
AIR FORCE REPORT NO. AEROSPACE REPORT NO,
SAMSO-TR-72..26 TR-O,72(2220-60) -2

Photoemission from Polymers

Prcparcd by F. HAl And M. J. BERNSTEIN
Plasma Research Laboratory

72 MAR 15

RupioducOd by

NATIONAL TECHNICAL
INFORMATION SERVICE

Spilngliald, V". 22151

Laboratory Operations
THE AEROSPACE CORPORATION

Prepaicd for SPACE AND MISSILE SYSTEMS ORGANIZATION
AIR FORCE SYSTEMS COMMAND

LOS ANGELES AIR FORCE STATION
Los Angeles, California

DOC

APPROVED FOR PUBLIC RELEASE; /U'M 1(3 1912 21

DISTRIBUTION UNLIMITED



ISUTSIz:J/ -AiT C- l

DIST. AlAIL_ aprn'or JIPECIAL LAOAOYOPERATIN

The Laboratory Operations of The Aerospace Corporat;. to conducting

experimental and theoretical investigations necessary for the evat ation Aind

application of scientific advances to new military concepts and systems. Ver-

satility and flexibility have been developed to a high degree by the laboratory

personnel in dealing with the many problems encountered in the nation's rapidly

developing space and missile systems. Expertise in the latest scientific devel-

opments is vital to the accomplishment of tasks related to these problems. The

laboratories that contribut,' to this research are,

Aerodynams a nd Propulson Research Laboratory: Launch and reentry
aercd~'namics, hea trnsFer rentry physics. propulsion, high -te mpe rature
chemib~ry and chemical kinetics. structural mechanics, flight dynamics. atmo-
spheric pollution, and high-power gas lasers.

Electronics Research LAborator ,: Generation, transmission, detection.
and processing of electromagnetic radiation in, the terrestrial and space envi-
ronments, with emphasis on the millimeter-wave, infrared, and -Psibte portions
of the spectrum; design and fabrication of antennas, comple'. ,ptical systeCl-s
and photolithographic sojid-state devices; test and developnm.'nt of practicai
superconducting detectors and laser devices and technology, including high-
power lasers, atmospheric pollution, and biomedical problems."

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of cart.on;, test and evaluation of graphite
and ceramics in reentry*. spacecraft ma'vr'al-i and component,, in radiation
and high -vacuumn environmenta, application of fracture mechanics to stress
corrosion and fatigue- induced fractures in strum Lural nietals, effect of nature
of material surfaces on lubrication, photos ens iti zat ion, and catalytic reactions,
and development of prosthesis devices.

Plasma Research I aboratory: Reentry physics and nuclear weapons
effects; Cie interaction of antennas with reentry plasma sheaths. expcrimenta
tion with thermonuclear plasmnas,. the generationi and propagation of plasma
waves in the magnetosphere, chemicil reactions of vibrationally excited
species in .ocket plumes; anid high-prec ision laser raniging.

Space Physics Laboratory: Aeronomyý density and romposition of the
attrc~phere at all altitudes, atmospheric reactions aiid atmospheric optic'-I
po1lution of the environment; the sin, earth's resources., meteorological mea-
surementsi, radiation belts and cosmic rays, and the effects of nuclear exoIo-
sions, magnetic storms, and solar radiation on tht atmosphero.,

THE AEROSPACE CORPORATION

El Segond(,. Californai~



UNCLASSIFIED
Security Classification -

DOCUMENT CONTROL DATA - R & D
(Security classilication of title, body of abstract and indexing annotstion must be entered whea the overall report Is classified)

I CPIGINA-ING ACTIVITY (COrpOprte author) 2a REPORT SECURITY CLASSIFICATION

Unclassified
The Aerospace Corporation 2b GROUP

Fl Segundo, California

3. rI--POR- TITLE

'-1H(YD)EMISSION FROM POLYMERS

4 DESCRIPTIVE NOTES (Type of report and inclusive datae)

S AU THOR(S) (First name, middle initial, last name)

