






Light- ou.tp_ut~ of.th~se': device~ are 
r " ':,': 

l~glit- _i~putS. --_ .. ', 

the~i~-ik.;cl~v6t~d;tcr-:th~ ~mplificati~n'ri-f 
;,'- / ",,': .'';'-) , ,.,'; ". ". '.' 

the 'tra~~~ormation; of infrare'd,' ultraviole~'i'~di~ti'ons: and X-rays .. " 
, j ~ _ _ ~ ., ': J ". • •• , : ~. ,', • 

, < , •• ;\. ••• '.- ,-","', 

;visible ,radia:tion~: ,:'I~ '~ase-,of;raa:iation :tr~'usfo~~t-ion>, wa:v~iength: 
. " ~; ": - , ,', .".. " :, - ,". ,<. '" " ,,~ '.'.~,:, , 

-,'amplifiers:can:b~,'<:iassifl.ed~:~s 
;> " '. ' '--:.' '~" ' ',-- ~ , ; -,,; ,,,'. -

! " ; - ~' .' .' 

·SoJ.-id~~t~te "Light' Amptifiers:·-''<L:t.gh~ ampJ;ffiers 
• - .H. ,~~~, '~,' ,._ .. '~. "" . 

.... ~" . 
, ',,' 

'2.Phosphor":'Photoernit!ter . 
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Light: Amplifiers':based on the Electrori 

".: 



',,' ,,' 

strike' 

':'light ~,i~n~i~ 
'.' " : . - ~: .. 

:'TSEM lightamplifieis\Ise; high'gaiu':dyno'des 'which emit .. ' . , .' -'.. " . , . . -~ . . ~ , ., .. ~ . , ' . ", . 

. '. .. 
eiec trons ' when> ~hey are 'bombarded, wi th primary' elec tron~.· 

;",-: .. ,: ~ '.,-~~~-.':", ... : .', ,'",~:,. ','-. -..... ,_. '.: 

;. ··~mi·t.s~ie,~ tron~'.if. ;. io~"i~eensity 'image')" 



,.': ': ~ .. ' ' 

an.;;:EBIC target~· . 'Electrons: efu:l,~ted ,o,ut 
, .. 

. '. 'the: tatget ':'~Il<i:·.,p~odu~.e', a· video ,si~n!ii 't-1ith:: 
'" ~. : -. -, '; '-: ',' ;; ' .. " , , 

". ~~' 
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'e. ,Positive Optical ;Feedback', . 
f~' Stor~g~' " , 

Ins tantarieous . Dynamic ,Chara'c teris tic'" 
Integrated Dynamic Chara'cteris,tic' ' 

BUILD~uP·CHARACTERISTICS" 
. ... , ,': 



"TRANSMITTED' SECC)NDARY . ELECTRON ~MULTIPLtCATION·· (TSEM) .LIGHT ... 
.. ' AMPLIFIERS ....... . . .... :.. ,>.' .... '.' .. :. , .. : ...... ~'.'. ., .. 
'. ,~. , .. . :" . ' \' ~: •. 

. · 





,,' , A.-INTRODUC:TION 
.. '~ " ,~ , ~ • > 

A solid, state light ,amplif:ier 'consists of ,a pnotoconduct.ive layer, 
, .' .-" ,,.' ",' ' . ',";. - - :' 

, J", 

very . . small. fraction. of the 
."' \' '''' • ., • 'c' - ~;. r' • • ' 

:", :" ,' ..... 

A~: -the inciden ti11~nl!na tion;'i,~' 'increas'ed;' 

, . ~rystal'decreas'es, giving~rise togreaf.er,yoltage ;~ct:osst)ie phosphor 
. ~." -'""..' ! "'. - . • -. . . "." . 

. t~mes greater 



parlel light ampiifier, , 

:6btairied by:/~i{e': 

" 

, .. ' ,~ .' ~:. It' ',.c~risis t,~ of ... .-.. dir~e rna, iri.';l .• 'a·y~r,~f, .• namely' 'the 
, ", .. , " , " " ",',,' 'C' 

~ -' ..... < ~ • ,," ;". • ~. -;'.--

',' the' ctirr~n~. d~ffusing' layer ,~nd 

-'.:,' .. 

=,,'" b:onded fOrlnas~!cur;entdiff~S~ng lay~r~" 
:',,' c,, -,_. 



.... layer<ofcondticting 
" .' ',",.' .. '. 

thick)~ i's sprelid ol1~;the 
.: . .. .' . , '," 

,' . 

. '. 'thickness .. " Th~n ,:}.ahe~~y'\~jer'6f~'p he> toco~ductive 'CdS" p o~~derwh :tell' is< 
•• -', • • ., :'. • • " - r ...". _ " ~. '- ' ' " • • '. • '. -:' _ • 

'. in Araldite 

·'·~nd·.m~chiried,to"~bout .,14--U;:tl:s:~"",Aft~r 'sprayirii 
" '.:. ,:., ,.~~':: ~- . " - -i' ~~,:-"' .. ,' 

: ':li~h':n~iro; ~onduc~i~g':silver< li~e~ of s'e~~r<ai'.'milS "'wide,' ~n~ . 
. ,~~~.. . . . , 

", ~-: 

' .. t{)n~edted . toa:,:comIDO~ terminal' which, 

"'j:he .bo~toms,:6f :the,:gi-o~v~'s::cut 's:i~ghtlY 
~. ~ ,~': " 

,,~ .. -.. 
: .. J;mPerfect'1?onding: ofth,el'hcit~condud:ive 

. caus.~~' small dark . spots: ()ve~.'tpe 

,; observed·,.theY,are' 
" ~~' .- . 



: '>. 

the,'preceding,- section' the, 
~. .' : ',.' '- ~ - , '.-

~~tifie.rwas described:. 'In th~s' s~cdon we 

prineip l~." ; :rnFig.~,· I. 3 ~ .. ' ,the' cr6ss~sec tiptia.l 

"'~~nei is shown. ~o. op"erate .the amplifier, a ~ ~~ .. ~ol tage 
. ~" , ~, ",. ' - ~ 

,'; .the, tW()E!l:ec trpdes. ," In 'thedar~~' the itIlP eqance:of ';the~~: ph'o t"ocond'~c't~~: 
•• ,> ~. ~." -0'.' " ' ":,' ','" 

.. 
so~' .t~e .current, floW ,throughth'e'~ie'ctroltiminesc~nt"ph~sphor> 

a.~verY:.low,leveL: 'If'r~diatio~ f~llS'" '. , . . '. ':;,' 
~ " 

the "illuminated ·port~ons." 



, 
f i ~,~. ,c, 
t, .' 

,- .. :' ".; , 
.',;",' .',-,. 

[: ~' <The ~ca~acitive~~~p~d_an~e"a~~ ",,', ,0' 

f: . , : l~yer are,. high~r' th~tLthose of>;the'phosphori~yer,; 

r,,:' t, -",' sintered or powder (us~ally '," "., 

L";:~l<;<-:Th .;, p~ovide16w 
r ' '~':I :.~ '~':~'~:Y , : 
F' ,'" , , , 

r" / . 

i 
i, , ' 

i, 

~ , 

I 

" 

of theelect~~dcis: are,transp'arePt'.·,. For 
" , 

,witltihe phOsphor does not avoid,viewing',and '. ". ' 

"'[' '" ." '., -.. ' . ~. ". 

'incident radiation to, penetrate to the phot9condu9:'tor. 

" , ',To'prov':Lde good:;-e~()iiItion,.'the 

'surface of "the phosphor iayer,~,:,This, is accompiishedby, the cU''rrerit' 
. , ..f w: " .,." - '. " "J.',' ,', '. ,',', -,. "::-.. '.~' ", :"'~' ," ::' : , -:.' .. 

',layer." Inca~e 'of SiOoved 

" ,'25, mils' on 'cen t~rs" ,'. so ,the 

'si,ze. " 



; '"", .' 

D. ,COMPONENT' CHARACTERISTICS < 

'. ; .. 

The;photo~onduc.tiv'e ,layer,' the c.urrent-dif-fus'ing 
" '. ..::.'. . ,"',., - " 

electroluminesc:~~t layer: ar~ the three main' compo1).ep. ts ,~f' 

'ampl:lfie'r. ' 

" , 
,< 

. '~'", 
The' photocbnductor is not- ohmic in 'beha~ior'. 0,1£ a 

<'"" .:, ' '0-. 
, , 

applied across a 'bonded photoconductivepow:de~~ :,the 
,~ ~. 

