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1. WF5eshE O

BN

7 = 5 MRBEIBROBEDE IV ZNTIREPE O JER SR D ERGDE NS R 5T
BY, KOWER, THROEHPEHRE AT IENTEL, AT ry=r ME,
VADOWNENARZATEICHIEI L, Zhziekl, LT, 74 h=7 205
P2 X0 RIS A LWkt a7 b TRz =710 7] %
B L, ZOERBZ AfE L7z, Fi2, eIk idfir~oic 2 & m LT, BEDE
FOVADNENARZ T D Z L2 K-> TH—ON UL R E v FOF#RE
oD LIk, WERORSEIZEL AR EZELMA ST, LV AR
JEDEWHT LWEE RO ATREME A R L, L0 BRI, v 2 L g O
ab—Ly MREAEEMZE L CTHEPICEFIRREZRET 2 2 LIC XKoo ThZ
FROBIE, i, R, HlfER EoMiEE BT L2 BIEICL, Z0DDN
FAMIAEDCIR, ARG T S A 2 AEARRR 5 e Eedin 2n & O R EAIR OBAFE 2170,
S BT, R, BRI HER T S IC B 2 B IRAEREIE O FEEE HE LT,
Fio, KTwvx=r NI, BEERRBRE &b, BERBEIFE L TOIS ATHE
e QEAICHED =, ZO72DIZ, FraFHBEIC L2 BT A HEORR bR L7, £
OFER, 7r =7 MIMPIZ, 6 FORFFHBEZITV. 95 2/RIBEICHKSZ L T
W5,

u vy MEH

RK7aY =l NI, 4P, JEHR—E R OFRA - Hl#H - BRI D AR
TRZEOZN—T L Fe LTRSS GO - BEZH S AAER (KR
BXOT7 =L M7 7 7 u P—IFANEEME (FESTA) QA N—=00R57
=T TR S T2, E DT 18 4 & 0 AL R Z oifieikseicgdz o 7 v—>7
W PR TCORERFWHRD 2 & — L MEBEIOMIE TS L7z,

WFoE L DB & ERRE

EROSEH R L BEFRROMAFEN LD TBRFRRE =T U 7] OFEH
aART0Y 27 MNEUTOSSOH 7T —<a2@ L TERLEE. 7205, 1) N
HEONLAR O RIS ATREZ2 06 XV Z IR E T 36 K ONARMIAE 7S A DB%E, 2) ek
WOWNENAR Z BT DA B OBAFE. 3) | F RO D= DT/ 1#
B O - [UE - Bl L UN4) BEMEECE T CTORBTESRORNE - Hl# - R
HOERE, £ LT, 5) NAHKEM DN D72 < GHFN R T — 2 N E R T2 01T
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BT HEEREZOBAEZRITHICEIETE D B2 LN D TREICBIT 5%
FHRO=abe—Lv o Ml TH D, BLFICERENIZOWTHAT 5,

1) 7= & MONAHBIEIEIR > 2 7 A3 L ONARBIEET A 2 OBI%

TiV 7747 7= ML —P =0, RECEMEEZ T AABZETRZE, R
B — MEE AW g 2 A G b7 4 — KXy 7 il 27
XD, 0.8um ., BEXO1.1~1.6 um Al ZENRIREZBE LZ, TEOME
BONAET 07 7 A VEMINTE DT 07T~ T RS T, RERNV—T 4~
Bz el Lz, ZOFIXLLFO 2720 L 4) OBFFEEH D% < O£l
s, Fuv=s b BEOERICKE < FHE L,

FOVANERAARTIEN E LCiE, [T —7 ) BN EEECH D, £ 2T,
R DU SRR AT, B L EWEDE < SR X —r UL 2O A]
RECaL /T N7 = b MF v — 7 Al EBEE 2 BR%E LT, (FFETES 3569777 )
LET LG R O KIE 2/ NUYE &2 TTEEICT 5 b O T, IO ETIFZerkE o 25
(205 U CHEAT R EE 2 D TN D
2) AR S ik OB %

A VA L BEE L O BEAERIZ L DAL DNV ANOIERIBALE Y 7 |k
7 b NOORHSMETHERAET 2 HELE LTURESEI T = &5 N
=y 7T AR Lz, WD TELE T, ERFTRUITI AT 1 0 EfE &
VD RIE QRS EA iR L7z, BEICRRTH AL L TR Y (FFTE 3533651 ).
X7 N AEEL 7R O T, SN O T — A O FEFEIZIE U CHRFEFEIZ HH#E L T
Wo,

PERDN SV ANARRIE L. FRoOV =+ v 7 BT 640 C, FRERGE
TOTHEZRHAT 72012, BED N IV AN T SN AR 2 HIET 5,
WET—ZDEIITRRINITT U H DT —Z BMEESN TS 256101, 1
— DIV ADMARZBRET DMENH DH, £ T, AT MVEIRTOTHE &
AN =T AT EMAEDE, B— 3 v MIARRAEFXEBR% Lo, 2,
PNIVADONENAD Y v vy gy hTORMEEIELZEBERRELESZ 2O
Do
3) BRI D726 DN T ) fiE OF%ET - BUE - T

B AERL - HE - OO OBE & L TR, =L — R EI B D
TR DSGRET FTRE 70 Y-8 IR T RS 2 TR Lo, #FIC, B — IR Ok E A AT RE 7R
N K E TR D exciton ¥ENIZHGT 2 EH LT,

BT RO OT=DIZ1E, BN S EEEN ~D RN IZ & v BB o &
NEDTIREBEZAT 2L E D 575, Bl BT HAME TlE, N FREB O
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BIRAIOT= D12, ERBITEEWICHE—ENFICR O T LE S, ZORRA|O%E
Z RELT 5 1o OIS &P (Asymmetric Stepped Quantum Well:
ASQW) Z4EZE L. Amz B8 L)L Tl L7z ASQW i 2 flfE L 7=,
FAE LML, AU 0 E TR 21TV, 8REFCER L2 B R IRA ot &
NEBIN TSI EEIEFE LT, 20 ASQW & ILT 7~ VY LR E~d
SIS IR S LD, (RefE 2002-276156)

ASQW (ZF ¥ —7 Z I L7277 = 5 NP /SVAZ RS L2 & X IR SN D &
TRHRIZOWT, T 1AL E 2 ¥ERLD 3 YERL R DET L& FIWCEEANICAEST L, |k
2HENA~DREEIX, F v — 7 OF & RE SIS CTRELSARD Z LB RNE LT,
ZOBRGIE, MAEEICK L Tr AR T v —T R AEE LTHIfF SR D,
4) EEERBEEICR T 2 B OB & £ O O FERE

NARREIR 2> CF v — TR SV A Z AR L, 7 =Ry TICRE L
TEDENBEDT ¥ — T DORE IBLOTFE~OEFMEEZ A Lz, Ziud, i
FATE M2 SO ORI ICEH T 5 TIRIEAAAZEHUERR) L BEX D LN TES. 20
F v —TRFENEOL A F I v 7 AT L, TOx= v ' ATT 2 ¥
1D 3HENRDOET NV CTHHTED Z LR LT,

NEFEHEYE SV A TP I B X AATSIE R 2 R KIRIE AT 51213, BTHRED
W %E TE DT T 2 HIFRLETH D, 22T, BETEROER -
PTG @2 RGN T HiEE LT, 78y RAF v R 6D 2 (R
2005-55578) & BHFE L, =& /) — AR D> T =t FE sy DTTCL ICB1T 5 &
TR D FERF BN R LD LT,

5) B FRIRICEIT DR D 28— L 2 Ml

RO ARL - SO JFERE) 72 FZERIE, SR T — 2 N E AR Fik
BRAEWDFZ2EE L LTHWS Z &I X » TEITHICKREETE 2500320, F
KA HFEND Z DT e Y =y MBI LIz RAL KRS et O fgseti Bz o 7 —
TVE. HAABIZ X B TR R O RSB il 2 555 L=, F37°, St L Ao
JERFEI 240 1 0 7 M RPOREEL CTHIE 2 KB FHEE (77 MRMALFRRIEILEE
APM) ZZFEHL L7z, 2D 10 7 FMUREE OEEIER G L, R b BiFl 23,
ZDAPM SO T LA E Hghr 4y TIZIRET L, — oD L ZAREN S 5 00 TR
WHROMTIZIE 100% D=3 T A NG5 TWABIHI L7, Zhud, (AaSI6
SERDOINARE 3 TNETRREONANCEE LR LR T &, 272 e
DEFAEY QDI EZRFHIEFELIZ LD TH S, (K. Ohmori, Y. Sato, E. E.
Nikitin, and S. A. Rice, Phys. Rev. Lett.,91,243003 (2003)) &5HbiZ, I,
ST ERCT, B0 VA TER LR T, RO/ V2 CTHEESL
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WIERET D24 27 2% B0V 2565 W TEI L. 4% o]
D% 2 ERFFBLINIC D) Lz, ZAHHEOERFERIL, v Iab—Ta VEHRIC
Ko TREMICH S L7z, RBFEITAAAIC X2 BT RGO —2SORIER & L
T, BB TOT o7t LTEnary h 7 A hom-Ta R L
7o T EHAATE S FHI S A, FEFITEE < ORI O Z5EE &
77

I, BN —F— LR DEI T A T A Lo THEREF O
FrbBMEND “NE R ONFEFEZER L2, FO0ERE 400 nm, /N
VAR 100 7 = A PO L —HF =L 2% — YOI E U ALARBIEDEIE 2 S o
TOEANV R 2 Xe A KRIRICE R L XeflF- D 5t A A AR Lo TR &
D INETREDONAIE 2B L, ALFESIE YIRS FE O AR FE DS, Bk D
HEMIBIEFRIZ L > TRAETL2ETFOMAHFFIEICHBU BRI ND Z & A2RL
7=

FRBREOES L B OFHA

A7y = N CTHFE LI AARBIEDEIR, FFIC 1.1-1.6 1 m A O PR TA IR IT
JBEFRETH 2 Z LIZIA T, AL - A FOFEE T OIS ATREMED B R
BIL AL TR Y | AR & OXF MBI D 5 L FEM TR STV D
Fo, AT NCRERT v —THIEHT A 2 SO D O Sl 2
ROLNTHIE LTS, EBIZ, AF Y =7 b THERESERESE >
A Y=y 7 BFWEHE, SO TELZET, MEETHY, Lrbar s b
2R 22 00 T SN BI O BEEE TG U O E R E T By MBI S RIS b
LTV a, Zhbid, 7= A MIBEE Y + b =27 AFHIFORBICKE < HS
THRELEEZOND,

BHER L8R ) fEIC BT 2 &R & iz o Tid ey =
7 MRS IZ AR AR R R A S D LN TE Ao Tz, L L, KT it
B OB OH TH DAV IR B & T H S (AS QW) X, v RNER
ERRT D7 7Y BAEOHE K EICLAEEEZRIET S 2 LRSI
5, E£lo, BERTORETEROERFFBIOESRIZ, A7 vy xs hoHLikE
Thd R =7V 7] OFEEEZEIELZLDOTH D, TOEIIZ
TP oTle T By RAF ¥ U~ )L FF v R VRHANESEE 1L, 5% OB TR
OIFFROREFEAZINET 2 b0 MFFE D, 612, 7OLVANHOE—~T 2 > Mi
HOEBUL, 7 = & MR D SV A5 EAT LW Z R LTcb D & & X
bivd,



RARTZ NV —=TI2BWT, DFEBOREZH O TRITIICHEIES N, 107

NVRE TOBFIEROERCH AT, TOMRE, & 5IZEEF BEOR O
I EOMFERRIE, AL ISR = v X —BE) - BB O SRR
. T T REBE & T 5 mREBICEIRIC & - THZ 2060 (B 2138
FOV ZOEIRRPH X BOLTR) OB, R FefHT BT AT RS
— hDOBRAE~DRERAN AT D,

. WFZERE AR

HEAEE

K70 Y =l MEL 7= b SRREBOBREDE SV ZIEONAR & @il o m kIS
FE LA T 2HINZRET 222D Lz, 74 h=7 AHEIFE =L 7 K
0 =7 A ORI 2 T HE 5 B ® S I S TR Y . £ O FREMEZ iRy
WORTDONRT = 5 MDY T « 7 = b MRICEDBREDC SV AFAEDERTH D,
SV AR EI O By DEREDENH R o THEY | OWEHK, T70b5
JEWHR E R 92 LN TE D, VIV RO, SR AR D AR A~
7 L IVALGY Ze— T OALAR BRI LR O NLARRIEEAN K > TW D, RRI, B
DEIENHEZHE LI ROZ LIZE>T, Wbw2d 7 — U = EHRHR (Fourier
Transform Limited : FTL) O&E/ NVABELND,

AK7av =7 MI, KOV ZAONENABELAEREICHIB L, 2hzidd L, s
LHEMEZER LT, 74+ b=/ 2A0BEmEMEZ LV ZRICERT 222 HIEL,
Z oA NERGIE =70 7)) Lafhidlz, X0 BARMIZIE, eiFRis
EEAfT A~ &2 & U<, BEDE ULV A OWNEMNAR ZHIET 2 Z S ick o TH—
DIV ANEHE Y FOF#REHDE L Z &1 ROy EIZE ST L JE
B (BR) AEIZETAUTHD D, JEEEGE & FRHC RS T oL BEL 2 8
HEEZ, IV HBEDOEWE LWIBE TR EZRRT DL R L, 2 LT,
TORIZE | SR L EEICHAIER TS DBVE RIS EFIRRZRIE S 5 Z &1
o TR DOF, f, R, Sl EolELEER T2 2 AL,

BHELTL BIFEOEF - T A XL OBGWENG OBLEN G BER. KT
TRV — PP BB R O TR DNERET P RE 2R R T/ MG 2 61 2 & TR
TERCHIE O FTREME 2 R 5R LTz,



A=Y/ N |

A7y M, 4], SRR —E R OFRA - IR B D 2 RUE T
RFELFHO 7N —7 0 E& LTHRERT / HEORG - fEL2H 5 AAE
) BLOT7 =L T 7 v P—JLAFSEHEME (FESTA) DA /N—nb
2D T N—T CRERR ST, & HITERR 13 42 & 0 ALK Z el o 7 v — 7 31
DTEFEROaE —L 2 M OMETEE LT ey =2 N REOHEENNE
IZFHHLTE,

ruTv g MNEITICY 2o TOHE

Ta Y =7 NBATIZE oo TR, IS EA A~ BB Al REME 2 BB D 7o, TEk
DD BEELE ORI TIE, Fy v B4y « T =X TOB L WS T
TWH ATr Y=y NI, MENRBER IR LD LT 5 L &I, IEHEIN
DRE NS BIEFERRLDIZTLHZ L, Thbb, [TED1ICEEELT MEX D)
Bt 352 BEEC LTz, 27 DIT, R HREIC X 2 FnipT G HE O ffefR % B L
7o, ZORER, Ta v NMPIC, 6 FORFHHEEZITV. 9B 2 RIFBEICEK
MLTWA,

WFEEBRsAREIC B L7 B AR

R THD 7 = & MR R & 2 s RS HEENEICHE R T 5 BT
ROMAEAOIGEZ B LT, MEEES LTI FERE LT,

1) NAHSIEE 7 = 2 MEDSEIR & A 7 S ST AR il i i oo BR %

HW R T D BB ANV ZADONEHMAHEZALEICHE TE 2 2 L 2 %31 57
DIZ, 70 7T =T NI NEARSEIN FTREZR 7 = A MRSV Z IR O B & B AR
ICRRE LT2, 0.8y mBEOWEAZ 1.1-1.6 u mERIRONLIFOBRFELZ D & LT,
S HITAIME 2 BT ¥ — ) HIEZEE OB EZ AR L Lz, ZOHEBIZRIKRY
J—T7 N FENE LT,

2) AR S ik OB %

SR OFPE & A TARFR OEFRIL, K A DHNENAHORHEDRFE TH 5.

