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RELI BT REFFRAPEELIRREL - > PO AS S PuRS? iR EE TR

it &2 5LE_MPMS3 » & % 2 = 1 % & Superconducting Quantum Interference Device *
B &_SQUID>SQUID ¢ Quantum Design # & » 2 -

N
2

PR s AT o SQUID ik B -
R e R T T RS MR

REEFFHEC R EREAFT L8 K400 K #h4em3+-T7 Tesla dgiif o M2 &
P EREARGAFEEE T WA ERERERTHED 0.42K-1000 K 5 P
TR - e EMPRERTE R B E PRS-

TR LR AL RER I IHB R LA IR REH LI RER
RIIZH A S BRFAERSERENED  FEHE AL RBRETA -



Z 1-1 ~ SQUID e ag RF%

i St
BRI 1.8 K-400 K
ERAR T +0.5 %

B~ BRI -7 Tesla~ T Tesla

BHing 1t

dem p g v £ 5 0.01%

LR iR

-7 2 700 Oe/sec

B RIE R

10emu

BB X RAR

<2500 Oe: 1x10 ‘emu( & i
R 10 )

>2500 Oe:8x10 *emu( & il
B3t 10 #)

LB G RA 5x10 ‘enu
BEEEREASMFER | 300 K~1000 K
FEECERETS 2 %
FEEAERD L £0.5 K
FoHABERS PR 042K~ 1.8 K
FoUABERREHA (249




2~ FPRBERA
Quantum design 2= SQUID MPMS3 % * ** £ @]/ A F Stk SR ERIRE > o ia%?ﬁl'g]
5 ié%%l% + *+ # = it (Superconducting Quantum Interference Device, SQUID):& i74& 5 &%
SRR R k%‘r%—*l M B B G (B R AR I 43%‘4% &0 2 gl
7% 542 HF 58 & % (Josephson Junction) ¥4l4z 3 o E»o g orl 4, WA, w
Rl 2 1x10 °emu #g 1 55 B (moment) » & - fEtR® G AR RS o
=0 RICEPE R Z FACR > MPMS3 # * VSM(vibrating sample magnetometer)® iBl#i-
PO BRFE RS AR RABY WIS RT > VM B B R e e F 1 BB iRt
KA B vt A i e Bt BoSQUID R EBE F LG ART kBB ] e
MPMS3 p erdg i ™ 4% =% i T Tesla g3 i&%@iﬁuu 2 SQUID 4813 % % % 4 4r >
g A Lk Ay 0 B GIM A £ R 0 T R 2 K~400 K ek & gm_h?.i’”?ﬁl P men
FEIFRIEAH Z R i 5 o SQUID MPMS % 51 £.3% i Quantum design # $747 3 2 :x 24 5 £ p
e5g < BRI# o 0 2.1 & #4742 SQUID MPMS &% E ¢ -

& M=

1984 1995 2003 2006 2013

\mm e *‘“L

2.1 REEFIFHRREFRL

Mark | MPMS-XL PPMS VSM  gQUID VSM MPMS3

stepped scan,

> standard scan VSM mode (only) VSEM mode
DC extraction + RSO QuickSwitch® e
DC scan mode
QuickSwitch®

W21l A H R T e KR L -

2.1.1~ 1984, SQUID Mark 1

5- ot AZEFE 3 F 2 (Superconducting Quantum Interference Device, SQUID)
i L Rl SQUID 7 Mark 17 &2 01984 # 70 » 8 B 5 Vi ik 2 Tesla ¥
ARERA o & PP H (step scan) XA DC £ ip) > AR EE F T~ 2 5 Pl 5 ] g i
AR S H AT R FnBAE > R FHFMPMS T & G D Tesla g 4 o
» H EEMPMS 7 Mark 17 4 p 7% % B4 0 Quantum Design B 45770 E < 33 3R MPMS
TR RE]ABEOREBESCERBENT I RE - & 5 > SQUID " Mark 17 Az
BT R EE + 5.5 Tesla g3 -

1986 # » 7 BACHER AR B 30 KPR EMPMEFH AV AT RE » FiFhinde 1 5 %



AARREWFEOEP 2 B3R FHANERLELRRE T

2.1.2~ 1995 » MPMS-XL
MPMS-XL & & #4544 % 8 =41 (Continuous Low-Temperature Control, CLTC)Z%* /i4k
FE g F ¢ (Reciprocating Sample Option, RSO)# v e+ £ Rk % » RSO % = & e
%%&’%WiiﬁﬁSwMasmmfﬂ’ﬁ—ﬁa ﬁi@%fﬁhmmﬂu£ﬁ%%
mmy&,?g,ﬁg—@ﬁ AT LATROEFRT RGO H B R TR
Quantum Design & #F|io8 » & B 44 4% 5 35 ATk S g > 4 ij%{lé % 1 EverCool

’ l.L
PRI

2.1.3~ 2006, SQUID VSM

2003 # > - FIRPOT - SRE LT ER ALK PPUS § AF AR * AT0 VN £
BE s VSN B 5 3 e g do 4] > e 2.4 2% SQUID 3t 5L §? PPMS o3t 5L a2
FAB > #tr- 3 52006 & VM A B4 & SQUID ¥+ e i i 01 skt i 2] SQUID-VSM o4
TRk Rren VSM 2RI BT ¢h o iR 1 A BRI g IR i KRB R Y L B
B (QuickSwitch) ¥ #& e i 5 5% 700 Oe/s ~ { & =3 ; GHM(Gas Handling Module)
Al sAgang R 0 R E XA P72 30 K/min -

2.1.4~ 2013, SQUID MPMS3
MPMS3 ‘f"l 3 o VM £ R 2 o 2 ¥ i DC 2R > Fl1a VSM 2 RIHES 1 5 X 3
ﬁ":*\ Sk KRB ERCEE R L P A 43 g"ﬁ el i A 0 A MPMS3 A g
3 VSM #2575 +DC #25¢

3 A-},
Quantum Design - a Brief History of a company Successful in Superconductivity
https://snf. ieeecsc. org/sites/ieeecsc. org/files/EUCAS2009-RN13. pdf



https://snf.ieeecsc.org/sites/ieeecsc.org/files/EUCAS2009-RN13.pdf

3~ Bohx
3.1~ SQUID & ¥ % #

SQUID ik B AT 48 > b b L v 8§ 3 3.3% (module Bay Tower)» & 7 : ﬁ‘%@ﬁg‘i%ﬁ .
SQUID~ g gzl 3 b » = @ LA FRMBNT R B F > & B X B (sample transport)
%5 4 FMH I (turbo pump) » FEHFTF La® FEE S ¢ @ ¥ s B ER o AL
# R AR etk 5 @8 X B (sample transport)ic » e

USER INTERFACE—

\

—UPPER CABINET
/
i LOWER CABINET

/
/—FU\IP CONSOLE
SAMPLE ROD STORAGE

V4
/
COMPUTER—

Bl 3-1-2 - REEFFHE KRpINE -



e R SR 5 B AR (Notor) e » » T RME R A A BAMAL ZERTE
FTRERES O CBRREMOREBB AT AREIRA N T REBB IR AREERA LT AN
AATHER > SR N T RA D A RS o

3.2 # & ®# X i (Motor)

gn

z
Q
g
3
=
)
]
Q
O

B 3-2-1- %ir‘%@@?]ﬁ%_ (Motor) g -

BAEKRER REBONABLALE  RER REF O RS fir%@éi%l%%;(Motor)%’I
o HREBEEE Notor) M § - 38 E > VOGRS AR RIFRRT

L #&5% B # X8 Qotor) #Hik &= ¥ chE =4 s &+ ] 10 micron °
2R ERIFER I - B AL o
SRS ABFEARITERFE F B RS AR BB DR R R T

SQUID e & B3t 7 VSM Fo;8 2 DCH;Y » VSM B R E A s o) tgA& 0.5 mm ~ 5 mm
ik Bd S DC BB S AR PIEARY > AT imghi]l em~3 cm gt K AR B o
SRR Rl ﬁﬁfvwwﬂmbm%w%rﬁww’wgﬁﬂa%%@@%{%ﬁ

THEOHRE LRI R R F P €4 4},&@"’%%1’* ,T%ﬂ k| ’:%’%”‘wﬁrr)aﬁvfﬁe ’
&f,@;%ﬂﬂr@\ SREEE BRRESEFORE BETEE > BT A5 BEn SQUID #%

AR ST BUE =N 0F S

%ir‘?;«@ﬁ%ﬁ(Motor)?U BERRFR AP ING F I A B ST R AP
B A BB TR Ble BT K A B 0% R 2 9 1000 O - S~ R
RAGTE AP ¢ 40 1000 Oe kTSR o B ¥ R B SEHEEED 0 O L T
Py e B G it R R B KX B (Motor) PR USLIE A A BB g S R AR T

10



B 3-2-2 - # & ﬁﬁi@?ﬁt % (Motor)p #RenB i 2 B24H -

3.3~ R
SQUID MPMS3 s #-d Az $ridide i 2304 1 B ERM 2 1 i 2 34 7§ Bl

T o

Reset Power: Qas.
Magnet |
Solenoid. [+ l
QuickSwitch.
— Magnet p—
Solenoid .

