- mnimse

10 PATENT SPECI FI CATION (11) 1 359 308 (21) Application No. 29658/ 71

(22) Filed 24 June 1971 (19) (31) Convention Application No. 51067 (32)
Filed 30 June 1970 in (33) United States of America (US) (44) Conplete

) - Cl assification HO5B
33/ 12 (52) Index at acceptance C4S 43Y 66Y 68X 68Y 715 716 71Y 730 731 734
- 748 74Y 752 HLK 211 222 279 287 302 306 311 315 317 323 341 34Y1@58 411
421 459 489 493 573 575 578 579 57Y 583 625 62Y 632 653 (72) | nventors
RALPH ANDRE LOGANP ATFRINTRESPE.QIFTEATFIQNL AMNY EGVINE505308

| MPROVEMENTS: | N OR RELATI NG TO SEM. CONDUCTOR LUM NESCENT - DE CES AND
METHODS OF MAKING THEM (71) Ve, WESTERN ELECTRI C COVZ£tRErS

juncti®=h a re on in whic ED, of 195/ t he
concerety 1) APl “‘H'II’(I? 35‘43?/%( f?z) F'ieﬂ g?%r k ot ? i a

Cor porat 8h CorvepinacArpigation 10671 853 Tren 497878 ¢

exi st Y3y (3hYaited; Jtates of daoegea (USh i conduct or i s subst an than 5

the Stdt €4dComglge Spscificatignipubligbed 000X 1%¢ | { he rema\ ‘ t/ portion,
t he bdﬂ%/@BWPE”ACIWWPeES’PBd@HZare the invention, Y A that
el ectrol unm nescence is ob- for which we pray that a pat ewe=H&#y be tained
by the a;ﬁzbllwwmceema suitable volt- granted to us, and the nethod by
which it agec4§cr4é XofRY Tondl6 XuBOHE 7 &e is is to be perforned, to
be particul --a(rji_I 2212 azg-l ReVig%f 3i€hpt sxedy hi gh concentration 10

£y 13

cribed in an DV 458 148 @IBEFI3: 575 578 Gf9 | soel ectronic traps within
a nei ghbour- 50 Th|5%Y|58\’re§2§|63H 633|651 es to sem conductor hood of a few

~di ffusi o72) Eveitbys RALRH ANRRE LOSANes, and net hods of maki ng them nor e
-one side of tHEARRNM quGORlYnWHiTEIawd MELAMQVWAWI y to

elect ro-unmi nescent on such traps in
duct or devi ce§54) FMER MC?PEF slm%&béﬁ %\%&%ﬁgj& remote fromthe
junction. el se-l [Hﬂ’};g@ where in the

sem conducigr. dv Wﬁk’ﬁa&ﬁi ﬁ%méi:dw (e rfl- rJncu é};@.&nﬁtm& semi con-

t he |i gheaslincte mﬁﬁbf 195 Brodd sy, NeR ithe visseRs- have been
made to &eik Cith {‘g:v%@h(sm raaﬁiormxatmegltmmcdmtltr iosa mmvsent |o % in

respon eof%“‘?ﬁér E % ﬁ_‘l‘:{e B°t E Qﬁg‘:% r,.of the
sem - . effgs'd %re@ ecl}fré1 venéll) Cly, rolu %‘é&lés?lplbb th m ni mal
absor pt | o1, whidhe we ray2 thaDb pal ehghfaye;m ttt:.mﬂigby me@ tiolr @f a aMiablelvelt- i n

i nprovi ngratlmtq umamb;d@elmth@f mwhldnu tléeﬂil digde is1, 211, 358, a

P-N | qﬁctlll Hb;l gg grg m s atem n CE?F Eﬁﬁﬁ,ﬁé{?&:@#& % M
phosphi de lsome raht@d &for Junction
i S troni devided, ramgma:hbds akmg dxempmmbecbnw.ﬂde fot tmvahﬁmgmusﬂdya nelee hi gher

‘than in Palfl?}%g;vngt@ Mﬁl}zertlvﬂ&rlﬂ)%rr?nquﬁa’é 'Eﬁigﬂbourhood of
the MBCFEE‘?%WE& 59 'fe‘?‘?ﬁg@a“éﬂ ”@ﬁ“ﬁf S o “frif fatent
: . junction semicon- 6 the) L t%&d Keap the( iR R
| soel ect dentar dmdebewmm.zbaenima tb emia n Gighego n r@'lontéfelrapmwemns-r espect to

the p h OS mlﬁ%vmes W %‘;Oltag% con(?:gctor \:@ m{‘}&h rtﬁ) %semb

el ect gl gml@ggseml Qfficiehs; }Lyl -6d corrpound
seni condUK.aPatdnd iip. CLM{36& % POT ]uaétmt ravasm sonducetity mrre-t

conpr i sesamqﬂepb@ﬁ dedeseopigining is C%?SGWI% n%qV ?me@n iy m is However-,

the |igh IOEZ%) ’& bgfta ‘ﬁtﬁﬁ% ee 70
ef fi mzengued erstb! ne cénduct | VI tgg type an

