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ing optical signal as it passes through the device. Such devices are
usually called traveling wave ampli- Technical Field
fiers, connoting the fact that the optical signal does not pass back end
forth within the device, but merely This invention involves semiconductor
optical   5   passes through it essentially only once. amplifiers and
optical communications systems in-               A critical consideration
In the design of such opt- cluding such amplifiers.
ical amplifiers involves the stability of the amplifier gain, Clearly any
variation Inthe gain of the amplifier Background of the Invention
will result in distortion of the signal upon amplifica- 10  tion. However,
the amplification mechanism, which Is The qve4I>ly dl lowoccet, lcw~sws
optical fib-  relied upon In such devices, may Introduce an inher- aONW
014*   p vef      9 rovolun i1n the field of   ent variation In the device
gain. This can be under- oplICl gXtmn'wilgp~piw.  tlql trmion has of-
stood by recalling that such devices rely upon the '*5*lbeen realized
wnLmarale~y~nd such tsunmis-     phenomenon of stimulated emission to
provide the *iin flee ncby aps' continents aM  cosine. Re-  is  necessary
amplification. Stimulated emission, in now bl       his wy for the next
step     turn, requires the establishment of a population inver-
l.tfla7oWsnwhsu"%IntegrshudptWlI WgIt               elan, which is depleted
every time an optical signal to  '10       '      a    g               r
passes through the amplifier, and which Is reestab- a11; *aIe ae g
4in SfW       n, and        lished only over some finite period of time.
(in typical we trs~nstu    tpoptioc#i form nly forn the parposs   20
semiconductor amplifiers or lasers a population in- oFVt _ppp . OwIr.n
plgtdfntanI* advan-              version is evidenced by the presence of a
specified s' tsqe* wll c eii  Wh  il1 *pIs n b         e srnsr 4ntty.)
Consequently, the gain of the ampli- dI   WHe in o i 1tW     , tlpw  q
'.yving the       fier will be reduced for some period of time following
neat to 4,gpferin the signuip heok anJ fbrth fromn  the passage of any
signal through the ampliflr - a 0100I '16o*1pt   ftqyo.
20  time period commonly denoted "the amplifier gain- Ta. gt gl
i nsItat          recovery time". - 4*gwyWflPiptIWO3iwoh wue de" mUg,
modijaigri, anhifit, rtqen.at,1etc.            Summary of the Invention
b~uSjpu* ~qfl        4 wl be     $ gW.Fl.y whon *      I**
Jp r;d epnoin-  so           This Invention Is an improved semiconductor
opt- lggi+yA4V|lF uglt the 1491 lP4Wttltn lhnlgques,     ical amplifier
with a shortened gain-recovery time. WWL4S~*4pq0*40%a~UladW~I  a chip.
The recovery time of the Inventive amplifier Is suffi- OdqWpnwnt
ciently shortto permit its effective use In optical corn- ha~tap upenilad
t*$ the deign end            munications systems Imolving data bit-streams
with raj~ajtotijje~ qu$ ijtag  e~~pvWqgn~iflor 4evic-  36  apclaled data
bit-rates greater than 1 GHz, and of- es. 'This        t* flqtiwtmns n
eyige        ten grr then 2 or even 3 GHz. This Invention aris- tlt.
oDIttwmP;h-tok %'tfs Is  euevs*" V h.hmro     es frp. .our Improved
understanding of the mocha- is mu4$la        , Iglr          s*f  s'MP*rum
nism which accounts for the restoratIon of the carrier i       frvi~  Te
tauni is ratiw re.                density following Its depletion due to
the passage of toted ba th1tq   $l flaW .I-XF *tl qo~ unics-  40  an
optI~caI signal through the. amplifier. The restora- l   o t  ioiInsio4  a
l   re   a ci",   on twihh         on of the cgrrrdensity Is normaliy
Intolerably sow, wa bet mQttoW 4ntt a dlulsctrk mplum, uw-           and~
therefore rqplts In an intolerably long gain- soy r     ootlwl1W wti
ieee$n g dWlM or         rw ery time. WP. have found that the restoration
of 4.. Owg, n:.t rlgtlon:tasfrqm                      the prrier .density,
and therefore the gain-recovery ~;* .5- m           4 fo Z  si 'g haeve-r,
a   time., qOn be significantly shortened by providing at ~* *4i ;
.sAyweo~rbogreaptnd Inrthe                 lent one carrier-storage region
close to the gain re- mut   In a1ueet. th  p  optil is i8mnt to In-
qlon of the amplifier as set out In Claim 1. Passage *daia eQ*Wded rWgo of
thuwotfnlgetic                of carriers from the storage region to the
gain region can raplly rheratnigh the wrder population within the Aid
.oWtial aMpif ier lip a devic whigh reIves an   a   gaIn region, apd
tlereby permit rapid recovery of the jpk:1 sIWnaJ Pd . ingliflas i t -
prafeeliy Wtith mini-  amplifier gain. *S distrin grot1herttfto. Crent
effgrts often *audv apmladu4or laser strctures which! are a!-     Brief
Deorlptlon of the Drawing -.t at l"O  th$ extant tt the  asr reflecting
quUfegp Is tveuIN W.~l'i Xhi ptjre l luion  pshing, in  oa  FIGI is P
schematic represenstaon of the Inven- suckh cso*             f 1    n and
Ut refo thve optiv         a .amplifIer, ilt1       911 5q5 111 3 the *1OM9
OS OgtoA            Fill.2 Ws orsentat on of the apparatus used N -a.
ROftf*P3St aPi*                   upon'-       to study gain in optical
amplifiers; ...  . . . .  ..~ ~ ~ ~~    
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output power of an opt-  band. A transition from such an excited stats, to
a low- loil onSgPir as a fyVc-ion of Overa  input pow-  or state in which
neither an electron nor a hole exist, NJ     VZw maapld in the Intput
'fibs) for a 12-ps 4-  results In the creation of a photon. 0Nt puWa tilq;
These properties of.the semiconductor may be iE.   mw-tie On rcvry of an
optical am-   5   used to fabricate either a laser or an optical ampilfier.
011W fl  Irwn a 0f4Jipulap pump puls ..e. The  Such devices are shown
schematically In the single *prOb puls enery was I .&fl/puiw as measured
generic structure of FIG. I which Is not drawn to scale Lw *1w impi.f~br.
