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W ith 970 ex h i bi tors , a nyone try-
ing to to u ch base at every OFC
booth du ring the 24 hours the

s h ow floor was open ed over the co u rse of
t h ree days would have had less than 1.5
m i nutes to visit each on e . That was barely
en o u gh time to walk thro u gh Corn i n g ' s
d i s p l ay, a m ong the bi ggest on the floor.
Wh en asked to look back , Don Keck , a co -
i nven tor of the first low-loss fiber, n ow vi ce
pre s i dent and tech n o l ogy director of t h e
Optical Physics Tech n o l ogy Group at
Corn i n g, ref l ected that this ye a r ’s  Corn i n g
ex h i bit prob a bly could have con t a i n ed
everyone who atten ded the first Top i c a l
Meeting on Optical Fiber Com mu n i c a-
ti ons in 1975. Now the con feren ce is so bi g
that on ly a handful of conven ti on cen ters
in the world can hold it.

A packed OFC

well as using the lon ger wavel ength bands
of erbiu m - doped fiber amplifiers . To iso-
l a te ad jacent ch a n n el s ,t h ey altern a ted sig-
nal po l a ri z a ti on . Using these tech n i qu e s ,
t h ey packed  85 ch a n n els into the S band
bet ween 1476.81 and 1508.01 nm, 9 2
ch a n n els into the erbium C band at
1526.83  to 1563.05 nm, and 96 ch a n n el s
i n to the L band at 1570.01 to 1610.06 nm
—a total of 273 wavel en g t h s .

The NEC team balanced dispers i on
with spans containing 40 km of p u re silica
core fiber and 18 or 19 km of reverse dis-
pers i on fiber, with dispers i on - com pen s a t-
ing fiber ad ded at the receiver. Th ey used
d i s tri buted Raman amplificati on , p lu s
t h ree thu l iu m - doped amplifiers for the S
b a n d , one fo ll owing the tra n s m i t ter, a sec-
ond in the middle of the span, and the

BREAKS RECORDS
OFC 2001, h eld Ma rch 17-22 at the An a h eim Conven ti on Cen ter, was bo t h
exhilarating and exhausting. The source of the exhilaration: an opportunity
to view an incredible number of amazing achievements across a broad range
of f i ber- rel a ted tech n o l ogi e s , f rom high - s peed tra n s m i s s i on to exo tic new
fibers.Exhausting because of the sheer scale of a meeting that roughly dou-
bled in size compared to last year.

H e ro ex p e r i m e n t s
At ten d a n ce wasn't the on ly record bro ken
at OFC. The po s tde adline sessions heard
s ep a ra te groups from Japan and Fra n ce re-
port sending over 10 bi ll i on bits per secon d
t h ro u gh a single fiber, breaking the 7 Tbi t / s
record set last Septem ber  at the Eu rope a n
Con feren ce on Optical Com mu n i c a ti on s
in Mu n i ch . The record - s et ting feats were
h i gh l i ghts in an informal trad i ti on of “h ero
ex peri m en t s” reported at OFC.

Kiyoshi Fu k u chi and seven coworkers at
the NEC Com p uter and Com mu n i c a ti on
Media Re s e a rch Cen ter in Kawasaki set the
raw speed record by sending 10.92 Tbi t / s
t h ro u gh two fiber spans totaling 117 kilo-
m eters . The key to their su ccess was pack-
ing 40-Gbit/s optical ch a n n els at 50-GHz
s p acing in the  short - w avel ength S band, a s
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t h i rd before the receiver. The com bi n a ti on
yi el ded a tra n s m i s s i on ef f i c i ency of 0 . 8
bi t / s / per Hertz of optical bandwi d t h .