ML, KRB IO OMER & & bio, WE IR SNz E R e, SUE
B OFIN & D WITS RO WEIR N BT 2,

F—AT v 7L LT, OV ANERNLAR & ARIE O AL 2 R 40 fif « REE /3
M T DR EY = v v 7 BITWE ORI A, 512, F2 A7 v 7 TiE, Hi—
2V R & U T O R BUR Sy DAL AR 3 K OMRIE 2 0B L TRt 2 i — =
v MEASYEIEDBREZ B L Lz, ZOEBIZB TRV — 7N EhE Lz,
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3) BN O 72 OHRER T W OG- TR - FEE

BEATZAL - S - B O 720 OBVE & L TR, morL =AM EN R D
TEARDNEREHRTRE 22 8 R T S A BRI U 7o, S\ IR Z FTRBIC 3 2 8k -
JHEEORGH, A, BL OB OFMZ, KEETRZL—772 NEC BLD
FESTA 7 v—7" & LR CHEHE L7z,

4) EEERBTEICR T 2 BT RO & £ O D FEGE

TR T SR L OMIHEE HWT, £, R0 TR 0 T RA
R D FERE & R A BRIV T2, & BT, FERT  HEICBIT 2 ' IR O
ERMA BIRICERE L, ZOHEBIX, BLRIZA—7 0% Lz,

BEBA S AENTZ BEE, FHEOZRE - BN
EROLSICZOTrY 2 s MEIYWIDLEMRICE T 2R E & RO
AR OFGEEZ B L C&E 72, L L, &I RO AR - FilH o JFEE 72 FE3EIE,
SHFR T — 2 NEE MBI A R WS FAE S LTHWS Z LTk
S THRATICHFE T X DE MR L\, £ 2T, Pk 13 FFICHAL KL o T 782
WHRDOWFZE A HEE L T DRI E DB A5 T, L FOT7T —~ZiBINL T
BT RIN—TLOMAE#EICL D70y =7 MEEOIEZ X072,
5) KAAHIZ K DR FRER RO = & — L 2 Ml

PR EE DOBEZE & ZRE

1) 7 =2 MOAAHBIEEIR o 2 7 A DB
REEIE b

AR T A DT AR RS . AR e 7 — MG Z& W T AR AT 26 %
WMAEDETT7 4 — Ry ZHIEI A7 2LV, 0.8um HD7 = M 3L R
DOWNERNLFEZ | BB ER > Z EAEBNS AR L, TG k9™ 2 A0 A8 A R % B
LTz, ITEDTEONHAT 07 7 A NVEMIITE L7 07 T~ T AR TH
0., BERN—T 4 VBEEICKHI LTS, S5, ZofEiiz#EM LT, 1.1~
1.6 um A BRI 2B U, ACARRAEDEIRIEL. s E0 AR 6T, (b5 -
NA A OFE COISHAATREMN L RO Z L DIMOBEL A ED TRV | A L ©
LRBFFED B SN TN D,

7 x b NPT — T A

JERETIETF ¥ —7 (2RO H) OONARGIEHG AR TH D, Lk DAL
PR T, BE L EWMERE L SR F— UL 2D A FEET, a3
N2 7 = b FOTF ¥ — 7 AL E 2B LT, (FFatis 3569777 5) HETLM S
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1 O KNG 72/ N Z FTREIC T 2 72, HEEDINHRIEES D> & HEATR It D EFER & 0
S LT 5,

2) SRR S ik OB %

R EIY =~ 7 R PEF O BHSE

MBS VR LB E OMAAERIZE VAT DSV ANOIERIENAE S 7 T
7 = b MORROMRETHERSMET 2 H5EL LTREDE 7 = & MY
=¥ v/ TWEHEZRBE LT, h=v v 7 TUSHERZEA LI27c ), O TEREE
T, 2o, PERTGAE B | PSS TEI A B2 0o T 1ERTTRUTEL
AT 1 OMERE L W) RIRREE R B2k Lz, BRICARF b L TR (Fr
FFE 3533651 7). 22 NT Mg R e 0T AMATRERE O EES I U CIERIAFE
It LT B,

H— a3 v MRS SERIETE O B

JE R E S R — M iEFROG) 78 E DRER D N/ S0 ZARCABRIE LTI, D
SN A THELE S VIR ZRE T D12 L EFE o TV, BIET—F D L 9 Ik
RINTT o HZ BT —F PMuik S TL 255121E, BH— 0 L 2O A 2 JlE
TOMENDD, £ T, AN MVEEBTEGE A M) =27 0 AT ZlAhGbE
7o, H—Ta y MIBHIESFREZRR Lz, Zhix, SV AORNENFEDO > > 7v
vay hCTORHEFEIEL-EERRELEEZOND,

3) EAENEE D72 OHHER T G OGN - R - FEE

B BIERL - HIH - BRHO 72D OBE & LT, =3/ F— A0 B % D
TR DR GTATRE 72 P8R ) i 2 BRI U, BN E T Ry F2EE LREE
TR AT o 7, F o, AABRERN O SCELR 10 O C O BRER AR AT & MM ST
EHLFETIT o 72, EOREITT TIZ 20 FIsIHESNTW5S, (Uskov et al., Appl.
Phys. Lett.)

Ll &7 Ry b= —5EOMHTN G, Ry M A XDEL2& RN 726
FHENL D AR — ]R3 0 o RS L B bl O AR —ME7p & o R R 3 IRk
rolr, TOH, Tavz sy MEETIE, @2 RE O R FTRE 2 E R &
F-H D exciton ¥ENIZHETEEH LT,

X PR B B -7 (ASQW)

BEHEIROIZ DT DI, B— R b EEIEN A~ DRI X 0 B A% D &
NEDEREEZIELT 2 NEN & 5, Hflile &7 HFEE TIE ANy REER ORI
RIO7=012, ERIIFEEMICH - ICRONTLE 9, ZOBRAIO%E % 52
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BT 57 OICIENHERA & 7 H 7 (Asymmetric Stepped Quantum Well:
ASQW) ZRRE L Z DRI 21T o7, ZORRZ S LI2, BEFE L~V OfE
JE A, F6 K OSHAR D RGN 247\ Sitif & BLEFJE L0 TR L7 ASQW
MG A BUE UTe, SR L7 s, BP0 el TRl 24TV ), &G TERI L
ERERRAOWENFEBEIN TS Z LA FEFEL, 20 ASQW &7 7~ L
VIFEA TR E~OIGH bR S D, (FrF R 7+)
ASQW (2315 2 I SRS O B Em AT

ASQW [ZF ¥ =7zl L7e 7 = & PRSIV AZIRES LTz & SRR SN D &
FWHRIZHOWT, F 1AL L 2 HERLD 3 HENLR DT T /b & FIW TREMIARAT L 72,
R 2 ~DhEIL, T —T7DHMERESITUECTRELRmD Z EMRNES
Nz, ZOBGEOX v U 7K S FEMICBRE S e, 2 0BG0%, MARRMIC
LTRAR T Y =7t GiEE LTRSS,

4) EEERBEICR T 2 BT RO & £ O D FEGE
BRSO DOEZ AL, Fid L

BEFRROFHE L ZOAEMITES, AFRN 12 HWTERE LTz, MARHIED IR 2 6
STF X —THI SV AEER L, 7 = RS FICRE LTEOaRE DT ¥
— 7T DORESBIOFA~OEFEZRE LTz, IETF v — 77 A TIREO R 73
L. BAF ¥y =7 TIERDT 5, Ziud, AREREZSOREICEHT 25 HRIENAE
THRERE) LEBERXDZENTED, 2OF ¥ —TRIFENNROX A F I v 7 2%
FRTINCEERICR-AT L=, 20 v ' AKX, F 2L L1 O 3 ENLROET LT
P TE 5 Z &R LTz, Z0OFE R Applied Physics Letters |24 S 417z,
I PR 0D FEIE AL

AR SE L 2 CHUE HIZ GRS S BB ME, B TR E R T 5 & HIRED
g - (A Z TR CHEAMNT I LI Lo TERIIEILTE S, EZIAALLEHRE &
KRIRIERT 21213, B FIEROEIEE TE D2 B R b T 2 IR LETH
Do T T, BTPOROIRNE - MATE#Z EEGA T TiEL LT, J8y FAX
Y ISR E (R R R ) BT L, =% ) — WVIEIRP O T = Sy
T DTTCI \Z81T % B RO ERFEBRNC R L, ERLoeeE o TRelt 2 %=
AEL 72,

5) A X DR FEIEERD 2 v — 12 il
B RO « HIEOFE 22 5E5RE., NI 7e T — 2 DN BT CALARRE FniE
MNREWSTEIE L LTHWA Z S L > TERITHICKREE T X 28508 % 0, F
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18 FEMN G Z 0T r Y =7 MBI LTI RALRZ it O e il Ba% o 7 L —
TRUTOT —< 2R HATE,
SEAANE K D 53 FAZ I AR O A& il £

TR OISy FHEMAZ R E L, 5 FNOZEHR, BTS5 FiRE) o & 1%
WAL, BAAETHE L, SO/ RETAHT 2 L 28 e Lz, B2
LSV AT OBIERF ] 280 1 0 77 MR ORGEE THIES 2 K% e THEEE (7 ML
FRHIEAERE, APM ) Z2EB Lz, ZONFENS DN SV AKHZ L > T, ZHAF9
+ (HgAr & L) (CBT 250 FREI O & A 2R AE S, e v AT R
ﬁ@:ié%%ﬁﬁ@%%ﬁ%ﬁ%%ﬁbkoHynﬂ%mxmfm\%ﬂﬁﬁ%

HE Dl 2o AT HIE 2 B O ENEVEEE CEIL L7z, LTItV Tid, ok
SV A TR LT IRENE T-BRDY, ROV A THIRE SO NIRRT 5 51 T 7

WFEZ . B =DV A YA R CRUAI U 7=, SR O #%0 2 SERRIELH L 7= 651
A D T 720,

IHIT, ZH VAR D FREAEROAR EHIEO S I 2 L—3 g VERIS
ST, 2V ABBERE 2, BFEY A 2NV ENTFIREBY A 7 VDS ESERMA
BRI > TERILSET- & E T BEOROZERB RGN ED X 512 6T %0
ERRALE, 20V Iab—yarEl U T, N E TSRS S DHiE
FED BARM 22 BRAR DS & LT,

AR K B R R DO AE R il

ZOT = BN L — UL R L B ST A A AR K o THRESUIET O
TS D “EHRT ONAHTEZ O S Lic, S & ARICERE 3 5
VD F—LILEORED 2 T, “EAFEAT HENT. R0 R D D VITEEE R
RO TEERBES 2ETH L, O E 400 nm, 7SV A 100 7 = A MNPO
V=P =L 22— E U, NARSIBEDEIR A B 00 38 3L 2 % Xe JiF- KUK IS
U RETIHBTOZFNLF =AY fLE i L ARZIER I ORISR & L
THIE L7z, IR 400 nm DK Xe 172 A A AT 21T1E, 4 672U EORINA
W TH D, 2O XD REROIRIUT K Tht 2 HE - OAAE T E
V2GR T L7203, Xe FFD 5T A A ko> THRIEN S ILET
SR OACFRZS R 2B U AR IR S FEONARRRIEDY . Mk OIERRIRIZ X -
THAET DEAF ORISR S D Z & ZR LTz,

2 OB ALERES 0 = RV ¥ — 8 - B O AR I
JFA R EWE & T 5 mRIERIBIRRRIZ K o TH7 20608 (B 2 138 v 2R
RMXFEIR) OB, R0 FE2FHT L&A AT =& — FOHE~DR
BN RIAEN D,
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3.

WFFERCR

3. 1 F—ALREORE

AK7w =l MI, KAV ZORENHEEZEEICHBE L, Zhaiiikl.
BMHELT, 74 b= 20BEEEE L0 ZHICERTI2H LW 2>
7 b TERHE- =T 7 (R ZRB L, ToFEBAZAEL
Too FRIZ. MIERBEER~DISHZEM LT, WEBMAAHZHIET 2 Z 212k
TH—OKX NSV AIERHE Yy FOEREHEDEL ZLIZED, BHEOEWE L
VaBE RO R RK Lz, BRI, v rboae—Lv o bR
FEAENZ@ L THEPICEFRRZBE ST 2 2 &I X o THRAMAE O,
M, FEEREOMIEEZEBTH L2 I L, 2O OMAEGIE YIRS,
MAERR A e EOEREIROBRRE LTV, S 612, BER, FICHERTS
JREEIC BT D B R TP R 0 SERE A H ¥ L 7o

Flo, AVm Y M, BELENE L COISHTREMEZ SHHICED 72729,
RIS X 2 0T A HEDRER Z B L7, ZTO/RR, v =7 MY,
6 DR ATV, 2B 2FIFBEICAR LTV D, ZivbiE, 7 = A Nl
IR o+ =7 AHEIRORBICKRES FEGTLIHR LB OND,

1) PEAREEEIR S AT DB LT A 2 (BTKG)

7 = 5 MREARFAE IR S A T S DB
TiVT77A77=b ML—Y =2, WRECEFERZ O AARE TR, JE
B — MiEE ORI ER A A G oI 7 4 — RNy il AT 4
IZED, 0.8um ., BLU11~1.6 um A7 AIBKENIRZBRAFE Lic, ITEDEED
MR a7 7 A NEMINTED T 0 7T~ T UMERFT, BERN—T 4 B#)
HEH L, A7u =y MEEICREEFHFLE LT TR, FFIZ 1.1-1.6 p miF
DR FENPIL, LT - A FOFED D HIRVELZHED T, SNTHEE & D
AR B 2 LFMFZEICH R L oo H D,
F X =T RET A A

SOV ZNERARBIE & L TR, Ty — 7 ORI CH EEETH L, £ 2T,
FHRELSWERE S TR X— L ADBAN T2 7 b7 = b b
F v =T LT NA Rzl Uiz, (RFRFRSL) N2 8 T 72/ N b 2wl RE
(ZF Db DT, BEOHTEREEIN b BIRREEZ RO b TV D,

2) AR EIE OB (RIKG)
WIS EN T = N bV = v v 7 BT
ARG SV A L BVE L OMBEAEMIZ LV AT 206 SV ZARNOIEREAET 7 - %
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WR RO T = b NI fERE CRIEER S MIET 2 5L L TRAESEI 7 =
AN =y 7 BT SR A B LT, M0 CEIZE T, MERFRUCHERT 1 0 %
FREE & O RIEZEEE R BAa s L7 (FFFGL) OB 63 2 OB TOH®
BT D a2 80 MMEE AR EZ EBL L TV 5, N OMTF — 4 L R TET
BERE ORBIRAIHIENC T CTHERBFIEZ BRAA L T D,

H—3 g v MUARRIE S

WER DY OV ZARLFHRIE T IEIE, DN L 22N TR S U7 AE & )
ETDHOEN, WET—F DL IITKERIITT X AT —Z PMeiks T
<DHEEITIE, H—ORX SV ADMMEREST D UNERDDH, £ T, AT b
IR TOFWGEHE AN =27 B AT ZMMAEHET GHz YV IRLOE—T 3 v MI
FRE R Z RS Uiz, Zaud, fEREAN ISR LT 1 0 * om0 ik L FE8L L
HDOTH 5D,

3) BRI D72 sb DN T ) fEE DRGE - BUE - T
(T K G+NEC/FESTA G)

BT ROB RO 7= HI2i%, W) SBEEEN ~D b L 0 i BB o &
REDEREZERT HLEND D, T O DI LB R El BT G/
FEEBERA O 2 FZH 3 2 I PR &1 H 7 (Asymmetric Stepped
Quantum Well: ASQW) AR L. BUEL 7=, EHRE 0k TRMb &7V, e
TEMLEEBRIRAOWZENEBRINTWND Z EE2EFE L, 20 ASQW X
T TN EFREA T OISR b IS D, (RREFHIR)

Fo. ZWNRICT Y —T7ZHE L7 = b NSOV AEZBE LT & XIS
D EFWANZOWTHRNT L, EEIEN~DINER, Frv—7DH & KE IR
CTRELMAZEZRNWE LT, 2O, MABARMII L Tr AR FeF ¥
— TRt EE LTI SR D,

4) EERIEIC BT 5 B ROFEL L (RIKG)
T X — T A

PRI 2 > CTF % — FHIE L 25 AR L, V7 = o mFES IR L
TEZDHENBEDOT ¥ — 7 DRKEIBLOTGR~OERFMEE L Lz, 2, fif
FATE @A ORI A BT 5 TRIEAFASEERE] L ZEX DR TED, 20
F ¥ —TMEAFENNBOX A T I v 7 A BRI L VB L7z,
AR O FERE A2 0 FEH

