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Abstract: The mid-IR femtosecond sources based on difference-frequency generation exhibit many attractive
features such as wide wavelength tuning range (6-20 um), wide coverage range (the entire “fingerprint” region),
and low system complexity. Ultrafast fiber laser driven mid-IR fs sources have higher system stability for using
less spatial light path only in difference-frequency part. In this article, the different fiber nonlinear frequency
conversion techniques in difference-frequency generation were reviewed. The methods improving mid-IR pulse
power in different-frequency generation process were introduced in detail.
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JEIR T U8 72 300 55 M BT 7 AR 0 0 B K FE 0.7 pum,
B B/ T30 fs (14 8 bk wi, Tk obRE & O 5.3 nd;
[l 8(c) FEL 8(d) 7w T U8 Hh A7 300 55 M T 7 A= g v
P AE 1.23 pm BT L 98B /N T 90 s 11988 45 ik ofr, ik
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Fig.7 Principle of SESS. (a) After passing the 6 cm fiber, femtosecond
pulses could be generated by filtering out the leftmost and
rightmost sidelobes of the spectrum; (b) Evolution of pulse

spectrum with fiber length
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G354 ARALVC A5 BRI R 9 I R, LA R g
TP RE . FIHB B MOL R4, ik sy
AREDE % 0T DAL= AR P K AT AE 825 nm~1.21 pum 22 [8] A 3%
SR Gk, ke sE BEAE 70~120 fs Z [, K LA
BT IR H R RN A FT R ok e VR ) bk b R 4R
B2 AR

h T 2 K R L 2B R S R U
AR AT PO KAE 1.55 pm (BB EDG L 0L
b, AR 3RS 1.3 pm A 1.7 pm 59 KB BK o, [ i A
TSR B AR 02, e R b, B4
TERBEGE T Ot 55 ek 7 S8 W R et nl 7 R, 556
AT T PR A AE 1.3 um A 1.7 um A K B8 &
(1t 100 nJ), W 100 fs ik, EfETR BT 1 MW, &
H IR EEFHOE RS BT HRAT I |« B AR A A 2
T 1T (9 0 g ok (R I 850, 2020 48, 2835 T 7E DR
248 L TR WK OGS SR MR IR IR, RR RS — AP 4R
TE R GE 0 bk o g R R,

B TR ORGSOk A TR — & B AIEOE A,
T Z A A AR R Y B SRR B AR T
RS JElk b, SEEF i AR LR AT RE 2B A
SO I i B MR S A A AR S T O B M R K S
— 3 o G A I B A6 R A5 5 16 Ik el 0 4 X e 4R
Brahmer . FE R AT A SR 7= A T I 15 5ok
Jikwpest, Sk T AR ARAR BT T L L e Ay B AR S
JEIEIE, CEF AR FE — K B (R AL JEK
JUK), 3% FBUE 5 ek R AR R A LR A X
ISl s M, MR K AR TR 50k 5 SR TE
B3 0 [R] 25 27, O30 2ok 2 A% Ak kg T 2T 50 R RD ik o
(18 B SR} 2l W P iR R R R e B 2L AN
FH AT ARG L B A7 50 A R LA R M 7 5 G K i B T
B BHETRAIBESE T OG5 Mk ARk b iy B 7S
ek, RIOGCEF o i SR E T . BRI SE G
PJUESE, A IE T AR L Ve A 2% (0 1 A8 e T B
FH EL, ST 55 e U D 12 A B 8% A 280000 o M s A £, BT
77 A TR K e s [R]} S S AU 100 as 224, T
IR B IR R AR Rem Y,

