
1 
2 Interesting extracts on vacuum tube operation 
3 
4 From rca, recommending heating! 
5 
6 Tube fatigue or loss of anode sensitivity is 
7 a function of output-current level, dynode 
8 materials, and previous operating history. 
9 The amount of average current that a given 
10 photomultiplier can withstand varies widely, 
11 even among tubes of the same type; consequently, 
12 only typical patterns of fatigue may 
13 be cited. 
14 
15 The sensitivity changes are thought to be 
16 the result of erosion of the cesium from the 
17 dynode surfaces during periods of heavy 
18 electron bombardment, and the subsequent 
19 deposition of the cesium on other areas 
20 within the photomultiplier. Sensitivity losses 
21 of this type, illustrated in Fig. 54 for a 1P21 
22 operated at an output current of 100 microamperes, 
23 may be reversed during periods of 
24 non-operation when the cesium may again 
25 return to the dynode surfaces. This process 
26 of recovery may be accelerated by heating 
27 the photomultiplier during periods of nonoperation 
28 to a temperature within the maximum 
29 temperature rating of the tube; 
30 heating above the maximum rating may 
31 cause a permanent loss of sensitivity. 
32 
33 Sensitivity losses for a given operating current 
34 normally occur rather rapidly during initial 
35 operation and at a much slower rate 
36 after the tube has been in use for some time. 
37 Fig. 55 shows this type of behavior for a 
38 1P21 having Cs-Sb dynodes, operating at an 
39 output current of 100 microamperes. Tubes 
40 operated at lower current levels, of the order 
41 of 10 microamperes or less, experience less 
42 fatigue than those operated at higher currents, 
43 and, in fact, may actually recover 
44 from high-current operation during periods 
45 of low-current operation. 
46 
47 Fatigue rates are also affected by the type 
48 of dynode materials used in a tube. Copper 
49 beryllium or silver magnesium dynodes are 
50 generally more stable at high operating currents 
51 than the cesium antimony types. The 
52 sensitivity for tubes utilizing these dynodes 
53 very often increases during initial hours of 
54 operation, after which a very gradual decrease 
55 takes place, as illustrated in Fig. 56. 
56 
57 Fig. 57 illustrates one of the peculiar instabilities 
58 which are sometimes observed in 
59 photomultiplier tubes. When the light is first 
60 turned on, the current apparently overshoots 
61 and then decays to a steady value. This particular 



62 phenomenon is probably the result of 
63 the charging of the supporting insulator for 
64 the dynodes. The effect is observed to occur 
65 more rapidly at higher currents, presumably 
66 because of the greater charging current. 
67 Electrons striking the insulator probably 
68 result in secondary emission and a resultant 
69 positive charge. The change in potential affects 
70 the electron optics in the space between 
71 dynodes. The effect is observed as an increase 
72 in some tubes and as a decrease in 
73 others. When the photomultiplier is designed 
74 with metalshields or with conductive 
75 coatings on the critical areas of the insulators, 
76 this effect is eliminated. 
77 
78 In order to investigate the phenomena of 
79 pulse-height variation with pulsecount rate, 
80 a purposely exaggerated experiment was 
81 devised. Instead of a scintillating crystal, a 
82 pulsed cathode-ray tube was used as a light 
83 source. Two pulse rates were studied: 100 
84 and 10,000 pulses per second. Pulse duration 
85 was one microsecond; decay time to 0.1 
86 maximum was 0.1 microsecond. The experiment 
87 was devised to study the rate at which 
88 the photomultiplier tube output response 
89 changed when the pulse rate was suddenly 
90 switched between the two rates. Tubes such 
91 as the 6342A, and especially the 8053 and 
92 8054, showed practically no effect (of the 
93 order of one per cent or less). Fig. 59 shows 
94 the pulses during the switching procedure for 
95 an experimental tube. The phenomena were 
96 completely reversible and were observed (to 
97 a lesser extent) on many different tube types. 
98 The time-decay period of several seconds 
99 suggests the charging of an insulator spacer 
100 to a new potential as the result of the increased 
101 charge flow and the subsequent 
102 modification of interdynode potential fields. 
103 
104 Fatigue: 
105 The tendency of a photomultiplier 
106 responsivity to decrease during operation. 
107 Most commonly, responsivity loss is the 
108 result of a lowering of secondary emission, 
109 particularly in the latter stages of a photomultiplier. 
110 Recovery may or may not occur 
111 during a period of idleness. 
112 
113 Hysteresis: 
114 A borrowed term to describe a 
115 cyclic gain variation in photomultipliers 
116 sometimes observed as a result of insulator 
117 charging and discharging. 

 



 

 



 

 



 


