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BATTELLE MEMORIAL INSTITUTHE
z:u;ntmriu@n AND SBCIERTIFIC RESEARCH

COLUMBUS 1, ORIO

June 23; gL RESTRIGTED

The Haloid Company - )
Rochester 3, New York .

_Dear Dr.-Dessauers - — ——— - - = - : -

We are enclosing 5L copies of Quarierly
Progress Report No. L on Continuous-Tone Electrographi.
This feport. covers work for the threscmonth péried frem
uakch 15; 1OhY, %6 Jwne 15; IoLg,

LYNF5 Lurk

Major advarices have been .made in the .achieving
of high photographic speeds Wwith Seleniumscoxted electro=-
priotographi¢ plates and some advances have been made in
the production .of higher quality centinuous-tone

reproductions, ‘

Work for the néxt quarter will be concentrated
on furtler improveéments in continucus-tone rasproduction..

B jr_e,l_-y 'brui-yf yours,.

Lewis E; Walkup -

Assistant Supervisor

Graphic Arts Réséarch Division
LEW s swr o
’ EIICQ ) _ - ’ -
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OBJEZCTIVE OF RESIARCH: To evolve an electrostatic electrographic

. ‘ RESTRICTER.

QUARTERLY PROGRESS REPGRT™ NO, )
{¥areh 15, 1949, to Juns 15, 1949)

on

CONTENUOUS—TONE ELECTROSTATIC ELEGTROGRAPHY

THE HALOID COMPANY

-{Subcontract Under Signal C‘orlns Prime Contract 7
Nos W36-039 SC"'BEBE&_\}" = =

- (Department of ths Afmy Projects 3-=99-0L=052)

(Signal Corps Project: 195 B)

by } .

R. M. Schaffert, D. T, Williams, and L. B. Walkup

_system capableof reproducing continuous-
toneé photographs, R

BATTELIE MEMORTAL INSTITUTE
" June 15, 19L9- -
o =  RESTRICTED
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QUARTERIY PROGRESS REPORT NO. L
{March 15, 1949, to June 15, 19L9)

CONTINUOUS-TONE. ELEGTROSTATIC ELECTROGRAPHY
- to
THE HATOID COMPAWY

(Subcontrast. Under Signal Corps Prime Contract
No. W36-039 sc-36851)

(Department of the Army Progect: 3-99-0h-052) -
(Signal Corps Project: 195 B)
from
- BATTELLE MEMORTAT INSTI‘TU,TE
o
R, -M.\ Schaffert; D. T, Williams, and L. E. Walkup

-Jtii’_‘.e 35.9 3—9}49'

This report covers experimental’ wor-k on continuoug-tone -eleéctro-
photography from March 15, 1949, t6 June 15, 1949.

. 'quk_ for the past quarter was directed priincipa-lly— toward the two

objectives of the Pr‘o-jeéfc. which have beon congidered of greater impértance,

ti@m'él}y; 1) phétographic speed equivalent to 50 Weston, and (2) high-

quality continuous-toné reéproduction, Notable advances have been made
toward both of thesé objectives during the quarter. In future work,
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‘ o emphasis will be concentrated primarily on improving the quality of : 8
coﬁti;ﬁuous_-tong prints, Consideration w111 also be given to the elements ‘
! {“‘ & of the;', design of a camera =embocl_;;'ring e;leci;réphoi?.agraphy. )
% 7 improved—qual'-ity continuons~tone pictures "o'f’ outdssr scefigs were i
. ; produced at photographi_c speec.ls-_df A.Sehe 12 £6 A.S.l. 50 (A.’S.A. rating
) approximga tely equlvalent to Weston rating) as compared to a photographlc .
z . speed of abgré;n.mat;aly A.S. A. 1 o-btamed Wi ﬁh °1ectrophotography in uh _ S :
) i _ past. These increases in photographic speed are attrlbutable mainly to : _ a
| ;i ’che 1nuroduct“ on of “ow" 1*uc;loud developlng ne‘ohods us_Lng a"d.evelopmenu E }
; ig :t grid 7010.36‘ u-O the plate durln'? de’velooment and, to a lesser extent, to the ’ {
% use of piatés h-aving génsitivity to ré'r;i'-‘ light. e "i _t
' Z The péwder~cloud development method cdoes not producé consistent '
‘g results in its present form due, probably, to nonuniformity in present
i‘ ‘equ'ipmen't,- ,a_._rid vm@-‘bﬁods. siork was in::L}tia,ted on the study of uhiicrmity of
g - powder-cloud dev relopment by setting up a fluorescent light source;
- % - ’ equivéient- to ;mea-.- noon: su_n._,f';czht-,-f to be. used with a standard gray scale. --i
: % Expef:‘.’ments- incdicate that the electropho_tog_r;aphic process does : {%
E ) not, follow exactly the reciprocity law for ll"'ht nten s:i.ty and -éxXposure - %ﬁ
5. ) % ] time. Further work will be neCGSSary to determlne the practlcal impor= i
g - tgnce of the obs e_zrvecl departures from the neéz_-préc;tyi relationship. : ;
= w Spectral traﬁsmis_s’-:‘gfgn. .mgaéuremehts indicate that selenium films E
| absorb light in a manner gualitatively pr‘oportior_ia_l_ to i&he:’_Lr 's,pectr'_al; ]
: :’:}( l’.’-‘" . _ o ZESTRICTED
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eVaporated ont@—thé seleritum film of a plate.

ordinary seleniuni~coatéd plate.

-315+ RESTRICTED
gensitivities as électrophotographic plates. In the blue region of the

spectrum, to which selenium e€lectrophotographic platés are most sensitive,

the liéht was fdund to penetfate the selenium layer only to abouf orie~

=

shird Of a4 Wicron or 1o about cne-cniftle hrof tie Giiicknéss & wie

séleniim film on a typicél electrophotographic plate.

:Othef ekperimeﬁfs demonstrated that the-ééléniumrlayef On“élecﬁro—
phetograph e ‘iateg has Lts surfabe potcn 1 reduced aéprdkimately—
équally by ilght striking either the front or the baok,éurface of the

selenium layexr. Selenium'lii ms: dep031uea on electrlcalxy cond £

e
glass weré used for thls experiment.
Tt was shown that selenle films on elec¢trophetographic plates

exhibit simplé photoconductivity. An aluminum ele ctrode:ﬁas‘vgcuﬁm
A battery and

were then coniected in series between the ele¢trode and the metal backlng

plates With + arrangement; a contiiiuous eWectrloal current was
observed tb flow thtouah.tne S§leniu@ film as long as it was illuminated.

The rlor o* current qtoppnﬁ

en_the illumination was removed. The

electrophotozraphic plate with the auxiliary aluminum electrode would aiso |

accept a charge under the corona-discharge wires. This-charge-could:be

dissipated by an exposure to light in a manner similar to that of an

RESTRICTED

a galvanonioter
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iodine, and chlorine.

decay rate.

effect or it decreased'*h

“the selenium layer during vacuum evaporation.

on the metal plate.

-316- RESTRICTED
Plates were treated with the vapors of the halides a--bf.offtlde,
£11 of thése materialé:had detrimental effects
.on the,plate; reducing the maximum potential. 1

accept and anrea51ng the dark»decay rato.

whic hzthe plate would
Exposure &f selenium PL;LOS to infrared light produced in=

con51stent rosulus.

On some plates 1nfrared 1rrad1atlon inec

eased the

maximum potential which the plate would accept and de reasea the dark-

On other plates, ¢ufraxud 1rrad1at*on appeared to have no

potential which the platée would accept and

increased the dari-decay rate slightly.

An apparatus was constriicted for the addition of impurities to

This -apparatus involved
a sma11~screw~feed hoper into which cOuld—be'introduced a mixiure:ef
selenium and'the'desired impurity. This hopper was 1nteneed to feed

ohto a hot evaporatlon source such as an electrlcally heated molybdenum

4. TH AP
Ve - vy .

k-

fn
A%

The apparatus failed becauoe of inability fo over=
come two dcfects, (1) the spattering of the materials @rom theeevapqratibn

source; and (2) the blocking of the screw feed with molten material.

RESTICTED
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i - , e
1; b Work on. thé simul baneous evaporat; on oi‘ selenium and an 1mpur1’cy ]7 ;
:: | was continued Wi_th & simple but less dcsi-rable method involving a T :
ﬁ {? separate evap.eraztion sq,u?r‘cc{: for the seleniun and for the. impu}ity. ' :
~ __ . Sug'c_:_ngggi i olatec were madr. w1th the first and only material tried,
ij bismuths; Plates with bismuth added as an 1npur1tJ appeared to accept
= -
% hifher surfdacé peo 't’rgtialé_aﬁd' t0 dark=decay less rapidly than _pla’teé ’ ,
'5:’ Loated fi’th pure scleniuni, Giork o to be continued with other impurities;
] ) i
é‘ rfm-'rexten' ive serlcs ©of plates wes madée in which thc, alum1nu_m 4
; 3
f uacklﬁg LL te was madin talnc.d at d:Lff erent tempera tures durr’;g vacuum ;
- . . z
* .e':vapor'ration. Plates made at bJ.cklnn'-plate temperature.; between 60 _3
and  70°C, wore foulid 1o e more consistently acespiable and ﬁt;e.;e-,lr_._ibj:t_. =
b'ettel_:'- -adhesion between the selenium a,,n:d _the aiuminuni_ than plates made ]
g _ outs ide of this temperature range. Red-light sensitivity was ,prresent - i
g ; only ih plates made above 70 or 80°C. - . I ;
3 -A;ttez.:pts were made o prepars 'seleni_-liirj pldtes. by methods in"\rqlving
vapor deposition of selenium at atmospherlc oressures.' Direct vapor _ -
'deposﬂ'n on of selenlum in atmosnheres of nltrowen and hellum Qld not :
produce acceptable plates. Acceptable plates were prepared by a method |
f:iﬁiﬁiaiv’i_ng"’%ﬁa ?ﬁeafi‘%}ap orization of :gélonium into a stream of matural gas, | i
i‘dlloﬁ_je;d' by burnlng of this gas éé;ﬁ_na’c a cool aluminum plate.
\ RESTRICTED ]
|
|
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The suggestion was made by Dr. Helmut Kallmdnn o6f the United
States Signal Corps that cadmium of zinc sulfide deposited onto a
ééhdhct‘;i‘n‘g- Plate might .produée a satisfacto,ry electrophotbgfaphic; :pl'ate.
Resuits From preliminasy swpsrin
lmanﬁer will funbﬁion as electréphbtographic plates, but no measurements
llavée been made on photographic gpecd or on the quality of prints which

.can ‘be pro d”bcd from them, -

Theﬂvibrating-probe electrometer wias equinpdéd with a device for

* automatically plotting the potential dé:'v curve on logarithmic paper as

‘s S
rezdings are be

ing made. This device decreases the time required to
fiake. :pozteﬁtifaieaeéay':méééi;;egxgnfgg on platess

- An additional ﬁhgbré%ical treatment of the seélenium layer of an
electrophotographic platé-has béeﬁ advanced. This ﬁheory iﬁvolves the .
assumpﬁiqn-that photoconductivityiin vitreous selenium films 18 dependent

on the presenue of interst ti 1 electrlcal rharges. The results of

uis.theofét cal treatmcnt are in qualltatlve agreement with experimental

nesulté.obtained with selenium-coated plates.
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FUTYRE WORY

Improvement of the quality of cdhtinuouv%tone images produced by

@lectrophotogranhy w1ll be the major obgectxve for work durlng the next
three months, Minor obgect;ves Wwill be the improvement in ‘quality of

electrcnhotorranhi hlates -and thé development of the lements of a

practical camera design.

