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Abstract

Recently, optical superlattice has been paid attention in condensed matter physics
and materials science fields, which has particular photoelectric function. The research
of nonlinear optical effect in optical superlattices is mainly involved in the
quasi-phase-matched frequency conversion. In view of research modes, the research of
nonlinear optical effect in optical superlattices consists of two stages: primary stage and
advanced stage. The primary stage is to study the properties and the possible
application of the existing materials and structures. In contrast to the primary stage, the
advanced stage is to design and fabricate, according to certain needs of application, new
structures and materials that do not exist in nature, which has widened the research
scope. We theoretically and experimentally investigated possibility to realize the
Third-Harmonic Generation (THG) in a general two-component Quasi-Periodic Optical
Superlattice (QPOS) at any predetermined wavelength, which complete the leap from
studying the existed materials to design new materials. At the mean time, the researches
of the nonlinear optical effect in the quasi periodic superlattice also greatly accelerate
the basic study of the quasi periodic structure. As a natural extension of the
two-component quasi periodic structure, we intensively investigated the Fourier
transformation of the three-component quasi periodic structure, and compared it with
the two-component and periodic cases. The obtained results are described as follows:

1. Using the project method, we systemically studied the general-two-component
quasi periodic structure and proposed a method for designing quasi periodic
structure for efficient third-harmonic generation (THG) at any predetermined
wavelength.

2. Based on this method, we prepared the LT quasi periodic superlattice that can
generate blue laser beam at 480nm. The measured output efficiency is larger than
27% with a pulse laser source. Changing the input wavelength, we also got a series
of high efficient SHG outputs at different wavelengths, which manifested the
veracity of our method.

3. We Theoretically studied the three-component quasi-periodic superlattice (3CQS)
and analyzed its Fourier spectrum. With the project method, an analytical
expression was given, which clearly display the relation between the Fourier

coefficient and the structure parameter. Through the comparison between 3CQS.
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two-component quasi periodic superlattice (2CQS) and periodic structure, we also
gave out an analytical expression of its Fourier spectrum which can be applied to
K-component case with K<3.

More than two optical parameter processes can be achieved in the three-component
quasi periodic structure. The direct 5MHG at any predetermined wavelength can be
achieved with a specific project angle and structure parameters. The theoretical
conversion efficiency is ~50%.

The coupled optical parameter generation in the periodic structure was studied.
With the specific input wave at 1960nm, we firstly get SHG, THG, 4"HG and

5"HG output simultaneously.
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Power (mw)

7

0 3 40 50 60 0 8
Temperature {°C)

B2-5 ZEH. ZERTHNERMEBERGEL PHALRY
FH 4. 8w



Bk S R R R R i A R RS R SY

E[2-5 £ 500 FHIBMSHGATHGHRI M E SIREMXR. JBHH278°C , &
WHIIER 4mW B, B 110mW RIS 480nm =R, Hitk
MEEE, ~ 27%. SEEAED] 44°C, B (720nm) KR EIEF
&, R 7%, EEEANDE, RMNEUEREMNTHGHE Y 4mW, i
R B HE N 20mW. SHGHITHGHIMILEEE A 5% NF 44°C A1 27.8°C.
5Ep#ith 30°C HFEHRE.

Al BE B T SCIR A S RO 3T 5 28 5 SOHRES B i Selimeier A RN B i, £H LB HIK
SHGATHGMERREHFES, RERFERMEAKZ BNHRERE BT
2RAME. ERAME, RE—2 ZEHBAAZEE, NTESEERIEN
“RANBERYERERT AR NRLERER (BERETAE2-2PE
). TR, SHEANEDTSKAPREEDHLAR IS RBIERLHTHGH
FEME, BYQPMI T EEITHGH A NS R MEERER, LFEH
o SellmeierX XA MR ZEH S QPME, BHMMARE, F/EHMN=
FHNRRENES, BEEHEEE. MERKIBP=ENSHSENREH
FARXERUMKE, MBERERAOEMAK.

