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COB, EASOABF (BLXUES) U~y ofEBicloERBoACHALAD SN T
W3 (F+ Y THALRADHR] (K (d) Jo 7, B (e) iRT&LIic, HHFED
KER2 5y FEOBITERIEHBERRLY $HX/NEL, BHBELX 7L 258BHK
AREWEE LT - TVWB ey, AMEREREACEIALAD A THWS (EHELADE
R] o RESHHVPEREVAFERBRIFBRELZO NV FF oy Tz rx v F—fTEDE
BAST 2 EFERB L O EHBEALFE . COBIBIN AT XRIRBIC I IER
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DEECELCBAGRTED 11419 R w0 b i,

2. 2. 2 HEEXBBHOESHNE

LEWEBEBRUAT IR N4 7R ENEEEL -, (2-3) ATRESH 5HIRH
E-FEETOARETHBNELES, AXdS>OAFES Lo L CRIRE LIRS
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v = = ( )2 (2—-6)
G (fo+ v ¢/4L) 1-vRiR2 Gs
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4V RiRz 1+ (v—1) sinf2z(f—fo)L /' vg)

i, 1EFDQ7 77V ReE—FRXNTE2ESHE ey » A VEFMICBRILEL S0
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Afy v (1 -R1)(1 —R2)

= —— sin ! ( - G(fe)™'72) (2—-110b)
T 2 (R1Rp)t"4

THEAZLh3, (2-110b) R&, Ge)BREVEARRE, HKIREHESZOV G B
Biz—F7T, ZOHIBAT LER), R:DATHRE B ENEMER - 720
BE, ZH77 7Y e TEHBHOQER 7 4+ 22118 THEKENZY, EFH7 > 7Y

~u#REETO I OffEFinesse,ait, AfL>>BOEKEOFTTR,
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Fabry-Perot Amplifier

Semiconductor Laser Amplifier
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BHREAIREELL 5, #TEPEBES CEEtnncB3 L WHEBIENOAEDOEED
EEteiEcE 3y, BEREFEGFS KO BEHRIESAIEIC LS LR TE 5,
ETEEEBHECEREWI2HARHROMEZ, 2. 2. 2 HO®IREHIBES OESH
Bok (2-4) ZFHCCHMBELL Y. KI2—- 71V R1R2-Gs ¥HEkbic10, 20,
30dBORIRKBESHEORMEERCTRLALSDTHSZ, RELOEFELREKLD, 5
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2. 3.1 r—FEEAEFL
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d N¢ Ne¢ Ne¢

= P — — AT ( —Ng )n (2—-15)
dt Ts Ve
dn n N¢ AT N¢

= — — + AT ( —Ng )n + + Psiyg (2—-16)
dt Tp Ve Ve

IIT, BRESRUTOLIEEREI LTV B,
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A BB 0 oM FIE (cmB/s)
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Ts ¥+ UTHFEM (1 ts=1/"7¢+1,/ Thnr)
T :KFHFEMTHD, RATEA SN %,
To = {vegla+ (1/L) 2n(1/VR1R2) ]} ! (2-17)
Psig : AHIESETH

(2-15) RRBEAF+ VTHOBHBELEZRL, CHLR3ELOBREAICLSE X ¥
ErrcHEmds2EEe (B1H) &, HARE (B2X5) 3L UCFHEHM (B3 TR
bhaEalTEDONS, T/, (2-16) RIAXETHOKRMEI/LEZRL, GL0H
RELOXTFERT, TROLOZHEG (F1H) &, FERHTHNTsHE (E2H) ,
BRABRHEDOHTL-FRIRE— FAADACEE (F3H) , AFEScLvEmMS
%A (F4H) LTEVSNDE, M2-81, Cov—t+HFEXEFVIERIET 2EA
TP VUTREAFROLNMOBFERLALGDTH 2, 4B, ARTREAF+ VTOR
@R e LT, RAEES (Fh: vr) CHEBAELEAGER: tar) D22%2KFILT
B/RLTWw2 (3. 28K,

Eov— I FREROENZ2FTLE S, EEMERNT 5. £7, RIRFHEZRDL LD
CHARHAEEPig 28BS 5, COB, (2-16) RIREARBEXEHEAEC L
HHEFHOMBERT CLiLRD, MEBEBFLI R BB RIRLEVETHS 5, L
EWE+ + U 7ENc, tnid,
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pumping current P

|I=---——--7 r-----=- =
radiative

recombination
1

non-radiative Gain medium
recombination C: | N./T, : spontaneous

No/T Nc : emission

I} 1

stimulated|| spontaneous emission
emission coupled into lasing mode

stimulated

absorption
I

1
|
1
|
1
. |
I Lasing mode .
uuechonhght::::%;:i} . n/T, :laser output

optical cavity

K2-8 FE&L-VIHBHEOHIERE

1

N¢.th= Ve (Np+ —————) (2—-18)

AT t,
TH5z2Zoh5%, LEWEBUTORYE 7T, XF¥nit0THsHhs, (2-15)
FoW )

Nc = Pr71s (2-19)
Y, BEAF+» UTHENe BAABRICE2E Y EYy 2P (=1 ¢e) icHHL, LX
WEHE Y E Y 7PinidNe,tn/ s THZ SN B, — 4, LEWEMEDFEYE Y7 (P
>Pih) T, T+ VTHRLEWETOMNc thCEEEN S, E-T, XF¥HiEn=
(P—Pun) 7 &80, v rEicEHEW NG 3,
wic, HRBEHEELMOANRT (2 -16) REEFHnic>WTHRL &,

AFNC/Ve+Psig
n = (2-20)
1/ 7t —AT (N¢,/ Ve— Ng)
E8B, %, (2-15) NicKAT3E&, Ne iextd sHEEHER
N¢ Ne¢ AT N¢,/ Ve+Psig
~ Np) = 0

Ts Ve 1/ tp — AT (Nc¢/ " Ve— Np)
(2—-21)
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BESNE, Psig =00, FrEy7PE2PinicLTELEET (2-21) K
ORMBEHEL DN 2k®, ch% (2-20) RicRAT B &Ly, K2 -21R
LB d8EL — YO - EABRBEELE SN D, O, SBEHIIPour BT
M35 —BRCEIETFHER e ZAVIRATELON 20

Pout = h fn/7one (2-22)
7L,

tone = { (vg/ /L) £n(1/VR2) 1} 7! (2-23)
THh, hf BXEFEAVF-—ZTERT

(2-15), (2-16) R}, XE-FHF2FHBRHHEIAT (Nc/ Ve

Ne)nTRaNTHD, EHHFEEOHAKEY L OFENA (N Ve~ No) &3+
v+ VT7HEENe (=Nc,/ Vo) O—RICHHATEILEERELTVWS, -7, EHEHE
OHMELD OFEEK g3, BHEPOHEE v EHAVT

A Nc¢

g= — ( — Ng) (2—-24a)
Vg Ve

= Ag( N, —Np) (2—-240Db)

TRE&N3, LOREORYM RS, 2HOFBHEOER (K3 -3, W3-6) 5
ZHEEhTW B,

V- PEBREF VL ZRIBELHMEZOBERERITOROUKERK 2 — 9 1IKRT,
(2-21) REYNc 2BETHE, (2-24), (2-5) XAEHVwTg, Gs »
Ko, (2-4) ATHREHBEOLRHESHEBCHRDONS, V- FHFEKXT
3, HBEBABCSHLAAETREF + V TREMBREKFELIVE-ZERHELTHEL
THOFE->TVBRD, (2-16) RALBRCEHNEPsig 3, K2 -3 RLIAHMH
MEEFTOAREER/ T —P L RERZHARCEEREET 2, 77 7Y oz
FIVTODOATINR YT — P inld

Pin= Pout/G (2-25)
TRDONB. W2~-97T Psig=0&LT, (a) ONV—TTRIEYIP,/ Pivn%2 &
fbERTEHEZTS &, NMEBREBONNATRIKGEHEAROZ I EBTES, £/, P/
Pink2BEELTPsig (LI ¥ T (b)) ON-—FTHERT S &, EE5MEo0mNSsH
ZRHDBEBTE B,
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WA TFTRAEE P Pin

(a) :
Psig :‘Qiﬁ
NedRsE (2-21) & g, Gs, G BReE
(2-24), (2-5), (2-)RK
(b)
ny&fﬁ(z—z())ﬁ Pout Pin= Pout/G
(2-22) &

K2-9 Vv—-IFABAEFVIELZ¥EFE V- VHEBHEOBEEFTKAK

2. 3. 2 F{Ffaf0LigfnoREE

HHIFR O FB IR, EEHEBCL2FIRELOHMck-T, Ry ity
BHEBDCERENARESGEBBRDTEDIREL %, BIEOV— F FEARRES H
ThHd+F+ U THENe EHFEBHBC IV RETIATFRnE2E S LA FERNTH D, FIE
MO BEERCHELTYS, -7, V— FPHEROKEFE (HN2-901r—7 (
b)) Lk D FEBRAMBUERDEENTES, LI L, CITRAUERNZLIIYE
MicERT 3 i, FAIBEK gofEiaf 5 2 — 5 LREE ST CTHRBT %0

(2-15) ROEEHENe K>V T EXRABELNL B,

P+ATlNeg n
N¢ = (2-26)
1/ ts +ATn Ve

Ih%E (2—-24a) RRAT S LHEEK g i1,

go
g= (2-27)
1 + (.A 'zt 5//\Ie) n

A Prts
(

Vg Ve

LREND, CCT, go BHEEREPELERS (n=0), Frervriwd sK&s

— Ng ) (2-28)
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FBHGERKHBEL T CRE ZBEORBAOMTREERL TV S, &5, 2HRAK
WD B L —RIRE—- FREASh2HERABRBERSOFN S L LTERS N EHAK

B SR
A Ts
8= (2-29)
Vo

EEATHE, (2-27) A4,

go
(2—-3830)

g:
1+8n

LEaxHmiond, (2-29) RcHENWZVeldbE-FETH Y, HHHEBEREV.
EREE-FHALADBRET ZHWVT
Ve = Ve/T (2-31)
THZIT s h TV 3,
50T, HIRBNOE— FAETHn LEEBEBEBANOLEET I,
I= hfvgn, Ve (2-32)
THFESHSohBERY, (2-27) RIROLI>RERTE 51200,

ga

g= —————— (2-33)
1+1/1s
hfvg h f Vg 1
Is = = ( ) — (2-34)
Ats Va B

T, Is (W/m?) idfafisgE (120 &gk h, FERKORMNEXE T 2EENRT
PEre5 A —5Th B,

(2-30) ABXY (2-33) Ri3, MERB g PRIRFEANOETFEnOHME &
I L, nPEHARBREEERS (EEOXEEL-FTIE10 5~10 °KBE) oN
Bic—H U, $7, GEHBhOLRE I SMEMEE T, S L K- B, KM
BOMEOEDIICETHILTBEILERLTIVE, CoFBoMmZ, MBI, FERGZ
B+ + U 78N Bl ((2-24a) K], &5ic, CONe WEARARELFE
BHEO2 >OBETXEINTVWAE L EIERT S, (2-26)RTRLILLIK, Nc
BAXDPSOEABHRICEZR Y E Y 7P EHAKE (1 /ts), FEBMHE (An Vo)
D2O>DFEMBEEDOHDONT YATRESIN, EFHEnB/NEOVHEBETENe BP & H
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R L OBEZEOATREZDIH L, nBRKERABR TR INALUACKTERBIcX 3%
MR TN 270, FEHRAOBEL S, n=1 8, 30k, 1=1s OF&H#II,
FEBRBIcE2F + YV THOBRBNBPERBHBICLZ2ZHEF L RAIKEEZRLTW %5,

2, 4 ¥EEV-VIHIBROES

2. 4. 1 ETEPYXEEL - FHEROMETET
EHEROAHIEZ <7 PV ERRBERCLIEERFEROABROFME(LB LU
zo5ntHE, EANIKK2 -1 0RT, XHEBEROHNRTE, BWEShEESELH
CHWIRRIC X > TRETBEVRRS PRI B2 BAKE (Anplified Spontaneous
Emission: ASE) BELET S, COHRMBARRESHGEREEN,L S v 5 AILRET B
oo, EESXICHLTHESTHEELTH G, L2EERBELALEEDESNHEL (-2
NYFS/N) B, ZEBEIRCOBSENLEEEIOLLTcHREY, HI2-1004F
KRS &I, B4, RBROFYE<i >02F L2 FGLYBROFLEA 12> (=
<i2>-<i>?: JEflE) tHEASHhB 122 UD . iz, va oy FEFRAOLE
BEERFELABAO2EIHEROE L ER, Ky — A LALEHEBRE< I >ii—H
TR0 FMEBOHAITRIOYa » MEZID SR ERBREBRSHIENTH
B (3TTE (1230 0128) 1 SEIMIBROME L 2 BEHBHEOE S E<A 12>, Alb,
SEETHEMT 2 LENS 5, BFHR 1 OXREBIAFEFIFBHLCETFIEE
RETIABERETTHY, XBROBOERIXATHROES & (H8E) 11 i
B8 %0 ®-T, UFTTRAETFHROFGELSBMICER L TUHBSREOME ZHR T %,

Optical Amplifier Detector
Input Output

——>| G > |

Optical spectrum

signal A.S.E.

K2-10 XEEHFBOAHNEZR<I P VEEEREROXBEROSH
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a{(n—1)+ a an-+a a{n+1)+ a
In—1> in> In+1>f--------- >

<o Pnoy Pn Pt
b(n—1) bn b(n+1)

M2-11 nfHoXFEEHE>KE | n>E | n+1>, | n-1>HOEBEK

TR, BH, B, Towne s SiRXpETEE -~ vHEBHEOMIRETCHL
SN ATFHRERZEMBOERAFER S 2RBicLT, ¥HEE&LVv—vyHEBSHEEIED
XFEIBEEEHT 2, M2 -11RRTLIIE, HREINIERCnBHOXEFIERE
THRE | n >OBKP(t) 2FX 5. HARLOHERE: a, FERNOELF1IM=D
ODHEEREbETHIE, BLOnflS - LA FHERREBLCFFTRHE T + 1 HICE 3
BRiza+anTdhh, ILOn@H->7EFHBRPicED n — 1 HICKEZHERIIDN T
Hb. £fe, BLOn - 1S -LATFIERAREBLIUFERETnHicZI5HRIT a
+a(n—1)=anThy, BLOn+1HS - XFHPRIiCED nFHicHmsHERIZD
(n+1) &¢XIh3, 2CT, HRKEHY, FERUBLCRRC X 3XEFHROEL T

LT
dPn
=— [(a(n+1)+bn] Pn + anPp-1 + b(n+1)Pprey (2—-385)
dt
OXTFHEREZEMBOERFEABE OIS, LFHROVEHEB XU HEFEHHEIE,
<n>=LnP, , <né?>=rn?p, (2-36)

THdho, (2-35)RnBL¥n2E2hiFTnicovwtTtoflzEhnid,

d<n>

= (a—b)<n>+a (2-37)
dt
d<n?2>

= 2(a—b)<né>+4+ (3a+b)<n>+a (2—-38)
dt

ERRB, %, t=0TOFMPEEHEE2<ne>, <ne®>& L THEL L,

a

<n>=<ng>expl(a-b)t] + {exp[(a-b)t] — 1} (2-39)

a—»b

a

<né®>—-<n>2=<neg>expl(a-b)t] + {exp[(a-b)t] — 1}

a—»b

...28._



a

+ 2 {exp[(a-b)t] — 1} exp[(a-b)t]<ne>
a—»b
a
+ | }2{exp[(a-b)t] — 1}?2
a—»>b
+ expl2(a-b)t] (< ne®>—-<ne>%—-<ne>) (2—-40)

BELNB, (2-39) BXU (2-40) R, AFROFHEELSKRME (=15 &)
OMHRERER T
ICT, b4 vake—vy P RBRREHe 8%, 3SETHLIBRZ¥EEFHL -
HMIBROME - BE~ S5 A-2%2H0v3E, EXDaBiUbid,

a = AT N,

(2-41)

b = ATNo+1,/ T4
TREN MY, (2-37) A,

dn/dt=[AT(Ne—Ng) —1 t,] +AT N, (2—-42)
LiXB, Thid, (2-16) RNOoOXFHIHTZ2v—FHERATPsig 2B &, HikE
DHFHFT, %I 3—HBREBRVABRPIEROA ILHIBT 2F Mt (1 t2a=Vvga)
TEEBRALDDIMIBSIE WV, TIT, z=vet DEWEFTH> L, (2-42) Xk

dn AT 1 AT
= [ —— (Ne—Ng) — ] n+ — N, (2—-43)

d z Vg VgTa Vg
LB, Chit, RSLOWBEREEP2z2=0»52=L~cMWT3ESEEERT 5
fTEEov— 1 EBEXTH 2, COHBREME, (2-5), (2-24) XxHVT
z=0 TCOAREFE<ne>IHTEHIERE LTHONIBE—FEBHF G, (2 -
39) ATHHEHDEZHEE v, THEURIVEKZ] ti=L v icHNRICEELAKOWIE
RIC—HT 5,

s=exp [ (a—-b) t1] =exp [(Tg—a) L] (2—-44)
CNEAVT, HARCTORFROPHEBLIUS MBS S EHITEIC, (2-39),
(2-40) ABBMAXEAFBERYVDETHEIEE2EEBLT, HRABKEECH T 2XAE
BRHEEEA { 28A45E, RO LD KBEHBIKKL 5,

<Nout>= Gs<nin> + (Gs—1)nspmtA f (2—-—45)
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0'outEE <l'lout2>—<l'lou1’.>2
= Gs<nin> + (Gs—l)nspmtAf
+ 2Gs(Gs—1)nsp<nin> + (Gs—l)enspzmtAf

+ Gs2 (<nin?>—<nin>2—-<nin>) (2-46)

CCT, <nin>RHER~ORMBEYL OAFETH, <nocut> BHIETHD
P, o out?BHAXTROFBAE, nso [=2,//(a—b)] BHBREOREKSS
FA—-%, At IERBHECHT 2 FHHETEE, m: FERBRHCOEHNIHEE
—FRETHY, BEHRCHLTRELABE-FOAEZEITWVWAEIYD, mi=1L,T 3%,
(2-45) RoGAFE1H, F2HR, &4, HEShAESEBLXUEHARRELZ
#£L, (2-46) ROHDFE1E\E,SHESHEE TR, B4, EEXv s » P T, HR
BHEYa » FEE, E5XE-BRAREER Y- S, BRKHSEMYe— P S, AR
EEtoF  BRKELERL TS, F1HEEIHBIAHNGESLFRICKAL KT T
S50k l, F2HEFEAFHIAFHEBBVWEASLEET 2 LFERZEARAKRTESD S
HEULIHSTTHD, EEXFHCEELLEY, ¥, AFESKoSEMEE, X7 v v
AHEEHORL/RL I —L Y FRESKOBEE, F—X-T4vvas 4 vmtio
ELIKAvyae— Ly FREBROBER, K4,
<nin®>-<nin>%=<n;is> :a2k—Vv v bE (2-47)
=< nin>%+<n > :4Avak—v it (2-48)
THAoNB /), BRI It -V Y FRAHESHICXL TR, FH5HO AN LA R M
FRBVER B, LhL, AMERESRERT 28 (9. 3. 1H) ikKik, 2BREHUK
DHBBRCHTEATLRAFRP SOBRRBEEZC A Yo~ Y bEER B0,
(2-46) RBSHTANAOR >BRKESTSG HESIN L I ERLEREZET %o
¥, Gs=1DBEIKIF, (2-46) ATRFEL1HDOAMBERD, CHhRBAFEORFSHE
Yaw TR X%, (2-46) RORADLSHB LI, Gs>1 DS, B~ ¥
BRvay PEFIOHNG: BRERTELER TV, CCTHEIHEFE4THE Y-+
BEHT N2 3, ChoH, BERLEFEHLEAREOMmE *HRRFEH
HEHOAREETN—R Y FORXBRICERT IBICAE L 2 THBE 12D cind 3
METHHLDTHD, ZOARI PNEERIERIOBOETEISATVS, &ick
FTHOBEZAVWTLHBSORE L ERMT 2R, XFHEAET I -DICHER
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BRTHERETAIEZHBELTEY, (2-46) RNic2e?Be%xFfLT, 2P
MABROESETCRIIBEBNICER TS CLEERHKLTWS (Boa: single-sided
baseband bandwidth) o

i, GMECREOACRVETREHESOHNBLUCHEY, RATHFLIR
NBNsp, AT, MZBORT/ 52— 2FHVT, B—BBREGsEAHETFE<ni >
oMK ELT, (2-45), (2-46) ADLXICHERTESILEBWHML LT > T,

2. 4. 2 HREEFEEV-THEBESOMERIT LS 7 A -7
wic, MMEICRKHEROS 2 AREHBFOMERELZRD 2D, (2-46) RAic
M2-3iIRLAEIURRER[CIZINET 27y A VOE{EZIMDANS. A - H1
EBRHEER1, R:2RKHOFXBEHMIBEOR: ME, oMy s B BARBKHL
DH35(f, t+d)OXAEKAEHKLS 2 EFHEBGordonikiVXRATEZI SN
T3 (128
(1 +R1Gs,n)(1 —R2)(Gs,n—1)nsp,mn my df

Ilm(f)df= (2_49)
(1-VRiR2Gs,n)?+4V R1R2Gs,nsin?[2z (f—fa)L Vgl

CCT, REmBmBEHOME—-—FROVWTEATWS L E2ERL, HHT2HME—FVAH
TiEGs,n, Nsp,nREIF—FLIRET 30
1 ADHEE~ FNOHARBEXEFE naid,
fa, ntvg/4L

np=J np () df
fﬂ.m‘Vg/4L

(1+ R1Gs,m)(1 —R2){(Gs,n—1)nsp,m mt Vg

1—-R1R2Gs,n? 2L

THEAONh B, (2-45) AF2HOHARMEEFHEBLUY (2-46) AFE21H

ODHARKMHE Yz » PEFIXIET 288453 050 I3, FBBENOLTORME—FIEO2VT

COMERBCEIRELY, RATKDON S,
(1+R1G5.m)(1—RE)(Gs,m_l)nsp,m mt Vg

050222 ( ) (2“51)
m 1-RiR2Gs,n? 2 L

—F, (2—-46) REA4FCHIEGTI2EHRBHEEBE — BT 0o sp-sp212, —KOH
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E—- FHOHRRUAEFHOEAAAES %2, FIBBERNOL2TOME-FROVWTELS
bE¥3IEicLD,

fo,mntvg/4L 1 f' +Ba/2
Osp-spe= L [ [na(f) 1) np(f)df’'] d f
™ fa.m—Vg/AL Be f -Ba/2

(1 +R1Gs.0)2(1 —R2)2(Gs.m—1)2nsp,n2(1 +R1R2Gs,n?)mt Vg
=L ( )
m (1“RlREG’5.m2)3 2 L

(2-52)

THEALNB, CIT, 27 PASHBEOREHIFEERB (RXROBFAICIE~N—

2Ny FEEHE) BME—FO3dBHEEB LYV RZB®VWELT, F2HHDnan(f")
i (f' -Ba/2, f +Bp/2) DEIFHAT—E L L TW 5,

T, (2-46) AF3HRMGT 25 BRABRBABE — FEF 0 si0-50° 1,

EEXBEAINI 1 AORE— FIcEHL, ESLAKRK BRIRFEK o ic—HKL

TWBELEBEOMBEINLESHTHE 1o COARBIMETHROBME LT, RAT

kDo b,
1 fo+Be/2
Usig—sp2: 2G<nip> — § nep (f) df
Be fe-Be/2

(1+R1Gsa)(1 —R1)(1 —R2)2G5G(Gsu*1)nspﬂ
=2 <n;n> (2-53)

(1 -V RiR2Gsa) *

ICT, (2-53) AAGLcHN3 GRERBESHNETHD, (2-4) X&p
(1 —R1)(1 —R2)Gso

o (1 -V RiR2Gsp) 2 (2me )
THAONS, ¥f, GsoBLUnspe BESLEZEALTVIRE—F (BE, MEP
DEEICEET S) TOEERT,

777V RO EIRBVBICIIMNET e 7y A VOPREEMD ANTE VR (2-51) ~
(2-54) X%, ETEEHERCETS (2-45), (2-46) RoWET 3%
FHicfRAThE, RiIREHBESOR I BIUEEEENERTES, LML, (2-51)
, (2-52) ABFEEHNOLHE - FEODWTORMESALFERE>-TWVE 1,
BEFAELZTOLENSD, C0FFORTRERERDS /NFFH (98) 275K
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RELMBIERCEN, 2T, H#TEEHMESRSCETS (2-45), (2-46) A&
Elkkic, EEAE EAETHRIH L TR IE ¢, XREHESOH DB UM ETH
HrxkRXTcERTEET B,

< nout>’=: G < n h1> + (G'— l)rlspﬂltA f1 (2 _'5 5)

Oout?2=G<nin>+ (G—-1)nspmtA f
+ 2G(G_1)n5px<nin>+ (G—l)znspzmtAfz

4+ G8(<nin2>—<nin>%—<n;in>) (2-56)

I, G (2-54) ROXEKESHE, n BEBRETORESHOLNTLE
CERT 2 HRABRELOHMMBERTRESG X7 A -9 ThHb, WHELbIESLEA
EAH5MEBRLEECORE-FOMET 3, RIRFHBER CRETEROBEGLRI Y,
EEt-—HABRDEH - tBFORIREBETOMMERT AR MZT R x BF/o
Fndb v, FMHBESHFEER, HBARHOE s » PHETRXT 2A 11 CHAKRHERE
— FPEETCHTEAT TRE-LHEEM S, HIRPHEBRORT L ETHREHBREO 2
hé&, G, <n >KBELTEH-OEATERFE L CEickYy, RERBCI2DRNMES
NI A—FEHLADONT VWD, DUITTR, CHOoOBZT NS A -2 O>VTERT %o
EESMBCOMBRE, SRAET 2 HALAKBLY Y OBRRBEOREXE (G- 1)
ns, THEZXZ 6N %, TIT, nepida,(a—DbD)TEREINIREDH FA—5THY,
b=09RbEHRROL(BVWHENTHIERETRn,=1 K570, HBRRERHLR
(G—1) RUTREIB/MEE L 2. BEOMBHE CRIBANS3 (b#0) i
nspld 1 KO KRERHEER D, HABRBAER COSLEIHINT 52, (2-41) K&y,

nspld EEEABIIBROME - BE S -2 2AVTUTOL I KR &h 3,

AT N,

nsp= (2—-57a)
AT (Ne—Npg)—avy

Noe I'g

Ne—Npg TI'g—@a

= MNsgp1* Nsp2 (2—57b)

HARABRHBEOMMBERRIREST NS A - nsid, ES5HBGCEEILLDOFEK
Hic, BASNIF++» VTEENe O—HPLHLrFELREVW & (RESHORTL2H)
PoELTED, (2-57b) ARt LI, i3+ + VU TEENe I T 35%
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BRNOFEECER T 2nsp1 &, HH+: + ) 7TRN, BEBEEREZEOSYae—Vv b
BATIER e OFEEICER T 205020 2 200 DOEKRELTRTENWTE S, nspi
BB ERTH S Ne EEIERETDON. T, £/, nspe BEKae EHERHETDE -
FRIBT g TRE S, MERBEBROMHEREECBERFCKRESKET 2,

Kic, E5E- R E - r FoLREBECOWMERTBRIME R x 1,

g szig—e;p2

X:
2 G (G -1 )n sp<:n in>

TEEIN, (2-53),(2-54)X2HWVBE, UToLkiic5X60 3%,
(1 +R1Gse){(1 —R2)(Gsp— 1)

X = S/ (G—1) (2—-58a)
(I—FR—ITEGSZ) 2

(1 +R1GSB)(1_R2)(GSB—1)
_ (2—-580D)
(1 —R1)(1 —R2)Gse — (1 —V R1{R2Ggsp)?

A5k, G>>1DHEEIIE (2-58b) ANBOE2HKEKTE, RATELTE
b,
(1 +R1GSB)(G38—1) Rthﬂe—].

X = = 1 + (2—-59)
(1 —R1)Gse (1 —R1)Gss

(2-59) AroaLoiic, x IHNHRHER: EBFE<T, AHDBIKRERR, &
HM—EBREGel0LEET 3, &b,

Ri1 = Gso™? (2—-60)

ORDH x =1 0R/MEEZRD, ThUAOBEACR y REICI X ORERMEER B, #
- T, BREEFHEEy ARRHEBEOANMURFER: »¥(2-60) ROoKHhE»ro5Fh
BlLici>»THELBEEE-HARELME - FEZTOHMBERL TV 5,
(2-59) ATxid, (2-49) BV (2-4) ATCRAXSINBHIERD S
DHEN 3 HARHEFE na(f)df OESRBGIHTILEL>TWVWE, HIERES
TRk, RIRBALPSAHTEESETICHAT I HIBESHE LLREINTRET S
HRBHEEF WS 2WBREBRID, REOFBREA LD BRMET R 2 »
1EDKELRL>TWVWB, (2-60) ARCOMEN—HKT 271DDLHETHD, Ry
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=0 D#THEEHEROBAEHFETIR (2-60) ABELUNCHEE s h, KVWFEE
BTEHIC x =1 &1 5,

HERBHE Y s » PEBT AT 2FMESTHEIBA 113, (2-51),(2-56) X
kA TE X Sh 5,

g 3p2

Af=
(G—1)nspmt

(1+R1Gs.m)(1—RE)(Gs,m—l)nsp.m (Vg/ZL)
= L (2-61)
" 1—RIRZ‘Gs.mz (G_l)nsp
i, HABHOEME — FEF IS 5 FMMETHIHBA 2 3, (2-52), (2 -

56) AL XRATHEALN %,

2
0 sp-sp

Afo=
(G- 1)2nspemt

(1 +R1Gs,m)2(1 "R2)2(Gs,m" 1)2nsp.m2(1 +R1R2Gs,n?) (Vg/z L)
=L
n (I—RlRaGs.m2)3 (G'—l)znspe

(2-62)
S MMESHEHIBE RO .HicR, Bte— FOBERKRMBLEY 2 » PEZEHARKH
B -+ EEL22ABIE(2 A1) RE-TRINEMILELS S50, UTRRT &
I ERBREOMNBE RN b g(2) 2 2 RHBAKTEMYL, EME— Fmicxtd 3
Gs.n, Nsp, o KIRRIKERLZIMD ARTWV 3,

l “'A p
g(A)=Ag(Ne—Npg) {1 —( )2} (2-63)
AAg
Gs,m=exp {[CTg(An)—a] L} (2-64)
Nsp.m= Nspt* Nsp2,nm (2—653)
N Fg(in)

- ) (2—-650b)
DJe_'NB F g (lm)“’a

CCT, Ap BHBY—IBETH %,
W->T, SMPEFTHBEA 11, Af202, 2ME-FLSOHBARKBXY 2 FEEH
HZVIEIHABRBARE - PESOBNE, MEBE— I EERCORIRBESNEG ERES
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i3 A= nspZHVCTHBAL KO, REEFRS T 32 ERNT LR K EFEE
AERLTWS,

2. 5 LTV

AETE, ¥REL-—FHERS T sMENCBSEE X 53, TOFBELHR

BiIToBERERL, O/MESHIE EREHEE OFFiaMN, ORI RLOEAFHDOH

RELRAT2-D0BARNOER 2T LTI, BonikBRE2ENT 5,

(1)) LEWEULOBREATRKRG LN IZBEOFZE LV —F B L EVWELUTO /A
TAERGTHRIREAMBRE LTHETZ L E2RR, ZOEEBMBE w7440
H—EB@BFEGs LIRARHER:, R2ZAVT (2-4) ATHEALNBZ I LER
L7co Hic, ESFEDO3 dBEREBBEERESMNEFG ()L (2-11b) XT
MR o2 EREAMRATHIDOTHSOIRLADBDTH D, IhhsEHEHITHHE
BEDOV G BEK—FE L5 I EWHE- T,

(2) B0 1 HEBATHELE I ETKEHERCERS W I2MERFXOHEEES
FsoBFEER2 — 7KL, ETEEHMESEOREE (2 -14) XTHEL .

