 
Anode No.2 & Collector Current• 

6.3 volts 
1000 volts 
1000 volts 
300 approx.volts 
-40 approx.volts 
0.1 approx. µamp. 

• Design maximum for 117-volt 1 ine. 
* When this current is measured, tne mosai-c should not be illuminated. 0 The cathode should be connected to one side or, preferably, to the 

• ;~::~~Pb~\jJ:s~:dt:~w!~i:?•1argest negative value which will pro-
v ic;te suft ic ient video output. 

,,_ Maximum d-c resistance in the grid circuit should not exceed 1 megohm. 
• Should be adjusted and set at value giving best focus. 
NOTE :Signal plate-to-collector impedance is a funct Ion of bias 1 ight, 
image brilliance, and beam current, and is in the order of a few me~ohms 
for normal operation. Normal beam current is in the order of 0.25 m1cro
ampere. 

of t h!h: i;~~~a 
1;f !~!:t~~~~~!~! 0~ oa~m::d~~~e b~f a~~~~;!~r: 1~n~~e~~~~~~ 

without phase shift is required in all frequencies of' the picture signal. 
A practical design value of' signal-plate load impedance is in the 

order of O.l to 0.5 megohm. With low values of load resistance, gain and 

~~1;:1-f~:~~1;!0
~~ f ~e a~:t i~,~~:s!d~· 1 ~ i! ~t ~~~ \!:~~e~he 9t:; :i~e~ ii~:: 

quenc ies are over-emphas I zed and must be equalized by a video stage 

hay i ni 1:~:1 l ~t~~rq~~~!nia ~:~ ies with beam current, i 11 um i nation level, 
and bias liQhting,but is in the order of 0.15 microampere peak to peak. 
Good operation can be obtained with a highlight illumination level on 
the ,aosaic In the order of 7 foot-candles. 

~~= ~~,~~:]st:~:!\i: ~1! 0:i~~:1::~:ties ~1~~:~!d s~~~,gut~0nmfl;~uf;, 
one megoh11. 

Apri 1 15. 1940 
RCA RADIOTRON DIVISION 
RCA ~ANUFAClURING COMPANY lNC 

TENTATIVE DATA 
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1850-A 

ICON OSCO PE 
FOR PICKUP FROM MOTION-PICTURE FILM OR SLIDES 

DATA 
General: 
Heater, for Unipotential Cathode: 

Voltage. . . . . . . . 6.3 ± 10% .... ac or de volts 
Current. . • . . . . . . 0.6 , . . . . . amp 

Direct lnterelectrode Capacitances (Approx.): 
Grid No.1 to All Other Electrodes. 
Signal Electrode to Grid No.4° 

Mosaic, Photosensitive: 
Response . . . . . . . . . 
Useful Size of Rectangular Image 

6.5 
10 

µ,µ.f 
µ.µ.f 

See Curve 

(4 x 3 Aspect Ratio). 
Focusing Method ..... . 
Deflection Method .... . 

5. 75" max. diagonal •>
Electrostatic 

Magnetic 
. . . . . 55° ..... Deflection Angle (Approx.) 

Max. Width of Mounted Tube 
Height of Mounted Tube .. 
Depth of Mounted Tube. . . 
Mounting Position ..... 
Minimum Deflecting-Coil Inside 
Maximum Deflecting-Coil Length 
Caps (Two) 

8-1/8" 
10-3/16" ± 3/4" 

12-13/ 16" ± 3/ 4" 
Mosaic in vertical plane 

Diameter. . . . . . . 1-112" -~ 
. . . . . . . . 2-1/4" •r-

Base ..... . 
Medium (JETEC No.Cl-5) 

Long Medium-Shell Small 6-Pin 
BOTTOM VIEW 

Pin 1-He,iter 
Pin 2 -Grid No. 2 
Pin 3-Grid No.3 
Pin 4-Grid No.1 
Pin 5-Cathode 
Pin 6-Heater 

DIRECTION or LIGHT 
IS NORMAL 10 MOSAIC 

Maximum Ratings, Absolute Values: 

AVERAGE MOSAIC ILLUMINATION• ... 
OPERATING TEMPERATURE OF BULB 

AT LARGE END OF TUBE. 
SIGNAL-ELECTRCDE VOLTAGE ... 
GRID-No.4 (COLLECTOR) VOLTAGE. 
GRID-No.3 VOLTAGE .. . 
GRID-No.2 VOLTAGE .. . 
GRID-No.1 VOLTAGE: 

Negative bias value. 
Positive bias value. 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect to cathode. 
Heater positive with respect to cathod~ 

GRID-No. 4 CURRENT. • . . . . . . . . . 
0 With external shield. 

• Averaged over any interval of 1 sec. max. 

MAY 1, 1951 TUBE DEPARTMENT 

{ 
See Outline 

Caps Drawing 
SJ - Signal 

Electrode 
G4 -Grid No. 4 

(Collector) 

50 max. ft-c 

40 max. oc 
1200 max. volts 
1200 max. volts 
450 max. volts 

1200 max. volts 

125 max. volts 
0 max. volts 

125 rnax. volts 
10 max. vol ts 

0. 5 max. µam, 

~- Indicates a change. 

DATA 
IADIO COtltOIATION OP AMUICA, HAUISON, NEW JEISEY 

_,__ 

.,-. 



~ 
1850-A 

ICONOSCOPE 

Typical Operation and Characteristics: 
Signal-Electrode Voltage ..... 
Grid-No. 4 Vo I tage .••...... 
Grid-No.3 Voltage (Beam Focus)-

24% to 36X of Grid-No.4 Voltage. 
Grid-No. 2 Voltage ..••..... 

-+ Max. Gria-No.1 Voltage for Pattern 
Cutoff- 7% of Grid-No.4 Voltage 

-+- Grid-No. 4 Current 
(With no illumination on mosaic)*. 

External Load Resistance 
-+ Illumination on Mosaic: 

Steady Highlight Value for Slides. 
Average Pulsed High! ight Value 

tor Motion-Picture Film . .... 
-->- Ratio of Peae,-to-Peak Highlight 

Video-Signal Current to RMS Noise 
Current (Aporox.). 

-+ Minimum Pe~k-to-Peak Blan:-Zing Voltage. 
-+ Deflecting-Coil Current (Approx.):** 

Horizontal (Peak to peak). 
Vertical (Peak to peak) .. 

Maximum Circuit Values: 
Grid-No.1-Circuit Resistance 

* Allowance should be made for leakage currents. 

** For RCA oef1 ect i ng Yoke No. 201D76. 

MAY 1, 1951 
TUBE DEPARTMENT 

1000 volts 
1000 volts 

240 to 360 volts 
1000 volts 

-70 volts 

0.1 to 0.2 µ,amp 
0.1 megohm 

4 to 6 ft-c 

10 to 20 ft-c 

100 
20 volts 

600 ma 
140 ma 

1. O max. megohm 

--+ Indicates a change. 

DATA 
RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 



IDEAL GUN 
AXIS 

PIN N~ 2 

~ 
1850-A 

ICONOSCOPE 

SEE NOTE 1 

'A' 

1 DIRECTION 
OF LIGHT 

OF GUN 

CAPS A,B,C I, O-
MAK( NO CONNECTIONS 
TO THESE CAPS- USED 
ONLY DURING 
MANUFACTURE OF TUBE 

92CM-4891 R3 

* BB' IS THE PLANE THROUGH THE BULB AXIS AA' ANO THE IDEAL GUN AXIS • 

..,._ Ind i Cdtes a cnange. 

MAY 1, 1951 TUBE DEPARTMENT CE-4891P3A 
RADIO COJPORATION OF AMERICA, HAUtSON, NEW JERSEY 



~ 
1850-A 

ICONOSCOPE 

NOTE 1: VARIATION OF TIP CENTER FROM PLANE BB' IS 1/2". 

NOTE 2: MAXIMUM ROTATION OF LINE THROUGH PINS 2 AND 5 
ABOUT IDEAL GUN AXIS IS± 10°, MEASURED FROM PLANE BB'. 

NOTE 3: DEVIATION OF PLANE OF MOSAIC FROM PLANE PERPEN
DICULAR TO THE BULB AXIS AA' IS 2.5° MAX. ROTATION OF 
MOSAIC ABOUT THE BULB AXIS AA' WITH RESPECT TO A LINE 
OF INTERSECTION FORMED BY MOSAIC PLANE AND PLANE BB' 
IS 2.5° MAX. 

MAY 1, 1951 
TUBE DEPARTMENT 

CE-4891R3B 
RADIO CORPORATION OF AMEIICA, HAHISON, NEW JERSEY 
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SPECTRAL SENSITIVITY CHARACTERISTIC 

FOR EQUAL VALUES OF RADIA NT 
FLUX AT ALL WAVELENGT HS 
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TUBE DEPARTMENT 
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0 / 1850-A 

TYPICAL SIGNAL-OUTPUT CHARACTERISTIC 
T T I I I 

'-'-- SCENE , BLACKS AND WHITES BALANCED 
C-c..BACK LIGHTING, APPROXIMATELY OPTIMUM 
'-'-BEAM CURRENT , 0.2 MICROAMPERE 

TYPE OF LIGHTING, DAYLIGHT FLUORESCENT 
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RADIO CORPORATION OF AMERICA, HARRISON, NEW JEii.SEY 
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5527 

ICON OSCO PE 
ELECTROSTATIC FOCUS ELECTROSTATIC DEFLECTION 

Genera I: 

Heater, for Unipotential Cathode: 
Voltage • • • • • • • 6.3 ± 10% ••. ac or de vo 1 ts 

amp Current • • • • • • • 0.6 •.•.. 
Direct lnterelectrode Capacitances (Approx.):• 

Grid No.1 to All Other Electrodes • • • • 7.5 µµf 
Signal Electrode to All Other Electrodes 

and External Shield 
Focusing Method • • • • • • • • 

5 • • µµf 
Electrostatic 
E 1 ect rostat i c 
1.4" Diagonal 

Deflection Method ••••••• 
Image Size (4 x 3 aspect ratio) 
Overa 11 Length. • 
Seated Length • • 
Maximum Diameter. 
Mounting Position 

911 ± 1/411 
8-1/4" ± 1/4" 

2-1/4" 
. • • . Any 

Cap ••••..• 
Base ••••.• 

• • Recessed Small Cavity 
• Medium-Shell Diheptal 12-Pin 

Basing Designation for BOTTOM VIEW . • •••••• 14L 

Pin 1-Heater 
Pin 2-Cathode 
Pin 3-Grid No.1 
Pin 4 - Internal 

Connection -
Do Not Use 

Pin 5-Grid No.3 
Pin 7-Deflecting 

Electrode 
DJ3 

Pin 8-Deflecting 
Electrode 

DJ4 

DIRECTION OF LIGHT 
INTO END Of BULB 

Maximum Ratings, Design-Center Values: 

SIGNAL-ELECTRODE VOLTAGE ••• 
GRID--No.4 & GRID--No.2 VOLTAGE 
GRID--No.3 VOLTAGE •. 
GRID--No.1 VOLTAGE: 

Negative bias value .•.• 
Positive bias valu,; •••• 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect 

to cathode. 
Heater positive with respect 

to cathode 
AMBIENT TEMPERATURE 
MOSAIC ILLUMINATION • 

• With external shield. 

APRIL 15, 1947 TUBE DEPARTMENT 

Pin 9 -Anode No. 2, 
Grid No.4 

Pin 10 - Deflecting 
Elect rode 

DJ2 
Pin 11 - Deflecting 

Electrode 
DJ1 

Pin 12 - Internal 
Connection-
Do Not Use 

Pin 14 - Heater 
Cap -Signal 

Elect rode 

900 max. volts 
900 max. volt 
450 max. volt 

100 max. volt 
0 max. volt 

125 max. volt 

10 max. volt 
40 max. 0 

50 max. foot-candle 

TENTATIVE DATA 
IADIO COl,OIATION Of AMEIICA, HARRISON, NEW JERSEY 



~ 
5527 

ICON OSCO PE 

Typical Operation: 

Signal-Electrode Voltage 
Grid-No.4 & Grid-No.2 Voltage 
Grid-No.3 Voltage for Focus. 
Grid-No.1 Voltage ..... . 
Max. Grid-No.1 Voltage for 

800 
800 

125 to 250 
Adjust for best 

Picture Cutoff . . -75 
Max. Deflecting Voltages (Peak-to-Peak)*: 

DJ1 & DJ2 (Vertical J • • • • • • 120 
DJ3 & DJ4 (Horizontal) . . • . 100 

Min. Peak-to-Peak Blanking Voltage 30 
Signal-Output Current (Approx.) 0.025 
Output Resistor (Approx.) . . . 1. 0 

Maximum Circuit Values: 

Grid-No.1-Circuit Resistance 
Resistance in any Deflecting-

Electrode Circuit0 

1.0 max. 

5.0 max. 

* To scan picture of 1.11-R diagonal (11. x 3 aspect ratio). 

volts 
volts 
volts 

picture 

volts 

volts 
volts 
volts 
µ.amp 

megohm 

megohm 

megohms 

• It is recommended that the deflecting-electrode-Circuit resistances be 
approximately equal. 

The SPECTRAL SENSITIVITY CHARACTERISTIC curve 
for the 5527 is the same as that shown 

for Type 1850-A. 

APRIL 15, 1947 TUBE DEPARTMENT TENTATIVE DATA 
tAOIO COIPOIATION OF AMEIICA, HAHISON, NEW JEISEY 
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5527 

ICON OSCO PE 

SICNAL ELECTRODE 
RECESSED SMALL 

CAVITY CAP 

MEDIUM-SHELL 
DIHEPTAL 

12-PIN BASE 

MOSAIC 

9" 

± ½i" 

tOF BULB WILL NOT DEVIATE MORE THAN 2° IN ANY 
DIRECTION FROM THE PERPENDICULAR ERECTED AT THE 
CENTER OF BOTTOM OF THE BASE. 

THE PLANE THROUGH THE TUBE AXIS AND BASE-PLUG KEY 
MAY VARY FROM THE PLANE THROUGH THE TUBE AXIS AND 
SIGNAL ELECTRODE TERMINAL BY AN ANGULAR TOLERANCE 
I MEASURED ABOUT THE TUBE AXIS! OF 20°. SIGNAL 
ELECTRODE TERMINAL IS ON SAME SIDE AS BASE-PLUG 
KEY. 

DJI AND DJ2 ARE NEARER THE MOSAIC; DJ3 AND DJ4 
ARE NEARER THE BASE. WITH DJI POSITIVE WITH RE
SPECT TO DJ2, THE SPOT IS DEFLECTED TOWARD PIN 5. 
WITH DJ3 POSITIVE WITH RESPECT TO DJ4, THE SPOT 
IS DEFLECTED TOWARD PINS I AND 2. WITH DJ I AND 
DJ2 USED FOR VERTICAL DEFLECTION, THE VERTICAL 
AXIS OF THE SCANNED AREA OF THE MOSAIC IS PARALLEL 
TO VERTICAL PLANE THROUGH PINS 5 AND 12 WITHIN 
± I 5o. THE ANGLE BETWEEN THE SC ANN I NG DIRECTION 
PRODUCED BY DJ 3 AND DJ 4 AND THE SCANNING DIRECT I ON 
PRODUCED BY DJ I AND DJ2 IS 90° ± 3o. 

92CS-6803 

APRIL 15, 1947 T\J8E DEPARTMENT 
IA0IO COlrORATION OP AMfllCA. HAHISON, N!W JHSEY 

CE-6803 
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5826 

IMAGE ORTHICON 
Magnetic Focus 
Magnetic Deflection 

For Studio Pickup 
Exceptional Sensitivity 

TENTATIVE DATA 

3"-Diameter Bulb 
15-1/q" Length 

RCA-5826 is a television camera tube recom
mended for studio use and other app Ii cations 
where the lighting can be controlled. It has 
exceptional sensitivity combined with a spectral 

response approaching that of 
the eye, and good stab i Ii ty over 
the range of I ight I eve ls usu
a I ly encountered with art i fi c i a I 
i I lumination. Commercially 
acceptable pictures can be ob
tained with incident light 
levels greater than about 
35 foot-cand I es. 

The photocathode ut i Ii zed 
in the 5826 is characterized by 
a spectral response having high 
blue sensitivity, high green 
sensitivity, good red sensitivi
ty, and practically no infrared 
sensitivity. This lattercharac
teristic of the response pre
vents any color-masking by 
infrared, and thus permits 
po rt ray a I of co I ors i n near I y 
their true tonal gradation. 

Because of its spectral 
characteristics and exceptional 
sensitivity, the 5826 can be 
substituted to advantage for 
the type 5655, Requiring a 
minimum I ight level only O. 15 
of that required by the 5655, 
the 5826 makes it possible to 
reduce substantially the amount 
of i I lumination as wet I as air 
conditioning needed in the 

studio. Furthermore, the 5826 permits con
siderably imp roved gray-seal e rendition of color 
while retaining the same good signal-to-noise 
ratio of the 5655. 

The relatively smal I size of the 5826 lends 
itself to use in comparatively I ight-weight, 
portable television cameras, and faci I itates the 
use of a telephoto lens with such cameras. 

For general outdoor pickup use, RCA-5820 
is recommended. 

PRINCIPLES OF OPERATION 
The 5826hasthree sections--an image section, 

a scanning section, and a multiplier section, as 
shown in Fig. I. 

Image Section 
The image section contains a semi-transparent 

photocathode on the inside of the face plate, a 
grid to provide an electrostatic accelerating 
field, and a target which consists of a thin glass 
disc with a fine mesh screen very closely spaced 
to it on the photocathode side. Focusing is ac
complished by means of a magnetic field produced 
by an external coi I, and by varying the photo
cathode vo I tage. 

Light from the scene being tefevised is picked 
up by an optical lens system and focused on the 
photocathode which emits electrons from each 
i I luminated area in proportion to the intensity 
of the I ight striking the area. The streams of 
electrons are focused on the target by the mag
netic and accelerating fields. 

On striking the target, the electrons cause 
secondary electrons to be emitted by the glass. 
The secondaries thus emitted are collected by the 
adjacent mesh screen which is held at a definite 
potential of about 2 volts with respect to target
voltage cutoff, Therefore, the potential of the 
glass disc is I imited for al I values of I ight and 
stable operation is achieved, Emission of the 
secondaries leaves on the photocathode side of 
the glass a pattern of positive charges which 
corresponds with the pattern of I ight from the 
scene being televised, Because of the thinness 
of the glass, the charges set up a simi far poten
tial pattern on the opposite or scanned side of 
the glass. 

Scanning Section 
The opposite side of the glass is scanned by 

a low-velocity electron beam produced by the 
electron gun in the scanning section. This gun 
contains a thermionic cathode, a control grid 
(grid No. I), and an accelerating grid (grid No,2). 
The beam is focused at the target by the magnetic 
field of an external focusing coil and the 
electrostatic field of grid No.4. 

Grid No.5 serves to adjust the shape of the 
decelerating field between grid No.4 andthetar
get in order to obtain uniform landing of elec
trons over the entire target area, The electrons 
stop their forward motion at the surface of the 
glass and are turned back and focused into a 
five-stage signal multiplier, except when they 
approach the positively charged portions of the 
pattern ontheglass. When this condition occurs, 

Copyright, 1950 TUBE DEPARTMENT 5826-3-50 
Photolithographed in U,S.A, Radio corporation of America RADIO CORPORATION OF AMERICA, HARRISON, NEW JERSEY 



TELEVISED 
SCENE 

92CS-6692 

PHOTOCATHODE TARGET 

IMAGE 
SECTION 

FOCUSING 
COIL 

SCANNING 
SECTION 

MULTIPLIER 
SECTION 

Fig. 1 - Schematic Arrangement of Type 5826. 

they are deposited from the scanning beam in quan
tities sufficient to neutralize the potential 
pattern on the glass. Such deposition leaves 
the glass with a negative charge on the scanned 
side and a positive charge on the photocathode 
side. These charges wi 11 neutralize each other 
by conductivity through the glass in less than 
the time of one frame. 

Alignment of the beam from the gun is accom
pfished by a transverse magnetic field produced 
by an external coi I located at the gun end of the 
focusing co i I. 

Deflection of the beam is accomplished by 
transverse magnetic fields produced by external 
deflecting col Is. 

The electrons turned back at the target form 
the return beam which has been amplitude modu
lated by absorption of electrons at the target 
in accord with the charge pattern whose more 
positive areas correspond to the high I ights of 
the televised scene. 

Multiplier Section 
The return beam is directed to the first 

dynode of a five-stage electrostatical ly focused 
multiplier. This utilizes the phenomenon of 
secondary emission to amplify signals composed 
of electron beams. The electrons in the beam 
impinging on the first dynode surface produce 
many other electrons, the number depending on the 
energy of the impinging electrons. These secondary 
electrons are then directed to the second dynode 
and knock out more new electrons. Grid No.3 
faci I itates a more complete collection by dynode 
No.2 of the secondaries from dynode No. I. The 
multiplying process is repeated in each suc
cessive stage, with an ever-increasing stream of 
electrons unti I those emitted from dynode No.5 
are co 11 ected by the anode and constitute the 
current uti I ized in the output circuit. 

The multiplier section amp! ifiesthemodulated 
beam about 500 ti mes. The mu It i p I i cation so 
obtained increases the signal-to-noise ratio of 

the tube and also permits the use of an amp! ifier 
with fewer stages. The gain of the multiplier 
is sufficiently high so that the I imiting noise 
in the use of the tube is the random noise of the 
e I ect ron beam mu It i p I i ed by the mu It i p I i er stages. 
This noise is larger than the input noise of the 
video amp! ifier. 

It can be seen that when the beam moves from 
a less positive portion on the target to a more 
positive portion, the signal output voltage across 
the load resistor (R30 in Fig.2) changes in the 
positive direction. Hence, for highlights in 
the scene, the grid of the first video-amplifier 
stage swings in the positive direction. 

DATA 
General: 
Heater, for unipotential cathode: 

Voltage (AC or DC) • • • • • • • 6.3 ± 101 volts 
current. • • • • • • • • • • • • o.6 ampere 

Direct Interelectrode capacitance: 
Anode to Al 1 other Electrodes. • 20 JJl'f 

Photocathode, semi-transparent: 
Response. • • • • • • • • • • • • • see Fig.6 
useful size of Rectangular Ima9e 

(11 x 3 aspect ratio) ••• 1.6" max. Diagonal 
Orientation of Rectangular image -- Proper orientation 

is obtained when the vertical scan is essentially par
allel to the plane passing through center of face plate 
and pin No,7 of the shoulder base. 

FOCUS i n9 Method. • • • • • • • • Magnetj c 
Deflect I0n Method. • • • • • • Magnet Ic 
overall Length • • • • • • • • 15-1/11• ± 1/11" 
Greatest Diameter of Bulb. • • • • • • • • 3• ± 1/16" 
Shoulder Base. • • • • Keyed Jumbo Annular 7-Pin 
End Base • • • • • • • • • Small-shell Oiheptal 111-Pin 
Mounting Position. • • • • • • • • • See Text 
Minimum Deflecting-coil inside Diameter. 2-1/8" 
Deflecting-coil Length • • • • 5" 
Focusing-Co i 1 Length • • • • • 10 • 
Alignment-coil Length. • • • • 15/16" 
Photocathode Distance inside End of 

Focusing coil. 1/2• 

Maximum Ratings, Absolute Values: 

PHOTOCATHODE VOLTAGE •••• 
PHOTOCATHOOE ILLUMINATION ••••• 
OPERATING TEMPERATURE OF ANY 

PART OF BULB •• 
OPERATING TEMPERATUR~ OF BULB AT 

LARGE ENO OF TUBE {TARGET SECTION) 
TEMPERATURE DIFFERENCE: 

Between target section and any part 
of bulb hotter than target section 

GRIO-N0,6 VOLTAGE, •••••••••• 

-550 max. volts 
50 max. ft-c 

65 max. 0c 

115 min. 0c 

5 max. 0c 
-550 max. volts 

-2-



TARGET VOLTAGE: 
Positive value 50 max. 
Negative value 50 max. 

GRI D-No.5 VOLTAGE. 150 max. 
GRID-No.4 VOLTAGE. 300 max. 
GRID-No.3 VOLTAGE. . . . . . . . 400 max • 
GRID-No.2 & DYNODE-No.1 VOLTAGE. )50 max, 
GRID-No.1 VOLTAGE: 

Negative bias value. 125 max. 
Positive bias value. . o max, 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with 

respect to cathode. 125 max, 
Heater positive with 

cathode, respect to 10 max. 
ANODE-SUPPLY VOLTAGE* . 1500 max • 
VOLTAGE PER MULTI PLIER STAGE 350 max. 

Typical Operation and Characteristics: 
Photocathode VoltaQe (Image Focus) 
Grid-No.6 Voltage (Accelerator)-

BOJ of photocathode voltage ••• 
Target voltageo •• , ••••••• 
Grid-No.5 Voltage (Decelerator)OO, 
Grid-No.4 voltage (Beam Focus) .• 
Grid-No.3 Voltage* •••••••• 
Grid-No,2 & Dynode-No.1 Voltage, • 
Grid-No.1 Volta9e (For 

picture cutoff}. 
Dynode-No.2 Voltage. 
Dynode-No,3 voltage, 
Dynode-No.4 voltage. 
Dynode-No.5 voltage. 
Anode voltage •••• 
Anode current, •••••••••• 
Target Temperature Range (See text) 
Highlight illumination on Photo-

cathoae for Maximum Signal output: 
With 2e10°K Tungsten illumi

nation, Daylight, or White 
Fluorescent illumination ••• 

Ratio of Peak-to-Peak Highlight 
Video-Signal current to 
RMS Noise current /Approx.). 

Minimum Peak-to-Peak etanking 
Voltage •• 

Field strength at center of 
FocusinQ coil ••• 

Focusing-Coil current (Approx~, 
for co i 1 1 i sted below)• •• 

Deflecting-coil current (Approx.! 
for Assembly 1 isted below : 

Horizontal (Peak to peak) ••• 
vertical (Peak to peak), ••• 

Alignment-coil current (Approx., 
for coil 1 isted below) •• 

Co• ponents: 
Deflecting-coil Assemblr (includes 
Keyed Jumbo Annular 7-Pin socket). 

Focusing-coil Assembly •••••• 
Alignment-coil Assembly, ••••• 
Hor. Deflection output Transformer 
ver. Deflection output Transformer 

-300 to -500 

-240 to -400 
0 

o to 100 
160 to 240 
225 to 330 

300 

-45 to -115 
600 
800 
1000 
1200 
1250 

50 
45 to 60 

0.04 

70 

10 

75 

75 

625 
290 

o to 30 

RCA Type NO. 
RCA Type No. 
RCA Type No. 
RCA Type NO, 
RCA Type No. 

volts 
vol ts 
vol ts 
volts 
volts 
volts 

vol ts 
volts 

vol ts 

volts 
volts 
volts 

volts 

volts 
vol ts 
volts 
volts 
volts 
vol ts 

vol ts 
volts 
volts 
volts 
volts 
volts 

µ.a 
Oc 

ft-c 

volts 

gausses 

ma 

ma 
ma 

ma 

201D75 
202D75 
204D7 5 
204Tl 
204T2 

* Ratio of dynode voltages is shown under Typical aper
at ion. 