B 3-3-1 -~ SQUID MPMS3 siodg 248 o

REBBNEFE LD QRS 3 LA LT N AR RS B - R
FAAEARFE RGN TRE TRALEZE N AT &4 MPNS3 oA R
B R RERES W - BT g 4 N SRR EBE RS AT AT 1 BT
ERIERTTEFLC R AEREERENTEFZZ P USERRAEREDF BT AR
o g AR I%ﬁ%@iﬁ« L HPF 0 4o B (Heater) 4e#ti-id B B (Quick switch)it z %
WMAZEL  ETRER BT e LA @trwgmﬁ%* D AR BB LB PR
2_ {8 0 it BB Faé e B E ¢ Fﬁgﬂ‘ v BB R A AT RER AN TR REBB YR IR
B3t B aw e o AR Hpiddon B ? B AR e R o

AR e enE B (Switch)s ¥ v 5 ERB(filter) > ERLFEESBNITRERELLNT

11



WA B R TR AEA 2 e dodk # % S5RH S N (drive mode)E 7 ik z~)%‘3?m AN g
Frpdhoo R ARIEER R < 10" emu o RS R R AR EE I AT &%ﬁmac—ﬁ“ o

~|QuartzPaddie 00005 dat =

8x105,
Bx10-5;
4x105:

2105}

M&%:’é‘#ﬂ

LN

Em Wﬁ*ﬁ#ﬁ
-4x10%
o
R e 007 50708 50

Magnetic Field (Oe)

Bl 332 - REREAAL e HE PP

3.4~ ERZH

SQUID MPMS3 g fis 4t )% 3+ &2 Order Gradiometer » DC & Rl #C7% & | § s =
fooo Ao H B FREGERE > BRP AT pd P w(Free Center)en#t & > 7 R £ B3
ot £ {4 o

B 34-1 - KEEFF Heit ReBPISAE %5 2 Order Gradiometer ©

VSM 58 8 il el A Bw 1% BRI % cdR 15 o 4 308 F1 5 17w B R AU R Rl 5] h
ME O] e B et BoSQUID RBREL L F AR T kRT3
BRI R BT 5 R kIR T S 5 10 11 sin e AR AR A B PR LR > 4995 2

AT R K et o R A 4 Tt T f BT W SQUID T 4 1 4 ek B

12



e Lt

% 3-4-1~VSM 2 DC & Bl st v i
i 2k i gk %

VSM mode |- -3 CEZEG Rk |- B E D R R

CE RS ¥x(raw data) TE3 ?/ii = Pl ek

TR R R E X < HA P

3G A -5 531%% R & B ES
| B & o

DC Scan |- Vg3 hiclic |- ERIFR & SRR E RS
Mode 5 (raw data) |- € BIFFenfs & 50 - TR a‘r",ﬁ% HAg Feend F gt

IR A B R Bk ¥ oA i e SRR S

’Ei'lrr'ig’g“'m’! {E—Ef’iﬁ‘; wR
g EE=E R 8
'E- ;EIJ o

3.5 RinEkT F
ikt F(AC Susceptibility) # fetedet “H4e— B REF > RSB, Tl
Bt e TF LRI AP RTR RS E f%’”ﬁv%l‘fgﬁ 4 - BuEBaE o

BB f P Bk § B RS AP L LURE T F R AT R A

Reis BAFA 0 RER ESR g .

reference signal (H..)

. /;V\ ~M” (quadrature, imaginary)
NV/Za\v/

M’ (in phase, real)
B 3-5-1~ 2 imEit Fam?

R o

=
W

7

\4

MR dESK R BV G B 0 P OdESK R SRR g i R RE T_‘é_’,i,g" FRRRBEF O TR A
ke 7R R ""ﬁ’?f' #B % ’L‘Lﬁ'v o ia%ﬁhfﬁf ’ fk%mfﬁ PRy MARENEH
R ’/ﬁwkﬁvfﬁﬂ*gw’%\@ﬁ *11*7* gﬁlﬁﬁ

¥ 5 SQUID MPMS3 & ip| 4% B 3K 3+ 33 2 F:;:’ﬁ&»& hAv BT € Fl A

D \LFRF RS T ~F4cm¢;,,~L@¢%g % o

13
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(=]

Typical Maximum Amplitude (Oe)
o

1

0 200 400 800 1000
Frequency (Hz)

B 3-5-2 ~ SQUID MPMS3 = imga i F i < 7 *h e 2352 #E i 20 % o

3.6~ B AR#H

el ALY RS R T R R R AR R IR AR g BRI D
o ow Uk R E R AR & SQUID * kR R eng 45 Ep b e GHM (Gas Handling Module) »
GHM 7 124235 7% 8 cnp R A kAR & % ¥i— %R 05 » 300 K-11 K cn i % g »

CFE (counterflow exchanger)#-3¢ » 10 K~1.8 K # * CLT (continuous low-temperature)ti
;T\: o

g b B BBl s(Magnet Leads) o s # 4% e Peid i R AT TR DR

=8
s

)
E
o



BETREANEA R OER TR EEHH 300 K~11 K~10K-1.8 K~ * 5 =®/A 4+
mrERg: 1.8 K04 K> ma*gRgEET2E 1 300 K~1000 K -

3.6.1-RR%F 300 K~11 K
T’ s & fffg"g“%m_’~e5$"f$ Wi+ B% 3 CFE o5V s B~ R ?f"ﬁ 'ﬁéipm_)iﬁ"
E'JE'}E—’L?;@;%" BB R 0 ¥ - /ﬁ%}\ﬁ/ﬁ' (scroll pump)- E 3 % ®ig &R
A ’?w Al B3R Ak (Joule-Thomson expansmn)i% {’?ﬂ% VR SAGE TR

~E'7f;é. BT UEERSEED LD K ')‘ﬂ' | 542 g% g ****** - & Lde MR ehg $ "
BRI FERGSEFESR 2B/ L - ?V% ? J F14_ CFE a"’”rFHﬁ— 'F—#’ EAF IR F R
s VT §b€§ﬂ‘ Py iz REBEH N j‘iﬁﬁ MR % SF ZUTE SR AL St R

3.6.2\:}';&%? 10 K~1.8 K

o ME 11 K-~1.8 KpF > ¢ #% CLT HV s Buif B { Mg § 0 I b il s i 520 [
e Rl R WL 1 8 K-> — & F# 3 §if (scroll pump)de # Wi /BL » KA g B F ¥
# %% (Joule-Thomson expansion) X # 3 £ &

E 224 &% % (Joule-Thomson expansion)
EFFHMOPHEZEF M Z)EFAIRIRET IR a RFERFAATHE .
kR https://reurl. cc/LpLDo9

Of10)
E-I.-

Heatsirk (C) 264 | 1583 Ton}
Board (C) 323

d Open
CFE Flow (ccm) Prop Valve
o 57 =

‘ 3 e PeE
el

300 K->11K

] 10K->1.8K

F3-6-2 BB T i hf WARER A6 -

15



3.6.3- RA%RF 1.8 K~0.4 K
EFEP04Kg 8 5 = "@l‘*#ﬁ(iQuantum Hed) » Ap > SQUID %8 1.8 K~300 K iz
1#@*'3{” FEFRMARIERTERS F 2 WAL B SeAg I 4 AT RS IR
4o EERE 2 FF (turbo pump) 4 2 /fﬁ%;“ﬁw‘ (scroll pump)#dup #E R L Rk
‘%’%ﬁ Z %% (Joule-Thomson expansion) & "% 8 #% %3] 0.4 K-> #& T4z :
l.ixx%~»4 =8 » B(He3 insert)® o
2.% = & » 5%~ MPNMS3 %i%@ﬁ;—]%ﬁj
3. MPMS3 # &-4544 £ 5 1 20 torr 14T o
4.5 =% »®BHE 7 3 1x10" Torr -
5.SQUID %/ % A b ™ME I.O KT EHF =8 » BR g = f MBS R L o
6. % = WA B(Heater) M 2 F#E 2§ (turbo pump) B kx> 41 A L P RE AR
(0.4 K~1.8 K) »

me

| /)

B 3-6-3-1-F=®AWixhia

3.6.4~E AR % 300 K~1000 K

300 K~1000 KZ e * 3 BEH  FEEFEHT ERScBMFE AL 'ff”t%‘%E’*‘(heater)§é
PATE P RER O RSEEERREERE ST 20 mtorr MTHEI LM FEFRA
manT’gwﬁ%@%ﬁﬂ$@¥m?ﬂ’u T iRtk 5 %ﬁf RERE42 €75 5 4o
FRHAGE A v BB RBRgRSnL R 0 e

16



17

Turbo Pump

Chavonr
Heatiink () 269 3844 Ton—
Boxd(C) W7 =

CFE Flow [cerv) Prop Vaive

r'm B\ :
"



3.7~ graazsd
&R EDELE

Ble TR RE B
g P42 5 (Sequence) 48 » 1 F A b 4

_:_‘%:

VAL § 44 e SQUID P %~ 8 500 2 SQUID ekt

3 —%‘F‘I&ﬁﬁﬁ e hEPF

Fope

#ERAFPNF

% 3-T-1~%EPRF FEEHZ % -
2 RIE R R/ iR i | R ER | RARAER | EREAER
&R/ F 4B MH curve MH curve AC
0.4 K-1.8 K P34 P40 P42 P31
1.8 K -300K P18 P22 P26 P31
300 K -1000 K P31 P22 P26 P31
F3-T-1 > &% 2 48 S R R OB £ R -
SQUID # = %Ha % F SRR g 0 b do— B 1000 O RAET $HE SR

