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POTTING OF PHOTOMULTIPLIER TUBES 

by 

Rober t K. Swank and John S. Moenich 

ABSTRACT 

This r epo r t deta i ls the m a t e r i a l s used and the manipu
lat ions employed for the potting of photoKiultiplier tubes . 

PREPARATION OF THE PARTS AND MATERIALS 

Light Guide 

The guide is made of Lucitej a du Pont product . F o r use with the 
RCA-5819 photomult ipl ier , the guide is l / 4 in. thick, 1-3/4 in. in d i ame te r , 
and machined or inolded to fit the curva tu re of the top of the tube. 
F o r the DuMont-feZgZ, the guide may be cut f rom sheet Luci te . It is 1/8 in. 
thick and I - B / S in. in d i ame te r . 

The DuMont tube actually r e q u i r e s no light guide because it a l ready 
p o s s e s s e s a flat sur face , but the guide does s e rve a secondary role a s an 
insula tor against leakage of c u r r e n t from the cathode surface through the 
c r y s t a l can to the ground. Leakage of c u r r e n t will cause da rk cu r r en t 
pu lses and e lec t ro lys i s of the g lass which will des t roy the cathode surface . 

P r e p a r a t i o n s for Cementing 

The lower 1/4 in. of the tube base is to be roughened al l the way 
around by rubbing gently with e m e r y cloth. S imi lar ly , the inside of the 
a luminum cylinder i s to be roughened for about 1 in. at that end to which 
the tube base is to be at tached. This roughening will improve the adhesion 
of the cement to both tube base and a luminum cylinder and thus inc rease 
the s t rength of the joint. 

Assembly of Light Guide and Tube 

Inser t the tube in a b a s e . A 5819 tube socket will se rve excellently. 
Clean the cathode (upper) surface of the tube thoroughly with acetone. P l ace 
the tube in upright posit ion in an oven which is held at approximately 70°C. 
On the cathode surface place a sma l l piece (about a 3/8 in. cube) of clean, 
c lea r polyvinylacetate . Supply a slight excess to a s s u r e successful c o m 
pletion of the s tep; the excess is easy to r emove . 
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Support a half of a P e t r i e dish above the polyvinylacetate and tube 
to prevent dust from accumulating upon them. 

While waiting for the polyvinylacetate to become sufficiently pl iable , 
clean the light guide with ethyl alcohol, d ry it with Kleenex to remove any 
c loudiness , and place it in the oven alongside the tube. Ten minutes hea t 
ing of the guide should w a r m it sufficiently to s e c u r e good adhesion of the 
p a r t s by the polyvinylacetate. 

When the polyvinylacetate is melted and the light guide is w a r m 
enough, remove the p a r t s from the oven, blow off (with the b rea th) any 
dust accumulated on the light guide and place the guide on the tube. With 
a sma l l piece of plate g l a s s , apply gentle p r e s s u r e to the light guide and 
gradual ly work the excess of polyvinylacetate from between the guide and 
the tube. Use of the plate g lass provides uniform dis t r ibut ion of the p r e s 
s u r e and avoids the d is tor t ion which may re su l t by d i rec t use of the f ingers . 
Dis tor t ion will r e su l t in a nonuniform layer of wetting agent between c r y s t a l 
and light guide surface and allow this wetting agent to flow out m o r e readi ly 
when tube is used in hor izonta l posit ion. 

If need be , the p a r t s may be re turned to the oven to be r e w a r m e d 
before completing the a s sembly . 

While the polyvinylacetate is s t i l l soft, peel away, with the f ingers , 
a s much as poss ible of the excess which has been squeezed from the joint. 
Also , center the light guide upon the tube. 

Let the a s sembly cool. When the polyvinylacetate has hardened, 
wipe away the remaining excess of polyvinylacetate, using Kleenex wetted 
with ethyl alcohol. Do not use acetone for th is purpose , a s it will attack 
Luci te . 

The top surface of the light guide should now be covered with m a s k 
ing tape and this covering should be retained in place until the "potting" is 
completed, thereby protect ing the guide from m a r r i n g , scra tch ing , and 
solvents . 

To prevent loss of light through the edge of the light guide, the edge 
is painted with th ree coats of "Tygon" white p las t ic paint. Approximately 
1 hr should be allowed between success ive applications of the paint. Ease 
of application and tenacious adherence to the Lucite make this "Tygon" 
paint de s i r ab l e for th is s tep in the potting p rocedure . But improved re f l ec t 
ing power i s de s i r ab l e . The "Tygon" paint is soluble in acetone; the re fo re , 
for any cleaning operat ion, use ethyl alcohol instead of acetone. 
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Curren t Leakage 

Although the light guide ac t s a s an insulator against cu r r en t leakage, 
another preventat ive is provided by painting a ring of colloidal s i lver about 
the base of the light guide. A s t r ip i s then painted from this ring down the 
side of the tube to pin 14, the cathode. (Be su re that the surface is well 
cleaned with ethyl alcohol before th is painting.) 