MERLSIETTEAE Y, % B SHGNTHGH BB R 54, Bip b

EERTUALRBTENSRILER. BEFRNRER, BititEXRMER
BHROFEEK, MKk LRSI R EHEBLITE 0. 7m,
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WiAE 3 e AR R IR AR T R A B R B

§2. 3 LiTaO RSP REINERIS

BT AT UL HEHRB RN g, aTHEANS AR FERNERRE,
Eit iR ER K, SASEMEBAMRRAEH, HEURMNER™EE. £R—R
B, BTSSR, 1200 nm 11520 nm, & BHEIT £ BB
—{ESEE, HBEKMNS93 nm B|759 nm, EE 8% F 73% I8 (WF2—1),
XN ESERITENERGTSMERE (LE2—-6). EiblRi#ra] i
TFHIE S BBOCEMEE M, TMAE—RER EMBEKED.

1T

o
o

«
~J

it
o

(a)

Conversion Efficiency
o o ©o o
M3 L F o
i [ ¥ [ M 1 |. 1 M

@
-l

.
l 1
2 " i
v 1

T y T
1.3 14 1.5

Input Wavelength (um)

! o

o

o
—
ha

o
o

o
tn

(b)

o
=

|

o
o
1

o
%)
b

Conversion Efficiency

e
—

0.0 -#—uv—#wﬁ%
1.2 1.3 1.4 1.5
Input Wavelength (um)

E2-6 BB MR A EE CGORANERESFEHK Y
BEHRR)NERE @O XRMEOG HEEHBBEEHN
1. 20m3) 1. 52,m.
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BiH e RS TR R i T N S RO R

*®2—1 A& BN A

U4 AL R R

11

Fundamental 1.210 1.238
A(pm)

1.268 1.302 1340 1

386  1.440

SHG Efficiency 8% 11%

11% 13% 27% 20% 73%

Reciprocal (1.4] {2,-1}]

[1,3] [2,-2] [1,2] [0,6] [1,1]

Fourler 0.020 0.036

coefficient

0.046 0036 0.106 O

025 0.536

§2. 4 355nm#E S =5

FEEBEE AR, FINBOLRERES]

b

BRI —, ]

2T MMIKNEE. AFHEGEREL
BEEDVDXEBRHRAZ —HELESEIIEOESE, FAKEK

AR B AT AR ZIR, ER LTI/, EMARKNFERRMK. it
SOMNEOLRESBER. CHFESTERE ZHNMH. BTHAMELECER

R REM, HOESFAELEEWw, ®it3

B EN T 355nm B E ML H .

& T LTRHE R R rg, HESLR

BAE RO ITEREAN25C, FHME5MMETH K KD 5N Ak, = 0.802

o R Ak, =2.894,m™ . BRAIFERE

LACFISLRE, B

RG,; ILECEIERE, G, |

HAR (2.7) AJHBy=1.549, D,=8.6um, Dp=6.64um, 1=33um. E2-THLIE 45
A Bk s e 52 3 Y T8, M8 HI532nmAISHGHI35Snmig THGHIB B 5 . 785K

05 i ! | L | Y i ’ 1 v I ! | o 1 v 1 ’ I h 010
; A% B ¥ = 500mwW
SHGIKH HIDIE = 28.2%
a =
04 - 5 ‘% THGRW HIUE = 135% | o
l;-_!, | T,.,.=37.8"C
D & 7, =341%C
S 0.3+ ? : T Tamaa®3.7C - 0.06
E g 42,
& o) 3
I z i 2
¢ 0.2~ , g E: - 0.04
! e B ]
: L,
d .
1 0
6 1- s e QE 7002
.f -
U-DI'I'I'I'T—[ ! r——Tr—— 1 0.00
26 30 32 34 36 38 40 42 44 46 48
+]
T(C)

