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(54) IMPROVEMENTS IN OR RELATING TO LIGHT 

. EMITTING SEMICONDUCTOR DEVICES 

(71) We, WESTERN ELECTRIC 
COMPANY, INCORPORATED, of 195 
Broadway, New York City, New York 
State, United States of America, a 

5 Corporation organized and existing under· 
· the laws ·of the State of NeW York, United 

States of America,.· do hereby declare. the 
invention, for whkh we pray that a· patent 
may be granted to us, and the method by 

10 which it is. to be performed, to be parti­
cularly described in· and by he following 
statement: - .. 

·· ' The · inventfon relates to light emitting 
semiconductor devices, including both semi­

lS conductor injection .138ers and electro­
luminescent diodes. 

. In 1962, R. N.' Hall et al reported in 
:-. «: Physical Review Letters 9, 366, their observa­

tion of. coherent light emission produced by 
20 electron-hole recombination . m . GaAs p-n . 

junctions; Typically, GaAs lasers are fabri- · 
cated by diffusing zinc into n-type GaAs 
wafers with donor concentrations in the order 
of lcY-8/cm3

• For structural details, see 
25 Masers and Lasers, Thorp, J.S., Chapter 10; 

St. Martin's Press, ·New York (1967). 
Injection lasers have also been constructed 
from other semiconductors, e.g., InP, InAs 
and InSb. All such. lasers, however, are 

30 'fabricated from one kind of semiconductor 
material in which the band gaps are equal on 
either side of the junction. The semicon­

: ductor is usually monocrystalline. In the· 
semiconductor junction laser coherent tadia-

SS tion results from electron transitions between · 
broad energy bands-, i.e.; between the con­
duction and Yalettce bands. These junctions, · 
an,d 'in particular GaAs junctions, are pumped 

[Price ·2$pJ 

mainly by the injection of electrons into the 
p-side of the junction by the direct applica- 40 
tion of an electrical current. The injection 
process produces a · population inversion 
between a pair of electron energy levels when· 
pwnped at a sufficiently rapid rate and with 
sufficient power input. In semiconductor 45 
. lasers this power threshold may be as high 
as 108 to 109 watts/cm8 (or 105 watts/cm.2) 

at room temperature, whereas by comparison 
in gas or . crystal lasers the pwnping power 
needed is usually in the range of 1 to 1000 50 
wattJJ/cm.8• Obviously, the enormous power 
requirements of such semiconductor lasers at· 
room temperature cannot be maintained very 
long without damaging the semiconductor . 

It is known, however, that the power (or 55 
equivalently the current density) threshold in 
most prior art devices is approximately pro­
portiona• to· the cube of the absolute tem­
perature in the temperature range near room 
temperature. Consequently, semiconductor 60 
lasers generally are operated more easily in 
low temperature environments. . For example, 
GaAs lasers have been operated at liquid 
nitrogen temperatures (77°K) with a thres­
hold of about 1000 amperes/cm.2• To date· 65 
the highest temperature CW operation 
reported appears to have· been achieved· by 
J. C. Dyment and L. A. D' Asaro et al at ·· ' 
200°K as reported in Applied Physics 
Letters 11, 292 (1967). 70 

The invention provides a light emitting 
semiconductor .·device comprising semicon­
ductive regions of ·first and second con..; 
ductivity types having wide band gap and, 
interposed therebetween a first common con.. 75 
ductivity type heterojunction imd « ~ec;on<l 
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~onunon. conduaivity type hcterojunction .· · tayet$, ·(~:g~~ n-AlxGa1~~A~ P-:AI.Ga1-..As, 
spaced frojn the. fj.rst heterojunction, the.·di~ .wb~te . .Y<x and y<z). Ill:ustratiyely;: ... y::::O 
.tliilce between the. hete,rojunctions defiijing. ·an and the intefmediate region consi$tS, there.:.·• 
iht"etrp.ediate tegion containing a: p-ri jlinctioh · ·:rore, of p.;Gw. The DH/therefore, inclu~es · 

S ·· and having a J'i~~rower band gap regiori than an n-n hererojtinctiort, ari tt-p hortiojuni:tiori 70 
the regions a_djacent the_ other sides of the and !': p.p .heterojunction in which the first 
hete'l'ojunction~: the p-n junction ' being .. two junctions are ~parated . by a distan~ da > 

sepaJ:ated · ftotn the first heterojunction by : a . less than the dffiusfon lerigrh of holes . Dtt 
:,· .. distance less : than · a diffusion length of an:d the second two jrinctions are separated ·· ·· 
10. · · minoritY cah'iets injected towards .the ·first . by a distan~ di less· than· the diffusion length : 7~ 

· 11Cterojrinction and the p-ri junction: being of el~trons .Di:. Moreover, the separation of 
spaeed from: the second heterjllllction· by a the tvfo heterojuncti~ns (i.e;, the thickness t 
distance less than a diffusion length of of .$e intei'lilCdiate region) :should be greater 
minority carriers.· injected towards said se<:Ond · than · ~bOut one .. half wavelength· of. the radia'." 

