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[IpexcraBieHbl pe3yibTaThl MCCIEJOBaHUS Ja3epoB Ha [ng,GapsAs KBaHTOBBIX
sIMax: BOJITAMIICPHBIC M BAaTTAMIIEPHBIC XapaKTEPHCTHKH, CIICKTPhI IEKTPUYECKUX U
ONTUYECKUX IIyMOB U HX 3aBHCHMOCTH OT TOKa uepe3 obpasen. OOHapyxkeHO, 4TO
BOJIbTAMIICPHAS XapaKTEPHCTHKA COCTOUT U3 JIBYX KOMIIOHEHT, 00YCIIOBICHHBIX PEKOM-
OuHanumen HocuTeneil 3apsja B KBAaHTOBOW siME€ M OOBEMHBIMU TOKaMH yTeuku. I[Ipu
ananu3e HY mymoB npumMeneHa sMmnupudeckas ¢popmyna Xoyxe s 1/f mryma u mon-
xon Knaiinnennuna k onucanuro crekrpa 1/f myma B p-n nuoge. IlokasaHo, 4ro cooT-
Homenye KnalfHIeHHNHA He ONMUCHIBACT NMOBEJCHHE IIYMOB OONBIIMHCTBA J1a3epoB. Ha
MaJbIX TOKaX B CIEKTpax (IIYKTyaluil HampsHKEHUs/TOKa OOHAPYKEHBI IIYMbI YTEUKH.
Ha Oonpuinx Tokax mpeobiagaeT uryMm o0bEMHOIO CONPOTHBICHHS j1a3epoB. Ha ocHoBe
aHAIIM3a CIIEKTPOB DJIEKTPUUCCKUX M ONTHYECKUX IIYMOB, a TakKe UX mapamerpa ¢op-
MBI BBISBJICHA HecTaOWIIbHas paboTa J1a3epoB Ha OOJBIINX TOKAX, B 00JIAaCTH FeHepaluy
MHLyIUPOBAHHOTO M3/Ty4CHHSI.

1. Beeoenue

B Hacrosiiee BpeMs MOJTYIIPOBOIHUKOBBIE HAHOPA3MEPHbIE CBETON3ITYUaOLINe TIPH-
GOpBI SIBISIFOTCSL OJJHOW M3 pa3BHBAIOIIMXCS 00JacTell HaHOINEKTPOHHKH. MHOroobe-
MIAIOIUMHU TPHOOpPaMK JAHHOTO HANpaBJIeHHs SIBISIOTCS AHUOABI U JIa3ephl HA CaMOOpra-
Hu30BaHHBIX KBaHTOBBIX Toukax (KT). Ilpenmonmaraercs, 4To Takue AHOIBI JOKHEI
(GYHKIMOHHPOBATh MPU OoJiee BHICOKUX TEMIIepaTypaXx ¢ MEHbIIEei TeMmnepaTypHOil 4yB-
CTBHUTENBHOCTHIO [1] 1 001amaTh BEICOKOH pagualiioHHOM cToiikocThio [2] . Coznanue u
pa3BUTHE JAHHOTO THIIA CTPYKTYp OCHOBBIBAETCS Ha MCCIEIOBAHUM CBOMCTB AUOIOB, OC-
HOBaHHBIX Ha KBaHTOBBIX siMax (KS1).

B pamkax coBmectHoro skcnepumenta HHI'Y — DitnnxoBenckuii Texnonornueckuit
yausepcuteT (Hunepnanas) B konue 2002 roga BEIIOIHEHB! H3MEPEHUS U UCCIEIOBAHUS
HY urymoB Ing ,Gag gAs/GaAs/InGaP na3epoB Ha KBaHTOBBIX siMax [3—4], U3rOTOBIEHHBIX
B Hmxeropoackom ¢usuko-rexunueckoM uncerturyte (HUOTU) npu HHI'Y. U3smepens
MaKpOMapaMeTphl MOIYITPOBOJHUKOBEIX MPUOOPOB (BOJIbTAMIEPHAs U BaTTAMIIEpHAsl Xa-
PaKTEepUCTHKH, TOK HACBIILEHNUS, TIOCIEN0BATEIBHOE CONPOTUBIEHHE, TIOPOTOBbIH TOK Ie-
HEPALHUHU JIA3EPHOTO U3IY4EHHUs), CIIEKTPHI IyMOB U UX TOKOBBIE 3aBUCHMOCTH.

CxeMa yCTaHOBKH IIpHBeAieHa Ha puc.l. OMHOBPEMEHHO M3MEPSINChH LIYyMbl HAps-
XKeHHs U (POTOTOKA JIETEKTOpa Ha ONTHYECKOM BbIXOie NazepoB. HY mrymsl ycunusanuce,
oL (POBBIBAINCH M 3aNUCHIBAIMCH HA KECTKHH JUCK KOMIBIOTEpA peay3alusaMu mo 1

! Ten.: +7-8312-656153; Fax: +7-8312-656416; E-mail: perov@rf.unn.ru
2 Ten.: +31.40.247 3242; Fax: +31.40.243 0712; E-mail: L.K.J.Vandamme@ele.tue.nl
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MJIH. OTCYETOB I KaXJO0ro kaHana. JlaHHble oOpabaThIBaIMCh IPU IOMOIIM MHOIO-
(YHKIHMOHAIFHOTO aHAIU3aTOPa, BEIIOJIHEHHOTO B MporpamMHoit cpene LabVIEW [5] .

Channel #1 (optical)

Channel #0 (electrical)

| I
| I
} Current Precision AC Buffer Amplifier i
| preamplifier ~ [—{ Amplifier 9452 |— BUF 634 I
Pl 10%10°Av 30-100dB R,~80MQ ||
B s S e e Personal Computer
ADS224x48 — 1 d
board Disk
24 bit’s ADC —
I I
Al
| plitier | | Analyzer
} Preamplifier 5004 | —| Amplifier 9452 | — BUF 634 :
! 60dB, R;=5 MQ 30-100dB R;,=80 MQ !
\ I
! |
[

CTpyKTypa J1a3epoB M300paskeHa Ha pUc.2.
OHa uMeeT CJIeYIOUI COCTaB. p+ — GaAs
—  Tlomnoxka n'—-Gads (1.0.0) (Tommmna

d=160mMKm). | InGaP
—  Byodepuslii cnoit n'—~GaAs (XKOHIEHTpanus

ocHOBHBIX HocuTener n=10"%cm™>, momsuk- GaAs

HocTh £=2000cM>/B-¢, d =700mM).