ARGV A TRV Ic B ZAAIE R &2 R KRR 51213, B RO
IR 2 e RIS AL T 2 EA L ECH D, £ 2T, BETHEROEE « (L
WAEEERAHT HEE LT, I8y FAF v RIS EHDEEERE  (Rapid-scanning
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multi-channel spectrometer ; RSMCS) % BA% L(FrarHifE), =% / —/WVIRRP D>
7 =Sy DTTCLIC I T 2 & IR O FERFHIBLIHIC R LTz, ZhiE, 5F0
BTN YEN, DIRENEN R T o S v LD & B IR EE T ST 20T
EHRIZHDT, BERTOFERRIMRATHOTTHL, ZhiF, AT nd=7 +o
FOMETH D EHRAE V=7V 7)) OFEEEZEIELZLOT, 22T
B L7z RSMCS 1%, A% OEFHROMEORMA RE IET L0 EHfFIN
Do

5) HFREICBIT AR Da e — L Ml GRIEK 6)

SEAARNE K D 53 FAZ I AR O A& il £

TE SV A [ ORI 2 A B RIFI O 1 07 MY OREEE THIET 5
R WEEE (7 MROAAHGIELEE, APM) 2B L. 20 APM b 0 @ L X
% Hghr 70 FIZHRE LT, Z o0 SV ADIE T 2 70 TR R O CIEIE 100% D =
YETZANEET L FWEBIN L, ZhuX, MEGESERO AR E . T NE
FHRONABNZHB L2 b DT, D FPNAHDOETF AT — LD 2 & 2 JHEHE
RELT2bDTH D, ABIFRIL, FHZEZBORTOT o H 7 LTEva s b
FANOETTFHEEB LA T, ERNATE SIS, FEFICES < OffE
H, ARKEGEHOEFE 2% 072, 512, 1.0 72 HWT, o FIEAEE oRRE 0 5
ReEBLIANC B L7z,

S EE - % A D AR il 4

B L — " — L R K D ST A A MBI K o THRERR T OJFE T2 5 ik
End B OMHGIEZER Lz, AABSIESEE D O L 2 %
Xe JR FRETIZEESN L, Xe JRFD 5T A A L AGIZ Ko ThH S0 2 K8 iR
DONLFAZE T 2B L, AV IR D B DAL AR DY . Bk O FERIZ BRI K -
THRAET LB TFOMMAFEICHBIC KB IND Z 2R LT,

FERIEICEB T D 20D OFFZERCR T, ALFOGR s FRIz 2V F—BH) - &
TRBEFEOAARGE ., W10 TR BE &3 2 SRERIEIRIC X - T/
JEIR (B 2 AT SV 2R X BROETR) OB, P FERAT L=
TAEY =R~ FOBHE~ORBRENALAZIND,

3. 2 ZJxAMPETERIN—T /EBETHBEME I V—T

3. 2. 1 BERGIHz =TV

3.221.1 7= A MPEFERIN—TDOERUENE

AK7Zv T =7 ME, 7= ML ZOROIRIE - (ABTE & B IE R
HZAER S N 'R ORI - (AEEHRICES L, £ 200 OEES WEE &
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THTNAADFTEEZFEIET D7D DO EED TV D, Foxld, 2 OHMZ
R =7V 7 EAMT T, TERHEE =70 7 ) REET
D&, HOHESERE ERR RIS FFRICREFT 2 AT Y —H D WITEA
v 77 LTOIHARAREE 725,

AoV =r FTIE, BEMICIE, 7o BT 0 ST~ TINAREIEDEE &
7 = 5 MR EDBRE ZITV . A TR FE R ER D TO R R
27z, F72, ELEFFE TV —T TH HNECY AT LT A AWFGEFT O W
732 A% C L PRI fo i 7 2 VEGL B RS AR 25T BR BT JF A AB Ok R & AR
HITolc, T OMEEFIL., HALKREE I V=T DT - a2t f e L
WA EIEF I CEEREEND D, 7= NP ERTERI NV —TBIOETH
MR NV —T ORI OB EIZLL FO@EY Th b,

(1) 7= 2 NEOOLAE S SE IR o B %

TR A TR 2 DT LA S TR s . SRR B e 77— N & R T AL AR AT 25
A EDOELT7 4 — ANy ZHIEIC AT ALY 7 = 5 NSV 2 DONEL
A2 | JEBR Ry Z LB AARSIE U B A RS 2 AR DR & BR S L T2,
Mz Tk FERANLT v — 7 AIEEE LT,

(2) 7= MNALFESIEIE DS

REAR IR D BRZE & 722 B AT, KL 2 D INEBALFE & I 5= 2 Bl 7 D B 45 8T
BT 2HME, AMRAOEBEERZTHL, A7y =2 FTIE, 7= b M
JVADNENARIZHE B LT, KON % JE I 5oy & L CIE T 2 5l O i & o
S L. kkx 22 o MR- uBEE 2 B S L 7=,

(13) &1 A 0 IRp [ 56 Jie 0D 52 IRg ) 8L

WABHIES v A TR R ICREE S BB RIL, B TR REEKRT S E IRE
DOIRNE < M EZ TR CHEANT I ICL - TRBICELTE S, VT =VRDF
IZDOWT, T8y FAF ¥ BRI /LT F v X L43 JEEHT K0 R o0 R I E
WZREh L=,

(4) B7HFIEAL - HIE - fEHT

7 = A NEALARRIEYEIR A B BT BRI UT D I R E o AT RE
ZEIE LT, BRI, PR R O AR & Z DNV AR~ DRI A | b S
EDBIEDRINRDO NNV AF v =TI T HEFEE LTRIBELE, 2O A0
= R L GERNCERGRARAT L. a3 X 0 12 2 BN CRR B AT RE 72 YENT AL % FF o
R T H T ECEBIATRE L W O Ll LR b T,

(5) UM R & BNV AD I — L MBSO ZERET
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X PR B S B 7 I T e E A W E IR IR R & R o RTRENE 2 MRt
H-0IT, 3HWNRE T2 b BV REDa —L MABAEM A2, K2
BANNVADEDTF ¥ — B TORRIZER L CTEEMIZMAT L7,

(6) WA D 72D D -1 -8R DR G & FEATh

WAREHHIHZ1T 5 Ie O D F  HEEDOREF 21T o7, BT HEICE AL
WD 7 2 A AN ZAOEREZIELL , RIS BTFHRE L TEREET S
72D, FEXIFRME B 72 & ORIERIE O B EZH SN Le, T b OREHS
ONT, BFEMORER IO, EBEROERMEZBE LT, LR AR
7 MVERIE L, RO FTREMES MRS S T,

3.2.1.2 RMEHE A7 FVALHHE

7= 5 MR ZTEBOIREME— AT LIEGERE LTERLS
., TROBICKRETE D,
E(t) = Y |E(Q, )| exp[id(Q, ) ]explikr]exp[—i€;¢]
ZIT,EQEO@QIEFHE—RQO 7 —) TIEREEMHETH S (K 3.2-1)
7=V EBOBREY | SV REEELS THI LAY MR EIRS T4 2
ELRFETHD, LU, B DRI E 7 = & RSV R &R D U,
SNV ATIEAE— REOMMHERERIHEEL TNWDZETHD, WRARET D
FEHRLELT, ENETNOEDOIRIETZ T TR, S HIZENEN DO DM OLLFE RS
RNEELEYHE L 2D,

X 3.2-1: HEAEOERSDLEE L TOX UL A, HIRIEL & RES,

BAE, RBEDRAL /8-> TWAH I E| % E (Time Division Multiplexing,
TDM) <°J& 1 #5045 #1 2% B (Wavelength Division Multiplexing, WDM) CIE{&F#iI )t
DIEEIZ S FE D FORIBICEHL I IL, AT MNUIREIRS T 52 Ik TL

-15-



ZOEERNE A2 45 < 325 (TDM) . F72013 227 ML 2 L ICHIOEB %225 (WDM) =
TEEOLEAEZFERLTND, Lo TINbDHRTIINE THE] OAAHIZFH
ISR T, KOV ABIR DN L 2 Z 2R OMH % I i, oL
DIFHZENFRRTH D LWV I MWEZFE LD b AR EEICERE FH Z AL,
INIVAL D1 DENRNTy NeTHZENTEL, ZOL 727 = ML R
DHEE— ROMMICHEREZWEDL LT, 7= A MPEETORMKEESLHE L
— LY MREBNATREL 725, K 3. 2-2 ICNLHRICIE S # - 72 7L 2 B MRk &
TV BETFE2HARE LTRT, 2L ARG OFRIT AT MRS T8 OWES
NMAHZETHY . ZNE AT MV & RS,

ﬂm%w P‘M’H NW“] ‘ W\W

ARY MBSO
F—9EHES z )
: s

Frequency

4 8.2-2 1 AT MALE T — 230 b & BARZER OV R 5]

3. 2. 2 7= ENLARHIE IR
3.2.2.1 7—VU Ak

7 — U R BURB O LR & e D LIREHETE — NI BEARZRERLTWVD D
5, ZhbO7—Y sy DR &AL EICHET 5 & LR DV AIKEH
RO ND Db, 207 =) ZHGE SVAERIZIGHT 5 Hik%x,
FHEPEEFEIL TO AT EESI EHTE S,

3.2.2.2 IRHERK
X 3. 2-3 IALHAHIEH 7 4 — RNy 7 VAT AOWMEKE~T, FH BT 7 A
TIRAER NS DT — U T RFUSEN T = 5 MOV R E AR RIS AR D, i
FAHIBEER TlX, 7SV ADFFOE AT MVERPITINIIZ 5 2 D REMNMEY 7 b T
—HER=Y A= =T EDL LI LT D, MAAHIERE
TONVATFLFE =D A MO, FEREHZERICLE R — 7 B 2155
(2. DLAEEIREES A8 L7 1R IS HE R AR TR T S, MAREFN T D, HE
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ST NN AD— &N & 180 T, ZFOMAERZ I KT, BFonie
NAHEREZ N—Y T a v Ea—F—CTHELEL T, BIO 7OV AFHIZZ -
TWEPHETT 5, ITEO SV ANHET RS 2581E, 2 Ea—F—nb
AR & IS 5 2k LT BRO 7SV ZANARIZIE ST 5, 2 O/ A
DIRFZ LI X o T, MEIICHIE SN2 SV AN HES D, 2 O ERKIC
X Z Hil#1XLabVIEW (National Instruments) 7’127 7 I 72k Tiro T,

Seed Output
_> Phase A
modulator mp

- Pulse
Control signal = characterization
A _
Feedback algorithm 4: Phase
information

3.2-3 : iAHHIE 7 4 — RN T AT A

3.2.2.3 NiARE T2
IV A D ALY N JVERSY ONLFR Z ST HIE 5 OIS i b e T oL

Z 2SI S BB IS 5 2 & Th D, K 3. 2-4 IS AL as ORERL 2 R
T, MAHZHERITIWbW S 4- { FZ TR SN TV S,

E(t): f_ﬂﬁiﬁlﬁﬁﬂmbzl _
,*.}‘ -
AT Z R e *,

—
(128pixel)

3. 2—4 o L AH I AE Y TR 0 SEBR A i (X

D 4-fHFFR TR,
[ 7 k& - 20> & Wi 85 kT D BR B
M o> 7 — U =28 m &£ o Ak
7 — U TSR > B NI 5 F C A
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M 857> & BT # -+ £ T O R
D4 DOREHENRME SO KR EEE L 725 X 9 ICRET D, BT HIXENRETO
BRI OMEICHE SN TWD, E—LZMETRICAEL S > TEHOBKEY
EVIZHELEOVRF IS, T L TMESBEICIERNADOHS D, I ZbTME X
TR S, EODLT 0 Eadd T, MMEMEERFICAFT TS, 20k
MESEOIEmNO A ST LEEICT 52 LI K> CTINEDEEL B ST
ZEMAREE 72D, 2NV A KBTS - T4 JE I EOR oy L F A D A BE CHCRRIRIC
M SN2, RFEFRTEEABEHONEICRET 22 210k, 7— U =Z&H#
HCIXENENFAT L 72 D, 72, B CEREEILEIPTE 1 L0 B EATICH S S,
7=V D EBETIEELIND, DXV AT AT RV,
BIRDEWEE D LIFAWICR AR DM EBICEBRIND,

ST OB IR, BT ORI IR IR S ZE D AR IS AR T 5 01
AANRY NV BT 5, FLEE 0.8umDF ¥ U7 7 A 7RI TIE, /8
JVARRY MV OREIL 200nmfEETH Y . T D & E ORI E S IEEE 100mm,
- BE 1/600mmd & D& H\\W 2, L7z2-> T, WESMIEIX 200nm/128pixel
L%, WERREMEZEN LICERMST A Y v 7 1.3—-1.5 pm T,
WA 4513 f=126mm & & E L 7=,

ZoOT7—Y BHEIC, WAERDEERSBARE TS Z LIk T, E0LEN
OSBRSS 7 e B2 52 LN TE D, RMEMEERZE
(Liquid-Crystal-Spatial Light Modulaor, LA FSLM) X ~>D U » Mgk E
NN G20 m)IEEEN DR D, oD RBIITEFEMICER 7 N EEE %
% Dindiumtinoxide (ITO) DFU/NEMA EMFIZHEII L TWD, TRbOE &
VARSI EBIS AT 2 2 N T&, BEICKFL THEIMEEZEZ D2 L
MARETH D, 7272, 7 BAMIIEXy v IBEEL, T O&EIXHET S
ZEETERNED, Fx v TEORDLRXPENLOERSELEND H, KA
FETHWZSIMIZ 128 B 7 B2 i, 1 EZ BAADOWED 97 um, F ¥ > 7 3
pm T, REOEIX 12.8mm& 2> T\, I HIZ, 128 B Z B/LOKED 2 K H
7o T, RIE ENLAED N EL TE D K9 I oTWD, Fio, BRENFEL R
BEIX 12bits® 0 . EJEIX 10V/4096=2. 44mVA T v S TH 2 b b,

3.2.2.4 NLFRMEAT &R

7 x N NSV ZDEE | O R E D I E &R O BRI RN E R LD mn T
O, E O T VL ZAESGITEENE TE Vv, £ 2T AT IZ T
W o5 756 7 — b 1% (Frequency Resolved Optical Gating. LA FFROG) 28 A %572
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JikE LT, BEIN, FRICAHFZE TIX. ZROIERIE A FDE % FV72FROG
% SHG (Second Harmonic Generaton)-FROGZ FHWWTW\W5A, /N)ILAZE—LATY
v A =T O, —HICRIERE M A 5 2, WS CIEMIER R LIcRET S
EOWENL, BUOERAGDE D, MBS TRELEABER 0, & 0, D
JAWE =0 T w, Z R U AR M OVE B A B4 & U T2 IERRTBAR 5 i B
D=7 my b EED, oiEs (S2000, OceanOptics) (A LaEf 400nm, 4y
fiHE 140nm/2048pixel D b DA Lic, "V RERICTF ¥ —7 Db D L Ik
W JE I SO RERT AU 2L L TV B D T 7L A DONLFR BIRIC K o CRRIERERIT IS
U CHUERICFI AR AT bR ZED 5, SHG-FROGIE Z Xk D & 5 I2&RE D,

Lo () = .[:E(I)E(t_T)exp[th]dt 2

ZITLE)EANRES, t TRBERETH D, 1ZIERIBE S OELRETH
D. dHTDHZELICEsTEOT—VZEHBMAPEL TNDZ LIZ D, FROGIE
TN DEGEE AT 201E, SHOY 7 b U =7 TiTo T,

2SOV Z T RTE O ZE T TR O W T O 2 REK T 2 b D=
(2B ZMxT-8BETH5, K3.2-5ICFROGIEICL > TR/ LA
A E R TR

Intensity (a.u.)

