METHOD FOR FABRI CATI NG LATERAL SEM CONDUCTOR DEVI CE
The present invention relates to a nethod for
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More specifically, the present invention is concerned

with a nmethod for fabricating lateral junction

opt oel ectroni ¢ sem conductor devices, and in .

particul ar solid state single photon source (SPS)

devi ceMETBOD/EQRI FABRICAOIING ATERAL SEMIGOINRUSTORMEVICE

junctions are difficult to integrate with planar

devi ces such as transistors or resistors. Lateral p-n

jTineqreésEms ineertionorelates tp semsthed fmrdammatihm &atevat junetiohesemiconductor
%%V/i'cggsMoFéJ pg@lﬁea"ﬁks%e ?Ve eﬁtu%%ﬁht?c{ %ﬁé&ﬁ—‘%d %thc§ method for
or “éxanple rons and
ifa@r@atlrmjIaltetalqumcttnenaxptqeiﬁ@trameaeniuoodgnomeg/ms amhnj @atp:ular solid

I confinement. This limts
%Ssmguv@l on u?é’d%%gi)’ﬁ&gé "he carriers have an
unnecessary excess energy, which increases their
(GivBhorl, of GEARA ik B B tohe ARArBH RIMRERE: Bl planer

Jdemceas suclt ap dEnsistaes or aesistors- pabmirp ¢ guriciionss areAnot only easier to

I offfar 88‘%&% %8{ 3 a?sowe%%gpﬁ%e&}a%t@ns igd. %?'example

p-n juncti on conlguralo ate sin
fin dasen dinsies c ele¢!BIE) antebeles laeal injectgshintm theGactdB 4868 thrAugh higher

l‘b%?u'g-:i;gp %fyﬁ&oweﬁ 8abe atggﬂfcgla%ﬂﬁﬁwefn%qtf%mg' ‘ﬁﬁ\?té ”tﬂe modulation

uncti ons exi
hasddidinas e earpensthave @nnunngeessafy exqese enerig, vgalk:h iingreases their

g?&g{i\{eﬁgc&@ﬁéﬁon tgﬁg r ﬁ |h&\eﬂ" bh\ﬁiﬁ?&s S botf tﬂﬁéra eJ'UH@(ﬁJnQ ﬂcYLRfé smaller

epen I'ng on

dunatine atdacand junclioR capacitance, land ppiplanar cagipéts. Phys.

Lett. 47, 1309 (1985) refers). Several groups. have

reported | um nescence in such devices. See for exanple
tAreexXapinle of ayoptetleckenie devide basedidn a Btergbprowistion Kpnfiguration is

Fo 10t s Tl g S autce (S Meoeieln polihGopeRidsos T
Appl Phys. Lett. 72, 818(1982) A. North, J.

59&9'195 Evejnt%géks?préac i 3l ?Iébncgmdzgat%kaf BB jun@fibhsMexist. For

Pepper um El ectron
(exggm)e Hl@wmsetpaseﬂ ipnghe e@hh@fquenatyrec@rﬁﬂﬂcp@mwhunagrsewde (GaAs),

NAHL RS shikEn WitR¥K Bives H-§5E lof §-fyBEVRlng depending on the substrate
orientation, are known (D. L. Miller, Appl. Phys. Lett. 47, 1309 (1985) refers). Several
groups have reported luminescence in such devices. See for example the following

references:

T. Saiki, S. Mononobe, M. Ohhtsu, N. Saito, and J. Kusano, Appl. Phys. Lett. 67, 2191
(1994).

P. O. Vaccaro, H. Ohnishi, and K. Fujita, Appl. Phys. Lett. 72, 818 (1982).

A. North, J. Burroughes, T. Burke, A. Shields, C. E. Norman, and M. Pepper, IEEE J.
Quantum Electron. 35, 352 (1999).



and re-growm h of sem conductor material. Focused |on
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common with the techni que descri bed above, is
conpl i cated and requires specialist equipnent (see P.
J. A Sazio, S. Vijendran, W 2w, H E. Beere, G A
C. Jones, E. H Linfield, and D A. Ritchie, J.
Gloysivel, tids dethimiqR@lis 20mplidated, 1200 ygquined itee geaydht $glective removal,
Iéﬂ?%gﬁfmﬁgfse%lc?m\é?o R, ed a method of formng a
I n an undoped, | ow band gap
channel (Jpn J. Appl. Phys., Part 1 41, 2513 (2002),
e 1o

S YR OB T A S b e

ffalyivating laéeralsjumetnansabmopedomn@n withh theg tgshnigye rdescrited above, is
: e Sr @r
ARt b re}%qggééﬂgp%%h% epn%é?}t& e Py Al §¥‘QOS§ gndran, W. Yu,

one carrier wher eas

Uppier BaérghIGy @oﬁedonmgulimm blnflédnae@l DayAeReehng Crystal Growth
r hat was previously depleted collects at

@wﬂogtgr%ﬁgg%})betv\een t he high and | ow band gap

| ayers. A p-n junction in the Iow band gap channel

NisiE %&rnﬁ%f@egﬁ'nep gt Qv htabé’ r tﬂSd of fﬁpfﬂf#ngraelgke"i\’? p-Ajunction

simlar scheme was reporfe I Ni
@2 80 hindopedyiowrhandzgap @anwl(ﬂwr&nh Ampl Physz.dtarhd 41\2518.(2002), and

| 1
M[:l%eleégorp Er@h B¢ 6@559f'g20§3 lgg%ggarﬁégg &Ebotﬁ t#%s &E irft oduced into
e ghepns! érnahwmerwab vlmqopad Ihighdeansldgap 1aypis trkarg parallel to the

donack hh gﬂibt Eggg)g\gﬁsgaﬁj bang(a anSHT hfl’létdgggﬁédr W\E?easAf the upper

region o
étlgm\edioae@yeglands anemwe«;/ﬁy @@htnsctthe/\@grr@vatp@ﬁ eth@tdWﬁ% previously

%ﬁ%té@c&%&%ﬁﬁ (}P@%@Hadenb% theeh B P?Hdangqewmenﬁhp layers. A p-n

wever ese schenes re on accur at

dendiondn dfe toMebansheap Ichpeiel thaseforfaiorms dalavatifePdge skife etched
rgg ei ther destroyed or fully depleted. It is an

obfect of the invention to provide an alternative

nmet hod for fabricating a lateral junction

S@%IQPQ&%W\{VQ@Vép%ﬁe@BQ de@clﬂﬁlrét' éautwc@ccm hpci= él!ibch Beltram,

mitigates at east sone di sadvant ages of

Ny le@?@awgp Mt BoWarddt ok &hwéd&.dﬁ & - feess, aagiplaci\ Bﬁcmehe‘\ppl Phys.
ArRS 89t 640804 )) Wk cbPEthSt the 16WWaRd 889 SRshiI Wak aghil, Yoped p-type

via a doped high band gap layer parallel to the surface. A region of the doped high
band gap layer was then etched away, and an n-type contact was evaporated to give
an n-type region in the low band gap channel.

However, both of these schemes rely on accurate etching of the doped layers so that
the channel itself isn’t either destroyed or fully depleted.

It is an object of the invention to provide an alternative method for fabricating a lateral
junction semiconductor device and in particular a method which mitigates at least some
of the disadvantages of the foregoing methods.



fabricating a lateral junction sem conductor device
conprising the steps of (i) taking a sem conductor
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| ayers of sem conductor material arranged in a series

of substantially parallel planes, the sem conductor

material within a first |ayer Jravi ng an excess of

charge carriers of a first polarity at a first

daooreingrtata fost, aspect dfithe preeent dnventidry theesiswiomgproposed a method for

] . rial . I ayen pt h

TATIcREE Fator TBHEN S8hccn b e celSmerBiind fefly OF
parallel with the planes of the layers wthin the

ruct yr -
Bcerntifa parirbubt SHlcilFe Rebd s btpdiofined BF 2 praity of ayers
wi t hi of samironduator mgterialoarcanged lire afseries otisuhstantieity, paratel planes,
step iy, the. 4 Se ' jn
cer cossitnaNFel Tty Pttt Kb nafp Ko Boess of charge
bevel catriegns oftp irehpatanitylata tiust senephieatiopr angd t o
characterisation. However, bevel etching has hitherto
been used only as a technique for preparing
B cortéetivaly remaying semidonductor otederiat tfeom dha ficat laysrntg, a depth

for e : (VAN S, LS|

s VL oA by FEA LSRRG RS kB hianes of e

resi stiayece withinlthe stugtSRASO aRierarevidlect gragstianpgf, the concentration of

Phot ol upj ' , f e

o+ oL SRIS B RO G an S RIS vt rction.

realisation that a [ateral sem conductor junction may -

B! égé'iﬁqgaé?%p% 'rﬁ@?ﬁ&f bf‘g?@@w%?&cﬁe%%\/ﬁf SelffcBfductor material has

carriers of a tirst polarity to-a sem conductor

synergy umdthared Breresst | ofelbgveleraehing semispnductdrr samplasd prior  to
. . | Ik . .

SRR o L eI s HRFAY U WO o4 toriue

dompeapariog senmicandicter saimplgs privs tor ekasacterisaliontusing, for example,

Y " e i oh - ¢ teri )
SeRhHY PN E S P ey, (R QUORF TR, GpecRomiy (aes)
fsprgadingt gesistorcd canalysist ¢PRABv Remapnr Sphetroschpyy Rbotgluminescence

' iRk ESCBMiGHEd9" assessing an existing
%ﬁ%’ﬁ’%ﬁb@%% ee'rre?%o@"%? tﬁg i nvention involves a new
and surprising effect, nanely the depth to which

S &Q%%\%Qtiéﬂié’s’ indthe r8alREEG b §1dtefaf TOMRBNEIASR juR&Gion may
first layer does not have

be fabricated by imparting an excess of charge carriers of a first polarity to a
semiconductor structure and selectively- removing material from said structure using,

for example, a technique similar to conventional bevel etching.

