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DISPENSER CATHODE TECHNOLOGY REVIEW

THREE BASIC TYPES OF THERMIONIC EMISSION

1. EMISSION FROM HOT PURE MATERIAL SURFACES

® TUNGSTEN
® | aB6

2. EMISSION FROM ACTIVATED METAL SURFACES

® TUNGSTEN DISPENSER CATHODES
® THORIATED TUNGSTEN CATHODES

3. EMISSION FROM SEMICONDUCTORS

® BaO CATHODES

OXIDE CATHODES

COATING OF ALKALINE EARTH CARBONATES ON NICKEL.
CONVERT CARBONATES TO OXIDES.
ARIUM ON BARIUM OXIDE RESULTS IN LOW WORK FUNCTION.

ADVANTAGES
LOW TEMPERATURE

HIGH EMISSION DENSITY (PULSED)

LOW EVAPORATION RATE
DISADVANTAGES:

EASILY POISONED
ARCING

COATING CAN BE DESTROYED BY ION BOMBARDMENT

SURFACE CHEMISTRY AND PHYSICS

Baforms dipole

Ba
0
W or Walloy

Barium on oxygen on tungsten

CHEMISTRY OF BARIUM GENERATION

CaCo3

CaO + CO2

BaCo3

> BaO + CO2

Ba0 + CaO + A1203 -~ BOaCaA 1~5 Impregnant

Ba CaAl203 + W ~ BaO + CaA1204

6Ba0+W Ba3W06+'3Ba

3 Ba3W06 ) 3Baw0O4 + 3Ba

NUDSEN FLOW
DmAM 1/2

dt N(2pmkt)1/2
Where:

M= the mass flow through the plug
p= Barium Pressure

A-- Area of the sample
N=Avogadro's weight of barium

M= Molecular weight of barium
porosity, deternined experimentably

TRANSPORT OF BARIUM TO EMITTER SURFACE

EFFECT OF SUBSTRATE SURFACE



* METAL SUBSTRATE HAS VERY I)EFI~ITE EFFECTS ON EMISSION LEVEL.
* SOME THEORIZE HIGH WORK FUNCTION SUBSTRATE PRODUCES LOWER SYSTEM WORK FUNCTION.

* SOME SPECULATE IMPROVED COVERA~ DUE TO BETTER. DIFFUSION OR GEOMETRIC EFFECTS OF ATOMIC ORBITALS.
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DISPENSER CATHODE CLASSIFICATIONS

® Cavity Reservoir
L, CPD, MK

® |mpregnated
B, S, M CD (Alloy)
Scandate, mixed metal

IMPREGNATED DISPENSER

® Porous Tungsten Impregnated with 5:3:2 BaO- CaO-A203
® Used extensively for 30 years

® Work Function 2.1 EV

® Developed at Philips

IMPREGNATED DISPENSER

® |mpregnated porous tungsten overcoated with Osmium/ Ruthenium
® | onger Life expectancy

® Either B or S can be used as substrate

® Work Function 1.80 EV

® Developed at Philips
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TUNGSTEN CONCENTRATION

PHMOE PHILIPS M CATHODE PRICR TO AGING FHMOS PHILIPS M CATHODE AGED 22,804 HOURS
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Fig. 9. Cross section of mixed memi dispenser cathode.

® |IMPREGNATED POROUS MATRIX OF TUNGSTEN AND EITHER IRIDIUM, OSMIUM, RUTHENIUM OR RHENIUM
® INTENDED FOR HIGH CURRENT DENSITY

® WORK FUNCTION I .80 EV

® DEVELOPED AT VARIAN
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Porous Tungsten

| P POROUS TUNGSTEN
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CRT REQUIREMENTS ELECTRON SOURCES

® HIGH RESOLUTION
® SMALL SPOT SIZE
® HIGH BRIGHTNESS

CRT DEMANDS ON CATHODES

® HIGH CURRENT DENSITY
® UNIFORM EMISSION
® LONG LIFE

OXIDE CATHODES

® DIELECTRIC COATING —“CHARGES UP”

LIMITED TO SHORT PULSE LENGTHS FOR HIGHO URRE
SUSCEPTIBLE TO POISONING

DIFFICULT PROCESSING

LIMITED LIFE AT HIGH CURRENT DENSITY

DISPENSER CATHODES

® HIGH CURRENT

® LU NDEDATINIR TEMDEDATI IDE



® LONG ACTIVATION CYCLE
® HIGH INITIAL BARIUM EVAPORATION
® CURRENT STEADILY DECREASESWITH LIFE

DISPENSER CATHODE HISTORY

® RESERVOIR TYPE (L) DEVELOPED BY PHILIPSIN 1940's
® RESERVOIR TYPE (MK) DEVELOPED BY SIEMENS IN 1950

® IMPREGNATED TYPE (B) DEVELOPED BY PHILIPSIN 1950's
M-TYPE - IMPREGNATED CATHODE COATED WITH OS/RU DEVELOPED BY PHILIPS IN 1960'S