B 2-7 532nm fE 3 K F0 355nm Z(Z NN EEEHF



VL

MUie 50 6 BRI LA Bt B R e N Tt 9

WA EATEER B TRITEMSN, BB RERF, MR R,

MBI HATTR] I;L%Hj355mnB4JTHG$usqzmnEﬁSHGEﬁ_LEEE?%E&%E%, P
fRE3.7°C, EBTHGHEENEMIE (IUN135%), i E%E50.067mW. A
M, BIIERELFAFTI0C, BR T RIFEHNEIE R BN, FEXFHT 58 2
aXETTRIE. XFE, SRR LRS54 Ak, = 0.817;m™ #n
Ak, =2.971m™ . G, LEMEMETE, FG:, TREMITE, daz (20.7) aJ
By=1744, D,=8.4um, Dp=6.45um, 1=3.2um.

HKNTFHLDRIEHING YVOMEE LR RIE R HIE, BATRES L E.S. &
FBATENCH, JFT21mWHAI3S5nm%E 4h e fsa iy HHRBEN27%. R
ERE]T 344mWHISI2mER S, BHM B H454% . ZLREE Lo B LA L
35SnmUVEEER I FE R,

output LiTO;
LD :
Nd: YVO4 mirror superl&l‘tlce

=== él ﬂ{) |~

focusing focusing temperature  fijier
system lens controller

K 2-8 2EEEE UV AELFE
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i 136 30 Fe AR O g Hy B R RS NI 5T

¥-F ZHTHERRAFBEBOTSR

AR, RSN ETENR TELEET Fibonacci FIIAHET
Fibonacci FE¥l, HH > TERE T 3F Fibonacci 54417, 3% Thue-Morse 514
1 Inter-Growth Z5#3UA K bt HRBMEEISALGE M. AT, A Lk giai R
BEHEARRKEREIT Dy F Dy BEEXHERIRE MR ABERA, A1 15
MRZEATHERAPEH, BRI TESEANELKERTH=HIT Fibonacci
g, FIFEBE Fourier ZH MBI W 441 T Z4T Fibonacei &4, 2|7 K
S ITTHE A NN ETERERRER. EXANEME, RNBREXTE=
WM URERTFHANESELE, DA EENLEIET.

§3. 1 ERBSHREEELHEIT

BESYEEFT - MEALHRKBERESHRI. K% L, Shechtman A
BERESAERERN Al-Mn &P R T AR (1984 F); #Hig b, Levine
F1 Steinhardt RIL T —Fr#fE, HAEEMHIEMSIM SR B 50T LA Y

(1984), T E, ff1& R IEE, XELEMHARIGIK, ENIER T L1
RGN ElfIRERZ A “BR7. BTHRFIFERTHERNFEXFRE,
f£4 1 Bloch B AHER. XAWAPHIRARE THRORE. AHRRERHE
R HIPRELE T AMIBR, XERECEERTHFER “RIVITHIE".

Zia ¥ Dallas A F 1985 ER Y THEHE L, HHE—1 D EWNERREWT
LI —A N 4 (D<N) BB 8] B A MEZE D TEPBRABE, HPSEThEK
HESN THEBEHPHETE. D #HARH “BENTHRL” HEIE N
B AREEL. T -E_HTHRBEN, TUR_EETRTHE—
HESFMNEERETNEY (LB 2—1). SREEmEmt. RMNMREETEHET
A—RBEN =0 618 MEHLE, SEXEBSEEEMNETOANS SRELTRN
2 B E 2 1) Fibonacci 751 .

