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HETFHERELAETRANEEARES, HEREFHENRE

BIELLEOEA, HELETFRERANRERE, L2HBLBLDIE
H—MEBMCHTRME, DIOSHNETRARE, ST BT,
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§ 1.2 ¥ FHEOLEHI L=
1.2.1 pRERE
R EFE T EBRKRINKE. EEEHMETHRERE —RAHEXTE
R RFIE, HEXNH

S (w
RIN = P(,, (1.1)

Spl @ ) REH NI FERKEFNINREER, P BACUFENFIE. 7R
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RE: ¥REBOLERARNETIR

BIMEL G, AXEERERETIREKT, EIEOCEM T/ERFSE, X
SRR IR, MRAENERT. BERBHHRIEEENMA (RS
DWEMRERNZE) BHERE - ERE, WE 1-1 s, e MR SRER
B EGE. MBERTCEMN GHz B+ GHz, 58 FFdw 7, XaF
Fr T, MEANBRA X,
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E 1-1 mEREEEE
B2 kM B R R BREARFR, NRERESHHEIIERS
HE 2 %2 TER xR

S, < P” (1.2)
EARERSH, BRESKESIEMZBERS S MM, B m=2/3,

il

Rfl
S, « P%’ (1.3)
1 BE MR ABEET X, MK TEE NG N EMIEE, Y
S, < pP? (1.4)

EROLX, B REFES LA ERENTRE D, BERFER
R IR TR REA L TRERTIEN, XN
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aHRRKFETENRX

S, o P (1.5)

FAEBRRENRRRS FATFEBANSIHEITHERN. BARE
SR EMM R iKESS, BRFRERERESIRBERE, TARETRE
FUEHGEEN B R RN KENM S REIRARER, FIURITEEFRT
BEEEREASHEARRTRKEGHRN. Wi, BRBERERKE, b
TROLER B R MAERRINERE S IBNKE, BTRENKEHLSIR
WMERAE. A, BRTIEBRRKEREFEAEERAERNRE,

1.2.2 JeHELLEFE

AN GREFERERETERRS A FHUKBEIN U REEE R LR E
MR R BRAET. BUEERVISIEANAOMBREELATESUNERS
F. BATETHRSED, HUGRENFERGI THENREE. ETXRIE
M, mETLEERSE D, HUBREERZHBEEIABRENEERER. Bk
AT T MBI M L5 BB FUAR AL R R B0 2884 L E S AEK R
KB FEEZFRMXER, EmMEHEREAREXX N BEREFTRAGR
0§ .

XHABAI R TR, BRI ERE(RME (<IMHz). FAIE:ERF K/
SHTERZIGMARERTELR (B 12 Frx), EIRES =0,
AR MK, HEIEED 0 EME] 40 ankd, AB{7 A KL I
50-62dBV. XEEZH THEIE RITEKAKES|IER.
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HRE: EBREBOCREARETR

BUAHE.

EEE L, MARESHEER)LELX, EIMEEIRE) 7 A8 AT
ERBECEA, HAMRERIhRETEiLE -5 —

Ill% ;a[21]

2t A

mE 1-3 Fran, RE5BERANINRETER -0, XMERd Fikl
TRPZATIER, FEREAESNERTRE. B 1-3 £/ P1 P2 45
R NMARIBICIHEME, TR, MBI FERR, XN AR

=

N QL

?1 P1=4mA P2=7. by

B 6l A

s 4 f | ;

A

o 9 K

= “'_I___T_I-'T.' Ty - | l\ ¢ -

0.5 1.0 1.5
N (GHz)

A 1-3 AR 5SMERKR

R RERN—NEEANERERALGFE SELERANREEIIRR.
WHRREFVCSEEAE S TR A

E@) = [10))? expli{w,t + 4O} (1.6)

Iy &

ik &)

PRI, o RARENTIIE. NRBSLPRIBHIN G A%

R (t)=E(t+7)E (¥) = expliw,7) exp{— % o’ [A,c;)(t)]} (1.7)

PRABENUBR R ARG KR E, 3\F

Hep  o? (A (g(1) = 2 ES’ (f)) (1-coswr)dw
T @

(1.8)

21 S, (o) RATGLR AR . XA

T EACRENREEE, & (1.8) XBTLIBE o2 51 HXAEME,
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EHRKEBLER/SX
mE 1-4 FiR™. Hr8KRE, o2 5tk B8N, o? XSG
BSt° it MEURERGHITh. XRBTFEAN TN EMRENESIE

K, BEARTBRAEERER, FERERETIIANT N ESHEXE., T

(L. RRA (L. DR, FH
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1-5 G THNRNER. EEk-
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SR SRR LR, WO

R(7) = exp(iw,T)exp(~mAv /VzT)

(1.9) &

A
'Y,

HA T ALXNRE. iié.v% 4 % H YRk 9 2

(1.9)
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:rsz:o
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1-5 it M5 SHIBETR

cEAS, Md (1.7),Q.8),



AR E: BRI B IR

AR, Se (o) HRADMEERBRTELZNTE.

§ 1.3 ¥ HBOLRKBREE
1.3.1 5|
R EIRHOLRS M ER B, RV TEN, BB hABRsS T ERET
B THRESES. sIEERTFRENEREFRE . MEFEABRREOKE, £
RFEEMPELAERGE, L FENNBREERMIKE, LA E
ZF. B EBER s IEBR TSR . B XEe B AR &aT Y
WA HE B SEAEH ", AR, SRR, BERR, #HX
PR REH AT REERRES. B VKBRS RN, STREHTTE
HEFATIEN Y, XM FEAEFWRE. FE. EHSMA.

1.3.2 BREERIFPR
1. Hgrs

AR — N TASFEREU BB AT, SR TFHRERIARIES.
XM REZFENMERRFREARANNEZ £, KR T BRHEF
PMERRAR. BRPERNMBERERNSIEBREARRK. XTI ERAR
FROA#EEE (Thermal noise). MR EI ZHFAETHEM TG T. EXFHEE
Fa, HEEEFERFETAGRN, EABEM RENSIERHNSBHE.

W LHENEEAL L EEER T WRA AFFRRGEBERLUH 1
5 rHERKEEE EXER (BB 1.6 (), BATUHA—IMSHEHER g=IFR
HER BRTERRr (AE 1.6 (b)),

L4

g (} I

S

(a) - (b)
1-6 EBPHME EER
FIRMULTHIRZERI:




SRKFE L2418

E? = 4kTRAf (1.11)
I} = 4kTgAf (1.12)
Hep k BRE/RZESHE . #0050 B i g ThEiE % 5 25 5 4
S,(f) =4kTR (1.13)
S, (f)=4kTg (1. 14)

M T LLE S, WeERNK/NSSMnEETX, REREMEHEKEES
*. MFEELSEBCRFV, SRSEMEBER/D, FRURBRBHIRAD,
BET, —&EO. InV/H2 HIEHEH.