0 Adjustable from -3 to +5 volts with blanking voltage 
off. 

00 Taps at o, 30i 60, and 90 vol ts are recommended. set 
at voltage giving most uniform resolution and signal 
output over entire picture area, 

* Adjust to give the most uniformly shaded picture near 
maximum s igna 1. 

• Direct ion of current should be such that a north-seeking 
pole is attracted to the image end of the focusing coil, 

INSTALLATION 
The end-base pins of the 5826 fit the diheptal 

14-pin socket; the annular-base pins fit the 
keyed jumbo annular 7-pin socket which is part 
of the deflecting-col I assembly having RCA 
Type No.201D75. 

The 5826 has three complementary guides for 
inserting the tube correctly in the annular socket, 

i.e., the large pin (No.71 on the annular base, 
the white radial line on face of bulb, and a 
Nhite longitudinal I ine on neck. Designers of 
equipment should position the annular socket so 
that pin No.7 of the annular base, and the white 
radial line when viewed from the face end of the 
tube, wi 11 be at the bottom of the face after 
the tube has been correctly inserted in the 
annu I ar socket. The 5826 is i nstal I ed by in
serting the diheptal-base end of the tube 
through the coi I assembly and then turning 
the tube unti I the annular-base pins, keyed 
by pin No.7, can be inserted in the annular 
socket. Proper insertion aligns the white radial 
I ine on the face with center of the slot in the 
annular socket, and makes the longitudinal line 
on the neck visible through the sight hole in the 
deflecting-coi I assembly. The annular-base pins 
are then pushed into their socket, and the 
diheptal socket is put on the 14-pin base. 

Proper orientation of the annular socket with 
respect to the horizontal-deflecting field is 
essential, and is obtained when the plane which 
is perpendicular to the plane of the annular socket 
and which passes through the center of the 
annular socket and the center I ine between pins 
3 and 4 of the annular base is at right angles 
to the horizontal scanning field. This orienta
tion prevents the damper bars in the target 
assembly from showing in the picture when the 
target is normally scanned, and also minimizes 
beat-pattern effects by placing the sides of the 
mesh holes at an angle of 450 with respect to 
the horizontal scanning I ines. 

The damper bars serve to minimize microphonics 
and consist of two metal strips betweenthemesh
screen portion and the glass-disc portion of the 
target. They are positioned so that, with the 
orientation described above, they appear parallel 
to the horizontal scanning I ines when the target 
is over-scanned, but do not show in the picture 
with normal scanning of the target. 

The operating ,Position of the 5826 should 
preferably be such that any loose particles in 
the neck of the tube wi 11 not fa! I down and 
strike or become lodged on the target. There
fore, it is recommended that the tube never be 
operated in a vertical position with the diheptal
base end up nor in any other position where the 
axis of the tube with base up makes an angle of 
less than 20° with the vertical through the 
center of the base. 

The operating temperature of any part of the 
g I ass bu I b shou Id never exceed 65°C, and no pa rt 
of the bulb at the large end of the tube (target 
section) should ever fa! I below 45°c during 
operation. The temperature of the target is 
essent i a I I y the same as that of the adjacent 
glass bulb and can, therefore, be determined by 
measuring the temperature of the glass bulb ad
jacent to the target. It is recommended that 
the temperature of the entire bulb be held between 
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O = Terminals on Deflecting-Coil Assembly, RCA Type N0,201D75, 
are connected to annular socket within the Assembly as shown, 
marked G, A, and c. G is connected to yoke shielding, A and C 
heater terminals on face of annular socket. Other terminals on 
shown above are indicated in Figs.3 and ij, 

These terminals 
except for those 
are connected to 
the Assembly not 

Fig. 2 - Voltage Dividers for Type 5826 111ith Connections 
for: Alignment Coil, RCA Type No.204D75, and 

Focusing Coil, RCA Type No.202D75. 
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45° and 6o 0 c. Operation at too low a temperature 
wi I I be characterized by the appearance of a 
rapidly disappearing "sticking picture" of oppo
site polarity from the original when the picture 
is moved. Operation at too high a temperature 
wi I I cause loss of resolution and possibly per
manent damage to the tube. Resolution is re
gained by waiting for the temperature to drop 
below 65°c. No part of the bulb should run more 
than 5o hotter than the target section to prevent 
cesium migration to the target. Such migration 
wi 11 result in loss of resolution and in probable 
permanent damage to the tube. Like other photo
sensitive devices employing cesium, the 5826 may 
show fluctuations in performance from time to 
time. Strict observance of the above recommen
dations with respect to operating temperature 
will not completely eliminate these variations 
but wi 11 greatly improve the stabi I ity of the 
characteristics during the I ife of the tube. 

When the equipment designoroperating condi
tions are such that the maximum temperature 
rating or maximum temperature difference as given 
under Maximum Ratings wi 11 be exceeded, pro
vision should be made to direct a blast of coo I
i ng air from the di heptal-base end of the tube 
along the entire length of the bulb surface, i.e., 
through the space between the bulb surface and 
the surrounding deflecting coi I and its extension. 
Any attempt to effect coo Ii ng of the tu be by 
c i rcu I at i ng even a I arge amount of air around the 
focusing coil will do little good, but a small 
amount of air directly in contact with the bulb 
surface wi 11 effectively drop the bu! b temperature. 
For this purpose, a small blower is satisfactory, 
but it should be run at low speed to prevent 
vibration of the 5826 and the associated ampli
fier equipment. Unless vibration is prevented, 
distortion of the picture may occur. 

Ordinarily, the temperature in a camera 
equipped with a blower wi I I not exceed 65°c, ex
cept in very hot weather or unless the target 
heater is left on accidentally fora long period. 

To keep the operating temperature of the 
large end of the tube from fal I ing below 45°c, 
some form of control led heating should be em
ployed. Ordinarily, adequateheatwill be supplied 
by the focusing coi I, deflecting coi Is, and 
associated amplifier tubessothatthetemperature 
can be control led by the amount of cooling air 
directed along the bulb surface. If, in special 
cases, a target heater is required, it should 
fit snugly betweenthefocusing coil and the bulb 
near the shoulder of the tube. Such a target 
heater is included in the RCA Deflecting-Coil 
Assembly. 

The lens system used with the 5826 should be 
designed according to basic optical principles 
and should incorporate an iris to control the 
amount of I ight entering the television camera 
lens. Because of the relatively small face diam
eter of the 5826, the use of a telephoto lens is 
faci I itated. The lens holder should have al I 
inside surfaces finished in matte black to pre
vent internal reflections from reaching the 
photocathode. Under almost al I conditions, the 
use of a lens shade is beneficial. 

A mask having a diagonal or diameter of 1.6 
inches should always be used on the photocathode 
to set I imits for the maximum size of scan, and 
to reduce the amount of light reaching unused 
parts of the photocathode. 

For the hi;h de volta;es required by the 
5826, the use of two pulse supplies for which 
the plate voltage is provided by a well-regulated, 
330-vo It, B-supp ly may be used. Each of these 
supplies should be actuated by the horizontal 
driving pulse which is obtained from the synchro
nizing generator. One of the pulse supplies 
should be capable of furnishing 1250 volts with 
an output current of I milliampere forthemulti
pl ier section; the other pulse supply should be 
capable of furnishing -500 volts with an output 
current of I mi I I iampere for the image section. 
In addition to supplying the plate voltage and 
current for the pulse supplies, the 330-volt 

LEGEND FOR FIG.2 

Cl C2: 0.05 µf, 1600 v working voltage 
C3: 0.01 µf mica, 1600 v working voltage 
Cit: 0.001 µf mica, 1000 v working voltage 
C5: 0.001 µf mica, 600 v working voltage 
C6: 0.03 µf mineral-oil impregnated, 

1600 v working voltage 
C7 CS C9 CU 

c12 c13 c1ii: 0.001 µf mica, iioo v 
working voltage 

c10: 1 µf, iioo v working voltage 
Rl: it7000 ohms, 1/2 watt 
R2 R3 Rit: 220000 ohms, 1/2 watt 
R5: 270000 ohms, 1/2 watt 
R6: 100 ohms, 1/2 watt, wire wound 
R7: 20 ohms, 1 watt, wire wound 
RS: 2500 ohms, 25 watts 
R9: 750 ohms, 10 watts 
R10 5100 ohms, 1/2 watt 
R11 51000 ohms, 2 watts 
R12 510 ohms, 1/2 watt 
R13 150000-ohm potentiometer, 1/2watt 
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R1it: 820000 ohms, 1/2 watt 
R15: 100000-ohm potentiometer, 1 watt 
R16: 150000 ohms, 1/2 watt 
R17: 100000-ohm potentiometer, 1 watt 
R18: 56000 ohms, 1/2 watt 
R19 R20 R21: 20000 ohms, 1/2 watt 
R22: 250000-ohm potentiometer, 1 watt 
R23: 180000 ohms, 1/2 watt 
R2it: 390000 ohms, 1/2 watt 
R25: 11000 ohms, 1/2 watt 
R26: 500000-ohm potentiometer, 1 watt 
R27: 110000 ohms, 1/2 watt 
R28: 560000 ohms, 1/2 watt 
R29: it7000 ohms, 1/2 watt 
R30: 20000 ohms, 1/2 watt 
R31 R32: 100000 ohms, 1/2 watt 
R33 R3it R36 R3 7 

R39 RitO Rit1 Rit2 Rit3: 200000 ohms, 
1/2 watt 

R35: 50000 ohms, 1/2 watt 
R38: 100000 ohms, 1/2 watt 



B-supply should also provide an output current 
of 90 mi 11 i amperes for the focusing and a Ii gnment 
coils and for the voltage divider which is used 
to supply the voltages for the electrodes in the 
scanning section of the 5826. 

Voltage dividers to provide the required 
operating voltages for the various electrodes of 
the 5826 are shown in Fig.2. It is to be noted 
that the blocking capacitor C6 should be of the 
mineral-oi I impregnated type tominimi ze capacitor 
leakage which wi 11 introduce disturbing effects 
into the picture. 

In designing a voltage divider for the 
multiplier stages of the 5826, engineers should 
recognize that the de output of individual 5826 1 s 

C1: 0.01 µf 
C2: 150 µµf 
C,3 Cl!: 11 µf 
C5: 30 µµf 
C6: 0.02 µf 
C7 CB: 100 µf 
C9: Balancing capacitor, 10 to 110 µµf 
LH: Horizontal Deflecting Coils: 

Terminals H1, H2, H3, and HII on 
Deflecting-coil Assembly, RCA 
Type No.201D75. LH has inductance 
of 5.5 mh and de resistance of 

19 ohms. 
R1: 1 megohm 
R2: sawtooth Amplitude and Linearity 

control, 250000 ohms 
R,3 RII: 250000 ohms 

of the multiplier as the beam current is in
creased. This current reversal wi 11 also produce 
a sharp drop in the ac output of the tube. To 
prevent such current reversa I, it is recommended 
that provision be made to reduce the overal I 
multiplier voltage for tubes with de outputs at 
the upper end of the range. A reduction to 1000 
volts should be adequate. 

A horizontal deflection circuit for use with 
the 5826 is shown in Fig.3; and a vertical 
deflection circuit in Fig.4. 

The video amplifier should be designed to 
coverarange of ac signal voltages corresponding 
to signal-output current of 3 to 30 microamperes 
in the load resistor (R30 in Fig.2). 

X 
TO NEGATIVE TO TERMINAL "y" 

IN F'IG.4 LEG OF' B-SUPPI..Y 
92CS-6754R2 

R5: 100 ohms, 2 watts 
R6: 100 ohms 
R7: 3000 ohms, 2 watts 
RB: 10000 ohms, 2 watts. value should be 

such that screen input of the 
6BG6-G will not be exceeded. 

R9: Peaking Amplitude and Linearity 
Control, 5000 ohms 

R10: 50000 ohms, 1 watt 
R11: Linearity control, 250000 ohms 
R12: Linearity control, 100000 ohms 
R13: Linearity control,500ohms,5watts 
R1•: centering control,10 ohms tapped 

at 5 ohms 
T:Horizontal Deflection output Transform

er, RCA Type No.2011T1.DC resistance of 
used portion of secondary is 3.11ohms. 

Fig.3-Horizontal Deflection Circuit for Type 5826. 

may have a range of 10 to I. This range, there
fore, mustbeconsidered inthechoice of bleeder
resistor values. If the values are too high, 
the distribution of voltages applied to the 
dynodes wi I I be upset by a 5826 with a de output 
at the upper end of the range. As a result, 
there wi 11 be an abrupt drop in the ac output of 
the tube as the beam current is increased. When 
this drop occurs before the beam is at its 
optimum value, the ratio of signal to noise wi 11 
be lessened. 

Even with satisfactory bleeder-resistor 
values, it is possible to overload the tube it
self. For 5826 1 s having high de outputs, a cur
rent reversal can occur at the 5th dynode stage 

APPLICATION 
Resolution of better than 500 I ines at the 

center of the picture can be produced by the 
5826 when the photocathode high I ight i I lumination 
from an RMA Standard Test Chart is above the 
knee of the curve in Fig.5. This value of resolu
tion is that obtained after optimum adjustments 
have been made to minimizetheprominence of beat 
patterns and dynode spots. 

A beat pattern is caused by the beating of 
the scanning lines against the I ines of the tar
get mesh. As a result, a moire pattern, sometimes 
cal led a "swirl", appears in large-area high I ights 
of the picture. Besides defocusing of the beam 
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by adjustment of the beam-focus control (grid 
No. 4 J , a s I i g ht ch an g e i n the v e rt i ca I o r ho r i -
zontal size controls ofthecamera may be helpful 
in reducing the beat-pattern effect. 

A dynode spot is caused by a slight blemish 
on a dynode surface and appears as a white spot 
chiefly in the dark areas of the picture. Little 
defocusing of the beam is required to minimize the 
effect of dynode spots when the scene is brightly 
i I luminated, but in dark scenes, the effect of 
dynode spots is a I imiting item on resolution. 

To uti I ize the resolution capabi I ity of the 
5826 in the horizontal direction with the standard 
scanning rate of 525 I ines, it is necessary to 
use a video amp I ifier having a bandwidth of at 

VERTICAL 
DEFLECTION 
DISCHARGE 

TUBE 

C1 

--I-
TO PULSE 
GENERATOR 

Rt 

Cl: 0.1 µ,f 
C2: 0.05 µ,f 
CJ: 1 µ,f 
Cll: 1000 µ,f 
LV: vertical Deflecting coils: 

Terminals V! and V2 on Deflecting 
coil Assembly,RCA Type No.201075. 
LV has inductance of 28.J mh and 

de resistance of Jll ohms. 
R1: 1 megohm 
R2: 5 megohms 

fi I I the entire focusing-coi I length but al lowing 
1/64" between each successive 2-turn section, to 
insure electrical insulation. Second, wrap a 
second insulating layer of motor paper and repeat 
the si I icon-steel strip operation but space the 
2-turn sections so that each is directly over a 
1/64" insulating space of the previous layer. 
Operations land2are repeated to provide7 layers 
of shielding. The entire assembly is completed 
with a final wrap of motor paper. A convenient 
method for hand I ing the 2-turn strip sections is 
to cut the strips just long enough to take care 
of two turns. Each 2-turn section is, of course, 
completely independent of any other section. 

If equipment space wi 11 not accommodate the 
full seven layersofshieldingasdescribed above, 

y 

CONNECT TO "x" 
IN FIG.3 

92CS-1755R2 

RJ: 100000 ohms 
Rll: sawtooth Amplitude control, 

250000 ohms 
R5: Peaking Amplitude control, 

25000 ohms 
R6: 500000 ohms 
R7: Linearity control, 5000 ohms 
RB: centering control, 10 ohms tapped 

at 5 ohms 
T: Vertical Deflect ion output Trans

former, RCA Type No, 20llT2, DC re
sistance of secondary is 6.9 ohms. 

Fig.4 -Vertical Deflection Circuit for Type 5826. 

least 6 megacycles. The maximum resolution ob
tainable is I imited by the mesh-screen portion 
of the target. 

Even with a wide-band amplifier, the re
solution may be limited by "cross talk" caused 
by the scanning fields. Unless prevented by 
proper shielding from extending into the image 
section, these fields will cause the electron 
image on the target to move at scanning frequency. 
As a result, the picture will lack definition. 

Proper shielding will be provided byashield 
which employs seven separate layers of silicon
steel strips 10.007" thick and 1/2" wide) applied 
to the outside of the focusing coi I as fol lows: 
First, wrap a single insulating layer of 0.005 11 

thick motor paper around the focusing coi I; then, 
wrap two turns, one above the other of the 
si I icon-steel strip repeating the operation to 

fewer layers can be used, but wi 11 be less 
effective in minimizing "cross talk". 

The sequence of adjustments in operating the 
5826 is as fol lows: After the tube has been in
serted in its sockets andthevoltages applied as 
indicated under Typical Operation, allow it to 
warm up for 1/2 to I hour with the camera lens 
iris closed, Make certain that the deflection 
circuits are functioning properly to cause the 
electron beam to scan the target. Adjust the 
deflection circuits so that the beam wi 11 "over
scan" the target, i.e., so that the area of the 
target scanned is g re ate r th an its sensitive area. 
Thi•s procedure during the warming-up period is 
recommended to prevent burning on the target a 
raster sma I I er than that used for on-the-air 
operation. Note that overscanning the target 
results in a smal I er-than-normal picture on the 
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monitor. Then open the iris partially and focus 
the scene to be televised on the photocathode. 
Next, adjust the grid-No. I voltage unti I a picture 
or noise appears on the monitor screen. If 
there is no picture, rotate the alignment coi I 
and adjust the current through it unti I the maxi
mum picture response is obtained. An occasional 
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size scanning can be assured by first adjusting 
the deflection circuits to overscan the target 
sufficiently to cause the corners of the target 
to be visible in the picture, and then reducing 
the scanning unti I the corners just disappear. 
In this way, the maximum signal-to-noise ratio 
and maximum resolution can be obtained. Full-size 

6 
1.0 

scanning wi I I also reduce the prominence 
of a beat pattern (see Resolution). As 
indicated previously, overscanning the 
target produces a smal I er-than-normal 
picture on the monitor. 

Underscannine the tareet, i.e., 
scanning an area of the target less than 
its sensitive area, should never be per
mitted. Underscanning produces a larger
than normal picture on the monitor. If 
the target is underscanned for any I ength 
of ti me, a permanent change of target 
cutoff voltage of the underscanned area 
takes place with the result that the 
underscanned area thenceforth is visible 
in the picture when full-size scanning 
is restored. 

HIGHLIGHT ILLUMINATION ON PHOTOCATHODE:-F"OOT-CANDLE:S 
92CM-7456T The tareet voltaee wi 11 depend on the 

type of scene to be televised and should 
be adjusted simultaneously withthebeam
current control to obtain the best signal-

Fif.5 -Typical Sienal Output of Type 5826. 

tubemay require very little ornocurrent through 
the alignment coil. Correct alignment is ob
tained when the picture does not rotate as the 
beam-focus control (grid No.4) is varied. Proper 
alignment may also be checked even more critically 
than by the above procedure by observing on the 
monitor any "dynode spots" resulting from small 
imperfections in the dynode surfaces. The spots 
appear as smal I white areas of various shapes, 
and can best be observed with no I ight on the 
photocathode. With proper alignment, the dynode 
spots do not rotate when the beam-focus control 
(grid No.4) is varied, but simply go in and out 
of focus. During alignment of the beam, and 
during operation of the tube, always keep the 
beam current as low as possible to give the best 
picture quality. Adjust the beam-current control 
to give only enough beam current to hold down 
the high I ights. Next, adjust grid-No. I voltage 
and the target voltage for the best picture. 
Then, bring the picture into focus by varying 
the voltage on grid No,4 and on the photocathode. 
Next, vary the voltage on grid No.3 to give the 
most uniformly shaded picture at approximately 
maximum signal. Final adjustment is made by 
varying the voltages on grids No.5 and No.6, In 
general, these need I ittle adjustment and are 
varied only after completing the other adjust
ments. When camera is used for rehearsal, the 
scanning may be restored nearly to normal size. 
Complete restoration should be made just prior 
to air-time. 

Full-size scannine of the tareet should 
always be used during on-the-air operation. Full-

to-noise ratio and gray-scale reproduction. If 
the scene has a large range of i I lumination, the 
target should be operated at about 1.5 to 2 volts 
above cutoff so that high Ii ghts wi I I not bloom. 
For scenes with a lower range of i I lumination, 
the target can be operated at or a I ittle over 
2 volts above cutoff with resultant gain in 
signal-to-noise ratio, and improved detai I 
in the shadows. 

A blankine sienal should be supplied to the 
target to prevent the electron beam from striking 
the target during the return po rt ions of the 
horizontal and vertical deflecting cycles. Unless 
this is done, the camera-tube return I ines wi 11 
appear in the received picture. 

The blanking signal is a series of negative 
vo I tage pu I ses. The vo I tage between pu I ses must 
be constant to prevent fluctuation of the target 
voltage. During the blanking periods, the full 
beam current without video-signal modulation is 
returned to the multiplier and its multiplied 
output flows through the load resistance. 

Shadine may be required even with optimum 
adjustment of voltage on grid No.3 in order to 
obtain a uniformly shaded picture. A shading 
signal having a sawtooth shape, a frequency equal 
to the ho ri zonta I scanning frequency, and an 
amp I itude about twice that of the useful video 
signal, is recommended. Provision should be 
made for controllingtheamplitude of the shading 
signal and for reversing its polarity. The 
signal may be introduced into the video channel 
after the pre-amp I ifier in the camera but ahead 
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of the master gain control. With this arrange
ment, changing the gain-control setting does not 
change the ratio of the shading-signal amplitude 
to the video-signal amplitude. 

The illumination on the photocathode is re
lated to the scene i I lumination by the formula 

4f2 Ipc (m+ 1) 2 

TR 
where 

Is = scene illumination in foot-candles 

f = f-number of lens 

Ipc = photocathode illumination in foot-can d I es 

m = I inear magnification from scene to target 

T = total transmission of I ens 

R = reflectance of principal SU bj ect in scene. 

Except for very close shots, the linear magnifi
cation (ml from scene to target may be neglected. 

For example, assume that the lens is f:3.5 
having at ran sm i ss ion (Tl of 75%, that the photo
cathode illumination is 0.06 foot-candle, and 
that the scene to be te I ev i sed is composed I a rge I y 
of whitesandblacks (such as a test chart) where 
the reflectance (Rl may be in the order of 50%. 
Then, 

I = s 
4 X 3.52 X 0.06 

0.75 X 0.50 
= 8 foot-candles 

For average scenes where the principal sub
ject has a reflectance of 5 to 10%, the incident 
i I lumination should have a value of 30 to 40 
foot-cand I es. 

It is good practice before attempting to 
transmitaparticular scene to check its incident 
i I lumination with an i I luminating-measuring de
vice, such as an exposure meter. It is recom
mended that the average incident I ight level be 
greater than approximately 30 foot-candles for 
a good picture. 

Typical sienal output of the 5826 as a func
tion of the high I ight i I lumination on the photo
cathode under conditions where the televised 
scene has balanced blacks and whites for each of 
three types of i I lumination, is shown by the 
curve in Fig.5. 

For the most natural appearance of televised 
subjects or scenes, it is recommended that the 
5826 be operated so that the high! ights on the 
photocathode bring the signal output slightly 
over the knee of the signal-output curve for the 
particular type of illumination utilized. Oper
ation further along on the horizontal part of 
the curve wi 11 give pictures in which the subject 
has an over-emphasized out I ine. The position of 
the knee wi 11 shift for individual tubes. The 
knee may occuratvaluesofhighlight illumination 
on the photocathode ranging from about 0.03 to 
0.05 foot-candle. 

The spectral response of the 5826 is not 
subject to appreciable variation from tube to 
tube. The spectral response of the 5826 without 
correcting filter is shown by curve A in Fig.6. 
Curve Bin this same figure, shows the spectral 
response when a Wratten No.6 filter is used with 
the 5826. This curve very closely approaches 
that of the eye shown by the dotted curve C. use 
of the filter, which can be obtained with lens
adapter ring at photographic-supply stores, re
sults in a loss of sensitivity by about 2 to I. 
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Fie,6 -Spectral Sensitivity Characteristic 
of Type 5826 With and Without Filter. 

Retention of a scene by the 5826, sometimes 
called a "sticking picture", may be experienced 
if the 5826 is al lowed to remain focused on a 
stationary bright scene for several minutes, or 
if it is focused on a bright scene before reach
ing operating temperature in the range from 45° 
to 60°c. Often the retained image wi I I disappear 
in a few seconds, but sometimes it may persist 
for long periods before it completely disappears. 
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A retained image can generally be removed by 
focusing the 5826 on a clear white screen, and 
al lowing the 5826 to operate for several hours 
with an i I lumination of about I foot-candle on 
the photocathode. This value is equivalent to 
50 to I 00 foot-cand I es on the screen with an 
f: 2. 8 I ens. 

To avoid retention of a scene, it is recom
mended that the 5826 always be al lowed to warm 
up in the camera for 1/2 to I hour with the lens 
iris closed, and that the 5826 never be al lowed 
to remain focused on a stationary bright scene 
for more than a few minutes. Never use more 
i I lumination than is necessary. If a target 
heater is used, the warm-up time can be reduced 
to approximately 10 or 15 minutes. 

Failure of scanninf even for a few minutes 
when I ight is incident on the photocathode may 
permanently damage the surface of the target. 
The damaged area shows up as a spot or I ine in 
the picture during subsequent operation. 

To avoid damaging the 5826 during scanning 
failure, provision should be made to prevent 
automatically the scanning beam from reaching 
the target. The scanning beam can be prevented 
from reaching the target by ( II cutting off the 
scanning beam, or (2) making the target suffi
ciently negative. The scanning beam can be cut 
off by a relay which applies -115 to -125 volts 
bias to grid No. I. The target can be made suffi
ciently negative by a relay which applies a bias 
of at least -10 volts to it. Either relay is 
actuated by a tube which is control led by a por
t ion of the scanning pulse voltage developed 
across either the horizontal or the vertical 
deflecting coils, or both. It is important to 
insure thatthehorizontal scanning pulse and the 
vert i ca I scanning pu I se shou Id each independent I y 
actuate the re I ay in case either one fa i Is. 

Rotation in the use of 5826 1 s is recommended. 
After a 5826 is ope rated for 200 to 300 hours, 

it should be given an idle period of three or 
four weeks during which it generally wi 11 recover 
much of its original resolution and sensitivity. 

New 5826 1 s should be placed in service 
immediately upon receipt. They shouldbeoperated 
for seve ra I hours before being set aside as spa res. 

Spare tubes should be placed in service for 
several hours at least once a month in order to 
keep them free from traces of gas which may be 
I iberatedwithinthetubeduring prolonged storage. 

