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1 COLUMBUS 1, OHIO
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; ( . : : Septerber 17, 1948 RESTRICTED
i Drs John Dessamer "
pu : The Haleid Company - - S : L

gﬁ/ Rochester 3, Feir York S , ;

4 Dear Dr. Dessc.uer. -

dg‘ e are enclosmg 514 conies of Q):Larterly Progress
L Report No. 1 on Contiinmous—Tone Blectrostatic Electrophoto—
graphy, This report covers work for the three-—month period
o, from June 15, £0 Septem‘oor 15, 91%8.

’ «::« Work has been conceﬁtrated on the organization of
e an efficient research program and the setbing up and testing
i, of equiprent. to be uged on the project.

:» 'Ve-ry' tru'l-y ours,

»
|

C. D @ughton*'
Assistant. Supervisor
‘Graphic Arts Research Mvigicn

CDO: swr
Eng. -
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- ;; ’ QUARTERLY PROGR'SS REPORT 0. 1
- ::fﬁ _ {June 15, 1948, to September 15, 1 19L:8)
R fi ' COMPINUOUS~-TCIFE EIECTROSTATIC ELECTROGRAPHY '
i to : . T
o ‘ THE HALOTD GOMPARY |
. . " (Su’bcontract Under Signal Corps Prime Contract
‘ ' 3l To. 136039 s¢=36851)
‘ from-
BATTSLIE MELORIAL TWSTITURE ;
R. ii, ~Schaffer-t D, Ty Williams, L. E. 1*}'r,:l.l«nJ.r, :
and C. D. Oughton. )
: SUMIIARY " . . o | ’
'Tﬁis report_cové‘rs the u'rozzk on contihuous=tone -e;ectrénhotograpm
S ] froe June 15, 1948 to Septanber 15, 1948,
- The research 'object»ives. for work on coﬂtinueug’—t&ne ’e?lectroibh'o'tbi
graphy are listed, and the rela;bivé importance of each is considered.
Thred of these objectives have ’begg selected as being of greatest impor- ‘
‘\ba,‘g_cg: {1) exvosure speed eaiivalent to 50 Yeston, (2) high—qual;ity
gon‘ti-m:,ous-tone reprodvction, and (3) spectral response _ec'gﬁ;ve.le__nt'te
panchromatic film, ' '
| A research program based on:’che_ a;bove three objectives ﬁas been
outlined. The initial research problems are listed under five E
RESTR ICTED
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classifications: (1) - théoreticsal considerations, (2) improvements in

CE S e

electrophotovraphic plate speed, (3) improvements in electr0pnotograph1c

b
3

v

image develonment (u) improvement of spectral se*xsitivity of electro-
vhotographic: plates. and (5) 3earch for bettér photoconductive materials.

A deteiled study o*‘ the equrpment requ;red for research in electro=

photography and of the equipment fiow available has heen made.

The electricel characteristics of two available Cenco-Defshem—

] .
9 ) L
e 2 A1 e B Ray  TL E

- -1 Lindemann electrometers were measured. Two methods of measuring electro-
photogravhic plate potential have been recommeénded., One method was used
Ty to measure eléctrophotographic plate dreas as smell as 1/U inch in diemetexn|

Apparg.tus 4o. measure the spectral sensitivity of electrophoto=

gra:ohic -plates was assem‘bled and used in nreliminary measurements. of the

!
|
i
!

T T A st

s;pectral sensitivity of selenium-coa.ted electrophotogranhlc plates.

Measuremen-ts uging. the visib{_té portion of the electromegnetic spectrum

;
1 =

iy

i .-disclosed that seléﬁium—coat_éd. vlates are 'sensitive below and relatively
insensitive. .above sbout 5300 3., (the yellow band).

.A.. temmprature“coﬁtrol pl ate“l, to be used in regula.’cing the temp-‘
erature of base plates during vacuum deuositlon of photocond.uct:.ve mate~
rials, wasg demg“xed and: is ‘being constructed.

' He'gd', treatment of renresentative selenium-coated slectrophoto=
graphic plates for a 1O-minute peni:od- at either g0° Centigrade or 90°
Gént‘i;g"i-ad’e TYesulted in a lowering .of thé ?étential to which the plates

~-could be raised. |

A study was made to determine the effect of the presence of
volatile foreign material in the original sele_z;imﬁ charge on the -

RESTRICIED
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pﬁbtodomuctive properties of seleniun=coated plates, o effects were
observed in nreliminary experiments.

The availeble literature on photoconductiv1ty was r‘eviéwed and
a Tist of materials revorted to be photoconductive was comniled. 'I,‘he
investigation of the photoconductive ¢haracteristics of these materials
was. started. Selehium, anth,rac‘ene, acenaphthene ; bénz.idiné, fluoranthene,
chrysene, and zinc ‘ti'ta&xate‘ exhibited ﬂhotoconductivitya

An electrophotogravhic paper plate was prepared by evaporating
selenium onto a sheet of aluminum-coated paver. The imagés were wveak but

showed all details clearly.

A method of calculating the pho uoelectric off iciency (the ratio

of electrons released to the photons incident) that is required of an

electrophotogravhic plate to give an exposure s;oeed of eny asstmed v&lug

was devised. The method was ‘Dasbd on a number of ar'bltrarlly chosen

assuniptions and: is su‘bgect to change as work pro’gresses. It was used
in its present form %o calculate tha’ﬁ_,a. photbelectric efficiency oi‘r 940
pef cent is required of ‘a4 Selenium-‘coa;ﬁed plate to give an exposure 'gpeeg
of 50 A.S.A. | _

A model of the eleétrophotqgraphié plate hés been proposed in

Ry

which it is agsumed that -amall cry imbédded in a vitreous matrix |

ave essential to the electrophotographic- process.

gubjected %o test,

but results are inconclusive.

showz,ng detectable cry‘SnallJ.ﬂ

exhibited

electro

This hypothesis was
Selenium-coated viates

ophotographic properties.

RBSTRICTED
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The manner in vhich charged selenium pleates lose their charge,

B

" as'a function of illumination iime, was andlyzéd by use of painted platess

An exponentisl decay rate from the initial to a final residual voltage

wvas concluded 10 be a falr descéription of the prdcess. Prdbabie deviation 1

of eXponential decay Tate of 5 per cént was calculated by use of U i)lateé.

‘The decay rate is found to be about 20 per cent greater for platexn _v}ith.

;posi:tive' than with negative charge. Rationalizations of these properties |

of e]:,éc‘ti'ophdto'graphic plates are shown as based on simple and plausible

assumptionss 5

s
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This will include vérious light sources, a calibrated shutter, : 5
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% FUTURE WORK

i

[ o Bxperimental work for the next three months will be cohcentrated

%Z (‘; on the foilé“wing 'proBle‘ni‘s: ' B
) é (1) Imorovem ; of sneed and snectral sensitiwity of sleciro= :

:%: - photographic plates. s | 7' : *

!?; (a) Bouinment will be assembled to measure conventently

% and duickly the general probeff%i_es c->f': eleé%réphd%qgra:phid-_'é)la,";_e‘s. )

{ -

i .

means of §ensitizing the vlate, méans of éonneéfiﬁg the IJ;Late
th an e],zza.c‘t_ro‘meter and measuring its potential as & function
I I - of time of exposures The varions light sources will cower the 1
| | spectrmn '*‘rom 2000 to 20 000 A. , -

(b) Various methods will be used to meaguré the nlate
potentisls with the several types of e-léctrometers availab-le-.

(c}' When the equi’oment in (a) above ig in operating

= order, tests will be made on the best available electronhotographic ' 5 :
vlates to determine their electrovhotographic proverties and ] ;
genereu. characteristics. : 3

(2) Gollect and: test other nhotoconductors,

RN

(’a)' The equ‘ipment- discussed in (l—a'-) above \:vill be used

to measure the electr:tcél and photoconductive provertied of the

nhotoconduct ive meterials,
(b) The compilation of a list of materials reporied to be

photoconductive will be continuved.

RESTRICTED
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(¢) Additional materials appearing in the list discussed
in (2*5) gbove will be collected and their photoco-ndugf;lﬁré
characteristics will -’be ‘Stﬁdiedw 7 .

(37 sStudy &evelopér.-s and d;avele_)pi‘ng processes for use on
continuous tone. ‘ L
(a) Detailed consideration will be given to thé determina~
~tion Of.rquirementStﬁor_unifoxm.deveIOPEent of large, dork areas.
. (‘b) A cﬁé.rged povder -Cloﬁd: developing eoduipment will be
86t up and an attempt will be made to improve this system of

(¢) An electrical conductor will be placed near the ele:c-tro-“
_;tati_c image én ;;he p],atrei during Vth;,a -é.e;élc;pi;;g ,p.roces_sr. : 'i‘ﬁe _
gffect of such an -a;’ra:g_ement on the resulting imgge will Dbe
evaluated. -

(4) ‘study seieihﬂ!mﬂ—coated_—r pla,te.é_. Experinents will be conducted

oﬁ the preparation of \\s'e:lenium-'coated plates containing no éry«f;jtalline- as

well as various degrees of crystalline structure in the selenium coating.

‘Mea.suremenﬁ's from the plates will be used in the development of the

theoretical background of eledﬁrop@otography _which is necessary to the
clevel-é‘piniejnt of plates with better speed;t\and spectral égnsitivityo
| () Temerature—coétrolled pl-atép will be installed in
the vacuum unit to hold ‘temper.a'turé of plaf;e constant dui'ir‘xg.
evaporation,

(b)) The relationship between selenium film thickness and

plate speed will te determined,

 “RESTRICTED — [~
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{¢) The effect of plate temperatutre (duri’ng '-x'rapui;.m evapora~ !

tion of selenium) on I;la'té speéd will be determined,
- - (a) Effect of impurities in, or addition tq;. -s_'e‘lenium Or
the p]ia';;e speed will be determined. o
(5) Literait.ure 7a.n‘d ‘g'eﬁerka,l study of the problem.
(a) Colléect and review iiterature on phoboconductivity.
{b) 0Bollect and review literature on fluorescent materials
that. exhivit photoconductivity.
-7('6') Theoretical _qo:;,s_i.@g;'_,a.__&‘i.on_s, The aim of this portion of the-

project is to develop a theoretical background for electrophotography in

order to aid in the atteinment of a rapid and pragtical means of dry

Y

_';kiilé'ég‘gigphy and o explore the field fof other vossibilities.

