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SUMMARY

I. Project Title

Development of the power control system for semiconductor lasers

II. Objectives and Importance of the Paper

For the first year plan of this program, we developed the power control

system for semiconductor laser. The deamands for this laser driver has been

increased continuosly because the semiconductor laser pumped solid-state laser

has been becoming more popular tool in many fields. The reason for the interest

stems from the dramatic increase in system efficiency and component lifetime,

and reduction of the thermal load of the solid-state laser material. The high

pumping efficiency compared to flashlamps stems from the good spectral match

between the semiconductor laser emission and Nd absorption bands.

This team had proceded the commercialization of Nd:YAG laser in the

previous project and accumulated the technology related to power control.

Therefore, we are trying to develop the power control system for semiconductor

laser and expect this power control system to contribute further semiconductor

laser pumped solid-state laser project technically.

III. Scope and Contents of the Project
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We used the high-speed switching technology of large current to fabricate

the power control system for semiconductor laser in this program. Then, we

investigated the pumping technique for semiconductor laser pumped solid-state

laser. The scope and contents of the project are as follows ;

1) Development of the high-speed switching technology of large current for

semiconductor laser

2) Development of the current control technology precisely for the Q-cw

semiconductor laser

3) Development of interface between power control unit and the

external devices.

4) Conduction of the experiment of semiconductor laser pumped

Nd:YAG laser with this power control system and 5 bar stack array.

IV. Results and Proposal for Applications

Results

. Development of the power control system for semiconductor laser.

- fabrication of 1 unit power control system for Q-cw semiconductor laser

. Experiments of semiconductor laser pumped solid-state laser

- Investigation of direct- and side-pumping technique.

- Measurement of output parameters

( excitation efficiency : 38%, optical-to-optical efficiency : 19.4%,

slope efficiency: 26.9%, peak out power : 50W)
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Proposal for Application

A power control system for semiconductor laser has been developed. The

laser output perfomances of Nd:YAG laser with power control system have been

investigated. Therefore, we expect that developed power control system can be

commercialized succesfully because of its higher performances and lower price.



g IK

13

15

15

16

23

^ l fl]^ ^ ^ ^ 1 1 fl 23

2 ^ «] :£^ ^ l o l ^ ^ € ^ 1 ^ 1 ^ ^ 24

3 ^ ti>£;Nj sflol^ ^ ^ ^ ^ ^-^1 7flt£ 30

4 1 l i ^ w>£^l Bflo]^ ^ € ^ 1 ^ 1 ^ ^ S ] ^ 33

5 ^ ^ i < § a>£^l eflojx) ^ ^ ^ 1 ^ ^14 34

6 ^ ^<y 36

7 1 ^ ^ ^ 37

37

38

- 8 -



.51

• 53

- 9 -



2-1 ^ l ^ ^ ^ - ^ S f i l strip laser 4 M 17

2-2 Multistripe 3H*1 ̂ S 19

2-3 Monolithic 1 cm «V£*)1 3H*i bar 20

2-4 ^ ^ o j o f l n } ^ ̂ 3 L # 22

3-1. QSLSVI $O]^ ^ € ^ 1 ^ 1 7 l £ ^ 25

3-2. aV£^l sflol^ 3 l^#*13 3f£-g-^- ^^S]S- 28

3-3. 4 ^ - S - ^ ^ ^ I ^ S . 1 - 4-§-§ «fl ^ - T T ^ overshooting 4^f i ] ^S)-

(X:arbitrary unit, Y:^-§>#^ ^^ - ) 29

3-4. ^14^ € ^ ^ ^ W ^ ^ ^ ^ - ^ 35

4-1. 5 bar # £ 3 1 array!- <>]•%•$: #^<^7l ^ ^ 38

4-2. ^ o l ^ ^- ifls] o}7] 70>£ « - i 39

4-3. eflol̂ -] ^ ^ ^ y ] ^ A ^ ^ -^ 41

4-4 eflo]^j ^ 7 ] #^^§ tij-Af-i; ^sfofl x^s. <£•$ o^7) °m 4i

4-5 efl<̂ l̂ -g- t € s ^ e l # ^ ^ ^ #*]£. 44

4-6 #^7]^:oi] ^ A J ^ til waisto] 3.7] 45

4-7. Beam caustics ( ^ ^ 1 : X^, ^ -^ : Y # ) 45

4-8 Nd:YVO4 ^ Nd:YAG 311^7^ •£-£] f fc i | 7 ] 5 ] 46

4-9 1>£^1] Bflol^S. <^7]?1 Nd:YAG ^ | o ] ^ %-^ !^s§ 48

4-10 # ^ ^ Bflojx-] «] ^ 49

10



'A

a 2-1 Q-cw bars]

