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dbpghtt nwphtibpht fhuwhwnnpyhsttph dhahljuyh, nkptninghwih b ptphwinip
unipwghnnipjutt  qupqugnudp  phpkp o unp ghniwlub niypmipnittbph
twunkbEynpnuhugh, twinnbtninghuyh b vywhtvnpnuhuyh qupgqugdwunp [1-4]:
Uy ninnmipjniuubiph qupquguwiipn tywunky Bt hwb byhnwpuughtt punubpttnh b
twbnunnigqusputph wgbgdwt hywyhu ghpdudwtwljuyhg wbkuninghwukph
unbnénudp, wjtybu L wjwinuiwt dbpngutph  Juunwpbjugonpénudp:  Ujn
dudwtwulhg wkunnghwutpp  hbwpwynpmipmit & wdl]  unbndbnu
twunswithuyhtt juoniguspubp, npnup gpubynpnud B pudufwb  htwwppphp
hwnlmpiniuttp:  Qwihughtt  pJwtnnugdwt  wppymbpnid  wbnh B mbbkind
lhgpwlhputph  wbknujuwugnid [3-8], nph  hbhwbwupny njuynd  Eu  npubg
nbnuihnpudw, qkubpugdwt  nt  JEkpwdhwynpdwi wpngbutbpp, gpdwt
Ubkjuwthquubpp: Oquiwgnpstiny htyybu wjwinuijwiu hwdwpynn upthghnudp b
ghipdwuhnidp, wjtwbu | Yhpwnwlui dbs tpwhwlnipnih niukgnn A®B® 1. A%BS
nwuh Yhuwhwnnpyswihl dhugnipymiubpp nt gpuitig whin nisnyptpp wekgyt) b
nwppbp  Gwinfweniguspitp  plwbnughtt  thnubp, qupkp, Yenbkp  (£Y9) U
pYyuiinughtt onuiljukip: Untindyk) G bl inpugniytt mhuh b jnipophtiwy $hqhjurjut
m Yppwpwluwb  hwnlmpmpibbtpn]  odnjwd  twinjupmguspitp  £Y-tph
“Unikynyutp”, onpwibkp U wp:  Upmwywhuh  bhwdwlupgbpnd  wnwowugus
pyutnnudbjuwthjulwt tpunyputph ounphhy htwpwynp L gupunid unp wmhyh b
Juwwnwpbjugnpsyus  hwnympmibibpn]  odnjws  Yhuwhwnnpyswih  uwppbph’
dwubwynpuybu jugkpubph, ynunnpunniuhsubph, wpbughtt b obpdwyhtt Eukpghwgh
thnpwlipyhsubph, “pJutitnuyht” hwdwlwupghsutph unbknénulp:
Lwinjueniguspubph  hhdwt Jpu wwwpwundws  pnnnpunnihsubpt niuku
dnunnwupdwquiiph wybih juyt wmhpnyp, Pnnnqquyinipyutt . wpuqugnpsnipjwt
pupdp wpdtpubp [2,5-7]: RY-tkph Yhpwenidp jhuwhwnnpnsuyhtt (nruunhngubpnd b
(ugbpubipnid phpnud £ npuig ohdwghtt hnuwtph thnppugdwb, wownwipughi
wuwpwubnptph okpdwuwnmhdwiuwghtt  Juniimipyut  dbdwgdwb, huswbu  twh
wpbkquljiughtt b okpdwdninnynjinuyhtt thnpwlipyhsutiph ogunnuljup gnpénnnipju
gnpdwligh wpdtiph Ukdwmgdwi:

Ukpuymdu Uks npwnpomipimit b gupdynd bwbnswithughtt Junnigqusputnh
hhdwt Jpu wunpuunyusd hwunljuybku uyl Jhuwhwnnpnsuyht
dnunnpugnihsutphty, npnup Yhpundmd bu dhohtt Lupwlupdhp whpnypenid: Uodws
uwipphpp Jupnn kb oginugnpdyt hsybu ghnnuljuit, Lupnnupughnwlub b hwnndy
tywunwlikpny, wbwybu b pdoynipyui b JEhuwpwinipyub dky: Owwplului
huwdwlwpgbpnd  dhohtt Bupwlwpdhp wppnyph $nnnplnniuhsubpp jupnnp Gu
Yhpwrdl] twb wjiyhuh wpynibwpbpujut quqtph gpuitgdwt hwdwp, htywyhuht
ki dkpwip, ypnywbp, wsjuwsuh tplopuhnp, htyybu twb wpjut Uk qpniynquyjh
wuwpnilwlnipjut  npnpdwl,  ohpdught  fwnwquypuwt  qpuiugdwt b wy
tywwnwlitpny: Uwfuyt £9-tph jhpwebhnipjut ptuquunibpnud hwennnipjui
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hwutbimt hwdwp wbhpwdbpmn t &Hgphnn juwpwdupl] Ynqulyubkph nhppp b
Junnipniup,  hywbu  bwlb  gpubg  duh dhwidwimpmiitp b swihbph
hudwubtpmipjniip: Lhphuynidu puquuptingp wouwnwbpubp Eu juwnwpynud todws
juunhpubpp  nwsknt  bwwunwyny:  Puswbu  thnpduwlwinpbl, wuybu
nbuwluinpbitt numdbwuppynud Eo LY-Eph  vwndbwnwowgdwt  wypnghulkpp,
npnip owwn Wnipkph hwdwp wewykjuyhu A%B® nuuh Yhuwhwnnpnhsubpp
puquupunuyphy  whuy  ndnyputph  oguiwgnpdiwt  phypnid  wnwydd  phy
niuntdbwuhpyuws b puduljwt pupn fuunhptbp B

dudwbwmulhg wbkjunnghwiwt dbkpnnutph  pYht Bt yunlwind
Unjklnyuyht hugwyhtt byyhinwpuhw (MBE), dknwnopqutwljut Yhwgnipniuubph
gninpohubph phthwwb dunbgdwt dbpnnp (MOCVD), Yhqulibtingws hntuyght
thugtiph Enubwyp (FIB), “Guphjuyhtt” kyhnwpuhwit b wyj: Uju mbkjuuninghulju
Enuwtwlubph YJuwuwpbnipmiup b htwpwynpmipnibitpp hwugus o wyh
dwwpnulh, np wdkgynn kyhwnwpuwjhtt punuiph hwuwnnipiniip junwjupynud k
Ukl dhwunndughtt okpnp Lounumipjudp: dbkpp wpdws nbkpuuninghwbph punphhy
wppkl unbndynud L, ophtiwly, nusnuyhtt npuwiqhunnputp, npnugnid wnpniph b
hnuwpwih hEnwynpnipniip 20 wd Lk wbkpwhbpguyht mhpnypnd  wppuwwnng
Jhuwhwnnppsuyhtt uwppbp, wspuwsuh dhwnndwyhtt okpnbp (quupt) b wyle
Uwljuylt uibwnp gk, np wyn gbpnbkiutininghwtbpp qipsd skt twlh phpnipiniiubphg:
Uwubwynpuybu, hyybu dhqhjulul, LJupnupughnwufui, wbybu L
Jupmgluspuyht nmbuwblmuikphg swn pupn ki whhpudbon b wwyuhnyly
ghippupdp Julnnd (101 dd. w.uw), opkljmtt uUnwn 80 thwp hbnnily wqnuh
oquuugnpddwt  httwpwynpoipynil, EEjupuuit hnuwiph dwnwupupdwi b
npwljh huwnnily wuydwbibp, yuwhwbeynid E hwwnnil) hwdwlwnpgsuyht spugpuyghte
thupbp, hull ppuiugnid oquuuqnpéynn quqbpp wuypwyuwiq b, poiuuynp b
pwulupdtp:  Uoywés wwhwboubpp Juhunn  uwwhdwbwhwlnd o wyy
wnkuninghwubph Yhpwenudp hwinjuybu quiqusuyhtt wpwunpnipniunud, huly
untndjws huwhwnnpnsuyhtt uvwpptph huptiwpdbpp pupdp k:

Uiy wbuwtlnithg Juplnpugnyi ghunwfwt b Yhpunwlwb pughputphg k
wppbt  wjwinuliwt  hwdwpynn  hEnnijughtt byghunwpupugh (2ZE) b gpu
nwpunbuwlubph hblnwgqu qupqugniudp b juwnwpkjugnpsnudp: b wnupphpnipniu
MBE L MOCVD wbkpjunnghwibtph, hbinnijuyhtt twhwwpuhuyh  Gnuwbwlnid
punuuph wép jud twiunjwonigusph uwndbwnwewgnidp wmbnh £ niubund
huwjuuwpwlrhr wujdwbibpnud, npp dwubwynpuwbu hwighgumd L ppubg
poipbnuljut guiugh wybkih pupdp Juunwpknipyut b wpwnbbph wnwewugdw
hwjwiwljwiunipjub thnppugdwi:

dudwbwluwlhg Yhuwhwnnppywihtt dhypnhEynpnuhjuyynd b hwnuwbu
quuguduyht  wpuwnpnippiunid . wpwyl]  Juplnp  pwbwlnipmit niih
uhihghnwip (S), nph dhwpnipbnubtph wdkgdwt nbjpuninghwljut dkpanubpp
hwugqué tu ghpuunupbnipyui: Udkgymd ki wpwwnbbphg gqnipl uhjhghnudh
gipdwpnip dhwpnipinubp, npnugmd dbwgnppuyhtt (pntughlt) juwntnippubph
Unigkbnpughwt juqumd t ~10" uwd? Uwluyh Ghpluymdu  juplnpugnygi
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owbwlnipnit nikh hwb A%B® 6286 nuuh Jhuwhwnnpphsubpp b nputg hhdwt
Jpw unbndyws whun msnypubpp S-h b Ge-h Wjundwdp nibtgus dh pwpp
dhqhjuju wnwybtnipniubph Wuwwdwnny: A%B® nuuh InAs L InS kg
gnunhwljul jupnigyuspny b INP Jhuwhwnnpysughtt dhwgnipiniiibipp nu npubg
puquupununyphy  whin wdnyputpp oww  hbpwulwpuyhtt GBu b mukb
wnwbdtwhwnnly wywbwlnipmi, pwih np nppubgny htwpuwynp b unbnsky
Yhuwhwnnpysuyhtt uwppbp 2-5 WG wihph bpwpnipput dheht Bupwlwpdhp
uhpnypnd  puquuphy juplnp  Yhpwowlwi  juughpubph  pposdwd hwdwp:
InASl_X_ySI)XPy puquupununphy whuy msnyph wrwybnipmiip juyuinud k
tpwinwd, np wnndubph hinjpwnbnnidp wbnh b niakund Jhuy hhugkpnpy judph
wmwpph  Eupwgwignid:  Onpuwinbnynny  wwndubph wpwdwgstph UkS
wnwpphpmipmiip (098 A (P), 1.19 A (As) L 138 A (Sb)), L, phwlubwpwp,
hwdwywwnwupwt  Epjpununphy  dhwgnipiniiibph  gwtgh  hwuwnwwnnitiitph
wmwppbpnipiniiubpp htwpwnpnipinit G mwhu jupwqupbne by hwnwpuwghe
pponn okpunnid wnwewgnn Luwuwnpl nhdnpdwughwin (hiywhu ninnighly, wjiybu b
gnquynp), npp, hbywhku hwjnih E twinjuenigyuspibph nwnubwnwowgdwi
hhdtwjut gpyuyundwnt ' Unpubujh-Ypuunwingh inubwlnud: A%B® nuuh
Yhuwhwnnpnhsubph pymd Yu pighwdbip bpym dhugmpmibt’ InAs-p b GaSb p,
npntp jupnn b gubgkpny hwdwduyukgyly InAs_, S, P, puqUupununphy whun
wdnyputph hbkw:  Uktup npwyhku  wwlnhp oquuwgnpsdyky Gup  InAs-h
wpnitwpbpuljut Jhwpnipbnubpp, pwih np gpuip GaSb-h dhwpniptnubph
hudbdwwnnipjudp ikt wykh pupdp junwpbnipni b wdkh bdwut

UTUSULLE 2bULUYUL LNUSUYLET B9 UMPUUULARESNRLE

Uwnkutwjununipjut hhdbwljub tyunwlubp b

1.In-As-S-P unipujut hwdwupgnid pwnwpwununphy hbnnil]  dwqhg
Eupwdhypndbnpuljut b twindbnpuwi jupnigusputph wdkgnudp InAs (100)
wnwynhph Ypw htinnijuyhtt Eyhwnwpuhuyh dbwthnjgws mbkjuninghuwyny b npuig
pipbnudhghjuuwt  hwnlnmipmibtbph  thopdwpwpwljuit ot pwhwlulwb
htinwgnunidp:

2. 2Juunwswthuyht  Juoniguspubph  unbpddwb  hwdwp  Eowpwnunphs b
pyughpunwpununnhs hwdwlupgtnh ogurnugnpsdw tnp qunuthwph Yhpunnudp
1 thnpdwplynidp:

3.2dubnuyht YEwm - twbnjunpny junnigwspubnh dpguljguyhtt nvundiwnwewmgdut
wpngkuh thnpdwpupulub b pubwjuljub hbnwgnunnudp:

4. InAs (100) mwuynhpp Jpu INASSHP punuppnipjub nuyyulwdl b Ljhyuwpnuyht
pJuttnughtt Yhnbkph nt pyuwtnughtt onuljukph wdkgnudp, pputg dbwynpdwt
oynnhdw] mkjuininghwlwt yuydwbbph pnpnipiniunp:

5.0wniwnwougdutt  phpwgpnid  bwinupnigqusputph  dhwynpdui
outnjunyuit hwunttwgdut Eplunyputph, husytu twl npubg
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pipbnudhqhiuluwl, HEjunpubhqhjulul, owywnhikjnpniught b dwquhuwlwi
hwwnlnipniubph thnpdwpupuljui hknwgnunnudp:

6.InAs (100) wwlnhph Jpu INASSHP  punuppnipjutt tnp whwyh pdwtnuyht
Uniynyutph b pywbwnuwghtt  Yhnbkph onpwubkph  wdkgnudp n1 ppuig
pniptnuphqhuu b oywnkjEjupntuyhtt hwnlnmpniuubph thnpdwpupulu
htwnwgnunudp:

7. Vwunjunnigusputph Jypu hhdujws vhohtt upwljupdhp wmhpnyph tplint whyh
nunnpunmhsubph unbndnudp b ppwbg  dhqhfulfuwb  hwwnlnipniuubph,
wnwybknipiniiibph b jhpupwlwb punipwgpbph hbinwgnunidp:
qhpp tpqus hyuwinwljutiphg htnbinud £ wojumnwph wpnphwljwinieniup:

USUSYUO UM3NRLRUELE @PSUYUL LALNREEL

1. Vwinjunnigusputiph  wdkguutt hwdwp wpwowplyl)] b thopdwpldl; E
towpununphy U pjughpwpwpununphy - whin - ményputph - oguwgnpstwl
qunuithwpp:

2.Gupwdhypndtnpujut  Ynqujubph poipkqubhqhjuut  hwwnlnipmniuutph
htunwgnuudwt hwdwp wnwewplyt] b Yhpundt) b “Ghquijkngusé hntwght thugkp”
vwppuwynpdw htwpwnpoipniubbpp:

3.Lunwpwununphs htnni) $wuqhg Unpwbulh-Ypuwunwingh tquwtwlnyg InAs (100)
wnwlynhph  Jpu  wpwohtt wiqud  wdkglk tu  Gpypnpny  ubknh INASSHP
punuppnipjudp b 108 - 10° ud? dwlbpunipughtt punpjudp nuyyulwdl,
Hhyuwppwdl b onuljwdl £U-kp:

4. InAs (100) mwynhph Ypw wkgyt) ku InAsSH / INASP tnp Junnigwsph pywiinugh
Uniiynyutp, phul phdhwlwbt  juwdswwndwt  dhongny uwnbndting wwlnhph
Uwlbpngph  wphbunwluwt  wuyywninnpyusnipmt’ wnbnsyl] kb LY-tph
hwdwpuyhii onpwtitip:

5.Uwquhuunhdwnpnipjui b oywunkjEjupntuyhtt hwnlnipiniuubph hbnwgnundw
dhongny thnpdtwljuinpk npnoyty E INASSHP  punuinpnipjut Eplpnpn ubknh £4-
Eph tubpghwlwt uwwyblupp: Zwpqupydlp o htnoly dwuqhg wabgqus LY-tph
nunUtwpwewugdut Uhoht wpwgmpiniup U wbknujiugqus ptpb funpnsubph
wpmnitwpup qugudp:

6.Unwohtt wuqud Yuwwwpyl] L LY-tph U wwlnjunnnsubph  dpguljguyht
nwnuiiwpwowgdwt wpnghuh pwbwlujwb htunwgnuunid GaAs-GaSbh-GaP L
S-Ge-C unipuwlwb hwdwlwupgbph hwdwp, ntuntdbwuppydtl] Bo gpuig whin
Inwdnyputinh wthwdwwnbnbjhnipjut mhpnyputpp:

LEMYUSUSYUO 26SULNSNRE3NPULLED YUhrUAUYUL LECULUYNPE3NRULE
Upluwunwipnid  INAs (100) wwlynhph, pwnwpununphs INASSOP  tplpnpn ubknh
L£Y-tph b kwhwwpuwhtt punuipltph hhdwb Jpu uwnbnsdt] Eu unp ubkpugh
$nunnplgmihsitp twbnfurmg]uspibpny $nnnphdwnpmpmnibbtph b phopugh
htunbkpnjunnigquéputph  wbkupny, npnup YJupny Gu  oquuugnpdyt;  dhohte
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Eupwlupdhp whpnypnd Uh owpp Jwplnp Yhpwnwlwb ptnhpubph nusdwib
hwdwp: Updws  Pnunnpunmitihsubph  owunktiunpniwhtt  hwnlnipnibukph b
wpuwwnwupuyht pinipwgpbph hknwgnuunudutpp gnyg Eu wgby, np gpuip jupng u
oquuugnpdyt], dwmutwynpuybu, 3-hg 4 Ujud nhpnypnid funwquypnn dwpdhiibph
qruiigdyutt hwdwp, owwhlwlwb uljgpniipny wpluwwnnn ququyhtt wyhsubpnid,
ophtly wpmmbwpbpulwi Ukpwih, wsiwppnt b wy quqtph gpuiigdub hwdwp:
Uwnbtnsdus dninnpunnitthsubiph Yuplnp jhpunwwt tpwbwlmpniip juywind |
twl tpwunwd, np ppubp Ywpnnp L oquwgnpsyl] twb YEhuwpwimput b
pdoympjut  dUky, dwubtwynpuwbu, wpub dbky qpniynquyh Ynbghnpughwih
npnodwlt  (wpwig wpuwb punl Jbpgubny) b dh owpp hhquinmipnibttph
whnnpnpdwt hwdwp: Unbndduws LU-tpny dnunnphdwnpnipmnibbpnid tnyuhuly
thnpp’ Uhst + 2 U9, qupndibph hpwedwi phypnid winwgdny $ninnwpdwuquiiph
uykluph Ypw ghudws jpugnighy dwpuhdmdubph pYught wpdbpubph bwlub
Ukbwgnidt nith Jupbnp hpupwluwt bpwbwlnipmit Up pwih wnbkuwblyniuhg:
Uuwubwynpuwybu, wyy mpwhwnlnipmpiip puguyind o $nnnwpdwgquiiph
uyklupp, htwpwynpnipnit E wnwhu unbndtnt wjuytu Yngdws “puquugnyn”
$nunpunnihsubp, hswbu bwlb npybu vinigdwb wnpmip oquuuugnpstint unyhul
Yugunnid oqunuugnpéynn thnpp swthtinp b hqnpmipjub dwpunlngubtp: INAs wwlnhph
b INASSOP punqunpnipjui £Y-tph hhdwb Jpw yunpwungws b, np puwn Yupbnp L,
uklyuljuyhtt okipdwunpfuinid wyhiwnnng $nnnpunnihsubpp htwpwynpnipnit Eu
wnuwhu twl ppowbghint Upohtt Eupwlwpdhp whpnyph uwwppbpnid wywhwieynn
pwiupdtp Yphngttughtt wbkuthfuyh Yhpundwb wihpwdbonnipniup: INASSOP
pununpnipjutt  Epipnpn  ubnh RY-tpnd  uwppuyht Jupnigquspnid  phwundws
“wiindu)” $nunnynpunuwyght Eplinygpep jupng E oguuugnpdyt) wpkquijiught b okpduygh
tubpghugh  thnpuwfbpyhsubpoud npubtg  oguuljwp - gnpénnnipjmb - gnpswlhgp
Ubkbwugubint tyyunwlyny:

NUCTULNPEIULL LEMYUSUSYUO 2PULUYUL HNR3ELELT

1. ZEnnijuyht Eyhnwpuhwl, upw pipbnugdui hwdwlwupgh 11
nwnuUbwpwowgdut  wnbkjunnghwlwt  wuydwbubph juwunwpbjugnpsdwi b
hwdwyuwnwujuwt ptnpnipjub ghypnwd, jupnn £ hwennnipjudp oguuugnpdyty
bwinjunpnigqubputinh wdkgdmt tywwnwlyny: InAs(100) wwlnhpubph Ypw
INn-As-S-P pwnwpunuyphy hbnnly  dwghg Uwnpwiulh-Ypwunwingh
Enubwlny wdkgyty ku 108 — 101 ud? dwltpunipuyhtt pnnipjudp nuyiyuljudl b
Ehwuwppuyht £49-tp, puinuwghlt onujutp, 9 - bwinjunpny hwdwlwpghp b
£Y-tph onpulikp:

2. InAs(100) wnwlnhph Jpw wdkgdus INASSHP pwnwpwrnunphs
Eupwdhypnudbnpuljut Ynqulubph swjwikph thnppugdwip qnigpupwg nknh &
mubinmd  ppuwtg  Gpipuswthwlwb nbuph  hntnpumputt hhnbyug
hwonpuwljunipniip. hwwnwé pnipg, pnipg, puwpy dwybplnypeny poipg b
Jhuwgniiy: Ynquujutkph ppqudl wnkuphg Yhuwqunh wiugdwt thnpduwjubnpkh

7

npnoqws  swthp Juqunud £ =500 wd, npp hwdpblund b wbuwluinpku
hwoqupyyuws wpdtiph htwn:

. Lwbnlunnigwséputph  dbwnpdwt  plpwugpnid nphugnd L Epljunpught

uwnUuwnwewgnid: Amiptnugdut dudwhwlh dkdwgdwip qnigpupwug £49-tph
qoyquynpiutt b ounduryui hwuntbwgdw kphinypubph sunphhy thopuynid B
huswbu npug swithbpp, wyybu b mbupp b pupjudwtn $niughwt: Ounduynyu
hwumgdwb pbpwugpnid wbknh t nibbind  nuyiyulwdl LU-tph  wkuph
thnthnjunipmt’ whgnid  bhwuwpnuyht whuph:  Chnpuyidwi  gnpswljhgubpp
nwpwswlul kpkp nipnnipyntttpn] hwjwuwp ba' Zy/Z=1.23+0.12, Ly/Z29.2+3.6
b Ly/ZLz=7.9+3.5: Lwunjunnigusdputph w&h dhohtt swnwynuyhtt wpwgnipniup
~0.05 /] k:

U&h thnpp uhlish 10 poybk dudwbwlubpmd  InASSOP £U-kph w&h wpnghup

ntjudupynid  t dwlbplnyph Jpuw  nhwlghuyh wpwqmpudp  (Qwqubph

puojumid), nph  qiwhwndus  pughl wpdtpp Bz 2651077 ud/A]: ULs
dudwbwlubiph nhypnid (30 pnyk bt wykh) wpngtup nEjudupynud b swduught
nhpmqhuyny  (Lhohg-Urkqnih  puwpjund),  nph  gnpdwlygh  ptuyhl
wpdtpp’ D=317-107%2 ud?/4]: bull ounyuypyub hwunitbwgdwt dhowuljyuy
dudwtwufutpnid quigwsh mbnuihnpudwt wyy Epynte dkpwthqdutpp gnpénud
bt dhwdwdwbiwl:

INAs muynhph ypu wtgyty) Lu INASSH / InAsP £Y-tiph UnjkYny ukp (84U), npnup
punugwd i Yhunpnbwlwb  INASSH RU-tphg U npwlg  opowuyuinnn
hhdtwluinid kg InASP  twbnjunnnsubphg: Uklyulught  okpdwunhgdmtnid
nhudnud £ £YU-h jlubdwb kqph Gplupwihpughtt ohnnud A=3.44 dljd-hg vhish
A=3.85 dlu, hyybtu twb Puibdwt uyblhuph jwjuwugnid dhiph A=2.75 dlhd
Jupdwihpwjhtt inppnypen: Lhthwuljub pwswindw thongny uinknskiny InAs (100)
wnwlnhph  dwibpbnyph wphbunwlwt wywnnnjusmpeni, wdbkgyky bl
INASSH/INASP - £YU-h 2-hg 5 djd bLplupnipjutt  hwdwjpuyhtt  onpwbp:
Ukiyuuyhtt obpdwunpfuwinid phuynd b wyny hwdwlwupgh Juudwt Eqph
tplwpuphpught obnnud” Uhtish A=3.87 pm:

InAs_,_ PR, b GaAs_, DR, plughtpwpununphy o S, ,Gely
towpununphs Gnipwljut hwdwlupgbpmud pponn pkpnh b wwlynhph guigh
hwunwwnniiubph hwpwpbpulwb wwppbpmpjub (e=Aa/a) hiswbu pugupduly
wpdbpp, wjwbu k) wwip twwybu wggnud  Bu gputg swihkph b
uwnUuwnwowgdwt dbjuwithquh Jpu: & -h npnpowyh  Yphunhjulwt wpdbph
nhypmd wdh Ukhwhqup thnjuynud £ LU-Eph nwndiwnwewgnithg twinjunnnsh
dtiwynpnid: ‘UpJws bptp whtn (nidnyphbtpt niubkh pununpnipnibbph Juyni,
Ubnwluynit b ny Juynit (wthwdwwnbnbjhnipjut) dhowluyptn, npnup Jupigws
Eu  ohpduwunhfwihg: Uuhwdwwnbnbhmpjut whpoypubpp  thnppwinud  Eu
otpdwunhdwuh pupdpugdwip qnigpupug:

INASSOP  pununpnipjul kplpnpn ukinh LU-tph weluynipniup INAs wwlnhph

dwlbpinyph Ypu phipmd b dwlbpbmpughtt ghiunpmipjut didwgdwmi kY
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10.

11.

12.

Ywpgny 15-20 Od-g (HC-1) Uhlish 180-200 O (HC-2) b nibiwlynipyub (jhgph) Unwn 5
wbqud thnppugdwi, huswhu twl Ynju-nitbwluyhtt punipugph Jpu bEplne
«hnubph» wnwgwguiwl' 028 ¥ b 054 9 jupmuubph phypnid ubbjulughi
ohplwunhdwunid:

INASSHOP  tplpnpn ubknh RY-tpnd hwdwlupgh 77 9 ghpdwunmhdwind Jnpun-
nttwluyhtt punipwqph Jpuw qupdwt dbdwgdwtt b thnppugdwt pupwugpnid
ghund & nbtwlnipjut  hwlnignjws nwwnwinwdubp b AC=0.483 wd
hhunbpkqhu  jupiwh 1 UZg hwlwmpput  ghygpnad:  Zwlnigniws
nunwindubpp wuydwbwynpyus . £Y9-tph “thgpwynpdwui” b
“Ihgpwpwithdwt” kplinyypeny, hul hhunbkpkghup' tplypnpn ubnh £Y-kpht pinpny b
npuignid wnwewgnn Uawgnpryuyht pibknugdudp:

BpYypnpy uknh INASSOP LY-tpny hwdwljupgh dwquhuunhdwnpoipjut Ynph Jpu
nhinynud B pimipuqpuijutt gnunpduspubph» mhpnypubp huywhu ukyuljughb,
wjtybu b htnniy wgnup obpdwunhdwinid: X nignnipjudp pnyp dqus b 2
nmnnmipjudp  fuhunn  ubnUdws ELhwuwpnujhtt RY-kpp ghypnid wolu k
dwquhuunhdwugpnipjun jupunn  wihgnuupnunipnit Epbkp  nnnnipynibukpny:
Zbnnily wgnuinud dwgihuwnhdunpnipyutl’ pun dwgbhuwfub nupnh wswbgpugh
Jupnigdwn b htnwgnuudwt dhongny huwpqupljus LY9-tpmd nbnuytwugyus
Junpngbph InAs nwynhph Jubbnwlwi gninm wpwuwnwnht dninwljw snpu
tubpghwlwh dwliwppulyubpi &' by =053 dkd, h, =0.91 Ukd, hy=1.55 utd,
hy =232 Jtd:

INAs wiwlnhph Ypuw wlbkgdus INASSOP pununpnipjut spuynjus nuyyuljwdl
£Y-tph’ htqml wqnnh ebplwunhdwimyd swihyws Snwnnpnidhubugkgh (HL)
ugklpnph Jpu ghudmd b Ukl dwpupdmd  £=0.404 Ed bubpghugny, hul
hwdwidwt Lhyuwpnuyhtt £9-tph hwdwp ghunynud b jpugnighy dwpuhdnid
wykih thnpp' £-0.397 4 tubpghuyny: 4 diju hwuwnmpnit b =0.48 t4 wpghyyud
gnuint uyunipjudp (T=78 U ghpdwunh&wunid) p- INASSOP tujhwnwpuuyhtt oipunp
wkgdwi dhongm] pulnjus LY-tph hbgml wgqnund $L-h uybluoph Jpu
nhuynid £ jupunn wpnwhwyndws dwpuhdnid £=0.371 £, Eukipghuyny (hhdbwlub
dwpuhunidhg “Gupdhp” obnnudp Juqunid E =33.2 dEd), huyybu twb jpugnighy
Ynupywdplikp’ £ = 0.382 ky, £ = 0.39 kI b £ = 0.398 £ Lukpghwikpny, npnip
puguwuynud ki spuljndus L9-tph SL-h uybklnpubpnid:

T=774 opUwuwnhfwunid Junwpjus dnuinnjnudhubugkugh b
dwquhuunhdwgpmipyut swhnudubph b hbnwgnunmipnitiutph hwdwnpoipjut
wpniupnid  INASSHP  £Y-tpnud wbnuyjiugyws  funnngubph thnpduwluinpki
npnoyws tubpghwlwl uyblunpl b A=33.2 dbd, A2=21.4 Uk, As=14.3 Utd, h=6.2
utd, A5=2.32 Ukd, As=1.55 k9, A~=0.91 dkd b As=0.53 Ukd (hwoyupldus InAs
wnwlnpph  Juktnnuui  gnnnt wnwuwnwnhg), hul wnbknujuugjus ptph

Junpngtph wpnynibwpwp quitgusp’ m = 0.029my:

INAs (100) wwlynhph b INASSHP  RU-tph hhuwb Jpw unbndjws tu dheht

Eupwlwpuhp whpnyph unp ubpunh  $nunphiwunpmpuutbp: Ukyulught
9

13.

14.

ohipdlwunhfwinid npuig $nnnwpdwquiph uwblhuph Jpuw nhudmd Eu
uwkljinph hswbu bpljupuphpught sbnmu’ dhish A=3.7 U, wybwbu b jpugnighs
Uwpupunudibp A=3.56 ulju b A=3.65 Ulju wihph kplupmpnibbbpn]: Upnwphi
Jupdwl tnyuhuy tnpp Uhst +2 U4 wpdbpubph phypmd wbknh b ootbkumd
pwgnighy dwpupunidubph pduyhtt wpdbpubph twlwb dbdwgnid: U=+1.5 U4
updwi nhwpnid A=3.65 Uu whph tpjupnipjut ypw nhndus dninnwpdwuquiiph
wpdtpp  gnpstwluinpkt  hwjwuwpdmu  t hhdbwlwl A=3.48 JGd  wyhph
Epyupnipjuwip hwdwywwnwuppwitnng  dwpuhudnidh  wpdbpht: Uwnbnddws
dnunnnhdwnpnipniiibpn Jupnn b wojupwuwnt) uklyuluwghtt obplwunhgdmbinud
npytu “puquugny” pnunnpugnithsbbp, b npybu vbinigdwd wypmnip Yupkh &
oquuuugnpsdt] thnpp swthtinh b hqnpnipyut dwpnlngubp:

Epypnpy ubnh LY-tpnd unbndjws uwppuyhtt Junnigquspubpnd nhuygl) b
$nunnynjnuyhtt Eplinyp: He-Ne juqtiph Gupwupudhp dunwquypdut A=3.39 Uy
wihph Epupnipjub nypnid ukiywlught okpdwunhduinid gpuigdus jupdw
b  hnuwiph qquniinipnititbph  wpwybjugnyt  wpdbpubpp  Yuqul; o
hudwywunwupwbwpup 2 9/9n b 82 dU/9dwn: Ukyuluyghtt ohpdwumnhdwunid
A=1.15 dju wihph Epupmpjudp juqtpughtt funwquypiut phypmd LY-tpny
$nunnnhdunpnipjutt dwljkpbnipuyhtt ghiwnpnipniup hinppugh) b 14 %-ny, huy
A=3.39 Ulju-h nbwpnid” dhsh 17 %:

Uuntndyly ki Upghtt kupwlwpdhp whpnyph £U-tpn $nunnphngmihsitp n-
INAS /p- INASSOP nhnnuijhtt hbnbkpnjunnigyusputinh wkupny, npnig p-n wagdw
uwhdwinid palnyws i 10-hg 30 ud mpudwgdny b 3-hg 20 ud pupdpnipjudp LU-
tp: Ukyulughtt obpdwunmphdwinmd £Y-tpny nhopuyhtt htnbkpnjunnigyusph
Juudwi b htnnil] wmgqnunh ghpdwunhfwiunid $nunnjmdhubugkgh uybunpubph
Ypw nhungty EEplupuhpught phgnid:

UtNULUSCNRU YUSUCUO 2NNRULECH SNR8UY
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$hqhljuljutt hhuniiplikipp, Bplwb, k22 hpunwpulsnipniy, 424 te, 2005.
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UTvUSULLE @PSUYUL LEMYU3USNRULE T

Unbktwpnunipniind ubpujugqué  ghinwjun hbwnwqnuinipnibiibph

wpmnibptibpp - qbymgyly  ku BN2 Yhuwhwnnpphsubph  bhqhugh b
Uhypnbkynpnbhluh  wiphebh U pwnhnhhfuh  $ubmymbnh - ghwnaluwd
ubdhwpubpnud, 22 QUU nnupbjut ghnwlut tunwypewinud, (niu-Zuygjuljui
(Uuyntwjut) hwdwjuwpwind, ZZ-nd  juyugus wqquyhtt b dhgwqquyht
ghunnwudnnnyutipnid: Uppnwwnwtpttipp tpkp wiqud (2001, 2005 b 2011 p.p.) qynigyty
Eu Sphtumph (Punwjhw) U. Uwjudh widub wnbuwfwb $hghluyh dhowmqquyhie
Yhuwnpnih  ubdhtwpiubpod b ghunwdnnndubpnmd:  Zpudhpdws qinigdwi
Jupquyhfwlyny wolmwwnwbpubtpp  thpuyugdl;  Eu Rnthth Znwdpnigh
hwdwjuwpwih  $hqhjuyh  htwnphwinunmd  (2002),  Enjuwbghu-Uninuplpgh
huwdwjuwpwiund  (FEpdwthw, 2002), Luypthgh wbdwb poipknubkph wdkgdwut
ptunhunnunnid (Rtnjht, @bpdwhw, 2002, 2004, 2007, 2011 b 2012 p.p.) b Ynpyh
hwdwjuwpwb-pnjignid  (Pojwunhw, 2011): Uwnbktwjnumpmpniund  bkpluyugdus
ghnwwt  wolhwwnwbputpp qhinigdl; Bt twb hbunlywy  dhewqquypt
ghinnwdnnnyutpnid b hwdwdnnnyutpnid. The World Renewable Energy Network
International Seminar in Britain, 4-11 September, 1999, Brighton, UK; The World
Renewable Energy Congress, 1-7 July, 2000, Brighton, UK; The 35" International
Symposium on Compound Semiconductors (ISCS-2008), 21-24 September, 2008, Freiburg,
Germany; Collaborative Conference on Interacting Nanostructures (CCIN-2009), November
9-13, 2009, San Diego, CA, USA; The 12 International Conference on the Formation of
Semiconductor Interfaces (ICFSI-12), 5-10 July, 2009, Weimar, Germany; Villa Conference
on Interaction among Nanostructures (VCIAN-2010), June 21-26, 2010, Santorini, Greece;
World Renewable Energy Congress, 25-30 September 2010, Abu Dhabi, UAE; Villa
Conference on Interaction among Nanostructures (VCIAN-2011), April 21-25, 2011, Las
Vegas, Nevada, USA; International Conference on Nanoscience and Technology
(ChinaNANO-2011), 7-9 September, 2011, Beijing, China; Joint ICTP-FANAS Conference:
Trends on Nanotribology, 12-16 September, 2011, Trieste, Italy.

