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Intrinsic Yield

What iIs it and why do you care?
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Intrinsic Yields

What iIs it and why do you care?

U\J\ I’\I U'\

..the holy grail of | H C
spacecraft charging... ]

...Well, not actually a grail, but rather more
like a largish cup not entirely devoid of
knowledge and rather useful in understanding
the flight of an African swallow....

Intrinsic Yields SCTC14
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What do you need to know about the materials properties?

Measured Materials Properties ~ Charging codes such as NASCAP-2K or
Used in Spacecraft Charging SPENVIS and NUMIT2 or DICTAT.

Codes NASCAP-2k requires 19 Materials Parameters:

Charge Accumulation NASCAP Parameter Value
- [1] Relative dielectric constant; &, 2.77+0.1
°
EIeCtron y|e|dS [2] Dielectric film thickness; d 2.5um
. IO n yl el d S [3] Bulk conductivity; o, (1.0£0.5)-10°
. ohm™m
. Ph Ot0y| el d S [4] Effective mean atomic number <Zg> 20.6+0.5
H [5] Maximum SE yield for electron impact; dmax 1.10+£0.01
°
L uminescence [6] Primary electron energy for dyayx; Emax (0.17 £ 0.01) kev

[7] First coefficient for bi-exponential range law, by 1A

[8] First power for bi-exponential range law, n; 1.70+0.01
Ch arq € Tr ans p 0 rt [9] Second coefficient for bi-exponential range law, b, |0.32£0.02 A
e Cond uctivity [10] Second power for bi-exponential range law, n, | 047 = 0.01
° R I C [11] SE yield due to proton impact 8" (1keV) 0.647 +0.001
[12] Incident proton energy for 8" a; EMmax (1000 + 250) keV
e Dielectric Constant [13] Photoelestron yield, normally incident sunlight, |(468.+0) - 10°
Opho '
e ESD [1p4] Surface resistivity; ps 2:10* .
ohms-square
. Ran g e [15] Maximum potential before discharge to space; 10000 vV
Vimax
Ele} Maxin;um ks(ljjrfact-:;jpotﬁntial difference before 850 vV
. ielectric breakdown discharge; Vpunch
A B SO L UTE Val UES as fu nctions [17] Coefficient of radiation-induced conductivity, o;; |2 107 ohms™m’
of materials species, flux, X __ _
[18] Power of radiation-induced conductivity, o;; A 1
fluen ce, an d en ergy. [19] Density; p (1.434 £ 0.02)-10°

kg-m 3
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Presenter
Presentation Notes
Basic materials properties as a function of species, flux, and energy lead to the familiar changes in potential and ESD as functions of flux changes, for example solar events or moving in and out of eclipse.

How ever, the picture is much more complex.  

We begin by asking “What specifically do we need to know about the materials properties?”  To describe charge accumulation we need to know the electron yields for incident electron, ion and photon fluxes; that is, how many electrons are emitted per incident electron, ion or photon.  To describe the subsequent rearrangement and dissipation of charge, we need to know the electron (or other charge carrier) transport properties including the dark current conductivity, radiation induced conductivity, relative dielectric constant, and electrostatic discharge threshold electric fields.  For static charging models these materials properties are most often considered as functions of incident and exit particle species, flux and energy.  
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Electron Yields Determlne Charge Accumulation

Electron yields characterize a material’s
response to incident charged particles.

Yield = —o

e.

In

Can be O<o>>1

Leading to + or - charging
 Depends on material

* Incident electron energy
e Temperature

 Charge

» Grounded conductors replenish net

emitted charge in <ps

|*pnmuye

backscattere d g _
/ secondary e

o
++++
tm&a&ae material
1 leakage
-
L]
-

» Yields of insulators change as charge

accumulates in sample.

» Intrinsic yield is the zero charge yield

Intrinsic Yields
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Back Scattered Electron
Yield(BSE)
— Electrons from beam
— Includes elastically scattered e-
— By convention, >50 eV

Secondary Electron Yield

— Electrons originating from the
material

— By convention, <50 eV

Total Electron Yield
— Sum of SE and BSE

L SEs+— BSE

R ——— -

Number of Electrons

Intrinsic Yields

Electron Yields (electronfelectron)

Electron Yields (electron/electron)
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Presentation Notes
Here we see typical yield curves.

 the top one is a curve on Gold
The bottom is a curve on FEP teflon. 

