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ELECTRONS, Inc.

NEWARK, N. J.
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1 _ Export Distributor of
- 250 PARK AVENUE SOUTH, NEW YORK 3, N. Y. ELECTRONS, INC. EL Electronic Tubes

Cables: ABSCOSER-NEW YORK

ﬁ To Our Electrons, Inc. Customers:

i‘%ﬁ

PRICES - EL RECTIFIER AND THYRATRON TUBES

RECTIFIERS THYRATRONS (Continued})
Tube Type_ Warranty Price Tube Type = Warranty Price P 1‘
ELIC E-18  $10.85 ELC3J E-18  $13.80 i f
EL3B E-18 11.40 ELC3]/A E-18 14. 50 [ |
EL3C E-18 11.80 ELC3J/AL E-36 16.00 s
EL3CF E-18 13.00 ELC3J/L E- 36 15.25 bk
EL3C/L E-18 13.00 ELC4H1 E-18 23.25 B
EL5B HD E-18 25.50 ELC4H2 ~ E-36  24.35 3 <
EL5B Std E-18 20.25 ELC4H3 E-36  24.35 ‘, 1
EL5C E- 18 13.30 ELC4H4 E- 36 26.10 i |
EL6B E-18  13.00 ELC4H5 E-36  26.10 i .
EL6B/L E-36  13.50 ELCSB E-18  43.00 Fn 8
EL6C E-18  20.80 FLC6A E-18  33.90 Nl
EL6CF E-18 21.90 ELC6C E-18  58.90 Loy
EL6C/L E-18 21.90 FLC6H1 E-18 29.10 ot g
EL6F E-36  14.15 ELC6H2 E-36  30.25 B d
EL10A E- 18 20.90 ELC6H3 E-26  30.25 1 ‘J
EL16B E-18 34.75 ELC6H4 E-36  32.00 R S
EL16F E- 18 35.20 ELC6HS5 E- 36 32.00 458
EL22.5 E- 18 8.65 ELC6] E-18  28.10 &
THYRATRONS : ELC6]/A E-18 29.00 S¥
ELC1A E- 18 13.65 ELC6J/F v 36 30.00 ; Mﬁ
ELC1B E- 18 15. 10 ELC6J/K E- 18 28. 30 e litkad
ELC1B/A E- 18 18.70 ELC6 J/KF E- 36 20.45 e
ELC1] E-18  12.80 FLC6J/KL E-36  29.45 e
ELC1J/A E-18  13.00 ELC6J/L E-18  29.40 &I il
ELCIK E-18 13.10 ELC16J %-36 56.90 ¢ ke
ELCIK/B E-18  19.70 ELC16J/A E-18  70.10 Pt
The above prices are effective December 1, 1960. Please insert this sheet in your Electrons file, re- e
placing the sheet dated August 1, 1960. B

e
s,
>

All prices are strictly net, with the exception of 2% for cash payment with order or against a letter of
credit on overseas orders, or 2% 10 days, net 30 days on domestic accounts of approved credit. All tubes
are in individual cartons and are suitably overpacked for parcel post, air or steamer shipment in carrier
cartons or wood cases as the method of shipment and quantity demands, F.0.B. our New York warehouse, with
full transportation allowed within the City of New York, including F.A.S. New York on orders large enough
for ocean freight.

Electrons tubes are subject to Export Control under Commodity Number 70840 RARA 2. Many types may be
shipped under GRO, Interpretation 13, others under GLV, or a specific license may be required. Please
refer to the Comprehensive Export Control Schedule for full details.

WARRANTY E-18

All tubes covered by this warranty are warranted against defects_in design, material and workmanship if
used within published ratings for a period of one year of use. If a tube is found defective within the
one year period after initial installation of that tube, a prorated adjustment by months will be made on
the difference between the attained life and one year. A sixteen day portion of a month will be consid-
ered a full month while less than sixteen days will be considered no life. Tube use will be considered i
continuous from date of initial installation. This warranty expires eighteen months from date of orig- e }
inal shipment from Absco Services, Incorporated. g

WARRANTY E-36

All tubes covered by this warranty are warranted against defects in design, material, and workmanship if
used within published ratings for a period of two years of use. If a tube is found defective within the
two year period after initial installation of that tube, a prorated adjustment by months will be made on
the difference between the attained life and two years. A sixteen day portion of a month will be consid-
ered a full month while less than sixteen days will be considered no life. Tube use will be considered:
continuous from date of initial installation. This warranty expires thirty-six months from date of orig-
inal shipment from Absco Services. Incorporated. .
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All EL branded tubes are warranted against defects in design, material and workmanship if used within
the published ratings and engineering manual recommendations. The applicable warranty for each tube type
is indicated on the price sheet and is designated as either E-18 or E-36. All warrants are to be consid-
ered as a period for proof of quality of the tubes and not as the expected operating life.

ABSCO SERVICES, INCORPORATED

President




o E.B. LATHAM & COMPANY
350 FIFTH AVENUE

am“ s "3‘:‘:_}":: NEW YORK , N. Y,

Date August 27, 1958
English Electric Valve Company Ltd.,

~ Waterhouse Lane
© Chelmsford, Essex,
ENGLAND

Gentlemen:

Your recent request for information on Electrons Inc, Tubes
in response to advertising has been forwarded to us for attention,
as we rep resent Electrons Inc,, in all export matters,

Accordingly, we are attaching hereto literature, If we may
be of further service to you, please do not hesitate to call upon us.

Very truly yours,
Eo, Bo LATHAM & CO«PANY

ALl Mner —

, Mgr., Foreign Department
A.B.Steinheuser:ME



E.B. LATHAM & COMPANY

I N C O R P OR AT E D

EMPIRE STATE BUILDING - 350 FIFTH AVENUE
New York I N Y.

LONGACRE 3-4477

TO OUR ELECTRONS, INC. CUSTOMERS:

The extreme reliability of Electrons tubes with lug connections, as indicated
on the enclosed new price list, has resulted in a two year warranty. A recent
survey of hundreds of installations of Electrons' pin base xenon thyratrons has
shown that most tubes were still in service after three to five years, except those
damaged by poor socket contacts. A descriptive sheet on an approved socket for lug
base tubes is attached.

We ask that you place this sheet in your Engineering Manual and Catalog as the
warranty below will supersede that appearing on page 4 thereof. For applicable
warranty for each tube type, refer to the latest price list.

WARRANT Y

EL Thyratrons and Rectifiers were developed by Electrons, Incorporated after system-
atic research with gaseous discharges since 1928. They are manufactured by special-
ists in Thyratrons and Rectifiers exclusively, to meet the demand for power tubes of
extreme reliability; a fact which is recognized throughout the world.

FHH

Warranty E-36

Tubes covered by this warranty, are warranted for two years from date of initial
operation against defects in design, material and workmanship if used under proper
conditions and without exceeding published ratings and engineering manual recom-
mendations. If such defects appear, Electrons Incorporated shall either replace
the defective tube or refund the original purchase mrice, said replacement or re-
fund to be subject to pro-rata adjustment based on the unattained portion of two
years from the time the tube was placed in operation. The tube must be returned
to Electrons, Incorporated undamaged from shipment, with a complete statement of
the conditions and time of operation and failure. This warranty expires thirty-
six months from date of shipment by Electrons, Incorporated.

FHHRHF

Warranty E-18

Tubes covered by thi s warranty are warranted to have a useful life in excess of
3000 hours if used under proper conditions without exceeding the published rat-
ings and engineering catalog recommendations. This warranty is limited to re-

placement of tubes which fail as outlined below. Those tubes which fail in ser-
vice in less than 3000 hours may be returned to us for examination with a state-
ment as to conditions of operation and failure. If our tests indicate that the
tube was defective, credit will be allowed for the unattained portion of 3000

hours, Defective tubes, under this warranty must be returned within 18 months
of their original purchase.



E.B. LATHAM & COMPANY

I N C O R P O R AT E D

EMPIRE STATE BUILDING - 350 FIFTH AVENUE

New York I[LN.Y.

LONGACRE 3-4477

PRICES

EL THYRATRON AND RECTIFIER TUBES

Tube Type Warranty Users Price Tube Type Warranty Users Price Tube Type M
RECTIFIERS THYRATRONS
JAN-BRANDED TUBES
EL IC E-18 $ 9.80 EL CIK E-18 $ 12.90
EL 3B E-18 10.90 EL CIK/B E-18 17.90 JAN-CIA $ 14.00
EL 3C E-18 11.80 EL C3Al4 E-18 42.60 JAN-CIK " 15.50
EL 3CF E-18 11.80 EL C3H E-18 20.40 JAN-3B 12.00
EL 3C/L E-18 13.20 EL C3J E-18 14.10 JAN-3B21 10.10
EL 5B HD E-18 23.20 EL C3J/A E-18 19.80 JAN-3B22 11.90
EL 5B STD E-18 18.40 EL C3J/L E-36 16.90 JAN-C3R14 42.60
EL 5C E-18 12.10 EL C3Pl4 E-18 42,60 JAN-4B22 21.40
EL 6B E-18 13.00 EL C3R14 E-18 42.60 JAN-4B23 23,20
EL 6B/L E-36 14.50 EL C4J E-18 19.40 JAN-4B24 12.80
EL 6C E-18 19. 80 EL C4J/F E-36 20.10 JAN-4B25 20.80
Ei zgi E-l: 19.80 EL C4J/L E-36 21.40 JAN-C5B 39.10
h-l 21.90 EL C5B E-18 39.10 JAN-C6A 32.30
EL 6F E-36 14.40 ’ JAN-6C
EL C5Fl4 E-18 39.10 - 0,50
EL 10A E-18 19.00 JAN-16B
i . N EL C6A E-18 32.30 - g
: EL C6C E.18 5%, o JAN-5528/C6L 32,20
EL 16F E-18 32.00 i JAN-5664
EL C6J E-18 28. 90 i 16..00
EL 22.5 E-18 7.20 JAN-5665
—fol g W igor EL C6J/A E-18 29.30 S ol
s ofpigl = 10‘ 00 EL C6J/F E.36 29. 40 JAN-5684/C3J/A 22,50
. = A EL C6J/K E.18 28. 90 JAN-5685/C6J 31.90
THYRATRONS EL C6J/KF E-36 29.40
EL C6J/KL E-36 3170
EL CIA E.18 13. 00 EL Cé6J/L E-36 31.70
EL CIB E-18 7. 60 EL Cé6L E-18 32,20
EL CIB/A E-18 17. 00 EL coM g 30,80
EL CLJ E-18 13.40 Kk s g
EL ClJ/A E-18 15. 90 EL GleJ E-36 56.:90
EL Cl6J/A E-18 63.70

All prices are strictly net, with the exception of 2% for cash payment with order
or against an established letter of credit on any New York Bank.  All tubes are suit-
ably prepared for export shipment and prices include delivery F. A. S. New York on
shipments large enough for ocean freight, or F. O, B. Latham Warehouse, New York City
on parcels post or air shipments.

A1l Electrons tubes are subject to Export Control under the Commodity Number 70840
Group RARA51, with a GLV dollar valuelimit of $50.,00 to Group R destinations, and a
$500,00 limit to Group O destinations. For Austria, Belgian Congo, Belgium, Denmark,
France, Federal Republic of Germany, Westem Sectors of Berlin, Italy (including the
area of Trieste under Italian civil administration), Japan, Luxembourg, Netherlands,
Norway, Portugal, Turkey and the United Kingdom, submission of an Import Certificate
is required, and Delivery Verification will have to be fumished after delivery has
been accomplished if the value exceeds $499.99 (IC/DV System). For the destination
of Switzerland, Cambodia, Lao, Viet-Nam, Hong Kong and Yugoslavia, special require-
ments must be met. We would refer you to the Comprehensive Expart Schedule.

It is requested that all orders and/or correspondence as well as FC-842 forms
be furnished to us in DUPLICATE if we are to apply for an Lxport License.

Very truly yours,

E w& OPFM

A.B.Steinheuser:ME Manager of Foreign Department



A\

SOCKET

FOR LUG BASE

TUBES

For High Current Thyratrons
and Rectifiers

SOCKET

COVER

THE SPADE-LUG TUBE AND SOCKET PROVIDE THESE ADVANTAGES:

1. Positive electrical contact. 3. Rear panel connections.
2. To install or remove a tube, only a screw 4. Removable nylon cover permits *“dead-front”
driver is required. tube panel.

5. One socket accommodates all lug-base tubes.
SEE OTHER SIDE FOR TECHNICAL INFORMATION

LUG-BASE TUBES manufactured by ELECTRONS, INCORPORATED

ELC3J/L 2.5 Amps. DC THYRATRON
ELC4])/L 4.0 Amps. DC THYRATRON
ELC6J/L 6.4 Amps. DC THYRATRON
ELC6J /KL 6.4 Amps. DC THYRATRON
EL6B /L 6.4 Amps. DC HALF-WAVE RECTIFIER
EL3C/L 2.5 Amps. DC FULL-WAVE RECTIFIER

LUG-BASE TUBES AND SOCKETS ARE AVAILABLE FROM ELECTRONS, INC.

127 Sussex Avenue
ELECTRONSI INC. Newark 3, New Jersey

350 FIFTH AVENUE NEW YORK l, N, Y.
EYPIUHSIVE EYPART DISTRIRITNAR




SI1DE VIEW

Data Subject to Change without Notice

SPECIFICATIONS
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4D
Ready Reference Data On

THYRATRONS and RECTIFIERS

For Industrial Control




TYPE

THYRATRONS

OTHER
DESIGNATIONS

DESCRIPTION

MAX.
CONTINUOUS
AVERAGE

DC

ANODE
CURRENT
(AMPS)

OSCILLOGRAPH
PEAK ANGDE

CURRENT

CONTINUOUSLY
RECURRING

(AMPS)

MAX.

INSTANTANEOUS

PEAK

FORWARD
VOLTAGE

EL C1B 3C31 Medium 4 pin bayonet base 890, 8.0 525
A4-10. Medium Cap Cl-5

EL CIB/A | 5664 Medium 4 pin bayonet base .0 8.0 750
A4-10. Medium Cap Cl-5

EL CIK 6014 Medium 4 pin bayonet base 1.0 8.0 1000
A4-10. Single end

EL CIK/B | 7319 Medium- 4 pin bayonet base 1.0 8.0 2000
A4-10, Single end

EL C3J 5632 Medium 4 pin bayonet base 2ud 30 900
A4-10. Medium Cap Cl-5

EL C3J/A [5684 Medium 4 pin bayonet base 2.5 30 1000
A4-10. Medium Cap Cl-5

EL C3J/L |7216 Lug type Base 2.5 30 900
Medium Cap Cl-5

EL C3J/AL| 7556 Lug type Base 2.5 30 1000
Medium Cap Cl1-5

EL C4H-1 Industrial 4 pin base A4-81 4.0 50 1700
Medium Cap Cl-5

EL C4H-2 Panel Mounted Base. Flexible 4.0 50 1700
Leads. Medium Cap Cl-5

EL C4H-3 Lug Type Base 4.0 50 1700
Medium Cap C1-5

EL C6C 6987 Super Jumbo 4{>in base #4310. 6.4 s 2000
Medium Cap CI-5

EL Cé6H-1 Industrial 4 pin base A4-81 6.4 80 1700
Medium Cap Cl-5

EL C6H-2 Panel Mounted Base. Flexible 6.4 80 1700
Leads. Medium Cap Cl-5

EL C6H-3 Lug Type Base 6.4 80 1700
Medium Cap CI-5

EL C6H-4 Panel Mounted Base. Flexible 6.4 80 1700
Leads, Base and Anode

EL C6H-5 Lug Type Base. Flexible 6.4 80 1700
Anode Lead.

EL CéJ 5C21 Industrial 4 pin base A4-81 6.4 77 750
Medium Cap C1-5

EL C6J/A |5685 Industrial 4 pin base A4-81 6.4 77 1000
Medium Cap Cl1-5

EL C6J/F |6860 Panel Mounted Base. Flexible | 6.4 77 1000
Leads. Medium Cap Cl-5
Lug Type Base .4 17 5

EL C6J/L |6988 Lng Ty ca§c1-5 6 750

EL C6J/K |6864 Industrial 4 pin base A4-81 6.4 77 1000
Medium Cap C1-5 o

EL C6J/KF |6871 Panel Mounted Base. Flexible 6.4 77 1000
Leads. Medium Cap Cl-5

EL C6J/KL|6989 Lug Type Base 6.4 77 1000
Medium Cap Cl-5

EL Cl6J 5665 Panel Mounted Base. Flexible | 16.0 160 1000
Leads at both ends 18.0 100

EL Cl6J/A Panel Mounted Base. Flexible | 16.0 160 1250

Leads at both ends




MAX.

INSTANTANEOUS

PEAK
INVERSE
VOLTAGE

FILAMENT

AMPS

VOLTS (AVER.)

NO. OF
ELECTRODES

MAX. DIMENSIONS
(INCHES)

DIA.

