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1. INTRODUCTION 

I n  t h i s  paper we present some r e s u l t s  se lec ted f rom a program designed t o  
measure the charging and d ischarging c h a r a c t e r i s t i c s  o f  several common s a t e l -  
1 i t e  mate r ia l s  exposed t o  0-30KV electrons.  SGEMP r e l a t e d  aspects o f  t h i s  
experinlent a r e  described i n  Reference 1. We have chosen t o  discuss t e f l o n  i n  
t h i s  paper because the charging c h a r a c t e r i s t i c s  are  r a d i c a l l y  a l t e r e d  immedi- 
a t e l y  a f t e r  a spontaneous discharge. 

I n  Sect ion 2 we discuss the  experimental con f igu ra t i on ,  i n  Sect ion 3 we 
present experimental observat ions, and i n  Sect ion 4 we o f f e r  a hypothesis t o  
exp la in  the  observations. 

2. EXPERIMENTAL DETAILS 

The e x t e r i o r  geometry o f  the  t e s t  s t r u c t u r e  i s  i nd i ca ted  i n  F igure  1. I n  
a l l  cases d i e l e c t r i c  samples were 82 cm i n  diameter mounted on t h e  f r o n t  o f  a 
120 cm diameter c y l i n d e r  supported on an 85 cm, 0.95 cm t h i c k  p l e x i g l a s s  d i sc .  
D i e l e c t r i c  mater ia l  s i nves t i ga ted  were: back sur face aluminized Kapton, back 
sur face s i l v e r e d  Tef lon,  S i  1 i c o n  A1 kyd wh i te  thermal c o n t r o l  p a i n t ,  and 50 cm by 
50 cm ar ray  o f  0.030 cm t h i c k  MgF2 coated fused s i l i c a  s o l a r  c e l l  cover s l i p s .  

Spontaneous discharges and SGEMP emissions were measured w i t h  EG&G CMLX3B 
sur face c u r r e n t  probes and CT-2 c u r r e n t  transformers. Fast  t r a n s i e n t  data was 
transmi t t e d  t o  the record i  ng ins t rumenta t ion  through HDL/DNA 400 MHz f i b e r  o p t i c  
data 1 inks,  recorded on Tektronix 7912 t r a n s i e n t  d i g i t i z e r s  and processed on a 
PDP/ 1140 computer. 

*Experimental observations were obtained under Defense Nuclear Aqenc-v con t rac t  
~ ~ ~ 0 0 1 - 7 8 - C - 0 2 6 9 .  Data reduct ion  was performed  under ~ ~ ~ ~ - c o n t k a c t ' -  F29601- 

78-C-0012. 
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The t e s t  cylinder was connected t o  instrumentation ground through a 50 KS1 
res i s tor  chain. This provided a cylinder potential of less  than 1.5 voJts 
during charge, a t  measured current densities of approximately 10' Alcm . 
However, the RC time constant of th i s  resistor s t r ing  and cylinder capacitance 
t o  the tank was about 8 microseconds, so the t e s t  s t ructure was effectively 
isolated during spontaneous discharges and exploding wire photon pulses. As 
indicated in Figure 1 the front  of the cylindrical t e s t  object was surrounded 
by a square frame which supported small motors, pulleys and be1 t s ,  (not shown) 
to  drive a traverse carrying the probe of a TREK noncontacting e lec t ros ta t ic  
voltmeter, a Faraday cup, and an E sensor over the surface of the sample. The 
spat ia l  resolution of the electrostat ic  voltmeter i s  estimated to  be + 3 mm, 
the Faraday cup was approximately 1 cm2 and the E probe was used as an osci l lo-  
scoDe trigger in spontaneous discharge studies. Both the traverse frame and the 

rings surrounding the dielectr ics  were coated with colloidal graphite 
i t  d i e l ec t r i c  charging and minimize photoelectric emission from the 
. The tank was lined with 2 cylindrical layers of 200 Q/square carbon 
loth to  suppress tank wall photoemission and damp tank EM resonances. 
cyl inder was suspended with nylon ropes from a rotary feed through 
center of the 10 foot diameter and 12 foot long vacuum tank. 

