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MRECE 72 &8 L— PRI BT 5 2 2 B DWW TR~ T2, &2, L —3 SQUID BAfMSE
IZ L DWERR L EBRAEME 9 5 LBIC K L 2 HIER R & O IOV Tl 7,

%6 T T, RMCTHR LN EERFTERNRR & FE LT,
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$£28 L —4 SQUID BBMEEDRIE

B RN L — YV 2 RG5 & | BINEICER NI, BN EL 2558065,
L —¥ SQUID BAMEE CTlX, 2D X 5 72 L—Whhdkis 4 SQUID TR+ 5, AT
PERORGEMICBN T, L= 2R LG8 BB L O, EiticL - TE
C DOV TEI L, & 512 SQUID (2 X 2855 OREIFRERIZ OV TIR R, £tk 2R
T B ILD BT HEE T 2 FIEIZ OV T T 5,

2.1 FEEKIZHITHL—YMEER

*%W:NVFﬁkyfi*wﬁ%uL@I*wﬁw%%O%%%%%?ék HE(R
DB HICHDBEBF NN DO RNAT—2ZITIY , FEFIIpESND, 22T, X
X, /kﬁ@i I E A [nmIC KB LT f L F—ZFio T 5,

Ekw=;$; 2.1)

—JF T, PEEOREFTHL LV a0y Ry v 7iE, BLFORUTRT X 5 ICiRE
T[K]DRE%k L 72> T\ 5[39],

473 X 107472
T+ 636

O, =|iE (7=300K) 1B ITHT Y a0y REY v Fid, 1.12eVTHD Z L
Wb, TOTRAX—|THYT 7O EIE, X@.1DEY, 1100 nm Th D, HE
DELNTT BRI DR F— ﬂm<ﬁé@f U asx LCIE, 1100 nm LA RO E
DL —HFEREFTIE, HEERICLY, BETEEIELIENTEDLHI IR,
TV A IEBEERERTHY | AV%??V7H FOTRXNFX —%FON T CET%
hET 25 AL, 74 /7 VBRI SN2 T HUER 5700, ZOWIMAAE T 5 e
RS, N R¥ Y v FHEOT R X —Z RO RO v U 2 Tk 2 WIERITR Y,
U g ORISR O B FE L. W. C. Dash 5[40l & G. G. Macfarlane »[41]iz &
ST, MNATTHARLNTEY LD REK 2.1 LM 22 I2F2nEiRT, K21 &1X2.2
D, WIERH o RIS Z N TE D, WURE LI, TR X o ic, Mkt %
BT 2 HOHXHEERDO Z & ThH Y | WIEROREILTREL, TAS Lo, WEF %R
T DI L7ei> T, e BEEmIcET %,
I(x) = I, exp(—ax) (2.3)
Z 2T, NOTRENL/ellHET DA EDRARES EFEFDY, WIUREOW L (1/a)
TERIND, VU a KT RAES ORREKFNEEZR 21 ICE LT, WREFHLI T2
EERANESDELS 2D RiEES THFBRINSNTLE D Z &R D0D,

E,(T) =1.170 — [eV] (2.2)
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TWAEEEEZ D, fHHEOD, M23DE 97 1 RICETINEEZ D, B—re Rl
BROWIZENBE S, EFIREBIGE L TWARE 2 E 2 5, BOREREEIC TR

(AR SN D BT L IEFLICK T 28k 0 HERAUTIRO X 91270 5,

Anl3 p BER T O T E -
TR, TiXx ¥ U T Hm,

U R # o [em ™1

140/,
qox T E

1%4_6__

An
——=0
Tn
A
P=0
Tp

q Ox

AplE n BPEER R O@EIELBETH D, GlEFv
QIIEMERTH D,
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105 ~
e
104 A‘f‘l((
103 ,/{j;// —
A |
d LS
, ¢ / 0300 K
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1.0 15 2.0 2.5 3.0 3.5
HFIARILFE—hv [eV]
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p BREEIRIZBIT DB FERE S 2D, B — 28R THEER R 20 G61%, ERIiCD
W TR O A% 2 UX L <,

Jn = Jncairp) = an% (2.6)
L%, 2T, DylE., EFOIERE TH D, EHIT, x = 0DHLEIZOZIENRE S
T, EF - EARPAERINLTEY x>0 OIS TIEES - EALRNAERL T e &9
HE, KiFkokric7es,
d?An An
nTdx? qE
BREMEE LT, x =028V TAn =An(0), x =llBWNTAn=0%525%L, K@D
fRITIRD X H 12 h 2 6 b,

gD (2.7)

An(x) = An(0) exp (— Dx = )
. (2.8)
= An(0) exp (— L_)

ZIZTy Ly =Dyt & Lz, ZOHEEHT. BMRIOEFNEHHET D E TITHERICE > TR
B 2R CTH D, R(©2.8)FH(2.6)ITHRATS L,

D, x
LJx)==%T—AnUDexp<—Z—) (2.9)
LB, MEIOBE L DEWIL. JEERBERRE £ Tt s Z 230 bd, n BIEERICE
T HEEIOIEFLIZ DB BIREKIZL T, LFDO L H 1Tk 5,

I = 222 ap(0)exp (— Li) 2.10)
p P

INFETO#HERTIE, PEFY VT OFEIMIHONWTEZTCE, TLT, DI I T
WL BEMIE, JEHEEERREE ORI A 2 E b o7, L L, IEEBROERIX. Dk
YU T OBERESZHF YV TICLHEROMTH S, 2Hxv VT, DYV T0%
FIZL > TELLEMOMOMY 20T 5 L HICHEREHESINS[39], D=0, EH
WREETIEZEF v U 7 OBERIZ, PEXFY VT7TOERODL L9 EWiRXIZb, Liehko
T, B2 pRiclsnTid, L—FE2RKFELTH, E7TERE EABRDERITITHMHE
L D7z, IEBROERITAE L2y,

W, RE—78Kof e LT, K24 107797 pn 506 58 KE2E 2 5,
ZOEEDO AR T 255N 2 EIRE B Z D0, T OMBEIT ZRITICE 2
LERH Y LV FELWERITIZIZE 2 07— 2Tk LIZBUER RSV TH 5,
T2 TR, EMERRHAEZIT Y, X 2.4 &K 2.5 DX ) RS MEIKICES L TEZD,
ORI SN TOWDESZ BRI E XA A — RICEEHZ, NSO pn #/ %2 1 S>DX A
F— FCTRFESH, HEEPIEEINNZ B E L,
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S R --—--——-—=-----1

SR ETER 5
2.5 JAATIIC L—Y &2 IR STz pn 826 O ShA]

ZOXIREMEREEBERZDH LT, BRNEM LT < 0D, ZOEBITEENE O
B C72BlEs & 72 o TV T, SMTETRIITLALZR AN WG I 3RCR P EE o P B (SR 23 e
5EHEL D, ZORBNHOBIRICOWVWTEZR D, 7. pn #EOHAHMREN - BEFF
PEIRATH 2 bt s [42],

qV
I =5 (exp (k—T) - 1) (2.11)
D D,n
Jo = TpPno | $PnTeo (2.12)
L, Ly

Z 2T, SiEpn A DOEE, JOIAFEREE, VI pn 5 OGN D EE, kiZAL
Vv UEBTH D, D1 & D21E, pn #HEEDHBOAERY | Mo/ T A —=F TR CIEE S
%, D2 @ pn #EEDEMEZ SE L, D1 ® pn HEEOEMEZaS £ 55, Fiz, =S/ &7
% &, D1 & D2 DN E LITIRAD X 912705,

I = al; (exp (W) — 1) (2.13)
I, =1 (exp (Z—Z) - 1) (2.14)
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SRS 0 2 DAV B, X 2.6 D L 912, e, & XA A — K D2 235 Eif
DFEEIRD, Pe- ORREEH OB - EIEFHEIIRATEZ 65,

I == IL - 12
qv (2.15)
=1 =15 (0 (7) - 1)
K(2.13) K215 BVEM LT, I1EL,DOAHORICT D E, RRXD X I T D,
I +al q(RI)
L=— em< m1>+1—@ (2.16)

ZZT, Ig=10"A, R=0.1Q, a=10000 & L. Fiflhz BRI, Mtz PN Eiicd
HE,K26DEDITD, HRIEL, WEERILEIRE —BT2565%42KT, 20777
6, HERB TSI ONIGEIIE, EERE NHERMIZE -T2 08005, L
ML, EERPRS 725 & ZOWBIERNA LT TWEMDH L Z &R bnrd, ER
ITHTRE & HBIBMRICH 2 DT, 207 T 7 OffililA | RIREICEEHZ 5 2 k%f%@
ZIHT DL, HMENFHNGEITIE, HIRE L RIS BRI HFIRERICH D Z &2
PND,

T TR fEHROTD, pnﬁ/*\@%/a\%%if:ﬁi‘ AR EE DI 72 751 K> THN
MEMIEL D, TOBEICLEFOBEZXFEHEMATE, Wﬁ%m@ﬁfﬂ%z%né
LSI %A1, T/\4’22:L’CT/ED ENT- pn EEDUTFET D, £ D pn H#£E51C
*%ﬂ%%éﬂkk%u\@J&T%éﬂé%%ﬂibéo_®%mﬂ\mﬂ¢@%ﬁ@$
BB A B TS 2, b LIIRFNH TN IGEbH DL EEZDND,

25 | .

1.5 L P

EERICRNDAEER 1 [A]

0 1 2 3
REIR I, [A]

2.6 WP L —Y Z B STz pn #EE OZMEIEE 2 D B O Y BT
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22 KBEMIZBTEL—YREER

BED L —4 SQUID #Ai%EE DAF5E[33-35, 43-45] (28T, BlMCIRRED KB I 1T
% BRI ERIC OV TR SN TV 2R3, 22T, 2.1 ETO#EMEILES Y5 2
ETHRFTLTHIZ, K270 L2, pBv Y aHEoOREZIn ERHY . ZO EIZHm
BEBMATER SN TWD ZHE T ) 2 KBk 5 L—ihEER A E 2 5, B
fliZe pn EHIZ L —PFE2 YU THFHITOVTIE, 2.1 ORI L2, iU a2 K
BHOLEIZIE, NEOMERRIR COFMBAEORELBETILERH S, £7o, n BOFE
EZ TG EROME O BN RIS TS T2, i EMORE SNk %
NS D,

A E A8 2 A8
nE y-
pnixd — i
pRIS O EiR Ham AL
EHEE

X 2.7 ZfEess U 3 KEEm oG

KB, N F¥y v 7 EOZR VX —% o 72 BT 5 &, RQ@.I)ITHE-
T, KGEMATIRAT HIC LI o CHRIBENMET 5, #AA 7 KEGEM CIE, &
100 pm DIEED p ) a VEROFRIIZ 1pm L FO n @R ER STV 5D, LR
ST, K2UIRLIZEIIZ, YU a2 AT HRAES? 0.16 pm & 725 405 nm D
BEOLV—VZ2RATL L, I nBEATRIRSND Z &I22508, RARE 1.2 mm
® 1065 nm O L—HFZMET5 L, nBETIHITEA LRI NTIZ, p BUEERF TOR
A KB & 72D, KB KBFEMICRI S, BT - BN ERSNS & K(2.9),
R(2.1ITR LT K 9T, JEAOERERL S & TRl LA & U CIEBT 2, 7272 L. BEHciasE
LINIZ pn G DZEZ@NRH D &, B - EAXDNIBEES I, pn #6285 5 J7 I E
WIS, p BANIZELLL, n BANZITE FAERE I, pn EEICLH2NHERZW T
DX BERPMD S,

KIGEMOLGAIZ S, FEEEOT N, AFIEC/NT A —ZICEb S BEFH AR EE LWy
M. 22T, BIROBEREAREOT- DI, BFCIRRBIZ & 5 KIEMA X 2.8 D X 5 ITNES
TR Z R L TV D E S M I E S it TE X D, L—F % KEEMmO—EIC
U L7258, SR SN TS EHZICE, BRI E XA 4 — RBFEL,. EnLlL
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S0 pn BEA DERIIITIE, &4%~%@&fﬁ¢ék¢é SRRy 73 & E LIS D & A
F— RETORKIZI WY B2 B4, —DlF, AiEEEERL B G T, KEGEMRD n Ex
WAHEE. b O —ol, AilmbiEEmE% s 5%91%5 FNENOEERHARITIZDR, RET
Do
AMEEREBZESTMER  ATE#EREEE B LR
E#nigin bR g R

Dlzy E D3 /\ ILE VAN

SRS
Il [2 ]
4 2.8 —HBITG T 2 BT S A7 KI5 7E it o S Al [

Z O[rli % LTSpice (Linear Technology Corporation) (2 X > Ty I =2 b—v 3> L7,
ZOBEDONRT A =2 L LT, R=01Q, b=100& L. I, & LDOSEERI KT DEREMED
77 7%M 29187, TOX IS, KEEMICEIT D IEROERD 2 6, n BRI 5E
FEWIX. FICRTHEEEmREZ ELREE & D ENbnd,
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23 BRICK2HBZEL (BHREZE)

IHET, PEERENCE T D L—PRRERICOVWTELRLTE L, 22T, 8
D BT D> DRGSR 22 KD D FIEICHOWTIRR D, MUNREBIRER N SAE L HIEED
ML COMSGSAIE, BF - YN— LV DEANC LY B2 bbb, Thvak, BRI R
THZ LWL AEBEOBIRSMAIOOIC LV AE L D850 MBI —EIZRDDH Z LN T,
KD I H RSN D,

X —
f](r) (:|3 ™) gsr (2.17)
W B EOBHECH D, =T,
~n _ Ho (r—r")
Gr-r)= oy —E (2.18)

ET 58 RQAIDTED L HIZJ(r) & GE)DEFHIABFE D THETZ ENTE S,
B(r) = J](r’) X G(r —r)d3r’ (2.19)

BHRAATESE 7 — ) BT 5 L RO K D Ic, BieEoR TcEL N TE, FHE
EfERITH S,
b(k) = j(k) - g(k) (2.20)
2 ETIEH, RARIETERE R TE D, AR T, BICEE D DA T BN
[ C, MOz 2 RIE L THWDOT, K217 ZEMZ D2z DN TO IR L THD
ELRDEDIT, L& ITHEFE L, LITEF LA E 2D,

B, 2) = Z_Oﬂ . {}(]x) —];CC’()X2 f (; 3 y’)(:+(; 3 z]§2(;/f 2 vy (2.21)
ZIT, NIz = 0DIZH Y | z =dDOFEICBIT DL EE R D, S DT, JL],DES
Jital (z J51) ICBI L CTlidz' = OBV T, FHECREFESED Z LT L, 2 ROKEHE
Fenbo L35, 25358, ZIlKFELAEWKAD XS 2IcET S, 22T, B
JEE &t & BTz,

ot ([ =) LG YD)~ =X)L YD)
0 f e y,)2+d2}§ 7 dx'dy (2.22)
ZIZT, ROE O BB EEERT D,
, ;o (x —x"
Gy(x—x",y—y',d) = =+ O =y 2T di e (2.23)
Gy(x—x",y—y',d) = 0=y) (2.24)