Ukpjuyugdus wojumwnwpubph hhdwh Jpu hpuwiwgyt k “Armenian National
Science and Education Fund” (ANSEF, Condmatex-2425), New York, USA (2011 p.)
dhowqquyhtt  ppudwpunphp: Ppujwbwgdnd . twb  hwj-qbpdwbwulub
dhoykinwulut (MES-BMBF_STC Project, 2013 .) ghnnwljut Spwughpp:

S1UQrNhESNPLLELT

Uwnkuwjununipniinud tkpuyugdus wpyniupubpp nywugpdt) tu 39 ghnufu
wpuwnwbipubpnd, npnughg 31-p hopdwsubp ki qpujunuynn  dhowqquyhtt b
wqqujhll ghnwlfwi wduwgpbpnid, 7-p° phghubkp b 1-p° mumdbughnwluh
dinttwiply: Syugpus wphtwnwupubph gulp tbpjuyugyws L ubnduwgph Jtpenid:

UTvUSULLP YUNPSIUOLE 69 OUYULL

Uwnktwjununipiniup punljugusd k ubkpwodnipiniihg, kg q1luhg,
kqpuywgnipinithg U hnnudubph 138 winith wwpnibwlng qpuijwinipjut guulhg:
Uohiwnwbpnid wnlju L 106 tjup b 6 wpniuwl, hull wowwnwiph punhwunip
Swyuyp 262 by k:
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UTIvUSULLP ANYULVIUUNRE3NPULE

Unwoht qiumd Qwuwwpjws L wnbbwjunumppiimd  akpuyugjus b
puiwpyduws ghrnwlw b Yhpwnwlwb jughpubphtt JEpupkpynn qpujuinipjut
yYtpnidnipnii: Zudwljupgyty Eu Eythnwpuuyghte punuuplbph i1
twununnigquéputnh  wdkgdwt  gopstwlwinpkt  ponp whkutninghwlub
Enwtwlubpp b dbponubpp: Zwuhhpd ubpuyuguws i ppulg  wowwnwiph
bhqhyujut b mkjuninghwljub ulqpniuputipp, hsylu twlb mpupwisnip dkpnnh
wnuwybnipnibbpp b phpnipniuabbpp: Ljupugpgus o hbnbpnkyhunwpuhugh b
twbinjupmgluspubph vunUiunwewgdwt hhuttwlwt $puwtly—dwi-nhp-Ukpykh,
dndbp—dbtpiph b Uwpwtulhp-Ypwunwingh  dbkpnnubpp:  Ukpuwjugdus  Eu
twunuwonigqusputnh  hhdtwfwb  $hqhjujuit  hwnlnmpmpnibibpp & gpubg
Jhpwpwlwt tpwbwlnipniup: Ljwpugpdus ki twb Bipwlwupdhp wnhpnypeawd
woluwinnn Jhuwhwnnpnswyht vwppbph’ $nnnphdwnpmpintubtph, $nnnnghngibkph b
ohpdwdnuinynpunuyhtt  thnjuwlbpyhsubph  hwnlnippiuttpp, hsybu twlb  wyy
uwppbpnid  twbnlfwpnigyusputph Jhpundwt  wpwbdtwhwwnlnipniiubpp,
Juplnpnipniup b wpwybnipnibuubpp: Lipjuyugdws ko mbuwspnn Likjupntwght
dwpunhunwyh (SEU) b wnndwnidujhtt dwbpughnwlh (UNARY) b Gupwlupdhp
uykunpnuknnh ($QACU) wojumnwipuhti punipwgpbpp b htwpwynpnipmnibbpp:

Ephpnpny  qumd  tjupugpynd £ puwinwswithught | junniguspubiph
twindwpnuwpughnnmput  bywunwlny  Eowpwnunphs whun  nusnypubph
oquuuugnpsdwn  unp  Wnipwpwiwlwt b wbkjunnghwiwb  qunutwpp:
Onpduwljunpk gnyg k wipdty, np hinni) $wqh punungpnipjut hudwywnwuew
punpnipjudp, npp hwdwpdtp b pponn otpnh guwigh hwunwwnniih phwnpnipjuip,
Juptih t Uwnpwbulh-Ypwunwingh (U-4) dbpngny  wdkgul]  wwppkp
twinuemguspulp: A’B3Lx_yC®D®y punwpwnqunphs pponn skpunh kppnpy (C°)

 snppnpr (D) wnwppbph Ynughtnpughwikph hwdwywunwupuwd phnpnipyudp
Juptih b wwywhnyl] wwlnphph tuundwdp  gwigkph  hwuwnwwnnibiubph
hwpwpbpulu nwwppbpnipyut hywybu gpuljut (ppeny okpunh ninmghly Ljuuwhly
ndnpuwughw),  wjiybu  E puguuwlub  (ppgnn  pkpunp gnquiynp - Fuuinhl
nednpuwughw) wpdbipubtp: Lwpjwénipju nhjwpuwghuyh hbwbwupny wnwehl
nhypnid  wpwowinid ki LY-Lp, hull Gpypopny  phwypnud dbwdnpdnud - B
twinjunpngubp:  Zbwpuwynp t wgkgil) twl  LY-twinjunpnsubp  hwdwipught
twununnigqusplbin:

Zhwnwgnungl) G InAs(100) nwlnhph Jpu wdkgqus INASSOP  pununpnipiul
Eupwupypnibnpuljut  Ynqujukp: 8nyg bt wpdk, np Ynquyubph  Swduh
thnppugdwip qniqpiipug wknh L mbbkund ppubg  Gphpuswthwlwt  nbuph
tnthnjumpnit htnlyjwy  hwgnpyuljuimpjudp  hwwnws  poipg, pmpg,  pupn
dwltplnypny pnipg b huwgnityg (uy.1):
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Ul.1. InAs(100) wwynhph Ypu
htnnly duqhg wlkglud
InAsSbP Ynquuljutiph EpYpusw-
thwlwi wbkuph Adlwihnjunt-
piut dudwwlugpnipniup

Onpdwjunpku gnyg k
wnpytp, nnp INASSHP
punuipnipiull - Ynquuluk-
ph ppqudlhg  Yhuwgnibn
wnbuph wugdw Yphnhjuljut swhp juqunid k=500 ud: Lubwlwuybu hwoqupyyty
Eu InASSHP b SGe puquppnipjul Ynquljutph Yphuhljului swhtpp, tpp ppqudl
Ynquyp Adbwthnpuynid b Jhuwquph: Zwpqupyjws wpdbpubpp hwdpbljunud Eu
thnpdwpwpulw nyjujutph htwn:

Gupwdhypndbnpuu  Ynquyitph  poipinubhqhiuljut  hwnlnpmniaibkph
htnnwgnuuiwt hwdwp wowewplyl) £ ogunuugnpsty “Yhqujinndus hnuughte thughp”
(FIB) uwppwynpiwmit b SEU-h  huwpwynpnipymibubpp: Uwubtwynpuwbuy,
oquiuugnpstiny “SEM-EDXA-FEI Nova 600-Dual Beam” uwppuynpnidp, pupéap (108 Ud
wu.) Juinumdmd ppqudlb Ynquuljutpp uyqphg “YGupdl)” o quihnwdh wnndubph
Yhquijtinjud thugh uhgngny: Ujtunthtnl yuty £ Ynquuijubph puqunpmpyniup
poipgh hhdph Epynt Eqpuyhtt YEnbpnwd, Jephtt hhdph Eplnt Gqpuyhtt Yhnbpnud b
JEunpnunud: SEU swhnmudubph b hwoduplubph wpyniupnid gnyg b wpdby, np
prqudl Ynquujutpp niubkt INASSOP pwnwwnwpp pununpnipnii b np wewybjugniyi
(upjwsdnipniup ghunynid £ hwnws pnipgh hhuph ququptbpnid b tiwlnhph htwn
pudwidwt vwhdwind, huy thnppugnyl jwpjusnipymip’ poipgh Ykphlt thunp
Jtunpniund:  Unwowplqus  dbpnnp  Yhpwngl] E twbh  wshwstwght
twbnpunnnuljubph hbnwgnunudwt hwdwp. Twutwdnpuybu, swhdl] o gpubtg
dwlplinipuyhtt mnnipinibp, tpjupnipinip, tkpphtt b wpwnwpht wpudwgstpp:

Lwnwpununphy hbnniy $wqnid  $nudpnph kS Ynughunmpughuyh nhupnid
wnwynhph dwibplnygpeh ypw ghndnd i bwlb Bipwdhpndbnpujut “hwljunupd”
prqudl unpnsubp: Swinhph htw ppqudl junengutiph pudwidwt vwhdwh, hhdph
ququplbtph b Ynnduught thunbph Jpu junwpws SEU swihnidubph wpgyniupnid
gnyg Lk wpdl), np funpnsubph  thunbpp hwpunwgws b $nudnpny, hul
(upjudnipjul puounidp dhqhynpkl tnyut £ huy np ppqudl Ynquujutipp dnwn: Lwih
np upyuénipnibt punnitnid £ hp wnwbjugnytt wipdbpp unengh b wmwynhph
pudwidwt vwhdwinud, wyw wyny ninnipnibibpp puetind B LY-tph dbwynpuiwt
wnwybjugnyt swhwybn whpoypubp: Ljwpugpdl) o inp whyh junnigquspubp,
npnup punugus Ll twindbnpuiut b nippubpniiwdl quuudnpjus LY-tph
onpuyny oppwyunnws kupwdhipnuinpuljui unpnsutpnhg: Uy junnigyusputph
popinudhghjujuts hwnlnipnitubpp dwbpudwut numdbwuhpdtp o twb
UNhU-h dhongny: Owphpny hwpunwugws INASSHP pununpnipjui Ynquyutph b
$nudnpny  hwpunwgws funpnsubph  (gpuig  Yondtughtt dwlbkpbnyputph)
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Awnpdwit dhqhjujuwt wuwwndwnubpp pugwwnpyl] G Sb-h b P-h hwlmnnyus
dwltpunipuyht nhdpniqhuyny b As-h upuguignid npuig nbknuuydwdp:

Bppnpny  qmpup whpyws b In- As— S - P hwdwlupgnid  bwindbnpuljut
Jupniguséputiph wdbkguwiipn U hbwnwgnudwip: 8nyg t wpyk], np hbignijuyght
kyhwwpuhwl, bpw  poplqugdwt hwdwlwupgh b vwndbwnwewugdwi
nbkhuninghwjut  wuwpdwtubph Juwunwpbjugnpsdwtt bt hwdwywnwuwh
punpnipjut nhypnd, Jupnn L hwennnipjudp ogunuugnpsyt) hiwtinjunnigqusputinh
wdkgiwt tyuwwnwlny, Yhpwuekng vwundbunweugdut wjwinpuiui U-4 dbpnnp:
Uju kqpuhwignid uljqpniipnpbtt hbppnud £ wybt Yupshpp, np pupdp uljqpimfui
wpugnipjul yuwndwnny ZE- sh Jupnn oquuugnpéyty kupwuhypndbnpuljut
twindbnpuljui jupnigyuspubp wkgubint hwdwp:

8nyg k wnpyky, np In-As—S-P ynipului hudwlwupgnid
bwunwnnigqusputnh dbwynpiwl plpwgpnid hsybu guigh hwuwnwwnnitkph
hwpwpbpulwt wwppipmipjut wpdtpp, wjuybu b wwlnghph poipbnugpujui
punipwugplipt nmubkt  Juplnpugnyi pwbwlmpnit  bwinjuenigqusputiph
Awnpdwi pupwugpnid: Twubtwynpuwbu, tpp INAS mmwynhph htn pnipknuui
guiigny hudwduwjutigyus InAses7Sbo.osPoos pununpnipjut pponn stipnnid dkswgynid
k Swphph pununpnipniip, dbwynpynud ki nuyiyuljuwdl LY-kp, hul] ppenn okpunh
InAso7sSboosPo17  pumunpmipyut  phypmd  plubnughtt  onulubkp:  Lqwbnughi
onuljutph dAlwynpnudp puguwwpynd £ wjit pwny, np htnml dwgnid b pponn
otipnnnud dSwiphph b $nudnph dbS pwhwlnipiniup pipnd L jwupubnipju (pugnighs
nkjupuwghuyh wpnkl wowewgus LU-kpnwd, $nudnph wnndbph nhwh LY-tph
JEuwnpnt (ququp) swupddwt ounphhy: Gpp twinjunnigyuspubpp dbwynpynud ki
hhdtwljut pnipbnugpujui ninnnipiniihg sknguws, Yud phthwlijub pwswndwi
Uhongny wphbunnwlwunpbu skndus InAs (100) wwwlnhpp dwybplinypeh Jpu, wyw
wénid bt hwdlwyuwnwuppwwpwp Hhyuwppuyghtt LY9-bp b LY-tph onpwtkp:

BT

U.2. InAs(100) wwlynhpph dJpu  Z2E-h
Enubwln] wdkgws (=10 p) nuyiyulwdl
InAsSbP LU-tph SEU (w) (S=40x40 dlu?)
UMmU (pr1) (S=5x5 ulu? L S=Ix1 uld?)
wunnkplikpp

Ogquwugnpsdtiny Xmas = 0.0213, Xsp =
0.126 1t Xmp = 1.656x10~* Unjuyhtt dwukipny
pwpwpwnunphy  htgnily  $wg,  nph
phypnid wwywhnyynud k InAs_, S,y
(x=0.0416; y=0.0892) pponn okpnh U
InAs (100) wulnhph gutigh
hwuwnwwnntbph 3% hwpwpkpului mwuppbpnipinit, wdkgyt) Bu INASSOP Epljpnpy
ubnh nuyiyulwdl LY-tp (ul.2): Uwndbwnwowgdwt wpnghult hpuwbwgyl) b
hqnptpd’ T=550°C ohpdUwunhdwunid: £Y-tpl wdkgykp  Eu Epkp
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dudwiwwhunqusibpmd’ =10 pnuk, ©=20 pnyb b =30 pnytk. SEU b UNRUT
(AFM  Asylum Research MFP-3D) uwpptpny hbunwqnudt; G wyy L£Y-tph
Junniguspuyht hunmpmubbpp pujuljub Uks $=1500 Ul? dwlkplinyph Jpuw:
8n1jg £ wipyk], np twinhwdwlwupgp punjugws b puduljut hwdwubn pujudws, (6-
8)x10° ud? dwlkpiinipuyhtt funnipjudp, 10-hg 40 ud Uhohtt mpudwgdny b 0.5-hg 15 ud
pwpdpnipjudp £9-nhg, npnig htn hwdwwntn wnlw Ei twb dnwn Epkp Jupgny thnpp
unipjudp U hwdwywunwuppwbwpwp 70 wd-h b 25 wd-h Jupgh wpudwgdny b
pupdpnipjudp LU-tp  (W.3w): Lwunjwemguspubph dbwynpdwt plpwgpnid
nhnjws Epjunpuyhtt vundtunwewgnidp pugunpymd E huwdwlwpgmd LY-tph
qoyquynpiutt b ounnjuyuit hwunttwgdwt ypnghubtkpny:

Uy3. () nAs(100) wwlnhph dpw oty uighg
wdkgdws (t=20 p) LY-tph SEU wwwlkpubpp, (p)
ounjujui hwunmtwgdwi UNHKYU dudwbwljugpni-

pintup

Ljuwp 3pnud wuwulbkpjus & UNRU-ng
niuntdbwuhpyws  L£U-kph  qonyquynpdwi b
ounjunyutt  hwunmbwgdwt  dudwbwulju-
gqpoipjniip: 8nuyg E wipdb, np poiplnugdwi
dudwiwlh dkbwgdwt wpmyniipmd wnbnh k

- s MLUEINU nuyyujwdl LY-tph thojuwlbpynid

= - Hhwuwppuyht wkuph, pbn npoud plnguytnodp
@s- wnbnh b nmbkunud  hhdbwlwinwd  InAs (100)
v 0.33 pm ; =03 wmwinhph  dwlkpluoyph [010] nignnipyjudp:

Ejhuyuwpnught £U-tiph (uly.4w,p)
dwlbpinipughtt jonnipiip Juqul) § (5-8)x108 ud%: Oquugnpstiny UNRU-h
gduyghtt whuwdpuwh htwpudnpoupymip’ (.4q), sub] ko bhyuwprught £49-kph
swthbipp tpkp ninnnipniitbpny (X wnwbgpp ninnyby £ wwlnhnph [010] ninnipjudp) b
hwoyuplyyl] b fhyuwpyuyhtt LY9-tph phgyuyudwh qgnpswhgubpp (L7Z) X, Yu Z
numpibbpny ZyZ=1.23:0.12, LvZz9.2+3.6 U Ly/ZLz7.9+35: Uwnugud
- — : wpnniiphg  Epbmd K np wdkgdus
Hhwuwpnujht £9-tpp pnyp dqus B X
nmppudp - b jupun ubpijws 2
ninnnipjuup:

o 1 = V4. (w, p) Hhwuwppuht LY-tpp UNRUT
@ m m wuwnlkpubpp, (9) unpU nbkuwdpdw

wunlkpubpp X- b Y munnipynibthpng

Zkwmwgnudlp  k nuy yujudl i1
Ehyuwpyuyht LY9-bph pyh jupunidp npug vhohtt npudwgshg: UNRU swthnudubiph
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Jhwjugpnipniip juwnwpdl E S=300 dyud? dwlbplinyphg: Zwjnbwpkpdt) k np
poipbqugdut dudwibwlh dkdwgdwt plipwugpnid wnbnh L nibbund  RU-kph
puojudwtt $niijghuyh wbuph dbwhnpmpnit (W4.5): Uwubwynpuwybu, gnyg b
wnpyt, np thnpduwluinpbkt vnwugqus puphunidp nuyyuljwdl LY-tph hwdwp ks
Lounipjudp Udnwnwpydnud £ Qpud-Cwphtph $niulghuyng  (Unnwpldwi
&pnmpinip ~97%), hul Hhyuwppuyht £Y-p hwdwp quniuhwing (Ununwpldwb
&ounipniup ~99%), npbt wyunthtnlb dhwthnpynid £ Lhdpohg-Urkqny—dwqutinh wnkuph
pupfudwt: Luwunjuwpmiguspubph swthbph poipinugdut dwdwiwluwyht jujunidhg
npnoyk) k npuiig wsh vhohtt swnwnuyhtt wpwgnipiniup, npp juquty £ ~0.05 wd/A]:

05

U5, (w) =10 p, 2=20p 1
=30 p-nud w&kgyus LY-
tph pwbwlh’  nppubg
Uhohti npuniwigshg Yuifu-
dwl hhunngpudubpp b
(p) Unnuplpdwb Ynpkpp

i pubuy

* B :fnhglﬂu u:|$:i[nu|1|h‘?iun = . * gy pﬁ‘pgpughmumq'fmmu;m

Yhpuwnbiny Th$ohg-Upkgqn-dwqubph  wbkumpmip  pugunplt; & L£Y-kph
thnpduwjuinpit vnwgquws  pupjudwd  pniulghuyh  wbuph  Ahwthnjunudp:
Uwubwynpuytu, gnyg L wpdk, np wéh thnpp dudwbwlubpnd  InAsSHP
hwdwlwpgnud, £U-kph puppunidt wykih jwy huwdwywwnwupwind £ dwqubph
pupfudwip (1.6A-w), wyuhtptt' w&h ypnghup nEjudupdnud b dwlkpbnygph Jpu
nhwlghuyh wpugmpyudp, nph ghwhwnywsd pughtt wpdbpp’ B=26510"' ud/y:
Uts dudwbwlubph nhypnd £9-tph puppunudp hwdwywwnwupwinud & Lhohg-
Ujkgqny pwohidwip (u.6B-q), wyuhtpt’ wpngbup phjudupymd b Swduwjuyh
nhbnighwyny, nph gnpdwligh pyuyhtt wpdbtpp® D = 317.10°12 ul?/A]: Gupwnpyt) £ np
£49-tph hwuntwgdwb dhpwuljjuy dudwbwlubpnid quiqush mbnuihnpudw wyy
Epynt dEjuwtthquutpp gnpénud G dhwdudwiwly:

Py(r) wapnerDumBaen Py(r) nagnerDsnbuton P, (r)

12 ° o Experiment & Erprunat
¢ 7(.:/ 08 5 ® T UL.6. Swppkp dwdw-
*) 04 ° 04 o 04 ilulllhhpnu[ INASSHP

e e e L. eueph () 10p, () 20p,
0 5 10 15 20 25 30 0 10 20 30 40 0 10 20 30 40 50 30n unnpuuwdnpdwud
o O B gzmﬁmiu ! p{}um
? A ownwynh: Yhnkpp
®) : i thnpdh ‘LI’IL]_]U.l]jl]Jph kb,

1 . () : . ® ! /.| @ Unpkpp’ dwgikph (A) b
a n Lh$ohg-Utkqnih  (B)

o o

o L9y 0 s oo °

0 10 2 30 40 S0 60 o 10 2 30 40 50 60 O 10 20 30 40 50 60 pulz]unuﬁlhpg
r(nm) r (nm) r (nm)

Lifshas-Stezou Distason

P.(r) P.(r)
. o Experment

2 — Theory 2
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Oquugnpsdbiny Ximas = 0.0147, X = 0.205 b Xinp = 2,663x10* Unjuyhtt dwubpny
purwpwnuyphy hbnniy dwq, nph nhypnid wywhnyty b InAs_, SR, (x=0.073;
y=0.156) pponn otpwmh L INAs(100) wwlnhph guugh hwuwnwwnnibubph 4%
hwpwpbpulwt wwppkpnipnit, wdkgyl] o pjwbnuwhtt onulukp (ul.7), npnug
Jutinnipiniup Juquty k (1-3)x10° ud2

Uh7. (wn) Onulwmalh LY-tph SEU
wuwnlbpubkpp: (&)  L£0-h  |wuwjwl
Yupudph PEU gunlkpp

8nyg £ wpl), np nputg pwlwlh
Jujunidt wpuwphtt npudwgshg jwy
Unnuplynd t qunivhwiny, wpunwpht
wnpudwgsh oynphdw) wpdtpp hwuuwp k35 twd-h, ukpphtt npudwghsdp thnthnpuygt) ©
1-hg 10 ud, hul gpuig Uhoht pupdpnipiniip 10 bd Yupgh L

Oquwugnpsdbiny Xinas = 0.0195, Xso = 0.1228 L X = 1.7x10* uUnjuyhtt dwubpny
punwpwnunphs htnny $uq wEkgyl) ko INAsS /InAsP LU-kph Unjkynyukp (RY4U)
(y.8): LY-tph dnkynyubkpp punuguws Eu  Yhunpntwlwb  LY-phg, npp
onppwyunywé b hhdtuljwunud kg twinjunpnsutnny b niuh kphgnty pnijuh nkup:

8. (w-q) InAsSb-RU/InAsP-umlinjunnnyutp
£YU-h SEU  wwulkpubpp: () LUU-h
[yt jupdusph FEU wuwnykpp

LU-tiph (RYU-tph) dwlbpunipuyghe
Juinnipniup Juqulp L (0.8-2)x10° ud?,
huy npuug uhght  wpudwghdp L
pupdpnipiniip  hwdwwwinwupiwbw-
pwip 5-hg 45 ud b 2-hg 20 ud: Lwunjunnpngubtph funnipniup juquby £ (6-10)x10° ud?,
hul uUhohti wpulwghdp b funpmpiniip 5-hg 40 ud: Impyk-dbuthnpudwl
Eupwlupuhp uykyunpndbwnpp (FTIR-Nicolet/NEXUS) dhongny T=300u
ohpdwunhfwinid swithqus LUU-kph Jubdwh uykupp ppdws k wl.9-nud:

20

0.

- T=300K

E InAs with QDs and pits uy9. InAsSb/InAsP LU-tiwmbinjunpngitp

=085 T4 hwdwlupgh U phunwiht Wdnigh’  InAs(100)

g MMHHM" W wnulnhph - puthwbghihnipiul - uwklnpttpp

= fl \ T=3004 gkpuwutnh&whni:

- \

2 ‘W‘}* alhhdm \_\ o032 4V Yl E LYU-h fubdwh  kqph

Eor e '\\.‘ e = bpupuihpuyht gbnnul  A=3.44  lju-hg
300; = zom (InAs wpynibwpbpujutt wwlnhph

Uyhpughis phy (i) l.llulhl[u.lh bqp]}) dhhz‘ll A=3.85 1.[1.11.[, l‘lhkulhu
17

twl Jluwdwt uvykunph juyiugnid dhgh A=2.75 Ayl jupdwihpwjht inhpnyp:
Oquugnpstym] mp-gnnpuljwi kp unpljp’ nbuwlubnpkt hknwgnudb] o
INASSH / INASP LUU-h oulmn]:lhllmpnhul]bh hulmllm_p]nl_h'uhp]} (uyy.10):

T T T T T T T T T
ho

| n ,.‘."’ e '@ 10, (w,  p)
= Ao Nuytjujwdl LY-nid
g I - @ O Junongukph  (hgph
o [ | Juinnipyut pupuntdp
8 I H o .0 b wnwnnghwt: (q)

putinwgdwi  wnwnku-
ghwh 3D wunnlpp

0 5 10 15 20 25 30 35 40 45 S50 | - [ ]
% [nm]

8nyg k wpdb, np wbnh L mubkind junpnsubph jupunn nbnuytiugnid LYU-h
JEuhnpniwlui £9-mud, hywtu b htwpuwnp £ HEjupnuubph poy nknuybiugnd
(uy.10p), npntp vwljuyt Jupny G hbpnnipjudp gnipu dnyt] £Y9-hg, dwubwdnpuybu
wpuwphtt LEjupuuwi nupnh jud LY-nid wojw Euwuwnhl pednpdughugh
wqplignipju ounphhy: Zwpdupydty t LUU-h Lubipghwlub uykunpp (nknuyiugws
Junnnsubph wnwehtt snpu dwwppulyutpp) b phknwgdwi wnubkughwh dbdwgnyh
wndtipp (1Y4.10g), npp Yuquly k+1.33 U<

Lwpiuybu  fuwbwwnyws (CHZ0H : Brp=4:1) InAs(100) wwlnhph Ypu
puwnwpwununphs htinnil) bwghg wakgyt) tu LU-kph onpwubkp, npnup hhdtwlwbnud
ninnpud ki tnk [010] muynnipejudp b niukgl) G 2-hg 5 U Epljupnipnit (Wly.11):

i (1 Q11 (wey) £Y-bph onpwikph UNRU
B oo Wunfplibng: (B-1) - (pgn)-mud updus
niunnipinibibpny nbuwdpdw

X: 280 hm hhu]ulthp]'_l

= x 80nm
12z{nm) (k) 2m) (q) 2Z(nm)

W : Vf\/\ “° Snyg b upyl, np howsunhsh
AR o 4] &hown  punpnipjut phypnwd
Toodm Y Gm o ™ phuhuljui pwswnmdp upny b
hwonnnipjudp oquuugnpdyty wwynhph dwlbpunypeh Jpwu btphp wqhuninuyg
nnnnipjniiubpny  hwdwywunwupwt wywuwmnnnppjusnipmnit unbndhinu
tywunwyny, uvwndbwnwowgdwt hbunwqu  wybh  swhwdbn  ninipmnibbp
wwwhnytnt hwdwp: UNARU hEnwgnunnipniiubpp gnyg o wnydk), np LYU-h
onpwikpp punugws Lu hhdtwjwind qnyquynpdus JhEhwnpnuwlwut LY-kph
onpuyhg, npnup qnignppjus L bwinjunengibtph kqpuyhtt oppwubkpny: LYU-h
onpwitikiph wwppkpnipiniipn uqul] £ =120 W, LY-kph & twbnpunpnsubph dhohti
npudwghdp tnhp b hwdwyuunwuppwbwpup 40£7 wd b 20£5 wd, hull ppubg
Udwlkpnpuyhtt pnnipegniip’ (2-5)x10° ud2? b (1-3) x10° ud? £YU-h snpuyh LY-kph
JLtunpnbwljub upwonpwitkph dholb htnwnpmpynibp ok & 5-hg 20 wd, LY-kph
pupdpmpinip’ 10 td-h Yupgh, hul bwinjunenstibph junpmipgniup’ dhish 5 G
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Ukljulughtt  ghpdwuwnhfubnid  phindl £ LY pnpwbbph  Juwbdwh  Eqph
tpupuphpught obnmud’ dhtish A=3.87 pm (uly.12-A): 8nyg k wipdby, np pmpbqugdub
dudwiwjuwhwndwsh dkdwgdwip qnigpupug nhuynd bt LU-tph onpwubkph
dhwynpnud, ppwig swithbph dbdwgnid, nph hEwnbwipny LUU-h  onpwibpp
Yhpwsynud ki vph pwith nwubywl dhjpndbnnp ipjupnipjudp b dh putth dhypndbnp
(wyunipjudp b pupdnpnipjudp dqué pnipghinh (al).12-B):

0 (A) (B)

A=3.45 ym; E=0.358 &V

A=3.87 ym; E=0.318 oV

AFuthwbgbhniench (hal)

Uhputyhit phy (wd) '
Th.12. (A) wswndws wnuynhph (w) b L9 onpwbph (p) Jlubdwt uyblupubpp ukiyuluyght
oipdwunhfwiunud: B by dudnd (w) wdbgqus L9 juptph UNRU wwwlbpp b 2 dudqu

pupwugpnid (p, ¢) wlkgyws dpypnutinpuljub dqjus ppqudl Ynquuljutnh SEU yquwwnlkpukpp

2nppn m ulhpyws k Enwpwununnhs hwdwlwupgbpnid
twlnunnigqusputph Upguljguyhte uwnUiwnwewgdu htunwgnudwip:
Oquugnpsdtiny hns dhowjwiph wpwdquljuinipyui dnpljp juwnwpyl) tLY-tph b
twunjunnnsitph  dpgulguyhtt vwnpliwpwewgdw  wpnghuh  pwlwlulwi
nuntdwuppmpmbt  kpbp InAs_,_ P, GaAs_, H,P, b S, ,GeC,
ynipulut hwdwlwupgbpoud: Zwoqupduws bu bwbnynquijukph (uy.13) 1phy
Fukpghwitpp (1), huyybu wb gpuig Yppunphulub takpghwih (2) b swjuph (3)
Jupunidubpp pponn skpunh b wmwlnhph gwigh hwunwwnniutbph hwpwpbpufu
wnwppbpnipiniihg (e=Aa/a): Zwipyh k wntjws pponn otpnh hwuwnnipjut jujuntdp e-
kg Pnpdwpuwpulut  wjjuyubph  dnwnwpydwt dbpnnnd wpuwsyl; b
hwdwywunwujuwt hopdwnwljut putwdl (4):
. UL.13. (wm) RY-Lph (twunjunpngh) phy wquun
tubpghuyh  Yujunuip — Ynquuh - durfuyhg:
INASSHP pumuinpmipjuitt ppquidl Ynquuih (p) b

twlinjunnngh (q) SEU wuwwnljkpukpp b () npuig
upubdwwnply tkpjuyugnudp

E- 4(yeoosec€ - %ez(on +Cyy)ae 3584 ctgﬁjv 2f3gY39 - 3:2(Cyy + Cag P 0vyge: (D)
7
42,2

Sag0 @)
l0s2(Caa + Caa )]

E" (8)=%(4}/e cosect — 262(Cyq + Cag ) dyet ctga)3

19

3
V*(g ©

3
_ 8 Vel 4 7 1 dyer CtQO Ct92¢9
9 :2(Cyy +Cyq2(-v)sine 9 (Cr1+Cas)ll-v)

dyet = a8 cm | a=15265x10"8cm: (4)

(1) = (49) pwudubpnd ye-u mwynhph dhwynp dwlbptuh wquun tubkpghw k,

dyet -0 PRoNY okpunh hwunnmpyitp, v =A/[2(1+ )] Mniwunbh gnpswlhhgp, 4 -b,
#-ul G-’ Lwdkh b wowdqulijutinipjub qgnpswlhgubnn:

Zupyuplytp b gpudhlnplt yuwnlbpdt o InAsSh, InAsP, GaAsSb, GaAsP,

SGe b SC tplypununphs b INASSHP (ul.14), GaAsSHP ni SGeC bLnwpwnunphy

hwdwlwpgbph htywhu phy Eukpghuyh juwjunidubpp Swduwihg (1ly.14w), wyuybu b
Uphwhlulwt Hibpghugh (Wh.14p) b sunjuwrh (uy.14q) Yuhmultbpp ehg b whin
[ndnyph pununpnipniihg:

Ul.14. (w) InAsSHP Ynquuljutiph
Futpghugh  Yujunudp - dwuihg  (1-
£=0.002, 2-£=0.004, 3- ¢ =0.006, 4-
£=0.007), ® Yphunhlulwh
Futnqhush, (q) Yphwhlulut swdwh,
() htnni]  $wgh  hwghkgdwi
wuwnhfwith fuunidp e-hg

Ebkipghu (2)

v jem’)

8nyg t wupyky, np npnowlh £ =" wpdtph nhypmd wddw Ukjuwthqup hopugnod
E £49-tph uwnUuwnwowgnidhg ntwh bwbnjunnnsh Adlwdnpnid, hull Eppopg
pununnppsh tkpunidnudp whtn (nusnyp httwpuwynpnipinit £ wnwjhu junwdupbinu
husytu ppenn okipnnh hwuwnnipiniup, wytiytu b LY-kph b twinpnengutph swhtpp:
dtpp tpdws Epkp wnipwlwb hwdwlwpgbph hwdwp hwydupldl] o jpwuntdwb
wquu tubkpghwibpt hywbu hwdwwywwnwupwb gqnuygbph, wytwbu E wdpnne
Enwpwnunnhs whuy nwsnypubph hwdwp: Ywnnigyl] b gpuig 2D b 3D (ul.15)
upubdwwnhl wuwwnykpubkpp:

