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Measurements of laser rate equation parameters for simulating the performance of directly 
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The characteristics of the cost-sensitive riictropolitan-art.a networks, in t e r m  of transmission distance and bit rate, 
are not so demanding comparcd to Long-hanl networks and therefore the requirements on thc performance of the 
optical devices are somewhat relaxed. Therefore, cost-effective directly motlulated lasers (DML) have attracted 
niuch attention recently for Metro arca applications. Howevcr, UM1.s Irave suine drawbacks. 'l'hc major of these 
drawbacks is their frequcncy chirp [ 1-41, l 'hc intcraction of the chirp with the dispersion of conventional single- 
mode fibers deteriorates the signal antl limits the niaximum traiisniission distance [ 1-41, In mctro-area networks 
utilizing IIMLs, this chii-p-induced distortion is the major impaimient. The use of negative dispersion fibers to 
enhancc the transmission distances of UML. has been discussed recently [4]. The choice of transmission fiber 
characteristics for o1~tiniiini performance in metro arw networks shoultl first be dctcrinined through simulations that 
will identity thc transmission performance of DMLs. 

The system designer sliould select tlie model and simulation pirauieters h a t  provide results represetitativc of 
cornniercially available DMLs. It has been acknowledged [ 1-41, l l iat using the rate equations-based model the laser 
dynamics can be evaluated sufi7ciently accurate for systctu simulation purposcs. Many works have been published 
i n  i-ecent years discussing the extraction of the rate equation parameters 11-31, To our knowledge, it is not possible to 
detcrmine experimentally with a single ineasureriient ciich one of tlie actual rate eqnation parametcrs from a 
packaged device. In tlie previous studies [ 1-31 the chirp waveforms that mainly determine the transmission 
pcrformatice ofthe DMLs wcre either not mcasurcd or were not used for extraction of chit-p-related paraineters. In 
ntltlition, the validity of the extraction procedures was veriiied mainly by cornparing measured and siinulated power 
waveforms. 

In this work, wc will present a detailed study on the extraction procedures for rate equation parameters. Some 
published procedures [ 1-31 have been iipdatcd (inore accurate theoretical expressions wcre used), while others are 
prescntcd here for the first time. In this work parameters relatctl to the chirp characteristics are exti-acted directly 
from chirp measurements. Moreover, thc procedures havc been applied foi. tho characterization of DMLs with 
dif-ferent characteristics. The laser dynaniics were acctirately simulated as shown by comparing thc measured arid 
simulated results for both chii-p arid power waveforms. The extracted parameters were then used in transrnissioii 
siinulationi to identify the best fihcr choice for Melro area networks utilizing DM1.s. This work can be a useful tool 
whenever the influerice of DML charactcristics on the overall perforinaim o f a  syslcin must be accurately evaluated. 

'l'hc extraction procedures are based on fitting the incasureinents of (a )  the P-l curve [ 1-21, (h) the IM frequency 
response [l-21 and (c) the power and chiip waveforms. l'he details of all the proccdures will he presented in the 
conference. We focus here on how to extract parameters related to the frequency chirp. 

The theoretical expression that relates the chirp Av(t) with the l a w  output optical power P(t) [2] is: 

A v ( I ) = -  - [ In(P( f ) ) ]  I . i iP ( l )  ) ( 1 )  
47'- 'r [ dl 

The proccdure to extract values for the cc-parameter antl the adiabatic chirp cocffcient K follows: First, the power 
waveform and the corresponding chirp wavcforin are measured using a technique similar to that described iii 151. 
Then, the measured chirp waveform are fitted using the measured power waveform and cquation ( I )  for appropriate 
values of the paranictcrs C Y  and K. In Pig. I thc nieasured chit-p waveforni is shown together with the fitted cui-ve for 
two DMLs hiving different chirp characteristics. The fitting is very good, yielding values ofa-2.2 arid ~ ~ 2 8 . 7 . 1 0 1 2  
HzW-I lor DMI,-1 and a-5.6 arid ~ = 1 . 5 ~ 1 0 1 2  HzW-1 for DMl.-2. LIML-1 is iin adiabatic chirl)-doiniiiatetI laser 
while DML-2 is transient chirp dominated. 