WARRANTY

TYPE

700 2.5|6.3 | 3 1-9/16 E-18 | EL GIB
1250 2.56.3 3 1-9/16 E-18 |EL C1B/A
1250 2.5/6.3 | 3 1-9/6 E-18 |EL CIK
2000 2.5 |63 | 5 1-9/A6 E-18 |EL CIK/B
1250 2.5(9.0 | 3 1-5/8 E-18 | EL G3J
1250 2.5(9.0 | 3 1-5/8 E-18 |EL C3J/A
1250 2.519.0 | B 2-3/6 E-3% |EL C33/L
1250 2.5(9.0 | 3 2-3/16 E-36 |EL C3J/AL
1700 2.5 17 | 3 2-1/52 E-18 |EL C4H-1
1700 2.5 17 | 3 2-1/32 E-36 |EL C4H-2
1700 2.51 17 | B 2-3/16 E-36 |EL C4H-3
4000 2.5 24 | 3 2-9/16 E-18 |EL C6C
1700 2.5 21 | 3 2-1/32 E-18 |EL C6H-1
1700 2.5 21 § 3 2-1/32 E-36 |EL C6H-2
1700 2.5 | 21 3 2-3/16 E-36 |EL C6H-3
1700 2,5 | 21 3 2=1/82 E-36 |EL C6H-4
1700 2.5 21 | 3 2-3/16 E-36 |EL C6H-5
1250 25| 21| 3 2-1/32 E-18 |EL C6J
1250 2.85) 21 | 3 2-1/32 E-18 |EL CéJ/A
1250 2.5 21 % 2-3/4 E-36 | BL C6I/F
1250 2.5| 21 | 3 2-3/16 E-18 |EL Cé6J/L
1250 2,81 21 | 2 2-1/2 E-18 |EL C6J/K
1250 2.5! 21 3 2-3/4 E-36 |EL C6J/KF
1250 2.5 21 3 2-3/16 E-36 |EL C6J/KL
1250 2.5] 31 3 4-1/8 E-36 |EL Cl6J
1250 31 4-18 E-18 |EL Cl16J/A




MAX.
CONTINUOUS
AVERAGE
DC
ANODE
OTHER CURRENT
TYPE DESIGNATIONS DESCRIPTION (AMPS)

EL 1C Full Wave Rect. Medium 4 pin
bayonet base A4-10 Single End

EL 3B 6013 Half Wave Rect. Medium 4 pin 2«5
bayonet base A4-10 Single End

EL 3C Full Wave Rect. Industrial 4 pin
base A4-81 Single End
Single End

EL 6B Half Wave Rect. Industrial 4 pin 6.4
base A4-81 Medium Cap Cl-5
Medium Cap Cl-5 -

EL 6C - Full Wave Rect. Industrial 4 pin
base A4-81 Single End

EL 6F 6015 Half Wave Rect. Panel Mounted Base| 6.4
Flexible Leads, Medium Cap Cl-5

EL 16F Half Wave Rect. Panel Mounted 16
Flexible Leads at both ends

WARRANTY POLICY

OSCILLOGRAPH
PEAK ANODE
CURRENT
CONTINUOUSLY
RECURRING
(AMPS)

25,6

i




MAX.
INSTANTANEOUS FILAMENT MAX. DIMENSIONS MIN.
PEAK (INCHES) CATHODE
INVERSE AMPS GAS HEATING TIME
VOLTAGE VOLTS  (AVER)) LENGTH DIA. FILLING SEC. WARRANTY

725 5 1-45/64 20
11.5 | 7-3/4 2-3/16 30
40
180

EL 1C
EL 3B
EL 3C
El, 3C/L
EL 6B

EL 6B/L

-1
-1
-1
-1
-1
-3
-1
-3

1

7

36 | 15-3/4 2-1/4 Xenon

EL 6C

8
8
8
8
8
6
8
6

EL 6F

EaEEn

E
E
E
E
E
E
E
E
E

-18 | EL 16F

E.-'I 8 Warranty

All tubes returned for warranty consideration must be packed to arrive at Electrons,
Incorporated undamaged.

Transportation on all returned tubes must be prepaid.

Electrons, Incorporated is not liable or responsible for any consequential damage or loss.




OTHER TUBE NO.

REPLACE WITH

OTHER TUBE NO

INTERCHANGEABILITY CHART

REPLACE WITH

EL CIB EL CIB/A WT 210.0017 EL C4H-1
EL C1J EL CIK WT 210.0043 EL C3J
GL C1J EL CIK WT 210.0062 EL C3T/A
L CLI/A EL CIK WT 210.0066 EL Cl6J
CIK EL CIK WT 210.0106 EL C3J%*(2)(3)
RCACIK/6014 EL CIK WT 210.0179 EL C6H-1
c2J EL C3J _WT 210.0180 EL C4H-3
EM 2.5GL EL C3J WT 210.0181 EL C6H-3
C3J EL C3J WT 210.0188 EL C1K
RCAC3J5632 El C3%J WT 210.0234 EL CL6J
RCAC3J/A/5684 EL C3J/A CE 221 EL 6C
3B EL 3B CE 222 EL 1C
3C EL 3C CE 224 EL 3C
3B21 ) EL 1C EL 302.5 EL IC
3B22 £ EV EL IC CE 303 EL GIB
WL3B22/1C EL 1C CE 303/3C31 EL C1B
3C31 EL CI1B CE 306 EL C6H-1
3C31/C1B EL ClB CE 308 EL C6H-1
EL C4J EL C4H-1 CE 320 EL C3J/A*(2)(3)
EL C4J/F EL C4H-2 CE 320A EL C3J/A*(2)(3)
EL C4J/L EL C4H-3 ACC 440 EL 3B
C4J EL C4H-1 ACC 444 EL 1C
C4J/F EL C4H-2 ACC 448 EL 3C
C4J/L EL C4H-3 ACC 490 EL 6C
4B24 EL 3C ACC 495 EL 6F
WL 4B24/3C EL 3C ACC 500 EL 16B
5C21 EL C6H-1 ACC 501 EL 16F
GL 5C21/Cé6J EL C6H-1 NL 600 EL 1C*(1)
6B EL 6B NL 604 EL 3C*(1)
6C "EL 6C NL 604L EL 3C/Lx*(1)
6F EL 6F NL 606 EL 6C*(1)

1. CEI EL C6H-1 ACC 612 EL C6H-1
GL CéJ EL C6H-1 NL 614 EL 3B
RCAC6J5C21 EL C6H-1 NL 618 EL 6B
RCA C6J/A5685 EL C6H-1 NL 618L EL 6B/L
EL C6J/F EL C6H-2 NL 618P EL 6F
EL C6J/L EL C6H-3 NL 635 EL 6B
EL C6J/A EL Cé6H-1 NL 635L EL 6B/L
EL C6J/K EL C6H-1 NL 635P EL 6F
EL C6J/KF EL C6H-2 WL 670A/6C EL 6C
EL C6J/KL EL C6H-3 NL 710 EL C3J*(2)(3)
L-F TX44-5 EL Cl16J NL 710/6011 EL C3J%(2)(3)
WT T106 EL C3J%(2)(3) NL 716 EL C1K*(2)




OTHER TUBE NO.

REPLACE WITH

OTHER TUBE NO

REPLACE WITH

NL 740

EL C4H-1

GL 6856/740

EL C4H-1

NL 740P

EL C4H-2

GL 6857/740P

EL C4H-2

NL 740L

EL C4H-3

GL 6858/760

EL C6H-1

NL 760

EL C6H-1

GL 6859/760P

EL C6H-2

NL 760P

EL C6H-2

6860

EL C6H-2

NL 760L

EL C6H-3

GL 6860/C6J/F

EL C6H-2

5545

EL C6H-1

6864

EL C6H-1

GL 5545

EL C6H-1

6871

EL C6H-2

5632

El. C3J

GL 6930/635P

EL 6F

WL 5632

ElL. G3J

6982

EL 30/L

5632/C3J

EL C3J3

6983

EL 6B/L

GL 5632/C3J

EL C3J

6984

EL C4H-1

5664

EL CIB/A

6985

EL C4H-2

WL 5664

EL CIB/A

6986

EL C4H-3

5665

EL Cl6J

6987

EL C6C

GL 5665

EL Cl6J

6988

EL C6H-3

RCA5665

EL Cl16J

6989

EL C6H-3

WL 5665

EL Clé6J

6998

EL C6H-1

GL 5665/C16J

EL Cl16J

6999

EL C6H-3

NL 5665/C16J

EL Cl6J

7014

EL 3C*(1)

WL 5683

EL C1K

7015

EL 3C/L*(1)

5683/C1J/A

EL CIK

7016

EL 6C*(1)

5684

EL C3J/A

7019

EL 6B

WL 5684

EL C3J/A

7020

EL 6B/L

5684/C3J/A

EL C3J/A

7022

EL C4H-3

5685

EL C6H-1

1023

EL C6H-3

WL 5685

EL C6H-1

1216

EL C3J/L

5685/C6J

EL C6H-1

7298

EL C6H-3

GL 5685/Cé6J

EL C6H-1

7299

EL C6H-2

5878

EL C6H-1

7306

EL C3J/A

5892

EL 6B

7319

EL CIK/B

GL 6011

EL C37%(2)(3)

7321/C6J/L

EL C6H-3

6013

EL 3B

7556

EL C3J/AL

6014

EL CIK

GL 6014

El: C1K

WL 6014

EL CIK

GL 6014/C1IK

EL C1K

WL 6014/C1K

ElL: C1K

6015

EL 6F

GL 6807

EL C6H-1

GL 6808

EL C6H-2

GL 6809

EL C6H-3

GL 6855/716

EL C1K*(2)

*(1) The EL tube may be used if the max-
imum instantaneous peak inverse volt-
age does not exceed 725 volts.

(2) The EL tube may be used if the com-
mutation factor does not exceed 0.66 at
a maximum initial inverse voltage of

350 volts.

(8) The EL tube may be used if the max-
imum instantaneous peak inverse volt-
age does not exceed 1250 volts.




MAINTENANCE HINTS

: ].. Poor electrical contact between tube and socket.

2. Low Filament Voltage.

S S

3. High Filament Voltage. |

4. Restriction of Cooling Air Flow.
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FOREWORD

HIS Engineering Manual and Catalog re-

lates to hot-cathode gas-filled tubes devel-
oped by ELECTRONS, Inc. after systematic
research with gaseous discharges. They are
manufactured by specialists in rectifiers and
control rectifiers exclusively, to meet the
demand for power tubes of extreme reliability.
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INTRODUCTION

HISTORICAL

NERT vapor filled rectifier tubes were pro-

posed as early as 1906 and grid control
rectifier tubes in 1912. Despite these early ex-
periments, the complex difficulties encountered
in meeting reliability requirements hindered
the commercial development of these classes
of tubes.

A number of factors contributed to this.
Though not appreciated for some time, the
degree of degassing during evacuation suitable
for high-vacuum tubes proved utterly inade-
quate for long-lived gaseous tubes. The ordi-
nary oxide cathode of high-vacuum tubes flew
off in a shower of sparks under the severe ion
bombardment. Trouble was encountered in
maintaining characteristics under no load op-
eration. Coordination of tube design and
protective equipment was required.

Tubes developed by Electrons, Inc. as early
as 1928 having specially devised tough cathode
coatings successfully withstood the heavy ion
bombardment encountered in industrial appli-
cations of gas-filled tubes. This, and improve-
ments in manufacture, did much to lengthen
the life of gaseous discharge rectifiers.

Operating records of EL rectifiers made in
1929 and 1930 showed many tubes having tens
of thousands of hours of life, though the aver-
age life was decreased by some tubes of short
life. Since then the percentage of short lived
tubes has steadily decreased and operating
conditions have been corrected to insure a
reasonable certainty of long minimum life.

Electrons, Inc. is very proud of the outstand-
ing performance of its products in the services
of the armed forces during World War II.
Approval by the Services was attested by two
awards of the Army-Navy “E” and by many
Electrons, Inc. designs that appeared on the
Joint Army-Navy tube Preferred List.

GENERAL CHARACTERISTICS

An EL rectifier consists of an evacuated

envelope containing a filling of extremely pure
Xenon gas at reduced pressure, a heated
electron-emissive cathode, and an anode. When
the anode is positive, electrons are attracted
to it from the cathode and constitute a current
flow. In their passage they ionize the gas. The
ions neutralize the space charge of the elec-
trons, and thereby eliminate nearly all of the
internal resistance of the tube, leaving only a
drop of five to twelve volts depending upon the
design. The anode is non-emissive, hence no
current flows when it is negative.

An EL Control Rectifier differs from the
above in that a non-emissive grid is inserted
between the anode and cathode. Small varia-
tions of the grid potential permit or prevent
the start of the main current in the anode cir-
cuit when the anode is positive. Once the main
current is allowed to start, the grid has no
further control until the anode voltage is re-
duced to zero, or made negative for a small
fraction of a second as with a-c. supply voltage.
In this way, minute grid energy can control
large amounts of power.

Xenon gas, first used by Electrons, Inc., has
practically the same space charge neutralizing
power as mercury, yet is unaffected by sur-
rounding temperatures. Xenon-filled tubes re-
quire no temperature control and have no
temperature effects on control characteristics,
rating, or life, thereby enhancing reliability.

APPLICATIONS

The possible uses of rectifiers are self-evident
to those who require direct current. A gaseous
tube rectifier is indicated where the output
voltage is several times larger than the tube
voltage drop. Below this range contact recti-
fiers are usually preferred.

Many rectifier applications have more than
offset tube costs by the saving in power from
increased efficiency. Often substantial savings
result from the fact that tube devices do not



require regular maintenance by mechanics or

electricians, as anyone can replace a tube.

Many installations are made to avoid noise,

or to eliminate the fire risk of unattended

rotating machines.

To describe the field of usefulness of grid-
control rectifiers is difficult. However, it may
help to indicate the possible applications by
listing the principal functions accomplished
with grid control tubes in some of the various
existing installations.

1. Control of a motor for either

a. Servomechanism response, whereby some

motor-driven device is made to follow
quickly and accurately the motion of
some delicate or remote instrument or
circuit condition.

b. Precise, or wide-range speed control.

2. Control of a power circuit from a very
feeble or low-energy control circuit or
controlling device, particularly where
either high-speed response or delicate
variation of output power is required.

3. High-speed or synchronous switching cir-
cuits, such as welders, x-ray contactors,
saw-tooth oscillators and high-speed
counting or inspecting equipment.

4. High power vibrating motors, or pulsed
magnets.

5. Inverters for changing frequency or for
changing d.c. to a.c.

In a large percentage of applications it is
essential that the chance of shutdown be re-
mote. A study of installations involving thou-
sands of tubes after years of service has shown
many cases where the loss of availability of
the installation, due to tube failure, was less
than from failure of common mechanical or
electrical equipment.

Electrons, Inc. manufactures tubes only.
Complete units in which the tubes are ap-
plied require properly designed transformers,
sockets, protective devices and other equip-
ment. Tube life and the performance of the
unit are affected by the design of all compo-
nents of the unit. Application engineers of
Electrons, Incorporated are available to offer
assistance to the equipment designer.

PATENTS

EL Rectifiers and Grid Control Rectifiers are
manufactured and licensed under one or more
of the following issued United States patents:

Re. 18,798 1,941,076 2,111,506
1,723,888 1,946,603 2,173,473
1,784,877 1,953,906 2,175,019
1,790,152 1,985,855 2,181,366
1,790,153 1,986,627 2,185,832
1,814,499 1,987,998 2,203,639
1,817,636 1,989,132 2,206,912
1,866,729 1,993,187 2,223,031
1,873,683 1,995,017 2,282,998
1,874,753 1,995,018 2,320,224
1,880,092 2,003,609 2,383,263
1,883,174 2,011,922 2,443,100
1,903,144 2,012,339 2,456,540
1,903,145 2,021,482 2,459,997
1,905,692 2,023,453 2,489,858
1,910,557 2,023,707 2,489,937
1,924,058 2,040,768 2,489,938
1,925,701 2,044,350 2,493,575
1,928,202 2,054,030 2,513,255
1,928,203 2,065,997 2,538,053
1,929,043 2,068,539 2,538,054
1,929,661 2,070,816 2,565,004
1,931,254 2,081,864 2.567,369
1,934,830 2,085,696 2,605,432

2,654,830

All of Electrons, Inc. gaseous tubes carry
with them automatically a license to use such
tubes under all patents owned by the company.

WARRANTY

Tubes manufactured by Electrons, Inc. are
warranted to have a useful life in excess of
3,000 hours if used under proper conditions
without exceeding the published ratings and
engineering catalog recommendations. This
warranty is limited to replacement of tubes
which fail as outlined below. Those tubes
which fail in service in less than 3,000 hours
may be returned to us for examination with a
statement as to conditions of operation and
failure. If our tests indicate that the tube was
defective, credit will be allowed for the un-
attained portion of 3,000 hours. Defective
tubes, under this warranty, must be returned
within 18 months of their original purchase.

AVAILABILITY

EL Rectifiers and Control Rectifiers are
stocked by distributors in many cities of the
United States and Canada for the convenience
of users requiring replacement tubes. Sales
to manufacturers of equipment incorporating
tubes are handled directly from the factory.



DESIGN OF RECTIFIER UNIT

CIRCUITS

TUBE RECTIFIER requires alternating
current supplied to each anode at such a
voltage that the rectifier will deliver the de-
sired d-c. output voltage, and a separate supply
of current to heat the cathode. A transformer
is usually used having a winding for each
anode and for the cathode heating voltages.

The tube required, the d-c. voltage wave
shape, and the transformer requirements de-
pend on the circuit chosen. The first step in
the design of a rectifier unit is, therefore, the
Table I
on page 13 lists several common circuits, and

choice of the most suitable circuit.

gives the output voltage wave shape, current
and voltage relationships of each.

In any circuit the tube allows current to
flow as soon as its instantaneous anode poten-
tial, relative to the cathode, exceeds the tube
starting voltage. Therefore, at any instant
during the conduction period, the output volt-
age is equal to the instantaneous a-c. voltage
minus resistance, reactance and the constant
tube drop. This current flow continues until
the tube is relieved by another tube or the
instantaneous output voltage less voltage gen-
erated by the load, drops to zero. The output
voltage read on a meter will be the summation
over a complete cycle of all the instantaneous
output voltages. The instantaneous current
equals the instantaneous output voltage less
any back e.m.f. or voltage induced in the load,
divided by the load resistance. Since meter
readings are based on the summation over a
whole cycle rather than instantaneous values,
it is necessary to know the average (d-c.

meter) value and r.m.s. or heating (a-c. meter)
value of these currents, to design the circuit.

Ordinarily, parallel operation of gaseous dis-
charge rectifiers is difficult because the induc-
tances necessary to distribute the load become
too large for good regulation. When current
output must be increased it is customary to
go to polyphase circuits. Polyphase rectifiers
have a decided advantage in that they can be
designed to continue operating even if a single
tube fails.

EL Rectifiers may be connected in series
where higher output voltages are required, as
shown in Figs. 3 and 6 of Table I on page 13.

Circuit 1 is used only where a large ripple
in the output is not objectionable. It requires
a butt joint in the magnetic circuit of the trans-
former to prevent saturation of the transformer
core due to the unbalanced d-c. component of
current in the anode winding. With circuit 4,
a 3-legged, 3-phase transformer core minimizes
the d-c. magnetization. Delta primaries are de-
sirable for polyphase circuits because the load
carried by a single secondary coil is discontin-
uous, and the mid-point voltage of a star-con-
nected primary does not remain fixed under
these conditions. With bridge type circuits it
is immaterial whether star or delta connections
are used. Where variable d-c. output voltage
is required a variable transformer may be used
A saturable
reactor is sometimes used in series with the

to supply the anode voltages.

anode transformer supply to regulate the out-
put if this is desired, although the use of grid-
control tubes is usually preferable, especially
where fast response is desired.




TUBE RATINGS

The selection of the circuit establishes the
tube ratings that are required for a given d-c.
load. Given the desired output voltage V and
current A, the required tube peak inverse volt-
age and average anode current may be com-
puted using the factors given in Table I. A
summary of ratings of available tubes is given
on the price list.

A rectifier tube has two essential ratings.8
(1) ANODE CURRENT

The greatest continuous current the tube
can pass when its anode is positive with-
out danger of overheating or reducing
its life is called the average anode cur-
rent. Since tube heating is proportional
to the average current, tubes are rated
in d-c. rather than a-c. amperes. EL
Rectifiers will withstand overloads with
only a moderate shortening of life, hence
overload ratings are given also in d-c.
amperes. Repeated high instantaneous
currents for short periods may, under
certain conditions, shorten life even if
the average current rating is not ex-
ceeded. Tubes, therefore, have maxi-
mum instantaneous current ratings for
normal operation called the maximum
oscillograph peak current.