(a) Vork will be concentrated o -the eva'lﬁat_iq_n of a theory

to explain 'elec?tro'stati;c and phot'q‘_condﬁ'c‘bive mechén\ism's of

-

elsctyophotograbhys

~

PUBLICATIONS AND/OR TALXS

(None)

RESEARCH PROGRALI BOR CONT INUOUS-TONE FIHCTROPHOTOGRAPHY

Research Objectives

The following is a 1list of the objectives called for in the

‘research provosal on this project for developing continuous-tone o

REISTRIGTED
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electrophotograpliy. Zach item is discussed briefly as to its relative

g0
AR e P

importance and relative difficulty in the research plan:
(1) Rapid Develupment by Dry Process

' : ' ' Rapid end dry development is now possible by methods: |

it of

may be <poss'i_.ble but such work will be in later stages of the

project; aftér more definite information is aw}ai]_.ab'le on
| .i'fmpz_"-o,ve,d, plé.te's‘ - ;lei'eio_piﬁé powders.- . S [ l- '
| (2) -Resolving Power of 20 to 30 -L__'ines> ver Millimeter
qu 6116té'gfaphic resolving pO\\;e’.'L‘ using prése‘ﬁ% raterials
is a.pproxiiaat"'ély sewfen to ten linés 1:3er nillimeters 'No_vb_ﬂrcr
s planned -on this specification until -a,f:'ter plates of greail-
er phqﬁegraphic speed have been produced and othex_-.'.t'eqhniques
of the process have been ~e-§taﬁlts‘r’1éd.
(3) . Exposure S‘r.e ed Equivalent to 50 Veston _ - . _ f:‘ 3
This is cons:Ldered the most important of all of the | j
specifications _li_si',e‘d.. A major por.xt-i_oxi of ,_effo rt will be
concentrated on- this problelﬁ m the early stages of the
project. . The fundémental ﬁhotoqohductive pheno-mena involved

. : , in ,el.e‘_é:trcnho-tdg-r'a.bhy will be investigated and searches

-0 ) - Will be made for more sensitive photoconductor

CRER I i 9 i e h B e giin

R ()-l-) Spectral Response Eouivalent ‘to Panchrohetic Film

| This specification will be Q_o_n:sid»ere& along with
exnosure speed, but it will be considered of secondary
importance until plates of relatively high exposure spéed_’s

have been developed.
‘ - o RESTRICTED oo
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{5) High—-Qp.ality Continuous-Tone Reproduction

This specification will e considered in the early
stages of the -prq,ject as 1t is relatively indepen{len-t of
the exvosure sveed of the e'leé‘crophotfog-raphic plates.
(6) Retention of Sensitivity for Remsomsble Periods
(7) _A Minimum of Photoregression for a Period of Twelve Hours

Wo work is contemplated on theése two specifications

until an slectrophotogravhic plate of adeguate exposure sveed |

"~ has been developed..
(8) Adherence to Reciprocity Lew E@i‘%fa:[éﬁt to Sil¥er Photor
gx-'aphy over a Wide Range 55 Light Intensities
Tests vwill bé made on the reciprocity of -séle_niu}@-
electronhotogranvhic vlates as they are_(le%;'éldped‘
(9) Permanence "of Prlnts
Present prints are considered to be sufficiently
_permenent, tut this s:pec:j,-_f ication will be con‘si'd:e;‘ed; if
gha_r;ggas are l-)rrop,,ose»d in the e-_év_elépir-lg_ or ‘the: fiﬁng
techniquese |
(10} Uniformi:fy of Quality of Plates or Film from Batt;h to Batch
This cannot bé coisidered until specific_e;tions are
® available on plates o be manufactured, |
(11) Hethods for éensitizin'g'Plafc_es or Film to be of Ligit~vreight

Construction and Simmle to ‘Operate

(12) Adaptability to a Continuous Process of Phot ography, Develop- 7

ing, and Printing in a2 Single Unit
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Thes;e specificstions concern the design of the final
camera and it will bé considéred after the more fundamental
problems. ihvolved have been golved.

(13) "Séﬁtisfac'{:éry (}peratioh of the Process and Materials in

This specification will be considered after more
K a;e,‘.u‘i_nit.e '.’Ln-:t-‘orma«tiox';, is availeble on the materials and
T _process to be proposed. _
(k) "Satisfactofy Overation of the Frocess in the Temperature
Range of minus 65°F. %o _-pi-us 165°F. o o
Presant selenium pl'e_mtes will deteriorate at plus 165°F. ,
but plates involving other phdﬁécond.i:.ctors nay meet these
specifications. ' ‘ : o B
(15? Bvolubtion ofa an Ele c:tr'o,phé{:o_'g-faphic Fiim-}’g‘iexible F';nOugh to
Use irn Roll Form |
-. Th s speclifi_c@'& on w.ili'not be attempted uﬁti’.:L more is
_hiown, dbout. the fundementals of thé process and the materials

involved.,

Hajor Iritial Research Problems

A conéid_erati’on of t_hé s_)?ec_ci:fi.qati.o_ns for this wroject led %o

the gelection of certain items as being more important than others in the

| early stéges -of the project. Other $&pecifications will becone nore impor—-

tant as work progresses.
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The followiné outline includes the major initial problems and a

ey

<<<<<<

problem,

ATheo“re tical Gbns-id’ezja'.ti__ons

(1) Evolve theory to explain electrostatic and vhotoconductive

mechanism of 'electrolahotpgré_.phy. :

I ‘ -' (8) Determine :f“rémmighéé-réticjé;ijhéoﬁs;derati ons the -ro_lge of primery
and secondary photoconductivity in dissipafion of ;elec’c-rical charges on
- : | électrophotdgraphic lates. -

(3) Bvolve theorf,; to explain role of t1;:i§boelectricity in electro=

_— phoiﬁogra;phi(; image developments

Ixﬁnroyements in Blectrovhotogranhic Plate Sneed

(l): Calculate the. rate of charge decay (constant light inteﬂnsi_'ty')
-. c_ér‘res‘pbnd.;_iﬂg to 50 AJSc & '(pho-tégraphic' speed apvroximately. e‘Qua.A]_. to the
61(_181;‘ Weston rating) and ~.cal'2:u‘1a‘te the amproximate -_phb’toelectric eff_iigiem;y
req_ui;"ed- of electrophotographic plates.

‘(8) As,senibie appaga‘t_ﬁs' fcapé.ble of measuring decay rates necessayy

for the exposure of electrdph&ﬁographic platess

- : (3) Detetrmine relationship between selenium thickness and light
1 decay rate (plate speed). .
- (%) Determine effect of temperature Zduring vacuum evaporation of
gelenium) on i)late speed., |
(5) rDeterm«ine effect of impurities in, or additions to, selenium

on the plate speed.
- ST e RESTRICTED
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(6) Determine effé-ct of dye sensiti zers on electrophotographic
vlate speed. ‘ : - .

(7)~ “ollect and review litetature on photoconductivity.

(8). Develop technique for detectfﬁgzgdéms of photoconductivity
and of measuring amounts under different electrical f£ields,

lights, and in different formg of matter.

(9) Determine tho photocond.uc tive propertles of a number of néw

| materials both as crude materjals and as coetings on plates.

(10) Collect and review literature on fluoFescent materials that ‘

N =

--exhibit photoconductivity and test vro ‘nising materials in the electro-’ )

&

photographic process.
(11) Test the photoemission of insulators or .of metals on insulats
ing surfaces as a possible basis for a systen of electroohotograﬁhy,

(12) Determine how the electrical chargee reside on &h electro-

photographic plate and how it 1s linited in notential.

(13) Use oonbmamons of long and short wave length 1ight on

.electroohotogranhic plates to erhance sensitiv:.ty.
(lh) Develop methods for using small tést nrobes with electrometers

or of connecting the electrically -coﬂductive bacldng of eie,ctrophotographic

plates to electrometers as a means of measuring photoconductivitys -

-.(15) Determine the devendence of rhotoconductivity in selenium on

the physical s.taﬁe and, structure of the materiale -

(16) Form photoconductive layers of lacquers or other binders

containing photoconductive particles.

RESTRICTED
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(17) Determine the naturs of the electrical charged latent image

© on electrophotographic plates and the natm;.e- and magnitude of the elfec-‘ori-cal:i

fislds Jjust above such images.

{18) Medsure the charge and force on single particles of de‘ve_lo’pef

(19) Im_prove the efficiency of de"elopment process because it ma.y

(20) Oons frict synthetic plates with small areas vhich can be

" charged to i;nown potentisle to- explore the functioning of &lectrophoto-

S ._nra.phic develo;pers .

(21) Determine the value of a "keene*“ on charged eléctréphoto=

! g'réphic plat 8.

(22) Oo nstruct two humid:n.ty-control cabinets for carrylng out

é%periments under various condi.tlons_,.,

. . Improvements in Electrophotographic image Dévei§§mént~

(1) Deir‘élop apparatusg fozj quantitative measurement of trito-

- electri city.

(2) Determlne requirements for linear relationshi.p between powder

, deposition and pla,te potential (continuous—tone development)
(3') Detgerniir_ge effect of pa,r_tic;'e gize of powder on continuous=tone ]

" development.

(,h) Arrange electrometers for measuring charge and potential on

gmall areas -of eiectrophotographic plates.
‘ RESTQ;CTED
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. Improvement of _._Spec:i‘,;'al Sensitivity of Electrophotographic Elat'as ‘
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.(5) Determine the forces on and the motion of charged particles

1 in the electrical field near the latent electrostatic image.

(6) leasure electrical charge on developer powder particles.

(1) Determine the reason for some combinations of plates, plate

T charge, and &eveiojgef giving be%"tér continuous-tone reproduction than other |

1 combinations..

('83)‘ Detemine the efficiency of dgv'eloper" powders in producing

black ima,ges on pa.par.

(9) Design plate': wnich have a mottled image both by light mot’cling ‘
~and ‘oy mottling the photoconductive layser. Use such plates in the repro-

: cluction of continuous %tones.

(1@) Devise means Of developing plates by clouds of glectrically

charged dust. n

(11) Plage an »lGCtl’lC&l conductor near the. electrostatlc imag;e -on

" %he plate -durmg the developing vroceéss.

(1) A.ssem‘ble apparatus for routine determinations of gpectral

gensitivities of electrophotogra.phic plates.

(2) I—I,e}asure spectral sensi-t;inty of selenium plates prepared under

~ varied conditions and also measure spectral sensitivity of other plate

,:m'a.t‘@na;l;e as c’t_eyelopera_,._

(3) Determinc_a_ effect of additions and impurities on spectral
sénsitivi’t_;y of selenium plates. Also include effoct of such additions and

impurities with other photoconductive materials.
RESTRICTED
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(4) Determine effect of dye mensitizers on spectral sensitivity

of electrophotographic plates.

 Sea¥ch for Better Pho_toconduc.j:ivé_ i‘fa%eri;ala

4.,
9.2

{1} Survey the Literature to compile ist of

romieing photo—

LS * fhpoiedim ol

. = 3 _

(2) Develop experimental technique for preparing sample 'e_]iecﬁto-
photographic plates or test plabes with coatings of various photoconductive I
materials. '

(3) Develép aP?a.«raéus for routine analysis and meagurement of

| plate characteristics with. various photo_conauctivo m’ateriais ag coatings.

‘Research Focilitios a.nd;_Equi_pmént.

In the early stages of research i«rc')rk,. equipment will be acauired

and assembled for verforiiing & number of spééialized measurements connscted

&

with the olectrophotographic process. A brief statement with respect to

these itemsg of equiﬁment will ;oe recérded here.

Optical lieasuroments

_Equipment is being a._ssembled to provide monochromatic and poly-

chromatic light of calibrated intensitios for teosts on plate sensitivities

o
and gpectral characteristics. It is necessary to the understanding of the
process of .photoconductivity that such light sources o#tehd in’co,. the infre— |
red and ult:;'aviol_ot rogions of the“s_pectrum. In latér stages of research
RESTRICTED
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1 work it will be necéssary t6 measurs such propertiees as the resolving power;‘

récj_.pr‘_oci‘ty, contrast, -and latitude of olectrofzhptographi;c plates.