{(x =x)2 + (y — y)2+d?}3/2
—hbrE, RQR22DITAT B L,
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B,(x,y,d) = (Gy * Jx) — (Gx *Jy) (2.25)
L7220 By(x,y,2)lE. ZODEHIALFESOERH DT LERSTNDLZ RS, 22
T, G, y, )G, (x,y, DA MRS L TR <, d =0.002 [m] &35 & Z ORI,
210 DX Oz, FAEEHFLIZ, EEADY—TDH D00 %E b > T D,

10 10|=
GD1E[mM?]
9.62x 104
£ £
- - 0
- 9.62x104
-10 ‘ -10
-10 x[mm] 10 10 x[mm] 10

X 2.10 HAIR7RG, (EX) &6, CAEX) D4l (d=2 mm)

KQ2.25)% 7 — ) 2EHT 5L, KADE T, ZNEFNDOT7— ) ZBBROFITEDOEL 72
%,

b,(ky ky,2) = gy (kn, ky, 2) - ju (ks Ky, 0) = g (ks Ky 2) < iy (s Ky, 0) (2.26)
ZOXIIT, TV BWAITH Z LT, AHRABEIT) LN TE L, EEDOERD
T BRSO 2 S5120%, BIRT — X & ke 7 — U 88 L, JER sk e T X(2.26) %
T S AT b b, (ky by, z) 25t R L 2 EM ZRIT FFT 35 2 & T B,(x,y, d) &
/LN TED, Bl LT, 5 A0 bBEBIRICERSIEIVE T 2.11 © X 5 &R
NHEZZD, RIEOAEE 0° 5 360° £T 45° ZATEILIETCWD, ZDLED
WA, THE TR TEZHETRDDL L, K2120 X925, ZZT, BOMA
FE73 180° LA T56 OB & L RIT TRy DM EEDS 180° LLFIZ72 5 & & ORGSR A
BlCnan 2 &nbnd, KSRERXTHSL L 180° LI EDOREEOLAIX. KiTizl ZAIT
W E OBRPBIEN TVDIHE M ERUETHDLZ ERb2b, £, 360° DL X, &
FNZEFA TN T AT H 00 63, BGITBlE SN2 ERbhd, 2O L 91T,
BT L > TE, BHEPMTHIH ST LE D 72, BHERN S ITOERY
afssd 2 LT TE A0,
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225° 270° 315° 360°

X 2.11 REERIC L D540

Se QQ -
-e 135° 90° 45° 0°
180°

‘. .. -

225° 270° 315° 360°

X 2.12 FEERRIC XK DS

2.4 SQUID IZ & 2158 E R I8

SQUID /&, BZER A OBRE Th HWRE b E Y a7 Y VR ZIGH LK E v
P T D, LLFIZ SQUID OJFEFRIZ DWW THRTHIZIR~ %, SQUID 1FX 2.13 127 XL 912,
BIEY N2 1 DFERIE 250V a7 Y VEBEABALKEIC > TWD, TREAOD
BXENREEN S . #2608 1 >0 DX RF-SQUID (Radio Frequency-SQUID) . #5725 2 D
»H 5 HDOIE DC-SQUID (Direct Current-SQUID) & FEiXAL T 5, ABFZETIL, DC-SQUID
ZHWTWS, 2o DC-SQUID OESMIZRFHELZ K 2.14 12777, DC-SQUID IZH:A4 %
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eI RBHAEAML TV & A CRIZENENELENE L 5, SQUID OfiFf
EERT L [N %%KEIUJDE%E’CEOTHEEE’J ERESND, 22T, —EONAT AEH%
SQUID (ZHIN L CTWAIEEIZ, EIEOE(LEIMBEIMERICH LT ey hLizbDEK
214N T, ANA T AEREZHIINT 5 Z & T, SQUID OFELENIEBEIINEBE A5 L, J&
W E# T 5, ZOBRWOMBIL, BRETO, (2068><10 15 Wh) Lo TWNDH780,
SQUID % AV CEEE 72 sl N AIRE & 72 %, L L, MG FHAIO 7= 9121%, Mo xt
L CHRIERENZ/IMNERGH D, TODICHNLND DO, K 2.15 (277 X 5 72 FLL
(FluxLockedLoop) FECTH D, ZOEEIE. SQUID ICHII S ARE 2 — BT
B, SQUID OELEDZEZE ST L, 74— Ky 7 af VIERERL TS, ZDO LD
\Z9 52 LT, SQUID ICEIIIE N DR A AFiE L, SQUID ICHIMES LA R 2 —EIC
RoTWD, LR T, AHHIIBHIZ, 7 4 — FXw 7 a4 VTS EHE &
RBRIZI2 S TNDHEDT, 74— RNy ZPITELDEEEZWET H Z & T, BTkt
L#IER G5,

RF-SQUID DC-SQUID

2.13 SQUID Ok

[
<

BEV X £
A

>
ENnEER ©
(a) B —BEHFIE (b) HER —EBERE

2.14 DC-SQUID D EZ MRt
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INATRAER

sQuID bl R T

:>>——{:>——o it 1

AN\ ——

Ta—F\v IR

AR,

T4—K/\voa4)L

2.15 FLL [F

2.5 EFHBERICEK S L—RMEEROENT

EAM SQUID BMEEIZ K » TR LN TG & WG DR AR & 72 > TV D &30
13D FIECOWTHIAT 5, BRI DRSO 2155 FIEICOWTE, 2.3 TR
. ZHERIESMBE TS, RIS 2N TE D, L, BN ERY
fFizRODLOZ, WREO—-FETHY, —BICM LT TERY, L, —f&ICHR
REIT, ?’Fﬂ%ﬂﬁlﬁmnxé iR L _ﬁ¢< ZENTED, AFETIE, K 2.16 IZRT &

EVIBIOREHE NG dTETBEEN T ACEEIZ BV T, WG ORE RS D53 Z 15T
Wo, DFE D, BEMGKTOARORENS, AN EREZ RO D Z &ITk b,
ZDOX DN, 2T DD 2 IOTENRE & 15 5 FIEIL. Roth H 230 LT\ 5 [37],

1415 81 7€

/
L—HRst A

2.16  EILOIAET 2B & B E -
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W oo An L mI o Ac BT 2L, K@2.26) TH 2 6D, Ll 52 67b, Bl
Jx &jyDBRDOBGENDTZT Tl &j, 2 —BITHES 2 &FTE Ry, Thia—RICH T2
DIZ, MEEEE 525, 4. BATWDHRIF, EFIRETHY ., ERLEFITHNT
WHHLDET D, LIERo T, BIROFHCHBILAWEE X D5 & AV LY ST,

V-J=0 2.27)
ZIZT, J,=09%Lk,
Ay 0y
'&*5}‘0 (2.28)
LB, Thia7—Y) okt sL
—ikyjr(ky key) — ikyjy (kxs ky) = 0 (2.29)

PEEHILD, K(2.26) & R(2.29) DN FREAEMEL Z LT RAD K S 12h, 1 bj, & j, & —
BICRDDZENTE S,
k
kygx(kx,ky,z)-kagy(kx,ky,z)bZ(kx’ky’Z) (2.30)
Ky
Ky Gx(kxr Ky 2) = ke gy (K, Ky 2)
B2, je Ly Bitf 2o 7 — ) =BT 5 Z & T, EEMD),(x,y,0)0 &), (x,y, 005155 =
ENTE D, FEREOFEFIHILIXN 217 O L 912705, £7°, #BED bz = dIZIT BN
HIZBWTB,(x,y, B E2FSET 5, Zhi 2%t FFT L, A7 hVEEIRIC TEIRA LY
MNVEFET S, 2120, WEBBBIZIE A AREENTWDER, HEARAZLOFFEIT
INANRAT gV ZITHE LT, /A XD ZRHLTLE D 2, BIEANRT MV A
RN TLE D, DD, /A REZFLHEITIE, n— ATV EEHL, AE
IRBFANRT MERDZ LI LTz, a2 kot FFT 15 Z & CTUERENI LD,

Rii51R e BB ARI L
s
'

Jx (kx, ky, Z) =

jy(kx’ ky, Z) =

b,(ky ky, 2) (2.31)

FR KM+ B AT
'
H—/SRX74)L%
BERR BRARINL
{2x(x,y,d)} W2RFTFFT {jx(kx.ky,d)}
by, (ks y, )

4 2.17 WESE 2 B G ~FHE S L FIE
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ZOT N Y XAIHES T, MATLAB % AW CRGE: - BIGEH 7 1n 7F Na{ERk L
oo ZOa—RZ2Y A L2177, 22T, AW ERIC RIS T — 2 DB A->TE
D, SN ERGET 21X, CICHAESND X HITm> T\ D, MBS EFig LR
DOHBRICEHE LR DDMN, B— "2 T A NE DIy N TEEBORETH L, ZD7R
7 AT kmax EWIOEHTHZ T0D, M5HGH» O EREZRD HBE21E, 2@ kmax
EREL, AERERENMEOND L IICL TV,

B, A ROEENDLHEENCERBEFE LGE, BB OEM O REEX, B
BBICEEND /A A EB%RT 5 Z LA Chatraphorn HIZ X > TORENTWAD D T[11],
BIR DO ZEM R Z @< T 572X, #5150 SN thx EiF 5 TRBNWETH 5,

TERR LT=7"v 7T LOBWEA MR T 2720, K 2.18@ICr~d X 2 M&EREZE L, K
(2.26) %> T, X 218N R THIFHEZFHHEIZL VRO, T OBSHIEL. NEH MRS
PR L THRONEMEBRTHY . /A AREGENRNED, B r Rk 5812 Bk
DE—/NAT L VIR ETH D, WRFRMEEGTZ L, /A ZXDRWIGEIZONTIE, Tt
DEEIA % IEMEIT RO B DITT TH D, ¥ 2.19 1T 2.18(0) DREESHE D B3R D 1= & ity
Y, X2.18@DTOERSAE L TW5D,

ZOFHEOBELEFTNT 272012, ATHEHEZIDHMSD (Mean-Square-Deviation) [37]
& iz,

fj: fj;oll(x' y) _]image(x; y)|2dXdy

I Gy 12dxdy
MSD & (%, JEOENES (x, y) & Bat% 0 5RO 72 BHEY image (6, V) D E 7 BV T L DFED
TRMAEILOBENRG O M THELIZEDTH D, J(0Y) = Jimage(®y) 72 DI,
MSD=0&72Y, FENHDIEFL, MSDIZRE 2%, BIZIE. Jimage(®,y) = 072 513,
MSD = 1& 7%, AEIOEAIT. MSD =8 x 10-122 721 . 71 75 AOA % RS 5
ZLENTEL,

MSD (2.32)
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t=1e-6; d=2e-3; dx=50e-6; dy=50e-6; kmax=0.05/2/dx;

su0l=size(A,2); su02=size(A,1); su03=2"ceil(log2(su01)); su04=2"ceil(log2(su02));
B=zeros(su04,su03); B(1:su02,1:su01)=A;

su0=4*pi0*10~-7; sul=size(B,2); su2=size(B,1);

sud=-sul/2*dx:dx:(sul/2-1)*dx; sud=-su2/2*dy:dy:(su2/2-1)*dy;
su3=ones(su2,1)*su3; sud=sudones(1,sul);
sub=su4./(su3.”2+su4.~2+d"2).1.5;  sub=-sud./(sud.”2+su4.”2+d"2)."1.5;
sub=fft2(sub); sub=fft2(su6); clear su3 su4;

su7=fft2(B); su8=1/sul/dx; su9=1/su2/dy;
su8=[0:su8:(su1/2)*su8,(su1/2-1)*(-su8):su8:-susl;
su9=[0:su9:(su2/2)*su9,(su2/2-1)*(-su9):su9:-su9l;

su8=ones(su2,1)*su8; su9=su9'*ones(1,sul);
Cx=4*pi0/(su0*t)*(su9.*su7)./(su9.*su5-su8.*sub); Cx(1,1)=0;
Cy=-4*pi0/(su0*t)*(su8.*su7)./(su9.*su5-su8.*su6); Cy(1,1)=0;

clear su7 sub su6;

sul0=(su8.72+su9.72).70.5;

sull=sign(fix(kmax./sul0)); sul2=kmax*(ones(su2,sul)-sull);
sull=sull.*sulO+sul2;

clear sul0 sul2 su8 su9;

su13=0.5+0.5%*cos(pi*sull./kmax);

Cx=sul3.*Cx; Cy=sul3.*Cy;

clear sul3 sull;

Cx=real(fft2(Cx))/dx/dy;  Cy=real(ifft2(Cy))/dx/dy;
Cx=[Cx(su2/2+1:end,sul/2+1:end) Cx(su2/2+1:end,1:sul/2); Cx(1:su2/2,sul/2+1:end) —
Cx(1:su2/2,1:5u1/2)];

Cy=[Cy(su2/2+1:end,sul/2+1:end) Cy(su2/2+1:end,1:sul/2); Cy(1:su2/2,sul/2+1:end) —
Cy(1:su2/2,1:su1/2)l;

Cx=Cx(1:su02, 1:su01); Cy=Cy(1:su02,1:su01);

clear a b su01 su02;

YA b 21 MATLAB % W= - ERBasra 7o A
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HE « F— 2 BEEEEORNICT BND, 207 a—F v — M2k, FEEOEELE
1. LabVIEW Z W2 WMEE S H 5, LabVIEW (I/E¥% L9 < 572 0C#E T
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331 L—YEEEDOAER

