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The chirped multilayer quantum dot (QD)
laser structure proposed in  NSC96 is
continuously investigated in this year. Edge
emitting lasers with ridge width of 3 pm and
cavity length of 3 mm are operated under pulsed
condition at room temperature. With injected
current up to 3 A, the 3 dB spectral width is as
high as 28 nm without dip under 0.1-nm
resolution of optical spectrum analyzer.

To evaluate the feasibility of QD laser
application on the optical coherence tomography,
we have setup a fiber-based Mach-Zender
interferometer to measure the coherence length
of lasing light. Under current injection of ten
times the threshold current, the optical coherence
length of our multilayer QD laser is lower than
100 um. The low coherence property of broad
spectral emission in QD lasers is therefore
manifested.



As semiconductor lasers should be coupled
into single-mode fibers in the bio-medical
application, the lasing light should meet the
system requirement of low vertical beam

divergence and symmetric far-field pattern (FFP).

However, the rather thick (0.3~0.5 pum)
separate-confinement-heterostructure (SCH) of
conventional multilayer QD laser structure
renders the FFP with larger vertical beam
divergence and aspect ratio over 6:1. Therefore
we have adapted the large-optical-cavity (LOC)
structure in this year to reduce the vertical beam
divergence. That is, the SCH layer is
tremendously increased up to 2 um. With great
success, we have fabricated the QD lasers with
narrow beam divergence as low as 34 degree,
compared to the conventional 54 degree.

Meanwhile, we have carried out the
theoretical simulation by laser rate equations of
carriers and multimode photons. More than two
energy levels are allowed for carrier relaxation
and recombination in the QDs. The dynamic
capture and escape process is also considered.
Both  homogeneous and inhomogeneous
broadening are included in the gain calculation..
The simulated lasing spectrum is consistent with
our simultaneous two ground-state lasing
emissions observed in NSC96. The injection
current evolution of carrier population among
multilayer QDs could also be predicted from our
calculation.

Zyrhgd B

AT S FReiR bR I, AR T A2 Y &
ADFATORT oA WL FR KRR AR
i—ﬂ’ﬂ“94i§@%@4m%ﬁ%ﬁp
FATE R EPAek o pRF LIS Y A
LB ek e (OCT) 5P 2 T4 %k

g [1] o d »OCTenfz 47 B 27 3kl 90l & =
Fovbo g kR SR RRE-F G KR A&
Hah B B - MAE D HiFr agr b o
FlC e e ] MO g
;)i‘lmvi‘ﬁ»é\ﬂéé\« °

AR LRk R T L 5 Lk 4R
(InP) gwdvi%; (GaAs) At L 5 ¢
T EITRE AR - W (SLDs) k7 3
[2-3] » # FﬂlnPEg%;m;\ *F F kiR L ﬂé-ﬁ%
ik o @ 11GaAS & AR R R & AT SRR
ToTERAEFIBRERATHMITFEE LT
A E i GaAs F AR B R 2
Fuhsed LRt R 27 EFA DR
(11~13 HM) > FPEfI f N E S B A
_ ehinhomogeneous broadening# 42> # 5 #% ¢
hEGaAsAF FREF IR EEE ] @ X
S F OB ok St EWEEER [4]-

AR TR EEE st o
TEApGOEHRIFHORN O 8E - EF13
MM B g St % 0 P e 1A B 4 &
HEEFERTAE L RGEE > v A YAt
PREMEG TEE S FE AR gt
RAR W KB i o BT TR ARIT E TR 4
MAMEF BRI IFRZELZ A B &
B AAE R R BB iRA [5] 0 R Ak
g B VP BEEL [6] PARFERE
FEOHAFAAPRRE R YRR
Innolume 2> & *>+2006# 6" #7H % # £ + &7
HegEETNTEG TR g B kAR
[7]>d »F s+ A £ F 2 ;_}iirﬁﬂ CendE o i
K @p e ERT Y ENE S BT
WL Ry
MEFELAEFROTHELEWG P
ELRER I Benv g [8] BIp R W
”}5 4 ey ow FIR B AN B GG
FehigEk 2 B o ol AR Sl AR
Hmﬁi%%éﬁﬁ PREF BT MY