Even high er tra n s m i s s i on ef f i c i en c y — a
record 1.28 bit/s/Hz—was reported by Se-
b a s ti en Bi go of Al c a tel Re s e a rch and In n o-
va ti on in Ma rco u s s i s , Fra n ce , and 13 other
Al c a tel devel opers . Th ey cro s s ed the 10-
T bit threshold wi t h o ut using the S band by
p acking a total of 256 optical ch a n n el s ,
e ach carrying 40 Gbi t / s , i n to the erbiu m
a m p l i f i er C and L bands. Th ey placed pairs
of f i ber amplifiers on both ends of a 
100-km span, but none in the middl e .

In s te ad of tra n s m i t ting ad jacent ch a n-
n els with altern a ting po l a ri z a ti on , the Al-
c a tel group tra n s m i t ted ch a n n els at the
same po l a ri z a ti on , but altern a ted spac i n gs
of 50 and 75 GHz. Th ey con tro ll ed inter-
ch a n n el interferen ce by ve s ti gial side - b a n d
f i l teri n g, an idea ad a pted from radio tra n s-
m i s s i on . Modu l a ting an optical carri er cre-
a tes two side bands above and bel ow the
cen ter frequ en c y. The two contain the
same inform a ti on , so filtering out one nar-
rows the signal bandwidth but leaves the
i n form a ti on intact . Bi go's group sel ected
the de s i red side bands by using 30-GHz fil-
ters at the receiver; t h eir cen ter frequ en c i e s
were shifted tow a rd the sides with  75-GHz
s p ac i n g. This packed 128 ch a n n els into the
C and L bands of erbiu m - f i ber amplifiers
opera ting at 1529.94 to 1561.22 nm and
1569.59 to 1602.53 nm re s pectively, a nar-
rower ra n ge than NEC used . Th ey do u bl ed
that to 256 ch a n n els by adding a second set
of ch a n n els at the ort h ogonal po l a ri z a ti on ,
for a total data ra te of 10.2 Tbi t / s .

The serious interest in hero ex peri-
m ents is in how they fore s h adow the futu re
s t a te of the art . At last year's OFC, 3 Tbi t / s
was the cut ting ed ge in the labora tory. Th i s
ye a r, the po s tde adline session inclu ded a
f i eld trial of 3.2 Tbit/s tra n s m i s s i on using
s t a n d a rd step - i n dex singl e - m ode fiber that
Worl d Com had install ed bet ween Dall a s
and Ri ch a rd s on , Tex a s . Ha rdw a re from
Si em ens tra n s m i t ted a total of 80 ch a n n el s ,
e ach carrying 40 Gbi t / s , at 100-GHz spac-
ing thro u gh three 82-km fiber spans. E n gi-
n eers dep l oyed an array of adva n ced tech-
n o l ogies including forw a rd error correc-
ti on ,d i s tri buted Raman amplificati on ,d i s-
pers i on com pen s a ti on after each span for
a ll ch a n n el s , and tu n a ble dispers i on com-
pen s a ti on for indivi dual ch a n n els at the re-
ceiver. “This field trial dem on s tra tes the
fe a s i bi l i ty of mu l ti - tera bit tra n s m i s s i on of
voi ce , vi deo and data traffic over net work
f i eld fiber,”decl a red D. Ch en of Worl d Com .

Doubts about 40-Gigabit systems
Both com pon ent and sys tem manu f actu r-
ers at the show hera l ded pro s pects for 40-
G bit equ i pm en t . Yet more cautious ob-
s ervers poi n ted to some major ob s t acl e s .

Receiver sen s i tivi ty depends on ph o ton s
del ivered per bi t , and moving from 10 to
40 Gbit/s means the ph o tons have to arrive
in on e - qu a rter the ti m e . That tra n s l a ted
i n to a hef ty 6-dB increase in avera ge power,
wh i ch could raise the level of s i gn a l - d i s-
torting non l i n e a ri ti e s , w a rn ed Fred Leon-
ber ger of JDS Un i phase at the Photonics &
Tel ecom mu n i c a ti ons Exec utive Foru m
OSA con du cted just before OFC. He said
d i s tri buted Raman amplificati on migh t
c i rc u mvent the probl em by spre ading ga i n
over a long length of f i ber, so powers did
not re ach levels that could cause non l i n e a r
ef fect s .

