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ABSTRACT 

The objec t  of t h i s  study was to  eva lua te  the  opera t iona l  charac- 
t e r i s t i c s  of the SRI d i s t r i b u t e d  dynode s t r i p  m u l t i p l i e r s  a s  they 
r e l a t e d  t o  po ten t i a l  NASA space appl ica t ions .  I t  included eva lua t ion  
of the  long-term ga in  f a t igue  e f f e c t s ,  opera t ion  i n  a degraded vacuum 
t o  a s c e r t a i n  s u s c e p t i b i l i t y  to back-ion bombardment, and evaluat ion 
of pul se response . 

Two s t r i p  m u l t i p l i e r s ,  with vas t ly  d i f f e r e n t  r e s i s t i v i t i e s ,  were 
operated f o r  per iods of 2500 and 600 hours, respec t ive ly .  They demon- 
s t r a t e d  s i m i l a r  ga in  f a t igue  e f f e c t s ,  not  only w i t h  respect  t o  each 
o the r ,  but a l s o  t o  commercial channel or tubular  m u l t i p l i e r s  f ab r i -  
ca ted  with s u b s t a n t i a l l y  d i f f e r e n t  ma te r i a l s  and geometry. There 
w e r e  a l s o  r eve r s ib l e  and nonreversible ga in  changes i n  the s t r i p  
m u l t i p l i e r s ,  a t t r i b u t a b l e  t o  p r io r  opera t iona l  h i s t o r y  and t o  the  
temperature and pressure environment. When t h e  pressure was increased 
t o  10-3 t o  t o r r ,  under otherwise normal pulsed operat ion,  there 
w a s  no evidence of s i g n i f i c a n t  back-ion effects on the  output  pu lses ,  
but  there w a s  a subs t an t i a l  increase i n  output  cur ren t ,  which may be 
a t t r i b u t a b l e  t o  ionization-enhanced input  and/or increased m u l t i p l i e r  
gain.  

This kind of s t r i p  mul t ip l i e r  y i e lded  output  pulses  sho r t e r  than 
seconds and ga ins  on t h e  order of lo6 for s ing le  e l ec t ron  inpu t s  

a r r i v i n g  randomly a t  a mean r a t e  of l o 4  t o  l o 5  p a r t i c l e s  per second. 

I t  i s  concluded that  d i s t r i b u t e d  dynode m u l t i p l i e r s  have much t o  
o f f e r  i n  t e r m s  of physical ,  e l e c t r i c a l ,  and opera t iona l  charac te r i s -  
t i c s ,  and t h a t  the p a r a l l e l  s t r i p  configurat ion o f f e r s  spec ia l  advantages 
where evaluat ion of causes of gain change or o the r  opera t iona l  charac- 
t e r i s t i c s  i s  des i rab le .  

I t  i s  recommended t h a t  a basic  s tudy of the  causes of the long- 
t e r m  ga in  f a t i g u e  e f f e c t  be undertaken, as w e l l  as f u r t h e r  study of 
the  environmental (espec ia l ly  thermal) e f f e c t s .  If m u l t i p l i e r  operat ion 
a t  pressures  above 10-4 t o r r  is  an t ic ipa ted ,  the s t u d y  of t he  r e l a t ion -  
s h i p  of pressure to the  re levant  operat ional  c h a r a c t e r i s t i c s  should 
be extended. 
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I INTRODUCTION 

A. PURPOSE 

The purpose of t h i s  f i r s t  phase of study was t o  determine and 
eva lua te  opera t iona l  c h a r a c t e r i s t i c s  of e x i s t i n g  SRI s t r i p  m u l t i p l i e r s ,  
i n  p a r t i c u l a r ,  t h e i r  response t o  pulsed operat ion,  the i r  tendency 
towards ion feedback i n  a degraded vacuum invironment, and t h e i r  gain 
c h a r a c t e r i s t i c s  as a funct ion of operat ing t i m e .  

B. SCOPE 

T h i s  p ro j ec t  encompassed the study of the pulse ,  ion  feedback, 
and ga in  c h a r a c t e r i s t i c s  of ex i s t ing  SRI continuous-dynode e l e c t r o n  
mul t ip l i e r s .  The pulse  s t u d i e s  covered eva lua t ion  of output  charac- 
t e r i s t i c s - - p a r t i c u l a r l y  pulse height and duration--for 1 0  microseconds 
and shor t e r  durat ion pulses ,  a t  r e p e t i t i o n  r a t e s  of 300 or more per  
second. The ion-feedback s tud ie s  covered observat ion of pulsed- 
m u l t i p l i e r  operat ion as a function of r e s idua l  gas  pressures ,  up t o  
approximately t o r r ,  i n  order t o  a s c e r t a i n  whether ion  feedback 
occurs  i n  t h i s  s t r i p  m u l t i p l i e r  configuration. 

I n  the ga in -cha rac t e r i s t i c s  s tud ie s ,  two SRI s t r i p  m u l t i p l i e r s  
wi th  s i g n i f i c a n t l y  d i f f e r e n t  (more than two orders of magnitude) 
d i s t r i b u t e d  dynode r e s i s t i v i t i e s  were used. These were operated f o r  
more than 2500 and 600 hours, respec t ive ly ,  i n  a Vac-Ion system, a t  
less than t o r r .  The gain change w a s  measured and evaluated as 
a func t ion  of operat ing time and o t h e r  parameters over these prolonged 
periods.  I n  addi t ion  t o  the normal high dc vol tage opera t ion ,  a 
per iod of ac  operat ion was u t i l i z e d  t o  b r i e f l y  s t u d y  i n s u l a t o r  charging, 
ion mobil i ty ,  and o the r  r e l a t e d  phenomena. 

C. BACKGROUND 

The f a i r l y  recent  emergence of "p rac t i ca l "  continuous-dynode 
e l e c t r o n  m u l t i p l i e r s  o f f e r s  po ten t i a l  so lu t ions  t o  some of the  problems 
encountered i n  a t tempts  t o  measure charged-part ic le  parameters i n  the  
upper atmosphere and outer  space, where weight and power l i m i t a t i o n s  
a r e  severe and l i f e t i m e s  of several  years a re  desired.  Experiments 
with tubular  continuous-dynode mul t ip l i e r s  from commercial manufac- 
t u r e r s  have pointed up severa l  e f f e c t s  t h a t  reduce t h e i r  u t i l i t y  f o r  
the intended appl ica t ions .  The most important of these e f f e c t s  i s  
a decrease i n  gain,  continuing over per iods  of hundreds of hours of 
operat ion.  Another s i g n i f i c a n t  e f f e c t  i s  t h e  va r i a t ion  i n  output  
pu lse  height  f o r  presumed constant i npu t s  and constant gain,  a t t r i b -  
u t ab le  ( a t  l e a s t  i n  p a r t )  t o  input p a r t i c l e  angle and energy v a r i a t i o n s  
and s ta t is t ical  v a r i a t i o n s  i n  secondary-emission phenomena. A t h i r d  
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e f f e c t  i s  ion  feedback, i n i t i a t i n g  undesired secondary cascades of 
e l e c t r o n s  which propagate through the m u l t i p l i e r  t o  y i e ld  spurious 
output  s igna ls .  The l a t t e r  e f f e c t  can apparent ly  be minimized or 
el iminated by maintaining an adequate vacuum environment (lom5 t o r r  
or better) or by a l t e r i n g  the physical configurat ion of the  m u l t i p l i e r  
to  l i m i t  t he  ion  t r a j e c t o r y .  

SRI 's  microelectronics  program had required the  development of 
an e l e c t r o n  m u l t i p l i e r  t h a t  could withstand 900" C vacuum bakeout and 
could provide gain of the order  of lo6 .  
m u l t i p l i e r ,  i n  i t s  cu r ren t  s t a t e  of development, c o n s i s t s  of two 
i d e n t i c a l  p a r a l l e l  plane,  op t i ca l ly  pol ished fused s i l i c a  s t r i p s ,  
mounted t o  form a channel, as shown i n  Figs.  1, 2,  and 3. The inner  
or dynode sur faces  are f i l m s  formed by co-deposit ing aluminum oxide 
and molybdenum i n  proport ions adjusted t o  y i e ld  the  des i red  resis- 
t i v i t y .  The contac t  e l ec t rodes  a t  e i ther  end of t he  dynodes are 
molybdenum f i l m s  deposited on the subs t r a t e s .  A molybdenum tab 
covering the  e x i t  end of t he  channel se rves  as the  c o l l e c t o r .  The 
m u l t i p l i e r s  used i n  t h i s  inves t iga t ion  were e x i s t i n g  specimens pro- 
duced p r i o r  t o  the  incept ion  of the NASA program. In  their  prepara t ion ,  
a l l  deposi t ions were performed i n  a l i q u i d - a i r  trapped o i l -d i f fus ion-  
pumped system a t  a pressure  of approximately t o r r .  Subsequent 
t o  dynode depos i t ion ,  the  s i l i c a  s t r i p s  were baked a t  about 1050°C 
f o r  s t a b i l i z a t i o n  purposes. 