%};;'n—ﬁﬁ

PN
\!
\‘# [l

A



AEE B E R F R RS AT kR %‘E‘_;‘
R TE R T R AR AT
i“:}z‘tl ERv L g oo 3K F"L;fiﬁﬂ"}é‘

FIET E'Ef')’@’i’r mﬁ'%ﬁ;lyl:,,)g‘(ﬁ AR 5 A

F.%’E/),%l F"EH mp *ﬂ °
L

p ;v £ (self-assembled growth) &
Bhehs o AR R A s B EIRARE BA DA
Fode  EFBALHBEALT DR EED
')A 4P E F ' (1E10~1E11 cm2) » F]pt 12
¥ 3 BLiT L X HEg i"”‘"ﬁr]'m,’cg; 4 ﬁF‘ﬁ‘ (gam
medium ) - H L8 F B IT % HIE R A
FARE Menée{ord ¥ (saturation gain) - fiEi
AR I U NE SRR SR g s R
# # (optical modal gain) o —4 k3 > @A
BB s d RRADEY PGS S
iEE o AP HE2 3 E G
(uniformly stacked QDs) - 11 % & F &+ F 47
e K 3 4 (narrow-band lasing emission )

EFRIFRDEIOR FERAPE T
& 9k.ﬂifg§;é%£ﬁ?‘;%i' (gain spectrum) #r4g % &0
TR LAAEY HE R gEo L H. Lietal
[4] =% & Z>"InAs QDs  * 2_InGaAs QW
dln 4 k@ FAR LK EF BT Pk
Ak EIOF AR B 2121 nm AR R R
S L RN SIS L A A & AL S
3@ & (continuously chirpy stack)) & &+ 2 -

PR RS SRS X EMT M —
In effusion cell F & #5418 Flig §F e g =
EAFMEF R R ;f}f%ﬁ;fg&ﬁﬂ’f)&aaﬂ %?’EI%%’
RABJH E = Mo F0F i T SR
20 i NSC96 4 o) — 48 #c i % vk 3\ 3t dp
(digitally chirpy-stacked ) & & Bheng & & §
(LB-)  2&k? 3 tAkE 8, HY
T2 R InAs B3 BB L E L
LA 1:};_.7. = QDL(iﬁ» E ﬁ’i{) N QDm(fﬁ»TE:' v i)’f‘f'
QDs( £ fi®) » ’E"g‘;,‘o,ﬁtﬁ;ﬁd TR RIE A

InNAs £ & B+ 1IN0 15GaggsAS 5 & k34 B0 =
BE F BB 0 Ing1sGaggsAs & B A %) &
4nm ~ 3nm e Inm > @ = kK hR S gheT
kR R S 2K ~3 k-5 K o p it ¥
* P\?-f’}%/ﬁ»nméﬁ'—frigi E T RSB

ZHEFEOAL AT R R R

[ )fx» ke
p-AlGaAs cladding \\'\
_ Gapsspacer .~

Qb == WA ~ P-type : C

OD:_ I ~ " 1. 5'.““

ODS' R \\

QD [ttty gy s g,

ODF; W InGabs QW

A0 e % 0.5um

e In As QDs

OO, e s L N-type : Si o

ab - 1.5um |2
&

- GaAs spacer Ry E
n-AlGaAs cladding ’J/
g
»
w

Bl- kg EFRELGHE AP TR

&R E T NSCI6 73k 3+ crvd kst
fafpd F BT M g ASITE S BT D
B AP RE R 3 um-~ £ & 3 mm mjfla
SEAF SRR T UREFT RERE L SA T
WK A 0.1 nm fRT R T A 47 T S
HogF kA4 R 80 nm > 3dB i 4 Bt B i
28nm (LB =)

0

£ (W, L) = (3um, 3mm)
a {t. T} = (55, 1ms} @ RT
= -2I Resolution = 0.1nm
>
=
g
[ 4
2
£
3
N 6
E
—20A
5 8f
=

—30A

.J

-10 " " " "
1200 1220 1240 1260 1280 1300
Wavelength (nm)

Bl= - BARGHRATT 23 TSR T SR

EY FI_'P ® + 5‘31?’5’ ‘&’Té’—’kg 3 @kﬁ'}é] ﬁ-”ﬁ
JBLEREE H o SV ZE SR T - B RGN B Ak
x4t (Mach-Zehnder) + # ik (L Bl= ) *ip|
® § ek £ R (coherence length) 5 % i