,and which does not show many of the device ele- P15  ia'  pr|mwntatlon of
an optical amplifier  mente that are unnecessary for the purposes of this
0W'I etruatvr.;                      0o  discuqulon. In FIG. 1 Is the "gain
region" where the ex- -PU1 ' 4 i, iW flgr qf 9n opial amplifier
citation and the stimulated emission processes occur. w4 ft W45  wtrugtre;
The material which comprises the gain region may be PfiQ.Z ?sg   t
sogwery Wy the amplilfier of   any material In which an appropriate
Inversion, and 1J. i;                                          congomitent
stimulated emission, may occur. Most PLG.. A 0h     toe r#pvey for t  amW
lfler of  1s  Qftenfsuch maerials will be direct band gap materials which
we charapterized by the fact that in such ma- PMJ . 9 efge 11w 0rnderce
,oft the gain rtcov-  tdanle the maxlmum energy state of the valence band
vytirne *J',  mpii th W" r bip far ft  wpilIfiers  and the minimum energy
state of the conduction ot'f i:, $M.- M :
band, occur at the same position In momentum n4. to is 1an qltg rqtje
emb~ment qf the In-  20  space. Accordingly, In such systems there exists
al- y>:vp4~o 4pvE~g a rligs wuvw* qpldlf tar;         lowed optical
transitions between the valence and Ei*l II i, in *rntO e ep lmnt * the In-
cond ucton bands that require no phonon for mornen- 'h w ii Y: the
opilalr~t19n i qpnfined         tum conservation. The gain region provides
optical to Nw gvr gflI ftag by gaoprpriate selec-     gain in response to
Injecting carriers Into the conduc- Von of lnfnfo* rqfptln for the marials
adji n-  25  tion band, for example, by means of an appropriate Mo the -IOe
mglgn                               electrical bias, or through the use of
appropriate opt- PO 1g~ben.Crftlt~em.U iment In-which in-       Icaily
stimulated phenomena which result in the re- cjp v;~lpq are -gpin y  to
pnfine the opt-      atlon of such carriers. However, for convenience this
l radiati t...  t#  q.   Wg t   r" IQn;       appliation is written In
terms of the electrical means igtb -,1?3 loane Qn4tg)iwt; gf tel vntion
Involv-  3o  for generating carriers, and accordingly reference will : iig
w^lwy   W    p: ,a, ue r e bs-            be made to a "ourrent" or a
"carrier Injecting current" gttT            .
whbich flows through the devie to injct carrier. How- ever, it will be
understood that by such term we In- ______________r _       :cude optical
buAms or other means for generating 5  OWriers. KNOVTRT9$2
In the FIG. 1, 11,Isa means for "ilmiting" the opt- lcal field to the gain
region. Such limitation may be ef- YT,, inygntjpn ,r  optii am.npllfier
with a short-  fected, for example, by a region of differing Index of ud
gab rom.y twrn-  4 p.p Op.PSO   nmpniga-       refraction, as shown by the
exemplary ridge wave- tgap  sq~mn~h~g! inglunA mjph an Improve-d ampll-  40
guide structure which loads" the underlined gain re- ts1  fls Thalnnaillp
will $mq  clllyqpeproslatrn of-   gion. Such limitation" of the optical
field below the Lqj* agjib i'flvgdgctlgv IgiaiWinpg afLd Qptipl ampli-
ridge wavegulde confines the field In a direction ieloghntgnwne at$ thy hg
In anlonductor          transverse to its direction of travel, and to a
degree u~ul ags phQ ngmtwnq r                 ,     a, the optical  In
excess of that which obtains when only diffraction rWf  ,orin Phongn angp p
it i moat cWrmmnly ef-  45  effects are considered. The ridge, 11, Is shown
to be *pted - in agmiggn*ggtPgr mjtmnisJ rely gn the known  narrower In
extent of the underlying gain region 10, phiiloql mWhantgnw 91 Wpwpglat~n
Inversion and     however, specific embodiments may Involve ridges
flIP'"IJId  .em l olt 5ilisng arnd ampilfIqgtion   or other means for
limiting the opt  field to the gain dnindqntfljukinnwt1 tr'nstonn:f f,
PhYgI Sye-     region, may be greaterthan orequal to the underlying 1am
tiara art uWa'14 eNOtE    tg iow  Is o p-   so  gain reglon in the
perspective shown In FIG. I An ap- ' Ap~pull$I~ Ii'nttre'pFi gV prlrtg the
propriaft Qptical cavity with axis perpendicular to the lplnta.rpgflveugn
pftgalwW. then ftjgr pt          paneo of FIQ. 1 lo formed In the region
underlying the Jfl  Omr ew.it'" tltp low         p     h a        rdge- 11
by appropriate reflecting surfaces and Is Invasion i4 affected by
#pgropnlslily ar-  used as a feedback device when the structure of FIG. i e
i .hel,*R9 sj9 QfPPIgnt !rlgP-  i    1 is operated as a laser. However,
when the structure m            .rewI  e   m    by                    Isem
is operatd as an amplifier, feedback Is not desirable "'"i*w ea I w~oii
Vitro p~ets an gjsotp in the gon-  since without feedback gain greater than
that nece- .ifltoA bond arid ahgle  Ip. M  valence            sery to
oscillate can be obtained. Accordingly, laser 3    



EP03.R0189B1                    6 stymctjw may MO  orataFdnp e qmplifLrs by
reducing   carrler-etorage" region, and will replenish the gain SI FlM y 0
ozworm   cvy q             Ths lo        region with carriers, thereby more
rapidly returning ;' &  ,u~Jy       by g9uti       wliwe pe rpendiou-
the jain region to a condition of inverted population kw  thf Oftk -: wo
gstlipn Q the 9gptul fI          so that amplfication of each pulse 18
largely unaffect- ('wgfl.~l  iuaut un- tn.     that   5   ad by thp
amplitude of the preceding pulse or pulses I-hI piatf 4~uh 1fl rn4 40  net
ref 1q4 off         and Ilter-symbol Interference is therefore reduced.
thew       as  but        s  qfter ory da nigle     The Inventive device
therefore Involves a carrier-stor- na. uc) 4ewv~ce~ v  wvwtlm   outed
treveling-       age region or reservoir juxtaposed sufficiently dose
s~wnqmp~flp. 4 fln          thwngi* fgr rod*jc-     to the gain region so
that the carriers can rapidly re- ifl6t~ea~ a e rlivv dv d
i"nVW    io  plenish thoa depleted when a pulse Is amplifled. AC- *
stwgtwe o.o that th direction of   cordingly, the device will be designed
so that the time ^K:j^s Jl qJ ~i$gn ig agi pgjendic-       fo oarrilers to
move from the storage region to the tp4~ ly h tv! icel. thanld aur-
gain region would normally be less than or equal to fq-gs owy uddltiarsily
$ '~qt~d with anl entireflec  the Intrinsic lIfetime of the carriers In the
gain region. tiua-cp$Mjfis fr*p"g.m~j~rfa~pi4 .sf5  Such movement may
occur, for example, as a result in' P$J   region 1Wgftr   b~kiW, reglon
of cift of the carriers under the infiuenceofanap- wV   batp0lp  rin
gAglqrinjqptlqn cuprrent to  piled electrical field or of diffusion due to
a carrier ilitas us  r        y -tns  rion                   donsity
gradient. This curler density gradient Is es uwyohil  -aMqk            0JnF
i 'eCgit-            taltisied as a result of the fact that the optical
signal gti b   ri n Will k    2p  Is confined sub. ntially  the gaIn rein
and there- s.W~yp~~o~steA* PgneidqriIgs the af feq of        fore depltes
the carrieFs primarily In the gain region 80*? Diwjt!ijbjM ofign cn leavig
the carrier density in the storage region sub- eftS w dai~ be tie'.. When s
erea"f      stantlally unaffected. Consequently, immediately af- *1
sc4w     _ hpq    W"gt. tnwuat,            ter pasiage of the optical
signal through he gain re- MI               lf~4tgqwqin ej lnfqpyte-  25
glon, a carrier density gradient is established be- tIQA'     QvWVk0qp
gDL~ltp~tttW (pin ~gitp1 .en the  tweqn the storage region and the gain
region causing *qIBI:giw!fl.beveryi rvlly. py pagnit-             a
diffusion of carriers from the storage region to the X-$S#WVRIic4Pt#4 ,4h
Q~q "wlv"sirig" resln,        gain region. An aspect of the Invention
Involves the IZ, will tfath'qiy limit th ^spied at wiflgh thg leer
Juxtaposiaion of the storage region sufficiently dose Pu.  e wised, tnl Wnq
lly th~e bit-r .a4te of the   30  to the gain region so that the diffusion
time under the dk  and t'; s bted gptloaJ gowmmunication    Influence of
the carder density gradient Is sufficiently "tst~.1        ey     t lm   o
l     to       rapid t replenish the carrier densiy within the gain Soling!