1Dl i fhad pokdAET
epi t axi ahitdo eraps (whighudrel mélmrgﬁlamhbe Ae@rdnmbb endthnrpsp@ulodﬂleanvemf the sane

= Bl SR

carri e0s tilpgrkentlight |H?(Wéfrer8tﬁ rt of séﬁ:cdndugoi §hb§tﬂ&, ampect of
the i nvepfBitieny obwch adisiey rathﬂdbw;cand omfcpnﬁ icondyefivity typa s , epitdzinl wera

sem cond ooy de p| ty[iypeihayinga thic :
el ectri cg%gﬁ}%gm o) oun ‘Yﬁc’ﬁ’nd&%ﬁgﬁ 3{%?%%&% Q?fﬂﬁﬁa and a

gr eat 86 t mmﬂmgso b:kbaattpetchef ﬂlay:ﬁzéntbn\o qontadnin iy, Wi t4son and
and havi Rgemcay mrﬁewawmnw al IébeVec?tl‘?Sé' %ﬁ%ﬁ/? cone portion

for adlg,,ghpgm?lﬁ g‘lp‘;“i"%p aﬁ;tdg L Pehce of a few
di f f usi oaavluggngt Sle43 ﬁg POt )for

A {1#ps EIAE an & l&h@ﬁmﬁd@w ng on the
80 [ PP ctan@@iyf]a few diffusion lengths of nunomty less than the layer, solution growing dn 39,8808

2 first |ay®ric2spbcond epitaxial |ayer having a illustrates
~diagrammatically an el ectrolum




conductivity type opposite thereto and a inescent sem conductor device.
t hi ckness of a few diffusion | engths of m nor- The draw ng shows an
el ectrol um nescent ity carriers, solution growi ng on the second device 10

to be-descri be ' ' EECE ;

of the detail, in accordance with the invention. 70 sanme conducti vi ty type

as the second Iayer Forward vol tage of about 2 to 3 volts is and of -
t hi ckness gr er than the second appli the device 10 by a battery 1

| ayer, the t%ﬁ?’ouaver _having a higher ?‘35&8%8 through ‘@ switch 22. 22
Utilisation neams 1&3& 4 dcomi epinsl Uyt Wiving 4 hmbstiale @@faﬂﬂﬁuéﬁyerh, elédiGlum- . :
collects the omn@amVIWaﬂpammtel@em tatldach bipestéht s¢nigomdustdnaleviee. such t hat § he
body when for o O%O‘E‘rso ugﬁg}‘ 't ch TR diawing|sboveschn electriBmingsdent - ’”“ _
subj ected to 5a it!é @y &E A RaxiE a9§rsof' V\ﬁiquce dfite b d ebt?vd below in greater L

The device 10 issmeomdagsily: ofpe as ﬂmtssctomntlgeﬂ nFawp@rrﬁI’ atgg%g&r,r@ d;g ?‘he .

i nven- m)nocry@tl @e’ﬁsa er 1 thagyfth ndijfbt thetdedits 16 byad Toattery co
phosphi de el ect:Ek dii ! "m A AT i ‘;@ othpthvii s, sw;%’i@;amﬂ ata’bolmans

cent di ode, 1Ioa\ta & bdinkl Gich B ssagmtsﬁ@hhan g’é
di rection), prcahsr}il?k\d)m mmemablbwdmrgeanoSSntogeg&fcra’pc%l W%i:ezo’sacsubs ate ¥

relatively freéi P‘B Il Caj, ,6 oﬁﬁt uct-
growt h. Upon 'on a, u'ﬁ‘ln Eéﬂ‘?gifegﬁlgm| t ivibg @allivini @h&pﬁi&- tgpicaliy attoruved)y

t hi ck N-typess bsirbtMcorcaritratidl] €10 y 5 iprogs qknesp z_direction), g -
advant ageous| y pod hlrc adisrogaorapa i fiebrg Eﬁ “ﬁ}ﬁl fFffgl :;0 BT 0per
cnierr]). Advaﬁ?%{g‘egfb om0 ianial groyeh. o 0164 e £RUn alieints a&ps a
relatively cor lhgl ][i,g emj l,fod sl&fl'ugertom")aﬁdh agpduisly, tﬂetl\}'-q%