The follohlng more specific factors will reccive attenbion:

i} Improvcmcnts in the powder-cloud devcloplnv technique by a

study of the phy ic 5N favtors Jnvglyed.

A, E bllshment of tcst mcthods for ncasurlng
the quallby of 1ma”e, 1nvolv1n/ uniform eXxpos .e
conditlons; thé use .of a gray scale and the intro;
duction of delnlte océdures,iﬁ~ﬁxp03gre and (
dGVOlopmenﬁ process.

B. The testlng of a varlet&Wof powders.

G« The investigation of,alternatiég methods

cducing a powder cloud.

RESTRIGTED
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invéstigation of devclopment methods other than the

N
.
e~ =
5 i 0

i
8. & use of a powder &ioud. Further ¢onsideration will be given to develop-
F :? = ) B =
g’ L ad - . . I 3 e soa
gé ‘ ment by cascading powder=carrier combinations across the piate, and

'
ey
i X
'

e

to devclopment by means of vaporss

by
0" il

3e Production of more uniform and more sensitive electrophoto= 7

Ml

KA

¢
SR\

graphi¢ plates, involving selenium vacuum evaporatced onto aluminum, by

a study of the physical factors invoived.

i

i 7 A. Effect of gas pressure on_quality of sélenium

b
[
!
i

i.lm.

ity

1,

S

A
k)

s
g

L]

=¥}
)
o)

[«

(o]

chk

of nature of gas in vacuum chamber during

Ehrsbaprey
("D'
@
£
[9)
}-‘l
&F
Ldn
=
5

| ) 7 | |
»z} / C, Effect of electrical discharge during vacuun
¥ i T o L ) '

-3 - gvaporatiohs - - e

peanianees
b

E‘.';u b
=
-

Addition of impurities to sclenium in the attempt o

increase the Ijho.to.graphic spéedi and to alter the spectral sensitivity

5. Determination of the effect of chomical treatment of

[ ot seleniun plates. e . S |

sélénium plates in an attempt o increase photographic spood and alter
spectral sensitivity. S -
?
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6, Continuation of work on the use of cadinium sulfide and zinc -

" . s A FVA A A rvvrem e S LT JPryr . 3
I, Continusticyh of the atdenpt Yo arFrive &t a theoretical

8., Development of the clements -of a design for a practical

Sba = g e 8 0SB e S _--E@

camera Involving clectrophotography.
g ,

LICATIONS AND REPORTS . ]

EXPERTMENTAL “JORK ON PLATE-DEVELOPING TECHNIQUES

{(D. L. Pauser and J. P, Wronski)

Developrnient of Platés with Elcctrically,(‘;harécd Povrder, Cloud

'i‘he ﬁowdér-cloud’ ’déveloping box, as described in Quarterly

Progress Report. No. 3, pagzes 285 to 390, was used to &evelop

e
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electrophotographic plates for an evaluation 6f their effective photo~ i |

= { graphic exposure speeds. | ' )
;agﬁ It was found possible to produce improved-quality pictures of ,
: : : o ' ' ol
| % outdoor scenes &t photographic speeds of A.8.A. 12 o A.S.4. 25 as i
=t . o
" g%  compared to photographic speeds of approximately A.S.-A'. 1 obtained with ,
l‘ ;7;13 electrophotography in the past. This- improvement. in photographic speed i |
‘l;%f ; is primarily the vesult of an fmproved powder=cloud developing miethod and. |
| %;? : t§~ a ~mu.'ch—r lesser extent; to the use of &lectrophotographic plates héving- ~; 1
% =~ .
{. & | sensitivity to red-light. (Red=sensitive plates are described in I *i
. . ) w
| Quarterly Progress Report Né. 3; pages 218 to 229,) *
For these experiments; a «a!gera was used to. expose sensitized i j
: - B !

électrophétogréphic. plates to. & outdoor scene. The j.l]_.-umination of the ﬁ'
scene was measured with a ‘General Electric e%pos.u;:.e meter. The -prac_tica'l:'_ § |
plété_ speed was ‘then determined from the readings on the exposure and lens :

. : .. - - i o ~ &

.obeniﬂg' Which gave optimufi résu_lts in the finished eieci;'szhofég‘raphig ;:
prints.. | | 7 j B
g & 5 . w4 =T
In actual experiments, the plates were sensitized on a conventional _ |
7o

- unit in which the plate is carried under ﬁhe corona~-discharge wires By a :

motor=driven belt systém. The time intervé.]__s involﬁegi‘yréne' as follows: "
1. One minute between "sgr.xgbi.ti_zingx and exposing. * ;
2. Five m_inute,s between exposing and developing. 7
: 3. 0ne-r_nimte developing time.
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U X
“ ) Development involved the use of the development grid and the -
{%;% sorting grid as qeséribed.ig the first reference .above. The deéveloper ii
1“§§ co?sisted of approgimgtely equal pgfts of A-1=K powder# and'SOy%egnwmealﬁﬁqré %;
‘ ?% {é@ Figure 92 shows the eléctrical conditions used during the actual :T
Lgtny oY . . S . . . - ) P
:f% . developing process. Apbroximately 800 volta potential difference was. oo
:'V; , mainﬁaihed betW§eg7the éorting grid and the deveiopment‘grid. This ;
|if: potenitial was appliea'to attract negatively chargéd.pqw@ef to the plate 1
}?Ti- and" to keep positively cﬁé;geé.powdér from feachihg'tbe plate. The ?”
|7 : potential difference between the conducting back of the gle¢tr¢phqt0graphic | .
“ | pate ang the development grid was adjusted to a value between gero and BN
ii;; '%'EQQ volts o pﬁoducé the best possiblé prints i
L;i Figure 93~a ig a reproduction of the best electrophotograph )
s , .
;Eg; ' produced: at a photogrdbhic speed of A.S.A. 12 with a plaﬁé-coated-wiﬁh— "
= _ . L
lz§; zﬁéiéniuﬁ:id-the goniéntiong; thickness of I5 microhss The large &léar
i:;j -} areas on’ this érint correspoﬁd to areas of the plate from which the g T
o ; g 5 : 7 5 4
Lﬁéé | selenium film had flaked off. As-yet; there is no ekplanation-for the - =
i§§ o 7;_; pregénce_qf tbe_S?gl; white spots on this print: %’
i{"% : A preliminary investigation was undertaken to evaluate the
‘% -

advéntages of plates having considerably thicker layers of selenium than

- those generally used. It has bgen-noted that thick selenium;coated plates,

B Sy R e T

when sensitized to their maximum potential, have light~decay rates which

youcs

T,
&

are moré rapid than those of conventional thin selenium-coated plates. 4

gggggw%'?f:'"”ﬂ:&l
@ |

&

v
ceope b Bt cena,

rlate with a selenium film approximately 60 microns in thickness (about

il

g 95.2 per cent (by weight) Amberol F-71 (Resinous Products and Chemical i

; Co., Inc., 222 W. Washington Square, Philadelphia, Pa.) afid 4.8 per S

cent Faven bead carbon black (Binney and Smith Co., New York, New York
(by weight ). ' '

%t (Obtained from Swift and Company, Fostoria, Chio. Screen cut between
15 and 4B mesh. , RESTRIC TED
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| four times normal film thickness) was used in an aﬁtempt to attain

| higher photographic speeds. Figure 93-b is a reproduction of a print

obtained from this plate at a speed of about A.S.A. 50. A bicture_o@

-\ someéwhat pooréer quality was -obtained at a phoﬁégfaphié‘speed-gf P

1 100.

Séverai light sources were eévaluated for use in the illumination

jf of a gray scale which is to be used in a further &valuation of electro- ..
{ photographic continuous<tone photography., Combinations of daylight and

| blue fluorescent lamps were found most suitable for providing the

{ intensity and color temperature required to simulate mean noon sunlight.

‘Rgpggﬁudiﬁili%y-StudieswUsith?dwdergGioudiDeVeIonméﬁﬁ

A éombinaiion color chart and gray scale.%asiprepéréafand

~ illuminatéd with light having approximately the samé speétral character-

| istics as mean noon sunlight. A series of nine photographs of the chart
;.Was_theﬁ taken using a seleniumécoated‘électréphétggraphic-platé-at an
}"AQS;A;-épeed‘of dpproximately three. Cautioﬁ was exercised to maintain
¥ uniform ﬁhotggrgﬁhiq and development conditions ﬁhroughout the series of
ﬁ_testsg The densities, of various parts of the photographs were then

~ f determined using a reflection densitome*er. From this group of photo-

graphs, it was found that the den§itiés of corresponding points varied

. by as.much as. 100 per-cents

RESTRICTED
< BATTELLE MEMGCRIAL INSTITUTE
~ q)' .u-"-.ll_. ~ _

L TSN

HApon = e v

o




;
~327~ RESTRICTED
5 )
b
% UAPERIMENTS OW VACUUK~EVAPORATED SELENIUM 1
¥ " ELECTROPHOT RA 116G PL TES K
3 P
- . g ik (P'o', G’o Aﬁdrus, Dv C'r l{ethlds-) J;o L_o Stockdale, 5 :
x 0. A, Ullrich, and Js. P, Wironski) : |
F : Photographic Reciprocity in Selenium :
. Klectrophotographic Plates™ : 5
2»_ ) i ;;"s_-__géries of tests were conducted on one electrophotographic plate
% td deterfiine the rélationship between the light imtensity and the exposure
;f . ' - : - ) d
b . { time required to produce a given potential drop on the plate. The tests |
i . were diréétéd toward finding a relationship similar to the reciprocity
X 1 relatlonshlp for s:.lve'r' halide photog aphy. quever, instead of s#_nldyin_g i
' the photographlc exposure necessary to produce a glven 1mape dens:.tv, a ;
glven potcntlal drop ‘was chosen in order to cllm:mabe variations caused i
T i g
.by the development progess. The data were takcn in the form of potentlal s
--dr'o'p's_. resulting 'froﬁl~ various: exposuré ’_cn‘anes wl'iile the light intensity -Was o
: ) ' _ held c_on;s*bant,." Theée -data were taken i‘or several dlfi‘ere 1t 1ight
B . intéensities at each ¢f sixk -dlfi‘gr_e_m_u. Wavélgn'gi;hs oi‘ l;:ht.. ';"
. i ﬁjrom these data the exposure times and light intensities i:‘écfuir:ed ?
- bo p*‘odt.ce a i.'.ézn potential dm.p {ir: this case, 100 volts)were cbc»Q 5

The- relatlonshlp between these chosen exposure times and 1light 1nten ities

then ~proifi‘d_éd the réc‘_ipr"oé1ty mfo;’wma‘bi'on which was sought.

The tests were carried cut using a white-light source filtéred

“w

to produce the desired wavelength and light intensities. Wavelengths

[
3 PR A

of 652, 606, 557, L59, LO6, 353 millimicrons were used at intensities
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discharge necdle.

| the plate Was exposed at the time when its dark-decay curve passed

+ diffictltiss arising from the da:
I

. cha racterlstlcs o

‘varies w1th e&posurc tlme for various light 1ntens1t1es at a .avelength

of hOérmillﬁ ier ons. From gimil

S

PN E AT IR T DY
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An *Alphax"

camera shutter was used to produce exposure times of 0.04, 0.1, 0.2, and

ranging from 0.33 to 185 microwatts per square centimeter.

0.5 geconds. Tlate 12-21=48D was used.