Anode thermal capacity is a limiting
consideration within the oscillograph
peak current rating. For short times, the
safe permissible overload may be com-
puted by dividing the product of the
averaging time and the continuous
average anode current rating, by the
proposed conduction time.

Also provided the oscillograph peak
current rating is not exceeded, the fol-
lowing duty may be repeated every
thirty seconds. This is computed by sub-
tracting the average current rating from
the overload rating, then multiplying the
difference by either the time in seconds
that applies to the overload rating or the
averaging time, whichever is less, to ob-
tain an overload ampere-second rating.
For any given time, less than the stated
averaging time, the average current
rating may be exceeded by an amount
overload ampere-second rating

equal to SeCOndS Over]oad iS apphed

(2) PEAK INVERSE VOLTAGE
The greatest instantaneous negative
voltage that may be applied to the
anode without danger of reverse con-
duction, or failure is called the maxi-
mum-rated peak inverse voltage.

(3) CHARACTERISTICS

In addition to these ratings a rectifier tube
has characteristics whose value and expected
range of variation are important. They are:

a. Cathode heating voltage, current and time.

b. Arc drop, or positive potential of the anode
relative to cathode, or filament center
tap, during conduction of current. The
value given in the tube data sheets is the
average for steady operation at rated re-
sistive load. On any tube it may increase
or decrease with load or during life.
There are transient variations on change
of load, filament voltage or anode current
wave shape. However, the total change
from all sources on any tube during the
entire life, averaged over a period equal
to the heating time, should not exceed the
range given. Variations due to current
change on any one tube seldom exceed
one-third the range.

c. Anode starting voltage is the instantaneous
positive potential of the anode relative to
cathode necessary to initiate the conduc-
tion current.

d. Commutation characteristics, or frequency
limitations. (See page 23.)

e. Short circuit current limits and maximum
duration of short circuit current.

ANODE TRANSFORMERS

(1) RESISTIVE AND INDUCTIVE
LOADS OR FILTERS

Data for the transformer secondary winding
necessary to supply the d-c. load for the vari-
ous circuits is given in Table I on page 13.
The usual design procedure is to assume ideal
rectifiers and transformers, then use the fac-
tors in Table I to calculate the a-c. anode
voltage necessary to give a d-c. voltage equal
to the desired amount plus the average tube
arc drop. Series circuits (Figs. 3 and 6,
Table I) use twice this drop.



The differences between a real and ideal
rectifier are taken into account if an accurate
design is required by allowing for regulation
under load as described later, and in low volt-
age rectifiers, for the effect of the tube starting
voltage*. Due to the wave shape of the current
in the anode circuit, d-c. and a-c. ammeters
give quite different readings. Copper losses
and transformer heating depend on the a-c.
value of the current flowing in the various
windings. Hence the factors in Table I must
be used to compute the a-c. current. For many
rectifier transformers the kva. rating of the
secondary must be higher than that of the pri-
mary winding. Both are higher than the d-c.
meter value of the output.

(2) CAPACITIVE LOADS OR FILTERS

A capacitive load, or a large capacitor in
parallel with any other type of load, may be
used with the circuits shown above, but the
mode of operation is changed to that of a crest
rectifier and the circuit constants given in
Table I no longer apply. The rectifier output
current is discontinuous, load being carried
mainly by the capacitor which is recharged
periodically by the a-c. anode-voltage wave.
This condition of operation for Circuit 2 is
shown in the following sketch of the instan-
taneous voltages relative to the anode-trans-
former center tap.

Starting VO/C!]
*0C Lead T =

Output Volts

A *2 Anode Volts N\

/ f\(AnodeCm\ t

71 Anode|Volts

~DC Leaq -

/

\ /

N\, Feok Inverse vonts
N v

\
Time = e

A

Each anode, during its conductive period,
charges the capacitor to a voltage equal to
1.41E, minus arc drop. The tube then stops
conducting and the capacitor carries the load
until the next conduction period. During this
time, the capacitor is discharged an amount
given in volts by the following formula:

_A(A1)108

D= —¢

where A=d-c. amperes output, }
C=capacitance in microfarads,
At=discharge time in seconds,
f=supply frequency,
p=rectifier phases (See Table I).
D =decrease in capacitor voltage.

As a first approximation, At may be taken as
1/fp, on the assumption that the time required
to charge the capacitor is a negligible part of
the total. Later, the exact At may be deter-
mined by deducting from the approximate
value the charging time, measured from the
point in the cycle where the tube fires, to the
top of the anode-voltage wave. An anode starts
conducting as soon as the instantaneous anode
voltage exceeds the capacitor voltage, plus
tube starting voltage. The d-c. output voltage
of the rectifier can be estimated from the peak
capacitor voltage minus D/2.

The peak capacitor charging current is
much higher than the load current. It is usu-
ally measured with an oscilloscope rather than
attempting to calculate its value. A-c. trans-
former currents are best found experimentally.
Page 275 of reference 5 listed in the bibli-
ography on page 31 treats this circuit mathe-
matically.

* The starting voltage causes a reduction of output
voltage. The resulting output voltage of resistive or
inductive loads for circuits 4 and 5 is

;
sV '
V-=V°( = Zp /

where Vi=corrected d-c. voltage,
Vo=d-c. voltage assuming zero starting volt-
age of tubes,
B=a-c. rms voltage between successively fir-
ing anodes,
SV =Tube starting voltage.

For circuit 2 on inductive loads the above formula
is used but with resistive loads the resulting output

voltage is
av?d
v,=v°('+ V|- 3 >

2

T Rigorously, the instantaneous value of A should
be averaged over the discharge period. Where the
discharge is less than V/3 it is permissible to use A
without introducing serious error.




Whether a load appears as a capacitance or
resistance depends on the rate at which the
capacitor discharges. If D exceeds V/3 the
circuit approaches a resistance load in operat-
ing characteristics.

TUBE PROTECTION

Gaseous tubes are not seriously damaged
by short circuit if the current is interrupted
promptly, but they overheat rapidly because
of their high efficiency, and because of the light
material used to permit thorough degassing.
This fact has aggravated the protection prob-
lem by requiring that fault currents be cleared
before parts melt or glass cracks at the lead-in
wire. The conditions to be protected against
are as follows:

1. Application of d-c. load before the cathodes
are fully heated.

2. Prolonged overload current that might
overheat the transformer or tube.

3. Short circuit current. This may be a d-c.
short circuit, or, what is equivalent, a short
circuit from anode to anode.

4. Surge voltages in either the a-c. or d-c. side.

EL Rectifiers are carefully designed to with-
stand the short circuit conditions listed in the
individual tube data sheets. In designing the
protective system it must be remembered that
both fuses and breakers operate in response
to the r.m.s. value of current flowing. During
short circuit of a rectifier each anode secondary
voltage is short circuited through one or more
tubes. Secondary voltages are available to
force short circuit current to flow through the
secondary reactances with only negligible volt-
ages absorbed by the tube. Each anode carries
a pulse of current nearly 360 degrees long,
and all anodes in the circuit conduct simultane-
ously. This reduces the form factors to ap-
proximately 1.1 so that the r.m.s. currents do
not increase as much as the d-c. currents which
heat the tube. As a result, the tripping current
of the circuit breaker does not increase over
full load current as much as might be sup-
posed, four times being common with usual
power supply source impedance. To operate
the ordinary fuse or breaker in its rated short

time usually requires a tripping current ten
times rated current, with the result that these
devices do not operate promptly or reliably in
rectifier applications. On the smaller tubes
Littelfuse Inc. fuses or standard fuses (not
lag fuses) operate satisfactorily and give ade-
quate protection on many circuits. As the
power goes up, a point is reached where
standard fuses and many circuit breakers are
unreliable. Fortunately there are now several
breakers on the market which work well with
four times normal current.

It seems to make little difference whether
interruption is by opening the anode circuits
or by opening the a-c. primary circuit. If there
is a source of energy in the load such as a
battery or running motors, the d-c. circuit must
also be opened. On some occasions primary
switching is better as the primary is a-c. cur-
rent, whereas the anode circuit is practically
carrying d-c. and has available the full peak
inverse voltage. If primary breakers are used,
the trip coils must have enough time delay to
allow transformer magnetizing inrush current
to flow without tripping the breaker.

FILAMENT CIRCUIT

A winding on the anode transformer or a
separate transformer may be used to supply the
filament heating current. Overheating the fila-
ment shortens tube life by evaporating the
cathode, while insufficient heating damages the
emissive surface by excessive ion bombard-
ment, hence consideration must be given to
the accuracy of the filament voltage.

A variation of plus or minus 5% with short
periods of plus or minus 10% has little effect
on tube life. Continuous operation at plus or
minus 10% will be damaging unless certain
reduced tube ratings are observed. Itis recom-
mended that rectifier units give at least the
correct filament voltage, plus or minus 0.05V
on a 2.5-volt filament at the socket, with
the tube in place and correct supply voltage
applied. This allows reasonable supply volt-
age variations without exceeding the tolerable
range.



Filament windings of full-wave tubes
should be center-tapped for the d-c. positive
lead to eliminate line frequency components
of voltage from the output, and to properly
distribute the load over the filament. Full-
wave tubes used in polyphase circuits should
have polyphase filament-heating circuits, with
the correct phase applied to each filament. On
most half-wave tubes, a center-tapped filament
transformer winding is recommended for the
positive lead to the load. The recommended
filament phasing is shown on the individual
data sheets.

With all tubes it is desirable, and with some
it is essential, to heat the cathode to operat-
ing temperature before load current is passed
through the tube. Even where this is not
essential, many installations have shown that
a time-delay relay in the load circuit saves
enough tube life to repay its cost many times.
The anode and filament voltages may be
switched on together if the d-c. load is dis-
connected.

EFFICIENCY

The efficiency of a rectifier may be computed
from the output, and the sum of the following
losses:

1. Tube cathode heating power. (This is the
filament voltage x filament current x num-
ber of tubes.)

2. Tube arc losses. (Arc drop x average cur-
rent per tube x number of tubes.)

3. Transformer copper and core losses. (Sum
of the products of transformer resistances x
the square of the r.m.s. currents flowing
through each resistance 4 separately meas-
ured core losses.)

4. Harmonic power in the output if this is not
useful. (Applies only to unfiltered resistive
loads.)

REGULATION

Resistive and Inductive Loads

The regulation at loads from about ten milli-
amperes to overload rating depends upon the
circuit and transformer characteristics, rather
than upon the tube. The drop in voltage when

load is applied to full-wave and polyphase
rectifiers, may be considered as three separate
voltage drops, which, added arithmetically,
give the total reduction; these are, a trans-
former resistance drop, a commutation drop
due mainly to leakage flux between trans-
former secondary windings, and a reactance
drop due to leakage flux in the primary
windings.

The resistance drop is equal to*
Dr = A(N2R; + R»)
where Dr=volts drop in d-c. output due to
resistance,
R, =resistance of winding marked I,
R, =resistance of winding marked E,
A =total d-c. current,
Turns in winding E
N=Turns in winding marked I,
Where a filter choke is used, its resistance
Rc causes an additional drop equal to ARec.

Transformer leakage flux between succes-
sive secondary windings, tends to prolong the
time required for the current to transfer from
one anode to the next. During this short period
of transfer, both anodes conduct, and the in-
stantaneous output voltage is the average of
the two anode voltages rather than the highest.
This period of commutation of the current
from anode to anode lowers the d-c. output
voltage by

Dc = KAX,
where Dc=drop in d-c. output voltage due to
commutation,

X, = effective reactance at supply fre-
quency measured between two
successive anode connections with
the primary shorted,

K =regulation constant given in Ta-
ble I,
A =total d-c. current.

This formula does not apply at loads so great
that more than two anodes conduct simul-
taneously. If the calculated drop is in excess
of 15%, it would be best to consult one of the
textbooks listed in the bibliography, to see

* For circuit 6 two windings are in series and Ry
and Rz are doubled.




whether the range of this equation has been
exceeded.

The reactance drop appears on resistive
loads only and is usually insignificant. It may
be estimated with sufficient accuracy for prac-
tical purposes by }

o[ 4T

where Dr=volts drop in d-c. output due to
reactance,

X, =transformer reactance measured
across winding E of the secon-
dary with the primary shorted,

V =no-load d-c. output voltage,

A =total d-c. current,

E=a-c. plate volts.

Capacitive Loads

At very light loads, a crest rectifier fires only
at odd intervals, and the capacitor carries the
load for many cycles until it is discharged
enough to allow another pulse of anode current
to pass. The recharge occurs whenever the
capacitor voltage is less than 1.41E, minus
the tube starting voltage. As load is ap-
plied, the number of discharges increases until
finally each anode is firing each cycle. Over
this range there is no change in average d-c.
output voltage, although the voltage fluctuates
over a range equal to starting voltage less arc
drop. Additional load increases the discharge
during the cycle without affecting the peak
voltage to which the condenser is recharged.
Usually sufficiently accurate results can be
obtained by assuming the drop in output volt-
age is half the difference between the con-
denser discharge and the starting voltage.

In the rectifier circuit with capacitor load the
tube peak current may be limited to oscillo-
graph peak current ratings by the addition of
sufficient leakage inductance in the anode
transformers or supply, plus additional in-
ductance if required. This inductance may be
enlarged to increase the tube conduction period
as compared with the usual crest rectifier. This
results in two important advantages. First, the
tube peak current is limited without power
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loss, and second, improved regulation is ob-
tained with a given filter capacitor, or, at fixed
regulation a smaller capacitor may be used
with some increase in ripple.

FILTERS

The output voltage of a rectifier may be
filtered by inductance, capacitance, or both.
Where a capacitor is used immediately at the
output of a tube, it must be at least large
enough to make the load appear capacitive to
the tube to have much effect.

Where a single inductor is to be used next
to the tube, its size may be estimated from the
following formula:

Ex
L, = Sohls
where L. = inductance in henries,
En = a-c. value of the major ripple
voltage of the rectifier output
(Table I),
fn = frequency of the major ripple out-

put voltage (Table I),
In = permissible a-c. current in the
output.

In a composite sectional filter the ripple
voltage divides across the first section in the
ratio of the reactance, at the major ripple fre-
quency, of the parallel capacity to the reactance
of both inductor and capacitor in series.

L
—A 000 Y
£p 7
l i
E
Eh; = J

(2 th)zLC e |

The voltage appearing across the capacitor
of one section, is the input to the next section,
which reduces this remainder by the same
ratio, and so on through the filter. Supply
frequency in the rectifier output due to trans-

T This treatment is strictly correct for circuit 3 only,
but gives a good approximation up to a 3% drop for
the other circuits.



former and tube unbalance, usually sets a limit
to the accuracy of this computation.

1/(2m £,C) must be less thanw f, L to result in
a reduction of ripple in the output. If
1/(2w £,C) is greater thanw f,L, the ripple
voltage is increased.

Operation of the rectifier will shift from in-
ductive input to crest rectifier operation if the
d-c. load current drops below approxiinately
three times the a-c. ripple current through the
first inductor. If the load on a composite
filter is suddenly removed, the energy stored
if the inductances will flow into the capacitor
and remain there until the charge leaks off.
Voltages that are many times normal may be
generated in this way. The constants should
be such that this will not cause capacitor
failures, or increase the peak inverse voltage
on the tube to a dangerous value.

LOAD

The performance of different types of load
fed from various rectifier circuits requires con-
sideration. The output of a rectifier with a
filter is the same as pure d-c. in its effect on
a load. If the filter contains large inductors
and small final capacitors, a change in load
causes transient changes in output voltage,
similar to those caused by the internal induc-
tance of a d-c. generator.

The unfiltered output of a full-wave or poly-
phase rectifier acts like any other source of
direct current, with the exception that in ad-
dition to the d-c. components of voltage and
current measured with d-c. meters, harmonic
power is applied to the load. On resistive
loads, a-c. values of both current and voltage
are higher than the d-c. values. (By about
11% for circuit 2, and less for the others.) On
inductive loads, the a-c. value of voltage is
higher than the d-c., but both values of current
are substantially the same.

A back e.m.f. in the load of a filtered rectifier,
such as a battery or a d-c. shunt motor, be-
haves as on any d-c. supply except that if the
back e.m.f. exceeds the rectifier no-load volt-
age, current stops instead of reversing, and
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power cannot be returned to the line by gen-
erator action under these conditions. The peak
inverse voltage applied to the tubes is increased
by the excess of the back e.m.f. over the no-
load voltage, and if large enough to exceed the
tube rating, may cause the tubes to arc back.

The action of a back e.m.f. in the load of an
unfiltered rectifier, is much the same as the
above except that current will continue to flow
as the back e.m.f. is increased beyond the
no-load rectifier voltage, until the back e.m.f.
equals the peak of the a-c. phase voltage, less
tube starting voltage. In this respect, a motor
or battery acts like an enormous capacitance,
and the rectifier changes its operation to that
of a crest rectifier.

Energy stored in an inductive load is dissi-
pated without surges when the rectifier power
supply is shut off, because current continues
to flow through the tube in the normal direc-
tion until the stored energy is spent.

If the d-c. circuit is opened, the energy is
dissipated at the switch as with any other d-c.
supply. Where the capacitance across the open
switch is higher than the order of .001 mfd,
very high short duration inverse voltages may
appear across the tube. In such cases special
precautions should be taken to prevent exceed-
ing the tube rating.

A half-wave rectifier working into an in-
ductive load, is a special case due to the high
harmonic content of the direct current. The
output voltage can not be computed in such
cases from Table I. Current flows for more
than 180° and less than 360° each cycle, the
angle depending on the ratio of inductance to
resistance. The calculation of the d-c. and a-c.
values of the current is considered on page
16-03 of reference 4 listed in the bibliography
on page 32.

MECHANICAL DESIGN

EL Rectifiers are sturdily constructed to
withstand mechanical shock and vibration. All
tube types are vibration tested under load at
.04” amplitude at 10 to 25 vibrations per sec-
ond. Some of the tube types are tested to
much more severe limits.



Ambient temperatures are no problem as
EL Rectifiers will operate over an extremely
wide range without noticeable change in char-
acteristics. Lower temperatures than rated
ambient increase the filament heating time,
whereas higher temperatures than rated en-
danger the soldered joints in tube sockets and
bases. Heat given off by EL Rectifiers is
largely radiant and tends to heat surfaces on
which it falls. It should be noted that the
tantalum anodes are operated at red heat dur-
ing normal full-load operation for the reason
that tantalum ‘“gettering” action is most
effective in this temperature range.

Good socket contacts are essential to long
life.13 It should be remembered that one func-
tion of the socket is to carry away and radiate
the heat which is conducted down the filament
leads. Much can be done to radiate this heat
and to keep the socket contacts cool by pro-
viding large heavy wiring in the filament
circuit.

Sufficient room should always be provided
in rectifier units to allow insertion of tubes of
the maximum over-all length specified in the
data sheets.