Ch rom a tic dispers i on is a bi gger issu e
because its impact increases with the
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s qu a re of data ra te . Leon ber ger said a fiber
wh i ch can carry a 2.5 Gbit/s signal 1000
k i l om eters wi t h o ut dispers i on com pen s a-
ti on could transmit a 40 Gbit/s signal a
m ere 4 km. “Yo u ' re worri ed abo ut the dis-
pers i on of everyt h i n g” at 40 Gbi t / s , he to l d
a packed meeting room . He ad ded that
tu n a ble dispers i on com pen s a tors might be
n eeded on every span bet ween amplifiers
in  40-Gbit/s sys tem s .

“ Ne a rly all 40 Gbit/s sys tems wi ll re-
qu i re com pen s a ti on for po l a ri z a ti on - m ode
d i s pers i on ,” said Jon Na gel of Terra Worx in
S h rews bu ry, N J, in an OFC tutorial on
f i ber issues for sys tem dep l oym en t .
Because po l a ri z a ti on - m ode dispers i on
ch a n ges with envi ron m ental flu ctu a ti on s ,
the com pen s a tors would have to be active .

Coding ch a n ges also wi ll be needed .
Most tra n s m i s s i on at 10 Gbit/s and less re-
lies on non - retu rn - to - zero cod i n g, but re-
tu rn - to - zero tra n s m i s s i on is likely for 

38,000 flock to OFC 2001–
100% increase in attendees and exhibits.

OFC 1997 OFC 1998 OFC 1999 OFC 2000 OFC 2001
Dallas San Jose San Diego Baltimore Anaheim

Attendance
Technical 2,139 2,672 3,331 6,636 11,588
Exhibitors 2,704 3,596 4,390 5,912 12,651
Exhibit-Only 1,803 2,178 2,485 4,386 13,776
Total 6,646 8,446 10,206 16,934 38,015

Exhibiting Companies 296 342 389 483 970
Net Square Feet 48,000 61,000 83,700 121,300 270,000

Papers
Contributed 536 501 624 618 859
Invited 43 57 53 45 51
Tutorials 11 8 9 10 8
Total # Accepted 285 289 320 302 482
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The 26th annual Optical Fi ber Com-
mu n i c a ti on Con feren ce was a re s o u n d-
ing su ccess for OSA, IEEE/LEOS and
I E E E / Com Soc . The con feren ce drew
38,000 atten dee s — m ore than a 100%
i n c rease over OFC 2000. OFC 2001 was
m a rked by trem en dous growth in every
a re a . Here are just some of the record -
breaking stati s ti c s :

• Close to 1,000 exhibi tors—a 100%
i n c rease over last ye a r ’s to t a l

• A 50% increase in technical paper
su bm i s s i on s

• Over 800 technical program pre-
s en t a ti ons 

• More than 100 short co u r s e s ,t uto-
ri a l s , and work s h op s

• 200 regi s tered press atten dee s , com-
p a red to 58 in 2000

Tradeshow
Mo n d ay – Wed n e sd ay, Ma rch 19–21
At OFC’s trade s h ow, 970 exhibi ti n g
companies showc a s ed their newe s t ,
most innov a tive produ ct s . E x h i bi tor s
h o s ted hands–on dem on s tra ti ons fe a-
t u ring state – of – t h e – a rt fiber – opti c
tech n o l ogy, re s e a rch , and app l i c a ti on s .
Produ ct showcases were orga n i zed to
p rovi de atten dees with det a i l ed infor-
m a ti on abo ut the produ cts on display
on the exhibit floor.