BB UB IS H R AR F 5, 0T LUK B HE 3 AP 510 638 700 R {30 4%
KA. XERERAPFINAREETEMORE, EANF—RHOHEBIEES
ANFHE S Fibonacci FFFUAFHEHE A0, it REEE TR RER . FEHEA]
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WA e S A 1 P B T 2% TR M3 S RS W

L — 4 TR R R, RAENEREBERES TR,

" mEl 2—1, Z“HFEIREM A LIR AL
U, (x, )= 8(x - ))s(y - 1)/(47?) (3-1)
Hpp sk MBFEREIMSA (U D,
Tl 3L L Y B HR R 5T LA R
0¢)= [ dnr(n)U, &) (3-2)
e, U&n)=U,(£cos@~nsind,Esind +ncosh),
L $O= e
- -;—(cosﬁ rsing), HREHTO, FHEET & W, LREES/KEKHHE
SEBRER £ L.
REEREE,
0(6)=|[ule. )R] , = S(- p)* M. p)
Heb S(p)FIM(E p) 7 BIRE RP UKBEEMA R,
TN F(k)h o) HEBE 3, M.
Fk)= [[s(- p)M(£, ple* d&dp = [S(- pV (k, p)dp (3-3)
vk, p)= [M(£,ple*dé = [[U(£.n)e" e dddn
= [[U, (& cos8 - 75in8,£5in6 + neos@le™e™ dédn (3-4)
HEHEEcosO-nsinf=n, Esinf+ncosd=mbt, U, THH.
TR
E=ncos@ +msin@
vk, p)=3 g (ncos&4msing) ,ip(-nsin g cosd)
9 = ;.3 [k - 272(ncos® + msin6) [p - 272(- nsin@ + mcos8)] (3-6)
S(-p)= [ Rink*"dn= "e"dn = 2SI PW _ 5 wsin(pw) (3-7)

P



R I A Al AL A R = AR e S P 7

AAREHp=p,. = 27z(- nsin@ + mcos ) B F A A A% 53

Xom =Lum?= Dr{mcos@ - nsin 9);1; (sin @ + cos 6)

el

=n(mD, -nD, XD, +D,)= z(mD, - nD, \D,(1+7)

= 2D (1+1)mD, —nD,) (3-8)

~ JE S L Ry . . D
EE! ﬁiiﬁﬁ%%ﬂqﬁ{ikgﬁ 1: FﬁU\DA =COSG, DB =SII‘19 o r:-D.—A

A|sk7: D=1D,+D,=D,
ok Flk)= 3 2wsinc(X, , )6 (k- &) (3-9)

qLEE, EROUEMT:
G, = 27(ncosf + msin 6)= 27 sin Ot +m)= 272D (nt + m) (3-10)

n

B R RUE{E A
g, =2wWsINCX, =~ = (1+ 7)D7'sinc X, , (3-11)

mREEINTNETHSTHERR, W

um = (1 + 1')D'l sinc[% Gn,mZ] sinc(Xnim ) (3-12)

XBEH AT RTT ERRKE,

25




B 1530 50 FERERLE M B B 1 T AL TR T A AU

§3. 2 ZHIHERMEHREER
— AR R AHEREIaAE=SANEXRIT 4, B, ¢, BYRTESR—
SHIERBEAR (LB 3~1), Dy Dps DeDWRT A B CHKE, It RTHERL

PIIEBEATRE .
EX
|4 I, 14, .
mEm TR TR e

4, . |8, B, HBFFET AL B CEFFIBHE, n FARFIN B TR
A B C

(b)
B3-1 (o) ZATERAP=AERET A B C, HEARTHH
BE, (b)) ZARERMEHNTER

5 @AmHERRAL, AR R ERE T U BT RER R — L T AR
AEREEN. I ERRLE -2, B EE X1 EAYREX: Xy, 2},
FAN 0. EXMFRFTIMHERNIL T A, KESEHEEN 1. X5~
NMEAELFERX &y, BABE 0L, HERE v HAREL. T la o
o AREBESHE x. y. z#FAH. TLUEBRNMEn. o ALTEE, UWKRT O
m=hb U REREME SIS EEREL L. SRRBHNEUEE IR
.

