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ABSTRACT: Results of the contamination of surfaces by outgas- 
sing of the OGO-6 s a t e l l i t e  and the rates  a t  which these sur-  
faces are now being cleaned by sputtering and desorption after 
being i n  space for  f ive months are given. 
measurements are being made with a quartz crystal  microbalance 
to define the conditions of A 1  and Au surfaces used i n  an ex- 
periment t o  measure gas-surface energy transfer. I t  was found 
that  the primary source of outgassing on the s a t e l l i t e  was its 
two solar  panels baking out i n  the sun. The time constant for  
the exponential decay of the outgassing is 1,000 hours. The 
maximum amount of contamination adsorbed by the surfaces ex- 
posed t o  the outgassing w a s  reached a f t e r  f ive months i n  orbi t  
and is 96 mg/m2 for  the Al surface and 52 mg/m2 for  the Au sur- 
face. The contamination has a desorption activation energy of 
26 kcal/g mol which f a l l s  into the energy range of materials, 
such as ,  epoxies and vacuum o i l s .  The surfaces are now under- 
going cleaning by desorption a t  1 . 2  x 10-9g/m2s and s uttering 

method to  greatly increase the cleaning rate  by removal of the 
contamination by sputtering with upper atmospheric ions is dis-  
c sed. 
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INTRODUCTION: With the planned orbiting of large manned space 
laboratories i n  the 701s ,  
new dimension. Not only must problems be considered concerned 
with the effects of the environment on the laboratory but also 
the effects of the laboratory on the environment. One area of 
concern is the contamination of surfaces, such as, telescope 
mirrors and windows by the outgassing of materials used i n  the 
construction of the c raf t .  The contamination problem is es- 
pecially troublesome because of the free molecular flow condi- 
tions that  exist i n  the hard vacuum of space. Molecules issu- 
ing from the contamination source flow freely i n  s t ra ight  
l ines  t o  exposed surfaces. I f  these contaminated surfaces a l -  
so point towards the sun, solar  W w i l l  compound the problem 
by polymerizing the o i l  and grease contaminants and a hard 
carbon glaze w i l l  form resulting i n  significant changes i n  the 
optical properties of the surfaces and i n  the accommodation 
coefficients for  gas-surface energy transfer. 

A t  present we are conducting a space experiment t o  mea- 
sure gas-surface energy transfer by upper atmospheric atomic 
and molecular impacts t o  determine how s a t e l l i t e  drag i s  ef- 
fected by various surface materials (1) l .  The experiment i s  
being flown on OGO-6 launched on 5 June 1969 into a polar or- 
b i t  with a perigee of 397 lan and an apogee of 1098 km. 
experiment uses four quartz crystal  probes as dual microbal- 
ances and energy t ransfer  probes. One important par t  of the 
experiment is  to  monitor the ra te  a t  which material is outgas- 
sing from the s a t e l l i t e ,  how much of t h i s  material i s  adsorbed 
by the experimental surfaces, and af te r  the outgassing ra te  
drops to  low levels, a t  what ra te  do the surfaces clean by de- 
sorption and sputtering erosion? Because the rates a t  which 
surfaces are contaminated by s a t e l l i t e  outgassing and cleaned 
by desorption and sputtering are of importance to  the under- 
standing of surface contamination on other spacecraft, we 
would l ike  to  present here the results of measurements on the . 
effects of a space environment on surfaces obtained from 

the space environment has taken on a 

The 

OGO-6. 

INSTRUJvfENTATION: The f l igh t  experimental instrumentation is 
shown i n  Fig. 1 and is 11.4 x 17.8 x 19.1 cm, weighs 2.2 kg, 
and operates a t  28 Vdc on 3.5 !4. The experiment has been de- 
scribed i n  early work (1,Z) and only the general operation of 
the in s tmen ta t ion  w i l l  be given here. The surfaces used i n  
the experiment are  housed i n  the four gold plated probes loca- 
ted behind the shut ter  wheel. The experiment i s  pointed along 
the velocity vector of the s a t e l l i t e  into the a i r  stream. To 

1 
appended t o  th i s  paper. 