-300fs

0.34 0.36 0.38 04 0.42
Frequency (10'*Hz)

X/ 3.2-5: FROGIETRDIZ 2WAE NNV AD AT VA AR EIRE (AR
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3.2.2.5 NLFRZEFH SV 2 DAL

FRAE NV A D SR FE DS IEF TSN EIZHEH LT, BN o 8 3 5
AR ER%AT > C. H—OBENX VA ZEHE Yy FOBEREELER T > b
ELTHAT AR/ HmE L TWnD, 22T, BEREFICEAHBLIZ7 =4 b
AL AL —HF—ICEENDITNTHD AT AN ERIET S Z LT, 13
WAL E Yy NONHEFZEXIACERZITo T2, AT MICHEZHEZD
FEEIL MO0, n & L, 3. 2-6 1082 A~Y hLVEEIZ 2 6 F v RAVITHT,
1 F ¥ U RXNVBEZ0E OBV 7 Vea—T 4 7 LERKRERT, 22T
(T, LAY 7 P EREICEBR L TR MAT T FD 0 & n i TE L IIRE O
KR ERNMIHKIET D, K 3.2-6 DM OEERF v o XNV T EIZRZAIZ0 L D
AT 7 FREZENTWAHEETEZRL TS,

au

v

26bit x 1l
T
: i
: il
20 1
128 100 80 60 40 20 1
2! |
p— 1 1
214 4 : s
[Sam} I 1 =
£ ! E .
4 I i 1 —;_ @
540 AN £ =
E03 : E
. |
n00 1250 1300 1350 1400 Frequency

Wavelength[nm]
[ 3.2-6 : ARG SNV AD ALY M —F 4 T

Z D& DIT, e v R O JE AR A MAE O BRI 3 EN LT, A 2 AR
AT O &L NV AREREIRIZEA TL D, WENLF OZEFIZ K > TR E AR
DZ2ETCTH SNV ANE b & OMABERE RN EOREFATE 20 25 EE
BIZE>THRFT LTz, TV T VOV A ERE L CE O EEk A 75E L
T, BT L DONAHD D WITIRBOEM AT > bD & L, TORFRMMIEZLLT O
7= BT Lo TRDT,

E(t)= i'[:m‘ a, E(w)exp(i6, ) exp(—iwt)d o

EREL, 22T E@®)=Eexp(-0'(0-0)) Th o,
SEME o —o 13K X OEBICEEND NNV ATF AT —RNELL D LI
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BAT, a, %0, 1&T25ZLTRIELRZ, 6,20, n/ 2H5VWE0, &
THZ L THNMAEREZ Y I 2L — b LT,

JE R eIk & 4 43I L 72 4 bith AR ZE TR D356 DRI O f] % [X] 3. 2-7 123
L7, SAREBORZE LT, 2WLVATZRAEX—0D9 0 %% 5 teP .04y o e
MWRa & o7, BERAETO /L ANEIT 48.8fs & L7-DIZxF LT, BfIZ L » THIEIX
WMET5, ERgEOEFBIE, EEELAHFHTIX0,0,1,0 7= L IlRbHE
TROPEIEIL0,1,0, ) N F = TRbEMICR D, MMHAEROSGEGITIE, K
3.227™(0,1,0, N RXF—r DL T b AN RKE < 818.5fsTh o7z, Ll
PFRZEFIC L0 R UM U7c 0 R O Wl AT & f - duiE . ACAR 1
DEAENFTRERTH 5, 7SV AHFLEICHRERFEE 2 « 2 EL. b & OFREH
AT O KB REERE 2 L2 2 A, Eo(0,1,0, )8 =2 DFATYH,
B 3.2-8 IR T L 9I2, ZRED/ IV AMEDRK 44570 1 D 2 ¢ =200fsT b ZFHiME

T DIRBATRETS - 1=,

7(0,1,0.1)

TV “"WUUVWW WVUUUVWV” TP

-500 -300 -100 100 300 500
R falt[fs]

X 3.2-7 : 4bithiAHEF D56 ORRBIE OFl, AAHLFHEL (0, 7,0, =)

ffifEZE v=100[fs] = 0,10,1)

71' — -—
=]
8
o —BRENE—
W x/2 ~ LS5
ﬂ

00 - —

-200 -100 0 100 200
AREM107x1/5]

X 3.2-8 : [X] 3.2-7 O IEN G 2 ¢ =200fs72 9]0 HH L CTHE T LA R
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3. 2. 3 Fr—TALEE
3.2.3.1 55

T2 A MPERASNVATROBERNZDIZF ¥ —T LA LEVWIRETH D,
F ¥ =T NNV AIZEAORER S O | IEF v — 7 & 1370 A RN T 0 & 3
B, AF ¥y —FIIEEEEY 2 BE®RT 5, BESALIMAERL L EF Y
— 7L ATF v — 7 TIRERBOEE AR R & 7o TV D,

F v — 7 EOHIEIL, AR O CE R g O, 77U XLk BTS2 T
THHRETH D, 7V XTI, KERF¥—7 (2RHH) BEZHGLD
SO0 Y AAMBIIREL 2D, BT, Fr—7E&EZT TR, MBS
MRERERGMEAELCTLE D MBI FHTIEID a7 FTHDN,
BT F R BIETORBRED ANV —T"y MITV XLx L0 n/hs< 75,

ATE TR 722 AR (SLM) & WL, 7SV 2 0% 2 O JEREUS 77 O
MABEZEEICHET 22N TED, LNLARND, WA RGE V- EE
T, BELEWVEMELS, BT FXAX—D 7 2 A N/LV A ZEBEAFH T A
WEWSTZREN & o T2,

3.2.3.2 7 x A MPF ¥ — T AILAEE

Fxld, RROFMEIMHI LT v —7 (2WHaH) EEFHESTL2Z L, £
HFHEEGELEWVEREG S BT RALF—DT = 5 MV ZDOMEHNTIRER Z &
BIZEEO/NULTHL 2 L REDHREZHFER ST = b FPF v — 7 Al &4
& A B FE LT,

ZOEIT, K3.2-9ITRT IO, MW Eo2HOF Yy —THLEERD

DF ¥ —TEOMIZ/NIHI T —Z2HALZO/NMI T —%2F v —7EEOH TN
WCRBET AMEA AT A, X 3.2-10 ICEELAROEELZHE S, mrVEbHE
mF vy —78EFOMERMEICEIT LN T—2HWDZ LIk, B

B ORI P TAF v —TBA2 72 N2V RICINZ D LN T 5, Uk
BEARO~EIZ, 180mm X 76mmTH 5,
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Movable mirror
Chirp mirror

Movable mirror
path

Fixed mirror

Laser path
3.2-9: 7= b MPF v — A EAEE

% 3.2-10 : 7:AF@?% 77/4 BO2REHE

FEETFT ¥ —THIT, 2O00RRDIEFFREZLOFERLELEERTLDOTDH
Do ZOELE AROSNVADFMIHRLZIZEORESZH{IL L THET S, L
WoOT NV AZZEND XD RWEERDITEVER LVHEICESAY ZAT
MBI ENDZ &85, B ORE TIXEEN VI EBTERNRE L, L
OMHIZTENRTHTL 28, FY —7HOBAREEN/NEVIEEERTHTL %
PRSI D, —EHTDVICHIMENDETF ¥y —7ERBEELTWDZH, 7L A
fmanseF ¥ —7 &I F ¥ — 7 EN OB TORFEEICHT 5, Ll
— BT TF v — T E 2L O GE . KFARHEAEZZ TORUFRICHE S5
I, EROREZEELRTNE 25200 T, —EOFEEROF TG
BEEETDOERS TR,

T, AR TIELL LD LD R EZ R T 28 L EEEZBRE L, (5
TR 3569777 5) F ¥ — TN OMICSTEOD/NEREEZFEAT DL T, H
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E— DG MIEARF O &R U AR Ro T EE, F v — 7O K EE A 2
RHZEMTEDLRIITRD, ZOF v —FAEEREIL STOoOF ¥ —T7H &
INSTRBETEIT TR S D DO T, FMi bR &2 R TR DB ITH AN TR S =
YR R TH D,

3.2.3.3 F ¥ — 7RI EEEE OV

NI T =L F v —TEBEMOKKRREEZ, AF v —TEE 7 = H NPV

M % 72 & ONFRRELZ F RO GIEIZ Ko THEAT L7z, X 3. 2-11 (3488
Bt EE % &0 NI SV AMEE R L TS, X 3.2-12 X F v — T EN%E L
L FX—TOHFMNRRDIEFY—7, AF ¥ —T v x& 0F v —7TD7
—VZRANSNNVZADODFROGEETHD, AILF¥y—FREDOEF¥—T /LR L
BF ¥ —T LA TIE, SV REMEESE LN ERNDbND, £, Z0L X,
INJVARANRY ViR, JREICIEE D> TR, K 3.2-11 1IZiE730 A 0E & ##
BT v —7 O OEONHGRMRE HOE THIWTH 22, EFFERILZ
DF ¥ —T A BHEET, RIHRIEF ¥y —7T BB L TWDEZ ERbnd, -,
BRI DZ < TH, @IRGBEBDRNENZ D,

100

80 -0 -

(=

o
T

1

duration (fs)
3
o
o

20 |- -

0 1 1 1 1
0 10 20 40
Numbers of reflectlon

X 3.2-11 : F v — 7 HEOHRIEL & v A g O BAfR

-24-



= 8.0F

= < 78

> Z 74

e §8.0'

=78

-0.5 S7.4t
0.5
0
-0.5

35363738 39 40 00 _ 0100
Frequency (10'4Hz) Time (fs)
(a) (b)

3.2-12: Fx —T R EBEENPOH NI ENDET ¥ —7 VA 77— U =B
RSNV A BT —F L ADFROGIETE & A7 L7 AE gl

3. 2. 4 JEvy RFRFy RGRDELEEIZ K D 3R o R 8L
3.2.4.1 W - HIY

ARG 2 2 CHVE PIC R ST, BT R A AR S B TRE
DO « ffFHZ T R CTHEAHT I LICL > TERICEILTE D, EZAALLEMR
ERKRIEHT 5120, & T EROEREZ TE 51T %8I /T 2 52
WThDH, 2T, BEFERORIE - MAERE BTN T HEEZREE L,
ZHIZED, OEDDHNNVATELELZE Yy NOT—FZWHTEDL L HITD,

PR A ERFEBLI S 2120, RS MR 7 - 7 e — 7 5 E B — R AT
O T&El, EZTER TR pFEEERE SN, A7 E0 b«
PUENCREZERT 2 e —7 L0 ZoRBEREZBNT 5 Z L1k
Do T ROKRRFERIL, 70— E50 o KEERICEN S & — Moxt
JE LTV D, BEEMN OB BRI FERIC L phEEMICBE T 52 L1T X
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DR S, R EM AR T v LD h A EEER TS, ZORED
EEEB DT ORI E 2L SE, Bl 7 v — 7 MEICRETE— &4k
L3E5,

3.2.4.2 PHIE L7 ZEE O
WEXFRIIEE~Y v Y = v X —TFWFHHRR 7 - Te—THkRE, 7=
ARV AR E DB D (K 3.2-13) , THFHO—FHOXKIZIZTE Yy KX
Fr U NFRILEAT —UBRHMAAENTEY, Ko7 - e —THONXFIRE ¢
ZApsD L PV TAF ¥ LTWD, AF ¥ VEEHIT20HzTHDH, 78y KR
F¥ VAT UL, IS TAEBEFEVSH I STV D,

t Delay A
. Rapid-scanning 3
Photo Diode : . 20Hz e X4
| it }§< 310pJ/Pulse
a 3.78MHz
——— ——
i 7\
Pump Pulse Incident Pulse
Intensity Signal
o O
DC-cut filter/ O O
Amp. , . Delay Signal
[ ] [ ] /

Digital Oscillosgope
X 3.2-13: v RAF ¥ o< L FF v o R AR ELEE

AEZEE LT —T7KiE, SN T T+ NEA T —RT LAICAS L,
BREILICEEGEFICABIND, RSNz v —TEFEFIE, BESEED
Ry & R R DR AE ST IERRIE O DGy &3 D FERRTE S ROk Ak
ST T IEREL, 2072 200z CTEE T 5, 22T, NA/RRAT 4 L% (HPF) &
VME B DDCE Sy 2 v b9 5 Z LI X - T, EMIES MG D LSy D F % HhH 9
D, HPFZ i L7ic 7 e —7E 513, RFBEAT VN0t 252 5E 5L
HICETF ¥y o AT VXA B RAT—=T AT S, t OB E L CRsgSh
e MTAX vy bl TRIEZITV., BMEShEHEEEZES, ZOHER,
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Oy I AT T WS EERLDBRIES 2L LS9, Bl E CE
NIES/NE&ELILD,

3.2.4.3 DTTCID4y FEZ 3 o o I &

TH )= VIRRP OV T = aFE Sy TDTTICI 2 X R, T8y RAX v U hl<
NFF v AN IEEEEZRNT A2 70— F T XX —I2BT 5%l
RIEAL OB IE 2 RE L7z, X 3.2-14 1, JE S NT-IERIEDBIED © (K17
PEZ RS, JAHK 200fsDIREYAS 2psFRIEIC DIz > TRFEL TR Y. Zhnism T
BEROEHICKHIET 58— NTHD, M 3.2-14 OREfEIEEZ 7 — U =&
LR B ORI AN PV EK 3.2-15 1T, TZTHEFIZIAOND
4. 4THz O J& IR & 73 I AGE BN 6 IS L T D,

16 — pulse
< h — 765nm
g . //\,.\ . — 775nm
8 § 785nm
9 — 795nm
s 805nm
g — 815nm
§ — 825nm
g- 500 500 1000 1500 2000

-04

Delay Time [ fs ]
X 3.2-14 : & H O R HE

X 3.2-15 : PHIREFH DO 7 — 1 = x 7 fL
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3. 2. 5 ETPECROIECALFASE
3.2.5.1 B oOERA DY & &K

DT 2 A MBIV AEZD AT RLNTH—HEN ) & BEEHENL ~ D =
E— LV M ATRE R B TS ISR T 5 Z LI L 0 | BT ORI R A 14 AT
OEAKREBIZH L TCEOTHREZD, & F RIS, LT, 7= A
NS SV ZA DALY N VRS D b O BIFRIZ K o TR AR 2 2 W)
WEIZELT D, TOLEOETHEFRIILLTOLIITERE S,

Y(r,t)= Z|bk|exp [id, v (r)exp[-io,t]

ZIT, b & g EEE T HATR SN D EAIRE y, () OREEIRIE &AL TH D,
FEW R TIE, RGBT — MIFEREICREI LTV, ETERTIE. WE
IC R o TR DEMKAEEFORBBEAKOERNGDLE L R D AN KRE ]
STWD, TOXIIT, 7=b MRSV R ZWEICRE L, B0 68K
EAL~Dab— L MNhEEZIT X WEHEBOERGDENS 2D & B RN
kS, 7= 5 M SV ADZENE N JEEER S DR O A I, &1
WROKRHET BB OREKICIEESND, ZOR&FEKOMMBEREZ, BlO
T a2 MRSV AERNT, BAH L, fET L 2R TEE, homED
HEFMAUEFHBECES, LVHEHHEOS W EDOGSE - @iz b4 2 &
BRI D,

AK7avxzrz bTlE, BTHEELEEROEEOY T L UL & RIFFIZHE LT,
BB OW R 2 AR L, Z 0K OES) 2 B L — 3 — DA AH THIE S %
AIREMEZESR L7, S -8R Tk, MERGHI Ko T, BB AR
BT H5Z L bAEETHL, LENR-T, TRHOEAREDCDEREGEDLETHD
BEERE, ERT 272007V AW - (A OHIEHZ T TR BB DOR
FHZ K- THHIEAREL 720 BHENRE LIWRT b0 s d, 2
LD DN AN A EAE T NA ADFH LWFBEEZRHBELL Y L) b
DTHDH, BEEROM LT TERWEFOETLOMAEEREZFATLZ L
T, 7= A MDEBCEIET DAL vF . AT —72 EF Aok E LR
MOBRICORN D EEZ LD,

3.2.5.2 BT A~ONMAHDOFEZ AL, Gt L

AARIEDCIR 26 > TF v — FHIE ALV R B ER L, 7 = AN IR
L, TOHNMEILEWE Lz, 20 L EREHE LT, =% 7 —EERF O
IR140G8FENSTFEHVE, M3 2-17T IFEF v —7 N ABLIMEAF ¥ —7
PRVATINE L7ZRE OB IEEREN D 0 T ¥ — 7 /XL A TO&ENHRE 25\ 2%
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AR MLEFLTWS, EFvy—7 LAl emEntgme, aFvy—7
VAT LTV D,

— +1500fs
| 7 +1000fs®
— +500fs’
|~ -500f

—-1000f¢’
~| " -1500f¢’

=Y
o
T

N
o
T

)
(=)

Intensity (arb. units)
o

A
()

700 750 800 850 900 950 1000
Wavelength (nm)

X 3.2-17 : F v —SKFE N AT bV

TOF v —FIREKIT, R XU TBBETHPAT L LN TE S, Hx
DB L8, K3.2-18IcEsvbind,

1. OIS, B FEFy—7 7V AORPER I L > TS d,

2. FhEREBICE RPN ARSI D,

3. ZTOWRNT ¥ —F /N AD%YEEy EAHAEFENT 22 L2k - T, FHE
&5l & #E 27,

4. Fkic, BhEREE DA BT T B LR AW E IS 0N D,
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E \ E : —
bl - 9 q
1. Chirped pulse excitation 2. Excited-state wave-packet formation
q q

3. Intrapulse pump-dump process 4. Lumin. due to residual population
[X3.2-18 : F¥ —SKGFEH ORI L R DKW T« X0 T Heh
b BERAERIT, FEMHOMER SNV R - F ¥ =T OFm L BITEKFLT

WHEWHIZETHD, ZDO LI, MAHTEREZRICIEIE~LHT DHEEL
3.2-19 1 T/RT X 5 7 TIRENZFAZEHARERE) & L CIRE LT,

NC TL PC
(U IRIRZE AL

-1

X 3.2-19 : [\ AHHRE IS 28 Hapk AE O B A X

X 3.2-20 12X, F¥y— T EBABEL-EFYy—7F, AF ¥y —F L RL0F
¥ =7 D7 — 1 TIEERRI L A O TR EE O JEl ik R AR A A o, A oS
JL AR fEEh XA emEAE L, XIZEFYy—7. RI0Fv—7. @ITATF
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¥ —T L ADRERIEREEL Ty FLEELDOTH DL, BT XX, 2»3-o
DBEEIZDOWNT, 7NV AME, NILAAXRYZ VR ETHRULZEEWS Z ETh D,

’:-i\ x X X

~C_U/3- :-Il\_IE X m N

Q x PC x u

S| "x: . )

)] ‘.