— [lBa /;_II/IpOKO3OHHI:IX OFpaHI/I)‘{I/IBaIOH_[I/IX n —InGaP

cios InGaP  (n=p=10"cMm™,  p,= T
700cM*/B-c, 1,=35 cM*/B-c, d=500— n GaAs
550HM).

— BomnnoBoauslit cinoit Gads (d=750-800HM), Il+ — GaAs

colepauMii  Be  KBAHTOBBIE  SIMBI
In.Ga,_ As BOmM3M cepenuHbl 00JIaCTH
(x=0,2; d=9 1m). Puc.2

—  Konraktuslii ciioit p'—Gads (p=10"cM™, £1=100cM*/B-c, d=500-550 rm).

2. 1/f wiym u 6onomamnepnan xapakmepucmuKka noaiynposoOHUK08020 0uooa
Jns anamusa cBoiicts HY mryma mosrynpoBOJHHKOBBIX JIa3epPOB HCIOJIB30BAaHA M-
nmpudeckast popmyrna Xoyxe st 1/f myma [6]:
S _Sy(f) _e 1
? v: N f

(M
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3nech S;y — cnekTpsl (QuyKTyauui ToKa/HanpsbkeHus, o — nmapameTp Xoyxe, oTobpa-
XKaIOLIUil YPOBEHb (IIMKKEPHOro IryMa o0paslia B NepecyeTe Ha OAWH HOCHUTENb TOKa, N
— KOJIMYECTBO HOCUTEJIEH TOKa B 0OpasLe.

Yucno N HEOCHOBHBIX HOCHUTEINEH 3apsijia ¢, UX BpeMsl peslakcallii 7 U TOK uepe3 00-
pasell CBA3aHbl COOTHOLICHUEM:

NQM, 2)
q

rie [g— TOK HaCBIIEHUS AUO0AA. Y UUTHIBAsI IIPOIOPIIMOHAIBHOCTD MEKTY YHCIOM OCHOB-
HBIX HOCHUTEJNIEH U TOKOM (2), BRIpaXKeHHe IS CIeKTpa (GIyKTyanuii Toka B p-n Iepexoje
J1a3epa MOXHO NPEACTaBUTh B BHAE, IPeI0KeHHEIM KitalfHIeHHHHOM JUTs TIOTyTIPOBOA-
HUKOBOTO quona [6-7]:

2
Lzﬂ.[, I>1g, 3)
of ([+15) of

Takum o00pa3oM, CIEKTp TOKOBBIX (IyKTyauuii Ha omnpeneneHHOH wactoTe f
MIPOMOPLIHOHANEH TOKY B 00pasIe.

CrekTpbl (UIyKTyaluil HalpsDKeHHS W TOKa CBA3aHbl JU(PQEpeHIMaNbHBIM COIPO-
TUBJICHUEM JHOJA!

Si(f)=

dv

2
Sy (f) =[ﬁ) S, () =17 -8,(f)- )

BonbsramnepHas xapakrepuctuka (V) u nuddepeHnuanbHoe CONpOTHBICHHE 7y TI0-
JYTIPOBOJHUKOBOTO TMOA MPEACTABICHBI, COOTBETCTBEHHO, BRIpKEHISIMU (5) U (6):

I=Ig exp[V-’RsJ_l , )
nvr
n-Vr n-Vr
ry = +R¢ =~ , I>1g. 6
d I+1g s 7 S (6)

3neck 77 — ko3 duIHeHT naeanbHocTH (7=1 I mpoctoro p-n nepexona), Vr=kzT/q —
TEIUIOBOH IOTEHIHAN, kpz — MOCTOsIHHAS bonbiMana, g — 3apsi 2JIeKTpoHa, [g— TOK HaChI-
IIEHHs TN0/1a, Rg — IOCIIe0BaTeIbHOE CONIPOTUBIICHUE 00pa3na.

CrenoBarenbHO, B pamMkax Mojenu KiaifHneHHHHa, criekTp (iykTyauuii Hampspke-
HUS AU0Aa 00paTHO MPOIOPIOHAIEH TOKY B IIEPBOH CTETICHH:

aq (n-VT)2 ‘1

Sy (1) = o L 1> s. 7
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3. Dkcnepumenmanvhvle Oannle

BonbramiepHas 1 BaTTaMIiepHas XapaKTepPUCTUKH

OOGHapyX€eHO, YTO BOJIbTAMIIEPHAsl XapaKTEPHCTHKA IOIYIPOBOJHUKOBBIX J1A3ePOB
Ha KBAaHTOBBIX sIMaX COCTOMUT M3 JBYyX KomroHeHT. Kommonenta BAX B oGmacti 60ib-
IIMX TOKOB (KOA((HIMEHT HACATbHOCTH 77~2) 00ycioBlIeHa peKOMONHAIIMEH HOCUTENeH
3apsja B KBaHTOBOHU siMe. Bpems penmakcanuu HOCHTENEH cocTaBiseT r=10"%c. 3aru6 B
00J1aCTH MaJbIX TOKOB, a TaKXKe OOJIBIION KOd()(UINEHT UIeaTbHOCTH B 00JIACTH MaJIbIX
TOKOB (77~10+20) oOycnoBieHsl TOKamMu yTeukd. CONPOTHBICHHE YTEYKH R; CHIBHO
GIIyKTYUpyeT u A7 HEKOTOPBIX 00pa3loB AocTuraeT aecatkoB Om. Ha Gompmmx Tokax,
70+500MA, mpu HampsbkeHHH B mpedenax 1,3+1,5B HaOmiomancst nepexos SKCIOHSHIH-
anpHOit BAX B nuHEiHY10, 4YTO 00YCIIOBICHO UCYE3HOBEHHEM MOTEHLHAIBHOTO Oapbepa
B p-n nepexoje. IIpu 3ToM NMposBIsIIOCH 00BEMHOE CONPOTUBIEHUE 00pPa3IoB, KOTOPOE
JIeXuT B auanasoHe Rg=0,1+0,4OM. Iloporosslii Tox na3epHOil reHepauuu [, JEKUT B
nuanazone 80+410MA. [lnuHa BOJTHBI JIA3EPHOTO M3IY9EHHS COCTaBIsIeT 987 HM.