The values for the-élate potential drops for ihe_%arigusaexpésgrss

e -0 8

were determined in the following mannef, The
plate was chargéd using 7000 volts positivé potential on the -corona=

The plate was regenerated between successive tests.

betwecn the dark—decay curve and the decay curve after exposure,measured

five minutes after cﬁérglng the plate.

(See Figure 9&;): In every‘case,

through 600 volts. This always occurred within 4 vty sctonds a

end .of tne charging cycle.

This proéedure_was adopted ih order to avoid

Lo g P

rk=decay rate and also because The

selenium eLectroohotogranhlc plates are somewhat

Figure 95 i;;_lu_strate_s the typical manner in which potential drop
1ar curves obtained at four othe; wave -

lengths, the exposure tmme necessary to produce a lOO—volt drop -of plate

@otentmal at-each correspondlng intensity was found. As shown in Figure

96, uhese values CLLster rather closely about straight lines when plotted .
on logdlqg graph paper. From these curves, therefore, it may be inferred

that the relationship betwéen intensitj and exposure time is expressed

as follows:
(1) (%) =k

o — 'I“{ICTED

. The net potcntlal drop for a glven exposure cons1sted of the dlfference
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FIGURE 95 RELATIONSHIP BETWEEN LIGHT INTENSITY FALLING ON A
SELENIUM-COATED ELECTROPHOTOGRAPHIC PLATE AND
EXPOSURE TIME,FOR VARIOUS WAVELENGTHS, NECES-
SARY TO PRODUCE A NET VOLTAGE DROP OF |00 VOLTS-
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wheré I is the 1nt9ns1ty oi‘ the light in mcrowatts per square \,ent.z.meter,

t is the exposure ﬁlme in seconds, m is a quantity equal to the slope of

-indicate, then, in practical. ffect for & "si;e times less than one

'seépnd, the above equation implies that:highér light : ntens tie are

needed to produce a loo—volt drop than would be necessafy 1f the noﬁmai
relationship (I) (t) =k Wére eperatzﬁes_': ' ' : -

The- curves in Flgure 97 were derlved from those in Flgure 95 and

fromﬂ other Slm:!.lal‘ curves; and 1ndlca te the manner in whlch voltaga drop-
is depehd’{ah"t upon w‘avelengthr for varlous hght ln’qensities.' at an
exposure time of ’0',27:se@ond_. V'Here. is. iilu.s‘cratéd, in a :r'ﬁanpef of
lﬁ;g“'-.gs”éntati on somewha‘b ad: fferent from that usad heretofore, the very. strong
qens1t1v1ty of Sfalenlum electrophotogrdphlc plates to bBiue 11gw compaied
‘ “to its sens 15 1ty to red "'1ght. ‘I‘hougn this plate is not one Wthh has
been ubrmed red—sens:1t1ve thé turves show that its sensi sivity dces not

cu‘t off sharply as previously suggested, but actually extends as far into

is extremely low. e ) : -
S , , RES’,I‘RIC{PED

,.e Iine on log-log rzranh pap,,cr. and k is a parameter whichs in pa;ﬁﬁ at
least, is g functlon of the wa.VGl ﬂgth of the radi tion. From the
curves, thé Iollowznr* Values for m were founds
W':nr&'l done Uh’ S — - -
1111m:;.crons , pud i
o ’3’5\3‘,. L2
S AhOé 7 1.2 -
k59 1.0
i 606 1.5
If thé value of m is 1ndeed greater than- unity, as the above values

the red as 650 millimicrons. The sensitivity in thls red region, how ever,. '
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Figure 98 shows another typ1Cal set of curves illustrating *he

: £h Light inten

“manmer in viiich the voit

tage drop varies Wi

,1

§ity for various

exposure times.

Irasmuch as uho tests dpscrlbed hefe were conducted using a single

electrophotographic plate, it must be assumed

+
in ohie

for other plates will be aimilawr in form but will

[4)
i+
g

valueo of the parambt

b

s involved. g

Spectral Transmlsslon and Reflection Characterlstlc
. of Selenlum Fllms ‘

that the_curVeSnand equatmons‘“

Spectral transmission curves ;

fllms vacuum evaporatud onto glass.

Were obtalned for flve selenium

The curves; Flgure 100 in particular,

show that blue light, to which

the selenlum plates are most sensitive,.

penetrates the selenitm film to only a small fraction of 1ts total thlck-

' ness.

This is of con51dernb1e 31gn1flcance in the formulation of a
t&eary—af‘tne photocondu k7 vi of selenium.

The thlcknessps of the flve‘selenlum 111ms tested were 0. 05, 0,,9, ':

0.88, 1.k, and 15 mi crons. Thése films were prepared byrthe vacuum

evaporation of~seienium from molybdenum boat-typé sourcés. The difforent

thlcknesses of fllm were produced by placing the glass plates at dlfferent

distances from the eVapdfation-sourcesa The transm;ssion~curﬁes are

showh in Figures 99 thaough 103 _ ' e -

The maxima and minima whith appear in the flrst four nLrves are
not due to real differences in absorption, but arise from interference of
_the multiple reflections frém the air-selenium and the selenium~glass

-interfaces. In Figure 103, the maxima and minima are so close together
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) that they cannot be resolved by the Beckman spectrophotometer used in
N . - o BN A B O . % - ’., B 8 I{
these experiments. The number of maXima and minima which appears in any :
- ¥
wavelength vrange depend upon the ‘distance between the reflecting inter-
A fates =in this tase, the thickness of the selépium film. If the index of
_refraction of the selenium in the spectral region in whiéh the mowima and ;
minima Secuf is known, the geometrical n:Lckn'éEs‘ ‘of the film can be
i ) determined as follows. For a high index of refraction film_, i.e. indgx
i A
i ] A, e =
i - where n is the index of refraction of the seiom.am (appronmately three),
d is the geométrical thickness of the film, L is the wavelength at the :
- min*ha, and N is the number ¢f the quarter wavelehgth minimum invelved. 1
" In the present caé, both d and N are unknowns bub since; in three of '
" the curves, thére are several N's, or minima, to use, N can be determined 3
. - = N - o - - - B \;
| by assumifig valies of N until ‘the product NL is the same for edch minimum, H
x 4
‘ 7 In Figure 102, this 1s the case when the m:m.anum at 900 mlll:unlcrons is :
taken as thc‘nui_@fg@"gath_ quarter wavelength. Then the geometrical thick- ;.
néss is found to be,
A |
it g
i
The selénium £ilm thickness may also be determlnpd as described in -
Quarterly Report Number 2, pages 156 to 15 58, This -method consists in
RESTRICTED
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diamond. Here the bombarding elettrons pdne.traﬁte the aia_mo_nd“ only a very

~3l2~. RESTRICTED

counting the number of interference fringes between the surfacé supporting
the sélenium film ard an optically flat sv.-rfade placed as shovn in
I‘lguY‘e 10k,

of thc two methods s thé one 1nvolv1ng the 1nterference maxina and

The spectr'al transmission curves -_show that 't;‘.ﬁe transmission of a

film only 0.35 micron thlck is less than oné per cent for 1i'gh’t of 150

ﬁ;j'_'i},ifﬂfijcrohs‘ wave.leﬁgih. Normal clectrophotographic iﬁ es have

-

s,e-_cc-ni}um films. of at least ten-micron thickness. This means ‘that, if the

spectral trans

mission charac ucmstlc_:s of the scleniun film oh an ordlnar"’

electrophotographic plate are the same as these Selenium films on. :g-las_'s-;

the blug light to which the pxa’bes are most sensitive does not penetrate

thé photoconductive film -to a depth of mere then one-third of a midrone.

Thig is 'ggu'v‘alent to penetrating the il a distdnce of about ohe=

thirtieth of its total thicknesss

" fhat the éffect—of the lisht itself is pu rely a surface phenomenon. The

T DL DN LRI, WU, W T i, GOl SN | : B e R T
case is §iiilar 45 the slechran Dombardment ‘.Lcutl..r.'p_‘a:l: conductivity of

small fraction of 1té total thickness. Nevertheless, this T)omuardment

causes an eléctrical current to flow between the surfaces of the diamond

aéross- which a potentiak 1s app'lied.-

The predicted and iine,ééu;red rates of

electrical currcnt i‘low in diamond; after bonﬂoardment ceases » are s;unllar

‘to the voltage-decay rc,tes obtalncd for sclenlwn—coatcd e]ectronhoto'rraphlc

plates whea thoy are exposéd to light,

- RESTRICTED
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The spectr¢¢ uransmlSSlOn curves also

i the blue-absonptlon cutoff toward the red end of the spectrum~with

1ncrca31 2 thickness of selenium fJ.lmo

A comparmson of the- °pectral transmisei

sensitive and non-red~sen31t1v selenium Blins w

| was to deteimine whether op nbﬁ selenium films

ot

A absorntnnn exhi ited by the Selenium films.

! Thexeque, ﬁith a rezlectlv ity of 25 per cent

i can be seen: that s as'

sensitivity, absorb Tight o 6% those red wavelengths to which “they are

=4 electrophotographi iﬁ*%sénsiﬁi'e} The curves

’ sentative of several films tested, THése resu
:7se1en1um £ilms do. hav considerable absorption in

‘ However, this 1*cd abaorptlon is not nearly so

obtalncu. Y stripping the selenium fr,omi the al
1 cellulose adhe sive tape and;measﬁningvthe'Sranémiés' 501 ‘the gelgnium~

f tape ggmai”’tion~§gii st plain celluiose tape

mlcrons in thlckness on glags was 'aﬂso~meas

+ & transmission ofF abnrox1matel 65 per cent as

relatlvely little. absorptlon in the red end of the spectrum.

Slmple Photoconduct1v1tv 1n’Electraphotographic Plates

',eud&u&*féf these curves were

@xpected, non~rod~sen31f1ve selenlum £ilmsg have

RESTRICTED

show a gradual shift of

i-9n charact tlcs of red=-

Was aLso made. The purpose

which exhj hitnd red T

in Flpure 105 are repre~

1ts show that redwsen31t1ve

wininug : backlng plaze with

as a “eierencec

urtd. Tt i s nown in Figure

;fle; A¢so shown is the transm1331on of the same f11m~anc-gla3a comblnatlon.”

as shown in Flgure 106, and

shown in Flgure lOQ, it

An,eiectﬁophotographic selenium plat

e coated to6 a thickness of

RESTRICIED

annrox;mately sixty microns was prepared in the conventlonal ‘manners |
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In order to éstshlish electrical cohtact with the selenium surface, a
thin aluminium £film of from two to three per cent light transmission was

évaporated onto the selefiifis The coated platé was trarsferred to the

| vibrating-probe clectrometer, and a potential of 500 volts was applied _

across the sélenium layer. While the plate was still in the dark, the
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Upcri: éxposure of the plate to white light, the potential was obse;!ved_ to-

drop appro%imatcly 50 voltss -Qualitatively, the same effect was observed

when the plate was tharged by corona discharge.

{

i
Ry

this ¢énpec£:5_;on.,_-. a No. 2 Reflector photoflood bulb was placed directiy - _

above the aluminum-coated area of the plate at a distance of about ten

T inches, and 2 battery ~p0tent.iél of 15 volts was a'ppiiéd across the

>

selenium layer. Using a wall galenometer having a hout

0,001 microamperé per millimeter to measure current flow, no current was

obscrved to fleow through the selenium layer when it was not illuminateds

Upon i’i}iuhinatidn, a. éontinuous current of approximatoly 0.02 microamperes i

wis: observed to flow throqgh the selenium layeir. The same order of ‘current, |

flowed when the polarily was reversed. Somgwhat less current was observed

[ with ropeated tests, probably due. to a fatigue effeet.,
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Experlmeﬂ ts on the Illumlnanlon of Selcn:um Fllms

. The hypothesis basic to a theoretical model to be presented later
in this: repért is that photoconduc tivity can ke trduced only neéar an

\argé iz ) ‘the selenium layer,. If .this is true,.
and i¥ thé interstitial charges {a) exist only near the top. of the
Seiéﬁfimm;ﬁj‘(53-éxbft éhé?f—range-fdrﬁes, it follows that the decay rété
of a selenium layer 1ixum1natea throy a transparent nacxlng plate shouia
be quite dlfferent from that of one illum;naucd from the charged side:.