3 HLSMNGRE

FRL MG i Rl i 22 AR A T 204k R AR K

W R G RS . TARAE T L A B AR etk
2 R S A Sy AR R R R AR R
Fo REBHRHER L AN Y ik © A B A=
KEAR, Tz AL ea i, (A2, B FRA
() 22 7 F WA, T AR AR b A 1 325 A L — A
Sum PUT, B GAS B 3 3 ol 24 2500 = A K Dk
ZLAMk ., L AME AR K, B — T s 2 oo
ey, T SR e ALY (B | Al R AL ),
FC AR AR R LA T B A TR IR L O A R
AR LTS Ik o R X SR A A L R
) b AT B AT R A K AR, R S EOE 2
e B . AR A 953 49 1 (DA R e T — > B G o B
FEo AEIE F Y 20 AF oy, WP P T A b AR TR AR
TSN E PLINEOOCIE A, R 145 T LR
T )2 fd Y B A A I ST B o 208 R AR
A AU

1, TR R IR AgGaS,(AGS) FfiE
B AgGaSey(AGSe) H A 1& i) A RUAE &M R AL 4,y
OB 1z FEh 2r o ed 22 i ik . AR R gt
W AVFENTAT AT 1 pm 1 1.5 pm  KEMEOGHEST
S B AE SO I. B2, AGS. AGSe LI}
[F] 8 T — W A 1 BBl AR AR A LiGaTen(LGT) #FH
A AR TR R A7 B, NS R & D3RR

®1 M ZEASREFIRNHERINMNES
g
Tab.1 Several of the most widely used or most

promising new mid-IR non-oxide crystals

Mid-IR non-oxide

nonlinear crystals Transparency range/pm dogr/ pm-V"'
AgGaS,(AGS) 0.5-13 23
AgGaSe, (AGSe) 0.7-18 41
ZnGeP,(ZGP) 2.0-11 75
CdSiP,(CSP) 0.7-9 85
GaSe 0.7-18 54
HgGa,S4(HGS) 0.5-13 31
LilnS,(LIS) 0.4-12 16
LilnSe, (LISe) 0.5-12 10
LiGaS,(LGS) 0.3-11 10
LiGaSe,(LGSe) 0.4-13 18
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FRBOEAE R AL L

TF Bl A 5 5E ZnGeP,(ZGP). T4 ZnSiAs,
(ZSA). T 5H CdGeAs,(CGA) Fl it B %ty {5 1A B ik 4
CdSiP,(CSP) [l J& T II-IV-V, i £ . %% £ P20 o &
PR 0 A AR LM BB e R I AL Y
P, Rl A4 B 5w A HAE . b CGA A REZ
P ZR O e, (E A5 Ay IR A fe AN 3 1 T 8 D 32 38
YRR . ZGP, CGA il CSP A 5 J8 5 1 I < 40 71
PEBR I AE 2 pm., 4.6 pm FI 1 pm A2 A7, T EEEHE A IE
R T D LAl 6 22 D1 W e iy 52 i 12

LR (GaSe) J&—Fh i S hAE Ltk il AR
R A 2 PR R0 ST S, L 450 5 I (R B3R
X, I BB —Fh 2 A i AL & 9, ARMESEAT
BERE . T BB KA S, s LT Re s e
AT ] = 2o A P S B 67 DG e, {E TR) B 5 A K
25 () E B AU . AR, AR KRR L TOLR IR,
i A5 3 S A 07 VC B TG VA SC B . AHERTT R, AL 4R
(CdSe) HLATEAR M BT ARt R4, (AHAE K4
ARAREA, BRI IR, 7T 2B R AR 20,

BB K HgGa,S,(HGS) 1 4 H BT Ab ik R AL 5 Y
R, AT AGS BATZERIAYE W] % 1, 285 Hl AGS
PEAT A, ot i R R Lt R B0 E 31 pm/V),
2 AGS 1 1.8 £, I HB 0 B & o She 22
B iy R K i R AR IR IR Ry IR, 74 2 L
A il T R S A5 HGS 1 S B Al A
A E— A mr e