(3) Bk, $BE V- FREBOBIFTCAVONTELV - PHBRROFEHE MBS
DREFTICIRRL, Chick 0 ESRBONA 7 2RENE & BMBEOEEBTR T &
ZIlEEHSMICLE (K2-9) ., &5k, AERMOBE2MENICHEICT S
fedic, ¥+ VTHIENT SV — FHREAOBIBETH VT, BARY OFEBHEHK
DBHBESLREOMMcE-T (2-33) RER-THPTBIEERL, Ch
EXET HRMBE s BHOFBA, LF+UTHEMes ZAVT (2-34) K
THZohd & EHLMICL T,

(4) ETEES LCRIERLHMEBEORE (ETFHIRE) %, E5FEGEAHLT
BM<nin>oBHELT(2-46) RU (2-56) RTERLL, HHEZOM
BEOPREDF 72—y, BREBERY FHEESTHELZEOME 52— %A
WTH—HICIDIRA B CEERL. B, ChoOME /52— BAHETH
FoiCER, BALALLOTHYD, Chick-T, TETRTHI, FEELHESD
MEBUPET 72— OMBBIUBEERKGHOBA» SEBCELI LI

f& 2 7‘«:0
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HW3E GaAs, InGaAsPL—¥
HEIBZS OMEL, BE/ Y7 A — 7%

VKL —FRINECERERLLCZOME -HARVEDONT E I, RIRBOK
HRETLEVETEBILTZ LR IDHE—NICBROVFAZ DY, ZoRKOER
M7k EHiEet i3, KREURREHAEEZ LicH 1 7 2 EE X 2 FHREL 2D %
BRT 27D LEVEBREZBNNSKIWABILTH-To £DRD, Sterns
BiT-72GaAs V—¥OFBHEERBZECEA++ VTEEOETREL, ChicH
+ Y THGENMKRLABREFEORE TEA SO T3 A3 | 5 YE kL — 4k
HEHRREBEANCRBEERTFTHD, REAROL I BHEREHOLL 56, §RbBEL
EWHEUTCEMET 2728, TOBAFHRIERATONBHEELCF+ V THEMFO+ +
U EEREEIPOSREIMBEMETEERM LD LR D, SR ZOHERIZHEB
BOBEEHTREI NI LVWIEEILD 3,

AETIE, GaAsBIUInGaAs PEEEMEBEREOMNEEREKES ter ndF]
BeEFLERHOCTHEL, AGEY, $+ UV 7HFGOT+ ) TEREKRE.» S, FHEEE
HMIBSEOBEARFU2XET 2MBERZHLIIIZT 3, Ric, HMEZOBERLTRET 3
RHEBBERE- FHLADRBECPHEARNERILOBEERE R 7 7 EBFH» 5K
BB, AT, ETHLHIBREERT 3D RAIRE, KBEL —FIRE~ORH
B OEARIFHRECOEESO TR L ARMBILBOKEER T, Bk, 4%
UTOER - B CHV2EEHL —FHEBESOMBEREBEEROEL E LD TRT,

3. 2 MERBIMHEH

3. 2.1 SternodofjfesFn
¥EFEPOMBFH CEFHOBBICE S ARNERa(E)dkATREI N B 13D
e?h o

a(E)= S pc(E)p(E")IM(E' ,E™)I2[f(E")—- f(E')]dE"
2mp’eacnpE -

(3-1)
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ICT, e :REBH (=1. 602x1071'° C)

h :PlankdE¥ (=6. 6252x107% J.5s)

me: BEZHOBTOHLER (=9. 1083x107% kg)

co: BZHTOFER (=8, 854x107'2 F,/m)

c HZdoX#E (=3%x10% m/ s)

E :%Fx%xrv¥— (E"=E —-E)

ny: TFXLVF—ElBiF2EINE

pc(E") : HIfIfAR, Bz x V¥ oREHFPTORBERE

pv(E™) : AR, B2V F-—SyolBTFHFTOREEE

f(E'): 22 VvF—E’ OREVEFREEK-THESINIHEETHD,

f(E')={exp[(E'~F)/kTl+1}"!
D7 2NI—=F 45y I5HIckE>e (FRE7 = IHAL)
M(E' ,E™) : zEHFHNOZRZNVF—E ORELHBFHFHOIXVF—E" O
KREMOBBEXET2T7ER
THb. (3—-1) ROE’ P+ 28213, kF=%xrv¥—E=hf=E —E icxf¢
FEBPUEREEROBTEMBFHOF—VEOLTOHEGE KDV THIZES C &
ZRLTWVWS, M- VEMAEMXRGKOL Sk, EFHVECENEBO R~ V2
Ny FEBOWEHBEBRO R~V 2K >N FOBRBELOSKDIL > TWBAB&IIE, RMEGE
FRIEXT S (3-1) AEELADLET, REKERDILEN DS 3,
a(E)YERDBIEE, po(E'), pvw(EN)EIM(E’,E") POFMIREST 245, ¥

BEV-—VOIIBRFEAKREPTREOALHMELECHE R, REFEIHMK <5
FY oy 7BBTREAL, "YFHRESORBEECRIREF v+ W ESERERLTT %
5l& (v FF4n) BEAE, -T, COF4VBYOREFTEERRIREMEE
HLTREBEFEREERF>EE b, THEREDVT S X AV F—RERIEUALZRY
VBEERE, CHOEMANLBREOEENTBHIELLTC, GHLBT-SME (Gauss-
ian fit to the Halperin-Lax bandtails for the concentration-dependent density of
states and Stern's matrix element) EF AN SternsickDREEXH, GaAs
VY ICBRAEINB LKV Duttaickl, 3uymBFEDOInGaAs P
VoY ORBHER AL LSA TS 13U KRBT IDOGHLBT-SME %

FhEGaAsBXUInGaAs PHIBEOMNEHEICH WS, oFHIIXH 2 2
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DEIBFRFLLBRSOTVWE®H, UTTRZOHMBEIFHER~NZIRE LD %,

REEZERAR )

DKanedD Yy FF4LEFAN3 o 43 L LRI ZEBNIC R E - R 7
vy e VEALEEZ B2, N FIRHFRERF - VRO XV F BN EERST 5, 2
T, BFOR>EHz2AF—REDNSVERELTEBY, 209 2EHEHEL L
KFr o e VESEORES (BERZE) Vins &, 14t LELFF—, 7775 —
BEENDY, NaBLUFx—LVEBEDPEZHWT

Vins=(e2/4ne)[2n(Np"+Na"+p)Ls]!”? (3-2)
THEAZohn 313, LskBHAF+»VT7IEB 77— yHEMEHHT 227 —=v 7
ETHb, COK, REFHTIREEERKE, GEFTOBTOENEE 2 m., /*
SEY oI NP HT BNV FBI2AVFEF—Z2EELT,

pc(E)=(27c)""2 (8 ame®2/ /03 y[(E'—Ec) ne¢l (3-3)
THRINDB, IIT, 7= VORKESIERT T A~F ncidne=V 2 VsTHEASH,
F7o, KanelH Py (x)RRATERS N %o

X

y (x) =z712 § (x—2)12 exp(—22)d z (3—-4)

Lo, pedBI A NVF—EBTR(E' —E) D5y » 28, FHLExN
F—MHBOFANVESTE exp[—(E'—Ec)?nc?] OFY ZAEMB, CDOKane
EFNCTR, BFPREREHIRANVF -2 LRIB P X VHRBENEREE N
TWwaie®, (3-3) ATHEIWIKBEERIFIVOLKDERESARVBES
REBH > 120

CHEFRRTA:-DF+ VT7TOEHIANVF—-bERBLL-bOBP@Halper in-—
LaxdD/NY RFFANEFVIES) THY, TOEFALTE, NV FFA4ANVHNTORERS
ERMZEZERERCTER TS CEPAREL R -1, TORBEBRIFERI Y FELUT O
LRI ANF—FHETLOBSNY, Ny FHRHUED/ 5K Y » 7vy FOREZEERY
HEEGHICEREIQW TV EWIHEBAS D - o BB, COEFNMICLZRESERK
OFRIB, KaneEFAHRNYFFLAAUBNEL, KaneTFLEr5EY o 2
EFNVOHEICMBET A EPHwang 13 cknRrani,

SterndGHLBT (Gaussian Halperin-Lax bandtail) € (1382 (13114 ",y
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YFFANVHNTERDIZO@DPHalper in—LaxOBERMA® v FiiEH
AN F—FTO 5 EY w7y Fictd 2REFEEAREOMZEARNFIc LD, #HEN
RRESEEMBERETEODTH %, 20O, OOKanellk34 VXKD (3
—3) REFAV, YU FFAAZEINF—EW—DT 4 v F 4T T A -5 ELTR
EEEFERERLTCVI0OBBMTH 5, GHLBTEFVEHAWTHESINIREEE
M¥%of (13O ER3 -1 IKR”To

o2 e e MRS e e SR
GoAs 297K b

r Na=LIx10'® em™3 ]
3 Np=9x10'8cm™3 N
10%%}— UNPERTURBED BANDS -

w
YT

INTERPOLATION

(2
i

CONDUCTION
VALENCE BAND BAND

DENSITY OF STATES (cmev™')
%
|

HALPERIN-LAX ~_

O B S

o'® -

3P¢411|111111111[1111LU ) ! 1 @ RRENE

-0l -005 o) 0.05 0.l 015 -005 0 005 ol
E"-EvieVv) E'-EcleV)

M3—-1 ERMYIEEGaAs ORESEHEK Y
NS FEY s N FOREZEFELIHalper in—Laxicksds/vyF
FANVORESEN, GHLBTEFVORBEHBEICL > TEMEN S,

[FTFIE %]

Y, BOAHYEMOX > RRAEREL A5 » 7 N FRIOBBEZE X 5 *%,
u(r)E -y FigMfEo7 e » s ET 2L, RERBEOKBEEIEHEREUD
ET, ¢=¢env(r)u(r)tRE B, JIT, denv(r)BAHYMORELRT LK
BThdo —H, 5KV v~y FORPHEBBERKkOFEEELT, ¢=V 1"2u
(r)exp(jk-r)TRELPS, MEOHOBIRBFE— 4~ FDITHERE,
ToksicH5X 5035,

M=My * Menv (3-5)

Menvzv-llzj‘(ﬁenvt(l’)exp(jk'r)dsf (3—-6)
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T, My BEli/NY FiRfHED 7 v o xREEZK UM IT 2 LHNBTHERTHYD, T
—- VEREE TR, ZBHBEE, AP VHEAEHBRS R I AVF—AZHAVWTRATE
o b,
me?Eg (Egt+ A)
My 2= (3-17)
12m; (Eg+(2/3)A)

Menv ZFEflid 2icM7c, Sternid@ F—7INAERBTHELLZIRESE
BloBd s XY FFANVONEE2EBRROBERICWMD A3, s~y P74 VD
HTRERF Yy vy VOBS ENEROEERHRELHL, KRBEESEREEATVWSE LD,
FEBEEMUS & RPROLT, KERUABBHATELR L, LrL, BHEZEILFL

HFrrAF—icH L TREHEZI TR WY FORERMOBE TH D, kERAIM
ROILDo COBBBYUERSTHNEXREEA 31, REREOHHHEKOTEHREK
&LT
Gonv(ir)=(B%/n)'"2exp(jk-r)exp[—B(r—ri)] (3-8)

ZIRET B0 CCT, BEEEZRT 5 A -9 BLE2TEDBRPAELLT, GHLBTEF
OREFFEKZE,»SE’ T TROLTEBALRERES LRI LIRS EY v 73
YFOREO LRz ANVF—%2E* &L, FOE(E" - E)PBRERLZ 2 LVF—ET
2RTbDELT

h2g82,/2mc(27)2=h (E'—E") (3-9)
OB TED 5, CNERER, MEBEFHICBHLTCB., BvEXR®D, ¥, E 5
h¢k2/2mc¢(2n)2=E"—E, (83—-10)

K&k »>Tke, kKvERELILLET, ZEEEB=8c8v, b=Bc+B8v, t2=b%+ Kk 2+
Kv?, qQ2=2Kokvick - TEBRLAEZLDERA VS L, SEBRERCH T 2THERR
[Meny 2= (647 b/3) (t*-q*) "5 [ (b*-5b2B2+5B*) (3t*+q*) (t%-q*)?
+8b2B2t2 (3b?-10B2) (t®-q®) +16b*B*(5t5+10t%q*+q®)] (3 -1 1)

THEZIoNn3, (3-7), (3—11) A% (3-5) RicRALKbDH, Stern
DOITFIE# (Stern’s Matrix Element:SME)T&h vy, KER R VF—(KEREHE S
EBHHTH B 13D,

COGHLBT-SMEEFAVZHVWTHE LABRRREE L HERKHXEDO X <7 b
GaAsV—¥OEREBRILBOVEV—HERT IEPER S L3O (22 2k
—FOREREEZHET I LCRERGBENRFELEZELSh T 13D s 22)
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(3—-1) ARBERFEHK a (E)ic>20WTRLAY, EABRISKEVEECREY =
TN EIDNERRFzANVF—DHEE (E<Fc—Fyv) TRINEHIARLTLY,

g(E)=—-a(E) (3-12)
olE» S, FOMEBEHREg(E), §RbBHBIX7 FABEBLSN B,

COFEBRRs PVEHVAE, UTOXI KR EBEEEEMTrae 2R T EH LM
T&3 130, BEFHKREICH ZMEHLHER, FHELHEOREBE 3 VH 5, a(E)EHL
T

87 ny?E?a(E)

Pen(B)= héc?lexp(E/KT)—1] (3713
TROON B, REHRETCOLRAEBLEEOEE R poid, (3-13) KoLk ¥
—EBOTEHEAON B LT, RABEATEYBLRTEHICBIIBT, *— ViEE
ne, pePBLLTEREI N 3,

Rspe=J Isp(E)dE=Brnepe (3-14)
—%, BETCORTOREBEEDIE R, BEAF+VTEE%2AN (=ADp) &
LT, RATEHEALSN %,

Rsp=Brnp=B:(ng+An)(pet+Ap) (3—-15)
FEENINEF + YU TEEAnNELBADPY, Trae OFEMTLTCRAEBESLCRD
L, TORFEHEKREDF + Y TBEne, poicR2ET5E, Cho0F+ YT d 3
BRI Y ORNEHEEEGOEHERraald

Rrad=Rsp— Rspe=An 7 radq (3—-16)
Ths»5, (83-14), (3-15) XzfVBL

Trad= [Br(po+ne+An)] ! (3-117)

TREBREEEFSVRD SN B,

3. 2. 2 GaAsL—¥oMEEgs»aze

ZRTODGaAsikHT 552 —2¢LTSter ndDXEIED D LE—-DLTF

OEIBHEEHVT, BETHRRAZGHLBT-SMEEFLICLDHBHELYT- 12,
EEFPOEFTOENER: mc=0. 06 7 me
BEWEEFHFPr—VOBEYHER: mn=0. 55me
BOWHEFHFRIFR—LOFEHER: min=0. 08 5 moe,
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FEE:e=13¢0

BIFE: n,=3. 6

HUEE: Eq(eV)=1.424-1.6x10%p'"%*+n'"% (3-18)

AV Es BRI NVF—: A=0. 33 eV

TPIES: | Mo |2=1. 3 3meE,

PEFRHMBELIX10'(cm3)DGaAsic2WT, FAIBERXRZ P LVDEAF Y
TEERGEHEOBEHEEREZNS -2 1RT. A+ + V TEEMPNIVWEBERELT
DTFNVF—FFIHTHRRBNENEH, 1. 1X10'8(cm 3)UETCRAOKRIN, 41
bEEOHENEON S, ABFRKRAEAS:+ V 7EFELRITHMT 20, 20k R
)7 b AHERE—-TRL, FMEOHMEZB AL F—HTR/NEL, FxxAVF—MT
BKEWV, LEWB-T, FIBE—7 R+ V7EEOHMEELR, SxxVvF-flicBEH
LW CONBE—7 OEALOEMBZHER (g nax) TRPIRR LI, £/, COHF
REEHFOEBEFLMBEFHFOFT— VBNV FORDPSIAREE -~ T B LEBHKLTSE
D, NYF7 4V ITHREFEN S,
GaAs

400N, =2X 107" cm-3
Np=1X10'7 cm-3

Omax

300

n=2.3
X108 cm-3

T

200

"

Gain (cm

T

100

E(eV)
1.44

-100

-200

!

n=0 0.9 1.1

K3-2 RHEBAXRIIPVOFEAF+ ) TEEKEE (GaAs)
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GaAs

~ — :p—-doped
. 600} ----:n-doped
£
S
o)} L
c
Q
O 400¢t
b
(@]
'S N
=
S
£ 200+
=)
£
X
©
= p

0 <

0] 1 2 3

Carrier density Ng (1078 cm-2)

K3-3 E—sfEBREOEA++ Y TEERKEW (GaAs)

FEEL - FAOFEABREHME B THTCLE, ABE— s PRI LEVWHEIRET S
feb, CORBE-I7FEETLV-—FREVEHKEN D, T/, FHELV - FHEROBRS
KRABE— /7 BETCRRKESHENLE N, COoOr—7ABREBEOEA++ V TEE
KE®EE D, nHoBs2s ORMSMEBEICOVWTNSE - 31KRkT, E— 7 HBHEH g 3K
2+ 3 VTEELULTW-LK Db LEND, gOREBHEHTIEF + ) 7TEEN. KX L
THEHBOIEMNT 30 Ld-T, COERHES2g=0ABLTELINE+:+ IV TH
ENe VT, - 7FBEREEERAOLIREMUTEIENTE S,

g=Ag (Ne—Np) (3-19)
T, Ag(lcm?®) i3 g — No#HiEOMEERTMAHE, NelBRFERBLFEBRN &L Y
RELRBBDICHBERF > VTEETSHY, RHNBREEF+ VT7EELOMEEH
ETIEERMEERTH 5, AMYBESEMT 21c>0 T, A BpEAHYOES
REMNT 5oixt L, nBEAHMTREDT 5. —F, Ne BRMYOR KT 20
BEOCHMMEKLCHE LT 2, BADF—-EV /S REEZRFOEHRBOMEER A, NoDfE
K3 -1ICEEDTRT,
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£3—-1 GaAsl—¥DAg, NoeD F—Vt v VEEKEGEH

Na N» S k- 3id Ag (cm?) Ng (cm™?)

5x10'® 1x10'® p=4x1018 6. 85x10°'® 0, 65x10"'8
x10'" 1x10'®" p=1x10"'8 4, 32x10°'" 1, 09x101'®
5x10' 1x10'" p=4x10!'"7 3. 80x1071'® 1, 25x1018
2x10' 1x10'" p=1x10!%7 3. 59x107'% 1, 36x1018
2x10'" 1x10'" p=1x10"'€ 3. 53x10°'® 1, 39x101!8
x10'% 2x10'" n=1x10"'% 3. 53x10°'% 1, 39x10!8
x10'" 2x10' n=1x1017 3. 59x107'%" 1, 36x10'8
Xx10!'" 5x10' n=4x10"' 3. 38x10°'% 1, 17x1018
x10' 2x10'® n=1x1018 3. 22x107'® 0. 85x10!18

1xXx101'® 5x10'® n=4x1018 2. 95x10°1'6 0. 16x10'8

Na(cm™3%): 727 2%, Np(cm™%): Fr—RBE , fHYEE=| Na— Np |
Ag: g —N.HEOHEBERSOMEE (=dg/dNe), Ne: g —N.HfEDg=0~OAHFHE

20
GaAs
——:p—-doped
10 ----:n-doped
[ 4x10'7
5 i 1%10 non—-doped

N

b

lllll 1 1 A

5 10'8 2 5
Carrier density Ng (cm-3)

Radiative lifetime 7., 4(ns)

N

X3 -4 HRAXEEAFGOEAF+ Y TEEKRER. (GaAs)
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M3-20k3RHEBERARI FPAVEHVT (3-13)~(3-17) A»SKRDH
ABREAEFM T rags DEAF vV TEEKGFHEZEZE4 OLAHYBREICOVTRIZ -4 TR
o (3-17) RdboFHENSILIKR, /v F—7TEHERE (pe, ne<<An) Tit
Trad WEAF >+ VT7TEECRIRLEAL, SAHMBEDCES (pe, noe>>An) i
BRIFIF+ VTEERBEAEKELILRLRR S,

(2-15), (2-16) Xov—+HFEXCHEAsNE+ v Y THdc: X, HEH
EEEFMT rad LHEREBEESFM T DERELT

1/ ts=1,/Trag+ 1,/ Thnr (3-20)
THEZoh3, GaAsDF+ VTEHEMOERMELT, 1 x108%cm 3 UFTDF—n
BETTIPH6nsec D—FHERBZILBIBAEINTLSE 120w, 4FBUTOR
FiTitar=6nsec RELALLT, K83-4Dtra¢ ZHVT, MEERELTE
BERF+ YT HEMODEEZFMT 50

3. 2. 3 InGaAsPL—¥oMEEKR®Y
InPRBFBEDOEN I n1-xGaxAsyP -y EEOMKLEx, vt
x=0.4526y,/(1-0.031y)
ORAF I, REHBECKLBER NN Y FEBE 7 A - B3Ot EAHCTUTD &S
ickahp(13arass)
Ego (eV) =1.35—-0.72y4+0.12y2 (:%+ YV 7HEABEVESOREHE
me./ / me=0.080—-0.039y
mph/ me=(1—y)[0.79x+0.45(1—-x)]+y[0.45x+0.4(1~-x)]
min/ /me=(l-y)[0.14x+0.12(1—x)]+y[0.082x+0.026(1—x)]
e/ ea=(1—-y)[8.4x+9.6(1 —x))+y[13.1x+12.2(1—x)]
A (V) =0.11+0.31y-0.09y?2
(3—-21)
Ny FFe o 7HEEL, 55 umOfikltdx=0. 42, y=0. 9THx2oh, &
o (3-21) RAT°RD
Ege=0. 8eV, m¢c/ mp=0. 045, mny,/ me=0. 4 4,
min/me=0, 057, 6, €8=12, 2, A=0. 32eV

DEZHAWVWT, GHLBT-SMEE®FNVTHEHELRT-Tco B, ++ YV T7TEFOH
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1.55 ym InGaAsP
NA=2X10'7 cm-3

Np=1X10'7cm= g
300, , max
1
/ n=1.4X10'% cm-3
1
1
200+ 1.3
i
; J.2
;] \1.1
- I
é .100" ; 1.0
S I
0.9
c /
s £0.8 E(eV)
o 0 . + + L — + + 4
0.8 0.83
0.7
-100 n=0
-200

K3-5 FERRIPVOEAF+ Y TEEAKFHE (InGaAsP)

MICE > BHIBROBOMEE, GaAsiiWd s (3-18) REFROEEHRZRTE
LTHRYD AN T B,

1. 55umInGaAsPOMEx~s7 bVvER3 -5, ¥/, ChbSRDOLE
— I FBRBOEAF + V) TEEKRGEHEEN3 -6 I1C/Rdo GaAsDFG &R, /v
YFE74 Yy r ik BHBE-s0E A F— (HEE) Hi~0oBEBEL B L,
E—27FEHEKE (3-19) ACHEKRELUTES, BAxOF—E Y 7BEXROIERE
DOMEIER Ay, NeDfEZEXS —2IcF EHTRTS

K3—-—7ic, FROFERRIZ PASLSHEINIEXLBEEAF Wt rad DHEAF+ Y
THEBRFEEZ D EOBA OARMYBECDVWT—R#HR TR 1. 55 ummTOE
ERFREFHER, CHSHBEOA—V-HEG (BRFLEVWF -V EOMOERE
BIFNVF—, BELF—LEAV VSEBEOCMBEFFC s LifFdicbicflibh
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1.55 ym InGaAsP

—— :p—doped
---:n—-doped

0 (o)}
5 8

Maximum gain coefficient g (cm-1)
N
o]
o)

2 x1018
Carrier density Ng (cm™3)

K3—-—6 v—7RERHOEA++ Y 7TEEKEE (InGaAsP)

BIE) TH BN, 1 b LTIHRESSKA—V2FMraue TPV EAL, BE
TRUTo BRI (3-20) AP S Tred £ Taug PARELTRESNSZF+ YT H
MTsTHb0 /Y F—THEURBOHEE, tradBFAF+VTEERCREAITZDIHL,
TawgREAF v+ VTEEDO2RICRMATZ1D, t:3F+ VTEFOKERFEHTTA
it d 5o

BEDLDIT, 1. SpymHFEInGaAsPL—FOHNEHELORDIA, NodbH
3-3IKRTo NYFFr » THEEL., 3umOMlKEREx=0. 28, y=0. 6T&h
v, Wy FHEEITA—2, Ege=0. 96eV, me/ ma=0.057, mw/ma=

0. 47, minh/me=0. 076, ¢/ co=11. 2, A=0. 26 e V&3,
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100

\
F \1.65 ym InGaAsP p-doped
- \
b“\. \\ === Taug _
N T Y Tad g
O

< ") non-doped

-
(@)

Carrier lifetime 7g (ns)

0.1 .
1017 2 5 108 2 5

Carrier density Ng (cm-3)

! Lt waal

K3 -7 F+)T7HERMOFEAF+» Y TEERETE (InGaAsP)

_49_



#£3-2 1. 5umPBInGaAsPlL—H¥dDAg, Ne®D F— Y Vv 7 BEKREH

Na Np AFYBE Ag (cm?) Ng (¢cm™3)

4x101'® 1x10'® p=38x1018 10. 0x10-"1® 0. 33x101'®

2xXx101® 1x10'% p=1x1018 6. 27x10-°16 0. 55x101!8
5xXx10' 1x10' p=4x10"' 5. 16x107'®* 0. 69x10!?®
2x10' 1x10' p=1x101"" 4. 68x107'® 0., 78x10!'8
2x10'" 1x10'" p=1x101" 4, 63x107°1'" o0, 83x10!8
1x10'® 2x10'® n=1x1018 4., 63x10°1'% (0, 83x101'8
1xXx10'" 2x10!'" n=1x101"7 4, 68x10°1'% 0o, 78x1018
1x10' 5x10!'"" n=4x1017 4. 17x10°'" o9, 60x1018

3X1018

[¢V]

1x10'® 2x10'® n=1x1018 3. 93x10-"16 0.

1x10' 4x10'® n=3x10"'8 3. 69x10"°!° 0. 04x10°'8

Na(cm™3) : 7775 EE, No(cm™3%): FIr—BF , FH¥EE=| Na—Np|
Ag: g— N HIBOBEHWHOMEE (=dg/dNe), No: g — N MDD g=0~DAHEIHE

£3-3 1. 3um¥EInGaAsPL—¥DAg NeD F—Vt v JEEKESE

Na Np AHYEE Ag (cm?) Ng (cm™3)

5x10'® 1x10'® p=4x1018 9. 29x10°'® 0, 43x10!8
2x10'® 1x10'® p=1x10"'8 5. 40x10°'% 0, 80x10!'8
5X10'T 1x10' p=4x101"7 4. 82x107'®* 0, 97x10!'8
2x10' 1x10!' p=1x10"'" 4. 43x107'% 1, 06x10!'8
2xXx10'" 1x10'" p=1x10"!"8 4, 40x10°'% 1, 10x1018
1xX10'% 2x10'" n=1x101" 4, 40x10°'® 1, 10x10!8
1x10' 2x10' n=1x101"7 4, 23%x10°'* 1, 06x10!8
1x10' 5x10'7 n=4x1017 4. 00x10°'% o0, 86x10'8
1x10'% 2x10'" n=1x1018 3. 82x107°'% o0, 57x10!8

1xXx10'® 5x101'® n=4x10"'8 3. 54x10°'" 0. 06x101'8

Il

Na(cm™3) : 727 2#E, Np(cm™3): Fr—EE , RHYEE=| Na—Np |
Ag: g - N.HBOERBSOMEE (=dg/dNe), No: g —N.HiED g=0~DOHEHE
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3.3 L—wHEROBBEY S 02

3. 3. 1 E=—FHLAHEHEHERNE
R L —FRE2 -1 (e) WRLALI I, BEFROBFUHEBEBITRDOY 5 »
FBICEE N A EEBREE2ELTVWE Y, ¥EEFL - FHPOXRBEEE-FELT
BHET 5, ¥YERKREFROFEAE27, 75y FHOLEHREZAn(=[na—ncl/ns)
BEB%»S51 0 BREERE7 7 AR EDBEIRERTREVWSY, ERBEESEFO. 1
~0. 2um&EREID VLY, e FREBBOAMICKELLALELTV 3,
Lic-C, ZE~7 oSl EBRNICHACAD ShARGRELEEE-FED
HEERAZRGRT B CR, CORKEE-FO2~ 7 -0 bIERBRICHFRET 5E/°7
~DEABELLTERENEIAEE- FHLADEETIZAVT, (2-2) AR EHNI 3
T— FRBERE gaa=T e TCEABLEND B, 1, RHIREHBBROEFSERE [ (
2-4) R] OFMREETEZER L - FORBRPRRIGEHEE— FicWH T3 XEERT
570, EBEEAFNOTLHEELCHTZ 7L AAVRHEENS 0x5n—FHETREL, &
XHME, T~ FREFIK-TRESEITSZ MY, T, RBHIKFEHEBECHIIKE
TE2BTHE7S, BAORFERCESVAZEFEE- FETICLDIhSDEERD S
BEBHD, UTicZoBBERN3,
3RS 7THEEREFVTE, TERBEOEAE—FIZ
Ey=Aecos(xx)expli(wt—B1z)] lx|<d/2
= Aecos(xd/2)exp[— 7 (Ix] —d/2)lexp[i(wt—B2)] Ix|>d/2
(3-22)
TREINB, T, xBBEEFMEIcE - EEHTHY, A. BEH, dRIEHBE,
£, TRBENENRITEY Sy FROXFROEMER, BRziBORBERERL,
k2=mna?ke®— B2
y2=pB2~nc?ka? (3-23)
OB TR IEN S, KeREZETOEK(=272,1), na, ncRETNENIENE, 75
»y FEORBINKRTH %, x=td,/ 2 COH AW TIBEREE»OBSNS
tan(ed 2)=79/k (3—-24)
OBEEEAFERPSBERDNE, (3-23) Xbdk, v HHRED, (3-22) K
EHOCTCHEE- FOBRDHLERETCE 5, KE— FHALADEHKTI &
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d/2
§ cos?(x x)dx
0

r = (3—-25)
d/2 oo
S cos?(xx)dx + S cos?(xd/2)exp[—27 (x—d/2)]dx
0 d/2

TE#HIHh, RATHEALSN B 22,
cos®(x d/2)
'= {1+ b (3-26)
7 [(d/2) +(1/k )sin(x d/2)cos(k d/2)]
—%, ¥BEL-—AYEEEANZHLTESN AEERIMACORFRI, mlTOEF
E—FEHHE-F2ESCLBREGTIBERERMBEHEBITICI > TESELIZED

*b%n%(ldﬂ)(?‘l)o

1. 55umInGaAsPLVv—YOTEEBAE—~FIHLCHELAEE- FEALA
DEMT et MEARNEReDEREERGEEL, M3 -8 ZTh TR EERTRT,
CCTH}, ne=38. 5240 n,=3, 1 7TOREFREEAVTWV S, DreldiEHEE
Bd&iticEBiicml, d=0. 5 xmPETRW-< D1 IHHET 5. —F, Rreld
dDB0O»50. 4 ppmfHEETHMT2MIC4 2% ETRBCHML, Z0%BYW-< DR

45 1.0

———
-
-

I
(@]
1

FACET REFLECTIVITY R (%)
w
4

OPTICAL MODE CONFINEMENT FACTOR e

!

