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··tmp~t~k~;·~ or reiatbig,to ~~~~#dnctQt·.:t~~~ ,$olirce~ · · · , ,t. 
t~', af~j~uire<(to ~ag~ tbe :~thode ·~Y · ··· 
~~~fa~ on th~~Pl,l.otograph~c media ot:alter .. . ~ll:ti.Y~Jy;, :COlllplex . vacuum chambers, . tra,ns-
f&rtJia'.:pth~o~~fu ·ar:; fiiiu=~ "ta6u~ 45 
cqa~re.~ . as · the. electron ; b~i:ri . gap. " 
.... P~v~oµ~y. res~r$ers .have .recognized 

the presen~ ·of. light .. e~s!on. {i:om. IQ.icr~ 
Plit8tti~s 'l~ted . in · PN junction.s oi>erated in 50 · · · 10· ·.by the following statenil:filt: .:.__ · · . . . : ! _,, the:·. ayajan<:he mode, .See,: for eJran1ple; . '. : , , .. · J·This'•mvention. relates to a· semiconductor @~o~etb and McKay, .Plloton Emission , . froin'>Ava.Ianche . Breakdown in Silicon, 
Ph~si~'j, Review,' :102,3:69 (1956).. This 

.. ~~~.s~()IJ.'. p.a~ been. re~ded. as an interesting 55 
Pli~Qm~on but little practical use .has been · ' · ' . · ~i¢~j>f[ 'it.: ... T~is i;Q.ay ~ attri~u~ecf ~to th:<? 
~~W: :µnp~SJ,on., th~t. J.USufficteiJ,t light ts . 
enuttect. to pe useful. To the contrary, this ' ·: iriventi<>ri' USC$ a silicon wafer Which'. eniits 60 

··\'.: .. /· ~o ~t~~~t:r~;~t·~·;~t~.aJ~~a~= :b 
9.1.ltamed: :by .~~ting !!II optics between " · ··:· .··· · ~¢-:light($ollt~. and the· iecordJng mediU,in 

. :: and•:,p1a®ig\the 'ligb.t source very close to 65 . . ' .. 2s this: meditim' t:cfofuiin. iii essence a near eon-. :. . : niaf be' part Of :a cathooe ·ray tube whiCh ~~(./¥~,rdi~. ,:.:f.n. a~4ll:i<?Ii, fJle; P:Njurtc~ 
···· {< >? · ·. =·~~\~;·(fJ!:1~~;:tfg~~~o~~h 4§~1ri~tf# :~a&~~:~li~tii:xi~ ,:': ;;:\ · 30 ~~1ff~~i;m~vtll~f;.~~%;~~~:; #16&~~ ~fili1iiiJi~ ~ce~~ti~n~f1:; 70 

::: . ='~~~~~~:~-~·~ a.~~~s~.~~ 
·' · . . mµ:iµ ·.of ;~ig!it· JS _aJ:>Sqrbtxi ,by the sem1con- 75 .. · .... -~35:: c:J,tict()t.'·\wif~.t:. ·. Thi:is)h~ shOrt. wavelengths 

•whfoli ar¢::8enei'@y;p:iQ8t effective in expos-
·~.: ·pJiot~111-phic .. iiX'.Otding media are not :·, .. ' 
su.~talitiallY: ,att,enuated .f>Y ~e.Wafer ... q>p.~ 
:fi.ti~g th~.a:Va1attc})e br~kdown.to.,the·.sur~ so fi.tce)ilso lpiripnizes t!ie dissipatfon .. 9f ·~gergy .. ,, liability.,. ·Finally .. , ~mpfox; ·optical · sys- . ili:cident tp-the creation of"ineffective nricro~ 
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plasmas beneath the surface. The light that J~t. emission may be produced from 6S .~~-

,,,.._r_;· emitted by the PN junction results in dots any. s ected PN junction in the matrix. .< ...... 
having uniform densities from dot to dot The invention will be understood from 
and within each dot. . ·· · ·· the following description and the a:ccom-

s As stated above. the device may utilize a panying drawings. To . facilitate an under-
70 silicon wafer. This enables all the advan- standing of the inventiori, a sptleific example 

tages incident to planar techrtology to be is illustrated and described. along with a few 
employed in the manufacture of a light alternative embodiments. It should be under-
source. It can be mass produced with a stood that this invention is not limited to , 

10 high degree of automation and reliability. the particular features and· details set forth ,. 
with reference to the Figures, wherein: 1S i The geometry available is virtually unlimited. 

Fig. 1 is a schematic drawing of a PN ~ 

This invention also overcomes the dis- junction. J advantages of the beam positioning systems Fig. 2 is a graphical Showing of the dopant previously described by providing a matrix of concei:i.tra.tion profile from the surface of a lS minute stationary light sources that may .be semiconductor wafer inwardly in the dif- 80 sefoctively energized to record a spot at ~ fused region; given data position. Positioning problems Fig. 3 is a schematic. showing of how .the are eliminated because. once the light source square junction results··in a circuit dot; · is fabricated, the data positions remain fixed Fig~ 4 is a greatly enlarged plan view of 20 and any data position may be aecurately and part ofail x-y matrix; 8S repeatedly located. Until this invention, such Figs. S and 6 are sectional views of the a solution was not practical as light sources x~y matrix. taken . along the Jines S-5 could not be fabricated in a size small enough and 6-----6, respectively, of Fig. 4. . to obtain practical recording densities with- Referrii:tg to Fig. 1, •a single PN junction 2S out the use of complex optical systems .. Even 10. is showri .. ·This junction 10 separates a 90 With complex optical systems. the recording body of first conductivity type 8 and a re-speeds of light spot devices were insufficient. gion of ·second Jfposite cqnductivity type 14 For example, light sources such as an array formed by we known thermal diffusi9n •· • of gas discharge cells. could not · readily be techrtiques. The body 8 is typically a P-type 1 30 formed into light emitting regions having semiconductor, such as silicon doped With 9S > 
small enough dimensions, (e.g .• about 2 mils); i!, 

boron, aluminum. indium, or gallium, while ~ 

and the speed of operation of such a gas dis- the region 14 is N-type, containing dopants t 
charge cell is relatively slow. A typic~ gas such as phosphorus, arsenic. or antimony. discharge device light source is shown in It has been found that, for light emitting 3S U.S. Patent 2,933,648, issued to A D. purposes. phosphorus for the N-type re- 100 Bentley on April 9, 1960. Similar limita- gion and boron for the P-type body 8 may tions apply to an incandescent sources. be advantageously employed. At about 0.1 

Along with the above~stated · advantages to 0.3 microns from the surface 16, the con-
of manufacturability positional accuracy and centration of boron has its highest value . of 

40 repeatability. elimination. of optical or va- about 7Xl018 atoms per cc, while the phos- lOS 
cuum complexity, formation of an efficient phorus is present in this region in amounts · 
minute light source, and the generation of ranging from about 10''° to 1021 atoms per 
uniform ·density dots, the light source has cc. The concentration of the P-type dopant 
a tum-off and turn-on time less thari five in the body 8 sharply decreases at greater dis-

4S nanoseconds, which implies relatively high tances away from the point on the surface to 110 

l rates of operation. Of. course, the device which the junction extends iriwardly into the 
also has those advantages that are common wafer. It is the lower concentration in 

~ to solid state de~s. such as long life, and uliderlyirig portions of body 8 that deter-
no mechanical moving parts. · · miries the voltage at which avalanche break-so Briefly. the invention comprises a light down takes place. A graphical showing of l lS 
source formed from a PN junction which this concentratio:Jjrofile appears. jn Fig. 2 
is specifically doped with a high concentra- which is conside later in the specification. 
tion of dopant near the surface of the semi- Probably. the most significant . character-
conductor body. i.e., within· one micron of istic of the junction construction according . 

SS the surface, . so that when an energizing to the invention is the variation of concen- 120 
potential of sufficient magn!tud~ to c~te-an tration . gradient . across the junction i.e. of . 
avalanche inode of operation IS applied to the net sigriifi~nt concentration of impurities 
the PN junction. avalanche b~akdown oc- from the sui;face to a depth of 5 (five) 
curs near the surface ahd a minimum of the microns or less from the s1,1rface into bulk. 

60 short wavelength emitted light . is absorbed. At the surface.· the concentration gradient 12S 
Preferably, the light sources of. the invention across the junction is between 4 x 1024 to 
comprises an array of sucli PN junctions 7x 1023 dopant at0ms/cm3-cm which gives 
organized in an <;>rder mat~ix an~ int~rcon- a breakdown voltage of about S to 6 volts, 
nected for accessing to a smgle Junction so while at 5. microns or less from the surface, . . . . . . .. . 
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1:;114.56.5 3. 
. the ep.b~tt:'lifoi .·~adien~ across the .. junc~ , tioRJ~:; in- the":rarige ()f about: 2s xl0~3 ·to : ·;ox1~3 , d_opant/~t5Jms/cm3~. giving <_ ·t;;iea.kdown .a,t abo.tit'~9 volts.:·· In a pre­. ·: 5 feri'~ 'eJllOOdiriient<of '•the· ·invention~ the .· 8~ volt breakdowib,1.nd .its. associated con-