15 heterojunction and adapted so that · the.. tion ·as:: measured in the intermediate region 80 
application of operating energy to the device . (e;g;, .\·:--0.25µ in: GaAs). That is; the fol­
provides a forward bias a<:ross the p;.n junc::. lowing :relationships shoUld be satisfied: 
tion to inject. minority carriers aeross the' p~n 
junction and produce radiative recombination 

20 of holes and electrons. · 
. As ·used herein, a '' heterojunction " is 

defined . as the· interface l;)etwee11 co11tigu()us 
layers having different battd . gaps, .. and . is·. 
further defined as p-p, n-n: or p.;,n · (ot n-p) 

.·· d1<DE 

·. d,<D:ii: 

A 
-<t 
2 "'.' 

(1) 

. (2) 

{3) 
2s depending on the majority carrier type _on 
, . eithet: side of the interfa~. Th¢ :~p:..n !lrid 11--n . . . ·: .· .• . . 
'·-· types will hereinafter be referred to as: It.should be noted that the p-n junctiotfmay 

"comrilon coh,ductivity type .heterojunctioQs." be·· coincident with either · heterojunctiohs~ 
Moreover, it is to :be understood_ that a "p-n Where the n-n heterojuncticin and n-,p hotno-

85 

30 jnnetion" includes either a p:..n. heterojuriction juncti()n - are coinsident to form. rut h"'P· 
or a p-n hom:ojunction; In the homojUJictit>n heterojunction, tllen >./2<t<D-E. Similllrly; 90 

· · th'e barid gaps on either side of the _junction · . . . .· .. 
are equal. · . . . . . . whel:e the p-n h¢terojunctiofi and· the n-:p-

When provided with an appropriate• optic1.tl heterojunctfo:ii are coincident to fortn an n-p-
35 resonator and when forwar~ biased,,the light_ - heterojun~tion, then ~/2<t<D:a. ·' · ·. ·· 

emitting sem:iconductot dev_ice exlu"bits · lasing· 
at fower tQ.resooldS ltfid higher tetnperatutes :'J;'h~ conditions of equations (1): and (2) 
than heretofore ·possible, radiative reeoi'ribma• · which limit the maximum thickness of:'the 95 
tiOn ocCilri'ing. betW'eeli the. coilductioii' Sbd: intermediate region, arise .fto!n the fact tl'fa,t 

40 vaJ.ence ban:ds. This result is belie~d . to ·be· fot cattier -co11finemerit to e:XiSt ·the cattiers · · 
due pritnarily ··to · an 'electticai , coirlinemettt' mµst be able to reach the hetetojilnctfon, thete · 
e~ect produced by' an enci'gy stet> in the<b~d to be repelled \)y' the 'electtic fi~d produced . 
structute which oonfines mje£red· mitJ.ofity- by We :energy step in the. bah4 s'tnlctcire. · On · 100 
carriers to the inte'fmediate region~ To take the other ,&and, .condition (3)~ which Jilnits 

4S advantage af this corifinement·it is 'iµl'portah't the minirtltim thiekness of the interniediate 
that the thickness ofthe in'te¢1ediate tegion · re~ion, is somewhat :more complicated and is 
(Cl~fuied~ as abbve, to be the d-istimce bet-ween related tci the amoutit of leakage optical 
the apptopriate junCtloiis) be less than the field (i.e., fiidd ·outside the intermediate lOS 
d~usi6ii l~gth of ·mitloi'ify c~tietS. As the region whkh a~ as a waveguide) whkh can 

50 tbicltJiess , of a single hetetojUnction diode· be t6letati!d; An ex-cessive amount' of' .sucli 
(SH)· is .• redueed confinemebt · increases·• . and·· lea:bge iliC:teases oj)tical. absorptiori , Iosses­
the threshold decreases Un.ill a point where the and decreases <the coupling. bet\Vten tadia;,, 
onset of hole injectioti (out of tlk · intet• tion aild; rec.ombmatfoii (i.-e~, . decreases no 
mediate . region) . occUtS. t~ereitftef; the ·thtes-_ · stimulated 'emissibii); ·both of 'which··.· ib.erease; 

55 hbld begins· ~o increa5~. !Iole injection can '·be · · tht IaSing thi'eshOld: Calcullltion.s . based ~ upori •· c- ·: 
. reduced by- makirig the biiild gap_ of the :region the teachifi~ of: D. F> Nelsoii et at· in 
adj~cent the p·n jun_c9on ~liter fh:an that Journal of Aj)plied Physics; 38, 4057 (196'7). 
of the intermediate· region~ !fl the SH tli~de indicate'. that ·_A /2 set~ an. apptoXimate lower ' 115 
this may be acdid:ipli.s~d · by· . a:ppropriate. lirilit. · In Gaj\s imd· mixed ct1$tals · thereof 