To test this prediction, selenium layers of 12-micron and 60-mieron |
thickness were-deposited.on an electricaily-conductive~giass plate. These

ﬂé&ef@'wera cnargea and ¢;1um1natea‘1n Turn trom apoveé and beneatn w1tn

ny

lights designed to be of equal intensitys The charge decay as a function
‘::of time is shown in Figure 107'4, observed on the 60-mlcron film, It is _
seen that the decay rates are not signifiqantly'd§£ferent, On the other
hand, the rcsiduél voltaze iéuapparéntiy differcnt by a fagtérﬂof ten
It'is.cpnciudedfthat either interstitial charges have a force
rangc greater fhan'fhe f£ilm thickness, or clse that they are themselves
mobile in the film S0 as to be uniformiy distrisptcé {n ‘the| elentim, No
éﬁtgmpt_hasiso:far'beén made to explain the q;ﬁgérenEé in residual
potenblal. :_- ) - | f.:: -
The selenium layer used in this case'would not hold a negative

¢harge.
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~pouTed pou_. ed OvVer ne_ﬂéﬁe—, Tifqterference frmges were observed to spread out

' .photogmphlc platc speed by chem::cal treatiment of ._,s_ele 1nm plates prepared

T by -vacuui evaporatlon. Only prel:im“inary experlments 5 in wh1r=h eeT en:lum

contalm.ng sa'cvrat_,cq bromine vapor. After a few seconds, the .selenium

ﬂmad_é- the sglenium éoati_ng_ .s'ticky. ¥hen a very 11ttle bron 1,ne_> Fapoy wasg
.Qver thé surface of the. sélenium layer.. Thc selm:'cum remained hard' but

_,i-i‘l'_- Exposure to iodine vapor also affected the selemum—coated plates so

| of the plate weré made more rapide

~350- - RESTRICTED.

uuum:acal Treatment of Selcénium
ectromo uO raphlc Pla’ces

An inves uigatlon was. sta. t d of the poseibility of inereasing

plaues wcre exposed to halogcn vapors, ‘have becn condu ted to date.
In one exper_m nt, a se1 mum plate was placed in a beaker .
coat:mg on the pla,te llqulflcd and dralncd ofi‘ of the plate (apparently

as selen:.urfI monvbro .:,.de. szrg Jo _anor,tcr exp.o’sure <o the bromine vapor

1

)

EXY

I R N 9]

R

[E T

would riot retain an électrical pg’_'ﬁ@nt ak th*'x attcmpts viere made to charge

that they Would no longer retain -an electrlcal charge.

& s;’il'ei"xitnﬁﬂéba'i;e ate exposed to dllute chlorine vapors
(obtained by moisteni ing commorcial calcmm hypcchlorlte) exhibited the
following -changes in electridal characterisbics (ses Figure 108): The

appé.renﬁ maximum potential the plate would hold was reduced to. approximate-

1y ohe=half of its ord gmal value, The dark and light potential decays

Exposure of the plate which had been tréated with chlorine Vvapors

to hlgh-»mtensn ty red and lnfrarcd llght changed the electrical

characteristics of the plate again so that the dark and light decays were
. e e e RLbTRgQ_g@D_’ al
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more hedrly eq_,uivalont:to- their original ¥alie before chlorine treatment.
However, the maximum poitential which the plate would retain rémained much
Xower than that for the platé before chlorine tfeatmgnt,_,

Bffect of Infrared Radiation on Sclenium
' El_é*etrwmotographlc Platos o )

It has been Sbserved in the past that rod light has some effect

ofr the electrical ?charac_torisﬁigs of seclonium=coated .e:}:ectrbphotographig_; _

Thérefore, a somos of observatlons was started to doterm:mo

whether or not red or infrared irradia.ti-on improved pla_.to characteristics,

arod 1J.J.mn1na*1on can b'a usod to stablllze the

electrn_cal characteristies of the plates...

= o S -

The firsh obs_orvatn .ons: on:_thae_offoet of -si:

curvos “for posmt:wo sensw.tlzahmx whén °

by red and i‘ni‘ra_rod_' 1ight werc made in connection with cléctrical tests on

a selenium plate that had been éxposed to dilute ch’lor—ine vapor, The

potential;docay curves for thc plato (a portion of ﬁiat__o 12-284118}"")_' are

¥eproducib

shown in Fig‘ure 1{)8. Cuers 2 ang 3

ox.posed'to room light and rod—infrarod light, rcspe*ctively, The ro.om

light was provn_ded by two convontn_onal 200-vatt tungsten—fllamont llo‘ht

]
1

f

LURL i

104

1 as prov1doc1 by strong sunllght filtered throuﬁh gciéndaim-

glass.

uulbs placod about flf‘toon foet from the plato. -The rod—mi‘rarod light

The e :posuro to both hghts as for :C:Lvo-m::.nute perlods. _.flfhoso
decay curves show a much sloww darx-—decay rate for the plate after it
was cxposed to the red-infrared light, but show a quite similar (though

somewhat slover) light-decay raté after the red-infrared exposurc.
RLSTRICT’?“
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ijzd; A nuitber of other plates were examined fo? changés in .electrical
o |
g! 1 .chara_lcfgeristics- before and after cxposure to rcd-infre,re_d 1light. Included 1
g‘,;l in the plates cxamined were several ﬁ]ﬁatc‘s he.ving‘_ 0. selcn:Lum layar which. - ;
?jj @ + gontainad sme;l?. ~qi1a' titi cé of bismuthe A1l of the plates tested showed
Z&g . _Some. chénge. in electrical characteristics with cxposure to rod=infrared ‘
: § - ' ST 4
i;:i Tighte. In somé .cascs, the irpadiatien was detrimental; and for geveral :
Z plates the change in cnarac;f,e itics of the platc due to red=infrared -z
ﬁ treatment was nicgligible camparced t6 changds cgused by consceutive ;
;P”; - chargings etcs ) - :
=T - Tigure-109 and 130 show petentisl-decay eurves for itwo-convention= . l
- !
‘ : a.ily prepared selen'ium electréphbto‘graﬁhic plates. The plates we_ré' xept ,
_m; i A in darkngs_g_gic_ggpt for the 1:4.ght exposure neccssary “to make the 11ght- ’ '“: . _'
1 | decay -curves, and- the rcd—.a'.ﬁfr'arcd exposure.. The decav curves. shown :m_—' 1
ij , Fi 'g”ure 109 were takon .1ftcr repeated altcrna te pos:Lt:ch and ncaat:.ve 3
s .
t:» . chg-'x:gin.g of the pl‘a.tc;:. ~Gme %A _shows rqp_roch_wibi_e positivc ~potgnt_i—_al~
{’f:;‘ o docay )cha'r"éét‘c‘z‘is’bics' #ihich v(}are slightly suporfor to the initial positive
g . | docay ¢haractoristics (slower darirededay rate, ScJ;IC iight<gecay rate).
§ Curve 2 shows the effect of red-ir;frarcd c‘_nqposu:cc, The maximum pétcﬁ'i‘:j;al ) _
}‘? . was almost doub_led. The dark-deccay rate was slower. The li_gh.t-.-deéay rate |
was also slowcr, but potentially morc L T
F:Lgure i.lO' shows the effoct of red=infrared illumination on ﬁhe_-: ;
ﬁositix_te-pqtential d_a.rlc—.doceiy characteristics of anotnc? Conventional
? pia-te_.- Ta this case, the plate was only charged p_déi-t:‘é'.w;ly and no fl'.ighfh }
(other than the red-infrarcd J.rrad:.atlon) was allowed t6 reach the platcg ;
Curve .1 is the initial dark dcrca.y. Curve 2 is the dark decay after I
| RESTRICTED
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repeated positive charging. Curve 3 is the dark decay ai‘ter gxposure to

red~infrarcd light. In this case, thg_rod«-infzfared exposure appeared to

have only a smail effcect on the plate, scemingly of r":es'toraftiiz"e nature.

These brief obscrvations show that Fliuinination of Zclenium

0
i O ) J: NP-r 1 DUy
some plates gud detrinientzl 46 othersd =

Heat Troc.tmﬁnt of Selenlum Electrophotpgraphlc P_Lates

-Se?icnium plates which are ma-intained at tomporatures_béle’w Lo to

s

560 :-‘d ring vc.cuum evapo 1 7 gondrally show a blu:Lsh s llght-sca*ctcrmg

hazé on thc‘iir surfaces. Th.m li ght scattc’riﬁg is not conplctely random,

noked~gla ss“surface-.ubu +h. or it

as is the scatucr:mg “rom pa.per or g_

i

o s EE et

" hag a shecn or halo vhlc.h appears at certaln angles of va.em.nga ‘This

type of effect arises when thn partlcles ‘of the scatbcrlng surface are

orisnteds Tho orlcntatlon may be in the form of small .grystgllité_’s‘ or

of & Qena;itic-type.of-structurc which. often forms in thick evaporated -

. Platos with this Sm.r*“acn ha,zc gcncrally ve inferior charactoer

isti_cs.., Théfc;fore, it was degired to detcrmine whéthei" these inferior

chardcteristics were due to the baze itsclf, or to some other propert of
i 5 : P

“the selenium which gc‘norally ap sears with the ,haze., It was alSO dos:n.rcd :

to know vrhc ther or not thc removal of thig hazc by hc;.t tre;.tnbnt would

dmprovée the plate qharactcristics;

It was found that this haze could be removed by hpating the entirc.

plate to 65 or 75°C. for one or two minutes. With this treatment, the
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plate took on the corimon, black, specular appearancé. MeaSurements of
electrical characteristics before and after heat treatment of th

selenlum fllm showmd that thls scatterlng in 1tself is not ¥ s“onsible for
the infcrior éharaéteristicsm In these studies, it was aiso buserved that

ah addlulonal sclenlum Tayer evuporuted onto a scattering selenium surface

Wlll ‘have a clcan, specular ourfaet 1f this second evaporatlon is carrled

49

t ‘temporaturos of 60°C. or above.

,; _erystallization of the film, the same effect which'is produeed’by main—

. Impurlty Materlala Added %o Selenlum Layer .on

..;', . LA Electrophotowraphlc Plates

Preliminary experiments on the effect of adding,ﬁétgllié.impﬁfi—
“ties (Quarterly ?rogress Report‘Np.dé,,pageS.ZBS to 237) indicated}that_A‘
impurity materials modify the électriéal properties of sélenium—ccated
;eiectrophotographiézplates. Those'experiméﬁtélgave Iittle informatton
a “Lt the mggnltude of the effec & prbaucca, and almost no iﬁférmatién

abqut the amount and position in the selen*um £ilm of the 1mnur1tlcs

involw ﬂ

'(i)

It was.undertakcﬁ, therefore, to prepafe ﬁlates-undér.CIQSely'
‘controlled conditions .so that the dLstributlon of the lmourltv materia l
‘in the se;bnlum 1ay0r would be known. It was plahneu to prepare
amount of impprity in concentrations under one per cent from one end to

RESTRICTED
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the .other of the plate. The effect the impurity would then be

-determmed by‘ observing the vari ation of the electrical charactorlstlcs

of" 'me- zp‘la e from ene cnd to the other.