~~~;~,~~~= ·· : 10' gradient -~CJ,"()Ss tlJ.e jtjiiction With depth is' . · . ·. · aChieved':by:C!ec~Sihg dopant-concentration: of. the ·chill;actei'is_ti¢ :imptirity with· depth on: both· ~id(;S of"tliejil.Jl~i6n; .The dopant con. , cenfi."ati9n .(>fat least. the: IDOre .lowly· doped-·15 · .. Sid~/of:.the :juriCtiori ·bils .a.· maximuµi valti¢: :~ nearHhe.:surrace· sO that the maxiriium.-valtie' of,°•dopanL.coiicentriltioll. .~gradi~n:t ·.will lie within: 'the region e:x:tending . froni ·the . sur~. 
· ~o-· :~;~~~·~'::i~~°t;1~j;~~~~T1!C:6dit 

· · •. ·ID'ent••·t:he ina:itji:µ~: doping level .of .one -of · th~ ·cliarac~ristic, .iJnputities and: accordingly: · .. the niaxllb.uni•:qefdopant concentration,igra. ::: . , dierit •acros$-'.."th~· juriction occurs !withlli. :the.· 25: region··.<>f: .Q;l #:)·:9.3)'.nicrolis .-from th~ •sur, · fa:ce •• :.::'fypica1ly. the/concentration of ·the 
cha~cterist_ic ',ij].ipiJrjtj¢S 'decteases-:lrom, the poiilt ofJ:iigb~t ooncetjtra,tion· and in a direc-.. ': · ·•• :: tion a.way.,ftoD:l: the sµrface with a concentra-3o · tiori;gradient(>fatl~~f7xto11 and possibly · · ashigh~~1s.xJ02"i~opantatoms/cm8~. · · · .. :The J.arge griic!ie.:nt·ad jacent to tl;te surface ·is -pi'imaijly.obfain¢d.:by shor~ing·:the _dif­fusion tiine. ·The -exact diffusion time is de-3f . pendertF '.oil , · si;uface :<ooncentration. oXide 