30t/
H 1.55 pym InGaAsP {5
b .
! n,=3.524

/I n=3.17 .
25 /I ek N 1 1 2 2 L . I " d L
0 0.5 1.0 1.5

ACTIVE LAYER THICKNESS d (pm)

3-8 TEEARE—- FicXd smERHR, T- FHLADGBRROERBEKEFY
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BSLTEBHEAHO 7 VA VORERITES L,
CORARFRBOBRBVRIYEMCUTOL > CEBETE 3 %2, HFE— FRIKHEIK
BHAHT Z2H—-DOFHERETREL, ZLOAERSEH > RFLHREOERAEDELLT
FFoehTg a2 PRELFHRHEREWVKREL SdEZRPOIETITCCHE
NhTE—-FH A IHBELL, MEACEERRI LA OFERS BHEMT 5. FEFL —+F
ODTEE—- FRERFAEZFHORERDTH 270, RELHAERSOEMICL b - T
Rrel3HNd 3. dDBEREEDOL /n, WS E, E— F¥ A XRE/NERY, H
FICLODRERHERDVBEOGEL R BLD, RreldBAKEL S, dW¥A,/ na KD/ME
K73E, TEDRPIKREONBEILE—FAHILI7 59 FERIEBDE—-FI 4 XH
Mhnd s Rreld@mdL, =0Tne KHTHIEEAHFHO 7 VA AVRBRIL—HT %,
—%, TME—-FRREEH0EBEZ 7YV 22— (2 >REERDITH LD, LEFE
BROKEXHAERIOBBOER»S, Rmidd=2,"n. (TIETB/NMIZES Z EHE
SREMTE 2, MICBRERBVY, RnOdkEHERNS -8R ezx2ETHIILALE
15D, ReBRImMEKDEIKESRZ MY, O EWEEELV-—FBTEE—-FT
Rk 2HHTHY, HERESHEBOANESLREERELEORE L 715 (FE4E),
REGERGEDO S > —20ERRE—- FALADEETH S, TME~ FIRMTBH LA
OEBTmE Tre LEAHRORBVEST 28, TOEREIRT m<Te0lfRicd 3,

3. 3. 2 gE-FERIEHFAEEEER

St s XE 4 2 IEHBTOXBEL HRABMEARB 2 RET 5 LTEERLE —
FEEVe 3, HHBE, BE— Figw, HEBHEKL E (3-25) ADokE~-FHL
RAHDEBT EHVT,

Ve=dwL,/T ~ (83-27)
THEAOoN %, BE— FIRRESEHFROE -2 LB 0 ACEAFREOEI» KRB SN B
(BB FEAF v Y TEFEERD B LD ICHBERIERFEBER VX, CS P (Channeled
Substrate Planar) L —# MY Dk St BREADOZ P54 TIENEE—- FIRwE 0 b
LEOBEIRE, BE- FEEVMWRHAEEATIEAF + V) TORNEERT 7 injectEH
W,

e=dWL,/7inject (3-28)

ERINBo AL, HWHAS (BH) B L —¥ S 0 X > i FIEHBIEH S EIE I
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—HLTWABEAICI, 7inject=1¢&8b, (2-31) AWK IL>,

3. 3. 3 XFFaLHHF+ ) TRR
WERORIRL SWEEXETIETHMT 3
Tpo= {vela+(1,/L)8n (1 /VRiR2)I}7'= {vgel gn}™' (3-29)
THEALOoN B, RFENRLEVETOE— FAIE gnod.tn=T gné& BEBEKM SN,
Fzamnil, BEROASHEEBeERETSHIENTE 2,
(3-29) AeHIWIBHEFE v, EETOXKFEc LHEHREn DS
ve=c,//ng (3-30)
THEAONhB, 2T, BEHEn; [=n—-21-(dndA)] BEFROKESBESE
AMEBTHY, V-FOHRKEEZ <2 brote— FREIRBEEA A ZHIEL,
AA=2%/(2n4L) | (3-31)
OFEP Sng ERDI,
¥, (3-29) ReHEHNI3BNEHa, 1. 5umFDOInGaAs PHIESRa,
b TRE—-Y " oYL~ FOARKSBTHROXIRBEMKEE O RFE 22
POoRDI aBFILHEF v+ VTHRINERT LT 5L, GHEEEL7 5 » FEORINAER
Qact, @cradZWVT
a=Taact+ (1 —T)aciad (3-32)
LRTIEBTE S, WiERa, bORFEELSREZ 2sct=51.7cm™, acrac=
16. 2cm 'OEEAHVT, (3-32) ATHEHRCc, d ORNEKa E2RDTW 5,
—%, 0. 8ummEDGaAs—CSPHIBHORIMRHRELTE, FIBY—70REE
fHlcoHARBBEEZX =7 P VORIED SRDIXHK3 5 Dfia=13 cm 'R,

3. 4 HITHFEHEHEARELE 4T (149

3. 4. 1 ¥EkL—FHRE~ORHHIEEOR
ZLRPLELLLENREn. OU—RECEECARYT 3R L OFREK T 2 K
BIEEORA R, BOBHRKREESEZAZAN, hi&LT

nr=v ns, nthe/A=1,/4 (3—-33)
TEX >N, RERRERIC0ERE I ERMSATS 11O, |
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—%, $EEL - VHOHEBERRZZEHM N7 PV ERFORPEBERS IC & > THEK
ShTung (1421 -0 ZORE~NORFPHIEEOEZHER (3 -33) NERREX 5,
Clarke " ®Eisenstein i HAERX7 M VRKSCSBRILLE
FEHCOVTRHABERICH T2 7 vx VEBEZERT 2 Licky, REBLEEXE
L8k L —voRERFRZHE LR, LdL, #BoREREEHEETOT Y 2
E—A2RELTWD, EHEL 7S » FEOBWEBBIA-LBITERZ->TE 5
¥, RBRRKHEHIEERGED (3-33) REDEP, TOERBE I ~OKEFHG RN
BTdh - to

FEE L - FIRE~NORFH RO BRBRIZRGZV —YHERBOBETERE HEMRK
St Btce, KERY TR THEREFVCESCHEEE— FIRAER<S b
AROFEEFEAT S (K3-9) o ¥HFELV—FOTEERE- FOBRIHI (3 —
22) ATHEASH, ChiB3z=0RBERXHBER~NDATEBRE inc(x) &85, &
DEinc(x)%2 7~V xEWHTEILicdD, AHEBEROAKE R R FIVF jno(s)BLUT
DEI 3R SN B,

semiconductor X AR film air

laser A

X3 -9 KHEHLBRMFGESFEE L —yORTEFL
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d/2 ©
Finc(S)=2f Einc(X)eXp(jkaSX)dX+2f Einc(x)eXD(chSX)dX

0 d/2
sin{x +kas)d/2 sin{ex —Kas)d/2
=Ae[ + ]
’C+kas K_kas
2 A,
+ ———————— cos(dx/2) [7cos(dkes/2)— Ke¢s  sin(dkes /2)]
72+k0252
= Finc-a(s) + F inc-c(s) (3—-384)

CZTC, s=sin0p (Oo: $EEDITDODAHNA), Ka=nake, Kec=nckoldZTHh FHiE
HE, 75 FENOMNMEERTH 3, AFEKZ s i dT 27 v VO REEEr (s)3,
BiFrEnr, KEho OBHBRHEBIEEIIIL T

(mi1+miz2pa2)pe— (ma21+maz2p2)
(3—-85)

r{(s)=
(myy+mizp2)pet+ (mzyi+mzz2p2)

THEZoh 3018, 22T, mi1, mig, mer, m3BHRTTIMIOERTH D,
mii=mg2=cosd, miz2=—(j/p1)sinéd, ma21=—j pi1sind
6=(2n,/A)nrihricos0
pi=nficos@; (i=0, 1, 2) (3-36)

THEALNB MY, L, nraBERBBLT 75y FEBIEHFLT, £0%FH, n.,

ne®&XL, nrolBEKOBIHET &7253,

EHEBBLT 7 79 FEBESTMT 2BAKTOHER I P VRS Finc-a(s), Finc
—o(s)iL, BADHBIINT B 7 VA NVREEE ra(s), rc(s)ZERLBLickD,
REBRRART P NVFret(s)BLUTDOXIILKE 5,

Fret(s)=— [ra(s) Finc-a(s) + rec(s)*Finc-e(s)] (3-37)
z=0RBIEIRPHERE rer (X))@ Fret(s)D7 -V xHEHRICL-THEASH, &

NEFAWCTHEEEL - FHECOTE E— FIRHTIRHER BRATRD 5h 3,

|fooEinc(x)Emr(x)de2
R = = (3-388)
IJOOE-.nc(x)zdxl2

(3-834) ~(3-38) REAVTIH- MEFBORERE T IRTo EHEE
0. 11umDdInGaAsPEREEL—FIBEO. 22 mdRKEBIEREAHL 18
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107'F -

1072

1074

FACET REFLECTIVITY R

10°°

10'6 H [ 1
1.45 1.5 1.55 1.6

WAVELENGTH 1 (pm)

K3-10 REPBLEIOALAFEEEL-FYHARKNEOHEKGH
(d=0. 11 gm, ht1=0. 22 zm)

BORARFABORRKEREE, BROBEFFEE /54— LT3 - 10&RT. B
FEBRELBBEECEELLRABLEECTR, 10 SUToRBREEBESH, 107
BLUO10 PLUTRERHRPERSINIEEBIEZZALEN30nm, 100 nmZF TEHW
50 BITEVRBMED» ST OiBACR, BERHERITHS Y, PHERESELEL 3,
Lic-T, BRERREHIEE*ERT 20}, £7, ORBBRRERELL®
i, OFHKRICBRERFRERLEZTET I2LHOBEEOREILETIVENS 3,

1. 55 umERIEWT 2RABIEBROBEERTEBnoor EHBMBEEncothopt,/ 2
OEUHBEAFEHEZRKS - 11 (a), (b)) REHTRT. neptidd=21n.fTiET
BREZED, dBW/PNILBIEE-TY neic, &z, RELRBBZIH->TY Nl
o THR, d=0BLVd=cOBBTRINFILERRn BLUn.0ONEREH T
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o
o

—
o

(a)

-
i o)

Refractive index nopt

-
~
o

05 1.0 15 2.0
Active layer thickness d,(um)

L]

o
)
©

o
N
®

o
N
~

(b)

0.26f

0.25

0 05 10 1.5 2.0
Active layer thickness du(pm)

Normalized thickness ngpihgpt/A

K3-11 RHEPHEED (a) BREEFE, (b) REARK(EED
EEEE&EE (A=1. 554 m)

DEHRICE S DTHD, (3-3833) ROB—-TPHEOKRIC—HKT 5, d=21/
na TRREVCAFERSZRHOAAMBEOEEGHFERT S0, REPHIERICAN T ST
z=00DRKRHE(Pe) TRRFINZKSPHA S, CORDBICLERHNIRFHILEEZE
[EDRE(P1) TRARFEINIKIPPeLP1OHETCHIRFENI2AFERS ICER
THERMERRY, REVILEOREOHMc L BERT LI EHTES, Pe MITOR
R 2ERALTRESLTIORADPSORFEMNEST 2LENH b5, COERA
Zarcsin (n¢1/na) 3V aresin(ner/ ne) THEAXASN B, BEREEEES
feHitidnriZn, nRKESTRERST, ZOBRELTnoptidd=2,/nf1ET
BRARMEZFR.
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B (a) O—AEER X145, 146DLII¥EERLV-—IFHNOBEHRELTE
BEOBHEn.E LTHELALEZERTHY, d=0DBRTnortiB3Y ne KEILo E
BE—HEBEDOEIRXAd<A, na. OFABTHICELL, BFEOHEE— FELE{SIH Y
KL —FOFEEENO., 1~0. 2mTHBILE2ELDLE, BREETCRNLES:
EHT2HICR7 5y FEBFROBEEZHEUICIY AV ERFTOER (FH) =H
WTRETZITH CEBARARTH %o

7, M3-11 (b)) OHBILEEncpthopt, /AR, dBPNIVWEEEREVES
OHAOBBT (3-33) AcELo6H350., 25KREILH, d=21,"n. fFETR
IhEnl0%BREERSTEREZF 2

BE, BT~ FEF»ORE2EEEHEnerr (=8 ko) iKHLT, B—-PEHIK
THRIZT 3 (3-33) REBALTnoptZRDEIETI2HAGHEH, nerelBiEH
BEJCELTECLHRBAMNBEE TS L2ZRTHE, K3 -80~%MKAN
HEEnet EHAVAEEAHNEO 7 LA NVKHEHBTRER VO EERIC, nereflif DR
WP OoRE3 -1 1DneptikWT5d=2,/naTOE—7DFEZHHTER W,

3. 4. 2 RXHEPIEKROIER L

RIEORITICE SRR -T, 1. 5um#FBInGaAs PYEEEL—FIRE
DOREBHIEBEEE LT, REPIERoMEE LT, BREFHITCOREICL S
Siox(1<x<2) BrAuvik, COBRRI3I-12RTLIIC, MENELAR T

2.0

- - - -—h
) ~ [ ©
v > - -

REFRACTIVE INDEX n,

-
[¢]]

7 T 168 164 10°
0, PARTIAL PRESSURE p, (Torr)

K3—12 BMESECHT2S i0JBOMITR (REEE: 3. 5A/ s)
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1
10'F
x //<
o
>
=
2
o
o
w
ul (o}
[V
w
(14
.—
i
3)
<
[F
10°
—6 ) 1 { 1
10 o 0.02 0.04 0.06 0.08

FILM THICKNESS h,, (pm)

K3—-13 mEmRFABOEEBEKEHSE (L=1. 54 gm)
(2=2—F:nr1=1. 82, ht1=0. 1816xum; ne2a=1, 6 5)

5llicik Z0ETREORMBAEEVIBHER >, HHEEEO. 11 rmdLr—
FORMGHEICIDS i Ox RICLZRHPLEZT-BEOHRAERAROREICT 52 E
{tEX3 -1 3Rt LROBHERICH T 2T ClAnet=1.81TH30, T
i, BIRRELBEECHTI2HFFTENPRESB 3 2BEEZAY, B1EHKCn =1, 82,
he1=0. 1816mOEETKRLALR, F2EELLTEFERMHEL. 650EE80
nmE CIERER S &7, REROFMI, HWESHAEBRRBER <7 brollBky
R FIXBTHEL, (2-7) XEHLVTIT-7. BEMKEE, 9, KHEBIE
ZIT3RICL EWEHD 0. 9fFD A TRRETVEZHEL, ~SHERKNER1=R2
0. 316%2FHWVWTGs 2RDTHBLK Wiz, REPFILZICE—DOBFHME T v % HE
L, BERDAGERFO~NEHAERHRBR2 &I (2 -7) KicRATHE, KEB
EEh7immORKHFER) BROSN D, ERMEZ2ERN LB L THRELALER
OHEHMEE R ITWILSTE, BERHBELTI X110 *BESNE, CITHSOER
WHEBOBEREMLA V2 VBETHEINLTVIR/NOMEM® LEEBRETHD, #TKEEL
HiBdRHORSHILE (2. 2. 4K L LTHATUETH %,

i
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5 i 1
p Ri R2 p A=15um

—_— 1 2
= 4 =|LD||—=" <«EvAPORATION n=181 ]
g _""—h
£
<
;| ]
oy
o
32
Q
5
e
3

O . { ] Thth

0 01 0.2 0.3

Film thickness h (um)

K3-—-14 REBILEEEFOE=y —XREOEEKGH

Eoic, MBRHHILEORERHEEBRER & FRICT S o, RERMZME < i
SOHRNEBELAE= s - LEBSEBELET-> LMY, oy —%=9—FEDORFHRI,
REHIEZTOMOL EVWEBRLD bREBR—FBRCL-VEHIEIRALILETEH B,
FORKR, K3 -1 40FBIRTHRE 7 -—OEABBEAEH, b, 7V -—BR
INEB DR THEBEEBLET L LD, REREORHAYEREZAS CFRHT B L
BTE2, CCTRIHENZ T -ZBAOFRRRUTOL> cHRETE 2, RYl, v—
BEBRLTBY, KEBIEEREOHMMELTRKHAESET LR LD S, Ihictt - THIR
LEWER ERT 25, BYRELELNA TRERBCORRTOLEWHEIDELKE
(, BIREHEVT WS, OB, REFOETIEIRIRLCOMV B LHEROR Lick D
R 7— R0 MY %, SORKRFEMETLT, LEVES A TIERELD
b ERTBERESEEL, M3 -14RT LI 7 —REBMTHEDT B, IDse
7 ORNRBRBERECHEL, BRNORFNESB LN D, BREBFE-—FL—HE
AL 2HEHERTHY, EBRERZEHNCHEHL TV 5,

LEWEM EDO NN 72ABRTCIODNT —F=9—%2THLOBRRKOF AR, REEK
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Both facets
AR coated

Output power P (mW/facet)

0 20 40 60 80 100
Current I (mA)

K3-15 KEBIEBEEKREEROEHN-FEABRFEHE

OERBIE > THEA+ + )V TEEOHMECRIHEI Y FT 4 Y v RIBABE— 7
KEOEEEM~OBBHAGNIE C Y, KRR, " 7XBRTHESHARAD
++ VTEECORNBEY— s CRERNEFREES—HT 3XHPBILEESBONZILETH
o LIt »> Tl DHER, BREXSREELTOLEVETCORRICHNTEHERA I
BETILEVS SETHEAHMBEHORKEHIEBEREE LTHEL TV,

WIS < RBA LR 206 U TR L 2 BTG L HEESR (R3 -5 h0HKFc) V0
A EABHEEEREB LRI ORFE LIRS -1 5K/, MAD R X
D, TORKLEVEBR Itho (=17.7mA) O5, 7T{EicH4723100mAETE
HEHMELETH, V- FRREIZR2RWASh TV, FEETONRBENESEN IR
BaH, Ch3RFEBOZILLSE, CORTORMNULEZRITREEOTE T~ FHTIL
DA77 PV ER3-16 (a), (b) ERT, (a) BRITOREKRLEVEERI tred
0. 94fEDZARI PAVTHYD, F—I7EEIR]1. 536 um, HiRFEL—-FHEIERLL
TORIRBESHBERV1I5dBTH B, (b)) DETEPHEEBHREDOR <2 bATH,
1LOOMADEHAABHRTCOERBEORFRICLE 7> T YR E— FRIKEDLLIEH
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o ‘A.....m,ul”,lw v I |
1.48 1.5 1.52 1.54 1.56 1.58
Wavelength (um)
5 [—"7‘1 R A B — T T e T T T T
(b)
:,E ; ‘ TE
S4:
8
= 100mA
<3
g |
S 2| 80mA :
3 1 60mA WM
5 SOMA_omemssrsnoerm,
- ——"""20mA i

| o ST S S 1
c‘%.44 1.46 1.48 1.5 1.52 1.54
Wavelength (pm)

K3-16 HWHEOTERBEKRS R b
(a) MM~ &Bdm (S5 ILED
(b) Mg IcKEBHIEEAT & (ETERE Y — YRS

INBV, 51, BAM e »5100mATTHINT B/, NYF74 Y v 7
o THBE—I7KER6 0 nm EEREM~BEL TS, JITERLAETRE
HHEROBRERHROMIBO. 04%THAHIED, 4. 4. 1HTRRBZAEAHEK
LEESFBUEOER, SHOMIKIEI-» TV B,

DEOEBRER»S, 3. 4. 1 HOFRFHERESWTHER LA REPIEBESETEE
KEEREERT S LA RBELZRO>IEBHLER - 1
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3. 5 AWMFicEALALEEEL—THIBEROME  BEEHR
ABLTTAMBED T N1 REABHOER - BITcER T2 EHERTFOME L &£
UBEER%E2GaAs~CSP MV HMERCHdTsE3-—4&1.5umHInGaAs
PHERICN T AR - 5ICEEDHTRT

#3-4 GaAs-—CSPHEHORT, BEBIUMHER
R iR HWE 2R
h i 25 A B C
G Y R=TF v RE—F J Y R—=F
EEE)
Fé ik 7 K A (nm) 827 824 824
FILEVE Tin (md) 95 83 163
BETE ng 4.18 4.15 4.0
WX 6% B a (em™') 13 13 13
%ﬁ%ﬁ d (um) 0.06 0.06 0.06
HMe— Fig w (um) 7.3 1.3 7.8
HRBE L (zm 300 300 1100
b S R Ri,2 (%) (6, 32) (32, 32) (32, 32)
BREAIE 7 inject 0. 36 0.295 0.375
cwmERl T
BLADEE T 0.132 0.132 0.132
FHE—FER Ve (cn?) 9.9x 107 1@ 9.9x 10718 3.6x 1079
T F by T (ps) 1.175 2.1 5.9
RERl
Ag (=dg/dNe) (cn?) 3.53x1071° 3.53x 10716 3.53x 10718
Na (em™3) 1.39%x10'8 1.39x 108 1.39x10!8
v UTHM Ts (ns) 1.9 2.1 2.4

"LEWEF» Y TEETOME
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#%3—-5 InGaAsPHWEBHOET BEBLIUHMHBEK

= AR IR 2 T EIE e SR

hgE 28 a b c d

G E JY =T v F¥=F S UF=7F J v F—7
we BH BH BH | DCP-BH
RER®)
RIRB & A (nm) 1504 1536 1480 (1536) 1515 (1560)
FRLEWME 1 tn(np) 36.4 20. 2 (17.7) (35)
BEE ng 3.53 3.8 3.53 3.6

WA 6% 3L a (em™1) 21 29 23 24
TEHEE d (um) 0.09 0.17 0. 11 0.10
Be—FiE w (um) 2.8 2.1 1.0 1.5
HIRHE L (unm) 190 290 300 300

i i R B R Ri.2 (%) (30.4,30.4) (35.2,35.2) (0.123,0.013) (0.03,0.03)
[(EEEXH]
L ADERE T 0.136 0.361 0.191 0.225

ke — F&ERE Ve (em®) 38.52x1071% 3. 69x107°'@ 1. 73x10° 1@ 2.0x10°1@

KT Fan T (ps) 1.4 1.95 0.42 0.41
EER)
Ay (=dg/dNe) (cm?) 4.63X 10778 4.63%x 10716 4.63%x 10718  4.63%x 1076
Na (cm™®) 8.3x 107 8.3x10'"  8.3%x10'7 8.3%x10'7
Fv YTHEM Ts (ns) 0.4 1.4 0.1 0.1

"LEWES » VUTEETOM
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3. 6 LTV

AETR, ¥HELV-FHEROHEFUEERT I LTEERMEEYK - BEEH %
HHMncHS picd 3 &, ETEEAHMBEROER CATRZEZREL —FiRE D
mHRE T KE B EORET - fEREEZHO b I L, TR, BohBREZENT %,
(1) GaAsBLUInGaAs PEYUKHBEREOHNEGEA X7 bV%, Halper

in—-Lax~YF7F4riHFEsN7ZKan e DIREEFEMHES t er n DWE
FE-AVIOFHERZAVWCHEL, MEBEHELTEERHMSHE Ay, FIE
FREBOPSULENERTOF + ) TEENe, ++ VT7HFMTsFOEAF+ U T
FEEBLUOLRHYBE~OKRENE2:2, K3 -2~K3-7TBLU%X3-1~%3 3
THODIR LA HIT, 1. 5umBEDINGaAs PiEHREDOrs KRA—-—YV=H
HWELESCERABHEESFHMOFEFEELL (K3 -7) o

(2) ¥EEV-—IYHBROBERBE,LOREZE- FHLADHEKT, te— FER
Ve, st FHfrc,, MEANRNBRFOBEEH 2R 7 7HEEBHEIT, SRDA (K3
—8) o NLDOBEEHBIHBEHONEF+ VTEELXRET S LTEETEH D,
P oREIHERTCOMBEROMBEICL D 4 BB TR~ ZEEHORE - f3F0
-HMEREDBEABUEN T N TXREIN S,

(3) ¥HHE V- FIHRE~ORFHIEBE BT 2iEHEELE 7 5 » FEOEBIWRE XUENR
BEOREELHEHATED, BABFE— FIKAEZR~I PASRBROFEZHEALC,
REBILROBEFARGEZEROCHS I L, BREOEITKLERER, FHEiK
KT ARG [(3-33) K] CRERY, FHBEBECHEIKETLIILERS -~
1 1R L7,

(4) LI ORHEPIEREETECESE, BHRREZHMEMULALS i Ox ZEREZEME &
LTHY, BT tBlEacHtcER LAELEVEULEOSG XM 7XEHETO
Ty —RERCLDIEEFBME LY, RARFEO. 04%D1. 5umFEInG
a As PETETEEBRZND TER Lo

(5) AR HEALALEEHBERTORTER, BEEH MHEEHOKMEE:, £3
~4LK3-5iILEEHTRL I,
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FHa4E MEEHNERE

HWIEE TR OEARANHEE R, FBEMNOAE LWL BRE Y -DANEEEH
TEHENMEEFBBENCSVOREIRBEIHEVICETH B, HEL Y XHH0 5%
BRET 748050 2HCAEBEEL-FLEDOANSZVRBHIEEURNEL -3~
5dBEETHILEELL L, MBHEAKORFESHELLTI0JBEEL»ESH
RN EAMBESEZMEHT IHRABEBCB 3, —4, E5FEK20dBEUESNIE, ##
AHBEZEZLFVWTS10dBOIBEHELNZY, ChEREHMBIHBLLCHER
THIES 0 k mOPREREOMARY, F/, X727 HBEHFLLTHERATAE1I 0D
Ve TY FPERTE S, Ric, KBESOFEFMER, AHESLLIHIBSR LOFK
BEACERIWIBELTRET A LHACHBHEOHRMUEZ O XETIERRTRTH D,
HIRBEETHREOHMBE TRARE(ERZILEBFHEINE, &I, X774 5k
HZTOMBROMBHEZEL 0, BEOCHEHMY r 4 NTCRANHCERRBEEZANLTS,
REPToOfB RIS, BEREOEicLo N cOREmPEIE LD, ANEE
BRTBREEDE - FIXT—BROB-7DT 515 fodd, k774 h 5 OHEE
BANER B BEORHMBEROIBEEZESNEORKEARGFHEOBRDL SRFT LB
» %o

ARETIE, GaAsHBoUIInGaAs PERED SR RBES KUETHEEOX
HESRO/NMESFBO 1 7 RREHE, FESE, AHESHREEKREECERL, &
BickozoBUisERNICHSHIT S Litic, BREZOMBEEREL, zoMls
JUBMEER L OMBREBEEIC T 5,

4. 2 INMEEREHRIE 3 B0

HFFEHESO/NMEBNRR, BEXANK2F TR 77 7)Y o kigBHEORIEDL 5
Kbo5N B, CORRFUOMEE I, ORIRBENMTRET Z2HRAREEEFL LT
FZEXROERELIHBIVLHARB RO T 7y A V22 HEE, OALH» S
BERICEFICHVWESEEZEAL, RRE -7 EARESLLOHGEEEE(L S BT
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KTFAIL—2 Ton p  MRAHESS - - AEEMBER

: APD I
77011/ €O>D——\ht§@%§:
| 1

RF2X7 b5 A
7rIAF

i O
BT |
B2\

K4 —1 Stigiges OB ARREAIER

CHIBESHNO T 7 7 A V22 FED2 2855, OTIR (2-49) AB, ¥
@Tik (2—-4) ABRAEEhIHHOT 27 > 4 VEHETIEAKXNTH 0, HRE (
f=1fo) CHERER (f=fet+ve 4L) TOHNOILABREvVvEKRD S &, viliddtic
(2-6) RATEREN 3, f-T, HMKHORKFER:, ReDBFEMOBFESIE, OFid
QohETIOVEERIET S EIcED, (2-7) & (2-4) XK, sk (2~
8) AEMHVWTESHBERDBEILENTESL, Lrl, &%, OoFETRERBHE
227 P VORECEFBTFILREMAVE D, ZORERIBERIBGHZz~¥+G
HzEBELELS, LEVWEMTZOREBESHNRBZAET 2-DICRBATHTHS, O
i, @OEAEOFFEBASBRERIAF L —YOR <7 P VRIBCRE 2700, FH
FBLr—FE2EXEBEELTHVTOHTIMHZ 20 SREOFEERMELIETH 5, #
>T, AMTTROQOXEAELZAVCEEHNERERT - o

B4 -1 etEAREAOLEMBROBRBERNERE R T, EFRE L TR —#e—
FRETEZEEL-FERAL, TOHIEEXRTA VvV v—9 X ERRENL TLEIE
BICEAT 3, FHBHOERIT, ATINIHEBERORE CHEE) ks IbEL —
FORBREZELEECR > TITILENS D, HHEORFHOENESZHEILES 3
1eHIHTA/Vv—9 ODFERABARARTH b0 FERTHEMALALXETA v v -5 0HiER,
BARKEK1dB, 74Vv—vav20dBUETHEBY, /2, TAV V-2 %EB
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Lt CcRREGBBARtOZW DS54 BB Y, HBE~NART AESLOREE
2EIf T s EFEEREEALTV S, HMESEHIER, BBESE 7-BXUE
BRHE2RAESTILDOXRBEREESTHNEHDOT N5y v 2« kb F 44 —F (APD)
KAT1sh 3, hhto—HE, AHE2RY » FEFAL, BAMAY » FPEBEBKRL LR
BIAXBETVHASHORIZBEERAT= —RicEdrh, ASLLHEBHLRE ~
FREIOBERFAL-ERERLEBSERET > oo AR LHMBREBI RV F =K Fickn 0.
02° CORBECRENBIRREEENCELENRZREIL TV S,

B2-2iRLickd, LEVWEUTONAT7TRBRTCAETAORIRKE - FIH
D, ChHSHEUZHRBEE 7 -1 XKOME— FICHBRESEEEALLEED
2y —BALBICENTREV, CORRERLOKRSIRET, ANt LEHEOH 3D
RHBESHHIOAZRET D, AHESELEREHz OBKBRF = » ~TEHAT 5
L, ERBBEENTo 274 Y REET-T, TR VI~ FIRERLL. §F
MBS 7401, REORAREE—TER-7-5%, HWEROBREL—FHE TR
LTdtiRke— FREEEMSETRE L, CO, HMBROBELLLERKICTEL,
BEB»SESFEO3 dBHEYEB SRAE L, HEZOBELLRELEKGORE
BHEAL (2mV,/1° C) »S&ERAMWMD, 0. 002° CETHIEAETH S, 1,
BELEAFRBOMER, RERE-FE2—FX0BHI L LD CLEBRBELRLLEZRMEL
TRIELTW3,

COBRIRERETCAELAGSHNE o7 r 1 vEA VR, ABA 7 -0 EO
FHRIECC To, HIREHBESOGSHEBZEATOTHETRR IR - FHIREBOILAL
VORED» ORDBILEBTES, CHUADFEELT, FEEMOELTVRVRE
TOMBTa 774005, EEHNEBE—VHEOERCETETIZLHETSFRK
HREFBZEEZAMAE, (2-11b) X 5sESMENRDONZ, 25T, 0.
8umFEDGaAsHERECRGaAsERIMARESEERING 20icdl, 1. 54
muEDInGaAsPHIERSCRInP»SRKE7 5y FEBXURRIRL. 5 umEE
OAF LG LTCHEHTH S, SO/, GaAsHBRTCRIERBIESLITVASKY
BIGERR THNEIAEAMERAB VY, InGaAds PHEBRCRERBICEALR
WARXSZOZFHAMEBL, vEERDSLHOFLEBRE IO EBICEES
7c56F. -T, InGaAsPHESOESHENE TR - FERIRBOILAK Y
DAERBEENELS, ChEFHIESNED3I dBEHEIBOMNELS> ChERD. v
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HE3AdBHEEBBO2 DORTEME—ORREEALZ LI, ®“ABDGa A s g
HONBRELOEZESHhTVWE (K4-7T88) .