1 3 11A] Laser#1 Laser#1 P[W] 025
] - P W] s
1072 (i : -
E 10744 0.2
2 | [
1073 1054 015
1034 0.1 02 TIA] I
0.1
10 s
55 - 0.05
10°=
E I[A i
1 V V] Al .
10111
0 02040608 1 121416 0 02 04 06 08 1
PI/IC.3 PI/IC4

Ha puc.3 npuBeneHa TunnuYHas BOJbTaMIIEpHAS XapaKTEPUCTHKA OJHOTO M3 HCCIe-
JIOBAaHHBIX ITOJYIPOBOJIHMKOBBIX JIa3epOB HAa KBAHTOBEIX siMax (i1azep Nel). Ona cocrout
13 IBYyX KOMIIOHEHT. B obiacTn GonbmmX TOKOB KOY(GQHIMEHT UICaTbHOCTH OJIM30K K
IIBYM, 1J~2; B 00JIaCTH MaJIbIX TOKOB IPe00IaiaeT yTedKa, MPUBOSIIAS K JOTIOTHUTEb-
Hoii kommnonente BAX (7=10).

BaTrammepHas XxapakTepHCTHKa Ja3€pOB M3Mepsulach MPU MOMOILH ITHPOKOMOIOC-
HOTo yrompHOro aerekropa. Ha puc.4 npencraeneHa xapakTepucTuka nasepa Nel, Ha Ko-
TOPOil OTpaXkeHbI ZBa pexnuMa paboThl nMpubopa: CBETOAUOAHBII U na3epHsbiil. [loporo-
BB TOK Jla3epHOro u3iyueHus cocrabisier /,=250MA, KOTOpBIH 31ech U jJanee Ha rpa-
(uKax OTMEUCH CIUIOMIHON BepTUKAIbHOW JuHHEH. CBETOMMOAHBIH pexxuM Oosiee moj-
pobHO B momynorapudmudeckoM Macuitabe n3o0pakeH Ha ManoM rpaduke-Bpeske. B
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9KCHEPUMEHTE HE HCIOJIb30BaHAa COOMpArOIas JINH3a, HO3TOMY JaHHBIE JUIsi MOIIHOCTH
M3JIY4CHUS Ja3epOB UMEIOT 3aHI)KCHHBIC 3HAUCHUs. B IefiCTBUTENIBHOCTH, MOIIIHOCTD H3-
JIy4eHUs J1a3epoB Mpu Toke /=1 A mpuHUMaeT 3HaueHus B auana3oHe P = 0,65+0,7 BT.

OOpa3ipl UMeroT 3HauuTenbHble Guiykryanun BAX B obacTé Manibix TOKOB, 00y-
CJIOBJICHHbIE (IyKTyalssMH TOKOB yTeuKH. B kauecTBe mpuMepa, Ha puc.S u3o0paxeHa
BAX nazepa Nel5. 3nmech 1Be 3aBUCHMOCTH, MIPAKTHUECKH CIIMBAIOIIUECS, U3MEPEHBI B
OIIMH JIeHb, TPEThS — CITyCTs ABa AHs (puc.5a). Ha puc.5b B nuHeiiHOM MacmiTabe mpuBe-
neHsl Te ke BAX B obnactu Manbix TokoB. COMPOTUBIEHNE YTEUKH B MEPBBI 1€Hb MpU-
HumaeT 3HadeHus 11 u 13 Om, uepes aBa ausg — 30 Om.

3 1[A] Laser#15 0.15 1[A] Laser#15
1 47648 4 :
0 0.08
1075 27,09.02 ]
. 0.06- R;=11 Ohm
= ] 27.09.02 R;=13 Ohm
107 / 30.09.02 27.09.02
iga 0.04
10° ]
0.02 R;=30 Ohm
] 30.09.02
_4
10 VIV] 0 ‘ ‘ ‘ T \
Y \ \ \ T \ \ \ 0 02 04 06 038 1
0 02040608 1 121416 V V]

Puc.5a Puc.5b

CrexTpsl /£ ITYMOBOI'O HAIMPAXCHUA B 3aBUCUMOCTHU OT TOKa

HccenenoBaHbl CrieKTphI (QIyKTyanui HaNmpsHKeHHST B 3aBUCHMOCTH OT TOKA JIa3epOB B
nuanazone oT SO0MKA 10 500MA. C pocToM ToKa cHeKTp (IIyKTyaruid HanpspKeHUS yObI-
Bas. HY mym nasepos umeer Buz 1/f7, rae y~1 — mapamerp GpopMsl CrieKTpa.

CrexTpsl (GIyKTyanuii HanpspKeHUs] B 3aBUCUMOCTH OT TOKA MPUBEICHBI IS Jla3epa
Nel Ha puc.6a. C pocToM TOKa CIIEKTp yObIBaj, (TOK M3MEHSUICS B IHMama3oHe 55 MKA—
520MA). Ha Gonpmmx TOKax MOSIBISUIOCH IJIATO, OOYCIOBICHHOE COOCTBEHHBIMH IIyMa-
MH YCHJIUTENBHOI CHCTeMBI, ¥ — mapametp Gpopmbl criekTpa u3mensics ot 0,6 no 1,1 (ams
CpeHUX TOKOB — OKoJIO 1, puc.6b). YpoBeHb COOCTBEHHBIX IIYMOB M3MEPHUTEIILHOM yC-
TaHOBKH Moka3aH kpuBoii “Noise floor”. B pexume HHIYIHPOBAHHOTO U3ITyUYCHUs j1a3epa
B CIIEKTpE LIYMOBOTO HANpPsDKEHHs MOSBHIIOCH IUIATO, HA MOPSAIOK NPEBBIMIAIONIEE YPO-
BEHb COOCTBEHHBIX IIIyMOB yCTaHOBKHU.

TokoBasi 3aBUCHMMOCTb CIHEKTPOB (iyKTyauuii HampsbkeHus jazepa Nel Ha wacrore
ananusa 10 ['u mpuBenena Ha puc.7. OHa cocTouT U3 ABYX yacTeil. B obmacTu Mansix To-
KOB Mpeo0iafaeT IIyM yTedkd. ANMPOKCHMUPYIOIIEE BBIPAKEHUE ISl CIEKTpa IyMa,
MpUBECHHOE Ha pucC.7, MOKa3bIBaeT HEIMHEHHBIH XapakTep yTeukd. Tok mneperuda
1=7-107*A B 5TOM BBIpa’KEHMH COOTBETCTBYeT TOuKe mepernba BAX mpu mepexome ¢
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OJIHOI KOMITIOHEHTHI Ha NpyTyio (=2 u =10, puc.3). IIpu Tokax, NpeBHIIAIOMHNX 2 MA,
OTIPEAENSIONNMH SABJIAIOTCSA IIYMBbl PEKOMOMHALMOHHBIX MPOIECCOB B KBAaHTOBOU sIMe.
Ll TpuxoBoii TuHKUEH MOKa3aHa TOKOBasl 3aBUCUMOCTb CHEKTpa Ul BHIOPAHHOTO YPOBHS
uryma (Sy~10"*B%I'n) B coorBercTBum ¢ cootHomenneM Kiaitunennuna (7), mapamerp
Xoyxe B 9TOM ciyuae paseH =1,2-10". OmHako 37ech IKCICPHMEHTANbHAS KpHBAS
Sy ~I* umeer HarkIOH k=—1.5, GOJBILMIA, YeM B COOTHOLICHUN (7), tne k=—1. [1ns naHHO-
ro jazepa mapameTrp Xoyxe sBisieTcs (QyHKOUEH TOKa, cleqoBaTelbHO, Mojaenb KiaiH-
MICHHUHA HE OIMCHIBACT MOBEJECHHE IIIyMOB IIPHOOpa.

