;e3el I\ 6RTdY 3-5 GROUP COVPOUND SEM CONDUCTOR AND SEM CONDUCTOR DEVI CE
BACKGROUND OF THE I NVENTION (1) Field of the Invention This,..l tion
rélates to a 3-5 group conpound sem conductor and a senicg@ ﬁﬂwmmwice.
In 5 nore particular, it relates to a 3-5 group conpound r

whi ch has a | ayer structure of epitaxial growth crystals suit'a8ls¢ for
constituting an el enment array having a pn junction, and to a sem conduct or
_device. 10 (2) Description of the Related Art In recent years, in the field
of various high speed el 8etsr GROY FelGoMBMENDrsSpt combuet6REALS Whi ch cont ai n
a sem conductor pn junction layer, nuch efforts has been nmade to develop a

_high density integrated 15 el ene®EMIGNDWIIGR i BEWYCRA Si ngl e sem conduct or
substrate and a | arge nunber of elenments nonolithically nounted thereon.
However, when it is intended to integrate various elenents in high density
on a single sub@%@%@%@U%@r@FcﬁﬁﬁrvagNTéOEonductive substrate, 20 there
arise problens of increase of |eak current between integrated el ements and
increase of intétfeFentd of BhentRvSntiPA each other. As the neans for
suppressing the inter elenent |eak current_which causes such interference,

- 2 there have been propbB8, 1RgenkianprelatefetRod wher SitkUPhe respecti ve

el enents are formed on a seni-insulating substrate, and el enment-separating
grooves havi ng gompound semiconductor and a semiconductor device. ' In

5 more particular, it relates to a 3-5 group compound
semiconductor which has a layer structure of epitaxial
growth crystals suitable for constituting an element
array having a pn junction, and to a semiconductor

device.

10 (2) Description of the Related Art
In recent years, in the field of various high
speed electronic elements or optical elements which
contain a semiconductor pn junction layer, much efforts
has been made to develop a high density integrated

15 element array comprising a single semiconductor
substrate and a large number of elements monoclithically
mounted thereon. However, when it is intended to
integrate various elements in high density on a single
substrate, particularly on a conductive substrate,

20 there arise problems of increase of leak current
between integrated elements and increase of
interference of elements with each other.

As the means for suppressing the inter-

element leak current which causes such interference,

T
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v

dept h which reaches the sem -insulating substrate are 5 forned to attain
electric insulation between respective elenents, and a nethod wherein a
sém -insulating epitaxial layer is forned on a conductive substrate, then a
device layer is forned on the sem -insulating epitaxial |ayer, and

el enent - separating grooves having 10 a depth which reaches the

sem -insulating epitaxial layer are formed to attain electric insulation
bet ween respective elenents. O the two net hods descri bed above,
“particularly tiher aides bethodrogsoaddanfageoxsmpiom & heetibodi elpoent of
desi gn because it has a high degree of freedomwth regard to the
_conduction typee ofespectimst eheentaraher foreedfon @ndamcthgsvheting
reliability of such an elenent array as a pn junction diode, a by polar
transi stor coftRsufage ann@ne] ehertofeparat POJt ayeesedrhavhi@i @i ng a pnpn
junction, the use of a substrate of |ow dislocation density having a high
crystal | inityl¢Rthayeieh Bpaghesblbei semirinARhGt a8e3UPEbRYLRL FEFLY s

[ ted by i [ I t ded for, obtaini t he | di sl ti
donai 1y, 25 AERBRER HER yaCERES| SEEGHhat HOT LOREPE) RS B RRGHETP oG LUBS  r at e
is used and a_sem -insulating epitaxial layer is provided for separating
el enments, is ?%ﬁ% i g?ggfﬁé?grv °Ith %r%%?gn+%?u %F%??erence -3

bet ween respeglive pefr FONduCLor cSLEIRNLS 2rises.alpo bl gase of other
y rn g

. e%
sem conduct or “‘devices prepared b eégrating various sen conduct or

el ements in highy densiiyee The brObLegy ofoBr sYefhi ngeh N e o€l SRl 5

interference becomes nore inportant as the elenent density becones higher
and the intersg| egpni) di ${8RCE,RECOMBRe SEBLESE ra IRy @ré@@éslﬂ§9iﬁg'28

epi taxi al layer used for 1nsulation between elenmentS is fornmed on
substrateipa $04&gth efhUpHopEEcERst axé akeh 2y BRSGI WMINg epitaxial
layer are formed to attain electric insulation between
respective elements.
Of the two methods described above,
particularly the latter method is advantageous from the
15 viewpoint of design because it has a high degree of
freedom with regard to the conduction type of the
substrate. Furthermore, for enhancing the reliability
of such an element array as a pn junction diode, a
bypolar transistor containing an npn junction or a
20 thyristor containing a pnpn junction, the use of a
substrate of low dislocation density having a high
crystallinity is particularly effective. In many
cases, conductivity is imparted by impurity elements
added for obtaining the low dislocation density.
25 Accordingly, the latter method, wherein a conductive
substrate is used and a semi-insulating epitaxial layer
is provided for separating elements, 1s more promising.

Similarly, the problem of interference



wi t hout supply of a dopant source has been heretofore used. However, even
when an undoped epitaxial layer is formed for such a purpose, it is not
easy thereby to forma |ayer having a practically sufficient electric 15
insulating property and in many cases the | eak current between

sem conductor el enments cannot be suppressed sufficiently. As a result, in
preparing for exanple a pn junction dci ogdle-array, npn bipolar transistor
array or pnpn thyristor array, even when an undoped epitaxial 20 |ayer is
formed on a Cotueen viee SRSt Iae eS¢l cuppretsr abl¢merts cheheas &bak current,
a satisfactory result cannot always be obtained, and it is not easy to nake
_respective dibieshoperse eclinddresuI¢nitenitgtondépehentpeeparedops. 25
SUMVARY OF THE | NVENTI ON An object of this invention is to provide a 3-5
group conpounkn &M o cYdF L odenf ebheRRY STt ofe Ve banent s 41n JnkigR| enent array
wherein the devel opnent_of | eak currents between el enents, which causes a
pr obl em when $Hu% setheoniRrRter *f drenten bRy et $HEmeYh density on a

bstrate, be effectivel d. 5 Another abj f thi
nvent 1 on T & T 9 GV B 5 SRER DU RonBRRE: am Lortti o €3 conduct or

device and el SIENLe RrE@YoNOL oy JRKE 114 POSST DIE {0 PLERA SapD gLLay wher el n

t he devel opnen er-el'enen currents i's suffricien SuUppr essed
10 and el ement{ s ke i it ed in high density. To solve the
above- ment i oned pr%%l err%fgié;%'cor ding to this invention, there is provided a

3-5 group conpound Semv@@é}@%t.@émfﬂm’éﬁﬁwﬂn$ &opductiyve sybstrate and a
devi ce layer of a conpound 15 sem conductor forned by epitaxial growh on

sai d conduct i fgr SubS T2 Lo Wi EhedS Oferferst § ULS UF Srif@dPéh S NG, as an
insulating layer, a pn lam nate structure |ayer having a pn junction

conposed 1f as b ¥ea tONHICE b VEa 1 By@rurgdisb@dd &b 1 tydei £oNtigd + vgrdbwyer 20
provi ded between the substrate and the device | ayer. The sem conductor may
al so be of a withwitureuphi ghofopidsast souptaceaofbéde hpardaniant e
structure layer or in addition thereto, an oxygen-doped Al GaAs | ayer

provi ded as aidegh rksistant ¢egrerwh@d Accardibped tepitasiahvemyeonis
further, there is provided a sem conductor elenent array conprising a
conduct i ve subztmed ef aindsechiculperpeter olt ype nieviersy afleerdontdni ng a pn
junction conposed of_ a 3-5 group - 5 conpound sem conductor fornmed on
sai d conduct IV bstave hahinh § PHACR & Flcte el Wbeent reteet &8hduct i on

type of etero barrier |ayer provided between saiqldevice | ayer and said
conduct i sugsi4iatelng property and in many cases the leak cufrent

between semiconductor elements cannot be suppressed
sufficiently. As a result, in preparing for example a
pn junction diode array, npn bipolar transistor array
or pnpn thyristor array, even when an undoped epitaxial

20 layer is formed on a conductive substrate to suppress
an inter-element leak current, a satisfactory result
cannot always be obtained, and it is not easy to make
respective diodes operate under sufficiently

independent conditions.

