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Fig. 1. The CBS-Colortron Type 15HP22

The CBS-Colortron is an aluminized, direct-view, tri-color pic-
ture tube designed for use in color-television receivers. Electro-
magnetically deflected and electrostatically focused, the CBS-
Colortron has a deflection angle of 45 degrees, and an over-all
length of 26V inches. It provides a choice of full-color or black-
and-white pictures on a screen area of approximately 116 square
inches.

This tube employs an all-glass construction and incorporates a
unique mask-and-screen assembly. The simplicity of this assembly
facifitates the use of low-cost mass-production techniques, and
enhances the operational quality of the tube.

ELECTRON-GUN ASSEMBLY

The electron-gun assembly contains three matched, electro-
static-focus electron guns, each similar to the gun used in the
5TP4 projection-type black-and-white tube. The three guns are
arranged in a triangular configuration, with each gun aligned
parallel to and equidistant from the tube axis. The guns are also
displaced from each other by an angle of 120°, measured in a
plane perpendicular to the tube axis.

PHOSPHOR SCREEN AND APERTURE MASK

By a unique method of screen processing, the tri-color, phosphor-
dot screen is placed directly on the inside surface of the spherical
face plate of the CBS-Colortron. In addition to achieving simple
construction and high-quality reproduction, many electrical and
structural advantages are realized, because of this advanced design.
Dynamic focusing and convergence requirements are reduced to a
minimum; sharper, brighter pictures result; adjustment time is
reduced to a minimum; and a simple, stable over-all tube con-
struction is attained.

The phosphor screen of the CBS-Colortron contains some
250,000 phosphor dots of each primary color, a total of 750,000
phosphor dots. These dots are arranged in 250,000 triangular
groups, or triads. Each triad contains one red, one blue, and one
green phosphor dot.

Another component of the CBS-Colortron is the aperture mask.
See Figure 2. This thin, arched mask is located between the phos-
phor screen and the electron-gun assembly. It contains approxi-
mately 250,000 round holes, one for each triad on the screen.
Since the position of these holes relative to the triads is of para-
mount importance for proper tube operation, the mask is accurately
positioned with relation to the triads and is approximately 0.4 inch
behind the phosphor screen. Figure 3, graphically illustrates the
orientation of the holes in the mask with the triads on the screen.

MASK-AND-SCREEN ASSEMBLY

As can be seen in Figure 2, the entire mask assembly is the
ultimate in simplicity. It consists of the curved mask with spring
clips to hold it in place. This assembly is mounted on three

hemispheres, which are raised points of glass molded around the
edge of the face plate, beyond the picture area.

The mask contains three ‘“V”’-shaped surfaces which rest over
the hemispheres and make use of the kinematic principle of precise
location. Since the mask is unstressed, it is free to expand and
contract. This combination of a curved face plate and a curved,
unstressed mask automatically permits expansion and contraction
without misregistration.
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Fig. 2. "Exploded” view
of the CBS-Colortron
showing its internal

APERTURE Y BLOCK components.

HEMISPHERE MASK

PRINCIPLES OF TUBE OPERATION

A logical starting point to discuss tube operation is the electron
gun. As was previously stated, the CBS-Colortron contains three
identical electron guns arranged in a triangular configuration. [t
follows that the resultant beams are also in the same triangular
arrangement relative to the tube axis.

Each of these beams is individually modulated by a composite
voltage that consists of color and brightness information. This volt-
age is applied to the control grid of the gun. In addition, a common
d-c restorer voltage is simultaneously applied to all cathodes. By
utilizing a separate composite signal for each gun, the individual
beams are modulated in accordance with the transmitted signal,
and are of the proper intensities for their respective colors.

The modulated beams are also focused by their respective guns.
This focusing, similar to that in conventional black-and-white tubes,
is accomplished by the electrostatic lens formed by grids 2 and 3.
Since the focusing electrodes (grid 3 of each of the three guns)
are internally connected together, a common focusing voltage may
be used. This feature simplifies the associated circuitry.

As the three electron beams emerge from the convergence elec-
trode (grid 4), they are acted upon by the electrostatic convergence
lens. This lens is formed by the potential gradient that exists
between the convergence electrode and the inner conductive coat-
ing in the neck of the tube. This conductive coating is clectrically
part of the accelerating anode. It is the function of this lens to
converge the three beams at the aperture mask. Convergence is
necessary to insure that the three color images will be superimposed.

Adjustment of convergence is accomplished by varying the
voltage applied to the convergence clectrode. This voltage is a
combination of a static voltage and a dynamic voltage derived from
the horizontal- and vertical-deflection circuits. It varies the focal
length of the convergence lens in accordance with the position of
the beams as they scan the phosphor screen. The spherical shape
of the mask and screen of the CBS-Colortron reduces the dynamic-
convergence voltage and facilitates easy convergence adjustment
in the receiver.
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In the ideal case, the three beams leave the convergence lens
so aligned that, when deflected, they approach the aperture mask
at the correct angles properly converged. In the practical case,
however, this is not always true. For this reason, it is necessary
to employ external components to align properly the three beams.

PHOSPHOR
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BEAMS

Fig. 3. Diagrammatic illustration of
the mask and screen showing the
convergence of the three beams at
a single hole in the aperture mask.
Note that the converged beams pass
through the hole and strike their
respective phosphor dots.,

The first of these external components is a combination of three
small, moveable permanent magnets, one for each beam. These
magnets provide for adjustment of each of the beams, so that they
will be properly acted upon by the convergence lens. The three
magnets are mounted nominally 120° apart on the circumference
of a non-ferrous ring. The ring is located approximately 11>
inches from the tube axis in the grid-No. 2 region.

The other external component necessary for proper beam align-
ment is the color-purifying coil. The magnetic field produced by
this coil is perpendicular to the tube axis. This field acts upon
the three beams simultaneously and, by proper adjustment of its
strength, and its axial and rotational position, the common axis of
three beams can be positioned to achieve optimum color purity.
The coil is located on the neck of the tube in the region of grids
2 and 3. The construction of the coil should allow it to be rotated
and moved along the neck of the tube.

After the beams have been acted upon by the alignment com-
ponents and the convergence lens, they enter the deflection area.
Here, the deflection yoke provides the required uniform magnetic
fields that simultaneously deflect the three beams.

As in black-and-white tubes, the deflection yoke consists of
four electromagnetic coils. These coils function in pairs, each coil
of a pair located diametrically opposite the other. Since this de-
flection yoke acts simultaneously on three beams, the electromag-
netic field requirements are more stringent than those in black-
and-white tubes. In particular, a more uniform field is required
for deflection in the tri-color tube.

The electron beams travel in straight line paths from the deflec-
tion area to the screen, as seen in Figure 3. Between the phosphor
screen and the deflection area is the aperture mask. This mask is
positioned so that, when viewed from the deflection point of any
of the beams, only the dots of a single color can be seen through the
perforations in the mask. Figure 4 illustrates this condition.

(B)
Fig. 4. Views of mask-and-screen assembly as seen from the deflection :
points of the three beams. (A) View from deflection point of blue gun.
{B) Yiew from deflection point of green gun. (C) View from deflection
| point of red gun.

With the mask in the position described above, one beam will
strike only the red dots, another beam will strike only blue dots,
and the third beam will strike only green dots. This mask, conse-
quently, allows the three beams to reproduce the exact hue present
in each portion of the televised scene.

APPLICATION CONSIDERATIONS

TUBE HANDLING

The CBS-Colortron should never be lifted by its neck alone. It
is recommended that the tube be lifted by the glass bulb and neck,
or by the bulb alone. Special care should be taken to avoid striking
or otherwise damaging the metal flange near the face plate of the
tube.

COVER FOR FACE PLATE

A safety glass should be mounted in front of the tube when
installed in a television cabinet to provide protection against acci-
dental striking of the face plate and possible tube implosion. This
precaution is similar to conventional black-and-white tube re-
quirements,

SUPPORT

Supports for the CBS-Colortron, which weighs approximately
1815 pounds, should be in the form of an insulated support at
the large end of the tube and another near the small end of the
bulb. Support for this tube should never be provided at the neck
of the tube. Since the deflection yoke must be free to move in
an axial and transverse direction, tube supports in this area are also
not advisable.

HIGH-VOLTAGE REQUIREMENTS

Briefly stated, the high-voltage requirements of the CBS-
Colortron are: anode, 20,000 volts with a maximum current drain
of 600 microamperes; convergence electrode, 9,300 volts with a
maximum drain of 5 microamperes; and focus electrode, 3,100
volts with a maximum current drain of 300 microamperes. In
addition, the regulation of the anode and convergence voltages
must be maintained within two percent to prevent misregistration.

The regulated voltages for the convergence electrode and anode
may be derived from a flyback-type deflection system that employs
a tapped autotransformer. These voltages are obtained from the
full winding of the autotransformer. A separate tap of the same
autotransformer supplies the voltage to the focus rectifier tube.

Since two-percent regulation is required for the anode and con-
vergence voltage supply, a shunt regulator or corona discharge
tube shouid be employed.

Adjustment of the focus and convergence potentials can be
achieved by the use of potentiometers in the high-voltage divider
network.

COLOR-PURIFYING COIL

The function of this coil has been described in a preceding sec-
tion. The approximate position of the coil on the neck of the tube
is shown in Figure 5. By rotating the coil around the neck of the
tube, the transverse magnetic field will move the beams in different
directions. The current through the coil determines the magnitude
of the movement, A typical coil requires a current source capable
of supplying from 0 to 200 milliamperes. Sickles No. 17086-1
color-purifying coil or equivalent is recommended for use with the
15HP22.

BEAM-POSITIONING MAGNETS

The function and description of this assembly have also been
described in a preceding section. Figure 5 illustrates the position
of these magnets on the neck of the tube. The field strength of
each magnet is approximately 8 gausses. Sickles No. 17086-1
beam-positioning magnets or equivalent are recommended for use
with the 15HP22.

DEFLECTION YOKE

The deflection yoke recommended for use with the 15HP22 is
Sickles No. 17080-1 or equivalent. To permit adjustment for color
purity, the deflection yoke, when placed against the glass funnel,
should be capable of being moved two inches toward the tube base.
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Fig. 5. Cross-sectional view of
external components used with
the tri-color tube. Note the ar-
rangement of these components,

GRID NO. 1 DRIVE CHARACTERISTICS AND REQUIREMENTS

The three electron guns of the CBS-Colortron have similar trans-
fer characteristics. Due to the differences in phosphor luminescence
efficiencies, however, the cutoff voltage of each gun must be
adjusted to produce equal phosphor brightness or color balance.
If color balance is not maintained when the tube is reproducing
black-and-white pictures, for instance, color tinting of the gray
scale will result. It is recommended that individua! grid-No. 2
voltage controls and grid-No. 1 drive controls be provided. The
grid-No. 2 controls should allow voltage adjustment from 100 to
450 volts.

PROTECTION AGAINST SCANNING FAILURE

Permanent damage may be done to the screen-and-mask as-
sembly if scanning should cease during tube operation. For this
reason, an electronic switch activated by the horizontal and vertical
deflection voltages should be provided. The circuit should be
arranged so that, in case of scanning failure, all beam current
will be cut off.

A convenient method of achieving this protection is by obtaining
the grid-No. 2 voltages from the boost voltage of the horizontal
scanning circuit. This boost voltage also serves to power the
vertical deflection system. Any failure of scanning, consequently,
would remove the voltage from the No. 2 grids, and all beam current
would cease.

MACNETIC SHIELDING

Optimum performance of the CBS-Colortron necessitates proper
shielding against the effects of the earth’s magnetic field and stray
fields around the picture tube. A magnetic shield of MuMetal or
equivalent material should be placed over the bulb portion of the
tube. Placement of magnetic components of the receiver so that
the effect of their fields on the picture tube is minimized will
result in improved tube performance.

INSTALLATION AND ADJUSTMENT PROCEDURE

By following a systematic adjustment procedure, adjustment time
of the CBS-Colortron can be reduced to a minimum. Such a pro-
cedure is described in this section. In addition to the procedural
steps, screen patterns that will be observed during each step are
described.

When the CBS-Colortron is removed from its carton, it should be
handled by the bulb and not by the neck of the tube. Care should
be taken to prevent damage to the metal flange near the face plate
of the tube. The tube should be mounted securely in the manner
described in the SUPPORT Section of this bulletin.

After mounting, the color-purity coil, convergence magnets,
and deflection yoke should be placed on the neck of the tube. The
approximate position of each of these components is described in
the APPLICATION CONSIDERATIONS Section of this bulletin.

Also, refer to Figure 5 for a graphic illustration of these external
components. Once these components are positioned on the neck of
the tube, the socket and high-voltage connections may be made.

Before applying voltages to the tube, turn the grid-No. 2 controls
to zero and the grid-No. 1 controls to their maximum negative
positions. Then, apply the proper potentials to the electrodes of
the tube, and sweep power to the deflection yoke. Initially, some
arcing or sputtering may be observed. This is a normal reaction.

After allowing sufficient time for the various supplies to stabilize,
slowly increase the grid-No. 2 voltage of the red gun, simultane-
ously reducing the grid-No. 1 bias until the screen is illuminated.

The next step is to adjust the purity coil. This adjustment should
be made in the following steps:

1. Pull the deflection yoke back from the funnel of the tube

approximately 2 inches.

2. Energize the color-purity coil.

3. Move the purity coil along the neck of the tube, while
simultaneously rotating it and varying the current through
it, until the purest red field is obtained in the center of the
screen. |t will be noted that the pattern on the screen also
contains alternate blue and green fields extending radially
out from this red center.

4. Slide the deflection yoke in the direction of the face plate
until the most uniform red field is obtained over the entire
screen.

Once the most uniform red field is obtained, slight readjustment
of the color purity coil may be required to achieve optimum color
purity. The adjustment may be made by varying the current
through the purity coil or by additional movement of the coil.

After obtaining optimum purity of the red field, the blue and
green fields should be separately checked. No further adjustment
of the color purity coil should be necessary.

Convergence is the next characteristic to be adjusted. This ad-
justment procedure must be made in two separate parts. Converg-
ence adjustment is facilitated by use of a spot generator. This spot
generator should be capable of producing equally spaced horizontal
and vertical rows of spots on the phosphor screen. Each of these
spots contains individual red, blue, and green components. Proper
convergence is attained when the three color components are
superimposed.

Initially, the static convergence voltage is adjusted so that spots
near the center portion of the screen are converged. |f this condi-
tion is not obtained, the beam-positioning magnets should be
adjusted until the spots within a small central area of the screen
are converged.

Dynamic convergence can be optimized after the static con-
vergence is attained. Horizontal dynamic convergence is obtained
by adjustment of the waveform and amplitude of the horizontal-
dynamic-convergence voltage. This voltage should be varied until
each spot of a horizontal row near the center of the screen is con-
verged. Vertical convergence is attained by varying the vertical-
dynamic-convergence voltage until each spot of a vertical row near
the center of the screen is converged. Because of the interaction
between the horizontal- and vertical-convergence adjustments, it
is recommended that these adjustments be performed alternately
until optimum convergence is obtained.

The final adjustment of the CBS-Colortron is the setting of the
color balance. As was previously stated, the transfer characteristics
and bias voltages of the three guns must be adjusted to produce a
grey scale with no color tinting.

The following steps should be taken to achieve color balance.

1. Set each grid-No. 2 voltage at the same value.

2. Set each grid-No. | voltage so that a low-level grey field is

obtained on the screen.

3. Increase the brightness level of the composite field on the
screen. This may be done by varying a master brightness
control, or by varying a signal voltage simultaneously applied
to all No. 1 grids.

As the brightness is increased during Step 3, observe which
color becomes dominant.

Reduce the brightness of the field to the level in Step 2.
Reduce the grid-No. 2 voltage of the gun controlling the
dominant color,

Repeat steps 3 through 6 until no color tinting is observed
over the required brightness range.

This color-balancing procedure can be simplified by the use of
a combination of a density wedge and flying-spot scanner.

The foregoing adjustment procedure represents the method that
achieves the fastest alignment consistent with optimum operational
quality. After these steps have been completed, further adjustment
should not be required. But further adjustment of the various
components can be made to overcome any undesirable character-
istics that may result from improper initial adjustment.
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DATA ON TYPE 15HP22
GENERAL CHARACTERISTICS

Electrical Data

Heater for unipotential cathode, each gun

Voltage . ... . i e 6.3 volts
CUITeNt e e 1.8 amperes
Focusing method . ...... ... .. ... .. i i i, Electrostatic
Convergence method . ............................. Electrostatic
Deflection method .. ... ... ... ... ... ... ... .. ... .. ... ... Magnetic
Deflection angle (approximate) ................cvvunn. 45 dégrees
Electron guns, three ... ... ... ... ... ... ........ Red, Blue, Green
Phosphor JETEC Designation P22
Fluorescence Red Blue Green
Phosphorescence Red Blue Green
Persistence Medium Medium Medium
Direct interelectrode capacitances (approximate) :
Grid No. 1 of any gun to all other electrodes except
No. 1 grids of other two guns . . .................. 7.5 uuf
Three cathodes externally tied together to all other
electrodes . . ... e 17.5 uuf
Grid No. 3 (all three No. 3 grids tied together in-
 ternally) to all other electrodes . ................ .. 12.0 uuf
Grid No. 4 (common to ail three guns) to ail other
electrodes . ... ... ... .. . ... 7.0 uuf
External conductive coating. ... ................ 1500 uuf min.
r 2500 uuf max.
Screen. .. .............. Metal-backed, tri-coior, phosphor-dot type

Phosphor-dot arrangement . . Approximately 250,000 triangular groups,
each containing a blue, red, and green dot
{a totai of 750,000 dots)

METAL FLANGE

Basing Diagram

Pin 1. Heater Pin 8: Grid No. 1 of green gun
Pin 2 Cathode of red gun Pin 9: Grid No. 2 of green gun
Pin 3: Grid No. 1 of red gun Pin 13: Grid No. 4

Pin 4: Grid No. 2 of red gun Pin 17: Grid No. 2 of blue gun
Pin 5: No connection Pin 18: Grid No. 1 of biue gun
Pin 6: Grids No, 3 Pin 19: Cathode of blue gun
Pin 7: Cathode of green gun Pin 20: Heater

Metal Flange: Anode

Mechanical Data

Approximate weight ... ... ... ... oL 1814 pounds
Maximum over-all fength . .. ... ............... ... .. .. 26V4 inches
Maximum diameter . ........... ... .. ... 1534 inches
Minimum screen diameter . .............. ... .. . . 12 inches
Bulb Contact ... ... ... ... . Metal-flange seal
Base ................ Small-shell bidecal 14-pin JETEC No. B14-103
Mounting position . ... ... Any
Socket . ... ... Cinch No. 57C17902 or equivalent
Horizontal output transformer . ..... Sickles No. 17081 -1 or equivalent
Purity coil and beam-positioning

magnets . ... .. Sickles No. 17086-1 or equivalent
Deflection yoke . ................. Sickles No. 17080-1 or equivalent

MAXIMUM RATINGS —— Design-Center Values

Anode vOltage .. ..... ... s 20,000 volts d-c
Grid-No. 4 (convergence) voltage .................. 11,000 volts
Grid-No. 3 (focus) voltage . ....................... 5,000 volts
Grid-No. 2 (accelerating) voltage, each gun . ......... 500 volts d-c
Grid-No. 1 {controf) voitage, each gun
Negative-bias value .................. ... ...... 200 volts d-c
Positive-bias value ............ .. ... ... ... ..... 0 volts d-c

Positive-peak value ............... ... ... ... 2 volts
Peak heater-cathode voltage, each gun:
Heater negative with respect to cathode:

During warm-up period not to exceed 15 seconds 410 volts
After warm-up 180 voits
Heater positive with respect to cathode ........... 180 volts
TYPICAL OPERATING CONDITIONS
Anode voltage . ... ... .. 20,000 volts
Grid-No. 4 (convergence) voltage. approximate®* _ . ...9,300 volts
Grid-No. 3 (focus) voltage approximate ................. 3,100 volts
With grid-No. 2 voltage of 200 volts, each gun
Grid-No. 1 voltagef, each gun . .................. —45 to — 100 volts
With grid-No. 1 voltage of —75 volts, each gun
Grid-No. 2 voltage, each gun . ... ... ... .. ... ... ... 240 volts
Maximum grid-No. 4 current .. ... ... ............... 5 microamperes
Maximum peak grid-No. 3 current . ... ............. 300 microamperes
CIRCUIT VALUES
Maximum grid-No. 1 circuit resistance, each gur . ..... .. 1.5 megohms
Horizontal-dynamic-convergence voltage, appro: .matezt . ... ... 550 volts
Vertical-dynamic-convergence voltage, approximatetf . ...200 volts
Dynamic-focus voltage, approximated% . ..... ... .. .......... 150 volts

‘Heaters electrically paralleled within the tube.

*Does not include the a-¢ component of the convergence voltage.

3For visual extinction of focused raster.

$¥Peak-to-peak value. This a-c voltage is synchronized with the scanning
and does not include any voltage developed during the blanking time.

To reduce the effects of stray magnetic fields on color purity, a magnetic
shield is recommended. This shield should fit snugly around the cone
of the glass bulb. Outline drawing of a recommended shield is shown
elsewhere in this bulletin.
CAUTION
Because the rating of this tube permits operation at voltages as high as
20,000 volts, shielding of the tube for X-ray radiation may be necessary
whenever operating conditions involve voltages in excess oz 16,000 volts.
Sufficient shielding is usually provided by the safety glass in front of the
tube.
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CBS-COLORTRON “205”
RETMA TYPE (9VP22

Data and Application Notes

Fig. 1. The CBS-Colortron ‘205"

The CBS-Colortron “'205" is a 19-inch, aluminized, glass-
envelope, tri-color picture tube designed for use in color television
receivers. By utilizing the CBS-Hytron method of applying the
phosphor dots to the inner surface of the face plate, the ''205"
provides truly large-screen color television. The actual usefu! screen
area of this 19-inch CBS-Colortron is 205 square inches. In addi-
tion to the large-screen surface, the CBS-Colortron 205" incorpo-
rates an electromagnetic convergence system that eliminates the
high-voltage problems associated with electraostatic convergence.
This convergence system and other features are described in detail
in later sections of this bulletin.

The electrostatically-focused and magnetically-deflected CBS-
Colortron ""205™", in short, provides: 205 square inches of useful
viewing surface electromagnetic convergence . . . wide-
angle 62° deflection and 26 7/16-inch over-all length for cabinet
ecoromy . . . and the unique CBS-Hytron mask-and-screen as-
sembly that facilitates the use of low-cost mass production tech-
niques.

ELECTRON-GUN ASSEMBLY

The electron-gun assembly of the '*205'" cantains three matched
electron beam sources arranged in a triangular configuration. Each
of the three beam sources is tilted toward the common tube axis.
This tilted structure provides proper convergence of the beams at
the center of the screen. The electron-gun assembly of the 205"
contains three pairs of pole pieces mounted 120° apart above the
anode.

PHOSPHOR SCREEN AND SHADOW MASK

By a new method of screen processing, the tri-color, phosphor-
dot screen is placed directly on the inside surface of the spherical
face plate of the CBS-Colortron. In addition to achieving simple
construction and high-quality reproduction, many electrical and
structural advantages are realized, because of this advanced design.
Dynamic convergence requirements are reduced; sharper, brighter
pictures result; adjustment time is reduced to a minimum; and a
simple, stable over-all tube construction is attained.

The phosphor screen of the CBS-Colortron contains some
300,000 phosphor dots of each primary color, a total of $00,000
phosphor dots. These dots are arranged in 300,000 triangular
groups, or triads. Each triad contains one red, one blue, and one
green phosphor dot.

Ancther component of the CBS-Colortron is the shadow mask.
See Figure 2. This thin, arched mask is located between the phos-
phor screen and the electron-gun assembly. It contains approxi-
mately 300,000 uniform-size, round holes, one for each triad on
the screen. Since the position of these holes relative to the triads
is of paramount importance for proper tube operation, the mask is
accurately positioned with relation to the triads and is approximately
0.4 inch behind the phosphor screen.

MASK-AND-SCREEN ASSEMBLY

As can be seen in Figure 2, the entire mask assembly is ex-
ceedingly simple. [t consists of the curved mask with spring
clips to hold it in place. This assembly is mounted on three
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hemispheres, which are raised points of glass melded around the
edge of the face plate, beyond the picture area.

The mask contains three “V'-shaped surfaces which rest over
the hemispheres and make use of the kinematic principle of precise
location. Since the mask is unstressed, it is free to expand and
contract, This combination of a curved face plate and a curved,
unstressed mask automatically permits expansion and contraction
without misregistration,
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Fig. 2. "Exploded™ view
of the CBS-Colortron
showing its internal
compenents.
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PRINCIPLES OF TUBE OPERATION

A logical starting point to discuss tube operation is the electron-
gun assembly made up of three identical electron beam sources
arranged in a triangular configuration, The resultant beams are
also in the same triangular arrangement relative to the tube axis.

Each of these beams is individually modulated by a composite
voltage that consists of color and brightness information. By utiliz-
ing a separate composite signal for each beam source, the individual
beams are modulated in accordance with the transmitted signal, and
are of the proper intensities for their respective colors.

The modulated beams are also focused by their respective beam
sources. This focusing, similar to that in conventional black-and-
white tubes, is accomplished by the electrostatic lens formed by
grids 2 and 3. Since the focusing electrodes Igrid 3 of each of the
three beam sources) are internally connected together, a common
focusing voltage may be used. This feature simplifies the asso-
ciated circuitry.

The three electron beams are then acted upon by the magnetic
fields created by three external efectromagnets mounted on the
tube neck. The electron-gun assembly contains three sets of pole
pieces mounted above the anode. Magnetic fields, created by three
electromagnets on the tube neck, are induced in these three sets
of pole pieces and provide dynamic convergence contral of each
of the three electron beams, Small d-c fields may also be induced
in these pole pieces to compensate for slight manufacturing varia-
tions that might otherwise impair proper mechanical static con-
vergence,

These electromagnets provide radial adjustment of each of the
three beams. Since it may not always be possible to converge
properly the three beams by radial adjustment only, an external
blue-beam positioning magnet is used to provide tangential move-
ment of the blue beam. The combination of the three external
electromagnets and the blue-beam positioning magnet insures the
realization of center convergence,

The dynamic convergence produced by the electromagnetic
fields varies the point of convergence in accordance with the posi-
tion of the beams as they scan the phosphor screen. The spherical
shape of the mask and screen of the CBS-Colortron reduces the
dynamic-convergence requirements and facilitates easy convergence
adjustment in the receiver. A suggested circuit for the derivation
of the convergence currents is shown in Figure 3,

PREPARED BY COMMERCIAL ENGINEERING DEPT.

from JETEC release
#1337, July 30, 1954
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In the ideal case, the three beams leave the magnetic convergence
tields so aligned that, when deflected, they approach the shadow
mask at the correct angles properly converged. In the practical
case, however, this is not always true. For this reason, it is necessary
to employ external components to align properly the three beams.
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Fig. 3. Suggested circuit for the derivation of convergence currents,

Two of these external components, the blue-beam positioning
magnet and the magnetic convergence coils, have already been
described, The other external component necessary for proper
beam alignment is the color-purifying coil. The magnetic field
produced by this coil is perpendicular to the tube axis. This field
acts upon the three beams simultaneously and, by proper adjust-
ment of its strength, and its axial and rotational position, the
common axis of three beams can be positioned to achieve optimum
color purity. The coil is located on the neck of the tube in the
region of grids 2 and 3. The construction of the coil should allow
it to be rotated and moved along the neck of the tube.

After the beams have been acted upon by the alignment com-
ponents and the magnetic convergence fields, they enter the deflec-
tion area. Here, the deflection yoke provides the required uniform
magnetic fields that simultaneously deflect the three beams.

As in black-and-white tubes, the deflection yoke consists of
four electromagnetic coils. These coils function in pairs, each coil
of a pair located diametrically opposite the other. Since this de-
flection yoke acts simultaneously on three beams, the electromag-
netic field requirements are more stringent than those in black-
and-white tubes. In particular, a more uniform field is required
for deflection in the tri-color tube.

The electron beams travel in straight line paths from the deflec-
tion area to the screen. Between the phosphor screen and the
deflection area is the shadow mask. This mask is positioned so
that, when viewed from the deflection point of any of the beams,
only the dots of a single color can be seen through the perforations
in the mask. Figure 4 illustrates this condition.

(B)
Fig. 4. Views of mask-and-screen assembly as seen from the deflection
points of the three beams. (A) View from deflection point of blve
beam source. (B} View fram deflection point of green beom souvrce. {C)

View from deflection point of red beam source.

With the mask in the position described above, one beam will
strike only the red dots, another beam will strike only blue dots,
and the third beam will strike only green dots. This mask, conse-

quently, allows the three beams to reproduce the exact hue present
in each portion of the televised scene.

APPLICATION CONSIDERATIONS

TUBE HANDLING

The CBS-Colortron should never be lifted by its neck alone. It
is recommended that the tube be lifted by the glass bulb and neck,
or by the butb alone. Special care should be taken to avoid striking
or otherwise damaging the metal flange near the face plate of the
tube.

COVER FOR FACE PLATE

A safety glass should be mounted in front of the tube when
installed in a television cabinet to provide protection against acci-
dental striking of the face plate and possible tube implosion. This
precaution is similar to conventiona! black-and-white tube re-
quirements.

SUPPORT

Supports for the CBS-Colortron, which weighs approximately
31 pounds, should be in the form of an insulated support at the
large end of the tube and another near the small end of the bulb.
Support for this tube should never be provided at the neck of the
tube, Since the deflection yoke must be free to move in an axial
and transverse direction, tube supports in this area are also not
advisable.

HIGH-VOLTAGE REQUIREMENTS

Briefly stated, the high-voltage requirements of the CBS-Color-
tron 205" are: anode, 25,000 volts with a maximum peak cur-
rent of 3,000 microamperes; focus electrode, 8,000 volts with a
maximum current drain of 300 microamperes. In addition, it is
desirable that the regulation of the anode voltage be maintained
within two percent.