TUBE VARIATIONS

It is not safe to try a few tubes in a newly
designed unit, and if operation is satisfactory,
assume that no tube rating is exceeded. The
tubes tried may have actual breakdown points
much higher than rating. The only safe thing
is to carefully calculate, or observe on a cali-
brated oscilloscope, applied peak inverse volt-
ages and peak currents. Circuits should be
such that any tube within any of the limits
given in the data sheet will provide satisfac-
tory operation of the unit. Arc drop and start-
ing voltage are the characteristics that vary
most throughout life. Arc drop variations have
been discussed under “Tube Characteristics”.

Starting voltage is usually highest after
periods of lit filament with no load, and de-
creases during the first few seconds of load.
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LIFE EXPECTANCY—RECTIFIERS

As with mechanical devices, tubes, if prop-
erly made and well used, will last many years.
In EL Rectifier tubes, one of the common
limits to tube life, namely, evaporation of the
active material from the cathode, has been
so completely reduced that it is no longer a
factor. As a result EL Rectifiers, when prop-
erly used, usually fail from some chance cause
before burning out or using up any tube ele-
ment. Either some occasional circuit condition
does slight damage which ultimately builds
up to a failure, or some part within the tube
continues to give off minute traces of con-
taminating gas during operation which are not
detectable for thousands of hours, but which
ultimately cause failure. At present no life can
be set beyond which a tube could not possibly
live. Operating conditions are a determining
factor in tube life.

The following rules, while not complete as
vet, are the generalized results of experience
attained with many actual installations and
life tests:

1. An accidental cold start, i.e., turning on
load and filament voltage together, con-
sumes an appreciable amount of life. The
higher the voltage or heavier the current,
the more important this loss of life becomes.

Operating with filament voltage beyond
=+ 5% of rating reduces life unless special
ratings have been observed.

3. Exceeding rated peak inverse voltage will
cause either immediate or rapid tube
failure.

Operating at frequencies above 350 cycles,
with tubes having no upper frequency limit
stated on the data sheet or under conditions
of high initial inverse voltage, as a back
rectifier with a grid control rectifier, may
decrease life, the amount depending on the
circuit and tube. In the latter case reference
should be made to page 23 for proper pre-
cautions in circuit design to avoid short
tube life from this cause.



5. Tube life depends on the unit as to which
characteristic necessitates discarding, and
how far it can deteriorate before affecting
performance. Usually, high arc drop is the
reason for failure, though occasionally a
filament burns out or protective apparatus
fails.

6. A defective tube or circuit condition will
nearly always cause failure within 3,000
hours.

Thus far, no uniformly satisfactory method
of anticipating failure has been found. Replac-
ing tubes periodically is not advisable as the
probability of a tube having a long life often
improves after about 3,000 hours of operation.
In some units, the tube gives visual evidence,
by which operators, after a little experience,
can anticipate a failure. Often a regular pro-
gram of observing arc drop while the tube is

in service in the unit by means of a cathode
ray oscilloscope* will anticipate most failures.

GRID CONTROL RECTIFIERS USED
AS DIODES

Grid control rectifiers may be used as diodes
where anode current or voltage ratings make
this desirable. The grid is preferably con-
nected to the cathode through a current limit-
ing resistance. To assure a low anode starting
voltage the grid may be connected to a voltage
divider between anode and cathode, or to a
resistance-capacitance network similarly con-
nected to provide the grid with an a-c. voltage
which leads in phase the anode voltage. In
both cases the instantaneous grid voltage
should be limited to the maximum negative
grid voltage rating.

* Connecting directly from tube anode and cathode
to the oscilloscope deflection plates with the internal
blocking capacitor removed. See reference 9 listed
in the bibliography.
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TABLE 1

RECTIFIER CIRCUIT CONSTANTS

Assuming Ideal Transformers and Rectifiers

:éw [F
E: T
Lre.o

=
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Flg 1 = F16. 3
) 5 A @
£ -
. " gy 7 Z
4 SYMBOLS
' V = D-c. output volts,
~oo; A = Total d-c. output amperes,
f = Supply frequency,
N l N = Turns in winding marked E.
= Turns in winding marked I;.
A-c. voltages and currents are r.m.s. or effective a-c. values.
D-c. voltages and currents are average or d-c meter values.
CIRCUIT NOS. Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5 Fig. 6 Fig. 7
A-c. Plate VoIts ...ovvverinmesannn E 2.22V 1.11V 111V 0.854V 0.740V 0.427V 0.785V
A-c. Secondary Current .......... Iz
Resistive Toad . s ewsspsumme wsos 1.57A 0.785A 1.11A 0.587A 0.409A 0.817A 0.503A
Inductive load ................. — 0.707A A 0.577A 0.408A 0.815A 0.500A
A-c. Primary Current ............ Iy
Resistive load .............cun. *]121AN | 1.11AN | 1.11AN | 0.480AN | 0.579AN | 0.817AN | 0.711AN
Inductive load ................. — AN AN 0.472AN | 0.577AN | 0.815AN | 0.707AN
Peak Inverse Volts .............. PIV || 3.14V 3.14V 1.57V 2.09V 2.09V 1.05V 2.22V
Average D-c, Anode Current ..... A 0.5A 0.5A 0.333A 0.167A 0.333A 0.25A
Peak Anode Current .............
Resistivie 10ad, w. o ovs s vamie 5 g spres 3.14A 1.57A 1.57A 1.21A 1.04A 1.04A 1.11A
Inductive load ................. — A A A A A A
Effective Phases ................. P 1 2 2 3 6 6 4
Commutation Regulation Coef ....| K
Resistive doad, . mvo o s samme — 0.000 0.000 0.286 0.866 0.866 0.500
Inductive load ................. —_— 0.318 0.636 0.477 0.954 0.954 0.637
~ e Faasiaa) laasa}
Output Voltage Wave Shape ..... f\ Y JA'A)
Major Ripple Frequency ......... By £ 2f 2f 3f 6f 6f 4f
A-c. Ripple Voltage .............. E, 1.11V 0.47V 0.47V 0.18V 0.040V 0.040V 0.094V

* Transformer magnetizing current and core losses are important and must be added to the primary current in

this circuit.
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DESIGN OF GRID CONTROL RECTIFIER UNIT

INCE a control rectifier tube, sometimes
S called a thyratron, is a half wave rectifier
with the addition of a grid the application and
design information pertaining to EL. Rectifiers
also applies to EL control tubes.

If the anode of a control tube is made posi-
tive, a change of grid potential of 4 volts or
less will permit or prevent the start of con-
duction. After starting, the drop across the
tube is reduced to the arc drop of 5 to 12 volts
and behaves as previously described for recti-
fiers. With an a-c anode supply the arc is
extinguished and control is regained each
cycle while the anode is negative. By con-
trolling the point of starting in each cycle the
average output voltage may be regulated from
zero to maximum. The current that results
from this voltage is determined by the load
and circuit connection. The sketches in Fig. 1
depict these conditions.

Control Tube Ratings

In addition to its rectifier ratings, a control
rectifier has the following ratings:8

(1) PEAK FORWARD VOLTAGE

There is a limit to the instantaneous posi-
tive anode voltage relative to cathode that
may be applied without danger of loss of grid
control. This is called the maximum peak
forward voltage rating. No permanent injury
to the tube results from exceeding this rating

but the uncontrolled power may be objection-
able.

(2) MAXIMUM NEGATIVE GRID
VOLTAGE

Actual loss of grid control is caused by a
discharge originating between the grid and

[ |

OUTPUT VOLTAGE
A

)\

—0 N 0——

PHASE
SHIFTER

Figure 1

anode. The voltage between these electrodes
is greater than the peak forward voltage by
the amount of negative grid voltage. For this
reason a maximum negative grid voltage
rating is specified. Within limits a greater
negative grid voltage may be applied if the
peak forward voltage is correspondingly re-
duced.

(3) MAXIMUM COMMUTATION
FACTOR

During current conduction ions are present
in the tube roughly in proportion to the cur-
rent flowing. In some circuits high inverse
voltage is applied immediately after current
conduction ceases each cycle. Initial inverse
voltage, as this negative anode voltage is
called, will attract any ions to the anode with
enough velocity to sputter anode material and
cause gas clean-up unless precautions are
taken to provide a few microseconds to allow
the ions to disappear before high voltage is
applied (see reference 7 in bibliography). The
critical time necessary is best specified by
limiting the product of the rate of change



of current in amperes per microsecond times
the rate of application of initial inverse voltage
in volts per microsecond. It is conventional
to average the voltage rate over the first
200 volts.

Since the factor varies approximately as the
fourth power of the magnitude of initial in-
verse voltage, the maximum commutation fac-
tor rating of a particular tube type for other
values of initial inverse voltage than that stated
on the data sheet may be determined by multi-
plying the data sheet value by the fourth power
of the ratio of the stated initial inverse voltage
divided by the maximum initial inverse volt-
age (maximum commutating voltage) to be
experienced.

(4) MAXIMUM GRID CURRENT

A low impedance grid circuit may under cer-
tain conditions impair life by drawing enough
current to cause destructive ion bombardment.
A grid circuit which each cycle draws more
than 1.0 ma to thd positive grid at the same
time that high inverse voltage is applied to
the anode shortens life by creating enough
ions to bombard the anode. It is also possible
to affect life if the circuit draws more than
10 ma to the negative grid during the anode
current conduction period.

A current limiting series resistance is usually
connected directly at the grid of the tube.

" (5) ANODE CURRENT RATING

In connection with the application of grid
control tubes, high peak currents are more
often encountered. For high peak current
applications, it is important to measure the
maximum oscillograph peak current. This
supplements the discussion of anode current
rating of rectifiers on page 6.

Control Tube Characteristics

The rectifier characteristics apply to con-
trol tubes. In addition the instantaneous grid
power required for dependable control is speci-
fied by:

(1) CRITICAL GRID VOLTAGE

The critical grid voltage is the instantaneous
grid voltage relative to the cathode or filament
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center tap that is necessary to prevent conduc-
tion at any given positive anode voltage. The
critical grid voltage varies with time since
the last conducting period and the history
of the particular tube (short circuits; lit fila-
ment without load; cold starts; cathode ac-
tivity and other factors). When all of these
factors are taken into consideration for the
entire tube life a range is found (given in
the data sheets for each tube type, usually less
than #=1.5V) above which all EL control tubes
will always fire and below which no EL control
tube will ever fire.

The critical grid voltage to start the first
cycle of conduction differs from the critical
grid voltage on cycles that follow a conduction
cycle. This effect varies between tubes and on
any one tube is increased at heavier loads or
higher frequencies. Typical 60 cycle variations
are from 0.05 to 0.5 volts. (This should not
be confused with grid circuit conditions, dis-
cussed later, which may cause a similar result.)

Typical breakdown or firing point curves
showing the variation in critical grid voltage
with anode voltage are given for the various
tubes in the data sheets. These curves are
taken with d-c. anode and grid voltages. With
a-c. plate voltages, phasing of the filament may
be such that this critical grid voltage may vary
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slightly from the above since some filament
voltage is effectively in the grid circuit.
The critical grid voltage is affected to some



extent by magnetic fields in the cathode anode
region of the tube. To indicate the order of
magnitude the curves in Fig. 2a & 2b give the
test results on a representative EL C6] tube.
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(2) STARTING VOLTAGE

The breakdown curve indicates a range
where anode breakdown voltage does not
change materially with change of grid voltage
(usually near 44 volts). This anode voltage
is called the starting voltage. Below this, the
tube can be started at anode voltages as low as
10-15 volts by the application of sufficient ex-

cess positive grid drive.

(3) CRITICAL GRID CURRENT

As the critical grid voltage is approached a
minute grid current flows in a direction to
produce a drop in the grid resistor making the
actual grid potential more positive than the
applied grid voltage. This is called the critical
grid current and is considered a negative
current in this direction. It is measured by
noting the difference in apparent critical grid
voltage with and without a large series resistor.

The critical grid current varies between tubes

and with anode voltage, operating conditions,
tube temperature, and frequency, but never
exceeds a few microamperes. Maximum values
for 60 cycle operation are given in the data
sheets on ELL Control Rectifiers. These values
allow for the worst conditions with any tube
its full life.
conservative ratings than measured “precon-

throughout These are more

duction” currents which specify only the criti-
cal grid current on the first conducting cycle.

When the tube must be fired at anode volt-
ages below the rated starting voltage, the
critical grid current is reversed and its magni-
tude increased many fold. The following curve
illustrates the variation in critical grid current

with anode voltage for a specific EL. C6] tube.
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The critical grid current is a function of de-
ionizing conditions as will be apparent from
the consideration of deionization time. There-
fore, the critical grid current immediately after
each conduction cycle is greater than the grid

current before the first cycle of conduction.

(4) DEIONIZATION TIME

The time required for the grid to regain con-
trol after a period of current conduction is a
function of anode voltage, grid voltage and
current magnitudes. Incipient failure to de-
ionize shows up as an apparent increase in
critical grid current. The following curves on
a typical EL C6]J tube indicate the nature of

these variations.
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The ratings given in the data sheet are rough
indications of the relative speed of deioniza-
tion of the various tube types. For certain
applications where shorter deionization time
is desired several special types of gas-filled
grid control tubes are available with shorter
deionization times as indicated in Figure 4.
These curves are shown for 600 volts on the
anode. Similar curves at other anode voltages
do not vary significantly from those shown.

(5) IONIZING TIME

With anode voltage above the data sheet
starting voltage, from 0.5 to 20 microseconds
are required to start the discharge. The lower
range is for large grid overvoltages, i.e. grid
more positive than the critical grid volts.
Anode voltages below the starting voltage may
require up to 2,000 microseconds to fire de-
pending largely on grid circuit impedance and
grid overvoltage. Tests made on representa-
tive EL C6]J tubes with 25 volts anode voltage
and 15 volt positive grid pulses indicated that
most tubes ionized in less than 50 micro-
seconds.

Power Circuits
(1) D-C. OUTPUT#
Control rectifiers are used for d-c. loads in
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the usual rectifier circuits as listed in Table I.
The output wave shape, transformer currents
and voltages at maximum output are the same
as for a rectifier. As firing is delayed the
output voltage decreases, its ripple component
increases, and the primary power factor angle
becomes more lagging. These effects may be
analyzed more fully by considering the dif-
ferent types of load separately.

(a) Resistive Load

The single phase full wave circuit of Fig
ure 2, Table I, may be taken as an example
If the load is resistive the output wave shape
is as follows.

/\/\ . ..
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Figure 5



Assuming ideal transformers and rectifiers
the d-c. meter value of output voltage is:
V = 15 Vm (1 4 Cosine y)
where y angle during which firing is de-

layed by the grids, Vm = max. d-c. output
voltage or the value calculated for the circuit

as a straight rectifier.
This equation also applies to half wave
circuits.

(b) Inductive Load13

If the load is inductive enough for the peak
ripple current to be less than 15 the average
d-c. current the output current becomes con-
tinuous. In this case, once a tube has fired, the
energy stored in the inductance during the
positive half cycle causes the inductance to
generate whatever voltage is necessary to over-
come the negative supply voltage and continue
the current flow through the conducting tube
and load circuit after the end of each positive
half cycle. With an inductive load and ideal
transformers the output wave shapes are shown
in Figure 6. Actually due to transformer re-
actance there is a period of overlap during
which both tubes conduct simultaneously, and
load current is commutated from one tube to
the other.
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In the ideal case the d-c. meter value of the
output voltage neglecting the small effect of
overlap is:

V = Vm (Cosine y)

This equation also applies to polyphase units
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and bridge circuits when the load is induc-
tive enough to force continuous output cur-
rent. Expressed graphically the output voltage
varies with grid delay angle thus:
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The negative output voltage range in Fig-
ure 7 occurs with grid retard greater than 90°,
since the negative area under the output volt-
age curve exceeds the positive. Such operation
requires a source of d-c. voltage to force current
flow and constitutes the region where the unit
operates as an inverter, supplying power to
the a-c. lines.

The peak forward voltage applied to the
tubes by a full wave single phase circuit is

141 E (E = r.m.s. anode to center tap volt-
age) with resistive or capacitive loads and
double this for inductive loads. An allowance
should be added for high line voltage and
transient disturbances to find the required tube
peak forward voltage rating.

Figure 8

The above figure shows an additional cir-
cuit often used when the load is so highly
inductive that current is always continuous.
The load voltage is under control of the single
grid.
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Peak forward voltage applied to the grid
control tube and peak inverse voltage applied
to the rectifier is 1.41 a-c. line voltage. Maxi-
mum output voltage is a-c. line voltage divided
by 2.2 less tube drop. The d-c. meter value of
current through the control tube and also that
through the rectifier at full output is 15 the
d-c. load current. See Fig. 9.

(c¢) Capacitive Load

A capacitive load on a grid control rectifier
circuit is quite practical, however, it is sug-
gested reference be made to the discussion
under Rectifier Circuit Design regarding the
limitation of peak tube currents, by transfor-
mer leakage inductance or the addition of
series inductance.

(2) A-C. OUTPUT14
An a-c. load may be controlled by one of
the circuits shown in Figures 10 to 15.

&

LOAD

Figure 10

The simple circuit of Figure 10 may be shut
off completely or turned on to give a pulsating
d-c. output with an rms voltage of 71% of
the a-c. supply less tube drop allowance. Due
to the a-c. form factor the tube can pass an
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rms. current of 157% of its d-c. rating without
overload. Peak forward voltage is 1.41 times
a-c. line voltage plus allowances. If a trans-
former is used the magnetic circuit usually
requires an air gap to prevent saturation by
the d-c. component of primary current.

LOAD

Figure 11

Figure 11 shows the so-called back to back
connection. It shuts off completely, passes an
a-c. output current when wide open equal to
2.22 times the average d-c. current rating of
each tube and applies a peak forward voltage
of 1.41 times line voltage plus allowances. The
maximum a-c. output voltage is line voltage
less tube drop. With an inductive or trans-
former load the grids should restrain firing
until after current zero, otherwise any slight
unbalance has a cumulative saturating effect
which builds up to a d-c. short circuit on one
tube limited only by the d-c. resistance of
the load.

LOAD

Figure 12

The circuit of Figure 12 utilizes the saturat-
ing effect of the d-c. component of current



through the choke for control purposes. This
circuit does not shut off completely as there
is always a small inductive magnetizing cur-
rent flowing. There may be a time delay of
the general order of one cycle in initiating
current flow. The inductor design affects the
circuit but to a first approximation rms load
current may approach twice the d-c. tube cur-
rent if the tube is full on. Output voltage is
roughly line voltage less tube drop and peak
forward voltage is 1.41 times line voltage plus
allowances.