PE o FE TR

RE RSB AR ED

IEJ(&&?\’F» 1.8 K~300 K

ﬁ% A R | g EEA

ﬂ(a g4 B

B s

T 0 1B 425 (Sequence) ~ E A2
BREER - RS H IR RAED § Ry E RN R (1.8 K-300 K~ 300 K~1000 K(% & %
2)~0.42 K~1. 8 K(iQuantum Hed)) ¢ 4 & ficena I > 120 % £ pliR

RN



(2-400k_2MH.seq MS 3 MultiVu

: Brass ~ Quartz & Straw -

2

1. 2 i=#]&7” Change Sample”

3. BERRSAGM ABT F 0 RSB Next”

19



X
~ Chambes Stalus
| 299.99 K, Stable, Venhing continuously
~Instructions:
Chamber in “Flooding' state; riansport at load position
Press “"Next" to instal new sample.
<< Beck Nest >> | Cancel
A 5B A AE L o 2 1 54
5. 7z Sample Holder + &% & &
T+ Fx = g7 Next”
PrEg P LR RBEEHHR Rl 2L
x|
—Output Data File
Path lC:\QdS quidy'sm’\Data\ 202202\ I
Browse... | File Neme: | =
Yiuel
- Sample Information
Material |
Cmmedl
Massl g Size|
Voiumel e Shape'
Mm smb Stiz
Weight Holder
<< Back Next >> Cancal

6. 4e&3#-2 1000 Oe

20




7. 3" <==Scan for Sample Offset” > &Rtk & PR PN i g

8. % # Scan % M1 ks » & “Next >> °

The measured offset is 64,55 mm, Lo it Bl P s
Touseﬂlb | i d*m FETEIQ S FIHIEASTTHE

e Uifget manusly

21



10. #” Finish” » &#FE 5 &% 3 20 torr 4™ II*.%? B 484 Sequence °
|

FRERIB00K) 7 bl FPAgRE S B dopa £ RIAER > MBERIEZEE 3
B2 20 torr M (kBT BAE S EFZRLT 520 torr 1T §
B E2 )

=

22



3.7.2~ EREAEER-2FY 2 M curve (moment vs Field / hysteresis loop)

O _ioix]

Selected Line: 4
New Datafte "C:\0dS quidvsmi\Data\2021080 S LiiNPTUap\CoFe204_water_16 4mg.dat”
Set Temperature 300K &t 45K /min. Fast Settle

| 'Wah For Field, Chamber, [Dalay 10 tecs. No Action

Set Magnetic Field 0.00e at 100.000e/sec, Oscillate, Stable

N/ ak For Temperatwe, Freld, Chamber, Delay 10 sace, No Action

MPMS3 Moment (VSM) vs Fiel 5 Quadrants -15000 Oe to 15000 Oe Step Linear AutoCenter OFF
Set Magnetic Fisld 5000 00e at 400 000e/sec, Linsar, Stable

Mzt For Field, Delay 0 secs, No Acbon

Set Magnetic Field 0.00e 2t 300.000e/sec, Oscillate, Stable

M3t For Field, Delay 0 secs, No Achon

End Sequence

«| | ]
Bl 3-T-2-1 - REEZBA A -

o SO curve) A A FHTAERT » BRI SBI R EFORERZC R 0 - BE R
BWEERP £ RE
1. ;‘EﬁiE'Jﬁ?ﬁt:b%;(data)ﬁ G hvtia s & r HEA Lo
2.KETEBIER -

ERERET ZRRQGKaE BRI AT EEFD A4 -

3. MEF Y ME P
BEd RMAE PR TV AT BRI IS RS R - B ghiE” MPMS3
Monent(VSM) vs Fieldb Quadrants -7 B 423k T
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MPMS 3 Moment vs. Field F x|

Setup |@VSM| ODC | DAC | Advanced |

e C,
Sedtay Select Start/End Quadrant
[15000 Hina
0 Ho
-15000 Hevin lime
(Oe) Clck and drag to choose start and end helds
~FieldControt——————————————— |
Swesp Rate ({50 Oe/sec
(¢ Stable at each field

" Sweep Conbruously

DataA
| Unitorm Spacing in Fieid =
¢~ Muriber of Fields
Min to Max
( Field Increment {500 Oe

- —

“Estinated _
| Tine=0112fhm)  Lines= 151 |

Datatoggng|[ ok | Concel | ier |

B 3-7-2-2 ~ MPMS3 Monent vs. Field# & 4 & o

RKTFERBESFR - FR S "EFER - PR S P 58> PERR R IER
Bl VSM 2R 2 DC £ B -

VSM 2 B¢ > 7 3 :x & T 4= 15 (Peak Amplitude) ~ T3P » R T IR § B LT P
Lotz B blAcRl Y AR FREEL2 mn 0 £ EEM 2.86 emu T AR R T IRMFAR
Lo ML BAARS > AR R MRS RTRFE Y €KX T4 nm-5 mm e

DCEpIY » 7 B edfFd BEH 2 ol B FRPFR -

x zl
Setp @VSM| ODC | DAC | Advanced| Setup | O VSM @ DC | DAC | Advanced |
v Measure VSM Moment ¥ Measure DC Moment
ion P P,
Peak Ampltude 2 men Sean Length IET en
Averaging Time |2 sec Scans per Measuement |1
Maumum Acceleration |3 904 misec? Scan Time |4 -]
Maimum Moment |2aasm e
R
Rangng  Slicky Autorange
@+ Sticky Autorange " Always Autorange
€ Abways Auorange € Fixed Ra [ ]
nge 1000 %
(" Fwed Range Im;-;.] vl
= [~ Save RawData
Estinated ~ Estmnated
Time = 01:12 (kem) Lines =151 | Time = 01:12 (kem) Lines = 151 |
Data Logging ” 0K I Cancel | Help | Data Lugg'ng” oK | Cancel I Help |

B 3-7-2-3 ~ MPMS3 Monent vs. Field > 54 VSM & p/%2 DC &R & o
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4, Fplz = > w81 300 K -
5. % ‘43~ 21 5000 Oe » B A #-g5'% (Linear) I 5000 Oe > £ W& F (Oscillate) iy
Beo MU ARRR N VR E 0 1 7 G SRR AR E R

Momert (emu)

/ﬁ /

-‘l'.%xﬂ'l‘ -1.ﬂlx|0‘ -&0‘:‘03 [ 5.0‘!@ 1.0‘110‘ 15;10‘
Magnetic Field (Oe)

B 3-T-2-4 ~ nHzFF g 500 Oc & PIFd R o

R 3-T-2-4 2B | F KkEp > * 2R F :‘E'J/&‘é.fi-%ﬁl 15000 Oe sz & & > = Fg 500 Oe

"'—?%"‘ﬁ? BRIF IR R S 2 0 2 TR VOM #5538 h R i SRt~ DC o3t AL
SRLIEE R 0 e B TR N kehlg Ao 3-T-2-4 > & B iy B3R AR IR 500 Oe

ok &R - P IER?2Y ¥ e ghiE” MPMS3 Monent(VSM) vs Fieldb

Quadrants " B4ok T o F 2 B RPIFIEA B X T o

Lail folsd ~Select Stat/End Quadiant | | | Feid Seauence ~Select Stat/End Quad (Eeacmens ~Select Stat/End Quadrant——
[400 Hinax 5000 Hona | 20000 Henax %
[0 Hg [400 Ha /\/\ [5000 Hy
,T Herin time [S000  Hamin time [20000  Hyin [ fme & ©
(0e) Click and drag to choase start and end fields (0e) Click and drag to choose start and end fields (0e) Chck and drag 1o choase start and end fiekds
Tl S ~Sedect Stat/End Quadiant
[W Hinax
[0 | Ho
[5000 Herin time
(0e) Click and drag to choase stait and end fiekds

Bl 3-T-2-0~ X TREFTIE L ERIEFIT H o
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26

= MH20000e_300K.seq
Selected Line: 4

2w D atafile "C:\QdS quidy'sm\D ata\202108\chi\ 1 20.dat”
et Temperature 300K at 45K/mn Fast Sette

Sel Magnetic Field 0.00e at 100.000e/sec, Oscilate, Stable
it For Temperature, Field, Chamber, Delay 10 secs. No Action

PMS 3 Moment (VSM) vs Field 1 Quadiant 0 Oe to 400 Oe Step Linear AutoCenter OFF

PMS3 Moment (VSM) vs Field 1 Quadiant 400 Oe to 5000 De Step Linear AutoCenter OFF
PMS 3 Moment [VSM) vs Field 2 Quadiants -20000 De to 20000 Oe Step Linear AutoCenter OFF
PMS 3 Moment (VSM) vs Field 1 Quadrant 5000 Oe to 400 Oe Step Linea AutoCenter OFF
PMS 3 Moment (VSM) vs Field 2 Quadiants -400 Oe to 400 Oe Step Linear AutoCenter OFF
IPMS3 Moment (VSM) vs Field T Quadiant -400 Oe to 5000 Oe Step Linear AutoCentes OFF
PMS 3 Moment (VSM) vs Field 2 Quadiants -20000 De to 20000 Oe Step Linsar AutoCenter OFF
PMS3 Moment (VSM) vs Field 1 Quadrant 5000 Oe to -400 De Step Linear AutoCenter OFF
PMS3 Moment [VSM) vs Field 2 Quadiants 400 Oe to 400 Oe Step Linear AutoCenter OFF
FMS3 Moment [VSM) vs Field 1 Quadiant 400 Oe to 5000 De Step Linear AutoCerter OFF
PMS3 Mament (VSM) vs Field 1 Quadrant 5000 Oe to 20000 Oe Step Lnear AutoCenter OFF
Set Magnetic Field 5000.00e 2t 400.000e/sec, Linear, Stable