In contrast to conventional bevel etching, the present invention utilises a process in
which semiconductor material is selective removed from a structure in order to
fabricate a semiconductor device (rather than as ‘a post fabrication technique for

assessing an existing structure).

The method of the invention involves a new and surprising effect, namely the depth to
which semiconductor material is selectively removed from the first layer does not have
to be controlled precisely during the fabrication process. The present method ensures

that a semiconductor structure having a requisite band configuration inherently exists



to be controlled precisely during the fabrication
process. The present nethod ensures that a
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configuration inherently existssonmewhere along the
first direction, the only requirenent being that the
first layer having excess chafge carriers is not
conpl etely renoved during the process. The processing
iseqpeivheneealbsg dhe tfirs qitleetﬁwntthmlwcéqaifernel’nm@ein@Iﬂaa(tefbe first layer
Redhy “BREELAROE oo hel Spfipictefp cEarets UGRHY IR, Blocess. The
iprocesgleg remneaiantsaot:mwmesemﬂabthndge dheh relaxedl over conventional
[ a. .
%eﬁ@cgd;? \Mﬁ%ﬁaﬁfp‘ctah Iy é]tuﬁiﬁ Bl [éast': c?ﬂe %&Eﬁ gdg@ééﬁlﬁm&gﬁ device structure
liresraliet tol ralttsheordrestionat nesa etsh at laepredatined odticet depthlchdiloes to halt a
: c n of s,
ggﬁgé@ﬂg@éﬁgic& aetsé ﬂ){&%f#%é‘ Oo‘e;%s %r'\ %% r?ﬁ {h@ Btlon of the
Isatr\anﬂuqﬁmsdQViiQsmrm‘er corstrugtiprn. $n pentmhd/aoatrﬁnsgu rdgpihaproduced by
0
gllne %’F‘?ﬂé 5@@#@%%@ Qlat{e%e r8§96 t%tr&éuslssltecthand configuration
@Jnngltm firstdicgdtioconpri se carriers having either a
negative polarity (electrons) or a positive polarity
(hol es). The excess charge carriers nmay be introduced
ilmkeepihg witbvearwentipnahsernisenductasthedrpsine exsass oharae tcarriers shall
I e
%Bﬁﬁ)ﬁé(—ta gﬁrgg?ééﬁg\gﬁg?gh%ugﬁgggn@ Slré lg %iec’lre ﬁe&g%: IH%sntlve polarity
I(agles). The execgsathargsf cartiersgaay b@mtmdtumd into e dﬁvlce by the use of
%&%&E%@ﬁucﬁsﬂgu&@ rﬁﬁteﬂél@ f&Péiankdlé@{;y ed Ra eﬁgisat i vely
ECORDI ne un lication of an e ectric field
along the first di rect| on. Advant ageousl y, the step of
§ﬁ|k@§6i11%9\}|t}4 STV EQmE%Hb&dP&%ﬂcla‘@rE?{Heaécti%‘PéVeP Rethe part of
firs conprises a process of tapering the
ttihe @«niggrgj@fornmwhlph ﬁte[ctrp@g/@md I@@I@sqgretrh@stfliqulgto radiatively recombine
q}nﬁgrcthé% pll%hbﬁopérpéﬂbaﬁéflé\d%ﬁfnp‘i‘ﬁe ﬁrfst GiRRgERL r ati on
l'evel s o arge carriers wt e gradation (i.
nore than two concentration | evels). Preferably, the .
lA@OSﬁt% gﬁ?ﬂ&&@ﬁ B?%Qéctpﬁg%llnﬁlnn sEmld?)nHﬁ@oﬁ%Qf‘ehalafF&n the first
arr ang orm at [ east ost ructure.
I|Q5/@St00mmSQﬁ‘ atpecasay@rtgpsiingning thﬁ@@ﬁaafkthﬁéystd@vmral@m the first
n t r
Z’jgbntfﬁ“e%t%h@bé@t@% \%eéﬁ‘?llgs Ign‘;f“ébﬂ%rgr'ﬁfl(f) Le?te!sngacfmr&?‘%nerg%lthm the
@sRAtIPR . esmﬁf%tidePGpnmféWfaﬂeVﬂ&M ng different band
gaps. In a preferred enbodi nent, the first

concentration and the depth to whi ch t he
Preferably, the layers of semiconductor material within the stack are arranged to form

at least one heterostructure. At least two of the layers within the stack may comprise
semiconductor material having different band gaps. For example, the active layer and
an abutting layer may comprise semiconductor material having different band gaps.

In a preferred embodiment, the first concentration and the depth to which the
semiconductor material is selectively removed are arranged to co-operate such that the
concentration of excess charge carriers of first polarity within the gradation increases

from a minimum of substantially zero.



sem conductor material is selectively renoved are

arranged to co-operate such that the concentration of
wexwesscicharge carriers of first polarity w t hPer/GBe005/003021

gradation increases froma m ni mum of substantially

zero. Optionally, the depth beneath the surface, the

t hi ckness of the first and active | ayers, and the

spaci ng there-between are arranged to co-operate with

tOpiohallys thecdepdtie benedth dime awrtacehthedbiskmesscofithe st ahe active layers,

ST RHELP T 1o o 39581 L AT 45 poncenvaon

fanddhe gepthto whichithensemitbrdugton detériahisi setactvele serfiovwsth saich that the

i nj . Lall , , . e

ANRLEE o PRI SR b 0 g3 ARG frease

5 deonr @ eviimom dfisubstaplidiiaizetoy wi t hin t he gradation varies
substantially linearly fromthe mninumto a maxi mum
along the first direction. The step of taking the

de rmincanather t prefesred lemhadimenty theotameenteatioh eof i axcessehirge earriers of

" td . i -
3 Eh] T WA Bis SoSARAT 86 B3 0 minmum t o
seariroemdlargdhe fiest dirgcdionwi t hiin the first |ayer of the
40 Stack. For exanple, the step of inparting an excess of
charge carriers of first polarity may conprise the

sthepsterf of takingdbe semicandusterratrusivex @y compese ke intermediate step of

ﬁﬁp%rglgg %g?@%?szbf{ ﬁgaq'@% 'EarriglfégofcmﬁaﬂbﬁarﬁypSf:{q%sfggﬁé’pcﬁ&g?tﬁation to the

m conduct or materi a

tsiemigandyetor mpaderial Witbinsthepfiretf layen pbthecstagk.tfier eappir, the step of

. (o) ! .

JRPRLRS I b ien Bl coRE I PoSIP e RpRAE e step o
15  rinfresiygingra dapant spsiciestyto theBremicondsictey siguaiveeh t echni ques
such as MBE, dopant species can be introduced during

growth, and their distribution accurately controll ed.

Alheedopani speicies raaypkenintrogecsiddatodbe semisendyntergnatedal comprising the

afr L84 eg'r owt h, using techniques such as ion
i mpl'antati on and diffusion. Advantageously, the dopant
speci es conprises a p-type dopant. In a further

20 \?errt%}cmﬁ%ﬁ gfjin%laﬁ’tgﬁg?"gﬁt dogaR€ sHeiBscRay HS%Pﬁs{;ﬁt‘ 1B54t8ne of slab doping

secon yer 'has an excess of charge carriers

cndadefiecaering GLERY cpystal giowiBe HTdexednie hsingt inpleculahgeam epitaxy

(MBE).. Using growth techniques such as MBE, dopant species can be introduced

during growth, and their distribution accurately controlled. Alternatively, dopant species

could be introduced, after growth, using techniques such as ion implantation and

25 diffusion.

Advantageously, the dopant species comprises a p-type dopant.

In a further preferred embodiment, the semiconductor material within a second layer

30 has an excess of charge carriers of a second polarity at a second concentration, the

first and second concentrations and the depth to which the semiconductor material is

selectively removed from the first layer being arranged to co-operate such that the

concentration of excess charge carriers predbminating within the active layer varies

from those of the first polarity to those of the second polarity aiong the first direction. In
35 one embodiment the active and second layer are the same.
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t he concentration of excess charge carriers
predom nating within the active layer varies from
those of the first polarity 8 those of the second
polarity along the first direction. In one enbodi nent
tim ghimcasebe anetha vay ompyiee theristermediateraten af impiagingzaneexcess of
(RS gEelsts W%egmbbl?ﬁt th8nhd REESHPRARERratioRRoQhe semiconductor
|n”p§rt| ng an excess 0 ¢ harge carriers o{ secon
pmtarﬂalwthut thersecond daygr ©b thecstaciat fasrexamplehdhe step of imparting an
160 ri BRsINa e eLteBlofti
&ﬁéﬁ%‘g@{( %Fs 4 ec\%& gbﬁr@hﬁ n%greﬁgﬂsgé grﬁe ét)egef r“F‘oducmg a
cmaalgespeae$ indo serolﬁ:ommﬁ@trp@ill@rl ty may conprise the
step of introducing a dopant species into
sem conductor structure. The dopant species may be
iTherdogacteapecins mayrke inbratlwasddutottos semicenrdustor doatprial somgrising the
ts'%@orﬁ:el‘é%}d | ayer. The step of introducing the dopant -
speci es’ may conprises at | east one of slab doping and
del ta dopi ng during crystal growt h. Advant ageously,
t [
AN AL b REG e SR PEEiE oy KRR Al ieost ans of slab doping
a@nd dele daripg Huting W$tamrpw@ sem conduct or material is
selectively renoved fromthe first |ayer are arranged
to co operate so as to provide within the active |ayer
ahdvagiaeeoushy neglopabkIresies sbmprises @RdwesdaprBk ge
carriers interposed along the first direction between
a region having a predom nance of excess charge _
deivantegeousty, fthe dfirstpandsecgndasancentrationsnanditheiglepth to which the
r h
ﬁ‘ﬁéaar IﬁHU&BFﬁmtalfezr)lﬁg Cs%%%tlﬁﬂﬁ‘g%‘g? bﬂédnrg tﬁ\?]ﬁrfshgﬁgﬂ?f% arranged to co
tQPér?ct‘h B@ ﬁﬁé@@rowetm irf fhe activeslayerriregion lwmg\ﬁelbs@y@ally no excess
h [ r n
oA bR ol R e ARl eaeb? 2 rsgion having 2
:meﬂqnmearu@pph exegessh caarge heardersi efo it crotarityrdndr paregios having a
@S haRelor bRERKHalgeUBidieof ddcBha bawAy. SO as to
provide within the active layer a region having
substantially no excess charge carriers interposed

| %are)aaﬁmqé‘ éjép‘ir‘i behéaﬁm@gur@e& VYR thickrleS§ bp{heffﬁytl 8ébod and active

predom’nance of excess rge carriers of first
Fj@ye@q} iand hiecracingdhers- between are arranged to co-operate with the flrst and

second concentrations and the depth to which the semiconductor material is selectively
removed from the first layer so as to provide within the active layer a region having
substantially no excess charge carriers interposed along the first direction between a
region having a predominance of excess charge carriers of first polarity and a region
having a predominance of excess charge carriers of second polarity.