LOAD

Figure 13

Figure 13 allows the use of the most efficient
voltage for the tube regardless of line voltage.
For this circuit tube voltage factors for Figure
12 should be divided by N (the ratio of primary
to secondary turns). The tube current is in
the order of 0.9N. or less, times the a-c. line
current when the tube is fired full on.
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Figure 14

The circuit of Figure 14 passes a small mag-
netizing current at all times but does respond
within one half cycle to grid control voltage.
The maximum a-c. output voltage depends on
transformer characteristics. The tube average
d-c. current is 0.45N times the a-c. line current
for maximum conduction where N is the pri-
mary to 145 secondary turn ratio. Peak forward
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voltage is 1.41 E plus allowances where E is
the maximum a-c. voltage across 14 the secon-
dary when the tubes are not conducting.
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Figure 15

Figure 15 takes advantage of magnetic am-
plification to increase the KVA controlled
with given tubes at the expense of speed of
response. Amplification of the controllable
power output of the tubes may be obtained,
the amount depending largely on the allow-
able current when both tubes are shut off,
and on the acceptable physical size of the
reactor. Speed of response of the particular
saturating reactor sets the d-c. supply require-
ments of the controlled rectifier.

(3) MOTOR LOADS1!

Any of the circuits in Table I may be used
to supply variable d-c. voltage to a shunt,
series, or compound wound d-c. motor. For
loads heavy enough to insure continuous con-
duction by reason of motor inductance, the
calculations for inductive loads apply. At
lighter loads and with a half wave circuit the
motor back emf in the shunt and compound
motor cases behaves like a very large capaci-
tance. The difference between the instan-
taneous line voltages and the back emf of
the motor is absorbed in the motor inductance
in which case the flux through the inductance
fluctuates. In such circuits, laminated pole
pieces reduce eddy current losses due to
this flux.

Figures 16, 17, 18, 19, show some of the
many common ways of controlling reversing
motors.




(4) INVERTERSS®

If the d-c. side of a full wave rectifier con-

SPLIT FIELD . ) . .
SERIES MOTOR ta.ll:lS a source of c.lc. power, an.d 1f tl'lere is
series inductance in the d-c. circuit it was

SHORT-GIRCUITED TURN ON "

FIELD SOMETIMES usep  shown on Page 19 that power is converted from
FOR 600D COMMUTATION  4_¢. to a-c. and returned to the a-c. supply when
the grids are fired at delay angles greater than
90°. If the firing angle approaches 180°, the
anode of the conducting tube is negative too
short a time for the grid to regain control by
deionization, and the inverter will misfire. For
a firing angle of 150° the oscillograms appear

| as follows for the single phase case.

> TUBE 41
v V
S H U N T D- c- :3;2‘251 ACROSS
MOTOR FIELD /\ﬁ )
AT, 4
er VOLTAGE

Figure 17 J\ K&c:u%iincel\ J

N A
©
o \il

Figure 16

==

CURRENT
TUBE #1
R e L
[y [ ]
~~— CURRENT IN
| INDUCTANCE
Figure 20
2 PHASE
I ORETIEN If the transformer has no losse§, and s'mall
MOTOR leakage reactance, a-c. current is N times

Figure 18 the d-c. current regardless of firing angle
where N equals the turns on one half of secon-

dary divided by turns on the primary. If ideal

transformers are assumed the a-c. voltage is

Edc/cos y where y is the delay angle and Edc

is the available d-c. input voltage, less tube and
o

o

circuit resistance drop. Since the actual effec-

REPULSION tive d-c. volts consumed by overlap is in-
MOTOR . .

dependent of firing angle the correction for

overlap follows the reasoning given for this

effect under rectifiers.
If instead of connecting the a-c. primary to
a power system it is connected to an inde-

Figure 19 pendent load, two methods of operation are
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available. In one, the frequency of the grid
drive voltage may be set by an independent os-
cillator. In this case the load must contain
enough capacitance or its equivalent, to make
the net power factor leading at least enough to
allow deionization. Any change in net load
power factor will vary y and the ratio of a-c.
to d-c. voltage. Thus, output voltage may be
regulated by either changing the d-c. input
voltage as the load power factor shifts, or ad-
justing the power factor to give the desired
output voltage, provided always it is kept
sufficiently leading to insure deionization.

Another method of operation of an inde-
pendent inverter is to use a self-excited grid
circuit which maintains constant firing angle.
In this case the frequency adjusts itself to
whatever is necessary to make the particular
load give the set power factor angle. Since
firing angle is constant the a-c. to d-c. voltage
ratio remains constant except for the inverter
IR drop.

In general the higher the ratio of wattless
to watt energy in the load of an independent
inverter, the better the wave form. The series
inductance is usually large enough to insure
continuous d-c. current. If it is made too large
the a-c. voltage builds up to a very small anode
voltage on the first cycle after d-c. voltage is
applied and large grid drive is required to
insure starting.

There will be an abrupt change of character-
istics at light loads if the inverter shifts its
operation from the continuous current region
to the discontinuous one. In the latter, the
inverter may be considered as two relaxation
oscillators alternately carrying the load.
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Figure 21

A single relaxation oscillator is often used to
give pulses of high current as, for example,
to magnet loads as shown in Fig. 21.

The inductance of the load causes capacitor
current to flow through the tube until the
capacitor is recharged with opposite polarity.
This allows time for the tube to deionize be-
fore the anode voltage becomes positive again.
The following oscillograms are obtained.
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(5) COMMUTATION FACTOR
REQUIREMENTS OF POWER
CIRCUIT

Operation of a gas filled tube at higher than
its rated commutation factor* quickly causes
failure. It is therefore necessary to know the
commutation duty imposed by the circuit and
to modify it if necessary to meet the tube
rating.

Many circuits apply inverse voltage at the
sine wave rate of increasing voltage after each
conduction period. This duty is so light it may
be ignored. This group of circuits includes
rectifiers without firing delay, grid control rec-
tifiers operating in the discontinuous current
region with loads that are effectively resistive,
and control rectifiers with back rectifiers (but
not the back rectifiers themselves).

There is another group of circuits in which
tube current gradually builds up and dies down
during the conduction period, after which
initial inverse voltage may be suddenly applied.
In this group the damage done is usually in-
significant but occasionally average life may be
raised from something in the order of 10,000 to
20,000 hours by the addition of a small capaci-

*See page 15 for definition, and page 31.



tor and resistor connected across the tubes, or
“cushion circuit” as this combination is called.
This group includes circuits such as rectifiers
supplying motors or capacitive loads running
in the discontinuous region, half wave circuits,
relaxation inverters, and series transformers.

There is a third group in which, on every
cycle, each tube conducts full current up to the
instant its successor is fired and shortly there-
after high initial inverse voltage is applied to
the anode. This may be damaging and requires
study. The group includes full wave or poly-
phase rectifier or inverter circuits operating in
the continuous current region with firing de-
layed by grid action, and half-wave tubes used
as back rectifiers with firing angle of the
controlled tubes retarded.

To analyze the process that occurs during
the few microseconds necessary to commutate,
an example may be taken. A full wave con-
trolled rectifier with firing delayed by grid
action and load inductance so great that the
ripple current is small, is a typical case. The
inherent leakage inductance of each secondary
winding of the transformer is indicated at L,,
L,. Cushion resistors and capacitors Cy, C,
to limit voltage recovery are shown.

Figure 23

In this circuit the load inductance forces
current to flow through the conducting tube
(assumed #1 above) beyond the end of each
positive half cycle by generating a voltage to
more than oppose the voltage of the trans-
former secondary as it goes negative. This
conduction continues until the grid circuit
allows the next or “entering tube” (#2 above)
to fire.

The events of present interest follow the
firing of this entering tube: they are depicted
in the following oscillograms. First, since both
cathodes are tied together and both tubes are
conducting and have substantially equal arc
drop, their anodes are at the same potential.
Hence the transformer voltage is effectively
applied to the leakage inductance, and the net
transformer output voltage is zero. The trans-
former voltages cause a rise of current in Ly
and a decay of current in L; at an initial rate
of ec/ (L; 4+ L) where ec is the instantan-
eous commutating (anode-to-anode) voltage.
The load inductance holds the sum of these
two currents constant. These conditions hold
for a period called the current commutation
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time Tc, indicated on the oscillograms from tg
to t;. (This time has been exaggerated to show
in the figures.) During this short period cur-
rent has been dying out through tube #1 (tube
leaving conduction) at a substantially constant
rate.

As the current through the leaving tube
reaches zero, conduction ceases. It is pre-
vented from growing in the reverse direction
by the rectifying action of the tube. Full load
current now flows through the entering tube
and current commutation is complete. Were
it not for the capacitances in the circuit the
voltages absorbed by the leakage inductances
would at this instant disappear (since there is
no longer a rate of change of current through
them). However, capacitance is present and

hence a period of voltage recovery ensues, in-
dicated from t; to tp. For voltage to appear
across the leaving tube current must be built
up through L; and L, creating an IR drop
in the damping resistor and a charge in the
capacitor. The path of this current is shown
in the figure by the dotted arrows. The func-
tion of the resistor is to damp the circuit so
that it will not oscillate and overcharge the
capacitor.

Since the tube has a limited permissible
product of current decay rate times voltage
recovery rate, a circuit which is found to
exceed the tube’s rating may be corrected
by either increasing the transformer leakage
inductance (This affects both current and
voltage rates. In the case of a parallel inverter,
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a small inductor may be connected in series
with the commutating capacitor), or by adding
a larger cushion capacitor, with the consequent
lower damping resistor. Distributed capaci-
tance of the windings and hysteresis and eddy
current losses in the various inductances make
it preferable to measure the various rates with
an oscilloscope rather than attempt to com-
pute them. This measurement is described
later under laboratory techniques. The usual
procedure is to try one size of capacitor, adjust
the resistor until there is no overshoot, then
measure the rates. If above the tube rating,
larger capacitors are tried and the process
repeated. As a preliminary estimate, Fig. 25
may be used if the anode-to-anode effective
leakage inductance is known.

Computation of the power loss is complex.
However, for a single phase full wave circuit
it is always less than

S8E2{C (1472{CR) watts per side, where
E =rms volts anode to center tap

f =frequency

R =cushion resistor in ohms

C =cushion capacitor in farads.

If the commutating inductance is very low,
or the operating frequency is high, a substan-
tial reduction of commutation duty over a
simple cushion circuit, for a given power loss,
may be obtained by using a second capacitor,
connected across the first capacitor and most
of the cushion circuit resistor. Such an ar-
rangement reduces greatly the rate of rise of
initial inverse voltage especially over the first
part of the transient. Some series resistance
in the cushion circuit is needed to hold the
peak tube current within tube rating.

Grid Circuits

(1) TYPICAL METHODS OF GRID
CONTROL

The basic problem in grid circuit design is
to (1) convert some quantity to be controlled
into a voltage, (2) operate on the voltage to
cause it to shift the firing point of the tubes
in the proper manner and maintain this firing
point despite disturbing factors12? which may
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be classed generally as noise, such as line tran-
sient surges, critical grid current changes and
other shifts in tube characteristics, carry-over
effects from the preceding cycle and disturb-
ances incidental to the starting or stopping of
conduction in some other tubes in the circuit.
Discussion may conveniently be considered
under these headings.

Often the thing to be controlled is available
directly as a voltage, for instance, when regu-
lating a generator or alternator. If position is
to be controlled it may be converted into a
voltage by using position to move a potenti-
ometer, a synchro, a magnetic armature of an
inductance, one plate of a capacitor, a strain
gage, or a shutter in a light beam to a photo
electric cell. Currents may be controlled by
using the voltage created across a resistor in
series with the circuit, by the effect of the
magnetic field in a saturating reactor through
the winding of which the current passes, by
means of a current transformer, or by the ac-
tion of a magnetic field on a tube. Temperature
may be converted to voltage by using a ther-
mocouple or a high temperature coefficient re-
sistor in one arm of a bridge. Speed may be
measured with a tachometer or by the back
emf of the motor being controlled. The voltage
may be d-c. or a-c. of power frequency or
higher. In nearly all circuits it is common
practice to balance this quantity to be con-
trolled against a reference of such magnitude
that the voltage difference between it and the
signal, when applied to the grids, will be large
compared to changes in tube critical grid
voltage. Sometimes this is done before convert-
ing the quantity to a signal voltage, often it is
more convenient to do it after, by connecting
in series with the signal voltage, a reference
voltage equal and opposite to the desired set-
ting. Then any deviation from desired setting
results in a large deviation in the voltage to the
grids. To take an example, as in Fig. 26, a
110V d-c. generator with a 110V reference
voltage bucking the output would give zero
grid voltage for correct generator output, and
1.1V at the grid with 1% high generator
voltage, or, if the difference is amplified 10



times a 0.19% change of generator voltage gives
a 1.1 volt change at the grids.
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It might be noted that the effect on the tube
firing is the same if a number of grid voltages
are added in series and the sum applied through
a current limiting resistance to one grid, or if a
number of grids are placed in sequence across
the discharge path in the tube and each voltage
applied to a grid.

Having obtained a signal voltage responsive
to the deviation of the controlled factor from
its desired value it may be used in many ways
to control the firing point of the tubes. The
following summary of common techniques may

be helpful.

(A) An on-off control, (i.e. most or none of
any individual positive half cycle conducted
with no further control until the next cycle)
may be accomplished by applying a d-c., a-c,,
or peaked signal voltage of varying magnitude
to the grids. In all but the last case there is
usually a small intermediate range of signal
voltage that results in some reduction in the
part of each cycle passed but never less than 14.

(B) For smooth, proportional conduction
control from zero to maximum each cycle any
one of the following typical circuits may be
used to convert the varying signal voltage.
These are shown for simplicity as half wave
circuits but may be full wave or polyphase if
desired. Circuit component values shown are
typical for 60 cps.

(a) Adding a variable magnitude
in-phase a-c. signal voltage to a small fixed
a-c. bias voltage which lags the anode voltage
approximately 160°. (Fig. 27)
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Figure 27

(b) Adding a variable polarity and
magnitude d-c. grid voltage to a fixed a-c. bias
voltage (“rider”) which lags the anode voltage
approximately 90° (Fig. 28). Normally volt-
ages of less than 5 volts for the a-c. bias should
be avoided.
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Figure 28

It is of interest to note that for the special
case of a single phase full wave rectifier
supplying inductive load, an in-phase rider
rather than a 90° lagging rider is permissible
since nearly the full range of control is
obtained between 0° and 90° of grid retard.

(¢) Shifting the phase of an a-c.
grid voltage. (Fig. 29)
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(d) Changing the discharge time of
a capacitor or inductor which is recharged
each inverse cycle. (Fig. 30)
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(e) Shifting the position in the
cycle of a peaked wave. (Fig. 31)
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The small capacitor in the grid lead acts to
generate a fixed d-c. bias by grid rectification.
The functioning of the saturating transformer
(a transformer fed from a voltage source
higher than its normal voltage rating) through
a series reactance (or resistance) is best un-
derstood by considering the primary current
and flux shown in Fig. 32.
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(f) Varying the magnitude of half
wave rectified current through the primary of
a grid transformer, so that the decaying

negative voltage pulse on the next half cycle

controls the firing of the control tube grid
(Fig. 33).
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(2) GRID CIRCUIT STABILITY
CONSIDERATIONS12

Having obtained the signal voltage and used
it to give the desired firing point control, noise,
in its general sense, coming from various
sources must be kept from interfering with the
desired control. There are several complicat-
ing factors present with gas tubes that are
usually ignored in high vacuum tube circuit
design. First, noise which lasts only a few
microseconds may misfire a tube for a whole
half cycle and become troublesome, whereas
in audio work the duration of the noise would
be too short to be noticed. Second, there are
more sources of disturbing influences from the
nature of the circuit. The sources may be con-
sidered individually.

(A) Sources of Noise

(a) While the tube is conducting

anode current the grid becomes a probe elec-
trode immersed in the main arc discharge. Ions
and electrons from the main arc tend to main-
tain the grid at a potential of about 42 volts
relative to cathode. The actual grid potential
varies with instantaneous grid current, anode
current, and tube history. Figure 34 gives the
variations for a specific EL. C6].
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If any capacitances or inductances receive
stored energy by reason of the grid current
flow during this period, which is not dissi-
pated before the next cycle, there is a carry-
over effect which appears to change the firing
on the next cycle due to current flow on
preceding cycles.

In rectifiers operating in the continuous cur-
rent region the effect of grid currént to the
conducting tube disturbs the signal of the tube
about to enter conduction if there are grid
circuit impedances common to the two tubes.

Current may flow to the grid during the in-
verse cycle if it becomes positive and cause
carry-over effects. The current voltage curve
of the grids of a typical EL C6J is shown in
Figure 35.
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Figure 35
Above approximately 10V an arc is estab-
lished to the grid. A steady arc drop appears
between grid and cathode, and any remaining
voltage is absorbed in other parts of the grid
circuit.

(b) A steep transient wave front
which increases the anode voltage abruptly
will induce a momentary grid voltage, by the
plate-grid to grid-cathode capacitance ratio
(see Figure 36).

For instance a 10% increase in peak forward
voltage due to commutator sparking, radio
frequency, or switching a transformer on the
supply line, for an EL C6]J tube with 650V
applied peak forward voltage would give
(650 x 0.10) x (4/25) = 410.4V grid voltage
instantaneously, unless a grid-cathode capaci-
tance (approximately .0005 uf) is added in
which case the instantaneous noise would be
0.5V. The capacitor should be connected di-
rectly between grid and filament, as close to
the tube terminals as possible.

Transient voltages are often picked up
in the grid circuit via the primary to sec-
ondary capacitance of grid transformers, or
through the wiring capacitance to an under-
grounded chassis. A typical case is encoun-
tered in a back-to-back connection with a-c.
bias and signal (Fig. 37).
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As load current dies out through one tube
it generates a voltage in the load inductances.
When conduction finally ceases this voltage
collapses abruptly. The surge of voltage
caused by this collapse is in a direction to
produce positive anode voltage on the other
tube. The stray capacitances between the grid
transformer secondary windings and between
these windings and ground must be charged
by this surge of voltage. Charging current for
these stray capacitances flows through the
impedance of the bias windings, creating a
momentary drop in the bias voltage. The effect
appears as noise in the grid circuit of the tubes
at the current-zero instant. Electrostatic



shielding of the grid circuit wiring, or of grid
transformer windings, minimizes this effect
when the shields are connected to the related
tube cathodes, not to ground.

A control rectifier which operates over a
range including both continuous and discon-
tinuous current, suffers an abrupt change in
trigger point because of the change in instan-
taneous anode voltage at the transition. Also
the resulting transient change of voltage on
the stray grid circuit capacitances at the cur-
rent change-over point may be a source of
noise at the grid.

A change of signal due to line regulation
caused by the current drawn by the conducting
tube may become an annoying source of noise
for the tube about to enter conduction.

(B) Anti-Hunt

A closed loop system, i.e. one where the
signal controls a tube which powers a device
to change the signal, often has a tendency to
hunt. The matter has been explored mathe-
matically and practically most extensively, and
numerous books are available for advanced
treatment. However, the methods by which
engineering improvement may be made are
simply expressed.

(a) Every effort should be made
to make the signal report changes in a time
that is short compared with the desired
response time.

