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MACHLETT LABORATORIES

| N C o R P (@] R A T E D

SPRINGDALE, CONNECTICUT

STAMFORD, FIRESIDE 8-75I1

September 22, 1959

NOTICE OF REVISED EQUIPMENT MANUFACTURER PRICES
MACHLETT ELECTRON TUBES

The attached price list of Machlett electron tubes becomes effective October 1, 1959.

Tube prices in general are the same as those listed in price sheets dated February 15,
1959. A few types, including ML-242C, 8334, 889A, 857B, 866A, 869B, 872A and 8008,
have incurred slight cost and price increase. However, a few other types, including
ML-6544, 7002, 7003, 7248, 7249 and 6908, have been reduced in price as a result of
increasing usage and lower manufacturing costs.

Note that the equipment manufacturer prices of certain types are indicated with sym-
bols referring to "Minimum Ordering Quantity". The equipment manufacturer prices
listed for these certain types are the prices applicable when quantities ordered for
individual shipments equal or exceed the minimum ordering quantities shown. Orders
calling for individual shipments of less than the minimum quantity for a type will be
billed at the Suggested User Price less 10 percent.

The minimum direct order billing is $10.00. Individual direct orders having a price
list value of less than $10.00 will be billed at the minimum of $10.00.

New listings include:

ML-3CX100A5, UHF planar triode with ceramic envelope
ML-7333, forced-air-cooled, shielded grid triode for hard tube modulators
ML-7335, ceramic beam power triode for 5 KW average power modulator service

Deletions from the price list include types:
ML-207
ML-228A
ML-240B
The attached prices and conditions of sale will supersede those given in Machlett

electron tube price lists dated February 15, 1959. These new prices become ef-
fective with orders booked on and after October 1, 1959.

MACHLETT LABORATORIES, INCORPORATED

Springdale, Connecticut
REN:1c
Encl.

ELECTRON TUBES FOR ALL X-RAY * RADIO TRANSMITTING % POWER * ELECTRO-MEDICAL PURPOSES
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MACHLETT LABORATORIES

INCORPORATED

CONFIDENTIAL — FOR INTERNAL USE ONLY
MODULATORS—AMPLIFIERS—OSCILLATORS

Shipping Suggested Wig Shipping Suggested Mfrs,
Tube Type Class Weight-.bs. Users Net Net Tube Type Class Weight - Lbs., Users Net Net
ML-2C39A A UHF TRI 1 $ 22.50 $14.50 Tt ML-5668 WC TRI 20 $330.00 $250.00
ML-2C39WA A UHF TRI 1% 30.00 20.00 1t ML-5669 FAC TRI 100 490.00 383.00
ML-2C41 A UHF TRI 1% 26.50 19.50 11 ML-5681 WC TRI 123 1875.00 1575.00
ML-3CX100A5 A UHF TRI 1% 32.15 22.50 t1 ML-5682 WC TRI 328 2625.00 2100.00
ML-212E RC TRI 10 210.00 170.00 ML-5736 FAC TRI 15 190.00 150.00
ML-220C WC TRI 49 449.00 360.00 ML-6256 WC TRI 10 240.00 180.00
ML-220CA FAC TRI 85 550.00 435.00 ML-6257 WC TRI 11 252.00 190.00
ML-232B WC TRI 49 670.00 545.00 ML-6258 FAC TRI 22 280.00 210.00
ML-241B RC TRI 10 210.00 170.00 ML-6420 WC TRI 15 360.00 265.00
ML-242C A RC TRI 3 30.00 22.00 t ML-6421 FAC TRI 30 425.00 315.00
ML-279A RC TRI 15 415.00 325.00 ML-6421F FAC TRI 72 440.00 325.00
ML-298A WC TRI 121 1485.00 1310.00 ML-6422 WC TRI 35 385.00 290.00
ML-342A WC TRI 48 670.00 545.00 ML-6423 FAC TRI 50 495.00 370.00
ML-342AA FAC TRI 84 775.00 632.00 ML-6423F FAC TRI 93 510.00 385.00
ML-343A WC TRI 49 449.00 360.00 ML-6424 WC TRI 35 455.00 340.00
ML-343AA FAC TRI 84 550.00 435.00 ML-6425 FAC TRI 50 580.00 425.00
ML-354 WC TRI 123 1750.00 1475.00 ML-6425F FAC TRI 93 600.00 440.00
ML-356/5771 WC TRI 18 635.00 480.00 ML-6426 WC TRI 45 675.00 510.00
ML-3578B RC TRI 10 170.00 138.00 ML-6427 FAC TRI 55 830.00 640.00
ML-379A R 1S 40,90 365.00 ML-6442 A UHF TRI 1 39.25 30.00 Tt
ML-833A A RC TRI 6 55.00 40.00 ML-6544 PM TRI 33 1200.00 950.00
ML-880 WC TRI 18 595.00 475.00 ML-6576 WC TRI 22 680.00 540.00
ML-889A WC TRI 15 235.00 195.00 ML-6623 FAC TRI 17 205.00 160.00
ML -889RA FAC TR e 370.00 275.00 ML-6696 WC TRI 60 1090.00 825.00
ML-891 WC TRI s 293.00 230.00 ML-6697 FAC TRI 80 1310.00 1010.00
ML-891R FAC TRI 60 460.00 370.00 ML-7002 PM TRI 33 2500.00 2000.00
ML-892 hincrigd 18 £99:00 225.00 ML-7003 A FACPMTRI 44  2500.00 2000.00
ML-892R FAGTRI 60 b 365.00 ML-7007 FAC TET 28 1120.00 860.00
ML-893A i @3 890,00 635,00 ML-7120 WC TRI 15 425.00 315.00
ML-893AR FAC TRI 400 1340.00 1065.00 e B TR 4 S0k 00 St aa
ML-5530 FAC TRI 49 330.00 245.00 Wit e ey 45 365 o £5% oo
ML-5530H FAC TRI 49 330.00 245.00 RTRER B 4 St e 246566
i -ahal PSR % G il ML-7209 A UHF TRI 1 30.25 22.00 tt
MLs8281 fifste) b i e i ML-7210 A UHF TRI 1 65.00 45.00 tt
ML-5604 FAC TRI 93 600.00 450.00 MGy S UhE T 1 xh A
ML-5606 ol 1% £84.00 a0 ML-7248 A SWTET 10 1075.00 800.00
ML-5619 wenl ie fohm B0 ML-7249 A SWTET 10 1150.00 850.00
ML-5658 Sl s - i o i ML-7333 A PMTRI 2 1050.00 800.00
ML-5666 We TR re i i ML-7335 A PMTRI 10 1550.00  1200.00
ML-5667 FAC TRI 72 370.00 275.00

PHOTOSENSITIVE AND STORAGE TUBES

Shipping Suggested Mfrs. Shipping Suggested Mfrs.
Tube Type Class Weight-Lbs. Users Net Net Tube Type Class  Weight-Lbs. Users Net Net
ML-5820 ® 0. 4 $1200.00  $990.00 ML-7291 ® VID 2 $ 375.00 $290.00
ML-6198 ® VID 2 230.00 165.00 ML-7351 ® VID 2 415.00 300.00
ML-6577 ® sS.D. 12 2250.00  1800.00 ML-C19K ® D 73 2125.00 1700.00
ML-7038 ® VD 2 265.00 195.00

*% Please refer to Machlett Laboratories for prices. * Shipping weights in lots of 36 domestic packing = 12 ibs.
Shipping weights in lots of 72 export packing = 55 Ibs.

1t Minimum ordering quantity = 4

tt Minimum ordering quantity = 10



MACHLETT LABORATORIES

INCORPORATED
i RECTIFIERS
Shipping Suggested Mfrs, Shipping Suggested Mes

Tube Type Class Weight-Lbs. Users Net Net Tube Type Class  Weight-Lbs. Users Net Net |
ML-102A H VAC 6 $176.00 $137.00 ML-857B HG VAP 16 $ 245.00 $210.00
ML-141 7 H VAC 6 110.00 79.00 ML-866A A HG VAP 5 3.00 2.10 tt
ML-142 H VAC 6 74.00 53.00 ML-869B HG VAP 6 165.00 140.00
ML-148 H VAC 6 152.00 110.00 ML-872A A HG VAP 5 11.00 7.50 1
ML-199 H VAC 11 350.00 280.00 ML-5575/100 H VAC 10 237.00 190.00
ML-222A WC VAC 14 365.00 280.00 ML-5576/200 H VAC 10 266.00 215.00
ML-322 A UHF DIODE 1* 25.25 18.75 1+ ML-6908 OCHV 15 790.00 600.00
ML-575A A HG VAP 6 21.00 15.00 t ML-8008 A HG VAP 5 11.00 7.50 t
ML-673 A HG VAP 6 21.00 15.00

Class Symbols

Tri : Triode (0]¢} : Oil Cooled Hg Vap : Mercury Vapor

Tet : Tetrode SW : Switch 10 : Image Orthicon

Pent : Pentode RC : Radiation Cooled Vid g Vidicon

PM : Pulse Modulator wC ; Water Cooled SD ; Storage Display

(Shielded Grid) FAC : Forced Air Cooled D : Display
UHF : Ultra High Frequency Vac : Vacuum

Price indicated is the price when quantities ordered for individual shipment equal or exceed the minimum ordering quantity shown. Orders calling for in-
dividual shipments of less than minimum quantity for a type will be billed at user price less ten percent.

RENEWAL PRICES ON RADIATOR AND INTEGRAL WATER JACKET TYPES OF TUBES

SUGGESTED

SUGGESTED
¢ TYPE NET CREDIT USERS NET MFRS. NET TYPE NET CREDIT USERS NET MFRS. NET
) ML-220CA $40.00 $510.00 $395.00 ML-5667 $20.00 $350.00 255.00
ML-342AA 40.00 735.00 592.00 ML-5669 30.00 460.00 353.00
ML-343AA 40.00 510.00 395.00 ML-5681 150.00 1725.00 1425.00
ML-354 150.00 1600.00 1325.00 ML-5682 200.00 2425.00 1900.00
ML-889RA 20.00 350.00 255.00 ML-6421 20.00 405.00 295.00
ML-891R 30.00 430.00 340.00 ML-6421F 20.00 420.00 305.00
ML-892R 30.00 425.00 335.00 ML-6423 30.00 465.00 340.00
ML-893AR 100.00 1240.00 965.00 ML-6423F 30.00 480.00 355.00
ML-5530 15.00 315.00 230.00 ML-6425 30.00 550.00 395.00
ML-5530H 15.00 315.00 230.00 ML-6425F 45.00 555.00 395.00
ML-5531 20.00 610.00 450.00 ML-6427 40.00 790.00 600.00
ML-5541 20.00 480.00 365.00 ML-6697 50.00 1260.00 960.00
ML-5604 45.00 555.00 405.00
These prices currently apply when a new tube is purchased and a tube and shipping container are returned prepaid in good physical
condition with a replacement order.
FLAT GASKETS FOR WATER JACKETS
TYeE Boub FART NUMBER  USERS NET  MFRS. NET TYPE R \RERr NUMBER  USERSNET  MFRS. NET
ML-220C 1 P-9569 ; ML-343A 1 P-9569
! S 1 Skl
ML-222A 1 P-9569 30 F .18 ML-880 1 P-4619 1.18 74
1 P-9709 ML-889A 1 P-6083 42 26
ML-232B 1 P-9569 o a0 E 18 ML-891 1 P-4599 .20 i;
1 P-9709 i ML-892 1 P-4599 .20 .
ML-298A 4 p9675 F 30 F .18 ML-893A 1 P-5962 .96 60
ML-5606 1 P-4599 .20 12
J A o AR R S ML-5658 1 P-4619 1.18 74
/ 1 P-9709

F — Price is per set required.



MACHLETT LABORATORIES
INCORPORATED

POWER TUBE ACCESSORIES

DESCRIPTION NO. REQUIRED PART NO. Tuusgg #:’TE}!% USER MFRS. NET
Filament Connector with Straps 2 F-12167 $ 8.50 6.30
Filament Connector without Straps 2 F-13220 323'6858&5859:5’888596%%’ gggg' 4.75 ” 3.65
Grid Connector with Jumper and Straps 1 F-8540 5668. 5669 ; : 1100 8.50
Grid Connector with Jumper without Straps 1 F-13221 ; 10.25 7.75
Water Jacket with “0” Ring Gasket 1 F-10690 96.00 76.75
“0” Ring Gasket for Water Jacket 1 F-8645 }356’ i 2.10 155
Water Jacket with “0” Ring Gasket 1 F-7963 5619, 6422, 6424 76.50 61.50
Water Jacket with “0” Ring Gasket 1 F-8529 5666, 6420 76.50 61.50
Water Jacket with “0” Ring Gasket 1 F-8528 5668 76.50 61.50
“0" Ring Gasket for Water Jacket 1 P-7976 .85 65
Mounting Clamp for Water Jacket 1 F-8768 22;3' il kG T 15.25 12.35
Mounting Plate for Water Jacket j F-8772 12.85 9.50
Standoff Insulator with Mounting Clamp 1 F-8775 5619, 5666, 6420, 6422, 6424 44.75 35.75
Filament Connector (small) 1 F-12589 22.55 17.85
Filament Connector (large) 1 F-12590 29.50 23.00
Grid or Anode Connector 2 3 i: g:gde F-12591 34.85 27.55
Sphere Gap for Grid or Anode 2 F-12507 325 2.70
Sphere Gap for Grid to Filament 1 F-12506 (5681, 5682, 354 3.00 2.55
Mounting Socket 1 F-12527 110.25 82.75
“0" Ring Gasket for Mounting Socket 1 P-13745 1.35 .85
Inner Gasket for Mounting Socket 1 P-12272 1.95 1.35
Filament Connector (small) 1 F-14383 3.15 2.45
Filament Connector (large) 1 F-14382 }6256, 6257, 6258 3.35 2.70
Grid Connector 1 F-14381 3.40 2.70
Water Jacket 1 F-14157 }6256 28.50 22.00
“0” Ring Gasket for Water Jacket i F-14384 .85 .65
Glass Insulated Tube Support 1 P-§r1186 6258 39.00 28.50
Steatite Insulated Tube Support 1 P.17468 65.00 48.50
889RA, 5667, 5604, 5669,
Tube Support 1 P-17822 \ 891R, 892R, 6421F, 6423F, 97.00 74.50
6425F

Tube Support 1 P-16891 5530, 5530H 78.25 62.00
Tube Support 1 P-16893 5531, 5541 59.25 43.00
Filament or Grid Connector 33? ;‘r'i' ,  P14988  5530,5530H, 5531, 5541 4.50 3.30
Filament Connector (small 1 F-17487 | 7120, 7121, 7124, 6420, 6421, g3 5.75
Filament Connector (large) 1 F-17488 6421F, 6422, 6423, 6423F, 8.70 SRTAS

: . 6424, 6425, 6425F, 6426, 9.00 6.25
Grid Connector 1 F-17489 6427, 7125 ! i
Tube Support 1 F-17794 6421, 6423, 6425 38.50 27.50
Air Distributor (including 3 P-21113 clips) 1 F-17796 6421 70.75 49.50
Air Distributor (including 3 P-21113 clips) 1 F-17797 6423, 6425 84.80 60.50
Water Jacket with “0” Ring Gasket 1 F-17292 6426 122.00 93.50
“0” Ring Gasket for Water Jacket 1 P-17494 6426, 6696 1135 .85
Mounting Clamp for Water Jacket

(1 required if ‘mounted on plate) lor2  F-15198 6426, 6696 29.75 24.00

(2 required if mounted from side ] : !

with horizontal insulators)
Mounting Plate 1 F-15196 6426, 6696 23.25 18.75
Tube Support 1 F-17795 6427, 6697 54.00 38.50
Air Distributor (including 3 P-21113 clips) 1 F-17798 6427 95.75 71.50
Filament Connector (small) 1 F-17488 1 8.75 5.75
Filament Connector (large) 1 F-17489 | 6696, 6697 9.25 6.25
Grid Connector 1 F-17397 14.50 10.50
Water Jacket with “0” Ring Gasket 1 F-17393 6696 137.50 105.00
Air Distributor (including 3 P-21113 clips) 1 F-17759 6697 110.50 83.00
Mounting Socket 1 P-8835 102A, 141, 199, 5575, 5576 8.00 5.50
Grid Connector 1 F-21987 - 10.50 8.00
Heater Connector 1 F-21989 | 6544, 7002, 7003 9.75 7.00
Cathode Connector 1 F-21991 14.00 10.00
5 oz. Tube Grease RM-6388 “0O"” Ring Gasket .85 .65
Spring Locking Clips 3 P-21113  Air Distributor .50 .35



MACHLETT LABORATORIES
INCORPORATED

PRICES

Prices are F.0.B. point of shipment and subject to change without notice. Minimum direct
order billing: $10.00; individual direct orders having a price list value less than $10.00 will
be billed at the minimum of $10.00.

TERMS

Terms are net 30 days from date of invoice.

DELIVERY POLICY

All direct orders for factory shipment are F.0.B. point of shipment with full transportation
allowed, via railway express, within Continental U.S.A. on domestic orders authorizing indi-
vidual shipments having a billing value of $250.00 or more. All other orders are F.0.B. point of
shipment. If buyer requests delivery via more expensive means than Railway Express, the
additional costs will be billed to the buyer.

FEDERAL GOVERNMENT OR ITS AGENCIES

For any quotation involving government specifications and/or government inspection refer
to factory for special quotation.

WARRANTY POLICY

Tubes, all except those identified by @ and 4, are warranted to be free from defects in de-
sign, material, and workmanship, and no other warranty may be implied. If such defects
appear within 50 hours service, the tube will be subect to full adjustment or proportional
adjustment for the difference between elapsed life and 1000 hours for failures up to 1000
hours service, provided operation has been within published ratings. No adjustments will be
made if the tube life exceeds either 1000 hours or one year.

Tubes identified by @ are warranted to be free from defects in design, material and work-
manship, and no other warranty may be implied. If such defects appear within 50 hours
service, the tube will be subject to full adjustment or proportional adjustment for dif-
ference between elapsed life and 500 hours for failures up to 500 hours service, provided
operation has been within published ratings. No adjustments will be made if tube life ex-
ceeds either 500 hours or one year.

Tubes identified by 4 are warranted to be free from defects in design, material and work-
manship, and no other warranty may be implied. If such defects appear within 50 hours
service, the tube will be subject to full adjustment.

For users the warranty period extends for 12 months after receipt of tube. For manufactur-
er this warranty period extends 18 months after receipt of tube.



Printed in U.S.A.



Broadeasting and (emmunication
Power Jubes

Electron tubes designed for use as modulators, amplifiers, and oscillators in broadcasting
and communication equipment are high-power, precision devices requiring in their manufac-
ture top level engineering and the most advanced techniques. In addition to these requirements
is the quality of materials and processing, both of which must be closely controlled in order to
insure consistently efficient, reliable, and economical tube performance.

Machlett Laboratories, in the course of its more than half a century of electron tube pro-
duction, has developed many original techniques which result in superior quality power tubes.
The many important factors, such as the use of highest purity materials, special processing of
internal parts, clean air-conditioned assembly rooms, and outgassing at high plate voltages in
final exhaust, which have made Machlett x-ray tubes known throughout the world for their
superior quality, are also incorporated in the production of electron power tubes for broadcast-
ing and communication. In many cases existing tube types have been materially improved and
strengthened by redesign of filament and grid structures and by the use of kovar for glass to
metal seals. In other cases, where gaps existed in the power “spectrum” or where the desira-
bility of new tube types for specific applications was indicated, Machlett has provided — and
will continue to develop—new electron tube types for special applications. Continued research
and engineering effort which contribute so much to its progress and leadership in the x-ray
tube industry, provide assurance of the best in quality and performance in Machlett broadcast-
ing and communication power tubes.

The Machlett line of radio transmitting tubes includes a wide range of types and power
levels. Descriptive information on each is set forth in individual data sheets which follow, in-
cluding general electrical and mechanical characteristics, maximum ratings and typical oper-
ating conditions, charted tube characteristics, and dimensioral data.

The purpose of this article is to develop in a broad and non-technical manner an under-
standing of the basis for various types of ratings applied to broadcasting and communication
power tubes and to present general instructions and recommendations with respect to their in-
stallation and operation. The headings below correspond with and follow in general those
which appear on individual tube data sheets; it is suggested that reference be made to one of
the data sheets, such as that for the ML-5619, during the reading of this material.

GENERAL CHARACTERISTICS

Most items listed under “General Characteristics” are self-explanatory and need no elab-
oration. Even though in some cases minimum and maximum limits are shown, the actual tube
values are made as close to the bogey value as is feasible to permit interchangeability or re-
placement of tubes with little or no circuit adjustments.

Cathodes

Cathodes in electron tubes with power ratings above a few hundred watts are filamentary
in design and are of two types, pure-tungsten and thoriated-tungsten. The former has the ad-
vantages of being sturdier, is not readily poisoned as a result of tube overloading and gassiness.
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and can be operated at reduced or increased voltage to obtain, respectively, longer life or great-
er emissicn. Thoriated-tungsten filaments have higher emission efficiency with consequent de-
crease in filament heating requirements. The rated voltage for a pure-tungsten filament is that
at which the user can get satisfactory service and long useful life. Variation from this voltage
rating has a direct bearing on filament life and is discussed further under “Operation”. In the
case of a thotiated-tungsten filament, the rated voltage is that required for proper filament
operating temperature and must be maintained as closely as possible for satisfactory service
and long useful life.

Cooling

The required water-flow for water-cooled tubes and air-flow for forced-air-cooled tubes
are also specified in the tube data to guide the user in providing the required amount of cool-
ant for the heat which must be dissipated. Where one value of required water-flow is listed,
it is adequate for the rated heat dissipation. In some cases, data sheets also present charts of
water or air-flow versus plate dissipation, giving values of required cooling for intermediate
values of dissipation. Temperature limits specified (such as 70°C maximum outgoing water
temperature for water-cooled tubes, 230°C maximum anode temperature for forced-air-cooled
tubes, 160°C maximum glass and seal temperature) are in general absolute, and operation
appreciably beyond these values will jeopardize tube life and may cause immediate failure.

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Maximum ratings for tube operation are the safe limits, based on test data and general
experience, under which the user can get reliable performance and economical life. Whereas
operation outside the limits specified may be satisfactory, life testing of several tubes under
conditions which are beyond established limits is necessary before good life can be assured.
It is therefore practically essential that tube operation be within the ratings specified. How-
ever, Machlett Laboratories is always interested in new tube applications and will assist in
performing tests required to determine the feasibility of using a particular type of tube under
any special conditions which may be proposed.

Operation under conditions which exceed maximum ratings may result in premature fail-
ure. The bulb may crack or puncture and the glass at the electrode seals may electrolyze due
to high temperatures as a result of excessive voltage, operating frequency, plate input and
dissipation. The anode and the grid may also fail at very high temperatures with too great
a plate dissipation and excessive electron current to and r.f. current within the plate and grid,
respectively. A continuous or starting current in the filament which is appreciably greater than
that recommended is certain to shorten filament life and may result in its immediate failure.
The foregoing constitute only a few of the possible causes of tube failure and emphasize the
imiportance of tube operation within established ratings so as to assure satisfactory service and
long useful life.

Maximum ratings for the various classes or service are generally based on ratings
determined experimentally for the tube operating as an r.f. amplifier or oscillator, class C
telegraphy. In establishing ratings on a new type, tubes are tested under conditions sufficient-
ly beyond the proposed ratings of frequency, voltage, current and dissipation to assure satis
factory life and service for all tubes of the type concerned. Ratings for other classes of service
are readily derived from those determined to be the most useful and yet economical for the
tube operating as a class C amplifier or oscillator.

Generally, the ratings given are for CCS (Continuous Commercial Service), assuring re-
liable operation continuously to end of filament life. In some instances ratings for ICAS



(Intermittent Commercial and Amateur Service) are also provided; ratings for intermittent
service are somewhat higher than those for continuous service and are authorized for operat-
ing periods which are no longer than five minutes, with at least an equal off period.

Plate Voltage Rating

The d.c. plate voltage rating for any class of service is related to the highest instantaneous
voltage which may be safely impressed between the plate and other elements of the tube. It
depends upon a number of considerations, some of which are tube geometry, voltage gradients
within and outside the tube, the operating frequency, and the class of service for which the
tube is intended, The plate voltage rating for class C telegraphy is determined experimentally,
as indicated above. The plate voltage ratings for class B modulator and for class B r.f. ampli-
fier telephone service are usually the same as for class C telegraphy; the modulator rating may
be higher due to the absence of r.f. voltages. Ratings for television service are based on syn-
chronizing level conditions; plate voltage ratings for class B r.f. power amplifier and class C
grid-modulated r.f. power amplifier are generally the same as in telegraphy. In modulated
class C operation, the instantaneous applied crest plate voltage is greater than the d.c. plate
voltage under carrier conditions. When 1009 modulation is applied, the r.f. losses are equal
to 1.225 times those produced by the unmodulated supply voltage; the plate voltage rating for
class C telephony is given for carrier conditions with a modulation factor of 1.0 and must
therefore be limited to approximately 80% of the class C telegraph rating.

Plate Current Rating

The primary limitation on the value of plate current which may be provided by a tube is
the amount of emission available from the filament. Pure-tungsten filaments may be operated
at saturation or emission limited, and therefore the total filament emission is available for tube
currents, both plate and grid, the crests of which, incidentally, are drawn simultaneously. Due
to the fact that thoriated-tungsten filaments are more sensitive to positive ion bombardment
than are pure-tungsten filaments, the emission available for tube currents is generally taken
as not more than one-half the total filament emission.

When the peak emission, in the case of a pure-tungsten filament, has been determined
for a filament voltage designed for long life, a maximum plate current rating for class C un-
modulated operation can be established. The direct current may be 289 or more of the peak
emission current, but to draw such a value of plate current requires the relatively wide angle
of plate current flow of approximately 160 electrical degrees. Normally the rating is taken
as 25 to 209 of the peak emission, which value could be achieved at a narrower angle of
current flow and consequently higher plate power efficiency. More complete information on
direct to peak current ratios versus angles of plate current flow and the allied subject of volt-
age, current, and power relations for triodes in class C telegraphy is available on pp. 444-448
of F. E. Terman's Radio Engineer's Handbook.

In class B audio service maximum plate current ratings can be the same as in telegraphy;
however, due to requirements of linearity for quality in sound reproduction, a lower value,
such as 80 to 859 of the telegraph current rating, is often chosen. The conditions at syn-
chronizing level for television service are similar to those for telegraphy, and so the television
plate current ratings may be set the same as for telegraphy. Since fully modulated crest con-
ditions for class C and class B amplifiers for telephone service require peak emission values
which are twice those of carrier conditions, plate current ratings for carrier conditions with
a modulation factor of 1.0 can be no more than one-half the values given for class C oscilla-
tor and class B modulator service, respectively, provided, of course, that the oscillator and
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modulator ratings were limited only by the peak emission available. With thoriated-tungsten
filaments, the total emission is considerably higher than actual tube current demands, so that
current ratings may be determined by power input and dissipation limits rather than by the
above considerations.

Grid Voltage and Current Ratings

Ratings which are placed on the grid with respect to voltage and direct current are prim-
arily for the purpose of avoiding excessive grid temperatures, A grid which.is overdriven may
become overheated to the extent that it becomes an emitter of electrons causing unstable op-
eration and possible destruction of the grid. Since it is not practical for the user to measure
grid dissipation in terms of watts, limits are established for class C telegraphy in terms of bias
voltage and direct grid current. These values must also insure that the a.c. grid voltage swing
with operation at maximum plate voltage and current ratings is not so great as to cause tube
flash-arcs internally or externally. The direct grid voltage and current ratings which are es-
tablished for class C telegraph service are also applied to class C telephone and class C tele-
vision services. For class B operation these ratings are not listed, since bias values for satis-
factory operation are at or near plate current cutoff and other factors are limitations to the
amount of grid heating.

Plate Input and Dissipation Ratings
In most cases the plate input is limited by the heat dissipation capability of the anode.

Since the actual plate dissipation required of a high-power electron tube is dependent upon
the plate efficiency obtainable under any class and conditions of operation, limits must be set
upon anode input and dissipation for the several classes of service so as to preclude its failure
due to excessive temperatures. There are important considerations such as extreme purity of
materials and highest degree of parts cleaning and tube evacuation which permit momentary
or intermittent overloads, but maximum plate input and dissipation ratings are determined as
operating limits within which no tube of a given type will fail due to excessive temperatures
during any extended period of continuous operation, provided, of course, that other ratings

are not exceeded.

For class C telegraphy and oscillator service and also class B audio amplifier and modula-
tor service the plate input ratings may be the product of the rated d.c. plate voltage and cur-
rent. However, due to limitations imposed by frequencies of operation for which the tube is
designed and the plate dissipation which can be achieved with reasonable anode water or
forced-air cooling, the plate input may be limited to a value somewhat less. Generally, for class
C telegraph and class B audio services, the plate dissipation ratings are the same, and plate effi-
ciencies can be achieved to warrant plate input ratings which are 3 to 314 times the estab-
lished limit on plate dissipation.

The plate dissipation limit for class B r.f. amplifier telephone service is the same as for
class C telegraphy, but, since there are periods of operation in this class of service during
which there is no modulation, the plate input rating must be established for carrier conditions,
allowing for a modulation factor of 1.0 Generally, without modulation the plate dissipation
is of the order of 2/3 the plate input, so that the carrier plate input must be limited to 1.5
times the rated plate dissipation. In the case of the class B r.f. power amplifier and class C
grid-modulated r.f. power amplifier for television service, the plate dissipation has the same
rating as in telegraphy; the allowable plate input depends upon the efficiency obtainable and
is generally rated at a value lower than that for telegraphy.

For fully modulated class C operation, as in telephony, the plate loss is 1.5 times its value



without modulation, so that the rated plate dissipation, which is given for carrier conditions,
can be no greater than 2/3 the rating for class C telegraphy. Also, the plate input rating for
this class of service may be as great as 2/3 the rated telegraphy input but is usually taken as
the product of the rated d.c. plate voltage and current.

Frequency Ratings

Maximum ratings for any particular tube type are dependent upon the class of service
and frequency of operation for which the tube is designed. Maximum ratings as set forth
apply at the frequency specified and at any lower frequency. Since the amount of heat gener-
ated in tube leads and glass-to-metal seals is proportional to the 5/2 power of the frequency
and the square of the maximum instantaneous potential difference between plate and grid,
frequencies of operation greater than that specified as the limit for full plate voltage and in-
put are allowable only with reduced voltage and consequently reduced input. A parameter for
determining at what frequency a certain plate voltage is allowable is the temperature of glass-
to-metal seals. Such temperatures which are appreciably greater than 160°C for extended per-
iods of time will result in electrolysis and softening of the glass followed by gassiness within
the tube. Special attention to adequate cooling of the tube is necessary at relatively high fre-
quencies. Also, it is extremely important at high frequencies that both or all grid terminals of
tubes provided with two or more such terminals be used and that the currents be split equally
so as to minimize grid seal heating due to r.f. currents. Generally, individual data sheets tabu-
late percentages of plate voltage and input which are permissible at frequencies greater than
that specified for maximum ratings and stated air-flow to bulb and seals.

Typical Operating Conditions
Typical operation data are set up for the various classes of service which are applicable

to broadcasting and communication. These data do not necessarily represent optimum condi-
tions of operation for any particular case, but they are examples of those in practice and may
be used to serve as guides for design purposes. For methods of analysis and calculation of
operating conditions for class B and class C amplifers, see pp. 571-578 of Applied Electronics
by the E. E. Staff of M.I.T.

INSTALLATION

Broadcasting and communication tubes should be handled with care and without shock
so as to preclude possible breakage of the filament, other internal parts, glass-to-metal seals,
and tube envelope. Upon receipt, tubes should be inspected and then tested in the equip-
ments in which they are to be used, so as to insure that tubes which may have been damaged
in shipment are not carried in stock as useable spares.

It is generally desirable to secure the tube in its mount, air jacket or water jacket, as the
case may be, before electrical connections are made. The filament and grid leads should be
flexible so as not to impart stresses to terminal seals. The terminal connectors must be clamped
tightly in order to minimize contact resistance; I°R losses at the terminals, caused by improp-
erly mounted connectors, can jeopardize tube life by raising seal temperatures to a dangerous
level. Also, precautions should be taken that there is sufficient clearance between connector
leads and bulb of the tube so that there is no possibility of corona discharge, which may re-
sult in puncture of the glass.

In order to monitor tube service, provisions should be made for determining filament volt-

age, d.c. plate voltage and current, and running total hours of filament operation. The equip-
ment should also include overload relays in case of excessive plate current or breakdown in
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blocking condensers for tube and equipment protection, and interlock devices for the safety
of operating personnel. These are generally connected to the primary circuit of the power
supply transformer. The filament transformer should be the high-reactance type, or the fila-
ment circuit should include provisions for shorting series resistors automatically, so that the
filament starting current is never greater, even momentarily, than 115-2 times the filament
current at rated voltage, as specified on individual data sheets.

Sufficient coolant flow must be provided to limit the out-going water temperature in the
case of water-cooled tubes to 70°C., or the anode temperature in the case of forced-air-cooled
tubes to 230°C. The minimum required water and/or air-flows are indicated in data sheets for
each tube type. It is advisable to include interlocks or coolant flow switches which will open
the plate and filament power supply circuits if the cooling becomes inadequate or ceases en-
tirely. Unless otherwise specified in individual tube data sheets, a delay in removal of cooling
with shut down of power is not required; however, where there is a tendency for any tube
temperatures to rise after removal of filament and plate power, as in types 893A and 893AR,
cooling should continue for a short period, in the order of 5 minutes, after removal of filament
and plate power. This may be accomplished automatically by the use of a time delay relay.
The water system, in the case of water-cooled tubes, should be kept free of accumulation of
foreign matter. Water which shows a hardness greater than 10 grains per gallon in carbon-
ates, sulphates, or other minerals or a specific resistance less than 4000 ohms per inch cube
should not be used; distilled or rain water is generally most satisfactory. Forced-air for tubes
requiring such cooling should be filtered to insure that dust is not blown through the tube
air jacket. Any accumulation of foreign material on radiator fins will act as a thermal insulator
and thereby reduce the cooling efficiency of the tube radiator.

OPERATION

Cooling must be provided for any high power transmitting tube before the application
of filament and /or plate voltages. Even momentary operation without coolant flow will re-
sult in destruction of the tube.

When a new tube has been installed in the transmitting equipment for the first time, it
should be operated at rated filament voltage but without plate voltage for a minimum period
of five minutes. The equipment may then be operated with low d.c. plate voltage, in the order
of one-half tube rating. After approximately 15 minutes of operation at reduced input, load
conditions within maximum ratings may be assumed continuously. Tubes which have been
shelved as spares should every three months undergo the above schedule, with operation un-
der normal load conditions for one-half hour so as to minimize the possibility of their becom-
ing gassy. Tubes in which the vacuum has been impaired as a result of overload conditions,
causing instability of operation at high voltage, can be electrically cleaned up, in many cases,
by operation as a class C amplifier or oscillator at one-half rated voltage for approximately a
one-half hour period. Plate voltage and input should then be increased in two or three steps
for short periods and the tube operated for one hour or as long as is necessary to insure stable
operation.

Due to the fact that a pure-tungsten filament may be operated at saturation, or within
limits of distortion, filament voltage and temperature may be reduced when the tube is opet-
ated at relatively low current. Since the activity or the emission-hours of a pure-tungsten fila-
ment is not impaired by its operation at reduced voltage, appreciable tube economy will result
from operation of the filament at a voltage no greater than that necessary to produce the re-
quired emission. End of filament life can be expected when the diameter of a filament wire



has been reduced, due to evaporation of the tungsten, to approximately 909 of its original
value. Life expectancy is nearly doubled when the filament is operated 5% less than rated
voltage and is quadrupled when the filament voltage is decreased 10%. On the other hand,
if the filament is operated with an overvoltage of 5%, the evaporation rate of the tungsten is
doubled, and it can be expected that the life of the filament will be one-half its design value.

Since the source of emission in a thoriated-tungsten filament is a layer of thorium on
the filament surface, the evaporated thorium being constantly replenished from within the fila-
ment wire, the operating temperature of the thoriated-tungsten must be kept within narrow
limits. For maximum thoriated-tungsten filament efficiency and life, its operating voltage
should not vary more than =59 from rated filament voltage, and the total emission provided
is about twice that required for any condition of operation. If a tube with such a filament
has been overloaded, with resultant overheating, any gas liberated may contaminate the fila-
ment and reduce its emissivity. Prior to attempting electrical cleanup of the tube, it may be
possible to restore the activity of the filament by operating it at 709+ above normal operating
voltage for five minutes and then at 209 overvoltage for 15 minutes without plate voltage. It
may be necéssary to vary somewhat and repeat this procedure to obtain the required activation.
Electrical cleanup of the tube may then be attempted, with operation under class C condi-
tions at one-half rated plate voltage for a half hour and further operation at increased plate
voltage and input power until stability under normal operating conditions is assured.

It is desirable to maintain voltage on the filament when the tube is at standby condi-
tions for periods not in excess of two hours. In the case of a pure-tungsten filament its voltage
under standby conditions should be reduced to a value which is approximately 809; of rated
voltage. A thoriated-tungsten filament of a tube under standby conditions must be main-
tained at its rated voltage.

In all cases of tube operation, the limit with respect to plate input depends upon the
plate efficiency obtainable under the specific class and conditions of service and the maximum
plate dissipation allowable with a certain rate of cooling water or air-flow. It is extremely
important that adequate coolant be provided so as to preclude tube failure by anode melting
and puncture or alloying of internal parts. There should be no operation of water-cooled tubes
at plate dissipation levels which cause hissing sounds from within the water jacket. This may
be caused by water boiling at the anode due to inadequate water-flow, or it may be the re-
sult of absorbed air being expelled from the water; the effect of such conditions will be local-
ized heating and possible puncture of the anode. Although individual data sheets indicate
rates of flow, water or forced-air, required for rated plate dissipation, limiting conditions are
the maximum outgoing water temperature of 70°C and the maximum anode temperature of
230°C, for the water-cooled and forced-air-cooled types, respectively. Certain tube data sheets
include charts of water-jacket or radiator characteristics, which indicate values of required
coolant flow for values of actual plate dissipation.

In the case of a water-cooled tube, the approximate amount of heat, including that due to
plate losses, filament power, and internal grid losses, being dissipated by the anode may be de-

termined from (T, — T,) where P = dissipation in kilowatts
F =N i N = water-flow in gallons per minute
T, = outgoing water temperature in degrees C.
T, = input water temperature in degrees C.

In the development of new circuitry, plate voltage and input to the tube should be limi-
ted initially to one-half ratings until it is assured that correct adjustments have been made
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and the tube and associated apparatus are without jeopardy with respect to temperature, volt-
ages, etc. Plate volfage and input may then be increased gradually to normal values with
further adjustments made to assure optimum conditions of operation.

ACCESSORIES

While extreme care may be exercised with respect to tube installation and operation,
its service and life may be jeopardized by the use of improperly designed accessories. Terminal
connectors which do not fit filament and grid posts exactly provide poor electrical contact
and cause excessive terminal and seal heating. Connectors must also provide a relatively
large outside surface area for the radiation of heat generated by r. f. currents. Machlett
Laboratories provides for several types of broadcast and communication power tubes filament
and grid connectors designed to insure maximum tube life and convenience of tube installa-
tion. These connectors not only make minimum I*R loss connections to the electrodes but
provide adequate finned cooling area to keep terminal and seal temperatures within reason-
able limits. The connectors are furnished with silver-plated flexible copper straps for high
electrical conductivity and stress-free connection to the tube. The grid connectors for tubes
with two terminal posts are joined to a single strap by means of a jumper in such a manner
that r.f. grid currents will be split evenly between the two terminals.

Water jackets which are of inferior design can also affect tube service and life. The re-
quired rate of water-flow and degree of turbulence at the surface of the anode may not be
achieved in the case of inefficient water jackets; even though the outgoing water is within the
temperature limit, boiling may occur at the surface of the anode with resultant hot spotting
and possible puncture. Also, water jackets which require pressure sealed gaskets and screw
thread clamps are subject to leakage and often make the installation or removal of tubes a
very difficult and time consuming task. Machlett water jackets, which are available for sev-
eral tube types, are of an improved design incorporating an O-ring gasket for the water seal
and a snap ring to lock the tube flange in place. The special circular cross-section gasket
makes a tight positive seal contact with the tube flange and cylindrical wall of the water jac-
ket as a result of hydrostatic pressure caused by water-flow through the jacket. Certain Mach-

lett water jackets include a helical guide to increase turbulence and cooling efficiency, there-
by permitting an appreciable decrease in the required water-flow. Tube installation in a

Machlett water jacket is the simple procedure of inserting the tube and rotating the lock ring
15 degrees counter-clockwise. For tube removal the reverse procedure is followed. No tools
of any kind are necessary for the installation or removal of a tube.

The accessories discussed in the foregoing are designed to assist the user in obtaining
maximum tube reliability, service, and life. Other accessories, such as water jacket mounting
plates and clamps, standoff insulators and clamps, which may in special cases be required for
the installation of certain heavy-walled anode tubes, are also available. These and others to be
developed, as required, are representative of the Machlett policy of assisting equipment manu-
facturers and tube users in obtaining suitable accessories for the most practical installation and

optimum operation of radio transmitting tubes.

Although in a short discussion of so general a nature as the foregoing and in the techni-
cal information set forth in individual data sheets one can not anticipate and answer all prob-
lems in connection with tube application, an effort has been made to present all the informa-
tion and data necessary to the satisfactory and economical operation of power tubes in broad-
casting and communication equipment. For information in connection with specific tube prob-
lems or applications, consult the Machlett Engineering Department.

ST-392 PRINTED IN U. S. A.



DESCRIPTION

The ML-2C39A is a high-mu triode of the planar-
electrode type designed specifically for use as an oscillator,
frequency multiplier, or power amplifier in radio trans-
mitting service from low frequency to above 2500 Mc.
Features include low interelectrode capacitances, high trans-
conductance, and high plate dissipation. Lead inductances
and r.f. losses are minimized by a compact, rugged construc-
tion with ring type seals, making the tube ideally suited to

ML-2C39A
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ML-2C39A

DESCRIPTION & RATINGS

cavity type circuits as well as for parallel line operation. The
cathode is an indirectly-heated, oxide-coated disc. The anode
is forced-air cooled and is capable of dissipating 100 watts.

The ML-2C39A embodies the highest standards of
this tube type. All parts are thoroughly processed by special

Machlett techniques to assure efficient operation and long
life.

GENERAL CHARACTERISTICS

Electrical

Heater Voltage (see Application Notes) ...
Heater Current at 6.3 VoIts ...
Heater Heating Time, minimum (Before Applying Plate Voltage) ..

Amplification Factor
Transconductance

(In = 70 mA, Ey = 600 v) oo, e

Interelectrode Capacitances
Grid-Plate
Grid-Cathode
Plate-Cathode, maximum

Mechanical

Mounting Position
Type of Cooling

Required Air Flow on Anode
Maximum Anode Temperature
Net Weight

Maximum Incoming Air Temperature .........................

......................................................... 6.3 Volts

............................................................. 1.0 Amps
60 Seconds

........................................................... 100

........................................................ 24,000 umbhos

............................................................. 2.0 uuf
6.60 uuf
0.035 uuf
............................................................ Optional
.................................................... Forced Air*
............................................................ 45 °C
............................................................. 12,5 fm*
175 °C
2 oz

For maximum plate dissipation of 100 watts, required air flow is 12.5 cubic feet per minute through radiator with

cowling described on page 5. This air flow is specified for air at 25°C and at a pressure of 14.7 1b/in®. Cooling must
be sufficient to limit anode seal temperatures to 175°C. Cavity should be ventilated and an air flow provided to limit
grid-seal and cathode-seal temperatures to 175°C maximum (see Application Notes).
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

R-F Power Amplifier and Oscillator

Key-down conditions per tube without amplitude modulation¥

Maximum Ratings, Absolute Values

D-C Plate Voltage .. ... .. 1000 volts
D-C Grid Voltage . =150 volts
D-C Cathode Current ........... 125 mA
D-C Grid Current§ . BT 50 mA
Peak Positive RF Grid Voltage e R 30 volts
Peak Negative RF Grid Voltage S —— -400 volts
Plate Dissipationf (Forced-air Cooling) ............... 100 watts
Grid Dissipation ... 2 watts

Typical Operation

Power Amplifier, Grid Separation Circuit — 500 Mc
D-C Plate Voltage ..o 900 volts
D-C Grid Voltage ... RO R -40  volts
D-C Cathode Current ... 115 mA
D-C Plate Current ..................... R 90 mA
D-C Grid Current, Approximate ... 30 mA
Plate Input ....................... 64 watts
Driving Power, Approximate 6 watts
Useful Power Qutput ..ocviiimsmms 40  watts

RF Oscillator — 2500 Mc
D-C Plate Voltage ............ o 900 volts
D-C Grid Voltage (from gnd bxas reswtor)

(APPLOX.) oo R -22  volts

D-C Plate Current . ........................ooo......... 90 mA
D-C Grid Current ... 27 mA
Useful Power Output ... [T 17  watts

Note: These conditions are for a grid-blocking oscillator and con-
form to the minimum power output requirements as specified in
such a test by the MIL-E-1 specification for 2C39A tubes.

Plate Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage* ... ... ... 600 volts
D-C Grid Voltage ........................................ -150 wvolts
D-C Cathode Current ... 100 mA

D-C Grid Current§ T T— 50 mA

Peak Positive RF Grid Voltage ST 30  wvolts
Peak Negative RF Grid Voltage e -400 volts
Plate Dissipationi (Forced-air Cooling) .......... . 70  watts

Grid DisSTPAtION. covvisivivss it iuisinmmsmmmmnsetosmmmmen sns s sk ; 2 watts

iModulation essentially negative may be used if the positive peak
of the envelope does not exceed 115 per cent of the carrier condi-
tions.

§See Application Notes on Determination of Proper Grid Drive.

7Up to 100 watts plate dissipation allowable with forced air suffi-
cient to limit seal temperatures to 175°C. Recommended air flow
is 12.5 cubic feet per minute with cowling.

*For modulation factors less than 1.0, a higher d-c plate voltage
may be used if the sum of the peak audio voltage and the d-c plate
voltage does not exceed 1200 volts.

Characteristic Range Values for Equipment Design

Min. Max.
Filament Current at 6.3 volts (Note 1) ... 0.95 1.1 A
Plate Current (Note 2) . 60 95 mAdc
Cut-off bias (Note 3) ........ i —— -15  volts
TranscondUCtANTe: .o s 20000 30000 umhos
Grid-Plate Capacitance .......... 1.86 2.16 uuf
Grid-Cathode Capacitance (Note /1) 5.60 7.60 uuf
Plate tuning range (Note 5) ................... 1960 2030 Mc

Note 1 — For reduced filament voltage see filament volt-ampere
characteristics on page 3.

Note 2 — Measured at a plate voltage of 600 volts and a cathode-

bias resistor of 30 ohms.

Note 3 — Measured at 1 mA of plate current and a plate voltage
of 600 volts.

Note 4 — Capacitance measurements are with the tube cold. When
the filament is heated to proper operating temperature,
the grid to cathode capacitance will increase by about
1 uuf, due to thermal expansion of the cathode.

Note 5 — With a plate-grid coaxial cavity of fixed dimensions, all
tubes will resonate within the specified frequency range.

APPLICATION NOTES
MECHANICAL

Mounting

Contacts to anode, grid, cathode and heater terminals
should be made by means of spring fingers or spring collets
bearing on the cylindrical surfaces within the dimensional
limits specified on the tube outline. The tube when in the
socket should seat against the anode flange. The tube should
not be seated or stopped by any other surfaces.

Cooling

The maximum temperature of plate, grid and cathode
seals under any operating conditions is 175°C. In most ap-
plications, forced-air cooling of all three seals is required.
Improved tube life usually results if all seals are cooled well
below the maximum limit. The cathode and heater seals are
ordinarily well enclosed in coaxial circuits and require care-
ful attention for proper cooling. Tempilaq* paint is suggested
for making temperature measurements.

*Product of Tempil Corporation, New York, N. Y.



ELECTRICAL

Heater Voltage

V.HEF. and UHUF. tubes operate at frequencies where
the transit time (i.e. the time for an electron to traverse the
space between grid and cathode) is not necessarily small com-
pared with the period of oscillation. Under such conditions,
electron bombardment of the cathode occurs due to returned
out of phase electrons and the cathode temperature may be
raised excessively. The “back heating” is a function of fre-
quency, grid current, grid bias and circuit design. The opti-
mum heater voltage cannot be accurately specified because
of the dependence on circuitry. For most applications where
liberal seal cooling is provided, the following chart of heater
voltages vs. frequency should be satisfactory.

Frequency Ef
Up to 300 Mc 6.3 volts
300 to 1000 Mc 6.0 volts

1000 to 1500 Mc 5.5 volts
1500 to 2000 Mc 5.0 volts

2000 and over 4.5 volts

Permitted tolerances on filament voltage are == 109 of the
values given above. For long tube life, however, a maximum
variation in filament voltage of == 5% is advised. If such
improved regulation is provided, Ef can advantageously be
lowered 5% below the values given in the table. For circuits
requiring maximum grid bias, longer life may be achieved
with lower filament ratings even at frequencies below 300 Mc.
In cases where unusual conditions present difficulties, it is
suggested that the Machlett Engineering Department be
consulted.
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Plate Surge-Limiting Impedance

In tubes such as the ML-2C39A with very closely spaced
electrodes, extremely high voltage gradients occur even with
modecrate tube operating voltages. Any tube flash-arcing may
be destructive. A series impedance in the B+ lead which
limits the peak current under surge conditions to 15 amperes
or less is recommended. Such operation is particularly ad-
visable where d.c. heater excitation is used and the heater
voltage is used to obtain a d.c. grid bias. Under such condi-
tions, surge currents can get to the negative plate voltage
supply lead only through the heater winding, and may cause
shorting of the heater element unless current limiting is
provided. Failure of tubes due to internal flash-arcs is much
more prevalent when the circuit is not tuned to optimum
conditions. Even though laboratory tests indicate no such
protection is needed, poor circuit adjustment in the field may
result in shortened tube life.

Provision for Circuit Tuning

With high-frequency circuits a very small motion of a
tuning plunger may throw the tube out of resonance and
result in high plate current and/or excessive anode dissipa-
tion. It is recommended that provision be made for tuneup
at reduced plate voltages in any circuit where the above con-
ditions obtain.

Self Biasing Operation

In general, an RC bias should be in the cathode circuit
such that with normal d.c. plate voltage and no grid drive
the plate current does not exceed 125 mA, i.e. the maximum
rated cathode current. Both cathode and grid resistance bias-
ing may be used. If grid resistor biasing is used, special care
must be taken to protect the tube against loss of excitation;
otherwise excessive plate currents may damage the cathode.

Determination of Proper Grid Drive

In grounded-cathode stages, the power output tends to
saturate as the grid drive increases. In grid-separation circuits,
increased output power is always obtainable from increased
grid drive, due to the fact that a considerable portion of the
grid driving power appears in the output load. Whereas high
grid driving power leads to somewhat greater power output
in grid-separation amplifiers, it also results in high grid cur-
rent, increased back heating of the cathode and distortion of
the r.f. signals due to the heavy loading of the grid signal in
the positive grid region. For normal operation the average
grid current should not exceed 30% of the average plate
current. The tube should never be operated without a suit-
able plate load.
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DIMENSIONS— ML-2C39A
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DESCRIPTION

The ML-2C39WA is a ruggedized high-mu triode of
planar-electrode type designed specifically for use as an oscil-
lator, frequency multiplier, or power amplifier in radio trans-
mitting service at frequencies up to 2500 Mc.

The ML-2C39WA is interchangeable with the ML-

2C39A. This tube retains the desirable high mu, high trans-
conductance characteristics of the ML-2C39A together with

ML-2C39WA
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ML-2C39WA

DESCRIPTION & RATINGS

its low interelectrode capacitances and compact, rugged ring-
seal construction.

The ML-2C39W A is the result of an intensive develop-
ment program with respect to the proper selection and
processing of tube materials, particularly with regard to the
cathode, to provide improved life, reliability and stability of
operation. This tube is manufactured and tested to close
tolerances to insure consistent and uniform tube performance.

GENERAL CHARACTERISTICS

Electrical

Heater Voltage (see Application Notes)
Heater Current at 5.8 Volts
Heater Heating Time, minimum
Amplification Factor
Transconductance

(In = 70 mA, Ey = 600 V) ooiovorooooees ool

Interelectrode Capacitances
Grid-Plate

Mechanical
Mounting Position
Type of Cooling

Maximum Incoming Air Temperature
Required Air Flow on Anode
Maximum Anode Temperature
Net Weight

............................................................. 2.0 uuf
6.60 uuf
0.035 uuf
..................................................... Optional
............................................................. Forced Air*
........................................................... 45 °C
125 cfm*
175 °C
........................................................... 2 oz

............................................................. 5.8 Volts +5%

1.0 Amps
60 secs
............................................................. 100

22,000 umhos

For maximum plate dissipation of 100 watts, required air flow is 12.5 cubic feet per minute through radiator with

cowling described on page 5. This air flow is specified for air at 25°C and at a pressure of 14.7 lb/in®. Cooling must
be sufficient to limit anode seal temperatures to 175°C. Cavity should be ventilated and an air flow provided to limit
grid-seal and cathode-seal temperatures to 175°C maximum (see Application Notes).
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

R-F Power Amplifier and Oscillator

Key-down conditions per tube without amplitude modulationi

Maximum Ratings, Absolute Values

D-C Plate Voltage ...................ocoiiiiiiiieioiii 1000 volts
D-C Grid Voltage ... -150 wvolts
D-C Cathode Cutrent .............................cooei. 125 mA

D-C Grid Current§ ..........oocooovviiiiiiiiie 50 mA

Peak Positive RF Grid Voltage .............................. 30 wvolts
Peak Negative RF Grid Voltage .............................. -400 volts
Plate Dissipation} (Forced-air Cooling) ............... 100 watts

Grid DisSipation ...................ccccooiiiiiiieee 2 watts

Typical Operation
Power Amplifier, Grid Separation Circuit — 500 Mc

D-C Plate Voltage ... 900 volts
D-C Grid Voltage ... -40 volts
D-C Cathode Current ... 115 mA

D-C Plate Current ......................ccccoeiiieiiiiei, 90 mA

D-C Grid Current, Approximate .... 2 30 mA

Plate INPUE ..oo.ooooooooooooo 64 watts
Driving Power, Approximate ... 6 watts
Useful Power Output ..., 40 watts

RF Oscillator — 2500 Mc

D-C Plate Voltage .............ccccooiviiiiiiiiiiiiiiiiii 900 volts
D-C Grid Voltage (from grid-bias resistor)

(approx.) ............ -22  wvolts
D-C Plate Current 90 mA
D-C Grid Current 27 mA
Useful Power Output ................occccccoeieiiii.. 17  watts

Note: These conditions are for a grid-blocking oscillator and con-
form to the minimum power output requirements as specified in
such a test by the MIL-E-1 specification for 2C39WA tubes.

Plate Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage* .............c.ocooooiiiiiiiiiiiiii 600 volts
D-C Grid Voltage ............ccocoooiiiiiiiiiii -150 wvolts
D-C Cathode Current ............................... 100 mA
D-C Grid Current§ ..........ccoooviiiiiiiiiiiieiiieee 50 mA
Peak Positive RF Grid Voltage ...................... 30 volts
Peak Negative RF Grid Voltage ............................ -400 volts
Plate Dissipation (Forced-air Cooling) ................ 70 watts

Grid Dissipation ........................................ 2 watts

tModulation essentially negative may be used if the positive peak
of the envelope does not exceed 115 per cent of the carrier condi-
tions.

§See Application Notes on Determination of Proper Grid Drive.

Up to 100 watts piate dissipation allowable with forced air suffi-
cient to limit seal temperatures to 175°C. Recommended air flow
is 12.5 cubic feet per minute with cowling.

*For modulation factors less than 1.0, a higher d-c plate voltage
may be used if the sum of the peak audio voitage and the d-c plate
voltage does not exceed 1200 volts.

Characteristic Range Values for Equipment Design

Min. Max.
Filament Current at 5.8 volts (Note 1) .... 0.87 1.03 A
Plate Current (Note 2) ...........cccveeenn. 60 95 mAdc
Cut-off bias (Note 3) .................oooo.. _ -15 volts
Transconductance ...........c..cocoeveiviivnrinenns 18000 30000 umhos
Grid-Plate Capacitance ............................ 1.86 2.16 uuf
Grid-Cathode Capacitance (Note 4) ........ 5.60 7.60 uuf
Plate tuning range (Note 5) .................... 1980 2020 Mc

Note 1 — For reduced filament voltage see filament volt-ampere
characteristics on page 3.

Note 2 — Measured at a plate voltage of 600 volts and a cathode-

bias resistor of 30 ohms.

Note 3 — Measured at 1 mA of plate current and a plate voltage
of 600 volts.

Note 4 — Capacitance measurements are with the tube cold. When
the filament is heated to proper operating temperature,
the grid to cathode capacitance will increase by about
1 uuf, due to thermal expansion of the cathode.

Note 5 — With a plate-grid coaxial cavity of fixed dimensions, all
tubes will resonate within the specified frequency range.

APPLICATION NOTES
MECHANICAL

Mounting

Contacts to anode, grid, cathode and heater terminals
should be made by means of spring fingers or spring collets
bearing on the cylindrical surfaces within the dimensional
limits specified on the tube outline. The tube when in the
socket should seat against the anode flange. The tube should
not be seated or stopped by any other surfaces.

Cooling

The maximum temperature of plate, grid and cathode
seals under any operating conditions is 175°C. In most ap-
plications, forced-air cooling of all three seals is required.
Improved tube life usually results if all seals are cooled well
below the maximum limit. The cathode and heater seals are
ordinarily well enclosed in coaxial circuits and require care-
ful attention for proper cooling. Tempilaq* paint is suggested
for making temperature measurements.

*Product of Tempil Corporation, New York, N. Y.



ELECTRICAL

Heater Voltage

V.HF. and UHF. tubes operate at frequencies where
the transit time (ie. the time for an electron to traverse the
space between grid and cathode) is not necessarily small com-
pared with the period of oscillation. Under such conditions,
electron bombardment of the cathode occurs due to returned
out of phase electrons and the cathode temperature may be
raised excessively. The “back heating” is a function of fre-
quency, grid current, grid bias and circuit design. The opti-
mum heater voltage cannot be accurately specified because
of the dependence on circuitry. For most applications where
liberal seal cooling is provided, the following chart of heater
voltages vs. frequency should be satisfactory.

Frequency Ef
Up to 1000 Mc 5.8 volts
1000 to 2000 Mc 54 volts
2000 and over 5.2 volts

Permitted tolerances on filament voltage are == 5% of the
values given above. When variations of = 10% are nec-
essary, the filament voltage should be increased 0.2 volts over
the values specified above. However, operation at this in-
creased voltage will result in a reduced filament life expec-
tancy of approximately 50%. For circuits requiring maxi-
mum grid bias, longer life may be achieved with lower
filament ratings even at frequencies below 300 Mc. In cases
where unusual conditions present difficulties, it is suggested
that the Machlett Engineering Department be consulted.
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Plate Surge-Limiting Impedance

In tubes such as the ML-2C39WA with very closely
spaced electrodes, extremely high voltage gradients occur even
with moderate tube operating voltages. Any tube flash-arcing
may be destructive. A series impedance in the B+ lead which
limits the peak current under surge conditions to 15 amperes
or less is recommended. Such operation is particularly ad-
visable where d.c. heater excitation is used and the heater
voltage is used to obtain a d.c. grid bias. Under such condi-
tions, surge currents can get to the negative plate voltage
supply lead only through the heater winding, and may cause
shorting of the heater element unless current limiting is
provided. Failure of tubes due to internal flash-arcs is much
more prevalent when the circuit is not tuned to optimum
conditions. Even though laboratory tests indicate no such
protection is needed, poor circuit adjustment in the field may
result in shortened tube life.

Provision for Circuit Tuning

With high-frequency circuits a very small motion of a
tuning plunger may throw the tube out of resonance and
result in high plate current and/or excessive anode dissipa-
tion. It is recommended that provision be made for tuneup
at reduced plate voltages in any circuit where the above con-
ditions obtain.

Self Biasing Operation

In general, an RC bias should be in the cathode circuit
such that with normal d.c. plate voltage and no grid drive
the plate current does not exceed 125 mA, i.e. the maximum
rated cathode current. Both cathode and grid resistance bias-
ing may be used. If grid resistor biasing is used, special care
must be taken to protect the tube against loss of excitation;
otherwise excessive plate currents may damage the cathode.