Francis Hai and Melvin J. Bernstein

6 PEPORT DATE 78 TOTAL NO. OF PAGES 7b NO OF REFS

72 MAR 15 24 10
8S CONTRACT OR GRANT NO 9a ORIGINATOR'S REPORT NUMBER(S)

FO47ol-Tl-C-Ol72 TR-o172(222o- 6 o)-2
b PROJECT NO

9b OTHER REPORT NO(S) (Any othernumbers that may be assignee
this report)

d SAMSO-TR-72-26
10 DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited

II SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

Space and Missile Systems Organization
Air Force Systems Command
Los Angeles, California

I1 IABSTRACT

An experimental study has been made of photoemission from several polymers,
including polyethylene, kapton, teflon, and polyvinyl chloride, under
irradiation by 15 to 25 keV photons. The emission intensities from these
plastics were compared to those from several conductors, ranging from carbon
to tantalum, and from other insulators such as glass and mica. For all these
materials, the relative magnitude of photoemission was found to be mainly
proportional to the photoelectric absorption coefficient. Under this pulsed
ir-adiation, the insulators emitted as conductors when backed by conducting
sheets but exhibited reduced emission associated with trapped charges when
isolated.

DO Fo0R M 1413 UNCLAS SIFIED
,FC~ lt A (-,M ,'It L* li



UNCLASSIFIED
Security Classification

14,

KEY WORDS I
Photoelectron Emission
Polymers
Secondary Electron Emission

Distribution Statement (Continued)

Abstract (Continued)

"rL~ty(1l=,lcatronn

L



Air Force Report No. Aerospace Report No.
SAMSO-TR-72-26 TR-Ol72 (2220-60)-2

PHOTOE4ISSION FROM PO',!MERS

Phepared by

F. Hail and M. J. Bernstein
Plasma Research Laboratory

72 MARD15 D C

Laboratory Operations D.
THE AEROSPACE CORPORATION

Prepared for

SPACE AND MISSILE SYSTES ORGANIZATION
AIR FORCE SYSTEMS CCGKAND

LOS ANGELES AIR FORCE STATION
Los Angeles, California

Approved for public release;
distribution unlimited



FOREWOMD

This report is published by The Aerospace Corporation, El Segundo,,

California, under Air Force Contract No. F04701-71-C-0172.

This report, wbich documents research carried out from November 1970

to June 1971, was submitted 4 January 1972 to Captain Karl J. Hoch, SYAE,

for review and approval.

The authors are indebted to G. G. Comisar for many helpfvl discussionE,

to V. Josephson fo-- suggesting these measurements, to H. T., u. van Paassen and

R. H. Vandre for determination of the photon spectrum, and to R. L. Walter

for assistance in performing the experiments.

Approved

R. X. Weyer, Director
Plasma Research Laboratory

Publication of this report does not constitute Air Force approval of

the report's findings or conclusions. It is published only for the exchange

aWd stimulation of ideas.

Karl J. 4ch
Capt., United States Air Force
Project Officer

-ii-.



ABACT

An experimental study has beer made of photoemission from several

polyaers, including polyethylene, kapton, teflon, and polyvinyl chloride,

under irradiation by 15 to 25 keV photons. The emission intensities from

these plastics were compared to those from several conductors, ranging

from carbon to tantalum,, and from other insulators such as glass and mica.

For all these materials, the relative magnitude of photoemidsion was found

to be mainly proportional to the photoelectric absorption coefficient.

Under this pulsed irradiation, the insulators emitted as conductors when

backed by conducting sheets but exhibited reduced emission associated

t with trapped charges when isolated.
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I I. MNTRODUCTIONSRadiation-induced electron emission from solids is of direct interest

in such problems as generation of replacement c'rrents, production of tran-

sient electrom~gnetic fields, and charging of dielectric materials. This

photoemission from metals has been experimentally examined (Ref. 1), and

correlation with theory has been observed (Ref. 2). The objectives of the

present investigation are to measure the emission from several polymers and

to determine whether the theo.'y that describes emission from metals also

describes that from polymers.