epi taxial | aape fof h@vlbdmgma ﬂithigaktrapsl. iagrelaﬁnﬁenﬁ@étﬂl is dae togg
suit- 85 ness Gﬁma“fyeweﬂ%:rbmmafﬂe& t'ﬂItlS;k-ofl un@g@m" tﬁe@#ﬁﬂi{;r Fles

of about 5 X 1 ﬁg&‘ ‘ﬁi #Mlﬁgﬁpm‘ bo¢ Rmic-
cnferr]. An epi &b@in i‘e trord it moos thldwvls:(dmtetirett rtltvnlamr 11.

i soel ectroni2s nabs egen rroommetttharr:Itt}18 Itﬁl‘pad T:Ir Q;{,ﬁ S ls ‘ﬁf‘éﬁ’l’ %‘%‘ggmffr@(ps
means no nore thPana'Q ?t °‘ ssf RS is nﬁg,génstr Y Rbout

conductivity crﬁe@g ]1aye m nb(—:« ow1011Q:[eecm1 aﬂd’a atedtiba Wi
ﬁate

phosphi de, but oh'fac suafa&(waﬁ tlﬂﬁ{g ct¥iphyp 11 ono d éQIrf h of
the thin ti¥n tlmreonswh@tptlrs@mogotrgaﬂlr EhvS-tr Bep EmoAngle: eoiagial § i%i“’af 395 -
advant ageousl y S %

|-

@15, I ThN&Yef 12008 Pafeloatduetn Of
on a clean surfas& m&rﬁﬁoﬁ fgﬁ‘,’unnﬁs‘terse s“pb)f]_t eopuvntbggallam elddodmrtordn@ugwtth es of
about 1 x 10 ekpx}axﬁﬁlayérh@h@()ﬂhemtﬁ)mlfu&ﬁsh t@’ﬂ“’? ble I‘tr-ﬁﬁritp jo&lne oy -
o ot her el Sl pearar “g g,fohr L TR i o

[+

sul phur 3 nic t Gt@ereph 1@X lidblect:iShic aitlogen ttrapgen
i mpurities. Th%?géi%“gj gfﬁcgﬁﬁgé% -dy!eapltm Prtﬁieliastey ab,thduct -
ni shes donor | repitaxiat ybxew@us fox ﬂllsepuNaoseype ’{‘}‘Ic

ue to
dopi ng with prs 18 nagm #pping) fiechmiquenis ?I‘i“t r,ggga, f%%oﬁl’]ﬁﬁ)gal%@ e
arslyobeldy@

..{.ﬂ"‘

of about 5 x I 11;2‘1“@01&,{*“ oluf Jfonices tperapm”)oﬁndthmr [err]

per other sui xﬂ;mﬁgsﬂ:eplizﬁpurin@lmhbtzlu&sfueerw@mef ,

thin epitaxi I nﬁShgsellcceplbr MH#rIUdmelstthe Prifpe I o %@a i gcﬁice ] 9.00 :
of)

P-type gal | % gtergm ,j;I?‘I‘f’ toQI een ; onB Qe iCix ofti ¢
ni trogen t raps egﬁhx glrl nayggos jdd hepsedhsunfaée- ofythie la}perlZ cnferr].
epi taxial P-type sblayﬁrgr&\in oa ertexmdt suclacd | dhe relectfgham lnescehnrde‘tldm ¥

a 25 mcrong toff jthei thiny B-type jab dpy lhéllsl Erhaﬂg I‘%Ofg’rb ’ﬁ? pi ng
techni que i s” e®*P Egl e & Eag B Rt Cheldb 10 a
saturated sol u%ﬁ%ﬁﬁé’ awﬁyen@ ﬁ&rﬁ% f ripaddry me%ﬁtny enonm[ﬁ%n ¢t.ie. _
bel ow 105 phos pixhelttoithe thiok Peype gpitaliallay ecamt amaﬂentg the ANtype YIH‘riq typicallyc err])
and advant ag%odg IB@IPBW"&%%HPP{?"EF@@M]&%“‘I nﬁ ﬁ éﬁm *]I*ﬁ’l% “% #}gﬁ;a err]
per cnferr])>a 53&52 ‘Ii,’pthgtamgq&yn@agyagaﬂl %8 P.typerrabrreumyﬂlamalm in

