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NL-T4E 04 

General Purpose Triode 

80 kW CW 

DESCRIPTION 

The ML-7480A is a general-purpose vapor-cooled triode 
conservatively designed for 50-75 kW industrial heating 
and AM broadcasting service. 

The anode is designed to dissipate 80 kilowatts, and 
substantially higher power during momentary overloads or 
intermittent operacion. Efficient cooling is accomplished by 
vaporization of water in a jacker and transport of the vapor 

to a secondary cooling circuit at a temperature of about 
100°C. Sturdy coaxial grid and cathode mounting strucrures 

provide low-inductance, high-dissipation r-f terminals. The 
cathode consists of sturdy, self-supporting, stress-free, thori- 

ated-tungsten filaments. Envelope insulation members are 
strong, low-loss, ceramic cylinders. 

Maximum rarings of 16 kVdc plate voltage and 140 kW 
plate input apply at frequencies up to 40 MHz. Useful power 

output can be obtained at frequencies up to 80 MHz at re- 
duced plate voltage and plate input. 

GENERAL CHARACTERISTICS 

Electrical 

Filament Voltage 

Filament Current ... . 

Filament Starting Current, maximum ... 

Filament Cold Resistance 

Amplification Factor 

Interelectrode Capacitances 

Grid-Plate ... 

Grid-Filament ... 

Plate-Filament, maximum 

Mechanical 

Mounting Position . - SR 

Type of Cooling, Anode ....... ... e 

Air Flow on Bulb and Seals, approximat 

Maximum Envelope Temperature 

Net Weight, approximate ... ... 

............................................................... 13.0 Volts 

205 Amps 

800 Amps 

............................................................... 0.007 Ohm 

20 

55 pf 

75 pf 

3.2 pf 

................................................... Vertical, Anode Down 

Vaporization of water 

100 cfm* 

200 °C 

....... 44 1b. 

* At frequencies up to 15 MHzg, air flow should be ditected primarily cn filament seals and the main ceramic bulb; at higher 
frequencies or high ambient temperatures, additional air low may be required on the grid seals. Air flow should be dis- 
tributed to maintain uniform temperature, not greater than 200 °C, around the circumference of the seals. 

WARNING: This electron tube when operating at peak voltages in excess of 15 kv may give off x rays, which can be harmful 
unless adequately shielded by the enclosure within which the tube is used. Instructions for protective installation are given in 
National Bureau of Standards Handbook 93, “Safety Standards for Non-Medical X-Ray and Sealed Gamma-Ray Sources.”
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Audio-Frequency Power Amplifier and Modulator 

Class B 

Maximum Ratings, Absolute Values 

D-C Plate Voltage ... .. ... ... 16000 
Max.-Signa] D-C Plate Current* .. ... ... . 11 

Max.-Signal Plate Input® ... 120 

Plate Dissipation ... ... ... . 80 

Typical Operation (Values are for two tubes) 

D-C Plate Voltage ... 10000 12000 

D-C Grid Voltage . —450 —600 
Peak A-F Grid-to-Grid Voltage ............ 1750 2120 

Peak A-F Plate-to-Plate Voltage ............ 16000 19200 
Zero Signal D-C Plate Current ... 3.0 2.0 

Max.-Signal D-C Plate Current 174 20.0 

Effective Load Resistance, Plate-to-Plate 1170 1230 

Max.-Signal Driving Power, approx. ... 550 600 

Max.-Signal Power Output, approx. ...... 110 152 

* Average over any audio-frequency cycle of sine-wave form. 

Radio-Frequency Power Amplifier 

Class B 

Carrier conditions per tube for use with 2 maximum 
modulation factor of 1.0. 