60 dOping. In. '.a doo~le h¢ter!ljunctfon _d~od~' 'A/-2~0.~25µ:: . . . · ·. ?~:: 
. (OH), however, this is e'ff~iv~y aceom-. · Additional- :·reduction in the lasing thres"' 
plislled by :fabricating. the ' dfode · as ··a . $tee_· h6Id · ()C6irs; as !fescribed in British Patent . 
layered structure in ·whk:h the· mlermedi~te Applicatfo:ti' . No .. 49780/69 -(Serial· .. Nt>> 120 
narrow band gap layer (e.g., p-Al7Ga1-7As) 1288082), if deep httpurity leve~ or ,deep· 

65 is sandwiched between a pair of wider band band tails near the valence band ~re·pfovictea• 
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in the intermediate region (on' either ot both 
sides of the p-n junction} in which case lasing 
is achieved by electton:.holt · recombination 
between the conduction· band· and: the d .. .-

S · levels. Still further· imptovemei'l.t. in ·the ·~ 
perature coefficient of threshold .tttay ·be . 
achieved by pr~viding deep pand tails near 
the conduction band in additJ.otr to the deep 

1 .
. 
0 

levels provided neat the valet1.ee· band. Ii1 ·a~ 
exemplary eirtboditnent, the pair of senu• 
conductive layers. utilised are· GaAs and a 
mixed aystal. of p;;AlxGai"""As; or 
p-GilAs1""'.xP ~ · in which the band gap 1n the 
n:rlxed crystal is ·the· greater~ . . 

15 Without an optical resonator, both: t!te ~H 
and ·DR diodes when forwafd biased function 
as . electrohuninescent diodes, ineoherent. 
radiation being einitted front. the ifitetme~ate 

20 
region through the wide ban.cl gap . region; 
thereby resulting in . lower ab11otption Io.sses · 
and hig}l efficiency. Dome-like .. coiifi~ttons 
of the wide· band gap regiott ·further increase 
efficiency by reducing re:ftectibn losses at !he· 
interface bet-ween the wide. band gap. region· 

25 and the external atrtlosphete; · 
' · The invention, rogethet with its various 

features· and advantages, can be i:riore easily 
Utidei'stood from the folloWing more· detailed : 
description of embodiments·· taken in con~ 

30 junction with the accompanying ·drawings,. in 
whith: . . . . .. 

. Fig. 1 is · a schertla.tic of. otie· ill'!Strat1ve · 
embodiment of a fastr no.t per se fornung ·part 
of the invention; . 

35 . Fig. ·2 is . a schematic of an· electro-
luminescent diode; ·. 

· Figs. 3 · and 4 ate· schematic diagrams 
showing the relative , p6sitions of the homo-
junctions and hete:tOjunctions. · · 

40 Turning now to Fig. 1, there is showli an 
· · · illristrative embodiment in· which· a settti­

cdnductor · single heterostructure (Slt) injec:-
tfoil laser 10 comprises wide and ~arrow ~an~ 
gap layers 12 and 14, respectively~ fabrr-

45 cated. from different semiconductor materials 
disposed· upon a heat-sink 16. A current 
source 18 ·. is connected across the stroctm1r. 
via· electrodes 20 and: 22 deposited, respec~ ·· 
tively, on ·the upper surface of the layer·· 1z 

50 and between heat-sink 16 and layer 14; An· 
· interttlCdiate region 24 ·is defined: as ·the region··. 

bet\Veen P"'"P heter<>Jiinct:iofi 23 ·and p;-n homo• 
jUfittion 25, the latter being located ill the 
narrow band gap layer 14. When the· device 

55 ·is forwai-d biased and purnped:oy source·18~­
it e111itS coherent radiation ·w in tire plane of· 
th~ region 24 as shown. · The two opposite, 
surfaces 28 and 30 which are perpendkular · 
to the· plane of the.· intennediate" region 24 

60 are· polished· or cleaved flat and parallel by· 
techfiiqnes· well known m· the:·att: to within. 
a fe'W wavelengths: of the coherenr radiation 
to forin a plane pariillel opticaltesonator~ Th~· 
other pair of surfaces 32 attd 34 perpen.:. 

65 dicillar to the region 24 ·are often roughened. 