(b) As the sensitivity, or the speed
of response is pressed upward, more power is
spent in changing the stored energy in the
load inertia, relative to the power going into
work. Hence effective inertia should be kept
at a minimum.

(c) Rate circuits, which partially
adjust the grid signal in proportion to the rate
of change of signal, and compensate for inertia
in the load by directing the power at the rate
necessary to readjust the stored energy to the
required value, may be included.

(d) Rates of change of signal that
are large compared with the possible response
of the overall system are effectively noise, and
should be averaged out.

Life Expectancy

All of the factors affecting life expectancy
mentioned for rectifiers apply equally well for
grid control rectifiers. However, the com-
plexity of control circuits and the additional
ratings make a careful design check more
essential, to be sure that no tube rating is
being unknowingly exceeded under likely
operating conditions, or that a slight shift in
tube characteristic will not cause unsatisfac-
tory performance.

In general, the design of grid control recti-
fiers has resulted in this class of unit having on
the average longer tube life than the usual
uncontrolled unit. A life less than 3,000 hours
definitely indicates either a defect in the tube
or its application. Lives in excess of 10,000
hours are common.

It is usually economically impractical to
start grid control rectifier tubes regularly with
less than recommended heating time. How-
ever, the time delay may bias the grid to pre-
vent anode conduction instead of opening the
d-c. circuit.

Laboratory Techniques

An oscillograph arranged to show d-c. po-
tential, either by a good d-c. amplifier or by
connecting directly to the deflection plates
without a blocking capacitor, is a great assis-
tance during unit development. A potenti-
ometer may conveniently be connected to
attenuate the voltage being observed or to be
cut out entirely when observing grid voltage.
It sometimes is convenient to build oscillo-
scopes with very low accelerating voltage
(300V), sacrificing brilliance for d-c. sensitiv-
ity. By calibrating the deflection, tube arc
drops and grid voltages may be conveniently
measured while the tube is operating normally.
Simultaneous viewing of grid and anode volt-
ages may be made without an electronic switch,
by connecting the anode to cathode voltage on
one set of plates and the grid to cathode volt-
age on the other.® Oscilloscopes have been
built with low stray capacitance from the
ground lead to the a-c. power supply. The
greater integrity of their display is very com-
forting when analyzing a complex circuit.
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In working with closed loop control circuits
the effect of noise pick up may be separately
studied by opening the loop, varying the input
signal and also the power load to look for
rough or irregular operation. Another precau-
tion is to adjust the signal to the dead zone
and apply a signal impulse for just long enough
to fire one-half cycle. If regenerative picik up
is present two or more conductive cycles may
be observed on the scope.

The measurement of high commutation
rates should be considered. A triggered sweep
oscilloscope with an internal delay line, is a
great convenience, though usually not essen-
tial. It may be used with only normal precau-
tions for such instruments. It may be
calibrated with known voltages for the voltage
scale and with a capacitor resistor network, or
a frequency standard, for the time scale. Then,
connected between successively firing anodes,
the recovery voltage rate may be read directly
and the current decay rate computed by divid-
ing the total d-c. current by the current com-
mutation time in microseconds as read on the
triggered sweep oscilloscope. The observed
picture is as follows:

Fig. 38

If an oscilloscope is used to measure
the rates, a noninductive voltage divider of

/l
\

Figure 39
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sufficiently low resistance to avoid capaci-
tance distortion may be connected between
successively firing anodes. For the single
phase full wave circuit the observed pic-
ture will be as in Fig. 39 (commutation time
exaggerated).

Then the sweep frequency may be increased
to some multiple of the supply frequency. (A
dark hood is often necessary over the scope.)
The picture is then
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Figure 40

The slope S and time Tc are observed and
recorded. Without changing the sweep fre-
quency the scope is calibrated with a sine
wave of known voltage and frequency. The
slope of the sine wave near the axis (equal to
2V2rfE where E is the r.m.s. voltage from
anode to anode and f the frequency) is multi-
plied by the ratio of the measured slope S, to
the sine wave slope at the horizontal axis, to
obtain the desired voltage recovery rate. Also,
knowing the volts per microsecond and the
vertical deflection per volt, the horizontal
deflection per microsecond may be computed.
The distance Tc is thus converted to micro-
seconds. The measured load current divided
by this time in microseconds is the average
current commutation rate.
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CROSS REFERENCE LIST SIPE &
EL THYRATRON and RECTIFIER TUBES : Ut U f

and Applicable JETEC and MIL-E-1C Specifications

Rectifiers Thyratrons

EL JAN JETEC EL JAN JETEC
Type Type Type Type Type Type
EL 1C 3B22 3B22 EL ClA ClA —
EL CIB s 3031
EL 3B 3B* 6013 EL CIB/A 5664 5664
. EL C1J/A fin e 5683
EL 3C 4B24 4B24 EL CIK C1K* 6014
EL CIK/B e A
EL 3CF — - EL C3H — —
EL C3J —— 5632
ELICIL ~e- 6982 EL C3J/A 5684/C3J/A% 5684
_;_‘,L C3T/L S ilina
EL 5B HD 4B23 4B23 EL C4J S 6984
: EL C4J/F P 6985
EL 5B Std 4B22 4B22 EL C4J/L R, 6986
. EL C5F14 s 6231
EL 6B - 5892 EL C5B C5B 5C30
EL C6A C6A i
EL 6B/L . ~sa- 6983 EL C6C _— 6987
EL Cé6J s 5C21
EL 6C 6C* — EL C6J/A 5685/C6J%* 5685
EL C6J/F B 6860
EL 6CF 4B25 4B25 EL C6J/K B 6864
EL C6J/KF S— 6871
EL 6F S— 6015 EL C6J/KL . 6989
EL C6J/L - 6988
EL 16B 16B* Np— EL CéL 5528/Cé6L 5528
EL Cl6J 5665 5665
EL 16F S S EL Cl6J/A F— PETES

EL 302.5 3B2l 3B21 *Preferred type (MIL-STD-200C)
(O——— EL CH=(,2,3,4,5

ELECTRONS, INCORPORATED ( 5 & e
127 Sussex Avenue @)_/— lﬁL Cé”’- R

Newark 3, New Jersecy
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FILAMENT

BOTTOM VIEW
OF BASE

1C

EL

FULL-WAVE RECTIFIER TUBE

TANTALUM ANODES AND XENON GAS FILLING

Maximum Rated Current per Tube
D-c. Meter Value-Continuous

D-c. Meter Value-Overload less than 3 sec.

Averaging Time
Oscillograph Peak-Continuously recurring

Peak Inverse Voltage (Max. Instantaneous)

Max. Commutation Factor (V/usec x A/usec)
Max. Anode Supply Frequency

Filament
Voltage
Current
Heating Time (minimum)

Average Arc Drop
Average Tube
Highest Tube at end of life

Anode Starting Voltage (Instantaneous)
Average Tube
Highest Tube

Max. Peak A-c Fault Current
(Max. duration 0.1 sec.)

Ambient Temperature Limits

amp
amps
secs

amps

N N
o Ul L1 O

725 volts

250 cps

2.5 volts
6.0+0.5 amps
20 secs

8 volts
13 volts

12 volts
15 volts

60 amps
-550 to +75° C

Mounting Position Any
Overall Dimensions 1-45/64" x 6" Max.
Weight 2-12 ozs.

Connections Medium 4-pin bayonet base A4-10

The filament must be lit before drawing d-c. load current

All of the above values are for returns to the filament transformer center tap.

The filament voltage should be phased so the a-c.voltage (with the tube out of the
socket and some d-c.load connected) from pin #1 to pin #2 is lower than from

pin #1 to pin #3.

sures a lower arc drop and somewhat longer life.

This phasing of filament voltage relative to anode voltage in-

The Engineering Manual contains additional information which should be considered

in the circuit design.

4/1/57

ELECTRONS, INCORPORATED

127 Sussex Avenue
Newark 3, New Jersey



EL 3B

HALF-WAVE RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 10 sec. 3.7 amps
Averaging Time 7 secs
Oscillograph Peak-Continuously recurring 20 amps
Peak Inverse Voltage (Max. Instantaneous) 920 volts
Max. Commutation Factor (V/usec x A/usec) 5.0
at a maximum initial inverse voitage of 350 volts
Filament
Voltage 2.5 volts
Current 9t2 amps
Heating Time (minimum) 30 secs
Average Arc Drop
Average Tube 9 volts
Highest Tube at end of life 12 volts
Anode Starting Voltage (Instantaneous)
LOAD RETURN & Average Tube 12 volts
Bl CENTER TAR Highest Tube 30 volts
Max. Peak A-c Fault Current
(Max. duration 0.1 sec.) 300 amps
Ambient Temperature Limits -559 to +75° C
V
FILAMENT Mounting Position Any
BOLTOM Yi=w Overall Dimensions 1-5/8" x 5-1/2'"" Max.
Weight 3 ozs.
Connections Metal medium 4-pin bayonet base A4-10
Anode Cl1-5 cap at top (0.56'" dia.)

The filament must be lit before drawing d-c. load current.
The anode is designed to operate at red heat when under full load.
All of the above values are for returns to the filament center tap.

The Engineering Manual contains additional information which should be considered in
the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey

9/1/56



EL 3C
FULL-WAVE RECTIFIER TUBE

TANTALUM ANODES AND XENON GAS FILLING

Maximum Rated Current per Tube

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 3 sec. 3.7 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 10 amps
Peak Inverse Voltage (Max. Instantaneous) 725 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
Max. Anode Supply Frequency 250 cps
Filament
Voltage 2.5 volts
Current 11.5% 1. amps
Heating Time (minimum,, 30 secs
Average Arc Drop
Average Tube 8 volts
Highest Tube at end of life 13 volts
FILAMENT
BN Anode Starting Voltage (Instantaneous)
O O Average Tube 12 volts
Highest Tube 15 volts
Q O Max. Peak A-c Fault Current
> (Max. duration 0.1 sec.) 150 amps
e Ambient Temperature Limits -559 to +75° C
BOTTOM VIEW Mounting Position Any
Overall Dimensions 2-1/32" x 7" Max.
Welght 5 ozs.
Connections Metal industrial base A4-81

The filament must be lit before drawing d-c.load current.
All of the above values are for returns to the filament transformer center tap.

The filament voltage should be phased so the a-c.voltage (with the tube out of the
socket and some d-c. load connected) from pin #1 to pin #2 is lower than from
pin #1 to pin #3. This phasing of filament voltage relative to anode voltage insures
a lower arc drop and somewhat longer life.

The Engineering Manual contains additional information which should be considered
in the circuit design.

EL 3CF

Ratings and characteristics of the EL 3CF are the same as for the EL 3C. The only
difference is a special base of 1.54" maximum diameter.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey

9/1/56



EL 3C/L

FULL-WAVE RECTIFIER TUBE
TANTALUM ANODES AND XENON GAS FILLING

Maximum Rated Current per Tube

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 3 sec. 3.7 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 10 amps
Peak Inverse Voltage (Max. Instantaneous) 725 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
Max. Anode Supply Frequency 250 cps
Filament
Voltage 2.5 volts
Current 11.5% 1 amps
Lug Heating Time (minimum 30 secs
7/16” wide
: Average Arc Drop
A G Average Tube 8 volts
AR e Highest Tube at end of life 13 volts
—(9/16" |e—
Anode Starting Voltage (Instantaneous)
Average Tube 12 volts
Highest Tube 15 volts
Max. Peak A-c Fault Current
ot of 2 3 ot (Max. duration 0.1 sec.) 150 amps
Slots on 1% 1, 4 Anodes
dhe; e Ambient Temperature Limits -559 to +75° C
S bl sy Mounting Position Any
Overall Dimensions 2-3/16" x 7-3/4" max.
Weight 6 ozs.
Connections Lug type base

The filament must be lit before drawing d-c. load current.
All of the above values are for returns to the filament transformer center tap.

The filament voltage should be phased so the a-c.voltage (with the tube out of the
socket and some d-c.load connected) from pin #1 to pin #2 is lower than from
pin #1 to pin #3. This phasing of filament voltage relative to anode voltage insures
a lower arc drop and somewhat longer life.

The Engineering Manual contains additional information which should be considered
in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL 6B
HALF-WAVE RECTIFIER TUBE
TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 10 sec. 12.8 amps
Averaging Time 7 secs
Oscillograph Peak-Continuously recurring 40 amps
Peak Inverse Voltage (Max. Instantaneous) 920 volts
Max. Commutation Factor (V/usec x A/usec) 5.0
at a maximum initial inverse voltage of 325 volts
Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 9 volts
Highest Tube 12 volts

Anode Starting Voltage (Instantaneous)

Average Tube 12 volts
N Highest Tube 30 volts
Max. Peak A-c Fault Current
(Max. duration 0.1 sec.) 770 amps
Ambient Temperature Limits -550 to +75° C
Overall Dimensions 2-1/32" x 8-3/4" Max.
BOTTOM VIEW Weight 6 ozs.
OF BASE
Connections
Filament Metal industrial base A4-81
Anode C1-5 cap (0.56" dia.) with

ceramic insulator
The filament must be lit before drawing d-c. load current.
The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer center tap. Filament
pin #2 should be negative with respect to pin #3 during the anode conduction period.

The Engineering Manual contains additional information which should be considered in
the circuit design.

ELECTRONS, INCORPORATED

127 Sussex Avenue
Newark 3, New Jersey

9/1/56



Lug
7/16" wide

L S Y
7/32” max. width
11/32" deep

Center of
Slots on 1% 2,
dia. circle 1

BOTTOM VIEW
OF BASE

EL 6B/L

HALF-WAVE RECTIFIER TUBE

TANTALUM ANODE AND XENON

Maximum Rated Anode Current

GAS FILLING

D-c. Meter Value-Continuous 6.4 amps

D-c. Meter Value-Overload less than 10 sec. 12.8 amps

Averaging Time 7 secs

Oscillograph Peak-Continuously recurring 40 amps
Peak Inverse Voltage (Max. Instantaneous) 920 volts
Max. Commutation Factor (V/usec x A/usec): 0. 66
Filament

Voltage 2.5 volts

Current 2112 amps

Heating Time (minimum) secs
Average Arc Drop

Average Tube 9 volts

Highest Tube 12 volts
Anode Starting Voltage (Instantaneous)

Average Tube 12 volts

Highest Tube 30 volts
Max. Peak A-c Fault Current

(Max. duration 0.1 sec.) 770 amps

Ambient Temperature Limits

Overall Dimensions
Weight

Connections
Filament
Anode

-559 to +75° C

2-3/16" x 9-1/4" max.

7 ozs.

Lug type base

C1-5 cap (0.56" dia.) with

ceramic insulator

The filament must be lit before drawing d-c. load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer center tap. Filament
pin #2 should be negative with respect to pin #3 during the anode conduction period.

The Engineering Manual contains additional information which should be considered in

the circuit design.

2/1/58

ELECTRONS, INCORPORATED
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EL 6C

FULL-WAVE RECTIFIER TUBE

TANTALUM ANODES AND XENON GAS FILLING

Maximum Rated Current per Tube

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 3 sec. 9.6 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 25.6 amps
Peak Inverse Voltage (Max. Instantaneous) 725 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
Max. Anode Supply Frequency 250 cps
Filament
Voltage 2.5 volts
Current 17i2 amps
Heating Time (minimum) 40 secs
Average Arc Drop
Average Tube 8 volts
Highest Tube at end of life 13 volts
FILAMENT
= Anode Starting Voltage (Instantaneous)
© O Average Tube 13 volts
Highest Tube 18 volts
Q ©
Max. Peak A-c Fault Current
N (Max. duration 0.1 sec.) 360 amps
ANODES
ECTTONTEW Ambient Temperature Limits -550 to +75° C
OF BASE
Overall Dimensions 2-1/32" x 8" Max.
Weight 6 ozs.

Connections Metal industrial base A4-81
The filament must be lit before drawing d-c. load current.

All of the above values are for returns to the filament transformer center tap.

The filament voltage should be phased so the a-c. voltage (with the tube out of the
socket and some d-c. load connected) from pin #1 to pin #2 is lower than from
pin #1 to pin #3. This phasing of filament voltage relative to anode voltage insures
a lower arc drop and somewhat longer life.

The Engineering Manual contains additional information which should be considered in
the circuit design.

EL 6CF
Ratings and characteristics of the EL 6CF are the same as for the EL 6C. The only

differences are the overall length which is 8.5'" max., 7.0" min., and the base which
is a special 4-prong base of 1.54'" max. diameter.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey



EL 6F

HALF-WAVE RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 10 sec. 12.8 amps
Averaging Time 7 secs
Oscillograph Peak-Continuously recurring 40 amps
Peak Inverse Voltage (Max. Instantaneous) 920 volts
Max. Commutation Factor (V/usec x Afusec) 0.66
Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 9 volts
Highest Tube at end of life 12 volts

Anode Starting Voltage (Instantaneous)

Average Tube 12 volts

Highest Tube 30 volts
Max. Peak A-c Fault Current

(Max. duration 0.1 sec.) 770 amps
Ambient Temperature Limits 2 -550 to 4750 C
Overall Dimensions 2-3/4" x 5-3/16" x 8'" Max.

maprp e Weight e

Connections

Filament 6-1/8" flexible leads with lugs for #10 studs

Anode Cl1-5 cap (0.56'" dia.) with ceramic insulator

Vertical panel-mounted on two 1/4" studs 4-1/8" apart on a
horizontal line.

The filament must be lit before drawing d-c. load current.
The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer center tap. Filament
lead F- should be negative with respect to F+ during the anode conduction period.

The Engineering Manual contains additional information which should be considered in
the circuit design.

ELECTRONS, INCORPORATED

127 Sussex Avenue
Newark 3, New Jersey
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BOTTOM VIEW
OF BASE

EL 16F

HALF-WAVE RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 16 amps
D-c. Meter Value-Overload less than 10 sec. 32 amps
Averaging Time 1 secs
Oscillograph Peak-Continuously recurring 96 amps
Peak Inverse Voltage (Max. Instantaneous) 620 volts
Max. Commutation Factor (V/usec x Alusec) 0.66
Filament 2.5 volts
Current 3613.5 amps
Heating Time (minimum) 3 min.
Average Arc Drop
Average Tube 7 volts
Highest Tube at end of life 10 volts
Anode Starting Voltage (Instantaneous)
Average Tube 12 volts
Highest Tube 30 volts
Max. Peak A-c Fault Gurrent
(Max. duration 0.1 sec.) 1000 amps

Ambient Temperature Limits

Overall Dimensions

-550 to +75° C

2-1/4" x 15-3/4" Max.

Weight 15 ozs.
Connections
Filament 5-1/8" flexible leads, lugs for /4" studs
Anode 5-18" flexible lead at top, lug for /4" stud

Vertical panel-mounted on two }/4'" studs 14" apart on a vertical

line.