Determination of Proper Grid Drive

In grounded-cathode stages, the power output tends to
saturate as the grid drive increases. In grid-separation circuits,
increased output power is always obtainable from increased
grid drive, due to the fact that a considerable portion of the
grid driving power appears in the output load. Whereas high
grid driving power leads to somewhat greater power output
in grid-separation amplifiers, it also results in high grid cur-
rent, increased back heating of the cathode and distortion of
the r.f. signals due to the heavy loading of the grid signal in
the positive grid region. For normal operation the average
grid current should not exceed 30% of the average plate
current. The tube should never be operated without a suit-
able plate load.
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DESCRIPTION

The ML-2C41 is a high-mu triode of the planar-electrode
type designed for use as a plate-pulsed oscillator, or power
amplifier in radio transmitting service from low frequency to
3000 Mc. Featutes include low interelectrode capacitances,
high transconductance and great mechanical strength. Lead
inductances and r.f. losses are minimized by a compact, rugged
construction with ring-type seals, making the tube ideally

ML-2C41
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ML-2C41

DESCRIPTION & RATINGS

suited to cavity type circuits as well as for parallel line opera-
tion. The cathode is an indirectly-heated, oxide-coated disc.
The anode is forced-air cooled.

The ML-2C41 embodies the highest standards of this
tube type. All parts are thoroughly processed by special
Machlett techniques to assure efficient operation and long life.

GENERAL CHARACTERISTICS

Electrical

Heater Voltage (See Application Notes) ..........................

Heater Current at 6.3 volts ...................................
Heater Heating Time, minimum

Amplification Factor ... ...

Transconductance
(In = 70 mA, E, = 600 v)
Interelectrode Capacitances
Grid-Plate

Duty Cycle ......................
Maximum Pulse Length

Mechanical

Mounting Position
Type of Cooling

Maximum Anode Temperature ....
Net Weight

........................................................... 6.3 volts
1.03 amps
60 secs
........................................................... 100

25000 umhos

2.01 uuf

........................................................... 6.60 uuf

0.035 uuf max.

usecs

Optional
Forced Air*
175 °C
24 oz.

*For cooling requirements, refer to “Cooling” under “Application Notes”.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Plate-Pulsed Oscillator and Amplifier—Class C

Maximum Ratings, Absolute Values

For a pulse length of ...
DULY FACLOL" sasummne rmiesssmmsisssmssn v e S i
Peak Plate Pulse Supply Voltage ......................
Peak Grid Bias Voltage ...................

Peak Plate Current from Pulse Supply ................
Average Plate Current ...................coooooiii
Average Grid Current ...
Average Plate Dissipation .....c..cocoiiiiiiniiiin

Average Grid Dissipation

Frequency

Typical Operation: 2500 Mc Oscillator

Pulse Length ... .
Duty Factor ...
Peak Plate Pulse Supply Voltage .........
Peak Grid Bias Voltage ...
Peak R-F Grid Voltage . ..
Peak R-F Plate Voltage v s msmsmmms s
Peak Plate Current from Pulse Supply

Average Plate Current .................................
Average Grid Current .........................

Driving Power During Pulse, ‘Approximate ...
Useful Power Output at Peak of Pulse, Approx. ..

Pulse Recurrence Rate ... ..o

450
2200
825

usec

volts
volts
amps
mA
mA
watts
watts
Mc

usec

volts
volts
volts
volts
amps
mA

mA

watts

watts

bps

Characteristic Range Values for Equipment Design

Min,
Filament Current at 6.3 volts (Note 1) ..  0.95
Plate iCuttent (Note 2) .wwecsmmverssmmsuinss 60
Cut-off Bias (Note 3) ............cccoeiiiiin. —
Transconductance ..................................... 20,000
Grid-Plate Capacitance ..o s 1.86
Grid-Cathode Capacitance (Note 4) ........ 5.60
Plate-Cathode Capacitance ........................ —
Plate Tuning Range (Note 5) ............. 1960

Note 1 — For reduced filament voltage see “Heater Voltage”

under “Application Notes”.

Max.
1.10
95

-15
30,000
2.16
7.60
.035
2030

mAdc
Vdc
umbhos
uuf
uuf
uuf
Mc

section

Note 2 — Measured at a plate voltage of 600 volts and a cathode-

bias resistor of 30 ohms.

Note 3 — Measured at 1 mA of plate current and a plate voltage

of 600 volts.

Note 4 — Capacitance measurements are with the tube cold. When
the filament is heated to proper operating temperature
the grid-cathode capacitance will increase by about 1 uuf
due to thermal expansion of the cathode.

Note 5 — With a plate-grid coaxial cavity of fixed dimensions, all
tubes will resonate within the specified frequency range.



APPLICATION NOTES

MECHANICAL

Mounting

Contact to anode, grid, cathode and heater terminals
should be made by means of spring fingers or spring collets
bearing on the cylindrical surfaces within the dimensional
limits and tolerances specified on the tube outline drawing.
The tube when in the socket should seat against the anode
flange. The tube should not be seated or stopped by any
other surfaces.

Cooling

Sufficient air cooling must be provided to maintain the
maximum temperature of the grid, cathode and anode seals
and the anode radiator shank at 175°C or less. In most cases,
forced-air cooling of all three electrode surfaces is required.
The following chart shows air flow in c¢fm at sea level versus
input air temperature in °C for several values of plate dissi-
pation. These data indicate the minimum air-flow require-
ments and cowl dimensions necessary to maintain the radiator
temperature at or below 175°C. Improved tube life may be
obtained if all seals are cooled well below the maximum limit
of 175°C and by lowering the anode radiator shank tempera-
ture by providing more than the minimum air flow indicated
on this chart. The cathode and heater seals are ordinarily well
enclosed in coaxial circuits and require careful attention to
insure proper cooling. Tempilag* paint is suggested for
making temperature measurements.

*Product of Tempil Corporation, New York, N. Y.

ELECTRICAL

Heater Voltage

V.H.F. and U.H.F. tubes operate at frequencies where the
transit time (i.e. the time for an electron to traverse the space
between grid and cathode) is not small compared with the
period of oscillation. Under such conditions, electron bom-
bardment of the cathode occurs due to returned out of phase
electrons and the cathode temperature may be raised exces-
sively. The “back heating” is a function of frequency, peak
r-f grid voltage, grid current, grid bias and circuit design.
The optimum heater voltage cannot be accurately specified
because of the dependence on circuitry. For most applications
where liberal seal cooling is provided, the following table of
heater voltage vs. frequency should be satisfactory. For Service
applications, we suggest that recommendations be obtained

ML-2C41
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through the Service Laboratories regarding the heater voltage
to be used.

Frequency Ef
Up to 400 Mc 6.3 volts
400 to 1000 Mc 6.1 volts
1000 and over 5.8 volts

Permitted tolerances on filament voltage are 4+ 5% and
— 109% of the values given above. For long tube life, how-
ever, a maximum variation in filament voltage of &= 5% is
advised. If such improved regulation is provided, Ef can ad-
vantageously be lowered 5% below the values given in the
table.

Plate Surge-Limiting Impedance

In tubes such as the ML-2C41, which have very closely
spaced electrodes, extremely high voltage gradients occur even
with moderate tube operating voltages. Any tube flash-arcing
may be destructive. A series impedance in the B+ lead is rec-
ommended to limit the peak current under surge conditions to
10 times maximum rating or less. Such operation is particu-
larly advisable where d-c heater excitation is used and the
heater voltage is used to obtain a d-c grid bias. Under such
conditions surge currents can get to the negative plate vol-
tage supply lead only through the cathode heater winding,
and may cause shorting of the heater element unless current
limiting is provided. Failure of tubes due to internal flash-
arcs are much more prevalent when the circuit is not tuned
to optimum conditions. Even though laboratory tests indicate
no such protection is needed, poor circuit adjustment in the
field may result in shortened tube life.

Provision for Circuit Tuning

With high-frequency circuits, a very small motion of a
tuning plunger may throw the tube out of resonance and result
in high plate current and/or excessive anode dissipation. It
is required that provision be made for tuneup at a plate vol-
tage which is approximately 709 of normal, i.e. half power.

Determination of Proper Grid Drive

In grounded-cathode stages, the power output tends to
saturate as the grid drive increases. In grid-separation circuits,
increased output power is always obtainable from increased
grid drive, due to the fact that a considerable portion of the
grid driving power appears in the output load. Whereas high
grid driving power leads to somewhat greater power output
in grid-separation amplifiers, it also results in high grid cur-
rent, increased back heating of the cathode, and shorter tube
life.
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DESCRIPTION

The ML-212E is a three-electrode tube designed for use
as a modulator, amplifier, or oscillator in radio-transmitting
service. The cathode is a thoriated-tungsten filament. The
tube is convection cooled, the anode being capable of dissi-
pating 275 watts. Maximum ratings of 3 kVdc and 350 milli-
amperes apply at frequencies up to 1.5 mc/sec; operation at
4.5 mc/sec is permissible with plate voltage reduced to
1 kVdc.

ML-212E
PAGE 1
ISSUED 8-50

ML-212E

DESCRIPTION AND RATINGS

The ML-212E embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and as-
sure complete and permanent out-gassing. The tube is ex-
hausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of
high- and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical

Filament VOltage ....ccocooiiimiiiiiiiiiiiiie i

Filament Current at 14 volts

Amplification Factor ..essesssmmmsiomnsssimimminssssiis

Grid-Plate Transconductance
Interelectrode Capacitances

Grid-PIate ......ccoomieiiiiiiiiiiiie et

Grid-Filament
Plate-Filament

Mechanical

Mounting PoSItION: e agsosssmmsrmsisis

Type of COOMNE: wvvusesisussssmmmmsmsmmsmassusson i
Base (Use with W.E. 113A socket, or equivalent)

14 volts
6 amperes

8500 uMhos

18.8 uuf
14.9 uuf
8.6 uuf

Vertical or Horizontal*
Convection
Large 4-pin bayonet

*If mounted horizontally, the plane of the filament should be vertical.

MAXIMUM RATINGS

Direct Plate Voltage .......ccccoooiiiiiiiiiiiiiieicice e

Direct Plate Current ...
Plate Dissipation .......

Direct Grid :Gurrent ssenmumasmmpminsnmnsn s
RiE:: Grid (QULEEOT «ounssvemsussinnsisiiisssisissinioss fommmomasgrensnsssespmessonss
FIequency ..ot

3000 volts
350 milliamperes
275 watts
75 milliamperes
5 amperes
1.5 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.
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TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator
Direct Plate VOITABE ..c.cvir.sessossisusveaons s fisssomsesssiosssomamsssess isssmets i s ssss wissesmionsvansss 1500 1250 volts
(@ S Te 0 2 17 LI O OSSR OURRPUPRRRNY -57 —40 volts
Direct Plate CUITENE ..oocooviiiiiiiiiiiitiie ettt e 170 200 milliamperes
Plate DissiPAtION., svesyionsssssissiassmssuss s oisssss Sy b si50 8690055 R ST LSRR SRS s 250 250 watts
Load: TIIPEAAINCE. ..o ihosionnosssnesie ineidssi 658 a5 siss e sian i omssosmm s s st SHET R 1TSS A T a s snmsafonsnsspensons 5000 3000 ohms
UNdistorted OUIPUL .cuoviiiiiiiici ittt ettt 50 40 watts
Grid Bias Modulator
Direct Plate VOItage ...c.cviiiioiiiiiiiiteeiiie s 3000 volts
G BIAS et e —260 volts
Plate DISSIPAtION sovwsrsinssimimmssivisesvamuimensve ssvamssssimsssiss orsses v s s et s ssimasss i vies 175 watts
Load THPEAANCE ,...ooneniiss suiinsiessssssnssmsinss s oomsms s s sr o sasss s i e s e S s 8000 ohms
Peak POWET OUPUL ..ottt ettt 200 watts
Class B Audio Amplifier or Modulator
(for balanced 2 tube circuit)

Direct Plate VOIAZE .....oovoeiiiiiiieeicie et 2000 1500 volts
GIIA BIAS vttt -105 —75 volts
Direct Plate Current per tube

ING SABIVE oo oo o5 85555000 5 5 50 500 5 O A TS O G A T S SR 40 50 milliamperes

MAXIMUM AEIVE veiiiiiiiee e s eeeeeeete e ette e teeessae e st esta e e st e e sseeesaeeensaesasbeenbeeesreeebbeeenneennbeesanees 300 300 milliamperes
Plate DISSIPAtION ..ouviuiitiiiiitieiiieett oot ie e et 250 250 watts
Load Resistance (plate-to-plate) ..........cocoomiiiiiiniiniin, 8000 5900 ohms
Load Resistance (per tube) ........cccooviiniiiniiiiniiein 2000 1475 ohms
Approximate maximum output ... 650 500 watts
Recommended power for driving stage ... 50 50 watts
DIt ct: PLIates VEOLEAZE: o vuenennesncs, swomsnsssrs s 55800150 518 300604 4000 A O A A S VLSRR TR 2000 1500 volts
Direct Plate Current ..........cccooo. 300 300 milliamperes
Plate Dissipation ...... . 275 275 watts
Grid BIds ....onemivsisiiss e -120 —-90 volts
Approximate carrier watts for use with 100% modulation ......ccievsemmmisemomimmessmiis 200 150 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Ditect Plate VOIARE sosmmomimnmpmmmmessosmmsmosesamsasisoms
Direct Plate CUEITENE vooovsernresnssnonsysssis sisteasissssesssmsstings ssapmgessiassnses
GIId BIAS ooeoveeeeeiteeeee et ee et e ettt et et s

Nominal Power Output

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate VOItage ...coooiriiiiiriiieiiiiiiiieit e

Direct Plate Currefit ..covmcmmmammseans
Girid BIS ..o

Ditect Grid CUEFETE. ..vueensivissm s smiesamommmsimmassrsimssssosmaan oo
Nominal Carrier Power Output for use with 100% modulation

.................................... 2000 1500 volts
........................... 300 300 milliamperes
........................... —185 to =250  —150 to —200 volts
400 300 watts
........................ . 1500 1000 volts
300 300 milliamperes
-200 —125 volts
75 75 milliamperes
................................. 300 200 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 1.5 megacycles and
less. The maximum plate voltage for the upper frequency
limit of 4.5 megacycles is 1000 volts. The maximum plate
voltage for frequencies between 1.5 and 4.5 megacycles
should be proportionately reduced.

Each ML-212E vacuum tube falls within one of four im-
pedance classes and is stamped accordingly. These classifica-
tions are #1, #2, #3 and #4, and are in no way a grada-
tion of quality, but are to facilitate parallel operation in the
ordinary system using a common grid battery. Where more
than one tube is used, those of the same or adjacent classes

should be employed so that the load may be evenly distrib-
uted. When only a single tube is used no one of the classes
has any advantage over the other. Tubes may not be ordered
according to impedance classification.
With a plate voltage of 1500 volts, a grid bias of -60 volts
and a filament voltage of 14, the plate current will be as fol-
lows for each impedance class:

#1 110-129 milliamperes, inclusive

#2 130-148 " v

#3  149-167 N

#4 168-185 "
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DESCRIPTION

The ML-220C and ML-220CA are three-electrode tubes
designed for use as modulators, amplifiers, or oscillators in
radio-transmitting service. The cathode for cach type is a
pure-tungsten filament. The anode of the ML-220C is water
cooled and is capable of dissipating 10 kW. The anode of
the ML-220CA is forced-air cooled and is capable of dis-
sipating 5 kW. Maximum ratings of 15 kVdc and 1.5 am-
peres apply at frequencies up to 4 Mc; operation at 12 Mc is
permissible with plate voltage reduced to 5 kVdc.

ML-220C
ML-220CA

PAGE 1
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ML-220C
ML-220CA

DESCRIPTION AND RATINGS

The ML-220C and- ML-220CA embody all the techniques
and skills that have been inherently a part of Machlett Labora-
tories, Inc., since 1897. All parts are thoroughly processed
by special Machlett techniques, which prevent contamination
and assure complete and permanent outgassing. The tubes are
exhausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of high-
and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical

Filament VOItage ...
Filament Current at 21.5 VOIS .oooviiiiiiiiiiiiiiiiiiiie e

Filament Cold Resistance

............................................................... 41 amperes

21.5 volts

65 amperes

Filament Starting Current ... .0433 ohms
AMPLFICAtION FACOT  iimnrsssnsssersonms e v o5mssessmmms iy sossrays so sy s oo sy e S0 054558 40
Grid-Plate Transconductance
L2200 o ettt ettt 5000 uMhos
ML-220CA: osuimnasssmssmssessnss sssers i samsssiosssvasfasssasyss s5smssssas sty osso ey s b epismmavovasyoyshs SsvE sy s e S I SO 4400 uMhos
Interelectrode Capacitances
GIA-PLAtE oottt ettt ettt ettt ettt se et . 24 uuf
Grid-Filament . 20 uuf
Plate-FIlamient cocsimusmmmmsssas s nenssasssssss s i s s svaiiim svasss e iasiausy iy isesvois s gass evwansosvaess 2.5 uuf
Mechanical
MOUNEING  POSTEION .ttt ittt ettt h bbbttt ettt er et et Vertical, anode down
ML-220C ML-220_CA
TYPE Of COOLNE ittt ettt Water Forced-air
Water Flow on Anode (minimum) . 3 — gpm
Maximum Water Pressure . ... - 80 psi
Maximum Outgoing Water Temperature ..........cccooeviiiiiiiiiiiiiiiiiicsieee e 75 —— °C
Required Air FIow 00 ANOdE ...ovioiiiiiiiiiiiiiiiiiecce e - 600 cfm
Maximum Anode TemPerature™ wmscsessmsrsvsvssrsgomsss sy ssssmsgms s e — 120 °C
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MAXIMUM RATINGS
ML-220C ML-220CA

Direct Plate VOItagE ....cccoiiiiiiiiiiiiiiiiiiii i 15000 15000 volts
Direct Plate CUIrent oo ssmssomsios s s i 5y s s e s ey s i L5 1.5 amperes
Plate DISSIPALION  .oovouiiiiiiiiie e 10000 5000 watts
Direct Grid Dissipation 200 200 watts

R.F. Grid Current ... 20 20 amperes
Frequency 4 4 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.

TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator

Direct Plate Voltage 12500 10000 volts
GEIA BIAS: om0 e Sy S S e TR SR T e e s v —150 —130 volts
Difect Plate COUBEEAE ...ovmarmmsmssmmnmessnsmmsiomnbiinssssmitoiniitis e insiioret s it arssninnsvonsie 0.40 0.25 ampere
Plate DISSIPALION  ..ooooiiiiiiiiii i 5000 2500 watts
Load TMpPedanee ossvmsvssimssmmsesmmimms s sivmssse svs oo s st somssns s vvsvs svisimanssnseioneons 28000 35000 ohms
Undistorted OUEDUL smvesmssosmmrssars: s s e e s S B s s o s s 760 460 watts
Class-B Audio Amplifier or Modulator
(for balanced 2 tube circuit)

IDIEECE: PlAtE VOITABE oo o 5w oonmsmsomssms s 5or s shiss oa oo s S s oo oo o P B 10000 7500 volts
G BIAS .ottt —-150 —100 volts
Direct Plate Current Per Tube

IND  AEIVE osmimsmosmnngsnsnessys.segy ey 0o s sy s i s v s S TRV s 0.20 0.15 ampere

IBARITOUIT ATIVE  n oo 5550 355 5550 0555 e B S o S 3 1.1 1.1 amperes
Load resistance, plate-to-plate .........ccocooiiiiiiiiiiiiiiiiiie e 9200 6000 ohms
Load resistance, Per tUDe .......coooiiiiiiiiii i 2300 1500 ohms
Approximate maximum output—2 tubes ... 14000 9000 watts
Recommended power for driving Stag€ .. ........coccooiiiiiiiiiiiiiii e 1500 1500 watts

Class B Radio-Frequency Amplifier

Direct Plate VOIABE ...oossmsnssssmyomssssms s 1amsmssa o s i s 0 e s s s0y e s e 11000 7500 volts
Direct Plate Current for Carrier Conditions ..........ccocooiiiiiiiiiiiiiiiic i 0.75 1.0 ampere
GIIA BIAS oottt -250 —150 volts
Approximate carrier watts for use with 100% modulation ... 2750 2500 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate VOIAZE oottt 10000 7500 volts
Direct’ Plate CULIENt imsmsmnsvmmserovmmmms s s e s o s e v ibass s So s s 1.5 1.0 amperes
GEI B om0 S e VY 0SS S B S B e —375t0 =500  —175to =300 volts
NOMINAl POWEL OULPUL eevrirrreriinennenniimiseinierisiisseiesesnsesesse s ssmnsshisessbssasiesssssoss saserssisirensons 10000 5000 volts
Plate DISSIPAtION ..ioiouiitiiit ittt et 5000 2500 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate VOITAZE ...ocooiiiiiiiiiiiioiii et 7500 5000 volts

Direct Plate CUITEME ...oooiiiiiiiiiiiiit ettt 1.1 1.1 amperes
GEId BUAS ovoevnvomviminussosmnysnssvovingsvssiny s omis v s yais s s yess o6 vh s asss voos S SR SR ST oR o SRS se =300 —200 volts
Maximui DIirect Grid (CCUTTEIE wrmssssss s s s e s 57 6 s e P Ts 150 150 milliamperes

Nominal Carrier POWer OUEPUL ....o.iiiiiiiiiiiiiii i 5500 3650 watts



ML-220C
ML-220CA

APPLICATION NOTES PAGE 3

Maximum ratings apply at frequencies of 4 megacycles and
less. The maximum plate voltage for the upper frequency
limit of 12 megacycles is 5,000 volts. The maximum plate
voltage for frequencies between 4 and 12 megacycles should
be proportionately reduced.

The cooling facilities for the ML-220C should be such that
the temperature of the water and rate of flow prevent boiling
of the cooling water, as indicated by a hissing sound, under
maximum dissipation. In general, the outlet water tempera-
ture should not exceed 75°C and the rate of flow should be
not less than 3 gallons per minute.

The cooling facilities for the ML-220CA should be such that
the temperature of the anode, indicated by a thermometer

having a nonmetallic column mounted in the tube thermome-
ter well with the bulb protected from the air stream, is less
than 120°C. The amount of air required will vary from
400 to 600 cu. feet per minute depending upon the anode
dissipation and ambient temperature. An air pressure inter-
lock is required for protecting the tube if the air flow is in-
sufficient. The interlock should be adjusted to remove all
voltages from the tube in case of failure of the forced-air
supply. In no case should the rate of flow be such that under
prolonged operation at conditions of maximum dissipation
the temperature rises above 120°C. The forced air shall be
supplied at the bottom so that the air is forced upward
through the anode fins.
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DESCRIPTION
The ML-228A is a three-clectrode tube designed for use

as a modulator, amplifier, or oscillator in radio-transmitting
service. The cathode is a pure-tungsten filament. The anode
is water cooled and is capable of dissipating 5 kilowatts. Max-
imum ratings of 6 kVdc and 1.5 amperes apply at frequen-
cies up to 3 mc/'sec; operation at 6 mc/sec is permissible with

plate voltage reduced to 3 kVdc.

ML-228A
PAGE 1
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ML-228A

DESCRIPTION AND RATINGS

The ML-228A embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and assure
complete and permanent outgassing. The tube is exhausted
by a straight-line, high-voltage process assuring the same
high standards as characterize the Machlett line of high- and
super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ... i
Filament Current at 21.5 vOItS ...coooiiiiiiiiiis i
Filament Starting Current ...,
Amplification Factor seussnusmnisnsmmmmnnmosuassimn

Grid-Plate Transconductance .................cccoooviiieeiiiviieieenn,

Interelectrode Capacitances
Grid-Plate ..........

Grid-Filament

Plate-Filament

Mechanical

Mounting Position ..wsmimmemsasssmsvsvisss s i
Type of Cooling ......cocoooviiiiiiiiiiiiieieei e
Water Flow on Anode ............cccocooviiiiiiiniiiiiieia

Maximum Water Pressure

21.5 volts

41.0 amperes
65 amperes
16

6500 uMhos

23.8 uuf
25.9 uuf
3.1 uuf

Vertical, anode down
Water
7-15 gpm
80 psi
75 °C
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MAXIMUM RATINGS

Direct Plate Voltage ............... 6000 volts
Direct Plate Current .................. 1.5 amperes
Plate Dissipation 5000 watts
Grid Dissipation 100 watts
@ Rl 01T (| L T 20 amperes
FreqUEnCY ..o 3 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.

TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator

Direct Plate VOItage ....coooiiiiiiiiiiiiiii i e 5000 6000 volts
Grid Bias -100 -170 volts
Direct Plate Current .85 .80 ampere
Plate Dissipation 4250 4800 watts
Load Impedance ... U 5000 7500 ohms
Undistorted Output ............. 125 285 watts
Class B Audio Amplifier or Modulator
(for balanced 2 tube circuit)

Direct Plate VOItage ....ococooiii i o 5000 4000 volts
Grid Bias: .oisiisisionmmsmasisssmssmms . ——— -265 -200 volts
Direct Plate Current per tube

NG HEIVE oomponsiommshnisiie siseianinnirms i . ! . » 0.15 0.15 ampere

Maximum drive 0.60 0.70 ampere
Plate DISSIPAtION ..oiviiiuiiioei e e e e 1125 1300 watts
Load Resistance (plate-to-plate) 8400 5000 ohms
Load Resistance (per tube) ' 2100 1250 ohms
Approximate maximum output—2 tubes .. ; ; 3750 3000 watts
Recommended power for driving stage ... ST e (ST 200 200 watts

Class B Radio-Frequency Amplifier

Direct Plate Volfage cwuenannerssmmmsmsamessmmy: R 5000 4000 volts
Direct Plate Current for Carrier Conditions ... : ’ : 0.65 0.65 ampere
Grid BIaS oo I . . . -325 -275 volts
Approximate Carrier Watts for use with 100% modulation ... ... 1100 900 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate Voltage .................. S i s AT S S O T 6000 4000 volts
Direct Plate CUITENt ..o I 1.25 1.25 amperes
Grid Bias .o BT PP ~600 to =800  —450 to =530 volts
Nominal Power QUEPUt s i snmmsssommss s oot o [P PR 5000 3300 watts
Plate DIisSipation sossusssesmess s ; : ’ - s 2500 1700 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate Voltage ... PR R PSPPI 4000 3000 volts

Direct Plate CUTTENt ..ot e 1.25 1.3 amperes
GETE BIIAST comonmemson o om0 R S S S S A =500 =300 volts

Direet IGIId CULFEIE ,ouioommisig s e i i s 7o e e e ey (i savess 150 150 milliamperes
Nominal Carrier Power Output «............. : o~ chemis 2500 2000 watts

APPLICATION NOTES
Maximum ratings apply at frequencies of 3 megacycles voltage for frequencies between 3 and 6 megacycles should
and less. The maximum plate voltage for the upper frequen- be proportionately reduced. At high frequencies special at-
cy limit of 6 megacycles is 3000 volts. The maximum plate tention should be given to adequate ventilation of the bulb.
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DESCRIPTION

The ML-232B is a three-clectrode tube designed for use as a
modulator, amplifier, or oscillator in radio-transmitting serv-
ice. The cathode is a pure-tungsten filament. The anode is
water cooled and is capable of dissipating 25 kilowatts, Maxi-
mum ratings of 20 kVdc and 3 amperes apply at frequencies
up to 3 mc/sec; operation at 12 mc/sec is permissible with

plate voltage reduced to 10 kVdc.
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ML-232B

DESCRIPTION AND RATINGS

The ML-232B embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and as-
sure complete and permanent outgassing. The tube is ex-
hausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of high-
and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical
Filament VOItage .......oooiiiiuiiiiiiciccce e 20 volts
Filament Current at 20 volts .... 60 amperes
AMPLIfICAtION FACLOL ovuiveiuiinieiiiiieiieceee ettt et e et e e e e e s e ee e e s s e s es e e s s e 40
Grid-Plate TransCONAUCEANCE ....c..o.vvveivimniieeietieeesetecsses e tes e e eeee et eeeeeeee e e se et s s eees s eseesesesans 6500 uMhos
Interelectrode Capacitances
GEIA-PIATe’ smmvumseissnmorsinsvasisnsissss o054 nmnstmnssmsnsonssssnssnss o sssmms ot st rastosmsessmms s bAN RS EES 29.1 uuf
Grid-Filament 19.9 uuf
Plate-Filament 0.6 uuf
Mechanical
MOoUntINg POSIEION .......coiuiiiiieiiniecit ettt e e e e ee e e Vertical, anode down
Type of Cooling ..... S Y S S H AR ST EE RN EH  Fommmdrman st ann o s CR o e RO RS AT AR AR AR P S RS ASEE SRS Water
Water FIOW 00 ADNOAE ....oioiiiicii ettt 7-15 gpm
Maximum Outgoing Water TeMPErature ..........ovveveeueeierereieeeeeieeeeeeeeeeeeeeeeeeesseeseeeees oo es e, 75 °C
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MAXIMUM RATINGS

Ditect; Plate: VIOIMARE wsumumssionssssssmmumssissyimnsss s s s im0 s i i e S e m 8058 mmmmntrt s esid 20000 volts
Direct Plate CUITENE ..oooiiiiiiiiiiie ettt ettt et ettt e e ee s e esaeesaeseeeanesaaenee 3.0 amperes
Plate DESSIPAtION! suwsmsonsvumsmaiin s sy oo sy S5 ey (e s fase s 25000 watts
Gild, DISSIPATION. vssenssmmmmnssonsonm s o s e S e B B S A 3s 400 watts

RUF. Grid CUITENE cooiiiiiiiiiiiee ettt ettt ne e 40 amperes
FLEQUENICY .ottt ettt ettt ettt ettt 3 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.

TYPICAL OPERATING CONDITIONS
Class B Radio-Frequency Amplifier

Direct Plate VOItaZE oot 17500 12500 volts
Direct Plate Current for Carrier Conditions .........coocoiiiiiiiiiiiiiiiiiiiii e 1.5 2.2 amperes
L e 2 T —— -500 —350 volts
Approximate carrier watts for use with 1009% modulation ....................... 9000 9000 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate VOIage ..ooooiiiiiiiiiiiiiiiei e 15000 10000 volts
Direct Plate CUITEME .ooiiiiiiiiiiit ittt 2.5 2.6 amperes
e 2 —600 to =800  —450 to —600 volts
Nominal POWer OUPUL ..oooiiiiiiiiiiii i 25000 17500 watts
Plate DISSIPAtION ....coviiiiiiiiiiiit i 12500 8500 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate VOItae .ooovoioiiiiiiiiiii et 12500 7500 volts

Diirect Plate \CUIFEHE sososinvonssmsms s iarses o vosys oy coainsss i s savsews sessaess 1.50 1.50 amperes
GEIA BEAS! .on s e mssmmmmesmsms s smsns s ot 5o sisidon £ Eo e SR S S RS -700 —450 volts

DHLeCt GIid CULLENE ©evveeeiiiiee e eetee e e eeeiieeessesesesesassnnasssesesesensesescasasnaersnensasenen 250 250 milliamperes
Nominal Carrier POWeEr OUPUL .ooviiiiiiiiiiiiii it 12500 7500 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 3 megacycles and voltage for frequencies between 3 and 12 megacycles should
less. The maximum plate voltage for the upper frequency be proportionately reduced.

limit of 12 megacycles is 10,000 volts. The maximum plate
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DESCRIPTION

The ML-240B is a three-electrode tube designed for use as a
modulator, amplifier, or oscillator in radio-transmitting serv-
ice. The cathode is a pure-tungsten filament. The anode is
water cooled and is capable of dissipating 10 kilowatts. Max-
imum ratings of 12 kVdc and 1.7 amperes apply at frequen-
cies up to 20 mc/sec; operation at 40 mc/sec is permissible

with plate voltage reduced to 6 kVdc.
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ML-240B

DESCRIPTION AND RATINGS

The ML-240B embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and as-
sure complete and permanent outgassing. The tube is ex-
hausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of high-
and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical
Filament VOItage ........cviiiiiiiiiiiiiiiiccieiiet ettt ss st 21.5 volts
Filament Current at 21.5 VOIS ...cccocoiioiiiiiiictiteet ettt ettt ee et en et et e et ee e ereeeeseaesea 41.0 amperes
Eilafhent Starting CUPLeRt: s sme e s s g maisss 1S f e smmsane ss e omsms ot 65 amperes
Filament Cold RESISTANCE ............ocooiiiii ottt .0391 ohms
AMPHACAION FACLOT uuivissisnsssvsinsisesnsssssgssssisn cisssssisinnssiammmansassosssssarsesssesessssssssossrsssmessonsns ssesonsrssasss ossnors 40
Grid-Plate Transconductance 5000 uMhos
Interelectrode Capacitances
Grid-Plate ...... 28 uuf
Grid-Filament 12 uuf
Plate-FIlamMent .......coueuiiiiiiieiiiiii ettt ettt ettt et et e e e et e e 5.8 uuf
Mechanical
MOUNNG POSTHON, xcscvssossrrivsssmmmmssesmynmiorsiss s s e R S 5 ha A  nms g ame ens semeste srsss spamansnson Vertical, anode down
Type of Cooling Water
Water FIOW 00 ANOAE ....oocoiiiiiiiiiitiiiiiieiietest ettt ettt ee s ee e eseeeens 3-8 gpm
Maximum Outgoing Water TeMPEratUre .......cocccocoiuimiverireeiiieseeeeseseiseaeeeteteses e st esseenee 75 °C
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MAXIMUM RATINGS

Direct Plate VOItagE ..ottt 12000 volts
Direct Plate Current ... 1.7 amperes
Plate: Dissipation suucsemmmmmonmees st s s sy s e S e e s 10000 watts
Direct Grid DISSIPAtION ...ciiiiiiiiiiiioi ittt ettt 300 watts

RUF. GrIid CUITENE oot 60 amperes
FLOQUENCY oottt 20 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.

TYPICAL OPERATING CONDITIONS
Class B Audio Amplifier or Modulator

(for balanced 2 tube circuit)

Direct Plate VOIAZE ...ocooiiiiiiiiiiiii it 12000 10000 volts
GII BI&S oot -225 —170 volts
Direct Plate Current per tube

INO dEIVE o 0.15 0.15 ampere

Maximum drive 1.20 1.20 amperes
Plate Dissipation 5650 5250 watts
Load Resistance (plate-to-plate) .......ccocoooviiiiiiiriiieiiiiceeeeeee et 10200 7920 ohms
Load Resistance (Per tUDE) .......o..coooiiviiiiiiiiee oot 2550 1980 ohms
Approximate Maximum Output—2 tubes ... 17500 13500 watts
Recommended Power for driving Stage ...........ccccovvevievieeieeeeeeeeeeeeee e 750 750 watts

Class B Radio-Frequency Amplifier

Direct Plate Violtage: smnsmmsmmmpssmri i s 12000 10000 volts
Direct Plate Current for Carrier Conditions ..............cccoovevevveveceeeieeerieeseeeeen. 1.25 1.20 amperes
GIId BHAS oot -250 —200 volts
Approximate Carrier Watts for use with 100% modulation ........cccccvvvennnnne.. 5000 4000 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate VOIAZE ...c.oviiiiiiiiiiiieit et 12000 10000 volts
Direct Plate CUITENt ...ccovviiiiieeeee ettt e e e e e e e e e e eeae s 1.50 1.50 amperes
GIId BIAS oot e —450 to —600  —335 to —450 volts
Nominal Power OUEPUL e sssimmsessmsmmsssseises v ssmsssmmim s 12000 10000 watts
Plate DISSIPATION ..eceiivs ooiiieii ettt ettt et 6000 5000 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate VOMABE wuisisssvmvsossmivsronsassossmmmssis: s sor v s svss 06858 i9vivs ssansis 9000 7500 volts

Direct Plate CUITENT ...oooiiviiieieeoe oot et 1.40 1.40 amperes

GIEIA BIAS oo e —-450 —400 volts

Direct Grid CULTENE ...oo.oooiiiiiei e 150 150 milliamperes

Nominal Carrier Power Output ... 8500 7000 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 20 megacycles and voltage for frequencies between 20 and 40 megacycles should
less. The maximum plate voltage for the upper frequency be proportionately reduced. At high frequencies special at-

limit of 40 megacycles is 6,000 volts. The maximum plate tention should be given to adequate ventilation of the bulb.
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DESCRIPTION

The ML-241B is a three-electrode tube designed for use as a
modulator, amplifier, or oscillator in radio-transmitting serv-
ice. The cathode is a thoriated-tungsten filament. The tube is
air cooled and the anode is capable of dissipating 275 watts.
Maximum ratings of 3 kVdc and 350 milliamperes apply at
frequencies up to 7.5 mc/sec; operation at 22.5 mc/sec is per-
missible with plate voltage reduced to 1 kVdc.

ML-241B
PAGE 1
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ML-241B

DESCRIPTION AND RATINGS

The ML-241B embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and as-
sure complete and permanent outgassing. The tube is ex-
hausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of high-
and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage .........ccccocoeviviiiiiiiiniieeeeeeeeeeeeee

Filament Current at 14 volts

Amplification FacCtor .......ccccocoiveveereioeeieieieiiceeeeeeeeee

Grid-Plate Transconductance

Interelectrode Capacitances
Grid-Plate ....ccooovueuimininireiieeeecieee e

Grid-Filament

Plate-Fllament .......cccooiiiiiiiiiieiiccice e ee e

Mechanical

Mounting Position ...

Type of COOlING ..ovvvieiiiiiiiiierieieeerreeeee e

14 volts
6 amperes
16

8500 uMbhos

16.5 uuf
14.5 uuf
4.8 uuf

Vertical or Horizontal*
Convection

* If mounted horizontally, the plane of the filament should be vertical.
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MAXIMUM RATINGS

Irect Plate VOltage ... ettt anen 3600 volts
Direct Plate Current ... 350 miliiamperes
Plate Dissipation ....... 275 watts

Direct Grid Current milliamperes
amperes
megacycles
d below.

TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator

Direct Plate VOItage ..o 1500 1250 volts
Grid Bias ... —-58 —40 volts
Direct Plate Current ............. 170 200 milliamperes
Plate Dissipation ............... 250 250 watts
Load Impedance ... 5000 3000 ohms
Undistorted  OUEPUL oooviiiiiioc oo 50 40 watts
Grid Bias Modulator
Direct: Plate: VIOIRBE coosssmsvmmsssmsmmmmsmmmssssasamiinms s 3000 volts
Grid Bias ..omens —260 volts
Plate Dissipation ... 175 watts
Load Impedance ......... 8000 ohms

Peak Power Output 200 watts

Class B Audio Amplifier or Modulator

(for balanced 2 tube circuit)

Direct Plate VOItage ....ccooooiiiiiiiiiiiiii e 2000 1500 volts
GIId BIAS oot -110 -75 volts
Direct Plate Current per tube
NO BEVE e e 5 e s e s s s s s s 40 50 milliamperes
Maximum  dIIVE oo 300 300 milliamperes
Plate Dissipation .........cccccooceen. 250 200 watts
Load Resistance (plate-to-plate) 8000 5900 ohms
Load Resistance (per tube) ......... 2000 1475 ohms
Approximate Maximum Output v 650 500 watts
Recommended Power for driving Stage .........cocciiiiiiiiiniiiiiciiiiicicce 50 50 watts

Class B Radio-Frequency Amplifier

Direct Plate VOIAZE ..ooviiiiiiiiiiiiiiiciic e 2000 1300 volts

Direct Plate (CUILEnt: isusysswmisssssirsimmesiposissssisssmsavesspesvisssssesssns sssevieamsvssins 300 270 milliamperes
Plate Dissipation ..... 275 275 watts

GHId BIAS onrspunesssmmmsiansmssansssnssonsnsossansssintabsisnsmmensanate i g 547 -120 —90 volts
Approximate Carrier Watts for use with 100% modulation ..........ccccceceeeinns 150 130 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plafe VIOIMAGE womsmsmssssmssosamsmis somsss s tost sissssn s seamamevass 2000 1500 volts

Direct Plate Current ... 300 300 milliamperes
LI BIAS, .vvnrenmmensnmosnssssmyssmssnnnpss sosmmpsassson ssasnstsns ko VSR 0S5 S0 O TOUE PRSP SRRSO AR S —185 to —250 =150 to —200 volts
Nominal POWer OUEPUL ..ovviuiiiiiiiiiiieeeie e 400 300 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate Voltage swvmsmsmngmmmsmmsmams s, BTSN 1500 1000 volts

Direct Plate Current .... 300 300 milliamperes

Grid Bias ....oooeiiiinienn ; -200 —125 volts

Direct Grid Current .......coooovevveieiiiieenins . 75 75 milliamperes

Nominal Carrier Power Output for use with 100% modulation ............... 300 200 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 7.5 megacycles and should be proportionately reduced. At high frequencies spe-
less. The maximum plate voltage for the upper frequency cial attention should be given to adequate ventilation of the
limit of 22.5 megacycles is 1000 volts. The maximum plate bulb.

voltage for frequencies between 7.5 and 22.5 megacycles
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DESCRIPTION

The ML-279A and ML-379A are three-electrode tubes de-
signed for use as modulators, amplifiers, or oscillators in ra-
dio-transmitting service. The cathode for each type is a thor-
iated-tungsten filament. Each tube is air cooled and its anode
is capable of dissipating 1.2 kW. Maximum ratings of 3 kVdc
and 800 milliamperes apply at frequencies up to 20 Mc; oper-
ation at 40 Mc is permissible with plate voltage reduced to
1.5 kVdc.

ML-279A
ML-379A

PAGE 1
ISSUED 3-51

ML-273A
ML-379A

DESCRIPTION AND RATINGS

The ML-279A and ML-379A embody all the techniques and
skills that have been inherently a part of Machlett Laborator-
ies, Inc., since 1897. All parts are thoroughly processed by
special Machlett techniques, which prevent contamination and
assurec complete and permanent outgassing. The tube is ex-
hausted by a straight-line, high-voltage process assuring the
same high standards as characterize the Machlett line of high-
and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical

Filament VOItage ........ccocoeiiviiiiiiiiininiiiieceecceee e

Filament Current at 10 Volts ...
Amplification Factor ...............

Grid-Plate Transconductance ...........ccocceeveveeviiveeveveereineennnns

Interelectrode Capacitances

Grid-Plate .....cooooeiiiieeeeeieeecee et

Grid-Filament
Plate-Filament

Mechanical

Mounting PoSition, :suwssvssissmussonssssssmn st
Type Of COOlING .ovvvviieieieiieiieeeeeee e

Direct Plate VOItage .. cuvimisissvsieissmmsesssssossssespsssiss
Direct Plate QUEtent sosammrsmmmmummpnmminsamms
Plate DiSSIPAtION ....c.ooiieiieieiiieirireeieeeeeee e

Direct Grid Current ...
R. F. Grid Current

EEEQUENCY: wuvesounvmnssmssansmmensssvosvsssssvssasioss s ssiisssoras o s Se0vssts sovomsiugs

10 volts
21.0 amperes
10
5000 uMhos

18 uuf
15 uuf
7 uuf

Vertical
Convection

3000 volts
800 milliamperes
1200 watts
100 milliamperes
15 amperes
20 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.
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TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator
Direct Plate VOIABE wwvvsrsssivanussssnissvovmmmmessvsmmesssssmsnsssss s i s iraamesssssnasossanss 2500 2000 volts
GETd BIAS onsvsuvnmmsrimssossosssr oo mmsssos ems s G0 e e i s ansnonassns Sesmmensssssans sogsen s sntaes —-170 —110 volts
Direct Plate Current 300 375 milliamperes
Plate Dissipation .. 750 750 watts
Load ITMPedange: cvvsvrsmmismsonsissosvissions s o iiassisssss s sassvissinsomiossiaiio sy 4500 2000 ohms
Undistorted OULPUL ......ooviiiiiiiiiiiiiee ettt 155 85 watts
Class B Audio Amplifier or Modulator
(for balanced 2 tube circuit)
Direct Plate VOIage ...ocooiiiiiiiiiiiiic i 2500 2000 volts
GId BIAS it -200 —150 volts
Direct Plate Current, per tube
NO ALIVE: sssoromcessmmmmvamms e s s s AT AT s v g amai sin i hmas e $558 fronnansad smmpnsnsons 150 110 milliamperes
Maximum  dIIVE ..ocooiiiiiiiiiiiiic it 800 800 milliamperes
Plate Dissipation 900 720 watts
Load Resistance, plate-to-plate 2800 2240 ohms
Load: Resistance; per tube: susmmoasvmssmmmmssssmosssss i i s s 700 560 ohms
Approximate Maximum Output—2 tubes .......ccccoiiiiiiiiiiiieieiieiecee e 2200 1760 watts
Recommended Power for Driving Stage .......cocooiiiiiiiiiiiiiiiiiicecineeeee 100 100 watts
Class B R-F Amplifier
Direct Plate VOItage .......coooiiiiiiiiiiiiii i 3000 2500 volts
Direct Plate Current ... 600 720 milliamperes
Grid Bias ..o -325 —275 volts
Approximate Carrier Watts for use with 100% modulation ...........ccocoocoiiiiiens 600 600 watts

Class C R-F Oscillator or Power Amplifier—Unmodulated

Direct Plate Violtage ...coemsmmmssimmsomsmommiiimis svvesmimiseies o iss s eisss seisvssss 3000 2500 volts

Direct Plate CCUITENL: suumnvrsnmvsnssmmvmessssm s s s sy s s S e 800 800 milliamperes
Gtid BIAS: wovemsasmmmss o v e i e T TR A4 S immnrmo s santmnma i e =500 to =650  —400 to =550 volts
Direct Grid CULTEN ...ocoiiiiiiiiiiiiiiiii e 150 100 milliamperes
Nominal POwer OUEPUL ....ocuiiiiiiiiiiiitii it 1600 1300 watts

Plate: DISSIPAION  cusumsmismmmsmsiammmsusmsmens vvmmsis s ssat oo 86y sssssisss s s S s s 800 700 watts

Class C R-F Amplifier—Plate Modulated

Direct Plate VOItage .......ccooiiiiiiiiiiiiii i 2250 1750 volts

Direct Plate Current 600 700 milliamperes
Grid Bias —450 —360 volts

Ditect \Grid, CQUEFENT souvssserssnssvimsmmsnmstsmismess o oo i i s i snmagonenss 100 100 milliamperes
Nominal Carrier Power Output for use with 100% modulation ..... ... 900 830 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 20 megacycles and
less. The maximum plate voltage for the upper frequency
limit of 40 megacycles is 1500 volts. The maximum plate
voltage for frequencies between 20 and 40 megacycles should

be proportionately reduced.

A free circulation of air must be provided to insure adequatc
cooling of the glass during operation.
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DESCRIPTION
The ML-298A and ML-298B are three-electrode tubes de-

signed for use as modulators, amplifiers, or oscillators in ra-
dio-transmitting service. The cathode for each type is a pure-
tungsten filament. The anode is water cooled and is capable
of dissipating 100 kilowatts. Maximum ratings of 20 kVdc
and 11 amperes apply at frequencies up to 4 mc/sec; opera-

tion at 20 mc/sec is permissible with plate voltage reduced
to 12 kVdc.

ML-298A
ML-298B
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ISSUED 4-58

ML-238A
ML-238B

DESCRIPTION AND RATINGS

The ML-298A and ML-298B embody all the techniques
and skills that have been inherently a part of Machlett Labo-
ratories, Inc, since 1897. All parts are thoroughly processed
by special Machlett techniques, which prevent contamination
and assure complete and permanent outgassing. The tubes
are exhausted by a straight-line, high-voltage process assuring
the same high standards as characterize the Machlett line of
high- and super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical ML-298A ML-298B
Filament VOItaAZE .........ccooiiiiii i e 27 27 volts
Filament Current at 27 VOIS .......ooiiiiiioi i 225 225 amperes
Filament Starting CUITENT ............cccooiiiiiiiiioeo oot 340 340 amperes
Filament Cold Resistance .0096  .0096 ohms
AmPLfication FACLOT ...........oooii it 32 57.5
Grid-Plate TranscOndUCIANCE ..............c.oooiiiiiii oo 22000 20000 uMhos
Interelectrode Capacitances

GEIA-PIAte ..o 48 50 uuf
GIId-FIlament .....ooooiiiiii oo 30 31 uuf
PlaterPIIANYENE . i e s e e s s s o8 e s o e 11 11 uuf

Mechanical
Mounting POSILION ......ooviiiiiiiiii oo Vertical, anode down
Type of COOMNE: ..vivusvisvormmmvosssvommnssivessiysvesowsiesssssssss s mies o s s s i s s Water

Water Flow on” Anode (Minimum) ..o 33 gpm
Maximum Outgoing Water Temperature .. 75 °C
Net Weight, aPPLOXIMALE .....oooviiiiiiiiiii ettt 28 Ibs.

Direct: Plate Voltage ...uupemimmnenmmnstnmose s

Direct Plate Current .....
Plate Dissipation ..........................
Direct Grid Dissipation

R.F: Grid. Currenty wo s s s omn S gsints
FLOQUENCY  oooiiiiiiiiieoii ettt

20000 volts
11 amperes

100000 watts

1000 watts

............................................... 75 amperes
............................................................ 4 megacycles

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.
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TYPICAL OPERATING CONDITIONS

Class B—Audio Amplifier or Modulator

(for balanced 2 tube circuit)

Direct Plate Voltage :oimmammsesmassiaran orasss oo
Grid' Bias, wsssssosimmessomn ooy s s 5o o s s e e e

Direct Plate Current per tube

INO dEIVE oottt
Maximum dIIVE ....ooooviiiiiiiiieiie et

Plate Dissipation .........ccccoceevicinennn.
Load Resistance (plate-to-plate)
Load Resistance (per tube) ...

Approximate Maximuum Output—2 tubes ...
Recommended Power for driving Stage ....oocoocvvenviiviieinenens

.......................................... 1000 800 watts

ML-298A
15000 12000 volts

.......................................... -350 =250 volts

0.70 0.70 ampere
7.0 7.0 amperes
35000 28000 watts
2200 1600 ohms
550 400 ohms
140000 112000 watts

Class B Radio-Frequency Amplifier

Direct Plate VOItage ....ccccocovviririiiiiiiiiiiiiiiiiiiiici s
Direct Plate Current for Carrier Conditions ..o
Grid BIAS coiivi oo
Approximate Carrier Watts for use with 100% Modulation

ML-298A ML-298B
........ 18000 15000 18000 15000 volts
........ 4.2 4.2 4.2 4.2 amperes
=500 —400 =250 -200 volts
25000 21000 25000 21000 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate VOItABE siouspimmmvassmsimmmiisiismisssssissmg i i
Direct Plate CUFENt ..ovevoiiiiiieieieeeie e
GIId BIAS it e

Nomiifial, POWer OREDUL & smmmssvssissmevssssns soss s sammaasssiig
Plate Current with Zero Bias ......ccccooiviiiiiiiiiiiiiiiiiiiiiin

ML-298A ML-298B
18000 15000 10000 18000 15000 volts
6.7 8.0 8.0 9.0 8.0 amperes
-750 -600 =525 =500 -400
to —1000 -800 =700 =750 —600. volts

80000 80000 53000 100000 80000 watts
3.5 2.5 amperes

Class C Radio-Frequency Amplifier—Plate Modulated

Direct Plate VOltage ......ccccoiiiiiiiiiiiiiiiiiicicccc

Direct Plate Current ..
Girid Bias sssssspvsimsvsisssvsgoision

Maximum Direct Grid Current .......cccocovveviiiiiiiiiiiiiiiiiiie,
Nominal Carrier Power Output ......occovviiiiiiiiiiiiiiiiiiicin,

........ 12000 10000

........ 40000 40000

ML-298B
12000 volts

ML-298A

5.0 6.0 5.5 amperes
........ 500 500 1000 milliamperes

45000 watts

# It is recommended that the grid circuit for high level modulation be arranged to receive its operating bias from the flow
of grid current through a resistance of from 5,000 to 10,000 ohms. _An additional steady state bias voltage of sufficient mag-
nitude to limit the plate dissipation to a safc valuc with no r-f driving voltage applied to the grid, should be incorporated

in the circuit.

APPLICATION NOTES

Maximum ratings apply at frequencies of 4 megacycles and
less. The maximum plate voltage for the upper frequency
limit of 20 megacycles is 12,000 volts. The maximum plate
voltage for frequencies between 20 and 40 megacycles should
be proportionately reduced.

To protect the glass and copper to glass anode seals from be-
ing damaged by flashovers external to the tube, corona rings
furnished with the W.E. socket are mounted at each end of
the anode and at the grid terminal. The approximate loca-

tions of these rings arc indicated in the dimensional outline.
These rings are 8” and 12” in diameter of 15” tubing. The
8” rings are hinged so that they encircle the glass bulb just
outside the anode seals when closed. The 12” ring circles
the glass bulb adjacent to the grid terminal to which it is
directly attached. Old gaskets should be replaced by the new
ones supplied with each tube. This tube should not be sub-
jected to unnecessary shock or vibration. No object should
touch the bulb and there should be a free circulation of air
around the tube.
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ML-322

DESCRIPTION & RATINGS

DESCRIPTION

The ML-322 is an ultra-high-frequency diode of the ring-type seals, making the tube ideally suited to cavity-type
planar-electrode type designed for use as a modulation clipper circuits. The electrode spacing is about 0.008”. The cathode
at frequencies up to 1500 Mc. Lead inductances and r-f is an indirectly-heated, oxide-coated disc. The anode is con-
losses are minimized by a compact, rugged construction with vection cooled and is capable of dissipating 15 watts.

GENERAL CHARACTERISTICS

Electrical

Heater Voltage

Heater Current at 6.3 volts, approximate

Heater Heating Time, minimum (Before Applying Plate Voltage)

Interelectrode Capacitance

Mechanical

Mounting Position

Maximum Seal Temperature

Net Weight, approximate

MAXIMUM RATINGS

Maximum Ratings, Absolute Values
Peak Inverse Voltage
Peak Plate Current ........
Average Plate Current
Average Plate Dissipation

6.3 Volts
.95 Amps
60 Seconds
3.5 uuf
Optional
160 °C
0.25 1bs.
800 Volts
600 mAdc
100 mAdc

15

watts
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DESCRIPTION

The ML-342A is a three-electrode tube designed for use
as a modulator, amplifier, or oscillator in radio-transmitting
service. The cathode is a pure-tungsten filament. The anode
is water cooled and is capable of dissipating 25 kW. Maxi-
mum ratings of 20 kVdc and 2.5 amperes apply at fre-
quencies up to 4 Mc; operation at 16 Mc is permissible with
plate voltage reduced to 10 kVdc.

ML-342A

PAGE 1
ISSUED 7-58

ML-342A

DESCRIPTION AND RATINGS

The ML-342A embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and assure
complete and permanent outgassing. The tube is exhausted
by a straight-line, high-voltage process assuring the same
high standards as characterize the Machlett line of high- and
super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical
Filament: VIQIage: ussossousisums smosssomsamsssomns s s s v n i 5505 55 P s s o msnss svsssamtansoriims 20 volts
Filament Current at 20 VOLES ........ccuooiieiiiiiiiioie oot e e 67 amperes
Filament Starting CULIENT ..........cccoiiiiiiiiiiiiiioit oottt e e 100 amperes
AmPlification FACOL: .u.uswviesisissusisssssissomssmmsss s s a0 TRy 35055k s s mesnnr assnsaneenenssnssrsannssn s 40
Grid-Plate TransCoONdUCANCE .............ccooiiiiiiiiiiiiii et 6820 uMhos
Interelectrode Capacitances
GEIAIPIATE "o v camssssnussssasssansyos s im0 S S S S OO s e 27 uuf
Grid-FIIAMENT ...oiiiiiiiiiiiii oo, 19 uuf
Plate-FIlament ............ccooiiiiiiiiiiiiiiioi e 2.5 uuf

Mounting Position Vertical, anode down

Type of Cooling Water
( Water Flow on Anode (MINIMUM) ..ot 6 gpm
Maximum Outgoing Water TeMPErature ... ....................ccccoiiiioeiee oo 75 °C

Maximum Water PLeSSULE ................c..oiii it 80 psi
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MAXIMUM RATINGS
Direct Plate VOItABE .....occcoiiiiiiiiiiiiieeiicceee e 20,000 volts
Direct Plate CUITENE ...ooiiiiiiiiiiiicie e 2.5 amperes
Plate DiSSIPAION .oiuiiiiiiiiiiiiiieiiii ettt 25,000 watts
Grid DDISSIPAtION,  sivesnsorsmmmsesssss s siisitsisesosansens ssmiensss ssnssasesmsassonsaonossovsssorsnsons 400 watts
R-F Grid Current 40 amperes
FIrequeNnCY ....ocociiiiiiiiii et e 4 megacycles
The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.
TYPICAL OPERATING CONDITIONS
Class B—Audio Amplifier or Modulator
(for balanced 2 tube circuit)
Direct Plate Voltage 15,000 12,500 volts
GEIA BIAS iiesiisiiiiiiiermmmnmmnns sonmsmssasessssssmssssessassossssnssssessnss ossnnsssassassess onssonsonssssssssnsisnse -200 —160 volts
Direct Plate Current per tube
NO DIIVE oot 0.40 0.35 ampere
Maximum. DEIVE st 5t mmmnms sassasssmenmme s o smmsarsmsossssnasacssimpn 1.6 1.6 amperes
Plate Dissipation (Per tube) ....cccooiviiiiiiiiiiiiiiiceeeeeeee e 9,000 7,200 watts
Load Resistance (plate-to-plate) ... .cocoiiiiiiiiiiiiiiiic e 9,600 7,680 ohms
Load Resistance (per tube) 2,400 1,920 ohms
Approximate Maximum Output—2 tubes 30,000 24,000 watts
Recommended Power for Driving Stage 1,000 1,000 watts
Class B—Radio-Frequency Amplifier
Direct Plate VOItaE ..ocoooiiiiiiiiiiiii it 18,000 12,500 volts
Direct Plate Current for Carrier Conditions ........ccccocooiviiioiiiiioiiiieiiiiesieenes 1.4 1.4 amperes
(@) (o [ 5 77T ——————— -450 =300 volts
Approximate Carrier Watts for use with 100% modulation ............... 8,500 5,800 watts
Class C—Radio-Frequency Oscillator or Power Amplifie—Unmodulated
DIttt Plate VOIABE ciisivsrassasomnmsamensemsesssnsssnssnsnssssusessassmmnresassssssnsss sansasantaneganss ores 18,000 15,000 volts
Direct Plate CUIIENT .oiiiiiiiiiiis it 2.5 2.5 amperes
GIIid BIAS oottt —675t0 =900 =550 to =750 volts
Nomingl Power OQUIPUE s oo oo et s s s g 30,000 25,000 watts
Class C—Radio-Frequency Amplifier—Plate Modulated
Direct Plater VOIaRE romsmmsmumsnsessssmmsssmsssss o s s e s sy 12,500 10,000 volts
Ditect Plate CUELEHE usmurmmmrmomemssmssssimms s s e vy s e 1.2 1.5 amperes
GIId BIAS oottt -600 -500 volts
Direct Grid Current ... 250 250 milliamperes
Nominal Carrier' Power Qutput isssssminsinai s s 10,000 10,000 watts
APPLICATION NOTES
Maximum ratings apply at frequencies of 4 megacycles and voltage for frequencies between 4 and 16 megacycles should
less. The maximum plate voltage for the upper frequency be proportionately reduced.

limit of 16 megacycles is 10,000 volts. The maximum plate
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ML-343A
ML-343AA

DESCRIPTION AND RATINGS

DESCRIPTION

The ML-343A and ML-343AA are three-electrode tubes ML-343AA is air-cooled and is capable of dissipating 5 kW.
designed for use as modulators, amplifiers, or oscillators in The maximum rating of 18 kVdc applies at frequencies up to
radio-transmitting service. The cathode of each type is a pure- 4 Mc; operation at 16 Mc is permissible with plate voltage

tungsten filament. The anode of the ML-343A is water- reduced to 5 kVdc.
cooled and is capable of dissipating 10 kW. The anode of the

GENERAL CHARACTERISTICS

Electrical
Filament VIOLLAZE srisurssumssmosscio s sisiasins s snssmsnme smammns s somomsnos s dosmssaonsss m st K a sumim bt £ 5 st volts
Filament Current at 21.5 volts amperes
Filament Starting Current ... amps
Filament Cold ReSIStance ..................cccoociiiiiiiiiiiiei i ohms
Amplification Factor ...
Grid-Plate TranscondUCTANCE ..........c..oooiiiiiiiiii oo oo uMhos
Interelectrode Capacitances
GEId-PIAtE ..o 23.5 uuf
uuf
uuf
Mechanical
Mounting POSITION .. ..o Vertical anode down
ML-343A ML-343AA
TYPC OF \COOLINE unmmnismesrurmnsissmsysss mases s8R0 s e st oo At Ao A S5 501 Water  Forced-air
Coolant flow 0n an0de ... 3 gpm 600 cfm
Maximum outgoing water temperature ... 75 °C —
Maximum Water Pressure .................occcccciiiiiiiiiiiiiiiiiiiil, 80 psi —
Maximum Anode Temperature .............................c.cccoeevi.. — 120 °C
Net Weight, apPrOXIMALE ..ottt et e, 4.3 1lbs 35 lbs
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MAXIMUM RATINGS
VALUES APPLY TO BOTH TYPES UNLESS OTHERWISE SPECIFIED

Direct Plate Voltage
Direct Plate Current
Plate Dissipation
Grid Dissipation
R-F Grid Current
Frequency

The above are maximum ratings which do not apply simultaneously but depend on the type of service specified below.

TYPICAL OPERATING CONDITIONS
Class A Audio Amplifier or Modulator

Direct Plate Voltage
Grid Bias
Direct Plate Current ...
Plate Dissipation
Load Impedance
Undistorted Output

Class B Audio Amplifier or Modulator

(for balanced 2 tube circuit)

Direct Plate Voltage
Grid Bias
Direct Plate Current per tube

No Drive .