" 

li~earlywith the'incident "lig?t inte~ns'ity~ ',Thefiel~':d~end~n~e ',?f 
\': "f,f«' 

,'::coriductivity ~L not,' li~~r. 
',' 

,It' changes' as"a famth- :gr ,higher 
\ ~ . . . 

::>' 

,The 'dark, 



Fig .1., 4' shows:th~ varia ti~llof, 
<~ •• / ',>,' ~ ,," 

., gs.P. of' 5. mm. 

.'," ,. 

for a bondecVCdSpowder. ,This 
'.- '- " '" ~',.' . : 

". , .. -

thetW~ electi.6des.of the' '.' ~'~.: ": , 

Fig./I.4 Photoctirrent.as' aftinct.ion 

. "., 

Tn Fig'~::to 5', the vol tag;'; d'ependen~e of ine~suted'd ~.c.'. 

is' showri~' ,This Y7asobt,ained 'for a 

. in~electr~de .spac1ngof20mils ~." an 



phot~conductot .w~ich .v~ri~s .~ine~rly :wit4,'th~ ~npu~" 
~ .- • • < ,~;. • • ." - , • • .. " • - • .: -' ; -. ~ ,'. 

'. illumination level increases " the:niaxiril~mapplic~bl~ 

response characteristic 
, ., . .'.' ,-. ' 

g"~~:::d~~crih~c! ';bOV"~i~" , We, ~ee~hat powder. Photocoilductors"have br<~ad~r 
. '. . ' .' ' . . 

.crYstals.'.:F6rcrystals'.the peak is. ~t 
" 

~si~g,powd~i phbtocondu,ctors we .can broaden the. ran.ge ,of ··radiati6n,tvhi~h ;.~~n: 

be' amplified.:" 
- " -~." - . .... 



stirfacesis·shown. 

~pan 30 V)' through the layer.is 

',',' i~lem?):re~ttir~~ :by:~ t~e'ligh t 
'0 f; ,.the :layer: sh:ows': ar ap id 

"."' ' • . ( - • • .? • ~, ' 

, > ". ,"-



with n~gligible ios~~~>. <~:;:. " 
:;';' . .' ~ , ,'":~~~:" (':, " ',~\:.:-- ," 

the audio . frequ~n~i~s •.. ' .~~~layersof .0'1 mil';~~ick.,··thec·a:pa:Ci~anc~i~J.r:·'.> 
~bOJ.lf>;200 lIllfl cnl~ .... The,phosphori.e~ponse'. t:ime.·tipoh:sudd~ri, appli~at:iori,;.of·/i;,:?·; J 

'.'-'.: '.; .. ,~-:~ :;".,- .... ,' ., .... :.- ".', "' .' '. ":: .:.; .. >;, "',,,",':' -""·',}i,::>',,-. j 
,". -~ . . '", ( 

preVious.:.exc'~tati(m :lind:'on"~h~ 'a~:~io:.£req~~ricy><us,ed:~:L~L;··::.,·' 
'-' .. \ 

depel1dson its 

, '" 

. ofvo'i tage 'is very· short . ~about : :( •. ms e~.) • .In'Fig:·.L 8,. ';a: curY~o£ ;meas~r~.d.' . 
• '." - '. ".: j " • ~ :.. • '1 :. ;. "",- . 

": : values of electro1uminescent lightoutput~as 'ii: 

.'.' J 

o.or 

:', ,,,,, 
•. <,.,., 

The 

1000 
i .. 

.1.8.'. 
10.. . Jqoa.c.VoII.s (IlHiX 

. Curve'· of Elec~r:01umin~scent. :r.!.gqtvs .a?,plied· 



a. The'Static 

The static charactet'istJ..cof the 
. ,. , , -, . 

: the ,input and the~~tput 
, . . -

"int>~t radiation has been. incid~rit;"i~ra.' iOrigd~~.~ 

. Her~ ~,;re shallshot.r 



. >~. The<output : or. brightness of the; 

frequency':cif~he 

'con"eniei1c~ the ·output brightn~~~s 

It is 

.. ;' 
B~waVm, 'c is the capa~itance . of. the. 

conductance of the 

.. , thevarious·iliumi~atio~ regions', !dealizedstatic. 
. ' - ',. ·:,A·' 

LIO'isobtain!'ld. 
. . 

·of.interest to discussi~ar:tous 



,~y: leakage,: isusua~ly s¢all" 
, ','>- '"-' 

cah-.;beincidified "as 

the :hackgnmnd andd~d ;isthe 
.. -, 

.Intermediate Region: ,In this region, 

"'.' 

,'" to 'the ~usceptance and it, is rept:es'erited by Eq~.I~L, 
" 

i~'t6·c:Eq •. 1-3 and 'd'neglec t'ing : the'con?u'c taiice "~i t'll . 
- .. ~ ~ .... 

-, ." 
; ::the, following eqtiatio~ ,'is' ob tai~~d ;,' 

- " ".' > ....... 

" 



. . 

f1- slope 

Regiori: 

". -: 
. ,",> .. 

The l~we~st: .. useful. 

eha:'r'Clc te~i~tic . . 
'. . ~ ': . "" ;. -. ~ . . ". \ -{ 

, line p'oi-ti~~s:' of 'the low-inr:tit "a:~dthe 
.' ~ l \ ~ . . .~ 

, the'.'condllc tance .. isgiven.hy. 
, . '.- '.' , ~ - . -'" , 

'''''--' 

which defines' the lowest useful input:. 

.. Thesaturadoripoint;~ which 
'"'f-

por~ions 'of' ~heintermediate and the .' 

,: ;;:'~~ gain under.: static c6~~~ition~is ·de~.inedas 
ge'det~rmi:nei from 

:! 



:'[1 inn '.~-: .·.rJ, ' 
"; .. : .•.............. 

. ' . 

. t\,o 

! ,:-

obtained. 

- ,; 

~Exp~rin;eptalcurves (Fig. L 11'" and I ~:12)' show tha t,the 
.. ' - -:.":.~. :': _" o. ,". " '. ,". "'": < ".': ,:'" ~ ~. " .~, - 'r., ' . 

to the sa tura tion :point~: :the.lol~es t'; useful 
.-.,.;, 

>< '. >. 

.> 

" ... ' ' ':. .;: ~!:' > ' • , < -" 

. zinc su1f o:-s~leni,d£!pho~phor,.;n :'is·'ri~o~t.D::.7 
'., ". <> • ',:'~ ;" : 

q~ h~~tP5~6r:duc:tor'~nd (m. n) is ·ab'out·· f';:5. 'The s teepnes~:'.of: .th~ 

. ~', 

',due :to.thisvaltle . 



',' ~", 

.In this section we shall, p,resenta,. mo're':exact 
. ," .. ,-., 

·'~olids ta ~e" light,.' amplifier 'c~mpared t6 the: pre~io)i~ .o,ne. 

el.eCtric,al diagrampf~ ~he complete 
, " '" 

22 are respectiveiy" th7 impedances ()f the 

layers peI;,~ unit area '. 



- 'C_';" 

, ~". 

~efore:g;oing,into ' the ,details 0(, the 
.. '-' ~ .. --~. 

'~~s'~mpdons on which the· calc~la tIo:~s 'areb~~ed: 

Theconductanc~ e;f :the:photbco~auctiv~ l~yer 
- "", :'. 

, , 

" 'of the >incid~nt light intensity.: . \ - ". 

;.:. ",': " 

" 

',' . '. '. ~ 

wher e b" is' a cons tan t ,lib B ','- is " '"1'",, ,~, 10 ',' 

'- ." 

" , 

light i?teri~ity' a~d',gi 
.~ , . ' . 

. - ~ . 

. " "'," 

~h'is not,d~pendent on the 

'. ,. ... 
, , ' 

is 9perated .in.th~ lin'ear 

',' .. '. 
,;'" 

Th~: cap~ci tance 6f' 'tl~~;photo~6nduc~iv'e. layeris,i~d~pend " 
'. ." .' ,'. " - '," ., .... . 

admltt,anceof ,the ,"laV,er ,t)'e~',' un:(t: ~r~a~, i~ 
- . - • . • '. ~ >' ~ . ~ 

" ' 

; o. 

e .. " W~'sh~ll. calculate the 
, . 

, " 

"~ .... ith, an a.c., 'voltage' V = v~' Coswtapplied 

". the eiectroluminescentlayer 

~ . 

;;<" ",i/2 
" B2 =WB2C1c;e~p,(-:-A/V20"', ),' 

c6nstants(Act~aliy.w.has 'an 

, , ' 

~--~~:;'--.~-.'~~_ ..... u;;.;..o-;~ 



'~Y2=, K2 + jC2:'-~ 
" " . '," 

',-: J,:._ ' 

'~he{.eg2 is the conductance and'GZ is'.the'capac.itanceof:the 
• ~ - ,...._. ,> • 

ar~~~-:'Y2is: practically independ'eritof 

We 'als'o' assume that thef~edback is, avoided:,by 
-"," " , ' 

the. a. c-. impedance ,of which ,is _negligible~:'" 

Rererrin'g to, Fig', 1.13.' 