P g o°

91‘,‘.6‘

o)

0

. OE! .
0 1 2

Pulse energy (nJ)
3.2-20 : &I O Jil il 5 R K A7k

IR Tld, TN TN OHCTRIEIZEN SRV, FEFRE Z IS E T
W< &L EEFYy—7, 0F v —7 AF ¥ — TR OH LI T 2 Z0E N D A
bivd, £7o. ZOREMEFM TIL, EF ¥ — 7R IC X2 EEMEIT 0 F v
—TEOHE LY REL, AF ¥y —TREITNSVWI ERDND,

3.2.5.3 F¥—TIEKHFEXAFTI TR

F X —TAET = A NPHESEZE S T, RESMRR Y T T e — 7RI &
ST, FX—TIEKGFETDHEAFTI T AL L, K 3.2-21 X, EATF ¥ —
TV A TR U7z R 0@ R A O R UK FEME 2 "7, IEF ¥ — 7 b Tk
WRETHY, L REZEHERESHAGOND, )7, AF ¥ — 7 Hhii3s
RICHFEREEZ 7206 L, BiERESMIIEERBIZORIS X TIN5,

4 3.2-21 OV, BHEE D S BhE IR AR & LR BB IZ 31T 2 43 A7 72 D I fH]
KEEZBEHALELOTH D, Bl SnmEimRAa ik, LERE L B ke
Do FZEIZHAI L TV 5D,
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. 1 0.04 mrrrrrrrererrre s
[ 0fs? ] 5
& of 1] o003
El .
! o002}
L 1 <
[ +500 fs? : oot b
o=\~ oo b—o” . . OFF]
0 500 7000 100 -50 ODe|§3?(f1)°° 150 200

Delay (fs)

X 3.2-21 : F v —7 UL ARHEIC L DR EEIRREI R X A F 2 7 A DBLH|

3.2.5.4. 2+ 1¥ENTET L

ETCHRAR2, T = 5 MRIE SV A DT ¥ — T D5 I w1 IR EE AN iR < K AF T
HZEWIHBBDOA DAL ER S TIVRET VTR L, FHUHE50E
AT, 22T, K 3222 ICRT ORI ETVEE XD, TRE
BiX, 1-3L2->3Th5od,

Positive Chirp Negative Chirp
13) &)
ﬁ

12) &) IAE

3.2-22: B¥EMLET L

WA &2 LIREED DR TR & X 3. 2-23 1R d, £3, EF ¥ —7 (PC)
TlE, 7NV ADHFPETILIBGHIZ 3 ~DEBRIHED, NVAE—IDLE, 3
DEBPREL D, LT, "VABRFETEH L ~OEBENRAIIEZ S, L
oMo T, HENL 3 ~DORIEN XM E 2D, AT v—7 (NO) OBFEITIX, v
AHIHT, HIBWIZ3 ~OBBENE Y, E—27 T, 306 2 ~OFEKHME
5, LEN-T, BHERIES ONMMAP CITH~, kbl s, &itixiE
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PE3MMBDIHIEIRDT, PCOIEI WENBEREN L 2D LD, ZHTE
BREFEICEET D,

0.8
c
Qo
E 0.6
S
04|
o L

0.2|

0 - pmnstttimun.,,, . s s . ;
-40 0 40 80 -40 0 40 80
time (fs) time (fs)

X 3.2-23 : F v — 7L ARHEEIC K DK HENE O |5 A e =R O R R 7

Z D 3HENLE T U xt UALFRAE A A B Adv, ACARFRFNRER & 2L 2 O e[ R &
OREREMRRDL L, FYr—E U7XV SV RERIEN DI E10b b3, (L
W FNIE R 23 7S L 2 D AR 7 S VIR D BFR LN 72 B 7R W IR D F v — FURAFHE N
RoNdZENbnd, ZOHEBAE, LV AEEEICHOES a2k — 12 Mg
FECix/a <, BB R LBEERENF v — T IRKFEMEOAREZN S TH D,

3.2.5.5 1+ 2¥ficBiFbae—1v > MAAEIEA

EEROaE — L MNihEO RS EARN R AL, 202X =X
LEISH LIe BT HEFRICE 28OV AN BRI G IEIZ DWW TRE Lo, &R
BT DT DI — N G EEEN ~DRIRFFhE N LB L 70D, 2D LD
&M EmE T R bEMIESNTZRE LT, B JREHEMN L TBE L o 0Rhik
WAL D 5 3HEMNRNEZ BN D, (K3.2-24) b AR 72 W BRI FE & fh H
T 57012 1-2, -3 WAL B MG - E— A > MIS LWEZ RS L RE L,
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3
2

1500meV | {1520meV
1

X 3.2-24 : FEJE 1, b 2 NN D72 D 3 HENL R

HENRae —L Y N E TS 2720, Bid 2 CEE Lz, IS0
LT, I3 A B RNIREEMICORFET D & L, X 3.2-25 1% 3
WAL RIZ B=+1000(fs?) (IEF v+ —7) DM F ¥ — 7SV ARRE ST 6l

WD FE TOBEETINORNARTORERZENEZRLTELDTH D, VARG
INDE o DD U, 0pe 0 WHEMLTWS, ZOFTIER LR @EEE.,
030 CHLZENHLNTHL, HIL 2~V EZIhESNTND, =
DA o T2 bk DJFEENE . S S/L 2 ORTHE 5 TG 3 2 WML FEE S h 5 55 fi
DR DRI IC B W T BRI X Bl K& SHEA L. B A3 kg o
Anl-th b tEMERT. £, BETLIMFOSMOMERIC b EEL RIFTZ L
WCEDEMIRT DN TED, K 3.2-26 [TV A5# &@pmpwwﬁmﬁ
HETHD, B=0 ORFITBRIFEKREIT —ED=D 1-2,1-3 ¥ THBIC
CRNWTEDE~DEN~ORIREIZE LV, BB ESFFIZHEMT A2, HY 28K
L B ENGNDH, BOML, AF ¥ —7 ORI, HOLBEARER D720
W HIEREET 5,

1.0
' /.
0.8
20 \
e | /\
Qg B
0.0 ~—

1 0 1

A
X 3.2-25: T ¥ — T /L ARBE I N THhEEET D E TORETIOXFA
B 5y O R 22 AL
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—_
o

T —3
0.8 X « 0©°

c .. X (o)

-8 : >4 O

o

8.04 &

2 02 00 Xx
ao°<>o X X x

~1000 -500 O 500 1000
chirp parameter B (fs")

3.2726 1 NV ATRIEIE D 0 g9, p 53 D B UATHE

Fy—7 VI NMERITDBOEAOENE LTHNLDS, 7L ADRHR O
FHPHN T, RSN BB O RICEVITHHE SN TLEW, Fhikz
DHLDOBIToNL b EEZEZBND, T2& 21X, B=1000(fs*) DIKF, 2-3 HEfL
MmO ARFEFIRER] 2 10ps, 1-2(3) % 10fs&TH L, F¥—7/OULATO
RS (2R AT D — D DR HENL ~ DA > T 23 Z 5 720,

3. 2. 6 7=, MAS I
3.2.6.1 SRR

REAB IR D BASE & 72 5 ATy L 2 O NEBLFE & I 5 0 Bl 7o 4y 5] ¢
BT 28 S, 2oy MIROREREREETHDLH, A7 v =7 FTIE,
7z N NSV ZAONEAFRIZEHR LT, KON E R SE L CHET D H
oML ZD S LT,

MBS 7 27 =5 NOORMOMETHERSMET 2 HikE LT
Tz MY =y 7 FUWEHERE L, 7= MDY= v v 7 TUWGEH T, #
RIES &SR e BB O NI A A 0 15k T2, K 3.2-27 127 =& N
Y=x v 7 THHOEAREZRT, To—T 0L RSBV 2T v T RIT 5
ORI R ZHRMEZITEH LTS 20T, FHHLLERFIZHTS 5, £
WA, THIHOLERPEMITIE S WT S, ZORL ITWHIEE L BRI L
THWIHTHHELE Y, THREDORKOMETH 5 T oL EENAENIC
RIESNDHDTH D,
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\ Reference

1
=T pulse
S

Input pulse

X 3.2-27 : 7= MY =x v 7 FWEHO LA E

Tr—T7 eSS, REHCEET D RERIT R 203, TR A R T OB
ZIXRERR - ZERIMICEZR D A9, T2 T, BRI RE E 7 a — 7 ok
BIERRT O IS BH TR, i IC L 2R B OB (L2l 3 2 RN TE 5,
U o FRIF- P55 CIRIREHEI D IR T 22 MV A DRI B ET 5, £
LT, Bt o7 e —7 0 230 v 7 %21F0FE 1 A L%, REHCRIET D,
FITEAVAEBEANLAL T —T XL R ORIICBET DL, %15
REHCEE T 570 =T NV ADBBIERIGAA B DO ELZ T H 2 LIk
Ay

3.2.6.2 7= A MRS EIY = v v 7 TG

AT 7 P2 EREICRKRD 2121F, HREZRII LRTIER R0V, 2L
W T 5 TIE, BB EORINIIEFICH LV, A TIX., e —7% L3R
L FAHWVICERT HEMMERICT D2 LT, T2 HE L 7eudme e
FLICEVMMREEREITE D X H I Lz, LTS Sz v a B aEik o w5t o
Y = v v 7 FWE T, SEXR - Y LA 2 HERE THEHRNICHA L8205
B ARJjik (FFRFE 3533651 &) TIXFWFHWICH B N2 2V T, &
DREMNZRZ O BRN 2V, ZOXHICHELND T/, SIFHEEN R =
AUROFTWRE D, L0, EXOFEICL L TFIEBROLSND, I
MRS 7 NERET D52 ENTE D, ENET TR, e —7 HKORIELE
btz bHERS DT 2 28BN TE 5, (MHZLDOHE T THMRO ' — 7 LEN

-36-



7 L, WNEEOGEITTWROES (AR MES 0D, Lo T,
NS OOFEZ T 2 Z &2 X o T HEZA L & RINZ AL 2 S22 H1lE
THLIENTE D, K 3.2-28 [HRAEDEY = v 7 THHOEREETH D,
T, 3229 I CHBOLFEREHYE D,

FWH~OARNIT, REE—L AT Y v Z—(PBS) 2o TN L T o —
TR T HND, OO S ILF ARG EWICERZR L TWS, &
BOLE 7 m— T HNERZ LTEERIFEETH 20T ZDOMOAARZET L /4 BRI
LR TFEAMAEDETAF Y TE D, BERFLEZFOSRLOELEy %
Ey(t) Eref exp{(kz a)t)}

KERIEEFOT v — T HOELExE

Ex(t,r,a)) (Epm-l-AE(T a))) exp{ (kz a)t)} exp( A@(r a)))

LEZIERT, Epr():Eref:EO)iE'/\ E. hE A B DR & 7R VRO TR TR EE 2
AT,

M(z,0,¢)=1 -1

:A@(T,a))-l?zcos2¢+%AE(r,a))-E(l+cos4¢+sin4¢)

CRHEEND, ZTOTWHRREZEIT, vy s/ AT T ERAWTEERET S Z
MW TED, —RICANTt DB THAEN, A0 EAEEERSBEEL TRODBDIZ

X, WO XL A/AEERMAE D 2 OOBERMEL T THSTH D,
Al (r,0)+ AL (7, 0) _, AE(r,0)

E’ E
Al -Al
(T’a))Ez 90 (z,0) ~206(z,0)

-37-



( Sample P.D.
@w) &

Light Monochro-
chopper < Reference mator

Delax line
ﬂ Excitation
pulse

OaO
-

Input pulse
3.2-28 : WA BIY = v v 7 T PR FEBRALE X

X 3.2-29 : Rt EI =+ v 7 FHitoEE 2=

3.2.6.3 PEAREFHEEMEOIERIEAAES T K

Frio, 2oV =x v 7 T2V, IEREAME Y 7 b OB R0 %
EHERNET AN ERD, 72 ML RIIARIRN AR Y FLEE A
Lo, 7= A ML AETHSEEZICOEREBGR TR TR, 2HE
WEEITH ZENTE D,

Sl - LG AT I C O BB EZ R ET H7-DI1C, AErE LT XX
Y VR LT-GaAs/AlGaAs BT H T &2l o7z, BEHE, H & TREL <R BIERS
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B B A B 1 5 © . H F 8 GaAs (3. 0nm) /Al, ,Ga, JAs (6. 0nm) . NV T JF
Al, sGa, ,As (10.0nm) @ 25 JE#N 725, EBCTORME 7= R L F—1F, %
AT MV E 1.56 & 1.58eVER®D ST, GaAs MR ITFRE L TV RWD T,
Bt 2 L7

X 3. 2-30 (2, I FRpE B A B 5 (AL, ,Ga, ,As/Al, Ga, oAs/GaAs) D 55— fEh L
WAL B AR CRIE L7z, WL DO RFRIEIEIC I 1T 2 R 3 R FR 22 A~ 7 |
VA OB L RIEZE(LARYZ FVAE/EZK 3.2-30 I8t 5, A 0 & AE/EI,
ThE, EFLBOEDY TE—Z B ESBIEZ R L, EOIESAEBWIELL
DFEGNART MO E L TBIETE 5, ZORHGRIEMIES AT b
NEY | R EAL L IRBIEZE IOV TOH LA IEREBLZLNTEX S,
e ZiE, ZOAXRT ML, EFIBT R X —0fF TiE, AE/E, A
0 IXIfE & 72 o TH Y, ZOHF TR X —CTIINMAAERP B D Z &N
BT, LEeR-oT, ZOERTEFESENIT, F50MEDEE) 2 Mk
NS 7 h DB a2 HEZ D LN TE NAAERMT A AL LTHBNTH D &
WHZERbND,

[0.005 b ih Jo.005 i j
0 s | (3) Mgty O
-1.0ps -1.0ps 5
[<b)
& ©
S 0 Y- () 2o
it =~
g 0. Ops (&)
£ A%, S
P SR N A =
— | o
- 0. 5ps ! j%
e /l' | ..
D OAﬁ\h%w)—Ax—7F!ﬁgo§
.
< 1.Ops 1. Ops *J . d