L, )

TeWRK

UY.15. ULy unjInASSHP  (A) U
SGeC (B) hwdwlwupghkph wquun
tutpghwitpph 3D wwulkpubpp
wnuwpphkp obpUwunh&wutbpnud:
(A)-nud (w) T=7734, (p) T=9734, (q)
T=10734, (B)-nul (w) T=11004, (p)
T=15004, (q) T=16004
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pununpnipnibibph - wthwdwnbnbjhnipjut  wphpnypubpp thnppuimd G
otpdwunhdwuh pupdpugdwip qnigpupug:

2hugbpnpn  gmoijup Wdhpdws O INASSHP pununpmipjub nuylyuluwdl b
Hhyuwppuyhtt RU-kpp LEjupubhqhjului, owyunkkjupnuughtt b dwquhuufuh
hwwnlmpjniuubph  hbnwgnudwip:  QbEpduwyhtt Juinindughtt thnpkigpdwt
wnkuninghuyny wewbg ($C-1, npyytiu phuniught tdny) b INASSOP LY-tpny (HL-2)
INAs (100) wwlnhph dwlbpunyph Jpuw dbwynpdlp o Cr/Au  dhnwunuliub
ohdwlwt  hwwlukp, npnbg  Epipuwswhwluwt  wkupp popdly &
$nunnnhdwnpnipjnitibph ubpyuywgynn withpwdbtown wuwhwbgtbnht
hwdwywunwujuwi: Ldnwpubph wojpwwnwpuyhtt dultptup juquty k1 dd2

Lkpujugdus Eu dC-1 b DC-2  Inunpugniupsutph  Ynjm-wdwybpuyght
punipwugptinh (AUR) swihdwl wpynibupubpp, Juunwpqus hsybu ubkiyuluyghb,
wjiiybiu k) hbnniy] wgqnuh obpdwunhfwhbpoid: Znuwbph swihdwd hwdwp
oquuugnpdybky k «Keithley 6514» hklunpnubwnpp, hull jupdwt hwdwp® «B7-38»
Unpuidbnnp: 8nyg k wipdky, np INASSOP  punuppnipjut LY-] wejuynipniu INAs
wnwlnhph dwlbpinyph dpu phipnud £ hwdwljwupgh dwlplinipughtt phdwnpnipyui
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thgpwlhpubtph (unpnsubph) nknuybwgdwdp: b iwuppbpnipnit $C-1-h, nph hwdwp
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+1 9 whpnypnud, $C-2-h hwdwp 0.52-0.58 9, jupnudubph nhpnypnid tjuwngby ©
otnnud  gduwyunipinithg  (Ynupwsdp): T=779 ohpdwuwnhdwiunid Yhpunduws
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wpnudibph wdpnne whpnypnd $C-2-h hudwp phndb) B £Y9-nd hwdwlupgkpht
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hwunwwnnit Ukdnipinit (<73 ud) b jupugws st jupnidhg, hull $C-2-h hwdwp® 0.28 4
1 0.54 9 jupnudubiph phwypmd tjungus L «hnubipr jupdwb huywtu 1 42g, wjtybu
k1 Uzg (u4.18w) hwlwjunipjut nhypnid: Spdl) E uyy «hnubphy wnwowgdw
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dhony RU-tphg ntiyh InAs wmwynhph Jukinufub gnnh b hwjwunwyp (aly.18p):
£Y-tph wpjuynipniip tywunt] k twb nttuynipjut thnppugdwiip dnwn 5 wiqud:

8nyg L wpdl, np INASSOP  RU-bpnd $C-2 pnuinpunnithsh hwdwp T=774
obpdwunnhfwunid  Ynjun-nitbwluhtt  pumpwgph  swhdwt dudwbwl jupdwb
Ukbwugudwl b thnppugdwi pupwugpnid nhunyly Bu ntbwlnipjut ((hgph) hwlninnjus
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gnpdtwfuinpbklt hwuwnwwnnit dhigh 10°2g hwdwjunmpniup, hull wydbh kS
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Epypuswihnipiub nhwpnid (uly.21w): HC-1-h hudwnp nhnydk) E dwqihuwljub nuownhg
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ynupJudputiph» whpnypubp, huyybu  bwl  dwquhuughdugpmipjuit jphun
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dC-2 tdniph dwquhuwunhdwnpnipjutt Ynph Jpu «Ynupguspubpp» nhundb B
dwquhuwwb guownh hugnighuyh gpbpt dplbnygh wpdbpubph whpnipbbpnod
(uy.22w):

104.6 () 164 T=774 () hy

1044 T=77u 144

104.2 L 1.2 )
104.0 1] —_—

103.8

4r7 T=300Y
47.4

47.1 04 -
46.8 02+
465 T T T T T T T T

00 01 02 03 04 05 06 07 08 0 041

Uwgbhuwlwb quisinh hinmilhghw, S

Uwqipuumpdwnpnipynih, Ohd
dR/dB, Ohi/$
e
el

02 0,‘3 lllq 05 06 (L) Djﬂ
Uwglhuwiluwh nusinh hipnihghw, S

VW22, (w) T=3004 b 779 ghpUwunpgutubpmid $C-2-h dwqihuwnhdwnpmipub b (p) T-774
dwquhuwunhdwnpmipjut wswigyuh jupnidubpp dwquhuwlwh nupnh hugnighwghg

ZEnniy) wgnuunud dhigh 0.8 S hugnighuyny guonnid junwpus dwpulyplhun
swthnidubph  wpmynitipubph hhdwt Jpu juenigyl] b dwquhuwunhdwnpnipjut
wéwiugyuh Jupunudp  dwquhuwlwb  guownh  hunmiyghuyhg  (Wy.22p), nphg
hwoquplyl) i wnbknujiwgyws junpnsubph INAs wwlnhph Jujkitnufub gnunnt
wpwunwnhll Unin b wpgbpdws gnuumd snpu Fobpghwlwb  dwljwppulubpp
by =0.53 ukd, hy =0.91 Uk, hy =1.55 dtd, hy =2.32 dkd:

ZEnnil wgnup ohpdwunhfuinid hbnwgnundt) Eu InAs mulnhph Jpu wdbgyus
£Y9-tiph  pnuinpnudhubugkugh  (dL) uwblwupubpp:  Bphypnpn  ubnh  INASSHP
punuopnipjul spuynyus LUY-ny IC-2-h L uwblwuph Jpw nhundbt] b Eplne
Udwpuhumd  (W4.23w):  Unwghtip' £0.404 b  tukpghuyh nhwypnid, npp
hudwywwnwupiwind k sjkghpyws InAs mmwulynhph wpgbjjwé gnunnt juyunipjutp
htnnil wgnunh ghpdwunhdwinud: tw tpwbwlnid k, np nbnh k nibbund EEjupnt -
junpny  qnuqbph  owwn  wpwq wwpwswlwl pwdwinud, b Lwpwquypuyht
YEpwdhwynpnidp wknh b mbkimd £Y-phg pnipu’ InAs  wwlphph Swunud:
Epypopn wbkih thnpp £=0.397 £, Fubkpghuyh dwpuhunidh hwdwp yuwnwujpwbiwnnt
E £U-mu wbknh mukgny wpwquypuihll Jepudhwdnpnudp hunnppuljwin pyub
ganph - £Y-tph Lhpwgnunph wiugdwi sunphhy: Uju thnpdwpwpulub wpyniupp
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Uh.23. (w) HC-2 b $C-3 tdnipubph $nnnpnmudhibugkugh uykljpinpkpp T=779 ghpdwunpgwtnid,

(p) INAs (100) wwlnhph Ypw wdkgws bpljpnpn  uknh  INASSHP RU-tph  gnunhwiljut

Qurnigwsdpp b tubpghwljwut dwwupnuljubph ujpbdwnhl wuwnlbpnuip

£U9-tph Eukpghwlwb uwybklnph wibh dwipwdwut b dogphn hkwnwgnndwi
hwdwp wkgyt) L n- INAs/p- INASSHP nhnnuyhtt hknbpnjwenigwsp (SC-3), nph p-n
wigdwt wnpunwugws skipnnmd pulndus tu L£Y-tp: LY-p b 4 jd hwuwnnipjudp p-
INASSOP Ly hwniwpuwght okpinp wdtgyl) ki punwpwnunphs In— As—S— P hbtngnily
thnithg: $C-3-h LU-kph wdkguwl nbktninghwljwt wwydwhibkpt phnpduws L
unyup, hy IC-2-h uvnbnddwb pupwugpnid: p- INASSHP  twhwwpuuwghtt okpunh
pununpnipnibp phwpdl] Eouwgbiybu, np nibktw =0.48 E4 wpghjjwus gnuinc
wumpinit T=78 U ehpdwuwnhdwunud: Udkih ks wpghjdué gnunt jujinipjudp
tyhunmwpuuyhtt okpuip twju wwwhnynud b “owyunhjulwt wwwnithwl”, huly
wnubkughwjuyhtt wpgbiph unbnddw sunphhy wwwhnynd t bwb EEjwupnuukph
nbnujiugnid  Epipnpny ubph £U4-nd b dwnwquypuyht  YEpudhwynpuwb
hwjuwiwwinipjut Ukdwugnid: ZEnnil] wqnunp okpdwunmphguinid hknwgnungb) k wyu
Junnigusph SL-h uwblup (W4.23w), nph Jpw ghwndl] £ phun wpunwhwjungus
Uwpuhunid £-0.371 k. Eubpghuyh nhypnid: Shnnudp $C-2-h hhdbwlwl' £-0.404 b
Udwpuhunidhg Yuquty t 332 ukd: Uju wpdtpp  hwpquplyus InAs wiwlnhph
Jukiinujun gninnt wpwuwnwnhg, pungmbdl b oopybu £4-md wbnujiugdus
Junnnsubph wnweohtt tubpghwljwt dwjupnuly: $C-3-h SL-h uyklwph Jpu nhunyty Ea
tuil “Yninpjuspubp” £'= 0.382 t, £=0.39 k4 b £'= 0.398 td tukpghwbph nhupnid,
npnlp pugulumd  Eu spulndus £LY-nd DC-2-h IL-h  uwhklnpubpnud: Uy
Ynupdwspubtpp, hwjwbwpwp, wppkd punipugpnid B mbnuytugqus funpngitph
tplpnpn, Gppopn bosnppopy Fubpghwljwh dwliwprulubpp: Zudwgpbim] htgnly
wqnuh  okpdwumphfuinid  Yuuwpws  pnunnpnudhibugiigh  uwbliunph  m
dwquhuughdunpmipjuts  swihnudutph b hknwgnumpniubiph  wpyniupubpp,
thnpduwluinpktt npnodkp £ INASSHP  tpypnpn ubnh £Y-nud  nbnujiug]us
hunnnstitph Eubpghwlub uybljupp’ £:=33.2 Uk, A2=21.4 Uk, A>=14.3 Ukd, A+=6.2 Utd,
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h5=2.32 Utd, he=155 utd, £~0.91 Uk b As=0.53 Utd hwojuplws InAs wwlynhph
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wpmnbupun quitgush wpdkpp M’ =0.029my:
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Uwpupumulitp’ A=3.68 Ul b A=3.9 Ul wihph Eplupnipnibikph phypnd (.24w):
bPusyytu pupwihpuyhti oknnudp, wytybu by jpugnighs dwpuhdnidubpp pugunpyly
El RU-kph ubpypdwdp:

— PD (U=2mV)
— QDIP (U=6 mV)

<4
®
o
™

o
>

o
Y
o
s

A=348pm  A=365um

o
N

Snumnwpduquitp (had)
5

bnunnwpdugubip (hal)

=)

26 2.8 3.4 3.6 3.8 4 3

3 32 38
Uthph bplupnipymt (afpd)

32 34 3:6
Uphph Eplupnippnc (dipd)

Ul.24. (w) dnuinnplinmihsubiph Eupuljupdhp inhpnyph $nnnwpdwquiiph vybljpinpibpp U=2 494
b U=6 U4 qupnuditiph nhwpnud (PD-5C-1, QDIP-3C-2); (p) mwpplp jwpnudubph nhypmd $C-2-h
Inunnwpdwquiph uykunpubpp ukyuluwght gbpdwunhguund

‘Lunuputiph $nunnwpdwquiiph uybklunpubpp swthyt) b twb wpuwpht jupdwi
Jhpundwt wyuydwbubpnwd (uly.24p): 8nyg bt wpdl, np LY-nd IC-2-h phwypmid
tnyhuly  thnpp  Upsh  +2Ud  qupmdubp  Yhpuwnkjhu wbnh B mbkimd
dninnwpdwquiph uvybinph Jpu tjunduws jpugnighy dwpuhdnwdubph pyuyght
wpdbputph twjut dkdwgnid: Uwubtwynpuybu, + 1.5 U9 jupnidubph Jhpundwi
nhupnid A=3.65 U whph tpjupnipjuit hwdwp nphnwsé dninnwupdwquiiph wpdtpp
gnpstwluinpkt  hwjuwuwp b hhdbwlwl  A=3.48 Yy wihph bplupnippub
dwpuphunidh wpdbtphly, npt nith juplnp hpupwlub bywbhwlnipnit “puqiugnyi”
dninnpunnitihsubip untindtint hwdwn:
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£U-ny hwdwlwpgbph owwnkkjupnuughtt hwwnlmpiniuutph hbknwgnundwi
pupugnid ghudbp E twb hwenprny Yuplunp Jhpwnwfwb tpwbwlnipmnit niibkgng
bplnypep qpuibiglly E $nnnupduquiph wqpuiowh wnwbg wpnwphtt jupdub
Yhpundwi: Uy Eplinyph npujuljut pugunpmpiniup npydt) L hhdudbng Eplipnpy
ubnh £Y-phtt punpny ni1 ppuignid wnbnh niukgnn (hgpwlhpubph wwpuwswliui
pudwidw b piknugdwt ynunkughwh wnwepwmgdwi Ypu:

‘Lunoubph oyuinkkjnpnuwghtt hwnlnipniuubpp hbnnwgnungl; G twlb He-Ne
jmqtph  wwppkp  wihph  Eplupnipjut fwnwqupuiui wqnpbgnipyut wnwl:
Uwubwynpuybu, A=0.63 dhd, L.15d4d b 3.39dyd wphph Epjupmpiniutbpny
(uqtpuyhtt Swpwquypdudp gpubgl] ki INASSOP £Y-tpny $nunplnnithsubpnid
ghubpugywé wwpwy pupwgph jupmd b Jupd dhwgdwt hnuwbp ublyulught
ohipdwunhfwinid:  &wnwquypdwt  A=3.39 U4d whph btplwupnipjut  phypnid
qpuiigqus (updwl U hnuwbph qquyniunipnibubph wewdbjugny wpdbpubpp
Juqul] o hwdwywnwuppwbwpwnp 2 9/9n b 82 UU/Jdwn (T=3009): 8nyg k nipyty, np
ugyu $nunpunnithsubipp Yupnn £ bwb oquuugnpéyty 1200-1300°C ghpdwuwnhdwing
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nhdwnpmpjut 14 % wpwybjugnyt thnppugnid, hull A=3.39 dyu-h ptuypmd’ dhsh
17 % (u4.25), npp pwdulut juy wpyniup b ubkn gnunhwlwb Juenigquspny b
guspwohu Jhuwhwnnpyhsubpp hhdwi Jpw wunpuunyusd
$nunnnhdwnpnipniuubph hwdwnp:

S s (w) 0214 A=3304 (p) .25, Hhuiwnpnipjub hw-

é 0,18 pupkpwljwt thnthnpum pjub
= Jujunwdp  He-Ne jwuqbtph

o = o Iy dwil h i
= on - " wnwquypuwl hqnpnipyu

D.io 104 o 7o juinnipniihgt  (w) A=1.15
XTI i B wd b () A=339  uyd
g 006 wihpibph  Eplupnipnib-

ubkph nliypnid

004 v . 0.03
010 012 014 016 018 020 022 024 006 008 010 012 014 016 018
Zqnpnipyul unnupgnd, Suud? Zanpnuprab ungpnd, Qe
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wiugdwt wnpuwnwugdwt skpunnud punyus b LU-tp: Nputiu mwulnhp oguuugnpdyty
tu siEghpdws b 400 UYu hwuwnnipjudp n- InAs (100) wpynibwpbpulu pniptnubpp
(n=2x10' ud3): £LY-n] phonuiptt hbnbkpnjuemguéptt wdkgyly L dky
wnkuninghwjutt wpngtuh bplyne thoybph pupwgpnid: Unwehtt thnynwd  InAs
wnulnhph ypw dbhwnpyby b LY-bp (hwudwdwgi $C-2-h uinbnddwl nkininghwljui
wuwylwhibkph), wyinthbunl, (hnjukn] htgml $uqp’ wekglly & InAs  wwlyghph
piptnuiut guigh htn  hwdwdwjikgdus p- INASSHP  Eyhwwpuwght  okpun’
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wjuwinuljub 2k dbipnph puyjuyhtt vwpkgdwb qubwlng: 4 djd hwunnipjudp
kyhwnwpuuyhtt okpuip 1kqhpdly E ghuyny (p=2x10'8 ud3): Udkguwul ulqphwluis
obpuwunh&wip plunpyly k T=550 °C, hulj puyjuhlt uwnkguwt wunh&wip AT=8 °C:
Lwnwpununphy wojuwwnwipuyht hinniy pwgqh b hwdwyuwwnwujpwbwpup why
nudnyph punuppnipnibiubpt pnpdtp b wjiybu, np Jipehtiu nitktw ~0.48 L4,
wpgbpjus gnunt  uynmipmit htgm wqnunp ghpdwunhdubimd’ “ownhljulub
wuwwunthwd” wywhnybnt hwdwnp: SEU b BEU dwipughnwljubpny hbnwgnungt) &
nwlinhp-tyhunwpuuhtt punuipe pPpwdwbdwt uvwhdwbp (Wh.26): 2Quihmdubpp
hwuwnwwnt] Eu 10-hg 30 td wpwidwgsény b 3-hg 20 ud pwpdpmpjudp LU-kph
wniuynipiniip nulnhp-punquip pudwidwi vwhdwnid:

UY.26. (w) RLY-ny n- INAS/p- INASSOP  nhnnuyhtt hbnbpnjuenigdusph b (p) LY-h juyhwlub
Yupqusph PEU wuwnykpubpp

b nwppbpmpintt wnwig £Y-tph hwdwidwi jurnigyusph’ £4Y-kpny nhnqughi
htnbpnjwnniguwsph  ubljulught ghplwunhdwind  junwpjus  Jubdut b
htnnil wgnunh obpdwunmpdwind  dnwnnpnidhibugkigh uwwblunpubph swhdwb
wpnniipnid nhwndt) £ npubg Gpljupwihpughtt obnnud: Unwugqué wpyniiptbpp
pugunpyby ki wyn dnwnnnhnnh oywnkjEjnpntwghtt hwnlnipniubph ypu LY-tph
wqpkgnmipjudp b gpuiugnd  wknh  niubgnn  ghubpugdwi—Jtpudhwynpdui
Epunypubpny:

5aruuusnpE3NkL

Udthnthbp wunbbwjunumpminid - tkpuyugduws  hhdtwfwi  ghunnwljui b
Jhpwrwlwt wpynibiputpp b Ggpuhwignudubpn:

1. 8nyg Lt wpydh, np hbgnijughtt tghwwpuhwtt wpnn b hwennnipjudp
oquuugnpdyl]  twinfwemgwspubph  wdbkgdwt tywunwlny, Yhpwnking
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nwnuUbwpwowugdutt wjwinuiui Uwnpwhujh-Ypuunwingh  tnwbwlp: Uju
Equuhwugnudp ulqpniupnpbc htippmd £ wyt updhpp, np pupdp uqphwlui
wpwgnipjul yuwndweny 2B-u sh upnn oquuugnpsdyt) Eupudhypndtnpuljut b
bwtndbnpuljut junnigyuspubp wdkgutint hwdwn:
Unwguplyky b Yhpunyky t inp ijmpwpuiulub b nkinnghulwi quyuthup
towpununphy b pjughpwpwpunwunphy  whin nisnyputph - oguugnpsnidp
pYunwswthuyhtt jurnigwspubph twindupinupughunnipiut tyuwnwlny:
INAs (100) wmwynhpubipph Jpu obpduyhtt hwjwuwpulormpjut yuydwbubpnid
INn-As-S-P pwnwpwnunphy htnni $wqhg wdkgdl) i nuyyuwdlt b
Hhwuwppuyht  £49-tp, pywbwnuwghtt  onuiukp, £Y-tph  Unbynyh  unp
nwpuwwnbuwl b LY-tph onpwikp:
8nyg k wpyk), np Eupwdhlpndbnpului Ynquyutph swjwh thnppugdwip
qnigpupug wnbnh b mbbkund ppuig Gpjpuwswhwlwb nbkuph tothnjunipjut
htwnbyw) hwonpwljuinipnitip. hwwnws pnipg, pnipg, pupn dwljkptnypeny pnipg
b Jhuwgnin: @npduwlwinptt gnyg L wpdbk, np INASSOP  pununpnipjul
Unquujubph  ppqudlihg glwh Yhuwgnig wnkuph whgdwh Yphuhjufub swihp
Juquky £ =500 td, npp hwdpuljunud £ inbuwjut hwpquplh wpnyniuph htwn: 8nyg
E wpdl, np wrwdbjugnyb jupjudmpinit nhndl] b hwwnws pnipgh hhuph
ququpltpnd U wwluphph htn pwdwidwd wvwhdwind, hull thnppugnyi
Jupjuénipnitt pripgh Jkpht thunh Jhinpninid:
U&kgyty ki INASSHP Epypnpg ubknh nuyiyulwdl £Y-tp: £Y4-p wlkgyl) Gu kpkp
dudwiwlwhunqusibpmd’.  ©1=10 pnyk, ©=20 ponyk U ©-30 pouk.
Lwnjunnigyuépubph hwdwljupgp punugusé bt bnkp puwdului hwdwubn
pauohuus b UkS juinnipjudp thnpp LY-phg, npnug htin hwdwwntn wejw Eu twub
Unwn kpkp Jupgny wytjh thopp funnipjudp, puyg wybih dks swhtph £U-tp: @npp
£U-tph dwlkpimipuyghtl jpnnipniip Juquly E(6-8)x10° ud?, hulj npuug dhehtt
npudwghdp b pupdpmpniip hothnjudl] B hwdwywnwujuwbwpwp 10-hg 40
wd b 05-hg 15 ud: Zwdbdwwnwpwp uUks LYU-tph dhohtt wpudwghdp b
pupdpnipjniup 70 wd-h b 25 wd-h Yupgh G Yhunduws  Lpydnpught
uunUtwpwewgnidp  puguwnpyl] b hwdwlwupgnid wbnh nitbgnn LU-tph
gnyquynpiutt b oundjuypyutt  hwumbwgdwt wpngkuubpny: UNRU -
swthnudubph  dhongny gnyg L wpdh, np ounduppub  hwumbwgdwi U
poipinugdut dudwiwlh dkdwgdwt pipwugpnid nknh b nitbinmd nuyiyuljudh
£4-tph wbkuph thnthnjunipmb fhyuwppuyhtt wbuph, puyg npnud puuyunudp
mbnh b nmbbkind hpdtwlwinid  InAs(100) wwlnhph dwltpunyph [010]
nmpjudp: Ejhyuupguyhtt LU-tph dwbkpunipughtt pnnieniip juqdtp £ G-
8)x10% ud2 Zwoqunlyky ki Hhwyuwppuyhtt £Y-tph punguydwb gnpswlhgubpp
(L/L) X, Y Zmynmpynibbpny Zy/Zy=1.23+0.12, Ly/L2=9.2+3.6 U Lv/L2=7.9+3.5:
zhknnugnuyly E nuyiyuljwdl b Ljhyuwpnuyhtt RY-tph pdh jujunudp gpubg
Uhohtt wmpwuwgshg: 8nyg b wpdk), np thopduwfuinpbi uvnugws pupjunidp
nuylyuljuwdl LY-tph hwdwp Uks dounnipjudp Unnnwplynid £ Fpud-Cwuphtph
dntughuyny (Unwnnwpydw Lonnipmniup ~97%), hul] L hwuwpnuhtt LY-Lph
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10.

11.

12.

hwdwp  quniuhwing  (Unnupiwl  umpmtp  ~99%), npb wjinthtnb
dwthnfjuymd . Thdohg-Ukqndh  wbuph  pupjudwil:  Fmipbnugdwi
dudwiwluyhtt  Ywpniwdhg npnpdkp b £9-tph wdh  dhoht  pwnwynuyht
wpwgqnipjniup, npp Juquty E~0.05 ud/A:

Ghpunkiny Lhdohg-Uykqny-dwqubph wkumpniip’ gnyg k wpyty, np wéh thnpp
dudwiwlubpnd  INASSHP hwdwljupgnid  LYU-kph  vwnduwnwewgniup
neyujupdnud - - wwnhph - dwlbplingph  dpw ebwlghugh  wpugnipiundp
(dwqubph pupunid), nph qghwhwnyws pYughtt wpdtpp’ B = 2.65-107" wd/], hul
Ukd  dwdwiwlitph nhwypmd  Swjwpught  nh$nighwyny  (Lh$ohg-Upkgnih
puojunid) nph gnpdwlhgh pyughtt wpdbpp' D =3.17-102 wi?/): Ounuynyuib
huwuntbwgdwi vhowljju dudwbwlubpnid quiqyush wknuthnpudwt wyn Eplne
Ukhwthquukpp gnpdnud ki dhwdwdwbiwl:

INAs (100) mwynhph Jpw wdkgyl B (1-3)x10° ud? dwljtplnipuwhtt jpnnipjudp
INASSOP  pJwltviuyhlt onuiljutip: LO-h wpuiwphtt mpudwgsh owwhdw] wpdbtpp
tnky k35 wd, ubkppht wpwdwghdp thntinjudl) t 1-hg 10 Wwl, hul npubg dheht
pwpdpnipiniup tntp k10 bd Yupgh:

Udgkgytp Lu InAsSH/InAsP  LU-tph unjklnyubp (RYU): L£Y-tph dnkynyp
punugwsd b Yhunpnuwlwh £LY-hg, npp opowwyunnus k hhdbwluwinwd g
twnfpunnnsbpny: £U-tph (RUU-tph) dwljtpbnipuyhtt pnnipniup juqudt k(0.8-
2)x10° ud?, hul nppuug dhohtt wpwdwghép b pwpdpmpmpiup Lok Eu
huwdwwwwnwupwbwpup 5-hg 45 Wwd b 2-hg 20 wd: ‘Lwunjunnnsubph
dwltplnipuyhtt funnipiniup Juqub) k (6-10)x10° ud?, hul] dhohtt npudmghdp b
Junpmipilip’ 5-hg 40 td: Yhwndly £ LYU-tph fyubdwi kqph bplupuihpughi
otnmud A=3.44 uld-hg dhtsh A=3.85 dliu, hlywhu twlh Jubdwt uvybklhunph
uyuwugnid dhiiph A=2.75 U Jup&wihpuyhtt nhpnype:

Oquugnpstim] mp-gnunpuljub k-p uUnghip’ wbuwlwinpbh hbnugnly b
INASSH / INAsP LY U-h owyuinkjEjunpniwghtt hwnynipniuubpp: 8nyg k wipdby, np
wntinh £ ntubinud junengtiph juhun nbnujiugnid LUYU-h JEunpnuwjut £9-nud:
Zupyuplyly E twlb pbnugdut ynnbkughwh wpdtpp, nph dkdwgnyt wpdtpp
Ququty E+1.33 Ud:

INAs (100) wwynhph Ypw pwnwpwnunpps hbnnily dwqhg wdkgdl; bu
INASSH / INASP £U-tiph onpwkp, npnup hhltwljuunid ninnnpnjws ki knty [010]
pipbnugpuljuwt ninnmipjudp b nitikgh) G 2-hg 5 dhd pupnipemnii: LYU-Lph
onpwikinh wwppbpnipmip Yuqub) b =120 wd, £9-tph & twinpunpnsubph dhoht
npudwghdp hwdwyunwuwbwpup 4027 Wl b 20s5 @i, hul] npubg
Uwlbpimpuyghtt pinnipymip (2-5)x10° wd? b (1-3) x10° ud2 Yhuby & LYU-kph
onpwlitkph Yuuidwh kqph bplupwjhpughb oknmd’ Uhiish A=3.87 pm.

GQuuuwpylp t £9-tph b twbnhnpnsubph  dpgulguyhtt  vwnUbwnwewgdw
wpngkuh pwbwlulut ntuntdbwuhpnipini kpkp InAs_,_, PR,
GaAs,_,_ P, b I, ,GeCy bknwpununphy Wnpuwlwb hwudwlupgbpnud:

Zwpquplyyl) ko twinlynqulubph phy Eubpghwibtph b ywdbph Jupumdbbpp
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13.

14.

15.

lwpJuwsénipiniihg: Nunidtwuhpyby b hwpygh £ wntigt) ppenn skpinh hwuwnnipjut
Juwpunudp gwigh hwunwwnnibubph wwppbpmipyut yundweny wnwowgus
nhdnplughuyhg b wpunwsyt] Eu hwdwyuwunwupwt hnpdwunwjut putwdlibp:
8nyg bt wpdl], np npnowlh Yphpunphujwb jupdubsnipjut ghypnid wddwb
Ubjuwuhqup thnjumud £ LY-tph vwnpdiwnwewgnidhg twinjunnnsh dbudnpdut:
8nyg L wpyk, np Eppnpn  pwnunphsh  ubpunisnudp  whun  nsnype
htwpunpnipinit £ nmwjhu junwdupbnt hisybu pponn okpnnh hwuwnnmpiniup,
wylybu b £9-tph b bwinjunpngubiph swihbpp: Zwoqupydl) b pwnbdut wqun
Eubkpghwt hiyytu hwdwywwnwuppw qnuygqbph, wytybu b wdpnne Enwpununphy
whtuy (nwdnyputph hwdwp: Npnoyl) B whiy nudnypubph punuypnipmpiittph
Juynih, dbkinuuynit b ny Juynit (wthwdwinbnbihnipjut) dhowljuyptnp wwpptp
ohipdwunhfwubpnt b Yuenigyl] Gt Ynughnpughnt  Gowlynibubpp:
Uwutwynpuwtu, gnyg b wpydk, np ghunwpiws pnnp whin pusnypubpnid
nputg pununnpnipnibikph wihwdwinbnbihnipjut wnhpnypubpp
otpdwunhfwh dkdwugdwp qnigpiipug thnppuinud Ll

8nyyg k mipyti, np ukiyuuyhtt gbpdwunhdwinid INASSOP RU-tiph wnjuynipniip
INAs  wnwynhph dwlbpnyph dpu phpoud E dwlbpunipughtt ghdwnpoipjut
Ukswgdwit' 6 Ou-hg ($C-1) thiish 38 OU, mbwlnipjut thnppugdwh Untn 5 wiquid,
husytu twl 0.28 9 1 0.54 9 jupnidutiph nhypnid nitbwlnipjut punmipugqpuljut
«thnutiph» wpwewglwl jupdwl 1 42g b 1 UZzg hwdwhnmpjut nhypmd: T=77 4
ohiplwunhfwinid £Y-tpny hwdwluwpgh Ynpun-ntbwluyht pinipwugph  Jpu
updut dbswugdwt b thnppugdwt pupwgpnid nhndb] Bu nttwynipyub ((hgph)
hwlinignws wwwnwiunwlutp b AC=0.483 wd hhunbpbqhu: Zwlniynyus
nwunwinidubpp pugunpdl] Bu LY-tph “\hgpuwynpiut” b “thgpupwthuiwui”
tplinypeny, hul hhunbpkqhup’ kpYpnpy ubnh LY-mu wowgwgnn Uhwgnprughi
putinugdudp:

£U-tpny  uwdnwpubph dwquhuwpghdwnpnipjut Ynph Jpu tjunydl; o
<ynunpJusputph» wnppnypubp i1 dwquhuunhdwunpnipjui hithuwn
wihqnuupnuympinit X, Y Z nnnnipjnibkpny: Uy «gnupduspubpp» ghudl Ea
ubkiyuuyht b htngml wqnunph  ohpdwunhdwbubpnid®  gqphipk  dhtbngh
dwquhuwuwt  hugnijghuyh  wpdbpubph  whpmpubpoud:  Zhnnll  wgnumd
Juunwupdws  swhmdubph  wpmynituptutph hhdwbt  Jpu juemgdl;  k
dwquhuunhdunpmipyutn. - wéwuguh  Juwpnwdp dwgihuwlwt  nuownh
hunmyghuyhg, nphg hwaquplyl) b wlknujtugjws funengubph InAs wwlghph
Juttnujutt gnuint wpwuwnwnh tjundwdp Unnwlw snpu  tubkpghwlut
dwljupnuljubknh wpdbpubpp:

T=77 4 otipdwunhfwinid hknwgnunyt) Eu InAs nwlinhph Jpu wdkgqus LY-tph
dnunnpnudhibugiigh  uybtupubpp: Gpypnpny ukeh  INASSHP pununpnipjul
spiynws LU-ny wdnioh $L uwyklunph Ypw nhuby b pynt dwpuhdmd’ £-0.404
Ed Eubkpghugh nhypnid, npp hunwly hwdwywwnwuppwiund b osjighpdws  1nAs
wnwynhph wpgbdws gnunt juyinipjuip b £0.397 t4, tubpghuyh phypnud, nph
hwdwp  wwunwupwiwnn ot £9-md wmbknh mbbkgnn  qhubpugdwi-
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16.

17.

18.

19.