2. USRI S

HRFESREFFREAERK FEsBL2Fx, BNTEFETEREMS
. BESABOE-HRED, TR TER pn GHLZ2KXKFMEIE, BIIEE
ANERMER. XFPEHTERETS B TEI RSB LF5RAIERA, R
AR (Shot noise). RUHEMEFSFIEFIIEILEFEER

S, (f)=24ql (1.15)
T RARESHRER, o VBAFRHEE. pn & ZHREN V-THETUERTRA
I1=1,[exp(qgV 1kT)-1] (1.16)

F, VASMNEE, LARRBMBR. £DMEAT, RERSBHNHA
NrE: (1) Hp REAn KT RE BEBIR L=Lexp (qV/kT), (2)n R4
W p KIREMSIUEBR SRR L=—L. XHRMBEREALHMIMMEYBETTSE
ZMBRFHE, ARV GHEBERS, ER - HafikENEFEERLE
AN TREOREEGRREBRNIIRILEER
S, (f)=3§; (f)+S.f:(f) =2ql, + 241,
=2q1,[exp(qV / kT) +1]
=2q(1 +21;)

;
20, (1.17)
I+1,

=2k7g,(



ARE: FIJBBOCRRERFEAR

HA, o HREKBE, WLURTKH

dl

qg({ +1;)

gﬂ:dV

1. 18
o (1.18)

SAGFwWE, 150, B

S, (f)=4ql, = 4kTg, (1.19)
XM HEEERE LFTHREESMHIES. Y4 ERN, DI,
k=]
S,(f) =2ql =2kTg, (1.20)
XMNPEEEEESRE T ETRABERHMESEK—F, U5 RRE,
]::_'Iu! {)-'JJ’@‘
S,(f) =24l (1.21)

B8, RIWEARIEEEFIZ/DTIERIETERERE. & (1.19), (1.20

FO(1.21) "TAEH,

AR N,
ERE IR

HA, RIRENHERENDREFER S

THRRE, SRMFRMBRERFILERX.

3. 1/f g

MB[AEIRAEEE —FF, FREEOLRNEGRR S —K

REX, &

NENRIEFFESHER K EHIBEILKEINRAIRAY 1/f BA, ERT
St I/fREEMERNEFEFETUSRUTHRER

S, (/)

EF{O 8~1.2, XTFH5

X1/ BREARMARAERTYERER, —ERMBRFHREHE,

= AIP [ f" (1.22)

(P, 1 ORIEE SRR, AR, 28 A AR HEHERT

ME, B=2.0,

y&ﬁr TEI

—Rrad%

REEHR . RERATREERA N L SASSRN SRR T ELRE R
¥ EREEALE TR EBHEE R REIE 1/f BENEERE®.

BRMANFE 1/ BH,

HAKPMERAEE LRRTIEBEP R

TEHTHR
H R %

b, ANEEF - ﬁ%%ﬁﬂﬁﬁiﬁﬁ’]%"%iﬁm H AR LE T REBKE
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BERRFE L EAR X

HRXK. MZPTEX LR, I/f BFHBERBRTRAEXERERTSEWE, ££1
wlFF, EUERHETNHREELASIREEAEE, S|ERELVEBAHT
JHMEKE, NTTRBOHEATHRANKE. BRET /BB, TBERK
ERURHRNER AN B RIBHRN, ZERI RN 1/f 5 E 4N
R, TTEXFARGHRISEMN, ARRENESHRAE™ ., E3FF& g
AR ELEREY, RAEHITENEEEY. RHETHEE4HNET
I/fEERER T 4K 1/f BB, AT B8 R AN [E A 2345 & BT R MBS L AR .
BEE, RERRTHENTIEEREXHHVAERREE. ERZBHEERT,
AEETRERSBMFEMRREDRE, FREOBRFIRESIRH 1/f $ERER
AfLLZBSER LS, XEEBERREARS 1/f GEM XS,
) 1/f B AARLE 1/f AEREEARGE 1/f REMRHK., LT HEB
X, REOFUEFELKFELFOMNRAFRIREIERMES, BEREE4+
&ﬁ%ﬁ%%@ MIEE 1/ BRE, AT, Xf 1/f BERK/PME
RTEHERERNZ D, BERHEENAR, aJUE—IMBRAERATI, T
BNEREERTLATCIHEBRR, SR AR 1/f BFE. SMHEEHTIERNRE
LR SR R BB R P RIES KR, har-E 1I/f BB, ST AREE
HIFF RN R I8, X 1/ f RERF KGRI RE, MAEMANEELE
BEREANGHEHRE, 8FFARIE 1/f0eFE, REBIERT 1/f BEBEETLLZ
BRHIRERE, UL 1/f BEA AT /T BERNESVH.
B EEORRTH 1/f RETURFAY

_ AS2> -
_ ,mkT 12 gl 2< 1/ f a 252 .
Sy =( 2 +R.) (-3—0:}?-)+q Se.., T4 +-§f—;RSIL (1.23)

NF, n BEEHEAT, F BEREREH, o ZETHE, «2HAKEE, -,
Bl FHFm, 1.2 TRHEG, TREAXEE, AARGKEREHEE, V£
ﬁﬁ&’cﬁ%ﬁﬁﬁ%ﬂﬁﬁﬁ%mﬂﬁw, LRFENBI, FRINE  Sec-1/eM<AED,,
Rl ERER (RED REKEMNAFERE S ERKESIAK 1/f BE,
M (1.23) ALEY, $SE6B0LSTH 1/f BB R0HS: —EBT
ACH KRS R, FERENR SEZMMA. RS (RED) REE
%SIER, FREMENEKEEXER. —fHEFHEFKESIEN, EEULK
g EFHAL. B REKBHENKESIERN. J3H AR 1/f EEFES ENRER
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ARE: ¥ BEEEREESHTR

Rif, RECEFESRMBAETUZEE, FrU—RERT, LSEEOLRK 1/f
eSS BT T B EC]: B0t 1/ € MR P YRS | A2 F MR 7 48 /) T o Bt e Lt
S RIDTRREBLKRT, SFRIR B A S B iR A 5 AR LR

4. grigpm

EFF MRS, FESREAFEIERERTREFREFTL.
MIFBMNER TP REMENAR, SFHEEZIFO. BEPo. B
BFE-EEFORMER. XERFFOMERFORNNERE —MEE
fF, A GERERMNBRFHEBIAE, R5ESHRTFERMHTH
FEDLRAL, B EREERATE-BEBE (Generation-recombination
noised). T RARFHREERKELMITILA kT BEKFREFOAXT g
EEE TR, g r AR EERBEEMN TEFTHHNERE=E-E&F 0
FIRERE PO, R SRBOERE o BAEFERETFRELAEULRERE
MBI IERFTEEF L. g BERMT RN OEFE.