5.0ps hh1lh1 5. Ops hht Thi

1.45 1.5 1.55 1.6 1.65 1.45 1.5 1.55 1.6 1i65
Energy [eV] Energy [eV]

X 3.2-30 : W< OO AL I 1T 5D B 5 iR AR 722 AT kL
BLOREZELART hL
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% 3.2-31 1%, B F-ILrEAFT o (a) 1. 600eV, (b)1.570eV, 3B X W (c) 1. 540eV
WZ BT D IEMIEALAR AL & RIE 2L O R MK I 2~ 3, A0 B KON AE/EIJh
L%, B MEEE S0fsLIN T ENAZZ Enbnd, ZHIFBHL-2To
Ta—7HF T x X —T, [ URREISERMEEZ R L TS, BEaBiEffiETo
BERF) 728 E b AW T ae — L v MBEBRGIIHEICR O hoT, 2D XD
W2y AA v F A ORERNIIHEYC ISR BT 208, —F T, A v TF 47
I ERRE O v U 7 HEMIKFET DL bbb, 2 OB E B & P
WTIZIEE A EHEEET, HEREITI T RICBISN FEEBDOX ¥ U T4
WIS T o0 EZ NS, 2LV, 74+ b=y 7 F 4 20 BEFEEE
PRBETHITE, v U THFMEGFELRWT AN, ZAFHEEZ TR LRITIER S
RNLE WS TR E D,

001 A=775nm

0.008 = AO [rad.]I

0.006 = AE/E

0.004 4 . !
0.002

AO , AE/E
o

-0.002
-0.004
-0.006

0.01
0.008
0.006
0.004
0.002

-0.002
-0.004
-0.006

AB , AEJE
o

0.01
0.008

0.006 %mmma
=

0.004
0.002

-0.002
-0.004
-0.006

AB , AEJE
o

-2 -1

Delay [ps]
3.2-31 : IERICALARZEAL & FERRIEIRME 221 00 i i I A7

3. 2. 7 Hi—yayv MIHAE
3.9.7.1 R~U AT

BTk U 7= J8 3% 55 45 i e &7 — R 35 (FROG) 72 & O AT AR E 1Tk, H CARBE &
ZIBIERF] © OBIEE L THIET 2720, BIERH T & IR 56 IV A b
LI A, FOFRERLE LT, SARFIOH O L RO EFERICRES S b
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FERBEINTELT, BHOK ANV A TEB SN HERET DICE EEo
T2, BIET—ZDORIICKRIITT VXL T =2 BEEINTLS DHAEIC
X, DX V2D ERET Z2LENS D, TODITIE, BIERKH « &
fol3 52 L AR AEME TE 5 A7 hVEELT BEF (spectral phase
interferometer:SPI) NMLIETH 5,

A~y MOVEE TR, v A VY TR R AL TS, X 3.2-32 2R
N7 RVEEBRTF RO A R, IE SV A E T e =T e L, ) —HD
T LEMMHOREELRDSZHOLE T 5, 207 a—730E SOOI K
MM E S5 2, DHBMCART D, T 7ua—T RIS HBIILD 7 —
VxR IND, TOMR, A7 MVEE ETTFHLETEHRERET 5, =
DTl ORBNE I I FHERA FZENTBY, 7=V =T 4 Z ) 7Tk
ST, I T 27 m =T HONMHEEZHE LR TE D, AT MILEH
TR T, L FICRT %< ORISR H D,

ATV CTWEORKETHZET, E—LRAT Y v FEIT—D OO0
HFEMTZ T THRBELHAE T EBELELTE D,
=T ROt A RRIE), ERINICERS O OMBERELS TH D,
Tr—7 SRt oM oORMMRMEEZEE L THIET DO T, fmsl LTH
ET HERONE O TN,

ARGIETICHEST 22T, REOWET —# 2 LB LT HIFH T T
BREZRIFTE 50T, AARRNEOEEMERIEFITE D,

T —T7 SR OMORMMBEE Y b, LR T OB 2R S X
FFEIZEVOT, EINCL DB 2BHETE D,

EATREIC T m — T B DESE D 2 LT, U E OB E SN O Al
EfgEHWTIClRETE S,
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Femtosecond

pulses
[ | ]
. \ BS E Detector =—
; Sigl"lal:‘ @ / ' Interference
b ' b fringe
. > A R
L} BS L ]
: reference | <= ' B L
[ |
' A Y -iﬂ
] ‘ Time
. Vv
1 referance signal
; :
[ | 1
R ———_— SP| s=evansanes '

X 3.2-32 : A7 b VREIE TR O A Ak

A7 NVEEITFHEEL, v~ A 7V Y U FEEIICBW T, — 0T —AIXB K
Y. b —FHFOT —LFEREZ T H T —T e L, BRI LR R 72 82

Mk H 25, COBRNE TR —T A FAEMIC LTHRBICAK L, Theo
ARy B ATHEENET S 2 LIk 0 AR R AR5, - 2T, BEXEE,, (1)

EEREZTCORNT o =T HEND t—1) 1T A7 VL EREE LR T

pro
HY . EREZ T TWRNWT v =7 IR LEEORMB R IEIE ¢ 25
AT ORNRVATHD EERT D,
B, (t) = Y |E(©,)| expli®(Q, )]exp[i€2, 1]
k

B (6) = Y| E(Q,)|expli (@, )]exp[ i€ (¢ ~ )]
k

ERTHRIET 203 INLDEHZDOMD/NY — AT MDD T,
D (1) =|FLE,,, (0) + S (1~ 7yt = ©,

pro

=|E@,)[ (2 +2cos2,))

N

ZOEIT, T —TRR YT N EZIT TORWES DAY RV
X, EELHORE L IRBEOE CRIND, ZORBEO G| B, ELERM % %
BLELEMBPEHQ, TR TWD, MHEEZRERBERELEZ T T n—70
Et-1)%

pro
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pro

B (t—7)= Y |E@Q,) + AE(Q, )| explH{®(Q,) + AD(Q)|exp[-iQ, (¢ ~ 7)]
k

ELTHRT L, MESNDBHEE DAY bATFHE D (1) 13

D (1) =|FIE,, () + E&) (1~ o)t > @, ]

pro

-|E@, )\2 +E@)+AE@, )\2 +E@|E©@,) + AE(@,)|cos[x2, +AD(Q, )]

LoD, REVH DI IEIEALFRZEAL AD(Q,) 23, A& BISGH 0 IS IER B R IR 25k
AEQ)REENTND, 7=V T7 42 Y2280 REIEO 55 & 485
Wy AR L. IERIBAARZE AL AD(Q,) B L OFERGIRIEZ L AE(Q,) % 4y B
T5IERTE D,

3.2.7.2 H—v =z v MIE

HEHE SV A Z R T 2 FBE LT, R FRERICE D5 2 @ik 4e
R 2MEmEE, BREZ+ N A A=K, 7T vx - 74 MEAF
— R ANV =T ARATRENETOEND, H—0DN/ )V AD KO IEREALFRZE
b FEMIIRIEZAL ZRET B 72012 iE, A7 MVEE TSN T, 7=
AR HANVAD SNV RFN R E B2 R TEXHMBBRNLETH
e ZHIE, MEEOCDHATRA NI = B AT EHNDZ LICLDAIREE 722
B3, EICCDA A T X, VR LA E 1kHz D 7L 25 % JIE L6 Lol
SINTWRY, ZHuzxtL, A MU =277 AT XCHzO Y & U A E Txfiis
TX 5,

H—0N/ v ZOMFHORIET, BERMAmET 2 2 &2 < (HEZHET
ELFWEIE AN ZFNDOF DNV ZZ[FEHHNTE HRADH I ENTE LS EM
HEDOEDL L TREIATE S, I T, BIED AN MLVEBTFHEE A MY —
I HA T EMBEDED, K 3.2-33 [ITH— 3 v MIFEHIE O KBRE E X % R
T, X 3.2-34 [ZIESPL, tas. ANV =T W AT EMAEDLEDLZ LITLD,
BRI i S L7z AT R VTR OB & X %2 R T,

T

———es- T

1 L]

1 L}

1 1

1 L]

1 1

1 1

: Femtosecond SP Spectrometer |- J.[ Streak

i pulses i camera

: : Sinole 101
] 1 Slngle-snot
i Integrated i

X 3.2-33:Ha— 3 v MAREIE O FEERELE X
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Interference fringes
Intensity of each pulse

.

Wavelength

Pulse train

Time .

3. 2-34 BRI fR S LT AT N VFERE OB A

SN, T — TR E— RRMTF XY o T AT Lo IS,
M0 R UJE AL T6MHz, IR 50€s, HUODBE R 800nm, Yo R A L, bk
FAZIXFR UV R % v — R & LI FAEIESR O HE S 540 R U JE KK
¥ 1kHz, BERI0E 50fs, HLEE 800nmD Y v 2 2 A+ %, FEMRIEIEF IS
TdH D Wik R FE OB X 2ps. DTTC-Todide DFEFAIFRFEIX InsTH D, Zh
X7 —7 O UER 13ns k0 b+ T FIEXOREELZ TS
7a— 7D R ER O BRI AR ST SV ADHBE T D, bk
RV IEMERTFIEEAE L, BMT 5 ETOMICT B —T KD/ 2% A5
T 5, ZHIZEY ., T r—=THD L ZRFNOF TRIE S AS S 7B % O3
IV A DI IERIE IR T R & IR E A D B 2 =0T | IEE AL 2L
EIMIBREE L ZAE LS, T LT, Tu—7NEBRIOMICHMEE2 5 %,
TOoONEEMMICERT, SHBICAKN L, ZRNICEREEZ ST D, T ek
3 fiEBE 50psD A KU — 27 71 A ZIZAH LTV R B % R 0 fR 35 2 &
T, b RRATIC X D IR AL & IR b & & - T2 3V 25 2 [ E
THZENTE S,

B43.2-3512CS,iIc LW AT SN "NV RAFEH— 9y ME L7 ZKIE A b
U — 7 Wit 3, BRS040 3K L 76MHZz D 2L A S AN 912 5y i S 4,
R E VAR OTHFEN O AT MATH LTS, £ LT, R To kL
52 BHDONNVADHDNE DK ELZ TNV ATHD, £ LT,
3.2-35 ORFMEITO L ZFEB DO/ ADIH ALY FAFEENAIZY 7 b
LTS Z L XA ZE LA ERTE 5, X 3.2-36 &[X 3.2-37 (T, A~7 FL
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FTWRESNAZTEIZT7—=V T g VZ )7 L, B LUIERIEAMHEZ &I
MIIREZ{LTH D, (MFHZEZ T, ¥ 3.2-36 TlX, KR TR LK 3.2-35 D
REE T D L6 R B O/SVAD R L X RE BV | SradfFiT i FERRE
MAZAE DR TE D, MBS —EDMEIZZR > TRV ZHITHIERZEIC X
HHbDThHD, EMzEHEZ THRWEEOIMMBIL, 0.8radfREEDREL TN H Y |
IHERRENABEACIZ S Z OO TREOEENEL D, BIEOLEZRT, [K3.2-37
T, EONN AL EaffiEIcEE > TEY ., ERBIRBE(LD/NS N & 03k
WmTE D,

Wavelength (nm)
700 750 800 850 900

100 ns

Time
[X] 3.2-35 : CS,IC X W EFHEINTZ SV RFD Rt A MY — 7 [

Phase Change (rad)

21 22 23 24 25 26
Angular Frequency (1 015rad/s)

X 3.2-36 : AT MV G EH L7 IERIEALFE 2L
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AE/E

21 22 23 24 25 26
Angular Frequency (1 015rad/s)

3.2-37 1 A7 MVFkE D BB U7 IERR R IE 2 1L

3.2-38 IZDTTC-TodidelZ & W ZFR S Ll SNV ARG H—2 2 » NHIE L7z
WOt A MU — 7 B AR T, FEREEE DMV L TeMHz O REEFTO B D 2
FBHDOISVADIBPHFNEDEEEZ T VA TH D, X 3.2-38 DK
TOLENS ZFERADNNNVADHFRENEIN L, 2o, A7 T EN LI v
ZRLTWDZ L XVIREEN ENABE AR TE D, K 3.2-39 1T, A7
MVF IR ZCS2 D& ERERIZ, NAVRATEIZT7 =V =T o0& ) 7 LEH
L 72 FERR BN AR 22L& FERRZIRIE 2L Th D, KIMIIEMIAI R ZE L 2 . AR 1T
HERIEIRIE 2L &2 4, BARIESE O 72D IC#H A 72DTTC-Todide D WL UL i T &
%, 1RadiE & OIEMIEAAILEAL L 1.5 RREOREIFLZ R TE 5,

Wavelength (nm)

700 750 800 850 900

100ns

Time
3.2-38 : DTTC-IIC L W B I N2V RFD Rt A U — 7 [H#8
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Phase change (rad)
- O =~ N W H O

Amplitude change AE/E

o ! ‘-’dﬁlni
760 780 800 820 840 860
Wavelength (nm)

3.2-39 1 AT FVTFURR A BB U2 IERIBALR 2L & FERIE R IR 22k

3. 2. 8 IJEXIPRMEBRIM BT P
3.2.8.1 FEAMEIE

B ESYE PRI SN D 72012 iE, 2 ORI BV THEE O ML O 3 8
BIEL D [ CTHERI R 72 AL A 3 [ E TR T VR R & e B, £ 2T, Ll
BFERZ AWARERZ R, HET 27D DOT N A2 RBT 5720
WD LML S OREND D,
EHOZRNVX YN E L OSSN R THD L

YN S EBEN ~DBBNTFRTHDH Z &

SO EoBlLENG, BEETHED Z L

MEEND, ATV =7 FTIEPEEEPICBT 2 &8 FHROEREEZBT D

. FEXT PR R B - H 5 (Asymmetric Stepped Quantum Well, ASQW) Z 4%

L7, X 3.2-40 (3 FHZEBZ AW CE FREZ FEAFZEET D 7201
BRINFERF BETHDL, 0L & BTEFIIMEFH OB 7O H)
B OERGDLE THLI LU FTIEEFRKE L5, Hiliz & 17 TR
AN & » T, FERPIZE R Z B T 2 72 DI B g FE—YENL ) & B EENL
SONFBBEPTE TIERD, ASWTIEHFOFIZAT vy T2 27 RT ¥
VTR 2 FERIFRIC T2 2 & TIRADS L S v, BN b EEIEM ~DER
NHFRTHHHEEZEH L TCWD, 20X D i, Al GaAsBH BT, ks
LexDfE D 572 % B 2 FiE L 72 Z JEtkE TR TE 5,

(a
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s EC2
LT B —— L Ect
¢V2c
L1 L2
$V2v
Vov) | b=y Evi

3.2-40 : I FRRE BB B I P AR IS

3.2.8.2 BIRAIOKE

ASQWIZEAT 2 L 0 FEM e et 2 & 0 A& B3 TASQWI IR &2 $E 9 £ T, ASQW
DR ELLTO 3 HEICHET D ZENFAHTHDL Z RNz, Tbb,
KN RO 1 HENEV], Bel ICHEH LT, X 3.2-41 ® X HICA, B, CO 3 DI
ST D,

Ec2 'y -
Eol [ t
Evi
A—type B—type C—type

3.2-41 : IEXFRPE B R FHIE D 3 X4 A 7

ATIXEVI>Vv2, Ecl>V2ec TH Y, KM L AT v FANTH TV D, #iT, B
TIXEVI<V2v, Ecl<V2cThH Y, FHEME B AT v 7HNICHALADHIL TN D,
A-typeDASQWTIL ¢ vl, ¢ cl I, BEROE T HIFERIKIZIAN >TLE I,

[FAREIC. B-type DASQWTIXEVL, Ecl & Wo 7=t IS A EN OB EIRI% ¢ v, ¢
cl MILIT, AT v TRIZRIELTLEY, ZTDDIT vl & ¢cl EREDLDT
BRI L7 E 720 | BIRAIZ A 7220, L2s L., C—type® K 9 ZREvI<Vv2, Eel

>V2cZ i 7o THEIE N REBL T E, RIEVENL OB EIBIE ¢ v1 1T E T HF TIE AT
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v TNIZRTE L B8R T ¢ cl IX@FHFRIRITIEN Y | ZZME R TR DN B
WD LW o AR IEN I TE 5,