.', \,' _f 

'wher<e'~l = (ll~])' andZ2 ='(l/Y 2) 

'1f"g2 -.0" 

" . '. 

': < ,,'8; ,.~ exp 
L,U B:z CX) , 

. - - . , .. -
I~serHng Eq; 1:-11 'in Eq. 1-17 andJ1utti~gBo'="O,,~eget" 

• :!'. 

~h. '[~2YWB2roJ~J - [I + ~ 
(b1lc1)" 

: ~, " 

- ',< 

;.,-

, ' 

" 

. ~.' ," 

. " 
. " 



; .. , 

" '.; 

radiat;iori,' B2 • , ' ' 
.. ' .' , . 

Since ,the' ~1~ctdca1prop~rti~s'a'nd 
: . ': . 

" 

'p'=10'~Ild p _100 ~iv~~/on? 
" ;,' 

method. 

~Z~ax ;,i8, d,eterminede,:i.ther, by ,the 
,-,'; •• c· 

'mayho1d,.:,In thiseq~ationtis"defin~d 
"':. 

':inf1ection'point 'of the curve '~" takes i'ts 
" . ' . -

For low input intensities'(B1), Eq. 

, ",,' ,'( ,,,,, )" l/Z '.,' 
, ' ,,-A 1 +p " I" 

'~Z= 'BZO, =WBZiO e, ' Vo , 

so that ,Bzu.-increas~s with in~reasing to .• 
. ,,' ,:~ . 

For 

" n "_,-



~. -', , 

,.;-, 
t-

. 
!. 

t .' 
f. 

, 
~ -

;, .. 

, ~" 

,,'\decreas~s with 'in'creasing' w~. ·.Fo~larg~ 

.•.. ,"this case Eq" 1-18.' redutes to, 
. ,-;--; 

."" ." Bi,::= BZs 

' .. 
. so that B2s i~cJ;eases with increa~ing'w 

satisfied almos,t 
'. - ~- '.; 

the sa tu'ra tionregio~. ' :For, 
~ -'. . . 

-' , . 

I~ practice Eq .~I-22, is .;alid. over a wide' 
-'-

expressed as,···· 

.. ~ = Cons t~n t 
. ~,: .': , :. 

The gain increases with'incre~sing B1' if 1f).L and 



Amplifier 'Paramete~s:' 
.. 

" 

. In a'ddi;t:io~ .to the's ta·t:lc arid tne . " . ~ . . 
.. '.' . 

be of interest to see the _ influence:of .var;ious 

- '1-"":' "; >,", 

.' . _ ' .' ': . 
op,eratiori,.6f ,theamp1:i.fier:. 'For thispurp~s'e,': we~shall.;take· a 

• " .. ' ~' " • ~ ,~. • .' " .; > '- '. • 

~.' , 

'. combination and' use: the theoretical' rl\im~ri~~( va'lues· b~loriging: 
"',, .'. ) . . '.-', . ',' . . ". " .' 

;;.' ,', : .. ' 

:-:, •. ' 

"';j' :,thec~~es of Figures -l~15; .16,17,18 

'i' " :sintered, ~(fSlayer .act{vated.?y eu 'and 
I '., , . '" '. . 

.1 ::: . regi0!=l matc~ea' to the thick'ness ·.of thelayer; 
'. ", .•. -,'. . ..' .,.3 ",2 . , .. '. ...•. ' .•. '. ,';t: ,= 2:x 10 ., m. /V"-f!ec), ,1: =.Ll.fe tl.tne 

J1::~> ·tnobi1~ty. 

~. ,107",2' s~,c, 

',:,~onstarit of 'the, 
':' '8," .' .•....... , .. ' ..•. 
. ,,'='<LOe1ectroris/watt-s~c)and 'a green 

. <,' 

'. " , . . ~ .' .'. 



~ . , 

, ' 

;':',.:.: 

cFiKo 1.16 ":Bi 
" ,_ C , ' '~P 

.. :-,' 

" -i) 

Gis the maximum ;alu~ of the ratio:of 
.c, ,m '", ',' 

" "',,' .' 'I' 1'7' " .' '1 t' d as ,a fuu'c,tiou' ,'o'f,.' '. \/o,j,. ',~n F1g'., • ' ;'Gm>, ;1S' p ot e 
" .. ,.' ' ':',,", .. ", >':A' 

,obta:t.iled,' by.'p1otting ,-(B 2/B1) 
, ~ .' , ~ >-. \.: ; ~ , ;', •• :' -.': y;' - .. 

,I'.' 



r.-. 

r -. 

, , 

.. ' . 

(see Fi'g. I'.14).To obtain high 
,,' " ,':,': r' 

operating voltage: sh~uldbe~us~d ~'. 'For: ~xa~pleV~-:!:::':,s. kv_'-i~ 

IJ~~~~~~~-,~~~-4 
-G m I o+t-'<:-'-~---:-I' 
, I cll----'--I--#-;,..:..;~.e_.,.IfG..;:...~ 

JOir-~-:-"--;-tl'--:-4~--j..o~~:.!,.::.;~ 
'IOr,I-'--;-----'-~h~~,£-.+_:,-:,-_'_I 
1...,...,.----:-'-'--:-~~~-=-:+-~~ 

F:tg~Ln- Maximum ,vahle G ~f ab~~lute amplificatio~,' 
(p ,.and £, a~e' t~e: param~ters) : -' - ~' -

.',' < 

i,.i8;:'~m is plott~d;as :afunction ;~f 
'.; .. 

of Yo~ ,," To have- the 

, high: Vb ,values (a,ls?" high;/Gm 
" ."', -", 

'obt:~1ned ' by, operating theampij,fier ,~.j'i tlr low,V~ valu~s, : and h:ig~' £j 'and:,~, 
,' •• <' ' :., ." • 

v~l~e's.· :,This means .1ow'G~, ,RB2' a~d, high: Bl values~:' TOQPt~iri,'high 
.<; • 

," -- I 



~ (" ; ,; , .... 

. '. . 
:, . 

:Outptit 

'The,output range is def-ined as'· the 
" ~. 

,'For agiveri~ol tage', V O~'<#B~~; ~h'~'~s-a 

,,' Depending on the Idndof' 

:Thi~'fs; due t9' the, shap'e "of (B2""Bl~ 

range 

x~ray-an~' r~dar '~;plication~''.~r~quir'e :high'~ 'values ,;,:', ,In 
, ~ -~.' -". . . ,- -' . . '" , . -. . - . . . . . ~ : 

'as'po$siblethe ampJ{fic~tion' ,faCt'or, and~ outpuJemittanc~ ~houlq,:, 

,into'considetatiort. 

iv) 'The Operating' Frequency '(w) :,. 

, ~ 

,:' Aswep~inted :'out before wdoes notinfiuenC!e:i'm'~rid r.~; 
'.' 

infl~enc;:es ',-the ieved of 'ampl~fication> c'In'Fig;' i. 20,'the: 
i, . 

aio;;g-~a'+45P ,s1.ope for a' change; in oJ,' is, 



',-

, , , -, 
; 

, can belinearii'ed by'afr~quency modulatioD.Qr by~using~a-,combination, 
" ' -', ;' "," ....•. " <', \";' ~~h .:.-~ ".,: ~ ,,'-: ... , .. : 

operating freque~cie~ ~Tll~e ;resultis 

'individualcharacterist:ics having a s_lop~ of 45°.' 
, . . . 

,To:'obtai~ high irlput sensitivitvand high 
',.' 

,combination of hyo amp lif i'ers , first 'one being, 

,,~s,econd at high:w ,,~is. used. 

. ' 

", v 

-- 'F~"eqU~ricychanges will' effect' the.~ iinpedance 

resistance '. and;t:heractance ,of the pho,t6conducti~e lay'er~' 
. >" , 

" ". ,. of . the layer becomes ,very 'small compare~ to its reactance 

,-:,: the reia tion' 

.'.'.1--~( :2 7:Ci)j 
. R

" 
",.',' ., .. ', ... '" 

", -

holds" a~d S9.ows . ~hat 'photoconductivity' changes 
,,' -



.'- . 
,. ,'~' 

.: Th:e'daric. i~pedance , o'f 

the applied ~bIi:age. 

app I,ied vo I tag e~' 

limited,current~:' .. · For 

f~nct;on OLVn(ri)" 1) .has 
. ..' ~ ~ . . 

