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Abstract

Of importance, one must consider how to cope with an aging population and the associated economic 

impact. Science is essential to economic growth in this scenario, primarily because there are no assurances 

in the future strength of the labor force and capital investment in equipment. Therefore, to sustain 

economic growth, creative research must be developed. Moreover, the frontiers of the economy will be 

stimulated by the creation and development of new industries or even industrial sectors.

On the other hand, machining technology is fundamental to almost all industry. After having 

compared the technologies of Europe and the United States with Japan, the technological sophistication of 

the former nations is superior to that of Japan. Furthermore, Japan’s economic structure is more heavily 

dependent on technology than Europe or the United States. Extension of extant technology alone will not 

assure future victory in the competitive international arena.

Europe and the United State noted the great impact of technology on industry. Consequently, these 

nations have already begun technological projects that are strategic from a research perspective (e. g., 

Precision Laser Machining (USA), LASER 2000 (Germany), each project began in 1994). The 

motivation of these projects is intensification of the field. These nations have tackled new development of 

machine processing from a different point of view. Without lagging behind Europe and the United States, 

Japan should promote the national project of photon machining in cooperation with industries and government, 

including national laboratories.

During the meeting on the future course of research development in each field at MTU, mechanical 

engineering was targeted for research promotion, with specific attention to micronization and 

intellectualization. Of significance, photon machining is a rapidly emerging technology that also must be 

considered. Photon machining seeks to develop new technology that utilizes the quantum nature of photons.

To date, conventional laser technology has not fully capitalized on these quantum features (such as energy, 

wavelength, phase, wavefront, etc.). In the field of photon machining, the laser will be exploited in 

practical use, previously unexplored energy regimes will be explored, and the new field of photon 

processing will be developed. Thus, in the field of laser processing, photons are used as tools, special 

functions of atoms and molecules will be discovered, and processing for functional fabrication (photon 

machining) will be established. In pursuit of these goals, the generation and transmission of the photons 

must become highly developed, thereby producing high quality photons. In this process, the basic 

research related to the physical and chemical phenomena associated with photons and materials will be 

accomplished. By promoting development of the related application technology, processing of functional 

fabrication at the quantum level will be achieved, as well as configuration machining based on conventional 

mechanical machining and thermal processing. In this manner, a new technological sector will be 

established, contributing to the creation of new industries.

Photon machining is related to multiple fields, such as physics and chemistry, through applications

xv



Abstract

such as new jointing technology (e. g., welding). Traditionally, multidisciplinary collaborative research 

has not been a common practice and, consequently, there has been a retardation of scientific systemization.

For these reason, a new infrastructure must be constructed soon; the promotion of collaborative projects 

between specialists from different fields in universities, industries, and national labs, all under government 

leadership, is required.
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< ^F4-f 3 & # % %&.

LfrLKtfb, %I$AT(±, ^

®^n-bxg*f<oiomi. Tamamacmv'&&&;:#, ya
W0T&..
®yo tx cm ? * b xvmm • iotc^t,
d)7,n-bxcmv^7* b XDf&AC^V'-C, 7 * b 7 3 X b V'.

# • • am - %#a#% a
&. tat>£>,

( 1 ) T’p -tz ^gf

k-'f-arxfzKyy 3 > - %y 1%-y a y#<o#M -

t tz, T’n-bXDME^SI §£ti L, M14 £ US & & * * C f±, 4 >7u-txx-? 
V '✓ y, y ? a b “ y 3 CII £©£i6C(±, Tx-'f-T#

nnmt) #(D7 ^ b y &#gcm#L7b#^-cA

(2) 7* b
7 r ^ ^cj= t L£yw y-w-{5*1'>xt" a, &Aa&7 * b

y y b y####%#a
yotxcmma^a#$&f - • aa#7* b yemmyx-f A

a##La^fufa^avv
(3) 7 * b>#&##

16 y-4f- . (LD)
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4.1 Bi;»C

#mM&#^i5]_k, SnxMfaX, ^MStvrv'a. z<dM%x, 7*
b >7- * y n 57-tt21ifi:j(Bfc*v»T^^|^K:*»t*ft>^KSffiiniXS®C*a i t

7* b L-9 f 7 7 - ? -$# (10"'
m) do3 m) t #51:10" mammERv*, m&-cji;m%tt$L<o

MX&nrffiX'&z. :©J:^ t:-o0^jLT"j£f&&7.^-;i/tf)M£3jni-e§ &;£?££>£
-ec-c, £ £-et±7 * b y^M^tz^ntoxteZ

f7t f'/vy - y 7 J ( Photon Machining ) : i: 11^.
7 * b >-?'>-> rate# vi&wtlmx, minx, ik^jjnxRV'MTinxv^r &

ZffiLl'M&X&Zfr', i±&^TV'&w ±EO 4 t: til>' t:

#mf &. %-f, ^It^^r-7- KtiMEin
X, l/--y-(±rtL^cDE^^r

tufjoTv>4i»,

& k li^x.6^. 7tb>vy->^ttl|tl/tl/“f“^, em -
y-^f-^-n^yb, %[f3mX7'ata##&%&:2f&#,

JIBti, u~*f- t MM <Dms.ft%<DMM ■ mMmxvMXMiiLK*
h, &###-

L-cv'&v'##a*#K && e t izmftotfm • -Anxynt
^kmje&t?§*v»i t*. #mm<D7^ - K/fv

A^ ^ - KWt: & 7 7 b #H: &#5T # * V'fcfc, jglSBIWA < Sffl $ fttv'ftv'.
m±#, t:pbibr, ##f&&#% -
-#, j)DXX^-;t/, ii#4«i65 • JS, #a

o fofcft, ##-?(±7 * b
> v'>^ 7 if t v^9 — o trIftBJ§-t & t ?ML£& DZlQiiffi) &. -E-CT, $
#-et±, 5cT7* b y?z/-y ?<Dffi.m, vtmizwimmm*
&'<, ov'?&#7'ntaiGm##&#,&##^###m=#mf &t atK, #mt: 

sitti4^n-irxcii, Rmnxmm^mtzmtktmmzmmt&.

u='7 * b 7 V'>- y 7*<T)St:M1-S@* <7)M$ • 7 5:$nM •) ® x. ^ tv
t ;:z 0 , A< & Z 3 C& & t#S#LTV'&. :®7

* b y-^v-ymt, %.%<DMfr4kLtzx¥fe&imnL?zm'£M%§&mtfm$.zti, im
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4.2 mm • yX-r-AS®

4. 2 EB•yXxAfii

4. 2. 1 7 t h >7 '> - ><7(DU&
a#, &&#&m#3W:#V'T%#LTV'a r#%J (±, S%-S?X#, ####,

• X# • ###EK=j3V'T#&fL&#

£ fcfflM+&z tizX^x, v^lfSiWCHILT 

§yiiv'x.<t ■?. 7* y><dm:^t LX(D^*)v*?-*mmLx®K<v%i&yim*mz.fc
*), 7^-

SE# £ $13Z L <£ ^ b’f Z> 7 3r Y y? is — > V ( photon machining ) t±, t65&S©#7E©Sn

X$e©m^##-AnX^X#2: LtzMXU±b±^ <#»I), /J\(±Mf •

rSM^finXJ 2: r###e)0XJ

zm&t&%itz%mxm±x&&. rt«i?j i±, etc

2 1 #32t:a#&##, %#, &

X##EC:t #&#&%#&@ ?> % itJtift fc® Wit Z> zz 4: **S8

h ^ 5-e, 7 * h y v 7 - y jf , r y-rinXicttSSfLa^v^x.^-iilS, iW
V'$U#e,

6tL^ma#7 * h y a©ms#mt: z &imxj t
Sti J: 7 . -e<7)JnX7°n-t^(±*#W*7 t h y ^ * ;i/ ©fijffl M tc J: 0 ±# C^ft 

Jiii'-el, T7 * h y £M t&!:

^inxj i r7 * h y^^fr^'-zmx-xfrir-tzm&Lxmmtzmnx]
&. fr#*©$B#anx(=an- & ?-;i/ (x 

#) tit^i^ti11, zo&mzmmkc^^l-c^cv

y - y ^M-e(±o£$r£ 5#MX, ###^mx,
mx%.ffi*fflttt2>zttf-5jmx&z>. 7t fy7'>^y^*-e©^«K)

t=# ##%##,

4t#inXSSh LT<7){5@#ttT*(±^ < , 4-m#^^ES, X^E £ £ v> T - - X« 

*i-s h^ij^tvev^

ijsifcnic, 7tr/7^y^is, %>xxm*&nz
- T? / &i/x& *), ^ &##m%####&##

*®'%i<zmz-t:'&%kixftjBrt<Dmm%tox&ffix$>2>. tztzl, i©*?*7*byv* 

-y^fc^-aWK^K-f sfcfcfcti, tT, [7* hyb#m©#z#m©#m

£ tz, MXM&Om&fr b , rm##E ( accuracy ) ( precision ) #@

v>J b \;'t>tiX^2>-M&)%3z* ;v ^-Snx#W© F=1®,6r \z-o^xm$:1r & z. t ^SS-e

& 5 7 .
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#4$ m&m%mm

a) (±##Anx^4:
'£,' h -t ^> v y — > ^ tc-ft t> o r, y * v y?'s — > Fit, fy - ;vj h

&tnX?& ?), tf-^ ZfcMMfcfotz
*), ^ogsciit^-tk* 19, tr-A&m#m=
Hast, ®^L^±T-s^^aEov'>-'y7^fi:d ^ h^nrtgr^^,. $ w=,

& c: t
DflnXMSrlr? £ h # , S P5 M tc & B# F5 $ £ & E3U:£-;b-ti:T 6 ti &ji3Rto T’n-b

b) y t b > v '> - y 7- &, kf-a

ki siiM&ft&inx-efcsfc*, Jnii^icft3t£JniXK:*v»T^:§ *rasfc &s J: 9 ftiuXE
^ #C T, 7* h>-7'>->/'>^fA©$ftijlKtt, v-y-V'>

><d£7 L=k#:##mh lx 0m

*v». %cT, Sjltotrt±'>y7°;vt-ES, 
Mitt'inxyn^x^s^-eS ^,.

c) 7tf'/vy-^7li, J: 2>flnX-e£> 9,

£*®j£v'«H-eifflffi|-rs - t iz J: 19, MM, & 2, v titjnxx ^ - ;b £ 6 6 MS L,

?&&.

d ) 7 * b '>- y jfcDMS.ii, -2) < , #SniDX,
flux, && vM±#$-fijj&^£]A < &-&L, £5fcinx m tf z> m^-inx-e hmmx § & * o 
^i^^TC^imxyo Z
*. <k#m&mx#m(7)###@(:#-#-L, 7 * b

tizzy), m®, mmm,

"C*&.

e) y * b y v y - y 7- (±, ^ < <D#<9#a8(0.z.&;i/4r- tT-A 
&2>;&nXS^£i3&t2>#ffljn,£Sf;f&V'. 1-&fct>, %)X##K^tnX##t:^L^:, 

v» fc #> * jg#Sjj>r fc J: aJnXStffl^CO^Ki^V'f ^fswinix^n-fe^ Sr#^fc^3i^§ *. 
fss, m#, m#, EiWE, **vMig®si:v'ofc#asjs»t*^s Tin 
X#a^#J#mX7°at%J SEh*-Ai)D
x-w * 7 tT-A2mx#t:fS^$fLa# < tr-Atnxtc^v'T^:#
#i£Sjg?iSlE£f-*:'A“fc&1* L&i&gfc L*v\ v»fc»9>* -t 7 J

Z<D £ 1 *Jftj@JS3&£7n-fe* tiAti - t fc X o T,

rVW * 3* b £*l!fcig;«1*3 - **. K
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4.2 •vXtAKS

f©f7 Y9 'i a ^'iiJ^tr§ a i t tc i> *a. & #, inii^^t ioT»±,
fStt ff a # a & * fc * »t a imx ■* mm 1K i O x £ C it yf g * is® *m Sr & S * 7* a i? x
y b £ J: O ri^^ta i t 1>nr&■?&&.

f) 7 * b y V'>- y ^(±, %$)nZf:jt^T-m<Dtnzz#&#L < mi^RC^TW
itx*h 9, »sn6$*oSR$ft4i»ffitiba rism#i$mflnxj ^mmta 7 

^y;i/#^tnz^^TA70>vy-'^ii, 
^■j&jtFMS (7 flexible manufacturing system) (D ###1]%##

fcji? £ &M#-c&a.

g) 7th77^-7/(±tnZ#a^L'CO##&m(ff,

tapb, f tu
6##(o^##ikAnZ7°ok LT#m-r*a. tit,

tiphtjax&ft<?)&m{£iis&$kjiaj:K}£'<xmM,xib 9, coi/-f-ii + '> 
v Ix-Hf- t oil ©a^f (3) • (4)

tia J;^ f?, %#Af:t3^Tlmz^B#
h&%%##(:#^mmpr#T^ 9,

h ) 7 * b '✓V'y-y^^smRri^iDZ'yXT A{±, inX^ 6#<7)M

w#-e*a. %c-r, v 7 b 7 ^ 
7mine i a 3 7 tf a. - f>
^amo^mi) vsmx&z. -ettKffvs anz^^f *)m* 11
^jbuxtcjt^-css-e&a. itu&oj&^ib,
1 '>7r a##i:##^Anzyat^r^a t

i) 7t b'/v'>x>^(;s^tii, tnz^o###-#, 77X7^, anzA#m<% 

m#^##7)mzAm#7)##j)[iz:tmij##0#m^w#'e^a7^36, -etu6<Q##%A 
kAnzm#(D#MI%#^^#KM:% a C Stuff,

#Anze#^K##f a ^ 2z^»r#r*a.

j ) 7 * b y-r'7-7 7*(±, tnz##^tnz#^c#5LX:#^*Anz^e^#&^f a
c: *:;&*•? stuff, Anzf:ft#$tu&%$<^7Ltxiifeii
6 < , t>i7f >XfO#ii0Z7n^^|:Mlt^ ^7 -'7 7 V -
jbnz£Mr»§ aiTM^&a.

k ) 7 * b 7V'7^7 7*T*{±, ac^(7)#M^##h L^v^nZ7at%e#mf a c
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S4S

2:^r# a^A, t All#
ak2: LT%9&9 c: tmmt&a. #Kf, ^#ftmf##^mm^anxt#^2: LT,

lx^h? %> z tmzt% &. ^i^c,
m%$^a^&2: it

m?#g&#&iS)fL'cv'a & <%)<D, 2:# (ftLammaciz^^nm#
^xtv, m^tf-A^s^LTEMt^r 2:t:<t ^m#&)nmm#$^a 2:v^i!mxm@

Kf±Mri?®it-e&o£. %cT, r&o(?7 V -t:Z aAnxynt^J 
R<D%±h, f fU:

I) 7 * h y V '>- y -e(4, ^if<7)7'n-txt*|:|5V^t-t©^|;i^ti^X 
L7t7°D-bx^e,EspL7t

-?*&. *#%ct±, - - 7 7'k-^a ^,
i-tuczom:m'c;&#&&##a7'ota&emfa#BmB<»i), #mam^x<7)#

;: t & <,
^xf; v -y44iii4M©t:iIti a r t K&a. f o##,

-e§, mm##m^#<D)n%7°Q6.

±j$<7) Z 9 C, iilfc7 * F y'T's-'y ?<7)UitJi, S|vy->^Ctt|v>i^<

#$fLT^a. $L8f&fc&^ri±MM%-K38^Xmi>§- < M ZtlX^&RM
if 7, y--*f-|g®fcov'-c£ x. *>, ztitffit&ig&MmJjZ-tfrfc&fri §ttrfe blf, 
E&M, X99tt, BtiX 2: v> o £ Ji i£ £ M £ ii T a <7) T- ib a. 
ti, S#At:#tt& 7XT A #mx##d*#*Zmx&ft#f &(:+#'?#&'/':: 2:
^fia Z 9 . L^L, tt^snx^jt^r, ZvmtiL&tMRlVgM&tf-h^KM, #m 
$tLTV^v^ 2: 6—BT&5 9 .

-er-e, 7* hy -? 7 - y ^ &##%
®iofitti:7v>tMt^>M, z.zx(±6^Sdxm<7)41 -es &2rox$j v>£ 
tfrb, mm%-K&^x&mm&vmy 7° n -t? x tc £ t £<$ijM$tLT^amm^^m 

mc#cf< r#mj -#m=zaB&*anxj t r7* f yv7-yx*j <7)#m^^#^##j
a. *4. 2. n:ft, y-f-;!mx&[#'b2:f &###%#?:&&;i/f-tr-A%nx& 
^■tr T7t fyvy-y^J &###MI&$mx&43'b2:f&t*#manxc za r&* 
vyzzy^j £, SB# * Ka E® 7^;vT'<7)£ *'k £ JfcE L £ lE 2:
®tv>a. —SBco^B SrBv'T^^vy-y 7 * F y
v '>- y vtomu^mux § a 2: & £, ^#$#%tnxE#, &a v'
M<7)0 2:-7 2: L T <7)*5fc 2: JE$ $ tvT a .
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4.2 IIt-WfASf

4. 2. 1 7*

7* h 777-7:7 77-7:7 (S3fcfilfi8finx)

JjQXJWM ssx^vjy^-SSiaxzEi&'T’jSlS.
mfiox

SStSSiS®™1^*

fin xs* 0~l 6 WU (kgt-m±)

fiox#B#: ssicmiz&u

finxiina fgfiLVo- m ###ElC6±@ < ft#
1 0 -6~ 1 O’3 m 
nm^-yroMiaxiiBU

m^fioxmw#E is, #fiofiox*(W# X6: LT#MfiOX|5|±(D%^

fiox### itLx&mtim

finXtf) 71/4i/fUT-f
finxSBS

@#mfiOX&6@7:B
finxsr-EEB

111, lSiE@lcd:U$iJPS

fiox#g$ iMiEill: xisilg.
Siciss.

finxffijg SkSHEI^ llFtelllfcgil
4 ^ U 7:7 iifliiSJF® gg^xga&#ic##L

fiox^K# 8R#T@&
finx-6E m$%ic/<5 7 4:mL SkSSlCj: iJA77^iJ

x* 7* b 7A<XS

xm&& £'SSS L

fiox% i&g&L u
raxAm^si •

1 0 u miyTA<=J|g 1 0 0 Umi@

>6* • mi#m &mmb llJSSHStfSS

7"-TOl/0SIUilJg Sii
9 0 ra/minlilXA< oj 3 0 m/mi nil Jg

:lBll?||fl8L
;||l|l|finlL

• nmp
: BUIS**®

EB-fkfitWfiE
hI-e.

SESii
X7S±77 Si 7SS77ygicxkz^aroBS/x

ii^S

: i/--rMom#h'E-osffl, A#, gsuolsgs.

2) em#- : 20m,
(1995), 71.

3) $ 5 T AES'y -> E3fc5f Jnlvx r Atfl^

ft'B-, (1994), 1.
4) S. Mineta et al. :Preparation of cBN amd DLC films by C02 Laser PVD with simultaneous ion supply, 

Proc. of Inter. Conf. on Laser Advanced Materials Processing, Nagaoka, (1992), 897.
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S4$ mm§ma

4.2.2
7t #R#H=(±, SI5 (1 ) KfcV'TJti® Ltz <£ 9 &#&# < ###

69 • t&\z, -eo^n-frx g^Bv^iz-'y^oBItt (7l/^'>

tf V T 4" , flexibility ) t #-#% (A — -9* t -f V T -f , versatility ) §: ## L "C V' & £ h b
t k#A. S ii3 ^^W&iinX^n-fe^-c** fc V'x. <fc ? .

lot, xmt, mm,
ftfcV'ofcHKW&itffiafl-fc, $$7 * b 7v7-7;7<7);£LTV';e>#*&M£ + ::

&.

it-cii, 7-if-Jnxfcit^frfc jbMtsWS#<7)M$I£^-7.£,
7* b 7vy-77©[Dis-fi^v>tiwi7

**, fs#m&anzmm=m
c?V't^|t^ i t Ki 9 , JSILTO i 7 * 5«S05H?£SEI, SU&Lti. {It, ##$ 
■CCfi4 0^#«Cov»T, 7 b t
KJSiibfc.

a) m^Anxe# -^69tcB*iDXt±iDXMSo^E^S^^^^S'^ lt^-m 
£ t tc J: oTEE<t)Stfi, 3mX##&#aanX'e& 1),

3S&.X.* <£>@51 £ x. ^ ;l/ 3? — <7),f£jll$S:,$-<£> j@V' lc Z c "C, b & ^ <£> in

x#&##x.&fi-c#^tii, t<7)#^^jt#69^»
< , #*07 * b 7 V y - 7 f c 2: <£>tr# 3^7 777£A

tit, mT(£>Z 9 ^VyyyXTAHtMt L"C#if&.

• u zLT^e - z A
7* b 7V'7-7^®!RFifc©lbfcot?**JnHR**l&^L*V'i 2:, SiSOiD
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-e & & £ v> 9 @ 6 U WSj0J:^4®fi:ov»T()^57r4 l'CS^tBlii:, 7 

7- Wyfffii^77 s. X(D
ti, ws 2 £V' tz 7 7 - 7 y mik& <fc Xf 7 7 7 A - 7Sit^M^<7) 

Tenne^fc X ■? X %.$] 2 it*:2) . Tenne^ C i o Tfj:® $ *lfc WS *© 7 7 7 a - 

7Wl^ifti?I4i4.3.4.8i:/7t2). ft Lfci**M±, 5^SE

09 ±1:7 'y 77.T'y<ySE^SEL, *-*l«:Sx#ffl$ca-C H 2 S <D a-clOOOTC-eSk&g 
%MLXffibtitz%dX & &.

WS 2(7)SESE^^^r'>V l/-m- • 7 7* V - y 3 7 ?£ * fljffi -t £ tt ,

(^7/^77) ,
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%4$ mftfflmmm

KS5V»X3SE (##) , ^

IzfeftxZ Z tfflftrZtiZfrWV&Z. Ztih<Dtt®<DM%Z®f%fcI*]
-1 £#x.tujr, zttm&ztiz.

? yy*7- 7 l,

±#aama#7
m±, SJESS^^*'>V I/--T- . T7,I/-'> 3 h, i ^r '> V 1/ - -r

- - yyi/-^a

t:a #&<7)7 * b y-fuiix&ffiKk OT, %

fLTV'& <3fL&.

1) C. A. Dimitriadis, J. H. Werner, S. Logopthetidis, M. Stutzmann, J. Weber and 

R. Nesper, J. Appl. Phys. 68, 1726 (1990).

2) R. Tenne, L. Margulis, M. Genut and G. Hodes, Nature 360, 444 (1992).

Graphite

m 4 . 3. 4. 7 WS , t ?7 7 r >f b <D$&mM2) , PO£ #cfif it £ t & £ t (I
###&&.

®4. 3. 4. 8 ws
$H(±10nm

2) 0^&T<7)#



4.3 yn-bXSffliS®

d)

cvD&^, (m
##m&, mmmmm, axy^v>^&t:Jt#L

sm£-^£fflSl£S:©mm-e (2)^b> ^r'>^v 9 -f a * -, #$##

©#^©#mrm^T#, (Miaoti^ m/minrn±%) ,

(i, X <%abtix^&. C VD-fttc jsv'T, M##a ©MS -T £•£&££>

-©#?-$-x_ & C tf^C V DM#Bi:&&. ^Olfitt, 
fi£5fc^e> a bftT § £ (l)MS7&M©1g;M, (2)ft©Mtt£f!]ffl Ltz'vKZ-y'f, (3)

i/-f L^Msm#^#, ©«>$\ t

<e, L/^, mm - #m©m®

X •? S^fmjg i t K X 2> , 7 * n y'-, |§BBB@E[n] CD 3 > h n

<5Sjs, m^i5#M#©#m#gcg#v ^©-e,

fco-ctt, t»;t»&.

-^T«(±, EC VDfflMSI£SME&£# ; (1) mi&t? + 5Hc5E (2) 
ms- • ^s?mjst±, < t i>&m<vm#x q&^z t. (4) fcA^t<, #%#/>

& < MT&& C k, fflv'*3fe©S[gn®JR* <9,
KSK#©## 2:» &##m#'fk^###*'a^©^%jR##**$ % fLTvt&

f^m LD < & C 6 LtztfoX,
::tli, #&M#©a$ cTV'3,

©^yatamm©s#e&m$L$.

mm (c) (±, (s) , mm (N) , a-^rm (s
i ) &<D7G%£%G&&&MV!l*ft2>. Ziih(D*K t±; rtfrir&&fcii*&!Sk#*mm 

U%l/z%%frb%'''htix # tz Sic t LX, nrwn:^C®$© B < c n ^E

m^i&mfiz^be©st -3 -cv^ sb <2), mme • • #E#######t lx

taifO®^tv^C3N(3,f, &©^#Pvv LfrLfttfb, £

LT#ibtL, EjEm#f4h LX&btiX& *), S^iaoTlf
^ tzvftnt lx, mmM##^'z <, &

C V DMS£ffl V'3 £ kd*#x. &%&#*, EC V

&^mfi<Dmm<DMl^?* t & ^KS©@&ik**m#$fi,

c, si, B,

f & c
VlaJi ( C,Si) ©7CS§£-2V'Tt4, Si©, Si 2 H 6^ SiH < £ ffl V' tz ©&# <

©#%#^&3. CCOV'-C^, T-b^ 1/ 7^^5 7-if ArF l/-4f - £E
#LT@^©7:E;i/7 7a*-V'D #####&&. VI aJSHi©^® 

fc Lt® SiC tiiWSTMSiS^-imn-nSi^if&MSd^ L tffift i * * o * 
7tjmxSi-c-H • #m^ r-7" LTTtjmxi:Rs ® t& ± tc

4 $34. JBW
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S4$

^tKS + y7>%**xco($fr7PmrsZHfiti'*SS^-5fe^S£iot sic#0g#AW

-^■VI &mKttt& LX i>‘&m(D&2>lK. am, VaJiCov^li, ftT

<d@ i) -e&s.

H a Ji ( B, Al, Ga, In, T1) : i It & TGffttf) ? *> , Al,Ga#4k-&####t=N

il L £ £Ji 7 3r IV £ ffl V' fzm%% ifi$- V'. A1(CH 3 ) ,#E4%##260nm & #? KrF, ArF 

-CfrMtZ. Al 2 0 3 {> WHkM t LtN.O (EM(±240nmtt£) yV'Ktt#?) 
tLTV^. AIN

%£ tLT § V D (A1C1 3+ NH 3 1100-1300X:) , 7°7X"vCVD ( A1C1 3 +

N z) , Al <m° fix § tz. Ga KoV'Tli, 4k^####2: LT# G

aAs <7)46, h L"C<7) GaN#&g In ^ T1 t± 3 ( Ini, Til.)

O ArF 1/--T- £ £t± Xe 7“ ^ 7 > 6 ilTV'S. B 2 H e f± 200nm J£1 Tl-E
JR5tKfocdt% & (±T±5B<7) SiBx to 1$^T*(±, 0-

<<, #<,
A-cv'3^, $iL-cv^.

Val ( N, P, As, Sb,Bi) : £ <7) 31 ?lj <7) 76 S <9 7k 3f 4b B ( NH 3, P a H 6, AsH 3 ^) {±Sfc 

210-270nrn#amTl:E%^#t,, #4%#, V 74L#, H 4bB<7) £ L Tffl V* &
fl& B 2 H 6+ NH 3 <7) #C V D "Mi BN<7)4b#m#Jt Z I) 4) ^ 7# rich ^

4k^-# ArF &m#f a h NH3ff)^^®#B a H sO-etU: \) <

4k#m#Jtl:&^ 4) <D /5s# btiz> t $ tLTV'S. BP ^ B , 3 P a ^ h" 4) #

. Sb (± Co # h <% A# IMb^# # Skutterdite e # L, L
T, SE’£i £S£TV'£5). £fc, E4bV7(±, MMSTM±M-eL/$'£EL&v^?, 

7o7x*7^-e{±&^^#^5tLTv^. 4b##mmp3Ns(±m%mmm-e&6^, ntfjs. 

<T)#A#6<T)7W7xE4bVX±#%#^^ig: < i^v^SES5SJ$ tr 4> o4b^#^##<7)## 
".

C , Si, B #<0@#m#^<9Wr77"Wy»37^7/f?D%K: z & 

BMSStfXOSA^ £ of, ZOUIGHfacJ: & nT#BT&% 9 .

±m<D^c sit • M^emsti, -%-%#, a 1 2 3 4 5 6

1) -t 7 5 7 ^ X, 24 (1989) 533

2) M. Mukaida, T. Goto, T. Hirai, Mat. Mann. Processes 7 (1992) 625.

3) P. H. Fang, J. Mater. Sci. Lett., 14 (1995) 536 and references therein.

4) #45$4$ t 7 < 7 ? a , 24 (1989) 538
5) See, for example, J. P. Fleurial, T. Caillat, A. Borshchevsky, Proc. 13th Int. Conf. Thermoelectrics., 

A2-3(1994).
6) S. Veprek, Z. Iqbal, J. Bunnst, M. Scharli, Phil. Mag., B43 (1981) 527.
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4.3 fu-tx&mmi

4.3.5 mmw. (vv-'f tJUT'/z to mm

(i

##(=@4 <9AnZ&mLT##L%####, 

f <3#l^-###-?& c T t #

mt*) ml < n& v,
%3L$ tlTV'&W

• *1« <7) B^ttl ti 04. 3. 5. Hi ^ t <k a H, St# £ iHl L X lnDp £

#%&?##$&&#-?#& t#

^ b 9 f A# • —flgffiteliM

^ !: f fP

# <6 .

%a^, g&mmc&v'T&cfi

itxz *oTis f), -#7cmmm - %cTv^. ^

&&##%#&m.3.5.2t=#f. r r T-tiEn - #A - m
mm#j tn?£.