chamber was evacuated with a liquid nitrogen trapped, s i l icon o i l  
diffusion pump and a mechanical roughing pump. In addition there was a l iquid 
nitroqen cold wall i n  the tank. The t a n k  pressure no mally ranaed about 5 2 - 5 x 10-6 to r r .  Rapid discharge approximately 10 volts/sec) of a l l  charged 
insulators was observed a t  % 2 x IF-4 torr.  This discharge was accompanied 
by a f lash of 1 igkt and a temporary reduction i n  pressure. 

Samples were handled w i t h  gloves with more-than-normal care, b u t  were 
unavoidably exposed t o  1 aboratory atmosphere for  several weeks prior to  tes t ing.  
Close, careful visual examination of the reflecting kapton samples a f t e r  several 
days of t e s t s  revealed traces of vacuum pump o i l .  Subsequently, a l l  samples were 
washed with reagent grade ethyl alcohol a f t e r  instal  la t ion and before pumpdown. 

Two electron guns were employed. Faraday measurements indicated tha t  the 
DNA electron flood gun provided illumination which differed by less  than a 
factor  of two from the center to  the edge of the sample. Acceleration potential 
was established by floating the gun filament t o  a negative potential with respect 
t o  a grounded f ine  wire grid. Gun current was regulated w i t h  a feed-back c i r c u i t  
which sensed emission current and modulated the f i 1 ament power. We also employed 
an e lec t ros ta t ica l ly  focused and deflected cathode ray tube gun, focused to  
provide to  a 2 cm diameter' spot on the sample. For equal total  gun current the 
beam current density was approximately 1600 times larger in the focused beam. 
Comparabl e potential d i s t r i  butions were produced wi t h  comparable total  electron 
fluences from e i ther  gun. This indicates the charge build-up i s  not par t icular ly 
sensi t ive to  be m current densit ies over a range from approximately 10-10 to 9 about 10-6 A/cm . 

Figure 2 represents the electr ical  equivalent c i r c u i t  of th is  experiment, 
where node 1 i s  the trapped electron charge layer,  node 2 i s  the metal film on 
the back of the tef 1 on, node 3 is the t e s t  cyl inder and node 4 i s the vacuum 
chamber. Current generator 112 represents a "punch-through" curr'ent, I14 



represents "blow o f f "  from the  d i e l e c t r i c  t o  the tank wa l l .  134 represents 
charge emission from the t e s t  c y l i n d e r  t o  t h e  tank w a l l ,  and 113 represents 
charge t ransfer  from the d i e l e c t r i c  t o  the  t e s t  ob jec t .  123 i s  the  cu r ren t  
a c t u a l l y  measured w i t h  a Tekt ron ix  CT-2 sensor and i s  in f luenced by b low-of f ,  
edge and punch through currents.  VOut, the  body voltage, i s  p ropor t i ona l  o n l y  
t o  b low-of f  current.  The ind i ca ted  capacitances are se l f -exp lanatory .  For 
t e f l o n  they are est imated t o  be C12 .L 70 n f ,  C13 .L 40 p f ,  C14 .L 100 p f ,  C34 .L 

60 pf. 

3. EXPERIMENTAL OBSERVATIONS 

The average sur face p o t e n t i a l  o f  t e f l o n  charged w i t h  15 kV e lec t rons  was 
9.2 + 1.0 kV, the average p o t e n t i a l  o f  t e f l o n  charged w i t h  25 kV e lec t rons  was 
9.6 + 0.8 kV. We a t t r i b u t e  t h e  asymptotic behavior t o  leakage cur rents  through 
the bu lk  d i e l e c t r i c  t o  t h e  metal substrate.  

