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Parameter Designed Value
SQUID
critical current Ic 40 HA
junction size 4 X4 um
washer hole size 33 Hm
inductance 26 pH
shunt resistance 2 Q
damping resistance 2 Q
Input Coil
turns 30 X2 urns
line width 3 pm
inductance Li 94 nH
Modulation Coil
turns 1X2 turns
line width 3 Hm
inductance Lm 104 pH
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TSQUID%: BUEL 7. FOO-VHHE % ES-15
VI iORAEIZ 7 LT E, LD

IO TR.0pA, EHRIZAQTH S, HEHEMVsIZ/ 47

=
|53
@-
"
[




WS iR i RISQUID

‘\ gh

P1LENN
Z N S

E05-15 APF

154 T Al

¥ R L7:SQUIDD®-VE .
S44pA ZT2HARIR TR A,
BERBEVICELTVWA,

ZOMTIRDOITARFLLOX A TH S, /54 7TARAOERIC L 25MEOE(LOMETFERE
LT, /A TAR V18 % FER F/SQUIDEBUYEL/S4 7 AR
HOZER I3 | CAPFOME(CEET A L, aV/
ADHAE

5-6 APFIEEZ & 2 BIEAURE (1)
WMBONELEROICRET 270, WMEAF v 7L L TES(APFIE) & DS(APFR)D2o % B
LT/34 7 ARHISH T 2 BEOERdD/dI % FS-16 DM THIEST 5T L L7,

(516 /o1l E DMWELE

f
1 amp integrator
Rf=4.7kQ

/54 7 A TR AVex(# 2 120.1mVpp-30Hz)B* 5Rb=10kQ # 4 L TH/IME 5-Al (=10pApp-30H2) &
ERLTR2. 0L 2BAHAEEAVO FOH > TEVB=MIRIP 5 EBEORE
AD(=PAVO) R AT T 2. ddplid

/3l =A®/Al =B AVo /Al =B AVo / (AVex Rb) (5-17)
PORDONG, CORMES A TARREEA LN O L o7ce $18/54 TALATORFEE
H(@IkHz)On L AVRONT—5 b EhETHEL D TE EH TRS-17127R T ES(APFIE)A% 267~
144n® /pAT 3 5 D (233 LDB(APFR)IZ /N T7.6nd/pA L2003 DIL T (222 TV 2

B, THUE/A T ADLEEITH Yo OVODIZFLLOFRET ¥ 7
y4 v, ®aHE0 3T ¥ 7D/ 4 XNV He, 754 7 AORHE/

1 ZH10pAN HZBEETH B E £
@n. (@P/GV) X InV. @RI X10pAYS T

OVY V' + QOPIF IFDFRATEEI L d 5,




SRR RSQUID

6670 100 6670 100
(@ ——o0—— Mcasured noisc
—— (dVIV)Vn
- =z ——0—— (¥dib)in, A¥dId
=z - &
asé“r.,\w,/"/c-w S 667 W;
s R x
g g = N\/ 8
= 2 g -
$667 F { 12 8 667 {12
g : :
667F 41 667F 11
——o0—— Mcasured noise
—— (ODEV)Vn ()
——— (0%/dIb)in, oBydlb
0.667 . + 01 0.667 e o1
12 13 14 15 16 17 15.5 16.5 17.5 18.5 19.5 205
Bias Current Bias Current

-1720DFTF DA T A L0, 000V, BHES

518 F % Y AND-DDETFEE s

A TIZ, DungASQUIDE BV SF ¥ YAV AF AR EL 2, EF/NT A— 5 OER
CAREMEM LORBMETZ oA DOTHET 2, SQUDERE T2 A0, B 2TFME X
DRIEP /Sy FT DR SHEEB LTEBET 2o 2BMED/ST A — 5 2 RS2CHER