04.3.5.1 -^TcMtti • ESjliS

04.3.5.2 ■ mm&m
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#4$ &

#t:, M?tl%m7y > b ti^-Si&^-f 3 mumpsm
IBLgtfmfeZti&t:*), MROr8IKt^Hotv»S1 > b K(±An

EzkS (PWR) hSB*E (BWR) (DlWb&i?, f v
(sco

jfinE*EJIE^ (PWR) ~ 4 0 0 0*EE$
fttv'4. £*t&<0ifflffttE##&rt<0S#;K-eB5£§;h.Tv>Sj&*,

zti*t§i$t%%&&#.#>btix^

t£*j±, v -nt$x • t
£• L T Wc. L^L, 4 y x ft%H2Qmmm tm < , *®* * StlSt §

6 fit,

#$%&#, 7-^*§#'0(±S^ir-y;P4'7K%%^S/-^

*S £*, (m t CSot.

YAGb-f©«g (log/z m) 7 j s*-k i ■? x mmfcm&vsffix
*&. 0.6mm 0 ©SillV'7 7 4 A-t?8ck W<7> Y A G l'-’«f'<»7*-*li fc

^ t iOii ^fljffl Lrr^^L 7t <7)^1214.3. 5. Sti^tx V
“/MYAGl/“fn-f7 ht^)^. ° 2 k Wi&Y A G l/'-'f tT-A &@0.6mm ^ 
0t7'f0^77 -f A-t 250m {5^1 L, 0#SfV

3. z<Dnm<D$-%K£ t>, ##%
c

04.3.5.3 ME^ (PWR)
<DU~ -r-SSSB 0^7 b °

04.3.5.4 l/-f-^7 7 FIS

mzem"
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4.3 yntaiWB#*

mm t v^ m&xm

frmteMJB SitS $> <D t&frtiZ.
-^, #m*mm?-A#&^y7 > h-e^At& s c c<Di%ik#& v -y#

c c#m=@fL;tc r -N i >
y-k Lti$L (1214.3.5.4) , 7 r 4 ^-fcm £ fitz YAG 7 - if-£ Jgtt&Sl! L T *

til±l±, i/-4f-^J; aflURini-C**#, & S C CE&jk&
«W-$tiTv^. 31 S C CI±^ffij&*3l3gJE;&tt&<0$£fcH£L*1- < , EfSE## 
mx*lt%!kHz < v>. tt/£Hg$frLfc$£-fcS&&-f SilSiB.

• i6E:/7Xv<7)&li;ti£Mt::-F§&$-ti:Ml£EiSiS;b£M$-£J:

&6. 101^, ^^E^-Ctt^^XvE^^lOOO^CEgftTf* 9«rSS&*tti£v'<0T?,
04.3.5.5£*t £ 7 C t fc J: Q 7° 5 Xv £ 6 fc»^$CE©«5
U&ftbil, H4.3.5.6K^1-£ 7 9 3E@ESS;b <b
*l*. i/--r-SWfti£<7)#tU±v a 7 h b°-->^^njt^r%v^s^$-eEES^ 

^4x ibtL* £ fc-e**. ^i5:0^t(i, I/-^-e-A^jjoFSrfcSI Lfctftitf * 
feftV'O-e, Iz-f-lf-AfcLtliYAGWi^iftifcli^'J-'/WSHG,

r^U — +f—3fek / u>x

04.3.5.5 04.3.5.6 i/--f-c

1) T. Ishide and others: Proc. LAMP’92, 7-12 June, 1992, Nagaoka, High Temperature Society of 

Japan, p. 957.
2) XR, # : FIftCiMfJ , WIMSI, Aug.,

1991, p.1036.

3) &», *m# : 6*4=
m&%i e W8^iH24H25B, /07 ^

7 ? - , p. 157.
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(2) zmmm
? * by 7x1*7. a hz&tz*), t

LX, frmitTX: ;u 7 7 7, '> V =t y ( a-Si:H ) 1 ±tf&. a-Si:H K A y K 3?
7 v 7&±<D7* b y*.*n'¥-£Mi%

Bitftst»<dleox:&±<Dmt% (r--')yy) kx u Wt.'ftmxmut & - t#&b
tt-CV'S. C 0%#^<7)###Tti, 19774s Staebler t Wronski iZ X o X M V' ffl £ ti tz <D 
X '■ 2). B4.3.5.7CE3%##m<DM#t= i &#T b7 — — i) y {f
kx n±mmwmm t Lxvmm&T oow
£*6, sw%#t:Za#?##@Tf)|*ik&& W±M&?f-9 ^ ati, gffl±?>SEBE

t 2:6, 7 * h ;P 5 * y 4? y 7, (PL) 3) , 
x L°7#q| ( ESR ) 4) , ##### (PAS) 5> f ©Mtf ^ (b &'k#3\Z$XT

1) ytmtti'izx yy#y l (db) &, ae^t'jj©
eae-a-k^?-1 u-r##, v

2) igsfcjfe db ti PL 7 >f 7 A 7 K (1.3-1.4 eV ) <£>M-fe 7 X “ t L X, frW7VO
K (0.8-0. 9 eV) t LT#< ,

3) DB Z c TMMMAOzc&ll/f-##t:glHb;6*A= C, 7xJM
HjH?A7 K«f*^v7
&.

t, c ^ ti£E&
MMX&Z . SW^J^tC i ^SIbi£TO|gSt--7V^-C(±, Staebler Wronski fc i & #& M <0
M®frb, 160-18013 ■ ms$m<D7--v y nz x t) ®mt& z t wlx^z". l 
&L&a*&, mvx&-2Xk6m%&±.<D7--') yyz&mtt&z t ti (04.3.5.1) ,

##t: (i, 7-- V 7 £ilBMt S £ t tc
X*), 411$ 0ft-t a ££#»§*$■?§-?■ 7 •?££. LfrL, a-Si:H \Z £ V' X ti, 200‘Cm±

tf, •600'CX ti a-Si (DffighiV'% <DX, M^KlXl4 ft vs
V'ftlCLtt , a-Si:H ATX? <9

£, 160-180%: 1= RSf ^ h G/FRTgBt !/'%.&. i,
7-- v 7 X* £ /5?M £ ii & t a 5?&

&. £ it tc ti ^ ti 19 , W® 7<‘n-feXtf):)*>-e&, 7 * h 7 t LT<7)#1££Mffl Lfc & ®
###?*& t#x. 6fL&.

ttK, 4-73K-1/7 >££^56 (mm : 0.9 M m) * lO’MMt * - t K X
19, a-si:H#om^##imm^#F#". ^#mt:, ** y ■xrtm&mmt v 
41-Kisi^\zb-fa&T) ^^t^tL^ti, m^mx<D

$iLTV^. CiL^<D##i^#t04.3.5.8t=^t. 1/--T-M7
otxt a-si:H±mmm(D##ig#t:mm L*fij\±$> t *)&<? * b 
- (mm) , ;vxipi, ;tjvxx^;v^- ( cw ^ LWM^V — ) Z o t < SSL, $ b
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4.3

0 2 4

04.3.5.7 4?

tezu'^tiboymr--') y-mzi&mm§n (sw##. m##, ^7-
%% : 200 mW/cm 2, : 600-900 ran) 1_2>.

0.84°

ANNEAL NIR LIGHT
ILLUM.

04.3.5.8 a-Si:H n-i-p S ? 4 * ~ Y (DftmM&^i't t 0®. 

(ANNEAL) - (LIGHT SOAK) (± AMI. 5ft, 2. OB# Mitt- £

(LIGHT SOAK) - (NIR LIGHT ILLUM) Efi'MO.O/z m , 1000#

m#t:Z & 0#. Voc : HME, FF: Ne: f v

kISHT. Ne,n X t) t>-f **:!&*& mg (®^)
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#4$

M (-£V'-t?V'100,CWTb LT) *#x.£'fc-£*Uf, x> vfft 
x i9ML£ db (sw.®%: t ztnz®.7 mm&Tz i> tz b ?) &,

• 4ER#IS®7n**•?&*•*■ * - t & t?§ & fcJifcti*. 6, m±(7)-/n-irX(yE

itt^'DB OjBiB**, DtKSM^^ SilE^oSE^J: i><DX'&oXi> (%##

«>* #> Ki>y-7'J && fc&, a-Si:HlH@m$-tir^ i

##3tat
1) D. L. Staebler and C. R. Wronski: Appl. Phys. Lett. 31, (1977) 292.

2) K. Tanaka, E. Maruyama, T. Shimada, and H. Okamoto: “7'tJl'7 7Xy'Jn'/” , 

(t-Att, 1993).
3) J. J. Pankove and J. E. Berkeyheiser: Appl. Phys. Lett. 37, (1980) 705.
4) S. Yamasaki et al.: AIP Conf. Proc. 157, (New York, 1987) 9.

5) K. Tanaka et al.: “ Tetrahedrally-bonded Amorphous Semiconductors ” ed. by 

D. Adler and H. Fritzsche (Plenum Pub., 1985)239.

6) W. Beyer and H. Wagner: J. Non-cryst. Solids 59&60, (1983) 161.

7) C. C. Tsai and H. Fritzsche: Solar Energy Materials 1, (1979) 29.

8) : “T*JU7tX'>V ,

#898#, (1988) PP123-125.
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4.3 T'n-bxeffi&S

4.3.6 gEtisiJ • a#f • inxsostis

LTTEO J: d - K J: £#MXi± 2
1 #%(D4r-T^ / □ y- £ V'totlTV'S ’> .

®OT LTMT'§ T»Sk^V'/t7-WJt:6s'MT* § 6.

(Dy ij - y x * /i, -c& &.

© ^ * ;i/ ^ m m \% m & i v & m m m w-c § &.

Lri'L£tiib<7)#MItc WSSmtiTlEtc^t J: y K £SHfc©:k § * ISWSH K &
ioTV'|>,).

©mzwmm-e, npxajs^ffiafe-rav'.
®Anxm@B^##^nr%T, t <, eu

jtzw&w.

©mmR^tfWiZax'&oxb, shw • m$®khe^m£ wt & * > '>>x

tf-fe>-9--;!&*#& L*v».
©# k -t > v > y^-e ^ru-ii/Nc

J$, $ b izamx^-fji', atf?
z.<n>tz$>&mt-hmm£mRK&*), xshktix^zv

-je^csftisciv'-c, &asx^j£ttS3Blfc0S‘e*»>, iosimxo

y 04.3.6. IK«fc -5 &#%7a-&&K

S-@3>|>D-7-|S^
ivnnnmn . 
$$$®S5aa. nc
Hit.

04.8.6.1 E b V 'M® &S©E% 7 D -
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S4$

m m © m & z m 'o x ti fz m t v ^ ©j m & $f <r> m s. & & w -e * &.

- ® fc * k n if fc * * r p $ m m. © =f m m m s % © m & # & s -c & $, * k * t * 7 n
-«oTTIB<9BE£S&L&ttiU£&e>&vt.

©#®-fr > -9- - m £ m# 'J

®ijBxm&<D$k¥M*7rJi'<D®&b%m&ikM 

©#®3 ^hn-50K

(1) 4 >7n-kx*-£ V
a. jsif$v

S4.3.6.HC{± U“’9*-JnlK:*Jt*'fe 2). ££Lfcinl*
*T? AJiy-frb if-A^E-K, ##©^%%$, MOM, #,&##,

-y-;v F#*x, t >'9'-OE%^^'gEr*3. rtubofl,

^SK^ttv't^fw^aps-c**. t /cetcr?i^5n/c i/--y-1; -a ti-9-f-y-, *n 
--- k^/*if*isj5-04©i±*794 >r©#gm©t ©-e*&. ioit^e>^raw

4.3.6.1 -t?>-9—©Mto2>
S.P.J .w.

Commercial 
or Research

Srerecr Commercial

Beam power Laser Beam Analyser (LBA) Commercial Leakage from cavity mirror Commercial

Beam diameter LB A Commercial Perforated minor Commercial

mdiiKK* llollow needle Commercial

IxxitKxi Acoustic mirror Research Modified LBA Research

IJIA Commercial Scanning slot/beam splitter Research

Edge thermocouples Research

Traverse speed and Encoders commercial Uncar Moire encoders Commercial

table position Tachometers commercial laser interferometer Commercial

User doppler 
anennmcterfl DAt

commercial

VihritittVsubiluy Accelerometers commercial LDA Commercial

Strain guages commercial

Focal position Infra red Research Pressure Research

Capacitance Commercial Commercial

Inductance Commercial Laser diode Research

Shroud gas NouJe pressure Commercial Speckle interferometry Rrecch

Velocity Schlieren Research

Aabsorpuon
Acoustic mirror R.re.0, Rack reflection Rrecch

Seam location Optical Res/com Acoustic Research

Rrecch

Cutting quality TV camera on spark 
discharge

Rrerereh Acoustic minor Rrecch

Temperature of cut face Rrerereh Viewing down beam Rrecch

Welding quality Acoustic minor Research Playru charge sensor Research

Acoustic workpiece Research laser probe Research

Sonic microphone Research Acoustic nottle Research

Optical emissions Research Video camera Research

Electric signals Research

Surface hardening Temperature Res/com Acoustic Research

Inf,, red Rretxcf,

Oaddmgdilvuon Inductance Research

Powder feed rate Pressure Research Vibration Research

Sure, Rrecch
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4.3 yn-b;*6®$®

•b '✓'> > ? V LTf(DB%^2 1 o
(±#l&ji fc15 it * &Kf£iE * i m t L tz i> <9 X 2b f), 'ik 1 O {±3iil<9m W <9 w^g * i ft t 
Ltzi)<DX~&2>. S&<9 2 , 3«ff5S«i4fHTi:^t.

#$& ###<905-&###©ag#&<9&&, 134.3.6.21/Zypiir <£ -9 tL7b#(:
z&x v v ^#tr- s

<9 a£ * 10 5e L T yf & ft £ tt m t * nm * m n 1fc31.
'^m##<9####(9^*^^#mt6 7b^, 134.3.6.3(3^1-<t 9 C# 

bf- A <9{SM 7 r 4 ^<DM >9 C#@(9 1 7 &<D*~ 9 ') y 7 7 r 4 L, #
#SB<9%^, fcftjfeSriR!? tBL, Mis J: roM$M©#IW'aUcS£^ii§;E£#iL1h 
;2> i/Zf A fcflMS Lfc° .

o

134.3.6.2 ?SE©%MSl£<9onM^3r>X-rA<9$l3)

YAGU-VtfctSK

t"?1; >^7 r-f/<

lz>X 7 f/V?

t%7V >7*7 r-f'«9tSr@ 
(3 7*0.2 mm. 17*0

••••

04.3. 6.3

=t—9 V >7'f>Xf-A©M4>
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1 &#, 4500:7/#

Ltz. I2l4.3.6.4(:(±y;i/'-A##60^m* ^ i <D i 7 £> *
Aim^hMgm^<Dfk#K5»^(=cv'

T##Lf \

sa& 12 C02l/-4f-tcj:^,XT>l/XSi^H- K y 7s 1/ - 
1/ - -r - y X ;i/ M o rn it <n m i K * J: tf X ^ - a © §1 ft & JS ^ £, X ^ - a ft *e o & Jg ii % 
is XT? A r ^<^#m^04.3.6.5^:#f Z ? KfcoTV'* fcii£
ltv^6).

S4S

04.3.6.4 A 1 -A-Ax^y h##B$07°/[/-A##(D^#*y
( (a) 0.1 8 m s (b) 0.4 1 m s (C) l. 5 1 m s (d) 2.1 8 m s (e) 3.5 1 m s 

(f)4.8 ms(g)5.51ms(h)6.17ms(i)6.84ms(j)7.73ms )

04.3.6.5 7°7 XvSiacDaiJ^b#btl/c

>/
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4.3 "/n-trXSfflS®

b. tzmm'ikfe/fam/mw'tm'z & it 5 * - * u

^9X  ̂ f###

v >fa*, yntx
(DMMMM&ffi<Dfztt)(D, wffi&ffit L-rilT^^. aitli, ^Dt^tS41g4

#####(01 > Ya tx f— ^ v > .
1) y9%7##0^xme, eg, sn

z 9X (i, ~f 9X V >
zvT’n-txii, SSD3:n#oy;v-I) , CtiDltiJES

m##:p&5&M&y9X'7<osm, ma,

(±, ±tC7-^-/9Xv^Ma^ L-CW%risBA/-e§ £7) . l/-4f-y9X

v l:# LT 6 &-C6&.
*n^9 7 t K Z&#*$##] 3. #(:, X

MJ-^d^774" C: &##"?# & . GaP#<D7 t h V
79?T-f 7$M,9> X tx, #m;s#(:Z^,x h y - X * □ X* 7 7 t
|BS^, V 7;i/?/T A#8!|&4fV'i &%&,

&& % O t tiX^Z .

tom, 9-?>:&#&, CARS (3t-l/7H7Hn7V7

, LiF #1:, c
ARsii, y,

znz-es^If il& s. 4*m, i^--r-7"9Xvx)*^x y ytnz&^
xl>Wjj%^&t&zt%k(biiz.

2) 79x^- • mg

X 9 X X ~ • ^/ht£Et±, JSfflSfflMMlcMKESl-Sjil::, tt#cM£B<r t 
£«>, 7n-feX^o^^^iJ^t^/tae)^f±, kf V
?&&. L, yntx t:j3V'-c##hf &#&-!&+ mn<D^-- / Tl±, #&

atfomaAg###*)#

@i=z%&v'. zvfztb, #-%?

-•if - C V D •/n-fcX^OSffl^lJ121 t 10nmmT<9#7-#m&

%kbitxt'Zi?, xn--?%\z xztm, ftj±jj<D§m13) at,
V' Z.

i->y v t LTm^6 3i#mf z 9 »
Wt&Kte, 4 DMA (Diff
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erential Mobility Analiser) (C Z a H Z 0 , lnm ~C' £ $!l $E "C § 6 .

3)E • mmm'&wnikmwfr

inxEE^thiJ^^v^rt±, 4. 4. 4 (2) tc & r &, $>*it>;MTv>ao-e, ::

■tftt, * yx * - • secftiia a^Jiff&^'fboiJgicp.ioT&^a.

L£M<£$J£l±M-e&&75s, V 3#&i±100nrnmT
0#f 1: t±iSffl-e§ TV>&V'.

^ V "/ v X b Va 
rnt £ SJ ^-f- a <k £ tv r a. i t-e, Til®

a, tfc, ####o#^mm#i:#fLa. y--f-&
TK&V'#, SE$-/y Xvtf-eES LTV^a a-Si:Hm#m##OfO###'^ #l:f5

£fc, a#^-,
v >a. co z a

t:, m^*a. itu±,
1 &$um

ta % o-e&a.

RHEED#m^^

c. oyotatc* v • emscdst/c&jisi

>r y ^sesjh jsv^rti, • m m #j ^ ^ c m g r $ a.

t,, 7”n-7*5fc5:fflv>aiJSi:i5V^r t±, 7°n - 7*ftox * ;i/^r - OiJ5e

<-ci±»6&&###

g^L, ^tLZc^E-^ v y a^^i: tmg»m@-e*a.
xo## (se, m*) o)|r]±, #-#-#.#

(Digm-fk, 7 j: A h#y-f %
#j& - <#=-$-ta. ttz, !fg£*i-ci±

V'T t, a. d O J: ? tc L T, d'y/n-trT.
*-? v yfu(f, ituii *a c:
h^m^-e#a.

S4S

####

1) &EgH :" y - -r - SDX O EtR t ^-'iko EE ", H&Ji , Vol. 29 [No. 5](1991)pl91-204

2) W. M. Steen:"Adaptive Control of Laser Material Processing", Proceedings of 

LAMP’92(1992)p439-444

3) #*#-% :" X^;P(D y-4f## ", Vol. 10, [No. 1]

(1992)pl96-201
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4.3 T-n-trxBfflS®

'y/D-kX*-* V ",HIII

##, Vol. 30, [No. 5](1993)p451-454

#55# (1994)pl8-19

6)#a#4= % :" v ifoei ",###&
(1995)p376-377

7 ) : A####%m#^#^#17(1995)213
8 ) K. Nagayama et al. :Opt. Eng., 31(1992)1946

9 ) M. Saffman et al. :Phys. Rev. A, 48[4](1993)3209

1 0 ) R. Pekora (ed. ):"Dynamic Light Scattering", Plenum(1985)

1 1 ) frMsEftb : j: 7 n '/;!/#%, 2[1](1987)21

1 2 ) I. L. Tuinman et al.: Proc. 4th Inti. Congress Optical Particle Sizing(1995)195 

1 3 ) Y. Harada et al. :Proc. 3rd Inti. Congress Optical Particle Sizing(1993)89 

1 4 ) Y. Toyoshima et al.: J. Non-cryst. Solids 137&138(1991)765

15) (1993)759

(2) mium&m
a . l/--9-'7l=Hz*<D inxeiJS tz gg t) 5 $m&s tmmm?

7 * b y/□-k x <9 ft $E $)•?&;& L/--y7°n-kx tci5v^T(±,

C h CZ I), 0fgoiDl7n-bx#^E5tL^,. C <7) <£ 5 & 

l/-f2:#%%###L

ijt, t

it, v-'TSaxoS^jlS
i±, x,

^^^m -kxiz
js^nt, if 7 Oms-SL ^ KM <D ^'3:12 @& £.

mr-ete,

Ccv't$i'< •?>

1) u-if tf-Acoem

K • 7-;V (X*) C#5f & V 7 h - 
4? }£ - J» * m'Mt & fztb K It, &TO t. 7 & l'“4f e- 
T%A)7)^:LTj3< s.

l/-4f<offi*WE, /-Ukx^KAM#, afe[ftc-ett^<07 -f - KAy x & £ti
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- t fci o-c=ff fr*b&. $£, #jgg©QiSX>f? 

E7 #*- x<7>$l^;bx^if-y &%#&.&$ ti&. 
Z(DWs'k\i t±, y f 7 Xmm & W## B E t: &

S.

• kT-A<7)%m

@s<7)i^ai^<7)^E^^fflv^snx-xrt±, %m(93cemdf±#&M@naa a

^i^lilv'. L^L, l/“f'JV75 7^ (MM) ?yiikM<D £

9 »,

a<7)Z 9 Xl/-f-f

Sit, ^OS^07^“M

y ^$0#(±, M'Ktf-ACAWf^SJit^ -

K J: flfrfcjfcs.

• l/.-WM^e- K, if-AS, flFClS#^

e-A@, Ali, v^r tb& i/--y^D{5$£

- A<0%mM#%#t- K<7>S#£§tt, if-AX*°y h@(±lf-A@hjE

mK£ o TfiJ^I^tL^^, 7 'f - K/ty y SOftl^fffcib* i fc

L, kr-AJL4rXX7X<DX-<7X##^$ljmf&C2:KZcX,

if- A® ££;&»») Am ££&?** i -9 &£ fc tt-J&fl9fc*T*>*b-c

v»*.

• l/-f0lSI 

e>tL, f

m±M# L-Cfsmf 1/- 1/ y Xtc J: ij&fc LtfElL-cv> <

(7) 2is^, lytbX

V'S. *33, -9 M±c#4t4^f?0fil

%(%##t#

-^, &%<n%7 r 4 rtfemuft-en, *7 7>f/^

z oemt- tv'?#

14;X^> *9 , G I ( graded index ) 9 -i ~f t S I ( step index ) & 4 7 if*'t tl ■%? tl 

H! V' 55" it b tb & .
• y--tf If-ACiMtti: ¥E^14 

tfciinl&^Mfcisit* l^“-«<7)Mii, kT-

*# < m^r, Eftft&li, &£»<?>%&$

:?£%&±izmmtz -1 ki Qmmzti&&, #^##^7 y - My^«

#f ^ Z 9 ^ (ilf btb-cv^v^. i<7) i 9

kx ■oxtkL&mijmmznMt&tz&K, m^%7 y - xxy x

S4S

— 104 —



4.3 ■fu-tz&mmi

Zti&Z t (±#-vx tiz, off #K5£jSMw^'Eyt^X
f LT, #

mtWf a 2:^^,

PTf - t £ gift £ L£v;i/^*-
tl& Z.ti>&2>.

• l/-4f bf-A<7)S)fc

^E^Sniyn-trXtc-^E^^S^^ <> ^^l/--if k*-A<7)S^S^(iX#

% 6 L7t I/--if7°n-bX-eti, tf-A 7^7. Y <D&1§.&VMXtffrfrtLZ C t
##V'. 7
4rf f-Tl±, ZVWs'k, z*vi-~

RV'U>X%lz£ t)!kCzm£&, V7h^^7(:ZU#ZgfL'&.

2) L-1fiPX^7 K£T-7 7!/^<D$g&Mft<7)$J®]
u-^mx^7 KLL ltmto

- 10-7

• r-T^L b -?-<7)ZSfrM

• m

%# - K#i$^n7 >#2, mmLmmmm,

• Mt£

f, 3->f>^, n - V >7*) , ffij®£©EUKf^ (75y7M-y3>, 
7^'>t)K-y3 7, 7>fi7“€“'>3>) ^)#(D#IE

bz-vzs-y r*y K/u^y FoSMSgRU5'
xft%azmmt & t - r % (onm& v 9 7 - ? kmjsltv^ .

V— -9*7n-fe7 (±, ^ L ^^LC(7)##L L, MSL
7KM<Dm&tf»r&%i)iixjj&v&z. ztibvmzKtt, EtH-<t % i/--yoiwttiHbL 
M#t= Z f tz,

A2:LTi^#jgmi-ss

pbp ^ E pbp <9 E It ri' £ E # £ *e h )a Sb E 7 £ L, CAD/C AMT-7)5^ mmmcm
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A 3 iHV7h 7xl7;M^Mv y vy y • ^ y * 7 x

'>xta t % a.

b. u-ifinx/x.y

iz-ftOX^y liMiiliMt
ME^'ilS iotV'U!:*^ E^iDX^S fc: £ V't £ < j£ffl $ fix v» a 2 ^tcM 
csv'-c? x^, #ar###<o%mxfi=##t #&#&=&s,&v'x ? *jSJBjK-e^oss

( numerical control, NC ) &ffid*g3fc $ *fC V* 6 . #1:A#

Anxi:ft^$^a##» 3

y--f 7atx^m^-c#mf a X V

Xy%TA^X###l:m&&fL-cv^ 3 2 kf y b Ov^f X n 7’n -fe y -9- =H£® L fciFLffl
®C NC ( computerized numerical control) # @ "0! ±, 6 ti ^ K 7F + ^ & *9 , Z 0 i@j

^9 7-f y y? 7 = -%&

#la 6 4 if y bM±Oi§EMv^ ^ nyot
y P UriMSffl $ ti^S14t§ C N Cgg, ^>6 v^±5a|gS4r;Pn y b n-y
$r#!6 ^

-etik OBLviflnXg^U^StSiWMCN C^g^MB-tr;P3 y bn-5Cli,

? n y^f,^y X - b ;H - FKmi Ltv^ C t ^<3

iit®ti a a t, s ?
( digital signal processor) *? 7-ib^ b n — ^ X S~F" £ #& h ti x A 'J 9 JU -9-

1/--T- • n- ? V J:y 3-f

m#(D##^^g/FW^2: %6. Ztib<DW%&ffi<DmK, MCy%TA^#(7)m##m
K7^7%^7 7 b^xrSI^

b (D |$i $s £' H t & 6 .

c. y-if

v'. mx&^c^-? &#&=#, aixf $i in tf - a ?

iJ-e§ &v'ggm%##^ikl: Z 6imx^#<7)gEil:l:#fD LT, Mb# k £- a <dmfp^y *

- 9 £fBg LxmniMMt & £ t 6 . f&&%,

SEESAW o T Wz¥U @r h EE & Sii Mt ? ®S« 4) W-Mtr & 6 . ^<0Z 9 &
itSOTME&mgti, FESoanXSSt', ^i:y^fA«14riT-

m#$fL6 z 91:, eu@m(o/iy x -1 & emmcEEf aj z tznmLx&v), rh 
M* k^^-t6inX-/n-feXO#ttW^MS LT, mx##^yXf A<7)m^^fb^ @

C 2:^#gT&6. ZOtztbK (±, mx^l=% 

^FF4T*iDXAy X - 1 £1RS L, 7 f b y ;i/^- kf-A^{mxmi@X7 ^ 1 ^gEik

6 j: 9 l=#@iktff i i t ot § 6 ftij«itg £# 1 6&&$*
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4.3 -/n-trxSfflS®

%>.

< - x/<y 7 -r - K/<y ^m-g-

Z'&2>tz#><D 4 '✓7n-trX*-? V ^ t Z

tzib, m#A-e[±%m{k^mmLTv^v^. ttz,

£<D/*7 J - ? li±.&ltzii -9

j\'LXf%mMKtfmZti2> ZtK%2>. U--9* yn-fe* Kisv'Tfl^IESiiKinl^oZn 

•bxit7^ hx&, 

MX&K&tf&Mi, EE, K#, cT^AT

ztib(o$imz is&<DMwmKx ztoxmmzy j

(omZte%u%&xiiZ tz^+frx& 9, if-A&&#*=#,

d . U-ifyp-tzXffl< >ynlzX^mg|S-tz >-9--(zE5Rd

±5EO l/--fH-AOSDISIJ^I^ t±, #®^7sn-fex/i7 X - 7

&/f >7'atx#mmm&#ahf 9 &c:

#mm, <k#%, k-4fyntx#

>s/7nwt:##L, Etes^^lE^^anz##£6 e,^iit

&M&#L-CV'&:: W*m$ LV'.

• USSJS, iWSJS, i^SZNjt<7)*S

mi<D^%titz^-%(D$>frbtoxmfflfc&wtir2>#ML<7)m'%vimm'ik* tb*.b 

nz>z.t, ttzMxmwfc‘&^tt2>^-%zMfcsm%i&nm%-mmm%mmmm

m#t:#LT&amK#sw#-e& ^
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^o4r>-9--g#^3 7A? M#££^L, MS® <£> 41 "CS^ 

#5W#T&^£t.

#:c&;l/f#TZ#m=#SmW#&<5;:];% YX&ZZt, • A# • * >f f

c a.

e. t>f-7a-va >tcj: 5 U - if b'- A (DinxBOS

SSto^SnX"/

t̂%k 
bfi%>. L^L, /5^ J: 7 fc, &£># t % £ -b y^-ftffiJkVF
MM 7 ;l/:fV X $, Z> Z t fr b, t-fMXVzmmmKttjjt^kbti&M

y4fL£7°n-fe7./-?9 7 - 9 ^i^t^ir7t“7i“ya 7 
%Lffizm±Lt & z k b ti%.