The present method is advantageous in that, subject to selection of suitable
concentrations of the excess carriers in the first and second layers, a p-i-n lateral
semiconductor junction inherently arises as a result of the selective removal of material
from the first layer. The method ensures that the correct doping profile is achieved
within the device somewhere along the first direction, irrespective of the depth to which

material is removed (as long as the first layer is not completely removed from the



havi ng a predom nance of excess charge carriers of
second polarity. The present nethod is advantageous in

w0 bab/01dubj ect to sel ection of suitabl e concenPCHGBRVS/003021
of the excess carriers in the first and second | ayers,
a p-i-n lateral sem conduct oré unction inherently
arises as a result of the seléctive renoval of
material fromthe first layer. The nmethod ensures that
dewiceloin dractidepihadirgtr leyén may dearenioned @langt parh of e first direction.

(Y n

ARFLVer IAPEAIRS SrRubiRroRRying IRl nrp! BRF (£ B01ne, seoond layer) may be
(rervoyeshwithpst cerapromising thsyv@ffomamtof thergsiviseel y r enoved
fromthedevice). In practice, the first |layer may be
renoved al ong part of the first direction. Mbreover,

5 pathte inferasteofsiariiytthe eeginndravingi w@ﬂanﬁalw\owcemergescg'ners may

| %%pﬁ?&@%skﬂ%%&% gaexéehgcohana&ed wi t hout compromi sing

he "pertor mance of"the device. In the interests of
clarity, the region having substantially no excess

F L T Bl T AR SSoRS oMb ol Bty stucure

vderein Hhesagtige ﬂﬁyﬁQISaarw@ bawneendhe first ard spcondikayess, and the band

10 y& g'fé Y&ivé %F is dé{@géé‘ﬂﬂﬁéjleggwﬁelﬂe bARd Péﬁ o th@'?ﬁ’st and second

ayers gap of he acfive a er

éawegmd@av@ ca%h e SEuRtIarS dreigheth Budethabexcee Chargatn tecfirst and

%%Eﬁﬁbdlailél%‘i’srﬁans\‘é?retdhhl% th@a&ivelidyerstructure is designed
such that excess charge 1n the Tirst and second | ayers

is transferred into the active |ayer. Advantageously,
tﬁth‘?/aﬁtcégécyt%lyj wE rac@@éTWeF)}e? onébrisdd st adi@taly | lrﬁhﬁél@séeﬁuconductor
sem conduct’or materia his I nproves carrier mobility

15 vnatprial. Thie iserqves crEigs mablity Withinntie | astvel &y6F by ellmlnatlng donor /
BEERbOIMAUTREY WhicBScotld Stheidt SctdsNRIckinBRiafiS céftres, carrier traps
reconbi nation centres, carrier traps and scatterin
@dtscaterinmhesiiegh The diglicirdpensy aphoptical psépwﬁgh%ﬁewce is

tth&reBP ¥hitghckd. hhﬁfse&)ﬁf@ﬂgﬁdhc @cesstaldtirs a@ﬁfé&&ﬁlzﬁﬁt%uced into
excess carriers are preferably introduced into t

dbe petivellayes fropythenfitshand peconddguersecond | ayers.
20 Advant ageously, the active |layer is separated fromthe
first and second | ayers by undoPed spacer_ | ayers

vifiventagaus!y. Hae saaﬁ%ée IRY§E G 8BPFR

| #48ped spdrer %ge@nbvhlcﬁrrﬁavém% 4186 BhI-8a$ BRihedirdtYand second layers.
separate fromthe nobile carriers in the active |aye

ye
ahe dapansiens aeg iheeeferetpatialyerpiie frpg1 thaanekilg carriers in the active
Mhyr MrRAfle scattering from these ions is therefore minimised.

25
~ln another "embodiment, the semiconductor structure comprises a double

heterostructure arranged in a quantum well configuration.

e@h@""ﬂﬁf‘@t“"ﬁnﬂ“@;é&%ﬁfﬂ’ layers by

Conveniently, the tapering process is arranged to impart an outer surface to the stack

30 inclined at an angle to the planes of layers therein.

In a preferred embodiment, the tapering process is arranged to impart an outer surface

inclined at an angle of 10" - 107 radians to the planes of the layers within the stack.
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conprises a double heterostructure arranged in a
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process is arranged to inpart an outer surface to the
stack inclined at an angle to the planes of |ayers
therein. In a preferred embodi®ent, the t aperi ng
process is arranged to inpart an outer surface
iim@inbthed pa¢femed anglodinuént,1 thel tapedity process aempriges lab least one of
f I ' e i
naTed Jobolic B T, olbeha AR 1 584h Meleling, chemica
antechenisal polishing, and chemicebbevelipgi ng, | aser abl ati on,
pl asma bevel l'ing, ion beam bevel ling,
chem cal nechani cal polishing, and chemnical bevelling.
Advambgemsiys|the taperingapecessy compdssss chemiseli bewelling with bromine
ng with brom ne ethyl ene glycol
%pﬁgn%adlycg Iléérr{a{bl y, the concentration of the brom ne
is 1% - 10% The etch rate is conveni ently arranged to
I
kryr?%i’gfbb éﬂwer ﬁdﬁ%@nt?eﬁ%ﬁ ﬁ%f%?@ 35220 1(5“’}Soe'gﬁ'@t ﬂUﬁ Fate Iiéqcofnvemently
IamaegeChg) bdrén thenaoom ulgnot minuteide dew /i mingte: Hrepeqc@erarthe method
t;
%&ﬂ@ra%&rlfornﬁdsgg tt{eaét?% gﬂoyag?é aﬂﬂlégger atngc%rfﬂ ¢ outrU%tUllé ifito"the etchant
@t aLtostrolled ratepn élﬁeeranga Og4fooai hoimute + HOMm Inioute; typlcally at a rate
%?QB&dt%ﬁﬁnhﬁ%Jé”ther step of attaching connecting
ns to the structure. The connecting nmeans may
conprise at |east one of electrical connections and
t GRE FuRREESlep O hi
TR FPieR el e, e IS0 oty e s e quiRa=plep o ptaching
Joonmqtlog rwmsd@mewtmturaevhe:eommmg BieAgs gay comprise at Ieast one
e‘&f?u@?l%%ﬂé?tiaﬁé Sﬁ@ﬁbﬁéfé%d’rfn%c \é' ng a stack formed by
ura ayers” of sem conductor nateri al
arranged in a series of substantially parallel planes,

iy SR o 1 A Sl S 5
tinctipn seeicosuetie deige cAMPRSING af $err@t:0ncg'9@r hetaipstiusturgy having a
%tactfirfbﬁﬁébdwg%rurgﬁ% Bf Ia?érsl}ﬁ‘ébﬁﬂ:oﬁﬂu&&‘:ﬁéf%ngf a3l $h a series of

carrirers o arit at a first concentrati on,
\ubstentially iperalit Rlanese Rdisstiavet therein fevina @ thiglsegssrwhich tapers along

té“?nfslfgﬂéétlﬁ" & t?é’térﬁlﬁﬁiﬁgaFaﬂeIC%tﬁ’Rﬁé Highel Oofefhet Ry&sOXhiblSfirst layer

tion o concentration
comprlsmg a semiconductor material havmg an excess of charge carriers of a first

polarity at a first concentration, wherein. the first concentration and the tapering
thickness are arranged to co-operate so as to provide a gradation of concentration of
charge carriers of first polarity within an active layer along the first direction.

In a preferred embodiment, the first concentration and the tapering thickness are
arranged to co-operate such that the concentration of excess charge carriers of first
polarity within the gradation increases from a minimum of substantially zero.
Preferably, the concentration of excess charge carriers of first polarity within the
gradation varies substantially linearly from the minimum to a maximum along the first

direction.
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charge carriers of first polarity within an active
| ayer along the first direction. In a preferred

wepdedidesnt, the first concentration and the tPQOEGB2@S/003021

t hi ckness are arranged to co-operate such that the
concentration of excess charge carriers of first

polarity within the gradationSncreases froma mni mum

of substantially zero. Preferably, the concentration

di aemthes preféreedyembadinieat, shefsefmicontugiod enaterial withini an seéand layer

r t] varl,es subst ant. |, I r .
AR eeEe & HEtos Ao srcory, My Bt &SR Fopoentration, tne
dirsbtdner sguoefl ecaneenteatioosliamenthe taperirge thidaedsi dtegry arranged to co-
[ al y WL hi e h . . _
%?%ﬁée%ch%LQhQ S B(?]eé\?rgg a!ef?(%/xg:ggi aié@% g%ﬁggsﬁe&gmlﬁgfrf}{ggﬁlthm the
@otiveclayerataries frotrhthose o6 thedinst daritnth those ehtheadeicomd paladty along
e [ t hi ckness being arranged to co operate
é%cfﬁrtsﬁcﬁgetd'%e concentration of excess charge carriers
predom nating within the active layer varies from
' I bl Ve L .