Maximum Drive
Plate Dissipation (per tube)
Load Resistance (plate-to-plate)
Load Resistance (per tube)
Approximate Maximum Output—2 tubes
Recommended Power for Driving Stage ........... .

Class B Radio-Frequency Amplifier

Direct Plate Voltage
Direct Plate Current for Carrier Conditions .............
Grid Bias

Approximate Carrier Watts for Use with 1009 Modulation ... ...

Class € Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct Plate Voltage .....................cc....
Direct Plate Current ...........

Grid Bias
Nominal Power Output ..
Plate Dissipation

Class € Radio-Frequency Amplifier—Plate Modulated

Direct Plate Voltage ...........
Direct Plate Current
Grid Bias ...
Direct Grid Current ............ccooeeiiiii.
Nominal Carrier Power Output

ML-343A ML-343AA
.................................... 18,000 18,000 volts
.................................... 2 1.5 amps
10,000 5000 watts
200 200 watts
20 20 amps
.................................... 4 4 Mc
.................................... 12,500 10,000 volts
.................................... —170 —130 volts
0.40 0.30 amp
5000 3000 watts
...... 12,000 20,000 ohms
.................................. 650 400 watts
................................. 12,500 10,000 volts
................................... —200 —150 volts
.................................... 0.25 0.22 amp
1.3 1.3 amps
5000 5000 watts
8600 7600 ohms
................................. 2150 1900 ohms
................................. 18,000 15,000 watts
.............................. 750 750 watts
............................. 15,000 12,500 volts
0.70 0.70 amp
—350 —300 volts
3500 2900 watts
ML-343A ML-343AA
18,000 15,000 12,500 volts
. 1.25 1.00 1.25 amps
—600to —800 —500to —700 —450to —600 watts
15,000 10,000 10,000 watts
....... 10,000 5000 5600 watts
7500 5000 volts
1.0 1.0 amp
—400 —300 volts
150 150 mA
............................... 5000 3300 watts

APPLICATION NOTES

Maximum ratings apply at frequencies of 4 megacycles and
less. The maximum plate voltage for the upper frequency
limit of 16 megacycles is 5,000 volts. The maximum plate
voltage for frequencies between 4 and 16 megacycles should
be proportionately reduced.

The cooling facilities for the ML-343AA should be such
that the temperature of the anode, indicated by a thermometer
having a non-metallic column mounted in the tube thermom-
eter well with the bulb protected from the air stream, is

less than 120°C. The amount of air required will vary from
400 to 600 cubic feet per minute depending upon the anode
dissipation and ambient temperature. An air pressure interlock
is required for protecting the tube if the air flow is insufficient.
The interlock should be adjusted to remove all voltages from
the tube in case of failure of the forced air supply. In.no case
should the rate of flow be such that under prolonged operation
at conditions of maximum dissipation the temperature rises
above 120°C. The forced air shall be supplied at the bottom
so that the air is forced upward through the anode fins.
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DESCRIPTION

The ML-354 is a compact, high-power electron tube de-
signed primarily for industrial heating service at frequencies
up to 20 MC. It is a coaxial-terminal, water- and forced-air-
cooled triode with maximum ratings of 15 kVdc plate voltage
and 150 kW plate input.

Design features of the ML-354 include high-conductivity
glass-to-metal seals, sturdy electrodes, integral anode water
jacket, quick-change water coupling, and heavy-wall copper

ML-354
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ML-354

DESCRIPTION AND RATINGS

anode designed to dissipate 75 kW. All electrodes mount
directly from heavy copper rings, resulting in a structure which
is electrically and mechanically superior to the conventional
types of water-cooled electron tubes. The large-diameter seals
provide increased strength and freedom from excessive heat-
ing. The cathode is a multistrand, thoriated-tungsten filament,
completely balanced and stress free throughout life. The grid
is capable of unusually high heat dissipation, contributing to

maximum stability of tube performance and circuit operation.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ..................c..cccooiiiiiiii
Filament Current at 12.0 volts ...........................

Filament Starting Current, maximum ...

Filament Cold Resistance .................ccc..ccconee..
Amplification Factor ...

Direct Interelectrode Capacitances

Grid-Plate ..........cccooiiiiiiiii

Grid-Filament
Plate-Filament

Mechanical

Mounting Position, ... s
Type -of 'Cooling s maaswnosmmmmmissmg

Water Flow on Anode ...........

Maximum Water Pressure ......................

Maximum Outlet Water Temperature
Air Flow on Seals, approximate .......
Maximum Glass Temperature

Net Weight, approximate ...................cccc.cccoe...

12.0 Volts

......................................................... Amps

Amps

......................................................... \ Ohms

61 puf
76 puf
2.0 puf

......................................... Vertical, Anode Down
........................................... Water and Forced-Air

. See Water Cooling Characteristics

......................................................... 75 psi

70 °C
250 cfm
165 °C

........................................................ 43 1bs.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
R-F Power Amplifier and Oscillator
Class C Telegraphy
Key-down conditions per tube without amplitude modulationt
Maximum Ratings, Absolute Values Typical Operation
D-C Plate Voltage volts D-C Plate Voltage ..................... 8000 12000 14000 volts
D-C Grid Voltage volts D-(i(Grid Voétage ... —800 —1200 —1500 volts
3 Peak R-F Grid Voltage ............. 1500 1950 2320 volts
D-C Plate Current ... amps Peak R-F Plate Voltage ............. 6500 10000 12000 volts
D-C Grid Current ... U amps D-C Plate Current 9.0 9.0 10.5 amps
Plate Input ............. kW D-C Grid Current 1.4 1.2 1.3 amps
Plate Dissipation kW Driving Power, approximate ..... 2.0 2.2 3.0 kW
) Power Output, approximate ..... 52 920 115 kW
1 Modulation essentially negative may be used if the positive peak of
the envelope does not exceed 115% of the carrier conditions.
APPLICATION NOTES
] T R
] TR RERREEE T
The handling of very high power requires particular attention to T AR RN AR AEese e iEaaaaan
the removal of power under fault conditions, since the large amount BaEEEEEEES SEsaaaay
of energy involved can cause severe damage if not properly con- HEEE '; N gEy
trolled. The ground lead of the plate circuit of each tube should be FEEEEH . T §EsasadEmaEsnay
connected in series with the coil of a quick-acting overload relay, R RBnaaEs RanEaE! ™ Be
adjusted to open the circuit breakers in the primary of the rectifier e -

transformer at slightly higher than normal plate current. The total P o !
time required for the operation of the relay and circuit breakers N R Ea T T N N 8 Rmaa:
should be 1/10 second or less. The grid circuit should be equipped ; 5 : Eessies EeamammsEmcaiSEEETEEN
with similar overload relays which will likewise remove all grid ERedans nasmaassm ] SassEaasRaadAARRALAR
power within 1/10 second.

To protect the tube until the relay and circuit breakers act, the in-
stallation of a device which will short circuit the plate power in the ESaanamnms
order of one-half cycle is highly recommended. For this purpose an H
electronic device of a railway-type line-power contactor may be
connected to short the primary power lines to ground. Preferably, a
gaseous conduction device may be connected at the output of the
plate-supply filter, if used, to dissipate the filter-circuit energy as well
as the rectifier output. In some applications, depending on the size
of the filter capacitor or speed of the relays, sufficient protection may
be obtained by connecting a resistor in series with the plate lead of
each tube, unless the equivalent impedance is provided by trans-
formers or other circuit components. The criterion is the total energy
to which the tube can be subjected. The minimum value of total
resistance which will give adequate protection with reasonably low 1
power loss is as follows:

Series Resistance ... 10 20 40 40-55 ohms

Maximum Power Output it SisEengsess e
of Rectifier ;oo s 120 280 640 1250 kW F B SSEitareazzszaccasiuazasaa

In most cases, especially in parallel operation of tubes when power- s A e e
supply impedance is low, both the electronic shorting device and the ”f S T o B e AnEanEa=a e Eas auaa:
series resistor are recommended. T NBSESEEE=" s BEBERECS

When such an electronic device is not installed, protective sphere s !
gaps used in combination with the series plate resistor may be satis- Eel ER RN REea e R Rl Iagnt RRES:
factory. Gap spacings must be carefully adjusted for each individual P e ¥
application. EH o
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits

Characteristic Conditions Minimum Bogey Maximum

Grid Voltage er = 1800 v; i, = 50 a ec: R —_— 1100 volts
Grid Current er — 1800 v; i, = 50 a ie: —_ —_— 20 amps
Plate Voltage Ec. = 0 Vdg; I, = 3 Adc Ey: 2.1 2.8 3.5 kVdc
Plate Voltage E. = —300 Vdc; In = 3 Adc Ey: 8.7 10.3 11.9 kVdc
Grid Voltage E, = 15 kVdg; I, = 0.20 Adc E.: —530 —620 —730 Vdc
Plate Power Output E, = 14 kVdc; Ec = —1500 Vdc P,: 95 —_— — kW

I, = 10.5 Adc; I. = 1.3 Adg
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DESCRIPTION

The ML-356 is a three-electrode tube designed specifically for
use as a modulator, amplifier, or oscillator in broadcast, com-
munication, and industrial service. The ML-356 is a direct
replacement for the type 7085 tube. It is also mechanically and
electrically equivalent to the type 880 tube, except that it
requires less filament voltage and current; it replaces the 880
when provisions are made for the reduced filament power
supply. The:ML-356 is essentially equivalent to the type 5771
tube, differing only in its lower grid-cathode capacitance. It
replaces the 5771 directly in industrial-oscillator equipment
and also in radio-transmitting equipment. The lower grid-
cathode capacitance of the ML-356 may require slight circuit

ML-356
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ML-396

DESCRIPTION & RATINGS

adjustments at the higher frequencies.

Features include rugged kovar-glass seals and rigidly supported
grid and filament assemblies capable of withstanding the elec-
trically and mechanically rigorous and non-uniform operation
inherent in industrial heating service. The anode is water
cooled and is capable of dissipating 22.5 kW with a water
flow of approximately 12 gpm. The cathode is a thoriated-
tungsten stress-free filament employing no sliding contacts,
insulators or tension springs. Maximum ratings of 12.5 kVdc
plate voltage and 60 kW plate input apply at frequencies up
to 25 Mc; operation at 50 Mc is permissible with the voltage
and input reduced to three-quarters maximum ratings.

GENERAL CHARACTERISTICS

Electrical

Filament Starting Current, maximum ...
Filament Cold Resistance .....................

Amplification Factor ...

Interelectrode Capacitances:

GHASPIAte! wevmonssmmnsimmorimmmsiismg fhommmssmsnssssmsmmsson mes

Grid-Filament
Plate-Filament

Mechanical

Mounting Position . ...
Type of Cooling .........cccoeviiiiiiiis oo,
Water flow on anode, minimum for 22.5 kW dissipation

Maximum outgoing water temperature

Air flow on dish from 3” nozzle .............c.........c.......
Maximum Glass Temperature ....................c...c...cccoo..
Net Weight, approximate ....................cc.ccccceviiei,

........................................................... 7 lbs.

........................................................... 7.5 Volts

170 Amps
800 Amps
0.0056 Ohms

24.5 uuf
35 uuf
2.5 uuf

............................................................ Vertical, anode down
......................................................... Water and Forced-Air

....................................................... 12 gpm
70 °C
50 cfm*
165 °C

* At frequencies above 10 Mc special attention should be given to adequate ventilation of the dish and seals to keep the
temperature at the hottest point below 165°C. Heat radiating connectors for grid and filament posts are recommended

when tube operation is at frequencies greater than 10 Mc.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

A-F Power Amplifier and Modulator—Class B

Maximum Ratings, Absolute Values

Plate Modulated R-F Power Amplifier
Class C Telephony

Carrier conditions per tube for use with a maximum

D-C Plate Voltage ..................coococ volts i
Max. Signal D-C Plate Current* amps . . ekt
Max. Signal Plate Input®* ... kW Maximum Ratings, Absolute Values
Plate Dissipation™® ... S5 kW gg gla.tde :Iloltage e volts
Typical Operation (Values are for 2 tubes) D:C Pl;lte Cgitri%ft :glltss
DLG Plate Voltage wpumimpomsmar oo 12500 volts D-C Grid Current amp
D-C Grid Voltage ... ... —600 volts Plate Input ) o i kW})
el A Grid-to.Grd Voltase " 71900 volts PUL  gursspangspinss U TPRSP
" Plate Dissipation o kW
Zero-Signal D-C Plate Current ..............coooooeieeeiinnn. 1 amp Typical O .
Max.-Signal D-C Plate Current ............................ 6.4 amps yIp)lcé Plperat\x]on
Effective Load Resistance (Plate to Plate) .. ... 4400 ohms D-C Ga'tg Volltage !‘ PP PPPUPPPRPRTIN 10()(4)() volts
Max.-S@gnal Driving Power, approximatet ... 430 watts Pe-ak RnF Gﬁdtag\;(llta;g.é” e _1248 :f,gllttss
Max.<signal Power QUps, SPPEORIIRALE o mesmcerssrss 33 kW D-C Plate Current ...... e 3.8 amps
* Averaged over any audio-frequency cycle of sine-wave form. D-C Grid Current, approximate** ... 0.78 amp
o Driving Power, approximate** ... 1010 watts
+ The driving stage should have good regulation and should be Power Output, approximate ........... . . 29 kW

capable of supplying considerably more than the specified driv-
ing power.

Radio-Frequency Power Amplifier—Class B

Carrier conditions per tube for use with a maximum

|| Obtained by grid resistor of 1075 ohms or by partial self-bias
methods.

R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without modulation§

modulation factor of 1.0 Maximum Ratings, Absolute Values
Maximum Ratings, Absolute Values D.C Plate Voltage ........ 12500 15000 volts
D-C Plate Voltage ........................ccceee. 12500 volts D-C Grid Voltage ... —2000 —2000 volts
DEC Plate CULLEnt oo spssmsmis s 4 amps D-C Plate Current ........ 6 6 amps
Plate Input ..........occooeiiiiins 33 kW D-C Grid Current ... 0.8 0.8 amp
Plate Dissipation ... 22,5 kW Ilziate IDnqu T— 226(5) 262755 ll((gg
Typical Operation ate Dissipation .......... : .
D-C Plate Voltage ...........oocooiiiieiiiiiiiiiiiiiii, 12500 volts F.requency R 25 2 Mc
D-C Grid Voltage ................. —625 volts Typical Operation
Peak R-F Grid Voltage T . 625 volts D-C Plate Voltage ........ 10000 10000 12500 15000 volts
D-C Plate Current .................. 2.4 amps D-C Grid Voltage ....... —1150 —1300 —1400 —1500 volts
D-C Grid Current** ... o 0 amp Peak R-F Grid Voltage 1810 2080 2060 2130 volts
Driving Power, approximate}f®* ... i 1070 watts Peak R-F Plate Voltage 7900 7600 9900 12500 volts
Power Output, approXimate ..................ccccccooeiin.n. . 12 kW D-C Plate Current ....... 4.5 5.6 4.7 4.4 amps

** Subject to wide variations depending on the impedance of the
load circuit. High-impedance load circuits require more grid
current, and driving power to obtain the desired output. Low-
impedance circuits require less grid current and driving power
but sacrifice plate-circuit efficiency. The driving stage should
have a tank circuit with good regulation and should be capable
of supplying considerably more than the required driving power.

1 At crest of audio-frequency cycle with modulation factor of 1.0.

D-C Grid Current, ap-
proximate** ...

- 0.55 0.72 0.42 0.37 amp
Driving Power, approxi-

AIEEE®® e i s 960 1440 850 770 watts
Power Output, approxi-
mate ... 32 38 42 51 kW

§ Modulation essentially negative may be used if the positive peak
of the audio-frequency envelope does not exceed 115% of the
carrier conditions.

MAXIMUM FREQUENCY RATINGS
Maximum ratings apply up to 25 Mc. The tube may be oper- | 30570 113 6 ey R U ——— 2 25 50 Mc

ated at higher frequencies provided the maximum values of
plate voltage and input are reduced in accordance with the
table. For Class C Telegraphy operation at frequencies below
2 M, the plate voltage and input may be increased by the
percentage indicated in the table. (Other maximum ratings
are the same as shown above.) Special attention should be
given to adequate ventilation of the bulb at the higher fre-
quencies.

CHARACTERISTIC RANGE VALUES

Characteristics Conditions

Grid Voltage ey = 1800 volts; iy, = 28 amps;
Grid Current e, = 1800 volts; iy, = 28 amps;
Plate Voltage E. = 0 Vdg Iy = 2.0 Adg
Plate Voltage E. = —200 Vd¢; I, = 2.0 kVdg
Grid Voltage E, = 10 kVdc; I, = .020 Adc
Plate Power Output E, = 15 kVdc; I, = 4.4 Adc

I. = 0.37 Adc; Ec = —1500 Vdg

F 1 Mc

Il

Percentage of Minimum Rated Plate
Voltage and Input

Volts Watts Volts Watts  Volts Watts
Class B ..o — — 100 100 80 94
Class C Telephony ... — — 100 100 75 75
Class C Telegraphy .. 120 112.5 100 100 75 75

FOR EQUIPMENT DESIGN

Limits
Minimum Bogey Maximum
€c: — — 1100 volts
iet — — 10.0 amps
Ey: 2.5 3.2 3.6 kVdc
Ey: 6.2 7.2 8.2 kVdc
E.: —460 —530 —600 Vdc
Ps: 43 — — kW
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APPLICATION NOTES

The handling of high power requires particular attention to
the removal of power under fault conditions, since the large
amount of energy involved can severely damage the electron
tube if not properly controlled. Therefore the ground leads
of the plate and grid circuits should be equipped with in-
dividual quick-acting overload relays which will remove pow-
er from these circuits within 1,/10 second.

Additional protection is recommended and may be obtained
by connecting a resistor in series with the plate lead of each
tube for protection of the tube during the time required for
the plate overload relay to act. The criterion is the total en-
ergy to which the tube can be subjected. The minimum value
of total resistance, including circuit impedance, which will
give adequate protection with reasonably low power loss is
as follows:

Series Resistance ... 10 20 40 80 ohms
Maximum Power Output
of Rectifier ... 40 100 250 640 kW
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DESCRIPTION

The ML-357B is a three-electrode tube designed for usc
as a modulator, amplifier, or oscillator in radio-transmitting
service. The cathode is a thoriated-tungsten filament. The
tube is air cooled and the anode is capable of dissipating
400 watts. Maximum ratings of 4 kVdc and 0.5 amperc
apply at frequencies up to 100 Mc: operation at 150 Mc is

permissible at reduced ratings.

ML-357B
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ML-337B

DESCRIPTION AND RATINGS

The ML-357B embodies all the techniques and skills that
have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and assure
complete and permanent outgassing. The tube is exhausted
by a straight-line, high-voltage process assuring the same
high standards as characterize the Machlett line of high- and
super-voltage x-ray tubes.

GENERAL CHARACTERISTICS

Electrical
Filament Voltage ..o
Filament Current at 10 VOItS ...ccooiiiiiiiiiiie e
Filament Starting Current, maXimum ...........................
Filament Resistance, Cold ..........cccoooiiiiiiiiiiiiiiiecieeie
Amplification Factor
(Ib = 200 mA, Eb = 2 kV) .
Interelectrode Capacitances
GEIA-PIALE .onoomiin s onnss oiissssaden i 5585 s vinmn ST R Tsas sois vt
Grid-Filament ..ot
Plate-Filament ......ccccooiiiiiiiiiiiiiiis i e

Maximum Usable Cathode Current

10 volts

10 amperes

................................................................ S0 amperes
................................................................ 0.12 ohm

uuf
uuf
uuf

amperes

Mechanical
Mounting POSIEION  ...oiuiiiiiiiiiiii ettt ee ettt ee ettt er et Vertical, plate terminal up
TYPE Of COOIINE oottt ettt ettt ettt Radiation or Forced-air
Required Air Flow on Envelope When Operated Above 40 Megacycles ...........c.cccoiviiiiiiinniinns 40 cfm
Maximum Incoming Air TEeMPEIatULE ........ccccooiiiiiiiiiiiiiiiiiiiceee e seebeens 45 centigrade
Maximum Glass TeMPEIALULS .....coiviiiiiieiiiiiiiiis ettt sttt seneas 200 centigrade

Net Weight, approxXimate . imesssmsmsgmss s

................................................................ 13 ounces
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Class B—Audio-Frequency Power Amplifier and Modulator
Maximum Ratings. Absolute Values
Direct Plate Voltage wusssssnssussesmmmsnsissvimm s oo ssivimiy s e
Signal D-C Plate Current* .
Signal Plate Input* ...
Plate Dissipation* ... SR —————

Typical Operation (Unless otherwise specified, values are for 2 tubes)

D-C Plate Voltage 2000 3500
D-C Grid VOIage ...cocovoiviiiiiiiiiiiiieieie e -50 -110

Peak A-F Grid-to-Grid Voltage 490 520
Zero Signal D-C Plate Current ........... 0.160 0.120
Maximum Signal D-C Plate Current .... . 1.00 0.72
Effective Load Resistance, Plate-to-Plate .............cccooiiiiiiiiiiiiiiiieeie e 4360 11500
Maximum Signal Driving Power, approxXimate ..., 50.0 35.0
Maximum Signall Power QUEPE: wuuseeismsmmsssses i ooty fssss s siss st s iR ity 1400 1840

Class B—Radio-Frequency Power Amplifier
Carrier conditions per tube for use with maximum modulation factor of 1.0
Maximum Ratings. Absolute Values
DG, Plate VOIRaBE: susussomvomonnessnmss voosvsss s s v sy s s i pesss s s vy ssvanvass
D-C Plate Current ... .
Plate INPUL oo
Plate Dissipation

Typical Operation
D-C Plate Voltage ........... . 2000

D-C Grid Voltage ......... -60
Peak R-F Grid Voltage . 135
D-C Plate Current ................... 0.260
D-C Grid Current, approximate .... 0.100
Driving Power, approximatet ... . 25
Power ‘QUPUL; APPIOXIMATE unvsuisesmssmssmiimmvesvievossonsssoss emiss st ormssasiatestss somsmssss s biss s iss 175

Class C Telephony—Plate Modulated Radio-Frequency Power Amplifier

Carrier conditions per tube for use with maximum modulation factor of 1.0
Maximum Ratings, Absolute Values

D-C Plate Voltage
D-C Grid Voltage ...
D-C Plate Current ...
D-C Grid Current ...
Plate Input .........
Plate Dissipation

Typical Operation

DG Plate VOIMBE suscrmmnsoronevmsivmiinssnmves i nsssssms oo ssweasassons san sieny sisssnss o ouos op asems syos s 2000 3000
D-C Grid ‘Voltige samessmmmmmnsmmesis . =310 ~320

Peak R-F Grid Voltage ... - 535 520
D-C Plate Current .......... TP . 0.390 0.340
D-C Grid Current, approximate . 0.070 0.065
Driving Power, approximate ..... . 35 35
Powet OULDUL, APPIOXIIALE: svisivivissssvssssssissssissssns s sooessssssvivns st sssvssss sis s suusvecssssavssisss 550 780

Class C Telegraphy—Radio-Frequency Power Amplifier and Oscillator
Key-down conditions per tube without amplitude modulation}

Maximum Ratings. Absolute Values
D-C Plate Voltage
D-C Grid Voltage ..
D-C Plate Current
D-C Grid Current
Plate Input ...
Plate Dissipation

Typical Operation
D:C Plate VIOIAEE vivimsosmmssssssminsisrsssssos svtvrss sviviss soivsoysiusessssassasn s ams s 0 thotas s onsss ssassiomses 2000

D-C Grid Voltage ... -200
Peak R-F Grid Voltage 445
D-C Plate CUITENt oo 0.500
D-C Grid Current, approXimateé ..................... 0.085
Driving Power, approximate ......... _’3(5)

Power Output, approximate
* Averaged over any audio-frequency cycle of sine wave form.
+ At crest of audio-frequency cycle with modulation factor of 1.0.

4000
0.50
1100

400

3000
-85
345

0.120
0.43
14700
13.5
850

4000
0.275
550
400

3500
-125
136
0.150
0.001
8.5
190

3000

=500

0.400
0.100
1100

235

3000
=270
420
0.240
0.035

550

4000
=500
0.500
0.100
1800
400

3500
—240
460
0.450
0.070
30
1200

volts
ampere
watts
watts

volts
volts
volts
ampere
ampere
ohms
watts
watts

volts
ampere
watts
watts

volts
volts
volts
ampere
ampere
watts
watts

volts
volts
ampere
ampere
watts
watts

volts
volts
volts
ampere
ampere
watts
watts

volts
volts
ampere
ampere
watts
watts

volts
volts
volts
ampere
ampere
watts
watts

+ Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 per cent of its

unmodulated value.
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APPLICATION NOTES

Maximum ratings apply up to 100 megacycles. The tube
may be operated at higher frequencies provided the maximum
values of plate voltage and plate input are reduced according
to the tabulation below. Other maximum ratings are not
affected.
Frequency 100 125

Percentage of maximum

rated plate voltage and

plate input

150 megacycles

Radiation cooling is adequate when thé tube is operated
below 40 megacycles and with a free circulation of air
around the tube. If operated in a confined space or at a
frequency above 40 megacycles, forced-air cooling is neces-
sary. Satisfactory air cooling will be obtained from a blower
delivering approximately 40 cubic feet of air per minute
from a 2-inch diameter nozzle. The nozzle outlet should be
placed approximately 3 inches from the tube and directed

Class B 100 85 70 per cent . ;
Class C, plate modulated 100 75 50 per cent toward the central pomt' of the envelope, midway between
Class C, unmodulated 100 80 60 per cent the plate and grid terminal.
0.8
GRID CHARACTERISTIC
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< \ Py Sy
z \‘ = o t—] I
E 0.4 N ~—— | 240
2 8 ~
% \\ \\\'N
(V)
o \\‘ \'\\ - 200
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O 0.2 B T 160
7\\\
I
J || |
0 200 400 600 800 1000 1200 1400
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i | +200
s 20
< ‘/'/ = +180
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ST-912

.500" MIN.~

Note:

Base pin positions shall be
held to tolerances such that
pins will fit a flat - plate
gauge having a thickness
of .250" with 2 holes of
.391" ¢+ 0005" dia. and
I hole of .469"* 0005" dia.
All holes shall be located

on a 1.938" + .0005" dia.
circle at specified centers.

125" MAX. —‘ 4—' ’*331" +.008"

~531" MIN.

i v

125" MAX. J L’ .] L 125" MAX.
406" +.008" 331"+ 008"—PINS N2| 8 N2 3

FILAMENT

%

60°

\/'
GRID f=— 1.938" —* FILAMENT

DIMENSIONS—ML-357B

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A

PRINTED IN U. S. A



DESCRIPTION

The ML-381 is a high-mu triode of the planar-electrode
type designed for use as a plate-pulsed oscillator, frequency
multiplier, or power amplifier in radio transmitting service
from low frequency to 3000 Mc. Features include low in-
terelectrode capacitances, high transconductance and great
mechanical strength. Lead inductances and r.f. losses are
minimized by a compact, rugged construction with ring-type

ML-381
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ML- 381

DESCRIPTION & RATINGS

seals, making the tube ideally suited to cavity type circuits as
well as for parallel line operation. The cathode is an in-
directly-heated, oxide-coated disc. The anode is forced-air
cooled. ‘

The ML-381 embodies the highest standards of this tube
type. All parts are thoroughly processed by special Machlett
techniques to assure efficient operation and long life.

GENERAL CHARACTERISTICS

Electrical

Heater Voltage (see Application Notes) ...
Heater Current atG,0 Volts ...

Heater Heating Time, minimum ................coiiiiniin..
Amplification Factofr ...

Transconductance

(In = 70 mA, Eb = 600 V) ooooooooooooeoooeooe

Interelectrode Capacitances

Grid-Plate ...
Grid:Cathode sususmmmmmimmimprmhmmesssm
Plate-Cathode .................occoooiiiiiiii
Duty Cycle ...
Maximum Pulse Length ...

Mechanical

Mounting Position ...
Type of Cooling ..o

Maximum Anode Temperature ...........................
Net Weight ...

6.0 Volts +5%

1.0 Amps
........................................................... 60 secs
........................................................... 100

........................................................... 25000 umhos

2.01 uuf
6.60 uuf
0.035 uuf max.
See Duty Cycle Chart

........................................................... 5 usecs

Optional
Forced Air*
175 °C
214 oz.

*For cooling requirements, refer to “Cooling” under “Application Notes”.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Plate-Pulsed Oscillator and Amplifier—Class C

Maximum Ratings, Absolute Values

For a pulse length :of .o 5
Duty Factor ... 33 x 107
Peak Plate Pulse Supply Voltage ................... 3500
Peak Grid Bias Voltage ............................. -150
Peak Plate Current from Pulse Supply ... 3
Average Plate CULIent s 10
Average Grid Current ... 5
Average Plate Dissipation .......................... 35
Average Grid Dissipation ... 2
TIOQUENCY ...oooiieiiieiiii e 3000

Typical Operation: 2500 Mc Oscillator

Pulse Length ... . 5
Duty: Factor weasssmmsmnmsmssm smsessmgass 3.0 x 107
Peak Plate Pulse Supply Voltage .................... 3500
Peak Grid Bias Voltage ............................ -100
Peak R-F Grid Voltage .....ccccooccivviiiiinnininirinninns 340
Peak R-F Plate Voltage ................................... 2500
Peak Plate Current from Pulse Supply ... 3
Average Plate Current ... 9
Average Grid Current ... 3
Driving Power During Pulse, Approximate ..... 450
Useful Power Output at Peak of Pulse, Approx. . 2200
Pulse Recurrence Rate ... 660

Frequency Doubler—Class C Telegraphy

Maximum Ratings, Absolute Values

For a pulse length of ................................ >
Duty Factor ..o 33 x 1073
Peak Plate Pulse Supply Voltage ................. : 3500
Peak Grid Bias Voltage (from cathode resistor) -200
Peak Cathode Current .............................. 3
Average Plate CUITent ....c.cccriiveiiiiinrainionsissmsnins 6.5
Average Grid Current ... 2.0
Average Plate Input ... 25
Average Plate Dissipation ............................... 25
Average Grid Dissipation ............................... 1.0

Typical Operation — Doubler 600 to 1200 Mc

Pulse Length ... 3
Diuty Factor g g 3.0 x 1073
Filament Voltage (See Application Notes) ....... 5.5
Peak Plate Pulse Supply Voltage .................. 3500
Peak Grid Bias Voltage (from cathode resistor) . -190
Cathode Resistor ...................................... 160
Peak Plate Current ... 1.2
Driving Power During Pulse, Approximate ....... 600
Useful Power Output at Peak of Pulse, Approx. . 1200

Average Plate Dissipation ........................... 9

usec

volts
volts
amps
mA
mA
watts
watts
Mc

usec

volts
volts
volts
volts
amps
mA

mA

watts
watts

bps

usec

volts
volts
amps
mA

mA

watts
watts

watt

usec

volts
volts
volts
ohms
amps
watts
watts

watts

Characteristic Range Values for Equipment Design

Min. Max.
Filament Current at 6.0 volts (Note 1) .. 0.92 1.08 A
Plate Current (Note 2) .........cccooceerviiinn 60 95 mAdc
Cut-off Bias (Note 3) ..., — -15  Vdc
Transconductance ....................cccceini... 20,000 30,000
Grid-Plate Capacitance ......................... 1.86 2.16 uuf
Grid-Cathode Capacitance (Note 4) ... 5.60 7.60  uuf
Plate-Cathode Capacitance .................... .035  uuf
Plate Tuning Range (Note 5) 2030 Mc

Note 1 — For reduced filament voltage see ‘Heater Voltage” section
under “Application Notes”.

Note 2 — Measured at a plate voltage of 600 volts and a cathode-
bias resistor of 30 ohms.

Note 3 — Measured at 1 mA of plate current and a plate voltage
of 600 volts.

Note 4 — Capacitance measurements are with the tube cold. When
the filament is heated to proper operating temperature
the grid-cathode capacitance will increase by about 1 uuf
due to thermal expansion of the cathode.

Note 5 — With a plate-grid coaxial cavity of fixed dimensions, all
tubes will resonate within the specified frequency range.

APPLICATION NOTES

MECHANICAL
Mounting

Contact to anode, grid, cathode and heater terminals
should be made by means of spring fingers or spring collets
bearing on the cylindrical surfaces within the dimensional
limits and tolerances specified on the tube outline drawing.
The tube when in the socket should seat against the anode
flange. The tube should not be seated or stopped by any
other surfaces.

Cooling

Sufficient air cooling must be provided to maintain the
maximum temperature of the grid, cathode and anode seals
and the anode radiator shank at 175°C or less. In most cases,
forced-air cooling of all three electrode surfaces is required.
The following chart shows air flow in cfm at sea level versus
input air temperature in °C for several values of plate dissi-
pation. These data indicate the minimum air-flow require-
ments and cowl dimensions necessary to maintain the radiator
temperature at or below 175°C. Improved tube life may be
obtained if all seals are cooled well below the maximum limit
of 175°C and by lowering the anode radiator shank tempera-



ture by providing more than the minimum air flow indicated
on this chart. The cathode and heater seals are ordinarily well
enclosed in coaxial circuits and require careful attention to
insure proper cooling. Templiag* paint is suggested for
making temperature measurements.

* Product of Tempil Corporation, New York, N. Y.

ELECTRICAL
Heater Voltage

V.H.F. and UH.F. tubes operate at frequencies where the
transit time (i.e. the time for an electron to traverse the space
between grid and cathode) is not small compared with the
period of oscillation. Under such conditions, electron bom-
bardment of the cathode occurs due to returned out of phase
electrons and the cathode temperature may be raised exces-
sively. The “back heating” is a function of frequency, peak
r-f grid voltage, grid current, grid bias and circuit design.
The optimum heater voltage cannot be accurately specified
because of the dependence on circuitry. For most applications
where liberal seal cooling is provided, the following table of
heater voltages vs. frequency should be satisfactory for plate
voltages above 3 KV and peak cathode current of 2.5 amps.
At lower plate voltages and currents, back heating will in-
crease requiring lower filament voltages.

Frequency Ef
Up to 400 Mc 6.0 volts
400 to 1000 Mc 5.8 volts

1000 and over 5.5 volts

Permitted tolerances on filament voltage are == 10% of
the values given above. For long tube life, however, a maxi-
mum variation in filament voltage of = 5% is advised. If
such improved regulation is provided, Ef can advantageously
be lowered 5% below the values given in the table.

ML-381
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Plate Surge-Limiting Impedance

In tubes such as the ML-381, which have very closely
spaced electrodes, extremely high voltage gradients occur even
with moderate tube operating voltages. Any tube flash-arcing
may be destructive. A series impedance in the B+ lead is rec-
ommended to limit the peak current under surge conditions to
10 times maximum rating or less. Such operation is particu-
larly advisable where d-c heater excitation is used and the
heater voltage is used to obtain a d-c grid bias. Under such
conditions surge currents can get to the negative plate vol-
tage supply lead only through the cathode heater winding,
and may cause shorting of the heater element unless current
limiting is provided. Failure of tubes due to internal flash-
arcs are much more prevalent when the circuit is not tuned
to optimum conditions. Even though laboratory tests indicate
no such protection is needed, poor circuit adjustment in the
field may result in shortened tube life.

Provision for Circuit Tuning

With high-frequency circuits, a very small motion of a
tuning plunger may throw the tube out of resonance and result
in high plate current and/or excessive anode dissipation. It
is required that provision be made for tuneup at a plate vol-
tage which is approximately 70 % of normal, i.e. half power.

Determination of Proper Grid Drive

In grounded-cathode stages, the power output tends to
saturate as the grid drive increases. In grid-separation circuits,
increased output power is always obtainable from increased
grid drive, due to the fact that a considerable portion of the
grid driving power appears in the output load. Whereas high
grid driving power leads to somewhat greater power output
in grid-separation amplifiers, it also results in high grid cur-
rent, increased back heating of the cathode, and shorter tube
life.
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L

] rei—q' MIN.

1',/—¥ RADIATOR
- lu

I ;l _§ MIN.

(
L
32
' PLATE FLANGE
. \ a\_|.|87"t.0|2" DIA.

[ \_ FLATE RF CONNECTION
3|
35 MAX.R.

1]
1031 308

187" MIN* — 254,

| = , 32 ,
660"+.008"
400" MIN * Z——C T GRID RF CONNECTION

) N
285" MINX | \CATHODE RF AND
It gy HEATER CONNECTION
|

.086"MAX— \ "
J < .218"+.005" DIA.

= .320"+.008" DIA.

TNAN A

HHHHHH

0

10

.365" MIN.

.469" +.010"

< 781"+.045" |

L J

3“
2 vy MAX.

.309" £ .020"
— 1" MAX.

L N

—_———

| A
341" MIN—
HEATER CONNECTION

—1.531"* 015"

*Represents maximum straight portion available for contact area.

DIMENSIONS—ML-381

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT
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DESCRIPTION

The ML-813 is a five-electrode beam power tube designed
for use as a modulator, amplifier, and oscillator in radio-trans-
mitting service. Features include minimum drive requirement
for full power output, frequency changing without neutrali-
zation adjustments, and high-power sensitivity for frequency
multiplier service. The cathode is a thoriated-tungtsen fila-

ML-813
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ML-813

DESCRIPTION & RATINGS

ment. The anode is radiation cooled and is capable of dissipat-
ing 100 watts. Maximum ratings for continuous operation of
2000 volts plate voltage and 360 watts plate input apply at
frequencies up to 30 mc/sec; operation at 120 mc/sec is per-
missible with plate voltage and input reduced to one-half
maximum ratings.

GENERAL CHARACTERISTICS

Electrical
Filament Voltage ... 10 volts
Filament Cusrent: ..o.soscsssussmmmmomsssppong 5 amperes
Amplification Factor, G1-G2
E, = 2000 Vde, Iy =50ma ... 8.5
Transconductance
I =50ma ..o 3750 uMhos
Interelectrode Capacitances
Grid FEL-Plate; Max, oot iis e 0.25 uuf
I0PUt oo 16.3 uuf
OULPUL .o 14.0 uuf

MAXIMUM RATINGS

A-F Power Amplifier and Modulator, Class AB
ccs*  IACS**

D-C Plate Voltage ..........ccccccovivviiiiiiiiiiiinns 2250 2500 volts
D-C Grid #2 Voltage ................. .. 1100 1100 volts
Max. Signal D-C Plate Currentt . 180 225 ma

Max. Signal Plate Inputt ... ... . 360 450 watts
Max. Signal Grid #2 Inputt ... . 22 22 watts
Plate Dissipation ..............cccccocoeeiiiiiii. 100 125 watts

R-F Power Amplifier, Class B Telephony

Carrier conditions per tube for use with a
modulation factor of 1.0.
CCS* IACS**

D-C Plate Voltage ... ...... 2000 2250 volts
D-C Grid #2 Voltage ... 400 400 volts
D-C Plate Current ...................................... 100 125 ma

Mechanical
Mounting Position ......................... Vertical, Base Up or Down;
Horizontal, Plate on Vertical Plane
Type of Cooling ......cocoovviiiiiiiiiiiiieoe Convection
Base ... Giant, 7-Pin Bayonet, JETEC No. A7-17
Cap oo Medium, JETEC No. C1-5
Net Weight, approximate ........................................ 145 Pound
Plate Input ... 150 200 watts
Grid #2 Input — 15 20 watts
Plate Dissipation 100 125 watts

Plate-Modulated R-F Power Amplifier, Class C Telephony

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

CCSs*  ICAS**

D-C Plate Voltage .....................ccccoeiiiiin. 1600 2000 volts
D-C Grid #2 Voltage ... . 400 400 volts
D-C Grid #1 Voltage ... —300  —300 volts
D-C Plate Current ... ........ 150 200 ma

D-C Grid #1 Current .........c.ccceviiiviin.. 25 30 ma

Plate Input .......... 240 400 watts
Grid #2 Input .. . 15 20 watts
Plate Dissipation 67 100 watts
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Grid-Modulated R-F Power Amplifier, Class C Telephony

D-
D-

C Plate Voltage
C Grid #2 Voltage ..
D-C Grid #1 Voltage ..
D-C Plate Current

Plate Input

Grid #2 Input
Plate Dissipation

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

CCS* ICAS**

................................... 2000 2250 volts
400 400 volts
—200 —200 volts

..... 100 125 ma
............ 150 200 watts
..... 15 20 watts
........................................ 100 125 watts

* CCS—Continuous Commercial Service.
** JCAS—Intermittent Commercial and Amateur Service.

+ Averaged over any audio-frequency cycle of sine-wave form.
1 Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115 per cent of the carrier conditions.

R-F Power Amplifier and Oscillator, Class C Telegraphy

Plate Voltage
Grid #2 Voltage ..
Grid #1 Voltage ...
Plate Current
D-C Grid #1 Current
Plate Input
Grid #2 Input
Plate Dissipation

D-C
D-C
D-C
D-C

APPLICATION NOTES

Maximum ratings apply up to 30 megacycles. The tube
may be operated at higher frequencies provided the maxi-
mum values of plate voltage and power input are reduced

CCS* ICAS**

2000 2250 volts
400 400 volts

—300 —300 volts
180 225 ma
25 30 ma
360 500 watts
22 22 watts
100 125 watts

according to the tabulation (other maximum ratings are the
same as shown above). Special attention should be given to
adequate ventilation of the bulb at these frequencies.
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PLATE (I,) OR GRID-No 2(I_ ) AMPERES

PLATE CHARACTERISTICS

o o

PLATE VOLTS

TRANSFER CHARACTERISTICS

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A

60
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ML-833A

DESCRIPTION & RATINGS

DESCRIPTION

The ML-833-A is a three-electrode tube designed for use Maximum ratings of 4.0 kVdc and 2.0 kW plate input with
as a modulator, amplifier, or oscillator in radio transmitting forced-air cooling apply at frequencies up to 20 mc/sec;
service. It provides exceptional plate efficiency with low driv- operation at 100 mc/sec is permissible with reduced voltage

( ing power due to special features which include high per- and input ratings.

‘ veance and minimized internal lead inductance. The cathode The ML-833-A embodies the highest standards for this
is a thoriated tungsten filament. The tube is convection or tube type, all parts being thoroughly processed to assure ef-
forced-air cooled and is capable of dissipating 450 watts. ficient operation and long life.

GENERAL CHARACTERISTICS
Electrical
Filapnent VOIARE | umeumssmavissnsssisesss o 5o oy s e e s o s s e s f0 055 (0 Vs 10.0 Volts
Filament Current at Bogey VOItage ..o 10.0 Amps
Filament Starting CULTEN .........ocoiiiiiiiiiiii i e — Amps
Amplification Factor: :
I, = 200 mAdc, Ec = =10 VOIS ...oiiiiiiiiiiii e 35.0
Interelectrode Capacitances:
GEIAPIACE: iississcismmysmsosms om0y s B S S T T R S B 6.3  uuf
Grid-FIlAmMent .......cooiiiiiiii i 123 uuf
Plate-FILamMent ... e 85 uuf
Mechanical
Mounting Position—Vertical, with filament terminals up or down; or horizontal,
with all terminals in same vertical plane.
Type of Cooling—Convection or Forced Air
Maximum Incoming Air TemMPErature ...t 45 °C
Required Air-Flow (for Forced-Air COOlING) ..........cccciiiiiiiiiiiieeeeeeee e 40 cfm

( On center of bulb between grid and plate seals from 2” diameter nozzle.

Maximum Glass Temperature (between grid and plate seals) ... 145 °C

Net WEIBht ..o 1 1b.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

PAGE 2
A-F Power Amplifier & Modulator
Class B

Maximum Ratings, Absolute Values

Convection Forced-Air
Cooling Cooling

CCs CCS ICAS
D-C Plate Voltage ......cccocvveiiennnne 3000 4000 4000
Signal D-C Plate Current* ............ 500 500 500
Signal Plate Input* ... 1125 1600 1800
Plate Dissipation®* ..o 300 400 450

Typical Operation

Unless otherwise specified, values are for 2 tubes
Convection  Forced-Air

Cooling Cooling

D-C Plate Voltage ........ccooovvirennn. 3000 4000 4000
D-C Grid Voltaget ver =70 -100 -100
Peak A-F Grid-to-Grid Voltage ...... 400 480 510
Zero-Signal D-C Plate Current ........ 100 100 100
Max.-Signal D-C Plate Current ..... 750 800 900
Effective Load Resistance, plate to

plate sessmsommssmunsnsmeras 9500 12000 11000
Max.-Signal Driving Power, approx. 20 29 38

Max.-Signal Power Output, approx. 1650 2400 2700

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

tFor a-c filament supply
CCS—Continuous Commercial Service.
ICAS—-Intermittent Commercial and Amateur Service.

R-F Power Amplifier—Class B Telephony

volts

watts
watts

ohms
watts
watts

Carrier conditions per tube for use with a maximum modulating fac-

tor of 1.0.

Maximum Ratings, Absolute Values
Convection  Forced-Air

Cooling Cooling
CCs CCS ICAS
D-C Plate Voltage .........ccocoeeinnnn. 3000 4000 4000
D-C Plate Current .........cocoevveennn. 300 300 300
Plate Input .........cccccoiiiiiniinnnnn 450 600 675
Plate Dissipation ... 300 400 450

Typical Operation

Convection Forced-Air

Cooling Cooling
D-C Plate Voltage ..., 3000 4000 4000
D-C Grid Voltaget ... =70 -120 -120
Peak R-F Grid Voltage . 90 120 130
D-C Plate Current ..... 150 150 150
D-C Grid Current, approx 2 2 3
Driving Power, approx.* ... 10 14 21
Power Output, approx. ................. 150 225 250

* At crest of a-f cycle with modulation factor of 1.0.
+ For a-c filament supply.

volts

watts
watts

volts
volts
volts

ma.

ma.
watts
watts

Plate-Modulated R-F Power Amplifier
Class C Telephony

Carrier conditions per tube for use with a maximum modulation fac-
tor of 1.0.
Maximum Ratings, Absolute Values

Convection  Forced-Air

Cooling Cooling
CCs CCS ICAS
D-C. Plate Voltage .........ccccoeevennnn. 2500 3000 4000 volts
D-C Grid Voltage .......cocooeerinrnnnne. =500 -500 =500 volts
D-C Plate Current .......cccocoeveveireens 400 450 450 ma.
D-C Grid Current .. 100 100 100 ma.
Plate Input ... ... 835 1250 1800 watts
Plate Dissipation ..........cccccoecienn. 200 270 350 watts

Typical Operation

Convection Forced-Air

Cooling Cooling

D-C Plate Voltage ... 2500 3000 4000 volts

X -300 -300 -325 volts
D-C Grid Voltage* ...................... { 4000 3600 3600 ohms
Peak R-F Grid Voltage .........c.......... 460 490 520 volts
D-C Plate Current ...ccocoeveeiiiiennn. 335 415 450 ma.
D-C Grid Current, approx. .............. 75 85 90 ma.
Driving Power, approx. ................ 30 37 42 watts
Power Output, approx. ............... 635 1000 1500 watts

* Obtained by grid resistor of value shown or by partial self-bias
methods.

R-F Power & Oscillator—Class C Telegraphy
Key-down conditions per tube without modulationt
Maximum Ratings, Absolute Values
Convection  Forced-Air

Cooling Cooling
CCs CCS ICAS
D-C Plate Voltage ... 3000 4000 4000 volts
D-C Grid Voltage ..o, =500 -500 =500 volts
D-C Plate Current .....ccoooooviiiinn.. 500 500 500  ma.
D-C Grid Current .oooovvoeiiiiii 100 100 100 ma.
Plate Input ... 1800 2000 watts

Plate Dissipation 400 450 watts

Typical Operation

Convection Forced-Air

Cooling Cooling

D-C Plate Voltage .......................... 3000 4000 4000 volts

-200 =200 -225 volts
D-C Grid Voltage* ... i 3500 2650 2400 ohms

425 380 380 ohms
Peak R-F Grid Voltage ................ 360 375 415 volts
D-C Plate Current ...........ccoooonn.. 415 450 500  ma.
D-C Grid Current, approx. .......... 55 75 95 ma.
Driving Power, approx. .............. 20 26 35 watts
Power Output, approx. ................... 1000 1440 1600 watts

* Obtained from fixed supply, by grid resistor (3500, 2650, 2400)
or by cathode resistor (425, 380, 380).

t Modulation essentially negative may be used if the positive peak of
the audio-frequency envelope does not exceed 115% of the carrier
conditions.
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MAXIMUM FREQUENCY RATINGS

The ML-833-A can be operated at full ratings for convection cooling at frequencies up to 30 mc/sec. and full ratings for
forced-air cooling at frequencies up to 20 mc/sec. Maximum values of plate voltage and power input for operation at higher
frequencies are determined by the percentage factors tabulated below, other maximum ratings being the same as shown in the
above scction. At high frequencies special attention should be given to adequate ventilation of the bulb.

Convection Cooling Forced-Air Cooling
Frequency ... 30 50 75 20 50 75 megacycles

Percentage of Maximum Rated Plate

Voltage and Plate Input
Class B, t-f oo, 100 98 94 100 97 93 per cent

Class C, plate-modulated ................ 100 90 72 100 83 65  per cent
Class C, unmodulated 100 90 72 100 83 65  per cent
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DESCRIPTION

The ML-889A and ML-889RA are three electrode tubes
designed specifically for use as modulators, amplifiers or os-
cillators in radio transmitting service. The cathode of each
type is a pure-tungsten filament. The ML-889A has a water-
cooled anode capable of dissipating 5 kW with 6 gpm
water flow. The ML-889RA has a forced-air-cooled anode
capable of dissipating 5 kW with an air flow of 500 cfm.

ML-889A
ML-889RA

PAGE 1
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ML-889A
ML-883RA

DESCRIPTION & RATINGS

Maximum ratings of 8.5 kVdc plate voltage and 16 kW
plate input apply at frequencies up to 50 Mc for the
ML-889A and 40 Mc for the ML-889RA. These tubes are
rated for service up to 150 Mc and 100 Mc, respectively,
with plate voltage and plate input reduced according to the
table on page 2.

GENERAL CHARACTERISTICS

Electrical

Filament VOItage ............ccoooiiiiiiiiiiiiiiiiee
Filament Current at 11.0 volts .................coooeeeeiiii

Filament Starting Current, maximum ...
Filament Cold Resistance

Amplification Factor ...

Interelectrode Capacitances

Grid-Plate ...t

Grid-Filament
Plate-Filament

Mechanical

Mounting Position ... ..o sy

Type of Cooling — ML-889A

Water flow on anode, minimum for 5 kW dissipation ......
Maximum outgoing water temperature .................ccccc......

Type of Cooling — ML-889RA ..........cccoviiiiiiiii
Air flow'on anode, minimum for 5 kW dissipation ...
Maximum incoming air temperature ..........................

Maximum Anode Temperature, ML-889RA ...
Maximum Glass Temperature ..............cccoceviiiiiiiiiiiiniienn

Net Weight, approximate
ML-889A ...
ML-889RA

............................... 11.0 Volts
................................ 120 Amps
180 Amps
3 .008 Ohms
................................ 21
ML-889A ML-889RA
................................ 17.5 18.5  upf
233 233 puf
2.7 3.0 uuf
................................ Vertical, anode down
Water and forced-air*
................................ 6 gpm
................................ 70 °C
Forced-air
500 cfm at 0.7” Water™
45 °C
................................ 230 °C
................................ 160 °C*
2 lbs.
35 Ibs.

* Auxiliary air flow of 30 cfm should be directed through a 3” diameter nozzle at the top of the glass envelope to maintain a uniform glass tem-

perature of not more than 160°C around the circumference of the seals.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

VALUES APPLY TO BOTH TYPES

A-F Power Amplifier and Modulator
Class B

Plate Modulated R-F Power Amplifier
Class C Telephony

Carrier conditions per tube for use with a maximum

Maximum Ratings, Absolute Values

modulation factor of 1.0

D-C Plate Voltage .......................cccoooiiiiii. volts
Max.-Signal D-C Plate Current* . amps Maximum Ratings, Absolute Values
Max.-Signal Plate Input® ... . watts D-C Plate Voltage volts
Plate: Dissipation® .ucasamanmmmsssraiim sy 5000 watts D-C Grid Voltage ... volts
Typical Operation (Values are for 2 tubes) DLC Giid Correne 035 amb
D-C Plate Voltage ................... 5000 6000 7500 volts Plate Input ............. 6000  watts
D-C Griq VOltage: « wsuswswmssmises —180 —230 —300 wolts Plate Dissipation 3000 watts
Peak A-F Grid-to-Grid Voltage 1460 1680 1700 volts . ]
Zero Signal D-C Plate Current 0.4 0.4 0.4 amp Typical Operation
Max.-Signal D-C Plate Current 3.2 3.6 3.2 amps D-C Plate Voltage ... volts
Effective Load Resistance D-C Grid Voltage ......... volts
(plate-to-plate) ... 2520 3680 5000 ohms Peak R-F Grid Voltage volts
Max.-Signal Driving Power, D-C Plate Current . R S 0.9 1.0 amp
ApProxXimate .................. 170 180 150  watts D-C Grid Current, approx. ... 0.12 0.10 amp
Max.-Signal Power Output, Driving Power, approx. ......................... 155 140  watts
approximate ... 8800 12000 15000 watts Power Output, approX. .......ccccccceceeceee. 2750 4000 watts
* Average over any audio-frequency cycle of sine-wave form. R-F Power Amplifier and Oscillator
Class C Telegraphy
g Key-down conditions per tube without
R-F Power Amplifier amplitude modulationd
Class B Telephony _ )
Carrier conditions per tube with a maximum Maximum Ratings, Absolute Values
i e oF 10 D-C Plate Voltage ................ 8500  volts
moduiation factor of & D:C GEid VOIABE coonrenenscsisssnmmemsssssssssmsimmn s —1000 volts
Maximum Racings, Absoluce Values D.C Giid Carrent T 05 e
- ate Voltage ... 8500 volts
D-C Plate Current 1.0 amps Plate Input: coww s o s . 16000  watts
Plate Input ........... 7500 wwatts Plate Dissipation: suemesssmams s s s 5000 watts
Plate Dissipation ... ............ooccocooiii 5000 watts Typical Operation
. D-C Plate Voltage ................... 5000 6000 7500  volts
Typical Operation D-C Grid Voltage ......... S . —500 —G600 —800 wvolts
D-C Plate Voltage i 6000 7500  volts Peak R-F Grid Voltage ........... 1200 1460 1830 volts
D-C Grid Voltage ..., —2500 =300  volts D-C Plate Current ..., 1.5 1.8 2.0 amps
Peak R-F Grid Voltage .. 460 500  volts D-C Grid Current, approx. ...... 0.19 0.21 0.24 amp
D:C Plate CuLrent: . ssswmmsmses s 0.9 0.9 amp Driving Power, approx. ........... 220 290 400  watts
Driving Power, approx.t ... 9)(5 2028 watts Power Output, approx. ............ 5000 7000 10000 watts
Fowet Qutpur, BppIos, L280 wars tModulation essentially negative may be used if the positive peak
tAt crest of a-f cycle with modulation factor of 1.0. of the envelope does not exceed 115% of carrier conditions.

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply at frequencies up to 50 Mc for the
ML-889A or up to 40 Mc for the ML-889RA. The tubes
can be operated at higher frequencies provided the maximum
values of plate voltage and plate input are reduced in accord-
ance with the table on the right (other maximum ratings
are the same as shown above). Special attention should be
given to adequate ventilation of the bulb at the higher fre-

quencies.

ML-889A ML-889RA
Frequencies ... 50 100 150 Mc 40 65 100 Mc
Percentage of Maximu
Rated Plate Voltage and
Plate Input
Class B RS 100 83 72 100 85 72
Class C Plate
Modulated 100 75 60 100 78 60
Class C Telegraphy,
Plate Voltage ... 100 78 65 100 87 65
Class C Telegraphy,
Plate Input 100 70 50 100 73 50
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Grid Voltage
Grid Current
Plate Voltage
Plate Voltage
Grid Voltage
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Peak Cathode Current*

Power Output

€v
€p
EC
E.
E,
Ey
EC

[

Conditions Minimum
200 volts; i, = 6 amps ec: _—
200 volts; iy = 6 amps ie: —

0 Vdc; I, = 1.0 Adc Ey: 2.8
—200 Vdc; I, = 1.0 Adc Ey: 6.5
7.5 kVdc; I, = 0.020 Adc E.: —325

ik: 7.5
8 kVdc; I, = 1.75 Adc P,: 9.0

—750 Vdc; I. = .23 Adc

Limits

Bogey Maximum

_— 800 wvolts

R 1.5 amps
3.3 3.8 kVdc
7.5 8.5 kVdc

—370 —475 Vdc

—— amps
B — kW

*Represents maximum useable plate current plus grid current for any conditions of operation.
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DESCRIPTION

The ML-891 is a three-electrode tube designed specifical-
ly for use as a modulator, amplifier, or oscillator in radio
transmitting scrvice. Its rugged design, incorporating heavy
scctions of Kovar to provide maximum strength at the grid
and plate seals, also contributes to better performance when
used for radio-frequency heating applications. The cathode is
a pure-tungsten filament. The anode is water-cooled and is
capable of dissipating 6 kilowatts. Maximum ratings of 12

ML - 891
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ML-891

DESCRIPTION & RATINGS

kVdc plate voltage and 18 kW plate input apply at fre-
quencies up to 1.6 mc/sec; operation at 20 mc/sec is per-
missible with voltage and input reduced to one-half maxi-
mum ratings.

The ML-891 embodies the highest standards available in
tubes of this type. All parts are thoroughly processed by spe-
cial Machlett techniques to assure efficient operation and long
life.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage :usossnmmmmmsnmmuumsms s mmnssnas
Filament Emission at Bogey Voltage ........cccoocoiiiccrninnccnes
Filament Current at Bogey Voltage ........cccccoevirveiicnnnencnnnns

Filament Starting CULfENt ...........ccooeeviovuviererernrenssesnenreennaeens

Filament Cold Resistance

Amplification Factor

I, = 0.75 amp, E. == -500 VOIts ...cccooovrieviiieiciiiieece,

Intcrelectrode Capacitances
Grid-Rlate suimessmmosmsasss

Grid-Filament

Plate-Filament ........ccocoveeiioeeeiieiieieeeeeeeeeeeeeeeeeeee e

Mechanical

Mounting Position—Vertical, Anode Down
Type of Cooling—Water

Water Flow on Anode .......cooveviiioeiiiieiceeee e,

Maximum Outgoing Water Temperature ............o.........

Maximum Glass Temperature

Net " Wieight; approxinate e s

Minimum Bogey Maximum

.................................... 22 Volts
.................................... 9.4 Amps
.................................... 57 60 62  Amps
.................................... — — 120  Amps
— 0.031 —  Ohms

.................................... 7.6 8.5 9.4
24 27 31 uuf
15 19 23 uuf
.................................... 1 2 3 uuf
................................... 3-8 gpm
................................... 80 psi
..................................... 70 °C
160 - °C
.............................. 3.5 1bs.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

A-F Power Amplifier & Modulator—Class A

Maximum Ratings, Absolute Values

D-C Plate Voltage 12000 volts

Plate Input ........... 7500 watts

Plate Dissipation .. 7500 watts
Typical Operation

D-C Plate VOItage: s..ovissssisuiiinmnmiiniisismsisinamsisoronnas 8000 volts

D-C Grid Voltaget ....ccoooiiiiiiiiiiiiiiciieneiceeie —630 volts

Peak A-F Grid Voltage .....ccccooovveviviiiiieciiiieiennnn, 700 volts

DG Plate Qurtent wwmmsssvimmmspsmsamsig 0.9 amps
Load Resistance wusemsumssmum messmmesmmivess 5200 ohms
U.P.O. (5% second harmonic) 2000 watts

A-F Power Amplifier & Modulator—Class B

Maximum Ratings, Absolute Values

D:C Plate Voltage ...comivmnimmmssssisssiessmesv 15000 volts
Max. Signal D-C Plate Current* 2.0 amps
Max. Signal Plate Input* ........... 20000 watts
Plate Dissipation™® .........cocooiiiiiiiiiiiiiiiiiieees 5000 watts
Typical Operation
Unless otherwise specified, values are for 2 tubes

D-C Plate Voltage .....cccooooviiiiienne 6000 10000 12500 volts
D-C Grid Voltage .....cccocvvvviiviinnn. —630 —-1100 -1450 volts
Peak A-F Grid-to-Grid Voltage .......... 2060 3060 3760 volts
Zero-Signal D-C Plate Current ............ 0.5 0.5 0.4 amp
Max.-Signal D-C Plate Current ............ 25 2.4 2.5 amps
Effective Load resistance (plate

to plate) oo 5000 10000 12000 ohms

Max. Signal Driving Power, approx. .. 110 225 245 watts
Max. Signal Power Output, approx. .... 8000 16000 22000 watts

R-F Power Amplifier—Class B Telephony

Carrier conditions per tube for use with a maximum modulation

factor of 1.0.
Maximum Ratings, Absolute Values

D-C Plate Voltage 15000 volts

D-C Plate Current 1.0 amp
Plate Input ......... 10000 watts
Plate Dissipation .. 6000 watts

1 The d-c resistance in the grid circuit should not exceed 100000 ohms when cathode bias is used, or 50000 ohms with fixed bias.