T2
#5-2. Device parameters of dc SQUID

Parameters Designed or estimated* values
washer size 7.2 X7.2 mm?
inductance Ls 444+ pH
critical current 2Ic 20 HA
Jjunction size 3X3 Hm
shunt resistance R
damping resistance R
APF resistor 2R
feedback coil
mutual inductance 66* pH

E SRAP S Bt 47

WEEO & 5 (g a0
SQUIDERET 270D, $5VIE/TA—5 I T2HH0ERE BRZ-00E
JHEMIZ I EREBRA TR X T, WHRMEVs £aV/od L BT RiEonOME L]
RISATARHELRT, EESRAC 225 2WEL. IVOORBUMERICHT2EE
A5 HETHEL 2o EEHREVSIIDOITHS TCORETEVIEBRET 5 & 2L B
A=8THD, ENTN T 7RELETEON) 7 bOEBLERT 22010 VsizAZ WIS
PWMEFRV. BESREMIZLLLAPEVIEIIFAVE, BhT2L 9 I8pd, H™ 54 5
hiid, REBTIRGEAT Mz 5585 1, LR FT iR L A<M R B(6).

W,

ERE WHEEREVsOME
Rs-18IR WERBEVsOIRTIZH T 2RGM LWL OTH S, IRHEELB T L TVs210
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BTHYH, HNERIZ0934L %D
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Voltage Swing [ uv)

[5-18 THHRE OIRTKA

o " L
0 50 100 150 200
IcR Product [ pv]

CHhEERNICERT 2720 CSQUIDD R B A ATl ELT B4

IRERTHI, sROVBREIPOBREERT L

ViRl /1- 2 o RL Yol o= RLH‘BB (5-18)

Do2Lde  Dor2Lk
WY, ORI Lo THH SN2 WEHREM I L THM L BEHREME 70y FLAS
DEES-19CTRT . T TLsk L T4MpHOMli L V7. HAZERER TS 0, HNEKIZ0972
EEOIRACRY, RALEB L) T2 ENFhD. TAMEM66THEA, THIRUT
D& ICHRAN2C
SQUIDDHHEHLIE > v ¥ MEHIRP2DHFIICA>TWAEDOT, 05REFHENZ, Thic
GICAPFR® 2 4 v t)lim"Rﬁ‘G’ DT, FRARA Y E—F Y ARRO™N %4 ¥ ¥—F VAR

TRIBI LS. -DRIC & o TEHH 1 3 WHEREMVsiZ
V;i=—2R __v,-08V, (5-19)
2R +0.5R

E2MRMDAEIZ 2B LG5 0.66L08D%
A2LVwzd,

L T2 RliEsA R VELTSH

- 70
By
60 2.
z
3 5° 1
a
; 40 8 1
S
e 30 1
>
g 4 4] 1 = - . = e
s @ [215-19 RSB O LR = FHTM OB,
£ 1
3
X
2 i

0 20 40 60 80 100 120
Calculated Voltage Swing[ V]
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[#5-20 IcR i & oV/00D M {7 [25-21 IcRH £ OnD MR
AV/aD & OnD MR

F7o, H5202108%% 3 LH T, MM LVRODEKIOPY, HtonTT Oy PLEBL
b ONH-NTHE. BERTOREL 7)) 7Y 7OANBEVN L 26D ERET DL,
Vn=145nV 4 Hz VT,

=22 v, = 145 (V] 22 [0V | ®
oV oV

DREFHZRT THD. CHERPOEBTRL A EMMELLHAML ) KX 2ETHS
PO HERLIEHTES,

BOUD, M BETHAL TVBET L5372, T
bEDBERY — NV FORTHE-TIEVEILO0, BBORMEETLERLT
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Tk

Vs, aVR®, On2 YOFENTFETES
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HSQUID

5-8 1D Wafer|ZFEg S 1.7:SQUID 7 L 1 g
SO TRET £ Y =

U L 7=single wafer SQUID([E5-25

WTH~NZ

Drung#SQUID ¥ I3 wafer | ) TIANERD L TORES UL b3
ey, ¥4 % Wwafer DI IZEF+ VRN A =