The regulated voltage for the anode may be derived from a
fly-back-type deflection system that employs a tapped autotrans-
former. This voltage is abtained by using a pulse doubler rectifier
system from the tertiary winding of the autotransformer, A sepa-
rate tap of the same autotransfarmer supplies the voltage to the
focus rectifier tube.

Since two-percent regulation is desirable for the anode valtage
supply, a shunt regulator tube should be employed, such as the
CBS-Hytron 6BD4A.

Adjustment of the focus potential can be achieved by the use
of a potentiometer in the high-voltage divider network.

MAGNETIC CONVERGENCE COILS

The function of the three magnetic convergence coils has been
described in a preceding section. The approximate position of the
unit containing these coils is shown in Figure 5. The three indi-
vidual electromagnets are positioned 120° apart around the cir-
cumference of this unit and over the internal pole pieces. Rola
Type CC600 magnetic-convergence-coil unit is recommended for
use with the CBS-Colortron ‘205",

COLOR-PURIFYING COIL

The function of this coil has been described in a preceding sec-
tion. The approximate position of the coil on the neck of the tube
is shown in Figure 5. By rotating the coil around the neck of the
tube, the transverse magnetic field will move the beams in different
directions. The current through the coil determines the magnitude
of the movement. A typical coil (Rola CP600) requires a current
source capable of supplying from O to 200 milliamperes.

FIELD NEUTRALIZING COIL

In order to reduce the effect of axial stray fields, a D.C. field
neutralizing coil located around the periphery of the 205" face
plate is required. It should be approximately 21 inches in diameter
and capable of producing about 15 ampere-turns (150 turns of
No. 24 wire and a current source with a range from 4100 milli-
amperes to — 100 milliamperes) . Adjustment of this component
is described in the INSTALLATION AND ADJUSTMENT PRO-
CEDURE Section of this bulletin,
BLUE-BEAM POSITIONING MAGCNET

The function of this unit has also been described in a preceding
section. Figure 5 illustrates the position of this magnet on the
neck of the tube. The magnet is mounted to provide for reversal
of its polarity and the position of the magnet controls the magnitude
of the correction.

DEFLECTION YOKE

The deflection yoke recommended for use with the ‘205" is
Rola Type CY600 or equivalent. To permit adjustment for color
purity, the deflection yoke, when placed against the glass funnel,
should be capable of being moved two inches toward the tube base,
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CRID NO. 1 DRIVE CHARACTERISTICS AND REQUIREMENTS

The three electron beam sources of the CBS-Colortron have
similar transfer characteristics. Due to the differences in phosphor
luminescence efficiencies, however, the grid-No. T and grid-No. 2
voltages of each beam source must be adjusted to produce equal
phosphor brightness or color balance. 1f color balance is not main-
tained when the tube is reproducing black-and-white pictures, for
instance, color tinting of the gray scale will result. It is recom-
mended that individual grid-No. 2 voltage controls and grid-No. |
drive controls be provided. The grid-No. 2 controls should allow
voltage adjustment from 100 ta 450 volts.

PROTECTION AGAINST SCANNING FAILURE

Permanent damage may be done to the screen-and-mask as-
sembly if scanning should cease during tube operation, For this
reason, an electronic switch activated by the horizontal and vertical
deflection voltages should be provided. The circuit should be
arranged so that, in case of scanning failure, all beam current
will be cut off.

A convenient method of achieving this protection is by obtaining
the grid-No. 2 voltages from the boost voltage of the horizontal
scanning circuit. This boost voltage also serves to power the
vertical deflection system. Any failure of scanning, consequently,
would remove the voltage from the No. 2 grids, and all beam cur-
rent would cease.

MAGNETIC SHIELDING

Optimum performance of the CBS-Colortron necessitates proper
shielding against the effects of the earth's magnetic field and stray
fields around the picture tube. A magnetic shield of MuMetal or
equivalent material should be placed over the bulb portion of the
tube. Placement of magnetic components of the receiver so that
the effect of their fields on the picture tube is minimized will
result in improved tube perfarmance. A typical shield is shown an
page 4.

INSTALLATION AND ADJUSTMENT PROCEDURE

By following a systematic adjustment procedure, adjustment time
af the CBS-Colortron can be reduced to a minimum. Such a pro-
cedure s described in this section. In addition to the procedural
steps, screen patterns that will be observed during each step are
described.

When the CBS-Colartron is removed from its carton, it should be
handled by the bulb and not by the neck of the tube. Care should
be taken to prevent damage to the metal flange near the face plate
of the tube. The tube should be mounted secarely in the manner
described in the SUPPORT Section of this bulletin.

After moaunting, the color-purity coif, convergence magnets,
and deflection yoke should be placed on the neck of the tube. The
approximate position of each of these components is described in
the APPLICATION CONSIDERATIONS Section of this bulletin,
Also, refer to Figure 5 for a graphic illustration of these external
components. Once these components are positioned on the neck of
the tube, the socket and high-voltage connections may be made.

Before applying voltages to the tube, turn the grid-No. 2 controls
to zero and the grid-No. 1 controls to their maximum negative

positions. Then, apply the proper patentials to the electrodes of

the tube, and sweep power to the deflection yoke. Initially, some
arcing or sputtering may be observed. This is a mormal reaction.

After allowing sufficient time for the various supplies to stabilize,
slowly increase the grid-No. 2 voltage of the red beam source,
simultaneocusly reducing the grid-No. 1 bias until the screen is
illuminated.

The next step is to adjust the purity coil. This adjustment should
be made in the following steps:

1. Pull the deflection yoke back from the funnel of the tube

approximately 2 inches.

2. Energize the color-purity coil.

3. Move the purity coil along the neck of the tube, while
simultaneausly rotating it and varying the current through
it, until the purest red field is obtained in the center of the
screen. It will be noted that the pattern on the screen also
contains alternate blue and green fields extending radially
out from this red center.

4. Slide the deflection yoke in the direction of the face plate
until the most uniform red field is obtained over the entire
screen.

5. Adjust the magnitude and direction of the current through
the field neutralizing coil for optimum edge purity.

Once the most uniform red field is obtained, slight readjustment
of the color purity coil may be required to achieve optimum color
purity. The adjustment may be made by varying the current
through the purity coil or by additional movement of the coil.

After obtaining optimum purity of the red field, the blue and
green fields should be separately checked. No further adjustment
of the color purity coil should be necessary.

Convergence is the next characteristic to be adjusted. Conver-
gence adjustment is facilitated by use of a spot generator. This spot
generator should be capable of producing equally spaced horizontal
and vertical rows of spots on the phosphor screen. Each of these
spots contatns individual red, blue, and green components. Proper
convergence is attained when the three color components are
superimpaosed,

Initially, red and green static convergence is adjusted by varying
the d-¢ current through the red and green magnetic canvergence
coils until the red and green dots at the center of the raster over-
lap. The blue static convergence is then adjusted by varying the
d-¢ current through the blue magnetic convergence coil and by
adjusting the blue-beam positioning magnet until the blue dot at
the center of the raster overlaps the red and green dots.

Dynamic convergence can be optimized after static convergence
is attained. Horizontal dynamic convergence is obtained by adjust-
ment of the amplitude of the parabolic horizontal current wave
applied to the three external convergence e¢lectromagnets. This
current should be varied until each triad in the horizontal row
that passes through the center of the screen is the same size. Then
the d-c current through the three electromagnets shauld be
adjusted to bring all the triangles of this horizontal row into
proper convergence,

Vertical dynamic convergence is attained by varying the mag-
nitude of the parabolic vertical current wave applied to the external
electromagrets until each triad of the vertical row that passes
through the center of the screen is the same size. The dots of
each triangle can be converged by the readjustment of the d-c
current through the electromagnets. Because of the interaction
between the horizontal- and vertical-convergence adjustments, it
is recommended that these adjustments be performed alternately
wntil optimum convergence is attained.

The tinal adjustment of the CBS-Colortron is the setting of the
color balance. As was previously stated, the transfer characteristics
and bias voltages of the three beam sources must be adjusted to
produce a grey scale with no color tinting.

The following steps should be taken to achieve color balance.

1. Set each grid-No. 2 voltage at the same value.

2. Set each grid-No. | voltage so that a low-leve! grey field is

obtained on the screen.

3. Increase the brightness level of the composite field on the
screen. This may be done by varying a master brightness
control, or by varying a signal voltage simultaneouslty applied
ta all No. 1 grids.

As the brightness is increased during Step 3, observe which
color becomes dominant.

Reduce the brightness of the field to the level in Step 2.
Reduce the grid-No. 2 voltage of the beam source controlling
the dominant color.

Repeat steps 3 through 6 until no color tinting is observed
aver the required brightmess range.

This color-balancing procedure can be simplified by the use of
a combinatian of a density wedge and flying-spot scanner.

The foregoing adjustment procedure represents the method that
achieves the fastest alignment consistent with optimum operational
quality. After these steps have been completed, further adjustment
should not be required. But further adjustment of the various
compenents can be made to overcome any undesirable character-
istics that may result from improper initial adjustment.

R



DATA ON THE “205”
CENERAL CHARACTERISTICS

Electrical Data
Heater for unipotential cathode each beam source®:

Voltage ..... et et e s 6.3 volts

Current ... e vereress--...1.8amperes
Focusing method ... ... ... i Electrostatic
Convergence method .. ... ... oviviiiiiivinur s .Electromagnetic
Deaflection method . ............ e Magnetic
Deflection angle (approximate) ............. e 62 degrees
Electron beam sources .. ... A P Red, Blue, Green
Phosphor JETEC Designation P22

Fluorescence Red Blue Green

Phosphorescence Red Blue Green

Persistence Medium Medium Medium

Direct interelectrode capacitances {approximate) :
Grid No. 1 of any beam source to all other electrodes except

No, | grid of other two beam sources. . ... ..., ..... 7.0 uuf
Three cathodes externally tied together to all other

elechyodes ...... TR PO 10.0 uuf
Grid No. 3 (all three No. 3 grids tied together in-

ternally] to all other electrodes ................... 6.0 uuf

MAXIMUM RATINGS — Design-Center Values

Anode voltage . ........c.vevieonnann PN NP 27,000 vors
Anode input .............-. TR e 20 watts.
Peak anode current to not more than 25 square inches

of picture ares {with 205 square inch sean) .......... 3,000 uamps.
Grid-No, 3 voltage ........c.cviveriiiivnmanrses AN 9.000 volts
Grid-No. 2 vaitage teach beam source}l ,............ e 500 volts
Grid-No. | voltage {each beam source):

Negative-bias value ......... .. . 0rieicioiannrenn vo...200 volts

Positive=bias value ............. e e it O volts

Positive-peak value ............c. 00000 n e ves.. .2 valts
Peak heater-cathode voltage (each beam sourcel:

Heater negative with respect to cathode:

During warm-up period not to exceed 15 seconds ...... .. 410 volts
After warm-up . .....iiiinaran e e enen i, 180 volts

Heater positive with respect to cathode . ........ .. ...... 180 voits
TYPICAL OPERATING CONDITION
Anode voltage .............. ey .. 25,000 volts
Convergenced®
Grid-No, 3 (focus) voltage . .......c.ccvvveeroass 6,500 to 8,000 volts
With 200 volts on Neo. Z-Frids, grid-No. 1 voltage®¥®,—45 to —100 volts
With —75 volts on No. [-grids, grid-No. 2 voltage.....150 to 330 volts
Maximum peak grid-No, 3 current ,............ e iaaa 225 uamps.
Grid-No. 2 current . ............ e —15 to 415 wamps.
CIRCUIT VALUES
Maximum grid-No. | circuit resistance . ..............., 1.5 megohms

# Heaters electrically paralleled within the tube.

o% Convergence is accomplished by a combination of mechanical position
of the three electron beam sources during tube fabrication and by the
adjustment of the shape and amplitude of current through the magnetic
comvergence coil assembly. Defails on circuitry for the derivation of

EXTERNAL conductive coating . .. ..... [P , 1500 uuf min. B s are shown ‘clsewhere in this bulletin,
3000 wuf max. . R
. otaFor visual extinction of focused raster.
Screen L ...ie.e. ... .Metal-backed, tri-calor, phosphor-dot type

Face plate light transmission tneutral density filter} approx. ...
Phasphor-dot arrangement . . Approximately 300,000 triangular groups

.75% netic shield is recomme

where in this bulletin,

each containing a blue, red, and green

dot i(a total of $00,000 dots).

CAUTION

of the glass bulb. Outline drawing of a récommended s

To reduce the effects of stray magnetic fields on cofor purig'. a mag-
nded. This shield should tit snu[ﬂy araund

he cong
ield is shown else-

Because the rating of this tube permits operation at voltages as high as

G2G

JETEC Basing Designation 14W

tube.

27,000 volts, shielding of the tube for X-ray radiation ma¥ be necessary
whenever operating conditions invotve voltages in excess o
Sufficient shielding is usually provided by the safety glass in front of the

16,000 volts.
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Basing Diagram

Yin 1: Heater

Yin 2; Grid No. | of red beam source
Yin 3: Grid No. 2 of red beam source
%in 4: Cathode of red beam source

Yin 5: Cathode of green beam source
3im &: Grid No. | of graen beam source

Pin
Pin
Pin
Pin
Pin
Pin

7: Grid No. 2 of green beam source
9: Grids No. 3

11: Grid No. 2 of blue beam source

12: Grid No. 1 of blue beam source

13: Cathode of blue beam source

14: Heater

Metal Flange: Ancde

Mechanical Dota
Approximate weight
Maximum over-all length .. ..

Maximum face-plate diameter . .
Maximum metal-flange dismeter ...

Sereen size (4 x 3 aspect ratio)
Screen arca

Bulb contact ...............
Basc ................ e e

Mounting position
Deflection yoke
Harizontal output transformer

Magnetic convergence coils . ...
Color purifying coil ................ e

....... 31 pounds
. ; CEMENT T0 SHIELD
...... Creeerieeess 267716 inches 174" THICK SPONGE
RUBBER-CEMENT
e a e 1914 inches sntw;nssuuw:nn
e 20 27/32 inches )
e eceess1TVR X 13V inches H P
205 square inches ¢ Sy
TN Mctal-flange seal e b b
. . .5mall shell diheptal 12-pin S N | O %
(JETEC B12-105) P A e ==t
........ cevenen.aBlue Gun Down 2014 fr 4 l 'e.;f‘ 7 ',""
............................... Rola Type CY800 o o INSTE ,;"‘l
................... Rola Type CF600 s F A 120
[P e Rola Type CC600 . 4. © ¢ {3
\(/ MATERIAL 050
.. .Rota Type CP60O g
. w'-‘ o6 eoutvaLENT } 50" WELDED
ANNTAL AFTER ASSEMBLY
9-”'—4 i sEam)

205 50 .
SCREEN AREA

CYLINDRICAL GAUGE,HELD CONCE!
WiTH TUBE AXIS,RESTS ON FUNN:

2k 1/4
EXYERNAL |
22 ° WE | gt
2506 | COATING “Wg-
10-17/32"
U4 §map Sral
13487 =
116 o

12+ Pin BO3 —ant
JETEC No. Br2-

NOTE 1. POSITION WHERE 2.4°4.001° 1LO.

NTRIC
EL.

MACNETIC SHIELD RECOMMENDED
FOR USE WITH *205"

ve' xI'x 4-34°
SPONGE RUBBER (3)

N
A !} CBS-HYTRON Main Office: Danvers, Massachusetts

5’ A Division of Columbia Broadcasting System, Inc.

A MEMBER OF THE CBS FAMILY: CBS Radio * CBS Television *
CBS Loboratories * CBS-Columbia * CBS International * and

;

Columbia Records, Inc,
CBS-Hytron
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tubes

techmical informaiion

CBS ELECTRONICS

A Division of Columbia Breadeasting System, Inc,
Dancers, Massachuselts

1J3A
The CBS type 1J3A is a half-wave rectifier for cathode-ray tube anode
supplies. It has a higher peak Inverse plate voltage rating and higher
d-c plate voltage rating than type 173. The 1J3A will directly replace
the 173,
MECHANICAL DATA

Cathode, filament

Bulb T-9
Maximum overall height 4.0625 inches
Maximum seated height 3.5 Inches
Base, JEDEC Be-8, B6-60
Basing, JEDEC 3C
Top Cap, JEDEC Cl-34
Mounting position any

PIN CONNECTIONS

Pin 1: Internal connection Pin 7: Filament and
Pin 2: Filament internal shield
Pin 3: Internal connection Pin 8: Internal connection¥
Pin 5: Internal connection® Cap: Plate

ELECTRICAL DATA
FILAMENT CHARACTERISTICS

Voltage, a-ct 1.25 volts
Current 0.2 amp

t Filament voltage must not exceed 1.45 volts or be less than 1.05 volts.

from JEDEC release #2830, June 6, 1960
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DIRECT INTERELECTRODE CAPACITANCES
Plate to filament, approx.: ptof+ 1.s. 1.6 ppf

MAXIMUM RATINGS (Design maximum values)
Flyback Rectifier Servicel

Plate voltage, peak inverse

Total d~c and peak 28 kv
D-~c 24 kv
Qutput current, d-c 0.5 ma
Plate current, peak steady state S0 ma
CHARACTERISTICS
Tube voltage drop, conducting 7 ma 225 volts
NOTES:

1 Voltage pulse duration must not exceed 10us in a 30-frame, 525-1line system.

* Socket terminals 1, 3, 5 and 8 may be connected to pin 7 or its corona
shield. Terminals 4 and 6 may be used as tle points for components at or
near fllament potential.

WARNING

This tube may produce soft X-rays which constitute a health hazard. Proper
shielding in equipment design will prevent this danger



engineering data for ®

ULTRA-HIGH RESOLUTION
CATHODE RAY TUBES

2000 lines per inch resolution . .. ... ...
short persistence phosphor screen. . . ...

. . used for photographic recording and UHR
radar

The CBS-Hytron cathede ray tubes, primarily
ultra-high resolution read out tubes or moni-
tors, are designed for high precision display and
photographic use. They are capable of resolv-
ing 2000 lines per inch, For a line scan of 4.5
inches ina 5 inch diameter rube, a toral of 8000
lines can be achieved,

By the immersion clectron oprical design, the
beany is controfled over its entire post-accelera-
rion path. Morcover the half-deflection angle of
©.3° msures accurate deflection hnearity with
suttabile yvokes®. Defocusing at the edge of the
usable screen is less than 2.5%, which is negli-
gible, bhut may. be corrected to near zero by
simple dynamic focusing. {r should be realized
that some loss of resolution will occur at the
extrenies of deflection. This loss results from
the geometry of a flar face plate and is held to
less than 15%.

Tubes are available with P5 or P11 phosphor.
These CR tubes are particularly smrtable for
photographic recording since the peak wave-
lengths of the phosphor fall within the blue
region of the specrrum (4300A° and 4600A°
respectively ).

Tubes are also available in P16 phosphor, P16
has a shorrer persistence of 1 us permirring use
of these tubes in flying spot scanner work.

These altra high resolution cathode ray tubes
open up whole new fields of application in strip
radar, photo reconnaissance, visual indication,
photo reproduction, information transfer, in-
dustrial and medical closed-circuic TV, and re-
mate data pick up.

* The magnetically shielded focus coil and deflection yokes,
available from CBS-Hytron, have been designed for 1000 cps as

wel! as the commercial TV scanning rate, are linear to within
+2.5%, and are made for 20 Kv anode voltage.

RESOLUTION VERSUS SCREER CURRENT
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CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Broadcasting System, Inc.

from JEDEC release #2419, March 30, 1959
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TRANSFER CHARACTERISTICS

Eb Ec:

Curve A TAWPS SCRPS JAWPS Z0KY 400V -
B 7AYPS 5COPS 3AVPS ZOKY 400V -

B TAVPIE 5C0P16 JAVPIE 20KV 400V -

B TAYP11 SCOPUY 3AVPII 20KY 400V

C 7A¥PI5 SCOPIE 3AVPIG 20M¥
Ef = RATED VOLTAGE
Peo B P IR

!

CONTROL GRID VOLTS

BRIGHTNESS VERSUS SCREEN CURRENT

(T} Ef = RATED VOLTAGE

- A~ JAWPS - 5CRPS - JAWPS
{«' = B— 7AVPS - 5CQP5 - 3AVPS
50 C— TAVPIL - SCAPIT - 3AVPI1

‘ * B - TAVPIG - 5CQPIE- JAVPIG

20 W 81 100 120 140
SCREEN GRID MICROAMPERES

CBS-HYTRON ELECTRON TUBES

SCREEM CURRENT IN MICROAMPERES
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TUBES AND SEMICONDUCTCORS

CBS-HYTRON
A Division of Columbia Broadcasting System, Inc.

Danvers, Massachusetts

C3S 3D2IA—-3D2IB
BLOCKING OSCILLATOR AND PULSE MODULATOR

The 3D21A and 3D21B are for high-vacuum blocking oscillator and pulse modulator
service., Satisfactory pulse operation is assured by many tests including the
following performed on every tube: pulse grid, screen, and plate characteristics,
high voltage pulse operation and high voltage plate current cutoff. These tubes
are small in diameter and light in weight and use a regular octal socket,

The 3D21A and 3D21B are recommended as the pulse modulator in applications re-
quiring as high as 20kw power in the pulse. They are also suitable for use as
deflection amplifiers, regulators and/or passing tubes in high-voltage power

supplies.
MECHANICAL DATA
3p214 3D21B
Bulb ST-14 T=1?
Maximum diameter 1 13/16 1 9/16 inches
Maximum overall length L 13/16 ki 19/32 inches
Maximun seated height L 1/L Lk 1/16 inches
Basing 6BU
Base Medium shell octal 8=pin, B8=11
Cap Skirted miniature, C1l-2
Mounting position Any

PIN CONNECTIONS

Pin 1 Heater Center Tap

Pin 2 Heater

Pin 3 No Connection

Pin L4 Grid 2

Pin 5 No Connection

Pin 6 Crid 1

Pin 7 Heater H
Pin 8 Cathede

Cap Plate

from JETEC release #2017, Sept. 30, 1957
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ELECTRICAL DATA

HEATER CHARACTERISTICS

Parallel Series
Heater volbage, a=c or d-c 6.3 12,6 +10%4 volts
Heater current 1.7 0,85 amp
Peak heater-cathode voltage, max. 150 - volts
Cathode preheating, min, 30 30 sec
MAXIMUM RATINGS (Absolute Maximum Values
Plate voltages 3500 volt s
Peak plate voltage including transientf 5000 volts
Grid 2 voltaged 850 volts
Negative grid 1 voltage, instantaneousf =500 volts
Positive grid 1 voltage +220 volts
Plate dissipation 15 watts
Grid 2 dissipation 3 watts
Grid 1 dissipation 0.5 watt
CHARACTERISTICS
Plate voltage 600 volts
Grid 2 voltage 300 volts
Grid 1 voltage =30 volls
Plate current 30 ma
Grid 2 current 2.5 ma
Transconductance 550 umhos
TYPICAL OPERATION
Plate voltage 3500 2500 1500 volts
Grid 2 voltage 800 800 800 volts
grid 1 voltage -150 =150 =150 volts
Signal voltage (peak above ground) 150 150 150 volts
load resistance 450 305 160 ohms
Power output (approx.) 21 14 7 kw

NOTES:
# Pulse lengths of 10 usec.
not exceed 12 usec,

Total pulse length in any 240 usec period shall

# Series resistance must be inserted in the power supply sufficient to limit
the short-circuit current to less than 0.5 ampere.,

# With a screen potential not exceeding 400 Vde and when no instantaneous
voltage due to transient is present (essentially resistance plate load)
a maximum plate potential of L500Vde may be used.



(TENTATIVE)
BULLETIN E-424A

e engineering data for e

TTHM

CBS type 5AZ3 is a high-vacuum full-wave power rectifier which is
designed for greater reliability and longer life. This tubs employs a
12-pin button stem for better thermal efficiency. Internally generated
heat flows easily through the double pins to the outside for radiation
without the interference of undzpendable base-pin solder. In addition,
the filament is center tapped for the d-c¢ current connection so that the
d-c¢ component of filament current is equalized.

Electrically the S5AZ3 is identical to the 5U4GB and may be used for the
same applications.

MECHANICAL DATA

Cathode, coated filament

Bulb T-12
Overall height 4.346" max.
Seated height 4.000" max.
Base E12-74
Basing 12 BR
Mounting position Any
QOutline EIA12-62
PIN CONNECTIONS

Pin 1: Filament 2
Pin 2: Plate 2 (I.C. to pins 3, 5 & 6) | 1583
Pin 3: Plate 2 (I.C. to pins 2, 5 & 6) 1.437
Pin 4;: Filament center tap {I.C. to pin 9) f / \ t
Pin 5;: Plate 2 (I.C. to pins 2, 3 & 6)
Pin 6:  Plate 2 (I1.C. to pins 2, 3 & 5) 4.000 | T
Pin 7: Plate 1 (I.C. to pins 8, 10 & 11) 3.159 MAX.
Pin 8: Plate 1 (I.C. to pins 7, 10 & 11) |
Pin 9: Filament center tap (I.C. to pin 4) W l
Pin 10: Plate 1 (I.C. to pins 7, 8 & 11)

. Pin 11: Plate 1 (I.C. to pins 7, 8 & 10)
Pin 12: Filament 1

from JEDEC release #3230A, June 12, 1961

CBS ELECTRONICS, panvers, Mass. A Division of Columbia Broadcasting System, Inc.

Printed in U.5.A.



ELECTRICAL DATA

FILAMENT CHARACTERISTICS

Voltage, a-c or d-c
Current

MAXIMUM RATINGS (Design maximum values)

Rectifier Service T

Plate voltage, peak inverse

Plate supply voltage, rms (Rating Chart I}

D-c output current (Rating Chart I)

Steady-state peak plate current, each plate (Rating Chart II)
Transient peak plate current, each plate (Rating Chart III)

AVERAGE CHARACTERISTICS

Tube conducting 225 ma (each plate)
275 ma (each plate)
300 ma (each plate)

TYPICAL OPERATION

Full-Wave Rectifier (Capacitor Input Filter)
Plate supply voltage, rms (each plate)}
Plate supply resistance (each plate)

Filter input capacitor

Output current, d-c

Qutput voltage at filter input, d-c¢

Full-Wave Rectifier (Choke Input Filter)
Plate supply voltage, rms (each plate)}
Filter input choke

Output current, d-c

Qutput voltage at filter input, d-c

300
21
40

300

290

5.0 +10% volts

1700
600

N
oo

44
50
54

450
67
40

275

460

550

10
275
420

3.0 amp

volts
volts

amp
amp

vDlts
volts
volts

volts
ohms

ma
volts

volts
henrys
ma
volts

t For use with sinusoidal supply voltages within the frequency range of 25 to

1000 c.p.s.

§ The indicated a-c supply voltage is measured without load.
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e TUBES AND SEMICONDUCTORS
CBS-HYTRON

A Division of Columbia Broadcasting System, Inc.

Danvers, Massachusetts

CBS TYPE 5BYPS

FIVE INCH ULTRA - HIGH RESOLUTION
PHOTOGRAPHIC CATHODE-RAY TUBE

The CBS SBYPS is a five inch ultra-high resolution tube having a symmetrical
clipped spot with a dimension of 0.7 mils (.0007") by 0.7 mils. This resolu-
tion figure is uniform throughout the screen area. This tube is especially
designed for highly detailed precision photographic reproduction use. It will
provide a minimum of 6000 TV lines at full scan conditions (a 4 1/2" line).

The PS screen employed in the SBYPS is blue in color and of short persistance
selected for photographic recording.

An optical flat non-browning glass is used for the faceplate to produce a dis-
tortionless flat screen. By using circuilt correction, extreme accuracyof de-
flection linearity up to 0.1% canbe achieved. Uncorrected linearity accuracy
up to 1% is possible at optimum adjustment.

Special focus and deflection components are available from CBS-Hytron for use
with the ultra-high resolution cathode-ray tube. Stock items are for side look-
ing strip radar applications at 1000 c.p.s. scanning frequency. Other special
scanning components such as raster types, are made to order,

MECHANICAL DATA

Overall length 18 3/4 t 3/8 inch
Greatest diameter of bulb 5 1/8 inch
Maximum useful screen diameter 4 1/2 inch
Neck length 5% 1/4 inch
Bulb contact, recessed small cavity jl-21
Base, small shell duodecal 7 pin B7#-51 B8-210
Bulb contact alignment in line with key lug ¥ 20°
Key lug aligns with major axis
Weight of tube only 5.5 lbs
Total weight of display package: tube deflection

and focusing components 40.5 lbs

from JETEC release #2159, July 14, 1958



PIN CONNECTIONS

Pin 1. Filament and cathode
Pin 2. Grid 1

Pin 3. Alignment A control
Pin 4. Alignment A' control
Pin 6. No connection

Pin 10. Alignment B control
Pin 11. Alignment B' control
Pin 12, Filament
Top Cap ~ Anode

OPTICAL DATA

Phosphor number PS5
Fluorescent color blue
Phosphorescence blue
Persistance 10° sec. approx.
Resolution 1250 TV lines/inch
Faceplate Optical flat, non-browning, glass

ELECTRICAL DATA

Focusing method magnetic*
Deflecting method magnetic
Deflection angle, diagonal 30° approx.

Beam alignment voltage, 6.3 volts a-c or d-c {between pins 3 and
4, 10 and 11) variable, max. current requirement 1 amp.
* 14 inch long solenoid provides axial field.

Direct Interelectrode Capacitances, ( Approx.)

Grid 1 to all other electrodes S ppf max.
Filamentary cathode to all other electrodes 4 ppf max.

Heater Characteristics

Voltage, d-c t 20 % 0.9 volts
Current 0.160 amps

Maximum Ratings (Absolute maximum system)

Anode voltage 18 KV
Grid voltage
Negative bias value =50 volts
Positive bias value 0 volts

Positive peak value +2 volts
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PHOSPHOR SCREEN CURRENT IN PA

Typical Operation

Anode voltage 14 to 16 KV
Anode current, peak 500 pa
Screen current, peak 25 pa
Signal grid cut-off voltage - 10 volts

Maximum Circuit Value

Grid 1 circuit resistance 1.0 megohm

Caution

Shielding forX-rays is recommended for personal protection atclose
range if this tube is operated in excess of 16,000 volts or over
Maximum Rated Anode Voltage, whichever is less. Safety glass
covering tube's faceplate is usually sufficient.