25 SUMMARY OF THE INVENTION
An object of this invention is to provide a

3-5 group compound semiconductor, semiconductor device



5 is made to be the sanme as the conduction type of that part of an active
| ayer adjacent to said hetero barrier |ayer and containing the pn junction
interface, which part is in contact with said hetero barrier |ayer, whereby
band di scontinuity caused by conposition 10 difference is developed in the
val ence band thereby to suppress the current which flows between the device
| ayer and the conductive substrate. According to the aspect of claim1l of
this invention, there is provided a 3-5 group conpound 15 sem conduct or
“conprising a enddattingetsabstyavbeaninatdevieeelagmendf od 3eBkgr oup
conpound sem conductor fornmed by epitaxial growmh on said conductive
_substrate, whtehreohprbsescbnt abemeshbd cbhduccaveesupsprabéeandhsai d
device layer a pn lam nate structure_ 20 | ayer having at |east one pn
junction conpVasifpgsaspnigpedpayer RASTMAYCH- eypefesRBdcinvhighand an n-type
| ayer having n-type conductivit By forn ng one junction | ayer

) | east n
by | ami nati on?®RSatE- PHpe F§9§F¥aﬁﬁyaﬁaﬁ-?9p%%%§9EFYe$¥ §§BBF%EF?PC current
which will _tend to flow,th ou h %he n lLam pation structure _layer in
per pendi cuPar directionAEQﬁ Bg 8 %Engggdgh§saﬁn¥ﬁE 95 baPr F8r formed by
said at | east one.gg gu géign t he neces i nsul ating
e“condu

ary el ectri - 6
conditgon bgtﬂé%il FPuR EB%EPPaﬁeséﬂaC?ﬂ8u8§9Fce | ayer can be
, T h i - ti
oo Par o kERKagRaGARo oL eIuacdny THOUADN L e, LAY DAY £r SRENET HES

conprising a p r-and an n- ayer 1s effectrve eén-at 5 | east

one pair ther ggbs 810" OX1 fedoapbens a,enoalad Lo pAL! 8By S1EUGEHECoR two

or nore pairs IS adopte current OWs In a drectlon

perpendi cul ar ; h9eFbg1 BRcham Bake gbElRtYr esl 3y eEicaBnbeySyRBpeesedanor e
effectively. 10 According to the aspect of claim2 of t%ls I nvention, there

i's provided aasdSeJepuptrsonpeungdtsgrheendust BE gEOAPREStRY a conductive
substrate and a device |ayer of a 3-5 group conpound sem conductor forned
by epitaxial growh on $ai dotosduhti ¥Bove-mentioned problems,
according to this invention, there is provided a 3-5
group compound semiconductor comprising a conductive
substrate and a device layer of a compound
15 semiconductor formed by epitaxial growth on said
conductive substrate, which is of a structure
comprising, as an insulating layer, a pn laminate
structure layer having a pn junction composed of a p-
type conductive layer and an n-type conductive layer
20 provided between the substrate and the device layer.
The semiconductor may also be of a structure which
comprises, in place of the pn laminate structure layer
or in addition thereto, an oxygen-doped AlGaAs layer
provided as a high resistant layer.
25 According to this invention, further, there
is provided a semiconductor element array comprising a

conductive substrate and a double hetero type device

layer containing a pn junction composed of a 3-5 group



15 substrate, which conprises an oxygen-doped Al GaAs | ayer provi ded between
sai d conductive substrate and sai d device |ayer. The oxygen-doped Al GaAs

| ayer constitutes a high resistance |layer. The resistance thereof in the 20
filmthickness direction is determ ned by Al conposition, oxygen-doping
concentration and thickness of the layer formed. By providing an
oxygen-doped Al GaAs | ayer which shows-hbgh resistance in the filmthickness
_direction, an electric current which will 25 tend to flowin its thickness
di rection cancorpeuppressedondncepectervedupnepdidhfendwetivel ow bet ween
the device |layer and the conductive substrate can be effectively
.suppressed, apdosheapeobVehrbf 1feak auPEEREturecuhepeisofied. Thus, by
provi di ng an oxygen-doped Al GaAs | ayer, the necessary el ectric insulating
condi tion bet GRBAVERECBoRYRRBL PYedsBEEFat B2ARYSE b2 YBYi BECVAJEF can be

d, and the |eak t.can 5 b d. According to th t of
claim3 of tHSHRSRnEroN, IEHAFE TSV BF o9fdet alac8 gPOhp RoRpBORE o

semi conduck or , gecording Lo chal oL vwhich Lurther coprises ap pxygen- doped

Al GaAs | ayér Dbetween sai onductive substraté and s evice | ayer.

Accor di ng ton%QPtaéPegﬁ Qégﬁbéiﬂé e9fa§?£éehﬁvﬁﬁtégﬁg &E@é?oiﬁaPEg¥Ed6d a

3-5 group conpound sem conductor according to claim erein sald oxygen

doped Al GaAs |ayer LsaPegitdedihet vrenonal dacendhoLhyer 22caybshighe and

said pn lamnate structure [ayer:
part is in contact with said hetero barrier layer,

whereby band discontinuity caused by composition
10 difference is developed in the valence band thereby to
suppress the current which flows between the device
layer and the conductive substrate.
According to the aspect of claim 1 of this
invention, there is provided a 3-5 group compound
15 semiconductor comprising a conductive substrate and a
device layer of a 3-5 group compound semiconductor
formed by epitaxial growth on said conductive
substrate, which comprises between said conductive
substrate and said device layer a pn laminate structure
20 layer having at least one pn junction comprising a p-
type layer having p-type conductivity and an n-type
layer having n-type conductivity.
By forming at least one pn junction layer by
lamination of a p-type layer and an n-type layer, an
25 electric current which will tend to flow through the pn
lamination structure layer in perpendicular direction
can be suppressed by an energy barrier formed by said

at least one pn junction, the necessary electric



According to the aspect of claim5 of this invention, there is provided a
sem conduct or devi ce which conprises the 3-5 group conpound sem conduct or
according to claiml1, 2, 3 or 4. 20 According to the aspect of claim®6 of
this invention, there is provided an el enent array conprising a conductive
substrate and a device |ayer of a 3-5 group conpound sem conductor forned
by epitaxial growth on said conductive Gubstrate, said device |ayer 25
bei ng a doubl e hetero type device | ayer conprising a pair of hetero barrier
“layers and aniretlaeinayerndid dobhdiakegendilte heerturbare i erbsayats, wherein
the conduction type of that hetero barrier |ayer which, of _ g sai d
pair of heterandadihe eleTigRI5IVe% POV G The AN OFRAKITVECBUDRE rat e
side (hereinafter referred to as the J|ower hetero barrier |ayer) is the
sane as that BFAUGEY acthredh RS  Laninace Py iRy P TOhtREL? o t ype of
the |l ower hetero barrier |ayer the sane as thai%ég t he active |ayer

adj acent t her'fRf 1RA¥RE AREOR i HUT YRR | 2 ¥&kiskd ROMpEsi YR h i fference in
th | d ltantly th | ectri t. which fl t 10
the activer | S hrfid HEChrRRATYA SO S A Lar it St pHRReet by ¢ he

b i f i - ot erf d d.
According to B " afind P oo R Mol SIS A PSR 08 Pea an

el ement arra cordj | i W ol . | pat
YR COLA DG LA L0y o LR Gy ol COMpIdnase pahianidatg,

structure layer having at [east one pn junction co

havi ng p-type. consctdyi d ¥ &gk Al ity PEa V&Y & adayd g tyPSe SaRECt i Vi ty
bet ween said hetero barrier |ayer and sai'd conductive substrate. 20

According to dhes@sppety of claim 8 of this invention, there is provided an
el ement array according to claim®6 which further conprises an oxygen-doped
Al GaAs | ayer between saactdoieig hes efioe gt dBYETaand saf deiconducti ve

substrate. 25 According to the aspect of claim9 of this
invention, there is provided a 3-5 group compound
semiconductor comprising a conductive substrate and a
device layer of a 3-5 group compound semiconductor
formed by epitaxial growth on said conductive
15 substrate, which comprises an oxygen-doped AlGaAs layer
provided between said conductive substrate and said
device layer.
The oxygen-doped AlGaAs layer constitutes a
high resistance layer. The resistance thereof in the
20 film thickness direction is determined by Al
composition, oxygen-doping concentration and thickness
of the layer formed. By providing an oxygen-doped
AlGaAs layer which shows high resistance in the film
thickness direction, an electric current which will
25 tend to flow in its thickness direction can be
suppressed, an electric current which will flow between

the device layer and the conductive substrate can be

effectively suppressed, and the problem of leak current



invention, there is provided an elenment array according to claim7 which
further conprises an oxygen-doped Al GaAs | ayer between said | ower hetero
barrier |ayer - 9 and said conductive substrate. According to the aspect
of claim 10 of this invention, there is provided an el enent array according
to claim9 wherein said oxygen-doped Al GaAs | ayer is 5 provided between
sai d conductive substrate and said pn-l amnate structure |ayer. According
.to this invention, the devel opnent of inter-elenment interference due to

| eak current s daet Wweersodiverbnt Shwtsi, civyp ey idiser icousxyoebl-empsisen 10