1qflisg^iu*~          ijivainion,     region more rapidly than would occur
In the absenoe iqwn i aA 4lygwy witii ti                       of such
juxtaposition of the sorage region, all other we l     -ve tUns tl*Ushnt
1           an   36  varable; being consldered equal. gp tIpaI    fi  s
0           e      r            In order to distIngulsh our Invention from
any pos- gasiaJ4t~t~is q *fluflj. Yp pQ  4tl sun-  sibbe  advet prior art
Investigation involving las- te tosnJ Wi oonuldvitg the d   f 1e amplifIer
era an4/lcr amplifiers, we have discussed our Inven- *piQiWhen g'j u
n ..pl.fior the di.ce    tion In the contextof the amplification of
"information- \a qpp nlgt# whith itiWiti  injt  ~h   fts In  40   bearing"
optical signal or optica signals represen- ~2  p~nw i1fl alp qn a nrsquent
ampllflaaton. A   tative of intelligence. By these terms we mean to de- kp,
vwqr the-Sn thje  iotr                   scribe optical signals which are
purposefully formed QD*EXpRJ ~Wf  it  gtmndy ivfly*  gQpbygfln    so as to
represent Information and/or intelligence, V#     t e  l v          hqn tIh
ioptica pulses     thereby distinguishing our invention from possible In-
:~p4~l~qrvso~s~s~y sps$,"c   ~etympor-  46  advertent use of lasers and/or
amplifiers without eith- ;y-4igege*       f*h iph  qpurs p a
ee er recognizing or taking advantage of the properties ~tqf lbs   ,  Ipiqn
f pr~nstbe re nuhed  of the Inventive amplifiers disclosed here. "qAy.q
Won mo    tdtly   ud  pOp- .u :h       x o0 f the0nwt optical pulse.
II. ANALYSIS OF THE GAIN RECOVERYTiME IN P      y101   t
l tl pulse wlU not be   so   THE INVENTIVE AMPLIFIER th  e' 4prq# aps "
fir. opticil punwpljft    i               n   lpuje is Qere-       in this
section we discuss the major Issue relating *n *penQpfl prf'ie.    Mop the
Ofiif op tlgi        to the Inventive amplifier - gain compression and Its
R~w~ l~a djtvengc Jlnprnlgn0bejrrnh g optical       assopeted recovery. We
will discuss our observa- WS qlmm!   $ly uf~itw~l I~d tp aiqng nil~rtlw !n
us  tipns of gain compression and gain recovery, as well the 59fF)' 0
flMyw*ol intp vpn~.                a acur obsarvationeof
gainrecoveryinvariousstruc- $wqkiab If $lwP~gg~in( r-pn i lt an gaso-
turas Incuding :embodiments of the Inventive struc- *zst       leoitp~gqV
this reoin may .t~ as a       ture. 4    
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atram, the separation between  channel substrate buried heterostructure
laser chip. pjiq qqn b. b any nrtepr multiple of the bit period. If  The
mean facet reflectivity was 3x10. (I. W. Marshall, I in in peu ylto h s  ff
ipq_ nt energ y to compress the  D. M. Spirit and M. J. O'Mahony, Electron.
Lett. 23, pin, n4  tif th $rtpthjn .tity nplifler             818, 1987)
The device gain at the wavelength of 1.25 * geM' rs y tW t, t  .riiflr qen
qgu.eg in-   5   pm, where the picosecond pulse amplification exper-
1tpy-ymbi., Inrfrsn"G  tnp the pai  n  pperiened    ments were performed,
was 20*0.5 dB. yg q nn pAft wAD (Isnn gn t  tim lt    from             FIG.
3 shows the dependence of gain and facet the J1spWu S.u, J h1 .' iO rM."Nm.
n ggtpre        output power on the average power in the input fiber, M stl
r, i  t   a-            for! 12-ps4-GHz pulse train at awavelength of 1.242
IIr mw  *tt   .gffr lnp$ gwr level  lo  gm. A single laser (No. 1),
polarized along the ampil- 1w flb 0%W       * tgpale gn wWp~ 4p1Jl  'Wothit
in-  fler Junction plane (TE was used for this measure- *tgiIlr-      C
ig fnt gins             ment. The measured small-signal gain b 9.5 dB.
Itde- fgySi~if~t gt ij F      U.pa fq4nt     s*trem Mt 2  creases by as
much as 2 dB for the largest Input pow- QWtu.       b v l-
.n~pif*p (I. W.  r of 500 pW. The maximum average output facet .I:i Q(._O
pr  d!4  'fiipny, Eleotron.  *5  power is 12 mW, corresponding to a pulse
peak facet LolL ZL *1 L 1%wQm    o WMerVln  mnd feovery        power of 400
mW, and a pulse energy of 3 pJlpulse. k' AI,`;,iuye.'  tyI    9u,4,Z with
Galn recovery was measured In a pump-probe eu      r4.Piwwon
ttJreag9,satgn (M.. Sttx, M. P.  experiment using the two lasers shown in
FIG. 2. The i @Pm rU  if 0. I~ppyp AjAl1 Ptay l. WU.   lfl  lasers were
operated atawavelengthof 1.25 pm, and (At4  i f      O i r . .   P. !DW,
ApPh.  zo   at a repetition rate of I GHz. Laser No. 1 with 25-ps - LetS.
%iJ 1?4 .1297)) Wa t'u d th phenoena       pulses and an average power of
93 pW (93 fJ/pulse) f gf pin wnv,(eaign  n.soowi~td reg~oqvery using  In
the Input fiber was the pump. Laser No. 2, with 14- thp .2iw!rtww~tJ tetM
shIwOn o Fi       . As        pe pulse and an average power of 1.86 pW
(1.86 f- q I stigsn1            pW*l oipgijZnpl ...... .