3. 3-1

S 3-2 «3

21

26

32

- 1 1 -



A

35

- 1 2 -



*lfe Nd:YAG eflo]^
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1. Mutiple Strip Lasers

^ SQW-SCH(Single Quantum Well Separate Confinment Hetrostructure)

Optical connnemenl

Quantum well

Ooontum well
confinement

Refractive
index

lliilliifKilin
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Metal contact

High resistivity moleriol

p«-CaAs
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Optical mode cross section

n-GaAs substrate

Metal contact
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2-1 strip laser

7\. Junctions Width

S] # 5 j £ junction width «sfl «

lOOum ^2) active region^

active strip i r
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layer A}ol^ ^^l^Vcf. o ] ^ 7>^- t t ^ S ] layer^-(p-Gai.yAlyAs)&l ^

^r active region^] S i r 7A°]V^ v}^^ layerCp-Gai.zAlzAs)̂ - optical

(quantum well) ^(active layer)S] ^ ^ 1 ^ 0.02um
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active layerfe ^ £
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stip 20 7fl ^ 200{lm x 1.0

^ : 40° x 10°

5E layer 835nm
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a}7] a ^ ^--i- o]^7> §i7l ^ ^
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p-TYPECAP

INOIVIDUAL
STRIPE

EMITTER

2-3 Monolithic 1 cm bar

usec
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Q-CW

strip Iaser7> ^ # 3 1 (fill factor =100%) ^^SfTfl ^ ^- Si 4 . lcm

^ ^ ^ ^ . A ] o ] l ^ 10007]]S] strip Iaser7> S f - 5 ] ^ <g^^4&] ^ - f ^ 2007fl

strip Iaser7} ^^-=14 . 5 2-1 £ tfl£2j«! Q-cw bar S] ^-

2-1 Q-cw bar£]

Electrical efficiency(%)

Power(W/cm)

Linewidth(nm,FWHM)

Lifetime(shots)

Thermal resistance(°C/Wcm2)
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60-100
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0.3

holes] 7fl^^-o|

^ - T - band gap o] ^ - ^ « } T ] ] 4 ^ - ^ - l ^ f t ^ . f } ^ GaAlAs

4 ^ - ^ - ^s}-Al2j ^ o|cf. Nd:YAG efl
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7fl_£_

Diode pumped solid-state-laser(DPSSL)^ ^d^l^°-S. # « H i i ,

power supply, cooling^ 31ft cooling system, n e ) j l ^^1-71^^1 sub

system-!- 5.fh=rr3. &*}. Sub system^ tfl^-g-fi] ^]°]^| system functionl-^r

digital electronics#3- monitor*}JL feedback ^-£r ^ ^ t t it^j^l ^ I ^ H control

Solid-state-laserl- Subsystem's. -=?--@r«fl

1. Power conditioning

arc lamp^-

battery^f-^ powerl-

levels, convert

2. Energy storage ^^1 : Capacitor^ arc

L tj-^. pulsel-

diode-array°11 ft711̂ 1 pulse

3. Swithing or trigger circuit : diode-array S] ^-T-°il °im^lfe

£i)*i) capacitor banks.^-E-] ^.^-^cf.

Flashlampfe- ^31*1 ^ # # *}fe high-voltage trigger pulsed]

switch

4. System microcontroller : £|£- tj)^--g-fi] efl

S-l- monitoring*}Jl

data n e ]
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#71 ̂  data-l: i # * M laser systems] S.E. #3§-4 ^Eflf- display^JL

Micro-controller^ ^ ^ t l - i - * M $ 4 .

5. Timing contral board : <>] ^j-fe- # ^ 3 . 0 . 3 . ^7 ] clock, logic 4;*}, gate

array, ZLZ\JL <^7) source-2)- Q-switch driver 1- 2J|<H*r7| ^3fl ^ ^ r ^ 91 timing

signal^ ^-^-«}fe componentl-S. ^ s M M .

6. H2: subsystem : <^7l-§- fl^ system 6]S]^l5. e f l o j ^ ^ A ^ Q-switch,

SHG£| heater, 7]7^]^o] shutter, translation stagelr T 1 - -^^-^ S.&),

fe PZT, fans, cooler, ^ ^ <̂

°1 ^Hl^ife laser <^7] source!-

°1 system^ 3L7fl

n ^ 3-14 # d l linear ^ 4 switch

SLv\ 7}£.36.3. ^ ^ - ^ #

linear^#, g ^ * ! ^ switch mode^^-

^ i ^ l ^ A S . linear^•& switchmode^^ ^]t\cx\ ^^)7\ ^ J ^ ^ H S . ^ ^

linear^^ A
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3.7\] 4 ^ 4 .