% o sk F (actuator) k Zpd T4 5L A
kA7 £ ehic & o ¥ 02 g i# 7 L ® (high-speed
digitizer ) #fP~F Wy fs kM EL > AP E g B
deRle Xk p Ap b S

GRIN Lens Translation BEEERT
Light Source Collimator \ Stage
b
Computer
Fiber Fiber
Coupler Polarizatian Coupler Built-in
Contraller Digitizer
Coaupler

PO TR R T

........... PR

Bl= : k4 ;% Mach-Zehnder + # & 7 5 2 &

Ble s 32 L BRAT T Y
pARRE iy HY s BERPAT o E o (CW)
Fixom L Er‘ o B % e (Pulsed )
FeiTodopt ¥ MEFET S ZERE S
FIHENIL APt BT gk T

BRTEZ PR LR 5 90 um o Ap gt - AR
FP 3 8tenS R K - 22 DFB § &fenidict 3
TR RA B R R RN (A D
}“%’9 ;EE.J o

cW @ 21,

FWHM=302pm

 DO1560 QD Lase
(W, L)={3pm, 3mm

-0.4 -0.2 0.0 0.2 0.4
Optical Delay (mm)

BV ARE 61 2 anfickR{gg

- Pulsed @ 10xI,

T

io FWHM=90pm .

DO1560 QD Laser .-
C(WL L) = (3pm, Z}mm) i

-0.4 -0.2 0.0 0.2 0.4
Optical Delay (mm)

Ble © p4ph Sl k42 X B 4R

d *i%,ﬁ‘s NI S RN T L - R
e T H PR FI R R Ss &
%ﬁiﬂi$ﬁ%ﬁﬁﬁﬁ}?g
%ﬁ@ié%aiﬁa: T
(0.3~0.5 um) > F]pt kRt ,ﬁ_%ﬁ’éi&_

(iﬁj)’g@ 7k g HandB ¥k

& ndf & 1y

2R Ao qt S Ao £ E L li’—,gf;asﬁﬁ‘f?-_!' z

+ sk #x (Large Optical Cavity ) %3+ » » 3

Ld B R Pk K B R 2 R4 (<2 pum)
Fevs LB AR AN R P Ak

d RLea54 B(LEI )1 34R(LES ).

'rﬂﬁ‘-

B
N

\_3 qﬂ‘: ~}m PRS \rmL

A
L

&

S " 5 o nE o g a0
an - - o " a uuuuuuuu
4 = 0 n [

i 0,=0 §

§ §

0[N ) i 8 :
E" . i E’ B= |3
3| £ 3 H

8 g g

E | IS

i i

El E

! g -

Rotadp g+ 8L2 - iR 38R

g8 222 -5 Gabebefe
g 0,=34° g

i i H
il [ i —
i 53 H
& i /

g g

B> :LOC % g 3udp 8 5 2.2 - ‘g 58 R



p‘,:.p_é?,;kfpa_l‘zi\‘.—}ﬁ 5k g K3 4
E
e

B :"—é*ﬂ’ﬂ“mi“’ = SRR  A
Bt g S ;\.}* ,@iﬂ;g‘;gg
Fe'?#?“%’l\k’ii“ =

Output Power [dbm]

00 1150 1200 1250 1300
Wavelength [nm]

DR @ S

35
,,,,,, )
gl QDSS e QDES I e °
o
— QDI?AS ——— QDE{S
2.5¢ QDos qpEs 87
- L L :
i=]
=
K]
S
o
o
a
0

0 002 004 006 008 0l
Injection Current [A]

AERVEY ARG E L APFHER
TR BT S KA S A R
NSC96 *fELP|F| fR' IR in*iT s = A&
o B Sk AT B A T T RIS A
LR s G FEER R o AR RE 2R
- ERFHHEKR BB B

oo Al de2p
TNTZEIERTHDEDER o P AP

i
%
P

}F%E‘EE' é‘ﬁé s AR B RS 2 R
g aendE At 1 3R ¢

T B D
Tk Y EB FEET U KI5
TOR-F R M E > AR
B S S LdE AR ]
TEREITREF L EERF HT SR
THRRE TR Y A EIFAEFEY D
TR IR PR o AR A %
A %*%E)ii?z\np\ o) gé‘,}\? L5F » fe
*"7}%#5 BEP TG = o