..............dyriveg  /p.ulse), was chopped and served as the probe. FIG.
twwPvIW ngtkigvi@pbi O  gd*1Ig4o e_ mgonductr  25   4 shows the gain
experienced by the probe pulse as 'ar. (Zt Lh wprgv,,. A.  tp)    P, 1? P.
Vp!'ev,  a function of the delay time between the pump and i, ,. MoR!:w~y
n0 A '    ,v  y. ,j. g nUM           the probe. The pump pulse depletes the
gain by 2 dB qtfri 1;fIHQ (1t} Th*g !iuX .u~e pter.rnsl-      at  mro time
delay. The gain recovers to its original wth  tiIA  f 'c          Th9e
value with a functinal form that can be fitted to an 7rwR   trg  thy
qpqrqtlny  .ve.tiigt  Ng! the   so  exponential with a time constant of 100
ps. p_ 'ft !4t WU6 W  le 1,'Th l   n or be mQ4e-           The maximum gain
compression observed if this -scid4 abr at thei Ijnd     si rgn~ang fmre
amplifier at both 1 GHz and 4 GHz was 2 dB (FIGS. O    y ct1 G    itfjhrh
mis:  l; dure.              4 and 3 respectively). For both repetition
rates, the lion     i aW m P4sIMp r                            same amount
of gain compression (2 dB) was ob- gin9Rto4 ip tj~ nvtqngtji jigpg1 *I 1Z4?
I .t: 1 m.   35  tained for approximatly the are pulse energy, A mflgwpv.
phase hifter, lert  iIn the RF'slgIai    -100 fJ/pulse at 1 GHz and -125
fJ/pulse at 4 GHz, t      mg:t Ir 19 t   t  p ,y tde lpiay be-
measured In the input fiber. (The small difference Is *.en the twin .qpl;
ltjs,~lM tas ...n. Th.,e two puse  assumed to be due to differences In the
Input cou- tsghw gre vWnbqd i1. ya fiber direpctlgI Qopupler. A  piing
loss). This dependence of gain compression on ngddeiOi  gjW-wtt l,0 .pSrt
In .I the optical  4o   pulse. energy, rather than on average Input power,
Is 0w0       irvoe gn            ediagnostic port.     consisentwith the
short (100 pa) recovery time con- w;1pq.e~lflI~a e gf o the lisp p ,i
tyymnps gyp .,ad-  stunt measured for this device (FIG. 4). Since the am-
jAtW,- yUqnw fiber;Jt pgfliye,. ivlght Is           plifler gain ls
essentially recovered after 250 ps, suc- e~oupid ia gri irX-J? I
rpljOU11Wfierpdr    cepsive pulses at 44Hz are Independent of each
tsi}alttg p mjgqlejfl, 4n4 lssgupld p"t upsig a mi-  45   other during
amplification. No Inter-symbol Interfer- QstFo: I4jM.   4'gi qan.,ggtgijt
qgll i            eQ ..  once Is expeced therefore, when digital sinals at
bit PIP A -*n 1  S  rnne"sus~y. ie Pu~l,,, Wlth,        radts as high as 4
GbWs are amplified, even If the en- .y IX: aaji pijLQ g fl tt'"  gctlraJ
speg.Ir are  ergy In each pulse Is sufficient to compress the gain. 0.E!!
'a  ir e, 5ip  Mthe umflyr uging,             At higher bitrates, the gain,
If compressed, will not re- jj_ 2 9i~ b  $  ;  St*i,9n
so  cover completely between pulses, causing degrada- O      '  Ip
m   p with p re8oju.,1n of    tion of system performance due to
inter-symbol Inter- .i*  4W1F  msF qira by fPlp p .e g.r0?p si-
fWrenao. mpl rId       e tbliii    J:len.y w' 11w    hpoldetep   A
conventional model describes the gain dynam- tgr's; ig *t      pig : q whJ
q pignjg .the        8ls by a rate equation for the carrier density N: *o
I~n thy bwtf~b~.    :          , r                            dN(t)    I
-2- - R(N) *7k41'.tWgryitljfr uys~td. 3Q th~e presoenkt gxperlment       dt
V - *ee w~bj~tM  y iypgpt~ng gi$Jlrpf Rtign cq tlngs on  where I is the
drive current, e the eiectronic charge, the tn    ft 9?! a9nfe q ip ly
&i:m1.    pm long,   and V the active volume. R(N) represents all the re- 5
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pps. When the Input pulse Is     through the reservoir regions, rather than
through the *-~.gi~t. aid th~ timg bljlen p . is long, there i8  active
region. This current forces the carrier density S no pt-i~,Ag~q  mlRipn
4url  tl. rs~very and the  In the-storage region to be driven to values
approxi- regw~li~p~infl Iwt~J) bi~s: -  :mately the same as In the active
region. The optical Rt) w        ,- 8 , * +  P           5   Input signal
Is coupled only Into the active region. Thus, when an optical pulse with
sufficient energy to (A. J. Tp .n r qnqJ.   Wipsjnfgld Phy. R. B, 35
compress the gain Is applied, it depletes the carriers ?  i11t00
In the active region but not in the carrier-storage re- Th W $thQ erm In
F(N represe nt recmbination due to  g Aon. A gradlent of carriers Is formed
between the re- yh e A   p~ , $l Jqtheq  .toe t.r   m.s eS i-  to  glons
causingcarrierstodiffusefromthecarrier-ator- rnmlZQ~alr rerip? pn. IF the
ppe.s ar e   ir f     age reions Into the active region, thereby reducing F
iffi1    in tiW nMnbrqturn tp     the time token fWr the carrier density In
the active re- Q fn  wt        .... tl!i bq enminatl  on i Siffrtent due
gion to recover to Its steady state value. For carriers W ~gQl~lJ~ipn
-oimu~atm~ emls ion Euriring the re-  that are stored within 1-2 gmr from
the active region, ~wery. 4Th   fflsiJpt~  r ~ ~vetfltI gaprrrme-  15  the
diffuslon time Is very fast (less than 100 pI) so . gf #rn ~gfyt~   :pg
ntyp a  guentum       thatthisprocessreducesthecarrierrecoverytime.In
pwhjriigu   gkl A itign .f~i~, ttr @r *gnlty depen~d-  some cases, carriers
may also flow from the storage *n    ii TrWlat*Vo , >gggn~trwj~n r*  IN
lnqp.wsP A.: ~!-  reglonintotheactivereglonby drift through high con- !Ykw
p4~ 4wf tt Xnf~l~i, lR~ys. l~v. p,  5. 2)21   ductivity current paths near
the active region. In ad- :.  teSpag; 4.p Hey , pndN. k. uti y,  20
dition tp being shortened, the recovery time becomes 4. App; Q Jlwy4..