* Averaged over any audio-frequency cycle of sine-wave form.
§ At crest of a-f cycle with modulation factor of 1.0.

Typical Operation

D-C Plate Voltage .......c.cooovvvevieeiennn. 6000 10000
D-C Grid Voltage ....... -600 -1130
Peak R-F Grid Voltage .. 600 830

D-C Plate Current .......... 0.7 0.8
Driving Power, approx.§ ... 82 0
Power Output, approx. .........cceeveeeen. 1000 2000

14000
-1600
1000
0.56

2300

Plate Modulated R-F Power Amplifier

Class C Telephony

volts
volts
volts

amp
watts
watts

Carrier conditions per tube for use with a maximum modulation

factor of 1.0.
Maximum Ratings, Absolute Values

D-C Plate Voltage .......cccccooviviviiiiiiiiiiiieieeee
D-C Grid Voltage .....cccoooviiiiiviiiiiiiiiiiieeeee
D-C Plate Current ...cvsssssomsemsmmamsms
D-C. Grid Cutrent suwssmemsvmmnsmmmsins e
Plate INput .....cocoooviiiiiiiiiiiiiiicce e
Plate DiSSIPAtion ......ccooceviiniiiiiiiiiiieeie e

D-C Plate Voltage .......ccccoocevviveniiiiieninnn, 6000
D-C Grid Voltage .......cccocevviiiiiinn. -2000
Peak R-F Grid Voltage .......cccooviniiinin. 2650
D:C Plate Current oo sossssmmiiios 0.75
D-C Grid Current, approx. ......ccecvenen. 0.1
Driving Power, approx. ...............coceee. 260
Power Output, approx. ......ccceeevvvveeennnninns 3500

R-F Power Amplifier Oscillator
Class C Telegraphy

Key-down conditions per tube without modulations:
Maximum Ratings, Absolute Values
D-C Plate Voltage woussmasmimnmsasssmneii
D-C Grid Voltage st
D-C Plate Current ......ccoccoeviioiiiiiiiiiiiiniiiiieeieee e
D-C Grid Current ...ooovvviveeieiieie i
Plate Input ..occooiiiiiiiiiiiicicce e
Plate; Dissipation woessmsamoms s

D-C Plate Voltage ....cccoocvvvviviiincine, 8000
D-C Grid Voltage .....ccoooviviiiiiiiiiien, —1800
Peak R-F Grid Voltage ........ccccoooovveinnn. 2400
D-C Plate Current sumsowsammnnssmssis 1.15
D-C Grid Current, approx. .................... 0.09
Driving Power, approx. .... . 215
Power Output, approx. ....... RPN 6500

8000
-3000
1.0
0.15
8000
4000

8000
—2400
3100
0.78
0.08
260
5000

12000
-3000
2.0
0.15
18000
6000

10000
—2000
2700
1.33
0.14
375
10000

volts
volts
amp
amp
watts
watts

volts
volts
volts

amp

amp
watts
watts

volts
volts
amps

amp
watts
watts

volts
volts
volts
amps

amp
watts
watts

+ Modulation essentially negative may be used if the positive peak of audio-frequency envelope does not exceed 115% of the carrier

conditions.



MAXIMUM FREQUENCY RATINGS

The ML-891 can be operated at full power at frequencies
as high as 1.6 megacycles. It can be operated at higher fre-
quencies provided the maximum values of plate voltage and
plate input are reduced in accordance with table which shows
the maximum permissible percentage of rated plate voltage
and plate input for various frequencies.

ML - 891

PAGE 3
Class C
Mc Class B Plate Modulated Class C
Volts Watts | Volts Watts | Volts Watts
1.6 |100% 100% [100% 100% (100% 100%
7.5 82% 82%)| 75% 75% | 75% 75%
20 | 72% 72%| 65% 65% /| 50% 50%
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ST 217

FILAMENT FILAMENT CENTER-

TAP TERMINAL

/] M
TERMINAL
L
E
I :
K3
¥ 1
¥ )
V)
b} B8
| v
|\
P
T
l b "
4 ¥
| |
PLATE —
Q
— -S
\ J
DIMENSIONS IN INCHES
Min. Max. Min. Max.
A— 19.375 20.875 M— 0.563 —
B— — 4.125 N— 0.177 0.197
C— — 2.437 P— 250 —_
D— 2375 4.375 Q— 7.938 8.187
E— 0.500 —_ R— 1.985 2.015
G— 0.495 0.505 S— 1.535 1.625
H— 0.432 0.442 T— 1.438 —_
J= = 2.50 U— 10.063 11.063
K— 0432 0.442 V— 7.188 7.937
L— 0.687 — W—120° Nom.

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A.

PRINTED IN U.S.A.



DESCRIPTION

The ML-893A is a three-electrode tube designed specifically
for use as a modulator, amplifier, or oscillator in radio trans-
mitting service. The cathode is a pure-tungsten filament and
can be operated from single, three, or six-phase power supply;
it has been designed for maximum strength to minimize the
possibility of grid to filament shorts. The anode is water-cooled
and is capable of dissipating 20 kilowatts, Maximum ratings

ML-893A
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ML-833A

DESCRIPTION AND RATINGS

of 20 kVdc plate voltage and 70 kW plate input apply at fre-
quencies up to 5 mc/sec; operation at 40 mc/sec is permissible
with voltage and input reduced to one-half maximum ratings.

The ML-893A embodies the highest standards for this tube
type. All types are thoroughly processed by special Machlett
techniques to assure efficient operation and long life.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage (Notes 1 and 2) ..ooovnnniiiimiinnin
Filament Emission at Bogey Voltage .......ccccooneiniiinniinnns

Filament Current at Bogey Voltage (Notes 1 and 2)

Filament Starting Current (NOte 1) ..ocovvviniiniiiinininnns
Filament Cold ReSiStance .........ccccoooimemmmnncnniiiiiiiininienns

Amplification Factor

In = 1.0 Adc, Ec = -100 VdC .o

Interelectrode Capacitances

GII-PLALE cevoveeeeeeeeeeieee et et ev e aseae s sbe e

Grid-Filament
Plate-Filament

Mechanical

Mounting Position — Vertical, Anode Down
Type of Cooling — Water and Forced Air

Water Flow 0n Anode .....ccccoeenmeiiiiiniiinnininienssieieces
Maximum Outgoing Water Temperature ..........cocccoeveuens
Air Flow to Stem (INOte 3) ...ccooviininiiiiinienieenecnenciinns

Maximum Glass Temperature ..............

Net Weight, apProXimate ..........cccocemirimnremieneneeieeinniniens

Note 1: Single-Phase Excitation.

Minimum Bogey Maximum
..................................... — 20 — Volts
..................................... — 25.3 — Amps

175 183 190 Amps

— — 275 Amps

..................................... — .0093 — Ohms
..................................... 28 34.5 41

..................................... 28.5 33 37.5 uuf

39.5 48 56.5 uuf

2.0 3 4.0 uuf

..................................... 15 gpm

........................... 7 G

........................... 2 cfm

150 °C

12 Ibs.

Note 2: See Diagrams of Filament Connections and Excitation Circuits.
Note 3: Air flow to be directed into stem through tubing in center of base.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

A-F Power Amplifier and Modulator — Class B

Maximum Ratings, Absolute Values

DLC Plate VOItage: sueswosomsmsromsasmvsmonmsnsiammroarssnsss 20000 volts
Max. Signal D-C Plate Current® ... 4.0 amps
Max. Signal Plate Input® ..o 60000 watts

Plate DissipationF ....cococovvrrvirieiiniieirinnieienieceanns 20000 watts

Typical Operation¥*

D-C Plate Voltage .......cccoooveiniiiine 12000 15000 18000 volts
Zero Signal D-C Plate Current ........ 0.8 0.8 0.8 amps
Max. Signal D-C Plate Current ........ 7 6 5.5 amps
D-C Grid Voltage .....ccccoevvviieienne. -260  -350  -450 volts
Peak A-F Grid-to-Grid Voltage ...... 1480 1560 1720 volts
Effective Load Resistance (plate

to plate) ... 4000 6000 8000 ohms
Max. Signal Driving Power ........... 220 190 140 watts

Max. Signal Power Output,

Approximate ..........cccoeeiiiieiennn. 52000 60000 70000 watts

R-F Power Amplifier — Class B

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

Maximum Ratings, Absolute Values

DEC Plate Voltage e s mssonsmsens 20000 volts
D:C Plate ‘CUfent .......cssmssensssmisssmismissmissimis 2.0 amps
Plate INPUt c.oecoviiiiiiiiieiccccc e 32000 watts

Plate Dissipation ............ s (RO 20000 watts

Typical Operation

D-C Plate Voltage .......ccooeevenennn. 12000 15000 15000 volts
D-C Plate Current ......c.ccocooceeeriene 1.5 1.5 2.0 amps
D-C Grid Voltage ......ccooooveveine -250 -340 -340 volts

D-C Grid Current, approximate ...... 35 30 50 ma
350 395 450 volts

130 150 200 watts

Power Output .....cccocvvviiviveeicviene. 6000 7500 10000 watts

Peak R-F Grid Voltage ...
Driving Power .................

# Averaged over any audio-frequency cycle of sine-wave form.
* Unless otherwise specified, values are for 2 tubes.

Plate-Modulated R-F Power Amplifier — Class C

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

Maximum Ratings, Absolute Values

D:G Plate Voltage suwwssasmsmmmasmansimsnmigs 12000 volts
D-C Plate Current . 2 amps
D-C Grid Voltage .. -3000 volts
D-C Grid Current .. 0.4 amps
Plate INPUt ..ocooveeveiiiiiiiiiccee e 24000 watts
Plate DIiSSIPAtion ....c.coevenieriiiiineniiiinesicie e 12000 watts
Typical Operation
D-C Plate Voltage .....cccovvevervrenee. 10000 10000 12000 volts
D-C Plate Current .. 1.5 2 2 amps
D-C Grid Voltage -800 -800 -1000 volts
Peak R-F Grid Voltage .....cccccoeeue. 1200 1280 1500 volts
D-C Grid Current ....cccoevevivenencns 0.1 0.16 0.14 amps
Driving POWer ......coccoveiviieniinivinninns 120 210 210 watts
Power Output ......cccovvieviiniiiiennnns 11000 15000 18000 watts

R-F Power Amplifier and Oscillator — Class C

Key-down conditions per tube without modulation®*

Maximum Ratings, Absolute Values

D-C Plate Voltage ....ccocoovvevieniiiiiiiieiiiciec e 20000 volts
D-C Plate Current .......ccccooviiiiiiiiiiiiiiiiiiciec 4 amps
D-C: Grid 'Voltage oz -3000 volts
D-C Grid Cutrent smmsammmsmmmms s 0.4 amps
Plate INPUL oot e 70000 watts
Plate DissiPation: . s sowssmmissssaen s 20000 watts

Typical Operation

D-C Plate Violtage: :....vvvumniionivivinins 12000 15000 18000 volts
D-C Plate Current .....cccovvvvvvenrnnn. 3.5 3.6 3.6 amps
D-C Grid Voltage ..o -800 -900  -1000 volts

1430 1520 1630 volts
D-C Grid Current .. 0.26 0.25 0.21 amps
Driving Power ........ 5 360 370 340 watts
Power Output ......cccccooeiiiiinnnn, 30000 40000 50000 watts

Peak R-F Grid Voltage .

** Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not exceed 115% of the carrier conditions.

MAXIMUM FREQUENCY RATINGS

The ML-893A can be operated at full power at frequencies
as high as 5 megacycles. It can be operated at higher fre-
quencies provided the maximum values of plate voltage and
plate input are reduced in accordance with table which
shows the maximum permissible percentage of rated plate
voltage and plate input for various frequeacics above 5
megacycles.

Mc Class B Platecﬁzzglated Class C
Volts Watts | Volts Watts | Volts Watts
5 | 100% 100% | 100% 100% |100% 100%
20 85% 82% | 80% 75% | 80% 66%
40 65% 73% | 64% 64% | 60% 50%
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristic Conditions Min. Bogey Max.
Grid Voltage i, = 15.0 amps; ¢, = 1500 volts €. — — 800 Volts
Grid Current 1, = 15.0 amps; e, = 1500 volts i.: — — 4.5 Amps
Plate Voltage I, =1.0 Ad¢c; E. =0 E,: 3.0 4.0 5.0 kVdc
Plate Voltage I, = 1.0 Adc; E. = —200 Vdc E,: 9.2 11.2 13.2 kVdc
Grid Voltage E, = 20 kVdc; I, = 0.020 Adc E.. —-530 — 600 —770 Vdc
Peak Cathode Current Note 1 i 20 — — Amps
Power Output L, = 18.0 kVdc; I, = 3.6 Adc P,: 45 — — kW
I. = 0.36 Adc; E, = —1800Vdc
Note 1: Represents maximum usable cathode current for tube as plate current plus grid current for any condition of operation.
HH T T A
u - H . aitc a .  GRID AMPERES =Ic
- E¢=20 voLTS AC. ] E£=20 VOLTS A.C PLATE AMPERES =1,
")
N
6
5 Q
\ H :n
a 2
-
\ i
i 25
& <
i, : :
) § / h]
[: 4 o
(&) b
] :
2 =
A N
A T
N r
N N W
| J S
T TINY N P E;E
eE N g w
N AN N
D DL 53
0 = =
n é 2]
- FEH A ]
0 2000 4000 6000 8000 8 8 S S ) 80
PLATE VOLTS(ER) =4 o © < GRIDNVOLTS(EC) o ¥ ©

GRID-PLATE TRANSFER CHARACTERISTICS AVERAGE CONSTANT-CURRENT CHARACTERISTICS



ML-893A

PAGE 4

A = 61 AMP,

FILAMENT CONNECTIONS AND
EXCITATION CIRCUITS

ST-218-

~N

PLATE AMPERES

AVERAGE PLATE CHARACTERISTICS

FILAMENT BASE SESESSEESEaumESss: a8 D ) A
TERMINALS [T Ef=20VvOLTS AC. T [ ] FILAMENT OPERATED ON 6-PHASE A.C.
. ! RS
D-C FILAMENT t H
EXCITATION
Vv = 20 VOLTS o
A =183 AMP. ;
FILAMENT BASE (4444 T
TERMINALS § Wl
=]
‘ éﬂi_ CH 4
SINGLE - PHASE ! S a8 %
A-C FILAMENT I
EXCITATION HHH ;Z
—O—® 8~
t N @ W
Vv =20 VOLTS = ©
A =183 AMP. F PR -
1 B o LA
FILAMENT BASE 2 a3 P,
TERMINALS 2 2 7
y 2»“-’ [V 4
N > -
THREE - PHASE Y 3 4
A-C FILAMENT Sl A
EXCITATION O
V=17.3 VOLTS |
A 2122 AMP. H S i
A \
FILAMENT BASE P
TERMINALS {1 a8 3
H N . d
SIX- PHASE
A-C FILAMENT
EXCITATION .
o
NOTE:
TERMINALS MUST BE 6
CONNECTED IN H
CORRECT PHASE 4 L
RELATION AS SHOWN H S
Vi= 10 VOLTS E F
V2= 10 VOLTS L ] S . L L J
~N

FILAMENT VOLTS A.C.—TERMINAL TO NEUTRAL

AVERAGE FILAMENT-EMISSION
CHARACTERISTIC

DIMENSIONS IN INCHES

Min.
A— 0.687
B— 0.561
C— 2.00
D— 5.87
E— 14.00
F— 1.50
G— 5.00
H— 3.81
I— 7.375
J— 0.480
K— 4.667
L— 3.125
M— 9.00
N— 24.50
R— 0.590
S— 1.875
T— 0.215
U— 6.250
V— 1.965
W— 3.310
X— 1.465

MACHLETT LABORATORIES, INC.

SPRINGDALE

U.S. A,

CONNECTICUT

Max.
0.812
0.571
2.75
6.13

15.00
3.06
6.50
4.312
8.125
0.520
4.707
3.250
9.50

26.75
0.660
2.250
0.285
6.375
2.035
3.375
1.535

Printed in U.S.A.



DESCRIPTION

The ML-893A-R is a three-electrode tube designed specifically
for use as a modulator, amplifier, or oscillator in radio trans-
mitting service. The cathode is a pure-tungsten filament and
can be operated from single, three, or six-phase power supply;
it has been designed for maximum strength to minimize the
possibility of grid to filament shorts. The anode is forced-air
cooled and is capable of dissipating 20 kilowatts, Maximum
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DESCRIPTION AND RATINGS

ratings of 20 kVdc plate voltage and 70 kW plate input apply
at frequencies up to 5 mc/sec; operation at 25 mc/sec is per-
missible with voltage and input reduced to one-half maxi-
mum ratings.

The ML-893A-R embodies the highest standards for this tube
type. All types are thoroughly processed by special Machlett
techniques to assure efficient operation and long life.

GENERAL CHARACTERISTICS

Electrical
Filament Voltage (Notes 1 and 2) ......
Filament Emission at 20 Volts ..........cccceeeinn

Filament Current at 20 Volts (Notes 1 and 2) .......c.coceeee
Filament Starting Current (Note 1) ...oooiiiiiiiiiiiiiiinnn.
Filament Cold ResSiStance .........cccccoocemviiiiis cir voieiieeeiienine.

Amplification Factor

I, = 1.0 Adc, E. = =100 VdC .coooooiiiiiiie e

Interelectrode Capacitances

GEIA-PIALE .......eonnrrmronsisssninssnmmmnmsnnssniosiionissinssmpsson Siissinsvns iinsviass

Grid-Filament ....
Plate-Filament

Mechanical

Mounting Position — Vertical, Anode Down
Type of Cooling — Forced Air

Maximum Incoming Air Temperature .........ccccooceviniennannn.

Required Air-Flow on Anode
Plate Dissipation — Per Cent of Rating ...

Air Flow — Cubic Feet per Minute .......

Static Pressure — Inches Water ..o
Required Air Flow to Stem ...,
Maximum Anode Temperature ..........cccoccevvviviineniiineniniennen.
Maximum Glass Temperature ..........cccoooeevieiiiiiiiiiiiiecinieenns
Net Weight, approXimate ...........cocoocvieeeiiiiiiiiiiiiieeceeeeiee

Note 1: Single-Phase Excitation.

Minimum Bogey Maximum
....................... 20 Volts
. 25.3 Amps
......................... 175 183 190 Amps
......................... — — 275 Amps
......................... -— .0093 — Ohms
........................ 28 34.5 41
......................... 29.8 34.0 38.8 uuf
39.5 48.0 56.5 uuf
2.6 3.5 4.4 uuf
........................ 45 o°C
100 80 65
... 1800 1250 1000
........................ 1.05 0.56 0.38
........................ 2 ofm
........................ 230 °C
........................ 150 @
........................ 230  lbs.

Note 2: See Diagrams of Filament Connections and Excitation Circuits.
Note 3: Air flow to be directed into stem through tubing in center of base.

ML-893A-R
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

A-F Power Amplifier and Modulator—Class B

Maximum Ratings, Absolute Values
D-C Plate Voltage .....ccccoooiiviiiiiiiiiiiiieieieeeee
Max. Signal D-C Plate Current§ ................
Max. Signal Plate Input§ ........c.ocooooeii.
Plate Dissipation§ .........cccococovivivniiiiieiiceee e

Typical Operation*

D-C Plate Voltage ...ccooooeeviniinnnn. 12000 15000
Zero Signal D-C Plate Current ........ 0.8 0.8
Max. Signal D-C Plate Current ........ 7 6
D:C |Grid Voltage «..oummmmmsmos =260 350
Peak A-F Grid-to-Grid Voltage ...... 1480 1560
Effective Load Resistance (plate

to plate) .. 4000 6000
Max. Signal Driving Power ... 220 190
Max. Signal Power Output.

APPrOXIMALE .ovviiiiiiiiiiiiiieice e 52000 60000

R-F Power Amplifier—Class B
Carrier conditions per tube for use with a
maximum modulation factor of 1.0

Maximum Ratings, Absolute Values
D-C Plate Voltage ....
D-C Plate Current
Plate Input
Plate Dissipation

Typical Operation

D-C Plate Voltage ... 12000 15000
D-C Plate Current 1.5 1.5
D-C Grid Voltage =250 =340
D-C Grid Current, approximate ...... 35 30
Peak R-F Grid Voltage ................... 350 395
Driving Power, approximatet ........ 130 150
Power Output, approximate .......... 6000 7500

20000 volts

4.0 amps
60000 watts
20000 watts

18000 volts
0.8 amps
5.5 amps

—450 volts
1720 volts

8000 ohms
140 watts

70000 watts

20000 volts

2.0 amps
32000 watts
20000 watts

15000 volts
2.0 amps
-340 volts
50 ma
450 volts
200 watts
10000 watts

§ Averaged over any audio-frequency cycle of sine-wave form.
t At crest of audio-frequency cycle with modulation factor of 1.0.

* Unless otherwise specified, values are for 2 tubes.

** Modulation essentially negative may be used if the positive peak of the audio-frequency envelope does not exceed

conditions.

Plate-Modulated R-F Power Amplifier—Class C

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

Maximum Ratings, Absolute Values

D-C Plate Voltage
D-C Plate Current
D-C Grid Voltage
D-C Grid Current
Plate Input

Plate Dissipation .

Typical Operation

D-C Plate Voltage .......cccocevvernnnnn 10000 10000
D-C Plate Current 1.5 2
D-C Grid Voltage ..... —-800  —800
Peak R-F Grid Voltage ... s 1200 1280
D-C Grid Current, approximate ...... 0.10 0.16

Driving Power, approximate .......... 120 210
Power Output, approximate ............ 15000

12000 volts
2 amps
=3000 volts
0.4 amps
24000 watts
12000 watts

12000 volts
2 amps
—1000 volts
1500 volts
0.14 amps
210 watts
18000 watts

R-F Power Amplifier and Oscillator—Class C

Key-down conditions pcr tube without modulation®#

Maximum Ratings, Absolute Values
D-C Plate Voltage .....ccccooooiiviiiiiiiiiiii
D-C Plate Current
D-C Grid Voltage
D-C Grid Current
Plate Input
Plate Dissipation

Typical Operation

MAXIMUM FREQUENCY RATINGS

The ML-893A-R can be operated at full power at frequen-
cies as high as 5 megacycles. It can be operated at higher
frequencies provided the maximum values of plate voltage
and plate input are reduced in accordance with table which
shows the maximum permissible percentage of rated plate
voltage and plate input for various frequencies above 5

megacycles.

20000 volts
4 amps
-3000 volts
0.4 amps
70000 watts
20000 watts

D-C Plate Voltage ....cooeevvceeennn. 12000 15000 18000 volts
D-C Plate Current .......cccovveiiennn.. 3.5 3.6 3.6 amps
D-C Grid Voltage ....cccoocvvviennnnn. -800 =900 —1000 volts
Peak R-F Grid Voltage .................... 1430 1520 1630 volts
D-C Grid Current, approximate ...... 0.26 0.25 0.21 amps
Driving Power, approximate ... 360 370 340 watts
Power Output, approximate 30000 40000 50000 watts
115% of the carrier
. Class C )
Mc Class B Plate Modulated Class C

Volts  Watts | Volts Watts | Volts Watts

5 | 1009% 100% | 1009% 100% | 1009 100%

12 | 86% 869 | 81% 81% | 81%  75%

25 74% 74% | 65% 65% | 65% 50%
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GRID-PLATE TRANSFER CHARACTERISTICS
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|

CONSTANT-CURRENT CHARACTERISTICS

PAGE 3
CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristic Conditions Min Bogey Max.
Grid Voltage i, = 15.0 amps; ¢, = 1500 volts €.: —_ — +800 Volts
Grid Current i, = 15.0 amps; ¢, = 1500 volts 1 — — 4.5 Amps
Plate Voltage I, = 1.0 Adc; E. =0 Ey: 3.0 4.0 5.0 kVdc
Plate Voltage I, = 1.0 Adc; E. = —200 Vdc L,: 9.2 11.2 13.2 kVdc
Grid Voltage E, = 20 kVdc; I, = 0.020 Adc E.: —530 —600 770 Vdc
Peak Cathode Current Note 1 iy 20 — — Amps
Power Output L, = 18.0 kVdc; I, = 3.6 Adc P,: 45 — — kW
I. = 0.36 Adc; E. = —1800Vdc
Note 1: Represents maximum usable cathode current for tube as platc current plus grid current for any condition of operation.
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CHARACTERISTICS

DIMENSIONS IN INCHES

Min.
A— 25.750
B— 13.625
C—

D—

F— 12.812
G— 5.937
H

J—  2.625
K— 0.687
L— 0.559
M—

N— 0.590
P— 0.215
Q— 1.870
R— 1.965
S— 5.187
T— 1.465
U— 3.310
V— 16.500
W— 5.870

MACHLETT LABORATORIES, INC.

SPRINGDALE

U S A

CONNECTICUT

Max.

28.000
14.125
12.000
18.750

6.063
3.060
3.375
0.812
0.573
0.312
0.660
0.285
2.250
2.035
5.312
1.535
3.380
17.000
6.130

PRINTED IN U.S.A.



DESCRIPTION

The ML-5530 is a three-electrode tube designed for high-
frequency industrial-heating service and for AM and FM
broadcasting at frequencies up to 110 megacycles. The tet-
minal arrangement makes the tube particularly adaptable to
cathode-drive applications as the filament leads are isolated
from the plate by the external grid flange and internal shield-
ing. Circuit inductance has been kept at a minimum in the
grid as well as in all other internal connections. The filament
is oriented with respect to the grid structure to minimize the
required r-f driving power. The cathode is a thoriated-tung-
sten filament, whose self-supporting structure employs no
sliding contacts, insulators, or tension springs. Rugged grid
support rods provide great mechanical strength as well as

ML-5530
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ML-5330
ML-5530-H

DESCRIPTION & RATINGS

low electrical loss. Kovar is used for the glass-to-metal seals.
The anode fin structure is designed to dissipate 4 kilowatts
with an air flow of 250 cfm. Maximum ratings of 5 kVdc
plate voltage and 8.75 kW plate input apply at frequencies
up to 110 Mc. Increased ratings of 6.5 kVdc plate voltage
and 10 kW plate input are permissible at frequencies up to
70 Mc.

The ML-5530-H is a modification of the ML-5530 designed
primarily for industrial service at frequencies up to 30
megacycles. Its construction is similar to the ML-5530 ex-
cept for the grid terminal arrangement. Maximum ratings
of 8.5 kVdc plate voltage and 10 kW plate input apply at
frequencies up to 30 Mc.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...............ccoooiiiiiiiii
Filament CUrrent ............ccoooooiiiiiiiiiiiiiiiei e
Filament Starting Current, Maximum .....................c....
Filament Cold ReSiStance: ;.....uussesmimsssmessienmimsmisiaiee
Amplification Factor ...

Grid-Plate Transconductance

at Bp = 2.0 kVi Liy = L5 amPs meesenssmmy o

Interelectrode Capacitances:

Grid-Plate s A —
Grid-Filament ...
Plate-Filament ..o

Mechanical

Mounting Position ... St
Type of COolING: ...vswmmmmmsispmommssmmsmms s
Air flow on anode ...

Air flow on glass and seals
Maximum incoming air temperature

Maximum Glass Temperature ....................................
Net Weight, approximate .........................coc.cccciii..

5.0 Volts
55 Amps
250 Amps
.013 Ohm
26

11000 umhos

............................................................. 23 uuf
............................................................. 20 uuf
0.6 uuf

Vertical, anode down
Forced-air

See Cooling Characteristics
See Note

45 °C
160 °C
9 Ibs.

ML-5530-H

Note: At frequencies above 40 Mc for the ML-5530 and 15 Mc for the ML-5530-H, or at high ambient temperatures,
auxiliary air flow may be required and should be distributed to maintain uniform glass temperature, not greater
than 160°C. Auxiliary cooling may be obtained from separate blower or by reversing the direction of air flow
through radiator (exhaust).
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ML-5530-H MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
PAGE 2 . 3 :
(Continuous Commercial Service)
ML-5530
Audio-Frequency Power Amplifier and Modulator Plate-Modulated R-F Power Amplifier
Class B Class C Telephony
Carri .. . .
Maximum Ratings, Absolute Values et Condlt;gg:iulizii;zb?aiﬁéru;? \ivl(;h ¢
D-C Plate Voltage ...................cccoiiiiiiii 6500 volts
Max.-Signal D-C Plate Current® ... 1.5 amps Maximum Ratings, Absolute Values
Max.-Signal Plate Input* ... 9 kW D-C Plate Volt
Plate Dissipation™ ... 4 kW D-C G?ig Vgltzalgg e _?88%
D-C Plate C
Typical Operation (Values are for two tubes) D-C Graide Cf}ﬁ:ﬁ: ) 014(3)
D-C Plate Voltage .................... 5000 6000 6000 volts Plate Input ... 8.0
D-C Grid Voltage ...................... -150 -200 -180 volts Plate Dissipatio 2.7
Peak A-F Grid-to-Grid Voltage .. 860 860 1220 volts Frequency ... 70
Peak A-F Plate-to-Plate Voltage .. 8000 9600 10000 volts
Zero-Signal D-C Plate Current . 0.4 0.4 0.5 amp Typical Operation
Max.-Signal D-C Plate Current .. 1.7 1.45 2.6 amps D:C Plate Violtage: ..onuusimsnmmesmmamprsmmiss 4800
Effective Load Resistance, D-C Grid VOItage .....o.oovooovoovoooooosoooo -600
Platesto-Plate: . ovisonsmmumossmnss 6000 8350 4800 ohms Peak R-F Grid Voltage 970
Max-Signal Driving Power, Peak R-F Plate Voltage 3800
approxXimate ... 45 30 140 watts D-C Plate Current ............. 0.78
Max.-Signal Power OUfPllt D-C Grid Current ... 0.08
approximate ... 5.4 5.5 10.4 kW R-F Load Resistance ............................ 2700
* Averaged over any audio-frequency cycle of sine-wave form. Eggg?go}:l?;‘fé’ :55;(?;1:::5: 289

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values

D-C Plate VOItAEE ... o0 0ummmmsiosisn ssviessiune
D-C Plate Current ...............oocoiviiieeii.
Plate Input ... ..o
Plate Dissipation ..o

Frequency

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, approxxmate

Power Output, approximate ... ...

** At crest of audio-frequency cycle with modulation factor of 1.0.

ML-553

R-F Power Amplifier and Oscillator

Class C Telegraphy

volts
volts
volts
volts
amp
amp
ohms
watts

kW

Key-down conditions per tube without amplitude modulationi

Maximum Ratings, Absolute Values

t Includes power transferred from driver stage.

0-H

R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without

amplitude modulation}

Maximum Ratings, Absolute Values

D-C Plate Voltage
D-C Grid Voltage ...
D-C Plate Current ....
D-C Grid Current ...
Plate Input
Plate Dissipation

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, approximate .....
Power Output, approximate

i Modulation essentially negative may be

of the envelope does not exceed 1

volts
volts
amps
amp
kW
kW

volts
volts
volts
volts
amps
amp
ohms
150 watts
7.2 kW

used if the positive peak
15% of the carrier conditions.

1.2
0.12
3200

D-C Plate Voltage ......... 6500 volts
D-C Grid Voltage ... -1000 volts
D-C Plate Current ... 1.75 amps
D-C Grid Current ... 0.40 amp
Plate Fnput seossmsm e 10 kW
50088 605(9)8 ;1;1:)5 Plate Dissipation 4 kW
-4.5 : 6 kW Frequency ... 70 Mc
113 7(/; lIi/Ich Typical Operation Cathode drive Grid drive
D-C Plate Voltage ............................... 4000 6300 volts
D-C Grid Voltage ..................... -300 -650 volts
Peak R-F Grid Voltage 765 1250 volts
4500 6000 volts Peak R-F Plate Voltage . ... 3000 5200 volts
-175 -220 volts D-C Plate Current ... 1.25 1.5 amps
3‘90 310 volts D-C Grid Current 0.15 0.20 amp
1875 2500 volts R-F Load Resistance ............... 1750 2000 ohms
0.85 0.65 amp Driving Power, approxunate 950 250 watts
1048;’) 2508 ?)I}l;r?is Power Output, approximate 4.0t 6.7 kW
s 230 100 watts ¥ Modulation essentially negative may be used if the positive peak of
1.25 13 kW the envelope does not exceed 115% of the carrier conditions.
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ML-5530-H
CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN PAGE 3
Limits
Characteristics Conditions Minimum Bogey Maximum
Grid Voltage e, = 1000 volts; i, = 6.5 amps ec: _ —_— 850 volts
Grid Current ey, = 1000 volts; i, = 6.5 amps fe: e e 2.2 amps
Plate Voltage E.= 0 Vdcg; I = 0.5 Adc Eun: 1.6 2.1 2.6 kVdc
Plate Voltage E.= -200 Vdc; I, = 0.5 Adc Ey: 6.5 7.3 8.1 kVdc
Grid Voltage E,= 7.0 kVd¢; I, = 0.05 Adc E.: -220 -270 -320 Vdc
Plate Power Output E, = 6.3 kVd¢; E. = -650 Vdc Py: 5.7 —_— — kW
I, = 1.5 Adc; I. = 0.20 Adc
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DESCRIPTION

The ML-5531 is a three-electrode tube designed for indus-
trial heating service and for AM broadcasting at frequencies
up to 30 megacycles. The filament is oriented with respect
to the grid structure to minimize the required r-f driving
power. The cathode is a thoriated-tungsten filament, whose
self-supporting structure employs no sliding contacts, insu-
lators, or tension springs. A sturdy grid structure provides

ML-5531
PAGE 1
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ML-3331

DESCRIPTION AND RATINGS

great mechanical strength as well as low electrical loss. Cit-
cuit inductance has been kept at a minimum in the grid as
well as in all other internal connections. Kovar is used for
the glass-to-metal seals. The plate fin structure is designed
to provide 10 kilowatts dissipation with a forced-air flow of
600 cfm. Maximum ratings of 10.5 kVdc plate voltage and
30 kW plate input apply at frequencies up to 30 Mc.

GENERAL CHARACTERISTICS

Electrical
Filament VOItage ... e 6.3 Volts
Filament Current at 6.3 VOIS ...........cccoooiiiiiii oo 92 Amps
Filament Starting Current, MaXimUm ..., 400 Amps
Filament Cold RESISTANCE ..............ccccooiii oo .0085 Ohm
AmPLfication FaCtor ... 24
Grid-Plate Transconductance
at'Ey = 4.0 kVi; T = 310 amibDs: suusemmvosmsnn s s o s i s s s S eoas s Smmmmiinmmsane 22000 umhos
Interelectrode Capacitances
GIIA-PLate ..o e, 26 uuf
Grid-FIlament .........ccocoooiiiiiii oo 23 uuf
Plate Filament oosussersmosmomsmsmmsrs b s mmasss s v s i o e s s sess e e ini 1.5 uuf
Mechanical
Mounting POSIION .......occoiiiiiii i Vertical, anode down
Type of ‘COOMNE uuusomussmmsimosmsms e it S i T s nmilinsen i nvs SLEE £ nmsn o nss shnssssssstans sammsmssmonnss Sanses Forced-air
Maximum Incoming Air TeMPErature .........................cccooiiiiiiiiiii e, 45 °C
Required Air Flow on Anode 6@ cfm
Static Pressure, Inches Water ... 0.8 inch
Maximum Bulb Temperature 160 °C
.............................................................. 30 pounds

Net Weight, Approximate .....................cccccceeiiviiiii..



ML-5531

PAGE 2

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B
Maximum Ratings, Absolute Values
D-C Plate Voltage ..vowwmosmmssseumsmmssmms volts
Maximum Signal D-C Plate Current* .. amps
Maximum Signal Plate Input* ... kW
Plate' Dissipation® oo kW
Typical Operation (Values are for two tubes)
D-C Plate Voltage 9000 volts
D-C Grid Voltage -350 volts
Peak A-F Grid-to-Grid Voltage ........................... 1620 volts
Peak A-F Plate-to-Plate Voltage ........................... 15400 volts
Zero Signal D-C Plate Current ........... . 1.0 amp
Maximum Signal D-C Plate Current ....... . 6.6 amps
Effective Load Resistance, plate-to-plate ....... .. 2900 ohms
Maximum Signal Driving Power, approx. ........... 490 watts
Maximum Signal Peak Driving Power, approx.*** 1940 watts
Maximum Signal Power Output, approx. ............... 41 kW
Radio-Frequency Power Amplifier
Class B
Carrier conditions per tube for use with a
maximum modulation factor of 1.0.
Maximum Ratings, Absolute Values
D-C Plate Voltage ...........ccocociiiiiiiiiiiiiniiieeenn 10500 volts
D-C Plate CULLENt ..oooiiiiiiiiiiieieeeiieeee e 2.50 amps
Plate: TOPUE .....msonnsenmmeiisssinismsnimmssssmssrmam 20 kW
Plate DisSiPatiOn .........coccooeiviiieiiiieiiiieiaiie e 10 kW
Typical Operation
D-C Plate Voltage ...........ccocooviviiiiiiiiiiiiieiiies 9000 volts
D-C Grid Voltage ..o -340 volts
Peak R-F Grid Voltage ..............c.cooooiiiiiiiiiii, 430 volts
Peak R-F Plate Voltage .u:iwiunssmissssinnsin 3800 volts
D-C Plate Current ............ . e 1.8 amps
D-C Grid Current, approX. ............ccccovivveeeiiieeniins 0.030 amp
Driving Power, approx.** ... 330 watts
Power Output, approx. ..... T —— 5.5 kW

High-Efficiency Grid-Modulated Amplifier

Carrier conditions per tube, unless otherwise specified, for use with
a maximum modulation factor of 1.0.

Maximum Ratings, Absolute Values
Carrier  Peak

Tube  Tube
D-C Plate: Voltage: ...coous snsssissvsnsvmmsosinsas 10500 10500 volts
D-C Grid Voltage ............ccooooeieii -1500  -1500 volts
D-C Plate Current ...............cceeeevenn. 3.0 2.07 amps
Plate Input ... . 30 207 kW
Plate: Dissipation: «iwssmswssmmsissssg 10 10 kW
Typical Operation
D-C Plate Voltage .........................cc..... 10000 10000 volts

-920 -920 volts

D-C Grid Voltage ...
D-C Plate Current

CALLIEL e voiss 555 b iome s b mmransone £b i s 1.5 0.2 amps
Modulatedt ... 1.5 1.1 amps
Driving Power, approx. ... 450 —— watts
Power Output, approx. ..............c......... 11.0 — kW

Plate-Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage ..........c.cccooiiiiiiiiiiiiiniiieeeiieeee 8000 volts
D-C Grid Voltage ..........cccocoooiiiiiiiiiiiiiiieee. -1500 volts
D-C. Plate: QUILENT: ;o.ousvivssvvmsmsssmsmsismossses i 3.1 amps
D-C Grid Current . 0.60 amp
Plate INPUL ......ooooiiiiiiiiiiii e 23 kW
Plate Dissipation ..................ccccccoeiieiiiiiiaiieiinn, 7.0 kW

Typical Operation
D-C Plate Voltage .............ccoooviiiiiiiiiiiiieiiees 7500 volts

D-C Grid Voltage ........... -1000 volts
Peak R-F Grid Voltage ... 1450 volts
Peak R-F Plate Voltage ... ... 6300 volts
D-C Plate Cuffent ...........ccoocovviiiieiiiieniiiiiiaieans 1.9 amps
D:C Grid Curtent ..cnuwommnmmmmmsimasssssavmes 0.30 amp
Driving Power, approx. 415 watts
Power Output, approx. ... e 11.3 kW

Radio-Frequency Power Amplifier and Oscillator
Class C

Key-down conditions per tube without amplitude modulation.}

Maximum Ratings, Absolute Values

D-C Plate Voltage: ..covmmemmnssivsiiiasivesisn 10500 volts
D:C Grid Voltage. ...........susssmmmimosasms s -1500 volts
D-C Plate Curfent ..........ccccoceviiiiiiiiiiieniiiiiicieeen, 3.75 amps
D-C Grid Current ..........ccoviiviiiiiieiiiiiicnceenn 0.60 amp
Plate Input . 30 kW
Plate Dissipation .veussssmmsssssmasasmmeimioiiisis 10 kW
Amplifier Oscillator

; 3 Grounded- Grounded-

Typical Operation Grid Filament
D-C Plate Voltage ........ 8500 8500 7500 9000 volts
D-C Grid Voltage ........ -1000  -1000 -800 -900 volts

Peak R-F Grid Voltage 1640 1640 1320 1460 volts
Peak R-F Plate Voltage 6700 6700 5700 6800 volts

D-C Plate Current ........ 3.4 3.4 2.8 3.2 amps
D-C Grid Current,

APPIOX. oo 0.44 0.44 0.31 0.30 amp
Driving Power, approx. 5660 700 ——  —— watts
Power Output, approx. 25.3§  20.5 14 19 kW

*  Averaged over any audio-frequency cycle of sine-wave form.
** At crest of audio-frequency cycle with modulation factor of 1.0.

***Peak driving power is defined as the product of peak a-f grid
voltage and peak grid current.

§ Includes power transferred from driver stage.
T Average value with modulation factor of 1.0.

1+ Modulation essentially negative may be used if the positive peak
of the envelope does not exceed 115 per cent of its unmodu-
lated value.



ML-5531
PAGE 3

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits
Characteristics Conditions Min. Bogey Max.
Grid Voltage iv = 14 amps; e, = 1100 v €c: — e 850 volts
Grid Current iv = 14 amps; e, = 1100 v ic: —— — 7.0 amps
Plate Voltage I, = 1.0 Adc; Ec = 0 Es: 1.5 1.9 2.3 kV
Plate Voltage I, = 1.0 Adc; Ec = -200 Vdc Ey: 6.2 6.7 7.2 kV
Grid Voltage I = 0.05 Adc; E», = 10 kV E.: -430 -490 -550 Volts
Plate Power Output E, = 9.0 kV; E. = -900 Vdc; P, 16 _— — kW
In = 3.2 Adc; I. = 0.30 Adc
T
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DESCRIPTION

The ML-5541 is a three-electrode tube designed for high-
frequency dielectric-heating service, and for AM and FM
broadcasting at frequencies up to 110 megacycles. The tube
has been designed for grounded-plate use, but it is also suit-
able for grounded-grid applications. Circuit inductance has
been kept at a minimum in the grid as well as in all other
internal connections. The filament is oriented with respect
to the grid structure to minimize the required r-f driving
power. The cathode is a thoriated-tungsten filament, whose

ML-5541
PAGE 1
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ML-3941

DESCRIPTION AND RATINGS

self-supporting structure employs no sliding contacts, insu-
lators, or tension springs. Rugged grid support rods pro-
vide great mechanical strength as well as low electrical loss.
Kovar is used for the glass-to-metal seals. The plate fin
structure is designed to provide 10 kilowatts dissipation with
a forced-air flow of 500 cfm. Maximum ratings of 8.5 kVdc
plate voltage and 23 kW plate input apply at frequencies
up to 110 Mc.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...

Filament Current at 7.5 Volts ............
Filament Starting Current, maximum ..

Filament Cold Resistance .................................c........
Amplification Factor ...

Grid Plate Transconductance

at B, = 3.6 kV; In = 2.75amps ......coooooovvinviiieannn

Interelectrode Capacitances

Grid-Plate ..............c..ooooiiiii e

Grid-Filament
Plate-Filament

Mechanical

Mounting Position ...
Type of Cooling ............ocoooiviiiiiiiiini .

Maximum Incoming Air Temperature .......................
Required Air Flow on Anode .................c.ccccoiiviii,

Static Pressure, Inches Water .
Maximum Glass Temperature* .
Net Weight, approximate

7.5 Volts
................................................ 57 Amps
250 Amps
.017 Ohms

............................................................. 21000 umhos

25 uuf
20 uuf
1.5 uuf

Vertical, anode down
Forced-air

............................................................ 45 °C

500 cfm
0.55 inch
160 °C

30 pounds

* To insure adequate cooling of the glass at frequencies above 40 Mc, it may be necessary either to provide additional
air flow or to reverse the direction of air flow through the radiator.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B
Maximum Ratings, Absolute Values
D-C Plate Voltage ............ccooooeieviiiiiiiiiiiei 8500
Maximum Signal D-C Plate Current* ... 2.5
Maximum Signal Plate Input* ... 21
Plate Dissipation™® o sammapmemmaam 10
Typical Operation (Values are for two tubes)
D-C Plate Voltage .................cccoooiiiiiiiiiiiie 7500
D-C Grid Voltage .............c.oocoiiiiiiiii -250
Peak A-F Grid-to-Grid Voltage ............................. 1280
Peak A-F Plate-to-Plate Voltage ......................... 13000
Zero Signal D-C Plate Current .............cocoevinnn, 0.8
Maximum Signal D-C Plate Current ... ; 4.2
Effective Load Resistance, plate-to-plate ................. 4000
Maximum Signal Driving Power, approx. ............ 210
Maximum Signal Power Output, approx. .............. 21
Radio-Frequency Power Amplifier
Class B
Carrier conditions per tube for use with a
maximum modulation factor of 1.0.
Maximum Ratings, Absolute Values
D-C Plate Voltage ...........cccocooiviiiiiiiiiiiiiiiii. 8500
D-C Plate Current ..........ccooviiiiiiiiiiiiiiiieeeein 1.75
Plate Input ............ 15
Plate Dissipation 10
Typical Operation
D-C Plate Voltage ...........cccoocviiiiiiiiiiiiiiin 7500
D-C Grid Voltage ......... -250
Peak R-F Grid Voltage .. 370
D-C Plate Cuffent ..........ccccoooeviiiiiiiiiiiieeiiiaeiiieanns 14
D-C Grid Current, approX. .............ccccccoooveiiiniinn. 0.025
Driving Power, approx.** ... 200
Power Output, approx. .............. 3.5

High-Efficiency Grid-Modulated Amplifier

volts
amps
kW
kW

volts
volts
volts
volts
amp
amps
ohms
watts

kW

volts
amps
kW
kW

volts
volts
volts
amps
amp

watts
kW

Carrier conditions per tube, unless otherwise specified, for use with

a maximum modulation factor of 1.0.

Maximum Ratings, Absolute Values
Carrier  Peak

Tube  Tube
D-C Plate Voltage ..............c.cccooeiiinnn.. 8500 8500 volts
D-C Grid Voltage: ..o -1500  -1500 volts
D-C Plate Current ...........c.oooovvvviiienen.. 2.2 1.5Famps
Plate Input ... 18 127kW
Plate Dissipation 10 10 kW
Typical Operation

D-C Plate Voltage ................................ 7500 7500 volts
D-C Grid Voltage -920 -920 volts
D-C Plate Current

CaLlier woroisesmnsisvassmaiss s 1.1 0.11 amps

Modulated ... 1.1 0.66 amps
Driving Power, approX. ....................... 450 ——— watts
Power Output, approx. ...................... 5.5 — kW

Plate-Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage 6500 volts
D-C Grid Voltage 1500 volts
D-C Plate Current .. 2.3 amps
D-C Grid Current .. 0.30 amp

Plate Input ... - 15 kW

Plate Dissipation 7 kW
Typical Operation
D:C Plate Voltage ....wvsummsusminmmnmnsnmms 6000 volts
D-C Grid Voltage ... -800 volts
Peak R-F Grid Voltage 1150 volts
Peak R-F Plate Voltage ... 5000 volts
D-C Plate -Curent ..o 1.1 amps
D-C Grid Current ..., 0.12 amp
Driving Power, approx. 135 watts
Power Output, approX. ................ccccceeeuvivveinn. 5.2 kW

Radio-Frequency Power Amplifier and Oscillator

Class C

Key-down conditions per tube without amplitude modulation.}

Maximum Ratings, Absolute Values

D-C Plate Voltage .................oooooooiiiiiiiii, 8500 volts
D-C Grid Voltage ... -1500 volts
D-C Plate Current .................oooooiiiiiiiiii 2.75 amps
D-C Grid Current ... 0.30 amp
Plate Input ... 23 kW
Plate Dissipation 10 kW

Typical Operation

Grounded-  Grounded-

Grid Filament
D-C Plate Voltage .................. 7500 5000 7500 volts
D-C Grid Voltage .................. -650 -400 -650 volts
Peak R-F Grid Voltage .......... 1135 825 1135 volts
Peak R-F Plate Voltage .......... 5400 4300 5400 volts
D-C Plate Current .................. 2.4 2.0 2.4 amps
D-C Grid Current, approx. ... 0.16 0.16 0.16 amp
Driving Power, approx. ... 2550 135 170 watts
Power Output, approx. ......... 13.8§ 6 11.5 kW

* *

L2

Averaged over any audio-frequency cycle of sine-wave form.

At crest of audio-frequency cycle with modulation factor of 1.0.
Includes power transferred from driver stage.

Average value with modulation factor of 1.0.

Modulation essentially negative may be used if the positive peak
of the envelope does not exceed 115 per cent of the carrier
conditions.



ML-5541

PAGE 3

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits
Characteristics Conditions Min Bogey Max.
Grid Voltage i, = 10 amps; e, = 1000 v €c: —_ o 700 volts
Grid Current ip = 10 amps; e, = 1000 v ic: — o 3.5 amps
Plate Voltage I, = 1.0 Adc; Ec = 0 Es: 22 255 2.8 kV
Plate Voltage I, = 1.0 Adc; Ec = -200 Vdc En: 72 y Aoy 8.2 kV
Grid Voltage Iy = 0.05 Adc; E» = 8.5 kV E.: -350 -400 -450 Volts
Plate Power Output E, = 7.5 kV; E. = -650 Vdg; 9.8 R — kW
I» = 2.4 Adc; 1. = 0.16 Adc
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TUBE HANDLE

NOTE |

THE TUBE SHALL BE
CAPABLE OF ENTERING A
GAUGE CONSISTING OF TWO
COAXIAL CYLINDERS; THE
FIRST 8.020" DIA. X 8 LONG AND
THE SECOND .500" DIA X- LONG

NOTE 2

LENGTH OF CONTACT
SURFACE
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DESCRIPTION

The ML-5604 and ML-5619 are general purpose three
electrode tubes designed specifically to meet the severe
conditions of industrial heating service. Their special design
also contributes to better performance when used as modula-
tors, amplifiers, or oscillators in communications equipment.
The cathode of each type is a pure-tungsten filament de-
signed to afford long filament life. Both tubes incorporate
rigidly supported grid and filament assemblies, glass surfaces
completely shielded against electron bombardment and fila-
ment radiation, and rugged kovar anode, grid, and filament

ML-5604
ML-5619

PAGE 1
ISSUED 11-57

ML-a604
ML-a619

DESCRIPTION & RATINGS

seals. The ML-5604 has a forced-air-cooled, heavy-wall
anode capable of dissipating 10 kW with an air flow of
approximately 750 cfm. The ML-5619 has a water-cooled,
heavy-wall anode capable of dissipating 20 kW with a
water flow of approximately 7 gpm. Maximum ratings of
12.5 kVdc plate voltage and 32.5 kW plate input apply at
frequencies up to 25 Mc. These tubes are rated for service
up to 50 Mc with plate voltage and plate input reduced
according to the table on page 2.

GENERAL CHARACTERISTICS

Electrical

Filament VOIABE ..., v svmssss s s s

Filament Emission
Filament Current at Bogey Voltage

Filament Starting Current, maximum ...
Filament Cold ReSiStance ......................cccccooimiiiiiiiiiiiiin,
Amplification Factor ...

Interelectrode Capacitances

Grid-PIate ....ooooieeiee e
Grid-Filament ...
Plate-Filament .................cccccoiiiiiiiiiiiiiie e

Mechanical

Mounting PoSItion ..........cccccooiiiiiiiiiiiiiiii e
Type of Cooling — ML-5604 ...........ccccoooviiiiiiiiii

Air flow on anode, minimum for 10 kW dissipation
Maximum incoming air temperature ..................

Type of Cooling — ML-5619 ............. ST UUUTIURIUPIUPRIOO
Water flow on anode, minimum for 20 kW dissipation

Maximum outgoing water temperature .....................
Maximum Glass Temperature ....................c.........

Air flow on center of dish from 3” nozzle
Net Weight, approximate

ML-S60G: cosinisssesss s s s s

............................... 11.0 Volts

124 Amps
. 176  Amps
............................... 270 Amps
............................... .0052 Ohms
............................... 20

ML-5604 ML-5619

............................... 24.0 23.0  uuf
............................... 27.0 27.0 uuf
............................... 1.25 1.00 uuf

Vertical, anode down

...... . Forced-air
750 cfm
45 °C
............................... Water and forced-air
7 gpm
70 °C
160 °C
50 cfm*
............................... 45  1bs.
6 lbs.

* At frequencies above 15 Mc, more air flow may be necessary; special attention should be given to adequate ventilation of the dish and
seals to keep the temperature at the hottest point below 160°C. Heat radiation connectors for grid and filament posts are recommended.
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PAGE 2 MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
(Continuous Commercial Service)
VALUES APPLY TO BOTH TYPES UNLESS OTHERWISE SPECIFIED
Audio-Frequency Power Amplifier and Modulator Plate-Modulated R-F Power Amplifier
Class B Class C Telephony
Maximum Ratings, Absolute Values ML-5604  ML-5619 Carrier conditions per tube for use with a maximum
D-C Plate Voltage ... 12500 12500 volts modulation factor of 1.0
Max.-S.lgnaI D-C Plate Current* .. 2.75 3.0 amps Maximum Ratings, Absolute Values ML-5604  ML-5619
Max.-Signal Plate Input* ... ... . 32.5 32.5 kW
Plate Dissipacion® 10 50 KW D-C Plate Voltage ....................... 8000 10500 volts
) TR D-C Grid Voltage ... —2000 —2000 volts
Typical Operation (Values are for two tubes) D-C Plate Current ........................ 1.5 1.5 amps
D-C Plate Voltage ............... 8000 10000 12000 volts D-C Grid Current ................... 0.45 0.45 amp
Filament Voltage ... 102 10.6 11.0 volts Plate Input ... 12 15 kW
D-ck Grid Voltage —370 —480 —G600 volts Plate Dissipation . - 6 133 kW
Peak A-F Grid-to-Grid : :
VOUBEE oo 1620 2020 2380 volts Typical Operation ML-5619
Feto-Signal D-C Plate D-C Plate Voltage ......cccviivnisan 6000 8000 10000 volts
Current ... 0.4 0.5 0.6 amp Filament Voltage = w104 10.7 11.0 volts
Moax. Signial D-C Plate D-C Grid Voltage ... . — 740 —1000 —1300 volts
Cutrent . 26 3.7 45 amps Peak R-F Grid Voltage ............ 1140 1540 1930 volts
Effective T.oad, Rosstines, ' D-C Plate Current ....... e 0.7 1.1 1.4 amps
Plate-to-Plate 7200 6100 5900 ohms D-C Grid Current ... 0.09 0.13 0.15 amp
Max, Sigral Driving Bower, Driving Power, approximate ... 100 200 280 watts
APPIOXIMALe .........coccoverennn.. 140 150 160  watts Power Output, approximate ... 3.4 7.1 119 kW
Max.-Signal Power Output,
approximate ................... 14.5 25 36 kW R-F Power Amplifier and Oscillator
* Averaged over any audio-frequency cycle of sine-wave form. Class C Telegraphy
. .ge Key-down conditions per tube without
Radio-Frequency Power Amplifier amplitude modulationt
Class B Maximum Ratings, Absolute Values ML-5604  ML-5619
Carrier conditions per tube for use with a maximum D-C Plate Voltage ...............c........ 12500 12500 volts
modulation factor of 1.0 D-C Grid Voltage ....................... —2000 —2000 volts
Maximum Ratings, Absolute Values ML-5604  ML-5619 D-C Plate Current ...................... 3.0 3.0 amps
D-C Plate Voltage ...................... 12500 12500 volts D-C Grid Current ..o 0.45 0.45 amp
D-C Plate Current ................ 1.4 1.5 amps Plate Input ... 325 325 kW
Plate INPUE ovoororreooooroioon 16 16 kW Plate Dissipation ...................... 10 20 kW
Plate Dissipation - 10 16 kW Typical Operation
Typical Operation D-C Plate Voltage ..................... 8000 10000 12000 volts
D-C Plate Voltage ............... 8000 10000 12000 volts Filament Voltage ... .. 105 107 10.9 volts
Filament Voltage ..................... 9.9 10.2 10.5 volts D-C Grid Voltage ... . —680 —870 —1170 volts
D-C Grid Voltage ............... .. —400 —500 —610 volts Peak R-F Grid Voltage ............. 1300 1620 2130 volts
Peak R-F Grid Voltage ... 410 490 590 volts D-C Plate Current ................... 1.5 2.0 2.5 amps
D-C Plate Current .............. 0.6 0.8 1.0 amp D-C Grid Current ................... 0.19 020  0.22 amp
D-C Grid Current ............c......... 0.00  0.00 0.00 mA Driving Power, approximate ... 250 320 470 watts
Driving Power, approximatet ... 75 70 65 watts Power Output, approximate ...... 9.2 15 22,5 kW
Power Output, approximate ... L.7 2.8 44 kW tModulation essentially negative may be used if the positive peak
tAt crest of audio-frequency cycle with modulation factor of 1.0 of the envelope does not exceed 115% of the carrier conditions.

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply at frequencies up to 25 Mc. FLeqUEncy s 25 35 50 megacycles
These tubes may be operated at higher frequencies provided
the maximum values of plate voltage and plate input are
reduced according to the tabulation below (other maximum

Percentage of Maximum Rated Plate
Voltage and Plate Input

ratings are the same as shown above). Special attention Class B oo 100 85 70 per cent
should be given to adequate ventilation of the bulb at the Class C Plate Modulated ................ 100 80 50 per cent
higher frequencies. Class C Unmodulated ... 100 80 50 per cent

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits

Characteristic Conditions Minimum Bogey Maximum
Grid Voltage ey = 1500 volts; 1, = 8.0 amps ec: 830 wvolts
Grid Current en = 1500 volts; i, = 8.0 amps fe: —_— —_— 1.6 amps
Plate Voltage E. = 0Vdg; In = 1.25 Adc En: 3.0 3.5 4.0 kVdc
Plate Voltage E. = —200 Vdc; I, = 1.25 Adc Ey: 6.7 7.5 8.3 kVdc
Grid Voltage E, = 10kVde; I, = 0.020 Adc E.: —480 —520 —600 Vdc
Peak Cathode Current (See note) ix: 11.5 o ——  amps
Power Output E, = 12.5kVde; I, = 2.6 Adc Po: 22:5 e — kW

I. = 0.225 Adc; R, = 6000 ohms
Note: Represents maximum useable plate current plus grid current for any condition of operation.
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FILAMENT TERMINALS

(SHORT) —THE TUBE BASE MUST ENTER

NOTE: RADIATOR HANDLES / TO A DISTANCE OF .625" INTO
A FLAT GAGE HAVING 4 HOLES
MUST BE IN LINE WITH ! 2 W
FILAMENT POSTS (SHORT) 336’ £. 001 DIA. ON A 2.125
+.00I'DIA. B.C. AT ANGLES OF
90°t10'

GRID TERMINALS

AIR-COOLED RADIATOR /— GRID TERMINALS

-~ FILAMENT TERMINALS
, (SHORT)

3+l
o3tzoA ;
THE TUBE BASE MUST z
ENTER TO A DISTANGE z Z
‘ OF .625"INTO A FLAT P— 5 =
GAGE HAVING (4) HOLES ¥ b= =$ " 0 =
I 536" £.001" DIA. ON A ‘ © ¢
2.125"*.001" DIA. B.C. e . |
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" " " -
Zwin. ,437"+.005" DIA. =
=
Z
= 0 "
¢ z
" -
54 MAX. DIA. Yo

3"

4 %
” 32 Max. DIA £
2 J | .
2.562"£005"DIA. - S =
I"MAX '+|
B A 2 e
§
i |0
»+.010" L ©
2.375" 1 Q0. pIA.
e Tcon
7.8MAX.D|A. | |

<— 8.125" MAX.DIA.

ML-5604 ML-5619

MACHLETT LABORATORIES, INC.
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DESCRIPTION

The ML-56006 is a three-electrode tube designed to meet
the severe conditions of induction heating service. For in-
dustrial applications, it supersedes the Type 892 triode and
will replace it without equipment modifications. The anode,
which is designed for use in existing standard 892 sockets,
is water-cooled and with moderate water flow can readily
dissipate 10 kW. The cathode is a pure-tungsten stress-free
filament. Additional features incorporated include rigidly

ML-5606
PAGE 1
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ML-3606

DESCRIPTION & RATINGS

supported grid and filament assemblies, glass surfaces com-
pletely shielded from electron bombardment and filament
radiation, and rugged Kovar anode, grid and filament seals.
Maximum ratings of 14 kVdc plate voltage and 25 kW plate
input apply at frequencies up to 1.6 Mc; operation at 20 Mc
is permissible with voltage and input reduced to one-half
maximum ratings.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...........cccooooiiiiiiiiiiiiiiiiii i,

Filament Current at 22 Volts

Filament Starting Current, maximum ...........c.cccocoereiiieenn,
Filament Cold ReSiStance ................cccccooiiiiiiiioiiiiiiiiiains
Amplification Factor ...