RRic, HHEBEBH~OA - Hjﬂf\"V—@ZﬂUﬁlcoL\'ciE&%o AmXTHERT HEENE
Git, 87 » 7V o RIRBORKT (FR1) poRsL Ok, RRBERTCOATIE
Sk b HBROERBYKBCEET BES 7 —kxtd 2 7RI EE % OHE
EEXE 7 —DLELTEREINT VS, -7, HABSK 7 —2EHBICHAIET 1T,
ERORBT o7 > A VAEDP SRDFEEHBEELSIC C Licky, ANESE T
—%ERDBIENTE D, AKX 7 —REBESHNHELSHIV Y X R EEZNLTHER
BERTHELTVIHRITOMOBLYE pour EHOWEBEBERD SN2 nout DH
FRUTOX I fT-1eo ¢, KOBROKREBRE L — ¥ IHEREHIE cBAE S
T, BEETORMAEZEL, K2 - 2083 WRHA-EABRBELERES 2. Kic,
VyXREEZBBLAKROUERCEBKOLHN - BRFHEELAEL, HEOL SVHELL
LTCoOMBPBFHE (RABRYDOXK /7 —OHMEK) oh»SHOBLIE0ut %
R 7o

EROFECTHEBRENTCOANE 7 — 2> ETANV Y XRETON 7 — %
AETHIE, MEOEL L THIBB~OANEESYE? i ZERTBIEBTE S, 7in
DERANEEGCHVE L VX, HEBROBERELLVRERY, —8~-4dBEET
H -7

SRR ST IR A I R BIE R E G L TRk 3 &, NMEBSHBORIERIR ¥
TRRTCE L HIRFEHBRICHT 3 HELRDPLEN S, ETEPHMER CRIRHMIER
LA2BRBERFROMBERANTHED, BEOV» 7Y RvkiRT 07 24 VEFDSE
SRBERDEILERTER V. LW -T, REBHIEE% M 4§ 0 LIREHIESE O B
Thin, Nout ¥BSHUBREELA LT, HBITHEHMBRECREALZTY, AAVv X
BIETOANBESE 7 —EHAL ¥ XROESHI v -2 2 h ThEERE L, @
EHEREACCHBLAKMBRETOA Iy —LHEEOH I~y —olbh SESHEZ
ROBBEBS B, COLIRLT, GEHNBOEMELXRELLZDO w7 » 4 LERD
nil, Fic (2-4) AP SETEEHBSORARNLOMENE LM TE B,
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4. 3 HEFHMERO/NMGEFEHE S 5D

4. 3. 1 47 RKEHE

0. 8m#EGaAsHIREHBREOKIR/MESRBORBIL A 7TXBRKFES
Bl4-2iRd, RWBROHBR R b VipifIED 1 Ko RIRHE— Fic, ATike
7—-50dBmBEEOCTERERESAEEEAZLTHAERT > T3, HEICHWAS
BEOMIES (A, B, C) OEEEERFXICCSPREMYTth, T— FHALADEXK
F3fE@ETH 2, HWESE REORNESRLLLY, RIRBOQMHE (=1,0) 121
BRE->TWVB, EEMER A 72 LFENL, LEVEMETREREZRD, L&
WP ET R EBRIRE 7 — it X 3B RO DI EERBRRBRLT S, LEVET

AlGaAs CSP

AAAN
30

N
o

Signal gain G (dB)

—h
O

O
O

0.8 0.9 1.0
Pumping rate J/J th

X4 -2 HIRBREFESHEDO 1 7 2&EM (Ga A s LIRTHIIER)
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GaAs non-doped

?~600-
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X

«©

Z 0 . . . .

0 10 20 30

Nominal current density J,,.,(kA/cm2um)

K4-3 v—7HERBORBMBREEKFN (/ ¥ F-7GaAs)

ODRKESHBIX, 25~32dBEESN, ERRIA3 —4IRLAELZEL2OMEER,
BEERCESVWTEE- FL— PHTRABA» SR LERETH Y, KREOZZER
CHEPFLTV 2, LEVETO/MEENROMR, #E7 7 7Y X oSG EF LV TRR
BRRCHERT 20, EROMBERCTREARBEL2FERMOIHICH RO HEIiCHIER
EhTWwi, EURBIL A TRATH~SZE, RIRFQEO/NETVWIHEES, T41b5, 3}
REESEL, HAXFERS/NIVHEBERIL, KEUEEMNESEsHLTVWE, CoH
HEZHRTE0KE, K4 -3/ vy F—TiEHEE2RE 23 > OMEZOFGHRH g0
ESEE (d=1xm) EXT2HBILBREE T non ~OEKFHEZRT
K4 -3D0KBIIK3 -3Dg— NeHi#REF+ VT7THEN DN JRKEHEOHEmEEAH L,
Jnom = eNe/ 7s(Ne) (4-1)
PORDILERETH S, CITRF+UVTHEMELT, K3 -4 0FREEZEFMIM
Z, 6nsecOIRAEBHEAFONOEZERLTCVS, (0K, $+ Y T7THEMIERD L
—¥THHllahTws2~3nsecDEEL5, ) ERERINA -2 0FEHBOF —
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S5 (2—-4) BXU (2-5) XRExAVWTgERp 3 Litic, EABKE OB RIIE M
DICEBPEABE-FEDEAERE 7 iniect TEBLTEBOFEABRLSKD T non
KHLTRLABGDTH S, CORMSRBEIIC, HIRB/OQME, KiIkFHFMr, @
INSBHBRRE, FBRBgEEABREE Jnon ORESTHEETHEL WS (X3
—4BME) . 3. 2HITARLALEI K, ¥HEELZRIEEL SHBERECBETSIE3D
KREA+F+ VTEE:2Ne DEicT 208 8HD, ChicHELTH5BREEUELT
BnE giRIEEE SRV, oy, FLEWETHBIALLIL—Fo/1 7 XBIXIET
PBREEFEE2LEVEBRAEZELSHDE 2, QESKRELLEVWHEBREFEO/NE
BEESREEHNERER e ToRDOTNENKECRD, HRNCBE—EBHNEGs OL &
WETOE» SOBVOFNEEREL NS, &5k, QEOREVWHIBRRELZERHF D
MEBREVLD, Gs OBDIEIESHBOETE, BEQHEOHBEHFCH~NFEF LI
5, CO2720HRiIcEy, EERBORBAL A 7TREFH K4 -20L I THEER
L BEBHNLTV B,
TEREASKIEHTS, 1. 5umBInGaAs PRIEHHEEDESNESH

1.5 ym InGaAsP

Signal gain G (dB)

O . 1 —l —_—l Il L 1 1
0.6 0.7 0.8 0.9 1.0

Pumping rate J/Jth

K4 -4 HRFFHESHEONIT7REEE (I nGaAsPRIREHER)
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- 1.5 um InGaAsP
- n—doped
'e 600} no P f
e |

> - l"<— Trad a
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§200ﬂ
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ol/ . 1 l . . . l
0 20 40 60 80

Nominal current density J. . (kA/cm2um)

K4-5 E-—-sFERRORBIEREREKEE (/v F-71InGaAsP)

BoOHBIL A 7 2BHREFEREZRK 4 — 4 12RT, BIFECAVL2 >DOHIESR (a, b)

B/ v F—7EEEEZFES>EDASL (BH) v—¥")thy, EUHEENERRLZ-DON
ZEDOE— FHILAOERBI RO EOENH 2. EE5HER Y/ 72 &I, L
EWET27~33dBOfEBBEONT, GaAsHREHFON4 -2 0BRSS EEkIC, T
BNSKEABREEORERFERCHIET 2 HIER a OHBHEIBE D LD $F—D /v A
TRATCHNRZEREBESHENEONTVS, ¥5IInGaAs PHIBHREOEREL
T, TONSRIEIEHa TG aAs BEFOBEICHERT NI TROEACHTZES
HMEOEABELCH»THY, LEWHEDO., 7ETd1 0dBOESHESELIATY 5,
CHiEK4A -5 Ry LI, BABROKREBHFEE TR A -V -BEAG0HFER LD +
+ U THEMBPEBCBLT S0, EABROEL LW T 2FERKOEMEBBEDL 2
FIHCTHIER aBbEELTWEIERERLTVWS, Rl4-4 0FEKIX, X3 -50HK
EH, BEERESVT, v+ HRABRDLORDLERIETHY, M4-50g -
Tnom HHER () ZHOVTHBIL XA TARHYLTT a2y P LLSDTH B,
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Normalized Frequency Mismatch (f—fo)/B

Ka-6 777V~ve—- FOMNEGERAREESMBELEE (Ga A sHEBEB)
#EMEB: 25.7dB(O), 23dB(A), 20dB(A), 16.4dB(@®)

Ka4-5ic, MI3—-6, KI3—-7dDg(Ne), 1s(Ne) DS5RD// ¥F=71InGa
AsPORBHREMEBMNEEHBELS Y ORBILEREEOMBEZTR T trad(Ne)DB%E
ZRLIEBBREBHUTHI20IM L, Taug(Ne) dEDL T TREDZERTI, g8
RKELRBIONT T2 OEBBEDICED, BNOEAETRT, MdDa, bDOEER
B3, M4 -4 0ESHNEBOREMEDP S 7 inject=1ELTRDBALBEDT, Taug bEE
LEERICBAHIBL TV B,

4. 3. 2 HESH

HIRFHBEO 1 KO e~ FBT2ESHBORAKFEEN4 - 6 ICRT M
BEhid, ThZntRBOE—7F15&3 d BREFEB THEHBIILINL TV B, EFIX (
2-9) RTEASNB7 7YV RuEe— FOESMNE w7 A VOBRETSHD, =
— VY uyBERLTOVS, EREZEEREDCS PHIES (B) THRIE L - BHOELIRA
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100 F GaAs

-
o
I

b

LI ] lrrlll

3dB frequency half bandwidth (GHz)

o
-

10 20 30
Signal gain G (dB)

o

M4 -7 3dBWHIBORIRBESHEEKEHE (G a A s HRFHIEAR)

BTORRZETay P LAESDOTHD, HRMELES—HL TV S, WHIIHEEBSZEE
BROBIEBAN RN L THSMBEEBEZRL (GH#) , FIREICIZEMETH 5 05,
3dBwikinE THERALAE, o 4 OAMBEEIAERT S5, COMNBEBORIMNHEL O (
Al-1) X»s5, BEABROMMEALLTRADOL S KREN %,
1+Gsy RiR2
d=tan"! { - tang} (4-2)
1-Gs/ R1Re
CCT, ¢ RB—@BIIHIGTHAMMERF (=—2zn,L 2) TH 3,
3B DGaAs—CSPHEHRIcXT 23 dBHFELIEBORIRKESANEKRER, %
B4 —-7Rdo EREZ(2-11 0)REFVTERHERORFAR LM - FERic> W
TRO-HEmEchHy, Y GBREIR—EFT, hZh, 42GHz, 24GHz, 6. 5
GHzTH %, ERELHBEIBLGBLTVWEIEDS, 4. 28iTRRT7 77 Y
_efiRBHEOLALV L3 dBHEEFIEBO2-0ESHNEREERISH TSI I &
KBAICOMRINI, /o, H4-4iRLA2EEDInGaAs PHIEHDO/GB

_76_



o

—10 [l i L Il [l Illl L 1
0.1 0.5 1 5

Normalized Modulation Frequency f./B

Normalized Modulation Response (dB)

K4 -8 IMEFAEFSLORBIEREKBEKGFHE
(EEBEIOOLmDGaAs— CS PHIER)

ik, Th¥h, 45GHz, 24GHzTHY, COFEEHAVTS dBHEBORIEH»
5GERDTVE, BEORIRER3 00 ymOEWHIX, F5FE204dBT2. 4G
Hz O¥HEEEEFH>, SO, EESEERRTIEVE, ARESXLoRERKEH
i3+ 0. 08° COREFHELBETIRERTETH S I ERREREET 5,
CHTTHBLTEALFEFEBR, CWEZAEALTZOAEKERSILABES
N57 77V ReRRTe 7 7 ANVEIHIBT EHNTHFHIBTSES - oo OBHRIRHEIR
PEWRERAARRTEBE CORBTBRICS 0%, RICRFTT 5. HIEBEIO O 4
mDGaAs—-CSPHRIBSORRERCESLKEE—HaELET, BS5L/IMES
DHELFZEZEEL, HEBOAHNTESHEZAPD TRAELTRELALIMERES
L BEIETRAER o/ Bl LTRI4 - 8iciRdo EEiX (2 -10) RNEFEHIE
G (fa) /G (fo) =[1+ (tn/B)?] ! (4-3)
THALNZ IMEREL(LOERMETHY, to =BT3dBOELEELS, EHH
BNATRAZEBLEVMEE T TE - c/c®, BRMERHOLEcERAKA cHBIcX 25
FAMRBENTVEH, IMEAROERAARBFEIEL 3 d BRAEHEOLIE 2 1Tx

=-T17-



TE ™

—_
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Tho, ERHEOZEZRCHIEALTWVW S, k@MESHE 2 0 d Bicxtd 2 FH7E I
HIESA, B, CT&4, —4. 5, -7, —11dBmTdqb, HIFHFQEo/ &Y
BRECARSBBMEAEEZR >, COSEBHEOCSPHIBRRIE -0~ FHLADE
HiH-of-bve— FEERREETHY, CCTRLABMEAOER 2, 3. 2FHTH
MLABMNEEl 0ZcERTSEELLN S,
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Amplified output power P_ . (dBm)

K5-4 FESFEOHBESHAKEY (Ga AsHiRFHE\E)
(E#H : Himfl, A(A) O(B) [I(C) : EBRMHE, Psqs: fZFHID)

GaAsHERESKOMMME]. ONEREEKERLZE2DAHMBEC>VWTK
5-5IRTo (2-34) NIRRT LI, Is REEROMEERA, (A vy)
tts WRIHAIL, kFxxr¥F—n T 2BELTRESN S, FEHEK gD/
SREHTRKER I HB O30, K3 -3RALAABEROLL LB EITA,
WMINELTB>TVWEIDTHB0 —F, gORERHFKXTO I OWMIZ, ++ UV THEE
OEMEFiRtBRPFTEE (K3 -4) KEBET S, (ITH, M3 -4D1 rag
iC6nsecOfRAEEAEMELRLCrs 2ROTVE, ) /¥ F—TiEHRE O
BICBRMBERg=100 cm '"fETR/MIERS, CHEDABRHIKRELNLS
BETREKRT S, £/, BAMMBEOnBEHBOESGR, Ag tdtic/haix3
7o, gOEWHEETKEBRMBENE SN B,

iz, M5 -4 DfAMHII PP SHMBET EHFEL TAL S, HMIBRE ORI
MEBHEBge 13 (2—-24b) AT, i, VERKORMNIZ (2-33) ATHASh,
chhs (2-5) ACH—EBAEGs #, Bic, (2 -4)RATHIREESHEG »E
HT&%, -7, XM OH—-@BBABGs. e LRAMHNIRTOR—EBFEGs, 348,
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Gain coefficient g (cm-1)

—h
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Saturation intensity 1g (W/m?2)

K5 -5 fafMmEOFEGREEEE (Ga A s iR

EEXBE I gsZ VT, [BKXATEEIN S,

0!+(1/L)QHG5.B
Is=134qp -1} ! (5—-1)
a+(1 /7 L)Y2nGs,sds

F/, Taasid (2—-22), (2—-238), (2-32) XLy, fafil/IPsas&

I" Psds 1
I 348 = , (6—-2)
dw 2n (1 /v R

THEfT S 5,

(6—-1), (5—-2) REHAVT, X5 -4 0EMETIPseph SRDOBMME s
K56 —5ICRLico RIRV\[QED/NESRHIBHER ENRRBOKERGFIXTEIEST 5 £
», HHEBENIKECRD, ToRKR, A sHRLTY 3,

Wiz, 1. 5pm#HFInGaAs PRIRFEHESa, b TRELABSHEOMERFES
HAERFHZ RS — 6 KR, HBE a ORBAEEAF 0BLV20dBiBI 513
O fEid& 4%, —11dBm, —4. 8dBmTH%Y», CSPHEBERTHEHR/NICTHL
FESMEOEMCE S BB NOBIPRBRINICER STV, £/, HMEHDLDOR
fafESHB 20dBicBir 2 AMEIR— 13, 5dBmTHY, HiERa 0fiick
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1.5 um InGaAsP

Signal gain G (dB)

-40 -30 -20 -10 0 10
Amplified output power P, (dBm)

XK5—6 {ESHEOHIBESHIKERE (1. 5umBInGaAds PHIEEHIER)
(8, We: EHaE 0, O(a), A(b) : EERHE

RE9OABEBLLTVWE, ERBLIUEBRARS - S IKRLMERaBLUbictd 3
M- BEERCESVWIEERETSY, EREOCEEZR(FHHEL TV 3,

Eoi, M5 -7TikKRABILERMEDOL., 48 umETHIE L CRIEL 7 &7 K
FHEES c OESRBRMFEERT. ERIETEEO V- F HFERANER (H&g2) »
SROIBHRETHY, EREEBEB—HLTW3, ETEREHEEBRORBRMNEESHE 2
5, 20, 15dBickisfif &4 +9, +7, +5dBmTHDH, WMHAN
ERESFFB LML TVWSE, Chid, GEFFEBARE(RIRERMBEAIBELD L
rRRARERBSOMNBRMNAE L2 FOFERMERLTEY, ETEPEBEOK & X
(e eI

Ric, ETEEHEEBSESHNEORMBEELIREHMBREO Th BT 5, R
Bk saic kiR HEREORET, METLEEMEDL. 53 6 umESkKic &
DRIE LM BRANFEEZEROBERMEECRS -7 K/R”dT. KRfafE5A®20dB
KB ZRHIRFEHBBOBRAMB IR -13dBmTHy, ThiElh~z LHETRFHIES
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Amplified output power Poy (dBm)

B5~-7 ESHEOHMBESHNIEER. (1.5 umFInGaAs PETEFEHEREES)
(E#, B Bl DOA (¢c; TWA), @ (¢’ ; FPA): E£8iH)

OfE+7dBmid20dBEELTVWSE, COBHR -2, —2>RETHEHEESRH
HIBEHIER L0 bEA+ + V TEEOKEREB CHET 20 CBMMEELs K&
(> TWVWBELDTH B, bHr)—oik, RIRFFEHES CHEIRERFN L HIROYUR
DETEEHIBECRBREINLTVE LD TS 5, XIEFHBR CRIBE—EEHEGs 0
fafis (2 -4) ATKSIWIZERFOPRIcL - TFASh, EEFNFGToIfIR
BBz l, #TREHEROESHNBOBMIIRIEG, ORMLZIFTRE »
TWw3, (K5-10EHK)

1. 5um#FHInGaAs PHBRESKHOMNREIL. oNEREKERLDEOHE
A OARHYBEICOVWTRIS ~ 8IKRT, —HREBTRLILGaAs , Y F-TEHET
DL~ E, InGaAs PHEBRETREFzRAAVF-BHEL LR 5D, HEHE
BegD/NSREHETDIs PhEW, LhL, gOoREBRFEHTRA-V-FHEEGDOFE
k2% + ) THEROBOBHEETH 220, LOKERIs BELhTWS, K5-6,
K57 OfFIHAIPagpicd 2EREL SRDI 12K 5 — 8 IR LT, HIERa ik
bk, THWciBadlPRERISTHELTVWSBR®, Paagb RES W > T 5,
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NA 2

= 1.55 ym InGaAsP (
S 1o )
< ¥ 3x101® o

N - a /
-— = \.

5

= ! g x1018 //?

/2] \. ="

5 i 1 \'\-—-—-b—" / non-— doped
€ 4x10'" AlGaAs
cC
o non-doped ™~
§ 109 L 1 1 L 11 i || 1 1 1 S
= 10 50 100 500 1000
m '} - .
N Gain coefficient g (cm™')

X5 -8 ffIEOF BEMKEN (1. 5xumFInGaAs PHESR

Cok3iE, 1. 5pumHEInGaAs PHBHETRI: ORBRIKGENGa As
WIBROZT W ELRTHEER L LD S, HWBEX g DREBHETEHFEE 200D
BiEHEt, b, WBSHEL, T— FHALADERET, WERXNRROBERSLIVEEL
BhHo &5, FNARELTORMHUNEMKRT scHicid, T— FEHHES.=dw/
FE2KELTEMBEBH S, L2AT, 3-8l edoPFEELiFELARFTHIEL,
d/TREURREEd=0. 2y mfMETR/MIZIYD, dBPIOLD/NECRRIKRELT
ZIIEZTDOMEIRIMRTEILENED, LL, KENR I 25D TE2EBHIT I LV
SHROEFBEERT L L, EHBEEdZLH, EFERBWEILCTEHMBTS. DK%
M2AEBEE LV,

A TRIE LAZEHERORML ), RMEELEIEBEEN - MERER RS LIRS
—1ICEEHTRT, JWWRTE~ FERES. PREZ-TWB 1, MENICEHIE
HEORMU ANV ERLRT 2DIC, Pasx S.THRIE(ALLLERBPOXME TH ~
SNEBH B,
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£5—-—1 EBFE20dBicHiTaEfIH N LfIMmE

& B 0. 8yumHGaAs 1. 5um#HInGaAs?P
] RS A B C a b c (c™)
y 3-H FP FP F P FP FP TW F P
REE R1,2(%) (6,32) (32,32) (32,32) (30,30) (35,35 (0.04) (32,32)
HiEaSE L (2n) 300 300 1100 190 290 300 300
EHREE d (un) 0.06 0.06 0.06 0.09 0.17 0.11 0.11
BE—FIB w(zn) 1.3 1.3 7.3 2.8 2.7 1.0 1.0
BALADEK T 0.132 0.132 0.132 0.136 0.361 0.191 0.191

T— FErERE Se(un?) 3.3 3.3 3.3 1. 85 1.27 0.58 . 0.58

BIRE a (en™ 1) 13 13 13 21 29 23 23

Ag (=dg/dNe) (cm?) 3.53x 10716 4.63%x 10718

Nao (em~2) 1.39x10'® 8.3x10'"

F+ Y7 HM ts(ns) 1.9 2.1 2.4 0.4 1.4 0.22 0.9
PRI P sas (dBm) 4.5 1.0 -11.0 4.8  -18.5  +1.0 -13.0

FAROFREE" 1 o(10°XW/m?) 4.4 2.9 2.1 7.4 2.5 13.0 3.6
fOFOsREE"" 1 s (10° X W/m2) 3.6 3.2 2.8 6.5 1.9 13.2 3.2
*EERME, CCHR

5. 4 HE - fafMELfafihs

5. 4. 1 IREREBEERE Y

TR, ETERELAREOMBHRCBI2EEMNERMOZEHERBOHAH» S
ORI T B0, fAEE M ORERNREKEEEZ —EOHKKMEE, M
HEIEODLWTHRELABREDVLWTE~NDS, WIBEEELLTR1., 5umHFInGaAs
PO/ v F—7HEHEEEY, SREBERIHIBSEKEL=300rm, €— FEAHES.
=0. 58,m? E— FEAAUADEETI=0. 19 1 O&THEEMBRc LA—-EEEL
foo ERBHOID, HRAORHBRELWERELTWL 3,
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Saturation output power Py g (dBm)

TWA <— —> FPA

| 1 i

2 ]
0001 0.01 01 1 10 100
Facet reflectivity R (%)

K5 -9 MMEAPasDIRERHANREGEN (1. 5 2m7F I nGaAs PHEIESR)

X5 —-9ic, #ITHREOEZE— FL— PHEABF P 5SRO AIFHTIP sas DIRE X
WEREELZESANEGCE I A -2 L LTRT. EEFB30BLUV25dBIEXT S
A HoEPEREREETRIATVRVOR, MBS hHRKHE L 2F]5E1E
flofdic, LEVETOBSRBNCHIVNEIBHECHBRENTVEDTH S, K
PoHLIREIIK, MERNEROBREELICPex B¥ML Ty, HIREHIEES
HRTH#ITEEEBESEHNGECET I E88h 5, &56i, P DESRBRIK
FHcEHT 24, RERHFO0. 1~1 %D REDTLIREHBIBHEOHEBE TIE Psee G
OMEFticBPLTs0iT L, RERM/NEBETERPEIEHEOHEE TG OENL It
I P3asldKRT %,

BECTHIERLIL S, BWAME TP BUTOZ - 0EBERTHRE 5, F—FHIX (
2-383) ATKRsh3WBEREE S OFERMN, HHAGEHRKORNEXET 5 fafd
BElsThdo (2—-34) RIRRT LI, [TRBMBEERAETs(N.) TRE S8,
PR TONEZXEKT SR, L, TEOBEEHPEABRI REICL>TIDERK
ELZEIL, NeBRELABBBRETI R LT 50
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Facet reflectivity (%)

K5—-10 fBMHEELs, 1348/ |sDinERHEHERER
(1. 5umiaInGaAsPHESR)

F_HRHOERNRIHEROMERHERICESCRIRWRTH 5, FIGMRMBELCVR
WREOHRIRIIEIBE TR, CORIKROPRICL » THRWNESRE—-FBHBRGs » 5
AERBRIRESHNEGCHEBSN B, L, —HANEBFEKOBAONELZL, Gs OFED
BELTHEBAEGCTRARESBTAINE ALY, GOMMRAFICERET S &Lk 3,
CORIRDIMBRIE 1348/ 1 sTHMTE 2, AP OHAANRETETCOE®RBAN O
HHEE 134sid, HAME TOETH EREBICH T 2ERARE,S, PrsstRAD LS
KBRS 5,

1 1+R

I 348 = * P3ds (5-3)
Se I_R

HIREHEBE OBE IR, BTREIREFOLBREOMIRREECE->-TREI—-HKTH
D8, Tsgp RERBHUOLHBEERT, M- T, HIRBHBROEFESHEMNIL C
DEIRFE 1 54 TRXEINBBSHERBREICE > TEE—HRICELZLY, (5-1)
AR ULIEELIICH—DGs 3asZ VT ZOMOBELRHRT A LB TE B,
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—7%, ETREHES CRETERIVPREBRFICLEREDPICKELTZD, BK
SONBEOMBAOT/IEL, HOTKELRBIEMRHEFHEEZ LTS, {-T, #
THREHEBE CRtREoRERBOMEcoAHEHEKoRMBSAEL, CITOXEE
B 1ses KXHIET %0 ETHPHIIBE CREBET (z)PHIBREFROME z OB T
570, PEHEKeg(z)d (2-33) ALEkkIc

go
g (2) = 1+1(z)/ 1s (54
TREINZMNEBEBOHM LR D, FiFfafBoB—@EBFRF G 3kfgfkgod (2 -5) Aic

Rb-7T,

Gs=f:;exp{[l‘g(z)—a]z}dz (56—-5)
THEALLN B, R=0 0EHBHNIETEREHESOES tic X 2B MMBER, (5 -
4), (5—-5) ROKEBEEAHEGEESE V7 —ZHMI RV SHET I LILL-T
bR 5N B,

Is & 134,/ 1 DIMERFREKEMZEZRKS -1 0iIRT. MARFBRIHENT 51
HNTIs BREOL, EESABECOMICHLSF—FHEICNKET 3, Chit, fiIRFEHIE
EBLEVEF + VTEEOREFETCHIETSHTHD, LrdbID++ )V 7TEHEEIRR
oMmEicBLT SR, Is /PSR >TVWE, OB, T38/ [sBGHKREL
REREBHMBOLTOVD, #-T, #IRFEHBH BT 2MHUSIPsae OEERE
REMIRIZ ] 39e/ I« TRENIHBRPRTELXESI N TV B, —F, RELETIFT
T &, Tsag/ 1 RGOMEICRIIEEHEBICLIMEO—FEEICEITHEMT S, 1 BF
fEROF + )V TEEOHMERBRLT, GHEREVREHMBFEL Y, #-T, HITHEE
WIS TRESAESARSC BRI E/RMEARELEL, GHAPECR OB L LIS
&%,

5. 4. 2 HEREKGEHE D

HIEHOL S i, B—RBECTHKAERFREBDLEIRTHTCL, EABR—EOT iR
MRPBLLESHEBRELT 2.0, TOBEHEERRT 2D REABREE®
WS BHBENS-~Tco COR, BlOFEELT, EABREEL—CIKR-7FFT
HESRTHMEYE, TOESFELHRATICLELUETH 3, FIHFRBAREYY OB
—EBBHNBFEHMELE2b0TH20ic L, RERBUESY VoM —@RFNBEE—Fic
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L | | 109
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Amplifier length L (mm)

K5—-11 HafEEIs, 348/ 1 -OHBHRRMEENE (Ga A sHIBSR)

RotE T CHIBREOHMMTEERNEERIILTIHD0THS, RETCRHIESRERZ:
EAEAHPRE, BRAEEOHMMC X3 RARTEOHBER I LU HFBIRERE
BRIBEEBRTEZTIIRA S, Hdic, BRAKRHE L X 2R B iz B Lo
BATR, MESHEBHETHERRSOKREEASY, ToEE L 2PN
HREUTOX SRR 3,

MR~ ZHORIREHIBRE L R= 0 0 EENTETHEHBE X4 5, sk 1Is
Els OHBREKEREERSE -1 11KRT, CITR, E— FEEES.=3. 3 um?
DCSPHEDGaAsHBBREEFICHRY, ES5FEB20dBOHEERHFTHELLER
2R MIBREOBDICM» THHEATOREAF + V 7EESHEING 52/, fafl@E
1sR¥MdT 2, —74, MBS T 268 I s DRMMBEE I T B T308/ 15
BHRE, ETRELXCEGr mDELOoMBERTIBCERD T 5, i, Raflko
BM—-@BREGs» (2 -5)ABLV (5-5) RRTLdic, e— FREBHEKRI g &
BERFEKaDZE (Tg—-a) LHERELOEE-ELT3ETRE-TEY, —EFHD
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20 AlGaAs CSP

G,=20 dB

T™W

-10

Saturation output power P, . (dBm)
o

-20

1

0.01 0.1 1 10

Amplifier length L (mm)

K56—-12 fAfHAP3dBOHBHERKEFNE (Ga AsHESR

a i LTRIERKeg Zd (2-33) iz (5 —4) Aht-TlaMd s 2R
T3, BB, LBELT gHlaiclbXxTREVHFETIE, ToHEMicxtss(fg—a)l
ORADBIBZIET g ORIMFHECTRE DI L, LBELT gha LEERICIE 2 HET
D(TF'g—a)Lof@MEAT cHEDRMI D B HEL D, Tsds/ 1sB/NELL 2B,
—%h, a=0 OB SGRHMEREOERICHOLSY, Gs 2RDBT g LB —ELENLB 18,
I3ae/ I sCHWBBEBREERRIBE NV, £/, ETEECHRIBEICHE T 154,/ 14
12~15dBEkd20i, FRETRLEEHNRPREEINADTEH S,

K5 -1 2 MBI PseOHIBRERKGFEEZTRT, PasRMIBERL OMiN&
BRIFETFIBPOLTV S, LPL, TDPygs OFILR, BS6 -1 1&RLEEIi, L
OFVHEETRERIs @, ¥/, LOEVWHEE TR 134/ [ sDELICERTSH &I
HEBEET 50 lag/ 1:s& IsODHEFOPRICE - T, HITHFEHIBR O PaasidLiRE
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DENLID W2 0dBRERMEENR 2, ULoERDPOSHS LD IT, WMIEROSH
NEEICR, HMEREAMMEIEI3L0s, BAF+ VTEELZHMMEELE &KL T,
HWHIEHEBECTEA3F T AREBESNELXEIFEMBET LW,

5. 5 L3TU

AETIR, GaAsBLULl, 5umEInGaAsPhrolkaERBEETREEO L
—FHERIc VT, AEPLEEMECSZANGEES K 7 —oENickE-TEL 51F
EHEORMBEEEERLERICIVES I L, LT, BohBREENT %,
(1) kHMERoOREHMBHEEBOBERELT, ESAHBBREMNOME»S3dBETL
BRTOH ANy —2MIAHEIPss ELTERL, COMEPKIRTVHIESZ -1 4
~—-5dBm&RBIEEHEHOMICLI, &5, #ITHHIESE OB HEIZ +
7dBm&Rny, HFPICHXTEHNBFECET 5 L ZHMDTEIEL o
i, ChOoDERBRR, EI3ETHOS»CLABEEK - MEER (X5 - 1)
CEISVRELV- I ARXBITOBRERS —HLA(KS5 -4, WI56-6, K5—-7) o
(2) RHEIBBD 74 28 & LT oML TP sasil,
OFBREOEMEXEST 5 8MME L,
QH—BHEMEG» SRIRESFEGCAOHBE LXK ST 2HIEHR (I8 1),
QIEHE LB T &t vy — P 2BKE ST 3 €~ FIEIES. (=dw,/T),
D3O>DERTREESN, PP EICiE, 15, SeOWRKEARGROBREISEE
TdH 5o
(3) ODBFIHET s BRMEEK A, tsicRIEAL, F+ VWV 7HEEOHMELIF +
V7&frts BELT LD, E—EHEORETHHBHEVIREBEAF+ )V TE
B, FBRETHFTIRERERI BRGNS (K5 -5, KI5—-8) o COK
BEEZEB T 200 ERTLLT, HESKEL, T— FHEIUADEHT, WA
REERZEHT 2HFEBEELL (K5 -9~K5—-12), Hic, 1. 5 umiF
DInGaAsPHEMTR #-Y2BEAOFSLIVHNEBRBOKRERHETOD
Fr ) THMOBMINGa As MEICHRTHETSH 270, BHIAH OB
*ERT DR, LROBERIVIDEELNL S,
(4) QOXEBHRIBIRBKREC R ZRBEHKT S (K5-10) 72, HEKHERD
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BEBBALATARTH 5o