Occasionally, a white spot which does not 
change in size when the beam focus voltage is 
varied, may be observed in the center of the 
picture. Such a spot, especially if it is visible 
on the monitor with the camera lens capped, is 
probably an ion spot. If the spot begins to grow 
in size with continuous operation of the 5826, 
the 5826 should be removed from service at once, 
and returned for re-processing. Continued ope r
ation of an image orthicon with an ion spot will 
eventually damage the target permanently. 
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DOS and DON I TS 
on Use of RCA-5826 

Here are the "dos"--

I, Al low the 5826 to warm up prior to operation. 

2, Hold temperature of the 5826 with in operating range, 

3, Make sure alignment coil is properly aligned, 

IJ, Check scene i I lu111ination before televising, 

5, Select lens stop for best picture, 

6, use lowest beam currentandhighest target voltage for 
best signal-to-noise ratio and gray-seal e reproduction, 

7, Adjust beam-focus control for best usable resolution. 

8, Give the 5826 an Idle period every 200 hours. 

9, Condition spare 5826 1 s by operating several hours once 
each month, 

Here are the "don 1ts"--

I, Don•t force the 5826 into its shoulder socket, 

2, Don•t operate the 5826 without scanning, 

3, Don I t underscan target, 

IJ, Don•t focus the 5826 on a stationary bright scene. 

5, Don•t operate a 5826 having an ion spot. 

The sifnificance of each of the above 
"dos" and "don 'ts" in obtaininf opti
mum performance from the 5826 is ex
plained in the precedinf Pares of 
this bulletin. 
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.150" 
MAX. 

I I 

KEYED 
.JUMBO 

ANNULAR 
7-PIN BASE 

SMALL-SHELL 
DIHEPTAL 

I4-PIN BASE 

DIMENSIONAL OUTLINE 

DETAIL OF BOTTOM VIEW OF 
KEYED JUMBO ANNULAR BASE 

< 
,, /V 

.275 MAX, '/ 
(NOTE 1) 

SEE NOTE 2 

NOTE I: MEASURED AT DISTANCE 
OF 1/32" BELOW BOTTOM OF 
ANNULAR BASE. 

NOTE 2: DOTTED AREA IS FLAT 
OR EXTENDS TOWARD DI HEPTAL
BASE END OF TUBE BY 0.060 11 

MAX. 

KEYED ANNULAR BASE GAUGE 
ANGULAR VARIATIONS BETWEEN 
PINS AS WELL AS ECCENTRICITY 
OF NECK CYLINDER WI TH RESPECT 
TO PHOTOCATHODE CYLINDER ARE 
HELD TO TOLERANCES SUCH THAT 
PINS AND NECK CYLINDER WILL 
FIT FLAT-PLATE GAUGE WITH: 

ENLARGED BOTTOM VIEW 

a. SIX HOLES HAVING DIAMETER 
OF 0.065"±0.00I" AND ONE 
HOLE HAVING DIAMETER OF 
O. 150" ±0.001". ALL HOLES 
HAVE DEPTH OF 0.265 11 ± 
0.001". THE SIX 0.065" 
HOLES ARE ENLARGED BY 45° 
TAPER TO DEPTH OF 0.047 11 • 

ALL HOLES ARE SPACED AT 
ANGLES OF 51°26 1 ± 5 1 ON CIRCLE DIAMETER OF 2.500" ± 0.001 11 • 

b. SIX STOPS HAVING HEIGHT OF 0.I87" ± 0.001 11
, CENTERED BETWEEN PIN HOLES, TO 

BEAR AGAINST FLAT AREAS OF BASE. 

c. RIM EXTENDING OUT A MINIMUM OF I/B 11 FROM 2-13116 11 DIAMETER AND HAVING HEIGHT 
0 F O • I 26 11 ± 0 • 00 I 11 

• 

d. NECK-CYLINDER CLEARANCE HOLE HAVING DIAMETER OF 2.200 11 ± 0,001 11 • 

Devices and arrangements shown or described herein may 
use eatents of RCA or others. information contained 
herein is furnished without responsibility by RCA for 
its use and without prejudice to RCA's patent rights. 
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PIN I: 
PIN 2: 
PIN 3: 
PIN 4: 

PIN 5: 
PIN 6: 
PIN 7: 
PIN 8: 

PIN I: 
PIN 2: 
PIN 3: 

PIN 4: 

SOCKET CONNECTIONS 
Bottom View 

DIRECTION Of LIGHT: 
PERPENDICULAR TO 
LARGE END OF TUBE 

WHIT!: INDEX LINE 
ON FACE 

SMALL-SHELL DIHEPTAL 14-PIN BASE 

HEATER PIN 9: DYNODE No.3 
GRID No.4 PIN 10: DYNODE No. I, 
GRIDNo.3 GRID No.2 
INTERNAL CONNEC-

PIN 11: INTERNAL CONNEC-
TION - DO NOT USE 
DYNODE No. 2 Tl ON - DO NOT USE 

DYNODE No.4 PIN 12: GRID No. I 
ANODE PIN 13: CATHODE 
DYNODE No.5 PIN 14: HEATER 

KEYED JUMBO ANNULAR 7-PI N BASE 
GRIDNo.6 PIN 5: GRID No.5 
PHOTOCATHODE 
INTERNAL CONN EC- PIN 6: TARGET 
TION-00 NOT USE 
INTERNAL CONNEC- PIN 7: INTERNAL CONN EC-
Tl ON - DO NOT USE TION - DO NOT USE 
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6198 

VIDICON 
Magnetic Focus 
Magnetic Deflection 

High Sensitivity 
qoo-Line Resolution 

TENTATIVE DATA 

!"-Diameter Bulb 
6-1/q" Length 

RCA-6198 is a smal I, television camera tube 

intended primarily for use in industrial appl ica

t ions. Its smal I size and simplicity faci I itate 

the design of the camera and 

associated equipment in com

parison with that needed for 

I a rge r types of camera tubes. 

The reso I ut ion capab i I i ty of 

the 6198 is about 400 I ines. 

Utilizing a photocon

ductive layer as its light

sensitive element, the 6198 

has a sensitivity which 

permits televising scenes 

with 100 to 200 foot-candles 

of incident illumination 

on the scene. The photo

conductive layer is charac

terized by a spectral 

response approaching that 

of the eye. 

The smal size of the 

6198 lends itself to use in 

I ight-weight, compact tele

vision cameras. The size 

and location of the photo

conductive layer permit a 

wide choice of commercially 

avai I able lenses. 

PRINCIPLES OF OPERATION 
The structural arrangement of the 6198, shown 

in Fig. I, consists of the signal electrode, a 
transparent conducting film on the inner surface 
of the faceplate; a light-sensitive element 
consisting of a thin layer of photoconductive 
material deposited on the signal electrode; a 
fine mesh screen (grid No.4l located adjacent to 
the photoconductive layer; a focusing electrode 
(grid No.3) connected to grid No.4; and an elec
tron gun for producing a beam of electrons. 

Each element of the photoconductive layer 
is an insulator in the dark but becomes slightly 

conductive when it is illuminated and acts like 
a leaky capacitor having one plate at the fixed 
positive potential of the signal electrode and 
the other floating. When light from the scene 
being televised is picked up by an optical lens 
system and focused on the photoconductive-layer 
surface next to the faceplate, each i I luminated 
layer element conducts slightly depending on the 
amount of illumination on the element and thus 
causes the potential of its opposite surface (on 
the gun side) to rise in less than the time of 
one frame toward that of the signal-electrode 
potential. Hence, there appears on the gun side 
of the entire layer surface a positive potential 
pattern, composed of the various element poten
tials, corresponding tothepattern of light from 
the scene imaged on the opposite surface of 
the I ayer. 

The gun side of the photoconductive layer is 
scanned by a low-velocity electron beam produced 
by the electron gun. This gun contains a ther
mionic cathode, a control grid !grid No. 1 l, and 
a"n accelerating grid (grid No.2). The beam is 
focused at the surface of the photoconductive 
I ayer by the combined action of the uniform 
magnetic field of an external coi I or permanent 
magnet and the electrostatic field of grid No.3. 
Gr id No. 4 serves to provide a uniform dece le rating 
field between itself and the photoconductive 
layer so that the electron beam wi 11 approach 
the layer in a direction perpendicular to it-
a condition necessary for driving the surface to 
cathode potential. The beam electrons approach 
the layer at low velocity because of the low 
operating potential of the signal electrode. 

When the gun side of the photoconductive 
layer with its positive potential pattern is 
scanned by the electron beam, electrons are de
posited from the beam in sufficient quantities 
until the surface potential is reduced to that of 
the cathode, and thereafter are turned back to 
form a return beam which is not uti I ized in this 
tube. Deposition of electrons on the scanned 
surface of any particular element of the layer 
causes a change in the difference of potential 
between the two surfaces of the element. When 
the two surfaces of the element, which in effect 
is a charged capacitor, are connected through 
the external signal-electrode circuit and the 
scanning beam, a capacitive cur~ent is produced 
and constitutes the video signal. The magnitude 
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of the current is proportional to the 
surface potential of the e iement 
being scanned and to the rate of scan. 
The video-signal current is then used 
to develop a signal output voltage 
across a load resistor. The signal 
polarity ls such that for high I ights 
in the scene the grid of the first 
video-amplifier tube swings in a 
negative direct ion. 

HORIZONTAL AND 
VERTICAL DEF"LECTING 

COILS 

F"OCUSING COIL 

Alignment of the beam is accom
plished by a transverse magnetic field 
produced by external coils located at 
the base end of the focusing coi I, 

Deflection of the beam is accom
plished by transverse magnetic fields 
produced by external deflecting coi Is, 

DATA 
&eneral: 
Heater, for Uni potential cathode: 

GRID N• 

Voltage (AC or DC) ••••••• 
Current ••••••• , •• , , • 

6,3 :t 101 
0,6 

vol ts 
ampere 

Direct lnterelectrode capacitance: 
Signal Electrode to All 

Other Electrodes •• 
Spectral Response. • • • • • • • • • 
Photoconduct1ve Layer: 

µ.µ.f 
See curve 

Maximum useful Diagonal of Rectangu-
1 ar Image (11 x 3 Aspect Rat lo) • o. 62 inch 

Orientation of Quality Rectangle--Proper orientation is 
obtained when the horizontal scan is essentially paral-
1 el to the plane passing through the tube axis and short 
index pin. 

Focusing Method •••••••••• , • 
Deflection Method ••••••••••• 
Overal 1 Length • • • • • • • ••• , • 

•••• Magnetic 
• ••• Magnetic 

6-1/11• :t 1/ 11• 
Greatest oiamet~r (Excluding Side Tip) 
Maximum Radius \Including Side Tip) •• 
Bulb •••••••••••••••••• 

1. 125 • :t O. 0 10 • 
0. 80 5• 

, , • • T-8 
Base • • • • smal 1-But ton Di tet rar e-P in 
Operating Position •••••••• 

(JETEC No. EB-11) 
Any 

Maxl1111• Ratings, Absolute raiues: 
SIGNAL-ELECTRODE VOLTAGE , •• 
GRID-No.II A GRID-No,) VOLTAGE. 
GR I D-N·O, 2 VOLTAGE, • • 
GRID-No,1 VOLTAGE: 

Negative bi as value •• , • • • 
Positive bias value ••••• 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with 

respect to cathode. 
Heater positive with 

respect to cathode. 
FACEPLATE TEMPERATURE, ••• , • 

Typical Operation and Characteristics: 

125 max. 
350 max. 
350 max. 

125 max. 
O max. 

125 max. 

10 max. 
60 max, 

for scanned area of 1/2" " 3/8" 
Signal-Electrode Voltage for 

Dark current of 0.02 ,,.amp • • 10 to 125 
Grid-No.II (Decelerator) & Grid-

No. 3 (Beo111 Focus) voltage, • • 200 to 300 
Grid-No.2 (Accelerator) Voltage. 300 
Grid-No. 1 Voltage 

(For picture cutoff). -115 to -100 
Signal-output Current:* 

Normal Operating Range ••••• 0,1 to 0,2 
Minimum, with 0,6 foot-candle of 

uniform 28700K tungsten il-
lumination on tube face. , • 0,02 

Uniform 28700K Tungsten Illumi
nation on Tube Face to Produce 
Signal-Output Current of 
o.1too.2,.,.amp ••••••••• 3to10 

Ratio (Approx.) of Tube-Face llllMlli
nation Required to Produce Signal
output Current of o. 2,.,.amp to That 
Required to Produce 0,.02 ,,.amp 30 

volts 
volts 
volts 

vol ts 
volts 

volts 

volts 
oc 

volts 

volts 
vol ts 

volts 

,,.amp 

,,.amp 

ft-c 

CONNECTION 
SIGNAL ELECTRODE AND PHOTOCONDUCTIVE LAYER 

Fig. 1 - Schematic Arrangement of Type 6198. 

Minimum Peak-to-Peak 
Blanking Voltage: 

When applied to grid No,1 • 
When applied to cathode ••• 

Field Strength at Center of 
Focusing Device, , , ••• 

Field strength of Adjustable 
Alignment Coil •••••• 

* 

30 
10 

110 

0 to II 

92CS -7828 

volts 
volts 

gausses 

gausses 

Defined as the component of the signal-electrode current 
after the dark-current component has been subtracted, 

OPERATING CONSIDERATIONS 
The base pins of the 6198 flt the ditetrar 

8-pin connector, such as Cinch No.54Al8088, 
or equivalent. 

The signal-electrode connection is made by a 
suitable spring contact bearing against the edge 
of the metal flange at the face end of the tube. 
This spring contact may conveniently be provided 
as part of the focusing-coil design. 

Support for the 6198 is provided by a suit
able spring-finger suspension at the face end of 
the tube and by a clamping mechanism near the 
base end. Orientation of the 6198 in its support 
shou Id be such that the horl zontal scan Is essen
tially para I lel to the plane passing through the 
tube axis and the short index base pin. 

The lens used with the 6198 may be chosen 
from a large variety of commercially avai I able 
camera lenses. It should be a high-qua I lty type 
incorporating an Iris to control the amount Qf 
light passing through It. An f:2 lens of the 
type used for 16-mm movie cameras in satisfactory 
for many appl !cations. The lens holder should 
have al I inside surfaces finished In matte black 
to prevent internal reflections from reaching the 
photoconduct ive layer, and should provide suitable 
focusing means. Under almost al I conditions, 
the use of a lens shade is beneficial. 

Electrostatic shielding of the signal elec
trode from external fields is required to prevent 
interference effects in the picture. Effective 
shielding is ordinarily provided by grounding a 
shield on the inside of the faceplate end of the 
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focusing coii; by grounding a shield on the in
side of the deflecting yoke; and by grounding 
the lens mount and its supporting assembly. 

The temperature of the faceplate should not 
exceed 50°c ( 140°F), either during operation or 
storage of the 6198. Operation with a faceplate 
temperature in the range from about 25°c to 35°c 
(77° to 99°F) is recommended, The signal-output 
current and the dark current both increase with 

CURVE A: WITH 8FT-C OF 2870°K TUNGSTEN 
ILLUMINATION INCIDENT ON TUBE FACE 

CURVE B: WITH NO ILLUMINATION INCIDENT ON 
TUBE FACE 

CURVE C = CURVE A MINUS CURVE B ,, ,, 
SCANNED AREA OF PHOTOCONDUCTIVE LAYER: l,,2 X 3,t 

0,9 

0.8 

0.7 

0.6 
<I) 

"' a: 
"' Q. 
~ 
< 

0.5 

0 a: 
\.) 

~ 
0.4 I 

I-z 
"' a: a: 

0.3 :, -t '+ 
\.) 

-; -'-
"- a 

0 10 20 30 40 50 60 
SIGNAL-ELECTRODE VOLTS 

70 
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Fi1;. 2 - Typical Characteristics of Type 6198. 

increasing faceplate temperature for a given 
signal-electrode voltage and i I lumination. Since 
the dark current increases the more rapidly of 
the two, it is necessary to reduce the signal
electrode voltage in an effort to restore the 
signal output-to-dark current ratio, Ope rat ion 
with the faceplate at a temperature of 50° to 60°C 
causes some sacrifice in performance because the 
sensitivity at a given signal output-to-dark 

current ratio or the signal output-to-dark current 
ratio at a given sensitivity is somewhat lower 
than at lower temperature. Operation at the 
higher temperature, however, does not adversely 
affect the performance of the tube when it is 
subsequently operated at lower temperature. 

The si1;nal-electrode volta1;e should be ob
tained fromadc source which can provide a volt
age adjustable over a range of 10 to 125 volts. 
As the signal-electrode voltage is increased, 
the signal-output c..irrent ( i.e., the component 
of the signal-electrode current after the dark
current component has been subtracted) and the 
dark current both increase, as shown in Fig.2. 
However, a I imiting value of signal-electrode 
voltage is reached beyond which the non-uniformity 
inthedark-current background of the transmitted 
picture is no longer tolerable, 

For a given signal-electrode voltage, the 
sensitivity and dark current b0th tend to change 
gradually during the I ife of the tube, By making 
the signal-electrode voltage supply adjustable, 
the equipment designer can provide means to 
compensate for these changes. 

The focusin1;-electrode (1;rid No.3) volta1;e 
may be fixed at a value of about 250 volts when 
focusing control is obtained by adjusting the 
current through the focusing coil, The necessary 
range of current adjustment wi 11 depend on the 
design of the coil, but should be such as to pro
vide a field-strength range of 36 to 44 gausses, 
When it is desired to use a fixed value of 
focusing-coil current, or to use a permanent
magnet type of focusing device, capable of pro
viding a fixed strength of 40 gausses at the 
center of the focusing device, the grid-No.3 
voltage should be adjustable over a range from 
200 to 300 volts. 

The 1;rid-No.1 volta1;e should be adjustable 
from Oto -100 volts. 

The de volta1;es required by the 6198 can be 
provided by the circuit shown in Fig,3. 

A blankin1; si1;nal should be supplied to grid 
No. I or to the cathode to prevent the electron 
beam from striking the photoconductive layer 
during the return portions of the horizontal and 
vertical deflecting cycles. Unless this is done, 
the camera-tube return I ines wi I I appear in the 
reproduced picture. The blanking signal is a 
series of negative voltage pulses whentheblank
ing signal is applied to grid No.I, or a series 
of positive voltage pulses when the blanking 
signal is app I led to the cathode. 

Beam intensity is control led by the amount 
of negative voltage on grid No. I. The beam must 
have adequate intensity to drive the high I ight 
elements of the photoconductive-layer surface 
to cathode potential on each scan. When the beam 
has an intensity Sl1fficient only to drive the 
lowlight elements to cathode potential, the high-
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light elements are not returnedtocathode poten
tial. As a result, the picture high I ights all 
have the same brightness and show no detai I. It 

is also to be noted with a beam of insufficient 
intensity that the photoconductive-layer surface, 
which normally rises in potential by only a small 
fractionofthe signal-electrode potential during 
each scan, gradually rises in potential to a 
value approaching nearly theful I signal-electrode 
potential in the high! ights. Under this condition, 
many scans of a beam with inadequate intensity 

+290 V. 
GRID NQ 2 R5 

GRIDS 
R3 NQ38 N24 

92CM-7827 

R11 

HEATER 

~(6 
j TO BLANKING 

VOLTAGE 
SUPPLY 

Cl Cll: 0.01 µf, 300 volts (workino voltage) 
C2: 0.1 µf, 300 volts (working vo1tage) 
C3 CS: C.1 µf, 200 volts (working volta9e) 
C6: ll µf, electrolytic, 300 volts (working voltage) 
Rl: 120000 ohms, 1/2 watt 
R2: 100000-ohm potentiometer, 2 watt 
R3: 50000-ohm potentiometer, 2 watt 
Rll: 70000 ohms, 1/2 watt 
RS: 5000 ohms, 1/2 watt 
R6: 10000 ohms, 1/2 watt 
R7: 200000 ohms, 1/2 watt 
RS: 50000 ohms, non-inductive, 1/2 watt 
R9: 100000 ohms, 1/2 watt 
R10: 500000-ohm potentiometer, 2 watt 
R11: 1000 ohms, non-inductive, 1/2 watt 

Fig.3-Typical Voltage Dividers for Supplying DC 
Electrode Voltages to Type 6198. 

are required to drive to cathode potential any 
element which has changed from a highlight to a 
lowlight because of movement of the subject. As 
a result, the high I ights tend to 11 st ick". The 
loss of detail in and sticking of the highlights 
is referred to as "bloom." 

On the other hand, a beam with excessively 
high intensity should not generally be used 
because the size of the scanning spot increases 
with resultant decrease in resolution. 

When the 6198 is operated under normal con
ditions with adequate but not excessive beam 
intensity, it wi 11 be noted that any sudden, 
large excess of illuminaticn on the televised 
scene wi I I cause bloom in the televised picture. 

The video amplifier should be designed to 
cover a range of ac signal voltages corresponding 

to signal-output current of 0.02 to 0.2 micro
ampere in the load resistor. A low-noise, video 
amp I ifier suitable for use with the 6198 is shown 
in Fig.4. This amp I ifier has an 8-Mc bandwidth 
and incorporates a gain control as wel I as a 
frequency- and phase-compensation control. 

Resolution of better than 350 Ii nes at the 
center of the picture can be produced by the 
6198. To utilize the resolution capability of 
the 6198 in the horizontal direction with the 
standard scanning rate of 525 I ines, it is neces
sary to use a video amp I ifier having a bandwidth 
of at least 6 megacycles per second. The maximum 
resolution obtainable is I imited by the size of 
the scanning-beam spot. 

The illumination on the photoconduct ive I ayer 
is related to the scene i 11 uminat ion by the formula 

where 

Is = 
f = 
Ip I = 

4 f 2 I p I ( m + I J 
2 

Is = TR 

scene i I lumination in foot-candles 

f-number of lens 
photoconductive-layer i I luminat ion in foot
cand I es 

m = I inear magnification from scene to photo-
conductive layer 

T = total transmission of I ens 
R = ref I ectance of part of scene under con-

sideration. 

Except for very close shots, the linear magni
fication (ml from scene to photoconductive layer 
may be neglected. 

For example, assume that the lens is f:2 
hav i ng at ransm i ss ion ( T J of 75%, that the photo
c ond uc ti ve layer i I lumination ( lpl J is 3 foot
candles, andthat the brightest part of the scene 
under consideration has a reflectance (RJ of 50%. 
Then, 

4 X 22 X 3 
Is=-----= 128 foot-candles 

0. 75 X 0.50 

It is good practice before attempting to 
transmit a particular scene to check its incident 
illumination with an illumination-measuring de
vice, such as an exposure meter. 

The minimum illumination level which can be 
used on the phot·oconductive layer to give a 
picture depends on a compromise between the ratio 
of signal-output current to amp I ifier noise and 
the ratio of signal-output current to vidicon 
dark current. Either of these ratios may be a 
limiting factor depending on the choice of 
signal-electrode voltage. When the signal-elec
trode voltage is kept low, the dark current is 
low. Under this condition, the minimum value of 
illumination is that which will give a signal
output current larger than the noise of the 
amplifier. With the usual compensated amp I ifier, 
the rms amplifier noise is a fixed amount equiv
alent to a signal-output current of about 0.002 
microampere. The signal-output current can be 
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increased for a given i I lumination level by 
raising the signal-electrode voltage as indicated 
in Fig.2, but it wi 11 be noted that the dark 
current also increases and at a faster rate than 
the signal-output s::urrent. As the signal-electrode 
voltage is raised, the dark current reaches a 

CAMERA 
AMPLIFIER 

CASCODE PREAMPLIFIER 

+B 
290 V 

Coaxial Cable: Amphenol No.21-025 (Army-Navy No.RG-59/u), 
or equivalent. 

Cl CB: 50 µ.f, electrolytic, 3 volts (working voltage) 
C2 Cll C15 C20: 0.1 µ.f, 300 volts (working voltage) 
C3 Cl! C7: 0.1 µ.f, 100 volts (working voltage) 
C5 C9 C10 C13 Cll! C18 C19: 10 µ.f, electrolyt IC, 300 volts 

(working voltage) 
C6: 0.05 µ.f, 300 volts (working voltage) 
C12: 100 µ.f, electrolytic, 50 vol ts (working voltage) 
C16: 120 µ.µ.f, ceramic, 150 volts (working voltage) 
C17: 50-150 µ.µ.f, ceramic, adjustable, 150 volts (working 

voltage) 
Ll: 19 µ.h peaking coil, adjustable core to cover range 

from 15 to 23 µJ:l 
L2 L3 L5 L7: 211 µ.h peaking coil, adjustable core to cover 

range from 20 to 30 µ.h 
LIi L6 LB: 5 µJ:l peaking coil, adjustable core to cover 

range from II to 6 µ.h 
A ii of the foZ Zowing resistors are of the non-inductive type 
Rl RI! R5 R7: 100 ohms, 1/2 watt 
R2: 250000 ohms, 1/2 watt 
R3: 51 ohms, 1/2 watt 
R6: 82000 ohms, 1/2 watt 
RB: 100000 ohms, 1/2 watt 

Typical signal output as a function of uni
form 2870°K tungsten ii lumination on the photo
condu~tive layer of the 6198 is shown in Fig.5. 
It wi I I be noted that if an increase of 10 times 
in signal-output current is desired, the illumi
nation must be increased by about 30 times. 

LINE DRIVING 
AMPLIFIER 

+B 
120V 

f+ OUTPUT* 
-B TO FURTHER 

VIDEO STAGES\. 

L - f--0 

R9: 2000 ohms, 1 watt 
RlO: 1000 ohms, 1 watt 
Rll: 10000 ohms, 1/2 watt 

92CM -7828 

R12 R111 R20 R27: 510000 ohms, 1/2 watt 
R13: 75 ohms, 1/2 watt 
R15: 120 ohms, 1/2 watt 
R16 R30: 3000 ohms 1/2 watt 
R17 R211: 10000 ohms, 2 watt 
R18 R25 R:,2: 1500 ohms, 1/2 watt 
R19 R26 R33: 6800 ohms, 1/2 watt 
R21: 1oco-ohm potentiometer, 2 watts 
R22: 200 ohms, 1/2 watt 
R2;3: 15000 ohms, 1/2 watt 
R28: 7500 ohms, 2 watts 
R29: 150 ohms, 1/2 watt 
R31: 3000 ohms, 1 watt 

* This output circuit is designed to work into a 6CB6 as 
video amplifier. with gain control (R21) set at mini
mum and 0.2 microampere signal-current input to camera 
amplifier, the output voltage is0.25 volt peak to peak; 
with gain control set at maximum and with 0.015 micro
ampere signal-current input, the output voltage is o. 25 
volt peak to peak. 

Fig.4 - Low-noise Video Amplifier for use with Type 6198. 

value beyond which the non-uniformity in the 
dark-current background of the picture becomes 
intolerable. When this condition occurs, nothing 
further can be gained by increasing the signal
electrode voltage. It is evident, therefore, 
that the optimum operating point is a compromise 
to give the best ratio of signal-output current to 
both noise and to dark current, and that a usefu I 
ratio can be realized only when the level of il
lumination is adequate to giveavalue of signal
output current several times largerthaneither the 
amp I ifier noise current or the dark current. 