The r e s u l t a n t  s t r i p  e lec t ron-  

Because of the exc lus ive  use of r e f r ac to ry  materials and the  
high-temperature processing, i t  appeared reasonable t o  expect t h a t  
these s t r i p  m u l t i p l i e r s  would not s u f f e r  the s u b s t a n t i a l  gain decrease 
w i t h  l i f e  experienced w i t h  t h e  t u b u l a r  m u l t i p l i e r s .  Addit ional ly ,  
t he re  w a s  reason t o  be l ieve  t h a t  t h e  r e l a t i v e l y  open-channel geometry 
might be less suscep t ib l e  t o  ion-feedback e f f e c t s  than the  tubular  
design. The study reported herein w a s  i n i t i a t e d  t o  obta in  oper- 
a t i o n a l  da t a  on t h e  SRI s t r i p  e lec t ron-mul t ip l ie rs  i n  order  t o  permi t  
eva lua t ion  of their  s u s c e p t i b i l i t y  t o  these detr imental  e f f e c t s  and 
t h e i r  p o t e n t i a l  usefulness  f o r  the proposed appl ica t ions .  

D. WORK SUMMARY 

Experiments were conducted using three  d i f f e r e n t  SRI s t r i p  
m u l t i p l i e r s ,  two f o r  t h e  gain fa t igue  experiments and the  t h i r d  f o r  
the  thermionic-source pulse  experiments. A c a l i b r a t e d  thermionic- 
diode e l e c t r o n  source w a s  modified t o  provide a cont ro l  grid  f o r  the 
pulse  s tud ie s .  Input pu lses  of l e s s  than one microsecond i n  dura t ion  
a t  r e p e t i t i o n  rates i n  excess of 1000 pe r  second w e r e  introduced i n t o  
the input  end of one s t r i p  mul t ip l i e r ,  which was mounted i n  a l i qu id -  
a i r  trapped oil-diffusion-pumped vacuum sys t em opera t ing  a t  room 
temperature and pressures  of about 10-5 t o r r .  The m u l t i p l i e r ,  w a s  
operated a t  ga ins  i n  the  range of lo5 t o  l o 6  and developed uniform 
amplitude output  pu lses  similar i n  shape t o  t h e  input .  With t h i s  
same experimental setup,  no change i n  the  lead ing  edge or the  dura t ion  
of t he  output  pulse  ind ica t ive  of back-ion bombardment w a s  noted when 
the  pressure  w a s  allowed t o  rise to  about 2 x t o r r .  

2 
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A r e l a t i v e l y  high-resistance s t r i p  m u l t i p l i e r  w a s  set up i n  a 
Vac-Ion pumped system with a Ni63 r ad ioac t ive  beta source input .  
Following a system bakeout t o  approximately 200' C maximum, t h i s  
m u l t i p l i e r  w a s  operated f o r  a period i n  excess  of 2500 hours i n  a 
10-8 t o  loe9 torr vacuum under a v a r i e t y  of test  condi t ions,  including 
d i f f e r e n t  acce le ra t ing  vol tage l eve l s ,  ac a s  w e l l  a s  dc; low-tempera- 
t u r e  bakes; and v a r i a t i o n s  i n  vacuum leve l ,  inc luding  one exposure t o  
atmosphereic a i r  pressure.  Throughout t h i s  opera t iona l  per iod,  the 
output  cu r ren t  w a s  measured under these var ied  condi t ions.  In  one 
por t ion  of the  opera t iona l  period, the  output pu lses  r e s u l t i n g  from 
indiv idua l  input  be ta  p a r t i c l e s  were examined w i t h  a wide-band ampli- 
f i e r  and fas t  osc i l loscope .  The Vac-Ion vacuum l e v e l  w a s  purposely 
degraded t o  about t o r r  to f a c i l i t a t e  de t ec t ion  of back-ion e f f e c t s .  
N o  such e f f e c t s  w e r e  found. 

Following the  2500 hours of operat ion on the  high-resis tance 
device,  a "low-resistance'' s t r i p  m u l t i p l i e r  w a s  i n s t a l l e d  i n  an 
i d e n t i c a l  manner i n  the Vac-Ion system and operated f o r  a per iod of 
approximately 600 hours. T h i s  device exhib i ted  some su rp r i s ing  
gain-thermal e f f e c t s ,  a t t r i b u t a b l e  t o  the  1 2 R  heat ing by the cu r ren t  
e s t a b l i s h i n g  the  acce le ra t ing  f i e l d  f o r  the mul t ip l i e r .  Once t h i s  
phenomenon w a s  resolved, i t  was apparent t h a t  t h e  gain changes i n  the  
two m u l t i p l i e r s  were similar,  not only t o  each o the r  but a l s o  t o  
s i m i l a r l y  operated commercial t u b u l a r  or channel mu1 t i p l i e r s .  

5 



I1 DISCUSSION 

A. GAIN FATIGUE SXUDIES 

1. Experimental F a c i l i t v  

The UHV sys t em used f o r  t h i s  experiment w a s  a 6 inch diameter 
by 12 inch long c y l i n d r i c a l  s t a i n l e s s  steel chamber w i t h  two 8 inch 
and f i v e  2-3/4 inch copper gasketed p o r t s ;  the  p o r t s  provided adequate 
viewing windows and e l e c t r i c a l  feedthrough capab i l i t y .  The chamber 
w a s  roughed i n  succession by a l i qu id -a i r  trapped mechanical pump and 
a l i q u i d  a i r  cooled Vac-Sorb pump. A 40- l i te r / sec  Vac-Ion pump and 
i t s  r e l a t e d  vacuum gauge were used for  a t t a i n i n g  and measuring high 
vacuum. 
by winding heat ing tapes  around the main cy l inder  and the  pumping 
po r t .  The m u l t i p l i e r  quiescent  and output  cu r ren t s  were measured 
w i t h  separa te  HP 425A DC micro-volt ammeters. The m u l t i p l i e r  acceler-  
a t i n g  vol tage w a s  provided by a North E a s t  S c i e n t i f i c  Corp. RE 5002 
regula ted  power supply. Figure 4 i l l u s t r a t e s  the  experimental setup. 
The 45-volt b a t t e r y  a t  the output end of t he  m u l t i p l i e r  provided the 
appropr ia te  e l e c t r i c  f i e l d  for the c o l l e c t o r  e lec t rode .  

Provis ion f o r  hea t ing  t h e  sys t em t o  2OO0C or higher w a s  made 

2. Beta Source Exc i t a t ion  

The NASA-provided source was an 0.26 m i l l i c u r i e  X i 6 3  Se t a  
emitter (92-year ha l f  l i f e ;  67 KeV max) of e l e c t r o l y t i c a l l y  deposi ted 
n icke l  on a s t a i n l e s s  s t e e l  stud. The emi t t i ng  a rea  of the  source 
w a s  a 1/8 inch diameter c i r c l e .  
i n t e g r a t i o n s  per  second, or a maximum cur ren t  of 1 .5  x 10-l2 amps 
if a l l  be t a  p a r t i c l e s  were emitted. A l a r g e  e l ec t rode  i n  c lose  prox- 
i m i t y  and biased pos i t i ve  w i t h  respect to  the beta source co l l ec t ed  
a f a i r l y  uniform cur ren t  of 5 x 10-13 amps f o r  c o l l e c t i o n  vol tages  
between 15  and 100 vo l t s .  