2k = % T'PCB MR £ SQUIDH T

o PCBESiWafer® &4 L.
%, EREPCBETT:, 3229 24LT

PCBDPad %

i
1
'
é 209 connectors

via hole

SQUID chip

== Si wafer

4% L 7=single wafer SQUID

CDHROBRIE, 1F ¥ Y ANTOT VTN TE54 T, %+ 24O BENSE
B, Fx)TL—a UHME, KRS, £HT LA S 2HWEYICTE 2, Monolithic
Gradio- or Magnetometer (2[6]{ %2 £ Th B, 44 ¥ FWafer LICHFNT % ASQUIDRIL, 2 TR b—
2REZDL, RVEVS0F X Y ALBETH L

A9, TOVATLARROPHASDERT L
HRELHEIC 7, v bTAZELWRELEDNA,
AW TREOFMEBRE LTIXIDIF+ Y RALDT LA TDI OA b —2 O T2 570
¥F2720mO0FEF2]1%2 1ImmE v F THES b
5260 &) ZMERIC LTz, —FEINTHY, —F
T pi

iZ, viahole#HITPCBIK KXY 71 v/ L. B

WITHL, THENDF % YA NVITFLL
RETIDDF+ Y RNDT4—FXv 234 Mz

c AR EE, BOF ¥ RN

EDLHLWIOR M- HFHBDPEERAIL.
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WSHE RO EISQUID

i, Mf% il
B=MfRITFI T 5.
o Bl 12Vj=1.0Vpp-10Hz TH7 5 «
NEHIZO=Bj Viii2 5, )
AR Z B R =2z 2 hvjns
WL DOiEEHT S,
ROHOZRE 2D R b — 7130 /) =Bi Vi /(Bj Vi)t
HED-HVj=1.0Vpp-1Hz TH [
F

#1 Mf = 77.8pH, Bl = Mf /Rf =77.8pH /4.7kQ = 8.0 [®/V]

#3 B3=77 [®/V]

V3 =1.0Vpp-10Hz #3, @3 =B3 V3 =7.7 [®/V] X 1.0[V] = 7.7 [®, ).
V1=143.6 uV, @1 =1 V1 =80 [®/V] X 143.6[uV] = 1.15 [m®, ].
@1/®3 = 1.15 [m®, ] /7.7 [®,] = 1.494 X 10* = 76.5 dB.

BEOHRE ELOTRSAUIRT. HPREHNOMED IO b—2 2K+, FBHMAOKFE
KANEHEEDIOR b—s 2 KT

#5370 b= REDHSR
-72.5 (-76.5) dB

37fTH Hz |26 T/ Hz |30 T/ Hz
41 -95.9 (-78.0) dB

26T/} Hz|31 TV Hz

T -48.8 (-60.8) dB

LO!T/-. Hz |48 fT/y Hz

-63.0 (-45.7) dB

#7

Lol L EBEVORISPOMNDI DR b— 2 TINIZSTBTH B, bok bRAPo7-DId#
POMNDYS9BTH B, 2 HBMAREE b EEHIEH L7- 4267 S48 T/HL O MO TS
CHARREOBRFLERAMLTVALDEZELLND, #R. EFrVAVMOI DR -2 i3
46dBA 596dBTH Y, MR T2 2MTHE. EFHRELAT I M POEMLEE Y RE L,
%20 =2 REFHTEEL,

1245dB2590dBTH N, METEAMiTHB. T2/ 0A M—s REFMTIRLL, 77—
LOMTH2 LBEENS,




SQUID

SERFE IV — TEOHBET & Clover Leaf SQUID
N E CIRIEMBEREARIC L ) AN S (2D, #RE

:‘,i“.‘.:k'an RENFA—5F

;n%ﬁ#l&b
TOLDEHALT
BRI T2 o7

— 7 ‘4”(»)50{]0'/&"7 3. SQUIDIZATEZ
LzbDTHB, T2, SOSQUIDDHAESFED—JE L Thk

5-9 MultiloopDEE35 53 B 5EBn DFFE 1oy
ZOWMTIE, #FE Tl — 7 % F2Drung®Multiloop®SQUIDIZ 2V TREM I MEEDEI A
ERWMT 2. TORRESL LN —TOBBERS LEIFINFRVEWVS T & 2 EBMITRT.