Plenary session
Mo n d ay, Ma rch 19
The key n o te spe a kers at this year's OFC
p l en a ry session foc u s ed on the fut u re of
f i ber optics and the In tern et . Q u e s ti on s
ad d re s s ed inclu ded : Wh ere is fiber – opti c
tech n o l ogy taking us, and wh ere wi ll the
n ew opport u n i ties be in the years ahead?  

The first spe a ker,Vab Goel of Norwe s t
Ven t u re Pa rtn er s ,s po ke on em erging op-
port u n i ties in the ch a n ging net work i n g
i n du s try. In teractive magazine has call ed
G oel “one of the top 25 unsung heroes on
the Net .” He speaks both nati on a lly and
i n tern a ti on a lly on the fut u re of the In ter-
n et . G oel poi n ted out in his speech that
u n til 1995, the In tern et was a non - p rof i t
n et work run by univer s i ti e s . In 1996, In-
tern et Pro tocol (IP) con s ti t uted on ly
20% of a ll wi de – a rea net work (WA N )
tra f f i c . In 2001, that nu m ber rose to 80%.
Ra t h er than spec u l a ting on what the fu-
t u re holds in store in terms of n ew app l i-
c a ti on s ,G oel urged the audien ce to con-
cen tra te on the opport u n i ties curren t ly
av a i l a ble in areas including mu l ti - m ed i a ,
ga m i n g , brows er s , and file shari n g .

Robert Lu cky, corpora te vi ce pre s i-
dent of Tel cordia Tech n o l ogi e s , ad-
d re s s ed the impact of ch a n ging tech n o l o-
gies on net work s , companies and
econ om i e s . Inven tor of the ad a ptive
equ a l i zer (a tech n i que used in all high -
s peed data tra n s m i s s i on to correct dis-
torti on in tel eph one sign a l s ) , Lu cky

wri tes a bi m on t h ly arti cle on the en gi-
n eering profe s s i on for Spe ctru m m a ga-
z i n e . Ci ting examples su ch as Na p s ter,
wh i ch is gen era ting traffic equ iv a l ent to
20 mill i on ph on e s , Lu cky told the audi-
en ce more and more bandwidth wi ll be
n eeded in the fut u re to satisfy digi t a l
su b s c ri ber line (DSL) dem a n d . Wh en
people re a lly begin “co ll ecti n g” i tem s
su ch as books and CDs over the Net ,a n
en ormous amount of traffic wi ll be gen-
era ted . On the wh o l e , Lu cky pred i cted
the fut u re would be pop u l a ted wi t h
“gl i t tering tech n o l ogi e s” u n i m a gi n ed
even by vi s i on a ries like H.G. Well s .

John Tyndall Award
Optical scien ce pion eer Ta t suo Iz aw a ,
p re s i dent of N TT Electronics Corpora-
ti on (Ja p a n ) , was pre s en ted with the
2001 John Ty n d a ll Aw a rd at Mon d ay ’s
OFC plen a ry session .

The Ty n d a ll Aw a rd , first pre s en ted
i n 1 9 8 7 , recogn i zes indivi duals wh o
h ave made pion eeri n g , h i gh ly sign i f i-
c a n t , or con ti nuing technical con tri bu-
ti ons to fiber – optics tech n o l ogy. Iz aw a
was hon ored for “con tri buti ons to va-
por – phase axial depo s i ti on for opti c a l –
f i ber fabri c a ti on and pion eering work of
s i l i c a – b a s ed planar ligh t w ave circ u i t s .”

An t h ony M. Jo h n s on , OSA pre s i-
den t - el ect ,p re s en ted the Ty n d a ll Aw a rd
to Iz aw a ,c i ting Iz aw a’s leadership in the
f i eld of l i gh t w ave com mu n i c a ti on s .

OFC 2002
T h i rty - ei ght thousand atten dees and
970 exhibi tors made OFC 2001 a hu ge
su cce s s . The nu m ber of a t ten dees do u-
bl ed com p a red to 2000 figure s , tech n i c a l
p a per su bm i s s i ons incre a s ed by 50%,
and an upgraded  com m ercial tech n o l o-
gy program was part of the con feren ce
a gen d a .