T h i s  provided about lo7 t o t a l  dis-  

The input  a p e r t u r e  of the channel m u l t i p l i e r  was a 0.012 inch 
x 3/8 inch sl i t .  Experiments were performed w i t h  the following con- 
f igu ra t ions :  (1)  the source i n  close proximity t o  the  m u l t i p l i e r  
i npu t  s l i t ;  (2) the  source i n  a cy l ind r i ca l  housing w i t h  a co l l imat ing  
s l i t ;  (3) a p a i r  of funnel e lec t rodes  a t  the input  of the  m u l t i p l i e r ;  
and (4) the  configurat ion i l l u s t r a t e d  i n  Fig. 4. The last  conf igura t ion  
w a s  selected because i t  provided the  most e f f i c i e n t  input  geometry. 
E lec t ron  acce le ra t ing  vol tages  between the  source and intermediate  
e l ec t rode  (V,) and between t h e  intermediate e l ec t rode  and m u l t i p l i e r  
i npu t  (VE) w e r e  provided. The input cu r ren t  t o  the m u l t i p l i e r  w a s  
l a r g e r  when these vol tages  were about equal and increased as both 
vol tages  were increased t o  a maximum i n  the  range from 125 t o  150 v o l t s .  
Figure 5 i l l u s t r a t e s  these c h a r a c t e r i s t i c s  and the general  gain-voltage 
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r e l a t i o n s h i p  of the high-resistance m u l t i p l i e r  used f o r  t he  f i r s t  gain- 
f a t i g u e  study described i n  t h e  next s ec t ion .  The e f f e c t i v e  m u l t i p l i e r  
i npu t  cu r ren t  was approximately amps, which obviously included 
some secondary e l e c t r o n s  emi t ted  from the  in te rmedia te  e l e c t r o d e  and 
acce le ra t ed  t o  the m u l t i p l i e r  i n p u t .  

3. Mul t iDl ie r  ODerational Resu l t s  

a. Gain Fatigue vs Time 

The m u l t i p l i e r  ( s t r i p s  39/40), source,  and r e l a t e d  elec- 
t rodes  were i n s t a l l e d  i n  the  UHV system and the  system was evacuated. 
Following a 200°C bakeout, the  vacuum w a s  about 6 x 10" t o r r ,  decreas ing  
dur ing  subsequent opera t ion  t o  between 1 and 2 x 10'' t o r r .  
N i 6 3  source, w i th  3.95 KV applied t o  t h e  m u l t i p l i e r ,  t he  i n i t i a l  out- 
put c u r r e n t  w a s  2.8 x amps. This decreased r ap id ly ,  but a t  a 
decreas ing  ra te ,  reaching 0.6 x amps a f t e r  110 hours. Figure 6 
i l l u s t r a t e s  t h i s  ga in  f a t igue  e f f e c t  dur ing  the  e n t i r e  ope ra t iona l  
period. 

Using the  

A t  t he  110-hour po in t ,  t he  voltages were turned o f f  for t h e  week- 
end. When the  vol tages  were reappl ied,  t h e  output  cu r ren t  w a s  found 
t o  have p a r t i a l l y  "recovered" t o  1.5 x amps; however, t h i s  c u r r e n t  
decreased very r ap id ly  i n i t i a l l y ,  and then resumed the  earlier decay 
s lope.  A f t e r  a second week's run, t o  270 hours e lapsed  t i m e ,  t he  
m u l t i p l i e r  w a s  aga in  shut  o f f .  When turned on following the  weekend, 
i t  aga in  exh ib i t ed  the  "recovery" and r ap id  decay, followed by the  
resumption of t he  p r i o r  dec l in ing  decay rate. 

Af t e r  385 hours of opera t ion ,  t h e  output cu r ren t  w a s  a t  0.5 x 
amps, down a f a c t o r  of 6 from the  o r i g i n a l  output.  The m u l t i p l i e r  
vo l t age  w a s  then reduced by 500 v o l t s  t o  3.45 KV, which produced an 
order-of-magnitude decrease i n  output c u r r e n t  t o  0.4 x amps, 
a r r i v i n g  a t  and remaining a t  0.29 x 10-l' amps during the  450- t o  
500-hour opera t iona l  per iod.  The vol tage  w a s  then r e s t o r e d  t o  3.95 KV 
and the  output cu r ren t  increased to  t h e  l e v e l  represented by an exten- 
s ion  of t he  decay curve from the  preceeding 3.95 KV opera t ion ,  w i th  
the  decay rate s t i l l  decreasing. 

A t  t h e  550-hour poin t ,  t he  m u l t i p l i e r  vo l tage  w a s  increased  by 
9 another  500 v o l t s  t o  4.45 KV, yie ld ing  an output  cu r ren t  of 2.8 x 10- 

amps. This f e l l  o f f  less r a p i d l y  than during the i n i t i a l  hours of 
ope ra t ion ,  but a t  a more rap id  r a t e  than a t  the  p r i o r  3.95 KV l e v e l ,  
aga in  wi th  the  decay rate decreasing. A t  about 650 hours t h e r e  w a s  
a modest unexplained drop, presumably abrupt ,  i n  output cur ren t .  
Except f o r  b r i e f  test per iods,  opera t ion  w a s  continued a t  4.45 KV t o  
a t o t a l  of over 2500 hours of elapsed t i m e .  The ga in  continued t o  
drop a t  a slow and decreasing r a t e ,  poss ib ly  represent ing  an exponen- 
t i a l  decay t o  a cons tan t  value. Additional experiments a f f e c t i n g  the  
m u l t i p l i e r  vo l tage ,  temperature, and environmental exposure were con- 
ducted during t h i s  period and are repor ted  i n  subsequent s ec t ions .  
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The general  test  procedure was t o  read and record the  m u l t i p l i e r  
vol tage,  quiescent  cur ren t ,  output cu r ren t ,  and vacuum severa l  t i m e s  
during each working day, and a t  other  t i m e s  dur ing t h e  n ight  and week- 
ends when measurements of s ign i f icance  were an t i c ipa t ed .  

I n  a May 14,  1965 le t te r  from Don Lind of the  NASA GSFC s t a f f ,  
da t a  had been provided on the  i n i t i a l  ga in  decay of a commercial 
channeltron during i t s  f i r s t  100 hours of operat ion.  These da t a  have 
been added t o  Fig.  6 t o  pe rmi t  ready comparison w i t h  the  r e s u l t s  f o r  
the  SRI s t r i p  m u l t i p l i e r  during i t s  corresponding opera t iona l  period. . 
The r e s u l t s  are s t r i k i n g l y  similar. 

b. Recoverv Ef fec t s  

The p a r t i a l  and temporary ga in  recovery following non- 
opera t iona l  per iods,  reported i n  the preceding sec t ion ,  w a s  given 
f u r t h e r  study. The c o l l e c t o r  voltage,  the  input  beta source,  and 
intermediate  e l ec t rode  vol tages  were l e f t  on, and the m u l t i p l i e r  high- 
vol tage turned o f f .  The high voltage was reappl ied f o r  b r i e f  (10- to 
20 second) per iods a t  i n t e r v a l s  of a f e w  minutes t o  determine t h e  
recovery rate. Figure 7 i l l u s t r a t e s  the  output cur ren t  vs  t i m e  charac- 
terist ic,  showing tha t  recovery t o  a s t a b l e  l e v e l  i s  exponential .  The 
r a t i o  of t h i s  s t a b l e  l e v e l  t o  the  operat ing l e v e l  p r i o r  t o  turn-off 
of t he  high vol tage var ied between 1 .5  and 3. The t i m e  required t o  
a t t a i n  l /e of the t o t a l  "recovered" cu r ren t  l e v e l  w a s  approximately 
1 minute. 

When the  m u l t i p l i e r  high voltage was reappl ied ,  the  output  cu r ren t  
dropped exponent ia l ly  a t  an i n i t i a l  r a t e .  only s l i g h t l y  slower than 
the  recovery rate. In  45 minutes the  output  cu r ren t  decreased t o  
wi th in  about 15% of t h e  preturnoff l e v e l  and resumed the  p r i o r  decay 
r a t e .  

To explore  the  p o s s i b i l i t y  tha t  t h i s  recovery e f f e c t  might be 
caused by dc charging of t he  mul t ip l i e r  s t r i p  spacers  or support  
s t r u c t u r e ,  or t o  ion  mobil i ty  i n  the r e s i s t i v e  f i lm ,  the m u l t i p l i e r  
was operated f o r  a per iod w i t h  a high ac vol tage r a t h e r  than dc. T h i s  
i s  descr ibed i n  more de ta i l  i n  a subsequent sec t ion .  There w a s  no 
not iceable  recovery e f f e c t  during ac operat ion.  