The intense pulsed radiation source used in this investigation ias

a plasma focus discharge (Ref. 3). Ross filter measurements of the emitted

radiation, shown in Fig. 1, indicate that the photon energies were mostly

in the range from approximately 15 to 25 keV. Absorption measurements show

exponential attenuation characteristic of 22 keV photons This spectrum

results mainly from K line radiation produced by the silver anode tip used

in this device.
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IL. EXPERD4ENT

The experimental arrangement used in the measurement of photoemission

is shown in Fig. 2. Photons from the plasma focus discharge impinged on

two parallel diode structures. One diode with an aluminum emitter served

as reference, and its emission signal was used for normalization becauze

the fluence level varied from discharge to discharge. The other diode was

used to measure the emissions from the various materials listed in Table 1.

Only commercially available samples were examined; these varied widely with

respect to sheet thickness. The same fluence and spectrum were obtained at

the eiLtting surfaces of both the test and reference diodes by placing identi-

cal but reordered samples in each of the diodes, as indicated in Fig. 2. Also,
the same fluence and spectrum were obtained for a.1.1 the samples by adding

sheets of alumiuum to the thin samples such that the total exponential photon

attenuation was about the same as that for the thick samples.

In the quantitative measurements o1' the relative emissions, the poly-
merq and the other insulators were backed by grounded aluminum sheets; the

reference aluminum emitter was also directly gromuded. The emission areas

in the two diodes were defined by two 2.86 cm diar holes cut in a lead

collimater 1 cm in thickness. The collector in each diode was a 0.075 cm

sheet of graphite backed by lead, 1 cm in thickness, and all extraneous

surfaces were coated with carbon (Aquadag) to minimize electron emission.

A sheet of mylar directly separated the two emission regions. The time-

varying emission current in each diode was determined by the voltage drop

across a 50-ohm resistor terminating the collector lead to ground; this

signal was recorded on a Tektronix 555 oscilloscope. In addition, the

radiation pulse wau monitored simultaneousily by a PIN silicon x-ray cetector.

Aluminum emitters were placed in the two diodes in order to check the equival-

ence of emission from both. The observed signals shoved that the pulse shapes

of the two emissions were identical, and the amplitudes of the signal peaks

agreed to within 5%. The pulse shape of the emission signal also corre-

sponded to that of the radiation pulse.

"-3-



LEAD ABSORBEr(
LEAD
"COLL IMATOR

SI

RADIATION

S 2

0.005 IN KAPTON
0.125 IN Be ALUMINUM
WINDOW CAVITY

VARIABLE -EMITTERS
ATTENUATOR 1

I ' I
L__I

I/ S~ REFERENCE
EMISSION
SIGNAL

CARBON
L_ . COLLECTORS

TEST

EMISSION
-_ SIGNAL

I I.~

Figure 2., Diagram of the Per.lel Diodes

a. E~xperimental arrangement.
b. lke-ails of the emitters and collectors.

-4-



rrc4

'.4

tou cr
C\j

rA clA

0 "4 1 -% -I
(40 W H~ 0L f

00

.4i CA

H 0

C, 0 0

riI HiIS
-V5..



The effect of low energy secondary electron emission was determined

by biasing one diode at a potential that was varied from +280 V to -280 V

while the ot' - dioJe remained unbiased. Electrostatic shielding prevented

the applied bias field from penetrating the unbiased unit. The normalized

results are given in Fig. 3 for emitters of PVC and of aluminum. The ratio

of the biased to unbiased emission signals is denoted by S/so, where K+ and

K are the values of this ratio at large positive and negative biases,

respectively. It is shown in the analysis that the contribution of secondary

electrons to the observed signal in the unbiased diode can be estimated from

these data.

With both diodes unbiased, the relative emission was determined for

the various materials, as shown in Fig. 4. The data have been normalize:

to emission from aluminum and plotted as a function of the photoelectric

absorption coefficient L of the material (Ref. 4). Each data point repre-

sentF the average of at least three normalized signals, and the data bar

indicates the full spread in the values of these signals. These results

show that the observed emission is proportional to p. to a high approximation,

for the polymers as well as for the other materials. But the data for copper

and tantalum show substantial deviations from emission proportional to iL,

a result attributed to the relatively large K and L shell binding energies

of these metals, as explained in the analysis.