Persistence of the photoconductive layer in 
the 6198 is given by the curve in Fig.6. This 
curve shows the decay in signal-output current 
from an initial value of 0.2 microampere after 
the illumination is cut off. With adequate 
illumination on the photoconductive layer, the 
persistence is sufficiently short to prevent 
smearing except when the subject moves rapidly 
across the field of view. With low levels of 
i I lumination, the persistence increases somewhat 
with the result that there is a greater tendency 
for moving objects to produce smearing. To 
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.• - ILLUMINATION: UNIFORM OVER PHOTOCONDUCTIVE LAYER _ 

_ SCANNED AREA OF PHOTOCONDUCTIVE LAYER: l/2 X 315* _ 
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Fif.5- Typical Sifnal Output of Type 6198. 

assured by first adjusting the deflection cir
cuits to overscan the photoconductive layer 
suff l c i ent I y to cause the edges of the sens i
t ive area to be visible in the corners of the 
picture, and then reducing the scanning until 
theedgesjustdisappear. lnthisway, themax
lmumsignal-to-noise ratio and maximum resolu
tion can be obtained. It isto be noted that 
a.,erscanning the photoconductive layer produces 
a smal I er-than-normal picture on the monitor. 

{]nderscanninf the Photoconductive layer, 
i.e., scanninganareaofthe layer less than 
the usefu I qua Ii ty area, shou Id never be 
permitted. Underscanning produces a larger
than-normal picture on the monitor. Because 
the scanned area may exhibit a permanent 
change insensitivity and dark current during 
operation, an underscanned area showing such 
change wi I I be visible in the picture when 

minimize smearing, the use of more i I lumination 
is recommended. 

ful I-size scanning is restored. 

Sifnal-output-current buildup when I ight is 
applied to the photoconductive layer previously 
in the dark is as fast as or faster than the rate 
of decay indicated by the persistence curve 
in Fig. 6. 
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Fifl. 6 - Persistence Characteristic of Type 6198. 

The spectral response of the 6198 is shown by 
curves A and C in Fig.7. Curve A is on the basis 
of equal values of signal-output current at al I 
wavelengths, whereas curve C is on the basis of 
equal values of signal-output current with radiant 
flux from a tungsten source at 2870°K. For 
comparison purposes, the response of the eye is 
shown fn curve B. 

Full-size scannin1Jof the Photoconductive layer 
should always be used. Ful I size scanning can be 
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Fir. 7 - Spectral Sensitivity Characteristic 
of Type 6198. 
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Failure of scanning even for a few minutes 

may permanently damage the photoconduct ive I ayer. 
The damaged area shows up as a spot or I ine in 
the picture during subsequent operation. To 
avoid damaging the 6198 during scanning failure, 
it f s necessary to prevent the scanning beam from 
reaching the layer. The scanning beam can con
veniently be prevented from reaching the layer 
by increasing the grid-No.I voltage to cutoff. 

The sequence of adjustments in operating the 
6198 is as fol lows: With the grid-No. I voltage 
control set for maximum bias (beam cutoff) and 
with the camera lens iris closed, apply voltages 
to the tube as indicated under Typical Operation. 
Make certain that the deflection circuits are 
functioning properly to cause the electron beam 
to scan the photoconductive layer. Set the 
signal-electrode voltage at about 25 volts for a 
first trial. Then open the iris partially and 
image a scene of adequate intensity on the photo
conductive layer. Next, decrease the grid-No. I 
voltage until a picture appears on the monitor 
screen. The I owl i ghts wi 11 appear first. Adjust 
grid-No. I voltage to bring out a complete picture 
from the entire scanned area. Then adjust grid
No.3 voltage (or the magnetic-field strength of 
the focusing col I if fixed grid-No.3 voltage is 
used) andtheoptical focus alternately to obtain 
the best .picture. Next, adjust the deflection 
amp I itude and centering to scan the desired area 
on the photoconductive layer. If the picture is 
faint (corresponding to an average signal
electrode current of less than 0.05 microamperel, 
even with adequate video amp I ifier gain, open 

the lens iris somewhat more and, if necessary, 
increase the signal-electrode voltage to give a 
brighter picture. The signal-electrode voltage, 
however, should not be increased to the extent 
that it produces an uneven background that is 
visible on the monitor with the lens capped. 
Dark current is excess of o. I microampere wi I I 
cause excessive shading. Then, adjust the 
alignment field so that the center of the picture 
does not move as the grid-No.3 voltage is varied, 
and so that the picture has the best shading. 
Finally, readjust the grid-No. I voltage for the 
best resolution in the picture. A signal
electrode current of more than 0.2 microampere 
is not desirable because resolution is sacrificed. 
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BASE DRAWING 

SMALL - BUTTON DITETRAR 
8-PIN BASE 
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Base-pin positions are held to tolerances such that 
pins will fit a flat-plate gauge having thickness of 1/4" 
and 9 holes 0.0100• ± 0.0005• so located on a 0.6000" 
± 0.0005" diameter circle that the distance along the chord 
between any two adjacent hole centers is o. 2052" ± o. 0005". 
Gauge is provided with center hole having diameter of 
0.300• ± 0.001• and same center as the pin circle. 

SOCKET CONNECTIONS 
Bottom View 

PIN 1: HEATER 
PIN 2: GRIDNo.1 
PIN 3: INTERNAL CONNECTION--

DO NOT USE 
PIN 4: INTERNAL CONNECTION--

DO NOT USE 
PIN 5: GRID No.2 
PIN 6: GRIDS No-3 and N0.4 

IC 

SHORT 
PIN 
IC 

DIRECTION OF LIGHT: 
INTO FACE END OF TUBE 

- 8-

PIN 7: CATHODE 

PIN 8: HEATER 

FLANGE: SIGNAL ELECTRODE (SJ) 

SHORT INDEX PIN: INTERNAL 
CONNECTION--
MAKE NO 
CONNECTION 
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6474/1854 
IMAGE ORTHICON 

Magnetic Focus 
Magnetic Deflection 

For Simultaneous Color Pickup 
Exceptional Sensitivity 

TENT AT I VE DATA 

3"-Diameter Bulb 
15-1/~" Length 

RCA-6474/ 1854 is a television camera tube 

intended for use in color cameras utilizing the 

method of simultaneous pickup of the studio or 

outdoor scene to be televised. This method 

employs three 6474's--one for 

each channel--to produce the 

information necessary for the 

formation of a color-television 

image. 

The 6474 has exceptional 

sensitivity combined with a 

spectral response approaching 

that of the eye, and good resol u

t ion capability. With a color 

camera employing a suitably 

designed optical system and 

utilizing efficient color 

filters, commercially acceptable 

color pictures can be obtained 

with about 350 foot-candles of 

incident incandescent i I I um i na

tion on the scene and a lens 

stop of f:5.6. 

The photocathode ut i I ized 

in the 6474 is characterized by 

a relatively wide spectral re

sponse having high blue sensi

tivity, high green sensitivity, 

good red sensitivity, and practi-

cally no infrared sensitivity. 

This spectral characteristic enables the tube to 

translate colors very accurately when operated 

in a color camera with appropriate color filters 

and optical arrangements. 

The 6474 is designed to operate on asubstan

t ial ly linear signal-output curve, and is thus 

capable of producing a picture having natural tone 

value and accurate detai I. Furthermore, the 6474 

features a signal-to-noise ratio and contrast 

range commensurate with the requirements of 

color reproduction. 

The desi1;nation 6474/1854, orsimply 6474, is 

the new type number for the ima1;e orthicon pre

viously supplied under the type desi1;nation 1854. 

PRINCIPLES OF OPERATION 
The 6474hasthree sections--an imagesection, 

a scanning section, and a multiplier section, as 
sh own in Fig. I. 

Image Section 
The image section contains a semitransparent 

photocathode on the inside of the faceplate, a 
grid (grid No.61 to provide an electrostatic 
accelerating field, and a target which consists 
ofathin glass disc with a fine mesh screen very 
closely spaced to it on the photocathode side. 
Focusing is accomplished by means of a magnetic 
field produced by an external coil, and by vary
ing the photocathode voltage. 

Light fromthescene being televised is picked 
up by an opt i ca I system and focused on the photo
cathode which emits electrons from each i I lumi
nated area in proportion to the intensity of the 
light striking the area. Thestreamsofelectrons 
are focused on the target by the magnetic and 
accelerating fields. 

On striking the target, the electrons cause 
secondary electrons to be emitted by the glass. 
The secondaries thus emitted are collected by the 
adjacent mesh screen which is held at a definite 
potential of several volts with respect totarget
voltage cutoff. Therefore, the potential of the 
glass disc is limited for all values of light and 
stable operation is achieved. Emission of the 
secondaries leaves on the photocathode side of 
the glass a pattern of positive charges which 
corresponds with the pattern of I ight from the 
scene being televised. Because of the thinness 
of the glass, the charges set up asimilar poten
tial pattern on the opposite or scanned side of 
the g I ass. 

Scanning Section 
The opposite side of the glass is scanned by 

a low-velocity electron beam produced by the 
electron gun in the scanning section. This gun 
contains a thermionic cathode, a control grid 
(grid No.I), andan acceleratinggrid(grid No.21. 

Copyright, 1954 
Radio Corporation of America 
TMK ®• Morea Registrada 

TUBE DIVISION 6474/ 1354-4-54 
Photolithographed 
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PHOTOCATHODE 

TELEVISED CAMERA 
SCENE LENS 

TARGET ALIGNMENT 
COIL 

ELECTRON 
GUN 

'---v----' ~-------~--------~'------v-" 
IMAGE SCANNING MULTIPLIER 

92CS-6692 SECTION SECTION SECTION 

Fig. 1 - Schematic Arrangement of Type 6474. 

The beam is focused at the target by the 
field of an external focusing coi I 
electrostatic field of grid No.4. 

magnetic 
and the 

Grid No.5 serves to adjust the shape of the 
decelerating field between grid No.4 and the 
target in order to obtain uniform landing of 
electrons over the entire target area. The 
electrons stop their forward motion at the surface 
of the g I ass and are tu med back and focused into 
a five-stage signal multiplier, except when they 
approach the positively charged portions of the 
patternonthe glass. Whenthis condition occurs, 
they are deposited from the scanning beam in 
quantities sufficienttoneutralize the potential 
pattern on the glass. Suchdeposition leaves the 
glass with a negative charge on the scanned side 
and a positive charge on the photocathode side. 
These charges neutralize each other by conductivity 
through the glass in less than the time of one 
frame. 

Alignment of the beam from the gun is accom
plished by a transverse magnetic field produced 
by an external coi I located at the gun end of the 
focusing coil. 

Deflection of the beam is accomplished by 
transverse magnetic fields produced by external 
def I ec t i n g co i Is. 

The electrons turned back at the target form 
the return beam which has been amp I itude modulated 
by absorption of e I ect rons at the target in acco rrl 
with the charge pattern whose more positive areas 

correspond to the highlights of the televised 
scene. 

Multiplier Section 
The return beam is directed to the first 

dynode of a five-stage electrostatical ly focused 
multiplier. This utilizes the phenomenon of 
secondary emission to amplify signals composed 
of electron beams. The electrons in the beam 
impinging on the first-dynode surface produce 
many other e I ec t rons, the number depending on 

the energy of the impinging electrons. These 
secondary electrons are then directed to the 
second dynode and knock out more new electrons. 
Grid No.3 faci I itates a more complete collection 
by dynode No.2 of the secondaries from dynode 
No. I. The multiplying process is repeated in 
each successive stage, with an ever-increasing 
stream of electrons until those emitted from 
dynode No.5 are collected by the anode and con
stitute the current utilized in the output circuit. 
The multiplier section amplifies the modulated 
beamabout500 times. This multiplication permits 
the use of a video amp I ifier with fewer stages. 

The signal-to-noise ratio of the output 
signal from the 6474 is high. The gain of the 
multiplier is such as to raise the output signal 
sufficiently above the noise level of the video 
amplifier stagessothat they contribute no noise 
to the final video signal. The signal-to-noise 
ratio of the video signal, therefore, is deter
mined only by the random variations of the modu
lated electron beam. 

It can be seen that when the beam moves from 
a less-positive portion on the target to a more
positive portion, thesignal-outputvoltage across 
the load resistor (R25 in Fig.2) changes in the 
positive direction. Hence, for highlights in 
the scene, the grid of the first video-amplifier 
stage swings in the positive direction. 

DATA 
Genera I: 
Heater, for Unipotential cathode: 

Voltage (AC or DC) •..•••• 6.3 ± 10% vol ts 
0. 6 ampere Current .•.•••.•••••• 

Dirsct lnterelectrode Capacitance: 
Anode to all other electrodes. 20 µ,µ,f 

Photocathode, semitransparent: 
Response •.•.•. 
Rectangular Image (4 

Useful size of 

Orientation of .. 

See Fig.3 
x 3 aspect ratio): 
. . • . • • • 1.6" max. Diagonal 
Proper orientation is obtained when 
the vertical scan is essentially 
parallel to the plane passing 
through center of faceplate and 
pin No.7 of the shoulder base. 
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Focusing Method •• 
Deflection Method, 
Over al 1 Length •• 
Greatest Diameter of Bulb, 
Shoulder Base. 

Magnetic 
Magnetic 

15-3/16" ± 1/ll" 
3" ± 1/16" 

End Base • • • • • 

Operating Posit ion 
weight (Approx.) • 

Keyed Jumbo Annular 7-Pin 
Small-Shell Diheptal 111-Pin Base 

(JETEC No. Blll-115) 
• See Text 

1 1 b 6 oz 
Minimum Deflecting-Coil Inside Diameter. 
Deflecting-Coil Length 
Focusing-Coil Length •••••••••• 
Alignment-Coil Length •••••••••• 
Photocathode Distance inside End of Focusing Coil 

Maximum Ratings, Absolute Va iues: 

PHOTOCATHODE: 
Voltage. -550 max. 
llluminat ion 50 max. 

OPERATING TEMPERATURE: 
Of any part of 'bulb. 50 max. 
Of bulb at large end of tube 

(Target section). 35 min. 
TEMPERATURE DIFFERENCE: 

Between target section and any part 
of bulb hotter than target sect ion 5 max. 

GRID-No.6 VOLTAGE. -550 max. 
TARGET VOLTAGE: 

Positive value 10 max. 
Negative value 10 max. 

GRID-No.5 VOLTAGE. 150 max. 
GRID-No.ll VOLTAGE. 300 max. 
GRID-No,3 VOLTAGE. 1100 max. 
GRID-No. 2 & DYNODE-No.1 VOLTAGE. 3 50 max. 
GRID-No. 1 VOLTAGE: 

Negative bi as value. 125 max. 
Positive bias value. 0 max. 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with 

respect to cathode. 125 max. 
Heater positive with 

respect to cathode. 10 max. 
ANODE-SUPPLY '/0 LT AGE*. 1350 max. 
VOLTAGE PER MULTIPLIER STAGE 350 max. 

Typical Operation and Characteristics: 
Photocathode Voltage ( Image Focus) -300 to -500 
Gr id-No.6 Voltage (Accelerator)--

75% of photocathode voltage. 
Target Voltage0 • 

Grid-No.5 voltage (Decelerator). 
Grid-No.ll Voltage (Beam Focus) 
Grid-No.3 Voltage# ••• 
Grid-No.2 & Dynode-No.1 Voltage. 
Gr id-No. 1 Vo 1 tag e for P i ct u re Cutoff 
Dynode-No.2 Voltage. 
Dynode-No.3 Voltage. 
Oynode-No.ll Voltage. 
Oynode-No.5 Voltage. 
Anode volt age. 
Anode Current (DC) 
Signal-Output Current (Peak to peak) 
Target Temperature Range (see Text) 
Ratio of Peak-to-Peak Highlight 

Video-signal current to RMS 
Noise current (Approx.). 

Minimum Peak-to-Peck Blanking 
Voltage. 

Field strength at center of 
Focusing Coil•. 

Field strength of Alignment 
Coil (Approx.). 

-225 to -375 
0 t O 3 
O to 125 

160 to 220 
225 to 330 

300 
-115 to -115 

600 
800 
1000 
1200 
1250 

30 
3 to 20 

3 5 to 115 

60 

75 

O to 3 

2- 3/ 8" 
5" 

10" 
15 / 16 " 
• 1/ 2" 

volts 
ft-c 

oc 

Oc 

Oc 

volts 

volts 
volts 
vol ts 
VO l ts 
VO l ts 
volts 

volts 
volts 

volts 

VO l t S 

volts 
volts 

VO l ts 

vol ts 
volts 
volts 
volts 
volts 
VO l ts 
volts 
volts 
volts 
volts 
volts 
volts 

/Lamp 
/Lamp 

oc 

volts 

yausse;:: 

gausses 

* Ratio of dynode vol tag es is shown under Typical Operation. 
0 Adjustaole from-3 to +5 volts with blanking voltage off. 

# Adjust to give the most uniformly shaaed picture near 
maximum signal. 

• Direct ion of current should be such that a north-sE:ek i ng 
pole is attracted to the image end of the focusing coil, 
with the indicator located outside of and at the imaae 
end of the focusing coil. , 

INSTALLATION 
The end-base pins of the 6474 fit the smal I 

diheptal 14-contact socket. The annular-base 
Pins fit the keyed jumbo annular 7-contact socket 
which should be rigidly fastened to the deflecting
coi I assembly. 

The 6474 has two complementary guides for 
inserting the tube correctly in the annular 
socket, i.e., the large pin INo.7) on the annular 
base, and the white radial line on the face of 
the bulb. The annular socket should be posi
tioned so that the key pin INo.7) of the annular 
base is in a vertical plane through the common 
axis of the deflecting-coi I assembly and the 
focusing-coi I assembly. 

The 6474 is installed by inserting the 
diheptal-base end of the tube through the coi I 
assembly and then turning the tube unti I the 
annular-base pins, keyed by pin No.7, can be 
inserted in the annular socket. Proper insertion 
aligns the white radial line on the face with 
center of the key-pin hole in the annular socket. 
The diheptal socket is then put on the 14-pin base. 

Proper orientation of the annular socket with 
respect to the horizontal-deflectine field is 
essential, and is obtained when the plane which 
is perpendicular to the plane of the annular 
socket and which passes through the center of 
the annular socket and the center I ine between 
pins 3 and 4 of the annular base is at right 
angles to the horizontal scanning field. This 
orientation minimizes beat-pattern effects by 
placing the sides of the mesh holes at an angle 
of 45° with respect to the horizontal scanning 
Ii nes. 

The operatine position 
preferably be such that any 
the neck of the tube wi 11 

of the 6474 should 
loose particles in 
not fa I I down and 

strike or become lodged on the target. Therefore, 
it is recommended that the tube never be operated 
in a vertical position with the diheptal-base 
end up nor in any other position where the axis 
of the tube with base up makes an angle of less 
than 20° with the vertical. 

A mask having a diagonal or diameter of 1.6 
inches should always be used on the photocathode 
to set limits for the maximum size of scan, and 
to reduce the amount of I ight reaching unused 
parts of the photocathode. 

The optical system used with the 6474 should 
be designed accordingtobasic optical principles 
and should incorporate an iris to control the 
amount of I ight entering the television camera 
I ens. The entire opt i ca I system shou Id have a I I 

-3-



+ 125OV. 

R1 

R26 

N2 5 
C2 

R2 :::r:: 
R27 

N24 

C3 
R3 :::r:: 

R2s 

N23 

:r: C4 

N!:! 2 

DYNODE N•I 

&GRIDNS2 

92CL-8292 

Cl C2: 0,05 µ.f, 1600 v working voltage 
C3: 0,01 µ.f mica, 1600 v working 

voltage 
Cll: 0.001 µ.f mica, 1000 v working 

voltage 
C5: 0.001 µ.f mica, 600 v working voltage 
C6: 0,03 µ.f mineral-oil impregnated, 

1600 v working voltage 
C7 CB C9 Cll C12 C13 C14 C15: 0, 001 µ.f 

mica, l!00 v working voltagE 
Cl0: 1 µ.f, 400 v working voltage 
Rl: 47000 ohms, 1/2 watt 
R2 R3 R4: 220000 ohms, 1/2 watt 

~ ============================ 

TO BLANKING 
VOLTAGE SUPPLY 

PHOTOCATHODE 

FOCUSING COIL 

R5: 270000 ohms, 1/ 2 watt 
R6 R7: 200-ohm potentiometer, center-

tapped, 2 watts 
RB: 5100 ohms, 1/2 watt 
R9: 51000 ohms, 2 watts 
R10: 510 ohms, 1/2 watt 
R11: 150000-ohm potentiometer, 1/2 watt 
R12: 100000 ohms, 1/2 watt 
R13: 75000-ohm potentiometer, 1 watt 
Rlll: 150000 ohms, 1/2 watt 
R15: 250000-ohm potentiometer, 1 watt 
R16: 150000-ohm potentiometer, 1 watt 
R17: 250000-ohm potentiometer, 1watt 

FOCUSING 
COIL 

CURRENT 
REGULATOR 

-1sov. 

+330V. 

GRID 
N2 5 

GRID N• 4 

GRID N•3 

R1B: 510000 ohms, 1 watt 
R19: 11000 ohms, 1/2 watt 
R20: 310000 ohms, 1/2 watt 
R21: 500000-ohm potentiometer, 1 watt 
R22: 250000 ohms, 1 watt 
R23: 560000 ohms, 1/2 watt 
R2ll: 47000 ohms, 1/2 watt 
R25: 20000 ohms, 1/2 watt 
R26 R27: 100000 ohms, 1/2 watt 
R2B R29 R31 R32 R3ll R35 R36 R37 R3B: 

200000 ohms, 1/2 watt 
R30: 50000 ohms, 1/2 watt 
R33: 100000 ohms, 1/2 watt 

Fi[!. 2 - Vol ta{!e-Divider Circuit for Type 6474 with Recommended 
Arran{!ement for Connectin{! the Focusin[! Coil and 

Ali[!nment Coils. 
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inside surfaces finished in mat black to prevent 
internal reflections from reaching the photo
cathode. Under almost al I conditions, the use 
of a lens shade is beneficial. 

Proper shielding of the image sect ion can be 
provided by wrapping around the outside of the 
focusing coi I directly over the center of the 
deflecting coils a triple layer of Mumetal strip 
0.006" thick and 5" wide, or equivalent. Then, 
wrap another triple layerofMumetal strip 0.006" 
thick and3" wide around the focusing coi I directly 
over the image section of the 6474. Additional 
shielding is provided by fitting the inside of 
the focusing coi I directly over the image section 
with a copper cylinder having a length of approxi
mately 2-1/-t'' and awal I thickness of 1/32". The 
Mumetal shielding effectively shunts the field
rate deflection field, while the copper cylinder 
shields the higher frequency I ine-scanning field 
from the electron path in the image section. 
Unless proper shielding is provided, "cross talk" 
from the deflecting yoke into the image section 
will result in loss of picture sharpness. 

For the high de voltages required by the 6474, 
the use of two pulse supplies for which the plate 
voltage is provided by awe I I-regulated, 330-volt, 
8-supply may be used. Each of these supplies 
shouldbeactuated bythehorizontal driving pulse 
which is obtained from the synchronizing generator. 
One of the pu I se supp Ii es shou Id be capab I e of 
furnishing 1250 volts with an output current of 
I milliampere for the multiplier section; the 
other pulse supply should be capable of furnishing 
-500 volts with an output current of I mi 11 iampere 
for the image section. In addition to supplying 
the plate voltage and current for the pulse supplies, 
the 330-volt 8-supply shouldalsoprovide an out
put current of 90 milliamperes for the focusing 
and alignment coils and for the voltage divider 
which is used to supply the voltages for the 
electrodes in the scanning section of the 6474. 
Provision should be made for regulating the 
focusing-co i I current. 

A voltage divider to provide the required 
operating voltages for the various electrodes 
of the 6474 is shown in Fig.2. It is to be noted 
that the blocking capacitor C6 should be of the 
mine ra I-o i I impregnated type tom in i mi ze capacitor 
leakage which wi 11 introduce disturbing effects 
into the picture. 

In designing a voltage divider for the multi
p I ier stages of the 6474, engineers should 
recognize that thedcoutput of individual 6474'.s 
may have a range of 10 to I. This range, there
fore, must be considered in the choice of bleeder
resistor values. If the values are too high, the 
distribution of voltages applied to the dynodes 
w i I I be upset by a 64 7 4 w i t h a d c output at the 
upper end of the range. As a result, there wi 11 
be an abrupt drop in the ac output of the tube 
as the beam current is increased. When this drop 

occurs before the beam is at its optimum value, 
the ratio of signal to noise will be lessened, 
and compression of the signal information will 
result. 

Even with satisfactory bleeder-resistor 
values, it is possible to overload the tube it
self. For 6474 1 s having high de outputs, a 
current reversal can occur at the 5th dynode 
stage of the multiplier as the beam current is 
increased. This current reversal wi 11 also pro
duce a sharp drop in the ac output of the tube. 
To prevent such current reversa I, it is recom
mended that provision be made to reduce the 
overall multiplier voltage for tubes with de 
outputs at the upper end of the range. A reduc
tion to 1000 volts should be adequate. 

A blanking signal should be supplied to the 
target to prevent the electron beam from striking 
the target during the return portions of the 
horizontal and vertical deflecting cycles. Un
less this is done, the camera-tube return lines 
wi 11 appear in the received picture. 

The blanking signal is a series of negative 
voltage pulses. The voltage between pulses must 
be constant to prevent fluctuation of the target 
voltage. During the blanking periods, the full 
beam current without video-signal modulation is 
returned to the multiplier and its multiplied 
output flows through the load resistance. Ex
cessive amounts of blanking voltage applied to 
the target will impair resolution, since during 
retrace the target is out of focus to the con
tinuous I y flowing photocathode current. A 
desirable amount of target blanking is 6 volts 
peak to peak. 

Shading may be required even with optimum 
adjustment of voltage on grid No.3 in order to 
obtain a uniformly shaded picture. Sawtooth and 
parabolic waveforms of adjustable amp I itude and 
polarity at both the vertical- and horizontal
scanning frequency should be provided for insertion 
in the video amplifier to aid in obtaining a flat 
background. The shading signal should be intro
duced in the amp Ii f ier after c I amping is performed, 
since clamping circuits will removethevertical
frequency shading component if added previous to 
the clamp-circuit location. 

The video amplifier should be designed to 
cover a range of ac signal voltages corresponding 
to signal-output current of 3 to 20 microamperes 
peak to peak in the load resistor IR25 in Fig.2). 
For bandwidth, refer to Resolution under OPERATING 
CONSIDERATIONS. 

Failure of scanning even for a few minutes 
when I ight is incident on the photocathode may 
permanently damage the surface of the target. 
The damaged area shows up as a spot or Ii ne in 
the picture during subsequent operation. 