Bl 3-7-2-6 ~ X =7 F &P [& (¢ 17 Sequence /i & o

FEFRFEP IR ERTE -

Moment (emu)
o

" ~ -1%00 -1000 -500 [ 1000 1500
Magnetic Field (O]

Bl 3-T-2-T~ M7 b 3 15 £ RIEF & R o

RIBHFEIRG v IR 0 ¢ HRE S BEREpS - 2RI kihlg %



3.7.3~ &RlIBAEFER-& F N curve (moment vs temperature)

Selected Line: 4

New D atafile "C:\QdS quidv'sm\D ata\202109\Chang\Mn3CoSi_112_#T2-300_1000e_35 266mg dat”
Set Temperatue 300K at 45K/min Fast Settle
Wait For Temperature, Delay 0 secs, No Action

| Chaniber Pusp Contmuous

Set Magnetic Field 0.00e at 200 000e/sec, Oscilate, Stable
‘Wait For Temperature, Field, Chamber, Delay 10 zecs, No Action
Sel Temperatwe 11K at 10K/min. Fast Settle

Wail For Temperature, Delay 10 secs, No Action

Set Temperature 2K at 2K /min, Fast Settle

Wait For Temperature, Delay 300 secs (5.0 minz), No Action

Sel Magnetic Field 100.00e & 10.000e/sec. Linear, Stable

Wait For Faeld, Deday 300 s=cs (5.0 mins], No Action

MPMS3 Locate by DC Scan

MPMS3 Moment [VSM) v Tempesature 2K to 300K Sweep Linear Auto-Trackng
MPMS3 Mament VSM) vs Temperature 300K to 2K Sweep Linear Auto-Tracking
Set Temperature 300K at 40K/ Fast Sette

Wait For Temperature, Delay 10 secs, No Action

Set Magnetic Field 0.00e at 500 000e/sec, Oscilate, Stable
‘Wait For Faeld, Delay 10 secs, No Aclion
End Sequence

< | |
Bl 3-7-3-1 ~ Sequence £ 8 1 & o

it F(MT curve) & e F T @3 ™ » ERIER RO SRR - BRIBT X

% ZFC~FC % FCW :
ZFC : "5 8 BA2 A so e DGR S he s LR E R o
FC: " RiEfe s SR ER -
FCW : "3 B iEfese i3> 2B E R -

- BERTHELERIF > LLFRE
1. & plendcdp(data) & 5 avsim ~ 2% A& L o
2.KETEPRIERE °

FREREZ 2 FRGKTE BRI T A CZTEEFL A4

. RETREH  EFL LG -
4. W it F 8B .

B FHRRRT VARG E I LI EIL SRR ER - B B
#” MPMS3 Monent(VSM) vs Temperature --+” B 453k %
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MPMS 3 Moment vs. Temperature x|

Setup [@V5M| [1DC | CAC | Advanced |

Tempeigure Control [ Approx. Temperatures
2 -~
Start ‘2 K 3 j
4
End ]390 K g
Sweep Rate l3 K/min g
9
" Slablize at each Temperature }'1]
= Sweep Contruously :g
14
15
. Data Acquisition 1 ?
1
Uniform Spacing in Temp 'I }g
20

21
Number of I 5
* Temperatues | 22

1 emperatue 24
£t ! K Jis

26
Repetibons ot each [ | 27
Temperature 223
30
3
32
I
Time = 01:41 () Lines = 293 |

B 3-7-3-2 ~ MPMS3 Monent vs. Temperature #£% 4 & o

RKTFERERFR RS PERER - PR AR PEFE > PERR R IEL
BHcss C VSM 2 8% DC & Bl -

VSM £ ipl® - 7 i3 s & F = tg(Peak Amplitude) ~ T3P » R T IR15 ¢ B F L€ Rl
Bt B GlheB P R FIREE2 mm o i & R 2,86 emu T i AL > BT 4RIEAR
S ELETT A B AR 0 A BRI AERSER  RTFFE Y X T4 -5 mm e

DCERlY » 7 2 ecdFfa BRI 2 Frdy = B~ #nw}*réfﬁ*

s 1 Homent vs. Temperature S
Setup @¥5M| [1DC | OAC | Advanced| Setup |@VSM @ OC | OAC | Advanced |
V¥ Measure VSM Moment ¥ Measure DT Moment
~Excitation P: e
Peak Amplitude |3 mm Scan Length |3n =
Averaging Time |2 ~ Scans per Measutement |1
Masimum Acceleration [14.857 m/sec? Scan Time [+ =] ¢
Masmum Moment [T2733888 emu Y
[Ranging

| Ranging (s Shcky Autorange
& Slicky Autorange " Always Autorange
L Mum c Fized Range II 100 vl
" Fixed Range o -

: V' Save RawDaa

- Acquisition
Keep

P =pe 4

Time = 0141 (hm) Lines =238 ] Toe=0221 (hml  Lines=299 |

DataLogging | | cos | o | ' Da!aLnggm”_——l Canoeil He ]
B 3-7-3-3 ~ MPMS3 Monent vs. Temperature > :£# VSM £R/%2 DC &R/ /i o o
4, Rz > wR 1 300 K-
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5. % “hemaH+ 3 5000 Oe » B L #m3-m i+ (Linear)*# 3 5000 Oe » # # & F (Oscillate)
W o

Bl 3-T-3-4~ &1 % o

3.7.4~ LRl 4 5 B W
SQUID & pldEA2 ™ » ¥ P & T %ot & 7 58 R hilicdy
1.9 = ik & 7|8 Data File Name ¢ View ¥ & 5 £ ¢ cliciy Bl -

2. BAp BISE R n X dh 5 PFRF (min) > Y 4% 5 Monent(emu) » [l B+ 4% > 3% Data
selection °

29



3. ZE B pleiFy ;& X ¥ _Magnetic Field(Oe) ~ Bl F ot X dhE_
Temperature(K) ; Y shevzs i@ * VSM 5% ¥_Monment(emu) ~ #& * DC #-5% e73& £_DC Monment
Free Ctr(emu) °

.
ata Selection - 0 img.dat
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3.7.56~ EiRlAAEER-Tne F(AC susceptibility)

Sedected Line: 17

New Datafle “C:\QdS quidV sm\D2ta\202105\CSLue\DySCo65n18_19.2mg dat"
Set Tempetature 300K at 45K/min. Fast Seltle

=10I x|

Set Magnatic Feld 0.00e & 300.000e/s2c, Oscikate, Stable

at For Temperatre, Field, Chamber, Delay 10 secs. No Action

Set Temperature 11K at 10K/min. Fast Settle

st Far Temperatire, Delay 60 secs (1.0 mins), No Action

Set Temperature 2K at 4K/min Fast Settie

3t For Temperature, Delay 300 secs (5.0 minz), No Action

MPMS3 Moment [AC) vs Temperabure 2K to 12K Step Linear AutoCenter OFF
Set Temperature 300K at 40K/min Fast Settle

at For Temperature, Delay 10 secs, No Action

Set Magnetic Field 0.00e & 300.000e/s2c, Oscillate, Stable

&t For Field, Delay 10 secs, No Acton

B 3-7-5-1 ~ Sequence #£ 8 1 & o

- BERFWELFERR > BLFRE
B plhcdp (data) & 5 v s R ARG L o

1.
2. KT ERIER -

EREREZ ZRRAGKaE BRI AT EEFD A4 -

z& /‘EIJ o
LB F BRI T VR R e R e g

Rl

#”7 MPMS3 Monent(AC) vs Temperature -+ B 453k T

L

3. B it

stk

1A ARG CRERER - BE B

=N
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15 3 Homent v Temperature S
Setup [OVSM| DDC | @AC | Advanced |
~ Temperature Controt | [ Temperatures
2 =
Start I2 K %5
End [iz (3 }5
SweepRate [i Kimn | [12°
5.5
@+ Stabilize at each Temperature g_5
. 7
" Sweep Conlinuoush 75
8
8.5
ST 3
9.5
IUrlormSpacmginTeﬂp E] 135
1
11.5
Number of IWr
. Temperatures '~ 12
> Temperatue I"—
 increment 5 K
Hewmaoachh
Tempesature
=
Estmated ;
Time = 01:43 frm) Lines = 21 [

Dataloggra| [ 0K | cancel | i

B 3-7-5-2 ~ MPMS3 Monent(AC) vs. Temperature #£ & /i & -

% T

‘) AA%@;&%“_H};?

32

B 3-7-5-3 -~ MPMS3 Monent(AC) vs. Temperature > AC %-#cik Z_

& P /.\r.riﬁ’]ﬁ "Efcf«»?'

g3 300 K-

CRERER-

MPMS 3 Moment vs. Temperature

Setup |OVSM| ODC @AC | Advanced |
¥ Measure AC Magnetization

2

F ' Didet
Ampitude 0g) 1 B -
Frequency [Hz) [100, 200, 300, 400, sonE;] o

|

 Time [s=cs) |3
& Cycles 256
" Mix [Longer of Time/Cycles)

‘Ranging

% Sticky Autorange

" Aways Autorange

" Fiad Range |1nuo VI
~ACP;

IFme Point Measure vl

Delay
’V Delay after move ]D penods ‘
Resioe Defauts |
Estimated -
[ Time = 01:43 () T |
Dataloggng| 0K | Concel | 1 |

ERE L

3:

{

“%
b4

s g‘!’—.i%?” AC” ?R*&q?

