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Extraction of the Parameters of Laser Rate Equation by
Measurement and Dynamic Character Experiment
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(1. Department of Electrome Engineering , Tsinghua Unwersity , Beijing 100084, China ;
2. School of Electronic & Information Engineering , Tianjin Unwersity , Tianjin 300072, China )

Abstract: The intrinsic parameters of 10Gb/s semiconductor laser are obtained from experimental measurement and simula-
tion. These parameters will be used in solving single mode rate equation of the laser. Thus the output pulse waveform and chirp of the

gain-switched laser are analyzed and experimented by transmuiting in various fibers. It is verified that the simulation result is in agree-

ment with the experimental result.
Key words:

1 3|8

BB RGE T  9R W B4 o & Ak &
JRE, $OG S8 5 Bk ol BT DS RS A YE R K M O
RGN RE . B It , % O TR Rk o Bl 75 4 A0 R R 32 R R, L
BOE BB B R ST SR E RS RSHERELS R
M5 R MR (S S M oy Bk S R EOL B R 5
W R ElT Y

A S S ) I M 0 R T SR AR T SR
R RR S, 4R 5 0 A i 7 R 15 B 10 B A WO B4
B bR T 0 A R (L 0 R 4 SR AT LA, RO
SFAEH L R S RS BT T 3, B AR

2 HABRNESEHNE
Tﬁi&%ﬁﬁ‘t%ﬁé’]ﬁﬁ‘ﬁ PEIE 5 R AROLAS PR R H R

ds(s) N(:) - S(t)  IBN(:

4 = le 1+€b(t) P - 7, * . (0
dN(e)  I(s) N(t) - N()

d T ey, T & 1+es(t) ' S(0) - " @
B) Loy (M) - M) (3)

B S0 NOBF KT ERMBRR TFEE, g, WA

WG B #5:2001-12-17; & B H #§:2002-06-15
B H . BE R ¥EE (No.69707002)

single mode rate equation of laser; dynamic character; chirp

F(m'/s), e AWMBUARE(m?) 0,7, NBRKEFHHAK
THW(s) . BAARBHRAY,  WREMBH T, HHE
BARR, V, FARKER (). FERHARHMAXFHE S0
RFRHBRSR S BB IIER P(OSHTFEE S(OHK
KERTNA:

Vrhv
P(z):ﬁ,’;—pS(t) (4)

Hbt g B R FRE WRCHFBAFHEBE T, g, ¢,
NoBitpsTs poa, BT BEBYE, TURESHBER () -
()35 L oP B AR, B LR T RENENU B3R
SCETHRA S B, A B H B8 0RE Prrstt.
AME S VIR E R SR AR L 18 BIBOLE W S B R R
BB ERMTEQN) - (OFENTEH:

Br I, (X(t) - 1)+—

daP(e) _ " 93 P(t) ”men
R 0 P(t) - ., Y (1) (5)
FBr (X(t)-1)+—
dX (1) _ 1(1) ’ Imn X(t)
d T g, T 1+ FBreP(1) P - n 6)
a(s)

A 731'1 (X(t)-1) (7)

HAPEX X(6) = N(t)/ Ny, Ny HRERE FEE



1296 B T ¥ #H 2002 4F
o NamNo 1 ® S VO 3 0/ S R B R 7
O lves T BE o, B FK. I 2 % 4 FOR R R E B 0 T HOE 30

14

FHEATH —-HSH L, (nA), [ (pA), F(mA/mW), B
(GHZ/mA), 7, (ns), 7, (ps). z.(ps), a, & AT LA iF L B 7 &
B.EXWT.

CVEN”, _ EVa 1
th — T, = T, ( 0+ FgoTp) (9)
- (10)
Br.z,
2eA
F=7= 11)
hen (
g =18 (12)
eV,
. v B(IO_ [[h)
j0= 2 (13)
T
2y = Ti + KR (14)
K=41*(z, + 7,) (15)

BRI PR AR A T LIS R 1, L,
Flol B 1 s s A S 45

14

AR, FEAL & L B PO T K BRBOR 28 410 B AR T R B
KT kR

2 2
o (w) h)
9 [¢]
a3,
= -2
-6
> -6
| -8
m -8
= .10
A -10
20 2 4 6 8 10 12 20 2 4 6 8 10 12
()
el ()
= 0 0
=
g 2 2
ﬁ‘ “ 4
e
T -6
e
RO

&

3R IGHz $E IGHz

B2 AAEmMAaSE NS MBRENEME (a) I = 30mA;
(6) Io=35mA;(c) Io=40mA;(d) Iy=45mA

AR/

12

10 b sl
Z o8¢t ~ 4}
w 08} I 2t
=2 2]
S ooat T o}

=
02 | 21
00 i L 4
0 5 10 15 20 25 30 35 40
K /mA
M1 10Gb/s DFB 328 P12k, B3
B USSR

FER AR

BOLER IR B 5.

(a) I, =30mA,(b) I, =35mA;

(¢) I, =40mA;(d) I, =45mA. (G.652
JGET 55 25. 28km, BUHE AR ML R,

Uit % /GHz Wk 1GHz

B4 BOoRSRmEari e E S,
(a) I, =35mA;(b) I,=45mA;
(DCF H %41 6 .37km B 5 8
MG R, LR ML R

ScER MR R)

AL TG Bk o 7E ST b A o 0 1552 el ), TR (16) 4
AL F AR LRI A B o, 0, 0.