HFROEEIL LTI, Z2odbb, —2ik, L—F 2L X T - TREHZ RS
HZET, b —DlE 32 BETHIRATZ L H ITEEIONLE R OO & HiIED 72 DIk &
BleEL, MEEXFETLHIETHD, ZNLHGFOEFNER-T-DIZ, L—FHRFRIC
X, L= ZKDEFEREFRHI, L—F K0 BAORE 2 BT 5 720 Okl gk
BEHNETHD, £72, L— SQUID BEMEIC X 2WE T, AEHIR L T EKFMEZ R
NROEICTIE, WEOEY L—FICZBmT 5 Z ENMBET, TERETRREEZL-E5 2 &
LEHETHD, 1 DOWERIFHE LT REM Z & b TEX DD, TOHAIITEEEE
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FR R EHIE LT,
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ab—Lr MNET, BEONEMHATO2HE RTINS WRERICK S Z &R TE D,
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N, LD O, B2 ERwDO L Z AT, B — I, D1/e2272 5 K O 1054
ZLTW5(48],
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DX WA EFE o T LR HFIABIR T A5 A . B — 2 ERw)IZ OV T, RN
KD, ZZTx = 0BV TR/ E—L¥Rw, L7 b, 22T, ML —FDOET,
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x )
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HOT v — A E BN EEEF OB ML R X VENXT ISR EEZDL L. 2D
/N AR » BRI, XD X H 1272 5[49],
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MIREBN ARy YA X RESELBHEIETLEIDOT, ARy A XE/NJELTD
ZEHEELEDN, ER IO IBREOESRELMRT LI EOMNETHD, T T v
E—AlE, B AU R R 5HiEL R0 EHEBATRIRT DL 012200, Z03EAo L
ARy YA X, WD K5 7 B%RR H 5 [48],
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W SQUID B TId, Bt O R RO -0 ity L o X3 LABENL TV D R E L,
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bhd, B, L—yEREHZEN L, SQUID #EET 5 Hik2HAL T\, 2o
EricTrz LT, HBOEEOMNBIZL—FE/NSRARY METKRDZ LN TE D,
L2y, SQUID (21X, WEWSHENARE L TR Y, BB 2807 L0 EBEEN KRN
L%, £i2, SQUID 2Ky — /L ROFTH-oTHEINT L, /A4 X&) BRE b
DT, SQUID ZEN S/ WHIENLEE LV, 22T, HEIET 7 A4 " HW5 k%
ML, BRI, V—VE2 T 7 A NITEAL, ZONT 7 A D5 2730 D FF
EDOLFNCEET D LW HEERMA Lz, X7 74 N3 H2IcBEVWo T, ARSI
BEERETEZ AN OINE S THSD, £, L— RN LT 7 4 NORRREIC
T&E5, A%, SV A= LORTr—LOKBEEMORE 2 EEEIC, 67 7 A NOELE
% 0.25mm & L7z, X 3.48 |2 L —HVEEED TR 2 R~T, L—Y 2T 4 FFav
SNTEF L, L X (MPlan 20/0.35, fhllsth==2) Z HWTHRT 7 A4 NI L,
KT 7 A NOEEEREI RN FNZZE T RICELIATLZ T, RABHZL—F 2B L7z, &
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DT %X 3.49 IZRT, ZOHAICH, AEFEREOBILEEEIIVNETHY, 3.3.1 EOEM
BN h=7 AMERLL =% &2 L,
HE . .
- . . . - 7-'\1?.'-%3;&*47")[/9
Lo x FARFIVA

HKIT7A N

%] 3.48 L —W[EEED LT RIS

KI7A\RE YL X SAhFav/y {ERRXT—Y 780 nmL—¥
MEIRT—

%] 3.49 L —VREELEDOKFREE

34 AOvHOA2T7 T IZ&LBSNEHEDHE

L—HE2EF L, BEKEBE»Da vy 7 A4 VT 7 a Mo TL—HRhICHE D H 5 ilisy
DHERIH LT, SN LLOWEET > HH . BRUEZN L —FOMEEIZEE L TW 2D %
R b, ZI T ABO L—HIxT 28E 2R 5720, L—% ON & OFF %
REIZATV N, & DB KB M O B R DRI DWW T 7=, 405 nm @ L —H (2D
W TR R A X 8.50 12T, L— W& MG LB KIGEMOBRKEEN, L—F%
OFF 75 Z & CTRET 528, 10%F TH=T 2 RFHIZX 3.50 LV, 300us THY . 1kHz
BREOEFIFAETH L Z EBbhhoT, Fiz, 3.50 726, L—H%% OFF L7z & &
Db, ON T 2RO, BIMELEORE E TICET ZREHNEL 72> T D,
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L—HOFF

2 3
BRI [ms]
% 3.50 L —#% OFF/ON L7~ K& o EF D24l

L—REEZERT L2 L1280, FRICHY L THAGE SR ER SN HEICIE, =
I AT T ERCDHIET EEDO SN kEm ESEHZ LR TE S, filz, L—F%
T HZEOFEE LTL, A7y FORENFRERATH D, BHFOEEM SQUID
REABAMEE T, MEMRERICEENI T 7y P2 BRI ARWEZD, BRIESTD®
EZALIZOWTITRIE TE 223, i eBmE I S\ CTi3ms Z &R TE e, Lo
L. L—HZ2RHETD L THIGDERESNLIGAICIE, L—F240 L THRETEE
FEE, BREFORELZMET S LICLY, 78y MEERITEY RS Z & 23 ATHE
L UL—HITERT 2WIGREICOWTHHMET 5 Z &R TE D,

Ry AT 7R SREFEEROLEG S EZNERG S LT AabYE, AEESL
M CJE % DC ~F U rarnN"—ya L, R Ou— 27 4 V2 EZ8IT5 2
LT, BRMEES LRI UAEBS S OBEZHNTL26DTHDL, /A XE, v—/"AT 4
VB DRI Z RO DIFEWOL T ZENTE, av A 07 7 OEMPEE FIRIEBy T,
REERTIC L > CRAUC L AR TR E D, Z 2Tl EEE % 24 dBloct DBEEZRL
W5,

1

BN[HZ] = :)’ZX—‘L'[SGC] (37)

BIE ) A AV, N AR L BT —EDFRAIIT. v A T o Thb i EhbERDHE
HEV,, & ByDREBRIZKA D X H 1z > T 5,

V,, =V, X \/By (3.8)
WoT, /A X% 1U10ICT DITIE, REEHAE 100 (51T 20BN B D, LIeho T, KiE
Bra RELFT2ELE vy 74T 7T OFMMEEFHBIRELRDH Z ENTEDH, 22T,
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Ty AT T OREHIRT 4 VEDAT v FINVEIFRATRIND KO, HBEES
PR KT 5,
= gt t
y®=1- {z ™=1(n— 1)!} exp <_ ;) 3.9

n=1

ZZT.m=1, 2, 3, 4%, LI, BEME 6, 12, 18, 24 dBloct (ZXfS L TV 5,
Mo T, WFEHrARELST2ITE, INERFENEL o TLEWV, 1 BFEHZY OREIC
BARBRML BRI N R 25 22 EWT 2, RBOKV, vy AT T O &
FEBIIRINE D 90%IZET H ETIZ, 6.7TORFHZET 5,

Mo T, WEDOEICIE, EEFHEAZE L, 1 ROMERMZESMOILERH L, K
3BLIC, vy I AT T EHWIEIRETRT, vy 7 AT T EAND Z LT, SN I
DENRDERIFFIZ, 78y b A XL TIERTEDLZENRENTNS, (DR
D IA T VI AMERRICIE, A7y NEZEAZ DO, T—FOhAmNER LD
LM EMZTNWDEN, ZNTH, 1 74 AX v T 5MIcA 78y FBEEBHTHO
T, FAVPRZI TS, ZHUCKkL, bomry s A4 0T 7R ERLEESEIIE. /A
ANRZIRORRE F TR E TV 5D,

W15 T35
[nT] [NT, 0
: 9.5 3.9
34 0.3
10 mm 10 mm
(a) AOvoAV 7T EH (b) Ay A4V 7T EH

X351 By 7 AT FI25% SN US|

EAEFAENIKS . b b LD SN EAZFIUE LK IZARWVEAIC OV TIE, BEkkz /&
L, EEHEEZICHDICES T2 Ty A T IR EILE BHTE 5,
Bz 0E, BEEHZ 1 ms 2L, E/FEEE 0.5 mm/sec (27T 5 &, EHLIER6. 715 T el
Bk, 3.35um L7280, 4pm OPERBCTHIVUE, vy 7 A 0T T OV A BEHET S
ZENRTED, —HT, EBEHENILL . /A AREZNEAITIE, BEKZKRESTD L
BRHDITH b O, EERENAN O EREEE L LTS5 2570 < 25, Bz,
FFE$% 100 ms (2 L, ERHEZ 5 mm/sec (275 &, EHMLEFE6.7tD BN B ET
FFEEX, 3.85 mm THY ., 50 pm ORERFRE L 67 © 7 BT DT> T, FEULOFE
NDHTLES, TOXIRGAITE, GERa v I A4 0TV TOIEBRBTCERAENT
LEIRICRD, vy A7 7 OIERBREIE, K 3.52 (-1 K9 2 lEREHNT,

56



EREDORNVNAZANTIL, av I AT 7O E#ETHZETHLIZENTEX S,
FOXEICLTEEa 7 AT T DA 7V AREREIIIK 3.63 D X 51, KEfEN
FOREBE > TWD, ZDOF T 7OHHENT1/t TR E L, Bl THKB L T 5,

ERREIRPAET/ULR =D Py erl

_AF_____* IN
\y

R
30 Q
BEATTLUES DAQ.
il : 75
o S

RAIVT AN EBAN

X852 Ty I AT TDA L7V A S OHIE SR

R RE
N

0 2 4 6 8 10 12 14
FR &1L B
X 8.58 T v I AT 7D
B E BT oa v 7 A4 7 o T OISEREER(@), EHESEH). BARAENTEE%
COETH L, BEREERIE B DB AT TR EN D501,

ik Rk (3.10)

57



BARIAIIL, AT MASEIEECIZZENZENE R %22 FFT L2 6 O OHEMRFEOIZNT 5
DT, RB.DFKD L H 1T b,

Cx = SpT% (3.11)
ZIT, BOETs #5570, KO X ICBRAENTEREEay 7L T T D
A BIECCRR T AU L,

5k=i—: (3.12)
IHIZ, ZNEF FFT 5628 T, tDOEESOE/LIENTED, I2EL, Tk
B EOFETH - T, EBIZIZ A XD A->TEY, ¥ EL<T%\%®%%@
JARZHENDGER DD, LizBoT, /A ARSREDTD 0— A7 LA
EHITHZET, TOEESOICENVLDOESEDL LN TED, _@&Jf%&i\ YAk 31
WRT LI, MATLAB ZfinWC7 e /737 LT,

ZOTRTTAMIBNTL, &L UH, B outou IZH v 7 A T T OHKELEN
TORERE AR L TR <, BHA WIS L57 — 2% AN L, CIUBEBEDOT — X )
HOENAHHMATH D, FETDAX Y T =X 2T 572012, FyIT, A % Ryl
JEIZAE O 2 TH <,

Zo7a s AEFALT, EBICr v 7 AT ALK D ENEMIE L Fl &K 3.54 I
AT, ZOWERMBRETIE, EET A T EIHMB+ x e — x FEICEVENDT —
X THotzl=d, @ITRT I, FA4 0T 812, BnoFanEirs, iz, #MEL
b0 EOIRT, I ELMETE WD ENbND, T, ZERE RO B
DA TSN, ZEREERBOE NS O b EENDLBSE DA OELAEITIE. Ty M7 R
@%ﬁ<¢é&%@ﬁMT<éo:m%m3ﬁaﬁ¢o%%ﬁ&ﬁ@%m@%ﬁﬁ%ﬁﬁ
LA, ZOFECEDIIIRARS D Z Enbrd, ZOHEIE, EEEEL %KL
ééé%@ﬁwo
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dx=25e-6; tau=0.3; vel=0.5e-3; kmax=0.5/2/dx;

de00=A; de00(2:2:end,)=A(2:2:end,end:-1:1); A=de00; clear de00;

dell=[outou(:,1)*(tau*vel), outou(:,2)*dx/(tau*vell;

de12=(0:dx:dell(end,1))’ de16=zeros(length(de12),1);

for de13=1:length(de12);
[de15,de14]=max(1./(de12(de13)-de11(;,1)));  del6(del3)=del4;

end

clear del3 del4 del5;

del7=del6+1; dell=[dell; dell(end,1)+del1(2,1), Ol;

de18=[de12, (de11(de16,2).*(de11(del17,1)-de12)+dell(del7,2) —

*(de12-de11(de16,1)))./(de11(de17,1)-de11(de16,1))];

clear dell del2 del6 del7;

de21=size(de18,1); de22=size(A,2);

if de21<=de22; de23=2"(ceil(log2(de22))+1);

else de23=2"(ceil(log2(de21))+1); end;

clear de21 de22;

de24=[de18(:,2);zeros(de23-size(de18,1),1)]; clear del8;

de26=[A,zeros(size(A,1),de23-size(A,2)];

de27=fft(de24); de28=fft(de26")" clear de24 de26;

de31=1/de23/dx; de32=[0:de31:(de23/2)*de31,(de23/2-1)*(-de31):de31:-de31];

clear de31 de23 b;

de41=ones(size(A,1),1)*de27" clear de27;
de42=de28./de41; clear de28 de41;  de51=abs(de32);
de52=sign(fix(kmax./de51)); clear de51; de53=1-de52;
deb54=de32.*de52+kmax*de53; clear de32 deb52 de53;
de55=0.5+0.5%cos(pi*de54./kmax); clear deb54;
de56=ones(size(de42,1),1)*de55.¥de42; clear de42 de55;
de61=real(ifft(de56')"); clear de56;
de62=de61(:,1:size(A,2))*10; clear de61 A;

C=de62; C(2:2:end,’)=de62(2:2:end,end:-1:1); clear de62;

UARN 381 Byl ATy 7XOBNGE 275 A
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magnetic magnetic
field field
[nT] [nT]
0.69 0.71
-0.69 _1™.0.71
(a) ®) 1 mm
WD LNT-ER FHIEL-EE
B 8.54 vyl AT TR DEELE
Hiis 115
[nT] [nT]
2.03
0.04
20 mm 20 mm
(a) POIDLNT-ER (b) #IELT-E&
355 By AT AR DREEME (SRR E TS E)

3.5 ERNIEE

22T, v—Y SQUID BB O BEBLIIEIZOWTE LD D, ZNETHEE
MATLAB % AW ALEIZOW GRARTE 723, 2 2 Tlid, OO 2RO TOALES
F722 EIZ o THiR %5, MATLAB (I, {78EHEO7ZOICAE SN -mKEETHY . C
SREICHART a— MR T 2R 2Y 1/10 R 27083 H 5 [51], F7-. 178107
BROZ ATYRMER BRI TE 5700, BGAEICMWESETH D, 7272 L, for L7
EORIEIE C ERBIEEEHT m&w®f 725 ~< for XEREDTIT, 1THIFHAE TR
T5LRPMETH D, AL TIL, BBLHE T XCMATLAB O~ 0 7 7 A X0 gt
L7,