G o



3.7.6~ ERIER % F 300K~1000K
EATR
C B R B S o (sanple holder) F i - 2 0y FERHIE S B R R 200H

- B B MPMS3 MultiVu - #= B Computer =» 0S(C:) =» QdSquidVsm =» SVsm =» System =
Vsm. ini

#-Vsm. ini 4% ? & (- 7 OVEN TYPE = #x % 1 -

=l
3 SVSM LINI file =
MOMENT UNITS=0 ; O-emu 1-Am2 -- modified 7/2/2020 5:44:34 PM
ICOIL SERIAL=TCIO75 ; modified 5/25/2019 11:10:21 PM
MOTOR SERIAL=046
OVEN TYPE=1
L i

Bl 3-7T-6-1- X3 EEEw/f2:cVsm ini BEREHLE -

- Vsm. ini % 4% > # B MPMS3 MultiVu -
- 1 i¥3] Sample =» Properties

ZFCFC2-400k_2MH.seq - MPMS 3 MultiVu
File Edt View | Sample Sequence Measure

- High Vacuum Unit h%t# % VSM Oven Module * -

ke AR
1. 2 i¥5]=7" Change Sample”

'q"p Change Sample |

2. #” Open Chamber”
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3.7~ #5158 Next” - Select VSM operating mode to use :£#” Oven”

SQUID ¥SM Install/Remove Sample Wizard

sample holder # & =% & * Copper foil shield # @ > & B
sample holder # EPF » #E &2 7 A& > BR§H 7
-i o

!

4. 431 1000 Oe

34




— Status
Fieid | 031 De
State | Stable

Cortrol

SetPort |100000 g
Rate |300.00 Oelsec

Approach ILme& 'l
[ set | cose |

5. 4" <==Scan for Sample Offset” - &Ptk & 28PN iz}
6. % F Scan B &% I ks o & “Next >
7. %" Close Chamber”

8.#” Finish” » 2#EZ 5 A% 2 20 mtorr 1 F %'P“? B 4oia & RIARS o

EZAEMI 20 mtorr M T F B AR &EAGN G S AR A BE

B B EEE Y A B EA S D E > sample holder &2
/ j \ e

FEERIARS T 0 G
R SA5E T R 20 mtorr 2T e

B8 E % Sequence # B 4rlk 1. 8K~300K - # 8 38 & 2 en MT £ /B] Sequence F¥ » F &
AR I B RFEEALLEINPERER  eBE R £ ER T 300K e s B E ZFC(5)
4o o & B 300K~750K 1 ZFCFC » #F4e 231000 Oe > 4% ¢ & : 300K =8 2 750K = +c 1000
Oe > ZF##3 00e => 750K *5:8 3 300K =>4c&3 1000 Oe =>4 300K €22 750K(ZFC)
2> 750K £ 72 300K(FC))

3.T.7T~ERER %R 0.42K-1. 8K

ERBAO0AK-1.8K T e * 5§ WA SR E RIS ERARR o

EA TP E

- B BT P> B s (Module Bay Tower)=> B fcticsi 35 (Module Bay Tower) » % {F 2 &
EPF R
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Ak s @4 X ¥ (Sanple transport)t 00 25343k (0-ring) ~ @R & B LR 2
iQuantum He3 & # 2. 07447 (0-ring)
- 1 1¥3] Sample =» Properties

ZFCFC2-400k_2MH.seq - MPMS 3 MultiVu
File Edt View | Sample Sequence Measure
—

Sample Holder # F i #” Not Specified”
x|

0 Enter Sample Propesties

h&uedd [

Comment l
Semb

| Not Specified =
‘ Add!imal

[ Brass

| Mass Quartz

‘ Staw

3 Volume | LUser Defined

Mobcuial
Wemht

ke A
l#-Hed & 2%~ 4 = 8 » B(Hed insert)? - 4t 1+ ¥ o
2.%-% = % » B~ MPMS3 -

3.3 purge” #EZTREI 20 torr 1T o

4. %V 5= 8 » B ¥ g (Bellow) » B £z iQuantum Hed T & ©
5. *v&3 1 1000 Oe °

F

— Status

Fied | 031 Oe
State | Stable
= Cortrol

SetPort |100000 g
Rate |300.00 Oe/sec

Approach |Lmear ']
[ set | cose |

6. == (Located) ¥ &% (& % 5x mm ~60 mm = %)

1. "% RS

8. = Mk A 7| 8Li% Data File Name 7 Change » < #:#F = #icdp (data) v =B 2 f & o
9. B gx+ pla 154 e MPMS3 Measurement » DC 4 » ¢ Centering i # : No Automatic
Centering °
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B MPMS 3 Mecasurement
Sehp'l:l VSM |@ DC |o AC | Greph |
~Messure Mode ~Centering i

" Contrwous Measuring AT

& Single Measuiement

(¢ No Automatic Centering

~Hangng
@ Sticky Aigorange

" Always Autorange
" Fized Range

Datalogging  Select...

Pauze I Stat '

4c % Centering ¢ 2 7 ¥ # Auto Tracking #& No Automatic
Centering » i E# DC 2Rl - ks g3 7 VM 2R > i *
1Quantum He3 ¥ 48 p]2. # F2 3% MPMS3 Measurement > DC # © =
Centering £ # : No Automatic Centering °

10. Setup # > + * = e Data Logging £# " Select...” B kx MPMS3 Mapped Data = %
#” Select Map File” = F# B : Computer > 0S(C:) > iHelium3_III > Utilities iE
# Hed temp.qgmap = %" Open” -

=1zl
Setwp [0 VSM |@ DC |O AC |Gl&\ |

Measure Mode ~ Centering
€ Contrans Mossig Ao Tiackng aloixi
& Single Measurement I~ Channel 1 ™ Charrel@
& No Automatic Centeting " Channel 2 I Cherel10
Ranging I= Channel 3 I© Chamel 11
& Slicky Audorange T Chanreld T Cheme 12
 Awayz Autorange. I~ Channel 5 I Chernel 12
I= Chanfiel 6 I™ Chizrmel 14
€ Fised B
i 1 1= Oty 2r Chensiis
I~ Channel 8 Ty
D"""”‘I I SelectAll | Unselect All| [Select Map Fie
Hel
pavse_| st | ok | o || b |
X

OO [~ Compuster = 0 (C:) + Feium3 1T - Utiies + v 23 [ Search Utiites
Organize v New folder =y 0@
s A ame - | Date modified | rype
& Downloads | CAN Opener fies 12/9/2020 10:28AM  File folder
1] Recent Places | cdi & qmap fies 12/9/2020 10:28AM  File folder
. JJ Frmware 12/9/2020 10:28AM  File folder
&9 Lbraries
3 - J. MPMS3 flow settings 12/9/2020 10:28 AM  File folder
oy o537 |
i/ Pictures
B videos
1% Computer
& os(c)
i I i

File name: [He3 temp.qmap =] [QMap fites (".qmap) |

I =

A
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11. 4" Select Al1" > #ziu Hed temp 7 #% 9 & 64" 0K”
=loxi|

[v He3temp [T Charmeld
[T Channel 2 I~ Charmel 10
[T Channel2 I~ Charmel 1]
IT Chanrel 4 I~ Charmel 12
I” Channel 5 IT Cherrmel 132
I~ Channel6 I~ Chermel 14
[T Channel 7 |7 | Charnel15
I~ Ghannel8 I© Charmel 16
[Selectan] Unssiectat| Select Map Fie |
ok | cee | Hen |

3= : MPMS3 Mapped Data % i He3 temp & - & 5t € 324%0.42 K~1.8 K g &

12. B fx iHelium3d 111 #c%8 =» Controls ## Init CAN> & &= 454" 0KW » ™
T ks B4 B 3 =% ~ B(Hed insert)f A -

75\"\

£ iHelium3 Option Control Center
Fie | Controls Optons Wizards Help

e .. )

& iHelium3 Option Control Center - x
File Controls Options Wiaards Help

C o ) ~—ER"

. 759 6231 Tom

0480

40000 K

(u(mm:l% Ezss}sﬁx %)

10Log 1272020120607 PM

13.Options = # “Start MultiVu Script Control” ¥ fx He3 Condense Wizard » ¥ r 4
F] 1Quantum Hed ek jx o
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&
MultiVu Script Control Mode

Init Evac Stage
Waiting Start to TMP
W aiting for Hi Vacuum

Condense Stage
Waiting Condensation of LHe3
‘W aiting Proceeding to Eject

Pump He3 Stage
Ready for He3 Temperature Control
[Waiting Your choice Recondense/Finish)

Finish Stage
Waiting Finish Condition
Waiting Finish

27

iQuantum Hed B 4»i& 715 ¥ j¢_le3 Condense Wizard ¢ ¥I P = &5k & % : Init Evac Stage-
Condense Stage ~ Pump He3 Stage £ Finish Stage -
- Init Evac Stage : % ."w:»:}dv EZ238327%2AG10" torr) ©
- Condense Stage : *z ) *He # #8 » MPMS3 B 4288 & &k s B (1.5 K) » & B MU R B R
He # s> 7% & Hes ;g Hes § %8 <h& >+ 70 Torr ¥ ¢ % & Condense Stage °
- Pump Hed Stage : s FrE™ B 4087 £ R ~ &8 §_& #7:2 {7 Condense Stage °
- Finish Stage : w4z ‘He # # ¥ —‘/ 2 2R (300K) -