In Fig. 2 the measured arid siinulated powel' and chirp waveforins are coiiiparccd. Foi. this figure the siinulation 
conditions were adjusted to the experitncntal ones. 7'11~ siinulation rcsults for both the power arid cliitp waveforms 
antl for all UMLs are in excellent agreement with the experimental results and indicate the robustness of- the 
cxtraction procedure and thc validity of thc rate equation niodcl. 

llaving ;I sufficiently iiccuratc representation of the dynamics of IIMLs (1;ig. 2), wc pcrlotmed simulatinns to 
coinparc the transmission pei.forniance ol' OMLs having different chii-p chiiracteristics ovcr a distance of 300Kin. 
These simulations utilized two difkrent fibcr typcs that are likely to bo used in rnetrn-area networks. b'iher-typc- I is 
a fiber with the dispersion cllnracteristics of conventional single-rnotlc libcr with positive tlispcrsion of I7pslnn1iKn1 
at 1 SS0 rnn (i.e. SMI:-2XTM fiber). Fiber-type-2 (Coriiing MetroCorTM fihcr) is ii iiovel non-zero dispersion shiftcd 
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liber with ricgativc tlispci-sion oi. about half the absolutc cli!;pcrriun ut' SMI'-Z1; iibcr ill l5S0rini [4]. For ihc 
simulatiotis, tlic exiinctiori ratio and the avcragc output optical ~rowcr at L I I C  LI-ansmittcr \viis X.%tlt$ i ~ n d  ndlllll 
rcspcctivcly. 'fhc simiiliitioii results (Fig.3) iiiclicate thai 1111: use o l  negative ilispcrsiun Ilbcr resulictl i i i  bcticr 
lransinissioii perforinancc Ibr boih adiabatic (l:ig. : { (a) )  iiiid traiisiciii (Fig. 3(h)) chill, tlominatctl 1)MI .s. Such a fiber 
clioicc will i i l low !?)I- transpii-ciii iiiicoiiii)ciis~itc[I Iiictrol)olit;ill-al.cii networks over large distances. ~:onvcritiun;iI 
fihcrs will support tfiiiispareiicy, bul over slioi.tcr clislanccs. 

I n  conclusiori, we prcscntetl a study on tlic extraction u t  laser ratc cqtiaiiorl par"~cteis. Very good agrcc~nent has 
been obtained beiwccii the siinulalcd aiitl incasurctl results 01' the characteristics ol [)MI ,s. U s i q  the rnudcl we 
perforrned siniulations to tlctci-iniric tlic oplirriuni Gbcr clioicc for Metro iirca networks utiliziiig DMI ,s. We iilso 
obtaincd good agrccinent bctwccn the measured inid siinulated received wavcfoi-tiis aflcr tfiinsinissiou ovcr t l i t 'hui t  
fiber types aiid results will be shown i n  the coiifercnce. 
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Fig. I - Measured (dots) and fitted (lines) chirp wavefoi-ins for (a) adiabatic arid (b) tmnsient c 
DM1,s. 
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Fig 2 - Memired (dots) nnd simulated (Iincs) powei (a) and chirp (b) wavefoims for two ditfcrent DMI s 
Uppei row adiabatic chiip-dominated DML, nottom IOW tran&nt chirp-dorninntetl DML -- - 
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Fig. 3 ~ Received cyc-patters after transmission O V ~ I  300Kin of the oulput f ie ld of the adiabatic chii-~~-doiii inate~ 
DM1,-I (a) and the transient chirp-doininatecl D M L 2  (b) ovcr fiber-type- I (triangles) and fiber-type-2 (stluai'es). 
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