HEND g BREE, N egrEERREARA

.gquj=f]4ﬁﬂ'ﬁﬁ} (1. 24)

1=l l+a)2T,.2

HARPEREEEER T H|RJILE, r ARMBEENNAFER, 5 g &
ERFEME 8 THRAXER

|
27?-0:

T, = (1.25)

X w=21, #4 ¢ =UI) gy 1o mrpEFEY

27

%f"' (1.26)
"=1 l+(4.

1.3.3 e (LD) KB &SRB 3%
LD RIIER FIZERLAE 4.

S ..

10



BRKERLZMRX

-—-——:-q—*—-}——(EcV‘—EVC)S'f‘fN (127)

a5 =(E_, -E )S+ ﬂN ) +fs  (1.28)
df T i
KPP A SHRRERKABFRETE. [ BEAHRK, ¢ EEFHRE,
TR BRENFR, T.RNETHE, ESEZBEFER, £.5 BRZERIK
WE, EX gt~ L APAERIEE, HH LAFRSETFHETH K
Langevin e =¥, HEixk A REHEARERE.
AZER AR B2 84 LD (%A R EmE 1-7 """,

0 —>—

V
Vv,
0

X 1-7.5085 LD M SN e iR

| P

e, CRETEARRTHFCRNT~ENT HBE, FEZHREN
Worei, L REBHNETFEXRNHUSBE, R.ESBREFBSHABOLE

ARE XM, 2 AESETFHRETLORFRRE, v RAT MRS

T 7 HE BB 75 e SR O
HZEN BB BHERFENEEER.

v(w) [R +(wl)’ ]z +v +2iv R, 1
Af (LC)* D(w) D" (@) A

S,(f)=- (1.29)

D(®) = -o° +jw[R£’ 1+ —[ ] (1. 30)

RC™ LC

1§



ARE: LIEBOCEG AR

THRERIETTA -

VI(C'J):: 1 [R“-%ja)L
(lw)y LC D(w)

FEIRIREY, mEME P A% R ks,

2 -2 2 -
S (F) = RLii+v, ;21nvan 1 (132)
a+ley Y
R
XTEE LD, EMEXTUHA— I HBEIRRER, BENSHER
L 1 BFﬁ-—*[lT 1532]
0 3 o
2 Ly
\/ I __C R
« 1 O F -
Vo
0
5 1-8 SE LD IR ESUEE
HoE R AR A,
Zeqr s ;T " iv,
= i nk RA 1. 33
S (f) Y; [i3 +ZR§.—& Lo’ +2;Re(Rm +ij@)] ( )

FERIDMFESERG, DAREEGFIIEEERTA™
TEN(f)=S,(f)-G(f) (1.35)

CHREFESEFXANFEBBRE.
RIE (1.32) 1 (1.35) XoJE P TEN SEMFBRFAGRE R XKML, 550
mE 1-9, 10 Bi7R, A, BREARFPFEARRK, C, DRRARLIME,

I}
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EHRKER L2608
108 )
2N
& A
:é‘ /\
> 107 ' . \,,.
g B \
10710 \<§\
, —
0.01 0.1 1 10
Frequency (GHz)
] 1-9. TEN S5RERRIK R e
10%
10 C [,N\
5 | —
!
10710
5 D
0.0 0.5 1.0 1.5 2.0

Bias current (I,/Ig)
1-10 TEN 5iEABRBIXR

e

1.3.4 EEEAERNH
1. B2 A TR R {EBRAN B RIRGANE

B{E B RAMBMR R BOCHRHIRANEESE, WHRBOCERTEROL

R /DEN B, FESEBR A -

FiiRERR. MEEFERSBEAEMN MR, HE 1-9 A

7 TEN 55E (H MREBEER (1/Jth) KIRxFRHMLES
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HERZE: IR AR

Xof RE GO 28 B 3t IR R A0 B8 BV o TATTHT LA SRR B 1 TEN BESRZR A3 A
FRYLHIZEAIR L, FBAEATN N AR MEN B BIRE LD e BiEY
SRR {E B .

2. FEIG A R T RS0 IE 4 38 R R I
BOLSRIMR R FEFIEE S TEN FH WM TRRR" .

TAN
S, (@) = (ngmk;q V[ TEN(@)+TEN,.]  (1.36)

ve BEEE, TREIERHET, AR¥H. LEREHFRXAHERTH.
m RHEAF, k BRERZEFE, TRAEXNEE. TEN: 4K TEN F FI{EIH R
i

B (1.7), (1.8), (1.9), (1.36) 78",

1 v .IAN,q
Avip =7—( g2mk; ) -TEN,(1+a?)  (1.37)

Kb o REFIERET. B (1.37) wWam, EidRE TEN KK/TTLIH
EIERMFE. XATERET LD KSR TAERM T —MIRBF T,

3. f&ﬁ%@%ﬁﬁqa’iﬁmqﬁﬁﬁgﬁm 18, 19]
% £ (i=1, ) REMBHMER W RIHBE, UE

dE;
dr

T EA—UHER T MR E, a BESEABRAEERRNFERR
8, ARABREERY, o« REEREHNHKEE RN Langevin BT, 7EH
RESTKERMAET, AR EABRANER, ELHE:

=(a,-|E| ~ |E|)+qj(r) (G,j=12, i#j) (1.38)

—<—t<¢ (1.39)

XSRS IR . B— M ER A H iR B, ¥
HEXTES, FHINFFROERTHTERIEE, #TE TEN KEZTH.
B E TEN REF AN B LB A I RENER, 7T UEL B RBOEE
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SHRARFELFEAIEX

= A HIEABEEE . JEABE U, TEN A BRTE L Bt by
I LYY, HIHEE R Lorentzian R, EIERSBARSHO®RE 9,

4. B MR T OG AR T SR AT (U

FTAMAERN, REFRH, BERARE, FEKpn SRBERER
HAE, MR FERERERGRRENEERE, BHRIMN 1/f &
gr BRF, MERXERFHESRGMRBEDIMER. FTEL, B4 K/
RERT BRI E, LI 840 &R aT S E B ap ™

BN AR EHBHNFRERNGEIRESR, KEMBFHERENE
WA /DRSSP, TIWIAARE S KSR EE 2T 18, BRI DB =, 47
ERE RS REZRGARRBES, NEERAFIREAT, HEL
HH BRI, XERERERFEERRATR, SHADETR, 83
A RIB AL, 0 BRE . (EXF 808nm i &5 HCAF KR A A BB B BRPHIS R,
A RKHBHEZHMEETREKEGRA"Y . SEENELETR, Z4H
YA HIE RS pn &5 43 7T, RIS BHSREE AT LAZE pn S5 RIS T, # 19 pn 4,
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AR IMEZALE TMNE R TR LR, ﬁﬁ*ﬁ@%?ﬁﬁi%ﬁﬁﬂ‘l‘ﬂﬂu%ﬁﬁﬁﬁ
R SRR S

HEZ B TR FEES TIEAH TEEMEFGFEIAK, UETF L
To RSB RGBS b T8 R B ST 7R 4 A (6] Y 8 S AR BB AL
TETSEMER T, X R NE . FTSME Z A RN Z &4 T e M
FPRE T INESR IR, REBETRLE T AN TEREEIEINE, AT
BEEE LESG TS SR SO NF R Z ST H A
TS A S HENEERNEESEZEDE RN RER.,
¥ G RIS SRR B S A T 2 B B R R I B v (1R
1) $& 59 2 B i 2 A B AL L N i SRR (T EEE) T KB L HLI2 48
Fl, AEXHRBHMEEAETEN. MRS BELREREEBR
T RS MR,

e fEE T SRE T FENTRERA
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r=1,exp(E,/k,T) (4. 1)

Hop Fa HigiEee, THERE, ., —84 LEERZEFL.