VT 7D A AV A / 4 Avnik KD B, ValdZiRT v 74 ¥ RRO LT
Vna = 0.5 nV/Hz2S (5-21)
BETHZ. WnilkBS210 L) 2R TRETEER D, LORKEGORKRHEMOZ WEE/

A X WMTOTELTEXTEHAL, HETUETELIZT R,

L2 L2 L2 L2
2uit R R
R R @ 527
AAEROTHERIHZTE R 2 EVILEKT)SORBE z

%23, COREESERRD
SQUID IV — 7= Rkl A%

A VE—FYATHMENTHBEDCREL R4 T2 L8
FVaEE(Vn)iz ThTh

BHL A RETIILILI-THRELRET 2.

i

Vev=L1VkTR (5-22)
2
V=Y L= 1 TR 5-23)
o0 d® jwL+2R
THEOTINLERLEHE, 2ETHLEAEE/  AVnidii 2.
\nm={]+£# YK TR (5-24)
0P joL +2R




2AVRGE KD B, 1Vl E NERES 2 & Y [viwb|= 2
o

o BUBRHEESIZSQUID L — 7 IZIWbORHE £ AN BT 12, FITOR

Multiloop® &, V— 71212 IWbOBEE AR ITHiZR5

*

[~

WIMEBn T RHD, FLOBREFEST,

B [TAHz] = S [T/Wh] @, [WonTiz] = v, Qo 1B (5-26)
nr 2 RILY1+2B

71':‘:41B=%I€ PRAL. AR—I8BOA ¥ 25 VA% ERLT, L= M@ﬁu)%yg\xa I3
o o
(H-anlcua r]
B.= Van @9 n’®g
2rIRr? [ Bwlcpor (5-2nk#Ha.
&' n?dy
ChHOXEMVT, =4mm,lc=3AR=7.5 0 i > Tw=2r? & & Oniz DV TRMA % KD 2
E, BIS-28DE 5 10%%, ITRT7 Y FICLB/AXLEE /A XEBITRRLTHE, £E/
A X2 D2oDIEFE % %o n=112EH / 1 XORBITH Y, BEHICIZn=12RHETH
n=8TIRHRETERI LA GPD, T/ r=3.6mmIc=9.5pAR=T.SmA T2V THREML RDH B L,
5290 &) 25, BEMIC 2 RETH L. #oT/T A5 OWM ) HTRAMIZE DT
{2600, BV—TENAEVEBROL— 7 TREMIBOND LV T L FH5,
CORRES LIZTOSQUIDEXET IR 0H 5, 1D F v THAXRENEITE
N—=TEERSLT/AX2®ETH LI 12RF 7 T2 hAE( LTREOELZFEN—
TEBI L) EEL TS A XS] Rotwnj Thb, SEEFTREZOUELHA.
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5-10 SQUIDD H{ K EH DLERE X

= O L RO

< IR HRIIE AL SIMETHESL LS 22

TAHEOHE . TTCOWTIISQUIDT M2oNEREHKL
Afriacy (4 ¥ 52 A0

SREDLLL

¥, BT

F§'SQUIDL— 7D

2n=@ - @24 21 De s 2xlib o o-2x L2k gin @ (5-28)
@ @ @
Thi. SORE p=2abl prooelk ¢ =@ p ¢y
Dy L L2
2N =Q1- @2+ 2% 0+ By sin @1- B sin @ (5-29&% 3,
-/ SQUIDD KM & S SRR
1@1.92) = Iy sin @1 + ksin @2 & (5-30)
2 de=@2- 01+ Pasin @z-Pising, TEKEhZD, (5-31)