(5) @D~ FHEROHEAR, EHEEdZ#, ERBEBWELSTS3HETHTS
CEBEEL WL,

(6) BMBOHBHEZERTAIFELLT, HEREE - ER-EIFAETHREE
EEMEECHURIVDORM—BBANBERESTEHEL, BURYVOH—&E
HBE—BRR-EEIWMBEFREHUNMEEIFE02 o8558, BEFIFHCK
RTHRRFEH a DR EERZ T 2128, FIGRMBE LSV,
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FeE 2 RERILEHIERSE

ETHEHIBER7 0 nml LB RVWHBBE R >y, EELEONBERD
EEOHERICEET B LY, KEFEESHNEZ L CHBT2ILEMEREL L CHER
THIEDBHETH 2, EER 7 -—BEFCHVMESHEHBOBETE, K4 -1
IR LIk dW/MEBFIBR s P ABBEAMTH NI, FEREEEZELIELEOR
BEACHLEHEROREELOMNESZ VWIIHANEE —BUICRET I EBTE 3,

L»L, §5k/ 7 —EnL, NBRMOBZELCLABEO IS OfFEIR, FEEHIB
WEOILHH A FRIMOBBICBIKEL, MBLEXD OBRES” H—-" »” L7
itk -oT, HEHEBERONSRINIFHERRSCRELTS, -85 0 AHY—RRNBED
DOERE, FRAV-—VREZEONERMORBLELTRT 2B cEAEH, K6 -1
KRT LI RBIDOR~7 P VB EEBRERFEOHmE L Z OEZSHFCHN S 121,

Homogeneous vs. Inhomogeneous Saturation

saturating
signat

increasing
signal
strength

-

\k inhomogeneous
AN saturation

(wzw,)

Gain

homogeneous
saturation

Intensity I/I,.,

X6—-1 H—BIFERE-LRAELEBEECE T 5FEBEM
(FIBFREOR <7 PGB X ORMERENE)
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BESE—EBy 0B& IR, BB <s b vEERRAMROZEA L 5H—IKED L

febD &R, MK TIFEGRBORESHERERE 1L T

g=ge/ (1 +1/15s) (6—-1)
O THfIT 5. —F, BBABERORLIIZESODREFROEESKRTHEL 3 AE—RILEH
DOBE&IE, BIOEDOEER” AT PV F—WN—=r " BERABIEZRVT
i, BFAIB R FLVRERBANKBO ZAERENRE—-TH %, &5ic, oM@t
o R 1K= X

g=ge/V1+I1/Ts (6-2)
K-> THRLT 570, W—EB o 0B&IckETRfIGEC DE L3 12D 080,

FE5ETR, FBPFLEEMNED I ANES s G aMHFHEY, #HOH—K
BOERELA2. 3HOBBRBITEBS RT3 EZRCHSPIT LI, SO EH
o, ¥EEMBHBOMNBLESDIE (6 -1) ALRIHF R bDOTHEEL LN D W,
CCTHER, Mtk B R broEE 2REATROMNEBRMOLMEKRE
HoBERD» SHBESY OY—HORIEEZED 2,

ARTIREY, B—E5EANROETHEHMER T 2 EBRANKTEOESERE
RERETERMNIHS ML, HEMBRLELTRERSIIF I v 7V VEBERT I
HDOEFSHEROBIRICH T 2EHEEL 2. &5, 2kEILFEHBR OGNS H
AEBEEHROME» SRIL, FHEHBREAECH—FERINEEENICRIEEYT % &3t
K, BEELEMEBRE L COMERMNEEEHES M IRT S,

6. 2 FEMHNOESLEEEKGEW S T

HEITHEHBE I TRELATERBEES KT 2B RNKHEOBES LEREKFHE
26 — 2127, ERIN4 — 1 LEKOEE TV, EEXFHICIEL. 5 pmFTIA
WIERBICE - TRBREROEFVAREIE-€E—-FFeY 9 V¥ &AL, &7
EHIERRIS OmAD—EBR TR EhTEY, AEPLEEDL. 515mT1 9
d BOXRBIMESHELR >, MBHLOEEMEDCL. 510 xmERLRLT, EHEE
fllo1. 480pm, 1. 490 mERFERMDO1, 540£m, 1. 558 umD5
SOEEREECHT AMEMRNEEERLTEY, AEPLBEE» SBEN B> TK
RAMESFBREDT 2, XKEBMNESHNE»S3 d BORBRMBELRROHNTE
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3 O T T T L a— L

—4A— 1480 nm

—0O— 1490 nm
—O— 1510 nm
--m-- 1540 nm
--A-- 1558 nm

Signal gain (dB)

— 1 1

-20 -10 0 10 20

Amplified output power (dBm)

Ke —2 FERMNHFEECESLERKEN
(1. 5umInGaAs PHITEEHIIESI)

UMM IEPes 1, HdcRBITRLAEK IR, EEXEESEERAICES 518
Gl EERMOBEEXIERESHE>TWS, 1. 480um, 1. 490 xm,
1. 510pxm, 1. 540xzm, 1. 558 ymORHEKIcXT IMafHAHEIR, &%,
+4dBm, 6. 9dBm, 8. 3dBm, 10, 6dBm, 13dBm&RAIEIht,
BE-T, DHBRETHEEHMBE CREBIBOLDOKRERIAF I v IV Y VEHERY
Bfcdiciy, MESRIBBNESCRVBERVEEHANT, ABE—2Xk0TERIERK
EAESEEELSRET D LENEE LV,
CORMBANEOESEREREGHOREEZHS Mric T 2 dbic, FERMEDESH
BRI PV ERAFEABLCLIDEVERBCE > THIFE L. K6 -3k, BEODEN3
2200 FEV-—FhS5OEER (Frvyirrl, 2) 2A—7 35— FTHEL, ch%
WG CERARLT, RESECHT2E5MNBEAEST 2LDOERZERLTY
5, HWIBSROWAMTREFRKFAERELMEAL, F+ I NV1B320VRF+ V2120
BEROAZERLIL LT, XREBEy 274V - Ty 7E2AVTRF + ¥ 2 LOREFIE
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Chopper 1

Channel 1 |solator H.M. TWA
Monochro-
0o | = Han JO>E§<O: onoshrolyp ot
A/ 2 plate
\ Sig. N
Wavelength Det. 2l Lock-in|_  Sig.
Meter iy ! = > Amplifier h
A Chopper 2 ef.
Channel 2
] At
F-center laser
or
LD

X6 -3 2EKESXANCLIHBBHRESFEOAMER

EREENET I ENTE S, AERTR, BOBRMAKELTHVEF v 241 DX
BicHEKEl., 512y mdODFB (AHRER) ¥EEH V¥ 2ERHL, FLwre-7%k
ELTHWEF+» 2 V20 BB ERAIEOH—~E—-FF Y2 LV—-FEFRHALTL
5, ML OMIBHRIIR6 dBmo—EfEEL, Ye—-7kHE AR -11~-7dBmoD
BHEICROEBOZOFEEEEEE . Fy 2 V1 OBRMAXOHLELRET Z0D
SABEEE T —THERC—BSBUNBS, Fao2%2fHLTAMELLTe -7
ki d 2ESMER <7 PAVERKE -4 iTRTo

M o@IIEIEHR X8 O mADNA 7 RABEHMMEICHREL, c wolSBFIEEFZALRNS
TERBEOFVW T o —THETRELLLBHMESHE A2 v TH B, —F4, O, A, O
BeEhZh, 80, 70, 6 0mADNATRAT, Fv il OfHLEENLTHIE
LIcREFIESRBRA <7 PV TH B, BEABRBEMT 2 cENT, XYY F74Y T
CERTIHE -7 0REEM~OBHEEVRSS, NMESRBREML TV S, &
5, BuiRIDtoREAR L > TRIMLAESHE (@) BRfTcofE (O) ikk~rT
LHEEBCE-THLLTEYD, ZOXX7 b VIE/N4 7TREBHT 0mATORBIF B
ZRZ MV (A) RERE—HLTVWSE, M6 -1 RRLIEXIBHFHEFRL RN bV - &
— N —= v FRBAIS TV, SO &R, Atk - T ERIINIZFEKL A
BTRETPTOEA+ + Y 7TOBKRIEDT 2D, BESSOIERO*+ UV THHR,
NYFTI7 YV ITOBBLED, B4 T7TABTORBIMAIEIR2 b vicwihd 3+ »
VTRHIC—HTBIELEERLTVS, SO EH S, FEEAMBRERZEMNER <2 +
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20}

[IF'CIDD AO
~ 8 On AQ,
5 ° g7 Sopfa
~ o 2 Og
x (]
= ° o
g 10_0 A a o 80 mA
= . A 70 mA
= R C
g) 0 O 60 mA
o * 4 ®* 80 mA
0 (with saturation)
_D n

Saturating signal
I
]
~ | /
AN l

1.48 1.50 1. 52 1.54 1.56
Wavelength (um)

M6 —4 EITHREWMIESIO/NMEEMNER 7 b
(@K1, 512 micBVRINESEBS2BG0MNMTERART )

V- TH -l TV s LERTE 3. ARBERIFEEK L —Fdhoy—LHE
L0 %, BBENEOETHO THENCKRIELZSDTH 5,

i, M6 -2 oMERMOBESRBREKERR, X6 -4 0RMA/R < +vicH
hTWB ki, ¥EAMBRECHBMNT Y F70 )y 7 cBRSZHBEY—7BER
OBBICEIDELTVWE I EB@E, BB, ATty —o¥Mictk-T, EAF+ V7T
BHrmdl, EENEREREELE ~TRNT %, LALIODE, ~YyF74 Y407
OHEBETHRBE 7 BERVPEREMN~BHT 270, GHEEMNTORBORD Hicl~
BREERAUTORMO HR/NELB -T2, #-T, REEMNOESHEERT 2 &
HAOERKE K S,
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6. 3 2EELEHERESCDTD

LB RABEEET 5 ETHERBE R, BESELEERPIE—L v PLERER
KB ARREESIVIEARKEESALIM, FM, PMESE%2—# L CHEHIE
THEIEBAETHD, CHLoDEERILBIT IR OGBROBBM I LEEMBHHKS &K
DB 3, LhL, ¥HEEHMERTRE-BNBXENTHZ1H, fioF+» 2 r0(E
SHOFMIIL - THREEEF + VA LVOHEHBHEERZF LB TFHREINDG, CODIR
BOEXETIEABHLLT, 2HEEABHERORBRIBELUT TRIY 30

CCTR, BITEEHMEBESRccF s 2V, 2Hho0EEORREESEERELAN
K7 —THEAL (Pini=Pine) , EF + V2 VOEEHE2K6 -3 0ERRCHIE
Lio WIBRIZ6 OmMADERBRT 41 72ah, HEPLMETO/MESHIBIR2 0
dBTHb0 F+*NV1DHEEL1 RIBHLERDOL. 480 umiZ@EEL, F+ ¥
AN2 TREFOLZEL —FERBTZEIEDZEOREEL: 2EFEERIC1. 49
Ogm, 1. 500um, 1. 514um, 1. 537 um&ZELI®i, Fvrinl
E2DOANKRIEBEOF 5 v 1TH Y - 2780, HANOEFBFILEZAVTS
Fr YR VOMBRESKE V- 2EEBRLLLTZOESANELAEL 7,

A2 =1, 537um&LlLiBAD, FrvaM1B8LU2 KT AEENEBEOHIESE
EHIKREREK6 - 5ICRTo XEQRF+ YA NV2EBXAPELIBRSGLEVIEESD
Fe RNl OEBMNEG: %, F+ i1 OHBESH NPk LTIy b L
bDThH b, AR, +EVRF+ VIV CEEBLBEIESLBEVIEEGDF » v %
NV2DEEHEBG:2 %, Powt2itLTTuy b LAESDTH S, BEROOEVIE, B4,
Gi1, Ge%2MF + YRFNVDSOHAOM Protat (=Pout1+ Pout2) LT T w5 b
LcbDTH b0 EREBWHBREVICHFOF v+ YAV KEELBE LIRS LEVIRED
HRETHY, ERERBCOHRHBBICBEC—HLTVE, ChsOBEREREE—F
OETHEF LV — P HFRRXO UV LHOTHELLD DT, F+ U THIEH LTI (2 —
15) REAHOB—0FBEREZA VTS LY, Y—RHEBEBEY ZRELALFEER
2TW5e BB, CITRANYF74 VY IHROEDLILFENR R~ b voZit%:
(2-63) ROFETWMOANTEYD, M4—-16DFE2=2 FAho5RDFEBE —
7BE A, (nm) LRBIB2AL, (nm) ZREHEEe (cm™!) ofiRE LT,

Ap=1557—-0. 082 -¢g (6 —-3)
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30 ———
A,=1.480 um
I A>=1.537 pum
o G, Pin1=Pin2
©
e 20 5O
o . R,
< [V VYWV
= ¥:§§ 1
> G
— 2
T 10t
>
n
0 . . . . . . .
-20 -10 0 10 20

Amplified output power P, (dBm)

K6 -5 2ELEHERONGHRMEE (1) GEFTHEEHEESRC)

2A1g=140+0. 126 ¢ (6—4)

THEM LI, BWF + 250D Protaric LT T2y FLAEGH, G20FE
RAMFHEDNR F +» V2 VD 1 ANES T 2R BROFRE LERE—HTEIEh 5,
ANEDBH—DF + YFVEEHRLTVWEIDPEF+ 2 VEFJE SO TEIZ LN Z D
KBb YR, WIBERLLTONBRNOESREF v+ Y2 V25 OHHAMP torar T—
BRCHEENS CEVERNICIERIN, COEBERE, 57 nmBEh kR
TH¥EEL —FREBE— Bl TVWE L E2LT@EHD /7 — LRI > TRIEL
TebDEE STV B,

Ao 2 DFERICEZIIBED2HEMIBOERTS, Ptotar KHLTTmy bLILE
G1, G20F|BAMBUBEF v+ v 21D 1 ANES LT 2R EMEASH®E T 3
BRVBBONTVWS, ZO—HELT, 22 =1. 514 umOBAED 2 FEILEHIER
OFF IR EZXGE —6iciRd. K6 -5, KI6 —6T1 ANESkicws atafihn
EELENTH B L, ETHEEHEBSICHLTRIELLRG - 20R LEMKIE, BREE
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30 . T

] Ll ] T L]

A= 1.480 ym --0-- :Gy vs. Pyyt1 without A,
A= 1.514 ym —X— G, vs. Pgyytq With A,
Pin1 = Pin2 ® Gyvs.(Pyyqt+Poura)

Signal gain G (dB)

...... 3 ;Gz VS. POUt2 without A

u Gy vs. (Poyra +Poyt1 )

1 A ¥l

-20 -10 0

20
Amplified output power P_, (dBm)

K6 -6 2KELEHERONGRMNKSE (2) (ETEREHBIESC)

MicHb2F v+ 2 NV205BHBE—I70F v V2V ]1 CHARTRAOBARKELL - T

WBo EoiT, fIOF v R AESKSS ZBEORERBELEL~TH2 &, EK
EBlicd2F+ 32 V10ESROEBEREMNOF v+ v 2V 20F5RICE~NT, Sl
NEHCTOR BB LVECAEL TV, ChiR, BB AHESTHCHT 35
BRMOGSEEEKGFEDG 2 EEEBHERICRLVBHAINI LD TH 5,

BT, 22 =1. 490 pmTo2HEEXEMBRORBRMBHEERG6 - 7 IR,
EEXEESHEHBE—27EL, BF v+ 2V CEEEORMMESHNENESL S
e, Frrya2n20F5REAT 2ESHEG OHBESHAKE®ROSZRLTL
Bo XEARF v+ VEA N1 LESAEVFEIBRGLEVREEDG2 2 Pout2it® LT 2 »
PLAABDTEHED, ARG Protat DBRZERT . EHREWKRIBF + Y2V 1L IEFESKA
BEIBEEBVUBSOERETH 5, FFE—, WERNWMSEHEE, H5HEEHIE
DEENTHIET 2BD, /2R =7 RBAELRBVIEBREZ, —F, SESHETR,

BF v yRVTCERRBICESHIBEITY &, FAERMCE->TG1EGDHHELIMEE N 3,
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30 T LS T T T

A,=1.480um Pin1= Py
A,=1.490 um |
@ P
Z 20 & A § 9B
(;‘ \X\‘ ‘A‘\:/
A
c L
< }
o
E \
5 10t \ -
4p] . . . . \
--A-- : Pgoyt2 without A, injection \
L —x— : Pgyt2 With A, injection '
. \
A : Pout1 + Pout2 \\
0 A 1 L 1 1 1 |\
-20 -10 0 10 20

Amplified output power P, (dBm)

e -7 2mELEBBEHROMNGBRMFEE (3) (EBITERERBEC

Be6—-—7iRlLiddic, 2HERIEHERORMB I Psas B1ANESHKIHT S P
3dg WHENT3AdBRELPLTVWE, COEBERI S, BANNESHLORESNBY — 2
ftilEicd o, TORBMESHNEOEFBZIEARETHIHBEIR, NF+ YILVOEH
EXEHMEE O Psie R1KEOBED 1 / NEBLTHELEERTE S, COBA»S b,
BB AIOKR S RETHREHESISRELEMBLT) LCRBEOHBE TS LEL
%,

2HEELBEBHIIER IMESEBANSH 26, FEHEMNEALLHF v+ v 2 VEOM
HOBERRC XD IR b= BRET E, COZ7uR -2, K6 — 7 OFEMRNEHE
% PouteXtPine OETT oy FLAEKG -8 OBFBIFMTES, CCTRF+ V%
NV2DLIANGEEHIETDPovt22BHBICED, Fr 21 OEFEEXOFEEICL 3R
EEHIIPoute DEADOLE IR~ L LTERT S0 COI/BRAP—2IDKEX
M6 -8 DHEHICRLI, 78R b~ B PoutEicNL, 1 ANIESEHETO
FBIEMBN 0. 6 dBORTS—10dBICET 3, EEXo¥EasiclNaers
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10

A= 1.480um
A= 1.490 um

Ph11=:F%n2

P,z (dBmM)
i
Crosstalk (dB)

1-10

-10 0o -
Pin2 (dBm)

6 -8 PouteBIXU 72X b—70DP nofkfEM (ETEEHMIIESC)

EELXBEHBEOHAICE, Co/7vex b—sBKHRPBDHIITZILEEILH, EFEHY
XVOEBEVWHEBCHERT I LESD S5, L, ETEEHESRORDY cBERFRO®IEK
FEBEEMEALABE&E, M6 - 1iRblikdie, RERMcHkE-TELE 777
YR EIREEAEROBEHICIDFRRF e vy2 L O/ R b= BELSE  EMIERHA

NV (5868
6. 4 TTC

ABETHE, 1. 5um#uE InGaAs PETEEHBREOGESFEOLFEECEHL,
MEBOOESEREERFRH L 2HELBHBRELZEREEBRICIVEENCHS » T
Lico UFie, BoniBREEHNT 3,

(1) FIBEBFMIDFESHEEKER TR, FHEEAHBREICHFEHENIT N Y F7 4 Yy 7%
ROFBRBEEL LT, BHOETIH > THEPLEEVEHEEMCBH T8, &
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BEOEBEXREFSEMBELEILEIEEHS»iIC LA (B6-2)

(2) kLB To -T2 KEEAHVLELRFBEIRMNMNE R =2 b voflE (K
6-4) »5, YUEHNEREOVMPBLHBBIELIY—RLDOTHEILEMD
TEIET 3 Lk, LEEFEOEH LTS, zoiio&Ts 2 REH It
o TXEEh3Y—-WBHcE I bDTHsL%:, 2HEABHBOEREER
(K6 —5~K6—-7) THLLIK LT, Chid, ¥MEV-—FoOoR—-E— FRIR
OBEE (155U LEGE LT, EABROEMNLCHT A LEVHEDLETIRBIFIZH
ARBHEBEOZE(L S -6 H AREHEF IS —DoOXFERCHT RIR
2Ry PAVDORF NI -UES) gl —FRIEFEOHEDI SHERRTINTE L
EYE L -FORBLNY oML, ETHEHERONERE» SERNIKRIEL
mbDTH 5,

(3) RHEOHY—faflicLy, NERFEEFS LN sEHBRORMMER 1 #
OBED 1/ NERDTE LS, 2 REXEMMORRCHEI HE (K6 -7)
COBRY S, RMBANORERETHRVHBERZHEORBYBE L LTRET
550 e, F+r VANV HI/wR =7 2B RTILDICR, EF v 2 r0fafil
NEL D RGEVES VAV THBHBEHIELITILENS2 (K6 -8) o
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RTE MERHE

FA4ECRTCELIICEFEEMBRIARL SOAHESLeHLT, 20~30
dBOEEFBE R 2. CORBSXOHMBRFZRBERBLES bOTHY, AFEL
ab—v 205 5E-AEROHNIAEBRSN B, —F, MBRETRRESMBEK
EhTWB7H, AGREEEFICS Y2 RETIHABRBEEBSELEL, ChTR
BT 3EHBEHEEABREEIGEE L L CEEFTLELTH, CCTERLETAEE
SRV &I, EHMBRILSVHEEETHET D, EFOYa v PEFLOKRER
BREHEPHEBROERFTLRBELETHS, -T, MRS Ya v VEETHIES
Dk, HRBEE T —DOR&STHREBNELILLT I ENTET, ARDOETFH
SBE» SEEEFETILENS S 1P T8,

BREEEFEB LLBROXTROFHEESHER, EFREREEOEBRHIERCE
SKERNS 5, (2-39) ABLU (2-40) XTa=0, b>0&LTUUTF
DkIicBz SN B,

<nout>=L<nin> (7-1)
<nout?>—<nout>2=L<nin>+L2(<nin®>-<nin>2—<nin>)

(7-2)

7oL, L=exp (—=bt1) =exp (—al) REOHWIBELLTOXKIBEEES,

HFHFEEEPRELTCHETZE [ (7-1) ], EEXRSCHIGT 2 EFHSE
o AR ToMIE, (7-2) RERTLIR, ANEOE>Y 2 » PEFROHEE
LTED LoD L, BREMEETRIBLE CTRIDLLbDLEOMTRIN S, BEDOL —
YRIRFEP SOMNEOBEGRRIE2 HoOBHKETIREREOR > AMBEETH D, iR
BHAMTRELIFEO Y a » PETICHER2H»53HRKEVEEF N 12001860 5
SREBER|RERILERTE, (7-2) AOLEMNTHKEHOER, ToXok-
MEFER Y3 » PETOBLEDE (Yo v METRRA) o ¥/, LEVWEZHALFHKTEH
T 3LV —FRIREOAMBZTIHEBIAA TIARITC—BHICRESHZ B 12O |
EWHELUTOREHEE CHET 2 AMBROBRBESTTH S v — P HZF X, B 17
ZHB5VREEMNEOREEILITREIKD LHEBEESLORE I OKEFET IR O
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2oWH 5TV, o, KHMBHEOKTHEERET SO, ESHELHE
EEHNOKRESERFELALLT, MERENHCOREORESIZLERT ILELH 5,
—H, BEFHNHETORZTOMEZANE, BRLERFALROBBHEL T LORME
B(7-2) XKEACTHMET X 5,

7. 2 SLHEBEHMTOMNELHBESHAOKEYR

7. 2. 1 MHEAMETS
K4 -1RLEAEAERTEBBSREBEALET NSy vk PS4+ —F (APD) %
FAWTSEXLAHE, RFRARIMAVTFSAFETRIFEINZIRUTE I Pr(w) B,

Pon{w) = (2 e20peat?n?<M>2+2e<iprng>n<M>2**) R BaGol(w)

+Ptherma1(w) (7“3)

TREHhBUTO, T,

O beat® : WA HIIMTO & — FMEALS) O BATRE RN 72 0 DL F RSB,

(=< nout?>—< nout>?)

<M>: APDOHEEY

X : APDOBRMEZTIERY

7 BMBRBRUDELSAPDNOEERKREAPDOBRTHRORK

<iphe >:HEBHNEE»=1, <M>=1TZRXLLBESOLER

e : BIAKE

R. : HFHIKK

Ba : A7 b AT F 54 ¥ OFEEIRIETHIR

Ge(w) : APDBIUBRHERLEUCER RO AREKSH

Pinermat(w) : RIEROBMES
Thbo

(7-3) AOoF1HBLUPE2HIL, &4, E— TR, va v FESKSEE

LTED, (7-2) ALk, 2¥Fr G LCHBRI 2R TRDL, BEIR
1R/RTEADT S8, Ff, vay FEZZAPDHEFRER<M>D (2 +x) ETHY
e s 1o l, e FEZIE2RTHNT 3 7Y,
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WAMTOBBRBALEE2r =1 CTHERE LABSOHMgAFIER Y20, BAEK
HUm D OBEB IR~ P VEE (A2/Hz) i3,

< in2>

=2e? (0beat?+ 0 snot?) (7 -4 a)
Bea

=2 e20peat°+ 2 e<iphe> (7—40b)
THo, IniF (7-3) ATAEFLAEZRETENPu(w)ZHVWTRAD LS IKD SN 5,

< iae> Po{w) —Pthermst(w) <M>*
= +2e<iphe>(l1—- —) (7-5)
Ba RLBaGe(w) 73<M>?2 /]

T, Yav FEEORMKEMIEY OXTFHIHMo snot*RXIGT 2LEHR < i pno>

(&

r\_'

Oshot?2=<1ipna>/e (7-6)
OREFRICH B, T, E—FHBFTR (7-5) ROB1HLEEIHOM»PSoEASNTE
D, E3IFBAERTOY s v FEBFOFELHETE2HDbDTH %,

-oC, EREFCBLTE, HESHNRLSAERETCOMVBE LBy 0wt %,
4., 2HicBRIFECERICKRD 2 Edtic, COUMBIRERRECHETUE LTI L
EBbHb, Hic, (7-5) AFESHTOBEENELTodic, BRESTHEx /)
SIBAPDARMRATAIEBEETH 5, AHRTIHE, 0. 8 umHEFDGaAsERO
EBRTHEx=0. 50f%2FE>Si-APD® %, FH1l. 5umHDInGaAsP
HMIBROERTRx=0. 830DH%EH>p" —nEDOGe-APD 18V % p=—9~—
4 dBTHA L,

(7-5) REAVTRD LT RHBRLEE - EFTLERTZb0THD, LD/
Byay PESTRARBERICHESTZ2APDOMERXRBR< i pn™> (=7 <M>< i
0>) DL, (7—-4b) RFE2HICL->TRD,

7. 2. 2 OLHBESMEOMBESHIKER
2. AETHHLALELI K, EHEFH<n i >OXRBAHNTIHEGOEEHNEGCOR
HER»S0, HAXEFHOEHE< nwt> LR BEowi?RRATHE AL SN B,

<nout>: G<nin>+(G_1)n5pmtAf1 (7'—7)
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0out?=G<mnin>+ (G—1)nspmtA 1
+ ZG(G_I)nst<ﬂin>+ (G_1)2n592mtAf2

+ G3(<nin2>—-<nin>%—<nin>) (7 -8)

(7-8) ROGAFE1H» HH5 HIZ, &4, ES5kya » S, HRREEY =
v PREE, EEX-BARARMERY - PHE, BRREEM Y - P S, AHESEOR
OBBMEERT. ATHTR, ChoBMTRSOFHEMHEOEERERIT T 5,
BM7-14&, E5HM\B20dBickiF31. 5umuEInGaAsPRIRFEEIEH a 0
BBHRARI P VEEOHIBESHAIP 0wt ~DIRERER T, AWBR L ERESR O
B EEBEE 7 + v 2RAY S, 2EEX <7 bV ICE S BIBRHBIDELEERE L
1R TH D, HMIEBREANKRERT TS24, V- P ETORABMHEFERE
AFEEAETIRIZEETYY, G5B GO3 dBFHIEB LEHBROFEHMSMEER T, K-
T, KX TREMFTOBEELT, BEAKHEKO1 00 MHz I ETOEEHERT 5. M
Wid, FIETOBBL AL, HWERHAORICBY 2 BAARKR, HORAERY 0

10-1°
1.5 um InGaAsP

G=20 dB

1020t

Total beat noise

10-21F )

Sp.-sp beat

. . 1 -
noise Signal-spontaneous

beat noise

1022 ¢
Total shot nois.eE D,crc’
4

10-23} Spontaneous emission
shot noise

Relative noise power (A2/Hz)

Signal shot
noise

10_24 1 1 1 1
-40 -30 -20 -10
Amplified output power P_  (dBm)

X7-1 HBCHESBHOWBESEHENEKER
(1. 5um¥InGaAsPHiEFHIESEa)

1 A
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MEBHRA~RI P VEE (A2/Hz) 2%LThY, (7-8) XDoout? ZAVT,
2e?0out? THEAOND, EBICAEREB TR LALLEOHEFBIR, CHiICRLBe
AR LIS B,

K7-1icRdiiic, £ETR, BRBEERIE— S, E5E-ARAKRMEME
— FME, HREEXY s v S, BBV sy PEZTOHIPSKS, CDO B, HA
BHEE e — P RS EHRBHEY 2 » PRTR, &4, BESAEZEALBVRETHE
LEZRFZARZ VT FS54FLOPn(w) BLUAPDOHWELBR< ion> H5K
HlbDTHD, BADEELERII—REHBTRT, —F, EEXE-EHRBRH -
T, BEtvay FEER BSELEFEALTHELLR2Y - P EEBLUO2Y 3 v MM
EOME»S, &4, HARBRHEM Y - FEE, BRREEY 2 » PEEZTEZLIIVWTKRD
febDTHY, FHICMHEL TPout IKHALTHMLTWE, CORBVR, (7-8)
RESHBLUVFE1THORRNE KT %0 £/, U~ FPHF B va v PEEFLDH20d
BREREEX->THBY, COER (7-8) Xro@ELIBEENEGCOEITIIIEN
B3 %,

HARBHEME - PEERATE L <V EEBGRT, BERO A 7 XKESIVIRIE
BHBOKRKEZSLEITHRE B, —FH, G5 BRKHEME — F EEIMBE ST~
il T s, BEESHETREARE M- P EEN, £/, SESHETR
EEt-HAKHEME - PSS EHBRESTOTER LT 2 ", @ME— P HERS
BDELLRZESEVvVE, KiEESa TRANVARLVT-45dBm, HAhv~<arT
—25dBmTH 54, IO, JEEHETOME— FREBFTRSOKE S OHEMBERIC
®ET 30

D270 E— FEDSL, EEL-BHARHEAB - FESRIHMEESETEES
HiBcEHEEST 28t e~ FROBAKRMETF oMo~ TAL, B5E2<s b
L7 BECH D0, REABEREEBCO 74 vy Y v /R ERE>THRERTEE
ThHBIEDs, EBBERICE - TAENLYETTHS, Chic L, BAKREXME -
PEERIFESHFHIBENOT X COME— FRHOEARBHEFORCEL2HETHD, X
BEH7 4+ Vs ZHVCTESHBICBEEYT2RE— FOSEERL, hoBBicEELR
WHEE— FD OO HARBHAEERET AL L-TIOEEBRTEIENAETSD 5,
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7. 3 EEt-BHAKEME- FEF EHEREK

7. 3. 1 F5E-HAKRHEMYE - MBS

M7 -1&Rlice—rHEON, LHEESCH-> TAENRAEETH2ESE-ER
BHEEEE— S E, BAOMERLODVWTEREBARICL D ERNICH S HIKT 2,

EE5FIB20dBIRBIIZ3IEED0. 8umEDGa A s HiRFWIEE (A, B, C)
DESE-HARHAEB -+ REFOHBESHNKEREEZRT - 21iRd. 58
R E — B 0sig-s0? 2 (7T-8) RFE3HD2G(G~1)nspx<nin>7T
KEN, Pout=G<nin> KKHALTHMT 2 EBHERPHITTEHEL M, ERER
BCOBBEERCELTWS, B, —ODOPour THNLKEBTOKRE S, HIRBQM
BNEBRBIBRRIENESSR 2T S,

K7-3iic, E5ME20dBicki}51. 5ym#HEDInGaAsPHRIFIIEIER (
a, b) OESH-BHABMEEME - +EBEOMBEESHNKERLR T, EHEBENSH
CHIBRELEVWHIER a», biclETERST LTV,