Un l i ke  kapton, which e x h i b i t e d  the  tendency t o  produce fewer and fewer 
spontaneous discharges under extended i r r a d i a t i o n ,  t e f l o n  cont inued t o  e x h i b i t  
spontaneous discharges a t  nea r l y  constant ra te .  By repeatedly measuring the  
surface po ten t ia l  a f t e r  r a d i a t i o n  ceased, we obta ined i n d i c a t i o n s  t h a t  t he  
charge leak ra te  o f  t e f l o n ,  charged t o  approximately 10 kV, diminished from 
about 0.6%/min i n  the f i r s t  minute a f t e r  i r r a d i a t i o n  t o  approximately 0.03%/min 
a f t e r  40 minutes. 

During the course o f  t h i s  i n v e s t i g a t i o n  we observed a wide v a r i e t y  o f  res-  
ponses, and ind i v idua l  charge t r a n s f e r  o f  up t o  500 pC. It should be noted t h a t  
f o r  t h i s  geometry, a t  most approximately 800 nC could be discharged t o  i n f i n i t y  
(blown o f f )  because the  removal o f  t h a t  amount o f  charge would r a i s e  the  body 
p o t e n t i a l  t o  such an ex tent  t h a t  no f u r t h e r  charge could be expel led.  There- 
fo re ,  on very la rge discharges, the  bu lk  o f  the  charge must be returned t o  the  
t e s t  ob jec t  i t s e l f  (we c a l l  these edge cur rents ) .  F igure  3 (a-b-c) represent  
subst ra te  cur rent  123 f o r  th ree successive discharge events. The i n t e g r a l  of 
the  substrate cur rent  (QZ3) i s  the  sum o f  "b low-of f "  charge arid "edge" charge. 
The ( t r a n s i e n t )  increase i n  the  t e s t  ob jec t  p o t e n t i a l  i s  p ropor t i ona l  t o  the  
b low-of f  d iv ided by the  capacitance o f  the  o b j e c t  t o  the  tank. For the  f i r s t .  
event, i n  Figure 3, the  i n t e g r a l  o f  t he  substrate c u r r e n t  and the  body vo l tage 
( n o t  shown) i nd i ca te  a charge re lease o f  approximately 9 + 1 nC. I n  the~second  
event the  charge re lease was 0.4 + 0.4 nC and the  t h i r d  event approximately 
3 + 1 nC. For  these th ree s p e c i f i c  events v i r t u a l l y  a l l  t i le  charge was blown o f f  
t o  the  tank wal ls.  Not ice  t h a t  a l l  th ree o f  these events e x h i b i t  an e a r l y  t ime 
high-frequency r i n g  which i s  determined by the  LC product o f  t he  inductance of 
t he  w i r e  connecting the  subst ra te  t o  the  body ( t o  measure 123) and the  capaci- 
tance between the d i e l e c t r i c  and t h e  body. The n e t  charge re leased i n  the  h igh  
frequency po r t i on  o f  these s igna ls  i s  near ly  zero. According t o  these records, 
t he  charge a c t u a l l y  blown o f f  s t a r t s  t o  leave the  body a t  approximately 0.4 ps 
and p e r s i s t s  for approximately 0.5 t o  1.0 ps. We w i  11 soon suggest t h a t  the  
blow-off pulse w id th  i s  determined by propagation r a t e  o f  an i o n  wave f ron t .  