TRODLQEQDNTA— S () OWELENEZ LIL¢DOL Y MHETEZDIITHS, B
R QROMEDTTORERKILTE2 ¢ & DT A—S 1y b2 RDLLTHLHA
o THIE FYYFUVT2DRERKETROGATE Y, R

p=cost | ——L ] | 22Up=pr pi(2) £ 2B 5.32)
R e R B BMB‘(I;] .

ST, NER AFFLVHEARi=IM =1/M12E£BVT, (530), (5-31), (5-32)38 12

i=sin @ +sin @ (5-307)
21 9e= @2- @1 + Basin @2- By sin @y (5-31)
0= =1 E23 -32

B+ D:* e fOS‘D: 250 (5-32)

LOGEIL, TORTHNA 5 2 5 ¥ AORIBRRAH O MR OAfineZERIZ > T
FHTIZ L v,

(5-33)
hiZi v, Ba

IZAffine 812
Wiz ;J?i?ﬁt?&; %o @)

2% 9= @2- @1 + Bsin @2- Pp (sin @2+ sin @1)= @2- @ + Psin @2- Ppi (5-34)
tzh, 3G

i=sin @ +sin @ (5-35)
1 ¢ ) WO | (5-36)
cos@y cosg

p=pDEEDMDEY b Ep=p*

‘?

LEORDEy FEEFNER

(2 1. i. 0c). (@3 @i, i )rm EM.@PLRPE L) =0k, oi=0, i=i OWEND




b, 7. BRIV TIREOD S

2z ¢.- Bi (p-p?)

2% =02~ @1 + Psin @2- Ppli=

5 2BERICZ D, 20D RlEED
COERELE
[2z02] [ -p7) 1[2x ¢.]
el 1 Blp-p) 0 e
i (i 1 gl

5-30 S FREAZER) & I HEACHE) D £ N FHo Ml

5-11 FERFHEREAIC L 20-VEERR 1)

RO L 5 ICZIRER S I oW TORRAEI DD 2 12 OT Z OFHTIRAGKISSQUIDV — T 4 ¥
¥2 % 7 AL1=745pH,L2=0pH BERWHMMEI =12=10uA, >+ >~ FRI=R2=16QD/$F7 X —%
ZRRL TIVOOP KRS TEBIEERT,

BRI % & & ChV iR 2 BRI TR L TVE RS, FhiooMMLLT7oy b LA

L ONRS31@Q)THD. 28, RLRABETAIUFOHROMNEOTH 5. #RIZAPFLHV

BE L AR EOER Y &S (. GROMHIRRPIL 2TV, BIS310b)EEICIVAOLET
HLAbDOTHE, BAT28uV/O I TOMAPBLNET A RH 5,

Voltage [uV]

H5-31(a) @- Vi #(EDED)

dV/dD [uVADo]

[5-31(b) @0V (T D)
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5-12 Clover Leaf SQUID{[ 1

FTOWMETES2@IETRT. 2E0k:
PREOD, F7THA XRAEL LR
TH 2. LMK ES-320b)FT . tzfm Mm» TIoH LTI W
% Bk S T DSQUID % Clover Leaf SQUID(CLS)EFERZ EI2F 3, BT M & & DSQUID
W=TA LT YRR 9 MERDA V) AL EOTEHHTAMALUTOL S 1225,

EYTAY Y MBFOA ¥ ¥ ¥ 7 AldLs=p I KE)/K(IK)TEENB(13]. & TKEK)IEH1H
HiFHs TH D | k=d/d+2w). p=47 107 [H/m].