Maximum Ratings, Absolute Values 

D-C Plate Voltage ...........ccoooocoviiieniiiiiiiie. 16000 

D-C Plate Current ....... ..ccoocooiiiiiiiiiccriiiene, 9 
Plate Input ... 100 
Plate Dissipation ... 80 

Typical Operation 

D-C Plate Voltage ............................. 12000 12000 
D-C Grid Voltage ... —550 —550 

Peak R-F Grid Voltage .................... 510 640 
Peak R-F Plate Voltage . 5300 5300 

D-C Plate Current ............................ . 43 6.8 
D-C Grid Current ... 0 0 

R-F Load Resistance ........... ... 780 500 

Driving Power, approx.t ... ... 450 1500 
Power Qutput, approx. ... ... 18 28 

volts 

amps 
kW 

kW 

volts 

volts 

volts 

volts 

amps 

amps 

ohms 

watts 

kW 

volts 

amps 

kW 

kW 

volts 

volts 

volts 

volts 

amps 

mA 

ohms 

watts 

kW 

tAt crest of audio-frequency cycle with modulation factor of 1.0. 

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS 

(Continuous Commercial Service) 

Plate-Modulated R-F Power Amplifier 

Class C Telephony 

Carrier conditions per tube for use with 2 maximum 
modulation factor of 1.0. 

Maximum Ratings, Absolute Values 

D-C Plate Voltage 10000 

D-C Grid Voltage .. —3200 

D-C Plate Current 8.5 

D-C Grid Current 2.0 

Plate Input ..........c.occooiiiiiii 85 

Plate Dissipation ... . 53 

Typical Operation 
D-C Plate Voltage ... 
D-C Grid Voltage ..., 

Peak R-F Grid Voltage 

Peak R-F Plate Voltage 

D-C Plate Current ... 

D-C Grid Current ... 
R-F Load Resistance 

Driving Power, aPPIOX. ........coocoviiiiiiaeiiiiiene 2.0 

Power Qutput, approX. ..........ccccoovoverriniiieaanne 60 

R-F Power Amplifier and Oscillator 

Class C Telegraphy 

volts 

volts 

amps 

amps 

kW 

134 

volts 

volts 

volts 

volts 

amps 

amp 

ohms 

kW 

kw 

Key-down conditions per tube without amplitude modulation} 

Maximum Ratings, Absolute Values 

D-C Plate Voltage ..........cccoovieriiiiriieiiiceceene 16000 
D-C Grid Voltage ........cccooviiiiiiiiiiiiiiiii —3500 

D-C Plate Current ... 11 
D-C Grid Current ... 2.0 
Plate Input ......occooooiiiiiiii 140 

Plate Dissipation ...............ccoooivviiiiiiiiien 80 

Grid Dissipation ..o 1000 

Typical Operation 

D-C Plate Voltage ..o 10000 15000 
D-C Grid Voltage —1200 —1600 

Peak R-F Grid Voltage 1900 2120 

Peak R-F Plate Voltage 8000 12500 

D-C Plate Current 10.0 7.0 

D-C Grid Current ... _— 0.81 0.30 

R-F Load Resistance ......................... 440 970 
Driving Power, approx. .................... 1.5 0.60 
Power Output, approx. ....................... 72 80 

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN 

Characteristics 

Grid Voltage 

Grid Current 

Plate Voltage 

Plate Voltage E.= 

Grid Voltage Ey = 

Plate Power Output Ev = 

Ec = 

Conditions 

eb = 1500 volts; i, = 48 amps 

ey = 1500 volts; i, = 48 amps 

Ec =0 Vde; In = 3.0 Adc 

— 200 Vde; I = 3.0 Adc 

15.0 kVde; Iy = 0.020 Adc 

15.0kVde; Iy = 7.0 Adc 

—1600 Vdg¢; Ic = 0.30 Adc 

MAXIMUM FREQUENCY RATINGS 

Maximum ratings apply up to 40 MHz excepr as noted. The tube may be oper- 

Limits 
Minimum Bogey Maximum 

ec: 1000 volts 

ic: — —_— 15 amps 

Eb: 1.9 2.4 2.9 kVdc 

Eu: 5.6 6.4 7.2 kVde 

Ee: —700 —820 —940 Vdc 

Po: 68 68 — kW 

Frequency ... ........oceoes. 40 60 

ated at higher frequencies provided the maximum values of plate voltage and power 

input are reduced according to the tabulation on the right. (Other maximum 

ratings are the same as shown above.) Special artention should be given to ade- 

quate ventilation of the bulb at the higher frequencies. 