vari ous sem conductor elenments are formed in high density on a substrate
can be eff ect P&lapss dppieds s &by ca@disng Ya ediegiire Cstieyw ud tiggeat edl vy

| am nating a p-type layer and an n-type |ayer or by form ng an oxygen-doped
Al GaAs | ayer. CONfdd iome bebyigem déise & ONEgAS Vieapeio SR tE5 agcowhsi gh

resi stance crystals nore stably as conpared with an undoped epitaxi al

| ayer, it candﬁﬁéﬁﬁdéadﬁrepéﬁe%F FEAYGhi GRS dcapietik ¢uIFethEddse of a
doubl e hetgrogiunction type pn-junction diode elenent, in place of that
described 20 §50vEWFS addition thereto, by providing one of a pair of

hetero barrier |ayers ogct%%d§idet%ft%gea%ﬁg%%r%%ebl%§idBOQ%.Q%H%ro barrier

| ayer having the sanme con JCtion type as that of ‘the activel ayer, band
nce of Al

di scontinui ty ;ig the yval gpce band aused hy ot he 29 di &

i r
contents betmeene%he active lTayér éhgghetero bar ri‘er Iafé%% and t hereby

current | eakag m“i%%n%c%‘é&%%%%%&n@“%i ennehematy Hetherence can be

reduced. Accordingly, nmerely by addi’ng sone change to
comprises an oxygen-doped AlGaAs layer between said

10 conductive substrate and said device layer.

According to the aspect of claim 4 of this
invention, there is provided a 3-5 group compound
semiconductor according to claim 3 wherein said oxygen-
doped AlGaAs layer is provided between said conductive

15 substrate and said pn laminate structure layer.

According to the aspect of claim 5 of this
invention, there is provided a semiconductor device
which comprises the 3-5 group compound semiconductor
according to claim 1, 2, 3 or 4.

20 According to the aspect of claim 6 of this
invention, there is provided an element array
comprising a conductive substrate and a device layer of
a 3-5 group compound semiconductor formed by epitaxial
growth on said conductive substrate, said device layer

25 being a double hetero type device layer comprising a
pair of hetero barrier layers and an active layer held
between said hetero barrier layers, wherein the

conduction type of that hetero barrier layer which, of



- 10 the previous process step, it beconmes possible to . prepare a diode
el enent array in which the devel opnment of inter-elenment interference can be
sufficiently suppressed and which exhibits stable diode 5 characteristics.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sectional view show ng one
exanpl e of the enbodi nent of the 3-5 group conpound sem conduct or accordi ng
to this invention. 10 Fig. 2 is a sectd gnal view show ng one exanple of a
pn junction diode array constructed by using the 3-5 group conpound

sem conduct or sshgwvpadir Ky helte RRERERRED ENMBEDRISVENES p@o vilded MVENHeON 15
One exanpl e of the enbodi nent of this invention is described in detai

bel ow wit h refeanghvel itve Fupateiterigidel (hereigeditieonale iarmedsHowiary one
exanpl e of the enbodi ment of the 3-5 group conpound 20 sem conductor

accordi ng to tiiss LiaweehthiederoTha s Hricue oo e sEme @rfdddddy o0 i s
used for prepar%gg a doubl e hetero type pn junction diode array, and is of
a layer structi¥é G5prMiSidfySF conductive n-type GaAs substrate 1 and a

B acti ve Payer Tormed aftie BRI Py G S A o - 11
using metal OnGaNle nARY, BRSSPI (MR |L Wit Bpadigrent. o
active layer adjacent thereto, band discontinuity is
caused by composition difference in the valence band,
resultantly the electric current which flows between

10 the active layer and the conductive substrate can be
suppressed by the energy barrier thus formed, and
inter-element interference can be reduced.

According to the aspect of claim 7 of this
invention, there is provided an element array according

15 to claim 6 which comprises a pn laminate structure
layer having at least one pn junction comprising a p-
type layer having p-type conductivity and an n-type
layer having n-type conductivity between said hetero
barrier layer and said conductive substrate.

20 According to the aspect of claim 8 of this
invention, there is provided an element array according
to claim 6 which further comprises an oxygen-doped
AlGaAs layer between said lower hetero barrier layer
and said conductive substrate.

25 According to the aspect of claim 9 of this
invention, there is provided an element array according
to claim 7 which further comprises an oxygen-doped

AlGaAs layer between said lower hetero barrier layer



| am nated as an n- type GaAs | ayer on the n-type GaAs substrate 1. Then, on
the buffer layer 2 are lam nated 5 an oxygen-doped Al GaAs | ayer 3, which is
an 0-doped Al o, 3Gao,, As |layer and works as a high resistance |ayer, and
further a pn lam nate structure layer 4 for use in suppressing electric
currents by an energy barrier caused by pn junction. 10 On the pn | am nate
structure layer 4 is further forned a-doubkl e hetero type device | ayer of
3-5 group conmpound sem conductor of the so-called double hetero structure
whi ch conpri sesidarsadct iopeduaprarves sedpirbagieng an n- type Al o, | sGao. asAs

| ayer held between a 15 | ower hetero barrier layer 5 and an upper hetero
barrier layer 7 each haWaspralingr fer téveemgpeagdp athard atfe ldctofvdhigyer 6. In
t he present Enbodi nent, the | ower hetero barrier layer 5 and the upper

het ero barri el VAL ON e 4418 Lok IPFEY 188 2Nt BIEMANS, GC&d Yo AS 2T did\ger, and
a contact |ayer 8 conprising an n- type GaAs | ayer is further forned on the
upper hetero B& Gléim &y &hezelthé VIR E e U AL GRE S APt Ionpri ses

p-type layers 41, 43 and 45 each ,conprising a p- . type 25 Al 0. 0, 6As | ayer
vt hg bt ve BCSHAGEE Mot 2ot SIE) By 24 B T 46b 2o S hbr | 51 g
an n- type Alq.%gaot%Astlac r ha¥%&%rn-type conductivity, which are

| ami nated as sHOWH AN F 5 e 'L, S, ‘the pn | am nate - 12 structure

| ayer 4 has a repeated Pgﬁ%ﬁg%gﬁfg£ygk %efﬁyyﬁﬁi%ng-&*@gqug@ﬁég?ﬂ} n-type

| ayers are alternately whereby "a pn junction is for etween a

p type layer ad;an N-1tiRG Ay 8htadiraceiicd Refete 12 k0 duhg prasent
Enbodi nent, the pn lam nate structure |l ayer 4 has a 6-layer structure

wher ei n the nyheiecof J1epRed JEmnaidsey of etivke kawenemnthai ype | ayers
is 6: it contains 3 pairs of a p-type layer and an n-type |ayer, and the

nunber of 1PN jWaRGlduENSansS clhductAT @asaicnied aaleovfe,rnidde ipn Higyk nat e
structure layer 4 conprising repeated pn junctions is provided as
density on a substrate can be effectively suppressed by
adding a simple step of repeatedly laminating a p-type
layer and an n-type layer or by forming an oxygen-doped
AlGaAs layer. Since the oxygen-doped AlGaAs layer can
15 grow high resistance crystals more stably as compared
with an undoped epitaxial layer, it can provide an
element having high reliability.
In the use of a double hetero junction type
pn-junction diode element, in place of that described
20 above or in addition thereto, by providing one of a
pair of hetero barrier layers on the side of the
substrate, said one hetero barrier layer having the
same conduction type as that of the active layer, band
discontinuity in the valence band is caused by the
25 difference of Al contents between the active layer and
hetero barrier layer, and thereby current leakage can

be suppressed, and inter-element interference can be

reduced. Accordingly, merely by adding some change to



an electric insulating |ayer for preventing leak currents fromflow ng from
the active layer 6, the 15 device active |layer, to the n-type GaAs
substrate 1 by utilizing the energy barrier fornmed by pn junctions. Thus,

by the action of the energy barrier formed in the pn lam nate structure

| ayer 4 conprising repeated pn junctions, electrons and holes which flow in
a 20 direction perpendicular to the respective |layers of the 3-5 group
.conmpound seni conductor 10 are bl ocked by the pn | am nate structure |ayer 4.
Ther ef ore, by thsi pgetvieouw Procegs chgpound Semiorersdposeribl® construct ed as

menti oned above, as 25 described belowin detail, the electric current
comes to fl owPdsPprehrodgiode € lgmendr agaely dnd whiehdéhel devedorsfend | eak
current can be suppressed. In general, the energy barrier of a pn - 13

junction can K€ daderSlgEends e rdeeegregsgioPet Baffdcdendll used i s

| arger; hence, when the above nentioned |ayer structure is constructed for
exanpl e, wit h SAPRAAS SEfhe N telich $xMahlssSyetaRiecGACER/t is 5 preferable
within limts not d%leterhous to the crystal quality. The thickness of each
of p-type Pay&PGraftes3sti®Sas and n-type layers 42, 44 and 46 is
preferably about the sanme as or larger than the thickness of the 10

depl etion layer of the pn junction depending on carrier concentration. Wen

t he thickness k%ﬁ?“yﬂé@hi%H%%NtQﬁtT@ﬁ?%ﬁ@ﬁﬁ%G@bove’ in sone cases a

sufficient efFéct cannot "be obtained in preventing an electric current
Fig. 1 is a sectional view showing one

example of the embodiment of the 3-5 group compound
semiconductor according to this invention.