-.: -

order. of the electroluminescent reactante.,· 

weas.surned 

layer Ts '~onstant~·.Actti.ally, 
-,' ~, '.':', _.' • • > •• > '.: 

_;.'::.c~use an i~crea:'se ill t~iscapacit~ri~e;: 
')_:' 

",represented 
. '. ~'.' , -

,., .,.' 
l'a:yer::"'.Kis a.coristan't.,· .".,'., 

: " 
,Equation-I-:25,:,cannot be taken as anexa~t·'rel~ti6h. 

'~~ ,,' .' ' ',' 

.~he . c~pa~,it:ance. of the ~lectroluminescentlayer deer,eases 

to t.he e1ectro1~miriescentlayer.So, 'the: ,extern~Lvoitage 
<, ,.,;1' 

"achieve' ,8 given'Y 2' is. inc'reased' beyond 'tha f 
- '" "- .'.~. 



1 . 
/, . 

.,,-.,' - f,. ' ,'. 

. ~ , . . . 

wherce Rl'is' 'the resis'tance 

,.,' ' 

.,- -:,', 

" 

Negative Electrical Feedback: ,~"'<' ~. 

"Arieutral' imp~~i'~ncelaye~ of 
_,'.; . '_'.' :' " ,-',f' 

,The~ opaque insulating 'laye~, plac'~d ,'between'~h~ 

. effect of' this layer' 'is' r~p~es~nted by 

and 'the'slop~.of~th~.logB2· vslog HI 
-.,-

~' "aluesf~r~>L: 'A: resi~tive:>lay~r 

I Ir~:uitf;'r thisP?"'os.·. . .... 

~,,'j':><. , ~ • ~ T 

·.: •• f, ','. 

charact:eristics shown ':in Fig.,i.23, 
. ' 

cons ttuctedin:the~o~pleX plarieand • 
. ~ . '<> ' ,- ",' A . , 

:, v'2/Y:";':Z2/z'c;;m :be read:from it 
", - -... 



" . 

, 
,. 

r: 

',' 

to any input'light;i.ntensity.'· 
>,. '. <> " • ".< 

an~.ail·im~~dances in::U~cl~, 
, •• 10 '.'. 

in' Eq: I~13 'the ,amplifier, cha~acteristics: of. F.ig.:t. 23 are 

, , , 

1.22' -,; COns i:ru~ti6nof 
,. . . 'in :th'e 

, IIi 
,Yo . 

,·.(.13z )A.· •. -'.-
, ,GtJ,. 't' .. I 

Fig'~ 1. 23 -, Influence 
" ainpiifier 

, ";', 

Z :::0 ".3,. "', . :.:. " 



.. '." .. ' 

, ' 
, ' , 

. In addition 

neutral auXiliary impedance layer 

.,': '. .. .." 

e. ,Po~it:i.ve' OPtic~1 Feedback:: 

'. -. " 

"S~iid-stat~ i~ghtaniplifiers 

Here we shall 

, layer'a~4' with, 

of 

. :.~ 

scattere'd "in the' electroluminescent layer,i~dtices:the' 

"conduc'tiv'ity in. a few setondsin CdS . 

..... ~ .' In case of :non:"'transparent meshstructur~(s,ee 

a. certain a~ount of feedback~ but the.instab~iHty is 
.. 

In Fig. 1.25 spectral distributions of ZnSaridthe"respon~~ 
. ,'.{t( 

are·show~ •. ·Thetwoc'urves.bverlap·each .other giving rise 
, . -, " 

. ~ !' . 

. ,' m,which:. is. of the order of some percent. 

,': .. -' 

, . . ' 



" r 

L 
, 
; 

~ '. 

, .,' 

feedback ;:>a) , 
.' h) 

.",;-

,-
",i. 

O.OOI~ __ ~~~~~~~--~ 
8000 

"-~ . .A 

I~25, ~ Spectral d:i.stribut:io~ofgre~n~lectrolu~inescent, 
':ZitS and response of photocondilctivity: for- a CdS 

. ' ,layer (dl ::: _ 5()9r) " ."' " - " . -. , 

.'{ t( 



-
'., .Iti~of "int~rest ·t~, a~aiy.ze the 

' .... 
'/a' cert:ain 'ainount 

.' .", In: Fig:: .I. 26, we, have the 

togetheJ;" with the feedback 
.. : 

y =C(X) 

x= ·· . .hEI 

w 

. The feedbacK condition; is giVen by;.<' 
" .". "y" 

" .' 

'Bl- B10'+mB2 

, . . 

ex'ternal input 'radiation., 

fac~(n:'s, namely;th~ ,overlaprlingin Fig. I ;25, 
. ,,,-,' 

the::p~6toconduci:ive layer to BI andBZ and the transmission. 

l~y~r. 'The feedback 'conditioncan'be ·written in .terms' of x 
r,:, 

, ,:" 



, , 
I," 

, .. , ' 

" l 

i, 
I 

Figures.~, Lis' td' 19 and they,a~e'pIot't~(p~tting,jc~ 
, ,. _. , . ' '., :.' ~ . . 

"means"no e~terna.1 input 'radiation, v=o. 67, " - .- -', ," - -' ". 
, :," '.' , 2' '< . . ". \ "I 

to .. m\:~ IO~, andll~ 10~,TWo:~f the three 

:sta~le ~h,ile"P2 is' 
., ",' . ~ . ' 

'" ,. . decide, whether PI ,or::P3 willbe 

.' . ' 

the r~i~tiyeposi,tions' of the feedback<~nd 

.: :-, 

, -/0' " /2 . ;(4: '" 

~_""-~, ~~ ,~. =-J ,8, . 
'" • :",," 'W' 

Fig: ,I.26:"AmpiUic9rlcharacteristic' and ,feedback curve p 
,.",(Variatioll~ ;oLthefeedb~ck"curye withBIO'~ ',and: Va 

, "!. areshom: b'y,the ,arrows~), " , , ' 
'.c ~ • " .'. 

:':'~ Forlf', ~" 1. ~e can obtain asuitabl~_ r,elati.on,.between 
"" ,". 

;:j:he, 'eff'ect .o(optic~i fe'ed~ack.,' Su~pose we ~pe~ate: i~:a :region 

Eq ~,:,I~2:i': is'val~d~. ,S~bstit:uting 



.. ,,',' 

,; 

..... ," 

wliere .c, : constant. 

:··~:pti:tdnK If :: ,lin Eq :I~30, 
"', 

. . 

.' . r .. 

;~s obt~ix:.ed ... Eq··.· I~31 

. (regenerative) , 

.' . 
. '.' ," 

z~i.o.; The two .valu,es. ofXo ' 
,- ,>, : _,-. ",.. L ~'. "'~ ;. • , ::~" ,', ,': • .'. 

·~·,~lUd:~':Py tOP L ire .not equal. . 
. - ~ .' -' ~.. ...., - ~ '..' 

, ; :....:-. . '. ~c ". ;'-;. ,. ....' •. ; 

/.secondone,.:XoC •. The durat,ion9f the decay'6~the outp\i't .is :dete:rmi,ned 
.... : -. . ,' ,-'. 

Fig~, 1.27,' storage 
c. '. -:"' .'. ~. '., " • 

/elax~tiontimesof the. ~~plificon' 
schematically. The . ,-,' "~. .' . ~ 

. . 

'are~plotted vs'dme t. 
. '"."- ~ .. '. ",~. ' - " :andZ".z.a!e, stci~agetimes for.'t:h'e: .t:Wo·leY~ls 

"., :" 

Another way :~f.shif~ing ·t?:eoperating;,point .. fr~~P3: 
:- .~ -. . " ,'. ' .. - ' , ' " 

': .. ' 



-,. . 

- i '~~iski'nd 'of opera~ion 
,.:.'.'- ' 

curve :for·· 

, . 



< •.. The conductivity of the 
.. , .. 

'.exponentiaLfun~tiono,f time,. can 

..... ' 

< • 

To 'obta:ln< the' int'egrated' dynamic' characteris'tic,·. the 
~. • ': - I 

of the 
is desired to ·be . r~corded.·. 



cifintegiat~ddy~aridc ch:3.racterfstic'is· 
. . ~ ~ , ,- -"".' .. -' ' . 

the·three·re&ions.of the'~urve. 