SWp) [ViHz  LAser#l 12 ek S
10710 s uf - L, ﬂ_ﬁﬂ}\l
\ VW V’ L J
107 1
1072 \\ 0.8
10*: \\\ 0.6
100 \\ |
10715 s 0.4
PR I 1
107" 0.2
10718 ‘NVOiVSVev;f:lvﬁ)()rV T VV””[ T V'””] L O ] T HHH‘ T ‘HHH‘ T HHH‘ i ‘HHH‘ T ‘IH[‘?]
10 10 10° 10* 10° 10* 10° 107 10" 1
fIHz] Puc.6b
Puc.6a
Sul) [V'/Hz]  Laser#1 SU) VM2l Laser#ls
10° . fl10Hz 10 27.09.02
10710 N [sesvnsamy o 107 3
" <«—{8y=4-10""" V*/Hz, 10712
10 I=7107* A
10—13
10" Sp~1F k=1 s
ox1.210" 10
—13 .
10 1075
—14
10 k 1076 <— /=100 Hz
10—15 o \ 10,17 k=2
: IIA
1076 v 10" AR B A AR IR L B ””‘F !
10% 10° 102 10" 1 0% 10° 102 107 1
IA] Puc.8

Puc.7
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B HEKOTOpBIX J1a3epax 0OHAPYKEHBI IIYMbI, BHI3BAHHBIC THHEHHBIMU yTeukaMu. Jist
OJIHOTO U3 TaKHX 00pa3moB, nazepa Nel5, cexTp GuryKTyaruid HampspKeHUs IpeACTaBICH
Ha puc.8. Ha manpix Tokax, Hke 80MA, cekTp mpuOIMKEHHO TPOIOPIMOHANIEH KBa-
paty Toka Sy ~I°. DTa 3aBHCHMOCTb OIHCHIBACT CIIEKTP IIyMOB JHHEHHOTO PE3HCTOPA B
COOTBETCTBHU ¢ ypaBHeHHeM (1). YuacTok crekTpa ¢ HakIOHOM k=—4.5 COOTBETCTBYeT
CBETOMOJHOMY PEXUMY, CIEIYIOIMI Y4aCTOK C MOJIOKUTENILHBIM HAKJIIOHOM — TeHepa-
LMY JIa3EPHOTO U3JIYUCHUS U SABISETCS NPOSBICHUEM IIIyMOB OOBEMHOTO CONPOTHBIICHUS.

[Mapametp hopMsbI criekTpa HIyMOBOT0 HampshkeHus asepa Nel5 mpuBeneH Ha puc.9.
OTMETUM BCILIECKH, OTPa)kalolline HeCTaOWIbHYI0 paboTy jasdepa B 00nacTé OOIBLIMX
TOKOB, COOTBETCTBYIOIIUX I'€HEPAllMH MHIYMPOBAHHOTO M3iMy4deHHs. OHOI U3 NpHYHH
TaKoH HECTAOMJIBHOCTH MOXKET OBITh HalIM4ue 1e(EeKTOB B paifoHe KBAHTOBBIX SIM.

2 Yeteerr(D) Laser#15 2Laser#7F
27.09.02 0 10735 S [V'/Hz]
1.8+ : i Sy~I*k=—1
: 10744 ax2.3-10°°
1.6 : : | F~10H
H ] — = Z
1.4 E ¥ 10752 N
S S AN N
B B ] N Nl
1.27 EEY Fiad R E : £=100 Hz
Y AR | .
) * P ° B
I emmmst——oo=———— 10772 k=17
ITA] 718: =-0.2 1[A]
0.8 T 10 NIV E S M.
10* 100 102 10" 1 10° 10% 107 102 10" 1

Puc.9 Puc.10

Ha puc.10 npuBeneHs! crieKTphl (QIyKTyanuid HaIpsHKEHNS 3KCIEPUMEHTAIBHOTO Ja-
3epa Ne 7F ¢ MasbIM moporoBeIM TOKoM renepaimu (1,=70MA). B o6mactu Mansix TOKOB
MOBEJICHUE CIIEKTPa YJOBJIETBOPHTENBHO OMUCHIBaeTcs Gopmynoi mans p—n nuona (7).
TokoBast 3aBHCUMOCTb CIIEKTpa UMEET HAKJIOH, ONMM3KUM K k=—1, mapameTp Xoyxe paBeH
2,3-107%, gro CBHJETEILCTBYET O XOPOIleM KayecTBe NpHOopa. 3aTeM CiIeayeT y4acToK ¢
MaJIbIM HaKIOHOM, k~—0,2, coOTBeTCTBYOMMIA nepexonHoi obmactu BAX. B obmactu
TeHepalyy JIa3epHOT0 U3IIyUYEeHHs CHEKTpP IIYMOBOTO HANPSDKEHUS BO3PACTAET IPUMEPHO
MIPOTIOPIIOHATIFHO KBaapaTy Toka (k=~1,7+1,9), 4To 00yCIOBIEHO NPOSBICHUEM LIYMOB
00BEMHOTO CONPOTUBIICHHS TIPUOOpA.

CHexTpsl TOKOBOTO M onTHyeckoro 1/f mrymMa B 3aBUCHMOCTH OT TOKA

N3nyueHue ja3epoB perucTpupoBaNIOCh MPH ITOMOIIH (OTOAETEKTOpPA, TAE TOK IPH-
6opa NPONOPLMOHAICH MOIIHOCTH BXOJHOTO M3iyueHus. [ m3MepeHus GuykTyaiuit
MHTEHCUBHOCTH M3JIy4EHHS HCIIONB30BAIUCH KPEMHMEBBIH M T€PMAHUEBBIH JETEKTOPHI
(y3xomnonocHsle, ¢ MakcumymMoM AUX Ha 1000 HM).
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Ha puc.11 npeacraBieHs! crekTpsl GayKkTyannii GOTOTOKa JETEKTOpa Ha ONTHYE-
CKOM BbIXoje sasepa Nel B 3aBHCHMOCTH OT TOKa jazepa. CIeKTp ONTHYECKOTO IIyMa
BO3pacTaeT ¢ pocToM Toka. ITapamerp dopmsl ciekTpa j,,, NpuBeaeH Ha puc.12. 31ech B
CBETOIMOIHOM PEXUME U3JTyUEHHUS J,,, M3MeHsIcs oT 0,8 o 1,1. Masiblii HakIOH creKTpa
B 00J1aCTH MaJIbIX TOKOB OOYCIIOBJIEH BIIMSTHHEM COOCTBEHHBIX IIIyMOB (DOTOAETEKTOPA.

