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KEK NO.1 F=2000 7/4.1994

D86e / Knife Edge Diameter Level

Total 86.47% 60077
Peak -3 238
Peak Location ( 689.00, 793.00)um
Centroid ( 785.77, 918.48)um
Diameter 669.01um
X,Y 716.41, 763.05um

Frame number 1

7/ 4/94 01:26:36.33
Calibrated
Cursor ( 780.00, 884.00)
Zoom: High
Pan Window (292,128)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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Horizontal Cursor Profile
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KEK NO.1l F=2000 7/4.1994

Frame number 1

7/ 4/94 01:26:36.33
Calibrated
Cursor ( 819.00, 1014.00)
Zoom: High
Pan Window (292,128)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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KEK NO.1 F=2000 1994,7/4

Frame number 1

7/ 4/94 01:26:36.33
Calibrated
Cursor ( 780.00, 1014.00)
Zoom: High
Pan Window (292,128)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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KEK NO.2 FIBER OUTPOINT 1994,7/4 -y

/
D86e / Knife Edge Diameter Level

Total 86.47% 4095696

Peak 2 126

Peak Location ( 4628.00, 1976.00)um

Centroid ( 4434.45, 2158.92)um

Diameter 5368.43um

X,Y 5794.25, 6194.45um

Frame number 1

7/ 4/94 01:54:29.35
Cursor ( 4420.00, 2184.00)
Zoom: Low
Pan Window (112, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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KEK NO.2 FIBER OUTPOINT 1994,7/4

Frame number 1

7/ 4/94 01:54:29.35
Cursor ( 4576.00, 1248.00)
Zoom: Low
Pan Window (112, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54

v .:'- e nll
t"‘;-.“f -/

<%>37



KEK NO.2 FIBER OUTPOINT 1994,7/4

Frame number 1

7/ 4/94 01:54:29.35
Cursor ( 4628.00, 1248.00)
Zoom: Low
Pan Window (112, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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KEK NO.3 FIBER OUTPOINT 1994,7/4
D86e / Knife Edge Diameter Level

Total 86.47% 7679712
Peak 4 234
Peak Location ( 3952.00, 4056.00)um
Centroid ( 3956.38, 3996.55)um
Diameter 4551.44um
X,Y 4199.58, 4263.44um

Frame number 64

7/ 4/94 02:09:33.87
Cursor ( 3952.00, 4004.00)
Zoom: Low
Pan Window
No Lens
Pixel Scale 13.00um

(108, 0)

Spiricon LBA-100A V4.54
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KEK NO.3 FIBER OUTPOINT 1994,7/4

Frame number 64

7/ 4/94 02:09:33.87
Cursor ( 3848.00, 3744.00)
Zoom: Low
Pan Window (108, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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KEK NO.3 FIBER OUTPOINT 1994,7/4

D86e / Knife Edge Diameter Level

Total 86.47% 7679712
Peak 4 234
Peak Location ( 3952.00, 4056.00)um
Centroid ( 3956.38, 3996.55)um
Diameter 4551.44um
X, Y 4199.58, 4263.44um
Gauss Fit Whole ,
Center ( 3962.58, 4027.21)um*’
width ( 1781.02, 1798.52)um’~
Height 239
Correlation 7.87 0.790

Frame number 64

7/ 4/94 02:09:33.87
Cursor ( 3952.00, 4056.00)
Zoom: Low
Pan Window (108, 0)
No Lens
Pixel Scale 13.00um

Horizontal Cursor Profile

Spiricon LBA-100A V4.54
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KEK NO.4 FIBER OUTPOINT 1994,7/4

D86e / Knife Edge Diameter Level

Total 86.47% 5975056
Peak 3

Peak Location ( 4212.00, 4524.00)um
Centroid ( 4295.02, 4174.98)um
Diameter 4918.63um
X, Y 4801.66, 4839.26um

Frame number 64

7/ 4/94 02:09:36.14
Cursor ( 4264.00, 4160.00)
Zoom: Low
Pan Window (108, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54