Electrl ca.l Heasurements

t=t
)=
]
[}
ot
[
[
3
(D.
it
10
"3
m

vatoms will bo required for a number of tests
assoclated with the measurément of photocond.uctiv:.ty of natorials, and the.
oclectrical fields noar elec'crophotog_ra,pha,c plates. Such eloctromoters mll
alsé sorve to measure the resigtivitios of materials.

=

Equipment is available for the dotermination of a z,mm‘o'eie of physicall

propertics of materials. This includés X-ray and clectron-diffraction
oquipment, petrographic and metallographic microscopes, spactrographic

analysis, ch‘emica.l analysis, clagsifiers for fino powdors, and eguiipmont

mqu:.pmont is a.vaila'ble for tne vacuum depositlon of ’chin films and

EXPERIMENTAL VORZ

"by

J. J. Rheinfrank, ¥, B. Bixby, D: T. Fausger,
P. G, Andfus, and E. C. Rickor.

Eloctrometors for Tosting Plate Surface Potential
In the study of olaectrophotographic plates, it is desirable to .
measure the potential of tho outor surface of the photoconductive iayor

RESTRICTED
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with respect to the conducti‘_vo backing plate and to measurc thé_z total
guantity of eclectiical chargo colloctéd on the surfaco of ‘the photo-
conductive layor.: |

¥o. practical nie_-thedé have boon dovised for measuring the -quantity
of olectrical charge on the plate, but twe mothods have been proposcd
and tosted for measuring plate ~surfaco=1;o-tentiafl. T™oese motheods aroe

shown schematically in Figurc 1. In the first mcthod (la), a small tost

probe ig brought near the chargod sur-fe.'éé -of tﬁe: platc and tho deflcetion

on the oic_-:_ctrom'etor is tskon as & measure 'of tho potontial on the surface

1 - of the-platos This defloction 1& calibistod by roplacing tho eloctro-

photographic vlatc with a motal plato and adjusting the potontial of tho

platé to various knowmn values. Tho oquivaloixt cloctrical circuit for this

arrangément is shown in Figurc (1b). Hero Cy ropresonts the olectrical

.cajpaeit& -through tho layor of .fphotocon'ductive ma@ex_‘i’é,l, Cp the capacity

betwaen the platc surface and tho tost probe, and 63 tho 1loéakago capacity

- from tho test probo and tho cloctromoter to ground. Tho clectromotor is

oxposed to. a fraction of tho plate potontial dopendont on ‘tho rclative

valuos of G and 03.

In 1;11(-3 :gocond mothod of testing pl_dte surfaco potontial, Figurc

{1¢), tho clochromotor is comnocted diroctly to the cloctriéally conductive 1

. backing of the plato. This backing is groundod aftor tho platé surface

has .'t}oc‘zn: chargod under corcna diééha,rgo,_ wires. The cloctromoter roads.
zorc whon first connoctséd, but incroascs in roadings as tho platc is
dischargod undor a light. Tho oguivalont circuit for this test is shown
in Pigurc (1d). Horc tho loakago capacitics to ground of the front anci
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back of {he plate are of primary importance. During the charging of the

plate, 03 is sghorted out ﬁut C; and Op are charged %0 the same potential.

~ The short 1s then removed from 033 but the slectrometer still reads zero

because €3 Is not charged. When the plate it exposed to light, the

equivalent capacity Oy is shorted out and its charge is effectively

potential anpears across the electrometer.
Both of these néthods have been tested in the laboratory and

found” to function satisfactorily with Genco—Deréhéé electrometers. The

secon&'metﬁdd (1b) was used to measure the decay character istics of platé™ |
.éreas as small as 1[u*inch diameter by (a) placing the charged plate

. hehind a metal mésking form hawiﬁg a circuiar window of 1f4-inch diameter,

and (b) vsing, as a test probe, a circular loow of wire slightiy larger

 then 1/4 inch.

Electrometers will be immortant o ols for-exﬁerimentallwork on
this project. Two Cenbo—Dérshém instrumegts‘(Géﬁtral-Scientific Company,
Fo. 7I007) are available and two other types of electrometers have been

erdered (Geniral Scientific Company electronic electrometer, ¥o. 71010,

and a Cambridge Instruﬁeﬁ% Comwany, Ryerson-Lindemann electrometer).

Tests on thre Céncq-ﬁershem’elgctrometers have,detefﬁined ﬁhéir
sensitivities and have révealed a serious.drift_in ;eadings with time,
Sensitivities up to 500 qiliimeferS'per volt (scele at one meter) can be
obtained with usa,fol-e stability. EHowever, under these conditions the
scale reading on the electrometer increased 35 per cent over its initial
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reading in ten minutes of exposure. Lower sensitivity‘settings shovr
increases of 10 to 15 wer cent in ten minutes, Both of the available
instruments are sﬁbje’ét to the same type -of drift.

_”he obgerved drlfts in the Genco~Dershnm electrometeré are

attrihuted to imperfect silvering

serious errors in ahy quentitative readings taken with ‘them.

A'pvoaratus to0 Heasure the Photographic Cha’cacterlstics
of Electronhotoarabhic Plates =

A Beckman Photoelectric Quertz Svectrophotometer and thirtgeg
Baird Interference Filters were nrocurred,and a focal nlane skmtter was
constructed, to ald in the measurement of the spectral .sensitivii;y,"the .
speed, and the 'r_ec':ip-rocity>che.z;-acter.istic.s of electronhotographic vlates.
f[“he- svectrophotometer and the. interference filters will make

a.vaila\ablé monochromatic light, the s‘pectrbphqtom,eter supplying light in

the 2000 An-gs".trbra_ to 2_0_, 000 Angstron i"é.ng‘e &hd the int‘éi‘fje_rence filterwy

of the srmature and they will introduce

transnitting bands about 19®"Angstrom'_s wide in sporoximately equal steps

ffom 4000 Angstroms to TOOO Angstromg. The focal plane shutter will
enable exposures 'bé,tween 0.0_i‘ second and 30 seconds %0 Ye made.

n add.iéion to being used as &
source of monochromatic light,- gen be used in determi;n ng (1) spectral-
transmission and spe:c.tral—arbsorp.tion curves of filters and (2) spectral-

radiation curves of lumindus sources.
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4 Spectral Sensitivity of Selenium-Coated
Electrophotogranhic Plates "
KL T
féc;} Preliminary measurements on the spectral sensitivity of selenium—
vl ! . ' .
A7 - 1 coated electronhotographic plates were made using the araratus méntioned
15 -
Y, in the above sectién.
;."3' ) 4 -
1 : Heasurements at wave lengths of uo75 X, u6lo .3. U875 K 5530 X
‘ 5760 X, 6050 &, 6u0 £, 67u5 &, and 7045 & asscloseat (1) that selenivm
[}
«‘:‘rj coated electrophotographic plates were sensitive in the violet (4000 A -
i ..
¢ U450 'A) and the indigo (LLSO 2 - o L) portions of the electromagnetic
' §.,~ .spect'rum;: .(2) that. .sele.nium-:-_coc,,..ed elecirophotogranhic nlates vere
?’E .} probebly most sensitive in the blue portion (MSLLQ' X - 5000 2)s (3) that the
;i;jf sensitivity of selenium—-coated plates v-.vas high in the green wp to at least
;” - 5530 Angstroms; (U4) that the sensitivi ty of selenium-coated plates
il decreased rapidly near the end. of the green (5_760' X).; and (%) that the
;*”t sensitivity of selenium-coated plates was extremely low in the red
g '
& ° . o
Kd (6200 A ~ 7200 A),
b
%
!

Design and Construction of .a Terps rature—-(}ontrol
Platen for Vacuum Evanorati ion

Y

; 6
o A Sy Jon, e~
e ol ot AT

ork was sterted on ’c_l_l_g_»assemb]':;ing of equipment necessary to
control .and measure the temperature of the plate'durin_g vacuun deposition
@; | 'gf’ the selenium. Teme rg.ture control will be achieved through a "Eemt_oer-—l
_ ature;;controlled plate_ﬁ in cgnj;a,.c’g with the pla‘ce. Temgé _ratur.e measure-

ment of the plate will be made with thermocouples.
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A\ | Heat Treet ment of Vacuum-Evanorated Selenium~Coated <
l\ﬁ : Blectrophotogravhic Plates
i;g;‘ @\ , Two. vacuum-evepoarated selenium-coated electrophotogravhic plates
'?% i vere cut into aquarters. ZXash quarter vas thén checked for its initial 1 e
& - : .
::«,@{ - - ¢ rotentisls  The indtial mpétential is dafined as that potential which a . -
” C— given plate will hold in the dark, ten seconds after it has been sensitized
under standard conditions. The plates were tested after both nositive ‘
0 and negative sensitization. *
’f Bach quarter of plate was then heated in an oven at atmospheric +
% pressure at a lmown temperature for a 'mownm time, The initial potential {
’u vas determined egain after the heat treatment. It was found that heating {
;'“; za.nlate for 10 minutes at 80°C. causged a def,iﬁ-ite -decrease in the iﬁ‘tial .
A : potential when the vlate was charged positively, while not affecting .thé ‘?
e 5 Y o 5 . ) :
';‘if; | negative characteristics to a great degree. A 10-minute heat tréabtment i
= at 90°C. caused a plate to lose its ability to hold & vositive charge snd ;’
B3 - B : 3
ef & -definite decrease in its negative initial potential. 5
2 Effect .of Volatile Foreign Material on Vacuwm-Evavorated 7
i ' ' Selenium Eléctroohotographic Plates v

g.

an attempt was made to dstermine If there were characterlistics g:_,

present in selenium electrophotographic layers that were peculjl_a;r to . i

@ plates prepared in each of the two folloving groups: (1) plates on which ;
the selenium leyer was deposited during the first portion of the evapora=- %

. . o ) K9

tion procesgs, and (2) nlates on which the selenium layer was deposited a

- é’

during the lagt portion of the last pof’tion of the evaporation process. i
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evaporated onto two welghed five by s__i-xsinéh mirror-finished aluminum

. four by five-inch. area of ong plate at a time al{d which could ‘be

breaking the vacuum,

~p% - RESTRICTED
It was assumed that the foreizn volatile materials in the gelenium
charge, ©.5., water or gas, \Jould have a greater concentration in the

plates formed during the first part of the evaporation ¢yéle.

For this work, a charge of shotted, chemically pure sﬁel-eniuin: vias.

plates. An area of four by five inches was coated .on one side of each

plate. & plate for each of the two above &roups was prspared during one

evap‘o_ra;tidn..‘cxcle.e‘ This was made possible by a device which exposed only o

activated-to replace the f_ins‘t‘ plate by the second plate a_ij_js_gr"the_if;lrét_
pidr(t;oirx of the gelenium charge had been evaporated.
The weighed gselenium charge was dlaced in the vacuum cham':}e,x; on
a flat :plate 6 inches from the surface to be coateds The charge 'wé;s
gpread uniformly over a 4 by 5-inch area of the plate which vas heét'gci
by tungsten wire filaments during thé ev.:-a,pqra;tion cyclé.
Ten plates wgré- prepaf’ed‘ as foiic;v;'a:
- 1. The plates to be coated and the selenium charge were placed
into the bell jar. |
2. The bell jar was pumped t0 a vacuum of approximately 0.38 .
microns. ‘ 7
3s The s.elz_aniun% 'qha_rg.e_‘ Awas heated Vo evaporation tex_nperatﬁrg_a
and selenium was dej)bs—i-‘bed'én the first plate.
A 4, The filamants werd 'turAned o'ffr and the remaining selenium
charge and the coated plate were allowed to cool, -

5. The Tirst plate was replaced by the second plate without

. _gmsTRICTED |
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6. The romaining portion of the selénium charge was evaporated

| onto the second pla’_.fe.