Interelectrode Capacitances

Grid-Plate ..o
Grid-Filament ...
Plate-Pilament: . oissssssssmmnssmmesims ssvesgaisngvs sy smmas ssyms

Mechanical

Mounting POSItion .............cccooiiiiiiiiiiiiiiiiii e

Type of Cooling

Water Flow on Anode ..........ccocooiiviiiiiiiiiiiiiii
Maximum Outgoing Water Temperature ........................

Maximum Glass Temperature

Net Weight, approXimate .............cccocooiiiiiiiiiiiiiiiieiiei.

.............................................................. 50

................................................... 16  uuf

22 Volts
60 Amps
120 Amps
0.031 Ohms

30  uuf

1.5 uuf

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

Water

3-8 gpm
70  °C
160 °C
3.5 Ibs.



ML-5606

PAGE 2

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Radio-Frequency Oscillator—Class C*

Maximum Ratings, Absolute Values
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current ...

Plate Input ..o

Plate Dissipation

volts
volts
amps
amp
‘watts
watts

* For other classes of operation, see ML-892 data.

Typical Operation

D-C Plate Voltage ................... 8000 10000 12000 volts
D-C Grid Voltage .............. -700 900  -1100 volts
Peak R-F Grid Voltage ... 1440 1730 2040 volts
Peak R-F Plate Voltage ... 6400 8100 9900 volts
D-C Plate Current ... 1.4 1.6 1.8 amps
D-C Grid Current, approx. ........ 0.20 0.20 0.20 amp
Power Output, approx. ............ 7800 11300 15500 watts

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply at frequencies of 1.6 megacycles and less. Maximum values of plate voltage and power input for
operation at higher frequencies are determined by the percentage factors tabulated below, other maximum ratings being the
same as shown in the above section. At high frequencies special attention should be given to adequate ventilation of the bulb.

Frequency

Percentage of Maximum Rated Plate

Voltage and Plate Input
Class C Unmodulated

Characteristics

CHARACTERISTIC RANGE VALUES

Grid Voltage ep
Grid Current €b
Plate Voltage E.
Plate Voltage E.
Grid Voltage E»
Power Output Es

In

Conditions
2000 volts; i» = 8.0 amps
2000 volts; i, = 8.0 amps

0 Vdg; I, = 0.5 Adc

-100 Vdc, Iy = 0.5 Adc
15 kVdc; I, = 0.02 Adc
12 kVdc; E. = -1100 Vdc;
1.8 Adc; I. = 0.20 Adc.

FOR

ie:
Ep:
Ey:
E.:

EQUIPMENT DESIGN

Minimum

5.0
10.0
-220
13.0

Limits

Bogey
7.3
12.3
-300

1.6 7.5 20 megacycles

100 75 50 per cent

Maximum

1300 volts
3.5 amps
8.6 kVdc
14.8 kVdc
-420 Vdc
— kW
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GRID TERMINALS

THE TUBE BASE MUSTENTER TO A
DISTANCE OF 625" INTO A FLAT GAGE
HAVING 4 HOLES .536"+.001"DIA. ON
A 2.125"+ .001"DIA. B.C. AT ANGLES
OF 90° t (0"
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DESCRIPTION

The ML-5658 is a three-electrode tube designed specifi-
cally for radio-frequency heating service, replacing the type
880 in industrial applications without equipment modifica-
tion. The anode is water cooled and is capable of dissipating
20 kilowatts. The cathode is a stress-free, pure-tungsten fila-
ment. The tube incorporates rigidly supported grid and fila-
ment assemblies, glass surfaces shielded against electron
bombardment and filament radiation, and sturdy kovar anode,
grid, and filament seals.

The ML-880 is a three-electrode tube designed specifically
for use as a modulator, amplifier, or oscillator in radio
transmitting service, featuring low lead inductances and low
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DESCRIPTION & RATINGS

interelectrode capacitances.

All of the structural improvements of the ML-5658 have
been incorporated in the ML-880 so that these two types are
now physically identical. With filament voltage at 12.6 volts,
the ML-5658 is electrically identical to the ML-880 at the
same filament voltage setting and will replace it directly.

Maximum ratings of 12.5 kVdc plate voltage and 60 kW
plate input apply to the ML-5658 at frequencies up to 15 Mc;
maximum ratings of 10.5 kVdc plate voltage and 60 kW
plate input apply to both types at frequencies up to 25 Mc.
Operation at higher frequencies is permissible with voltage
and input reduced according to the table on p. 2.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...

Filament Emission .................................
Filament Current at Bogey Voltage .............
Filament Starting Current, maximum

Filament Cold Resistance .......................cc.cccccoiiviiiiin,

Amplification Factor

ML-5658 ML-880

In = 2.0 Adc, Ec = —100 VdC ..o
Interelectrode Capacitances
Grid-Plate ...

Mechanical

Mounting POSItION ......oooiiiiiii i

Type of CoOling .........ccooooiiiiii i

Water flow on anode, minimum for 20 kW dissipation
Maximum outgoing water temperature ......................cccoeevveeiveeneen..

Air flow on dish from 3” nozzle ...

Maximum Glass TEMPELAtULE .............coooiiiiiiiiii oo,

Net Weight, approxXimate ..................c.ocooiii i,

................................ 12.0 12.6  Volts
28 35 Amps
310 315 Amps
450 450 Amps
................................ 0.003 0.003 Ohms
20 20
24 24 uuf
35 35 puf
2 2 ppf

Vertical, Anode Down
Water and forced-air
104 gpm
70 °C
50 cfm*
160 °C
7 lbs.

* At frequencies above 10 Mc special attention should be given to adequate ventilation of the dish and seals to keep the temperature at the
hottest point below 160°C. Heat radiating connectors for grid and filament posts are recommended when tube operation is at frequencies

greater than 10 Mc.
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R-F C-W Oscillator (ML-5658)

Maximum Ratings, Absolute Values

Filament Voltage ...,
D-C Plate Voltage .............cccccooviiiiiiiiiiiiii.

D-C Grid Voltage
*D-C Plate Current
D-C Grid Current ...........ccoocvviieeiiieiiii 0.8
Plate Input ... 60
Plate ‘Dissipation’ ..ovsisussssmm smassssssmmmimins 20
Frequency ...............ooccoiiiiii 15
Typical Operation
D-C Plate Voltage ............... 8000 10000 12000
Filament Voltage ... 11.8 12.0
D-C Grid Voltage —900 —1000
Peak R.F Grid Voltage ......... 1320 1510 1680
D-C Plate Current ................... 3.1 4.0 4.5
D-C Grid Current, approx. ..... 40 45 .50
Power Output, approx. ........... 17 27 38

A-F Power Amplifier and Modulator
Class B

Maximum Ratings, Absolute Values
Filament VOltage: wessussomommssmosiissasiess 12.6
D-C Plate Voltage ............ccccooiiiiiiiiiiiiiiiiiiin 10500
Signal D-C Plate Current™ .................cccoooiin 5.0

Signal Plate Input* . 40
Plate Dissipation* 15
Values are for 2 Tubes
D-C Plate Voltage .............ocoooiiiiiiiiinn, 7500 10000
Zero Signal D-C Plate Current .............. 1.0 1.0
Max. Signal D-C Plate Current ................ 6.7 7.0
DC Grid Voltage ... oo s —340 —450
Peak A-F Grid-to-Grid Voltage .............. 1450 1680
Effective Load (plate to plate) ............. 2300 3100
Max. Signal Driving Power ............... 490 540

Max. Signal Power Output .................... 31 46
* Averaged over any audio-frequency cycle of sine-wave form.

R-F Power Amplifier
Class B

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

Maximum Ratings, Absolute Values

Filament Voltage 12.6
D-C Plate Voltage .............cccoooiiinn 10500
D-C Plate Current 4.0
Plate Input ... 32
Plate Dissipation 20
Typical Operation
D-C Plate Voltage 10000
D-C Plate Current ... 2.75
D-C Grid Voltage —460
D-C Grid Current, approximate ......... 0.013  0.009
Peak R-F Grid Voltage ... 570 595
Driving PoWett o summssnensauares 1250 900
Power Output ................ 8 9

volts
volts
volts
amps
amp
13\
kW
Mc

volts
volts
volts
volts
amps
amp

volts
volts
amps

kW

volts
amp
amps
volts
volts
ohms
watts

kW

volts
amps
volts
amp
volts
watts

kW

+At crest of audio-frequency cycle with modulation factor of 1.0.

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
VALUES APPLY TO BOTH TYPES UNLESS OTHERWISE SPECIFIED

Plate Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

Filament Voltage

D-C Plate Voltage
D-C Plate Current
D-C Grid Current
D-C Grid Voltage ...

Rlate Input wowmpmimmpmssomsmmimmsesmmmss
Plate Dissipation

Typical Operation
D-C Plate Voltage .............occcooonin

10000
D-C Plate Current ............................ 3.0 3.6

D-C Grid Voltage —1000 —1200
Peak R-F Grid Voltage ... 1560 1840
D-C Grid Current ........................ 0.57 0.64
Driving Power ... 850 1100
Power QUEpUt unumpmsusmmsssamsmsmsm 16 27

R-F Power Amplifier and Oscillator
Class C Telegraphy
Key-down conditions per tube without modulationd

Maximum Ratings, Absolute Values

Filament Voltage .............cccccoiiiiiiiiiiiiiii, 12.6
D-C Plate Voltage ...................ccocooooooiii. 10500
D-C Plate Cufrent ............ccocoveiiiiiiiiiiiiiai, 6.0
D-C Grid Cuttent .uvwimmpnsmmmmmmmmsssing 0.8
D-C Grid Voltage ..........occcoooviieiiiiiiiin —1200
Plate Input 60
Plate Dissipation .............ccccccoooiiiiiiiiiiiiiiiieiins 20
Typical Operation
D-C Plate Voltage ................. 7500 10000 10000
D-C Plate Current ................. 4.8 4.5 6.0
D-C Grid Voltage ................. —600 —800 —1000
Peak R-F Grid Voltage ............ 1250 1460 1830
D-C Grid Current .................. 0.79 0.78 0.8
Driving Power . 920 1000 1500
Power Output . 24 33 40

volts
volts
amps
amp
volts
kW
kW

volts
amps
volts
volts
amp

watts
kW

volts
volts
amps
amp
volts
kW
kW

volts
amps
volts
volts
amp

watts

kW

+Modulation essentially negative may be used if the positive peak of
the audio-frequency envelope does not exceed 1159% of the carrier

conditions.

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply at frequencies up to 25 Mc. Both
types may be operated at higher frequencies provided the
maximum values of plate voltage and plate input are reduced
according to the table below (other maximum ratings are
the same as shown on page 2). For R-F C-W Oscillator
operation, the ML-5658 may be operated up to 15 Mc with
the plate voltage increased to 120 per cent of the maximum
rating for 25 Mc. Special attention should be given to ade-
quate ventilation of the dish and seals at the higher fre-

quencies.

Percentage of Maximum Rated Plate Voltage and Input

Class C Class C
Mc Class B Telephony Telegraphy
Volts Watts
25 100 100 100 100
50 80 94 72 75
75 68 85 56 62
100 60 75 45 50
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Amps
kW

kvdc

3.6 kVdc

8.1

10.0 Amps

1300 Volts

—690 Vdc

Maximum

7.3

3.2

Limits
Bogey

—525

ML-880

28

35

inimum
2.8
6.5

—460
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DESCRIPTION

The ML-5668 is a three-electrode tube designed specifi-
cally to meet the severe conditions of radio-frequency heating
service. For industrial heating service, it supersedes the Type
892 triode and will replace it with minor equipment modifi-
cations. The heavy-wall high-conductivity copper anode is
water cooled and with moderate water flow can readily dis-
sipate 20 kilowatts. The cathode is a pure-tungsten stress-
free filament designed to afford longer filament life. The
tube incorporates rigidly supported grid and filament as-

ML-5668
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ML-5668

DESCRIPTION & RATINGS

semblies, glass surfaces completely shielded against electron
bombardment and filament radiation, and rugged kovar
anode, grid, and filament seals to withstand the rigorous
mechanical and electrical operation inherent in industrial
applications. Maximum ratings of 14 kVdc plate voltage and
28 kW plate input apply at frequencies up to 5 Mc; opera-
tion at 20 Mc is permissible with voltage and input reduced
to one-half maximum ratings.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...
Filament Emission ...................cccccccoiiiiiiiiiiiiiiiiiieeie

Filament Starting Current, maximum .............................
Filament Cold Resistance .......................................

Amplification Factor ...

Interelectrode Capacitances

Grid-Plate ...

Grid-Filament
Plate-Filament

Mechanical

Maximum Glass Temperature

Net Weight, approximate ......................................

22.0 Volts
9.4 Amps
60 Amps
120 Amps

.031 Ohms
50

30  uuf
18  uuf
1.5 uuf

.............................................................. Vertical, anode down

Water and forced-air
See Water Cooling Characteristics on page 2

70  °C
35 cfm*
160 °C
10 Ibs.

* At frequencies above 3 Mc more air flow may be necessary; special attention should be given to adequate ventilation of the dish and seals to
keep the temperature at the hottest point below 160 °C. Heat radiating connectors for grid and filament posts are recommended.
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RATINGS AND TYPICAL OPERATING CONDITIONS

Radio-Frequency Oscillator — Class C

MAXIMUM

Maximum Ratings, Absolute Values Typical Operation

D-C Plate Voltage ............cccoooiiiiiiiiiiiii 14000 volts D-C. Plate Voltage ... 8000 10000 12000 volts
D-C Grid Voltage ... ... -1600 volts D-C Grid Voltage ... -500  -600  -700 volts
e SI“ o 50 e Peak R-F Grid Voltage . 1240 1420 1600 volts
- ate CUTIENL ..oooooooinnnsin e .0 amp Peak R-F Plate Voltage 6300 3100 9900 volts
D-C Grid Current .......ooooooiiiiiiiiiiiii 0.40 amp D-C Plate Current .......... 1.6 1.8 2.0 amps
Plate Input watts D-C Grid Current .......... . .20 .20 .20 amp
Plate: Dissipation: qmesasssssmmsimmmm s 20000 watts Power Output, approx. ............. 8300 12300 17000 watts
S e
! WATER JACKET CHARACTERISTICS
HT 1 ML-5668 HH
i FrHHH HHH
SHEHH -+
4|Far
43 A B
MAXIMUM FREQUENCY RATINGS sH—3|3 '
R @
Maximum ratings apply at frequencies of 5 megacycles and less. g- aRmams: ;E’ = HHH
Maximum values of plate voltage and power input for operation at 7 T ' T EERERY 4
higher frequencies are determined by the percentage factors tabulated § i foJr\—HLH# WATER-FLOW G PML] 1
below, other maximum ratings being the same as shown in the above © HE | sas 3 af H
section. At high frequencies special attention should be given to §6 : & : e
adequate ventilation of the bulb. ¢ HE 5 8
w 1 L]
s i mEE ] EnSEssEassEEn
Frequency ... 5 12.5 20 megacycles = s HHH+ ! F
= T T
=1
Percentage of Maximum Rated Plate g !
Voltage and Plate Input = HHH : s mmasn
Class C Unmodulated 100 75 50 per cent EREEEnsEEmaas A ]
i Uf ‘; inEny. T : 1 1
s H T
; HHAA ! HHHHHHH
T Il.f‘ 1 ! T
1 1 ]‘ T
‘ H HH HH
2 ,‘ -+ 1 T ]
aEE EEEEESEEE] NEaE
T - CHARACTERISTICS ARE FOR
e MACHLETT WATER JACKET
B } i! - LT l“{'m’T];P!lRAJH' SN ENEEE
| 1 111 1 | ENEES NN T
9 8 12 16 20 24
PLATE DISSIPATION , KILOWATTS
CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristics Conditions Minimum Bogey Maximum
Grid Voltage e, = 2000 volts; i, = 8.0 amps ec: ——— —_— 1300 volts
Grid Current e, = 2000 volts; i, = 8.0 amps fo} e — 3.5 amps
Plate Voltage E. =0 Vdg; In = 0.5 Adc Ey: 5.0 73 8.6 kVdc
Plate Voltage E. = -100 Vd¢; In = 0.5 Adc Ey: 10.0 12.3 14.8 kVdc
Grid Voltage E, = 15 kVdc; I, = 0.02 Adc Ee: -220 -300 -420 Vdc
Power Output E, = 12 kVd¢; E. = -700 Vdc P 14.5 — — kW

2.0 Adg; I. = 0.20 Adc
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DESCRIPTION

The ML-5681 is a compact, general-purpose, high-power
electron tube designed for operation at frequencies up to
110 Mc. It is a coaxial-terminal, water- and forced-air-
cooled triode capable of approximately 50 kW output at
110 Mc in cathode-drive circuitry with 10 kW driving power.
Maximum ratings of 9 kVdc plate voltage and 90 kW plate
input apply at frequencies up to 110 Mc; increased ratings
of 15 kVdc plate voltage and 150 kW plate input are per-
missible at frequencies up to 30 Mc.

The ML-5681 has basic design features which make it suit-
able for use over a wide range of power and frequency in
high-power AM, FM, and TV broadcasting, particle accelera-
tor, and dielectric and induction heating services. This tube

ML-5681
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DESCRIPTION AND RATINGS

is ideally suited to cavity operation, and its low plate im-
pedance makes it advantageous for broad-band service. Other
features include high-conductivity glass-to-metal seals, sturdy
electrodes, integral anode water jacket, quick-change water
coupling, and heavy-wall copper anode designed to dissipate
75 kW. All electrodes mount directly from heavy copper
rings, resulting in a structure which is electrically and me-
chanically superior to the conventional types of water-cooled
electron tubes. The large-diameter seals provide increased
strength and freedom from excessive heating. The cathode
is a multistrand, thoriated-tungsten filament, completely bal-
anced and stress free throughout life. The grid is capable of
unusually high heat dissipation, contributing to maximum sta-
bility of tube performance and circuit operation.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...

Filament Current at 12.0 volts ................
Filament Starting Current, maximum

Filament Cold Resistance .........................
Amplification Factor ...

Direct Interelectrode Capacitances
Grid-Plate .............
Grid-Filament
Plate-Filament

.
Mechanical

Mounting Position ...
Type of Cooling .................ccoccociiieieiiiii,
Water Flow on Anode .......................

Maximum Outlet Water Temperature ...

Air Flow on Seals, approximate ...............
Maximum Glass Temperature .............

Net Weight, approximate ...........................

12.0 Volts
220 Amps
550 Amps

......................................................... 0.0062 Ohms
......................................................... 25

61 uuf
76 uuf
2.0 uuf

.......................................... Vertical, Anode Down
........................................... Water and Forced-Air
........................ See Water Cooling Characteristics

75 psi

70 °C

250 cfm

......................................................... 165 °C
........................................................ 43 1bs.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B
Maximum Ratings, Absolute Values
D-C Plate Voltage . cuwsmsmmsm s s 15000
Max.-Signal D-C Plate Current* ... 11
Max.-Signal Plate Input* ... 150
Plate Dissipation™® :iccumrssmmmnssmmmmanisssmg 75
Typical Operation (Values are for two tubes)
D-C Plate Voltage ... 12000 14000
D-C Grid Voltage ... —430 =500
Peak A-F Grid-to-Grid Voltage ........... 1950 2150
Peak A-F Plate-to-Plate Voltage ............ 21000 24000

Zero-Signal D-C Plate Current ............. 2.0 3.0
Max.-Signal D-C Plate Current 18.6 214
Effective Load Resistance, Plate-to-Plate 1450 1400
Max.-Signal Driving Power, approximate 1.4 14

Max.-Signal Power Output, approximate 150 200
Radio-Frequency Power Amplifier
Class B
Carrier conditions per tube for use with a
maximum modulation factor of 1.0
Maximum Ratings, Absolute Values
D:C Plate. VOItage ... s 15000

D-C Plate CUrrent ............ccocooieeeiiiiiiiiiiiiiiiiiiiaeanins 9

Plate Input 110
Plate DisSIpation . sssssssvivsns s ssosia s 75
FECGUENCY  vosneronnennmennintnssstis s siiasins s ssimonss b SFavass cisish 40
Typical Operation
D-C Plate Voltage 10000 12000
D-C: Grid Voltage cevosmmusmsmmss =350 —430
Peak R-F Grid Voltage ... 515 615
Peak R-F Plate Voltage ... .. 4200 5000
D-C Plate Current ... 6.0 7.5
D-C Grid Current .............................. 60 50
R-F Load Resistance ................... - 435 420
Driving Power, approximate** .. ... .. .. 1.3 1.8
Power Output, approximate ... . 20 30

Radio Frequency Amplifier
Class B — Television Service

volts
amps
kW
kW

volts
volts
volts
volts
amps
amps
ohms
kW
kW

volts
amps
kW
kW
Mc

volts
volts
volts
volts
amps
mA
ohms
kW

Synchronizing level conditions per tube, unless otherwise specified,

in cathode-drive circuit—88 Mc, 5 Mc bandwidth

Maximum Ratings, Absolute Values

D-C Plate Voltage ... 9000
D-C Plate Current ................cooooiiiiiiiiiiiiiei 12
D:C 'Grid Current: woisssesmsmmmsn s omimm s 2.0
Plate Input ... 100
Plate Dissipation ................ccocooiiiioiiiiii 75

FLOQUENQY, »umuwesosarmssnssamsiios s s s s s e S 8y 88

volts
amps
amps
kW
kW
Mc

Typical Operation

D-C Plate Voltage .............ccccceeeiiiienn. 7500
D-C Grid Voltage ...........ccoooiiviiiiiiiin. —300
Peak R-F Driving Voltage

Synchronizing level ... 780

Pedestal level ...l 590
Peak R-F Plate Voltage

Synchronizing level ... 5700

Pedestal level ..o 4300
D-C Plate Current

Synchronizing level ... 8.0

Pedestal level ..o 6.0
D-C Grid Current, approx.

Sychronizing level ... 0.55

Pedestal level ... 0.080
R-F Load Resistance ...............ccccocoeeenenn. 500
Driving Power at tube, approximate

Synchronizing level ... 5.3

Pedestal level ...............cccooiiiiiiiiiii 2.9
Power Output, approximate* * *

Synchronizing level ... 40

Pedestal level .............cccooeviiiiiiiiiieiininnn. 23

8000 volts
—320 volts

870 volts
650 volts

6200 volts
4600 volts

9.7 amps
7.0 amps

0.85 amp
0.220 amp
450 ohms

7.5 kW
3.8 kW

55 kW
30 kW

Doherty High-Efficiency Linear Amplifier

Carrier conditions per tube, unless otherwise specified, for use with

a maximum modulation factor of 1.0

Maximum Ratings, Absolute Values Carrier
Tube
D-C Plate Voltage ............ccoccooviiiiinnn. 15000
D-C Grid Voltage ............ccccccoeviiiiinn. —3200
D:C Plate ‘Curent .oz 10
D-C Grid Current ..........cccococvieviiiiiinn. 2.0
Plate Input ... 125
Plate Dissipation . 75
Frequency ..o 30
Typical Operation
D-C Plate Voltage ...........ccoccoceiiiiiiiin. 12000
D-C Grid Voltage ..coimmmimmmmmsniss —500
Peak R-F Grid Voltage
Carrier ... 900
Crest™ ® oo s 1220
Peak R-F Plate Voltage
Carri€r ... 10000
Crest®™* R 10000
D-C Plate Current
Carrier ... 6.7
Modulated 6.7
D-C Grid Current
Carfi€r ... 0.25
Modulated® s 0.45
R-F Load Resistance .............................. 465
Driving Power, approximate** ... ... 1.5
Power Output, approximate
Cartier ..comomimmmnsoonmsmrasrraissss 54
Modulatedt ... 50

Peak
Tube
15000 volts
—3200 volts
67 amps
1.0 amps
851 kW
75 kW
30 Mc

12000 volts
—1400 volts

1160 volts
2320 volts

5000 volts
10000 volts

0.2 amps
3.8 amps

0 amp
0.24 amp
465 ohms
4.0 kW

1 kW
31 kW
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Plate-Modulated R-F Power Amplifier R-F Power Amplifier and Oscillator
Class C Telephony Class C Telegraphy
Carrier conditions per tube for use with a Key-down conditions per tube without
maximum modulation factor of 1.0 amplitude modulation#
Maximum Ratings, Absolute Values Maximum Ratings, Absolute Values
D-C Plate Voltage 10000 volts D-C Plate Voltage v 9000 15000 volts
D-C Grid Voltage —3200 volts D-C Grid Voltage ..., —3200 —3200 volts
D-C Plate Current 9 amps D-C Plate Current ............ccccoevvienin.. 12 12 amps
D-C Grid Current 2.0 amps D:C iGrid ‘Cugrent ..wesmmemsmmns 2.0 2.0 amps
Plate Input .............. 85 kW Plate Input ......cccooovvviiviiiinieiiiiieiieesnenn. 90 150 kW
Plate Dissipation ...... 50 kW Plate Dissipation .......... 75 75 kW
Frequency ...t 30 Mc Frequency ... 110 30 Mc
Typical Operation Typical Operation
D-C Plate Voltage 10000 volts Power Amplifier and Oscillator, Grid-Drive Circuit—30 Mc
D-C Grid Volt . —1200 vol
Peak Rf ;. Gr‘i’d af,‘;ltage 50 L9s0 321:: D-C Plate Voltage ... 8000 12000 14000 volts
Peak R-F Plate Voltage ..................... 6700 8500 volts DG Grid VOISR ovconinsnsne —800 —1200 —1500 vels
D-C Plate Current 63 7.4 amps Peak R-F Grid Voltage ........... 1500 1950 2320 volts
DC Grid Current .. 1'0 1'2 —— Peak R-F Plate Voltage ......... 6500 10000 12000 volts
R-F Load Resistance ................. 590 635 ohms gg gla.tde gurrent """""""""" ?(4) ?g 1(1)3 amps
Driving Power, approximate ... 1.5 2.1 kW R-F i rld Rufrtent - 4(')5 560 63.5 ax:ps
P bt - 3 7 kW -F Load Resistance ................. ohms
OWEL [SUEpILS, spploximate 2 > Driving Power, apptogimate ..... 2.0 22 30 kW
Power Output, approximate ........ 52 90 115 kW
Grid-Modulated R-FhAmpllflel‘ Power Amplifier, Cathode-Drive Circuit—110 Mc
Class € Telephany D-C Plate Voltage 6000 9000 volts
Carrier conditions per tube, unless otherwise specified, for use with D-C Grid Voltage —600 =750 volts
a maximum modulation factor of 1.0 Peak R-F Driving Voltage .................... 1150 1350 volts
Peak R-F Plate Voltage 4700 7500 volts
Maximum Ratings, Absolute Values D-C Plate Current ..................ccc....... 6.7 8.0 amps
D-C Plate Voltage ... 15000 volts D-C Grid Current ... 1.0 1.0 amp
D:C Plate ICQELENEt sy swone v ssmins smmams s smssnss 8 amps R-F Load Resistance ...................oo.. 490 635 ohms
D-C Grid Current ..........occooooiiiiiiiiiiii e 2.0 amps Driving Power, approximate ................. 8.0 10.2 kW
Plate Input ..o 110 kW Power Output, approximate*** ... 35 62 kW
Plate Dissipation .................ccoocooiiiiiiiiiii 75 kW .
FLEQUENCY v oo 30 Mc * Averaged over any audio-frequency cycle of sine-wave form.
. . ** At crest of audio-frequency cycle with modulation factor of 1.0.
Typical Operation .
*** Includes power transferred from driver stage.
D-C PlaFe Voltage ............ccoooiiiiii 15000 volts + Average value with modulation factor of 1.0.
D-C Grid Voltage ... —1400 volts . . . . ..
Peak R-F Grid VOlAge ... 1460 soles # Modulation essentially negative may be used if the positive
Peak B-F Gaid Voltage for maximum modulation 440 volts peak of the envelope does not exceed 115% of the carrier
Peak R-F Plate Voltage ... ... . . 6500 voles conditions.
D-C Plate Current ............cc.ooccoooiiiiiiiiiiiii 3.2 amps
D-C Grid Current, approximate............................. 10 mA
R-F Load Resistance ................... 1100 ohms
Driving Power, approximate ... 15 watts
Power Output, approximate 19 kW

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply up to 30 Mc except as noted. The FLequency: s sosisons s sisns 30 70 110 Mc
tube may be operated at higher frequencies provided the Percentage of Maximum Rated Plate Voltage and Plate Input
maximum values of plate voltage and power input are re-

duced according to the tabulation below. (Other maximum Class B ... 100 96 60 %

ratings are the same as shown above). Special attention
should be given to adequate ventilation of the bulb at the
higher frequencies. Class C Telegraphy ................. 100 77 60 %

Class C Plate Modulated .......... 100 77 60 %
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Characteristic Conditions

Grid Voltage e, = 1800 v; i, = 50 a
Grid Current e, = 1800 v; i, = 50 a
Plate Voltage E.= 0 Vdc; In = 3 Adc
Plate Voltage E. = —200 Vd¢; I = 3 Adc

Grid Voltage

F = 30 Mc
Plate Power Output E, = 9 kVdc; Ec = —750 Vdc
I, = 8.0 Adc; I. = 1.0 Adc

F = 110 Mc

E, = 15 kVdc; I, = 0.20 Adc
Plate Power Output E, = 14 kVdc; Ec = —1500 Vdc
I, = 10.5 Adc; I. = 1.3 Adc

Limits
Min. Bogey Max.
€c: _— e 1100 volts
ie: o _— 20 amps
Es: 2.3 29 3.5 kVdc
Es: 6.9 7.9 8.9 kVdc
E.: —530 —620 —730 Vdc
P,: 95 —_— — kW
P,: 44 — — kW

APPLICATION NOTES

Initial Inspection and Installation

When an ML-5681 is received, it should be unpacked and
inspected as soon as possible. Care should be taken to keep
from jarring the tube or the inner packing box, since the
thoriated-tungsten filament may become damaged. To insure
against straining the glass-to-metal seals, it is recommended
that the tube be handled only by the anode water jacket,
anode flange, or if necessary the grid terminal flange; it
should never be handled by the cathode terminals. The tube
should always be stored or mounted in a vertical position
with the anode down.

A careful inspection should be made for any visible damage,
such as glass cracks or broken filament strands, which may
have occurred in transit. The tube should then be checked
with an ohmmeter between grid and cathode terminals to
determine whether or not a grid-cathode short has occurred.

A complete set of rubber gaskets is shipped with each
ML-5681, and the new gaskets should be inserted in the
mounting socket before installing a new or spare tube. The
gaskets should be wiped with a clean lint-free cloth and then
coated with a thin layer of the silicone grease supplied, be-
fore insertion in the socket.

If no interelectrode short is evident, the tube should be
seated securely in the mounting socket and all electrical con-
nections made, taking care that positive contact is obtained.
Rated filament voltage should be applied and the filament
current checked to see if it agrees with the value marked
on the anode water jacket. A reading in the order of 15
amperes below this value (or lower) indicates that one (or
more) of the filament strands is open, assuming the filament
voltmeter and ammeter are accurately calibrated. (The meters
may be quickly checked by measuring the filament volts and
amperes of some known good ML-5681’s)

If there is any evidence of damage in transit, a “joint inspec-
tion” report should be prepared with the transportation
company within fifteen days. The serial number identifying

each individual tube appears on the grid terminal flange and
on the outside of the packing case. It should be used in all
correspondence concerning the tube.

Operation

After filament power has been on for one-half hour, apply
approximately half rated plate voltage and operate the tube
for an additional one-half hour. All tuning adjustments
should be made during this period. Normal plate voltage
may then be applied and final tune-up performed; the tube
should be run at normal voltage and driving power for at
least one-half hour. While the ML-5681 is operating at the
desired normal output, it is suggested that the meter read-
ings, control settings, and flow rates be recorded, especially
when the tube is to be set aside as a spare. Then, in the
event of an emergency tube change, the new tube can be
installed and operation resumed with minimum delay.

As in the case of all large high-power vacuum tubes, no
ML-5681 should remain in storage for more than three
months. It should be operated in rotation with other
ML-5681s, or aged every three months according to the
above schedule given for newly received tubes. This pro-
cedure will keep it free from traces of gas, which may be
liberated during prolonged storage, and insures that only
operable tubes are carried in stock.

The glass in high-power vacuum tubes sometimes acquires a
slight bluish fluorescence when subjected to high voltage. If
this phenomenon is observed in an ML-5681, it should not
be construed to mean that the tube is gassy. After proper
aging, according to the above instructions, any fluorescence
which persists is in no way detrimental to the satisfactory
operation of the tube.

Tube Care

The glass insulation and other external parts of the ML-5681
should be kept free from accumulated dust to minimize sur-



face leakage and the possibility of arc-over. It is recom-
mended that dust be wiped from the glass bulb and other
external parts of the tube at least once a week. This should
be done when the tube is cold, using a soft lint-free cloth
moistened with alcohol.

All tube terminals and connectors must be kept bright and
clean to provide good electrical contact. If they become dis-
colored, they may be polished with fine emery cloth and
then wiped clean.

When packed for shipment, the ML-5681 is sealed in a
barrier bag which protects the tube from atmospheric mois-
ture. In the case of export shipment, the barrier bag is a
metalized type, which not only protects against moisture but
also permits tube storage at temperatures ranging from
—35°C to +55°C. Unless the barrier bag is re-heat-sealed
before storing, the protection provided by the bag should be
accomplished by some other means. Before placing the
ML-5681 in storage, water should be completely drained
from the integral water jacket to prevent freezing and cor-
rosion in the passages. The ports should then be covered
with a suitable material, such as pliofilm, to prevent the
entry of foreign matter.

Filament Care

The thoriated-tungsten filament of the ML-5681 is the multi-
strand type and is designed for single-phase a-c operation. It
provides greater electron emission with less power than
conventional pure-tungsten filaments, but requires the ob-
servance of certain precautions. The filament should be
operated at rated voltage =5 %. Regular operation at —5 %
from rated voltage, to increase tube life, is permissible when
maximum power output is not used and the required peak
emission does not exceed 50 amperes. Operation at lower
filament voltage is not permissible. For standby periods up
to two hours, however, the filament voltage may be lowered
to 80 % of normal; for longer periods the filament should be
turned off. A suitable volt-meter shou'd be permanently
connected across the filament terminals directly at the tube
so that the filament voltage will always be known.

ML-5681

PAGE 5

Prolonged storage periods or overheating of the ML-5681
by severe overloads may liberate gas within the vacuum
envelope which, even though minute, is sufficient to de-
crease the filament emission. The rectified grid current is
a sensitive measure of loss of emission. The grid and plate
currents should be particularly noted after an outage, as the
filament may have been poisoned by the high-power surge.
If these currents start to decrease, the power should be re-
moved and the aging procedure instituted, as described in
the first paragraph under “Operation”.

If the tube still fails to operate satisfactorily, it is sometimes
possible to getter this gas. The ML-5681 is equipped with
a zirconium getter which will absorb free gas within the
tube when heated by a current of 8.5 amperes (at about two
volts) which may be drawn from the filament power through
an appropriate dropping resistor (approximately 1.5 ohms).
The getter terminals are shown on the outline drawing. The
tube (with getter connected) should be operated (a) with
only filament voltage for one-half hour, then (b) with half
normal plate voltage for one-half hour, (¢) increasing to full
voltage in about one hour. The getter, however, is not de-
signed for continuous operation.

If the d-c grid and plate currents are still low, a filament
reactivation cycle (with the getter disconnected) may be
undertaken. This consists of operating the tube (a) with
filament voltage at 20 % above normal and no plate voltage
for fifteen minutes, then (b) at rated filament voltage and
half normal plate voltage for one-half hour. This procedure
should be performed only in extreme cases.

Tube Reshipment

When packing the ML-5681 for reshipment, the water jacket
should be free of water as noted above for storage. The tube
and a container of desiccant must then be sealed in the same
manner as in the initial shipment. It is imperative that all
original packing material be installed properly so that the
tube will not be subjected to undue shock or vibration during
transit. The Service Report form supplied with each tube
should be filled out and forwarded whenever the tube is to
be returned to the factory.

EQUIPMENT DESIGN CONSIDERATIONS

Mechanical Installation

Mounting of the ML-5681 requires the Machlett mounting
socket (shown on page 10) or equivalent, which has been
installed to support the tube vertically, anode down. The
tube should be placed in the socket and twisted clockwise,
by the anode or grid flange, through approximately 60°; it
is removed by the converse procedure. Suitable provision
should be made to prevent water from spilling when the
tube is removed. The mounted ML-5681 should not be sub-
jected to shock or appreciable vibration.

Cooling Systems

The water-cooling system generally consists of a source of
anode cooling water, a feed-pipe system which carries water

through flexible insulating hoses to and from the mounting
socket, and provisions for interlocking the water flow with
the power supplies. It is essential that the direction of water
flow through the tube be upward over the anode surface
(center connection), as shown on page 10. When the anode
is at a high potential above ground, the feedpipe system
must have sufficient insulation to reduce leakage current to
a negligible value. The water system should be the closed
type using distilled or deionized water to preclude the
possibility of scale formation and corrosion, both of which
can be expected with tap water. Scale restricts water flow and
prevents proper transfer of heat from the anode to the cool-
ing water, and corrosion may damage the elements and
passages. The rates of scale formation and corrosion depend
on the electrical conductivity of the water. To minimize the
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formation of scale and corrosion, the use of a coolant having
an initial resistance of at least 100,000 ohms per cubic centi-
meter is recommended. Since a very small amount of con-
tamination can change the conductivity of distilled water,
frequent measurement is desirable. The water should be
changed when its resistance falls below 20,000 ohms per
cubic centimeter. A filter should be placed in the water
supply line to the tube to trap foreign particles likely to im-
pair the flow. It is suggested that a filter with a 100-mesh
screen (0.005” openings) be used.

The water-cooling system must function properly at all times
since even a momentary failure of flow will damage the
ML-5681. Without cooling water, the heat of the filament
alone is sufficient to cause serious harm. It is necessary to keep
the water-flow interlocks in correct adjustment and never to set
them to operate below the recommended level. The flow of
water and air must start before the application of any tube
voltages; it is recommended that the flow of coolants continue
for 5 minutes after the removal of all tube voltages. In the
event of emergency or fault conditions, however, the simul-
taneous shut down of all power will not damage the tube.
Specific water-flow data are given in the Water-Cooling Char-
acteristics, page 9. Under no circamstances should the outlet
water temperature exceed 70°C nor should the temperature of
the entering water be permitted to fall below 10°C with plate
potential on. Water pressure at the tube socket should never
exceed 75 psi.

Forced-air cooling of the cathode terminals, the grid flange,
and the glass envelope is required, and the cooling should
be uniformly distributed around the circumference of the
seals. Air flow of 250 cfm provides adequate cooling up to
5 Mgc; at higher frequencies more air flow is required, and
uniform distribution of flow over the grid-anode seals is
more critical. It is important to have the air passages care-
fully contoured so that the highest possible velocity of air
is directed on the seals to be cooled. In the equipment
design stage, it is recommended that temperature measure-
ments be made of the glass-to-metal seals, electrode contact
areas, and glass envelope of the tube under maximum op-
erating conditions. In no case should any temperatures higher
than 165°C be permitted, and the difference in temperature
between any two points on the periphery of a seal should
not be greater than 25°C. The temperature may be measured
with temperature-sensitive paint such as Tempilag*.

Electrical Considerations

Suitable meters should be provided for monitoring filament
voltage, d-c plate voltage, plate current, and grid current. A
tube-life recording meter should be installed to read total
hours of filament operation. If tubes are used in parallel or
push-pull, individual metering of grid and plate currents
is highly recommended.

Electrode contact should be made only on the surfaces des-
ignated on the outline drawing. Connecting cables and other
parts of the equipment must be kept away from the electric
fields between terminals and from the glass insulation. This

*Product of the Tempil Corporation, 132 West 22nd Street,
New York 11, New York.

precaution is necessary to avoid corona discharge, which may
result in puncture of the glass. Connectors must be designed
to carry the radio-frequency currents to the tube electrodes
without excessive heating of the contact areas between con-
nectors and terminals (165°C maximum temperature). All
connecting cables and /or spring fingers must be flexible so
that no strain will be transmitted to the glass envelope.

Terminal connectors, shown on page 10, are recommended
for operation of the ML-5681 at low or medium frequencies
in conventional lumped-constant circuitry. For operation
above 10 Mc, orientation of the ML-5681 with respect to
other circuit elements must be such that the distribution of
radio-frequency current at the tube terminals is uniform.
Otherwise, the uneven heating and consequent unequal ther-
mal expansion may strain the seals severely. Both cathode
terminals must be thoroughly by-passed to radio-frequency
currents to avoid excessive heating of the filament. When
cavity circuitry is used, all connectors should be the spring-
pressure type, making uniformly good electrical contact
around the tube circumference.

The filament transformer must limit the inrush current to a
maximum of 2.5 times normal filament current. If a suitable
high-reactance filament transformer is not available, step
resistors in the primary will be satisfactory for the purpose
of limiting the surge current.

The tube and circuitry should be housed in a protective
enclosure, interlocked so that personnel cannot possibly
come in contact with high voltage. The interlock devices
should break the primary circuits of the plate and grid
supplies when any door on the protective enclosure is
opened, and should prevent the closing of the primary circuits
until the door is again locked.

The plate circuit should be equipped with a time-delay relay
to prevent the application of plate voltage before the filament
has attained normal operating temperature.

Fault Protection

The handling of very high power requires particular atten-
tion to the removal of power under fault conditions, since
the large amount of energy involved can cause severe damage
if not properly controlled. The ground lead of the plate
circuit of each tube should be connected in series with the
coil of a quick-acting overload relay, adjusted to open the
circuit breakers in the primary of the rectifier transformer
at slightly higher than normal plate current. The tota] time
required for the operation of the relay and circuit breakers
should be 1/10 second or less. The grid circuit should be
equipped with similar overload relays which will likewise
remove all grid power within 1/10 second.

To protect the tube until the relay and circuit breakers act,
the installation of a device which will short circuit the plate
power in the order of one-half cycle is highly recommended.
For this purpose an electronic device or a railway-type line-
shorting contactor may be connected to short the primary
power lines to ground. Preferably, a gaseous conduction
device may be connected at the output of the plate-supply
filter to dissipate the filter-circuit energy as well as the recti-
fier output.



In some applications, depending on the size of the filter
capacitor or speed of the relays, sufficient protection may be
obtained by connecting a resistor in series with the plate
lead of each tube, unless the equivalent impedance is pro-
vided by transformers or other circuit components. The
criterion is the total energy to which the tube can be sub-
jected. The minimum value of total resistance which alone
will give adequate protection with reasonably low power
loss is as follows:

Series Resistor ................ 10 20 40 40-55 ohms
Maximum Power Output
of Rectifier ...... e 120 280 640 1250 kW

ML-5681
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In most cases, especially in parallel operation of tubes when
power-supply impedance is low, both the electronic shorting
device and the series resistor are recommended.

When such an electronic device is not installed, protective
sphere gaps used in combination with the series plate resistor
may be satisfactory. Appropriately designed gaps are shown
in conjunction with the connectors on page 10. When the
ML-5681 is used in resonant-cavity circuitry, equivalent pro-
tective gaps should be integrated within the cavity at apptoxi-
mately the same distances from the tube as those shown in
the drawing on page 10. Gap spacings must be carefully
adjusted for each individual application.

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Maximum ratings for the ML-5681 given in the tabulated
data are limiting values which, if exceeded, may reduce the
life and performance of the tube. When designing circuitry,
therefore, it is necessary to insure that the maximum ratings
will not be exceeded under any conditions, even for short
periods of time. The equipment engineer must make allow-
ances for any unusual condition of supply-voltage fluctuation
or load variation, and for manufacturing tolerances in the
equipment itself. (See Characteristic Range Values for Equip-
ment Design.)

An approximate value of plate dissipation, which should not
exceed the value shown under Maximum Ratings for each
class of service, may be calculated from the water flow con-
ditions by the following equation:

n (to — ti)
P= —  kilowatts

4
where #. and i are the outlet and inlet water temperatures,
respectively, in degrees Centigrade measured near the tube
socket, and # is the flow in gallons per minute. It should be
noted, however, that » for a given plate dissipation must
never be permitted to drop lower than the value shown in
the Water Cooling Characteristics.

The typical operating conditions given in the tabulated data
on pages 2 and 3 do not include the effects of electron transit
time or circuit losses, hence, useful power output to the load
will be less than that indicated, depending on the frequency
of operation and circuit efficiency. At frequencies above
10 Mg, transit time effects will reduce power output to ap-
proximately the following proportions of the tabulated val-
ues: 97 % at 30 Mc; 90% at 70 Mc; and 83 % at 110 Mc.
The useful power output can be calculated by subtracting
the transit-time and circuit losses from the tube power out-
put values shown in the tabulated data.

In the initial operation of new circuitry, or when adjust-
ments are made, parasitic modes of oscillation may be
excited, causing excessive voltages at the tube electrodes.
Therefore, approximately one-half rated plate voltage should
be used to avert damage to the tube and associated apparatus.
Operation at reduced power is essential until all parasitic
effects are eliminated or phased out. After correct adjust-
ments have been made and the ML-5681 is operating stably
within all ratings, the plate voltage may be raised in steps to
the desired value.

In Class B Modulation or other audio-frequency service, the
ML-5681 should be operated with grid bias obtained from

a d-c voltage source of good regulation. Each grid circuit
should be equipped with a separate bias adjustment to bal-
ance the grid and plate currents.

In Class C Plate-Modulated R-F Amplifier service, the
ML-5681 should be supplied with bias from the grid resistor
or from a suitable combination of grid resistor and fixed
supply. The combination grid-resistor and fixed-supply
method has the advantage of protecting the tube through
loss of excitation and of minimizing distortion by bias-supply
voltage compensation.

In Class C R-F Telegraphy, the ML-5681 should be supplied
with bias obtained from a fixed supply for amplifier service,
or from an adjustable grid resistor for oscillator service.
Variation of d-c grid current between individual tubes re-
quires provision for adjustment of the grid resistor to obtain
the desired total bias for each tube.

In grid-drive citcuits, the grid cutrent and driving power
for the desired power output will vary with the plate load-
ing. If the plate-circuit resistance is low, the desired output
can be obtained with relatively low grid current and driving
power, but plate efficiency is sacrificed. Conversely, if the
tube operates into a relatively high load resistance, higher
grid current and driving power are required, and the plate-
circuit efficiency will be increased. It is customary to make
a compromise between these extremes; the typical operating
conditions shown are designed to give good plate-circuit
efficiency with reasonable driving power. The driver stage
should have more output capability than shown in the tabu-
lated data to account for circuit losses and variations in
tubes as shown in the Characteristic Range Values for Equip-
ment Design.

In cathode-drive circuits, the required driving power is in-
creased since the driving voltage and the developed r-f plate
voltage act in series to supply the load. This additional driv-
ing power reappears as part of the output to the load. The
power output increases as the driving voltage and grid cur-
rent are increased, whereas the grid-drive circuit saturates
above a critical value of driving voltage and current. Satura-
tion of a cathode-drive stage must not be attempted because
the rated maximum grid current may easily be exceeded.

The above discussion presents information necessary to ob-
tain satisfactory and economical performance of the ML-5681
under normal operating conditions. For information con-
cerning specific tube problems or applications not covered,
consult the Machlett Engineering Department.
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ML-5681 & ML-5682
COOLING SYSTEM & PROTECTIVE GAP ARRANGEMENT
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DESCRIPTION

The ML-5682 is a compact, general purpose, high-power
electron tube designed for operation at frequencies up to
88 Mc. It is a coaxial-terminal, water- and forced-air-cooled
triode capable of approximately 75 kW output at 88 Mc in
cathode-drive circuitry with 15 kW driving power. Maximum
ratings of 9 kVdc plate voltage and 170 kW plate input
apply at frequencies up to 88 Mc; increased ratings of
16 kVdc plate voltage and 300 kW plate input are permissi-
ble at frequencies up to 30 Mc.

The ML-5682 has basic design features which make it suit-
able for use over a wide range of power and frequency in
high-power AM, FM, and TV broadcasting, particle accel-
erator, and dielectric and induction heating services. This

ML-5682
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DESCRIPTION & RATINGS

tube is ideally suited to cavity operation, and its low plate
impedance makes it advantageous for broad-band service.
Other features include high-conductivity glass-to-metal seals,
sturdy electrodes, integral anode water jacket, quick-change
water coupling, and heavy-wall copper anode designed to dis-
sipate 120 kW. All electrodes mount directly from heavy
copper rings, resulting in a structure which is electrically and
mechanically superior to the conventional types of water-
cooled electron tubes. The large-diameter seals provide in-
creased strength and freedom from excessive heating. The
cathode is a multistrand, thoriated-tungsten filament, com-
pletely balanced and stress free throughout life. The grid is
capable of unusually high heat dissipation, contributing to
maximum stability of tube performance and circuit operation.

GENERAL CHARACTERISTICS

Electrical

Filament: VOltage .uovcomsmmmspussousmmssnspreres

Filament Current at 16.5 volts ...........
Filament Starting Current, maximum .
Filament Cold Resistance ..............

Direct Interelectrode Capacitances

Grid-Plate ...

Grid-Filament
Plate-Filament

Mechanical

Mounting Position ................cccoeiiiiiiiii
Type of Cooling .......cccccooviiiiiiiiiiiiiiiie

Water Flow on Anode ...........

Maximum Water Pressure .....................
Maximum Outlet Water Temperature ......
Air Flow on Seals, approximate .................
Maximum Glass Temperature ...................
Net Weight, approximate ................ccccoccoveeenn.

........................................................... 16.5 Volts

..... 325 Amps
..... 800 Amps
..... 0.0052 Ohms

APUHACALION TFACKOL vumsiusunsnsirsiinasings ssierss vussss s s 5o s s s sss o s 55555 65me6 V508500405013 30

.......................................... Vertical, Anode Down
.......................................... Water and Forced-Air

.. See Water Cooling Characteristics
.................................................. 75  psi

.................................................. 70 °C
........................................................... 250 cfm
........................................................... 165 °C
........................................................... 50 1b.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B
Maximum Ratings, Absolute Values
D-C Plate Voltage: ....uusessssssismsmens vy s svesssesss 16000
Max.-Signal D-C Plate Current®* ...................c....... 18
Max.-Signal Plate Input* 280
Plate Dissipation™® ..o s 120
Typical Operation (Values are for two tubes)
D-C Plate Voltage: iwesrimmsssmmssamimim 12000 15000
D-C Grid Voltage .............c.occooii -370 -450
Peak A-F Grid-to-Grid Voltage ............ 1510 1820
Peak A-F Plate-to-Plate Voltage ........... 18800 24000
Zero-Signal D-C Plate Current .......... 4.0 6.0
Max.-Signal D-C Plate Current ............ 26.7 35.0
Effective Load Resistance,
Plate-to-Plate ...cocsvsimisseiomavinns 885 873
Max.-Signal Driving Power, approx. ... 1:3 2.1
Max.-Signal Power Output, approx. ... 200 330

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values

D-C Plate Voltage
D-C Plate Current ....
Plate: IOPUE oo s s sssasis s
Plate Dissipation
Frequency ...

Typical Operation

D-C Plate Voltage .................cccoeevi. 10000 12000
D-C Grid Voltage ...c.commvismmismsi -300 -380
Peak R-F Grid Voltage ... ... 450 570
Peak R-F Plate Voltage ... 4200 5000
D-C Plate Current 9.0 12.0
D-C Grid Current 111 93
R-F Load Resistance ............................. 290 260
Driving Power, approximate** . . . 2.2 4.2
Power Output, approximate ................ y 30 48

Radio-Frequency Amplifier
Class B Television Service

Synchronizing level conditions per tube, unless otherwise specified,

in cathode-drive circuit—88 Mc, 5 Mc bandwidth

Maximum Ratings, Absolute Values

D:iC Plate VOMAZE .usvuisimmimmersssosssgummpmss soisssmmssess 9000
D-C Plate Current 20
D-C Grid Current 4.0
Plate Input .ui.ocommmss 170
Plate Dissipation 120

Frequency ...........oocoooooiiiiiiiiiiiiiiiii e 88

volts
amps

kW

volts
volts
volts
volts
amps
amps

ohms
kW
kW

volts
amps
kW
kW

volts
volts
volts
volts
amps
mA
ohms
kW
kW

volts
amps
amps
kW
kW

Typical Operation

D-C Plate Voltage ................................ 6000 8000 volts
D-C Grid Voltage ... -200 -250 volts
Peak R-F Driving Voltage

Synchronizing level 650 840 volts

Pedestal level ...l 500 650 volts
Peak R-F Plate Voltage

Synchronizing level ... 4600 6200 volts

Pedestal level ... 3600 4800 volts
D-C Plate Current

Synchronizing level ... 12.2 19.0 amps

Pedestal level ........................oc..... 9.0 14.3 amps
D-C Grid Current, approximate

Synchronizing level ... 2.3 3.2 amps

Pedestal level .......................... 1.4 2.0 amps
R-F Load Resistance ............................ 265 230 ohms
Driving Power at tube, approximate

Synchronizing level ... ... 7.8 15.1 kW

Pedestal level ... ... 4.0 8.3 kW
Power Output, approximate* * *

Synchronizing level ... 52 107 kW

Pedestal level ... 30 62 kW

Doherty High-Efficiency Linear Amplifier

Carrier conditions per tube, unless otherwise specified, for use with
a maximum modulation factor of 1.0

Maximum Ratings, Absolute Values Carrier  Peak
Tube  Tube
D-C Plate Voltage ................cccoeeee.. 16000 16000 volts
D-C Grid Voltage ...........cocvvvvvivinnennnn -3200  -3200 volts
D-C Plate Current ...................cc.cco.... 16 107 amps
D-C Grid Current .......ccooeevivieieinnn. 4.0 2.0 amps
Plate Input 250 1507 kW
Plate Dissipation ..................c.c...cco..c..... 120 120 kW
Frequency ...........cccoooviviiiiiii 30 30 Mc
Typical Operation Carrier  Peak  Carrier Peak
Tube Tube  Tube  Tube
D-C Plate Voltage ...... 13000 13000 15000 15000 volts
D-C Grid Voltage ...... -450 1300 -540  -1400 volts
Peak R-F Grid Voltage
Carrier ... 850 1100 940 1160 volts
Crest®* ..ovmmpvmi: 1 180 2200 1260 2320 volts
Peak R-F Plate Voltage
Carrier .................. 11000 5500 12500 6250 volts
Crest*™* ... 11000 11000 12500 12500 wvolts
D-C Plate Current
Carrier .................... 124 0.3 13.3 0.8 amps
Modulatedf ............ 12.4 7.2 13.3 7.6 amps
D-C Grid Current
Carrier ... 1.0 0 0.7 0 amp
Modulatedy ............ 1.6 0.7 1.2 0.6 amps
R-F Load Resistance** 270 270 300 300 ohms
Driving Power,
approximate* * .. 4.3 9.2 3.9 9.7 kW
Power Output, approximate
Carrier ... 110 2 134 4 kW
Modulatedt ............ 102 63 125 76 kW



Plate-Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D:C Plate VOIAZE ,..wonsismssvmssssmssme st s susis 14000 volts
D-C Grid Voltage ...........cccooviiiiiiiiiiiiii -3200 volts
D-C Plate Current ... 14 amps
D-C Grid Current ... 4.0 amps
Plate Input .......ocooooiiiiiiiiiii e 185 kW
Plate Dissipation ... 80 kW
Frequency ............occccooiiiiiiiiiiei e 30 Mc
Typical Operation
D-C Plate Voltage ................................ 10000 14000 volts
D-C Grid Voltage .......... -950  -1270 volts

Peak R-F Grid Voltage 1450 1810 volts
Peak R-F Plate Voltage 8700 12300 volts
D-C Plate Current ................................ 9.2 10.3 amps

D:C Grid Curtent .o mmesmmes 2:1 2.0 amps
R-F Load Resistance .......................... 525 640 ohms
Driving Power, approximate ................ 2.9 3.4 kW
Power Output, approximate ... 72 118 kW

Grid Modulated R-F Amplifier
Class C Telephony

Carrier conditions per tube, unless otherwise specified, for use
: with a maximum modulation factor of 1.0

Maximum Ratings, Absolute Values

D-C Plate Voltage volts
D-C Plate Current amps
D-C Grid Current ... .0 amps
Plate TOPUE e commeonsssn i v v s ssontsesins sesissmd i5s kW
Plate Dissipation kW
Frequency ... Mc
Typical Operation
D-C Plate Voltage ................ccoooiiiiiiiiiiiiiiei 15000 volts
D-C Grid Voltage ............c.ooocoiiiiiiii -1000 volts
Peak R-F Grid Voltage ............c...ccocooiiiiiiiiiie 1090 volts
Peak A-F Grid Voltage for maximum modulation .. 380 volts
Peak R-F Plate Voltage ...........ccccooooiiiiiiiii, 7000 volts
D:C Plate (CULLent . oosvisinsssassssmsvimissig s 5.0 amps
D-C Grid Current, approximate .......................... 50 mA
R-F Load Resistance ................................... 1500 ohms
Driving Power, approximate .................................. 55 watts
Power Output, approximate ... 30 kW
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R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without
amplitude modulation#

Maximum Ratings, Absolute Values

D-C Plate Voltage ..............cooovvvenrennnn. 9000 16000 volts
D-C Grid Voltage ................................ -3200  -3200 volts
D-C Plate Current ...........ccooooeoiiie. 20 20 amps
D-C Grid Current .oecosassmmsomms 2.5 4.0 amps
Plate Input .......cccoooviiiiiiiiiiiiiiens 170 300 kW
Plate Dissipation ... . 120 120 kW
Frequency s empmeaenmss 88 30 Mc

Typical Operation
Power Amplifier and Oscillator, Grid-Drive Circuit—30 Mc

D-C Plate Voltage ................. 8000 12000 15000 wolts
D-C Grid Voltage ............... -750  -1100  -1400 wvolts
Peak R-F Grid Voltage ............ 1210 1750 2200 volts
Peak R-F Plate Voltage ............ 6600 10300 12800 volts
D-C Plate Current .................. 9.7 14.3 184 amps
D-C Grid Current .................... 2.1 2.9 3.0 amps
R-F Load Resistance ................ 380 400 380 ohms
Driving Power, approximate .. 2.5 4.9 7.2 kW

Power Output, approximate . 58 132 215 kW

Power Amplifier, Cathode-Drive Circuit—88 Mc

D-C Plate Voltage . 7000 8000 volts
D-C Grid Voltage -550 -650 volts
Peak R-F Driving Voltage 1020 1200 volts

Peak R-F Plate Voltage .................... 5800 6400 volts
D-C Plate Current 9.5 12.5 amps
D-C Grid Current 2.3 2.5 amps

R-F Load Resistance ... . 400 340 ohms

Driving Power, approximate .............. 10.6 16.2 kW
Power Output, approximate* ** . 57 85 kW
*

Averaged over any audio-frequency cycle of sine-wave form.
At crest of audio-frequency cycle with modulation factor of 1.0.
Includes power transferred from driver stage.
Average value with modulation factor of 1.0.

T

# Modulation essentially negative may be used if the positive
peak of the envelope does not exceed 115% of the carrier
conditions.

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply up to 30 Mc except as noted. The
tube may be operated at higher frequencies provided the
maximum values of plate voltage and power input are re-
duced according to the tabulation below (other maximum
ratings are the same as shown above ). Special attention should
be given to adequate ventilation of the bulb at the higher
frequencies.

Frequency ... 30 60 88 Mc

Percentage of Maximum Rated Plate Voltage and Plate Input

Class B ............ U 100 91 56 %
Class C Plate Modulated. 100 78 56 %
Class C Telegraphy ........ 100 78 56 %
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristic Conditions Min. Nominal Max.

Grid Voltage ep, = 1700 v; in = 90 a €c! — — 1050 volts
Grid Current e, = 1700 v; in = 90 a ie: — — 45 amps
Plate Voltage Ec =0 Vdc; I, = 3 Adc Es: 1.8 2.4 3.0 kVdc
Plate Voltage E. = -200 Vd¢; I, = 3 Adc En: 7.4 8.4 9.4 kVdc
Grid Voltage Ey, = 16 kVd¢; In = 0.20 Adc E.: -500 -620 -740  Vdc
Plate Power Output Eyw = 15 kVde; In = 184 Adc P.: 177 — — kW

E. = -1400 Vdc; I. = 3.0 Adc

F = 30 Mc
Plate Power Output Eyw = 9 kVde; I, = 18.0 Adc P, 81 — — kW

E. = -850 Vd¢; I. = 2.5 Adc

F = 88 Mc

APPLICATION NOTES

Initial Inspection and Installation

When an ML-5682 is received, it should be unpacked and
inspected as soon as possible. Care should be taken to keep
from jarring the tube or the inner packing box, since the
thoriated-tungsten filament may become damaged. To insure
against straining the glass-to-metal seals, it is recommended
that the tube be handled only by the anode water-jacket, anode
flange, or if necessary the grid terminal flange; it should
never be handled by the cathode terminals. The tube should
always be stored or mounted in a vertical position with the
anode down.

A careful inspection should be made for any visible damage,
such as glass cracks or broken filament strands, which may
have occurred in transit. The tube should then be checked
with an ohmmeter between grid and cathode terminals to
determine whether or not a grid-cathode short has occurred.

A complete set of rubber gaskets is shipped with each
ML-5682, and the new gaskets should be inserted in the
mounting socket before installing a new or spare tube. The
gaskets should be wiped with a clean lint-free cloth and then
coated with a thin layer of the silicone grease supplied, be-
fore insertion in the socket.