B 3.2-42 1T A7 » FLiE (L1, V2e) ITxF T D ERBMEPvicl DR E S 2~
BTCRLIZBDTH D HRETRLTHDHEIBLONE TIXPvlcl B/hINWT L&
KLTWD, o T, A7 v % Z OFEBNICERSZ LITL 0 EHEIER~
DEBEZ, FOVREITFESELZENTE D,

Pvicl

W075-0.775 W0.775-08 1 08-0825 10825-0.85
W0385-0875 M0875-0.9 W09-0925 W0925-0.95

0 Il Il Il Il 1 Il Il 1 Il
0 10 20 30 40 50 60 70 80 90 100
L1[A]
X 3.2-42 : 27 v A (L1, V2e) IZxt4 AR MEEPvIcl DRKX X

3.2.8.3 C-type ASQW f i i% &t

INFET, BEFHFOEELI+L2 2 100AIZR - 7ZASQWIZ DWW TE 2 TE 7248,
BEFHFBROBBELZINTTEXDL L, EFERUEMKIC, £V ELHEZ5
HZENTED, BlIZIE, BTIHFORELEZILT5Z LICLo T, HEEEMA
DEBHEFELZFREE CHASELHMELSDL I ENAETH D,

3. 2-43 [FASQWDIE DR XV2c % 80meV—TE & L, LI1+L2 2B 2 =560, #
MRl x N X — L WEBAKOMBRE R LELOTH D, BARMICITAELL+12
2% 100A (a), 200A(b), 300A(c) DEHFHICOWTHEAEI T2, FEime LTiX, &
MEL1+1L2 ZIKIF 5 Z L2 X - T, Pvle2, Pvied3 BDRELSFREN D, Zhicfk
VN RFRIOBAR D HPvicl BIFFIT/NE LK RoTWD, FFIZ, K4 3D k5
L1+1L2=300AlZ L7 #§1&E CTlx, EBMEREPvIcl=Pvlic2 LIZIFHFELLARD, I b
Pvie3 FDERDEN~DEBENRKESHFRAINLTND,
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(a) L1+L2=100A (b) L1+L2=200A (c) L1+L2=300A

7 _J VA N

] _
#

— ?&

3.2-43 : BRBMERNP R HILS < RIEME TORE B

— ]

;
7Tk

Evi

/

¥ 3.2-43(a) [T~ T, L1+L2 NEWK 3.2-43(b) . (c) DF D, ¢ vl 3L1 D
#HPHICHRSPACIAD DI, ¢ cl DETFIFFTEEIZIEN > TNDH T ERRTRN L,
SOFD, BFHFORELIFL2 NEVIFE, WEREHE v, & ¢cl ORI
JRTEEEZ RESEROLEDLZENTE D, 2D LEPvicl OF LWED, Pvlc2
X HIZPvIe3 E Vo BB O KIZORNLDTH D,

RIZPvlel=Pvlc2 &\ 9 fi sk st T, ¥Efiicl, IR THMRINDE K
WO, FERINES) % | 3.2-44 TR LT, T2 L., R ZIET 2B D
REGH 5 DAL AT O & LTWD, 2HEMIZ L > THEA SN D E T ROKH
BOZE B L, HERLR R L ¥ — AE21 (=12meV) (253 A R 8 & B T 21 (=35fs) T,
MR 2 EE 23 5,

X 3.2-44 : Hewdpx ot TOWE R OKEHIAZELL (=20A) +L2=300A, V2c=80meV

3.2.8.4 JEXPETHFMIEOKE. MR E
B HANTONRFEERIZBWNT, EF—F—/LOXTh T OREEMRER &
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R VIR EHEA — BT — I YEAL B Y T AR OMER CTAE U DS A ER L,
BT HRROFIEOYMERHA O 7l Ui, BRafEE Uik, £7° 25 4
] (GaAs3nm, Al, ,Ga, JAsTnm) FEXFrwell/Al, ,Ga, As1Onm N Y THEE R E L7, 2D
FREHE LU Tl 9nmASQW & BESS, (1X] 3. 2-45) F 7= IR OIEB)E M Zc1-hhl & c2-hhl
DR F—ZNHK 87. ImeVTH H BRI ATTsTH 5,

FIR CTOPLEIE Tl I EEIL 29meVERE &, — MY 72GaAs R E T H 5 C
DAE L D R0 (TORFRJE) RE W LA L7, 2T, B BN R F D AlGaAs
ICETENY, FARREIZK O 7= DI HEREEZ FIF VD720, AlGaAsD

BN VLN L TNDTmEHEEEIND,

InmASQW Tl cl-hhl & c2-hhl DOBEBMEROLLLITIFIE, 7:1 THDH, TD=DH,
cl-hhl IZfR S 72 RENE Z 52 L B2 b, EFERBEICRE L T2 ewn,
7z, FEBRTHW DNV 2 DR HIE D Z ORIE DR S fERRIC ST 5, £ T,
cl-hhl &c2-hhl OEBEBMHERNFRLE T, EROREE M 2 100fs DL 2 3%
L7 BEEEMA~DOEBEBMHEEN LD X ERBITR D T-DITITHF O2IEZ IR
FHZENERROT, HFOREEIET, S HITHEAROES)E A 100fs &
725 £ H1Zcl-hhl &c2-hhl O R F—ZE0NK 40meVIZ7e DA G DOEEZLEL
oAk, HEORMEL 20nm, 27 v A 2nmé T 5 EEBMEROLNB L E
(c1-hh1) : (c2-hh1)=1.6:1 L7 B Z B hoie, ZORE ZLLT Ti
20nmASQW (C-type) & FES, (B 3.2-45) & BT O = DICHF ORECNY T
JEga EMOEEITE LS ALEL, AT v TREDHE Anme B H LB
ER L7e, 20 & &1EX 3.2-43(b) O X H Il E T, ZEH OEHEN N AT
y T OPIZRIAET DB-type b 2D, TOLETEBEROLITIB LZ
(c1-hh1) : (c2-hh1)=10:1 TH Y, B-type CITRIRAZ KE L HWETHZ LN T
RNV ENSND, THELLF T 20nmASQW (B-type) & FES, (X 3.2-45) %

B IIOLERRE ISR TRERm E HFE, HFE L SR E DL EK
B A2 EZB L, cl-hhl Lc2-hhl DHFREBEBTRXLX—ICBWTAXYZ FLD
HENR UIRICZ2 D K9 6 Jge Lic, BROEEEWIIC-type 2K 171fs,
B-type2if 111fsTH 5,

S HIT, RN EER = R F —Z2 5T 27202, & H 7 % InGaAs/GaAs
T AELIER L7, 22 C, REFHO N RREFE R, FLEHEN & &k i
MLDOWEBE DR ZRE L. ZOB OB DIZOICAKER TH 5720
GaAs D InGaAsDEIT L DNy FEEbEL EEMICERE L, ZOInflakds &
OWREZRE L, BEMiIiE, ErH g% 25 B O (Ing Gay (As3nm,
GaAs7nm) JE X Frwell/Al, ,Ga, As10nm/N U TAEE S L= 7V 2 ERLL 7=, PL
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HIE TR LR R ITIFTTRFE Y Th o7, E72EIR TOPLIE I HERIL,
1TmeVREE L EW I RAF R Z /R L7c, T KD Ao, S icih s o
BBIEEAEFELRZVW LIRS D,

wel |

|
Alo 1Gao. oAs

f

hhl

.3nni 9nm

7 Alg 3Gag. 7As
barrier
10nm 252

[X] 3.2-45 : /EML L 7= 50RME &

3.2.8.5 LAFRI 4

TESL L 72 ASQWNE T Wit D 7= O W8 & L T O S 23 72 3 0> % FF-Alh 3
D Ie OB IS 3 24T o 7 SR TIE, R 7ee LT —#—
(& 532nm, 2331meV) ZFAEHIHF L, v —Ts LTABKTHDL 0T
7 7 (16W) & e ds Tt (O fREE 3.626nm) L C. = DG RE &2 HIE T
D, ALY, ASQWOEB =X L X —B L OEBOBRRIUNERTX S,

B4 3.2-46 (X InmASQWIT Xt 2 M KGHIE DORER T D, SEF S A~
7 MVCIIHREBENGET ARV FX—TAXT NVOBIRDB HE, ©—7 |
T4y T noltiExd b, I T, InmASQVDER = /L X —DFHHEAE T H
% cl-hh1:1577. 46meV, c2-hh1:1645. 4meVfTUTICIEE 35, EBROERE RS &
ZE D HIFIFE SmeVIKVY 1572meVATITIZ /0 # . 1640meVAT UL D B — 7 O i 3
FET D, Lo T, ZOMNEICHREBNGFETDES 2D, £, ZOWE &L
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ZENFEBE LT E DR EITo /R, BERA D=L LTy
T NOMREEETDHEBEDOART NVEBHTE D ERbholz, £,
fRAT O THWIZEB MR IIRFFICHETCRDIEbO LR LEELEHWT IO
IR —ERHLND, PLESD InmASQWIZLL F D X 5 7a = %)L X — Tl & 177
FEJEYERL (hh1) M DARER D 2 DOHERL (cl, c2) ~DEBRHFATHDLZ ENE
AECE o, TORER, BEFIERAERDRK/NDFRTH % 3 WEALRPASQVE IV THE
BTEbZ e nirot,

c¢1-hh ) ' 1 u::2—h|'.12 exp. --
1551. 5meV | .\, l theory —
p0.80 [\ || .,

El VAN

SO0 = N~

= WA [ c2-hhi

< * —11639. 4meV

1500 1550 1600 1650 | P=0 12
energy (meV)

3.2-46 : InmASQWD YA TRt A~ 27 kv

3.2-47 1ZC-type.B-type® 20nmASQWIZ %3~ % PRI E D fs T 5, 20nmASQW
TIEHFFOREE T 722 L1k 0 (BSHEMB ORI 720 InmASQWIZ b~
FHEFITHEE DL NART MAAREH STz, LT E L RIS RO FER
H X —OFFAALICER T %, 97, C-type, B-type& biZcl-hhl FDFF
BEBT VX —MEICER TS &, E— 7 ROBERRL LN S, c2-hhl B O
HREBTF VX —ICHERT D LCtype THEE =7 OMER R LD DIZH L,
B-type CIXHAME & IT R SN2, 2D &2 5C-type Tldcl-hhl, c2-hhl
DS DOBEBNHR TH D DITK L TB-type Tldel-hhl OHANHAER TH D
EWVWIOIRFIEEBL TS EWVWR D,
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3. 2. 9 HBONEMEMRROFME DS HBFESN DR

7 = A MY ETECREE 7 v — 7 T BB E IS OB T A B LV
BTHD BFEEHEz =7V 7| Z#EL., ZOFRAEIFLEIT- 12,
JREEFEEERBRIT, HIC [TE72) WO TEVA ML —Ya yOEBTKRbDS T
LEIEMIZH AR, A7 a Y xy MIETERGE OO0 LBl E [Ex
5] bO & UTHASYE, FFerHBE RRFICEANZR Ny r—v L LT r b4
A TEEE LT,

W =7V > 7 O (F5FE 2003-78505)

F ¥ — A BRI E (KPR 3569777 &)

F ¥ — TV 2D OGS~ DI (FrfE 2003-161889)
R &Y =% v 7 Fuldt CRraFa 3533651 &)

FEy RAX ¥ VBRI VFF v 3 VI AELEE (FFE 20056-55578)
e RS B R &7 5 (FFBA 2004-111878)

INLOEMEMNPZOT Y =7 MIFRHFICBEICMOL < OffET R Y =
7 R TTIEH ST Do FRISHLARHIAE AR 12 G L 793 © 72 < b B 1A AH
A O FBR A FIREIC L7 & D IR CRABNRILEN 0 I g v, DU IS E RIS
TR D,
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(1) Fry—7ALEE  BEBBKRCOEFEIN 7 V—7 (BE#fVIELae—L 2k
SR O B %)
2WREDODH—F—RL—P—Z2 T KHDOKFEHFDT~vrak—L A
AWEBVER LTz, 2200 L —Y—FEEDZEEZ 10.6THz TKRFE /) FREEEE— F

LB SEThHd, EREZTTEKLIZT P A K ROMMEFHIEIC
F ¥ — T RIEEEE AT, WA ZRREO - A RNy RO MR I
BE SN TWD, EUICHBHIET S Z LT, 7SLRIE 21fs, 7L AR KL
10. 6THz D H &k 0 IR LB EDL SV 2N O AT E LT,

(2) Fy—7AZEE  ERATOER Y 1Y =7 b CGEiF IR Ol #)

7 = b SR AR S S0 R A I T B SR Oy - O b IR BB R R & A 9 S
TR A= T, AEBIEERY =0 ORI RMER L | BIESBET 2 HIEIDG
AL, RGEEZFBET D ANV ACTF vy — T A EEEEZN L7 A N T v
— 7SNV A W,

TOREFR, VFFT—NGT DR N7 U AERO I RMALISIZOWT, KIS2hH
ERRICT LT v — 7L Lz, EHERWE L L CTAEEKRELZ b DR
K11 RE, T b RUOTHEREEH S 13V AEKOERLMFELLDLE, Trv—
TEENPADZETHHERERLIEOLND Z EBHA LI,

(3) RIEHEIY =+ v 7 T¥E : CRESTHM 7 u Y =7~ CeF Ao ARHIE &7 —
~DEHL)

BIHERy T — 7 BB ORI, EAETE LR~ &
TNy TR ENRETH D, FEEMET TOETEy FEBITIT, FEEKD
BB 2 xh 5 & U 7= 4 ok o Hiff
MUETHD, FFICEFE Y MI—RIZ2REMONMEETERSND D, T
—JEhE R O AR O, FAHLICIE, AYe Y2 FTHBLEY = 4
NLAR Y IERE I TH B,

(4) 8y FAF v U< )LTFF ¥ R VECRERE « JSTE M L7 = P
=7~ (BIEHHAA 47+ b =27 2RO B%)

1 FBIOZHTF L= —BHMES, ZHTIRT IMLREASNL T AT 4
ANy B~ DI IR Ul /N B KBRSV A L= — 2R T 5, 20
DL F IR K2 IEMIE N AE ST ORMBICEEEN>a T R RTEy
RAX v LBl VT T v U RV EENE I TH D,
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3.