A' ~flective coating· .. on· the. polished·. surfs.res 
28, 30 or a structure which has: four polished 
sides, may be utilised in' order to enhance the 
Q of the optical cavity~ · · . . · 

As pointed out pre11iously, one feature of 70 
this embodiment is that me: injection laser 
has · a diode sttucture which exhibits a con-. 
finement effect as. described in· llritish Patent 
Application No. 49780/69 (Serial No. 
1288082). It has been found further that an 75. 
intermediate region thickness (i.e., t) of about.· 
2.0,u · is preferred. A larger t reduces the con­
finl!D1ent · effect • and therebl. increases the 
threshold. In a sttucture without the afore..; 
mentioned difference .. in effective band gaps so· 
between the narrow band gap ·and inter­
.mediate regions, ·a · much smaller· t ·results 
·in· the· onset of hole injection and hence also·. 
increases the threshold.. · . · · · 

The SH diode eompri~s a pair of con- ss.: 
tiguoris semiconductjve· 'layers ha11i_ng dif.;. 
ferent band gaps with a p.:.fi junction located; 
iti the hartow band gap region and separated 
from a · p-p hCterojutiction, located at the 
interface· between the layers, ·by a distance di. 90: 
less than .the··diffusion. length ·D of minority 
(i;e., injected) carrie~ at the _operating ~­
perature of the device. Typically, the dif­
fusion· length is about · 1;µ., but, depending on 
the doping levels and· other parameters, could 9S: 
be larger. 

The separated· p-n ·. junction an4 · p-p 
hetetojunction thus define . three regions of· 
interest: · a narrow band gap regioh of · one. 
conductit7ity cype, an m~nnediate region, 100 
and ··a wide· band· ga'p region of a· second con­
ductivity type. The narrow band gap typically. 
is of the order of 5-6 ~ls, but to enhance 
the remo1'al of heat from· the device the 
narrow band gap J.'.Cgion. can be considerably 105 
thinner e.g., !<0.2 mils. The intertnediate 
region may have an effective band gap equal 
to, or slightly less than, that of the narrow · 
band· gap region, and generally is of the same 
conductivity type as the wide band gap 110 
region. . although it· may ·be· less ·heavily· doped 
~n: the wide gap region. . . 

A distinction · will be made hereinafter 
betWeett the ···band gap and . the. effective. band . 
gap Of a· seniiconductor. The band gap is US 
defined as the energy ·difference between the 
$inilnun1 energy· in the c<>nduction band and · 
the)ttUimum ·energy in the -valence .band in· 
an undoped semiconductor~ .. 

In the pjesenee of a suffici~tly high density 120 
of eitber donor or acceptor impurities, how~ 
ever, band tails exist on both the conduction 
and valence bands. Conseque.ntly, · the energy 
distribution is an· . a~ymptotic funetion and 
thttefore · the aforementioned· rilinimuttl and 12' 
n'ilixhnum are not: dear1y _defined. All etiec..; 
tl11e. band gap will therefore be defined as 
follbWS. Find . the etJ.ergy.' level neat (just 
belo\V) thee bottom of the a;nduction band 
such that jiist as in.any · of the futroduced l~ 
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d0noi' states lie above as . lie below that level: 
Find a· similar level near ·the ·top .. of ·the · 
valence band .. The ·difference· .. betwe~ , these 
two levels is termed the ~'effective band gap". 

5 :· · In the following discussion, it :\\fill..: be 
assumed for the pµrpose of illustra!ion · that . 
the conductivity type of the narrow ijand gap, ·· 
intermediate, ·and wide· band .gap·.·regiol1S .is· 
n-p~'p, respectively; The· effective balid: gap. 

10' of each of these regions Will be designated· 
Ee.., Ee" and. Ea, respectively. .· :.• 
· It is possible, of course, : .to fabricate a: 

diode by utilising contiguous mixed · crystal. 
layers, e.g., a .. wide band gap AlxGai~xAs 

15 layer and· a narrow band gap . Al7Gai--yAs 
layer in which O<y<x. · .. • . . . 

As discussed with reference · to the : SH 
idode, but for the · · onset of hole . injection· 
which causes holes to be lost for · ri!.diative 

20 recomoination purposes, . ·it. would ··~be · 4.~sir~ 
able to decrease further the thickness o~ the 
intermediate region~ While . the aforemen­
tioned difference in effective ba~d gap· 
between the.· narrow band gap. and ·inter"'.'·· 

25 mediate regions reduces such · 1tole injection, 
it has · been found that. the double • hetero­
structure diode increases significantly the 
oonfinement ·of both holes . and electrons . 
between the tw<> heterojunctions, . the#eby 

30 resulting in lasing at a· lower threshold at 
room temperature than even the SH diode. · 

The "DH dfode, shown in· Fig.· 3 with: the 
dimeiisions exaggerated for · the ptU"poses of 
illustration, ·comprises in · one embodiment a· 

35 heat-sink 216 on which is formed :a· multi­
layered structure . including • a . metal contact 
219, a substrl!te 214, a wide. band gap n-type 
layer 215, a narrow band gap region 224,. a· 
wide band gap P:-type layer °212, a c.ontact 