By definition, electrons emitted with energies less than 50 eV are termed Secondary Electrons (SE), while electrons emitted with energies greater than 50 eV are termed Backscattered Electrons (BSE). 

When talking about electron yields, there are three flavors: BSE, SE, total.
BSE: electrons originating from the beam, they are above 50 eV by convention,
SE: originate from the material, electrons less than 50 eV by convention
Total: the sum of BSE + SE
Here are typical yield curves for gold (top) and Teflon (bottom)
**There are two points of interest, the points where the total yield is one.
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Absolute Electron Emission Calibration:
Round Robin Tests of Au and Graphite

La SEINE

JR Dennison, Justin Christensen, Justin Dekany, Clint Thomson, Neal Nickles, Robert E. Davies,

Mohamed Belhaj,

Kazuhiro Toyoda, Kazutaka Kawasaki,

Isabel Montero, Leandro Olano, Maria. E. Davila, and Luis Galan

Introduction

Accurate determination of the absolute electron yields of conducting
and insulating materials is essential for models of spacecraft charging
and related processes involving charge accumulation and emission
due to electron beam and plasma interactions. Measurements of
absolute properties require careful attention to calibration,
experimental methods, and uncertainties

This study presents a round robin comparison of these absalute yields
measurements performed in four international laboratories. The
primary objectives were to determine the consistency and
uncertainties of such tests, and to investigate the effects of the
similarities and differences of the diverse facilities. Apparatus using
various low-fluence pulsed electran beam sources and methods to
minimize charge accumulation have been developed and employed at
these facilities.

Measurements were made for identical samples with reproducible

sample preparation of three standard materials.

+  the elemental conductor Au (25 um thick 6N high purity Au fails)

+ the elemental semimetal HOPG [bulk DOW highly oriented pyrolytic
graphite)

+ the polymeric insulator polyimide (25 um thick Kapton HN),

Total electron yields (TEY) of Au and HOPG are reported here.

Absolute electron yield measurements for various materials are
necessary to determine absolute charging levels and hence to predict
possible electrostatic breakdown and injection of charges into
plasmas. They have direct application to spacecraft charging, high
voltage direct current (HVDC) power and transmission lines, ion
thrusters, plasma deposition, multipactors, semiconductor metal-
oxide interfaces, and nanodielectrics.
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Descriptions of Facilities and Methods

CSIC SEY Facility

The CSIC SEY Facility of the
Surface  Nanostrucluting  for
Space and Terrestrial
Communications Group af ICMIM-
CSIC,

This CSIC group does research on
dielectic, magnefic and metallc

materials for space agolications. A

cammunications systems.

Equipped with:

« Four slactron guns.

Measurements capabilities include:

* BEY (true secondaries and backscanersal |

 Contruous metc i prinay s <Srwiem2
+ Puised (zngle pulzs] mathod: pulsa s <1507

+ Energy Drmihution Curven (E00), Pimary snery 05 ke
ard relatrve emission angle-dependence.

+ X-Ray Photoemission spectroscopy (XPS): Depth Profies.
Auger Spactroscapy (AES], RHEELS

lon gun (Ar, O, CH

VUV source (puleed/continuous)

X-ray source (Mg/4l anades)
Hemisphorical slsctron analyzer

Quadrupola residual gas analyzer

Flexible sample sizs (12 - 250 mm).

Sample Manipulation

+ Sample rotation; -80°4z +90°

« UKV Hellum cryostat micrometric

nisK - Sa0K)
« UHY Wicremetric manipulaiorYZs
it

. ge an Voltage characteristis,
;YUY Photocmission quarlam icd
+ Thermal dasorption processes.

+ Versatile sample eomdiions:

+ Eniensue samgie meipusiion.
+ Simukaneous T range 4-800

. uwmm-mpu\amn £mjongh)
mperature range: 4 K - 30 K.

L,

20005 Eons 6V E

LaSEINE TEEY Facility

The Laboratory of Spacecrafl Engineering
INleraction Engineenng (LAaSEINE}  at
Kyusnu Institute of Technalegy has studied
spacecraft charging and discharging.