Percent Maximum Rated Plate 

Volrtage and Plate Input ... 100 75 

volts 

volts 

amps 

amps 

kW 

kW 

watts 

volts 

volts 

volts 

volts 

amps 

amp 
ohms 

kW 

kW 

tModulation essentially negative may be used if the positive peak 
of the envelope does not exceed 115% of catrier conditions. 

80 MH:z 

50%
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APPLICATION NOTES 

introduction 

All high-power vacuum tubes require some aging when 
they are first used in any new equipment or new environ- 
ment. As the system power level increases, particularly if 
arcended by a decrease in impedance level, it becomes in- 

creasingly important to spend enough time to acclimate the 

tube to the desired conditions of operation. There is no 

substitute for seasoming the tube in the actual equipment 
in which it is to operate. Once the procedure has been fol- 
lowed, however, the tube generally will be available for 
substantially immediate operation, unless it has been idle 
for an extended period of time, say three months or more. 

Aging Procedure 

The aging schedule will vary with the particular operating 
and environmental conditions. A general procedure which 
will serve as a starting point is to operate the rube for ap- 
proximately one-half hour at each of the following steps: 

(a) filament voltage only; 

(b) partial plate voltage, drive and load, up to about 
one-half normal; 

(c) full plate voltage, drive and load. 

The length of time necessary for break-in to insure re- 
liable operation can vary widely. Only experience will tell 
whether the above procedure can be shortened, or whether 
steps (b) and (c¢) must be extended, perhaps by a factor 
of two or three. The major factors affecting break-in time 
are the method of applymg plate voltage, the type of pro- 
tective circustry available to remove power in the event of a 
fault, and, for a spare tube, the length of time since it had 
been removed from normal operartion. 

Plate volrage is applied preferably by continuous or 
stepped control. Snap-on of full plate voltage with no load 
may develop excessive transients which cause breakdown 
in the tube or other circuit components. If the voltage must 
be snapped on at full value, at least some load should be 
placed on the power transformer to limit transients to 120 
percent of the d-c volrage. 

Tube Protection 

Fault overloads, due to tube or circuit instabilities, may 

result in the following conditions: 

(a) liberation of gas in the tube; 

(b) gross damage to internal elements, e.g. melting of 
grid wires; 

(c) external arcing over electrodes, with damage to 
seals and possible puncrure of envelope insulator. 

A tube which becomes gassy often can be cleaned up 
successfully by patient reaging. The other conditions listed 
above are usually catastrophic. 

The criteria for tube protection are the total energy which 
may be imparted to the tube, and the peak voltage which 
may appear across the electrodes. The toral energy available 
depends on the power source impedance, including effect of 
transmission lines, and the energy stored in the transformer 
and filter components; on the series resistance in the circuit; 
and on the duration of the discharge or fault condition. 

Primary power characteristics often are not known by 

the equipment designer, and the major energy-storage com- 
ponents usually are fixed by circuit performance require- 
ments. Tube protection, then, is reduced to limiting surges 
by the design of certain components, including in the circuit 
at least some dissipative elements, i.e. resistance, and to sens- 
ing and removing any incipient surge as quickly as possible. 
The foregoing uncertainties make 1t difficulc to specify the 
minimum requirements for sufficient tbe protection under 
a given set of circumstances. 

Protective Devices and Circuvitry 

Heretofore, it has been customary to equip plate and grid 
circuits with overload relays adjusted to open the circuit 
breakers within one-tenth of a second. In many applications, 
particularly where the impedance of the primary power 
source is low or where there is appreciable stored energy, 
the devices referred to above offer inadequate protection. 

For high reliability and freedom from gassing and catas- 
trophic failures, the use of an electronic shorting device or 
“crowbar” is recommended. In this case a thyratron, igni- 
tron, or other suitable gaseous conduction device is con- 
nected to short the rectifier output to ground within 10 
microseconds in the event of a faule condition. The elec- 
tronic crowbar functions to divert the fault energy from the 
protected tube until the relay and circuit breakers act. Where 
multiple tubes are used with a common power supply, this 
type of crowbar is certainly necessary. This type of high- 
speed removal of fault energy has been extremely effective 
in reducing break-in time, and the lower the power supply 
impedance, the more impressive is the effect. 