7. The evaporating chamber was allowed to cools
8. Tho vacuum was released.
9. The coatod plates were removed from tho bell jat.

Table 1 givés the known data for cach evaporation cycle.

Time— Yen plé.tes prépared as discussod above werc tested for their

“maximum potontial and their potential -decay characteristics by means of a
' salibrated Cenco-Dershem-Lindemann clectrometer. The platos were chargdd
1 to & maximum potential (both nogative and positive polari ty) and both the

. 1ight and dark decay (potential decroasc por unit tine) wore recorded.

Thore wag found to be no éharaqtorisfoics_ poculiar to the eloctro-

photographic -pla.'t‘o_s of group: ons as compareod to those of group two (1.c.

plates coatod by the first and second portions, regpectivély, of the selen~ |

ium cha.—rg_o),g Honce, it is indicated. that vola.uile foroign na.tarlals in

the selenium charge have no offect upon tho properiios of selenium olectro— ;

| photographic plateg within thé limits of thé mgasurcmen,ts orployed in this.- .

test.
o

_ The data obtained in the above work have ot becn fully analyzcd.

EA M

 Thé results of further analysis will be presented in tho noxt roport.

Compilation of a List of iiatorlals
Roported to be Photoconductive

The litoraturc rocords a number of materials as boing photccon=
ductive. Not all of theso would bo suitablo for oloctrophotozraphic plates
bocauso of their lack of insulating proportiocs in the dark or bocause of

othor unsuitablo physical charactoristies.
- RESTRICTED
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Table 2 on the following nage has been prepared from literature

references availlable at the present time.

Investlgation of Ma.terials Renorted
%0 Ye Pho ‘l;ocondv.cbi:v"3 :

A program to invéstigate the photocondutive characteristics of the

ma-térials listed in Table -2 wves began. Five techniques of observing photo-|

conductivity were selected for use in nr.eliminary \-rork: (1) Evapora_.te'.
the material onto a metal nla‘ba, gensitizs the wated plate by passing
it under s corona discharge; place the charged plate neer an electro-

static electrometer; record the rate of decay of the charge vhen the plate

is in derkness and when the plate is exposed to o vhite lignt. (2) Break

un the materizl using morter and pestle; :_paiz;d_: material onté & metel plate t

gsi’pg a suitable binder; sensitize and measure rates of gharge'dé-c:ay aé’ :

set forth in (I) (3) Break up the mat‘er;i_zg;l‘ﬁsi'flg a mortar and pestlej

spread a thin layer of the material onto & metal plate; sensitize and
measuré rates of cherge decay as sét forth in (1), (4y 'Zé_réak up .thé

naterw.l using a mortar and pestle; place material 1:ato a special conduc~

tivity cell§ record the current through the mc.terle.l in da. mess and whén °

d %c a white lighta (5) Compress the matn‘"i'al into tiln diécS-;

“

fires evanorate or spray a conductlve coating on one side of the disc;

'sensi-t'ize -and measure rates of c_he.rg_e- decay as set forth in _(_1).

Ued ng method-.; "'_(3') and (5) above, materials were checked for
phot Gw..u.\;.cta-v.t. :, A Fo. 2 photoflood 8t a distance of appfoaﬁ'matel.y
6 inches was wsed a;s, the source of white light, 4 'Ceﬁco-ﬁershem electro-
me ter (_g;ntré.l Scientific Company, Wo. 71007) in Battelle iount (I-15552),
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TABLE 2. MATERIALS KNWOWN OR SUSPECTED
TC BE PHOTOCONDUCTIVE

—~

SR
Rk

.3
!

e e e A

e a A g

R s

i_ﬂ = " Inorganic Compounds
e = - Chemiecal Namo :Chemi. cal - Formila

!

e
bl

Othor Wamo

Gorupdgm'_

Aluminum oxide Al*g_o{

RN | SRS

alar:4
AN

Antimony ) Sb =

g
s

Antimony trisulphide Sb253 - Stibnito

Bemth B

T N ke

Bisrmth trisulphido BigSg Bismuthinito

Boron S - B, o=
Cadmium : Ga = -

Gadmium selenido ‘ ¢dsc - -

AR S e O S

Cadmiun sulphido. . 0as " Greonockito

r Yy

o -

Cadnium tcllurido

erTo;

‘Calciun fluoride g CaFy

Coliron )z

~—

Fluorite

-

AN IV N C ISP

© Cérium tungstato

B
i

- Coz(Won)s

]

b

E

“

Cuprous iodide Cul

Cuprous oxide ) : Cug0

Cupric oxide

Ouo

Gormanivi Go

S PboSb 355'

= ' _ Pb3Sb8¢

- PbGquS3

Load chromato

FrOroy

Marshite

Cuprito

Paranciatonivy

Ponorite
Jamcsonito
Boulangorito
Bournonito

Crocoito

R R ' - EESIRICIED |
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TABLE 2. Continuod
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Inorzanic Coiipounds.

Chomical Formula

Othor Natio

Chomical Namo
Load solonido
Lead suphido

Lead tellurido

-

- Mercuric iodido

Molybaonum~disuxphia§
Potassium bromido
Potassium chlorido
Sclonium:

Sclonium sulphur
silicon _
Smcoi ci.ioxido ;o

-

-Silver thioantimonite

Silver thioarscnite

Silver bromido

" “Pbso
b

Hglo

HoS3

XC1

So

Sos8
51

5305,
AgSbSs

Ag35b87
(3Ag333b353)

Ag AsS
(3223323353)

Ag5§hSu

Ioad halides
Clausthalito
Galord

Lcenard Phosphors
Uslybdonite
Sylvito
Adamantine
Yollow citring
vMiarg?rito

Pyrargyrito
Proustite
Stophanito

Polybasito

Plarcito
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Chemical Nare

Inorganic Compounds:

T Other Name

';Silver-chiémide

Silver iodide
Silver oxide
Silver 'sulphide

Sodium chloride

_ Thallous sulphide

hefrical. Formula

' Agcl
Agl
-AgZQ .
Ag ZS

NaCl

Cerargyrite
Iody_ri=te
Argentite, acanthitg

‘Rock salt o

Strattium parsiide SrSe =

L : _
- i} ‘Sulphur S - M =
f Sulohur-anthracene oS -

Thallium halides.

-

Thalofide

4

i
e e sy A

Y

= e e Bt R ANl | M oA WA S Bk AT N T o

Pin (s;'ta;nnqué) sulphide SnS

'n'wq:‘

Titanivm oxide + barium
titanate :

| MOy + Bali03 = )

Titanium oxide <+ magnesium D ,
titanate . . Ti0p + Mgli0y -

Titanium oxide + zinc : ) .-
%itanate T 4 : ’

e PR
HaRO D

Tungsten trioxide

i

Vanadium pentoxide

Zine Zn ' - -

= - Zinc cadmiumsulphidg
ZngSioy - Willemite

Zine orthoazilicate'
- (22n08105)
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TABLE 2. Continued

Inorganic Compounds

-thijn'igcali Tame.

" -Chonilcal Formula -

Othor Wamo

Zinc oxido-
Zinc gilicaioe

| 2inc sulphide

Zinc titanato

~ Zircgniun dioxide

| Acenaphthene

Zn0
220S10HA0
s
207103

2105

. {(Organic Compounds)

6“1&-}"3 £(CHa)o

_Antlua;cor_i‘o’
‘ Antizraguih‘cne
' Benzidinc -

~Chrysene

Fluo:c‘a;n‘aherfé

- Neplithaloene

PhEnaANTITons

~ Pyrogallok

Quinone-

Tartaric acid

Cy: (00)5:0¢H;,

(SHEpCgHEN )2

Cygtra -

~ Cygtig

‘01058

C1iE10

0533.(303)3

-0:CgHy 10 -

OYEE06

Zincite

Calamine

Yarzite, sphai'orii_:o

-

_ Baddoleyite

Naphthylons othylonel

-

Iaryl

—

Pyrogallic acid

—
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TMBLE 2. Continued
__; . ] w InqrganLC'Oompoundé . :
»F 0 : Chomical Neme “Chomical Formula T O%hor Namo ‘;
i _'/_:g . e 5 5 25 P .. i — A
f = : - Halogendtod,
B ' ~ alkylated, -
, hydroxyiatéd,

amnino; and
quinono deriv-
, ' _ . ativos. :0of benzol
. ) , ' and polycyclic

. .gromatic hydro—
carbons.

N
[

o mm nnben o Ch e

- i : : = _ Dyos such as!?
Fuchsine, -crystal .
violet, mothyl =k
violot, brilliant
greon, malachite
grecn, Auraming -0,

- Rhgdanino B,
Bhodemine 66,
Pingverldol,
Pinacyanol, Pheno—- .
-8afranino,
Erythrosin B.
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and -devéloped under standard conditions.

coated with an adhesive.

g EESTRICTED

st a sensitivity settling of 6-50, was used to record the rates of charge

decay. Sélenium, anthracene (Kodalc), enthracene (Reilly), acénaphthene,
benzidine, fluoranthene, chrysene, snd zZ nc titanate exhibited photo-
conductivity., Fyrene,; navhthalene, barium ti’c_anate-, magnes ivn titanate,

diph e'ry.Lene oxide, pot

Rhodamine B, Er?thl‘é"i‘ ia B,
oxalate, .diphenylene oxide, and s-d.iphenylcarbazine did not exh:L’b:Lt photo-

conductivity under the test -conditioms usedw (See Table 3.)

Preparation of Elec: uronhotogranhic Plate
on Alumnum-—Coated Pavoer .

A sheét of aluminum-coated paper, obteired from The Haloid Company, |

Rochester, Hew York, was selenium~coated by vacuum evaporation (PLate
Images werc b‘btrained vhen the plate vas sénsi—tize_d,_;_ ze:;cpo.sedi,
The ima;ges were weak, but
showed all details clecarly. Tésts with an ohneter revealed thé aluminum- .
coa'ted’ paver to have a r.esistancé greé.t_er' than 250, _OOO ‘ohtis ver inch;

hence,. 11'. carinot be éongidered & good o nductors The paber was probably

prepared by spreading a stearic acid coated aluminum- powder on paper

The stearic acid is a good electrical insulator.

The large -ain_dunt of charge held ‘by the paver itself was revealed by the

dust patterns which formed in the nonimage areas of theé plate. Such |
patterns have been noted nreviously on Iucite plates.
RESTRICTED
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B TABLE 3, HATIERIALS 23573D FOR PHOTOCONDUCTIVITY
g
g  Test Material Test Iethod* Decay in Da;i‘kn’eéé"‘*_' Photoconductive

;%% L Selendum (3) . BRapid - Yes

g Anthracene (Xodak) (3) - R’é;pid ' Yes
.g_' T - - - ) - ) _ ) -
jg Anthracene (Reilly) (3) - lioderate Yes
f o -

?_ . Acenaphthene: (3) iloderate Yes.
% N - _Rhodamine B (3 - .¥o -
1 . - .

ok Fluoranthrene (3) Hoderate - Yos

: 5 BErythrosin 3 (3) ‘ - : _Ne
) : - - - _

: F Zinc titanate (5) - Rapid Yes |
3 " Pyrene _ (3) - Wo :
4 : I ' S .i
g Naphthalene - . (3) = . Yo i
‘%j - . Benzidine : {3) : Siow - © Yes l
4 : : - , i
é Bariuvhn titanate () - - - Yo .