Plans are alre ady underw ay for OFC
2 0 0 2 , wh i ch promises to be equ a lly ex-
c i ting! Please mark your calendar now
to join us Ma rch 16-22, 2002 at the An a-
h eim Conven ti on Cen ter, in An a h ei m ,
Ca l i forn i a .

For con feren ce inform a ti on ,
please call 202-416-1907

or visit www. ofc - on l i n e . org .

OFC is spo n so red by OSA, I E E E / L E O S ,
and IEEE/Co m S o c .

OFC in Numbers



4 0 - G bit/s sys tem s . Al t h o u gh RZ coding re-
qu i res faster modu l a ti on , it is less sen s i tive
to po l a ri z a ti on - m ode dispers i on and re-
du ces vu l n era bi l i ty to nonlinear ef fect s .
Forw a rd error correcti on also is likely to
become a must at 40 Gbi t / s , to keep error
ra te low as sys tem margins grow thin.

Ob s ervers cited many other uncert a i n-
ti e s ,i n cluding the ava i l a bi l i ty of 4 0 - G bi t / s
mu l ti p l exing el ectronics  and po ten tial eye
h a z a rds of the high pump powers needed
for distri buted Raman amplificati on .
Non et h el e s s , an indu s try panel at the OSA
Exec utive Forum pred i cted com m erc i a l
produ cti on of 40 Gbit/s sys tems in 2003
or 2004. “Com pon ents for mass dep l oy-
m ent wi ll be ava i l a ble starting in 2002,”
said Gerh a rd Elze , ch i ef tech n o l ogy of f i cer
and vi ce pre s i dent of business devel op-
m ent at Al c a tel Optron i c s . Forces drivi n g
h i gh er speeds inclu de short a ge of el ectri c a l
power and floor space in tel ecom mu n i c a-
ti ons opera ting cen ters , said  Ben oit Fleu ry
of Nortel Net work s .

The crucial econ omic issue is balancing
the high er cost of 4 0 - G bit/s term i n a l
equ i pm ent against the savi n gs in tra n s m i s-
s i on lines. That tradeof f becomes easier to
ju s tify as tra n s m i s s i on distances incre a s e ,
but technical probl ems su ch as dispers i on
also increase sharp ly with distance . Th e
f i rst dep l oym ent of 4 0 - G bit/s sys tem s
could be in dense urban cen ters like Ma n-
h a t t a n , wh ere distances are short but the
costs of l aying new cable are high .

High-speed submarine netwo r k s
Tra n s oceanic su bm a rine sys tems can ju s ti-
fy heavy inve s tm ents in terminal equ i p-
m en t , but so far 40-Gbit/s ch a n n els cannot
s tretch the requ i red distance s . The record
d i s t a n ce reported at that speed in a po s t-
de adline paper was 1200 km, ach i eved by
B. Z hu of Lu cent Tech n o l ogies and 16 co l-
leagues from Lu cen t , Bell Labs, and Agere
Sys tem s . Th ey spaced 77 40-Gbit/s ch a n-
n els at  100-GHz intervals ac ross the C and
L erbiu m - a m p l i f i er bands, for a total data
ra te of 3.08 Tbit/s with forw a rd error cor-
recti on . Di s tri buted Raman amplificati on
in ex peri m ental non - zero dispers i on - s h i f t-
ed fibers su pp l em en ted erbium amplifiers
every 100 km. However, no one seems ea-
ger to install power- hu n gry Raman pump
l a s ers on the ocean floor.