the P-type thanayeRethealicknest L %chduﬁerta@dahd:ob}cmamsattaguhd@% ) tablogi wike 16ayer ,
whi | e agai n t hecslting gonsentiation profile of wignificantot bﬁo%leli' toélﬂf’é‘eéd POQIYE)(?I ty

ni shes i soel gctP "'“"‘Wrdé § 3P “% %c e W g gk
per onferr] o ol b e;‘:‘g %&l"pﬁm ﬂfl% tedI M’ wﬁﬂ&pg e 125

posed surface ctﬁg fabes.s | ayer is sol utiongly (bmlﬁms W@n swerd asd PPhce
The el ectrol umfn'& e @eméell@ttftr to@f E knThefgrg@ eé;%gu Iibtlg ayer-.
For this al} 5¢ nﬁ?sﬁféﬁgving T ehbitinO58ex fopai n 2

sol ution growth technr que err e xy plane, and’is mounted on is
enpl oyed, but in .the absence of nit rogen suitable electrically _
conducti ng metal 115 Chmic contacts and wire |l eads are then at- headers
13.1 and 13.2. OChmic contact is tached to the thick P-type epitaxial |ayer
and made to the N-type layer 1l[err] typically by to the N-type
substrate for external ehectrr means of a tin al I oy contact 14 and a

[r— - . - ~ - o

\’
-




65 read in conjunction with the draw ng which resin layer 18 having a
refract’ive |ndex for 3 359, 1, 359, 308 3
the emtted Ilght which ai'ds in the errerd %ermeratnrp of about

1040[ err] C,andyfh&@iudan@ene Wheh Qidst lhaheeme:gedtempgmmbmwmgm0°c aﬂds ‘?ﬁg

cool ed t o 9O0[ ekrchGE iire amifper hghdbeafml% furt hefysem | f?ﬁ' &d&‘i’% ggﬂi&l
the . about 15 to f‘thmll conm,r;‘ il
are _:_connect ed e g th M bd td gme ﬁ@tyionc'erhrauugm -he&0
battery 21 an l&Wah izalt@rculauthﬂmgahce r7|>5 0'¢ perceBY)
vary- 70 conp Iebbctmhumhamlt device 18] rcw %ghgoghgerie
10[err] per crr[ ordgr tt"hfé eﬁh"' é? Z},‘j;&;g eV| ce

pltcim Tl AY

face with | aylgr %‘ﬁs in hltbnmudeto tho albam‘demb tHe
device 10, the id mnhéaebyf ¢onoelnngnaoubﬂho¢s siches egyplexe g@ﬂ‘tﬂt I
substrate 11 (deppelling SPEHOH B‘taxi?l 19{5 lay t&ﬁ:ﬁggmmm&rthg i es
per cnferr]) g %? %g Hemahoviged @.S:cw or the S°S coolingl dhd)y

conventi onal ety uusm taamg oW egﬁowbdhnpfcycﬂdmm mtssi B @éﬁ@t 280
a pul ling technitejloes. Tire (sul)lphoaphore itaeo«pfaﬂheatlssﬁ t’ée 3 ﬁ‘g ﬁi ue
can be used grow tfate'Fhes 4 lm D tjw%h agely
after the growt o aide 8%; E f reuxixad macﬂuamxa:geﬁusdogen anat
P1 85
1 i.e., afoteypidal@a rﬁb]it |gm>)n,te bdsue kBic [sppes amr gﬂll-bff"@ La l%ttles
t echni quenclssed eloelqunrgz Iét te upt B ]EHQ‘ op R e
The (139, %4 - tiasbed OF kulbHue; adimbtaer(orohpdgen)
and substyg 8 oan egm; hedqeptbouqmuotm secbaqscwatlm@rvao t

m nitrizke lfuﬁophdsblﬁde\n d’Ehca entire aassewblyf ac%ﬁ“ '

on. Then thseted g}]&g ?PQGFIEP"F%“T&MP‘ i oné i}ﬁr axaﬁiﬁ%l

r esuned '33° OB o o chaid ancat o yers
glitically féuf fedl w&neen pqiroﬁdeaCbsdeedlﬁa)yé%nQedlosn igrthrpgjtrogen tigps.