OnXM#<7)#$(D|n]±, BMJ$DIrJ±,

#-?#&. #c7t h 7

fctt, WiTE^mtmm&Hz'si'y X (active sensing ) ##% Tf^M M -fe > V 7 7* ( pasive

sensing) f<OZ

MiRL, & -1.
• ir7-9-“g#(7)tf5^]®^jgv-f * njbL&#&&####&&&&;: t i: Z i), @#%

h.

• am&m-e-mmm&amf & & t.

-itiR£#Stf)M3Ucs*2-ti:TM7 - h 

#f & r h.
Z 7 & l/-"f If-77°n-fc7.^E-^V 7^# 

f & C h -t&t>*>,

& t

&^k, »c

&7;l/XV XARi:(±, mT<7)Z 7 »7;i/XV XAR<DmBft

S4$
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4.3 7°n

<2> 2: #x. £ tt& .

■ »im, nx ra a &smb ^ &iiu l r ss $ ^ £ sm £ m ? s
-e-MStct± rms a^#©#j a &x y h v-

^^»xatx^m&tr.

' yD^^ya'/Jl/-^ ( production rule ) ^ 7

i/-A (frame) cz h ^^TA#©m#m#^m
V'zB .

—M&iJUlM £ ti & 7 ;v X v X A i ±, 7 -f - K/<y ^
k-f yotxti, - ik#Mm&T&ac t

^- K7*-7- <®e®Jii:o

7 f:, £ js v> T 1/ - y if - A © Hi S MW © SSI £ BEC: L T v> S g@3 ^
2: L^L, 4"#, i^V'SJtX'SE<7)7°n-fex £'> 5 a:!/- h¥|g&$r£&

iicin, 3k^<Dmx<Dmmtw\MLxmm$-cn%n*ft'?

T®* C9/^7 7 - 9 * i fc ttTSTfB-e&fc 7 • $ <3 t:, -E-tLe,(7)A7y
6=g'g&t^t7, uss&Mem
*4’SJ»fcfT7 *:v»ofc Aj ©s#©RT#%(±t#X6 jt
<?> .

m±© z ^ i/ - y h - a © jigs & mot £ ^E to £ sat s £ £ tc t*,

i-f, t^X&2>M&Xm'£fflK&'''XMl%F3fc-%mZti2> [7

a- h '/ hM<7)MM<7)7 tf-XAJ gr#^ Ul/-y3>, A [ft:
Z I) ##to!=#% L, 7 * Y y<D§£&.frb'f n-tx^M-2> it© F 7

* b 7 7'7-'y X<7)iDlSSJ & C h^##:tot:m^t:»3. $ ^C, -E-fUb©
#m^o#-@to&##^&^:, m$&%zn b <d * % -x& *mwt %> z t ox % z fm 
ma^&#to^-7^#to^#am-e#^m#to • #a#to^y;i/j zv'toV't^&mttfc 

xi>&^frb #m ltv' < it *3. to * * ©

M, #^to^7Xo-y ^^Etof:E^-t6 ^ a KZ 7, i/-y if-a^smot

h#t:, r Accuracy (%##&) Precision (ffitil)

i) A#, 65[io],(1995),863.
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*4$ &F$EB$8S

(3) JHXyi$U-y3>S®
i/-4finixo'>aL 5 u~'y 3 y t lxh, £J1<9SSi£®9 BeSM&TXn-^L,

ux:z 9 t<7)tngtijia.

®4.3.6.6fC'>a 5 1/ - '> a jaTC'>a < I/ - '✓ a
\ZO V'Tj&^a .

a.

DfMfroxTJi'1'2-3-4- =■ =•7- =• 9- ,0- "• ,2)

XX&%< , W.=f- • LXWVMi z ttfmgx&Z.
#V\ 5 y-'y 3 yfrftv LX,

A$ita Z 9 X:.
i/-^a>$:,

u, , m, y'j3>o$gBB0(:owcm#

L^: f $KTV^. $ X: FCC (M^^) A#0#

am%#f z am^,
'> i ^ i/ - '> a > § #l, jnx t idmjb k&^x i> 71 < mm * urn t -c v* * x twm b &
fc*o*n.

RCZ9 l/-y/a>tLT, aX?X
Vi T )V^&&*nMth Lttlwi
»a l/“f^IltLfci § <7)7°9Xv4--X:'<9EEWII&;E>S, @mA<0
1"a X9Xv©ajK*»gatSo l/-4f

Vxf ^ D-try ^ t-xommi: LxmbfrKLX^2>2).
v is-ifwwvi«ati±, ###@

Kfeit* i/--f • #m, MKWMtfz t Lxmm*m^tz t
&CG, #k##,

iL/;iI)5^^(:J: 9 ##%(f$fL&a##&m9#m#&a. ItS£ J: 9##^:## 

&^m&#a^^%#t=»a. zwMwmfc&wzmmmvmfr, mtL
iz7.y X(DS*tItSX'^*, &##&##=

tvrv^ . Knx 7 V ;!/&&$&&#&
B^i: LTv^3- 4).

tf-A(c J: 9M$*l;b*-*-;W7)&j&7 ^-XACILtli, £ ti 
$ XM* <Dflffttf%-£tiX 53 9 , # -XA , 7°7 XyoM^-XA|[;
MLT^t V 7XMbtiT:fc9, LX:
#l& 5> .

#%CZ aR^Xf^&#mLT4r-^-;i/QBm*, < !/-'>
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mzt&t>ti&5>.

U-*ffem<D*T)l'i\:Km LX, * - * - JU fr b <D fc <0 Zh
Si t LX,

L-c^m, k%h,
*-;!/##$ KJtMt 6 LTV'&. £ )v^<DV-*f\z i &

#(9#m, f ;i/t3rce/a. < l/“ b Ltz$><DX&%>.
mjjt its, mjgKMLT, *-*-><7)Bros,

L, & fc LTV^6).
jvoMliSMSihtg < MLTi? 9, 1/ - •?' o j: *’WE riM£v>F=8(±B

Kf^ltv^^iltv^®'111.
2)f§@& ' (D t 7^71/ ' 'G' 20- 2' - 22- 23- 24) \

;i/(=mLT(±, -'Ajt, 5^7c^me#%%%^mv\ *- 

*-)\'Z:MMLtzyElt;#fet<D$i&MXJrJK'J!?:3r-*-fr\*i'M<Dfrj$W'M<DX:7f)\', V-

t), mm&%:tmkLxxr)v<D%M&*mLtzi>(Dk$>2>. xrv >v<D&ti tLxit,
#m$g,

BEKgV'gjfefc#*,, 0IEm:m&&

iHftoTV'ii*, t'(D X n kz^L VWiifr, -Mm±M
1*3 SB itt'ff) l $ £©? fr\£ i 1 , < &.

ji/^-26)

l/--rMB#<7>MS£ Z <9 gv'JfltJK'etHJfeS iH4otv»i
#, mm & mm tt&#-&*=

7 7i/5 ^^<7)E{5SS<7)yi;i/X #B^(7)##<7)%mt#gL^

H^5nB<5S • EB*t7Wc$-^ S, Srftvs mm##, #B##, B^MB#

251. V^. 5 L-'> 3 ><D&£t LXliMMtz&ftt&MBtJBtm t <£«E<£>3t;e,

4)#@#{k@(7) t -r 71/

I'-ifmmwHkMmizz^xmbti&m'tkJwvMmMVi^Mmfrjfi, m$
=&7cm

iz-fMiaotaw
gsikL-cv^<@@&%##)-#L, ##&&&##* 9a < b/-i/

3>y^tA#ii$Htv^. Z blzmtf<Dmmt\B*-XTi-4 b ¥*&
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4.3 Xn-trxSfflS®

< ;%->/ a >m$a z ? t=&

ot^S!".
5) m xm 0 * * ?» 2 8 - 2 9)

v^^-vax 
ItSt±-^7C<7)Bi5S
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*e7 7/fXdf#X K (AK#) (00, M 1 0 .. 6 p m K&if & G e 0 2) .

tztzL, < &&.
7 7 47 7 ■YXR-eaiifii-f sfcftK, 7t^a|0^-'&k, ,

;v*-& fc*7 7 tfc, 77/f x
7 7 /f xi/-4f& 7 7 ^x#f t

i ft b <n> a x 7 - u - -9-'iSffl 00 i± * tz %$ if & w.
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4.4.2 Ml
(1)

a . 3t7? *f X(D@#
i/--r-set±, mm, @

S&Mm<0 l/--y--h LT^ jf'>v I/-4f- (A r F 
= 0 . 2 5 // m) d*, MSt(±C02l/“f“ ( 1 0 . 6 fi m) d**a. Ld'L, 0.25 
-10.6^ m -Cj£dJo TV'S&jaimm&^T* A-fB*a jfc7 r -f
A{5Mt±, ittfiiitLftw. fiEo-c, -eti^tuDt>f
^SrSJL, &%tZ>
±7 7 j Atcttssffl* t vmfc,

* mm, m@r#%d*»w.
* wme: v'.
* #### : t v' c d:##? & geg L & .

h V'cd:#»#%d*g*$ftadf, #K, 1£¥, a > K V 7 **tt[S]±£ S ft h LX, i^ffi
df&tM<0ft7 7 4 ACfAt^, v>fc t9> * JS5&&A 7 

otltv'5.
jslt, 7&. -

fie, *7 7^n'b, ticiot, ##, wm, -eur, #Mfsiffl7 7'f
AUg^gft^,. dftgr#gTE^fah, S%dT9X,
§*l*. eu.4.2. it, 7 7 ^ At:#m$fta#%(om^mm#%tmt. m%, $ 
X^;i/4r-f5^lffl 7 7 -Y A h LX, -ftKfXL #-, E^M7 7^A«
*hv'*.a. 5%m%77/f/<#jgai#ao, mmm##mhu-r, -e <o#m##Lv'& 
<od^&u, mt, *77>fAoftaHtI «», amsi#ti£#§, ^®ias#i0ii
%d*m%^1fh)ftT^&. £ © £ d K53SM7 7 'fsttimm LfcOtt,
t#UtO|5d^^s$^Ltv^f;i!!)t, ±fc, Stffc, Hx^;K-|eISUT 
<0^#6 , 2 ja mJsITOSICoV'tli, (i (5T, StJ£t? § £ Pt-<Oft 7 7 A A h #£ £ ft
a. mr, cc-en, 74#n,
ov'T^, foft, a^Khraa^Kov'-ciE^a.
1 )E3S3?773t77<A
5%f7 7^Ali3 7tf(:j:ot, %#5%(Ot <Oh, Ge K-7<0 & <0 tc|OJ $ ft, 

AK iotfv^tt^fttv^. G e K - "/ 7 7 -f A i± n 7 g|H:: G e 0 2 5: 
K--/LT, ®Hf^*±lffci(0’C, ®j)r?Ml^V“f';Htifea. GeK-^7
7 <, #m@mT*ad*, #@, a#^m-r(o##n#
ft, 2 . 5 /* mtCftV'T fc & 4 d B/mfi 'O , @^m$T(i, i digit 4 jgffl FT ft 
■C*a. SffitJ I/--r-Sftffl7 7 ^ Ah LT, Ge K-^7 7>fAj*®i§fttV>4 1/ 
--T- liNd-YAG ( 1.0 6 4 /im) , Ho-YAG ( 2 . 1 ^ m) , Arl^-f- 

( 0 . 5 1 4 // m) ^T*a . G e K- 7° 7 7 4 A{±, a##S^3 7 7 7 4 A|:
jt^Lr, sns^*s <^fta hv'ofcfflj&d** 'o, f77^A©tit()f^v>. 
Cft$T, E^7 7^At*li«4MmSloi!ft#im 'O 7 7 ^ AWtilig 
§fcd*ofc. Ld'L, f®, iWm*A”;vx v--9-'-^d?ttiEL7 7 A<0itX14d?RgEh
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-me, 7 i)#<,
##, y-?;i/X l/--9-'-t±bf-^o^^;v4ir-y6$
±# <, »MWfc7 r * mm cm 6. g e K“7°7 7 '(/■<<Dm&&
fi 5 X 1 0 <W/mm21 Ztf, U - >9* - <Dig± C# v\ H * a if ^14<77 |fij
±dfgafL"cv'&.
-#, »5|377 7^A'li, 37@BI±m#E%-e, ? 7 y KS& t± 7 y n y £

x-y a. ym^-mm-r^a. L-ra#
W-M<7)i®&Kmti, (± 0 H C J: a M kf - ? ^3£ <frbti-Z>.
<7)<t$$) £ L X x * '> v 1/ - -Jf - **± If b ti& . x^fyvu-fc *, 
jfe^x^^^-sSFjK^lSS < , v 7 V -tf- v a '✓ (l/--y-M#C J: DBBStiaM)
<&waj&**a. y 7 v a 7DjEBt±,

SS.'ArF, K r Fffltf>3fe7 7 >f A|±£
/;, ^%#Pgrh XeCl ( 0 . 3 0 8 p m) y-nf-fcffiffl Lfci&ji

IT U^TUCfca. f<7)#, 'a#5^3777^A'ftNd“YAG, 
A r LT&em$fL&. itAteCK LTIi, -me, GeK-77
7 f XCJt#LT, 7 7 7 -#j^C#LT,
a. -me, 1 0 6W/mra2^W^tlTV^^, M, j:
V , 5X1 0sW/mra2«itt^tt-S7 7Y/ni§§tiTv^. L*UfTifcLfc&
c, j: DiesffiJKi*^-*KSicMi-an^^t o-c*»), jta.
2 )M77</<
#^77^A'iiM v -tfca, y v v 7yma&v'o 

a%, ^, c o,t/--f-% (io.6^m)
m^RT^-C^a. ^^.77/f/<(±, ±#<, ^7y77^Xt0^77^^CE^$jia. 
2-l)i^A'7777'f/<
^^7X7 7^A'(7)#f HTii, #ib##7 %, 7 7iL#^7%, K

ify &#ta. mik##7^(±, 1 lt a, g e o 2, a

8=0 3, S b 2 0,#d*&ad*, G e 0 21±**7 MbSSffl/d?£ t*?,
77'fAt^soiavADfe (&#####) yr'f^t lt,
#-, StiHfc2ftTv^. >tTi L, m^»^7 7 K#^#v^
WT*ti|)S I), fffl^TV'^v\

7yfk#^7yt±, s-fbt/yyxcjtELT, z (2 ~ 5 ^m) emm
ta. #%, Z rF^^A 1 Fol©#i«Oif7^#tf$tiTfef), EM<7)E r 
-YAG l/-?-###!&& LT, -SB, HflHfc £ *iT V's . L^L,

1 0 0 m J / pulse M'S < , IM <9* ffi * 1/--T-ffl C l±M£B5fc&V'. % 
$, IIC37, * 7 y K h & a 7 X S# M L&tr h V'o £ y V 7 * - A

mmma^iA^aet±, v^w-)5:77/^7 7 F#i^#am
m<og%@?*a.

ii )V7 tf't -f K7 7 f Aotfj-tr, •As“S77/fA'|i^77 K# L"C(±f ###e# L 
<#a&&, As-s«jt«i^a^7x^f®i)f$y7Xf7^ (77#m#m) # 

35*^ 7 y vut Lxjs^htiz. mmmmm^2 ~ 5 f mc&a%, cov-f- (5 ^
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m) ttz, tl/V*®7T'fAlilO
frh, C02l/--r-^ (10.6/zm) (Dfcm&t LT&^itStiTV'S. LfrL, V'f 
tLi, T 6 1 / 8 , 3lcggl)mftTl/2 0

0 2 U-4f“-e(± 1 0 W#ft Ld'& < , £ *l S £M(c8:# L T v> < /$>/$*,

^bbb7 r >f # LtB LflnX&tcT 7 r 4
-E-fL-ejt, #^^7%/fX, #»#:&77'f/«0&#T, E3U$fLS. 

tWM^7^7r 'fAfcJfclfcLT, 1C, C 0 2 (10. 6
ft m) I/--y-(7)S^Eh Lxmmztiz. ^Mbbh7 7 ^ At±, K^'

7^ liwc, 7r^wi-

«SW()«ieS7 7^Af^. A g B r , T 1 B r t7 7 ^

$*vrv'S. — -ft, 7 J s-Ui, 3T/? 7 7 2>M-ffiBk<7)MU£M$&
LbiPhWL&L, 7 7 4 n\tt%>. ^7r^mMBBB7 7^UI^i), 
48a©i^#lc4otv»5. 37/KRS-5 (TlBr-Tl I) f^^F/KR 

S — 6 (TIBr-TICl) 1rbtz%'7 7 4 >^1?<Z 0 *V-*f-%%7&h LTSHSti, 
-$, l^l, mm±%fc4kLtzi><Dtfnhti%\s'z t*? v 7a<t>

#e, ####,
jfcffitl V-4f--f5B'>X'r A {in 4 .4.2.2 #t=, ft 7 7 W %ft

jy.T, #i:, <#m$tLTv^s^^%77^/^#m,

S.U1', 77>fAA?^'J>^Kov»-CSSat4. 

b. 7 7'fA'gl, &E

m#m±77^x-r(±, v^r*&dfi#ant&%, , #

L^L, %I^KI±, ftm^^ft#h<7)#m, 77/fX

m±<vmmt, #<&%&, 9

&. ar, m#M7 7^/^6Djt#(:^^T, 
l/-f“M7 7 47ti^^[;ov>t^^. fitifcLfcJ: 7 fc. HSffi# I'-'T-gft

Jfl7 7^Mi, m#mt:jt#L-C, 3 7g^lv», r tU±, Ilffl®SMffl77'f/<t
(±, SB L < , j8#ft&g#$fi&0t:#LT, -##

ft, JfiV'flSET+fri:#*. hit Zip,
/>$ < Jftft^Sv'fi^ftv'Ofi^^-e**. —ftfc, 7 7^A®tg[;ii, #

fLT, &fL&. Iffflf77

^A7^^-iUli, F C, SC^^^S'PISftSftfcST,

SMA tV'ofcH . Seffiftn*? ? (±, -ftK, El 4 . 4 . 2 . 3 Z -)
t:, #ft&<#%;h.&7j:;i/-;i'tf<D#im±##ft&<'&Bcf&.l:

1 KmZt%>tz&<D$i&X V -7\ %[f, 7^7 y
■cv's. 9 Esstirv'

If 1 7 7 4 3 ^ ^ ^ # jt 7 7 4 7U 7 1 ;1/ - t* § tt, SSffi#

ft###gfLTV'S<^K#LT, £fS3i LT &, M<7)A# ft*ffiltftO 7

#4$

— 140 —



m
m

im
 (dB

/k
m

)

4.4 mm• mmmmi

10 . 20'0.2 0.3

A : B : 77-ft##?a.

HI 4. 4. 2. 1 

7

3tV7

@4. 4. 2. 3

— 141 —

f>-.



##?)&&:&$&#&: LT, ^O, & t
L^L, jgmi£^S$lf£ MMX It $ Zf + ^7rti$£ < ,
EStlTV'S.
-#, 7- ? mmt x & -Ait*M^x, 7 7

lifflitt, t$t?, v, s
M7r^Atli0.05dB t, titmLX -ffi/b $ v>jgiEii&/6$M 5
tvcv's. l^l, i/-'y-#^m7L-cif

<D-e, #mnr#»<o(±, 2 o o /< mM-e& i), c:fL&, ^*19, PEME-e&s. #
%, ^ili^l^“f“l^ffl7r^^fffllfif^ti 1 0 Omllt’U^, #5fc<7)S 
m$sao&±t:#v\ c t &&, -e^n-e-, 7 7 ^^±<7)

t^o-C, iSffi* l/--y-3i7feffl 7 7 ^
-#, s-iz-X-M^ib?) i/-x-:ft;£#:9*

&ctT, »%. mmT(±,
XV y ^SJ^iLT, ^fi^'fuD^ty 7 4

ttz, i^fii* lz-X-3»ftffl7 7-fAt Lt(±, *77-f^ 
*-/7-^'-SSffl^5tLTV^. r tu±, %7 7 
£fljffl IT, ^(D-e, %7 7 rn#f & 2
&. itu±, MoMWET, HS&13 l'-*F-%;<DfcmK&lf

tIi!(mgi«7 7^Att«®ltt}:ov'tli, ($ 2: A, 2?$m $ tLT £ £>
t, ^omc,

c . 7 7 -f A' * y X V > X
1) A#^#m

l/-X'-M/$'ibitiT < U^7 7^A'i:i$i<, A#£-£& fctt lz >X^<Dft^U 
SSrfflv^r, -A&C, ftjgfr&ffiT < *
kT-A@l±7 7^X^3 7eZ #^LTA#X^y <f &C:2:d*
#E 2: 6 &. £tiib<7)ftM£l§:ft1-& KSfcoTtt, < ##f & kT-A

mom, 3 szc, v
- X-ffl 1/ > X<7) iz y X#^ n - 7^ y x#£ (± SB 5 tiri?, Stc, 7 7 -f a

i otg^-^tU) Z 9 t:, 7 7 A* y XV y ^I©l/7XIUo#ff

2)
7 7 >f AttiMM^ibttiT < Z>%<D?%nm*?, x^;^-^|J:Wof;!|ttli7 7^'!

3. %cT, ^#?H^Zn7 7 0, 7
7>fASgffi^e>7-^x-
&g2:**. L^L, t$t?, h

/\yKVyx#$-#lfL(f,
2: #x. bti&.

#4$
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1) 33-62( 1985)
2) PW France : " Progress in fluoride fibers for optical communications"

BTTJoumal, Vol. 5(2), 28-44(1987)
3) T. Miyashita : " Infrared Optical Fibers" IEEE journal of Quantum Electronics,

Vol. QE-18(10), 1432-1450(1982)

4) f 7 (1989)
5) 5# : " ^7 7^^” , 12/’83, Vol. 66, No. 12
6) P. W. France : " Ultimate realistic losses of ZrF4 based IR fibers", SPIE,

Proceedings of Infrared Optical Materials and Fibers IV(1986)
7) S. Shibata :"Prediction of loss minima in infrared optical fibers", Electrics

letters (1981)
8) T. J. Bridges : "Single-crystal AgBr infrared optical fibers", Optics Letters

(1980)
9) S. Sakuragi: "Policrystalline KR-5 infrared fibers for power transmission",

SPIE, Proceedings on Advances in Infrared Fibers 11(1982)

(2) m
a . %###

U'sX, \Z-kTsX') v V - , Z(D

& C: ^°7-<D L— -9s
T7 6 #'o (I (i, pB no <7) (thermally induced optical distortion) J t V' -9

nnm t %-&#######-
S "C <6 •?> ZnSe (zinc selenide) Sc <7) ^ c$ tra V' £> tl T V' & . ZnSe (4,
j$jjE (chemical vapor deposition, CVD) K 4 c X it 0. 5~22 yu

mmio.6^m-eixio-' cm-'a

roilll, & 1/
^ t t±Bi!Tr£ 9,

tliftoTV'feV'.
^2:(4, ^4^u~

4 @T&& KQ (potassium chloride) (4, #
$ V'## t L -C 7N >f r? 7 - &gg **7. V - 4f <7) 4 I) £ i $ ft-C V'

-vt > K(4, -e<7)3fc^$nnn^<9Sffl«#$;h.TV'
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£lTTi±,
$;±, (optical

distortion coefficient) % + (C j: 1) EFiffi"t" J i t § •& ( % -ICO V' T R& t ) 11 .

-1)«(1 +v)+?^-(qi*qx) (4.4.2. 1)

CCt, n ###$, Ti±M, ntttTV'xjt, « qn,
<9^tn] (C^ff, $ (i S lE & (i jfc tC m t 6 (57) (stress-optic coefficient) T? &

&. % + i±, mmmcz iBincz
ZnSe k KCl & H4.4.2.4tCS1"1 ’ .

KCl (7) % + (±, ZnSe(7)-ett £ <9 & - fir t £ V'<7) # t & . C M, KC1 (DM
9 , 5% (4.4. 2.1) l:^V^TE<7)#^#o#<7)#^h##$fL&^ 

tfc, KC1 (± # % #/J\ $ # # -e, mmi0.6^rn-e<7)#a#m 7X10-'cm"'

ti ZnSe#l/10WTT&&. LT,
jr

FOM = —------- (4.4.2.2)
P% +

fefflV'S & & tf ( £ £T?f K t±Bt5SJt, b ), KC1 <D FOM it ZnSe 0^)70^
Vi.

%m<DMWik lx, y 'rth&wibh. mmm
hLT, -A&KMcfiyv^t-fy^,
7-P-f« k Lt(i, ThF 4, As 2 S 3m#5%W6&#mM# + :&-C(±&V':' . £ fl 

t±, H<7> E° — ;v&Rgt <9, #^#^###<7)##^h 3 - T -f >

S<7)55:#tcov^Tt±, Kciijil£HBB£inMii LT^lgJMbt & - kif&mx'tb%>. -tuc
£ oT5£jg£l(M&&±(ClR]±-Tr§ & £ t £ ftT & i) 41 , ZnSe tcE^1-^3SSt T*[p]
±ti 6.

ZnSe mm##(7)##(CZ *) , KCl £ l/- 5fc^g& & 2: LT##f & & t (±

^4<ftotv»4. LfrLtutfb, KCl (i/W/iV- LT#tL^#%
Its !), ±ie<7)ES#SS:$ tLtUf, M&V> 1/-1•/n 4rX&#fM IC# o T t <7> 

£ O T V' < & <D k JS =b ft & .

y/f-vt>Ft=o^Tat^&. ik#%

X^MX^> ■&. —ilS tC, ##@(7)^t #4% (multi-phonon absorption) CO & & 2 ~ 6 ^ m

(7)®HtB§, ■?V4^r^y KoB

ii, 1 f m-rixio-' K-1 < 5) , #-#-(±#*&^KCl hR
mmr'&z. ±fa<7)^M^^< 'Mfaffl-eko.oi~o.ic in"1 kitrn±

Wc*, FOM (i.ZnSe <7) m# -100# h # x. % ft & . *§BHB
h-cixio-4 c m-'rnT<7)M#mc&& a i51,

4-E<7)liSM#$tL^. £fc, K(7)^v^##mgmmtib#%^S#(±, iWE,
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f$m, 2f <oe Lv'MTT<o{£ffi <o £ tS &i £ *lt 3.

K<o£-M,
MS^«ritST&&-t&&$tL, z<Dtm*%cv7). mmm 

Eti, 1 ~ 900/im/hStJbD, 18# ftt L T £ It T f± * < 7 4” 7 K 7 £ f± D * t t & A 

;i/7#ftt LT<D#m<)?#2:* 9 oo&&.
/^t>KI±, AKAnZ^BL < , V'fl:

//f xm%, x&ki 
mwmtnz, v--rsnz, jtyx.y^y 

XM, mtt^MtoXb t’ornffbz8). #c, yag i/--9-'tc j: sm, ft&itini^,

LT<7)f/fkt±, iennng*E^BBH<7)^E>6?sE^

##tO —oT& V , t tz, ^(D'iktDMX, 3-T-f

?rsu ztzifx*te% LT%#3fL&.

b . 5fe^nBpn

##, ##, 3-f-^ tc^c-c
z&#?#&. tuf,

mmzgmtzztwm-e&z.
%^mw.<n>*.w.ik*&%, tu=#
^a: & a. (oc#
%T&&d*, @S^<0 6 6Et±-E-iU$^^v^ l±Sx.^vx 2tu=#LT, ##^#1:# 

o' < HI $fr E ^ nl$ nn (diffractive optical element, DOE) ft, W<D$IS & Sia K <£ o T jfc <0 $: W
3/:6, ^#gga(DBEib^A#(Dm/>,

I), ^/J'Eikf & C i: **T # &. ttz, #$(0@#f, E
& ATt&B $fi&. DOE ft, EtcCDT"!/- 

•Y - <0 b? 7 7 7 7 T1^ 7 Kffl l/7X,0) & if jgffi #*& ioTiD,

$fLTV'&. i:ta, /N^f/N’7- i: LT<0 DOE<Dnr|gS(cov>rj$^:vB.
DOE<Dftm%»##tBl4.4.2.5K^f. CtL^D##(t, %$D%#%aTt##nT 

t&& crlflbh if, DOEto#^, ^ L^W#
T&9, %##@&:/J'E<kT#&AT#%^*&. tit, DOEIi,

AT&#%#&&. f©ftgT*s7* b 

V 7 X7 7&#ii, "9-7*5 7 n ycoSax^WIgTSE^SS'^iW < , LT#3
StLTv^. £*>#&£ J: oT»Jt$ttit DOEfi, **. #
St±, HI(diffraction efficiency) £ E < 1" & fc* fc, SgfDPUgB^ L £ *L& 111 .

DOE £/W a" 7 - 7 - T-'ffl L L T#££!§£-fc &, #
zc*:

iCloT, DOE(0##^fkf 3 2 V'##<9
^(o##^T# o - L <>m^T^ 9, f #
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-tt", V “ (laser induced damage) <D 51 # A 1C ^ ^ Z. h #J $ fL -6 12) . i tl C O l/' t

DOE (0/WX9-
ifi, ±E<D J: ^ K D0E(±®tL^^^to#tt^WLTj3 i), l/--f ynta##t:Sv'T

##%#
1) C. A. Klein, Laser-Induced Damage in Optical Materials: 1980, MBS Spec. Publ. 620 (1981) 117.

2) J. A. Savage, Optical Materials (Marcel Dekker, New York, 1990) 323.

(1982) 130-
4) H. K. Bowen, R. N. Singh, H. Posen, A. Armington and S. A. Kulin, Mat. Res. Bull. 8 

(1973) 1389.
5) C. A. Klein, Laser-Induced Damage in Optical Materials: 1991, SPIE 1624 (1991)475.
6) WJHM, ^2 F (ZLimSic, 1991).
7) ±m s^-e- (1995)72.
8) Win #, ##%### 59 [3] (1993) 389.