The numbers i n  parentheses refer  t o  the list of references 
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minimize weight i n  the OPEP appendage of OGO-6 which has a t t i -  
tude control for  pointing into the upper atmospheric stream, 
the experiment was flown i n  two par ts .  
package is  located i n  the OPEP and connected by a 3 m cable t o  
the L-shaped electronics package located i n  the main body of 
the sa t e l l i t e .  

two Au surfaces. 
on 15 MHz, 1.27 an diameter, optically polished Y-cut quartz 
crystal sensors shown i n  Fig. 2. The sensors are  located i n  
gold plated probes 3.3 an i n  diameter and 9 on long, and view 
space through a 1.8 un diameter window. The f i e ld  of view of 
the surface is  0.13 steradians and the probes effectively col- 
limate the contaminate flux reaching the surfaces. 

mented with an Al plated sensor mounted normal t o  the probe 
axis. 
the probe axis. 
degrees t o  the probe axis. 
the molecular stream and both contamination and energy transfer 
measurements are made with these probes. 
away from the stream by 13 degrees and the molecular stream 
loses i ts  energy by multiple impacts on the wall of the probe, 
and only contamination measurements are made with th i s  probe. 

An eight position shutter, shown i n  Fig. 1, is  mounted in 
front of the probes. Two of the 1.8 an diameter aperatures i n  
the shutter have a 0.5 mm thick BaF2 blank mounted over it for  
chopping the beam. BaF2 is used for  the shutter because its 
wide I R  band minimized temperature changes during shutter op- 
eration. The shut ter  can be periodically stepped open to  per- 
m i t  the upper atmospheric molecular stream to  simultaneously 
impact on the A l  and Au surfaces to  measure gas-surface energy 
transfer. The shut ter  i s  programmed t o  remain open a to t a l  of 
67% of the time and closed for  33% of the time and 67% of the 
outgassing flux reaches the surfaces. 
(100 min) the frequency outputs of the probes are  read out t o  
determine the mass loading caused by contamination. The conta- 
mination measurement i s  made a t  t h i s  point i n  the orbi t  because 
the upper atmospheric kinetic energy flux f a l l s  below 100 mW/ 
m2, the energy transfer threshold of the probe, and energy 
transfer does not in te r fe r  with contamination measurements. 

The probe output frequency is the beat frequency between 
the sensor crystal  and a matched reference crystal. The beat 
frequency i s  used because it effectively cancels out ambient 
temperature changes and any variation i n  the power supply vol- 
tage driving the probe. The reference crystal  is mounted in  a 
chamber jus t  behind the sensor crystal. The chamber front wall 
is 0.05 mm thick gold plated s ta inless  steel with a 1 .27  an 
hole cut i n  it and is attached to  the circumference of the sen- 
s o r  crystal. 
cause an amplitude node exis ts  a t  its edge. 

The four probe sensor 

Four different measurements are being made on two A1 and 
The surfaces are  plated by vacuum evaporation 

The probes are designated A through D. Probe A i s  instru-  

Probe B and C have Au plated sensors mounted normal t o  
Probe D has an A1 plated sensor mounted a t  14 

Probes A, C y  and D are pointed into 

Probe B is pointed 

On every apogee pass 

This does not affect  the crystal  osci l la t ion be- 
The chamber keeps 
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any contamination from reaching the back surface of the sensor 
crystal o r  e i ther  surface of the reference crystal  which would 
effect  the accuracy of the measurements. The Q o r  quali ty fac- 
t o r  of the crystals is 200,000 which assures high frequency 
s t ab i l i t y  from aging and any changes in  the transistors used t o  
drive the crystal  osci l la tors .  
frequency change, OF, of the sensor crystal  caused by mass load- 
ing (3) is  