We have developed the Total Electron Emission
ield (TEEY) measurament faslity far dala sase
of the eharging analysis taol MUSCAT. We nave
measured the TEEY of space conductive
materiale, as well as Insulafing malerial, We alse
measured TEEY after imadiation with ionizing
radiation, alamic oxygen, and ulraviclel ray
Measurements capabilities include:
Vacuum analysis ehamser below 107 Pa
Electron Gun- 300 ey-10 kel/

antinuous or pulsed
XY directians.
Temperatura sampe halder cantral

Total electron emission  yield
measurement method:
- Gample halder and colectar are biased at - =

300V and -250, respectuely. (For sxample,
the eleciron incident eneray on the sampis
surface becomes S0et with using 3502V
electron beam

- Sample cunent and collestor cument are
iessured for calculsting TEEY. e

Far Insulaling materials, pulse scanning

method is used. The sample is shified afier

one st of pulsed sictron bsa inorder o

AT ChgRg #fkct on T4

surfag

CSIC

COMSE 0 SUPERIOR DE INVESTIGACIONES CIENTIFICAS

7030
ONERA

RENCH ASEOSPACE LG

UTAH STATE UNIVERSITY

Materials Physics Group, Utah State University
Onera - The French Aerospace Lab

LaSEINE, Kyushu Institute of Technology

CSIC, Instituto de Ciencia de Materiales de Madrid

Round Robin Tests Results

Measurements were made of the absolute total electron yields at normal

[rep——

ONERA DEESSE Facility

The DEESSE \ﬁlxpn;ml
dElude  de sion
Secondaire Sous Elattiona)
facity 3t GNERA is a UHY
chamber equipped with

The Space  Environment
Department of Onera (DESP)
works on  many  projects
closely related to  space
applications  deaing  wih

charging effects of spacecral
f Thruster
technalogy (HET)

Measurements capabilities include

Transter ehamber; 10 Pa,

Kimball Physics: 50 eV-5 keV.
Stain 1 keV-22 kel

Energy distribution measured by
hemispherical eleciron analyzer,

- 8ample Ratation -90° 10 +60° ta study

incidence angis sfiscts.
Surface Ansiysis Auger Elsciron
Spectroscopy (AES) and XPS,

Kelvin surface potenti
Residual gas analyzer

arsient 1o 500°C

Electron Guns Kimball Physics: 12V-2 kel

Elactron Irradiation contruous or pulssd
Incident Current measured by Faracay eup.

Elecuon Eneray Loss Spectroscopy (EELS)
lon source tar, Xe, H) fram 25 €V -5 ke.
WUV and X-ray sources (Mg/Al sources).

Temperature Control of sangle hakder from

Electron emission yield was measured
using the sample current method

Vacuum Analysis cramber: 10710 107 Pa;

+ Incident current messured as funcion of

incident energy using fhe Faradsy cup

{polarized 10 +24 V).

Thereatter, sample curent was measured

a8 function of incident energy.

+ Sample holder biased ta -18 V in order fo
‘avoid ihe ccllection of the low energy teriiary

slectrons by the sample surface.

Aftor that, incident Gurrent stabilty was

sonfirmed for select energies. With Kimball

Physics electron gun, the observed variation

iz <2%.

To limit conditioning effect. eiectron beam

was puised (5 ys puise for condueting

materials).

USU SEEM Facility

The Utah State University Materiais Physics Group {MPG) Space
Environment Effects Matenals (SEEM) tast faciity performs state-af-
the-art ground-based tesing ef elecirival charging and slectron
Iransport properies of boih conducing and Insuiaing malerials
omphasizng  studies of clcton  emission,  conductvty,
nminescence, and electiostalic discharge.

We have studied hew varatiens in temperaiure, accumulated
charge, expasure Ume, contamnation, surface masificatin, radialion
dose rate anﬂ cumulative dose afiect these electrial properties—or
relaled changes i stuctural, mechancal, thermal and optical
eremse—urmm s and sysiems.

Measurements capabilities include

* Total | Secondary ! Backscattered Electron Emission using
<20 ¥ to 50 keV mono-energetic tontinuous and pulsed beams

with <59% absolute uncemanty.

Eloctron Emission Spectra versus eneray (0-5 ka¥ with ~0.7 €V

resalution) and emission angle-dependencs

+ lon-Induced Elsctron Emission spestra and yields for va
<300 oV’ ta 5 kel/ mona-energetic inert and reactive ions

+ Photon-nduced Electron Emission spectra and yieids far <0.0
&V 10 >6.5 e (185-2000 nm) menochromated phetons.

* Surface Voltage simulanecus measursments Gf 0-10 k¥ with
<0.2 eV resolution

+ Induced Electrastatic Breakdown simutancous curent  and
HIRVISAY optical measurements.