Following the system bakeout described i n  t h e  subsequent s ec t ion ,  
the m u l t i p l i e r  no longer  exhibi ted t h i s  recovery e f f e c t .  I n  f a c t ,  
a f t e r  the  bake, there was a s l i g h t  loss i n  output cur ren t  (10-15%) 
when the m u l t i p l i e r  high voltage was temporarily turned o f f  and then 
reappl ied.  The m u l t i p l i e r  would q u i c k l y  regain i t s  p r i o r  opera t ing  
l e v e l  when the  vol tage w a s  l e f t  on continuously.  

c .  Thermal E f f e c t s  

During the 200' C preoperat ional  bakeout of the 39/40 
s t r i p  m u l t i p l i e r ,  a s i g n i f i c a n t  decrease i n  output  cur ren t  w i t h  increas-  
ing  temperature w a s  noted. A s  the ga in  f a t igue  study progressed, t h e  
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measured output cu r ren t  showed a modest 24-hour c y c l i c a l  v a r i a t i o n  
superimposed on the  long-term fa t igue  e f f e c t .  This corresponded 
c l o s e l y  t o  the  d a i l y  room temperature v a r i a t i o n s ,  but delayed by seve ra l  
hours due t o  the  thermal i s o l a t i o n  of t h e  m u l t i p l i e r  device i n  i t s  
mounting wi th in  the  UHV sys tem.  An excursion of approximately *lo% 
around t h e  average output current l e v e l  w a s  r e p r e s e n t a t i v e  dur ing  the  
9- t o  10-hour d a i l y  observa t ion  period. Typical room temperature 
v a r i a t i o n s  w e r e  *4' t o  ~ O C  from a nomimal 2 1 ' ~  poin t .  

The r e s i s t i v e  f i l m  of t he  mul t ip l i e r  has  a high inverse  r e s i s t a n c e  
c o e f f i c i e n t  with temperature; hence the  quiescent  dynode cu r ren t  a l s o  
va r i ed  with temperature. Figure 8 shows a r e p r e s e n t a t i v e  dynode t e m -  
pera ture- res j s tance  r e l a t ionsh ip .  Since the  high-voltage supply w a s  
w e l l  r egula ted ,  t he re  w a s  no measurable change i n  the  m u l t i p l i e r  
acce le ra t ing  voltage.  Measurement of  t h e  quiescent  c u r r e n t  permitted 
c a l c u l a t i o n  of the  s t r i p  r e s i s t ance  and e s t ima t ion  of the temperature. 

I t  i s  gene ra l ly  recognized i n  the  l i t e r a t u r e  t h a t  t he re  would be 
no measureable change i n  secondary emission r a t i o  wi th  temperature f o r  
the range of experimental temperatures involved here. I t  would appear 
t h a t  t he  ga in  change w a s  due to mechanical displacement of t he  s t r i p  
m u l t i p l i e r  su r f aces  because of d i f f e r e n t i a l  thermal expansion co- 
e f f i c i e n t s  of the mounting s t ruc tu re ,  and/or t o  s l i g h t  changes i n  the  
r e s i s t i v e  f i l m  uniformity,  and hence i n  the  d i s t r i b u t i o n  of the  multi-  
p l i e r  acce le ra t ing  f i e l d .  A Control Science Corporation report '  no tes  
a f a c t o r  of th ree  t o  fou r  increase  i n  output  c u r r e n t  from a Bendix 
channeltron m u l t i p l i e r  f o r  a change i n  temperature from 23' t o  5OoC. 

I n  add i t ion  t o  these  r eve r s ib l e  gain-temperature e f f e c t s ,  bakeout 
of  t h e  experimental s e tup  produced some nonrevers ib le  changes. A t  
1080 hours, a l l  vo l tages  w e r e  removed from t h e  m u l t i p l i e r ,  and t h e  
s y s t e m  baked t o  200°C f o r  1 0  hours. 
the  m u l t i p l i e r  s t r i p s  w e r e  cooler  than t h e  surrounding vacuum s y s t e m  
w a l l s ,  reaching an es t imated  1 3 O o C  ( a  f i g u r e  der ived  from the  change 
i n  m u l t i p l i e r  f i l m  re s i s t ance ) .  Af te r  cool ing,  and wi th  the  former 
vo l t ages  reappl ied ,  t h e  output cur ren t  w a s  double i t s  prebake opera- 
t i o n a l  l e v e l  (1.9 x lo-' vs 0.95 x 
decay rate from t h i s  higher l e v e l .  

Because of t h e  thermal i s o l a t i o n ,  

a ) ,  and resumed i t s  p r i o r  

A t  2040 hours, the  output cur ren t  had again dec l ined  t o  the  
0.95 x amp l e v e l .  With a l l  voltages on, t he  vacuum chamber t e m -  
pe ra tu re  w a s  r a i s e d  t o  32 C,  producing an output cu r ren t  drop t o  
0.55 x 
a corresponding output  cu r ren t  of 0.17 x l o 9  amps. 
w a s  next  r a i s e d  t o  200°C on the  vacuum chamber w a l l ,  with t h e  high 
vo l t age  reduced t o  2 KV t o  avoid the p o s s i b i l i t y  of thermal runaway. 

0 

amps. The temperature w a s  then r a i s e d  t o  49OC, y i e ld ing  
The temperature 

Channeltron Experiment" F ina l  Report, Control Science Corp. Contract 
NAS 5-3749, 5 October, 1964. 
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The m u l t i p l i e r  s t r i p  r e s i s t a n c e  dropped more than a f a c t o r  of 10, t o  
1 .7  x l o9  a. A f t e r  cooling overnight, opera t ion  w a s  r ee s t ab l i shed  
with the  previously appl ied  voltages, producing an i n i t i a l  ou tput  
c u r r e n t  of 0.05 x lo-’ amps, which rose  t o  0.09 x lo-’ amps and sta- 
b i l i zed .  Next followed a 2OO0C bake with the  high vol tage  turned o f f .  
A f t e r  cool ing,  t h e  o u t  u t  c u r r e n t  had f a l l e n  t o  0.02 x 10-9 amps. Thus, 
where prev ious ly  a 200 C bake w i t h  t he  high vol tage  o f f  had doubled 
t h e  ga in ,  a similar bake wi th  t h e  high vol tage  l e f t  on (only 2 KV 
during the  h igher  temperature port ion)  reduced the  ga in  by more than 
an o rde r  of magnitude. A subsequent high-voltage-off bake reduced 
the  output s t i l l  f u r t h e r .  

8 

The preceding resu l t s  were obtained us ing  the  high-resistance 
m u l t i p l i e r .  I n  the  study of t he  low-resistance s t r i p  m u l t i p l i e r ,  where 
the  I2R heat ing  of t he  r e s i s t i v e  f i lm i s  s i g n i f i c a n t ,  a very substan- 
t i a l  gain-temperature r e l a t i o n s h i p  w a s  noted. This i s  i l l u s t r a t e d  i n  
Fig. 10. 

d. AC Operation 

I n  an attempt t o  shed l i g h t  on the  previously noted 
recovery e f f e c t ,  t he  m u l t i p l i e r  was opera ted  f o r  a per iod  of over an 
hour with 2 . 2  KV ac r m s  i n  p lace  of t he  4.45 KC dc a c c e l e r a t i n g  voltage.  
I t  w a s  determined experimentally t h a t  2 KV dc w a s  a s u f f i c i e n t  vo l tage  
t o  prevent any recovery. The recovery e f f e c t  w a s  checked p r i o r  to ,  
during (with b r i e f  r e s t o r a t i o n  of the dc vol tage) ,  and immediately 
following t h e  app l i ca t ion  of t he  high-voltage ac. During the  checks 
before  and a f t e r  t h e  ac opera t ion ,  t he  ga in  recovery e f f e c t  w a s  as 
noted previously.  There w a s  no s i g n i f i c a n t  recovery ( i .e. ,  ga in  
change) when the  m u l t i p l i e r  was checked wi th  the  normal dc vol tages  
f o r  b r i e f  i n t e r v a l s  during the  period of ac operation. I n  o t h e r  words, 
t he  ac high vol tage  sus ta ined  the  l e v e l  of g a i n  i n  a manner s i m i l a r  t o  
t h a t  developed under dc high-voltage operation. This would s e e m  t o  
i n d i c a t e  t h a t  t h e  recovery e f f e c t  was not  due t o  dc charging 
m u l t i p l i e r  s t r i p  spacers  or mounting s t r u c t u r e ,  or t o  a slow 
or d r i f t  i n  t h e  r e s i s t i v e  f i lm.  