Packing 10-Gbit/s ch a n n els cl o s er to-
get h er all owed Al c a tel to send 3-Tbi t / s
t h ro u gh 7380 km of f i ber, a distance six
times lon ger than Lu cent managed with 
40 Gbit/s ch a n n el s . Al c a tel packed a to t a l

of 300 ch a n n els spaced 25 GHz apart into
the C and L erbium fiber bands. E ach fiber
span con s i s ted of t wo - t h i rds pure silica-
core fiber, and on e - t h i rd revers ed disper-
s i on fiber, so avera ge dispers i on over the
span was abo ut 3 ps/nm-km, G . Va rei ll e ,
F. P i tel and J. F. Ma rcerou said in a po s t-
de adline paper. Th ey used on ly erbiu m -
f i ber amplifiers and fiber spans avera gi n g
52.7 km.

An ex peri m ent at Ty Com Labora tori e s
in Eaton town , N J, s h owed promise for 
20 Gbit/s ch a n n el ra tes ac ross tra n s a t l a n ti c
d i s t a n ce s . J. - X . Cai and 11 co ll e a g u e s
s p aced  120 ch a n n els at 42-GHz interva l s
bet ween 1525 and 1570 nm. Th ey
l a u n ch ed ad jacent ch a n n els with ort h ogo-
nal po l a ri z a ti on to redu ce cro s s t a l k . Us i n g
retu rn - to - zero coding and forw a rd error
correcti on , t h ey reported a total data ra te
of 2.4 Tbit/s thro u gh  6200 km of f i ber.
E ach fiber span inclu ded 33 km of l a r ge ef-
fective area fiber and 16 km of i nverse dis-
pers i on slope fiber, and en ded at an er-
biu m - a m p l i f i er. Thanks to careful disper-
s i on managem en t , t h ey said, “The re su l t-
ing dispers i on slope of the mixed fiber
spans was 200 times small er than is typ i c a l
in tod ay's sys tem s .” Th eir spectral ef f i c i en-
cy was 0.48 bit/Hz of tra n s m i s s i on band-
wi d t h .

S tretching the distance to 9000 km,
en o u gh to cross the Pac i f i c , i m poses more
s erious limits. An o t h er Ty Com Labs te a m
l ed by B. Bakhshi  spaced 101 ch a n n el s
tra n s m i t ting 10 Gbit/s at 33-GHz interva l s ,
using on ly wavel engths of 1537 to 1564 nm
in the erbiu m - f i ber C band. An o t h er gro u p
h ad reported tra n s m i t ting the same 1
T bit/s ra te over similar distances last fall ,
but their ex peri m ent used Raman amplifi-
c a ti on . Bakhshi's group said their dem on-
s tra ti on is more practical because it “ i s
b a s ed on a simple sys tem de s i gn uti l i z i n g
on ly the EDFA C band and tech n o l ogi e s
that are easily qu a l i f i ed for undersea use.”
Th ey attri bute their su ccess to a careful dis-
pers i on managem en t , retu rn - to - zero mod-
u l a ti on form a t , l ow power per ch a n n el ,
and adva n ced ga i n - f l a t tening filters . By
l a u n ching ad jacent ch a n n els with ort h ogo-
nal po l a ri z a ti on ,t h ey ach i eved spectral ef-
f i c i ency of 0.3 bi t / H z .

Raman amplifiers
In an invi ted paper, E . M . Di a n ov of t h e
f i ber optics re s e a rch cen ter at the Gen era l
P hysics In s ti tute in Mo s cow de s c ri bed re-
f i n em ents being made to Raman ampli-
f i ers . Raman gain is materi a l - depen den t .

Most work has foc u s ed on com m on silica
gl a s s e s , but the Raman cro s s - s ecti on of
germania glass is 10 times high er than sili-
c a .Al t h o u gh germ a n ium increases fiber at-
tenu a ti on , h i gh - germania fibers have been
m ade with loss of on ly 0.5 dB/km at 1550
n m . P h o s ph orus also has a high er Ra m a n
c ro s s - s ecti on , as well as a large frequ en c y
shift and two gain bands ra t h er than sili-
ca's on e .