w  width of conductor 98.5 um
d  width of slot 3.0 um

| lengthofline  19985um THd, L2 hOL—TEDRAL TV EHFI20DH
ADT, 12D —TH7: ) Lsl=2 (Ls/2) =667 pHIZ %2 B KIZHED IV — 7 inductance % EHH T
b, AV—TOHNBEDLTIN—T% #2

% ELp=pa (UM In2a)TH B, I3

a  diameter of washer 4000 pm
¢ width of line 200um  ThHH., IV—TH7YLpl=Lp/a=295nH TH 3.
&R, 1200 — 77 ) Dol Ti(Lsl+Lpl), 40— FEFIES TIZLt = (Ls1+Lp1)/4 =905 pH
ERMOSN D,

; 2000um | mep ‘Z/OOumwxde Contact hole
Bias current feed
-
100pumwide

Tunnel Junctions

N\

Feedback coil

gl

[5-32Clover LeafZISQUIDOHiE . 244H(a) & .0 5L AR®)

Shunt & Damping resistor

5-13 Clover LeafESQUID® F » 7i#ll5E

3DDHFF(J05.J10.015) % KRR BAE L T EOME R T2 - 72,

[X5-3313 /54 7 AWK Z03pATDEATT O v b LAI0SOD-VHl#R, [5-341 [ L <J05D1-Vill
MTHDe FVIlMOE L -Vl OO 0Dy 7 b OWFEA L rh D, F 720V IO R
P TFHRENLHRLEBCED (Lo TR LGP, Th5 IREHEAMLE O




A I FE 4 L FISQUID

3 TR T RIER O T 4 %0.639nT/®, %+ 1%
fee Th A= [EAFETSQUID Y — T

3DOEF O ERE L
FD192uV/O A FARF D259V/D, I
»2)BnbHTHABREDMAFBSN TV B, ZOHEDL B ;

FREFx Y ANOBEEMSRIEL WEL/$7 2 -5 THHOT, I THH
BEDOM L Fgure of MeritD V£ D & L TEHT A L, T DSQUIDDBAIZ64mmATHLTH 1
SRECHBIMIEL BV L GA5, ZOMIZERDOSQUIDLEREIZ L DTHY, HF+ AN
VATARBLTWAEWVR B,

5. NOTIXAM

#£53 IDOETOMEDEH

# slope 2c Ale Rn/2 Vs L B, dV/dd
HA pA Q nv pO/HZ*  fT/HZ uv/e,
JOs - 17.0 1.6 6.7 68.0 100 6.4 161
J05 + 17.0 1.6 6.7 68.0 6.2 4.0 415
J10 - 144 14 6.8 53.0 93 59 192
J10 + 144 14 6.8 259
J15 - 16.5 15 6.8 84 54 271
ns + 165 15 6.8 64 4.1 489

% DIbiz Ib/2lc=1.03
v & SQUID®

DFx7ANEDY

oz L,,ﬁgglﬁ\c,,_

tCOSQUIDL— T4 ¥ ¥ 5 &
7iLsiZF31120pH, FEHEGR
DY 7 FA®=040 P




HBISQUID

ERA )

12(5-39).

;2= 2132 Ls2 = (4 kB T /Re) L2, Re=Rd//Rs//Rs=(23)R (5-40;

I TVnidWES

DBEETHD. L& LTI120pH. |

7o i+ 8

, 0.362u® /pA. -
L@y 2+ 01240;2)0-5 & il £

#110+
#J15

#J15+

®n = 6.2 pd/Hz™
Bn = 4.0 fT/HZ*

x noise density [u® /H

1.LOK 10K 100 K

5-14 CLSQUIDIC &

(7 5#4mmEXiE L
» VT 2 7TH %, FLLE 71% Filter(Gain 10
X, Filter 0.1 ~ 50 Hz, Notch# 1) | Amp(Gain 50 X, Filter 1 ~ 1000 Hz|Z

B A THRER R KHEE S B LT4010msT




22bDTHE, ZNIZ30msDwindow.

A0 (0 ms) A5 #)120msD

1 I I 1 !
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