The general equation for  the 

( 1) 
2 hF = (OmFs /k PA) f Fs(T) - Fr(T) 

where Am is the contaminant loading in  g,  Fs, the fundamental 
frequency of the crystal  i n  Hz, k, constant of quartz = 1.66 x 
l o 6  mm, A, the motional area of the crystal  i n  an2 , and p , the 
density of quartz i n  g / d ,  and Fs(T) the frequency dependence 
of the sensor and reference crystal  to  ambient temperature 
changes. A = 0.1  cmz and le t t ing OFT = Fs(T) - Fr(T) 

(2) dm = (2.5 x 1 0 - ~ ~ / ~  2 H ~ ) ( O F  - A F ~ )  

The ambient temperature of the probes is monitored t o  
t 1'C and OFT = 20 Hz/'C for  Probes A, B ,  and C and these 
Probes can measure contaminant mass loading to  an accuracy of 
- 5 x 10-8g/cm2 (? 0.5 mg/m2). 
fected to  a greater degree by temperature because it is  mounted 
a t  a 14' an l e  t o  the axis of the probe. Its accuracy is t 2 x 

SURFACE CONTAMINATION MEASUREMENTS: The surfaces were prepared 
i n  the laboratory by vacuum evaporation and sputtered atomical- 
ly  clean before instrumentation in  the experiment. 
laboratory unt i l  insertion into orbi t  the Al surface collected 
32 mg/m2 and the Au surface 1 4  mg/m2 of m a s s  from exposure t o  
atmospheric contamination on the ground (Los Angeles smog). 

are shown i n  Fig. 3. Data given from launch unt i l  31 July are 
production data from the continuous readout of the experiment. 
From 1 August on, the data is  "quick look" received every few 
days for  several minutes a t  a time which accounts for  the gaps 
in  the measurement points. 

The Al surface placed noma1 t o  the direction of the con- 
tamination flux has adsorbed approximately four times as much 
contamination as an A l  surface mounted 14' t o  the flux and 
shows that  the outgassing is external to  the experiment and not 
internally generated. The A l  surfaces have adsorbed about 
twice as much mass as the gold surfaces. 
gaining more mass because the outgassing material has a larger 
s t ickin coefficient for  A 1  than Au. 
stream 8as gained a l i t t l e  more mass than the Au surface 

The sensor in  Probe D is af-  

10-7g/Qn2 (- ri 2 mg/m2). 

From the 

Results of contamination of A l  and Au surfaces on OGO-6 

The A 1  is  probably 

The Au surface in  the a i r  
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shielded from the stream. 
contamination layer on the surface in  the molecular stream is 
picking up a small amount of  atomic oxygen by chemisorption 
while the control surface shielded from direct  atmospheric i m -  
pacts is not reacting w i t h  0. 

The .contamination flux reaches a maximum when the surfaces 
are pointed towards ei ther  one of the two solar panels on the 
s a t e l l i t e  i n  June and drops t o  near zero in  August when pointed 
into deep space because o f  rotation of s a t e l l i t e  orbit  plane to  
the earth-sur, l ine,  and shows that the panels are the primary 
source of contamination. 

The s a t e l l i t e  outgassing flux consists of two main compo- 
nents, volat i le  gases such as 02, N2, CO , and H20 and relative- 
ly  low-volatile materials such as o i l  ani paint that  require a 
long period t o  outgas. 

The volat i le  materials boi l  off the s a t e l l i t e  and reach 
very low levels i n  the f i r s t  few days a f t e r  launch. The cloud 
that enveloped the s a t e l l i t e  apparently shielded it from direct  
atmospheric impacts for  many hours and incoming atmospheric mo- 
lecules l o s t  a significant portion of the i r  kinet ic  energy by 
par t ic le-par t ic le  interactions before impacting on surfaces. 
Xe were unable t o  detect any gas-surface energy transfer from 
the upper atmosphere unt i l  72 hours a f t e r  launch. 
volat i le  gases are not adsorbed t o  any significant amount by 
the surfaces used in  the experiment, no quantitative measure- 
ment on the flux of these particles was made. 