The filament must be lit before drawing d-c. load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer center tap. Filament
lead F- should be negative with respect to F+ during the anode conduction period.

The Engineering Manual contains additional information which should be considered in

the circuit design.

7/1/55
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EL CIB

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current
D-c. Meter Value-Continuous 1.0 amp
D-c. Meter Value-Overload less than 3 sec. 1.5 amps
Oscillograph Peak-Continuously recurring 8.0 amps
Peak Forward Voltage (Max. Instantaneous) 450 volts
Peak Inverse Voltage (Max. Instantaneous) 700 volts
Max. Commutation Factor (V/usec x A/usec) 0.15
at a maximum initial inverse voltage of 500 volts
Filament
Voltage 2.5 volts
Current 6.310.8 amps
Heating Time (minimum) 25 secs
Average Arc Drop
Average Tube 8 volts
Highest Tube at end of life 14 volts
Anode Starting Voltage (D.C.) @ 44V d-c. grid voltage
Average Tube 30 volts
57l — Highest Tube 75 volts
g Grid Characteristics
© © Critical Grid Voltage @ 450 p.f.v. -3.512.0 volts
Critical Grid Current Less than 5 uamps
O O Grid- Anode Capacitance approx. 2 uuf
Grid-Filament Capacitance approx. 7.5 uuf
FILAMENT Maximum Negative Grid Voltage 100 volts
BOTTOM VIEW Deionization Time Less than 1000 usecs
OF BASE
200 Max. Peak A-c Fault Current
g 0 00 14 C/ "/ - (Max. duration 0.1 sec.) 77 amps
/IVARIABLE ¥/
600t I—RANG / Ambient Temperature Limits -559 to +75° C
AL cAL! 3 (5
Af E
ERERYAY ; R M:S&%‘@ Mounting Position Any
| 1/ IN
w -1+ J~7 /- [THIS- AREA Overall Dimensions 1-9/16" x 4-3/4" max.
S T/ i 4] Weight 3 ozs.
4 Wy
0400 L4
> T Bl 7 Connections
w RN "l / Filament and Grid Medium 4-pin bayonet base A4-10
S300 i Anode Cl1-5 cap at top (0.56" dia.)
2 | l|ne /B!
ER-_r:\ DAWN 4 44 441 The filament must be lit before drawing d-c. load current.
200 TH15 AREA] I/1Y
j ,{' 11 ] The anode is designed to operate at red heat when under full load.
100 T A7 ; All of the above values are for returns to the filament transformer
j % \/&’F“//_,“ o center tap.
- [ L7 37
-2 -10 -8 -6 -4 -2 O +2 +4 4€ The Engineering Manual contains additional information which
GRID VOLTAGE should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL C1B/A

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current
D-c. Meter Value-Continuous

1.0 amp
D-c. Meter Value -Overload less than 3 sec. 1.5 amps
Oscillograph Peak-Continuously recurring 8.0 amps
Peak Forward Voltage (Max. Instantaneous) 750 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0.15
at a maximum initial inverse voltage of 500 volts
Filament
Voltage 2.5 volts
Current 6.310.8 amps
Heating Time (minimum) 25 secs
Average Arc Drop
Average Tube 8 volts
N C GRID Highest Tube at end of life 14 volts
H Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
© © Average Tube 30 volts
Highest Tube 75 volts
Q © Grid Characteristics
Critical Grid Voltage @ 750 p.f.v. -4.0%2.0 volts
FILAMENT Critical Grid Current Less than 5 uamps
Grid- Anode Capacitance approx. 2 uuf
BOSF BASE Grid-Filament Capacitance approx. 7.5 uuf
Maximum Negative Grid Voltage 100 volts
Deionization Time Less than 1000 usecs
12 1Y, } Max. Peak A-c Fault Current
/ ‘ .
7 Bé‘éu?% N (Max. duration 0.1 sec.) 77 amps
| AANGE Y/

100017 / i i i = (o] (o]
%//?///%/ /A | B%Ei:a;ﬂwg Ambient Temperature Limits 550 to +759 C
IV VY ] Mounting Position Any

w NI TH!5 AREA
o8 £l Overall Dimensions 1-946'" x 4-3/4" Max.
i L\ 3
e = Weight 3 ozs.
> A

6 Vi 4 i Connections
u “&‘él A Filament and Grid Medium 4-pin bayonet base A4-10
o .

ND v, Anode Cl1-5 cap at top (0.56" dia.
24 'ER:AKDCWN//* % P ( )
TH 'Sh AREA Y/ 1 The filament must be lit before drawing d-c. load current.
2 / A The anode is designed to operate at red heat when under full load.
7 = = All of the above values are for returns to the filament transformer
95 To -8 <6 -4 2 0 *2 t4 * CRELST THp.

GRID: VOLTAGE The Engineering Manual contains additional information which

should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL ClK

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 1.0 amp
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 8.0 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (Vusec x A/usec) 0.15
at a maximum initial inverse voltage of 500 volts
Filament
Voltage 2.5 volts
Current 6.310.8 amps
Heating Time (minimum) 25 secs
Average Arc Drop
Average Tube 8 volts
Highest Tube at end of life 14 volts
ANODE . GRID Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
Average Tube 25 volts
Highest Tube 75 volts
Grid Characteristics
Critical Grid Voltage @ 1000 p.f.v. -4.5%2.0 volts
rlu!ur Critical Grid Current Less than 5 uamps
Grid-Anode Capacitance approx. 1 uuf
BOTTO C 3T -
OoL BMA\S”EEW Grid-Filament Capacitance approx. 10 uuf
Maximum Negative Grid Voltage 100 volts
1400 UK, Deionization Time Less than 500 usecs
éMN/{BL Max. Peak A-c Fault Current
1200 RANG;‘%% (Max. duration 0.1 sec.) 77 amps
B:EE:I.(rleNWN T} Ambient Temperature Limits -559 to0 4759 C
|
1000 B THIS AREA T Mounting Position Any
w
g 4 Overall Dimensions 1-9/16" x 4-1/4" max.
5,800 “% Weight 3 ozs.
°
>
3m Connections
8600 ey Filament, Grid, and Anode Metal medium 4-pin bayonet
o <
z & base A4-10
< 77k
400 P/ The filament must be lit before drawing d-c. load current.
[ 1 "NO™ ] | The anode is designed to operate at red heat when under full load.
200 ‘_BR ﬁ:DOWN /// All of the above values are for returns to the filament transformer
TH 5[ ‘l\RlEAI | center tap.
9'2 _IOI_L I_L = _2' TP The Engineering Manual .containis adflitiongl information which
GRID VOLTAGE should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL C3J

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 3 sec. 3.7 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 30 amps
Peak Forward Voltage (Max. Instantaneous) 900 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
at a maximum initial inverse voltage of 350 volts
Filament
Voltage 2.5 volts
Current 912 amps
Heating Time (minimum) 30 secs
Average Arc Drop
Average Tube 10 volts
LOAD RETURN & Highest Tube at end of life 14 volts
FIL. CENTER TAP
o GRID Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
T, Average Tube 40 volts
© © Highest Tube 75 volts
© O Grid Characteristics
Critical Grid Voltage @ 900 p.f.v. -5.7+1.9 volts
\Vi Critical Grid Current Less than 10 uamps
FILAMENT Grid- Anode Capacitance approx. 2 uuf

Grid-Filament Capacitance approx. 14 uuf

BOTTOM VIEW
OF BASE

Maximum Negative Grid Voltage 100 volts
1400 177 Deionization Time Less than 1000 usecs
vmda&e
RANG /A Max., Peak A-c Fault Current
1200 7 (Max. duration 0.1 sec.) 300 amps
o CERTAIN
BR fN‘Do VN Ambient Temperature Limits -550 to +75°C.
1000 wil 3
- & THIS| AREA Mounting Position Any
(U]
E 800 J}‘/’A Overall Dimensions 1-5/8" x 6" Max.
= il Weight 3 ozs.
” T4 %)
S co %4 Connections
= '(/Xv Filament and Grid Metal medium 4-pin bayonet base A4-10
ot NO X/ Anode Cl-5 cap at top (0.56'" dia.)
400|_BREAKDOW iy
Tﬂ':“ hRER T 1 YY) The filament must be lit before drawing d-c. load current.
— N The anode is designed to operate at red heat when under full load.
£80 v/ All of the above values are for returns ‘o the filament center tap.
The Engineering Manual contains additional information which

0 ; . . . :
%5 10-8 6 -4 2 0 12 4 +6 should be considered in the circuit design.

GRID VOLTAGE
ELECTRONS, INCORPORATED

127 Sussex Avenue
Newark 3, New Jersey
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EL C3J/A

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 3 sec. 3.7 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuously recurring 30 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max.Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
at a maximum initial inverse voltage of 350 volts
Filament
Voltage 2.5 volts
Current 9t2 amps
Heating Time (minimum) 30 secs
Average Arc Drop
Average Tube 10 volts
Highest Tube at end of life 14 volts
LOAD RETURN & . :
il CENTER TAP Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
q GRID Average Tube 40 volts
T Highest Tube 75 volts
© © Grid Characteristics
O O Critical Grid Voltage @ 1000 p.f.v. -6.011.8 volts
Critical Grid Current Less than 10 uamps
\VA Grid- Anode Capacitance approx. 2 uuf
HILAMENE Grid-Filament Capacitance approx. 14 uuf
BOTTOM VIEW Maximum Negative Grid Voltage 100 volts
OF BASE
Deionization Time Less than 1000 usecs
U wraivit Max. Peak A-c Fault Current
%%&; (Max. duration 0.1 sec.) _ 300 amps
120004t Ambient Temperature Limits -559 to +75° C
A CEHTAI Mounting Position Any
Al BReakdo
| . o l' Overall Dimensions 1-5/8" x 6'" Max.
Y/ Weight 3 ozs.
w
25 A Connections
Y,
g i Filament and Grid Metal medium 4-pin bayonet base A4-10
> \45.7/ Anode Cl-5 cap at top (0.56" dia.)
[
& / The filament must be lit before drawing d-c. load current.
o A g
z B E° l ",\ The anode is designed to operate at red heat when under full load.
49 | X All of the above values are for returns to the filament center tap.
THIS |aR
qA v The Engineering Manual contains additional information which
2 f should be considered in the circuit design.
/)
ey —— o T ELECTRONS, INCORPORATED
GRID VOLTAGE 127 Sussex Avenue

Newark 3, New Jersey

9/1/56



EL C31/L

GRID CONTROL RECTIFIER TUBE

Tentative Data

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 2.5 amps
D-c. Meter Value-Overload less than 3 sec. 3.7 amps
Averaging Time 4.5 secs
Oscillograph Peak-Continuausly recurring 30 amps
Peak Forward Voltage (Max. Instantaneous) 900 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66
, at a maximum initial inverse voltage of 350 volts
; g Lug
!I!\ 7/16” wide Filament
i / Voltage 2.5 volts
& Current 912 amps
‘ e Heating Time (minimum) 30 secs
ots
7/32” max. width
11/32" deep Average Arc Drop
Average Tube 10 volts
Highest Tube at end of life 14 volts
Anode Starting Voltage (D.C.) @ +4V d-c grid voltage
Average Tube 40 volts
Highest Tube 75 volts
Grid Characteristics g
Critical Grid Voltage @ 900 p.f.v. -5.711.9 volts
Cetor o 2, 3 Filament Critical Grid Current Less than 10 uamps °
Slots on 1%” 1 Grid Grid-Anode Capacitance approx. 2 uuf
dia. circle 4 Load Return Grid-Filament Capacitance approx. 14 uuf
& Fil. Center Tap
Maximum Negative Grid Voltage 100 volts
BOTTOM VIEW
WE-BAR Deionization Time Less than 1000 usecs
Max. Peak A-c Fault Current
18007 I7A7 7 (Max. duration 0.1 sec.) 300 amps
_y%gl EV, A
: \ Ambient Temperature Limits -559 to 4750 C.
1200}4 ¥
/A CERTAIN 3 sg4
o, BREAKDOWN Mounting Position Any
1000 (UULL L A
. THIS| AREA Overall Dimensions 2-3/16" x 6-3/4" max.
w A :
o O/ Weight 5. 0z8:
g A
H 800 2
o 2 Connections
: A% 40 Filament and Grid Lug type base
S 600 %A Anode C1-5 cap at top (0.56'" dia.)
z A
= - EA?TﬁbW o\ The filament must be lit before drawing d-c. load current.
400 N r7
| [THIS AREA[ [ Y The anode is designed to operate at red heat when under full load.
X7 All of the above values are for returns to the filament center tap.
200 7]
: The Engineering Manual contains additional information which
fhbld ey should be considered in the circuit design.

% 708 6 -4 2 0 +2 +4 +6
GRID VOLTAGE
ELECTRONS, INCORPORATED

127 Sussex Avenue
Newark 3, New Jersey

2/18/58



EL C4H-1

GRID CONTROL RECTIFIER TUBE EL C4H-2
Xenon Gas Filling EL C4H-3

ik i I e i
i
1409
12
% 800
s
g B00 |
o
2
4
s o s 0 -8 ° 5
GRID VOLTAGE
Control
Characteristic
80,
70,
‘.50
z,
- 15 SEC. MAX, AVE. TIME
§
Jas ‘\\
£ AN
g Y
8
i N
o 10
.IO 5 20 25 30 40 50 70 100
96 DUTY CYCLE
Back-To-Back

Contactor Rating

Two tubes connected in inverse parallel
demand current with full conduction
during each half cycle.

EL C4H-4
EL C4H-5

Maximum Rated Anode Current

D-c. Meter Value — Continuous. . . ....................... 4.0 amps
D-c. Meter Value — Overload less than 3sec.. .. ....... ... .. 8.0 amps
AVEraging Timie . -y s 1 ims comb d6 4ot e gs 89 hasas 965 5sa 15 secs
Oscillograph Peak — Continuously recurring ... .. ... ... ... 50 amps
Peak Forward Voltage (Max. Instantaneous). . . ... ......... ... 1700 volts
Peak Inverse Voltage (Max. Instantaneous) . . . . ... .. ... ... .. .. 1700 volts
Max. Commutation Factor (V/usec x A/psec) ... ............. 130
MR, FrEQUENEY . oo comsme ol i o v v aimns 88 45 wo boscds s 25 cycles
Filament
VoRAge - ... .o.ovvvnvossneninons suamesmnnsnosssess 2.5 volts
CURPOAT . <o b s s oo n oo o 5 8 B g m e e 68 & Wy s 17 =22 amps
Heating Time (minimum) . .. ... ... . ... .. .. o s e e e oS 60 secs

Average Arc Drop
Average Tube .. ... . .. ... ... 11 volts
FRGhERETUDE . oot 3 55 s e o 0 1 20 5 o o S 15 volts

Anode Starting Voltage (@ -3V d-c grid voltage

AVOragl TUBE ..o = 5oz 00 s s s bt 83 S 5§ o e 40 volts
Highest Tube ... ... ... .. ... .. ... . ... .. ... ... ....... 80volts
Max. Anode Reverse Current .. .«....................... 100 pamps

Grid Characteristics

Critical Grid Voltage @ 1700 p.fov.. . ... ...... . .. —10.0 to —20.0 volts
Critical Grid.Current , .. ... . o cconmiiwnnni il v Less than 20 pamps
. Grid-Anode Capacitance .. ................... ... approx. 5 upf
Grid-Filament Capacitance . . ... ... ... .. ... ... ... approx. 21 puf
Maximum Negative Grid Voltage. . ... ... ....... ... ... .. ... 100 volts
Deionization Time ... ...... ... ... ..... ... ... ... Less than 1000 pusecs
Max. Peak A-c Fault Current (Max. duration 0.1sec.). . ... .. .. 500 amps
Ambient Temperature Limits. .. .......... ... .. .. . —55°to 4+75°C
Overall Dimensions. . . .. . ... .. B o (See outline drawing on back page)

The filament must be lit before drawing load current.
The above values are for return to filament transformer center tap.
Filament phasing during conduction must be as indicated on drawings.

The Engineering Manual contains additional information which should be
considered in circuit design.



EL C4H-1

EL C4H-2 OUTLINE DRAWINGS
EL C4H-3 EL C4H Series
EI. C4H-4 (NOTE: Dimensions nominal unless otherwisg stated.)
- EL C4H-5
EL C4H-1 EL C4H-2
1—%c1 -5 (0.56'DIA.) 11—_;%0—5 (056'D1A)
| 2 L axf— IgEE [ )
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GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c Meter Value-Continuous 4.0

D-c Meter Value-Overload less than 3 sec. 8.0

Averaging Time 6

Oscillograph Peak-Continuously recurring 40
Peak Forward Voltage (Max. Instantaneous) 900
Peak Inverse Voltage (Max. Instantaneous) 900
Max. Commutation Factor (V/usec x A/usec) 0. 66

at a maximum initial inverse voltage of 350 volts
Filament

Voltage 2.5

Current ZliZ

Heating Time (minimum) 60
Average Arc Drop

Average Tube 12

Highest Tube at end of life 15
Anode Starting Voltage (D.C.) @ +4V d-c grid voltage

Average Tube 40

Highest Tube 75
Grid Characteristics

Critical Grid Voltage @ 900 p. f.v. -5.0%3.0

Critical Grid Current Less than 10

Grid- Anode Capacitance approx. 4

Grid-Filament Capacitance approx. 21
Maximum Negative Grid Voltage 100
Deionization Time Less than 1000
Maximum Peak A-c Fault Current (Max. duration 0.1 sec.) 600
Ambient Temperature Limits -559 to + 75°
Overall Dimensions 2-1/32" x 9-1/2"
Weight 7

Connections

Filament and Grid Metal industrial base A4-81
Anode Cl-5 cap (0.56" dia.) with

ceramic insulator.

The filament must be lit before drawing d-c. load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament pin #2 should be negative with respect to

pin #3 during the anode conduction period.

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL C4J/F

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current
D-c Meter Value-Continuous

4.0 amps

D-c Meter Value-Overload less than 3 sec. 8.0 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 40 amps
Peak Forward Voltage (Max. Instantaneous) 900 volts
Peak Inverse Voltage (Max. Instantaneous) 900 volts
Max. Commutation Factor (V/usec x A/usec) 0.66

at a maximum initial inverse voltage of 350 volts
Filament

Voltage 2.5 volts

Current 2112 amps

Heating Time (minimum) 60 secs
Average Arc Drop

Average Tube 12 volts

Highest Tube at end of life 15 volts
Anode Starting Voltage (D.C.) @ +4V d-c grid voltage

Average Tube 40 volts

Highest Tube 75 volts
Grid Characteristics

Critical Grid Voltage @ 900 p.f.v. -5.01%3.0 volts

Critical Grid Current Less than 10 uamps

Grid- Anode Capacitance approx. 4 uuf

Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
Deionization Time Less than 1000 usecs
Maximum Peak A-c Fault Current (Max. duration 0.1 sec.) 600 amps
Ambient Temperature Limits -550 to +75° C
Overall Dimensions 2-3/4" x 5-3/16" x 8-3/4" Max.
Weight 7 ozs.
Connections

Filament and Grid 6-1/8” flexible leads with lugs for #10 studs.