If no interelectrode short is evident, the tube should be seated
securely in the mounting socket and all electrical connections
made, taking care that positive contact is obtained. Rated
filament voltage should be applied and the filament current
checked to see if it agrees with the value marked on the
anode water jacket. A reading in the order of 20 amperes
below this value (or lower) indicates that one (or more)
of the filament strands is open, assuming the filament volt-
meter and ammeter are accurately calibrated. (The meters
may be quickly checked by measuring the filament volts and
amperes of some known good ML-5682’s.)

If there is any evidence of damage in transit, a “joint inspec-
tion” report should be prepared with the transportation com-
pany within fifteen days. The serial number identifying each

individual tube appears on the grid terminal flange and on
the outside of the packing case. It should be used in all
correspondence concerning the tube.

Operation

After filament power has been on for one-half hour, apply

approximately half rated plate voltage and operate the tube

for an additional one-half hour. All tuning adjustments
should be made during this period. Normal plate voltage
may then be applied and final tune-up performed; the tube
should be run at normal voltage and driving power for at
least one-half hour. While the ML-5682 is operating at the
desired normal output, it is suggested that the meter readings,
control settings, and flow rates be recorded, especially when
the tube is to be set aside as a spare. Then, in the event of an
emergency tube change, the new tube can be installed and
operation resumed with minimum delay.

As in the case of all large high-power vacuum tubes, no
ML-5682 should remain in storage for more than three
months. It should be operated in rotation with other
ML-5682’s, or aged every three months according to the
above schedule given for newly received tubes. This pro-
cedure will keep it free from traces of gas, which may be
liberated during prolonged storage, and insures that only
operable tubes are carried in stock.

The glass in high-power vacuum tubes sometimes acquires
a slight bluish fluorescence when subjected to high voltage.
If this phenomenon is observed in an ML-5682, it should
not be construed to mean that the tube is gassy. After proper
aging, according to the above instructions, any fluorescence
which persists is in no way detrimental to the satisfactory
operation of the tube.

Tube Care

The glass insulation and other external parts of the ML-5682
should be kept free from accumulated dust to minimize sur-



face leakage and the possibility of arc-over. It is recom-
mended that dust be wiped from the glass bulb and other
external parts of the tube at least once a week. This should
be done when the tube is cold, using a soft lint-free cloth
moistened with alcohol.

All tube terminals and connectors must be kept bright and
clean to provide good electrical contact. If they become dis-
colored, they may be polished with fine emery cloth and then
wiped clean.

The ML-5682, when packed for shipment, is protected from
atmospheric moisture and may be stored at temperatures
ranging from —35°C to +55°C. Unless the inner barrier
bag is re-heat-sealed before storing, however, the tube should
be protected from moisture and extreme temperatures by some
other means. Before placing the ML-5682 in storage, water
should be completely drained from the integral water jacket
to prevent freezing and corrosion in the passages. The ports
should then be covered with a suitable material, such as
pliofilm, to prevent the entry of foreign matter.

Filament Care

The thoriated-tungsten filament of the ML-5682 is the multi-
strand type and is designed for single-phase a-c operation.
It provides greater electron emission with less power than
conventional pure-tungsten filaments, but requires the obser-
vance of certain precautions. The filament should be operated
at rated voltage ==5%. Regular operation at —5% from
rated voltage, to increase tube life, is permissible when
maximum power output is not used and the required peak
emission does not exceed 75 amperes. Operation at lower
filament voltage is not permissible. For standby periods up to
two hours, however, the filament voltage may be lowered to
80% of normal; for longer periods the filament should be
turned off. A suitable voltmeter should be permanently con-
nected across the filament terminals directly at the tube so
that the filament voltage will always be known.

Prolonged storage periods or overheating of the ML-5682 by
severe overloads may liberate gas within the vacuum envelope
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which, even though minute, is sufficient to decrease the
filament emission. The rectified grid current is a sensitive
measure of loss of emission. The grid and plate currents
should be particularly noted after an outage, as the filament
may have been poisoned by the high-power surge. If these
currents start to decrease, the power should be removed and
the aging procedure instituted, as described in the first para-
graph under “Operation”.

If the tube still fails to operate satisfactorily, it is sometimes
possible to getter this gas. The ML-5682 is equipped with a
zirconium getter which will absorb free gas within the tube
when heated by a current of 8.5 amperes (at about two volts)
which may be drawn from the filament power through an
appropriate dropping resistor (approximately 2 ohms). The
getter terminals are shown on the outline drawing. The tube
(with getter connected) should be operated (a) with only
filament voltage for one-half hour, then (b) with half nor-
mal plate voltage for one-half hour, (c¢) increasing to full
voltage in about one hour. The getter, however, is not de-
signed for continuous operation.

If the d-c grid and plate currents are still low, a filament
reactivation cycle (with the getter disconnected) may be
undertaken. This consists of operating the tube (a) with
filament voltage at 20% above normal and no plate voltage
for fifteen minutes, then (b) at rated filament voltage and
half normal plate voltage for one-half hour. This procedure
should be performed only in extreme cases.

Tube Reshipment

When packing the ML-5682 for reshipment, the water jacket
should be free of water as noted above for storage. The tube
and a container of desiccant must then be sealed in a metalized
barrier bag, as in the initial shipment. 1t is imperative that
all original packing material be installed properly so that
the tube will not be subjected to undue shock or vibration
during transit. The Service Report form supplied with each
tube should be filled out and forwarded whenever the tube
is to be returned to the factory.

EQUIPMENT DESIGN CONSIDERATIONS

Mechanical Installation

Mounting of the ML-5682 requires the Machlett mounting
socket (shown on page 10) or equivalent, which has been
installed to support the tube vertically, anode down. The
tube should be placed in the socket and twisted clockwise, by
the anode or grid flange, through approximately 60°; it is re-
moved by the converse procedure. Suitable provision should
be made to prevent water from spilling when the tube is re-
moved. The mounted ML-5682 should not be subjected to
shock or appreciable vibration.

Cooling Systems

The water cooling system generally consists of a source of
anode cooling water, a feed-pipe system which carries water
through flexible insulated hoses to and from the mounting

socket, and provisions for interlocking the water flow with the
power supplies. It is essential that the direction of water
flow through the tube be upward over the anode surface
(center connection), as shown on page 10. When the anode
is at high potential above ground, the feedpipe system must
have sufficient insulation to reduce leakage current to a
negligible value. The water system should be the closed
type using distilled or deionized water to preclude the possi-
bility of scale formation and corrosion, both of which can
be expected with tap water. Scale restricts water flow and
prevents proper transfer of heat from the anode to the cool-
ing water, and corrosion may damage the elements and pas-
sages. The rates of scale formation and corrosion depend
on the electrical conductivity of the water. To minimize the
formation of scale and corrosion, the use of a coolant having
an initial resistance of at least 100,000 ohms per cubic centi-
meter is recommended. Since a very small amount of con-
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tamination can change the conductivity of distilled water,
frequent measurement is desirable. The water should be
changed when its resistance falls below 20,000 ohms per
cubic centimeter. A filter should be placed in the water
supply line to the tube to trap foreign particles likely to
impair the flow. It is suggested that a filter with a 100-mesh
screen (0.005” openings) be used.

The water-cooling system must function properly at all times
since even a momentary failure of flow will damage the
ML-5682. Without cooling water, the heat of the filament
alone is sufficient to cause serious harm. It is necessary to keep
the water-flow interlocks in correct adjustment and never to set
them to operate below the recommended level. The flow of
water and air must start before the application of any tube
voltages; it is recommended that the flow of coolants continue
for 5 minutes after the removal of all tube voltages. In the
event of emergency or fault conditions, however, the simul-
taneous shut down of all power will not damage the tube.
Specific water-flow data are given in the Water-Cooling Char-
acteristics, page 9. Under no circumstances should the outlet
water temperature exceed 70°C nor should the temperature of
the entering water be permitted to fall below 10°C with plate
potential on. Water pressure at the tube socket should never
exceed 75 psi.

Forced-air cooling of the cathode terminals, the grid flange,
and the glass envelope is required, and the cooling should
be uniformly distributed around the circumference of the
seals. Air flow of 250 cfm provides adequate cooling up to
5 Mc; at higher frequencies more air flow is required, and
uniform distribution of flow over the grid-anode seals is more
critical. It is important to have the air passages carefully con-
toured so that the highest possible velocity of air is directed
on the seals to be cooled. In the equipment design stage, it is
recommended that temperature measurements be made of
the glass-to-metal seals, electrode contact areas, and glass
envelope of the tube under maximum operating conditions.
In no case should any temperatures higher than 165°C be
permitted, and the difference in temperature between any two
points on the periphery of a seal should not be greater than
25°C. The temperature may be measured with temperature-
sensitive paint such as Tempilag*.

Electrical Considerations

Suitable meters should be provided for monitoring filament
voltage, d-c plate voltage, plate current, and grid-current. A
tube-life recording meter should be installed to read total
hours of filament operation. If tubes are used in parallel
or push-pull, individual metering of grid and plate currents
is highly recommended.

Electrode contact should be made only on the surface desig-
nated on the outline drawing. Connecting cables and other
parts of the equipment must be kept away from the electric
fields between terminals and from the glass insulation. This
precaution is necessary to avoid corona discharge, which may
result in puncture of the glass. Connectors must be designed
to carry the radio-frequency currents to the tube electrodes
without excessive heating of the contact areas between con-

* Product of the Tempil Corporation, 132 West 22nd Street,
New York 11, New York

nectors and terminals (165°C maximum temperature). All
connecting cables and/or spring fingers must be flexible
so that no strain will be transmitted to the glass envelope.
Terminal connectors, shown on page 10, are recommended
for operation of the ML-5682 at low or medium frequencies
in conventional lumped-constant circuitry. For operation
above 10 Mc, orientation of the ML-5682 with respect to
other circuit elements must be such that the distribution of
radio-frequency current at the tube terminals is uniform.
Otherwise, the uneven heating and consequent unequal thet-
mal expansion may strain the seals severely. Both cathode
terminals must be thoroughly by-passed to radio-frequency
currents to avoid excessive heating of the filament. When
cavity circuitry is used, all connections should be the spring-
pressure type, making uniformly good electrical contact
around the tube circumference.

The filament transformer must limit the inrush current to a
maximum of 2.5 times normal filament current. If a suitable
high-reactance filament transformer is not available, step re-
sistors in the primary will be satisfactory for the purpose of
limiting the surge current.

The tube and circuitry should be housed in a protective en-
closure, interlocked so that personnel cannot possibly come
in contact with high voltage. The interlock devices should
break the primary circuits of the plate and grid supplies when
any door on the protective enclosure is opened, and should
prevent the closing of the primary circuits until the door is
again Jocked.

The plate circuit should be equipped with a time-delay relay
to prevent the application of plate voltage before the filament
has attained normal operating temperature.

Fault Protection

The handling of very high power requires particular attention
to the removal of power under fault conditions, since the
large amount of energy involved can cause severe damage if
not properly controlled. The ground lead of the plate circuit
of each tube should be connected in series with the coil of
a quick-acting overload relay, adjusted to open the circuit
breakers in the primary of the rectifier transformer at slightly
higher than normal plate current. The total time required
for the operation of the relay and circuit breakers should be
1/10 second or less. The grid circuit should be equipped with
similar overload relays which will likewise remove all grid
power within 1/10 second.

To protect the tube until the relay and circuit breakers act,
the installation of a device which will short-circuit the plate
power in the order of one-half cycle is highly recommended.
For this purpose an electronic device or a railway-type line-
shorting contactor may be connected to short the primary
power lines to ground. Preferably, a gaseous conductive de-
vice may be connected at the output of the plate-supply filter
to dissipate the filter-circuit energy as well as the rectifier
output.

In some applications, depending on the size of the filter
capacitor or speed of the relays, sufficient protection may be
obtained by connecting a resistor in series with the plate lead
of each tube. The criterion is the total energy to which the
tube can be subjected. The minimum values of resistance



which alone will give adequate protection with reasonably
low power loss is as follows:
Series Resistor 10 20 40
Maximum Power Output
of Rectifier

55 ohms
120 280 640 1250 kW
In most cases, especially in parallel operation of tubes when

power-supply impedance is low, both the electronic shorting
device and the series resistor are recommended.

ML-5682
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When such an electronic device is not installed, protective
sphere gaps used in combination with the series plate resistor
may be satisfactory. Appropriately designed gaps are shown
in conjunction with the connectors on page 10. When the
ML-5682 is used in resonant-cavity circuitry, equivalent pro-
tective gaps should be integrated within the cavity at ap-
proximately the same distances from the tube as those shown
in the drawing on page 10. Gap spacings must be carefully
adjusted for each individual application.

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Maximum ratings for the ML-5682 given in the tabulated
data are limiting values which, if exceeded, may reduce the
life and performance of the tube. When designing circuitry,
therefore, it is necessary to insure that the maximum ratings
will not be exceeded under any conditions, even for short
periods of time. The equipment engineer must make al-
lowances for any unusual condition of supply-voltage fluctua-
tion or load variation, and for manufacturing tolerances in
the equipment itself. (See Characteristic Range Values for
Equipment Design.)

An approximate value of plate dissipation, which should
not exceed the value shown under Maximum Ratings for each
class of service, may be calculated from the water flow con-
ditions by the following equation:
n (to—t1)
P=—————kilowatts
4

where # and # are the outlet and inlet water temperatures,
respectively, in degrees Centigrade measured near the tube
socket, and # is the flow in gallons per minute. It should be
noted, however, that » for a given plate dissipation must
never be permitted to drop lower than the value shown in
the Water Cooling Characteristics.

The typical operating conditions, given in the tabulated data
on pages 2 and 3, do not include the effects of electron tran-
sit time or circuit losses, hence, useful power output to the
load will be less than that indicated, depending on the fre-
quency of operation and circuit efficiency. At frequencies
above 10 Mg, transit time effects will reduce power output to
approximately the following proportions of the tabluated
values: 97 % at 30 Mc; 92% at 60 Mc; and 86 % at 88 Mc.
The useful power output can be calculated by subtracting the
transit-time and circuit losses from the tube power output
values shown in the tabluated data.

In the initial operation of new circuitry, or when adjustments
are made, parasitic modes of oscillation may be excited, caus-
ing excessive voltages at the tube electrodes. Therefore, ap-
proximately one-half rated plate voltage should be used to
avert damage to the tube and associated apparatus. Operation
at reduced power is essential until all parasitic effects are
eliminated or phased out. After correct adjustments have
been made and the ML-5682 is operating stably within all
ratings, the plate voltage may be raised in steps to the desired
value.

In Class B Modulation or other audio-frequency service, the
ML-5682 should be operated with grid bias obtained from

a d-c voltage source of good regulation. The grid circuit of
each tube should be equipped with a separate bias adjustment
to balance the grid and plate currents.

In Class C Plate-Modulated R-F Amplifier service, the
ML-5682 should be supplied with bias from a grid resistor
or from a suitable combination of grid resistor and fixed
supply. The combination grid-resistor and fixed-supply
method has the advantage of protecting the tube through loss
of excitation and of minimizing distortion by bias-supply
voltage compensation.

In Class C R-F Telegraphy, the ML-5682 should be supplied
with bias obtained from a fixed supply for amplifier service,
or from an adjustable grid resistor for oscillator service. Va-
riation of d-c grid currrent between individual tubes requires
provision for adjustment of the grid resistor to obtain the
desired total bias for each tube.

In grid-drive (grounded cathode) circuits, the grid current
and driving power for the desired power output will vary
with the plate loading. If the plate-circuit resistance is low,
the desired output can be obtained with relatively low grid
current and driving power, but plate efficiency is sacrificed.
Conversely, if the tube operates into a relatively high load
resistance, higher grid current and driving power are required,
and the plate-circuit efficiency will be increased. It is cus-
tomary to make a compromise between these extremes; the
typical operating conditions shown are designed to give good
plate-circuit efficiency with reasonable driving power. The
driver stage should have more output capability than shown
in the tabulated data to account for circuit losses and varia-
tions in tubes as shown in the Characteristics Range Values
for Equipment Design.

In cathode-drive (grounded-grid) circuits, the required driv-
ing power is increased since the driving voltage and the de-
veloped r-f plate voltage act in series to supply the load. This
additional driving power reappears as part of the output to
the load. The power output increases as the driving voltage
and grid current are increased, whereas the grid-drive circuit
saturates above a critical value of driving voltage and cur-
rent. Saturation of a cathode-drive stage must not be at-
tempted because the rated maximum grid current may easily
be exceeded.

The above discussion presents information necessary to ob-
tain satisfactory and economical performance of the ML-5682
under normal operating conditions. For information concern-
ing specific tube problems or applications not covered, con-
sult the Machlett Engineering Department.
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OUTLINE OF ML-5682
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DESCRIPTION

The ML-5736 is a three-electrode tube designed for use
as a modulator, amplifier or oscillator in AM, FM and TV
broadcasting service, high-frequency communications systems,
and induction and dielectric heating equipments. Four grid
terminals provide a low-inductance connection to the grid
making the tube suited especially to cathode-drive operation.
The cathode is a thoriated-tungsten filament connected for
single-phase operation. The anode is forced-air cooled and
can readily dissipate 2.5 kW with a moderate rate of air
flow. Special features include: precise and stable alignment

ML-5736
PAGE 1
ISSUED 11-56

ML-a736

DESCRIPTION AND RATINGS

of electrodes, to prevent grid-cathode shorts and to assure
reliability and uniform operation; brazed radiator construc-
tion, to eliminate hot-spotting and its detrimental effects;
and quick r-f heated final seal-in, to provide a non-poisoned-
cathode, contaminent-free, stress-free tube. Maximum ratings
of 5.0 kVdc plate voltage and 5.0 kW plate input apply at
frequencies up to 60 Mc; operation at 100 Mc is permissible
with plate voltage and input reduced to 80 per cent of
maximum ratings.

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Filament Voltage ...

Filiament Current at 6.0 Volts ........
Filament Starting Current, maximum

Filament Cold Resistance ..........................................
Amplification Factor ..o,

Interelectrode Capacitances:
Grid-Plate ........
Grid-Filament ..

PlatesFilament. cocosrsnmmmonmmnsmmmmes s

MECHANICAL

Mounting Position ...

Type of Cooling ............
Air-flow on anode ...

Air-flow on dish ...
Maximum incoming air temperature .....................
Maximum Glass Temperature .....................cccccco.....
Net Weight, approximate ...l

............................................................. 3 1bs

6.0 Volts
60 Amps
300 Amps
0.016 Ohms

.............................................................. 22

16 uuf
19 uuf

.............................................................. 0.8 uuf

Vertical, anode up or down
Forced air
150 cfm at 2.8” water*
See Note
45 °C
160 °C

* Except television service which requires 180 cfm at 4 inches of water static pressure.

Note: Cooling of dish and bulb may be provided by deflection of anode cooling air or by blower delivering 10 cfm air

through a 1” diameter nozzle.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
(Continuous Commercial Service)
io- Power Amplifier and Modulator D-C Grid Current, approximate
Audie-Frequency Po cl BP Synchronizing level ... 0.430 amp
s Black level ... 0.136 amp
: . Driving Power, approximate
Mezedmum: Ravings; ddbsalgie Valus Synchronizing level ... 1160 watts
D-C Plate Voltage ..o 3000 volts Black level ... 535 watts
Maximum Signal D-C Plate Current* ........... 1.4 amps Power Output, approximate§
Maximum Signal Plate Input® ... 4200 watts Synchronizing level ... 3680 watts
Plate Dissipation® ... < 2500 'wats Black level ... 1690 watts
Typical Operation (Values are for two tubes) + Requires 180 cfm cooling air at 4 inches static pressure.
D-C Plate Voltage ..............ccocooiiiiiiiiii . 3000 volts § Includes power transferred from driver stage.
D-G Grid Voltage o cmsmaso . -160 volts
Peak A-F Grid-to-Grid Voltage ............. - 82(6) volts
Zero Signal D-C Plate Voltage ................. . 0.66 amp o
Maximum Signal D-C Plate Current . . 2.80 amps Plate-Modulated R-F Power Amplifier
Effective Load Resistance, plate-to-plate ............ 3060 ohms Class C Telephony
Maximum Signal Driving Power, approx. ........... 140 watts
Maximum Signal Power Output, approx. .......... 4350 watts Carrier conditions per tube for use with a

; : i lation factor of 1.0
* Averaged over any audio-frequency cycle of sine-wave form. maximum modula

Maximum Ratings, Absolute Values

Radio-Frequency Power Amplifier — Class B D-g lélarj xoitage voits
p ‘e : D- rid Voltage ... volts
Faie o o i o vyt D.C bl Curen s
’ D-C Grid Current amp
Maximum Ratings, Absolute Values Plate IHPUF SR FITTETITTPPMTPPITRPRLES watts
D-C Plate Voltage ................o.ooiiiii 3500 volts Plate Dissipation Watts
D-C Plate Current ......... . [T . 1.75 amps Feal :
Plate IODUL sz cossvmsmsmmms s sy 3500 watts TYEI—C(E:I Pcl)al::r:/[:)(l):;ge 3500 volts
Plate Dissipation ... 2500 watts DC Grid Violtage 2600 volts
Typical Ope[ation Peak R-F Grid Voltage IR 950 volts
D-C Plate Voltage ... ... 3000 volts D:C Plate CUrtent wcummossmmms s léé amps
D-C Grid Voltage ............ - 160 volts D-C .Grld Current, approx. ........ 0.28 amp
Peak R-F Grid\Voltage 280 volts Driving Power, approx. ............... 270 watts
D-C Plate Current ... S 1.1 amps Power Output, approx. ... 3200 watts
D-C Grid Current, approX. .............cccooiieiinn. 0.050 amp
Driving Power, approx.i ... — —-— 175 watts e .
Power Output, approX. ... 800 watts R-F Power Amplifier and Oscillator

Class C Telegraphy

I At crest of audio-frequency cycle with modulation factor of 1.0.
Key-down conditions per tube without amplitude modulationf

RﬂdiO-FreqUenCY Amplifier Maximum Ratings, Absolute Values
Class B Television Service 60 Mc 110 Mc
Synchronizing level conditions per tube, unless otherwise specified, gg }()}la.tj xo%zage e ?888 5;88 voﬁs
in cathode-drive circuit — 88 Mc, 5 Mc bandwidth D:C Pl;lte CL(l)rriii T 14 . 14 :x?xpss
Maximum Ratings, Absolute Values B-C Cl;fid CULTENE ..o vomonsunses 5000-(5) 3506?) amp
D-C Plate Voltage ......... 3500 volts ate 1nput ..o WAt
D-C Plate Current .. 1.75 amps Plate Dissipation ....................... 2500 2500 watts
Plate Input ... 4000 watts Typical O i
Plate Dissipationt . 2800 watts Epias, Bpeiaton 60 Mc 110 Mc
; ; D-C Plate Voltage ................. 5000 3500 3500 volts
Typical Operation D-C Grid Voltage ... ... . 850 600 -300 volts
D-C Plate Voltage .. 2600 volts Peak R-F Grid Voltage . 1200 940 555 volts
D-C Grid Voltage -160 volts D-C Plate Current ... 1.0 1.0 1.0 amps
Peak R-F Driving Voltage: D-C Grid Current, approx. ... 0.210  0.250 0.155 amp
Synchronizing level ... 535 volts Driving Power, approx. ... 250 235 85 watts
Black Jevel ..o smimemnssisinmmmmens s 400 volts Power Output, approx. ........... 4100 2800 2550 watts
D-C Plate Current:
Synchronizing level ... ... 2.32 amps # Modulation essentially negative may be used if the positive peak of
Black level ... .. 1.47 amps the envelope does not exceed 115% of the carrier conditions.

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply up to 60 megacycles. The tube may be operated at higher frequencies provided the maximum
values of the plate voltage and plate input are reduced according to the tabulation below. All other maximum ratings remain
as shown above. Special attention should be given to adequate ventilation of the bulb at the higher frequencies. See special
television service ratings.

Percentage of Maximum Rated Plate Voltage and Plate Input:

Frequency ... 60 100 200 Mc
Class B oo sssum s s 5055 wais shmmomons aemomesss «Sisins s s SRRSO 100 85 60
Class C Plate Modulated ... 100 80 50

Class C Unmodulated ............ SRR URRRTPURN 100 80 50



Characteristic:
Grid Voltage
Grid Current
Plate Voltage
Plate Voltage
Grid Voltage

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Peak Cathode Current*

Power Output

Limits
Conditions: Minimum Bogey
e, = 1000 volts; iy = 6 amps €ec: —_—
e, = 1000 volts; i, = 6 amps fe: — —
E. = -20 Vdc; I, = 0.40 Adc Ey: 1150 1400
E. = -30 Vdc; I, = 0.40 Adc E»: 1370 1620
Ey, = 4000 Vdc; I, = 0.020 Adc E:: -180 2215
ikt 10 ——
E, = 5000 Vdc; E. = -850 Vdc
I, = 1.0 Adg; 1. = 0.3 Adc Ps: 3500 ——
f = 60 megacycles
* Represents maximum usable plate current plus grid current for any condition of operation.
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Maximum

360
2.2
1650
1870
-250

volts
amps
Vdc
Vdc
Vdc
amps

watts
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DESCRIPTION

The ML-6256, ML6257, and ML-6258 are three-electrode
tubes designed for induction and dielectric heating and FM
broadcasting service. These tubes feature coaxial-electrode
structures, ideal for circuits of the coaxial-cylinder type, and
provide large-area, low inductance r-f electrode terminals.
They are particularly suitable for cathode-drive operation. The
ML-6256 and ML-6257 have water-cooled anodes capable

ML-6256
ML-6257
ML-6258

PAGE 1
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ML-6236
ML-6251
ML-6228

DESCRIPTION & RATINGS

of dissipating 5 kW with a water flow of 3 gpm; the
ML-6257 incorporates a water jacket as an integral part of
the anode structure. The anode of the ML-6258 is forced-
air cooled and is capable of dissipating 3 kW with an air
flow of approximately 190 cfm. The cathode of each type
is a thoriated-tungsten filament. Maximum ratings apply up
to 110 Mc.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ...
Filament CUIIOMU o sumcosissn b inse smomnmmessss s nsmmemsam s
Filament Starting Current, maximum ...............................

Filament Cold Resistance

Amplification Factor ...

Direct Interelectrode Capacitances

Grid-Plate ...

Mechanical

Mounting Position

ML-6256 & ML-6257 ..o

ML-G258
Type of Cooling — ML-6256 & ML-6257
Water Flow on Anode for 5 kW Dissipation
Maximum Outgoing Water Temperature ..
Type of Cooling — ML-6258 ............coooeo
Air Flow on Anode for 3 kW Dissipation

Air Flow on Glass and Seals ...
Maximum Incoming Air Temperature ...
Maximum Glass Temperature ...

Net Weight, approximate

ML-G256 ..o
ML-G257 oo
MLEG258 v boussoiins vusisi s i 68 somne s ommeb omamasemenmansnsonssanss

........................................................ 12.6 Volts
........................................................ 29 Amps
........................................................ 120 Amps
.0053 Ohm
........................................................ 20
ML-6256 & ML-6257 ML-6258
19 20 uuf
18 18 uuf
............. 0.6 0.7 uuf

Vertical, anode down
Vertical, anode up or down
Water and forced-air*

3-5 gpm
70 °C
Forced-air
190 cfm at 1.2” water
....................................................... See Note
....................................................... 45 °C
........................................................ 165 °C
...................................................... 1.5 1bs.
....................................................... 1.75 lbs.
........................................................ 5.25 lbs.

*Note: At frequepcies up to 30 Mc, normal cabinet ventilation should be sufficient. At higher frequencies or high ambient temperatures,
auxilary air flow in the order of 10 ¢fm may be required and should be distributed to maintain uniform glass temperature, not greater

than 165 °C, around the circumference of the seals.
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FHRE & MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

R-F Power Amplifier and Oscillator—Class C

Key-down conditions per tube without amplitude modulation}

Maximum Ratings, Absolute Values

ML-6256 & ML-6257 ML-6258
D-C Plate Voltage . e P P . . 5500 5500 volts
D-C Grid Voltage P PP P PP -1500 -1500 volts
B-C Plate Cusrent: s ammummmosmmonmssm s it 15 1.5 amps
D-C Gt CUELRIIE .. s i S sasiie aisss s e SRS e b : 22 .22 amp
Plate Input . S PO SO PRSPPI R 7 7 kW
Plate DisSIPAtion ... R 5 3 kW
Typical Operation (Values apply to all three tube types)
R-F Oscillator, Grid-Drive Circuit
D-C Plate VOItage ...t . 4200 5300 volts
D-C Grid Voltage .. ... -400 -500 volts
Peak R-F Grid Voltage ..o T — : 720 850 volts
Peak R-F Plate Voltage ... 3100 4000 volts
D-C Plate Current ............ . e N . 1.1 1.3 amps
D-C Grid Current ... . B PR . 110 110 mA
R-F Load ResiStance .umsecmisisms s ; 1600 1750 ohms
Power Output, aPPIOXIMIAE ........coiiiiiiiiiiiite oottt 3.0 4.5 kW
R-F Amplifier, Cathode-Drive Circuit — 110 Mc
D:C Plate VOItAE: uuumwmmssummaosin sowsss sy s 0 iamssisssss e o s 56 s s i s s e s s 5000 volts
D-C Grid Voltage ............... R BT P R -500  volts
Peak R-F Grid Voltage 870 volts
Peak R-F Plate Voltage ... 3900 volts
D-C Plate Curernt ................. TR 1.3 amps
D-C Grid CUIIBNT o e s s e s s s s e S o et b s £ : 150 amps
R-F Load RESISTANCE ... o 2050 ohms
Driving Power, approximate ... PR 1100 watts
Power Output, appProXimate™® ... ... . 5.5 kW

i Modulation essentially negative may be used if the positive peak of the envelope does not exceed 115¢c of the carrier
conditions.
*Includes power transferred from driver stage.
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristics Conditions Minimum Bogey Maximum
Grid Voltage e, = 1000 volts; i, = 6 amps ec: —_— —_— 470 volts
Grid Current e, = 1000 volts; i, = 6 amps {as _— 1.6 amps
Plate Voltage E. = 0 Vdg; I, = 0.5 Adc Es: 1.4 1.7 2.0 kVdc
Plate Voltage E. = -100 Vd¢; I, = 0.5 Adc Eu: 3.3 3.7 4.1 kVdc
Grid Voltage Ey = 5.0 kVde; I, = 0.02 Adc Ee: -230 -285 -340 Vdc
Plate Power Output Ey, = 5.3 kVdc; E. = -500 Vdc P.: 3.9 —_ kW
I, = 1.3 Adc; I. = 110 mAdc
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DESCRIPTION

The ML-6420 and ML-6421 are general purpose three-
electrode tubes designed specifically for 7.5-10 kW indus-
trial heating service and for AM broadcasting. These tubes
feature coaxial mounting structures providing high-dissipa-
tion, low-inductance r-f electrode terminals. The cathode
of each type is a sturdy, self-supporting, stress-free, thoriated-
tungsten filament. The ML-6420 has a water-cooled, heavy-
wall anode capable of dissipating 12.5 kW with 5 gpm water
flow. The ML-6421 has a forced-air-cooled, heavy-wall anode
and high-efficiency aluminum disc-fin anode cooler capable

ML-6420
ML-6421
ML-6421-F

PAGE 1
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ML-6420
ML-6421
ML-6421-F

DESCRIPTIONS & RATINGS

of dissipating 10 kW with an air flow of approximately 475
cfm*. Maximum ratings of 10 kVdc plate voltage and 20 kW
plate input apply at frequencies up to 30 Mc. These tubes
are rated for service up to 70 Mc with plate voltage and
plate input reduced according to the table on page 2.

The ML-6421-F includes the features of the ML-6421
except for the conventional copper fin cooler which is me-
chanically interchangeable with the type 5667. It is rated
for 7.5 kW dissipation with an air flow of approximately
550 cfm.

GENERAL CHARACTERISTICS

Electrical

Filament VOICABE .....ocoommonse b oot ook i i ni st s s i 550 e

Filament Current
Filament Starting Current, maximum .......
Filament Cold Resistance ........................ .

Amplification Factor ... B

Interelectrode Capacitances:

Grid-Plate ...

Grid-Filament
Plate-Filament

Mechanical

Mounting Position ... s sivimsmmssssss s

Type of Cooling — ML-6420

Water flow on anode, minimum for 12.5 kW dissipation .
Maximum outgoing water temperature ..........................

Type of Cooling — ML-6421, ML-6421-F
Air flow on anode

ML-6421*, minimum for 10 kW dissipation ........

ML-6421-F, minimum for 7.5 kW dissipation .............
Maximum incomifng air temperature .......................
Maximum Glass Temperature ........ A —— IR

Net Weight, approximately
ML-6420 .
ML-6421
ML-6421-F

*When used with Machlett ML-6421 Air Distributor, F-17796.

............................ 7.0 Volts
85 Amps
400 Amps
0.0095 Ohms
............................... 20
ML-6420
ML-6421 ML-6421-F
............................... 20 21 uuf
30 30 uuf
1.8 2.1 uuf

Vertical, anode down
Water and forced-airt

5
70 °C
Forced-air

Pressure: 475 cfm at 3.3” water
Exhaust: 550 cfm at 3.5” water
550 cfm
50 °C
165 °Ct
8 lbs.

11.5 Ibs.
30 Ibs.

tAt frequencies up to 15 Mc, normal cabinet ventilation should be sufficient to cool glass portions of tube. At higher frequencies or high
ambient temperatures, auxiliary air flow of 25-50 ¢fm may be required and should be distributed to maintain uniform glass temperature,

not greater than 165°C, around the circumference of the seals.



ML-6420

ML-6421 MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
ML-6421-F (Continuous Commercial Service)
PAGE 2 VALUES APPLY TO ALL THREE TYPES UNLESS OTHERWISE SPECIFIED

Audio-Frequency Power Amplifier and Modulator

Class B

Maximum Ratings, Absolute Values

Plate-Modulated R-F Power Amplifier
Class C Telephony

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

D-CPlate Voltage ..................ooccoiviiiiiiii 10000 volts . .
Max.-Signal D-C Plate Current* o 2.2 amps Maximum Ratings, Absolute Values
Max.-Signal Plate Input* ... 20 kW D-C Plate Voltage 8000 volts
Plate Dissipation* D-C Grid Voltage . —1600 volts
ML-6420 12.5 kW D-C Plate Current 1.8 amps
ML-6421 10.0 kW D-C Grid Current .. 0.40 amp
ML-6421-F 7.5 kW Plate Input ... 12 kW
. . Plate Dissipation
Typical Operation (Values are for two tubes) ML-G420 ..o, 8.3 kW
D-C Plate Voltage ............................ 4500 9000 volts ML-6421 6.7 kW
D-C Grid Voltage ......... ... ...—220  —400 volts ML-6421-F 5.0 kW
Peak A-F Grid-to-Grid Voltage ........... 1500 1750 volts Typical Operation
Peak A-F Plate-to-Plate Voltage ............ 6600 15600 volts D-C Plate Voltage ............. ... 6000 volts
Zero-Signal D-C Plate Current ............ 0.05 0.4 amp D-C Grid Voltage .............. ... —800 volts
Max.-Signal D-C Plate Current ............ 4.0 3.7 amps Peak R-F Grid Voltage ......... 1320 volts
Effective Load Resistance, Plate-to-Plate 200 5400 ohms Peak R-F Plate Voltage ... ... 5200 volts
Max.-Signal Driving Power,approximate 290 210 watts D-C Plate Current ............... 1.25 amps
Max.-Signal Power Output, approximate 10.8 23 kW D-C Grid Current ............... 0.21 amp
* Averaged over any audio-frequency cycle of sine-wave form. grIEViI;Ic;a%OIV{VeeS;)St:grc;o).(.kﬁ;éé B 22(7)8 Svtzlirtrtlss
Power Output, approximate 5.9 kW

Radio-Frequency Power Amplifier
Class B

Carrier conditions per tube for use with a maximum
modulation factor of 1.0
Maximum Ratings, Absolute Values
D-C Plate Voltage ..o 10000 volts Maximum Ratings, Absolute Values
D-C Plate {CuLrent s sosw s 1.8 amps D-C Plate Voltage ... 10000 volts

R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without
amplitude modulationt

Plate Input D-C Grid Voltage volts
ML-G420 ..o 18 kW D-C Plate Current amps
ML-6421 ... 15 kW D-C Grid Current 42 amp
ML-6421-F 11 kW Plate TAPBE s isciiinsiiiumissmmmmmmasmssseammsms kW

Plate Dissipation Plate Dissipation
ML-GA20 .....oooooiiiiie 12.5 kW ML-G420 ..., 12.5 kW
ML-6421 10.0 kW ML-6421 ... 10.0 kW
ML-6421-F 7.5 kW ML-6421-F 7.5 kW

Typlsl Cpsasion Tygcél gperaso? 8000 8000 9000 vol
- ate Voltage ... volts

D-g Rlage YOG cwcscssrrsssmse i _92(9)8 el D:C Gtid Voltage .o —700 —700 —750 volts

1P3- T e e 345 voits Peak R-F Grid Voltage ... 1080 1330 1350 volts
eak R-F Grid Voltage ... e Peak R-F Plate Voltage ......... 7000 6500 7600 volts

Peak R-F Plate Voltage ... R 3800 volts D-C Plate Current ........ i ! 2.15 2.0 amps

Dils Pl CRaent i s Lo amp D-C Grid Cuttent ... ) 020  0.18 amp

D-C Gf:i CUEIEAL. vvvonsmsmsssssssmossmmmmomssnsrsrasnossess ST s R-F Load Resistance 1700 2200 ohms

g;li:v{‘r?; ngsilstaa‘.’;:;ré).(.i.l.’l.’l.;tés """""""" : 100 “omtes Driving Power, approximate . 100 260 240 watts

Power Output, ’approximate .............................. 3.0 kW Power Output, approximate ... 6.1 122 152 bW

tModulation essentially negative may be used if the positive peak of

§At crest of audio-frequency cycle with modulation factor of 1.0. the envelope does not exceed 115% of the carrier conditions.

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits

Characteristics Conditions Minimum Bogey Maximum

Grid Voltage ep = 1300 volts; in = 9.0 amps €ec: _ 850 volts
Grid Current epb = 1300 volts; iv = 9.0 amps e} _ _ 3.0 amps
Plate Voltage E. = 0 Vdcg; I, = 1.0 Adc Ep: 2.5 2.9 3.3 kVdc
Plate Voltage E. = —200 Vdc; I, = 1.0 Adc Ey: 6.2 6.9 7.6 kVdc
Grid Voltage E, = 10.0 kVdc; Iy = 0.02 Adc E.: —470 —540 —610 Vdc
Plate Power Output E, = 9.0 kVd¢; Ec. = —750 Vdc P.: 11 —_— — kW

2.0 Adc; I. = 0.18 Adc

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply up to 30 Mc except as noted. The tube may be operated  Frequency ... . 30 50 70 Mc
at higher frequencies provided the maximum values of plate voltage and power  Ppercent Maximum Rated Plate Voltage and Plate Input
input are reduced according to the tabulation on the right (other maximum ratings Class B 100 920 70

are the same as shown above). Special attention should be given to adequate ven- =7 = = e

tilation of the bulb at the higher frequiencies. Class € .oovissmsmsmisvas 100 75 60
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DESCRIPTION

The ML-6425 is a general purpose forced-air-cooled three-
electrode tube designed specifically for 15-25 kW industrial
heating service and for AM broadcasting. The tube features
rugged coaxial mounting structures providing high-dissipa-
tion, low-inductance r-f electrode terminals. The heavy-wall
anode is capable of dissipating 12.5 kilowatts with an air flow

ML-6425
PAGE 1
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ML-6425

DESCRIPTION & RATINGS

of approximately 710 cfm*. The cathode is a sturdy, self-sup-
porting stress-free thoriated-tungsten filament. Maximum
ratings of 12.5 kVdc plate voltage and 40 kW plate input
apply at frequencies up to 30 Mc. Useful power output can
be obtained at frequencies up to 110 Mc with plate voltage
and plate input reduced according to the table on Page 3.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage .....................coccooiiiiiiiiiiie
Filament Cuffent ..................ccoooviiiiiiiiiieiiiieeeeeeeeee
Filament Starting Current, maximum ..............................
Filament Cold Resistance ...................cccccoiieiiieeiiiniii..

Amplification Factor
Interelectrode Capacitances:

Grid-PIAte sovomsmmmmimimmsm s i 5 0 i e ey i e 58
Grid-Filament ...
Plate-Filament .................cccccoooviiiiiiiiiii i

Mechanical

Mounting Position ...
Type: of COOUNE .uunvvummminronmimsosmnssmmissmssn s seisiiiiinfime e

Air flow on anode, minimum for 12.5 kW dissipation

Air flow on glass and seals ...
Maximum incoming air temperature ...
Maximum Glass Temperature ........................ccccocoeeieii..
Net Weight, approxXimate .........................cc.coiiiiiiiiiiieii.

7.0 Volts
120 Amps
550 Amps
.0070 Ohms
20

.............................................................. 27  uuf

34 uuf
2.0 uuf

Vertical, anode down
Forced-air

Pressure: 710 cfm at 4.7” water
Exhaust: 815 cfm at 5.1” water

.............................................................. See Note
.............................................................. 50 °C
.............................................................. 165 °C

15  lbs.

*When used with Machlett ML-6425 Air Distributor, F-17797.

Note: At frequencies up to 15 Mc, normal cabinet ventilation should be sufficient; at higher frequencies or high ambient
temperatures, auxiliary air flow of 25-50 ¢fm may be required and should be distributed to maintain uniform glass
temperature, not greater than 165°C, around the circumference of the seals.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator
Class B

Maximum Ratings, Absolute Values
D-C Plate Voltage ..........ccccoovviiiiiiiiiiiiiieie
Max.-Signal D-C Plate Current*
Max.-Signal Plate Input* ..........
Plate Dissipation™ ..o iiessssasin

Typical Operation (Values are for two tubes)

D-C Plate Voltage ..............coocviveiiiiiinns 12000 volts
D-C Grid Voltage ........................ . -560 volts
Peak A-F Grid-to-Grid Voltage . 2080 volts
Peak A-F Plate-to-Plate Voltage 20400 volts
Zero-Signal D-C Plate Current 0.6 amp
Max.-Signal D-C Plate Current 5.6 amps

Effective Load Resistance, Plate-to-Plate .... 255.0 465.0 ohms

Max.-Signal Driving Power, approximate .. 400 100 watts
Max.-Signal Peak Driving Power, approx.# 3800 1400 watts
Max.-Signal Power Output, approximate .. 38 45 kW

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

#Peak driving power defined as product of peak audio-frequency grid
voltage and peak grid current.

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values
D-C Plate Voltage
D-C Plate Current
Plate Input ..............
Plate Dissipation ............c.ccooceeiiiiiiiiiiiiiiiiiiieeeiin

Typical Operation
D-C Plate: Voltage ......ci.ivsissmiss oty
D-C Grid Voltage .................cc.ccoooi
Peak R-F Grid Voltage ...
Peak R-F Plate Voltage ...
D-C Plate Current ...........
D-CGrid CCULLENT wosuyimsmsiismmmmsim i st it
R-F Load Resistance . .
Driving Power, approximate*
Power Output, approximate ...........................c.......

*At crest of audio-frequency cycle with modulation factor of 1.0

Plate-Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage ...............oooooviviiiiiiiiiiiiiiee 9000 volts
D-C Grid Voltage ..... -2000 volts
D-C Plate Current .... 2.5 amps
D-C Grid Current ... 0.50 amp
Plate Input .............. 22 kW
Plate Dissipation ...................c.cocoiiiieiiieieiee 8 kW

Typical Operation
D-C Plate Voltage ................ocooociiiiiiiiii 8500 volts

D-C Grid Voltage ..... -1400 volts
Peak R-F Grid Voltage ... 2000 volts
Peak R-F Plate Voltage ... 7300 volts
D-C Plate Current .......... 1.8 amps
D-C Grid Current ..................ccoooiiiiii 0.17 amp
R-F Load Resistance 2200 ohms
Driving Power, approximate ............................... 330 watts

Power Output, approxXimate ................................. 12.1 kW

R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without amplitude modulationt

Maximum Ratings, Absolute Values

D-C Plate Voltage volts
D-C Grid Voltage ... volts
D-C Plate Current ... amps
D-C Grid Current ... .50 amp
Plate Input ............ kW
Plate DissiPation ............ccccooeieiiviiiiiiiieiieeiiinnnee 5 kW

Typical Operation
D-C Plate Voltage ...................... 10000 12000 12000 volts
D-C Grid Voltage ........... ... -1000  -1000  -1000 volts
Peak R-F Grid Voltage . 1750 1620 1740 volts
Peak R-F Plate Voltage . 8400 10500 10500 volts
D-C Plate Current ........... 3.3 2.6 3.3 amps

D-C Grid Cursent: .......cooivmummisrans 0.25 0.15 0.25 amp
R-F Load Resistance ................. 1450 2300 1800 ohms
Driving Power, approximate ...... 430 250 430 watts
Power Output, approximate ...... 24.4 24.2 30.6 kW

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

Note — The Maximum Plate Input Ratings are based on operating
efficiencies high enough to insure that the Maximum Plate
Dissipation Ratings are not exceeded.

T T T T JT 1T T
1 1 T T T I
HHH -+ A FHH
T HHH
! i o G ERISTH
P i "E‘Fﬂﬁ‘ﬂ CHLETT[AIR B F= 7 79T EEmEEEmEEmaun
INEEEE T 18
I Il "
H1- 1 T I
sas H i i HH
mEmmaaas
HHHH /
I e Lg
o - 1 B i
1 18 yi ]
g |
T I vy a T n j v
ﬂTl‘] i
I I
3 -~ 1
H % 1A REEEES HH
Pt H YW+
E 5 T { T
H HHHHH H
» o 1
o r1A & oL ' R
dasEest § 'BLOWE
c T
D P
T r .
2| L 1
1
HHAH BASED ¢ [ ti 5
s ARITE rURE OF
AHEMES
HEFOR IR FIND -Gt ﬁmﬁ
FROM
| STAHGC RRESSURE FROM
1 T
4 Ll
?
LIATE DI S1RAT]
I I




Characteristics
Grid Voltage

Grid Current

Plate Voltage

Plate Voltage

Grid Voltage

Plate Power Output

€n
E.
E.
E,
E,
In

Conditions
= 1500 volts; i, = 14 amps
= 1500 volts; i, = 14 amps
=0 Vdg; I, = 1.5 Adc
= 400 Vdc¢; I, = 1.5 Adc
10.0 kVde; I, = 0.02 Adc
12.0 kVdc; E. = -1000 Vdc
= 3.3 Adc; I. = 0.25 Adc

Il

€c!
T
En:

Es:
E.:

P.:

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply up to 30 Mc except as noted. The tube may be operated
at higher frequencies provided the maximum values of plate voltage and power
input are reduced according to the tabulation below (other maximum ratings are
the same as shown above). Special attention should be given to adequate ven-
tilation of the bulb at the higher frequencies.

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

IR : ML-6424 & ML-6425
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PAGE 3
Limits
Minimum Bogey Maximum
950 volts
—_— _ 4.0 amps
2.6 3.1 3.6 kVdc
10.0 11.1 12.2 kVdc
-470 -560 -650 Vdc
25 e — kW
Erequency ....covewsn 30 70 110Mc
Percent Maximum Rated Plate Voltage and Plate Input
Class B ..o 100 90 70
Class C ..o 100 75 60
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DESCRIPTION

The ML-6425-F is a general purpose forced-air-cooled three-
electrode tube designed primarily for replacement of older
tube types in 15-25 kW industrial heating service and for AM
broadcasting. The tube features rugged coaxial mounting
structures providing high-dissipation, low-inductance r-f elec-
trode terminals. The heavy-wall anode is capable of dissipating
11 kilowatts with an air flow of approximately 870 c¢fm. The

ML-6425-F
PAGE 1
ISSUED 6-56

ML-6425-F

DESCRIPTION & RATINGS

cathode is a sturdy, self-supporting stress-free thoriated-tung-
sten filament. Maximum ratings of 12.5 kVdc plate voltage
and 40 kW plate input apply at frequencies up to 30 Mc. Use-
ful power output can be obtained at frequencies up to 110 Mc
with plate voltage and plate input reduced according to the
table on Page 3.

GENERAL CHARACTERISTICS

Electrical

Pilament VOIage e iisseiiommisimmmmbmmmmans eomssnmmmmasis
Filament Cuffent ...............ccooiiiiiiiiiiiiiii
Filament Starting Current, maximum ..............................
Filament Cold Resistance ................ccccooocoiiiiiiiiii
Amplification Factor: e sy mrasmmmsmmmm

Interelectrode Capacitances:

Grid-Plate ...

Mounting Position ...

Type of Cooling
Air flow on anode

Air flow on glass and seals ...
Maximum incoming air temperature ...

Maximum Glass Temperature ......

Net Weight, approximate .......................................

7.0 Volts
120 Amps
550 Amps
.0070 Ohms

............................................................. 20

28 uuf
34  uuf
2.2 uuf

Vertical, anode down
. Forced-air
See Cooling Characteristics

............................................................. See Note
............................................................. 50 °C

165 °C
............................................................. 50 lbs.

Note: At frequencies up to 15 Mc, normal cabinet ventilation should be sufficient; at higher frequencies or high ambient
temperatures, auxiliary air flow ofOZS-SO cfm may be required and should be distributed to maintain uniform glass
temperature, not greater than 165°C, around the circumference of the seals. Auxiliary air flow may be obtained from

separate blower or from deflection of anode cooling air.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
(Continuous Commercial Service)
Audio-Frequency Power Amplifier and Modulator R-F Power Amplifier and Oscillator
Class B Class C Telegraphy
Maximum Ratings, Absolute Values Key-down conditions per tube without amplitude modulationt
D-C Plate VOlage ....couvmsmsmmsisimsmssamnmismamigs 12500 volts . .
Max.-Signal D-C Plate Current* ........................... 3.5 amps Maximum Ratings, Absolute Values
Max.-Signal Plate Input* 40 kW D-C Plate Voltage ..., 12500 volts
Plate Dissipation® ..........ccccccooiiiiieeeeeieieeeeenn. 11 kW D-C Grid Voltage volts
D-C Plate Current ... amps
Typical Operation (Values are for two tubes) D-C Grid Current ... . amp
D-C Plate Voltage ............... [P TURRT 12000 volts Plate Input ... . kW
D-C Grid Voltage ... -560 volts Plate Dissipation ...............cccccovieiiiiiiiiiiieeeieieieeees kW
Peak A-F Grid-to-Grid Voltage ... ...................... 2080 volts Typical O :
Peak A-F Plate-to-Plate Voltage , .. 20400 volts ypical Uperation
Zero-Signal D-C Plate Current ..................... 0.6 amp D-C Plate Voltage ...................... 10000 12000 12000 volts
Max.-Signal D-C Plate Current ... . ... .. 5.6 amps D-C Grid Vo!tage ............... . -1000 -1000  -1000 volts
Effective Load Resistance, Plate-to-Plate e 4650 ohms Peak R-F Grid Voltage ..... ... 1750 1620 1740 volts
Max.-Signal Driving Power, approximate ... 100 watts Peak R-F Plate Voltage ... ... 8400 10500 10500 volts
Max.-Signal Power Output, approximate ............. 45 kW D-C Plate Current ............... 3.3 2.6 3.3 amps
. . D:C. Grid (Cutrent s ossenimsrs 0.25 0.15 0.25 amp
* Averaged over any audio-frequency cycle of sine-wave form. R-F Load Resistance ............ 1450 2300 1800 ohms
Driving Power, approximate ... 430 250 430 watts
Power Output, approximate ... 24.4 24.2 30.6 kW
+Modulation essentially negative may be used if the positive peak of
Radio-Frequency Power Amplifier the envelope does not exceed 115% of the carrier conditions.
Class B Note — The Maximum Plate Input Ratings are based on operating
. . . . efficiencies high enough to insure that the Maximum Plate
Carrier conditions per tube for use with maximum Dissipation Ratings are not exceeded.

modulation factor of 1.0

Maximum Ratings, Absolute Values

D-C Plate Voltage 12500 volts PR EHE FEET R S S anaaaat
D-C Plate Current ... . e 2.5 amps I ma B - . T -
Plate Input . e 16.5 kW PO HAR, RISTIES e masemsann
Plate Dissipation ... B T 11 kW SefEmaRsaasRasRannn T RERERaan AmaREsmaEnEas
SN BN T T ] 1 I t NS NENN N 1
Typical Operation o i HE ; T - 1 HH
D-C Plate Voltage ... 10000 volts ey A EReaan e
D-C Grid Voltage . o -420 volts ERSEE ] BRaRaEaas i ER SESS N RRE: T
Peak R-F Grid Voltage SIT— : 510 volts bt e 1 EERaEaE asainanass: / o -
Peak R-T Plate Voltage : — — 4200 volts | H 15 THH AT i i
D-C Plate Current ... ; 1.65 amps  [H u I8 JLnENE EEEEI 1 s ! i
D-C Grid Current . . 0 mA : I T T yamam: A !
R-F Load Resistance R 1600 ohms Al | ! sl - e
Driving Power, approximate® ... 170 watts  FEHHHH R R B R e e aaeas naanaa s ey sz aanas R T imnEEuEE
Power Output, approximate ... ... ... 5.5 kW = ! O ; P A
HHHa T FHHHH ] - -
* At crest of audio-frequency cycle with modulation factor of 1.0 ‘E : PR P
F feaL ‘ mmanmmmn i
% ! T
I
RS . |
Emamas S LOW = ICAM H
Plate-Modulated R-F Power Amplifier BRSERE- . i 1‘ HHH e
Class C Telephony sl R AR B e e ey RREat R NN RRRRR 4B
Carrier conditions per tube for use with maximum _,> 18 HHHHHHH iz
modulation factor of 1.0 ! 0 EEENEEEENEE L
BEREEN: T T NN NN BREEE
Maximum Ratings, Absolute Values i E" ua 5 =
D-C Plate Voltage 9000 volts T ! .
D-C Grid Voltage . S— . -2000 volts g I
D-C Plate Current 2.5 amps = T H
D-C Grid Current 0.50 amp sesssmaE s,
Plate Input ........... . 22 kW FHHH FHEHHH i
Plate Dissipation 7.5 kW HH T
HHH HHHH &
Typical Operation o - :
D-C Plate Voltage ..o, 8500 volts HHHH ! HHHH HHHH
D-C Grid Voltage ..... -1400 volts =T : =T :
Peak R-F Grid Voltage ... 2000 volts I
Peak R-F Plate Voltage ................................... 7300 volts 1 I 2 3 HHH
D-C Plate Cusrent ................ccoooiiiiiiiii e, 1.8 amps :
D-C Grid Curtent ... 0.17 amp E b e L HrEare DissiPATION - kitowaT T i
R-F Load Resistance . . . . 2200 ohms ! W PH T
Driving Power, approximate . 330 watts [ REERE ] P A ! HH
Power Output, approximate : I 12.1 kW H P HH aa ammmE 8 t
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristics Conditions Minimum Bogey Maximum
Grid Voltage e, = 1500 volts; i, = 14 amps ec: _ 950 volts
Grid Current e, = 1500 volts; i, = 14 amps 155 _ —_ 4.0 amps
Plate Voltage E.= 0 Vdc; I, = 1.5 Adc En: 2.6 3.1 3.6 kVdc
Plate Voltage E. = -400 Vdg; I, = 1.5 Adc Ev: 10.0 11.1 12.2 kVdc
Grid Voltage Ey, = 10.0 kVdc; I, = 0.02 Adc E.: -470 -560 -650 Vdc
Plate Power Output E, = 12.0 kVdc; E. = -1000 Vdc P,: 21 _ — kW
In = 2.6 Adc; I. = 0.15 Adc
MAXIMUM FREQUENCY RATINGS
Maximum ratings apply up to 30 Mc except as noted. The tube may be operated Frequency ..o 30 70 110Mc
at higher frequencies provided the maximum values of plate voltage and power :
input are reduced according to the tabulation below (other maximum ratings are Percent Maximum. Rated Plate Voltage and Plate Input
the same as shown above). Special attention should be given to adequate ven- Class B ..o, 100 90 70
tilation of the bulb at the higher frequencies. Class C ................... 100 75 60
T T T T T
I
F
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DESCRIPTION:

The ML-6426 and ML-6427 are general purpose three-
electrode tubes designed specifically for 40-50 kW and
25-30 kW industrial heating service respectively, and for
AM broadcasting. These tubes feature coaxial mounting
structures providing high-dissipation, low-inductance r-f
electrode terminals. The cathode of each type is a sturdy,
self-supporting, stress-free, thoriated-tungsten filament. The
ML-6426 has a water-cooled, heavy-wall anode capable of

ML-6426
ML-6421

DESCRIPTIONS & RATINGS

dissipating 40 kW with 20 gpm water flow. The ML-6427
has a forced-air-cooled, heavy-wall anode capable of dis-
sipating 20 kW with an air flow of approximately 1000
cfm*. Maximum ratings of 125 kVdc plate voltage
and 80 kW plate input apply at frequencies up to 30 Mc.
These tubes are rated for service up to 110 Mc with
plate voltage and plate input reduced according to the
table on page 3.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ..........cccocooiiiiiiiiiiiiiiiiii
Filament ‘CuLrent .c.oiawmmmmsssms sy s v mmimms
Filament Starting Current, maximum ..................cccceeeuns
Filament Cold Resistance ...... .. ...................oocccccieeiiiiie.n
Amplification Pactor: . s ooy ssssmns sz

Interelectrode Capacitances:

Grid-Plate ...t
Grid-Filament ...
Plate-Filament ...

Mechanical

Mounting PoSition .............ccoooiiiiiiiiiiii
Type of Cooling - ML-6G426 ... ..cccocooiiiiiiiiiis i,
Water flow on anode, minimum for 40 kW dissipation
Maximum outgoing water temperature ..........................
Type of Cooling - ML-6427 .......ccocooiiiiiiii i,

Air flow on anode, minimum for 20 kW dissipation* .......

Maximum incoming air temperature ........................ ...

Maximum Glass Temperature .................ccocooevieviiiiiieninnn.

Net Weight, approximate

ML-G426 ..o e
ML-G427 oo oo

8.0 Volts
200 Amps
800 Amps
.0051 Ohms
20

38  uuf
50 uuf
1.8  uuf

Vertical, anode down
Woater and forced-airf
20 gpm
70 °C
Forced-air

Pressure: 1000 cfm at 7.7” water
Exhaust: 1150 cfm at 8.4” water

..................................................... 50 °C
.................................................... 165 °Ct
.................................................... 13 1bs.

20 lbs.

*When used with Machlett ML-6427 Air Distributor, F-17798.

tAt frequencies up to 15 Mc, normal cabinet ventilation should be sufficient; at higher frequencies or high ambient
temperatures, auxiliary air flow of 50-150 cfm may be required and should be distributed to maintain uniform glass
temperature, not greater than 165 °C, around the circumference of the seals.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

VALUES APPLY TO BOTH TYPES UNLESS OTHERWISE SPECIFIED

Audio-Frequency Power Amplifier and Modulator

Class B

Maximum Ratings, Absolute Values

ML-6426 ML-6427

Class C Telephony

Plate-Modulated R-F Power Amplifier

Carrier conditions per tube for use with a maximum

modulation factor of 1.0

D:C Plate Voltage ..o s 12500 12500 volts Maximum Ratings, Absolute Values ML-6426 ML-6427
Max-Slgmal DC Flae Cunent™ s 80 T amps D-C Plate Voltage ................... 9000 9000 volts
Max.-Signal Plate Input* 80 60 kW D-C Grid Voltage . ... oo 2000 -2000 volts
Rlote DUSSIDAUGET covuoamsemmasmessesesmssons 40 20 kW D-C Plate Current ... 6.0 5.5 amps
Typical Operation (Values are for two tubes) ML-6426 }IDDl_afe (f;;ttCurrent """""""""""""" 15(3) 15(; akn\;(}a
D-C Plate Voltage 8500 10000 12000 volts Plate Dissipation ............................ 26 13 kW
D-C Grid Voltage ..................... -400 -500 -550 volts . .
Peak A-F Grid-to-Grid Voltage 1600 1940 2120 volts Typical operation
Peak A-F Plate-to-Plate Voltage ... 14000 16000 19000 volts D-C Plate Voltage .o sssemams 8500 volts
Zero-Signal D-C Plate Current .. 1.3 1.2 2.4 amps D-C Grid Voltage - 1400 volts
Max,-signal D-C Plate Current 7.8 10.0 12.4 amps Peak R-F Grid Voltage ....................... 2140 volts
Effective Load Resistancey Plate- Peak R-F Plate Voltage R TS 7000 volts
to-Plate 2300 2000 1950 ohms D-C Plate Current ................................ 4.8 amps
Max.-Signal Driving Power, D-C Grid Current ..., 0.50 amp
approximate T 200 200 170 watts R-F Load Resistance ... 800 ohms
Max.-Signal Power Output, Driving Power, approximate ...... 1.1 kW
approximate ... 42 63 93 kW Power Output, approximate 30.7 kW

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

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values ML-6426 ML-6427

D-C Plate Voltage ..... 12500 12500 volts
D-C Plate Current ...........ccooeeiin 6.0 6.0 amps
Plate Input ... RO 60 32 kW
Plate Dissipation ............................. 40 20 kW
Typical Operation ML-6426

D-C Plate Voltage .............c...... 12000 10000 12000 volts
D-C Grid Voltage ..................... -550  -450 -550 volts
Peak R-F Grid Voltage ........... 550 580 600 volts
Peak R-F Plate Voltage ........... 5400 4200 5300 volts
D-C Plate Current 2.6 3.6 3.2 amps
D-C Grid Current 0 0 0 mA

R-F Load Resistance 1330 730 1040 ohms
Driving Power, approximate** .. 350 550 480 watts
Power Output, approximate ... 11 12 13.5 kW

** At crest of audio-frequency cycle with modulation factor of 1.0.

R-F Power Amplifier and Oscillator
Class C Telegraphy
Key-down conditions per tube without amplitude modulation}

Maximum Ratings, Absolute Values

ML-6426 ML-6427
D-C Plate Voltage ........ 7500 12500 7500 12500 volts
D-C Grid Voltage ........ -2000 -2000 -2000 -2000 volts
D-C Plate Current ...... 8.0 8.0 8.0 8.0 amps
D-C Grid Current ........ 0.8 1.0 0.8 1.0 amp
Plate Input ... 48 80 48 80 kW
Plate Dissipation .......... 40 40 20 20 kW
Frequency 110 30 110 30 Mc
Cathode- . . L
Drive Grid-Drive Circuitry
Typical Operation Circuitry ML-6426
D-C Plate Voltage ... 7500 10000 12000 12000 volts
D-C Grid Voltage ... -850 -1100 -1200 - 1200 volts
Peak R-F Grid Voltage 1500 1880 1880 1940 volts
Peak R-F Plate Voltage 5600 8000 10000 9800 volts
D-C Plate Current ... 5.3 6.5 5.4 6.4 amps
D-C Grid Current ... 0.35. 0.48 0.30 0.35 amp
R-F Load Resistance ... 750 700 550 870 ohms
Driving Power, approx. 7500 900 550 670 watts
Power Output, approx. 33§ 464 48.5 55.4 kW

+Modulation essentially negative may be used if the positive peak
of the envelope does not exceed 115% of the carrier conditions.