The low volat i le  materials outgassing from the s a t e l l i t e  
s t ick  to the experiment surfaces and an estimate of the flux of 
the low-volatile material was possible. Assuming a sticking 
coefficient of the flux on aluminm of 0.7 a t  the s t a r t  of ad- 
sorption (4) and taking into account the time the shut ter  is 
closed and the view angle of the surface, the mass flow t o  the 
experiment a t  zero revolutions from Fig. 3 is 

One explanation for  t h i s  is that  the 

Because these 

[dM/dt]= 9.2 x 10-llg/cmzs 
t = O  

2 In the International system units the flow is 9.2 x 10-7 g/m s. 
Assuming the molecular weight averages 200 g,  because low-vola- 
t i le  o i l s  have large molecular weights, the outgassing flux i n  
the vicinity of the experiment is  

(41 
11 2 F = 2.7 x 10 part/cm s 

In SI units the flux is  2 . 7 : ~  1015part/m2s. 
creases exponentially with time as the panels outgas. 
an exponential curve t o  the Al curve fo r  the f i r s t  three days 
a f t e r  launch gives a time constant of 1,000 hours for  the expo- 
nential decay and 

This flux rate  de- 
Fit t ing 
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2 5 
F = 2.7 x 10 l1 e -‘I1’ part/cm s 

The decay i n  the outgassing flux is plotted i n  Fig. 4 from 
launch through January 1970. 

ment remaining fixed relat ive t o  the solar  panel. 
experiment is constantly turning t o  remain pointed into the air 
stream and the panels are turning to  remain pointed a t  the sun, 
the flux reaching the face of the experiment is 

The flux plotted i n  Fig. 4 is  for  the case of the.experi- 
Since the 

3 
F = [2.7 x 10 e -t/10 ][k + cos(8 - n/4)] 

where F is  i n  part/cm2s, t i n  hours, k a constant < 0.1  t o  ac- 
count for  outgassing other than from the panels, and e the angle 
between the experiment face and the solar  panels. The rate  of 
rotation of the orbi t  plane to  the earth-sun l ine  determines 
the angle e ,  between the experiment and the panels where e = 
4.5 x n t  where t is  i n  hours. 

DESORPTION: 
OGO-6, although easi ly  measured by a quartz crystal  microba- 
lance, is  very small and ref lects  the care with which materials 
were chosen i n  the construction of the sa t e l l i t e .  The maximum 
amount of the outgassing material adsorbed by the aluminum sur- 
face was 9.6 pg/cm2 (96 mg/m2) which represents less  than 50 
monolayers, assuming an average molecular weight of 200 g. 

I t  has been pointed out that  the solar panels are the p r i -  
mary outgassing source on OGO-6. 
ce l l s  and the back surfaces of the panels are  painted with ZrOZ 
pigmented potassium s i l i ca t e  inorganic paint. Because th i s  ma- 
t e r i a l  has a low vapor pressure, epoxies used i n  assembling the 
panels and contamination absorbed in  vacuum te s t s  m u s t  be the 
contaminant sources. 

This material i s  now deposited on the A l  and Au t e s t  sur- 
faces. The preliminary desorption ra te  of the material can be 
found when the experiment w a s  pointed toward deep space i n  Au- 
p t .  The amount of adsorbed gas, S,, on the Au surface (4) a t  
t m e  t is 

The desorption o r  outgassing of materials from 

The front surfaces are  so la r  

Sr = So exp(-t/.rr) ( 7) 

where So 1s the amount on the surface a t  t = 0 ,  and .rr the av- 
erage residence time of the gas. 