+ Tomperawre capabilitios from <63 K to>450 K

+ Vacuum <10+ P

us

Us + dse + Irg + I + Ippldt

I Vs Vg | g | g | Ipldt

Electron yisiss are calculated fram integrated cureent
traces from six detector elements &) of a fuly

Tatal Electron Yisld

incidence over the full range of incident energies accessible with each group’s
instrumentation (a full range of ~5 eV to ~5 keV). Figures show linear plots with
low energy detail insets (left) and log-log plots of scaled yields of€)/0,,,, versus
scaled energy E/E, .

Gold

Morimakized Totsl Electron Viek
LT

O e a0 e i 0 60
Ereciren Encegy [oV]

Syl | Facilty

i iy racibin (Ganiin
OeraDELSSE Lacth
Ouea—DEESSE (Eicied)

T
A
0
4 USU—SZIM Ty (comtin) NA

o d R Walues a0z460 | 21 Soa+1000
- Stondsrt Thomos & Pallizen 900130 | 50:10 | N

HOPG Graphite

Normalizsd Tots) Eleeran

00 wor b0 toon %060
Essetron Ensrgy [+¥]

000, Seale Elsctron Enrgy
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canired ¥ aines
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Topics of future Round Robin analysis

Summary of results:

shape of narmalized curves are very conslstent

Highly sensitive to surfaca contamination [14],

wery good agreement of absolute yleld for ESE,, but less agreement fer E<E,

HOPG agraement batwaen facilitios is tha bast: “5% for o, and ~20% for energies

HOPG has the advantage that clean smooth surfaces are easy ta prepare with tape cleaving
Au samples exhibit ditfering degrees of contamination—as evidenced by surface analysis
tests—-exhibiting two TEY peaks near 700 eV clean Au) and 200 eV (C contamination) [14].

Charge sensitive measurements of dielectrics: Palyimide (kaptan HNT™) results,
results and
Suriace sensitivity:surface cleanliness tests, effects of contamination and Ar sputtering,
i ‘the relative strengths and our various methods.
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h s Ty
New Flood

Hemispherical Fully enclosed detector provides highly

accurate absolute yields on insulators.

Grid 1% on conductors and ~5% on insulators.
Retarding A P < =
" Optical §
Field port =
el ag @ 5 uS
Analyzer
i 2

*Pulsed low current electron source
*5 ps at 5 nA —~10° e'/pulse
*2.0¥10* ¢ /mm?

ollector

Bias Grid

*UV and Low Energy Electrons to

discharge material after each pulse. N

*Without discharge the yield would change o = W i, A=
. g il s

from pulse to pulse due to electrons being \ g /

reattracted to the charged sample surface.
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Presentation Notes
How do we measure insulators if they change every time we look at them?
We use a HGRFA 
We then fire electrons in using a Pulsed Low Current Electron source
The key here is that was use a very short pulse, 5 micro second, containing only about 1 million electrons. 
The idea is that the sample wont change much with such a small dose of electrons. 
After the pulse we discharge the material using UV light and low energy electrons. Repeat the experiment
If we didn’t discharge, the charge on the sample would keep building up and would change the way the secondary electrons leave and change the yield.  
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Return current due toblasmq leads to Modified Yields

(@) Normal emission

™

Vbias = O Vbias < 0

(b) Non-normal emission

Electron Counts dN/dE (arbitrary units)

—&— Total Yield
—&— SE Yield 1
—&— BSE Yield

<
=T
&
V
o
Electron Yields (electron/electron)

1 PR R A R A
3 4 56?994
10

T 4 56788 : :
10
Incident Electron Energy (eV)

i I
3 4 56789 2

1

Vbias > 0

Positive Chargin
E,<E,<E,with 071
- Shifts emission
Depresses yi

Negative Chargin
E, >E, with o<1
ectra left _Shift emission spegtra right
Enhances yield

|~ To know the absolute surface potential one must

Electron Energy (V)

1 1 1 1 1
a 5 10 15 20 25 30 35 40 45

know the absolute yield starting with no imbedded
charge, i.e., THE ABSOLUTE INTRINSIC YIELD

Intrinsic Yields
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Presentation Notes
The most obvious effect of surface charging is on the electrons external to the sample.  The shaded regions of a typical SE emission spectrum show emitted SE affected by positive (Left) and negative (Right) charge build up.  The electric field from the positive charge region re-attracts the lowest energy SE emitted from the surface (gray region in figure), thereby establishing a shallow negative surface charge region.  Because typical SE energy spectra peak at ~3-5 eV, only a small net positive potential is required at the surface to attract sufficient electrons and thus reach current equilibrium [12]. 
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Charge Dlstrlbutlon for Surface Potential
Under Electron Bombardment (DDLM)

