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Today

; Tomorrow
 Wide wavelength range
and tunability Really small lasers
(L-PAS, SAIL)  Really fast lasers with
e Efficient mid-IR engineered RF response
operation (EMIL) « Lasers and non-linear
waveguides

e Scalable Power



Quantum Cascade Laser

Chip-on-Carrier Assy:
QCL, thermistor, submount Heat spreader
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Decadic Abserbance (ppm.
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Tuning Is a big deal
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QCL-PAS (5 ppm)

1.5

1.0

0.5

0.0

A

1.0

— 0.5

10.30

10.35

Wavelength (pm)

10.40

10.45

0.0

(‘n°e) |eubis SYJ-100

Detection threshold (ppb)

IIIII|_|_|J (R IIIIIII,IJ IIIIIII,IJ IIIIIII_IJ 1111l

IIIIIII,IJ 1 1L

— Santa Monica air
— Synthetic dirt

4

T IIII|T|'| T IIIIIII| T IIIII|T| T IIIIIII| T IIIII|T| T IIIII|T| T IIIII|T| T IIIII|T|_

160 160 100 100 10° 166 100 10

Probability of False Alarms




\/\/

* Sub-ppb sensitivity (order of

\ A magnitude improvement over SOA)
L -PAS Detection Cell * High specificity with false alarm rate
reduced to < 10°®
ST SR a6 EAe  Response time reduced from ~ 1 min to
i . | | . g i ~ 10 seconds
L Spectra: Cvelosar -
an g Probabilita of
) - —_ Bm;p Detection (%) L'PAS
O E 4 ——— Sarin B -
c = — Soman )
CU ()] ———— Tahun I d
2 £ 37 - i Wit o g \_ 0~ e
8 : i G0, Laser Range (Ibz) L
s £ ~
< Q_ ) 0 False Positi
= Size (ft) q ——

L 5] 2 10 12 14 16 Reliability

MTEF [Morthe )
Wavelength (um) :

b Deploymnert
.- Density[per km]



Threats Exceed
1,000,000 Missiles
World-wide

2nd Generation

2005 Multispectral

1st Generation
Imagers

2000

Scanning
Imagers

1980s/90s

2\ Cross Array/Rosette

. Flare CCMs

1970/80
Cooled



Fundamental Limits for MWIR Lasers

in Wall-Plug Efficiency (WPE)
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Efficient Mid-Wave

Infrared Lasers (EMIL)

Program Objective

* Breakthrough in wall-plug efficiency for
lasers in the critical mid-wave infrared
bands

— Band IVa (3.8 — 4.2 um)
— Band IVb (4.5 -4.8 um)

DoD Benefits
* Reduce laser size/weight/power

— Enable IRCM systems on smaller,
vulnerable platforms (e.g., rotorcraft,
UAVSs)

* IRCM with higher modulation rates than
SOA

— Counter emerging threats (e.g., FPAS)

“IRCM laser-on-a-chip”
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Raman beam combining
and cleanup

ombine multiple pumps via self imaging in multimode waveguide

Incoherent power combining of N oscillators — phase control not
necessary

3. Silicon as the active material
« High gain coefficient - compact lasers and amplifiers
« High thermal conductivity — power scaling, excellent cooling
« High optical damage threshold — high pulse energy
« Low dn/dT and elasto-optic coefficient — high beam quality

Non-phased locked
guantum cascade lasers

Stokes Mode profile
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High power
output

Multimode Si cavity

UCLA Prof. B. Jalali



Simulation of Amplification Via Self Imaging
In Multimode Si Waveguide
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Si and conventional Raman crystals .

Property Silicon Ba(NO,), LilO, KGd(WQO,),

Optical damage
threshold (MW/cm?)

Thermal conductivity : 2.6[100]
(W/m-K) 3.8[010]

3.4[001]
Raman gain (cm/GW) 20 11 4.8 3.3 -
(1550nm) (1064nm) (1064nm) (1064 nm) 1/
Transmission Range 1.1-6.5 0.38-1.8 0.38-5.5 0.35-5.5 0.2-5.3

(um)

Refractive index 3.42 1.556 1.84 1.986 - 2.033

Raman shift at 300K
(cm)

Spontaneous Raman

linewidth (cm-1)




Semiconductor AlGaN Injection
Lasers (SAIL)

Objective

* Develop AlGaN injection
lasers emitting in the
ultraviolet; A=340-280 nm.
Impact

« Stand-off bio-agent detection;
Substrate Bio-LIDAR

n- AlGaN

Key technical goals

*Reduce dislocation density of
AlGaN structures by three orders
Hand held of magnitude, to less than 107/cm?

sIncrease p-type doping in AlGaN
to support current densities of 10
kA/cm?, to 1 x 108 cm3

sIncrease luminescence efficiency
of AlGaN active layer to IQE~60%

200 mm
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Frequency Response of Injection-Locked
DFEB Lasers

Electrical Frequency Response, P, ., = +8 dB
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State of the Art

Ultra-high injection ratio and
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Optical Cavity Engineering
For High Speed

Wavelength RF Frequency
A
ML SL SL M ‘/\/\
>
Wavelength RF Frequency

eSimilar to high-order filter theory
—*Chebyshev” cavity




Sub-A cavity with surface plasmons
Miyazaki et al, Tsukuba (Japan), PRL 96, 097401 (2006)
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Device Dimensions (um) Current Density (A/fcm?)

1. .M M is the mirror loss (dB), /"is the modal confinement factor,
r L ° and L is the cavity length

Prof. Hooman Mohseni
Northwestern




Need higher gain and new laser
concepts

d<100 nm! A different laser concept
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Waveguide coupled photonic cavity
devices with high Q~ 247,000 and, at the
same time, tightly confined mode with
V,~(4/n)® have been obtained.

These Si-based structures show cavity-
enhanced optical bistability at low input
powers, ~ 1mW, and thermal TPA-
induced free-carrier dispersion. This
result, attributed to suppression of
radiative modes and excellent fabrication
procedures, opens the possibility of
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