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; 'requlred to 1mage the cathode ray
bbms Lane, Syosset tube ce
United *States " of .complex vacuum chambers, trans-

tion:- of *the “State” of "ports, .and. controls. are required. in order

chamber . as the..electron. :beam . gun. -+ . :
‘B -Pre iously, researchers .have . recoglzed
y'v h' it is to be per- th,e presence - -of: hght emission. from- micro-
particularly’ descnbed -in and plasmas-located .in PN junctions operated in
; statemient : — the. avalanche mode. ~.See,. for example,

latly to’'a semi¢on- fro valanche . Breakdown in Silicon,

fably formed from Phys Review, - 102,369 (1956). . "This

nent’ of PN’ junctions. - . emission: has been regarded as an interesting

vn. in. the; prior art that informa- non but little practical use has been

igital ‘data, .may ‘be

ically .. This may be attributed to the
. recording” rediuim, - -$uch “as

to be useful. To the conftrary, this
mventxon uses a silicon wafer which’ emits
eful; amount .of hght ngmﬁcant im-
the _prior. art practices are
ating all opfics’ between
the’ recording medium
hght source very close to

rt..of..a cathode Tay tube whlch_
o : ptically ¢ upled to ‘the record-
' ing’ m a.:; Other:positioning methods than
beamdeflection have, also: been .
latively<p itioning . the ‘recordin
.. and the’ recordm med

ped 'w1th high ‘concentration of
- of the wafer to maxi-
‘the light _generating

rface

' p ling med1a are not
substantlally attenuated by the wafer. Con-
: within ‘a_ single fining. the ‘avalanche breakdown to the sir:
tends duce. readmg re- face also minimizes the dissipation_of energy
mbxllty “Finally, _complex optical ~sys- - mcldent to the creation of ineffective micro-

““dots
ity dxstrxbunon

_of - Amenca, do to place ‘the media in the same ; vacuum

impression. that itsufficient light is

hi; conoentratxon of do-

on the-photographic media or.alter-
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Preferably, the light sources of the invention
comprises an array of sucH PN junctions
organized in an order matrix and intercon-
nected for accessing to a single junction so