DC input
MOSFET
Crowbar : < •

Ref

(a) Linear

• Laser
Diodes

DC input
Laser

Diodes

(b) Switchmode

3-1.
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3-1

Hal 1 Sensor^

Current
Transformer^

-til a

-as

&a

T
us

01 ̂§Xl &g

• " W * ^ H * r ? ' * " * [ * * i * ^ ™ i

h a l l

Shunt

hall

sensor^j, current transformer^]

isolation

Hall sensor^ -§-o]§]-ii
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Current transformer^]£ ^]-fft- S ^ ^ t x\^^c%*\ *}•%•*]

l. *)*! transistor^] ^*!: ^if

Linear^ ^ € ^ 1 ^ 1 ^ ^ ^ l ^ 4i^l-Sfe M0SFET7}

MOSFET^ bipolar transistor^ *}*

^-f A>-g-o] 7\^}v] $.#4rZ7\ ^E.JL gate

2.3. drain^l^-2] >*fl<>|«r>7]7> -g-^^> ^ - ^ l - o l ^cf. MOSFET drain #

M0SFET5] s . ^ 6 f l avalanche

^ f e avalanche energy rated MOSFET7]-

^ 1 ^ ] transistor^

snubber S |3 .# 4-g-*>7l7> ^ - ^ ^ t t ^§^-7> $ i ^ H ^ avalanche

energy rated MOSFET5] A}-§-O) «}

2.

^ € ^ 1 1 - on/off ^ nfl ^ - ^ ^ ^ o| i- sf^-s-1^ ^ over shooting

under shootin
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on/off

quasi- on

R-C-D

on/off

Hr ^<'<r

rx

Laser
Diodes

3-2. wKE*fl 9*03£.

JS.3. flS] R-C-D

turn on

schottky

overshooting

ojc|] capacitance

. Overshooting
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1 • • ' r

3-3.

(X:arbitrary unit, Y:

overshooting

:) capacitance7i- Oil ^ overshooting

capacitance^] #7foi] rcfe} ^ 30o /o

overshooting

capacitancel-
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2V

transistor^ a}o]o]^ ^oj -^ .

transistor^ u H ° l ^ ^ i 0 ^ ^

MOSFET IRFP250RS] RJ^ON) ^t0] ^ 0.12Q olS-S. 67fll- t g ^ S

fl-1- 60AS. «h nfl MOSFET^ H l ^ i ^ i ^ ^ - ^ ° i £ 2-3V

£ (N x 2 + ff)\

capacitor# ^-iS.
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RMSS. £HS-

capacitor^] ripple^i^-7} §. ^ ^ ^ - capacitor #

§ ripple 3l-!f3M ^

capacitor^ ^ ^ f - ^ -^^o l ^ ^ ^ ^ ripple^i^-7> 3LS.S.

capacitor^ film capacuor-t ^ f S <^1§}^ 4-g-Sj-

tf(common mode

71 § ^ ^ - ^ - 1 : «lja «a<J^fe- 4-S-^ GBW(Gain

BandWidth Product)7f

#$m(complementary) ^ i ^IJLl- <*}-&-«H

on -̂Efl7> S]7il§foi ^ i - t l :M on/off

r̂- ^^>^^-7]S] #5} 3 f^^ ^-iL^(complementary) P-N transistor^.

MOSFET driver^ ^ i ^ ^ 4 ^ fb^ ^ ^ d ^ ^l^-g- ^ t MOSFETSl gate^l <?]

f. IRFP250R MOSFETS] input capacitance^- 4«>^i^- 10A c»] -ufl ofl ̂  3.4
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S.S. 100Q

7} SXSLR

carrier^

carrier#0)

S.3-2 ^ i

a&tv]

SW[A]

15 V

65A

30Hz

350usec

dlH

aiOIXi Q0I2E 7JHS

2f 1% duty
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l.

transistors]

]-6fl 5fl7] nfl^^]4. Transistors]

Vds(on) ?3to] ^^-^r^- #^M- transistor^ ^ ^ f V n H < H ^ # ^^°>*>fe-

3-4V <=»]̂ °) -t^" ?]7>i)E.^ ?V4.