AVERAGE CHARACTERISTIC

200 7 1O
/
L

/
6.0 I Total Beam Current to Screen and /
' Output vs. Drive, .0007" Beam !y
//
- Total Gun {Anode) Current s
—————— Relative Light Qutput ,7
12.0 £,
/
y
/

o
o
\

»
o
'\
\

%
e
P
A
L et==1"
0 2 4 6 8 10

GRID—-CATHODE POTENTIAL VOLTS FROM CUT- OFF

RELATIVE LIGHT OUTPUT
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ELLCTRON TUBE TYPE 6626

The 6626 1s & two slectrode lnert pas filled cold cathode
tube for use in voltage regulator end voltage reference appllca-
tions where dependable periformance urder condltions of shock, vi.
bration, high amblent temperstures and absence of external radil.
ation is essential,

Mechanlcal Data

Cathode—- ---------------- Gold
ax. overall lengthe----- 5/8 inches
Vaw. seated 10ngth~-—*---2 3/8 Inches
Max, dianeter-wcemeeceeaao- 3/l4 inches
Mounting position-ece-=--- Ani
Envelopg====ewrecconmecmnua T6% (6~5)
BASO~c~rmecmcm e mcm e Minlature glass button 7 pin B7-~1

Basing Dlapgram

Pin 1: Anode Pin 5: Anode

Pin 2: Cathode Pin 6: Internal Con-
nection,

Pin 3: Internal Connection Do not use

Do not use

Pin 7: Cathode

Pin li: Cathode

5B0

Electrical Data

For Voltape Repgulatcr Apnlilcations:

Maximun ratinps, absolute values;

Averare starting current (Note 8).......0000000...75 ma
D.C. cathode current,.......veenvveennceaae.30 max, ma

5 min, ma
Amblont temperature, minlmum,,...........cce00s.. =56 °C
Bulb temperature, maximum (Note 9)......veeeees #1680 ©C
Altit‘ldecﬂl.....".l’...Q'.'...'....'l.l'.l...Ilzo’ooo Ft
Frequency....'Iqa.'........l.!'.l'l..0.....'.6.....0 CPS

from JETEC release #1433, March 14, 1955, with changes
from JETEC release #1433A, Sept. 12, 1955 inserted.
sponsor: CBS-Hytron



CHARACTERISTIC RANGE FOR EQUIPMENT DESIGN

Voltage Regulator Service Min. Avg.
Anode supply voltage (d-c)®3) 165
Anode breakdown voltage (total darke

ness) 160

Anode breakdown Ksltage (normal
ambient 1ight)( 185
Anode voltage drop (5) 1k 148

Regulation (5~30 ma) 2.0
Avg. change anode voltage drop during
lifetime 1

For Voltage Reference Apnlications:

Maximum ratings, absolute values;

Max,

165
165
153
5.0

3

voltis
volts
volts

volts
volts

r'.C. cathOde currento.lo'od.l.»....lesu.-nl..ooolo max.

Arblent temperature 1imitS.....eseescecsnse=559 to +150
Altitudelllao-tiu10--aucl.-..-o.r.;DQGQdoQQOOa

CHARACTERISTIC RANGE FOR EQUIPMENT DESIGN

Max,

165

165
.6

s 4@ b s

¢« & J e o P C

Voltage Reference Service Min, Avg.
Anode supply voltage (d-c)(B) 165
Ancde breakdown voltage (total dark-
ness) 160
Anode breakdown voltage {(normal
ambient light) (8) 155
Voltage repeatability 0.1
Typlcal Opersating Characteristles:
Anode voltare drop (Note 2)...v.vcieeres
Regulation (6-10 me)} (lote 2).......
St{lbillty (IIOte 6)..:0ia.u.l..!v-il.l..l.....o

Temperature scnsitivity, anode voltage drop..+

Voltape Jumps (llote 7).....iiiiececvranens

-

"= a9 0t

6 min,

++120, 000

volts
volts

volts
volt

1,8

0.5
Ce2

0,005
0.1

ma
ma

Ft.

volts
volts
volts
v/°C

volts



Note

Note

Note

Note

Speclal Ratings and Performsnce Data:

Shock rating;
Impact acceleratlon.ceevoccescovcansses 450 max, g

Reference MIL~-E-IB specification
paragraph 4.9,20,.5

Fatigue rating;
Vibrational acceleratlon....cveeeesenese5,0 max, g

Reference MIL-E~IB snecification
paragraph L.9,20.6

Llevated bulb temperature rating
raxirmin talb operation tempersture,.....+150° C
Tubbes are tested under 1lntermittent
life test conditlons at 8 minimum

bulb temperature of 150° C for 1000
hours. eference !'IL-E-IB paragraph

4.11.5.
Shelf stabllity of electrical characterlstics
Tubes are tested for reiease after
undergolngs a minimum 1000 hour non-
operatling holding neriod,
Notes
l: The D,C. anode supnly voltage 1s the minimum value necessary
to assure lonlzation iIn the tube throughout 1life under con-
ditions of elth~r total darkness or normel lllumlination,
2s Maxlimum, minlmum and average tube values during life.
3:s If thils value of shunt capacltance 13 exceeded in the as-
sociated clreult the tube may osclllate resulting
in nstable rverformance,

h. Five to fifty foot candles of ambient light,



Note G

Note 6:

Note 7

Note 8

Note 9:

Note 10:

Defined as the meximum shift In tube voltage drop be-
tween successive [irinma of the tube operating at one
value of current and tempersture within its ratings.

Defined as the average shift In tube voltage drop over
an 8 hour neriod when the tube is operated at one value
of current and temperature witih 1ts ratings,

Deflned ss the instantaneous chanre in tube anode
voltage drop a3 the tube current 1ls varied slewly
within the specifled operating current ranpe.

When equlpment utilizlns this tube is placed in oper-
etion a starting current In the tube In excess of the
averare oneratinc current 1s -ermissable as indiented
under raximum retincs., This current should not bLe allowed
to continue for riore than 5 seconds. When the tube 1s
subjected to such hipgh starting currents some time may
be required for the tube to stabilize at i{ts rormal op-
erating voltapge. This "memory characteristic” is typlcsl
of plow discharge voltage repulator tubes, Similarly
when a tube 1s operatnd for extended perlods at a siven
current point within its operating rance and then
switched to a different operating current some time

may be required for the t ube to stabllize at the new
pelnt.

The maximum bulb temperature wlll vary both with ambient
temperature end tube operating current, In an attached
avpendix sheet 13 shown the correlation between +150° C
maximum bulb temperature, ambient temperature and tubs
operating current.

Regulation is deflned as the meximum asllowable difference

in tube voltege drop measured between any two current

polnts wlthin the specifled current rating range (5-30 mado),
The two current points are to be selected which indicate

the largest value of regulaetion,
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ELLCTRON TUBE TYPE 6627

The 6627 1s a two electrode inert gas filled cold cathode

tube for use in voltage repulator and voltage reference appllca-

tiona where dependable performance urder conditions of shock, vi.
bration, high ambient temperatures and absence of external radi-

stion is essential,

Mechanlcal Data

Cathodewracwncwremcnnanoaa Cold

Max. overall lengthee---- 2 5/8 inches

Max, seated lengthew----- 2 3/0 inches

Max, dlameter---v-e-wee~= 3/l4 inches

Mounting posltiofiwecce~aa Any

ENvelope=-=-eacc-cuocaua" T5% (6-5)
BESf~——mmmemmnnccann e e Minlature gless button 7 pin E7-1

Pin 1: Anode Pin 5: Ancde
Pin 6: Internal Con-
nection,
Do not use

Pin 2: Cathode

Pin 3: 1Internal Connection
Do not use

Pin 7: Cathode

Pin L: Cathode

SBO

Electricel Dats

For Voltage Regulator Apnllicatlons:

Maximunt ratings, absolute values;

Averare starting current (Note 8),.......000000...75 ma
D.C. cathode current,,........veeriveeanecnsas30 max, ma

5 nin, ma
Ambient temperature, minimum,........ceeceesee.s =56 °C
Bulb temperature, maximum (Noté G)i...veceve..s+160 ©OC
Altitlldeb......0....l.l..‘........".....‘..llao’ooo Ftl
Frequenoy......-.....-.............................O C.P.S.

from JETEC release #1433, March 14, 1955, with changes
from JETEC release #1433A, Sept. 12, 1955 inserted.
sponsor: CBS-Hytron



CHARACTERISTIC RANGE FOR EQUIPMENT DESICN

Voltage Regulator Service Min., Avg. Max,

Anode supply voltage (d-c)(3) 130 © volts
Anode breakdown voltage (total dark-

ness) 125 130  volts

Anode breakdown(ﬁsltage (normal

ambient 1ight) ' 120 130 volts

Anode voltage (5) 105 108 111 volts
Regulation %5-30 ma) 1.5 2.5  volts
Avg. change anode voltage drop dur-

ing lifetime 2 k £

For Voltapge Reference Apnlications:

Maximum ratings, absolute values;

T.C, cathode® CUrrent. cvceisisscaserosrcresusasaeoll max,

6 min.
Amblent temperature limit8...sceeeviee.c..sss=55C to +150
Altitudelllnllll\tll.li.lh‘.l"‘f'il llll l"'.'.lao 000

CHARACTERISTIC RANGE FOR EQUIPMENT DESIGN

Voltage Reference Service Min., Avg. Max,

Anode supply voltage (d-c)(B) 130 volts
Anode breakdown voltage (total dark-

ness) 125 130  volts
Anode breakdown voltage (normal

ambient light) (8) 120 130 volts

Voltage repeatability 0,05 0.k volt

Typleal Operating Characteristloes:

AnOde voltare dI’Op (NOte /)-o.aouuuvcooocntoln 107
Remllﬂtion Té"lo ma) (NOtO 2)0.----0--.--.-..0 0 2
>tﬂoility (Ilote 6)..,.onnu-o-ou--.a.lonotoaot- 0:2

Terperature sensitivity, anode voltage drop...¢ 0, 005
Voltage Jumps (II0te T)eeevesnnernvecosesoovnan 6.05

ma

o¢
Ft.

volts
volts
volts
v/°c

volts



Note

Note

Note

Note

Speclal Ratings and Performsnce Data:

Shock rating;
Impact acceleratlon.ceevoccescovcansses 450 max, g

Reference MIL~-E-IB specification
paragraph 4.9,20,.5

Fatigue rating;
Vibrational acceleratlon....cveeeesenese5,0 max, g

Reference MIL-E~IB snecification
paragraph L.9,20.6

Llevated bulb temperature rating
raxirmin talb operation tempersture,.....+150° C
Tubbes are tested under 1lntermittent
life test conditlons at 8 minimum

bulb temperature of 150° C for 1000
hours. eference !'IL-E-IB paragraph

4.11.5.
Shelf stabllity of electrical characterlstics
Tubes are tested for reiease after
undergolngs a minimum 1000 hour non-
operatling holding neriod,
Notes
l: The D,C. anode supnly voltage 1s the minimum value necessary
to assure lonlzation iIn the tube throughout 1life under con-
ditions of elth~r total darkness or normel lllumlination,
2s Maxlimum, minlmum and average tube values during life.
3:s If thils value of shunt capacltance 13 exceeded in the as-
sociated clreult the tube may osclllate resulting
in nstable rverformance,

h. Five to fifty foot candles of ambient light,



Note G

Note 6:

Note 7

Note 8

Note 9:

Note 10:

Defined as the meximum shift In tube voltage drop be-
tween successive [irinma of the tube operating at one
value of current and tempersture within its ratings.

Defined as the average shift In tube voltage drop over
an 8 hour neriod when the tube is operated at one value
of current and temperature witih 1ts ratings,

Deflned ss the instantaneous chanre in tube anode
voltage drop a3 the tube current 1ls varied slewly
within the specifled operating current ranpe.

When equlpment utilizlns this tube is placed in oper-
etion a starting current In the tube In excess of the
averare oneratinc current 1s -ermissable as indiented
under raximum retincs., This current should not bLe allowed
to continue for riore than 5 seconds. When the tube 1s
subjected to such hipgh starting currents some time may
be required for the tube to stabilize at i{ts rormal op-
erating voltapge. This "memory characteristic” is typlcsl
of plow discharge voltage repulator tubes, Similarly
when a tube 1s operatnd for extended perlods at a siven
current point within its operating rance and then
switched to a different operating current some time

may be required for the t ube to stabllize at the new
pelnt.

The maximum bulb temperature wlll vary both with ambient
temperature end tube operating current, In an attached
avpendix sheet 13 shown the correlation between +150° C
maximum bulb temperature, ambient temperature and tubs
operating current.

Regulation is deflned as the meximum asllowable difference

in tube voltege drop measured between any two current

polnts wlthin the specifled current rating range (5-30 mado),
The two current points are to be selected which indicate

the largest value of regulaetion,
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CBS-HYTRON

A Division of Columbia Broadcasting System, Inc.

Danvers, Massachusetts

CBS 6830 - 6831

GASEOUS VOLTAGE REGULATORS

Constructed with flying leads which eliminate the need for a socket,
the CBS types 6830 and 6831 are gaseous voltage regulators that can be used
where wired-in terminals are desired. Encased in miniature envelopes,
these units are especially suitable for packaging where compactness and

light weight are prime objectives.

MECHANICAL DATA

Cathode Cold
Maximum diameter 3/l inch
Maximum over-all length 6 1/2 inches
Maximum bulb length 2 3/8 inches
Bulb T-5 1/2
Base Miniature glass button with flying leads
Basing 2AV
Mounting position Any
Terminals

Lead 1, red code Ancode

Lead 2, black code Cathode

MAX.
| 2 3/8" MiIN: - 4" 8" 1
le 2 *3/32 020" DIA

STRANDED WIRE

— Pt

|,/2"i 178" —| |-—

060 DIA. PLAST!IC

from JETEC release #1566, Jan. 9, 1956



ELECTRICAL DATA

MAXIMUM RATINGS (Absolute Values)

Voltage Regulator Service

Cathode current maximum, d-c 30 ma
Cathode current minimum, d-c 5 ma

CHARACTERISTICS AND TYPICAL OPERATION-

Voltage Regulator Service 6830 6831

Anode supply voltage minimum, d-c 185 133 volts
Anode breakdown voltage (normal ambient light) max. 185 133 volts
Operating voltage, avg. 150 108 volts
Regulation (5-30 ma)#* avg., 2.0 1.0 volts

#Regulation is defined as the maximum allowable difference in tube voltage
drop measured between the two current points within the tube's current rat-
ing range (5-30 ma) which indicate the largest difference in tube drops.

TYPICAL OPERATION CHARACTERISTICS

CBS 6830 CBS 6831
T T T ‘ -
' AVERAGE
o, 60 [€TSTARTING POTENTIAL
5 5
o
g170 g0~ AVERAGE
z > |~ STARTING POTENTIAL —
§I60 5120
= =
< &
— 150 ~ 10
8 P— ]t 8 — /-—""
140 100
0 10 20 30 0 10 20 30

CURRENT IN MA CURRENT (N MA
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TUBES AND SEMICONDUCTORS
CBS-HYTRON

A Division of Columbia Broadcasting System, inc.

Danvers, Massachusetts

CBS 6955

MEDIUM~MU DUCTRIODE FOR SQUARE-WAVE MODULATOR, BLOCKING
OSCILLATOR, MULTIVIBRATOR, AND GENERAL-PURPOSE USAGE

The CBS 6955 is a medium-mu duotriode designed for pulse circuits,
and in particular for high peak power blocking oscillators. It features
high reliability in pulsed emission providing 2 amperes up to 10 ps with-
out slump, fast warm-up time to B0% stabilized plate current in 10 seconds,
operation over the ambient temperature range of -62°C to 100 C, and is
specially tested for resonance vibration at frequencies up to 500 c.p.s.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-6 1/2
Outline RETMA 6-2
Maximum over-all height 2 3/16 inches
Maximum seated height 1 15/16 inches
Maximum diameter 7/8 inch
Base (E9=1)
Basing QA
Mounting position Any

PIN CONNECTIONS

Pin 1 Plate (Section 2)
Pin 2 Grid (Section 2)
Pin 3 Cathode (Section 2)
Pin L, Heater

Pin § Heater

Pin 6 Plate (Section 1)
Pin 7 Grid(Section 1)

Pin 8 Cathode {Section 1)
Pin 9 Heater (Center tap)

from JETEC release #1826, Jan. 14, 1957



HEATER CHARACTERISTICS

Voltage, a-c

Current

Peak heater-cathode voltage, max,
Heater negative to cathode
Heater positive to cathode

Series

12.6 X 129
175

g0
90

ELECTRICAL DATA

DIRECT INTERELECTRODE CAPACITANCES, No Shield

Grid te plate:r gl top
Input: gl to k+h

Output: p to k+h

Coupling plate 1 to plate 2

MAXIMUM RATINGS (Continuous Commercial Service Values)

Pulse Modulator'f

Plate supply voltage, d-c
Control grid supply voltage, dw-¢
Peak positive grid voltage, d-c
Peak grid current

Peak plate current

Peak cathode current

Grid dissipation

Plate dissipation

MAXIMUM RATINGS (Design Center Values)

Class A Amplifier

Plate voltage

Plate disgipation

Cathode current

Control-grid circuit resistance
Fixed bias
Self bias

Section T
1.4
1.5
0.5
0.8

Parallel

6.3 £ 12%

350

g0
90

Section II

1.k
1.5
Ools

Loo
250
200
0.9
1.25
2.2
0.60
1,35

300

2.75
20

25
1.0

volts

volts
volts

ppf

uuf
puf

volts
volts
volts

amp
watts
watts

volts
watts

neg
meg



CHARACTERISTICS AND TYPICAL OPERATION

Pulse Modulator

Plate supply voltage, d=-c 300 volts
Grid supply voltage, d-c¢ -25 volts
Peak positive grid voltage 150 volts
Peak plate current 0.9 amp
Peak grid current 0.7 amp
Plate load resistance (noninductive) 75 ohms
Grid resistance (noninductive) 2,00 ohms
Minimum cathode preheating 10 sec

Class A Amplifier

Plate voltage 100 250 volts
Control-grid voltage 0 -8.5 volts
Plate resistance (approx.) 5800 7000 ohms
Transconductance 3500 2350 pmhos
Amplification factor 21.3 16.5
Plate current 13.0 11.5 ma
Control-grid voltage (approx.)

for Ip = 10 npa -22 volts
Control-grid voltage (approx.)

for g, = 2350 mmhos 8.5 volts

NOTES+

Duty Factor = .0035; pulse width = 1,5 microseconds; pulse repetition
rate = 2300 pps,
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CBS-HYTRON

A Division of Columbia Broadcasting System, Inc.

TUBES AND SEMICONDUCTORS

Danvers, Massachusetts

CBS 6BU4

TRIODE HV REGULATOR TUBE

CBS 6BUL is a high-voltage, low-current, sharp-cutoff beam triode
designed for voltage regulation of the anode and focus supplies of color
television receivers. This tube will provide voltage control over the
wide range of 5,000 to 25,000 volts.

The CBS 6BUL will give excellent voltage stabilization with small
values of signal voltage because of its efficient electron-gun type struc-
ture that results in a high amplification factor of 1515 at 25 kv anode
voltage.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-12

Base, short medium shell octal 8-pin B8-118

Maximum over-all length S 1/26 inches

Seated height L 11/32 + 3/16 inches

Maximum diameter 1 23/32 inches

Cap (C1-1) small

Mounting position Any
BASING DIAGRAM P G

Pin 1t Cathode 0 e

Pin 2: Heater

Pin 3: I.C., do not use MO (6)'¢

Pin 4: N, C.

Pin §: Grid

Pin 6: I.C., do not use .
Pin 7: Heater H e ‘to H

Pin 8: I.C.,, do not use ‘.
Top Cap: Anode

from JETEC release #1688, July 9, 1956
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ELECTRICAL DATA

HEATER CHARACTERISTICS

Heater voltage (a-c)
Heater current
Peak heater-cathode voltage, max.
Heater negative to cathode
(Heater positive to cathode not recommended)

DIRECT INTERELECTRODE CAPACITANCES

Control grid to plate
Control grid to cathode
Plate to cathode

MAXIMUM RATINGS (Design Center Values)

Anode voltage
Unregulated d-c supply
Grid voltage

Cathode current

Anode dissipation

Grid circuit resistance

CHARACTERISTICS

Anode voltage

Grid voltage

Anode current

Plate resistance
Transconductance (approx. )
Amplification factor

6.3
0.45

225

25

-125
10
25

3.0

volts
amp

volts

ppf
ppd
ppt

kv

kv
volts
ma
watis
meg

volts
ma
meg
ymhos



TYPICAL OPERATION

Shunt Regulator Service for Circuit Shown

Unregulated supply voltage, d—c (approx.) 37 kv
Equivalent resistance, Ry 10 meg
Reference supply voltage, d=-c 200 volts
Equivalent resistance, Ry 1000 ohms
Transconductance, effective gl to p 200 pmhos
Voltage divider resistances
Rl, 5w (10, 1/2w units in series) 220 meg
R2, 2w potentiometer 2.0 meg
R3, 1/2w 2.7 meg
Plate current, d-c
Load current = 0 ma 1 ma
Load current = 1 ma 50 a
Output voltage, regulated, d-c
Load current = O ma 25 kv
Load current = 1 ma 24,5 kv
Rs +
SAVAVAVA'N 1 -O
6BU4 REGULATED
R1 0BUY  p—¢ voLTAGE
S
UNREGULATED —
SUPPLY R2
Rr +
R3 “'v"‘v"‘v'\\v'..‘l"'_—'o
REFERENCE

O SUPPLY
"N -
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CBS-HYTRON

A Division of Columbia Broadcasting System, Inc.

TUBES AND SEMICONDUCTORS

Danvers, Massachusetts

CBS TYPE 7205

COLD - CATHODE TRIGGER TUBE

The 7205 is a cold~cathode miniature trigger and timer tube usedin applications
where high hold-off voltage, short anode delay times, minimum anode delay
variation and high pulse currents are required. Because of its special con-
struction the 7205 will withstand a wide ambient temperature range, impact
shocks with 100g peaks, and severe vibrational stresses. Because of its
dark-start design characteristic, the 7205 will operate in sealed enclosures
and after storage periods without requiring incident light or other extraneous
energies to initiate the glow discharge.

MECHANICAL DATA

Cathode cold
Bulb T5 1/2
Base Min, button 7 pin, 2" flying leads
Mounting Position Any
Overall Height ( not including leads } 1 3/4 inch
Maximum Diameter 3/4 inch

LEAD CONNECTIONS

®

Pin 1. Cathode G
Pin 2. Omitted @
Pin 3. Grid

Pin 4. Anode @ = @Gp

Pin 5. QOmitted
Pin 6. Glow Pin
Pin 7. Omitted

from JETEC release #2160, April 14, 1958



ELECTRICAL DATA

Maximum Ratings (Absolute Maximum Values)

Anode Operating Voltage 1000 volts
Hold-off Voltage 2000 volts
Cathode Current Peak 500 amp
Glow Current 100 pA
Grid Reslistor 2.0 meg
Discharge Capacitor 0.5 puf
Power Input 1.0w
Grid Bias ¥ 80 volts
Grid Pulse Current 40 pa
Qutput Pulse Duration 10 ps
Ambient Temperature Range -55 to + 85 °C
Ancde Delay Time 4.0 ps
Anode Delay Time Variation 0.4 ps
Pulse Repetition Rate 20 ppm
Typical Operation (For circuit below)

Anode Supply Voltage 550 volts
Grid Voltage 0 volts
Glow Current 50 pa

» Eph 550V
| meg 8 meg
% O. pf
el I
R i
250V S00K

.05 pf
| S—— -

* May be triggered manually by applying d-c momentarily to grid.

|

Minimum Conditions

Anode Operating Voltage, d-c¢ 500 volts
Cathode Current Peak 10 amp
Glow Current 30 pA
Grid Resistor 0.25 meg
Grid Pulse Duration 10 ps

Grid Pulse Amplitude 230 volts
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CBS-MYTRON
A Divisiow of Cotumbia Broadeasting System, Tne,

Danvers, Wassachusetts

1229

Cold-Cathode Trigger Tube

The 7229 is a cold-cathode miniature trigger and timer tube used in trigger
applications where high hold-off voltage, short anode delay times, minimum
anode delay variation and high pulse currents are required. Special con-
struction enables the 7229 to operate over an ambient temperature range
of -55°C to +85°C, and withstand vibrational stresses. Dark-startdesign
characteristic, is such that it will operate in sealed enclosures and after
storage periods without requiring incident iight or other extraneous energies
to initiate the glow discharge.

750"

MECHANICAL DATA MAX
Cathode cold /\\I_'
Bulb, JETEC 5-1 TS 1/2 1 250 Max
Base, min. button 7-pin (E7-1) oo | T52
Mounting position Any MAX. 938 094
Maximum overall height 1.5 inch
Maximum diameter 0.75 inch \ /

PIN CONNECTIONS

Pin 1. Grid
Pin 2. Anode
Pin 3. Grid

Pin 4. No connection
Pin 5, Cathode
Pin 6, Glow pin
Pin 7. Cathode

from JETEC release #2268, Aug. 25, 1958



ELECTRICAL DATA

Maximum Ratings (Absolute Maximum Values)

Anode operating voltage 1000 volts
Hold-off voltage 2000 volts
Cathode current,peak 500 amp
Glow current 100 paA
Grid resistor 2.0 meg
Discharge capacitor 0.5 pf
Power input l1.OwW
Grid bias + 80 volts
Grid pulse current 40 pa
QOutput pulse duration 10 ps
Ambient temperature range -55 to +85° C
Anode delay time 4,0 ps
Anode delay time variation 0.4 us
Pulse repetition rate ** 20 ppm
Potting temperature (not to exceed 2 hours) 125° C

**Pylse repetition rate is governed by the relation W=1/2 Csz,
where C =discharge capacitor; V=anode potential in kilovolts;
W = power input, and { = repetition frequency.

Typical Operation (For circuit below)

Anode supply voltage 550 volts
Grid voltage 0 volts
Glow current 50 pa
—= Ebb S50V
| meg % 8 meg
* O.l uf -
el _"—l )
ﬂ\ = o5y
250V 500K 200 '
) »| {*I10ps 1 eo |
= - =

*May be triggered manually by applying d~cmomentarily to grid.

Minimum Conditions

Anode operating voltage, d-c¢ 500 volts
Cathode current,peak 10 amp
Glow current 30 pA
Grid resistor 0.25 meg
Grid pulse duration 10 ps

Grid pulse amplitude 230 volts



CBS-HYTRON
A Division of Columbia Broadeasting System, Inc.
Danvers, Massachusetts

1230

Reliable Cold-Cathode Trigger Tube

The 7230 is a cold-cathode miniature trigger and timer tube used in critical
applications where high hold~-off voltage, short anode delay times, minimum
anode delay variation and high pulse currents are required. Special con-
struction enables the 7230 to operate over an ambient temperature range of
~55°C to +85°C, withstand impact shocks with 100g peaks, and severe
vibrational stresses. Dark-start design characteristic, 1s such that it will
operate in sealed enclosures and after storage periods without requiring
incident light or other extraneous energies to initiate the glow discharge.

MECHANICAL DATA

750"
MAX

Cathode cold
Bulb TS-1/2 /\\ s
Base, min. button 7-lead flexible leads T5'_|§ 933,'
Lead length, minimum 2.75 inches £094
Lead diameter .028 * 010 inch
Mounting position Any 028"
Max. overall ht. (leads notincluded) 1.250 inch £00 278'MIN
Maximum diameter 0.75 inch HBUBU_-J——L

Lead 1.
Lead 2.
Lead 3.
Lead 4.
Lead 5.
Lead 6.
Lead 7.

Grid
Anode
Omitted
Omitted
Omitted
Glow pin
Cathode

LEAD CONNECTIONS

from JETEC release #2268, Aug. 25, 1958



ELECTRICAL DATA

Maximum Ratings {Absolute Maximum Values)

Ancode operating voltage 1000 volts
Hold-off voltage 3000 volts
Cathode current peak 500 amp
Glow current 100 pA
Grid resistor 2.0 meg
Discharge capacitor 0.5 pf
Power input 1.0w
Grid bias * 80 volts
Grid pulse current 10 pa
QOutput pulse duration 10 ps
Ambient temperature range -55 to +85° C
Anode delay time 2.0 ps
Anode delay time variation 0.2 us
Pulse repetition rate*¥ 20 ppm
Potting temperature (not to exceed 2 hours) 125° C

**Pylse repetitionrate is governed by the relation W =1/2 CV2f,
where C =discharge capacitor; V=anode potential in kilovolts;
W = power input, and { = repetition frequency.

Typical Qperation (For circuit below)

Anode supply voltage 550 volts
Grid voltage 0 volts
Glow current 50 pa
¢ Epb S50V
| megé % 8 meg
¥ 0.1 uf l
el | '
250V 500K I 05 uf
b feioms e |
_-‘ -

*May be triggered manually by applying d-cmomentarily to grid.

Minimum Conditions

Anode operating voltage, d-c 500 volts
Cathode current peak 10 amp
Glow current 30 pA
Grid resistor 0.25 meg
Grid pulse duration 10 pus

Grid pulse amplitude 230 volts



SPECIAL TESTS AND RATINGS

Operation tests for: d-c¢ trigger current, d-c trigger voltage, pulse trigger
voltage, emission, anode delay time, anode delay time variation, keep

alive starting characteristic.

Conditions for tests:

QOver temperature of -55 to +85°C

Temperature cycles under Mil-E-1C,4.9.10

After impact shock of 100g

After vibration test of 10-500 c¢ps cycling up to 10g for 4.5 hours
in 3 planes of vibration.
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CBS-HYTRON
A NDivision af Columbia Broadeasting System, Ine.