e. AtmosDheric ExDosure 

of the  
ion  mobi l i ty  

J u s t  p r i o r  t o  the  conclusion of the  f i r s t  ga in  f a t i g u e  
run, t he  e f f e c t  o f  exposure of the m u l t i p l i e r  su r f aces  t o  p a r t i a l  and 
f u l l  atmospheric pressure  w a s  explored. A t  2280 hours, a i r  drawn 
through a l i q u i d  n i t rogen  trapped tube w a s  admitted t o  the  vacuum 
s y s t e m  through a needle valve, b r i e f l y  r a i s i n g  the  s y s t e m  pressure  
from i t s  nominal 2 x lo-’ t o r r  t o  5 x t o r r .  This followed the  
f i n a l  opera t iona l  and nonoperational ( i .e. ,  wi th  and without dc high- 
vol tage  appl ied)  system bakes. The needle valve w a s  then c losed  and 
the  normal vacuum l e v e l  quickly restored.  The ou t  u t  cu r ren t  jumped 
from i t s  p r i o r  0.02 x lo-’ amp leve l  t o  0.04 x lo-’ amps, and over a 
per iod  of s eve ra l  days rose t o  0.06 x lo-’ amps. 
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A t  2420 hours, the  system w a s  l e t  up t o  a i r  through a DRIERITE 
cy l inder ,  held a t  atmospheric pressure f o r  30 minutes, and then re- 
pumped t o  the  The output  cur ren t  (with the 
previous vol tages  appl ied)  rose t o  1.15 x 10'' amps, dropping slowly 
over a period of days t o  0.75 x amps. I t  appeared to  be approach- 
ing  an output  l e v e l  and decay r a t e  corresponding t o  an extension of 
the decay s lope preceeding the f i n a l  bakes and a i r  exposures. 

t o  lo-' t o r r  level .  

f .  High vs  Low S t r i p  Resistance 

Following the 2500-hour run with the  f i r s t  s t r i p  m u l t i -  
p l i e r  ( s t r i p s  39/40; 1 .8  x 10l1 ohms r e s i s t ance  a t  1 KV), a mul t ip l i e r  
with s u b s t a n t i a l l y  lower res i s tance  ( s t r i p s  37/38; 1 .6  x lo8  ohms 
r e s i s t a n c e  a t  1 KV) was mounted i n  the  UHV s y s t e m  i n  the same manner 
as the  p r i o r  device. Because of t h e  long p r i o r  operat ion of the  UHV 
s y s t e m  a t  low pressure and the very modest amount of handling and new 
material i n se r t ed  i n t o  the system, a pressure of 5 x t o r r  was 
r e a d i l y  achieved without a preoperational bake. The pressure dropped 
t o  7 x t o r r  during the  operat ional  period. The opera t iona l  setup 
was the same a s  f o r  the  e a r l i e r  run (Fig. 4) .  Because of the  sub- 
s t an t i a l  inverse temperature coe f f i c i en t  of r e s i s t a n c e  of the  dynode 
s t r i p  f i lm,  the series r e s i s t o r  functioned as a cur ren t - l imi t ing  
r e s i s t o r ,  preventing thermal run-away i n  the r e l a t i v e l y  low-resistance 
mul t ip l i e r .  Since the  quiescent  current  flowing i n  the lower-resistance 
m u l t i p l i e r  w a s  i n  the  range of 10 ' s  t o  100 ' s  of microamps, subs t an t i a l  
vol tage drops w e r e  developed across the  se r i e s - l imi t ing  r e s i s t o r .  An 
e l e c t r o s t a t i c  voltmeter w a s  i n s t a l l e d  across the  m u l t i p l i e r  t o  measure 
the  ac tua l  acce le ra t ing  voltage.  A two-step (0-5.5 and 5.5-10 KV) 
North E a s t  S c i e n t i f i c  Corp. high-voltage supply w a s  used t o  provide the  
r e q u i s i t e  t o t a l  opera t iona l  voltage. 

The 37/38 m u l t i p l i e r  was i n i t i a l l y  operated a t  about 3 KV. This 
requi red  a t o t a l  vol tage of 5.75 KV. The r e s i s t ance  of the  m u l t i p l i e r  
dropped r ap id ly  from 170 t o  about  60 megohms, and continued dropping 
slowly. This, of course,  changed the  quiescent  cu r ren t  flowing 
through the  series r e s i s t o r  and mul t ip l i e r ,  and hence the  acce le ra t ing  
vol tage across  it. To determine the constant-voltage output cur ren t ,  
a gain/voltage curve w a s  run on the m u l t i p l i e r  t o  determine the  mag- 
n i tude  of output cur ren t  change as a func t ion  of acce le ra t ing  voltage.  
Using t h i s  da ta ,  a "3-KV normalized" output cu r ren t  w a s  computed. 
This  i s  shown i n  Fig. 9 and compared with the  i n i t i a l  por t ion  of  the  
ear l ier  ga in  f a t igue  run. 

The normalized output current  i n i t i a l l y  decreased r ap id ly  from a 
This decay abrupt ly  changed a f t e r  a few hours; 2.3 x 10-9 amp l e v e l .  

the  output  cur ren t  increased from 1 .0  x t o  1 . 4  x amps and 
l eve led  o f f .  

Af t e r  45 hours of operat ion,  the high vol tage  w a s  turned o f f  t o  
see i f  the  recovery e f f e c t  noted in  the  p r i o r  run  w a s  present .  Instead,  
the output  cur ren t  decreased, but resumed the  former l e v e l  following 
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r eapp l i ca t ion  of the  high voltage.  The m u l t i p l i e r  resistance w a s  calcu- 
l a t e d  and is  indica ted  i n  Fig. 9 for  p e r t i n e n t  p o i n t s  on t h e  gain/time 
curve. I t  seemed evident  t h a t  some m u l t i p l i e r  thermal e f f e c t  a s soc ia t ed  
with the r e s i s t a n c e  change could be the  cause of these  unexpected r e s u l t s .  
With an increase  i n  the  appl ied  high voltage t o  8.25 KV, the  m u l t i p l i e r  
resistance decreased t o  about 30 megohms, producing a s i g n i f i c a n t  in-  
crease i n  the  3-KV normalized output cu r ren t .  The series r e s i s t a n c e  w a s  
next reduced t o  8 megohms t o  reduce the  v a r i a t i o n  i n  m u l t i p l i e r  vo l tage  
with r e s i s t ance .  The m u l t i p l i e r  r e s i s t ance  continued t o  decrease t o  22.4 
megohms, and the  output cu r ren t  increased t o  5.1 x amps (normalized) 

From a s t a b l e  opera t ing  po in t  (8-megohms series r e s i s t a n c e ;  2.6-KV 
m u l t i p l i e r  vo l tage ;  9.9-megohms mul t ip l i e r  r e s i s t a n c e ;  0.25 x lo-’ amps 
a c t u a l  ou tput  cu r ren t )  a series of gain-voltage measurements w e r e  run. 
The series r e s i s t o r  w a s  removed and the  high-voltage stepwise va r i ed  
quick ly  from 1.0 t o  4 . 0  KV while the corresponding quiescent  and ou tpu t  
currents w e r e  recorded a t  convenient vo l tage  i n t e r v a l s .  Then the h igh  
vol tage  w a s  turned o f f ,  al lowing the m u l t i p l i e r  t o  cool down. A t  t i m e  
i n t e r v a l s  s t a r t i n g  wi th  10 minutes and increas ing ,  add i t iona l  b r i e f  gain- 
vo l t age  measurements w e r e  made. The r e s u l t s  presented i n  Fig. 1 0  show a 
marked change i n  output c u r r e n t  w i t h  m u l t i p l i e r  r e s i s t a n c e  (and hence with 
temperature),  increas ing  t o  a maximum and then f a l l i n g  o f f  with increas ing  
temperature (decreasing r e s i s t a n c e ) .  This family of curves r ep resen t s  
dynamic, no t  s t a b l e  condi t ions ,  s ince the  measurements were taken i n  
b r i e f  per iods  of t i m e  without allowing the  m u l t i p l i e r  t o  come to e q u i l i -  
brium. A t  t h e  h igher  vol tages  (and quiescent  c u r r e n t s )  t h e  measured 
va lues  w e r e  varying r a p i d l y  due t o  the m u l t i p l i e r  hea t ing  occasioned by 
the  measurement i t s e l f .  These d a t a  provided an e x c e l l e n t  b a s i s  f o r  under- 
s tanding  the p r i o r  and subsequent mul t ip l i e r  ope ra t iona l  r e s u l t s .  