R TS BT B A, 7 SR R vl
B R LI AME S . LT AG 254 (AGS, AGSe
45, B4R LilnS,(LIS). fifi 4% €8 LilnSe,,(LISe). i %%
H LiGaS,,(LGS) i &% £ LiGaSe,,(LGSe) % P4 Fff —
JUHR AL B T SE A B, 58 TAE T 800 nm 1Y
TN AR R A RO F W, EF 0T R 45 4 fifi L
HA B BRI BE FbL i it R . (R, %251k
AP AELE REORAR, 105 HE L S A PR Le % A 1A
R0,

HAG 57 7 S5 46 0 N BE 2 54 1 40 5T GaP,
InP, GaAs, InAs, ZnSe Fl/b> & HALBELY) | Wik, B6
P FBRIE A BAT B R ARt R A R AP 44
P Al AR, DA S i SR AR L A b 2T

NI B B G 1 BT, (FUR, AT e 45 1 [ 4
W 1 R FH ST 569 52 A 97 DG B ) ] g, 7 S PR i T X
SRR A 2255 1

T B AR L T R A AR, AT DLk
PRI LA BRAS e KA (5 SR, Al 1A 1] £ 2022
W B VR 57 DE T 2% A7F, 0 T IR A AL 0% . ik s
AN )RR S5 S, T T b A I ) LR AR e K dpr 14
[ Hef, X it P 0 v P, o ST 2 e o A 1) S el 2 1
AT AR T dp (B 5 0E 57 R PR A . ARG O R
(4 BE R, HE dop R IEAE I X SRR 2 0 AL R TiE , K
TE dg o A 1 DX R A B RS, 8 A AL 2R i R 22
HE T ORUE BE B — BN S OG m ROGHRS , iXRh Ty
LSRRI TERCE AR . I AL SRR E (Periodically
Poled Lithium Niobate, PPLN) J2&—F & FH (1) 5L F i 4
(VAN & NEE 23 C Y N St DA RS DA 1) 454
%7 1) 3 L, A2 AR I AR 7 UG R A, AR
P2, B Z T 0.4~4.5 pm P K TS 1Y
piiecs =y

JRAE PPLN € 28 JR 9 O 1538 b Ak i P g, (R
S, JEAS R BTA B SRR RS REE 0 H R AT 4
e A1)y 2 S B A 457 DG ., 081 2 iy T 44 30 ) LA ST
J5 85 I R AL AR (GaAs) db AR I AR etk R B &, 0
il £ PPLN [ H AR XA AL R TCAL, I H B 2245 1)
[ b A, 2 B 3 Jek XA S S AR Z DERC . S 1 A v
AR D e B A T B 37 AR i AR 2R v R AR, B
N A& —FR B AE REOR, A DL A K R
7 1) JE P B AR G AR, AR R TN ] 9 BF
AR e A B — R AR T ] R R AL BRI
TG — R, 72 A K5 LAt T a4

Rogrowth of GaAs matching
the underlying GaAs orientation

WA

Remove photoresist

Onented GaAs substrate

Ge buffer layer

t

GaAs growh of

. . . TR R R R R RERY
opposite orientation
"

LR AR R R

Etch through Ge layer

Patterned photonesiat [ ¥ L
"B H°§ (R

88 888N 8
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.

Pl 9 S S e AL SR A AR B A A A R
Fig.9 Growth process of OP-GaAs!'?
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F AR, RIS BE O 2 B b i 2k 22
FIRZ, Z IR EROC 2 21y XA K 5 IR v Ty
[e] A ] P A A, e 2R AR B Py ) J] S0 e B B vy
LB R, — PR M Orientation-patterned GaAs, ij Fk
4 OP-GaAs. FIFHZEMLHY T2, BHIF A Bk il % T
OP-GaP fiif& . OP-GaAs Fil OP-GaP R % [ Bif ifl 2 ik
AL UG B FNE I S AR AL VC Be 5% 44, IF H A& A
ARG A BB, TEP LA CRP IR b EOR 1) A S h B
U ONIAE - I