KEDRTENE LTE, T—F 2ot AA CREELBEZITOESB EZS T, S 5ICER
HEE 21T 2 Ha i, BB bW RBEAMRS Z LIk V| BB A2/ T I LHEHR
BIGREEGR L U CRET D, BGBEELIETOLIEIT, vy /AT 72 LT
BAELRWEATRERD, £, v 2 AT 72 A LRVWEAROET — 4 215
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% ECTOMEEK 3.56 277, WET—ZIX csv 77 A NVRIFESNTEY, Zhz
MATLAB (21751 & L CRidirde, ZOT —X i, BEMETH Y, EBIE - WHHRESREE R
THI LT, BEBICEST D, b L, 7o 7R ERHEMLEEAICIE, ZOHERE Ik
T5, By I AT T EEDRVNGEITE, ST -2k A7y b A ZIRNT
FET 5, TDOA 7y MREWLI L LTI, MGREr L R5faErllds L oicse
KICHIEZ T 5, KEGEROSAE, L—FRREBEMICBH S TH, BRITAETT
Ws3AE Cleno T, KmEmz &2 1E L7 HEICiL, EBmiloomg»ten &
25 RO RMIEZETT O, o, WIERHCEEI D H 2 #iH 28 2 THIE L7edaiaid, 208
DIRER G OT—HRnEr L7 n K5I+ %, L—3 SQUID BAfMEE L L T Tix7e<.,
£ SQUID BAMEE & L C. REHI L4 FET D0 2 WE LI HE12i%, 2o
MTERNDOT, MBS OREICITR SR, 1 T4 T EDFEHEREr LD LI
1794 T o478y MafRET 5 X9 AT ATRECTH D03, 2D X 9 IR OREG B IT,
IRZEHEIE Ry b RDILTR Y . JTOMSE S TR R 72 b DT D, L, E&EM
SQUID #é BB R 5 O MLBR DI ET 1L, W5 ORxHIE XV & D534 DRk % 515 H
HIDT= DI, IRZERERBR D 2 RET DI L b H D,

/csv774)l//
¥

THELTEHA
!
WiSICRE
¥
Aoy rBRELE

X 8.56 WiGT —4% %55 FE TOWEDOFN (vy 7 AT a2 FEDRVEGE)

I, By 7 AT T2 lHT 256 DEEBAHIECOWTIRND, vy 7 AT v
TERMEMT 52 LIk, L PEFRERE SO I A RO R ) A X 2T RS 2
ENRTED, L, b—VEFEREKE 2R UEERZRS /A XX, BVER Z &
IXTERY, ZEE, VY EERTOEDOEENLELD A ARTNIIHT-D,
AWZETIE, A4 FFa v NEHWTCL—FEER LN, T4 NFa v ek —v
ROBETICEE L2, 74 b a v \OREIE—42R7 + XA 4 — ROEF/HRE
M4 L B0 SQUID TRt S v Tz, i, 74 b Fa v "z — /L R4
ESTHIETCHBECTEXS, LML, AFETHERALEZT A b a v 3B AEL ARG
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FIREE IR RSB L Lo Todoth, T — X WMEE TR BRI A LWL, 74 FFa v
RERE Y —/V RE T ICELE Lf:%ﬁkk L7z, 72720, 74 FFa v "\mnbAEUHBEE
X, SQUID & ONLERMERNEDL D L BT D, T4 M Fa v "\bAET DA% X
357 IR T, ZOMESAIE, 74 b Fa v/ % ONREE, L—¥ % OFF REETHIE L,
FA4 FFavoicx L, SQUID Ay —/V R EBEISE 5 Z & TE7-, K357 )T
X, PORAHE AR ICREE) D & D IS, ALY 180° ZMbT BEERNH V. Z OIRA A BLITHE
RIEFONMARKEEL TWD, L— SQUID BEMEIOHIET L., REO AN ER L,
SQUID & 7 A FFa v XOMEBRIIEDLRND T, 74 FFa v 306 OBKIE 1%
—EIRTEND, ZOX D7, L—WbE & BRIV, RS L — AR E A & [
U C., & DA 5D REHEIAYIC AR L 72 W ERUE 5% L — 1 SQUID BEAE I 7> 5 HL Y B
7o, K 3.568@ITRd &9 LB E{T 72,

s 1_L1‘H
[nTrmS
H 0.4 180
‘ HlSO
2'mm 2 mm

(a) BB (R) E1R (b) £48 (0) B
857 T4 bFa vk BRE A

TRy IA T TN INET —ZIZONWTHERLTEBL, 7YV4ra v
AT T, BRES &R CEREREZ R OG5 OEER 1y (£) & ALFEO 0y (6) DAL THY
T 20 ZREF LR UJHKREREZFOEZON, ZRE S L R U ZFF O X g (D) &
ZMET L 90° TN EFFORSY, (DM TH T2, ELLOMLE UIEHRES
ATEY, TRHDOERIT, WADLIIZR>TnD,

Xoue(t) = Roye () c05(0 (1)) (3.13)
Yout () = Roye (£) sin(Byc (1)) (3.14)
By 7 AT AR —E T, RENRRICELT 215 5S(E) = Re(t) sin(wt + a) &,
A U JE 4% C oo Al A AL L 72 WM ME S N(t) = Ry sin(wt + )DE LHDENR AT S
Teed s, Zhzalt)edse, RADLHIITHIT D,
I(t) = S(t) + N(t)
= Rs(t) sin(wt + a) + Ry sin(wt + B)
IhE, XEYORRLIZHD D ERAD K I D,

(3.15)
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I1(t) = Xs(t) sin(wt) + Y5(t) sin ((ut + %) + Xy sin(wt) + Yy sin (wt + g)

(3.16)
= (Xs(6) + Xy) sin(wt) + (Ys(t) + Yy sin (wt + %)
FOBRHIT, aw I AT TR NENSDIT
Xout(t) = Xs(t) + Xy (8.17)
Your (t) = Ys(t) + Yy (3 18)

b, BEMIRIME Lo TS, LEER- T, BEIMICESTAE 5RO 25512
RADE Ty 7 AT T Oy (), Your(6) 7> BIRFHBICZEE) Lm\f;ﬁ%él T
=AW
Xs(t) = Xoue () — Xy (3.19)
Ys(t) = Yo () — Yy (3.20)

/(U)CSV774)///0)CSV77'(}|/ ﬁ@csv??%)l//@ 0)csv774)l/
| | ] ¥

THELTHR | | 75IELTHA
v v
HiiHI< RS hEEp b

THELTERA
!
HWiSciheE

y — fAat
L— PR R AR A ®) )
|

y y
Aout(t) — XN/ /Yout(t) B YN/
1 |
y

Eﬁfgtﬁﬁv—-“—w\ﬁ?ﬁ

W58 wfﬁ{%
(R) (9)

(a) L—YRIELEARGV IV EFENDIEE (b) L—YREESIESDHDISE

X 3.58 WilGT — 4% %155 TOWRFRY: (vy 7 AT 7 %265 55)
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RIS EB T DE 50X L YOT =2 PG o i b, AUTHE-> T, REGICEMT 5,

Rs(t) = VXs ()2 + V(02 (3.21)
)
0s(t) = tan 1X5(t) (3.22)

A NF a v 3L OMRUETBRALRWGAEIZIE, K 356800 X5, vy s A
T T INBREODIEWRAE ) S, FOEEEHRE MATLAB TR & A ATEHICZE# L
T, REODT—H%GHDT, WHENEMESND,

3.58 DULFLTIFTZREODT —Z D Wiy 7T — 2 21325 £ TONH A K 3.59 I1TR-T,
NAHDOFHETIX, BHEEEESFOTHNERIIHaPNEHETH DL, 00T —F1% 0° HD
WE180° 18725 K 9 ICaZ T T L < BN MER L X IFBUEDODE ) Zair b
ZAELIK KOTHREETIZ I, 7272, 01Ch /A ARHY . FD /A XITRER A
TH—TIE7e\, JEEHHESAR CRIERaZ O DI121E, a2 B2 RR 5, REODT —H )
5. Rcos(B+a)ERsin(@+a)ZRD, Rsin(0+a) ~0&720 . 2 DRcos(0 + )21 H
BEREAFHOLIICHEZITAIT L, 2D XD IZHHEE LTZRcos(0 + a) 3BT — 4% & 73
Do 122, vy AT T ORER L, 1 RO 7Y o 7l 2+ & < B
BRONGEILIE, ry 2 A 0T U DOINEBRBTCEENRERAENLTH A S, BAUBRAET
Do LML, BAETHERZFEIZEY, vyl AT AL BN EMEL, LV IEE
W T — A HGH I ENTE D, L—YERIETIE, OB T — % DEENRT —X
LD, L—FEEETIE, BT — 2 0O ERT — X 2 HET HEENFETH D,
3.60 1T, Wil 7T —Z InBEIRT —F ~OHEELHLHFIEZ R, L—VPERIETHE
EG TIETRBIORBIZ - E Vb0 d 2y, L—VEEEIC KL H2HIE CHEZEE TlTbnb
RNDOT, AEONESEMORE, L —VFRINER S LT — 2B L OERET —
AWCERESELMBLBM Uz, ZOMHEIZL Y, EWE, REIONES 2 £R S-S mE
ERAFCEDEIICLE, 2O T, REOWRSOEMICEE T 28, —FRHL
BB T D NOLE R 2 FRIOPE DEFG L TR &, TOEET — X RSN THERZ
M3 248517 > T\ 5,
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I D FRA &

|
v v
/R’ cos(6 + a)/ /R sin(6 + a)/
¥

ayoA4 7T
DENEHE

]
J/wgs—45 /

4 3.59 W7 — 4 #1550 £ TOLMRN: (0 v 7 A4 T T2 5E)

Jwwsr—35 /
]

AHDORNREF
ZERICRRLTRE

:
BRI LR
(kmax®D & &1t )
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/ ?é:f{% /

AHDORRE
ZERICRRLTRE

X 3.60 T —H 45 THb ONLE

36 FEH

%8 W TIX, L —¥ SQUID BEMMEEE AR DV CTREBERNCRT L7z, F3°, 20k
IZOWNWTHRARIZD G, KEAH, =il FICd H30BHT KT L s 22/ fiRie CRe i 2 15 5 7
= — A EAR SQUID BHMETH /Y DB FEIZ DV Tk~ Tz,

ZORRIZ, =— e SQUID Oy 77 v 7 N—7LDOfEAIZBAL T, v 77 v 7L
— T OIS 2B Y 2 2 b — 4 Opera-3d (2 £ 0 PN 3 mm ORFIZHEG=RN
L RD L HR LT, FORRIC, =— FADKE LEERIICE L TE- MR A B EIC,
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=— RV L, EROHREZ D D =— RV OEIREIC O W TIE, REOE A FLE
®, 0.1 mm FEE L& L7z,

B 2 2L —a U TELNR RIS & | B SQUID Of%Efr - 1ERL - FF4
ATV, Ie=53 pA. Yy - BIEFFIEOLETRIE Vip=20.6 nV OH# %1572, SQUID %%
HERFHOT 20 —c328E L, SOICBREE ) A RO, 3 HER Y —/V KR v 7 AN
ICRRELTZE A, VAT A A RE, 0.62pTmd/Hz 12 & 72572, SHIT, YU T ILER
BAECHIE ~ 1 7 D& L. =— RAfHERR SQUID BEMET 4 B % L7z,

WIZ, L=V RFEREZFFBE LT, LV EREE V—FEEEICEDFEREZHREL,
400 nm~780 nm L E TIEH/3ITfE 2 2 FR AP L7, 1065 nm DJEF% b RlEH
L., 405 nm, 780 nm, 1065 nm ® 3 DD T L —4 SQUID FAMEE % B T 7=,

L—YRE#SG L, LIS o TERTE, vy 7 A 07 720U, SN AR
IBICHET DN TED, £/, BE/ A XOBRELITZDZEND, uy 4T
TOERERFL, oy I AT T EERLESGAEIC, JAAPKKTEL ZEERL
7o LU, 1ROV T TRy 7 A4 T VT ORFER LY b oIcEL 20t
AT, By A T U ZICEVEFICENRELDN, ZHUE, oy 740 T 7O
BRI TR AIAFIIRZAT 21X, fIETCE DT L &R LT,

B%IZ, L—Y SQUID BAMEE T O 2 BB O MELFIEIZ DWW T E & DT,
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$¥4F L —¥ SQUID BEMER D E R4 REETE

BE%E L7 L— SQUID BAMEE D SR 7 MEREFI 2 F & 7=, Flc. B SQUID
FEASBEREREIC DWW TRERR L7= D B L—F SQUID BEAEE D L — W O R0 22 f 43 fiRRE I >
WTE L&D, REICETEY - PN AEROTE LRI HOW TR RS,

4.1 FEZEE SQUID TEMEEHEED T

AIFFETIZ, KEH - ZiR TOREHIR L, BZEMOMERMIGBRISE LN D L 51T,
=— RAFEER SQUID BAREI & BI%E L7z, 3.2.1 B CTikit Liz=— KL D%kelikix 0.1
mm ThHV ., ZOREDERSGMENTOND Z ENMFGFIND, HDiFiEE T 579
(2, DO S0 O & D MRS 2 3k L CIIE 21T o 7,

F9 KA 1.3 T oA DR A BT Z & CRE S ML S BT, Bbo T & LTI,
ARME DA N Hz, F2S S E 72> Tb, SQUID oflElL, N MRkt L~7' 7 ZADfE
T SHRICK L~ A T ADET L2 LD T, MEEOBSA 7 % SQUID THIZT 5 & i
R[A TG OETFR~A T AN D Z L2 D,

M 4.1@I2H D X 57, —HHALORMAE EOFOEH D 2 WE Lic, WE ST A—HZ 1%
#F41DEHIhoTWD, ZORRE, M4A410ITRT, ZOFT — X 130 OMaxHE % %
LTWD b0 TiERe<, KEMBRER D ZT ¥ F VLTI BRE | KA 7 Ok
ERROTLSLELDOTHD, ZOBSKA 7 OIEIZBLZ 0.1mm THY | KA D Rk
B Z#TEDLZ b, NMEL LTI mmBESH D Z ERb1D,

1 mm

(a) #EBED—E DI FEEMERIR (b) HiiHE&

4 4.1 IE L 72— L & BeRG
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#4.1 WENRTA—XH
. I E R
e & AL
X y

4650 X 4950 pm?2 0.4 pm 50 pm 0.5 mm/sec

WIZ, ST U ETA NTERE TR LR U255 OWEEIT> T2, K 4.212, Hl
EXTOTIT VX T4 O ERT, FMEN 0.8 mm T, #EMROBDOZEFH /IO T
X, MO 10 AR 0.5 mm OZEHE T, Al 12 A28 0.3 mm DOZEHZZET TIHATND
ZDOITUHETA ORI E LB ﬁ@5i9_74/2%%/bt0_hi\ﬁ
DR ROWE & 1ZERY MTEREEMNTH LT, MGEEHSELZENT
Ty AT T EANT, BRICEROH DM OHEZGLZENTED, K431
FRCTHRIZTA L AF Yy T —F2md, FEBRTIE, I7 ¥ T4 X2 A0 w8
MIEZ BN TND