;o

é’O% of fewiv
R N VN

i s 205 77

~ SN L
/ FN/ L™ /0 V(’,\,‘.h‘

£

. " ] 2
. PR & " . - pes
e WA L L F A

-~

e N -
7 7 - ‘ 7,
[ Gadecl LeocaTn

Horizontal Cursor Profile




KEK NO.4 FIBER OUTPOINT 1994,7/4

Frame number 64

7/ 4/94 02:09:36.14
Cursor ( 3120.00, 3120.00)
Zoom: Low
Pan Window (108, 0)
No Lens
Pixel Scale 13.00um

Spiricon LBA-100A V4.54
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No. & o 72 Tl

KEK NO.4 FIBER OUTPOINT 1994,7/4 RS
D86e / Knife Edge Diameter Level

Total 86.47% 5975056
Peak 3 198
Peak Location ( 4212.00, 4524.00)um
Centroid ( 4295.02, 4174.98)um
Diameter 4918.63um
X, Y 4801.66, 4839.26um
Gauss Fit Whole )
Center ( 4340.97, 4271.73)um
width ( 1627.66, 1715.73)um .
Height 200 -
Correlation 6.31 0.756

Frame number 64

7/ 4/94 02:09:36.14
Cursor ( 4264.00, 4160.00)
Zoom: Low
Pan Window (108, 0O)
No Lens
Pixel Scale 13.00um

Horizontal Cursor Profile
Spiricon LBA-100A V4.54
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UF—LTvTTA L <553 <5431 <54+
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Specifications

diode laser pumped solid state lasers

532 nm cw, Nd:YAG, single longitudinal mode

!-P/g

Technical Data @}5”/ 205 11 3051 315 1i 325 1 425 1l
wavelength (nm) /3G YN, 532
cw output power (mW) > 10 > 20 > 50 > 100 > 150 > 400

transversal mode/
roundness of beam

TEMgo (>95%) / <1.1:1.0

TEM,, beam diameter, typical

(mm) (1/e?) at beam waist 0.32*
TEM,, beam divergence 5.9 *
(mrad) (1/e%) :

beam pointing stability <1.0

(% of beam divergence)

stability of output power over 8 hrs (%)

< %2 (typical 0.5)

noise (<10Hz to >1GHz)(% rms)

< 0.5 (typical 0.1)

polarization linear 100:1, vertical
inherent linewidth < 10 kHz

jitter <t 500 kHz

drift < 100 MHz/h (AT <+1 °C)

operating voltage

110/220V AC +10%

power consumption

< 80W (typ.40W)

<200W (typ.100W)| <300W (typ.150W)

ambient temperature range
for operation

0-35°C (32-95°F)**

laser head heat sink temperature
for conductive cooling

0-55°C (32-130°F)

- 275x55x51 335x89x80
d'me'.‘s";\”s of 'a?‘;'thead (10.8x2.6x2.0) (13.2x3.5x3.1)
mm (inches), weigl 1.2 kg 6.5 kg
dimensions of power supply 215x105x170 440x260x130

. : (8.5%4.1x6.7) (17.3x10.2x5.1)
mm (inches), weight 4 kg 13 kg

Vibration, shock (IEC 68)
Design and technical data are subject to change without notice.

VISIBLE AND INVISIBLE LASER RADIATION

CLASS llib LASER PRODUCT

* factory provided collimating optics on request
** with factory provided or other adequate heat sink

optional: micro-processor control unit with RS 232 interface (215 x 105 x 45 mm)
WM (;uv)’(/uu\’ § e
Replacing tubes with semiconductors

advanced design lasers

ADLAS GmbH & Co.KG
Seelandstraie 67

23569 Libeck, Germany
Tel. ...49-451-3909300
Fax....49-451-3909399

ADLAS, Inc.

636 Great Road

Stow, MA 01775, USA
Tel.: (508) 897-0800
Fax: (508) 897-0811

September 1993
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Diode Pumped Solid State Lasers

ADLAS manufactures diode pumped solid state

lasers for a wide range of scientific and OEM

applications. In power performance and beam

quality our lasers demonstrate considerable

advantages over other lasers. The principle

choice of a laser diode pump over conventional

lamp pumping is based on solid reasons: the

narrow emission bandwidth of the diode laser

matches the absorption band of the Nd:YAG

crystal (see diagram to the right). Temperature

stabilization of the carefully selected diode A A0 S B s B B 3?2‘2’:"&%"@22?
laser guarantees that the ideal wavelength of 750 800 850 nm
808 nm is constantly maintained.