® MIXED METAL IMPREGNATED CATHODE DEVELOPED BY VARIAN IN 1970'S
CPD CATHODE DEVELOPED BY NRL/VARIAN/HUGHES ..... CERADYNE - SEMICON STARTING IN 1975 TO PRESENT

CPD CATHODE

® RESERVOIR CATHODE

® THIN ALLOY SHEET DISPENSER | EMITTING SURFACE

® POROSITY CREATED BY LASER DRILLED HOLES

® IN CRT GUN HOLES ARE DIRECTLY BEHIND G-I APERTURE
® UNIFORM EMISSION
® REDUCED BARIUM EVAPORATION
® INCREASED LIFETIME

LO¥-POWER CRT CATHODE
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REVISIONS ol

THERMALLY EFFICIENT STRUCTURE

® LOW HEATER INPUT POWER - LESS THAN 143 WATTS FOR OVER 3 Nom CURRENT DENSITY
® INNER CATHODE SUBASSEMBLY

® W-REALLOY CAP-LASER DRILLED LASER WELDED TO MO HEATER CUP

® PELLET CONTAINING BARIUM COMPOUND CAPTURED BETWEEN

® RADIATION LOSSES CUT BY LIMITING TOTAL SURFACE AREA

® COILED COIL HEATER - MAXIMUM AMOUNT OF WIRE MASS. DARK COATED

THERMALLY EFFICIENT STRUCTURE (CONT)

® OUTER SUPPORT STRUCTURE UTILIZES THREE POINT SUSPENSION

® SEAMLESS TANTALUM TUBING-LANCED TABS

® L ASER SPOT WELDED TO MO HEATER CUP

® TANTALUM IS POOR THERMAL CONDUCTOR REDUCES POWER LOSS TO SUPPORT STRUCTURE
® INVERTED TAB STUCTURE PROVIDES RIGID MECHANICAL SUPPORT

® REFLECTIVE HEAT SHIELD - BLANKETS INNER ASSEMBLY

® LINEAR EXPANSION OFFSET
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CURRENT DENSITY VS SQUARE ROOT OF
VOLTAGE (SCHOTTKY PLOTS) FOR THE
SEMICON CPD CRT CATHODE
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EMISSION IMAGES

Type-B cathode, ' W-CPD,

0.6 Alcm pulsaed 0.7 A/lcm pulsed




CRT HEATER TEST DATA
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Steady State BaO Coverage vs Temperature
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CURRENT DENSITY VS TEMPERATURE FOR

THE SEMICON CPD CRT CATHODE
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Comparison of Cathode Current vs Temperature
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ACCELERATING FACTOR FOR VARIOUS TEXMPERATURES (43 DEGRADATION).

WORK FUNCTION (eV)

ARFEE SO IG0 260

Tecperature Acceleration
“c (Br) Factor FHrs Yenrs
500 0.76 150.8 21.8
920 0.81 179.0 204
940 0.85 170.6 19.5
260 . Lo { = 145 KHra) 16.6
QED 1.21 115.8 13.7
1000 1.53 54.8 10.8
1050 3.30 43.9 5.0
1100 9.08 16.0 1.B3
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Product is manufactured and sold by Ceradyne, Inc., a 3M company.

Warranty, Limited Remedy, and Disclaimer: Many factors beyond Ceradyne’s control and uniquely within user's knowledge and control can affect the use and performance of a Ceradyne product
in a particular application. User is solely responsible for evaluating the Ceradyne product and determining whether it is fit for a particular purpose and suitable for user's method of application.
User is solely responsible for evaluating third party intellectual property rights and for ensuring that user’s use of Ceradyne product in user’s product or process does not violate any third party
intellectual property rights. Unless a different warranty is specifically stated in the applicable product literature or packaging insert, Ceradyne warrants that each Ceradyne product meets the
applicable Ceradyne product specification at the time Ceradyne ships the product. CERADYNE MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING,
BUTNOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR ANY IMPLIED WARRANTY OF NON-
INFRINGEMENT OR ANY IMPLIED WARRANTY OR CONDITION ARISING OUT OF A COURSE OF DEALING, CUSTOM OR USAGE OF TRADE. If the Ceradyne product does not conform to
this warranty, then the sole and exclusive remedy is, at Ceradyne’s option, replacement of the Ceradyne product or refund of the purchase price.

Limitation of Liability: Except where prohibited by law, Ceradyne will not be liable for any loss or damages arising from the Ceradyne product, whether direct, indirect, special, incidental
or consequential, regardless of the legal theory asserted, including warranty, contract, negligence or strict liability.

Technical Information: Technical information, recommendations, and other statements contained in this document or provided by Ceradyne personnel are based on tests or experience that
Ceradyne believes are reliable, but the accuracy or completeness of such information is not guaranteed. Such information is intended for persons with knowledge and technical skills
sufficient to assess and apply their own informed judgment to the information. No license under any Ceradyne or third party intellectual property rights is granted or implied with this
information.
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