The m u l t i p l i e r  temperature w a s  no t  measured d i r e c t l y ,  bu t  from p r i o r  
resistance-temperature curves f o r  similar r e s i s t i v e  f i l m s  (Fig. 8), to- 
ge the r  with th ree  opera t iona l  temperature check po in t s ,  approximate 
temperature values w e r e  assigned t o  the  r e s i s t a n c e  abc i s sa  of Fig. 10. 

The m u l t i p l i e r  w a s  next operated a t  2.5 KV wi th  no series r e s i s t o r  
f o r  about 200 hours. The i n i t i a l  warm-up and equi l ibr ium p o i n t s  are 
shown on Fig. 10, i n  which the  blocked-out area r ep resen t s  t he  range of 
parameters encompassed during t h i s  gain f a t i g u e  run. The ga in  vs.  t i m e  
graph i s  p l o t t e d  on Fig. 6 ,  f o r  t h e  equiva len t  ope ra t iona l  per iod ,  super- 
imposed on the  ear l ie r  higher-resistance m u l t i p l i e r  curve. The two 
m u l t i p l i e r s  demonstrated a f a i r l y  comparable decay s lope .  

B. PULSED OPERATION STUDIES 

1. Experimental F a c i l i t i e s  

The i n i t i a l  pulse tests were conducted i n  a MIKROS o i l  d i f -  
f u s i o n  pump vacuum system, with a l i q u i d  air-cooled b a f f l e .  An aluminum 
adap te r  r i n g  provided f o r  e l e c t r i c a l  feedthroughs and ion-gauge mounting 
and supported the  b e l l  jar enclosure. The vacuum l e v e l  w a s  t y p i c a l l y  
5 x 10-5 t o r r .  Operation was a t  room temperature. 
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A thermionic diode e l ec t ron  source, i l l u s t r a t e d  i n  Fig.  11, was 
modified f o r  t r i o d e  operat ion,  t o  provide a pulsed input  t o  the  multi-  
p l i e r .  Dynode s t r i p s  35/36 w e r e  used, w i t h  a r e s i s t ance  (a t  2.5 KV) 
of 2.6 x lo8 ohms. 
t r a t e d  i n  Fig. 4, w i t h  the  pulsed thermionic e l ec t ron  source rep lac ing  
the  rad ioac t ive  emitter and intermediate electrode. A load  resistor 
and osc i l loscope  connected to  the co l l ec to r  permitted viewing the out- 
put waveform. 

The experimental se tup  w a s  similar t o  t h a t  i l l u s -  

2. Pulsed Operation 

a. Thermionic Input 

The ca l ib ra t ed  t r iode  thermionic e l ec t ron  source and the  
m u l t i p l i e r  mount w i t h  dynode s t r i p s  35/36 w e r e  posi t ioned i n  the  MIKROS 
s t a t i o n  and the  sys t em evacuated. The m u l t i p l i e r  w a s  operated a t  2.5 KV, 
corresponding t o  a gain of about 3 x lo5. 
thermionic source provided e lec t ron  b u r s t s  con t ro l l ab le  i n  amplitude, 
dura t ion  and frequency f o r  input  t o  the mul t ip l i e r .  Several  l e v e l s  of 
cu r ren t  pulses ,  ranging from 0.5 to 10 microseconds i n  dura t ion ,  a t  
r e p e t i t i o n  rates of 100 t o  2000 per second, w e r e  appl ied t o  the  multi-  
p l i e r .  N o  s i g n i f i c a n t  d i f fe rence  was observed between the  input  and 
output  waveforms. When the u n i t  was operated a t  2000 pulses  per  second 
of 10-microsecond durat ion,  i t  was on the  threshold of s a tu ra t ion .  
Increasing e i t h e r  the  r e p e t i t i o n  r a t e  or dura t ion  gave a decreased 
output  amplitude. A s  t he  pulse duration w a s  decreased below 1 psec,  
capac i t i ve  coupling caused the  leading and t r a i l i n g  edge of the  input  
s i g n a l  to  show up i n  the  output waveform t o  an increas ing  degree,  
making q u a n t i t a t i v e  measurement d i f f i c u l t .  

Pulsing the g r i d  of the 

I t  had been planned t o  fu r the r  r e f i n e  the  experimental pulse  se tup  
t o  c a r r y  the  study f u r t h e r  and obtain more q u a n t i t a t i v e  da t a ,  but t h e  
pulse  information obtained from observation and ana lys i s  of the  output  
cu r ren t  of the beta-source ac t iva ted  m u l t i p l i e r  i n  the  ga in  f a t i g u e  
se tup  made t h i s  unnecessary. The beta  source provided an input  more 
cons i s t en t  w i t h  the  intended appl ica t ions ,  with random inpu t s  i n  the  
range of t ens  of thousands per  second, and of very shor t  dura t ion ,  f a r  
s h o r t e r  than could reasonably be  achieved by the thermionic t r i o d e  u n i t .  

b. B e t a  Source Input 

The output cu r ren t  of the  39/40 mul t ip l i e r  on l i f e  test 
w a s  examined using a f a s t  osci l loscope.  With ca re fu l  adjustment of 
the scope t r igge r ing  c i r c u i t ,  the  output pu lses  from indiv idua l  input  
e l e c t r o n s  could be viewed on the  scope. A s  the experimental se tup  
w a s  r e f ined  ( f a s t e r  scopes, b e t t e r  ampl i f ie rs ,  and better coupling),  
the observed output pulse width was decreased from 180 t o  40 and f i n a l l y  
t o  about 10 nanoseconds. The f i n a l  se tup  cons is ted  of 6 inches of 
d i rect  l ead  from the  c o l l e c t o r  t o  the  vacuum feedthrough, then 18 inches 
of coax terminated w i t h  50 ohms a t  t h e  input t o  a Tektronix 581 scope. 
The r e s u l t i n g  wave form i s  shown i n  Fig.  12. Estimating 50 pf f o r  the  
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c o l l e c t o r ,  l ead ,  coax, and scope input capaci ty  and a 50-ohm impedance, 
the  c i r c u i t  t i m e  constant  was about 2.5 nanoseconds. Scope rise t i m e  
was 1 . 5  nanoseconds. Since t h e  calculated e l ec t ron  t r a n s i t  t i m e  through 
the  m u l t i p l i e r  is  about 10  nanoseconds, i f  a -+lo% spread i n  t r a n s i t  
t i m e  i s  assumed f o r  an ind iv idua l  p u l s e ,  the  c i r c u i t  and instrument 
c h a r a c t e r i s t i c s  w e r e  approaching compatibi l i ty  w i t h  the an t i c ipa t ed  
r e s u l t  . 

Variable-amplitude, randomly-timed output  pu lses  were noted as 
expected. A counter dr iven f r o m  the s igna l - t r iggered ,  pulse-forming 
output of the scope gave counts on the  order  of 1000 per  second, the  
number being va r i ab le  w i t h  mul t ip l ie r  voltage and extremely s e n s i t i v e  
t o  the  scope t r i g g e r  s e t t i n g .  I t  appeared that  the major i ty  of the  
lower amplitude output  pu lses  were too c lose  t o  t h e  no i se  l e v e l  to  
permit r e l i a b l e  separa t ion  by the  scope t r i g g e r  c i r c u i t  and subsequent 
counting. 

Assuming a gain of 6 x 106 from the  m u l t i p l i e r  f o r  the  higher 
amplitude output pu lses ,  and assuming t h a t  ha l f  of the  output  e l e c t r o n s  
a r r i v e  wi th in  1 nanosecond, a current  peak of 5 x 10-4 amps would be 
developed. With a 50-ohm load,  t h i s  would give a 25-mil l ivol t  pulse .  
The pu lses  recorded by the scope ranged from 1 0  to 70 or 80 m i l l i v o l t s .  

For 6 x lo4  input  p a r t i c l e s  per second and 2 x lo5 average ga in ,  
an output  cur ren t  of 2 x amps should r e s u l t ,  which w a s  q u i t e  con- 
s i s t e n t  w i t h  the measured values. 

C.  DEGRADED VACUUM OPERATION 

Operation of the s t r i p  mu1 t i p l i e r s  under d e l i b e r a t e l y  increased 
pressure  w a s  s tudied whi le  looking f o r  e f f e c t s  a t t r i b u t a b l e  t o  ion- 
feedback through the  mul t ip l i e r .  