SoRIF Ry ohetEres Embodiel M irbiBrb 3R R6hd Lol RS 3 he tapering
pigkness ace emdgidnte rio;optehade fsorast togmolvidgee widhid the active layer a region

FUEG b abhAly (5" Sk S oA B hBhdes e Be i, Gl Bohween o
aegieyhaving aviradorsinbsetenoft femesg-chmg_e)cee'@ss obifinst polarity and a region
1B B VEEGrRh AR, drdRedesi hrdk ey OPbcaBhalBERA, " oF' "

first polarity and a region having a predom nance of

[ . Of . Al i .
et TRy R BB colersth dafag paiers may
iFomprsinYinsicar gatripsicisemicondugtorconpri se intrinsic or
extrinsic sem conductor. In this enbodi nent of the
i nvention, the sem conductor device preferably
do this exbedimestaf iherinkention, the semiconducidredeyioe preferakdyt canaprises a
| ' nesd t i . .

SR RoplacE EAIAES (PRRHe M 1Bt 1€ RaRFEE REWEBNTAE frst anc

Isesend: lagerst Bed tenbanghpapof theeadtive dayearisl agengeditd be éass.than the
: ey | ayer conprises a

?%ﬁggéﬁtgfgﬁ'b&?ﬂ{j E?%@?éé%lezsm conductor material. This

i nproves carrier nobility wwthin the active |ayer by

AEhEBoRY, 1R dotte MEFROPlorbE s bitsEmulll RafaRy! smiconductor

material. This improves carrier mobility within the active layer by eliminating donor /

acceptor impurities which could otherwise act as recombination centres, carrier traps

and scattering centres. The high frequency and optical performance of the device is
thereby enhanced. In this configuration, excess carriers are preferably introduced into
the active layer from the first and second layers.

Advantageously, the active layer is separated from the first and second layers by
undoped spacer layers, which have the same band-gap of the first and second layers.
The dopant ions are therefore spatially separate from the mobile carriers in the active
layer, and the scattering from these ions is therefore minimised.

Conveniently, the semiconductor structure comprises a double heterostructure
arranged in a quantum well configuration. '



and scattering centres. The high frequency and optica
performance of the device is thereby enhanced. In this

w@oemwblogurst i on, excess carriers are preferabl ypCT/GB2005/003021

10

15

20

25

introduced into the active layer fromthe first and

second | ayers. Advantageously, the active layer is
separated fromthe first and'%%(:ond | ayers by undoped
spacer |ayers, which have the sane band-gap of the

first and second | ayers. The dopant ions are therefore

agslel I
?g?l‘el'a@l)) Yhesﬁaggﬁr%ﬁl%kﬁgggcﬁﬁat&t s ngél??rg%fr{ cg St(Z tilﬁé;%ttsapl? inclined at an
tangledtd d;haeepla’nm of the dayeGotheenwidhin.| zven more preferablyuibe @uter surface
r 1a I

% fnﬁlmeld a? aﬁ %ﬂg}é q? q@on f1 IGLS u@éﬁsgﬁilﬁ @?’i{ﬁ‘ﬁf‘@é’ Eyﬁrrg \Aﬁfﬂgﬁﬂe stack.
taperl ng th| ckness inparts an outer surface to t he

R e Bt e e A

ispuicadiavingcd lateralrjurstigh @em‘lconduqor dqm:esaqcacdlrwm the sehend aspect
%km“eceﬁeé’ént'i v%nlg&%/ ﬁ!rﬁme\“’l:&rﬂh&irﬁd;ﬁ]eéﬁ%'f creéﬁﬁg;’é @luRcht é’co%suc wave
thir aspec rese I"nvent 1 on

reypiticgdlong p‘mﬁr@hqlmian guetathahdn ase, dhe megibile @ﬁmereoare transported
E‘bﬁ%& e o ‘?E{r ﬁg“ﬂs# QirdN6n; SSRPRRaAS Pnfrcéon%umg the

e present 1 nvention, er conpri Si ng neans

cBEEr | rRgspors wafisrse badbesvave sknhethat élvealﬂumbgr &f anepilehearriers so
ft#ah§;%orfédrc%ﬁtde g bl b e ac];duFch%?a sildfe &l € carriers
are transporte the surtace acoustic wave al ong the
first direction; and means for controlling the carrier

RPN oot AR S g Gopect o v

tfeseat dveatign oas @xgempléarlarqarrears OWaes@gteheollaatNecprﬂy the photon
IS0k FPEeRBIY R 284l | f@ldett

S0k PR GARCH PO 8.0 R0H 0Lk 1, 265 O o
é@rr H\‘fréﬁ%C"@ﬁ mpbie r@rf@fﬁdmérih?yd%#ﬂey chsq@lrm%trmblbomraers having
prﬁgﬁfeaﬁﬂléhtyf/ t thB&E wRRARAd ﬁr@fsla% é uﬁr'&@uégd into, the device by the
electrical neans and opti cal ans or i ntroduci ng

b Ifastoneglectagal an%pgtlcﬁ@eg@s,, ce. Accordingly, nobile
carriers having opposite polarity to those within the

first layer may be introduced into the device by the
Hrdvpelageoushye thel reeans fearondioing phe eatriereansgort comprise at least one of
AR BLIORIGMIEHY anb BQUIRRRAS PSR confityr 01 | 1 ng the carrier
transport conprise at l[east one of a biasable split

gate and a quantum point contact. The invention wl|

now be described, by exanple only, with reference to

t he



acconpanyi ng drawi ngs in which; Figure 1 shows a
schemati c cross sectional representation of a
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devi ce according to a first enbodi nent of the present
invention. The figure ill ustrat es the sem conduct or
structure prior to processing’fo inpart a taper to the
upper |l ayer of the structure. Figure 2 shows a
Stilee inaentionc milk snose e drsadribed prbys exarapleoonipf Withe reference to the
I I on sem conductor device
aaggbgrjpgénﬁ%gto%\gwg H \&Q% ‘enbodi nent of the invention.
The deV|ce depicted in figure 2 conprises a single
. c =
FURP 3 SRS sche R crosS oy FEOEIREforb 3 pargply fabrcatec
datetal gnictidre seviconduatnredaeyeei aceoatingotoda igst temnbdonérdrof the present
peﬂi h e S
?ﬁ%ﬂg& Leh e % rIe ‘ﬁu Fea:?% ﬂfeu ﬁgliﬁ%ghb e?/rl %t@uc%}b prlor dto processnng to
amqammtapar\tcelhle proerflagerrcﬁtthaﬁtrucmrgure 4 shows a
schemati c cross sectional representation of the double
het erostructure device of figure 3 after bevel
dtigLme 2gshawisgal rsehefmatlmowgss sectionsl repasestatige of thenedmpleted lateral
J u or evc d| of the invention. The
G SO RGN0 YevldddAlary BAE AR EmeBbirddhe
nvent i on conp 'atera

eielvlce |da||ct¢|domj&gtba§a¢rrmmsemdsmmgiemmicrmuotze (| nSb) and
cadmum nercury telluride (HgCdTe) respectively.
Figures 6a and 6¢ illustrate the variation of electron
fogusetd ahowse assehematitn cresst $ectional trapresensatitinreh a spastialiwrfabricated
[ g ci
b OHEE iy SO o 8l bibordh g6 SR SRS he presen
iimventien. dm s embodnmentattmanlatemal jenction d@wcwstt@sed apom a quaetum well

24| rcury telluride (HgCdTe) device. Figure 6b
gﬁﬂﬁ%&"gﬂcﬁ?ot of sheet charge density as a function of
etch depth for the indiumantinonide (InSb) structure.
igiE 47 HBAYS a3 RABGER | GobEPLERERNArbBscHiatldh® AEYR double
et equi pnent use one enb net hod
detasesirugtyre devierof figuend atier. belvretﬁml@ng; shows a .two
di mensi onal surface profile of a HgCdTe test device

patterned using chem cal bevel etching.Figure 9 shows
tHigure Br shaws- sehematje crasarsestienal senresestations &f yrtiier pmpodiments of

ItHEGheRBord BhipRighg ddesigns for lateral light emitting diode based on indium
antimonide (InSb) and cadmium mercury telluride (HgCdTe) respectively. '

Figures 6a and 6c illustrate the variation of electron potential versus etch depth for the
embodiments shown in figure 5. Specifically, figures 6a refers to an indium antimonide
(InSb) device whereas figure 6c¢ illustrates the variation of electron potential in the
cadmium mercury telluride (HgCdTe) device. Figure 8b shows a plot of sheet charge
density as a function of etch depth for the indium antimonide (InSb) structure. '

Figure 7 shows a schematic representation of the bevel etch equipment used in one
embodiment of the method according to the invention.

Figure 8 shows a two dimensional surface profile of a HgCdTe test device patterned
using chemical bevel etching.



fromInSb according to the design shown in Figure 5,

nmeasured as a function of tenperature. The highly
woensliqiear characteristic suggests that a | at BCHEIGB2005/003021

junction has been forned. Referring to figures 1 and 2,

a first enbodi ment of the invention shall now be

descri bed conprising a single1%hoton source devi ce and

nmet hod for fabricating the sane. The device 2 is based

on epitaxial growth of sem conductor Iayers onto a

I t . . .