MERETHENERXRBASHEME NGRS EGE—MELR
FiE. MNIN@. D)5, SRBOERREam D in g AR MEuEse. BREXSEEE
B R —Bin A3, WEF S Arrhenius $REE]

R=R,exp (-Fa/k:T) (4. 2)

ANH R ANBAER, —RUALERFIEE R4 6 Dh 3R & T/F bR 8RR
W, WEARZACEE TR E2IF S RRIEEE.

Fa= kT, T/ (1,-T.) #L.n (R(T.) /R(T.)) (4. 3)

AN, FEHRYUEBMITRHHEREH R FHEASTEENERESE.
E¥ TERETH MTTF {E# 2810 € SR ZFHT 832 R BET 18] F
BUEEE Ea, REBR@IWHEER]. MERZA&ET IR E W E

EUEFRERmMHEIEE-BERIIER, BREM 50%/ENRBERHER . XTI
BEENEARERUVEMNGRT, BEZRM. BXFFEREK, MEZ
e SRR, RS 4FatEn, NEEEImummE TR,

ST FaRCGESRBOCRENRESE) BEEH &S HEHS

% 1H B 7E1E E TYEsR I M YT A
{6 K 23 B E1E 1 e D FE T IR IR AR L K B84 1 ik 4 . BT JE B |4
(B A 48 /PEFEL 72 /PENINEZA R IME, F SR BR8] A a6 )
FIR{(ERZW) R B AIENEIZORMEL A B HF R T REH I
ETHIBZEFEEFw. SFHFEEEE, HESXTSMERRG.

2. R EHEOCHAEREREEEA

B S R(V-I X R B —Br 5805 B TR RIR) AT LR SR 50 2 R BOLER &
FiEZ2E. FrEREMGYE. FREREE. B Tiltlk. REEEMEEE. 3F
MR EEREEMAR). BRYT B, FENEST OSSR FREMATEN
FEYIMRHIEE. RESESHA L AAMER DR = FABUCHE TR, I
B dr, EREX BAFAT AT SE v il

AR R MENE 4-1 Fior. B REME LA HBAHNEERT L
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(B2 T ED, SRECEFE Rs (BH{EREME), BENMKNEKLEE

N ERIBIET A HBHFHEHFIESE m (B mkT/q &, Hob k AR
SHE.T AR EE.q AETHRE), BES E%L&%E&&mrﬁﬁﬁzﬂﬁ b,
R EBELAKMTREE W SR 5T,

HAHRAESEEARARENUTEE SRS ME AR Z KR AE
PR, ATURE. TR, HE. BT ASEE4ME £,

h :
T’ Ith T

Xl 4-1 HEIEE RS

3. BEH T+ ABOGR T SREV

IXZBRRGERRZA, BT REERNEREE RS ARG E
FERE, BHFRFINSREFRENTREEEDIMER. L, BEEXR
FERTF R — SN, B IE RO ¥ R BOL S ol TR0 IR IE Ry —FP{E] &2
mAEXNHFER! ., ©AE FIEYE:

1. iR, JLPHARNSHHRENBAERENR. BREFRERLEMK
PLEBA] - hEREMEREE. Kb, ARFERETXR, TEHMEERST
FIAMEME R E; IR AENERST BF, IFREARE, B 1/f BEM
grBRE, TEAMRSSBSENATBERE. KENARCEEYH, X%
BTN OLRREERE) NEFESHSTIALRG S, 1 H S KHS4,
LR E.

2. Mt MEEF ERERGRETFERSEEN —HER. SB405
PR B IRAS B i 7 A RE B B B SE 18 BR A Y 0 RO TE F o B = 2R AL HT, 1R
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X

EiEm, A

L. BRI LTERG TR

RN BEERAMSH (B, B

FTH) AN KE
fitFlEHRF DB T H AR KB, B

FRZEBRHIRA, XPRBRAX TR, SRR G SUREN —MEIE.

3. FJEREIRTE,
B sGR kT2 MIE® THEN 1K,

H Al 3T B AR 2

TR, BAMNRTINKBREBE,
Xt 8R4 AT (TR IR

. HEH T

VPR INERF LR T %, FTEMRRIEN T, HRBH[HHRED:

i B, B R R A KA AR F

P REALIN A 13 B B 0 B AT Y, SRR RS

SR, RE—EMAHEN. TS AT LA B 241 ] S 1E i PR

ERHETULERNEHN S, A THETEERONGECBE] T

+

)

FEWIEZXRE, ERASHFTEEFORIGEN —MH T,

$

4.2.1 LR

ERT,

5, an &5t an

-

4.2 W 7= 55 33 W SR M A S T R

A

1R 40 K H 980nm XE F B & 2R F PR HOE KRN A g
4-2 Fir . 5 FBME R BIE 7 120mA, #FZLZFE N 0.6W/A.

N

SINx

InGaAs/InGaAsP |

DQW

NN

P-electrode
P*.GaAs

P-A1GaAs

InGaAsP

InGaAsP

e e W e M

T e R

X 4-2 980LD R E G HHREE

N-A1GaAs

—— N-Gaas
N-electrode

B, 7200 A 1 SmA BIEABERT, 28R T 288457 2.5Hz 4/,

L DL K SR L ThE Py, AR R EEE TERZ 800 /M (&
Lt%o’-m 300mA). EhjE, BEHIIA

g RSB FRIGFE B E IR P, &

M AP=Py/P,, T 4-1 B TIRLE R, F 4-1 #1 S, (aV/HZ'"?) Fl Syp(nV/HZ'Y)
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A A TE 200 A FT SmA F AR THESE,

ME4-1 1, BRNMATUBETER/LESE1L:

1LALER B Y (AP BT 70%) #HEZILETG BRI, mEi
AUBe KRS (RE Sy M S HE R R), ZHEEHERRTTERM,
BE DR, BE AP /NTF 70%.

