REPORT DOCIJMENTATION PAGE

PuIIC “2D0r RS SurSEN $0F INIs cCLeCton Jf -NTOrmation 15 estimated 10 dverage ! “our oer rasponse,
Jathenirg ara MAINTAINING the 2ata needed, and COMDIENNG and reviewing the tallection of informatic
COIlECT:SN O (NFAFMATION, 1ACIUAING 5UGGESTIONS fOF requaIng this Durden to Wasmngton reagquarters
Dawvis rugnvav, Suite 1204, Arlington, /A 22202-2302. and to the Office 2f Management and 3udget, P‘

t. AGENCY USE ONLY (Leave biank) {2. REPORT DATE

AFRL-SR-BL-TR-98

OLZD

3' Rervunr—vrre—m VO IMTEI GO VERER

i
—
ita sources,
oect of this
5 Jetferson

| pe——

4/24/98 Fipal 01 Jun 94-30 Nov 97
4. TITLE AND SUBTITLE C ~ . [5- FUNDING NUMBERS
Novel Quantum Dot-Waveguide Devices by the Sol-Gel Method | _,0.o0 o, 4 ~0343
8 AUTHOR(S) A B 1651/0V
N. Peyghambarian, E Wright, S. Honkanen, P. Guerreiro LA I3C
: ‘ ‘ Boi ' 3 PERTORVING ORCANZATION
7. PERFORMING ORGANIZATIO~ NAME(S) AND ADDRESSIES) e M TG
The University of Arizona , o
Optical Sciences Center
Tucson, AZ 85721
3. SPONSORING MONITORING AGENCY NAME(S) AND ADDRESS(ES) T0. SPONSCRING éx’o#bm::ér;e
110 Duncan Avenue, Room B115 |
Bolling AFB, DC 20332-8050 S
11. SUPPLEMENTARY NOTES 9980
| |
[ )

: 12a. DISTRIBUTION / AVAILABILITY "STATEMENT

dzproved for public rolease
satribution unlimited.

12b. DISTRIBUTION CODE

s

13, S35TRACT Maximum 00 woras)

Passive CW mode-locking of a Cr:forsterite laser using PbS quantum-dot glass samples as
intracavity saturable absorbers was demonstrated. This is believed to be the first application of a quantum-
dot system in a practical device. Average output powers of 74 mW, 4.6 ps laser pulses at 110 MHz repetition
rate, and a wide tunability range of 1207 to 1307 nm were obtained. The modelocki
the absorption saturation in the, PbS quantum-dot samples, observed at room temperature. :
; For the first time, significant optical gain was measured in quantum-dots pumped with nanosecond-
| pulse excitation. The samples studied were sol-gel derived CdS quantum-dots. The gain persists up to room
! temperature, it has a broad spectral width, and has its maximum value slightly below the absorption band -
i edge. The measured rather surprising gain features were confirmed by theoretical calculations. , :,

Ultrashort pulse propagation in quantum dot waveguides was investigated. The measured
|  characteristics of femtosecond pulse propagation, near two-photon resonance, in a CdS quantum-dot-
i waveguide were theoretically explained. The new theoretical mo

propagation of space-time solitons in quantum-dot waveguides.

DTIC oy

14. SUBJECT TERMS

Quantum-Dot Waveguide, Soliton

Quantum-Dot, Sol-Gel, Modélbckimj, Saturable Abso;ber,

dels developed open' the doorway to

ng was made possible by

.&UMBER OF PAGES

16. PRICE CODE

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

17. SECURITY CLASSIFICATION
OF REPORT
Unclassified

19. SECURITY CLASSIFICATION

OF ABSTRACT
Unclassified

20. LIMITATION OF ABSTRACT

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102




Novel Quantum Dot-Waveguide Devices by the Sol-Gel Method

'N. Peyghambarian, E. Wright, P. Guerreiro and S. Honkanen v
Optical Sciences Center, University of Arizona, Tucson, AZ 85721