TidlRe 2, i o UL V8leBe GRFRCRBAOTNY ool o-n jupcton fabricated

StoowinSm a§¢cgd|ng to. th'e’rdestgopsnbvunm Etgure)ﬁn @neaay@ds_a%uaefunction of

gérﬁﬁ%}gﬁ#ghﬁggﬁgﬁpﬂﬁ% ﬁr%é%gc Qrac?erngﬁc! suggfd'é &atﬂa Q?}i{?éahg.upction has
5 dméhéwewﬂ conposition so, for exanple the top and

bottom | ayers shall be Al GaAs, and the m ddle | ayer

GaAs. Ot her suitable material systens include, but are

not limted to, Hgl-xCdxTe and |InGaAs/|I nGaAsP. The

device 2 illustrated in figure 1 utilises a quantum

wel |l structure wherein the carrier wavefunction falls

rapidly to zero away fromthe mddle |ayer. The

el ectrons (or holes) in the quantumwell forma 2D

sheet by mainly occupying the | owest energy standing

wave in the direction perpendicular to the plane of

the well. However, the follow ng discussion is not

limted to quantum wel | structures and is also

applicable to carriers trapped at a heterojunction.

The top layer 4 of the device 2 is p-doped during the

gromh, with the acceptors lying in a thin sheet 10

(commonly know as d-doping) which is close enough to

the quantumwell to ensure that the charge carriers

are transferred into the well. The device is then

bevel etched, as shown in Figure 2, so that part of

the d-doped layer 10 is renoved. This |eaves only one

part 12 of the quantumwell that is doped, as shown to

the right in Figure 2. Wt chemical etching is

typically used to create the bevel, so that little

physi cal damage is done to the quantumwel|. However,

the nmethod of the present inventionis not limted to

wet etching and it would be apparent to the skilled

person that alternative process could be used to

create the bevel, for exanple ion beammlling,



mechani cal | appi ng or chem cal - nechani cal poli shing.
I n many circunstances, chem cal bevel etching is

wa@edasaotiig’e as it does not roughen the as-grownCT/GB2005/003021
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material, relies on relatively sinple equi pnrent, and
can be easily be applied to a range of materials,
i ncl udi ng CdTel I nP, GaAs, an®#3tnGaN. Chenical bevel
etching is acconplished by gradually | owering sanples
iReferriogto figurés hgnd @) afiisbambodiment efrthairivestion dhall now be described
r ri S e n
ToBPHEhy b RYBL R BEae e dod AR B TRl tsame. e
rdawge 218 dased1dh Bpitaitil gneyth dfemicondbetoy dayessdonlp a single crystal
e S
é Véatlc? gaggga a gr{rlléls gg%é t ?ﬂb& ofl?ﬁé Breorgggéd gé\ﬁ& éfﬁetr ﬁ?’ovﬂf‘n is shown
em Ciguratie e tdpe4 ahd mOﬁgncﬁ)tayerst aremrswarsecbmumhave a larger
0,10 n ev hi n

Cb%ﬂdé g}aé dth? MIJE‘G %g{ar Q aﬁ&lg i \&E}é@%% n& %rﬁ/vﬁ'@ Iaggrs of different
'Ebmpasngtbre sof fctrlm(abmnhe éo;aranantg;mm tayiees shall be eﬁd@a@h and the
t 0

rr?gtr?lgﬁm e?e(%]/?g td?ﬁér sqgtﬁblg djngtreggl é}JagPén tmum L@F ?lét rr%re not hmlted to,
FHgaaﬂDdixifeamdnmtBMsﬁln@aAaP transducer (not shown) is
deposited on the surface of the far |eft-hand side of
the device, and a split gate 14 is deposited on the
Slinef deyise R/idustiated inrfigoreet] utilisgs @musihtunh weth stivetuie wiareindke carrier

Wrégllﬁs }:ﬁ&h \Aga@s Fé(p%\% %eéo Eglag frftrgg’rﬁigaeq%é# Ché e%%fr&?é:(%r holes)

jimther quiagitaraiwellrfams alﬂibsheaMbvchaiplvmawr@thBrlwstha@ergy standing

ls\'\lgr\r/%I iF E{Rg dﬁi—:‘ﬁ%nt &ré&‘ﬁdﬁd@ % tkﬁg‘%n@ cq Qhé’ eﬁl h %&@é%? ethg following

aneous tra orting e al ong e gua

wkigdussiom isones Ifrmtem tofquanwnuwll @éruetuwtartm@ aismamjlrze@e to carriers
j ed by applying light 18 to the
es}{aﬁ’ﬁgghlr%ﬂéﬂey?%?r%gﬁ(anpl e using a laser) in the quantum
wel |, and becone confined in the noving | ateral
at.e I

PRieA08 13er £ T, B3RO RE bRopPl My B2t BN Feptors ing n
20thiirs stmhqbd@ (compoely Know ax&idppieguwhial is close enough to the quantum
i t | S .
v?eqlntgigéal‘w@t %t tﬁ% hiﬁé%%%ﬁ%f% g%/a%gk?rtgﬁﬂr}-tgghe WEII Jﬁﬁ%é&lce is then
tigtvelosteed) alsmml/vns&d:lgurea eb thdtepadeoﬂthe,s doped hm/er a0tis removed.

e int rd| nsduc t0..ayoi to L
U BB re T Ty ShePhbi? e of PRSEARR Wbl R dopEa  Rekholyd 1b B rightin
d#ngmbrmnsvyetbchenmba elmn@hd txpmaﬂ)amisem tofcrdadé hhé deval, ob that little
hedwcevvou(?b sim | ar ate
b

I
VR forCie ™8 G Rt el Bt B kR dne present
bievenltiboigertbt tilmited ghwetreteraredhand it would be apparent to the skllled person that

alternative process could be used to create the bevel, for example ion beam milling,

mechanical lapping or chemical-mechanical polishing.

In many circumstances, chemical bevel etching is attractive as it does not roughen the
as-grown material, relies on relatively simple equipment, and can be easily be applied

- to a range of materials, including CdTe, InP, GaAs, and InGaN. Chemical bevel etching

is accomplished by gradually lowering samples into the etching solution, or alternatively
by gradually covering samples with the etching solution. Typically the bevel angle is
extremely small (in the range 10" — 107 radians), but can be varied by altering the etch

conditions. Different etch rates of the various layers constituting a sample, or changes



SAW cycle. This bias may be changed to conpensate for

any build-up of holes that m ght occur at the
waplosvigat e 14. The dopi ng of the d-doping | ayrCT/GB2005/003021

chosen to be sufficiently large that as the SAW 16

enters the right hand side of the device it is rapidly

attenuated by the holes, thuslétlow ng the trapped

el ectron to escape. The el ectron reconbines to emt a

$n eghherafehas the a&hinﬁtwnhﬁitgéntpam)pbm@mﬁd the lepdatot non-linear bevel.

ﬁ%e&%g b b Ree a1 P« SRl P et

is inmportant to reallse that a train of si ngle

ot onfn%fstpgr?%? ﬁg%gh]égéfi to’ be;’\grg @ﬁ\tﬁdﬁi\rt?)o T EethatC ’tg'e"eyis a large

5 r(m)any Tdmssofnmidrorhéteesd fregien gif wadepedaquartumokeald ramaining.ofFinally an

pqc?)%% {é&{ﬁqgg%% ?ﬂ%?\{%é F%%%qsoétc%{) grg I;]hgezgdei%gelogthe far left-hand side

enlf thet deviceh ahe avepliegate dtiio deposited ap thesarfadesavet thegtundepad region

0 ortional to the nunber
ociueags: %G@%a%%a#egqﬁgﬁ#geognd de-focusing of the
SAW16 could be used to vary the SAWanplitude in

10 Sﬁé’f fo§%r§get Brgart gfat gﬁ?ew‘:g\%ﬁ'&;r‘gg‘é n,gghﬁ/)o% 19 x@?é’amusmg the

ro I'nat

Fmtaailgltyal trﬁmﬂducerc whtdaqirspagatdasdtdm titreelefi-reand spierteghe mlghuyand side

?og tl% eggw{:ee (3 g?n Eﬁé/ ‘y t‘?g?sr gﬁlgﬁ%gglg&?g%?nggeteh{ééﬂgmqﬁgﬁ .In one

gures a SECO

ifmrrent therdeghalelleqtroms ked teles rar@eutiqadjyrpxd:i@idny applying light 18 to the

SHUEHREA e AL oIS S o coppac i e

15 trhevirgpiateralotential \dell,smssoee&arvythrtbpéiAWJ dmand>th¢krdorm of the device,

tﬁégl elﬁrr?a% ' . g&gﬂﬁ&&.?{%‘ |sd§o%%5'rf§/ge \%F &Jﬂﬁl@ {Jgiﬂg ?ont-iﬂwplantation

een

raﬁueetrul tmvel'rd’lewmgavle bloguid he notfedttmalehqahonmnlaetatmlm esuld be céarried out

(HBMRTB 8L SRLEH BB HSNORIP U Bho LRA A Eeer. 0 avoi

I nven

dangige teltmwarntsmau@l i Inj thistaage ithme GAt/\héG pntyytpanspeds eltectrons, but

20 S N5l 1 B0 O B FpOBAPL RS, o o

el ec

drale e ismegatihebiased saithaboniyges eleoteon would datallomed through in each

A ghccséeqnﬂ{@b?éstrnﬂggtcﬁmqe%l totc%ng)@ﬁ%ﬁg Sohn r¥ ﬁmfatdaﬂ §1J Holes that

uencl es ce nma

phlghbmccur at the, spéighte Hd. pldesddping ofythe Iﬁr;dopin‘gnlgycﬁr ﬁhletahnsen to be

slugf %enH% %/gedt\é\fg ?sa@feig]ﬁg)ynl gpol ﬁ"’}é;hsﬁgitﬁ Halg& Qﬁe lofl{hteecfevntc% is rapidly

25 attenuated by the holes, thus allowing the trapped electron to escape. The electron

recombines to emit a single photon 22. The high p-doping of the quantum well in this

region 12 of the device ensures that the radiative recombination process is sufficiently

fast. Itis important to realise that a train of single photons is produced if 1<<T, where 1

is the recombination time and T is the SAW period (typically ns). This will therefore