10 Fig. 2 is a sectional view showing one
example of a pn junction diode array constructed by
using the 3-5 group compound semiconductor shown in

Fig. 1.

PREFERRED EMBODIMENTS OF THE INVENTION

15 One example of the embodiment of this
invention is described in detail below with reference
to Figures.

Fig. 1 is a sectional view showing one

example of the embodiment of the 3-5 group compound

20 semiconductor according to this invention. The 3-5
group compound semiconductor 10 is used for preparing a
double hetero type pn junction diode array, and is of a
layer structure comprising a conductive n-type GalAs
substrate 1 and a plurality of compound semiconductor

25 thin film crystal layers containing an active layer

formed on the substrate 1 by successive lamination



fromflowng to the | eak path. Since the depletion 15 | ayer thickness is
inversely proportional to the square root of carrier concentration, the

t hi ckness of each |l ayer can be made smaller as the carrier concentration of
the pn junction forned is higher. Herein, the conductivities of the p-type
| ayers and the n-type 20 | ayers constituting the pn | am nate structure

| ayer 4 shoul d be specified by substantinl-carrier concentration; for
exanpl e, even in layers grown w thout supply of a dopant (so-called undoped
| ayers), thosasimigcmesiadworgeype orpet phe scordudring t(WOSdll.d 25 be
regarded as a p-type layer or n-type layer. Since an advantageous effect
can be obtai ned even whém ﬁﬁéSn@ﬁgadlﬁﬁnﬁep@a@@éfﬁﬁ jl@yetri @nliss 1, the pn

| am nate structure |ayer 4 suffices so long as it - 14 has at |east one
p-type |ayer afdigatieshss mt ypetVE§er2Aput 2WRAENCR heNe afit h¥PE oRaPepetiti on
nunber is increased, the |eak current pr%é&%tio effe%t becqnes larger. In

particul ar, wWSERSHHETS ayer ¢ %Pe $led i S¥n JAYREt i“oR Travidiy "4 BE%h
i tration, | eak tends to.d l, i to ¢ |
efTect, of Moo he BIPBPPEr BATEEE DEvetes s MR 1Y Qoh Sobase. t he
| the | am I L ,.1h t
Suppression eftacrooryt hEyeh Sl MIPRE 5L 0f ARVHCted TG ARE8 SHLLET

SUpDY e5i 0n 0l Bl chy 1436 kol 18 AL N8LR ST UGG ayer 4,

further, a high resistance Fayer 1s provi by form ng an oxygen-doped

Al GaAs |ayer 3ygheisalivigt @ 1SURRIIRS 18 deBiRls o LeNtenelyyThusrilhe high
resi stance | ayer provided by the oxygen-doped Al GaAs |["ayer 3 utilizes an

oxygendoped Al-GaAed a¥ehn Whineh iics.known to have high resistance, to
prevent a leak current fromflowng to the n-type GaAs substrate 1. The

oxygen-doped Al GaAs 20 loaye@he3 phas aail nadanrtage tiutet hatyert 4cam grow hi gh
resi stance crystals nore stably as conpared with undoped epitaxial |ayers.
The resisti vi ttarahetrhe€ caxiege a- doped cAhGaAs d ayer Jeivi cleha afjielrmotfhizcloness
direction is determ ned 25 by Al content, oxygen dope concentration and
| ayer thi ckneggoubheocAporont eemiicongiusfteralplfy thieglsoniceAileda double
hetero structure which comprises an active layer 6
comprising an n~ type Al, ,;Ga, g:As layer held between a
15 1lower hetero barrier layer 5 and an upper hetero
barrier layer 7 each having a larger energy gap than
the active layer 6. In the present Embodiment, the
lower hetero barrier layer 5 and the upper hetero
barrier layer 7 each comprises an n~ type Al; (Ga, ,As
20 layer, and a contact layer 8 comprising an n- type GaAs
layer is further formed on the upper hetero barrier
layer 7.
The pn laminate structure layer 4 comprises
p-type layers 41, 43 and 45 each comprising a p  type
25 Al, ,Ga, As layer having p-type conductivity and n-type
layers 42, 44 and 46 each comprising an n  type

Al, ,Ga, ([As layer having n-type conductivity, which are

laminated as shown in Figure 1. Thus, the pn laminate



range not harnful to crystal quality, and is preferably about 0.3-0.5 in
practice. The oxygen dope - 15 concentration also is preferably high
within a range not harnful to crystal quality, and is preferably about
7x1015 - 1x1019 cm 3. The thickness of the oxygen-doped Al GaAs |layer 3 is
preferably large within a range not 5 harnful to the growth tine. In the
present Enbodi nent, further, the sem<omuector 10 is also of a structure
Wwherein the | eak current which flows to the n-type GaAs substrate 1 can be
sur pressed by s¢amiatelte dg vere 4cdrduct irereyss dmitattise sitawert Uret er o
barrier layer 5. In general, when it is intended to construct a pn junction
di ode array wierRiGaRs tipse lavpdsaltsid ihé YPewee Yiee @d shariticamnatader 5 is
formed as an yndaoped | ayer so as to hgve an insulating function, too, and
the active | ayéMi6assd 15 NEEENYp FePrhetldCs 108 iSed OFEFSr PRLHESH dedon t he

upper part thereof .are forned as an n- e layer. B ding a p-type
i bo to 8 BYgRt ot erne i Pl -Subiy T aye e asra ot ERE Yper Dot er o

barrier layer 7 by means _of_.ion inplantation _or thernmal diffusiqn, or by
formng a 20 p-type senﬁ@oﬁ&ﬁcpgﬁsﬁgseﬁméﬁ%&ggﬁ§’o%%§eF@c9@@én it axi a
growh, a pn j t el t . be for i ver  a_l r. si.de hetero
barrier Iayersggﬁgﬁ%gg %%g%g}ﬁg%%ﬁd%pgdlgsggAgQEEG?%éeawﬁig%%&1t§§htent IS

apt to De 2 | Ruebathioch shous Joowcanaenthatieop Byibe 8 conductivi ty, and

noreover a p-type carrier concentration can be ha ilized. As a

result, an energy harkirer iagai;nsk hehesing di bhiicul by of @Lagehd n
val ence band bg?weenthe ébtive | ayer Gland t%el - 16a o&g% hef%ﬁ%?

barrier |ayer abd amndnhely@s mMayep9ssingl ¥hkeeaknbe rt be hdeuelctlibasn-itsype GaAs
substrate 1. To avoid such a problem the sem conductor 10 is of a
10 5.

As described above, the pn laminate structure
layer 4 comprising repeated pn junctions is provided as
an electric insulating layer for preventing leak
currents from flowing from the active layer 6, the

15 device active layer, to the n-type GaAs substrate 1 by
utilizing the energy barrier formed by pn junctions.
Thus, by the action of the energy barrier formed in the
pn laminate structure layer 4 comprising repeated pn
junctions, electrons and holes which flow in a

20 direction perpendicular to the respective layers of the
3~5 group compound semiconductor 10 are blocked by the
pn laminate structure layer 4.

Therefore, by using the 3-5 group compound
semiconductor 10 constructed as mentioned above, as

25 described below in detail, the electric current comes
to flow only through its proper path and the
development of a leak current can be suppressed.