4 B BRI LT B IK Bh B B T Rk i ] 2 35
HIHR LT 5P R R IR

TR B 25 10 47 drE POLEFHOE IR S bk ih
) 22 0 A A 2D A0 AP ik i E AR . B AR
P55 E Rk b A i) =R BOR 2T A L T
FR FOGHE 55 IRIEIE, 73 7 LI 4 . 36 2 K
RSPV % N e o N AR Y U QUL v
A, 08T RO TR A AR, ] 10 JE R TR
PP 0.1 mW AR PR ZLAN CRPK i SEg04S

R 2 BRI ZE I ARG P LS SEIR S BRiC 2

Tab.2 Summary of ultrafast fiber laser driven DFG to obtain long-wave mid-IR light source

Method' Signal Pump NLCs Mid-IR . fgl;?(:i:yz Ref.
1.105 um gg(xﬁf.’oé%o““ng’ GaSe 400 uW @ 17.5 pm 3.4% [32]

43-58 mW 1.250-1.285 um ‘1‘902/_[%;1352 f5330-480 MW" ¢ Gas, 3mW @ 5.5 um 3.4% [33]

ng':l rr11 09 pm 80 mW @ ? 90245; } %z%_“llmg@“m GaSe 16-20 pm 1.5 mW @ 18 pm 1.9% [34]

e

40-50 mW, 1.24-1.26 um 3_()917\’?3’9;05111“‘(\;1\4) AgGas, 0.64mW @ 4.5 um 429 um  1.0% 35]

300mw. 203 um 13085 L0 M flfno mW, CdSiP,(CSP) i;cflrég’sgf;:l‘:n()z'3 optical 18.0% [36]

0.6 W, 60 fs 1.8-1.96 pm ?? g‘ fI:IlHSZS lufnw OP-GaP 69 mW @ 7.4 um 6-11 pm 20.6% [37]

1.103 pm ;gxyf’o@%‘)pﬁw’ GaSe 20 u4W @ 18 pm 0.2% [38]
?16??;“6\2/ . fr‘l‘o fs, zzx;{fjéosr;“w’ igi}eag‘ez up to 1.5 uW, 9.7-14.9 pm 0.0031%  [39]

30 mW @ 2.5 pm Zgév[rrl:l\i; 551255 um OP-GaAs 1.3 mW 6.7-12.7 pym 3.4% [40]

SSFS  5-25mW 1.15-1.65 ym }Zl_f’l_gﬂvzv’ EL@S?.t(;SS 5 um GaSe fﬁrj{;fm r(? 0.5% [41]
}.0706'_215'83“‘}::;’ 8a1s ggOfSNiHSZS fl fn 0mW, GaSe 4mW @ 7.8 pm 8-14 um 3.7% [42]

150-235 mW, 80 fs 1.93 um g Ifflizs’;;snmw’ OP-GaP 7.4 mW @ 7.5 pm 6-9 um 20.3% [43]

300 mW, 80 fs 1.965 um 55{:7.2461?;200 mW OP-GaP 5mW @ 7.7 um 6-9 pm 12.3% [44]

spss 000 mW.120 s 30 MHz, <6 W, 165 fs GaSe 54mW @ 9.5 um 7-18 pum 0.8% [17]

1.1-1.2 pm

1.03 pm

1. Method: {55 k™A= Jri%, 2. Photon efficiency: Exwi/(E,*®, )
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[37] Er- fiber laser, OP-GaP 4 Supercontinuum generation
—— Supercontinuum generation
151 — Soliton self-frequency shift
= SPM enabled spectral selection
A [36] Er-fiber laser, CSP
10