30 give an antibunched train of photons if the hole doping is large enough to attenuate the

SAW sufficiently to ensure a large electron-hole wavefunction overlap, and also to give

a rapid recombination time (proportional to the number of holes). However, focusing
and de-focusing of the SAW"16 could be used to vary the SAW amplitude in different

parts of the device. The angle of the beyel may also be used to control the



respect to quantum cryptography). The single photon
source 2 according to this second enbodi nent conpri ses
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shown in figure 3. The device described hereunder is
constructed using either H-V materials or HIV

materials. A self-consistent-8hrdinger - Poi sson

sol ver was used to design InSb and HgCdTe quantum wel |
desdntEndtiay erscesb A skifallyp @hntit eontantsrto ottt thechiand hegion may be

FSG%rﬁggOETVanr‘ihﬁbgetQ‘ﬁ‘é'l S%er 4 of the device 2 is

owt h usi ng sl ab dopi ng or
nodul ati on dopi ng. The bottom | ayer 6 of the device 2

BB 3R .y i A bl o e
dﬁ@&ﬁ)ed rootphising ahfz&temmm fenglaaiHotdmsmz detibato thaedescribed in
FREEREadAl EAE TR RIS B NP, 1Bl ey roptvon.
tiike feptaes whichethdvei beenrdasctaﬁddywm teferenes by WWes é.and 2 have been

sch ram of the device after bevel. etching is
V\,ﬁmsﬁm& ﬂa%gcinuraﬁ%alénd 30 of the well remains

p- doped, as |n t he as- grovvn structure, whereas a
[ 2 [ ,
108, RS & el S50 o B abeer 3R ey ocppoiosial
iimporteaince eand trhmmsemdd pentheuiirnent ad tioee preseatt, inverdionraingle electrons
j . . Th i . .
AR Bt B Rofor 508 e p ol IR LK b Boiment e
singleephalppeourtads elécipicallyi dtiven, Bieoddwcevtzasypatential advantages over
; . whi hat . si nal _

SBhEafy sBlredh ety B8 ot Shss H BRI, bl icBencies, the
a&bﬁntwtoapredum tiany Ipereﬂiéwfaﬂon treipsaamd theapessiilite that istngle photons

ae&g{r%% a& &te%gn({ a %ngtl{fﬁ gﬁé Fattg ﬁ&%g@%&%&gﬁle%ropemes with

srespect torqemntumeryptographgle, t he HgCdTe quantum wel | 8

has a conposition designed to give emssion in the

m d-I R, although as HgCdTe is a lattice matched system
tThiessingtes plbtem sourge Beaccbrdingetd this secandzembadimentgiomprises a generic
%@t@r fgénle%gs récﬁ?u%n}!bnflgﬂr{ |oﬁ ué?%hg&ﬁ)lﬂaf%rg (§)Thé IQieéwce described
d‘feretumdenf isrconstalctast wsing slthebah\d maﬁemaisaoqkra\hmatﬂrm Aseéfs:onS|stent

SspHfldel, PishodiRaRi Lotq M BelBrin @ SnlACAE B um wel
glevice fayers, Hneseph amruthev@anlerlc etwdunesemwm frigwe8. dhel top layer 4 of
gFéén é?\?cf/é 5951. 8—%pe& B4 %iuﬂHé ?ne%rmvth Egﬁg §Ig8%pﬁ6%rgﬁodulation doping.
The bottom layer 6 of the device 2 is n-doped during the growth, with the donors lying
in a thin sheet 26 (commonly know as §-doping) which is close enough to the quantum
well to ensure that the charge carriers are transferred into the well. The levels of p and
n doping are carefully chosen so that the quantum well is initially p-type everywhere. A
schematic diagram of the device after bevel etching is shown in Figure 4. One end 30
of the well remains p-doped, as in the as-grown structure, whereas a region 32 of the
well becomes n-type at some point near where the p dopants are removed 35. At
some point in-between, the n and p-doping cancel out, leaving a substantially intrinsic
region 34. The doping levels within the device and the shallow angle of the bevel
etched upper layer 4 provide a slowly varying potential within the device which ensures



within the quantumwell is plotted as a function of
etch depth for the InSb structure. This confirns the

wo cooamidiosr of n-type and p-type regions after PeweB2005/003021
etching which, in this case, are separated by a
near-intrinsic region. In conmon with the foregoing
enbodi ments, chenical bevel e#€hing was used to
i ntroduce bevels into a range of test sanples,

ahatrsinglgh elekcrensn@iiaire trppeceis she goteatidl miginess assmgiate with the SAW

B BnRlor st PENBUR Bredlh® 4G usod to

fabricate the aforenmenti oned devices. An electric

R T e e

5 atruetoresd. InTthis casey thetHgGH® quantim wellttbasratampbitiamdesigned to

) 5850 B b8 1 B B LS SR BRI BpiPne cou
Rasiyemnchange@ Fomeéxample © givedemBOiomat mShume. The rate

that the rod 44 is | owered determ nes both the |ength
of the bevel, and, together with the chenical etches

naFguresh@{ajlamt 6(chfthe blectmvedtentiBy [si plettddy as thet mmnirodm energy of the

beaker erat ur

AT ] T e

rHglidTescases arspeetivelyi Migesel piote diuatratethagrafter bevel etcbimgntipeayuantum

SIS oS 3 ToPUEAGE, B EU 8010 Bioot raro costy

rvéthirs thesq damtum wellds iptdted tasea funetidre of 6tchTdepths fdrtbe inSB6 structure.

~ 5 C t e WAL SK - : b
S SRR g Prbor BT BRe et oREThaShs affertte] g whion, i
15 dhid chiggCdTe sepacated y awmeauindrinstcrggione gl ycol and broni ne
et hyl ene glycol for the solvent and etchant
respectively. The concentrati on of the brom ne

de tcommere wvithhtbe efiordgoingt embodimentspicbeamical wevel etehing eas used to

SRS BT e 9 8 VAN Bl scossi
dechpigsies cnayebecanplieablé 8s mentioned above a gl ass slide 58,

op and attached to the rod 46. To begin etching the
sanple 50 is then lowered into the beaker 56 to the

Jugwent shows chsnberatice diagteen 6. théi epuipeneht sHbwsed te Dabricate the

z&gr%gm%ﬁti&{e‘afde'vféeé’.f AR eldiL TRoth £33 isQRYY tSrafie A ILRENSFhd 44, via a

gearbox 46, on which the sample 50 to be etched is attached. The current used to

drive the motor 42 and the gear ratio 46 can be varied using a controller 48, so that the:

25 rod 44 can be smoothly' lowered at rates between ~ 0.25mm/minute and
~100mm/minute. The rate that the rod 44 is lowered determines both the length of the
bevel, and, together with the chemical etches rate, the depth of the bevel. Typically,
rates of ~3mm/min are used.

30 The etchant 52 is prepared in a b_eaker 54 and left to stand at room temperature for 20

minutes before etching. Immediately prior to etching a layer of solvent 56 is pipetted

slowly onto the etchant 52. This prevents vapour etching and a meniscus forming

across the sample 50. The solvent 56 and etchant 52 are chosen to be immiscible, so

that there is little mixing between the layers. For InSb and HngTe etching, we use

35 ethylene glycol and bromine ethylene glycol for the solvent and etchant respectively.



brom ne /ethyl ene glycol bevel etching. The etch depth
was determ ned by neasuring the step hei ght between a

waeoep1ais t he device that was masked of f usi ngPCT/GB2005/003021
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phot oresi st and the deepest part of the bevel, and was

4mm The length of the bevel was -3mm (note that the

i mge has been conpressed in” {hie direction of the

bevel for so that the bevel can be clearly seen). The
éﬂnercageersnatmraotethemnghmewte@mntelseheetmeat% buff typicallyawe have used

S

CRASSHASAER 1AL AR oRE JTE! fuds bYSerBBIR0 Bamminute
wmurbémueted for different materials, although the
brom ne et hyl enegl ycol conbination is known to al so
gi ve good results when used for InGaAs/InP. Figure 9
Jhewamplentea= eteliedcia mamted/eite agrassialide &8 candsattached tmtha rod 46.

V, C C
ﬁ";oetl) X Sagcﬁ[rfgl tﬁégs% ?é 89 Aane S@W@%dqfrﬁ?osv\é% G%k\%h%@ tBQhe solvent /
@tohantintesfacabe, f ol I OWI ng the design shovvn in Fi gure
5, using nol ecul ar beam epitaxy, and was processed
usi ng the bevel etching apparatus shown in Figure 7.
Kiguse réaghafs @n2l curfece avmfii;e wéreHdEedbe itestddeyicet §ie patterned using
%ﬁérﬁlﬂg ?%tﬂylfﬁ{}&g \6'e9 H@eﬁh %%Ef?\gﬂasa@&eﬁlﬁé’d 8¥ Pheasuring

arac erls ‘c nmeasured from a pair
Uranstep beighbketweemastrip af e deviaeribaighas meskasmftiesing phateresist and

Rnd &4 IP%Q &Jrhmﬁe ?F@%W‘ﬂ L4y, n‘?‘”‘?‘hé’!&ﬁ fhoof*tﬁbebél}emﬁs ~3mm (note

regi o trve VO tages corresp
thas teerineagshhasebashecopipiessed dhthecdirestion nfethpbgwelefomthat the bevel

g:%g' t{eL}él%aﬁyP 10atedThe a‘vQFalgg‘éUr@cé Qpﬁé’rﬁksé’ bt RE egﬁr%ggstqmace was

I'S case the curre initral I NCr eases
engasHeagt a1 20pmpivhichap i mrwnatet{ethel sang® Asr st unejghed surface.