In general, the energy barrier of a pn



structure wherein the conduction type of the lower 5 hetero barrier layer 5
is made to be the sanme as the conduction type (n-type) of the active |ayer
6 adjacent to the |layer 5, whereby band di scontinuity due to conposition
difference is developed in the val ence band and thereby the | eak of holes
to the dowmward of the n 10 type GaAs substrate 1 can be suppressed. In the
Enbodi nent shown in Fig. 1, the semcongusuctor 10 is of a structure which is
provided with three | ayers described in detail above for suppressing the

| eak of currenunoetiweeranhdedeeidee 1bxdeayars ¢ort @nsimy prg wicttihens and t he
n-type GaAs substrate 1. Specifically, the sem conductor 10 has the pn

|l am nat e struottesiladyarsed, itshd agwpgenhdoged AhGaASheapdov@-and t he | ower
hetero barrier layer 5 having the same conduction type as that of the part,
20 adj acent t 8eifid oOnGRer Were B¢ etirer sagenstarictis fer w&ampler 6 hel d
bet ween hetero barrier |ayers. However, each of these |ayers is capable of
suppr essi ng a"iédk AdGelentt YOS Madiedialy e Pert aR9EH ddedoBECR talidne, and it
is not necessarily required to use.all of the 25 three Ia¥ rs. However, as
conpar ed wi’t hPZSf5gLé erwéitt]?lé‘n;il ésof'lotthéieﬁﬁrt§élloéﬂ§ert§ iz‘eu§éé’séﬁ e, the
use of any twog Ii)it%rs or all of the three layers as shown in the present
enbodi ment makEs ypossible to suppress - 17 the devel opnent of a |eak

current nore effectivel T h t i t- sh i Fi g. sh an
exanple of a 3-5 group ?gﬁpgﬁﬁgkgg%%cgg%%ﬁg?%ﬁaiﬁ—%’g%ae Irigﬁ)eegss#rlm%fe used

for preparinggggpQSjg%%tng ﬁgh% I%Iqggn%4a%5@y§6tqgspkgﬁgq%%qn IS not

limted to a group conp m conduct or used only prepgfing a pn

junction di odgpehemenl aLkAYas2Rd 4aRgRe $hihl kY cARRKhed of Y $WRPr essing
a leak current (inter-elenent interference) in other elenents, for 10

exanpl e, hetegephicpalodr 1EKAASICH @he RaVHNG R AP AepdRetingn cand aa ARG
junction or thyristors having a pnpn junction. Fig. 2 shows a sectional
view of one exampl@tration. When the thickness is smaller than that
described above, in some cases a sufficient effect
cannot be obtained in preventing an electric current
from flowing to the leak path. Since the depletion
15 layer thickness is inversely proportional to the square
root of carrier concentration, the thickness of each
layer can be made smaller as the carrier concentration
of the pn juncticon formed is higher. Herein, the
conductivities of the p-type layers and the n-type
20 layers constituting the pn laminate structure layer 4
should be specified by substantial carrier
concentration; for example, even in layers grown
without supply of a dopant (so-called undoped layers),
those which show p-type or n-type conductivity should
25 be regarded as a p-type layer or n-type layer.
Since an advantageous effect can be obtained
even when the number of repeated pn junction is 1, the

pn laminate structure layer 4 suffices so long as it



of a pn junction diode array which is a sem conductor 15 device constructed
by using the 3-5 group conpound sem conductor 10 shown in Fig. 1. Since the
| ayer structure of the pn junction diode array 20 shown in Fig. 2 is
exactly the same as that shown in Fig. 1, anong the respective parts in
Fig. 2, those which 20 correspond to the parts of Fig. 1 are indicated by
the sanme reference nunerals, respectivel4.~-The pn junction di ode array 20
conprises two pn junction diodes 30 and 50 nade up by form ng an el enent
‘separ ati on gr bese a2l leasthendepthynki dhyeeaeheds a25 laast- nypep@aAs substrate
1. On the upper surface 30A of the pn junction diode are respectively
formed an n ellegeredéui2wbenatbentasinpayen Femeitdls o anmpetryds regi on and
a p electrode 33 on a p-type region 31 - 18 ' formed at the upper part
of the pn junéfcéragcdde t88. 1B Kappirireati oF cyrnidirnagé festt Recsmelsect r ode
32 and the p el ectrode_33 provided on the sane face of the pn junction

di ode 30, a re€tPffcat iLdnPERELEELEL stPEhESEH éadﬁr§hérﬁnﬁsﬁﬁgﬂpoﬁ i's

obt ai ned. ginilanlé, t he @nVLuncti n diode 50 is Rrovide%.mﬁth an n

el ectrode 52 Bf PHBCESATaCE I APef 814AdCELH e eEPPERETE3 4R 6—B§6§ regi on
51. Since the pn_junct.i di_od [ 20.i s 10 constructed as descri bed
above, when, %Frgﬁg Fggstﬁg §ﬁ F&% tpgﬁngi%8e%§6ngﬁoﬁg%F§%drF&8ﬁF t he

| eak current waCRAM L, eRDiRCELONLEARLE BRRD | UGl Lanydiode 30 Lo the
pn junction di‘ode B0"i's suppresseg y a Iower hétero barrier llayer 5, a pn

lam nat e strughureahguer (hiels adaRno0xyapRrdoned ALGRAS | aver 13xcl0 that

O
even when the n-type GaAs substrate 1 is conductive, the |l eak current can

be substantiakhy pegxeptiedchtoRLbbewisRgchotkepn j unction diode 50 via the
n-type GaAs substrate 1. Accordingly, in a pn junction diode array having a

20 structape such as thenpihpupetbsentdendedaneay,29n thgideveal epment of
interfering effect on current-voltage characteristics due to | eak currents

bet ween respesuppecpBipuneti apalti edesetanblhe uekf e¢t kthel pnsuppiessed. The
sanme applies when the pn junction diode 50 alone is 25 driven. Furthernore,
when the pn | shctuconrdi ddger3@,afidr50ear eadhiigénratishensangatieme is
interference between the two di odes can be effectively suppressed. This

i nvention is PupvhéeddbyciEladnionadevraylben-doped AlGaAs layer 3,

thereby to suppress a leak current.

15 Thus, the high resistance layer provided by
the oxygen-doped AlGaAs layer 3 utilizes an oxygen-
doped AlGaAs layer, which is known to have high
resistance, to prevent a leak current from flowing to
the n-type GaAs substrate 1. The oxygen-doped AlGalAs

20 layer 3 has an advantage in that it can grow high
resistance crystals more stably as compared with
undoped epitaxial layers.

The resistivity of the oxygen-doped AlGaAs
layer 3 in the film thickness direction is determined

25 by Al content, oxygen dope concentration and layer
thickness. The Al content is preferably high within a
range not harmful to crystal quality, and is preferably

about 0.3-0.5 in practice. The oxygen dope



below with reference to the foll ow ng Exanpl es. Though t he Exanpl es shown
bel ow are those regarding the | ayer structure of an Al GaAs type 3-5 group
conpound sem conductor on a GaAs substrate, this 5 invention is not
necessarily limted to this type. For exanple, the invention can be
simlarly applied to an AllnGP type 3-5 group conpound sem conductor on a
GaAs substrate, InGaAsP type 3-5 group r®pmpound sem conductor on an |InP
substrate and InGaN type 3-5 10 group conpound seni conductor on a GaN
"substrate. Fucbheentrhcigh eAscbExsnplresedebdryi bégbniwitédamal esingfe pn
junction diode elenents, as regards a structure provided with an

oxygen- doped APGaAsrmdydr t® gmds&agn Quadilivay e 2ot dot pre fleapdrl v4 abowe
application of this 15 inyentign is not hecessarily limted to pn junction
di ode el enent ¥1Phe 1 vt | i can Bee dpptderss mf by evveRrtTderedi ght
emtting el ements photo-dgtectors, el trqnic elengnts, etc. which are
capabl e of biﬁ&péﬁsoﬁéﬂgFi n 1&nBTESREAPH Ya LHPAS WAL e RTFSN et i on 20
and a pnpn_ unctiqn.and so to enents arranged in the formof array and
el ements arra ﬁéﬂ%F%O&Pn§h§i858W%b.th@'Exanples shown bel ow all relates to
a pn junction diode arr havi ng _t S t.ur ho i.n _Fig,.25 2. Exanple
1 The pn | am nate struc?érg% ggsggﬁs?#§§pgg%n%! %@rtﬂﬁﬁwl%ﬁé repetition
nunber of 6 a i -ty l.ayer .(p= ¢t ¥p 0 .having a carrier
concentrationggpwg%gd%gﬁgEcﬁ?Bl%nglggl§§e¥ ?ﬁ?&%ﬁég% g?é%%lﬁn¥gﬁh an n type

layer (n- typg Ak0 3Gen8AZLRAVIFNGWE %%rEE%Vn5t39@0%ﬁh%a%h%%t9%t% ¥ 1018
cm3 and a | ayer thickness of 40 nm The oxygen-doped Al GaAs | ayer

