
Conditions for a photocathode--- 

High yield cathodes require excellent vacuum 10^--14 Torr for water and oxygen 

Stable composition 

Easy fabrication  

 

Photocathode operation involves; 1 p-type material, 2 electrons pumped across the band gap from the 

valence band to the conduction band, 3 Transport to the surface without falling back into the valence 

band, 4 Transmission from the surface into the vacuum. 



First attempts with GaAs were very difficult.  Tried to follow in Charlie Sinclair’s footsteps.  Only mild 

success.  I remember him saying that ion gauges were little chemical factories and had to be parked far 

away from the cathode.  If sputtered clean, they had to be annealed to get rid of near surface damage.  

The recombination rate at the surface would be so high that even though the work function was low 

enough, there would be little or no emission.  (problems with obtaining low defect density p type GaAs) 

Low measurement 8 orders of magnitude low!! 

Moved to cesium antimonide.  A lot of time was expended trying to make cesium antimonide that kept a 

good quantum efficiency.  In a small demountable system, many cathodes would be made before a 

stable cathode could be made.  One of the limitations was the use of the Saes  getters that were 

purchased.  They were limited to a few fabrications because of the physical size.  They were also 

packaged in cans that were pumped out and refiled with Ar and soldered shut. 

antimony source, the cesium source and the oxygen source. 

Process had three knobs.  The Cesium antimonide is not thermodynamically stable at the optimium 

operating point.  It must have a slightly positive cesium over pressure to replace the evaporation losses. 

Finally moved to the potassium cesium antimonide cathode.  First 7% cathode was made in a 

demountable system and was stable for a month, until the vacuum was broken.  It happened by 

mistake.  Out of frustration, I left for lunch with the equipment on and when I returned it was done.  I 



realized that the cathode could not be made quickly.  The thought was that it took time to diffuse the 

alkalis into the antimony until the proper composition was reached. 

Made own sources.  Water discovery! 

During this time, I built a photocathode fabrication chamber for Boeing.  It included a cylindrical mirror 

analyzer, which I also built, to assist with cathode fab and cathode failure.  There wasn’t much time to 

work with this system.  The one thing that I did learn was that the Auger spectrum showed only cesium 

and potassium on the surface.  None of the antimony peaks could be seen.  This made me believe that 

the cesium-potassium formed a capping layer that was stable. 

Tried making Ag-Bi-O cathodes.  Easiest cathodes I ever made.  Put Bi on a piece of stainless foil, put on 

a hot plate until it turned canary yellow.  Put in chamber, heat and add Cs.  Guaranteed 4% QE every 

time.!  Lifetime  to 1/e was about 40 minutes.  It could be revived with a new dose of Cs.  Another 40 

min, and it was down.  I could do this all day, recover and die, repeat.  So this cathode exhibited a need 

for a higher partial pressure than CsSb!  

 

Next I threatened to quit unless they left me alone to do some research.  I added a cathode fabrication 

chamber on the rapid introduction chamber of a home brew analytical system.  Only two photos remain 

of that work.  This is when the scales fell off my eyes.  First photo shows what looks like grass.  That is 

when I realized that they were whiskers.  Whiskers grow from a liquid and push up from the substrate.  





 



Show phase diagram for cesium-potassium.  Other alkali mixtures as well. 

 



SEM of cathode showing crystals.  Showing liquid that is crystallizing. 

 



It occurred to me that I could coat the surface with Sb, dip it into the liquid alkali mix, pull it out, shake it 

off and voila, I would have a cathode.  Great idea!  Problem was that when I dipped the cathode into the 

mix, the antimony wen into the solution and the stainless steel substrate came out clean! 

How to make this great idea work.  I called it the modified dip process.  A name to puzzle any 

competitors.  Deposit Sb, head cathode, put a loop into the alkali mix, pull out and evaporate to the 

cathode face.  Add a few Langmuir’s of water, sit back and watch the numbers come up on the 

ammeter.  When finished, carefully add some oxygen to further lower the workfunction. 

 

Problem never solved was the “gritty” cathode formed.  Since it made good crystals on the surface, 

there was some bare areas.  They saw the effect in the photoinjector.  Laser spot to measure the QE was 

too big to see the granularity.  Cathodes were extremely uniform across the active area. 

Why water and not oxygen.  Cathodes made with a little water had good yields at room temp.  Cathodes 

made with oxygen had good yields at temp, but fell off as they approached room temp. 



I built a 127 degree analyzer on a small fabricator.  I could measure the electron energy distribution 

while the temperature was changing.  If the workfuction was dropping I would have expected the peak 

to remain stationary and the cutoff to move up in energy.  However, the cut off remained the same but 

the peak shifted downwards and narrowed up.  This could only mean that the Fermi level was changing.  

I attributed this to a small energy difference in the acceptor levels from OH and O.  Pure speculation, I 

ave no measurement to prove this except the movement of the photopeak.

 



Getting ready to make a photocathode transfer system, I made a boat that could hold Na, K, Cs and Rb.  

When baking out the system, the window cracked.  Chamber came up to air.  Put another window on, 

pumped out and continued.  Made a cathode that was a record 16.8 % QE with all the alkalis.  Seemed 

to be stable and harder to poison.  I had my program manager and Charlie Sinclair make their own 

xathodes where I only told them what to do.  They all made cathodes in the 15% QE region. 

 

Sad note.  Went on vacation and tech tried to help by cleaning up the system, so I never knew the 

composition of the boat!   

Made cathode transfer system.  It worked well.  Couldn’t get the FEL guys to use two valves with pumps 

in between. 





 



Started looking for a vacuum hearty cathode.  Amorphous SiH films were p type and had a good band 

gap.  So I started to make composition tailored SiC to SiH materials with a decreasing band gap.  

Amorphous materials are called non-direct and have an adsorption constant that is not a weak as 

indirect, but not as sharp as a direct band gap material.  I wanted to make p type material doped with Al.  

I wanted a material that I could assess before putting together a dispenser photocathode.  Since the 

silicon material is a type I photoconductor, the carrier production and lifetime could be measured 

before the cathode was made.  I had the cs generator that would produce cs at temperatures below 

300C.  300C was the temperature where the hydrogen would desorb from the SiH material.  So, it might 

be possible to operate the cathode at a temperature hot enough to allow water to come down to the 

surface, either decompose into H and OH or not react at all.  For the dissociation, you could give up and 

electron as long as it did not remain or react. 



We were moving along on a success track, and SDI was cancelled and the work with it. 
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