"; • r 

rdea.ii:ied·curVe of 

Region: .' A t.low light-
, " . ., . ~ , ." , 

""'Js equal tdthe ba~kgr9und .value,.Bcl).wh:i(!~iS:2 :~oy}stant. 
; .:.'," 

L..int·~gr~t~d QU tput "is~ 
Le.'.' ", ."(1. r .' .. ' .:'c i ll.cIt' =Bd~7: .. 
• ' " • ~~. ·...1 

'() 

Intermedi~t~R.egio~:'The 'conductanceof th~photOCOrid~cti';eiayer.:, 
.' ; ..'.:.",. .~~ ~ . 

exposur'e. and star'ts tod~~ay :~i~h .8;' .. 

. ' ~:'- LJ ~ t: • the ~rido1:~the: e~,,6sti'~e~ '.Z' d 
-~: .' .... ." . '. . , " . . ; .. : ~ " ~ ," -

lev~L:Duiing.expo~ure .thebrightness. :reaches'the 
.: .... 

,ECj. I~37 •.. ~, >, . 



B-(~) ;... 
:., 

If ~q .'1..;.37 ,is'integrated 

-. :' 'o~ 'the amplifier.. ,_ This isconvenierit .for all 

-;-- .-"""Ci _-

"/B,dt = 
, ,-'n 

B ("l"J) Cl .'. GaL, )m , 
m m' Z'" we 

L, 
o 

is the ,integrated dynamicou tpu t ()f the 

- .-
s~turated~egion: 

.' • <":Th~,' lowest'; usefuL~xp6sure :c:a:ri' be ,det~.n11'iti~d- from 
,:p()int of t~o _s'tra:ig;l}~~line por:tions 

-·:t 

"knee:ofthec~~e .. Equating, 1:"3,8: to, 

,·,for:the·'useful expos"tire .If ri'isof,the 
: ','. '" - . ..,\ 

'.,' z:-~, -'the.n:,the ,~inimum exposureti'me' is given a,s fo~lo'-is, 

"-' ~ 
-.',. 

-, ';·1-41," 

" " 
, . . . - , 

·.··lower.' -. If, ease is us ed as' the photo conductor ;: f as ter, 
three orders 



..... ::..,. ,::.. ,,' 

are about 

"If the 'performance of a 

,:'the "theoreticalya1ues, ob tainedari 
. '. . " ~ 

th~re ~re diff~r~nc'e8bet"veen the, two ,tr~atnients·. 
: ,~ , 

: ~ " 

,For a':typical,CdS cel1(th~ 7163) ,,:Lt:(min) <is 0.5' 
~, '. 

'~~eor~t:icany , and;. 2 m~~-:-s experiment~al1Y. ' 

For the same ceLltheoretica1,~'vGl1ue,is~2.5, while 

'is '4.3.: Since high}(, va1\H~"pr:oduces ':high ~contrastrati(), :it,~b~ld 
, . .~ 

, by reducingei ther mar' n. ',A 'moderate. reduc tibn. inn::is: possible; 
. , '. . " ~ ',:') -- ' . '. :. . -, :, ~ .' - ,.' '-. - ) .' . '..: .. 

. " - . . . -. 

:hereducedconsid.erablY by redu~ing" the .thicktless,of'the ", 

iay~r;keepi~gth:e applied voltage constant. ',In 
, ',,: .' •• ~ , c •• ' ,_ ',',. 

l~yer shotj;ld .a1so ", be reducecii~" thi~~!les~ t~"~eep the' ~pera'~ing .,r~nge· 
':'\ . 

IpFig ~1. 30, ,the integra ted, dynamic. 

ampi~fier, is given. 
";:' - , -' 



" ; .. 

.• ·.1· 

. ! 

. ~ - .-' . 

'METHODS. 

Improved .·CdS,powder·· bonded wi th~';las tic"is· .·~rie 
.. : '." 

-'used phot~coriductor~ in'theproduction of· 
',-"' " : _.' . -.'. 

:, , 

Ybltll'ge. characteristic of' this material is ,verY:~()ri'iinea,r~': 
- . . .-. . ~ , - ' ., - " . ~ '-," ,. -

.,' ," 

as .~he··fbur~h; power ,of thevoltag~ove1:"' 
" " / . 

. :,How~ver,at:hiiher voltage' ~eve1.s', 

'voltage. ' 'Due 
', .. , . 

w:i, th a; c .• 'vol tage ;T11i8 i; the" 
... 

. shown in 

" Fig •. L 31-;" 'ACopera don of si~~]:e element'; 
.', .' 

"!, .• ,. 
'., '," 

·Becaus~,of·the'noriiinearity,oft.he1>hot~con(h~ctor ,moS!t 



obtain 

I::: 

'If a d.c., voltage:equal' to 'the':p~a~:i.:~,.·,~~·lt~g~:;i~"~pPl~~~\~: 
,'.it 

a.c :.phqtocurrent :';:'T~is 18': "a: ,pa,r1;:tct11ai 
. ',. :- :', '.J .. : ',' ",: --'" " • ~,. '~':: ~K~' ~." 0 •• ,-, ~ 

,.~1?h6tDc~n.dl.t~ti ve"pciwd~r .Photosens,i t:i vitym"!-y 
)..~'. ,,:".,- ,~". ~:.~'" .. ' _ :j .. -::. 1 ,< .~,:; 

·J;~,-?.iligh t :te~els·,;" 
"'., ' .~ 

does not: 

,restir:i.ed,'·a.~.op·eratioil::o{ a 8ingle':ei~~~rit:iS .:-', ':--." .' .. ::: ,,-.. . -, .-.~.",.", :'. ','.'::.:" ,-" ~ -.. 

,", ." 
;,~Of·'oppos:i.t"~ P?la·rity.apd. phB:se!1.s ~ppiie.dt6:tp.e. tv1~o 

. , "-':".:' 
, "1.- ,_.' 

,; ", d~rtrig~,po~itive. halfcY:,le; :,f~e:, ph6sppor . 

. th~current 'pulse.thrdtigh P h~~oc'6nductor 
", ,~.. ,. r', .' - - :. ~. ' 

·-half' ,cycle, ' it is charged ~~gative" by. the curr~n~ puls,e 
• < •••• 

, , ' 

.,:pll()t9c~riductor;. <in 

The, peak 
-. ~ '. . -

.asgrea t a~wit1fs teady d. C .R,ec tif ieda~ c~.~p.e-ra:tion 
I' > 

'across the: phosph9r : element, ", fc5f:a"gl.v~n incident" ligh~ fi~:X:~ 
,-, ' " " "."" 

, " 

:.~. ~> 

;~ ftiittiei~' . i~ 'sho-wn'" in' F:Lg. 1.33. ,.' Here'd :~.'. bias~ol tages 
." .~. .- . "~,' . 



, '. , 

".' ., -:. ,", 

sfnce', th'e :y·o.l tage 
" ,"- " 

to', i:h~ rec tifieda . c . 

. . . 

Fig. ;L32 

" .~ 

. l?,os t} iripu·t· levels' because "of:the \ri0111inear . pro~·erty.· of· the 

.a.c;.. 
" .Uo/f(){oe 

... :.. ¥ : ./, ••• 



. : 
. ' .. 

To :a:~plY the £e~ tifi~d a ~'·c. 

light amplifier:'a'Il1odifi~a;d.6ri 

Fig :'I~ 34 the cr.oss~secticiriof 
.. 