To be certain that any va_r.’:iati;éns in plate chafacteristics noted

would be cau ed only oy tne presenc,e of mpurltlos, :Lt was ucc,essc.r'y to

control certain sther factors véry caref ul.Ly The most mportant of

those facters Was tha mwiform distribution of the inpurity through the.

kncsd 37 the séleniaim £ilm, OQGther wari iables to. be controlled in ohe

7 -during p ate preparation, .and the total time of .depo_sition..,, - o |

Two mothods were invos.tigatcd for éooi}aporatiﬁgf selermium and ‘an
impurity to produce selenium llas,éer's.';c_b.i_ﬂ?c}éining a uniform distribution of
impurity throughout the thickness of the selenium layer. In o,ri,e' method ,

selenium and the 1mnur1ty were -evaporated from separate sources, The

sources ea\h conta:med mazny times as much material as is requlred to

produce t_he_- final film. ‘The plate to be coated with the -selenj.-l_;m and

imp;i:c_‘;i-‘_cy was (j:‘}:p.ojsed to -bofh sourcéé only after tl{e‘y had réached

equilibrium ﬁompcrduuros and were evaporating at substantlally constant,

-~ but not necessarily equal, rate_s-. "The variation in the a_.moun_'b of

mpurluy over the lengtn of the plate was produced by ; plac:mg t.ne impurity 7
‘source fiearer to onc cnd of the pla.tc tha*z to the cther end.

In the se.cong. method 3_13 ovapora;tlng the impurity into 'the.
selenium ia.yéx“-,- the selenium ahd the impur:i’c}y were e"\fapo_ra.:-tqd from a
s‘:fngle source. _The mixture of (se;lenium- and impurity were fed ir_fgo the

\ : RESTRICTED
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‘evaporation source at a constant rate and the temperature of the soutce
adjusted so that the materidls would be evaporated as rapidly as they were |

" _féd to. the gource. To produce both a uniformly thick selenium film and

the deSiredrgradaﬁiﬁh of impurity from éne end to theé otherfbf the piaﬁe;

tiro éVaporation sourcés were useds Pure selenium was evaporated from

a source placed at ‘one end of the piate'énd=+he-séleniumHimﬁ"é**y mixture I

was evaporated from a source placed at the other end of the pﬂane.

The mcthod ;dVOIV1ng uhe evaporatlon of a selenlum~1mpur1ty

mixture appeured to offer th advantage of allCW1ng the preparation of a

'flhn contalnlnp a kncwn percentapp of 1mbur1tve Thi§ vercentage would be

f:ved nerely by adaustlng the letL”n of selenium and 1mpur1ty fed to

the séurce. For'this.feasoh, th1s method was selected for the flrst

experiments:

A screw=£yﬁé feod hbp?er was used to deliver the pbwdéred

selX nium_to the évaporaiion source. Thé fceder was constructed oi a

*

l/8—1ncn Scrci (formcd by tw1st1ng a l/8-1nch by l/éh—lnch nichrome
rlhbor to approa¢matcly flVL turns per 1nch) turnlng in a stalnless
steel tube of l/8—1n¢h inside diametor, The tube formed the bottom of a

conical hopper into which was fed the granular material to be evaporated.

_In actual use, it was fqund_nécessary to vibrate the hopper and screw to

_producé propéer feedings

e

The first eﬁaporéﬁibn source tried with the feeder was a. sinple

boat-type filament ap proximately 1/8 inch decp by 3/16 inch wide by

3/l inch long formed from 0.00L-inch molybdenum foil. When the source was

heated to a dull red, it was

- RESTRICTED
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% found that the sclénium powder fed to it was bouncéed or blown out of the
. : S :L beat. by W.i;he_' prcésum‘éf the vapor of the selenium being evaporated, i ;
. "~ & number of other evaporation ‘_ourée desigris were tried.. The
C? . mastrsucce_ssi?ul de31gn is shown in -Figulj’c. 1ll, In this casc, the
S - - eVaporation gourée ¢onsisted oi‘ an_essen tially closed chamber into which
| "the stienium was Ffed and atta,ched to which was a circuitous chifney,
. - oonh the char : nber and t‘ae chlmney were i‘ormed i‘rom a strip of Qag_lﬁmcn S
I S molyb&;ajl;a;rrxiwhlcl; could be heated by electrical cuVIE'enuu.‘ o  '
’ N "~ The selenium powden which was fed ‘ },I}Po this source, - @Vaporated to . Lo
o g:we a smootfx c{epos::t or;éz; aluminum plate rhcld ;bove, it. However » the )
. source heélted the feecder to such an extent that the sclenium melted in .
: { - T,he foed tibe and’ stopped the i‘eedlng actlon. - Even a watn,r-,]acketed
,‘ ! 7 o feede (F;gurolll) Jamined, apparently becaiise of molten selenium whlc;. ; : 3
§ nad golidified in the cooled t;ubea, Because of thk,se dlff:,c ) 7 1 ‘ 1
% .attention was turned to the- separate-—source method ¢f mpurxuy evipora< ' % i
§ S tlon. . - o ' o o o | ' ‘3
§ . Flgfure 112 shows the apparatus ised i‘or evaporatlng selenium f ' (
‘ ?;f and 1mpur1ty matorials from scparate sources. Two selenium sources, cach
§ . z 00n31st1ng .of a boat, dpproxn.matelv _3:1/. inches, -bi}’i-?l“:";s,‘i;‘eh’b /o“i"ﬁcn, "f‘
- -F - 2
N § ) formecik from ©.003~inch molybcienwn s were placed twelve 1nches apart and j
g o six inches bencath the plate pOSl tion. .An J.mpurlty ‘soutte, cons:gs_t,ing 7 ?Z
T 7 - of & v-shaped trough form\,d Trom S=inch b*' 1/ h=inch by 0. 003=inch }Z
molybdenum, was placed g out h-—l/b,‘ iric‘hc-“sa below one end of the ;;jsate and ;.; l ’
50 positioned that it did not shadow the scelenium source. The‘backing } ‘
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‘five grams of 6. P. ARQ shotted selonium.

loaded with the impurity desired (less than 0.1 grams).
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platés used were 16-gauge aluminum, Il inches by 3-1/l inches in size.
Thé-pkaies were fastened to the surface of a slightly convex tenmperatures=
_ controlled platon the same size as thée plates. A movable shutter was
! , ansE s

attachied to the frame holding the platen so that it could be moved to

ToVer of uncover the f ‘Tace of the plate.

taarm ol Jebviesanddanr aseatoaapads o
The selendum and im uricy cevapora u.LU"lS_

f6llowing general manner:

Mrwhiﬂn had bcen washed W1th water and then degreas

vhpor, was cllpocd to the platen and covercd v

1 temperature of the platen was adjusted to 60°C=

cvdacuated to a pressure Qf 1¢ss than 1/2 micron of TGTCUTY

" to the selcnium sources wag turried on and‘édjusﬁéd to 60 amperess

" two minutes, the current tb the inpurity SOurce.wﬁs turned on and

adausted to a predetermlncd value.

" interval, the shutter was opened and the plate

selenium and impurity sources fer one minuté.

-clos@@_and-ﬁhe gharges remaining in the sourccs~wérc cpmﬁlctely )  ;._

éVaﬁdiaiedrby inéreasing thb filament currcnts

mlnutcs aftmr the shutter had beon flrst -optned.

irem'thc beIl jarg

Several plates wére prépared in which 'bismuth was used as the

iﬁpurity materiale

were carried out in the

Eaéﬁ.selcniﬁm filamcnﬁ_was Ioaded‘wiﬁhrgbgut

The nlghest conccntratlon of blsmuth anywherc on the

The impurity filament was |
The plate,

sed in iséﬁflpyl ;lcéhol. ) ' i

th the spufter; Tﬁe. | -
The system was theh =
The current ;
After ;
After an additional one«minutg 2
was exposed to the 1 3

The shutter was then

for a short time., TFive

thc plate was removed

P b i i A <, W s
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* selenium layér was estimated to be less than 0.1 per cent. The selenium

" the selenium layer is given in Figiire 113, The da £ appear to indicate

N

.pl'a-té and: iﬁs tomperature during é'\faporatiom The work ré’p‘o rted here

- =300 RESTRICTED
P

£ilm thiclmess on the plato was from eight to ten microns. A summary of
the poteéntial-decay characteristics for different amounts .6f bismuth. in

that the 3ddition of a small amount of blsmuth 1ncreases the max1mum

pqt@ﬁ%ia“ thé film w111 accept. The addltlon of _more blsmuth appearc ed to

raise the re51dual potentlal of the platé.

Dependence of Selen uin Flaté Chaz’ucteristlcs oh
B‘.cklng-Plato ’T‘ermcrétme Durlng Prcparatlon

~ A further study was nade of the var‘i&'ti;cns in thé physical
P

Cha.I'c.CﬁGI‘lSthS of selenium plates as a function of the tcmpcrature of
tht:l.asl.atc during vacuum cvapgration of the selenium. Some progress-has
beeri made in correlating the quality of -the._prinjb a sc-;leniu_m plate wiIl
muk e, fo¥ positive .,ensfclzatlon. with the eleturical 2 characteristics ;)f=
the plate and ‘the c_ond’i~tibrs uhder which the plate was madeg‘ In these
te ts, as 1n the temperature series reported in Quart»ﬂv --ogm 1 Repar-t
No. 3, pages 218 t6 229, all condltlons durmg p]ate preparation were.
kept constant ek'cqpt the temperature /pf the backing plate. This

%émperatm'e i’fas varied from hO°C. to 90°C. The prevmus ’cemperature _

<

series showed the corrclatlon betweon electrical cha.racterlst:y.cs of a

extcnds this information to 1nclude the effect of temperature durn_ng

mr"poratlon on the quality of line-copy prints.
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,f? The plates were prepared on lé-gauge » Number l rcflector-f:mlsh s . ‘ iR
, ll-:mch by Ly=inch aluminum. ‘The aluminum. plates w "re vapor degrcased
} (5“-} ' i before coatlno in the National Rnsearch Lor'poratio_n evaporator undér the i i
1 : : ”_ £6Xllowd Lrg conditions: N ‘ ~ N -
g ‘ I Prcssﬁr’é, between 01 and 0.3 micron. - i ‘
2, mraporatlon som ce, SJ.X molybdcnum boats, each 3/ inch wids :‘ ‘
and two vnches longts Ono boat p acogii_ur}gcr cach corner *0‘ ﬁe‘,;;glfag@@z,‘ a’w‘, -
R ol oﬁe Bo: t centcr;di ‘und;e; n,;.gh J.ong edgc of the plato, . i
| 3. D-;imco from source- to »la tc; apprommatc]y nlgh in nches., S g
o . 1 Ii;;;,(‘hraArzc of e ni"n in cagh boat, five gréms of ARG brand, G.p. % :
= i shotted selenium,
) 5¢ Pldtes clamped séecurely to a Dlaten through whlch water was :
- 2; el rculated from a constant-tenperature bath, ﬁ
| 6, m‘cafi evapg;";.;tion' time, oleven smiﬁﬁt‘és; - 1
( These condm--e ns are Gssen " tially those ’vV"].'.‘:Ch Prevailed dumng the y j f
tempera wrs éc_: NEFoL expcrlmonts descmbed in Quarterl,,' Prcgress Report : ;
I 3,, pages 218 to 229.) ' \ - : 1
: The thickness of the seleniwg £ilm was kept between 1.7 and 19 K ‘
’ jmidroﬁs;. Frem five to ten plates were made at each of the fo llot"in‘g‘ ’ f | e
temperature ra.ngos- 10 to 48, 50-to 56 61 to 65, 7L to 78, 80 to 85, _ § '
(’3 . ‘ and 85 to 91 0o : o f
o ‘ ’ At bulat:.on of.‘ tost data fo ;"@rrcs.cnta-tiv@ plates is given ' % 7
: in Table 30. Included a‘lso ‘are se;‘i‘reral plates made' by ‘chéngin’g the platen § ,

tcmperaturc from 60 to LLO C. durlnrf thruf preparation,

- -  RESTRICTED
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TABIE 30.