across the junction is between 4X10** to

7% 10? dopant atoms/cm*—cm which gives

a breakdown voltage of about 5 to 6 volts,

. while at 5 microns or less from the surface,

75

95
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plasmas' beneath the surface.  The hght that light emission may be produced from 65
emitted by the PN junction results in dots any selected 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 accom-
5  As stated above, the device may utilize a Panying drawings. To facilitate an under- -
silicon wafer. This enables all the advan- Standing of the mvention, a specific example 70
tages incident to planar technology to be IS illustrated and described, along with a few
employed in the manufacture of a light alternative embodiments. It should be under-
ource. I be ma: oduced  with stood that this invention. is not limited to -
S . It can 1 ss produced with a X : 10t limit
10 high degree of automation and reliability. the particular features and details set forth
The geometry available is virtually unlimited. ~With reference to the Figures, wherein:
This invention also overcomes the dis- - F1£gi. 1 is a schematic drawing of a PN
. advantages of the beam positioning systems - junction, : .
brvioudl descred by provding s matixof 15,2 52 gaphial dhoving o e dopat
15 minute stationary light sources that may be semiéonductorpwafer inwardly in the dif- 80
selecti‘ae'ly energized t(i’ record a spot 1at 2 fised region; . y _
given data position. Positioning problems = . . : s
are eliminated because, once the light source Fig. 3is a schematxg,_show;pg 9f hov;v_ _.ﬂ_ne '
is fabricated, the data positions remain fixed Square ‘]‘ur.lctlon results in a circuit dot;
20 and any data position may be accurately and - aftlgo.f:anl';i Sf;:‘t},}’x.e nlarged plan view of 85
repeatedly located. Until this invention, such PALo0 20 % JR@ o e
a solution was not practical as light sources s g';natrix- taken alone the lins 55
could not be fabricated in a size small enough andy 6—6 respectively, of I§ 4 s
: to obtain practical recording densities with- Referring to Fi %’ a __1g.1 PN iuncti
25 out the use of complex optical systems. Even 10. s sho 8 to Lig. 1, a singie junction
s 4 N Y ; 4 0-is shown. -This junction 10 separates a 90
with complex optical systems, the recording body of first conductivity t 8 and a re-
speeds of light spot-devices were insufficient. . "ony of 'second opposite ?(r)m}ilggﬁvi' tvpe 14
For example, light sources such as an array %])rmed by we pknown 'thermaltydiiséﬂzi n
of gas discharge cells, could not readily be .4 - 4 The bodv 8 i icallv a P- o
30 formed into light emitting regions having eeniques. e body 8 is typically a P-type
small enough dimensions, (e.g., about 2 mils); semiconductor, such as silicon doped with
~and the speed of operation of such a gas dis- };’fé"}';’ ?gg%g;niv{ndlumé ofwg;%guné’owgg
charge cell is relatively slow. - A typical gas oo Es Chos horustyp:;seni o ﬁn tinll’on
discharge device light source is shown in ha. bge ? | tha C, Of. lony.
35 US. Patent 2,933,648, issued to A, D, Lt has been found that, for light emitting
Bentley on April 8, 1960. Similar limita- BPOe% Phosphorme for the Retype re- 100
. 1 AP 7, © on for the P-type body 8 may
e g I oy ol b0
e above-sta Qv .3 microns from the surface 16, the con-
of manufacturability positional accuracy and  centration of boron has its highest value of
40 repeawblhtyi qhmufmtmn (of optical or va- about 7X 10" atoms per cc, while the phos- 105
cuum c(l)mﬁ) exity, ornlmlaauc:ll: of an etii’l_icleng _phorus is present m_.th;su region in amounts
minute light source, and the generation of - ranging from about 10* o 10* atoms per
A o and. oG time les han MV Gxthe body 3 Sprply Acercmns ot Sces A
-oil. urp-on M y 8 sharply decreases at greater dis-
45 nanoseconds, which implies relatively high tances away from the point on the surface to 110
o has hose advanges that Aro common ek He s e ower. someeataton
AS ¢ r. It is the r Con n in
] . ) : mines the voltage at which avalanc! reak-
.50  Briefly, the invention comprises a light down take_s.pla%e, - A graphical s_h:wing of 115
source cifigglllwdd from 'a'tll;N llnlimc'uon wt;mh this cqncengrgﬁo;dprqﬂe_ appears in Fig. 2 |
oo, oI L S T VAR coired e e st
< ¢ Sem- . the most significant . character-
conductor body, ie., within one micron of istic of the junction construction according
55 the surface, so that when an energizing to the invention is the variation of concen- 120
potential of S“fﬁCIC?t wagnitude to create-an  tration gradient across the junction ie. of .
?h‘_':ﬂ%figh?u xinc?i%i Oav;’g:lf:tt::% rlesal?gg\l;;d OE:O ;he net _t;lg_mﬁcr:fant concen_trg.tm:;1 of i?mspurilitles
1, . ( - from the surface to a depth o
. curs near the surface and a minimum of the nl;icrons or less from the sull)'face into gu‘ii)
60 short wavelength emitted light is absorbed. At the surface, the concentration gradient 125
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the -con

ntration: gradient-across the junc- layer 24; via:switches: 30-and 32, Tespectively.
-the: range - of -about: 2.5 X.102* " t6, The conductive: strip 22 may be formed by

‘ it/atoms/cm®——cm. giving techniques “such . .as" described * in: detal -in
9 volts.:-In a_pre- United ‘Kingdom Specification No.. 959,667.
‘the: “invention;: the Briefly, this technique  comprises :forming an. 70
wi:and. its: associated .con:  oxid Ainsulating layer-suchas layer-26 over.
ient . occurs :1 ‘micron-or: less the: surface “16 ‘and- then: selectively remov-:

S L waoL i L ing acportion. of the layer overlying the N--
arjation -in concentration: type.region 14: A -metal coating, such as
nction with depth is - aluminum, -is then-deposited -over the entire 75
-dopant:concentration: surface of the; wafer :and .insulating layer,