3.7.8~ iQuantum He3 %8 2 £ B2 R #E B

1Quantum Hed "% :§

1. iQuantum He3 3 # % /& ¢ Sequence Editor » ® fxit /i 5 iHelium3 Option Control Center
= Wizard = Sequence Editor > B kxsf & % 300 to 0. 4K =7 Sequence »

& MultiVu He3 Sequence Editor - O X
File Run Edit View Window Help
5 300 to 0.4K.seq El " Measurement Commands
r System Commands
Selected Line: 12
: Advanced Commands
Start Init Evac Mode el
4 + - iHelium3
‘Wwait For Delay 10 secs, No Action .- Set Stage
| Start Condense Mode Set 3He Temperature
‘Wait For Delay 10 secs, No Action - Wait 3He Temperature
| Set Temperature 10K at 35K/min. Fast Settle -~ Moment vs. 3He Temp.
‘Wait For Temperature, Delay 1800 secs, No Action Y MP3 Ady. Control
Call Seript C:\QdSquidvsm\Sequencebnstalation\S cripting\Set T=1.5€ bas - Set MP3Base Temp.
- Set Gas Flow

‘Wait For Delay 10 secs, No Action

Call Script C:\iHelium3_l1I1\Utilities\Pot Hir Yoltage 2000 BAS
Start Pump He3 Mode

‘Wait For Delay 10 secs, No Action

|Set 3He Temperature 0.40K at S00mK/min.

End Sequence

- Set Motor Position
o Set Valve ¥

HEARA B 0 AR
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- MPMS3 ¢tk %45 ¢ = = purge °

- R4k &gt & purged ©

&I TR S 20 torr 1T o

AR = W4 ¥ (1Quantum Hed)4w f ¢ B (Backing pump output blank) °

2.Run=> Run Sequence > ¢t pF MPMS3 MultiVu ¢ B & PlA2 R & B 4edy 7 o

x: # % jQuantum He3 Sequence Editor #4 i7 & Sequence ¥ * MPMS3 MultiVu &7 ik 34 {7
7 B0 PR RS > R EATRERLEFY IS = WABAA HIEE (1Quantun Hel
Sequence Editor)®# Run=» Run Sequence °

% 300 to 0.4K ehfe A B4 715 » € & A4 {7 Init Evac Stage # Condense Stage °
™ 4 % Init Evac Stage 2 Condense Stage =B 4% o
Init Evac Stage :
- Backing pump B kx> & # 30 ) > i85 7 #-Backing pump 2 R V2B F ez § $ 4 o
CFBERMV2BERM VI Bdodd 3 Hed & FH b eng § o
-3 2 RA X2 torr & 0 TMP kx# -
oo R4 43 50x10" torr ¥ 0 * 4 £ BB iQuantum Hed Backing pump output blank @ #
B k< He # + # M (Manual He3 tank valve) -
S i E R4 9-10" torr s MR/ VI 2 R™ V2B e
- K B Backing pump %# TMP -

& Melium3 Option Control Center - X
Fide Controls Options Waards Help

Ve (O —aBY Vg
/ ‘ﬁ»k—@—) -G: 75:17341 Ton

10009127 2020-120607 PM

B 3-7-8-1 ~ iHelium3 Option Control Center 4 & -

Condense Stage :
- BRECR VIO 2 V8o i Hes i R » 52 F o
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- MPMS3 *# 8 & 4 3B ME~1.0 K> & Hes #8822 & Hes o

- % Hesf %8R4 (P1)™ "% % 90 Torr v > ™ VIORE B -

- % Hes 5 #8/® 4 (P1)™ *# 2 70 Torr *2 = > Condense Stage = = - i& » Pump He3 Stage >
BonE 7 2 £p o

3. 433 1000 Oe » Located #h &% » A2 DC £ RFFE 4% mm~ £ RIFFF 2 scan =% # (s

£ B 4% Bl Sequence °

0 # % {Quantum Hed £ ples i £ £ p ZFC 2 FCW» %1% iQuantum Hed #2#41:8 B &3 ;% 4
Me 41 * : 1.Turbo pump # # W &4 £ » & B ¥ ¥ %% % (Joule-Thomson

expansion) 2. Bt & B (heater) % wUf R 4] o Hes § 48 2 2K pF g B 40282 5 - £0R)

% IFCt#5 % = % » B(He3 insert)p © i i Hes» Z L €378 70 i He A » L7

FCW & il -

4. & Pz i¢ % Sequence Editor + B 4% & 5 Save He3d gas and warm to 300K 7 Sequence >
2L Run=> Run Sequence ° B 4~:& {7 Finish Stage -

Finish Stage :

- #-Hes i RKE 5 3K

- #-MPMS3 4 #. 3] 30K » £ & 10 » 45 -

- i~ Hed Finish F¢F& > wfc Hes %ﬁ He3 tank # -

- ¥ Pl B4 ~~10" torr # > % & Finish stage » MPMS3 < ;& 3] 300K -

5. & kvw @ ] 300K 12

- B 'He # < & ® (Manual He3 tank valve) e
- BB illelium3 IIT $c%8 -

- B B iQuantum He3 % ik -

- Hed insert 22 % » £ 44 & o
« BT Bellow g ~® 3% = ¥ » B(Hed insert) o

3.7.9 F=HWABERMLARER-ZEY M curve

Bmd RABFAERT 0 B f‘t@*ﬁ‘vi%ﬁ‘*mﬁ SRa itk 0 2P Data #h R EF
BoiE 2 (AR &H A E) > a7 RRARA » LmiLy £ # 2 2 ddp(data)ih® 4 = WA 4
(iQuantum He3)F # & & & PI42 A %IEE (Sequence Editor) > B kxitic 5 iHelium3 Option
Control Center =» Wizard =» Sequence Editor o

£ iHelium3 Option Control Center

File Controls Opbons | Wizards Help

Set Condition Parameters
g— _I—Jﬂ Display Wizard Condition

>=] [ Vent He3 space
—
Command Script Generator
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£51 MultiVu He3 Sequence Editor

Fle Run Edit View Window Heb

ol
Selected Line: 13

Sel 3He Temperatwe 0.40K 3t 500mK /min.
‘Wait for 3He Temperature

Scan Field from 00e to 700000e &t 1500e/s=c, in 35 steps, Unform Lineas Persistent
‘\Wak For Field, Delay 10 secs, No Action

Input Quench SQUID

DC Measure 1 scans over 10 mm in 3 sec Mapped to C:\Helium3_lII\Utililies\He3 temp.qmap AutoCerter OFF
End Scan

Scan Field from 700000e to 00 & 1500e/s2c, in 35 steps, Unform Linear Persstent
\watk For Field, Delay 10 secs, No Action

Input Quench SQUID

End Scan

End Sequence

DC Measure 1 scans aver 10 mmin 3 sec Mapped to C:\Helium3_lII\Utlties\He3 temp.qmap AutoCenter OFF

B 3-7-9-1 ~ iHelium3 Sequence #£ & /i & o

z %4 A (MH curve) &_
Eap > BLHFRE:
l.ax=z®&PER & /Pjﬁi /;—Pr e WA
2. B E Y ME R

EFETERT O BRI OB IR ORSE SRR AR B A

S

@

= #5( Quantum Hed)F* » E_%* Scan e ;N R Fd 2 o

o 2R /E'J?.J{ v VO g g e B H it F (Rate(Oe/Sec)) 2 =& g U BB
(Increments) € ip|— # 8 > 8387 Scan Field from -7 B 453 T

£ -t Multiva He3 Sequence Editor

Fle Run Edit View Window Hep

Selected Line: 3

Set 3He Temperatue 0.40K & S00mK /min.
‘Wait for 23He Temperature

-

Scan Field from 00 e to 700000e at 1500e/5ec. n 36 steps, Undorm Linear Pessistent
Wat For Field, Delay 10 secs, No Achion

SCAN FIELD - X
ok e a0 [ scan e - T

DC Measure 1 scans over 10 mmin 3sec | mad (De): Ia'— temp.qmap &itoCenter OFF
End Scan

Scan Field fiom 700000 to 0De & 1500e/ T Fiekl(0el [70000

uJ
‘wat For Field, Delay 10 secs, No Action  Spacing Code: IUnifo.m -|
DC Measure 1 scanz over 10 mmin 3 sec ! temp.qmap &.toCerter OFF
End Scan s ésw. IS
End Sequence Rate (Oe/Sec): |15)
Approach: Lineat -

ok | Concel |

Bl 3-7-9-2 ~ iHelium3 Monent vs. Temperature # & /i &

KRR REHHT TR OB R BE - SeESnid SR 0K 0 BE DO
Measure " B i:xcdFf R E Fh k- FhpEF -
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,;

LR PRSI 1000 0e > Tixthsind o A2 DCERIFFE 38
ii BIFFFF 2 scan =t #ik o

’

mm

1 Multivu He3 Sequence Editor

Fle Run Edt View Window Heb
o
Selected Line: 6

Set 3He Temperatuee 0.40K at S00mK /min.