'is:;~h(l\vn~' Th!= ~~rid.~c tihg .. line~', o~' .the 

~~~~·f~0~~.?l£\s, >ancl eacl} ,'set . . : 
. 'lig~/~'r6'du~es'.conductiVity .6ri'.'the 

• ...:. , -~ ..!. • ' .... ' 

.are.i~ ~ 'The'port~o'ns of thephotoc6nductdr:.~ri(:fp.hospho~ 
. ~. - '.' . -'. :.:' ~ _. , . . . . ~ . -

,to.th~s:i.ngleeIeinentof ,the 
• • _.' < ~ • 

" ~ .. 

'. the .input-outPut'char.acter1·sticsbei~n'girig·to.th~m:~· . 'In 
,,~ -. ...... . "-. - .. '.. ."" ':~ .. ," .. ,'~";"; ~ .. " 

. .input~output characteristics' of ag~oov;ed.:type 
. "\' 

': .. " 

'different,rriethcid~' of operation. are,giv~ri~ 
. -,' 

;the·amplif~e.r wi..th: a high lig~t level ~nd then 

'i~outPutlevei:of '0.0012. fOo1:';';.la.nib~rt is 
'. "," , •. ~ ~. '. , j 

- . , \ . ~:' 



"As seen in;Fig ~ , I. 3 5~ a tlow inpu taeveis, "iec t:ified 

'gives,20' times as,much'oui:p~tlight 

threshold value of input is l~wered to a 
'.' '-. " ,-,' . , " 

"~h~inthe value' ~vith 'c~nventiomil a.c ~, operat~ori." ' 
"- " 

'," . 

,,-lnaU; three cases 'the char:~:c:teristics, go tosafurati_~Y; 'at 
"'--;" 

" 
Rectifieda,~c. operation provides satu!='at.i()n<at ,lm.07er, iUl,ut 

'" ", , -" ,.' - '" ...... , '. 
.' , 

,to conv~n donaF a • c .;p erition' while bi~s,e~ a ~ c:. 
," • J " .\"_ • ,"' ", : ,_ ., 



~ - ~ .. 

~a ."c ~ . .opera tion ·prbtetts 
'. ~ - '.,: .,", 

:·h~~a~se:1t ,iimits~ theV'oltag~·ap~lt~~· 
.''''. ' .. ' ;'(,':-

.J Th~ curve~:~hift to ~ the l~ft or:<right'~o~ 1~ng~t~~t;~h6fker 

:r~¢pectiveiy.'· " 
'," 

,;-' . ," 

. BUILD:"'UP ~CHARACTERISTICS 

have an 'ide~(about, the ,build-up 
'" 

, -,~. 

··<·th:e:;~~6.~~'~~rid·~~t~or • 
. ~ ' .. 

dec'l;e~se' t~ approximately 
'. "". ). 

·:,st~n1:I ··~~re.' th:i"n 500 ,V., "soaJlow~:r flow··of \}lore' tha~ 
'".' :, ~ ~ ~' " : 

. ~ 

,¥; 

.' .. -

·''l1lE!b.~iid~up, property· of the photo,c::onductor 
'"7' .... 



"V: ,.' ! 
, ~, ,~ 

I .' .. 
1, 

o.i 
',' 

..... 7;me.lJ;~o,i~)··c 
,}.' .. ' 

. ~,:DC.<photocurrent 
'~<., ' 

, ,', 

time fp:rdifferent 

'-, . , >.,. - ~ 

to decayt6' anotitpu t level, of O~IJ012 :fobt~iamb'erts 
", i, 

of 'o~tput' br:i,gh tt1e~s: ~7ithtime is:reco·rd~ed. ·source:of:.yell()\~ 
.~, '. • ~ • '. _ ' • r- • - • - .,' '_~'. ,. , '.' .; . > , : ~. '. " -

.• :1U~in~scen~' lig~t'~irhich: ~.has asp~dt:ra{ distrib~fion<ideritiC:.ar· to,'':h~. 
, ·ou.tput .isused ... ; The ph'!ltoc0!ld~ctor is 

.',"/-
;. .", - ~ - .' -., '" . . , .. ' ~ 

'; ,eiectrol:uniinescent .layerat 550 mf>;I~ '~e:'~s~ 
"". ;'. . , 

. energy.gain of: 800 is obtained. 

", .",,0, 

"; >. 

",' .... , 

:'. ; 



-". 

;fig~- .I.37~:-Ainplifier outputvs.tiine 
. . . ,.: levels -u~ing: biased. a ,c •. 

R .• , :~:PECA'Y ~PROPERTIES .' 
, ; >. ~. 

.' . ~ 
" 

, :i~ Figuies":I.3S:and I~39'_ded~y cu;ves 'of 
'. . . . l ' 

.' ~. :', \ 

ch~racteri'sdcs \;~re, discuss~dbe:fore~',ar~ 'gh7~11/: Fig'. 
",. - " ~ - " 

" ,wi.thconventional, a.c., 9P~ration~ while Fig", 1.39. witl(biased 
;., ",' 

'" We seetha t spe~ifiedamplifier'has.'it decay 
···'r 

-.. , Bo'th 'of. the f.igures are obt'ai~ed 'after, an 'ex.citati6n 
. " ~ ". ' .; , .' -

Tn Fig.- 1. 3~Lthe decay curve for the: ~ighe~t', lightinptit 
. - '~. , , '. . ," " '.'.-

'., rat~ .of decay compared to somelower:lnput curVes. This' is.' due 
:'" . 

. ' 

.in. the,:photoconductot .. which is ',(!E!used bY,the 
"I,': 

," 



"approximately three.· se'conds.· 

Long decay time, is', d'esirable, 
. ' ," ." 

,'statio:qaryX-:-ray images,' pa'd(U;l.ts 

,Due'to the persi'st~nceof the image, 
, -' ", . ' .,. . 

. . 

·,o£f.:,1f 'the 'pho~ograI>h ofth~ image' is 
, . , 

'are adv~l1 t~g'eou:~;.' 
. ,-"-, 

cases .' higher decay rates . ar~ :,obtain'ed 



-,:.;"' ". '5'" . . . 10 . .J~ " 

'--'lime -(f~~o~Js) 
. . """', .. 

~ig~ ,1.39 ~DecayCunies' for 
:. ,', - " 

Time integrated input-output-charac'ti~~istics . -", 
. '. ~ 

obtained ~£rom'the decay curves .. , . 



" '- -,is:.::reversed.- ' 
- - -: <:' ," . ,:~.' ,,",' " 

re~uced<and 'the bu'tp~'t ,cr'the :'parielis 
, .' - ,. . ' " :. " ~ ~ - , 

" -

; . .,: . ~ ~-'. 



, . 

of the Mylar' 

it 

In :this way~ ·X-:-ra)1 

'1.l1,~huild iug . up an image ~ .>, ' 

intrared region~ . ~ , .-, 

,:·.··operation 'furth~rin·:theinfrared :~~g:i(m.: 

,~ -

: ,response' to ,moving pfctures ,s9:'the)1 cannot - _. . . . 
", 

me~lical.diagri(Jsisofin~:V~ng·obj ects,' Hmvever ,they. ~~n 

,,~;"'~~y imtlgesiI}'meaicine~. Hi'gh energy x":~a;s {t'J:irithe' MeV 

ne~ded, in theX~~ay the:rapy of cancer. Scatt~~ed radiai:ion:is 

,be'darigerous to'the person who, makes,',be'am .control au'(a:iignniemt. 



, , 

however, ash01:Y 

'i~spect~daft:ei: the 

~6~k in Iii: r,ooms', , ,Contrast of,' the 
,

, , 

'patient can be 

~,::amplifi~r ,can be used in' the v'isualizationof isot:ope' 
-, '-j', -' , 

microscop~pictures.Panel 

; . '. 

'screen~ 'Th,e:a~pliHer, ,cah'be 
:.-

'to~',the input' side, ofi't, so that-the 
.. ) 

the'at!iPlifier. " 
. - ~ '. - . 

-'-," " 

.'" 



of--highgain, and' 'l~rigdecaYi 
.' -. ~':'. ~~. '. > -e' _.' .' • •• 

, ' , . . ". :.,. ~ 
Th~ same ,con~enience cari be' ob't'ained "in 

~ -'.". 

,,' . '''' ",-. 

'<.,':,::, :<~~other a~p l~da ti~~ 
target' is f~presented,b,,: a' 

, • ,. '" ~ 1,' " ., • . • ~. . .' .... -':', 