%r}é@t‘r Egﬁgntg‘%o* ?&%rﬁ?dcahhﬁe QUEAERE diffe Qr‘&t ﬁHla{E‘l‘ugE although the

I's relatively independent o
\bmmiag@thmf@gypelmwhﬂmgn@hrwmfo alse gtyargoedtresrulfgwhen used for
4h8a 9l ity of the applied voltage is consistent with
t he fact ‘that a lateral p-n junction has been
formed. Laser m croscopy was al so used to characterise

tl=|"q:1“|ré 3{3\@/56‘%3 hURehd ey 'c[]rr&ﬁl%ofté’g?@%ﬁ%r‘é&eh@tﬁb e ddikce fabricated

ice. Mcronetre-scale Tesolution otoresponse
ssingdhe tacbniaues Acaending ta BrpIresens B\Sﬁmﬁonarmw InSe-water wasegrown on

(a”'GQAE @ub@&ﬂé ”?ellobvﬁ‘@e{h% W ghéWr? W F‘igaxr@ 5 rhs?rr&’ Moleédfr beam

tween the Ee an
ga)g@pgd \A@gm¢qe|$§¢gbu$|p@the bevel etc ing apparatus shown in Figure 7. An

array of Ohmic contacts were deposited on the surface of the device after the etching,
and Figure 9 shows the |-V characteristic measured from a pair of Ohmic contacts,
where one is thought .to contact to the p-region of the quantum well, and one to the n-
type region of the well. Positive voltages correspond to the case where the Ohmic
contact on the p-side was positive compared to the Ohmic contact on the n-side, and
this case the current initially increases almost exponentially with applied voltage. In
contrast, when the voltage was reversed the current is both much srhaller and is
relatively independent of applied voltage. The strong dependence of the current flow
on the polarity of the applied voltage is consistent with the fact that a lateral p-n
junction has been formed. ‘



exi stence of a lateral p-i-n junction. Wien the md-IR
| aser was used, the spatial distribution of the

whe@eoamms | t ude signal was smaller than in thePCEHEB2005/003021
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when visible illum nation was used. As the m d-IR can

only excite transitions wthipn the quantumwel |, this

suggests that the junction is'§ocated in the guant um

wel | . The foregoi ng enbodi nents of the invention have

heser rdiesascome was ralsccuses! tof chamdigriseHibe datera junstion én the foregoing
' d,j rii i -

HEREL B8 G b Bk fitiBhette BN ERA RSB ETonse, scans taken

witb both Nisibleo{633nen) pndsmidtinfrared (midIR)i @ . 4m)dasgrplshowpd a@reas of
{ rd: ' Vi r_ -

Bt 5 Ly 1186 1RYL553 o SUEBAt ontiming e

feaibtencetdf ray latena Ipe-rh gnetiars tWhen e midViR daserf was eetplhe spatial
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jilwmination wasnigesh discther middR can oalexcite trgnsitiensswidipis tog quantum
. . . " ing a
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material (4, 6, 8) arranged in a series of

THETORBbIG  dribddthées Bf 1 iﬂ@&ﬁionﬂ&%%@@h HRBEHHEGh terms, of double

materidl Within a tirst layer ( avi ng an excess of

bhterepiruckure idevisesfand inj pasticulas| single yphatonasgurees, however it will be

SIRLAOL % el (ort npl Rl WO &R Iden i alsg appiicabe

de thehfabficatlonvefrateer ddvineg far example geméigondaetor lasers. The method is

S i ; | i . r . .

SEnraR kB o hoR Gl bOSx e S junction

devices @k ightamiiinggfodebar ge carriers of first polarity

within an active layer (8) along the first direction.

2. A nethod according to claim1l wherein the step of

sel ectively renoving senm conductor material fromthe

first layer (4) conprises a process of tapering the

thi ckness of the first layer (4) along the first

direction. 3. A nethod according to claiml or 2

wherein the | ayers of sem conductor material (4, 6, 8)

within the stack are arranged to format |east one

heterostructure. 4. A nethod according to any of the

precedi ng clains wherein the first concentration



and the depth to which the sem conductor material is
sel ectively renoved are arranged to co-operate such

Wo baw/otdies concentrati on of excess charge carripCEGB2005/003021
first polarity within the gradation increases froma
m ni mum of substantially zero. 5. A nethod according
to any of the preceding clai mOnherein the
concentration of excess charge carriers of first
fddimsi ty within the gradation varies substantially
linearly fromthe mninmumto a nmaxi num al ong the first
direction. 6. A nethod according to any of the
dr eAedethgd dbafabsicatingr @ ilatetah gunstiep semicoatucior dénice comprising the
sengtggggyctor structure (2) conprises the intermediate
step I mparting an excess of charge carriers of
first polarity at the first concentration to the

m c 0 al w i i rst Y :
Tie. radhs 5 SorBa st MBI g Tis0dBimed by puraity of
st ep ddyersphsemicgnductasoaietial ¢4, @HHrageanged iin arssries of substantially
first ' ORI I i .
dopant LB, petief, B sefforklifiof el il 3CHE! BF50h having an
8. A rextésscof gbargedarniprs of afirgt peflarity et pfirst ecticegtrationi amsd
wherein the sem conductor material within a second
| ayer (6) .has an excess of charge carriers of a second
[id)l ar iselectiveln refeeringdseroinerdvctaatalarialtftom ther frst layer (4) to a depth
second,,& r . . .
sem c%@%?%r%%ﬁﬂé@ﬁ'f&@eéﬁ%ec | %/a'éflél@r eégr}r%@ggh tpftg?np{aﬁ\gs of the
first layeyewitlinithe elrucjurer s@ g del ptayidess oradatiereofkthe lcontertration of
the ¢ t i . . i . . .
pr edon A ees P FEERER AR 3hAE0AARY B Fatong the st drecton.
those of the first polarity to those of the second
RO AT HiothdY %S?th] gd rééirrpﬁr %‘Fe'r?ﬁ' the: sfe .hQ ectively removing
according to clail conpri si ng e I nternedi at-e s?ép
of semigendustpranatesal dom bk ficstdayps (dacanirises @f preeassref tapering the
pol gl teratyan:t o the
sem%dghgiﬁfgﬁgﬁgf %?.&Iﬁ) %Bﬁﬁ% f{rﬂed 'rggtcl:éghd | ayer (6) of
the stack. 10. A nethod according to claim9 wherein

theashého fac&émiﬂgttb "RhirA " &X%%%ré?ﬁ tﬁéjgg/&% & eHi@o&wﬁg&Br materiali

secon olarity Conprises the step ntroduci n
doptin B, gpwthinthei stadk ase airengeduiofam attieast poe belemstrugture. A
nmet hod according to any of clains 8 - 10 wherein the

first and second
4. A method according to any of the preceding claims wherein the first concentration

and the depth to which the semiconductor material is selectively removed are
arranged to co-operate such that the concentration of excess charge carriers of first
polarity within the gradation increases from a minimum of substantially zero.

5. A method according to any of the preceding claims wherein the concentration of
excess charge carriers of first polarity within the gradation varies substantially

linearly from the minimum to a maximum along the first direction.

6. A method according to any of the preceding claims wherein the step of taking the
semiconductor structure (2) comprises the intermediate step of imparting an excess
of charge carriers of first polarity at the first concentration to the semiconductor
material within the first layer (4) of the stack.



concentrations and the depth to which the
sem conductor material is selectively renoved fromthe

wo poostidias/er (4) are arranged to co-operate SOPEEGB005/003021
provide within the active layer (8) a region having
substantially no excess charge carriers interposed
along the first direction bet #&en a regi on having a
predom nance of excess charge carriers of first
polarity and a region having a predoninance of excess

2(: C%%iqtﬁ%! %(I(‘jc%ré ot SI%%SB%?%% Rth ¥teP]o% m@érﬁﬁé Igﬂdexcess of charge

onpri si ng
sentaroerd wof first psvantyoctompeuseSZ)he\Mtep of ntrbdmum:a idoparntaspecies into the

(8)_is ar n the first and second | ayers
(4, seé?'coré po?ﬁ@% gap of the active layer (8) is

arranged to be Iess than the band gap of the first and

egRB,ﬁ%tbg %?50'@#‘9. %a%of t?’tenErIeEgcﬂ %Pa%g'wri'r%ré R t@%“ée%conductor

erern t ve |I'a
c onmatesiaswithis ies¢cnt i laydry(6) has Bnsixcesscofi crmt@mcamers of a second

mnzéﬁcg%rﬁ{/t t(]ea4 énﬁe&% t?aﬁ%ﬂrm Ers 3n§ ZS)%ICS“&L%ORJen?TgtIOHS and the

m con stru
doudepeh hetvﬂmisthwsemlcen@ctcmngetdnalnlsasedpmmlwrremeded from the first

SRS rtfie DR RS Re  Aafln 1500 crare

[ rrpeartleranpredtbremahmg fwitbim the adtize Jayark(8) nariesm dbmathase of the first
hod

copfatf s PEsEpAREReRind RUEF abATHE Bt chetdy T2000C,

arranged to inpart an outer surface inclined at an

A J\emé“m% ébrfiwéQOSdJﬁdé %gﬁxp A&ﬂét i @rﬂw%&agg s{efﬂ of |m|;]>artmg an

"ayers™w accor
of e*cassmpf Zhargiaﬁcam@'s aif reecord palastyi atgthprsm:eed; Concentratlon to the

”g.{rhﬁ&:?d%foﬂ al %ﬁp%e Q&%HQ%Q 6) of ! digky | aser

abl evell'ing, 1on bevelling,
chem cal - nechani cal polishing, and chenlcal bevel I i ng.