ADLAS lasers feature a special pumping

configuration (see schematic below) which

offers several advantages: low pump power amission spectrum
loss through direct coupling, high efficiency T T | of diode laser
through mode matching of the pump and go7 808  BO9nm

Nd:YAG laser beams, and a compact, rugged

design. The high power, low beam quality pump

light of the diode laser is efficiently converted

(typ. 35%) to the diffraction limited output of

the solid state laser. Additional noteworthy

features are the low power requirement and

the long, maintenance-free lifetime.

b - <

diode laser Nd:YAG laser
KTF

Diode pumped solid state lasers from

ADLAS are cost effective in procurement and

operation. Their stability and compactness . N

make them perfectly suited to many purposes, ‘\‘Q i/?(g

and, as a result of their near-perfect beam 1- &
quality, destined for maximum performance O(NWL(’/X 2548 & or B g} 73
applications.
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ADLAS: Effective Laser Solutions %7

Diode pumped solid state lasers S
manufactured by ADLAS have provided - 2.0%) 2/
solutions for many applications: g i
- spectroscopy
metrology
holography
interferometry
- wafer inspection/-processing
micro-material processing
range finding
medicine (diagnostic/therapeutic)
printing
light scattering (static/dynamic)
particle counting
photoluminescence
signal transmission
and many more. Commercially viable
solutions for further applications are
under development.

Biotechnology_

nology, a highly dynamic scientifictechnological sector,
requires new tools of extraordinary quality and precision.
Typical applications for ADLAS lasers are "optical tweezers"
(trap, hold, and move micron size particles), confocal micro-

fluorescence excitation, cell counting and cell sorting.

Good reasons 16 6t ADLAS lasers:

- excellent focussatmmw ear-perfect
Gaussian laser beam :

- high beam pointing stability

- very stable output power level

- easily adapted as add-on (e.g. to microscopes)

+ compact design

- operable in any position

TEM,, beam of an ADLAS laser
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General Specifications

Beam quality TEM,, (M2< 1.05)

polarization linear > 100 : 1

noise (10 Hz - 1 GHz) < 0.5 % rms (typ. < 0.1 % rms)
output power stability < 2 % (typ. < +0.5 %)

(8 h time period)
repetition rate from single shot to 50 kHz*

of g-switched laser (infrared QS lasers can be
switched to cw operation)

beam pointing stabiliy < 1 % of beam divergence

*(reduced pulse energy for repetition rates >1 kHz)
Detailed specification sheets are available.

General features of ADLAS lasé?s

compact, rugged design - long coherence length
no high voltage - TEM,, mode

sealed cavity design - high signal-to-noise ratio
high efficiency - low power requirement
air cooling (no liquids) . maintenance-free
extraordinary beam quality - minimal operating costs
highly stable output power - long lifetime

Test and Measurement

Test and measurement technology applications call for more

specifically tailored laser products than ever before. ADLAS

currently offers about 40 different approved and tested

standard lasers, for example the g-switched lasers with ns 100%
pulses for range finding and the frequency doubled cw lasers

with extremely long coherence length for non-destructive

testing (holography, ESPI and shearography). Further

applications are in spectroscopy and interferometry.

I

0% >
60 120 180 240 300 min
Good reasons to choose ADLAS lasers: typical warm-up behavior of DPY 315 il (on/off test cycles)

- very long coherence length

- short warm-up time

.+ excellent temperature stability

i

“‘%“ﬁrﬁgggg. construction
- quiet op rat'iﬁn,mm,

- air cooling gﬁ%ﬁﬂ%‘?