40 layer 217 and a second contact 218. It should· 
be noted that it is readily possible to ·fabricate 
the heat sink on contact .218, or on both 
contacts 218 and 219. . · 

A. p-p· heterojunction 223 is .located at inter-: · 
45 face between layer 212 and. region 224 

whereas· ail n-n heterojunction 225 i,$ • located 
at the interface ·between regio~ 224 and- layer 
215; In addition; a p-n homojrincti()n·226 is 
located between the· heterojuni::tion at a posi-· 

50. tion such that equations (lH3) are satis­
fied. Alternatively, the p-n junction 226 may 
be coincident with n-n heterojunction 225. in 
wh.ich case they forll) . a p:..n. heterojunction 
222 as shown in Fig. 4 (i.e., da=O, 4l=t). 

55 - When -a DH' dio~ is pro:vided .with. an 
appropriate optical .. ·.:resonator ... and forward 
biased, both by means well: known in the .art, 
. electrons.· injected across the p-n homojunc­
tion 226 are reJlected· by p-p heterojunction 

60 223 and· ·· undergo r.adiative · · reco:tilbination; 
And; whereas holes also undergo injection in . 
the opposite direction across p-n·· homojunc.: 
tion 226, they are reflected by n-n heteto":' 
jutiction 225 and also undergo recombination. · 

65:: Thus,· both injected hoks and· electrons .are 

electrically· . confined ·.to the·· .. intermediate · 
region 224 resulting in · tower~. thresholds . at 
room temperature than heretofore possible, 
provided, · of co~~. that the a:iteria defined•: 
by equations .flH3) are·: p:i.et.· Preferably, 7Q 
0;125p<t<lp. ·ce.g., t=0.8µ)·Jor a GaAs 

. . .. 

interinediate region. It shoiiJ.d be noted that 
optical eonfinement produced : 1:>y the ·two 
heterojunctions (which form .a waveguide) ~lso ~ -- ' 
contributes somewhat to lower thresholds. ··,·. 75 

An example de8cribing. the manufacture of 
a double heterostructure :Will n<,>w be giv~. 
Briefly, the' apparatus utilised in the manu­
facture. includes a seed holder and a solution 

. holder ha:Ving a plUrality of \Velis and adapted 80 
to be slid into position over . the seed. The 
assembly was placed in a· growth tube and 
inserted in a .furnace-(of the type not having 
a. window· port).: · · · r· ... 

A· silic<in dQped gall~ . ~rsenide .wafer 8s' 
(about.· 0,25 inchesx0.5 incilesx20 mils) 
with about 4X 1018 electrons per cubic centi­
meter·· having .. faces perpendicular to the 
< 100> direction, obtained from commercial 
souri::es, was selected as ·.a substrate member. 90 
The wafer was lapped with ·305 carborun-
dum, rinsed with deionized water, and etch­
polished · with · a bromine":'methailol solution to 
remove surface ·damage. . . . . . 

Four solutions were then prepared in ~e 95 
following' · manner. :First, the.· following 
quantities of materials were w~ghed out. For 
solution, I, '1 gm Ga, lOQ · lllg . GaAs 
(undoped), 2 mg ·Al · and . 15 mg Sn. For 
solution II, 1 gm Ga, . lPO mg GaAs 
(undoped) and 1 mg Si. For solution III; 1 

100 

gm Ga, 50 mg GaAs (undoped), 3 mg AI 
and 5 mg Zn. For solution IV; l gm Ga, 75 
mg GaAs {undoped) and 32 . mg Ge. For 
each solution the Ga plus GaAs was brieliy 
preheated: to 900°C under. H,. in· a graphite 
solution holder. The seed and the four pre­
pared solutions of Ga plus .GaAs' were placed 
in separate wells in -the solution holder. The 
remainder of the solid components which had 
been weighed out were then placed into the 
proper wells with the· premixed ·Ga plus 
GaAs and .. were mechanically forced Wider 
the surface •of the liquid Ga to. insure. good 
contact upon subsequent heating.0 The ho.Ider 
assembly was · then placed into a fused silica 
growth tube. Hydrogen was passed through· 
the tiibe to flush otit air~ After flushing for· 
about · 10 minutes the tube' containing · the · 
holders 'was plaeed into the furnace which was 
at 870°C. An auxiliary heater, which con­
sisted of a single loop of about 2 feet of 20 
mil nichrome wire heated · by 20 volts. a.c. 
was disposed under the.· seed and. w11s. on dur­
ing · this operation. The· temperature.· as: inea- · 
sured by . a thermocouple; also·· disposed under. 
the seed, was· allo"Wed ti> rise to about 870°C 
and then a cooling rate· of . 3 °C/mmute ·was 
established. At- 850°c- the solution holder 