'7‘»‘4 —‘?)EJ(

[

4y
4?:
e

IS

\_‘

1N
&
%
2
fg
A
5
o
T
m

)

=
o

4
3 o
Wi

S
—
=
N

\‘

ﬁ: s %’s x
|1

B o ot ok
(7

[1] A. M. Rollins, M. V. Sivak, Jr., S. Radhakrishnan, J. H.
Lass, D. Huang, K. D. Cooper, and J. A. lzatt,
“Emerging clinical applications of optical coherence
tomography,” Optics & Photonics News, pp. 36-41,
2002.

[2] T. Yamatoya, S. Mori, F. Koyama, and K. Iga, “High
power GalnAsP/InP strained quantum  well
superluminescent diode with tapered active region,”
Jpn. J. Appl. Phys., vol. 38, pp. 5121 - 5122, 1999.

[3]A.T. Semenov, V.K. Batovrin, LA. Garmash, V.R.
Shidlovsky, M.V. Shramenko and S.D. Yakubovich,
“(GaAlAs SOW superluminescent diodes with
extremely low coherence length,” Electron. Lett., vol.
31, pp. 314-315, 1995.

[4]W. Ha, V. Gambin, M. Wistey, S. Bank, S. Kim, and J.
S. Harris, Jr., “Superluminescent LED allows early
dental diagnosis,” Compound Semiconductor, vol. 14,
pp. 591-593, 2005.

[5] L. H. Li, M. Rossetti, A. Fiore, L. Occhi and C. Velez,
“Wide emission spectrum from  superluminescent
diodes with chirped quantum dot multilayers,” Electron.
Lett., vol. 41, pp. 41-43, 2005.

[6]D. C. Heo, J. D. Song, W. J. Choi, J. I. Lee, J. C. Jung
and I. K. Han, “High power broadband InGaAs/GaAs
quantum dot superluminescent diodes,” Electron. Lett.,
vol. 39, pp. 863-865, 2003.

[7] http://www.innolume.com/news_060630.htm, “NL
Nanosemiconductor announces Broad Band Lasers
based on Quantum Dot Technology,” June 7, 2006.

[8]H. S. Djie and B. S. Ooi, X.-M. Fang, Y. Wu, J. M.
Fastenau, and W. K. Liu, “ Room-temperature
broadband emission of an InGaAs/GaAs quantum
dots laser,” Opt. Lett., vol. 32, pp. 44-46 , 2007.



EE VS L

4 e NSC 97-2221-E-009-158 (97R401)

S RT ES T R S

NRA R

, Eip | R ABET Ikt [ B LigER
FRAEHS M 2 BRAE

¢ 3R PF T+ 2 |14-19 June 2009 @ Munich, Germany

€ ’iz ’wfﬁ; CLEO Europe - EQEC 2009

%~ 42 P |Incomplete mode-locking in one-section QD lasers with ultra-long cavity

-~ RS
Conference on Lasers and Electro-Optics(CLEOQ) & % 24 %3 7 e £ > o 458
~@ﬁ“ﬁwivﬂ%$gﬁ’i.@ML&?%*EQE‘% gELRIE S BT E R
* » European Quantum Electronics Conference(EQEC)R| ik & & + £ & ~ 2ban 4 L & g1
H 438 E 2t g e CLEO-Europe 82 EQEC # & # B 9% =t > AR KA F & ¥ eh
Fromg ARty £ #3060 14-19 P A4LR e 35+ 3% R L 2 (Munich)#
P> BRL 2 S Kg;)ﬁ;iv it b%;ﬁ_},k,fijiw i%@— s s o
P=x gpig“/‘ T CLEOZ EQEC 2 2B 2 ¢t > & 5 - & H & jp AR B 'qfh ep