T~ = .r0 exp(bE/RT) ( 8 )  

where I - ~  is the vibrational period of the l a t t i ce ,  bE the de- 
sorption activation energy, R the gas constant, and T the abso- 

118 



lu te  temperature. 
The desorption activation energy for  the contamination is 

AE = -RT[ln(2.8 x lO-I7/t)(ln So/Sr)] (9) 

The average temperature of the surface was 7'C and from 
Fig, 3 during August €or Probe B: So = 4 .5  x 10-6g/cm2, Sr = 
4 . 1  x 10-6g/cm2, t = 750 h ,  an& 

AE = 26 kcal/g mol (10) 

Griffith (4) points out that  diffusion pump o i l s  and epox- 
ies  have desorption activation energies of about 25 t o  30 kcal/ 
g mol and begin to  vaporize i n  significant amounts a t  tempera- 
tures above 45OC. In f u l l  sun l ight  the OGO-5 solar  panels op- 
erate above 45OC. The contamination outgassing from the panels 
is then most probably epoxy assembly materials and diffusion 
p q  o i l  absorbed during pre-launch vacuum tes t s .  

RADIAN ENERGY EXMANGE: In  designing the eqeriment, a ther- 
mal model was made of the instrumentation to  minimize the ener- 
gy radiated from the surfaces generated by gas-surface interac- 
tions to  maximize the temperature increase of the sensor to  a t -  
t a in  large output signals. 

nonblackbodies were computed by 
Radiant energy exchange between elements of a system of 

where 0 , is  the Stefan-Boltzman constant , F p  , the ordinary 
view factor €or blackbodies, A - ,  the area o 
T. , the temperature of the i ' t h  element, T j ,  the temperature of 
tAe j ' th  element. 

Fe i j  i s  a factor which accounts for  the energy transferred 
between 1 and j where heat transfer is a function of multiple 
reflections between i and j themselves and other elements of 
the system. 
t e m  and the emidance of the various elements. 
energy is direct ly  related to  the emissivity of the surfaces 
and would be reflected i n  the exchange rate  measurements made 
during calibration. 

the several power levels. 
the aluminum plated sensor made on 7 June 1969 soon a f t e r  launch 
and Fig. 6 is the same level calibration made on 9 August 1969 
a f t e r  accumulation of 8 pg/cm2 of contamination. 
power w a s  applied t o  the sensor for  110 sec. 
quency output was 1475 Hz i n  Fig. 5 and 1450 Hz in  Fig. 6 and 
changed less  than 2% which is the accuracy of reading out the 

the i ' t h  element, 

Fei. i s  a function of both the geometry of the sys- 
The exchange of 

The energy transfer sensors are calibrated periodically a t  
Fig. 5 is an 878 pW calibration of 

A constant 
The probe fre- 
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probe frequency. 
measured i n  the laboratory and found t o  be 0.02 and has not 
changed significantly a f t e r  being contaminated in  space because 
the power calibration has not changed significantly. 

Figs. 5 and 6 are typical of the output of the probes when 
energy transfer is taking place produced by molecular impacts. 
An exponential curve f i t  is made by computer of the frequency 
increase of the probe, F(t) , t o  find the beam energy trans- 
ferred when the shutter opens. 

The near normal emittance of A l  surface was  

F(t) = F1(l - e-t'T1) + Fo 

where 71 is  a time constant and F1 is the asymptotic frequency 
increase of the probe when the shutter opens. 
are found by calibrating the probes i n  space (1). 

SPU"EF3NG: 
ergetic impacts of neutral atoms o r  ions. 
below 50 keV the interaction between the bombarding par t ic le  
and target atom is treated as a hard sphere collision. 
mal incidence the bombarding par t ic le  undergoes a t  l eas t  one 
col l is ion to  reverse its momentum vector before a second co l l i -  
sion can produce sputtering. The bombarding ion s t r ikes  a t a r -  
get atom and rebounds i n  such a direction as to  sput ter  another 
atom from the surface. 
barding par t ic le  displaces from its s i t e  the first atom it 
meets and is  subsequently lo s t  in  the i n t e r s t i t i a l  spaces of 
the l a t t i ce .  
kinetic energy to  collide with other atoms i n  the l a t t i ce .  
cer ta in  percent of the time, th i s  atom w i l l  s t r ike  an atom near 
the surface with enough energy to  cause sputtering. A t  oblique 
incidence a single col l is ion can lead direct ly  to  the ejection 
of a surface atom. 