Cle -impurity with: depth -on: and.the. unwanted, portions: then removed by
he: junction: ‘The dopant ¢on-. photoengraving techniques: to: leave only the
it least: the' more .Jlowly- doped.  conductive strip 22 = The oxide coating 26 in-
ction’ has a- maximum valué: sulates’’ the - conductive *strip 22 from the 80
50 that ‘the. maximum-value' s uctor:body: surface: 16-except where
entration. :gradient - will He 1e N-type:region 14, . :
egion’ ‘ex nding - from: the sur- understood':that the’ switches
- microns:‘from: the.'surface : of e shown:schematically-as switch
In:y Cal - practical embodi- _ practice,'where:a large iumber 85
xim oping level .of .one -of N: junctions:are: assembled in: an orderly
impurities and accordingly rangement, :.the: :Switches::would :take the
it dopant concentrationigra- form' of .onie of 'the well-known transistor or
junction occurs-iwithin- the: silicon’ controlled - fectifier switching circuits
‘0.3 microns ‘from. the ‘sur- o. function as means for selectively 90
e.’ concentration of :the ng" the: energy source 18 to a PN
* decreases - from. the . A plurality :of PN junctions like
1ti d ©..one ‘shown. in Fig.. 1 may be fabricated
rface with a concentra-~ and place in side-by-side relationship, The
st 710" and possibly selective ‘closing “of the: switches attached to 95.
opant atoms/cm*—cm.  these. individual units would result ‘in one
adjacent to the surface or “more-of thése junctions: being energized
1y-obtained by shortening the dif- according' to-the. switching- program, -
.- fusion time. The exact diffusion time is de-  -In:Fig, 3; the. semiconductor body 8 and
35..pendent:‘on . surface~concentration, oxide its. junction 10 are.shown -adjacent to a 100
" thickne ey -and the particular recording. medium 34, ‘such -as. a photo-
oo nns ool s graphic materiall The geometry of the junc-
s.shown in -Fig. 4 tion:l ikes the form of a square or rect-
regioni 60 has a range of angle this embodiment. "It may, of course,.
:with-a surface concen- take -any geometry that is thought to be des- 105.
of about 10® to 10 irable.. “"When using a square geometry, it is

o

. ration:-in: the ran ; le.. ‘Wi

- dopant  atoms/cm®." The :region 64 hag sur- still possible:to .obtain_ a -circular or dot-

- “face: concentrations’ in:-the range of about like:exposure :on . the photographic material
o 10% 40,102 dopant atoms/em® and a.depth 34.:: The formation of a dot is accomplished.

©45-"in the range:of about 0.7 to: 1.5 ‘microns. - by spacing the photographic material at a 110
- .~ Theabove specific i proper distance- from the line source of the
junction so that .the lambertian distribution
Cept: behind the dopant  of light from each point on the junction peri-
lich 'is--the attainment:.of phery combines at the emulsion plane to pro-

W' as:close -as possible vide -the desired: circular or dot-like density 115
d “'preferably within 0.5 profile. With a+2:mil ;Square. junction con-

figuration,; it:has been found -that the photo-
graphic

aterial ‘may be spaced from 2—10
the':surface: of the body 8. A
mils is preferred. . With 120.
18 at nfiguration, a dot hav-
ity profile: 8. :mils in diameter at
% -transmission: point-and 2 flat top

< - o of -approximately 5. :mils in. diameter 18
perating the PN junction formed: on-the’ photographic material 34. It 125
' é:i_s_fsg:hem‘aticallyzshown' should: ‘be- appreciated - that the total area
maprising “an ‘energy source 18 which occupied by the light . source may be 4

B .2 voltage supply: or.current. source,  square mils.or less with:the light emission
..~ -and is.coupled.across the: PN junction 10 be-  taking place :along the junction perimeter, .
65 tween . conductive 'strip’ 224and conductive . | Belore:the operation of the device shown. 130

unction-d
0 th'e:;b'ulk.z
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in Figs: 1 and 3 is considered, a few of the
more significant facts regardmg the PN
Junct:ons and the avalanche mode of oper-

ation’ should be discussed. - One important

aspect of the invention is the realization of

a solid state: light source, such as a- silicon-

light  pulser, that is capable of producing
minute spots-of light. The generation of
light in a solid state device is created when

the PN junction is operated in the avalanche -

breakdown -mode, which is a non-destructwe

condition. This mode of operation requires
the junction doping profile gradient to be

such that breakdown is caused primarily by

avalanche multiplication as opposed to field -

emission, which dominates wher the break-
down voltage of the- junction falls below a
given value, :Field emission results in de-
creased - efficiency of visible light genera-
tion. The particuiar value of- -optimum break-