New amplifier de s i gns are flatten i n g
Raman gain ac ross broader wavel en g t h
ra n ge s . The gain peak is of fs et a fixed
amount from the pump wavel en g t h , s o
pumping at mu l tiple wavel engths provi de s
m ore uniform ga i n . An o t h er devel opm en t
is cascading Raman fiber lasers with nested
o s c i ll a tor cavi ti e s , so an ex ternal pump
s o u rce can produ ce a Raman line of fs et at a
l on ger wavel en g t h , wh i ch in tu rn can
pump another Raman stage to gen era te
a n o t h er Raman line that itsel f can serve as
a pump. These mu l ti s t a ge Raman lasers
can shift a powerful pump beam to su cce s-
s ively lon ger wavel engths for pumping ap-
p l i c a ti on s . Di a n ov noted growing intere s t
in Raman fiber lasers , as well as distri buted
Raman amplificati on and sep a ra te discrete
Raman amplifiers .

“ H o l ey” fibers
An aftern oon tutorial on ph o ton i c - c rys t a l
or “h o l ey ” f i bers by Philip Ru s s ell of t h e
Un ivers i ty of Bath attracted a large audi-
en ce intere s ted in the hot fiel d . The ide a
grew from Eli Ya bl on ovi tch's work on lay-
ered stru ctu res wh i ch could bl ock ligh t
prop a ga ti on at certain wavel engths by cre-
a ting a “ph o tonic band ga p.” Just as el ec-
tronic band gaps can con trol current flow
in a sem i con du ctor devi ce , ph o tonic band
gaps can direct the flow of l i ght in opti c a l
m a teri a l s .
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The idea can be app l i ed to fibers by cre-
a ting arrays of holes that form a mi-
c ro s tru ctu re along the length of f i ber. Rod s
and holl ow tu bes are stacked ,f u s ed toget h-
er, and then drawn into com po s i te fibers .
The process is similar to fabri c a ti on of
f u s ed bu n dles of optical fibers , but inten-
ti on a lly leaves em pty holes running the
l ength of the fiber. Arrays of reg u l a rly
s p aced holes form ph o ton i c - b a n d - gap mi-
c ro s tru ctu res that bl ock the passage of
l i ght at certain wavel en g t h s . In this way a
cl adding of m i c ro s tru ctu red material can
g u i de light along a core of s ome other
com po s i ti on that does transmit ligh t .

Ru s s ell de s c ri bed several types of h o l ey
f i bers with ligh t - tra n s m i s s i on properti e s
not ach i eva ble using conven ti onal solid
f i bers . F i lling in the cen tral hole in a fiber
with a regular hex a gonal array of holes cre-
a tes a solid core wh i ch guides light in a sin-
gle mode rega rdless of w avel en g t h . Th a t
d i s covery initi a lly su rpri s ed Ru s s ell ; l a ter
a n a lysis showed that the air holes tra pped
the fundamental mode , but high er- order
m odes were small en o u gh to escape into
the micro s tru ctu red cl ad d i n g.

An o t h er intriguing po s s i bi l i ty is using
ph o tonic band gaps to guide light thro u gh
h o ll ow - core fibers . This type of tra n s m i s-
s i on is impo s s i ble in conven ti onal fibers
because the holl ow cores inevi t a bly have
l ower ref ractive index than the su rro u n d-
ing solid, preven ting total internal ref l ec-
ti on .Yet it opens new po s s i bi l i ties for lon g -
d i s t a n ce tra n s m i s s i on by confining light in
a i r, wh ere ch rom a tic dispers i on and non-
linear ef fects are mu ch we a ker than in
gl a s s . That could avoid major limitati ons of
c u rrent fibers . Ot h er types of h o l ey fibers
can be made with dispers i on profiles de-
s i gn ed to com pen s a te for dispers i on ef fect s
in other types of f i bers .