We have demonstrated passive mode-locking of 'a Cr'forsterite lasef using our PbS

quantum-dot (QD) glass samples as 1ntracav1ty saturable absorbers.! We believe that this is the

first apphcatlon of a quantum-dot system in a practlcal device. To use the PbS QD samples
" as saturable absorbers in the laser eav1ty, we polished PbS-doped glass plates down to

approximately 150 pm for adequate absorption At this thickness the intracavity losses were low

enough to obtain reasonable output power and the saturable absorptlon was sufficient for mode

locking. The sample was then antl-reﬂectmn coated with a quarter-wave layer of Mng for

1250 nm to minimize Fresnel reflection losses. At thls wavelength the th1nned sample had a |

transmittance of 96%. Then the sample was placed in contact with the flat 2% output eoupler of

the laser (see Fig 1). Finally this glass with PbS quantum dots was used as an intracavity

saturable absorber in a Cf'forsterite laser, resulting in the passive CW mode locking of the laser. .

We obtamed average output powers of 74 mW, 4.6 ps laser pulses at 110 MHz repetmon rate,
and a w1de tunability range of 1207 to 1307 nm (see F1g 1 and 3) '
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FIG. 1 Schematic of the laser cavity: Cr:F-19 nm Cr:forsterite crystal;
MI1-M3-concave mirrors (R=10 cm); HR-high reflector; OC-2%

..output coupler; SA-PbS quantum-dot glass saturable absorber; BP-
blrefrmgent plate used to tune the laser :
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FIG. 2 (a) Intensity autocorrelation and (b) spectrum of near transform limited modeflocked pulses from the Cr:forsierite laser =

* with PbS QD doped glass saturable absorber.
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FIG. 3 Tunability curve of the Cr:forsterite laser with PbS QD doped glass saturable

absorber (pump power=6.3W). The solid line indicates the wave-length region over

which the laser was mode locked, whereas the dotted lme indicates the wavelength
- region where the laser operates in plain cw. ‘




‘We performed room temperature absorptlon measurements in several PbS quantum-dot
(QD) doped glasses.” The quantum conﬁnement effects were clearly observed in the well-
resolved discrete absorptlon peaks spectrally shlfted to shorter wavelengths from the bulk band
~ edge. The PbS QD diameters for these samples were estimated from the energy shrft of the
- absorption resonance. The pkavrticle diameters of 5.7, 6;8,’ ‘7.9, and 9.8 nm for the glasses with

resonance peaks at 1206, 1386, 1563 and 1815 nm, respectivcly, were obtained (see Fig 4).

'Absorption (cm™)

800 1000 1200 1400 1600 1300 2000
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FIG. 4. Room temperature absorption spectra of glasses with PbS quantum dots. Diameters are:
6.6 (solid line), 7.5 (dashed line), and 9.3 nm (dotted line). The’ SOlld line corresponds to the

sample used in this study.

The refractive index of these glasses at 1300 and 1550 nm are 1.513 and 1.510, respectively,
measured:with our prism coupler ’set-up.’ We performed single-bea'm absorption saturation
measurements on PbS quantum-dot glass sample at room temperature (see F'ig 5). The samp'le' o
was 2 mm thick and had theabsorption resonance at 1386 am. For excitation pulses with 33 ps |
~ duration and wavelengths at A=1.30 pm and A=1.38 pm the saturation intensity was‘llga',z 02
MW/cm? and Is,,, ~0.4 MW/cm?, respectively. This | absorption saturation “enables the

| modelocking descrrbed above.
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" FIG. 5. Single beam absorption saturation data at 1.3 um, The dashed line is a
least-square fit to the model in Eq. (1). The error bars denote the uncertamty in the
determination of the absorption due to the laser pulse ﬂuctuatnons »

Finally, we developed a fabfication pi'ocess for ion'-e'x_changed waveguides in high quality
passive glass. Our idea is to coat these waveguides with PbS-doped sol-gelthin' ‘films, which
~enables us to efficiently combme the excellent waveguiding propert1es of the ion- exchanged

waveguldes in pass1ve glass and the non-hnear propertles of the PbS doped thin films.
Op.tical properties of quantum dots by the sol?gel technique