~=~is:::::: . ··.where the, deptJ:r,ofregioz( :60 has a range of. 40,•_··aboi.It-~··microi:ts:with:''a surface concen~ ··.,' <-ttationdii<the' range. 'of about 101~ to l019 

'dopant atoms/¢13~ · ·: The region ·64 has si.Ir­. face, concentra~ions · fu·· ·the range. of about . .·.· .. <102~:,fo 10.~~ do,Parit atoms/cm3 arid acdepth 
·.·_. 
45.·_·it.1.ft~-~t~:~°ft6Jtg~il~~!~:!~tl~~ of 

: :· the junctio11: strticttiie :sh()uld not cloud . the ·.:· · : .llloi'e •·· geD,erfl} . · c0ricept ·:_behind the dopant 
., J ., >'concentrations, .. · which . jg>: the attainmenLof 
>'~ ·:· to~~c:h:~~~'!tl!~~~bl; ~&f:8iq~~ · ·. '· .: ·•·· 'Iriicrt>ns while avalanche breakdown at: dIS­· .. · :,'~~-grea~r 1:luui·o~:piicrons is mi~~ized. .. ·:Th1s·1s achiev~ bya high·,c.oncentration,gra-

55: .. :_.·:~~j~g~~rf~!·~~~~~~f;.S,~:':;JJh. 
.concentI:ation;_gradieht<"of'. both ,of<.the re­_:·· gioils ,.parall~: to· tJ;te>P:r{jµnction· downwatd: 

60 ._ '.f~~~:i:i;ro~~J~:i~:rth~ PN: j~ctl~rt ':in azi:avalanche mooe is' schematically shown . . a~·'. coriipri~g . a.rt .• energy ' so.urce f8 whiCh · · niay, be ~ voltage supply: or:::.current: source, iuitfi$ cdtipled across th¢J>Njtmction 10 b6:­'~5 tween' conductive 'sti'ip'·•22·::and conductive 

.· :.·:;. 
~- ... 

layet:z_4; ·via,:switches 30:and 32, respectively. The conductive· strip 22 :ina.y 'OO foi:med by techt1i!liJes such .. as. described : fa; detal in: Unit¢<;!. Kingdom Specification No~- 959;667.­Briefiy/this technique comprises •forming an- 70 oxide· insulating .layer: such:·as: ?layer ·26 over the= surfae,e '16 arid\then: selectively remov-' ing a/pQrtion of the layer overlying the N~· ty.Pe-':region 14,. A ·metal coatfug, such as altiminum. is then: .. de~ited over· the entire· 75 surface ,of the: wafer :ahd insulating layer, 
a11d-~e uhwanti:d;Portions :then removed by photoengraying te(.lhrtiquc:s. to= leave only the 
co.i1~11ctive strip.:22;· : The o.xide coating.26 in­
s~t~s .' the . ~p.ductive · strip : ·22 from the 80 ~icoilductor:J~ociy: sui:face l6·-except where it coiitacts the N:~type:iegion 14 .. ,, .. ·· . 
. ·' I(·shO.ul~Ll:>e · \Ul(ierstoocF:that the' switches 3Q ~d 32~ s4own:scliematica.ny·as :switch arrjj~~ but 'in p,qictice, where .. a\large riiJmber 85 otPN juhc::tions'are: assembled in: an. orderly 
ar~~ent, ';the'..:svvitches·;would ·.take the form of:one.of'the well-lmewn transistor or silico#·. controlled .· rectifier switching circuits adapte.4 '.to fuo'ctioll as :means for selectively 90 c011JJ:eeti*8'.:·~heienergy source 18 to a PN junction/ . A plurality of= PN, junctions like 
th~.:qn,~ $1Jown- in Fig. 1 may be fabricated and :plii:CCd ilvside-by•side relationship. The selectiye, 'Cl<>Sing ·of the switches attached to 95. the8e :in4ividwil units· would result in one 
0(, more: of these junctions· being energized 
a,~rilillg·to.:the. &Witching· program. ·· . ·Jn:;:pig. 3;>:the:semieonductor body 8 and 
its,;P~jtjnctiori IO.are.shown adjacent to a 100 recpn;'liIJ..g, -me<dium ·34, ·such., as_, a photo­graphjc ·materiat The geometry of the junc­ti0:n::IO· t:Mes the.form of·a square or rect­ang1e<intliis embodinient. ·Jt :may, Of course, take :any geometry that ·is thought to be des- 105-irable. ·When usmg a square:geo.m'etry. it is still ·passibler-to ,obtain a ·circular· or'. dot­
likeA~'.tPos1Jre, on.: the phot(>graphic. material 34r,: J'heJormatio~ of:a dot is accomplished by' sj?flciiigAhe·.-photographic material at a 110 propet :dis.~ce-· from the line source of the· jun¢tion .so that .the· lambertian distribution of I@if fr9m each point on the junction peri­phe.cy C()mb~nes at the emulsion plane to pro-
vid~ the des.ired' c:ircular or dot-like density lIS profile; With a':2•mil.square.junction con­figuration,;it:has been found that. the photo­graphi¢ ]ll~terial Inay be spaced.from 2-10 mils :.fyo.tµ .tJ:ie:: sQ!face: ·of the :body 8. A spacif,lg,_, ()f ·-S±6:; mils •is preferred. . With 120: this<s_pacing··and>!~onfiguration, a dot hav­ing;.fl;_: ~e.n~ity: profile; 8: ;miJs ·in diameter at the -$0% ,transmission ·point· and a flat top of · ~'p-pto.~iI~ia:tely ' . 5 ,. ·mils · in diameter is fol'llled, 6n tlie"photographic material 34. It 125 shoulcf' -~ ~appreciated: that the total .area occupied ·by', the light ., source may be 4 