Slph]!;AZ/HZ] Laser#1 1.4 - 7pt(1) Laser#l
10 . 0]
] 1=210mA; y=0.81 1.2 7
10720? 1 90 ‘Q‘?'?o‘é)
E R op
-21 ] 7 e Wby
10 % \\ 08 B .@ o o %
22 | ; s
10 E 0.6 1 $
B 0.4 - :
10 : I ] é i
1024 02 o § °
1025 1517 mA: 20,32 TR S1Hl 0 jenend T1A]
1 10" 10? 10° 10* 1074 1073 1072 107! 1
Puc.11 Puc.12

Pe3koe yMeHbIlIEHHE HAKIOHA CHEKTPa B OONACTU JIa3€pPHOTO M3Iy4€HHsS SBISETCS
CJIEICTBHEM HachllleHHs (oronerekropa. [leTeKTOpbl, UCIIOIb30BaHHbIE B H3MEPEHUSIX,
MIePEXOAT B PEKUM HACHINIEHU B obOmacty nazepHoro mamydenus (/=200+-400MA), n3-
3a 4ero OCHOBHBIE JaHHBIE CIIEKTPOB JISKAT B CBETOIHOIHOM 00sacTH paboTHI J1a3epa.

Si|AYHz)  Laser#l g, [1{2{}0151) SiAYHz]  LaserflS g, [A%Hg)

10123 Stereo 27.09.02 £107!
| H F ,12 [
10713E Fion H ?10720 10 L1072
E = z T
10,14E '6$? ? 1 0—21 10,14 i 10721
10—16,% ‘éo k=0.86 ;—10*23 ?10723
10717,; .6'0 ;—10724 107" ;710724
§°""°°69 S °-°----ooo---o--o¢: ;

107" a T T T 107 1072 ‘o‘ L s me s naaiss
10" 107 10° 10 1 4 3 ) -1
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I[A] I[A]
Puc.13 Puc.14

IIpu momout BAX 1a3epoB u BelpaxkeHus (6) onpeneneHa 3aBUCUMOCTh AuddhepeH-
LUAJIBHOTO COMPOTHUBIICHHUA TUOAOB OT Toka. C ydeToM (4) ceKTpbl QUIyKTyaluid Hampsi-
KEHUS TIePEeCUnTaHbl B CHEKTPHI (IyKTyaruii Toka jiasepoB. Ha puc.13 mpeacraBieHs!
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pe3yJbTaThl CTEPEO IKCIEPHUMEHTA — CHEKTPhI (IIyKTyarmii Toka jaszepa u HOTOTOKA Jie-
TeKkTopa Ha gactore aHanm3a f=101"1 B 3aBucuMocTy oT Toka 1uis stazepa Nel. CrutomHo#i
JMHHEH MOKa3aH CIEKTP LIyMOBOI'O TOKA Jia3epa, MPEephIBUCTOI — CHEKTP ONTHYECKOro
myma jazepa. CHeKTp onTHYecKUX (GIyKTyaruil MPUBEICH TOJIBKO ISl CBETOAMOHOTO
pexuma paboThl. Hak/IOH CreKTpa LIyMOBOTO TOKa Jia3epa HPAaKTHYECKU OTCYTCTBYET,
YTO OTIMYAETCS OT COOTHOWIECHHUS (3), TAe CHEKTP MPONopLUuOHaneH TOKy: S;(1)~I.

Ha puc.14 npuBeneHbl TOKOBbIC 3aBUCHMOCTH CIIEKTPOB 3JICKTPUYECKUX M ONTHYC-
ckux mryMoB saszepa Nel5. B o0macTu Manbsix TOKOB CIIEKTpP IIYMOBOTO TOKA MPHOIN3H-
TENBHO MPOIOPLMOHANCH KBAaAPaTy TOKA. 3/1€Ch LIyMBI ONpPENEISIOTCS (IIYKTyalusMH
COIPOTHUBJICHUS yTeukH oOpasua. Jlanee ciemyeT CBETONMOIHBIN PEKHM U IOSBICHHE
GbnykTyanuii u3nydeHus. 3aTeM B 00JACTH TI€HEpaluM WHIYLHPOBAaHHOTO H3IIYYCHUS
OIISITh UMEET MECTO BO3PACTAHUE TOKOBBIX IIYMOB M3-32 MPOSBICHHS (QIIyKTyauui o0b-
€MHOT'0 CONIPOTHBIICHUS IPUOOpA.

Si(D [Az/Hz] Laser#11 Sy () [Az/Hz] ) [AZ/Hz] Laser#11 Sipn (D) [Az/Hz]

s 25.09.02 o £ 102 gt 27.09.02 gF10"
f=10Hz o ] f=10Hz $of
[ 10715 3 =10
=107 -
i 10793 | 10
10 : W 102
E ~17 4
F B 10 ;_&o 1023
; 10 10718E {5 10724
L S T s 10" - 1072
10710 10° 102 107" 1 107 107 107 107 107 1
I[A] 1A]
Puc.15a Puc.15b
Ha puc.15a npezacraBieHs! CEKTPHI QIIyK- 39 1) Laser#11
Tyauuil Toka u ¢oToToka nazepa Nell ¢ Hecta- Yor 27.09.02
OMJIBHBIM YYaCTKOM TOKa B CBETOJHOAHOU 00- ]
JacTH, BOMM3M TOPOroBOro 3HaueHus. LIIymbr
ObUIM IOBTOPHO HM3MEPEHBI CIYCTS JBa [IHS, 27 }
HOJIyYEHHbIE PE3yJIbTaThl ISl TOKOBBIX 3aBH- | ,:"'
CHMOCTEH CHEKTPOB LIyMOB W mapamerpa ¢Gop- / i
MBI CIIEKTPa ONTHYECKOrO HIyMa NPHBEICHBI, 14 g
COOTBETCTBEHHO, Ha puc.15b u puc.15¢. 3nech s ," i
HPHUCYTCTBYET TOT XK€ Yy4acTOK, Tie Ipuoop Be- ] ..," A i
et cebs HecTaOMIBbHO, MOSBHINCH KOJeOaHMs 'r
OIITHYECKOTO CHEKTpa U HmapameTpa ero (hopmsl 0 T
B 00JIaCTH MHIYLUUPOBAHHOTO M3mydeHus. On- 107 1072 I1A 10" 1
HaKO BBISBIIEHHASI HECTaOMIBLHOCTH MpHdopa He Puc 1[ 5c]