(oxygen- doped cAh0 3G rpASk s2dNd¢ 2Bn@X%¥den ngoReeNtthbatiueh idh 2 ypel@k8 cnB
and a layer thickness of 220 nm 10 The conduction type of the lower hetero

barrier |ayer thewaswart veeerbhdazlpaee- Magkirosed Ihr yehera li,s whescriitbed in
detail below. On an n-type GaAs substrate was grown an epitaxial |ayer
havi ng the | ayer isiteundiedr € oS khows tirtct5 aFipg. j2ncthiovs, ddoden arraty pe tGaAs
buffer |ayer were
AlGaAs type crystals, the lower hetero barrier layer 5
is formed as an undoped layer so as to have an
insulating function, too, and the active layer 6 and
15 the upper hetero barrier layer 7 provided on the upper
part thereof are formed as an n-type layer. By adding
a p-type impurity to a part of the n-type active layer
6 and of the upper hetero barrier layer 7 by means of
ion implantation or thermal diffusion, or by forming a
20 p-type semiconductor layer by means of selective
epitaxial growth, a pn junction element can be formed.
However, a lower side hetero barrier layer obtained by
using undoped AlGaAs having a high Al content is apt to
be a layer which shows low concentration p-type
25 conducti&ity, and moreover a p-type carrier
concentration can be hardly stabilized. As a result,

an energy barrier against holes is difficultly formed

in the valence band between the active layer 6 and the



grown 220 nm of an oxygen-doped Al o, 3Gao,, As | ayer having an oxygen
concentration of 5 x 1018 cnB and succeedingly 6 cycles of pn lam nate
structure | ayers conprising Al o.9Go, 6As. The p-type layer and the n-type
| ayer each 20 had a concentration of 2 x 1018 cm 3 and a | ayer thickness of
40 nm Successively a double hetero structure was grown, which conprised an
n- type Al o.6Gao, 9As | ower hetero bar¥ik§ 4ayer, an n- type Alo, 15Gao. esAs
.active layer and an n- type Al o, 6Gao, 9As upper 25 hetero barrier |ayer.
Successi vel y, lbuetrthéeteaw karrjipe Gagsrcdnt acd hajes way goswiblont o t he
epitaxial crystals thus prepared was injected Zn by neans of selective ion
i npl ant ati on, lgad to- the sideaetfi F&E Rgthest Celcatmbst rags dppl iTé&d thereto
to forma p-type region having_a depth which reached m dway of the active
|l ayer and t hePdBy9t §UCHr /i RYPR Lietinctthén SGMédenIrrenr 8 &t &dt el enent
separation 5 between bl ocks, .a paratin roove whi ch reached the
substrate masS$5Fﬁ§Hrﬁyw ﬁ&F&Pi?ﬁ@gFQﬁﬁﬁ%t%ﬁ€n¥y§epO&yﬁéeoﬁﬁW@rélectrode
was formed.on. the g—%éﬁ%.region and an n-t ectrode on the n-type
"

i |
Fegi on, | The pPRELRG: PO EdrSqeSarray cRuBeHiesr oF fk8 Soteas for
reasur erent of.c|gal. UL @b 0SLuRER L ades iy he Lo owng gEyedy hile 2

constant curren bein sséd to the el"ectrode one side pn

junction di ode, ,eUiLeat Was HaeRb.f LANLO hQ 2R TRl |l Bgch w8 ectrode of

the other side pn junction dio ring the sweeping, the currents

whi ch flowt hE%Hl%BsHtE%o'ﬂ 8l e¢ihede «adisaceRt 1P ebn8 NORG S A8 R d WaG ON
di ode and through the n electrode adjacent to the other side pn junction

di ode were nmeasdr edere®sPetie Vel ofr amithe tvalue Wodhwihie o4 rert Hwhi ch
flows through the 20 n el ectrode adjacent to the one side pn junction diode

when the S0eepyped Canl istiba@ e theatepresguppatesishiber el ement interference
was cal cul ated by the foll ow ng equation.

In the Embodiment shown in Fig. 1, the
semiconductor 10 is of a structure which is provided
with three layers described in detail above for
suppressing the leak of current between the device

15 layer containing pn junctions and the n-type GaAs
substrate 1. Specifically, the semiconductor 10 has
the pn laminate structure layer 4, the oxygen-doped
AlGaAs layer 3 and the lower hetero barrier layer 5
having the same conduction type as that of the part,

20 adjacent to the lower hetero barrier layer, of the
active layer 6 held between hetero barrier layers.
However, each of these layers is capable of suppressing
a leak current sufficiently even when used each alone,
and it is not necessarily required to use all of the

25 three layers. However, as compared with a case wherein
any one of the three layers is used alcne, the use of

any two layers or all of the three layers as shown in

the present embodiment makes it possible to suppress



A(o - (I -1o) /lox 100 25 10 =5 mA The smaller the degree A of
interference - 22 Dbetween pn diode elenents, the nore desirable. The
average of the degree of inter-elenent interference obtained in this

Exanpl e was 0.40. Exanple 2 5 A pn junction diode array was prepared
according to the sane nethod as in Exanple 1 except that the |ayer
structure of epitaxial crystals differetyin the follow ng points, and the
inter-elenent interference effect due to the | eak current between 10 di odes
‘was eval uat ed thec gedieigprenthe fs ane eakt od.reRtusiortehe fifiedtaniaiat.e structure
| ayer 4 was constructed with a repetion nunber of 24 and with an n type
Jayer (n' type Al o.4Gao Tesighhdhiengmiposmendr sdongerity dtioon lofshpwe 1018
cm3 and a layer thickness of 15 10 nmand a p-type |ayer (p- type

Al 0. 4Gao. 6As PHERFRIRdSFed and RawURy comPayed tSemdiaeasiicgior] iaimndrhe
oxygen-doped Al GaAs | ayer 3 was prepared under the same conditions as in
Exanpl e 1. Thé déW&dcSitgnayFe o echd Aromeehfetidid 20l dtayer 5 was

also the sane as jn anple 1. Measur.enment shaowed .t hat the degree of inter
Gl envent i nibr FADR S BTG, 76 a3 IS Jondis, §1F dLode o & vias
prepared 25 accaqr dir% to tmh%us rr%emaitcréod A Oirn uEs)é%n‘i 1fexrcept that the

| ayer structure of? “epitt axralC ey SRS \R}gs y 0

preparing a pn junction diode element array, and can be
similarly applied for suppressing a leak current
(inter-element interference) in other elements, for

10 example, hetero bipolar transistors having an npn
junction and a ppn junction or thyristors having a pnpn
junction.

Fig. 2 shows a sectional view of one example
of a pn junction diode array which is a semiconductor

15 device constructed by using the 3-5 group compound
semiconductor 10 shown in Fig. 1. Since the layer
structure of the pn junction diode array 20 shown in
Fig. 2 is exactly the same as that shown in Fig. 1,
among the respective parts in Fig. 2, those which

20 correspond to the parts of Fig. 1 are indicated by the
same reference numerals, respectively.

The pn junction diode array 20 comprises two
pn junction diodes 30 and 50 made up by forming an
element separation groove 21 to the depth which reaches

25 an n-type GaAs substrate 1. On the upper surface 30A
of the pn junction diode are respectively formed an n
electrode 32 on a contact layer 8 which is an n-type

region and a p electrode 33 on a p-type region 31



- 23 different in the follow ng points, and evaluated according to the
sane nethod. That is, the pn lam nate structure |ayer 4 was absent. 5 The
oxygen-doped Al GaAs | ayer 3 was prepared under the sanme conditions as in
Exanpl e 1 except that the | ayer thickness was 300 nm The conduction type
of. the | ower hetero barrier layer 5 was also the sane as in Exanple 1. 10
Measurenment showed that the degree of-im@er elenment interference was 2. 5%
Exanple 4 A pn junction diode array was prepared according to the sane
‘method as in Examedeal éheeppr:s phatt ife thayen gungdtiene ddfodepiilaxi al
crystals was different in the foll ow ng points, and eval uated according to
the same net h8d. aPkaticiag ionhe fpvolamiogate §hﬁu@t@ﬁ@cﬁé@@ﬁ @amﬂﬁdxﬂﬂﬁructed
Wth a repetition nunber of 24 and with 20 an n-type |ayer (n- type GaAs)
havi ng a carr Pefle6kEener 35 & o dedy onpthec feBcand cq Péyépetﬁﬁbkness of 10

nm and a p-type layer (p- type A 0. 9G0. 6As) beln% undoped and having a
| ayer thi cknes§ngFLiea Q&Pd?héOox?géﬁcﬁdﬁé&aEP@&A§ Féﬁ&Fe§%ﬁ§§ch€P

formed. Th condg tion t of the Ig&g terq.barri er 5 was the
undoped type % SePh b C§&°“N@§s& ﬁéﬁ? showedtR& yfh 5bé¥be of inter

el ement int ergor I‘E%gn"‘%ﬁ é{% 39 4 (I\)rgd%dAwR Elx‘éﬂcﬁl %?e%'t‘%%

prepared 5 ac € sane as in exce thatr&he

LgYﬁ{sSt;ﬁgtgégFuaP%g E%Xh%be%r%S%%bsaW%SechE% L8Rt 5N chhg EQ'Q%@ ng
region 51.
Since the pn junction diode array 20 is

10 constructed as described above, when, for example, the
pn junction diode 30 alone is driven, the leak current
which will tend to flow from the pn junction diode 30
to the pn junction diode 50 is suppressed by a lower
hetero barrier layer 5, a pn laminate structure layer 4

15 and an oxygen-doped AlGaAs layer 3, so that even when
the n-type GaAs substrate 1 is conductive, the leak
current can be substantially prevented from flowing to
the pn junction diode 50 via the n-type GaAs substrate
1. Accordingly, in a pn junction diode array having a

20 structure such as the pn junction diode array 20, the
development of interfering effect on current-voltage
characteristics due to leak currents between respective
pn junction diodes can be effectively suppressed. The
same applies when the pn junction diode 50 alone 1is

25 driven. Furthermore, when the pn junction diodes 30
and 50 are driven at the same time, interference
between the two diodes can be effectively suppressed.