]1% A%&ﬁ&@ggco%’ 58 rtc§i hl%gn b%r?ér%h%ell FFrtlhgean )ﬁ%ess of charge
ering processTconprises cnem ca beve
br omrnerse:tf isycmwbquarw obmetls,dsathe stepdof irtrorucimgda dopant species into

accgérglhgl%utcmgir@%g%%]@).\Aherei n the concentration of the

brom né i

11. A method according to any of claims 8 - 10 wherein the first'and second
concentrations and the depth to which the semiconductor material is selectively
removed from the first layer (4) are arranged to co-operate so as to provide within -
the active layer (8) a region having substantially no excess charge carriers
interposed along the first direction between a region having a predominance of
excess charge carriers of first polarity and a region having a predominance of
excess charge carriers of second polarity.

12. A method according to claim 11 comprising forming a semiconductor structure (2)
wherein the active layer (8) is arranged between the first and second layers (4, 6),
and the band gap of the active layer (8) is arranged to be less than the band gap of
the first and second layers (4, 6).



20. A nethod according to claim 18 or 19 having an
etch rate of 0.1 m/ mnute to 1 m/ mnute. 2 1. A

worddiodiaccording to any of the precedi ng cl ai PET/GB2005/003021

conprising the further step of attachi ng connecti ng

means to the structure (2). 22. A nethod according to
claim2 1 wherein the connect?hg means conpri se at

| east one of electrical connections and opti cal ,
d8nkevethothsc@3ding tbangrafl thg ymexeiding daimsceohenaint the active layer (8)

devj ri si.ng. e ructure (2)
e L T S T Nk
sem conductor material (4, 6, 8) arranged in a series

f tially paral. g s )
TR dPahAS Aol ot deh a2 TS Rne il M bpRbRludet stueure @)
di r emnprises suosblerttetabstyuchae atrhrgedin ahguahtunpivelheanfigbiration.
the layers, said first layer (4) conprising a
sem conductor material having an excess of charge
dar Aireethodfacgofdingsto poy afidlgimat2 a 14 véterenribe taperingoprocess is
vvh_e r?érg;eh *18 il';lbér‘? En Ok %P;fécaet fo%fe @%@kﬁmné&lgf% Qg%le to the planes
t hi Ckness are"arranged To co-operate so as to provide

a gofdalers thereshi. concentrati on of charge carriers of
first polarity within an active |layer along the first
direction. 24. A lateral junction seniconductor device
déchmktmod accocding ta d@mitewbenein the téperisg pregese is arsanged to impart
and?{]i Iaﬁteﬁ' asﬁﬁ{aééqg'lchmcfgpﬁﬁ %nalreeofa{ d-ﬁ!‘%@' h@afi@ 1O R @taﬁes of the
such that the concentration~of excess charge carriers

of layerswithwl the stagkwi t hi n t he gradati on i ncreases from

a mnimum of substantially zero. 25. A lateral
junction sem conductor device according to claim?24
Wi eA enethadhaccouting:tetanytaf olaires 2 e 16 adweraim thegfeperingrpreeass gbmprises
firgt ' QL0 t aragdat i [ f
sunsy SR 8¢ Y ritchdhpel’ BPpflh R BBl fBkma beveling, ion beam
al obeyetling, ¢hemical-diacbanica polishing, and ghemighl hayaling.on
sem conduct or device according to any of clains 23 -

25 wherein the sem conductor material within a second
18yAmetayd hesording éx cleins 16fwherein ¢ie @aerngprocess eoraprises ¢hemical
pol at )k . .on, the first and
sec%én\)g“%gg@gﬁot@g??%ﬂ? an%!a&%g%g'ri ng thi ckness being
arranged to co-operate such that the concentration of

ﬁg;g?ﬁetﬁgé‘ﬁ%r&iﬁé td Bfafin ABSARILATN BShhirSidh bR RFSHKE is 1% -
10%. :

20. A method according to claim 18 or 19 having an etch rate of 0.1um / minute to 1um

/ minute.

21. A method according to any of the preceding claims comprising the further step of
attaching connecting means to the structure (2).

22. A method according to claim 21 wherein the connecting means comprise at least

one of electrical connections and optical connections.



(8) varies fromthose of the first polarity to those
of the second polarity along the first direction. 27.

wa@\200amerias | unction seni conduct or devi ce accorBCTIGBR@S/003021

claim 26 wherein the first and second concentrations

and the tapering thickness are arranged to co-operate

so as to provide within the agdrve | ayer (8) a region
havi ng substantially no excess carriers interposed

&BoAg lategalf i justtiahi r eemicondustirwedevice r@gmrisihgaviawg semiconductor
pr eﬁ&@o@ﬁﬂ&@reo(fz? ﬁé\ﬁ@iﬁ s‘?mff&%e%aé ég)'iu?alﬂ of fagéals of semlconductor
pol arrt a“reql havi ng mn €ss

C hamgteneh(#r B,eﬁ)sarmhgmamcmsbrpe Ioasqu}ergially Warlaléﬂl elaaes a first layer (4)

J un I V,

&%Pegrp Hg\ﬁrgb égﬁﬁg@getﬁ % bé?ﬁ%@ﬁgkl%g) ré’%fb%%u&%ﬁtlally parallel
actwwre thamne(ssgof the myeranget;ﬂ fiest ayen @hesofmprising ad semiconductor
sec ( n a P pfat j .

r%g%(éf*%(ﬁg ég n@ec S?o&btecn%(gg Q%Hg% ﬁe bfggt d%%gdg\ﬁgfat a first
thecdnceettratmd vztwwndthbaﬁvret so(egntriglion 2d el fapering thickness are
jun S t . ot.dj t '
whor iy Ree B LENEME) O 2R SrBUBE BELER & foriaiin of charge
i nt earrigiscof ﬁ@trp@lentdmmmanmtiee layer algog the firsttdinegtion.
junction sem conductor device according to claim28 or
29 wherein the sem conductor structure (2) conprises a
@dub| lateraltjenasionr semicendugtor aleyied dcsordingutentiaim \&8| wherein the first
con

ev?%rg:\ég@%tg)‘rﬁgbnd?’thté éapgrrlllnattqi&ﬂesé %P&%ggﬁbe?etg' %V%E%Ech that the
t apegricagtratisinck @(gesmp arge eairiengt e r pelaityt withjo albR gradation

tratieinc leh b f fissir pelattyt withjn alb dati
|nc R0 of the layers there
nh(é%@g%{roA’ﬁ @ﬂgﬁ&,@%ﬂ%ﬁr@% sem conduct or devi ce

accordl ng to claim3 1 wherein the outer surface is

IJACh | 0 a t
%Bahe%?%Pﬁﬁ%&ﬂ?gyr;%r@cﬁdtu%@ éCLs taécz{(raﬂg Sfbs X‘a‘?rn bg Wherein  the
soutensentationgofexcesseehdrgg gar@etsmf fisstrpadarity whuarth@l _egwdaéon varies
aCCQﬁﬁ%?é?ﬂlaﬁ)pllrégﬂ%ﬂgm%@mmg% to a%ga)flMﬁHﬁénd(:q\gﬁth%ir@&ion.
nmeans creat| surface acoustic wave )
travel l i ng al ong the first direction such that, in

WseA 14tBRal fﬂ?ﬁ*&hér?sé}ﬁl%r‘lﬁfg:ﬁ)r;%ﬁcé Eééb?ﬁﬁ% i% gnf%f &IQl?ns 23 25 wherein

surface acoustic wave first direc
andtheesgmiconductor material within a second layer (6) has an excess "of charge

carriers of a second polarity at a second concentration, the first and second
concentrations and the tapering thickness being arranged to co-operate such that
the concentration of excess charge carriers predominating within the active layer
(8) varies from those of the first polarity to those of the second polarity along the
first direction.

27. A lateral junction semiconductor device according to claim 26 wherein the first and
second concentrations and the tapering thickness are arranged to co-operate so as
to provide within the active layer (8) a region having substantially no excess carriers
interposed along the first direction between é‘region having a predominance of
excess charge carriers of first polarity and a region having a predominance of

excess charge carriers of second polarity.



for controlling the carrier transport caused by the
wave such that the nunber of nobile carriers so

wo ca@xspang ed can be controlled to the accuracyrPof/Ga2005/003021
single carrier. 34. A photon source according to claim

33

clains 23 - 25 conprising at

when directly or |nd|rectlﬁadependent on any of
ast one of electrical

means and optical means for introducing nobile
G Al ateral funstion eseésandectog Slevise paeopding dar deim 27 comprising a

accg 1CP|9dJc?c%rCAtl% megf*zg%héé n"\ﬂs ra%h\ﬂa fr?ggrl @%%?rr%g%esc{ between the

r transport co

onefirst anrgd mwsa!!ﬂyerss(él 6}, agathe t(and)gaamﬂtme aptivetayer (8pismarranged to
CONLatdss than the band gap of the first and second layers (4, 6).

29.

30.

31.

32.

33.

34.

35.

A lateral junction semiconductor device according to claim 28 wherein the active

layer (8) comprises a substantially intrinsic semiconductor material.

A lateral junction semiconductor device according to claim 28 or 29 wherein the
semiconductor structure (2) comprises a double heterostructure arranged in a

quantum well configuration.

A lateral junction semiconductor device according to any of claims 23 - 30 wherein
the tapering thickness imparts an outer surface to stack inclined at an angle to the
planes of the layers there within. '

A lateral junction semiconductor device according to claim 31 wherein the outer
surface is inclined at an angle of 10 - 10° radians to the planes of the layers within
the stack.

A photon source having a lateral junction semiconductor device according to any of
claims 23 - 32 further comprising means for creating a surface acoustic wave (16)
travelling along the first direction such that, in use, the mobile carriers are
transported by the 'surface acoustic wave (16) along the first direction; and means
for controlling the carrier transport caused by the wave such that the number of

mobile carriers so transported can be controlled to the accuracy of a single carrier.

A photon source according to claim 33 when directly or indirectly dependent on any
of claims 23 - 25 comprising at least one of electrical means and optical means for
introducing mobile carriers into the device.

A photon source according to claim 33 or 34 wherein the means for controlling the
carrier transport comprise at least one of a biasable split gate (14) and a quantum
point contact.