Danvers, Massachusetts

1231

Subminiature Cold-Cathode Trigger Tube

The 7231 isa cold-cathode trigger and timer tube used in trigger applications
where high hold-off voltage, short anode delay wvariation and high pulse
currents are required, Its specifications are to commercial levels. Special
constructionenables the 7231 to operate over an ambient temperature range
of -55°C to +85°C and withstand vibrational stresses. Dark-start design
characteristic is such that it will operate in sealed enclosures and after
storage periods without requiring incident light or other extraneous energies
to initiate the glow discharge.

MECHANICAL DATA

Cathode cold
Bulb T3
Base, submin. button 8-lead flexible leads
Lead length, minimum 1.5 inch
Lead diameter .017 ¥ ,003 inch
Mounting position Any
Max. overall ht, (leads notincluded) 0.875 inch
Maximum diameter 0.415 inch

LEAD CONNECTIONS

K
Lead 1. Omitted 0 0
Lead 2. Omitted &P 6
Lead 3. Glow pin 0 0
Lead 4. Cathode
Lead 5. Omitted o A

Lead 6, Grid

Lead 7., Anode 0 o

Lead 8. Omitted

from JETEC release #2268, Aug. 25, 1958



ELECTRICAL DATA

Maximum Ratings (Absolute Maximum Values)

Anode operating voltage 700 volts
Hold-off voltage 1500 volts
Glow current 100 pA
Grid resistor 2,0 meg
Discharge capacitor 0.2 uf
Power input 0.1 W
Grid bias t 45 volts
Grid pulse current 20 pa
Output pulse duration 10 ps
Ambient temperature range =55 to +85°C
Anode delay time 4.0 ps
Anode delay time variation 0.4 us

Pulse repetition rate *

*Pulse repetitionrate is governed by therelationW=1/2 cvzf,
where C=discharge capacitor; V=anode potential inkilovolts;
W = power input, and f = repetition frequency.

Typical Operation {(For circuit below)

Anode supply voltage 550 volts
Grid voltage 0 volts
Glow current S0 pa
Epp 550V
4.7 meg g ‘E 9 meg
- Ol pf - ]
| e‘x > ——f l
$—| |+i0ps 39N o

**May be triggered manually by applying d-c momentarily to grid.

Minimum Conditions

Anode operating voltage, d-c 500 volts
Cathode current peak 10 amp
Glow current 30 pa
Grld resistor 0.25 meg
Grid pulse duration 10 ps
Grid pulse amplitude 230 volts
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CBS-HYTRON
A ivision af Columbin Broadeasting System, Ine.
Danvers, Massacvhuseiis

1232

Reliable Subminiature Cold-Cathode Trigger Tube

The 7232 1s a cold-cathode trigger and timer tube used in strenuous trigger
applications where high hold-off voltage, short anode delay variation and
high pulse currents are required. Its specifications are intended for severe
environmental service in critical applications. Special construction enables
the 7232 to operate over an ambient temperature range of =55°C to +85°C
and withstand impact shocks of over 2000 g peaks, and severe vibrational
stresses. Dark-start design characteristic is such that it will operate in
sealed enclosures and after storage periods without requiring incident light
or other extraneous energles to initiate the glow discharge.

MECHANICAL DATA

415"
Cathode cold h“_
Bulb T3 TBTS.
Base, submin, button 8-lead flexible leads T3 MAX.
Lead length, minimum 1.5 inch Se
Lead diameter .017 ¥ 003 inch
Mounting position Any or L
Max. overall ht.(leads not included) 0.875 inch M H_*_,m T]N.
Maximum diameter 0.41S inch

LEAD CONNECTIONS

°’

Lead 1. Omitted
Lead 2. Omitted

8
Lead 3. Glow pin GP o
lLead 4. Cathode
Lead 5. Omitted
Lead 6. Grid o A

Lead 7. Anode
Lead 8. Omitted

from JETEC release #2268, Aug. 25, 1958



ELECTRICAL DATA

Maximum Ratings (Absolute Maximum Values)

Anode operating voltage 1, 000 volts
Hold-off voltage 1,500 volts
Glow current 100 pA
Grid resistor 2.0 meg
Discharge capacitor 0.2 pf
Power input 0.1wW
Grid bias t 45 volts
Grid pulse current 20 pa
Qutput pulse duration 10 us
Ambient temperature range ~-55 to +85° C
Anode delay time 1.60 ps
Anode delay time variation 0.4 ps

Pulse repetition rate *
*Pulse repetition rate is governed by the relation W=1/2 CVZf,
where C =discharge capacitor; V=anode potential inkilovolts;
W = power input, and f = repetition frequency.

Typical Operation (For circuit below)

Anode supply voltage 550 volts
Grid voltage 0 volts
Glow current 50 pa

Ebp S5OV
47 meg % g 9 meg

* Ol pf
el > I
' \ lou f
250v [} I ’
t =+ |«i0ps eo |

= amaay of

**May be triggered manually by applying d-c momentarily to grid.

Minimum Conditions

Anode operating voltage, d-c 500 volts
Cathode current peak 10 amp
Glow current 30 pA
Grid resistor 0.25 meg
Grid pulse duration 10 ps

Grid pulse amplitude 230 volts



SPECIAL TESTS AND RATINGS

Operation tests for: d-c trigger current, d-c trigger voltage, pulse trigger
volitage, emission, anode delay time, anode delay time variation, keep
alilve starting characteristic,

Conditions for tests:

Over temperature of =55 to +85°C

Temperature cycles under Mil-E-1C 4.9.10

After impact shock of 2000g

After vibration test of 10-500 ¢cps cycling up to 10g for 4.5 hours
in 3 planes of vibration.



1318

Reliable pulse tube with extremely fast

cathode warm-up

HEATER CHARACTERISTICS
Saries Parallel
Voltage, a-¢ 12.6*12% 6.3%=129% voits

Current ... ... 175 350 ma
Peak heater-cathode voltage, max.
Heater
negative to
cathode .. 100 100  volts
Heater
positive to
cathode .. 100 100 volts P

ELECTRICAL DATA

DIRECT INTERELECTRODE CAPACITANCES, No Shield
Section 1 Section 2

Gridto plate:gltop ................ 14 1.4
fnput: gltok +h ... .. ... 1.5 1.5
Output: ptoak+h ................. 0.5 0.5
Coupling: plate 1 toplate 2 ...... ... 0.8

MAXIMUM RATINGS (Absolute Maximum Values)}+

Puiae Modulator*

Plate supply voltage, d-c ............. e 400
Grid 1 voltage, negatived-c .................. . —50
Grid 1 voltage, positived.c .................... h]
Peak positive grid voltage, d-c . ._.............. 200
Peak grid current . ... ..., . ... 0. 0.9
Peak plate current .. ................... ..., 1.25
Peak cathode current ......................... 2.2
Grid dissipation ... ...... .. ... ..... ... ... .. 0.60
Plate dissipation ... ..............c... .. 0000 1.35
Altitude .. ... e 60,000

MAXIMUM RATINGS (Absolute Maximum Values)+t
Ciass A Amplifier

Platevoltage . . ... .. ... ... .. ... ... .. ... 330
Plate dissipation ... . ... ... ... .. ... ... ... 30
Cathode current ..., ... .. ... ... ... ... ... 22
Control-grid circuit resistance

Fixed bias .......... ... .. .ot 0.5

Self bias ........ ... ... ... i 1.0
Bulb temperature ... ... ... ... ... ... 165
Altitude ... ... s 60,000

CHARACTERISTICS AND TYPICAL OPERATION ¢+
Pulse Modulator

Plate supply voltage, d-¢ ............... ....... 300
Grid supply voltage, d-c . ...................... —28
Peak positivegrid voltage . .................... 150
Peak plate current ... ... .. ... . ....... ..., ... 0.9
Peak grid current ... . ... .. ... ... .......... 0.7
Plate load resistance (noninductive) .......... 75
Grid resistance (noninductive) ................. 2400
Minimum cathode preheating ............,.... 10
NOTES:

engineering data for @

DUOTRIODE PULSE AMPLIFIER

ppf

ppf
unf

volts
volts
voits
volts
amp
amp
amp
watts
watts
feet

volts
watts
ma

meg
meg

°C
feot

volts
volts
volts
amp
amp
ohms
ohms
sec

*Duty factor — .0035; pulse width — 1.5 micraseconds; pulse repetition rate

= 2300 pps.
tEach section.

CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Broadcasting System, Inc.

from JETEC release #2319, Nov. 17, 1958
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Pulse duotriode

CHARACTERISTIC CURVES

Plate ................... 2004A
Plate; Peak In & 1o ....... 20048
Transfer; le ............... 2004C
Characteristics; Cm, p ... .. 2004D

MECHANICAL DATA
Cathade, coated unipotential
Bulb .. ... ... i T-6%
Quttine ................ JETEC 6-2
Maximum over-all-height 2.19 inches
Maximum seated helght .1.94 inches

Maximum diameter .. ....... 88 inch
Base ... ......... ..., (€9-1)
Basing ........... ... 9A
Mounting position . ........... Any
.88
MAX.
//\ 194
. MAX.
a9 | T8z [ 158
MAX. <09

PIN CONNECTIONS

Pin1 ....... . .... Plate (Section 2)
Pin2 ............ Grld (Section 2)
Pin3....... ,Cathode (Section 2)
Pind .. ... ... o..h Heater
PinS ... .. i Heater
Pin6 ............ Plate (Section 1)
Pin7 ............. Grid (Section 1)
Pin8 ..... e Cathode (Section 1)
Pin9 .......... Heater (Center tap)



APPLICATION

Tho C8S-Hytron 7318 is a medlum-
mu duotriode reliable pulse-tube with
an extremely fast cathode warm-up
tima capable of providing 80% emis-
sion In 10 seconds. It is designed
in perticular {or high peak-pulse
blocking osclilators, square-wave
modulators, multivibrators and other
uses requiring a substantia! plate
current. Relinbility and high cathode
cursent, being of prime importance,
are ensured by testing for vibration,
fatigue, and puise emission. Reliabil-
ity under unfavorable environmental
conditions is also enhanced by the
7318's amblent temperature aperat.
ing range of ~-60°C to +-100°C.

This tube contains a cathode-heater
assembly that Is designed and proc-
essed to give the high emission re-
quired for pulse service. It will fur.
nish rectangulor oulses up to 55
microseconds wldth,

Life tests for the 7318 Iaclude en-
vironmental and pulse evaluation.
They are on-off cycled for 12 minute
periods with a 500 hour '‘on’* time
and pulse |ife tested for 500 hours
for not more than 20% change in
pulse amission.

Class A Amplifier

Platevoltage ....................... 100 250 volts
Control-grid voltage ............... ] —8.5 volts
Plate resistence (approx.) ........... S800 7000 ohms
Transconductance . ................ 3500 2350 pmhos
Amplification factor ................ 21.3 16.5

Plate current ....................... 13.0 11,5 ma
Control-grid voltage (approx.) for lv=10pa ... -22 volts

SPECIAL RATINGS AND PERFORMANCE DATA

Interelectrode Leakage Reasist Each 2 (]
Er=12.6/6.3 Vrms
Grid to all other elements with 100 Vdc applied 500 meg min
Plate to all other elements with 300 Vdc applied S00 meg min

Heater to Cathode Leakage Currant, Sections tied together
Er = 12.6/6.3 Vrms,

Enx = 100 Vdc
Heater positive with respect to cathade ....... 10 pAdc max
Heater negative with respect to cathode ....... 10 pAde max

Transconductance at Low Heater Voltage Each section with
other section grounded
Er=11/5.5Vrms, En = 100 ¥dc, Ec =0 Vdc .... 2500 pmhos min

Cathode Warm-up Rating Each section with haater in parallel
Eb = 250 V, Ec = —8.5 V (Instantaneous test)
80% of stabitized plate curront .............. 10 sec max

Pulse Emission Slump Each section

Er=126 V, Eno =300 Vde, RL=75 I, tp =10

usec, prr = 200 pps, Egy/iv = 1.Bamp min, E: =

=25 Vdc, Ra = 1 , Limit of Egy = 200 v max
Ratio of trailing edge to leading edgs ......... 80% min

ENVIRONMENTAL TESTS AND RATINGS

Ambient Temperature Range
(Operation within ratings) .................... —60* to 4100°C

Shock Rating
{1) Impact acceleration for .001 sec. duration

(MIL-E-1D4.9.20.5) ......... ..coopiiennnn.nn 450 ¢g max
{2) Impact acceleration for 011 sec. duration
{Orawing JAN S-44) ... ...................... 150 g max
Fatigue Rating (MIL-E-1D 4.9.20.8)
Acceleration at 25 cps vibration .............. 25g

Resonance Frequency Vibration Sections tled together

Ee=12.6 Vd¢, Ev =250 vde, Ec =—B.5 Vdc,
acceleration =10 g

Noise output at 60 cps {peak) ................. 80 mVac max
Noise output at 370 ¢cps {peak) ._.............. 100 mVac max
High Frequency Fatigue Sections tied together

Constant acceleration at 10t0o 500 ¢ps . ...... 10g max

{two hours in each of 3 mutually perpendic-
ular positions)

Test End Points (Post shock and fatigue)

Pulse emissionchange .............ccc.cnonn.. 20% max
Heater to cathode leakage current ... . .........
Heater positive with respect to cathode . ..... 30 pAdc max
Heater negative with respect to cathode ...... 30 pAdc max
Griddcuerent ... . ... .0 i —1.5 pAdc max
Vibration Noiso output voltage, (peak} ......... 150 mVvac

(conditions of shock rating test (1) and (2),
fatigue rating test (MIL-E-1D 4.9.20.6) and
high frequency fatigue test, initially and
until completion).
Linear teration, 5 ds in any plane . 200g
(must meet shock and fatigus test end polnts
after completion of test).

CBS ELECTRON TUBES




Move decimal point one place to left.

PLATE MILLIAMPERES

FLATE OR CONTROL GRID AMPERES

E-—318

AVERAGE PLATE CHARACTERISTICS

Ef =12.6 VOLTS
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PLATE VOLTS D-C

00

2004 A
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AVERAGE PLATE CHARACTERISTICS
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AVERAGE TRANSFER CHARACTERISTICS
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engineering data for

“KRYTRON” TRIGGER TUBES

RELIABLE 7230 - 7441
COMMERCIAL 7229 - 7439 - 7440

BASING DIAGRAMS
7229

ELECTRICAL DATA

HEATER CHARACTERISTICS
Heater voltages Nane required

MAXIMUM RATINGS (Absolute Maximum values)
7229 7230 7440 7441

7439

Anode aperating voltage | 1000 1000 700 1G00 volts
Hold-off voltage . . 2000 3000 1500 1500 volts
Cathode current peak 500 500 — — amp
Glow current L ioo 100 100 100 A
Grid resistor . o 20 2.0 2.0 2.0 meg
Discharge capacitor .. . ¢.5 0.5 0.2 0.2 nf
Power input . o 1.0 1.0 Q.1 0.1 watt
Grid bias . *B0 *80 *45 *45 volts
Grid pulse current 40 10 20 20 ua
Output putse duration 10 10 10 10 ns
Ambient ternperature range —55 1o -85 *C
Anode delay time 4.0 2.0 4.0 1.60 ns
Anode delay tirme variation 0.4 0.2 0.4 0.4 us
Pulse repetition rate 20t 20+ ¥ t ppm
Potting temperature (not io

exceed 2 hours) — 125 — — °C

ENVIRONMENTAL TESTS FOR TYPES 7230 & 7441

Operation tests (Performed under special conditions)
D-c trigger current, d-c trigger voltage, pulse trigger vollage.
Anode delay time, ancde detay time variation.

Keep-alive starting characteristic.

Conditions for tests
Oven temperature range of —55°C 1o --85°C
Temperature cycles under MIL-E-1D 4.9.10
7341: After impact shock of 2000g
7230: After impaci shock of 100g
After vibration test of 10-500 cps up Lo 10g for 4.5 hours in 3 planes.

CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Brozdcasting System, inc.

from JEDEC release #2423, March 30, 1959
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MARCH 1, 1959

Cold-cathode
trigger tubes

7229

MECHANICAL DATA
Cathode, cold

Bulb . T-52
Base, miniature button 7-pin  (E7-1)
Mounting paosition . ... Any

PIN CONNECTIONS

Pin 1 . . . Grid
Pin 2 . . Anode
Pin3 . .. ... Grid
Pin 4 . 1.C.*
Pin 5 Cathade
Pin 6 ...... .. Glow pin
Pin 7 - . .. Cathode
*Do not use

7230 7439

MECHANICAL DATA
Cathode, cold
Bulb . - T-5%
Base, miniature button with 7
flexible leads
Mounting position Co . Any

LEAD CONNECTIONS

tead ] . Grid
Lead 2 . . Anpde
Lead 3 Omitted
Lead 4 . Omitted
Ltead 5 . Omitted
Lead 6 . Glow pin
Lead 7 . . Cathode
7440 7441

MECHANICAL DATA
Cathode, cold
Bulb T-3
Base, subminiature button 8
tlexible leads
Mounting position Any

LEAD CONNECTIONS

tead 1 Glow pint
Lead 2 Cathode
Lead 3 Grid
Lead 4 Omitted
Lead 5 Omitted
{ead 6 Omittea
Lead 7 Anode
Lead 8 Omitted

+Glow pin marked by red dot.



APPLICATION
vKrytons® are cold-cathede miniature
trigger and timer tubes used in ap-
plications where high hotd-off volt-
age, short anode delay times, mini.
mum anode delay variation and high
pulse currents are required, Because
of their special construction they
will withstand wide ambient temper-
ature range, high impact shocks, and
severe vibrational stresses. They will
operate in sealed enclosures and
after storage periods without re-
quiring incident light or other ex-
traneous energies 1o initiate the
glow discharge.

7229

750"
MAK

1.250°MAX
1300"
Max. 9361004

7230 7439

750" |
MAX

1250 MAX

TYPICAL OPERATION FOR CIRCUIT SHOWN (A{l Types)

Anode operating voltage . ... .................... 550 volts
Grid voltage e e e e .. 0 voits
Glow current ... L L. Lol e . 50 pa

MINIMUM CONDITIONS

Anade opersating vottage,d-¢c . ... .......... ... e 400 wvotts
Cathode currentpeak . ... ... ... . ..cviiiniin.. 10 amp
Glowcurrent ... ... . .. ... oo, e 30 uA
Grid resistor . ... e e 250,000 ohms
Grid pulse duration . ... ... .. .. ... .. ... . e t0 pusec
Grid putse amplitude . ..., ... . ... ... .. ... ... 230 volts

tPulse repetition rate is governed by the retationship W = 14 CVIf, where
C = discharge ¢apacitor; V = Anode polential in kilovotts; W = power input,
and f = repetition {requency.

7229 7230 7439

Ebb 550V

* May be triggered manually by applying d-c momentarily to grid.

7440 7441

* May be triggered manually by applying d-c momentarily to grid.

Reliable tubes through
Advanced-FEngineering

CBS-HYTRON ELECTRON TUBES




from JEDEC release #3262, May 8, 1961

engineering data for @

7548

Miniature hexode for fast pulse generator
and pulse amplifier service. High fast
pulse wavefronts are aobtainable from

this tube because of the secondary
emission current multiplication.

ELECTRICAL DATA

HEATER CHARACTERISTICS
Heatervoltage .... .. . .. ... ... ... ... ... ... 6.3 volts
Heater current . ... ... ... ... e 700 ma

DIRECT INTERELECTRODE CAPACITANCES

Input B.0 pf
Output, anode ... .. ... ... . 3.1 pf
Qutput, dynode . ... ... .. .. 4.4 pf
Gridltoplate ... ... ... ... ... .. . ... 027 pf
Grid ltodynode . .. L 110 pf
MAXIMUM RATINGS (Design maximum values)

Ancde Voltage (Ebb} . . ... . ... . .. .. ... ... ... ... 1000 volts
Dynode Voltage (Edy) ... ............ ... ... ... .... .. 400 volts
Grid 2 Voltage (Ec2) .. . . ... ... ... ... . 300 volts
Anode — Dynode Gradient (Ebb-Edy) ... ... ... ... ... . 600 volts
Beam Rod Veltage (Erp)p ... ... ... ... ... ... 500 wolts
Anode Dissipation (Eb-Edy} b ... ... .. ... .. ........... 3.5 watts
Dynode Dissipation{Edy Idy) . ........ . ... .. ........... 4.0 watts
Grid 2 Dissipation (Ec2 02} .. ...... .. .. .. ... . ... 1.5 watts
Grid 1 Dissipation . ...... . .. . ... ... .. .. ... 1 watt

CHARACTERISTICS AND TYPICAL OPERATING CONDITIONS
Ciass A Voltage Amplifier

Anode Voltage ... ... ... .. .. .. ... ... 300 vols
Dynode Yoltage Y 150 volts
Grid 2 Voltage ....... .. e 250 volts
Anode Current ... .. ... ... 23 ma
Dynode Current ... ... ... ... .. ... . ....... —15% ma
Grid 2 Current ...... ... ... .. .. . .. e 2.5 ma
Transconductance (Ecl =1. Y 26,000 umhos
PULSE AMPLIFIER SERVICE

Ancde Voltage ......... ... F T 111 500 900 wvolts
Dynode Voltage . ... ... . e 150 200 400 wolts
Screen Valtage ... .. ... ... . ... . ....... 250 250 250 vaolts
Pulse Anode Current . ....... .. .. .. ....... 6 9 >1 amp
Mayx. instantaneous ancde power .. ... ... .. —_ — 1 kw

°The dynade current is negative relative to the plate cusrent. Since It draws
“‘negative’” current fram the positive terminal of the power supply, a bleeder
resistor must be used to prevent supply instability.

@ln certain applications, it is permissibte to operate the beam forming rods at
pots'l‘h;e poientials. Normally beam forming rods are grounded or tied to
cathade

CB8 ELECTRONIGS, Receiving Tube Operations, Danvers, Mass.

A Division of Columbia Broadcasting System, Inc.

Sales Offices: Danvers, Mass., 100 Endicatt Street, SPring 4-2360 - Newark, N. J.,
231 lohnson Ave., TAlbert 4-2450 - Meirose Park, Ui., 1990 N. Mannheim Road,
EStetrooh 9-2100 « Atlanta, Georgia, Cary Chapman and Co., 6§72 Whitehall 5t.,
SW., JAckson 4-7388 - Minneapalis, Minn., The Helmann Ca., 1711 Hawthorng
Avenue, FEderal 2-5457 - Los Angeles, Calif., 2120 5. Garfield Avenue, RAymond
3-9081.

BULLETIN E393B
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ENGINEERING
DATA

7548

SECONDARY
EMISSION
HEXODE

MECHANICAL DATA
Cathode, coated anipotential
Butb ...l T-61/2

Base, 9-pin miniature .. JEDEC ES-1
Baslng ... /W]

2.81"
MAX.
oz tel
X 244
£.09

| (Tue

PIN CONNECTIONS

Grid 2
Anode
Plng9 .. ....... Dynode (Secondary

Emission Electrode)

Printed in U.S.A,
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SECONDARY EMISSION HEXODE
7548

The EM 7548 isan important new secondary emission vacuum tube. Featuring high-current, fast rise-time pulse genera-
tion characteristics, a wideband performance capability, and a stable life ~expectancy of over 2000 hours, the 7548 sur-
passes other secondary emission tubes in performance and reliability, Its reliability features include standardized out-
line and basing dimensions, coiled heater, cathodes free from interface impedance and refractory dynode surfaces. The

EM 7548 is designed for volwne production and exhibits a uniformity of electrical and mechanical parameters required
by todays' critical military and commercial markets.

PRINCIPLES OF OPERATION

The EM 7548 follows conventional vacuum tube design concepts in developing, controlling, accelerating and shaping
the primary electron stream. Departure from conventional design occurs in the 7548 in its dynode-anode region, Here a
secondary -emission dynode structure is located in relation to the anode, for the efficient development of high second-
ary -to-primary electron ratios, Secondary electrons emitted from the dynode surface as a result of primary electron im-
pingement are collected by the anode. The result in the EM 7548 is a primary electronmultiplication factorof 3.

The use of secondary emission in the EM 7548 design provides several advantages unavailable with conventional high
gain or pulse application tubes. These are:

(1) Dynode output currents which produce dynode resistive load signals that remain in phase with the
grid input signals. Regenerative circuits can thus be developed by applying feedback from the dy-
node to the control grid.

{2) Anode currents greater than cathode currents {occurring as the result of secondary emission electron
multiplication) allow the application of positive feedback from the anode to the cathode.

(3) Two amplified outputs are developed by the tube, one of which is in phase with and the other out
of phase with the input signal,

(4) Faster recovery times at higher pulse currents than conventional gas filled or solid state pulse
devices, (In the 7548, pulse recovery times are limited only by low values of interelectrode ca-~

pacitances.

(5} Noncritical electrode spacings which effectively reduce the probability of intermittent short cir-
cuits and other defects, The EM 7548 obtains high g values with secondary emission electron
nmultiplication rather than with closely spaced tube elements.

(6) Low output impedance characteristics. The plate resistance of the 7548 is determined by the plate
current and plate to dynode voltage parameters.  As the plate voltage approaches dynode poten-
tial, plate resistance decreases to values as low as 50 ohms,

* REDESIGNATED AS EMT54B AND NOW

MANUFACTURED EXCLUSIVELY BY:
ELECTRO~MITE OIVISION OF YORK
RESEARCH CORF., STAMFORD, CONN.
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Application Notes

SECONDARY EMISSION HEXODE
7548

1, In operation, the tube may exhibit a pale blue glow, This is a normal phenomenon in the tube and does not in-
dicate a gaseous condition,

2. Efficient secondary electron collection is achieved when the potential difference between dynode and anode is
greater than 150 volts.

3. Recommended maximum anode to dynode voltage is 600 volts, Field emission may produce arcing if these two
electrodes are operated at voltage differences greater than this value. At voltage differentials greater than 600 volts
secondary electron collecton may decrease,

4, Since the dynode is an electron emitter, it is possible for the instantaneous dynode- voltage to be greater than the
dynode supply voltage. A bleeder resistor shunting the supply must be used to maintain a proper net positive current

from the power supply and prevent supply instability.

S. In order to extend tube life, it is recommended that a B+ voltage delay be utilized. This recommended delay is
mandatory if anode -dynode voltage differentials exceed 400 volts.

6. Recommended heater supply voltage regulation is £ 5%,

7. Since dynode transconductance is approximately 2/3 the value of anode transconductance, equal voltage outputs
may be obtained when the dynode load resistance is made 1 1/2 times the anode load resistance.

8. In fast pulse circuits with low load resistance, output coupling capacitances must be selected to produce time
constants with a value at least 10 times greater than pulse width to prevent pulse degradation.

9. To achieve maximum performance with the EM 7548, stray circuit capacitances and inductances must be
minimized.

10. The recommended maximum grid resistance is 100 K ohms,

11, In certain high current pulse applications, internal primary electron beam defocusing may occur due to the pres-

ence of large electron space currents, This effect may be neutralized by operating the beam forming rods at d-c poten-
tials similar to those appearing on the screen and dynode. The beam rods should always be operated at a-c ground.



EM_7548 APPLICATIONS

The 7548 operates efficiently in pulse circuits with switching times below 5 nanoseconds. It will furnish pulse-rise imes
of less than 3 nanoseconds for peak currents of over | ampere into low impedance loads (e.g. 50-chm load) at high re-
petition frequencies. Life tests under high current pulse conditions are in operation using the EM 7548 and have logged

over 2000 hours.

Examples of single stage pulse circuits employing the 7548 appear on following pages. These circuits illustrate the
capabilities of the tube in fast rise-time free-running or driven pulse generators. In the univibrator (free-running) cir-
cuit the rise time is less than 3 ns and in driven circuits pulse rise times of less than 2 ns have been nieasured, These
performance characteristics suggest the use of the EM 7548 in advanced flip-flop, triggersweep ana switching circuits,

The enclosed bibliography lists literature discussing the application of secondary emission tubes, similar to the EM 7548,
in many technical areas such as nuclear particle counting, Kerr cell studies, fast oscillography, and image tube studies,

The EM 7548 design has a class A transconductance of 26, 000 micromhos and a gain-bandwidth figure of merit of
350 mc/s. High conductivity gold-plated base pins and double, cathode connections minimize inductive effects. These
characteristics offer a flexibility in wideband circuit design unobtainable with conventional tubes. With a gm/I ratio
of 1500+ this tube delivers class A amplifier gains of 1.4 into low impedance loads. Circuit economies can be realized
since the high transconductance of the EM 7548 can effectively reduce the number of stages required in high gain am-
plifiers, These features indicate the important advantages accruing from the use of this tube in such applications as
wideband distributed amplifiers, video amplifiers and wide band-pass amplifiers. A single stage Class A amplifier cir-
cuft is illustrated on a following page, while the bibliography suggests other wideband circuit application literature.

The enclosed data sheet describes important mechanical and electrical parameters of the EM 7548, Anode and dynode
dynamic characteristics are shown on the attached curve sheets.
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important in high-speed, short-duration pulse work, make

this tube potentially useful in solving vacuum tube circuit problems

By E. I

SECONDARY-EMISSION pentodes rep-
resent an important contribution to
nanosecond pulse techniques.’

Although many persons who have
a working knowledge of millimicro-
second pulge circuits might find it
difficult to justify the designation
of this or any other device as the
most impertant, the secondary-
emission pentode has done much to
advance the =state-of-the-art in
high-speed, short-duration pulse
work. The tube has made possible
triggering circuits that have shorter
starting delays, better repeatibility
and shorter recovery times than gas-
discharge tube circuits used for
similar purposes. In addition, the
secondary-emission pentode makes
it convenient to use regenerative
feedback for generating fast-rise
pulses at extremely fast repetition
rates. Finally, the secondary-emis-
sion pentode can produce signal am-
plification without phase inversion,
and thus can. be used in some
unique, balanced, distributed ampli-
fier circuits.

Three types of secondary-emis-
sion pentodes are avaliable commer-
cially—the Philips EFP-60; the
E.M.I. 7Z-319; and the recently an-
nounced EM type 7548.