 Hagnesium titanate (5) N - T ‘
Gh,,r}is'ené . o (_3) _  Siow R Yes
Diphenylene oxide. - (3) , = Yo ‘
Potassium pigkel. _ .
. .odithiooxalite : (3) - Yo
.&-Diphehquarbaz'ine (%) e = Yo
e Diphenylene oxide - (3) - Yo :
¥ Degt I'-;Ie’i;hod (3): Bre@k u;i) the .f,natériai _ﬁsi‘ng_- a mo?tar and ;gestl_eé
spread a thin layér of the material onto a metal plate; sensitize the
coated plate; place the charged plate near an electrostatic electro-
meter; record the rate of décay of the charge when the plate is in
darkness and vhen the plate is exposed to white iight {¥o. 2 photo-
flood at 6 inches)., Test Mothod (5): Compress the material into
thin discs; fire; evaporate or spray a conductive coating on one side;
gensitize and moasure rates of decay as set forth in Method (3).
_ RESTRICIED
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Footnotes_to TPable. 3 continued

*% Slow: O to 2.5 conbimeters in first minute. Battelle Instrument
I-15552 at sensitivity of 6~50. Modorate:

RESTRICTED

2.5 t6. 7.5 centimeters

1 first minute, Rapidr 7.5 to 10.0 centimeters in first minute.
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Preliminary Calculations of Electrophotographic
Plate_Sénéiﬁigggi o

Tfe electrophotographic nléte is given a latpnt électrostatic
: inage by having the électrostatic charge on nortlons of 1ts area dls—
charged by the actlon of light. At present this dlscharging action is

assumed t6 be a manlfestation of photoconductivity, i.e.; 1ndividual

photons of light are believed tq_lipgygtg_indavidual electrons. In some |
photoconductors, these electrons.travei only a‘short Gdistance; in others, |
they travel effectively from one electrode to the other. In«still othar ;

: cases, they may move at suff101ent speeds to llberate other electrons in 1

a cascade effect so that the original single photon‘elfectiVﬁly liverates
many electrons.by““tﬁiggering" the cascade discharge. 7

_It*is not known which of the'seyeral photoelectric éffects are
actually present in seleénium plates or which of them can he-utiiiéed

. ultimately in improved plates. However, it is possible to meke calcula~

tions 6f immortance to future:planning'of research by makgﬁg-a sefiéé 6f

erbitrary assumptions about the nature of the electricel system;ianiqe&.j

The following are pure assumptions and are suﬁjéct to change as research
progresses: - R ‘
1, The eléctrical cliarge igjolveg in eledtroyhotographic ?lates
reSiées on the sgrface.of the'phdtoconductiVé layer.
-2 “Poxgntials“measured;by a substitution method involving an
clectrometer (method discusscd elsewhere in this report) are the true

potentials of the suxface of the photoconductive layere

RESTRICTED
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3. Blectrons liberated by the action of light in the photo-

gg@wggﬁiﬁé layer carty one electronic charge of electricity from the sur- |

face of the vhotoconductive layer to the -conductive backing plates
On the basis of these assumptions the following equations may be

ine +an alantrn
hio RS RE-TeRstss

Q = Lebog VA 106

"3
Y
O
(e
D

o
3
I

Dielectric constant of photoconductor.

~

. Area in square inches of bhe photoconductive layer.

. .
1

Thickness in. iriches of the photégonductive layér. . <
If<A.and.&uare expressed. in centime@ers, the equtiég becomes:
Q = Qbﬁi%-ygé»xldé
Using the above expression, Q may be calculated for nresent
seleniunm plates. The folloving numericel assumptions are involvé@; These

 Yalues afe apyroximately correct for an average, usgble plate.

i

'0;0003'inch Thickness of seiénium layér.
6.0% = Dielectric constant of selenium.

50

H

Voltage drop of selénium surface potential neCG5sarj

to produce: -h-nage %

VY pawiA

1.0 square inch = Area of plate:

8 &5 FE

=TT

~ , 0.0003 :

= 1.%0 x 102 electrons / in.2

i

= 0,218 x 10LZ clectrons [ cm.@ !

¥

Knowing the number of electrons which must be liberated by the '

action of light in exposing an electrophotogrephic plate provides one ;
¥  Handbook of Chemistry and Physics, 29th Bdition. RESTRICTED
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portion of the datd necessary to calculate the photoelectric efficiency
that is required of a piate to give an exposure speed of an gssumed valué.
'Tiw.e rémaining nécessary data mst. be calculated from the qu-‘a_nti\ty of light
aveilable . to make the ,e@osue.. '

In mo;ie-rn photographic literature; the A.S.A, (American Standards
Association) exposure index is employed to designate fﬂ_m exposure speeds. |
A strict definition of the number may be foand in the literature®, but it
is sufficient for the present calculation to take the definition asg:

7 K.8.4, Exyosure Index = %_
vhere E s the minimum average ezposure (in .mei;er—-.c'andle_—secgnds )
necessary t_o pi‘O(_iu(;e rieéativeé which will resulst in ex;eilen't; p?ihts of
an object having a wfid,e brightness range. This assumption is .justified
only f_d': use in estimations iike_ the jrgsént one and more work will have
t0 be done Beforé'aﬁ adéequatbe expression of ele‘ctrophot.ographic pla{;e
expcsure sensitivity is devised. The inherent differences 'betwaeﬁ_ -,é_lerqtro-
photo zraphy and sil!.v’e:‘ halide photography are respongible for this lack -
of applicability o:t; A.8.4A. 'spe:ed ratings t6- this process.,

Other assump'ﬁions are neces,sawy'to the calcﬁ:[ations.. As in the

case of the calculations of theé electrical properties of the photoconductive|

layer these dssumptions are made arbitrarily. They may have to be changed
in later work; end the final results must be interpreted ohly 11-1 the light
of the limitations imposed by these assumptions. Thess assumptions ares

1. An A.S.A. exposure index of 50 is assumed from the reseatrch

*  American Stendard lethod for Determining Phdtogréphic SrosdpeniiS seed
Mamber (Z38,2.1 - 1946) (originaily published in Jour, Opt. Soc. Americen
33: W79-86, No. 8, (Lugust, 1943)). _
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2, An amount of light equivalent to 1/50 = 0.02 metér~candle-~
geconds is assumed to be necessary to produce the H0-¥olt drop emmloyed
in the'célculations of the electrical characteristics of the plate.

3. The photdéoﬁducti?é leyer on thprpiate is assumed to be
uniformly sensitive to radiations between 400 and 700,miilimie¥ons wave
ieﬁgth.and to be"cqﬁplétely insensitive to other radiations.

S - 4, Tne light involved in the exposure of the plate is assumed

to be in accord with the light used to test silver halide photographic

films™*, This light corresponds clogely in spectral dissribution to

noon sunlight. (On Figure 2, A represents the assumed spectral disfiribu=_|

tion and B avérage noon sunlight, **)

5. A spectral visiﬁility curve 1% assumedf***

6o A cohversioq factor of 688 lumens per vatt at maximum
Yiéfbiiity is assumed™**¥,

Pigure 2, curve A, gives the spectral distribution of energy in

“‘the mssumed light source in terms of microvatts pér square centimeter per |

milliﬁicrénq Valueé taken from this curve Bt given in Table U, Col#mn 4,
Colﬁﬁn 1 of thls ;aﬂle féﬁresents a numerical integration of e area |
under this curve 1400 to 700 milliﬁicroﬁs in 10 millimicron;stgps. The‘
total ares répresénts_27,900 microwatts of radienﬁsenergy;

Figure 3 shows a plot of the spectral sensitivity of the average

humen eye. This fumstion.is multinlied by the energy distribution curve & |

¥ Your. Oot. Soo. Amer., 35, 359 (1953

**  Hendbook of Golommetry, A« C.Merdy, 19-22, 1936.

IES Iighting Handbools, Illuminating Bngineering Soclety, 4-5, 1947,

et

Hgndbqoks of Chemi;tgy and Phvsics, Chemical Rubber Fublishing Co.
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TABIE 4., TABUTATION OF VALUES TO ACCOMPANY CALCUIATION OF PHOTCELECTRIC
EFFICIZNCY OF SILENIUH BLECTRUPHOTOGRAPHIC PLATES

SR T N

Microwatts  Relative Microvatts © Vave Iength Thobons
~. Per 10 Muw.*  Semsitivity Bffective  Microwatts  of Light, per
( N Zone _ of Human Bys  to Human Zye Per _L_iu,“‘ Ha* ‘Second

’ ,
PRt e

A70. 0..000. 0 k7.0 uog 050. ¥ 10?“:!‘ _
p N S - Bk i —r 4 2= .

(o]
=
=
hG s ]
(.-I
[o]
\Ve]
o

0 57.0
680 0.006 . 68,0 ho5 15T
9

- 830 0.625 a1 g5.0 s 1860
 #0 o.0lc B 870 w55 1990

905 ° 0.065 59 90,5 - 465 - 2120°

olo 0.100 : M o 415- 2250

960 - - 0;160 . 154 | 96,0 . hes 2340
- 960 0.260 250- . 96.0 - 45 ”2396;,.

925~ 0.420 388 ': 92.5 . BO5 2350

900 ,.- 0.600 o - Buo © 90.0 o 515-' . 2330 -
S e oqm 02 .0 5 230
o ~gho 0.930 §75 . 9%.0 5% 2530
%0 0,990 980 9.0 a5 27D
1024 ' 1.000 02k 1020 - . 555 2860 .

O 02 0.970 9otk 2024 565 2520
1020 0:900 918 102.0 575 2950
1000 0.800 - 800 100.0 - . 585 2940

982 - 0. 660, Gus 98.2 595 2940

2980
3060
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TABLE U - Continued

REZTRICTED

|

Microwatts

Por 20 Tu.*
Zbne

Relative Hicrovatts
Sengitivity Effective
of Human Bye +to Fuman Eye

licrovatis:
Per lu.*

Vlave length Photons

of Light,

Per'_
II‘{uo*

Second

1005

1030
10L&

1050
1045

1030
1006

Toss
019 198
0.11
0,06 63
ook y
6.02 .  m

.01 10
0.00 ) 0

625 3160
6% 3260
65~ 3350
655 350
66 B
675 3556

@ o

695 3520

¥ 1iilimicrén

N

RasTRIOTED

ety s e e P e 4 6

2 RO L RO R - S




PRI v LR R L S Lo e L i S e
F N . P L I R A A AR S R B SR A TR TN u\r <

e e v T AT S e T
. TR W,“ a5 .w\.« .
v Cpiean . o N K . N R P S R I
+ < . . . . .~
i . R , "
B ' - N + A
' .

-3DUNDS ASYINI TWNDI OL IAF JOVHIAY

40 3SNOJSIY ‘s JYN9IL
._W.,_m.z._@_mo“_m_ﬂ__a__s_,. HLONITIAWM .