Q2R R E R K, FFAEZILEEE KM AP /N 70%H 2%
f, HEEHEL K. HiBHER4RISR, W B6°, B14*, A3, A4'%E,
XL R G ZUFERAE AP NT 70%, BIEESBUAKR, XEREEEENL
B BE B IR AR 2815,

3.LE LM (10 B16°, B19°4%), ZiLEigER/D, EZLEH 6L
H R E,

4.2.2 ZRIT8

AT ) St o &0, S E/NEA TGRS BT S840 R E . FRERA
FIBFSR L BB X 3R ER £ U0 T s E R EE A TR A KM 53
HRXWFEEEX, ERE. BHE. BEPATELURKBEM N FEEE
BHEEESEATHEEZ K, FrolsS47E 20 A Fl SmA A BT KL
BEANERBRTSEFRENGR, SEMTEEEYIMEX. BENXS AP
KT 70%FI3 4 EVGEAE/NRR[E, MRS KPR ZHEHREAS
T fERISEF. EEL SRS, Sk, FHR4RNA, FARGFBREER. 2
WEEL KRR AP /N T0%BI 28544, AR ZUIEPHREEBKEL, X
AW R K, HETETE, FECE A 7 R 7 38 B AR /I,
FRUF RIS ZCETR BB/, BZAEHENTIETHRHE, KT ERE
RHBEMERELED.

423 HEBHHILTHRER

8 1.1 EEET, X GaAs/AlGaAs SRR 45 806 2213 5150 [nP/InGaAsP
V EESEOL S PIBTIER R 2L, BT RBE AR ER 70%5E K
AP araI et . FariEid 100 TR R EFE ZIL BT B/ N384, TUw]
IR 5 KRS EZ T IR R RMBL T X #H— P T s 5 384-7]
REERFEMXE. B 43 (a) (b) 443l H T 23 32 GaAs/AlGaAs WFE S

Btas A 21 X InP/InGaAsP V ¥ FERREEYINE S 84 F 4B #) sk
SER.
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K41 BEMRAEE (—)

number Before aging After aging AP(%)
Svi S\ Svi Sy

Bl 2160 65.2 1580 101.4 95.1
852 4190 46.3 17500 Slé 92.3
B3 1000 5130 1020 5330 Failing
B4 2530 463 2610 578 91.2
B5 2120 502 1860 430 96.3
B6 4920 1590 4210 1360 68,1
B7 29600 1390 27200 219 65
B3 1540 223 29900 468 Failing
B9 2460 287 228 27200 Failing
B10 1390 891 1550 110 3 928
Bli 1540 30.1 2870 1970 96.7
Bl2 448 24.5 405 134 45.9
B13 1200 51.1 2150 24900 33
Bi4 155410 100 146000 100.8 Failing
BI5 1000 67 1210 89 97
Bl6 936 295 1040 162 16
819 579 70.8 546 1840 Failing
B20 1460 101.6 1870 3370 65.6
B2l 82600 68.9 2500 130 92.6
B22 1250 1.6 2140 121.5 95.3
B23 2416 1628 4650 1483 68.9
B24 33410 673 34300 702 43.6
B26 1210 62.5 2160 843 79.2
B27 2820 613 2910 1210 96.7
B23 866 31.2 1100 39.1 91.3
Al 679 120 891 126 8 57.8
A2 1285 78.9 1301 $1.6 38.9
A3 13000 1560 13200 2658 51.8
Ad 17600 17.6 17700 320 6&7.9
AS 11600 218 10800 412 58.7
ASB 14700 173 21800 329 Failing
A9 681 843 771 92.6 96.8
AlD 856 210 691 230 95
All 911 313 978 60.2 93.4
Al2 1520 115.2 1650 108.2 94.1
Al3 1000 161.5 2100 226 87.6
Ald 31100 399 42300 852 433
AlS 696 141 34400 329 76,7
AlG 8420 599 8410 536 36.6
Al7 583 2 621 72.3 91.2
AlS 550 5 64.7 64.3 93
Al9 927 120 4 1240 131.6 94
A20 2180 06 4 2560 il6.7 95.7
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ARE: FREMERRBRETR
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i ~4{) - —
©
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w -80 ~ oQp 0 o
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o . of
-100 T 1 ° T r T T T T 7
0 20 A0 60 ao 100
t(h)
T
500 - o
~ (b)
~ 400 - Q
o o
N~ 300 < g Q
o
c
- o
200 - o
g o
100 QB -
v} I T T T T T T T I ¥ T v I
0 50 100 150 200 250 300
t (h)

Al 4-3 BESRFEMFAKEER
§ 4.3 B T S4B /%

4.3.18|F
METE AT LT HER R4, BE/NSSR4TEEZEE,
BE KRB EESETREENSHME. EXHFT, FECAHANEMZIRES
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R B HYIRE R /DRI SBERIFT RN 7, RITAH TRSHE TR
ax PRI AT FEM R — U7 VR, NI B AR IR DL R R s R B B
AT, Rl rEaERERENTTREE, F5EFZ0ERET TR,

4.3.2 PRI ERE R

EEELMBLRBHREENAE, BAREREN— T EE.
Vandamme F 3Hz 4bHE8 97 6 75 X K PH Ak st 10 BT St AT i 112, A 1Hz
REBEERR RN T 2k SRR AT 1Y, Dieudonne % A B 10Hz &K
F R AT T TEGFETs % 8EPY, Jones £ AFEEHRF T 10KHz 4 18
A T EEE AR, AN EIREL R 5 1 R S5
oI RIHE RS ER?

MRBHTRE VEEMTGRERFS, EFT IR S 23T
a] MR R R AP, XA SRR R E T I/ RO R S DA EE,
—f/DT 10KHz, AT, FFRBOCHETHRSEERE VRER g SR
2. REK pn ERABRAAL, KEPEAOFEEMRBEMRNTE 1/ B
FEERIE; T pn KRG RBIEN =4 gr S, T HEERMLBEARR,
gr BERIRERNANE., FEEFABERPEITHEMAE RN gr B
ZHEBRRNER, WHE 3-14 (b)), 3-16 Fi/R. FrLIE—4% 2 B AL A B KN
ANEU R EER ST RIIELRFP RN T EMNFERES 4
VR RIS AT . M EAS PRI LR SRR E S0, EE S0~ gk,
A HEF A DREEE, RUBFTE g1 G5, EEGEMER. FHEREE
A, IR 2.5Hz LB A 1 A B8 E AT S e RN B RE A5 B3R . IXFh IR E R
FIEF R T 22 R 1/f BB K /NFURFE SR g-r BRI/,

433 WLBMKIEFE
B pnEREA AOREHATATENGTE, ESHRENEERE,
FTEBRHEDMENTHERE S,,(0REREM, 84 pn ZLUSBEENATE
CINBREBHEFEMAL, SEEERAS) 2R EHEERE, TEHBEMH
HEREEATRIGRE S0kl pril, s A FaaaT ik,
FRR % B8 S, (R EE S, EURTEIRGFHIZLET S U8, 5%
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y e A1

LW T RIERHERRE . BRATELR S

PEESIE T AR

E/MEAN (I=200A) THIREE S, R T R/EEREHEAN (=5mA) F

FIBRFE Sua(f)o T8 SN0 Sua(DERC 851 AT 55 14 5 8 A

434 ERER
YRIUNEY

=BT, MRT 30 %
., 424N TIRERE. ]
BT ELAY .