To avoid damaging the 6474 during scanning 
failure, provision should be made to prevent 
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automatically the scanning beam from reaching the 
target. The scanning beam can be prevented from 
reaching the target by (II cutting off the 
scanning beam, or (21 making the target suffi
ciently negative. The scanning beam can be cut 
off by a relay which applies -115 to -125 volts 
bias to grid No. I, Thetarget can be made suffi
ciently negative by a relay which applies a bias 
of at least -10 volts to it. Either relay is 
actuated by a tube which is cont ro I I ed by a portion 
of the scanning pulse voltage developed across 
either the horizontal or the vertical deflecting 

coils, or both. It is important to insure that 
the horizontal scanning pulse and the vertical 
scanning pulse should each independently actuate 
the relay in case either one fai Is. 

OPERATING CONSIDERATIONS 
The maximum ratin[!s in the tabulated data 

for the 6474 are I imiting values above which the 
serviceability of the 6474 may be impaired from 
the viewpoint of life and satisfactory perform
ance. Therefore, in order not to exceed these 
absolute ratings, the equipment designer has the 
responsibility of determining an average design 
value for each rating below the absolute value 
of that ratingbyan amount such thattheabsolute 
values wi I I never be exceeded under any usual 
condition of supply-voltage variation, load varia
tion, or manufacturing variation in the equip
ment itself. 

New 6474 1 s should be placed in service im
mediately upon receipt. They should be operated 
for several hours before being set aside as spares. 

Spare 6474 1 s should be placed in service for 
several hours at least once a month in order to 
keep them free from traces of gas which may be 
I iberated within the tube during prolonged storage. 

Rotation in the use of 6474 's is recommended. 
After a 6474 is operated for 200 to 300 hours, 
it should be given an idle period of three or 
four weeks during which it generally wi 11 recover 
much of its original resolution and sensitivity. 

Occasionally, a white spot which does not 
change in size when the beam-focus voltage is 
varied, may be observed in the center of the 
picture. Such a spot, especially if it is visible 
'.ln the monitor with the camera lens capped, is 
probably an ion spot. If the spot begins to grow 
in size with continuous operation, the 6474 
s hou Id be removed from service at once, and 
returned for re-processing. Continued operation 
of an image orthicon with an ion spot wi 11 
eventually damage the target permanently, 

The spectral response of the 6474 is shown 
in Fig,3 and is not subject to appreciable varia
tion from tube to tube. 

The operatin[! temperature of any part of the 
glass bulb should never exceed 50°c, and no part 
of the bu I b at the I arge end of the tube ( target 

section I should ever fall below 35°c during 
operation. The temperature of the target is 
es sent i a I I y the same as that of the adjacent 
glass bulb and can, therefore, be determined by 
measuring the temp'erature of the glass bulb ad
jacent to the target. For best results, it is 
recommended that the temperature of the entire 

bulb be held between 35° and 45°c. Operation at 
too low a temperature wi 11 be characterized by 
the appearance of a rapidly disappearing "stick
ing picture" of opposite polarity from the 
original when the picture is moved. Operation 
at too high a temperature wi 11 cause loss of 
resolution and possibly permanent damage to the 
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Fif[.3 - Spectral Sensitivity Characteristic 
of Type 6474. 

tube, Resolution is regained by waiting for the 
temperature to drop below 45°c. No part of the 
bulb should run more than 5° hotter than the 
tarret section to Prevent cesium mirration to 
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the tarret. Such migration wi 11 result in loss 
of resolution and in probable permanent damage to 
the tube. Like other photosensitive devices 
employing cesium, the 6474 may show fluctuations 
in performance from time to time. Strict ob-

,. ,•t::11:J1tt:::it~UU::J;JJ:±ti_;: -·n::: t :I ::n --:-1 
;::; TEST PATTERN:SQUARE WAVE j : I. i ;J :J.! ,::-1 
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Fii;-4 -Amplitude Response Characteristic 
of Type 6474. 

servance of the above recommendations with respect 
to operating temperature will not completely 
e I iminate these variations but wi 11 greatly im
prove the stabi I ity of the characteristics during 
the Ii fe of the tube. 

When the equipment design or operating con
ditions are such that the maximum temperature 
rating or maximum temperature difference as given 
under Maximum Ratin[;S wi 11 be exceeded, provision 
should be made to direct a blast of cooling air 

from the diheptal-base end of the tube along the 
entire length of the bulb surface, i.e., through 
the space between the bulb surface and the 
surrounding deflecting-coil assembly and its 
extension. Any attempt to effect cooling of the 
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Fir.5 -Temperature Effect on Amplitude 
Response of Type 6474. 

tube by circulating even a large amount of 
air around the focusing coil will do little good, 
but a smal I amount of air directly in contact 
with the bulb surface wi I I effectively drop 
the bulb temperature. For this purpose, a smal I 
blower is satisfactory, but it should be run 
at low speed to prevent vibration of the 6474 
and the associated amplifier equipment. Unless 
vibration is prevented, distortion of the 
picture may occur. 
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Ordinarily, the temperature in a camera 
equipped with a blower wi 11 not exceed 45°c, ex
cept in very hot weather or unless the target 
heater is left on accidentally for a long period. 

To keep the operating temperature of the 
large end of the tube from fa! I ing below 35°c, 
some form of control led heating should be em
ployed. Ordinarily, adequateheatwill be supplied 
by the focusing coil, deflecting coils, and 
associated amplifier tubessothatthetemperature 

can be control led by the amount of cooling air 
directed along the bulb surface. If, in special 
cases, a target heater is required, it should fit 
between the focusing coi I and the bulb near the 
shoulderofthetube, and be non-inductively wound. 

Full-size scanning of the target should 
a I ways be used during on-the-a i r ope rat ion. Fu I 1-
s i ze scanning can be assured by first adjusting 
the deflection circuits to overscan the target 
sufficiently to cause the corners of the target 
to be visible in the picture, and then reducing 
the scanning until the corners just disappear. 
In this way, the maximum signal-to-noise ratio 
and maximum resolution can be obtained. Ful I
size scanning wi I I also reduce the prominence 
of a beat pattern !see Resolution). Note that 
overscanning the target produces a smaller-than
normal picture on the monitor. 

Underscanning the target, i.e., scanning an 
area of the target less than its sensitive area, 
should never be permitted. Underscann
i ng produces a larger-than-normal 
picture on the monitor. If the target 
is underscanned for any length of time, 
a permanent change in target cutoff 
voltage of the underscanned area takes 
place with the result that the under
scanned area thenceforth is visible in 
the picture when full-size scanning is 

res to red. 

Resolution in excess of 500 Ii nes 
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pattern effect. For additional way to minimize 
beat-pattern effects, referto Proper orientation 
of the annular socket under INSTALLATION. 

A dynode spot is caused by a slight blemish 
on a dynode surface and appears as a white spot 
chiefly in the dark areas of the picture. Little 
defocusing of the beam is required to minimize 
the effect of dynode spots when the scene is 
brightly illuminated, but in dark scenes, the 
effect of dynode spots is a I imit ing item on 
reso I ut ion. 

Loss of resolution with increased bulb tem
perature adjacent to the target is i I lust rated 
in Fig.5. The loss of resolution is caused by 
the decreasing resistivity of the target glass 
disc with increasing temperature. As a result, 
lateral leakage of the image charge occurs. 

To ut i Ii ze the reso I ut ion cap ab i I ity of the 
6474 in the horizontal direction with the standard 
scanning rate of 525 lines, it is necessary to 
use a video amp I ifier having a bandwidth of at 
least 6 megacycles. The maximum resolution ob
tainable is limited by the mesh-screen portion 
of the target. 

Even with a wide-band amplifier, the reso
lution may be I imited in the image section by 
"cross talk" caused by the scanning fields. 
Unless prevented by proper shielding from ex
tending into the image section {see Proper 
shielding under INSTALLATION), these fields wi I I 
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at the center of the picture can be 
produced by the 6474 when operated for 
color reproduction. The resolution 
curve in Fig.4 shows the relative center 
amplitude response versus television 
I ine number for the 6474 when it is 
operated with the high I ights below the 
knee of the I ight transfer character
istic {see text below) and at a temper
ature of 35°c. The va I ues of response 

I 10 100 1000 10000 
RELATIVE HIGHLIGHT ILLUMINATION ON PHOTOCATHODE-ARBITRARY UNITS 

92CM-8283 

Fig. 6 - Basic Light Transfer Characteristic of Type 6474. 

plotted on the curve are those obtained after 
optimum adjustments are made to minimize the 
prominence of beat patterns and dynode spots. 

A beat pattern is caused by the beating of 
the scanning Ii nes against the Ii nes of the 
target mesh. As a result, amoir~ pattern, some
times called a "swirl", appears in large-area 
high! ights of the picture. Defocusing of the 
beam by adjustment of the beam-focus control 
{grid No.4) may be helpful in reducing the beat-

cause the electron image on the target to move 
at scanning frequency. As a result, the picture 
wi 11 lack definition. 

The light transfer characteristics of the 
6474 change for different i I lumination levels 
{see Reference 6). The basic I ight transfer 
characteristic of the 6474 is shown in Fig.6. 
This curve is representative only for smal I-area 
high! ights. The bend or "knee" of the curve is 
explained by the fact that the charge accumulated 
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by the target can not exceed the charge which 
raises the voltage of the target to the collector
mesh potential. As a result, when the 6474 is 
operated with high I ights above the knee, not al I 
of the secondary electrons emitted by the target 
glass disc are collected by the adjacent mesh. 
Those not collected are randomly distributed 
over adjacent picture areas. For black-and-white 
picture transmission, this random distribution 
is not objectionable if the image orthicon is 
operated so that the highlights bring the signal 
output only slightly above the knee. However, 
for color picture transmission, any random dis
tribution represents color dilution or contami
nation and, therefore, the image orthicon must 
be operated in such a manner that substantially 
all of the secondary electrons from the target 
are collected by the adjacent mesh. Instructions 
for obtaining this operating condition are given 
under Setup Procedure. Fig.7 shows the light 
transfer characteristics for the 6474 operated 
belowtheknee withtwodifferent target voltages. 
More complete collectionandhenceamore accurate 
color picture is reproduced when the target volt
age is 4 volts and the signal output is I imited 
to a maximum charge buildup corresponding to the 
2-volt initial setup condition as discussed 
under Setup Procedure. 

The setup Procedure for operating the 6474 
is as fo I I ows: After the tube has been inserted 
in its sockets and the voltages applied as in
dicated under Typical Operation, al low it to warm 
up for 1/2 to I hour with the camera lens capped. 
Make certain that the deflection circuits are 
functioning properly to cause the electron beam 
to scan the target. Adjust the deflection cir
cuits sothat thebeam will "overscan" the target, 
i.e., so that the area of the target scanned is 
greater than its sensitive area. This procedure 
during the warming-up period is recommended to 
prevent burning on the target a raster smaller 
than that used for on-the-air operation. Note 
that overscanning the target results in a smaller
than normal picture on the monitor. 

With the lens st i 11 capped and the target 
voltage set at approximately 2 volts negative, 
adjust the grid-No. I voltage unti I noise or a 
rough-textured picture of dynode No. I appears on 
the monitor. Then adjust the alignment-coil 
current so that the smal I white dynode spots do 
not move when the beam-focus control !grid No.4) 
is varied, but simply go in and out of focus. 
During alignment of the beam, and also during 
operation of the tube, always keep the beam cur
rent as low as possible to give the best picture 
quality and also to prevent excessive noise, and 
burn of the dynode-No. I surface. 

Next., uncap the lens and open the lens iris 
partially. Focus the camera on a test pattern. 
The target voltage is then advanced until a 
reproductionofthe test pattern is just discern-

able on the monitor. This value of target voltage 
is known as the "target cutoff voltage". The 
target voltage should then be raised exactly two 
volts above the cutoff-voltage value, and the 
beam-current control adjustedtogive just suffi
cient beam current to discharge the high I ights. 

100 

80 

60 

40 
tz 
w 
V 

O'. 

~ 20 
I 
tz 
w 
O'. 
a'. 
::, 10 
V 

t- B 
::, 
Q. 
t- 6 
::, 
0 

~ 4 
z 
'-' 
iii 

2 

I 

TYPICAL STUDIO LIGHT LEVELS USED FOR COLOR TRANSMISSION 
VALUES ON CURVES ARE ABOVE TARGET-CUTOFF VALUE 

V 

L,, 

I,, 

vv 
'/ 

~ 
// 

<:, 
v} 

:~ ~'<; 

V 
vv 

/V 

/ V 
/ 

2 4 6 8 10 20 40 60 80 100 
RELATIVE HIGHLIGHT ILLUMINATION ON PHOTOCATHODE-PER CENT 

92CS-8273 

Fi1;. 7 - Li1;ht Transfer Characteristics 
of Type 6474. 

Then adjust the lens to produce best optical 
focus, and the voltage on the photocathode as 
wel I as the voltage on grid No.4 to produce the 
sharpest picture. 

At this point, attention should be given to 
the grid-No.5 and grid-No.3 voltage controls. 
Grid No.5 is used to control the landing of the 
beamonthe target and consequently the uniformity 
of signal output. The grid-No.5 voltage control 
should be adjusted to produce a picture that has 
most uni form shading from center to edge with the 
lens iris opened sufficientlytopermit operation 
with the high I ights above the knee of the I ight 
transfer characteristic. The value of grid-No.5 
voltage should be as high as possible consistent 
with uniform shading. Grid No.3 facilitates a 
more complete collection by dynode No.2 of the 

secondaries from dynode No. I. The grid-No.3 
voltage control should be adjusted to produce 
the maximum signal output. 

Now with a test pattern consisting of a 
straight I ine centered on the face of the 6474, 
adjust the voltage on grid No.6 along with the 
voltage on the photocathode to produce a sharply 
focused straight I ine on the monitor. Improper 
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adjustment of the grid-No.6 voltage control wi I I 
result in the straight-I ine pattern being repro
duced with a slight S-shape. 

The above adjustments constitute a rough 

setup of the 6474. Final adjustments necessary 
for the 6474toproduce the best possible picture 
for color or black-and-white transmission are as 
fol lows: With the lens capped, realign the beam. 
Beam alignment is necessary after each change 01 

the grid-No.5 voltage control and sometimes after 
each adjustment of the grid-No.3 voltage control. 

The proper i I lumination level for color-camera 
operation should next be determined. Adjust the 
target voltage accurately to 2 volts above the 
target-cutoff value. Remove the lens cap and 
focus the camera on a neutral !black and white) 
test pattern consisting of progressive tonal steps 
from black to white. Open the lens iris just to 
the point where the highest step of the test 
pattern does not rise as fast as the lower steps 
when viewed on a video waveform osci I loscope. 
This operating point assures that the high! ights 
of the scene wi I I not run above the knee of the 
light transfer characteristic. If the highlights 
run above the knee of the I ight transfer charac
teristic, color dilution or contamination will 

occur. 

Then adjust the grid-No. I voltage contro I to just 
discharge the brightest highlight of the pattern. 

Cap the lens and adjust the grid-No.3 voltage 
control so that the video signal when viewed on a 
video waveform osci I loscope has the flattest 
possible trace. This represents the black level 
of the picture. Unwanted variations in the black 
level of a color picture are much more evident 
and objectionable than ina black-and-white picture. 

From this point on, the waveform monitor for 
the camera should be used to determine the lens 
stop necessary to give the maximum desired high-
1 ight signal as determined with the neutral step 
pattern. 

Improved linearityofsignal output and color 
purity can be achieved by next raising the target 
voltagetoapproximately 4 volts abovethetarget
cutoff value. This increase assures nearly 
complete collectionofthe secondary electrons by 
the target mesh. In no case should the high I ight 
signal output be greater than the maximum previ
ously determined with the neutral test pattern 
and controlled by the iris setting. If higher 
signal output is obtained by increased illumination 

and beam current, resolution wi 11 suffer due to 
random attraction of the low-velocity scanning 
beam by the adjacent image charge. 

Retention of a scene by the 6474, sometimes 
called a "sticking picture", may be experienced 
if the 6474 is al lowed to remain focused on a 
stationary bright scene for several minutes, or 
it it is focused on a bright scene before reaching 
operating temperature in the range from 35° to 
45°c. Often the retained image wi 11 disappear 
in a few seconds, but sometimes it may persist 
for I ong periods before it completely disappears. 
A retained image can genera 11 y be removed by 
focusing the 6474 on a clear white screen and 
al lowing it to operate for several hours with an 
i I I um i nation of about I foot-cand I e on the photo

cathode. 

To avoid retention of a scene, it is recom
mended that the 6474 always be allowed to warm 
up in the c;amera for 1/2 to I hour with the lens 
iris closed and with a slight amount of beam 
current. Never al low the 6474 to remain focused 
on a stationary bright scene for more than a few 
minutes, and never use more i I lumination than is 

necessary. 

Further detailed information on use of this ima{fe 
orthicon in a three-tube ima{fe orthicon color 

camera is fftven in Reference 7, 
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DOS and DON'TS 
on Use of RCA-611-n/ 1854-

Here are the "dos"-- Here are the "don'ts"--

I, Al low the 5q7q to warm up prior to operation. I, Don't force the 5q7q into its shoulder socket. 

2. Don't operate the 5q7q without scanning. 2, Hold temperature of the 5q7q within operating range, 
3. Make sure alignment coil is properly aligned. 3, Don't underscan target. 
q, Adjust beam-focus control for best usable resolution. 
5, Give the 5q7q an idle period every 200 hours. 

q, Don't focus the 5q7q on a stationary bright scene. 

5. Don't operate a 5q7q having an ion spot. 
6. Condition spare 5q7q•s by operating several hours once 

each month. The significance of each of the above 
"dos" and "don 'ts" in obtaining optimum 
performance from the 6474 is explained 
in the preceding pages of this bulletin. 

7. Determine proper operating point with target voltage 
adjusted to exactly 2 volts above target cutoff. 

8. Cap lens during standby operation. 

SOCKET CONNECTIONS 
Bottom View 

DIRECTION OF LIGHT: 
PERPENDICULAR TO 
LARGE END OF TUBE 

7 
IC 
V 

WHITE INDEX LINE 
ON FACE 

SMALL-SHELL DIHEPTAL I ij-P IN BASE 

PIN 1: HEATER PIN 9: DYNODE No.3 
PIN 2: GRID No,4 PIN 10: DYNODE No, 1, 
PIN 3: GRID No,3 GRID No.2 

PIN 4: INTERNAL CONNEC- PIN 11: INTERNAL CONN EC-
TI ON--DO NOT USE TION--DO NOT USE 

PIN 5: DY NODE No.2 PIN 12: GRID No. 1 
PIN 6: DYNODE No. 4 
PIN 7: ANODE 

PIN 13: CATHODE 

PIN 8: DYNODE No.5 PIN 14: HEATER 

KEYED JUMBO ANNULAR 7-P IN BASE 

PIN 1: GRID No.6 PIN 5: GRID No.5 
PIN 2: PHOTOCATHO DE 

6: TARGET PIN 
PIN J: INTERNAL CONNEC-

TION--DO NOT USE 
PIN 4: INTERNAL CON NEC- PIN 7: INTERNAL CONNEC-

TION--DO NOT USE TION--DO NOT USE 
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r 3"±Yi~,, 

.425
11 

±.02511 

.040" 
±.002" DIA. 

6-PINS 

JUMBO 
ANNULAR 

7-PIN BASE 

2
11 [ II 

± Y15 

SMALL-SHELL 
DIHEPTAL 

14-PIN BASE 
JECTEC N£ 

Bl4-45 

DIMENSIONAL OUTLINE 

- 12 -

DETAIL OF BOTTOM VIEW 
OF JUMBO ANNULAR BASE 

SEE NOTE I 

NOTE I: DOTTED AREA IS FLAT OR EXTENDS TOWARD 

DIHEPTAL-BASE END OF TUBE BY 0,060" MAX. 

ANNULAR BASE GAUGE 

ANGULAR VARIATIONS BETWEEN PINS AS WELL AS 

ECCENTRICITY OF NECK CYLINDER WITH RESPECT 

TO PHOTOCATHODE CYLINDER ARE HELD TO TOLER

ANCES SUCH THAT PINS AND NECK CYLINDER WI LL 

FIT FLAT-PLATE GAUGE WITH: 

a. SIX HOLES HAVING DIAMETER OF 0.060" ± 

0.001" AND ONE HOLE HAVING DIAMETER OF 

0.150" ± 0,001", ALL HOLES HAVE DEPTH 

OF 0.265" ± 0.001". THE SIX 0,065" 

HOLES ARE ENLARGED BY 45° TAPER TO DEPTH 

OF 0.047", ALL HOLES ARE SPACED AT 

ANGLES OF 51°26' ±5' ON CIRCLE DIAMETER 

OF 2.500" ± 0.015". 

b, SIX STOPS HAVING HEIGHT OF 0.187" 

± 0.001", CENTERED BETWEEN PIN HOLES, 

TO BEAR AGAINST FLAT AREAS OF BASE. 

c. RIM EXTENDING OUT A MINIMUM OF 1/8" 

FROM 2-13/16" DIAMETERANDHAVING HEIGHT 

OF 0.126" ± 0.001". 

d. NECK-CYLINDER CLEARANCE HOLt HAVING 

DIAMETER OF 2.200" ± 0.001". 

92CM-8293 



~ 
7037 

IMAGE ORTHICON 
Magnetic Focus 
Magnetic Deflection 

For Simultaneous Color Pickup 
Exceptionally High Sensitivity 

TENTATIVE DATA 

3"-Diameter Bulb 
15-1 /4-" Length 

RCA-7037 is a television camera tube in- in picture retention throughout the life of the 

tended for use in color cameras uti I izing the 

method of simultaneous pickup of the studio or 

outdoor scene to be televised. 

Thismethodemploys three 7037 1 s 

--one for each channel--to pro

duce t~e information necessary 

for the formation of a color

television image. 

The 7037 has except i ona I I y 

tube and thus contributes to longer service-hours. 

The micro-mesh screen, which has a fineness 

of 750 Ii nes per inch, e I i mi nates mesh pattern 

and moire effect without defocusing, minimizes 

beat pattern between color subcarrier frequency 

and the frequency generated by the beam scanning 

the mesh-screen pattern, permits operation of 

thetubewith aperture-correction circuit to pro

vide 100 per cent response for 350-line informa-

high sensitivity combined with tion, and improves picture-detail contrast. 

a spectral response approaching 

that of the eye, and good reso-

1 ution capabi I ity. With a 

color cameraemploying a suitably 

designed optical system and 

uti I izing efficient color 

filters, commercially acceptable 

color pictures can be obtained 

with about 175 foot-candles of 

incident incandescent I I um i-

nation on the scene and a I ens 

stop of f:5.6. 

The photocathode ut i Ii zed 

in the 7037 is an improved 

type featuring very high sensi-

ti Vi t y. Its relatively wide 

spectral response has high blue 

sensitivity, high green sensitivity, good red 

sensitivity, and practically no infrared sensi

ti,vity. This spectral characteristic enables the 

tube to translate colors very accurately when 

operated in a color camera with appropriate color 

filters and optical arrangements. 

The spectral response of the 7037 is shown 

in Fig. I and is not subject to appreciable varia

tion from tube to tube. 

Other features of the 7037 include its 

"stabilized" tar{!et, its micro-mesh screen, and 

The super-dynode desi[!n offers freedom from 

dynode burn, saves adjustment time on dark-shad

i ng, reduces color shift in dark areas, provides 

more uniform picture background with reduced un

desirable texture in lowlight areas, and makes 

it possible to set the decelerator-grid voltage 

at optimum value for highl ightuniformity through

out the usefu I Ii fe of the tube. 

The 7037 is designed to operate on a sub

st ant i a I I y I i n ea r s i g n a I -o u·t put cu r v e, and i s 

thus capable of producing apicture having natural 

tone value and accurate detai I. Furthermore, the 

7037 features a signal-to-noise ratio and con

trast range commensurate with the requirements 

of co I o r rep rod u ct i on . 

The 7037 may be used in place of the 6474/ 

1854 in color cameras with the resultant ad

vantage of substantial reduction in i I lumination 

on the televised scene. Under most conditions, 

no change in color filters is required because 

of the close similarity in the spectral responses 

of the two types. 

PRINCIPLES OF OPERATION 
The 7037 has three sections--an image section, 

a scanning section, and a multiplier section, as 
shown in Fig.2. 

Image Sect i on 
its super-dynode desi[!n. The "stabi I ized" target The image section contains a semitransparent 

greatly reduces any tendency toward an increase ohotocathode on the inside of the faceplate, a 
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grid (grid No.6) to provide an electrostatic 
accele,ating field, and a target which consists 
of a thin glass disc with a fine mesh screen very 

closely spaced to it on the photocathode side. 
Focusing is accomplished by means of a magnetic 
field produced by an external coi I, and by vary
ing the photocathode voltage. 
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Fi[!. 1 - Spectral Sensitivity Characteristic 
of Type 7037. 

Light fromthe scene being televised is picked 
up byan optical system and focused on the photo
cathode which emits electrons from each i I lumi
nated area in proportion to the intensity of the 
light striking the area. The streams of electrons 
are focused on the target by the magnetic and 
accelerating fields. 

On strikir,g the target, the electrons cause 
secondary electrons to be emitted by the glass. 

The secondaries thuserr,itted are collected by the 
adjacent mesh screen which is held at a definite 
potential of several volts with respect totarget-

voltage cutoff. Therefore, the potential of the 
glass disc is I imited for al I values of I ight and 
stable operation is achieved. Emission of the 
secondaries leaves on the photocathode side of 
the glass a pattern of positive charges which 
corresponds with the pattern of I ight from the 
scene being televised. Because of the thinness 
of the glass, the charges set up asimilar poten
tial pattern on the opposite or scanned side of 
the glass. 

Scanning Section 

The opposite side of the glass is scanned by 

a low-velocity electron beam produced by the 
electron gun in the scanning section. This gun 
contains a thermionic cathode, a control grid 
(grid No. ll, and an accelerating grid(grid No.2l. 

The beam isfocused at the target by the magnetic 
field of an external focusing coi I and the 
electrostatic field of grid No.4. 

Grid No.5 serves to adjust the shape of the 
decelerating field between grid No.4 and the 
target in order to obtain uniform landing of 
electrons overtheentire target area. The elec
trons stop their forward motion at the surface 
of theglass and are turned back and focused into 
a five-stage signal multiplier, except when they 
approach the positively charged portions of the 
pattern onthe glass. When this condition occurs, 
they are deposited from the scanning beam in 
quantities sufficient to neutralize the potential 
pattern onthe glass. Such deposition leaves the 
glass with a negative charge on the scanned side 
and a positive charge on the photocathode side. 
These chargesneutral ize eachother byconductivity 

through the glass in less than the time of one 

f rarne. 

Alignment of the bearn frorn the gun is accom
plished by a transverse magnetic field produced 
by an external coi I located at the gun end of 
the focusing coi I. 