Looz. . 009 9e0s . . __oop . o

N
o\

o
o
STAAET

\

3

-36-

@
=]
o

™

ASKOdS

1

J .._ Y N
g i




A

i

.
'
<
A
e
u
W
L, T3
- ‘
ST
20
v
wi @
pet
I
LSy
PR .
P
oy
Ly
[P
77
iy

g ,-”.’\Q

A

)

it
SR

e

(2,53

3

AR
M2

YR}

39~ RESTRICTED

in Flgure 2 to give curve C in Figure 2. This derived curve represents
the amount of energy from the originql‘soprce of radiatiog that would be
effective in Hroducing the sensation of light 1n the eyé Sthe luminous
intensity of the radiaﬁionﬁ. In Tablé L, columis 2 and 3 represent &

~7
- WELRRE i U-L

(34

{

2%

nunerical integretion of this Panckied which vesults in
' 10100 microvatts of energy available in visible radiation. The ratio
27900./10100. = 2.745 represents the ratio of total to visible radiant
@RETEY. _ ' o
The 0.02 M.C.S. assumed above for exposure of the plate is
-equivelent to 0,02 Tumen per Squaré mesenior 0,02) (O 1496) = 0.00295
microwatt second "per square centimeter of visible radiation, or to
(O 00295) (2.745) = 0. 00822 microwatt second. per Squere centimeﬁer of
totgl radiation,
Figure % shovs a cqpveféion of the total radiation curve'into_
photons per square centimeter per millimicrdn, This:gdnvegsion involwed
the relationship: |

h M

®
"

Vhere e = thé energy per vhoton in ergs.
h = ?lanck's constant, 6.62 x 10—27 erg-seconds.
Nu = The frequency of the light or the velocity of
light divided by the wave length of the pare
. ' ticulaxr radiation being considered.

Tablé_h,zcdlumn 6, shows this calculation vhich leads to the
igure of 786,000 x 1041 photons per second between U400 and 700 milli~
microns as being equivalent to the 27,900 microwatts for the same wave

band. - Ths 0.02 H.C0.S8. assumed above for theé exposure of the plate was

found to be equivalent to 0.00822 microwatt second per square centimeter

gt = R | RESTRICTED
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‘millimicrons, of to 0,023l x 102 photons per squars centimeter. This

speed of current selenium plates)is 0.3 A.S.A.

_to liverate 6ne~electpon;

sensitivities.

229 0 RESTRICTED

of total radiation. The number of photong should then be proportional

Yo the ratio of thege two energles, and edqual to 9§$gg§§'x 785,000 % 1011

or 0.023% % 1oi2;

It cai now be seen that for this perticular set-of.éssumppions,

the 0.0

wdls=second is equivalent t6 0,00295 micfdvatt second
0

per sqpare centimeter of visible radiation, or to:0.00822 microwatt

gecon& per square centimeter of total radiation between 40O and 700

ienresenﬁs, in various wayé, the‘total enérgy or the total number of . - -

photons ‘available to afPect the electronhotogranhic plate.
Cn the basis of all the above assumptions, it may’be calculated
‘that the vhotoelectric efficiency of the electrophotographic plate (the

ratio of the electrons released 6 the phqtons incident on the phodo

conducting layer) must be (0.218 x 10127.0531 x 10%1) (100) = 940 per cent,

(9.1 electrons releésed.per photon).
It hag bé@n estimatédfby very in;ccﬁrate'mé%gpdg thét~éprsune

On the basis of the above

calculationy such a spééd would:fepresent a'photoelectric efficiency of

about QﬁO:x 0.3/150 = 6. 2 per cent or that about 16 photons are reqp*reﬂ

ir fhe above calculation ig approximately correct, then it apﬁears‘
that photoconductivity eéifects involving cascade or secondary vhoto-
conductivity of eiectrons will bYe required to wrcduce the desired plate
It must ve reaiized, however, that the presené calculation

is based on a number of assumptions, many of which will be subjsct to

- BATTELLE MEMORIAL INSTITUTE

; fwmmmg%wmawwmmmﬂmmmwummm%ﬂ?“ﬂw’

i .-~ N (- SRS

D s e

b




-}~ RESTRICTED
.. change as research work proceeds on this projsct. The thickness and. the
ol dielectric constant of the photoconductive coating mey be changed, and the

7

o aa
A et
A

potential 'd.'rdi) required of the plate surface during exi)o,s}u;'e may be

decrgased by more effective developing techniques.

- I o Tha - s

=5 The presend caleulation was msde t0 &8tablish a method foF later
rg"fw“,: e N ) .
e similar caelculations and to vprovide preliminary informetion on the order

[———

of ,m'a.;g‘ni%ﬁde: of 'thq pho’coc,bnducfi‘ize &ffécts that must be sought in later
réesearch work, -

. ' Preliminary Anelysis of Photoconductivity
i S and & Crucisl Sxperiment

24

L B, Fiddleton, O, J, Hengali, X. Cochran,
: ¥. Jackson, and B. Brand.

The l-fPropos_e;& _H:-gpq-thes_is
B Data have been taken upon sélen-i.m;x plates prepared by .evapoﬁa_t ion
at ﬁiffei’éﬁt :tem_pératxires and tested By use in meking pi’ctigr es, by
neasurement of maxizum charge held on the surface, and by X-rey d.iffra;c'c_ion«_
In this s'é-r-ies-,_ praées .prep-ared at };Of'rgf_ temperatures showed no .sign of .
crystal stiructures but these ;gade et intermediate temperatures showed
-maximum'dharge rete’nt:’.on-and "Hence superiority in malginé plctures, along
with some evidence of crystd Li_'n‘e structure. S

- X theory weas preposed: m conformity wﬁ;th these. observations, in
vhich it was postulated that crystals held rigidly in a vitreous in ulath‘

ing matrix were responsible for the electrophotographic phenomena. These

e~ RESTRICTED — -
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crystals were assumed to be strained by imposition of an electric field,
ahd to exhibit a pilezvelectric charges
Two quick checlke on this proposel sppearsd to throw some doubt on

its validity, In the first place, it seemed strange that plates showing.

some crjstal’lir;,él s-’cruc’tu‘re,' since the vitreous form of se'ie’,n-ium is an
excellent insulator and if the data should be found spurious, the singls
; claim of thé» theory to validfity would be case in doubt. In the second

nlace, the sign of the char_g,e_ imposed on the plate by charging needles is

' _pre‘dictiqxi of the theora;. . i s

B In orde¥ t6 dbbtain -z 'fi;f:f;ﬁ;f test, it vas propé'é‘é‘& 6 imbed
seleniunm, cr-ysf;alliﬁ'e and agein vitreous forms, in a matri.x possessing
itself no électéophqtogré.ph'ig properties. If then crystals in the matrix

should be foumd necessary to give a sultzble plate, the theory would, be

‘strengthened, :
) An é._qc:'ount of the experiment 'follbws.
Prepsration of Selenium 7 :

High~purity, \C'anéd’i‘an Gopver Refinery selenium, cast in sticks

"~ gelenium, and (‘p) powidered after annealing 1~1/% hours at 20590, to com-
pletely crystallize the stick,
In both cames, powdering was accomvlished by first crushing with

a mortar and pestle and next milling in & one-gallen ball mill for a

1 structure should Tail o Wo¥d &s much chargée aé prates snowing |

-e‘:fgérifhei?élly the same _a"s tfxat on theinv.ee_dles», in di'sagfé»em:e;t w~ith Vth,e

(6 x 1'/2 X l;/-2 inches) in the vitreous state, wvag (a) povdered as vitreous

&
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continvousg period of four hours, using one-inch~diemeter porcelaln balls.
In addition, the nowder was classified by means of a Federal ?).ust Classi-

.fiern *

'f\sréhty—f'i«}e—micron—digmeter' 'seienium p,az;ticle's werlé- -:arb:iz.'brarily
& reasondvle upper Timit on the size of particles for
this apolication, and (») a size which could be reé.diiy gevarated by
the clagsifier. After the milling operation, four p'assés of the gféund.

gelenivm through the ci'aésifier resvlted in selecting particles with sizes

1_.ess than :2‘5 microns. Petrographic examination revealed the infbrma.ti,on

- of §ize. Shecificelly the viktreous selenium powder contained ‘-')Zper cent
of less than 25—micron—d.ia.mei;er paﬁicles and the crysta_llline powder
contained 100 per cent of less than 5-micron-diameter perticles.

fhe two bat&pes,: one of viérebus and the other ‘of' crystalline '
powvder, which c.pnté.ingd le ss .tha.r:1 2§-mi,cron—-:diameter selenium particleg
were used in preparin‘g: selenium vigmented lacquers as -describe.({i in t'_hé

" next section.

Prevaration of Selenium-Pigmented,Lat;quers " i

Txcept for knowiﬁg that vitreous seleanium has évemr high resist-
afice, the vroverties of vitreous selenium which should be matched by a
. subsbtitute binder material are unknowm. Therefore, the selection of

lacquérs to be tried was Somewhat arbitrary. In the present work, the

* See Bulletin No. 25 distributed by Federal Pneumatic Systems, Inc.,

127 ¥. Dearborn Street, Chicago, Illinois, for a description of the
Federal Dust Classifier. :

-
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* lacquers were selected on the basis of their dielectric strength® prop-

erties.
Three types of resins werée chosen, representing high, medium, and

lov dielectric s-.treri'gths, The resins and their dielectric strengths™**

isted in Table B,

© --are

!—1

Vitreous end crystalline selenium powders were dispersed in each

of these resins,

'The nigmen“‘t binder ratio vas ‘prescribed 'by the.oi'l'—-

a‘bsorntion reauirements of the selenium metal powders.**¥* Because it

-

appeared this criterion should closely anpro imate the requirements for

R
T
s o

oy
RANTRY ‘YN

L s

o‘btainwng a se'oara‘a'lon of the selenium particles in the resulting paind.
filmg, the ratio of bindeér to selenium used was that which allowed the
binder to just. wét the seleniﬁm.r ]

Table 6 lists the 6 .typéé of selenium~pigmented lacquers which
were m&é’e’ for agplicetion on metal bases.

Prep__ar:a.fb.i_onﬁof. "éelén'i'&im—'}?.igment ed
Lac m_ier’_ Fi lmg .bq.,;é.lﬁmi’-mim Bages. & _ : -

Pilms made from the paints in Table 6 were produced on freshly
cléaned ¥ x 7-inch aluminum panels, with a 0.008-inch draw-down blade,
To provide ample data for analysis purposes, eeveral tyves o+‘

£ilms were prepared as shown in Toble 7. .

.y

* D-iele‘ctr'ic' strength, short ti’me- l/‘8~iné:h' thickness, volts per mil,

Wew Yorks

#¥¥ Orystalline selenium metal powder had an oil-absorption value of 19.6,

volume of linseed 01l required to just wet the selenium as deiernined
by the Gardner-Uoleman rub-out method.

RESTRICTED

%% published by Plastics Catalogue Gorp., 122 E. 42nd Street, New York 17,

vitreous powder 13.95. These values were arrived at by calculating the .
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TABLE 5.