Theory is pfedicting that three-dimensional quantum eonﬁnement should improxle lhe
f 'properties of semiconductor (SC) devices. This enhancement has been se'en[ in the absorption
(nonlinear) properties until now, but not in the emission properti'es.‘ The luminescence of SC
'qhantum dots (QDs) is still dominated by tl‘ap‘related processes. The sol-gel fabricated QDs
from UCLA have shown theirz improved quality by a drastic r‘edAuction of the photodafkening
_effeets. They allow the incorporation of a high concentration of active material in the glass

matrix with a relatively narrow dot size distribution.

At the University of Arlzona we studled the luminescence and the optlcal galn of the sol-
gel derived CdS QDs. For the first time, were able to report a 51gmﬁcant optxcal gam in quantum
-~ dots pumped with nanosecond-pulse excnatlon The gain persists up to room temperature, it has
a broad 'spectral w1dth and its maximum value (more than 200 cm™ at 10 K, about 30 cm™ at

room temperature) is located slightly below the absorption band edge. These features can be




surprising if we think at the delta function shaped density of states in zero dimensional SC, but it
was confirmed by our theoretical calculations. The gain originates from the recombination of
several excited levels between two and one electron-hole pairs states (iie biexciton to exciton).

The luminescence dynamics of these CdS QDs was also studied. It showed that the 1ntrms1c
recombmatlon occurs in plcosecond (ps) time scale in our samples and that the defect related
emission happens in ns (nanosecond) time scale; i.e., much faster than in the conventlonal QDs
which show the photodarkemng effects. We also looked at thin films of CdS QDs dip-coated on
a quartz plate. These samples had smaller dots and a bigger quantum confinement shift of ‘the. »r

absorption.

' Theory of ultrashort pulse propagatlon in quantum dots )

On the theoret1cal side we have exammed a wide range of sem1conductor doped glasses

for ultrashort pulse propagation studles and sol1ton_ formation for wavelengths below the half

bandgap. By tailoring the linear dispersion soliton propagation should be possible. We have also

continued studies of the modal properties of circular grating lasers and the properties‘ at

threshold. | R | | | ‘

Our recent theoretxcal efforts have been a1med at modelmg ultrashort pulse propagatlon in

quantum dot waveguldes and fibers for wavelengths below the half bandgap It has previously |
been shown that operating below the half bandgap has the combined virtues of low lmear losses

though mult1-photon absorption may become an issue, and enhanced ultrafast nonlinearities in

' the vicinity of two-photon resonance, offerlng umque opportumtles for all- optical processmg In

particular, the linear dispersion of the system can be combined w1th the nonlinearity to form

optical solitons.v However,‘ in the vicinity of the half bandgap' the quantum dots display

significant nonlinear dispersion resulting in optical shock formation, and destruction of the

. optical sohtons We have studied this nonlinear dlspersmn and evaluated its effects for a w1de

range of quantum dots. At first 31ght it would appear that optlcal solitons are therefore not

_ possible, but further studies revealed that comblmng the nonlinear dlspers1on with h1gher-order

- linear dispersion can restore ‘the opt1cal sohtons Th1s isa key result smce methods to produce

dlspersmn such as usmg composite waveguides, mvanably also produce h1gher-order d1spersron ’




-which by itself would also destroy soliton formatlon but the combination of the two effects can
again allow solitons. | v \

| We have developed the above theoretical model and applied it to specific quantum dot
, system’s First, the linear and nbnlinear optical properﬁes of the quantum dot media are obtéined o
usmg the Maxwell-Garnett theory for composne medla, and these detalled materlal propertles are :
used in ultrashort pulse propagatlon codes 1nclud1ng linear dispersion, nonlinear self-phase
modulation, and nonlinear dispersion. Our analysis shows that by smtable tailoring of the linear
dispersion optical solitons can be formed. These theoretxcal studles open the doorway to

propagatlon of space- tlme solitons, or optlcal bullets in quantum dot waveguldes
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