105 

110 

us 

120 

; ... 
125 
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· was moved so that solution I came into. con- cleaved to· form a number of : diodes which 
tact with the seed. A mechanical vibrator was were mounted on holders adapted with means 
used to agitate the solution slightly while for contacting both the n and p sides of th~ 
cooling to 830°C occurred. : At 830°C the structures. .. . ! 
solution holder was moved so that 11olution II The resulumt laser diodes were mounted 70 
covered the · seed and remained there with ii1 a microscope fitted for observation of infra­
vibration for about 15 seconds. The .solution red light and· were actuated by a. pulses 
holder was then again moved so that the seed power supply. At room temperature the thres-
was disposed under the solution III, where hold current density of a laser diode made 
it was held for 30 seconds (with vibration). from this wafer was 3900 A/cm.1

.. 75 
The solution holder was then again inoved Utilising similar . techriiques, other· diodes 
so that the seed was placed under solution with the intermediate region 224 less than 
IV and kept there·for 60 :seconds (with vibra- l.O,i.<ril thick exhibited· room temperature 
tiori), following which the seed holder was thresholds as. low as 3000 A/cm.1• Moreover, 

15 moved again so that a close fj.tting upper fully internally reflecting diodes exhibited 80 
graphite surface of the solution_ holder Wiped room temperature thresholds'· in the ·range :: r 
the residual of solution IV from the seed. · 2300-2800 A/cm1 • 

During this entire procedure the cooling rate The previously described DH laser diode 
of 3°C/minute was maintained. FolloWing the also functions efficiently as an electro-

20 fast step of the tube was removed from the luminescent diode, with the omission of the 85 
furnace and allowed to cool to room tern- optical resonator. · The description which 
perature. This procedure resulted in a wafer follows, however, will be limited for sim-
214 of n-type GaAs upon which were · plicity to an SH electroluminescent diode with 
deposited, epitaxially, four layers as shown the understanding that similar considerations 

25 in Figs. 3 and 4. The first layer, 215 on th.e apply to the DH. It will be appreciated that 90 
substrate 214 is estimated to consist of the SH electroluminescent. diode does not 
n-Ga1-xAlxAs with x approximately 0.3-0.5, per se form part of the invention. 
doped by· Sn to about 1018 ere~ons/cm.8 • An Referring to Fig; 2 of the drawings: the 

' 35 

. n-n heterojunction 221 was formed at the basic single heterostructure, ·as before, com­
interface between layers ,214 and 215. The prises contiguous semieonductor layers 112 95 
second layer 224 was· 'GaAs doped by Si and 114 of different band gaps with a p-n 
(and possibly Zn from diffusion from the homojunction 125 located in ~e narrow band 
following layer} compensated, but p-type. A gap layer 114 and separated from ·a p-p 
p-n heterojunction 222 was formed at the heterojunction 123 located at. the interface 
interface between layers 215 and 224. The between· the layers. A current source, 118, 100 
ltbird layer ~12 was estimated to be co!lnected across contacts 120 and 122; res-
p-Ga1-xAlxAs With x approximately in the pectively, deposited on the side of layer 112 
range 0.3-0.5 doped p-type by Zn in the ~d the bottom of layer 114, produces radia­
range of 1018-1019 holes/cm8

• A p-n hetero- tion 126 in the intermediate region which 
40 junction 223 was located at the interface propagates out of the deviee through ·the 105 

between layers 212 and 224. The fourth layer wide ~and gap layer 112. In the embodiment · 
217 was GaAs doped ·p-type· by Ge to about shown, the narrower· band ·gap layer U4 
1018 holes/cm.3• This resulted on another p-p forms a substrate having a. mesa-:like ·or 
heterojunction 220 between layers 212 and planar configuration.to reduce current spread-

45 217.-·. ing effect$ therein. Moreover, the wider band 110 
The thicknesses of the layers 215, 224, 212 gap layer 112 is formed in the shape of a 

and 217 in a section measured were appro:Xi- dome or hemisphere, thereby to reduce 
mately 5p.m, .1.5,µ.m, 1.9µ.m and 2--15,um,· reflection losses at the interface between layer 
respectively. The separation of the p-n hetero-· · 112 and the external atmosphere by increas-

50 junction 222 from the p-p heterojunction 223 ing the portion of the radiation 126 which US 
was therefore approxima~ly 1.5,µm, undergoes normal incidence at that interface. 