Def I ect ion of the beam is accomp Ii shed by 
transverse magnetic fields produced by external 
deflecting coi Is. 

The electrons turned back at the target form 
the return beam which has been amp I itude modu-
1 ated by absorption of electrons at the target 
in accord with the charge pattern whose more posi
tive areas correspond to the highlights of the 
televised scene. 

Multiplier Section 

The return beam is directed to the first 
dynode of a five-stage electrostatically focused 

multiplier. This uti I izes the phenomenon of 
secondary emission to amp I ify signals composed 

of electron beams. The electrons in the beam 
impinging on the f i rst-dy node surface produce 
many other electrons, thenumber depending on the 
energy of the impinging electrons. These second
ary electrons are then directed to the second 
dynode and knock out more new electrons. Grid 
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PHOTOCATHODE 

TELEVISED CAMERA 
SCENE LENS 

TARGET FOCUSING ALIGNMENT 
COIL COIL 

ELECTRON 
GUN 

~ ~--------~--------__; '---------r---' 
IMAGE SCANNING MULTIPLIER 

92CS-6692 SECTION SECTION SECTION 

Fig. 2 - Schematic Arrangement of Type 7037. 

No.3 faci I itates a more complete collection by 
dynode No. 2 of the secondaries from dynode No. I. 
The multiplying process is repeated in each suc
cessive stage, with an ever-increasing stream of 

electrons unti those emitted from dynode No.5 
are collected by the anode and constitute the 
current uti I ized in the output circuit. The 
multiplier section 
about 500 times. 
the use of a video 

amp I ifies the modulated beam 
This multiplication permits 
amp I ifier with fewer stages. 

The signal-to-noise ratio of the output 
signal from the 7037 is high. The gain of the 
multiplier is such as to raise the output signal 
sufficiently above the noise level of the video 

amp I ifier stages so that they contribute no noise 
to the final video signal. The signal-to-noise 
ratio of the video signal, therefore, is deter
mined only by the random variations of the modu
lated electron beam. 

It can be seen that when the beam moves from 
a less-positive portion on the target to a more
positive portion, the signal-output voltage across 
the load resistor IR25 in Fig.3) changes in the 
positive direction. c:ence, for highlights in 

the scene, the grid of the first video amp I ifier 
stage swings in the positive direction. 

DATA 
Genera 1: 
Heater, for Unipotential cathode: 

voltage (AC or DC) ...... . 
current ............ . 

Direct lnterelectrode Capacitance: 
Anode to al 1 other electrodes. 

Photocathode, Semitransparent: 

6.3±10% volts 
0.6 ampere 

12 µ.µ. f 

Response . . . . . . See Fig. 1 
Rectangular Image (4 x 3 aspect ratio): 

Useful size of ......... 1.8" max. Diagonal 
Note: The size of the optical image focused on the 

photocathode should be adjusted so that its 
maxi mum di agona 1 does not exceed the specified 
value. The corresponding electron image on the 
target should have a size such that the corners 
of the rectangle just touch the target ring. 

Orientation of .. Proper orientation isobtained when 
the vertical scan is essentially 
parallel to the plane passing 
through center of faceplate and 
pin No. 7 of the shoulder base. 

FocustnJ Method ................. Magnetic 

Deflect ion Method .. ... Magnetic 
15. 20" ± o. 25" Over al 1 Length ... 

Greatest Diameter of Bulb. 
Shoulder Base. 

3.00" ± 0.06" 
.Keyed Jumbo Annular 7-Pin 

Small-Shell Diheptal 14-Pin Base 
(JETEC ND.B14-45) 

End Base 

Operating Posit ion 
weight (Approx.) . 
Minimum Deflecting-Coil Inside Diameter. 
Deflecting-Co i 1 Length 

. See Text 
1 1 b 6 oz 

2-3 / 8" 
5" 

10 11 

15/16" 
. 1 / 2" 

Focusing-Coil Length ... . 
Al ignment-coi 1 Length ... . 
Photocathode Distance Inside End of Focusing Coil 

Maximum Ratings, Absolute VaLues: 
PHOTOCATHODE: 

voltage. 
Illumination 

OPERATING TEMPERATURE: 
Of any part of bulb. 
Of bulb at large end of tube 

(Target sect I on) . 
TEMPERATURE DIFFERENCE: 

Between target sect ion and any part 
of bulb hotter than target sect ion 

GRID-No.6 VOLTAGE. 
TARGET VOLTAGE: 

Positive value 
Negative value 

GRID-No.5 VOLTAGE. 
GRID-No.4 VOLTAGE. 
GRID-No.3 VOLTAGE. 
GRID-No.2 & DYNODE-No.1 VOLTAGE. 
GRID-No.1 VOLTAGE: 

Negative bias value. 
Positive bias value. 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect 

to cathode 
Heater positive with respect 

to cathode 
ANODE-SUPPLY VOLTAGE*. 
VOLTAGE PER MULTIPLIER STAGE 

-550 max. volts 
50 max. ft-c 

50 max. 

40 min. 

5 max. 
-550 max. 

10 max. 
10 max. 

150 max. 
300 max. 

DC 

DC 

DC 
volts 

volts 
volts 
volts 
volts 

400 max. vol ts 
350 max. vol ts 

125 max. 
O max. 

125 max. 

10 max. 
1350 max. 
350 max. 

volts 
volts 

volts 

volts 
volts 
volts 

Typical Operation and Characteristics Range Values: 
Photocathode Voltage (Image Focus) -400 to -540 
Grid-No.6 Voltage (Accelerator)--

Approx. 75% of photocathode 
voltage ........... . 

Target-cutoff voltage0 ••... 

Grid-No.5 voltage (Decelerator). 
Grid-No.4 Voltage (Beam Focus) 
Grid-No.3 Voltage# ..... . 
Grid-No. 2 & Dynode-No.1 Voltage 
Grid-No.1 voltage for Picture 

cutoff .......... . 

-300 to -405 
-3 to +1 
0 to 125 

140 to 180 
225 to 330 

300 

-45 to -115 

VO l t S 

volts 
volts 
volts 
volts 
volts 
volts 

VO 1 t S 
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Dynode-No.2 voltage. 
Dynode-No.3 voltage. 
Dynode-No.4 voltage. 
Dynode-No.5 voltage. 
Anode voltage. 
Anode current (DC) 
Signal-Output current (Peak to peak) 
Target Temperature Range (See Text) 
Ratio of Peak-to-Peak Highlight 

video-Signal current to RMS 
Noise current (Approx.). 

Minimum Peak-to-Peak Blanking Voltage 
Field Strength at Center of 

Foe using Co i 1 a . 
Field Strength of Alignment 

coil (Approx.) 

600 vol ts 
800 vol ts 

1000 vol ts 
1200 vol ts 
1250 vol ts 

30 µamp 
3 to 24 µamp 

40 to 45 oc 

60 
5 VO 1 t S 

75 gausses 

0 to 3 gausses 

* Ratio ofdynode voltages is shown under Tyf>icai Operation. 
0 Normal setting of target voltage is +2 volts from target 

cutoff. The target supply voltage should be adjustable 
from -3 to +5 volts. 

# Adjust to give the most uniformly shaded picture near 
maximum signal. 

6 Direction ofcurrent should be such that a north-seeking 
pole is attracted to the image end of the focusing coil, 
with the indicator located outside of and at the image 
end of the focusing coil. 

INSTALLATION 
The end-base pins of the 7037 fit the smal I 

d i hep ta I I 4- contact soc k et . The an nu L a r- base 
pins fit the keyed jumbo annu I ar 7-contact socket 
which should be rigidly fastened to the deflect
; ng-co i I assemb I y. 

The 7037 has two complementary guides for 

inserting the tube correctly in the annular 
socket, i.e., the large pin 1No.7)onthe annular 
base, and the white radial I ine on the face of 
the bulb. The annular socket should be posi
tioned so that the key pin I No. 7) of the annular 
base is in a vertical plane through the common 
axis of the deflecting-coi I assembly and the 
focusing-coi I assembly. 

The 7037 is installed by inserting the di
heptal-base end of the tube through the coi I 
assembly and then turning the tube unti I the 
annular-base pins, keyed by pin No.7, can be in

serted in the annular socket. Proper insertion 
aligns the white radial I ine on the face with 
centerofthe key-pin hole in the annular socket. 
T h e d i he p t a I soc k et i s t h e n p u t o n t h e I 4- p i n 
base. 

Proper orientation of the annular socket with 
respect to the horizontal-deflectine field is 
essential, and is obtained when the plane which 
is perpendicular to the plane of the annular 
socket and which passes through the center of 
the annular socket and the center I ine between 
pins 3 and 4 of the annular base is at right 
angles to the horizontal scanning field. This 
orientation minimizes beat-pattern effects by 

placing the sides of the mesh holes at an angle 
of 45° with respect to the horizontal scanning 
I i nes. 

The operatine Position of the 7037 should 
preferably be such that any loose particles in 

the neck of the tube wi I I not fal I down and 

strike or become I odged on the target. ThBrefo re, 
it is recommended that the tube never be operated 
in a vertical position with the diheptal-base 
end up nor in any other position where the axis 
of the tube with base up makes an angle of less 
than 20° with the vertical. 

A mask having a diagonal or diameter of 1.8 
inches should always be used on the photocathode 
to set limits for the maximum size of scan, and 

to reduce the amount of Ii g ht reaching unused 
parts of the photocathode. 

The optical system used with the 7037 should 
be designed according to basic optical principles 
and should incorporate an iris to control the 
amount of I ight entering the television camera 
lens. The entire optical system should have al I 
inside surfaces finished in mat black to prevent 
internal reflections from reaching the photo

cathode. Under almost al I conditions, the use 
of a lens shade is beneficial. 

Prof,er shieldine of the image sect ion can be 
provided by wrapping around the outside of the 
focusing co i I direct I y over the center of the 
deflecting coi Is a triple layer of Mumetal strip 
0.006" thick and 5" wide, or equivalent. Then, 
wrap another triple layer ofMumetal strip 0.006 11 

thick and 3" wide around the focusing coil 
directly over the image section of the 7037. Ad
ditional shielding is provided by fitting the 
inside of the focusing coil directly over the 
image section with a copper cylinder having a 
length of approximately 2-1/4" and a wal I thick
ness of 1/32". The Mumetal shielding effectively 
shunts the field-rate deflection field, while the 
copper cylinder shields the higher frequency I ine

scanning field fromthe electron path inthe image 
section. Unless proper shielding is provided, 
"cross talk" from the deflecting yoke into the 

image section wi 11 result in loss of picture 
sharpness. 

Forthehiehdcvoltaees requirEJd by thP 7(J~7, 
the use of two pulse supplies for which the 
plate voltage is provided by a wel I·-regulated 
B-sup p I y may be used. Each of these supp I i es 
should be actuated by the horizontal driving pulse 
which is obtained from the synchronizing generator. 
One of the pulse supplies should be capable of 
furnishing 1250 volts with an output current of 

I mi 11 iampere for the multiplier section; the 

other pulse supµly ~hould be carable of furnish

ing -550 volts with an output current of I mi 11 i
ampere for the image section. In addition to 
supplying the plate voltage and current for the 
pulsP- supplies, the B-supply should also provide 

::in output current of approximately 90 mi 11 iamperes 

tor tile tocusing and al igmrent coi Is a tor the 
voltage divider which isusea to supply the volt

ages for the electrodes in thP. scanning section 
of the 7037. Provision should be ~ade for regu
lating the focusing-coi I current. 
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FOCUSING COIL 

R25 

::::r:: 
C2 

R27 
~ 

::::r:: 
C3 

R2s 
~ 

N"-3 

I 
C4 

&GRIDN•2 

G5 

92CL-8292RI 

Cl C2: 0. 05 µ,f, 1600 v working voltage 
c3: 0.01 µ,f mica, 1600 v working 

voltage 
C4: 0.001 uf mica, 1000 v working 

voltage 
C'j: 0.001 µ,f mice:. FCO v .vorking voltage 
C6: 0.03 µ,f, 1600 v work, voltage. 

See text under voltage 
Cl CR C9 C11 C12 C13 C14 C15: 0.001 µ,f 

•nica, 400 v ;iorking voltage 
C10: 1 µ,f, 4GO v worki voltage 
Rl: 47000 onms, 112 
R2 R3 R4: 22ooou ohms, 1/2 watt 

TO BLANKING 
VOLTAGE SUPPLY 

PHOTOCATHODE 

R5: 270000 ohms, 1/2 watt 
R6 R7: 200-ohm potentiometer, center-

tapped, 2 watts 
RB: 5100 ohms, 1/2 watt 
R9: 51000 ohms, 2 watts 
R10: 'i10 ohms, 1/2 watt 
R11: l'iOOOO-ohmpotentiometer, 1/2watt 
R12: 125000 ohms, 1/2 watt 
R13: 75000-ohm potentiometer, 1 watt 
R14: 125000 ohms, 1/2 watt 
Rl'i: 250000-ohm potentiometer, 1 watt 
R16: 15-0000-ohm potentiometer, 1 watt 
R17: ?50000-ohm potentiometer, 1 watt 

FOCUSING 
COIL 

CURRENT 
REGULATOR 

+330V. 

GRID 
N~ 5 

GRID N•3 

-150V. 

R18: 510000 ohms, 1 watt 
R19: 11000 ohms, 1/2 watt 
R20: 310000 ohms, 1/2 watt 

-550V. 

R21: 500000-ohm potentiometer, 1 watt 
R22: 250000 ohms, 1 watt 
R23: 560000 ohms, 1/2 watt 
R24: 47000 ohms, 1/2 watt 
R25: 20000 ohms, 1/2 watt 
R26 R27: 100000 ohms, 1/2 watt 
R28 R29 R31 R32 R34 R35 R36 R37 R38: 

200000 ohms, 1/2 watt 
R30: 50000 ohms, 1/2 watt 
R33: 100000 ohms, 1/2 watt 

Fig-. 3 - Voltag-e-Divider Circuit for Type 7037 with Recommended 
Arrang-ement for Connecting- the Focusing- Coil and 

Alig-nment Coils. 
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@======================== 
A voltare divider to provide the required 

operating voltages for the various electrodes of 
the 7037 is shown in Fig.3. It is to be noted 

that the blocking capacitor C6 should be of 
sufficiently high quality so that its leakage 
current wi 11 not introduce disturbing effects 
into the picture. 

In designing a voltage divider for the multi

p I ier stages of the 7037, engineers should 
recognize that thedc output of individual 7037's 

may have a range of 10 to I. This range, there
fore, must beconsidered inthe choice of bleeder
resistor values. If the values are too high, the 
distribution of voltages applied to the dynodes 
wi 11 be upset by a 7037 with a de output at the 
upper end of the range. As a result, there will 

be an abrupt drop in the ac output of the tube 
as the beam current is increased. When this dro.p 
occurs before the beam is at its optimum value, 

the ratio of signal to noise wi 11 be lessened, 
and compression of the signal information wi 11 
result. 

Even with satisfactory bleeder-resistor 
values, it is possible to overload the tube it
self. For 7037 1 s having high de outputs, a cur
rent reversal can occur at the 5th dynode stage 

of the multiplier as the beam current is in
creased. This current reversal wi 11 also produce 
a sharp drop in the ac output of the tube. To 

prevent such current reversal, it is recommended 
that provision be made to reduce the overal I 
multiplier voltage for tubes with de outputs at 

the upp,cr end of the range. A reduction to 1000 
volts should be adequate. 

A blank inf! s i f!n al sh o u I d be supp I i e d to t he 
target to prevent the electron beam from striking 

the target during the return portions of the 
horizontal and vertical deflecting cycles. Un
less this is done, the camera-tube return I ines 

wi 11 appear in the received picture. 

The blanking signal is a series of negative 
voltage pulses. The voltage between pulses must 
be constant to prevent fluctuation of the target 
v o I t age . Du r i n g t he b I an k i n g p e r i o d , t he f u I I 
beam current without video-signal modulation is 
returned to the multiplier and its multiplied 
output flows through the load resistance. Ex

cessive amounts of blanking voltage applied to 
the target will impair resolution, since during 
retrace the target is out of focus to the con
tinuously flowing photocathode current. A de
sirable amount of target blanking is 6voltspeak 
to peak. 

Shadinf! may be required even with optimum 
adjustment of voltage on grid No.3 in order to 
obtain a uniformly shaded picture. Sawtooth and 
parabo Ii c waveforms of adj us tab I e amp Ii t ude and 
polarity at both the vertical- and horizontal
scanning frequency should be provided for inser
tion in the video amplifier to aid in obtaining 
a flat background. The shading signal should be 
i.ntroduced in the amp I ifier after clamping is 

performed, since clamping circuits wi 11 remove 
the vertical-frequency shading component •if added 
previous to the clamp-circuit location. 

The video amplifier should be designed to 
cover a range of ac signal voltages corresponding 
to signal-output current of 3 to 24 microamperes 

peak topeak in the load resistor tR25 in Fig.3). 
For bandwidth, referto Resolution underOPERATING 

CONS! DERATIONS. 

Failure of scanninf! even for a few minutes 

when I ight is incident on the photocathode may 
permanently damage the surface of the target. 
The damaged area shows up as a spot or Ii ne in 
the picture during subsequent operation. 

To avoid damaging the 7037 during scanning 
failure, provision should be made to prevent 
automaticallythescanning beam from reaching the 
target. The scanning beam can be prevented from 
reaching the target by I I I cutting off the 
scanning beam, or 121 making the target suffi
ciently negative. The scanning beam can be cut 
off by a relay which applies -115 to -125 volts 
bias to grid No. I. The target oan be made suffi
ciently negative by a relay which applies a bias 

of at least -10 volts to it. Either relay is 
actuated by a tube which is control led by a por

t ion of the scanning pulse voltage developed 
across either the horizontal or the vertical 
deflecting coi Is, or both. It is important to 
insure thatthehorizontal scanning pulse and the 
vertical scanning pulse should each independently 
actuate the relay in case either one fails. 

OPERATING CONSIDERATIONS 
The matimum rcztinf(s in the tc;bu I ated data for 

the 7037 are limiting values above hich the 
serviceability of the 7037 rray be impaired from 

the viewpoint of I if-eand satisfactory performance. 
Therefore, in order not to exceed these absolute 

ratings, the equipment designer has the responsi
bility of determining an average design value 
beloweachabsolute rating by an amount such that 
the absolute values wi I I never be exceeded under 
any usual condition of supply-voltage variation, 
load variation, or manufacturing variation in 
the equipment itse.lf. 

n~w 7037 1 s snould be placed in service 
mediately upon receipt. lhey should be operated 
for several hours before being set aside as 
spares. 

Spare 7037 1 s should be placed in service for 
several hours at least once a month in order to 
keep them free from traces of gas which may be 
I iberated within the tube during prolonged storage. 

Occasionally, a white spot which does not 
change in size when the beam-focus voltage is 
varied, may be observed in the center of the 

picture. Such a spot, especially if it is visible 
on the monitor with the camera lens capped, is 
~robably an ion spot. lfthe spot begins to grow 
in size with continuous operation, the 7037 
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should be removed from service at once, and 

returned for re-processing. Continued operation 
of an image orthicon with an ion spot wi 11 
eventually damage the target permanently. 

The operatine temperature of any part of the 

glass bulb should never exceed 50°c, and no part 
of the bulb at the large end of the tube !target 
section) should ever fa! I below 40°c duringoper
ation. The temperature of the target is essen
tially the same as that of the adjacent glass 
bulb and can, therefore, be determined by 
measuring the temperature of the glass bulb ad

jacent to the target. For best results, it is 
recommended that the temperature of the entire 
bulb be held between 40° and 45°c. Operation at 
too low a temperature will be characterized by 
the appearance of a rapidly disappearing "stick

ing picture" of opposite polarity from the 
original when the picture is moved. Operation 
at too high a temperature wi 11 cause loss of 
resolution and possibly permanent damage to the 
tuoe. The loss of resolution is caused by the 
decreasing resistivity of the target glass disc 
with increasing temperature. As a result, lateral 
leakage of the image charge occurs. Resolution 
is regained by waiting for the temperature to 
drop below 50°c. No part of the bulb should run 
more than 5° hotter than the tareet section to 
prevent cesium mieration to the tareet. Such 
migration wi 11 result in loss of resolution and 
in probable permanent damage to the tube. Like 
other photosensitive devices employing cesium, 
the 7037 may show fluctuations in performance 
from time to time. Strict observance of the 
above recommendations with respect to operating 
temperature wi 11 not completely eliminate these 
variations butwill greatly improve the stability 
oft he characte ri st i cs during the Ii fe of the tube. 

When the equipment design or operating con
ditions are such that the maximum temperature 
rating ormaximum temperature difference as given 
under Maximum Ratines wi 11 be exceeded, provision 
should be made to direct a blast of cooling air 
from the diheptal-base end of the tube along the 
entire length of the bulb surface, i.e., through 
the space between the bulb surface and the sur
rounding deflecting-coi I assembly and its ex
tension. Any attempt to effect cooling of the 
t u b e by c i r c u I at i n g even a I a r g e amount of a i r 
around the focusing coil will do little good, but 
a small amount of air directly in contact with 
the bulb surface wi I I effectively drop the bulb 
temperature. For this purpose, a smal I blower 

is satisfactory, but it should be run at low 
speed to prevent vibration of the 7037 and the 
associated amp! ifierequipment. Unless vibration 
is prevented, distortion of the picture may occur. 

Ordinarily, the temperature in a camera 
equipped with a blower wi 11 not exceed 45°c, ex
cept in very hot weather or unless the target 
heater is left on accidentally for a long period. 

To keep the operating temperature of the 
large end of the tube from falling below 45°c, 

some form of cont ro I I ed heating shou Id be em
ployed. Ordinarily, ad·equateheat wi 11 be supplied 
by the focusing coil, deflecting coils, and 
associated amp! ifier tubes so that the temperature 
can be coni;rolled by the amount of cooling air 
directed along the bulb surface. If, in special 
cases, atarget heater is required, it should fit 
between the focusing coi I and the bulb near the 
shoulder of the tube, and be non-inductively wound. 

Full-size scannine of the target should al
ways be used during on-the-air ope rat ion. Fu! I
s ize scanning can be assured by first adjusting 
the deflection circuits to overscan the target 
sufficiently to cause the corners of the target 
to be visible in the picture, and then reducing 
the scanning unti I the corners just disappear. 
In this way, the maximum signal-to-noise ratio 
and maximum resolution can be obtained. Note 
that overscanning the target produces a smaller
than-normal picture on the monitor. 

Underscannine the tareet, i.e., scanning an 
area of the target less than its sensitive area, 
should neverbepermitted. Underscanning produces 
a larger-than-normal picture on the monitor. If 

the target is underscanned for any I ength of time, 
a permanent change in target-cutoff voltage of 
the underscanned area takes place with the result 
that the underscanned area thenceforth is visible 

in the picture when ful I-size scanning is restored. 

Resolution in excess of 500 I ines at the 
centerofthe picture can be produced by the 7037 
when operated for color reproduction. 

To utilize the resolution capability of the 
7037 in the horizontal directionwiththe standard 
scanning rate of 525 Ii nes, it is necessary to 

use a video amp! ifier having a bandwidth of at 
least 6 megacycles. 

Even with a wide-band amplifier, the resolu
tion may be limited in the image section by 

"cross-talk" caused by the scanning fields. Un
less prevented by proper shielding from extending 
into the image section !see Proper shieldine 
under INSTALLATION), these fields wi I I cause the 
electron image on the target to move at scanning 
frequency. As a result, the picture wi 11 lack 
definition. 

The dynode aperture appears as a smal I white 
spot near the center of the image of the dynode 
surface. The white spot is most evident when it 
falls within dark areas of the scene. Little 
defocusing of the beam is required to minimize 
the effect of dynode aperture when the scene is 
brightly ii luminated, but in dark scenes, the effect 
ofdynodeaperture isa limiting itemon resolution. 

The lieht transfer characteristics of the 
7037 change for different illumination levels 
!see Reference 61. The basic light transfer 
characteristic of the 7037 is shown in Fig.4. The 

light values shown are applicable only for white 
I ight incident on the photocathode. This curve 
is representative only for smal I-area highlights. 
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====================================== ~ 
The bend or "knee" of the curve is explained 

by the fact that the charge accumulated by 
the target can not exceed the charge which raises 
the voltage of the target to the collector
mesh potential. As a result, when the 7037 is 

operated with high I ights at or above the knee, 
not all ofthe secondary electrons emitted by the 

FOR SMALL-AREA HIGHLIGHTS 

I/ 
WHITE LIGHT I/ 

\ I/ 

V 
/ 

/ 

/ 
V 

II/ 
2 4 6 2 4 6 2 4 

Landing of the primary electrons is more 
uniform because, with almost complete collection 
of secondary electrons by the mesh, the charge 
neutralized in each frame by the scanning beam 
wi 11 equal the charge deposited on the target by 
the photoelectrons. Hence, variation in target

to-mesh spacing and capacitance wi I I not affect 
the signal output. Furthermore, the 
relatively large difference between 
the fixed potential of the mesh and 
the average potential to which the 
target is driven by the scanning 
beam reduces to a negligible value 
the effect of variations in target 
potential caused by radial- and 
tangential-velocity components in 
the scanning beam. 

The prominence of after-image 
is greatly reduced because the 
potential developed across the target 
glass disc due to polarization be
comes a much smal,ler percentage of 
the mesh potential. 

6 2 4 6 
0.0001 0.001 0.01 0.1 1.0 

The set-up procedure described 
uelow should be followed carefully 
to obtain optimum performance from 
the 7037. Al I three tubes in the 
color camera should be set up in
dividually in accord with the pre-

HIGHLIGHT ILLUMINATION ON PHOTOCATHODE-FOOT-CANDLES 
92CM-9ll50 

Fif[.4 - Basic Li[[ht Transfer Characteristic of Type 7037. 

target glass disc are collected by the adjacent 

mesh. Those not co I I ected are random I y dis
tributed over adjacent picture areas. For black
and-white picture transmission, this random dis
tribution is not objectionable if the image 
orthicon is operated so that the high I ights bring 
the signal output only slightly above the knee. 
However, for color-picture transmission, any 
random distribution represents color dilution or 
contamination and, therefore, the image orthicon 
must be operated in such a manner that substan

tially al I of the secondary electrons from the 
target are collected by the adjacent mesh. 

In order to operate the 7037 in this manner 
which makes possible the achievement of a sub

stantially I inear transfer characteristic, it is 
essential that the target voltage be properly 

adjusted. Fig.5 shows the "knee" portion of the 
t rans f e r c ha r act e r i st i c w i t h t he I 0 0 %- s i g n a I -
output level I imited by the charge buildup which 

occurs when the target voltage is adjusted to 2 
volts (see setup procedure). It also shows how 

the "knee" is straightened out to give a more 
accuratecolorpicture when the target voltage is 
then increased to 4 vo I ts I see setup procedure) 
while retaining the same signal-output level that 
was established by the 2-volt adjustment. 