DEFENDENCE CF
PERATURE QF SELENIUM ELECTROPHOTOGRAFPHIC PLATES DURING
THEIR PEEPARATION

o At EF R & LA T UM & s A e Ml
et o e s
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-For both positive 'and‘ negative plate sensitization, data on the

|| . 2 " elegtrical properties of the platés include the approximate ma,.,.mum
% _
2o f i %’ ;pg‘tc‘ﬁ-tial. acfz‘ejptod;-,, the r"e_'.sif_i,ual voltage after ocxposurs to blue ;ig'ht __
: 52 § {wavelength, &5.9‘ millimicrens); and per cent dark decays The per \con-tr
e ’
;%;% i - dark H’e_;ca.y was calculated as the differcnce betweon the plate poj,_e_ntljl ‘ .
o :?'”h”i- ) h ‘méagured 20 sceonds and 200 ser;onds after cl";;gmg ) d:w:.dad by the _"
;: mtcrt:..al st 26 daconds, With regard to iﬁagé—fbﬁﬁiﬁg quaXity; informa=
?1 7 - tﬁcn on. badkground; contrast, large- ~arei blagk eevers g - and red
m} . : f.,sens:i.__.ﬁ;_v.ij:y is._ giv_cn. lsrini}é wore madc .by the powdcrocarjriez_rc ctascade
methed -of dcvelomnv— - The mrg@-arear black toverage f:tor o.f great | i
importancs in ma.klng continu ous=tone pn.ctures by cascade—aevclopmcnt ‘
| metheds. - | B : S o —
The follow:mg general -observations. can be made concerning the

electrical characteristics. of the platess:
1; Platc potential. -Temporaturc of the backing plate during

oVaporation had no marked effaoct oh the maximun positive potontial

atcepted by the sclcnlum film. This 18 not in Qgrecmcnt with the results -

7 -repoft‘c_t_i previously in which a :gradual_il_jxcroasé= in acceptéd positive
:po‘:tc;nti_a;j: was. noted with an increase in tcémpe;a-;tuzze of the piiﬁ‘;c: during

:' vacuum e*.'aﬂor&tir 7

2n Res:Ldual potcirxtialc .The_ Same va:f:j:-a'.%';i;ons in gc_:Sidﬁa-;l.. = 7

T potontial rcpor{, xd pr éviously appeared here. That is, platcs prepared a2t .:

- “temperatures: fb‘e ow §O°C. hdd hn.cher residual potentl als. than piates

prepared at ‘ngher temperaturcs. The light-.-decay curves in some .casgs

wére identical to the dark-decay curvese In the 50 to 60°C. range, ‘the
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residual. potential was lower; and in thec 60 to 80°C. tcmperature fange
the plates showc,d a minimun in the value of the ‘regidual potcnt:.a
Above 88°8, the reésidual potential tended to be somewhat higher than in
the 60 to 80°G. range, though this difference was small. Tt iec in this
temperature ranze -a‘zja-ia_ve '8@’0; that sensitivity to red light Aa,p”péar's. 7

+ Though thé¢ dependance of the dark-decay

}")1
&

rate 0f 1late on bhe temperdtare of th

not so obvious as could be hoped, a definite trend does appecar. The per
cent dark deca"r can be seen,in all cases smnmarizod in Table 30,to be

aoove 25 per cent ’ and gonerallf u.bOVC 30 por cent; for tcﬁpor"‘me@

below 60°C, In the 60 to T0°C. range, this value is cons i‘tonvly lcss
than 25 per c’ént s and goes as low as 17 per cent in cne cise. Abové T70°C.

the daxjkwdccay rate rises quite .;c.rlfzdly.

For negafivr;? potgntial sensitizqtion s> plates made r-lea,z" 60°C. accopﬂ :

as: much or noreé charge than plates made in other températurc ranges. '

Also, they gencrally have better light 'sehs'i“tivit‘y" and slowciv dark décays

than do plates made in any other tomperature n.ngc. 4 value of 16 per

cent Seems to be an average negative dark deay for a platc made in the

60 _to 70°C. tem‘peratiifé rangzc.

- il‘urnln"r from oTect,r ¢al characteristics fto print quality, the
\ ) N R »
results are consider bly more subjective. Posit.ivc sonsitization was

used ih all tésts of image quality. Evaluation o“ prints from : 1 atos

“made below 60°C. was fairly simplc, since very often it was ifpossible to

obtain any images at all. Thesc plates were also generally characterized

by a compietc lack of powdor in nonimaZe areas, i.C., no background.
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;;f PlatCSlmade_in.the 60 to 75°C. range produced the most consistently
?i good prints. Though it was nccessary t6 balance the best contrast with

.' ZA~ _ Accoptablic background, a1 of the plates in this range made a cé"c;‘z'j:')‘t';éb’_!?é'_

gi‘ 4 prints. In the tcmpcratﬁrc range above 75°C..gano platcé made acceptable
b . .

i o3

P

ind3 and some plates: did not. The selcnium on the plates which did not

|t

T | make acceptable prints genorally had a rough, grayish appcarance, which

; . characterizes the start of crystallkization.
&l .- Auothier factor ixﬂ;vol‘\'e@- in the making of prints, particularly

= A} . X e == i b o Rlals sy P R S

§5 | continuous-tone prints, by “the powder-=carricr mptﬂo&; is the ability of

3 :_Sp_ i ‘the plate to reproduce large gray or black arcas faiﬁbfdllﬂn-"éfién Su¢h

g = SEN— N

£}
&
st
=
ct:
5+

the image,holding little or no powder. The temperature
" plate was held during vacuum evaporation was found to affect this quality,

which in Table 30 is called "qoﬁerage of large dark atreas". Very uniform

. covérage was prescnt for most of the cool plates (belew 60°C.) that would

Q

AP AVIA rP/ -
WHOL e 3\ T1RD

form images at alls

o/t -

 Sah e EFh dm FEOA anmm
o good in tho 65 to 75°C. raunge

-

& large-dark-area

i

of plates. For platecs made above 75°C., however, this

: - 1 coverage wes poor. Plates in this range aimost always producéd a very

4
-;*5*;-} .

3

SR

-dark periphcry'with practically no powder in the central region of large

A’
S
TRVE
N

dark arecasgs

&
i

1
PEh
ik

it
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Yoo
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P YRS
S
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As also reported from thé previous temperaturc-control cxperiment,

o
,
(: 4 .

sensitivity to red Iight of 650 miliimicrons wave length appearcd enly in

sl

plates prepured above 80°C.
The adhesion of the selenium to the aluminum'backing plate was
also examined. One test for achesion is to determine whether or not the
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selenium can be pulled away from the ‘packing platc when cellulose

‘adhcsive vape is applicd and stripped off. If the selenium is not

i &E? . " removed Irom tho alumifum -even when the tape has been applied over a
%%i ~ rough edgc of s¢lenium, as produced by nlcklng.or ¢hizping the scienium
. éé? - ‘;.w1th a sharp 1nstruncnt, it is consxdercd to- have very good: adhssion.
il . . . S S
?i‘ Iﬁatéé'prebarédeéiéw 56°C; gencrally had poor ddhOSlon.. The tomperétﬁre. :
Pk X
) ;%g ) range between 60 and 80°C. con31stently produced platcs with extremely
g?? ' \ '1_gcpgaa§hésion3 The temperaturce range above 80°C. often preducced plates ;
;% . Ain whichfthé'selenium vas~easihy removed. Indications afc that this lack |
;,_ I | of adhesion is cauSg,d by a certain amount oi‘ crys: bc.lla.zatlon oi‘ the 4
5o - i

gélénium, as plates which show more pronounccd cryst;l11 4ion hdve

2

definitely pedrer adhesion. The“sqlenigm~on these plates is-#léo
considersbly morc brittle..

It may be cpnqluded:that, in general, the most consistentiy‘
satisfactory clégtggphotooraphic-platéS‘can'bc'made by holdihg thé.

aluminum"backihgsplatl at a torpcrature betwccn 60 and VO C. durlng

Taguum cvaporations.. In order to produce rcd «nqvtlve platcb, the back~

ing plate Must.be.hcld at temperaturcs above ?O°C. and probably above

Alt rpative N"thods of Prqparlng oclenlan

Possible alternative mcthods of preparing sclenium eleqtrophétoa
graphic plates were studiced briefly. Two of the methods trigd~produced:
plates which were similar to vacuum-eveporated plates in electrical

RESTRIGTED
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" iriage formaticn. ’ . T

'.*.@"grméd'aiiﬁninum pla.‘t’ca@ This was doric by heating an aluminum plate, 5

"The gselenium wag th.en spYWaﬂ with a. »1533, ?‘c‘d' t
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electrical characteristics., In these preliminary experiments, neither of

the methods produced plates whose suffaces wore plain enough fo¥ good

In one of the 1othods investi igated; plates were _prepa-r-ed;by“.

gricothing out 2 srali qualltv of molteh smlemum ovcr' the uari‘acc of a

sprinkled with selemium shot, or a hot platc untii thé sclenium mc'i%,cdf-.

. =os the selenium became v;scous cnough to rcmain spread out over the plate. |

ThHi plates produced by this method were glos~"y back in appea.remc" and

tnc marks of pe‘m«ti@n, Pates vwith. arcas having

c.
cl-
=

. <!
)

I
L]

ot

.00 microns were proc‘uccu‘ These arecas, less
thz_m 100 micrens in thlckness, acccptcd an ol ctrlcaJ. potentlal af more

uhan 1600 volts, decaycd slowly ih daf'kness., and dqda.yed— in light 7
similarly'to 'p‘la‘t-és -pr.bﬁﬁc‘cd by ¥a cuu.'n '“'f_;'\ ratien. . It was possible to

praduce good-—contraut 11rmwcopy zchroduc tions. -on one of tbe platesq but

the surface irrcg_lﬂ.aritics of the sclenium £film were visible in the

f_g‘i-r_lishegd print.

in another mothod of producing sclomium -electrophotegraphic platés, :

sclenium vapor was condensed from a gas at'.a:t;ngsphcr:tc_ prgss_'ure upon' an
aluminum plé;'te. The first unsuccéssful. att.cnpts were carried out

Sim i] arly to t 1@ Vacuun~cvaporation method, Sel.cnlma was boiled in an

cleétﬁ‘:’,ca_lly\héa:tcd stoel ‘bo'a-t above which was held an aluminum ,p'l'aftc.

The ti';chi‘imci‘;t was carried out in both nitrogen and helium atmosphercs.
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- brushed off the plate.