== NI I T U TA 0D 20 pm BREHEN TW D721 TH L O T AR THIIIL,
ST UETA OO HTICHNE— 7 NHLNDIET TH LN, £ 9725 TUTNRYY,
FIT, ERFT— 2 2RI T 4 v T 4 S ERDL T L ERE L, v - Ty
AR D EARER D B4 L DR A0 X HicEE D,

Hol X
Bxy2)=-5 =i p 4.1

RTUETA U EEBRERPILATHDEHO ETEIL, ZOEMRERIZZ = 0Dxy FHEHICIF
FELTCYyFHICIWATHND D ET D, kFHOEMREROSEE 2x = x, & L, AEEHIX
yIF AL, BEEE I, —y AN T D &35 8, BiEozmrx, kXD ki
=75,
B(xy,7) = ‘;—jt’;(—m@_",;% (1.2

ZOXEHNT, REBRHIMICZ2252, z=1mméz = 7mm@%é{\®fi%ﬁ"]f£?4’ VAF Y
VT RIHEY IR AN TR LY D EERT — X ITEST b, e, K44
R, TORE L OELRIOB/WSE IS 7 T 710k Lfa‘béo ZOZ ENB, SQUID
TL bR DWGNAN, =— FAEEOBSA7200 TldZe < . SQUID 135 T b /0
B DI, MEOEREER-TNDHEVWRD, ZOXHIZ, =— FVEHEHTLZ LT,

B fRRE R @ THZ ENTE L), =— Kb e SQUID (2 & » TS A B HAIA E
% & Bz B, BRI ORI IZ=— F/v L SQUID OIGEBIEAE M D LERH Y |
FENT L < 72 > TV D IRIND—2>ThH 5,
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0.4 MA

4.2 WELIZIT U ET74 v

1000

800

600

400

W58 [pT)

200

-200 I T S T S S S S N S S S S S S S
0 5 10 15 20 25 30
EEBfEX [mm]

4.3 XTUHETAVERUILZTA L AF Yy T —H (FBHUE 0.4 mAms)

69



1000

—EBRT—4
800
600
=
2 400
-
g8
EIE 200
= 0
-200
_400'....|....|....|....|....|....
0 5 10 15 20 25 30
EEBfEX [mm]

X 4.4 XTUFTAVERODTA Ay T —H

42 FRALFE-L—YORMH

2T, WE EEER, LY OEFEEE ARy N A ROMREIToTZ, AR
Bk, av s ATy TEERLCRET — 4 2B BRET 2BICEETH DL, vy s A
YT T TR, AT D FNEms NEIE S D DS, EFHE I ERLRE 72 HIE, TNV s &
peak-to-peak fiV,_, & DERIL, V,_p = 2V2V s CH D, — 5, ERETE B K OEEIC
1. Voop = 2Ums CH Y . =AW TIE, Voop = 2V3Ums & 70D, L—VOEEBIT, v
TIVONLEIZ 7 4 A —% (Digital Photometer, Industrial Fiber Optics, Inc.) % [EE L .
L—HEERSEEEZD, 74 bA—F O &R LT,

L—HF 2Ry M A R, L—H SQUID BAMEED 225 iRhE 2 b 5 DT, Z DI 4 40
L2 ELIFEBETHDL, ARy b A XOFEIL, T4 7=y DEEZHWZ, X, e
J— A= L—FRBH ST, L—FoOb—25% A4 XZ2HELEWEICBNT, L
—FNERE D L D2, ELREOERDEHAT D L, U — 2= O IIEIE S
NI IE T T 52 2R L TWA, 2DEOi/IME L e RKEZ 0 & TITH L,
BRI LT XD —28 0.9 5 0.1 12286 5 £ Tl BB E# L&zl 358, L—
PE—LbHP A XL, KR TEEND, 22T, E—a¥ A XLiE, L—FOEENFLIC
LT, 1/e2ic b ERTH D,

¢ =1.561x1 (4.3)
2L, @BUBE— RS ENL5EITIE, B/ RT —23 0.84 75 0.16 IZZ&LT 5 £ T
DIER OB B RIZPET HZ & T, WA TRE .
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d=2x1 (4.4)

FBRANZIZ, 74 MA—Z OB FHO—HET LVIETRLTEE, 7 IHBEHTIC
L—HE2ENT 5, LT, L—FRARy TR, B FHICRE IS £ T Z
ETL—E DL AR E LT,

405 nm @ L —% (PhoxX 405-60, 60mW, Omicron-Laserage Laserprodukte GmbH)
? 1 kHz TOZEBREIEIL, 4.5 DL OIZ, HRETH- 7, ZOV—=HZiE, 77 s
LtERE (DC~3 MHz) °7 ¥ # L AFfkAEE (DC~180 MHz) AN I N TWH 8, =
O DOEFIEREZ AL O BT, MOV EZREKIZLTH, 017 mW O L—HRHT) &
NTWHRETHY , BT —DOHIRHTITHEEEDNELS o TLES, 2D, LD

(Laser Diode) DOBEE)RIEKDEW % OFF TX % Enable Z#i (DC~150 kHz) %5 =
LTt HBk &g o7z, 4.5 TiZ, 1kHz TOEFREIEZ R L TWD, HIRED
e, € DOFEMEIL, BREDOF2TERIND,

20
15t
=
£

| 10 |

D

o

33

| 5}

A\ L
0;—;-_-'-'-;--'-'-\_

0 0.2 04 06 0.8 1 1.2 14 16 1.8 2
BFRE [ms]

4.5 405 nm © L —VDOLEFIEIE
K 4.612, 747y B D v—F T -0 b ERT, B —F AT —230.1
N5 095 ETOBEIEAHEL, RUNRATHZ LT, L—F ARy b A X o

=14 pm #5372, 780 nm L —HFDFHITIE, T4 b Fa v N LY 1kHz TEF LD,
X 4.7 DL D= AL R0,
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1 ésgm-o—oe—c
J
5 S
< o
— (o}
I o)
D o
0: oo
N
| g
AY ()
Y|
¥
=
20 25 30
BEIERRE [um]
X 4.6 405 nm O L —HFD ARy A X5Mli (T4 7 v PEOWTE)
3
2.5
2
£
| 1.5
D
o
no1
I
= 05
0
0O 02 04 06 08 1 12 14 16 18 2
BFfE [ms]
X 4.7 780 nm ® L —Y¥DOEFEIE

AR DDIE, E—LV A ANTA b Fa v O AOEORREH L7290 Th D,

780 nm DL —YVDF A 7w B XD INIES

B 4.8 1277 F, A L7z L—PICiTm R

T— RFREENTVHED, L—F ARy A XF, RUEDEZHNTHELZE Z A,

20 pm Tho7o,
1065 nm L —H¥IZ oW T,
KUNZELVEHEAETLE, 15pm THoTe,
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HBIEL—H /3T — [a.u]

20 30 40
BEIEEEE [um]

X 4.8 780nm O L —HDRARy A XG5l (A 7= v VIEOREE)

4.3 ZER 57 FERED T

ARFFETIL, L—PEREE L—HFREEED 2 SO ERFIETO L—Y SQUID BhfKEE %
B L7, 209 b, L—HFREEETIE, b—FRHEANREHCEE S, EFEIRIEICSH
DT, RN TOEGRBECERRENRE DR, Zb LRV, ZOEFRIREBIZSH HE
T3 AG D> B C 206855545 2 WE 3 5 00T 22l o figae L, A& SQUID BEE: & [FFkIC,
=— RS BRI S 5 V%, =— FAERRTIREDL LB X DD, 4.1 BT
Rz, MEORRA 7 O 0.1 mm BREOBRZHERTE, IT7 U742 LT
(X, 0.6 mm FIfEOE—7 2B CETW\WD, L—HEEETIE, b MKB % Bk
ICEBT D08, BB OZEE ML, BMRKBIZEEND /A XL o THllRINLD
[11,38],

— 5T, L= ERTEDEMSMEREIL. SQUID OV v 77 v F—FHh o X0, ke
SQUID B KT T, L—Y ARy M A X TRED EEZEX BN TE[27], 7272 L,
V=P 2Ry b A ZAOMIZH, 5N DHMKEEOZEMOMEEICIL. $ v U TIHES
L—PDORANES 2 EORBEZTH43], Zhud, v —VhElc k> TELLET - B4
f OPEHGEIE A, AERBREETH LD TH D, EHESCERAGRERSITHEHC L - T
Z L. flx OBFEIONWT MO REZ BETHUNERH D,

ZIZTE, L—ERBICE TS, L AKR Y YA RITKTET D 22 0 iR EE O FEAT
D=z, ZifEi T Y 2 U KGEMOMM R T 7 A F v i#EEDOWEE T2, 77 AF %
gk T, L—RRE S, AEICKo T, KFERNPENRT S Z LT, KEGE!

73



WICAE U2 ERBENENT D EEZ T, 1065 nm DEE, L—H AR v FMEIT 15 pm 2
ETHo72DT, ZOREDHRENIIFHFTE 5, X 4.9 ICHE L KEmZR~T, L—
 SQUID B EEIC L 5 HIEHPHIL, 420 X470 pm?2 & RO OHETH VD . KEGER
BROEE LR T/RNENO T, ZOFPHNTIE, L—FRENIEOZEITLE S BITRE
DEALL D72 BIZHEO ISR O A Y O BITRE OEEIC K-> T, BHEAET 5
EEZLND,

HBIE B R
(380 um X 470 um)

5mm

4.9 WELEZHEHET Y 2 RGE (727 U VRECERL ZIZEHE L TH D)

AENX, vy I AT T OREERLS T, vy AT IIEHET, v—%
DEFCATORD > T, FOMRY | RIEFLFRI KRG EM O B> % & o T, w5 T
DWEBEENE 0l b Lol Tkt 78y NOJEEIT- T2, A7 &y O
ATV, B DEMH S A WTZRIERRZ . K 41001273, BENRT A=
KA42DE IR -TVD, KTOIFOMEHTIR Liz &k 912, BE 13X 410 DT 7
AT ¢S KM LT b DI > TE Y, 10 pm OMRIFOREE N BE TE 7,
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35
[nT]
7.6

3.0

100 pm
(a) XFEMEBETE (b) Hiim1&

X 4.10 ZAEEhs Y o KBEEMORIERS R, KEITRLEF AT Y LT A4 A
Fy T —XEX 411 TR LT,

# 4.2 EofERels L—% SQUID BMEEEGIERF ORE /T A —H

L—H T 7E [T
BRI
B N — X y

1065nm 5 mW (CW) 0.5 mm/sec 0.4 pm 1 um

2SS FREE DRI DO 7= D12, B 4.100ICB W CRAITRLIZEZADTA LV AX vy T
— B B LA R A 4.11 12T, AT OREE O OEY OREST — 2 O AR 5.5
pm CThHotz, T, TA 7oy PEICES T L2 L —Y AR v YA ZOEEN
15 pm THH 7D T, TDOEFLUTFIZR->TWD, L—HF ARy A XE, L—HFDik
N1 eIl HHEPATER SN TWVDN, 22T —Y SQUID BHMKEE D 224y fEAEIT.
TAVAX Y U T —HDOE—7 OHEETER LTZDOT, Bo7c0EEZ N5,
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W15 [nT]

0 10 20 30 40 50 60 70 80
frgy [um]

M 4.11 L —¥ SQUID BEMEE D 2245 fikhe

4.4 BEYUTILOBELREE

BA%E L7z L—1 SQUID BEfSEE TRl CX 2B 2R D72, WL Ot U 7 L AR5
FNCHIE L7z, 2 2 Tl BIZE L7z L—9 SQUID BEMEE (L —VEEE) 2V THlEL
TBEICEEEN B o 122k T ) o U GaAs Hbl, 7L T 7 AKBEMIC OV TR
Lo Fio, EERT D720 E ) TREDKRF LI,

ZfEER T U 2 U HHUZ OV TR, Beyer 723 L—4 SQUID BESE 2 W TRl 21T > C
W 5[33, 45, 49], Beyer H1%., 675 nm O L—H &, BN L TR M ORSE % 2
mm OF S THESE L, ZOE, Kbl ROl clfi sz FFoMaE T8 Eoh, T0EE
LouLid, 12pTREETH T EE LTS,

BA%E L7z L—% SQUID BAfMEEZ FIV T, KGRI THEL 25 E I 2 57201z, JIEL
7o fEE Y ) 2 FR (B RFERRZERT, S ARG P A R —77, BEEE 99.999%, 10X 10
X1 mmd) %[ 4.12@I7T, ZOZHEEmT Y 3 RO R RAFT AR 4.3 ISR LT T
A—ZIZEXVHE LT, 2O, =— RV L —HOE EICEE LT, TOfR%ZX 4.12(b)
2”7, SQUID DEENENZ LBRERT, /A ADHDEZFTHY . ARERESG5AIX
Bonizdole, iy ) a v EROFMOZHIZiE, =— KLraz L —FE ENGTH
TR, WEREZ2ENLOIZLT, BHCTOWRINERE LT 5728, 5l &BERFVHLET
&5,
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Hii5

[PTimsl
7.4
0
> ¢ 3 -7.4
10 mm 4.65 mm
(a) XFEE (b) HEK1Z
X 4.12 ZiEshT Y 3 VR & ORIERS R
# 4.3 ZHERT Y a BARORE T A—H
L— = T e
\ : — ———
Wz NU—  ZEFREE K IRF 4K X y
1065 nm 34 mW 100 Hz 30 ms 04pm 50pm 2.5 mm/sec

GaAs FEMRICOW T HMRFTE21T 572, GaAs FRICx L CiXEEEZHML, JEZTT-
oo VY NEROFREIZANEZET T, LATERMN a2 7 vetnb iy s M
B L7z, GaAs BROWbg 4 $R~— A FCTHefih - [HE L7z, S B2, BEZHIINT 57208
RABCE L7z, X 4.13 128 LIt FBAMEG CAMNC BRI A 860 L. ARl 2 e L7,
20V OFEBEZ T TRE L7z, =— PN, MBERmEPO®mE 80 um D& Z A%,
L—YREAE FBIVC, vy AHMICE2mm $T5 L7723 2OMETHIE LT, # 4.4 1CHIE
T A= R, ERRZX 4.13 1R, X 4.13 OOEFABAREHE T S v 7 fsdioki
RO—HH L —% SQUID BAMEHE TR TW\ 5 &ilbivs, SRIOHEIETIE, EEx
FiinL., BmOWmNs HmzEfRL TV d, ZIUIRE bR o —5IC XN ER N FET
HEZARDY ., L—HFRENCE VARSI U T OANHMER THOBES L, SNBER
TREX Y V7 & LTHINT 27-0ERPEMLIZEEZ 6D, L, BERMEZLT
ik | BREFIIMHTE o7, GaAs EEOIEEMFEMO 7= D121, GaAs HAK
NTO L —PRIEERICOWTH R E MR LETH D,