When the target voltage is adjusted as 
described above, nearly al I of the secondary 
electrons from the target are collected by the 
adjacent mesh, theelectrons in the scanning beam 
land more uniformly over the entire target area, 
and the prominence of after-image is reduced. 
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scribed procedure. 

The setup procedure for operating the 7037 

is as fol lows: After the tube has been inserted 
in its sockets and the voltages applied as indi
cated under Typical Operation, al low it to warm 
up for 1/2 to I hour with the camera lens capped. 
Uncap the I ens momenta, i I y wh i I e adjusting the 
grid-No. I voltage to give a smal I amount of beam 
current. This procedure wi I I prevent the mesh 

from being e I ect rostat i ca I I y pu I I ed into contact 
with the glass disc. Make certain that the 

deflection circuits are functioning properly 
to cause the electron beam to scan the target. 
Adjust the deflection circuits so that the beam 

will "overscan" the target, i.e., so that the 
area of the target scanned is greater than its 
sensitive area. This procedure during the warm

ing-up period is recommended to prevent burning 
on the target a raster smaller than that used 
for on-the-a i r operation. Note that overs canning 
the target results in a smaller-than-normal 
picture on the monitor. 

With the I ens st i I capped and the target 
voltage set at approximately 2 volts negative, 

adjust the grid-No. I voltage unti I noise or a 
rough-textured picture of dynode No. I appears on 
the monitor. Then adjust the al ignment-coi I 
current so that the smal I white dynode spot does 
not move when the beam-focus control !grid No.4l 
is varied, but simply goes in and out of focus. 
During alignment of the beam, and also during 

operation of the tube, always keep the beam cur
rent as low as possible to give the best picture 
quality and also to prevent excessive noise. 



Next, uncap the lens and open the lens iris 

partially. Focus the camera on a test pattern. 
The target vo I tage is then advanced unt i I a re
production ofthe test pattern isjust discernable 
on the monitor. This value of target voltage is 
known as the "target cutoff vo I tage". The target 
voltage should then be raised exactly two volts 
above the cutoff-voltage value, and the beam
current control adjusted to give just sufficient 
beam current to discharge the high! ights. 

Then adjust the lens to produce best optical 
focus, and the voltage on the photocathode as 
well as the voltage on grid No.4 to produce the 
sharpest picture. 

At this point, attention should be given to 

the grid-No.5 and grid-No.3 voltage controls. 
Grid No.5 is used to control the landing of the 

beamonthe targetandconsequently the uniformity 
of signal output. The grid-No.5 voltage control 
should be adjusted to rroduce a picture that has 
most uniform shading fromcenter to edge with the 
lens iris opened sufficientlytopermit operation 
with the highlights above the knee of the light 
transfer characteristic. The value of grid-No.5 

voltage should be as high as possible consistent 
with uniform shading. Grid No.3 faci I itates a 
more complete collection by dynode No.2 of the 
secondaries frorr, dynode No. I. The grid-No.3 
voltage control should be adjusted to produce 
the maximum signal output. f

z 

Then adjust the grid-No. I voltage control to 

just discharge the brightest highlight of the 
pattern. 

Cap the lens and adjust the grid-No.3 voltage 
control so that the video signal when viewed on 
a video waveform osc i I I oscope has the f I attest 
possible trace. This represents the black level 
of the picture. Unwanted variations in the black 
level of a color picture are much more evident 
and objectionable than in a black-and-white 
picture. 

From this point on, the waveform monitor for 
the camera should be used to determine the lens 
opening necessary to produce the maximum desired 
highlight signal as determined with the neutral 
step pattern. 

Improved I inearityof signal output and color 

purity can be achieved by next raising the target 
voltage to approximately 4 volts above the target
cutoff value. Avalue slightly less then 4 volts 
will sometimes givethedesired results. A value 
greater than 4 volts is not recommended because 

any tendency toward microphonics may be enhanced. 
This increase in the target voltage assures 

100 
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60 V 
/ V 

I/ 
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V 

tj 40 Now with a test pattern consisting of a 
straight I ine centered on the face of the 7037, 
adjust the voltage on grid No.6 along with the 
voltage on the photocathode to produce a sharply 
focused straight line on the monitor. Improper 
adjustment of the grid-No.6 voltage control will 
result in the straight-line pattern being repro- !j: 
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duced with a slight S-shape. ~ 10 
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The above adjustments constitute a rough 

setup of the 7037. Final adjustments necessary O 6 

forthe7037 to produce the best possible picture :xi 
for color or black-and-white transmission are as ~ 4 

0 fol lows: With the lens capped, realign the beam. ::i: 

Beam alignment is necessary after each change of ~ 

the grid-No.5 voltage control andsometimes after x 2 
each adjustmentofthe grid-No.3 voltage control.; 

~ / .,,,,, 
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HIGHLIGHT ILLUMINATION ON PHOTOCATHODE-PER CENT 
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Fi[!. 5 - Li[!ht Transfer Characteristics 
of Type 7037. 

n,e proper i I lumination level for color-camera 
operation should next be determined. Adjust the 
target voltage accurately to 2 volts above the 
target-cutoff value. Remove the lens cap and 
focus the camera on a neutral !black and white) 
test pattern consisting of progressive tonal 
steps from black to white. Open the lens iris 
just to the point where the highest step of the 
test pattern does not rise as fast as the lower 
steps when viewed on a video waveform osci I lo

scope. This operating point assures that the 
high! ights of the scene wi 11 not run above the 
knee of the light transfer characteristic. If 
the highlights run above the knee of the light 
transfer characteristic, color dilution or con
tamination will occur. 

nearly complete collectionofthe secondary elec
trons by the target mesh. As a result of this 
increase, the high I ights wi 11 no longer be fully 
discharged by the beam as previously adjusted. 
DO NOT ATTEMPT TO DISCHARGE THE HIGHLIGHTS BY 
ADJUSTING THE GRID-No. I VOLTAGE TO INCREASE THE 
BEAM CURRENT. Instead, the lens iris should be 
closed unti I the high! ight signal output again 
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==================================== ~ 
reaches the previously determined maximum-signal 
amp! itude as measured on the waveform osci I lo
scope. In no case should the high! ight signal 
output be greater than the maximum previously 
determined with the neutral test pattern and 
controlled by the iris setting. If higher signal 
output is obtained by increased illumination and 
beam current, resolution wi 11 suffer due to random 

attraction of the low-velocity scanning beam by 
the adjacent image charge, and tube Ii fe wi I I be 
shortened. 

Retention of a scene by the 7037, sometimes 
cal led a "sticking picture", may be observed to 
a slight degree even initially. However, any 
initial sticking will decrease during the first 
few hours of tube operation and then remain at 
an acceptable low value, or actually decrease, 
throughout life. Sticking may be aggravated if 
the 7037 is al lowed to remain focused on a 
stationary bright scene, or if it is focused 
on a bright scene before reaching operating 
temperature in the range from 40° to 45°c. 
Often the retained image wi 11 disappear in a 
few seconds, but sometimes it may persist for 
long periods before it completely disappears. 
A retained image can generally be removed by 
focusing the 7037 on a clear white screen and 
al lowing it to operate for several hours with an 
i I lumination of about I foot-candle on the photo
cathode. 

To minimize retention ofa scene, it is recom
mended that the 7037 always be al lowed to warm 
up in the camera for 1/2 to I hour with the lens 
iris closed and with a slight amount of beam 
current. Never al low the 7037 to remain focused 

on a stationary bright scene, and never use more 
illumination than is necessary. 

Further detailed information on use of the image 
orthicon in a three-tube image orthicon color 

camera is given in Reference 7. 
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============================= @ ======================== 
DOS and DON'TS 

on Use of RCA-7O37 
Here are the "dos"-- Here are the "don'ts"--
I, Allow the 7037 to warm up prior to operation. 1. Don't force the 7037 into its shoulder socket. 

2. Hold temperature of the 7037 within operating range. 2. Don't operate the 7037 without scanning. 

3, 

~-
5, 

6. 

7, 

Make sure alignment coil is properly aligned. 3, 

~-
5, 

Don't underscan target. 

Adjust beam-focus control for best usable resolution. 

Condition spare 7037's by operating several hours once 
each month. 

Don't focus the 7037 on a stationary bright scene. 

Don't operate a 7037 having an ion spot. 

6. 
Determine proper operating point with target voltage ad
justed to exactly 2 volts above target cutoff. 

7, 

Don't use more beam current than necessary to discharge 
the high] ights of the scene. 

Don•tturnoffbeamwhile voltagesareapplied to photo
cathode, grid No.6, target, dynodes, and anode during 
warmup or standby operation. 

Cap lens during standby operation. 

The sienificance of each of the above "dos" and 
"don 'ts" in obtainine optimum performance from the 
7037 is explained in the Precedine Paees of this 
bulletin. 

PIN 1: 
PIN 2: 
PIN 3: 
PI N 4: 

PIN 5: 

PIN 6: 
PIN 7: 

PIN 8: 

PIN 1: 
PIN 2: 
PIN 3: 

PI N 4: 

SOCKET CONNECTIONS 
Bottom View 

DIRECTION OF LIGHT: 
PERPENDICULAR TO 
LARGE END OF TUBE 

"v 
WHITE INDEX LINE 

ON FACE 

SMALL-SHELL DIHEPTAL 14-PIN BASE 

HEATER PIN 9: DYN0DE 
GRID No.4 PIN 10: DYN0DE 

No.3 

No. 1, 
GRID No.3 GRID No.2 
INTERNAL CONN EC- PIN 11: INTERNAL CONN EC-
TI0N--D0 NOT USE TI0N--D0 NOT USE 
DYN0DE No.2 PIN 12: GRID No.1 
DYN0DE No.4 

PIN 13: CA THODE 
ANODE. 

PIN 14: HEATER 
DYN0DE No. 5 

KEYED JUMBO ANNULAR 7-PIN BASE 

GRID No. 6 PI N 5: GRID No. 5 
PH0T0CATH00E 

PI N 6: TARGET 
INTERNAL C0NNEC-
TI0N--D0 NOT USE PIN 7: INTERNAL C0NNEC-
INTERNAL C0NNEC- TI0N--D0 NOT USE 
TI0N--D0 NOT USE 
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================================ ~ 
DIMENSIONAL OUTLINE 

t-3.00±.06'-j 35" +.015",, 
I I .I -.025 -------------- t 

2.51{,'. 
±.12 

.425
11 

±.025" 

.040" 
±.002" DIA. 

6 PINS 

JUMBO 
ANNULAR 

7-PIN BASE 

2.00
11

±.06' 

15.20' 
±.25' 

SMALL-SHELL 
DIHEPTAL 

14-PIN BASE 
JECTEC N<e 

Bl4-45 

DETAIL Or BOTTOM VIEW 
Or JUMBO ANNULAR BASE 

SEE NOTE I 

NOTE I: DOTTED AREA IS FLAT OR EXTENDS TOWARD 
DIHEPTAL-BASE END OF TUBE BY 0.060" MAX-

ANNULAR BASE GAUGE 
ANGULAR VARIATIONS BETWEEN PINS AS WELL AS 
ECCENTRICITY OF NECK CYLINDER WITH RESPECT 
TO PHOTOCATHODE CYLINDER ARE HELD TO TOLER
ANCES SUCH THAT PINS AND NECK CYLINDER WI LL 
FIT FLAT-PLATE GAUGE WITH: 

a. SIX HOLES HAVING DIAMETER OF 0.065" ± 

0.001" AND ONE HOLE HAVING DIAMETER OF 
0.150" ± 0.001". ALL HOLES HAVE DEPTH 
OF 0.265" ± 0.001". THE SIX 0.065" 
HOLES ARE ENLARGED BY 45° TAPER TO DEPTH 
OF 0.047". ALL HOLES ARE SPACED AT 
ANGLES OF 51°26' ± 5' ON CIRCLE DIAMETER 
OF 2.500" ± 0.001". 

b. SEVEN STOPS HAVING HEIGHT OF 0.187" 
± 0. 001", CENTERED BETWEEN PIN HOLES, 
TO BEAR AGAINST FLAT AREAS OF BASE. 

c. RIM EXTENDING OUT A MINIMUM OF 0.125" 
FROM 2.812" DIAMETER AND HAVING HEIGHT OF 
0.126" ± 0.001·. 

d. NECK-CYLINDER CLEARANCE HOLE HAVING 
DIAMETER OF 2.200" ± 0.001". 
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7038 
VIDICON 

Magnetic Focus 
Magnetic Deflection 

For Live and Film Pickup !"-Diameter Bulb 
6.25" Length With Color or Black-and-White TV Cameras 

6OO-Line Resolution 
TENTATIVE DATA 

RCA-7038 is a small camera tube intended for 

use i n t e I e v i s i on came r as des i g n e d f o r t e I e v i s i n g 

I ive scenes as we! I as cameras designed for fi Im 

pickup. The 7038 is particu

I arly suitable for use in 

compact color television 

cameras utilizing the method 

of simultaneous pickup of the 

I ive or ti Im subjects to be 

televised. This method employs 

three 7038 1 s--one for each 

channel--to produce the in

fo rm at i on n e c es s a r y f o r t he 

format ion of a co I or t e I e v i s ion 

image. In either color or 

black-and-white service, the 

7038 can provide a picture of 

high qua! ity for broadcasting 

or industrial television 

applications. Its resolution 

capabi I ity is about 600 

television lines. 

The 7038 ut i Ii zes a unique 

photoconduct ive surface having 

uniform thickness which per

mits constant voltage gradient 

and uniform dark current 

across the scanned area. 

Because of the uniform thick

ness of its photoconductive 

surface, the 7038 can produce 

substantially uniform sensitivity over the en

ti re scanned area. Therefore, the 7038 exhibits 

a degree of uniformity of characteristics from 

tube to tube that makes it possible to obtain 

excel lent color uniformity and balance when used 

in three-vidicon color cameras. While dark 

current and sensitivity both increase with target 

voltage, the uniformityofthe dark current makes 

it possible to operate the 7038 at higher values 

of target voltage and dark current than are 

permissible with previous types of vidicons. As 

a result, higher effective sensitivity can be 

obtained with the 7038. 

Featured in the design of the 7038 are 

nonmagnetic materials in the front end, an 

extremely flat faceplate free from optical dis

tort ion, and an envelope without a side tip. 

The elimination of magnetic materials from the 

f ro n t end and the use of an opt i ca I I y f I at 

faceplate make it easier to register three 

pictures when these tubes are used in three

vidicon color cameras. The tipless envelope 

allows the use of a longer deflecting yoke. 

The longer yoke offers the advantage of less de

flecting power, and a narrower deflecting angle 

which effectively reduces deflection distortion 

and imp roves the center-to-edge focus of the beam. 

In addition, thetipless structure simplifies the 

layout of optical arrangements for I ight splitting 

in a color camera. 

Fu I I advantage of the uniform photoconduct i ve 

layer of the 7038, particularly in ti Im-pickup 

applications, may be realized by applying 

a modulating voltage of suitable waveform to the 

cathode, grid No.I, and grid No.2 in order to 

correct for the scanning-beam landing errors 

introducedbythe deflecting and focusing fields. 

PRINCIPLES OF OPERATION 
The structural arrangement of the 7038, 

shown in Fig. 1, consists of a target composed of 
a transparent conducting ti Im I the signal elec
trode) on the inner surface of the faceplate and 
a thin photoconductive layer deposited on the 
ti Im; a fine mesh screen I grid No.41 located 
adjacent to the photoconductive layer; a beam
focusing electrode !grid No.31 connected to grid 
No. 4; and an e I ect ron gun tor producing a beam 
of electrons. 

Each element of the photoconductive layer is 
an insulator in the dark but becomes slightly 
conductive when it is i I luminated and acts I ike 
a leaky capacitor having one plate at the 
positive potential of the signal electrode and 
the other floating. When light from the scene 
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or fi Im being televised is focused on the 
photoconductive-layer surface next to the face

plate, each illuminated layer element conducts 
slightly depending on the amount of i I lumination 
on the element and thus causes the potential 

of its opposite surface Ion the gun side) to 
rise in less thanthetime of one frame toward 
that of the signal-electrode potential. Hence, 

there appears on the gun side of the entire I ayer 
surface a positive potential pattern, composed 
of the varioGs element potentials, corresponding 
to the pattern of I ight imaged on the layer. 

GRID NS4 FOCUSING COIL 

HORIZONTAL AND 
VERTICAL DEFLECTING 

COILS 

TARGET CONNECTION 

TARGET 

COIL 

GRID N2 2 
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Fi[!. 1 - Schematic Arran[!ement of Type 7038. 

The g u n s i de of t he photo con d u ct i v e I aye r i s 
scanned by a low-velocity electron beam produced 

by the electron gun. This gun contains a thermi
onic cathode, a control grid lgrid No. II, and 
an accelerating grid lgrid No.21. The beam is 
focused at the surface of the photoconductive 

layer by the combined action of the uniform 
magnetic field of an external coil and the 
electrostatic field of grid No.3. Grid No.4 

serves to provide a uniform decelerating field 
between itself and the photoconductive layer so 
that the electron beam wi I I tend to approach 
the layer in a direction perpendicular to it-

a condition necessary for driving the surface to 
cathode potential. The beam electrons approach 
the layer at low velocity because of the low 

operating potential of the signal electrode. 

When the gun side of the photoconductive 
layer with its positive potential pattern is 
scanned by the e I ect ron beam, e I ect rons are de
posited from the beam unti I the surface potential 
is reduced to that of the cathode, and thereafter 
are turned back to form a return beam which is 
not uti I ized. Deposition of electrons on the 
scanned surface of any particular element of the 

layer causes a change in the difference of po
tential between the two surfaces of the element. 
When the two surfaces of the element, which in 
effect is a charged capacitor, are connected 

through the external target (signal-electrode) 

circuit and the scanning beam, a capacitive 

current is produced and constitutes the video 
signal. The magnitude of the current is pro
portional to the surface potential of the element 
being scanned and to the rate of scan. The 
video-signal current is then used to develop a 
signal-output voltage across a load resistor. 

The signal polarity is such that for highlights 

in the image, the grid of the first video
amplifier tube swings in a negative direction. 

Alignment of the beam is accomplished by a 
transverse magnetic field produced by external 
coils located at the base endofthe focusing coil. 

Def I ect ion of the beam is accomp Ii shed by 
transverse magnetic fields produced by external 
deflecting coi Is. 

DATA 
Genera 1: 

Heater, for uni potential cathode: 
Voltage (AC or DC) ......• 
current •.••••.•••.••• 

Direct lnterelectrode capacitance:• 
Tar,Jet to al 1 

other electrodes 
Spectral Response .• 
Photoconduct ive Layer: 

6.3 
0.6 

± 10% volts 
amp 

4.6 µµf 
see curves in Fig.12 

Maximum useful diagonal of 
rectangular image (4 x 3 
aspect ratio) •.•••.•...• 0.62 inch 

Orientation of quality rectangle--Proper orientation is 
obtained when the horizontal scan is es
sentially parallel to the straight sides 
of the masked port ions of the face pl ate. 
The straight sides are parallel to the 
plane passing through the tube axis and 
short index pin. The masking is for or i
entat ion only and does not define the 
oroper scanned area of the photoconduc
t ive 1 ayer. 

Focusing Method. 
Deflection Method. 
Overal 1 Length .• 

• . Magnetic 
. • Magnetic 

6. 25" ± 0. 25" 

Greatest Diameter. 1.125" ± 0.010" 
Bulb. . .•••.. TB 
Base ..•. small-Button oitetrar 8-Pin (JETEC No.EB-11) 
Socket...... . cinch No.54A18088, or equivalent 
Operating Posit ion •• Approx. horizontal, or faceplate up 
weight (Approx.) •••.•..•..••...•.• 2 oz 

Maximum Ratings, Absolute Values: 
F'or scanned area of 1/2" x 3/8" 

GRID-No.3 & GRID-N0.4 VOLTAGE, 350 max. volts 
GRID-No.2 VOLTAGE 350 max. volts 
GR I D- No. 1 VO LT AGE : 

Negative bias va 1 ue. 125 max. 
Positive bias va 1 ue. 0 max. 

PEAK HEATER-CATHODE VOLTAGE: 
Heater negative with respect 

to cathode. 125 max. 
Heater positive with respect 

to cathode. 10 max. 
DARK CURRENT 0. 25 max. 
PEAK TARGET CURRENT. 0. 55 max. 

FACEPLATE: 
Illumination 1000 max. 
Temperature. 60 max. 

Typical Operation: 

F'or scanned area of 1/2" x 3/8" 
faceplate temperature of 30° to 35° C 

Grid-No.4 (Decelerator) & 
Grid-No.3 (Beam-Focus 
Electrode*) voltage. . . 250• to 300 

volts 
volts 

volts 

volts 
µa 
µa 

f t-c 
QC 

volts 
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Grid-No.2 (Accelerator) voltage. 
Grid-No.1 Voltage for Picture 

cutoff• .....•... 
Average "Gamma• of Transfer 

Characteristic for signal
output current between 0.02 µ.a 
and 0.2 µ.a ....... . 

visual Equivalent Signal-to
Noise Ratio (Approx. )o .... 

Minimum Peak-to-Peak Blanking 
voltage: 

When applied to grid No. 1. 
When applied to cathode .. 

Field strength at center of 
Focusing Coil (Approx.) .. 

Fiel9 strength_ot Adjustable 
Al 1gnment coil .•••.. 

Maximum-Sensitivity operation for 
Faceplate 111 uminat ion (Highlight) 
Max. Target voltage Re qui red to 

~roduce Dar~*current of 0.2 µ.a 
In Any Tube .••.... 

Target voltaiet ..... • • 
Dark Current ....... . 
Target current (Highlight)•. 
Signal-Output current:# 

Peak .. 
Average ...... . 

Average-Sensitivity Operation for 
Faceplate Illumination (Highlight) 
Max. Target voltage Required to 

Produce Dar~*current of 0.02 µ.a 
In Any Tube ...... . 

Target voltaget ....•.. 
Dark current ....... . 
Target current (Highlight)•. 
Signal-Output Current:# 

Peak •. 
Average .......• 

Minimum-Lag Operation for 
Faceplate Illumination (Highlight) 
Max. Target voltage Required to 

Produce Dar~,,current of 0.004 µ.a 
In Any Tube ...... . 

Target Vol taget .•..... 
Dark current •..... · •· 
Target Current (Highlight) 
Signal-Output current:# 

Peak .. 
Average .•.•.... 

300 volts 

-45 to -10.0 volts 

0.65 

300:1 

75 volts 
20 VO l ts 

40 gausses 

0 to 4 gausses 

Live-Scene Pickup 
2 ft-c 

110 volts 
60 to 100 volts 

0. 2 µ.a 
o.4too.5 µ.a 

o.2too.3 µ.a 

0.08 to 0. 1 µ.a 

Live-Scene Pickup 
15 ft-c 

60 volts 
30 to 50 volts 

0.02 µ.a 
o.3too.11 µ.a 

o.3too.11 µ.a 

o.1too.2 µ.a 

Film Pickup 
100 ft-c 

30 volts 
15 to 25 volts 
0.004 µ.a 

o.3too.11 µ.a 

o.3too.11 µ.a 
o.1too.2 µ.a 

• This capacitance, which effectively is the output imped
ance of the 7038, is increased when the tube is mounted 
in the deflecting-yoke and focusing-coil assembly. 
The resistive component of the output impedance is in 
the order of 100 megohms. 

* 

• 

• 
0 

ill 

Beam focus is obtained by combined effect of grid-No.3 
voltage which should be adjustable over indicated range, 
and a focusing coil having an average field strength 
of 40 gausses. 

Definition, focus uniformity, and picture quality de
crease with decreasing grid-No.4 and grid-No.3 voltage. 
In general, grid No.4 and grid No.3 should be operated 
above 250 volts. 

with no blanking voltage on grid No.1. 

Measured with high-gain, low-noise, cascode-input-type 
amplifier having bandwidth of 5 Mc. Because the noise 
in such a system is predominately of the high-frequency 
type, the visual equivalent signal-to-noise ratio is 
taken as the ratio of highlight video-signal current 
to rms noise current, multi pl Ied by a factor of 3. 

The alignment co i 1 should be located on the tube so 
that its center is at ad i stance of 3-11/16 inches from 
the face of the tube, and be positioned so that its 
axis is coincident with the axis of the tube, the 
deflecting yoke, and the focusing coil. 

t 

** 

... 

• 
# 

Indicated range for each type of service serves only 
to illustrate the operating target-voltage range 
normally encountered. 

The target voltage for each 7038 must be adjusted to that 
value which gives the desired operating dark current. 

The deflecting circuits must provideextremelylinear 
scanning for good black-level reproduction. Dark
current signal is proportional to the scanning velocity. 
Any change in scanning velocity produces a black
level error in direct proportion to the change in 
scanning velocity . 

Video amplifiers must be designed properly to handle 
target currents of this magnitude to avoid amplifier 
overload or picture distortion. 

Defined as the component of the target current after 
the dark-current component has been subtracted. 

OPERATING CONSIDERATIONS 
The maximum ratings shown for the 7038 are 

imiting values above which its serviceabi I ity 

may be impiiired from the viewpoint of life and 

satisfactory performance. Therefore, in order 

not to exceed these absolute ratings, the 

equipment designer has the responsibility of 

determining an average design value below 

each abso I ute rating by an amount such that 

the absolute values wi I I never be exceeded under 

any usual condition of supply-voltage variation, 

load variation, or manufacturing variation in 

the equipment itself. 

In the handling of the 7038, precautions 
should be taken to keep the tube in a vertical 

position with the faceplate up. This procedure 

wi 11 prevent any loose particles in the tube 

from causing possible damage to the photoconduc

t ive layer. 

The base pins of the 7038 fit the ditetrar 

8-pin connector, such as Cinch No.54Al8088*, 

or equivalent. 

The target connection is made by a suitable 

spring contact bearing against the edge of the 

metal ring at the face end of the tube. This 

spring contact may conveniently be provided 

as part of the focusing-coil design. 

Support for the 7038 is provided by a suit

able spring-finger suspension at the face end of 
the tube and by a clamping mechanism near the 

base end. Orientation of the 7038 in its support 

should be such that the horizontal scan is 

essentially para I lei to the straight sides of the 

masked portions of the faceplate. The straight 

sides are parallel to the plane passing through 

the tube axis and short index pin. 

The optical system associated with the 7038 

should be of high quality and provide depth of 

focus sufficient to focus a sharp image on the 

photoconductive layer. 

The deflecting yoke and focusing coil should 

extend 1/4 to I /2 inch beyond the facep I ate of 

the tube, as shown in Fig. I. A long yoke, in 

comparison with a short yoke, not only requires 

* Made by cinch Manufacturing corporation, 1026 s. Homan 
Ave., Chicago 24, Illinois. 
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~ ================================== 
less deflecting power but also deflects the beam 
through a narrower angle which effectively 
gives better center-to-edge focus and reduces 
geometric distortion of the image. Freedom 
from such distortion is particularly important 
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Fi[!.2 - Typical Characteristics of Type 7038. 

in color cameras utilizing the method of simul
taneous pickup in which three images must be 
identical for proper registration of the three 
video signals. 