osed in a30quaxiliaryt fepmce Apntaihing d@o@ﬂﬁl@e at yome BEdch el fHCceFoyp | | donof®

inpurities end oft abp sulgiAiAies csuel Bs--t el lurium or
sel eni um can be §i52% gimmmq% AdeC arrﬁe (M anﬁc)ondnictdrbeIQBv compnstl&ad

of sul phur; vari qiiged Gitfgén oL |Adbdntaéduyly atht;utIHZ—YE H'P‘lﬂﬁ galloo
acceptor i npuds tmenssashlsas acs PG L7 e.2 on g @ﬁ%ﬂ}%mﬁ%@
assenbly is use€ ‘ﬂ%ﬁ? {e o) Yilténc s oD miA
el evat ed t enper ﬂal Sherrhaf Glﬁi utmﬁédsemecomﬂycetrncrs fromnthp dungtieanda iregiPRdR d
about 1050[ er r ] Gummorda hgﬁjtlre ua%aglea;hbldemlve qrbichathici eoneeREtORNT é;“°§,§5‘;§§2 105
exanpl e, gal | Orm w iy is lIlllenen eciﬂ IEU ! é or %&Bstd%hﬁlfy‘ &ater
Finally, only a §§§ e uﬁﬁ Ly epRece u{ iAthe ﬁﬁﬂﬂ@ﬁlo@ﬂhﬂt)popmythded
by an 11.5 or 1 haed 0OThed fhet dubstiatet nogseandy évpag sRh thaéFkaql wpgeseairaice
contai ni ng | ead sl hndleperatl of gfeutsh ainutes by o‘f ltfl gésg’ﬁgjp ication Hf =a'ats“ Sutio
AQ

100[ err] C. |n4%1dg rsﬁjﬁfﬂ cOyn m I@yaasoréﬁag)t&cﬂmrr}:ﬁ&

ammnl a VHAT @ Mok amsmeubatlg i4 of piligm phosphide. r 0
sem conductﬁmhdegtb\ma T J&emgxtataqdaycxed ﬁh %‘@W demme ic
5HYPH BRI

Adf_\i a geousl ihﬁyfo @q g{% body 158 R]tmrgﬁs
| s@hia sli gh ?’}ﬁ[{,‘f,‘ts ﬂ’gil Hi il OF A idevice decordingiep daifd- Nwharerc -
_mionimze Ega readsuély 1& for th ‘ﬁ? télglﬂaﬁypanqktlhmwf kg bedyals ZinSast
¥t ioon for gzmzthgef dredepnthsalslatﬁstlrlét @x&ple r diist pRf&e.Of
di ffusi F?&@E? gx% im unt su tﬁzlrasf *ﬁ%ﬁ@' 1netﬂéjbdnb %hﬁ%%ﬁigﬁt%g&g‘tﬁ;ﬁg n thENE20
ori ty carrier % ic aiiTegions BraibdtdngaliyulQ3hper cubic
t her eby di ssol veanw\/at ehtemaaatmnaeaﬁduatesmn‘,, dn‘ epnime din g gemgpdoppfcfaid por
with the saturat esdrolfureish ga plomnin g”r ofifis APt HeAt L LPECY RS £ o8
conponent 105 gr & AT ’5 gﬁl’“ o 11 11 hems T ARffick &ordia g Heim 1 where- 125
sem conduct or | s &’@ﬁ%ﬁ 1a rllys ﬁ oﬁtlaahetin| the lmiytxenf @lmm mmdsol ution
fl ows over than tayeltns dnothen sadeztecb oldtiontof pof t | e o ons c"%atfigm]tglm_
Then the subst rathemlﬂloﬁpbldeg‘ltc) ?““B’e ST Pha umggrﬁ‘sg

cooled in ap r°’% ﬁ@%ﬂ% ifeiror talsneAi dayicetd&eoralpg)td mmuom ‘@b 180
suitabl e 45 about the boat cont ai ning 'the sub- voltage

across the portins. 110 strate and growmh solution is then rapidly

2. A device according to claim where- renoved fromthe furnace to quench

any in the body is of gallium phosphide. further growth. Thereby, the

epi taxial |ayer 3. A device according to claim2 in which 11.5 is forned

wi i a thickness of about 3 the.N-type portion of the body s suiphur*ﬁﬁ—“-‘“‘
m crons. Next, -the epitaxial layer 12.5 is doped. RIS
115 grown by a solution growth nethod using 4. A device accordlng to
claim2 where- the sanme paraneter previously used for the in the P—type
portion of the body is zinc growth of the epitaxial |ayer 11.5, except
doped that |nstead of the Ieﬁd sulphlde as a source 5. A device