LA i
- compact design %

- adjustable output power

(=]

Courtesy of Fraunhofer-Ins’
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Communication
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Product Overview

cw Lasers IR
1064 nm
1313 nm

cw Lasers VIS, SLM
532 nm

cw Lasers IR, SLM
1064 nm

Q-Switched Lasers
1313 nm

1064 nm

1047 nm

532 nm

523 nm

349 nm

262 nm

Options
C-mount

50 mW - 3000mW
40 mW - 800 mW

10 mW - 400 mW

20 mW - 600 mW

models up to:

>100w)
>200W
>350u)
>60u
>120w
>40u)
>20u)

<70ns
<20ns
<20ns
<17ns
<17ns
<13ns
<13ns

microprocessor control with RS 232 interface

(532 nm cw models only)
adjustable output power

polarization preserving SM fiber pigtail
30 dB isolator integrated in laser head

(1313 nm cw models only)

g
Applications in the communic fc‘isgff‘é%%“dustry, cable television (CATV), broadband
transmission, antenn ?&gm@'t'mg etc. provide a growing market for solid state lasers.

e

ADLAS meeW‘ mand by supplying lasers w

ith integral optical isolators and

permanec_u;_l w&6upled fiberoptic pigtails. A cost-effective transmission system utilizes
an,, Eﬁ%g Nd:YLF solid state laser (1313nm) in conjunction with an external modulator.

Good reasons to choose ADLAS lasers:

- long lifetime (design for >10 years available)
- single line operation

- distortion free signal

- TEM,, mode

- high signal-to-noise ratio

—polarization preserviRg-couphHag——

W’*"’ is type of system configuration, with its high output power, substitutes the need for
) W several directly modulated systems at a lower cost.
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High Quality Products

QUALITY is of utmost importance to us at ADLAS.
Quality management is an integral part of all
functions within the company. Early failure
recognition and avoidance procedures are being
followed from the conceptual phase all the way to
the finished product.

Design

Product design balances stringent component
quality standards with cost effectiveness. Specific
customer requirements can be addressed during
this phase.

Development

Our engineers constantly evaluate components,
products and applications to assure the quality
standards demanded by the user. This process also
leads to ongoing improvement of existing products.

Documentation

To assure the product integrity each product
platform is completely documented. Our internal
configuration control will update changes
immediately. Therefore all data and documentation
to the component level are readily accessible.

Environmental Testing

ADLAS lasers are designed to withstand harsh
environmental conditions. Each model is subjected
to rigorous EMI, shock and vibration as well as
temperature testing.

Production

All components and parts manufactured by outside
vendors undergo critical incoming tests. Test
procedures are fastidiously followed and results are
recorded. Only parts meeting our requirements are
stocked for use.

Specific assembly and handling routines help to
protect sensitive components from damage through
ESD, contamination, etc. during the manufacturing
process. Critical components are documented on
individual test records. Quality Circles and
scheduled staff training courses are designed to
raise the overall quality consciousness of our
personnel. Assembly of critical components is
conducted in our Clean Room facilities.
Measurement instruments are under constant
control and routine calibration.

Final Test

Each individua! unit is tested to meet the key
parameters of output power, polarization, beam
quality, etc.. In addition, each laser is tested over
an extended burn-in time under real operating
conditions.

The persistently high level of quality awareness
during development and manufacturing is the
foundation of highly reliable, maintenance-free

. ADLAS lasers.




*Photograph: Ernsting/Bilderberg «

Milestones

- 1986: Incorporation of ADLAS Germany by Dr. Steyer and

Dr. Kortz, both with many years of experience in develop-
ment, production, and marketing of lasers.

- June 1986: world’s first commercial diode pumped Nd:YAG

laser product with 40 mW of TEM_, output power.

- 1987: first commercial frequency doubled DPY with 2 mW

of output power.

- 1988: first ADLAS g-switched laser
- 1989: optical output power IR/VIS increased

to 350/80 mW.

- 1990: 750 mW/140 mW IR/VIS optical output power
- 1990: single longitudinal mode laser with 1 W output power

and a linewidth of 10 kHz/10 ms.

- 1992: Incorporation of ADLAS, Inc. USA in Stow, MA
- 1993: 3000 mW/400 mW IR/VIS optical output power,

more than 350 wJ g-switched pulse energy in the IR

Corporate Mission

ADLAS specializes in the development and production of
diode laser pumped solid state lasers. ADLAS invests more
than 20% of corporate revenues in the continued research
and development of innovative pumping concepts and
optimized laser configurations. ADLAS sees itself as a
manufacturer of OEM laser light sources, capable of
providing special lasers to fulfill the needs of our customers.
ADLAS develops, assembles and tests all components in
house. Active contact with both our customers and suppliers
provides the flexibility to react to market requirements

with optimally tailored products.