An estimate of the absolute magnitude of photoemission from the

various materials is obtained from Fig. 4 by specifying the measured photo-

current density from aluminum. On a typical discharge, the peak curre-

density was 0.37 mA/cm2 and the corresponding radiation intensity at the

aluminum emitting surface was 9.7 X l03 cal/sec-cm2 . This latter intensity

was obtained from the PIN silicon detector signal, taking into account the

spectral distribution shown in Fig. 1. For comparison with published values

of quantum yield, a mean photon energy of 22 keV is assumed for the incident

radiation, giving a peak photon flux of 1.1 X 1019 photons/sec-cm2. Tese

values give a quantum yield of 2.1 X 10-4 electron/photon, which is consistent

-6-
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with the value 1. 3 X 10-3 corrected for non-normal incident photon flux and

obtained with lower-energy 8 keV photons as given in Ref. 1.

In the measurements described above, insulators backed by a grounded

conducting sheet gave emission signals that were identical in shape to those

from the reference al]uminum conductor. But insulators without this con-

ductive backing were observed to give nonidentical signals. This important

variation was examined with the aid of the dual diodes, each with a PVC

emitter, one backed by a sheet of aluminum as before and the other isolated.

Several discharges were fired with both diode collectors unbiased. The

pulse shape of the signal from the isolated PVC was somewhat. er.'atic wben

compared to that from the grounded PVC, particularly on the first few dis-

Scharges, one of which is shown in Fig. 5a. (Both PVC emitters had been

irradiated a few days before.) After several discharges, however, the pulse

shapes were generally similar, but the amplitude of the signal from the

isolated sheet was only 30 to 6&% of that from the grounded sheet of FVC.

Even with both diodes biased at +280 V, tho. amplitude of the emission signal

from the isolated sheet was significantly smaller than that from the grounded

sheet, as shown in Fig. 5b. However, when the, bias was removed from both

diodes, the slgr:i from the isolated sheet again exhibited an anomalous pulse

shape sinilar to that observed when the sheet was first irradiated, as shown

in Fig. 5c. After several more discharges, the signal pulse reverted to

its usual character, i.e., lower pulse height and similar pulse shape, as

shown in Fig. 5d. These variations can be explained on the basis of induced

charges in the conductor backing the PVC and of volume and surface trapped

charges in the isolated PVC, as discussed below.
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b. Signals with +280 V bias on both collectors.
c. Signals at 0 bias iiiedlaitely afte., several
irradiations at positive ias. d. Signals at 0 bias
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III. ANALYSIS

Various theories requiring computer solutions have ber-) generated

to describe photoemission from solids. These analyses take into considera-

tion such jjrocesses as photoelectric, Compton, Auger, fluorescent, and

secondary electron emissions. Because the emitters of primary interest are

of rather low atomic number Z and the photons are sufficiently low in energy,

the only processes considered in this report will be photoelectric and

secondary electron emissions. Furthermore, because the measured relative

emission is observed to closely follow the photoelectric absorption coeffi-

cient, a simple analysis of photoelectric emission is first described and

correlated with the expe±imental measurements given in Fig. 4.

In this analysis, photoelectric emission E from the rear surface of

an irradiated sheet is given by

Ep = NO (ePR-l) - NoPpI (1)

where N0 is the photon fluence at the emitting surface, p is the density of

the material, ý± is the photoelectric absorption coefficient, and R is the

range of the emitted electrons in the material. Kusnezov has shown for

several metals that forward photoelectric emission exceeds backward emission

(Ref. 5). Therefore, the bcckward photoelectric emission from the low Z

carbon is assimied to be negligible when compared to forward emission from

che high Z materials. However, this backward emission should be considered

when examining emission from thto low Z materials.

The range R in Eq. (1) is dependent on the electron energy E, which is

equal to the incident photon energy Eph minus the K shell binding energy EK

(L and M shell binding energies are considered when necessary.) The r

of kilovolt electrons i. approximately described by

R = (k/p) En (2)

-11-



where k and n are constants, usually determined empirically for a specific

material and in a particular electron energy interval. Several theoretical

and experimental efforts to relate k and n to constants of the material

have been reported (Refs. 6 and 7). However, these have been limited to

metals and metallic compcunds and have given results that were not always

in agreement with one another. Berger and Seltzer have computi-.d electron

ranges for various materials, including those for several polymers (Ref. 8).