§Includes power transferred from driver stage.

Note: The Maximum Plate Input Ratings are based on operating
efficiencies high enough to insure that the Maximum Plate
Dissipation Ratings are not exceeded.
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
Limits
Characteristics Conditions Minimum Bogey Maximum
Grid Voltage ey = 1500 volts: i, = 28 amps ec: 1000 volts
Grid Current ev = 1500 volts; i, = 28 amps X _— —_— 8.5 amps
Plate Voltage Ec. = 0 Vd¢; I, = 3.0 Adc Es: 3.1 3.5 3.9 kVdc
Plate Voltage E. = -200 Vdc; I, = 3.0 Adc Ey: 6.9 7.5 8.1 kVdc
Grid Voltage Evw = 10.0 kVd¢; In = 0.02 Adc E.: -490 -570 -650 Vdc
Plate Power Output E, = 12.0 Adc; E. = -1200 Vdc P.: 40 _— — kW
I, = 5.0 Adg; I. = 0.30 Adc
MAXIMUM FREQUENCY RATINGS
Maximum ratings apply to 30 Mc except as noted. The tube may be operated Frequency ... ... 30 70 110Mc

at higher frequencies provided the maximum values of plate voltage and plate
input are reduced according to the tabulation below (other maximum ratings are
the same as shown above). Special attention should be given to adequate ven-

tilation of the bulb at the higher frequencies.

APPLICATION NOTES

The handling of high power requires particular attention
to the removal of power under fault conditions, since the
large amount of energy involved can severely damage the
electron tube if not properly controlled. Therefore the ground
leads of the plate and grid circuits should be equipped with
individual quick-acting overload relays which will remove
power from these circuits within 1/10 second.

Additional protection is recommended and may be obtained
by connecting a resistor in series with the plate lead of each

ML-6426

Percent Maximum Rated Plate Voltage and Plate Input
Class B .............. 100 90 70
Class C ... ....... 100 75 60

tube for protection of the tube during the time required
for the plate overload relay to act. A suitable resistor should
be added unless the equivalent impedance is provided by
transformers or other circuit components. The criterion is
the total energy to which the tube can be subjected. The
minimum value of total resistance which will give adequate
protection with reasonably low power loss is as follows:

Series Resistor ... .15 25 40 60 ohms
Maximum Power Output
of Rectifier 80 160 320 640 kW
ML-6427
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DESCRIPTION

The ML-6442 is a metal-ceramic envelope, medium-mu
triode of the planar-electrode type designed specifically for
use as a plate-pulsed oscillator at frequencies up to about
4000 Mc. It can also be used as a c-w oscillator, r-f power am-
plifier or frequency multiplier at frequencies up to 2500 Mc.
Features include short electron transist time, low inter-
electrode capacitances and high transconductance. Lead in-
ductances and r-f losses are minimized by a compact, rugged
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DESCRIPTION AND RATINGS

metal-ceramic construction with ring type seals, making the
tube ideally suited to cavity type circuits as well as for par-
allel line operation. The cathode is an indirectly-heated,
oxide:coated disc. The heater is insulated from the cathode
permitting this tube to be used in series-string circuitry. The
anode is cooled by conduction and convection and is capable
of dissipating 8 watts.

GENERAL CHARACTERISTICS

Electrical

Cathode ...
Heater Voltage™® ...

Heater Current, ACor DC ...,

Cathode Heating Time for Pulse Operation, minimum

Amplification Factor .......... ...

Direct Interelectrode Capacitances, approximate

Grid-Plate ..o
Grid-Cathode, Eh = O .......oooooiiiiii e

Plate-Cathode, maximum, Eh = 0

Mechanical

Mounting Position ........................ccccciiii
Type Of COOLING ...oooviiiiiiiiieiie e
Envelope Temperature, maximum ...............ccccooeririirennn..n.
Net Weight, approxXimate ..............cccccoevvviieiiiiiiiiiiaiiieeeenn.

.................................................. Conduction and convection

Indirectly Heated

—10%
6.3 +5% Volts
0.9 Amp

60 Seconds

........... - 50

2.3 puf
5.10 puf
0.045 ppuf

Optional

175 °C
1 ounce

* The transit time heating effect of the cathode shall be compensated by a reduction in heater voltage after dynamic
operation of the tube has started. The back heating is a function of frequency, grid current, grid bias, plate current,
duty cycle, and circuit design and adjustment. There is an optimum heater voltage which will maintain the cathode at
the correct operating temperature for a particular set of operating conditions. A maximum variation ‘'of plus or minus
5 percent from optimum is permitted. For applications above 500 Mc, contact the Machlett Engineering Department

for optimum heater voltage values.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

Plate-Pulsed Amplifier and Oscillator — Class C

Maximum Ratings, Absolute Values
For a Maximum Conducting Period of 5 Microseconds in any
5000 Microsecond Interval.*
The tube shall not be grid pulsed beyond the Class C Telegraphy
ratings.

Peak Positive-Pulse Plate-Supply Voltage ............... 3000 volts
Peak Negative-Pulse Grid-Bias Voltage ... . 100 volts
Peak Plate Current from Pulse Supplyt ................ 2.5 amps
Peak Rectified Grid Current ... 1.25 amps
DC Plate Current .........c..ccoooveeiiiiiiiiiiiiiieeieinn 2.5 mA
DC Grid Current . mA
Plate Input ... Watts
Plate Dissipation . Watts
Pulse Duration .................oocccccoiiiiiiiiii .0 usec
Cathode Heating Time ... 60 Seconds
Peak Heater-Cathode Voltage

Heater Negative with Respect to Cathode .......... 90 volts

Heater Positive with Respect to Cathode volts
FLOQUEICY s imvmvansssnsmnssmsspasssesesss st semin a5 soa s s Mc

Typical Operation — With Rectangular Wave Shape

Plate Pulsed Self-Excited Oscillator at 3500 Mc
Duuty FaGtor . . sy s v vy vy usansss 0.001
Peak Positive-Pulse Plate-Supply Voltage ................ 3000 volts
Peak Negative-Pulse Grid Bias Voltage, approx. . 75 volts
Grid Bias Resistor, approximate ... 50 ohms
Peak Current from Pulse Supply ................. 2.5 amps
Peak Rectified Grid Current ... U 1.25 amps
DC Plate Current 2.5 mA
DC Grid Current ... 1.25 mA

Useful Power Output at Peak of Pulse, approx. ... 2.0 kW

Pulse Duration ... ... 1.0 wsec
Pulse ‘Repetition Rate .. oo ... 1000 pps
Heater Voltage .......................................... 6.0 Volts

* For applications above a duty factor of 0.001, contact the Mach-
lett Engineering Department for recommendations.

1 The regulation and/or series plate supply impedance shall be
such as to limit the instantaneous peak current, with the tube
considered as a short circuit, to a maximum of 10 times the
specified maximum current rating.

Radio-Frequency Power Amplifier and Oscillator—
Class C Telephony

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

Maximum Ratings, Absolute Values
DC Plate Voltage
DC Grid Voltage ...
DC Plate Current ... mA
DC Grid Current ... mA
Plate Input ............. .5 Watts

Volts
Volts

Plate Dissipation Watts
Peak Heater-Cathode Voltage
Heater Negative with Respect to Cathode ........ 90 volts
Heater Positive with Respect to Cathode ............ 90 volts
Frequency .. ..o 2500 Mc

Radio-Frequency Power Amplifier and Oscillator—
Class C Telegraphy

Key-down conditions per tube without amplitude modulationf
Maximum Ratings, Absolute Values

DC Plate Voltage ...............................o..o. 350 Volts
DC Grid Voltage ....... ... —50 Volts
DC Plate Current ... [ 35 mA
DC Grid Current ... . 15 mA
Plate Power Input .................. 12 Watts
Plate Dissipation ... 8 Watts
Peak Heater-Cathode Voltage

Heater Negative with Respect to Cathode ............ 90 volts

Heater Positive with Respect to Cathode ... .90 volts
Frequency ...l 2500 Mc

1 Modulation essentially negative may be used if the positive peak
of the audio-frequency envelope does not exceed 115 percent
of the carrier conditions.

CHARACTERISTIC RANGE VALUES FOR
EQUIPMENT DESIGN

Class A; Amplifier Min. Max.
Plate Voltage ..o, 350 Volts
DC Grid Bias, approximate ... —2.5 —5.75 Vdc
Amplification Factor, approximate,

Ec/Ib = 35 mAdc ... 35 65
Transconductance .................................. 13500 19000 umhos
Plate CHEIrent oowommsomen mimsmmming  ——— 35 mAdc
Grid-Plate Capacitance U 2.10 245 puf
Grid-Cathode Capacitance, Eh = 0 ... 4.60 5.45 upuf
Plate-Cathode Capacitance, Eh = 0 ...... 0.045 uuf
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DESCRIPTION

The ML-6544 is a shielded-grid triode designed primarily
for use as a switch tube in hard-tube pulse modulators for
radar applications. It delivers a peak pulse power output of
one megawatt with less than 10 kW of driving power. The
tube incorporates a beamed electrode structure to minimize
driving power. This design avoids the fine-wire grids usually
used in tetrodes and provides a rugged structure. The shield
grid is strapped to the cathode internally and protects the
cathode from transient arcs. These features provide a tube
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DESCRIPTION & RATINGS

which operates much more stably at high voltages than
hard-tube modulators of earlier design. The high amplifica-
tion factor coupled with low grid current result in unusually
low driving power requirements. Additionally, the input and
output circuits are isolated so that feedback capacitance is
small. The cathode is a unipotential oxide-coated type. The
anode is forced-air cooled and is capable of dissipating 1 kW
with an air flow of 80 cfm.

GENERAL CHARACTERISTICS AND RATINGS

Electrical
Filament VOLAEE ..i..uom . sismes i ssvmem cossss o i rissvss s ooy s e ey s aos sessnasaimnss 6.0 =5% Volts
Filament CUITENE  ........ooooiiiiiii oo 60 Amps
Filament Starting Current, maximum ..... 300 Amps
Cathode Warm-Up Timef .......... 10 Min
AmPLification FACOL ............coooiiiiiiiii e 90
Interelectrode Capacitances:
Grid-Plate, MaxXimUM ............coooiiiiiiiii oo 4 upf
Grid-Filament 260  ppf
Plate-Filament 40  upf
Mechanical
Mounting Position (support tube by anode radiator only) ................................... Any

Type of Cooling ...y vt
Air flow on anode (at 45°C and 14.7 psi ambient atmospheric pressure) .......... 80 cfm
Static Pressure, Inches of Water .............................

Air flow on grid radiator, minimum ...
Maximum incoming air temperature ..

Maximum Glass Temperature ..................................
Net Weight, approximate ........................ccccoeevi...

Forced-airt
*

............................................. 0.2
5 cfm
75 °C
............................................. 175 °C¥
............................................. 13 Ibs.

1For accelerated cathode warm-up, the filament may be energized at 7.0 volts for 5 minutes and then reduced to 6.0 volts for high-voltage
operation. If a filament stand-by voltage of 5.0 volts is used, the minimum cathode warm-up time is 1 minute at 6.0 volts.

tSufficient air cooling must be provided to keep glass seal temperatures at less than 175°C under all conditions of operation.
*For air-flow requirements at other temperatures and pressures, consult the Machlett Engineering Department.
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MAXIMUM RATINGS im! ‘ {ANODE |RADIATOR |CHARACTERISTIGS ! T
AND TYPICAL OPERATING CONDITIONS 7 T} B Es EREEEmEAEn A mauE panan ! o
! ! —
Maximum Ratings, Absolute Values e e e Enamms: ummn A
Pulse Width*§ ... 6 usec e EmEaRRIESHEREIE f JEsae eaeaa e maEaa naas
Duty Factor ... .03 Eeaaasaass. ‘ ot e jiH ssmuaans: HSEausaum
Peak Plate Voltage ... 25 kv Emama=ams: oot
D-C Plate Voltage: s smsasmmsmnmes s 20 kV - ‘ e ':f
D-C Grid Voltage ... —600  Volts —t—teoelHsl
Peak Positive Grid Voltage .. . 1500 volts B &
Peak Cathode Current ... 75 amps H ; M |§
D-C Plate; Curtent’ s mmurmemsrmmieinias 250 mA sreera
Grid Dissipation ... 75  watts S }41 E,
Plate Dissipation (80 cfm @ 0.2” water) ........ 1000  watts 8= 15“: g :
Typical Operation: Pulse Modulator or Amplifier — EEEREES. IEasAdRECH
Class C§ £ ,ﬁB\_ T
D-C Plate Voltage ..o, 18 kV " 5108 ’L 7
D-C Grid Voltage ..o —500 Volts i ’ HH
Pulse Positive Grid Voltage - . 1200 volts daRs ; ERRs Aaan
Pulse Plate Current .......... . 65 amps FEEH T '; = [ !
Pulse Grid Current ... . 7 amps ERREEEE "' T
Load ReSiStance ............c...ccoococorioiiiiiiiiinen, 225 ohms FE !
Duty Factor ..........cccooiiiiiiiiiiii .0015 o=t “
Pulse Power Input ..................... D — 12,0 kw S
Pulse Power Output ... 1000 kw 4( ’
*Under certain conditions of operation, longer pulses may be | S il
possible. 1
§For information concerning specific tube problems or applications #‘ 1
not covered, consult the Machlett Engineering Department. Lol
> ot I e
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DESCRIPTION

The ML-6576 is a three-electrode tube designed speci-
fically for use as a modulator or amplifier in broadcast and
communication service, and as an R-F amplifier in single-
sideband transmission systems where low distortion is of
utmost importance. The ML-6576 is mechanically equiva-
lent to the ML-356 tube; filament characteristics are also
identical. Features include rugged kovar-glass seals and rigidly
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DESCRIPTION & RATINGS

supported grid and filament assemblies. The anode is water
cooled and is capable of dissipating 22.5 kW with a water
flow of approximately 12 gpm. The cathode is a thoriated-
tungsten, stress-free filament employing no sliding contacts,
insulators or tension springs. Maximum ratings of 12 kVdc
plate voltage and 45 kW plate input apply at frequencies up
to 25 Mc.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ....................ooooiiiiiiii e

Filament Current at 7.5 Volts ............
Filament Starting Current, maximum .

Filament Cold Resistance ...,
Amplification Factor ...,

Interelectrode Capacitances:

Grid-Plate ..ot

Mechanical

Mounting Position ..o
Type of Cooling: ...i.iwsosrmmnmminmemns s
Water Flow on anode, minimum for 22.5 kW dissipation ..
Maximum outgoing water temperature .......................

Air flow on center of dish from 3” nozzle ...
Maximum Glass Temperature ..............................................
Net Weight, approximate ........................ccccccccviieiiiiii,

........................................................ 4.0 uuf

........................................................ 7.5 Volts
170 Amps
800 Amps

0.0056 Ohms

44 uuf
33  uuf

......................................................... Vertical, anode down
......................................................... Water and Forced Air

..... 12 gpm*
..... 70 °C

*This rate of water flow applies when Machlett Water Jacket F-10690 with spiral is employed.

At frequencies above 10 Mc, more air flow may be necessary; special attention should be given to adequate ventilation of
the dish and seals to keep the temperature at the hottest point below 165°C. Heat radiating connectors for grid and fila-
ment posts are recommended.



ML-6576

PAGE 2

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS
(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator
Class AB

Maximum Ratings, Absolute Values
D-C. Plate VOltage :mawavssmmmmsimmssmmmmn 12000 volts

Max.-Signal D-C Plate Current* ......................... 5.0 amps
Max.-Signal Plate Input* - 45 kW
Plate Dissipation® vsmmmemmasnimonsmamsiesms 225 kW

Typical Operation (Values are for two tubes)

D-C Plate Voltage .................................. 10000 12000 volts
D-C Grid Voltage ............. T -1800  -2150 volts
Peak A-F Grid-to-Grid Voltage ... 3550 4250 volts
Peak A-F Plate-to-Plate Voltage 14000 19000 volts

Zero-Signal D-C Plate Current 1.8 1.8 amps
Max-Signal D-C Plate Current 7.6 5.7 amps
Effective Load Resistance, Plate-to-Plate .. 2300 4200 ohms
Max.-Signal Driving Power, approx. ...... 0 0 kW
Max.-Signal Power Output, approx. ... 42 43 kW

Radio-Frequency Power Amplifier
Class AB Single-Sideband

Two-tone test conditions per tube

Maximum Ratings, Absolute Values

D-C Plate Voltage ..o 12000 volts
DG Plate CUILENt vvsupummmspmmepmsin v wpi g e 5.0 amps
Plate Input ...........ocooiiiiiii 45 kW
Plate DiSSIPAtiOn .........cccccooiiiiiiiiiiieeiieiiee 225 kW
Typical Operation
D-C Plate Voltage ..........ccccooviiiiiiiiiiiiii 10000 volts
D-C Grid Voltage ... -1900 volts
D-C Plate Current ...........ccocovvviiiiieeiiiiiiiiiieee 3.0 amps
D-C Grid Cutrrent, approxXifate ........c...imvispsiisiiss 0 mA
Driving Power, approximate** ... ... ... ... 0 kW
Peak Envelope Power Output, approximate ......... 36 kW

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values

D-C Plate Voltage ...........ccccooviiiiiiiiiiii 12000 volts
D-C Plate Current ...............cccooiiiieiiiiiiiie 4.0 amps
Plate TOPUL: iomsmssummmmminssmesmvmsessvivnsaem iy o 40 kW
Plate Dissipation ........................... SRR 15 kW
Typical Operation
D-C Plate Voltage ..o, volts
D-C Grid Voltage .oy o - volts
Peak R-F Grid Voltage volts
Peak R-F Plate Voltage ............. volts
D:C Plate Cusrent: ..o o .0 amps
D-C Grid Current ... mA
Driving Power, approximate** . .. . ... ... . 100 watts

Power Output, approxXimate ... 12 kW

R-F Power Amplifier and Oscillator
Class C Telegraphy

Key-down conditions per tube without amplitude modulation}

Maximum Ratings, Absolute Values

D-C Plate Voltage
D-C Grid Voltage ...

10000 volts
-2400 volts

D-C Plate Current 6.0 amps
D-C Grid Current 0.20 amp
Plate INPUt ..ot 60 kW
Plate Dissipation ......................o.coccoiiiiiiii 225 kW
Typical Operation
D-C Plate Voltage ..o 8000 volts
D:C (Grid Violage emmmmausmmmee s s sy s -2000 volts
Peak R-F Grid Voltage 2600 volts
Peak R-F Plate Voltage 6700 volts
D-C Plate Current ................o..cooiiiiieiiiiieii 4.9 amps
D-C Grid Current, approximate ............................ 0.12 amp
Driving Power, approximate ... 300 watts
Power Output, approximate .............................. 29 kW

* Averaged over any audio-frequency cycle of sine-wave form.
** At crest of audio-frequency cycle with modulation factor of 1.0.

% Modulation essentially negative may be used if the positive peak
of the envelope does not exceed 115% of the carrier conditions.
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DESCRIPTION

The ML-6623 is a forced-air-cooled three-electrode tube
designed for industrial heating service and for AM broad-
casting. The grid and filament terminals are equipped with
permanently attached flexible straps to facilitate circuit
connections. The cathode is a thoriated-tungsten filament.
The anode is forced-air cooled and can readily dissipate
2.5 kW with a moderate rate of air flow at low static
pressure. Special features include: precise and stable align-

ML-6623
PAGE 1
ISSUED 4-57

ML-6623

DESCRIPTION AND RATINGS

ment of electrodes, to prevent grid-cathode shorts and to
assure reliability and uniform operation; brazed radiator
construction, to eliminate hot-spotting and its detrimental
effects; and quick r-f heated final seal-in, to provide a non-
poisoned-cathode, contaminant-free, stress-free tube. Max-
imum ratings of 5.0 kVdc plate voltage and 5.0 kW plate
input apply at frequencies up to 30 Mc.

GENERAL CHARACTERISTICS

ELECTRICAL DATA

Filament Voltage ...................ooiii
Filament Current at 6.0 Volts ..o

Filament Starting Current, maximum
Filament Cold Resistance .....................

Amplification Factor ...

Interelectrode Capacitances:

Giid:Plate: nwmenmmommsmssmmsm b s o

Grid-Filament ....
Plate-Filament
MECHANICAL

Mounting Position ....
Type of Cooling ........

Air-flow on anode ...
Air-flow on dish ...

Maximum incoming air temperature ....

Maximum Glass Temperature ..............................................
Net Weight, approximate ...........................................

............................................................. 6.0 Volts
60 Amps
300 Amps
0.016 Ohms

............................................................. 22
............................................................. 16 uuf
19 uuf
1.0 uuf

Vertical, anode up or down
Forced air

.............................................................. 150 cfm at 0.9” water

............................................................ See Note

45 °C
.............................................................. 160 °C
TR T i om e 5 A A P 4 Ibs

Note: Cooling of dish and bulb may be provided by deflection of anode cooling air or by blower delivering 10 cfm air

through a 1” diameter nozzle.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B
Maximum Ratings, Absolute Values
D-G Plate: Voltage: .o s 3000 volts
Maximum Signal D-C Plate Current® ............... 1.75 amps
Maximum Signal Plate Input* ... 4200 watts *j
Plate Dissipation® ... 2500 watts ]

Typical Operation (Values are for two tubes)

R-F Power Amplifier and Oscillator

EEE

D-C Plate Voltage e volts T
D-C Grid Voltage .................... e, volts 168
Peak A-F Grid-to-Grid Voltage volts ‘
Zero Signal D-C Plate Voltage amp e
Maximum Signal D-C Plate Current ...................... 2.80 amps inm
Effective Load Resistance, plate-to-plate ............. 3060 ohms
Maximum Signal Driving Power, approx. .......... 140 watts .
Maximum Signal Power Output, approx. ............ 4350 watts ‘
* Averaged over any audio-frequency cycle of sine-wave form. H D
faar aees
EardiRaE
§ )

Class C Telegraphy HE-
Key-down conditions per tube without amplitude modulation: BEEC
Maximum Ratings, Absolute Values 5B =
D-C Plate Voltage ............c.cocooiiiiiiiiiiiiiee, 5000 volts
D-C Grid Voltage ..........occooiiiiiiiiiiii -1000 volts  F
D-C Plate CUILEHE, vosomsmmavsssemssmsiiaeim s s 1.4 amps [ H
D-C Grid Current ..............oocciiiiiiiiiiiie 0.5 amp I
Plate Input ...t 5000 watts HH
Plate: Dissipation: v o i oo 2500 watts [
Typical Operation ;;: T
D-C Plate Voltage ...........cccccccoviiiiiiiiiiiiiiiiiiiiiii 5000 volts I
D-C Grid Voltage ... -850 volts S
Peak R-F Grid Voltage .................. oo 1200 volts  |—
D-C Plate Current ................... 1.0 amp
D-C Grid Current, approx. ..... . 0.210 amp
Driving Power, approx. ........... - 250 watts I
Power OUtput, apProX. .....ooooovieiieiieiioieieaieen 4100 watts

1 Modulation essentially negative may be used if the positive peak
of the envelope does nnt exceed 115% of the carrier conditions.

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Limits

Characteristic: Conditions: Minimum Bogey Maximum
Grid Voltage e, — 1000 volts; i, = 6 amps ec: 360 volts
Grid Current e» = 1000 volts; in = 6 amps ie: —_— 2.2 amps
Plate Voltage E. = -20 Vd¢; In = 0.40 Adc Ep: 1150 1400 1650 Vdc
Plate Voltage E. = -30 Vdc; In = 0.40 Adc Ey: 1370 1620 1870 Vdc
Grid Voltage E, = 4000 Vdc; In = 0.020 Adc E.: -180 =215 -250 Vdc
Peak Cathode Current* ik: 10 _ amps
Power Output E, = 5000 Vdc; E. = -850 Vdc

I, = 1.0 Adc; 1. = 0.3 Adc P 3800 _— — watts

* Represents maximum usable plate current plus grid current for any condition of operation.
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I2'p1a. BOLT CIRCLE

16 PIN NO. ELEMENT
I [ FILAMENT
1 2 FILAMENT
5", " | 3 EXTRA GRID
75t L CONNECTION NOT
Try NECESSARILY USED
LEADS ] g GRD
g _ 5 GRID
020" TK. x %WIDE & SAME A5
l f (L || 1’)
:7 (R
5" . |" rL r] j ( 1T
8 "16 ALY
III
75 MAX.
5" L ‘
32 MAX. DIA. .
A T )
8 AIR COOLER AND
ANODE TERMINAL
I_ll + '—II
22 -8

Nl

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A

ST-1436 2.5M 3-58 PRINTED IN U.S. A.



DESCRIPTION

The ML-6697 is a general purpose forced-air-cooled
three-electrode tube designed specifically for 40-60 kW in-
dustrial heating and AM broadcasting service. The tube
features rugged coaxial mounting structures providing high-
dissipation, low-inductance r-f electrode terminals. The
heavy-wall anode is capable of dissipating 35 kW with an
air flow of approximately 1700 cfm® The cathode is a sturdy,
self-supporting, stress-free, thoriated-tungsten filament.

ML-6697
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ML-6697

DESCRIPTION & RATINGS

Maximum ratings of 16 kVdc plate voltage and 120 kW
plate input apply at frequencies up to 30 Mc. Full input
can be utilized from about 10 kVdc and 11 Adc to 15.5
kV and 7 Adc, offering the equipment designer a wide
latitude in choice of load impedance. Useful power output
can be obtained at frequencies up to 90 Mc with plate
voltage and plate input reduced according to the table on
Page 3.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ..............ccooooiiiiiiiiiiiiiii e
Filament CUfent ...........ccoociiiiiiiiiiiiiiiiiieeiie e

Filament Starting Current, maximum ...
Filament Cold Resistance ...

Amplification Factor ...

Interelectrode Capacitances:

Grid Plate ...

Grid-Filament
Plate-Filament

Mechanical

Mounting Position .............ccooooiiiiiiiiiii
Type of COOLING .....ccoovoiiieiiiiiieieee e

Air flow on anode for 35 kW dissipation® ......................

Air flow on glass and seals ...........................c

Maximum incoming air temperature

Maximum Glass Temperature ...............cccccooooviiieeiiieeiiinn.

Net Weight, approximate

Tube 0nly .o
Tube with air distributor ...

*When used with Machlett Air Distributor F-17759.

13.0 Volts
205 Amps
800 Amps

.0073 Ohms
20

55  uuf
76 uuf
2.7 uuf

Vertical, anode down
Forced-air
Pressure: 1700 cfm at 7.8” Water

""""""""""""""""""" Exhaust: 1970 cfm at 8.4” Water

........................................... See Note
50 °C
...................................................... 165 °C
...................................................... 29  lbs.
41 1bs.

Note: At frequencies up to 15 Mc, normal cabinet ventilation should be sufficient; at higher frequencies or high am-
bient temperatures, auxiliary air flow of 50-150 cfm may be required and should be distributed to maintain uni-
form glass temperature, not greater than 165 °C, around the circumference of the seals.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)

Audio-Frequency Power Amplifier and Modulator

Class B

Maximum Ratings, Absolute Values

D-C Plate Voltage ...............cccooiiiiiiiii 16000
Max.-Signal D-C Plate Current® ... 11
Max.-Signal Plate Input* ... 110
Plate Dissipation™ ...conwmsmmmsmmssmmos o 35
Typical Operation (Values are for two tubes)
D-C Plate Voltage . 10000
D-C Grid Voltage ... ) B —— -450
Peak A-F Grid-to-Grid Voltage U .. 1750
Peak A-F Plate-to-Plate Voltage ....................... 16000
Zero-Signal D-C Plate Current .............................. 3.0
Max.-Signal D-C Plate Current 17.4
Effective Load Resistance, Plate-to- Plate 1170
Max.-Signal Driving Power, approximate 450
Max.-Signal Power Output, approximate . 110

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

Radio-Frequency Power Amplifier
Class B

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

Maximum Ratings, Absolute Values

D-C Plate Voltage . 16000
D-C Plate Current .................... T 9
Plate Input ... P 55
Plate: DISSIDATION: .. ompvmsmsie e sy s 525 35
Typical Operation
D-C Plate Voltage s samismssmsmmsiommsesins 12000
D-C Grid Voltage -550
Peak R-F Grid Voltage 510
Peak R-F Plate Voltage 5300
D-C Plate Current . [ 4.3
D-C Grid Current w R S R e 0
R-F Load Resistance TR . 780
Driving Power, approximate * 450
Power Output, approximate ....... - . . 18

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

** At crest of audio-frequency cycle with modulation factor of 1.0.

Plate-Modulated R-F Power Amplifier
Class C Telephony

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

Maximum Ratings, Absolute Values

D-C Plate Voltage .................................. . 10000
D-C Grid Voltage XTI - 11 0 (¢
D-C Plate Current ... 8.5
D-C Grid Current ... 2.0

Plate Input .. . U —— 81

Plate Dissipation S S 23
Typical Operation

D-C Plate Voltage ... 9500

D-C Grid Voltage .. . -1600

Peak R-F Grid Voltage . .. 2300

Peak R-F Plate Voltage 7800

D-C Plate Current ... 8.4

D-C Grid Current .. ciusommmmmsmpemmmsamvams s 0.90
R-F Load Resistance ... 510
Driving Power, approximate .......................... 2.0
Power Output, approximate ............................oo.... 60

R-F Power Amplifier and Oscillator
Class C Telegraphy

volts
volts
amps
amps
kW
kW

volts
volts
volts
volts
amps
amps
ohms
kW

kW

Key-down conditions per tube without amplitude modulationt

Maximum Ratings, Absolute Values

D-C Plate Voltage 16000
D-C Grid Voltage oo e -3200
D-C Plate Current ... 11
D-C Grid Current . 2.0
Plate Input e 120
Plate DiSsipation. . o swsann . 35
Typical Operation
D-C Plate Voltage .. .10000 15000
D-C Grid Voltage ................................ -1200  -1600
Peak R-F Grid Voltage ..o 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, approximate ................. 1.5 0.60
Power Output, approximate ...................... 72 80

volts
volts
amps
amps
kW
kW

volts
volts
volts
volts
amps
amps
ohms
kw
kW

+Modulation essentially negative may be used if the positive peak of

the envelope does not exceed 115% of the carrier conditions.

Note: The Maximum Plate Input Ratings are based on operating
efficiencies high enough to insure that the Maximum Plate
Dissipation Ratings are not exceeded.
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Characteristics Conditions

Grid Voltage en — 1500 volts; iy = 48 amps

Grid Current en — 1500 volts; in = 48 amps

Plate Voltage E. = 0 Vdg I, = 3.0 Adc

Plate Voltage E. = -400 Vd¢; I» = 3.0 Adc

Grid Voltage E, = 15.0 kVdc; I, = 0.20 Adc

Plate Power Output E, = 15.0 kVdc; E. = -1600 Vdc
I, = 7.0 Adc; I = 0.30 Adc

€

fe:
Ebi
Es:
E.:
Ps:

Limits

Minimum Bogey Maximum
_— — 1000 volts
_— e 15 amps

1.8 23 2.8 kVdc

9.2 10.3 11.4 kVvdc

-730 -850 -970 Vdc

68 — — kW

MAXIMUM FREQUENCY RATINGS

Maximum ratings apply to 30 Mc except as noted. The tube may be operated at
higher frequencies provided the maximum values of plate voltage and power input

are reduced according to the tabulation below, (Other maximum ratings are

the

same as shown above.) Special attention should be given to adequate ventilation

of the bulb at the higher frequencies.

APPLICATION NOTES

Frequency ... 30 60 90Mc
Percent Maximum Rated Plate Voltage and Plate Input
Class B . srairesy ey LOO 80 55
Class C ...................... 100 75 50

The handling of very high power requires particular at-

&

tention to the removal of power under fault conditions,

since the large amount of energy involved can cause

severe damage if not properly controlled. The ground

lead of the plate circuit of each tube should be con-
nected in series with the coil of a quick-acting overload

w“‘

relay, adjusted to open the circuit breakers in the pri-

(ws]
=

T
i
T
PP
-

mary of the rectifier transformer at slightly higher than

1

normal plate current. The total time required for the 100

operation of the relay and circuit breakers should be 1/10

second or less. The grid circuit should be equipped with e

similar overload relays which will likewise remove all H=

NN
T
i
i
i
1

grid power within 1,/10 second. aamsss

To protect the tube until the relay and circuit breakers _%qgn

act, the installation of a device which will short circuit

the plate power in the order of one-half cycle is highly

recommended. For this purpose an electronic device or

§IE=Jus dmEmm
; T
O
H - IEE R
| AL
;]|
1
T
T
i
i

a railway-type line-power contactor may be connected

to short the primary power lines to ground. Preferably,

a gaseous conduction device may be connected at the He L

JELE7 TREUI
T

TP

output of the plate-supply filter, if used, to dissipate the

filter-circuit energy as well as the rectifier output. In H

some applications, depending on the size of the filter

1T
NI

capacitor or speed of the relays, sufficient protection may

be obtained by connecting a resistor in series with the

plate lead of each tube, unless the equivalent impedance i

is provided by transformers or other circuit components.

The criterion is the total energy to which the tube can

be subjected. The minimum value of total resistance HH

T
i
I
I

which will give adequate protection with reasonably HEEHH

low power loss is as follows: -

Series Resistor 10 20 35S SO ohms i

St

O
T

Maximum Power Output H-H

of Rectifier ... 120 250 500 1000 kW

In most cases, especially in parallel operation of tubes
when power-supply impedance is low, both the electronic
shorting device and the series resistor are recommended.

When such an electronic device is not installed, protec-
tive sphere gaps used in combination with the series
plate resistor may be satisfactory. Gap spacings must be
carefully adjusted for each individual application.
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ML-7007

DESCRIPTION & RATINGS

DESCRIPTION
The ML-7007 is a forced-air-cooled tetrode designed pri- ductance and high heat dissipation capability. The anode is
( marily for high power vhf television service. The envelope rated for 10 kW dissipation with an air flow of 350 cfm. The
uses high-alumina ceramic insulation for mechanical strength cathode is a sturdy, s pporting, thoriated-tungsten fila-
and low electrical loss. Sturdy cylindrical supports for the two ment. Maximum ratings ‘at frequencies up to 220 Mc.

grids and large-area coaxial terminals provide low lead in-

GENERAL CHARACTERI

Electrical

Filament Voltage .cvmsmsmnemmmsmnna s N e e NG csessisinisns 5.0 Volts

Filament Current ....... : W 180 Amps

Filament Cold Resistance .............cc.... . B 0.0036 Ohms

Amplification Factor, Grid No. 2 to Grid N B DO 10

Direct Interelectrode Capacitances:
Grid No. 1-Plate®, maximum .. e 0.6 uuf
Grid No. 1-Filament .............. 43 uuf
Plate - Filament®, maximum .. .......oioibooooo oo e e 0.08 uuf
Grid No. 1 -Grid No. 2 . 60 uuf
Grid No. 2 - Plate e W . 21 uuf

Mechanical
Mounting PeSILION oo oo Vertical, anode up or down
Type of L . s e Forced-air
Air flov wum for 10 kW dissipation ... 350 cfm at 3” water
Air flow on TINALE oo 100 cfmft
Maximum incoming air temperature ....... e 50 °C
Maximum envelope temperature 180 °C
Net Weight, approximate : 16 Ibs.

*Measured with 12” square metal shield attached to Grid No. 2 terminal.

( tDistributed among Grid No. 2, Grid No. 1 and Filament seals to maintain uniform temperature, not greater than
180°C, around the circumference of the seals.
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MAXIMUM RATINGS
R-F Power Amplifier, Class B Television Service R-F Amplifier and Oscillator, Class C
Synchronizing-level conditions unless otherwise specified. Key-down conditions per tube without amplitude modulation.

(Voltages are referred to cathode unless otherwise specified.) Maximum Ratings, Absolute Values

Maximum Ratings, Absolute Values D-C Plate Voltage .....ocooooooooiiooeieeieiee 7000 volts
D-C Plate Voltage ... 6500 volts D-C Grid No. 2 Voltage ...ooooooooeeoeeee 2000 volts
D-C Grid No. 2 Voltage ..ooooooooeeiee 2000 volts D-C Plate Curfent .......ooccooooiooeeoiieeecieeeeieeceenes 2.75 amps
D-C Plate Curfent ......ooooooooioiiioiiiieeieeee 4 amps D-C Grid No. 1 Current ..o, 0.6 amp
Plate Input ... 24 kW Plate Input ... 20 kW
Grid No. 2 Input ... 400 watts Grid No. 2 Input .. 400 watts
Plate Dissipation ..o 10 kW Plate Dissipation 10 kW
Grid No. 1 Dissipation ..o 300 watts

3
= 6"+ 2 DA ﬂ
=|£_,|9 32

—ANODE
/ RADIATOR
ol
e +1
“ol©
ANODE | t“' -n"I)_
TERMINAL ‘ .
| %
T MIN.
; ; ; i
i
GRID NO.2—| ; 63 DIA.
TERMINAL -y ‘
- ]
N
= " *
ol \f[l Jl l 73%, MIN.
+ 1 ¢
ol , 4
© | |
GRID NO.1—
TERMINAL !
I
| 13" *
‘ —L e MIN.
1~ | l
g - 437" 007" DIA.
/////[/ r
710"+ 040"
FILAMENT — ey )
TERMINALS ‘ 3.685" X .025" DIA,
‘ 4.250"* .025" DIA.
~—— 4% MAX. DIA. ——

% REPRESENTS MAXIMUM STRAIGHT PORTION AVAILABLE FOR CONTACT.

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT
U.S. A

ST-1525 PRINTED IN U.S.A.
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ML-7120
ML-7121

DESCRIPTION & RATINGS

DESCRIPTION

The ML-7120 and ML-7121 are low-mu, three-electrode a water-cooled, heavy-wall anode capable of dissipating
tubes designed specifically for use as Class ABI1 linear am- 12.5 kW with a water flow of approximately 5 gpm. The
plifiers or modulators. The ML-7120 and ML-7121 are me- ML-7121 has a forced-air-cooled, heavy-wall anode capable
chanically equivalent to the ML-6420 and ML-6421, respec- of dissipating 10 kW with an air flow of approximately
tively. The cathode of each type is a sturdy, self-supporting, 475 cfm*. Maximum ratings of 10 kVdc plate voltage and

stress-free, thoriated-tungsten filament. The ML-7120 has 20 kW plate input apply at frequencies up to 30 Mc.

GENERAL CHARACTERISTICS

Electrical
Filament Voltage 7.0 Volts
Filament Current 85 Amps
Filament Starting Current, maximum .. 400 Amps
Filament Cold Resistance .................. 0.0095 Ohm
AmPLfIcAtion FACLOL .......ocoiiiiiiii oo 4.4
Interelectrode Capacitances:
Grid-Plate ....... 23 uuf
Grid-Filament ... 32 uuf
Plate-Filament 1.7  puf
Mechanical
MoUnting POSILION ...t e Vertical, anode down

Type of Cooling — ML-7120 ..., .... Water and Forced airt

Water flow on anode, minimum for 12.5 kW dissipation .. . 5 gpm
Maximum outgoing water temperature ........................... 70 °C
Type of Cooling — ML-7T121 ..ot Forced-air

Pressure: 475 cfm at 3.3” water

. . T
Air flow on anode, minimum for 10 kW dissipation * ... Exhaust: 550 cfm.at 3.5" water

Maximum incoming aif tEMPELATULE ..............ccoooiiiiiiiie it 50 °C
Maximum Glass TeMPErAtULE .............ccooooiiiiiiiie oo 165 °Ct
Net Weight, approximate

ML-T120 e 10 1lbs.

i 8 T 13.5 lbs.

*When used with Machlett ML-7121 Air Distributor F-17796.

tAt frequencies up to 15 Mc, normal cabinet ventilation should be sufficient; at higher frequencies or high ambient temperature, aux-
iliary air flow of 25-50 cfm may be required and should be distributed to maintain uniform glass temperature, not greater than
165°C, around the circumference of the seals.
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MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

(Continuous Commercial Service)
VALUES APPLY TO BOTH TYPES UNLESS OTHERWISE SPECIFIED

Audio-Frequency Power Amplifier and Modulator

Class AB1
Maximum Ratings, Absolute Values

D-C Plate Voltage ........................................... 10000 volts
Max.-Signal D-C Plate Current 2.2 amps
Max.-Signal Plate Input ............................... 20 kW
Plate Dissipation

ML-7120 125 kW

ML-7121 10 kW

Typical Operation (Values are for two tubes)
D-C Plate Voltage ....... ........ 6000 8500 10000 volts
D-C Grid Voltage ... .......... —1450 —2050 —2350 volts
Peak A-F Grid-to-Grid Volt-

75 A 2800 4000 4600 volts
Peak A-F Plate-to-Plate Volt-

AZE oo 8600 13000 12800 volts
Zero-Signal D-C Plate Current 0.2 0.4 0.6 amp
Max.-Signal D-C Plate Current 12 1.6 4.2 amps
Effective Load Resistance,

Plate-to-Plate ... 9150 10400 3900 ohms
Max.-Signal Driving Power .. 0 0 0  watts
Max.-Signal Power Output,

approximate ... 4.0 8.1 21 kW

Typical Operation (Values are for two tubes)

Random Noise Drive Conditions ML-7120

D-C Plate Voltage ..................... 10000 10000 volts
D-C Grid Voltage ... —2350 —2350 vwvolts
Peak A-F Grid-to-Grid Voltage .... 4650 4650 volts
Peak A-F Plate-to-Plate Voltage .... 15200 15800 volts
Zero-Signal D-C Plate Current ...... 0.6 0.6 amp
Max.-Signal D-C Plate Current ... 2.5 2.0 amps
Effective Load Resistance, Plate-to-

Plate ... 7750 10000 ohms
Max.-Signal Driving Power 0 0 watts
Max.-Signal Power Output at 1.0

Power Factor s iz 15 12,5 kVA
Load Power Factor ... 0-1.0 0-1.0

CHARACTERISTIC RANGE VALUES FOR

Characteristic

Plate Voltage e. =
Plate Voltage Es =
Plate Voltage E. =
Grid Voltage By =

Plate Power Output E,

Conditions

0 volts; iy = 15 amps

0 Vdc; In = 1.0 Adc
—1000 Vdc; Iy = 1.0 Adc
7.0 kVdc; In = 0.020 Adc
10.0 kVdc; I, = 1.5 Adc

= —2350 Vdc; I. = 0 Adc

Linear RF Power Amplifier — Class AB
Single-Sideband Suppressed-Carrier Service

Maximum Ratings, Absolute Values

D-C Plate Voltage
Max.-Signal DC Plate Current
Max.-Signal Plate Input ............. 20
Max.-Signal DC Grid Current
Plate Dissipation

ML-7120 oo 12.5
ML-7121 10
Typical Operation

DC Plate: VOIARE ..iovmisvarsivossivsiisssnss imsvian sies 10000
DC Grid Voltage ........................ ... —2350
Zero-Signal DC Plate Current . 0.3
Effective RF Load Resistance ........................... 3050
Single-Tone Modulation
Max.-Signal DC Plate Current ..................... 1.5
Max.-Signal DC Grid Current 0
Max.-Signal Peak RF Plate Voltage ... 7200
Max.-Signal Peak RF Grid Voltage ............. 2325
Max.-Signal Driving Power ... 0
Max.-Signal Plate Power Output 8.5
Two-Tone Modulation
Average DC Plate Current 0.95
Average DC Grid Current 0
Max.-Resultant Signal Peak RF Grid Voltage .... 2325
Average Plate Power Output ...................... 4.25
Peak Envelope Plate Power Ouput .... 8.5

EQUIPMENT DESIGN

Limits
Minimum Bogey Maximum
€h: _— 6.0 6.4 kv
E,: 0.7 0.85 1.0 kVdc
E,: 4.9 5.25 5.6 kVdc
E.: —1600 —1800 —2000 Vdc
Py: 7.5 8.5 kW
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DESCRIPTION

The ML-7291 is a small television camera tube designed
primarily for use in television broadcasting for film pick-up.
It will retain a minimum center resolution of 600 lines at
0.4 microamperes signal current from a standard RETMA

ML-7291
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ML-7291
VIDICON

DESCRIPTION & RATINGS

test pattern chart. The tube will function with considerable
over-beaming without picture distortion. The photoconduc-
tive layer is characterized by a spectral response approaching -
that of the human eye.

GENERAL CHARACTERISTICS

Heater, for Unipotential Cathode:

Voltage (AC of DC) ..o
L 1 L

Direct Interelectrode Capacitance:

Signal Electrode to All Other Electrodes ......................
Spectral RESPONSE wvesisssisivissmnivrspesvinessisssionississuonssussuis ssisssss

Photoconductive Layer:

6.3 = 10% volts

..................................... 0.6 ampere

45 ppf

..................................... See Curve

0.62 inch

Maximum Useful Diagonal of Rectangular Image (4)(3 Aspect Ratio) ...
Orientation of Quality Rectangle — Proper orientation is obtained when the
horizontal scan is essentially parallel to the plane passing through the tube axis

and short index pin.

Focusing Method ............ccccooiiiiiiiiiiiii

Deflection Method ...
Overall Length ........
‘Greatest Diameter, excluding side tip ...

Maximum Radius, including side tip ..............cccoocoiiiiii
Bulb o
Operating POSItION ...........ccccoooiiiiiiiiiiiiiieeiei e

..................................... Magnetic

Magnetic
6%” i %U
1.125"” =+ 0.010”

................................... 0.800"
................................... T-8
.................................... Approx. Horizontal

or faceplate up
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Es EEHH
L T
T -
T i
IT ' 1
LH ] EEnmEEnE
MAXIMUM RATINGS au H
Maximum Ratings, Absolute Values - 7_” 1 ‘[ £ :j
Signal-Electrode Voltage ......................... 75  volts o e HH T
Grid No. 4 & Grid No. 3 Voltage ............ 350 volts mam HH I a, B
; S RANGE =t
Gr{d No. 2 Voltage ... ..........ooocooeiiiii 350 wvolts RaEERcE: s ! :1: =AY VAL UE uE
Grid No. 1 Voltage T ! T T i
Negative bias value ... 125 volts : 'é’ H HHH N HAHHH
Positive bias value ................... 0 volts g TN A \M*’\l i e Rna e ARmEsEkba
Peak Heater-Cathode Voltage: EESE3 N l P e
Heater negative with respect to cathode 125 volts u »}_g H \ R
Heater positive with respect to cathode 10  volts SRR - /_ g YN T B0
Faceplate Temperature .................... 60 °C Eg}' jEman o au NG ‘!
iE EEEE FEE b
el SR pids e SR nSeRssanneEanednel
N £
ij;; ] 11’ i T \‘ HH ]
881 H EEEREEELeE ] ]
HH 7 NG \ A
HE iEEiEE N I%
m 1 NG N FHH
TYPICAL OPERATING CONDITIONS % u Z T = \\ N 207
Typical Operation am, =8 AT ,,,; T T &
Signal-Electrode Voltage .................ccocoe. 15 to 35 volts e s ! T
Grid No. 4 (Decelerator) & Grid No. 3 o[ sopa || | abpd | 5000 BB s cBERREER
(Beam Focus) Voltage ................... 200t to 300 volts CrH T wabELENGTHS R
Grid No. 2 (Accelerator) Voltage ............ 300 volts
Grid No. 1 Voltage (For picture cutoff)f  —45 to —100 volts
Highlight Signal-Output Current .............. 0.1 to 0.35 pamp
Maximum Dark Current ... 0.02 uwamp
Minimum Signal Output Current with 1125 -°'° 030" 094
0.6 ft-C of uniform 2870 °K illum- T
ination on tube face (at 0.02 pamp b %
datk CUTtent) ..., s mwsomasms e 0.05 pamp // fm
Visual Equivalent Signal to Noise Ratio @ P NO. ELEMENT
(APProx.) * 300:1 . HEATER
Minimum Peak-to-Peak Blanking Voltage: Leep This recion 2 GRDNOI
] . CLEAR IN EQUIPMENT 3 INTERNAL CONNECTION
When applied to grid No. 1 ............... 40 volts N sE
When applied to cathode 10  volts 1 4 |~TED:;~::Tc8::scnou
Field Strength at Center of Focusing Device 40 gausses ] | iooor® mser oM 5 GRID NO. 2
Field Strength of Adjustable Alignment Coil 0 to 4 gausses N 8 e ho3anos
SMALL-BUTTON — ¢ 8 HEATER
DITETRAR
1Definition, focus uniformity, and picture quality decrease with decreasing oo :S‘SEEB_” SHo:LTA.':.(;EEX ﬁl?’;:;ﬁf,;ﬁ?ﬁf.w
grid No. 3 and No. 4 voltage. In general, grid No. 3 and grid No. 4 ' — PN MAKE NO CONNECTION
should not be operated below 200 volts. [
$With no blanking voltage on grid No. 1. B-S{MW
*Measured with a high-gain, low-noise, cascode input amplifier having T _ T sosuax,
bandwidth of 5 Mc. ced
MAX.
8-PINS 050" +°°2 , DIA. B
¥ MIN

ON .600" DIA.B. c [18

\_SHORT INDEX PIN

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

ST-1552-5M-58 U.s. A PRINTED IN U.S.A.



DESCRIPTION

The ML-7351 is a small television camera tube designed
primarily for use at low light level in industrial applications
with limited subject motion. Its resolution capability is about
500 lines. Using a photoconductive layer as its light sensitive
element, the ML-7351 has a sensitivity which permits tele-
vising scenes with about 0.1 foot-candles illumination on
the faceplate of the tube. For average scenes, this corresponds

ML-7351
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ML-1351

DESCRIPTION & RATINGS

to approximately 5 foot-candles illumination on the scene
when using an f/2 lens. The spectral response characteristic
of the photoconductive layer exhibits a peak in the red and is
somewhat dependent on dark current. The signal decay rate
or lag of the ML-7351 is approximately twice that of the
ML-6198.

GENERAL CHARACTERISTICS

Heater, for Unipotential Cathode:

Voltage (AC 0r DCY)' siwpepmamersmmmessmmssmanmm

................................................ 6.3 = 10% volts

L - | TS 0.6 ampere
Direct Interelectrode Capacitance:

Signal Electrode to All Other Electrodes ...................cccoociiiiiiiiiiiiieieee 4.5 uuf
SPeCtral RESPOMNSE .........iiiiiiiiiiiiiiiii ettt See Curve
Photoconductive Layer:

Maximum Useful Diagonal of Rectangular Image (4 x 3 Aspect Ratio) .......... 0.62 inch

Orientation of Quality Rectangle — Proper orientation is obtained when the

horizontal scan is essentially parallel to the plane passing through the tube axis

and short index pin.
Focusing Method ..... Magnetic
Deflection Method ... Magnetic

Overall Length
Greatest Diameter, excluding side tip

Maximum Radius, including side tip
Bulb

............................. = 614" = 14"

1.125" = 0.010”
0.800”

................................................ T-8
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MAXIMUM RATINGS

Maximum Ratings, Absolute Values
Signal-Electrode Voltage ... 40 volts
Grid No. 4 & Grid No. 3 Voltage . . T 350  volts
Grid No. 2 Voltage ... 350 volts t
Grid No. 1 Voltage H
Negative bias value ... 125  volts HH
Positive bias value ... 0 volts Fas
Peak Heater-Cathode Volta;,e &
Heater negative with respect to cathode ............... 125  volts 55 i’j
Heater positive with respect to cathode .......... ; 10 volts L
Faceplate: [Tf !
Ulumination ... 100 fe-c 2
o
iip
-3k
B
e
i |
—+20

TYPICAL OPERATING CONDITIONS

Typical Operation o ‘ / a5 aRREese [ I f—i e S
Faceplate Illumination (Highlight) ... 0.3 to 0.7 ftc 282 : // SeaEIASREES 1 ! "i : “ S \ \ =
Signal-Electrode Voltage ........... 10 to 25 wvolts T H; rHH -‘ﬂﬁ EeeE: | T
Grid No. 4 (Decelerator) & Grid No. 3 *“‘”: “i}"mt‘r‘ﬂ‘

(Beam Focus) Voltage ............. R 2501 to 300 volts 5000 6000 7000 8000
Grid No. 2 (Accelerator) Voltag,e ........... 300 wvolts WAVELENGTH (A)
Grid No. 1 Voltage (For picture cutoff)f —45 to —100 volts
Highlight Signal-Output Current ............... 0.2 to 0.4 pamps
Maximum Dark Current ... . 0.08 pamp
Uniform 2870°K Tungsten Illumination on
Tube Face to Produce Signal- Output T
Current of 0.1 to 0.2 gamp . . 0.1 to 0.3 ftc
“Gamma” of Transfer Characterlstlc U 0.6 to 0.7
Visual Equipment Signal-to-Noise Ratio ' e SEME
CADPIOX) ¥ wisssmsiisesssisessssanisbiom i sihnmeimansn 300:1 L eer This mecion ) =R
Maximum Peak-to-Peak Blanking Voltage CLEARIM EQUIRMENT 3 INTERNAL CONNECTION
When applied to grid No. 1 ... ... ... 40  volts . |NTE:N':\3TC‘£‘15CTION
When applied to cathode ... . 10 volts . DO NOT USE
Field Strength at Center Focusing Devxce . 40 gausses - - tooo*toso Y 2 SN o
Field Strength of Adjustable Alignment Coil 0 to 4 gausses swat-surTon— e 7 camwooe
8- g‘l.':E;::z 1 FLANGE SIGNAL ELECTRODE
tDefinition, focus uniformity, and picture quality decrease with decreasing JETEC NO. E8—11 SN INT:Z:QLNC:':;TQ?LoN
grid No. 3 and grid No. 4 voltage. In general, grid No. 3 and grid No. 4 125" MAX

should not be operated below 250 volts. I l

TWith no blanking voltage on grid No. 1. 368" MIN.

*Measured with a high-gain, low-noise, cascode-input amplifier having T

bandwidth of 5 Mc. 265" MAX.

8-PINS 050" +°°2 . OIA,

ON .600" DIA.B C

\—SHORT INDEX PIN

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A
ST-1576 2.5M 11-58 PRINTED IN U.S.A.
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B

UHF Planar Triode

CW, Plate or Grid Pulsed
Frequency Stable
Phormat Cathode

17 W CW at 2.5 Gc

ELECTRON TUBE SPECIALIST

DESCRIPTION

The ML-7855 is a ruggedized, high-mu planar triode of
ceramic-and-metal construction, designed for use as a grid-
pulsed, plate-pulsed, or CW oscillator, frequency multiplier,
or amplifier in radio transmitting service from low fre-
quency to 3 Ge.

In addition to low interelectrode capacitance, high trans-
conductance and high mu, this tube incorporates design
features which help to assure frequency-stable operation

even under adverse ambient temperature and varying plate
dissipation conditions. The cathode is an indirectly heated
disc with an oxide coating impregnated in a nickel matrix.
The unique matrix construction (in combination with
proper plate series impedance) reduces to a minimum fail-
ures of the cathode due to voltage surges thereby further
increasing the reliability of this tube. The anode of the
ML-7855 is cooled by forced air.

GENERAL CHARACTERISTICS

Electrical
Heater Voltage (AC 0f DC) oot e 60 V
Heater Current at 6.0 VOIES ...........ooiiiiiiiie oo 1.00 A
Cathode Heating Time, MINimUM ...t i 60 sec
Amplification Factor 80
TLANSCOMAUCTANICE ......oiiiiiiii ittt ettt 25000 umhos
Interelectrode Capacitance, without Heater Voltage
GILA-PLAtE ..o 25 pf
Grid-Cathode .........ocoiiiiiii e 6.3 pf
Plate-Cathode, MAXIMUML .............coooiiiiiiiiiii et ib ettt e s ae e b e e s enss e erne s besreens .06 pf
Mechanical
Mounting: POSIHON o umusmsmsmssnmssss sommssssmssnms s 5 sy ysossas s s s 0s fa o8 1 6 35 EE S5 T 8as Spwsai es Optional
TYPE Of COOLINE ..o Forced-air
Maximum Anode Temperature .. 250 °C
Net Weight ..o, 25 oz
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Key-down conditions per tube without amplitude modulationt

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS

RF Power Amplifier and Oscillator
Class C Telegraphy

Maximum Ratings, Absolute Values

DC Plate Voltage 2500
DC Grid Voltage —150
Instantaneous Peak Grid-Cathode Voltage

Grid negative to cathode —400

Grid positive to cathode .......... 30
DC Plate Current ............... 100
DC Grid Current ........ . 45
Plate Dissipation: «.cemsmenmmmmmsavamcssimmi 100
Grid Dissipation ..o 2
Frequency ..o 2.5

Typical Operation, RF Power Amplifier
Frequency ..........oocooooiiiiiiiiii 500
Filament Voltage 6.0
DC Plate Voltage 900
DC Grid Voltage —40
DC Plate Current ...............cccoooeiiiiiiiiiiiiii 90
DC Grid Current, approximate .. 30
Driving Power, approximate ... 6
Useful Power Output ................................ 40
Typical Operation, RF Oscillator

FIeQUENCY soccorwmmunmsmmsisovssasssimssmsnssimss s s 2.5
Filament Voltage ... 6.0
DC Plate Voltage ... 900
DC Grid Voltage, approximate . . —22
DC Plate Current .............cooocoovviiiiiiiiieieei, 90
DC Grid Current ... 10
Useful Power Output .................occooiiviinn. 17

Plate-Pulsed RF Oscillator and Amplifier

Class C

Maximum Ratings, Absolute Values

Peak Plate Pulse Supply Voltage ........................ 3500
DC Grid Voltage .........ccooociiiiiiiiiiii, —150
Instantaneous Peak Grid-Cathode Voltage

Grid negative to cathode ............................. —750

Grid positive to cathode ............................. 250
Peak Plate Current from Pulse Supply ................ 3
Average Plate Current ...... - 10
Average Grid Current ......... A 5
Average Plate Dissipation ...............cccocoooiin. 35
Average Grid Dissipation ............................... 1.5
Pulse Duration ...................cocccoeiiiiiiiiiiin 6

Machlett publication entitled Application Notes, UHF Tubes — General.

mA

<

mA
mA
w
w

ustt

Duty Factor
Frequency

Typical Operation, Plate-Pulsed RF Amplifier

Frequency
Filament Voltage ...
Pulse Duration .
Duty Factor ............ccoooiiiiiiiiiiiie e
Peak Plate Pulse Supply Voltage ........................
Peak Plate Current from Pulse Supply .............
Avetage Plate CUrrent: o sz
Average Grid Current ...,
Useful Peak Power Output, approximate ..........

.0033

25

5.8

.0030
3500

N WO W

Grid-Pulsed RF Oscillator and Amplifier

Class C

Maximum Ratings, Absolute Values

DC Plate Voltage
DC Grid Voltage ...,
Instantaneous Peak Grid-Cathode Voltage

Grid negative to cathode ............................

Grid positive to cathode ..........................
Peak Plate Current from DC Supply ..................
Average Plate Current .....................ccccoeviiiii.
Average Grid Current ...................c.cociiieiii,
Average Plate Dissipation .......
Average Grid Dissipation
Pulse Duration ..............ccooociieiiiiiiiiiiiiiii
Duty Factor
Frequency

Typical Operation, Grid-Pulsed RF Amplifier

Frequency
Filament Voltage
Pulse Duration ..o,
Duty Factor ..o
DC Plate Voltage .........................
DC Grid Voltage ... .
Peak Plate Current from DC Supply .......
Peak Grid Current from Pulse Supply ................
Driving Power During Pulse, approximate ........
Useful Peak Power Output, approximate ..........