sq_u~re. irtilir, or less with the light emission taking plaee ·along the junction perimeter. Before>tbe operation :of the device shown 130 
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in Figs; 1 and 3 :is considered. a few of the the peak, the deeper the avalanche brellk~' 
more significant facts regarding the PN down will penetrate ·the wafer .as current iS 
junctions a.lid the avalanche mode of oper- increased; such deep penetration results in 
ation· should be disclissed. One important inefficient light generation. 

5 aspect of the invention is the realiZation of · When the emitted ·light is viewed under 70 . 
a solid state light source, such as a. silicon a microscope, if appears as a uniform line 
light .wlser, that is capable of producing source·having·a width of about 3,000 AOC-· 
minute spots .. of light. The generation of. curring along the line. where the ·pN junction 
Ught in a solid state device is created when intersects the surface of the device. <The 

10 the PN junction is operated in the avalanche brightness : of individual saturated. micro- · 75-
breakdown- mode, which is a non~destructive pla.Smas is estimated· at approximately S 
condition~ This ·mode of- operation requires lam:berts at .noi:ninal. current densities~ This· 
·the junction doping profile· gradient to be brightness would probably;not·be effective if 
such that breakdown is caused primarily by one. follows the prior art teaching and ,em-

15 avalanche multiplication as opposed to field. ploys optical syste~ .to focus the ~t. 80 
emission, which dominates when the break- H9wever, by dISregammg these techniques· 
down voltage of the. junction·. falls below a and expoSing a .recording .medium. such as a 
given· value. · Field emisSion results in de- photographic·· film •. by contact ·or near ·con­
creased efficiency of visible light. genera• ~t with t~e. microJ?~sni~ regi?n, ·an effec~· 

20 tion. The particular value of optimum break~ tive. recom1ng · te¢hnique, ·IS achieved~ · . 85 
down voltage will vary, depending upori the .In operation, the: PN junction shown in 
specific concentration · gradi~t · across the · Figs. 1 aild· 3 :iS 8electively energized· b'Y:' the 
junction.· In any ·event, a voltage above closing. of switches· 30· and· .32 .. · This ener~ 
the field emission breakdown voltage is gization ·places a reverse voltage on the 

25 necessary for efficient operation. In the junction of sufficient inagnitude· to caus~ it to 90-
concentrations stated above~ 5 1/2 to '6 volts operate in the avalanche mode. During this 
has been found optimum. mode of operation, light emitting microplas.;. 

The fundamental mechanism considered mas form along the PN junction 10. This 
responsible for the emission of light from PN junction is located an 'appropriate dis~ 

30 the avalanching junction · is the radiative tance . from the · photographic . m~ter- 95 
energy transistions of "hot" chafged carriers ial 34 (Fig._. 3), ·resulting in the exposure· of 
crossing· the junction under the influence of the photographic material to.form a minute 
intense electric field. These carriers have dot. The:exposed dot" is representative of 
a broad distribution of energy and therefore recorded data. . · . ··. · 

35 the .special distribution of photons emitted The above description of a simplified em- 100 
in radiative transistions is fairly wide. When bodi1n.ent of the invention has shown a PN 
radiation occurs deep in- the bulk of the junction having dimensions· in the range of 
silicon, most of the short wavelength photons 10-8 inches or a few mils that is capable of 
are absorbed by the silicon, and the· emitted functioning as a light source, and more par- . 

40 light peaks sharply in the red and infra-red ticularly ·as a recording transducer which is 105· 
portion of the spectrum. · · capable of exposing a phoiogtaphic material 

This invention takes advantage of the and forming a round exposed dot from a 
above facts by (1) operating· the.junction at gquare junction. The efficiency of the light 
an optimum voltage arid (2)-incori?orating a emission is': enhanced by the doping atiange-

45 junction structure which forces the avalanche ment _wherein ·the highest concentration of 110 
breakdown to occur within a micron or the dopant is very near the surface of the 
less of the silicon wafer surface so that the wafer and has a concentration profile from 
short wavelengths are not absorbed. Thus the surface downward normal to the wafer 
an appreciable amount of light can be gener- thatis in the form·ofa narrow peaked curve. 

SO ated in the blue-green region of the spec- Further~ the recording on the photographic 115 
trum with the emitted light appearing as material is accomplished With the elimina-
warm white to the eye. The junction struc- tion of _all optics. · . . · ·. · · -
tute which enables avalanche breakdown to . A practical a.lid more detailed embodiment 
occur near the $Urfa~ includes a dopant of the invention ·incorporating other aspects .. 