9) # m, WJH8S&, 57 [3] (1991) 504.

10) An# m, mm^m,

mmfc'Rlt-?- ( 1996) 89.
11) itt/KS1$, ytftffiyy ? b 31 [6] (1993) 316.
12) N. Bloembergen, Appl. Opt. 12 (1973) 661.

(3)
a. mmmn
am#^r#&

<, a#?7/fc, mzxnt
bbhif,

yv-*f\z J: S V'3 6 0/W=#:bfLTr ##

& % (DmtfcfrMt & z 3. (CW)
mxRm&ij is-m^vmvx mmt %

K (D if ? v * > tf “ A n
n=n o + A n( | E | 2 )

& t 3##grl34.4.2.6lC^f. A n<0<D#^(±%%f 3 (a). A n >0
& &to. #mi±ai/7x

<59 J: •) £ ITV-t I) e?tLT (b). £ £> g BMMU ^ tz
itmtz. mu, rttz t HJitrli, r2(:KltMf 3. l/;#ot, SBS

Pr^5 (c). £
M A n=0l:#5f 3. tZZtf, i 0
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sox*, < v».-titm-fz i -9 c,

#&&&c&. m#$mtk^#aux,

. M^xcd geS3U±, HSfcWK'fcJia&Mfcfc <? ©F2u£ ttTV'&V'.

t±, ##, &Wi%fX9zt>tiz><Dx,
ttz, M@2frMtkM<7)ti i) Z>. Z<Dm%.*V5frfcm%t2>tMllzm<D

y ?~Of5fB##x. %%&. m#$<7)#R%gEikli, X ^ X t )V (D^ £ m x tz *), 

x^X b ;nH£jA&f &.

2:, %$U:
»), #@^#m^y9.x-7ik^Ac^. w^^xvita,

tc, t*.

£*?*iglgl£3l L, 1/--TH

b. m#m&

^### (m#, v>x, xvxa, gM, A# 
#, , m#»m, *7rhu
-■XMMSO #

----- MS (mo@i:IU^77^)

%%#&###&#'?, ]ES#&#$r#0;#K:mLV'df, mS<DX*-XAl±zc#16tL
6. -o{±,

t?tu ^xosttiotv'j. $ <3k-T-r t, #g

6?-c(±,

f>fkcz
t'<v <*

i/--y^ e<t> is it

SO5'®*, ##, h-l/'-'f ^XTA(7)mM^2: Lfc
7&^t, • m#L#
T'-XW&StttM&SF&Mfc**. tlllv'fii, M, 0#0I’CMSTt
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L tz o x, He & £ ms m -e tt # M t^ £ K s-e * «.

###"?&&. K##%, m##,

-CJ±, MU
&±*f * KttBfciSL § V'i®0ffiV'#&&g.S£ fc, (^7?, #/j\ & k? ? h

#) , * bu**ir«:-e§srtnt&i:*v'j:d Kffc±»f&£ fctfiffss
-C6&. b%z.btL&%ft&tffen,

SMU ,£ t±, ^@, #m#
£fc, 1/ - izmtzt-? Ztzib, I✓-«05ii

A-tzS< £ fc fcfc* <bt?,
367 7^^-^368110 L § (,'#?&$&. 36 7 7 -fL &

jeuiti^v'#&*i*j&*f -e-tth

1) Y. R. Shen: The Principles of Nonlinear Optics(A Wiley-Interscience Publication JOHN WILEY & SONS, 

New York, 1984)303.
2) lx-Hf^£j£! : u-*fs'y Y'fy ? (fr-Att, 1982) 162,452

3) Selected papers on Laser Damage in Optical Materials, ed. by M. Wood, SPIE 
Miletne Series, Vol. MS 24, SPIE Optical Engineering Press(l990)
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4.4. 3 n&tiL?* b

(i) tf-AnnnH<7)H-sijeijs
lt, v—irta*,

*-k, mT-etL-e'tu7)®itcov^r, &.
a. b-lfttiMiJS

K (cwifcli/Oi'^l&SoSv') , ttzZtifc £ X%k
Ltfi, l/--y^o^^;v4r^EJR#^EJR$*-e

1)

l/--y<9ffi*$iJSt±, 1/ - * ;v 4r £ B z> H&tfUM $ ft S V'. BC
gS%LT#^f ftlf, < m>A%frhM%i.X(D^y 4 ft <

;i/(D Z 9 t L-cmfctz its:£oTiS
JgS-Sffi-t^. cwV“fCi<®i)Ji53li“l'Vhtt©5 kW$T#ft^X9-^ - 
^(?)e#^^4.4.3.M=^f. L^L, A

mft%jw<vum±g-zm7Etztzif?', giKcii, cwu-foi^t«-<?&&.

t— -^ai*3&*. R*®®©»jfcS!&jsjeii±tc**i■?i/--rai^<7)-

&. ^&01LT#Q^mKm

f #$Uka&&#%&##-#-& c t-e&&. t^ v ;v
£ ft£ £ 2: ifh Z>.

2)

yt&mjj, ftmMffizm^tztkiiim%<Dx% iwsjs,
#, l^l,
mt&^t:#m$ft&. ^ • 7 * t yj *-

3) tteibrntoum
?I7 -i ;i/A fcjft# t, ^(0 7 -r ;vA(7)M^jt^^, 7 ^ ;v

(4, mm##e bt^^oeh)

L&#ft#a

b.

yijXAi*, #fW:-7V'T(±, xv-f-f 7 7~tfrfflv'ibft& £
5 ib > ;HIte (Mx-tfS^- KM) Kii, 7 r 7'>J -^n -Ci
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c. Is-lfffi^- K9IJ6
V “ ‘X <D ?;|J!^:£h3fc £ TK'f'Hi ^ — K (±, 1/ — X':)fc5:S:)fcL;fc •), {5$ £ a

ttii-a a tr - a ® e® w 2 -e * *.
9»^&TwmibLTE#m#t&2

LX it, m&M, 7? ') )V, m'XL'sJf, *K%£tf{£friixZtz. l^Lii, 

Kgjg^#c bf-A-/D7T^ :©
^ cT, 2&7C#, 3&7c69*e-AXn7 7'f;Hi&fc.J:»>, k°

H - a ££J$ <7) izft^tz.
v^tuf, & . E4.4.3.2

X bf v 3 >%## I/--f kr-A • 7f .
c wl/-ft*t'“A7n 77^ ;i/ WE 69 tcM L T V' ft if, & 9 

5E#Wa. IP^ y-Xfcf- A izitmtx, +a»K@0/h2 & If >#-;!/& kT-A t=E# 
taEEfi£X*^ X LT, H - A EE <7) £ M t h-ft&Xhh. ttzL-if
tr-AKE^f &KfEmrK#$(7)-#*e<0/|\$^9/f-YgrimilBL,
0!j£t& 7 -Y -V(7)if ^^ibJEt:mia^iJ61"tL(f, iwistcif-AEE<7)®

a.
a. \z-hfci?v nmis.

v-Wtr-AjAW A<7)Mt±, % ;h,a ##, y-xe-A£fpu£
It, !/-4f Wglilfc 2 tir-ekf- A tcES1" ^>El*l<7) tf- AE5-1JSL,

wganra. #a,

i/7X& y-f (Dm^#(7)m< ^=##, i/yx<o#A@B#<7)kr-A9

b ^#mij LT#mt% r tifix% &.

e . iibfeSiJS
^(7)#^E^Ao%ome^[@H:^:^ LT?e^SA^KZ C T, Iz-XM 

K##^*a/:A, -e<7)sus(±aET-6^. -E-<7)$ijstwit, ^ftmztzit, x v ^ - x ^ 
Acm#L^ 2%<7)?#?m, XV x*A & ^ <b tc j: or, P#6 SE<7)m

attfxzz.

t. y-xi=-A#m#m

i/--yi/-A#*'C'd*k'c a c h t±, iz-xiaxonititw^ME
-c* i), # < <7)^-s^^%$tvcv^.- A##f<Dm@B^a v'

- b £i£Ei, ^<7>Eng|5^y--ytf-A^aL, xu-b^in^Ki: otibtia e 
-ASSS^Xl/ - b <7) ^ p S# £ ax® L tz tf “ A Hiffl tH L, ■€" <7) S-HE^b^ ^

hit, e-A#;m#o:f'M=*a a#&a*#m=t zorn
^HP9CJ:otB^fci^A/¥“^llltaft*j»M:, |PS4iav-fe-AO
az^p^iz t v a^&tm
SStlTV'S.
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2 zftC Z & kT-A yn 7 7 4" ^ f - iot, # <

CD 1/-VX7^ ?###? # &<9^ <7)8<7)$iJS^<7)fiEtt^ii1-a: #t=

^$tg£l6]±$-iiS £ t±, 1 #<% < L, J.oO-k;i

?&&. iJTEStifcT'-^vrii/^z AMIL, f (D0

4" - KA? ^1-tLif, ^^^iWnDn® l/--ybf-A £ t § ,

$4#

m s 6 #

SI 5e ffl u c w 1 ~ 5 0 0 0 W

* a @ ft-;l/

Id & % M m 0 . 3 ~ 3 0 ft m

m m + 5 %

#± c w/t^-SE 2 5 0 0 WZ c m2

bf-Axsms 5 5 mm

4.4.3. 1 SECD c w/W - X - X O—$1 
(3 k - 1/ z M±)

m i it #

* / 9 6 4 x 6 4 (^-fol?)

®S(cwOi^) 5 5 n WZ kf ^ -fc ;v 16 0/, WZ c m2

HS(^J«<0i^) 0. 8 n JZbff-k^ 2 . 3 /, J Z cm2

*&&&% 100nm~400/,m

mm# jiist k-A#@, tf-Aft'fX, k-.A 
f, k'-^lA^OSJS^-rSg
•e, 2&5n,

^4. 4. 3. 2 SEO tf - A 7°D 7 ;H|fS^g <9-$J

(7 k° V 3 yft)

1) K?'y f , ^--A%, (1982)

2) l/--y-^#E : V-V'-T? / ny-, HEME*, (1992)

3) ?*%% : &£M, (1987)
4) ±##3 : f E1^ - f St ffii « « 1/ “ f 0f t § t *, *7° h n-f a%,

(1986)
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5) #%^-, 0 puls E, 72(1994)

6) 6-82878

7) 5-20195
8) 3fc-l^>M±#?ny

9) X M V n > tfc % ? n y

(2) :&m - irn%:<Dmm%m%Lm
a. A

t (wi eg
Cf5#f - tK ioT^Og{g$yglt£M&££l&l$CE*1-& £

#3". @4.4.3.11:, z<Di%Mmt. c

SEC, 1994$ !:###%#

NdrYAG l/-f->XfA (3t-l/> ft Infinity 40-100).

X r A t ±400mJ/Pulse <7) a" ;v X ;)£ £ 100Hz J21 "F<9H 9 IS L V- h -eA^f C # & 2).

c<t i)
LT, M##7V

jsu^^iRi^^zv'cmin]#@4. 
4.3.2C4 Mil-B-DgBg-SrSf.

t$ izmhfr C^oTV^^',

offw. @%#%

#60/<9 < WB L£ I) , $ &-E-flC#c "C###%%<D^|S|Xf - >#

ggftt* - kaputLtfiiij^tfcv^. mxif, A#x#?
H* 6 EMC HI 4 . 4 . 3 . 3 <D X 7 & Xft M<D A 9 “ > C SHU L, f<OXf - >##18 t 
h 6 CEM < t . @ 4 . 4 . 3 . 3 <9X? - >l±-f f ^^7 V
A^BB0^SKh

v^#ec t A<m^mm^m#j$K-cv^(D'ef&m#%m<7)^&m@(7)$Ecm^L7t:
itLffi%'&%L(DmMM • in

z9&#X9-#ECM LT##c-M -?&&. A

»&. C:O@g@<0#^CZ

t) l/-$-in:n^<9Bm:B;t SS:Ma:£€14C-Eii£ l/-4f-ft£#s -
r # &.

##s#
1) &M#- : (I9i-#JS, 1990) p.6.
2) Dk-I/>M±tf*ny CI-014/61P0630P.
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3) T. Honda: Opt. Lett., Vol. 18 (1993) 598.

4) M. Tamburrini, M. Bonavita, S. Wabnitz, and E. Santamato: Opt. Lett., Vol. 18 

(1993) 855.
5) A. Petrossian, M. Pinard, A. Maitre, J. -Y. Courtois, and G. Grynberg:

Europhys. Lett., Vol. 18 (1992) 689.

1 4

| □

H4.4.3.1 ZammomaomiEoma. l^yntc&s^, 2^tio
3

04.4.3.2 4%%m'&Cj: &####%<%

At?****, f 6 bd*#
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b. i

1) » i;» c

\z.ZoXM.tiSLWmtbhti, ELv^BiJ^lf x.^vv {1f 4 KM k n? ii'ti,
&#?& ZV') L, EAvZfSO MM
a z ? j: 9 a#s* %fLTV'

a. ££) E t± S#C W W E ( = Deformable minor) i, £ *1 £> <D v 7s f A li-iiSCif^ 

Ss 7s Tkh, ^LT^<DZ 9 7 ^ h >
6@6"C#%T* & h#x ^Zia .

2)

gj£ t T*C1$? ftfV'a J&JR¥gg&M5$;<0ft^W& & 0 tt 04.4.3.4K/7Ltt
£ t) , 7x-X'>-H, ;^?>7a, ^'/7*l/>I«Eilt”|)-S6). 7 jl - X v -

9, S&-M& i>®-e*

a. ;*4 *P7mit, ?&/<%";( 9

KEffifcSFfrfc^lRlKaMas-frS i fc fc io-ciilft^'ll^ts &(0T, A# 

#754#^fL, &zmVtt:$njRtZZk$W&'?$>Z. r/ru^lliiictl^lil 
£E£BI o Eo £tmt:: Lr £ §, M#T*»$-£a&<z>-e, jfcp

V'^UT'J vXrt^&V'£ V'9 Mrt?&a. SE, 7x-^y- M^£t [ LittoMtek 

% (# ), Xin £ ticsft (S ), CILAS ft ( ft ) ] [:i:oT9||#, A^^;l/7l^rt 

[CILASft(ft), FirmTURNft (#)] K i o X 4 EMt#* <£ tf'Mrc $ HX

v^a.
7 7 fil- ? <DW, WSittf>A§ $, k X 7 V '> X , JS2gFtt^E***Jf 6*1*.
3)

7 * h >7n-txS#f(7)45©V--r-JnX (BBr, ##, #@#) K £ v> t J±, u — sf
a c a, 119 t>w-&tz&%i'tz t -At=#

ftt & a fc&fcillXJflB&lRlXS-iira
4-, %%-V>tztb\z^-mik<D V-*f-Jti?'&bKX^Z t L ± 9 . £*i£jE 

L v^##^ Z ro#Mlit Z k, %<DEUftft(±AT-A\zMJt

tat±-r-e&a. <DSg^t=z

aK#3W##A&&f %a%6, 1»
a. 0 4.4.3.5©J:7Cft4llIii:«iIII«©KK7x-X'>-haoM

a. (s#iE
L < ZcTffia)

4)
B ^ B OT £ E B t a £ ti M A, Z: M S #i £ IE m- St SJ t a -.& E # & a .
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('>^ y ?s'p v-?>m) , f ('>7

f##t)
i©S^^3tb*»ttuf*p,*v»ott, iiSW^It ( bv^fvy- y')~y, 7 j V 
v7A7x'/^-Tiftf) f±E®<£>B#cH^f±ft$J-e§

® fcitu-e# ^#aaf #:tam 
%ti), z<D-^t Lxiu.m&'&=Fmttf%z.hti%. m 4.4.3.6 
MEK <£ -ft

li«©7^ y-#f #:f(D-c-e&&^, #E¥®Eo^b i) t:e#A%E^mv'3ft

o«St©fI^iLtigfCv^. LZz^'oT^ oSffttS^RTWET-MIELr^
ZtKtzh.

5) amwmmoimmA
^ (##%»%#)

1(±*wslvv

&&B#inrLBOTWEti?MMaMa#oatb, 

B^W^E^tt-e&t/ME^S^'ttvtt'J: w I^Cio
Tcat&amf

6)

7 ^ - x '> - MlftffE^ltttM^^ICy’J 7;!/ (=#/<& 
siirv^7). z^x-miniT?i-*-3--?§ a 7 ^ - xv-b 
m<QWgE?®E^^ % , £ii£M!M<9BOTMT'®:EL§tL-f

7:t-xv-
bET-Et^IELT&SSI^ti, B#W^E^?M#;^KZ h v^

7 <D^#AT*.K) , $ a-Si^t a<7)X:'
% LdftT6#IE^+^a b Z b K-St^nm¥®E£ffl v^TMIEt ftff 

iv>. $ a-ffio^-SWMfc LT, eHl(fE#<7)B^WgeE'e&&/<^ t;i/7#t 7 = - 
X'>- M4'> V t,
#Ef & hv^, fftfft<9B#W#EE<D#m&#&L&#zm&#;l&ft&.

^ftt-a&^aStitnTEE&E, o t <9 £ftl±KStM<7>

&§Ex.& &OT&C Tirn^mm l/-4f- iml fc * Vs r V'
cz cT#imz##<o#%4%wge& & (o & *»), iiga^x-? ta&.

jtvtm (v r-r-'ss y) aex.a 9, m a w x a >9 -e § a. 
#am^g^^^##?-^m^^ft, E^stirv^81.

MPE#SS*e& 19, Sx^-x-e&a t ? fij rf?>~&s. a^LMMAt LTii, # 

^BaacTmmmmamca v ®#maACTmma&LTL$ 9 -1, mzmy~-r
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( hf x'/Tlz-IISS) (;W^^;p^iSS)

IH4.4.3.4

® y > 7 1/ > M

04.4.3.5 h#]E

v-r-
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9 ^ h (#4^WgE

##&&) tfmifbtiZ. , rf £>/5'MIEM£

ft ti & m ^mie m? tm t n &.

8) StfnJEMtDBg

?ij:¥Kt5Vz>K%Mbg<vWi'£ Lt@gL/;g^A”r/#
m.K$G,-2tiZ>ZtKl'2X!kCZ>) , @um:ll#M@fLd*& & t, SIii^4i:t Llv^, 

m^^iEL<m#$am» t» &. ici^cii,

(#*) <D#z, < o

ti, ^m(±5##z v &&*=&&.
9) Si®

SE£W, f ii

6 &T*6 -)#&(:l/--r-^(7)-i6M^ii)fe^SlJHt^.E#
(±, 6f%i5 j:OfHffl(7)1WMtri5V^TSi*%< S^^SS-e^, t), SML < $m«A,-e

, isj;u'zti*mmtt%k

±# < *&0/,TV' < $><D bMfrtlZ ts.

1) N. Hubin, "ESO VLT adaptive optics program", ADAPTIVE OPTICS TECHNICAL DIGEST(1995)p2.

2) G. Gilmore, "United Kingdom adaptive optics programs", ADAPTIVE OPTICS TECHNICAL DIGEST 

(1995)p5.
3) P. L. Wizinowich, "Keck Observatory adaptive optics program", ADAPTIVE OPTICS TECHNICAL 

DIGEST(199 5)pl 6.

4) R. Rachine, "The Gemini adaptive optics system", ADAPTIVE OPTICS TECHNICAL DIGEST(1995) 

pl9.
5) H. Takami, M. Iye, N. Takato, Y. Hayano, M. Otsubo and K. Nakashima, "Subaru adaptive optics 

program", ADAPTIVE OPTICS TECHNICAL DIGEST(1995)P22.

7^"7°Tf7^#l: Z ##%###" Vol. 60(1994)pl091.
7) D. C. Johnston and B. M. Welsh, "Analysis of multiconjugate adaptive optics", J. Opt. Soc. Am.

A, Vol. Il(1994)p394.

8) G. D. Love, S. R. Restanio, R. A. Carelas, G. C. Loos, R. M. Sharpes and R. V. Morison, "High- 

quality liquid crystal light modulators for adaptive optics", ADAPTIVE OPTICS 

TECHNICAL DIGEST(1995)p223.
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-S:^f6]5-ti:TEEL, Z<D ffi fcjflJftiSEJt £#At & - fc i >9 L/--f

it 7 * *7F£$v\

(3)

F =
k4r

1 -R
(4.4.3.1)

5 04.4.3.7 CK#$h 7 UXOS
m#A$T(0###Ba#[C):%m#kl:#3:1.6ppm, 7 w *71.9X106v» 7 & <n> 

" . %#, 7* **ttj£*200ggT?Jbofcfci&f C<7)#^ 7

6z *) . e w:, mt-e(±

&#&*?&&&%, 7.

iSffl-e§, #-< 6MT6 6. Mx ii'4"t T*<7) 1/

-f-T# l/-4f-#m: Z 6 $IJ#^ < 7-##& ^±0otv^;O T## L T v* iz <D *e
& t V'3 a 2:

i iiiiiij

1-Refelectivity

04.4.3.7 Kgtmt 7 -f

b . ISIf$S7-
^##*#^<7)%#^ nr#^: 7-CZ & ^
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y-<Dwm^^ t > tr- a xxy ^y*°v v a >

(Ion Beam Sputter Deposition, IBSD) ^ V'. K <£ i) X — 7? — XA—X

9i^-iH757>4ty <D@ffiS<DM<DfPlI#i'¥]|gr'& 9 , C <%)#&#?##

tit, mm, #m#<tr-
AS^t-j: o rfEStir § £. — IBSD t'-'fvW

^;i/7o Bestirstzi?,
t^o?t. W' L, ^tu±tz77vy**7, j:

0mimsti, m#Ar(±, ^t>tr-Axxy

^iffiLtV^31 . H 4 . 4 . 3 . 8 K'f * ^ tT-AXXy ^ Ttf'J'y a
4* * 7 t LXl±3£lz7)i'=fy4 * 4 * >$.* ffiM, E*> £1^bf-A £

z um#^%sti, ^-yv H=#ja. *-¥? tri±^m#fi-^x^7 * stir, mm 

_u=amsti&. tit, ss%.&*;!/
4 * yi^;V^“i±1.2keV, 4 * ^SSft250mArj&HMi±5 

0-100A/^#gFT&&. Cltwzz I) 8 #B-24l#Remr30j#@&<Dm*^i& C:
S &. #%^rc#^stirv^ msDr##sti^< 7-%? 850
nmr 99.99984%, 1.06^ m r 99.996% r & Z>. K&M E<Dl£St fc & Quarter Wave 

Type b Non-Quarter Wave Type %> , @#(±20@ ^ & 100@#Er & 3 . W~F If — A SS &
ifiii t)##Sti6mmh#^ Mt>n*-A^A'^ i:

Mjt<*0, »&. 14.4.3.9Kisitm*$>\f%>. ibsdkx<>
rf^m$ti^mmi±em<Das^ii=mm%%t^v'. ttz, h
(±E#60r S 6 2: ^ 9 f!l * t & o r v* &. £ <DE/I0#J# #@x;i/X

musA?,

S V'tD . ^tli±#m<D^%-#(:amt&m& (Surface
Scattering) 2: #E#&%###%;& (bulk Scattering) t: Z & . tiEit® <Dffl S iifcM (<£fc 

SL, ^ 0 ##r S ^,. 14.4.3.

1 0 £M*F, ©Mi 7 4 C R (il-A-T 2: & &. C

^r Ah(±%aam&^#Atf#mrz5o,. T(±mm$r^,6. rngf^it^^s ^

ma, (%#%Em<D) xxv^##(±%#$
#(D#^ri970^ft(D^^>&A^#<D##2:Z<mr^&. XXy?##&

&#< %cr s^(Dr*&.
.Target(4, rotate)

Ion Source 
(Ar+)

Vacuum System

Shutter

Substrate Holder

04.4.3.8 4 *y\£-
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Number of Layers

14.4.3.9

A=1ppm

tranmissivity/absorptivity

04.4.3.1 0 EJR 
7 ^

c.

-g^l/“f“<,,‘7^f^Ol/“f-J ^ 7(9#f ##(9

* %"?$&###:%###;:# a a t:# < <9^ekm
7-1: j: c <9#i& t d±
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l"< fro)t ££ i b ***>&&.
&#& £ I)

l/-'f'-(±7 -f ^^8X10'

IfLTTginmT^^E^If btl/c4) . ttz, % b £ V» ? £t? & , 76^##

*e§ -5 c £<z>f!Ifflf±ft *) »tL*v». n, LTfflv^
£ ») 2^©V“t“^

mi t^jgscn V 9 LX&feft L, tf“ MttI193mHz^#^tiTv^ 5). 9-

-y-t±$

7-f ©t7 -f **100:?®jfe&®3!Kgc5£'fbLfcAt W CD 9-^f-£ Aitf-ftt

-f &*>*>,

t bifiX %2>. ##T# 9
Etc £ -6 5 9 &#B L& < T ti & 6 & V'. f

^ tittup *rmxibz.
L-c#9979<9-<D

#%#&&. 97^

- £ ti & t: Iboiz. <b& t bifix
#f, 2T9 97 9 5 9-tc£ t)S-E"E- F, #-#t- F<D%#

tfnmx&z.

» < &^A(D^#(D9 t,#< (±

#mum$fLT#&. ^ii^Sffeio'f©sas«!i,Mi4Sx1 zv'Cf©
L* d BHfcfc&o fcOTttfcV'tfffc ?

##5: It
1) K. Ueda," Ultra-Stabilized Solid State Lasers and Their Application", Proc. the 6th Int’l Forum on the 

Frontier of Telecommunications Technology (1994) 2-1

2) G. Rempe, R. J. Thompson, H. J. Kimble and R. Lalezari, "Measurement of Ulatralow Losses in an 

Optical Interferometer", Opt. Lett. 17 (1992) 363

3) A. T. Howe and D. D. Phillips, "High-Quality Coatings Earn Their Keep", Photonics Spectra, July, 

(1993)143
4) K. A. James, J. Childs, R. R. Dasari and M. S. Feld, "Microlaser: A Laser with One 

Atom in an Optical Resonator", Phys. Rev. Lett. 73[25] (1994)3375
5) N. Uehara and K. Ueda, "193mHz Beat Linewidth of Frequency-Stabilized Laser- 

Diode-Pumped NdzYAG Ring Lasers, Opt. Lett., 18[7] (1993) 505
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4.4 1513 •

(4)
a. tf — ACDffii

*) Z> Z t % <{5$L, t tz®% M'
h Z. hifQh i ibflTV'S. r tU±, He-Ne 1/--T-0 i ^

±£ L"C$-(D TEMoo-t- KT-ilES-ti:, tf - A <D ®f®tf x M £ Itv^ 

l/-4f-tcov'T(±ELv^ V^x.^,^, Jnxfflo U-if-fD X 9

twf, if-e@, s^^^oif-A0#tt^Eits
##(:(if 64=1@:@&%#T#&V'. 

'E-r-e, SST*(± Siegman ” £ J: 9 IIS S tl£ M 2lE7&?ffi V'*IT V'3 2) . itUlitlff, 

iESiilM<9$IM3MM l(x,y)#sF##m (y,x) ( H *, e y )<D

mt, 6 ti£H9-el

x=Jx/(x,j/)&dy, 8^ =j'6^/(8^,6^^8^8^, (4.4.3.3)

D = 4o, 0 = 4cr0,
(4. 4. 3. 4)

t & & . tf-A^z #±t:#tf#^, z (D{5@-e<7)kf-AOia#D t±
D = D02 +e2\z-z0)2, (4.4.3.5)

t &&. tr-A*x*i*80i#i±,

4X (4. 4. 3. 6)
d0Q = —,

JC

14.4.3.1 i M2jl<h tf—A(DjM
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S4$

DJS-—M1, (4.4. 3.7)
K

D0Q = d0M2B, (4.4.3.8)

6 04.4.3.1114 (a)®#»)
Ml-S < , 9i^hmsv»s^, (b)(4 7x%
(c) mjt 4 C^Lfo*|v>#^4 LX)?. M2 = l^'SS $ £ If - A <7 H'S-T a a . 

(4.4.3.8)
M2 kDq® (4.4.3.9)

4X ’
t%*), i (DM2* & o T if - AWiHBlifc-ffi? £ < £o T § tv»4..

b. tf-A(D$IJS

kT-C C D^M*m£fflV'TV'o tz&mtt 

Lx&mLxfrh, zomitLtzm -m7
x? yt'l/-t‘“ If- A SrlOBr Lfc £ f ^ .7x 7 y

EEStL^Sft^ * -vzmtift&fztb, if -

CCD77 7£flJffiL£S-S-, ML*t'**&#•?& 60HziI^t, #%
* & OTM4S & iClOkHzgJSi T?O^SSO|S •) M Lrtfr?. KM LT-f&$<?)$J^nrE-e

aa. ffc,
tm^c cd

TI4#200nm^<3ll00nrn#m$Tnr#Ta ") ,
* & <D*Qim?tl&, 10nm fr b 22000nm t X <Oj£ V'® 0 X <D fflUSE^ itT |g X a a .

f ^ 7x7 v fc £ 2>-)SfeX\i, EWcM^ 4 5J2 oo-M 7x7 v * HI

teK9A±£JR!)tt»t, ^*i£0!|££-£TL-A £ML, -ecOll#<9 5£Mtt^t> L-A
7 xX h <7)HW, 1, M2<D\&*t\M? a 2. tf 7X7y±i:f-A

7 xx h*f < a J: 7 ciita t,
69-e, Leu%;i/f^ATtf-A<o##M#6fL,

1) A. E. Siegman, New developments in laser resonators, SP3E Vol. 1224, Optical Resonators, 1990.

2) M. W. Sasnett, T. F. Johnston, Jr., Beam characterization and measurement of propagation 

attributes, SPIE

Vol. 1414, Laser Beam Diagnostics, 1991,21-32.
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4.4 es• mmmmi

4.4.4 SSrH-SU • mm&m

seem#, mmz^^xzt&tz.
ai/n-rMiti, 198Wtc IBM "CRISES ft ft,

& b h ( stm) &#
CAl:, ( afm) ,
h % ft #EHi" & ( Scanning Near field Optical Microscope ) ft £*, #&/J\

•fu-'ftD
## 1C Z I) , 2 fL 6 60 # (Friction Force Microscpoe), M'$(M (Magnetic

Force Microscope), StE^IE"?" failtl iESfcH (Non Contact AFM), ( S P M) ,

mjRXb#7o-7M##, Btitftlfeft < , JSS^

##$ft h'##%ft#m nmt- f-TOKM# t ftcT&TV\&. A F

M<D7n-7’tfm®-frt>gitZ>2ii±, 7 7 yf MMft

m#i:(±^(oz a ftismswgftft-cv';*, ■>.