Some of their results for the 10 to 40 keV range, extrapolated to 1 keV

for convenience in obtaining k, are shown in Fig. 6. Values of both k

and n are easily obtained from this graph, where R' = pR has been plotted

as a function of electron energy. Equations (1) iýd (2) shov: that E is

independent of density and depends only on p. and h'.

Absolute values of photoemission compi*ed from Eq. (1) with electron

ranges obtained from Fig. 6 are only order of magnitude approximations,

because this simple analysis has neglected angular emission and multiple

scattering. Photoelectrons are generated in the materiaL with an angular

distribution dependent primarily on incident phioton energy. These electrons

then undergo multiple scattering, which results in nonlinear trajectories.

Tle data given in Fig. 6 describe the mean lengths of these nonlinear

traject'ories. Therefore, direct application of Eq. (1) requires correction

of the electron range data in Fig. 6 by taking into account these factors.

These corrections, in general, do not heavi±y depend on the emission material,

e.g., the result of multiple scattering is a reduction in the mean trajectory

length based on statistical variations. Thus, these factors tend to cancel

in ratios of emissivities, and relative emission is fairly well described

by taking the ratios of Eq. (1).

The quantity that has been directly observed is relative emission.

From lWqs. (1) and (2), the relative photoemission i given by

S0 (mat)/S 0 (A1) = [p.(mat)/[i(AI)] X [k(mat)/k(Al)] [En(mat)/En(Al)] (3)

S~-12-
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The variation of each of the bracketed factors on the right in Eq. (3) is

examined first for materials listed in Ta!,le 1 in whiLh the average binding

energy is small, i.e., all the materials except for Cu and Ta. In this

group, E(mat)/E(Al) =1 to within 6% and n = 1.75 as suggested by Fig. 6.

Also from Fig. 6, 0.7 O k(mat)/k(Al) S 1, except for PE. These two terms

together, therefore, produce a maximum variation of :20%., again excluring

FE. The term i(mat)/M(Al) varies from 0.055 to 1.6, changing by more than

an order of magnitude. Thus, the relative photoelec .ric emission for this

group of materials is dependent primarily on the mass cbsorption coefficient

as observed in the experimental data shown in Fig. 4.

In Cu and Ta, the shell binding energies are no longer small, so

that E(mat)/E(Al) < 1. In order to ccmpare analysis with experiment, all

three terms in Eq. (3) must be evaluated for these two metals. For Cu,

kEn(Cu)/kEn(Al) = 0.58, with k and n obtained from Fig. 6. Insertion into

Eq. (3) gives S 0 (Cu)/S 0 (A1) = 6.3, a result that is in reasonable agreement

with the observed value of 5.5. For Ta, the assumed incident photon energy

is smaller than the K shell energy, so that it is necessary to consider the

1, shell energy. Use of k and n obtained from the curve for W in Fig. 6,

with E = Eph - EL, gives So(Ta)/So(Al) = 15.7, which is Just above the

observed value of 13.5.

The contribution of secondary electrons to the observed emission has

been assumed to be negligible. This assumption is examined in the following

analysis. In a diode configuration, passage of kilovolt photoelectric elec-

trons through the thin layer of thickness Ax (Ax << R') at the emitter

surface generates low energy (:S50 eV) secondary electrons, which can escape

from the material along with the high energy primary electrons. Furthermore,

impact of these primary electrons on the collector surface also generates

secondary electrons. The number of escaping secondaries per primary electron

is given by the rel',Aon 6 = (Ax/l) dE/dx, where Ax is the mean escape depth,

F is the average energy to produce one secondary, and dE/dx is the collisional

stopping power. This type of secondary emission from metals has recently

been examined by Burke, Wall, and Frederickson (hef. 9).

-14-



Consideration of only forward photoelectric emission but both forward

and backward secondary emissions yields

;•So -- Ep (1 + 6 - 6) (4)

where S0 Is the signal observed on the unbiased collector, ep is the photo-

electric contribution, 6EfP is the contribution of secondaries from the

emitter, and 6C P is that from the collector. An estimate of the net stcond-

ary contribution is obtained by examining the emission signals at large

positive and negative potential biases, as described in Section IH. For a

positive bias, S+ = p (1 + 5E), and for a negative bias, S_ = Ep (! - 6C).