S R S LB Uy, ) R E R

Uy(x,3,2) = Y 8(x~m)S(y — m)&(z ~ ) I(2x)’ (3-14)



R D 5 Aol ik SRk S B R R AR S, e b QAU

EFHRAEAETAREL (nn, D,

B3-2 U TERANENRYTER

FEMES DR IS 0. A& O A B S0 7T DR R B
y L, EEECAEHRE, RINEBNEDLEFHRMESERPLNT MR
B MR — &SR, BEBEN SRR RN, ERERSRRESE
BB H R REF RN — /750 ABCDEF (LB 3—3), HH X, Y. Z
BHETX. Y. 2 W7EE—E E I, BIXAAUE ABCDEF B% y HHE
SR A<k, BB MEN R SETUREE ¢ L. RYAHN
FHRM=AKERSHERSTHRN, $EXKER
D,:D,:D, = ny. EAFFISESARERBES, BRYO0S6R
He .
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fi b S Yo HR R R IR Al L LT SRR VBB

Y’

A B

H2-3 HPTHTEH

HBEAETUEN:
RG.¢ )= {I(ff(n,e’)e PA ),

0 ( otherwise )
= 48 TEE PR MR FP B AT LA
Q@)= [dndZR(.E ) (n.&,7)= S(p.k)* My, p.k)
Her, S, MAHR R UKEENZH.
BRI A AR R R E R TR,

17 =xCOS @ CcOSy + ysingcosy — zsiny
& =-xsing +ycosg

y = xsiny cosg+ ysingsiny + zcosy

cosa,

sing = ———
y1-cos’ a,
siny = y1~cos’ @,

R E X FG)A O(pWIE R R, W FGRIRTA:

F(G)= [[[s(p.k)M (v p.k )" dpdkdy

= [[S(p. kW (G. p.k)dpdk

(3-15)

(3-16)

(3-17)

(3-18)

28
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AL i S SesE RN ML F B AT ER At S BN

V(G.p.K)= [M(y.p.k)e " dy = [[[U,(n.&.7 )™ e™ ™ dndédy

= ZS [k—27r(mcosy/cos¢—nsin¢+lsim//cos¢)]-8[p—27z(—msinu/+lcosu/)}

nomd

8[G -272(mcosysing + ncosy/+lsinwsin¢)] (3-19)
REAR, REXE

k=k,,, =2r(mcosy cosg ~ nsin g +Isiny cos¢)
p =P, =27{-msiny +lcosy) (3-20)
G=G =27r(mcoswsin¢+ncosw+lsinwsin¢)

r, FGOAAAF.
S(p.k)= [[R(x,y)e P"e " dnd¢ X BBE ABCEDF it & —E{§ Bt

B, RENAHEERE:

Sm_nl = ;Sl i Sz hd SBI ; (3'2])
© 2m(-mcosa, + ncos & )(Cos &, + COS &, +COS &, )

S, =cosq, cos%(ﬂ—y)sinc%sinc ’62—}’ ;

S, =cosa, cosa,(y-a)sinc-gwsincy;a ; (3-22)
S, =(I-cos’ &, Ja —,B)sinc—g—sinc a;ﬂ .

BJG FG)FTLUER:
F(G)= ¥.8,,,61G~2aD" (mry, + nm, + 17, )| (3-23)
m.nl

RHRR=ZE RPN E R E R B — R Delta REFIAEN . Delta H#H
WER:

G,y =220 (ma, +nn, +113,) 0 ‘ (3-24)

nmt
D=nD,+n,D, +15,.D. ATEHEMSH

a= 2zr[r1r1(cos2 @, +cos’ o, )— ncosa, cosa, —Icosq, cosas]

B = 27:[—— mcosa, cosa, +nlcos® @, +cos? z;xg)—lcosa2 cosa3]

y = 2;2*[— meose, cosa, ~ncosa, cosa, +I{cos’ a, +cos’ a, )] (3-25)



WL SCe SRR B TR A VT AL Tk M e R NLIRT Y

% RS A BT RIIE A, 85 MEE RN REXTUSA:

24D (mr, +npy +1n,)| (3-26)

"
gm.n.l - "’Sm,n,f

mant!