This invention is further described in detail



according to the sane nethod. That is, the pn lam nate structure |ayer 4 10
was constructed with a repetition nunber of 10 and with an n-type |ayer (n-
type GaAs) having a carrier concentration of 2 x 1018 cnB and a | ayer

t hi ckness of 10 nmand a p-type |ayer (p- type Al o.4Gao, 6As) bei ng undoped
and having a layer thickness of 10 nm 15 The oxygen-doped Al GaAs | ayer 3
was prepared under the sanme conditions as in Exanple 1 except that the

| ayer thickness was 280 nm The conduction type of the | ower hetero barrier

layer 5 was t e lmdopeath trygte (gnrde/ pa) .t120 fvEasawiener@xaimvesl t hat t he
degree of inter elenment interference was 11.70. Conparative Exanple A pn

junction diode array was'hmupartdee dsvordiarn stowhdslane amt Hdhss in
Exanpl e 1 except 25 that the layer structure of epitaxial crystals was
different in ttegasiingnithe dayas, stawrteved wlt ah ALGHTS trdting to the
same nethod. That is, neither the pn | am nate structure |layer 4 nor the
oxygen- doped ATSHK JORRGPITS \FEFHIBE T OfheOTe Gh fifdts o asige@ st tHel § ower

oL 02 oot S, 8 T e oned LU, (Y00l A e o
;S;;:, Earslt O];_Orr?ﬁezkgarm%n&rlt tihne Eixn% r{teisonl_CSana%de Csoir}rtpialraartliyveapp ai@cl %o ign Is
AlInGaP type 3-5 group compound semiconductor on a GaAs
substrate, InGaAsP type 3-5 group compound
semiconductor on an InP substrate and InGaN type 3-5
10 group compound semiconductor on a GaN substrate.
Further, though the Examples describe only examples of
pn junction diode elements, as regards a structure
provided with an oxygen-doped AlGaAs layer 3 and a pn
laminate structure layer 4, the application of this
15 1invention is not necessarily limited to pn junction
diode elements. The invention can be applied similarly
to various light emitting elements, photo-detectors,
electronic elements, etc. which are capable of bipolar
operation and contain a ppn junction, an npn junction
20 and a pnpn junction and also to elements arranged in
the form of array and elements arranged two-
dimensionally.
The Examples shown below all relates to a pn

junction diode array having the structure shown in Fig.

25 2.

Example 1

The pn laminate structure 4 was constructed



(1) nerely by adopting any one of the barriers based on the pn | am nate
structure layer 4, an oxygen-doped Al GaAs |ayer 3 or a |lower hetero barrier
| ayer, interelenent interference can be markedly inproved than 15
previously, and (2) though an effect of inter-elenent interference
suppression can be sufficiently obtained even when the repetition nunber of
the pn lamnate structure | ayer 4 was-op@,-a nore enhanced effect can be
obt ai ned when 20 the repetition nunber is increased. - 26 ' WHAT IS
‘CLAIMED | S: 1wiAh3-35 nppeup tdoemp owmbesemifc dnduct ori tdompib-divee d agmmuct i ve
substrate and a _device |ayer of a 3-5 group conpound sem conductor forned
by epitaxial diontHPenAsaieRcdfdudtaWia s hsiatatier winderdgmirigesbet ween
sai d conductive substrate and said device layer a pn |amnate structure

| ayer having &t ¥ edst The FhCjUnt2YOh Eolprretheh PR typerndyd? MHavi ng
p-type conductivity and an_n-type_| ayer havi n-type conductivity. 2. A
3-5 group conpd®td r’ﬁrco(ﬁ’duEY%g ’é&)?rp(?‘?()sip‘r?d g‘gacv & iSFSiffstrate and a

device layer of a 3-5 gr.oup ¢ ound,senm._gonduct oy forned, by epitaxial

Gr ot h o Shi GOEBRRIEALIS T tr gt 40 Th FU | LRe g R Hcpad Al Gas
| ayer between ,gaid conductive substrate and said device layer. 3. The 3-5
group corrpouné sém’'conductor according to claim 1 which further conprises

an oxygendoped Al GaAs | &g}g\%e_ ; t1i Qg‘%r e—f&@)‘l aid
device | ayer. 4. The 3- ?ﬁgou conprzjg?%' _ gg%é%%;dl& tolfu(ac rding toCPcI aim3
wherei n said Wg@@;,gﬂ&?d;% A, GaAsn | é‘%?@eh%@ﬁ@é‘hgggt?@ﬁ"\@fns55'&" gomonducti ve
substrate and said pn am nate structure layer. 5. A sem conductor device
whi ch conpri sest heh 8% Arppyr GROtHYE Sef conugi or according to claim 1,
2, 3 or 4. - 27 6. An elenent array conprising a conductive substrate

and a devilge |ayer of a1deb @reurtdenpayned seniteendusicd Heardved by

epi taxial growth on said conductive substrate, said device |ayer being a
doubl e het er o blaypd edeViagye d dyerascomuyipsi.ng a pair of hetero barrier |ayers
and an active |layer held between said hetero barrier |ayers, wherein the
conduction type of that Thet etovieaimeindri dragers twhiathy reofi ss aiess quaibre dofirhet er o
barrier layers, is provided on the conductive substrate side (hereinafter
referred to agletiadll dadovhet &ro Aparriterd Hpdy) substire team@ sagndvat aof sai d
active layer. 7. The elenent array according to claim6 which conprises a
pn | ami nate sEPUtEFEY dypere thAFEVE datt Nee dStySgh &t GtuTet IS8 oyt i sing a
p-type | ayer having p-type conductivity and an n-t;I(pe | ayer havi ng n-type
conduct i v?ﬁ’y Béfneen sdildSnettdr GTodr r 8PS| @987 BRETSAI 42¥BRIVEERVe

bstrate. 8. Th I t di t l.ai m 6 which f her
Compr | ses an’ BN d0pa AR TP BRERCL R Sl rinet SKet cPYbaRr | o
I d [ d [ b t.e. 9. Eh | -3 '
ciaim 7 whi ch For RO GO S T Bhpers. dopds. A Cat 23er CEETWaghY Sai d

| ower hetero lgarcr[);ng?lsl %\fe%narl%n%gniﬁec%'%‘i!ﬁ%u‘é"e g%;%sﬁﬁg%g.s&% el enent

array according aim wherein said As | ayer

i's provided betivegn said CPRAUSLLYSSURSEFakRdapdeSALEyPB Lagtpaksch
structure | ayer.

20 had a concentration of 2 x 10 cm™

and a layer
thickness of 40 nm. Successively a double hetero
structure was grown, which comprised an n~ type
Al, (Ga, ,As lower hetero barrier layer, an n  type
Al, ,sGay gsAs active layer and an n- type Al, (Ga, ,As upper
25 hetero barrier layer. Successively, further, an n~ type
GaAs contact layer was grown.
Onto the epitaxial crystals thus prepared was

injected Zn by means of selective ion implantation, and
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ca]ca]ca]ca]ca]ca]ca]ég]ca]ca]cafca‘ba ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca!zzz{{zég{p|q|||h£|i| }r S} YA N} ~~(~Y~w~~} xsni d_Z] ca] ca] ca] ca] ca] ca]
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under the same conditions as in Example 1.
The conduction type of the lower hetero
20 barrier layer 5 was also the same as in Example 1.

Measurement showed that the degree of inter-

element interference was 0.7%.