Use a thin sheet of po lys tyrene , held in place with Scotch E l ec t r i c a l 
Tape No. 33, to cover the s i lver paint s t r ip running down the side of the 
tube b a s e , to insulate it f rom the a luminum can which is to be cemented to 
the b a s e . The tape should be placed so that mos t of the c i r cumference of 
the lower port ion of the tube base can be contacted i»ith the rubber cement . 
A suitable source of polys tyrene sheet i s a polystyrene capaci tor . 

The Mu-Metal Shield 

To prevent in te r fe rence of magnet ic fields with the flow of e lec t rons 
f rom the cathode surface to the f i rs t dynode of the photomult ipl ier , a Mu-
m e t a l shield is placed about the tube. E l ec t r i ca l Tape No. 33 is wrapped 
around the envelope of the tube about 3 /4 in. above the base and a l so a p 
proximate ly the same dis tance below the top of the tube, so that the Mu-
me ta l shield can be positioned proper ly . This i s done by sliding the 
Mu-meta l shield over the tape and then slipping 2 of the Bakeli te r ings 
(such as used in potting) over the Luci te light guide. The Mu-meta l shield 
is then so positioned that, with the lower one of the Bakelite r ings res t ing 
on the upper edge of the Mu-meta l shield, the top surface of the upper r ing 
is flush with the upper surface of the light guide. Scotch E lec t r i ca l Tape 
No. 33 is then wrapped around the lower edge of the Mu-meta l shield to 
hold it fixed in th is posit ion. 

Assembly before Potting 

The as sembly cons is t s of an a luminum cylinder, the upper end of 
which is fastened to a threaded b r a s s r ing, a Bakelite r ing to center the tube 
within the cylinder and thus to "float" the tube within the confines of the cy l 
inder , and a threaded a luminum col lar which posi t ions the c ry s t a l re la t ive 
to the tube, r e t a in s th is c rys ta l , and, with the help of a sponge rubber gasket , 
comple tes the l ight - t ightness of the assem,bly. Specifications for p a r t s of 
the a s sembly may be obtained from ANL Drawing No. CS-188Z. 

Note that the inside diam.eter of the Bakelite r ing is proport ioned to 
the outside d i ame te r of the light guide, being l a rge r for the RCA-5819 than 
for the DuMont-6292. This is the only difference in the potting p a r t s r e 
quired for both RCA-5819 and DuMont 6292 photomultiplier tubes . 
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Potting the Tube 

The upper end of the a luminum cylinder i s turned down on the outer 
side and a b r a s s r ing, threaded on i t s outer s ide, i s secured at this p lace , 
the b r a s s ring project ing slightly beyond the aluminum, cyl inder . The sma l l 
r e c e s s , formed by the project ion of the b r a s s r ing beyond the aluminum 
cyl inder , i s filled with rubber cement . Into th is cement-fi l led r e c e s s a 
Bakelite ring is set . Separate ly spread a thin film of the rubber cement 
around the wall of the upper half of the light guide which has a l ready been 
at tached to the phototube. Then inse r t the light guide and tube through the 
lower end of the aluminuin cylinder until the light guide p ro t rudes through 
the center of the Bakeli te r ing . Now take a second Bakelite r ing of the 
s ame s ize , slip over the light guide, turn the en t i re a ssembly upside down, 
and place it onto a flat sur face . The second Bakelite r ing ac ts m.erely a s a 
spacer and a s s u r e s that the light guide will p ro t rude above the f i r s t Bakelite 
r ing , simplifying the r emova l of c r y s t a l s fromi the light-guide surface . A 
piece of Kleenex between the tube and the flat surface will p revent the a s -
sero.bly f rom sticking to the flat sur face . During th is operat ion the tube is 
held as r igidly a s possible with one hand to prevent the f i r s t Bakelite ring 
from being forced out of the r e c e s s . The other hand p laces the second 
Bakeli te ring and guides the opposite end of the a s sembly until it has been 
placed in the des i r ed posit ion with the light guide end of the tube down upon 
the flat surface . 