Ytpudhwynpdwt  Ephnygpbbpp: £Y9-tpp p- INASSHP Ewhwwpuwght  sbpunyg
Swsqws udniph L uwbluph Jpw nhuydl] £ twb juhun wpnwhwyndws
dwpuhunid £=0.371 94 Eubpghuyh phwypnd, hiswbu bwlb “Ynunpduspubp” £ =
0.382 14, £=0.39 £ b £ = 0.398 L9 Lubkpghwubph nhwpnud, npnup puguljugl) L
spunqud  £Y9-tph  SL-h uwybhuwpubph Jpu: Zwdwnpling htnnly wgnunh
obipdwunhfwunid  Juunwupjws IL-h uwykluph b dwqhuughdwunpmipjut
suthnuftbpp thopdtwlwinpk npnoyly & INASSOP  Lphpnpy ubknh LY-mud
ubnujiwugdusd junnnsubph Eubpghwlwt uybliupp b gputg wpynibwpup
quitiqush wpdtipp’ M =0.029my :

Thugl) Eu LU-tpny tdnpubph dnnnwpdwuwquiph uybklunph Eplupwihpught
otqmud” Uhbisl A~4 UGU U jpugnighs dwpupunidikp A=3.56 Uu b A=3.65 Ulju wyhph
Epupnipjutt ghypnid  ubyuluyhtt okpdwumpdwinid: 8nyg E wpydl, np
tnythuly thopp dpsh + 2 U qupnidbph Yhpundwt dudwimy nknh b otk
$nnnwpduquiiph tpgus jpugnighy dwpuphunidubph pyuyhtt wpdbputph tujut
Ubdwgnid, npp  hbwpwynpmpmpit E wwjhu unbndl] “puquugnyi”
$nunnpunnihsubp:

£U-tpny YJupniguspubpnid phudl] B twb $nundnpunughtt  Eplnyp, nph
npujulut puguunpmpniip wpdl] EoEpypnpg ubeh £9-nid wbknh niikgng
thgpwlhputph  wwpwdwlwt  pwdwbdwt b publnwgdwb  wynwnbkughwih
wnwowgdwb hhdwh Ypu:

Uwnbtnéytyp Eu  tunp  ubkpunh  dhehtt  Gupwlwpdhp whpnyph £9-tpng
$nunnpunnibihsibp’ $nnnphdwunpmpynibibph wkupny: He-Ne juqkph A=3.39 Uy
wihph tpupmpjut funwquypdwut phypnid wyn dnnnphdwunpnipmniubpnid
gpuiigqué jupdwb b hnuwbph qqumibimpiniubph wpwybjugny wpdbpubpp
Juqul] o hwdwywunwupwbwpwnp 2 9/9m b 82 dU/9w (T=30049): 8niyg k mpyly,
np unbndjws pnunpunnithsubpp Jupnn Gt twb oquuwugnpédyt; 1200-1300°C
oipdwunhfwuny dwpdhuubph okpduyhtt fwnwquypdwt qpuugdwi hwdwnp:
Ukiyuwluyhtt obpdwunhfwinid A=1.15 d§d wihph Epljupnipjudp jugbkpught
fwnuqupdwt  nhypnmid phudlp B dnunplnmithsubph dwlbplnipught
nhuwugpmipju 14 % wnwykjugnyu thnppugnd, hul A=3.39 Uju-h ghypnid’ dhsh
17 %, npp (Y wpmyniup L ubn gnuphwlwb Jjupniguspny b gudpwohd
Yhuwhwnnpphstutiph hhuwb Jpuw unbindyus pnnnphiunpmipiniuutph hwudwp:
Uuntindyl] kb twl dhohti Kupwlwpdhp whpnyph $nnnpugnihsibp’ n- InAs /p-
INASSOP nhnpuyhtt hkwnbkpnjurnigwspubtp, npntg p-n wigdwh wnpunug]us
otpunnud pulngus L 10-hg 30 ud npudwgény b 3-hg 20 ud pupdpnipjudp LU-tn:
P wwppbpnipnit wowtg L£Y-tph hwdwidwt  Junnigfuspubph, L£Y-tpnyg
nhnquyhtt hknbpnuemgluspbph ukbjuuyhtt obpdwunhduimu junwp]us
Juiudwb b htinniy wgnup ehpdwunhfwunid $nunnjnidhithugkugh uytnputph
swthdw wpyniupnid nhnydl) kE nputg Epljupuwhpughit obnnud:

32



10.

SNUSIUD UCVUSULLLET 8SNh8UY

K.M. Gambaryan and V.M. Aroutiounian. Growth and Characterization of Cooperative
Quantum Dot Chains in Quaternary INnASSoP Material System. — AIP Advances, vol. 3,
issue 5, p.052108 (5 pages),May 8, 2013. (AIP) DOI: 10.1063/1.4804547
V.G. Harutyunyan, K.M. Gambaryan, V.M. Aroutiounian. Novel narrow band-gap
INASSHP -based quantum dot mid-infrared photodetectors: fabrication, optoelectronic
and electrophysical properties. — Journal of Nanoscience and Nanotechnology, vol. 13,
issue 2, p.p. 799-803, 2013. (ASP) (Impact Factor: 1.56)
K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan. Nucleation features and
energy levels of type-II INASSOP quantum dots grown on InAs(100) substrate. —
Applied Physics Letters, vol. 101, issue 9, p. 093103 (5 pages), 27 August 2012. (AIP)
[http://dx.doi.org/10.1063/1.4748574] (Impact Factor: 3.844)
K.M. Gambaryan, V.G. Harutyunyan, T. Boeck, and F. Schiitte. Cooperative Quantum
Dot Chains Grown From Quaternary In—As—So—P Liquid Phase on InAs(100)
Substrate. — ‘“Semiconductor Micro- and Nanoelectronics’, In Proc. of the 9
International Conference, Yerevan, Armenia, May 24-26, 2013, p.p. 117-119.
A K. Simonyan and K.M. Gambaryan. Quantitative Analysing of INASSOP Quantum
Dots Size Distribution at Ostwald Ripening on InAs(100) Substrate. — “Semiconductor
Micro- and Nanoelectronics”, In Proc. of the 9 International Conference, Yerevan,
Armenia, May 24-26, 2013, p.p. 120-122.
K.M. Gambaryan, A K. Simonyan, V.M. Aroutiounian. GaAsSbP Quasiternary Material
System: Nanostructures Growth Features and Immiscibility Analysis. — Armenian
Journal of Physics, vol. 5, issue 3, p.p. 156-163, 2012.
V.M. Aroutiounian, K.M. Gambaryan, V.G. Harutyunyan, P.G. Soukiassian, T. Boeck, ].
Schmidtbauer. R. Bansen. The Ostwald Ripening at Nanoengineering of InAsSbP
Spherical and Ellipsoidal Quantum Dots on INnAs(100) Surface. — Journal of
Contemporary Physics (Armenian Academy of Sciences), vol. 48, issue 1, p.p. 37-42,
2013. (Springer) (Impact Factor: 0.28) (Xssecrns HAH Apmernnn: Ceprg Pusrka, ToM
48, Boim. 1, c.c. 55-62, 2013 r.).
K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan. Magnetoelectric and
Optoelectronic Properties of Type-II INASSHP Lens-shape and Ellipsoidal Quantum
Dots and Nanorings. — In Book: Actual Problems of Physics of Low-Dimensional Systems
(The 70" Anniversary of Academician E.M. Kazaryan), p.p. 27-34, 2012. (Editor: Prof.
Dr. A.A. Sarkisyan; Edit Print Publishing House, 204 pages, Yerevan, 2012).
K.M. Gambaryan, V.M. Aroutiounian, AK. Simonyan, L.G. Movsesyan. Growth
Features at Competing Nucleation of Quantum Dots and Nanopits in S —-Ge-C
Ternary System. — Journal of Contemporary Physics (Armenian Academy of Sciences),
vol. 47, issue 4, p.p. 173-180, 2012. (Springer) (Impact Factor: 0.28) (M3secruas HAH
Apmernn: Cepusg Pusrka, Tom 47, BoIIL 4, c.c. 265-276, 2012 1.).
V.M. Aroutiounian, K.M. Gambaryan, V.G. Harutyunyan, 1.G. Harutyunyan, M.S.
Kazaryan. Quantum Dot Mid-Infrared Photodetectors Based on Quaternary InAsSbP
33

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nanostructures. — Journal of Contemporary Physics (Armenian Academy of Sciences),
vol. 47, issue 3, p.p. 128-132, 2012. (Springer) (Impact Factor: 0.28) (X3Becrus HAH
Apmernn: Ceprug Pusznxa, tom 47, B 3, c.c. 193-200, 2012 r.).

K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan, O. Marquardt, P.G.
Soukiassian. Room temperature magnetoelectric properties of type-II INASSOP quantum
dots and nanorings. — Applied Physics Letters, vol. 100, issue 3, 033104 (4 pages), 16
January 2012. DOI: 10.1063/1.3676437. (AIP) (Impact Factor: 3.844)

K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan, T. Boeck, J. Schmidtbauer, R.
Bansen. Application of quasi-ternary INnAsSOP compound semiconductors for the
growth of quantum size objects on InAs (100) substrate. — World Journal of Engineering,
vol. 7, issue supplement 3, 2011, p.p. 345-346. (MSP, UK) (Proceedings Excellent: 19tk
Annual International Conference on Composites or Nano-Engineering (ICCE-19),
Shanghai, China, 24-30-July, 2011.).

V.G. Harutyunyan, K.M. Gambaryan, V.M. Aroutiounian. Novel narrow band-gap
INASSHP -based quantum dot mid-infrared photodetectors: fabrication, optoelectronic
and electrophysical properties. — In Proc.: International Conference on Nanoscience and
Technology (ChinaNANO-2011), Beijing, China, 7-9 September, 2011, p.p. 116-117.

O. Marquardt, T. Hickel, J. Neugebauer, K.M. Gambaryan, V.M. Aroutiounian. Growth
process, characterization and modeling of electronic properties of coupled INASSHP
nanostructures. — Journal of Applied Physics, vol. 110, issue 4, 043708 (6 pages), 2011.
DOI: 10.1063/1.3624621. (AIP) (Impact Factor: 2.168)

L.G. Movsesyan, K.M. Gambaryan. Formation of SGe quantum dots and quantum dot —
nanopits cooperative structures on Si(100) substrate. — Defense Institute after V.
Sargsyan, 9th Scientific Conference, May 30 — June 1, 2011, Yerevan, Armenia. Book of
Abstracts, p.p. 30-31.

K.M. Gambaryan. Growth of INAsSHP Lens-shape and Ellipsoidal Quantum Dots and
Rings on InAs (100) Substrate. — “Semiconductor Micro- and Nanoelectronics’, In Proc.
of the &* International Conference, Yerevan, Armenia, July 1-3, 2011, p.p. 184-187.

A K. Simonyan, L.G. Movsesyan, K.M. Gambaryan. Growth Features and Competting
Nucleation of Quantum Dots-Nanopits Cooperative Structures in SGeC Ternary
System. — “Semiconductor Micro- and Nanoelectronics’, In Proc.of the & International
Conference, Yerevan, Armenia, July 1-3, 2011, p.p. 201-204.

O. Marquardt, K.M. Gambaryan, C. Heyn, V.M. Aroutiounian, E.P. O’'Reilly. Modeling
and investigation of optoelectronic properties of isolated and coupled ternary III-As
nanostructures. — In Proc.: Villa Conférence on Interaction among Nanostructures
(VCIAN-2011), April 21-25, 2011, Las Vegas, Nevada, USA, p. 100. (Springer)

K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan, O. Marquardt, E.P. O'Reilly.
INASSHP -based quantum dots/nanopits mid-infrared photodetectors: room temperature
optical, capacitance-voltage and magnetic properties. — In Proc.: Villa Conference on
Energy, Materials and Nanotechnology (VCEMN-2011), April 21-25, 2011, Las Vegas,
Nevada, USA, p.p. 260-261. (Springer)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan. Photovoltaic and
Optoelectronic Properties of InAs(100)-based Photoconductive Cells with Quantum
Dots and Nanopits. — Infrared Physics and Technology, vol. 54, issue 2, p.p. 114-120,
March 2011. DOI: 10.1016/j.infrared.2011.01.005. (Elsevier) (Impact Factor: 1.296)

K.M. Gambaryan, V.M. Aroutiounian, V.G. Harutyunyan. InASSHP -based diode
heterostructures and photoconductive cells with quantum dots for thermophotovoltaic
and other mid-infrared applications. — ISESCO Journal of Science and Technology, vol.
7, issue 12, p.p. 35-39, November 2011. (UNESCO) (Impact Factor: 1.197) (Worid
Renewable Energy Congress — WREC-XI, Special Technical Session (S2): Radiation and
Solar Materials, p. 32, Abu Dhabi, UAE, 25-30 September 2010).

K.M. Gambaryan. Epitaxial growth and investigation of the INASSOP -based pyramidal,
lens-shape and ellipsoidal islands and quantum dots on InAs(100) substrate. — 35%
Anniversary of the Department of Radiophysics of the Yerevan State University, Book of
Invited Papers, 2010, p.p. 77-81.

O. Marquardt, K.M. Gambaryan, V.M. Aroutiounian, T. Hickel and J. Neugebauer.
Growth process, characterization and optoelectronic properties of InASSHP dot-pit
cooperative nanostructures. — In Proc.: Villa Conference on Interactions among
Nanostructures (VCIAN-2010), June 21-25, 2010, Santorini, Greece, p. 36. (Springer)
V.M. Aroutiounian, K.M. Gambaryan and P. Soukiassian. Competing Nucleation
Mechanisms and Growth of INASSbP Quantum Dots and Nano-Pits on the InAs (100)
Surface. — Surface Science, vol. 604, issue 13-14, p.p. 1127-1134, 2010. DOI:
10.1016/j.susc.2010.03.027. (Elsevier) (Impact Factor: 1.661)

K.M. Gambaryan. Interaction and cooperative nucleation of INASSHP quantum dots and
pits on InAs (100) substrate. — Nanoscale Research Letters, vol. 5, issue 3, p.p. 587-591,
2010. DOI: 10.1007/s11671-009-9510-8. (Springer) (Impact Factor: 2.726)

V.M. Aroutiounian, K.M. Gambaryan, N.G. Alaverdyan, A.K. Simonyan. Nucleation
mechanism of strain-induced INASSOP quantum dots and pits at liquid phase epitaxy on
InAs (100) substrate. — Armenian Journal of Physics, vol. 2, issue 4, 2009, p.p. 268-273.
K.M. Gambaryan. Cooperative nucleation of strain-induced INASSOP quantum dots and
pits on InAs (100) substrate by liquid phase epitaxy. — Armenian Journal of Physics, vol.
2, issue 4, 2009, p.p. 286-290.

K.M. Gambaryan, V.M. Aroutiounian. Interaction and cooperative nucleation of
INASSHP  quantum dots and pits on INAs(100) substrate. — In Proc.: “Collaborative
Conference on Interacting Nanostructures (CCIN-09)”, November 9-13, 2009, San Diego,
CA, USA, “Springer”, p. 22. (Springer)

P.G. Soukiassian, K.M. Gambaryan, M. Silly, H. Enriquez, F. Charra, T. Boeck, M.
Schulze, V.M. Aroutiounian. Strain-Induced Quantum Wires and Quantum Dots
Formation at Compound Semiconductors Surfaces — The 12 International Conféerence
on the Formation of Semiconductor Interfaces (ICFSI-12). Weimar, Germany, 5-10 July,
2009, Book of Abstracts, p. 112.

K.M. Gambaryan. Cooperative nucleation of strain-induced INASSOP quantum dots and
pits on InAs(100) substrate by liquid phase epitaxy. — ‘“Semiconductor micro- and

35

31.

32.

33.

34.

35.

36.

37.

38.

39.

nanoelectronics”, In Proc. of the /' International Conference, Tsakhcadzor, Armenia,
July 3-5, 2009, p.p. 176-179.

V.M. Aroutiounian, K.M. Gambaryan, N.G. Alaverdyan, A.K. Simonyan. Nucleation
mechanism of strain-induced INASSHP quantum dots and pits at liquid phase epitaxy on
InAs (100) substrate. — “Semiconductor micro- and nanoelectronics’, In Proc. of the /#
International Conference, Tsakhcadzor, Armenia, July 3-5, 2009, p.p. 164-167.

V.M. Aroutiounian, A.Z. Adamyan, E.A. Khachaturyan, K.M. Gambaryan, Z.N.
Adamyan, V.M. Arakelyan. Development of program-controlled titania nanotube array
formation technique. — “Semiconductor micro- and nanoelectronics’, In Proc. of the 7
International Conférence, Tsakhcadzor, Armenia, July 3-5, 2009, p.p. 168-171.

K.M. Gambaryan. Overview of InAs-based III-V Compound and Si/Ge Semiconductor
Epitaxial Strain-Induced Islands and Quantum Dots Grown by Liquid Phase Epitaxy. —
Armenian Journal of Physics, volume 1, issue 4, 2008, p.p. 247-267.

K.M. Gambaryan, V.M. Aroutiounian, T. Boeck, M. Schulze. The growth of InAs-based
diode heterostructures with quantum dots as a new material for thermophotovoltaic
application. — Physica Status Solidi C, vol. 6, issue 6, p.p. 1456-1459, 2009. (Springer)
(Impact Factor: 1.02) (The 35" International Symposium on Compound Semiconductors
(ISCS-2008), “Europa-Park”, Rust, Freiburg, Germany, 21-24 September, 2008).

K.M. Gambaryan, V.G. Harutyunyan, V.M. Aroutiounian, T. Boeck, O. Marquardt, F.
Schuette. INASSOP -based Quantum Dot Mid-Infrared Photodetectors: Fabrication,
Properties and Applications. — In Proceedings: 3" International Conference
“Nanomaterials: Application and Properties”(NAP-2013), Alushta, the Crimea, Ukraine,
16-21 September, 2013, vol. 2, No. 4, p.p. 04NAESP02 (4pp).

K.M. Gambaryan, V.M. Aroutiounian, A.K. Simonyan, T. Boeck. Shape Transition of
Strain-Induced INASSOP Islands at Liquid-Phase Epitaxy on InAs(100) Substrate: From
Pyramid to Semiglobe. — Armenian Journal of Physics, vol. 1, issue 3, 2008, p.p. 208-218.
K.M. Gambaryan, V.M. Aroutiounian, T. Boeck, M. Schulze, P.G. Soukiassian. Strain-
Induced INASHP Islands and Quantum Dots Grown by Liquid Phase Epitaxy on
INAS (100) Substrate. — Journal of Physics D: Applied Physics (“Fast Track
Communication”), vol. 41, issue 16, 162004 (5 pp), 2008. (IOP) (Impact Factor: 2.544)
K.M. Gambaryan, V.M. Aroutiounian, T. Boeck, M. Schulze. The Growth of InAs -Based
Diode Heterostructures with Quantum Dots as a New Material for Thermophotovoltaic
Application. — World Renewable Energy Congress (WREC-X), Glasgow, UK, 2008, p.p.
1223-1228. (Editor A. Sayigh © 2008 WREC).