® 4-2 Mg B

=k LA fiipri

i ()

(PH 3

C 2344 7E 20HA FI SmA JFE A BT T RI{& AR A1

e, =m T ik

i
/\.%g/ﬁ:ﬁ g-r I];T'gj"‘:%‘“, %B%E [=20HA

[ Device Noise (V/Hz'*) Zit Device Noise (VrHz'?) it
number [=20u A 1=5mA )= numbe [=20u A I=3mA =

6 12.53m. 11 197.15u 2.29 %% 2498 80.7m 1.91 1.7m 3.23

3 g 3.29m 3.52 s 2509 399.6m 2.6 233 237 | k¥
Bld 15..32m 1.18 276 1 2.44 2496 0.556m -0.25 94.6 1 1.98
13 14.58m 1.16 141 p 2.15 B38 13.58m 1.13 142.59 1 2.15
Bi61 im 0 86.27 1.94 4 15.32m 1.19 2721 2.43
2497 167.63m an 527w 1,72 2512 12.88m 1.1 169.8 1 2.23
B292 0 881m -0.06 118 1 2,07 2511 39.8m 1.6 102.3 1 2.01

2495 0.337m 0.42 127.8 1 211 2499 g7 213.2 1 2.61 %%

B3I 0.8m 0.1 108 » 2.03 2504 199.5m 23 676.1 1 233 ks

B291 112m 2.08 10.1m 4 B271 g-r 1623 6 u 2.02 %
B33 18.28m 1.26 196 » 2.29 2497 125.9m 2.1 141250 3.15
B4l 1.7m 0.23 81.39¢ 1.91 2514 3.98m 0.6 41,69 1,62
B39 10.7m 1.03 14791 2.17 2507 6.45m 0.81 28 84 u 1.46
2505 245m 1.39 13.20 4.12 KM B411 3.67m 0.56 20.89 1 1.32

2508 9 9m i1 152.23 ¢ 218 B221 1012m 3.01 1995.2 1 33 5% %

2. BESMESTE

A HY

B 7 Ean

E 4-4 Fi7R, ©

TR BENRARNE HNERWNEK 42 fizx. BE (F3E 4

TUEHBRHFRENOMELREES S . 2

SEFRE (M E) 9A03HEE (M) 5 E (S). 3 I=200A &, M;=1.0737,
S[‘:O.g.)?gn é I=DmA HTJ-r M3=23881

68

»=0.6762,



o MK F T ZAR

‘ID-: (a)

& 1 M

{ J 0
-1 0 3 4

Log ( Siu(mV/szﬂz) )
Z . ®)
L)
6 .
1T
n¥.1'zné/éﬁ%2%%ﬁ%?2m

Log ( sz(uA!HZm) )

K 4-4 s mRmETE (—)
(a) [F20MA, (b) I=SmA

3. AlvEB{ERE
EEEMEFME X, FREKRT X 804 G854 2801 10%. BLEES
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HEE: FREBCRE ST

2R MEMFZ, BEMBLBEROAKE X, HE& X ARFHIBEHEME. &
18, ZHI=204A B, X1=2.146, XTSNATERAE(EH 139.98mV/HZ2., ¥4 [=5mA
if, X2=3.254, XTRAIMEFS(EA 1792.80V/HZ'~,

1 139.98mV/Hz' F1 1792.84V/Hz'? 2} BIE 2 1=200A 1 I=5mA BB Bs
HIHEBE. 4 [=200A B, S,>139.98mV/HZ? (98 4E X4 4 B, % [=5mA i,
S,2>1792.80V/Hz"* FI 8343 4 5. W S, >139.98mV/Hz"? B Sy,>1792.81V/Hz'?
FIsodcn 7 2, mEH gr@maT 3 RaEE, 10 A, i, RiE
BATRERE, X 10 KB N 2R TS5,

4. ZHER

70°CH 400mA HI&MHFT, XTasfkZ4t 200 pat. SRAE{ER KBIVIEE
A 120%, EXRERK. ZUERNR 42 ir. NELRERE, HE SR
BERY. BEXTHRAEATARMMISEE 7 H (BFE grBERN=RE#H5),
KTBENMEEREABHE IR, MTERETWERAISEEE 1 K.

5. FRIEMERIERITR

oy 1 ST R B RHE B
| 75 K T A B BB

et 75 /T BB B B R B B8 F &K

b T N T A R R

A

12

1Kk, ey magRas™ ., WNLtEKMELERE, B
S, NEES, M, A=15.4; MTREE S, A=2.2, AfRER S,/
(b i0ke: 201 e TR

BNI%E 4-1 PREELHIT T EERSS, =200A 1 I=5mA K, 3§
HRE (A IFNE S BUE 4-5 FiR, BEAFENHESST /. [=200A
N, BESHHYERNTESR: M;=3.414, $,,=0.626. I=SmA B, HE44
FIER T EH: Mp=2.165, $,»=0.542. A LEMFR ik, BEIGRFERAE
B{E S RE: S=16433.46nV/Hz'? , S,»=721 nV/Hz'"?. FIREE S, AEE
S, B, A=2.4; TMIRZE S.-&, A=0.46, FEHEUEET % S, MREHFIL
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(@)

a1+ T

%

f % T v ] ) % l.
3 4 5

Log (S, (nV/Hz") )

(b)

a1 D
O o e §
o o NN A O m
) T U BT U B B R

'''''''

5 2.0 25
Log ( S_(nV/IHz") )

1.5 BAENHNETE ()
(a) [=201A, (b) [=SmA
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HRE: FFREBOLRG AR

EIhFF, FIREBEHESHFRNELE RS EFEBE (1 20%, 5%%)
DLE e S = A PE B (E, Bt EmiEMEm s A, JEE A B QIR B g A5
18 o [RI AL B84 BT SE 1 575 18 09 A1 98 BB . 108 A5 MR B AR AU s AL g S
AR, ARt —FPiRiE, T BHRER GRS R .