-down voltage will vary, depending upon the
specific concentration ' gradient "across the-

junction.- In any event, a voltage above
the - field emission breakdown voltage is
necessary for efficient operation. In the
concentrations stated above, 5 1/2 to6 volts
hag been found optimum.-

"The fundamental mechanism consxdered
responsible for the -emission ‘of light from:
the "avalanching junction ' is: the - radiative
energy transistions of “hot” charged carriers
crossing the junction under the influence of
intense electric field. 'These carriers have
a broad distribution of energy and therefore
the special distribution of photons emitted
in radiative transistions is fairly wide. When
radiation occurs deep in the bulk of the
silicon, most of the short wavelength photons
are absorbed by the silicon, and the emitted
light peaks sharply in the red and infra-red

- portion of the spectrum.

This invention tfakes advantage of the
above facts by (1) operating-the junction at
an -optimum voltage and (2) incorporating a
junction structure which forces the avalanche

breakdown to -occur within a micron - or

less. of the silicon. wafer surface so that the
short wavelengths are not absorbed. Thus
an appreciable amount of light can be gener-
ated in the blue-green region of the spec-
trum with the emitted light appearing as
warm white to the eye.- The junction struc-

ture which enables avalanche breakdown to .

occur near the surface includes a dop:
concentration that is highest near the sur

As shown in Fig 2, the concentration of do-
pant of both of the ‘régions has a concentra-
tion profile from the surface downward that
takes the form of a narrow sharply peaked
curve. It is important that the peak occur

as close to the surface:of the wafer as poss-.
ible. and that it have a relatlvely DATTOW

width. With N:type dopants;:it-is Foss1ble
that the peak may occur immediate
cent the surface. The greater the width of

y adja-

the peak, the deeper ‘the avalanche brea’k L

down will penetrate the wafer as current i

-increased; such deep ppenetration results in

inefficient light generation.

- When: the emitted -light is v1ewed under.

a: microscope, it-appears as a uniform line

source having a width of about 3,000 A oc--

curring along the line where the PN junction

intérsects the surface of the device. The-_';,s_."_'

bnghtness of individual -saturated micro-
plasmas is estimatéd at approximately -5

lamberts at. nominal. currént densities, This:

brightness would probably:not be effective if
one follows the prior art:teaching and em-

ploys optical ' systems to- focus the . light. -
However, by disregarding these techniques

and exposing a recording medium, such as a
photographic film, by contact ‘or near con-

tact with the mcroglasma region, an ‘effec-

uve recording - technique. is achieved. -

- In operation, the: PN junction. shown in

Flgs 1-and- 3 is selectively energized by: the

70.

closing . of switches 30 and-:32. - This ener- -

gization "places- a -reverse voltage on the:

junction of sufficient magnitude to-cause it to
operate in the avalanche mode. ‘During this
mode of operation, light emitting mlcroplas-
mas form along the PN junction 10. This
PN junction is located an-appropriate dis-
tance . from the photographlc mater-
ial 34 (Fig. 3), resultmg in the exposure of
the photographic material to form a minute
dot. -The ‘exposed dot is representatwe of
recorded data.

.The above description ofa s1mphﬁed em-
bodiment of the invention has shown a PN

junction having dimensions' in the range of

10~ inches or a few mils that is capable of
functioning as a light source, and more. par-
ticularly ‘as a recording transducer which is
capable of exposing a photographic material

and forming a round exposed dot from a

square junction.. The efficiency of the light
emission is enhanced by the. doping arrange-
ment wherem the- highest concentration of

‘the dopant. is' very near the surface of the

wafer and bas a concentration. profile from

the surface downward' normal to the wafer

that:is in the form-of a narrow peaked curve.
Further, the recording on the photographic
material is accomphshed Wlth the ehmma-
tion of all optics.. -~

A practical and more detalled embodlment
of 'the invention mcorporatmg other aspects
of the .invention is shown in -Figs. 4—6
which discloses an-x—y matrix of PN junc-
tions. . This 'matrix may be operated in. ac-
cordance with a novel coincident- ‘energiza-
tion techmques The integrated matrix may
be fabricated by well known planar techno-
logy ‘that enables & matrix of many units to
be formed with. a high degree: of ‘reliability
by the use of batch wafer processing techni-
ques resultmg in:miass production. The inter-
connections ' of ‘the .individual PN junctions
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formed by dif

preferably boron, which s ¢
type ¢ of .