Corporate Goals

- Further miniaturization and power extention of our solid

state laser products.

- Expansion of our leading market position as a supplier of

diode pumped laser sources.

. Continually ensure the high level of our product quality.
- Adaption of our diode pumped solid state lasers to meet

the requirements of new applications.

LAS

advanced design lasers

ADLAS GmbH & Co.KG ADLAS, Inc.
Seelandstr. 67 636 Great Road
23569 Libeck, Germany Stow, MA 01775, USA
Tel.. . 49-451-3 909 300 Tel.: (508) 897-0800
Fax .. 49-451-3909 399 Fax: (508) 897-0811
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T FIVA Model 532 Model 1064
B 2647 532 nm 1064 nm
$h 10mW, 20mW, 50mW, 100mW CW 100mW, 200mW, 300mW CW
K (74, TEH ool TEH oo
M? 93-;;-;‘ <1.3 < 1.5
Y/ 4 X (10Hz-10MHZ) < 0.5% rms < 0.5% rms
RE%Z S (8BELLLE) + 3% + 5%
4 <2 HHz < 2 HHz

S at—-Lrbhk > 150 m > 150 m
t—A1E(1/e2 intensity) 0.3 mm 0.45mm
YV—AEA DA (£A) <1.3nmrad <2.4nmrad
E-hdd v747 A5EYF4- <7.5urad/C <7.5urad/C
(b R K R X
s _ >100:1 >300:1
{5 A V] i i 2 e 15-35 C 15-35 C
BAFBERERL <1°C/min <1°C/min
7 x—ALT vy 7K <5 minutes <5 minutes
SMETEE (L x H x H) 314x120%x86mm 314x120x86m
il (3. 1xg) (3. 1kg )
B 100/115/220VAC £ 10% 100/115/220VAC+ 10%
S

CLVESES

— 8
=
312.5 '
—12.30
314
12.362
b - - - . )
2.362
Ly .

. : - mm . .
‘ " inch
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430 Dévelopment Program

The design objectives of this program
are to develop a compact laser with the

following characteristics:

e TOmW CW at 430nm

* High wallp]ug efficiency

¢ Direct modulation capability

e Turn-key op'veration

; Zero maintenance package

To achleve this performance, we have

been working with a single-frequency
diode coupled to an external resonant

doubler,

Coherent, Inc.
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New
Advances in
430 nm, CW,
Diode-Based
Laser System

Coherent's Laser Group

has been involved in the

. advancement of diode and
diode-pumped laser technol-
ogy for several years, These
efforts have resulted in CW
diode-pumped, Nd:YAG
laser systems at 532 and
1064 nm. One of the current
engineering programs js a
CW, directly doubled diode
(1) Jaser that produces 430
nm output.

Coherent’s work has
recently been supplemented
by technology developed at
IBM's Almaden Research
Center. Combining the
research efforts of both
companies in the areas of
diode slabilization and

externally resonant doubling
has accelerated the commercial

development of this technology.

D? Technology

To generate 430 nm, a single-
frequency, 860 nm laser diode
pumps an impedance-matched,
external resonant cavity con-
taining a KNbO, crystal. The
external cavity must be stabi-
lized to match the frequency of
the input light to the cavity.
This is accomplished using an
FM locking technique. Greater
than 10 mW CW output at 430
nm has been observed using a
100 mW, 860 nm laser diode.

System characterization and
life testing are being conducted,
and initial prototype systems
are expected to be available
later this year.

D? Applications

The D? has been a market-
driven project since ils incep-
tion. One of the major markets
is information storage, whose

o

Opiical diagram of I,

current systems are based
largely on near infrared
diodes, Swiltching to 430 nm
will create a storage density
4 to ~6 times higher than
currently possible.