' p01nt oi‘ sclenium, was passed over héated sclenium ond inte a heated

Q-

. black, shiny meterial were formed which appearcd to be vitrcous selenium.

plate accepted an clectrical potential of about 800 volts in one area

373 RESTRICTED

In both ca'sé_s,;dur"ing the heating of the 'bo:z't, & red-brown vapor or smoke

was secn to risc in the convection currents abéve the selenium. Some of

i;his_ .man‘:eria"l depositéd uponi the plate as a red%f,oﬁn‘x pgi'fdéx_' that g:oui‘d be

In a third c..ﬂfgrir’ncnt , natural gas, heated above the melting

:cham’;;c;r :n which was founted a water-cooled aluminum plate. A dark=brown

deposit appoarcd oh the plate. Thi_ platc would not take a charge and.

had an unpledsant odor. However, in part of the hot chamber, beads of a

A morc successful methéd of atmospheric deposition of sclenitm

was carriéd out as folléws: A.quantity of Selenium was placed in a

stai n.:.css succl ue, 9/8 inch in dlametc Na’cura_.. g as was passed‘ through

thc tubc ancl nltcd &3 1t flowed out of thd tubé,. Thc tubc was then

PR TN

heatied swith gas bur*nor‘ As the solcnlum boeanme hob, et ‘k FAPTLS
Were seen :Ln the cone of 't};e i‘l_ii.mc:, and thc c,blo,:f‘ of tﬁe flame 'ché.ng‘ea
from yc'Ilow:to an intense blﬁe..- An 'vlummum platc passcd through the c;ané
of :bi‘le- fleme roceived a deposit o:f shiny,. erdl‘?h“blc.d{ , vitrcous .
scloniums |

"It was possible to ceat the surface of a L+inch by Séin'gh

alumlnum platc by playing the flame over the vhole surf&.ce of the plate.

The thickness of the seleniwd on suc;h a pla-t_o_ was not 'vcry uniform. One

tested, decayed slowly in darkness, and decayed in light similarly to

plates preparcd by vacuum evaporation.
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'image might be £ormcd'on &nluncharggd plaie'as an axray of arcas.off

of image dcvolopmont,
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Phosphors as Fhotoconductors in Electrophotography

In the course of & visit to the U, S. Sigral Corps! Squiers .. |
Signal Laborstorics, Fort Monmouth, Now Jersey, a suggestion was madé by

Dr. Helimut Kallmann, po tcd toward a new way of producing an electro- |

b adhta Amama Aveon ARTAEAL Al e wrniv baA A Awm n mAabaAT mlAads . ar aAsArh
LD Ve —L‘ll}fl;sb WEE A E.'—:‘."./\l L4 KIEID YYD WVAY LN WL NG W tl-&“‘\:lv‘, WY U\/‘M\)_/
el U SR P S SO T S ST SR S SRR W SUPIOP B

CasS, 4 LAYyer oi VG finely dividsa crystaks of caamiulh suifide, or

other similar~matorial. These crystals were said by Dr. Kallmann to have

resii stivity of lOiQ ohm-CGntiﬁdﬁéfgjrﬁhich félis,% M¢57 ohm-centimeters L
after a porlod of 1l¢um1natlon by ultraviolet, and posélbi&:by v1sxble
light. This ro51stiv1ty revorts to the hﬂghcr value 4pon 1llum1nat10n

by infrared _light of gwavelengthef one micron, It was prcdictc.d that an

different @nductivity., Then a charge mi?ht'be caused to form-onf%he‘
plate tQ make .an image by imposing an external f cld for a su;t@blg

%imc~ How this chargo image. mlght ﬁhcd be ;ide and madu isiBle is,ﬁgt
qultc ccrtﬂln, bu+ p0531b1y the use of 1nfrarod radiation of hcat m¢ght
immdqiliZc tho chargo ﬂo~that‘the'platc cnﬁ““hn dcvoﬂbped’in.thO*usual
fashion. Poss1bly a corona charge would distribute 1f in game faghion

due to the array of conductivitics. At any ratc, 1t'was thought desi ablc

to try to make a pluto by the suggested means; and postpone thc quo i n

4 sample of cadmium su {ide furn4sh0d by tho S¢ona1 Corps was pL* :;
int blndcr of cellulose n;trato dissolved 11 amyl acctate, and flowed
onto an aluminum plate, After the binder dried, the plate was tested

. RESTRIGTED

BAT‘I’E E MEM?‘JR!AL ! STl'\'UTE




2o

[
.

41

&

-v,.{,«;ﬁ.»*g{é Pl e
AR

P>

i

i

4 LR T ek e T ML a0 0. 524 MM‘MMW&-WWMWMM \JP-
A A ST RS (i S ST E T 3 T

375~ | RESTRICTED

for its ability to retain an eloctrlcal charge. The cadmium sulfide in
the bindér £1ilm 4id not retain an electrical cha rge, nor would it'aftef
the Siﬁ'd‘er had been burned off. When the crystals ireré exposed to uéi'iir,a#
wiolob :iéht,,they failed to fluoresce to any. perccptible deégree. -
The ropcrtlos sugﬂcsted to be prcsnnt in si iverﬁactivatg&
¢admium.sulfide werce investigated in a 2310'phospnbr nanufactured by the
-"Ncw Jescy Zine Conpany. A platc was proparod from this phoéphqf in the
| same. manncr as-doscnibcd'aﬁovc for the;cadmium.gulfide plate. The plate

was charécd in the conventional manner and a potoﬁtial of about 125 volts

Waé found to be oresont on the ﬂurfaco of +ho p¢a Subscquently the

plave was iliuminaﬁcd wi@h infrared Iight privr 16 chargirng. After this

‘,tn@gtmch@, it'was found to accept a larger cherge and to exhibit a
slowcrldark dcda”. Hba%ing;prior td-charging nroduccd;afsimiiar offect.
Tho hcgtlng was carrloa out gver a Bunsen flame until the phosphorescent
glow*was.quenched, Flgure liq ShOWo the ulcctrlual bchav1o” of this

5 1 materigl..

potontlal betwech the metal back:ng plate and an clectrode placud on the

top surface of the phosphor. The top clectrode was a glass plate with

]

= { layer. The lorzest poicmbial induced on the plate was hE volts, This

;7 - ‘ éetcntial wes Qroduccé when a potcntiai-éf 2000 volts was applied &cross
the clectrode andfthe base platg;_ The :‘._1_r1c’luf_jcd;p<:~.tc,njt:'L'a;l-‘j for~§-2@@0;velt
potential difference, varied From 8 volts to 42 vélts. This variation is
believed to be due to poor adhesion of the phosphor to the plate with tho
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I + 6000 VOLTS,
I + 6000 VOLTS,
I - 6000 VOLTS,
L - 6000 VOLTS, :

DARK DECAY,

AFTER HEATING
DARK DEGAY,BEFORE HEATING
DARK DECAY, AFTER HEATING

DARK DECAY, BEFORE HEATING

——
H

TIME=MINUTES

FIGURE 14. EFFECT OF HEATING ON DARK DECAY - PHOSPHOR _23IO
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N ;i' A rccorder was made for the vibrating-probe electrometer which
’: %@: ' makes it possible to plot the Light~ and dgrk—dggay curves for elccthio-
_/igg photographic plates directly‘oﬁto-érgph papers. Prgviousgly, the decsy
o _ L ) T _
~;§§§ F, ~data from the cléctﬁém@tcr‘had—ﬁo be recorded on a strip of paper and then
e - . _ . -
.fﬁ . later transcribed onto the graph paper,
- Thc'dévice described here is used in conjune¢tion with tﬁe
vibrating-prdbé clcetrometer described in Quartcrly-ProgPQSS Report No. 2,
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) particular type of binder uged. After charging, the top electrode was

removed before the poteritial-decay curve was determined. In the process

of romoving the top clectrode, the phosphor was disturbed and the degres

] of disturbance is believed to causc the variation in magnitude of the

finel induced chargec.

charging was obscrved and is shoim in Figurc 115, ThéSe data were

obtained without moving the top Qloctrgdég_conscgﬁ¢n$}gadﬁhc variation

mondioned in the previous paragraph docs not appeatr here.
Two- additional binders are bzing investigated as to théir adhesion

o anam - |

am silticatc, and the

olct

U
Lo

.
SR

INSTRUMENTATION -

e

{P. G. Andrus, . H., Runyan, and 9. A.

‘Recording Mechanism for Vibrating-Prébe Blectrometer
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FIGURE 115, DEPENDENGE OF MAGNITUDE OF INDUGED CHARGE ON
TIME OF GHARGING - PHOSPHOR 2310
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1 hand knot serves to index thé carriage to various points along thé
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pages 193 to 200, It consists of thrce principal parts: (1) a peh

ca¥riage and solcnoid-operated pen, (2) a voltage-changing switch, and

{3) a motor-driven drum on which thc semi~log graph paper is mounted. All

Vf_of these parts arc shown in Figure 116.

The poa carriage is mounted -on: two rods, 6ue of which is cut with

o R R

o e do o - emewomVa e mea -l
; I LU ol o LdUK dualy ol vl

S )
Ll

logarithmicaliy spaced notches. The rack engages a pinien gear which is

 mountcd on the carriage. The turning of thd:pinibh-ggér,by-means of a

supportivg rods.

The notéhes on the second rod correspend to the ordinates on the

graph paper which represent the various balance veltages which can be

applicd to the back of the clectrophotographic plate. A snap sspring

mounted on the corriage crigages with the notches on this gecond rod and

allows the indexing of the caQriage progresgively along the voltage &xis

i:fof the graph paper as phe_various voltages are applicd to che back of

thé_électrqphotbgfaphic plate.

'The Mpontt consists of a mctal plungcr'whichglﬁhehﬂactiVated by
a solenoid, marks the graph paper through carbon paper. The:pinﬁger

makes an asymmetricél mark which allows the differentiation of several
différent curves én-oné sheet of graph paper. -

As the carriage is moved along its supporting rods, én.éleétﬁicél
spring;éontact connnects the back of thc.eicctréphotogg*phiq plate Lo a
sories of standard voltages which are_séiccted‘lowGr and lower as the
pdtential:on the plate decays with time.
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‘ % The graph paper is mounted on a metal -drum Vdrivcn by a
i { synchrenous motor at a spéed corresponding o t‘h_ Ilincar time scale on
5 : -
S B { the graph papei.
. % ‘ In ag‘tue._?.i _Qpemrt:_tpn s the recordirg dcv:_;.@gz is used by. firnst
g momnting a sheet of semi-~l g*‘anh paper and a }‘gct : rd:mar'y carbon
T ;%‘ R ¥ ‘p;ﬁjier on the rototing drum. The electrophotogrgphlc platc is then
g i ﬁiéiiﬁted in the vibrating-probe clectrometer, scnsitiz'ed 3 and swung inté
;r : position near the vibr_a,t_ing\ __1.'>_robe_,“ The Qrr “Tage i‘ thc ecord:mg o
77777 ? d’c_a\i'ice is thén set at a potential ta-p somowhat lower than the poteﬁtial
B S = )
;if on the plauc surfacc 3 and tho tr ce on thc osc:.llcsco'oe J.o observed as
. i ) — i 3.0" approaunes the stralght Iine which indicates that bhe_ potential on
§ ) ‘hei‘;cliéctr_ photogr muc plate surface is just equal t¢ the external .
- %E - pé_‘hent-i—al applicd to the conducting backing of the p_Ia\ta.i At t_l_'_:j;s\ point,
% - a hadd switch 33 cloeéd &nd o point is marked oi the graph papers Wext,
;v the carri_ag_e- of the recording dovice is moved to the next lower potential
: %:, . ¥ point and the process is rmpetcd uril.til the .eﬁti-rc light;- or.'dazcl-c--éiécég-r
o g : | éurve has bccn plottods. . |
I g s ‘The recording deviee has been found t§ reduce the- i;:ime i*é-auip_ed
o .
35?; to dotormine the potontial<decay charactcrlstlcs of elpctroonomgrap' c
~ L -
. Tgé: | plates 'vnd this measure of ul'wte qualw _is being Gsed increasingly in.
R " cohhection with various gtbempts to improve plate. quality.
E__ESTRI_CTED
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~discar5ed'becauséithey