# 4.4 GaAs FDORE/NT A—H

L— 0y AT T T E FRT R
N . E—— . A AT E
KR NT—  ZEFRE L RFEEL X y
405nm 15 mW 1 kHz 10 ms 25um 10pm 5 mm/sec
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W35 [pT)
= 74

—45

JSFEMEE 1 mm

W5 [pT]
&) 510

AD
L—5 @
——FKk)LO

—67
L—4'SQUIDTEM IS S

4.13  GaAs RO ERMEE & L —% SQUID BAMEHE (L —HERE)

TENT 7 AKBEM (SINONAR #, SS-5520, 55X20X1.1 [mms3]) (Z2oW\ T,
4.14 \TRT R, BRNCH HEM Sy FOMAERTEE L TEE2{T>72, =— KL
X, V=R A LES 04mm DL ZAT, L—VFOEEBIO, x /ity HH
I2+20.4 mm 756 LTHIEEIT> T 5D, TOREEK 4.15 LK 4.16 ITRT, T Zi,
B 4.14 D (A) & B) IZXHETDE5 TH L, HFHEMEG L, MEL L5701
F LTV, KL TWDD, TELT 7 AT 3 KBEMO pn #2552 L—W
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BT

DR SN D BN, TS L > TGN AE L 5, B AFE U Thivd,
BRIE DRIIC 72 2 A3, WEBSRIE N 7T AN H B E8 5y &~ A F A mé%\ﬁ%@ &
TRE NI 5 Z LRI ENT WD, TENALT 7 ALY ar KEEMOFHD 70
m%éﬁwﬁmﬁ%ﬁﬁgf&éoit\%%@ﬁﬁ@&%mm\@ﬁéﬁé@fi@<\
BRBCIRABIZ 3 2 FHIE DO RN L Th D,

55 mm
<€ >
(A)
(B)
SINONAR
S$S8-5520
=R ]
BETERE
K 4.14 JE LT EALT 7 2AKEERO T
£ 45 TENT 7 AKGEMORE T A —H
L— Qw747 HE bR
: c _____ it e et
B = NT— ZEFRE IRFEHL X y
405 nm 10 mW 100 Hz 10 ms 04pm 25pm 0.5 mm/sec
U
{ "0 DKL
AL, @ O AR gy
7ZO J _
o 15
L—¥ » [nT]
-0.53

X 4.15 7E/NT 7 AKBEMO (A) #5550 L— SQUID BAMEEmE (L —V E&E)



\/Z ) St
A° A 5

[nT]

Al BLE AR 0.53
0
AD
% '0.53

M 4.16 TENLT 7 AKGERD (B) #50L—9 SQUID BMETH % (L —IERE)

45 F&H

BA%E L7 L — SQUID BEFSSID AR 72 VERERH 2 £ & 7, &I, E&M SQUID
BAPREE D ZE M 3 RREIC DWW THERR T D728, M DRERA v 7 IZ K D50 OB %217
W, 0.1 mm IBOBERA V7 AR TE D Z L&D Dl £, IT X T4 VICEE
WM ETHEUIBIG A ZRE L, BEROBISES T, =— KLV OIREBE CE&HIAE
TS ZENRES I, ZORELRAINEREEEMD Z L BUETH D,

IO, L= HRFROEFREIZROAR v A ZDOMER BT o 7o, ZiIIEI, 405 nm
DL —WITFHE., 780 nm O L — T =, 1065 nm O L —HF TIEKIKIT /> Tz,
ARy b YA XL, 405 nm O L—HF T, 14um, 780 nm ® L —HF T, 20 um. 1065 nm
DL —HT15um Tho7z,

L —4% SQUID BAMEE D22 M ffee & Zibish oV = KIGE MO 2T 7 2T v 1
WEERET S Z T, Ml L7, HERE TORET, 5.5 pm 21572, L—FEEN AR Y
M A AN TIRESMA 2RO, L—F ARy M A XL b/hSLrolcbBZEZI LN
Do

BT, Ziftany ) a2 REGEMLSORE OME 21T o 7o, p B F—7 DL Y
aVEREMELTH, AERBREFIIHFONhoTe, 5%, =— NrxL—HE L
NOTHT LR, WREALEET LR EFIEHEMFABLETH D,

GaAs FEHIZ DWW TIL, MDD EIEE I Z 7RAE T, SRR OB BIEE S a3, 51&
HEXMRMRLETH D,

TENT 7 AKRBGEMIZOWTIEL, BEIREO & & MG E LD Z LA HER TE 28,

Gl & e X IR TIT O IO DMRFI DR METH 5,
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FTH5E L —Y SQUID BEMIED Z&ESET ) O U KIGE;
M A

Ziftieh U 2 KGRI RSB E & ORI 2 5D 5708, Hikdhs U = KiGE
MU EE~NT L KRR CORKICE D = F =L RNH L L Shd, LIeni» T,
Zitdh s Y 2 2 KEEMOFHRIC S W T, BB OmAN M OFENEE L 25, K
WFZETIEBEFE L7z L — SQUID BAMEE 2 HW T, LRt > U = > KEGE MO HEREARREAT O
Bat 21T~ 7,

5.1 REKFEMHE

Y arORFETONAY FEy v A3, RQ2.2DEDV 1,12 eV THY ., ZhITHYT ST
FNF—FFEONFOWEITNQ.DEY 1100 nm T, ZHLFOEEZHA VUL, vV =

VZBWTCE SR ERICRE T 5 2 LN TE D, AlEl, 405 nm, 780 nm, 1065 nm O 3
ODOWREDOLV—VEHE LTz, TNENOERITHT 530 a3 2 ORAERS I
0.16 um, 8um, 12mm TH Y, BT - EARIDBERT RS EZLEZX D ENTE, EJ@
HIERZSTOERPEOND T EDRWFFTE 5,

HEICHW =28 ) 2 o REGElARE O g 2™ 5.1 ([R"d, FHRIZLV—W
SQUID BMEEORE CTHLNDIEE & AbED7-0 E TFTNIESETWND, 2RO KX S,
23 mmXx30 mm T, ¥V I UESOESIT0.27 mm Tho, EAITEEEMmCEDILT
WA, FOEEIL, 0.02~0.13mm LIE5OXNH D, ZOREOFEME T RE L,
ERNCK L CTEEZEINT S &, X5.2 DX 5 REE - BRFHENHEONTZ, b, p
B aEREmICa @S N—7ENTHlETH L2 EnbhroTe,

e 30! =
5.1 MEREHI WS HER T ) 2V RGEmOFE (B FRESETN D)
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05 [

0.4 f

201 |

5.2 MEICHWIZEHET Y 2 KIGEMOERE - EiFHE (WHikEg)

PIERT, K3 1ITR L b—FEREEZ AW, L—FIL, AR08 SO EE V.,
3.0X2.6 mm?2 OFEIFAAZWPE L7z, KEGEMOERMIZ L —FEME L, EMIc=—F1LEE
S1F. SQUID TG AMIE LT, KEGFEMILBAMCIRIE T, SRR & 138k 21T 7 &
Lz, b—FRRFSE =— ML OEBREZK 5.3 1277,

6.5 mm
SQUID

S

2.3 mm é 2 mm

——FJLSEER$ 0.1 mm

! B o,
0.4mm 0.42-0.58 mm | \ Aae it

' L—H s A

5.3 =— N/ & L—FRET R & OALERR
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=— RAo4eimE, BBEEO FHMIC 0.42~0.58 mm 7ZIHEEL, <50, L—FRRST
SR L—y FHANZ, 21mm $5 L2, ZDOEXDOMENRTA—XE2EKBLICEE DD,

#5.1 L —¥ SQUID SEMEEDHIE /ST A —H

LR 405 nm 780 nm 1065 nm
LT — 2 mW 2 mW 2 mW
L—Y 2Ry b AR 14 pm 20 pm 15 um
1BHT0 DT 4.1X101 f# 7.9X 1015 & 1.1X1016 &
— P FIEH (digital Z57H) = 1ERIE
JE 2K 1 kHz 1 kHz 1 kHz
S 0.58 mm 0.42 mm 0.43 mm
0y I AT T REER 1 ms 1 ms 1 ms
A 0.5 mm/sec 0.5 mm/sec 0.5 mm/sec
A 0.4 pm 10 pm 0.4 pm
y 10 pm 0.4 pm 40 pm
ey 7 AT AR -2° 76° —22°

BB, AEOMUETIZ, vy 7 A7 T ORESZ 1ms (TR T, L—F ARy bR
BEIT 5D 28~40 ms £V b +HEREL . vy 7 A 0T VT OBNEEHATE 5 X
INZLTDT, B4ETRRZ, vy 7 AT U TORBAUOHEIIIT> TRy, 2, 2
DORETIL, my74/7/7®{i$a%?ﬁlﬁﬁ# CHRELI ECT XOHADEREL TS
W, 3.5 TR, ZABEE TCOMNAHDORE S A ETH T2, LinL, 74 FF =
DA T &y I\//]’X@[S,%fz’p’(“’a‘ RNTED, T—ZIZIE, RRTH 0.2 nT FRED—E
DA 7y RREENLTND

X 5.4 12, Mmbtk@%m@t%@k L —% SQUID BAEEB &2~ 7, WREZE

Z LT KBEm LG LN D L— SQUID BHMEEE G N KE < Lo TnD Z Eibn
5o

RS 405 nm DRI, RIEOMMOEELZ T2 &5 g L 7> T\ D, KEFEER
I, BAR A G L2 RRICAE U7e & B DD MIMAFET D, X 5.4 DIEFHBTIX, £
D, BARICE > T SHOLE LTRALD, 2L, 406 nm ZHWCTHIE L7 L—H
SQUID BMEEEBRIZ b A b, REBRPEEL TWDHZ LR’ s, 405 nm DN+ D
yU:V’ﬂ#é&AFéﬂowpmﬁwfJymuT&fwiﬁ@n@ft%@wwé

J@HCE T - IEALRIAER I A D, Tiﬁkéﬂt M - EfLxRiE, #mé Z<

Lb\f:&’) B - IE?Lbelpn?ﬁ/\i’C@JJ% SEES D ETOMIC, R CTHAMA LT
LEDbONEL ZOBEMBGIX, Rl oH V@ﬁ?‘]”ﬁ‘ﬁ’%%f“ék%‘z%hé



W% 780 nm & L7z & &0 L —4 SQUID BAMEIEI 4 & o2 & b2 & FEdki Rk
THSBENME T LTS Z ERNbnd, o, EmNEich, KR CIIME cEan
o CRERIEDME T LTV AN S 5, ZHUL, RIS, SRR 2 E ORI E
YA NFET DO EEZLND, 780 nm DA DRAESILZ8um TH Y, FF -
EALRTOARIT, BICp IR THEL D, 20D, EF - FAE) pn S THEESN D
ETIZ, NEBICHAEGTA IR DL, BT - EAMNBHEBELTLE S 72D, BIRBHA
T MERENME T LEEEZEZBND,

i
0.5

A=405 nm

15
[NTme]
1.8

A= 780nm

5
[NTim]

0.65

1mm

L—¥H'SQUIDEE M5

5.4 Zikis U 3 KyEm A L—% SQUID SE#EE TRIE L7-5a O L— Wik B A7
e
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L—H RS 10656 nm O L—H 2 WA I2IE, 780 nm Z AW T2EI1 e By
SEIE DMK T 2 E T OMIEN KL 72> TWD, 2L, 1065 nm OYF DY = 4Zxbd
DIRAREIN 1.2 mm THY, pMIEBRORETL—YIMRAL, pn#EENLHEENTZE Z
ATHES - EAXZER L, p BEKRT OB D pn #HAICEIET 5 £ TID, BHTRICIA
MoOTLEITLH, L—FREENOE TR E ZAICKRM D7 LThH, KL
EEFVEREAICEIOVHEELTCLE S 2, pn A THMESNERICHEGT BB 4R
{ITpoTLEIEDEEZOND, £z, 7T80nm O L—HZMH L7ZFTITR 672 -
oo LADOX SRR R oD, Ziud, BEEmR S, EROEWETT OB
NOEELEZ BND,

fiame LT, L—19 SQUID BE#RIC L V. iy ) 2 KiGEha , WEE2Z 2 THl
ET D e RAERSIE TR ESIMET D RMOIEREHDL Z LN TET,

5.2 WIBBIZRT DEANTA—FDEE

L—# SQUID BAfER (L —HERIE) O, WRUSNOMERTEZEEL L GE0wE%
FLol, L= OEMERE, v—YLUSNONEOFE, L—Y U —IZFEHL, L
—4F SQUID BAMEE I 5 % 5 BT SV TR,

L= OLEFEHBEROZAKS T 5, L—4 SQUID BMEIEIG DAL 2 ~2 72Dz,
L — A% CW(O Hz), 10 Hz, 100 Hz, 1kHz &%, ZOLHEERECTr v 7
A U LT RERUE B B 372 L —Y SQUID B4 4 el L7-, 2+ 2503, 724
IZL—%% ON/OFF T& 5 X 51CF 57, L—¥ FI7 A \EEDOEHRZ ON,OFF
% Enable % e, £OMD/T A—5 %F 52107+, ZOLIICLTHEEL—
Y OB BARFEE X 5.5 127”7,

#5.2 WENRTA—=4 (L—VEFE BRI DAFERRTFRE)

L= 0 7E R Ry IALT VS
- - e o
RS WY — X N HRF TE 2K
405 nm 10 mW 0.5 mm/sec 0.4 pm 10 pm 10 ms
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R Ll
[nTrms] : _ 5

-0.56
-1.01

(b) 10Hz (c) 100Hz (d) 1 kHz

X 5.5 ZhEdas V) o KEyEmo L—3 SQUID BAMKES {4 D L — 25 i & i 5 ik A7

100 Hz & 1 kHz THfG L7 B 8ZIE - L TWd, L—F a2 (CW) &Lz
XX, 100Hz°1kHz D& L0, VA ANREEFENTEBY, vy 7 A Ul T 55
28 SN o B3 T&E 5, 10Hz D & 2, EEG AN ERL S D K9 ITEAEA TN
B UL, ERSRRER D D L—F ARy N A Ry ORBEABEIT D DS D
HEE2Y 28 ms THH7=DICK L, L—VFOLEFEHDI7) 100 ms & Eroloiz, 1y
IJAURRIIZE T, SFHbEN D720 ThH D, ThEdtTHi12iE, V—F ARy A
oy ORERMZZREN L0 b RIS 0lc, EREEZE LT, WERmEE<
T oM, EHEEEE A NERD D, EEHELZES T DL, HEICRERA N E
M ERMEDRH 2 DT, O L —FIZ & - THE S 28505 L — W O 250 JE R B R
T LT, ARMEREE LIPS ENEE L,