[43] Er fiber laser, OP-GaP

[17] YD fiber laser, GaSe

[44] Er fiber laser, OP-GaP

Power/dBm

St 4 [33] Yb fiber laser, AgGaS,

[41] YD fiber laser, GaSe

[42] Er fiber laser, GaSe

[34] YD fiber laser, GaSe

ot [40] Tm fiber laser, OP-GaAs

[35] Yb fiber laser, AgGaS,

[32] Yb fiber laser, GaSe 4

2 4 6 8

12 14 16 18 20

Wavelength/pum

P10 i 0 T bk 1 220807 A B TP 2L RO OEIR

Fig.10 State-of-the-art long wave mid-IR fiber laser sources based on inter-pulse DFG

4.1 EFBESIE=4EREESHH

I FH R 12 2 7= A 25 00 0 A b A 5 e — R A
T MG R SE IR, A RS T O L
TR A B, T LA SE AN [R] A J SE ML, A
1 P A AN AL A1 5 Bk oob o B oA — A @ ieE
SELLT, AT AR DG S AO e 7 A i 2L, 4R
i R D D A A ok o ke, PR M 250 2F
XoF 25 Y IOk R0 S Ik i ] R A AT R Kk oK
2011 4F, D. Strickland BEZH F| 248 ELF X 1038 nm
ZEI K AT 1105 nm (1455 Jik v 1] BF W Wk Jk b K
SR I TE GaSe H 22015 31 ¥ D1 35 400 pW I
R 17.5 pm B R LL ANk HBP WRAR, IR AR
FaF S AR GER mir 3 i — G BUBCR, 38 5 Ak UK 1
T, ST 1103~1109 nm A 3438 B9 (5 5 bk o, 7]
1038~1046 nm 7] P35 14 3 ok i 2245, 7531 16~20 pm
AR 1 Y TP 2L AR K o s, OF BLZE 18 pm AbAR B T
1.5 mW [ PR T 5B, B HERG 1E S ik i — B
VER 5 5 Dk b By e a5 T D LU AR, 7T DAk
TELEAEAE 53 A — B0 25 A0 T3 25 005 P9 AR B, ik
FEHCR, DT 4 /35 v 20 A0 Bk o i Hh g 2%, 2014 4,
D. Sénchez 5 A M B EH LR OGS H &, 724 2 2 um
()R T L21E, KE 2.03 um (19 85 FE B RO LR LR =
300 mW, #i¢Jii 7E CdSiP,(CSP) A rh 22 45145 3] T Fpuy
PR 6.5 pm. %GR SR 2.3 AR JE I L T

Dy# 2 15 mW I 20 A0 ik b g 3 B0 3 T e Ah 7
2%, 38 8 A A 87 DG T AR P A T SR 305 T LA S B
AR A TR 2SI K e . 2017 4F, M. E. FERMANN
PR ZH 3 H] OP-GaP 3 i AH 437 DC Fic 4%, S 88 T 38
KAE 6~11 pm AL AR i, HE e 7.4 um 4075
2T 69 mW i RT3 T RET,

FEAT FH AR BT B W A (0 BRSO, Bk e
TE A B T D A 5 A K A R — e D R
HETE RIS b . 2012 4, Y. Yao 25 AR I RLE8
B BT A OGET P2 AR 8 35 nm I H DK R
1267 nm B 46 s 7 ko, #5500 KK 1030 nm 1)
FE U Wk h e AgGaS, T 22 4545 2] 3 mW il Kol
5.5 um {19 TP ELAM Bk b T AR BT EE B bk
HL B B R Er i it 2k, ST AE s T (5
ok o R TR T O W)t 2 OB AT, AR R
e LB 2 o R T ORI K R ik S BT 9 3 22 5
2T ANk b L T 2013 AFAE JE T ik vh—
BT —/NBOG T S AASGER, R A AR ] SR
Tk PPTE 970~1092 nm A, SR J5 5L LGS
ik e AgGaS, 22 4545 B i K 7E 4.2~9 pm 7] J53%
B R 2T AR ik i, 7E 4.5 um 42875 F] 0.64 mW 1) B = F
By,
42 ETIFEMBRESESKAF