$?.54t9 , (1.9>P)). 'Theirvelues are so  bias-Independent, in contrast to
the hV3 bias- a 1,41041   /pS.o 9i F 1. I t 1 3 (A.J. Taylor
dependence predicted by the conventional model for pfn4- M.VIM-1    hi
byX.: Rel.p3    21 (18 7j).    Auger-limited recombination. The9 Avgp    1
9  I  a Z..1......s. Since             The concept of. enhanced recovery
due to diffu- 1a          gn  i "ryn t  high currents without  25  sion
from carrier-storage regions was tested by corn- re    g lg tht, :twr ,e~
carrer      paring the recovery time in two nominally I .3j}m TW density NQ
ean'be tnjch hligher tin tt of a laer    amplifiers. The first has a CSBH
structure (cross- '   aeriigrd ty t   mp  at threshold due       secin
shown in FIG. 5). Laser diodes with this struo- to. g  ~teti .emlitin) At
high dri~v~e orrent, re-  ture are known to have a poor modulation response
, w^nat~tgq 1 ~ 'W emlJr t 4 9 rnn  y the   3P  since the pn current
booking junctions constitute -  I   ~ ~ ~~~~~Prpaitflc (shunt)
capacitances. (R. S. Tucker, IEEE J. I!9-ffl1. II       w       U    W
Lightwave Tech., LT-3, 1180 (1985)) Such junctions for r~gy~ry ty   NQ:5g S
- r4.!~i .Fq .a*n          can erve as.carrer-storage regions. In
particular, re- far rrmwy IR N-9 4 I WO                a~~~~lens A in FIG.
5 are carrier-storing forward biased Inatad E 9ea~ln3rt#lg=  ap4 fgr mQb9Ti
te qpin con-  3a  junctionsl.oated within a few PM from the active re- )QI
ire           *9ny,. IP    i  in N from        gn. The second amplifier was
based on a semi- Insulating etched mesa burled heterostructure (SI- EMBH)
laser structure. Its cross-section Is shown In FIG. S. Laser diodes with
this structure have wide r sm~l~fpsf  0- 51Q prm length, with ac-  40
modulation bandwidth due to the semi-insulating InP va .o o* mtJn p7
pvetlonal burled hat-                 current blockng regions which provide
low parasitic *st~tW 9.4t :QA4) -     , anO I for drive currents
capacitance and minimize the leakage current. In this Q1 (P.12Q) etA... .
tJh qart r ten9ty an i*b as hlih as  structure, there are no
carrier-storage regions adja- -eIX.gnr'3. -z X tsihses kNO   mopa lM the
colcu-  cent to the active region and the recovery time Is ex- QWt.W
lift.im        m     w aQ0 - 45O pa. This  4a  pOcted to be determined by
material properties and :duia 1F t the Hfetin Wsl;lf rigrtly k1n9er then
the  drive current. Bath ampifiers use silicon monoxide J          l140
p.)1fgr  $mpl. f tewi ththe  antl-refl ctin coatings (G. Elsenstein, G.
Raybon -hgr~q~ fl heorgatn       r (C;*H)         and L. W. Stulz, IEEE J.
Lightwave Tech., LT-6 12 ibWP46% MAt1Wx-aaIJ        finn*tt glnil   WiMth
(1988)) -with facet reflectivitles of -10-4. 10 4,feQii w f      aite  60
Galn-recovery In the two types of amplIfiers was e;.   ; . .- .
megsured In pump-probe experiments. Two wave- * .i sew ql1nd80iing 9f
physical macha-       length-tynjie. actively mode-locked semiconductor &W.
onqfghe grt mqsre lifetime,  lars  . L. iBssenov A. P. Bogatov P. P.
Vasilev, V. :na~aa th  toegu of *ngwalVJ~fier ,vrswith          N.
MorozovandA. S. Sargeev, Sov. J. Quantum Elec- - m              lry tia-
qirPthe. OnpQpt  sa  tron 12, 1510 (983)) which generate 15 pa pulses p;
r#tsf riig~ rgiQM  arr"reaervolrs) loqated       at a repstlton rate of I
GHz were used. The delay be- Wp .~Jp~i i~g~py (it~hlt ; fw itrn) tp th-
agtlve e.-  tween pulsetrainswas adjusted byvarying the phase g't. iQ- <
rt~gn g0p f- l~Jw qmI "rr  Owl:rrnt flows  ofthe RFdrive signal toone
ofthelasers. Thetwo sig-    11                  EP0366189 31
12 



nqty wo qvcipbne!_ in ; f irr rlqti ,nhi coupler and  each other so that
the time for the carriers to move the ggubk'e4 *1,81  uq a      5uplod InQg
V  flaiifbr  from the storage region to the gain region isless than ~-'
urter bt, u, vie a fIWr pigrWJlsi is r, u, ,sing a ml-  or equal to the
intrinsic lifetime of the carriers In the mbntUgi*ght W" o        gut fthe
o i'iPBlflar ualng  galn region. In this section, various alternative esm-
a        t        $ fl, 'Y. Qhlg~ ggugllng 1wa   5   bodlments of the
invention are described all of which us 1045, be punwg        i: fl robs
pulse hg~ eergis  fall within this broad generic description of the inven-
qi W4O~t.Uw~     '-t'fJ~pelO@ fupwtl'1y.            tion. *P1Q*8 g'ad Bulw~
the i'~qeur9S pi rcovory          In FIG. 10, an embodiment of the
Inventive am- flflrgi* in  1gJ"l1Jw   *14 fli &jitI~flH q:ruo-    pilficr
Is shown  which  Involves a  buried  ridge wave- y, (p.!~ p'es) tji~p
pRghtu The   10  guide. In the figure, 51 Is an appropriate contact usu-
mIP* , 4l-b degShes thp e"ni gt e timrie delay and  ally metallic. "Blas"
currentflows from layer 51 to lay- tWu*.ip t~fltQ r     3g8t~rf W -ppe .
,dis"p-       cr 68, the substrate. Confinement of the current is ef-
pear..                 La qelrrytWI b   ned for each  fected by regions 58
which may be either air gap re- gly qyttJP4   l  gn           .       T
ispnd-      glons or regions of material which substantially block *nn.
MOb  -      yi go     qpjpifter bile   is  current flow. Such materials may
either be insulators ,iesl'a!iu-in FI0 ,  fgr 4t  a>:'g. tf4 IvI Pr
litqmVpll-  or appropriately biased semiconductors. Item 55 is a -tier
'odiN the $8W   ~t~ip, f, 7  ry: tlme is     layer of gain material either
undoped or lightly doped pa ewk e ,   :ipe q  gnpjpbnt with a         n.
The thiokow of the material will vary depending L%9YS47 w'ith ig
4gm.n~tg4W di'ftwi (or drift)     upon the specific embodiment and the
material of lay- WMIn                                                o w
,p   I msgg%@M re    2   er 5 will depend upon the wavelength of light
which ciuy lig lgi tft wih th pgnvqntipoiei Aup-          one desires to
amplify. In a particularembodiment 55 dS   i F.jp AeO  n  p l. 7w ;-r rpo-
vsry           may be InGaAsP. For such an embodiment layer 53, %lmO(44
px:WyQiqptain4 w hen thi pump plse en-    which-is doped p, may be In InP.