Lmﬁm+mmmfmmwb
D 2

st s, , LB *’73)smc( e J RWEI R, Deln BEET KRS

RN E .

HELEMARE, BEMHABNCBENRNDELRETREZSLIRHRA.
X EWSE Dy Dey DoBRFELEHBHEAFEN. MEFERE—RIER,
FH R HMEMSHENZTURE, XRLFAHRE—IKTERIRE, 0. &
R H azbec, FAFFINHAREBRFESRITHKABREN, THE a b, ¢
WIfE, BEFTLABLEE Dy Dps DcHif. FAURAHEAR TN e, o as B Dy
Dp, Dc A RB—RHED. '

¥, R (3-24) REA:

1S, + 8, + 5,
mnt = (3-27)
' 2n(mD = ID )7 + 7, +175)
S, = Dcn,(ﬁ—y)sinc & sinc il
2 2
S, =D ,q,(y - a)sin £sz'nc r-a
2 2
S, =(D,n, - DXa - B)sinc %sinc g ; £ (3-28)
e |
a‘_’z’zD_l['Tl(lDA *ch)+772(IDB—”DC)]
ﬁ=27rD_[[773(mDC_IDA)+T’2("’D5_"DA)] (3-29)

y = 2D [, (aDc 1D )+ 7, (nD , — mD, )],

FE-MEARRNER: MRS FHETHNAERESAR, MEFHHES
EERAROFEHE o, be 4 HIE NEXHHHEOYESENo, W oy - &
RS, EYEEHTTUREN (RE2—4):

1
olx)= 5(@ +cn,)+%f(x)(oa -5,) (3-30)
e
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B L ih e s R OB R B A S R R BT

+1, xfEaik
NP ’ 3-31)
s {-1, Ly ‘

[s)
i o4

_____ SRR IOV E S

o, +a)-

Ob X
0
E2-3 WESEcE BT A TR RS ERETH
TR

B ARG 2)FHE TS RNEY, EEENERIGIEFEHER—
ATE Gy =0 i B Delta Bt Fitt, FEEAMEMERLE, BT LHB-26)
ME2NERR.

BENMe s Al —FRENZETHEREFE W
ACBAACACBACBAACBAAC. o € o BLH — A & £ & X X £ Ml -
A—ACC—BB—A. 7, REMEGMSEARE V—2—1=0 BHER. FE
WR mm=1, BXFEHE, 0 n TUSHEE:

V3 13
1 (29 1 {31 1 1 /31
=—+ _+—1’_— ettt b
3 {54 2Vv27 2 2Vv27
/3 i3
I 1 {31 I 1 31
O PASY Fo8 B PR £
(3-32)

773=]

Th

BB B RE RPN FEMAIREE, UBBIHEEErgTRE. B
BERI. Bit LREEENRFEN, ERLSER TRAE - MEENZ
A, FAEBARESMMIRRNMALE, MARENNGHSMIEH RN
Koo FAHERB R 5y np FHEBONEEHHRED, RINBET 5 HAY
FEF: ABCAACBACABACACBAACBAC:-. KN4 MBEMEK FIEE T XBHmH
g Rtk (JLE 3—5a, b). TUEFHREXHAEHEL TN LELTA,
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GRS AR ERR DT I B AT SR L BT

EEiEERnERE, DREKRHRIMIFAR, EEATE0T, B0
A SRR, R, . s EEAEMG. FARREXEMA TN
Hed. T A0 4E Rl A R 0 A M R IR RO A 4 B B ER A B U e RERAUD (G
TR, X774 R R M ROR T T R AR A A

T BB, RIEAESERERAR, RE RS HHIER
LRARER, FRALHNET. SFERAMLOERARTTHEANENR
B8y, BIN Fibonacci FFFL. THKHES) BB VAR BIEH AL R £ 3B 0
KA.