Anode C1-5 cap (0.56'" dia.) with ceramic insulator.

Vertical panel-mounted on two 1/4' studs 4-1/8'" apart on a horizontal
line.

The filament must be lit before drawing d-c. load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament lead F- should be negative with respect to

F+ during the anode conduction period.

The Engineering Manual contains additional information which should
be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey



ANODE VOLTAGE
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EL C4J/L

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c Meter Value-Continuous 4.0 amps

D-c Meter Value-Overload less than 3 sec. 8.0 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 40 amps
Peak Forward Voltage (Max. Instantaneous) 900 volts
Peak Inverse Voltage (Max. Instantaneous) 900 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66

at a maximum initial inverse voltage of 350 volts
Filament

Voltage 2.5 volts

Current Z.IiZ amps

Heating Time (minimum) 60 secs
Average Arc Drop

Average Tube 12 volts

Highest Tube at end of life 15 volts
Anode Starting Voltage (D.C.) @ +4V d-c grid voltage

Average Tube 40 volts

Highest Tube 75 volts
Grid Characteristics

Critical Grid Voltage @ 900 p.f.v. -5.0%3.0 volts

Critical Grid Current Less than 10 uamps

Grid- Anode Capacitance approx.4 uuf

Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
Deionization Time Less than 1000 usecs
Maximum Peak A-c Fault Current (Max. duration 0.1 sec.) 600 amps

Ambient Temperature Limits -55°% to + 75° C

Overall Dimensions 2-3/16"x 10" Max.
Weight 8 ozs.
Connections

Filament and Grid Lug type base

Anode Cl1l-5 cap (0.56'' dia.) with ceramic insulator

The filament must be lit before drawing d-c. load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament pin #2 should be negative with respect to
pin #3 during the anode conduction period. )

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue

Newark 3, New Jersey
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GRID VOLTAGE

EL Cé6C

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps

D-c. Meter Value-Overload less than 3 sec. 12.8 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantaneous) 2000 volts
Peak Inverse Voltage (Max. Instantaneous) 4000 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66

at a maximum initial inverse voltage of 300 volts

-Filament
Voltage 2.5 volts
Current 2412 amps
Heating Time (minimum) 50 secs

Average Arc Drop

Average Tube 9 volts

Highest Tube at end of life 12 volts
Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage

Average Tube 50 volts

Highest Tube 200 volts
Grid Characteristics

Critical Grid Voltage @ 2000 p.f.v. -512 volts

Critical Grid Current Less than 10 uamps

Grid- Anode Capacitance approx. 5 uuf

Grid-Filament Capacitance approx. 25 uuf
Maximum Negative Grid Voltage 300 volts
Deiopization Time Less than 1000 usecs
Max. Peak A-c Fault Current

(Max. duration 0.1 sec.) 770 amps
Ambient Temperature Limits <559 t0 4759 C
Overall Dimensions 2-9/16" x 11-1/2" Max.
Weight 10 ozs.
Connections

Filament and Grid Metal super jumbo 4-pin base #4310

Anode C1-5 cap at top (0.56' dia.) with skirt

The filament must be lit before drawing d-c.load current.

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament pin #3 should be negative with respect to
pin #2 during the anode conduction period.

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey



GRID CONTROL RECTIFIER TUBE
Xenon Gas Filling
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Contactor Rating

Two tubes connected in inverse parallel
demand current with full conduction
during each half cycle.

Maximum Rated Anode Current

D-c. Meter Value — Continuous. . ... ... ... ... . ..
D-c. Meter Value — Overload less than 3sec. .. . . ...
Averaging Time. ... ... ... ... ... ...
Oscillograph Peak — Continuously recurring. . . .. ..

Peak Forward Voltage (Max. Instantaneous). . ... .. ..
Peak Inverse Voltage (Max. Instantaneous). .. .. ... ..
Max. Commutation Factor (V/psec x A/usec). .. ... ..

Min. Frequency ... ............ . ... ... ... . ...,

Filament
Voltage .. ... ... ..

Current ... ..

Heating Time (minimum) .. ... .. ... ... ... ..

Average Arc Drop

Average Tube .. ... .. ... ... L.

Highest Tube .. ... . ... .. ... ... .. ...

Anode Starting Voltage (@ -3V d-c grid voltage

Average Tube ... .. .. ...
Highest Tube .. .. . .. .. . .. ... ... ... .. ...

Max. Anode Emission. . . ... . .. T

Grid Characteristics

Critical Grid Voltage @ 1700 p.fov.. . ... .. ... ..
Critical Grid Currenf . .. sus 55 a0sms as smeon 55 pms s
Grid-Anode Capacitance ... ... ... ... .. ... .. . ..
Grid-Filament Capacitance . . . ... ... .. ... .. ...,

Maximum Negative Grid Voltage . . ... . ... ... ... ...

Deionization Time. . ... ..... ... .. .. .. .

Max. Peak A-c Fault Current (Max. duration 0.1 sec.). . . .

Ambient Temperature Limits. .. .. ... ... .. .. ... ..

EL C6H-I
EL C6H-2
EL C6H-3
EL C6H-4
EL C6H-5

........ 25 cycles

2.5 volts

...... 21+2 amps

60 secs

........ 11 volts

....... 15 volts

........ 40 volts
........ 80 volts

—8.0to —18 volts

. Less than 20 pamps
.. .approx. 5 ppf
.. .approx. 21 ppuf

........ 100 volts

.Less than 1000 psecs

. 770 amps

—55°to +-75° C

Overall Dimensions . . ... .. ...... .. .. (See outline drawing on back page)

The filament must be lit before drawing load current.

The above values are for return to filament transformer center tap.

Filament phasing during conduction must be as indicated on drawings.

The Engineering Manual contains additional information which should be

considered in circuit design.
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EL C6H-1
EL C6H-2
EL C6H-3
EL C6H-4
EL C6H-5

OUTLINE DRAWINGS

EL C6H Series

(NOTE: Dimensions nominal unless otherwise stated.)
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EL Cé6J

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps

D-c. Meter Value-Overload less than 3 sec. 12. 8 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantaneous) 750 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0.66

at a maximum initial inverse voltage of 350 volts

Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop

Average Tube 9 volts
g Highest Tube at end of life 12 volts
= Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
© ©O Average Tube 40 volts
Highest Tube 75 volts
o O Grid Characteristics
= Critical Grid Voltage @ 750 p.f.v. -3.5%1.5 volts
LA
Critical Grid Current Less than 10 uamps
BOTTOM VIEW Grid-Anode Capacitance approx. 4 uuf
OF BASE Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
- ok W’fET ﬂ‘ Deionization Time Less than 1000 usecs
A I
IOOOV@; ANGE f i Max. Peak A-c Fault Current
T T}’, CERTAN | (Max. duration 0.1 sec.) 770 amps
] { BREAKDOWN
2 a0 \—+ A e Ambient Temperature Limits -550 to +750 C
4 3\ 3
o ‘ %t“/ Overall Dimensions 2-1/32" x 9-1/2"" Max.
W [ ‘ll 7 Weight 7 ozs.
S T T Y27 Connections
< L ‘\i / Filament and Grid Metal industrial base A4-81
N %4 Anode Cl1-5 cap (0.56" dia.) with ceramic
= e \' insulator.
2 Lis AREs, | 9 The filament must be lit before drawing d-c. load current.
\ bl The anode is designed to operate at red heat when under full load.
X - “_‘ e All of the above values are for returns to the filament transformer
GRID VOLTAGE center tap. Filament pin #2 should be negative with respect to

pin #3 during the anode conduction period.

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey

7/1/55



EL C6J/A

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps

D-c. Meter Value-Overload less than 3 sec. 12.8 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66

at a maximum initial inverse voltage of 350 volts

Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop

Average Tube 9 volts
Highest Tube at end of life 12 volts
FILAM
m Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
O O Average Tube 40 volts
Highest Tube 75 volts
O O Grid Characteristics
- Critical Grid Voltage @ 1000 p.f.v. -4.611.6 volts
ra— Critical Grid Current Less than 10 uamps
Grid-Anode Capacitance approx. 4 uuf
BOSLOQ"A‘S’L:EW Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
14 0O T Deionization Time Less than 1000 usecs
VT
%%% Ao Max. Peak A-c Fault Current
|zoo/ VARIABLE A (Max. duration 0.1 sec.) 770 amps
et ‘ HECEFE\:E'N Ambient Temperature Limits -550 to 4750 C
10001 ﬁ,__‘ vt klﬁuihAKEA¥ Overall Dimensions 2-1/32" x 9-1/2" Max.
] V?E / 1] Ve 7 ozs.
h - Connections
§ i Filament and Grid Metal industrial base A4-81
Vﬂi“‘ Anode C1-5 cap (0.56'" dia.) with ceramic
W 600 > ;
S \ A1) insulator.
7
2 The filament must be lit before drawing d-c. load current.
4 A
_IQQENKD A The anode is designed to operate at red heat when under full load.
|| 1 LY All of the above values are for returns to the filament transformer
200j || THIP | AREA 7 center tap. Filament pin #2 should be negative with respect to
| pin #3 during the anode conduction period.
4 Z]
o \ The Engineering Manual contains additional information which
SI2 -10 -B -6 -4 -2 O 12 +4 +€

GRID VOLTAGE should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey

7/1/55
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GRID VOLTAGE

EL C6J/F
GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps

D-c. Meter Value-Overload less than 3 sec. 12.8 amps

Averaging Time 6 secs

Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0. 66

at a maximum initial inverse voltage of 350 volts

Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 9 volts
Highest Tube at end of life 12 volts

Anode Starting Voltage (D.C.) @ +4V d-c.grid voltage

Average Tube 40 volts

Highest Tube 75 volts
Grid Characteristics 5

Critical Grid Voltage @ 1000 p.f.v. -4.611.6 volts

Critical Grid Current Less than 10 uamps

Grid- Anode Capacitance approx. 4 uuf

Grid-Filament Capacitance approx. 21 uuf
Maximun Negative Grid Voltage 100 volts.
Deionization Time Less than 1000 usecs

Max. Peak A-c Fault Current

(Max. duration 0.1 sec.) 770 amps
Ambient Temperature Limits -559 to +75° C
Overall Dimensions 2-3/4" x 5-3/16" x 8-3/4" Max.
Weight 8 ozs.
Connections

Filament and Grid 6-1/8" flexible leads with lugs for #10 studs
Anode C1-5 cap (0.56"'dia.) with ceramic insulator

Vertical panel-mounted on two 1/4" studs 4-1/8'" apart on a horizontal
line.

The filament must be lit before drawing d-c. load current.
The anode is designed to operate ‘at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament lead F- should be negative with respect
to F+ during the anode conduction period.

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey
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EL C6J/K

GRID CONTROL RECTIFIER TUBE

Xenon Gas Filling

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 3 sec. 12.8 amps
Averaging Time 6 secs
Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantanec _, 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 130
Filament
Voltage 2.5 volts
Current 21t2 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 11 volts
Highest Tube 15 volts

Anode Starting Voltage @ +3V d-c grid voltage

Average Tube 100 volts
Highest Tube 150 volts
Max. Anode Emission 100 uamps

Grid Characteristics

Critical Grid Voltage @ 1000 p.f.v. -2.0 to -15 volts

Critical Grid Current Less than 20 uamps

Grid-Anode Capacitance approx. 5 uuf

Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
Deionization Time Less than 1000 usecs

Max. Peak A-c Fault Current

(Max. duration 0.l sec.) 770 amps

Ambient Temperature Limits -559 to +75° C

Overall Dimensions 2-1/32" x 8-3/4" max

Weight 7 ozs.
Connections

Filament and Grid Metal industrial base A4-81
Anode C1-5 cap (0.56" dia.) with ceramic insulator.

The filament must be lit before drawing d-c. load current

The anode is designed to operate at red heat when under full load.

All of the above values are for returns to the filament transformer
center tap. Filament pin #2 should be negative with respect to
pin #3 during the anode conduction period.

The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
Newark 3, New Jersey



VOLTAGE

ANODE

EL C6J/KF

GRID CONTROL RECTIFIER TUBE

Xenon Gas Filling

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 3 sec. 12.8 amps
Averaging Time 6 secs
Oscillograph Peak-Continuously recurring 77 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 130
Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 11 volts
Highest Tube 15 volts

Anode Starting Voltage @ +3V d-c grid voltage

Average Tube 100 volts
Highest Tube 150 volts
Max. Anode Emission 100 uamps

Grid Characteristics

Critical Grid Voltage @ 1000 p.f.v. -2.0 to -15 volts
Critical Grid Current Less than 20 uamps
Grid- Anode Capacitance approx. 5 uuf
Grid-Filament Capacitance approx. 21 uuf
Maximum Negative Grid Voltage 100 volts
Deionization Time Less than 1000 usecs
Max. Peak A-c Fault Current 770 amps
(Max. duration 0.1 sec.)

; - -550 to 475° C
N Ambient Temperature Limits 2-3/4" x 5-3/16" x 8" Max.

OF BASE Overall Dimensions

Weight 8 ozs.

Connections
Filament and Grid 6-1/8" flexible leads with lugs for #10 studs
Anode C1-5 cap (0.56'" dia.) with ceramic insulator

14 00

e

1200
”;

Vertical panel-mounted on two 1/4'" studs 4-1/8'" apart on a horizontal
line.

1000}

The filament must be lit before drawing d-c. load current

800}

The anode is designed to operate at red heat when under full load.

GOOPL

All of the above values are for returns to the filament transformer

center tap. Filament lead F- should be negative with respect to
F+ during the anode conduction period.

= The Engineering Manual contains additional information which should
zasee be considered in the circuit design.
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GRID VOLTAGE ELECTRONS, INCORPORATED
127 Sussex Avenue

2/1/58 Newark 3, New Jersey




VOLTAGE

ANODE

EL C6J/KL

GRID CONTROL RECTIFIER TUBE

Xenon Gas Filling

Maximum Rated Anode Current

D-c. Meter Value-Continuous 6.4 amps
D-c. Meter Value-Overload less than 3 sec. 12.8 amps
Averaging Time 6 secs
Oscillograph Peak-Continuously recurring 77 amps -
‘Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 130
Filament
Voltage 2.5 volts
Current 2112 amps
Heating Time (minimum) 60 secs

Average Arc Drop
Average Tube 11 volts
Highest Tube 15 volts

Anode Starting Voltage @ +3V d-c grid voltage

Lug
7/16" wide

Average Tube 100 volts
Highest Tube 150 volts
A s
7/3]1]'/’;'1'9}‘-"45"" Max. Anode Emission 100 uamps
eep

Grid Characteristics

Critical Grid Voltage @ 1000 p.f.v. -2.0 to -15 volts
Critical Grid Current Less than 20 uamps
Grid- Anode Capacitance approx. 5 uuf
Grid-Filament Capacitance approx. 21 uuf
Gt o Maximum Negative Grid Voltage 100 volts
dia. circle anc Deionization Time Less than 1000 usecs
Max. Peak A-c Fault Current
BRIl & (Max. duration 0.1 sec.) 770 amps
Ambient Temperature Limits =550 to +75° C
Overall Dimensions 2-3/16" x 9-1/4" max.
1400 T Weight 8 ozs.
Aisls . ﬂ S soW Connections
1200 < IR QRS AREA Filament and Grid Lug type base
2 ;\ G : Anode C1-5 cap (0.56' dia.) with ceramic insulator.

1000

The filament must be lit before drawing d-c. load current

800} The anode is designed to operate at red heat when under full load.
All of the above values are for returns to the filament transformer

center tap. Filament pin #2 should be negative with respect to

" ,; pin #3 during the anode conduction period.
rﬁ‘]v ) )
AT The Engineering Manual contains additional information which
3 should be considered in the circuit design.
N
1 B g7
HpHH ’ ‘i ELECTRONS, INCORPORATED
& "’hf P 8 127 Sussex Avenue
-20 -18 -16 -l;R-IIDZ _\II%L:l'eAG_EG -4 -2 Newark 3, New Jersey

2/1/58



u EL Cl16J

GRID CONTROL RECTIFIER TUBE

TANTALUM ANODE AND XENON GAS FILLING

Maximum Rated Anode Current

D-c. Meter Value-Continuous 16 18 amps

D-c. Meter Value-Overload less than 3 sec. 24 24 amps

Averaging Time 4.5 4.5 secs

Oscillograph Peak-Continuously recurring 160 100 amps
Peak Forward Voltage (Max. Instantaneous) 1000 volts
Peak Inverse Voltage (Max. Instantaneous) 1250 volts
Max. Commutation Factor (V/usec x A/usec) 0.66

at a maximum initial inverse voltage of 330 volts

Filament _
Voltage 2.5 volts
Current 31+3 amps
Heating Time (minimum) 60 secs

Average Arc Drop

Average Tube 11 volts
Highest Tube at end of life 14 volts
Anode Starting Voltage (D.C.) @ +4V d-c. grid voltage
Average Tube 40 volts
Highest Tube 75 volts
Grid Characteristics
Critical Grid Voltage @ 1000 p.f.v. -4.012.2 volts
Critical Grid Current Less than 10 uamps
Grid- Anode Capacitance approx. 8 uuf
Grid-Filament Capacitance approx. 29 uuf
Maximum Negative Grid Voltage 100 volts
BOTTOM MIEW Deionization Time Less than 1000 usecs
Max. Peak A-c Fault Current
(Max. duration 0.1 sec.) 1000 amps
4 %ﬁ// o Ambient Temperature Limits -550 to +750 C
%,_'yg_’ﬂugi 1T Overall Dimensions 4-18" x 6-5/8" x 10-1/2" Max.
! SR earA ] Weight 14-1/2 ozs.
Y BREAKDAWN |
| A s [aRgal | Connections .
’7 F+ 5-5/8'" flexible lead with insulated lug for 1/4" stud
¢ / F- 5-5/8" flexible lead with lug for 1/4'" stud
800 _;‘ G 5-5/8" green flexible lead with insulated lug for 1/4' stud
2 AV Anode 7-1/4" flexible lead at top- lug for 1/4" stud
§6 ] ] \ZESH ’ -
2 111 B Vertical panel-mounted on two 1/4" studs 5'" apart on a horizontal
] N Al line.
2 400 KDAWN |V T
< M 5 |:n y - /l‘ The filament must be lit before drawing d-c. load current.
The anode is designed to operate at red heat when under full load.
. Y All of the above values are for returns to the filament transformer
[T o center tap. Filament lead F- should be negative with respect
0 el - to F+ during the conduction period.

-4 - 0 +2
S MR The Engineering Manual contains additional information which
should be considered in the circuit design.

ELECTRONS, INCORPORATED
127 Sussex Avenue
7/1/55 Newark 3, New Jersey