Layer 52 Is a contact- "    rCy gpa tg Ztkp'4qsv~hg rpggvqry time for  Ing
layer and may be InGasP or InGaAs doped p+. t"aiLftitwl~  the 0     8
,twgrel L      d,,e-  25   Layer 54 is InP doped p. .d     mVarkag frIiQ
Q A   e 1( rnA to            In FIG. 10, region 57 Is a ridge wavegulde
well ,M't   a 1,  m. 7il   $t li;gntltnt with a  known In the art. Regions
55 and 57 are regions of dif- .1u (    4          r     p&ropis as ax-
ferent bandgep. For example, region 55 may be 1.3 G$ i    a rugre with ng
*rrlr-Erna e regions.       micron material snd region 57 may be 1.1 micron
ma- Ai; cal3uWntei qgg~q~iru   gbnsd ,i%- all trms   90  terial, or region
55 may be 1.5 micron material and re- In'ift 0010*fr Nip gg pigttgrj in
FIG. Rend         glon 57 may be 1.3 micron material. As is well known
qhQwsrqagn1y gooO agiflmeot with the rn-s        In the art the ridge
wavegulde region 57, acts a load- vreO deli, b!@Ing" region for the active
region 55. This effect of the -g wpr?.k #pnm "
g tui yj,, of carrier dlffu-  ridge wavegulde Is to confine, to a region
substantial- *Ian tram op ri     tO shpytj th gpin  as  ly below the ridge
wavegulde, light traveling in layer r~egovry tinp 9f ypi1cor   opikal
ampilf lors. To   55 In a direction perpendicular to the plane of the di-
gbtein ; hgint p   reqgqry^   t mq, amlflre Should  egram. ms.e I
WAte' h+v9tj$J Inw 0rter-st-       It Is interesting to note that In this
embodiment Pge regjgntnpfrthi   ir     IlW Ig big jmtlng to  both the
storage regions and the gain region occur In te 01 1,#  wl IStypg
etswgprely   4   the sums layer'of materl 55. The gain region Is that
\-have ., ~ m latiqrW rlpoong     to prpsia  shunt  region which lies
substantially below the ridge wave- igpsbangQo (Ft -S. TVgr,, i3 4!.,
gitwahve Tech.,  guide, because that Is the only region through which iT4
ii 9. 0 (1 W) nacptj    ith: thM ,sigroge re-  the light travels. The
remaining portions of layer 55 Oroni Igc m-r tOM ppjv r-W  lo~n. Wppoeoly
de-      are storage regions because the bias current In trav- gd struWPW
with .Prpiy 0 i qrrripr-er-  45  sling from layer 51 to layer 56 traverses
substantially "ge txQWu   ,b vie: Lo fOrthg.r rec..OI the re-     all parts
of layer 55. In this embodiment part of the tyiry    F.tt r..overy time
will 9nhance the  current flow passes through the storage region and
.wf~meP  ,,g~f 191ff ler ,s, uaI to high ,b,-rat, ss  another part of the
current flow passes through the toeras  !E In. a, WutW  n''
gain region. In such embodiments the optical radla- -o   tion will often be
confined to a region, whose length -l. ALTERNATIVE 9EMaQDIFlM.NTs QF THE
in the direction of the propagation of light Is substan- iNVE NTI.:N
tially equal to the length of the gain region in that di- rectipn, and
which substantially coincides with the .A,  ye    Itn I, tp inve ntlve devc
I-         gain lon, The surface area of the region perpendio- vO# QPVlIQ
mOPgspifle 9r tpmpfMuni-  a    uler to the flow of the current Is lees than
that of the pat~lons .eymp ulnp wqh tmpltfieF, where the am-  rgon to which
the total cuent Is confined. (Not that pll, fr ienriude eavrrierltg~repr
region arA4  g ain"  beyond the defined region the light may ormay not be
*F "eokwf region3 wJSI_ SIfloIy olg  to             confined. This
definition. is presented merely to focus . .~~~~~~~~~~~~    13
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~ti,,l~  gn t,,h  is p~~rtir region.) Other embodi-     (b) an optical data
bit stream menet how<evr, may 10n lve vertically jutaposed            (c)
means for coupling the optical data bit J.   m iaon  aol fge r.gn    Ohen
ewed frqp the per-             stream into the optical amplifier ge,,obf
t!q    *1wrnt flow, an e acordingly s4utan-        (d) means for detecting
the amplified optical tial ,pt1!gw . S g~nit wW flqw thPrg-uh both the    o
data bit stream emitted by the optical ampilfi- usi u~  tg  r4pQ~. re ag
!9h: yrt!w  a.............ei-er ,iq                              O
prtJ............J.t... ill oftn be q 0nflnad tO  CHARACTIERISED IN THAT a
!   wha  Mrgthin thi 4q  so.>n. Qf  I  pap                  (a) the optical
amplifierfurthercomprises sorm fllWg                   601pi
1yq6ielten1gtihoflthe        a carrier-storage regIon (63,73,82) suffi-
gi)* ~o~gn i. I.        ?, anO hioh ,ubatentialiy   10         clently
close to the gain region that the -W        Vh ' g!in;:wor, In this "vert-
mean time for carriers to move from the Jgfiarfega rie pf this reion .per
carrier-storage region to the gain region is .1                     .
OM is apr y              les than or equal to the Intrinsic lifetime U1:
tt.   uqnpginj ;,      a. tciated                      of the carriers In
the gain region, and *iie  ir~rw g*: MMin ,tie qm    mnt s In other  is
(b) the data bit rate associated with the tjoq p    art~q~sr
Ohurqct._rltlacs of the         optical data bit stream Is greater than I .
.gain iap Q+  $e. ,sr.#~g. relwgln may vary and may           GHz.
inqlgrqwwle;     , snpttipeyerns of materira-,l some 1  M0h0i lmutkumWeils,
2. The system of claim I wherein the optical field is AOlion*f;y, it wil e
'il: thet i single storege re-   20  not guided In the carrier-storage
region. *     401  IIIf      II f  p. tl,p .pio . gO tlfa ntio. .:-~   J.
l,,  11. laer #1. .is .;a' blj!c contact. Region  3. The system of claim 1
wherein the optical radla- *gej r.q~ign t  r.~~ 9b I the stprage .re-
tbon Is confined to a region (82,72), whose length gig4i"
WO:t. ool  i  pfrrpgn p1 re-  In the dire tlon of the propagation of light
Is sub- Au d.florr*t-frqm that  reglori9 W elting in  25   stantially equal
to the length of the gain region In s' 'to             VI 'Pn 6o2p ojrn
that direction, and which substantially coincides 46 t#y; 4anae stOrage
with the gain region, and whose surface area per- Ju.    :~yg ~  e~,i0
ge rla.1, oin ap-          pendicular to the flow of a carrier injecting
current i   sitlurg* t pn ln                         laflgr  Is less than
the surface area, perpendicular to the :M"::: :: :   . :       ;     :
-:           30       flow of the carrier injecting current, of the region
,   14 ipgje ~$ri6tjqd,1m~lmentin.which 71           to which the total
carrier Injecting current is con- leu,~ata~ijo 0en tis~t .......t.....
