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FA5S) A FZ HhX ol weR] F5E7] (semiconductor
optcal amplifier. SOA), 518 A7} 34H FF71(erbium doped
fiber amplifier, EDFA) 53 7o) #o]A o|5 vj2d 27 E 9]
$1. W& (stimulated emissionyg 83 Wz v)Hy w3
of+4¢] Raman AFgH(Raman scattering, SRS), AF3ARER (four
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Azb B2 W 2pdk W& ZS-(spontaneous emission noise)
o] 31, Y NYEL 29T F 3= 59 o] Yo A
oAt =
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. nonlinear optics, self-phase modulation, optical parametric amplifier, nonlinear interferometer.
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W =20~ 0% FHTE Z= anti-Stokes B =
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o]0} Raman ZE7|¢ke €], Yo] H|IMY EFEL F
Fale B¢ Wl Buke] 948 §H(phase matching) =l &
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X 4= B3 (balanced)e] BTt ol E;, Ex& 2 E, B
=AY, 98 A57t 22 Sk (wansparent)dhe S
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=7 Y& E,>E,2 7T &+ 2209, uladd 9489
DO« 1Ql A%, A (Taye ThEs) 2ol 2AET

o, _!o m{w >, :0

y 2
j LgAE I -ol i
Fyze? 77 (14

Eshiz &ao] R 7PAsH, QaEe] g EHAE]

Epifcos DE,, (8)
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9] ol% G,=
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2 2 % Uk oM Ad=1L E, | ¥ BZ Asn PRl
= 9% 91 wololek 4 OPIA 9l oS G,& B3t
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271 933 @o tE PSA 9§ HojErh

s, w Ay 94 ol IAdylo] FEI] & AF, A (62

1[1+cos(2A<D )y - 2|E |sm(2Ad§ )sin@] (10)
P 2 NL |E | NL
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FGLEHM + B sin(2A®,,; - 6) (11

o] "t d71H o=, ||E,{cos®, B=—YE,]| sin2®,
o-an-'Bolct. 2 aneie MaR Bl Folel oI
9 015 G,9 HFAE Hl A% go 7é°l L°l Rt & ¥
o|BZ 2Ady, - 0=1 & A¢NL——+ 9. u'H HyEe &
%= Qlch. 3949 A, BlAdE H"‘ t‘4°l—' 2 °l_i °0]50]
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- 1

L IENTE] o
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222 HHHEY 0|59 qdE 54

2 9P & 5 e AN ARl FAfHEY o]
28 olg A7k 44 fs AES HINE FHE ol T F
Folpng ZEr)e JAFoE Fido|n wdolcth o e
SPME H43 4o glo], F 4l& quasi-monochromatic
g Roz ARt 2, FAFAFT ol SHER &
o] Away<10lET 7FE3IE e, ol w7t % 1000 TH
a2hggns e AHEY Zo] o 10 THzET F& 2%
o] &l oA Wz FI7t & THeoll gshe Aol
EH?‘SH SVEAE = %fﬂ slae] 7FsES omlst, et o]

Z¥7)o] Y& £ THr} € + Uk

:L‘“d 2= NDFWMOE 415 HAd 7HdA s ey
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B3} olgdojrel W E, ¢ E,L WAY E& FAsE
A%, E. 9 E;j& FwMel 9@ fFatolrt.
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E, (2 ) =3 [Ep, (2. 1) explilhyz -

+E, (2, yexplj(kyz - apt)]]+c.c. (13)

A71M @, e W 3 BE FIO|L, o= - Q o=
wp+ XM, QE Wz Fugolt)y, HEet T Zutl(side
band)®} THr(wave numberye 2V} k, k3 kot

olw Hxu7} Azl vlE) FE3] I (E., IEy 1 <IE,),
B= IZ(pump depletion)o] §1oH, ©Z Fug7t X F
spol wls) FE3] A A (Q<w), SVEAS 8311
FwMel &3t A% 3% P4 (coupled wave equations)
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B Eatit EaEre”™ (14b)
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oz E s ' pu| Vs pusu

o} o] BHE & Urk. o714 7,,,, (m—o 1,2 and
j=0,s,i°lth Ay= 22t B, AT f “‘ulzﬂ] gt overlap
integrall! 2. BT} 4] (145 7Hds8] £7] 98iM @ =
= =22 JHESE 7, =%, 07T E Al gAsA =,
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- (lepuV)z‘(gfz] I3

+ 1= Py (B L)+ By(L)+B, (L)), (162)

Ey=py(B,(L)+B;,(L)+B, (L))