SS · coneentration that is highest near the surface. of the invention is shown in Figs. ~ 120 
As shown in Fig 2. the coneenfl-3tion of do-' which discloses an. x.;__;y<matrix of PN junc-
pant of both of the-regions has~ concentra- ~ons. This matrix· may be operated in ac-
tion profile from the sudace downward that cordance with a novel coincident :energiza­
taices the form of a narrow sharply peaked tion techniques ... The integrated matriX may 

60 curve. It is important that the peak occur be fabricated by well known planar techno- 125 
as close to the surface of the wafer as poss- logy ·that enables a matrix of ~Y units to 
ible and that it have·. a relatively narrow be· foroied with a 'high degree· of reliability 
width. With N•fype dopap.ts; it)s :possi~le by_theuse.of··~lf~ wafer pro~ing t~hni-
that the peak may occur llDDlediately ad1a- ques resulting.m·mass production. The mter- . 

65 cent the surface.· The greater the width of connections of 'the individual PN junctions 130 

.. 
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80 

· · · 20: :.:would' be. required ·in Oid.c::r that an adequ~ 85 ' . ': .. ate energy. be appli~ to the.last PN junc_.. tha(~f.ibf,? -~iOn 60,:e;g . .-.~~ty,~. :empJc;>ying. 

_.~¥,aamt ~Jlfii:\~1 w · · · ·tions:connected m .series mu.stbeJim1ted. The· N~type· region · 64 include; .d,oparif con~n-. ~ .·: 
t1'.ti9ns as :~~Plain.¢ wi!4 tegrad: ·. to : Figs. 1.73,tofor.nl-~ l?N junction- ~pted to emit· 
lif~tr:~~;~::~:~' ::;i~:.:~~=~4 95 a,,.e.formed• a P?it:of highly·conductiVe semi• cron<:1.u~t<>(~tjali,~ong;' 6fhu'itf; 70' a'ttf forzn¢d·:_yv1~· the7 active;P-ty~ regi<;>n: 60 ql:the: ~ll 5Z: .: The··highly,~Iid'uctive' pot~· 100 ··· -- ·· ta · ·· · h d · 4'.- · h · h ti· trons 68 an(f :?O·.take·the·form• of rectangular-. -~:ri~~~~a~nic. ~~;~::in~~ tlf:·:!fe;. sha~0)·egfobs·~at extend iacross a substan:. . . . :··.. ·so i:J:I8;y·. be acC-0~~1. ijy• d~g clur.ing: lo!~tP,ortiOD. :'Of. :the' cell 52:·· These conduc-

,.. : 4Q. · .:~~:~q~~~~~u:tJ~~n~Y ;~i· ~id~~-~~:t~;;d·¥~~~~;~~~~;.r14:. lo~ . 

i. ::· 

. _ .. wafer. 50 haS a phmility.of .cellS such as S2; d~~a,~pn ~+. m·Figs;S an~- 6 deno~·this ·slJ~ '.56; a:ri.d 58:. These cells"'are substa:n:.. .. · ·hig~;ppnduetiyity;_: ... ;Itshould ~'.noted: that• •··· •. "4S6~~.1-Bifwj -~~¥·~~:110 · · .· . often· in<:Qrporate<t. _in: . a '· Sfugle mtegtated.. <W!f1.t ·· ~~ ~~~)i~~eto:r :portion · ¢f' tji.e', t · · . · circuit wafer. The illustrafucf ce~ 5'2 and· ~triX foflP.ci:I; 1.t ''JS - only necessary to: de.;. .. •\:: · . ·.·· so.:. Sf a~. sPllced on -18 inil -¢enters.,. while:· the: @Sit ~e- 'cOJ:t(l~ctlve · strips-. t<f compJete· ·tJie · .. : · · . . : · .. cet~s 52 and 58 are s~ced on 18 ~ii centers,· m~trix/ .. '..R~¢:friilg Jo; :pigs;-:4· 'and> 6.; tl;i¢'. 115 .:·. ' : ,:<r:ells 52 a,nc:l'58'may be.c~midertd:to li(dli·a_ cootint1l)tls:cdndu¢ttvestrips:71/corinecf·~eils; ... 

··.:· 
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emission while maintaining a low re8istance 
for the strips. · · · · · · . . 

The cqntinuous . conductive strips 72. are 
formed. by first removing a .Part of the oxide 

S 74 from the surface 62 where it overlies 
the region 64, This selective removal may 
be accomplished by well kilown photoen­
graving techniques. Following the removal 
of the. portions of oxide 74~ ·the continuous 

10 conductive. strips 72 may be formed by 
v1;1cuum e\r~poration techniq~es. This may 
be accomplished by· at least two well known 
methods. Briefly, the entire surface of the 
matrix may be first covered with the con-

IS ductive metal that is to form the strips and 
then the . unwanted portions are selectively 
removed by photoengraving techniques. Al­
ternatively, the conductive strips may be 
directly formed by vacuum evaporation· 

20 through a precision mask having apertures 
located where it is desired that the conduc­
tive strips be formed. The·mask-is positioned 
adjacent the wafer and the conductive ·ma­
terial evaporated 8lld deposited on the wafer 

25 via the mask. At· the completion of the 
vacuum ev!1-poration . of the stri\'s 72, the 
N-type regions 64 will be electncally con-· 
nected in sequence. 