e < P-ty

conductivity

A6 is broadly ' “diffusi
. ::0.0%9 ntitle U i i

he.capability
ion resistance:

egion 60. is: formed: a-region -
/. .conductivity, type -opposite. to 85
he region 60,.¢.g., N-type, employing

ony; -arsenic, or:preferably phosphorus

N-type region 64 include:-dopant concen-
trations as -explained with regrad. to - Figs.
1-—3. PN. junction adapted to emit
g ted.in, the avalanche'mode; 95
AtbIhe same tifie as the N-type régions 64
are formed; a pair of highly: conductive semi-
ises. 3. condugto - materiali - portions 68-and 70" are
m:  formed - within thetractiVef?Petype région 60 -~
f-the cell 52. ; The “highly: conductive: por:' 100
tions. 68 and70 take: the formy of rectangulas-
shaped: regions that extend ‘across a -substan-
ortion’ of :the: cell 52; These cofiduc-:
rtions »and-70-are heavily-doped i -
o provide -a high: ‘conductivity. - The: 105
nation' N+ iniFigs: 5 ‘and- 6-denotes’this’
-Righ: conductivity.: . It -should - be: noted that:
~; Tegion 64 and poitions 68 and: 70 all- have:
f. substantially the saie dopant coticeritrations; -
;80 thatithey can betbrmed.;Esimﬁltaﬂeously'in>

110

, the' 115
oIl

-

120

¢ 125

medbetwveen regio d'64and wider
60: when outsidesthe’ cells: * T minimizes the'
h: conductor strip’s:interferenice with the: light:
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" emission ‘while maintaining a low resistance

for the strips,

The continuous .éondﬁctive strips 72 are’

formed by first removing a part of the oxide
74 from the surface 62 where it overlies
the ‘region 64. This selective removal may
be accomplished by well known photoen-
graving techniques. Following the removal
of the portions of oxide 74, the continuous
conductive strips 72 may be formed by
vacuum evaporation techniques. 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-
ductive metal that is to form the strips and
then the unwanted portions 'are'selectivzlly
removed by photoengraving techniques. Al-
ternatively, the conductive strips may be
directly formed by vacuum evaporation
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 and deposited on the wafer:
via the mask. At the completion of the
vacuum evaporation of the strips 72, the
N-type regions 64 will be electrically con-
nected in sequence, o -

Still referring to Figs. 4 and 6, simul-
taneous with the formation of the continuous
conductive strips: 72, a- series of short con-
ductive strips 76, 78, and 80 may be formed.

These short conductive strips contact the

conductive semiconductor portions 63 and
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
which crosses- under the. continuous con-

ductive strips 72 and 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
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 successive growth of a.

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
the oxide layer 74 except where they -con-
tact regions 60 -and conductive portions 68
and 70. The continuous conductive strips

72 are similarly insulated by the oxide layer-

74 except where they contact regions 64. .
Like the continuous conductive strips 72,

. the short conductive strips 76, 78, and -80.

may be formed by vacuum evaporation and
photo-engraving techniques. More particu-

larly, the oxide 74 overlying the ends of the.
portions 68 and 70 and a portion of region-