We do not discuss or compare
gpecific characteristics of these dif-
ferent tube types here, but deal
with the general properties of the
secondary-emission pentode class of
vacuum tubes and demonstrate
some unique properties by consider-
ing a few circuits which are fre-
quently used for pulse generation,
triggering and pulse amplification,

Engineers not engaged in the de-
velopment aud/or application of
millimicrosecond pulse technigues
should become acquainted with the
secondary-emission pentode. Its
general capabilities make it a po-
tentially useful tool in the solution
of some specific electronic circuits
problems.

The secondary-emission pentode
comprises a high-vacuum, r-f pen-
tode modified by a secondary-emis-
sion cathode, or dynode, situated

MARTIN, IR, Midwest Research lnstitute, hansas City, Missouri

between the suppressor and the
plate. This dynode is operated at a
potential intermediate between cath-
ode and plate potentials. Ita location
is such that primary electrons which
traverse the first part of the pentode
structure (from cathode through
suppressor) impinge upon the dy-
node rather than traveling directly
to the plate.” The dynode is made
of, or sensgitized with, a material
that has a high secondary-emission
ratio,® usually in the range between
four and seven., Since the plate is
at a higher potential than the
dynode while the suppressor is at
cathode potential, the secondary
electrons from the dynode are col-
lected by the plate.

This arrangement greatly in-
creases the overall transconductarice
of the tube without introducing
relatively large interelectrode ca-
pacitances. The secondary-emission
pentode may show an effective
transconductance in excess of 20,-
000 micromhos with input and out-
put capacitances of only 10 pf and

Reprinted from

EIeCtronlcs, A McGraw - Hill Publication
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b pf, and a grid-to-plate capacitance
approximately three orders of mag-
nitude smaller. Thus, in the design
of cascaded, class-A  amplifier
stages, the secondary-emission pen-
tode is of interest since it has a
gain-risetime factor that compares
favorably with those of other high-
frequency pentodes.

Another featurve ariting from the
novel arrangement is that since the
dynode emits electrons at a greater
rate than it receives them, there is
an effective positive current flow out
of the dynode. Except for the slight
delay due to electron transit time,
this dvnode current is in phase with
the grid signal. Consequently, an
amplified, in-phase voltage will ap-
pear across a load impedance in the
external dynode circnit. Besides
amplification without phase inver-
sion, this positive dynode current,
along with the fact that both the
dynode and plate currents are sev-
eral times larger than the cathode
current, leads to the possibility of
using positive feedback to generate

fast-rise pulses.

The ways in which the properties
of the xecondary-emission pentode
can be emploved to advantage arve
most easily explained by consider-
ing a few typical secondary-emis-
sion pentode circuits.

Consider triggering and pulse
generating circuits."** A regen-
erative, secondary-emission pentode
trigger circuit is shown in Fig. 1A
on p 60.

In the quiescent state, the con-
trol grid potential is adjusted to a
value that is sufficiently negative to
just maintain the tube cutoff. The
cathode is at ground potential, the
plate is at some potential £, volts
above ground and the dynode is at
an- intermediate potential E,..
Since the tube is just cutoff, even
a small positive-going signal on the
grid will liberate some cathode
electrons. When these electrons
impinge on the dynode, secondary
emission occurs and the plate col-
lects an electron current several
times larger than that which origi-

nally left the cathode. Because it is
emitting electrons, the dynode rises
slightly above E,,; the plate poten-
tial drops slightly below E,, when
it collects the electrons. The drop
in plate potential is fed back to the
cathode through coupling capacitor
C. Since the plate current is several
times larger than the cathode cur-
rent, the signal fed back to the
cathode can be made of sufficient
magnitude to overcome the cathode
rise resulting from the flow of
cathode current and to drive the
cathode negative. This lowering of
the cathode potential corresponds
to an increase in grid potential
Consequently, more electrons are re-
leased from the cathode. Thus, even
if the initiating pulse on the con-
trol grid should end during the cy-
cle, feedback will keep repeating
until the conduction of the tube has
built up to a saturation level. Satu-
ration is reached when the plate and
dynode potentials have becom> sub-
stantially equal so that the plate can
no longer collect all of the secondary



How to use the Secondary-Emission Pentode (cont'd)

(A}

Reprinted from electronics

AAN——

na

—

FIG. 8—Amplification by conventional casende (A) and by evscaded secondary-emission pentodes (B)

electrons from the dynode.

With the tube in the heavily con-
ducting state, the cathode beging to
rise from its highly negative poten-
tial as the charge on the feedback
capacitor is equalized through the
cathode resistor to ground. This
relatively slow rise of cathode po-
tential has little effect on either the
dynode or plate polentials so long
as the supply of primary electrons
from the cathode is large enough to
maintain a rate of secondary emis-
sion at the dynode equual to or
greater than the rate at which elec-
trons can be collected by the plate,
However, once the cathode potential
rises to where liberation of pri-
mary electrons becomes small
enough to result in a rate of produe-
tion of secondary electrons at the
dynode less than the rate at which
the plate can collect electrons, the
plate current will decrease slightly.
The rise in plute potential is fed
back to the cathode to further de-
crease the supply of primary and
consequently secondary electrons.
The tube is driven rapidly into cut-
off and remains cutoff until another
positive grid pulse is applied.

The circuit shown in Fig. 1A
produces a positive output pulse
across the dynode load each time it
is triggered by a positive grid pulse.
In Fig. 1B, a similar arrangement
is shown for the production of a
negative output pulse across the
plate load. Feedback is from dynode
to control grid, rather than from
plate to cathode. The diode in the
grid circuit in Fig. 1B insures that
the feedback pulse is not impressed
on any other circuit that might be
connected to the input terminals

and aiso tc make the feedback
nearly independent of the imped-
ance of the input generator. This
second consideration i1z important
when the positive trigger input is
derived from a relatively low-im-
pedince source that might make the
development of the feedback signal
difficult. An alternate form of this
circuit, which can be used when a
negative trigger pulse is available,
15 shown in Fig. 1C. The dicde is
not necessary in the input circuit
since feedback is from dynode to
control grid while the negative trig-
ger pulse is impressed on the
cathode.

Ii: the trigger circuits of Fig 1A
through 1C, it is necessary that the
grid be biased bevond cutoff because
whenever cathode current flows in
any of these cireuits, regeneration
takes pluce. With a grid that is not
biased to cutoff, any of these cir-
cuits will free-run. That is, another
cyele of regeneration will begin each
time the circuit recovers from the
previous cycle. Then the circuit is
no longer a trigger circuit, but
rather a pulse train generator.

The EFP-60 transfer characteris-
tics shown in Fig. 2A ave typical of
secondary-emission pentode trans-
fer characteristics. They show there
is a disadvantage to the operation
associated with the circuits of Figs.
1A through 1C. Each regeneration
eycle must begin from cutoff where
the tube transconductance, and con-
sequently the circuit guain, is rela-
tively low, The circuit shown in
Fig. 2B obviates operating the tube
at or beyond cutoff in the quiescent
state, and makes it possible to ob-
tain an output pulse with a some-

what shorter overall rise time. In
the circuit of Fig, 2B, regeneration
is prevented by the biased dicede in
the feedback circuit. No feedback
can occur until a negative-going
pulse, which has an amplitude
greater than the bias on the diode,
appears at the plate. Adjustment of
the diode bias allows the sensitivity
of this circuit to be varied; the cir-
cuit may therefore be used as a
pulse-height discriminator as well
as a trigger circuit.

A variation of the trigger eir-
cuits can be obtained by replacing
the feedback capacitor with an
open-circuited section of transmis-
sion line. Figure 2C shows such an
adaptation applied to the regenera-
tive circuit in Fig. 1A. Upon appli-
cation of a positive grid pulse to
this circuit, the progress of the tube
into the metastable, saturation-con-
duction state proceeds as described.
The negative-going voltage step on
the plate is transmitted down the
length of transmission line in the
feedback path. In-phase reflection
of this voltage step at the open-
circnited end of the line causes the
potential difference between the two
conductors to double as the reflected
step is transmitted back up the line.
Since the plate is drawing satura-
tion current, its potential with re-
spect to ground cannot change when
the reflected step reaches the tube
end of the line. Consequently, the
reflected step voltage is developed
as a positive-going voltage on the
cathode. The result is a sharp de-
crease in primary electron flow that
causes a sharp decrease in second-
ary electron flow to the plate and
the tube is driven rapidly into cut-
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off. Since the duration of the high-
conduction state is dependent upon
the length of the section of trans-
mission line in the feedback path,
the duration of the output pulse
taken across the dynode load is ad-
justed by varying the length of this
transmission line.

The secondary-emission pentode
can be used for voltage amplifica-
tion without phase inversion of the
gignal™>°,

This feature leads to the possi-
bility of applications that would be
difficult or impossible using more
conventional tubes. One application
is the trigger amplifier, shown in
Fig. 3A. This amplifier might be
used with one of the trigger
circuits.

Suppose that it is desired to trig-
ger a regenerative circuit similar to
the one discussed in Fig. 2B, with
each one of the pulses in the pulse
train pictured at the input of Fig.
3A. Suppose, further, that the low-
est diode bias level at which the
trigger circuit can be operated with
insured stability corresponds to an
input pulse height indicated by the
dashed line. The pulse train must
be amplified if each one of the
pulses is to produce triggering.
However, the use of a conventional
cascaded amplifier (Fig. 3A) may
be precluded because the larger
pulses will be amplified to the point
where they cause grid current to be
drawn in the latter stages of the
amplifier string before the smaller
pulses have amplified sufficiently to
result in triggering of the regenera-
tive circuit. The amplifier circuit
shown in Fig. 3B presents a solu-
tion. The positive pulses in the train
are amplified and converted to nega-
tive pulses by the first stage in the
conventional manner. In subsequent

stages, the negative pulses are am-
plified without phase inversion by
taking the outputs of the second and
successive stages from the dynodes
rather than the plates. As the am-
plification proceeds stage by stage,
there is no possibility of any stage
being made temporarily insensitive
by grid conduction. On the contrary,
as amplification proceeds down the
cascaded stages, the amplitudes of
the larger pulses are limited to a
value determined by the grid bias-
ing on the stages. Thus the output
of the amplifier string can be a
train of pulses, all of which have
the same amplitude. The require-
ment that the pulses be positive to
trigger the regenerative stage is
satisfied by taking the output of the
final stage from the plate rather
than from the dynode. Amplitude is
limited without clipper stages.

Another example of how the sec-
ondary-emission pentode can be ap-
plied to advantage is shown in Fig.
4—a distributed amplifier from
which balanced push-pull outputs
can be obtained. With conventional
pentodes, two separate amplifier
strings would be required to achieve
comparable results.

Up to this point, the discussion
has been concerned with a repre-
sentative coverage of what might
be called conventional secondary-
emission pentode circuit applica-
tions, although here the conven-
tional is somewhat unconventional
when compared with ordinary
vacuum-tube circuits.

As a final example of the uses
that can be made of secondary-emis-
sion pentode properties, consider
the cathode-follower circuit shown
in Fig. 5™

figure § shows that the circuit
is an ordinary cathode-follower

Eop Epp
e
1 L L
Lm; - N [ PR -
Vo 00 SO Vg S PODSN our
/‘

)

N -3 - b

L £ L

—

- i

F1G. j—Secondary-emisgion pentodes in a digtributed amplifier from which
balanced push-pull outpruts can be obtained

Reprinted from electronics

K=X1,000

£ga  Egq

v

' ¢
L g0 =<a0
T

oQuTr

;

FIG. §—This cathode follower cir-
cutt i8 useful for matching high-im-
pedance gources with low-imped-
ance loads

enhanced by the connection of the
dynode back to the cathode. This
¢ircuit uses degenerative feedback,
in much the same way that the trig-
ger circuits use regenerative feed-
back, to achieve high-performance
impedance transformation. This
takes advantage of the high effec-
tive transconductance of the sec-
ondary-emission pentode in the
cathode-follower circuit, even
though the cathode current is only
a small fraction of the plate or
dynode current. This circuit can be
applied when it is necessary to
match a high-impedance source and
a low-impedance load."
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KRYTRON TRIGGER TUBES
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Q) (®
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ELECTRICAL DATA ORO
HEATER CHARACTERISTICS o
Heater voltages .......... Nene required
MAXIMUM RATINGS (Absclute maximum ratings)
Anode operating 7598 7596 7597 7598
voltage .. 350 min. 400 to 1500 400 to 1500 500 to 2500 volits
Anode hold-off *
voltage . 3 5 5 4 Kv
Anade current,
peak .. .. 400 100 100 500 amp
Ancode input ., Q.2 0.5 0.5 ] waftt
Glow current 30to 100 30to 150 301to 15¢ 30 to 100 uamp
Grid firing
voltage .. 85t0250 30to 150 30to 150 130 min, vohs
Grid firing putse
duration 2 to de 2todc 2 to de 2 to dc usec
Grid firing
current l 8 15 15 15 wamp
Grid resistar to
ground 20 1.0 1.0 1.0 meg
Anode delay
time .
Temperature
normat 1.0 — -— 1.0 nsec
Temperature
extremes 1.0 —_ _— i.0 usec
Anode delay
time variation
Temperature
Normal | 0.15 —_ — 0.15 nsec
Temperature
extremes . Q.15 — — 0.15 nsec
MAXIMUM RATINGS (Absolute maximum values)
Anode operating 74490 7441
voltage .. 700 1000 volts
Holid-off voltage * 1500 1500 voits
Glow current .. 100 100 nA
Grid resistor . .. 2.0 2.0 meg
Discharge
capacitor .. 0.2 0.2 uf
Power input ., .. c.1 0.1 watt
Grid bias .. =45 =45 velts
Grid pulse
current ..... 20 20 na
Output pulse
duration .. .. 10 10 us
Ambient
termperature
range .. . —55 to -85 °C
Anode delay
time ..., .. 4.0 1.60 ns
Anade delay
time variation 0.4 0.4 ns
Pulse repetition
rate .. . i ¥ ppm
Potting temper-
ature (not to
exceed 2
hours) .. —_ — *C
cB8 ELECTRONICS, Semiconductor Qperations, Lowell, Mass.
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Cold cathode
trigger tubes

MECHANICAL DATA
Cathode, cold
Buib .. ..

.. .. T3

Base, subminiature button
8 flexible leads
Mounting position . Any
LEAD CONNECTIONS

keadl ..... .. .. . Glow pin*
lead2 ..... ... .. ... Cathode
leadd ... .. ... .. .. Grnd
Lead 4 . .. ... Omitted
Lead5 .. . .. ... Omitted
Lead 6 . ... .. ... Cmitted
Lead 7 ... ... ... . B Anode
Lead 8 Omitted

*Glow pm -m-ark‘e-d-by r'eii-dul

APPLICATION
“Krytons'' are cald-cathode miniature
7igger and timer tubes used in ap-
plications where high hold-ofi voit-
age. short anade delay times, minj-
mum anode delay vanation and high
pulse cureents are required. Because
of their special canstruction they
will withstand wide ambient temper-
ature range, high impact shacks, and
severe vibrational slresses. They will
opesate in sealed enclosures and
atter storage periods withoul re-
quiring incident tight or other ex-
traneous energies to initiate the
glow discharge.

Printed in U.5.A.



ENVIRONMENTAL TESTS FOR TYPES

7441 7595 7597

OPERATION TESTS (Performed under special conditions)
D.c trigger current, d-c trigger voltage, puise trigger voltage
Anode delay time, anode delay time variation
Keep-alive starting characteristic

CONDITIONS FOR TESTS
Oven temperature range of —55°C to 4-85°C
Temperaiure cycles under MIL-E-1D 4,910
After impact shock of 2000g
After vibration test of 10-500 cps up to 10g for 4.5 hours in 3 planes

* May be triggered manually by applying d-c momentarily to grid,

TYPICAL OPERATION FOR CIRCUIT SHOWN (Al Types)

Anode operating voltage .. . ... . . 550 wvolts
Grid voltage . PN . . . 0 volts
Glow current . . . S0 ua
MINIMUM CONDITIONS
Anode operating voltage. d-¢ . .. .. . e . 400 volts
Cathode current peak . . . . R .. 10 amg
Glow current .. ... .., e e 30 nA
Grid sesistor .. .. ... . .. .. e 250.000 ohms
Grid pulse duration . . 10 usec

Grid pulse ampfiitudo . . . e 230 volts
tPuise repetition rate Is governed by the retationshlp W = % CV2f, where
C = distharge capacitor; V = Anade potential in kilovolts; W = power input,
and 4 = repetition frequency.

* Hold-off voltage glven is the highest voltage to which the tube may be safely
subjected under any condition. Provision should be made that the circuitry, tube
tase and socket will withstand this voltage. This may be sccomplished by wider
spacing, Insulation coatlng, pressurizing, reduction of molsture, ete.

CBS ELECTRON TUBES
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KRYTRON TRIGGER TUBES

7439
7999

7600
7602

?7-PIN

e
7228 7600 7230 7439
7899 7602
Miniature ‘‘Krytron’’ gaseous trigger tubes
ELECTRICAL DATA
HEATER CHARACTERISTICS
Heater voltages . None required
MAXIMUM RATINGS (Ahsolute maximum values)
7599
7600 7602
Angde cperating voltage . e Lo 300 to 1500  volts
Anode hoid-off voltage * . . e 6 Kv
Anode current, peak .. . . R .. 500 amp
Anode input .. . e e 2 watts
Glow current . . . . 30to 150 wamp
Grid firing voltage . . L 120 to 250 volts
Grid firing pulse duration . e 2 to dc nsec
Grid firing current . 7 uamp
Grid resistor to ground 2.0 meg
Anode delay time
Temperature normaf . . 1.5 usec
Temperature extremes 1.5 usec
Anode delay time variations Q.2
Temperature normal 0.2 usec
Temperature extremes 0.2 usec
MAXIMUM RATINGS ‘Absolute maximum ratings)
7229
7439 7230
Anade operating voltage 1000 1000 valts
Hold-off voitage * 2000 3000 volts
Cathode current peak 500 500 amp
Glow current 100 100 uA
Grid resistor 2.0 2.0 meg
Discharge capacitor 05 0.5 uf
Power input 1.0 1.0 watt
Grid bias =80 =80 volts
Giid pulse current 40 10 ua
Output pulse duration 10 10 us
Ambient temperature
range —55 to -+-85 [
Anode delay time 1.0 2.0 us
Anode delay {ime
variation 0.4 0.2 us
Pulse repetition rate 20+ 207§ ppm
Potting temperature (not to
exceed 2 hours) —_ 125 (o]

CBS ELECTRONICS, Semiconductor Operations, Lowell, Mass.
A Division of Columbia Broadcasting System, Inc.

BULLETIN
E-337A-)

ENGINEERING
DESIGN DATA

7229 7230
7439 7599
7600 7602

NOVEMBER 16. 1959

Cold cathode
trigger tubes

7229 7600

MECHANICAL DATA
Cathode, cold
Bulb

R T-542
Base, miniature button
-pin . (E7-1)
Mounting position . .. . Any
750"
MAX
(I'L\
1.250'Max
54
500"
Max 9382094
PIN CONNECTIONS
Pin 1 Grid
Pin 2 Anode
Pin 3 Grid
Pin 4 (Kol
Pin5 Cathode
Pin & Glow pin
Pin 7 Cathode

‘Do not use

Salcs Offices: Danvers, Mass., 100 Epdicott Street, SPring 4-2360 - Newark, N. J.,

231 Johnson

Ave_, TAlbert 4-2450 - Melrose Park, (I, 1990 N. Mannheim Road,

EStebrook 9-2100 + Atianta, Georgia, Cary Chapman and Ca., 672 Whitehall St.,
SW., JAckson 4.7388 - Minneapolis, Minn., The Heimann Co., 17t1 Hawthorne
Avenue, FEderal 2-5457 - Los Angeles, Calif., 2120 S. Garfield Avenue, RAymond
3-9081 - Canada, Canadian General Electric Co., Ltd., Toronto, Ontario.

from JEDEC release #2848, June 20, 1960

Printed in U.S.A.



7230 7439
7599 7602

MECHANICAL DATA
Cathode, cold
Bulb

151>
Base, miniature button with
7 flexible leads
Mounting posilion Any
750" _
MEX.
|
’ 1250'Max
| .‘
T53 | 938
2094
T e
‘ 00 275MIN.
-2+
LEAD CONNECTIONS
Lead 1 . ..o ... Grid
Lead 2 . ... .. Anode
Lead 3 . Omitted
Lead 4 . . .. Omitted
Lead 5 . ... ... Omltted
Lead6 AP Glow pin
Lead 7 . ... .. .. ... Cathode

APPLICATION
“Krytons'® are cold-cathade miniature
trigger and timer tubes used in ap.
plications where high hold-off voit-
age, short anode delay times, mini-
mum anode delay variatinn and high
pulse currents are required. Becavuse
ot their special construction they
will withstand wide ambient temper-
alure vange, high impact shocks, and
severe vibrational stresses, They wil
operale in sealed enclosures and
after slorage periods without re-
quiring incident light ar other ex-
traneous energies io initiate the
glow discharge.

ENVIRONMENTAL TESTS FOR TYPES

7230 7602

OPERATION TESTS (Performed under special canditions)
D-c trigger current d-c trigger voltage, pulse trigger voltage
Anode delay time, anode delay time variation
Keep-alive starting characieristics

CONDITIONS FOR TESTS
Oven temperature range of —55°C to -{-85°C
Temparature cycles under MIL-E-10 4.9.10
After impact shock of 100g
After vibration test of 10-500 cps up to 108 for 4.5 hours in 3 planes

TYPICAL OPERATION FOR CIRCUIT SHOWN All Types

Anode operating voltage 550 volts
Gnid voliage 0 volis
Glow current 50 na

MINIMUM CONDITIONS

Anode operating voltage, d-c 400 volts
Cathode cussent penk 10 amg
Glow current 30 1A
Grid resistor 250.000 ohms
Grid pulse duration 10 nsec
Grid pulse amplitude 230 volts

tPulse repetition sate is poverned by the relationship W = 1% CV?f, where
C == discharge capactitor; ¥ — Anode potential in kilovolts; W = power input,
and ( - repetition f1equency.

Epb 550V

L] May be triggered manually by applying d-c momentarily to grid.

* Hold-off voltage given is the highest voltage to which the tube may be safely
subjected under any condition, Provision should be made that the circuitry, tube
base and socket wlll withstand this voltage. This may be accomplished by wider
spacing, insulation coating, pressurizing, reduction of meisture, etc.

CBS ELECTRON TUBES



from JEDEC release #2915, Aug. 1, 1960

engineering data for[ess] *um

MEDIUM-MU TRIPLE TRIODE
1688

TENTATIVE DATA

CBS Type 7688 is a compact, 12-pin medium~-mu triple triode which is espec-
fally designed and tested for use in measurement test equipment, instrument-
ation, and otherapplications where extreme rellability, stable characteristics,
and long life are required. Each section iselectrically equivalent to one sec-
tion of a 12AU7.

This electron tube has a continuous-wound colil heater which is superior to
ordinary heaters both electrically and mechanically. Burn-outs are virtually
eliminated, heater-cathode leakage s lower, and hum 1s lower,

An elaborate testing procedure is carrlied out on these tubes for confidence iIn
their ultimate operation. There is a special 1000-hour life test, and a 5000~
hour informational life test,

Additional mechanical features offered by CBS type 7688 include: gold plated
base pins which prevent oxidation and improve base pin contact and precisely
made and fitted parts in stronger structures.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-7 1/2
Maximum overall height 2.35 Inches
Maximum diameter 1.030 inches
Qutline, JEDEC 7-3
Base, miniature bution, 12-pin E12-66
Basing 12BA
Mounting position any

PIN CONNECTIONS

Pin 1: Cathode (Section 3) Pin 7: Heater
Pin 2: Grid (Section 3) Pin 8: Plate (Section 1)
Pin 3: Cathode (Section 2) Pin 9: Grid (Section 2)
Pin 4: Grid (Section 1) Pin 10: Plate (Section 2)
Pin S: Cathode (Section 1) Pin 11: N.C.
Pin 6; Heater Pin 12; Plate {Section 3)



ELECTRICAL DATA

HEATER CHARACTERISTICS
Voltage, a-c or d-c¢

Current

Peak heater-cathode voltage

Heater negative to cathode
Heater positive to cathode*

* D-c¢ component 100 volts maximum
MAXIMUM RATINGS (Design maximum values)

Class A Amplifier

Plate voltage, d-c
Plate dissipation (each section)
Cathode current, average
Cathode-grid circuit resistance
Fixed bias
Cathode bias

CHARACTERISTICS AND TYPICAL OPERATION

Class A Amplifier

Plate voltage

Control grid voltage

Plate resistance {approx.)
Transconductance

Amplification factor

Plate current

Grid 1 voltage (approx.) for I, = 10ua

-2-

6.3

450

200

200

100 250
0 -8.5
6500 7700
3100 2200
20 17
11.8 10.5
~-24

volts
ma

volts
volts

330
3.0
20

0.25

volts
volts
ohms
pmhos

ma

CBS ELECTRONICS, Racelving tube Operations, Danvers, Masa. A Divislon of Columbia Broadcasting System, inc.

Sales Offices: Uanvers, Mass., 100 Endicott Street, 5Pring 4-2360

Mewark, N, )., 231 Johnson Ave., TAlbert 4-2450

Melrose Park, 1), 1920 N, Mannheim Road, EStebroak 9:2100 . Atlanta, Georgta, Cary Chapman and Cao., 672 Whitehall St., SW., JAckson 4-7388
Los Angeles, Callf., 2120 5. Garfield Avenue, RAymond 3-9081

Minnespolls, Minn,, The Heimann Co., 1711 Hawthorne Avenue, FEdera) 2-5457

Printed In U.S.A.



from JEDEC release #2915, Aug. 1, 1960

engineering data for[tesy ‘ui

HIGH-MU TRIPLE TRIODE
1689

TENTATIVE DATA

CBS Type 7689 1s a compact, 12-pin high~mu triple triode which 1s especially
designed and tested for use in measurement .test equipment, instrumentation,
and other applications where extreme rellability, stable characteristics, and
long life are required. Each section is electrically equivalent to one section
of a 12AX7,

This electron tube has a continuous-wound coll heater which is superior to
ordinary heaters both electrically and mechanically. Burn-outs are virtually
eliminated, heater~cathode leakage is lower, and hum is lower.

An elaborate testing procedure is carried out on these tubes for confidence in

their ultimate operation., There is a special 1000-hour life test, and a 5000~
hour informational life test.

Additional mechanical features offered by CBS type 7689 include: gold plated
base pins which prevent oxidation and improve base pin contact and precisely
made and fitted parts in stronger structures,

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-7 1/2
Maximum overall height 2.35 inches
Maximum diameter 1.030 inches
Outline, JEDEC 7-3
Base, minijature button, 12-pin Ei2-66
Basing 12BA
Mounting position any

PIN CONNECTIONS

Pin 1: Cathode (Section 3) Pin 7; Heater
Pin 2: Grid (Section 3) Pin 8: Plate (Section 1)
Pin 3: Cathode (Section 2) Pin 9: Grid (Section 2)
Pin 4: Grid (Section 1) Pin 10: Plate (Section 2)
Pin S: Cathode (Section 1) Pin 11: N.C.
Pin 6: Heater Pin 12: Plate (Section 3)



ELECTRICAL DATA

HEATER CHARACTERISTICS
Voltage, a~c or d-¢
Current
Peak heater-cathode voltage, maximum

Heater negative to cathode

Heater positive to cathode*
* D-c¢ component 100 volts maximum

MAXIMUM RATINGS (Design maximum values)

Each Section

Plate voltage

Control-grid voltage, negative d-c¢
Control-grid voltage, positive d-c
Plate dissipation

CHARACTERISTICS AND TYPICAL OPERATION

Clagss A Amplifier (Each Section)

Plate voltage
Control-grid voltage
Plate resistance (approx.)
Transconductance
Amplification factor

Plate current

-2-

100

80, 000
1250
100
0.5

200
200

330
55

1.1

250

62,500
1600
100

1.2

volts
ma

volts
volts

volts
volts
volts

watt

volts
volts
ohms
pmhos

ma

CBS ELECTRONICS, Recelving tube Operations, Danvers, Mass, A Dlvislon ot Columbia Broadcasting System, Inc,

Sales Officea: Danvers, Mass., 100 Endicott Strest, SPring 4-2360

Newark, N. J., 231 Johnson Ava., TAlbert 4-2450

Melrose Park, Ill., 1990 N. Mannheim Road, EStebrook 9-2100 . Atlanta, Georgla, Cary Chapman and Co., 672 Whiteha!) 8., SW., JAckson 4-7388
Minnsapolls, Minn,, The Helmann Co., 1711 Hawthorne Avenue, FEderal 2-5457 . Los Angeles, Catlf,, 2120 S. Garfisld Avenue, RAymond 3.9081

Printed (n U.S.A.



from JEDEC release #2915, Aug. 1, 1960

engineering data for ® ok

MEDIUM-MU TRIPLE TRIODE
7690

TENTATIVE DATA

CBS Type 7690 is a compact, 12-pin medium-mu triple triode which is espec-
ially designed and tested for use in measurement test equipment, instrument-
ation, and otherapplications where extreme reliability, stable characteristics,
and long life are required. Each section iselectrically equivalent to one sec-
tion of a 12AT7,

This electron tube has a continuous-wound coll heater which is superior to
ordinary heaters both electrically and mechanically. Burn-outs are virtually
eliminated, heater-cathode leakage Is lower, and hum is lower.

An elaborate testing procedure is carried out on these tubes for confidence in
their ultimate operation. There is a special 1000-hour life test, and a 5000-
hour informational life test.

Additional mechanical features offered by CBS type 7690 include: gold plated
base pins which prevent oxidation and improve base pin contact and precisely
made and fitted parts in stronger structures.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-7 1/2
Maximum overall height 2.35 Inches
Maximum diameter 1.030 inches
QOutline, JEDEC 7-3
Base, miniature button, 12-pin ElZ2-66
Basing 12BA
Mounting position any

PIN CONNECTIONS

Pin 1: Cathode (Section 3) Pin 7: Heater
Pin 2: Grid (Section 3) Pin 8: Plate (Section 1)
Pin 3: Cathode (Section 2) Pin 9: Grid (Section 2)
Pin 4: Grid (Section 1) Pin 10: Plate (Section 2)
Pin 5; Cathode (Section 1) Pin 11; N.C.