A non-heat sinked laser diode was then Both the mesa and dome structures improve 
prepared from the wafer so obtained for the the efficiency of the device. Efficiency is 
purpose of evaluating the threshold current increased further since radiation generated in 

55 density. This end was achieved by initially the intermediate region has an energy lower 120 
skin diffusing Zn at high concentration than the band gap of layer 112, thereby 
(1020Zn/cm8

) to a depth of 0.2.µm into the reducing absorption losses, i.e., in a conven­
surface of the wafer. The substrate. was then tional GaAs electroluminescent diode, the 
lapped to a thickness of about 6 mils. Con- band gap of the p-region is nearly equal to 

60 tact (Fig. 3; layers 218 and 219) to the n the radiation energy and consequently causes 125 
and p surfaces of the wafer was made by higher loss due to optical absorption. 
conventional evaporation techniques whereby In a diode structure as shown in . Fig. 2 
layers of chromium and then gold of several (except that layer 112 is planar, not dome­
thousand angstroms thickness were applied. like) spontaneous emission at about 8800 A 

65 The resultant structure was then cut and and about 1 % efficiency has been observed. 130 
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.The~ diode substl'ate 114 cotriptised ·n"'GaAs 3. A ~device as claimed' i:n claiin.' 1 ·or 
·.·-· 

doped . with .Sn· .ot Si ,to a •concentration of claiin. 2,_ :in which the second ctindtiC;tivity: type 
.about-2X10184Xl018/crt13 and .a layer ··of i·egion·is n-Ga1..:~AlxAs wherein x isJrom 0:3 
p-Gax:Al1-xAs (x=-0.3-0.5) and· was ·driven to 05, ··said·. intertnedia~ region "is p-"GaAs 

. by about 10 ma of direct current. While' the : and. said. first c6nductivity type region -is <:so 
· thictmess of. the intermediate ·p;;GaAs• tegfon p"'Gak-;,AlxAs:wherein x is from·03 to -0.5. 

124 (about·!~) should not cause appreci- · ·4. <A device as claimed in. claim 3:. ·in 
able· absorption.losses; preeise C!>htrol thereof .. which a further layer of:p-:GaAs covers said 
is not.as important as in the laser diode: The firiit conductivity tyPe region. • ·· .. · · 
diameter of:the top•·of the.mesa is typically 5. Adevice:as daimedin clalln. 3• orclaiin · :5S 
about SOOp., whereas the bottom ·of the me8a 4, in which the thickness . of the .intermediate 
is about 50 mils ~and is not criticaLHoweVer, regi.On is :1.sµ. . .·. · .. · 

· smaller diameters at: the top increase efficiency = 6. A device as claimed in any one of claims 
·by· increasing the Cuirent density ·· · · · · · 1~. in. which th_ · e th. ickn. · ess ·· .. of the .. inter-

.. · · · ·· .. . · . . niedi~re region is-Jrom 0;125 to: l.µ. .·.·· . 60 
WHAT WE CLAIM IS :- ;;..... .: . . .. .·· .. ·· . .. · 1: A device as claimed ·m claim 6, il.l which· 
1. A light emitting semkondlictor device :the thiclcriess of the .intermediate· region is 

comprising semiconductive . regions; of ''first 0;8µ. < '·. . .· ·. . . . . ·. . .. · . 

>to 

lS 

·and second conductiv:itY types ·havfug -wide ·' · 8. A deviee as claimed in. claim 2 ill· wllich 
band gaps· and, · iittei'p<ised ·t1ierebetween • a · the: threshold ctirrei:lt density of the :device '.: 65 

20 firSt common· conductivity: type ~bet~- is·.3900 A/cm". .· .. . · 
jrinction and •a second· .common c»nductivity · · ··9'. A device as claimedin·claim 2-mwhich 

. type heterojunction ' spaced from the .first the· thre'shold current density is from 2300 to 
heterojunction,, the distance between · the ·2soo A/cm~. · . 

' ' heteroj~tions . :defining · an intermediate · 10. A device. as claimed in claim ·l in· 70 
25 region coilwning a p-n 'j1lnction and ·having a which· the . wide band gap region is .dome 

narrower band · ga:p ·regi9n ·•:than ' th¢ ~gions shaped~· . . · . · •· .· · · · · · . 
. adjacent the other sides. of the ·heterojunctions, · fL A device as daimed in claim 1 jn 
the p-n j$ction being separated : froDi the . which . the narrow band gap region has a 

;::< · first hetetojunction by a distan¢ less. than· a .. planar configuration. ·· · · · 75 
30 diffusion length of mfuority- carriers injected ·. 12. A .double light heterojunction light 

· towards the · first . het¢rojiµu:tlon and the p:..n · emitting seinici>nductor device substantially 
junction being spaced from the second ·hetero- · as hereinbefbre described With · reference .. to 
Junction by a di$tallce l~ss . than ; a . diffusion and illustrated: in the aeoompa:ny.ing . draw-

(;.:•/ length ·of minority carriers =ihie.cted wwards ings; · · · .· · ·.. . . .. ·,·. · · · 80 
35 said .second heterojunction ,and adapted so 13. A'dciuble.'heterojunction semkonductor 

that the application ·of operating. energy to · laser· device·· .. ·substantially: as hereinbefore 
the device provides a : forw~d -bias across , described with reference to and illustrated in 
the p-n junction to inject minority cani~s the aa:ompartying drawings. 