Wait for 3He Temperahse

Scan Field from 00e to 700000 & 1500e/s=c. in 35 steps, Unform Linear Persistert
‘Wat For Field, Delay 10 secs, No Action
Input Quench SQUID

DC Messute 1 scans over 10 mm in 3 sec Mapped to C\Helium3_[I1\Utilkies\He3 temp qimap AutoCenter OFF
e X

Scan Field from 700000 to 00 @ oc I = l '
Wat For Field, Delay 10 sect | >2UP ACY| Advancad

Input Quench SQUID ¥ Measure DC Moment
DC Measure 1 scans over 10 Parameters per OFF
End Scan ScanLengh ﬁ—U ey
End Sequence
Scans pet Measurement 11
Scan Time ‘3 =is

¥ Save RawData

nangng
& Slicky Autorange
" Abways Autorange

" Fived Range |1ODU hd

e e e
B 3-7-9-3 - iHeliun3 i ¢ DC & i#l S8 /i & o

F A& £ R+70000 Oe ik o & > PIJEK = B Scan Field «hg= [l : 0 Oe~ 70000 Oe -
70000 Oe~ -70000 Oe ~ =70000 Oe~ 70000 Oe > izt 4 - B = EmEiF e SE P -

B.T10~F =W BEREAEBR - F M curve

Bt F(MT curve) L A F 2™ » ERIERSCRFORSECBE > ERIBEMF 3 2
N ZFC ~FC %2 FCW- ## * iQuantum He3 & ’JJB??— & g ] ZECFCW -
ZFC @ "8 B8 A2 2 4e@dr > " MRS e LR ER
FCW : m.@ﬁiﬁlézi% s HR BB e

Eoplfv(data)fh R L2 02 2 (LR 2HH8) > LRF RS T LG The
By (data)fh %0 4 = W4 8 (iQuantum Hed3) 7 H & Jf eh& BI42 A % 1E F (Sequence Editor)-
B i s 5 1Helium3 Option Control Center =2 Wizard =» Sequence Editor e

Fie Controls Optons | Wizards Help

Set Condition Parameters
: J——@ Display Wizard Condition
Vent He3 space

Sequence Editor

Command Script Generator
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£51 MultiVu He3 Sequence Editor

Fle Run Edit View Window Heb

Broaoer T
Selected Line: 19

Set 3He Temperatue 0.4K & S00mK/min

‘Wat for 3He Temperature

‘Wait For Delay 300 secs, No Achon

Set Magnetic Field 1000.00¢ at 200.00e/sec, Linear, Stable

Wait For Field, Delay 300 secs, No Acton

MPMS3 3He Moment(DC): 0.4K to 2K Step Linea Mapped to C:\Helium3_lII\Utlities\He3 temp.qmap Auto-Tracking
‘Wait For Delay 2400 secs, No Action

MPMS3 3He Momen(DC): 2K to 4K Step Linear Mapped to C:AiHekum3_lIINJtites\He3 temp amap Auto-Tracking
Start Condenze Mode

Wait For Delay 10 secs, No Action

Start Purnp He3 Mode

‘Wat For Delay 10 secs, No Achon

Set 3He Temperatue 0.4K at S00mK/min.

‘Wat for 3He Temperature

‘Wait For Delay 300 secs, No Achion

MPMS3 3He Moment{DC); 04K to 2K Step Linear Mapped to C:\Helium3_|II\Utlities\He3 temp.qmap Auto-Tracking
Wait For Delay 2400 secs, No Action

MPMS3 3He Moment(DC); 2K to 4K Step Linear Mapped to C:A\iHelum3_[IINUtibes\He3 temp.gmap Auto-Tracking

B 3-7-10-1 ~ iHelium3 Sequence & 4 & -

KETEPRER > EFD A4
RKETREFE > ERWAEEFEL L& -
3. Wit 5 2 RI(ZFC) -

7
4
dok BRIER € F 2K RIBCFHRPIZAGAIFER 2K T 2K QKR
K40 A4 EF = %~ BE(Hed insert)p ik fi “He &4 = > i~ ik i “He 7 % P53+ 8 il #cdk
PR Bt AR RRE TN AT ER SRR ER - B R 2iE" MPMS3 3He

44



nt vs Temperature

1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00

B 3-7-10-2 ~ iQ Monent vs. Temperature #£ & /i & o

v/{i‘k"' Bl ar.)if"ﬁl ‘4frf(->" ',"]g.)i Bl- 'l;f\,k’ "lﬁgm.mg—t [ @E:‘C DC if?‘]ﬁ’ﬁ
R BRI R oy il s TR PR o

hMGE RSB Tl 0 AT DC ERIFFE AN o~ 2RI

‘ % # e (scan) =< ¥k »

4. 2F040 ~ @B (R 2RIERF KPP RERREBHI) -
b, H = BRI FER(ZFOek 2 RIER B> 2K P14 F & B HI) -
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1Q Moment vs Temperature

Bl 3-7-10-3 ~ 1Q Monent vs. Temperature £ & 4 & o

E ETAF P m_fif"ﬁl

CEIR S CERER - BR AR GE S T3 DC £ RDIF

T IEM L2 Fify B R PR -

6. Start Condense mode °

T.XRTEPER EFD
8. gt it F & RI(FCW) -
9.2 #5940 #8 (4% &

i Hed 7 w5 o
ey

Bl /mﬁ% > 2K pF A ,F-Q lp’sle'lg‘*}'%)

10. %% = Bt X 2 RI(FOD) (4o 2RIE R 80 2K R iz BH ) -
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4y P
4.1~ %h&H X

Bl o4-1-1 > i @R R B KR -
BB R P UL T B AR A 5 R 3% 66mmt—-3mm v 1395 £ RIE R R RSk 7

otz fkSd g T A8 RERRRE 1.8K-300K~0.4K~1.8K~300K~1000
Kt st e

a L)
’\ Magnetic Lb; Bearing
Straw Holder (clear)
Magnetically clean, ideal for DC scan mode

Brass Holder

D robust, but 10 emu background — large moments

Quartz Holder
magnetically clean, but fragile = small moment + high-sensitivity
o —

B 4-1-2~ 2 P H T &5 o

4.2~ ERER%F 1.8 K~300 K ik &3t %

1.8 K-300K ¢ i& * w ¢ ~ 7 4 & 7 # & & - (sample holder) % 2tk & o & ¢ £ TR fisw
Ben AMNGEAL G HRARIL R E Y FEORT RS B RS ELARS f d
WELE RS2t (0.1 emu~llenu) ¥ * § 4F % e A (brass sample holder) ; # &
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BRFZ AL R AT SRS S RN RS AR ARAFE R P RS
(quartz sample holder)  #f &3t K> iR BAR S A4 % ~ Bk ~ F0-m g5 7 b et X

1;\0

[ oson
iy~ "o»

m

Bl 4-2-1 5% ~ Bk S g @ o
4.2.1~ £ % - Bk Rehit
LixsEEYEY 22 S BRKSEL o
2. kB v R %5}%"* U ST N - ik B e -k if‘u«“‘é 3R g
3.9 A B Tom Feivk g o - Bdg g ¢ oo

Bl 4-2-1-1~Tmm e g » g @ o

A%~ 3 R 0 R T - B LS R IEADR A0 66 o £ 66 mn
HAEFRB P& LR
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Bl 4-2-1-2 > $ e B BEdes 3 A0 66 o ARG RS LA .

4.2.2~ FuHSiE
EH S G AR RIS A 3 b AR A A SQUID ¢ B A
AR EE G e BB F B S 0A G niE TR ST FRY REFCT TR
Tk TS LD B

Bl 4221~ e e g

T {7 R H e R A
#4207 mmx 5 mm
LB mdi r g @ 0 PR 0§ R g AR 06 mm o 66 mm s ATEE R LA -

W 4-2-2-2 - AR AL R ¢ o

1B B R A
B4 4 mm x 4 mn
I ¥ mde r oo ¢ pEds F ARG 66 mm =B 2 S EE B RR S AL o
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B 4-2-2-3 - Ot S~ E o

2. FAELT mm g o
3. Bt THMEFTL LT AL T R E B LS B Y E K66 mm
7 66 mm=h AIRE RS LA

Bl 4-2-2-4 ~ O S ¢ B

4.3~ £RERFRE 0.4 K~1.8 K ek &3+ %
0.4 K-1.8K g ¢ * mpg@lerms g » HF2 1.8 K300 KpFg * e 5 - BX B > 4 /T
% e o

Magnet Serial number Connector

e

— —— —_——

Heat sinks with
protective covers
L -

G ———

Thermometer and Sample straw
heater region adaptor

Bl 4-3-1~ % = WA BIHREE S -
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Sample mounted within
small piece of 5.0mm straw
|

He3 thermometer and heater

-

~10mm ¥
.

~40 mm

Ifusing the suppli

1 .
&3 Omm kapton tube U‘:;:p::“

d 150mm long

straws, cutting the straws should not be necessary.

