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Development of UV Microlaser

Dr. Rakesh Bhandari

Laser Research Center

Pulsed ultraviolet (UV) lasers are needed for several industrial and scientific applications, such
as, materials microprocessing, fast prototyping, pulsed laser deposition, photoionization, etc.
However, the large size and high cost of high energy pulsed UV lasers has drastically limited their

use.

We have used the high peak power of compact microchip lasers to efficiently generate the fourth harmonic
of Nd:YAG to obtain laser output at 266 nm. This is done by first generating the second harmonic of
the fundamental wavelength (1064 nm) to give 532 nm, using LiB,0; (Lithium Triborate, LBO) crystal,

and then to generate the fourth harmonic using S -BaB,0, (3 -barium borate, BBO) crystal to give 266
nm. Tomaximize the harmonic conversion efficiency, it is required to angle—tune the nonlinear crystals.
Normally, this is done by mounting the crystals on 3—angle (6, a, B) rotational stages. However,

using the 3-angle rotational stages increases the size of the UV laser significantly.

Equipment Development Center was requested to design a compact mechanism that can be used to tune
the three angles of the nonlinear crystals, instead of using the 3—angle stage. Mr. N. Mizutani designed
a novel and very compact mechanism to do this. It basically consists of a spherical crystal holder
that can be freely rotated on a hemispherical base to tune the three angles of the crystal. A patent
for this mechanism has been applied.

By using the newly designed crystal holder, it has been possible to fabricate a very compact UV

microlaser, which can provide several MW peak power at 266 nm. To our knowledge, this is the world’ s
first palm—top size MW peak power UV laser.

Figure 1 (a) shows the prototype of the UV microlaser. Fig. 1 (b) shows the prototype with a peltier
& fan cooling, which can enable it to be used under ambient temperature fluctuations.

We thank Equipment Development Center for their professional work.

(a) (b)

Fig. 1. (a) Prototype laser (a) without peltier cooling (b) with peltier/fan cooling.
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The development of laser headversion 4 for high power microchip laser

Laser research center for molecular science, Weipeng Kong

I am a Ph.D. student belongs to Taira group. My research topic is edge—pumped Yb:YAG microchip laser.
In my opinion the ideal laser devices should be compact and high power. We have successfully developed
laser head version 3 which obtained 414 W continuous wave output power in 2007 [1] with the help of
equipment development center (EDC). In order to realize high power mode—locking laser, we requested
EDC to help develop the laser head version 4 for preliminary research.

The design of laser head version 4 requires laser diodes pumping from multi—directions. Because of
limited space for pump—diodes, we must abandon commercial laser diode package and fabricate special
shape, much smaller heat-sink for the cooling of diode chips. Besides, no space for lens units, we
must couple the pump beam directly into the 200— gm —thickness microchip. The challenge is that the
distance between diode chips and microchip must be less than 140 um for efficient coupling.

Firstly, the water—cooling micro—channel heat-sink (the left figure) was developed by EDC, which
is tiny but with high cooling ability (0. 33 K/W). Secondly, EDC fabricated assistant tools (the middle
figure) to realize the lens—less coupling method which made the distance between diode chips and

microchip less than 70 um, half of our initial design. Finally 9-direction pumped laser head version

4 (the right figure) was successfully assembled.

By using this laser head, multi—direction designable pump scheme was demonstrated which is a good
method to realize Gaussian shape output beam [2]. The mode selection of watt—level high-order modes
and vortex modes were also demonstrated [3]. It is also possible to increase the pump direction to27
and scale up output power to hundred-watt level by current design.

I would like to thanks Mr. Kondo and other members of EDC for great help and support of my research.

1. M. Tsunekane and T.Taira, "High—-power operation of diode edge—pumped, composite all-ceramic
Yb:Y3A15012 microchip laser,” Appl. Phys. Lett., Vol.90 no.12 pp.121101-1-3 (2007).

2. W. Kong and T. Taira, “Lens—less edge—pumped high power microchip laser,” Appl. Phys. Lett.
vol. 100, no. 14, pp. 141105-1-4 (2012)

3. W. Kong, A. Sugita, and T. Taira, “Generation of Hermite—Gaussian modes and vortex arrays based
on 2D gain—distribution controlled microchip laser,” Opt. Lett., vol. 37, no. 13, pp. 2661-2663
(2012).
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Turn-by-turn BPM system

using coaxial switches and ARM microcontroller at UVSOR

Tomonori Toyoda, Kenji Hayashi, and Masahiro Katoh
Institute for Molecular Science, Myodaiji, Okazaki, 444-8585, Japan

tline of UVSOR

Ultra Violet Synchrotron Radiation facility (UVSOR) is a synchrotron radiation
research facility at the Institute for Molecul. (IMS).  UVSOR provid
intense focused light called synchrotron radiation for researches in molecular and
material science.

UVSOR has been in operation since 1983. After several upgrading, it is still
brightest in the world among low energy synchrotron light sources.