Dynamic Double Layer Model

Charge distribution is more complex:
Q,(c-1)d - 0QuAse + QR . bpLM near surface

» Charge transport in RIC region
g 2¢ &
er o-r AO e Sample bias adds more complex

charges and fields
+V

V, =

iy

Depth profile for net
positive charging

/

A. Melchinger, S. Hofmann, J. Appl. Phys. 78, 6224-32, (2003).

Intrinsic Yields SCTC14
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Presentation Notes
The thin-film capacitor geometry is a reasonable approximation
since charge deposition area Ao, which is given by the electron
beam radius Rbeam, is much greater than d, R, and λSE

A double-charge
distribution (positive–negative) is formed where the positively
charged region, from SE depletion, occurs between
the surface and λSE and a negatively charged region,
from embedded incident electrons, occurs between the
surface and R.


Electron Yields (electronfelectron)

Electron Yields (electron/electron)

18

16

1.0

08

06

04

02

T
—— Total Yield
—— SE Yield T
—+— BSE Yield
14 E;
E,
12 &
1 L L S T P o T

MR L L T T
5 8 T88 z 3 4 5 8 T8S8 z 3 4 5 8 T8S8

Incident Electron Energy (eV)

Gold Low-Yield Very Low Resistivity

——Total Yield
—ik— SE Yield _
——BSE Yield

2 3 4 &5 6 T89S 2 3 4 & B8 T 889 2 3 4 &
1000
Incident Electron Energy (eV)

Kapton Low-Yield High-Resistivity

24

220 =
—— Total Yield

20— —k— SE Yield N

18 —+— BSE Yield

16
14
12
1.0
0.8
06
04
02
0.0

Electron Yields (electronfelectron)

3 4557892 z 3 4 5 8 T893 2 3 4587894
10 10 10
Incident Electron Energy (eV)

Cr Coated Mylar High-Yield Low-Resistivity

g -

12— —»— Total Yield &
—b— SE Yield

10 —+— BSE Yield

0.8
06
04

02

Electron Yields (electronfelectron)

vy e e yin L L nj S S g by
3 4 5 6T7T89 z 3 4 5 6T89

s
o
o
A
el
w
X

10
Incident Electron Energy (eV)

CP1 Low-Yield Low-Resistivity
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Effects of Charge Accumulatlon on Poor” Insulator Yields

— —~ 1.2
S 20 S
§ E 1.0
D ()
§ 1.5 E 0.8
3 o
3 1.0 e 06F i
o ©
o ° 04 .
f_; 0.5 - =
g g 02 .
- -

00 1 \ | \ | \ | - 0.0 el Lol 1 1T

6 8 2 4 6 8 2 4
200 400 600 800 1000 100 1000
Beam Energy (eV) Incident Electron Energy (eV)

(Left) Yield Curve in Transition—Pulsed total yield of anodized Al tends toward
unity as sample charges.

(Right) Yield Curve in Equilibrium—Pulsed total yield curve of RTV-silicone.
Yield fluctuates around unity: charged steady-state.

Intrinsic Yields SCTC14 Slide 15
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Presentation Notes
Charging Effect 4:  Yield goes to unity as charge accumulates.  Surface charge adjusts to limit the incident flux.

(Left) Measurements for 1.3 µm anodized layer on an Al 2219 alloy sample. Even small charge accumulation was found to have substantial effect on yield curves.  Three consecutive first (●), second (▲), and third (■) pulsed-total yield curves (5 µs, 40-60 nA impulses) were taken without use of any neutralization techniques.  After just a few incident pulses, the subsequent yield curves were significantly dampened towards unity for E1<Eo<E2, even though the incident source was only depositing ~106 electrons/pulse over a beam-spot area of ~10-6 m2.  Treating the sample as a standard parallel plate capacitor (with an area of the beam spot), this amount of charge was estimated to change the surface potential by only 10-100 mV/pulse (positive).  However, a significant portion of SE’s are emitted with energies less than 5 eV such that a cumulative positive surface potential of just +1 V can significantly suppress escaping SE’s (see Figure at lower left). 