Devel opers have de s c ri bed a wi de va ri-
ety of l i ght-guiding ef fects in holey fibers ,
but attenu a ti on has rem a i n ed stu bborn ly
h i gh — typ i c a lly hu n d reds of dec i bels per
k i l om eter. A po s tde adline report of a t ten-
u a ti on of on ly 0.82 dB/km at 1550 nm in a
“h o l e - a s s i s ted ligh t g u i de fiber ” was a wel-
come bre a k t h ro u gh . Ta kemi Ha s egawa of
Su m i tomo Electric In du s tries Ltd . in Yo ko-
hama and co lleagues from Su m i tomo and
Ho k k a i do Un ivers i ty de s i gn ed a new ph o-
tonic crystal fiber in wh i ch four holes in a
p u re silica cl adding su rro u n ded a high - i n-
dex glass core .

Ha s egawa's team blames the high loss
of o t h er holey fibers on absorpti on by
traces of w a ter tra pped in the holes them-

s elve s . To avoid that ex tra loss, t h eir stru c-
tu re confines most of the guided light in
the core , with little prop a ga ting in the
h o l e s . Th eir fiber's special property is a
h i gh anomalous dispers i on of +34 ps/nm-
km at 1550- nm, l a r ger than attainable in a
solid glass fiber.

Al t h o u gh the field is yo u n g, t wo new
companies have spun out of u n ivers i ty labs
to devel op holey fibers . Ru s s ell has form ed
Bl a ze Photonics with co lleagues from Ba t h .
A Danish com p a ny call ed Crystal Fibre is a
s p i n - of f of the ph o tonic crystal fiber gro u p
at the Technical Un ivers i ty of Den m a rk in
Lygyby.

N ew twists on surface emitters
The po s tde adline sessions inclu ded report s
of t wo unu sual new su rf ace - em i t ting sem i-
con du ctor lasers that sep a ra te com p a n i e s
a re devel oping for fiber- rel a ted app l i c a-
ti on s . Aram Mooradian of Nova lux ob-
t a i n ed 980-nm powers above 1 Watt su i t-
a ble for pumping erbiu m - doped fibers
f rom large - a rea su rf ace - em i t ting lasers of
ga ll ium indium ars en i de .

L i ke conven ti onal verti c a l - c avi ty su r-
f ace - em i t ting lasers ,t h ey have active layers
con f i n ed bet ween ref l ecting mu l ti l ayer
coa ti n gs that couple light out thro u gh the
devi ce su rf ace . However, the Nova lux laser
adds a curved ex ternal outp ut mirror,
wh i ch con cen tra tes em i s s i on from the
l a r ge - a rea devi ce into a beam su i t a ble for
pumping erbiu m - f i ber amplifiers . Moora-
dian pred i cted outp ut powers could re ach
s everal watts.

An even more unu sual devi ce is the lin-
ear optical amplifier de s c ri bed by D. A .
Fra n c i s ,S . P. Di Ja i l i , and J. D. Wa l ker of t h e
G en oa Corp. in Frem on t ,C A . Th eir devi ce
is an In G a AsP sem i con du ctor amplifier in-
tegra ted with a VC S E L . The VCSEL mir-
rors are on top and bo t tom of the ju n cti on
l ayer running the length of the devi ce ;l i gh t
f rom an ex ternal fiber is directed in the
ju n cti on plane, as if the devi ce were an
ed ge - em i t ting sem i con du ctor optical am-
p l i f i er.

In opera ti on , a drive current is app l i ed
ac ross the ju n cti on laser, gen era ting exc i ted
c a rri ers wh i ch can emit light ei t h er
t h ro u gh the VCSEL cavi ty or to amplify the
ex ternal sign a l . “The circ u l a ting opti c a l
power of the VCSEL overlaps with the am-
p l i f i er waveg u i de and acts as a ballast to
maintain a constant gain in the amplifier.”
This avoids large tra n s i ents gen era ted by
s wi tching conven ti onal sem i con du ctor op-
tical amplifiers ,G en oa says .
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