session » x *L”ﬁ 28 BekAL > imF RS ARG S BB S~ R~ A F ~ BF R

LA B B3 kg v BB R s meta-material ~ § S P2 iR B R H
w%%ﬁ’W?wiwéﬁﬁ’%Fﬁ%%iw%%ﬁﬁ%m*i—ﬁ**‘ﬁiﬁ%
£ AT > — X 5 X Xy o £ 27 100 Hehvinvited talk - % £ 3% < (oral & poster)
BepAZE 1000 5 » 2B R 150 BHE 2 ¢ A R { BEHF 4 AR D UTME
AL LA SAWH204A4 S @ KA P ANEELLATMWE R RIAIHF X
Soo GRBEARE % AUE BRI FR L A kR 20 5B kA ATH A
BTRRLB AT P AT ALEREFESR: B pEHEG 6B FY 20 5oral > £
By 8 Ad SR E P > X K ESFE R E S~ X > poster session B i & %
13:30~14:30 ik i BfF"* FoobapeE el W R~ ?,3]{‘ li’—"'b’g"“:iﬂf?: R RER &
vE A A ehiEd > & WLAN Lounge % 32 R i 2 X AL E e o

A =toeg £ 5 poster A5 3% 0 24 453 Semiconductor Lasers Session s A& A % - X o

dONER L AT S - A AR A RERED]  G AFI kR A o ke
FHFAFR L AR EE AL AGAR > HOHEE A o §RIP AT FHRAFN
2 Rt fd R RBE - FEFHR R o TP 1084 @ FRER R TR LD
/ﬁiﬁﬂ¢ﬁ3%%mﬁ%’ﬂ%”p%aﬂﬁﬁvwb%ui#“w/’ﬁﬁﬁ%m LT

J Eenposter 42 R R B 0 A PFH  AH BRREATE 03 £ 5 304 poster ehE
Bap) 2Hdm@E .



- =X i'il?zl%iQ I "‘Jm%‘?ﬁﬁﬂa‘ i%%ﬂrﬁ'gkp-#‘ R A R
AR AR AR FARE PR A o @D e NN R AU L 5 AR
¢%mﬁ”'§??¢’m?&*ﬁiﬂﬁ’@ﬁ£¢~am¢$°ﬁﬁﬁﬁﬁ%a’

PlEmp £ 5 REBERLTAAT 3E & KLPFF 4§ & > poster session ?ji?#%.%“—‘ﬁ%
PR 2 (8> fed 302 GRP EREFTPEEALLE > EFERNERN A 2 T L H
AP b keng ¢ XA 2 0 F M 5 A postersession hE R 2 {5 SRS
RPFER 0 F g RS & T = coffee break copF B R 5 poster 4 RIg S 0 @ & poster (3R
A AR B E K T R R A AR 0 A A G R AR R LSy
P R RRE 0 B 2 RE ARG 0 TP T g RIRF S PR i ADRR
mféik‘n‘?«% LA IRSadr 2 23 o gt b o 0 oral A BRI T PR, % 3R
& enpE P i WLAN Lounge msp;k)* v KRB T A, Bl R R ﬂ@g\ﬁg 7.4
REGHEEF EF 5 AREE A R GEN 8 LR R RESH G
FHa 5 1 TR REs %?ﬁ AR LS R T Bt Eh BT M

3‘-1“1%
mv

1 FRF A LARRE o f*“%?%g;ix;x PR okd s L frd - LEPET A KR
EAPYRLHE FahB o Fla R FIFEAI -

BALE - MR RRRCPE i fbn S SRR Fle hE AL 7
RF AR 4E > FRL 2 224> - BRARAHEL

Lo BEE A AL Y B 900@}11*”&4’\}’?'%"1}?&"3?«?]—— PRAG B B £ ¢
RERE  » YHET A XF)RAZITNDF EEL I 0 F UL A JRIRR X P4 REE AR
NI R Y ¢ R (T AR X B '

Rl 14‘
»ﬁ‘

i1 E AR Ty
AP I i E%W%ﬁm’ﬂ Bt o Tpamyd it A BEpRIEFE R
& > I’l:"—p;(j-} {AF AP 2 e iFFEENPIEY o




)0 lasers with ultra




Incomplete mode-locking in one-section QD lasers with ultra-long cavity

Gray Lin', Hsu-Chieh Cheng', Kun-FengLin? Rong Xuan? and Chien-PengLee'
1. Dept. of Electronics Engineering, National Chiao-Tung Univ., Hsinchu, 30010, Taiwan, R.O.C.
2. Electronics and Optoelectronics Research Laboratories, ITRI, Hsinchu, 31040, Taiwan, R.O.C.