I n  a d d i t i o n  t o  these t r a n s i e n t  measurements we p e r i o d i c a l l y  measured the  
sur face charge s t a t e  o f  the  d i e l e c t r i c  w i t h  the  TREK e l e c t r o s t a t i c  vol tmeter .  
Sweeping the sensor across the  sur face o f  t h e  sample i n  a t i c - t a c - t o e  pat te rn ,  
Figures 4 a-h show one se r ies  o f  measurements i n  which the  t e f l o n  sheet was 
charg d i n  steps, by 15 kV electrons,  a t  a cu r ren t  dens i t y  o f  approximately 8 h nA/cm . Figure 5a ind i ca tes  the degree o f  nonuni formi ty  o f  t he  i n c i d e n t  e lec-  
t r o n  beam. The sur face p o t e n t i a l  approached an asymptot ic value o f  approximate- 
l y  9 kV (Figure 5d and 5e). This. sample was then i n t e n t i o n a  l y  discharged by 
admi t t i ng  gas, r a i s i n g  the  pressure t o  approximately 8 x t o r r .  The 
discharge was accompanied by a f l a s h  v i s i b l e  l . i g h t  which covered the  e n t i r e  
exposed surface. The l i g h t  v i s u a l l y  resembled the  glow o f  a gas flame. We 
note t h a t  spontaneously d ischarging samples exh ib i ted  both these f lame-1 i ke 
flashes as w e l l  as d e n d r i t i c  sparks. The TREK probe was located a t  x,y coor- 
d inates o f  24 cm and 20 cm dur ing  the  discharge. As i n d i c a t e d  i n  F igure 4f 
the  discharge was incomplete i n  the  v i c i n i t y  o f  the  e l e c t r o s t a t i c  probe because 
the ex terna l  e l e c t r i c  f i e l d  was near zero a t  t h a t  l oca t ion .  F igures 4g and 4h 
show t h a t  i t  took much longer t o  recharge the  t e f l o n  sur face a f t e r  i t  had been 
i n t e n t i a l l y  discharge than i t  i n i t i a l l y  had. F igure  5 shows the  average sur-  
face p o t e n t i a l  as a f u n c t i o n  o f  exposure t ime i n d i c a t i n g  t h a t  the  sample o r i g -  
i nal  l y  approached 90% o f  the  asymptotic 1 i m i  t i n  approximately seven seconds 
w h i l e  a f t e r  discharge the  same charging process took about 7 minutes. 

F igure  6a - 6 f  i s  another ser ies  o f  p o t  n t i a l  p r o f i l e s .  F igure 6a shows 
a sample which had been charged w i t h  3 nA/cmg of normal ly  i n c i d e n t  25 k i l o v o l t  
e lec t rons .  F igure  6b shows a t raverse measured immediately a f t e r  a spontaneous 
charge t r a n s f e r  o f  approximately 400 VC ( i n f e r r e d  from CAV and s i z e  o f  the  
discharged area). Figures 6c, d, e i n d i c a t e  tha t ,  as w i t h  the  gas discharged 
sampl e, t he  spontaneously discharged area was d i f f i c u l t  t o  recharge. The 
chamber pressure a t  the  t ime o f  the  spontaneous discharge was approximately 
4 x 10-6 t o r r ,  which i s  much too low f o r  gas induced discharge. 

4. HYPOTHESIS 

We note two s i m i l a r i  t i e s  between the spontaneous discharge and t h e  one 
produced by t h e  presence o f  gas, the  f i r s t  i s  t h e  v i s u a l  appearance o f  the 
discharge, the  second i s  the  diminished tendency t o  accept recharge. I n  the  
gas discharge case, we know t h a t  the  charged d ie1 e c t r i c  sur face was n e u t r a l i z e  
by i o n i  ed gas molecules. The sur face was bombarded w i t h  approximately 6 x 10 5 11 
ions/cm accelerated t o  approximately 10 k i l o v o l t s .  Only the  f i r s t  few microns 
of t he  sur face p a r t i c i p a t e  i n  t h i s  discharge process. Therefore any changes i n  
the  ma te r ia l  response must be a t t r i b u t e d  t o  changes i n  the  sample sur face r a t h e r  
than the bulk d i e l e c t r i c .  The spontaneously discharged d i e l e c t r i c  exh ib i ted  
s i m i l a r  c h a r a c t e r i s t i c s ,  even though the ambient pressure was too low t o  be 
a t t r i b u t e d  t o  gas discharge. Consequently we speculate t h a t  the reduced recharge 
r a t e  i s  because the  secondary emission c o e f f i c i e n t  o f  a f r e s h l y  i o n  bombarded 
sur face i s  s u b s t a n t i a l l y  g reater  than f o r  an aged o r  d i r t y  sur face and the  
spontaneous discharge invo lves  the  generat ion and propagation o f  a wave f r o n t  of 
ions o f  t he  d i e l e c t r i c  i t s e l f .  Thus the propagation v e l o c i t y  o f  the d i e l e c t r i c  
ions  i n  t h e  p re -ex i s t i ng  e l e c t r i c  f i e l d  o f  the charged d i e l e c t r i c  determines the  