In some cases adequate protection can be obtained by 
using a vacuum switch, (a) connected as above, or (b) asa 
circuit breaker, replacing the usual slower acting types. 
These devices can divert, or remove, the fault energy in the 
order of one-half cycle. A vacuum-switch circuit breaker 
can, of course, be used to advantage in combination with 
the high-speed electronic shorting device. The latter arrange- 
ment probably gives the best over-all protection to the tube 
and other circuit components. 

In addition, some series resistance should be used in the 
output of the power supply to limit the surge current from 
the transformer. Preferably, resistors may be placed in series 
with each rectifier lead to provide equal protection with sub- 
stantially less power dissipated during normal operation. 
The amount of resistance will vary with circuit conditions 
and the speed of the protective circuitry, but the following 
values can be given as a guide: 

Maximum Power Output 
of Rectifier ... 120 250 500 1000 kW 

Series Resistor ............. 10 20 35 50 Ohms 

The voltage ratings are established so that normal opera- 
tion will not cause arcs to develop across the tube envelope. 
Any external arcing, therefore, is an indication thar the 

rated voltages have been exceeded. To lessen the chance of 
permanently damaging the tube, it is helpful to artach suit- 
able sphere gaps, or rings, to the electrode terminals. If the 
sphere gaps are properly installed, the most probable break- 
down path is between the gaps rather than over the rube 
envelope. The gap separation must be carefully adjusted for 
each application. The spacing from the tube envelope to the 
gaps or rings, in general, should be equal to or greater than 
the gap separation.
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; CHARACTERISTICS : 

s 

"~ GRID CURRENT IN 

_AMPERES —~—— 

~800 —PLATE CURRENTIN 

. 'A-~13096/R6 - PLATE VOLTAGE —KILOVOLTS = -~ - 

CONSTANT CURRENT CHARACTERISTICS—ML-7480A
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ACCESSORIES 

item Part. No. 

Small Filament Connector ............................... F-17488 

Large Filament Connector . .. ... F-17489 

Grid Connector .. ... F-17397 
O RINg . P-512126 

Jacket for Vapor-Up System, 100 kW ... . . .. .. F-27889 

Jacket for Vapor-Down System, 100 kW ... F-27891 

NOTE: For additional information on accessories, refer to Accessory 

Data Sheet No. ST-2236. 

@ :' @ 9 DIMENSIONS FOR OUTLINE OF ML-7480A 

[ Ref nches N 

FILAMENT ‘ Ifi\ | - * € Minimum Nominal Maximum otes 

TERMINALS —“\/*/g |7 A 4.62 4.65 4.68 
5 : 7 B 3.47 3.50 3.53 

_ C 2.47 2.50 2.53 
D — 1.12 1.19 

K E — 4.63 538 - GRID TERMINAL qD G _ 5.38 5.42 

@) H 6.47 6.50 6.53 

@) ] 7.00 7.00 7.12 

] - - 2013 
K 7.93 8.12 8.50 - 
L —_ — 1.00 

NoTE I(SXTXV) M 671 6.87 7.22 
, \ N 5.06 512 5.37 

NOTE 3 (U) : P 25 3 - 
® ¥O) RA a5 19 - 

NOTE 2 —— RB 15 a9 - 

NOTE 4— RC 15 19 - 
S 5.74 575 576 1 

T .38 .50 — 1 

u 6.559 6.562 6.565 3 

v 4.96 4.98 5.00 1 

ANODE w 249 .264 279 

NOTES: 

1. Three holes, %4”-20 tap, (T) inches deep, on a circle of diameter (S), 

spoced ot chordol distances (V). 

2. Water level for vapor-up cooling system. 

3. Hole of diameter (U) recommended for secling tube in jacket. O-ring 
gasket, Machlett Part No. P-512126, supplied with tube. 

ED-27376/RS 4. Tube supported by this surface only. 
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