Y . - R T o [T 1

T oVQ A ~Q

p‘\

1-




gas anbient (which also includes [err]% mnmetre. 60 ammonia). Finally, the
epitaxial layer 12 is 6. A device according to claim1l where- 125 grown
on the layer 12.5 by tipping onto the in the body is of galllumnltrlde

| ayer 1275 another saturated sofutiom of gal= 7. A devite accordarmg to
claim1, 2 or |liumphosphide in galliumwhich is free of 6 wherein the 1
N-type'portions contain tellur- nitrogen, but which also contains.the zinc 3

ium or seleniunas significant jnpurity. (P‘§5933§7pur|t|es This tipping is

performed at a 8 A device according tg Ct 1. 2. 6 or 130 3 3
1, 359, 308 - the emitted hght Which atds in the emerg- temﬁ’eritlhﬁ of lbdut eGkota, Glad thehitkd

aids in the. \fewlarcer gnce ‘é%al ustrated 3 %fguﬂ]te 104 CCOOMdOt%@W trhe pem!rbobf
the emtted Fight, 131 B ;g‘?@ﬁ od
of As further ’isl |tht8ﬁghah£ thefy %1%& 1eOMAtEn 224 Eept%sye%

quenchi ng. et al cbrep,ideraa eleamﬂ:alwtrdut’t&clﬂdxag ehecamglmm EIJOE y‘r,crrt"bﬁth aayee-r K 2

will be fornmed h& o es‘te hlt’ e battery f% larqné2§\mtab¢ut2Q‘°tpor cng?
zi nc acceptor i rrmq{ gr; P1ad EEWi ol fhg Epepaseda purtace
circuit includong I Esulpm@t dn&m io[eAs REEmARE 96 ke Movd diGeribdi of5-
el ectrol uri nescer fo hyecon@ntional methods suchf ac ewwlatyél' érewtl% lof 1hi2.1ayetsal2abumuatl2,

10[err] per cnfefRuf }H‘i’t folpfion copi mqp‘h qs‘ffdna'
growth of the ex donsm Bath} erl §| ] }“%?eé‘iifg

portion. 10 X516 ersb]utmu pitaxisl onh I‘techtlilﬁlurdst IcG&m@Q:Elcl& iftesr ut-
alternative to tHao¥H hqs d>us ?ﬂ@e pétﬂeortmdﬂf emmmam(mmai) snmmmlls
such as two-|ay&f

rafion ofythe gplfinm ‘t’tl@ch?ﬂlqlli’e
or sol ution epltaaqu:ma a&ldﬁfeesct of %uﬂfef)%tta tgéﬁh Sg:mo" 51"19% Wf?“csfs

The epitaxi al 2Damrcaljy1a 5ry|mi1t1tetm¢rﬁred1 graphité Gba u rztmdiopddelhyer at tt.efonhétle gr owt

the grown on the° %3: g@e V!f@ye thiQGfO(lP IIedonoaﬁm:amtxeshe
S[err] C cooling) v11 sﬂﬁs 4 2 %}:ﬁfﬁl ¥ I E‘Eﬁ%ﬁ roup eﬁ
cool i ng cycl e i sallynbieiut apise alluﬁnﬁﬁﬂmﬁgtﬁ 13 eas(: dm can be -
phosphor ous f &&eligp th@hldPI nd. hefehnumseatbiyom als dnmstteadg:én inc;sand rother &ypel Group 90

substrate 11 is h"d"dg‘P *&“fe typi gant hecuserhinstpadm
nitride fromt he%ﬁiﬁﬁ%ﬁc 8 zfnj ?%pl ?}’Tﬁp ggg?ﬁ? gﬁfbm

sol uti on. Then th@huo mgwexy ¢ prSvtdba b;plaaceaisat 109
boat, resuned ntetflmznltald ldandttOkwsaﬁﬁcetojpfﬁuaicyy a
pryrolitically fgarsﬁﬂlbh ‘:Eﬁ:@f/‘g h&dreﬂiged Wﬁ t%}

encl osed in a Qqufbh Zntafnia &?&% Wé&h&&oﬂﬂﬁ cQUBn rlsing gnor
i mpurities eng oflultehentb!zat trhpsomdvdnmgmu ﬁttﬁik sIIIleszt t@h@und @em’ﬂooaﬂuc'to@ ody linim or

sel eni um can Ei’tﬁsf @l‘tpé‘t#l ﬁ‘iﬂ& tigpk foryiigca P—Nnpineald@0
dlpaticne portighnt
a%q%? aﬁf@ fle ffus %@gl m%l fe

of sul phur; varlau%getﬂteﬁth
ty daiaﬂé}s Eidﬁ]f
tral

acceptor inpuritues timail eq&h

assenbly is eenmma elaﬂthgfsuh)hmthelabtddmher WIh b ahGean beattmgent flapen
el evat ed terrp ,ﬁxs%k PAgated %qltewssl tf?rm i B<é s gonppoens 165
about 1050[ er r] Bihe oo Ak e e @Tﬂj‘ﬂﬂ}; j}ﬁ} oﬂ ?ater
exanpl e, gal.l i unmheeobstrataiing Thdnamesumirats HEUbOdyTH%ﬁgeudhrtﬂﬁ &sEdn