Sample mounted directly
on lower straw adaptor

$5 Omm
straw

Lower straw

adaptor

~1o'mm

Several small holes poked in the

straw so capsule does not fall down

- =g

"~ Several small vent-holes
poked in the straw

_ Several small vent-holes
e pokedm the straw

P >

( )

+,,

— _'1II

Sample mounted in
gelatin capsule

® 4-3-2 -~

AEET S RS R
B g AR FE > ik 5 3
L#m g 2 PSR S 5
2.k EHTINE Byt

g i‘ # ‘Fi/ﬁ%ﬁ/? LR S Ee BB AR AR SEE

]Smaﬂgapcrfafewmm

A R S PR

3+ (thermometer) % 4c 44 % (heater) >

m.fi)‘l';' 42’-?“%
PR IBE RO mm mE o

;
.FARY BEATHS  F V- K93 mmam g o T
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4.4~

b —

T et

B 4-3-3 BB £ E el R I F LT

iii_!' LL‘?L‘?}E o

52

ERIE AR FF 300 K~1000 K etk &3+
300 K-1000K & * 3 8 £ 2 ik &' & @ BR ST o P HRART 2 RITHIFFE &
BARARERTA RET ORI S 48 ATREFR Y § R AR R S Y
BN 66 mm i ¥ o X R RGH  FIS ALY R SE RAR AT 0 o RS ANk

BLETFEMELORBEIFERERATE ~ 2 FHR&EFT 0 5 7

*

F 4-4-1~ 2 FREARAFRFOREIFES L o

D TR g 8

ek A 5 5N o

TRLE R B/

54 A

e

-

2aiy

T g
PERS

Rt ESG o
1.8 K -300K ZE o~ F CE-INE ¥ = 4 e
A
300 K -1000 K BEE BEEE FEEH BEE e




4.5~ ERHFFRETR L

(=1 B3] | [ r1n0.75200.25_450_21.2mg_00001.dat

B 4-5-1 By RERIFIEBE2 4 EREHRFLS S o

B RIS ARG AT O TR LR RIR R e R ok AT fRHR S %
BT fra K T - BHFERRRE ﬂ*xgg{»m@wm&% B Rl B HOR
TR ER I RE R 2 IR E T LY R B2 }‘% R e ik

4.6~ HEHL

o2 SQUID © & iplp g
il 24 (B 53) ';E
(B b4) » £ ATHEHR S

L N 8 f;ykg_p;&gd gﬁfig;{l}]fgﬁz»g—’m&r%&ﬁgp\éﬁ
$ 4 BE A s & LE A PR i%rﬁfﬁﬁ%ﬂa:%frﬁ%ﬁ
i’ 7 Jiém 3k =
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0.0002

Moment (emu)

00093 T0r  Boxior 3 EOx10T  10x104
Magnetic Field (Oe)

Bl 4-6-1 -~ Bk &l Fled o FRERILPH  REFIREH R o

0.0004
0.0002
i
i
2
-0.0002
000 B oaior 0 Eox100 Tox10f
Magnetic Fisld (Os)

Bl 4-6-2~ L Bk S FH e £ ﬂ{ﬁ?ﬁtﬁ%?i&%% 0o

Bl 4-6-3~ i BB Rl R AFL AT e SHES

%mtwﬁ_&iﬁimﬂmivéﬂéﬂwﬁ A (B 4-6-3) drk € IR S5
R B RNk eldR T o N R aELA & o



AT BHAEIBK

HEE R RS

,
e

CHER § AR R Y B eRAA

5> 237 EHEHD> 3T =

ER
fri#.datH 24 F Excel D BEcER D> DATH D it r3PHE D
&2y

EAFEEE- B3

ERflfEEATERERsETEE -

z

PR AT B 5 L dat B

1/3 F i&

X
E—UREER  FEN[T—]  ENEENESEE -
EEEEESRNTHnEABERERE
® sEEHED ) - ASETT MBS TAB # » E4S—EEf -
OEEZEEW - SERGEE  BuEblERES -
EFIEEr |1 EEERERLQr 950 - EEF (Bigh) ~
OpESEES - (M)
FE = C\Users\Owner\Desktop\02_00001 dat -
[Header] ~
SQUID VEM Data File (default extension .dat)
; Copyright {c) 2007, Quantum Design, Inc. &1l rights reserved.
ITLE,
ILEOFENTIME, 3790160877, 30738, 03/06/2020,4:57 pn
# BYAPF, 8QUID ¥aM.1.0,1.1 v
< »
EniE SR
BEAFSEE- B3 72 7 X
EAENEETEERABRTROSNARER  COEEERERTABNER
SEEFE
[ Tab (D
O 43M) [JE#EsRmrERSE—EZR)
- ZTEREEEQ: " ~
[I=%(6)
O =ih(0):
FES85E0)
[Header] A
SQUID WAM Data File ¢default extension .dat)
s Copyright (c) 2007 Quantum Deslgn | Inc. All rights reserve
ITLE
ILEOPENTINE 3790169877, 30738 [02/06/2020
TAPP SQUID WEM 1.0 A
< >
A < F—5@ =50
B] 4-7-1 ~ Excel + # .dat #% -
RIPX s p R D ' 2 . = 73 >3 2.
Excel +F . dat #h e > € 7 FIFE B & & %% nlicdy > 1T € f# 4
s I P IR: Ve { s
Y M LS ETWQW&% 0
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B REABLFTTERT » 2RI BRI REF DR S
Temperature(K) e #ic @ £ § + < e deno

‘é}%{o

56

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

A

B 4-7-2 ~ Excel » &1 dat #% °

B C D E
27 |Comment Time Stamp (sec) Temperature (K) Magnetic Field { Moment (emu)
3832245864 2999768677 0012755902 243E-05
3832245901 209.9955444  199.9997864 3.27E-05
3832245930 300.0060577  399.7827148 4.21E-05
3832245962 300.0124664  599.9100952 5.21E-05
3832245994 300.0156555  799.7567749 6.06E-05
3832246026 300.0149078  1000.088196 6.87E-05
3832246049 300.0133362  1000.088196 6.87E-05
3832246069 300.0115356 1100017944 7.33E-05
3832246091 300.0085754  1199.896729 7.80E-05
3832246113 300.0061035  1299.711548 8.26E-05
3832246135 300.0037231  1399.832764 8.75E-05
3832246156 300.0021667  1499.953735 9.22E-05
3832246178 300.0009003 1599.83252 9.69E-05
3832246200 300.0005646  1699.736694 0.000101612
3832246222 299999527 1799.806763 0.00010617
3832246251 2099985352 1899.647217 0.000110699
3832246271 209.9996948  1999.538696 0.000114989
3832246294 209.9992981 2099.723389 0.000119411

45

F

G

H

M. Std. Er Transport | Averaging Frequency

1.23E-06
1.56E-07
9.76E-08
1.6AE-07
1.93E-07
3.10E-07
8.25E-08
1.72E-07
1.72E-07
1.26E-07
1.18E-07
1.28E-07
1.22E-07
1.27E-07
1.10E-07
1.31E-07
1.32E-07
1.32E-07

Bl 4-7-3 ~ 2% & RMDFFB~ dicdy o

1

[SPR (U (OO (U (OO (U (ORI [ [ (R R PR P PR P P

22

BT 9

3

LD ted el LD Ll Ll D D D D D D D ) 1) ) o

11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339
11.20339

R oAb

FE 3%

iT@ pF X T _Magnetic Field(Oe) ~ Y #hezt i@ * VSM #5578 .45 Moment(emu) i&tf ~ @ *
DC #5% 532 235 DC Moment Free Ctr(emu)istf » — B2 B hmiFd BB 2 HF 6 R 2 £ R
22 E R Fane L (bl4e 2R 0 0e=210000 Oe)R & &tk ehgdif o @EUT&Z € AT



15
10
~
05 /
3
2
o
‘g o
2
05
=
-10
hEAor  oxor  Soxno’ [ 50005 Toxi00  TEx10|
Magnetic Field (O}

Bl 4-T-4~ BiFd RZFHFd R o

A B C D E F G H | J K
27 |Comment Time Star Temperature (K) Magnetic Moment (emu) M. Std. Er Transport Averaging Frequency Peak Amp Center Po !

28 3.R3E+H09 1999767303 10.05165 3 24.53383
29 3.83E+09 2000752687 10.05165 -0.003484859 6.73E-07 1 8 11.20339 3.981454 24.52
30 3.83E+09 2.099360704 10.05165 -0.003482494 5.82E-07 1 8 11.20339 3.981354 2452
31 3.83E+09 2.199979544  10.05165 -0.003477038 5.55E-07 1 8 11.20339 398126 24.52
32 3.83E+09 2.299843907 10.05165 -0.003466102 5.90E-07 1 8 1120339 398121 24.52
33 3.83E+09 2400078535 10.05165 -0.00345123 6.13E-07 1 8 1120339 398117 24.52
34 3.83E+09 2.500106692 10.05165 -0.003430985 6.19E-07 1 8 1120339 398118 24.52
35 3.83E+09 2.599965215  10.05165 -0.003304259 5.28E-07 1 8 1120339 3.981071 24.52
36 3.83E+09 270030272 10.05165 -0.003293947 5.10E-07 1 8 1120339  3.98108 24.52
37 3.83E+09 2.800424576 10.05165 -0.003273283 4.75E-07 1 8 1120339 3.981057 24.53
38 3.83E+09 2900132895 10.05165 -0.003212948  3.77E-07 1 8 11.20339 3.981022 24.52
39 3.83E+09 3.000265241 10.05165 -0.005023601 4.44E-07 1 8 11.20339 3.980967 24.52
40 3.83E+09 3.099810123 10.05165 -0.002732665 4.00E-07 1 8 11.20339 3.980082 2452
41 3.83E+00 3.200028062 10.05165 -0.002313956 2.93E-07 1 8 11.20339 3.981056 2453
42 3LE3E+09 3300055027 10.05165 -0.001768339 2.32E-07 1 8 11.20339 3.980969 2452
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7. Dewar Preparation & > 7 B % &7 5479 » &7 Next > o

ystem Start-up Wizard

Evercool System Start-up Wizard
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