The mul t ip l i e r  i n  the MIKROS sys t em w a s  operated a t  2.6 KV w i t h  
2 microsecond pulses  a t  a 2000 per second rep r a t e .  The m u l t i p l i e r  
s e tup  w a s  loca ted  intermediate  i n  the  s y s t e m  between a needle valve 
and a vacuum gauge. The needle valve was opened s l i g h t l y ,  and the 
output  wave form viewed c lose ly  as the  vacuum gauge reading rose from 
i t s  normal 5 x 10-5 t o r r  t o  a s  high a s  2 x 
change i n  the  r i s i n g  slope or i n  the durat ion of the  output  pulse.  
The amplitude of the  output pulse  increased with pressure  and a t  
t o r r  w a s  double the value i n  the  t o r r  range. Meanwhile, the  
inpu t  pulse  t o  the  m u l t i p l i e r  decreased by a f a c t o r  of 2,  presumably 
due t o  decreased emission from the f i lament  and/or e l e c t r o n  c o l l i s i o n s  
w i t h  gas  molecules. The increased output may be a t t r i b u t a b l e  t o  the 
i o n i z a t i o n  of gas molecules near  the m u l t i p l i e r  input  increas ing  the  
e f f e c t i v e  input  cur ren t  and/or t o  increased gain i n  the m u l t i p l i e r  
caused by the r eac t ion  of the a i r  cons t i t uen t s  w i t h  the  dynode surfaces .  

torr. There w a s  no 
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The high-resis tance mul t ip l i e r  i n  the  UHV system was a l s o  exposed 
t o  increased pressure w h i l e  t h e  output pulses  from the  be ta  p a r t i c l e  
input  w e r e  being viewed. The vacuum roughing tube  (copper) was cooled 
i n  l i q u i d  a i r  and mechanically pumped. The roughing valve of the vacuum 
s y s t e m  w a s  cracked open, and the s y s t e m  pressure w a s  allowed t o  rise. 
The m u l t i p l i e r  w a s  physical ly  o f f s e t  from the  d i r e c t  l i n e  between the 
a i r  i n l e t  and the  vacuum gauge; hence, the  opera t ing  pressure  i n  the  
v i c i n i t y  of the  m u l t i p l i e r  w a s  probably somewhat lower than the  gauge 
reading. 

The in t eg ra t ed  m u l t i p l i e r  output cur ren t  remained constant  a s  t h e  
pressure  rose from the 10-8 t o r r  range t o  10-6 t o r r .  torr i t  
had increased by about 4% and a t  torr by an order  of magnitude. 
No change i n  the approximately 10-nanosecond pulse  width or the shape 
of the output  pu lses  w a s  noted, although there w a s  some increase  i n  
the  frequency of occurrence. The scope sweep speed w a s  decreased so 
t h a t  the 10-microsecond period immediately following each output pulse  
could be viewed. This encompassed the t i m e  per iod f o r  ions  generated 
near  the  m u l t i p l i e r  output t o  t rave l  t o  the  input  and i n i t i a t e  another 
cascade of e lec t rons .  N o  s ign i f i can t  number of pu lses  w e r e  observed 
wi th in  t h i s  period. Again, t h e  increased cur ren t  may be a t t r i b u t a b l e  
t o  an ionization-supplemented input and/or increased m u l t i p l i e r  gain 
r e s u l t i n g  from a i r  cons t i tuent ,  dynode in t e rac t ion .  

A t  

D. MULTIPLIER CALCULATIONS 

1. Gain 

With some simplifying assumptions, a series of f a i r l y  s t r a i g h t -  
forward ca l cu la t ions  provided a surpr i s ing ly  r e a l i s t i c  t h e o r e t i c a l  ga in  
vol tage  curve. Using the equations of motion, 
and d is regard ing  space charge e f f e c t s ,  - 

Y Y t  
y = V t or V = - 

Y Y t  
+ x  

2 2 2eV e V  = &  mv or v = -  
Y Y m ’  

where V = secondary-emission ve loc i ty  normal t o  subs t ra te .  
Y 

Hence, 2 
t2 -my  where - 2 e ~  ’ t i s  time for  a secondary e l ec t ron  t o  t r ave r se  

the  m u l t i p l i e r  p l a t e  spacing. 

2 + 3 axt . Assume zero secondary ve loc i ty  i n  x d i r e c t i o n ;  
i .e. ,  Vox = 0 

t x = vox 

F = M a  = e E  o r a  = - ,  eEx and 
X X X X m 

2 2mx t = - . Equating t’s. 
eEX 

2 
x = . - 

4v 
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For the  f ixed  m u l t i p l i e r  spacing and length,  a t  any appl ied vol tage,  
E i s  determined. For assumed secondary-electron v e l o c i t i e s  normal t o  
t%e m u l t i p l i e r  sur face ,  the  x dis tance t r a v e l  per  hop w a s  computed, as 
well  as the number of hops t o  t r a n s i t  t he  X dimension. From a secondary- 
emission r a t i o  versus vol tage curve f o r  the dynode f i l m  material (F ig . l3) ,  
the  g a i d v o l t a g e  curve of Fig. 14 was developed. For comparison, t he  
measured g a i n h o l t a g e  r e l a t ionsh ip  for  m u l t i p l i e r  s t r i p s  35/36 is  a l s o  
included. Figure 15  shows an intermediate cons t ruc t ion  he lpfu l  i n  the 
ca l cu la t ion .  The ca l cu la t ion  does not  take i n t o  account the gain sat- 
u ra t ion  e f f e c t  which occurs when the  secondary cu r ren t  leav ing  the  
r e s i s t i v e  f i l m  near the  output  end i s  such a high f r a c t i o n  of the 
quiescent  cur ren t  i n  the f i l m  e s t ab l i sh ing  the a x i a l  f i e l d  t h a t  the  
uniformity of the f i e l d  i s  disturbed. 

2. T rans i t  Time Calculat ion 

For the m u l t i p l i e r  geometry used, 2.5-KV acce le ra t ing  vol tage,  
and assuming a nominal 2.5-eV secondary emission normal t o  the dynode 
sur face ,  secondary e l e c t r o n s  would t r a v e l  0.04 inch i n  the  x d i r e c t i o n  
before s t r i k i n g  the  opposi te  surface,  and a r r i v e  with 100-eV energy. 
T h i s  would give 25 hops f o r  complete t r a n s i t .  

T r a n s i t  t i m e  _--____ 
e v + 2 - v  

0 m T =  e v  
m d  
- -  

where 

v = a x i a l  secondary emission ve loc i ty  

V = terminal e l e c t r o n  veloci ty  

0 

d = e lec t ron  t r a v e l  per  hop 

-10 
T = 3.8 x 1 0  seconds per  hop, or 9.5 nanoseconds, f o r  a 25-hop 
t r a n s i t .  

The d i r ec t - e l ec t ron  t r a n s i t  t i m e  f o r  1 inch of t r a v e l  w i t h  2.5 KV 
acce le ra t ion  would be about 1.7 x sec. A s ing ly  charged ' i ,on of 
mass 30would have an d e  value of about 6 x l o 4  t i m e s  t h a t  of an 
e l ec t ron ,  for a ve loc i ty  f a c t o r  of 1/245; hence ion t r a n s i t  t i m e  f o r  
the  length  of the  m u l t i p l i e r  would be on the  order  of t en ths  of micro- 
seconds. 
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I I I CONCLUSIONS 

A. GAIN FATIGUE 

Tubular or channel-type m u l t i p l i e r s  and SRI para l le l -p lane  or 
s t r ip - type  m u l t i p l i e r s  undergo s t r i k i n g l y  s imi l a r  gain f a t i g u e  e f f e c t s  
when operated under similar conditions ( i . e . ,  room temperature; t o  

t o r r  vac-ion environment; radioact ive be ta  emitter inpu t ) .  These 
u n i t s  d i f f e r e d  s u b s t a n t i a l l y  i n  t h e i r  subs t r a t e  mater ia l ,  geometric 
shape, contact  e l ec t rode  mater ia l ,  r e s i s t i v e  f i l m  (dynode) ma te r i a l ,  
and f a b r i c a t i o n  process. Two d i f f e r e n t  p a i r s  of s t r i p  m u l t i p l i e r s  
with more than t w o  o rde r s  of magnitude d i f f e r e n t  quiescent  cu r ren t  
a l s o  exhib i ted  s i m i l a r  f a t i gue  e f f e c t s .  The bulk of evidence i n d i c a t e s  
t h a t  t h i s  ga in  f a t i g u e  phonomena i s  caused by a decrease i n  the  secondary, 
emission c h a r a c t e r i s t i c s  of the r e s i s t i v e  (dynode) sur face ,  a t t r i b u t a b l e  
t o  physio-chemical processes a f f ec t ing  the  a c t i v e  sur face  of the  mul t i -  
p l i e r .  