1nterest1nge

”model was based on the fac+ that. t
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(D. T. williams)

v

liodel, Three ree_8s_a Basis for a Theory of
Electrophotonraphy

Introduction

' AS'repQrted in the previous Quarterly Report; three models were

brlefly;dlscu Qed as-baseg for a theory to deseribe the behav1or of evaﬂ—

orated-selenium plateSs Of these three mqgels; ﬁhe first two were S R

seemed to 6ffér no llkely 51mp11flcatlon in under-

standlng uhe nhenomena involvedw The third medel was conceded %o be

Tt is roposed to ldok Further into thi is modael,
P

Review of Expen} ntal Bas1s‘ef model,ihree

The experiment that was choseti as the principal basis for this
ne plétenhas a scmewhat' different

behaV1or in tbe presence of light and an eyternall" lmyOoed electric field,

as compared to light and a corona-induced. surface charge: Experiments

were aescrlbed last qaarter in whlch it was found impossible to induce a .

chargze on selenlum by use of 1 1ght and an eTe trideal-Ffield

" ERpET= T

;menps at the time, and some nerformed since then, appear to tbr V7

WOW some
doubt on the generality of this observauion. However, the fact of essentisl
1rreversibility of the charging and dlecnarging phenomena need not depend

only on this type of experiment. All one nee ds to know is that a

charge on the bacllﬁg plate of an illuminated oelenlum layer results in

‘..'ZS'T‘?ICTED
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 no charge developiient

- 111um1mtlon on the charged sider and on. the baclxzng—plc‘to 51de of tru,
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the selen

on

ium in the absence of a corona
discharges.

The sceond -gen_e‘rai"izatjldn basic to the theory is that,in a
cor‘c‘-n__a—ch_argeé; plate, with sclenium dep_osiféd on a i;_ransparcnt conducting

backlng pla’ce 5 p"xotoconuuctlv:.ty is. observed to be equally raplrj. for

sclonium layer. This gencralization ig based 8n & series of experiments

descrived -elsewhere in this report.

The third goneralization basic to the théory is that the light

effective in d:_i.é;‘ghérgi_qg a corona-charged plate penct -_a_tes ‘a._rclatively
thin layer of the sclenium.

This genorallzatlon is based on experiments

described elsewhere in this. “-epor"cs

A flnc.J. fact thet oocupi s a somcwhat less crucn.al place in 'bhe

*theory is that the selenium film is consid‘ered‘ to be vitreous. This

h:s been well establlaheu, it maxes ve tain assumptions of %

more pJ.a—us-ibfi._g, than they would be otherwise.

<

The Proposcd Medel Three . ~

The general nature of the proposed model will now be described,
The selenium layer is assumed to be composed of a randolm array of

atoms. When a Cnor,ﬂe e‘}‘ci-sts on the lajor. it is assumed. to be caused.By -

intex svivid charges in tho layer. These char.g"os are, for the moment .

assumed to diffuse in s_uch_. a way as to disperse more -or less uniformly

e

e

through the film; furthermorc, they arc assumed to be mobile with =

mobility depending on the naturc of the charge. {Supposecdly, there

RESTRICTED
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} 'vri\ll be a Limiting ficld such that the mobility vanishes at fields less
7
£ then the limit.)
?f G It is furthe? assamed that the fiecld dué to an interstitial -chargé
i & )
| I is nccessa¥y for the creation of o mobile charge by light absorption.
Y

Supposcdly, these ﬁhotgclnr'fcs crcatcd ncar the 1nterst1t1a1 J’xarges have

«

2 mobility th;.r, may be dlffwrcnt fron thut of thc _nterst;tlal charges.

= phgvey

] Furthermore, both positive and negc_twvc chargoa may bé croatcd ,» with

¥ . - . _

i 1 g dJ.i‘fcrcnt nob:Ll:Ltics.. - S

*?i The process of charge decay is now imagined te proceed as follov}s:
2t .

%; Aftﬂr thé corona cbnrgmg process, Tight Su._i’z x5 on the selcenium _surface
s»: ard creates some pheto;};argcs, Thesc d:ui-‘use rapidly in such a way as

fi to destroy the local fields duc to :Ln‘c.m t:'gtia.],.; charges near tnc sur’fa,c-e-_..'

Th-i:r.eu'pbn, 1ntoz:s~., 141 char “ges dlﬂi‘-u.sc out toward the illuminsted

sz

s

ot - suri‘-xcc, and the process is rcpeatéd,
£
& Formal Anolysis - S
“ e write V, the plate potential, as proportional to N, the
L A2 - S 5 ' ,
- 52 . el S = -
3 1n'bcrst1ma1 charge ch“ 1+' « That is R -
g,i . Voo N 1)
. 3
‘)

Assumic now tbat 1izat of 1ntcn51ty I is 1nc1dcnt on the surface,

penctrating te- the clepth— g. wlthlr 'Llus 1 Ve thn 1nterst3.t1a1 ¢harges

have a density N, % N. The numbe - of nobile phor,ocnargcs created per

we

e

unit time will %o proporiional to I and N 3 thése photocharges cause

-p-(

the destruction of interstitial charges. That is

.= ?.Ll e -; ( 2)
b ]
RES,'I?B_I_CTED.
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Here,in addition to the proportionality constant B, the factor s

.grl

ct+l
v

introduced, cqual to the ratio of thickness of illuminated layer

o
)

ey ENTNE

ST T R S AR, 2 -y
I
o,
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w
§
s}
Hi
2
1
Cal
£
4

e e

selenium *hickness.

The equabtion describing '-I_\I§ is

..
-y
ar
':
W
i
o
Lind’
)
(¥}
it

Here, the last term is the flow of :in:be'_r;sti}’bial charges from the _seleniuzr'f

i

. into the illuminated layer (‘é ssuncd pI‘OyOI‘thI‘lal- te the difference in

X

density N-Ng sxcept for thresho‘d tern ¥

s

°

The dérivative of cqua-t:uon (3) by time is - written - - .

- | Ny aw, ' ,
L - dtzs - (§‘,I+ §) °d*€-§’+ §5 Tl RN A

¥

i

The integral of this expression-has the form

" Ry ) ~*at T
= — N = N e Ll
5 IR SR - ) -
s . R S - SR ) ]
2 where

A A I W ey

)
b

]

RS RS B

SRS
0
o
+
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)
o
i
H
\:!‘“~
L]

Lz.-..)

.

!

i

)
¢k
a7

o
3

il

=

{

encral solution is, for W, = Ny at t =0, . ’ -
- - .S - | -

_ -BIt —S.t T o .
N¢§=\’OGB + BE -e?‘n)' {s) -~ : y

We write the petential V . N ;‘) where 'S lS the sele;1111m—f1111 thickness,

It follows that V has the form

RIESTHICTED .
Lol - >y 4

BATTELLE MEMORIAL !NSTITLHE




I}
P o .y
L ~386= RESTRIC TED
: o = It - “BTt .3 -
v = -pt Ny € PEO apre T Y L o P jy
4 7 :
Fad) - o -
T ok oo BIt nBI =5t -BIt, .
ol = gNo:E:' T "Bé(%'(—_' y -~ V7 )+ 0 (&) _
€7 ata .
5.7, o S . . i
g"_"' i If at :t"?’)@3 V"9 02 C 20O,

- gﬁxaf ' U ' . g
E If furthermore at t=o V=Vo=‘N0§ s :
o
4 e y % L4y A mE =

- ;i:-—:-s. 4 e B - -T ( ;" "‘.":) “;5 .(?B,;_I :-'l) = ‘;f% == ——"{‘:\; =
s : k3 &

& . ,
;“"l Thercfore, r'ccallﬂ ng that Vg & No &,
Sg ' A
1% s o . = }
“o'{z"{ & -BIt €. gre~ <t {e-pit
g V::,O{_____\: +(1 .--) Bl = = c & . -
: R TRT e ¢ .
, 3 § Bl -3 (8)
= ) - - - : 7
- _ o -
: « t < -B,},t BRI VRN
R - : [ Al J z P XS ¥
- gy, BIE ool 5o gremc
I D LT L - RO TR 8L ;
- 14
S , g S L
1 sl nr-n i - l o _ - - ~
This result predicts. a decay nate proportional 4o I for small .
- llummatlon 1nt asity, and independent of I for lafge illumination :
— ihten‘s.ity.' This relatiod should be OuSle tested, i
' Dlscuss:.on of Theorctical Predlctlons
- — S SR N I .\“.\'_'1:-:_.‘:.- -_,:--ld-f.‘:'--;l Il—-,-;b--.._:l__g S .*-. -‘L ’I
5 5" R .LA-I wiians u;_u.a.l.. 25y CTLLELID dSSWINpLLY IS Wele Lidde Vg L araw 1Iow
o iﬁ?; speeifically required, Thus, the mobility of the phrjtocharge's WCES L T b
‘?{’,"'{f i = =
by
i’:: assumed ..argc compared to that of the J.ntorstltlal charges.. Agaln_._.-n-.,e- .
e range of 'bn\, forees due to the interstihial charges was assuried small
el e
. g S %0 .
o % ¢ ‘compa d to thc selenium-layer tnlckncss. This particular hypothesis
g‘g resulted :'L the intreoduction of t'nc two peoriods of equation (8); the
assumption of larger ronce may be equally plausible. Hence, the experis-
ment suggested in whic the doeay rate is dbserved for various intensities
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I should scrve to test whother the range of thésc forces is large or
small.

If the mobility of the phqto:chqrges were assumed to be large; a
differernt kind of dependence _of‘_‘V‘ on time night. be obtained.

In ‘suxmnarifziﬁé this model; it is toberotdthat it rationalizes the
irroversibility of electrophotographic procosses, and the differcnce. in B
decay rates for pé’s-a;.-tive: and nq_g‘ati'v‘-e- chdrgirig. Although the detailed
'mod‘éi_l_. is probably np_t __c_ép;’;roc,:t, 11 Woui‘_d_ sSesh nocessar_'y t:o postulate two
d:ifferen—t cheirgo typés. In “thisg scnse, the theory is a necessary and o

psei‘ul' s.iiep 1n understanding the ﬁhenémona of o-leqtrophqtqgraphy'._ )

~ Gomparison Wi.th Eerorlme’t

A, sem,cs of docav curves weré run w1+h varying intensities of .

i - yellew light on PJ_, te 125 2 -48-P. and dacay ?.?.a-.t-czs. were :e}bseri.*.'.ed-.- The

P - T o

o . : S ) : )
L 5F. results are ‘SI‘}.O‘WT[‘EL Figure 1I7 &5 a plot of dec:xy rc.tos in reeipre al‘

seconds as a funct:wn of the -illumination 1nt oensi ty in- orgs per square

.centi‘mot@r- per second_-. Two sets of data arc shmvn » obiained at di ffefent

times. It is probably not proper to’ draw anything but a st raloht Iine

through oi—“bhor_ _scd;; but ii; 1s possible that an e t(\ns on of th c:qoorlm nts

it appears that the reci iprocity law might be valid ab low illumination, -

and that at higher intensity the relatisn is vaiid

Whel"e nm= 07281 . ;
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L . - No. 3903, pages 12 - 23, inclusive., - o
o [ A " No. 3931, beges 30 ~ 38, inclusive, -~
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