Semiconductor light emitters based on quantum dot (QD) have recently been used in the fabrication of mode-
locked lasers owing to their broad gain spectrum as well as fast carrier dynamics [1-3]. For GaAs-based InAs
QD lasers at 1.3 pm range, mode-locking behaviours of two-section devices with cavity length between 800 and
8000 pm, corresponding to round-trip frequency between 5 and 50 GHz, were investigated to show transform-
limited pulses with low uncorrelated timing jitter [2]. While for InP-based InAs QD lasers at 1.5 pm range, self-
mode-locking in one-section configuration without saturable absorption was reported to show repetition rate as
high as 45 and 134 GHz, corresponding to cavity length of 950 and 340 um, respectively [1,3].

Since long-wavelength Fabry-Perot (FP) lasers show a broader spectrum compared with short-wavelength FP
lasers, optical pulse generation operated under continuous wave (CW) was demonstrated at 100 GHz using a
one-section InGaAsP quantum-well (QW) FP lasers at 1.5 um range [4]. Nonlinear gain effect due to four-wave-
mixing was believed to contribute the strong phase correlation or coupling between consecutive longitudinal
modes in QDs and long-wavelength QW structures [3,4]. In this work, we demonstrate, to the best of our
knowledge, the first one-section mode-locked QD lasers at 1.3 um range based on GaAs substrates.

The laser structures incorporated 10-layer InAs QDs grown by molecular beam epitaxy and were processed
into ridge waveguides with stripe width of 3 ym. As-cleaved lasers were operated under CW and fiber-coupled
to a high-speed photodetector followed by a electrical spectrum analyzer (ESA). QD lasers with cavity lengths of
4,4.5,5,10.8,12.0 and 16.8 mm were mode-locked at corresponding round trip frequencies of 10, 9.0, 8.1, 3.8,
3.4, and 2.4 GHz, respectively.

(@) (b)
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Fig. 1 (a) Electrical power spectrum and optical spectrum (inset) of the mode-locked QD laser with cavity length of 1.2 cm.
(b) Electrical power spectrum and L-I-V characteristics (inset) of mode-locked lasers with cavity length of 1.68 cm.

Fig. 1 shows the power spectrum from ESA for two QD lasers with ultra-long cavity lengths of 12.0 and 16.8
mm. Multiple harmonics appeared in the measurable range of 0-16 GHz with fundamental signal at
corresponding mode-locked frequency. No self-pulsation was observed accompanying the mode locking. The
larger linewidth of 3~5 MHz implies the presence of larger phase modulation; however, coupling of multi-
longitudinal modes is manifested. The direct temporal measurement in a 4-GHz-oscilloscope revealed the
incomplete mode-locking with optical pulses superimposed on a DC offset. Further autocorrelation measurement
will determine the pulse shape and its pulse width. Moreover, that the signal intensity at 3™ harmonics in Fig.
1(b) is higher than that at fundamental and 2™ harmonics is not observed before. Significant group-velocity
dispersion as well as inevitable device uniformity in longer cavity length may be the underlying causes for
further study.
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*Institute of Laser-Physical Research of Russian Federal
Nuclear Center, Sarov, Russia

Rod amplifiers (RA) and disk amplifiers (DA) with
apertures of @ (20-140)mm and (200x200)mm and
(300x300)mm are presented accordingly. Platinum-free
Nd-glass with different concentration of neodymium
ions is used.

CA.P.37 TUE

High efficiency diode-side-pumped Nd3+:YLiF4 laser
at 1053nm

oN. Wetter, E. Colombo de Sousa, F. Camargo, 1. Ranieri,
and S. Baldochi; Centro de Lasers e Aplicagdes - Instituto
de Pesquisas Energéticas e Nucleares, Sdo Paulo, Brazil
Using a novel double pass resonator configuration, 6.9W
of output power and 33% optical efficiency were ob-
tained in fundamental mode and 45% in multimode op-
eration with a very compact cavity.