atoms ejected per impacting par t ic le .  
upon the angle of incidence, the energy, and the m a s s  of the 
impacting par t ic le  and the m a s s  of the target atom, the average 
binding energy of an atom i n  the l a t t i ce ,  the crystal  structure 
of the sol id ,  the heats of sublimation of the different crystal  
planes, the collision cross section of the target atoms, and 
the energy dissipated i n  the l a t t i c e  as  heat. 
points out the dependence of the yield below impact energies of 
100 eV on the collision radi i .  
periodicity of t h i s  energy as a function of the atomic number 
of the target atom. More specifically, t h i s  behavior is seen 
t o  be related to  the f i l l i n g  of the d subshells, (electronic 
orbi ta l  angular momentum X = 2) i n  the electronic structure 
of the elements. I t  is observed that  for  these atoms with near- 
ly  completely f i l l e d  d shel ls ,  the collisions are more e l a s t i c  
and less  energy is los t  in  the la t t ice .  

The constants 

Sputtering i s  the ejection of surface atoms by en- 
For impact energies 

For nor- 

The other possibi l i ty  is that  the bom- 

Meanwhile, the displaced atom uses up its excess 
A 

The sputtering yield is defined as the number of surface 
The yield is  dependent 

Henschke (5) 

This dependence reveals a marked 

This results i n  higher 
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sputtering yields for  these solids. Unfortunately no theoreti- 
cal  relationship exis ts  t o  predict the sputtering yield for  any 
arbitrary particle-surface combination and yields m u s t  be mea- 
sured experimentally for  par t icular  combinations. 

Rol e t  a1 (6) and Almen and Bruce ( 7 )  have proposed that  
the dependence of the yield on impact energy and m a s s  is 

P = BN o(E) [4mME/(m + M)'] (13) 

where p i s  the yield i n  atoms/particle, i3 a proportionality con- 
s tant  t o  f i t  the experimental data, N the number density of sur- 
face atoms , a (E) the energy dependent scattering cross section, 
m the mass of the impacting par t ic le ,  M the mass of the surface 
atom, and E the par t ic le  impact energy. 

The impacting par t ic le  energy, E ,  i s  expressed i n  eV. 
From Eq. 13, the following observations can be made. The scat- 
tering cross section is known t o  increase with energy so  yields 
w i l l  increase strongly with impacting energy. 
be maximized when the mass of the impact par t ic le  equals the 
mass of the surface atom (m = M), 

surface combination yields as a function of energy f a l l  i n  the 
following ranges : 

The yield w i l l  

Experimentally it has been found that  for  most par t ic le-  

0 < p< 0.5;O < E < 100 eV 
0.5 < IJ < 15; 100 eV < E 1F keV 
1 5  < IJ < 5 G ;  10 keV < E < 100 keV 

Measurements for  Au i n  noble gas ions i n  Fig. 7 i l l u s t r a t e  the 
effect  of impacting par t ic les  of different masses between 100 eV 
and 800 eV. 

sputtering yields f a l l  exponentially t o  values of less  than 
10-3 atom/ion. 
ments a t  yields below 
tense enough to  produce measureable mass losses in  the few 
hours time required i n  the best vacuum systems before system 
impurities contaminate the surface. In the upper atmosphere, 
an orbiting s a t e l l i t e  generates a molecular beam i n  the 10  eV 
range about 1,000 times more intense than is possible i n  the l a -  
boratory. 
the surface is placed i n  the molecular stream pointed towards 
space so that  outgassing cannot contaminate it. 