-fM- transistors] ^ £ ^ o ] EL7\} ^ ^ ^ ^§4- Vds(on)

Transistors] * l ^ £ ^ - § : go]7]

^ ^ ^ Vds(on)

comparators^

2.

4 . 1ms

schmitt trigger gate7>

R-C ]}^
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3. ^i^lJ: ^

€ ^ ^ 1 J : ^ i f l ^ ^ VFC(Voltage to Frequency Converter)'*)]

duty cycle 7}#$\£.g. $ 3 ^ 4 . Duty cycle 7 } ^ S ^ A ] € ^ ^ 7>igo| o|

complementary $Efl3. <£

- on ^-Bflsf off

4.

X\ ^ ^ q ^ l f e - linear «cH^l^ 10mQ

)-jl ^e.^]c>)-g- 3 ] f transistors^ 67)] 5]

MOSFET1- ^ f S . - S ^ H 4-8-^f^^-. ^^ i^ -g - ^ i ^ ^ - S A>-g-§]-^ +15V

^ £ fl ^ ^ £ ] f e +15V/-15V

capacitor^. 33000/fF/50V ^«flcapacitor#
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ripple #f f -3 RMS3M:

^i vs

3-4.
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overshooting

71 £ ^
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DPSSL

bari

-I:

Z ) ^ # ^ ^ 71 A] ?1 £• HJ-^^.

bar array# ^ ^

^]^-7l(diffuse reflector)^, cavity

. O J ^ ^ ^7lJL#^: #^«-f^-5L^ Nd:YAG

s 71 ell- # ^
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1.

(805 ±3nm,

(packagi

lmm

Al"§-t!r ÔrSL̂ Il ^ l 0 ! ^ bar-fe- Laser systems *>}£\ 4501

ZH^.&.&i SOW} H R7fl-^- 1^ 4-1321- zl-ol xl-xflaJA^ ^

array-§- 1 ? ] : § O ^ A : | *^^.Cl^7l<:>:l] /<>|-^-'S|-^ixij-, ^S.^-|] bar

: #7fl §1-5514.

••: ^ ^ •: <

^ ^ ^ ^ ^ ^ ^ ^

Illiills
iili

•
illI1I1L̂

iiiiilli

illL;

^ B
pm,
mi

mifw. i ,

l l i l :M
<w
- *W

-

pW Mi

-

4-1. 5 bar array-f-
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arrays] <g 4-34

60A,

70HzS.

3mm, Nd:YAG(1.0 at. %

Pyrex f-«.#

SINTOX

Ccnlrold 3.08.2.36 K.nilc(IOK| 3.46. 3.66

4-2.

1.064//m

-£ CCD

X, Y

±10%
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4-34

DT200)Sf

9400A)

533 '19J

A=0.07cm2, r = 230 ^sec, cT=2.8xlO"19cm2,[12)

<$ 38% ^ £ ^ 4 . °1 ^^lfe T. Brand[n] %

^=i.86xlO'1 9Joule,

6.5mm

lmm bar
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4-3.

O.I 0.2 0.3 0.4 0.5
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<>l-8-*H - ^ wov^o]

$U7l

-g-

lensing)

7] ^ ti] ^-A} ^ o]

\ 7 M

He-Ne
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Nd:YAG

(1)

Piano-Convex ^-^l7l l- ^

) 1 ^ 1 4 i ( ) ] ^ 1 - H } ^ ^ 5m «1^ «]

waist 7} ^ s ] f e ^ ^ t-^7^-|:(M2)S] ti}A}^-^ 80%S ^ } ^ 4 . ^ ^ 7 1 zJ

o] L £ Nd:YVO4 ^^Unfl fe 267mm (Li=127mm, L2=139mm)<>l JL Nd:YAG

11 ^ - f r ^ ^ 1 - ^>ol n f l^ i 262mm ( L ^ ^ m m , L2=137mm)^14.