I, =P LM SNELED RS S =GB e W TR Tz, ~m 7 T 7 (LS-100F
MRS ER T 7 ) AL, o7V EOEZR 5~6 mm BREDO L —H 2Ky M
%f U CIRWEEIRIZ N A 7 23 (0.5 mW/iem?) ZEfiRH L CHEEIT-72, £9, L—V
EEPFHETIC, CW THIEZITo 72, TOMDBE T A —F 2% 5.3 18T, SELEH Y
LR UTHIE LR R Z X 5.6 1277, BRIZITBIL TS, JIEDEIZIE, KEEfh
DOFEME Y 2 W ERAICE O TR, EETA T LIC, KEEROEM EOEEFREr
WD X 0ICEBOF 7y NEFELTWD, ZOX2135Z & T, SELLEICE - T
ihitt Sz —EDOMRE B ZWMY BRE, L—WICL MRS OACTH T RE L, L
U, SEDEE RSS2 2 LIk o T, BEGIRE OHERHEA 8~10%FEEAK T4 2 M 23 7,
bz,

#5.3 WENT A= (L—=PEEPRET. AT 2O ERTIR)

L— T E b =— RILVDON &
KR N — X y [mm]
405nm 30mW  0.5mm/sec 04pm 5 pum (3.0, 0.0, 0.43)
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Hki5

[nT]
-0.39
: -0.76
200 um 200 um
(@) AT RAAIEL () AT REHY

X 5.6 L—VHLUNDONLT ANIZLDEE (L—PE CW)

Wiz, L—¥% 100 Hz TER S, 7y 7 A U L7282 20T, AMELE DI
DWTHRTZ, FOBEDRTG A — K % 5.4 12 MERRAZK 57107, L—F &2 2L,
0y 74 UREICEY, SQUID TR SNAMIGERD Y b, L—F EHBEOH 51550
B SN2 O T, E#HHE (CW) OAMLEIZ L » Tl SN HEREFIIRETE S &
Ezbhb, LinL, L—¥JE CW THRE Lo & & LRERIZ, BEIGTREE OMExHEL 8 %
FRELT L TWD Z &R Sz,

ELLOHEEBNENIC L > T, MBOBSGBENMRT T2 2 L3R IR, Zh
X, AMELDEIC L o T BAREXTY Y T iESnTWAS Z Eicky L=V ERNTS
LI B X VT oMM, AELER R WGE LY LT EEILND, 2D
ElE. 2.4 BETHE Lz, KEGEMOZEMEREIZIV T, NEBIZHEI 5 FARIE BRI AT 5
HBROKAFEN DT HZ LN TE D,

#5654 WENTA—F (L—=PIIEF L. A T 2O ERGI)

L—iF T2 b Oy AT == RLVONE
- - A AT .
B = INT — X y IRFE 2L [mm]
405nm 10 mW 0.5mm/sec 0.4pm 5pm 10 ms (0.0, 0.0, 0.43)

tii5 5
[nTrms] [nTrms]
-0.64 i -0.59
-1.04 — . -0.96
200 ym 200 ym
(@) NAT7RAAIEL (b) NAT7RAEHY

X 5.7 L—HHLSNDNA T 2RI L HEE (L—H 81X 100 Hz TZE#H)
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Wiz, =R — &M A2 ~<7-, L —¥%1% 100 Hz T Enable &

L, By AU

HEAT 5 7o, ZOMOPENT A —5 23K 5517, K 5812 L—F U — (k{72 R~T,

BEGBREE IS L — XD
WZHh bbb ar 7 A M bIX
SMRDI=0, EEEZEFICRE Lo 1 A
U — KA 2 T~ T, ZORER R A 5.9 18T, L— b
DIEAFNEZ, IR TH D Z L bhotz, Zhid, Ao
. BAlCREEO KIEE Tk, L — YRR ERSNE RO D
W L2 W2 B2 6 b,

7273,

22FIZHDHLHIC
728, BRI L TR

—IZHE - THL 22 o 1273,

# 5.5 MENTA—=F (L—PRT —RIEMRRFRE)

FIGDOZEACITR B ivie o 7o, BITHR
I MEFITRALL /A X Th D, WHMEOEEFHL
ILU—YERRE LEE, MGREDO L —FN
IRT D L= T —
CREPAT L FITHIRA

. ) 72 P R 0y AT S =— RKLONE
L = A e "
X y IR 4K [mm]
405 nm 0.4 pm 5um 0.5 mm/sec 10 ms (0.0, 0.0, 0.43)
tii5 W18
[nTrms] [nTrms]
-0.99

(a) 3mw
¥ 5.8 Zfkims U a2 KEgEMO L—4 SQUID BRSO L — /8T — (K {7

1400
1200
1000
800
600
400
200
0

MR R [pT]

i -0.45
-0.94

2 mm

(b) 10 mW (c) 30 mW

10 20 30

L—H /37— [mW]

X 5.9 REEIRED L— YT — k{7
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5.3 MIHREMEDEE

L —# SQUID BEfERIC 1T 5 L — LTI, U— PR SIS U, B NE L E %
BELT, etz Efd 22 LT, REONRSEREREGILEND, L, L—F
RGSIE, L—HIC k> THE SN BRI :r%1;7:3ﬁ1tﬁ-§, L—YERETIE, L
— RIS 2 ON, FFED 1 ROBGEZHE L THWAIZHE 720, stz EREL L —
FHRESNBE#T L &, ZUHFENL—FICL o THESNTZERGANEL L, L—W%
B AT b T D, LIz T, b—TF RSk 28 ORI ENE 2 RET D
ZENEREITRD, RIC, LR SICEROEBRE R DFET D & BERG O
AT - PN — L DIEAIE Y | K510 DL H I, EBROEM CRER L 0A/mIZ 25,
FOREIX, BROE LT, BEMEGESIZIE R T, BEHRENE Z B0 ST 5
SHRVWEBIRICE > TALIEMEMGZHETE W LIZRb, £, T 5T HRCHE
HEIC Ko T, BHOMEPRE S BT D, Ledo> T, L—FRE R TERD LD
EWVIHIEIINED &, LTRSS TR 2 23FTLL EO T C OREEHIE A M E
L%,

X 5.10 FERFZHNIT L > TH U DR OEER S DHAR

ZIT, Y Y 2 KRNI R L, MSGEME A A 2 TRE Le L —H3
SQUID @G D AT ~Te, T E MDD 58T, EMmO MO A JE LTz,
56 ITHIENT A —F % X 511 IZRGHEM E O LZRE LT L—3 SQUID BEfK
G A Rd, =— FLOMELY L—FOE 2L LT, POMEERS KO XY HiH~ 3
mm T OF 5 LIEALEDF 5 23 =— KL afdE LRE Lz, BESNEMENZET 5
L BHERENRR ST EE NS O, =— FvE X FENST S L7283 mm, 0 mm) DA
BICEWTZRIC, HBIGREN R bR 2o T0D, £, L=V OE ETHLEIGNAE
CTWAOT, ERIZL—VRISEZES 2V ERICLRN TS Z ENREND, b—
B SQUID BfEE TIZ, 20X H1T, M UREITH, BEIGHIENE AR 2 27210 T, Bihh
Ewﬁﬁé@@ﬁ%%méo
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WU, BDI NI A0 L7z K@ aeHoxt LT, =— FLrofiEs L—3 i
SRG,21mm T XY HRNCT S L THIEZIT -7, £ OBRORIE ST A —Z13#K 5.7
DEICHEE LT, TDE D, MERBIONTHE & WERM TR ZK 5.12(0) & WIZZEN
RT, 512b)» A, B, C. D iZ*xh*Fh, =—FKLlx+y., —x. +x. —y HHIZ
2.1 mm 75 L7260 L— SQUID BEfMEEH G (L —VERE) Thd, ZnEEb,
4 B OmBE Rt~ L FAICREThH-oTh, MIGHERFA RS & MEDOR ER
HEBE Lo TND Z ENbnD,

#5.6 WENT A= (BEHRIENE DM
L— T eI

AR

B N — X y

405 nm 30 mW (CW) 0.5 mm/sec 04pm 5pm

W15
[nT]
-0.57
e — -8.5
(-3,0) (0. 0) 200 gm
(3,0)
(0, '3)
X 5.11 L —% SQUID BAMELIZ 31T D R ENL & D 2
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# 5.7 L—Y SQUID FEAMEEOWME/NT A —H

INT A—=H B
L=V 780 nm
L=y — 1.9 mW
JE e 1 kHz
Ry AT T RER 30 ms
A=A 3 mm/sec
; _ 2.5 pm
HE [RIRR
y 10 pm

5mm
(@) EMDLEWBHERIIVKEEMDIFER

A
W15
* [nT]
0.19
e ‘ & é
0
D ‘ 5mm 519

(b) BBDLEWSHE RV KBEMDOL—FSQUIDIEMEEER (L—YEEE)

5.12 L —¥% SQUID BAMERIZ I DM ERLE DB (B 72 ik
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INOORERIE, VYR ENOBTCERSMAN AR TRNZDIAET D, L—FiE
BIEC LS TU—VPHRENREEET DL, BEMEICL > TERDMPEDDL LB BN
ol

B - PN VDB D . BESIREE L, BB ONLE & BRI E T H  FRiE s K OVE
TR \ARAET 5, BRI HICR L CEBIBIRICH 5 DT, TBIRALE & B E
AT & OALEBMEAEE S CuiuE, L— SQUID BAMEE THIE SN AR 1L, Bk
BREEIZHBI L= D7D, L L, EBIRENIEDLD &, BGRE S & & Mﬁr“/\
MOMBEN R 720 BBEDSITLZENHL o TLE S, BMBELERT DD
X, BIRORBEEHONCTILERH D,

54 L—YRiEEROEN

5.3 ETIE, L —¥ SQUID BAMEE T O 41 D WGTRE DOfftr D 7= 012, L — b E i
DR 2 F0 D MBEMEIZ OV TR~ T, L—FRIEERIC OV TOFHREFD 20T L
72 3 DDFHEIZ OV TIEN D,

541 2 [R5z AV -FH
L —W IR s CIEARR 2 B A D EARE LT 72 55 512 DWW T, 2 DT DR
BAERN S EIROFEORE SEHEET D Z N TE 5311,
u‘?aam Lo THEL DML R MIZONWTER D, EA « =L OiEAIZ, HEIRER
BIRDOHEIZE TUIO D EIRAD X HIZFEIT D,

Kol
2nr

Z I T, Byld, BiiA L& LIZMALMOBBSERE T, riX, BRNOOOHHTHDL, =
ZC, ERSyEh Ayl S AL TCTW D & LA, B0z B L TiE
,u_OI —X

2nr x2 + z2

Eb, 6T, z=d Oxy ¥l BT, M RaOME BIZBIF AW EE x5, ME ED,
xflN O DHEEZO LT D LIRADEL Y L,

6= (5.1)

(5.2)

Z:

x =acosf (5.3)
Ik, KGR ALT, 0Lz Y RalclT 20X %255,
- ol —acosf (5.4)

21 a? cos? 6 + z2
a < zOHFEITIE, WD XK D201 L CTREREE T TE 5,

ol acos@
z7 2m 22

(5.5)
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AL yEG AN D B E S 2 TV e, BEGHIENE % (a,0,2) £ (0,a,2) ICEE L, K
5.13 (T X 912, T, ERBISxEINHODAE T, xy FHEHNEZ RN DHEIZOWNT
X, RGBHEZEIKRAD XL HIcET S,

ITasinf
B,(a,0,2) = _ ot

5.6
2w z2 (5.6)

Uol acos@

B,(0,a,2) = o (5.7

ZZ

Z Z T, B,(a,0,2) £B,(0,a,2) G HEITIEL, BIKOEILD A0 & BRI D — B fE
FBHZENbD, L, a<<zOHAIE, Byb/hEL o TLEY, /A X RT
LE O, BIERNTIERY, Lo T, ER LT, KREEEHEOEH» TR TLE D
N, HORERE aZRE LS ZRIE L, ERBITHNTND,

(b)
zA‘y\ SQUID

3.2].

B L=
X 5.18 =— R/L & L—WFRH SO E G
X 5.14@IZRT LD 2R Y a V KEEmO A2 RIE L-, FRIZHEHZ A>T
DL, KEGEMOREEMT 77 CTH5H, KE I 10X20 mm2 OFRED 5 HRIEFFHIZ, 2

X2mm?2DEFPHE Uiz, #5817 X978 T A —2121) L—¥ SQUID BME: (L—
PERE) B A B LR A2 X 5140w T,
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[nT]
17
; 0
D
-34
‘ . Imm
(a) FBEMERIE (b) L—4'SQUIDEE M B E 1§

4 5.14 HIE LIZZfT Y a2 KGR OEFE & V—9 SQUID B {4

#*5.8 MWENTA—H
L—HF 0 7E Rk
\ o — % MR
B INT — X y

1065 nm 15 mW (CW) 2.5 mm/sec 50 pm 50 pm

ZOMETIE, =— FrZ2EHET . 1mm ADOY » ¥ DC-SQUID % v /-, ¥ 5.13
R LTZE 912, 20O SQUID OALEZ 3.2 mm 7275 LT\, L—4 SQUID i
MEECIL, LY RERSZRE L TBY ., KEGERmOEBE I L — PR Sz e
TR DA U oo ¢, L—H SQUID BAMMEEE % T 7 ﬁ% OGN ErIZ 5T
b\éo ZD A, B, C., D® 4oL —+ SQUID HMEEmE &%, 1ZrT &9 eflAadbt

BT BV DLESY E LRy OB & LCTHRV, VWS L—3 SQUID B
1%@@7%/5\29@%:& . B VR EO~@D 4 E\OER LT, Zhh 450
%ﬁ“\“ﬁ M VIR, V“"f‘ﬁﬁ%‘fﬁ'@pﬂ'ﬁ%Y/luﬁwluﬂf:7;7El . EOEBRORE I L Kk
RTHOTHY, 4 EBFERRIZRDITT THD, L, BT SAHEERERIL,
515 DX HIT, EFARZ MAN 4K E BRI CICR D EPNTI RS- 50 ER E e o7z,

#5.9 FEIRANZ MG ~DWESGRGy OEY 2T

B MV L5y L %5y
(1 B —A
2) B C
(3) —D C
(4) —D —A
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(4)

1mm

X 5.15 FEIE7 hAHEERE R

i, bR E A L— PR R A PO ERRR IS D &0 D R IC RS &
LI EEZ B, KEFEMIIK L TIR, 2 SR & O Tt Tl 20 2200 BE TRV
BAEHEE TE RN Lo T,