dec'aying ,intensity on 'the;anel:'" In, this 'way,: 
.'~" ' '" < ~ '. 

-' .~. , . " ' ". '.' ~ . 

'afld,·tlle's~eed ,of· the ~?bj'ect ca~.be:·s~eh.-."',' 
.-., , ,'~' . 

I" 

" :". 
", " .. , 

~he)X"'ray 'field, , the,object can beopser";'ed 
'.'" .>' ., 

mlena systemcif 'ted,~ndgr~en ',sh:':ipsi~;'used 
, -' 







.:::~>:}~ 

.~;.{;., ... _:~j ~~:~L~~,-;::.::.;::.::...:..:.:.::.~.~,~~~t~;!,~j~:: ?;;:~~2·..t 



, .f " 

Rise"', ti,Il.I~flnd decay: > 

time for, . sintered 
. : CdSeCel1, d'. c':' 
'.: app~ied, V~ltag~ •. 



:: .Fo~" :~igh input-illu~ili~ti';·~ 
"-' -:." ;-,',' . , 

'lowaftera certain value . 
.. ~, 

in oper~d.o~. . Very sh~·rt.' tiinere~Prin~~ ~. 
.. -, < • , - ••• • •• '. • 

'.' ~' 

added 

"D~ ';'k'FAST-RESPi:)NSE,E~"';PC . HfAGE 
',' 



;; . " . ' 

_. J. " ; ~ I' ,I 
··t., " 
" "Oulf~l[in a.9f?·' 

-~:c::ros~-~e~'tio~ of .a 'fast"':'res~6nse panEd~ 
.. : -" 

, ., .... , 

." d ~ , 

.. - .~" -, .. 
,:.' 

" 

, . 
phot~c~.nduc~ive.la:Yer is' m~de;of CdSe 



· ~The ". 9P era tion ~( 
, ~,~ 

•... ";~~gt~~o~duc t;'~~ity~";f':th~ ··p.C; layet 



,. , 

'r',:,- . 

~oteriti.~ls,_Yl~itd Y2 are 

.in phase ... The :lightoutputof 

:: ";' " ':' 

o:f I3-',i§ai~o -chang5d~:' .rheier~Fe, 
• ~ , <' :; , 

'in~relllent:h;:~decremental 
.. ' 

·in-:_.Fig.IT~:r;:th~- o~tptit 



, •. ~ciirve Cis obt'ain~~~~C?~ V2.:Sltg.hf~f~tn~;r~?ti1a~,:a~~::~8~. 
;In 

·la t erai ~ cap acid ve·"dark·~c urr\~n t 
.. ' ~ ", ," . ..... . ,," .• ':- . ~ '!',' .:,.-.,' 

,. 

, photpcondu'ctive'current"and' its, amplitude' incr~ases~ 
,. • .' '. ~ - .I' 

".' ,- . .' 

',Imag~ charact~risd.C:: This' i~'cti~~·A::::ln}~g.·~IF~}:::·" 

':"is',for'~' much larger V2' ~hic~ .is, 180 degr~es out'of: phase, with'V1-" 
.; , . . " ~ ,.. . ~ ~ 

c()mp~~sate the 

')~5::irithi~:.case·I3de,c~ea~es tri: amplit,!de.~ . ':e, ,obtain aneg.~~h~e 
",' . '.," 



·' Theseperi=.orlrtance, charact'er:1.~t:ics can 
, ~ ~ . ~ - " 

.. 
;'-' 

:',0(' lateraiph,otoconductivity' 'and ,continuous ,phase' .. ;;- ".,., - :'." .' '." . ' " . . ' '', ('" 

" .'; 

The: size of the, exper:i.menta~: pa:n~i\~as20cm x '20 cm~' and 
'. ,,-0 \' <, . ./' ... 





" , 

. As seEm illFi~~.·"IL9:~,r ~arid'CD' are ()f the' o~def ". 
-, ", ,.,.. -> ' ~ , - . ':' • , 

,~ ;.' 

::'" enough. range to~orivert a :movirig' input 'image ,to; a po.sitiv.~ 

·~'.>~thoutPerSi~,t~nce' ~:f th~ output.' 1: ~' and· cD c~~ be', ~a~i~~ 
, .. '-

.'-; ;' 

. applied potential.,': 
..' .' ~ .' " .' " ~.' " 





, ' 

, 

:levels 



. " . 

'Ah imag~intensifier 

,~f ,?-"ph~tocathode'a:nd-a.: phosphor 
. ." .. " , .. " ~ . '- ' ,- " '~~" .~. 

on'" ,the 
.,' .... 
,-",.~ , 

the output i.mage~' To' 

"slior~, 

,"can ,be 'buil,twhich' give. fairly 

,into visible,radiatiqn. ,j('> ". 

IMAGE INTENSIFIERS 

and study, its, 

of . the Tube: 



" .... ' 

;<:::~~e"turned ~to' their"op~~a~ing :·poSitioris: ... 
: ,',: '. .,' > : .~< '. 

'::;'~'!\J ,. ..: 'I ~{:t<o£ "h~cn·der":~l()l't~i.c~)bas 
;':;~,J':::;~ the l~ght·<feedback. 
r ; ~ r~ :~"~::: ~ i :'<' ~<~ .. 

').' , 

.. \ . 

. ' 













:,',-; , 

.....•.. The:8~tp~l'iniagedecay~ 'cOnip'f~tely;':in 
• I. >' .,' ' :" .:~: .... • 

. r~oval_:Of .:th~.c9~mious'input ;i.mage:(m·?~e .than ).:seconddur~t:ion)· :':J!or 
··o·~t~.ut?rfgh~ne$_~~~:;\~.f·.l and'lO:ft.·~~~b:~r·~s· thed~c.a~:· ti~'e·.to:lb~· Pf' the',· 

... .. ', ·'56 'msec'~~d'· 20P~se~'· Te~p.ectivelY·.·, Dec~y 



'Temperature :irifl~_e;nc~s': the~~er~ t~on:-6f 'a'cascade "~mage 
": .. '",- ... " .~: .:'.:< "'~.*~.-' .'~~ -:" .' --~ .• !-

! . ,", 

:electron- ~;s~ion-'red~~~~;ks' th'e '~~thod~i. is':coo'ledL to the 
. r~ 

.: ... " : ... '-.- . ',., 

indep'endent" of tE~mp~rature.::::tt'is> 1nt:erestlng ::to n~teth~t cc)oling, 

'; :':~he.,~ {~gif~:· gai~';.,~h;~~: ':~~';d~e ,',to': the.c~~radt~'~is~tiC'~' '~~(~ thi";p,.,~{ : ~'~oSPhor~:."~:'( 
.~. >:.: . "' . 

~rialk.iis.io • P hoto;'''t~;;d~~ 
-,"' . . . "", ~ ~ , 

< < ,-; 

:':.:l: ~ ::,' :":':rh6~~h~r:p~(),toemitt~r-' inui'g-e i~'t~n,~ifie;'sa~~,u'sedi~ 'variousfieids'." 
. . 1:./ ." ~'" 7-

:.:'r'-',:s,ome. ~t>pi:f.d~t~~n{ 
i,;~:r'<' tiL taking;X-r,ay pi~PIre~:tor: diagnosis, 

, I' ::.- .', " .': ", " .. - :' .. ') ; . ~, .,~' .- '" ,...,~"" ',' .;" . '~ ", 
:,>:) 
+,,,,,.X,:,,raydos~s~r~,de~ir~ble., An, X:':'r~y ima;~~' c~nba amP.iifie~' ,b~. me~~s' '~f~; 

, i ' . :' , :!:an iiril,se i" t~n~~f i~,.lnthiseaS e low do,;-e: . ri teo . are 

t ,,:i '.' .. . ,~' _ .' 

,1<,/ ,<,::, '~~'~U~l~~ R~se;i-'ch:'"', it, \~ p~ssiJjle 'to meas~~e -:the.:,vel;oci,ty -of a 
, ,.,'-' " ",- '. ,"" . " . ,," ','. ',' ': ' " ",':' " " 

lJ~!j~ite~~~I~~t:~;ll:i~C;l.' ~ravel¥i~_th~o~~h,~·'tran~ar~t '·m~i= ~Y . .m~¥ of!·' 



: .. A~j'i.nt~~sifier.~.rthiCO;': i~C:OnS~ruct~d b~ ~"difying, ~he ima~e 
oithiC:ooi~' ;~' ,ThJ's :modiffcation'{sacc6mpiished,by: tlle 

--:r ... •· . '" ~.' ' ... ,~ ~.< .... - • ''"'"': ,." >.' ',~", :". 



ele{ctiRde'ofa ~'athode ~ay';'t:ube~ 

)', ';~Y~~hr~riiz~d·'~it~ 't~at'of' 
. -- , - ,~ .• : ~,' ~ -!.' . 

~#-~ " ~ 



, • ~.. '~~ > ~J: ' . . 

A 'transIriitted,s~c'rindar'y 'el~,cftohmui~itllicat,ion" :',' ' 
.' ;. . .. ,.-", 



" :., .: ( . . ~". 

> : ~ -





: . 

photo~l~leci~;on 
• • ~< , -, • " • 

. . ' :-, :.,.' 
,': . 

! " 

. ~ .' 