& 3—5c RFA AR (3-26) 1 (3-27) BEM. RNSHETENER (B3—
5b) BT THFAMLR, RS ERRMEERER ). BEESNRY, &
HWRMIER T AR G-37F(3-28) IFEHME. M—MFARET: BTHEAERER
MR (AT T 200 3, BRENMEHNERE. MRHSHMELHERN
Delta B EM Y, FFERERE.

045 ' (a)

{111

Founer coefficient
=
b4
1
112

oo LK} .o .5 20 25 30

The reciprocal vector G (gm™)

(93]
o



B 30 SR A ) e R T M TR SR S RO IR

0.50
0 .45 = (b)
0.40 -

= 035 -

&

S 0.0 4 ﬁ

S 025 o - =

T o

QQ -y

g )

=3

[}

u_

0.0 035 1.0 15 20 25 3.0
. -1
The reciprocaivector G (gm™)

o
&
L
a1
—~
(e
N’

1.2

(0,0,1)

Fourier coefficient
o
N
i |

0.0 0.5 1.0 15 20 25 30
The reciprocal vector G (um™)

B 2-4 ZATEWHME . XEWEHA: D=28.564m, D,
=3.0um, Dy=4.0um, D.=5.0um, I.=2.0um. (a) Bk RAR 4 &
WEMABEERER, —HIHT 200 3% b) BRVELRGER
HHRETHHER, (o) BRNBAGERLOKXBEBEE,



WOl eSS BB R D L R R S AR R

XTSRS R S R I S M Tk Ay, BUE B A TE
My B =4 MR E, EIRI1BAMNERN IZEREER T ATSEH. &
TR EE De=0. AR (3-37) gha] LA {k A

£nn =201+ z')D"sinc[ G”z""l)sinc(xm_” )5[Gm,,, - 22D (nr + m)] (3-33)

HAR(3-12) w44,
F#, %4 Dy=Dp=DcWf, B4LKAMERN, AXG3INH—FEULH:

g, = f;sinc[mn %)5(0,,, ~22D7'm) (3-34)

LESX = MARMNEH . ZEERY, —EuRBERRARER, Z4His
MR ERRERAN, METEEEHRIEOXRE. EXALEIE, A
A EBEBHERTREIE. LM ESBIEE, Fli1 SHG 1 SFG.
THATEMERPSHNT R, HEENBKERERG,, =22D " (nt+m), £
¥ r REGTE. TR WLEEEA B R KR MR GIARKE.
XEBREERA LS BT (F QPM K £ B SHG ME# THG) AW
. CHAGEHREF —SHTBE. REBRNNETURF K
G, =D mn, +nn, +1), B¥m, n BREBER. XEBZHTERBE
sWRi P AP ERNREE. MH, TRAREE=AMERRKE
R AME=A M HRE, SRKXFHEMINSRITE (FmAEamE).
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RS 3 1o okt L AN Ay R | e ot oy ASALTIT B

§3. 3 £ S4BT A G R oI E A B S e
AREEMELAERSI =SS ELRE: vto- 20, 20+20 > 40 F
@+4w = 5w .
FRIE QPM Hit:
= Ak,
G,, 1, = Ak, (3-35)
Gm;.n;.ﬁ = Ak,

m| _n| J]

bwun|

EaLnR(3-24), B

mm, +m, +i 4, -n,)

27 5 2
m,n; +nyn, +1; _ 87z(ny, — Ny, )
2 D P
o o Tl * Fal +1 _ 2n(5n, —4n,, —n,)
D A

FRERE LT N THYR, RESBEKBKS 2000nm, TEREN 100°C. =
AR R SRR B 0.2078m™, 0.9874um™ 1 1.434 um™. EFE G,
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