The yoke should be positioned so that the end 
of the deflecting coils toward the base of the 
tube wi I I not extend more than 3-1/2 inches 
from the faceplate. 

The scannin[! speed must be constant in order 
to obtain good black-level reproduction when the 
7038 is operated at high dark current with re
sultant higher effective sensitivity. The dark
current signal is proportional to the scanning 
speed. Therefore, any change in scanning speed 

will produce a nonuniformity in black level in 
direct p ropo rt ion to the change in scanning speed. 

The polarity of the focusing coi I should be 
such that a north-seeking pole is attracted to 
the image end of the focusing coil, with the in
dicator located outside of and at the image end 
of the focusing coil. 

The ali[!nment coil should be located on the 
tube so that its center is at a distance of 
3- I I / I 6 i n ch es f ro m t he face of the t u be, and be 
positioned so that its axis is coincident with 
the axis of the tube, the deflecting yoke, and 
the focusing coi I. 

Electrostatic shieldinf! of the target from 
external fields is required to prevent inter
ference effects in the picture. Effective 

shielding from the fields produced by the de
flecting components is ordinarily provided by 
grounding ashield on the inside of the faceplate 
end of the focusing coil and by grounding a shield 
on the inside of the deflecting yoke at a point 

near the input of the video amplifier. 

The temperature of the faceplate should not 
exceed 60° CI 140° Fl, either during operation or 
storage of the 7038. Operation with a faceplate 
temperature in the range from about 25° to 35° C 
177° to 99o Fl is recommended. The temperature 
of the faceplate is determined by the combined 
heating effects of the incident illumination on 
the facep I ate, the associated components, and the 
tube itself. To reduce these heating effects in 
fi Im-pickup cameras and permit operation in the 
preferred temperature range with a high value of 
illumination, the use of an infrared filter be
tween the projector and faceplate as wel I as a 
blastofcooling air directed aross the faceplate 
from a blower is recommended. 

The dark current is doubled for every 10° C 
rise in the temperature of the facep I ate, and 
halved for every 10° C decrease in the temperature 
of the facep I ate. To obtain optimum performance, 

it is desirable to operate the 7038 at a pre
established value of dark current. Therefore, if 

the temperature of the faceplate is al lowed to 
vary it wi 11 be necessary to adjust the target 
voltage to maintain the desired dark current, as 
shown in Fig.2. Since the sensitivity of the 

tube decreases with increasing temperature, the 
amount of faceplate i I lumination necessary to 
produce a given signal as a function of faceplate 
temperature is also shown in Fig.2. In addi
tion, the lag will decrease with increasing 
temperature as shown in Fig.2. For live pickup, 
it isdesirable to selectanoperating temperature 
which provides the best balance between lag and 
sensitivity. The faceplate should be held close 
to this temperature to assure stability of black 
level and signal-output level. 

The tar{!et volta{!e should be obtained from an 
adjustable de source. As the target voltage is 
increased, the dark current increases as shown in 

-4-



Fig.3. The target voltage must be adjusted to 
producethedesired value of dark current depend
ing on the type of ope rat ion. It should be noted 
that individual 7038's may operate with the same 
value of dark current and have identical Per-

~:::= SCANNED AREA OF PHOTOCONDUCTIVE LAYER= ltz x 3/13' -
FACEPLATE TEMPERATURE=30° C APPROX. 
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Fig.3 - Range of Dark Current for Type 7038. 

formance characteristics, but each may require 
a different value of target voltage. The differ
ence may be as much as 2 to 1, as shown in Fig. 4. 
For proper adjustment of the target voltage on 
each 7038, see sequence of adjustments on page 9. 

The target voltage required for a particular 
type of operation may change grad ua I I y during 
the I ife of the tube. Therefore, it wi 11 be 
necessary to check this adjustment periodically. 
The equipment designer should make the target
voltage supply adjustable to provide means to 
compensate for any such change. 

The focusing-electrode (grid No.3) voltage 
may be fixed at a value of about 280 volts when 
focusing control is obtained by adjusting the 
current through the focusing coil. In general, 
resolution decreases with decreasing grid-No.3 
voltage. Operation at a grid-No.3 voltage below 
250 volts is not recommended. The necessary 
range of current adjustment wi I I depend on the 
design of the coi 1, but should be such as to 
provide a field-strength range of 36 to 44 gausses. 
When it is desired to use a fixed value of 
focusing-coi I current capable of providing a 
fixed strength of 40 gausses at the center of the 
focusing device, the grid-No.3 voltage should be 
adjustable over a range from 250 to 300 volts. 

Definition, focus uniformity, and picture 
qua I i ty dee rease with dee reas i ng grid-No. 4 and 
grid-No.3 voltage. In general, grid No.4 and 
grid No.3 should be operated above 250 volts. 

The grid-No.1 voltare should be adjustable 
from O to - I IO v o I ts. 

The de voltages required by the 7038 can be 
provided by the circuit shown in Fig.4. 

A blanking signal should be supplied to grid 
No. I or to the cathode to prevent the electron 
beam from striking the photoconductive layer 
during the return portions of the horizontal and 
vertical deflecting cycles. Unless this is done, 
the camera-ctube return I ines wi 11 appear in the 

reproduced picture. The blanking signal is 
a series of negative voltage pulses when it 
is applied to grid No.I, or a series of posi
tive voltage pulses when it is applied to 
the cathode. 

Beam intensity is control led by the amount 
of negative voltage on grid No. I. The beam must 
have adequate intensity to drive the high Ii g ht 
elements of the photoconductive-layer surface to 
cathode potential on each scan. When the beam 
has an intensity sufficient only to drive the 
lowlight elementstocathode potential, the high
I i ght e I ements are not retu med to cathode poten
t i a I. As a result, the picture highlights all 
have the same brig ht ness and show no deta i I. 
Also, when the beam has insufficient intensity, 
the photoconductive-layer surface which normally 
rises in potential by only a smal I fraction of 
the signal-electrode potential during each scan, 
gradually rises in potential to a value approach
ing nearly the ful I signal-electrode potential 
in the highlights. Under this condition, many 
scans are required to drive to cathode potential 
any element which has changed from a highlight 
to a lowlight because of movement of the image. 
As a result, the high I ights tend to "stick". The 
loss of highlight detail and sticking of the 
highlights is referred to as "bloom". 

On the other hand, a beam with excessively 
high intensity should not generally be used be
cause the size of the scanning spot increases 
with resultant decrease in resolution. 
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The il Luminati on incident 
on the facep I ate wi I I range from 
relatively high values for film 
pickup to relatively low values 
for direct pickup. For satis
factory operation of the 7038 
at these extremely different 
I ight levels, it is essential 
that the target voltage be 
properly adjusted with reference 
to the curves in Figs.7, 8, and 
11 to give the proper value of 
dark current for the desired 
service. Adjustment of the 
target voltage to obtain the 
desired dark current, is covered 
in sequence of adjustments 
on page 9. 

Cl Cll: 0.1 µ,f, 300 volts (working 
voltage) 

C2: 0.1 µ,f, 300 volts (working 
voltage) 

c3 cs: 0.1 µ,f, 200 volts (working 
voltage) 

C6: ll µ,f, electrolytic, 300 volts 
(working voltage) 

M: Target-Current Meter, RCA Ultra
sensitive Microammeter WV-BllB, or 

equivalent 

Rl: 120000 ohms, 1/2 watt 

For live pickup involving 
low illumination levels, a good 
picture can be obtained with a 
highlight illumination of I to 
3 foot-candles on the faceplate 

of the 7038. Such a low 
illumination level, however, 
requires maxi mum-sensitivity 
operation of the 7038. For this 
type of ope rat ion, a dark current 
of 0.2 microampere is required. 
This value wi 11 be obtained for 
a target voltage within the 
range of 60 to 100 vo I ts. Under 
s u c h I ow- I eve I i I I um i n at i on 

R2: 100000-ohm potentiometer, 2 watts 
R3: 50000-ohm potentiometer, 2 watts 
Rll: 70000 ohms, 1/2 watt 
RS: 5000 ohms, 1/2 watt 
R6: 10000 ohms, 1/2 watt 
R7: 200000 ohms, 1/2 watt 
RB: 50000 ohms, 1/2 watt, non-inductive 
R9: 100000 ohms, 1/2 watt 
Rio: 500000-ohm potent iometer,2 watts 
Rll: 1000 ohms, 1/2 watt, non-inductive 

Fig.4 - Typical Voltage Dividers for Supplying 
DC Electrode Voltages to Type 7038. 

The video amplifier system shou Id be designed 
to handle peak ac voltages corresponding to a 
highlight target current of 0.5 microampere 
through the target load resistor. Such a system 
is shown by the block diagram in Fig.5 lal. This 
system employs a low-noise, cascode preamplifier 
having an 8-Mc bandwidth as shown in Fig.5 lbl. 

Aperture correction compensates for the aper
turi ng effect of the scanning beam in the 7038. 
This effect produces a horizontal square-wave 
response shown by the "uncompensated" curve in 
Fig.6. When this effect is compensated,the 
horizontal square-wave response of the video 
system is raised to approximately 100 per cent 

over the entire broadcast bandwidth of 4.5 Mc, 
and is shown by the "compensated" curve in 
Fig.6. This compensation, however, does not 
affect the vertical resolution. Combining the 
compensated horizontal resolution and the un
corrected vertical resolution yields the equiva
lent square-wave response which is shown in 
Fig.6 and is expressed by the equation 

Equiv. Square-Wave Response = ~Rv x Rh 

where Rv and Rh are the vertical square-wave 
response and the horizontal square-wave re
sponse, respectively. 

conditions, the lag will be 
somewhat greater and the black

level uniformity will besomewhat poorer than for 
ive-pickup conditions with higher faceplate 

illumination and lower dark current. 

When the 7038 is used for I ive pickup with 
i I lumination levels of 10 to 20 foot-candles on 
the faceplate, a dark current of 0.02 microampere 
is required. This value wi 11 be obtained for a 
target voltage within the range of 30 to 50 volts. 

For film pickup, an average highlight il
lumination of 50 to 200 foot-candles is required 
on the faceplate of the 7038 for minimum lag 
and best black-level uniformity. For this range 
of i I lumination, a dark current of about 0.004 
microampere is required, and the target voltage 
wi 11 range between 15 and 25 volts. 

The exact value of target voltage to give the 
required dark current wi I I depend on the ind i
v idual tube and on the temperature at which its 
faceplate is operated. It is important that the 
tube be allowed to reach a stable operating 
temperature before the operating dark current is 
determined; otherwise the dark current wi 11 change 
as the temperature of the tube changes. 

In al I cases, the i I lumination level and/or 
dark current must be I imited or adjusted so that 
the peak signal-output current does not exceed 
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===================================~ =================================== 
those values shown under Typical Operation. In 
order that the signal-output current and dark 
current wi 11 be known at al I times, it is recom

mended that the camera be provided with a suitable 
microammeter in the target circuit of each 7038 

VIDICON AMPLIFIER 
PREAMP- WITH FREQ. TYPE -- LIFIER f-+ & PHASE 7038 CONTROL 

for each 7038. From these curves, it wi 11 also 
be noted that the illumination must be increased 
about 30 ti mes top roduce an increase of 10 ti mes 
in signal-output current for any given value of 

dark current. 

PHASE & - APERTURE --CORRECTION 

SIGNAL-
PROCESSING 
AMPLIFIER 

____.. VIDEO 
SIGNAL 
OUTPUT 

92CM-8114 

Fig.5 (a) - Block Diagram of Video System. 

Re 

,---....-------lL____,..__ SIGNAL 
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TYPE 
6CL6 6 

NOTE: IT IS RECOMMENDED THAT THIS PREAMPLIFIER BE SHOCK-MOUNTED 
TO PREVENT MICROPHONIC DIFFICULTIES. 

+ -
6.3V 
DC 

- + 
290V 

92CM-81l5 

ALL capacitor voltages 
are working values 

Cl C3 C5: 0.01 µ.f, 100 volts 
C2 2000 µ.f, electrolytic, 3 volts 
C4 0.01 µ.f, 350 volts 
C6 90 µ.f, electrolytic, 350 volts 
C7 0.1 µ.f, 350 volts 
ca 0.1 µ.f, 300 volts 
L1 12 µ.h peaking coil, adjustable 

core to cover range from 9 to 15 µ.h 

AlL resistors are of the carbon-
composition type 

Rl R4 RS R6: 100 ohms, 1/2 watt 
R2: 500000 ohms, 1/2 watt 
R3: 15 ohms, 1/2 watt 
R7: 12 ohms, 1/2 watt 
RB: 100000 ohms, 1/2 watt 
R9: 1 megohm, 1/2 watt 
R10 R11: 1800 ohms, 2 watts 
R12: 470 ohms, 2 watts 

Fi[(.5 (b) - Low-Noise Cascade Preamplifier Havin[( 8-,',fc Bandwidth. 

to read average target current, or that a cal i
bration pulse of the proper magnitude be fed into 
the input of the video preamp I ifier to indicate 
peak target currents. 

The maxi mum amount of i I I um i nation on the 
photoconductive layer is I imited primarily by the 
temperature of the faceplate which should never 
exceed 60° C and should preferably be maintained 
within the operating range from 25° C to 35° C 
for most satisfactory performance. 

Signal Out-put and Light Transfer Character
istics. Typical signal output as a function 
of uniform 2870° K tungsten i I lumination on the 
photoconductive layer for different values of 
dark current is shown in Fig.8. It is to be 
noted that these curves are for a typical 7038 
under the conditions indicated. Because the 
target voltage needed to give maximum sensitivity 
at a dark current of 0.2 microampere may range 
between 60 and 100 volts, it is essential that 
the best operating target voltage be determined 

The average "gamma", or slope, of the I ight 
transfer characteristic curves shown in Fig.8 is 
approximately 0.65. This value is relatively 
constant over an adjustment range of 4 to I in 
target voltage, or 50 to I in dark current, 
for a signal-output current range between 0.01 
and 0.3 microampere. Close uniformity in the 
value of gamma between individual 7038's is 
maintained to insure satisfactory operation of 
color cameras in which the signal-output currents 
of the three 7038's must match closely over a 
wide range of scene i I lumination. Because its 
transfer characteristic is approximately the 
complement of the transfer characteristic of a 
picture tube, the 7038 can produce a picture 
having proper tone rendition. 

Uniform sensitivity over the scanned area of 
the 7038 can be achieved by compensating for the 
beam landing errors that are introduced by the 
deflecting and focusing components used with the 
tube. Without compensation for these errors, 
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variations in sensitivity over the scanned area 
wi I I occur. These variations resulting from 
beam landing errors are in the form of lower 
signal from the edges of the scanned area than 
fromthecenter. However, because of the uniform-

~ . ,---1..-c."-

HIGHLIGHT TARGET MICROAMPERES=0.3S 
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Fif!. 6 - Curves Showinf! Uncompensated Horizontal Square
Wave Response of Type 7038 as well as ComPensated Hori
zontal Square-Wave Response and Equivalent Square-Wave 

Response of the Video System Includinf! Type 7038. 

ityofthe photoconductive layer,these variations 
in sensitivity are the same from tube to tube. 
Compensation for the beam landing errors to 
achieve uniform sensitivity can be obtained by 
supplying a modulating voltage of a suitable 
waveform to the cathode of the 7038. The de
sired waveform is parabo I i c in shape and of such 
a polarity that the cathode voltage is lowered 
as the beam approaches the edges of the scanned 
area. The modulating waveform should contain 

parabolic components of both the horizontal and 
vertical scanning frequencies. The horizontal 
component should have the greater amplitude 
and w i I I be the most effect i v e i n ob ta i n i n g 
uniform sensitivity. 

ILLUMINATION: 2870° K INCANDESCENT 
1/) \ HIGHLIGHT SIGNAL-OUTPUT MICRO-
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Fif!.7 - Typical Characteristic of Type 7038. 

-ILLUMINATION: UNIFORM OVER PHOTOCONDUCTIVE LAYER. 
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Fif!.8 - Lif!ht Transfer Characteristics of a 
Typical 7038 Vidicon. 

The circuit of Fig.9 shows the amount of para
bolic-waveform voltage required andthemethod of 
applying the waveform to the cathode, grid No. I, 
and grid No.2 of a 7038 which uti I izes a de
f I ect i ng-yoke and focusing-co i I system of conven
t i ona I design. The modulating voltage is applied 
to grid No. I and grid No.2aswell asto the cathode 
to prevent modulation of the scanninq beam. 

The use of this modulating waveform also im
proves the center-to-edge focus of the vidicon 

- 8 -



============================================= ~ ============================================= 

and assures that sensitivity over the scanned 
area will be uniform for the recommended dark 
current for any specific service. Care must be 

taken that identical waveforms are applied to 
electrodes of each of the three tubes when using 

*R2 IS ADJUSTED SO THAT GRID N21 
AND CATHODE PARABOLIC WAVE
FORMS ARE EQUAL IN AMPLITUDE. 

92CS-9513 

A!! capacitor voltages are working values 

Cl C2: 8 µf, electrolytic, 
25 vol ts 

C3: 8 µf, electrolytic, 
450 vol ts 

C4: 0.1 µf, paper tubular, 
400 vol ts . 

C5: 8 µf, electrolytic, 

C6: 
450 vol ts 

µf, paper tubular, 
400 vol ts 

C7: 30 µf, electrolytic, 
450 volts 

CS: 125 µf, electrolytic, 350 volts 

A!! resistors are of the carbon-composition type 

Rl: 10000 ohms, 1/2 watt 
R2: 50000 ohm-poten-

tiometer, linear taper 
R3: 1 megohm, 1/2 watt 
R4: 20000 ohms, 1 watt 
R5: 10000 ohms, 1 watt 
R6: 1000 ohms, 1/2 watt 

R7: 1800 ohms, 1/2 v.att 
RB: 10000 ohms, 1/2 v.att 
R9: 8200 ohms, 1 watt 
RlO: 1 megohm, 1/2 watt 
Rll: 100000 ohms, 1/2 watt 
R12: 5100 ohms, 1/2 watt 
R13: 1000 ohms, 1/2 watt 

Fi[!.9- Typical Circuit for Applyin[! Waveform 
to Compensate for Beam Landin[! Errors 

in Type 7038. 

the 7038 in 3-vidicon color cameras to insure 
good registration of al! signals over the entire 
scanned area. 

Persistence or lag of the photoconductive 
layer is given in Fig. 10 for two values of dark 
current. Each curve shows the decay in signal
output current from an initial value of 0.3 
microampere after the illumination is cut off. 
The effect of faceplate temperature on persis
tence is shown in Fig.2. 

Persistence of the photoconductive layer for 
different values of dark current is given by the 
curve i n Fig. I I . It i s to be noted that the 
initial signal-output current is held constant 
for each value of dark. current. This curve shows 
decreasing lag with decreasing dark current, and 

a smal value of lag for the low value of dark 
current recommended for fi Im pickup. 

Si[!nal-output-current buildup when I ight is 
applied to the photoconductive layer previously 
in the dark is as fast or faster than the rate 
of decay. 

The spectral response of the 7038 is shown 

by curves A and C in Fig. 12. Curve A is on the 
basis of equal values of signal-output current 
at al I wavelengths, whereas curve C is on the 
basis of equal values of signal-output current 
with radiant flux from a tungsten source at 
2870° K. For comparison purposes, the response 
of the eye is shown in curve B. 

Full-size scannin[! of the 1/2" x 3/8" area 
of the photoconductive layer should always be 
used. This condition can be assured by first 
adjusting the deflection circuits to overscan 
the photoconductive layer sufficiently so that 
the edges of the sensitive area can be seen on 
the monitor. Then, after centering the image on 
the sensitive area (see Fig. 13), reduce scanning 
unti I the edges of the image just disappear. In 
this way, the maximum signal-to-noise ratio and 
maximum resolution can be obtained. It should 
be noted that overscanning the photoconductive 
layer produces a smaller-than-normal picture on 
t he mo n i to r. 

Underscannin[! of the photoconductive layer, 
.e., scanning an area of the layer less than 

I / 2 11 x 3 / 8 11
, sh o u I d n eve r be p e rm i t t e d . Th i s 

condition which produces a larger-than-normal 
pictureonthe monitor, not only causes sacrifice 
in signal-to-noise ratio and resolution, but also 
may cause permanent change in sensitivity 
and dark current of the underscanned area. 
An underscanned area showing such a change 
wi 11 be visible in the picture when ful I-size 
scanning is restored. 

Failure of scannin[! even for a few seconds 
may permanently damagethephotoconductive layer. 
The damaged area shows up as a spot or Ii ne in 
the picture during subsequent operation. To 
avoid damaging the 7038 during scanning failure, 
it is necessary to prevent the scanning beam 
from reaching the layer. The scanning beam can 
conveniently be prevented from reaching the layer 
by increasing the grid-No. I voltage to cutoff. 

The sequence of adjustments in operating the 
7038 for I ive pickup is as fol lows: With the 
Grid-No. I Voltage Control set for maximum negative 
bias !beam cutoff), Target Voltage Control set 

for the minimum voltage shown under Typical 
Operation, and Deflection Controls set for maximum 
overscan, apply other voltages to the 7038 as 
indicated under Typical Operation. 

Next, with a I /2 11 x 3/8 11 mask centered on 
the face of the tube, and with the iris set for 
minimum opening, decrease the grid-No. I bias to 
just bring out the high I ight detai Is of the 
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picture on the monitor. Adjust the Beam-Focus 
Voltage Control, the lens stop, and the optical 
focus to obtain the best picture. Reduce hor
izontal and vertical scanning so that the edges 
of the image extend just outside the scanned 
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Fir. 10 - Tyfncal Persistence Characteristics of 

Type 7038. 

area on the monitor. Then adjust the alignment 
field so that the center of the picture does 
not move as the beam-focus voltage is varied. 
Some readjustment of horizontal and vertical 
centering may be necessary after alignment. 

Fo-r maxi mum-sensitivity operation oft he 7038 
in live-pickup service, proceed as follows. With 
no illuminationonthe face of the tube, increase 
the target voltage unti I a dark current of 0.2 
mi c roampe re is measured. The current should be 

measured with a sensitive microammeter such as 
the RCA Type WV-84B Microammeter. 

Next, open the I ens and adjust the aperture 
to give a peak signal-output current of 0.2 to 
0.3 microampere. A good procedure for doing this 
is to focus the camera on a uniform white area 
having the same brightness as the high I ights in 
the scene to be televised. The image of this 
white area must at I east cover the scanned area 
of the tube face. The current read on the micro-

ammeter wi 11 be the dark current 
peak signal-output current, i.e., 
target current. 

plus the 
highlight 

A waveform-oscilloscope monitor can be used 
to compare the peak signal-output current pro
duced by any scene to the peak value measured 

. -·- f----- --t--J-t--t-t--t-----t------t-----t--1 

f----------

2 4f:18 468 4 
0.001 0.01 0.1 

DARK CURRENT-MICROAMPERES 

Fir.11 - Typical Persistence Characteristic of 

Type 7038. 

with the microammeter when the camera is focused 
on a uniformly bright scene. When a camera is 
adjusted in this manner, video gain should be 
kept constant and the Ii ght I eve I on the tube 
face shouldbecontrolledtomaintain the constant 
predetermined value of pea~ signal as observed 
on the osc i I I oscope. 

After adjusting the light level to obtain 
the correct signal-output current, thegrid-No.1-
b i as vo I tage shou Id be adjusted to just discharge 
the high I ights. Too much current wi 11 result in 
poor resolution and poor picture qua! ity. After 
the grid-No. I bias is properly adjusted, it will 
be necessary to check and readjust the dark 
current and the peak signal-output current. 

Proper adjustment of the dark current, the 
peak signal-output current, and the grid-No. I 
bias, will result in a picture of good quality 
with minimum smearing of moving objects. 
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For average-sensitivity operation of the 7038 
n live-pickup service, the adjustments are 

s i m i I a r to t hose f o r max i mum- s e n s i t i v i t y o p e rat i on 

except that the target vo I tage shou Id be adjusted 
to produce a dark current of 0.02 microampere. 

When sufficient light is available, decreased lag 

can be obtained by operating with this lower 
value of dark current. 
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Fi[!. 12 - Spectral Sensitivity Characteristics 
of Type 7038. 

F o r f i I m- p i ck up opera t i on of the 7 O 3 8, the 
adjustments will be similar to those for live 
pickup except that the target voltage should be 
adjusted to produce a dark current of 0.004 

microampere and the peak signal-output current 
should be adjusted to the desired value by 
controlling the light level on the faceplate of 
the tube. 

In setting up three 7038 1 s in a color camera, 
particular attention must be given to proper 
alignment, best obtainable focus, and identical 
centering of scanned areas on the photoconduct-

Fi[!.13 - Illustration Showin{! Proper Positionin{! 
of Ima{!e on the Face of the Vidicon . 

ive layers. For best color balance and color 
tracking over a wide range of I ight levels, the 
light level in each color channel should be con
trolled so that each of the three 7038 1 s develops 
the same value of peak signal output for white 
portions of a scene. Observation of these op

erating conditions wi I I assure good registration 
and good color balance. 
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BASE-PIN POSITIONS ARE HELD TO TOLERANCES SUCH THAT ENTIRE 
LENGTH OF PINS WILL, WITHOUT UNDUE FORCE, PASS INTO AND 
DISENGAGE FROM FLAT-PLATE GAUGE HAVING THICKNESS OF 1/4" 
AND NINE HOLES WITH DIAMETERS OF 0.0700" ± 0.0005" SO 
LOCATED ON A 0.6000" ± 0.0005" DIAMETER CIRCLE THAT THE 
DISTANCE ALONG THE CHORD BETWEEN ANY TWO ADJACENT HOLE 
CENTERS IS 0.2052" ± 0.0005". GAUGE IS ALSO PROVIDED 

NOTE: STRAIGHT SIDES OF MASKED PORTIONS ARE PARALLEL TO WITH A HOLE HAVING DIAMETER OF 0.300' ± 0.001' CONCENTRIC 
THE PLANE PASSING THROUGH TUBE AXIS AND SHORT INDEX PIN. WITH THE PIN CIRCLE. 

PIN 1: 
PIN 2: 
PIN 3: 

PIN q: 

PIN 5: 
PIN 6: 

HEATER 
GRID No.1 
INTERNAL 

INTERNAL 

GRID No.2 

CONNECTION-
DO NOT USE 

CONNECTION--
DO NOT USE 

SOCKET CONNECTIONS 
Bottom View 

PIN 7: CATHODE 
PIN 8: HEATER 
FLANGE: TARGET 
SHORT INDEX PIN: :NTERNAL 

CONNECTION-
MAKE NO 
CONNECTION 

GRIDS No.3 and No. I! SHORT 
PIN 
IC 

DIRECTION OF LIGHT: 
INTO FACE END OF TUBE 

SHM 

Devices and arrangements shown or described herein may 
use patents of RCA or others. Information contained 
herein is furnished without responsibility by RCA for 
its use and without prejudice to RCA's patent rights. 
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