.: having, an' av,~~a~e,~eco,t\~~r:y ::ele~~~~~_'~~;ltiPlica~~on' ~~~to~ ~f 5:'6, 
• , " • ~ J • " ,; ,', _' ... _ ~ ." • I: ~; 

"-~ ~ ' .. ' . 
. ) or(J:he • opera ting,po'tenti~l'" 

Th~~~,~i~~tr~?;s"emitted fr'o~,:th.e,pfi?tPC.Clthqd~·:'.ot ~~:TSF..M 
,--gi..:re'" ~~s'e_ t~- eie~t-:r:~n' pU.l~es' at' its ,pho'sph:or 

,-" . . ,; ':t: - _ '.' .. '.'" 

.. :" ~ ; ,;" .. 

:·.~.at .. ea.cl1,:;-dy??de:,~D(t():·l:~'e'~·l:mis~:Lci~. 
", > '::-- ' ... 

. 
\' ',,' :; ~ . - ,,':". ,~ ';:. 

screen'i~:~ed 

.. 
~t~be. ':'These:~r~;~f,:tw6 ki~d's;oneb~i~gth~'d;~rk' n~is'e, and 

'""":"-'''':-':-:~'' ,': ' ',~-::,:... ,-. ·1,,1' '.:-,.""',~,:",~, ".',; 

";;'- --,., 

,.:i:nb~th "of ,these .forms'.of::noise; 'single 
" , 

',- -

".', 
.' and ~muitiple':e~~c tro~ puIs es : exi~ t'., _ , 

:. L:i~ht t;'an~m~tted thr;Ug~·"~h~ _'photocathode~a~ 'be '~eflec;~ed 'qa~k 
,.; < : :: ,0; ... : . ' '. • ~ _" " ,'~,' • .. 

ph6tosurfa~e'. 'j'his causes the' ~~~ission 



,', 
i 

Prio'toJe~sitiv~ :areas are 'bombarded 
.~ ~. , .• .-r .• ~" • 

. ", . ,"., 

cr~a teci:,: ~I~ns . arecrea t~d 

.~ , :, .,:., , < -' 

the, 'phot:osuiface<by:addi~'g:a me~b':in·'front':of, th~' first' 
"", • -. • "' < ." .,,-" , •• ,' 

,~nd,'h'oiding'it:~ta: lOOiV·po:sitiv:e::'potential:~ith 're~pe,ct: to'<th.~' 

". ,-' ,'" ~ed~~~sthe effic~~~CV':~~d 

- "',:," 

....•.. ':~. 

-~ ;, 
" 

.\.1 
""'~ 

.:~ 
" .'~ ,'.' 

- : ,'~ ~. 

,", ','; 
. '. . . ',.' -' .~. .',' 



<:' < ~ ¥ • ; .;: '- ''-;'. -

'-The mean:value::is:~bout,18.c' . ~~. . - " 

,- ---' 
'" .. 

/';. 

~. ", ,;o~ d I " 23,.4;, S" . G " 
.' ,- ,- . . '< P"/se~l-/e!Jl/f{';'rh. ·(.Ir1il-.s) 

~ . ~ntegral p~l~~ height,' di~trib~',t~o~~ f~r' 
. '. ", :. for a 5-dyno'de- tube.' . .' 
._ .. ~' . '" . ~ :,-,:., ~ "~~ 

• - ~ ~ , ; .- .:, >- ~ " 

. '. 



• > - ~.~ '. <'. , ,.' \.-:: " ' 

ele'ctric' field'.> :'If:. the length, 
> '" ::: ~~:~ \.:"',' : • 

the~::s~reng~h Of· the. 'er~cti:tc field is 

,emission .. 



-t." ,. 

, ,_w·'. > 

,;:;,':,the':z~~o';bias is 
'., : ~ .' ~·.1, 

' .. ': ':'. 

Nit~i~ 

,. deCl\a~~~";: ~he; ;:ef f~C~~ncYiilt; '::i.~cr~~.s~.~~~ .. :. A~::~ind'iC~~:ed" bY: 
, '". ' 



, 
! ' 

; r:_ 
:. -<-'.' .' • 

+p (2) {;':'/6)12 
- ':' .. , 

• ..;'~ ,: ;~' , : '.' > • ,-

wil~:pi:o,ducem' e,l~ct~ons~,tth~ c~,ec~nd:.~~:ei~·I>(O» = the. 
~ > • ,- : -. '. -. • • .' , " - • ---,' ',' :" '., "., • :. < • -', ., " • '" • 

. that 'an 'elect~on'i'n~ident 

, 

"<', 

we-~_e·ethat:.P(o) > is, I!Iainiy'~influe~~ed- b'y , the 
-;": -' "';' " ,-,,: , " , ... " ", ,', ". - '. ", .',' . 

and·the 
. ,', '.:'~ " 

etrifssion .or 'l:i,ght gairi,. / the' 
, -,'" ,~ '- ",' 



·~·!~3i') ;:::::5(,:,:":<':~«:~;; '< ~ t ):~~' + i~:~:;: ; \','.:~,:", -'~'~< :;:7J}:,ffj'::Er S:;~', $;.::'~:::', 
:. , ~ > ,...,,' ! 

. '., 

,: '. "3l'lieefiiciehcy'~s ::,rela tedto/thj;! 
"' • ..'~~ -' 1 • :,.: ': 

" - " ~ 

grains b, :tn,:the ii~it:1ng'spot,Size,"a't"a~y:', 
~ ~ , .,':"~.~ ~"''-.' " I:. ',: ' 

n6is~;~( tl1e;'bac~iroundisgiven by,:;tfh:(= :11' ,for" ila~O' f,:llin)'.' 
- • • • '.' - "'. -' < ~ .' ." • ,", - .'. '."." - • 

,bf representati:Ve values; 
• ~. " • ,. '. ' . . j". 

", '" 
.: ,. 

-,."; - -.... ,.. 



'kn~wn number' of' 'el~c'i~o~s "pro'd~~ed ?y, a ~~'eal(' 
. r. : .': . ;- ~ .; . '. . -

~h~rt2~x~o~ufe'~hot:og'raphs 'of ':the 
~ • • '. - • C 4.. • _ ~'. • , , ' • ~ • 

, 

',an~d7,~ ~'["etakenh:the' ~fr~c'tion < of: theelec trons,:,h:lch can"be 

. ~ ",:. ':-~ , .. " 

, rna i nl:y'by',the" 'e~ergy.~~pf:Jtjie 
'~.". ';"':'<," ";',';.:,;" :~"" :-~.: .. :.-:,:;. 

dyno~~El~' Th~ ),nho~ogene~ ty:of thIs 



. " 

i;)f.30.:1p/nim .• "is' obtainEid,"at . . - . ~ 

" . <": ".;.' ','0 .... ' 

'~ornparedto, the,ptesent ':4 'cl!l~~inter7dynod~ 

i~tensifiers, the" fielp·of·viewcan·· be 

. ,.' 

<. ~iarg~t:,phot~i~?-th6d~s:'al1d' d~~agnif~:c;it~~ri .d~~hrii(1~le~.' ,ti·~rnagniiicad.on; is". 
• ; '.' '< _ ' • > ,.:. _ ."~.' ,~ .'," " _ • _ -"' ,,' 1 , .,c . 

. ~ ,. ~" .: ' .;" .::." ,,',;.. ~' ','~ .:{"~' "": ,.~:" 

,consistf~si: ofparal1e~, magnetic 'and e1.ec tric' 

,Fo~'a ~ 2:1:,dein~g~'ificatio~r~ti'o""~a :r~s~luti~ri,'6{ ,3~ 
• '.' ,: , ~ '- ._ • • " r, < ;. '. < • - , ~" T '~,.' :~, , 

, .~' 



"~,~"p}l'ot6¢athode.Ifth~" d~n1agnificati()n'Tatio .i§inctea"sed .:: say; to 
",~-.;,-,. >"," '. '_C~~.'·.A". "~:":_.' .~: >" . '-.. ,.,'- .. > '. ,,~ ~,;-' ~_',:,"'_"'. ,: •• ~ 

"Tes61uti6~::be~omesw~rse •. :.·s~;:~,i.th;'~n.i"t:Y "1l1ag:l1ifica~1:iot;l" 
. ',-. 



)~l 

,j •••..••.• , "~~b~~tiori • tl;:h~~m;::::fi~t~:::m::~:~:/Jyr:::::d ... s·,mUCh' 

... ~ . 

",.' . 

,,'In, the: d~t~s~iO,~~o{~V;'eCl~'~'i~~~~s;, 'go~d 'co~trad t; perfortpance 
"~" . 

~,>~~: us.~Ilg, 
"'<'r :.:~', ..:; " 
~":ii:"" ·..·pri~arf~s:· C~l1-~b e':.ill:~r~.~j~d., ,Since'·, t.~e·:,p~rie t~ ~~!TIg" ." 

:.',> ,:,~. ·;r~~.'s.~;;'g~. tostag'e'and';crea'te >the ' ... " 
~_ .. ~. _ " . . ;:"~ •. ,' '. ". r.~ .. ~,:::". '.' ",. )' . • ,", 









an4,pr:Od~ce~'mor~" se~hn~aiy; eleCtrons: .' 
-'. ~.",' -. , . ~ -, "". '7 '."" :'.- " 

" . -:,,:, • " " '- _ .. , ":,';;. .: ',,-,"," ,,' .... ~. ,".;:" ·,t', ~ " ' ~; '. ',: . - • 

tothe~cel1Vallsare'accomplished by.t]1e-asymmetrical _. .,' . - ,~ . "..". . . . 





In::,this case.'an ,:-'- ,',: .', 
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