ra te  of the spontaneous discharge. This accounts fo r  the comparatively slow 
emission of blow off charge noted in Figure 3.  This model i s  also supported 
by the calculations presented in reference 2.  
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Figure 3. Substrate-to-body current record ( Iz3)  
for three spontaneous discharge events. 
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Acc. charge: 72 sec a t  15kV Vav= 8.6kV Acc. Charge: 75 sec a t  15kV a f t e r  discharge 
( t o t a l  o f  147 sec i r r a d i a t i o n )  Vav= 5.3kV 
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discharge VaV= 4.3kV 327 sec i r r a d i a t i o n )  V = 8.26kV 
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Figure.4. (cont.  ) . TEFLON - Charging a t  15 kV - V(x) t raverses  along x a t  y = 20 cm 
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(b )  Traverse: 52 
Charge: spontaneous discharge dur ing t raverse 

immediately a f t e r  Tr. 48; Vav = 2.5kV 

(d) Traverse: 63 
Charge: 30 sec a t  25kV a f t e r  Tr. 65 

Vav = 9.3kV 

Figure 6. TEFLON - 25kV charging a f t e r  spontaneous discharge i n  h igh 
vacuum. V(x) t raverses along x a t  y = 20 cm. 
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Figure 6. (cont.  ) TEFLON - 25kV Charging a f t e r  spontaneous discharge i n  
h i g h  vacuum. V(x) Traverses along x a t  y = 20 cm. 


	Navigation
	Spacecraft Charging Technology 1980
	Preface
	Table of Contents
	Keynote Address--Dell P Williams III 
	SESSION 1 - Material Responses
	Dielectric Discharge Characteristics in a Two-Electron Simulation Environment
	Electron-Beam-Charged Dielectrics- Internal Charge Distribution
	Bulk Charging and Breakdown in Electron-Irradiated Polymers
	Charging and Discharging Teflon
	Experimental Validation of a Numerical Model Predicting the Charging Characteristics of Teflon and Kapton under Electron Beam
	Role of Energetic Particles in Charging-Discharging of Spacecraft Dielectrics
	Electron Penetration of Spacecraft Thermal Insulation
	Electrostatic Discharging Behavior of Kapton Irradiated with Electrons
	Dielectric Surface Discharges- Effects of Combined Low-Energy and High-Energy Incident Electrons
	Preliminary Comparison of Material Charging Properties using Single Energy and Multi-energy Electron Beams
	Brushfire Arc Discharge Model

	SESSION 2 - Material Characterization
	Effects of Secondary Electron Emission on Charging
	Secondary Electron Emission Yields
	Oblique-Incidence Secondary Emission from Charged Dielectrics
	Tank Testing of a 2500-cm2 Solar Panel
	Charging and Discharging Characteristics of a Rigid Solar Array
	Materials Characterization Study of Conductive Flexible Second Surface Mirrors
	Design of an Arc-Free Thermal Blanket
	Charging Control Techniques
	Charging Characteristics of Silica Fabrics
	Electrostatic Charging Characteristics of Thermal Control Paints of Functions Temperature
	Evaluation Charge Control Techniques of Spacecraft Thermal Surfaces (Electrostatic Discharge Study)
	Conduction through Puncutres in Metal-Backed Dielectrics
	Accelerated Alpha-S Deterioration in a Geostationary Orbit