CA.P.38 TUE

Cr*":YAG Passive Q-switching of Directly Pumped Nd
Lasers

eN. Pavel, T. Dascalu, V. Lupei, and N. Vasile; National
Institute for Lasers, Plasma and Radiation Physics, Labo-
ratory of Solid-State Quantum Electronics, Bucharest, Ro-
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The pump at 0.88 um, directly into the 4F3/2 emit-
ting level, was used to demonstrate Nd:YAG and Nd-
vanadates lasers passively Q-switched by Cr**:YAG with
improved performances in comparison with the classical
pump at 0.81 ym.

CA.P.39 TUE

Spectroscopic Bases for Performance Enhancement
and Power Scaling of Nd: Gadolinium Scandium Gal-
lium Garnet Lasers

oL. Voicu', L. Aurelia', P. Nicolaie', and I Akio%;
! National Institute for Lasers, Plasma and Radiation
Physics, Lab. ECS, Bucharest, Romania; >. World-Lab.
Co. Ltd, Nagoya, Japan

Extended spectroscopic investigation of Nd:GSGG crys-
tals and ceramics suggest and the laser emission in CW
and pulsed regimes confirms the improvement of per-
formances and power scaling by direct pumping into the
emitting level.

CA.P.40 TUE

Radially polarized mode-locked Nd:YAG oscillator
«F. Enderliand T. Feurer; Institute of Applied Physics, Uni-
versity of Bern, Bern, Switzerland

We demonstrate mode-locked operation of a Nd:YAG
laser emitting radially polarized 400 ps long pulses by
exploiting the thermally induced birefringence of the ac-
tive medium and a special cavity design.

CA.P.41 TUE

Cone-refringent solid-state bulk laser

«A. Abdolvand', K. Wilcox!, T. Kalkundjievz, and E.
Rafailov'; ! University of Dundee, Dundee, United King-
dom; >Conerefringent Optics SL, Barcelona, Spain

We present the first diode pumped cone-refringent
Nd:KGW laser producing excellent beam quality from
a simple two mirror cavity configuration independent of
the cavity length.

CA.P.42 TUE

Research on Coherent Beam Combination for Radial
Slab Solid-State Laser

«Z. Tian; Information Optoelectronics research institute,
Harbin Institute Of Technology at Weihai, Weihai, China,
People’s Republic of (PRC)

Experimental results on radial slab solid-state laser are
presented. The laser consists of eight radial Nd:glass
slabs bumped by four flash lamps.

CA.P.43 TUE

High efficiency 17W single frequency ring laser with
feedback mirror

oP. Shardlow and M. Damzen; Photonics, The Blackett
Laboratory, Imperial College London, London, United
Kingdom

Single longitudinal mode TEM,, operation at 17W
is demonstrated in Nd YVO, bounce geometry
ring laser. Unidirectionality is imposed through retro-
reflection of one cavity direction output. Efficiency is
improved through additional amplifier pass by the out-
put.

CA.P.44 TUE

Mode-Selective Toroidal Mirrors for Unstable Res-
onator Planar Waveguide and Thin Slab Solid-State
Lasers

K.L. Wlodarczyk, I1.J. Thomson, H.]. Baker, and D.R.
Hall; Heriot-Watt University, Edinburgh, United King-
dom

Toroidal resonator mirrors with in-built mode selectivity
have been produced by laser machining techniques, en-
abling new hybrid unstable resonator configurations for
Nd: and Yb:YAG planar lasers, e.g. a 300micron wide
mirror with 230x30 mm radii.
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CB.P.1 TUE

Fast physical random bit generator based on chaotic
semiconductor lasers: Application to quantum cryp-
tography

oA. Uchidal, T. Honjoz, K. Amano3, K. Himnos, H.
Someya®, H. Okumura', S. Yoshimori®, K. Yoshimura®,
P Davis4, and Y. Tokumz; 1Saitama University, Saitama,
Japan; *NTT Basic Research Laboratories, Kanagawa,
Japans; ® Takushoku University, Tokyo, Japan; *NTT Com-
munication Science Laboratories, Kyoto, Japan

We report on the application of a fast physical ran-
dom bit generator based on chaotic semiconductor lasers
to generation of random pulse sequences at 1.0 Gbps
in the differential-phase-shift quantum-key-distribution
(DPS-QKD) system.