Advantages also are
anticipated for semiconduc-
tor inspection methods,
where many commercial
systems presently use air-
cooled argon lasers operat-
ing at 488 nm. Because the
resolving power of particle
sizers is directly propor-
tional to the Jaser wave-
length, decreasing the
wavelength of the light
soutrce will enhance the
performance of these sys-
tems. Anadded benefit of
D technology is significantly
reduced power consumption
(20-50 times less than an air-
cooled ion laser), which
minimizes heat management
requirements and lowers
operation costs. A 430 nm
laser is also of interest to the
biotech community, for
exciting fluorophors to study
cellular metabolism.

For more information
about these developments,
please contact your local
Coherent Sales Engineer or
our Advanced Technical
Sales Group at (800) 527-
3786, or fax (800) 362-1170.

Coherenl, Inc,, 1Lascr Group, 5100 Patrick Henry Dr., Santa Clara, CA 95051 « ‘T'ol, 408-764-4983 ¢ Fax 408-988-6838
E-mail: tech_salcs@clg.com (Internet) » Benelux (079) 621313 © France (01) 6985 5145 o Germany (06(74) 9140 »
United Kingdom (0223) 424065 » Japan (03) 3639-9811

% coHErENT
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266 Development Effort

OEM and scientific users have defined a
need for a compact UV light source. We
developed the following product definition
for this source:

e 1-2mW CW at 266nm

o Wall plug efficient

* Turn-key operation

* Malntenance-free

» Thousands of hours of operation

The design that would best satisfy the

product definition is a diode-pumped,
frequency-quadrupled Nd:YAG laser.

Coherent, Inc. '/
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NEW: Laser Focus World, February 1993 igsus

YU11U1336b21349  P. V?

Frequency- .
Quadrupled,

Diode-Puinp ed

CW Nd: YAG
Iaser

yhe

UV Output Adxlevcd with

DPS$S Serlesi "
Enginheers at.the: Coherent
Laser Grotp'have demon-
strated cw output at266nm
from a compact, solid-stateé
laser. The results were ob-
tained using an external
enhancement cav:ly ¢ontain-
ing a BBO crystal pumped by
a Coherent DPSS 532 laser,
Conversion efficiencies of
>20% were observed. The
goal of this program’is to .
develop a compact; reliable 1-
2mW.solmrce’at 266nm

External Resonant
Doubling . - .
A single pass converslon
efficiency of 0. 072% W‘cm is .

' obdérved in BEQ. lngle pass
" tofiversion of 10011} of + -

greenina Tem crystal wﬂl

therefore generate ~2uW of
UV. The use of an external
resonant doubler can signifi-
cantly improve the efficléncy’
of UV generation, The design
of the external cavity {5
shown in Figure1. The ..
cavity mirrors are high
reflectors for the green
output. The length of the
external cavity is actively * |
controlled to lock the cavity
resonance lo the frequency.of

the incident green light. This’

scheme tesults in a large’
enhancement of the green
power and greatly increases
-the generated UV power,

which scales as the square of *-
. the green Intensity, Using

resonant enhancement, . .
several milllwatts of 266nm’
output was obtained by

frequeticy doubling a Coher='

ent DPSS 532 laser. Current

experiments are investigating

system stability and lifetime
fssues. :

Applications
The development of & _
266num source has been

application-driven. Atom- " - :

pact UV laser will i xmprove
the sensitivity of forensic"
sclence techniques, becadse
many natural and synthehc- :
materials exhibit large UV
absorbance. Researchers o
using confocal microscopes
als6 have expresseda need
for 2 UV source witha low
M? value*, which would |
increase the system resolu-
ton compared to visible light .
sources. A 266nm laser will
enhance the detection sensi*
tivity of particle sizing
devices, where the detectlon
limit is directly proporﬂonal
to the laser wavelength, -

For more information, :
about the 266 project or other '
DPSS lasers, contact - ;. |

: Coherent’s Advanced Techri-

cal Sales group at 1-800-527-
3786 or fax 1+ 800~362-1170 '

*For more informatlon ragardmg r(u ’
theory supporting the M* concept of
measuring laser beam propaga;mn

E chamamzamfumwam
- Charaiteristics and M. uuwmury'

Propagalbll Attributes,” by MW,

' Sasnett and T.F, Johm-ban, Jry SP{E
Procudb:g:, vol. 1414, 199].
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