Nd:YVO4 1 ^ ^ a-cut ^^»]^ Nd:YAG sf ^e>l Nd atom^ dopant rate fe 1%

3mm, ^ o ] 25mmSl £L7ll- «r}Jl

^ ^ - # ^ o ] 5ow<y 1^-OI^.H b a r

[I5] ^ ^^1 spot 3.711- #^*}7l #1*H a ^ T l s l 250mm

200mm<y f2 ^ 7flsl f £ f Af-g-§>^ relay lens (Bfl-i-

1:0.8)7411- ^ § H CCD 7F^e|- i ^ ^ 1 ^ ^ . o] nfl eflo]*! «] ̂  70V£# ^v

iflAl^7l - ^ H holographic grating «] ^-5]7]1- 4-g-sH #$& 1st order^

^ # 4-8-«>5S4. ^1°1^ spot^- SensorPhysics^l H) g - i ^ l s ] knife edge #^§

yoViS-i: °l-§-«H peak &Si\ 16%Sf 84% point^l Sfl^Sj-fe intensity^ s.^- spot
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o.c.
H.B. 1st order beam

Beam spot
measurement

CCD Camera

CCD Camera

Quality

O.C.: Oscillator, P: Prism,
H.B.: Holographic beamsplitter
A: Attenuator
fl, i2 : Relay lenses
f3 : lens for making beam caustics

(2)

4-5

Nd:YV04

4-7̂ -

waist CCD

^ waistl-

waist 3.7}^

factor^

4-53-

spot 3.71^

CCD Cameral-

^.^r^ polynomial fit
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E

1.6

1.4

'"§ 1.2

oa.

0.8

0.4

• Nd:YAG

• Nd:YVO4

0.9 1.4

Pumping P<roer (W)
1.9

4-6 waists] 3.7}

40 60 80 100 120 140 160 180

Relative Position (mm)

4-7. Beam caustics (

-^.^ Nd:YVO4 60A, 350

-45



//sec, M2\ = 6.1, M2y = 5.6

fe 1.3W ^ ^ ^ .

-f 10.3m, Nd:YVO45]

a-cut N

1 ^ «HVc>]

, Nd:YAG

808nm ^: 31.2

4 - 8 ^ 1 ^

w

I*

O

U
IJ;

H

90
80
70
60
50
40

30
20
10

= 23.765x
-2.4492

y = 5.9501x

0 0.5 1 1.5

Input Power (W)

4-8 Nd:YVO4 ^ Nd:YAG

76f|
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Nd:YVO4S] 7^4- 5.5m, Nd:YAGS]

4-34 ^ ^ ^ 1 1 - ^ « H ^

4 9 c m ^ ^ ^ i g ^ ^ 7 ^ ^ - o j wVXI-^ol 85%

l 5 m o ]

J : ^ l i : 30 Hz S. *>*<H?1 ^-g- ^ ^ € - ^ - 3 : # ^ * l - ^ 4 . # ^ ^ 4 2.7W

(^f^# 350psec, 30Hz)fi] ^>£^1 eflo]^

Nd:YAG iSM*! # ^ ^ r ^Si-0-^ ° H 19.4%^

slope 21^:^ 26.9% <̂fl i ^ } $ 4 .

] ^ «] ^-^71 (SensorPhysics LS-4)!-

\ J «j ^ ^ ^Z}7) ^ « f l ^ ^ yd waist

spot 3.7] 5]- ^r^zj-ir ^ ^ s f l ^ *>4. Spot 3L7]±: 3^$ 7]$ 200mm5l

lens ^1)#

CCD ^ i 1:1

spot EL7]±r peak ^S] l/e
2
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0.6

0.5 1 1.5 2 2.5

Input Average Power (W)

4-9 Nd:YAG

CCD °l ^1^

4-3 4 ^ ^ l 6 ! ! ^ CCD

f=300mm f i t fl^Al^ji

6!! ¥<=>} ^]°W(far-field pattern) "s

6= s/f 3

p=0, /=2
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0.5 0.7 0.9

Pumping Power (W)

l . i

4-10

Nd:YAG

sec,

tb

°i 7]

3 5 0

520mWS] Nd:YAG

°H
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slope £ & £ 26.9%

^ 4 3-4

quality

$413
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91 ^

7]

3.711- #^SH t^lS

5.5m, Nd:YAGS] ^ - f 10.3m

Nd:YAG e f l o ] ^ ^ ] ^ ^ ^§ # ^ > S S 4 ^ ^ ] ^ ^ ^ ^ ^

^ 1 4 38%

e |o l^ og^^A^ J | 5 # ^ 520mW2] Nd:YAG ^))°)^ ^^%

ojufl 19.4%^ *fl^-^fe ^ ^ ^ 5 l # # ^ ^ _ ° - ^ cf^SSLS-j slope

26.9% ofl ^ S } a 4 . ^ € - ^ 7 ] l - °l-g-«>^ # ^ ^ S ] qualityl-

3-4 yfls] s]^*Ml w]^- ^ r ^ A ] ^ ^ ^ } ^ - ̂ - % ^ } ^ 4 . ^ arrays
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