CB.P.2 TUE

Vertical Modulator Array for Fast Intra-Cavity Wave-
length Control

«M. Biilters; Zentrum fiir Halbleitertechnik und Optoelek-
tronik, Duisburg, Germany

We present a new concept for wavelength switching and
multi wavelength operation of an external-cavity laser

diode using an intra-cavity array of vertical electro ab-
sorption modulators (EAMs).

CB.P.3 TUE

Optimization of self-mixing modulation in VCSELs
for sensing applications

«D. Larsson, K. Yvind, and J. Hvam; Department of Pho-
tonics Engineering, Technical University of Denmark, Kgs
Lyngby, Denmark

We have numerically investigated the visibility of self-
mixing interference in VCSELs for use in sensing appli-
cations. By optimizing the epitaxial structure of a stan-
dard VCSEL we can improve the performance by 100
percent.

CB.P.4 TUE

1.3 ym VCSEL Transmission Performance over 20 km
at 12.5 Gb/s

«A. Gatto', A. Boletti', P Boffi', C. Neumeyr’,
M. Ortsieferz, E. Roermehergz, and M. Martinelli';
! Politecnico di Milano, Dipartimento di Elettronica e In-
formazione, Milano, Italy; 2VERTILAS GmbH, Garching,
Germany

We demonstrate 1335nm VCSEL propagation perfor-
mances at 12.5 Gb/s. Error-free measurements are pre-
sented over 20-km SSMF uncompensated fiber at differ-
ent temperatures (20°C-70°C) in order to verify its un-
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cooled capabilities for short and medium distances.

CB.P.5 TUE

Mechanical properties of a movable micro-mirror
membrane for electro-statically tunable optical filters
and vertical-cavity surface-emitting lasers

«C. Gierl', G.D. Colé?, B. Koegel', S. Jatta', K. Zogal',
H. Davani', and P. Meissner'; 'FG Optische Nachricht-
entechnik, Technische Universitit Darmstadt, Darmstadt,
Germany; Institut fiir Quantenoptik und Quantenin-
formation, Osterreichische Akademie der Wissenschaften,
Wien, Austria

A wavelength tunable vertical-cavity surface-emitting
laser with movable mirror membrane is presented.
In agreement the measured and simulated mechani-
cal frequency response show a fundamental resonance
near 200 kHz, which enables high-speed tuning under
electro-static actuation.

CB.P.6 TUE

Band-structure and gain-cavity tuning of 2.4-ym
GaSb buried tunnel junction VCSELSs

ol Marko', B. Ikyo', S. Sweeney', A. Adams', A.
Bachmann®, K. Kashani-Shirazi®, and M.-C. Amann?;
' Advanced Technology Institute, University of Surrey,
Guildford, United Kingdom; *Walter Schottky Institut,
Technische Universitit Miinchen, Garching, Germany

The band-structure and gain-cavity alignment of 2.4ym
GaSb-based BTJ-VCSELs is manipulated using high
pressure. Experiments demonstrate that changing the
gain-cavity alignment by ~10meV can provide temper-
ature independent operation by compensating for losses
in the devices.

CB.P.7 TUE

Incomplete mode-locking in one-section QD lasers
with ultra-long cavity

«G. Lin', H.-C. Cheng', K.-F. Lin*, R. Xuan®, and C.-P
Lee'; ' National Chiao-Tung University, Hsinchu, China,
Republic of (ROC); 2Industrial Technology Research Insti-
tute, Hsinchu, China, Republic of (ROC)

The first self-mode-locked QD lasers at 1300-nm range
based on GaAs substrates were fabricated in one-section
configuration. Incomplete mode-locking with repetition
frequency of 2.4 GHz was achieved with ultra-long cav-
ity length of 1.68 cm.

CB.P.8 TUE

Linewidth narrowing and phase locking of quantum-
dot mode-locked lasers emloying single- and dual-
mode injection locking

oT. Habruseval’z, S. O’Donoghuel, N. Rebroval‘z, D.
Rachinskii®, S. Hegarty"?, and G. Huyet"*; ' Tyndall Na-
tional Institute, Cork, Republic of Ireland,; 2 Cork Institute
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