The experimentally observed quantities at large positive and negativw, biases

are SJS0 = K+ and S./S 0 = K.. From these equations, the contribution from

secondaries with no bias on the collector is given by

- S = (p (6E - C)/SO = 2 - K+ - K_ (5)

and the ratio of secondaries from the emitter to those from the carbvn

collector is given by

rs =6 = '1/- .)/(+ -(6)

From Fig. 3 for VC, K+ = 1.53 andK = 0.55, so that AeS = 0.8 and

FS = 0.85. For aluminum, K+ = 1.7, K = 0.4, AFS = -0.10, and rs = 0.86

K+ and K_ have also been measured for mylar, copper, and tantalum; the

results for these materials are given in Table 2.

Table 2. Biased Diode Parameters

Type K +-K AK s FS

Mylar 1.9 -0.3 2.: 1.245
PVC 1.53 0.55 -0.08 o.85
Al 1.7 0." -0.10 0.86
Cu 1.7 0.5 -0.20 0.71

Ta 2.0 0.5 -0.50 0,50

-15-



The shape of the bias curve for mylar was similar to that observed

for PVC in Fig. 3, and those for copper and tantalum were similar to the

one for aluminum. The results in Table 2 indicate that secondary emission

from the carbon collector exceeded that from the emitter for all the materials

except mylar. The net contribution of secondaries was relat-vely waU for

PVC and aluminum but was larger for mylar, copper, and tantalum.

The correction for secondary emission [1 - tS(mat)]/[l - Ae 8 (Al)],

giving relative photoelectric emission, would change the observed value in

Fig. 4 for Cu to 6.0 (;redicted value 6.3) and for Ta to 18.4 (predicted

value 15.7). Also, t1his correction would leave the value for PVC almost

unchanged but would reduce that for mylar to 0.096, a value closer to that

given by emission proportional to t., as indicated in Fig. 4. Consideration

of backward photoelectric emission, in addition, would only slightly increase

this value.

The effect of a positive charge layer produced by photoemission on

subsequent emission from polymers and other insulators has also been neglected.

Observations described in the preceding section have shown that emission

depended on whether the emitting polymer sheet was isolated or backed by a

grounded conducting sheet. The relation of a charge layer to these observa-

tionb is examined by computing the energy required for an electron to cross

the emitter-collector gap shown in Fig. 2, first for a monopole layer emit-

ter and then for a dipole layer emitter. The emitter configuration assumed

is a uniformly charged disk of radiu9 A (A = 1.43 cm), and electron emission

from the center of this disk is examined. The perturbative effects of the

dielectric properties of the emitter and of the grounded collector are

neglected. The monopole layer emitter corresponds to the charge configura-

tion produced by emission from an isolated sheet of polymer. The required

energy U in this configuration is given by

U =(O2e0-) d (1 - d/2A) (7

f _16-



where a is the layer charge density, E0 is space permittivity, and d is the
gap seTrsvtion. Flor PVC., a reasonable charge density is a-= 3.T X 10"1-1 C/Mi 2

(preduced by a 100 nsec pulse of magnitude given above for aluminum)., and
"- ~d = 3 g 10"1 cm. Equation M7 yields U = 5T eV. Thus, the low energy second-

ary electrons but not the high energy photoelectrons are easily prevented

from crossing the gap. In addition, the electric field of this monopole
layer increases secondary emission from the collector.

The dipole layer emitter corresponds to the charge configuration pro-
duced by photoemission from a sheet cf polymer backed by a grounded conducting

sheet, the negatively charged layer being that induced on the surface of the

grounded conductor. The required energy in this case is

U = (o-/2co) (d t/A) (8)

where t is the dipole layer separation. For the same charge density given
above and t = 7.2 X 10-2 cm., thickness of the PVC sheet, the required elec-
tron energy is only 0.31 eV. Therefore, use of a coniuctLve backing in
emission from sheets of polymers can greatly reduce thizo retardrtion of the

low energy secondr.-ies produced by photoemission, giving t~he resiL-ts described
in the preceding section.