Still referring to Figs. 4 arid 6, simul-
30 timeous with the fonnation.of the continuous 

conductive strips 72, a series of short con­
ductive strips 76, 78, and 80 may be fornied. 
These short conductive strips contact the 
conductive semiconductor portions 68 and 

35 70 at their ends to connect a plurality of P­
type regions 60 in series via a low resistance 
connection. , The conductive strips 76, 78, 
and . 80, along with the conductive portions 
68 and 70, form a continuous conductor 

40 which crosses under the . continuous con­
ductive strips 72 aµd is insulated 'therefrom 
by the. oxide layer 74. The oxide layer 74 
may be formed· before, during. or after the 
diffusion of the regions 68 and 64 and the 

45 diffused portions 68 and 70, and may be the 
same oxide that is used: as a mask during 
the diffusion of these regions. Some parts of 
the layer 74 are in reality composite layers 
formed from · the s0<:cessive growth of a 

SO number of oxide layers. The cross-sectional 
shape of the oxide layer 74 is simplified for 
the purposes of this description. The short 
conductive strips 76, 78 and 80 are insu­
lated from . the semiconductor material by 

SS the oxide layer 74 except where they con­
tact regions 60 and conductive portions 68 
and 70. The continuous conductive strips 
72 are similarly iiisulated. by the oxide layer. 
74 except where they contact . regions 64. . 

60 Like the continuous conductive strips 72. · 
. the short conductive strips 76, 78, and 80 
may be formed by vacuum evaporation and 
phot(),.engraving techniques. . More particu­
larly, the oxide 74 overlying the ends of the 

6S portions 68 and 70 and a portion of region 

60 is sel~tively. ~moved simultaneot,Isly 
with the reino\'al of the . oxide over. the 
region 64. Following the oxide rell1oval, the 
conductive strips 76, 78 arid 80 are formed 
by vacuum evaporation techniques simul- 70 
taneously with the formation of the con­
tinuous conductive strips 72 and by the 
same technique. Thus, all of. the oxide re­
moval steps· necessary to the in;terconnection 
of the cells are performed simultaneously 75 
and then the formation .of all the conductive 
strips for th.e matrix . are simultaneously 
fabricated, .thereby facilitating the formation· 
of the . entire interconnected matrices in a 
single operation_~: · · ... · . · · · · . 

It · should be. understood that it is con­
sistent with thiS. iri:Yention to form the semi­
conductor conductive portion ()8 .and 70 with 

so· 

a P + conductivity type. This would require 
that the processiiig steps be revised slightly. 85. 
In such an em{>odiment. the P + portions 
68 and 70 would be· completed after the 
formation of the P-type regions. 60. by selec­
tively. removing the . oxide only over. the 
portions 68 and 70 that: are to be formed 90 .. 
and then diffusing .additional dopant. The 
sem.iConductor portion· of·. the structure . is 
then completed by for:ming N-type region 64 
as described 1;1bove. · . • . 

In operation~ .one. termiiial. of. an energy 95. 
supply,_ such as a cur.rent or voltage source, 
is coupled . through a logical switching net• 
work (not shown) to a· plurality of contacts, 
such as 88, .that are attached to the continu- . 
ous conductive strips 72 which connects the 100-: 
regions 64 in columns. The other · termiiial 
of the same source is also coupled to a plur­
ality of . contacts •. such as 90, .connected to 
the short eonductive . strips 76 which are in 
tum connected . to the conductive portions 105 
68 and 70. The logical switchiiig networks· 
enable one continuous conductive strip and 
·one series of short conductive strips and con­
ductive portions to be energized simultane­
ously. Only the single cell at the intersec- 110 
tion of the row and column of energized 
conductive paths is energized. The selec­
tively energized cell would emit light and: if 
positioned adjacent photographic material. 
an exposed dot would be fornied. Thus an 115. 
x-y . matrix· of PN ·junctions has been des­
cribed wherein any one or more· of the PN 
junctions· may be selectively energized. The 
matrix may -be mass produced· consisten! 
with the planar technology .that is known 120. 
for its high yield and. reliable devices. 

There are, of course,· many other 
geometries and modes ·of operation that 
could be constructed by one of ordinary skill· 
in the art. Thus doping con00!1tratioJll!· could 125 
be used that would result m a different 
color of light being . emitted from the light 
cells. It iS also possible ·to employ P-type 
impurities where N-type has been shown 
and vice versa. 130 :· 

_!,/ 
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In summary, a solid state device has been 
invented having the following advantages, 
!O men~ion a fe~: <!>a ~ute light source 

5 
is .provided hav~g .dimei;is1ons of .only a few 
mils; (2) an efficient:soJid .. state light source 
made from silicon; (3) a rec0rding trans-
ducer vyherein no. ~ptic system is necessary 
to obta~ spot position accuracy and desired. 
~ot density;_ (4) an x-y matrix of PN junc-

JO t1ons wherem any one or more of the PN 
junctions may be accessed; (5) an intercon­
necting scheme for.. efficiently connecting a 
rectangular .t.natrix of PN junctions; and (6) 
a solid state matrix compatible with batch 

·IS processing techil.iques and the planar tech-
nology. · . 

It will be apprecia,ted by those skilled in 
the art that the invention may be carried out 
in various ways arid take various forms and 

20 embodiments other than those illustrated 
embodiments heretofore described. It is 
understood that th~ scope of the invention 
is _no~ limited by details of the foregoing des­
cription or by the advantages stated therein, 

25 but will be defined in the following claims. 