F(J) = E* 4m* - ~wE*(Mf 4,

lv—"tf— hf—A

1114. 4.4.1 LM-AFMO# 77-1//<-(%##

$ft & * Cft##ft#mf FARM (LM-AFM)

& 2). 04.4.4.7 f- W*-tf&Sb L T V'£ f$M® iz
mkLii tt& tz, mifrb<Djjtz£ i), mfdf&f & tac, #^^<om#^<7)ft

6, h 7f- W* — CO#® I) 69fe Cfttfs4.-f & . # > ■f- lz/s'- (0 w@ t±B® £ ft o T jo 9 , 
KltS ftft l/--tf- bf-A(7)^-|nH±ffilf a: Ciuc J: D 2 . Cft& 4 ^#1
•b7-9--ft ^-eiJSL, @lf0#^^#®##ft, ftCft(0#^^^#li ft^)06.
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2%7L<7) %m, If0F
FMbJfcftLT, < v\ k'<D#A
^*a.

wwvmieKa*%ro %mm%.xmnLx, #%
KZ o-C^ ( Ultra sonic Force
Microscope )

t&K i±, @#%##?T5&a=3-e,
i), %

c? y-'f-XA'a 1 OT, ##

Kessler b Ci o tlfc3’ . £ fl £ £ b Ktt #> X,

A$-e3 a h#T# 4 . 4.4.2(=#$tia j: -9 K, RU'D l'-*f-<Dm$L$kZ%.
mLX=F&m*M&-f2> x, M3¥« izmMt a a/u ? $ «
#f a C a

$4#

lv—if—ft

14.4.4.2 M&T&mK <£ £ A;b*?£<7)f&£

7 f b 7 S Ca.& h ^M«£§, ds J: •£
7 -b 7 bft£fUffl LT nm

#^[f±^cTEx.^z9t:, moTmm&?#&v'ft?*&df,
t WitffL $ tL{5M h & o TEiJT- § a Z 3 t: & a. #gmT^)

a 7 -b 7 b ft?)#£t aff£ i± Mb: ft §

&a C t £ivcv>a5). L 7b if o TMWTOftS $ <£>«/h & 7 n - ro Ji ffl K 14, 

ffwcf&cTm/h&Jc/t*y-t> bcsgJiT^mrtvmm#w#t%&. m^mx 

*ac: , #/j\#mr(7)^ft^#(= za^#(D#m0or#

#^:*a. 7 * b 7 S TM-eii#(C7°n-7,(7)S^<7)B#^ft§ v^T-eo^EiiSE^ 
%#T*a. ##(±^7 7m#^An#L#mLT##LT^ fty^MT- f4 7 y @?£fflV'ft

— 166 —



4.4 mm■ mm'&ms

v i- y £ Z>nm6) t htix^z. 7* h > STM0JDfflt Ltli, 
##©:+#],, %3-Vt S?©M, i?Ky M/fiJjE,
®%%^?'©F#, 6#^?©m%#&, MB%m&©a#8me, ^#mEm©*®y 

>m©#m, m709x*y-t >-9--x. ^tia n.
i-cn, ®Li&frb:?m\tfm^bKx$x&u, tsy7i> 

'y & & h* £ J: i), 14 nm *-y'-SkTtottBt&MJ&'Z tiX
v's. %&v'Rgi), m^?-f-m?©mm(4am
T'&a. -#, f£ffl'>7 b&%t*XlZT&ffi<D&m£9fMtZZ£lzJ:vX7i$m%'(k£m
jSLTV'Ji*; f+#ig£f4 2 *afc*. &a@a©)S#©&a@©#

(4+b#%(:##t:#%T# a#, V y ^y 7 < ?SB-efES£ tva 
tcgS+kf a#^K(4, 2 n- $r@x.a
®£iJ%ta#&£ LX, 2 #g?#:+, #^#g|#?#:+ 8>, 86%?##" & Cd*

& a.

#m#3im?##KZ3B^#&TI±, %®©#&©Jt5lfc:.J: a?#ffi©£ft£ f> t K 
StW!%ta0 ? © £ &, * n >J v?*y 7 ^ -* ft 4 JSiOl>5
Snx®?> m^^m-e&ao %z® b Lrt4:Mnm© v-?
- f ^ OPO l'-*f-tfM^bti&. ^mmfrb!®jfc<D$)Z&£X<D®.MZ cU
%iHi<9M£ A 0 t Ltz t § , m#J $#&?##<%m= 2 <// A oV&$tL&
&©t?a, A / d rem+kfaj#^. ^#m+k?a

m-1=2 di{Xo+Tdx 1 d t) t%2>0 t£oT, ?#S© 
(i fcl4f©I)(8 /= 1 / T) i, JE*dfco|J8#{±^^Tf#x.f)ti

a o
1 V 

a r’
(4.4.4.2)

2#g?#it©fl:*M1/'yyt±,mm#gi?#:+©#?#^mm^»a©T, :©2o 
©^^(4#^%-e^a.

86%?#th4, #g(B©*§ *%$®*fflv*jfc&£-, utmmtf o (Dtmzximy^v
f'f <9hev>?#i&m# bti&ifi, a #T <
afc*trytry?m«?ta. LT#mecx.a%mm ^
#i#sm:&a) z a tv^t©T*a. 86%?#:+-e#m&tm±$#
a*»Kfi[ffi'>7 b zwalxv tt&t, wt<r>itmy 7
ngsik$#T^a^, @#mt%%m©0#t:i4#^^#e^*a%©, 86%?#:+-e 
(47? n v?7 ? &M'>7 b^Sfc *a. £+U4S%S?h v> < oj&»©#g;K£j&* 
6b#, c M:4 c-cmm-e# a'". 04.4.4.3© w-ea,
%£K7 ? D7f^? -CI4*V'**, j3V'T##m#(4#;t: 5 ftgftT?*a.

l, %mm^io%m±^+k?a. (b)©E@Ti4##mmo.3mmT, %%&^+ko.6 
% J£JL“FT? (4 #5SA K7^D?f^ y ? T? * a .
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#4$ mm&Bwa

P Q H Q P

HQ QH HQ QH

P1 CP1 CP2A CP2B CPS P2

(a) (b)

04.4.4.3
P: Polarizer, Q: Quarter Wave Plate, H: Half Wave Plate, 

CP: Circular Polarizer

&. -E- LT, 1/2$M£ mUt & - t fc i: -o t LX, & 9 -%l/4
tt. z<db#, 1/2 e ttz t,

ftSl±2 0 fb*. l/2tItl±IBBH*^^IM^SftUv^t, iSjST'^OnriiS

1) N. A. Burnham, R. J. Colton, and H. M. Pollock, Nanotechnology, 64 (1993)

2) m*. 34[6Ki995),

472-480.
3) L. W. Kessler, J. Acoust. Soc. Am., 55, 1974, 909.

4) K. Yamanaka, Y. Nagata and T. Koda, Appl. Phys. Lett., 58, 1991, 15.

5) W. Jhe, Proc. Conf. Lasers and Electro-Optics/Pacific Rim, Makuhari 1995 145.

6) T. Pangaribuan, K. Yamada, S. Jiang, H. Ohsawa and M. Ohtsu, Jpn. J. Appl.

Phys., 31, (1992), L1302.

7) ±i$, 65[1] (1996), 2-12.
8) M. Suematsu and M. Takeda, Wavelength-shift interferometry for distance

measurement using the Fourier transform technique for fringe analysis,

Appl. Opt., 30 (1991) 4046-4055.

9) P. Hariharan and M. Roy, White-light phase-stepping interferomehy for

surface profiling, J. Moder. Opt., 41 [11](1994), 2197-2201.

10) P. Hariharan and P. E. Ciddor, An achromatic phase-shifter operating on the 

geometric phase, Opt. Comm., 100 (1994) 13-17.
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4.4 <m• wmumms

txm^fz^, zz.x\t, #%
LT%i) ±tfgi^rA, i%af&7 ^ h

Bo-c,

#, %#m, *yv m#T*(±,
& &.

f77^^a. ®m^-b'y9-tctiv^TE^/A<1fbnrti 'o,
h, (?##, 3loE?) M) OilSv^ fc^'E^ftS r

2: X, Ztib bz&m-f &U* .

7 7 J ^{x'MXtt, nrm, %&##%? #, 5 Xio6 W-mm-2(7)Jt^Wi^V'X
HCgISWM ( CO 2 l/--f-6 Xli, if 77 

7 7 -f X, Ihb® 7 7 -fxt & m-^^V'X^;l/^-^JgHig-x.^ & <9^,
V'&Wf & < , $fc, ^ J t V7 'J €-y 3

tv'o#

%7 7 'i ;mm\z^x\i, i]-f')yy (77^^olAU!)SL) (0M@, %#
m - *t>i; y yxt±m'gr!&&<D
/hM^E^StvS^, ^x #.;!/f-gm t:mm t & & t (D t=%#f 3 #E#& &. -Jf, 

7-x?)im#An%4=%x7^x^^f

MLEilT»t±, 56^95 pnp (lXX, tf-AXy V v 7 ^ y K 7 , K#t&

kchl-c,

n-T-f yy&rn, $ $ <o
tc, /MHfc, S^S^a: LTCDEiyf
Mg|5pBpOl^^MS *t&.

ma&7^- h>n-^ij^ij^itcjbxt^»if-Ap°pW<7)ftii]-Tr&. muxv-,
y, h-aja^i^, i/--f tf-A@m»f 

sm, urn%##?)##t= t±, xvytyi-tmv^^-Ax^-y#^^E^$
mmxmm <dx% z^yw & %>.

kr-Aa^^^<b^mi#f & t=i±, tfiMmA^it^^rA^
fflvMbtv^,. yxxA(D#e^-h^t:
<bT, #(:]%x?.;i/4r-<7)^(:c^T,

-#, ##yx7A-e(±. # %## (9 :f mu $u# ^mm-c * &. ##?#,
## ({&#*%? #:t^^)

ti&. ttz, <%mn%mx>mmfc&\,'xi£, £v»Nt5?n

4.4.5 Sttb
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Kits, ms <9 £ e mp a s m t i±,
tztz l, mms (%a) -et±, %#^a#T, 

- a tzg t> h m tz &£ ti &.

@F%ms£, #g, t#>w.t t, #*r;±, ## -

? 6ZCF, ESOTS& fc^MES,

-#, m@, mm-mmnmmikztitzmfcir&;

±t:#L^Z7t=, #<<7)#%,

##?#&&v'?a?,
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4.5

4.5.1 ttUftC
iz-^f-ESf ^ fit, #L <%#Lcc*

& f fLK^x.9 &#&. 2tl^, ISI§f©f“VtifcS.
glloo^^l-f-g®, (L D) &

mimAmo
#• < o;fr* £#im lxi> b o ?t. ttztf^x, a#,

#&<0®&d*#;bAT#V'mft%:aTW:, meo^^^M@Tli»w. ^Xr(±, g^^t,

a#%t=i <&oTV'a. Ltztf^x, $#%ee# 

O0 2*t ot±, $rLHite£&£fbto-ef±&< , ZtiZMtirl, a -
^ t: & a . tr L a, i± 6^S ^ tc|6]^o TiiA-ev^ liol !)Eil
TV'6V'C 6 KM@^*aoT*a. #-lt& BUm, mef <9&<0&#BH=##L, g 6

a 2 2: L"CV'&. L^L, #LV'
m%<D*T"; 7°£, #AC##gU-T*&8 Z 9 tffUf, -ftLtc (±, g b L

& < T(±v^t&V'. <2rmh a^6 2f,
m&mf a. B^T, 1 9 t V'o ^ tL^e>(7)9f%t±
%# L6v\ %Z.liZ\±mfi<DU'J y ? i£‘$L^Xlb% . mV'O < ^AO#%TI±, #%OQ 
V 7 * £g bWmikt2>‘Z'^te%fr-otztf, Ztifrb<Dffifili, “'ffeAfcttjlx.&rt'ofc 

g#%t<9#im@T#F# L ",-g-2^6#%&&t,±tf a fcOtS:<tliS:?>4 
v>.

$ & csa^efia-t# & o#, # -HL-tgogs-scs-tia 1 9 sr-f
t>ife*v^ v^9 2 ttz. $z$,Lfz&y%xM<DM*!kfriiit7 j mt, 

%7cJfc<D&MXl&, #&a#0#^, EAAb-tiroSfc lfrMMX§ &V'2 tfr'0-iK L
fr L, W-Mfct bbfL-f\z, f(©$Ififfllt, MHacii, ^'V^otibot

AO#m, ^gJttSrS&T, ^BIET»EiE1-aa . W^oMti,

a#%&f#&L&V'. #%e##o#c-(#^|q]t (±, “j&fc-fctf*

a 6 a (f, £ 9 v^^ipj/f” , tv^rit^a. gmc^EL, %<nRt>
*) K, %Lfz%t£ % 2 9 *?%><Dtz, £v^ipv'M£#o>t:e£:#£M$fta USA,
-ev^a. 2fu±, /K^jgo^A@GAo##o##-e*a A: L,

HiSih.fcifcS:, LTe#LTi5< .

a i a a, %%o 5##L ome
Xhh 9 if, 2 1 #

i) #SB#&6#a i 9 IZ&& z t-t>mntz?> 9. l, 

2019 &M#, S£, @#i/-4f-^#%#i/-4f-t:gst)a 2:v'c^g5ikT(±& < ,

4. 5
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tztz. if, Z I) Z < 3 k - I%y

h±2: b^-otz3fc%2>'<Ztzb%z.2>.

Z<D£v Sjgpre, L &V'p°p

& o £ 1/ - V'- jfctr1±W'-e # 6 0^, 2: V^o Zc#5^to l/--y-j)Dl(7)^:^69^S<y

#mai8t1C, L
<, “u-*f-%:<D&n, -e? v>

9m#TI±, <t t)SE&M(±, «,
* 9 , Z<Dtz#)Kt±, < -CI±& (,&
w. :©i, <, m?-,
fcSfiT, ^ k(7)-e& &,

4^# 1 0 $<0
l/-4-*-&S<7>Ml±, #1= 1/--y-##<7)$#m±l= -e
$)2> b, 9 B#& &gr & &.

jbnxffli'-*F-<Dm%^t±, i o#&#

o, < -ci±, m*#

&Witre& <, i/-•?'-inxoSffl53-E-eti, f o

i ? * V-*f~-#%&?&lu K, Ztih&teofcjfcffl5H?&ilffiL-CV'S!&g3&f**. -E-

*. ^hx.if, m#(D9 5̂ 0 0w«-ei±,
-§•£ -c & -amo tf-a. —n, 3 kwcD i/--r-<okf-A„npg(±
B< , 77'fA-egUi4?)4v»1 5 0 *1z\t
; SLS^-C, **t& * 6 a yX-^^-f & Zbifi K 'f 7 4
irettfrfctiTV'*. i® ± ■? &gt*ii, s&M*#ft»£4x.i±L*v';0*> i/--if-in

L, f ##{&#&-5-x.&. #l#t:, & 01= L Z ^

j3.fflt&ffl*m%, a»x.*w-®tb*<fii*e>*v'. -eot^ict, $&&%#w±o, 

&*©*«*&## 3*l fc:fr|S|tt, #l:#$0 fc oT#SS*#IrH4£4x.

b, :©J Ifijli, #(: , l^-T-M-eo & <D<D%mHfa b , %
£ iz * - X- 9 y 7° L T V'S ^ Ib T? 2b * .

S4S
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4.5

4. 5. 2
1^ — if — (i, :#, M, nTf##(3

fc- l/'yx ), #B[6]f4,
lotV'J. %<Dtzib, mm (1960#) ##, b n^XX, g#, ik#, #
#, /Wt,
##f&4r-T?/ ny-t

$4.5.2.lti, 3i% Is - *f - <DI$Wl tmMfrW-e $> 'O , IfCo^tli, &###, £
m##, ihim, @# m^B#Rmm#c±!8UT#&. mmd,

-##%#%#(±, -<£>20^1)©FI1:^I4II
LT£ 9, -e r -e t±, ###!/-#- (Laser Diode: LD)

TV'&. -#, 7 * b #L
a-t^Monm-gpoM (mmjjw-tzmv,

-XH: &#=b , ■€■ o fU ffi M MS M t LXfifrKfeM-f&K MoTV'&

V'.

7b 6bp*,, 7 ^ b

%#j (mm#jS%^7>y#m)uxj;0f(2 - 3 %
mm, m#^, ^sem, ###### r##m#j
h n®7 * b 7 ax b j w, mm&ffit l x\t^mb ^ m a & t % ■? x ^ x t,
Rtf 7 t b t (O-e* t)', -eti£fU

&£(£, r^#$ A##J I/-#-MJ:#
c, iwir%aik&-1, bp*,, mEMc^ti^, rs

^#^<3 b 7 7 vX X - -IC^J lzDCMtZ7’l'-?X)ls-£gmt&X t^yfpr^xsb 

Z. fc^tZ&lf&n&D LD t LDBBl/-#-KS<7)M, v%

£ i •), r <v&ffi¥%r£mmx% tv^. #(:, LD#^@#l/-#-e#

'btt&m*busk*#, /hm, #%E##, ####

-#^#X)|p]±, t a 11:, foil Ut, 7 * b 7 3 X b MS£t± %%hh
hnz-b, 1/-#-#% (&4.S.2.2)## LV'B&ik#?#*:* , 7tb^i^^

(m±)(c©£-5 >—y-w#M6##r# & i ^ t=*c
-c § fc.

#p$-et±, z<D£v %mvt*WmfcLx, liK*$itLt0b“f-g«io

^[tp £ #“ (All solid-state lasers) MJ h L T SSMk L,

( y-#-## ), T/WX^# (^mn LD#), IfflCyX

t AM (LDS^@#1/-#-, i?f[;b“f“^)(:ovx-,

SfiS«K J: 3&;R3llMfcov>-c#&Lfc.
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ST4$ fflsm&wm

E4.5.2.1 ±&ix—

1%—if— 
(%#%#)

m ■ « Jfc $J

C02
(10.6 pm)

a$$, A-J1.7./CW,
S*t, ££

inx, it®, ES,
CVD

Nd:YAG 
(1.064 pm)

SStf-A,
/W/lzX/CW, 77l'/<-)l®

inx, tt®, es, ##m,
@#»^#ix—!f-#E

*mw
(0.6-1.6 pm)

/]#, cw 3feM, CD,
VD, ZV>£-, sHffl

Ti:sapphire 
(0.7 -1 pm)

MW$, /NVizXZew, 
agS,

e*, Pfetb^, tbiu, ##rn,

JU t'- 
(694 nm)

a**, AMU*, Rfft ES, ft®

Cu
(511,578 nm)

rtis, amvmuam*,

Ar+
(488,515 nm)

wmcw, /jxgy, ZV>£-, %4r-v*-, ES, 
ft®, fZaZix-,

He-Ne 
(633 nm)

/J#, /Jxm*, a££ tt)HJ, ZU>5-, 
*»<p, ES

He-Cd*
(442,534,636 nm)

HJI6, 86, cw, *7-ZU>d?, *P777<- 
tt®, 7'U-T<>7'ftl!l

6#
' (0.32 -1 pm)

/wizx/cw, a%$,
EE AVI'* ES

I^V7
(193-351 nm)

EM, a$S, a/^i/%m*, 
aiESU, a^aim*

minx, ES, tt/iJ,
tmm

f2
(157 nm)

a/^xm*,
JU4r ~

minx, i#-S#7°n-tzx

I4.5.2.2 U--*f-<7)£&!tS"[4£/\’:7y -2

m*## (J), ¥i$im*(W), 5feaim*(W), 51JS(W/cm2),
%$(%), ##, m*^#

mmm /\Nuxji(sec), /wizx>m, #mW#IM(Hz), CW,
'S"J $ —

hyu
##

##M(nm), T^-7 hyupl(nm), >M5S^-|4, E^E- K,

b'-AtSte 3b-l/>X, (rad), tf-AUZZ, K, #^c##,
sm mrs]#, sfissjtaw
^($#, «, lx—If-ftg), m BE1MX, M
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4.5 §&&##

4.5.3 u-if-• vtmmttm 
(1) mw\s--v-mi

a.

Nd 3+-MsinO# < <7)S§bbe (^4. 5.3.1) cv^. E6(±%ffl± YAG^'E-O

at##
Nd 3 + <fc 1? Yb 3 + ^LDMffl <D%% J * y t LT&B

pT^MbB8 (S4.5.3.2) 21 Xlt,

'''■b® ZtlXZtz. Cr3+:LiSrAlF6 Xltfrtl
/6?^r I) ^ < $ tl&B $ tl-CV'S. a LD<7)###mm(D%^K#V\ LD

b. ##*######

i/--if-!§BBB<9-£-/r&t±, L, ^ a * 7 ;v x

CZ T' t±, NdrYAG "C Br @ O g # >6*5 d' X^3) t "CM L T V> & . L /5' L i K b tD&J&Jfm <D

1) ##<97 X n ^ tt ( n 7 h #(f

2)

%%4 * >07FMJ-'&t±, Nd:YAG 4x7) Nd ^ Ti:Al 2 0 3*<D Ti & t* <D X 7 iZ, 

t i< f %& &.
£tz3 7^nmj:v%fcmifxmxzti2>‘&^tf& v, %<n>tz£> 114.5.3.1 9 *
mxxmwt btl&. Z<DZt (±Sffi<7> YAGTSd" xf-Brffi£gBi±M-e§ &t (:»

3. m^immmM<Dmj±^m^u&mm^-k^ cigg-rs.
ffiL'j'lr&t LX , 7 7 -f®4.5. 

3.2{±^m**^ u-if-timK* i) 31 §±&f f>tL7t^BHB° m@r@ia?&a. #7x774

^^lt[±, LD#^a ^ & o T

c.

n y K X 7 7S & t?#§ M t±, ££ 7 x 7°BE£ gitMtirtiT § t^S^T*

*&. L&L LD#m-c##;8 7 7 -e*
5 9 L, 3 >xx memft<o-#ik&##efL&#3gd*a&. a

*sZT&iktf&m-e&z. mmfrmx'te, KitshE&^tM^n-s

1 1 wmtf-fet %xM.mm\z'K*) % 7.
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rorizmsemm

4. 5. 3.1 NdlMH1

B<5SS
(W/cmK)

1m&m
(lim)

Hdmm
(xlO^crrr3)

mmmammm
(X10'19cm2) (^s)

y3ai5012 0.13 1.064 1.4 6.5 230
yaio3 0.11 1.064 5.7 0.89 175
LiYF4 0.06 1.047 2at% 1.8 500
LaF3 0.05 1.064 10at% 0.2 735
yvo4 0.05 1.064 1.1 at% 20 92

GdV04 1.063 0.15 6 87
Ca3(NbGa)2.x

Ga3Oi2
1.059 2.50% 0.65 161

La202S 1.075 1.13wt% 21 95
Ca5(P04)3F 0.023 1.065 0.1 at% 5 256
Sr5(V04)3F 0.015 1.065 6 5 209
NdP5Q14 1.051 39 1.13 115

4. 5. 3. 2
K W.W.

(nm) (nrn) (|is)
Ti3+ ai2o3 400-600 680-1100 3.15

BeAI204 400-650 750-950 5
Cr4* Mg2Si04 800-1150 1130-1367 2.2

800-1150 1360-1530 3.4
CP+ BeAI204 500-700. 350-475 744-788 262

LiSrAIF6 380-520. 550-750 780-1010 67
Co2+ MgF2 1100-1600 1800-2450 40
Ni2+ MgF2 1600-1800 10msec
Ce3+ LiSrAIF6 250-280 (280-320) 30nsec
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4.5

2&7c<o#m, i
tti 3 > h n

?&&. v-tf-ttmv&m*$Lfrttz&\z&,

XZ, t fc3&7C3£jR3 > h n-;i/^nrtg*-t 04.5.3.3" (±#$ib tc
U, LPE'jg-e^jSSiLfc 04.5.3.4" (±, M & fc i & Mft-b 9

< f X YAGV>06%&t.
jMmmit lx a,

2) Rftk&Mfry tmUbr&mtk,
3) ■

8#fk?)####&%
tl&.

SMlPWMSti, fcS&S&ifttfJ/J'S'ffcfc##-**

& fL-C # 7h, ^ t &^pT#T(±» < , ###<%

LT(±/\/r y v y & .

t V'. itwti£$3*7 V
trtfrir (^m^bbb) frbvtox (wm/mm) lux^z. z

fiX v*& ? * y K It £ ^ n * * &£ m <x> @ bhh * -CO SI & 69 K t £ ^ § @2 ffc Vi ft & if i ff %X *

1) $lx.M“ LDSEffl Nd 1/--T-^bbb” O plus E,No. 157(1992)94

2) Mxif wsstts, imw*5B: ,i/--y-w%,
Vol.23, No. 10(1995)814-821

3) iw#m5&,#a#m#: "YAG 
Vol.21, No. 8(1993)3

4) R. S. Feigelson:"Pulling Optical Fibers", J. Cryst. Growth 79(1986)669- 680

5) ##,±E,M,m,T/hm,mm: “Yb.NdA^m YAG@6&*#mmmix--y-^^

W , ##%#, LQ95-33(1995-06) 103-108
6) A. Ikesue and I. FurumotorJ. Am. Ceram. Soc., 78(l)(1995)225-228
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W2SH3 HSI

I ff'-' -t/' X) ( t)

D ■»( n-»

(as-grown) (fi&M)
tti

#
LJ

04.5.3.1 c z WfiK^^©^inxx©

04.5.3.2 I/—if—h^^S-eWj^^tlyfeYAG
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4.5

(b) Schematic sketch

04.5.3.3
L P E'??•>■?W;(D&mz £ D
msnfcsw51-
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;4$ masmstm

a.
1960#ftK#<<o*©jg&K 

ov>f $*l,
TAC^@#$(7)^fk, £fc, £<7>t£B&
& JB ^ & ft & & £ JS ffl L fc ® & tf *nr 574 - & £ $fc ffi 69 & BF ft j&* £ <Z> R# SB fc & 3 *l fc.

jk#mat=NmL^m#i±, ^ t & < ^tm^fitz
j-vicfc o T Wc.

m.5.3.3K v* < o&#±&|#H3B##kf #W;&8=& 2 t 
ftv* < &S V'
r- t4 & V'. £fc, jS^T 6 , M <9 B £> £, ijg: T C> £ # E £ £

fLTV^##(± # h A iftevv C Z &?## £ tt & L i NbOi(LN)

^ L i T a 0 3 ( L T) JitFCsL i B eO .0 ( C L B 0 )INIS 

*&hbb<®>^< liTS S *oTV^. *45, INI
s##t L-c(±^<Q#K^»!)#< 
i z.x\t'4i'X%>2>.

L N#L T|g&ttjfc/i&TM4**o tzifi, SAW m^omWLt. LXM^bfitz^ t b h 
*), ztibvmikfcmLx(±^bbb• mm* t'xmm^mx<D^<
%A^anx.<3^, §rv^. f©m®j»fsL, §e>ctt®«)tf*-fT

tK, #KLNm^(±-E-(Dm^-^#%m(Eo#m)^±&*c 
t4 9 C&ot. SAW#

J&g£CH LT 14 lifcg**® *;•*-*$ £®J£ L-CV'* t%z.bfi2>2).
LfrL, ®);U£S H GO-#'M (Q PM) # £ L Nif^i v> £> ft

**§£-£.1.^*1* 4 9 £, 4 9@%g0W#*'f###CIBLT(4, T
#, BlfcE^14<7)[6)±^^Eh 5tv^3). ftSfctt, jJS&ftfikfc: f>«t£ ^ Lv^t $ 

fix^7’iti* (;-*-#(:, 6&W4®
TV'&) ,

zm&t&Ttmt tem%a<Dm%z>7tm*mnir2> -114 0, i5iiiT©M, **
W(4800nrnm±(Dg&mmT*fU4#%r # & " , 76##

^t=i4,
ft t ■£ fix l'2,. tznz LNISei^
fiw-ct?!, Jtmiktbh W±#i£IS#s££: BX&&t, %# 6 (4 (3 0

lEmsaaam^&waBmT&aTssG&TK,
mtfX©^Batfit^©i: 1 ~ 3SB
#L-C(±iiSl 0 "5SSnTO@$T^Ei675sE^$iL, ^04 9 *^%#(4, WW^is

(2)
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4.5

#4. 5. 3. 3

r&ib#

L i Nb03 LN cz CT I, H#&JR

L i Ta 03 LT cz
KT i 0P04 KT P y y v y y CT I

KT i OAs 04 KT A 0

KNbOg KN 775/77 Casix, Sandotz

KxNb1-x03 KLN 7yy*x, n PD 0WT-

j3 “B a B 2 04 BBO 77777 NEC, CT IB

LiB3Os LBO 77>777 Casix, 0 ^:A#B

C s L i B6O10 CLBO Bsck, Airtron

C s B 3 O 5 CBO CZ

S rx B a 1 — xNb2Oe S BN cz dcix 0

B a T i 03 77777 mamm
B i 12S i O20 BSO cz 0^#f

B i !2G e 02o B GO cz
B a2NaNb5015 BNN cz

KNb x T a 1—x03 KTN 77777
B i 12 T i O i o BTO 77777
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>4S mzrmwi

V'T~0.5'Cjgj£JBlT 0.1
~0.3"C/ B#&?)#f &$T#4 JcSiKSrTtfTV' < £ £#&%-?$>&. MKEf & 
s#WKffioT£©i@]£*ei&K*fW®i1** - 11±^4 9 MT&s. 1-*fc*>,

s&9em:B#-5-LT<&±t=,
QT#^(±$ $>

mt, COZ -9 &&#li%jt$fLTV'»V' L, yUV->3>^=ff 7 CR
L-ct, m%##»r#&mM&A%r-fd*/Fj&L-cj39, njg^Mv^tt 
TV'S. £$)£*#< ttSF&i&OJg*: ^ 7>r *7-T'M • Iif§ra&‘btlTV'SOy^
m#T$ 1 , X#65#^t:(±» 9#TV'»V'.