For a low Z polymer and an aluminum backing, a net negative charge is
deposited in the polymer. This photoelectric cmission, in effect, reduces
the charge density of the dipole sheet, which further decreases the required

energy.

%-



IV. DISCUSSION AND CONCLUSION

"The two main results derived from this investigation are: (1) the

relative magnitudes of photoemission from many materials, both insulators

and conductors, are proportional mainly to the values of the mass absorption

coefficients; and (2) the emission from an isolated insulator differs sub-

stantially from emission from an insulator in close contact with a grcnnded

conductor. The conditions under which these two results are vw-Lld are

discussed below.

The observed dependence on R requires the energy of the emitted elec-

trons in the material to be approximately that of the similarly emitted

electrons in aluminum, an energy that is slightly less than the incident

photon energy. This condition is met for most of the materials listed in

Table 1 but not for the two high Z metals because of large shell binding

energies, and here significant deviations from this jL dependence occur. The

dependence also requires a fortuitous cancellation of the contributions from

secondary electrons from the emitter and collector in order that the observecd

emission is mainly photoelectric emission. Cancellation of the very low

energy but not the high energy secondaries is produced by the retarding

potential of the space charge in the emitter-collector gap during emission.

But the results of studies of the variation of emission with bias indicate

that total cancellation does not occur for many of the materials. However,

even with correction for this noncancell&tion of secondaries based on the

bias measurements, this L dependence is still evident.

In the experimental determination of relative emission, the insulators

were always backed by grou-ded conducting sheets. Use of these sheets pre-

vented varyirg signals and produced fairly reproducible emission over several

discharges. The explanation for this observation, supported by the analysis

of the dipole !ss-.r, is that negative charges are induced in the grounded

conducting sheet and nulliT•' the field effect of trapped positive charges

formed by ejection of phictoelectrons from the insulator, thereby greatly

reducing the electric field between the emitter and coilector.
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The second result listed above is based on observations such as those

shown in Fig. 5. The explanation propuded is that, whereas an insulator

backed by a grounded sheet has the aid of induced charges to help stabilize

its emission, the isolated sheet of insulator must rely on the accumulation

of negative surface charge to nullify the effect of the trapped positive

volume charge. Whei this surface charge has been removed, either by handling

before initial irradiation or by an applied field during irradiation, fields

produced by the trapped positive charge ten to reform a surface charge

through retardation of secondary emission from the insulator and attraction

of electrons emitted from other surfaces. This interaction can resilt in

signals such as those shown in Fig. 5a and 5c. After accumulation of suffi-

cient surface charge, emission frmn the isolated insulator is semi-stabilized

(Fig. 5d).

In the above discussions, a definite distinction has been made between

secondary Lad photoelectric electrons. This separation of the two species

may be easily performed experimentally for metals through application of a

bias. This effect is shown in the bias curve for aluminum in Fig. 3, in

which the collector signal chang-d from maximum to minimum value over a

very narrow range of bias voltage, from +30 to -30 V. Outside this range,

the sipals are relatively constant, clearly establishing saturation values

K and K used in the estimation of the secondary electron contribution.

Examination of the bias curve for PVC in Fig. 3 does not show this large

change in signal over a small range of bias voltage, thus indicating that

there is no distinct division bet-aen low energy secondaries and high energy

photoelectrons for the polymer. In addition, the signals within the indicated

range of bias voltages do not attain clearly defined saturation values,

particularly at large positive biases. (This variation was also observed for

mylar.) This continued increase in signal with positive bias may be partially

produced by the bulk photoconductivity. Thus, the secondaey electron contri-

butions for the polymers based on the values given for K + and K are only

ro)ugh estimater. These observations imply that the conventional method of
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examining high energy emission by placing a small negative bias on a grid

placed in front of the collector may not be applicable in the investigation

"- of photoemission from the polymers.

The separation of secondaries from primaries for aluminum has been

performed (Ref. 10), and it has shown that there is a distinct secondary

electron component with energies below -100 eV and a photoelectron component

that increases monotonically with energy to a maximum at E = E ph - E K. An

experimental study, similar to this one, examining the energy structure of

electron emission from grounded and isolated sheets of polymers would be

highly informative with respect to many of the phenomena just described.
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