B. GAIN CHANGE 

The ga in  of these d i s t r i b u t e d  dynode m u l i t p l i e r s  is  a l s o  a f f ec t ed  
by the  temperature (both revers ib ly  and nonreversibly)  and the  pressure 
a t  which they opera te ,  as w e l l  as the p r i o r  usage ( including in te r rup-  
ted  usage) t o  which they have been subjected.  

C. PULSE OPERATION 

The s t r i p  m u l t i p l i e r s  have capab i l i t y  f o r  output  pu lses ,  from 
s ing le -pa r t i c l e  input ,  of less than second dura t ion  a t  ga ins  of 
l o 6  t o  lo7 ,  and operate  a t  random t i m e  r e p e t i t i o n  r a t e s  of a t  l e a s t  
l o 4  t o  lo5  p e r  second. 

D. ION FEEDBACK 

Exposure t o  pressures  of t o  t o r r  under otherwise typ ica l  
opera t ing  condi t ions  disclosed no evidence of ion  feedback phenomena. 

E. CHARACTER1 STICS 

The d i s t r i b u t e d  dynode m u l t i p l i e r s  have numerous favorable  charac- 
t e r i s t i c s ,  i .e . ,  small s i z e  and weight, minimal support s t r u c t u r e  and 
number of l eads ,  low power, high gain, and i n t r i n s i c  p o t e n t i a l  d i s -  
t r i b u t i o n ,  which a r e  a l l  important f o r  many p o t e n t i a l  space appl ica t ions .  
I n  add i t ion ,  the  construct ion of the para l le l -p lane  s t r i p  m u l t i p l i e r s  
permits  ready access  t o  the ac t ive  dynode sur faces ,  p r i o r  t o  and 
following operat ion,  t o  permit s t u d y  and measurement of changes t h a t  
may a f f e c t  the  ga in  or other  operat ional  c h a r a c t e r i s t i c s .  

2 9. 



I V  RECOMMENDATIONS 

Gain Fatigue: A bas i c  study of the ga in  f a t igue  effect should be 
undertaken t o  determine the cause or causes of t h i s  phenomenon. Details 
of a suggested approach to  such a study are contained i n  SRI proposal 
No. ESU 66-22, "Analytical  and Developmental Inves t iga t ion  of Elec t ron  
S t r i p  Mul t ip l i e r s  - Phase 111", 20 June 1966. 

Thermal  Ef fec ts :  Further  study of  the  r eve r s ib l e  and nonreversible  
ga in  changes a t t r i b u t a b l e  to the  mul t ip l i e r  thermal environment i s  i n  
order  t o  provide a b e t t e r  understanding of these phenomena and t o  
develop means f o r  e i ther  u t i l i z i n g  or minimizing these e f f e c t s .  

Recovery: An awareness of the recovery phenomena noted during some 
per iods  of i n t e r rup ted  m u l t i p l i e r  operat ion should be maintained. I f  
a cons i s t en t  p a t t e r n  develops it should be s tudied t o  provide i n s i g h t  
i n t o  the  cause and means f o r  a l l e v i a t i o n  of t h i s  e f f e c t .  

Gain-Pressure Effec t :  Further  s-tudy of the  pressure-output cu r ren t  
r e l a t i o n s h i p  should be conducted i f  opera t ion  a t  pressures  above 
10-4 t o r r  i s  an t ic ipa ted .  

3.0 
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3.  ABSTRACT 

The o b j e c t  o f  t h i s  s t u d y  was t o  e v a l u a t e  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  SRI d i s t r i b u t e d  
dynode s t r i p  m u l t i p l i e r s  a s  t h e y  r e l a t e d  t o  p o t e n t i a l  NASA s p a c e  a p p l i c a t i o n s .  
o f  t h e  l o n g - t e r m  g a i n  f a t i g u e  e f f e c t s ,  o p e r a t i o n  i n  a d e g r a d e d  vacuum t o  a s c e r t a i n  s u s c e p t i b i l i t y  t o  
b a c k - i o n  bombardment, and e v a l u a t i o n  of  p u l s e  r e s p o n s e .  

I t  i n c l u d e d  e v a l u a t i o n  

TWO s t r i p  m u l t i p l i e r s ,  w i t h  v a s t l y  d i f f e r e n t  r e s i s t i v i t i e s ,  were o p e r a t e d  f o r  p e r i o d s  of  2500 and 
600 h o u r s ,  r e s p e c t i v e l y .  
each  o t h e r ,  b u t  a l s o  t o  commercial  c h a n n e l  or  t u b u l a r  m u l t i  l i e r s  f a b r i c a t e d  w i t h  s u b s t a n t i a l l y  
d i f f e r e n t  m a t e r i a l s  and geometry.  
s t r i p  m u l t i p l i e r s ,  a t t r i b u t a b l e  t o  p r i o r  o p e r a t i o n a l  h i s t o r y  and t o  t h e  t e m p e r a t u r e  and p r e s s u r e  
envi ronment .  When t h e  p r e s s u r e  was i n c r e a s e d  t o  t o  t o r r ,  u n d e r  o t h e r w i s e  normal  p u l s e d  
o p e r a t i o n ,  t h e r e  was no e v i d e n c e  of  s i g n i f i c a n t  back- ion  e f f e c t s  on t h e  o u t p u t  p u l s e s ,  b u t  t h e r e  was 
a s u b s t a n t i a l  i n c r e a s e  i n  o u t p u t  c u r r e n t ,  which may be  a t t r i b u t a b l e  t o  i o n i z a t i o n - e n h a n c e d  i n p u t  
a n d / o r  i n c r e a s e d  m u l t i p l i e r  g a i n .  

o r d e r  of  106 for s i n g l e  e l e c t r o n  i n p u t s  a r r i v i n g  randomly a t  a mean r a t e  of  lo4 t o  lo5 p a r t i c l e s  p e r  
second.  

They d e m o n s t r a t e d  s i m i l a r  g a i n  f a t i g u e  e f f e c t s ,  n o t  o n l y  w i t h  r e s p e c t  t o  

There  were a l s o  r e v e r s i b y e  and n o n r e v e r s i b l e  g a i n  c h a n g e s  i n  t h e  

T h i s  k i n d  o f  s t r i p  m u l t i p l i e r  y i e l d e d  o u t p u t  p u l s e s  s h o r t e r  t h a n  lo-* s e c o n d s  and  g a i n s  on t h e  

I t  is  c o n c l u d e d  t h a t  d i s t r i b u t e d  dynode m u l t i p l i e r s  have  much t o  o f f e r  i n  terms o f  p h y s i c a l ,  
e l e c t r i c a l ,  and o p e r a t i o n a l  c h a r a c t e r i s t i c s ,  a n d  t h a t  t h e  p a r a l l e l  s t r i p  c o n f i g u r a t i o n  o f f e r s  s p e c i a l  
a d v a n t a g e s  where e v a l u a t i o n  o f  c a u s e s  of g a i n  change or  o t h e r  o p e r a t i o n a l  c h a r a c t e r i s t i c s  is d e s i r a b l e .  

I t  is  recommended t h a t  a b a s i c  s t u d y  o f  t h e  c a u s e s  of  t h e  l o n g - t e r m  g a i n  f a t i g u e  e f f e c t  b e  under -  
t a k e n ,  a s  w e l l  a s  f u r t h e r  s t u d  of t h e  e n v i r o n m e n t a l  ( e s p e c i a l l y  t h e r m a l )  e f f e c t s .  I f  m u l t i p l i e r  
o e r a t i o n  a t  p r e s s u r e s  above 18-4 t o r r  is a n t i c i  a t e d ,  t h e  s t u d y  o f  t h e  r e l a t i o n s h i p  of  p r e s s u r e  t o  
t!e r e l e v a n t  o p e r a t i o n a l  c h a r a c t e r i s t i c s  s h o u l d  Ee e x t e n d e d .  
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