+ 1= P3(By (L) +B (L) +B (L)), (16b)
= R oW Zzte) WeE
5,
B (2)=1X,e" +Y e e 7, (172)
K,
iz

Bi(2)=1X;" +Y e e * (17b)

TYE2 (j=u (upper arm), ! (lower arm))
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B, (2)=|E, e

W)+ E, (2, )explj(k z - w1)]

E, =Ep,
Port2 E (0)
=E, 2 1 Kerr Medium I————
Port1 i
spliter 1
priyl- plz L @)
E© Beam spliter 2 )
pr1-piN | Port4
—-——l Kerr Medium H E,
E(L) N
' Port 3
E3

a9 2. 813 ARAETO S M NAE 24 SHEY
BFZE7): E,0), Eu0), Ex(0)$} EL), ELL), Ej(L)
& 77} WA Ker W8S Bkl drel 9B} of
gmolie] B, A5, SRoke] HAI

(& 1;1)&,(0)+n1B,,,<0)| B;(0)
Xy= 77 (182)
'
K; .
i} . 2
g7 |B,;(0)-j1B,;(0)|"B,;(0)
sjz(J 2) J }1 p] I ij (18b)
2gj
2 KN\ %
—iYB,(0)| B, (0)+ g2 |B;(0)
X,j= ’APJ l ] (} 2) ij (18¢)
2gj
B0 BSI(0)+(gj+j )B (0)
i 2 G=ul (18d)
&j
olz, HEMEY ol5 Aot 4 FAFES 47
g= [ (18,0 - (192)
K=Ak+29B,,0)"  (i=u (19b)

olth. &714 By(0), B; (0), B0y 27 FEH7] 1% Add
F A" oliglMY AE, fFet, Hze dA B W
Foltt.

A& FRulz]e) Bujgo] 50:502 B¢, HFae] 2719
7h olgtx sHgetd, 28 Az 3§ o5 4 (159
4 (16227 H

2
Gp=1+{——L—ME i sinth} (20)
g
3 7o) EEHAL.
A A3 Ak=k+k—2k,=04 W A% o WA
9 szt AM ABEke 7H (B 0) = E(0) 22 HE

Jlexp(LIE, D, Qla)
S 1expGILIE, ) (1b)

g 78 F ok olgoME 22 WHow AAE 78
g Ax, 2 29] HAY 2M4A sEER B35 A

E (L)=E, (0)[1+j2yL|E

E; (L)=E(0)[1-27L|E,



(E-h=g) uAE 7H9A s EY F5E7] — o) dE - AR 9

A Frade veiE, R 28 AR FEdClMY
Ay A4z

s (B (L) Ep(L)+E (L)) + 1 = Po(E (L) +E;(L) +E, (L)),

(22a)
o 1 pAE, (L)Y Ep (L) +E (L) + Py (L) +E (L) +E, (L))
(22b)
ol olg) zhzte] Woe
2 LI=E, () exp(IL|E, |, (23a)
= AL=E (01 +j29L|E, ) Yexp (S YLIE, ), (23b)
2 UL =E(0112YLIE, | exp GTLIE, ) (23¢)

olz-. E40), E;(0), E, Oy 7zt ZEu)7] 12 4% % 9
G- ofBolM el A%, fFat, HEzo| AAleltt SPME ©]
- BAojMet 7o) FRu)7IEtal 7FEEE E,(0) = E,(0) =
Ey [, E0)=—EA0), Eq ©)=—E; 0PIk O|2FH E,0)+
E,' 0)=—E 0)+E; 0) =EqJ2 9 &3, uldd 74
A AeiiEy] JF5E71Y 28 e 2ok
JIL|Epi|2

fime’ U EGN+L|E, 7. 4)
u}i A 9 AR A wAE A FEE01 AA B
A::Ele] B EY o] G,=

: 2,2
U= LH(ALIE D) (25)

o]:n, & (255 TN A% 4 (99 SPMeE 73k vt
HE o= e AFE Bt 4 (252FE HIHEE
o]t~ Hiulol ujME e Zojo Uigt FFUS ¢ F
Arr A 242 22142 SPMOE 43 &8 A5 4
8+ FYAAR A shie] HEe} = s S (FEE
Y 4 3RRL sk AlEol §F9) Alo]e] NDFWMeE2H
ol{® 4 )%, Wb SPMF NDFWMel 7]x3 2
Ao 7ke ARE EEeE RS T ATk