Scientists from all over Japan and from other countries come here to perform
photochemistry and photo-physics experiments using THz, infrared, VUV and soft

X-rays.
\ Table 1: Key parameters of UVSOR Il

Electron Beam energy 750MeV
‘ Circumference 53.2m
Straight Sections 4mX4,5mX4
Emittance 17nm-rad
Energy Spread 5.4m X 10%
‘ Betatron Tunes (3.70,3.20)
Momentum Compaction Factor 0.033
‘ XY Coupling(presumed) 3%
RF Accelerating Voltage 100kv.
Fig.1: Portrait of UVSOR storage ring ‘ RF Frequency 90.1MHz

mbed

The Turn-by-Turn BPM system consists of a signal switching circuit with a
microcontroller, FETs, and coaxial switches (Fig.4, 6, and 7). By BPM system, we
can select signals form 8 x 4 = 32 BPM signals to 1 x 4 = 4 BPM signals with coaxial
switches of SPDT type (Fig.8) and SP4T type (Fig.9).

For switching and controlling these switches, we adopted ‘mbed’, the ARM
microcontroller development kit (Fig.10).

3. Turn-by-turn BPM system

o | =
e —. | ———

Fig.6: Photo of BPM system(inner) Fig.7: Block diagram of BPM system

=%
i
53,

Fig.9: SPXT type Coaxial Switch (Photo:SP6T)

Fig.8: SPDT type Coaxial Switch

‘mbed’ is the ARM Microcontroller development kit by NXP Semiconductors.
We can connect ‘mbed’ to PC with USB, and program with C language.

The Integrated Development Environment(IDE) of ‘mbed’ is on the Web server
and run on a Web browser. In this environment which is generally called ‘Cloud
Computing’, we can develop regardless of Operating System of PC if we have an
internet connection.

Key features of ‘mbed’

»  CPU:LPC1768(ARM Cortex-M3)

»  Processing Speed: 100MHz, 120MIPS

»  Memory: 512kB Flash ROM, 64kB
SRAM

»  Peripherals: 10/100BASE-T Ethernet,

USB2.0 OTG, 12bit A/Dx8, 10bit D/A,
etc.

Fig.10: Photo of ‘mbed’

2. BPM and Purpose of BPM system

The storage ring of UVSOR has 24 BPMs

- -
(Fig.2), each of which consists of 4 electrodes e n
(Fig.3). We measure by 4-channel digital # -
oscilloscope while switching between these ¥ "
signals. . L]
When major upgrade of the storage ring of i
UVSOR started from April 2012, to assist the " *, i
commissioning procedure, we have L] Lt &
developed a turn-by-turn BPM system L L
(Fig.4). It switches the BPM signals by R 1 ¥
remote control through LAN from control T aw L
room. The construction and characteristics " et

of BNC coaxial cable are shown in Fig.5. Fig.2: Wiring diagram of BPM signals

Fig.4: Photo of BPM system(front view)

Inner conductor 1.9mm Copper wire
Outer conductor 6.5mm Helical corrugated copper tube
L 1 Jacket FEmm Polyethylene
i —— 10MHz 189 3.99
S te—— 100MHz 6.04 125

Fig.5: Construction and Characteristics of Coaxial Cable, FHPX-5D(1/4”) by Hitachi Cable

4. Performances

1st turn Horizontal Tune Measure (Horizontal)
= 11 cycles / 3 turns = 3.7 (wx)

X (mm)

BPM Number &

Istturn Vertical

BPM Number

Tune Measure (Vertical)
9.5 cycles / 3 turns = 3.2 (vy)

dY (mm)

. BPM Number
BPM Number

Fig.12: Rough tune Measurement

Fig.11: Checking the Injection Orbit
& ecking the Injection Orb by Horizontal / Vertical Trajectory

Accuracy Check (Horizontal)
4 electrode SUM
1st to 4th turn

Intensity (a.u.)

BPM Number

Beam Lost by wrong vertical steering
(Vertical Orbit)

N

o 3 7 i

Tum

Turn

Periodic error exists resulting from
mismatch between ADC sampling

Beam loss caused by Vertical Oscillation after 3 turns.

LG | period and revolution period.
LU | -»Depends on the unbalance in the
cable length for 4 electrodes.

Change in sum of 4 electrodes signals clearly exhibits
the position of beam loss.
This case: in B2 bending duct

Fig.13: Accuracy Check

Fig.14: Utilizing Sum Signal (example)

1. We have developed the turn-by-turn BPM system as 1.
switching the BPM signals through LAN with coaxial
switches and ‘mbed’. 2.

2.  We could significantly reduce time and effort for
circulating beam after the upgrading the storage ring. 3.

23

Improvement of accuracy by advanced data processing (pulse form
fitting, etc.)

Easy swap between Ordinary BPM (Bergoz. Co.) and TBTBPM
(extended switcher system)

Faster data acquisition (A: automatic BPM switching B: automatic
data acquisition from oscilloscope C: full automatic data processing)
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