WHAT WE CLAL.\1 IS:-
1. A semiconductor li2ht source com­

prised of a first semiconductor region of a 
first conductivity type having a substantially 

.30 planar surface, and a second semiconductor 
region of opposite conductivity type located 
within said first region to form a P-N junc­
tion extending to said sudace of said bodv, 
. wherein said region of first conductivity type 

. 35 and said· region of opposite conductivity type 
both have a characteristic dopant concen­
tration highest at· a distance of under orie 
micron from said sudace so that when an 
energizing current of sufficient magnitude 

AO to creat an avalanche mode of operation is 
applied to the P-N junction, avalanche 
breakdown occurs near said surface and a 
minimum of the short wavelength emitted 
light is absorbed by said re2ions. 

.45 2. A semiconductor -light source as 
claimed in claim 1, wherein said dopant 
concentration has a profile extending down­
ward from the sudace in the form of a 
sharply peaked cU:£Ve peaking at under one 

50 micron from said surface. · · 
3. A semiconcl.uctor light . source as 

claimed in claim l 9r 2, wherein one of· said 
regions has a con.centration of dopant that 
enables avalanche breakdown to take place 

55 within 0.5. microns from said surface while 
avalanche breakdown at distances greater 
than 0.5. microns is minimized. 

4. A semiconductor light source as 
claimed in claim l, 2 or 3, wherein said 

60 dopants in said regions are dis~buted to 
have a net concentration gradient across said 
junction of at least 7.0 x 1023 doparit atoms/ 
cm3--cm at said sudace, and a net concentra­
tion gradient across said junction of at least 

2.0x 1023 dopant atoms/cm3-cm at less 65 
than· 5. microns from said surface • 

~- A. sem~conductor light source as 
clan;ned ID claim 4, wherein the net concen­
tration gradient across the junction at the 
su~ce is in the range of 7.0x 1023 to 4.0x 70 
10- dopant atoms/cm3cm and the net con­
centration gradient across said junction at 
!ess than 5 microns from said surface is 
m the range of 2.0 X 1023 ·to 2.5 x 1023 

dopant atoms/cm3-cm. · 75 
~; . A . semiconductor light source as 

claim~ ·m any of the preceding claims, 
wherem _,the:: do:pant con~tration gradient 
acr95s the Junction at said surface yields a 
breakdown voltage of less than 6 volts. and 80 
!he d~p~t concentration gradient across said 
)Unction :at less than 5 microns from said 
surface yields a breakdown voltage of greater 
than 7 volts. 

?: A . semiconductor light source as 85 
claiinc:<I m . any o~ the preceding claims, 
wherem : said seJD1conductor regions are 
formed from monocrystalline silicon and 
vy~erein ~aid ~rst region is of p-type conduc­
tivity ~~ said second region is of n-type 90 
conductiVIty. 

~: A ·. semiconductor light source as 
claimc:<I m any .of the preceding claims, 
wherem a plurality of said P-N junctions 
are arra~ged in rows and columns; and that· 95 
conductqts are provided for connectina the 
regions. of one condu~tivity type in row~ and 
the regions of opposite conductivity type in 
columns . 

~- A. se.m!conductor light source as 100 
claimed m claim 8, wherein the plurality of 
P~~ ju~ctions are located with a body of 
sellllconductor material adjacent a single sub­
~tially planar ~U;rface thereof. said body 
having a conductlVlty type opposite to that 105 
of ~aid ~rst region so that each of said first 
re~ons forms a separate P-N junction with 
said body which extends to said single sur-
face . 

10. A semiconductor light source as 110 
. clai~ed in claim 9, wherein the conductors 

connectiQg said second regions are continu-
ous conductive strips, and the conductors 
connecting said first regions are continuous 
con~uf;ltcir~ formed by a ~ries of short con- 115 
duc~ve:strips connected to highly conductive 
sem1condu~or po~ons formed in said body 
beneath ~id contmuous conductive strips 
said sho~ strips also being connected to said 
first regipns;. and that an insulating layer 120 
separates' said short and said continuous 
condm::tive strips from said semiconductor 
body ex~p~ where the short strips contact 
the first regions and the conductive semicon­
ductor 'Pcirtions, and t!te continuous strips 125 
contact· the second regions. 

11 .. A semiconductor light source as 
claimed in claim 9, wherein the conductive 

' I 
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7 
'. In,sqinn;i~y;,a solid:state device has :been 2:ox1'02~ .·dopant atoms/cm3~ at· less 6S . ·invented<.baving .the ·folio~ advantages, than ~ microns froQJ. said s4rface~ · ·t<>. mention:a:few: (l);a;minute light source · 5 ···A · · · .. -- · ··· · ·· · 

· .. -i~ .. provide4 bavin_g;dilne1:1sions' of otµy.~i-few ~la,i~~:~s;:.4~~i~e~k:~~~~~~~e~ 5 . =~ <~0i: !fil~~~t-(fJ~ s:~ifni sg~= tration: gradient 'acr95s ··the ·'jtihction at· the 
ducet :vyhetein. no:(?Ptic. system is necessary surlac:td~. in the'_range (?f 1.o·xt0

23
:to 4.0x 70 to ob~ spot p<>Sl:tion accuracy and desired. l0

24 
dQpant atoms/¢tn

3Cm arid~ ihe net con-dot density; (4);•:an.x~y matrix of PN 1·unc· Ce~~~io)l gr84ient ac,rqss '$aid. junction at JO tions wherein any one or more of the PN leS,s than 5 ··microns ,fi"'ori:i · said surface is junctions may be;_aecessed;.(5) an intercon- iri'··the--<range of ·2:oxlo2s ·to 2.sx102a 
necting scheme f<,>r efficiently connecting a c:iopant atoms/cm