L. =R{6HA 2=t

B Ry WA A& Bzl Fulgo] 50:50% 73
S BAE 7HiA deEY F5E7|9 o Jsay,
70 $£Aa), BIAE o] Zold thdl detH EY o]& FAdl
o ol Bk a3y 42 SRz Bulge o
Z oMol 29 AEde, SEHEY o5 ¥ £¥ 4
= uME A deEEY 35E719 28 EA4S A
Hykord EE NDFWMS 243l ulady o] Zols} 1t
ez o= I UgEe] AAE 1A

118 32 A (4ol tisiA Bl 7] Bl 50:509 W
W3 7MdA BEE7)e) slepEY ol B4S vER A
o vk ¥ 3(are ¥IAE Be] o7t L=10mR 7-F, UH
A7t 04 1 mwW7kR] HE mle) &3 AsERE F
o] W 7R HEapglo) tis] Uob B Ao 4 Aert
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400
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350§ — — — LOW
= —_——— L5W
E 300 4 20W
g 25
F 2507
&
= 200 -
- -
b _
‘V’_‘ 150 //
= //
& -
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50 7 =TT

— —
I
R ey
0 MEE T s

Input Signal Power [mW]
400

20W

350

300 4

250 +

200 4

150

Signal Power Gain

100 1

50

Initial Phase Mismatch [rad]

1000
Lossless
900 { — — — 8.7 dB/km Loss
800
5 700 4
S
T 600
&
£ 500 -
-9
T; 400 -
20
w1 300 A
200 A
100 A
10 mW
0 T

0 ; 1‘0 1'5 20 2'5 3,0 3I5 4l0 45 50
Nonlinear Arm Length [m]

a3 3. 942 FEu)7]e) 2ujge] 50:50d He] ApHEY o]
= 24 (@) L=10m2 3%, Foi7 Bragelns] ¢
23 N3u9e EA. (b) L=10melx, ¥¥ AEag)

1 mWe T A%, Foizl BEsgele 2] 94

2ol ek G EY 015 54 (o) FZAG7F 1w

o, Fojd 4 AsHeolMe] mAT Fel Qo] Lo

e mES o5 54,

Z7¥etol w &9 AsvF A¥H R FTRIER o 77k
A Y FE712 4T F g ot £, d4F g=x3
7t Z71E SR EY o]So] AR CEER, o]5 H
22 FYA717] AsiNe HEoRlE FITRIACT SE &
itk 28 3bye HAE Ee] o7t L=10md ®, 7]
Al g s EY o]5e] WalE dob & ASE, 9
g N3IE 1 mWE ST 28 39 RVRE
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grurt 242 seEY ojSo] AXE AL & F 3
on, 4 Mzt PEIHe X71 H*‘xm 0%} m F-2ollA
gdejed o)se] Hujrl HL, zfﬁi e F43)
sl o|Bo] (o THIe AL B T °‘r:} A ol &
o] 10] H XA HZag|ol a&ﬂl"*o} 59} zni Y3}
o}, gtelled o|Se] 271 YAt o7t ot mellA Hi7h
PR g AL HAR 94 wort AT 2 FEae, 22
7 HAE =] Zolol] didt FFEA 7] RS FHs)
A AREA 27) g2eltk. 28 3ol & F xel
AW EY o|So] 7] At @Ol thEl A WL e
2 pSAEM 2-80] 715d Aot} 2d 3@t ¥ 3bE
23 SenEY o5 Eol7] feide BERYE I §
T, 27] YRS Zdol F2 & F UL, ol FAAY
Az 4 9Pl olES Eoly) A% AT AT 2
g 3(oe HEIYE 1 WE T AulolM Foizl A&}
Slof thal WA We) o] Lo} WE fHEY o5& B
ol Aolh. £ujge] &40] e AL (a=8.7dBkm), A
ok s EY o]So) s AL B F AUtk Ty
Qg &= 9ol YUY AEIAYIL ARG %&9} Azel v
go] 242) BFHHEY o] AR 1, o)50] TIHE A
s Zolzth 1y 38 3 ¢ § Y AAH, e E
2 ol=g FEuY 27 Y, 2 HIXF B9 Ho]
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Nonlinear interferometric optical parametric amplifier
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We obtain a solution of optical parametric amplification using self-phase modulation within the Kerr media in a nonlinear
interferometer with two arms. We show that it is equivalent to the solution driven by four-wave mixing and that the solution of
parametric amplification is suitable to generate a parametric gain. We obtain a derivative of power gain with respect to the
propagation distance and show that gain-saturation can occur as the beam propagates along the nonlinear arms. We also show a
bandwidth characteristic of the parametric amplification driven by nondegenerate four-wave mixing. Numerical examples are
aiven to illustrate that the solution of the parametric amplification can be applied to design and analysis of all-optical devices such
as all-optical amplifiers.
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