[RIGHT] Extreme case where sample has reached steady-state equilibrium charge.  Pulsed-total yield curve on RTV-silicone.  Yield fluctuates around unity: charged steady-state.
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What if each pulse contained 5 million pulses? It would be down here
What if contained less that I million would it go up and were would it plateau?
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Modeling the SE Escape Energy

50 eV

dN(E; E,
Ratio of Charged f (dE ) dE
To Unchar_ged SE Yield 5i(E01Qi) B eV, (Q.) <
as a function of s (E Y ,
Surface Potential: o o) I dN(E;E,) dE
dE
0eV

electron counts dN/dE (arbitrary units)

L 1 1 1 I
o 5 10 15 20 25 30 35 40 45 50

electron energy (eV)

To proceed we need a model for V4(Q,)
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Surface Voltage Relates to “Intrinsic” Yield Model

Combining all the pieces
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0 J. d—° dE Decay curve data

0eV E DDLM model for surface potential

- - v +V g l".
Physics based model for yield SE Depth profile for net R
recapture as a function of incident positive charging IR R
fluence \ ' = L K PSR

Elacton Courts SE [arbirary Lnis)

Analytlc solutlon for secondary electron yield as surface potential
changes in response to incident charge.

( h(as) )
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\ h(50-eV) )
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“ Constructmg“a Low Fluence Yield Curve
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Figure 3. Effects of accumulated charge on the electron emission of polyimide KaptonTM H. (c) Electron
total yield decay curves as a function of incident charge density.18 Curves from top to bottom show yields at
incident energies of 250 eV, 100 eV, 300 eV, 400 eV and 500 eV with asymptotic limits to the yield at large charge
fluence of 1.2, 1.0 1.0, 1.2 and 1.1, respectively. Curves have been offset vertically by values of +1.0, +0.5 0.0, -0.2
and -0.5, from top to bottom respectively, to separate the data for clarity. (d) Composite total electron yield curves
estimated from data from the total yield decay curves in (c). Curves, from top to bottom at ämax, are for total yields
from the decay curves at charge fluence densities of ~4pfC/mm2, ~1 pC/ mm2, ~0.4 pC/ mm2, and ~3 fC/ mm2,
respectively.
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Intrinsic Yields
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EnhancedLow Fluece Methods for Insulator Yields

Hemispherical Grid Retarding Field Analyzer

Electron Emission Detector UVLED Flood Gun
o charge neutralization with low energy (=5 eV) e- and UV
o 10 eV to 30 keV incident electrons
o Precision absolute yield

0 ~1-2% accuracy with conductors

0 ~2-5% accuracy with insulators i
o fully enclosed HGRFA for emission electron energy discrimination. e L

o0 measures all currents Pia P
0 in situ absolute calibration\ it
o in situ surface voltage probe [1is v A
e multiple sample stage [
*~100K < T<400K

* reduced S/N
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Enhanced Low FIuenceMethods for Insulator Yields
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o Faster pulsed electron beam
fpulse s + Ise + Iig + Ipg + Iprldt « Fast Low-Current Measurement
fpulse [Io + I + Ig, + Iig + Igc + Iprldt  Monitoring 6 detector element
currents, separately biased
» Electron yields calculated from
integrated current traces

o=1-
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This is not impressive!!!
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Pointwise Ylel

e Determine yield with pointwise
method evaluated at each (or at
least just a few) points of current
traces

«Current analysis should show
yield changes in one pulse. (~1%
of total pulse charge)

e ~30 ns, ~5 nA, ~0.1 cm?,

e ~160 fC/cm?-pulse,

e ~2:103% e’/cm?-pulse

e Initial Au data should show no
charging effects and recover Au
conductive yields

e Finally hope to see the zero
charge plateau of the intrinsic
yield...that holy grail!!!

Total Yield

Current
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Sample Current
—— Collector Current
— Pt-Yield

runi1_Inc_Current

1300 1400

Time

0 2 4 6 8x10*
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Presentation Notes
The Materials Physics Group has had an active research effort for the last dozen years studying spacecraft charging, the accumulation and dissipation of charge in materials resulting from their interaction with the space environment.  Our colloquium discusses this important practical application from a more basic science viewpoint, in terms of the interaction of energetic beams with materials and the transport of electrons through and out of the materials.  Ultimately we try to relate these processes to the exchange of energy from incident particles to electrons in the material at a basic quantum-level description of solid state interactions.  In particular, we will describe a number of experimental studies of electron emission and conduction from a wide array of materials.  Of particular interest are our most recent studies of charge accumulation and dissipation in highly insulating materials.  These studies involve novel techniques and instrumentation developed at USU to understand how internal distributions of accumulated charge effect subsequent electron emission and conductivity.
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