77vn^fflv'swsTtt, m^^mmmcm&$^TV' <

t=»s.
&&&#?)mm#i@na<oB9@-?, so^ < t±a^»
V'9%#%»@TOMMt TT < S. ^tU^LT, Si£i:SSoHr.Si*f«* ibtiTV'S 
#7), XS65 & &M h a 5 B£t5' -h t±*5eT & S . a X#65BA
frb<D£Ms<Djzm'i\:%t*t & i$Lti3 15, A@#v-M#mWimbiL'Oc&&4\ ?5' 
* 9#^65*#%$tLS^#B@At »cTV'S.

fIi:gLtlii«}i!5M:, iiliLN^LT, B a T i 0 sfgJI t Wo 
bbhT(±, $#@#4&a##75*#3Et $%,&. $ £, B a T i O3&if© i ? KMMt5' 
?)lfiJT*©FltV' < -O >5' <£> M4fc £ B CL "tlS bbb & & 9 , a fL^^^T(±W^#(D!r#K 
#BU#EaW#'gk $fL& " . ^E65^P^^tt
T-V'Sffltt^* < , #^#&65&#&T t 1 *x.f#mLTV'S^36, £0@T&XS65

&7k#K li 4 V'.
sHG#-#8= &LT, wm-r-irftm*Kmt&m, v'fcf^QPMWififi 

B £ iiTV'S . #S#"/t3 -bx^'jgffltBSS OT'SS^^lSjV'T V'S L, /J'#ib^ &M 
^

%^m«6^fLTV'S. L;5'L,
E±£;19&tr£ h(±, BLV'h StLTV'S. 1 K^-fu Jz b <D

ifflV'mH-Hiti. £W 9 ffi L, #

^bbb M^^bbbM t: j: O TSnXt£ t5** § < #&& C td*#& < , 56^65 £ ti&SJtT
<0# 9 # afoSaX^'BBT^, 9 , IF«ACJ: SAyr^&fi^qffrtiTis
9 , C:titX#65»#A75'<3<DR@A^»cTV'S. $ tz, IHitlfL i B.Os (LBO) 
^^T(±#^[o]^Z cT###$^)#-#^#%S 9 , £ ? s o fcig&fc

jtTV'^v'.
S^^TTtSm^tvTV'S /9-B a B 2O4 (BBO) L B 0 * (DffiMt £ &

, Ztib%igk<DtyW • ##%X(±#$<7)7K&mv'A:AnX%#T(±
#BT # ^ v'. at, ztibffiMiff&WiKUfr&ttitz t § , ^oTOofcftcHRo
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4.5

M&MA & & ## & ftoti/'j,
v^frtub<7)SDXES(±, &<D(Dr$mfciNz-xm'fetmm&<D

&?i)XM?k?$£ te 12

■kititj<Di'-*f-*Ai3 l, z ?

i/-f-#WB9at:&&. ;±#^^, *wm%a

a^-e,

&&. LX ltffiMs1)HX<D, ##K# & .

7*H77m7'M£M
a-wr & b'CiM^BE StiTis 9 L, S
^B#Fb1^7^7^A, h'f ##(±$ 7*FV77^f-f7*^^(±
%#i# 2: |g| < m#T, tiiMi};^^^, &&

vm±7H7°?-P^;p^ WiiffiS^KIfcjgS ft, £ ©ttUT^ietfcLT
v y v 7$tiz>z tizx t), fu, E 0##CZ

m&r&a. #o-c, m^%7tHj77^7*#e^mj#f(±,
t''f-^7Ct7°^-${a:0f&@^^(7)$IJ#, b y "J #V7##^<7)M# &
2##c#<2(oz9&#%#, %mt
7 7 > 7Xtei&%LKftt>tiX V'.?,^. 10) , < %$ jlTV'»V'.

b . MM&M

m±KE^Z 7 C, W±& t i. 0Mit^i«MBaat
<, @M%-r-i=#r77'f-ms#&

@d'K, Z 9 & ^

t ttbZt, &T<D 6 ^S K&&.

1 ) ^^7^bV777T<7'##(7)^##eiJ#

E t (DT* f), #*##&&
vb ? y

t tz,- 7 * by 79^7'f %, ^coms* ^ v 7«i^
maiTC^t: z b 9 y

J§ & 'J& H X c£> & .

2) mnsrnB#
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#4$ 8ffiHHtSS

miiflsoma&r#a3

KSEWJ&L, f C: 9 #0 B*-e

3) j@m#(DA±
zmx^j&ztiz L Nm^KMLTf <3,

#&v'. < (±777n^s wct s s G&

cioTJD, ihkj&mkltw&*£

*±±#±#&%#,

%%>. < 'M*b%> \^&ni}/-vrjn%)\zt£Z, -e

$tz, #<

&tf*Hkky<al,-S'=,>&&;&:# &E@t & &. Zb\z, T S S G i£ *ifij£

(07^—fk0#m^E-e*0, eo 1 %<02m%o* t & &.

##iMue####:&#<0 5&v't ^)^# <, Z-vtabit

&&#&&&;:w*Bm-e

^ cD7t»^^oj)nx-S"ei±MST-§ ^ <, $ tz

5) ®[/-1f-*iS14<7)|6]±
v--r-E^<7)^&Ewt±#<vRc

6) ftmomm

gecigom##

^ S H G^^T(±/|\# • Q P Mjj^Xli i <D
AT*#»^V7^*&. L^L, #

< #&%#&&fiTV'&#, L (±»cT^»^.

C . /l£ Jk. $h
SEBEW&S ti&ZkKZ*), &WL&mx<D£mVf\'-r-(DURHAM fr, A r U's
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4.5

MT-^H e - C £ & fc -& ^ t tr £ #x. h ti & .
t%t>%, ^0#H'-W^acJ:»l) v\ a®*£m

f&, ;km#mT%9#V'd*m@'e&a &r<9, &. A:@
• /hM • ## • t fo/ctti: J: f), v-r-ftMomft •

c a c& %, 4-%$ e,cmmf a

dvd {ro*n-vrt-rm) & W£fc)MBBMtf>AE&iro±ri?Rrsg£& t), wn# 
^#@(D;2# • wtti l-e/jNsoEE-ey^a z a c»a. ^tuc j: 
W.M’t:WLkZ>%<7):MMi:<F>ihfMramk<D^'%.\z'&\L'D itv^.

i) wsE-efca^,
^*11, & £ VM± n y 7 DIES £ # L T § £. ±#2##^ B*0%## - 

a^J:-?, Mffi, $ b \z.\±%<Dfcmw<r>%n®ffi^m.'e&mziLXZ> x. 7 £&&. 2 lit 
%Ki±# < #m##m=@v'T###<9#@cf#d*$ ^ a^-e, ^ ^ wo ?t®-eo

a ^ 1i±, a zttzb
■o%tf'oWlinzm^%z. t-e&a.

1 ) T. Sasaki, I. Kuroda, S. Nakajima, S. Watanabe, Y. Mori and S. Nakai:Dig. of Advanced 

Solid State Lasers Conf., Memphis, WD3, p270(1995)

2) %m&#e

3) :imS5k, *#<&#, iti^fnA, MM: v-r-w% 23, 788, 1995
4 ) Y. Furukaw, M. Sato, F. Nitannda and K. Ito:J. Crys. Growth, 99, 832(1990)

5 ) J. K. Yamamoto, K. Kitamura, N. Iyi, S. Kimura, Y. Furukawa and M. SatorAppl. Phys. Lett.,

61,2156(1992)

6) W/IHR&.M1EM I B^eiM^B, 17,277(1990)
7 ) K. Kitamura, J. K. Yamamoto, N. Iyi, S. Kimura and T. HayashirJ. Crys. Growth, 

116,372(1992)

8) MBg A : S1EM£$ • M5 p4(1993) B#:%#&#
9 ) L. Hesselink and M. C. Bashaw:Optical and Quantum Electronics 25, 8611(1993)

10) Patricia A. MorrisrMaterials for Nonlinear Optics Chap. 25, American Chemical 

Society(1991)
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c. m

eh^ ccd

tzh . tftliCC D tzXD
E&tti Lfttfmmzgvz- 7i/-Ai/-hti0 0Hzi»Sf)tit
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84$ miem&M

4.5.4 (ld) mm
(1) • Mtiitsik
a . $ X A* £

(LD) li^JKrn (DH) iiS hI, J& S M © $1 £, #

z D ld zm&ftmt i

£@&l/--y-A*&M<D01fcl/--,F- t LT&g Sit, #
=bfLTV'& .

LD (±1962#(:^m$tLA:#, X X <DfrWX'iiMK
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Layer#%= , Separate Confinement Heterostmcture#)##© ####%= T#M> L, TR^P^fn] KO 

V'Tii. X h 7 /f y# (ISjfcSB) ©%*T#f5LA:. LA'L, 2f P-f-©#

14 £ & t $ * v> -CMIS L & *i If & lb * © -e g r fc PI# tflb &. £ ©SgffiT? ©
(=#f

&.

©am±#t:z&^m^©^%Kcv^T(±,

tit, ^ 1t= z ©M^±#&#x& a t &#%?*&. c

(Ditidiz lt%3t$jjm #$) ©|n|±d*#^'C&a. A,

#fiif4p, GRIN-SCH#m, HS^^PSil^ 

###L, LD OgLArA'y R#ii£Aim::i!J£L, * «f®1k * 0 4 'MA?&

&.

c. 7l/-f1tC«fcSigW*ft

iU: M L T (±, #t=#f i (D~%.jt lc 7 W -ft; L <£
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4.5

LT, 04.5.4.1.lfc^Lfc SiOV'T

§ v>. L, t^UbtiZ, 04.5.4.1.2Kttm® & H “ b '> > 9
tt<D&M&**t. Y9s>9ttb LT1±, m, BeO, Si #* $

tlXLTII65CKL, '>>7s;Hr

LDWtl^^ - 7 (±s<7) u-*f- £ifc$t LTJ2; V'<7)*e LD7Wt±v>f?n 1/ >X% 

£ / W 7* V 7 n:##L, 3 V 7 - b $ ft Z: LD L^tt^i
(f 6 <3 6v\ £Z:®tij;bLD7 W ^ 7 74,A-*e{5^IL, g fi £ 1$ £ 3 <£ ? Kt&tz#) 

13 LD 7 V4 <T> Pig Tail 4b£;f&lt L & tfftff * £> & V'.

Diode Laser Array 
Output

v Clamping
Pnrf*Clamping —t- 

To Insure 
Water Seals 

and Structural 
Integrity

— Coolant Input

Coolant Output

Elastomeric
Seals

04.5.4.1 3^t5LD7 V-f (T-r 7 D5^ 7^;1/7J<}t) 11

04. 5. 4. 2 ±ai=-l~y>*##(&&##

- 189 -



£4$ mmomk

d. mto* ld

• 15 to* LDT UJ t±St- LD 7 W <7)to* £*§ < t4 i LT, E
V'LD-Cfi, -If LD fc L

i^to*ld-c, i^tat-i/^xo^LD 

^nr#"C* >9 , 7 Wft Lfcii* (7) LD W & ffi 3&* SE £ $ tit V' £ <£ 9 ^Z^CTC^

to*ldrwtfg&tiuf, LD#m-etc
<DZ 9 » LD 2: LT, i4.5.4.1.3i:^ti -9 * LD Lfc LD ( MOPA)
#%$ i ? tc&o-t § £2) . i tz [114. 5.4.1.4Hfc LTtffif&ftM LD 3) (± |g Mb M fit t5s 

/j\ $ < , *rtV'S®T?fi[ffi0S8**^rt6fc ***?>«,
*me4bts ^ t Kx-ox^Sxii, ^mA@#^LD0nr#e^#x. ^tL3. w

to* LD 7 W t±, ^E<D*§ *SF9SMI&8IS*C*&.

AR Coated 
Output Facet

Phase
Adjustment

DBR Master 
Oscillator

04. 5. 4. 3 aSMknh-lz>hMFA-MOPA*v*xAa
,.‘Monolithic flared amplifiers-master \
' oscillator/power amplifiers

n-GaAs -iB-IS

n-GaAs.

n-Gao.7AIo.3As 
"' p-GaAs- 

n-GaAs 
p-GaAs 

AuZn 
Active Region 

p-Gao.7Alo.3As 
p-Gao.9Alo.1As

04.5.4.4 if-#-#"
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4.5

e.

{&3X bfu(f, ms<D^x i/--y-,

7 7V h#x. fbti

&. $<b5sa*LD^-ctjESffl^Tsrtgfc**.

&±.<DZt X I), ld te%rL^MMfrmt%2> t%z.bti&.

1) J. G. Endriz et al. I IEEE J. Quantum Electoron, 28(1992)952

2) J. S. Qsinski et al. : Appl. Phys. Lett. 66(5)30(1995)556-558

3) K. Iga, F. Koyama and S. Kinoshita ." IEEE J. Quantum Electron, QE-24. 9(1988)1845

(2)

• 7 ;i/ # 7 —
Mx.(f400nm©^^C#l^-4f - V'* 2: ,#S CD trffl HX V» * 780nm COft 3.84S

I) ,12cm Of 4 * f fc5B#Wj£ <
fc *fc-£T

SS, 1/--y-<7)E%(± n-virnt m-viwrotlTfcfi-cfc i) ,#AT(±
m-v #,#A-et± n-vi#^± t L xm%£ tir v» s. ETx-etv-e'iuco v» -cm# 14-#o 
PB5&S0 fcov'-cifc^s. 
a. n-vi m

n-VI m (ZnCdSe/MgZnSSe ^ ) Tr tt CW T»490~524nm, s1 )V X T*463~522nm, ± (: 510nm #jffi
##6 T ##&### ° . n-vi;B -e <d S M M A & W tfr ri* E v' c t -e.m^FA
•e f ± E 2S. £ & IS is-c $ b# n g rn x h &2’. E ^ ^ o JK 0 t t , m-v /n-vi Arn»(,

RT 1 mW CW

100 120 140 160 180 200 220

Time (sec)

®4.5.4.5
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S4S m

§§£t& mi L * 0 - * - t tfm b fr K & o x v*s . &Rg$fj& £ 1/10
ct& t#dM±moom=&& tmwLTa^9? kiom 

KgiJ©1 *nAtZ*K i O X,$-fr*A/TV'S. ££,Sftf^SEEO

b. m-v fig
m-VM anGaN/AlGaNS ) TM±410nm <DWStfeT?<D|gS^^X$ ttf V'* .4-&,

& &&=b 6f i-7 7 ^ T$«s±i:fflv^titv^.t7r4 7(: 

< GaN&J&y LTV'&.#?#-&#.): <

buz.
n-vi m, m-v si k & 3 L gT?*s.*-4>fc*£&iR* ## tag*

#60 M3§>;&a 6 ft *. & fc ^ Jfl ft K ESI L T ttffi a * b -C:fc:fi fcm% $ *t * c: fc **§ #L,

is i/^;vt<7) mm## (o gm## ga*&.
n^>%E#S^^i-3) .m^ATliWAli m-v#,#-6# n-Vi#^±mT

/70v^TD#m &fil % m % & (/ini)
0.4 0. 5 0.6 0.7

GalnP/AlGalnP GaAs ;

ZnCdSe/MgZnSSe GaAs H

InGaN/AIGaN AI2O3
Sic ;

. #4.5.4. i

*&. L^L®#Ml/--f-l%{±Sit(cm^LTti i9 , £ ©i 

^ r 1/ - 9 X ;L/ - tc J: D — # & L < f±£ < if L K & & ^ ti^T* & .

1) [## -^,s# % "ZnSSe^ n-V!E#S#L-4f-<7)31tft LEM ", 24[11](1995) 66

7-672
2) Satoshi Itoh , et. al "ZnCdSe/ZnSSe/ZnMgSSe SCH Laser Diode with a GaAs Buffer Layers" Jpn. J. 

Appl Phys. 33(1994)L938-L940

3) ## j£E " L <7>M ", 24[ll](1995)660-666
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4.5

0) mmm
a . 'j&Utt

ld i=#m$-± kwmm±oai#&
MIT, HkT
§tuf, , LD#^t«<o

WS^iSL'fb^E^^X^(ps^OMti, /MB#LDTt±M£tiTV>;E><7)T, 
LD#i|im##^T # tL(f, MOPA(master oscillator power amplif ier)£fcTitjIB# § •?>.

%oT, h*d#lds®£ fflmt&^.
b . H%<Z)#|6]£:E§§P^

1) LD#m@Mam
1 /zmOSET, •£ O WE £ $c,« mO T$>hi£,

#0^# %%, ifg 0.6mm, MZ 1. SmmiESMSLDtilsW $ ftT V'
£ n .

LD*^ U T©l^Mli|i 5nsT, Q7M y ^Ti&ps/'Ul'XtiT ri5, nsm±Cl^/iA/ 
XTcwI/^;i/J: %##&tf-ffB#(±tB'&&V'.

<D#%ea

W$Jm#W.ftfgEnmT& 1) , £ OSSBT't±Mnmi/-4f-£ & 6 .

2) Hfmo#isi

MLD2) <9 B& *? LT^-LDO-Etiffl £ -e 5 x. £ .

MBKrSmA;^->ikpr#
-M0PA&T/M2LD t *MLD£ #E ^¥=ff & ft

— W0PA&T/J\#S^mD2:±m?SmLDi#$g

— tt^ijLD

« w w i/ - ^ -1* * ib # t tt as ^ it siss & *l t v>
&. #c TLDj#W# t E^^b-tirTMOPA^SS-ttUfi^^tHbT # 3 .

/MB#, ps/^;v-7. + #n@ (RMS)

arnm^PT^LD### LDl###

3) IfiS

I/> SDL#)^##, SSLW^BtT^r^tiSe^Sfi
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S4$

1135***.

®S3K-l/y MbLDS®<9gg§§

V'fi'ni/ y XT u 4

04.5.4.6 TalbotS 
#m$"o SLDOjte 
•&T -i i> ay yxr-

T&LDO&tBIslMZ 
fr3 = tfftI3fe^*© 
ifl&ffiMtfMo

t> 7 y I'l 
r5f£S 

7 v h*fl

04.5.4.7 ¥EMLD©&:ff
@SS".

u y Hb v
s*n

@(il00flm$ -CSi^S *vt V> 
5 6) , RH»LDJK0S!>f‘fX* 
0@4bhEA%-@%#^

. \ u—y1—— bffl 
®-cfe 3 0

X/

® ^ 1 ^Xifipgj: D »i#$:$&#*

c .
1/ - 4f - ^ 1/ - 4f - (7) tfi/jN y* t: <7)flJ^ (±LDS#T^t# $ ft, loa>

K *. tm, M, EfflSffl^-s-ejA^*.
Mflnxtim#!/-•ro&jiLD-e & sft*.

##3m

1) L.Goldberg,et al.,IEEE J.Quantum Electron. Vol.29(1993)2028.
2) C.Zmudzinski, et al.,Appl.Phys. Lett. Vol62(1993)2914.
3) S.Sanders, et al., Appl.Phys.Lett. Vol.64(1994)1478.
4) S.O’Brien, et al.,Elec.Lett.,Vol.29(1993)2109.
5) F.Koyama, et al.,Elec.Lett.Vol.27(1991)1093.
6) R.S.Geels et al.,IEEE J Quantum Electron.Vol.29(1993)2977.
7) Vol. 64(1995) 13.
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4.5

4. 5. 5 
(1)

'-*>y%£'<DffltMmx% ctL6(7)

SETti, 3 h, Mm$r, * 'sf-i-y *7 ')

zvtztb, u*x'ffl%*<D i/-f-arfit: t & v, L (±^w

&-tf, -eoESti, ±#AA#|q]<7)
$ y X-? vm'M<DlBLm-&Z> twt>i?% ££&V'. 21
Mti" fteonett” L&< WbiiTV'S. %t=, ft<7)i$ft oft!g;g-t &£ £a6c(±, V- 
f-&#&#$% L-cv'

fflx.(f, 5 7-^Ji:t otK9lt4.

±#*^v'i±m
&. tX §&C§5-0llSi:7'f“KA

y ? $ ti, :©7-f - KXy f £M®/Ht7 iti:iotJ:H< ##^##0 < y -$*%

T?*4. ifi&fc Lfc*r LV'i^“4f-iai&*ff 7 fcfcfctt,
cT#mf ^#^ftL»cTV'3.

a . JElflc t — -X
1)

fcffi, HBBLTi51), l/-f-CVD, Sax, ####!#,
w^77-f-, xm%A, g#,

KTV'3. (±, -7 '✓ K -, 57“, l/>x, MM,

E#m ####.
• ]%K#< imx^M, ##CZ

V'#S5:fflV'tLtf S;V'OT, BK-7 &fBV'TV'&. #gij^#^h LT, Sffi

- 195 -



#4#

5%, Zerodur, ULE & 2f £, t Z tl Z Wf&Mt
*>'J3>, Sic i k^i, t i±&w

m • iitaa^^-ei *£»t/j', + 1 o -6mt,
l/--f-|c J: £ y y V -tf-'> a

%.&%###& LT(±, 04.5.5.1-C^L* i ^ 
t7r^t ( Al 2 O 3) , CaF 2, MgF 2, LiF & £ j&* $> & .

A 1 2 0 3 Sl2 0 0 nm m& t rT fg T?* £ Af RTfg * it 4 0 mm <j> < £

Sapphire 
(Al O.)

Fused Silica

100 150 200 250

Wavelength (nm)

si4. 5. 5. 1

M g F2 MgF 2 l±, 1112 0 nm #J£ t tfjfc £ M t & #, 7frMpnp 3 0

mm^gJSt?**), r(7)^bhbI±, S£iE^
-# - KZ &=;*:& V , *o|g £y -J& -ost-e
*cT&/<yy4r^*&. zo±o@T,
Hi***. £©gB5&fctt, ISpiEjE^ -*-, ±#,

*-s.

* ZVtfyZlt, -Jjfimmz LVttf+fcmLTlt, w.% I migjgt TM±®Ut 
±2X1 0‘6fl, t 0)5*Af Rr#gT*&.
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4.5 %&mf

Ifrlfttfb, Z I 3 nm (Nd : YAG l/--f-(7)5
3 V 9 U 4f-'> 3

f

C a F 2 2 5 0 mm ^ $TI±$ma,$-A#T#3. U5#, - «^hbh & ffi $r^#J
gjg, mm$, <#&&.
t±, ^giWEES, 3 6.

l i f mm 10 0 nm

ti, (F -b y * -) LT

$mu--r-Kto-c*nr&-e&*),

Af f & Z: S^yny'^x I'T’lf&t

2) mm

mmo, ew, #@, &.

T& I) , ¥®m A / 5 £J.-t, f^&X^7';f7'J“, ^®m$ 5 Arms mx-e& & c 

t&mt LV'. Z<Di\\X<Dtz#)!lZ&, #^(D##l9##^^-e(±^nr#h % % , M9 y

mnxtfmzx*mmM<omM, #*, ^y^-^mm-mm,

r & V y 9*^U y -v - fcWfLTjS 19 , Johanson^l896$K#

AL7b@mm#m#*t=z& z<DW,m®*®4.5.5.2\zmt. v y 
(Dttmtzy y Lxn&jgnx®mt&. 9 ? y®±(:9-9 em#,

to h G h £l£ L <t% t *7 - ■? (Dt^X <D & t y y 'fWt
<Dfflttm%.tf$?L < »&. 9 v -fmm-x&tifr^tf-fex&titfy ~ 9 ©s-^iara 1:

jUg-ewSSiis. Ki/?t-t'j y9**°V y^-<7)9 y
&. Zlf? y -9-y < 9 a y^-y

&. C<98&3&4=&#/|'kf & CI±V y y f

&. yy^v
y-v-^fflv^tf, MimMv"7-f e A 3. z biz, #m

%$ & 1 rms &Tt t&i t i>wmx&&. &£XM'<fzffimmjglZ, fiMJfy 9, 
BK-7**9 X, Zerodur, ULE, SiC » Z 9 & & <DT, S tt ^ 1"
< , # W'W KDP, BBO, LBO, CLBO, & if <£ M'k f±HU & <0 i® £ fz t <D l±

fnyo/'f'Yty
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H4.5.5.3(i, CLBO|£hb0 £ > KISItfl Lfc&

£-<?) yvji/x^-MS^X^I". y 9 7
9 vf MLT < &. C0ft

», ^ <7) J: y n-9 y '✓:/£ LX V %> t, SI ti 6 •=> t?
<&•), ov'fcttmfltLT L t 9 .

f|ft0t/^n^t^X0ft?0l^s|,ft^i. t tz, X /10BL±©¥®Stt9 
77-y tca^Lfctr?w5i **.

gyghT^—9 -y 7°ffl

m 4 . 5 . 5 . 2 u
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4.5 &&&*

3) □ — t -f > Jl&Wi

•r-, TJUJ'/J *yu-if-) <Df$%{zi: 9, - #?##%, E6WW, @@/<
;i/xotti;b kf-a a <k ? r § tfc,

^,. c#.M&]/-?-###,

(module)

Lt (± + ^HMST»§ ^ <4oTV»J.
&t=, ^4.5.5.n±,

£tuboM*-e, 7 < &S

am## (urn) E #f #

CaF2 0.15—12 1.23(0.546 fim)
NaF 0.25—14 1.34(0.55 " )
NaaAlFe 0.2 ~14 1.35(0.55 " )
LiF 0.11—7 1. 36-1.37(0.546")
HgFj 0.11-4 1.38(0.55 " )
Si02 0.2 -9 1.46(0.5 " )
ThF< 0.2 -15 1.48(0.5 " )
A12O3 0.2 -7 1.62(0.6 " )
ZrO, 0.34-12 2.17(0.266" )
HfOi 0.22-12 2.15(0.25 " )
SCzOa 0.2 -13 2.11(0.248" )

*<V'

*:#>, Lfcy$$o T, Nd : YAG I/-4f-<7)
4fguimt©ififtita, sioz, An os,
HfO 2, Sc 2 O ,#<&&& 9 , 5 # # # 1: M L T 1± SiO 2, Sc 2 O 3, A12 O 3 L & & V'.
ZbK, 2 0 0 nm JaTl?li77fttt©ftt?i4. m±0 Z 9 C, s-fr/^KHU

liMS^ms*ltv'4. ztibzm&t&fczxDtiiffifflmwkma,
tL& .

###
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#4# mmsms

fc*. <Dm&, 
m&mm
mib#, Am^-yvM±m#&#Afa

iteiDSlcUftftUiftft, Mm&vMWkMJ&tfvimt &a. z biz,

x~-t 4 y x
s-*f-mm, a##a, ^©ari, hri, im##?-

z.<Dtz&\z(±, a. ia#i#y^:#L
Tti, 'J V ^ 7 7 4 -f ffl t S ^.

( 2 ) B^M-S^flSWb-iEMtb 
l/--y- Bf (±, mT69 3 ACvtBUT# a.
a. @)B5it: lz--tf-Btis V - If-1ft 7 7 4 & a vMi, ft 7 7'f 2: ft 7 7 >f

b. K#E -@#B?
c.

r tLlb ti, 3feOJS®f*av»tt, L, 3fe«liS:SKWt=®Mip-ta i fc fc x. O
tiitia.

a . incaft^S"?

#;gmT*a###:ix-4f-(i, (m#A) &%#&$%, m#$
fctz&x (DSE^iT)S76?E^SMS-e^ a. co###iz--f- t
<#^m^ft#m^(±, mmftt i/--y-s@i*i(7)v-v'-^- K^^mwcifem 
A#@[K#ftf a £ tifiM hiii .

Z<Dtz&lzit, v;v^7 l/-#B'&l/--if-&a Wi, 
S#iz--r-Dft£iES,$£Sft1"a5giL#i':&^£ »a. fifiz-f-c^^oTk- 
KStjSLfcvw * U isy XT v- t'kfe*$k%-tz>mn;(D v yx*m^'tzWi'k, m±ft# 
^ t & 9 i$£Fjftfc£ft-ta i t nsBt *a. a%nA, #7 iz-FgoftD

a##B&#anfa#mt#6fLa. $£, c^6^ft#B?-^^##:iz 
4 ft* bfiX^Z u .

$ 6KmA,tmmt lx, -(Dm#-#-a^mm^M# • 7 iz-f^M£

immt
L.tib<D&ffil$, Mi® i: LT<y^S#l/--y-<7)*-e^ < , ###k-'y-ft&7n 

t:@#m^a#^4m^»%#-e*a. $tz, fiso*77-f^-i‘?,i*©*77

f ft SlJ <£> *1 £ Mi, * ft L ft V ;iz f- 7 Iz “ ^ fb 0 lz - if - ft £ '> > X )V X: - K fc gg %
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4.5

b . KME-iiiRS^

- i: t± B SB T: & S . r tUi,

KOSLtih, < ±111

&t£±<b

- n±, t ix, &$Lmi%xi±ft%im<Dmt Lxmznz.

L-c, l, v v^77^-kioT#

7^^^efi^l±±v-%##?"

kmzumxz znmw&z.

l6###tz<Dtz®u--t-mmt-etitf-A^, 

ztiZMiiftt&tz&iz&mMM**'- k#e- <D & &.

4.5.5.2

m % ill
6n±££S

t7r^7> 5^*77 
MgF2> CaFa

t7r/l'7>
Mgp2^ Cap2

o±n# 
ommftmmm 
O^V—y-iis

OS@a$ : gScArmsJgtT 
Oscratch & dig free

H—7*vf >^"K#

m*mm: ■ 
arn hrn

/£W5 7- 
*»tffi5 7-

Oi&@^
OiBKlS*

oev—r-

V
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S4$

c.

%<DWLm*m®-tz>z.t\zi^x&=M.<n>7,-#v mti 13&*m
w&$Lm$LK£2>yu-7-'{ >?%{$■? ? tr? 7"#m=#s

ffcSifCV'S.