60 is selectively, removed simultaneously
with the removal of the oxide over the
region 64. Following the oxide removal, the
conductive strips 76, 78 and 80 are formed
by vacuum evaporation techniques simul-
taneously with - the -formation of the con-
tinnous conductive strips 72 -and- by the
same technique. Thus, all of the oxide re-
moval steps necessary to the interconnection
of the cells are performed simultaneously
and then the formation .of all the conductive
strips for the matrix are simultaneously
fabricated, thereby facilitating the formation:
of the -entire interconnected matrices in a
single operation; - - - - . S
It should be.understood that it is conm-
sistent with this invention to form the semi-
conductor conductive portion 68 and 70 with
a P+ conductivity type. This would require
that the processing steps be revised slightly.
In such an embodiment, 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.
and then diffusing additional dopant. The
semticonductor portion’ of - the structure .is
then completed by forming N-type region 64
as described above, - - A
In operation, one. terminal of an energy
supply,. such as a current-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
regions 64-in columns. The other terminal
of the same source is also coupled to a plur-
ality of contacts, such as 90, connected to
the short conductive strips 76 which are in
turn connected -to the conductive portions
68 and 70. The logical switching 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-
tion of the row and column of efergized
conductive paths is energized. The selec-
tively energized cell would emit light and -if
positioned adjacent photographic material,
an exposed dot: Woulg_-be formed. Thus an
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 consistent
with the planar technology that is known
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 do in,
be used that would result in 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.. . . . - ..
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In summary, a solid state device has been
invented having the following advantages,
to mention a few: ‘(1) a minute light source
is provided having dimensions of only a few
mils; (2) an efficient-solid- state light source
made from silicon; (3) a recording trans-
ducer wherein no optic system is necessary
to obtain spot position accuracy and desired
dot density; (4) an x—y matrix of PN junc-
tions wherein any one or more of the PN
junctions may be accessed; (5) an intercon-
necting scheme for- efficiently connecting a
rectangular matrix of PN junctions; and (6)

a solid state mafrix compatible with batch

processing techniques and the planar tech-
nology. - .

It will be appreciated by those skilled in
the art that the invention may be carried out
in various ways and take various forms and

~embodiments other than those illustrated

embodiments heretofore described. It is
understood that the scope of the invention
is not limited by details of the foregoing des-
cription or by the advantages stated therein,
but will be defined in the following -claims.

WHAT WE CLAIM IS: —

1. A semiconductor light source com-
rised of a first semiconductor region of a
grst conductivity type having a substantially
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

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
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.

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
micron from said surface. )

3. A semiconductor light . source as
claimed in claim 1 or 2, wherein one of said
regions has a concéntration of dopant that
enables avalanche breakdown to take place
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
dopants in said regions are distributed to
have a net concentration gradient across said
junction of at least 7.0 X 10** dopant atoms/
cm®—cm at said surface, and a net concentra-
tion gradient across said junction of at least

2.0x10% dopant atoms/cm®—cm at less
than 5 microns from said surface.

5. A semiconductor light source as
claimed in claim 4, wherein the net concen-
tration -gradient across the junction at the
surface is in the range of 7.0X 10% to 4.0X
10°** dopant atoms/cm*cm and the net con-
centration gradient across said junction at
less than 5 microns from said surface is
in the range of 2.0x10* to 2.5x10%
dopant atoms/cm®*—cm.
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6. A semiconductor light source as .

claimed in any of the preceding claims,
wherein ‘the dopant concentration gradient
across the junction at said surface yields a
bréakdown voltage of less than 6 volts, and
the dopant concentration gradient across said
junction .at less than 5 microns from said

80

surface yields a breakdown voltage of greater

than 7 volts.

7. A semiconductor light source as
claimed in any of the preceding claims,
wherein - said semiconductor regions are
formed from monocrystalline silicon and
wherein said first region is of p-type conduc-
tivity and said second region is of a-type
conductivity.

: A semiconductor light source as
claimed in any of the preceding claims,
wherein a plurality of said P——N junctions

are arranged in rows and columns; and that

conductors are provided for connecting the
regions of one conductivity type in rows and
the regions of opposite conductivity type in
columns.

9. A semiconductor light source as
claimed in claim 8, wherein the plurality of
P—N junctions are located with a body of
semiconductor material adjacent a single sub-
stantially planar surface thereof, said body
having -a: conductivity type opposite to that
of said first region so that each of said first
regions forms a separate P—N junction with
z:id body which extends to said single sur-

ce.

10. A semiconductor light source as

. claimed in claim 9, wherein the conductors

connectifig said second regions are continu-
ous conductive strips, and the conductors
connecting said first regions are continuous
conductors formed by a series of short con-
ductive strips connected to highly conductive
semiconductor portions formed in said body
beneath said continuous conductive strips,
said short strips also being connected to said
first regions; and that an insulating layer
separates' said short and said continuous
conductive strips from said semiconductor
body except where the short strips contact
the first regions and the conductive semicon-
ductor portions, and the continuous strips
contact’ the second regions.