AR Z2 PR A1 FH A7 BIO 2R b IR B RS >k

d

20210368-11



ISk A2

% 84

www.irla.cn

FEAAR T kB, I3 e A R A EGET (4 ik v BE
HUAABIMFH LK. X FBEOLLT LR
He Uk, — M ER E LT AROLEFAE 1.03 pum AbSE
PR XL BA W AR L, S804
W BAE 1.07~1.2 pm 38 A 9 7 2 9 ik of g 1 1R
/N, ANF) 0.2 0], 2012 4F, Marco Marangoni 4% A Fi]
B HOCE R B PO P K AE 1055 nm Z23H bk v,
PRy 1.4~1.9 Wi [RIBS R 7 SR G 2F R i
IF A MRS = A T -5 525 mW, I K 7E
1.15~1.65 pm ¥ [l P9 0T 838 /945 5 e bk ol o 3l 5 78
GaSe 247, 148 T P KA FEITE 3-10 pm 1Y P LT A1 bk
I HAEP KN 4.7 um A58 T 1.5 mW 19 5 o7
oy,

KEZBOCLIE 1.55 um PR AL N T HL, itk
AR R = DR B A OGS 3RS IR,
DA 5 408 b 7 30 3 PRS2 = AR B T i 2L RS
P2 ITF{5 5 Bk . 2010 45, R. A. Bartels P12 fifi
F 1.55 um A9 ELGLF SOG4 e bkl F i
KAE 1.6~1.865 pum i [F] P A 838 (19 F7 2 9K FAE M 15
S hkih, B AE GaSe M A TIEAKAE 9.7~14.9 pm
T 1B P9 AT RT3 A I8 rP 2T A ki ) R R R i R
G, A R T A Dk R A S Tk e A i e v B HE R
Ko, Bk 58 B 43 1) 640 fs F1 340 fs, B L5 iR 4
1%, SEESSEHIPRICH 1.5 uW, 2013 4F, A. Gambetta
A5 N\ FH ok b 58 BE R 50 fs, FRUO KA 1.55 um (938
BELT O CRE N A bk o, R IRT A 55088 i = 2k
A5 6k b 58 BE R 84 fs, S TR 100~250 mW,
WA AE 1.76~1.93 pm Z [H] AT JEM, 3@ 4F GaSe i 17
ZEW, ZAF I 34T T A 8-14 um 22 [a) A JE I A4 K ik
2L Ak R, 76 7.8 pm AMEE] T 4 mW 1 fie = 34T
BT HEARR N 3.7%. 2018 4F, J. SOTOR 45 A [
FERI T A AR 7= A A5 e ko, (R B R i &
T O P 9 1930 nm BiFIT, 285 ) FH 1545
Yo HEAT R, ZJ51E OP-GaP 11 5 1560 nm 128 1H
Jik gt AT 22454, i a3 i AE OP-GaP A f JE 30 L 52
BAN [ 1) 9 4 A7 DG 2% 1, R R 7= A T K T
6~9 pm S B P AT PRI A KDk AT A Mk b, FEELAE 7.5 pm
ARG T 7.4 mW i KOF )%, 2019 4R, %IR8
2138 35 AL I 3R 8 AT AR 25 B R e 2T A K e
IR BE, 45T 10 h WEEINFA /N 3 Hz,

1 h ERARAL /N T 0.8% B 545 SR

HR 4 2675 i T A BN A 49, R PR B O IR s s
OB R AR B 204, B
FE 2 pm BT 09 3 T SR AB AR L AR OB AR AR L ) .
2012 4, C. R. Phillips % A FI| HISF- 25T %8 430 mW,
H PN 1.95 um (1B AE G LR SO AR E R 223 Bk
i, SF A 30 mW., HLL K R 2.5 pm BYLE AIK
TAHE 155 Bk, 7EAEARALVE L G4 K OP-GaAs F sz
B 7E 6.7~12.7 um AT RS (14 4 % b 20 AR s, Herp
e RKEH TR H 1.3 mWH,
43 ETXEZMIRERKREE S