& C: hS#; • x
*° y b ft @£ wx. s ^ £ ^"BTEK%2>. t tz, V;v^- K P-4f- M LT & , r *T7
t4 <DZ ^ x -? x tr-
? H&s^^x.3c:a^T#,

04.5.5.4 SS^6D^r-V- K

DfilE^-.^nff.SBS*," 7°L/-^-^S-e^Sf-B ^ n 1/yX (n) -LD t<D 
-#ft ", 28a-SA-17 pp-910(1990).

2) M x. if, USP-5461637(1994.03.16).

3) SEE5fc :" T^'f-T'f ~7 • ^ 7°T 4- ^ X ", 0PlusE,No. 180, PP100-110(1994)11.
4) WB^^,WBES,BEfn^ :"ft##%#l:Z

• %#%a##,OQD-92-9(1992)l.
5) “MsimsiM^sx i ” ,%##%####=&, 7-002,(1995).

6) J. R. Leger, M. Hoiz, G. J. Swanson and W. B. VeldkamP, "Coherent Laser Beam Addition:An 
Application of Binary-Optics Technology", Lincoln Labratory Journal, 1(1988)225- 246.
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4.5

4. 5. 6 LDiafeSttlx-lf-fiffi 

(1) • miHtiit
l/--y-^WS#-e J: 13 JK <5RJfflS*i;6fc»Ktt, rrx h ;i7 ^ -"7 

tt, ®4.5.6.1C^$tLfV'*a *) ,
1 LrAi^nrv^^

*\s-*?-common, fttm^-Acnsu

s*j 3om±
I -AtTTTAb

LB £512(880 LD£5S(RW v>^£5fi C02U-1f- x*i/7
E3tf 1/—if— (Sff Lz—if— E($ lz—if— l/—if—

14.5.6.1 MBit!

i^tB^j t/--y- &#(=#, SirCA*^ 6
if-A^^ggjjiossa

$1k©I^ngt^. (LD) $r#m £AS#<D40~70

%t, c &#!?#?*& #f,
SB Snrv'iE,. $ ^ (:, ld < , M£ I/--T

lz-^-SKt’^SlTUTtSB^o i/--T-SS^<7)EJR<DiW

#$fk^iwn#^Rr#r&^. ^tz,
(f-A t- K(D^##mC*n-±r$IJ#r # ^,^36, ^V'lf-C t & W 

#r*3. Lr, 114.5.6.2^^1-® t), m^2&$d*LD(0#m: z 0 7 >y#iS 
mmr(±, mismt uroLD^a^^ikt, i/--y-sg^EJEL 

<9@#i/-'f-m:%~#3&##ag!i$4k2:d*W:2enrstB#

H 4.5.G.2 LDSb;g2: 7 yyMtoJtigE
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S4$ wmsms

& LDtOS-EIHb,

ir%}^X'30%&±.mtt%2>.
LD®^@#i/--y-<D^aiti'fbk(±, xt--7evT'{ (Dm%ffnmx & 2>. Of 19,

z ttfWt iXh^fz^sb, S&Ktf-A

LD £±lii]£« £ t i±, mMMffifrbVfflnx&Zt:#)# 

M&izmmx&z. m4.5.6.3K^mm^^(D .
@#:i/--y-ZL - y b ^*##^Kg^|^2#@E@L-C CW%#t- K T* tlj #

92W## b ftTV^a u . R| ZL - y H: & V' T (±, l^“f “1I©ISII:, mt}l5W(D

< tti&tztb, EiEffl ld zmto-mtz z t 

\zx^tts53setose\z'Kk%>. 1?t±i&v^,

£.<Dm&\z&igtLx®%t04.5.6.4K#m#m^^T(o^mAa#i/ 

-*f-<D#IZmt. $m: j3V'T(±, Dy b'Ml/--?'-S@<DUM^e>, ffi^lOWOLD
Z.tKX'O , CW%@t- K "C tti 2) 300W e> itT V' a 2).

(v?s)-e, cw##^- rrm^siw^#^ 

tvrv^31. wse%TV'a&#, i/--f

^t#a r t kj&

#L-c^a. ttz, K-rti, &Mfr*nmtz>tz®KX7 7mi'-*r-m
RSrfflV'T, |W|#R(DM#@^^, 100W (7)/t 71/X %$g LD SrSO-Bjife^fczL — y

b2Stcf ijrnmix, ?%mAikw^#^fL-c^a". Mtz,

Mtt£gmtztz&, {&##%#LDmmr^-r< r< ?-*m

LDig@#i/‘-f-4i4'«iK;ifflt^i^) stta i/--r-tij*(±iokw

jta. 04.5.6.5K, ^v--y-^'SSSffls ti-c ams£ . 6S6$^

aagme?,

fi'/yiV7 b 9 h » 0 , b
i±^fua. ##An%e#rti, i%x a c
i=&a. v7 b ■>xtt-fttt^i J: tfnnpi^'ttia t
Mt:, MJl<D? V-yftlzJ: i) I###^±$:^%#$fLa.

LD#ma#i/--y-<7)^%$ - amaibc a »), MR&o^m:,
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4.5

1) S. C. Tidwell et al. : IEEE J. Quantum Electron. 28 (1992) 977.

2) D. Golla et al. : Opt. Lett. 20 (1995) 1148.

3) N. Uehara et al. : Opt. Lett. 20 (1995) 1707.

4) R. Solarz et al. : US DOE Rep. (1992) 10.

4.5.6.i mm#####

LD <h LD h

fij * iwi np\tL^ i
* r=j oa'Efc'fb

'HHfc u — If — — y h

04.5.6.3

HLYAOlod 'Vvi 1 Xy

*ij^~

/ Ml

/pcafT^tMiM 9*Wedhri*,,0‘wcla*Mer / >(*Nm Z%«»aq**tiilwe

---7 __ j/
©~

K r 9i

D y KEV-D-'-S® ^yyEL/-if-SE

04.5.6.4
il$ lOkW ls—+f— (jh<o«;8»ft»F~<oiC)n

04.5.6.5
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S4¥ mim&M

OTMnr^l/“t'“iLt£ LT, 1 ) A# (f ^ :Dye) l/-4f-, 

2 ) 'f‘^>’9*7ryfT l/'-4f1-, 3 ) 7 7 h V 7 7 #&# (OPO : Optical Parametric Oscillator)

l/--y-7d?&tf t> *13 . m.5.6.6t:z:fL%# . A#

< , 5eJ&£*i fcftfo % fc fc 0.4-0.9,* m <0 la ffl t? iS tB * ## *i 
TV'SKM, 1 ilcfeit* A-T?# *&:gi$#IK&*vrv*a. X,

^ iroFflS#**. fr/t7r^ 7

^IV^tO.2-0.9/* m&*A-L? < a. OP 0 1/-f-

{±lu^<7) 2 occ> P-Hf - t i±^r < o tz 9 4 y°(D V — *f - t?<b -£>. 1"&£>*>, ituj&O 1/ 
-•y-{± l/--r-:B;EtC:i3V'TB5E£ tlfc V-tf-ilM® 7-9-7 7 >f Tit
bbh) i*j * ;v -eft £ J1 t £ 9 9 ,

f&SL-tz 9 < ##f a. ^tuc^n,

tf7 ±0 l±tr 2: -9 . NdrYAG l/-f-©3

&- OPO<D#m^l:mv^#^, %^nT^j#U±0.4-2^ m h » 9 , 2f&fti8«f&£ *#ffl t 
tUf0.2~2/z m^l6®-V“f“T*A-L94. j£iEtiLM ft ft M ft 7 - ^ - fc V' 
? Sefc-eti opo i/--9"-tcsa ^<yi±^v^Mx.a. ftstrti, opo 1/--9-'-km

uaro-cnaEfcfffc-S.

(2)

Output
energy

Ti:sapphire

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 nm

Output wavelength Pump source 1J1064 YAG GCM90

04.5.6.6

b. opo

OPO t%&tzibKl± KTP,

bbo, LBo#(D#mmm^^mm, %%%&■?*:.
MMftMt Ltlilf Nd:YAG 7 -V' ib ft, 2 $ftM K 1± KTP

^ KDP^hbb, 3f&jRCIi BBO|§bbb* ZffRl\t'htL, tt 50% £H± K M L X V' a .

/<;l/7$g(±M)W<0/-(7l/7#l:#BL, Nd: YAG 7 - ft'- ip h <o ft 7 ?>', 

^fr/t77'f7V-f“)5'?)©7iA H>v-x";]/X V'T#* & yi>xipg-eoE6E

$ ftTV^a . OPO l/--y-(±f Tl:, ±E& 7-ft-7-ft- ( HOYA 3 7 

r-f-aTi, B. M. Indutries, F 7 7-f y 7 ^Xf) LT%0

fc'9, wa:cTV'&a#x.-c&
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4.5

opo 21945. f #-o ##,§, ###& ;g#t

I), ipptli, /i V 3 L
x-a i^:4otv^. r<7)^-^;(7)#^(±^ii-eo^ssiJ®i6DL^3

1*5 K&&&, ffi£h<DU&M'M'^<D^JfrJ?m!!>%ytWl<Dm'{k1)t%:&.'t2>. t 9

sis, $&ummmzxjz*mtz>. @4.5.6.2.2-4

1^M^WIMWPAm' ' ■|'"|||»' |i-»iagtSMWjl

E4.5.6.7 opom^^m@g^#K@im (#1)

Nd:YAG U - - <D 3jg$t£ BBO # hbh (6) K A #

4t7(D<7-Rr%m
s-e-cv^s. v3>

X ©J ffi L A ft £ 7 . ( HOYA 3>T-f-jL7A

liOA^n^J: I) llffl)

■M

4 '-------L* ,

OPOOFimLffour
1. 353 run pump fnp« 4. T/pelBBOoysol
1 33}msdkhfd# 7. Ouput coupler
3. Tdacope 8. SyuIMerdichroie
4 Retr mirror , 9. Sfgml output
3. Hctmetic window 10„ Idler oaqmc

@4.5.6.8 OPOSSUMS

;.... -z-hS

( B. M. Industries

tto* * nx*<fc 19 5|ffl)

H4.5.6.2.4 OPOEft^MMEElS 
f-^y^-yr'fTV-f-i»f)07iA b#/i;v 
x i: LT LBOjg&^Atfrt TV»Oi}{

v 3 >-e$u%i L-cet9. (x
^X b 9 7 'f V y X X%Q* X D X* <£ t> 5lffl)

rtt$-e(7) opo i/--y-cosAoB.6;(±, -eo^o/ty kh^jaS [ztb^tz. ztut

it$ufcM%mffix& 1 tztmZ-z.

mama###, %##mm=im:Bi%?&#AL%&M#&e&3 ##?&&. @4.5.6. 
z.snim##^a#ALa#-#-(D^^ F$g0^ika^t. z.<Djjmxit, ft&m&znx

bf&^A#$<0AT^#T*5). gifW&h LT, Kffio
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Spectral width (nm)

#4#

■CHS LfcV-f“ji5SIWS:tT 

xmsr#< ?# & . 
SO fc & H -C tt *

# *.- §£<£> HE 111/^^60$ 

^•etiS^&Atr J: i), /ijl/Xi^T^ 

t £ 7- V iR^i-e/O KffiSr&< 

f & c: h nm^L-cv^. (±R±# 

1/ — 4f — ##"a ^ “ : III 4* IE

'M.'SiWfkW ;i/- 7)

Signal wavelength (nm)

0 4.5.6.10 OPO V—y-<9XV KIM. S&t±jl

MAttHSrte^SrMrA
LfzWi'a. ( B.M.I.*t(&:& 9 n 7 J: \) 3|ffl)

o?o v-*f~~<D&&<Dm&m%nmt Lxjctfriz, i) 2) v-*p
- '> X t A <9 @#-fb >&?& lfbtl&. '$.&i$l<D (0. 2-2// m)

(0.1—20// m) - t&mgt **.
#X l/--?-*? V— iJ*— * miaci^

itfcO, S/XT A #%#?&&. x;^x$gt 7 M* s>x 7 a t?2~20
ai m0M*caScWCjRS**Sex. 1: 3#0m##OPO 

#&##Sr#x.&&<9T&&. X,

f- & 70-tx <%###%&: ;t& < Iit^> i

OPO v - 4f- fe ffe<9 1/ - -T- b iBlStcSS^b, Sr i © L fc BMi'S £ ti& .

SMttE&jSftaiOBftfttfii* 5>its i#x&. t>,

^2 5#R-e#afk^mtfT*69.
OPO #<9t>e)SE(9^S#>-7 - h^5fcS<9^BBE^E

XV 3 >t?SRiflt?§ S/J'M <9 £ =!£&&£ TOT ggl/ '-•?'-totli

d . 1/ -7- (D t) ^ S f MSA#
OPO v - if - 1/ -7-fi, jmX7n tx^(9*#%&jS

MiHD in xv *-xaosbim*®2) inx7n-tx<7)^
#, 3) ;%#inm###(9#m, t?*s. HUminxtiisv'T

3fc*£fflv» &

^l/--f-Sr0%ff7;L, iDX7n-fexo^-?-tij3V'T(iS*&lf
^e>, )A^MRmi/-7-ti7-?-ffl^il2: Lttiif

x.6fL&. X, ^ W&ffl

N, o, P, B)<DfrMt$, i##in####(9##,

-e&&. _
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4.5

(3) u-if-
a . UtR t-~X

V-*f- (C i o T t? 3U> (psec:10”12 sec) ^ ^ 7 x A b # (fsec:10"15

ii fc fci ono8 ~ io10 v/cm<7)

.^iLl/^;v-e<DiWii7* b>yn4rx, jEMM, 2: $ijm I: Z ^

Ma";1/X l/--f- (C (±flJ#lE<7)*§ t) , Tirsapphire 1/

(cpa> si«useJ:o

T, fsec L^L, 1/-^f-g #®ISiSC i

9, 04.5.6.11K,

z 6 #4.5.6.2Cft#%

T#^>tLTv^S:@Aji/7.iliI^^t. tfc, ®4.5.6.12i± 
CPA . MStC j: f) Tirsapphire U ~ - <V8i 2 ~ 4 TW (30 fsec, 120

ml) Nd:glass 1/ — "tf — <7> ~ 100 TW L T S .

04.5.6.11 7iA

E4.5.6.2 7xA

Laser Wave
length

Pulse
width Pump laser Mode-locking

Tirsapphire ~ 800 nm 8 fsec Ar (all lines: 5 W) Kerr lens ML
CrrLiSAF -910 nm 18 fsec LD (670 nm: 0.8 W) Kerr lens ML
CrrLiSrGaF - 845 nm 50 fsec LD (670 nm: 0.8 W) . Kerr lens ML
Crrforsterite ~ 1.27 pm 25 fsec Nd:YAG (7 W) Kerr lens ML
CrrYAG -1.54 pm 60 fsec Nd:YAG (7 W) Kerr lens ML
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#4$ SfftHUSHS

Pulse
compressor

Pulse
stretcher Amp. IllAmp. I Amp. II

04.5.6.12 7 j:A f

b.

AiJtyi'-if-J? Nd:YAG ]/-

D , fsec

&. #4.5.6.3K fsec V - •?'“ R tfif ifiM fc o V' X Hf§?^ § &«M

**. tfc, 8t^i>rsE0^i/*-'r-©i&stmmi-Mam t/--r-

M #, #L# Sfc, E4.5.6.20 <£ 5

1= fsec l/-4f-<0#fE%&^#d*|B%fL'CV'& & &, ?Jffll:3fcoT©4llRli*iv». fsec

u - * i£*i- * * m&shmsi# fsec i/- if - (r>m m&w k o

i), i

t3 J; flit®'>*■?■ A tf)/MHk £fc, fsec l/-4f-###80

~iooMHzgjK©0a[&*eiiigLl&®’C§ ***, B&j60otti6Ki0 0$ tt-cif fgg-cttS:

E4.5.6.3 A

7 % A H#lx—"tf—

* Nd:YAGU—!f-®0>afiig©£@fMfc

* £Sft4b<Bfc»<DSHmD;5tf£MLD0>0§i

* U—V-mnto&teffltlZ J: 5 U $ uvfE<k

* 39f»gw

* /n*7 * b'j-> ?§m&$wm%

* ®big;@^iitid*i Ix—f-OABtMk

*«®'>XT-A00«iSl/»^S?llf<Z>0|g
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4.5

C . %%%#

3). v'fcT^#L, -e^6 ^$um 

i<7)BM, m^myy i%-s/ a -

i^5iiJS fsec U-*f- APTs K X o -CMT- # XiH^ 3 k - 1% > h# X&&&

fsec t/-f-K,

mitij^, \zm\m<Dtz&<D\xmx'^ttt£^&*$i®-tz>o ttz,
v>T^»6>tLTv->^, TfcibcoS^SS t LTi> #a 11 <D h *% a.
V'1**L& , fsec l/-f“g*liW“f^;ny'- & &&.

4.5.6.4 MrOU* 1/--T- t&M t ©ffiZflUB

iStR6i)S^t, Coulomb explosion

mwm, xm#±

ES #
sBE^Etosmk, .7^-/
mmT7is-'>3>, iMy^xyM

y^xv
?ix *£#§£, wi^seum, 
m^Anm, y^xvsim,

1) SMSJ : l/--f-#%, 23 (1995) 846.
2) M. CD. Perry and G. Mourou: Science, 264 (1994) 917.

3) C. J. Joshi and P. B. Corkum: Phys. Today, Jan. (1995) 36.
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4

(4) if-

a) m^a--x

** < fco-C^&W

3 t*(=, &. #$, A = 190-400nm<9###(:&#& I#
hLT^^'yVl/-4f- (XeCl, KrF, % [F ArF # ) ^

&B $jt, S&S<9MiJl]X^¥S#Xn

. l^l,
#<$3% M-7*h>3*b t, i/--r-(7)i6^

%E (20~30kV) ##</<;!/.%## L&-C#&V'Ck, h,
-9--rx#^:§v^ t^(D&< ©i^iotv^. % 

t=Z cTC %%###"? #fl If, i^ryvlz-f-i: X vXmUZtiX Z 

I/-0 ?» < ,

A = 10~200nm (VUV) #, $ *b £ l± A = lOnm & ~F <9 X E it £ £ V' T t±,

F 2 U — *f — (157nm)m^t=#MM» S#69 W :b tLT V'6

vuv~x^i/--y-t±,

b) MHi£M

15$, BBO, LBO, L/: ^ 2:

]@m#& Ix-i'-imm:(±, SW,
9 . Wx.ff, QX^ y f-Nd:YAG V'-'T- ( A = 1.064mm) 

fL(f, SE (355nm), SB9 (266nm), 02i^P & (213nm) §§£^ K X o X M

& & . gg#a$(±, m$%i/-'f-<Dx;i/xm%, if-A a®, 

3#, @^(Dgsmm@'e5o%m±t#mf &c t 
fc£, #$#9 sSlILMMLWcid^TO

L^L, LD#)6t#m L^^@^ikX;i/X I/--y-l= j: oTZKOSKM
( ~ lkW n

± ) &*#f & c h (±m#K

# (C C V' X & , A#*## (resonance cavity) '®3) #0 ilfc

££££$, #LV'#m3Hka*ig%&?###&&. cw Nd:YAG

LtzWi'k, #### SHG l: f & 532nm^QgE%, R Wg&tf)£ig££3g £ ffl V'£l=266nm 
^(Dgz&lzX i) , -1.5W0AW#ik#^cw . ^l&jj'lk £ (±,

aa@lf-A CW U-*f-<Dffi%tfyFnXX'&% .
|W|#lC , Ti:sapphire (650~ lOOOnm), Cr:LiSAF (750~950nm), Cnforsterite (1.15~ 1. 35mm)

# &. &$%m -^, 15$, Ce:LiSAF ^

CerLiCAF (280~320nm), Ce:LaF(275~315nm), Ce:YLiF 4^ CerLuLiF 4 (305~320nm)#0#

^^n±yag
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4.5 ffe&ftW

KrF (248nm) © £ flj $ fl T V' S , ®|^ii <0 $IJ & K i 9 Xll/X#&#
BiEfflSiB# (X;ixX, cw)A@#ikk-if'-<0^%(:Z 0,

vuv ~ x##0 P--9* “ tcov»Tttt SSESM SMftCSStl * 1/ ^ ;H= & 
vx 6 vuv t/--f-,

84.5.6.5£, .

4.5.6.5 fe$61/--r-$li§<7>£ &H

11

A1 D &*:/mm&ti''vi'XX.vcvj\s—y'-(D±®mt, 2) imu—y-om# •

m 5) 6) mtmwi'-v-mw, d

vuv ~ xm
ly—*f-

i) &*&xxf®&m\s—v-<D±mmb' n®mt, 2) vuvmmmm^ 
isn, 3) myjmim&m&m, 4) 5) %##?#
#, 6) VUV~1/ —•

c)

#Xr i + yvl/-f-^ Nd:YAG

■ri^^^tLT^9, ££, istt«i*^i/‘--r-©fflffiK:<tvxfflm-ztiz>mtz%mMm 
fflM&S!&$;MTv>;E>. 1/ - -T- 7° n ^

##V'T# t <D^*4.5.6.6(=$

x^-E-eti, t V -#&m, MSEE •#£&#, E

mmanz,

v»x & ft tt tg * & e 8 1/ - if-- k *tt * $ W f t jz § v v

4.5.6.6

mMx—y- VUV -X^lx—tf-

ix—y- 
7‘n-tzy>7'

titiMax
SSJtl5B-PF£
flSv-4r>7"
UVV VX?7<- 
UVlx—If—CVD«MBE 
I-;?K— fcf >7'
##77 lx— v 3 >
JS-T" V — b'a. lx —y 3 >
mm&m

vuvix—y-'-cvD 
iMiR6U^^ri5®Jffll7,n -tz X
%< ^Mkya-bx 
mm&m
@S&tonx 
xmvv^77<- 
S@®Seri57*n-tzx

ox

It 5PJJ
uvix—y-ix-^f-
mmm\
7otx#*

vuv- xaaea^at 
ssHa«flstso
X#*d?7 7 <-.#*#
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S4S WMffl&WM

#es:st

DSfflE^E, >?-, f£%, 1993).

2) iSfflM, 64(1995) 878.
3) see, e. g., Z. Y. Ou et al.: Opt. Lett. 17 (1992) 640.

A&fflSifc : SfflBS, 64 (1995) 912.

5) C. D. Marshall et al.: J. Opt. Soc. Am. B11 (1994) 2054.

6) 8### : Iz-V-WSE, 23 (1995) 846.
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4.5

(5) iina«aif-A©i4
a. SInnpfif-Atli

Xn 4r *£ ifBt v --f - ±- a ©SEMi:: ti, #jkAT©#a

(W/cm 2 -sr) ^ tf - A f£ kf-A### 9 ©# d6 (mm-mrad), & S W± TEM o o - KOI/ 

& de h<DitZ&bt>tiM 2& § fc. t*

t) 16 $ & X ^ y #$©Xn±
Xffl l/--tf- h LTt±r tl/2lfet± + ^-et±&VX jg®nnn®tr-A t tt,

L ^ 6 ± #5 0 # # An ± X, jgUPB, tr-Ax^ - o

igLja&aft^fc, MfiA, ^R%t:gAKI!lU@-C

■9-W •9*09* & ©T?*S £#x X-y^jx-y b£#AL£t), t6

rtftfT?, fifrE©M©kf-A £]fci) til-ea l/-X*-M/5?S£ L < ,

srssti^tf-AfpEt-Eo xmmt &.

Mf/<# i a i/-4f- kf-a©£#x* - > fciniffiox* - > t t±^r L % iwi c

7XvoffiHff(i:lJ: M'£ < , jfettX^Xvt J: »> ffl#f $*i*. XyXvoWE

t5?W <63 2: 1/--tf-.x * ;v t± R§#M ( U ~ *?-JiifcWXy X -?mm&t $ L <
&&%%) AnX@^(±B{5SX-Z(ftL^,. Lfc^otK®x^^^“©

$Pllfl*3l|iiiIItOi^^¥-^$IJIft4. j: 9 

i^H^oAnX • Xn t:

b.

LD®st-<£ u @#i/--r-sK<7)Bft#{±i/3~l/snsks>5?, #gmx©##

^4.5.6.7 i:f®0@fl/-f-

#©R%,
2)am,

& m#mm t & *. $ £Anx xnt% z>tz&\z a
5) i/-4f-kr-Ax?->&Bm%, ^H»t=i*t=«o«iL^ *a«r©si&

IT, ±153), 4), 5) 
i) u —if-*ji*

jtlRlft© J: a^®kT-A

t^^37il!), ,t-;K7“iM)^frffiLi^, #Aam##mgri m u*#
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£4.5. 6.7 Nd:YAG ]/ ~ ^W

» a a 6 ttiABS =6— K M2 am# Xtt
*7? FL QCW 2260W

1460W
24X296
4X4

MOPA S£
MOPA 1

P7 K LD QCW
(05JX400HZ)
Qsw
(0.8JX 100Hz)

196W

70W 2XDL MOPA 2

P-y K LD CW 92W
60W

7JL5-
TEMoo <1.3 aastsms 3

X57 LD QCW
(0.44JX2.25kHz)

1000W TJL? ss 4

*=7-} LD Qsw
(0.1JX2.5kHz)

250W VJL? $£ 5

a?7 a CW
QCW

1000W
500W

<63
<12

$£$£ 6

Pv K LD CW
Qsw
(5SmJX20kHz)

170W
110W

TJI/? 36 $£
7

P-y K LD CW 300W
200W

45W

v;u?-
TEMoo
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FL: LD: LOBE. QCWliECW (g/WX) . Qsw:Q^<vf OS/ttLX) , MOPA: MSKft.
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cavity '

04.5.8.3 t b &

(3)
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S4$ fflsm&w

rtn^tj

(2) 0 P 0

##yaty $/>^i:^V'T, 7*1' #-&## <,

o p o c i aftiiMif - a ©MSii^ttcfU &<o-e&&. £^<9J5

ffl-et±, CW©0 P Ot? 1 0 0 WgJSiK'H-C* 0 , (^)mfL/:ya
*3@fgei&<9X;l/

T.ipg-e i a ^ L^. %#-?#, x;i/x$giof v

t/5'?>tl07xA ElOmJ <9 ^)V 7. £ nT %
t ltses^tv^. m#mt

LXKsmt)MLM&Jj<Vl'-*?'-i<zm^2,Wi'£r, ffi* t $ fi, f <9

7j v9'-%nDtiL#m&i&ftmjEfeKmw't-&zbW7pnxx3b&.
ii/--r-e-A©®JK

gT*a. jliME<9 I/-4f- If - A V'£ OPO fc Z a%#gE# t SHG<9#^h |W|# 

K'tii (mh OPOfca h *'>
aTA-e##ta7ya-^^m4.5.8.3c^igtLT^a". iita, u-v-rngt 

L T Nd:MgO:LiNbO 3 V' £> fl X V' a it, R|#K OPO £ g fc L X i> ftM L, 1/ - -tf - 4r

■V If x f £ HSlfc OPO <9 ^f Y If T -f a £ fc T^yX t A 3 0 cm <D&ZK
#6TV'a. C <9 Z 9 & 7-4rT??-^'-<9##d*#'^T&a 9 .

##s St
1) W. J. Kozlovsky, C. D. Nabors, and R. L. Byer, "Efficient Second Harmonic 

Generation of a Diode-Laser-Pumped CW Laser Using Monolithic MgOrLiNbO 3 
External Resonant Cavities", IEEE J. Quantum Electron. 24(1988)913.

2) L. Y. Liu, M. Oka, W. Wiechmann, and S. Kubota, "Longitudinally Diode-Pumped 

Continuous-wave 3. 5W Green laser", Opt. Lett. , 19(1994)189.

3) N. S. Prasad and A. R. Geiger"Highly Efficient Diode-Pumped Optical 

Parametric Oscillator", CLEO’95 paper CTul28.
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4.5

4.5.9 if
1) 7 * h >t-0 J uV-^<»W&

####, E^m#, 7<^-x
^ 'y hSS, ^cDiplJAV^^^-eSffl^iLr §tv^. u-4f £ffl

mt:##, -ggmfSBa, t--

V >/, L ^ L ^ e>, 1/
- A t & mt: j: & & *), 7 * b

,tSv>*>t}i4 7ir h^^n-fe^KliiotV'ftV'. 04.5.9. IKsfI- ± 7 £, t£S, ##
Itf^-Cfco fc lx “-if T’n-fe* i, 7rf>f^yni;-i;j;0|

T-§tL(f, LT#%m•f- • L&7 * b 7 7 n -b ;u:

itcfts. i«ft)6i:i/“-TH 
4Kf -e (± 0 * ^S L 7t ^fB* •

JiSffg, t-^VJyK, #<D$

r ot, eix.

ff 1/--TJ ,
r^'/f7'J l/-

■y-'J , ri£7*bynxh (7)^6
J I),

<3f zf LT,

$ h §
its 6 (D

04.5.9.1 7tr/f^ay“^©ffl#
2) %±&#00%B0

%&##<7)g^%#tm@&04.5.9.2K^f (##(±4.5.3, 4.5.4$"##) .
*s*7-&&*>%&*n, ztirti 

[:@0± ? Ltzmmm • «tu#L

Dst, mws^rs,
#, A@#-ei±am^ - ^ritw

• i&7 * b >3* h4bft®, gsoms&M^f&a.
** b l/- K^- 7(0|%#[:#6 (D 4 $> D , R#0%(± b - 7 ^ttSI©W >

3) %riMM&ffi&MtLr(Dmft
±m&'4iMm* 9 V 7L/;l/“fMfili, #4.5.9.3[:^f <DmM7 n-b

L-c%#$fL3. #[:, u$\ ■ *frmx~\zm7EWi.&v>%H&¥

[:&3. ifcr/^n-txje-^^l/-f^>f7,|j7K (b“f7y7F
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#4$ 8F$Ea$3HB

^7C###"e# & i ? fc* D , ^ ift?>$4v^7r>fA-^5r h 7
-?#t-#&. ttz, m^-%v--vr\z%ct, 

• a#^e, *£, ip'si^Aiaun^-jn^yi'V-^j:

&m### r^nnns*i:Amj #e> r#a@/>#Amj , rm##^#Amj

ib, ###, 7 l/3r'> 7*;Wfc, Lv\ t^c^#*o)7^- b>yo
a#######;:

i»fi;

...... r„::^...,.'.\,.t:,T y„..M...,rh.f.........:■■■

r».L'C-%'STV ^

sts m*&m
mm*

am#a#FP:
a«#ftS7T3-;'r

W'hr&m
t55»?$SS

fc-hy 'ji)-&\t 
itfafn' u-f

sawe;: •

as/#K:r.

aa*^#
3&-v>mm - 
77fnr-w:

mmm#
*ac%r%0

a#*'. "

04.5.9.2 %A##OR%g^##tmm

• mmmmsmmt i^xm&t
{vajigainrimiiiTi«iiffir'7TrrasecmapxB3Ea^aaBMBMBaaa
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4.5 fkSifflg

4.5.10 % tab
(all solid-state laser) gB §& <0 g 69 tt,

t LX, 7 * Y yx*;i/^-#§£ -5 i t Tr&3. 3: (Dtztb, y
-r-mtfrb, {mm&tM?* v yn* h©±sst^9ftjs[itt^^ctiL,

illllt^^.