11. A semiconductor light source as
claimed in claim 9, wherein the conductive
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I, sﬁ@%m’ﬁa}ééﬁdﬁz state device has been

. -invented ~having the - following -advantages,

. to mention.a-few: (1), a:minute light source

‘+-i8:provided having dimensions of only a-few
* mils; (2) an efficient.solid. state light- source

~~made from silicon; (3) a recording trans-
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ducer ‘wherein no;optic. system is necessary
to obtain spot position accuracy and desired
dot density; (4).:an.x—y matrix of PN junc-
tions wherein any one or more of the PN
junctions may be: accessed;. (5) an intercon-
necting scheme. for efficiently. connecting a
rectangular matrix of PN junctions; and (6)
a solid state matrix compatible with.batch

processing; techniques, and the plana m

nology.. ST e R f

It will be appreciated by those ‘skilled: ini
the art that the invention may be carried out
in various ways and take various forms and
embodiments other than those illustrated
embodiments heretofore described. It is
understood that the scope of the invention
is not limited by details of the foregoing des-

cription or by the advantages stated therein,

but will be defined in the following:claims.

WHAT WE CLAIMIS: — :

1. A semiconductor light source com-
prised of a first semiconductor region of a
first conductivity type having a substantially
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,
35

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

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
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
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
dopants in said regions are distributed to
have a net concentration gradient across said
junction of at least 7.0% 10?* dopant atoms/
cm®—cm at said surface, and a net concentra-
tion gradient across said junction of at least

(8
breakd

2:0x10% ‘dopant atoms/cm®-~emi-at less
than 5 microns from said surface. -
- 3.~ Al" semiconductor’ . light’ source- as
ifited in claim 4, Wherein the net congen-
trat adient “across. thejuriction at the
surface'is in the range of 7.0%10%:to 4.0X
10** dopant atoms/cm®cin ard the net con-
Centration- gradient “across said junction at
less ‘than 5. microns® from said surface is
in“-the*range of 2.0X10% to 2.5%x10%
dopant atoms/cm®—cm. _
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6. A semiconductor light' source as .

claimed in any of the preceding claims,
herein 'the dopant concentration gradient
e junction -at.said surface yields a
b own voltage of less than 6 volts, and
the dopant concentration gradient across said
junction at less than 5 microns from said
surface yields a breakdown voltage of greater
than 7 volts. .

7. A’ semiconductor light source as
claimed in any of the preceding claims,
wherein said semiconductor regions are
formed from monocrystalline silicon and
wherein said first region is of p-type conduc-
tivity and said second region is of n-type
conductivity.

A’ semiconductor light source as
claimed ‘in any of the preceding claims,
wherein a plurality of said P—N junctions
are arranged in rows and columns; and that
conductors are provided for connecting the
regions of one conductivity type in rows and

 the regions of opposite conductivity type in

columns.

9. A semiconductor light source as
claimed in claim 8, wherein the plurality of
P—N junctions are located with a body of
semiconductor material adjacent a single sub-
stantially: planar surface thereof, said body
having a 'conductivity tgge opposite to that
of said first region so that each of said first
regions forms a separate P—N junction with
g;.id body which extends to said single sur-

ce.

10. ‘A semiconductor light source as
claimed in claim 9, wherein the conductors
connecting said second regions are continu-
ous conductive strips, and the conductors
connecting said first regions are continuous

- conductors formed by a series of short con-

ductive strips connected to highly conductive
semiconductor portions formed in said body
beneath said continuous conductive strips,
said short strips also being connected to said
first regidns; and that an insulating layer
separates ‘said short and said continuous
conductiveé strips from said semiconductor
body except where the short strips contact
the first regions and the conductive semicon-
ductor portions, and the continuous strips
contact the second regions. :

11. A semiconductor light source as
claimed in claim 9, wherein the conductive
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" semlconductor portlons are. located in sa1d

first regions.
12. A semlconductor lxght source as
claimed in claim 11, wherein the conductive

semiconductor portions have a conductlvaty :

type opposite to that of said first regions..

13. "A recording system . employing a
semiconductor light source as claimed in
any of the preceding claims adjacent a
photographlc media for recording informa-
tion.

14. A recording system as claimed in

claim 13 wherem the light - emxttmg P—N

]unctlon is. located in the range -of 2—-—10
mils from ;said photographic media. -

15. A semiconductor light source sub-
stantially as described with reference to the
accompanymg drawmgs
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