3
-:---cm. 7S rectangular"',niatrix of PN junctions; and (6) ;·:·. ~-·: Ai.· semicond~~o/ Jight s~urce as a solid state matrix compatible with . batch c~11:11e.4. : m_ any of the preceding claims, :lS pro1 cessing;,·~chJ:ijqu~, and the. planar::·t~~: ·: ~--~r~~ :th~ d9.eant ~n9~tration gradient no ogy.. . ,. .. . . ... • .: .. , . . . . . act()$S•·~e JUµ~f:ion -at ~~d surface yields a It will be appreciated by those' •skilled' in 't>l'.¢akClqwn voltage of less than 6 volts, and 80 

·20· 

the art that the invention may be carried out ~e d?pant concentration gradient across said in various ways and take various forms· and Junction at less than 5 microns from said embodiments other than those illustrated surface yields a breakdown voltage of greater embodiments heretofore described. It is than 7 volts. 
understood that the scope of the invention ~- A .. semiconductor li~t source as 8S is not limited by details of the foregoing des- clalln~ m . any o~ the preceding claims, cription or by the advantages stated therein, · wherem . said sermconductor regions are ~~S but will be defined in the following ,claims. formed from monocrystalline silicon and 

WHAT WE CLAIM IS:-
1. A semiconductor light source com­

prise4 of a first semiconductor region of a 
first conductivity type having a substantially 

:~O planar surface, and a second semiconductor 
region of opposite conductivity type located 
within said first region to form a P-:N junc­
tion extending to said surface of said body. 
wherein said region of first conductivity type 

. ~S and said region of opposite conductivity type 
both have a characteristic dopant concen­
tration highest at a distance of under one 
micron from said surface so that when an 
energizing current of sufficient magnitude 

AO to creat an avalanche mode of operation is 
applied to the P-N junction, avalanche 
breakdown occurs near said surface and a 
minimum of the short wavelength emitted 
light is absorbed by said regions. 

AS 2. A semiconductor light source as 
claimed in claim 1, wherein said dopant 
concentration has a profile extending down­
ward from the surface in the form of a 
sharply peaked curve peaking at under one 

.SO micron from said surface. · 
3. A semiconductor light source as 

claimed in claim 1 or 2, wherein one of said 
regions has a concentration of dopant that 
enables avalanche breakdown to take place 

.SS within 0.5. microns from said surface while 
avalanche breakdown at distances greater 
than 0.5. microns is minimized. 

4. A semiconductor light source as 
claimed in claim 1, 2 or 3, wherein said 

.60 dopants in said regions are distributed to 
have a net concentration gradient across said 
junction of at least 7.0x 1<>23 dopant atoms/ 
cm3~ at said surface, and a net concentra­
tion gradient across said junction of at least 

~~erein ~aid ~rst region is of p-type conduc­
tivity ~~ said second region is of n-type 90 
conductivity. 

~- A·. semiconductor light source as 
clalln~ m any .of the preceding claims, 
wherem , a pl!Jrabty of said P-N junctions 
are arranged m rows and columns· and that 9S 
co0;ductors are provided for conn~ina the 
regions. of one conductivity type in row~ and 
the regions of opposite conductivity type in 
columns . 

~· A. sem!conductor light source as 100 
claim~ m ~mi 8, wherein the plurality of 
P-~ Junctions are located with a body of 
senn~onductor material adjacent a single sub­
stantially: planar surface thereof. said body 
havID:g a 'condu7tivity type opposite to that lOS 
of ~aid first regmn so tfuit each of said first 
re~ons fqrms .a separate P-N junction with 
said body which extends to said single sur-
face. ' · 

1.0. ~, se~conductor light source as 110 
clauned, :$ clallll 9, wherein the conductors 
connecting said second regions are continu-
ous condµctive strips, and the conductors 
connectfilg said first regions are continuous 

· con~uctof:~ formed by a 8eries of short con- 115 
duc~ve·stnps connected to highly conductive 
sennco~duc:,tor portions formed in said body 
~!1eath ~aid. continuo~s conductive strips, 
said short: strips also bemg connected to said 
first regiqns;. and that an insulating layer 120 
separates : said short and said continuous 
conductive strips from said semiconductor 
body exajp! where the short s~ps contact 
the first ~g1ons and the conductive semicon­
ductor portions, and the continuous strips 125 
contact the second regions. 

~I. ~ , se~iconductor light source as 
claimed m claun 9, wherein the conductive 

,·· .-· ' .. 
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semiconductor portions ·are located in said 
first regions. 

12 .. A semiconductor light so!ll"ce as 
cl.aimed in claim 11 •. wherein the conductive· 

5 semiconductor . portions have a conductivity 
type opp(>Site to that of said :tir$tregions. 

junction is . located in the range of 2-10 , .. _ · .. 
mils from•sa:id photographic media~ IS·•. >·.,,,,l 

15 ... A semiconductor light source sub-

· 13. A recording system eri:J.pfoying a 
semiconductor light souree as claimed in 
any of the preceding claims adjacent a 

10 photographic m~ia for recording informa-
tion. · . 

14. A recording system as cl8.in:ied in 
claim 13 wherein the light emitting P-:-:-~ 

stantially as described with reference to the 
accom~ying drawings. 
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