OTpakajach Ha BOJbTAMIIEPHOH XapaKTepHCTH-
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ke. OHOW U3 MPUYNH HECTAOMIBHOM paboThHl B pailoHE IOPOTOBOTO TOKA T'CHEPAIIH HH-
IYLIMPOBaHHOTO M3JTyYECHHsI MOXKET SBIATHCS HAJINYHE MOJBIKHBIX 1e(EeKTOB BOIM3HU 00-
JaCTH KBaHTOBBIX sM. Ha npuBeneHHBIX rpadukax HaOIIOACTCS KOPPEISALUS MEKIY
crieKTpamu (uryKTyanuii Toka j1azepa i MHTGHCUBHOCTH €r0 M3JTy4YCHHMS.

4. 3axnwuenue

BonprammepHast XxapaKTepHCTHKa HCCIIEAOBAHHBIX Jla3epoB Ha Ing,GapsAs KBaHTO-
BBIX SIMaX COCTOUT M3 ABYX KoMIoHeHT. OcHOBHas komnoHeHTa BAX nmeeT Bua, xapak-
TEpPHBIA AJ1s1 p—n nepexosa ¢ KodpHUINSHTOM HACATBHOCTH 7)~2, 4YTO O0YCIIOBICHO pe-
KoMOMHaILMel HocuTesIel 3apsAaa B KBaHTOBBIX siMax. B o0iacTu ManbIX TOKOB OOHapy-
JKCHBbI YTCUKH, MPUBOISIINE K JOMOJHUTENbHOU KoMmmoHeHTe (77=10+20). Conporusiie-
HHE YTESUKH I HEKOTOPBIX 00pa3IoB cocTaBiseT AecsTki OM M CHIIBHO (IIyKTyHpYyeT.

Cootnomennst Knaitunennuna (3), (7) ai1s p—n Auofa He ONMKMCBHIBAIOT CHEKTPHI IIIy-
MOBBIX TOKOB M HAIPsOKCHUI OOJNBIIMHCTBA MCCICIOBAaHHBIX JiazepoB. BeipaxeHue (7)
JUISL CHEKTpa IIYMOBOT'O HANpPsHKEHHs IMPUMEHNUMO TOJIBKO IS SKCHEPUMEHTAJIBHOTO JIa-
3epa (C MaJIBIM ITOPOTOBBIM TOKOM T'€HEpaIuu) IpH TOKe 3-107°+2-10A ¢ 1apaMeTpoM
Xoyxe a~2,3-107°, MoKa3bIBAIOLIIM XOpOIIIEE KAYeCTBO IPHGOPA.

TokoBsle 3aBHcHMOCTH criekTpoB HY mryma HampspKEHHs/TOKa MMEIOT HECKOJIBKO
XapaKTePHBIX yYacTKOB.

[Ipu paboTe nma3epoB Ha MaJBIX TOKaxX OOHAPY)KEHBI AOTIOIHUTEIBHBIC IIyMBI, 00y-
CIIOBIICHHBIE (DITYKTYyaIUsMH yTeUKH. [ HEKOTOPHIX 00pa3IoB yTeuKa IMEeT JIMHEHHBIH
XapakTep, W CIEKTP IIyMa HANPSDKEHUS MMEeT KBaJpPaTHUHYIO 3aBHCHMOCTH OT TOKa,
Sy ~I%, xoTopas onuceBaeTcst BeipaxkerreM (1). B Apyrux cyuasx yTeuka MMeeT Helu-
HEHHBINA XapakTep, U CIEKTPHI IIYMOB UMEIOT 0oJiee CI0KHBIN BHI.

IIpu Tokax Gompime 200MA, B pexuMe I'eHepalud MHAYLHPOBAHHOTO H3ITy4EHHS,
HabIroaeTcss BO3pacTaHUe IIyMa ¢ POCTOM TOKa, OO0YCJIOBICHHOE (PIyKTyauusiMu oOb-
€MHOTO CONPOTHUBIICHUS 00pa3Ia.

Mexny cnexktpamu (uiyKkTyauuid Toka U (OTOTOKA Ja3epoB OOHapysKeHa Koppeis-
1y, Jl1st HEKOTOPBIX Ja3epPOB OTMEUEHbI YYaCTKM TOKa BOJIM3M IOPOTOBOTO 3HAYSHUS, &
TaKKe B 00J1ACTH WHIYIUPOBAHHOTO M3TyUeHUs, TJI€ 3TH CIEKTPBI U MapaMeTpsl ux Gop-
MBI UMEIOT 3HAUUTeNbHbIe Kosebanus. OOHapykeHHass HecTaOMIbHOCTh paboThl mpubo-
POB He MPOSIBIISIETCS B BOJIBTAMIIEPHBIX XapAKTEPHCTHKAX.

Hcnonb30BaHHBIA METOA IIyMOBOTO aHAIIM3a MO3BOJMI BBIIBUTH HaHOONIee KadyecT-
BEHHbIE M HaJIe)KHbIE TIPHOOPHI, a Takke UX o0mmue ciabble MecTa, TaKue KaKk TOKH yTed-
KM, HaJuue NeQeKToB BOIM3M 00JIacCTH KBAaHTOBBIX SIM, KOTOPBIE OOYCJIOBICHBI HEJIOC-
TaTKaMH TEXHOJIOTUH U3TOTOBJIEHHUS PHUOOpa.

bnazooapnocmu

JlaHHOE uccienoBaHNe M N3rOTOBIEHHE 00Pa31loB ObIIO YACTHYHO MOJJIEPIKAHO MPO-
rpammoit HATO “Hayxka mis Mupa”, npoekt SfP-973799 mexay Hmxeropoackum rocy-
JTApCTBEHHBIM YHHBEPCUTETOM M TexHHueckuM yHHBepcuTeToM OiHaxoBeHa (Humep-
JaHJBI), KaK mapTHepamu. Pabota Tarxke moanepxana rpantamu PODU 00-15-96 620,
01-02-16 666 u “Benymue Hayunsle mkoasr” Ne HIII-1729.2003.2.
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The results of the investigation on laser diodes with /ng>Gays4s quantum wells are
reported: current-voltage (I-V) and radiation power characteristics, the 1/f electrical
and optical noise spectra and theirs dependences on forward current. The I-V character-
istic is found to consist of two components caused by recombination of carriers in quan-
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tum wells, and the leakage. In order to analyze laser noise the Hooge’s empirical for-
mula for 1/f noise and Kleinpenning’s model for 1/f noise in p—n diodes were applied. It
is shown that Kleinpenning’s relation does not describe noise spectra of most diodes.
Leakage noise was found in the spectra at low currents. The noise of laser bulk resis-
tance predominates at high currents. On the base of electrical and optical noise analysis
including frequency exponent researching the laser unstable work was revealed at high
currents in laser emission region.