542 8 miimza AL

2 S RO T T IE, — VPR RICERAFAE L, b— PRI S 218 2 B O 518
W LRI EINL RN E WD RHROIFICHEHTE 5, ZORiHEIL, REEMD H H KGE
MOLZAITIT, WY TV, RABHBOH D KGEMO X D12, L—VRE SIS OE
AT CBRNTENDHAICIE, TORMHRNK Y ST T, L—FRE S TOBROLE
T 2R LETH D, TR Ty F RIS D BB S E U 28502 )7 [y %
z=dDNETXH NI T A L AF x> LIz & ZIB LN DGO FEMER AKX 5.16(@I1CR
ER
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E E
£05 ////» o 0.5 |
i e
n 07 & O
ﬁ-O.S - :HIH-O.S B
R 4 L ../(/f’ 5 1 L
4 2 0 2 4 @ 4 2 0 2 4
REIELIE x/d H FRRIEAIE x/d
(a) BiRICKAHE D (b) BRICKAHIEN MEIRED L=

X 5.16 [EHREITE ORSGAR

Bdnid, x=0TERERY | x = +dDOHEITMKELZID Z NN D, ZOFEER
WZxt LaD 3IRED HAT 212 b D% (K 5.16(IC/RT, 3IREDHIT D & EIRD D Hx = 00D
MECHENRKERY, BEREROOEND &, 2oflcEriciE3<, LEeBd> T, #iH
3R E 3 WELSTHZ LT, BRNODEENZ & ZADBERS ZM YRS Z N TE, &
TAZHERI D & DREG AT HEE T X D ATREMED B D,

V=R S COBREHEST D720, L—VREREHGEOMSEE 3 kESL, L—
VKR CTOERY MEHFDZ EER AT, 22T, =— KVOMEIZK 517 IZRT
X OITEZ T, L—¥ SQUID BAMEI Mm% 2 i L7z, L —WPERETE, v—Fnho 7
LV EEEBELTVWSEDOT, ZOEBOKE 7 AT, L—FREOMMEICRE Sz
BOBGHBEN Ty hERTWD, =— RIVONLEZ % 2 TR E S 2 BS LI25E
W21, ZOEBOR UALEDEZICK LT, BGEGREMEEZZEZ T2 L1275, xR
T2 3 UWHENMTRAD & D ITEFE LT, h=0.6mm& L, ESOHFEICE LTI, x b6, yh
), xdiZ 45° 5 L= m, xiiiz —45° 5 Lz F RO 4 Fia a2 e Lz,

BB,y z) _Bi(x+3hy) =38, (x+3hy) 438, (x~7hy) ~Bi(x—3hy) (55
Ax3 B h3
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(0, -1.8) (1.27,1.27)
et .. Bii5
(-0.42,0.42) (0,0.6) (0.42,0.42) [nT]

‘IIIIIII |IIIIIII |IIIIII\ )
1 i

(-1.8,0)  (-0.6,0) (0, 0) (0.6,0) (1.8, 0)

Al

(-0.42,-0.42) (0,-0.6) (0.42, -0.42)

(-1.27, -1.27) (0, -1.8) 1 mm

(1.27,-1.27))
X517 =— KLONELZES L &0 L —) SQUID BAfKEE M

xF 0 Ly FFIAI~D 3 RS T —F 23 510 IR L 912, BHNZ hAERICEI D 24T

THBOKRICBIT HEHRY M EHE L, ZORREEZX 5.18 1277, 2 A TOWY
THHD D OHEE TIX, K515 DX HIZ, BFNEMEOMAGLEEEZD L, HEIN
DAY MVIRKRELS B o TLESTN, 3IRESITEY, 8 ROMSGHE#RND 1D
BN MVERHET 2 FIEICE Y | BBNEMEOMAGDOEEER I & D, EVR
INEL B Z MR ENT, L, HEESNDEANY AP FR L TIERL, 8 8D
BEGIEREHERA L TH, BEICIBRBARS L B2 5N,

#5.10 EBHENRT MV ~D 3 IRFET — X DEIY 4T

L5y L5y
_NB,(x,y,2) A3B,(x,y,2)
Ay3 Ax3
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L= — 0.5~1 mW
JE e 1 kHz
0y 7 AT T IRER 30 ms
A HE 10 mm/sec
; _ X 50 pm
HE [RIRR
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Hi5&
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X 5.20 FKEMETZEMmD H %k

99
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FHEER R LTRY b Lleol, ZORETIE, L—PRE S TIER<, REEM
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ACEHEIN THiAL 2 i A & 0 LB 7= 1 PN CREES 0O TRIEL 7 [0k 4y & I 3 5 TiE T,
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DRI EAT> T2, ZORER., 2 BB E AW R L0 b, BEN NS ot B X
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Pt 2 BRI B UT-RE R, BEGIE M2 AW MAT & L TR b D LWAERDE S
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IROERIY T 4 VARSI 2 R DEY. MBI O > TV D EY
BEEO D H L, 220 L — PR B 1 & <7,

50 mm

X 5.21 Ak V) o KB SR 5 E

55.1 FREEBWEANGVHABDBIERER

FJ, REITEMD 2 WVEUEHI R LHE 21TV, DB A HEE L1z, X 5.22 I
pa > U 3 KGR DEMO 72 WSO A EZG) 0 LBt 2 R~d, Zigd L—HEE
EIZLVHE LTz, ZTOBEOWE T A —X %53 512 [T T, ZOENO 22 Tz b
P EE LRIE L — YRR % 2 X 5.23 ISR, MICIIRRGICREBIOIIR & L —
PREEMELZMLLTHD, ZOT7—2hb, L—FEREOWIZESIT 5 &, WM E
BB T2 DEAA A B AL, FEBRIZE T L—TFRE S 55 mm BEFEN- & Z A0
BivsE D i b iR EAT & 7R o T,

5 mm
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#5.12 L —¥ SQUID FBAMEE DM E/RT A —H

IRTA—H il
L —Pi R 780 nm
=P — 1 mW
JEI W 1 kHz
0y AT T REER 30~300 ms
A A 0.5~5 mm/sec
N ‘ 25~50 pm
{0 7 R
y 50 pm

AL . e = e

[nT]

o e e Nl o
= E = =l
~ - ==

4 5.23 FIEEMOR2WVIEHTEIT D U — P bR 51

4 5.23 ORGSR O ERMAMEZFE Lic, HEEZ1T OB, 2.6 BT L7z Eifi#fe
ET 7T M, REDOE IO ¢, B & BSRE N E & ORBED d, m—/SZX T 4L
2 DT AT EBEED kmax ZFEET HLENH Y, 2 2 T, t=1pm, d=0.35 mm,
kmax = 1 mm1 & L7z, ZOFEMEEX 5.24 X525 (200 TORT, 20D OREM
5, REBEMOZ2VGEICIE, kD3SO Z LNV 25, 1 DHIT L — VRS S CER
BERNboEbEmLRDLTE, 20X, BN I/*—“j:ﬁﬁ%,ﬁi))%?ﬁﬂ*ibliﬁﬂﬁf?ﬁf%
D, LR AT OICEL 2D IO TITIXERMENME T 552 &, 3 2HIL, &
FUTEMARERR IR SRV ETH D,
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X5.24 [X]5.23 ) BEESHRENTIC L 0 RO - REEMBO 2O EREHI BT 5 L — Vi A~ —
By DA (L X0 2N BRE)

e ]
ES A

[mA/mm?]
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S DA & 23 L — PR S DAL CW S FR e DT, Z OO ER AL, FEHN
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HEBNH D Z LIZL > TEFERRE EABERSMS U CRA TR, BRI > Tt
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#5138 74 H—BROOWT=RHEORIE T A —F

INT A—H (3
L—H R 780 nm
L —YRT— 1 mW
JE I 1 kHz
a0y AT T REERR 300 ms
EAIHE 3 mm/sec
S 12.5 pm
HE bR
y 50 pm
O T —
T
> | g
_— [nT]
0.8
o)
RO N <]
5mm

527 742 H—ED B HRED L— PR, L — PR A E AL TR
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RIEEMOIRNIBE, WL LT 2 KO 7 ¢ v —EBRNH D54, HiFl %@%@#ﬁﬁ
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2, L— R EAL T, BT AR A L TCETRENMETT 5700, A1
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ok Iy, KEBEHICEWTIE, EEHEMBOBBEICE > CTERRENE(LT 52 LR
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(a) NETHEFOEE (b) ZEBBCOEFOEHE

X 5.35 KFGEMDnfENTOF ) 7 OEIZX

56 BEXHIEMEET S LBICELEDLE

KBGO FPTH = 1L X — s OFEMNIZ LBIC (Laser Beam Induced Current)
N 549, 51-61], £4#E& L CiL, OBIC (Optical Beam Induced Current) [63]<>, MBIC

(Monochromatic Beam Induced Current) [63-64]& HEEND Z E03H D, iz, FL
%55 C % Light Beam Induced Current[66] & s b Z &b b DA, T HIET X TIH
72 ik Th D, LBIC LTI, X 5.36 12T Loz, L—¥FaEhst, KEEMROE
WERE~y 745, LBIC &, L—¥ SQUID WS & DEWNE LTk, L—W
SQUID Bf#E Tid, RENE COARIKERIC L 252 ET 523, LBIC Tik, ek
SEBIZHITL 2 EIMANET D, £72, L—7 SQUID BAMMEE CHIE S DHEHIE. WNHET
JiAL 2 EIRFREE 721 TIE7ZR < BRI IZ B IKFET 525, LBIC TiE, SR ~DOKFIT 2R <,
EBIRREZDOLDOEHET D Z LN TE S, L—9 SQUID HEEICBWTH, HIEShb
WG N BRI & F VIRIF L2 K 9 Z25Bt oW E ik, B EICRET 25 21T 5
Z LN TE, LBIC L RBRZRFHIAITZ A Z E &M Lz, D X5 ikl & LTiX, M
W27 4 U —BBOHDLRENEZ BND, 5.5 EORE., MICEEID LA, L—
U S5 3 IE OBMIZ —FIZER D TEAL, BIOWEAL D FRITZEL LW 2o T
bbb, TZT, Mb1I2HDH 51 ETHN LD EE UiEE vz, LBIC EORIEREE
WA 5.37 12~ d, L—3 SQUID BEffERIEEON, BEERR, L—HFRIIF T
HLDEMNTWS, LBIC Tid, HEEEREZHET 2O TRMNALETH 5, ST
5=¥%¢é<¢6t@\Mﬁ_iTWim%mw\%%ﬁA—XFT@5A<Iwﬁ%
TRIGEMDEMREBINAEET DL LT, TORT X 5.38 17T, ZOKTIE, £
BIZRLTWDH, BUGFEERICER AT TV D, TAIEIT, 512, ~"UFITLD
[l — 7 B LTz,
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LBIC {5 TlE, +2372 SN LM G S22, L—FIC LD EMII T- T, JlED
BT, KEEEMOR & EOBMOBIIN 2 HEEREET 2LERH Y, AT
T AT TV 2R A W, oA 5.39 17T, ZORIETE, IV
BRI D%, BGOSR Z D T, M CIBE LB R a2 HENIEIS TS 2 &
T, IR LTWD, ZOREOERELFEL, RXO X512k 5,

Vout[V] = R1[Q] X I1n[A] (5.9)
Rl 2 ¥ 4252 LT, BREEERDDLZ ENTE D, AT, kK10 mAFEEE 1V
ICHIECTE 5 X 9IC.R1=100Q ¢ L7z, Z0RIEEOERELFEZEX 5.40 12787, 0.3 mV
DA Ty SRH D0, HIERRERICIZZ ORENER TX 22028, 0.01 mA MLk
T EHTEL LV E RS> TS, EEORIETIZ. I mARED LNV TH 72D T,
HEICIFRE RN L~ LS L E 2 TV B,

R1

==

ESH

|

" BE
VOUI

10k

X 5.89 {EHLL 7= -V Z5#a[a] i

0.001 &

0.0001
0.001 0.01 01 1 10

TR [mA]

X 5.40 I-V Z2#a[al&OEGE - BERE
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I'VEBRINI-EFEr— A7 g N E 2B L TCEBEED ) A X e E Lz, n—/ 27
4 /v # 1%, NF Electronic Instruments @ 3625 Dual Channel Programmable Filter % /]
WTW5, DAQ D% 7V 7%, WEHEE LR L T a2, #kEHE, 10 mm/sec D
ETEBESE, 04pm M@ TY =7 = a—Zhb UL AE 52 DAQ ICA T &, DAQ
TR ERHILTWD, koT, DAQ DY 7V o FJEHEEIE 25 kHz 1072 %, m—3
AT ANEDRETIZ, 2OV 7N o TEEEROT A F 2 MEEEE 725 12.5kHz 27
v hA TS E LTS, JIEICAWZ L—Y T — 32 mW & L7z, L—F ORI,
405 nm, 780 nm, 1065 nm ® 3 FEHHA ATV 5, 3FIH DI K TH LBIC & L —4 SQUID
BEIRBEOWE & DLl & ¥ 5.41 127”77,

Z @O L—% SQUID BMEEE %, 5.1 mORERME LR LEGETHL, THENLDOEE
T, LBIC & L —+ SQUID BHMEEmi G 4 L2 & 1FIE K L-EgEA G TWDEZ L
Wbhd, L—% SQUID BEMEE 5 - & 51, LBIC T, 405 nm TIZR A 722735
7oK BEAY, 780 nm ZfE 9 & BAMRIZH X, 1065 nm O L—HFEHEHT 5 & KEEOBRIEH
KL 72oTW5B, 20X HiZ, LBIC TiMHisn s L 9 72, KaOgE) L —4 SQUID A
MEETH EMICIEZ DN TS O, L—4 SQUID BMEE THIE L7-#E5EAY, pn #:4 T
Xy UT BB SNTAELDEMREMHERSH DN TH D, 7272 L, L— SQUID S
Eifg 4 < Ro L, BHFoEA 7ty FOEEFNRHR I, BIROFIC L DHES D2
MHTHLZENbNs, LinL, LBIC IZTEXMEMEZ ET 50123 L, L —% SQUID
BRI IR R A Tl C & 5 Z &R Sz,
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LBIC L—H'SQUIDSE M

Ei W5
[mA] ¢ [Tl
0.4 0.5
L—HEE
405 nm
0
Imm
B
[MA]
0.38
L—HEE
780nm
0
R _ _ e
[mA] ! & [nTrms]
1.66
L—HEE
1065 nm
0.45

1mm

X1 5.41 LBIC & & L—% SQUID WM &% & O g

LAl L—4 SQUID BMEEm 443, LBIC OERMESR L L —H L2 LR EnT-
M. ZAUE, EEICHEO U REIE S LT B S HERAN Th £ £k
LigrolzlebEéEZx oivs, Ziud, BERENRNZ &0, BiRICEmRRH 722
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