Q.U. Nudpupjub. Yhuwhwnnpnswjhtt byhunwpuhwy punubpibph wdkgdwub
nkunnghwjub dkpnnutpp: 2008 ., Gplwl, GNZ hpwwnwpwlsnipinia ©, 45 ty:

36



PE3IOME

JuccepranyionHas  paGoTa  NOCBAlleHAa  BBIPAIUBAHUIO U HMCCIELOBAHUIO
IIOJIyIIPOBOSHHMKOBBIX SMUTAKCHAIBHBIX HAHOCTPYKTYP ¥ (HOTOIPHEMHUKOB CpEeLHEro
nHGPaKpaCHOTO AHAaIla30HA HA UX OCHOBe. B yacTHOCTH, B paboTe IIpeCTaBIeHbI pe3yIbTaThl
BBIPAI[MBAaHUSA U HCCIEJOBAHMUA (DU3UYECKUX XAPAKTEPUCTHK JIMH3000pPa3HBIX U
sutunconganbHberx kBautoBbeix Touek (KT), kBauTossix koser (KK), HoBoro tuma kBaHToBO#M
mosekysl (KM), a Taxke HAaHOCTPYKTYp B Buze memneit KT.

IlpemmoxxeH ¥  HUCIONAB30BAaH  TEXHOJNOTWYECKUM  IIOAXOJ, IO  IPUMEHEHHIO
TPEXKOMIIOHEHTHBIX TBEPABIX pAaCTBOPOB TP HAHOWHXXEHEPUU KBAaHTOBOPA3MEPHBIX
cTpyktyp. CooTBeTCTBYOWUI TOL60P KOMIIOHEHT TBEPZOTrO PacTBOpa IO3BOJIIET YIIPABIATH
He TOJIbKO 3HaYeHWEeM OTHOCHUTEIBHOM PasHHUIIBI IOCTOSHHBIX PELIeTOK CMAaYHBAEMOTO CIIOS
u mogytoxku B pexxume Crpanckuii—-KpacraHoBa, HO U ee 3HaKOM, ompefengiomeM GopMy
KPHUBH3HbI CMAa4YBAEMOTI'0 CJIOSI i TeOMETPHYECKI BUJ HAHOCTPYKTYPBHI.

IlokasaHo, 4YTO IpM yMeHIIEHHMM OOBeMa BBIPAlIEHHBIX Ha momaokke InAs(100)
CyOMHKpPOMETPHUYECKHUX OCTpoBKOB InAsSbP cocraBa, IIpoMCXOOUT W3MeHeHHe UX
reomerpuyeckoii GOpMBI B CIeAyIOLWeH ITOC/IeZOBATEIbHOCTH: yCeYeHHas IHPaMHUZa,
mUpaMuja, HHpaMUZa CO CJIOXHOM IIOBEPXHOCTBIO, moiycdepa. Kpurudeckuii pasmep
TocsIeIHero nepexoza cocrasiuaeT ~500 HM.

BrrgBiIEeHO, YTO IIpU yBeJIMYEeHMM BpPeMEHU KPHCTA/UIM3AIMK IIPOMCXOJUT M3MEHEeHHe
pasmepos u dopmsr KT, a Taxxe ux dyHkuuu pacnpegenenus. IJoBepXHOCTHAA IIOTHOCT
cpaBauTensHo maneHpKux KT cocrasmsia (6-8)x10° cm?, a cpesHuil Auamerp M BBICOTA
u3meHsanuce B mnpegsenax oT 10-u mo 40 um um or 0.5 go 15 HM, COOTBETCTBEHHO.
IToBepxHOCTHAs IUIOTHOCTH CPaBHUTEIBHO GOJBIINX — B OCHOBHOM 3/UIHICOMAANbHBIX KT
(3KT) cocrasnana (5-8)x10% cm?, a cpenHuiil raMeTp U BBICOTA M3MEHSUIUCH B IIPeZiesiax OT
50-u mo 100 am u or 5 7m0 25 HM, cooTBeTcTBeHHO. C HCIIOJB30BAHMEM aTOMHO-CUJIOBOM
MHUKPOCKOIIMHM, TTOCYUTaHbl Kodbduunents: pacrsarusanus JKT mo Bcem asuMyTagbHBIM
mampasiaenusaM: Lyx/Ly=1.23+0.12, Lx/Lz=9.2+3.6 W Ly/Lz=7.9+3.5. OmpezneneHa cCperHssi
panuansHas ckopocts pocta KT, xotopas cocrasnser ~0.05 um/c.

TToxasaHo, 4TO IIpU MasbIX BpeMeHax pocTa ([0 AeCATH MUHYT) IIPOLLECC OCBAIbJOBCKOTO
cospeBarusa KT 06ycoBIeH CKOPOCTBIO peaKIUM afaTOMOB Ha IIOBEPXHOCTH MAaTPHUIBI CO

sHauennem B = 2.65-107 cu/c (pacnpenenenueM Baruepa), a mpu GOJIBIINX BpeMeHaX pocTa
(or moryyaca u Gonee) — mpeo6IazaeT MexaHU3M OObeMHON HUQQY3HH, CO 3HAYEHHEM ee
xoadpdunuenta — D = 3.17 1072 cm/c (pacnpenenenue Judumuma-Ciesosa).

W3 4eThIpeXKOMIIOHEHTHOII XXKUAKOH (assl Ha mozanoxke InAs(100) serpamens: KK, mnenu
KT u monexynsr KT, cocrosmue u3s nenrpansuoit InAsSb KT, okpyxeHHOI B OCHOBHOM
mectsio InAsP pesepcusnbimu KT-mu. [l BceX cTpyKTyp OGHAapy>KeHO KpacHOe CMelleHue
Kpast HOrJaIeHus oT A=3.44 MKkM 10 A=3.85 MKM.

KonTuHyMuanpHas MOZeab 2IaCTUYHOCTHA ObIIa NpPHMEHEeHa s KOIUYeCTBEHHOTO
u3ydeHHs MexaHu3Ma 3apogpimeoOpazoBanus KT ¥ HaHONOP B TPEXKOMIIOHEHTHBIX
cucremax InAsSbP, GaAsSbP u SiGeC. IloxazaHo, 4TO [ BCEX YKa3aHHBIX TPEX CHCTEM
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TBEPZABIX PACTBOPOB CYIIECTBYeT HeKOe KPUTHYeCKOe HaIpKeHHWe DelIeTKH, IPH KOTOM
PeXHUM pocra MeHAeTca OT 3apopbimeobpasoarus KT x dopmMupoBaHMio HaHOIOP.
BeruucieHa CBOGOAHAs OHEPrUs CMELIEHUA A1 OTMEYEHHBIX TBEPABIX PAacTBOPOB W
HCCIefIOBAHBI CTAGMIBHBIE, MeTacTabMIbHble U HecTabuibHble (06aCTH HeCMeNIVBAHIA)
006J1aCTH TBEPJBIX PACTBOPOB B 3aBUCUMOCTH OT T€MII€PATyPHI.

ITokasano, yto Hamuuue InAsSbP KT Broporo posa Ha ImOBEpXHOCTH IOAJIOXKH InAs
IPUBOSUT K YBEAHWYEHMIO IIOBEPXHOCTHOTO COIPOTHUBIEHHA (POTOPE3HCTOPOB IIpH
KOMHATHOM TeMIlepaType HOYTH Ha IIOaIopaaka — oT 6-8 Om mo 38-40 Owm, x yMeHbIIeHUIO
€MKOCTM TIOYTH B ILATh Pas, a Ha BOJIBT-eMKOCTHOM XapaKTepHCTHKe HaGIIofaioTcs ABa
XapakTepHbIX «3aBaja» npu HampskeHusx 0.28 B u 054 B, coorsercrBenno. IIpu
TeMIIepaType >XMIKOTO a30Ta Ha BOJBT-eMKOCTHOM XapaKTepHCTHKe CTPYKTyphl ¢ InAsSbP
KT Broporo poza HaGIIOFAIOTCA IIPOTHBOHAIPABIEHHBIE OCIIUIANMKM €MKOCTH IIpH
yBeIMYEHHH HAIPSKEHUA C IIOCIAEeNYIOUIMM €ero yMeHBUIEHHEM, a Takke HaJIudue
rucrepesuca — AC=0.483 n® mnpu wacrore 1 MI'y. Ha KpuBOM MarHWTOCOIIPOTHBICHS
crpykrypsl ¢ KT BbIABIeHBI XapaKTepHble OCUMJIAIIMY KaK IIPM KOMHATHOH TeMIIepaType,
TaK U IIPU TeMIlepaType JKUIKOTO a30Ta. [I0CUMTaHBI 3HAYEHUA YETHIPEX DHEPreTHYeCKHX
YPOBHei1 IOKaIM30BAHHBIX JBIPOK OT IIOTOJIKA BaJI€HTHOM 30HbI IOAIOKKH.

Ha cmexrpe doromomunecuennuu (OJI) crpyxrypst ¢ KT mpu T=77K GbLiu BLABIEeHSBI
IBa Makcumyma: npu £=0.404 5B u £=0.397 5B. [na cxancyauposausix KT Ha crexrpe OJI
ObLI 3aMeYeH CHJIBHO BBIPQ)XEHHBIH MakcumyMm npu sHepruu £=0.371 5B, c¢ kpacHbIM
CMelleHIeM OT OCHOBHOTO MakcuMyMa B 33.2 MaB, a Takke XapaKTepHBIe «Pa3IOMBI» IPHU
sHepruax 0.382 5B, 0.39 sB u 0.398 3B. Ilyrem coueTaHus H aHaaM3a H3MepeHHUU
MarauToconpoTusienus u crmekrpa PJI sKcIepuMeHTaNTbHO IIOCTPOEH SHEPreTUIeCKHit
CIIEKTp JIOKaJIN30BaHHBIX ABIPOK U IIOCYUTAHO 3HAUEHHE UX d9(hGHEKTUBHOM MaCcChI.

Ha cnextpe ¢oroorknuxa crpykryp ¢ KT mpu T=300K o6GHapy>keHO He TOJIBKO KpacHOe
cMellleHre 0 A~4 MKM, HO U BBIABJIEHBI JOIIOJHUTEIbHbIE IIMKU NP A=3.56 MKM u A=3.65
MKM. BBITO 1MOKa3aHo, YTO Jake IPH MaibIX — + 2 MB 3HaUeHMAX HANPMKEHHUS, TPOUCXOLUT
CyIleCTBEHHOE yBeJIMYeHHe 3HaueHWH (POTOOTKIMKA JOIIOJHHUTEIBHBIX MaKcHMyMoB. Ha
crpykrypax ¢ KT Broporo pozja GbLI 3aperecTpupOBaH Takke (OTOBONBTAMYECKUil 3PdeKT.
IMIpu T=300K ma gmuae BomHBI A=3.39 MKM MaKCHUMaJbHbIe 3HAUYEHUA BOJIBTOBOH U
amrepHo# 4yBcTBHTenbHOCTH ¢(oropesucropoB ¢ KT cocrasmamu 2 B/Br u 82 MA/Br,
cooTBeTCTBeHHO. [IpH Jla3epHOM M3JTyYeHUHU C JIMHON BOJHBI A=1.15 MKM OTHOCHTeIBHOE
yMeHbIIIeHHe IIOBEPXHOCTHOTO COIIPOTHBIEHUA (POTOpe3ncTOpoB cocTaBasiio 14 %, a mpu
JyrHe BOIHBI A=3.39 MKM — 17 %, mpu KOMHATHO# TeMIlepaType.

CosgaH Takxe gpyroit tun ¢oronpremuuxos cpeatero MK nuamasona B Buze n-InAs/p-
InAsSbP guopmsix rerepoctpykryp ¢ KT guamerpom B mpegenax 10-30 mm u BeICOTOI OT 3-X
no 20 HM BHYTPH O06JacTH IIPOCTPAHCTBEHHOTO 3apAja p-N Iepexoja. BhIABIeHO Kak
KpacHoe cMelreHue Kpas noriouenus npu T=300K, tax u Hanuuume Ha cuextpe ®JI mpu
TeMIIepaType >KUAKOTO a30Ta JOIOIHUTEIBHBIX [JIMHHOBOIHOBBIX IIMKOB, O0YCIOBIEHHBIX
reHepaIlIOHHO-PeKOMOHHAIIMOHHBIMY Tponeccamu B KT.
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SUMMARY

Present dissertation describes the growth and investigation of semiconductor epitaxial
nanostructures and mid-infrared photodetectors based on them. It is shown that the liquid
phase epitaxy can be successfully employed for the growth of several types of nanostructures
in Stranski-Krastanow growth mode. The results of growth and investigation of physical
characteristics of the lens-shape and ellipsoidal quantum dots (QDs), quantum rings (QRs),
quantum dot molecules (QMs) and cooperative QD-chains (CQDCs) are presented. A new
technological approach at nanoscale engineering by using the ternary semiconductor
materials systems are proposed and applied. This approach allows to manage not only the
value of lattice-mismatch ratio between the wetting layer and the substrate, but also to
regulate its sign, which determines the geometric form of nanostructures.

The morphology, dimensions and strain distribution of INASSHP -based strain-induced
sub-micrometric islands grown on INAs(100) substrates were investigated by high-
resolution scanning electron microscopy and found to be self-organized from pyramids to
semiglobe. A critical size of ~500 nm for that shape transformation was experimentally and
theoretically determined.

At the increasing of growth time a QDs coalescence and coarsening are revealed, which
lead to the changing of QDs forms, sizes and distribution function. Atomic force microscopy
analysis shows that small QDs were mainly spherical, but the larger ones — ellipsoidal with
the elongation mainly along [010] direction. An elongation ratios of Zx/Ly=1.23 + 0.12, Lx/
Lz=9.2 + 3.6 and Ly/Lz="7.9 + 3.5 for ellipsoidal QDs have been calculated. An average
radial nucleation rate of ~0.05 nm/sec for QDs was evaluated.

By using Lifshiz-Slezow-Wagner theory was shown, that at initial stage of nucleation
(up to 10 min) the QDs distribution is better fitted by the Wagner distribution, which testify
that QDs nucleation process is limited by the adatoms surface reaction with the calculated

coefficient of B = 2.65-10"' cm/s. Otherwise, at longer time (half an hour and more) QDs
massive is well described by the Lifshiz-Slezow distribution, which testify that nucleation
process is occurred already by volume diffusion with the calculated coefficient of
D=3.17-10 % em/c.

The QRs with an average surface density of (1-3)x10° cm™? were grown on InAs (100)
substrate from quaternary INASSOP liquid phase. An optimal external diameter and average
height of QRs were equal to ~35 nm and ~10 nm, respectively, but internal diameter was
changed within 1-10 nm. A new type of QMs consist of the central INAsSb QD surrounded
mainly by six INASP leaves were also grown. Surface density of QDs in the QMs array was
equal to (0.8-2)x10° cm?, with the average diameter and height within 5-45 nm and 2-20
nm, respectively. A red shift of the QMs’ absorption edge from A=3.44 pm to A=3.85 um and
enlargement of the absorption spectrum toward the short wavelengths up to A=2.75 pym were
revealed at T=300K. The growth and characterization of CQDCs are also presented.

The continuum elasticity model has been applied to quantitatively investigate the
growth features and nucleation mechanism of QDs, leaves, and joint QDs-leaves
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nanostructures in InAs_,_, S, P, GaAs_, ,,P, and S;_, ,GeC, material systems. It

was determined, that at some critical strain the growth mode changes from nucleation of
QDs to formation of leaves. The free energy of mixing for all corresponding binary and
ternary systems were calculated and studied and their 2D and 3D sketches were plotted. A
stable, quasi-stable and unstable regions (immiscibility gaps) for the mentioned alloy’s
compositions were determined at different temperatures.

It is shown that the presence of type-II QDs leads to increasing of surface resistivity up
to half order — from 6-8 Q to 38—40 Q at room temperature, decreasing of capacitance up to
five times and appearing of specific dips on the capacitance-voltage (C-V) characteristic at
0.28 V and 0.54 V. T=77K measurements have shown oscillations on C-V curve and that
these oscillations were opposite-directed at increasing and further decreasing of the applied
voltage. The capacitance hysteresis of AC = 0.483 pF at 1 MHz was also observed. An
anisotropy in all azimuthal directions and specific fractures on the magnetoresistivity curve
for QD samples at T=300K and T=78K temperatures were revealed. The values of nearest to

INAs valence band four energy levels for localized holes were calculated.

For the structures with QDs, two peaks on T=78K photoluminescence (PL) spectrum at
E=0.404 eV and £=0.397 eV were revealed. For the structures with encapsulated QDs a
strong peak on PL spectrum at £=0.371 eV and red-shifted from the main peak up to 33.2
meV are appeared. A specific fractures on the PL spectrum were also detected at £'= 0.382
eV, £ =039 eV and £ = 0.398 eV. By combination of the magnetoresistivity and PL
measurements, the eigenenergies of localized holes in INASSHP type-II QDs were
experimentally determined. At room temperature on the photoresponse (PR) spectra of the
samples with QDs were detected not only enlargement toward the long wavelengths (a red
shift) up to A~4 um, but also revealed additional peaks at A=3.56 ym and A=3.65 pm. It was
shown that even at very low applied voltages (+ 2 mV) a sufficient increasing of the PR
signal on additional peaks is occurred. A photovoltaic effect for the structure with type-II
QDs has also been detected. The maximal voltage and current sensitivities of the INASSHP
type-II QDs based photodetectors at cw He-Ne laser radiation with A=3.39 um were equal to
2 V/W and 82 mA/W, respectively, at room temperature. The maximum drop of surface
resistance at laser radiation down to 14 % for A=1.15 um wavelength and 17 % for A=3.39
um wavelength was detected.

n- INAS/p- INASSHP  diode heterostructures with QDs inside the p-n junction spatial
charge region are fabricated. Transmission electron microscopy measurements of the diode
heterostructure’s cross-sectional area revealed a presence of QDs on the substrate—epilayer
interface with an average diameter and height within 10-30 nm and 3-20 nm, respectively.
Investigations of the optoelectronic characteristics show a red shift of the absorption edge at
room temperature, as well as presence of an additional peaks on T=78K PL spectrum at
longer wavelengths. These physical features were explained by the generation—
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recombination processes occurring in QDs.
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