1. Introduction

At present time nanodimensional semiconductor devices belong developing branch
of nanoelectronics. The light emitting diodes (LEDs) and lasers based on self-organized
quantum dots (QD) are very promising devices in this field. It is suggested that the diodes
have to function at higher temperatures with less temperature sensitive operation [1] and
with an enhanced radiation hardness [2] . Development and manufacturing of such type of
structure base on investigation of quantum well devices and theirs properties.

In the frame of common experiments between Nizhni Novgorod State University
(NNSU) and Eindhoven University of Technology the measurements and investigation on
noise in Ing,GaggAs/GaAs/InGaP quantum well lasers were accomplished at the end of
2002. Our devices were manufactured in the Physical-Technical Research Institute of
NNSU [3,4].

The laser characteristics were measured as follows: current-voltage and radiation
power characteristics, the saturation current, threshold current of laser emission, bulk re-
sistance, the dependences of electrical and optical noise spectra on forward current.

The laser voltage and radiation power noise were measured at the same time. LF
electrical and optical noise were simultaneously amplified, digitized and saved on PC
hard disk by 1 million samples for each type of the noise. Afterwards obtained data were
processed by multifunctional analyzer developed in LabVIEW program virtual instrument
[5] . The scheme of stereo LF noise measuring system is presented in Fig.1.

Laser structure is shown in Fig.2 and has the following composition.

n*-GaAs (1.0.0) substrate (thickness d=160 pm);

— n'-GaAs buffer layer (majority carrier concentration n=10"cm™, mobility
£=2000cm?/V-s, d =700nm);

— Two InGaP wide—zone bounding layers (n=p=10"%cm™, 1,=700cm*/V-c, 1,=35
cm?/V-s, d=500-550nm);

— GaAs cavity layer (d=750-800nm) containing two In,Ga,_.As quantum wells close
to middle of the region (x=0.2; d=9 nm).

—  p'-Gads contact layer (p=10" cm™, z=100cm*/V-s, d=500-550nm).

2. 1/f noise and current-voltage characteristic of p-n diode

In order to analyze laser noise the Hooge’s empirical formula for 1/f noise was used
[6] . It is presented by relation (1), where S; ; are current and voltage noise spectra, / — the
forward current, V' — voltage, N — quantity of carriers in the sample, & — Hooge’s parame-
ter corresponding to 1/f noise level of one carrier (it takes magnitudes between 10~ and
107® depending on the crystal quality, mobility and carrier lifetime), f—the frequency.
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The amount of minority carriers N and theirs relaxation time z, the forward current /
are related by equation (2). Taking into consideration this proportionality between N and /
the Kleinpenning’s relation (3) for p—n diode applied for current noise in p—n laser junc-
tion [6-7]. Here I is the saturation current. Hence, above Ig current noise spectrum is
proportional to the forward current, S;~/.

Voltage and current noise spectra of the diode are related by the dynamic resistance
r4, see equation (4). The current—voltage characteristic /(¥) and the dynamic resistance r,
of p—n diode are given by equations (5) and (6) respectively, where 7 is the ideality fac-
tor, Vy=kpT/q — the thermal potential, ¢ — elementary charge, kz — Boltzman’s constant, T’
— absolute temperature, and Rg— the series (bulk) resistance.

Therefore, in the frame of Kleinpenning’s approach the voltage noise spectrum is in-
versely proportional to the forward current S, ~/" as it is shown in eq. (7).

3. Experimental data

Current-voltage and current-radiation power characteristics

Laser -V characteristic turned out to consist of two components described by equa-
tion (5) with different parameters. The usual -V component with 7=2 corresponds to re-
combination of minority charge carriers at the quantum wells. At small currents the leak-
age predominates leading to high ideality factor (7~10+20). At high currents 70+500
mA, and at voltage range 1.3+1.5V the transition of the exponential I-V to the linear I-V
occurs due to the disappearance of the potential barrier in the junction. The bulk resis-
tance becomes visible with values for the lasers between 0.1 and 0.4 Ohm. Threshold cur-
rent of laser emission is between 80+410 mA, radiation wavelength is 987 nm. The life-
time of minority charge carriers for our lasers is 7=10""s.

The typical I-V characteristic is presented for the laser#1 in Fig.3. At high currents
the -V has ideality factor close to two, 77=2. At small currents the leakage components
prevails and resulted in additional component in the I-V (7=10). Bulk resistance is equal
to 0.1 Ohm for the laser#1.

“Current — radiation power” characteristic was measured by carbon detector. In Fig.4
this characteristic is presented for laser#1. There are light emitting diode and stimulated
emission regimes of the laser shown in this figure. Threshold current is 250 mA marked
here and in further figures by continuous vertical line. Light emitting regime in detail is
shown in small frame figure in semi-logarithmic scale. The converging lens was not used
in the experiment that is why radiation power has understated data. Actually, radiation
power for current /=1 A is between P=0.65+0.7 W.

Some lasers have linear leakage and considerable fluctuation in this parameter. For
instance, in Fig.5a the [-V characteristics are presented for the laser#15. Here two almost
coinciding [-V were measured at one day, third -V was measured two days later. These
I-V dependences at low currents are plotted in the linear scale in Fig.5b. Leakage resis-
tance was 11 and 13 Ohm at one day, two days later it was 30 Ohm.
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1/f voltage noise spectra in dependence on forward current

The voltage noise spectra in dependence on current through the lasers were investi-
gated at the range of 50 uHA+500mA. While the current was increased the voltage noise
spectra were decreasing as a rule. The noise has 1/f” type, and the frequency exponent
y=1.

In Fig.6a the voltage noise spectra versus frequency with the current as a parameter
are shown for the laser#1, the frequency exponent is varying between 0.6 and 1.1. At high
currents one can see the plateau caused by the measuring system noise. The noise level of
the system is presented by the curve “Noise floor”. Plateau exceeded this noise floor
nearly one order is appeared in the voltage noise spectrum at stimulated emission of the
laser.