'PROPERTIES OF RESINS USED AS BINDER MATERIAL

Chlorinato& . Rubbor (Pa.r'_lon)_ 2300

= Diolectric Strength, shori tme. L/8«inch thickness,
volts“per mil,

<
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INGREDIENTS OF SEIENIUM-PIGHENTED LACQUEES

[ Paint ¢

. Paint F

TABIE 6.
Ingredients

ﬁfy_grange shellac
Paco solvent

Paint B.

Ariorphous selenium

Ethocel (10 centip01ses standard)

Toluene
Paco golvent

Amornhous selenium

Parlon (10 centipoises)

Toluene -
Solid Rezyl 859

_ Paint D
Crystalline sélenium

Orange shellac (dry)
Paco solvent

Paint B
Crystalline selenium

Ethocel (10 centipoises

“Toluene

Ethyl alcohol

Crystalline selenium
Parlon (20 ceitipoise
Toluene

Solid Pezyl 369

.S

)
A

standard)

Quantity of Ingredients

68,6 grams
1747 grems

168.6. grans
39.6 grams

" 214, 8 gramg

3

161.7 grems
534 6. grams
168.2 grams
2% 1 grams

224, T grams
237~3 grams

opl, 7 grams

54,3 grems

198.0 grams
49,9 grams

224,7 groms
77.4 grans:
185.0 grams
26,7 grams.
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AVATYSIS OF PIIMS PREPARED FROM .
SELENTUF+PIGMENTED TACQUERS

S
B3R AT

e

anitus

Resin
Used as
Primer

———

Tyj;e of
Binder

' Typé'df

Selenium

8

4

o

.

W ®r o~

10
n
12
13
1

7“srhe1“i'ac—
E’c'l.w.oéelr
C T Padlon
Parlon
' Etﬁocél
None
1\Tone-
Hone
Hone
Hone
None
Shellac
;*ﬁthbééi-

Parlon

Shellac

Ethocel

 Ethocel

Parlon
Parion
Shellac
Bthocel
Parlon
Shellac

‘BEthocel

" Parlon

None

a W P

Moo

Amorphous

}.morphbus

Amorvhous
Amorphous
Amorphousg

. Amor-pﬁous
Am'orp,};ous-

) Amorphous
Cr:z’st_@iliﬁe '

Orysballine

Crystallihe '

——— e ey
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Control plates consisting of films of each of the resing in
~Table 5 were made, Plates painted with vitreous sglenium powdér in each
‘of three bihders were also mede. In addi$ion; a similar series was nade

for the crystalline selenium dowders, Besides these typés of plates,

were alike and. in others. they vere unlike).

These Dlates vere subjected to two types of tests ae discussed

'4n the next sections ' o

g = N

Preliminery Teéf;i_ng__of Seleninu-Pigmented Lecquer Film

The tests used to roughly evaluate the :above plates inciuded

combined photoeffect and charéi;ﬁg test and a vhysical compoéitié_n teste

The techniques of testing for Hhotoeffects and ability to accept

a c}iarge\were those developed at Battelle in previous work on electro-

| photography. Tech pléte was charged in the dark by a moving row of needles,

carrying a ipb&enti'al of U500 volts. At this point in the test, the chamge

accepnted ty the pie._f;e was measured by a probe attached to an electrometers.

Thg i'név’emen‘t of the electrometer as a function of tine gave a relative

indication of the darl decay rate. On exposure of the plate o Light the

change in the rate of movemeny of the electrometer needle indicated whether

a photoeffect had occurred. If the photoeffect was complete, subsequent:
removal of the plate resulted in -'no‘further shift of the electrometer

needle. If, hbwe.ver, the photoeffect did not occur or was incomplete, sub~

séquent removal of the plate caused the electrometer needle to shifi owing

to the residual plate charge.

RESTRT CTED

-lacquers weré also made (in some of these plates primer and binder material :
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Teble 8 illustrates some types of qualitative data on the prop-
erties of each of the vlates Iisted ifi Tsble T
- It will be particularly noted that:

1, AlL plates with vitreous selenium in a parlon binder, regard-

lese of whether a primer was spplied to the vase plate or not, shoved &
photoeffect} all other plates showed no observable photoeffect.
2. The vitreous selenium~pigmented ethocel did not take -a good

_chai‘g'e, bﬁ.t vhen a parlon binder and an ethocel base primer were used,

vhotoeffects were more pronounced than when a parlon binder and a parion

1 primer were used.

3e The c’z"y:stallme selenium-pigmented lacquers did not accept &
. o : N
° - > "?lr
signif icant emount of charge. It appeared that théy wére not acting as 2y
ineulating films. . _ _ S Y

I g s

Because it was suspected, from the erysta ineg selenium -dg-ta;,
that the b 1Aders iere not providing _adgt'g.\_iaﬁé geparation of the sele;;ium
particles, spe,c_imens' of crystalline énd. virﬁreo.us- seleniuﬁ, plates wére
'cros>s-,sec'bigna,lly polishéd by metallographic methods. The pé,t,terns

revealed in Figure 5 vere observed. Note that the selenium, especially

in the crystalline case, is not well separated.

Observations of Electrovho togreﬁh_i'c Proverties of '_Paintéld antaf,-’ue‘s

Beside the sbility to retain a charge in the dark, a suitable
electrophotographic plate must' lose it in the light. Accordingly, plates
of type C with vehicle parlon and primer ethocel were subjected to

systematic 'bests- as detailed later. Besides thils, they were used to

BATTELLE MEMORIAL INSTITUTE
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i
b-Iucite Hounting.
&-Selenium-Pigmeated oy
Lacquete i A
~Base Plate Primer: - ? o ,

T degHe sp S S
Crystalline Selenium Rlate Cross Section (X10007, ' :

Seléniun-Pigmen bed

Lacquer. )

- . - Teg. Wo. 57528
' Vitreous Selenium Plateé Cross Section {X1000)..
Figure 5. Oross section of vitreous ard crystalline
' pigmented parlon coatings on é&thocel primers
55 applied to alumimum bases. (White particles .
‘are selenium and the dark spaces are the
binder.)
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maXe el,ec‘trophotogr,aphic prints on papmer. By both tests, theseé palnted

plates. vere found to behave similarly to electrophotographic plates mede |
Yy -evapore;ting’ selenivm on aluiinuie ] 7' 1 ;g
4 Conclusion o : 7 S & g
| ‘ As indice.ted a more detailed gxemination of the electronhete:h - : %?
.gz"aph;i‘,c properties of the painted p'Ié;tes ig pepoited belows. & eo_'ncl;u_é-iqng ; ‘ ¢

| mey be stated at once, however, rezirding the subject of investigation. ) h .
It wes concluded that. -v‘ifreous gelenium is capeble of exhi-‘biting electros I
4 _Q}lotographic phenomena, It fo]:; that the proposed theory '*eauiring 4 ‘ J
tbe presence \of crystg.le is not valid. :ln this case, and that any future ! 9
1 theory must 'be adequate 0. d.escribe vnovocorcluc‘bivi%y in vitreous "”
.s‘eleniugn. 7 _ 7 qé;

=

=

It moy be reforked at this point that although this conglusion

i B2

R

is sbil) valid, as far as experimeéntal proof is concerned, it mey récgiine

| oaitendment as further data are obtained. Further 'e:ia'iﬁi‘ﬁé.‘ti‘oti' of the ’g;igf

o N

s

selenium paint for reasons not involved. above ‘have. recently revea.led

I~

evid.ence of cry ,_1_ s in the vaint. Whether these crystaJs are dir ec*r.ly

2

§ iavolved in the electroPhoi;ogra'ohic properties of the ;paint films hag yet .
71;0 ‘oe eghe ‘ish-a, nowevers . '
) g_pgl gis_of Decay-Rate Curves of
Se_lenixinf—.?ainted Plates )
By A i i

D, T. Villiems, K. Cochran, and B. A Kulp
: N :

| _ ‘ ‘ _ RESTRIGIED
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ii{ L The. best. ‘ée‘lenj.um—pa,i’nted plates were compared as to charge decay. ;r:

@i { undér illumination with a vacuum-coated plate. It is tgntatively con~ S '_ ‘ “

b clx_ided- that whereas the latter showed an esponential decay curve, the '

formey appear 1o decay exponsntially only %o a <donstant resddued volteg-{ il

Sufficient uncertainty exists as %o the ;o:c.'eci-se manper of d;écay, to “

warrant some further thoughte -7

Experimental Procedure : _ . - 4 1 =-

e A }Qia__r‘lvgg- _i:;‘_‘gﬁ_;_hg.s dbeen set ; up for routine gagl}na@;}pn of m__.?i

) eléctrophotogralohic f)l'a,tes as they are pg’epared by evaporation. '.T,‘h'e R i

plate is put int&: a groun&ed, d'ark;ened; light-tight box, and charged Yy 1

an automatic traversing charging wire., It is then illuminated by ; I ‘4

Treasonsbly d»i:m= illuﬁination, and its dlscharge is. observed 'b-y usé of an

electrometer w‘iti; pzro'be:fix'ed gbove the plate. The electrometer needle

‘ %I: / s, ini‘*:j-i'ally .ground.éd'. 1ts dei‘lecf:;ién‘ proceeds linearly w‘:’cth the n_l;ﬁ}@: ‘;:

£0d - e

g&é - decay, and at length reaches 8 1imiting value when the plate is finally B ‘ "‘

i’i ,_removed..: A cal i‘ora‘bion is made by revlacing the electrovho uogra*ohic n xi

‘%Zi plate by & gimilar metal plate g0 chgrg_ed as to bring the ele‘_c't_romete'r “

"%% ) { mneedle’ bc.ck to. 0. ) _ ’ : ; S ‘-“:—

“ | The accuracy of the avnaratus is not altogether a‘bove reproach, ‘ ‘ 5

no ca;eful measurement of the drift rate was made. However, no drift %};

‘wa_s cbserved as longg as th)e max imum de’fléction of the light spot was less ;é

than 2 cme With care, the reading could be made to t.o1 eme S:

Figures 6 toll are semi-log plots showing the date as obbained, %

. The or.dflna.te‘s are the deflections of the electrometer needle, and the g

| abscissae are times of illunination in mln.utes. . lf»ﬁ'_s__m“!;-_'it e .
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T. LACQUER PLATE NO. 42

Tr. CURVE 1-073cm.; i
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1- NEGATIVE CHARGE 528V, MAX.
_TI-POSITIVE CHARGE 355v MAX,
" I-CURVE I-1.88.cm.; t) =2.30 MIN.
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F URE 8 DISCHARGE v‘\lsTr% LIGHT SOURCE AS USED FOR

.;;:_ 4 — ._ ____4___}‘ — .- ~ . TJ;
0 1 I. NEG. CHARGE 84 V, MAX. o
o 3 . POS. CHARGE 53 v.max. | . | . .4 |
Bt 0. CURVE I-0.238 cm.; t| 2191 MIN. = &
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In Figure 6, ‘curvé IIT was obtained by usé of an gVapora‘-ted plate.

- Its straighi-lire shave indicates an exnonential variation with time.