§44 H—PEREEEH T34 0] BB IEHER R L

EEMNAERT, S#FEFRSARBRSZELIIET, REERSLR

BEETIRI N, XPTLARIRA:

am _ A= (4.4)

dt
-‘fg} SRR AR AR, Ea N R SIESE, T hEXEE, k5
WORZBES, LA Arhenius AR, 4 M, WS ITHISIGRE, M hE
W S (B OB A ORUBRMRA, BARE
_Ea
kT
ANAERAT, SRR —ERE M, NRGES NN, HREs

filr tp A

M, =M, +t4, exp( Y}  (4.5)

M -M,_ _Ey (46

{, = A 3XP(kT)
Bl (4.5) X, 4 AM=M>-M;, 1] (4.6) R A:
t, = M =M a7

T2 SO B AT R A R R AR ERER AR, EILAA
¥, BREZWFIVIREREN S, HANKBEEEAN M, Ly E% S
T EHAS,, SREEEING AM, Bl S,~ M, AS,~AM. FEjiBHBF
fi{E AN, BIRER THEFa MR TEAPVINE (5D, MES%
EREN IR LE (AS/S) HX. FTURMNMATUBE THRELER:
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AR KEBEZAIT

@ VItE"e B KR8, HEMEE.

@ ¥IERE B B /D, (A& H AT 5 B B AR A K B SR 4 B R ] S 58
.

X, BATTRE R 75 T 88 (4 AT S PRI i, BB 2% FR 3801 e 75 )
RN B SR R TG E. BRSRIVIERER/, BN
NHZUER K, ZFERSFEEHBEANTESM, kg 4-1 f gy B13°, B19°
%, FTUERE AN AR EW S AT EMNIFIE, Bit— SR EIHERHER

§4.5 /h&h

WA S REOCEE R W I KR — I E 8 T, XX sl 88414
HEFEFRE A SER A EER . BENTERINERZR A, 1BEWHE
Bl ETEE TR T i AT R B KSR B 2 LTI R T RS &
AN KK B HImEE . ZMTREREE, HESMNSFERRT . FERH
T EE T SRR IREF T Sl R A N o A 2R A B s
R R AR BIME . R JE R BIEXT RfEEAb K & 884 89 7T JE 1 24T 7
E. MR ARMMBRFEURABEBERESHFEATF, R TREMEE
HERNTZE. EREDBRRTHREIIAT E2EBOLRGR T R4 RRE, 1§
& T Rk RIHER R,

EERTSGUREREN KD RE

LA AR R P R ARt 15, ()~ 4%, HFHEFHRNBE, £
SR MFE g r G5, EREITER. 5LEE, WK 2. 5Hz LrEEIER
FlF
2. TR RIS, EREEE DM E MR (0 10%) K% AEE X1
CHFRE A KT X1 B8 5 S 8844080 10%), 1EAG S HIERE.

3XTER o F R AT ZN, FRESF R

4. P2 UE R SRIEEE X1 BREITAS R, TEEEREN L.

b. HIEFHAMMMAZRIE (10 20%. 5%%F), EFMHEHIE X2.X3 %, RE
HEEDE 4 812, \3F, IHEREZRZRE, BEIEE N BRI
W{E{F ARG RIARBIE, RS FEIT ] EERE.
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§5.2 PEITITHRIERE R
5.2.1 BEE/PMFET#H
BV (V€ 'R, HEIHEsLPlo) 490)BEATEE Gie
EHEGRESS YA 1, 6
Li‘:(wﬂ

]

Cy = |4 do < (5.1)

FRW (1) A—PER/DEEE/DEE (Mother Wavelet), B/ DMEEEE V()

HATREF R, WRMERT (WHRRERET) Aa, FBEETFH b, N
8 F B e IR EA

‘Pa,b(r)=—jl1_;—l-‘l{t—;—b) abeR a=0 (5.2)

W, ()RS o, b MIANERRY. 8 FREET  MEBET b £E0E

SARIE, BRRY,, () Es  NEERY. SRR —BREY0N) 2

AT PR — AR E RS
N TEBREE F()e LR PESEPMETHRA

WT, =(f(E),¥,,(0)) = 'Jlj [ f* ‘P(f——_&-é)dr (5.3)

T, (a,b) HMNEERRE . HEMAR GETH) X

1 rda 1, -b
f0= = LWTf(a,b)JEtP( ydb (5.4)
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A N R Y, , () RERAMAERNE, EIEE () M/

RHIT, (a,b)M1S BRRTIRN. BRAEHLHRT, KTARREHN (I

=k, BREEENFLERNE), BERRZSHELT, ANEREEATOVHEE
HIAESE, EAZKEESERNERT, MEAERNMERYEHIIRE.
EHAEL T, BRER/DNEERERE EX & AN, HENTER/MER
HEAEFATIKE, STBERBREREFEBEFBDITEER.

BB BUNEERH R DEERBHRER T a, FBET b REAE—
EEHARLERE. " MEENEBRATZEERFRIEHITER, HIE

a=al, b=kba; (j,k HEH a¥*l). BEERPMREREAN

t —kayb,

J
ag

¥ ()=a q{ J —a ¥t -kb,)  (5.5)

NAER R (1) HEEBDETH R
WT,(j,k) = _L SO, (Odt =(f, ¥, ) (5.6)

FEHBHOBETHRASREHER (), M(/,Y,,) RO MNEE

584, B
A s T row. o) <BlfI (5.7)

| £l AR £ (o) B8, A, B AESER, FRAMEMLETFFA. = A=BH],

PR E S,
=% f (1) NEHAXIEHEMEERA

==Y WT, (R0 (A8, BIRAERI) (5.8)

) =—2—SHT,(G)*¥, ()  (A#BED (5.9
A+ B '
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A ‘ 2
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2 .
f)= m; LWTJ,(;,b) (4= B) (5.14)
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5.3.1 3
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Bepm), HPHBRFRHMESREAHNAMTEFERER, 1/f BEEHAMEER
BHNATEERERN, I/f BERX/NMERRKEE LR T R4 REFM T
M. BEATRGRERMEMTESE R, RIIFAROLHEE I/ BERX
N HaaFR L/ fRBEN, S{HORER/NMMIEZEAZE, 1R EMNDIE gL
FESHhEE I/fEERNAELER. FIRDNERE, AfLUREZMMNORFE
BT 1/f B,

5. 3.2 Hig "
Bx(WORFU/IBRE, vOORERRE, INEFESH

r(t) = x(t) + w(t) (5. 15)
Z/NERERMNERECA
rim =d™ +wi™ (5. 16)
n EREFS, kK ZEEFS. REEAELFRBRETRET 1/f RFH
NEFRE, Bl
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eI HHREVIBRENARENATE, r £ /I REARIESH. o) o]
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§5.4 HPBERRRAUBFREFSHTRE

5.4.1 &FAEFH/PEEN

B E AR EES WAL EEEE T Fourier A, B/E S MBI 7] 57
BEBR, NahE SR SRR IEEXL RE S FREHRIE. BXM Tk
EHEFEEEALE. EEAEMAEFHRNEES, AFHUNBEEERT, XH
FRTRKEMIETFR. EFFIFEEFR. I THRIUXWFIEE, ERAE
7 iERB RGBSR, X& Fourier THIREN TR,