Pin 6: Heater Pin 12;: Plate (Section 3)



ELECTRICAL DATA

HEATER CHARACTERISTICS

Voltage, a-c or d~c 6.3 volts
Current 450 ma
Peak heater-cathode voltage, maximum
Heater negative to cathode 200 volts
Heater positive to cathode* 200 volts

* D-c¢ component 100 volts maximum
MAXIMUM RATINGS (Design maximum values)

Each Section

Plate voltage 330 volts
Plate dissipation 2.8 watts

CHARACTERISTICS AND TYPICAL OPERATION

Class A Amplifier (Each Section)

Plate voltage 100 250 volts
Control-grid voltage -1.0 -2.0 volts
Cathode-blas resistor 270 200 chms
Plate resistance (approx.) 15,000 10,900 ohms
Transconductance 4000 5500 pmhos
Amplification factor 60 60

Plate current 3.7 10.0 ma
Control-grid voltage (approx.) for Ih=10pa -5 -12 volts

._2_

CBS8 ELECTRONICS, Recsiving tube Operations, Danvers, Mass. A Divislon of Columbla Broadcasting System, Ine.
Sales Offices: Oanvers, Mass., 100 Endicott Street, SPring 4-2360 . Newark, N. )., 231 Johnsan Ave., TAlbert 4-2450
Molrose Park, Ill., 1990 N. Mannheim Road, EStebrook 9-2160 . Atlanta, Geargla, Cary Chapman and Co., 672 Whitenall St., SW., JAckson 4-7388
Minneapolls, Mina., The Heimann Co., 1711 Hawlhorne Avanue, FEderal 2.5457 . Los Angeles, Calit,, 2120 §. Garfield Avenuve, RAymond 3-908t
Printed in U.5.A.
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T—1007

*cenmical imformaiion

€8BS ELECTRONICS

A Division of Columbia Broadeasting System, Inc.
Daavers, Massachuseits

7721 {D3a)
Wideband Pentode Amplifier

Wideband pentode amplifier with extremely high transconductance in a
miniature envelope and 9-pin base.

MECHANICAL DATA

Cathode coated unipotential
Bulb T6 1/2
Base 9-pin miniature button
Basing 9EQ
Maximum overall height 2.43 inches
Maximum seated height 2.15 inches
. Maximum height from base to shoulder 1.88 inches
Maximum diameter .875 inch
Mounting position any

PIN CONNECTIONS

Pin 1: Cathode Pin 6: Internal connection¥
Pin 2: Grid 1 Pin 7: Plate

Pin 3: Cathode Pin 8: Grid 3 and shield
Pin 4: Heater Pin 9: Grid 2

Pin 5; Heater

* Do not use.
ELECTRICAL DATA

Heater Characteristics

Heater voltage, a-c or d-c 6.3 volts
Heater current 320 ma
Peak heater-cathode voltage, max. 60 volts

Direct Interelectrode Capacitances

Input 10 ppf
QOutput 2 [FIVR 3
. Grid 1 to plate L0335 ppf

from JEDEC release #2840,
June 13, 1960 -1



MAXIMUM RATINGS (Absolute maximum values)

Plate voltage, peak* 400 volts
Grid 2 voltage, peak* 400 volts
Plate voltage, d-c 220 volts
Grid 2 voltage, d-c 180 volts
Grid 3 voltage, d-c 0 volts
Grid 1 voltage, positive 0 volts
Grid 1 voltage, negative 10 volts
Plate dissipation 4.0 watts
Grid 2 dissipation 0.8 watts
Cathode current 29 ma
Maximum grid 1 circuit resistancef 0.5 meg
Maximum heater to cathode resistance 20000 ohms
Bulb temperature 170 °C

* Intermittent operation

CHARACTERISTICS

Plate voltage, supply 190 volts
Grid 3 voltage, supply 0 volts
Grid 2 voltage, supply 160 volts
Grid 1 voltage, supplyf 10 volts
Cathode resistor 400 ohms
Plate current 22 ma
Grid 2 current 6.0 ma
Transconductance 35000 pmhos
Plate resistance 0.12 meg
Grid 2 to plate amplification factor 85

Input resistance, 100 mc 1000 ohms
Bandwidth factor 465
Equivalent noise resistor 50 ohms

T Values for automatic control grid bias arrangement.




TRANSFER
CHARACTERISTICS

PLATE CHARACTERESTICS
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oiechmical imformaiion

CcBS ELECTRONICS
A Dicision ¢f Columbia Broadeasting System, fnc.
Danvers, Massachuseits

’ tubes BHE&N

E280F/7722

Wideband Pentode Amplifier

Wideband pentode amplifier with very high transconductance in
a miniature envelope and 9-pin base.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-6 1/2
Base 9-pin miniature button
Basing 9EQ
Maximum overall height 2.43 inches
Maximum seated height 2.15 inches
. Maximum height from base to shoulder 1.88 inches
Maximum diameter .875 inches
Mounting position Any

PIN CONNECTIONS

Pin 1: Cathode Pin 6: Internal Connection
Pin 2: Grid 1 Pin 7: Plate

Pin 3: Cathode Pin 8: Grid 3 and shield
Pin 4: Heater Pin 9: Grid 2

Pin 5: Heater

ELECTRICAL DATA

Heater Characteristics

Heater voltage 6.3 volis
Heater current 320 ma
Peak heater-cathode voltage, max.
Heater negative to cathode 60 volts
Heater positive to cathode 120 volts

Direct Interelectrode Capacitances

Input 9.3 npf
Output 2.1 P f
. Grid 1 to plate .035 ppf

from JEDEC release #2840, June 13, 1960



Maximum Ratings (Absolute maximum values)

Plate supply voltage 400 volts
Plate voltage, d-c 220 volts
Grid 2 supply voltage 400 volts
Grid 2 veoltage, d-c 180 volts
Grid 1 voltage, negative 50 volts
Grid 1 voltage, positivef 0 volts
Plate dissipation 4.0 watts
Grid 2 dissipation 1.1 walftts
Cathode current 0 ma
Grid 1 circuit resistance] 0.5 meg
Bulb temperature at hottest point 170 °C
Characteristics Pentode Triode

Plate supply voltage 190 160 volts
Grid 3 voltage 0 0 volts
Grid 2 supply voltage 160 160 voits
Grid 1 supply voltage { +8 +8 volts
Cathode resistor 370 400 chms
Plate current 20 24.5 ma
Grid 2 current 6 ma
Transconductance 26,000 33,000 pumhos
Amplification factor 60

Input resistance, 100 mc * 1400 ohms
Plate resistance, approximate 100k 1800 ohms

T Grid 1 current must not exceed 0.5 ua, to prevent damage to tube.
1 Values for automatic control grid bias arrangement.
* Both cathode leads connected together.

TRANSFER CHARACTERISTICS PLATE CHARACTERISTICS
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engineering data for @

BULLETIN
1-1013

MEDIUM-MU TWIR TRIODE
1728

CBS Type 7728 is a miniature medium-mutwin triode which
is especially designed and tested for use in measurement test
equipment, instrumentation, and other applications where ex-
treme reliability, stable characteristics, and long life are re-
quired. The 7728 is a replacement for type 12AT7 and su-
perior performance is assured because of its improved con-
struction, special tests, and tight minimum -maximum limits.

This electron tube has a continuous-wound coil heater which
is superior to ordinary heaters both electrically and mechani-
cally. Burn-outs are virtually eliminated, heater-cathod leak-
age is lower, and hum is lower. Further inswrance of gquality
is provided by heater cycle testing.

Stable characteristics throughout life and resistance against the
formation of interface impedance are a result of meticulous
processing and selection of cathode sleeve material. Also each
tube is subjected to a 48 hour burn-in period toobtain a more
uniform level of performance when they are put into opera-
tional service.

An elaborate testing procedure is carried out on these tubes
for confidence in their ultimate operation. There isa 100-
hour early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7728 in-
clude: gold plated base pinswhich prevent oxidation and im-
prove base pin contact; precisely made and fitted parts in
stronger structures for lower noise and microphonism; and elec-
trical features include: initial plate current balance, life tested
plate current balance, grid current test, and reverse grid cur-
rent test.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-61/2
Qutline JEDEC 6-2
Base Miniature 9-pin (E9-1)
Basing 9A
Mounting position Any

PIN CONNECTIONS

Pin 1: Plate (Section 2)
Pin 2: Grid 1 (Section 2)
Pin 3: Cathode (Section 2}
Pin 4: Heater

Pin 5: Heater

Pin 6: Plate (Section 1)
Pin 7: Grid (Section 1}
Pin 8: Cathode (Section 1)
Pin 9: Heater Center Tap

ELECTRICAL DATA

HEATER CHARACTERISTICS
Series Parallel

Voltage, a-c or d-c 12.6+10% 6. 3+10% volts

Current 150 300 ma
Peak heater-cathode voltage, max.
Heater negative to cathode 200 200 volts
Heater positive to cathode* 200 200 volts

*D -c component must not exceed 100 volts

DIRECT INTERELECTRODE CAPACITANCES

Section 1 Section 2

Grid to plate: g to p 1.5 1.5 uuf
Input: g to k+h 2.2 2.2 unf
Qutput: p to k+h 0.5 0.4 uuf
Heater to cathode 2.4 2.4 uuf
Coupling
Grid (Section!) to grid (Section 2) .00S unf
Plate (Section f) to plate (Section 2} 0.4 unf

MAXIMUM RATINGS {Design maximum values)

Each Section

Plate voltage 330 volts
Plate dissipation 2.8 watts
Bulb temperature 165 C

CHARACTERISTICS AND TYPICAL OPERATION

Class A Amplifier - Each Section

Plate voltage 100 250  volts
Control grid voltage ~1.0 -2.0 volts
Cathode bias resistor 270 200 ohms
Plate resistance (approx.) 15000 10900 ohms
Transconductance 4000 5500 umhos
Amplification factor 60 60
Plate current 3.7 10.0 ma
Control grid voltage (approx.}

for Ib = 10 uA -5 -12  volts

from JEDEC release #2870, July 4, 1960
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Test Conditigns

12, 6 series connection or 6. 3 parallel cennection

Reference
Notc 2

4.7.5

4,10.8

4.10.15

4.10.6.1

4.10.4.1
4.10.4.1
4,10.4.1
4,10.9

4,10.9

4.10.3.4

4.8

4,10.14

LIFE TESTS

AQL
Note 1

0.4

2. 5%

1.0
Code

Continuity & Short

Heater Current

Heater Cathode Leakage

Grid Current (1)

Grid Block (2)

Plate Current (1)

Plate Cwmrent {2)

Plate Current Difierential
Transconductance (1)
Transconductance (2)

Pulse Emission

Noige 6 Microphonics

Contact Potential

Insulation of Electrodes

Capacitance

Early Life Assurance
Test

b = 250 Vde

Ec= -2Vdc

Conditions Sym,

Ef=12.6 if

Ef=6.3 i

Ehk =+200 Vde Thk

Ehk = -200 Vde Thi

Rg = 0.5 meg Ie(1}

Note 4

Eb = 120 Vde EiCy

Ec= 0; Note 6,3

Ec = -15 Vdc, Note 3 Ib(1)

Note 3 1b(2)

Notes 3,12 A Ib(3)

Note 3 Sm(1)

Ef=5.7 or 11.4; Note 3 AsSm

Eb=250 Vde, Ec= -30 Vdc Isp

Rk=1.0 ohm; Notes 3,5

Ebb=300Vdc, Rk=200 {2 M

Rp=10K, Ck=1000uf, Rg=250K

Ecal=100mVac; Notes 4, 13

Eb=150Vde, Ecy=0, Rg/g=2.2meg Ecp

Notes 3, 11

E{gy-all}=100Vdc, g, Negative R(g-all)

E{p-all}=300Vde, p Negative R{p-all)

Note 3

Without Shield Cgp

Note 3 Cin
Cout(l)
Cout (2)
Cop

Ef=6.3V or 12,6V
Eb=250 Vde¢
Rk=200 2

= =200 Vde, Note 7

138
275

1000
1000

L3
2.0
0.2
Q.16
0.15

162
325

5.0
5.0

-1.5

50

14.0

6700

15

mA
mA

uAdc
udde

uAde

Vdc

uAdc

Vde

meg
meg

uuf
uuf
uuf
uuf
unf



Reference

4.11,5

4.11.4

4,11.5

4.11.4

4.11.7

4,11.4

TEST NOTES

Note 1:

Test

Early Life Assurance
Test End Points

Intermittent Life Test
{1) 1000 Hours

Intermittent Life Test
(1) End Points
1000 Hours

Intermittent Life Test(2)
1000 Hours

Intermittent Life Test
(2) End Points
1300 Hours

Heater Cycting Life Test

Heater Cycling Life
Test End Points

Conditions
Shorts and Continuity

Change in Plate Current (2}
of Individual tubes

Plate Current (3) Differential
Note 12

Early Life Assurance Test
Conditions, Note 8

Inoperatives
Grid Current(1)

Change in Plate Current (2)
of Individual Tubes

Plate Current (3) Differential
Note 12

Heater Cathode Leakage
Ehk= +200 Vde
Ehk= -200 Vdc

Insulation of Electrodes
E(g-all)
E({p-all)

Ei=6,3V or 12. 6V
Eb = 250 Vdc
Ec= -50Vdc, Note 9

Interface
Resistance
Note 10

Ef=7.0 or 13,8V
Ehk= -200 Vdc
Cycle

1.0 min., on
4,0 min. off

Shorts and Continuity
Heater Cathode Leakage

Ehk = +200 Vde
Ehk = -200 Vdc

Te{l)

b

A (3)

£g

Rg-all
Rp-all

[hk
Thk

20

-— 100

uAde
uAde

meg
meg

ohms

hours

uAde
uAdce

Lots of CBS Flectronics tubes may be sampled using MIL-STD-105A sampling tables for the specified AQL. All charact-

eristics having similar AQL's shall be combined for sampling purposes with the exception of control test. Control tests

are indicated by an asterisk (*).

Note 2:

Note 3:

Note 4:

Note 5:

Test each section separately.

Connect both sections in parallel,

References are paragraphs in MIL-E-1D specification, dated 31 March 1958.

The section not under test shall be grounded.

be defined as the instantaneous peak voltage between the grid and the negative end of the cathode resistor).
current shall be measured by means of a high impedance oscilloscope, or equivalent, device connected across a cathode

resistor of 1. 0 ohm. Preheat for 5 minutes at rated heater voltage; no other voltages applied.

The term AQL, as used on the specification, is defined in MIL-STD-105A, paragraph 4.1.

The grid is driven with a pulse voltage as follows: egk = +30V; Prr = 1000; Tp =10 us; Tr < 1 us; Tf =<1 us {(egk shall

Peak cathode



Note 6:

Note 7:

Note B:

Note 9:

The grid blocking test shall be performed using circult shown below or equivalent.

L 1OMEE [ g2
g 0-C VT o
+ —————

90V D—C y N
1000uuf +

00
12.6-6.3

Apply 90 Vdc to grid momentarily. Upon removal of voltage VTVM shall not go positive nor shall it go more negative
than -1. 5 volts,

Early Life Assurance Test

Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot, 1f such
selection results in a sample containing tubes which are outside the initial specification limiw for the relevant life
test endpoint characterlstics, such tubes shall be replaced by randomly selected acceptable tubes.

Serially mark all tubes of the sample.

Record reference characteristic measuremeats on the entire sample after 2 maximum operation of 15 minutes under
specifled voltage and current conditions.

The Early Life Assurance Test sample shall be operated at specified conditions or equivalent for 100 hours {+ 4 houss)
with the intermediate down period reading point at 20 hours (+ 4 hours} and 2 hours {+ 30 minutes}. Intermittent or
continuous operation may be employed.

A defective ghall be defined as a tube having failed the shorts and continuity test or a tube hav ing a ehange in refer-
enced characteristic greater than that specified.

1000 Hour Intermittent Life Test

The sample size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the initial test end point characteristic.

Record the reference characteristic,

Place the sample on life test with the specificd operating conditions for 1000 hours with the intermediate down period
reading poluts at 250 + 24 hours, S00 + 24 howrs and 750 + 24 hours. The 100 hours of Early Life Assurance Test shall
be part of the 1000 hows.

Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hours is the sum of the successful operating hours of each tube.

Quarterly, the life test sample shall be continued to 5000 hours with interlm reading points at cach 1000 hows. This
test will be run to determine long life capabilities.

Intermittent Life Test (2)

a.

Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are cutside the initial specification limits for the relevant life
test end polnt characteristics, such tubes shall be replaced by randomly selected acceptable tubes.

Sample size shall be 10 tubes.

Record the reference characteristics,

Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500 + 24 hours and 750 + 24 hours.

Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hours Is the sum of the successful operating hours of each tube.



Note 10: Ri {Interface Resistance) shall be measured using the equivalent diode resistance 2 frequency method.
Note 11: Use 10 megohm input resistance DC VTVM. Read voltage developed across Rg.
Note 12: Difference in Plate Current (Ib3) between each section.

Note 13: The rejection level shall be set at the VU meter reading obtained during calibration.

GBS
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engineering data for @

BULLETIN
T-1018

HIGH-MU TWIN TRIODE
1729

CBS Type 7729 is a miniature high-mu twin triode which is
especially designed and tested for use in measurement test
equipment, instrumentation, and other applications where ex-
treme reliability, stable characteristics, and long life are re-
quired. The 7729 is a replacement for type 12AX7 and su-
perior performance is assured because of its improved con-
struction, special tests, and tight minimum-maximum limits,

This electron tube has a continuous-wound coil heater which
is superior to ordinary heaters both electrically and mechani-
cally. Burn-outs are virtually eliminated, heater-cathode leak-
age is lower, and hum is lower. Further insurance of quality
is provided by heater cycle testing.

Stabl e characteristics throughout life is a result of meticulous
processing and selection of cathode sleeve material. Also each
tube is subjected to a 48 hour burn-in periodto obtain a more
uniform level of performance when they are put into opera-
tional service.

An elaborate testing procedure is carried out on these tubes
for confidence in their ultimate operation. There is a 100-
hour early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7729 in-
clude: gold plated base pins which prevent oxidation and im-
prove base pin contact; precisely made and fitted parts in
stronger structures for lower noise and microphonism; and elec-
trical features include: initial plate current balance, life
tested plate current balance, grid current test, and reverse
grid current test.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-61/2
Qutline JEDEC 6.2
Base Miniature 9-pin (E9-1)
Basing 9A
Mounting position Any

PIN CONNECTIONS

Pin 1: Plate (Section 2)
Pin 2: Grid L (Section 2)
Pin 3: Cathode (Section 2}
Pin 4: Heater

Pin 5: Heater

Pin 6: Plate (Section 1}
Pin 7: Grid (Section 1)

Pin 8: Cathode (Section [)
Pin 9: Heater Center Tap

ELECTRICAL DATA

HEATER CHARACTERISTICS
Series Parallel

Voltage, a-c or d-¢ 12.6+10%  6.3+10% wvolts

Current 150 300 ma
Peak heater-cathode voltage, max.
Heater negative to cathode 200 200 volts
Heater positive to cathode* 200 200 volts

*D-c component must not exceed 100 volts

DIRECT INTERELECTRODE CAPACITANCES

Section | Section?2

Grid to plate: gl to p 1.7 1.7 uuf
Input: gl to k+h 1,6 1.6 uuf
Cutput: p to k+h 0. 46 Q.34 uuf

MAXIMUM RATINGS (Design maximum values)

Each Section

Plate voltage 330 volts
Plate dissipation 1.1 watts
Cathode current 20 ma
Control grid voltage, negative d-c 55 volts
Control grid voltage, positive d-c¢ 0 volts
Bulb temperature 165 °c

CHARACTERISTICS AND TYPICAL OPERATION

Class A Amplifier - Each Section

Plate voltage 100 250 volts

Control grid voltage -1.0 -2.0 volts
Plate resistance (approx. } 80000 62500 ohms
Transconductance 1250 1600 umbhos
Amplification factor 100 100

Plate current 0,5 1.2 ma

from JEDEC release #2870, July 4, 1960



AVERAGE PLATE CHARACTERISTICS
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GBS

Test Conditions

12, 6 series connection or 6. 3 parallel connection

Reference
Note 2

4.7.5

4.10,8

4.10.15

4.10.6.1

4.10.4.1

4,10.4.1

4.10.4.1

4,10.9

4.10.95

4.10.3.4

4.8

LIFE TESTS

AQL

Note 1

0.4

2.5

4.0

1.0

1.0

2.5

2.5

1.0

2.5

2.5

2.5

1.0
Code

Individual tubes

| +
r ple I
QHISTOME, ANCE IS PECTRICATHON -
®
Eb = 250 Vdc
Ec= -2 Vdc
Test Conditions Sym. Min, Max, Unit
Contimuity & Short - —— ——— —_—
Heater Current Ef=12,6V 1f 138 162 mA
Ef = 6.3V if 275 325 mA
Heater Cathode Leakage Ehk =+200 Vdc Thk Q 5.0 uAde
Ehk = -200 Vdec hk 4] 5.0 uAdc
Grid Current {1) Note 4 Ic(l} - -0.5 uAdec
Grid Block (2) Eb = 67.5 Vde E1Cq 0 -1.5 Vde
Ec = 0; Note 6,3
Plate Current (1) Ec = -5 Vdc Ib(1) — 35 uAdc
Note 3
Plate Current (2) Note 3 Ib(2} 0.75 1.75 mAdc
Plate Current Differential Note 12 A Ih(2) 20 %
Transconductance (1) Note 3 Smy(l) 1200 2000 umbhos
Transconductance (2) Ef=90% of Ef used in Sm(l)test ASm - 15 %
Note 3
Pulse Emission Eb=200 Vdc, Ecq=25Vdc Isp 200 mA
Notes 3,5
Noise & Microphonics Rp=200K, Ebb=250Vdc, Ecc=-2Vdc M —— _— —
Note 4, 13, Rg=50K, Ecal=85mVac
Contact Potential Eb=150Vde, Ecy=0, Rg/g=2.2 meg Ecp 0 -1.0 Vde
Notes 3, 11
Insulation of Electrodes E{g,-all}=100Vde R{g-all) 1000 -— meg
g1 Negative
E(p-all}=300 Vdc R(p-all) 1000 - meg
p Negative
Note 3
Early Life Assurance Ef=6.3V or 12. 6V o _—— —— ——
Test Eb=250Vdc
Ec= ~2Vdc
Ehk= -200Vdc
Note 7
Early Life Assurance Shorts and Continuity - —— - —
Test End Points
Change in Plate Current (2) of Ald ——— 20 %



Reference AQL Test Conditions Sym. Min, Max Unit
4,115 -—- Intermittent Life Test Early Life, Assurance Test -— — — e-
(1) 1000 Hours Conditions, Note 8
4.11.4 -— Intermittent Life Test Inoperatives -— - -— —
(1) End Points
1000 Hours Grid Current (1} Ie(1) 0 -1.0 uAde
Change in Plate Current (2) ALd -—- 30 %
of Individual Tubes t
Heater Cathode Leakage
Ehk = +200 Vdc Ihk —— 20 uAde
Ehk = -200 Vdc [hk - 20 uAdec
Insulation of Electrodes
E{g-all) Rg-all 1000 ——- meg
E{p-all) Rp-all 1000 EETS meg
4.11.5 -—- Intermittent Life Test Ef=6.3V or 12, 6V - —— _— -
{2) 1000 Hours Eb=250Vdc, Ec= -25Vdc
Note 9
4.11.4 --- Intermittent Life Test -— — —am ——
(2) End Polnts
1000 Hours Interface
Reslstance Ri - 100 ahms
Note 10
4.11.7 -—- Heater Cycling Life Test  Ef=7.0V or 13.8V --- —— 48 hours
Ehk= -200Vdc
Cycle
1.0 min. on
4,0 min. off
4.11.4 .- Heater Cycling Life Shorts and Continuity “ee -— “n- ---=
Test End Points
Heater Cathode Leakage
Ehk= +200 Vdc Thk -—- 18 uAdc
Ehk= ~-200 Vde Thk -—- 18 uAde
TEST NOTES
Note 1: Lots of CBS Electronics tubes may be sampled using MIL-STD-105A sampling tables for the specified AQL. All character-

Note 2:

Note 3:

Note 4:

Note S:

Nate 6:

istics having similar AQL's shall be combined for sampling purposes with the exception of control test. Control tests are
indicated by an asterisk (¥). The term AQL, as used on the specification, is defined in MIL-STD-105A, paragraph 4. 1.

References are paragraphs in MIL-E-1D specification, dated 31 March 1958,
Test each section separately., The section not under test shall be grounded.
Connect both sections in parallel,

Use pulse of ten microsecond duration, egk =+50V, at a 1% duty cycle. Read with scope across a 1.0 ohm cathode

resistor.

The grid blocking test shall be performed using circuit shown below or equivalent.

1 0ME6 [ .2
- +61.5¥
T imee BC VIVM
+0—I L e AAA—O—@¢—F+————__
90V D-C ¥
_ 1000 cuf +
00

12.6-6.3



Note 7:

Note 8:

Note 9:

Note 10:

Note 11:

Note 12:

Note 13:

Early Life Assurance Test

Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are outside the initial specification limits for the relevant life
test endpoint characteristics, such tubes shall be replaced by randomly selected acceptable tubes.

Serially mark all tubes of the sample.

Record reference characteristic measurements on the entire sample after a maximum operation of 15 minutes under
specified voltage and current conditions.

The Early Life Assurance Test sample shall be operated at specified conditions or equivalent for 100 hours (+ 4 hours)
with the intermediate down period reading point at 20 hours (¢ 4 hours) and 2 hours (+ 30 minutes). Intermittent or
continuous operation may be employed.

A defective shall be defined as a tube having failed the shorts and continuity test or a tube having a change in refer-
enced characteristic greater than that specified.

1000 Hour Intermittent Life Test

The sample size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the initial test end point characteristic.

Record the reference characteristic.
Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500 + 24 hours and 750 + 24 hours. The 100 hours of Early Life Assurance Test

shall be part of the 1000 hours.

Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hours is the sum of the successful operating hours of each tube,

Quarterly, the life test sample shall be continued to S000 hours with interim reading points at each 1000 hours. This
test will be run to determine long life capabilities.

Intermittent Life Test {2)

a.

Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot. 1f such
selection results in & sample containing tubes which are outside the initial specification limits for the relevant life
test end point characteristics, such tubes shall be replaced by randomly selected acceptable tubes,

Sample size shall be 10 tubes.

Recard the reference characteristics,

Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500 + 24 hours and 750 + 24 hours.

Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube howrs. The total number of tube
hours is the sum of the successful operating hours of each tube.

Interface Resistance shall be measured using the equivalent diode resistance 2 frequency methed.

Use 10 megohm input resistance DC VTVM. Read voltage developed across Rg.

Difference in Plate Current {Ib{2) ) between each section.

The rejection level shall be set at the VU meter reading obtained during calibration,
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BULLETIN

MEDIUM-MU TWIN TRIODE
1730

CBS Type 7730 is a miniature mredfum-mu twin triode which
is especially designed and tested for use in measurement test
equipment, instrumentation, and other applications where ex-
treme reliability, stable characteristics, and long life are re-
quired. The 7730Q is a replacement for type 12AU7 and su-
perior performance is assured because of its improved con-
struction, special tests, and tight minimum -maximum limits,

This electron tube has a continuous-wound coil heater which
is superior to ordinary heaters both electrically and mechani-
cally, Burn-outs are virtually eliminated, heater-cathode leak-
age is lower, and hum is lower. Further insurance of quality
is provided by heater cycle testing.

Stable characteristics throughout life and resistance against the
formation of interface impedance are a result of meticulous
processing andselection of cathode sleeve material. Also each
tube is subjected to 2 48 hour burn-in period to obtain a mare
uniform level of performance when they are put into opera-
tional service.

An elaborate testing procedure is carried out on these tubes
for confidence in their ultimate operation. There is a 100-
hour early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7730 in-
clude: gold plated base pinswhich prevent oxidation and im-
prove base pin contact; precisely made and fitted parts in
stronger structures for lower noise and microphonism; and elec-
trical features include: initial plate current balance, life tested
plate current balance, grid current test, and reverse grid cur-
rent test.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-61/2
Outline JEDEC 6-2
Base Miniature 9-pin (E9-1)
Basing 9A
Mounting position Any

PIN CONNECTIONS

Pin 1: Plate (Section 2)
Pin 2: Grid (Section 2)
Pin 3: Cathode (Section 2)
Pin 4: Heater

Pin 5: Heater

Pin 6: Plate (Section 1)
Pin 7: Grid (Section {)
Pin 8: Cathode (Section 1)
Pin 9: Heater Center~Tap

ELECTRICAL DATA

HEATER CHARACTERISTICS

Series  Parallel

Voltage, a-¢ or d~¢ 12.6+10% 6,3+10%

Current 150 300
Peak heater-cathode voltage, max.