~-:.> across the ,p-n "junction ~d produce ·radiative · · · · · 
40 . recombination. of• holes and 'electron..s; • •· .. 

2. A device as claimed in-claim 1, in which P •.• s. BROWN, 
two ·opposite. side~-··. of the···.· cleyice ·provide · Chartf;red . Paten~ Agent, 

. reflective surfaces for the -radiation produced 5'. Mornington· 'Road; · 
~<.:; by ·the device so a$ to forin a~ optical cavity Woodford Green, Essex. 

, .. 

45 resonator, · Agent •for .the .Applicants. 
Printed for Her MiiJ-.es~t..,..cy-'s-S-ta_t,....fo:-::ii."""11-i.j,...,.·Ofil-. _,..... -ce-,-b,_.y-th...,._ i!l-C,_,.o...,ti,...r-ie __ r_P_r-es-s;....,L....,,.eamington Sp~, 1974. · 
Published bey The Patent Omce,·25 Southampton Buildings, London, WC2A lAY, from .. 
· · :Which copies may be obtained. · · 
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'The diode substrate 114 comprised n-GaAs 
· doped with Sn or Si to a concentration of 
about 2X 1018-4X 1018/cm3 and a layer of 
p-GaxA11-xAs (x=0.3-0.S) and was driven 

·by about 10 ma of direct current. While the 
· thickiless of the intermediate p-GaAs region 

124 (about 1-4.,u.) should not cause appreci­
able· absorption losses,. precise control thereof 
is not as important as in the laser diode. The 
diameter of the top of the mesa is typically 
about 500µ, whereas the bottom of the mesa 
is about SO mils and is not critical. However, 
smaller diameters at the top increase efficiency 
by increasing the eurrent density. · 

WHAT WE CLAIM IS: -
1. A light emitting semiconductor device 

comprising semiconductive regions of first 
and second conductivity types having wide 
band gaps and, · interposed therebetween a 

20 first comm.on conductivity type hetero­
junction and a second common conductivity 
type heterojunction spaced from _the first 
heterojunction, the distance between the 
heterojunctions defining an intermediate 

25 region containing a p-n junction and having a 
·:' 

narrower band gap region than the regions 
adjacent the other sides of the heterojunctions, 
the p-n junction being separated from the 
first heterojunction by a distance less than a 

30 diffusion length of minority carriers injected 
towards the first heterojunction and the p-n 
junction being spaced from the second hetero-

...... -
junction by a distance less than· a diffusion 
length of minority carriers injected towards 
said second heterojunction and adapted so 
that the application of operating energy to 

35 

,. 
3. A device as claimed in claim 1 or 

claim 2, in which the second conductivity type 
region is n-Ga1-xAI,.As wherein x is from 0.3 
to 0.5, said intermediate region is p-GaAs 
and said first conductivity type region is ; '.50 
p-Ga1c-xAlxAs wherein xis from 0.3 to O.S. 

4. A device as claimed in claim 3, ·in 
which a further layer of p-GaAs covers said 
first conductivity type region. ·. 

5. A device as claimed in claim 3 or claim 55 
4, in which the thickness of the intermediate 
region is 1.Sp.. 

6. A device as claimed in any one of claims 
1-4, in which the thickness of the inter-
mediate region is .from 0.125 to lµ. 60 

7. A device as claimed in claim 6, in which· 
the thickness of the intermediate region is 

O.S,u.. A d • cl · d • 1 • 2 • h •. h 8. ev1ce as aune m c aun m w 1c . 
the threshold current density of the device ·. 65 
is 3900 A/ctn'J. . 

9. A device as claimed in claim 2 in which 
the tbrCshold current density is from 2300 to 
2800 A/cm9

• 

1 O. A device as claimed in claim 1 in 70 
which the wide band gap region is dome 
shaped. 

11. A device as claimed in claim 1 in 
which the narrow band gap region has a 
planar configuration. 75 

12. A double light heterojunction light 
emitting semiconductor device substantially 
as. hereinbefore described with reference to 
and illustrated in the accompanying draw-
ings~ 80 

13. A double heterojunction semiconductor 
laser device substantially as hereinbefore 
described with reference to and illustrated in the device provides a forward bias across 

the p-n junction to inject minority carriers 
,· ... : across the p-n junction and produce radiative 

the accompanying drawings. · 

40 recombination of holes and electrons. · 

:- : : 

2. A device as claimed in claim· 1, in which 
two opposite .sides of the device provide 
reflective surfaces for the radiation produced 
by the <ievice so as to form an optical cavity 
resonator. 

P. S. BROWN, 
Chartered Patent Agent, 

S Momington Roa~ 
Woodford Green, Essex. 
Agent for the Applicants. 
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