BT 6 S5 A A I 7= A 0 T R R Bk o 2
A BRI RER TP R E . BRI SCIFE W, KA
Y BOGEF I H46 DG EF K B SR 32 T Bk oh R A9 A
Mk, 16 2018 AFMYSE R T, 24 R 1 M U % R
BEICLFHOCE IR IR, (K 4 em, Bilg %
H12.5 um W RABEOGET, 38 T K AE 1.1~1.2 um
Z 8] % 2] (45 SOt bkop 7, aniE 11(a) Bios, 15
100 nm [ JEIEE B A, Bk ivb 98 BEAE 105~140 fs Z [a] 48
b, Bk ae A 16~20 nJ, ] 2 mm JE 14 GaSe ffk
PEFT e 2200, 7= T K B AE 7~18 pm 1T R 1Y

140 . 20
@ (a) -
] iy # IS
E 130 | 7%, P 9 £
= ot W \ o, pis
5 12 " ) Fi LU ", =3
3120y WM BN B ", 18 2
& 110 WYL ‘f'f' * 17 S
= : I =
Q_‘ —~
100 =, : : 16
110 112 114 116 118 120
Wavelength/um
1.0 : 6
g (O] \ )
o (VT INL TN s
£ 06 IARs il . 142
8 \ WIELYR ol [ g
2 04 YRRV i , 13 3
5 02 ][ " UV AR \ 2 =
2 LA L) s
0 L el |

6 8 10 12 14 16 18 20
Wavelength/um

E 11 (a) {55 6Bk 7E 1.1~1.2 pm T R P9 BT X6 17 A1) BB 2 Gl €2 1t
2) Sk LB (REITZL); (b) 2 mm GaSe AR I LISk ph
Pl v IR B RS

Fig.11 (a) Measured pulse energy(blue dotted curve) and duration(black
dotted curve) for the pulses resulting from the filtered spectral
lobes at 1.1-1.2 pm. (b) Measured spectra and average power for

mid-IR pulses generated in 2 mm GaSe
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e A K e Y, P E 9.5 pm AR5 F] 5.4 mW Y i
Kb o, SR 25 AN 11(b) s .

5 HRTRE

i 210 4, FEREE & YR RO RO A AL
A AR 3 bR R R 3 e Ik e ] 25 4R A K
ZLAN RBD k rh A B A 9 Fp £ A R AR T 52 1) 8 ol

EAIUP S
LRI, -2 27 23 0 i 1S i 249 4 e 40 6 /R

VAR T2 N I SR ST, AR SE I v, ) 5 2R
B M L TF T 2 AN Bk b 9 SF 24 SR, R e — 4
BRI HOF D R UO Rk R R R 1, BR
T R e AR R i SO IK e i K
Bl AR, FI A K A R ik /R A SR s Y A B K
R BE AR TR M ALSCR . B T TARERAE 2 pm A2
B ESR A B MO, TR KT
2.8 um 1 RB LAY (ZBLAN) JEEF 30O 3 Bl
JIT, R TR LT AN IR DR 5 A — A%
SR Ak 2 AR E AL AE L A, FARTE TB 452
PSR SR L B R ST K R A
o T R DL RS A AR I AR AL T B A . B —A
B F14 5 3 X I8 T T A I T A i S 2 E Y
YER . BATAIAT RO 58 S il i B 22 iR A =T
s = IrAR LMk R R DUIRAS B 5 A Y — ool U ot AR 4R
YRR, BN, 17 GaSe AN S AN T HHLAK
PERE, I T A7 B, AT A B T3k %2 1.064 pm ZE T
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