1. 5umHEDOInGaAs PETEFEHESRc ORKROBHEERT — 4 1KRT, #IT
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HEMERCREABRBERNE - P ESRABKE VLY, CThEERT O 1 %
Z11, FSR=11nmOxsury7 42y 2HERLAPDOBICEALLKET,
EEt-BHABHXM e~ PEZFORERIT - oo EITHIEHIBE OESkK - BERKHE
Mle— PHFRRT -3 RLARIREHBEBEOZ N T/NIREEL > TV 3,
M7-2»5K7-40EBERE, FREHePKEL, EAF+r VTEEOKRER
B CTHET 2 MBERREES - BRAKREEM e - PEEB/NESRBILERLTY
3, $1:, BROERI, 2. 4HOBITIKESE, 3EOMEIERN - BEEREAH VT
BFHIBHICH L TR EBRETHD, EKRELZEIHESHNATWVWS, Iho OERME
PREERTHARFHKICH>WTR, KET. 3. 2 CERNIERT 50

7. 3. 2 KEEH - RESH 75 CBRMEERY
EHEROMEERIBIMEZ O zh LEHI, MEROATNMEBNIHcOES
MEL (S/N) OF(LBELTERTES 1, (7-7) AF1HG<ni>02
RPBAITOREREENEZRL, (7-8) ABMEBTENHIET 57, BAflilco~—
2Ny FS /NBRATREN B,

82 (G<1’1 in>) 2
(S/N) vt =

2e?[G<nin>+ (G—1)nspmtA f,
+2G(G—1)nspx<nin>+ (G—1)2nsp°miA f2] Bo
(7-9)
CCT, (7-8)AoHESHRAAOXAB e —v vy XTHEELTERL
—F, ANNTBlTCoOMZFIZ (7-8) RcG=1%2RALABICEBIE1IHOEELY 5
vy PEFDOATHD, TDS /NI,

e?<n;p>?2
(S/N) in— (7—10)
2e2<n;n>Bg

EB, E-T, BITIEHMFR

(S/N)in
F= — (7—11a)
(S_/"N)out
1 G-—1 G-1 (G—1)2
= — -+ nspmtAf1+2(——)nst+’-—_nspgmtAfE
G G2 nin> G G2%<n
(7—11h0Db)
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TEIH, BIEENNESIAKEVWES (6>>1) kiR, F1H, F2HoOvs » S
REFETcET,

F =~ 2nspy + nsp?mtA fo,/<nin> (7-11¢)

E18B, 2T, (7T-11c) RAOH1HIESL-BRABRHEEE - PHEFC, F2
H3EARBE L E - ' BT KERT 2HTH 5, RERBESH LV X NVICHPERRES T
557, FB2HORKNICRTLIILANEEE<Sn i >EKRELTHILICED, 20
MEEBR~OXE2ERT 5 &R 3, doic, HAMCHIBES YT s8E— FoD
A RERAICERT EHEEABEE 7 + Vs ZFEFTHE, COUBBEVWESICLEXTAT, %
SHIEREEB T2 W aEThds (KT7-158K8) . Cokkic, BHABELHSTI
ERAZ7 vy OofAFIED, BESLNWTOERRE LMY - M EFHESE-HR
Bt e — P EF i TRETE 2RICR- L BE (EEX - BRBHER e — ¢
BRA) ik, EEHFR

F = 2nspy (7—-114d)

THEIoh, EE8Ervv<n i >IEBMRRELI S,

SloREZ2d0iE, (7-11d) ROEFHEHBES - BRAKLLMEe—- t#ED
REEZROA, EEMEGCPANEESXAFH<n DS>REFLIBVESLTZIKREB L
b0THD, CHEHVTRT -2~K7-4kRLEESE-HAKEEMEe - P EF
ODRESZELUBTHILBTE S, P O—RSHHRI, WESANHCOERBRROKS
Thdvav MESHBIBRCLVBEENIKCG? E8h3ERELLBEOHAMNTOK
BFrarthy, BFRERRERT. BEEBBCOBTFHSTHRALP oORTHME L
LTRDON B, $7, BWiidnsox = 1 2MET 2BEENBET R LHBE cER &
n2EREAOKEZFTLVALVTHY, BEERBRBF=3dBTH2''5, olloyH
MIEWRE, MBS TRATLOR A TFRIES SHBEROES EBFmMb s C
ETHBo ANNKDR>v a2 » PMEBTRAFHOEEFHN R T v v vaHEESI &
BRT AEFHOBOEFDOLDIRAEL T, BENEMIER R INUACEKRO
TV VRS HBEAEORE S E¥ M mMb 5, BEEKRRIS dBHILT S, C
DRI, AREROBTFEESHYEBECHIET 2APD CHEMKT, HARFROKUS
EHRPRDI3ABTHS1P, HL, APDTRZOMEFIEHRIMERK<M> LEH
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BMERBxEHAVWTF=<M>* (x=0. 2~1) tEMHPIRESH, BEROWME
FIZWKT2® oicxdl, EHBEOHTHEHRF =2 nsx RESARGIEH obITK
BFEd, BIE—E0MENs (K7 -98H) CLIPAMBEOHEHRUDOKRERETH 5,

REDFF 5 A -9 nsp CBRBEERK x 0RRIE, (2-57) RV (2-58) K
THEAohECE%:2, 4aHiTHITRLAEY, UTCTREEE L -—FHEBEHE LS DOM
BEDRRICBIpEFERL, 7. 3. 1HOKRERLOEEEIT 5o

EEL - FHBEPT TR ISR FERNOENBLBEA/NE L, COENERNTH
WG 2, —FH, BRBBR X Z2EELETFORER, E5EF1IESL OFZERE L
TEHRR TRIBRY, REATOERPATLTH IR EESHNEL L oBARKEL
FOBREMNT 2, CORESHTOERBATLETH DAL ZEBRBRBtOEMO
HEERIEY, (2-57a) ATEBINIEREDH I A~ nThHbB. Rins
TBEDVEEREDIEICEE, nsp,DfHRBEDL, 1IEIL,

Eoi, RESH 54— (2-57b) RicRlikric, MEREEF HFH
B H 2 Ll T S nsp EChPUADOHBEF + ) TR, HEBEBZEDL v 2
E—L Y P RAPIBEICERT 2nspe OBELTEAZON S, nepr (2

Nsp1=Ne,/  (Ne— Npa) (7-12)
TEREN, N IWEBOHMFELATOEAF+ ) THE, NoldFERNEFEKRHEOK
EIFHOE-TIHRENSBEHE (g=0) LR+ + VTEETHS, 1, HEBEER
BHIBEOREA+ + ) TEEORAMBLEVWETHRENS 2H, nep1 BLEWVWET,

nsp1=1+AT Net, (7-13)
THAONEB/MEEF - 180,

M3 -3KRUNS3 -6 DRBHRBHEAFT + VTEFOERBMBR»SRD/A0. 8um
HOGaAskU1l., 5uym#HEDInGaAsPicBIFEns, OHEZEK g ~OEKER
ZEADOF—EYZBECHULTRT -5 &KI7-6iIkRd. AEGREEeREA++ VT
EEN BT 27d, gh¥NdicEnNTnsnBEDVT 5, A—Dg DT~
BE, SAMYIBEOERBIR Enso B/NECR->THBD, HicpBEHRBIKE~T
BREEBOLEBZOBERIEFL VL, Chik3. 28 TRLEAKRE, nEBERMEYOEKHET
BAMYBEOHMMICHE > TNol AgOMEBRDT 2 LDOBIERTON, itk E|
BReERIH CEicBRT 5, —F4, pHRIEHE TR N IZED T 505 A WS HENNY 5 72
», AEMBEOEMICEI N ORI nBERBOBACERT/NSL, npi10KE
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R7-7 BEESHEHxOESHEEENS

BRGNSV, M7 -5, M7 -6 CRAFETESE- BAMHEME - PEFZRAE L
o7 v F—7ERBER OHMBREONBREL SRDnsp OESRLI. HRERO

RKERFBTHET AHWBHRI Lo/ hECR->T0 S,

—H, Nspe BE—FRBT g ARBRe ZHVWTRATEA 5N %,

'g 1 v v—1

nspe =

85, EX&b,

=1+(al)+-[2n(—- )11 (7-14)

Fg—a R /Vv+1

CCTHBIER a3, Bl LFERNDA O KIKIER, BEBER HH++ VTR
RIBECERTEEDTHS, COaDFELEIREI-T, BERTOE— FFET g X
MIEEIBAEr g —a D TH S nspe KIESHEI DO HRRHESEMNT S i

a,

L, RENECTZRE, nspe PEBEINZIEBES,

ki, (2-58) ATHEASWIBRMESTHEBx OGSHBEKERZELOA - N
RERICHLTHT - 7TkRY, MKAIC3 2 ¥ORMNEE2FHEEORIRFEIES i,
G=1Tx=1&Rp, GoWMEEicy IWMNT 5, FiInEHORFERZ6 BITEEBL
FERHPIHEREE T, ANUZERHC LAAFBSBEOBAEXy OEBEELVL, H

Iz, R1 %21 %,

0.

1%L ETE+ 23, REHEOGIKYLTED/NNER y BESH 3,

Chit, (2-59) RTCRLABIKG>>1DHEETIR Yy BRI OAIIKEFEL, (2 -
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60) ROKEMH (R1 =Gs02) Tx=1,RB3IELBI(FELTVWS, BREMERK
xid, (2-60) ROKHFELUATRERZA»SAHT 2ETLFICHT 2HEBESA
BEHRBNTRETIEHRRBAET U T 2 MEFEHERT 2 DIELBESK-H
Rt E — P EFOMMEEZRL TW5,

£7-1 GaAs—-CSPHIESOMEER (20dBESHIE)

TR LR HIE SR

8 a8 A B C

i 0] S5 3R (R1,R2) (%) (6,32) (32,32) (32, 32)

HiRBE L (2 m) 300 300 1100

REAT A5 A—5 nepr @B) 2.8 s 59
nsp2 (dB) 0.9 1.4 3.8

1B HEE R b4 (dB) 0.8 2.5 2.5

MEIEH (HWE) F (dB) 1.5 10. 17 15.3

WEEK (RRE) F @) 16 w1 w0

%ﬁ%*‘aﬁﬁ F=2ngspiNsp2x

£7—-2 InGaAsPHEROMEER (20d4dBESHE

A FL iR 21 8 43 TR iR AR

2] R a b c’ c

i T S S (R1,R2)(%) (30.4,30.4) (35.2,35.2) (31.6,31.6) (0.123,0.013)

HIRBE L (zm) 190 290 300 300

RESHR5A—5 nept (@) 22 51 5o Ls
nspe (dB) 1.4 2.8 2.2 0.6

8 R HE R B pi (dB) 2.5 2.5 2.5 0.5

HERYE (HERME) F (dB) 9.1 13. 4 11.3 5.6

MEEK (KRE F @B 85 1L5 — 51

MEER: F=2 NgpiNgp2 X
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s, BREMZTEY, MSEROBRMEL, R7T-1KEEDTRT, £/, N7 -20(F
St - HRBMHEME - r HEOREMD SROLEFEROERMBE SR Lo KT ~ 2
ik, 1. 5um#EDInGaAs PHREMIBERCETHREHBEBSR cET3HETER
OHERMEEERMEERT, ¥EBROSERMER, (7-114d) KoBEBRHELEL—H
LTW3,

M~ EBORIRFWIERTIL8. 6dB~14dBoMEHEEFSEMENIL, 20
d BOESHIETHE, ¥3 0%OAHMRERSRICHT2BREETRK y O3 2. 5
dBEHETHY, RARVHBHB BT R EFRBOZRHIEROEAF + U THEEN
RRBBHBIEREBREDH T A—F nsp=1nsp1 * Nsp2DERERT 2, HIRFHIESR
TOAHUMERFNELZ 6 BICER L EIIBE TR, xDOfEIFI0. 8dBIRETRDL,
Ne OHRICED nsodWADT 270, RIRPHBEHRTREIRESEVT. 6 d BOYFTHE
BERELSNTWV B,

HEITHEZEIES c T35, 2 dBOBEERRERAL oo < OEGEBN KETEEH
BROB >MEHEHTHS23dBLOEM2, 2dBOFHbiciEEz>THD, ChETH
HANAPCTROBLUSHEROABIBER LB -TWE, BEZE0 LD A —EHEEELE
OWMHE N EHOLRTHIBE ¢’ OESRLEY, ThEH~3 LESTHERIERET
5. TABREBEEINT WS, COEBTHREHBEORERMNBEIFMHRTHY, ANH
BRHORETERZT-f/c®d, xi30. 5AdBELPETLTVWEVAE, A-HHIK
HREANBAAFECIR0., 05dBEKS CEVEHRBNICTFEEINS, £-T, WM
REBZHCBERLAZELTOZORERIZEN0. 5dBTHh, HITEEHESEOM
EHRHOE{LBORMAIE, No LaBBTHROVADIEL S nspicil€EFL TYW %,

Ric, MEBBOHARSREGEEZEBUICKRF T %, 1. 5 umTOETHREHEE
WclE—-BEOHESRT, MRERHEE2EF L LLLczo2EL BB Ds
BRRERT. K7 -8nspb y ORFREKEFEE, T/, K7 -9 CRETHEHRF
RETEBEKGHE:, K4, 10, 20, 30dBOESHECHLTRT. REROETIC
o T, MEBBRIBWEHMICHBLL, R=1%~0. 1%L 0 ERFNEOMHE TR,
B—EHEB 2, CORFRENMNZEAF: + )V TEEOHMICH> TnopPBRBMITED T
BIERBERLTWS, £/, ns, RESHBOHMc L TBRPOEEE RS, — 4,
x bREROET LD a0, EERNFBLRMMT S0, xOFS5E2HKS
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5D LEBRRHROMEE, EESFESHEMT ZEENEE%. nsp & x DESHE
KEERRLWICHERT 2 FEICEH 28, RO, BERRRIEENRICBLALKE
LIBWRIZIZ > TWdo BITREHESOBERK (R<0. 1~1%) TiEx=>=0dB
L1510, ns, DESRBKEFHEEZRILT, BEEHREEMNEOHNLXITH IO
Rl ZRTo - C, EMEHRICH- TAHNBKET TH S E5 L - HBRKGERE— b
ExERT e}, ETREHBESOGESHNEHELROMRNTS 5,

7. 4 HRKHtHEE-— FEE

7. 4. 1 BAREHEEMr— SO N1 7 AKEH
SEHDO0. 8umHEDGaAs - CSPHERIILT, AFGSLtoMKETH
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ELAEBRREEME — P S ORBIL 1 7 REE®ERT — 1 01KRT, HRAKREL
Me— PEFREABREEY s » PEFLID B KREL, M 7REFrBH WML, L
EWEMETRAEEZRS " (7-8) AoF4HRLAL I T, HREHEME
— MEEFIZ (G-1) 2 itk B, WIEHRA, B, CTOE—-rHEFTLVIIVODER,
K4 - 2R LIE/MESRBOBIL 1 7 2AKEHEOZIHFIBL TW %o

7. 4. 2 HABKHXHE- FEFOESHBKER

HABHEHE— F T 0 sp-50%03 (7-8) XE4THD (G—1)2n5°meAf2 T
FENBH, EEAEGUAOKZ 52 —F nsp, me, AfbFEEREEKEREE>
CEBTFHEINE Y, BHBESOEARARHEMY - I EFTORESIERRBT 5D,
B—0REEFBOTTHERTILENS b,

0. 8ym#EDGa AsHIRCMIBHA, B, CTHELLHAKE A - tEEFD
EEBMBERE®EZRKT -1 1i/RT. A—EEFETL~3 L, H7-100,47 24K
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HABHBEE e — PEBR/NSC T >TWB, CHIRET - 1 IRRLEKIE, HIERQM
BEL, MERK e RERHEBTHET ZMBRRERKS R /YT A —F nseB/PEL
REILRBERLTWVS, EEE-BAKHEHME -t EERn, 01 Rl LicDic
U, BABRHEHE - TR ns, 02 F AT S0, ns, DEBMESTHEICE X
DHBRIREOENIOKRESCR S, £/, Ko HABHERE - + EEFRZESHEG
KWL T2RETRIRCL., 2B THMLTWVWS, Chid, Afzs, miBEDHF /5 £ —
IBGINT ZEMOEKTHIBE L (7. 4. 3THBH) KRS 5, FEHIX, 2. 4
OFFTICESE, SEOMBEN BETHEAVCRHBR AL TR LERETSH
D, ERELBI(REPIHNT VS, COBEBEEZRD I, (2-5 2)RiKRL L
EIR 1 AOHE— FRHOBARBHEEME - P ES2REIENOLTOME—Fizo W T
BLADEBILESDD, /Y F—7GaAs CHEBHERePELRIEER2ME2A A,
LT, 3. 2FioHBARI PIVDHEISE LN
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1. 5um#BEDOInGaAs PRIRITHIIERa, b TREL HRBHXRM Y — S
OEBRBEREEERT -1 2R T. E— MEZFRGD1. 1~1. 28THML, G
aAsHWEBOBEGERRIIC, REBHEBRETHNET I2HBEa OB BEMRT LL-T
Wh, RBEWRIIK 4, WiEKa, bicxd 28Rl Td, OHANOERBKEER <
2P VOBRTEZHRLABE, OXRAEK7 4+ Vs 2HBRLAERBROBMHEALTE
BHBET->-TOWAME—F1 A0 2BRULABEOHEFLC>VWIRLTWVWS, I T
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Auwsdolicky, HRBHELEE - r ST 200BAEIcEk~10~15dBEERERT
B5IEDBAEETH B T, HFIRRBEDLDIT, @nspx =1, me=1 OEBEMI
EITREHER I, BROLIREEIEERD 1 A0RE— FicXdd+2/ GBREIPSRE ZH
WA f2=2B OXABEK 7« VI 2EWMLELLBRELLBAOERGRLI, (2 —
11b) AERLALIRESHNED3 dBLIE2BRY GERILEAT 370, Qs
OHARBHEEE - FEFTIIGO L. 5RTHINT 3, ¥/, QOMZT L ~1riz@0xh
ICHRT10~20dBEEMMLTWAN, IhidFEns, m¢ 1 IO KREVEE
MBI LItk BBETH 3,

1. 5um#EDInGaAs PETKFEHIESc TAIFELAAEBAREEME - S D
EEMEEREREERT -1 3 IKRT, ERERBERTCRLAHEGRMERB —HL, G
HLT2R/OMETHMLTW S, Chid, RETARZ LI ICnsp’miA {2 OIENE
BHBEHLTREAERELELS B e, (G- 1)20KERLIBERLC &
kB BITEEHEER TR OESABKREES BRI IRTEHESOG!-2 Kl
NTREWY, SESHEHETOHARAKRBERE - t EFRIRIRPHIBE L0 bKE L
B3, L L, Y FBHBHE—FERE (1. 1nm=140GHz) ict%t 2LE%
B+ vy ZAVCWTHBESABRROA 2 ERMICIMOH LBk, RBROERET
RTXIICH20dBOHAKRMAERE - EFOBROBAIEETH 5,

Ric, 1. 5 pmuOETREHIER c CEA-BEOKIES T, MAKHXOHEEL
SERBEOHARAKRH LMY — F EEOHERKREERT7 — 14 KRd, CITRERED
REFBEIELWVWEL, mi=1 2HELTVE, HABRHEME — P EZTRIBERHER
OETEHICHEMT 5, Bic, TOHMMOEEBESHECOHRNICH->TKRELR 5,
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VAL EREBRTEHARBER - P EE LR TVWERDTH B, —F, FEHKL X
ViclBlT B ERER-HABEAME - PSS EMRZT LR 2 EHAEEHEETIR, ~—
ANV FS/NEPout WHHAIT 2, 51, Pout >—10dBmOEFEHAETRE, £
SRBORMOIDIcN—N Y FS /NRBIZF—EEERE 3,
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40

30

20

BASEBAND S/N (dB)

10

-60 -50 -40 -30
AMPLIFIER INPUT AVERAGE POWER P, (dBm)

1 i

K9—-3 ~—2~rvFS/NOHRESFGHIKEFHY
(m=0. 68, nc=—4dB, O:20dB, A:25dB, (J:304dB)

ESHEOYEEL - FREFAEM=0. 6 8§ THELZFHI LTV B, HECHRIRERK
BHbFMERAIHKTBY, ZORAEBEBERIGHZEETH 17, OMERAOD
VGBHMiIi42GHzT)», E5MEG=20, 25, 30dBicki}33dBHESL
@i %, 8.4, 4.7, 2.6 GHz ,(RAB7H, TOIM:- FMEFRLHLTHIE
LR HoESHEE, DCAARCHTZESMNE XY, &4, 0.2, 0.6, 1.7
d BHIELTW 3,

N—2R2NY FS /NOFIBMBELHAN v - KEKEER I -4 icF7T, KRERK
9 -3DE»S, EBROFMIXZ2ESHELFEZRBLLABRMNBELZAVT, HIE
BHIPour 2HBBBAN T —PinikEBRLAEODTH S, EHR, FERICBIT 2
EMRTH2 nc=—4dBE2AVT, (9-1) ATHELALERBETH S, ZFHEM
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40
o-¥ oo
= Pout 0,9 AA—A"A‘
7K e
) A/ .0-
~ 30t -
[14) S
o S A
~ | D A, 5
O N
> Y /A}:F
(.T) 20} ,o IA ’D
0 o A
S nal
[s] /
= - / o AL
LIJ / 7 /
(7)) / 1 I, p/
<10} T ,
[a1] 0 /OI , ”/
// 4/ a]
v 7 /
OFs 7/ s
°o.
lé / 1 L 1 1 1 1
-30 -20 -10 0

AMPLIFIED OUTPUT POWER P, (dBm)

K9 -4 =2~V FS/ NOHEMEREBAANET 7 —kEH
(—HEEBEES /' N=21. 6dBDOLVRNIVERT)

DHEHE, (9-1) RofFiem? 25 Licky, E5BHoHLELTERK
HMOAB I EBTED, 1oL, COFERIAEHNOMEIZRL TV, EHKM
BABEMOBVREASHBE CRERELES—BRLTV 5, —A#HKIR, v—7%1
2, VA ERERL 20X VAFEFTRMLTFHFSRORL O iciid b3S/ N=
21. 6dB"Y22 %Ry, KRELO—FHEBRLOT/HEM» S, 20, 25, 30dB
ORESARER OANEMBRERTERVIE]L 0 2B LVE, &
4%, —43.6, —45.4, —46.8dBm&RDHBSN 3,

Ric, 100Mbit,/ s®” 101010+ -+ " Fy—YNRZXLVZXEE
ZX9 -1 OXFEHERERCANIL, TOBKESHNIOREBR0RE[TE L, &
W =N REEHLLOR, BRIy - HREHRLT, S/ NEHEos%E
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-3
10 PREAMP.
15dB
1074
APD
DIRECT
_5-—
a? 10
w
-
&
108
\
@ \
o
-7
T 19
1081 \
'‘m
_Q |- \
109 ) \
\
10.10 ] \ 11y
-50 =40

RECEIVED AVERAGE POWER P, (dBm)

B9 -5 EAEHBEREROBY REE (Ga AsHIRHA)

Fld 21D TH%, EFAEmME0. 625&L, Fit=4dBOR—I NV FHIREHO
B, oy bA7EAERTSMHz OBEER 7 + vy AL,
HEHEHRSOEIAN T —PinlBVEP. LOMEERI — 5IRT, XHIEHIE
BANI*7 —Pinld, APDTRELLEE V- SFMEFALGSKICHT 2EF5FHE L
WIE% - APDRIO#EAMR(nec=—5~-4dB) ZHVTRD TS, EHIRX (9
—1) EPersonick®Pe—S/NBFER "2 hoROLERETHY, KBHE
(O) BRI EBL—HLTWE, #ES5HE15, 20, 25, 30 dBORFEHEIE
RERTEBOEL 0 2[00 HZR LRI, &4, —40, —43, —45,

3, —47dBmT& 5,
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-30

E

@ x
s " APD DIRECT =
ot DETECTION {10 3
o (x=05) 4083
W _sof <—EXP. -06&
5 <—THEO. ™ W
" o4 &
| - (@)
m 4
<

- —402
8 N
= 50 01 &
=} 0
= o
| L

3 <
Z

=

..60 | 1 1 1 1 1 1
0 10 20 30 40

PREAMPLIFIER GAIN (dB)

9 -6 BPMZAEVLVOFBEHEERGESHEKEE (O: S/NAIE, @: FRXRK
RIE, E4: HmE) HAWICEm=0. 68IKBITZAPDEEREL SVERT,

AHEELLHBHIER*BIFICSi — APDTHERELABAOBVRE®H LN
9 -BIKRTo BOVEL10 2B2LDOPHRTHL~VIEZ-39. 6dBmTH 3,
KHBEHERERTCHEEOIRL O 2B DOR/NZRVNAVPin %, HMIRERE
BHEBGORMMELTRI -6IKRT. EiE m=0. 68, n¢c=—4dBT (9-1)
AELORDILERETH S, S/ANRE (O) LFRVERFE (@) THONALERERE
WIKE(—BL, BRELOBER1I dBLUNTH %5, 515 dBULOXHEH
ERERTHER, Si-—APDEHERBEIRNIOBNZEVIVERETE, TORERE
E5F130dBT7. 4dBici#Ed %, 30dBOHEHBERASTEINK-474d

BmOB/NEX/ 7 —i, x=0. 240APDEERELVVICHYT 2,

9. 2. 3 LATEHIBE OMERE
KAHTEHIBERRIFEFCHOESEoHBAVSIh D, HBEHINCPESLE-BAK

HABE- P EZORLENBORBECHET %, - T, LiiBWESEEZRE(LT 2
HIBEHRBREBEE - MEZSOBERPEETH %,
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<~ TOTAL MODES A

ns%Af2

1100

10

Nep X

. -
e T
ol
T

1
0.1 1 10 100
INPUT MIRROR REFLECTIVITY R;(%)

M9 -7 nspzAf2<‘.‘. nspxa))\ﬁa‘{ﬂlliﬁéﬁliﬁﬂ‘$R1{Kﬁﬁ
(E#: R1=R2, f#:R2=0.06, —H#¥H: R=0.32, BH: R2=0.9)

WE/*5 A —F nsp?A fobnspxy DAFMERHER: ~OEkEFERE, HHHETXEH
ERe 25 A—7 L LTHI —TIRTo nsp?Afolnspxid, &4, (7-8) X
R LI, EEFBGEEMEE— FR¥m: 2EELABESOHRBMMEME— +
BELESE - HARMLHE - PEFERT o532 —-91, (2-57),
(2-58), (2-62) REHAVT, G=20dBRHLTHELL DTH S, &
BIERi=ROHRHBEE, RAHR —/REE BRI, &% Re:=6%, 32%, 9
0 NDHEMHRHEBBETORET 5 A - %277, AHRKHFELETR, R1 OERE
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FiTnsp?A f3BBIHMT %, ChiR 77 7Y e kBRFECESCEERE7 4 0
SHREOCER LB~ FVIEOHMRIERT 5, —7F4, FIHHEETIR, R1 OER
EHicns?A f288PL, Ri<R20ETR/PMMEZR2. Chid, EMEFTXLFOK
WHRABEBERXFRBOANFL OO EH, BHAMCRBEAERE LTV EERT %,
HHEBERSRR: 1 IRIESCIEE, neplA f20R/MIBRD L, MHEBEI»SOHK
EBOKE( B, AERiCHVE (6%, 32%) OMIERIZ, R =3 2% TORH
RAEEELT>TWbDo Re =9 0 %¥OMIBR TR n At OB/MIRCN LD 9 d

BT %, LATEMIBSRE ORBEEES R, ANMERS - B RS R OGS IEGIRR
HEREBEZRF H>HIREHEBETH 5,

RHEBORERE 7 4+ v 2FAVT, MBPLTCESAHMBET - TVWIRE-F1IA
ZERTNE, np?Af%10~20dBEBTES, £/, nspy ER1 &FHITHFH
B L, ReDEICHEBEFRICRE—FEMHICHET 2,

100Mb it/ s OXFHBEBRBRERTCHERVEL0 2BI2LDORNEZR LA
WPnin %, WIBBEESAECOMBELTRI -8ic/RT. ERALHEBBIR, K4,

=30

TOTAL MODES

E
[11]
B
x

K=
af =

. Jio ¥
S -40} SINGLE ™. 178
S MODE 108 a
O PN
a —406
@ Tou B
m 04 =
t e
QO
2 0T 7
(@] Q
s i 01 ﬁ
|
Z === (&
z _ <
> -60 1 L l 1 i 1 1

0 10 20 30 40

PREAMPLIFIER GAIN G (dB)

K9 ~8 B/IZAVANVORBEHMIBERZESFEKE]E (100MDbit, s5)
A: (Ri, R2) = (0.06, 0.832), B: (R1, R2) = (0.01, 0.9)
C:BEMIETHEENESE (Af,=200MHz)
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(6%, 32%) & (1%, 90%) OFUAHARVHEERTCHONSPrin OERMET
b, m=1, nc=1TEHEL%. (1%, 90%) HEBEDPninld (6%, 32%)
ODENEDS3ABREEIND, Fi, BRHHLHAER 7 «+ VI ZHWELE—#E— M1t
ickb, 1~7TdBORELGHHTES, 54, Af.=200 MHzOXREKEKY «
Vo EERLABEARETRENES (Ibho—REKRC) TR, x=0. 5HDAPD
BEERKEL~NVED14dBORENTETS 5,

CNETPCM~ IMOREZRICBI SARERBEOFTHLEEZEREERTHL »
i LT &7, FSK(Frequency-Shift-Keying)® P S K (Phase-Shift-Keying){E 5k *%
XABBFNBEAREREZHCCTHEERET AR ™ £BVWTH, RATEMIES D
HHCLIZEREORIEBHGTE 3, BRERRICE T 3 EATENE - EERKG A,
~nres4 Y RESRNEE—DORERELRD, Ya v FRELUTREZBTHER
ROZEREIDDLTFNLI ABOHICEEET > TWVD,

9. 3 SEEBEMBENHRRS

9. 3. 1 FXEEHMELHERDOS N

B9 — 9 IRTHIMEREHBR Z K HEV CE N EEERBIRREZEL 5. i &
BoX7 74 ~“OEBRL i TRELALBEZRESEO VLMY, TOHROEHBEGES
FBGick-THESH 3,

1 ZEHOHMER» S OMNATFROPEE< n 1>, S#ilo12 B (7-7), (7-
8) REAHIKUTOLIREALHN 5,

<ni>= G1<n-1> + (Gi—1)nsp,1m¢,1A f1.,1 (9-5)

012=G1<n-1>+ (G1—1)nep,1m¢, 1A f1,1
+ 2G1(Gi1—1)nsp,1x1<n-1>+ (G1—1)%nsp,1°mt, 1A f 2,1

+ G122 (0-12—<n-1>) (9—-6)

CCT, <n-i>¢o-;2 BiBEHOWESNOBHMBMY ) OAEFHOEEMEE S
BETHE, BRAFiI R, iBZHOWMESRSMHMLAXS A -9 THEILERLTWS,
V—¥RERERHNIE [<ne>,00%] 8774 ~B%KL: 2FUTREESH, HERIL
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(N

(ny) )
% 62 6& .
9% 1 1 coupling
' i efficiency
- 3 - % electronic
—— C—__—_—D----- =) > _
tiber o tiber O 7 AM) regeneration
ibe
taser (Af, 18 Xy Ngp My ) (B je 84 Ko NgppeMyy) - avalanche
transmitter optical amplifier(1) optical amplifier (k) photodiode

K9 -9 StEEMET#EROS NEFIL

NOARNKER DD, <n-1>&o 123 (7T-1), (7T—-2) R&EFRHRICLUITDOLS

K5z on 3,

<n-1>=Li1<ne> (9-17)

0-12=L12 (0p?—<neg>) +L1<ng> (9—-8)

(9—-5) ~(9—-8)R&v<n-1>to-12%2lE4 3L,

<ni>= L1G1<ng> + (G1—1)nsp,1mt,1A 1,1 (9—9)

012=L1G1<np>+ (G1—1)nsp,1m¢,1A f1,1
+ 2(L1G1)<ne>(G1—1)nsp.1x1+ (G1—1)%nsp,1°mt,1A f 2,1

+ (L1G1)2 (0e2—<np>) (9-10)