dimt, 72, the ac    fined. $Jwprgqjp    , l'i~ ~i ndp p1 rgefg I~in
0ffergnt 2Xt, )LqI p1 ?t whjs$, ~n e the g atoservaoge re-  4. The system
of claim I wherein the optical radl- ,81Xw      :                -
36       tlIon Is confined to a region (81), whose length In *      :13
Jsao em   ipnt 9f th Invention lnvalv-     the direction of the propagation
of light is sub- I~ng, .,l          , .,1 jam  an.di .storgeo reglons. In
stantlelly eqwi to the length of the gain region In t~h,, ,,-ffl~w~r,.,e ~i
Wh~qin, r n an~d 6we t!e stor-   that direction, and which substantially
coincides .g      n rejgne,    " :p ro.risX. g.nrrent ~locking re-  with
the gain region, and whose surface area per- ..gl,,s, #         ct  :an.,c
.85 s a  subs .   40        pendlcular-to the flow of a carrier Injecting
current & ~l~ag~w~u~  ~   irC gII 'ertip~liy Jwap~os~ed"          Ib
substantlally equal to, or greater than, the sur- tke, i gtJigJ -r,?aqia*
i~ .nflne  to a region    face area, perpendicular to the flow of the
carrier ,IN   &F%   a1.r art- the. flow of gur-                   Injecting
current, of the region to which the total Ij g    rajy eul tQ  .hpIttenr-
canrerInjecting current Is confined. Me sp~w~  h                   l~%1.
46 PatentansprOche .1. Optiaches Kommunikatlonssystem mit :iwtjnlgJM gygWtm
cMdomprising      so          (a) enem optachen Halblelterveratlrker mit -
,;1e *IX, I1,n,$9~rQ~ti, tmnplfiorw~mgrle              (1) elnen
Vertfirkungsgeblet (62, 72, 81) 14i-
und~ e4); giij  gig r~ , {%7gfl81) pnd                    (2) Mitteln
(57,63,73,83) zurEingrenrzung (gX me.ae (57.@7. 3 ) for confining an
sines slch Im Verstarkungsgeblet fort- .opApgI f.1l90,  pqpaptlng In the
gin re-  s5          pflanzenden optischen Feldes In elner gLa 0    eivn
~iri  9i0o~ntveree to the drec          Richtung querzur
Fortpflanzungsrichtung Ugn p1 pr   etvpnto.ndn tj .9gree great-
und In elnern grfteren Ausmae als des er thfn t!1t trtuitlng frm
dIffrRaMlonJ               sIch aus Beugung ergebende, 8    I 111111111111
l~ll 11|11 11 I1lI 13                    EP O 356189 B1
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embodi-            (b) an optical data bit stream 



ments, however, may Involve vertically juxtaposed              (c) means
for coupling the optical data bit gain &nd ttQrme regiQls when viewed from
the per-              stream into the optical amplifier spective of the
current flow, ang accordingly substan-         (d) means for detecting the
amplified optical tlal pQptigng Qf the current will flow through both the
5   data bit stream emitted by the optical amplifi- gqjan Wsi otoregg
rMgIQfn, !.n l h vetlogal ernb,.l-           er, ments, the optile
radlation will often be oonflned to          CHARACTERISED IN THAT a
regbqn. whvA length in th.q dlrection of the propq-            (a) the
optical amplifler further comprises Pation of light Is sbaystntlally equal
to the length ofthe        a carrier-storage region (63,73,82) suffl- g9in
.eiqon in that firegtion, and which eubetant.ally   10      ciently dose to
the gain region that the cglncin s with the g.,inrefgn. Howevqr, In this
avert-            mean time for carriers to move from the ical' emt .
Imenont, the surfaoe area Qf this region per-         carrier-storage
region to the gain region is p~pe.,n~ar tp tilwq flew gf quvrvent io
approxirately             less than or equal to the Intrinsic lifetime
.gquai o tbxe Qanomitsnt surfece area essoclatd                   of the
carriers in the gain region, and wlth tht, current flow. In this embodiment
as In other   is       (b) the data bit rate associated with the
epila.4im~ent~s thlq p.ertJculir Chi ractics of the               optical
data bit stream Is greater than I gain region qr the. strage region may
vary and may                GHz. inclvde, f9r example, multiple layers of
matrial some of whigh gre c ornrmnly called m.ilpe quantim wels.     2. The
system of claim I wherein the optical field Is Additionally. it will be
clear that a single storage re-   20  not guided In the carrier-storage
region. gion ny suffl e, fQr the pu rlage of this lnventiop. In FIQ. 11.
layer 61 Is a metallic contact. Region  3. The system of claim I wherein
the optical radla- 62 ik the gain regign and region 03 Is the storage re-
tion is confined to a region (62,72). whose length 9b.ns. In this
embgd!m!ent the inegx qf refiractiqn of re-  in the direction of the
propagation of light Is sub- gion 8R ls different frrn that of reglon 3
reuHltlng In   25  stantially equal to the length of the gain region In
Qonjinemnnt of th~ f pqqeli radiraltion to region 8 . C.:r-  that
direction, and which substantially coincides rent may be confined p the
active and charge storage        with the gain region, and whose surface
area per- rqgioQns by regrown oeeni-instusating mrterial, or an ap-
pendicular to the flow of a carrier injecting current puprIa*.eairgM     r
thnrgf wh!ih ip shgwn In the fligure  Is less than the surface area,
perpendicular to the a. 9    .
ao30     flow of the carrier Injecting current, of the region FlLi. 12 is
sn altgrnatlve embodiment In which 71       to which the total carrier
Injecting current Is con- is a m  alio conteart In thi. embodiment. 72, the
ac-       fined. tiVye rsain ciglgn, hg gr ipnln gI refrgotign different
IJW that of 1' whlch Ingiudew the charge storage re-    4. The system of
claim I wherein the optical radia- gion.
35       tion Is confined to a region (81), whose length In FI13, 13 ai an
embo. ilment of the Invention InvqJv-    the direction of the propagation
of light Is sub- Ing vertlQallyjVxtsposed gain and storage regions. In
stantlally equal to the length of the gain region In this figyre. 81 is
flip gain reg~on and 82 are the stor-    that direction, and which
substantially coincides age reglqns. e3 are appropriate current blocking
re-        with the gain region, and whose surface area per- glons 84 is a
metaltic contact and 85 Is a substrate.   4o  pendicular to the flow of a
carrier Injecting current Aa diswQ~us.4d ebove, iin s     "vertically
juxtaposed      Is substantially equal to, or greater than, the sur-
devices, the optical radiation is confined to a region      face area,
perpendicular to the flow of the carrier whose surface area perpendicular
to the flow of cur-        Injecting current, of the region to which the
total rent is appr.oQXymavt-y egual to the .oncmnia.knt our-      carrier
injecting current Is confined. face are.a associated with the current flow.