He(f) = cos(4? Fpf*) - asin(4® Fpf?) + ja Je -sin(4m? Fpf?)

= cos(4? Fpf?) - HpM(f)sin(4n2Fsz) (16)
e _tBU-1) . _ADL
o < 2 "D 4y
TRF KA G.652 1
DCF #F - i, 4T 5 G.652| DCF
Bl rE3I4HXK K (km) 25.28| 6.37
Mok e mE Mg pn B8 (psom Lkn ) 17 |-85.6
BAZR. #LFE (dB/km) 0.193| 0.65

GirLLEIR L BB R REHEOERER RS ImE
2R,
3 HENENERSIRERYTLL
MARPIMEETRESEORE R RBUAR, B80S
o A5 A RS R, L S - 7. R E R A T

FEA I T ERIIASE R %2
B, HOCRE AR 5% i
A EEAMECH G, HEMAE Lma) | 15
GXCEHEN S i AR T 3 ALY 5
TTRARBIR B A B R F(mA/mW) | 181
Sty AT AL i sy SO 107
BLELEL I 8 3 1,05k DOF 2P 08 — = "0
AEHE B ER O MR S T,
P 5 B 45 B B9 o B ol 1 4 60 v 32

i
4 it

) S M) R B 77 0, 5 A B R R B A B
BATBH. FR X LSRR AT BT 0 B R R

ST S RSO AR LB B T R Rk A T TR
TROE IR T FORE T B BK v 8 o B9 04 B ST B



£ 9 M

DL BOARERT RSB LBEB LS HELR

1297

P PAALA
4;31 \ \ /\ ¥ "' !h&.l' ‘ﬂj
LU ' ]

0 100 200 300
1] /ps we

K5 10GHz s X Pk BfE e R B B TR .
Tewm = 25ps. (I, =36mA, I, , = 98mA)

10 SPECTRMpian AR 1
2, dBm%
2 04
oo & 4 2 0 2 4 5477 " pm 1'5;5»27 | UTiss77
: 2 6 42 W2W1 0.58nm W21 55298
A€ /mm RES 0 1nm 1nm/div
Bl 6 125 FF G Bk rb e 1 45018 A A% 1 S0
HE R (1, =36mA, I,, = 98mA, Inm/div)
SPECTRUM
45 JedBiw
10 dBm
E
E 1 .
ﬁ -25
=]
= o s
-0 45 L
001 5. . .k [ L.
SRR Qe - AR <4
SEA mm "RESC tnm SIS
B 7 BOLRMES WS EIE B E RIS
B{E. (1, =36mA, ,, = 3mA, Inm/div)
8

12000 500kg/s 700ms 1 00g/Aw _RUN
T T T

LI mwW

B [
11=5 920ms 127,600 Dt=1880ms 1/Dt=585Hz

60 40 -20 O 20
Il 7ps

B8 HHABPIM DCF ¥ A%
Bk B3 . S A BK B A
25ps, §i b Bk B 11ps.

40 60

Ko e BotitE il
£ DCF #Mz )G fkrh B
MIEE ,7.3ps/div,
Bk (2. 8ps.

FR SRR K THLRERX L, HEREH, AU L
ITEBRK BN SR S KIRMA.

B — 2 b, 4 P T Jok e 70 9 R R Bk e 4 A BB T B

T R AT UE B S SE R B — B B T BOL SR S B
Bk,

BRI AE B3] 3145 T 10Gh/s DFB #ES.

SX LW

(1]

[71

Cartledge. DFB laser rate equation parameters-for system simulation
purposes [J].1EEE J.L.T, 1997,15(5):852 - 860.

Ramunno L, Sipe J E. Dynamical model of directly modulated semicon-

ductor laser diodes [J].IEEE Joumnal of Quantum Electronics 1999, 35
(4):624 - 634.

Luo Y Sun, Ch — Z Nakano, Y Tada. K Analysis of gain and index
coupling coefficients of DFB semiconductor lasers using a practical
model [ J]. International Journal of Optoelectronics, 1995, 10(5):331
-335.

Jakobsen, Kay B Karim, Mohammad A.FM modulation response model

of direct modulated buried heterostructure semiconductor lasers [ J].

Optics Communications, 1991,82(5 - 6) :456 — 460.

R S Tucker. High-speed modulation of Semiconductor laser [ J].] of
Lightwave Technology, 1985,3(7):1180 - 1192.

Leif Bjerkan, Arne Rgyset, Lars Hafskjr, Dagfinn Myhre. Measurement

of laser parameters for simulation of High-speed fiberoptic systems [ J].

J of Lightwave Technology, 1996, 14(5) : 839 — 850.

R Olshansky, P Hill, V Lanzisera, W Powazinik . Frequency response of
1.3um InGaAsP high speed semiconductor lasers [ J]. IEEE J. Quan-

tum Electromes, 1987,23(9): 1410 — 1418.

P A Morton, T Tanbun — Ek, R A Logan, A M Sergent, P F Sciortino, Jr
D L Coblentz. Frequency response subtraction for simple measurement
of intrinsic laser dynamic properties [J].1EEE photon technology let-
ter, 1992,4(2) : 133 - 136.

EEE:

ORELT  £,1966 ¥ 11 AT RE, 1990 4 7 H il FiE 4 K ¥

MFTER,1993 K 2001 FAEXBERESHRBM L B0
EERB BB B RGP W SR TR, LR T
844 AIBF 5T . Email: maxh @ ee. tsinghua. edu. cn.