Finally, only,a ‘b f @haut | pigs !:nul etlrledabie thﬁonmélmtﬂemtdfya pultabl'eded
by an _11.5 or . Qgﬁ%:? ﬁE q@?z@§ %& oss 3p X RiJ gary furndé‘e
cont ai ni ng | ead &hib flﬁ&h@? 1S Yhdnk of the dyGé 6 ¢aVlium phosph é abo t
100[err] C. I n ad@rthqrcmowth hBle rthngq:ﬂta:gﬂSasenbl 8nt Adeviteabdosdingio tihi

anmoni a e th-a thicky b%g:i) Hie @artion Oﬁ)rﬂtwb@é is hdphue

1. A seni conductg}aw gylacghﬁlﬁgﬁ - R T4 d gto 2 yhi 115

Advant ageousl y, thhsasne pakdmelér pﬁe@mmu $&rfh Oﬂdthstlafyp ot Bf the bodf;‘
gas is«at a sli dzfltilv Bltqme@gerrew odxeeglt ngom portlons form ng a P

junc- 100 to 5‘3 %Eﬁ \ E%lp Ffas&r%%r? ‘?aﬂi e conc?trat on o 5%‘%%\}4 \f\tgtrhq- r1208't

| east one porti Qslﬂunf:@bf he AE@FroA Bpubiy iy er ublc
di stance of a fe&ltyohtfd EmpenatulraenghMt @60°0, s ¢entimdtretal@ iR reR3ihidér dp 4idl Porl- S

attai ned. The iﬁd e sFEl i dﬁﬂ l}('{qsz:t%?ét?es aotrgsegien thap 10°4 peroubia cemtiel t he
sul phur ther egy \Gﬁnall r {5 2RS, A0 d
react with-the @divm‘ {a %E' wwﬁﬁg&ﬁ%&ﬁ%ﬁg"g @tw}t é%n
conponent: 105 grlemt Oﬂter eamrat&'dtsnhbmatof gas- t hén Al cscﬁdmg)io thie 1, 2 or
fs;am conduct or i g ﬁg‘% P%‘gﬁcpm IF"%‘ géel %ﬂ@g}nﬁlmnm 3tgtluron
OWS over tésmaNmpetithdlCTHICH; o aah°po | s 11450
Then the substraie 11 quMg suc %t hat el ectro escencé s
cool ed ab utles obt ai ned by the application of a
sui t abl e 45 abog Iﬂl’#ﬂ"'ﬂ""[‘lﬂmpe boat containing the sub- voltage
across the porti rate and growmh solution is then rapidly
2. A device accordi ng t6 clai'm I where- renoved fromthe furnace to guench

any in the body is of galli um phosphide. further growth. Thereby, the '



grow h of the epitaxial layer 11.5, except doped. that instead of the |ead

sul phi de as a source 5. A device according to claim1l where- 55 of the
(donor) impurity suI phur a heated in the concentration of nitrogen traps
H—t+he—120—sotree—of—the dbbbpl o) H[JUII Ly Zi nC, [ypl C- sal d regl Onm

bfgantlally 10[err] per cubic ally at a tenperature of about 660[err]C
entinetre and in the remai nder of said por- used to furnish zincsatons
|n t he hydrogen tion is not greater than 10[err] per cubic centi- gas
ambi‘®nt (which aI so includes [erPI®8 netre. 60 ammbnia). Finalfy, the”

epi taxi WpCE I Hlith Mool hiheue- 125 grown
on t he ﬁa&%ﬁ; %Emgﬁr‘ﬁ‘%‘gr or?gta%nt 0 thewhdrdil esula;&ﬁby! mgmrraf m@atybe um nitride.

| ayer 129 SMdrmchewosia!tguﬂoatnE presesting: | gafi spludeha f%,f@n&f:c&t'dl ng to

cl a| flal@ N‘ﬁ“é}% al §°§ﬂl{1e n the
'\Hy R{}E&gloé ?hmtaﬁ ﬁ%ﬁl t%};%pu &&Bbﬂ ns the zinc

i um or nfeﬁdeﬁtnsdﬂiﬁoﬁ@c&t g:bﬂj |aa>aﬂling| tnSpum”tper ctiic centqnetrel t| es. Th| s tipping’is
per f or. witn dt cemprising the sigps, o o fé,%’or d1 gWh A getp thrqwﬁszo clgimof0. 180 - .13 4