45 Patentansprlche ~Ilaims 1. Optisches Kommunikationssystem mit I. A*n
optiCaJ c.onmunicatione system comprising   so          (a) einem optiachen
Halbleiterverstirker mit (a) a semiconductor optical amplifier gampris-
(1) elnem Verstarkungsgebiet (62, 72, 81) Ing
und (1) t gin reaglgn. (6Z,72,81) and                      (2)Mittein(5763,
73 83)zurElngrenzung (O) means (576.,73,83) for confining an
eines sich im  Verstirkungsgebiet fort- optical field, propagating In the
gain re-   55         pflanzenden optischen Feldes In ehner gion, in a
direction transverse to the direo-           Rlchtung querzur
Fortpflanzungsrlchtung tbn of propagation, and to a degree great-
und in elnem grOSeren AusmaB als das er than that resulting from
diffraction,                sIch aus Beugung ergebende, 8    15
EP0 356189B1                     16        ! I!  111)1 .(i) einen   tiqpthn
Qatenbitstrom                     Is r6glon de gain dans une direction
trans- ( Mitt,e uPI m n     .In des optiechen Da-              verseale A
la direction de propagation et A 



tenI~il~trqp in 4 en 9,op.p en Veratrker                un dgrk supirleur A
colul r6sultant de la (,J Mtn mjn.......    doe s   wn:qptischen
diffraction; Y.^r#~e~r abgeo.bsnen versytren .otpti-   5         (b) un
flot binaire de donn~es optiques; :,: ~abis1r,.m~,hs-0
(c) un moyen de couplage du fiot binalre de . g dak,,np, e hs~net_ , dO
donnees optiques dans I'aplilflcateur opti- (*) 4!R ejfli2gh: Vqra1~re.r
weltorbin ein Trn      que; ~pr         t (+  73!m, ,,u,.m , d.3
(d) un moyon de deteetion du flot binalre de *ich ep nw !Bu~m V4,rstk;
.u..ngsgeblot b.efin-  *o   donnbee optiques amplifle 6mie par l'amplifl- *
'.:  .,   m.rj. 3;e, it fr; die Pweguong      cateur optique, - v:op
YTrAgern. -on TIgerepei.ohorgblot zurm       ceracterie6 en ce que: ., ;:
ffbor aIq, dtie odrer                           (a) l'ampi ficateur optique
comprend,on -J~h 4,r    dta~n~4aue rde  frlgor Im                   outre,
une region de stockago de porteurs : -p -wN~e~i,.int18.
,       ylJd 16   ................................... (63, 73, 82)
sufflsamment poche de la re- . M     opV isks e veOr-
gion de gain pour quote tamps moyen ne- ; .  ,i mtrjtq mehs~r aja .1 G3z
be-                   cessalre pour quo les porteurs ae ddpla- cent de Is
r~gion de stockage de porteurs vers Ia regbon de gain solt Inferneur ou
Agal :5.   ,n~agh, Asnsi)ruc  1, wobel das optteche   20      A la dur  de
vie Intrinseque des porteuro F. ,,e,, rr.peihrgiieet nlcht.,g,,oletent
wird.         dans la region de gain, et .(b) le debit binalre de donnees
assocle au 3. Systemw nah Anspruch 1, wobeT die optkech
flot binalre de donnes optiques ost sup- ersliu.ng ,.ufS. .in. .biet (82,
72) bOgrenzt let,        risur a I GHz. -  4 ni~er~ !0igin:
er:?F~rtjftpnztangrichtu.,n~g d~es   26 ijgtfl8 ivp w J~c ih.aeno~r wne
does; Vo.erw.-  2. Systeme selon.la revendlcation 1, dans lequel io Iw
sln ai~s,,er Pijiin g eich Lst uCnd            champ optique n'est pas
guide dons la reglon de 4a?*h~i.?P;Mg~ntiq~    . .. mi tmVerstrkuns-   s
tOckage de porteurs. ': lCtii*'5!1ts,,OQOer onbihtsonk- ;,~&     A6
*       o . J. .. Tr   Ok gel ms,,e  30   3. Systim  sdoln Ia revendlcatlon
1, dans loquel le -A gMk    t4 !erQbeht
royonnement optique oet confinA A une rSgion * . 44p i      mimotrm
4  Gi-            (62,72) dont la longueur dans la direction de pro-
pagatlon de Is lumlere ost senbloment ag. a pb Sf :        rg    .
Ia longuour de la r6glon de gain dens cotta diroc- 35      tion, qul
coTnolde sensiblement avec la rglon de .4 Stm')q  JIMrli~ph 1, W.e0 l dle
optbeche            gan at dont l'alre perpendiculaire au flux d'un : ~ahiw
#N~f elmn.Ge~ie, (1) bogrenz..et l et, d.   courant d'Onjoction do porteurs
eat inf'rioure a -~   i *h1IO  in  or iortpflanIzung'rchtung doe     l'alre
porpondlculalro au flux du courant d'nJec- ~ .'  Wntlk~htn qI.Ic. dir Lianp
des              tion do porteurs de le reglon A laquelle Is courant ,: -
r.b       n d"ioer R*0chu W st.nd   40      t      "otal InJoctur do
porteurs eat conflne. :#leh        ,en~hntlishen mit dem' Veorstrkunqs.
,.,gebi,tctuedV.e,   Qb41rf`ochoninhialt sonk-  4. Systhme solon la
revendication 1, dans loquell o . r-.iN~l..y eine Tnero~nspp.,oleetqQ
pqjtpiglp~t 3P111t 3 l  mont optique oat conflnA A une rhgion , .,  leiI,1
,e     i i er  r8  e    tjJ|1j                t la onguour don8ta direction
do props- ;01*040- rMhat                             I   Vtce, tem FiuBvj
a .a lumire e.t sonsiblement Agale a lt :        *R io4, I~e,.,tt t~ d0
longszour do la region de gain dens cette direl- :.-  1 r4~Aingp~1mu~rgpt _
9grn~t li            tion, qui co.n6cide on substance avoc la region de "
-  '..~ ''1         !?   !l o dQnt l'alre porpondlcuialre au flux d'un :
- .  t1  !nt dlnjoctton do porteurs ost sonsiblemont &..*iV2I *U ti~lel .ii
7p  8 L ~oQu superieure A !'alro perpendiculaire au :* s   : :.   :
flux du courant dinjoctIon de porteurs do la ro- $~sL*~ .  ggrnb'~nI~I~n
gg~g~ Q tprn.                gionA la qupie to courant total d'lnjection de
por- tours est confinA. .  . MP. ,n:,mi  ov.     jq. i nint- 'n -    F gio.
doe q"in(62.81), at .~j 4~'m~oj~n (63.73,83)pourcoofi ng j ino np p
t.~iqje, soe propaant d,,ais .... .   .~~~~~~~~    