ERB5, COBREZKEKERVIERT I EicED, KEBOWEBEGTHECORNAEFHOEY
fA<nv> LB PRUTOEIICHE AL S50 3%,

k k k
<ng>=<neg>I(LiGi)+L {((Gi—1)nsp,ims,;Af1,;-II(L;G;)}
i=1 i=1 j=i+l
(9-11)
k k k
0x¥=<ne>-NM(LiGi)+E {((Gi—1)nsp,imt,iAfq,;*M(L;G;)}
i=1 i=1 j=i+1
k i k
+2 [2 {<ne>-O(L;G)} “(Gi—1)nsp,ixi-T(L;G;)2]
i=1 j=1 j=i+1
k k
+Z {((Gi—1)%2nsp,i?mt,iA f2,i-II(L;G;)?)
i=1 j=i+t
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k-1 k

+2E2(Gi—1)nsp.imt,iAfy,ir [E {I(LaGn)} (Gj~1)nsp,jx;
i=1 >1 m=itl
k k
XH(LnGn)2] +(0’B2_<nﬂ>) 'H(LiGi)2 (9‘“12)
n=j+1 i=1

(9-11) RNoFE1FHRIESH F2HIZHWBR CEREMEh TELERKRE L
DEFHERT. (9-12) XOF1HRES Y » PHE, B2 HIZERKHE >
2y PME, BIHIESE-HRABMHEHME - FHE, F4 3 - 55 EHIZEHRREH
E— 8T, F6HBIANGESEOR BREETERLTWS, HAKHER e — P #S
ik, i ZFHOWMBRESOHARAKMETEL 2 D (B4H) &, i BHOWESROH
RIBHEN (i +1) ~kBHETORTORBHERLEASINBEILIRIDELDHD (
H5IH) D2 o8b 5,

2TONHEBHOFESHEG, E 52 —5A11, Afo, x, nsp, me BEFL
, 77 4ABRLBGERZLI TWMBEPREXREELS L, (9-11), (9
—12) ABKO LS iclHiciL 5,

<n¢>=<ne>+ (G—1)nspA f1(k+my—1) (9—-13)

ok?=<ne>+ (G—1)nspA fi(k+mt—1) + 2(G—1)nspx k<ne>
+ (G—1)2nsp2 {Afo(k+mt—1)+Af1xk(k—1)}

+ (ge?—<ng>) (9-14)

CCTR, (k—1) BEHETOBAKWELHT 2EMHEE— FR¥m: 21 &L T,
(9—-13), (9-14) R%2H Wk, Chix, B—F—F 7741 "BhE1>0H*®
~FLOEETERVWLDLTH b,
MEZFSNILESEN MBS kBRI IR, EAUEsc TAPDICKDR
BEENBHEGON—R~NYFS /NiZ, BPRBE~ORMBEML0 OARNEFE<nin>
(=<ne>/G=<n-i>) ZAVT, RATHE LN 3,

G-1 <M>*

S
— =(2<n;in>)8/ 2 [{<nin>+ nspA f1(K+me— 1)}
N G 7¢npG

G-1 G—-1
nstk<nin>+(
G G

) 2nsp2 {A fa(k +mt—1)

+ 2
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2 KkegTF+

+Afixk(k—1)} + ] Be (9—-15)
Ri(encnpo<M>G) 2

KT HRBOESHEGEREB~OEEHE e BEASKRESC [G>>(nend) '],

APDOHERM<M>PEEABERAFCLREI LTV IREIRR, "R—XANNYFTO Y
gy PSS PRMESRILIHABCRETSE 20D — PEZTICHENRTEET S EBTE
5, COK, N—Z2NYFS/NIBLFHEREERKETDOS /Nic—xHL, (9-15)
RERATELTE 3,

(2<nin>) ?

o~

N 2[2nspx k<nin>+nsp?{Afa(k+me—1)+Af1xk(k—1)}]1Ba
(9-16)
B CRRI A ENEREZEDOR—ZA Y FS /NizEAKE B —- P S TR
Ehfcoiexl, EEvrveMBIEMECE THMEETHFEI LI MEBETHRRZO
N—ZNYFS/NRBESE-BRBRHEM e -t HELEARABRE LM - P T OMmH
TXE&Eh 3, LL, LHBRCE - TAENGTETRMEOCFE S - HRKHEH v
—FMETHO, BEREKAER 7 4 Vs OBEFRERLEDA f2, Af1ZRYD, ZTOF
BEBEBTEIEMBTE B,
ReEBOEE R 7 « vy ZEH L, nspx =1 0ETREHBE THERINAEEN
BEMETRAT, FER-HARMEME - 1 EEEROBESERIWBAIIE, Kk
BEHOPHBHATON—2v Y FS /NRRATHEE NS,

(S/N) idea1™=2<nin> 2k By (9-117)
(9—-16) RAOX—XNYFS,/ ' N®D (S/N) ideal "H5DHENBEDET S &,

(S/N) ideal”‘I nsp2 {Af2+Af1X(k_1)}

S /N 2<n;n>

LB BVESVAATEHETZHMETRRATE, FLEDIERREEHY -+ ¥E
DRROI- D ICHHEM Kk LHRICHEMT 2. COPRRB, BELELV~rone L ER
THILWBTE, REBHICRn,x ER3M, EEBLAVELEIECETONEDIE,
B oM Ec & > THIBR SN B,
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Lk Gk
lTransmmeﬂUﬁp Repeaterdb ﬂ—ﬁp Repeater+2 - -[Amp.Repeater#ﬂ
Fk ?

(S/N)g (s/NY, (sm)2 (s,
FT =(S/N)°/(S/N)k=G1F1+G2F2+ ........... +Gka=GFk

SIN
(S/N), |

...... repeater gain G

--- noise figure F

[CYL0) )

Lﬁ%i 1'0 v 1'00 > Number of Repeater k

M9 —-10 XEEEBETH#ROS NEHTHERF

T, 7. 3HMIiTRA-HAKBIFBS /' NOFH{BEL CHBRHAORTIERF %
(7-11) ATERL, Fic, WEBLESE-BRRUEH e -+ RERFR THET
&R, (7—-11d) XOoBHAPEREIEERLI, CCTRELIK, O
EHROBREAMONRTH L HBROLHIRRICHEAL, v R7 424 LTOM
EHEBERT T3, HMSIERY, XAHOAEHERT I, RESTEEAL, XTX
HREERETDOS /'NEEX 2, vRAFANDODANXRY s » P RTHRTHD, &
BBARRBESL - BARMLHMYy - P EERRCTHETI260L 95, K9 - 100k
BHRREZEXL, YRFLANODANHD(S /N)eg% V—FEEHUAE [<ne>, o00?]
T, ¥, YRFLOHAWHO (S/N) «EkBRPHEROHBELNE [<n>, o]
T, BAEHT 5, MEOFERS IR (9-11) AF1HO2FT, £/, ¥TKII
(9-12) AFEI3HTEASH, chhd, REGELLTOMESIERF &, i%ZHO
HMBGOGEESMNEG BEREF &(i-1)EHE i FHOMBEREMOBXRL AV T

(S/N) e

Fr= ————— (9—-19a)
(S/N) «
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F1 Fo2 F«
= + oo oo + (9—-19b)
L1 LiGi1L> LiGi1L2Go+**Lk-1Gyr-1L«

TRENS,

T, FWMEBREOBRENBEVWEREAXZE LS, C0&E, KEOHIBEIZEIEELTHET
KEESEIN, 2RTLI>DOMIBERELTEHC IR 2, 202 E L TOMZTIEHF
i, (9—-19b) ATL;=1&LT

Fo Fi F«

FT: F] + -+ + o .o+ (9_20)
G G1G2 G1G2*Gk-1

THAoh3, Fr i, BRIREEROSREROBS LEARKKE, VIROMEBHOMEE
HF TXESHh, 2REUBOHERESEROFERAIREITOMNRICLIVER L
50 W-T, AHMERE2ZRICESR L THEANBEB LI T8 ICE, MRICERSTEYK
OWEEE, RRCHMBNORERYBELHIEGDLETCHBAT ILENH 5,

Wiz, (9—-19b) RicLiGi=1%2RATBE, (9-15)~(9-18) XNTH
Ml TER, WENGSLREZ2BRPIFGELE - HEBETHROL2E L L TORSTHEKF
BUTFTOoXIIkBZ S50 5%,

k

Fr= GiF1+Ga2F2+GsFs+-- “+GkFﬁ=ifiFi (9-21)
s, FIBREEBEVHRELE> CTEETIHBEFHRRATE, 2TCOHBTRROKS
BHBROS /NOFHHBELEETEILIcRb, &5k, RYMEROEFESHEG
LHEHREF BELVHAIR

Fi = kKGF (9-22)
LY, HFEENES /NOFIBEREHERLHNBOREGF T -k, E5k—
HRBRH L - P ERBR BT 220 HBRESA 2, 9 -1 00 TFHIKRT &5
i, MIBPRROETFHEREEFRETOS /NELOBRFRIUTOL S cEHFTE 3,
RIRFENH TR RELMED (S /N)oZ2FoN, 1REHOMEBESEHIECEMZS /N
HiLZEEL, TOE{LBEBGF LR B, H->T, HWETHBORITHEELIKRECBTIRE,
7, ChEEREBCHEIEIRE, 1 BRIHBEDO (S/N)1R/NECHB, LbL,
2BRHLUBTRCDOL I KBAMBS /NERFELEES, PHREKOEMEKKkITY
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2 ( D&ﬁwj—éo

9. 3. 2 _#EEEMECXER

M9 —-110@BAMIKRT LS, FBRBL2oOWBPHBEZEI cIE~, oM
K74V V-5 EABBEREFALT2PROBBERE2ERZIT-~7o 2o0BBEHRIHE
2 (6%, 32%) ORMELZF->CSPRIREHEIERZATS D, RHRE, TRES B
SR, N—X NV F740569. 2. 2HOKFBENBREERLF—D D%
AL,

¥9, 100 MHz OERBE CHRELASNAFESRICHT 3 2 THBIBEERO < —
2NV FS/N%, REBFE—2UVXNVP, &g, BBBBEARLIILTRI-11 iR
To 2 O0DHIBHROFEENF[/IZ20dBRIEREL, MEOMOEAIFERS20dBE L7,
WIEBRAORME I -4, 5dBmTH271:d, STRBOWBEESHAE—7 v
%, FBAMOBVPout?=—15.1dBm (E#HAEmM=0.75) &, 1dBoFEH
FOBELTWBPwtP=—8.3dBm (m=0.68) O2EAIKEEL TEREIT > 7o
HRE—APRIE, BAOHAVRVEEFTFERIMLT, (9-15) ROBMEHERMSE
TROLERETHY, ERERBCHERS—HLTVWD, SETUVIAVEIETIE, fafl
KEBEEHETAIVV—va v ARRIIEFHMOI DI, EHEIZ3~6dBS
ftLTwad, 1BHOHIBRE B 2E5L- BARMERE — P S O HARKH L
Me— rHFicMd s, EESHFETR1I.6, BESBMETR10TS %5,

APDEEREKOS /NREMEFLES LYy » P HETRED, BRI HHS X
=0. 5084, #BRL (K9-11TRIBEKRLB)ZEOHRLLTRIALTVS) kX
LTL " 2T@md 2, —F, LMBHERDOS /NI, REEF- va .y PEFIDVHK
ERE—PEETRE S, E— P HBFR, BEBHEEARKL 2TRDT S ®, HMESH
HRON—Z,y FS /NIEPEHIFERSENS, £/, Y2 v PEBFRIL'THD TS
fodh, HMIBROBEASHARTEEEHZTI 2 » PEFTERD, S/ NRBMEITCHR
NTL 2 TRDT 2, PHBRk SBT3 - P EFTRBKRT BLD, <—2x
YFS/NOEEREEH &L 25,

N—2Z2N7 Fs /NIEHBETREBLZHAVEVWEE I, 1BRPH#KRT6 dB, 28
hM%T26 dBREINTVS, RIBICARBETRLEZS/N=21. 6dBRFEHD
10 %icHIiBEL 122 | ChDEOR—2~NYFS//NBBSRNIEL 0 PUToHEY
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OPTICAL PEAK
LEVEL (dBm)

[}

S o 3

]
@™
oX=)

0ScC.

ATT.

AMP1

AMP2

oscHeH

ISOLATOR

e e R N

BASEBAND S/N (dB)

40 60
LINE LOSS L (dB)

80

M9 —-11 20#HBEEROE—IJESL NN, X—=2Y FS§ /NOERZBRIKFH
HEgiES,/ N=21, 6dB%2Rx7,
S/NRMUEKZE O PHRBEL (EHFEBm=0. 75)
O 1R, @; 2h#HK (m=0.75,
A 1%, A 2% (m=0.6 8,
BoRAEER: X (m=0. 625)

Poutp:—IS.IdBm)
Poutp=“8.3dBm)

RTREREVARTH S, PHEH N —7EHB-15. 1BREB &
UV2BRBOoRHKR Lo HETIHRABRZNZEN14, 19dBEMLE, v %
3AdBmETHMELL L, PHB|EROS /NIHML, BEFRAGOHMI
rheEh1 7,

1 d BmDFE,

- 8.

19. 5dB&-»7,
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20 nsec

K9 —12 2HHBIBEELEERTNRZ -y LA (100Mbit,  s)
(a)B[EL (PP=—15.1dBm), (b)5FE1 k&G HET, (c)FE2H#HBEN

K9 —-12R2HMBBEEEBRICEITS100Mbit,/ sONRZNF—VLZR
BERT. AJIEEk (a) &, 1B (b) BXU2BH (c) OFHBCHRIEHIES
NTHY, PRKOWMITH - THFTOEMT 2k FHKE TN TV S,

RiT, Pout’=—15. 1 dBmD 2 IHHBEERTHSRY BHELAIE Lo &
RO¥BEV—FREXEFE100Mbit,/ s, v—7F1 /2, #~VvAHEFRL /2
D” 101010+« «"Fry—UyNRZBEHR NVZATERHEHh, ZHFEIm=0.
625TH5%, FEBRVDEPe EEHZTHLVRAIP i LOBBEERI -1 3IKRT LK
L, CCTRIPHERT2PREOFEYZAL XVP ik, FHRBOBEVEE G T
LT —TRLTWVWE, $HbbL, flESHEZER -, WBESHETH S
20dB&40dBE2ZhZTHhELFIVWTWVWE, X (9—-15) X&Personi
CkDPe— S /NBEFER"'222H 0 Tm=0. 6 25 L TRDERMETH 3, A
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ERROR RATE

IR NN RN SR E NS FEREE TENEE FENS N RE A U4

-70 -60 -50 -40
RECEIVED AVERAGE POWER P, (dBm)

X9 —13 20T HRRICBITIBIROEEZ /vy —KkEFHE (m=0.6 25)
SEHZR 0y —IMBESREFEALRVBEOEBERBEARNTOZH 7 —cBELTW %,
A:ikiRmL (APDEEREALAR), B:F10HEBHN, C: F2hHEBHN

S i —APDHEE®RER, Bzl P#% CR2OMBROBLERETH S, ERER
HRELR—BLTWw3, 2HRZOERBIC 77 —BELTVEH, ChZRIRSR
L2200 MBOMOEEREACIESFILL3LELON B, 2 HBOERMEIIRD
HONSTBHABTERP ST, L7 7—0OfiRIKRR 2, CHIBPHRBFEZDS
SNOEHEHOHET, 21, 6 dBRETR—-R,NYFS / NHEBKHCE/LLZV
CEIRERL TW3,
FEBROEFUORE,» SR, 1BEHEBIUV2BHOPHBcL2HETIHANED
WmieEhzn15dBE18. 3dBTHs, COEIRS/ NAELSHONILMBEE X
B—H7 %, BoRATOERENI -1 10—~ FS /NORtI s XHTRL
to
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9. 3. 3 REEHMEDHRROMLETH
ZHHRBBELZRCBIITHRBERTOR—R Y FS /NEHRBBEMKk & OBE
K9 —14IKRTo "—ZXNYFS /Nit, 100Mbit, / sOEEHEREFELZRKRLELA
Em=10OPCM-IMESKIHLT, (9-15) RLHKRdDHs k=0TDS N
R, HREHIE—I VRV PtPRELVWES VXAV TCOAPDEHEREBOETH D,
(9-19) ~(9-22) ACHERLAETHREREERECTO (S/N)ekBUD,
AHEETCHIREIN/AEEIR>TVWS, FIFED 2 PHREREERICSHIET 3 Pout®’=-14,
5dBmOBE&ICE, BXHERTESHEEEZT>HATHRBOMIC (6%, 32%) ot
RGBSR 7TEBALTS, 21. 6dB (RhAE) LEDOS /NE2BHETE 3,
MBIEMDONBIR20dBOESNE»SA - HAKEEKX3ABY™S, 74y L
—HABKLIAdBEPYE2ZL5WTH13dBTHEH» 5, WIEBRHKIcX 2BHERHKA
JFOWMMIZ7 8dB&ELE, COPFHFEBIR, BRERIXERTHZ1. 5umHFHDO0. 2
dB/ km'® Ok7 74 "REBELT, 400 kmOoBAEPHRMRBICHEHY T 2, FH
—fEB v T, BREEREAEE 7 « vy 2 EE L T T - ML IR BB D H
T3 6PHE, B2 00MHz ORERKE7 « vy 285 L BENRETEEZY
BHABETIZ1 3 0 PHSTAEETH 2, BRNRETHEHMBERIRBRIEE - HAKH
AR E— FPEEBRATHEL TS LD, PREERON—Z /Y FS /Nidk 'Rl
T 5. RIREHBIRB TREARARBEME—- P EEVREBL T B4, S/ Nidk ™2
TELT 5, PHREBHNIES VRV Put’%2~-5dBmETcLiFs &, FEMRMBEVE
Sicik, RIRBHEIEDHECe 2 &, B—fte— FMhahRREHBIHBECT3 20
ik, ETHREHIETHEZTL100 0 PRBARETS 5,

BEESHRETHET 2XEHMBEBPIRRO—I Y FS /NIR, BRBEEBE - P 3S
THIRE N2, COHRMEXEME - FPEEFTICR, THRBESOHAKEXETEL 2KS
[ (G—=1)%nsp?A f2k] &, RIROTRBCREL BARABHEBRAL EHBE O T
TABIREL B [ (G-1)%ns0?Af1xk(k—1)] Bdbb, Hic, BHIPHE
BKIEXHLTK(k—1)THMNTEILL, ZOSMHMSHEENAf TREL, Ch
FOHABRERA 1 EBRYRESRRx LOBTEAONSELDEETH %, (R1, R2)
LS IBEDOn A T 1 x DIRBVRKEI - TIRARLAn 2A T DFNERBT
HBW, nepPAt1xDhEBns2A 125055 dBREAE(T>TWE, ARAHER
G- HERERNOFDAHRIIRBBE LD, ARESRIOEBSTLETS 3,
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70
100 Mbit/s NRZ

—— IDEAL TW AMP
----- (0.06,0.32) SINGLE MODE
—— (0.06,0.32) TOTAL MODES
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w
O
T

T~
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0 I%J L0 o1l I . L1 RN
01 10 100 1000

NUMBER OF REPEATERS k

K9 —-14 HHB{HEHECOR—Z2~NYyFS / NOTFKEBEMEKEHE(IOOMDbDIiI t, s)
AEAIRS / N=21. 6dB*%7R%

COHARBHEME - P EFCERTSS /' NOFHILEDIE, (9-18) XNicRd &
21, AFESREVAVEHMEE L L ICLVERTES, D=nspx LRBEE5kL-
BRBHEMEe— FEEFRATE, ROTEBERDOX—X /Y FS /NOHEMNEHH
bWIBESH AT 2.0, METHROES KLV IV ETELLTRETFEICHRE
THELENS B, LhHL, COEEXRLLO LRIIMIEROMRFIHIPs THRE W
57:%, Psdg WRES nspy O/PIRIBIBEVHBTHRBELTHEL TV 5,

COBRL S, LHE, SR, BESEROBHER ETREHEEIRGH
EThHoo WIRPHRTE, RETHRREEME - PEEEZERL, BRIV LEARK
Hbic X2 RERMEZ#IT 20, RESGZVEHEBBso BB HAICRFEELAE
P74 vy 2HVELENS S, LHETH -EEREORXRTBBREEKDOS /N%
%ﬁ#étbmm,&%ﬁﬁ@z%ﬁﬁm&@%ﬁﬁﬁ74»9@%@@%&&5%£ﬁ
HB. MEAMH z HIBIBDO 7 4+ vy 2AF KA TREST 3 C L RIBAERKNc bR
THH, FERBEEFIBRTIRIECOZ7 4 VI BBIRICHT 2ERKBERENS 1
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5720, AHWMETHABRIEIEOEZRICHALTWSE P, BHE, 0.1nm (13GHz)
BEOHBEBLXH >HFARRT + vy PEBEBBEECER ST V'Y, &5k,
BRESULEBEROFHOBRGER ST 5L, 10Gb it/ sUlomEEREFEHEER, X
EEMEGRRBOMIE el LG TE %, AMRATEORAKRELZHS L TE L

1. 5 pmHEOETEFHBEECcZ10G6bit,/ sOPCM—IMETIEXT 3LHEE
SR E LTHWREBED, E5E- HARHERE - VESRA T 5RO
2(9-22) REAVTHEST B EUTOL IR 5, Pout?ERFIEBMOLELITVO
dBmicEETSEE (S /N)e=58. 8dB&iy, ¥EIKHF=5. 6dB, 55F
BG=20dBE2HVW3EL (S/N)1=33. 2dB¥BELNBE, Ch&S /N=21.
6 dBEOMow—Y> (11, 6dB) pok=140HHBHEBE LB, Thbhd,
EITREEBEEZRAVWA10Gb it /s OBBEBPHROBFADHREIFRIIHNE85 0kme
BEIENTFEEINS,

BERHEREDO S / NEXKBRT IO AARBRFEOYERET + vy}, Lt~
REABBEEO7 « vy PN S, bV Y FREBEKBIZER 74 VI IRE->THE
Bcxd, ZEMOMETHEL S OHRKB L H-1ESXE, RAREH/ 7 —-D
RRAERBEACCERFIESS VB 0WEA~AFu A VRERT-HBOEMES R, BE
RGBT EES A7 VRIS 2HABRBLEOMOE — M EE LR B, COR/HE
- EHRRHER v~ FEESHOMERERE, CEL-HEAKBE M-t EZOZH
LE—T, F=2ns,x THbo RARMAEX 7, WEEKTHIESTHLL T O
BHOHABHEEZEUER R bV ER-22Y FHROVRBMEARE (1F) S
BBERT 5 LI, TCTOBEBK 7 4 vy HHANOESE & HRBRE RS % &8RN i
MBS 5EAER 20 EVEANE, BESX~7 FVvOAfllicd 2 KBLOLRABAHR
BHER, tFESFL vo~Frd4 Y RIEOHDBAHEE COBEL FRBEREC &
DREENTWVWS, -7, S/NHUEOHA»SIR, ab— L v FEMBRHRRTLE
BEE7 4 vy RREHER S,

Eoit, BRELFH-HERBEOERXRICKS, ab—Vv Yy b REXRTRB/NZLRE
BEROBRELELRSE 'V, BETHRBBOXO KEBREABHEF S 2, PCM -1
MEERERSTIRI -V Y PRIEXAVEEEERBIHR SR, BLoRBRMER
ERE» D TR, REEHOBELY — 7 VEREF OREHEEEL TV 3,
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9. 4 X7 —RyHEBRRED

X7 -2 WIEHIE, K1 -2 (c) RLiekdi, XEIBTORXRTFHRABREC LS
WIHAZHET I DICEHENG. X1 CEEDETIXARBOEI B IS DRIEK
K- TZORBEBFMEINTVIRKEZZL L &, EHBRICL > TIDRKEHE
L, BERBLD7 77y bEBERTZCEBTENE, LSRR, HHEE, LA
NZWHDHET ZRBEECEERUE Y 27 LOBEPAREEL S, CCTR, X7—27%
BWIBE A b7 —2077 7Y MEOWTS /NEHOBHA» SEEKT 5,

9. 3HIOKHMIBIHERCBIZ2RPTHEMOEAIRRLZ 7~ 2 7 BIBHEROTIKIE
KEZEIBANE, (9-15)~(9-22) APR9I-140HHRDOS NFiIL,
ZTOEEXBREBEHEDO TR IHIERA* » 7 —20DS /NEiticBHATE 3, Hlb, HiE
BOEENB20dBLoHFABREELIIVW/AL1 3dBOPHEBENBEGrep 22 04531IK
KL BNIEBEREHET I ECHIEL, THBBKkEBIOT -2 s HEEEZBICER
BB LEDOTEIRBERHERST. ®->T, 1 20ANF—bieT277 79 ¢
BiZGrepk& 30 KI9-145»51, Pout’=—-14. 5dBmOERTHERZH
TH (20)"HOHAE—~ 2 EBEHAEEETH 2,

hREEIEEE OB S L ERRic, BEEER, SRMENTOHMBESES T -2 s HMIBHE LT
BbET 5,

9. 5 LIU

ARETIE, KATEHBERERL S CIOLERMBETRROEREE, ~—2/vY FS /N
ERFSRVRBHOHEEDL SHARN - FRNCHS»itL, ERERCBIT ZAEHERO
FREEMD TERIE L, UTic, BohEE2ENT 3,

(1) ¥EEv-FHIESEEIENIES, EHETRE L L THV I LEENERE R
DNR—ZNYFS/NEHZE, F28 - FIECER- BUL - ABBRORZ <5
A= ZRVWTERMEL [ (9-1) ,(9-15) R], mEROUEEHIIBRESEH
SEHEMEO TS Lk, HMBEXROS NEFHETIC LI

(2) BEERKROEEZROZERERGESEOE >y » MET LN DEILITKER
BESTXESIATVWARORML, 5Lz 0XFRS E2FEBICHIBT 2 LEE
HMIBERZ2RTR, AESTHRIATVAETHRREREDS /NX, BBEBEKZO
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NR=—ZNYFTEBRTES LEBRROKFYUTEH S, Oy, SLAEHBRESRT
BEZEHEOWRESY, £/, LTEEBETKRTRBATHEBOILKS AL -
TWb,

(3) REBIEEic ) AFRRERFNELZ 6 BicERL, ¥EFHE2KEL/GaAs
ERPEHEBEEAVAANBEECEERTCTOFESBOERBLIFI -2V FS /N
BUOmED,S, Si—APDHERBELAVIKHERTT. 4dBREFESLAE/NZ
FHr~xvaERHLL (K9-6)

(4) &f, EAROBBHE LA WL 2 TR LEEHIIBERXERT, 36, 5dBOEAR
MABOMMEERL, KEXR B ILHMEPHREOFHELZ R AR TE
FEL/ (K9—-11, 9—-13),

(5) BREREIEMEREFEEZBIAOICIEHAKBLEME - M ESEHESTERO
INS IR R, F /o, EUWRRUOEHMIEGRMR, KT - X SWBREEBT LD
REHEEREERMBEN 2RO MEREEHTILEN 2, Sk, MERES
BicER T 2REOBEICI, ARESECHT2E8HESOESHESEEL L
L-CEHTHIEERITZD, HEHFHEBOLVWHESREHEH T2 EPEAL
HELL B, COBRD» O, LHE Sl BEEEROBEER ETRTHIE
BREBROIGHICR OB L 7LHIIBHETH 3,

(6) CEEHBERELAROBMBHEEZIISHTHcR, ETEEHESCEBRERS
BOERBRE 7 « v 2 BATHLEDBHD, &5, K74V v—5 bEDHIESR
EH—F-FE7 7 A NEOBRBRECEOEIVEETH 2,

AETR, 1RRANCKHT 2 EEEBBELROMMEEZHRRL oW, RHEHTETE
THEIBER X i &5 %12 & (Wavelength Division Multiplexing: WDM) RARKMKS &%
E (Frequency Division Multiplexing: FDM) OREERIC BT 2HBEHIERE L TH
FRTH%. FoRETREBEHEROMNBRMEThiKER T 2702 b—22Ho i
L7ehs, B VvALEMBREMNOELRTVEEBIEERET W, FETRR -2V F
S /NOFEmIBLBEHBELELXRICOBHATE S, HEMBEEERTE, ZERTEEED
EEXELNMHT 5O PERBEHINDI LD, CORKEEHBCHRRB
ZEMPEFHBBPRE SN 3,
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Bl 0E e

AL, WE, AXRERBELTHVLNTELFEE L —FELEOBHEKHEBHREL T
Bifes ¥, ERMBROBRAKETH Z/MEENE, Al EEOERBNLFMLZO
BERBORHBR S CRAEERNDICHORBEEZT - LHERZE LD ODTH b,

ABETIE, 0. 8ymBGaAsHBSUIK]l, 5umHInGaAs PEEEL—¥
ERELEVCHEUTR A 7ALTHIRTEHEEBERE LTEFESE 2 &3, MRECERH
ERRHBIEEEZREL CETHEEHBEZEHAL, XERESLICETREOEEA LV —¥
MBS OBEAFUHZERICIOMD TERMCHS M I Lic, 5k, ¥EEABEREO
MEEREBESOBEER RSV TEEF L - FHIEE O HRERT TV, TOHIE
BEEZHo kT 5L, MEEY, BETREEATEARFELEOBMBAZHE L fo
o, ¥EELV-FHESEAVCLIBHEBERER, FEEMBETHROLCXERET
W, BEXRRICBT S EHEROFAEE A ICKERIT TEIEL 7o

PFic, ARATHONWAFEREREENT 5,

(1) XIREEBEBHROEZANE v 7 r 4 VER—EBFE, WMERKFEOMEEZHEHL,
CORBRERAVWTESLEARL VERELRESABRESITASZ I EERL, %
7o, v b ABRICAEEAEHEMNMUABREEZAL, FISRMOoBEE ChEX
Al 2R8MMEOMSEHEI L, a5k, AHENOMSTLEENBEIAHES
AFHOBMELTERNLL, ETEEBIOHAREERBREORESRESH /5 £
—Fnsp, BREUESHEB Y, SHEHSHEHEA IR EORES A - EHOTH—
BT D IRA B EA2RLT, (FE2HE)

(2) ¥BERBR I r VORERBHE» SROLBAFE A, FEKH & FFERI
BVEI1DDF+ VTEENe, F+ U THEMcFOMEERE, 25 7HKEKR
o oRDIIHERGER, T— FRALADEKTD, ke — F&EE Ve, RFHMTo
FOXRTEN BECKOKEE, EREALASHER YL TR -4, £3
~5iRLTe 4BLUBRTR, ChsOHEEAVT, SHEBSO/NMSSHE, AE
fafl, MEOLTOBUMSFEBCHHETE L, (FE3H)

(3) ¥8k L - YRE~ORHHILEORBRFRESERBE CBCKET S L2
HmMIICHS L, COoRFEESVT, BARKNFEO. 04%D1. 5 um#
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InGaAs PETEEHBHEEZYVO TERLL, (B3

(4) XIEEBLUETEFEOLMIBER T25~33dBO/NMEESMEEERL, ¥HE
V—YHESPTROEHEZ L2 LcbRABESHE2E - L2 RT &M,
Z OB N 7 2EKFHOBBEEH O ICL 2, HIRFHIBER OFE FEIR T LR
Me—F1AXOFERTHREINS (VGBE=¥1+GHz) oicxtlL, #THEEH
BHE TR IEEENEREBHSOH HEGHEE (2B~10THz) $TEBBLI L&
HEAE Lo 72, WIBEDOTE, TME— FHORWEH, WERKHNE, £— FH
CADBRHOEZCER L TEENBREREKFESELCSIEEHS ML,

(Fa7)

(5) 20dBoOXRBIMESHFIET2WMBIE (FEDO 3 4dBREDRA) 1B, #HiIRE
HI@BHET—-14~-5dBmThs 20k Ll, ETEEHESECR+7dBmE, #
REOB& KB LT 2 ExHobic L, lBMHAE,

OHBHFOBMEREZNEGEAROREUHBICEREL, RUEEOHEAEK 3,

QiiERHEFOB T Lo RIRMREEZEFEL, B—EATESHNELES,

@€— FlEEZILKT 3,
ZickomEbcE sl LEPOo b Lz, (HE5HE)

(6) BIFLLF VT v — 73ED 2 B % H VI #TRIEW IS O ILHF L aMAE z <
7 b VvORIER, S, REFREEREEOHEMSLAGIRICE I bDTHEI L E
MHTHEIET S Lk, XBEOEMicHLTS, zofaflo&TH 2 EEHItD
flick - T—ROICRE S &%, 2HEELEHEBEOER THLOLICL ko B,
BRMOAELRWEEFESVAVTR, ETHPHERIEESHEES L 2 48
IR E LTHRIEET AL EHE L, £/, ¥EK L —FHESOMBEHAE R <
7 PV RBE—TH BB P74 )y TS D, RERBOGBSEREEHNE
fiZEE LIS W EEZHSDIR LI, (H6E)