3 BRI V—T

3. 3. 1 JEALAEIC & D0y T-RE I 3 o0 5 7 1l 1)

AP O RS HeAr 7 7 > - T s U— b A (vdW) K, kO a v F#E
DT BRGRE L. pTHNOREDETFERE (HeAriZB W TIZAKRE, I v
FTITBWTIEBIRRE) (AR L7y TRE O & 7 R A YA M Tl L, il
BORRZFHEAMT Z E DK IEEORETH D,

3.3.1.1 HgAr7 7 « F )b+« U— L Z (vdW) $EK

53 THREIE R D AR & AL ARSI 24T 5 72 1, 230 A TR AE R R & il A L 72 W
T DI 2%t & WD K3, 3-1 [ZHgArSE A 12 IV 7= FE B i o SIS [ % 7% 5,
TN L KEARLKDBEREE NSV ANV T 2@ L TEERICY =y MEE
SHDHZLITED ., HeArdi{R & JLEE 1 IRE O BSIRBVMENL (v=0) [T T D,

Ar*Laser Hg/Ar
PMT K
}
Ti:Sapp Mono-
Regenerative L;]HEE:'] chromator [+
Amplifier
Vacumm
/ chamber|| - ohe
) {H ns-Laser
ce
Frequency j\ A
Conversion | | o} | SN < ~ =~ ~ .},f
Svstem |<T,|

N Double-pulse
fs-Laser

4

3.3-1 W NNV RIZL o THgAr T 7 >+ T« U— )L A AN OIRE &+
W A AR - HIE 2 FEEREE O X,
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Ti:Sapphire L —%# —® 3 5wl T/ O DH /3 200, T E 254 nm, K
fllE 300 fs (fs: 7= AL MB) Z—WNKFEE L, Zna~A Ty Rox T
T =L TWHFRICAN LT ED ANV AFNEREIE D, ZONFRIZ, T—
AO—JFICRE LR T — 2 LG ICRA LKL NOE %I &
ST, 7V A OBRIERFEZ 0~5 ps (ps:Eafy) O TK 10 7 ~ DD 5y i
BECHHEI T ZENTESD, (FHxiZInzr “7 N ZLRE « AP EFEA
TWD) o 2OV AFHI—R VR L& REED LK R & RERRIIE 2 8 2 WA D
INIVATH D,

T WV AR B EZERARNITE A L, HeArdf IR & & o5 0y T & 2572
SHDHZEITE T, HeArB AN DO ARIEBIZ 2 DD IRENE R A K AESED, 2D
2 ODOWHIT, KV AR OBIERFHNIKFE L T2 O T T4 5R" L, &
T TFHORRITE R 2T D IR EAREBOHREE (Rl —a ) (2
g%,

SV ZFHT &Ko THRL - HIH S V72 IREVE AR BE O MR B LT, 30 ns (ns :

TR BICEE T AR T e —T L= =tk o T, AREEL D Y ELICH
HEREBELRBT L L —F—FEaotis (LIFE) IZXo TiAtT.
LA (~254 nm, ~300 fs) (2K > CARBEBIZAEKRT DIESE RITEIC3 D
DOEARIE (v=3, 4, 5) OEPEDLENLLKD, ZOFERITHN L1
DR TAREBRT v v VNICHE S AU IREVEE) 2 4 0 k7, Al 7 m —
T =Y =Dl EZBIRTLIE, 25 3 5OEARIEZ B % (&Y L TZEOR
Vol —va 0B LE OV AREBIEREH « OB% e LTS Z &N TE S, EA
WEv=3DRE 2 b—ra VEERELEMEREEZX 3 3-2 12587,
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fa)  Delay=2095000 fs,

=~ 850 as

HoiAr Distance (nm)

annihilation amplification

1] 1 2 3 4 5
Time {ps)

B 3.3-2 7V AMBIEREH « OB IZK T HREBEAREV=3DFRE = L —
Ya vk, X, EHESHOBRYO 2FEE (~2.1 ¥ a) BT, K7
T N ORBECTELEE, R b— gy (FEME) 3 RAER VA DN
ZH A 70 (~850 7 hRP) T L7 EkiEE 2R3, BRI IRE) O i KAE
EROMEIZKIE T DR O I 2 L—3 3 U ERRT,

X 3.3-2 1R LEZEARERE 2 L—3 3 OERERENL, Bz« 280
THARLIZ 20 FEROTHICLDIBOT, 748 —KE (B, 748
—F¥) EMEENTVWS, FHORTIEAE 2L —varFzEricEbTily,
B TUBRIEIE 100%D a2 P 7 A NTHIISNLTWS Z EEZRLTWVAD,

D EAIRE (v=3HW\itv=5) OFREa2lL—rart, v=4L4a<[H
BRIZ, PIERER] « O LIZXF LT 850 7 VD KFY A 7 VTR LT A8 —
BE A RT, Lo LEEARED T ALY —iREIX, X3.3-312R"T X912, I
W] 2 5y TRV RO RIEAH T, (—1 1 Eaf) OO E TERT D NI
Lo THEAREMIMHOTNABELZDOZHEH LT,
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o .-,"‘ T ! o o J
0 a2 732 0 2 w320 0 a2 = 320 a2 7320
aser 2 e k- aser

04" % :
0 %2 7320 w2 Wm0
Maser

¢ 3.3-3 HE/NL AT Ko THeArSE IR D AMRRBIZ AL « Hil4E & 2 7= SR %) [ A7
KD T LB —IREOMIHDO T, IREFEAFREY=3 () . v=4 (H) &k
Cv=5 (k) OFRE 2L —val8ihnd T A E—REZ 77, KoL
SV ARIERE [, BIERERIIE T M ROAARGR E AR (APM) D KFE BV NRURE & A
fbs®T, ¥ A2 (8507 NBP) @ 2 AHIOFM TAEAE LT,

4 3.3-3 1%, 7~V AMEBIERE ¢ & FIREN D JEIIT, O E23ZIE, n, n+l/4,
n+1/2, nt3/4 (i) LD HET 2MERE LT ICBIEShET 48
—IRETH D, 8507 FONZFEY A 7 VICEMLZT 28 —EEN, ZDOXIC
AT RO ICHIRBEAREBOMICMAEOTNE L2 D 2 &%, BIERFRH « OWGE
HEHK 10 7 MROEKBETIT) 2o THIO TR SN, 202 &I,
BIEREF & WD 72— DDl T A= =12k > T, 3ODRBEAREDO R
Eal—varpgMzbdbBETa—METE22 628K LTWS, 2D X9
73— FMEofl %" 3. 3-4 12377,
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X 3.3-4 ZHEf A2l —varoa—Reoflba—FK (010) & (10
1) ZRETLHEOEROER - HlI#EORHEZ RS2 b—a VEth

K 3.3-4 Za— Mean7iREIBEAREV =3, 4, 5ORE=2L— 3%
MzmNaTLy T ARNTHAETZENTEDLZEEZRLTVD,
WA DH SV A%, 7OV ARBIERERIIC K - TR E DB Z R > TV D,
Z DN FEFFPE DS HeAr 5RO ARRE TR R B I 2 RE & T RIC 5 2 D iz ik
B H3IRHAIWRLEE YA a2 —var iz blbd, ZON0fEw
HFHLIDE 30 T /B LV REHOETHY . REERDOaEL—L R TTT
WKHERLEEZTHAI EEZEX LD, RSB LT, KRS FHOET
RICEZTERO—ITa e — L U ARHER LRI THNICREES L, A E
2lb—va UaMEIC L > THAT ZENARETH L 2 L NEIEI NI,
ﬂ%@tﬂwxﬁ#ﬁoummﬁi A RAE D B TiRIE (HERIRE) ofo
FIRNE D5y &AL ORIFIZH- 2 HAVD D, 4 OB B CIEFEIRED 45
A LT H0 . A IEFEAH LTV, 2V AMGBIER R & v 9 7272
—ODDRT A —F =72 TR 7RSO FEIRNE & LA ES 5y O i J5 & ST E
THZ LR, ZTORDHFON NN AR EH VDA B R
(Auto—crrelation) M E T HFHORATHD, TNE2FHwET D2 &1L,
MAIC L 2B FHIEOSZORELXZXD ECEETH D, Lo LAFERIZENHE
WCEDEFHEREEO —o>DRESLE LT, FICEEOSFOT Y v 7T xH
LTR2 KUK BIZRLIZE Y Bmnary h I XA Mo&FTaEEILLAT,
EWNHCTE <Rl S 4L, FERICHS < OR&SFHE, KEEEOEFZ 2T -,
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AL, KRAEBE BUES Fif#dR) & T F BUES FiFEE) »Ede
K+ BT OCERE S N— T \AERE IS E BT & ATV KR4 REM
W, A ER . REEER, FKFREN DS ERICH S U, IR SEo
WG L WHRAE O I 2 b —va VEFRAHEY L, E72, J. B West (3EH) |
E. E. Nikitin (£ 25 =) . S. A. Rice CKE) 7 FPEIDELBIICE & A
PR RIS BR 2 %4, SO ClEARY S 2 52 T his,

w

.3.1.2 FUEST

Stk DT ONEIHEFIRELY L0 ®ERERAHISHT ICH>T, Zh
EFTT RS> TCELTaE— VUV ARORE a2l —va VHllEEXZaE—L 2 AD
EEHEICERBIEIENLE LY, T2 CTHAE, avESTHNICRESET
2l D IRE I KO TV & ERe LI 3 23 &2 B 4G L 72,

FEBROAF—L &M 3.3-5 TR T, RAZED2EDNH/AAT A Y v 7 HiE:
DODRIGOWN%T FBAARERERICAT L, fifHe v 7 SjeR 73 n Akt
(~600nm, ~100fs) Z#RAEIEDH, ZNEZEERGNITEAL, IUvESy L
TNAZRAELICEERDFMEZESEDLILITE ST, IVHESFOBIR
AT YL EIC2HORBEREZBEIED, 206200 KRIT, BWVO
FERHZFRICARAE L T, MR TR E — R L, 2O T NZ — (3 &
EHICEET D, ZOLIBREROBENL TWICEL —HOFELRE, b5 —J
DINT AN w7 HEEER O H ) (~400nm, ~100fs) 2 FIVTHEEHBLIT 2,
HIEFER O —Fl & X 3.3-6 1T~ d, AZAOKIL, Z2OR T LA % RS
L5047 2 FRBIORAYO2/FICHELLSGADOMHETH L, Tabb,
WPIDOR TRV ATHRAELREN, 7707 - ar RUEBICR - TRz &
T, THNICERBICERLZN O T2EAOEENREAET L, 20k HiT, =
DDORTNRVADEA I 7% IfsBEALSET200 T, R ORFF IR R
BT D, Z2TO IfsiE, WROBFAMHIZENTITHELTEBY, T
Mconstructivel HdestructivellZE/L L TWA Z ENbnbd, £7-. THNE
ZoltBLRTFRIZT -V ARFRLTEY, Ao b—a SERET T
L, MFERERGFTHZENARTHDLZ EDNbMND, — . AAORIE,
CODORUTNRNVAERNT XA I T R FIREBIOBEHIO 1L 5FIZHE LT
BEORKRETH DL, 72006, 2B OWENFKAELZ L EITIT1EE OBEARIE
AT X VORHUOBEMITIZAFE L TH YD | BRI TZn b 20
WRNRT v v L OHRRAHE CEBN R R EZEZHEYIRT, 205G, ZDOOR
YIRNVADEA I T H 0.FsHATESIED &, FWRORMAERIZTLE
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ML T D, B, WMo =70 & t=710+1. 0fsDRE TIiX. E— F OALFEN
KEELTWAZ ERbMNd, Zhb oD —RIZOWT, WREZRHRT 2 EH)
EAREORE 2L —va v ERIELEHER, EHbobi-L )AL —v
I U S TWD Z ENHL Mo 7,

i,
= \-/%leuorescence
o)
Si fs probe pulse
T — I*+ |
€ O-» OMMM»
9
O
a® fs pulse train
[+ 1
v —
I-I Distance
At .
T
Aﬁl A
fs fs fs
locked unlocked
time

.35 fifim vy 7 &7 = 5 PR SV AKNZ L - CTL, 70 +OBIRBEIZ AL L
722 OIREBNE RO E - THEROMNMMHEE v 7 SN TWRNTs/NL AT - T
FEIRFHEEN T 5,
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19 = 2.0 Tyib T = 1.5 Tvib

locked locked locked locked
fs pulse fs pulse fs pilse fs pulse
S 10fpTTT COrT=E
S oey \ [
S 06 F I }
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o O 1 1 L |I II 1
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X 3.3-6 fifHE v 7 SNTfs/ SNV AXFIZ L > TL A TOBIRERT > ¥ v L kI
ARk U7z 2 {8 ORBY I RS T D AR & FERF LA L 7Bl T, 03 Ay 722 4y
TRV O JE I TH 300fs, 2 O KEZZERMICERTESTGA () LZh
ENRT 2 X VORI T L O DOBEFTICZERICHEEL TE- T2 :E (h) o

- T, Bl S 7o B — b ORI, HRE)E A R RERH O A %A 72 & (AR O E
WAL D THD EHIISNDG, & 6ICFHL T, 0 FHNOIRENK R I
Lo TR ENDWEBBERDOEM Y~ %, 7= NSO ORIEE 47
A hv—LDERSFERTEIAT 2 FIEEZRE L, 2hEd a3 vRy HIZEA L,
FORER, ZODWRNRZET DB S D EERDZEM 5 —
. WHRICEENDNARE RIS THIKTHLFELZRWEZ L, 20X,
b — LV ADERBMBEE R 2L —va VHIEEZHAGDED Z EITL -
T AR E £ D K IRE) [E A KRB O IRIE T # & AR WO W 5 % St 3
AIHECd 5 F % FEFE LTz,
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Flo, 20X ha — v AMEICES EFEEMmE g EABE L. 2
NEemERIVESTT o H 7N ORBPERITEN LR, @O T = L
NPR T e 7 =TI T D 2 & O TE RWEERN AR 2 EBIICE
BB CERMMBRHT 5 Z LIk LT,

B 3.3-6 |2 L7e 7 — ZIE WAL R - Lo THE S HIEICIZ T BEE,
RFEGAERBELEIER I LTz, TO%RGFIFREI NV—TICBWT, FHIEZ
(RZFEZN—T8F) B0 LR LEO BT oiL, KEIBEH D
R AL E D R HIE OB RN ED SN TWD, ZOB% X, Bertrand Girard$
L OChris Meier (Universit_ Paul Sabatier, France) & ®OILEIETH 5,

3. 3. 2 JEALHIC X B EE TR o

FRROT—~ 1%, S THNICEESRZHRT 3L — 27 bV B oR
FZONMNAEEICRET 2 TH L DI L, AT —~ Tk, HEfT R F—2
N7 MV EFFOBEFRICKH LT, BAAAHEHRN ED LI ITIHEEIN D00 E 6 )
T 20O08HMTH D,
3.3.2.1 FEUVRTFO LT A A ACIZ K o TRAT D ILE T RO AR
il
[ BR J5 1k ]

RT == IZBNTH, 7L A IERE [ 4 HilAE LA 2 W 0 <L R % % (4
HIAYIRE L, T—~ 1 THRELE~A AV Y URIE T LT — AT ER
(APM) Z W2, ZOFEBRTIIRUEEAED T, WX T — P OBEAEZ T TRIE
Rrf 2 dl 8 L7z, X 03.3-7T IXEBOMKK TH L, K37 A MU v 7 gL
(TOPAS) @171 (—400 nm, —100 fs) ZAPMA S L T2 &2, ZhEz—D
FRWEMRE —KOFREE—L 2T Y v 2 —(PBS) Zil L TEWEMFELELE L
BT, BERGNICEALTEFE / VERTFIREZREIED, 7V AFThM L X
WX o TRFMOHF LIS B ST D, XA TORMBE O KEN 10—
10" Wem* [CETDE, T/ UVETIT4A4T, 5T, 6 X171k
Lo TAF UM NTHRETEHRNT D, BT IIMITREM 347 (TOF-DT)
AT L CHRIAR (MCP) 10T 5, HEFORAITHEM % Time—to—Digital
Converter (TDC) THOMT L CHEFDZ RNV F— AT ML EED,
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CPU [ TDC

Quantronix
RGA + MPA
Laser System
Phased Pulse Pair
800 nm, 100 fs, Control Delay
1 kHz,[l.2 W .‘ ‘I
| PBS PBS |
4 ~
o |~ I
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Ve
200 Double-Path Phase
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100 fs ,
200 mW y, I

[X] 3.3-7 7<)V AR K 2 6 1% o O AL A il 4 2

[Above-Threshold—Tonization (ATI) ]

XeJ&R T DA A AbT 2V F—%, J=3/2 HELLAIP3/2 = 12.13 eV, J=1/2 H#ENT
2NIP1/2 = 12.44 eVTH DB, K 400 nmD Y (1R F—=3.10 eV)
TAF AT DT D R E L ANFBMBETH S, L LENRFRINOMR%
HIF LD —F—DREERELS THE, A MR EREKON T2 (m
) OIFNICEICTT 2k (s3) ZWRINL TA F MAb T 2BLG03 1979 FITFH R
&#U, Above-Threshold-Tonization (ATI) LRI T\ 5, L — W —JEH58
<725 &, A4 A fbthresholdiifF D& U = R~V 7REN L —VF —EHIT XD
ACY 2 Z NI RIZE > TEDBIL, BERNRA A Mz F =D LRI ST
DTHD I ENHEMPIZHPA SN TS, RO L —F—EBRICL DM T b=
X —0 EFRIIAR T a®—7 47 (Ponderomotive) 7 k EFEEN., Z D
7 MIVv—Y =BG OMEICHAIT D,

V—H—DF L2 L @R AL O E A AT I DAL TATIOBFFE LR AT 72
D, ATIOBFRE TH DR EFHE A L HICZ OMER LI TE T, 7
B, BWL—F—%2 =%t E L, [EBEIC LD SmRERERECL>T, =
BE— L MR OBRE ., BT SV AEN 1 7 = A N &Y DB LA
FVRDOBFE 72 E OB TR AT > TV D,
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