Example 3
A pn junction diode array was prepared
25 according to the same method as in Example 1 except

that the layer structure of epitaxial crystals was



10V 10V44GAi 44445dEbC &9 10%/

, 10968 () - Lg109%G3& () - L, 10958 () - 9L10%E8 () - LYL0%ES: () -

10938 () - 5SMb55556dELC &9° 109/ (10938 ()- , &10%G&' () - s$910%G&' () -°
10938 () - L1095 () - L10%G&' () - 66B6v6677dEDC &9 10%/

910%G&' () - L110%6G&' () -/ 10%63& () - L- 10%63&' () - +L10%E&' () - L* 10%G&' () - 777777+8S88
~\="&9° 10" y10%&' ()-! T #10%& ()-!"10909&53()}- &910%r&' ()- 10G 10G 10G :
10%38 () -88899:; : dE~\="&9 10 | ", 10%r& ()-L10%& () -

10%r&' () - Ly 109%4/&E ¢ yemu obangt {9 -fohbwgiiq )peints, and evaluated

;) <2<h<<dE~\ =" &89 10L 310%r&' ()- 110%& () -/ 10%& ()- -10%& ()- +

10%m&' () - L' $@IARF )R & L9t RpRe-yesihigd €9 10&L10%& () - 10m 10m 10m ;
L10%& () - L&910%r& ()- 3710%& ()- S5@ ,

10918 (§2y:::>N>{>U'.>}A?%@%@%LV&%%‘J(a)mllfww%t)r-icture layer 4
10%r&' () - 10%1& ()-! &10%&' ()- !s$10%>& ()- U?[ 2?2?2?2%@ @EMC &9° 10 | "
10%m& ()-L 105 T3ST0%ne’ () - L10%& () - GLO%I&' ()- 10%T& ()- @AKAAAA

BIENDC &9° 10" 310%&' () ~110%T&’ () - LI 10%1& () -L- " 10%& () -+ | 10%& () - LL$10%
m& ()- BYBBBBBBBBX rrng géﬂ%L%‘ffé}}&? 4396%%30% 1&%%%0%/&@5()%{%%%%" ()-L
L0 (), 910068 O 1S o () o a S0 e T -0 e der B B 101

10%1&' () - LLO%d )1 -

381 100k () - ngo%/zrl@ Y5 L&D ) G ok T3 - 7El EEEFFGIENDC &9° 10L- : 10%1&: (

) -, 10%ﬁ&f()'L$‘109@m§()Tﬁé“d&ﬂ&@@%ﬂ&n!ﬁg\e of the lower hetero
10%1&' () - L@LO%T& () - GEHBHWHX Hy Hz HHX b C &9° 1091 10%G& (). 10m 10m 10, :

@O0%r& () - L99 iR o ) :-afei0% a9 -also the same as in Example 1.
y510%r& () -HHH SI 1 VJaBnbC &9 10Ly10%:&' () - 109%& ()-L
MLOYE' () -UOL09%& () -! : $1M¥A (Yement showed that the degree of inter-
L10%&" () - VIJHKWKELZLLdAENHC &9 10L- 10%6&' () - +10%6:&' () -9 $109%6& () -sl "
109638 () - 9" 10%3&meNnt]1 0%8 (Hededn BMWAAMPETSC 89" 100910938 () - L37MLO%EE. () - S5
MLO%GE' () - L 3109%& ()-1109%& () -9/ 10%& () - MMMWMVANNN @ &9 109
10%Z& () -!&10% () - L@ O%& ()-&910%Z& ()- 10G 10G
Example 4
A pn junction diode array was prepared
according to the same method as in Example 1 except
15 that the layer structure of epitaxial crystals was
different in the following points, and evaluated
according to the same method.
That is, the pn laminate structure layer 4
was constructed with a repetition number of 24 and with
20 an n-type layer (n- type GaAs) having a carrier

concentration of 2 x 10%*¥ cm™

and a layer thickness of
10 nm and a p-type layer (p  type Al,,Ga,  As) being
undoped and having a layer thickness of 10 nm.
The oxygen-doped AlGaAs layer 3 was not
25 formed.

The conduction type of the lower hetero

barrier layer 5 was the undoped type (p-type).



10GL; 10%6:& () - NN OTOOOOIE @ &9° 10
1092Z& () - L10%&Z& ()-L910%Z& ()-LY10%Z& ()-f10%& ()-10%&Z& ()- OP
QORRSAE_ @ &9 10 @f 10%Z& () - L-10%Z& () - +@0%Z& ()-LL$S 10%Z& ()- |I"
10%Z& ()-9 10%Z& () - SRSSSSSSSSh@ &9 10! %409%65& () - &L10%& ()- 10Z 10Z
10Z": " 109%Z& () - 910%Z& ()- 710%Z& ()-S2TeTTTUUaBb@ &9 10!
s10%m&' ()-Lf10%r& ()-s10%& ()-L 10%&4)-L
10%r& () -!$10% () - UUlVaVVWWIEb@ &9 10! 99$S10%&' () - Y"10%r& ()-Ly
"10%r& () - QZIO%W& ()- L@ﬂ@@ﬁ&U@Fmﬁma%ﬁ&OMﬁdMMKXYNMV¥YdEgEGEOmﬁ inter-
10m : @O0%& ()- 910%r& ()-  710%r& ()- @& 10%r& () L- 10%m& () -
FL10%1& () - YYPYeSBNEZ 184 riG reowes w@s- 10 . B3%me () - 10%m&' ()-! K nPdov&' () -
'N$10%99&'() &NHO%W& ()- 10mz][[[[\7\dE4/ 10 10°
10%& ()-10%r& ()- 10%& ()- 10%r& ()- 10% & ()-Lf10%& ()-7\m:]t]]]]dE4/
10 10L1410%m&' &) iO%@& )- " -&10%& ()- + 10%& ()-LLST10%m& () -
| "> 10%m& () -] FARAPA S dYNC 10 1 10m 10m
10m : 10%h& ()-"9@0%& () - 3710%&
d0%e () Slooe () O dAVy £ G5B 67RY [75PTGRRESE) -
10%&' () - 9! 109 09 b
10m F10%r&( ) 4@@9“%@5%%@ Rl 3 L8y gg«r}%&% 3 eéf§pt
10% ()-9' ! 10¥E (kG q%@%qe%E&HQtu¥% %3%§&%Q%@a@)c%y%Q%§§ hs! 109%& () -
different in the following points, and evaluated
according to the same method.
That is, the pn laminate structure layer 4
10 was constructed with a repetition number of 10 and with
an n-type layer (n” type GaAs) having a carrier

concentration of 2 x 10'® cm™

and a layer thickness of
10 nm and a p-type layer (p type Al,,Ga, As) being
undoped and having a layer thickness of 10 nm.

15 The oxygen-doped AlGaAs layer 3 was prepared
under the same conditions as in Example 1 except that
the layer thickness was 280 nm.

The conduction type of the lower hetero
barrier layer 5 was the undoped type (p-type).

20 Measurement showed that the degree of inter-

element interference was 11.7%.

Comparative Example
A pn junction diode array was prepared
according to the same method as in Example 1 except
25 that the layer structure of epitaxial crystals was

different in the following points, and evaluated
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S Dbarrier layer 5 was the undoped type (p-type).
Measurement showed that the degree of inter-
element interference was 19%.
From the respective results of measurement in
Examples 1-5 and Comparative Example, it is apparent
10 that
(1) merely by adopting any one of the barriers based on
the pn laminate structure layer 4, an oxygen-doped
AlGaAs layer 3 or a lower hetero barrier layer, inter-
element interference can be markedly improved than
15 previously, and
(2) though an effect of inter-element interference
suppression can be sufficiently obtained even when the
repetition number of the pn laminate structure layer 4
was one, a more enhanced effect can be obtained when

20 the repetition number is increased.
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conductor formed by epitaxial growth
on said conductive substrate, which comprises between
said conductive substrate and said device layer a pn
laminate structure layer having at least one pn
junction comprising a p-type layer having p-type
conductivity and an n-type layer having n-type
conductivity.

2. A 3-5 group compound semiconductor comprising
a conductive substrate and a device layer of a 3-5
group compound semiconductor formed by epitaxial growth
cn saild conductive substrate, which comprises an
oxygen—-doped AlGaAs layer between said conductive
substrate and said device layer.

3. The 3-5 group compound semiconductor
according to claim 1 which further comprises an oxygen-
doped AlGaAs layer between said conductive substrate
and said device layer.

4. The 3-5 group compound semiconductor
according to claim 3 wherein said oxygen-doped AlGaAs
layer is provided between said conductive substrate and
said pn laminate structure layer.

5. A semiconductor device which comprises the 3-
5 group compound semiconductor according to claim 1, 2,

3 or 4.
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10Z+109%&Z& () -r rate and a device layer of a 3-5 group compound
semiconductor formed by epitaxial growth on said
conductive substrate, said device layer being a double
hetero type device layer comprising a pair of hetero
barrier layers and an active layer held between said
hetero barrier layers, wherein the conduction type of
that hetero barrier layer which, of said pair of hetero
barrier layers, is provided on the conductive substrate
side (hereinafter referred to as the lower hetero
barrier layer) is the same as that of said active
layer.
7. The element array according to claim 6 which
comprises a pn laminate structure layer having at least
one pn junction comprising a p-type layer having p-type
conductivity and an n-type layer having n-type
conductivity between said hetero barrier layer and said
conductive substrate.
8. The element array according to claim 6 which
further comprises an oxygen-doped AlGaAs layer between
said lower hetero barrier layer and said conductive
substrate.
9. The element array according to claim 7 which
further comprises an oxygen-doped AlGaAs layer between
said lower hetero barrier layer and said conductive

substrate.

10. The element array according to claim 9
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