(7) AHEBHEOEMET THEES L HRABRL LR - S EHARBRB LM e — 3
H%, EREBRCLOMDO TERNCH Sh I Lo HHIEERI & > TAEM A
BECH2EEL-HAKRMLHY - 1 EEOoKREs%:, HMEBBOAE LB SS /
NOFIBTERLAKMEIEHF =2 nsox THKEILL, HiEFEO8~14dBick
NTRESKESN/AS., 2dBOMEHRMEETHEAHMEBER cER L1, £,
nep® 2 RIUFT2EHRAREXEE— TR, FB—ESMEcH~3L, FIEE
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ReOKEBHABTHET IHBERENPEBEEEHShIC LI, (BTE)
(8) ¥HUEA V- VFHBEROFEL T OBIERE, BERE, BEEY MHEERZOM
BmAEXKS - 1ict e, HUAM LD DDORIFIEHZHS DI Lo EELIRHIG,
OMEEH Ao, No, TsD/NSWERBEEMERAL,
QBB ERKEUNNER B e BLUF + VT7THEEN, THESIE - DOBERE
1T >
CLTH5, 1. 5pmInGaAs PEHEHBORER, A —-Y=2HROFHIKLD
Fr YUTEHEMOEAF + )V TEEBRFUSFEEZF LR ZLTHD, TOLHOOHEE
Rt L VEBRENDE, (FE8H)

(9) XEEMBELERON—R~ Y FS / NEMBROKE <5 X -7 ZAVTEAL
L, mERDOS /NRF2FAMEE Lo &5, Ga AsHEREZAHVILHENIE
REEEER, 2hRLEBENBEEERCLY, BRIZEREORE L HEPHKT
BOoWMzHEEL, XEE2RCBIHZ2¥EE L —FAMBROFABEEZHER ICERY
TEIHELR. (FEI9RER)

AARCLDEEE L - THBEOEAXKRHOLREKHP LR, ICAZR TS D
DB REOEBAXIIK G E R - 1o 58I, CHLXRMHICEVWHME, B0
RERFTLZOED, MIERLESEOBBRTEERAMDEOEL, RFHILEK
H7 41y OFFE, E4sOIHIHUALEEBRO v 2 7 4R EXZEAEHBBEOE
LB AP S S EDOSNBERETH S,
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Tix1 BBE)7 v 7 U Ruika T 7V

Aficid, ¥EEL-FORRLEVEREEEYD, RRE V- FEBROBAFR %
ERTALETHABRRE? » 7V o EFEFVEAL, BREBLUCRFEOESH
BrEARBLcESCHEREERERLT 5,

V- RIRSFREANIKR 7 > 7Y e (Fabry—Perot) Fitcdhn, 2
SOMHET EBRL-TRESENLFARMCRESHTOERS W BBRESGS S LS
DTHb, COEFH7» 7URoRIEREFVR, TH 77 7Y o RkiERORITICB T
ZUMEBCEROMIBEZMAMT S LicXy, UTOoXScFEBicEmrn 3 (1222,

Aiexp(j o t)RBBANLERL, IREXHEri2, rosDEEMEEL TR &L 8
7y 7Y RodiRRIEARLUALES (KA1 -1) 243, BHLOBEEALLTY
HIBETOEREREREy + i BT R L, BB  REFEOZIHSHEE,

[ 3558 17 ] 818
Ai=Ait12tezexp{— (7 +j B )L} Bi=Air12
Ao=Aiti1atesreiresexp{—3(y +jB8 )L} Bz=Aiti2teirezexp{—2(7 +jB )L}

As=Ait12tas(ra1res)exp{—5(7 +iB )L} Bs=Aitiatzi1r2s(raires)exp{—4(v +jB)L}

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

An=Aiti2t2a(r21123) " texp{— (2n-1) (7 +j B )L}

Bn=Ait12t21res(r21r23) " 2exp{—2(n-1) (v +i B)L}

LR35, BRBLBERRI,

ng iy 3
A; Aitrz Aitrze~(rHipIL Ay = Ajtyatyze(THAL
- > ~ >
B, = A;jry2 Aityoroze~2(y+ifIL Ait12T238_(7+jB)LJ

By = Aitiptyryge 2008 [ Aitiaragra e~ 2(rHiAL Aitiaroarae=3(+iB)L Ay = Ajtyatasragry e SOFIAL
I ~

>

B .4;t12r§3r216‘4("+j/’)L B Ait12T%3T216_3(7+j’9)L
- ) ) - A 2_~5 iB) L
B3 = Aitlztzﬂ‘ggrme 4(v+;8)L \Aitlzrgsrgle—‘i(vﬂﬂ)L A.‘hﬂ%grgle_s(w’ml‘ As =;4i‘112t23(1‘23"21) e—5(v+iB)
L
Ti2 T21 r23 T32
t2z i3z

tiz i

MA1-1 HE7r7Y~xokiRSE
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Ar= Aitiztesexp{— (7 +iB)L} [1+re21resexp{—2(7+jB )L}
+ (rz1r2s)2exp{—4( 7y +jB)L}+ -+ + (r21rez)" texp{—2(n-1) (7 +iB)L}]
t1eotezexp{— (7 +jB8)L}
=A; (Al1-—-1)
1 — raziresexp{—2(7 +38)L}
¥/, RE28RIE,
Ar= A [rie+tiatziresexp{—2(y+ijB)IL} [1+rzirasexp{—2(7r+iB)IL}+ ~---

« +(ra2ires)" 2exp{—2(n-2)(7 +iB)L}] )

tiatzairezexp{—2(y +iB)L}

= Ai (r12+
1 — rzirzzexp{—2(y +iB )L}

rie+ (t12tz1—rierei)resexp{—2(y +jB)L}
- A (A1-2)
1 — rairesexp{—2(7+jB)L}

TERINh 3,
REBOBEIFEZNn, n;&T3L, 7vrNVOEK (BEAS) &
ni—nj; n;—n; 2 n; 2n;
rij= , I ji= , tij= ———mm, tji=
n;+n; n;+n; n;t+tn,; n;+n;
ERD, rij=—71;; OBEBI B, ChE KRR, 7 —FBET, EBEHMNT
3E, HEOEW 5—-0DIFE,

Ri=rijri;j=rjir;i, Ti= ti;tji, R;,+Ti=1 (A1—-3)

LB, - T, (tizter—riere)=Ti1+R1=1&7R37%®, (A1l -2)RI
Aee AL rie+ resexp{—2(y +jB)L} (A1—a)
1 — reiresexp{—2(7+jB)L}
DRICHBRICIZ 5,

CCT, (Al1—-1), (Al1-4) XONEBOIBBELELERE, 0DANA ki
LTEROEBFEATRFRBEARPEETZ LB, CHRAERZGE2E5X 5%, 1
BEREPTORKERERy +j B2 E— FHBHEK gnoa— a ZHVTERYT &,

y+iB=—(gneda—a)/ 2+ j(2mn2)/2
Lizh, Hic, B—@BiMET MR Fo=—2an2L /2 28AT 2 LEREK
DIFIL,

exp{—2(7+jB)L}=exp{(&noa—a)L}-exp{j 2 ¢}
EtERINB, ¥-T, BRERERIKATH5Io0 3,
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raires-exp{(gnoa—a)L}-expl{j2¢}=1 (Al1-5)
Pigcik, FIBRFE2RA O/ 7 — el T2 —BBAB G TRT L LT 5,
Gs=exp{(gnoa— @)L} (A1-6)
BiEKcT —, REKE 7RO ZThBEFEER, REFEEROENEO2RTE X
S5hzkd, RRFEL-FHBEROEABLOESHEG BLUKAEOFEESHMEGrA,
AEH, HHEM I 5 —0 v —RKEEBR,, R 2HVT,
ATAT’ (1—R1) (1—R2)Gs

Gt = = (A1—-7a)
| Ai |2 (1—V RiR26s)2+4Gsv RiResin?(¢)
ArAr* (VR1—V R2Gs)2+4Gsv RiResin?(¢)

Gr = (A1 —-7h0)

P A | 2 (1— V R1R2Gs)2 +4Gsv RiRzsin®(g)
THEZboh B, Gs=1DHEE, (A1-7a), (A1-7b) RARB\EFEDO7r 7Y Rnu
SABOBBBLURNBUELERTH, G:>1 OBFEII, ¢=00RREHFTHEEFE,
REFEHIcKERESHEBE SN SE, LL, Gs2=R1/ Rz OEAICIR, Gr=0<&
BRORFHEIEELET, Gr=Gs(1 - Re) /(1 -R1NOBBEFBOIHBE SN 5,

¥/, HIRFELV-—FHIEBREZEAT LI X BMBEOI, Arg(ATr/ A)ED
RXATHEZ LGN 3,

1+Gs R1R2
d=tan!{— tan(¢)} (A1—-8a)
1 —Gsv R:iR2

HEF L - FHEBERSOBAEBLOREEOEENEGT, Grid, w47 vikEROE
FHBERTLODEERE Y v 7 AERRRB[BOFESCIWELLE, 1. Gord
onDHE N2 K- THEIBMOEREBELON S, £/, COFETRERSFY > —
FEEZERCBESBMAS LIy, HEFHLOAMOBEINIHAFERS 1 4D
DHARBELFEPRDL I icHEZ 50 3,

(1 +R1G<)(1 —R2)(Gs—1)nsp mt

nt(f)d f = df (A1-—9a)
(1-V R1R2Gs)?2+ 4V R1R2Gssin2(¢)

(1 +R2Gs)(1“R1)(Gs_1)nsp mit
(1-Vv R1R2Gs)2+ 4V R1Rz2Gssin?(¢)

df (A1-9b)

I

ng(f)d f

CIT, nsp, mt REWHEORED /<7 -2 EHABRHLOENNEE - FIRE
THb. ¥/, WME— FREIBAEKEZATL (=c 2n2L) &93&, fIlHRFIR S =
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Tz (f—fa) /AT . THISOhTWS, (2. 4FHi&H)

1 XDt~ FROHARBHEALAFH (503 HARKBX Y3 » FHEZE) nt, nrid,
(A1~-9a), (A1—-9b)YRE2(—7n/2, n/2) o1 AHoHEHHEICE > THEY
T352,icky, UToxs3kB5150 3%,

(1 +R1Gs)(1 —R2)(Gs—1)nsp mt

nr = Af L (A1—-10a)
1-R1R2Gs?

(1+R2Gs)(1*R1)(Gs‘_1)nsD myi
ngr = Af, (A1-10b)
1_R1R2G52

—h, 1 KOKEE— FRNOHARKRH AR E - & 0 sp-p2, —XKOftE— FHNODOH
RBEAFHOBAAABOZETT A EICLIOXRDEIITEZ SN 3%,
(1 4+R1Gs)?(1 —R2)2(Gs—1)2n:p2(1 +R1R2Gs?)my

Usp~sp2T: AT
(1-R1R2Gs?) 3

(A1-11a)

(1 4+R2Gs)2(1 —R1)2(Gs—1)%2nsp%(1 +R1R2Gs?)mt
Usp—sp2R= AT
(1—-R1R2Gs2) 3

(Al1—-110b)
B, (A1 -10) ADEHEI,

7 /2 1 1 v ab + betanx | = /2
i) — dx= tan~! | (for abt+b?>0)
0 asin®x +b ab + b° b [0
T
2V ab + b®

DHESARE, T, (A1-11) RoHABcREYUOKROBEEEH W,

T /2 dx 7 (a + 2b)

-z /2 (a sn?x + b)? 2 (ab + b2)3-2

T, EEXL-—HAREEME - FEFo0sig-50°1, HIBEINAEEEFHG<n >
EESHAKR TCOHBRBHETE n(f) o0& LT, RATHEALSN %,
(1 +R1Gs)(1 —Ri)(l ‘R2)2G5(G5_ 1 )nsp

Usig—sp2T=2 <nin>

(1 -V R1R2Gs) 14

(A1-12a)
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(1 +R2Gs)(1 —R1)(VR1i—V R2Gs)2(Gs— 1)nsp
Usig-sp2R=2 <nNin>

(1 -V Ri1R2Gs) 4

(A1-12b)
HAKME Y s » P REEERBREEALTOr— PHEFER (A1 -10), (A1-11)
RICRT LI, ANAMEHARTHOHEENZEBREZH, @HERIR1ER ZANK
RIHRBFE IR >TWB, Chid, B—E@BMNEGs KU THESIN THRIRENRTR
A4 5 HARBUEED, Ri, RoKLIIZREHIBEZRILR, B4ORMNBICLERLE -1
MECHOEENZ1DOTH B, —F, EEL-—HRKH M-+ HEFR, (A1-7)
ATEELcT 2MENBRAFL LR CREZ LD, (A1-12) RRTLI
MEORAGEL - TWB,
2CT, RIRBEYDRCIVALIESE-HRAREEH Y - tEF YT s HEHNE
ELT, BREMEETEHx ERANTERLTCAHL I,

Usig-spzT.R
yT.R= (A1-13)
2 GT.R(GT.R— 1 )1’15p<n in>
(A1-7), (A1-12) XxAVv3L, BAELRAEOABHMEESRMEIRATE

Aot b,

(1+R1Gs)(1 —R2)(Gs— 1)

X1=
(1 - R1)(1 —R2)Gs — (1 -V R1R2Gs)?
(1 +R1Gs)(Gs—1) R1Gs?—1
o =1 4+ — (A1—-14a)
(1 —R1)Gs (1 -R1)Gs
(1 +R2Gs)(Gs_1) Gs(l_R2)
XR= =1+ — (A1-140b)
R2G52_1 RQGSE—I

(A1-14a) REFGCG>>10BLEDELURNTHEY, chdrS5EBED ¥y 1idR2iC
MR T, ANBIRHEER 1 EGsicDAIKEL,

R1 = Gs2 (Al1—-15a)

DG x1=10R/MIAZFS, THLUATR Y REC1 XD KERMEER B, R1=0
ODETHEHBEOSHNEHIETIR (A1 -15a) ROFHEVEMUNIE SN, KW
MBTWHATRINIC x 1= 1 BEFHSh 5,
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—%, REFEO xricXidd (A1 -140b) RBEFECKYIL>KXTH Db,

Rz=1 (A1-15b)
DFHIREARRIEF LTS xr=1BERKRILT 5, Chid, Ro=1DRHEHEIIEDHE
&, AN 2HABRTANIRE SO Eh, AHRONESEIBEVLDTS 5,
-T, BEORRE V- FHBETREARICHANBEL, AHAEEGESBISAL
WHDBREMERHEPEL B, £, x OROBEKR, XEREALSAHTIEE LT
W o MIBESHEE, RIRENTRET IHAKBXEFOS T2 HBAEBRRE L
ZRLTW3,
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ftek2 EITEEZE— Fv— FHEAEN

2. SHITWRMIBES I X 2B MRMEHE T, B— —-—FDOLr—FHE
X [(2-15), (2-16)R] ZAVCHERLL. ¥EFL - YHEROESAE
BT, AL OEX A 7T ABRICHL TEEBRCERENZEA++ V TEE
2EHICROZLENS 5, L —FHBRCREAKBEESEEL, LEVWEMTTR
COHRBHBMED NS YATEAF + YTEESRE-TWE [ (2-19) ABH]
LoL, 4 72BHMLTLEVHEICESS EEHARBEEEC LAKERBOEE D
Wmy sk, F+UTEER (2-19) XOEID BT 5, CPRMIEHRICS
FAEHRBMB I L BHERNTH S, ++ Y THICHTE I Lv—rAER (2-15) KX
PHVWHAE, GEOVEEEDTEAF vV TEEEREST LI LEBTES, (2-15)
AFEIHIBBEI WA HRKHEEOKE ST 50, XFHeHTz -+t HERX
EHALTINEBLSERD S, (2-16) K1 >ORFE-FHTEs V-4
BRTho, HAEIHDBN. 1:2BE L THABRBEABKE T 28T E2EERT 50
LaL, LEWHELUTTREHO7 r 7V Rue— FBELET S0, BRARELI X
pHEMMfEERICERT 3k, EFHeHT 3 v—rHABRRESHOME— Vit s
2Z2E—FV—FHFBEAETIHNEN D S,

EFEoR, YEAL-—FHEBERBOBUBRCYDTEE-FLr— FFEABITEZAL
(39 HIRFHIBRO/NMSEHE, FERMCY, BEBFETOEZHS b Lo KX,
V- b HFRARERENOAETFREF » VT REENERNCIRO K> boThp, ik
BHOGITELETEOKOEMEMBEMERTRIZ—ELL U ERO~SHE LR
SHIRFOFEE L - FHBRCRBATETH S, LhrL, FEED 3 IREREO K
HRENSS LAHBSHEEETR, XMAATORRBRESAB - TRWLD, BHEHK
ELTORBEWVWICIEENDD, (2-17) ROXTHEGOBMESSYENEREEL I,
ZCT, HREBENOGSAELEGTEOHETRELTEOHETHOERELTRL, RS
1-—HTOBRRGEEZAVTAOARNBELREST 2 ETHREDO v~ F HFEIBITH
BEERD, ETEE V- ARABHOEZE L —FIHES ~0BHA L LTR, &Y,
Marcuse“IBHREHECL - TESHBLEABRBtORESEFMEL, £k,
EBEFBRFETAdams Y, HenningoWBESHNEORMIMEHERL TV 3,
AEITR, ARORHEEELH > FHEGL - FHESCHEANTET, E5ELEA
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B bOEHF ic 8R4 2P BRMEZELcFHET I EDTEI@IFEELLT, Adam
s® Henning“5o0FEB-~ETEE- FOBITEELY - F FEARK
DEEERN 3B,
¥9, EHHEETOLF v+ ) THN: LqFHOME-FORELRE-—FIcEGEh 22
AFEncxdd22E—~rFrov— FHAEXLSHFET 5,
d N N¢ N¢

= P - - EAQF( - Nﬁ)nq (AZ"I)
dat Ts q Ve
dng g N¢ AqFNC

- - +AqF( ‘“Nﬂ)nq+ (A2“2)
dt Tp Ve Ve

T, RLBRUTOXSRLERS LT WS,

Ay : qFHOME— Fic 4 2 BURHBZS/. 0 OMSFE (cm3/s)

r :EHEE~OXE-FHLADER

Ng : FERBEFZRWUHBHOEI + + ) TEE

Ve : BHHIEGAR CbE-FEEVe=V, /T)

P R®rverrsR (EABHRIER, P=1/e DOBFRICH 3)

Ts : F 2 UTHB

T KT HFMm
T, (A2-1) REFEUEBEEV. °8lo, —F, (A2-2) REXE—FK
MVe(=Ve T) TEZEL, F+UTEENe(=Nc/ Vo) EXFEES(=nq Vo)
KT 52 E—-FL— FABRADBUTOL I i5X 50 5,

d Ne J Ne

= - - ):Aq (Ne“ NB)Sq (A2—3)
dt ed Ts q
dSgq S Aql' Ne

= - + AqI'(Ne— Np@)Sq + (A2-14)
dt Ty Vo

CCTHBRTNEIER, 2+ vV TH, EFH [Ne, nod X Lr—+rHER (A
2-1) (A2-2) CREFBHOFR XL T 2ZALERABBE B >TVWB3DIRXL,
v ) TEE, EFEE [Ne, Sl g2 1v— rHERATR, TRAFEEOL(LE
BT B (A2-4) RicodBHN, $+ VT7EED (A2 -3) RicRELBLVIELHK
BBERR>TVWBEI,THS, CHREAFT + VTEELXFEELRARR - GE
Ve, VaTHIENLT 1.0 THD, HicVe< Ve OBIRICH 2O NOFBERICIZEA
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FrUTENRE—FEOHEGREERITHAHLL » TV, BEFICHLTREALL LV
—tHBARBLWTHTOFES 20K LT 2 &3, ¥HE L —FRIRFOMITTH &L
RZIohsBoThh, EEEETZ T,
¥T, CCTiR (A2-3) BXU (A2-4) REEcLT, HIEBNOETEEE
TEOETRIEHTE2HEAEHE I q FHOME- FORXRFEES (2, )2+ 2, —
zHAIICED S, S TPoEREDLEEEZ,
Salz, ) =S¢ (z, )+ S (2, t) (A2-5)
2 (A2-4) RERAL, Sz t)ES T e d 2ETHEELFBERNEE %,

S 3Sq S g AqT No
+Vg = - +AqF(Ne_Nﬂ)Sq(+)+"'——‘—(Az_sa)

dt 9z Ta 2 Vo

S, 3S,? Sqf7? AqT Ne
— Vg = — — +AqI’'(Ne—Ng)Se 7+ —— (A2—-60Db)

dt dz Ta 2 Ve

TR, AAFESHOoOHAKY trsoFHE R zAMicEHKEcYLT&L1 /2

EL, ¥/, HIRFeAT 2 EFFR o ZBEFTORMicESI BRNIEL (=1 "vga)
RBEBRATWVSE, 7o ODNOD I 5 —BREABARKGELLTER TR A3,
CCT, Salz,)RNBEzOEKTH 2729, Ne, g bNEOHEERK 3,
gq(z)z (Aq/Vg)[Ne(Z)—NB] (A2_7)
Ba= Aaqts/ Vo (A2-8)
OB EHVWSE E, ERREBLBIT2HA0 5,
dSq¢(z) No(z) 1
——— = [T gq(z2)~alSq¢'Y(2)+T Bq E— (A2—-9a)
dz Ts 2 Vg
dSq(_)(Z) Ne(Z) 1
——— =- [T ga(2)—alSq"?(z)-T B, —_ (A2-9b)
dz Tsg 2 vy

ODAFEE KT 2ETREFEABE SN B,
—%, (A2-5) A% (A2-3) RicRAL, F+V 7HEEN(2) KT 3EER
ETcov— FHEABUTOXS 1B LR B,

J Ne(Z)
= + L vgga(z) (S (2)+8q¢7(2)) (A2-10)
ed Ts q
Eoi, GBHEROXME] LXFEES, - FhoLXFHn it
IZSthg:nthg/VB (A2—11)
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ORFkTHEHIEN, FhE—-FEY—-P (=nhfvyg L) &iZ

I = TP/dw (A2-12)
DRRIcd B, ETHEL —FHEBERICHTI2BEREZGERIANEENX/ 7 —%P s,
EEBXZANVF—%2Es (=htfs) ELTUTOLI LK B,

FPin=Sq"""(z=0,Es)h f vgdw, 0=Sq"'""(z=0,E)h f vgdw (E # Es)

0=Sq(z=L,E)h f vgdw (for all E) (A2-13)

EITHERIBSOMERI, BREMHE (A2-13) obdic (A2-9) (A2-1
0) R%ESelf-ConsistenticfE T Lick kv oh, EEMEGR

G=Sq"(z=L,Es)/ S q ‘" (250,Es) (A2—-14)
THAZoh b,

ST, ESXLEHARME X3 ERMOEHE—-NICEOIKS &, KRB IEH
TEBLIILTHDIC, BFEES (z,E) 2ABPOANLAEESLENBTRET 3
BERBHBECAITELL ) AL OSAFLARZ<7 bV OESKE, HIEFHTO
ZERHOBBELS 77 7Y o iEHR I BEEMNESE NS LS, (IHER
ERFLABRERSF (2,E)E LTI S —H, BEQEORKIRFicB 32 BARMBHL
BRBIIEANOLVWZRS PABEAHLTED, MBS hBRBREE <y - THE
RfMNcHFET 57D, MHEERZHEELAEBETI (2, E)TWMOHE S0 Iz, B)ZEHAR
BULERZ 1 KO E— FRARE-THA L DTHS, [ (A1 -10) XBM]

WEzICB I HETEBRF (2.8:) %

S 7 (z,Es)=1|F ‘"7 (z,Es) I3, S 7 (z,Bs)=|F ‘7’ (z,Bs) 2 (A2-15)
TERTDE, +2BLU0-zBMIREUF (" (2,Bs), Fq'(z,Es) [m™32] i3

dF ¢ (2)/d t=(1/2)[T gq(z)—alFq"(z2)— jKF(z) (A2-16a)

dFq‘7(2)/d t == (1/2)[T ga(z)— @]lF¢ ' (2)+ jk Fa' ' (2)(A2~16Db)
KiREHo &7, HABHAEE Isp. (2, B it 2 H5ERR (A2-9) R&EVLUFD

LIk B,

d Isp.q(+)(Z) Ne(Z)

————— = [T gq(z)—a] Isp, ¢ (2)+T By hf (A2—-17a)
d z 2 Ts

d Isp,q(_)(Z) Ne(Z)

=~ [T geq@2)—allsp. a7’ (z)—T Bgq hf (A2—-17hb)

dz 27s
HIREHIBSOBEOEREMLE, MA2 -1 KRTHEEEBIHELTUToL itk
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ry,6 ra,to

A
V.
Fin —> [ FH) > < F(—) Fout —_—

4

<— Frepif
4
4
I s «— 1)
/
y/

=z
>

KA2-1 777 YofdigEHEROESEERF EHRBHEME I

i6n6(178)o

Isp.q?(0,E)=RiIsp,q"7(0,E) (for all E) (A2—-18a)
Isp.qa(LLE)=R21sp,q"* (L, E) (for all E) (A2-18b)
F2(0,Bs)=j t1Fin—r1F¢(0,Es) (A2—-19a)
Fret1=j t1F(0,Es)— r1Fin (A2—-190b)
Fout=j toF ' (L,Es) (A2-19¢)
F 2 (L,Es)=—r2F (L, Es) (A2-19d)

CZT, Findz=0TDANAXER (Pin=]|Fin|?hfvgdw, /T), Foutidz=
LTOHAELER (Povt=]| Fout | °hfvgdw, / T), Frer1idz=0 TORHNE
RCThbd, XTEES (z, )R

S (Z,E)=Eq5 (E-Eq) [T sp, a2, B)+ Isp.q?(2,Ba)] /(h fqvy)

+ 68 (E-Es) [IF “*’(z,Es) |2+ |F 7’ (z,Es) |2] (A2-20)

DEIIcHABRHBEEEEROMTREN B, FL BRI, HARRHEEE L TRETF
IANF—Eq ORFE-FIi—HT560%28U, #THEBRCHLTRESET = %
VE¥—Es ODBERIIEERT CICR, FA4EOERTTE - TME— FHoORE
EBKEDP -7 EDS, TEE— FOEBARBRHEKDOAREZEL TV S, RIEEKERD/N
SRWBEFOBERCRTME—-FOFE5 LD ILENHSD, F1HIC2 ORHEBE» %,
MarcuseidEREHE (A2-18) (A2-19) Dbsic (A2-10) (A
2-16) (A2-17) (A2-20) X*%Self-Consistent KA T LIKLVEER
HUERPBONBE IEEWMELTVBE N, No(z), Isp.q(z), F2)PHicz 0B TH
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37:%, BRUBBEFEEZEST 21D, 220, AR TCRIFTH+» VTEEB L UHE
FROMNBREESE Y (15, MERAMEEERSECE-TH—IcEL3) LREL,
HIRB[BOKIAEICE > CHTFEES (2) ZEELLTRD A SavE, NBEKFHEOH L
(A2—10)RZAWVTSelf-Consistent iL+ + Y TEEELHEFEFOMHEERD 3 49
(49)0

ZAAERICT 579, gne=T golz)—a LE&H®AALET, (A2-17) AT
Ne, Zn,q® z REEBEVERELT (A2-18) OBERARXHEOTTCIOEML &,

Isp,a'(z,E)=T BqNeh f (C*exp(gn.a2)— 1) /(2 8n,q7s) (A2-21a)

Isp.a(z,E)=T BaNoeh f (C exp(-gn.qz2) — 1),/ (2 gn.q7s) (A2—-21Db)

ERRp, FZ¥C*ECHE, Gs,a=exp(gnaoLl)=exp[(Fgqeq—a)Ll&lT

(1 +R1GS.Q) “Ri (1 +R2Gs,q)

C* (A2-22a)

(1 —R1R2Gs,q?)

(1 +R2Gs,q) _R2 (1 +R1Gs,q)

c- Gs,q (A2-220)

(1 -RiR2Gs,q2)
Thobadhsdhd, BHOME—- FTOHARBELOEELFEES tav.q RRAT
HZ o b,

Stav.q = : L J”L [Tsp.a (2, E)+ Isp.qa'?(2,E)] dz
hfvg L 0
' BqNe (Gs,q—1)(C*"+C™/Gs,q)
- vggm,qts[ gmn,qaL -2
I' BqNe (Gs.q-1) [(1-R2) (14+R1Gs.q) + (1-R1) (1+R2Gs. q) ]
B vggm,qrs{ gn,aL(1 —R1R2Gs,q?) -
(A2-23)
—7h, Ne, gn, D zKFUEJMELLBED (A2-16) AOMHER
F ™ (z,E)=F 2 (0)expl(gn.q/2-jk) 2] (A2-24a)
F (2, E)=F 7 (0)exp[-(gn,a/2-jk) 2] (A2-240b)
i t1Fin
F((0) = (A2-253a)
1 —rireexpl(gm,a—j2k)L]
F @) =—r2F " (0)expl(gmn.a—iZk)L] (A2-25b)
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THEAS6N3, (A2-25) A5 BHH1I TEHLAZEAES XCRHECFSHE
(A1-7a) (A1—-7b) EEHEZ, Chdhs, BEEXOFENTEES2av.q
i,

S 2av,q= h fL[qu‘”(z.E)l2+|Fq“’(z.E)l2] dz
L 0
={(Gs.qa— 1),/ gnaL}[IF¢*?7(0)I2+|F a7 (0) 12, Gs.q]
TPin - (1 =R1)(1 +R2Gs,q)(Gs,q— 1)
=gm,qudhfvg.(1— R1R2Gs,q)?2+4V R1R2Gs,qsin?(k L)
(A2-26)
L1 5B,e

CORRICHIRIEROLEHARICFEEL LU XEES 15v.q, Seav.eZHWVWBE Z EiITLD,
F e UTEERHNTEIL—-FHERX (A2-10) i3, EKEHEOE W
J N

= +ELVgfa (Slav,q+s2av.q) (A2-217)
ed Ts q

LRy, BEHEEZTI > CBEBNEHIBERS, -7, (A2-23) (A2-2
6) (A2—-27) RNEHWVWTSelf-Consistentic Ne%2K®», (A2-24) (A2-1
4) ATESHE/GZ2T, Pin, R1, R:DEME L THBNBRBIHETZ LN TE
%,

CO, FBMAEIPERHEMHBT PRI,
BaNewdh f (1—-—R2)(1+Ri1Gs,q)(Gs,q— 1)

Pr=GtPint+L
q 2 gn,aTs (l—RlRaGs.qz)

(A2-28a)

BaNewdh f (1 —-R1)(1+R2Gs,q)(Gs,q— 1)
Pr=GrPint+L .
@ 28n.qTs (1 -R1R2Gs,q?)
(A2-280b)
THAoN %, (A2-20) ACOHMBERMKIC, TE - TME — FRIDF|EZEHMNE W
e, (A2-28) AAAE2HIcEHELT2 B#D» 3,

BE, COFE—FUL—FABRREZR DRI, 2PEIIB (2A1)IKEZL2HE—
FZOWTHARABRHEOMERZLENS D, UTIKRT LD K ¥E kL -FRHERE
MBRARZ b g(A) 22 REHTERPL, BRE—FqitXd5Gs,q, BEHEKE
HEHRO AN B,
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A—2p

g(A)=Ag(Ne—Np) {1 —( )2} =Ag.q(Ne—Na) (A2-29)

AAdg
Gs,q=exp {[Tg(Aqg)—al]L} =exp (gn.qL) (A2-30)
Ang‘Cs l‘lp
Ba(r)= {1—¢( )2} (A2-31)
VZ Alg

IIT, AGRFIBHRLEEL, TONBRETHZ, PLEELA 2+ + ) TEEN.OH
EREE L TREE, Fo6 BOHBYUBEHUTCEER VY74V VY IHREMD AN S
LW TE B,

SEHEIEEE O IR IR, HIRBEMIPORRTOESHELHBARELOMETRE 5
feh, MiGHRKegEENEeXET I+ + ) TEEN:. BEECIHLE:z oMK T %,
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