	SESSION 3 - SCATHA Flight Data
	Operational Status of the Space Test Program P78-2 Spacecraft and Payloads
	Electron Angular Distributions During Charging Events
	Operation of SC5 Rapid Scan Particle Spectrometer on SCATHA Satellite
	Review of Hot Plasma Compsoition Near Geosynchronous Altitude
	SCATHA Observations of Space Plasma Composition During a Spacecraft Charging Event
	P78-2 Engineering Overview
	Satellite Surface Potential Survey
	Preliminary Analysis of Data from SRI International Transient Pulse Monitor on Board P78-2 SCATHA Satellite
	Aspect Dependence and Frequency Spectrum of Electrical Discharges on the P78-2 (SCATHA) Satellite
	Flight Evidence of Spacecraft Surface Contamination Rate Enhancement by Spacecraft Charging Obtained with a Quartz Crystal Microbalance
	P78-2 Satellite and Payload Responses to Electron Beam Operations on March 30 1979

	SESSION 4 - Analytical Modeling
	Representation and Material Charging Response of GEO Plasma Environments
	Simulation of Charging Response of SCATHA (P78-2) Satellite
	SCATHA SSPM Charging Response- NASCAP Predictions Compared with Data
	Three-Dimensional Analysis of Charging Events on Days 87 and 114- 1979  from SCATHA
	Computer Simulation of Spacecraft Charging on SCATHA
	Analysis of Ambient and Beam Particle Characteristics 3-30-79
	Comparison of NASCAP Modeling Results with Lumped-Circuit Analysis
	NASCAP Charging Caalculations for a Synchronous Orbit Satellite
	Results from a Two-Dimensional Spacecraft-Charging Simulation and Comparason with a Surface Photocurrent Model
	Analytical Modeling of Satellites in Geosynchronous Environment
	Calculation of Surface Current Response to Surface Flashover of a Large Sample under Grounded and Floating Conditions
	Model of Coupling of Discharges into Spacecraft Structures
	Disappearance and Reappearance of Particles of Energies - as seen by P78-2 (SCATHA) 

	SESSION 5 - Systems Design and Test
	Military Standards and SCATHA Program and Update of MIL-STD-1541
	Military Standard for Spacecraft Charging Status Report
	Use of Charging Control Guidelines for Geosynchronous Satellite Design Studies
	P78-2 SCATHA Environmental Data Atlas
	METEOSTAT Spacecraft Charging Investigation
	Electron Irradiation Tests on European Meteorological Satellite
	Spacecraft Charging Technology in the Satellite X-Ray Test Facility
	Simulation of Spacecraft Charging Environments by Monoenergetic Beams
	Importance of Differential Charging for Controlling both Natural and Induced Vehicle Potentials
	A Comparison of Three Techniques of Discharging Satellites
	Electromagnetic Fields Produced by Simulated Spacecraft Discharges

	SESSION 6 - Environmental Interactions
	Agreement for NASAIOAST-USAF-AFSC Space Interdependency on Spacecraft Environment Interaction
	Plasma Interactions with Solar Arrays at High Voltages
	Experimental Plasma Leakage Currents to Insulated and Uninsulated 10 m2 High-Voltage Panels
	Numerical Simulation of Pasma-Insulator Interactions in Space Part 1- The Self-Consistent Calculation
	Numerical Simulation of Plasma-Insulator Interactions in Space Part 2- Dielectric Effects
	Three-Dimensional Space Charge Model for Large High-Voltage Satellites
	Charging of a Large Object in Low Polar Earth Orbit
	PANEL DISCUSSION