During August i n  Fig. 3, it was possible t o  determine the 
sputtering on OGO-6 when the surfaces were pointed into space. 
The desorbing m a s s  1 ss r t e  of the Au surface shielded from 
impacts is 1 . 2  x g/m?s. The m a s s  loss  ra te  for  the other 
surface caused by sputtering and desorbtion a t  normal incidence 
is   MA^ = 3.5 x g/m2s M = 3.5 x g/m2s, andMM-at 
14" incidence = 3.8 x 10-4 g2s. Subtracting the desorption 
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As the beam energies are  reduced below 100 eV t o  10 eV the 

I t  is  not possible to  conduct sputtering experi- 
because laboratory beams are not in- 

Sputtering can then be measured on a s a t e l l i t e  i f  

mass loss ra te  of 1 . 2  x 10- 8 g / d s  from the surfaces gives the 



sputterin rates. The average par t ic le  flux over an orbi t  is  
1.1 x loL7 molecules/m2s, and assuming the contamination has a 
molecular weight of 200 g,  the sputtering yields are 

plL:o = 3 x atom/molecule 
pgo0 = 7 x 10-5 atomjmolecule 

These yields are not for  A l  and Au but the contamination 
on the surfaces. The grazing angle of incidence produced high- 
er yield because the impacting molecule can eject  atoms without 
having t o  reverse its momentum direction. 

The sputtering yields are i n  agreement with the Au yield,  
p = 1 x 
(8) with a quartz crystal  microbalance mounted on an appendage 
pointed continually into space. 
clean Au is indicative of the higher heat of vaporization for  
Au than for  the o i l  type contamination measured on OGO-6. 

DISCUSSION: The measurements on OGO-6 show that  outgassing of 
low-volatile materials which cause surface contamination is  pro- 
duced primarily by structures baking out i n  the sun such as so- 
l a r  panels. The contaminated surfaces can be cleaned by de- 
sorption and sputtering. 

Desorption requires that  the surfaces be heated to  t e m -  
peratures above 45OC t o  produce acceptable cleaning rates. The 
heating should be done electr ical ly  o r  indirectly by solar  heat- 
ing because i f  the surface is exposed to  the sun, W w i l l  poly- 
merize the o i l  contamination leaving behind a permanent carbon 
glaze which i n  most cases could cause more problems for  a sur- 
face than a coating of o i l .  

vantage i n  that it can remove carbon contamination which de- 
sorption cannot. To sputter carbon, the impacting par t ic les  
must transfer a t  least  5 eV, t o  the surface to  break the carbon 
l a t t i ce  bond. 
5 eV and 1 0  eV and w i l l  sput ter  carbon but is impractical be- 
cause the yield is too low. 
ticles is  upper atmospheric 0' ions. Metallic surfaces would 
be biased t o  a potential of several hundred eV. A biased wire 
grid, 95% open, would be moved i n  front of a non-conductor, t o  
accelerate the ions. 
and no gr id  shadow would form on the surface. 
would be kept from charging up by impacting ions by directing 
about a 1 mA/m2 flux of electrons a t  the surface. 

ay a t  a l t i tudes below 1,000 Ian, the ion den- 
s i t y  is about l o g  ions/m3 (9). An orbiting s a t e l l i t e  sweeps 
out 8 x l O I 4  ions/mzs. A t  impact energies of 500 eV, the sput- 
tering ra te  is about a million times greater than the rate  mea- 
sured a t  10 eV on OGO-6. 
would be about 1 mg/mzs, which would clean the 100 mg/m2 of 

atom/molecule, measured on Discoverers 26 and 32 

The lower yield for  atomically 

Sputtering is  another cleaning method. I t  has a big ad- 

The neutral upper atmosphere impacts between 

A bet ter  source of sputtering par- 

Space charge would spread the ion beam 
The surface 

During the 

The ion sputtering cleaning ra te  
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contamination from the surfaces on 060-6 i n  100 seconds. 

ing cleaning. 
using an onboard gas supply to  sputter the surfaces. 
tronics already developed for  use in  ion engines would be a 
good s tar t ing point for  the design of such a gun. 
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