1,3 SL% ing on at Jeast a part of a semtco erein thg fizst gﬁ léﬁgfgw %ﬁgg %yp e

subst ate of one conductiyity ty e an aturated

pOI‘tI 0 % Fr [ Rt thddame conduttivi iﬂ afkGi8 Gh erlgesblﬁe‘é adlphud ©r@f M um as
si gni flh@xaﬁga thnsmms few dlﬁ'usmn lengtlisl msxeeiomrtlheursxmstmmﬁn nat er| al | s N-type
9. A d@f/mégnat h tthe Bgfo é% "\g& n??f%?gp%
concgnigl ?&w igf@d- %@f SGite Sttited’ Sicih Bscg,ﬁiae % rogen
traps l@%ondu £ BledtefBkkizstiha Cglliubr in4hk predendat of e dbrmingathe |s present
in bot hh etlamhhavmgrmom@ntaarmn af iyert mmwm ttﬁ @rd qumttqg ifi cagt 10. A

met hod IH%"& %Iﬂ? u‘;‘lg’;do 1 sat he ordér
of ipeg ?é it RmIC Oliried golﬁti?)n dequlgmc centl metre.

~.claim j elcmmaﬁg al ‘vny SttqsepSppm iteS Ol mttwmlnmnc pmht:accor ding to~
claim m:;etd.in ahickngssoof eafewl é’ﬁgstma t Aotem&ﬂ’ ga 2 wherein the
first & hes ‘gj%‘%%gm 8 Q‘;’to & r?f’ﬁ?td%@fl Vig Y. type-an
a Saésurl ¢ L:t!l\htb'rﬂr giéb)&ﬂ’on([hﬁ:toi he” sanme

conductak vhetsycohq/ ]wer andl ogaindkmmgneatert h@v c mmgllms kegdipitrgeribbdwith  havi ng a

t hi ckndkay the et dnit
o TR da;cmét?tm@a%rgzg ik ng’co

Stofnad nd Qiibjeted 1t01@ suit-0edreldt r oni- n| trogen wher ei n t e second
Iayer |ablcg'phaama¢rossmwll eBd. lmﬁt traps, the syb® @ mg a higher electri-
saturat erh% Q sphl de i |ty and a greater
t hi ckn g.ﬁg tﬂaﬁl & [kgesence of wlo&go @8N0 the the |ayer and

- havissg aﬁofdéﬂ&ﬁﬁighiﬁtderbao@ihat sfcthe fimccept or ' | rrpurlEcsgpx,and of - ni.trogen.
el ect r ond ecaid byggen traps at |east an or dient for thg Apalicapit hod accor di ng to
claim 14 of , @Arh&%;tt@s%aut afﬁse@?mraxsrson@mgusn pa_herein the third

| ayer is grovvrPu EHeqAt AhePaitnt O, %ﬁ@% MCeatAY, ayer a second . -
epitaxial wurated soluti oﬁ°“b‘l’h‘°§&‘1" i h| de in gal'- |ayer having a’
cnductivity type opposite liumwth zinc as the acceptor inpurity. thereto
and a thickness of a few diffusion 16. . A seniconductor device
substantially lengths of mnority carriers, solution grow "as herein
described with reference to and ing on the second epitaxial l'ayér a thi rd
epi- as shown in the drawing.. = 60 25 - taxial .l ayer of the same
conductivity type: 17. A method of making a sem co_nduc_tor as the second
| ayer and of thickness greater device substantially as herein described

wi th than the second llayer having reference to the =
drawi ng. -a hi gher el umm m““mum’mnvqty than the sec- 18. A device
made in accordance w tth &ndt | ayers, |'ayers being such that the the::

met hod of any one of clains 10 to 15 65 30 body when forned and subj ected

to a suit- or 17. able voltage across it will enmit |ight. _ P.
S. BROMW, 11. A method according to claim 10 ' Chartered Pat-ent
Agent, wherein the third | ayer has a concentration -5, Mornington®
Road, of isoelectronic nitrogen traps that is at least = Wodford G een,
35 an order of magnitude bel ow that of the first: ' - - Essex, and
second | ayers.. - Agent for the Appllcants

Printed for Her I\/aj esty's St atronery O fice by Burgess & Son (Abi ngdon)
Ltd. -1974. 'Published at The Patent Office, 25 Southanpton Buildings, -
London, WC2A 1AY, from whi ch copi es may be obt ai ned.