Spécifically, u‘w vlate had & volt've V given in wolts by
TY R o
VEege

" THE # tine i or decay to half the initial va.lue is shown. a8 t} = .76 ninvtes,

vinder the conditions of illumination of the -experiment,
The form of decesy curve heré shown is not always obbtained with
such plates, and other ‘types have been observed. However, it does have a

fa.irly nlaus:.ble e :p.lane.ti:on in terms of other facts Mmown sbout electio~

£

seleniﬁm is &,

- or

‘- photography ’It is. nronosed $0 shov a theoretical fationalizatioir of the

—

-

exponentlial decay rate derived on the basis of assurjcr_ption_s that have .bee_n

found conwvenient ifi‘ previous zf‘éé;egi'ch on. photoconductivitys

T‘{leorx. i

Assume the chargés on the surface of the selenium layer cause a

rnotem,z.al T to exist across thé seleniwm. This potential is related to.

the charge _density a 'by ‘the equation

VC o= | . | (1)

Here C is the capaci{:anc'e ner unit area of the selenium layer considered

as the dielectric in & condenser. Then if the &ielpctric .'constant of - the.

& 29 . (2)

UTORIPL A, P

ARG I T R oW i M

Y

]

R T I 0 S MDA R

VA=
€ {3) E
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‘voltage will decrease during illu.minat ion at a rate

~60- ' RESTRICTED

It is now assumed that vroportional to. illumination I of the
selenium layer; a number n of cnav'ﬁes are me.de mobile each seconds That
is N A o
no= ok Do () -

1 p .
whara k. 4

mere ky iz o constant. During the lifetime of each mobile charge, it is

assumed to move & distance x toward the grounded backing plate. Then the -

AV L MRk L 4, : ,
F T e

In Hughes and Dubri dge "Pho toelectrlc Phenonena" (mcG—raw-Hill

LR

g btars

{9

STE R o

‘
! ‘Il‘ !,

Wew York, 1932), nage 35‘0, an assumed Pa“mer of varle.uson of x 1s proposed

as descri'bing, the photoconductlv:tty of other mar,crials thet have been

investigated. . L I_'\‘Y o
a%‘“ff py T (6)

Here ¥ is the force on a sharge, equal to the ratio of potential to
. . R
thickness of seleniu;_n. - :
With % asg given by equation 6, equatlon 5 becomes
jf,?(\] T /7Tk k.:.z

Sl D T e v s { °
e & ol ; ) {7
: L T _ ‘
or, if X = —I--'i!»--'»/‘-w-w\'-:’l -, by int egr tion
) =« }
4 -t ‘ '
VALERVANG (8)

This is the exponential form of décay as observed on the
evaporated plate, A ref’mement of this type of cler.q.vatlon is described
in the Leferem,e cited, in which the effect is ana alyzed of a vlate thick-
ness not large compared to x. This refinement avnwears not to be important

in this case,

~ RESTRICTED
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The Theory as Aymlied to Paimbed Plates

In Figures 6 toll it i apparent that the seleniun-painted plates

1

.
I o e

i

Go not Have an exponential form of decay curve Iike the evaporated plate,

-
‘ o .
€

bt

It seened possible that the poteniial could, however, be résolved into

a1

s
TR g
S LA

Bt
;
I
12
|
i3
6]
]
4]
&
<3
)SP
&
3
£u
'..h
k_l
A
<5
A
[«
ol
@
i)

a constant and exponential comwonent, ‘.I.‘hi,‘ ,

A

s
e

.of" the follszing analysis:

e

)

" Assume- i

d
R

D - \"/ = \/," A o ’ - - <93 o

g

<A
.
R

A 2 -
e
b
|

A

where VQ is. the constant residual §oltage, ',\;‘ and V 10 are constants.

o

i
!

R

A Ve choose-theeemotubs—with— 'c"*‘%o, .1; FUAT end t, + 2 A%, resvsectlvew.
V% We indicate ordinates corresponding t0 the three points by su‘bscrrots
E o /b and /c. Then 1% is evident that o - : T E
° kz ; N R ;
i logn (V- V) =~ — sk, oy E
H ) A 7 - ¥
| : b A ;
- Y ' - / - . S VAN ¢ H
o oo (N ‘/v} = A6 - (11) i
A . - o R . . - - g~.|
, \ - i
cun - \/ = e f t‘,*}Zl{.\t_ . 5.
fegnly ( (61 208) o)
Then - : 3.
At egn (0 ) g (Ve Ve
‘.X'A - ) L)(‘n \/ \ H T ) {13y %
A - IY’ \/ \/i ,} \-Lj)

It follows that

A(:\/t, AV N (RS VAR TRV ()

" UGG Sy g
e

hey ' S
whence \/“ \/ J

Ve TGV, G5)

- CIMMTAMEr .
e - _ - - RESTRICTED
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In this fashion the éonstant component Vi was determined as a

constant residual deflection, for ezch vlate, the assumption that the

o~

deflection is linear vith potential being true to an estimated 10 per
cent or lessg, As,a test of the plausidility of this proéeéuré, the daﬁé.

are replotted‘in the‘form (v - - Vp) as a function of t on sami- 108 papers

T It is evident that the resulting best curves are not far from a straight

line, It is concluded that the wrocedure indicates a true proyerﬁy of

‘the plates, and that the decay is exponential to a constant residual

voltage within present limits of accuracy.

T R O I

' exponentially with time, but a residual cherge will e left on

rAnaiﬁgis of Trgg@s,oﬁ‘Pa&ntediPiates

There is a plavsible rationalization of the conclusion reached

just ebove, as far as Dainted plates sre concefned. Suvpose the

i pho$ogonduvtive nateridl be assumed to be nigment grains imbedded Ln an

insulating vehicle matrix. " Then if a charge is 1mnosed on a layer of
the naint and it is exnoqei to Light, there will be a redistribution of
charge in the nhotoconductive pigment and possmbly even a ledkage of the
charge to the bucklng nlate if the vehicle is not pres ent in oo high

concentration, This charge redistribation will »resumably tal nlabe

'and tbls will not normally be entirely dissipeted by the actlon of light.
It thls analysis is corracy, one vould ewnect the slope of the

semi-log plot of (V - V ) %o be detornired by the -size and composition of

the pigmevt particles, vhereass the magnitudes of inttial and final voltage

would be fited by the anount and nature of the vehvcle, initial charging
conditions, &tc;
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In the curves 5 to & are data %o check this prediction, &mong

the plates tested there were two, L2D, and Yo made. from a paint with &

: pigunent made -bf se'lénium ‘espec:i'ally purified at Batislle, ghown in

 Figures b and 7. There are two curves in all‘, taken with positive charge

and one wi'tl‘i -.ﬁega'bivg charge. The time for descay to half initiel

potential - that is, half the yariable corponent - is sigriified by 1;%_-.
I’nnu"(_ 3y

The values are 2,09 and 2,11, and 2.30 resuectlwl;y'. These hdlf times

are the 'same within experimental error, and. are equal for negative and

E fﬁmsi--.--ﬁe plateé charging.

-

13 -show Fesults with plates 11 made with the

Piguves-9; 10; and I
same paint, in this case with pigment of selenium obtai‘ne_d from the

Ga.padian- Conper Refi_nejr& and used without fupther §urifiga_t_ion, The.

durves for negabively charged blates have helf times of 2,24, 1.88, and

2.12 minmites; for positively charged plates, the half times .are 148,
1.58, ard 1,80 minutéss In Figure & is siown deta from a plate with the

s:;ame paint except for an increment 6f the materisl in the vehicle thab

i added for ixzrprovﬁi'g adhesion to metale Thi-gl .;;)aint shows Half timg;;s' of . 1

1.91 and .68 for the negative and positive charges ;espec'tive]_.y. These

figures support the conélusion that the decay rate, asg e:q:resced by o( .

: -d.el,enus ‘on the plgment independent of the ven:.cle, since with the veh:v.cle

altered in such a manner that the max-:.mm charge is reduced to a quarter
of its or:.gina.l value, the decay rate is the same within observa.t:.ona.l
e'ror. To sumiarize the conclusions, 'bhe méan half times are 2. OLL ey 07

mimites -and 1,064 * 05 minu

':f
=
ot
o
8
o
=
=
o
3
L]
o
4
o’
‘._)
o]
o
a1
L
Cy
H
Ul
f
3

calculated ag

RESTRICTED

BATTELLE MEMORIAL iNSTITUTE

.‘:"JL SR

JINN

.
R

\
T TP
pAA et v

R R . v é\u&\»-&glk,‘v.

PP

z3

-

e TN A L AT S s LT
¥ S @m, =
D P SRR P o Mo gaves (LR




S

e

PR T —-

e e

{m‘*\
i

{for the negatively charged plate, which B1so bears the Higher faximum

Accordingly, one nredlc tg a hi ghe; decay rate for lovrer charg ng vp-l.t,age.

~ Bl RESTRICTED

of plates. The values are such that in & new observation there is @bout
an ‘equal chence of the error deing greater thgn the mrsheavle erroyr ghovm,
ahd ie‘.ss than that valué. 4s a rough est,ime;.'ye-, one :anticipates __ej.'bogt 3
5 mer cent deviation in guccessive o'bsei""s}"é.ti‘bhsﬁf 'd',éeéy ré,.te in identical
The dlff_’erence "bétween the deqay rate for positive :and nega.tive:
char¥ge with GGP;: géieniun ap’l-')ears to be greater than thé prcbable
‘expeTinental error, &ingé thé dif%’éi‘ence bebween the means is about 20%
of thé larger. It is i—ntéresting ‘to note that the deca’;{ rate is sma-l‘ier_
p‘otential. A possible é}:_plénaéiorr is that the negétix'rg “electrons are
l‘ﬁt@}y to venetrate further into the -sglenium than. are po_si.tive fonss
Hénc_e, the potentiel will be higher; ran,d since the light penetrates
equally in both .cé.ses, bub is suéboéedly less intense in the inner l’ayei's,,

‘the decay rate cught to be Ie ss with negative charge, as it ccaaears to be.

It is noted that the two rates. are equal for the smgle plate

with la'b.-selenium bigment. _ -

Thi‘s'experimgnt leads to the folloving conclusi.bns:
"The decay of charge on ai e-leC"croﬁphthgraﬁhid plate follovs
thé same nhysical laws ‘as,:‘ha';re been s-i;ud,ies in vreviousg expei*imé,r;ts on

photoconductivity. In tlﬁs case, such decey is exponential with tinme,
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1
{ : 2. The characteristics of a nho‘boc-'onduc’oive naterial cen be
| studied by use of a paint in which that makerial is ths pigment, and in
. ' 7 : :
| e Which the vehicle is en insulator. .
. b . ’} 7 - - ° = -
h \‘““ 3. Successive cbservationg o—f the half time of -&ec:e_a;y for a given
: mxint are e::oecteo. to agres wit};;r; about 5"\)81‘ cente
[ -
| %, A plate prenared by eva'oora‘aion erd chosen at random had
| ' more then tyice as high = decay rate as the painted pléte.
o _ | i A i
‘ i Date for this work are recorded in laboratory Becord Beoks:
| - ' :
| No. 3864, meges 1 ~ 28, inclusive.
[ c e N '*357—-‘:,“-”'&%0 s"*J-"“"’”"J.j““".L’IlC.LuSJV‘e}, Tt -
\ o, 3931 pages 1 - 20, inclusdive.
| ) Wo. 3956, pages 1 - 5, inclusive.
| RS/ DTV LEW] DO/ SR /AT 5B/ DL F/ 56 A /26 /fth/ﬁJIx 'KG/&J/BB/BAK' ST
Septenber 15, 1948
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