/N AR e L RO 8 R 3 nd S P, B 55 55 FE A 8 55 o) LURR 3B b 2B
FBEMEKRBITHERE. A THESHINELEER 2Tk, ERFLSEE
BRI BT R FEE A, TR A — L0 R R B I () AR &, LAER
BEASFMBANESSBE. PETHRAEREFEXFAEYE, EEEES T
REAERR. . ENESHSFTESES. BET—/MEE Y FIH Fourier

SRRt Mo BF L, AdFIAG AERHER. XN TELES (¢t
/N S
W(a,b)=(f,"¥,,)=|a

0 |

-1/2

L f )‘P(-—-———-—)dt (5. 19)

FOBBEIENE [p+ar —arg,brar +arg|ITEEE, HEREEN

2aA¢ , RERHESENB ERFEUER. H Parseval 553

(f»g>=%r-(f',g')f, gel’(R) (5.20)

Hrb f,g o5 R f,g 89 Fourier Z#. X FEHMS DL #HizH
Parseval fE% X, ALY f(OELET P ETHRE, MR EBEE

[""'-‘W ,"“Q""”]z@ g 220 ""‘ R R AR R RN
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FISRE, SRRWESHWER, IoHERMGESH, XINARE, HafdEE
QRX: SothEESHE, SNARE, KREEORD, ZEERreskir
o] B P S SE SRR . (AR S IFERTRRKA BATA.
IERHT/MEEF RIS TRNFRSHE, ERARRETT
BETI ZNA.

WERE (x) 12

[ 6(x)dx =1 (5.21)

XFO(x)=001/1+x%), OXHKE x BIEH, HM2o(x)ME—ITIE

Ff . HEBEPERMMS, TUERRREERFRMFETRLN.
an RIEFEH D EE AR R BRI —Br 24, B
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P(x) = s

(5.22)

86, (x) = %Q(x/k) (5. 23)
WSS £ (x) /DA
W, f(x) = f()* 8, (x) = kd(f (x)*6,(x))/dx (5. 24)
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Abstract

With the rapid development of opto-electronic technique, semiconductor lasers
(I.Ds) are widely used in optical fiber communication, optical sensor, information
memory, medical treatment and pumping solid lasers. As a kind of important light
source, the reliability of semiconductor lasers is imperative in all the applications.
The study on the reliability of LDs and its regularity is very important to improve
their specific property and use them rightly. At present, the usual method of screen
is electric aging in which all devices are aged with a constant power or a constant
current under high temperature and then the early failed devices are selected. In the
aging, the reliable devices are also subject to screening, and the lifetime of devices
is affected because of the hot and electric hurt. It can cause batches of devices
damage when some accidence happens, for instance, the out of control system or
power cut. On the other hand, electric aging is not sensitive for latent defects, for
example, some devices after electric aging screening are usually found fail rapidly.
Thus, the urgent problems are how to manufacture the high reliable devices, how to
analyses the factors which affect the device reliability, and how to select the
unqualified devices with a fast, nondestructive and conveniently method.

When the semiconductor laser is operating in a constant bias current, the
terminal voltage of the device often fluctuates. The fluctuation that i1s named
electric noise indicates the imperfects of material or device, especially, it is very
sensitive for various reliability-dependent defects. So the electric noise 1s becoming
a useful tool to characterize device quality and reliability.

First, the noise characteristic of semiconductor lasers is reviewed, especially,
the electric noise characteristic is mainly summarized. Secondly, the measuring
methods of noise in semiconductor lasers are introduced. Based on direct
measuring and cross-spectrum measuring methods, we construct the measuring
system of noise in semiconductor lasers. Next, the work on noise used to

characterize quality and reliability of semiconductor lasers is first studied. The

HH

wb



ELY L e A

main research contents of this paper are shown bellow:

1. Noise in semiconductor lasers is first used as a diagnosis tool for device
quality and rehability. We do different treatments for facet surface, such as
passivation, HF etching, Na' contamination. The noise and V-I characteristic are
measured before and after facer treatments. After facet treatments, the noise and
V-I characteristic of the devices operating in low injection change evidently, which
indicate that the noise level in device operating in low current is mainly caused by
the surface component level of the current, and has closely relation with device
quality. So the noise level in device operating in low current can be used to
estimate the stability of device facet, which 1s a fast, nondestructive method. The
effect of surface state, interface state, stress, temperature, defects on noise 1is
discussed. And generating mechanisms of noise is analyzed.

2.The noise level in device operating in low bias current (I=20 ¢ A, the device
operating in un-conducting state) is first used as a criteria for reliability screen of
semiconductor lasers, which improves the screen accuracy. One of important
factors that affect device quality and reliability is stability of facet. If there are
defects enhancing surface recombination at facet, the device will degrade rapidly.
Other factors such as the defects in active region, the imperfect of pn junction, are
also important factors affecting device reliability. On the other hand, the imperfect
in waveguide layer, cap layer and ohm contact layer is also relate closely with
device quality. And all these factors contribute to device noise level. Defects level
in facet and active region is related with the noise level(Sv)) of device operating in
low bios current, while the imperfect in waveguide layer, cap layer and ohm
contact fayer is related with the noise level(Sv,) of device operating in higher bias
current.. So when noise 1s used as device reliability screen, both Sv; and Swvy
should be considered. The noise measuring and aging results of 70 semiconductor
lasers confirm that Svy is very important for improving screen accuracy.

3. Probability law together with aging results of some devices is used to select
the noise criteria threshold for device reliability screen, which gives a novel

method to select noise criteria.
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4.Wavelet is first used analyses noise signal in semiconductor and estimate
device reliability. Wavelet can analyses signal in time-frequency range at the same
time. Based wavelet, we extract the 1/f component in noise signal and determine
accurately the corner frequency of g-r noise. We also analyses noise signal of
different devices by multi-resolution analysis based on wavelet, and estimate the
device reliability according to the analysis results.

5.Based on direct measuring and cross-spectrum measuring technology, the
measuring system of noise in semiconductor lasers is constructed. In order to
improve accuracy of measuring results, the double shield and proper ground
connect technique are used. The background noise of the measuring system is less
than 1nV/Hz'*. After using the cross-spectrum technique, the background noise is
0.1nV.Hz'?. We use storage battery to supply bias current for LDs, the wide bias
current range of 10 1 A-600mA is obtained, at the same time, the fluctuation of
bias current is eliminated.

6.The low frequency electric noise in 808nm and 980nm high-power LDs is
measured. The results indicate that the electric noise characteristic of
the two kinds of devices is similar, that is to say that the low frequency electric
noise of the devices is mainly 1/f noise and has maximum value around the
threshold.
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