The tube base is now centered in the aluminum, cylinder and braced 
in th is posit ion with p ieces of cork or of e l ec t r i ca l tape. Then the opening 
i s filled with rubber cement , forcing it in with a spatula., a depth of 1/4 in. 
being sufficient. A g r e a t e r depth is not advisable s ince the other p a r t s of 
the a s s e m b l y can be reused if the tube has to be replaced. The rubber 
cement will harden overnight. The p r o c e s s can be acce le ra ted by adding 
m o r e ha rdener to the base agent, but exper ience h a s proven that too much 
ha rdene r d e c r e a s e s the adhering p r o p e r t i e s . When the rubber cement has 
hardened, the excess can be t r i m m e d away with a r a z o r blade. Any which 
r e m a i n s can be removed with Kleenex wetted with ethyl alcohol. Acetone 
can be used only with ex t r eme caution near the light guide, s ince the acetone 
will des t roy i t s surface . 

A d i a g r a m of the assembled tube is at tached a s Drawing IRD-605. 
(Figure l) A bi l l of m a t e r i a l s i s at tached a l so . ANL Drawing No. CS-i882 
supplies specifications for p a r t s of the potting asserably . 

The p r o c e s s of "pot t ing" photom.ultiplier tubes r e q u i r e s that 
c lose attention be paid to a l l of the de ta i l s . It i s e s sen t i a l that a l l sur faces 
to which cement i s to be applied, be free of d i r t and g r e a s e . 

Safety goggles should be worn at any s tage of the p r o c e s s when p r e s 
su re is applied to the tube, s ince breaking of the tube would r e su l t in poss ib le 
injury f rom flying g l a s s . 
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Photomul t ip l ie rs potted by this p roceedure have been used s u c c e s s 
fully at th is l abora tory for s eve ra l y e a r s . They have proved useful and 
re l iab le under labora tory condit ions. However, their use outside the l abo
r a to ry i s l imited by the fa i lure of the polyvinylacetate cement to r ema in 
sufficiently fluid below about 40*F. This may r e su l t in a loss of optical 
contact between the light guide and photomult ipl ier if the a s sembly is used 
or s tored for long per iods below 40°F. At tempts to find an adhesive which 
would r ema in p las t ic at low t e m p e r a t u r e s have been unsuccessful . 

LIST OF MATERIALS 

Aluminum cyl inder , 2-15/32 in. d i a m e t e r , 4 - 7 / 8 in, long, 1/16 in. th ickness . 

Aluminum col la r , th readed . 

B r a s s r ing, threaded. 

Mu-me ta l shield, 0.025 in. gage, Allegheny hydrogen-annealed, 2 -1 /16 in. 
inside d i ame te r x 3 -1 /4 in. long. Made by Allegheny Ludlum Steel 
Corporat ion. 

Photomult ip l ier tube - RCA-5819 or DuMont-6292. 

Tube b a s e - RCA-5819 tube socket . 

Lucite lightguide - 1/8 in. thick x 1-5/8 in. d iamete r for DuMont tube. 
1/4 in. thick x 1-3/4 in. d i ame te r for RCA tube. 

Polyvinylacetate "Vinylite P l a s t i c , AYAC Blend 3695", Obtainable from The 
Bakeli te Company, P . O. Box N, South Char les ton 3 , West Virginia . The 
o rde r number is BVS-3900. This mus t be c l ea r , white, soft enough to be 
workable at a t e m p e r a t u r e not de t r imen ta l to the phototube. 

Rubber cement - Minnesota Mining and Manufacturing Company, Detroi t , 
Michigan. Base agent - EC-801 and Hardener - EC-807: Mix 4 p a r t s 
b a s e with 1 p a r t ha rdene r short ly before use . Keep base agent under 
re f r igera t ion when s tored . 

Scotch E l e c t r i c a l Tape No. 33 

Gasket , sponge rubber 

Ring, Bakel i te . Inside d i ame te r depends upon outside d iamete r of light guide 
used. 

Masking tape 

Tygon paint, white p las t ic , U. S. Stoneware Co. , Akron, Ohio. 

Po lys ty rene sheet , thin. 

Acetone. 

Ethyl alcohol. 

Colloidal s i lver paint. 
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Oven, control lable at 70*C. 

P l a t e g l a s s - smal l p iece (1/4 in. x 3 in. x 3 in.) 

P e t r i e dish 

Spatula 

Razor blade 

A flat surface (Table top or the like) 

E m e r y cloth 

Cork - s eve ra l smal l p ieces 

Kleenex cleansing t i s s u e s 

Safety g l a s se s (goggles) 

ANL Drawing No. CS-1882 



PHOSPHOR ASSEMBLY 
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-MU METAL SHIELD 
POSITIONED a SECURED 
BY SCOTCH ELECTRICAL 
TAPE No 33 

EG 801 
RUBBER CEMENT 

FIGURE I 