Heater negative to cathode 200 200

Heater positive to cathode* 200 200

*D-¢ component must not exceed 100 volts

DIRECT INTERELECTRODE CAPACITANCES

No Shield Shield *

Grid t plate: gl to p 1.5 1.5 uuf
Input: gl to kth 1.6 1.8 uuf
Qutput: p to k+h

Section 1 0.40 2.0 uuf

Section 2 0.32 2.0 uuf
*JETEC shield 315 connected to cathode.
MAXIMUM RATINGS (Design maximum values)
Each Section
Plate voltage 330 volts
Plate dissipation (each plate) 3.0 watts
Cathode current 20 ma
Bulb temperature 165 °c
CHARACTERISTICS AND TYPICAL CPERATION

Class A Amplifier - Each Section
Plate voltage 100 250 volts
Control grid voltage 0 -8.5 volts
Plate resistance (approx. ) 6500 7700 cohms
Transconductance 3100 2200 wmhos
Amplification factor 20 17

Plate current 11.8 10.5 ma
Grid 1 voltage (approx. )

for Ib = 10 ua -24 volts

from JEDEC release #2870, July 4, 1960
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AVERAGE PLATE CHARACTERISTICS
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Test Conditions

12.6 series connection or 6. 3 parallel connection  Eb =120 Vdc

Ee= DVdc
Reference AQL Test Conditions Sym, Min. Max, Unit
Note 2 Note 1
4.7.5 0.4 Continuity & Short —- - - -——
4.10.8 2, 5% Heater Current Ef=6,3 1f 275 325
Ef=12.6 If 138 162 mA
4,10.15 1.0 Heater Cathode Leakage Ehk = +200 Vde Ihk Q 5.0 uAdc
Ehk = -200 Vde Thk ] 5.0 uAde
4.10.6.1 1.0 Grid Current (1) Ebb = 250 Vdc Ie(l) -—- -5 uAde
Ecc= -9Vde, Rg/g=0.5meg
Rp=2K, Note 4
2.5
--- - Grid Block (2) Ebb = 67.5 Vde Elcl 0 -1.5 Vde
Ec=0; Notes 3,6
2.5
4,10 4.1 - Plate Current (1) Ecc = -15 Vde Ib(1) —— 50 uAdc
Rp=2K; Note 3
4,10.4.1 1.0 Plate Current (2) Rp = 2K; Note 3 Tb(2) 8 16 mAdc
4.10.4. 1 1.9 Plate Current Differential  Ebb=250Vdc, Ecc= -8.0Vdc A Ib(3) - 15 %
Rg/g=0.5meg, Rp=2K
Notes 3,7,13
4.10.9 2.5 Transconductance(l ) Ebb=100Vdc; Note 3 Smf(l1) 3000 4200 umnhos
4.10.9 2.5 Transconductance(2) Ef=90% of Ef used in Sm(i) ASm - 15 %
test, Eb= 100Vdc; Note 3
- - Cathode Current Eb=22V, Rg-p=300K; Note 3 Ik 1.2 - mA
- 1.0 Pulse Emission Eb=200, Ec= -30, egk= +50V Isp 175 —— mAde
Notes 5,3
4.10.3. 4 2.5 Noise & Microphonics Ebb=275Vdc; Ec=0, Rk=1500 ohms M ——— --- -—-
Ck=1000 uuf, Rp=50000 ohns
Rg=50000 ohms, Ecal=50mVac
Notes 4, 14
--- 2.5 Contact Potential Ebb=120Vdc, Ec =0, Rg/g=2.2meg Ecp 0 -1.0 Vde
Notes 12, 3
4.8 2,5 Insulation of Electrodes E(gl-a.ll)=100Vdc, g Negative Rig-all) 1000 --- meg
E(p-al 1)=300Vde, p Negative R{p-all) 1000 --- meg
Note 3
4,10, 14 2. 5% Capacitances Without Shield, Nota 3 Cgp 1.2 1.8 nuf
Cin 1.2 2.0 uuf
Cout 1 0.35 0.65 uuf
Cout 2 0,24 0. 46 vuf

Clg-2g Qa.aL uuf



Reference

LIFE TESTS

4.11.5

4,11.4

4.11.5

4.11.4

4,11.7

4.11.4

TEST NOTES

Note 1:

AQL

1.0
Code K

Early Life Assurance Test

Early Life Assurance
Test End Points

Intermittent Life Test
{1) 1000 Hours

Intermittent Life Test
{1) End Points 1000 Hours

Intermittent Life Test(2)
1000 hours

Intermittent Life Test
{2) End Points 1000 Hours

Heater Cycling Life Test

Heater Cycling Life
Test End Points

Conditions

Ef=12.6V or 6.3V
Eb=250Vdce

Ecc= -9Vdc, Rg/g=47chms
Note 8

Shorts and Continuity

Change in Plate Current (2)
of Individual tubes

Plate Current (3) Differential
Note 13

Early Life Assurance Test
Conditions, Note 9

Inoperatives
Grid Current (1)

Change in Plate Current (2)
of Individual Tubes

Plate Current (3) Differential
Note 13

Heater Cathode Leakage
Ehk= +200Vdc
Ehk= -200Vde

Insulation of Electrodes
E(g-all)
Efp-all)

Ef=12.6V or 6.3V
Eb = 250 Vdc

Ecc
Note 10

Interface Resistance

Ef=13.8V or 7.0V
Ehk= -200V;Cycle
1.0 min. on
4.0 min, off

Shorts and Continuity
Heater Cathode Leakage

Ehk= +200Vdc
Ehk= -200Vdc

-50Vdc, Rg/g=47000 ohms

Ieft)

A(3)

g

Rg-all
Rp-all

Ihk
Thk

20

100

48

15
1S

Unit

wAdc
uAdc

ohms

hours

wAdc
vAde

Lots of CBS Electronics tubes may be sampled using MIL-STD-105A sampling tables for the specified AQL. All character-

istics having similar AQL's shall be combined for sampling purposes with the exception of control test, Control tests are

indicated by an asterisk (*).

Note 2:

Note 3:

pot under test shall be grounded.

References are paragraphs in MIL-E-1D specification, dated 31 March 1958.

The term AQL, as used on the specification, is defined in MIL-STD-105A, paragraph 4, 1.

Unless otherwise specified herein, the following test conditions shall apply: Each unit will be tested separately. A unit



Note 4:  Conneet both soctions In parallel,
Note 5: Use a pulse of one microsecond duration at a2 13 duty cycle. Read with scope across a 1.0 cathode resistor.

Note 6:  The grid current test shall be perfarmed using circuit shown below or equivalent.

i 10mMee [ .2
- +61.5V
]» (mee P=C VIVM =
+o0— L—— - AANA—9—off--———

s0vD-¢

-0

1000 nf  +

86

12.6-6.3
Apply 90 Vde to grid mementarily, Upon removal of voltage VTVM shall not go positive nor shall it go more negative
than -1,5 velts,

Note 7:  Each tube shall not have greater than 15% unbalance between sections and at end of life shall not be out of balance by 25%
Note 8:  Early Life Assurance Test
2. Lifo test sumples shall be selected from a lot at randem in such a manmer as to be representative of the lot.  If such

selcetion results in a sample containing tubes which are outside the initial specification limits for the relevant life
test endpoint characteristics, such tubes shall be replaced by randomly selected acceptable tubes,

b. Serially mark all tubes of the sample,

c. Record reference characteristic measurements on the entire sample after a maximum operation of 15 minutes under
spacified voltage and curtent conditions.

d. The Early Life Assurance Test sample shall be operated at specified conditions or equivalent for 100 hours (+ 4 hours)
with the intermediate down period reading point at 20 hours {+ 4 howrs) and 2 hows (+ 30 minutes). Intermittent or
continuous operation may be employed.

c. A defective shall be defined as a tube having failed the shorts and continuity test or a tube having a change in refer-
enced characteristic greater than that specified.

Note 9: 1000 Hour Intermittent Life Test

a, The samplo size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the Initial test end point characteristic,

b, Record the reference characteristic.

c. Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
rcading points at 250 + 24 hours, 500 + 24 hours and 750+ 24 hours. The 100 hours of Early Life Assurance Test
shall be part of the 1000 hours.

d. Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hours is tho sum of the successful operating hours of each tube,

e. Quarterly, the life test sample shall be continued to 5000 hours with interim reading points at each 1000 howrs. This
test will be run to determine long lifc capabilities,

Note 10: Intermittent Life Test (2)

a, Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are outside the initial specification limits for the relevant life
test end point characteristics, such mbes shall be replaced by randomly selected acceptable tubes.

b. Sample sizc shall be 10 tubes.

¢. Record the reference characteristics.

d. Place the sample on life test with the specifled operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 howss, 500+ 24 hours and 750 + 24 hours,

¢. Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hourg is the sum of the successful operating hours of each tube,



Note 1kt Rl (Interface Resistance) shall be measured using the equivalent diode resistance 2 frequency method.
Noto 12:  Use 10 meg input resistance DC VIVM. Read voltage developed across Rg,
Notec 13:  Difference in plats currcnt between sections.

Note 14:  The rejecdon Jevel ghall be set at the VU meter seading obtained during calibration.

CBS

More reliable products through Advanced- Enginecring

€88 ELECTRONICS, Recelving tube Operations, Danvers, Mass. A Division of Columbla Broadcasting System, Ine.
Sales Officea: Danvers, Mass., 100 Endicott Street, SPring 4-2360 . Nowark, M. )., 23t Johnson Ave., TAlbert 4-2450

Melrose Park, M5, 1990 N. Mannheim Road, EStebrook 9-2100 . Atlanta, Georgla, Cary Chapman and Co., 672 Whitehall St., SW., Mckson 4.7388
Minngapolls, Minn,, The Heimann Co., 1711 Hawthorne Avenue, FEderal 2-5457 . Los Angeles, Calif., 2120 S. Garfleld Avenue, RAymond 3-9081

Printed In U.S.A,



engineering data for[lz] ™

BULLETIN

015

MEBUIM MU TRIODE-SHARP CUTOFF PENTODE
17131

CBS Type 7731 is a miniature medium-mu triode and sharp-
cutoff pentode which is especially desigred and tested for use
in measurement test equipment, instrumentation, and other
applications where extreme reliability, stable characteristics,
and long life arerequired. The 7731 isa replacement for type
6U8 and superior performance is assured because of its im-
proved construction, special tests, and tight minimum-max-
imum limits.

This electron tube has a continuous-wound c¢oil heater which
is superior to ordinary heaters both electrically and mechani-
cally. Burn-outs are virtually eliminated, heater-cathode leak-
age is lower, and hum is lower. Further insurance of quality
is provided by heater cycle testing.

Stable characteristics throughout life isa result of meticulous
processing and selection of cathode sleeve material. Alsoeach
tube is subjected to a 48 hour burn-in periodto obtain a more
uniform level of performance when they are put inte opera-
tional service.

An elaborate testing procedure is carried out on these tubes
for confidence in their ultimate operation. There is a 100-
hour early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7731 in-

clude: gold plated base pins which prevent oxidation and tm-

prove base pin contact; precisely made and fitted parts in
stronger structures for lower noise and microphonismy; and elec-
trical featuresinclude: life tested ransconductance, low heat-
er voltage transconductance test, and grid current test.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-61/2

Qutline JETEC 6-2
Base Miniature 9-pin (E9-1)
Basing 9AE
Mounting position Any

PIN CONNECTIONS

Pin 1: Triode Plate

Pin 2: Pentodc Grid 1

Pin 3: Pentode Grid 2

Pin 4: Heater

Pin 5: Heater

Pin 6: Pentode Plate

Pin 7: Pentode Cathode,
Grid 3, 1.8,

Pin 8: Triode Cathode

Pin 9: Triode Grid

ELECTRICAL DATA

HEATER CHARACTERISTICS

Voltage, a-c or d-¢ 6.3+10%
Current 450
Pezk heater-cathode valtage, max
Heater negative to cathode 200
Heater positive to cathode* 200

*D-c component must not exceed 100 volts

DIRECT INTERELECTRODE CAPACITANCES

Triode Section
No Shield Shielde

Grid to plate: gl to p 1.8 1.8
Input: gl to k+h 2.5 2.5
Cutput: p to k+h 0.4 1.0
Heater to cathode: h to k 3.0 3.0
Pentode Section
Grid to plate: gl to p, max 0.01 0. 006
Input: gl to ktht+g2+g3 5.0 5.0
Qutput: p to kthtg2+g3 2.6 3.5
Heater to cathede: h to k 3.0 3.0
MAXIMUM RATINGS (Design maximum values)
Triode Pentode
Plate voltage 330 330
Grid 2 voltage, pentode Rating Chart
Grid 2 supply voltage 330
Grid 1 voltage, positive d-c O 0
Plate dissipation 3.0 3.0
Grig 2 dissipation 0.6
Bulb Temperature 165

CHARACTERISTICS AND TYFPICAL OPERATION

Triode Pentode
Plate voltage 150 250
Grid 2 (screen) voltage 110
Cathode bias resistor 56 68
Plate resistance (approx. ) 5000 400000
Transconductance 8500 5200
Amplification factor 40
Plate current 18 10
Grid 2 current 3.5
Grid | voltage (approx. )
for 1b = 10ua -12 -10

4 JETEC shield 315 connected to cathode.

from JEDEC release #2870, July 4, 1960

volts
ma
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AVERAGE TRANSFER CHARACTERISTICS

TRIODE SECTION
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AVERAGE PLATE CHARACTERISTICS

PENTODE SECTION
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AVERAGE TRANSFER CHARACTERISTICS

PENTODE SECTION
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Test Conditions

Reference
Note 2

4.7.5
4,10.8
4.10.4.1
4.10.4.3
4,10.6.1
4.10.9
4.10.4.1
4,10.15

4.10.14

4.10.4.1
4.10.6.1
4,10.9

4.10.4.1

4.10.15

4,10.9
4.10.8

4.10.6.1

4.10.6.1

4.10. 14

CHHCATH

®
Eh=6. 3V; Ebt=150Vde; Ecit=0Vdc
Rkt=56ohms; Ebp=250Vdc; Eclp=0Vdc
Ec2p=110Vdc; Rkp=68chms; Ehk=+200Vdc
AQL Test Conditions Sym, Min, Max
vor 1+ o
0.4 Continuity & Shorts ——- - -
2.5% Heater Current Th 425 475
1.0 Plate Current Pent. Ibp 6.0 13.0
2.3
- Screen Current Pent, Ic2p 2.0 5.0
1.0 Grid Current Pent., Ecl = 0.5V leip - -0.7
2.5
- Transconductance Pent. Note 3 Smp 4000 6400
1.0 Plate Current CO Pent. Ecl= -13Vde, Rk=0 12bp -— 50
1.0 H-K Leakage Pent. Ehk = +200 Vdc Ihkp -— 10
2. 5% Capacitance Pent. Cgpp -— .02
Cout p 1.4 3.8
Cinp 4.0 6.0
1.0 Plate Current Triode Tbt 12 25.0
1.0 Grid Current Triode Ecl = -, SV lelt - 0.7
2.5 Transconductance Triode Note 3 Smt 6000 11000
1.0 Plate Current CO Triode  Ecl= -13Vde, Rk=0 Ibtf{2) - 50
1.0 Heater Cathode Leakage  Ehk =+ 200 Vdc Tkt - 10
Triode
2.5% Transconductance Pent,  Ef=5.7V, Note 3 Asmp —-- 15
2.5% Transconductance Triode E£5.7V, Note 3 ASmt -——- 15
2.5 Grid Cwrent (2) Pentode  Ef=7.0V, Rgl=100K Iep(2) --- 1.0
Note 6
2.5% Grid Current (2) Triode Ef=7.0, Rgl=.5 meg Ict(2) -—- 1.0
Note 6
2. 5% Insulation of Electrodes E(g-all}= -100Vdc R(gy -all) 100 -—-
Triode E(p-all)s -100Vdc R{p-all) 100 -
2.5% Insulation of Electrodes E(gy -all}= -100Vdc R{gy -all) 100 -
Pentode E{p-all= -100Vdc R{p-all) 100 -—-
2.5% Capacitances Triode Without Shield Cgp 1.5 2.1
Cin 1.5 3.5
Cout 0.2 0.8

mA

maAdc

mAdc

uAdc

wnho

uAde

uAde

uuf

uuf
uuf

mAdc

uAdc

umha

uAdc

uwAde

uAde

uAde

meg

meg

meg
meg

uuf
uuf
uuf



Reference AQL

4.10,3.1 2.5
4,10.3. 4 2.5
LIFE TESTS
. 1.0
Code K
4.11.5 -
4.11.4 -—
4.11.7 1.0
4.11.4 -
TEST NOTES
Note 1:

Test

RF Noise

Noise and Microphonics

Pentode

Moise & Microphonics
Triode

Early Life Assurance
Test

Early Life Assurance
Test End Points

Intermittent Life Test
End Points 1000 Hours

Intermittent Life Test
End Points
1000 Hours

Heater Cycling
Life Test

Heater Cycling Life
Test End Points

Conditions
Note 7

Eb=Ecc=110Vdc, Rb=10K
Rk=0, Ecci= -2Vdc
Ecal=30mV. Rgl=50K
Note 9

Ebb=150Vdc, Rb=10K
Rk=0, Ecey= -1.0Vdc
Rg1=S0K, Ecal-30mV

Note 9

Ef=6.3V, Ebp=250Vdc
Ecpy=110Vdc, Ebt=150Vdc
Rg/t=100K, Rg/p=100K
Pkp=68¢}, Rkt=56{7,

Ehkt= -200Vde, Ehkp= -200Vdc
Note 4

Shorts & Continuity
Change in Transconductance

{pentode) of Individual tubes

Change in Transconductance
{triode) of Individueal tubes

Early Life Assurance Conditions
Note 5

Inoperatives

Change in Transconductance
(pentode) of Individual Tubes

Change in Transconductance
{triode) of Individual Tubes

Grid Current Pent.

Grid Current Triode

Heater Cathode Leakage Pentode
Insulation Resistance Triode
Insulation Resistance Pentode
Ef=7.0V, B\kp= -200Vdc

Ehlp= -200Vdc, Cycle

1.0 min, on

4,0 min. off

Inoperatives
Heater Cathode Leakage Pentode

Heater Cathode Leakage Triode

RFN

Ic(i)p

Ie(i)

10

10

15

i5

Unit

uAde
uAde
uAdc
meg
meg

hours

uAde

wAdc

Lots of CBS Electronics tubes may be sampled using MIL-STD-105A sampling tables for the specified AQL, All character-

istics, having similar AQL’s shall be combined for sampling purposes with the exception of control test. Control test is in-

dicated by an asterisk (*).

Note 2:

Note 3:

References are paragraphs in MIL-E-1D specification, dated 31 March 1958,

The cathode resistor shall be shunted with capacitive reactance not exceeding three (3) ohms 60 cycles.

The term AQL, as used op the specification, is defined in MIL-STD-105A, paragraph 4.1.



Note 4: Early Life Assurance Test

a. Life test samples shall be selected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are outside the initial specification limits for the relevant life test
endpoint characteristics, such tubes shall be replaced by randomly selected acceptable tubes,

b. Serially mark all tubes of the sample.

c. Record reference characteristic measurements on the entire sample after a maximum operation of 15 minutes under
specified voltage and current conditions.

d. The Early Life Assurance Test sample shall be operated at specified conditions or equivalent for 100 hours {(+ 4 hours)
with the intermediate down period reading point at 20 hours (+ 4 hours) and 2 hours (+ 30 minutes). Iatermittent or
continuous operation may be cmployed.

e, A defective shall be defined as a tube having failed the shorts and continuity test or a tube having a change in referenced
characteristic greater than that speciBied.

Note 5: 1000 Hour Intermittent Life Test

a. The sample size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the initial test endpoint characteristic.

b. Record the reference characteristic.

¢. Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500+ 24 hours and 750 + 24 hours. The 100 hours of Early Life Assurance Test shall
be part of the 1000 hours.

d. Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of tube
hours is the sum of the successful operating hours of each tube.

e. Quarterly, the life test sample shall be continued to 5000 hours with interim reading points at each 1000 hours, This
test will be run to determine long life capabilities.

Note 6:  Prior to this test, tubes to be preheated five (5) minutes at conditions indicated below. Test immediately after preheating.

Eh  Ect Rk Rgl Eb  Ec2

v Vde chuns Vde Vde
Pentode: 7.0 O 68 100K 250 110
Triode: 7.0 0 56 .5 meg 150  ---

Note 7:

AMP.

220K gs.sn

> +250V
»+110¥

Note 8: Test each section separately.

Note 9: The rejection level shall be set at the VU meter reading obtained during calibration.

CBS ELECTRONICS, Receiving tube Operations, Danvers, Mass. A Division of Columbla Broadcasting System, (nc.
Sales Offices: Danvers, Mass,, 100 Endlcott Street, SPring 4-2360 . Newark, N. 1., 231 Johnson Ave., TAlbert 4.2450
Melrose Park, I11., 1980 N. Mannheim Road, EStebrook 9-2100 . Atlanta, Georgia, Cary Chapman and Co., 672 Whitehall 5t., 8W., JAcksan 4-7388
Minneapalis, Minn,, The Heimann Co., 1711 Howthorne Avenue, FEderal 2-5457 . Los Angeles, Callf., 2120 S. Garfield Avenue, RAymond 3-9081

Printed In W.S.A,



engineering data for @

SHARP GUTOFF PENTODE

CBS Type 7732 is a miniature sharp cutoff pentode which is

especially designed and tested forhigh input impedance appli-
cations in measurement test equipment, instrumentation, and
other applications where extreme reliability, stable character-
istics, and long life are required. The 7732 is a replacement
for type 6CB6 and superior performance is assured because of

1732

ELECTRICAL DATA

HEATER CHARACTERISTICS

BULLETIN

T-1017

Voltage, a—«< or d-c 6.3+10% volts
its improved construction, special tests, and tight minimum- Current 300 ma
maximum limits. Peak heater-cathode voltage, max

Heater negative to cathode 200 volts
This electron tube has a continuous-wound coil heater which Heater positive to cathode* 200 volts
is superior to ordinary heaters both electrically and mechani- *D-c component must not exceed 100 volts
cally. Burn-outs are virtually eliminated, heater-cathode leak-
age is lower, and hum is lower. Further insurance of quality
is provided by heater cycle testing.
Stable characteristics throughout life is a result of meticulous DIRECT INTERELECTRODE CAPACITANCES
processing and selection of cathode sleeve material, Also each
tube is subjected to a 48 hour burn-in period to obtain a more No Shield  Shield ¢
uniform level of performance when they are put into opera-
tional service. Grid to plate: g1 to p, max 0.025 0.15 uuf

Input: g1 to kthtg2+g3+i.s. 6.5 6.5 uuf
An elaborate testing procedure is carried out on these tubes Qutput: p to k+htg2+g3+i. s. 2.¢ 3.0 uuf
for confidence in their ultimate operation. There is a 100- 4 JEDEC shield 316 connected to cathode
hour early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7732 in- R .

clude: gold plated base pins which prevent oxidation and im- MAXIMUM RATINGS {Design maximum values)

prove base pin contact, precisely made and fitted parts in strong - Plate voltage 330 volts
er structures for lower noise and microphonism, Electrical Grid 2 voltage Rating Chart
features include: grid current test, low heater voltage trans- Grid 2 supply voltage ne 230 volts
conductance test, and life tested transconductance.

Grid 1 voltage, positive d-c 0 volts

Plate dissipation 2.3 watts

MECHANICAL DATA Grid 2 dissipation .55 watts
Cathode, coated unipotential Bulb temperature 165 °c
Balb T-51/2
Cutline JEDEC 5-2
Base Miniature button 7-pin(JEDEC E7-1}
Basing 7CM CHARACTERISTICS AND TYPICAL OPERATION
Mounting position Any

Plate voltage 250 volts
PIN CONNECTIONS Grid 3 (suppressor} connected
to cathode at socket

Pin 1: Grid 1 Grid 2 (screen) voltage 150 volts
Pin 2: Cathode Cathode bias resistor 200 ohms
Pin 3: Heater Plate resistance (approx.) 0.6 meg
Pin 4: Heater 1O Transconductance 6000 umhos
Pin 5: Plate Plate current 8.5 ma
Pin 6: Grid 2 Grid 2 current 2.5 ma
Pin 7: Grid 3, L.S. Grid 1 voltage (approx) for Ib=20ua -8.0 volts

from JEDEC release #2870, July 4, 1960
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AVERAGE PLATE CHARACTERISTICS
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CBS

Test Conditions

Reference

Note

4.7.5

4.10.

4.10.

4,9.1

4.10.

LIFE TESTS

2

8

15

.61

9.1

14

4.11.58

AQL.

Note 1
0.4
2.5%

1.0

2. 5%

1.0
Code K

Early Life Assurance
Test

Early Life Assurance
Test End Points

Intermittent Life Test
$000 Hours

Ef=6. 3V; Eb=250Vdc; Ec2=150Vdc ---
Rk=200 ohms; Ehk= +200Vdc
Rgl = 1.0Meg; Note 6

Shorts and Continuity _—

Change in transconductance ASm
of individual tubes t

Early Life Assurance Test ———
Conditions, Note 7

CUSTOMER| |ACCEPTANCE 5\Pt
®
| | |
Ef=6. 3V; Eb=250Vdc
Ec1=0Vd¢; Ec2=150Vdc; Rk=200chms
Test Conditions Sym, Min,
Continuity & Short - —
Heater Current If 275
Heater Cathode Ehk = +200Vdc Thk -—-
Leakage Ehk = -200Vdc Thk -—-
Grid Current (1) Ie(l) ¢
Plate Current (1) Ib(1) 6.0
Screen Grid Current Ic(2) 1.5
Transconductance(1) Sm(l) 5000
Insulation of Electrodes E(gl-all}=100Vdc, gl Negative R(g!-all) 500
E(p-all}=300Vdc, p Negative R(p-all) 5000
Plate Current (2} Rk=0; Ecl= -12Vde Ib(2) ---
Transconductance {2} Ef=5.7V A Sm -
Grid Current {2) Ef=7.0V; Rg1=0.1Meg, Note3 Ie(2) 0
RF Noise Ecl= -2Vde; Ecal=15.0 mVac; -—- —-—
Note 4
Noise and Microphonics Ef=6. 3Vac; Ehk=0; Ebb=300Vde M -—-
Ece=150Vdc; Rp=0. 01 Meg
Rk=200 ohms; Rg1=50, 000 ohms
Ecal=50mVac; Notes 5,8
Vibration Rp=2000 ohms Ep ---
Capacitance No Shield Cgp ---
No Shield Cin 5.2
No Shield Cout 1.3

325

10
10

100

. 025
7.8
2.3

Unit

mA

uAde
uAdc

uAde

mAdc

madc
umhos

Meg
Meg

uAde

uAdc

mVac

uuf
uuf
uuf



Reference AQL Test Conditions Sym, Min. Max, Unit
4,11.4 Py Intermittent Life Test Inoperatives Grid Cuwrrent (1) -— -- -— -
End Points - 1000 hours Change in Transconductance(l) Ic(l) 0 -0.5 uAdc
of individual tubes ASm
t 0 20 %
Transconductance(2) A Sm 0 20 %
Heater Cathode Leakage
Ehk= +200Vdc [hk o] 25 uAde
Ehk= -200Vdc Ihk 0 25 uAdc
Insulation of Electrodes
E{gl-atl) R(gl -all) 50 - Meg
E(pl-all) R(p-all) 500 -— Meg
4.11.7 --- Heater Cycling Life Test Ef=7.5V --- - 48 hours
Ehk= -200Vdc
Cycle
1.0 min. cn
4.0 min. off
4.11. 4 -—- Heater Cycling Life Test  Shorts & Opens - - am- -
End Points Heater Cathode Leakage
Ehk= +200Vdc Thk --- 15 uAde
Ehk= -200Vdc Thk -—— 15 uAde
TEST NOTES
Note 1:  Lots of CBS Electronics tubes may be sampled using MIL-STD-105A sampling tables for the specified AQL. All charact-

Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

eristics, having similar AQL's shall be combined for sampling purposes with the exception of control test. Control test
is indicated by an asterisk (*). The tern AQL, as used on the specification, is defined in MIL-STD-105A, paragraph 4. 1.

References arc paragraphs in MIL-E-1D specification, dated 31 March 1958.

Prior to this test, tubes to be preheated five (3) minutes at conditfons indicated below. Test immediately after pre-
heating:

Ef Ecl Rk Rg! Eb Ec2

v Vdc chms Meg Vdc Vdc

7.0 0 200 0.25 250 150

The output indicator shall be a "VU" meter. The three (3) milliwatt point shall be determined as a meter deflection of
25 percent of the calibration point.

The cathode resistor shall be shunted with capacitive reactance not exceeding three (3) ohms 60 cycles.

Early Life Assurance Test

a. Life test samples shall beselected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are outside the initial specification limits for the relevent life
test endpoint characteristics, such tubes shall be replaced by randomly selected acceptable tubes.

b. Serially mark all tubes of the sample,

c. Record reference characteristic measurements on the entire sample after a maximwn operaton of 15 minutes under
specified voltage and current conditions.

d. The Early Life Assurance Test sample shzll be operated at specified conditions or cquivalent for 100 hours (+ 4 hours)
with the intermediate down period reading point at 20 hours (+ 4 howrs) and 2 hours + 30 minutes. [ntermittent or
continuzous operation may be employed.

e. A defective shall be defined as a tube having falled the shorts and continuity test or a tube having a change in ref-
erenced characteristic greater than that specified.



Note 7: 1000 Hour Intermittent Life Test

a. The sample size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the initial test endpoint characteristic.

b. Record the reference characteristic.
c. Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500 + 24 hours and 750 + 24 howrs. The 100 hours of Early Life Assurance Test shall

be part of the 1000 hours,

d. Acceptance criteria - The sample is acceptable if it has earned a total of 9000 tube hours. The total number of
tube hours is the sum of the successful operating hours of each tube.

e. Quarterly, the life test sample shall be continued to 5000 hours with interim reading points at each 1000 hours. This
test will be run to determine long life capabilities.

Note 8: The rejection label shall be set at the VU meter reading obtained during calibration,

More reliable products through Advanced-Engineering

CBS ELECTRONICS, Receiving tube Operations, Danvers, Mass. A Dlvision of Columhbla Broadcasting System, Inc.
Sales Offices: Danvers, Mass., 100 Endicott Street, SPring 4-2360 . Newark, N. J., 231 Johnsan Ave., TAlbert 4-2450

Melrose Park, Il., 1990 N. Mannheim Road, EStebrook 9-2100 . Aflanta, Georgia, Cary Chapman and Co., 672 Whitehall St.. SW., JAckson 4-7388
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Avenue, FEderal 2.5457 . Los Angeles, Calif., 2120 S. Garfield Avenue, RAymand 3-9081

Printed in U.S.A,
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WIDEBAND PENTODE AMPLIFIER
1733

CBS Type 7733 is a wideband pentode amplifier which is es-
pecially designed and tested for use in measurement test equip-
ment, instrumentation, and other applications where extreme
reliability, stable characteristics, and long life are required.
The 7733 is a replacement for types 12BY7 and 12BY7A. Su-
perior performance is assured because of its improved con-
struction, special tests, and tight minimum-maximum limits.