2500
—150

—750
250

3.5
.001
1700
—45
1.9
1.1
400
1.5

t
Gc

Gce

us

mA
mA
kw

mA
mA

ustt
T+
Gc

+Modulation essentially negative may be used if the positive peak
of the envelope does not exceed 115% of the carrier conditions.

factors, consult the Machlett Engineering Department.

APPLICATION NOTES

Before designing equipment for use with these tubes and before installing tubes in equipment, refer to the general information given in the

+tFor applications requiring longer pulse duration or higher duty
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CONSTANT GRID-VOLTAGE CHARACTERISTICS

ec=GRID VOLTAGE IN VOLTS

3028 26 24 22 20
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DIMENSIONS FOR
OUTLINE (INCHES)

Ref. Minimum Maximum
A 1.500 1.560
B — 1.214
D 1.125 1.165
F 0.800 0.840
G 0.462 0.477
H — 0.040
| 0.125 0.185
J 0.766 0.826
. K 0.025 0.046
I , L 1.234 1.264
; T : é) M 1.180 1.195
I T
— —— N 1.025 1.035
RADIATOR — ' ' B0
‘ | [ P 0.752 0.792
REFERENCE SURFACE ll__ a R 0.655 0.665
ANODE RF CONTACT : % T 0213 0223
SURFACE - ®‘j u 0.315 0.325
: @) \% — 0.086
AA [
O@ |- @ @) w — 0.100
| Y 0.105 0.145
G@ | ®
GRID RF CONTACT ® A z 0.650 0850
SURFACE @@
HEATER CONTACT i —l
SURFACE :
CATHODE RF 8 '
HEATER CONTACT P —L
SURFACE
@
ED-27352
©
NOTES DIMENSIONS FOR
1. The total indicated runout of the anode and grid contact surfaces with respect to ELECTRODE CONTACT SURFACES
the cathode contact surface will not exceed 0.020 inch. (INCHES)
2. The total indicated runout of the cathode contact surface with respect to the - -
Ref. Dimension Contact

heater contact surface will not exceed 0.012 inch.

AA 0.198 + 0.163 Anode
AB 1.061 =+ 0.040 Grid
AC 1.316 * 0.097 Heater
AD 1.330 £ 0.170 Cathode

THE MACHLETT LABORATORIES, INC.

An Affiliate of Raytheon Company

ST-1759 5M 6-65 SPRINGDALE CONNECTICUT Printed in U.S.A.



DESCRIPTION:

The SCRIPTRON Shaped Beam Tube of the C19K type
is a 19-inch round cathode-ray tube designed primarily for
use as a large screen visual display device. It is capable of
displaying alphanumeric and special characters in combi-
nation with analog data on the viewing screen of the tube
at a speed greater than 20,000 characters per second, which
is over five times faster than functionally similar mechan-
ical devices now available. The tube is especially useful in
applications where simultaneous identification of radar tar-

ML-C19K

PAGE 1
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ML-C19K
SCRIPTRON®
SHAPED BEAM TUBE

DESCRIPTIONS & RATINGS

gets is desired, together with normal plan position indication.

The generation of characters with a beam having cross
sections formed into shapes of predetermined characters
provides excellent display quality and inherent letter com-
ponent registry.

The SCRIPTRON Shaped Beam Tube requires the use
of a deflection yoke, convergence coil, and mount assembly
manufactured by Stromberg-Carlson, or their equivalent.

GENERAL CHARACTERISTICS

Electrical
Selection Method
Reference Method ...
Deflection Method

Convergence Method ..o

Optical

Phosphor Number .................occooiiiiiiiiiiiii

Fluorescent Color ..........
Phosphorescent Color

Persistence ...
8Ty 1 < ——

Mechanical

Minimum Useful Screen Diameter ..................ccoocoeeiieni.
Neck Length ...
Display orientation®** ......ccciiminnmmmimimnasm e

1V, 215 g b Qe S
Height of displayed charactert
Yoke

Convergence Coil ...
Mount Assembly ...

*Other phosphors may be supplied upon request.

Electrostatic
Electrostatic
Electromagnetic
Electromagnetic

P 14*

Blue

Orange
Medium Long
Round Clear

17 inches

21'%s Inches

By index mark

64 character position Type FD
0.115 = 0.015 inch
Stromberg-Carlson Type Y17-25C
Stromberg-Carlson Type C18-9C
Stromberg-Carlson Type S22A

**Correct screen orientation is indicated by the index mark on periphery of tube panel which denotes the 12 o’clock position on the panel.
1These are typical values based on the use of a 64-character Type FD matrix with an 8 x 8 array.

®SCRIPTRON is a trademark registered in the U.S. Patent Office and owned by Machlett Laboratories, Inc., Springdale, Connecticut.
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MAXIMUM RATINGS}

Third Anode Voltage .................... +15,000 volts
Second Anode & Matrix Voltage ... +3600 volts
First Anode Voltage ............................. +1300 volts
Grid Voltage ...
Negative Bias Value —200 volts
Positive Bias Value 0 volts
Positive Peak Value ... +2 volts
Peak Voltage Between Second Anode and
Matrix and any Selection or Refer- 500 volts

ence Plate

TYPICAL OPERATING CONDITlONSi
6.3 volts
0.6 = 0.06 amps
+12000 volts

Heater Voltage
Heater Current

Third Anode Current (Max.) ...
Second Anode & Matrix Voltage

First Anode Voltagett

Grid Cutoft
Convergence-Winding Current ...
Trim-Winding Currentsi}
Character-Selection Factorst . Hine
S1, S2 (Vertical) Selectlon Factor
S3, S4 (Horizontal) Selection Factor
Character-Reference Factorst
R1,R2 (Vertical) Reference Factor ..

R3, R4 (Horizontal) Reference Fac-
tor

tThese are typical values based on the use of a 64-character Type FD matrix with an 8 x 8 array.
TAIl voltages, except selection and reference voltages, are referenced to cathode.
TtFirst anode voltage adjusted so that beam diameter at matrix is equal to the character-to-character spacing.

+3

300
300

microamps
volts

+650 to

25525
145 = 1.5

16 + 1.6

16 = 1.6

+1

150 volts

—60 to

38 =2
0=+30

110 volts

ma
ma

volts/char.
volts/char.

volts/char.

volts/char.

11Currents in selection and reference trim windings adjusted to produce correct beam orientation with respect to the selection and ref-

erence plates.

¢
+ 1
Ho

30
ZR

- 2. 000+ 050

—.03I
BASE
/am— 45

BOTTOM VIEW OF TUBE
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Industia! Rectilin Jubes

High-voltage power supplies used in particle precipitation, high-voltage cable testing, and
various other industrial services employ any one of a large number of types of two-electrode,
high-vacuum tubes for the rectification of alternating to unidirectional or direct current. In-
cluded among the electrostatic precipitation applications for such high-voltage industrial rec-
tifier tubes are paint spraying and detearing, reclamation of valuable chemical and metallurgi-
cal materials in gases of industrial processes, purifying of exhaust and process atmospheres in
various industries, and many others, which have proved to be practical, efficient, and economical.

Electron tubes designed for use in the rectifier circuits of these applications are capable of
withstanding peak inverse voltages of 125 to 200 kilovolts and delivering 100 milliamperes to
10 amperes of peak anode current, depending upon the tube type. For such high inverse volt-
age ratings, tubes must be of the high-vacuum type, which can be made to insulate about 10
times the maximum operating voltage between electrodes as compared with vapor-filled types
of similar sizes.

Machlett Laboratories provides for high-power industrial services a wide range of rectifier
tube types, designed to be especially sturdy and to insure stable and reliable operation even un-
der wide variations in ambient temperature and the inherently severe conditions of many indus-
trial applications. Such important factors as the use of highest purity materials, special proc-
essing of internal parts, clean air-conditioned assembly rooms, and out-gassing at high plate
voltages in final exhaust, which have made Machlett Electron Tubes known throughout the
world for their superior quality, are incorporated in the production of Machlett high-voltage
industrial rectifier tubes. Individual data sheets for each type of tube, which follow in this
section of the catalog, set forth descriptive information, general electrical and mechanical char-
acteristics, maximum ratings, dimensional data, and, in some cases, load current ratings. The
purpose of this article is to develop an understanding of the basis for the various ratings and
to present general instructions, and recommendations with respect to tube installation and oper-
ation. The headings below correspond with and follow, in general, those which appear on in-
dividual tube data sheets.

GENERAL CHARACTERISTICS

Most items listed under “General Characteristics”™ are self-explanatory and need little or no
elaboration.

Cathodes

Cathodes in high-voltage industrial rectiher tubes are filamentary in design and are of two
types, pure-tungsten, and thoriated-tungsten. The former has the advantages of being sturdier.
is not readily poisoned as a result of tube overloading and gassiness, and can be operated at
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reduced or increased voltage to obtain, respectively, longer life or greater emission. Thoriated-
tungsten filaments have higher emission efficiency with consequent decrease in filament heat-

ing requirements.

The rated filament voltage for a pure-tungsten filament is that at which the user can get
satisfactory service and long useful life, the design value at rated voltage being in the order of
3000 to 10000 hours, depending upon the tube type. Tubes may fail for reasons other than
end of filament life, so that expected tube life may not in every case be achieved. Variation
from rated voltage has a direct bearing on tube life, and on tube voltage drop and consequent
plate dissipation; this is discussed further under “Operation”. In the case of a thoriated-tung-
sten filament, the rated voltage is that required for proper filament operating temperature and
must be maintained as closely as possible for satisfactory service and long useful life. Design
life values for thoriated-tungsten filaments are less susceptible to accurate calculation, but 4000
to 8000 hours operation may be expected, with some thoriated-tungsten filament tubes provid-
ing greater than 10000 hours of service.

Data sheets in most cases specify a minimum filament heating time before the application
of anode voltage. The filament heating time specified is sufficient to bring the filament to oper-
ating temperature to assure adequate emission for the required plate current and minimum volt

age drop.

MAXIMUM RATINGS

Maximum ratings for rectifier tube operation are the safe limits, based on test data and
general experience, under which the user can get reliable performance and economical life.
Tubes are tested under conditions more severe than at established ratings to assure satisfac-
tory life and service for all tubes of the type concerned.

Peak Inverse Voltage Rating

The peak inverse voltage rating is the highest instantaneous voltage which may be safely
impressed between the electrodes of the tube during the inverse or non-conducting half cycle
of the applied a.c. supply voltage. It depends upon a number of considerations, including
tube geometry and voltage gradients within and outside the tube. It is important that the cir-
cuit in which a rectifier tube is used does not subject it to inverse voltages which exceed the
maximum voltage rating of the tube, as operation at higher voltages may result in tube in-
stability, flash-over, or puncture. Rectifier tubes designed for oil-immersed operation cannot be
used in air satisfactorily except at voltages sufficiently reduced to avoid flash-over. Some com-
mon types of rectifier circuits, with a tabulation of inverse, r.m.s., and average voltage rela-
tionships, are presented in a later section on “Circuit Conditions”.

Peak Plate Current Rating

The primary limitation on the peak plate current which may be provided by a rectifier
tube is the amount of emission available from the filament operating at a voltage consistent
with long, serviceable life. The load impedance of the rectifier circuit must be such as to limit
the peak plate current to the maximum value specified. The maximum peak current permis-
sible must be such that the tube is operated well below the knee of the Ep-Ip curve corre-
sponding to the filament setting chosen. If this caution were not observed, normal variations



of line voltage, differences between individual tubes and changes in tube characteristics with
age would allow the tube to operate beyond the knee of the curve, greatly increasing the tube
voltage drop and power to be dissipated by the anode.

The peak plate currents permissible with various reduced values of filament voltage are
listed in the table of Load Current Ratings, and are also indicated on the Plate Current Char-
acteristics curve, given in the data sheets on pure-tungsten filament tube types. The actual
value of average plate current obtainable with a given circuit, within a peak tube current rat-
ing, depends upon the current wave-form which in turn is determined by the type of load im-
pedance, i.e., whether it is resistive, inductive, or capacitive, and by the type of circuit em-
ployed. A tabulation of the relationships of peak tube to average load current for choke in-
put filters and resistive loads is included with the diagrams of rectifier circuits set forth in a
following section on “Circuit Conditions”.

Plate Dissipation Rating

Plate dissipation ratings as specified on tube data sheets indicate the average power which
can be dissipated by the anode at its maximum safe temperature. The instantaneous plate
power is the product of the plate current and voltage drop at any instant, and the average
power is the average of these instantaneous values integrated on a continuous basis. Hence,
the plate dissipation requirement in any given case depends on both the tube characteristics
and the current wave-form through the tube, as determined by the kind of circuit and load.

The tube data sheet usually gives
a curve of plate current 5. voltage
drop. This curve can be utilized, if
the current wave form through the

tube is known, to calculate the aver-
age plate power to be dissipated by
means of a graphical procedure as il-
lustrated in Figure 1. This method is
applicable to any complex wave-
form, whether obtained by mathe-
matical analysis of the circuit or by

means of an oscillograph; it consists
of noting the instantaneous current
values at a number of points through-
out a complete cycle on the time axis,
ascertaining the corresponding values
of plate voltage from the characteris-
tic curve, multiplying these current
and voltage values together to obtain

the corresponding values of instan-
tancous plate power, plotting them .
on the same time base, and finally AVERAGE ANODE POWER, Wp2
measuring the area under the power
curve and averaging it over the com-

plete cycle. Figure 1
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Frequently, the current wave is of such a form that a simple arithmetical computation is
sufficient to calculate the plate dissipation requirement. If the output of the rectifier unit is
filtered by an inductance input filter, the current through each tube is in the form of an ap-
proximately square wave having a duration of one-half cycle in the case of single-phase sup-
ply and one-third cycle with three-phase. The average plate power in such a case is the prod-
uct of the peak current and the corresponding plate voltage drop, divided by 2 (for single-
phase) or 3 (for three-phase) as the case may be. If the current through each tube has the
form of a half sine-wave, as in the case of a single-phase rectifier unit feeding a pure resis-

9%

.27
tance load, the average plate power can be shown to be equal to 2 L ek

where Ik is

the peak value of the current wave and £ is the constant in the equation of the current vs. volt-
age characteristic curve of the tube, having the form i, =ke,*.

Load Current Ratings

The tables of load current ratings usually given in the tube data sheets are for the con-
venience of circuit and application engineers, cnabling them to ascertain readily the maximum
load current that may be drawn from any of the more common types of rectifier circuits,
equipped with the type of tube in question. The load current values given represent average
current, as read with a d.c. meter, delivered to the load, not the average current per tube.

These values represent the maximum load currents which can be supplied under the stated
conditions without exceeding either the peak anode current or plate dissipation limits. In some
cases, values for reduced filament voltages are also given, for guidance in utilizing the possi-
bilities of increased filament life when load requirements permit, as discussed in greater de-
tail below under “Operation”.

Two sets of values are given; one is for the condition where no filtering is employed and
the load is a pure resistance, and the other is for the condition where a filter with choke in-
put (commonly designated as “infinite inductance input”) is employed. For other conditions,
such as capacitive loads, condenser input filters, or other complex wave-form conditions, it is
necessary to analyze the situation for compliance with peak current and plate dissipation limits
as discussed above.

Circuit Conditions

Rectifier tubes may be used in a number of different circuit arrangements and for various
applications. The peak plate current and peak inverse voltage requirements imposed on recti-
fier tubes for any particular values of average output voltage and current which may be desired
in the load are quite different in some of these circuits as compared with others and must be
determined to assure proper tube selection and safe operation. Rectifier circuit arrangements
commonly employed in industrial applications are shown schematically by the diagrams on page
5. The accompanying tabulation gives peak inverse voltage relationships in terms of circuit
output and transformer secondary voltages, and peak tube current relationships in terms of cir-
cuit output currents. The values presented are for square and sine wave-forms, such as would
be obtained with an infinite inductance filter and a purely resistive load, respectively, and neg-
lect voltage drops through the tubes in a forward direction. Capacitive input filters and other
types of loads will result in voltage and current wave-forms which may have peaked or shal-
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low crests, so that the relationships presented are not valid but will have to be determined for
each individual application.

As an example, consider the requirement of supplying an average voltage of 90 KV and
an average current flow of 1.5 Adc to a resistive load. Using four type ML-5576,/200 tubes
in a single-phase full-wave circuit, unfiltered, the peak current would be 1.57 x 1.5 amperes,
or 2.34 amperes, and the peak inverse voltage would be 1.57 x 90 KV, or 141 KV peak.
These are within the maximum ratings as quoted for the ML-5576,/200. A calculation for the
average power dissipated in each tube anode on the basis of space charge limiting, sine wave
of voltage and current, gives 560 watts per tube, still well within the 1000 watts rated maxi-
mum.

Voltage and current requirements for tubes in other types of systems can be determined
as in the foregoing from the corresponding factors presented in the above tabulation. In the
case of filters or loads which are neither infinite-inductive nor pure-resistive, the wave-forms
and relationships must be ascertained and applied for each installation. A more complete dis-
cussion of rectifier circuits with inductive and capacitive systems is available in F. E. Terman’s
Radio Engineer’s Handbook, pp. 589-612.

INSTALLATION

Rectifier tubes should be handled with reasonable care and without shock to avoid pos-
sible breakage of the filament, other internal parts, glass to metal seals, and tube envelope.
Upon receipt, tubes should be inspected and then tested in the equipments in which they are
to be used, to insure that tubes which may have been damaged in shipment are not carried in
stock as useable spares.

Before mounting a tube in its socket, reference should be made to the appropriate data
sheet to determine permissible mounting positions. For most high vacuum type rectifier tubes
the mounting position is optional. The sockets or electrical connections must not impart
stresses to the glass envelope; however, the contacts and leads should have minimum resistance
and sufficient current carrying capacity to preclude excessive I?R losses and temperatures. Pre-
cautions should also be taken that there is sufficient clearance between connector leads and
bulb of the tube so that there is no possibility of corona discharge or sparkover which may re-
sult in puncture of the glass.

In order to monitor tube service, provisions should be made for determining filament volt-
age and load d.c. voltage and current. The filament transformer should be of the high reac-
tance type to impede the flow of inrush current when voltage is first applied to the filament.
The equipment should also include an overload relay for both equipment and tube protection
in case of excessive load current and corresponding excessive peak tube current. In the case of
particle precipitation equipment, in which frequent sparking is apt to occur, it is recommended
that a resistor be included in the primary circuit of the high-voltage transformer to reduce the
input voltage during current surges for the protection of rectifier tubes and transformer. Inter-
lock devices for the safety of operating personnel are also recommended. Harmful x-radiation
may be generated as a result of operation at high voltages; adequate protection of personnel
should be provided in such cases in accordance with the “Safety Code for the Industrial Use of
X-rays”, published by the American Standards Association.



Cooling of high-vacuum type rectifier tube anodes is generally by radiation through the
glass envelopes, the latter being cooled by convection air or oil. In some cases, forced circula-
tion of air may be required, as indicated by the individual data sheets. Free circulation of air or
oil, as the case may be, should be maintained to prevent localized overheating. Oil should be
kept free from impurities, such as moisture or dirt, and its dielectric quality must be at least
25,000 volts peak per 0.1 inch.

OPERATION

When a new tube has been installed in the rectifier equipment for the first time, it should
be operated at rated filament voltage but without plate voltage for a minimum period of 30
seconds, or as long as necessary to insure that the filament is at operating temperature. The
equipment may then be operated with relatively low peak inverse voltage on the plate of the
tube, in the order of one-half maximum rating. After approximately 15 minutes of operation
during which the plate input power is gradually increased, load conditions within maximum
tube ratings may be assumed continuously. High-vacuum type tubes in which the vacuum has
been impaired as a result of overload conditions, causing instability of operation at high volt-
age, can be electrically cleaned up, in many cases, by operation at one-half rated peak inverse
voltage and peak plate current for approximately a one-half hour period. Plate voltage and
current should then be increased in two or three steps for short periods and the tube operated
at normal operating conditions for one hour or as long as is necessary to insure stable oper-
ation.

Due to the fact that a pure-tung-
sten filament of a rectifier tube need

E;,=20 V.
. .. f
only provide electron emission ade- e — 1

quate for the peak value of plate cur- vd
rent required by the load, filament
voltage and temperature may be re-
duced when the tube is operated at rel-
atively low current. Since the life of a

25

=19 V.

2.0
pure-tungsten filament is increased by

its operation at reduced voltage, ap-
preciable tube economy will result

from operation at a filament voltage
no greater than that necessary to pro- o
duce the required emission. Life expec- /

/
/ Ef'-'le\/.
=

PLATE CURRENT - PEAK AMPERES

tancy is nearly doubled when the fila-
ment is operated at 5% less than rated 5
voltage and quadrupled when the fila-
ment voltage is decreased 109. On the

other hand, if the filament is operated 0 400 800 1200 1600 2000
PLATE VOLTAGE - PEAK VOLTS

Plate Current Characteristics for
Type ML-5576,/200 Rectifier Tube

with an overvoltage of 5%, the evapo-
ration rate of the tungsten is doubled,
and it can be expected that the life of
the filament will be one-half its design value. Normal line voltage fluctuations, however, will

PAGE 7



PAGE 8
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in most cases vary the operating filament voltage. The average value of the filament voltage
should be so set that the minimum value occurring when the line voltage fluctuates is the volt-
age necessary to produce the required emission with safety.

Proper filament voltage settings for a pure-tungsten filament type of high-vacuum recti-
fier are determined by the peak plate current requirements of the circuit and service. The fila-
ment emission must be adequate to provide the desired current flow without permitting depar-
ture from the space-charge region of the plate current characteristic. Assume that it is desired
to determine the filament voltage setting required for ML-5576 /200 high-voltage industrial rec-
tifier tubes in a three-phase full-wave circuit providing 2.0 Adc output current. If the load is
such that the current wave-form through each tube is square, as with a choke-input filter or in-
ductive load with infinite inductance, the current requirement per tube is 2.0 amperes
peak. The proper filament voltage setting for this value of peak plate current would be 19.5
volts, and the tube voltage drop would be approximately 800 volts, as indicated by the plate
current characteristics for the ML-5576,/200 tube. Since the current wave-form is assumed to
be square, the average plate dissipation would be 1/3 x 2.0 amperes x 800 volts = 533 watts.
For other waveforms with the same load current, the plate dissipation would be a value some-
what greater, being the average of the instantaneous wattages for the complete alternating cur-
rent cycle. The average anode power can be calculated from the e -i, curve as discussed above,
provided the waveform and average or peak current through the tube are known.

Since the source of emission in a thoriated-tungsten filament is a layer of thorium on the
filament surface, the evaporated thorium being constantly replenished from within the fila-
ment wire, the operating temperature of the thoriated-tungsten must be kept within narrow
limits. For maximum efficiency and life, the filament temperature must be such as to obtain
an equilibrium between evaporation of thorium from the wire surface and diffusion of thorium
to the surface from within the wire, and to maintain this condition, the operating voltage
should not vary more than = 5% from rated filament voltage. If a tube with such a filament
has been overloaded, with resultant overheating, any gas liberated may contaminate the fila-
ment and reduce its emissivity. Prior to attempting electrical cleanup of the tube, it may be
possible to restore the activity of the filament by operating it at 709 above normal operat-
ing voltage for five minutes and then at 20% over-voltage for 15 minutes without plate volt-
age. It may be necessary to vary somewhat and repeat this procedure to obtain the required
activation. Electrical cleanup of the tube may then be attempted, with operation at one-half
rated plate voltage and power for a half hour and further operation at increased plate volt-
age and power until stability under normal operating conditions is assured.

MACHLETT LABORATORIES, INC.

SPRINGDALE CONNECTICUT

U.S. A

PRINTED IN US.A.



DESCRIPTION

The ML-102A is a high-vacuum rectifier tube having max-
imum ratings of 75 PKV inverse voltage and 750 MA peak
anode current. It is especially adaptable to electrostatic par-
ticle precipitation service of moderately high power require-
ments, where its low initial cost, long life and high current
capacity make it highly practical and economical to employ
thermionic rectification for such service.

This tube incorporates those special features of construc-

ML-102A
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ML-102A

DESCRIPTION AND RATINGS

tion which characterize Machlett high-vacuum rectifiers for
high-power-level applications. These features insure rugged-
ness, long life, low internal voltage drop and high average
load current capacity. The cathode is a pure tungsten fila-
ment of the catenary type, allowing close anode-to-cathode
spacing without distortion of the filament by electrostatic
forces. The anode is a cylindrical tantalum plate treated to
insure a maximum rate of heat dissipation, providing a high
safety factor against accidental overload.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament Voltage ...
Filament Current, approximate .............................
Filament Heating Time, minimum ...

(Before applying Plate Voltage)

Tube Voltage Drop, maximum ..............................

(Iv—0.75 ampere)

MECHANICAL

Mounting Position ...
Type of COOlNE .usiviisisssnsomvimvmmmnsiamnio s isnmssssarsirsmnsns

Insulating Medium .............................
Net Weight, approximate

Peak Inverse Anode Voltage ................ccc.ccooco...
Peak Anode Current ......................c.cooeiiiieiii.,
Plate DisSipation .................c..ccooiviiiiiiiiiieeieee

20 Volts
19 Amps
30 Secs

400 Volts

Optional
Radiation
Air

2 1bs

75000 Volts
0.75 Amp
750 Watts



ML-102A

LOAD CURRENT RATINGS

PAGE 2 (Average Direct Current Delivered To Load)
Filament Peak Anode Load Current Rating
Circuit Voltage Current Unfiltered* Filtered**

Volts Milliamperes Milliamperes Milliamperes
20 750 240 |
Single-Phase, Two-Tube, Half Wave 19 450 143 | .
18 300 95 |
20 750 480 750
Single-Phase, Four-Tube, Full Wave 19 450 286 450
18 300 190 300
20 750 1440 1500
Three-Phase, Double-Y, Parallel 19 450 860 900
18 300 570 600
20 750 720 750
Three-Phase, Full Wave 19 450 430 450
18 300 285 300

ST-829

* Unfiltered Load Current Ratings are based on sine-wave voltage input and resistance load without inductive or capacitive effects.

** Filtered Load Current Ratings are based on sine-wave voltage input and infinite inductance choke input filter.
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HIGH-VOLTAGE INDUSTRIAL RECTIFIER TUBES

ML-103, ML-108, ML-115, ML-120
ML-121, ML-170, ML-180
DESCRIPTION & RATINGS

DESCRIPTION

High-Voltage Industrial Rectifier Tubes, ML-103, ML-108,
ML-115, ML-120, ML-121, ML-170, and ML-180, are high-
vacuum diodes designed to be used in various power-supply
circuits for the rectification, at high peak inverse voltages, of
relatively small values of alternating current to unidirectional
or direct current. Industrial applications for such tubes include
high-voltage cable testing; purifying of process and exhaust
atmospheres; smoke, dust, and other small-particle electro-
static precipitation; and many others which require high-
voltage, low-current power.

The electron tubes listed in this data sheet are capable of
withstanding peak inverse voltages of 125 to 200 kilovolts
and delivering 78 to 200 milliamperes of peak anode current,

depending upon the tube type. Design and process features
are incorporated which insure stable and reliable operation
even under wide variations in ambient temperature and the
inherently severe conditions of many industrial applications.
Cathodes are especially sturdy, loop-type, pure tungsten fila-
ments permitting tubes to be mounted in any position. Anodes
are of highest purity tantalum, processed to withstand the
high temperatures resulting from variable loads or transient
conditions.

The several types of high-voltage industrial rectifier tubes
included in this series, providing a range of inverse voltage
and load current ratings suitable for a variety of applications,
are listed below with their characteristics and ratings.

TYPE GENERAL CHARACTERISTICS MAXIMUM RATINGS
L Insulating cltags Curtant hpiox] | Reode Veltams ey
Medium* " Volts Amperas Kilovolts Milliamperes
103 Oilt 10 11.5 125 78
108 Oilt+ 13 12.5 140 200
115 Air 10 11.5 125 100
120 Air 13 12.5 140 200
121 Oilt 10 11.5 140 100
170 Air 13 12.5 200 200
180 Oilt 13 12.5 200 200

* Cooling is by oil or air convection, depending upon the tube type, and requires adequate free circulation of the medium to prevent

localized overheating.

1 The dielectric value of the insulating oil should not fall below 25,000 volts peak per 0.1 inch.



HIGH-VOLTAGE

LOAD CURRENT RATINGS

RECTIFIERS (Average Direct Current Delivered To Load)
PAGE 2
Type Filament Peak Anode Load Current Rating
of Circuit Voltage Current Unfiltered* Filtered**
Tube Volts Milliamperes Milliamperes Milliamperes

Single-Phase, Two-Tube, Half-Wave 10.0 78 25 |

9.5 72 23

9.0 63 20
Single-Phase, Four-Tube, Full-Wave 10.0 78 50 50
9.5 72 46 50
ML-103 9.0 63 40 50
Three-Phase, Double-Y Parallel 10.0 78 150 156
9.5 72 138 144
9.0 63 121 126
Three-Phase, Full-Wave 10.0 78 74 78
9.5 72 68 72
9.0 63 60 63
Single-Phase, Two-Tube, Half-Wave 13.0 200 64 |

12.0 157 50
11.0 100 32 |
Single-Phase, Four-Tube, Full-Wave 13.0 200 128 128
12.0 157 100 128
ML-108 11.0 100 64 100
ML-120 Three-Phase, Double-Y Parallel 13.0 200 385 400
12.0 157 302 314
11.0 100 192 200
Three-Phase, Full-Wave 13.0 200 191 200
12.0 157 150 157
11.0 100 95 100

Single-Phase, Two-Tube, Half-Wave 10.0 100 32

9.5 90 28

9.0 78 25
Single-Phase, Four-Tube, Full-Wave 10.0 100 64 64
9.5 90 57 64
ML-115 9.0 78 50 64
ML-121 Three-Phase, Double-Y Parallel 10.0 100 192 200
9.5 90 173 180
9.0 78 150 156
Three-Phase, Full-Wave 10.0 100 95 100
9.5 90 86 90
9.0 78 74 78
Single-Phase, Two-Tube, Half-Wave 13.0 200 64 | ..
12.0 157 50 | .

11.0 100 32
Single-Phase, Four-Tube, Full-Wave 13.0 200 128 200
12.0 157 100 157
ML-170 11.0 100 64 100
ML-180 Three-Phase, Double-Y Parallel 13.0 200 385 400
12.0 157 302 314
11.0 100 192 200
Three-Phase, Full-Wave 13.0 200 191 200
12.0 157 150 157
11.0 100 95 100

* Unfiltered—Load Current Ratings are based on sine-wave voltage input and resistance load without inductive or capacitive effects.
** Filtered—Load Current Ratings are based on sine-wave voltage input and infinite inductance choke input filter.
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APPLICATION NOTES

The life of tubes should be conserved as much as possible
by turning on their filaments only just before the rectified
power is to be used and turning them off immediately after-
ward. Also, when lower than rated load current values are
employed, the filament voltage may be reduced somewhat,
as indicated under “Load Current Ratings”, to obtain ex-
tended filament life.

It is important that the circuit in which a rectifier tube is
used does not subject it to inverse voltages which exceed the
maximum voltage rating of the tube, as operation at higher
voltages may result in tube instability, flash-over, or punc-
ture. Types designated for oil-immersed operation cannot
be used in air satisfactorily except at voltages sufficiently
reduced to avoid flash-over.

The load impedance of the rectifier circuit must be such as
to limit the peak plate current to the maximum value speci-
fied. The actual value of average plate current obtainable
within the peak tube current rating depends upon the current
wave-form, which in turn is determined by the type of load
impedance, ie., whether it is resistive, inductive, or capaci-
tive, and by the type of circuit employed. The foregoing
tabulation of load current ratings for the various types of
tubes in the various types of circuits listed represents the max-
imum permissible loading of the rectifier tubes, expressed
in terms of average current delivered to the load. These load
current ratings take into account the anode wattage dissipa-
tion capacity of the rectifier tube as well as the wave-form of

the current through the tube under the specific circuit condi-
tions indicated. The filtered condition assumes square current
wave-form in the tubes; the unfiltered condition assumes a
sine-wave or section thereof. In the case of capacitive loading
or other conditions in which a more highly-peaked wave-
form is obtained, the maximum peak current rating will
constitute the only limitation on average load current.

The peak inverse voltage and peak plate current require-
ments of a tube in a particular circuit and with a particu-
lar type of filter or load must be determined and compared
with the respective tube ratings before tubes of a type are
installed and operated under the desired conditions. Factors
such as line surges and circuit capacitance may result in in-
verse voltage and peak current requirements greater than
calculated values so that it may be advisable in certain cases
to make determinations by means of a sphere gap or oscillo-
scope when a tube is operated at or near maximum ratings.

When the ML-180 is installed in an oil-filled container
of minimum size and is to be subjected to inverse voltage
in the order of 200 PKV, the anode end should be fitted
with an external metallic shield, electrically connected to
the anode terminal, to avoid the possibility of damage due
to cold emission or field currents originating at the anode.
A shield of the dimensions indicated in the sketch below
has been found to give proper results for operation under
such conditions.

DIMENSIONS—EXTERNAL SHIELD FOR ML-180
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DESCRIPTION

The ML-141 is a high-vacuum rectifier tube having a maxi-
mum inverse voltage rating of 125 PKV using oil insulation
or 80 PKV using air insulation and a maximum peak anode
current rating of 750 MA. It is especially adaptable to elec-
trostatic particle percipitation service of moderately-high-
power requirements, where its low initial cost, long life and
high current capacity make it highly practical and economical
to employ thermionic rectification for such service.

This tube incorporates those special features of construction

ML-141
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ML-141

DESCRIPTION AND RATINGS

which characterize Machlett high-vacuum rectifiers for high-
power-level applications. These features insure ruggedness,
long life, low internal voltage drop and high average-load-
current capacity. The cathode is a low-wattage, thoriated-
tungsten, catenary-type filament, allowing close anode-to-cath-
ode spacing without distortion of the filament by electrostatic
forces. The cylindrical molybdenum anode provides a high
rate of heat dissipation, with adequate safety factor against
accidental overload.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament Voltage ...,

Filament Current at 5.5 Volts, approximate ..

Filament Heating Time, minimum ..o

(Before applying anode voltage)

Tube Voltage Drop, maximum ...............ccceccoverviieeeen...

(I,—0.750 Ampere)

5.5 Volts*
6.5 Amps
2 Secs

650 Volts

* Applied filament voltage must be held within = 5% of rated voltage. For maximum life, filament voltage should be
maintained as close as possible to rated voltage under all conditions of operation.

MECHANICAL
Mounting Position
Type of Cooling .......
Insulating Medium

Net Weight ..o

Optional

Radiation and Forced-Air* *
Oil or Air
1414 Ounces

** A forced-air flow of 50 c¢fm should be directed at the bulb when the tube is operated in air.

MAXIMUM RATINGS

Peak Inverse Anode Voltage
Oil Insulation ...............
Air Insulation ..........

Peak Anode Current ...

Anode DisSIPAON s svsmmmismin snvmssysspssrszs

Load Current (Average D-C)
Circuit Application
Single-phase, two-tube, half-wave
Single-phase, four-tube, full-wave ...
Three-phase, double-Y parallel ......
Three-phase, full-wave

T
3
+

Unfiltered Load Current Ratings are based on sine-wave input and resistance load without inductive or capacitive effects.
Filtered Load Current Ratings are based on sine-wave voltage input and inductive choke input filter.

125,000 Volts
80,000 Volts
0.75 Amp
100 Watts

........ Amp

400 470  Amp

1.200 1.200 Amps

................................. .600 .600 Amp
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DESCRIPTION

The ML-142 is a high-vacuum rectifier tube having a
maximum inverse voltage rating of 100 PKV using oil
insulation or 50 PKV using air insulation and a maximum
peak anode current rating of 300 MA. It is especially suit-
able for service of moderate power requirements and af-
fords the combination of compactness of equipment with
low tube cost.

This tube incorporates those special features of construc-
tion which characterize Machlett high-vacuum rectifiers for

ML-142
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ML-142

DESCRIPTION AND RATINGS

high-voltage applications. These features insure ruggedness,
long life, low internal voltage drop and moderate average-
load-current capacity. The cathode is a low-wattage, thori-
ated-tungsten, catenary-type filament, allowing close
anode-to-cathode spacing without distortion of the filament
by electrostatic forces. The cylindrical molybdenum anode
provides a high rate of heat dissipation, with adequate
safety factor against accidental overload.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ... ...

Filament Current at 3.8 Volts, approximate

Filament Heating Time, minimum ...

(Before applying anode voltage)

Tube Voltage Drop, maximum ...................ccccooiiiii

(I,—0.30 Ampere)

................................................................ 3.8 Volts*
6.6 Amps

................................................................ 2 Secs

................................................................ 360 Volts

* Applied filament voltage must be held within = 5% of rated voltage. For maximum life, filament voltage should be main-
tained as close as possible to rated voltage under all conditions of operation.

Mechanical
Mounting Position
Type of Cooling ............
Insulating Medium

Net WEIght «..cooovv.oorooooooooo oo

Peak Inverse Anode Voltage

Oil Insulation ... .

Air Insulation ..........
Peak Anode Current
Anode Dissipation
Load Current (Average D-C)

Circuit Application

Single-phase, two-tube, half-wave

Single-phase, four-tube, full-wave .

Three-phase, double-Y parallel ...

Three-phase, full-wave ... I .

Optional
Radiation
Oil or Air
14145 Ounces

100,000  Volts
50,000  Volts

0.300 Amp
25 Watts
Unfilteredt  Filteredf
075 Amp
150 200 Amp
450 450  Amp
............................................. 225 225 Amp

tUnfiltered Load Current Ratings are based on sine-wave input and resistance load without inductive or capacitive effects.
IFiltered Load Current Ratings are based on sine-wave voltage input and inductive choke input filter.
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DESCRIPTION

The ML-148 is a high-vacuum rectifier tube having a
maximum inverse voltage rating of 150 PKV using oil
insulation or 80 PKV using air insulation and a maximum
peak anode current rating of 1.0 ampere. It is especially
suitable for use in voltage multiplier circuits, energy stor-
age capacitor circuits, and other applications where high
peak power is required.

This tube incorporates those special features of construc-
tion which characterize Machlett high-vacuum rectifiers for

ML-148
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ML-148

DESCRIPTION AND RATINGS

high-power-level applications. These features insure rug-
gedness, long life, low internal voltage drop and high aver-
age-load-current capacity. The cathode is a low-wattage,
thoriated-tungsten, catenary-type filament, allowing close
anode-to-cathode spacing without distortion of the filament
by electrostatic forces. The cylindrical molybdenum anode
provides a high rate of heat dissipation, with adequate
safety factor against accidental overload.

GENERAL CHARACTERISTICS

Electrical

Filament Voltage ............ccoooiiiiiiiiiiiiiiiiiiiiiii

Filament Current at 5.7 Volts, approximate ..

Filament Heating Time, minimum ...

(Before applying anode voltage)

Tube Voltage Drop, maximum ....................cccccoceeeiii.n.

(I—1.0 Ampere)

................................................................ 5.7 Volts*

T 6.6  Amps
............................................................. _ 2 Secs
................................................................ 800  Volts

* Applied filament voltage must be held within = 5% of rated voltage. For maximum life, filament voltage should be main-
tained as close as possible to rated voltage under all conditions of operation.

Mechanical
Mounting Position
Type of Cooling ........
Insulating Medium ...

Net Weight e e earor e s ey

Peak Inverse Anode Voltage

Oil Insulation ...

Air Insulation ..........
Peak Anode Current
Anode Dissipation
Load Current (Average D-C)

Circuit Application

Single-phase, two-tube, half-wave

Single-phase, four-tube, full-wave ...

Three-phase, double-Y parallel .....

Three-phase, full-wave ... [

Optional
Radiation
Oil or Air
16 Ounces

150,000  Volts
80,000  Volts

1.0 Amp
60 Watts
Unfilteredt  Filtered}
150 Amp
.300 320 Amp
900 900 Amp
............................................ 450 450  Amp

tUnfiltered Load Current Ratings are based on sine-wave input and resistance load without inductive or capacitive effects.
tFiltered Load Current Ratings are based on sine-wave voltage input and inductive choke input filter.
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DESCRIPTION

The ML-199 is a high-vacuum rectifier tube having maxi-
mum ratings of 110 PKV inverse voltage and 10 amperes
peak anode current. It is especially adaptable to certain puls-
ing circuits as a hold-off diode and to power supplies in high-
power radar units, where insensitivity to low ambient tem-
peratures and high current capacity at high voltages are es-
sential.

This tube incorporates those special features of construc-

ML-199
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ML-199

DESCRIPTION AND RATINGS

tion which characterize Machlett high-vacuum rectifiers for
high power-level applications. These features insure rugged-
ness, long life, low internal voltage drop and high average
load current capacity. The cathode is a thoriated-tungsten
filament of the catenary type, allowing close anode-to-cath-
ode spacing without distortion of the filament by electro-
static forces. The anode is a cylindrical molybdenum plate
treated to insure a maximum of heat dissipation, provid-
ing a high safety factor against accidental overload.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament VoOltage .....ccocooiiiiiiiiiiiiiiiiiiiiiiiiccccees

Filament Current, approximate ...

Filament Heating Time, minimum .........ccccoveriirirninennnnn

(Before applying Plate Voltage)

Tube Voltage Drop, maximum .........c.cccceevivernivennnennenn.

(I,—10.0 amperes)

MECHANICAL

Mounting Position .....
Type of Cooling .....
Insulating Medium .....

Net Weight, approximate

................................... 12 Volts
- 23 Amps
.................................... 30 Secs

.................................. 2500 Volts

Optional
..... Radiationt

..... Air
........................... 3 Ibs

+ Forced air cooling of the bulb at 125 cfm through a 6-inch diameter nozzle is
required to keep the glass temperature within safe limits at maximum ratings.

MAXIMUM RATINGS

Peak Inverse Anode Voltage ......ccoooiviiiiiiiiniiii,

Peak Anode Current

Plate Dissipation ........ccccoceeviiiiiiiiciiiiiiciniie e

Load Current (Average D-C)
Circuit Application
Single-phase, two-tube, half-wave
Single-phase, four-tube, full-wave ...
Three-phase, double-Y parallel .......
Three-phase, full-wave .......cccccccevviinnenen.

110000 Volts

10.0 Amps

.................................. 1500 Watts
Unfiltered*  Filtered* *

.3 L Amps

2.6 2.9 Amps

7.0 7.2 Amps

3.5 3.6 Amps

# Unfiltered Load Current Ratings are based on sine-wave voltage input and resistance load without inductive or capa-

citive effects.

## Filtered Load Current Ratings are based on sine-wave voltage input and infinite inductance choke input filter.
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DESCRIPTION

The ML-222A is a high-vacuum, water-cooled rectifier tube
having maximum ratings of 25 PKV inverse voltage and 5
amperes peak anode current. It is designed for use as a half-
wave rectifier in power supplies for radio-transmitting and
radio-communication service. The cathode is a pure-tungsten
filament.

The ML-222A embodies all the techniques and skills that

ML-222A
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ML-222A

DESCRIPTION AND RATINGS

have been inherently a part of Machlett Laboratories, Inc.,
since 1897. All parts are thoroughly processed by special
Machlett techniques, which prevent contamination and assure
complete and permanent outgassing. Thie tube is exhausted by
a straight-line, high-voltage process assuring the same high
standards as characterize the Machlett line of high-voltage
x-ray rectifiers.

GENERAL CHARACTERISTICS

Electrical

Filamient VIOILAZE .uiiiesisiibnsiinsistisiinmseiiis it isnnsmnsnnsessansnsanesnnsas
Filament Current, approXimate ..........cccccveveeiririeeneneneaenns

Tube Voltage Drop, approximate

(I5—=5.0/ AMPEres)) wuiississvwvesssysvesiotusevisssnssssmsssummsssssssomissssans

Mechanical

Mounting POSItION ....ccocociiiiiiiiiiiiicciec e
Type Of CoOlING ..coviiiiiiiiiiiiiiet et
Water Flow on Anode, minimum ........c.ccccvveevveieineiennnennnn,
Maximum Outgoing Water Temperature .....................

21.5 volts
41.0 amperes

2000 volts

................................................................ Vertical, anode down
............................................................... Water

................................................................ 1 gpm
................................................................ 75 °C

MAXIMUM RATINGS

Peak Inverse Anode VOltage ....cccccoeveneninineneninnicniinicscnnenenees
Peak: Afiode: CUITERL: ..o mommaps i aiin S e

Load Current (Average D-C)

Circuit Application .......ccoiiiiiiiniiiiiiiiccecee e
Single-phase, double half-wave ..........ccccocovniiiiiiinniin
Single-phase, double half-wave, 4 tube series circuit ............
Three-phase, 6-tube, series-Y CIrcuit .......c.cccoovovieviiiiereeeennne.
Three-phase, double-Y interconnected ..........ccococcvvniiiiirinnnn.

................................................................ 3.0 amperes

25000 volts
5.0 amperes

Unfiltered

3.0 amperes

............................................................... 5.0 amperes

8.5 amperes
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DESCRIPTION

The ML-575A and ML-G73 are two-electrode, mercury-
vapor tubes designed specifically for use as half-wave recti-
fiers. Rugged structure and low internal voltage drop con-
tribute to reliability and efficient performance in radio fre-
quency heating applications as well as in radio transmitting
service. The filamentary type cathode is oxide coated and is
designed to withstand the effects of sagging and vibration.

ML-575A
ML-673
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2 ML-375A
ML-673

DESCRIPTION & RATINGS

The large cathode shield provides improved thermal radiation
from the filament and protects the filament from extraneous
electrostatic fields. Both tubes are identical with respect to
characteristics, differing only in the types of bases provided.
Maximum ratings of 15 PKV inverse anode voltage and 1.5
amperes average cathode current for in-phase operation
apply at frequencies of 25 to 150 cycles per second.

GENERAL CHARACTERISTICS

Electrical

Eilament Voltage .oy
Filament Current at 5.0 Volts ...

Cathode Heating Time, minimum

(Before applying Plate Voltage) .............ccc.ccoeeiiiiiiiinn.
Tube Voltage Drop, approxXimate .............ccccccocveciiiieieanen.

Mechanical

Mounting PoSItion ...........ccccooiiiiiiiiiiiiiii

Type of Cooling ................ ..
Base, ML-575A ...................

ML-673
Cap oo

Net Weight, approximate ..... R N———

................................... 5.0 Volts
................................... 10.0 Amps
.................................. 30 Secs
.................................. 10 Volts

Vertical, Base Down
- ” Convection
...... Super-Jumbo, 4-Pin Bayonet, RMA No. A4-29
...... Super-Jumbo, 4-Pin Bayonet, RMA No. A4-18
Medium Metal, RMA No. C1-5

MAXIMUM RATINGS

Maximum Peak Inverse Anode Voltage

150 cycles per second of less ............ccccoviiiiiiiiiiiiiiin..
Condensed Mercury Temperature Range .........................

Maximum Cathode Current

Peak
Quadrature Operation

In Phase Operation .............ccccoooiiiiiiiiniieiiiiiiiieeie

Average

Quadrature OpPeration ..............ccccccoevvieeiieiiieaieenn,

In Phase Operation ..............cccccceeniiineen.
Fault (Maximum Duration 0.1 Second)
Maximum Averaging Time

Maximum' FreqUency .:uisssssiimsssnssessiomisms i

.................................. 13 Oz.
................................... 10000 15000 Volts
................................... +20 to 4+60 +20to +50 °C
10.0 10.0 Amps

................................... 7.0 6.0 Amps
................................... 2.5 2.5 Amps
1.75 1.5 Amps

100 100 Amps

20 20 Secs

................................... 150 150 cps
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DESCRIPTION

The ML-857B is a two-clectrode, mercury-vapor tube de-
signed for use as a half-wave rectifier in high-power radio-
transmitting and r.f. heating equipment. Unique features, in-
cluding low internal voltage drop and cathode design per-

ML-857B
PAGE 1
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ML-857B

DESCRIPTION AND RATINGS

mitting in-phase or quadrature filament excitation, contribute
to efficient and economical operation. Maximum ratings of
22 PKYV inverse anode voltage and 10 amperes average anode
current apply at frequencies of 25 to 150 cycles per second.

GENERAL CHARACTERISTICS

Electrical

Eilament Voltage suammmmmmsammnmsmemnmssmnmmsiss
Filament CUrrent .......cccocveeviveeneieeieieiiieiiieerieeeieeeeee e e

Filament Heating Time, Minimum#
Tube Voltage Drop, approximate .

Critical Anode Voltage .......ooovveeviiiioiieiiceeeieeiece e

Mechanical

Mounting POSItION ..o
Type Of COOlING ..ovveiiiiiiieiiiiiiiieiceceee e

5  Volts
30 Amperes
1 Minute
15  Volts
100 Volts

Vertical, Base Down
Convection or Forced-Air
RMA No. FO-2

RMA No. C1-10

334 Pounds

* Before applying anode voltage, sufficient time must be allowed to bring thc condensed mercury temperature, measured at

top edge of base, within the specified range.

MAXIMUM RATINGS

In-Phase Filament Excitation
Maximum Peak Inverse Anode Voltage
Type of Cooling ..... .
150 Cycles 0r Less ....cocvvveerieereevvininnens

Condensed Mercury Temperature Range ............ccc...

Maximum Anode Current

Instantaneous, 25 to 150 Cycles .....cccoocevieninienvenirnnannn,
Average, 30 Seconds Averaging Time ........cccovvvvernennne..
Surge, for Design Only .....cccoovvviieiiieniieiieiceeiece

Duration of Surge Curfent .........cooovevieeennnienennnenenns

Convection Forced-Air
10000 22000 Volts
................................... 25-60 30-40 °C

20.0 Amperes

5.0 Amperes

400.0 Amperes
0.2 Second



ML-857B
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Quadrature Filament Excitation**
Maximum Peak Inverse Anode Voltage
Type of Cooling

...................................................................................................... Convection Forced-Air
150" Cycles: O LeSS: vuimsmssinssvosssmssssvusesssssussissusisvessssssisissssssssinsyssnss issssisasssorssasse 10000 22000 Volts
Condensed Mercury Temperature Range ......c...ccooovviiiiivnienniiniiciieicceen, 25-60 30-40 °C

Maximum Anode Current
Instantaneous, 25 to: 150 Cycles .isunmmimmssssossiaisemmas sissssssi s 40.0 Amperes
Average, 30 Seconds Averaging Time
Surge, for Design Only

Duration of Surge Current

.................................................................... 10.0 Amperes
400.0 Amperes
0.2 Second

##%Filament current 90° = 30° out of phase with anode current.

ANODE

7#'mx.

©
l-
"
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TT—
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FILAMENT | -
O\ 8

.
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DESCRIPTION

The ML-872A and ML-8008 are two-electrode mercury-
vapor tubes designed for use as half-wave rectifiers in radio-
transmitting and r.f. heating equipment. Low internal volt-
age drop, permitting the tube to conduct at relatively low
applied voltages, contributes to efficient operation. Both

ML-872A
ML-8008
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ML-872A
ML-8008

DESCRIPTION & RATINGS

tubes are identical with respect to characteristics, differing
only in the types of bases provided. Maximum ratings of 10
PKYV inverse anode voltage and 1.25 amperes average anode
current apply at frequencies of 25 to 150 cycles per second.

GENERAL CHARACTERISTICS

Electrical
Filament Voltage ...
Filament Current ...
Filament Heating Time, Minimum™®* ... . .. ... .
Tube Voltage Drop, approximate ...

Mechanical
Mounting Position

Type of COOMNG ..o

Base, ML-872A . .
ML-8008 ... ..

CaAP

Net Weight, approximate ...

*

at the top edge of the base, within the specified range.

........... 5 Volts
................................. 7.5 Amperes
30  Seconds

10 Volts

Vertical, Base Down
Convection
........ Super-Jumbo, 4-Pin Bayonet, RMA No. A4-29
—..........Super-Jumbo, 4-Pin Bayonet, RMA No. A4-18
Medium Metal, RMA No. C1-5

15 Pound

Before applying anode voltage, sufficient time must be allowed to bring the condensed mercury temperature, measured

MAXIMUM RATINGS

Maximum Peak Inverse Anode Voltage
150 Cycles or Less ...

Condensed Mercury Temperature Range ...,

Maximum Anode Current

Instantaneous, 25 to 150 Cycles ...................................

Average, 15 Seconds Averaging Time ............
Surge, for Design Only
Duration of Surge Current .........................

5000 10000 Volts
20-70 20-60 °C
............................... 5.0 Amperes

1.25 Amperes
50.0 Amperes
0.3 Second
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APPLICATION NOTES

Shielding and r.f. filter circuits should be isolated from
the transmitter or r.f. heating equipment as much as possible
in order to avoid the detrimental effects of magnetic and
electro-static fields. These fields tend to produce breakdown
in the mercury vapor, are detrimental to tube life, and make
filtering difficult. External shielding should be used when

the tubes are in proximity to these external fields. R-f filter-
ing should be used when the tubes are affected by r-f volt-
ages. When shields are used, special attention must be given
to adequate ventilation and to maintenance of normal con-
densed-mercury temperature.
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DESCRIPTION

The ML-5575,/100 is a high-vacuum rectifier tube having

maximum ratings of 150 PKV inverse voltage and 1 ampere

( peak anode current. These ratings render it adaptable to a

wide range of applications requiring high rectified voltages.

For electrostatic particle precipitation service of extremely

high power requirements, its high current capacity, low in-

ternal voltage drop, long life and ruggedness make its use
particularly advantageous.

This tube incorporates those special features of construc-

ML-5575,/100
PAGE 1
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ML-5575/100

DESCRIPTION AND RATINGS

tion which characterize Machlett high-vacuum rectifiers for
high-power-level applications. These features insure rugged-
ness, long life, low internal voltage drop and high average
load current capacity. The cathode is' a pure tungsten fila-
ment of the catenary type, allowing 'élose anode-to-cathode
spacing without distortion of the, filament by electrostatic
forces. The cylindrical tantalum anode provides an appre-
ciable safety factor against accidental overload.

GENERAL CHARACTERISTICS

Electrical

Filament VOltage .......ccocviviiiiiiiiiiiiienic e
Filament Current, approxXimate ............c.ccocevervreeeeiiueeieeinnens
Filament Heating Time, MiniMum .......coccocerrerereiemirnrneneenns

(Before applying Plate Voltage)

Tube Voltage Drop, MmaxXimum ....... ..ccocieeriieeriienioeieiieinna

(It—1.0 ampere)

Mechanical

Mounting Position

Type Of COOLNG ..cooiviiiiriiriiieiieie et

Insulating Medium

Net Weight; approxXimate .usicwcassssisessusssssirsssosissssissaston

20 Volts
24 Amps
30 Secs

800 Volts

Optional
Radiation
Air

3 Ibs

MAXIMUM RATINGS
( Peak Inverse Anode VOITAZE .....cccoiiiiiiiiiiiiiiiitciteet ettt ettt et asa e st sa et se s e b st enee e enaeees 150000 Volts
Peak ANOdE CULTENL uiivioiiiiiiiiiiieite ittt ettt ettt ettt bt ss et et e eb e e ae et bas e et eseess et e ese s e s eseereessen s et esae s ensereene 1.0 Amp
Plate DISSIPATION ....couiuiiiiiiiieiiiiiiiteit ettt bbb bt st et e et e te b et e s sae e eses e e sra e s e et e s s ns b eaeenenneenen 750 Watts
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LOAD CURRENT RATINGS
(Average Direct Current Delivered To Load)

Filament Peak Anode Load Current Rating
Cireuit Voltage Current Unfiltered* Filtered**
Volts Milliamperes Milliamperes Milliamperes
20.0 1000 320 | .
Single-Phase, Two-Tube, Half Wave 19.0 700 225 | L
18.0 400 125 L
20.0 1000 640 1000
Single-Phase, Four-Tube, Full Wave 19.0 700 445 700
18.0 400 255 400
20.0 1000 1920 2000
Three-Phase, Double-Y, Parallel 19.0 700 1350 1400
18.0 400 770 800
20.0 1000 960 1000
Three-Phase, Full Wave 19.0 700 675 700
18.0 400 385 400

PLATE CURRENT-PEAK AMPERES

* Unfiltered Load Current Ratings are based on sine-wave voltage input and resistance load without inductive or capacitive effects.
#% Filtered Load Current Ratings are based on sine-wave voltage input and infinite inductance choke input filter.

| {E¢=20V.
/ E=l9V.
—
/ E¢=1BV.
—
[
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DESCRIPTION

The ML-5576,/200 is a high-vacuum rectifier tube having
maximum ratings of 150 PKV inverse voltage and 2.5 am-
peres peak anode current. It has been specially developed
for use in power supply units associated with mass spectro-
meters for large-scale isotope separation, and also finds ap-
plication in connection with various other devices requiring
extremely high voltage and current capacity, such as linear
accelerators and long-range radar.

This tube incorporates those special features of construc-

ML-5576,/200
PAGE 1
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ML-5576/200

DESCRIPTION AND RATINGS

tion which characterize Machlett high-vacuum rectifiers for
high-power-level applications. These features insure rugged-
ness, long life, low internal voltage drop and high average
load current capacity. The cathode is a pure tungsten fila-
ment of the catenary type, allowing close anode-to-cathode
spacing without distortion of the filament by electrostatic
forces. The anode is a cylindrical tantalum plate treated to
insure a maximum rate of heat dissipation, providing a high
safety factor against accidental overload.

GENERAL CHARACTERISTICS

Electrical

Filament: Violtage: s usscmammssnssmhummsissovaprosassvss
Filament Current, approXimate ..........ccccceovvivinrreiiisienerenins
Filament Heating Time, minimum ..........cccccoovviiiiiiciininens

(Before applying Plate Voltage)

Tube Voltage Drop, Maximum ..........ccovuerinnerinrereeenneenes

(Ir—2.5 amperes)

Mechanical

Mounting POSIION ..occiviiiiiieieiieiee e

Type of Cooling .....
Insulating Medium ..............

Net Weight, approXimate ....co.sississosss s

Peak Inverse Anode VOItage ........cccooveveeernieniereerinennennne
Peak Anode CUurrent ........ccccocoeeivivcniennrnenenseneeencseneennens
Plate: DiSSIPation. e uswssmasommrssssissssvimesisisssiariss

20 Volts
32 Amps
30 Secs

1000 Volts

Optional
Radiation
Air

3 1bs

150000 Volts
2.5 Amps
1000 Watts
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LOAD CURRENT RATINGS

PAGE 2 (Average Direct Current Delivered To Load)
‘ Filament i Peak Anode Load Current Rating
Circuit Voltage | Current ‘ Unfiltered* | Filtered**
Volts ‘ Amperes | Amperes Amperes
20.0 2.5 .80 |
Single-Phase, Two-Tube, Half Wave 19.0 1.5 48 |
) 18.0 1.0 W32 | mwae
20.0 2.5 1.59 25
Single-Phase, Four-Tube, Full Wave 19.0 1.5 .96 1.5
18.0 1.0 .64 1.0
) - 20.0 2.5 4.80 5.0 )
Three-Phase, Double-Y, Parallel 19.0 1.5 2.90 3.0
18.0 1.0 1.93 2.0
20.0 25 2.40 2.5
Three-Phase, Full Wave 19.0 1.5 1.45 1.5
18.0 1.0 .96 1.0

* Unfiltered Load Current Ratings are based on sine-wave voltage input and resistance load without inductive or capacitive effects.
#% Tiltered Load Current Ratings are based on sine-wave voltage input and infinite inductance choke input filter.
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DESCRIPTION

The ML-6908 is an oil-immersed, high-vacuum rectifier
tube having maximum ratings of 150 PKV inverse voltage
and 10 amperes peak anode current. It is especially adaptable
to certain pulsing cifcuits as a hold-off diode and to power
supplies in high-power radar units, where insensitivity to low
ambient temperatures and high current capacity at high volt-
ages are essential.

This tube incorporates those special features of construc-

ML-6908
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ML-6908

DESCRIPTION AND RATINGS

tion which characterize Machlett high-vacuum rectifiers for
high power-level applications. These features insure rug-
gedness, long life, low internal voltage drop and high average
load current capacity. The cathode is a thoriated-tungsten
filament of the catenary type, allowing close anode-to-cathode
spacing without distortion of the filament by electrostatic
forces. The heavy-wall copper anode provides a high safety
factor against accidental overload.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament Voltage ..ot i

Filament Current, approximate ..........
Filament Heating Time, minimum
(Before applying Plate Voltage)

Tube Voltage Drop, Mmaximum ............ccccooveiiioiiiiion.

(I,—10.0 amperes)

MECHANICAL

Mounting: POSItOn: vuvmesuumas ooz

IVPE OF 'COOINE ric0n ns o siismassisnis i posvsmsons o ssms Sanpaeo s
Maximum oil temperature for maximum dissipation ...

Insulating Medium ..........ccooioiiiiiiiii

Net Weight, approximate ....

12 Volts
23 Amps
30 Secs

2400 Volts

Optional
Convectiont
75 °C
Qiltt

634 1bs

+ When the ML-6908 is operated anode up, forced-oil cooling of the glass within
the cathode base is required. An oil flow of approximately 1 quart per minute,

introduced through the catho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>