Z -? (:, (5EK/&7 y 7°®B^MSi&y--r-M

f - (Laser Diode: LD) <%#&:%#< (30 ~ 80%,) •£ CD X ^ X h ;h * y - 4f -$ R 

JRx^x h ;u £-&$•£ 3 i 2) y--f-(Da%$*%#^Rr#t=6 3.

^tuc#v\ 3) I'-’Vr-vmm.fotz'bmikfztf'Qtz<,
Tca N) <##i=*3. ttz,
itn, y-4f-o 5) 6) ####-m#e%(oi5i±,?)
6 ^ . &>±.<D&jkb LX, 8) 7* b ynx b AMtfk *>3/V<7)£ £, 9) y-f-

(Dmi V'HE^Mtt-fUSrliat?# -5.
4.5.9(:±%K#m#m@h#m###m#2: fc * ^*iT33 V 3

-yxtamh lr<d rLD#m^#$y'-'y-%#j , f^ofttUT© nett
#LD%#J , LT<9

c-cm#r# t A3.

d) LD#^m^$y--y-%#
y--y- (yx t a ifttcov'Tii, 55&@#ibt:zy--f-##, 

® p°p ft • m?it y - -r- mm, s. tm & ® tr - a $&£&® a b§ * mm-c * 3.
HfsaWfcJ HOV'T#, l)y--f-#iBl:^4-f3LDX/<^ h;i/A^%$%A, 2) 

y-f-#K4"\(D LD , RV'3) MM^3 0W&*- 1 JU *f-(D^ V'
#aEf3LDK#l:#^3a@$:l^<t, 2) 

3@Km-e*3. MKf%@%$ i -

2 O tz Nd:YAG y-If-iCOV'Tif, A5&#M ~ 30 %St©iS#iI
»3 -9 . LD t@#y-'f-#gAaf%$A#(50 ~ 70 %)^±Kfc&3.

icov'ttt, y“1f“ffl*K:ov»-cx^“9 tf’J f-f-©*3 y-1f“'> 

xfAMKM'It^.

yx%#, ffw=z3%#%^^tr-AagA@T#&#%f3ct 

##'3%t:&3. gRt- K#jE##^#l^y-4f-#
&fuf, 5 kw m±<o95&@w:y-'f-<o;m& »r

#"C* 3. -^, 7 y n - ^ 2: LT [3 k - y y b An# (coherent
addition) R#J ^£gt?^3. Ml if, cw ffi^llO ~ lOOWgft y-lf-A

M £ 7 t - y y b kje. L&fot i t § ft if, cwffi^u ~ 10 kw(f##i=##-e 
# 3. -eAitAtcttjfta t- y yx ^i®nnn® tf-a £#l/t y--r- t, •£
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#43

yn-trxMSMO^ii)^}*, ^MlCS^ j£«
ESnT^l/--y-, S^'fnlif^^yxA FSMl/-
•*f~E®J Ztitzli, LD#i^@#l/--f-E® t, X9 ^ h V 9

l/--9-'-to rS&n^kCOV'TB, EjjEM fc LT(7) LD, l/-if-
BS, iz-V'-S^S^o^y v '✓? Mk (##ik)E®^m
%, SlFf77^ A - t OE^-14 Kmtitz LDSE7 r4 A- E® *

04.5.1O.1H, $M • ^^ku-if-tDm (®i:ll ) zrnt. r <7)EStc 
o^tli, i/--y-#ESnBpC9-#:'fb •/hE'fbt: J: V4 y n 7 y 7° 1/--T - <h gtc, P

Iz-^f-SS^trSE-eB t±l®#7D?& 9, k--f-(D^m^ikt:
(±, ‘&m&}Kls-i?-mM<vV£J:tZtHzl & u-*F-<Djzm.'fk£#yrt?, nt-ix>h

@;afb

&. ttz, 7 T 4 A- L/--y-i±, 7 * h 1/“-*f “

mnm%t lt©7 r 4
a-e®, m#m#E®, #m^^;i/4r-^37'\oa%$#^a'E-<D^%)<7)#Lv'77 
4x-#aE®t^%t& ^

r^amkT-A%AE®J tii, %, ®f6]1£, $&#, 3k-l/77#
(H4.5.10.1#E )(7) £S9

%M#E®, ## -E@M#E®, y b ;i/#e$U#E®^#S%m#t:Z % , 7 * h >
(Rv'jtw.)&m$t-%#im#m±t=Rm?#&E®&#

iLtzzttfg^-e**. -#iEE®(:(±, #
*m##mE®,###%< 7-E®^##%##fE®#^m##^gr^ ^

£H7y ;vy-E®, @®ftME®, E
£fc, (4,

QX4 7 f-E®^^- Kim%E®, &#Nm8E#8^:pE®g<om#Mf&%&#&,#& e> 
&v>. l/-4f-#m##^E®, k--y-##.^M###E®, E®&

(2) S-M¥Sttu-1f-E®
5e£@#-fkl/--r-E®t4ijBt@h &£ UKDmtfcjzb Ukftt %>. Z<Dtztb, LD

@m#ik, %#a##ikE®<o;g%#m^&g#@-?&&.
S-Si1^ LtOLD tc -o v> T (4, #Ii?#pSit^ii^*PiIf i: 4 & LD §

#<D caM#*E®j
^nr^-e&s. am^ik<D±»#jmg0T*
9 , LD<7)#^#^2: T/^4 y#mE®K#^6mm^±#^. $ fz, @%^LD 

I) , *>:&&/< #T*&.

-#, ^m^fk<0^36^ rrix—fkE®J tcov^r(4, &$r LD Eg 7" tHr 7. E®,
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U—If—A-y K (-150 cm)

i—•9'—)6S

<eii>
<D£1b,

U>—i)*—A-y K (<-10cm)

* □ t — U > ^ (Coherence)

(High energy density)

U—if—itSlO pm x 10 nmtoStBlC 
$5fct5fc
cw:1 W, - 106 w/cm=
pulse: 100 MW, ~ 1014 W/cm2

(*««: 16J:T -o.lW/cm=>

is—if—
*

B#

* Sfe14
(Monochromaticity)

* fUAto (Directivity)

u—•9'—

BtffRS# (Diffraction limit): 80 = %/D

[§14.5.10.1 ^A@#=ikix—y-(7)ma^—y-(7)##



T ls-<D-%7Cik,
i), k- b'>>?(Dtztbvtt®- pmm#)

^.(DV-^-Klt^zt, -tCLDf-ACSIliiKloTfil), -X

7 “ if (Master Oscillator & Power Amplifiers: MOPA) LD fcf — A <7) f fi

k-etuc-ts r^k-si©P3^ssiT^4. m%mm%K£ 

*), LD##mg:2T#fL#,
LD0m##m^wi t \zi£%>.

~ 600 ife@#:-fbl/--y-
lfOjciia|l:4otV^. Zotztb, n-VI m### (ZnCdSe/MgZnSSe % ) *? 

El-V-nitride # # # (InGaN/AlGaN $ % (:###(:##& |"M:E

LDESJ <Dm5£tf&mr'&Z. ^<D^e<DK#^%(4##KM: t #:@jail:*a too, 
H-V-nitride LD <D £ 7 (1995# ) £il£M a #

isiLDgicKcn), LD t*i=,

LT<D LD<DM'|$t±BJ§i'.^-e& 1 , ip.£ Is - #-Slfei® fc L T £ It 
?& < , ±#S(D MOPA^-^#cz a k-

LDtDl^flJffi^ gflL/ci^

o)

l/-#-##, £0^# ic h O T#nr&&Eim

ikix-#-<D###^^mc^v^##(D FSrW^MJ <DHf§#'SE-e&"£. Ztihlt,

e3x.(f,
mmmj ££% Nd:YAGWsEst±, i'-*?'-mntP<Dfe&'f * yviik&frifi^mMMWi 
&i), ldse^v^Stlv^es^mlt, v-#-

7 7n-f faZ:#, 1/- •#-#;& <7 ^ tf * * v ^ 4 <9, < f o

5ftV“f“gif^sn^»^T?;ny-T-^.

V 7##(DM#1:4 a#^ -##<D#^m##<D|A]±, ##K##&(D^%KZa# 
^B^WE^Sk-etUc j: a^HBH<7)j5i@14(7)[5]±^S®yfttoSiJ®], $ ^1:

tAmm############--r/w$

S4$
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4.5

7^7-f

75 7-, vOnt/rO^, ZbK t± 1/- 7-SJ&ES

#xc\ nHhKM^y-vm^Kx 9, 7 7 7 v -
/'to - .j;^nyitttC7* b 7 £ 1E B# H9 (msec jy ± ) tc b/<: o TWS7^ %# (?b7 x -f 
>7-)*, ati£-M£ 6 fi £ W? § S 7 77t y § tuf, 7

(4)

9, f (D#m
)gmt:Zc'CAm%#(Om(±±#<^ikL-C#^. 7*b>
^*)U3r~££.m<Dtz*b<D§iL^^*p3?-%mMmt Lxm±Ltz>titb<D r#A### 
##J ?6 I), im#(: £{£Bt;E>*:M7-T7 V ny-h&s.

7-7h lrCDi/-7-1±, ##<7)mm7aiissm, #@f, 
M, b F####J ?-f£tv^ » 15 -e*
< , ^•illSCilfl: (-7^7 D<b) SSICS I/-7- If
- A (±, $;E l/^V (0.2 ~ 1 mm) <7)SR9^CD FSgSJ & rx^;i/^-^t^J £nTj|g

t=L, #mn^

tc, i/-7-tc#w<7) r^$;y7-#A#j tt,

7 * b y ?■.;]/F*b[6]14J 7 F####J t±, ©417n -bx His
<#^f & RT#%^#)6Tv^. fajxff, EiHS£7Eif5aME

■C* o %###7##g#7n-fex tcjs V'Tii, ####^o###»x^ K i.
1), (E^a, E%E, ehesbs^) £M-e§, emo^e

$^=, %^4=, #=@,
# - mm# '@im##TT(7)^#%an%7a7x##^ & .

^A@#<bC j: & l/-7-<7) F/J'# -@SE##J f= Z 9 , 7 * b L
r<7)wai*v-7-hjis5c^Ksfc(7) rmaej ££, 7 * b >
(%)^*KM^#17V^ F##@###J t=Z 9, Am##(7)##^:tmiJ7 7 y - K. 
A 9 ?8m &##&:&&%&, ###+#%# - ####%# b 1/-7- h(7)E^1btr j: o 
T, 7D7X%#<7) F 6#ft (M'fb)J £*§ < M$7£ c:

£®MS8g2: LT<T)5£<£@#:-fbl/-7-Mt±, 7 n -t x £ £ 7 &
F##MJ , mfflitj , rv' rss^bj ^#u<#mL,

3tS<%#f&nraBi9:&#xTV'a. xi/Xbaxxx^#%%#^!gK^^
t(±, -Amzaomm, -e^u: z ^7 u -

A#7o7X (ge#@ge#A0 ) < iS7r h
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S4$

#, *©# < tov>Tiifl: -^^7^ffc**JiA/T?v»^ fc J±V'X,
Ett, SSinxxE, SnX7-;v, MES^SE £ Bti, ###
0##ik t: z C 2fo Tv^. SEV-V'-ESti, 3m:C##W:##t &
a^<, ####- ^ h

x^Tcinxmg, $ 6 Z 9,
%$ jtT# fcMyn-fexMfcli'S-'fbL, Agyat^ ^

& . $£, ±m<7)z ^ K, ), m

tan:#o, ###,
-#m, 'bm-mm%r<Dmmz*mx.tz^*)i'*r~-mtzixKz

&.

T, #^r &##, #H ■ &VniZZtl?'tl<D'7v:tZ<Dtzl£>(DM
a*e, n%L%?<D&mmMtz<Dn%BtfMmit-Mm<D-&$:t:t^x^z. %<Dtz*b,
yot%x#(7)@m, ^mmfk, ±m#ik, m^KE#<7)mmik#^±# %m#2: »c-r
V'&. SEl/--y-6E®f fljffl LtzV-lf- CVD, I/--?1- MBE, 7/^ya7fC 
K 7 -r •/ D -tr x, VXX l/XSjfc, l/--y-#mtnX#^^mikt:Z 9, #@0yotx 
IglilUgit^^i:, -E-<7)E#^±m^mmikT # ■*£, 3itfi:j:9,

a*usm, imsssttij, je^^ i/-'> 3y^
<d$t < <o#Lv'mmjmxyatx%#t%rnf 3.

Q rirsssjmj a#f ?&&. 04.5.10.2^, c-r^mik
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( Y * a A A & A 4 W Y -B 4 4 J' -4 - 4 ‘Y^r o 4 *4 & ft £y\/4-J.
-.-ft--4 ‘Y^a a A & A4 ^v^X64-4-4 ) & A4 <ftv/-4-4 •

^-####^ • A4£ T3X*n44 4 * •

- ma##®

^#0^497^4#%-^^^ • •

?0>J-K
a- '9r$J.%g@:m%X4ft^-arxq-o44^??79:4%#^^mM9:q:#={
■£«& • 4 ^ if 2

9r4m#Xl ft T ‘4 £ <£4M'/T' > «U1iI? 4
'##

'4l?##mgix^o44 4f/: 
S&SBSJrs-UAA'i *£ (l)

'9"W=$%f#9^##^%/:4-cz:(E) .'# 
MmiHS • ESR 4 * a ( 2 ) '#%^g)xq-a4< 4 * a ( 1 ) il 
#44-4^-4 4 f 4 1 <? <2 :t l ^ <i 431H 3BMA 4-4^44*4 '¥1%g@%#*

z ■ s

'24?#B3 :? 2 %4## 
'=1#! 9r4##:m###ft T=i ? 2 '1

##3 #####%#%:& -&###? 3-04 %G9#a% 4 3
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'<%E1 <9'm043-a44 4-^4 ‘4 9 s?ii* $ Eft#;? ?of 2
‘¥1 ( 6 4 ) WM$a 4: & 2 43?^ #8^4$ I^»IS? 4

^ %4#im:i*!@l am% 3%#3%0)% '4 9 ?=1
4;*S4Bfl&* ‘ ft <££.*-4a>g££i** 43-04 '1 m ft#*#3

^ • MB '¥Mf-XlC*?4%WJ.%^%m*
"9rg|*^#o(##X4-4^/c 4 *

4-4# • isr '41 14-6% (%% 4 44 -71 c ) 4 4 * 4®M '¥)4%gg%#$
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5.2

(i.2) Mi# - - mmam®

(DBSinn:

• 9JWiax<D£fe& •
• mU®mnX • 7l/ + y^5:®ttlft«,

#%##, 7i/4r^7;i/&##an

- - ma&aoBE -

(1.3) -Y7:/n-fe7*-7V yy&m
• 4 y'fxi'*'**—? ') v y<?)tzib<oi£>jqr-E®

(2) 7* h• m-mijemm®
7 * h yfem • ltm®£ Lr, r ^a-E®,

X, £ fljffl L £ "Hit MW '> X t A ,
-tLiboE®(±, ^tit-e®#, m#m@, @+#j&

%m%%-m x i^ $ *i-c § tz&®x, -§& -r*Hi m * m <o m.$ nhm*m #> h n
xv'SfeoiJbiij*,

far©iH44.
(2.1) BffliI)677YA-ft®

• ^{B*51&7 7 -Y A“OK (5^ft7 T 4 A-f Ge K--/7 T -Y A~, 

^377tY /<- )
• 77Y^“A77,J7/(SM07 7 -Y A-Att3B, #m% )

(2.2) 7/VTY ytyf Y

• m#, ^#)
- IE#, MtrEH^L, itB6^MtL7bSffi^fflr7 * -v7>;i/5 7-<Dgi§i§

(2.3) • ssfituwEK®

(Zince Seleide, Potasiun Chloride, T' -Y "Y ■=& 7 K, DOE)

(3) 7* h>#±%®
7tf^MS®Ut, LD#^@#l/--f-, 77Y^-1/“f“, IMV“

b&ggiLTV'Y tv^
91 tx\±% < yot^tosmf ? »#

A-e&B

£ tz, hMW% Z t fi 7 * h 73^ h 1},
-e Lr-etL-e'iu7)S®<D9f%^^F,gSi±, mT<DZ a c»&.
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S5S fW*.?

(3.1) -

• mm%m, s a -•?'-&$( 5 kwm±)

• usm*ldes(^pDn@, ldt wm,

*41)

(3.2) ~J 7 A ;i- y-4f- 

■MISI, iS5£tS;fr7 r 'f a-<7)HJ§

(3.3) tlRTf ^“f“
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Program No., Title of Paper, Affiliation, Authors

L-l Nanosecond Pulsed All-Solid-State Laser Source at 1 kHz Repetition Rate 

Lambda Physik Japan * Lambda Physik GmbH 

B.Fechner W.Zschocke * , N.Deutsch * , U.Stamm * and D.Basting *
L-2 Laser-Diode-Pumpde Thermally-Induced-Bireffingence-Compensated Nd:glass Rod Laser 

Osaka University, Institute of Laser Engineering

* University of Osaka Prefecture, College of Integrated Arts and Sciences 

H.kiriyama, T.Yoshida, N.Srinivasan, T.Kimura, K.Nishida * , S.Owaki * ,

M. Yamanaka, Y.Izawa, T.Yamanaka and S.Nakai 

L-3 LD-Pumped High-Average-Power Nd:YAG Laser

Japan Atomic Energy Research Institute

Y.Maruyama, M.Kato, M.Ohba, KAkaoka, T.Muramatsu, TArisawa 

1^4 Laser-Diode-Pumped Nd:YAG Active-Mirror Laser

NEC Corporation, Opto-Electronics Research Laboratories 

Tadashi Kasamatsu and Hitoshi Sekita

L-5 All-Solid-State KTP Optical Parametric Oscillator Amplifier and its Applications 

Osaka University, Institute of Laser Engineering,

* University of Osaka Prefecture, College of Integrated Arts and Sciences 

**p institute for Laser Technology

N. Srinivasan, T.Kimura, H.Kiriyama,T.Yoshida, KLNishida * , S.Owaki * , 

M.Yamanaka, Y.Izawa, S.Nakai and C.Yamanaka
L-6 Characteristics of an End-Pumped Solid-State Laser with a 1-cm Diode-Laser Bar 

Keio University, Department of Electrical Engineering 

Y.Akabane, KUtoh, ANakanishi and F.Kannari 

L-7 All Solid-State Forsterite Laser

Mitsui Mining & Smelting Co.,Corprate R & D Center,

* Electrotechnical Laboratory, Laser Section

T.Yamazaki, Y.Nobe, Y.Anzai, KYamagishi, S.Uemura * KLMiyazaki *
L-8 Millennia - The New Compact, Diode-Pumped, High Power, Visible CW Laser 

Spectra-Physiscs Laser Inc., Scientific & Industrial System 

Bruce Craig

L-9 High-Power-Diode-Laser Pumped Kerr-Lens Mode-Lock CrrLiSAF Laser 

Electrotechnical Laboratory, Laser Section, Optoelectronics Division 

S.Uemura and KMiyazaki

LA10 SOW CW Operation of Solid State Laser of Virtual Point Source Pumping Geometry 

University of Electro-Communications, Institute for Laser Science 

J.Song, N.Uehara and K.Ueda
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L-ll Spatial Hole Burning Effects in Laser-Diode-Pumped High-Power Fiber Lasers 

University of Electro-Communications, Institute for Laser Science 

A.Liu, ILKametani and KUeda 

L-12 Development of 2-D High Power LD Arrays

* Hamamatsu Photonics K.K.,
Osaka University, Institute of Laser Engineering

H.Kan * , T.Kanzaki * , H.Miyajima * ,Y.Itoh * , ILMatsui * , T.Morita * , T.Hiruma * , 
M.Yamanaka, H.Kiriyama, T.Yoshida, Y.Izawa and S.Nakai 

L-13 Ultra-Short KrF Excimer Laser Source with Variable Pulse Width for Material 

Processing

Institute of Research and Innovation(IRI),Laser Laboratory 

T.Yagi and Z.Zhang

L-14 The Development of Chemical Oxygen Iodine Laser for Material Processing 

Kawasaki Heavy Industries Ltd., Opto Engineering Department,

Kanto Technical Institute 

H.Fujii, F.Wani N.Naito, T.Nagai and T.Atsuta 

L-15 Spectroscopy and Crystal Structures of Cr 4 + Doped Crystals 
Mitsui Mining & Smelting Co.,Corprate R & D Center 

Y.Anzai, ASugimoto, T.Yamazaki, Y.Nobe, Y.Yamaguchi, ILYamagishi 

L-16 Fabrication and Optical Properties of Polycrystalline Nd:YAG Ceramics 

Osaka Institute of Technology, * Kyosaki Corporation 

Kunio Yoshida and Akio Ikesue *

L-17 Spectroscopic Properties of Yb 3+ Doped Glasses
HOYA Corporation, R & D Center Xuelu Zou and Hisayoshi Toratani 

L-18 Larser-Diode-Pumped 20W Intracavity Frequency-Doubled Q-Switched Green Laser 

Mitsubishi Electric Corporation, Advanced Technology R & D Center 

Susumu Konno and Koji Yasui

L-19 Spectroscopic Studies of Yb 3+ :LiYF 4 Crystal for High Power and High Quality Lasers 
University of Electro-Communications, Institute for Laser Science

* Central Glass Compony Y.Kubota * , N.Uehara and K.Ueda 
L-20 Nonlinear Frequency Conversion in Laser Crystal Hosts

University of Electro-Communications, Institute for Laser Science

* The Russian Academy of Sciences, Institute of Crystallography 

A.Kaminskii * , M.Tateno, S.Koh, J.Song and ILUeda

L-21 Crystal Growth and Optical Characterization of Cr,Ca;Y 3 A15 O 12 
Mitsui Mining & Smelting Co.,Corprate R & D Center 

ILYamagishi, A.Sugimoto, Y.Nobe and Y.Anzai 

L-22 Intracavity Adaptive Optics for Powerful Nd:YAG Laser

University of Electro-Communications, Institute for Laser Science 

*The Russian Academy of Sciences, General Physics Institute
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S.Chetkin* and KUeda

L-23 Charactristics of Pure-Silica-Core Fiber for High Power Excimer Lasers

Fujikura Ltd., Opt-Electronics Laboratory, Applied Fiber-Optics Section 

Naoki Shamoto, Tomoaki Toriya, Keiji Kaneda, and Takashi Tsumanuma 

L-24 Optical Frequency Domain Reflectmetry for Surface Shape Measuremet 

Mechanical Engineering Laboratory, Optical Engineering Division

* University of Auckland, Physics Department, New Zealand 

Tomoaki Eiju, Kiyofumi Matsuda and Thomas HJBames *

L-25 Correlation-Induced Spectral Changes in Laser Light Scattering 

Machinical Engineering Laboratory Tomohiro Shirai 

L-26 Phase Conjugate Interferometer for Testing a Parabolic Mirror

Machinical Engineering Laboratory,Optical Engineering Division

* Tokai University, * * Kisan College, * * * IIT, Dehli
K.Tenjimbayashi,M.Kawazoe * ,A.K.Nirala ** ,K.Matsuda,C.Shakher *** ,A.Ishizaki 

L-27 Ultra-High Quality Mirror with 1.5 ppm Total Loss
University of Electro-Communications, Institute for Laser Science 

A.Ueda, KUchisawa, A.Onizawa, N.Uehara, H.Sekiguchi * and KUeda

* Japan Aviation Electronics Industry Ltd.
L-28 Diagnostics of Laser-Induced Plasma in Welding of Aluminum Alloys 

Osaka University, Welding Research Institute

* Osaka University, Graduate student

Jong-Do Kim *, Seiji Katayama and Akira Matsunawa 
L-29 Numerical Simulation of Keyhole Dynamics in Laser Welding 

Osaka University, Welding Research Institute

* University of Tennessee Space Institute 

Vlad Semak * and Akira Matsunawa
L-30 High Speed and Precision Processing with Slab-Type YAG Laser 

Fanuc Ltd., Laser Laboratory 

Masao Sato, Yoshitake Furuya and Nobuaki Iehisa 

L-31 Light Emitting Silicon Nanocrystallites Prepared by Excimer Laser Ablation in Inert 

Gas

* Universirty of Tsukuba Matsushita Research Institute Tokyo, Inc.

Yuka Yamada, Takaaki Orii * , Shigera Takeyama and Takehito Yoshida

L-32 Fabrication of Fresnel Lens using Excimer Laser Ablation Process 

Matsushita Research Institute Tokyo, Inc.

Nobuyasu Suzuki and Nobuaki Furuya 

L-33 Surface Alteration of Crystalline Si 3 N 4 with ArF Excimer Laser
Miyazaki University, Dept. Electrical and Electronic Engineering

* University of Osaka Prefecture, * * Osaka Electro-Communication University 

Kazuo Nakamae * , Yasuo Takigawa * *, Kou Kurosawa, Atsushi Yokotani and
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Wataru Sasaki

L-34 Second-Harmonic Generation in Poled Glass

Miyazaki University, Dept. Electrical and Electronic Engineering 

Akihiro Kameyama, Atushi Yokotani and Kou Kurosawa 

L-35 Photo-etching of Polymers using Xenon Excimer Lamp

Miyazaki University, Dept. Electrical and Electronic Engineering 

* Osaka Institute of Technology

Noritaka Takezoe, Atushi Yokotani, Kou Kurosawa, Wataru Sasaki and Y.Yoshida * 
L-36 Laser Beam Cleanup with Photoreffactive Two-beam Coupling

Toshiba Corporation, Manufacturing Engineering Research Center 

Atsushi Takada

L-37 Amorphous Films of Ta-Ni Binary Alloy Deposited by Laser Ablation 

Shikoku National Industrial Research Institute 

T.Yano, T.Ooie, M.Yoneda and M.Katsumura 

L-38 Laser Activated Joining Method of Metals and Ceramics 

Shikoku National Industrial Research Institute 

T.Ooie, T.Yano, M.Yoneda and M.Katsumura

L-39 Fabrication of CuPc Thin Films by Laser Ablation and Its Application for an Organic 

Electro-luminescence Device

Keio University, Department of Electrical Engineering 

T.Fujii, N.Matsumoto, E.Ino and F.Kannari

L-40 Surface Reaction of Organic Polymer with Reactive Intermediates Produced by Laser 

Ablation of a Phenylazide

National Institute of Materials and Chemical Research (NIMC)

Hiroyuki Niino, Yoshinori Koga and Akira Yabe 

L-41 Chemical Surface Modification of Flurocabon Polymer by Excimer Laser Processing 

National Institute of Materials and Chemical Research 

Hiroyuki Niino, Yoshinori Toga and Akira Yabe 

L-42 Studies on Corrosion-Protective Coating by Laser CVD Method 

National Institute of Materials and Chemical Research 

Y.Imai and A.Watanabe

L-43 New Film Making Method Using Ultra Fine Particles — Gas Deposition Method — 

Vacuum Metallurgicl Co.,Ltd., UFP Division 

Eiji Fuchita, Kazuhiro Setoguchi and Masaaki Oda 

L-44 Utilization of Laser-Induced Plasm for Improving Residual Stress in Metal Surface 

Toshiba Corporation, Nuclear Engineering Laboratory 

KOkazaki, N.Mukai, N.Aoki and Y.Sano

L-45 Synthesis of Diamond Film by DC Plasm Coating Method Using Ultra-Fine Carbon 

Particles Produced by Laser Sublimation 

Mechanical Engineering Laboratory
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Hirofumi Shimura, Yuji Kawakami and Shinya Sasaki 

L-46 Development of Abrasion-Resistant Coating by Laser Assisted Plasma Spray 

Ibaraki Prefecture Technology Center

* Mechnical Engineering Laboratory * * Sekiyu Sakuseiki Seisaku Co.,Ltd. 

M.Shinotsuka, H.Nakajima, K.Koishikawa, S.Sasaki *, H.Shimura *, S.Yoshida

L-47 Features of Various In-Process Monitoring Method and Their Applications to Laser 

Welding

Applied Laser Engineering Institute (ALERI)

* Nagaoka College of Technology, * * Osaka University

Masao Watanabe, Hideki Okada, Takashi Inoue, Susumu Nakamura * and 

Akira Matsunawa * *

L-48 Open Air Fabrication Process of Cu Thin Films on Fluorocarbon-Resin Surface by 

Excimer Laser Irradiation

the Institute of Physical and Chemical Research (Riken), Laser Science 

Research Group, * Tokai University, Fuculty of Engineering 
M.Okoshi, K.Toyoda and M.Murahara *

L-49 Time- and Space-Resolved Soft X-Ray Absorption Spectroscopy for Laser Plasma of 

Silicon
University of Tsukuba, Institute of Materials Science 

Tetsuya Makimura, Tamaki Sakuramoto and Kouichi Murakami
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