This electron tube has a continuous-wound coil heater which
is superior to ordinary heaters both electrically and mechani-
cally. Burn-outs are virtually eliminated, heater-cathode leak-
age is lower, and hum is lower, Further insurance of quality
is provided by heater cycle testing.

Stable characteristics throughout life is a result of meticulous
processing and selection of cathode sleeve material. Also each
tube is subjected to 2 48 hour burn-in periodto obtain a more
uniform level of performance when they are put into opera-
tional service.

An elaborate testing procedure is carried out on these tubes
for confidence in their ultimate operation. There is a 100~
howr early life assurance test, a special 1000-hour life test,
and a 5000-hour informational life test.

Additional mechanical features offered by CBS type 7733 in-
clude: gold plated base pins which prevent oxidation and im-
prove base pin contact; precisely made and fitted parts in
stronger structures for lowernoise and microphonism; and elec~
trical features include: grid current test, knee test, reduced
heater voltage plate current test, and life tested plate current.

MECHANICAL DATA

Cathode, coated unipotential

Bulb T-61/2
QCutline JEDEC 6-3
Base Minjature 8-pin (E9-1)
Basing 9BF
Mounting position Any

PIN CONNECTIONS

Pin 1: Cathode

Pin 2: Grid t

Pin 3: Grid 3, L.S.

Pin 4: Heater

Pin 5: Heater

Pin 6: Heater Center Tap
Pin 7: Plate

Pin 8: Grid 2

Pin 9: Grid 3, LS.

ELECTRICAL DATA

HEATER CHARACTERISTICS

Voltage, 4-c or d-c

Current

Peak heater-cathode voltage
Heater negative to cathode
Heater positive to cathode*

12.6/6,3+10%  volts
300/600 ma

200 volts
200  volts

*D-c component must not exceed 100 volts.

DIRECT INTERELECTRODE CAPACITANCES

Grid to plate: gl to p, max.
Input: gl to kthtg2rgd+i.s.
Qutput: p to k+h+g2tg3+is.

. 063 unf
10.7 uuf
4.0 uuf

MAXIMUM RATINGS (Design maximum values)

Plate voliage
Grid 2 voltage
Grid 1 voltage, negative d-c
Grid 1 voltage, positive d-¢
Plate dissipation
Grid 2 dissipation
Grid 1 circuit resistance
Fixed bias
Self bias
Bulb temperature

CHARACTERISTICS AND TYPICAL

Class A Amplifier

Plate voltage

Grid 3 (suppressor) connected to
cathode at socket

Grid 2 (screen voltage)

Cathode bias resistor

Plate resistance (approx. )

Transconductance

Plate current

Grid 2 current

Grid 1 voltage (approx. ) for Ib=20ua

Amplification factor {gl to g2)

from JEDEC release #2870, July 4, 1960

330 volts
190 volts
-55 volts
0 volts
6.5 watts
1.2 watts
0.25 meg
1.0 meg
165 °c
OPERATION
250 volts
180 volts
100 dhms
90000 ohms
12000 umhos
24 ma
5.0 ma
-8 volts
31.5



AVERAGE PLATE CHARACTERISTICS

Er = RATED VOLTAGE
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AVERAGE TRANSFER CHARACTERISTICS
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Test Conditions

12. 6 series connection or 6.3 parallel connection  Eb = 250 Vde, Ec2 = 180Vde
Ect= 0 Vdc, Rk = 100 chms

Reference AQL Test Conditions Sym. Min. Max, Unit

Note 2 Note 1

4.7.5 0.4 Continuity & Short -—- J— ——— -—-

4.10.8 2. 5% Heater Current Ef=12,6V If 275 325 mA
Ef= 6.3V 1 570 630 mA

4.10.15 1.0 Heater Cathode Leakage Ehk = +200 Vdc Thk “=- 10 uAdc
Ehk = -200 Vdc Thk - 10 uAdc

4.10.6.1 1.0 Grid Current (1) ie(1) 0 -0.5 uAdc

4.10.4.1 1.0 Plate Current (1) Ib(1) 19 31 mAde

4.104.3 Screen Grid Current Ic2 3.5 8.5 mAdc

4.10.9 Transconductance (1) Sm(l) 8500 13500  umhos

—~- Knee Determination Ebb vary, Eccp=150Vdc Kn -— 50 Vdc
Rg;=2.2meg, Ecc)=0

4.8 2.5 Insulation of Electrodes E(gl-all}=100 Vdc, gl negative R(gl-atl} 100 -—— Meg
E{p-all=300 Vdc, p Negative R(p-all) 100 - Meg

4.10.4.1 2.5 Plate Current (2) Rk=0, Ecl= -16 Vdc b2} - 40 wAde

4.10.9 2.5 Plate Current (2) Ef=5.7V or 11.4 Alb .- 15 %

4.10.6.1 2.5 Grid Current (2} Ef7.0V or 13.8, Rgl=0.1 Meg  Ic(2) 0 -1.5 uAde
Note 3

4.10.3.4 2.5 Noise & Microphonics Rg1=50K, Ebb=300V, Rp=10K M -— —~- —
Eccp=1B0Vdc, Rk=0; Ecc= -5V
Ecal=30mVac, Notes

4.10.4.1 2,5% Plate Current (3) Eb=65Vdc, Ee2-=150Vdc Ib(3) 30 70 mAde
EC1=0; Rk=0, Note 7

4.9.19.1 2.5% Vibration Rp=2000 ochms Ep ——- 100 mVac

4.10. 14 2.5% Capacitance No Shield Cgp -m- 0.063 uuf
No Shield Cin 8.0 12.4 uuf
No Shield Cout 2.5 4.5 uuf

LIFE TESTS

_— 1.0 Early Life Assurance Ef=6.3V or 12.6V - ——— _—- —

Code Test Eb=250Vdc
K Ec2=180Vdc

Rk=t00 ohms, Ehk= -200Vdc,
Rgl=1.0 Meg, Note 5



Reference AQL Test Conditions Sym. Min, Max Unit

-—- - Early Life Assurance Shorts and Continuity -rem -— --- -
Test End Points
Change in Plate Current of A b
Individual Tubes t - 10 %
4.11.5 - Intermittent Life Test Early Life Assurance Test - -— - .-
1000 Hours Conditions, Note 6
4.11.4 --- Intermittent Life Test Inoperatives - - ~—- —
End Points - 1000 hours Grid Current (1) Ie(1) 0 -1.5 uAde
Change in Plate Current (1)
of individual tubes A Ib{1) 0 20 %
t
Heater Cathode Leakage
Ehk= +200Vdc Thk 0 20 uAdc
= -200 Vde [hk 0 20 uAdc
Insulation of Electrodes
E(gl-all) R{gl-all) 50 . Meg
E(pl -all) R{P-all) 50 --- Meg
4.11.7 - Heater Cycling Ef=7.0V or 13.8V --- --- 48 hours
Life Test Ehl= -200V
Cycle
1.0 Mip, on
4.0 Min. off
4.11.4 -—- Heater Cycling Life Test Shorts & Opens Heater Cathode -— - -— -—
End Points Leakage
Ehk = +200 Vdc Thk - 15 uAdc
Ehk = -200 Vdc Thk - 15 nAde

TEST NOTES

Note 1:  Lots of CBS Electronics tubes may be sampled using MIL-STD-105A gampling tables for the specified AQL. All character-
istics, having similar AQL's, shall be combined forsampling puwrposes with the exception of control test, Control test is
indicated by an asterisk (*). The term AQL, as used on the specification, is defired in MIL-STD-105A, paragraph 4.1,

Note 2:  References are paragraphs in MIL-E-1D specification, dated 31 March 1958.
Note 3:  Prior to this test, tubes to be preheated five (5) minutes at conditions indicated below, Test immediately after preheating:

Ef Ecl Rk Rgl Eb Ec2
v Vdc ohms Meg Yde Vdc
70 0 100 0.t 250 180
or

13.8

Note 4: Rejection point ghall be VU reading obtained during calibration,
Note 51 Early Life Assurance Test
a. Life test samples ¢hall be selected from a lot at random in such a manner as to be representative of the lot. If such
selection results in a sample containing tubes which are outside the initial specification imits for the relevant life
test endpoint characteristics;, such tubes shall be replaced by randomly selected acceptable tubes.

b. Serlally mark all tubes of the sample.

c. Record reference characteristic measurements on the entire sample after a maximum operation of 15 minutes under
specified voltage and current conditions.

d. The Early Life Assurance Test sample shall be operated at specified conditions or equivalent for 100 hours (+ 4 hours)
with the intermediate down period reading point at 20 hours {+ 4 howrs) and 2 hours + 30 minutes. Intermittent or
continugus operation may be employed.



e. A defective shall be defined as a tube having failed the shorts and continuity test or a tube having a change in refer-
enced characteristic greater than that specified.

Note 6: 1000 Hour Intermittent Life Test

a, The sample size shall be 10 tubes and shall be selected from the first 10 lowest number tubes which have successfully
passed the Early Life Assurance Test and meet the initial test endpoint characteristic.

b. Record the reference characteristic.
c. Place the sample on life test with the specified operating conditions for 1000 hours with the intermediate down period
reading points at 250 + 24 hours, 500 + 24 hours and 750 + 24 hours. The 100 hours of Early Life Assurance Test —

shall be part of the 1000 hours.

d. Acceptance criteria - The sample is acceptable if it has earned a total of 2000 tube hours. The total number of tube
hours is the sum of the successful operating hours of each tube.

e. Quarterly, the life test sample shall be continued to 5000 hours with interim reading points at each 1000 hours. This
test will be run to determine long life capabilities,

Note 7: Plate current Ib(3) reading shall be an instantaneous reading.

Note 8: The rejection level shall be set at the VU meter reading obtained during calibration,

More reliable products through Advanced-Engineering

CBS ELECTRONICS, Recoiving tube Operations, Danvers, Mass., A Dilvision of Columbla 8rcadcasting System, Inc.
Sales Oﬁices . Danvers, Mass., 100 Endicott Street, SPring 4-2360 . Newark, N. )., 231 Johnson Ave., TAlbert 4.2450

Mefrose Park, 111, 1930 N, Mannheim Road, EStebrook 9-2100 . Atlanta, Georgia, Cary Chapman and Co., 672 Whitehall St., SW., JAckson 4-7388
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Avenue, FEderal 2-5457 . Los Angeles, Calif., 2120 §. Garfield Avenue, RAymond 3-5081

Printed In U.S.A.



BULLETIN
1-1009

% cchmical imformaiion

€8S ELECTRONICS
A Division of Columbia Broadcasting System, Inc.

Danvers, Massachusetts

TENTATIVE DATA
E235L/7751

The E235L is a reliable beam power pentode with long life {over 10, 000
hours). Its characteristics are held to narrow limits and the cathode
is free from interface formation,

This tube has low internai resistance at zero grid bias, and it is es-
pecially designed as a switching tube for pulsed equipment, as a pass

tube in regulated power supplies, and other power tube applications
(especially for low anode and screen grid voltages).

MECHANICAL DATA

Cathode, coated unipotential

Base Octal
. Maximum overall height 4,14 inches
Maximum seated height 3.38 inches
Maximum diameter 1.3 inches
Mounting position Any

PIN CONNECTIONS 7AC

Pin 1: N.C. Pin 5: Grid 1
Pin 2: Heater Pin 6: N.C.
Pin 3: Plate Pin 7: Heater
Pin 4: Grid 2 Pin 8: Cathode, Grid 3

ELECTRICAL DATA

HEATER CHARACTERISTICS

Heater voitage 6.3 volts
Heater current 1.2 amps
Peak heater-cathode voltage
Heater negative to cathode 200 volts
Heater positive to cathode 250 volts

from JEDEC release #2840,
June 13, 1960



DIRECT INTERELECTRODE CAPACITANCES

Input 17.5 ppef
OQOutput 9.0 ppf
Grid 1 to plate, max. 1.3 ppf
MAXIMUM RATINGS (Absolute maximum values)

Plate supply voltage, zero plate current 550 volts
Plate voltage, d-c 250 volts
Grid 2 supply voltage, zero grid current 550 volts
Grid 2 voltage, d-c 250 volts
Plate dissipation 10 watts
Grid 2 dissipation 5 watts
Plate and grid 2 total dissipation 13 watts
Cathode current 200 ma
Grid 1 circuit resistance 0.5 meg
Heater~Cathode external resistance 20,000 ohms
Bulb temperature 220 °C
CHARACTERISTICS

Plate supply voltage 100 volts
Grid 2 voltage, zero signal 100 volts
Grid 1 voltage -8.2 volts
Plate current 100 ma
Grid 2 current 7.0 ma
Transconductance 14,000 pwmhos
Plate resistance 5,000 ohms
Grid 2 amplification factor 5.6 -—-
Internal resistance, zero grid bias 100 ohms
Plate current, Ecl = -35V (approx.) 0.1 ma
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7817
PHOTOMULTIPLIER

The CBS Type 7817 supersedes and is a direct replacement for CBS
Type CL-1002. Type 7817 is a 10-stage, 2 inch diameter, end-on
photomultiplier sensitive to the blue region of the spectrum. The
faceplate is plano-concave with the photocathode deposited on
the curved surface. This design insures excellent uniformity of
response across the face of the tube. Use of the curved photo-
cathode in conjunction with the lineas multiplier structure provides
short transit time spread. The tube utilizes silver magnesium dynodes.

Type 7817 is intended for use in scintillation counting, spectroscopy,
photometry and flying spot scanner applicotions.

GENERAL DATA MAXIMUM RATINGS
Spectral Response $-11 .
Photocathode Semi-transparent Units
Photocathode Window Circular end-on type
Window Diameter 1.745 inches (min.) Supply Voltage (DC or peak AC) between
) ) Anode and Cathode 2000 volts
Window Index of Refraction 1.51
Tube Diameter 2+1/16 inches Supply Voltage (DC or peak AC) between
Overall Length 5-5/8+1/8 inches Last Dynode and Anode 250 volts
Seated Height to Center Supply Voltage (DC or peak AC) between
of Window 4-7/8%1/8 inches Cathode and First Dynode 400 volts
Mounting Position Any Supply Voltage (DC or peak AC) between
Weight {approximate) 179 gm. Cathode and Focusing Electrode 400 volts
Base Medium shell diheptal {(See Note 5)
14 pin (JETEC No. B14-38) Average Anode Current 5 ma
Non-Hygroscopic {See Note &)
Wavelength at Maximum Average Anode Dissipation 1 watt

Response 4400% 500 angstroms
W th at %o . e
ovele.ng h at 10% °.f Enviranmental Conditions (Non-cperating):
Moximum Respense on Ambient St T t 475 °C
Ltong Wavelength Side 6125+275 angstroms ° erage femperature
Wavelenath of 10% of Shock: 40 g, 11 ms. duration (See Note 7)
aveleng ° Vibration: 0.35" double amplitude displacement:

(See Note 6}

Maximum Response on

k 0-25 cycles
Short Wavelength Side 3250+ 250 angstroms 10 g: 25-2000 cycles
{See Notes 7, 8)

ol S

Jt.%;&g%@tm@?omnazs A divisiop of Columbia Broadcasting System, In¢., Migh Ridge Road, Stamford, Cona.

from JEDEC release #2966, Sept. 19, 1960
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CHARACTERISTIC
ELECTRICAL DATA

Min. Avg. Max. Units

Cathode Radiant Sensitivity ot
4400 A 056

Cathode Luminous Sensitivity 50 80

Anode Radiant Sensitivity at
4400 A, 1250 valts botween
cathode and anode 1.26x10-2 amp/pw
(Seo Mote 3) e Pl
Anode Luminous Sensitivity SR v
1250 volts betwean cathoda e catwone
and anode 4 13.5 amp/lumen L 2 tuan WOTL: DAREGTION OF LUOHT
1750 volts between cathode P 2o 0 o 07 puLe
and anode 30 120
{See Notes 1, 3, 5)
250 v banvans cuthada” e e e =
and anode 9 amp/lumen — I P
1750 volts betwoen cathode
ond anode 90
{Seo Notes 1, 3)
Current Amplification
1250 volts between cathode
ond anode
1750 volts between cathode
and anode
(See Notes 3, 5}
Equivalent Anode Dark Current
Input
(See Notes 1, 4)

Interelectrode Copacitances

pa/pw
pa/lumen
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(Sea Noto 9)
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(See Noto 10}
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NOTES

The light sourco is a tungsten filoment lamp operated ot a color
tempernture of 2870°K.

Moosured at O cps with 210 volts applied between cothode and
all other eloctrodes connocted togethor,

The applied voltage, V, is distributed in the following manner:
1/6 of V between cathode and dynede 1, 1/12 of V between
succeeding dynodes, 1/12 of ¥V betwoen dynade 10 and anode.
Improved pulse energy resolution ond goin stability can be ob-
tained if velioge botwoon cathode and dynode 1 is set ot four
times thot between succeeding stages; this moda of operation
is racommendad for oll scintillotion spectrometry work.
Measurod ot 25°C with supply voltage adjusted to give an anode
luminous sensitivity of 20 amperas per lumen,

The focusing electrode should be voried between photocathode
and dynode 1 potentiols for optimum photoelectran collection
officiency. Best gain and pulse energy resolution are uvsually
ablained with shield potentiol above cothade BOG%H of cathade —
dynode 1 potential.

Average over o 30 second intarval moximum.

Test performed, with no volioge applied, in cach of three ortho-
gonal oxes, Reference oxis is through Pins 2 and 9 on tube base.
Test performed, with no voltage opplied, through three complete
eycles ot three minutes per cycle in each of three orthogonol axes.
Reforente axis is through Pins 2 and 9 on tube base.

Jitter is graaiest deloy between anode pulses due to position
from which clectrons ore simultoneously released within a circle
on tube foce of specified diometor.

Note 10: Meosured hotween V0% ond 90'/. of anode pulse height.
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7818
PHOTOMULTIPLIER

The CBS Type 7818 supersedes and is a direct replacement for CBS
Type CL-1003. Type 7818 is a 10-stage, 3-inch diameter, end-on
photomultiplier sensitive to the blue region of the spectrum. The
faceplate is plano-concave with the photocathode deposited on the
curved surface. This design insures very good uniformity of response
across the face of the tube. Use of the curved photocathode in
conjunction with the linear multiplier structure provides short transit
time spread. Silver-magnesium dynodes are used.

Type 7818 is particularly applicable in scintillation counting when
large crystals are to be used. Other applications include flying spot
scanners and photometric instruments.

P - s S —
GENERAL DATA MAXIMUM RATINGS
Spectral Response S-11
Photocathode Semi-transparent Units
Photocathode Window Circular end-on type
Window Diometer 2.703 inches (min.} Supply Voltage (DC or peak AC) between
Window Index of Refraction 1.51 Anode and Cathode 2000 volis
Tube Diameter 3£3/32 inches Supply Voltage (DC or peak AC) between
?Vem: ;9"9}:*\ 6-1/8+1/8 inches Lost Dynode and Anode 250 wvolts
eated Height to Center . Supply Voltage (DC or peak AC) between
of V.deow' . 3-3/8£1/8 inches Eﬁtﬁode a%d First D)")node 400 volts
Mounting Position Any
Weight (approximate] 245 g, Supply Voltage (DC or peak AC) between
. . Cathode and Focusing Electrode 400 volis
Base Medium shell diheptal
14 pin (JETEC No. B14-38) (See Note 5)
Non-Hygroscopic Average Anode Current 5 ma
Wavelength at Maximum (See Note 6)
Response 4400 500 angstroms Average Anode Dissipation 1 watt
Wavelength at 10% of (See Note 48)
Maximum Response on Environmental Conditions (Non-operating):
Long Wavelength Side 61254275 angstroms Ambient Storage Temperature +75 °C
Wavelength ot 10% of Shock: 40 g, 11 ms. duration (See Note 7)
Moximum Response on Vibration: 0.35” double amplitude displacement:
Short Wavelength Side 3250 %250 angstroms (See Note 8) 0-25 cycles

10 g: 25-2000 cycles

2 220 from JEDEC release #3006, Oct. 24, 1960
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W ! { 2,700 w1
W . 7818 R
« CHARACTERISTIC R R A
. : e
O m ELECTRICAL DATA i S A _
- : . ] 3 40 |
g Min. Avg. Max. Units ! : !
> A=
o) Cathode Radiant Sensitivity at i i 24 00 ,
@ 4400 A 060 ho/uw | sit | L e w |
< B Cathode Luminous Sensitivity 50 70 pa/lumen | T Bmae w3
- | Variation in Cathode Luminous ‘ s oredoc %o 3
5 Sensitivity over entire cothode +20 T i S tor-1 S
{See Note 5) i S ] - I
Anode Rgdiant Sensitivity ot q - e P ‘ i amoze
4400 A, 1250 volts betwean b | v Eg::filc:;m
| cathode and anode 1.2x10-2 amp /pw v LLECTROOE
i [ (See No‘a 3) 1! il NOTC " DXRLCTION OF LEIWT
i Anode Luminous Sensitivity y ] W10 ENDOF S8
E | 1250 volts between cathode 1 DY
! 1 and onode 4 ‘35 OmP/lume" %,_;7r _ - P — e e e -—
. 1750 volts between cathade ’i
[ and anode 30 120 amp/lumen aooapony ———
(See Notes 1, 3, 5) : V== Terica waneign EMARICITRDTIES !
Last Dynode Luminous Sensitivity [ — | >
1250 volts between cathode i . ~
‘ and onode 4 amp/lumen : ooasen e
1750 volts between cathode ; . =
ond anode 90 amp/lumen . >
{Seo Notes 1, 3) | . // i
Current Amplification ‘ : 'JF_ <
P 1250 volts between cathode 1| i (= A §
| ’ and anode 190,000 H % ¢ ‘,I’\i\unmmv" =
1750 volis between cathode 1 i, ;(L : .
i ‘ and anode 2,000,000 ; : /] i B}
‘ | {Ses Notes 3, 5) | g “‘? A =M
‘ Equivalent Anode Dark Current i : - f £
| e 21078 XA0TE bumen . e,
. (Ses Notes 1, 4) ! i Sy U7
Lo intereloctrode Capacitances I 160 7 B
. a) Anode to all other 3.2 pt !i : {
| electrodes ﬂ |
: b) Anode to last dynode 28 ppf R |
| Time Jitter over Ceatral 2.5 inches [ mus i st " W h e - I
P {Sce Noto 9) ; - 7
! ! Anodo Pulse Rise Time & e e
‘ w“h 1 mm dium- H TENTATIVE AVERAGE ANOOE CHARACTCRISTIC i
: illuminated on tube foce 3 mps !1 VOATS £ 41000 < 10 |
{Sce Note 10) Jﬂ " LIBNP fLut (wCROLUsENE |1 $ 73] |
T
1 o 3 T
B * 0
ae
i “ .08 T '/ Iu:‘
‘ NOTES ' 1. A4 i
, = ’1( lsm
I w o
; i I ]
| g.. L i
! i Note 1: The light source is a tungsten filament lamp operated at @ color I i"“
' temperature of 2870°K. on A ¢1s]
| Note 2: Measured at O ¢ps with 210 velts applied between cathodo and 8 i
: oll ather olectrodes connected together. : e A
| | Note 3: The opplied voltags, V, is distributed in the following manner: VAT GLTOTI aNDOC uRA Last praoO
| 1/6 of V between cathode and dynode 1, 1/12 of V between o R e Land mo il el L Smmr— e e cimmis e
i succeeding dynodes, 1/12 of V batween dynode 10 and anede.
I Improved pulse energy resolution and gain stability can be ob- L1 bt
tained if voltago between cathode ond dynode 1 is set at four | \ T i
. times that beiween succeeding stages; this mode of operation :pfcm“ fesronse
v v rocommended for oll seintillotion spectromatry waork, i \ 8:11 FHOTOCATHOOE =}
i . Note 4: Measured at 25°C with supply voliage adjusted to give an onode \
i ' luminous sensitivity of 20 ampares per lumen. 1
' | Nate 5: The focusing electrode should bo varied between photacathode hH i Coun vrs 00
! and dynode 1 potentials for optimum photoelectron collaction . pregoteri Ay
| officiency. Best gain and pulso energy resolution are vsually -t
b obtained with shield potentinl above cothode 80F% of cathods — H
b dynede 1 patenticl. : o &
. £ \
i Note 6: Average over a 30 second interval maximum. {| H5 \
‘ Note 7: Test performed, with no volloge opplied, in each of three orthoe ' o2 1
‘[ gonal oxes. Refereace axis is through Pins 2 ond 9 on lube base. ’ E \
‘ Note B: Tes! performed, with no voltoge opplied, through three complete | 6l
cyclos ot throe minules per cycls in each of thrae orthegonel axes. |\
. { Referonce axis is through Pins 2 and 9 on tubo base. !
i ! Noto 9: litter is greatest doloy batweon onode pulses due to position {
Lo from which electrons are simultaneously released within a circle
‘ ,‘ on lube face of specified diometer. ’: - / \\
i ; Note 10: Measured between 10% and 9095 of anode pulse height. i AR E T NN 1




{ $BS.  TECHNICAL BULLETIN

SEPTEMBER 1960

7819
PHOTOMULTIPLIER

The CBS Type 7819 supersedes and is a direct replacement for CBS
Type CL-1015. Type 7819 is a 10-stage, 5-inch diameter, end-on
photomultiplier sensitive to the blue region of the spectrum. The
faceplate is plano-concave with the photocathode deposited on
the curved surface. This design insures good collection efficiency
across the face of the tube. This tube utilizes a linear dynode struc-
ture with silver-magnesium dynodes.

Type 7819 is particularly well suited for use in scintillation counting
when large crystals or large volumes of liquid scintillotors are to be
used. Other applications include use in flying spot scanners ond
photometric instruments,

GENERAL DATA MAXIMUM RATINGS

Spectrol Response S-11

Photocathode Semi-transparent Units

Ph-otocmho'de Window Clrculer end-on.type Supply Voltage (DC or peak AC) between

Window Diameter 4.250 inches (min.) Anode and Cathode 2000 volts

Window Index of Refraction 1.51 Supply Voltage (DC or peak AC) between

Tube Diameter 5-1/443/16 inches Last Dynode and Anode 250 volts

Overall Length 7-3/4=1/8 inches Supply Voltage (DC or peak AC) between

Seated He|gh1 to Center Cathode and First Dynode 400 volts
of Window 7+1/8 inches Supply Voltage (DC or peak AC) between

Mounting Position Any Cathode and Focusing Electrode 400 volts

Base Medium shell diheptal (See Note 5)

14 pin (JETEC No. B14-38) Average Anode Current 5 ma
Non-Hygroscopic (See Note 6)

Wavelength ot Maximum 4400500 angstrans Average Anode Dissipation 1 watt
Response (See Note 6)

Wavelength at 10% of Maximum &125==275 angstroms Environmental Conditions (Noa-operating):

Response on Long Wavelength Ambient Storage Temperature +75 °C
Side Shock: 40 g, 11 ms. duration {See Note 7)

Wavelength at 109% of Maximum 32502250 angstroms Vibration: 0.35" double amplitude displacement:
Response on Short Wavelength (See Note 8) 0-25 cycles
Side 10 g: 25-2000 cycles

@ ;33 @ from JEDEC release #3006, Oct. 24, 1960
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CHARACTERISTIC
ELECTRICAL DATA

Min. Avg. Max.

Cathode Radiant Sensitivity at
4400 A

Cathode Luminous Sensitivity

Variation in Cothode Luminous
Sensitivity over entire cathode
{See Note 5)

Ancde Radiant Sensitivity at
4500 A, 1250 volts botween
cothode ond onode
{See Note 3)

Anode Luminous Sensitivity
1250 volts between cathode

and anode 4
1750 volis between cothode
and anode
(See Notes 1, 3, 5)

Last Dynode Luminous Sensitivity

1250 volis between cathode
and anode 9

1750 volts between cathode
and anode

(See Notes 1, 3)

Current Amplification

1250 volis between cathode
and ancde

17350 volts between cathode
and anode

{See Notes 3, 5)

Equivalent Anede Dark Current
Input
(See Notes 1, 4)

Interelectrode Capacitances
a) Anode to all other

slectrodes

b} Anode to last dynade

060

50 70

1.2x10-2

13.5

30 120

90
190,000
2,000,000
2x1p—10

2%i0-°

3.2

2.8

NOTES

Mote
temparature of 2870°K.
Note 2:
oll other electraodes connecied together.
Note J:
1/6 of ¥V between cathoda and dynode 1, 1/12 of
succeeding dynodes, 1/12 of ¥V hetween dynode 10
Improved pulse onergy resolution and gain stability

Tha light source is o tungston filoment lamp cperated ot o color

Units !

fa/jew
wa/lumen

Go

amp/jw

amp/lumen |

amp/lumen

amp/lumen

amp/lumen

lumen !

ppef

nuf

Measured at O cps with 210 volts applied beiween cathode and

The applied veltage, V, is distributed in the following manner:

v between
and anede,
can be ob-

tained if voliage between cothode and dynode 1 is set ot three

to four times that between succeeding stoges.
Nota 4;
luminous sonsitivity of 20 amperes per lumen.
Nate §:

Measured at 25°C with supply voltage adjusied to give an anode

The focusing eloctrode should be varied between photocathode |

and dynode 1 potentiols for optimum photoelectron collection

efficiency. Best gain ond pulse energy resolution

are usally

obtained with shield potential obove cathode 20% of cothode —

dynode 1 potentiol. Best uniformity of cothode
usually obtoined with shigld ot cathode potentiol.
Nole 6:
Note 7:

Avorage over a 30 second interval maximum,

response s

Test performed, with no volloge applied, in each of three ortho-

gonal axes. Reference axis is through Pins 2 and ¢ on tube bose.

Note B:

Refarence oxis is through Pins 2 and @ on tube base,

Teosl performed, with no voltoge appliad, threugh threa complete
cycles of three minutes per ¢ycle in each of three orthogonal axes. |
I
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