At the frequency 10 Hz the voltage noise spectrum depending on current is presented
for the laser#1 in Fig.7. This characteristic consists of two parts. At low currents prevails
leakage noise. Current [,=7-10*A in the fitting equation in Fig.7 corresponds to the
transition point between two components of the I-V characteristic with 7~2 and 7=10
(see Fig.3). At currents more than 2mA the noise of recombination processes in quantum
well becomes dominant. The broken line shows the spectrum corresponding to relation
(7) with the Hooge’s parameter a=~1.2-107 for chosen noise level. However, the experi-
mental voltage noise spectrum Sy~I* in dependence on current has higher slope k=—-1.5,
than theoretical one in equation (7), where k=—1. Here the Hooge’s parameter is the func-
tion of current, consequently Kleinpenning’s model doesn’t describe noise behavior of
this laser.

The noise in the linear leakage was found for some lasers. For one of them, laser#15,
voltage noise spectra at 10Hz and 100 Hz versus forward current are presented in Fig.8.
This effect appeared at low currents (below 80 mA) in the spectrum. It is close to the
square law, Sy~I°, which is typical for the noise in linear resistance and it is described by
equation (1).

The voltage noise spectrum with slope k=—4.5 is corresponding to light emitting re-
gime. Afterwards positive slope characterizes stimulated emission and it is caused by in-
fluence of bulk resistance noise of the laser.

Frequency exponent of this spectrum for laser#15 is shown in Fig.9. There are sig-
nificant fluctuations in the spectrum exponent at high currents where stimulated emission
takes place. This is revealing unstable work of the laser. It is quite possible that it is
caused by the presence of movable defects in the quantum well region.

In Fig.10 the voltage noise spectra at 10 Hz and 100 Hz versus forward current are
presented for the experimental laser with low threshold current (/,=70 mA). At low cur-
rents the voltage spectrum is satisfactory described by relation (7) for p—n diode. The
spectrum dependence on current has slope close to k=-1 and the Hooge’s parameter is
equal to 2.3-10°%, that is testified quite good quality of the diode. Slope k~—0.2 is corre-
sponding to intermediate [-V region between two components. At currents more than 70
mA the voltage noise spectrum is increasing with the current increase (k=1.7+1.9) where
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stimulated emission takes place. That is due to influence of bulk resistance noise of the
laser.

1/f optical and current noise spectra in dependence on forward current

Laser radiation was registered by the detector where radiation power is proportional
to the device current. The silicon and germanium detectors (narrow bandwidth with
maximum on 1000 nm) were used to measure the noise in the radiation intensity. The
spectra of the detector current fixed at the laser#11 radiation output are presented in
Fig.11. While the current was increased the optical noise spectrum was also increased.
The noise has 1/f” type, and the frequency exponent y,, varied between 0.8 and 1.1. Small
spectrum slope at low laser currents is caused by own detector noise. Frequency exponent
for laser#11 is shown in Fig.12. The optical noise spectrum and frequency exponent were
dropped at the laser-stimulated emission due to the detector saturation. The detectors used
in the measurements are saturated at the currents above threshold value (/=200+400 mA)
that is why main optical noise spectrum data belong to light emitting regime of the lasers.

Using I-V characteristics and equation (6) the dynamic resistance was found in de-
pendence on forward current of the lasers. Taking into account the relation (4) and the
dynamic resistance obtained the voltage noise spectra were recalculated into the current
noise spectrum. The detector current noise spectrum and laser current noise spectrum at
10 Hz versus the forward current are presented in Fig.13 for laser#1 as the result of the
stereo measurements. Here the solid line shows the laser current noise spectrum and bro-
ken line shows optical noise spectrum obtained only for light emitting regime of laser (up
to stimulated emission). The slope of laser current noise spectrum in dependence on for-
ward current is almost absent that is not corresponding to equation (3), where S;(/)~1.

In Fig.14 these types of spectra are presented for laser#15 with linear leakage. Here
at low currents the spectrum of laser current noise is approximately proportional to the
squared forward current. This is in agreement with equation (1) for noise of linear leakage
resistance. After switching from one I-V component to another one the light-emitting re-
gime follows, radiation noise become predominating above 80 mA and laser current noise
spectrum is decreased with the forward current increase. The bulk resistance noise pre-
vails at stimulated emission, after threshold current, and laser current noise again is in-
creased.

In Fig.15a the laser current noise and detector current noise spectra in dependence on
forward current are presented for laser#11 with unstable behavior close to threshold cur-
rent of stimulated emission. The optical and electrical noise of this laser was again meas-
ured two days later. The results obtained for noise spectra and frequency exponent of the
optical spectrum are shown in Fig.15b and in Fig.15c¢ respectively. Here the part of for-
ward current characterized unstable device operation also can be marked. Also the con-
siderable fluctuations of the optical noise spectrum and its frequency exponent appeared
in the stimulated emission region. However, revealed laser instability was not turned out
in the I-V characteristic. Probably, presence of movable defects or clusters in the quan-
tum well region may be the reason of this unstable laser operation at currents near thresh-
old value.
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The correlation between optical and electrical noise spectra is clearly observed in the
figures offered here.

4. Conclusions

The I-V characteristic of lasers with /ny,GaysAs quantum wells turned out to consist
of two components. The main [-V component corresponds to p—n diode with 7~2 caused
by recombination of minority charge carriers at the quantum wells. At low currents the
leakage was found which is led to an additional I-V component with 7=10+20.

Kleinpenning’s relations for current and voltage noise spectra (3) and (7) for p—n
junction diode does not describe the noise of most lasers researched. Relation (7) for volt-
age noise spectrum was found to apply only for the experimental laser at currents
3-107+2-107° A with the Hooge’s parameter a~2.3-107° characterized a good device qual-
ity.

The 1/f current/voltage noise spectra have some specific parts.

An additional noise was found in laser operation at low currents cause by the leakage
noise. In some diodes the leakage is linear and the voltage noise spectrum is proportional
to forward current squared, S,~I; it is described by equation (1). In other lasers the leak-
age is non-linear and the leakage noise spectra have more complicated current depend-
ences.

At current more than 200 mA that corresponds to stimulated radiation regime the in-
crease of voltage noise with the current increase takes place. This effect is caused by the
noise in bulk resistance of the lasers.

The correlation between spectra of laser current noise and optical noise in depend-
ence on forward current is clearly observed. The regions of forward current close to
threshold value were found in some lasers, where spectra of laser current noise and detec-
tor noise and the frequency exponents have considerable fluctuations. This instability of
laser action was not seen in the [-V characteristics.

The used method of the 1/f noise analysis allowed us revealing the most quality and
reliable lasers, also theirs common weaknesses such as leakage, presence of defects in re-
gion of quantum wells caused by technology imperfections.
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